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afford 1.1 g. (90<;t) of the crude product, in.p. 190-194°. Re-
crystallization from aqueous methanol gave the analytical sample, 
m.'p. 195-197°; [«]2 5D - 8 4 ° (C 1 % in methanol); X,™' 2.90, 4.511, 
and 5.90 jx. 

Anal. Calcd. for C»1H2aXC)2: C, 77.02; H, 8.93. Found: 
C, 77.09; H, 8.80. 

Pregn-4-ene-3,20-dione-19-nitrile (XXV). - A solution of 0.0 
g. (0.00185 mole) of XXIV in 100 nil. of acetone was treated with 
1.8 ml. of 8 N chromic acid reagent as described for the prepara

tion of XI . There was obtained 0.55 g. (90 r,,) of the A!' dione, 
m.]). 178-186°, which was chromatographed on alkaline alumina 
(25 g.) to give 0.40 g. (GGCc over-all yield) of XXV, m.p. 155 
158°, from the 2' ( methanol in ether fractions. Recrystalliza-
tion from acetone-hexane gave the analytical sample, in.p. H1I--
102°; [,*]-:'r> +244° (<• 1<; in CTfCb): X ^ 4.50, 5.92, 5.97, 
and0.15,u; x!;,»«" -32 p (t 1(5,800). 

A/in!. Calcd. for ('.,41,7X0.,: ( \ 77.50: II, S.'iC. found: 
(', 77.03; 11,8,11. 

Steroidal Aldosterone Blockers. VII1 
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A number of steroidal 17-spirolactones bearing substituents at positions 9 and 11 have been prepared. Tin 
syntheses and biological activities are described. 

Previous papers'" in this series have reported the 
synthesis of a variety of steroids which were prepared 
in the search for aldosterone blocking activity. One 
of the most interesting steroids was 3-(3,ll-dioxo-9a-
nuoro-17/3-hydroxy-4-androsten-17a-yl)propanoic acid 
lactone ( l ) . l b We were led therefore to prepare other 
steroidal 17-spirolactones bearing substituents at C-S) 
and C-11. 
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All of the steroids reported herein were prepared 
from spirolactones previously reported'1' using, for the 
most part, standard methods to obtain the expected 
products. Treatment of 8-[^-oxo-9a,lla-oxido-17/3-
hydroxy-4-androsten-17a-yl | propanoic acid lactone 
(4) in methylene chloride solution with hydrochloric 

acid gave the expected /ra/i.s-diaxial 9a-hydroxy-l ld-
chloro derivative (2f). 

When a chloroform solution of thiocyanic acid was 
added to the 9/3,11/3-epoxide (ll)2 , fractional crystalliza
tion techniques produced two addition products. On 
the basis of spectral evidence one was assigned as the 
9a-thiocyano-llj3-hydroxy derivative (2f), and the 
other was tentatively assigned as the o£-isothiocyano-
9/3,11/i-epoxide (12)." 

(1) fa) Pape r V I : I.. X. Xys ted and If. II. 
:il7."> (1()t)2); lb) K. A. Brown, R. 1). Mni r . a 
(l!)(if)l. 

. i nner , J. Org. Chfiii... 27. 
1 , 1 . A . ( V i l a . /V.iV/., 2 5 . <<<> 

C2HsO 

Additional unsaturation was produced in the o-oxo-
4-ene-9<3,ll/3-epoxy system with 2,,3-dichloro-"),()-(li-
cyanobenzoquinone in dioxane solution at reflux to give 
the o-oxo-4,6-diene (13), characterized by the absorp
tion maximum at 280 HIM in the ultraviolet. This was 
somewhat unexpected since treatment with this react-

12) K. Takoi la 
1H1OO). 
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ant generally produces unsaturation at C-l in the ster
oid nucleus. 

The biological studies reported in Table I were con
ducted by Dr. C. M. Kagawa and Mr. Robert Jacobs 
of these laboratories. It has been demonstrated that a 
definite and proportional relationship exists between 
the blocking effects of typical steroidal spirolactones 
when tested on rats treated with aldosterone and deoxy
corticosterone acetate (DOCA).3 The more available 
deoxycorticosterone acetate was employed as the 
sodium retaining agent throughout this work. Those 
compounds which were inactive at doses of 2.4 mg./rat 
have been omitted from the table. 

