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o

afford 1.1 g. (9040) of the crude produet, nip. 190--194°. Re-
erystallization from aqueons methanol gave the analytical sample,
n.p. 105-197°; [a]®p —84° (¢ 19 in methanol); A8 2.90, 4,50,
and 5.96 u.

Anal. Caled.
C, 77.00; H, 8.80.

Pregn-4-ene-3,20-dione-19-nitrile (XXV7.—A solution ol 0.6
g. (0.00185 mole) of XXTIV in 100 ml. of acetone was treated with
LSl of 8 N chromic aeid reagent as deseribed for the prepara-

for Cy HayeNOy: 8.03.

¢, 77.02; H, Found:
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tion of XI. There was obtained 0.53 g. (90%,) of the a* dione,
m.p. 178-186°, which wus chr()matogmphcd on alkaline 1111111111 @
{25 g.) to give 040 g (664 over-all yvield) of NXV, m.p. 153
15%°, from the 200 methanol in cther fractions.  Reery xt 1111/ I-
tien from acetone-hexane gave the analytical sample, m.p. 161--
162°; [w]¥n 4+244° (¢ 190 in CHCLY: A8 450, 502, 5407,
s 615 wr AT D32 4 (e 16,800).

dund, Caled. fro CyllaNOL:
77,630 L R0nL

€ TT.o0; 1L S Foeand:
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A number of steroidal 17-spirolactones bearing substituents ut positions 9 and

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-(3,11-dioxo-9a-
fluoro-178-hydroxy-+-androsten-17 a-yl)propanoic  acid
lactone (1).'"»  We were led therefore to prepare other
steroidal 17-spirolactones bearing substituents at C-9
and C-11.
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All of the steroids reported herein were prepared
from spirolactones previously reported!" using, for the
most part, standard methods to obtain the expected
products.  Treatment of 3-[3-ox0-9e,11a-oxido-176-
hydroxy-4-androsten-17e-y1| propanotc acid lactone
(4) in methylene chloride soluticn with hydrochlorie

L. N. Nysted and R I
A. Brrown, R. D. Moie.

(1) fa) Paper VI
3175 (132); (bl P
{1160).

Lartyoer, J. Opy. Chend, 27,
aad d0 AL Celln, (dd., 26, 46

11 have been prepared.  The

acid gave the expected (rans-diaxial Y9e-hydroxy-113-
chloro dertvative (2f).

When a chloroform solution of thioeyanie acid was
added to the 98,118-epoxide (11)2, fractional erystalliza-
tion techniques produced two addition products. On
the basig of spectral evidence one was assigued as the
9a-thioeyano-118-hydroxy derivative (2f), and the
other was tentatively assigned as the Hg-isothiocyano-
98,113-cpoxide (12).

() O ()
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b, X=F
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Additional unsaturation was produced in the 3-oxo-
4-ene-98,118-epoxy  system with 2 3-dichloro-5,6-di-
eyanobenzoquinoue in dioxane solution at reflux to give
the 3-oxo-+.6-diene (13), characterized by the absorp-
tionn maximum at 280 mu it the ultraviolet.  This was
somewhat unexpeeted since treatment with this react-

) K. Tukeln wonl T,
L1060,

Koo, Chem, Phavm. Bull, {(Tokya), 8, 1§
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ant generally produces unsaturation at C-1 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).> 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 1

DEOXYCORTICOSTERONE ACETATE BlocKING PoTENCIES
Corapound MED*? Compound MED
1 0.04 4 0.11

2a 0.22 7 0.28
2b >0.6 8 1.6
2c >0.6 10a >0.5
24 >0.3 10b 1.8
2f >0.6 11 >1.2
2g 1.7 12 >0.6
2h >0.6 14 >1.0
2i 0.20 15 >0.6
3 0.53 16 >0.6
18 >0.9

2 MED is the minimal effective dose (mg./rat) which, when
used with 12 v of DOCA in adrenalectomized rats, produces the
same urinary sodium/potassium ratio as that which results from
the use of 6 vy 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. Nueclear magnetic resonance spectra were recorded on
a Varian A-60 instrument in deuteriochloroform solution with
tetramethylsilane as internal standard and peaks are reported
in c¢ycles per second downfield. Ultraviolet spectra were deter-
mined in methanol. Melting points were determined on & Fisher-
Johns block.

