546 Ebwarp A, BrRowN

rated to give 9.36 g of an amiber oil.  The analytical sumple was
obtained by distillation at 253° (1.5 mm).

Anal. Caled for CouHixCIN.: €, 74.87: H, 5.34; N, S.75.
Found: C,75.02; H, 5.48; N, 8.85.
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The syuthesis of four-, five-, and six-miembered spiroethers at C-17 and a number of cyelic ethers resulting

from rearrangenient at C-17 is reported.

As an extension of work done in these laboratories
directed toward the synthesis of steroidal spirolactones
as aldosterone antagonists, several steroidal spiro-
cthers were prepared; in addition, some novel cyelic
ethers were obtained in a dehydration-rearrangement
at C-17. A number of the spiroethers prepared in
these laboratories exhibit potent antiestrogenic activity.
They have not been found to be of interest as aldo-
sterone antagonists,? although Arth and his associates?
report that the lactoue earbonyl is not essential for anti-
aldosterone activity,

Steroids containing four-, five-, and six-menibered
spirocthers at (C-17 have been prepared. Reduction
of 273" a-tetrahydrofuran-2’-spire-17-(4-estren-3-onc)
(3a)® with lithium aluminum tri--butoxyhydride gave
the 38-hydroxy-A* derivative 4a which wus acetylated to
give 4¢.  Similar treatment of the correspouding coni-
pound in the androstane series produced the 33-hydroxy
derivative 4b and its acetate 4d.

The 19-nor six-membered spiroether was prepared
by LiAlH, reduction of 4-[178-hydroxy-3-inethoxy-1,3,-
5(10)-estratrien-17 a=yl]butanoic acid lactone* to give
the diol 6e which was treated with p-toluenesulfonyl
cliloride, and the product cyclized with potassiuni
i-butoxide in refluxing ¢-butyl alcohol to give 3'4/,-
5’ 6’-tetrahydrospiro [3-nrethoxyestra-1,3,5(10) - trienc-
17,2’(2’H)-pyran] (1b). In a modified Birch reduc-
tion® using Li-NHj;, 1b was converted to the 1,4-
dihydro enol ether and then zze acid hydrolysiz and
rearrangenient of the double bond to 37,47,57,6'-tetra-
hydrospiro[estr-4-ene-17,2’(2'H)-pyranJ-3-oue (3b).

Six-membered spiroethers in the androstane series
were made beginning with LiAlH; reduction of 4-
(38,178-dihydroxy-3-androsten-17a-yl)butanoic  acid
lactone® to the triol 7b.  Reaction of the triol with p-
toluenesulfonyl chloride was followed by cyclization of

(1) I'aper X: Steroidal Aldosterone Blockers. IMor paper 1X see W. 1.
Jolns and L. A Virown. J. Org. Chem., 31, 2099 (1066).

¢2) Nomne uf the compounds reported herein were effective at 2.1 mg,’rac
in produeing a 509, Lluek in the effect of 12ug of devxyeorticosterone ace-
tate. Tor cest details see C. A1, Kagawa, J. A. Cella, and C. G. Van Arman,
Sedence, 126, 1013 (1957).

(3y G. k. Arth, 11, Sebwam, L. H. Sarctt, and M. Glitzer, J. Meo. Cheni.,
6, 617 (1963},

) 1. AL Cella, ¥, A, rown, and R. R. Burcner, J. Org, Chem., 24, 741
(1054).

(i) M. L. Dryden, Jr., G. A1, Webber, R. R. liortner, and J. A, Cella,
thid.. 26, 3237 (1961),

Reveral of these steroids exhibit potent antiestrogeniciiy.
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the crude product with potassium {-butoxide in re-
fluxing ¢-butyl alcohol; chromatographic separation
yielded 3',4’,57,6'-tetrahydrospiro [androst-3-ene-17,2'-
(2’H)-pyran]-36-ol (8). Oppenauer oxidation then
yielded the 3-keto-A* derivative 3e.