TABLE I 

DEOXYCORTICOSTERONE ACETATE BLOCKING POTENCIES 

Compound 

1 
2a 
2b 
2c 
2d 
2f 
2g 
2h 
2i 
3 

MED" 

0.04 
0.22 

>0.6 
>0.6 
>0.3 
>0.6 

1.7 
>0.6 

0.20 
0.53 

Compound 

4 
7 
8 

10a 
10b 
11 
12 
14 
15 
16 
18 

MED 

0.11 
0.28 
1.6 

>0.5 
1.8 

>1.2 
>0.6 
>1.0 
>0.6 
>0.6 
>0.9 

" M E D is the minimal effective dose (mg./rat) which, when 
used with 12 y of DOCA in adrenalectomized rats, produces the 
same urinary sodium/potassium ratio as that which results from 
the use of 6 7 of DOCA alone. All of the results in Table I are 
for s.c. administration. 

Experimental 

The microanalyses and optical determinations were carried 
out by Dr. Robert T. Dillon and his associates of these Lab
oratories. Nuclear magnetic resonance spectra were recorded on 
a Varian A-60 instrument in deuteriochloroform solution with 
tetramethylsilane as internal standard and peaks are reported 
in cycles per second downfield. Ultraviolet spectra were deter
mined in methanol. Melting points were determined on a Fisher-
Johns block. 

3-(3-Oxo-9a,lla-oxido-17/3-hydroxy-4-androsten-17a-yl)-
propanoic Acid Lactone (4).—To a solution of 1.35 g. of 3-[3-
oxo-17/3-hydroxy-4,9(ll)-androstadien-17a-yl] propanoic acid 
lactone (3) l b in 25 ml. of anhydrous benzene was added 10 ml. of 
a solution of 0.61 M perbenzoic acid in benzene. This reaction 
solution was held at 5° for 24 hr. and then at room temperature 
for 48 hr. Addition of 35 ml. of hexane produced separation of 
1.0 g. of a crystalline solid. Analytically pure product was ob
tained by recrystallization from acetone, m.p. 252-256° d e c ; 
Xraax 238 mM (e 15,700); infrared (CHC13), 5.62 and 5.94 M. 

Anal. Calcd. for C22H2804: C, 74.13; H, 7.92. Found: C, 
74.43; H, 8.08. 

3-(3-Oxo-9a,17/3-dihydroxy-ll/3-chloro-4-androsten-17a-yl)-
propanoic Acid Lactone (2i).—A reaction mixture of 1.0 g. of 
3 - ( 3 - oxo - 9 a , l l a - o x i d o - 17(3-hydroxy-4-androsten-17a-yl)-
propanoic acid lactone (4), 60 ml. of methylene chloride, and 60 
ml. of concentrated hydrochloric acid was stirred vigorously at 
room temperature for 15 min. The lower layer was separated 
and washed successively with water, dilute aqueous potassium 
bicarbonate, and water, and finally it was dried over sodium sul
fate. The solvent was evaporated under nitrogen; the tacky 
residue crystallized when 2 ml. of ethyl acetate was added, yield
ing 650 mg. of the chlorohydrin (2i), m.p. 186-189° d e c ; Xmax 

240 mju (e 15,250); n.m.r. 78, 101, 260(C- l l -aH) , 350 cp .s . 
(C4H); infrared (KBr), 2.87, 5.60, and 6.01 M-

Anal. Calcd. for C22H29C104: C, 67.25; H, 7.44. Found: 
C, 67.10; H, 7.44. 

3-[3-Oxo-17/3-hydroxy-4,6,9(ll)-androstatrien-17a-yl]pro-
panoic Acid Lactone (5).—A reaction mixture of 2.0 g. of 3-
[3-oxo-17/3-hydroxy-4,9(ll)-androstadien-17a-yl] propanoic acid 
lactone (3), l b 4.0 g. of chloranil, and 140 ml. of t-butyl alcohol 
was stirred and refluxed for 5 hr.4 The precipitate was removed 
by filtration and the filtrate was evaporated in vacuo to dryness. 
The residue was taken up in chloroform and washed successively 
with water, 5 % aqueous sodium bicarbonate, and finally water. 
After drying the solution over sodium sulfate, the solvent was 
evaporated in vacuo and the residue was dissolved in 500 ml. of 
benzene and chromatographed through a column of 150 g. of 
silica gel. The desired triene (654 mg.) was obtained as an oil 
from the peak fractions eluted with ethyl acetate-benzene (1:9); 
Xmax 282 mM (e 20,500); infrared (CHC13), 5.64, 6.01, 6.16, and 
6 . 3 2 M. 