3-(3-0x0-9«,11a-0xido-173-hydroxy-4-androsten-17 a-yl)-
propanoic Acid Lactone (4).—To a solution of 1.35 g. of 3-{3-
0x0-178-hydroxy-4,9(11)-androstadien-17a-yl] propanoic acid
lactone (3)™ 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° dec.;
Amax 238 mp (e 15,700); infrared (CHCl;), 5.62 and 5.94 u.

Anal. Caled. for CeeH2s04: C, 74.13; H, 7.92. Found: C,

74.43; H, 8.08.

3-(3-0x0-9«,17 3-dihydroxy-113-chloro-4-androsten-17 a-yl)-
propanoic Acid Lactone (2i).—A reaction mixture of 1.0 g. of
3-(3-0x%x0-9¢a,11a-oxido - 178 - hydroxy - 4 - androsten-17 a-y1)-
propanoic #eid 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° dec.; Amax
240 mp (e 15,250); n.m.r. 78, 101, 260(C-11-oH), 350 c.p.s.
(C4H); infrared (KBr), 2.87, 5.60, and 6.01 p.

Anal. Caled. for CeH.sCiOs: C, 67.25; H, 7.44. Found:
C,67.10; H,7.44.

(3) C. M. Kagawa, J. A. Cella, and C. G, Van Arman, Science, 126, 1015
(1957).
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3-[3-0x0-173-hydroxy-4,6,9(11)-androstatrien-17 «-yl] pro-
panoic Acid Lactone (5).—A reaction mixture of 2.0 g. of 3-
[3-0x0-17B-hydroxy-4,9(11 }-androstadien-17 a-yllpropanocic acid
lactone (3),' 4.0 g. of chloranil, and 140 ml. of ¢-butyl alcohol
was stirred and refluxed for 5 hr.t 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);
Amex 282 my (e 20,500): infrared (CHCl), 5.64, 6.01, 6.16, and
6.32 u.
3-(8-0x0-9a,11a-0xido-173-hydroxy-4,6-androstadien-17-yl)-
propanoic Acid Lactone (6).—To 529 mg. of 3-[3-0x0-17a-hy-
droxy-4,6,9(11)-androstatrien-17 a-yl]propanoic acid lactone (5)
was added 15 ml. of a solution of 0.16 3 perbenzoic acid in ben-
zene. The resulting solution was maintained at 5° for 72 hir. 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°
dec.; Amax 281 mp (e 22,600); infrared (KBr), 5.65, 6.02, 6.20,
and 6.32 u.
Anal. Caled. for CeHes04: C, 74.55; H, 7.39.
74.27; H,7.41.
3-[3-Ox0-173-hydroxy-1,4,9(11)-andrestatrien-17 «-yl| pro-
panoic Acid Lactone (7).—A reaction mixture of 1.02 g. of 3-[3-
0x0-178-hydroxy-4,9(11)-androstadien-17 a-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 29 aqueous sodium
sulfite and then three times with water. After drying the solution
over sodium sulfate the solvent was evaporated n vacuo and the
residue crystallized from 4 ml. of methanol to yield 650 mg. of
7, m.p. 86-90° (solvated with methanol), Aax 240 mu (e 14,800);
infrared (CHCl3), 2.72, 2.93, 5.61, 5.97, 6.12, and 6.20 x; n.m.r.
338 (center of multiplet for C-11 H); 363-385 (multiplet for C-2
H and C-4 H); 440 c.p.s. (C-1 H). For elemental analysis a
sample was dried at 78° 4n vacuo for 5 hr.
Anal. Caled. for CyeHy05: C, 78.07; H, 7.74.
77.98; H,7.78.
3-(3-0x0-9a,11 a-o0xido-173-hydroxy-1,4-androstadien-17 a-
yl)propanoic Acid Lactone (8).—To 1.35 g. of 3-[3-0x0-173-
hydroxy-1,4,9(11)-androstatrien-17a-yllpropanoic 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°
dec.: Amax 237.5 mu (e 13,500); infrared (CHCL), 5.63, 5.98,
6.12, and 6.20 u.
Anal. Caled. for CooHesO4: C, 74.55; H, 7.39. Found: C,
74.30; H, 7.40.
3-(8-0x0-9a-bromo-113,173-dihydroxy-1,4-androstadien-
17a-yl)propanoic Acid Lactone (10a).—A reaction mixture of
2.41 g. of 3-(3-0x0-178-hydroxy-1,4,9(11)-androstatrien-17a-y1)-
propanoic acid lactone (7), 11.1 ml. of ¥ 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.® After
stirring for an additional 20 min., 90 ml. of 29 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. Recrystallization from ethanol

Found: C,

Found: C,

yvielded an analytical sample, m.p. 173-176° dec.; infrared
(CHCl), 2.72, 2.86, 5.63, 5.98, 6.13, and 6.20 u.
Anal. Caled. for CeeHyBrOs: C, 60.69; H, 6.25. Found:

C, 60.92; H, 6.38.