A four-niembered spiroether at C-17 wus prepared
using ethyl 2-[178-hydroxy-3-methoxyestra-1,3,5(10)-
trien-17a-yljacetate (8), prepared in a Reformatsky
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reaction of estrone methyl ether with ethyl bromo-
acetate. LiAlH; reduction provided the diol 6a
which when treated with p-toluenesulfonyl chloride in
pyridine yielded a nixture of primary tosylate 6b
and primary chloride 6¢ separated by column chroma-
tography. The crude mixed product of tosylation was
cyelized as in the six-membered series with potassium
t-butoxide in refluxing t-butyl aleohol to give 3’,4’-di-
hydro-3-methoxyestra-1,3,5(10)-trien-17,2’(2'H) -oxete
(1a). When subjected to the modified Birch re-
duction with Li-NH,, la was converted to the 1,4-
dihydro enol ether 2. However, all attempts at acid
hydrolysis of 2 to obtain the 3-keto-A* or 3-keto-A%1®
derivative with retention of the strained four-membered
spiro ring at C-17 fatled. Work-up of an HCl-aqueous
methanol hydrolysis of 2 yielded a rearrangement prod-
uct assigned as 17a-(2-hydroxyethyl)-173-methylgona-
4,13-dien-3-one (10a) on the basis of infrared and nnir
spectra.

It appeared of interest to prepare additional steroid
structures having the A'3-17a-hydroxyalkyl-178-methyl
motiety and, since in the presence of acids 173-hydroxy-
17a-alkyl steroids are known to dehydrate with migra-
tion of the 13-methyl group,® the aromatic A-ring diol

HOLFQ(DHQ)» HOCH,(CH,) »
~CH,
n=1 10a.n=1. R=H
b,n=2 b,n=2, R=H
c.n=2: R=CH,
HO( C\Hg)s HOCH :CH,
- 3 N "H,
CH,0 HO
11 12
0-(CH)), 0~CH,
+—CH, ——+—CH,
CH,0 CH.O
13a.n=1 14
b.n=2
0-™CH, 0-~CH,),,
. . . 1
CH. CH.
0
15 16a.n=1; R=~H
b.n=1: R=CH,
c.n=2 R=(CH.

6a was subjected to reaction with HCI in refluxing
ethanol. From this reaction, in addition to the ex-
pected  17a~(2-hydroxyethyl)-3-methoxy-178-methyl-
gona-1,3,5(10),13-tetraene (9a), column chromatog-
raphy yielded two other products which have been
agsigned as 14,17-epoxy-17 a-ethyl-3-methoxy-173-meth-

(8) V. Tortorella, G. Lucence, and A. Romeo, Ann. Chim. (Rome). 60,
1198 (1960).
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yl-13¢-gona-1,3,5(10)-triene (18) and 13,17%*epoxy-17 a-
ethyl-3-methoxy-178-methyl-13a-gona-1,3,5(10) -triene
(13a). Cyclization to C-13 or C-14 nught reason-
ably be expected since an interniediate carbonium ion
center would be generated at either of these positions.

O ’\(“H

a5,

17

CH,0

In addition, both 18 and 13a larked hydroxyl absorp-
tion in the infrared. The nmr spectrum for the five-
membered cyelic ether 13a had a multiplet centered
at 225 cps (partially obscured by the niethoxyl peak)?
for the protons next to the ether oxygen aud the C-17
methyl protons peak at 68 e¢ps. The six-niembered
eyclic ether 18 had a less syvmimetrical multiplet
centered at 217 ¢ps and the C-17 methyl peak was at
538 eps.  Evidence for the assignment of 18 as a six-
membered ring ether came fromn the fact that when it
was oxidized with chromiuni trioxide-acetic acid the
crude product had an iufrared absorpticn band at
5.77 p, characteristic of a §-lactone.  Li-NH; reduction
of 18 produced the enol ether 19 which when hydrolyzed
with 909 acetic acid gave the 3-kete-A*1% derivative
20 and when hydrolyzed and then isomerized with
dilute HCl in methanol gave 14,17%-epoxy-17 a-ethyl-
1738-methyl-13&-gon-4-en-3-one (21a). Snmnilarly. Li-
NH; reduction of 13a gave the enol ether 14, hy-
drolyzed to 15, and hydrolyzed and isomerized to 13,-
17%2-epoxy-17 a-ethyl-178-nethyl-13a-gon-4-en-3-one
(18a).

Surprisingly, when 8, having the ethyl acetate side
chain at C-17, was subjected to reaction with HCI
in refluxing ethanol, no dehydration involving the
178-hydroxyl group occurred. The starting material
was totally recovered. No explanation for this
anomaly 1s 1mmediately ayparent but  AMagrath,
et al.,® reported difficulty in dehydrating the analogous

ethyl 2-(38-acetoxy-178-hydroxyandrast-3-en-17 a-yl)-
acetate. To disprove the hypothesis that successful

dehydration-rearrangement using the conditions re-
ported herein required the presence of the terminal
hydroxyl group ou the alkyl side chain at C-17, 17a-

(7) The position is clearly evident in the derivative 16a which does not
have a methoxyl group.