3-(3-Oxo-9a,llo:-oxido-17/3-hydroxy-4,6-androstadien-17-yl)-
propanoic Acid Lactone (6).—To 529 mg. of 3-[3-oxo-17a-hy-
droxy-4,6,9(ll)-androstatrien-17«-yl]propanoic acid lactone (5) 
was added 15 ml. of a solution of 0.16 M perbenzoic acid in ben
zene. The resulting solution was maintained at 5° for 72 hr. and 
then at room temperature for 24 hr. Addition of 15 ml. of hexane 
produced a tan precipitate (500 mg.) which was recrystallized 
first from ethyl acetate and then from acetone, m.p. 292-295° 
d e c ; Xm« 281 mM (e 22,600); infrared (KBr), 5.65, 6.02, 6.20, 
and 6.32/x-

Anal. Calcd. for C22H2604: C, 74.55; H, 7.39. Found: C, 
74.27; H, 7.41. 

3- [3-Oxo-17/3-hydroxy-l,4,9( 1 l)-androstatrien-17a-yl] pro
panoic Acid Lactone (7).—A reaction mixture of 1.02 g. of 3-[3-
oxo-17/3-hydroxy-4,9(ll)-androstadien-17o:-yl] propanoic acid 
lactone (3), 794 mg. of 2,3-dichloro-5,6-dicyanobenzoquinone, and 
25 ml. of anhydrous benzene was stirred and refluxed for 20 hr. 
The precipitate was removed by filtration and the filtrate was 
diluted with 50 ml. of benzene and 25 ml. of ethyl ether before it 
was washed in a separatory funnel twice with 2% aqueous sodium 
sulfite and then three times with water. After drying the solution 
over sodium sulfate the solvent was evaporated in vacuo and the 
residue crystallized from 4 ml. of methanol to yield 650 mg. of 
7, m.p. 86-90° (solvated with methanol), Xmax 240 mM (<• 14,800); 
infrared (CHC13), 2.72, 2.93, 5.61, 5.97, 6.12, and 6.20 M; n.m.r. 
338 (center of multiplet for C- l l H) ; 363-385 (multiplet for C-2 
H and C-4 H) ; 440 cp.s . (C-l H). For elemental analysis a 
sample was dried at 78° in vacuo for 5 hr. 

Anal. Calcd. for C22H2603: C, 78.07; H, 7.74. Found: C, 
77.98; H, 7.78. 

3-(3-Oxo-9a,lla-oxido-17/3-hydroxy-l,4-androstadien-17a-
yl)propanoic Acid Lactone (8).—To 1.35 g. of 3-[3-oxo-17/3-
hydroxy-l,4,9(ll )-androstatrien-17a-yl]propanoic acid lactone 
(7) was added 36 ml. of a solution of 0.16 M perbenzoic acid in 
benzene. The resulting solution was held at 5° for 96 hr. and 
then at room temperature for 24 hr. Addition of 50 ml. of hex
ane produced separation of an oil which became partly crystal
line. Recrystallization from ethyl acetate produced 620 mg. of 
crude product in two crops. Further recrystallization from 
acetone-hexane provided an analytical sample, m.p. 244-249° 
d e c ; Xmax 237.5 m/x (e 13,500); infrared (CHC13), 5.63, 5.98, 
6.12, and 6.20 M. 

Anal. Calcd. for C22H2604: C, 74.55; H, 7.39. Found: C, 
74.30; H, 7.40. 

3-( 3-Oxo-9a-bromo-l 1 /3,17/3-dihydroxy-l,4-androstadien-
17a-yI)propanoic Acid Lactone (10a).—A reaction mixture of 
2.41 g. of 3-(3-oxo-17/3-hydroxy-l,4,9(ll)-androstatrien-17a-yl)-
propanoic acid lactone (7), 11.1 ml. of A" perchloric acid, and 111 
ml. of peroxide-free dioxane was stirred at room temperature 
and 2.5 g. of N-bromoacetamide was added all at once.5 After 
stirring for an additional 20 min., 90 ml. of 2% aqueous sodium 
sulfite was added followed by 500 ml. of water; the resulting 
precipitate was collected, washed with water, and air-dried to 
yield 2.5 g. of crude product. Recrj'stallization from ethanol 
vielded an analvtical sample, m.p. 173-176° d e c ; infrared 
(CHCI3), 2.72, 2.86, 5.63, 5.98, 6.13, and 6.20 M. 