3-(3-0x0-93,11 3-0xido-175-hydroxy-1,4-androstadien-17 -
ylpropanoic Acid Lactone (9).—To a solution of 1.9 g. of
3-(3-0x0-9a-bromo - 118,173 - dihydroxy-1,4-androstadien-17 o~
yl)propanoic acid lactone (10a) in 72 ml. of tetrahydrofuran

(4) E. J. Agnello and G. D. Laubach, J. Am. Chem. Soc., 79, 1257 (1957).
(5) J. Fried and E. F. 8abo, tbid., 79, 1130 (1957).
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wias added a solution of 475 mg. of sodinm carbonate in 33 ml. of
water.  The resulting solution was stirred at room temperature
for 20 hir. and then 1.0 ml. of glacial acetic neld was added.  After
cvaporation of one-half of the solvent o zacno, 660 10l of water
was added, producing an il which quickly congealed.  The solid
product was collected on a funncl, washed with water, and eryvs-
tallized from acetone-hexane to vield 900 mg. ol sclvated (aee-
tone) produet which liguefied at 122-130° and then resolidificd
and pielted at 168°.  An analytical sample was dried for 3 hr,
at 782 n vucro,; infrared (CHCL), 5.62, 5.80, 5.08, 6.12, and 6.20

M.
Aanl. Caled. for CuHa)
7.62. Found: €, 73.94; H, 7.75.
3-(3-0x0-9a-fluoro-113,173-dihydroxy-1,4-androstadien-
17 «-yl)propanoic Acid Lactone (10b). {a).-—To 4 ml. of a cold
(0°1 314, solntion of hvdrogen fluoride in tetrahivdrofuran was
added 200 mg. of 3-(3-0x0-98,118-axido-17g-hydroxy-1,4-andro-
studien-17a-yhpropanoic aeid lactone (9).  The resulting solu-
tion was held at —5° for 24 hir. and then transferred into 20 ml. of
celd water.  The precipitate was collected, washed with water,
dried, and then erystallized from etloyl ucetate to yield 100 mg. of
produet as the monohydrate; m.p. 139°, resolidified and melted
at 228--232° dec.: Apws 238 mp (e 14,900); infrared (CHCL).
D69, 2.75,2.88, 5.04, 5.98, 6.14, and 6.21 4.
Anal. Caled. for CulHuFOL-HO: 6733 H, 745,
(67270 H, 747
(b, -~A reactionmixture of 1,0 g, of 3«(3-ox0-9a-fluoro-113,17 3-
dihvdroxy-d4-androsten-17 a-yl)propanoic  aeid lactone (2a).
670 mg. of 2,3-dichloro-3,6-dicyanobenzoquinone, and 75 mnl. 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 dilnted with 200 ml. of water producing
700 mg. of crnde produet as a yvellow salid.  Recerystallization
from ethyl ncetate and then twice fram acetone gave u mono-
bydrated product with an infrared speetrinn identical with that
prepared by the first method.
Anaal. Tound: ¢, 067.02; H,7.82.
3-(3-0x0-9«,113-dichloro-173-hydroxy-4-androsten-17a-yl ;-
propanoic Acid Lactone (2e).—A solution of 1.0 g. of 3-[3-0x0-173-
hydroxy-4.9(1D-nndrostadien-1 Ta-yl]propanoic acid lactone (3!
and 4.0 g. of lithimn chloride in 460 ml of glacial acetic acld wus
cooled In an ice bath and 430 mg. of Ne-chlorosuccinimide was
added.®  Tnnnediately, 1.22 ml. of tetrahvdrofuran containing
120 mg. of anliydrous hyvdrogen 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 water, and dried; it was crystallized from ethyl
acctate to vield 310 mg. of the dichloride (2e), m.p. 192-196°
deces Mo 238 mp (e 15,400): infrared (CHCL) 5.63, 5.97, and
.15 u.
Aupl. Caled. for CaHgCLOL: €, 64235 1, 6.8t
€. 63.92; H, 6.93.
3-(3-0x0-9«-chloro-113-formoxy-4-androsten-17 «-yl}pro-
panoic Acid Lactone (2d).—To a solution of 40 g. of sodimmn for-
mute in 400 ml. of formice acid was added 10 g. of 3-[3-ox0-173-
hivdroxy=4,9C1 D-androstadien-17 a-vi] propanoie acid lactone ¢3»
qand then 4.4 g0 of Noeblorosnceeinimide followed at once by 27 il
ol N hvdroehlorie seid.™  This solution was stirred for 3 hr. at
room femperature and then transferred into 4.0 1. of water.
The precipitate was collected, washed with water, dried, and
crystallized from acetone to yield 2.45 g. of product which was
further purified by recrystallization from acetone, m.p. 218
220° dee.: infraved (CHCly), 5.62, 5.75, 5.96, and 6.13 g.
Anal. Caled. for CoHeClOL: €0 65.63; H, 6,04
CL65.03; 1, 6.08.
3-(3-0x0-9¢,113,17 3-trihydroxy-4-androsten-17 «-yl)pro-
panoic Acid Lactone (2h).-—To a solution of 7.13 g. of 3-(3-0xo0-
98, H13-oxido-178-hydroxyv-4-androsten-17 e~y prapanoic acid
lactone (1137 in 300 ml. of tetralivdrofuran was added 100 ml. of
3 N perchlorie aeid®  The resnlting solution was held at room
temperature for 18 hr. and then trunsferred into 1.8 1. of a satu-
rated aqueons solntion of sodima bicarbonate.  The precipitate
wis collected on a funnel, washed with water, and dried to vield