Anal. Calcd. for C22H27Br04: C, 60.69; H, 6.25. Found: 
C, 60.92; H, 6.38. 

3-(3-Oxo-9/3,ll|3-oxido-17/3-hydroxy-l,4-androstadien-17a-
yl)propanoic Acid Lactone (9).—To a solution of 1.9 g. of 
3-(3-oxo - 9a - bromo - 11/3,17/3 - dihydroxy-1,4-androstadien-17«-
yl)propanoic acid lactone (10a) in 72 ml. of tetrahydrofuran 

(3) C. M. Kagawa, J. A- Cella, and C. G. Van Arman, Science, 126, 1015 (4) E. J. Agnello and G. D. Laubach, J. Am. Chem. Soc, 79, 1257 (1957). 
(1957). (5) J. Fried and E. F. Sabo, ibid., 79, 1130 (1957). 
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was added a solution of 475 nig. of sodium carbonate in 33 nil. of 
water. The resulting solution was stirred at room temperature 
for 20 lir. and then 1 .0 ml. of glacial acetic acid was added. After 
evaporation of one-half of the solvent in main, 00 ml. of water 
was added, producing an oil which quickly congealed. The. solid 
product was collected on a funnel, washed with water, and crys
tallized from acetone hexane to yield 000 mg. of solvated (ace
tone) product which liquefied at 122-130° and then resolidified 
and melted at J08°. An analytical sample was dried for 3 hr. 
at 78° in vacuo; infrared (CHC13), 0.(12, 5.80, 5.08, 0.12. and 0.20 

f-

Anal. Calcd. for C-Hoi;O,-0.5CTL<COCH,: (', 73.00; 11. 
7.02. Found: (', 73.04; H, 7.75. 

3-(3-Oxo-9a-fluoro-ll(3,17/3-dihydroxy-l,4-androstadien-
l7«-yl)propanoic Acid Lactone (10b). (a).—To 4 ml. of a cold 
(0°) 31 '•', solution of hydrogen fluoride in tetrahydrofuran was 
added 200 mg. of 3-(3-oxo-9i3,110-oxido-17/3-hydroxy-l,4-andro-
stadien-17«-yl (propanoic acid lactone (9). The resulting solu
tion was held at —5° for 24 hr. and then transferred into 20 ml. of 
cokl water. The precipitate was collected, washed with water, 
dried, and then crystallized from ethyl acetate to yield 100 mg. of 
product as the monohydrate; m.p. 130°, resolidified and melted 
at 228-232° dee.: \ n m s 238 mM U 1.4,000): infrared (CHChj. 
2.00, 2.75, 2.88, 5.04, 5.98, 0.14, and 0.21 M. 

.1 mil. Calcd. for C22H27F<), • H,(): C. 07.33: H, 7.45. Found: 
C.07.27: H, 7,17. 

lb''. —A reaction mixture of l.Og. of 3-(3-oxo-9«-fluoro-ll/J,17/i-
dihydroxy-4-androsten-17a-yl propanoic acid lactone (2a),11' 
070 mg. of 2,3-dichloro-5,0-dicyanobenzoquinone, and 75 ml. of 
peroxide-free dioxane was stirred and refluxed for 20 hr. After 
cooling to room temperature, the reaction mixture was filtered 
and the filtrate was diluted with 200 ml. of water producing 
700 mg. of crude product as a yellow solid. Recrystallization 
from ethyl acetate and then twice from acetone gave a mono-
hydrated product with an infrared spectrum identical with that 
prepared by the first method. 

Anal. Found: C, 07.02; H, 7,82. 
3-(3-Oxo-9a,ll/3-dichloro-17|3-hydroxy-4-androsten-17a-yl:-

propanoic Acid Lactone (2e).—A solution of 1.0 g. of 3-[3-o.xo-17(3-
hydroxy-4,9(ll)-androstadien-17ff-yljpropanoic acid lactone (3) 
and 4.0 g. of lithium chloride in 40 nil. of glacial acetic acid was 
cooled in an ice bath and 430 nig. of N-chlorosuceinimide was 
added.6 Immediately, 1.22 ml. of tetrahydrofuran containing 
120 mg. of anhydrous hydrogen chloride was added. The result
ing solution was stirred at room temperature for 3 hr. and then 
transferred into 400 ml. of water. The precipitate was collected, 
washed with wafer, and dried; it was crystallized from ethyl 
acetate to vield 310 mg. of the dichloride (2e), m.p. 192-49(>° 
d e c : X„l;!„ 23S mM (e 15,400): infrared (CHC1:,) 5.03, 5.07, and 
0.15 ix. 

Anal. Calcd. for CUHa,Cl203: C, 04.23; H, 0.80. Found: 
C, 03.02; H, 0.93. 

3-(3-Oxo-9a-chloro-118-formoxy-4-androsten-17a-yl)pro-
panoic Acid Lactone (2d).—To a solution of 40 g. of sodium for
mate in 400 ml. of formic acid was added 10 g. of 3-[3-oxo-17/°-
hydro\y-4,9( 1 I )-androstadien-17a-yljpropanoic acid lactone (3) 
and t hen 4.4 g. of N-chlorosuccinimide followed at once by 27 ml. 
of A' hydrochloric acid.7 This solution was stirred for 3 hr. at 
room temperature and then transferred into 4.0 1. of water. 
The precipitate was collected, washed witli water, dried, and 
crystallized from acetone to yield 2.45 g. of product which was 
further purified by recrvstallization from acetone, m.p. 218-
220° dec.: infrared (CHC13), 5.02, 5.75, 5.90. and 0.13 p.. 

Ann!. Calcd. for C,TI2i,CIO;): C. 05.03: H, 0.04. Found: 
C, 05,13; H, 0.08. 

3-(3-Oxo-9a,ll(3,170-trihydroxy-4-androsten-17a-yl)pro-
panoic Acid Lactone (2h).—To a solution of 7.13 g. of 3-(3-oxo-
9fJ, I b^oxido-17/3-h\"droxy-4-androsten-17a-yl)propanoie acid 
lactone (11)"' in 300 nil. of tetrahydrofuran was added 100 ml. of 
3 A' perchloric, acid.8 The resulting solution was held at room 
temperature for 18 hr. and then transferred into 1.8 1. of a satu
rated aqueous solution of sodium bicarbonate. The precipitate 
was collected on a funnel, washed with water, and dried to yield 

(111 I ' . II. Robinson . I.. f'ini'kPiiur. E. P. Oliveto, a n d I), ( t imid, ./. . ! » • 
Cliim.. Sdi:, 8 1 , 215*1 (Mloil). 

17) ( ' . It . Robinson . L. f i nckcnor , M. k i r t l e y . I) . Cou ld . :md I-;. I' 
Olivpto, ihid., 8 1 , 21'lfl (lilo'.l). 

\S) 1' Lit toll rind S. l iprnstc in , il,itl„78, l is t (1115(1). 

1.4 g. of crude product which was crystallized from 300 mi. of 
methanol to yield 1.75 g. of the diol (2h), m.p. 277 278° d e c : 
infrared iKBr), 2.81, 2.87, 5.04. 0.0], and 0, !2 M-

Anal. Calcd. for 0..-.H;„,0..: C. 70.50: U.S.OS. Found: C. 
70.43; 11, 8.05. 

3-(3-Oxo-9a-methoxy-llpi,17jj-diriydroxy-4-androsten-17<r-
yljpropanoic Acid Lactone (2g).--To a solution of 1.0 g. of 3-( 3-
oxo-9/3,1 1 /S-oxido-17/5-1 lydroxy—1 -androsten- 17a-yl ipropanoie acid 
lactone (111 in 50 ml. of methanol was added 0.38 ml. of 72(, 
perchloric acid." The resulting solution was held at room tem
perature for 1 hr. and then neutralized (to all;-acid test paper) 
with a 2' , aqueous solution of polassium bicarbonate. Writer 
was added to a total solution volume of 100 ml. and the mixture 
was stored at 5° for 18 hr. producing a. granular precipitate ;' 100 
mg.''. The aqueous filtrate was evaporated //) vacua to remove 
the methanol and this produced an additional 400 mg. of crude 
product. These two crops were combined and recrystallized 
three times from methanol to yield 230 nig., rn.p. 2-12 243°-
X,IU1X 243 HIM !f 15.350): infrared (CHC1,), 2.75, 2,87, 5.05, and 
0.01 M. 

A mil. Calcd. I'or CmHssO.-,: C. 71.10; 11,8.30. Found: C. 
71.15: H, 8.22. 