0.5CH.CUCH: ¢, 73.60; 11,

Found:

Found:

Found:

Op oL Rebinson, Lo Fiackenor, KBS Oliveto, and DL Couldd, S, dme
Choe, S, 810 2101 (1D50).

'Ty . L Robiuson, L. Finekenoe, AL Kietley, D, Gooll, wed EO1
Olvet, (Lot 81, 2100 (1050).

iSE U Lattell aml R Deresteto, (0, T8, H&1 (1156).

Vol. 6

4ot g of ernde product which was crystallized from 300 ol of
methanol to vield 1.75 g. of the died (2h), nep, 277 2787 dees:
infrared ¢ K133, 2.81, 2,87, 5.64, 6,01, and 6,12 4.

Aual. Culed. Toor Codla OO 70560 1L 808,

7083 H, 800

3-(3-0x0-9a-methoxy-113,173-dihydroxy-4-androsten-17 «~
vl;propanoic Acid Lactone (2g:.---To u solution ol 1.0 g of 3-(3-
oxeo=03, 11 g-oxide- 178-lovdroxyvedaandrosten-17 e-vpropanoic acid
lactone (11) in 50 wml. of methanol was added .38 ml. of 727,
perehloric acid.® The msiting sohition was held af voom ten-
perature for 4 br. and then nentralized (to alk-neid test papers
with o 2'7 wqueons solution of potassinm bicarboeunie, Water
waz added 1w fotal selntion velinne of 100l and e mixtare
was stored ot 57 Lo 18 hir producing o grannla precipitate CHO0O
wg. o The agqueons filtrate was evaporated in racwso 1o venwove
the wmethanol wnd 1his prodiced an additional 400 mg. of vrude
product, These twe erops were combined and recrvstallized
three times Treon methanol to vield 230 wg., Ho.p. 242-21037:
M 243 mu Ce 15,3500 intfrared ¢CHCL), 2.75, 287, 5.65, and
6.00 u.

dwal. Caled. for Caldat),: O 71100 11, 830,

7115 H, 822
3-(3-0x0-9«-chloro-113,173-dikydroxy-4-androsten-17c-¥1i-
propanoic Acid Lactone (2¢}.—To a stirred solution of 356 ng. of
3-(3-0x0-08,1 13-oxida-178-hydroxy-4-undrosten- 1 7 -yl ipropanoie
acid lnetone (11 in 3.6 mil. of redistilled chloroform was added at
0° over 3 min. H el of o cold (0°7 0.003 A7 solution of hvdrogen
chloride in redistilled chloretorm®  The resulting solntion was
maintained at 0° for 1 hr, and then washed in a separafory funuel
three thimes with woter. Tt was then dried over sodimu snlfate
and  evaporated nder nitrogen to dryness.  The ervstalline
residine was reerystallized from avetone to yvield 80 nys of 2¢,
nLp. 225-227° dee; infrared (KBr), 2.88, 5.65, 5.05, and 6.1 u.

Aacl. Caled. for CuHpyClO,: C) 67.25; H, 7404 Pouned:

Q,67.32; 11, 7.39.

3-(3-0x0-9a-thiocyano-113,173-dihydroxy-4-androsten-17 .-
yl)propanoic Acid Lactone (2f) and 3-(3-Oxo-5¢-isothicevano-93,-
113-oxido-androstan-17«-yl)propanoic Acid Lactone (12— A
solition of thiceyunie acid in ehloroforin was prepared by shaking
in o separatory funnel 20 g. of potassimn thioevanate, 34 g of
puwdered potassbn bisulfate, and 70wl of chlorolorn. Tle
slurry was filtered and the filtrate made up to a voehne of 7000l
with additional chloroform.  Tw 88 ml. of this chiloroforin goln-
tion 750 mg. of 3-(3coxn-08,113-0xidn-178-lvdroxy-4-androsten
17 -y lipropancic acid lnctone (11) was added and the resulting
solition was beld at roown temperature for 24 br.2  After washing
i« sepuratory el sncecessively with water, dilute sodinm bi-
carbomute solution, and then water, the chloroforim solution wos
dried over sodiibn sulfate and evaporated to dryness i racios.
Digestien of the residue with 40l of hoiling ethyl acetate left
50 mg. ol a substance which remained nndissolved in the bot
solvent.  Tlds insolnble substance was receryvstallized from meth-
anol to yield 34 mg. of the Qa-thioeyane devivative (2€5, m.p.
160-161.5° dec.: infrared (CTCL), 2.88, 166, 5.63, 5.96, vl
615w

Aual. Caled. for CoblaoNOS: ()
C,66.05; 11, 6.00.

The hot ethyl acetate solution (from digestion of the crnde
residue) on eooling 16 5° produced 200 mg. of the Sg-isothioeyano
derivative (123 wp. 173-175° dec.: infrared (CHCL), .75,
5.63, 578w e 68 (CoA8-Cl, 82 (C-H-CHay). 212 cpas,
fC -l

Awal. Caled. Tor CollaoNOWS:
(%, 66.41; H,7.08.

3-(3-0x0-93,113-0xid0-17 3-hydroxy-4,6-androstadien-17 a-
ylipropanoic Acid Lactone (13).—-A reaction mixture of 1.0 g. of
3-(3-6x0-93,11B-0xido- 1 78-hvdroxy-4-androsten-17 a-y1l)propanoic
acid lactone (11), 0.7 g. of 2,3-dichloro-3,6-dicyanobenzoguinonc,
and 75 ml. of peroxide-free dioxane was stirred and refluxed for
20 . After cooling to room temperature, the precipitate was
removed hy filtration ond the filtrate was evaporated in vacoa
to a volume of 10 ml which was then diluted with 90 ml. of water.
The resulting nqueons slurry was extracted with benzene and the
benzene laver was washed twice with a total of 100 ml. of 27
sodinm sulfite solution and then finally washed with water.
After drying over sodinm sulfate the solvent was removed 7n
racua o wfford a solid residne which was erystallized from ethyl
acetate to vield 500 mg. of crude diene (13).  Recrystallization
frowe onethapol. ethyl weetate, und then again froon vethanol

Fomed: €0

o O

i

6648 11 7.03. Fonnd:

66,48 11, 7.00.  1'ound:
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vielded an analytical sample, m.p. 212-216°, Amax 280 mu (e
20,200); infrared (CHCI;) 5.62, 5.99, 6.10, and 6.28 u.
Anal.  Caled. for CuHeeO,: C, 74.35; H, 7.30.

74.67; H, 7.37.

3-(3-0x0-9a-fluoro-113,173-dihydroxy-4,6-androstadien-
17a-yl)propanoic Acid Lactone (14). (a).—A reaction mixture
of 1.0 g. of 3-(3-0x0-9a-fluoro-118,178-dihydroxy-4-androsten-
17a-yl)propanoic acid lactone (2a), 1.75 g. of chloranil, and 71
nml. of t-butyl aleohol was stirred and refluxed for 4 hr. and then
cooled to room temperature and filtered.* The filtrate was
evaporated ¢n 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 diethy!l 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., ehange of state 159°; Apax 280 mp (e 24,400);
infrared (KBr), 2.92, 5.67, 6.02, 6.16, and 6.30 .