3-(3-Oxo-9«-chloro-llf(,17/3-dihydroxy-4-androsten-17«-yF-
propanoic Acid Lactone (2c).—To a stirred solution of 350 mg. of 
3-(3-oxo-9/3,l lf*-oxido-17/3-hydro.xy-4-androsten-17a-yl (propanoic 
acid lactone (11) in 3.0 nil. of redistilled chloroform was added at 
0° over 3 min. 5 ml. of a cold (0°) 0.003 M solution of hydrogen 
chloride in redistilled chloroform.5 The resulting solution was 
maintained at 0° for 1 hr. and then washed in a separatory funnel 
three times with water. It was then dried over sodium sulfate 
and evaporated under nitrogen to dryness. The crystalline 
residue was recrystallized from acetone to yield 80 tug. of 2c, 
m.p. 225-227° d e c ; infrared ( KBr), 2,88, 5.05, 5.95, and 0.1 -1 M. 

Anal. Calcd. for C22H2!1C10.,: C, 07.25; H, 7,11. Found: 
C, 07.32; 11,7.39. 

3-(3-Oxo-9a-thiocyano-llf),17p)-dihydroxy-4-androsten-17a-
yDpropanoic Acid Lactone (2f) and 3-(3-Oxo-5£-isothiocyano-9/V 
113-oxido-androstan-17a-yl(propanoic Acid Lactone ( 1 2 \ A 
solution of thiocyanie acid in chloroform was prepared by shaking 
in a separatory funnel 20 g. of potassium thiocyanate, 34 g. of 
powdered potassium bisulfate. and 70 nil. of chloroform. The 
slurry was filtered and the filtrate made up to a volume of 70 ml. 
with additional chloroform. To 8.8 ml. of this chloroform solu
tion 750 mg. of 3-(3-oxo-9,iJ,l l,3-oxido-17(3-hydroxy-4-:indrosteii~ 
1 7a-yl (propanoic acid lactone (11) was added and the resulting 
solution was held at room temperature for 24 hr.2 After washing 
in a separatory funnel successively with water, dilute sodium bi
carbonate solution, and then water, the chloroform solution was 
dried over sodium sulfate and evaporated to dryness In vacua. 
Digestion of the residue with 40 ml. of boiling ethyl acetate left 
50 mg. of a substance which remained undissolved in the hot 
solvent. This insoluble substance was recrystallized from meth
anol to yield 34 mg. of the Oa-thiocyano derivative (2f), m.p. 
100-101.5° d e c ; infrared (CHOIA 2.88. 4.00, 5.03, 5.90. and 
0.15M . 

Anal. Calcd. lor C,:lHs,,N<.>.,S: C. 00.48; H. 7.03. Found: 
C, 00.55; 11,0.05. 

The hot ethyl acetate solution (from digestion of the crude 
residue) on cooling to 5° produced 200 mg. of the 5£-isothiocyano 
derivative. (12:, m.p. 173-175° d e c : infrared (CHCfO, 4.75. 
5.03. 5.78 M: n.m.r. 08 (C-18-CH:,), 82 (C-IO-CIF,). 212 cp.s . 
i'C-ll.-«H'i. 

Anal. Calcd. for C:3H:!,X()4S: C, 00.48; 11. 7.03. Found: 
C. 00.41; H.7.08. 

3-(3-Oxo-93,llf;-oxido-17(3-hydroxy-4,6-androstadien-17a-
yllpropanoic Acid Lactone (13).—A reaction mixture of 1.0 g. of 
3-( 3-0X0-0(3.1 l(3-oxido-173-hydroxy-4-androsten-17a-yl)propanoic 
acid lactone (11). 0.7 g. of 2,3-dichloro-5,6-dicyanobenzoquinone, 
and 75 ml. of peroxide free dioxane was stirred and refluxed for 
20 hr. After cooling to room temperature, the precipitate was 
removed by filtration and the filtrate was evaporated in vacuo 
to a volume of 10 ml. which was then diluted with 90 ml. of water. 
The resulting aqueous slurry was extracted with benzene and the 
benzene layer was washed twice with a total of 100 ml. of 2''.,, 
sodium sulfite solution and then finally washed with water. 
After drying over sodium sulfate the solvent was removed in 
vacua to afford a solid residue which was crystallized from ethyl 
acetate to yield 500 mg. of crude diene (13). Recrvstallization 
from methanol, ethyl acetate, and then again from methanol 
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yielded an analytical sample, m.p. 212-216°, Amax 280 m/i (e 
20,200); infrared (CHCL) 5.62, 5.99, 6.10, and 6.28 it. 

Anal. Calcd. for C22H2604: C, 74.55; H, 7.39. Found: C, 
74.67; H, 7.37. 

3-(3-Oxo-9a-fluoro-110,17/3-dihydroxy-4,6-androstadien-
17a-yl)propanoic Acid Lactone (14). (a).—A reaction mixture 
of 1.0 g. of 3-(3-oxo-9a-fluoro-ll/3,17/3-dihydroxy-4-androsten-
17a-yl)propanoic acid lactone (2a), 1.75 g. of chloranil, and 71 
ml. of i-butyl alcohol was stirred and refluxed for 4 hr. and then 
cooled to room temperature and filtered.4 The filtrate was 
evaporated in vacuo and the residue was taken up in 75 ml. of 
chloroform. The chloroform solution was washed in a separatory 
funnel twice with water, four times with 5% sodium bicarbonate 
solution, and finally twice with water. After it was dried over 
sodium sulfate, the solution was evaporated to dryness in vacuo. 
The residue was triturated with 25 ml. of diethyl ether and the 
insoluble portion was crystallized from ethyl acetate to yield 150 
mg. of crude diene (14). An analytical sample, as the hemihy-
drate, was obtained by recrystallization from ethyl acetate, m.p. 
296-300° dec , change of state 159°; \ m a x 280 mM (« 24,400); 
infrared (KBr), 2.92, 5.67, 6.02, 6.16, and 6.30 it. 

Anal. Calcd. for C22H,-FO4-0.5H2O: C, 68.91; H, 7.31. 
Found: C, 68.90; H, 7.31. 

(b).—To 4 ml. of a 3 1 % solution of hydrogen fluoride in tetra-
hydrofuran maintained at —25° was added 40 mg. of 3-(3-oxo-
9/3,ll/3-oxido-170-hydroxy-4,6-androstadien-17a-yl)-propanoic 
acid lactone (13). After 5 hr. at —25° the solution 
was diluted with 20 ml. of water and the resulting precipitate 
was collected on a funnel, washed with water, and dried to yield 
40 mg. of product, m.p. 294° d e c ; infrared (KBr) identical with 
that for the product prepared by the preceding method (a). 

3-(3-Oxo-9a-fluoro-ll/3-acetoxy-17(3-hydroxy-4-androsten-
17a-yl)propanoic Acid Lactone (2b).—A reaction mixture of 600 
mg. of 3-(3-oxo-9a-fluoro-ll/3,17/3-dihydroxy-4-androsten-17a-yl)-
propanoic acid lactone (2a), 2.5 ml. of acetic anhydride, and 10 
ml. of pyridine was heated at 80° for 16 hr., cooled to room tem
perature, and 5 ml. of methanol was added. After removal of 
solvent in vacuo the residue was dissolved in 100 ml. of benzene 
and chromatographed through a column of 30 g. of silica gel. 
Elution with ethyl acetate-benzene (2:8) produced 420 mg. of 
product (2b) which was purified by recr\7stallization from ethyl 
acetate to yield an analytical sample, m.p. 209-213°; infrared 
(KBr), 5.61, 5.68, 5.96, and 6.15 it. 

Anal. Calcd. for C24H31FO.,: C, 68.88; H, 7.47. Found: 
C, 68.90; H, 7.48. 

3-(3-Ethoxy-9a-fluoro-ll/3,17/3-dihydroxy-3,5-androstadien-
17a-yl)propanoic Acid Lactone (15).—A reaction mixture of 2.0 
g. of 3-(3-oxo-9a-fluoro-ll/3,17/3-dihydroxy-4-androsten-17a-yl)-
propanoic acid lactone (2a), 2.0 ml. of triethyl orthoformate, 
100 mg. of p-toluenesulfonic acid monohydrate, and 15.2 ml. of 
peroxide-free dioxane was stirred at room temperature for 90 min. 
during which time complete solution of the steroid occurred. 
After adding 1.6 ml. of pyridine, the solution was transferred into 
120 ml. of ice and water. The precipitate was collected on a 
funnel, washed with water, dried, and recrystallized from 110 ml. 
of methanol containing two drops of added pyridine to yield 
1.4 g. of product, \mMI 240 mM (« 28,800), infrared (KBr), 2.79, 
5.62, 6.01, and 6.11 it. For elemental analysis a sample was 
recrystallized a second time from methanol, m.p. 209-215° dec. 