Anal. Caled. for szHg;FOyO.{‘)HzOI C, 6891, H, 7.31.
Found: C, 68.90; H, 7.31.

(b).—To 4 ml. of a 319, solution of hydrogen fluoride in tetra-
hydrofuran maintained at —25° was added 40 mg. of 3-(3-oxo-
98,11B-0xido-178-hydroxy-4,6-androstadien-17a~yl)-propanoic
acid lactone (18). 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° dec.; infrared (KBr)identical with
that for the product prepared by the preceding method (a).

3-(3-0x0-9a-fluoro-113-acetoxy-173-hydroxy-4-androsten-
17a-yl)propanoic Acid Lactone (2b).—A reaction mixture of 600
mg. of 3-(3-ox0-9a-fluoro-116,178-dihydroxy-4-androsten-17 a-y1)-
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 n 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) prodirced 420 mg. of
product (2b) which was purified by recrystallization from ethyl
acetate to vield an analytical sample, m.p. 209-213°; infrared
(KBr), 5.61, 5.68, 5.96, and 6.15 u.

Anal. Caled. for CyHaFO;: C, 68.88; H, 7.47.

C, 68.90; H, 7.48.
3-(3-Ethoxy-9a-fluoro-113,173-dihydroxy-3,5-androstadien-
17a-yl)propanoic Acid Lactone (15).—A reaction mixture of 2.0
g. of 3-(3-ox0-9a-fluoro-113,178-dihydroxy-4-androsten-17 a-y1)-
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, Amex 240 mu (e 28,800), infrared (KBr), 2.79,
5.62, 6.01, and 6.11 u. For elemental analysis a sample was
recrystallized a second time from methanol, m.p. 209-215° dec.

Found: C,

Found:
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Anal. Caled. for CoHzFO,: C, 71.26; H, 8.22. Found:
C, 71.08; H, 8.36.
3-(3-0x0-63-chloro-9a-fluoro-113,173-dihydroxy-4-andro-
sten-17a-yl)propanoic Acid Lactone (16).—To a stirred solution
of 808 mg. of 3-(3-ethoxy-9a-fluoro-113,178-dihydroxy-3,5-
androstadien-17a-yl)propanocic 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 was obtained by further
dilution of the filtrate with hexane. Recrystallization from ethyl
acetate-hexane yielded an analytieal sample, m.p. 185-189°
dec.; Amax 237 mu (e 13,300); infrared (CHCL), 2.73, 2.87, 5.64,
594 p; nm.r. 78 (C-18-CHj), 111 (C-19-CHj;), 255-270 (C-6-
aH), 285-293 (C-11-aH), 358 c.p.s. (C-4-H).
Anal. Caled. for CoHysCIFO.: C, 64.30; H, 6.87.
C,64.22; H,7.28.
3-(3-0x0-6a-chloro-9a-fluoro-113,175-dihydroxy-4-andro-
sten-17a-yl)propanoic Acid Lactone (17).—A solution of 200
mg. of 3-(3-oxo-63-chloro-9a-fluoro-118,173-dihydroxy-4-andro-
sten-17a-yl)propanoic acid lactone (16) in 10 ml. of glacial
acetic acid was maintained at 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 reerystallized from 8 ml. of methanol to yield 90 mg. of
the 6a-chloro steroid as the monomethanolate, m.p. 137-139°
dec.; Amax 233 mu (e 14,600); infrared (CHCIL), 2.72, 2.85, 5.63,
5.93, and 6.13 p.
Anal. Caled. for CyHosCIFO,-CH;OH: C, 62.36; H, 7.28.
Found: C, 62.21; H, 7.18.
3-(8-0x0-6a,9a-difluoro-113,173-dihydroxy-4-androsten-
17«-yl)propanoic Acid Lactone (18).—A solution of 600 mg.
of 3~ (3 - ethoxy - 9a - fluoro - 113,173 - dihydroxy - 3,5 - androsta-
dien-17 a-y1)propanocic acid lactone (158) in 5 ml. of pyridine was
maintained at —20° while perchlory! fluoride was passed through
it for 5 min.® 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 209, 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°; Apax 230 mu
(e 11,700); infrared (CHCls); 2.72, 2.85, 5.62, 5.90, and 6.13

Found:

M.
Anal. Caled. for C22H25F20.}.0.5CH30H:
7.37. Found: C, 65.88; H,7.27.

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

C, 6583; H
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