Anal. Calcd. for C24H33F04: C, 71.26; H, 8.22. Found: 
C, 71.08; H,8.36. 

3-(3-Oxo-6/3-chIoro-9a-fluoro-ll/3,17/3-dihydroxy-4-andro-
sten-17a-yl)propanoic Acid Lactone (16).—To a stirred solution 
of 808 mg. of 3-(3-ethoxy-9a-fluoro-ll/3,17/3-dihydroxy-3,5-
androstadien-17a-yl)propanoic acid lactone (15) in 24 ml. of 
acetone was added a solution of 508 mg. of sodium acetate in 3.2 
ml. of water. The resulting suspension was cooled in ice, stirred, 
and maintained at 5° while 540 mg. of N-chlorosuccinimide and 
0.62 ml. of glacial acetic acid were added. Stirring at 5° was 
continued for 2.5 hr. and then the reaction mixture was allowed to 
stand at 5° for 18 hr. Upon gradual addition of 125 ml. of water 
the suspension first becomes a clear solution, and then a precipi
tate was formed which was collected, washed with water, and 
dried. After removal of a small amount (25 mg.) of a highly 
insoluble impurity by addition of hexane to an acetone solution 
of the crude product, 530 mg. of product w'as obtained by further 
dilution of the filtrate with hexane. Recrystallization from ethyl 
acetate-hexane yielded an analytical sample, m.p. 185-189° 
d e c ; Xmax 237 mV (e 13,300); infrared (CHC18), 2.73, 2.87, 5.64, 
5.94 M; n.m.r. 78 (C-18-CH3), 111 (C-19-CH3), 255-270 (C-6-
«H), 285-293 ( C - l l - a H ) , 358 c.p.s. (C-4-H). 

Anal. Calcd. for C22H2SC1F04: C, 64.30; H, 6.87. Found: 
C, 64.22; H, 7.28. 

3-(3-Oxo-6a-chloro-9a-fluoro-ll(3,17(3-dihydroxy-4-andro-
sten-17a-yl)propanoic Acid Lactone (17).—A solution of 200 
mg. of 3-(3-oxo-6/3-chloro-9a-fluoro-l 1/3,17/3-dihydroxy-4-andro-
sten-17a-yl)propanoic acid lactone (16) in 10 ml. of glacial 
acetic acid was maintained a t 20° while anhydrous hydrogen 
chloride was bubbled through it. The solvent was then removed 
in vacuo and the tacky residue was crystallized from methanol 
and then recrystallized from 8 ml. of methanol to yield 90 mg. of 
the 6a-chloro steroid as the monomethanolate, m.p. 137-139° 
d e c ; Xmax 233 mM (<= 14,600); infrared (CHC13), 2.72, 2.85, 5.63, 
5.93, and 6 . 1 3 M-

Anal. Calcd. for C22H28C1F04-CH30H: C, 62.36; H, 7.28. 
Found: C, 62.21; H, 7.18. 

3-(3-Oxo-6a,9a-difluoro-ll/3,17/3-dihydroxy-4-androsten-
17a-yI)propanoic Acid Lactone (18).'—A solution of 600 mg. 
of 3 - (3 - ethoxy - 9« - fluoro -11/3,17/3- dihydroxy- 3,5- androsta-
dien-17a-yl)propanoic acid lactone (15) in 5 ml. of pyridine was 
maintained at —20° while perchloryl fluoride was passed through 
it for 5 min.9 The solution was then evacuated on a water as
pirator to remove excess perchloryl fluoride, and 25 ml. of water 
was added. The precipitate which formed was collected, dis
solved in 5 ml. of methanol, and then one drop of 20% hydro
chloric acid was added. After holding the solution at room 
temperature for 2 hr., crude product was precipitated by dilution 
with water. Crystallization of the crude product from methanol, 
followed by trituration with several ml. of diethyl ether, yielded 
100 mg. of 6a-fluoro steroid as the hemimethanolate; it liquefied 
at 136°, resolidified, and decomposed at 194-201°; Xmax 230 m/a 
(e 11,700); infrared (CHC13); 2.72, 2.85, 5.62, 5.90, and 6.13 
M-

Anal. Calcd. for C22H28F2O4.0.5CH3OH: C, 65.83; H, 
7.37. Found: C, 65.88; H, 7.27. 

(9) S. Nakanishi, K. Morita, and E. V. Jensen, ./. Am. Chem. Soc, 81, 
5259 (1959). 