(8) D. Magrath, D. 8. Morris, V. Petrow, and R. Royer, J. Clhen. Soe ,
2393 (1950).
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ethylestradiol 3-methyl ether® was treated with HCI
i refluxing ethanol for 45 min. Dehydration was
complete and 17a-ethyl-3-methoxy-173-niethylgona-
1.3.5(10) 13-tetraene, previously prepared by Kirdani
and Dorfman?® was obtained.

The rearrangentent reaction was run in the an-
drostane series by dehydrating 38.173-dihydroxy-17 -
(2-hydroxyethyl)androst-3-ene (7a)® in ethanol with
HCL. In addition to 17a-(2-hydroxyethyl)-10,173-
dinmiethylgona-53,13-dien-38-o0l (12) which could be ob-
tuined directly from the reaction mixture, chromatog-
raphy viclded 14,17%epoxy-17a-ethyl-10,173-dimethyl-
13¢-gon-H-en-36-0ol  (22) and 13,17%epoxy-17a-ethyl-
10.173-dimethyl-13a-gon-i-en-3-0l (17).  Conpounds
17 and 22 when subjected to Oppenauer oxidation
vielded the 3-keto-A* derivatives 16b and 21b, respec-
tivelv.

Rearrangenmient wuas then carried out on the homol-
OOl 17 a-(3-hydroxypropyl)-3-methoxy-1,3,5(10) -
extratrien-178-ol (6d),'! the major product being 17a-
{3-hydroxypropyl)-3-methoxy-178- methylgona - 1,3,5-
{10).13-tetracne (9b). Clironiatography yielded an-
other product having no hydroxyl function and an
mmnr spectrum which led to its assigmment as 13,17%
epoxy-3-niethoxy-178-methyl-17 a-propyl-13a-gona - 1.-
3.5(10)-tricue (13b). Li-NH; reduction of 9b yielded
the 14-dihydro enol ether 11 and this was converted
to the 3-keto-A? derivative 10b with HCI in weth-
atol.

The acid rearrangenient was also successfully ex-
tended to 17a-(3-hydroxypropyl)-4-androsten-17g-ol-
3-oue,® yielding after chromatography 13,17%-cpoxy-
10,178-dimethyl-17 a-propyl-13a-gon-4-en-3-one  (16¢)
as the nunor product; the niajor product of chronia-
tography was 17a-(3-hydroxypropyl)-10,178-dimethyl-
gona~4,13-dien-3-one (10c).

The antiestrogenic potency of =onte of the steroidal
ethers 1= reported in Table 1. Although chinical utility
for antiestrogens has not as vet been dentonstrated. o
variety of applications for mammnualian use might be

TaBLe 1
Andes)rogemc

Compd potency”
Progesterone i
3a 100
3b 10
4a 10
4b 0.1
¢ 3.3
14 0.05
16a 0.05
20 .4
2in 1.0
21h 0.4

* Deternined by the procedure of R. A. Edgren, D. W.
Calhoun, 13, L. Eltoi, and F¥. B. Coltou, Endocrinology,
65, 265 (1939). The test compound aloug with 0.3 ug of estrone
was administered in three equal subcutaneous injections over
three successive days to intact, immature mice. The animals
were atitopsied 24 hr after the third injection; uteri were weighed
and compared with controls. These tests were under the direc-
tion of Dr. E. F. Nutting aund Mr. Roger Bergstrom of the Divi-
siont of Biological Research.

() F. B. Colton, L. N, Nysted, B. Riegel, and A. 1., Raymond, J. A».
Chem. Soe., 79, 1123 (1957).

£10) R. Y. Kirdani and R. 1. Dorfman, J. Med. Chem., 8, 268 (1965).

‘1Y) R. Pappo. U. 8. Patent 2,913,467 (1959).
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suggested.  Bialy, Merrill, and Pineus'® have reported
on the ability of 3a to iuhibit estrogen-stimulated
carbonic anhydrase activity ax well as nterine werght.
The values herein reported are o measure of the po-
teney of the compounds i blocking estrogen-=timu-
lated uterine weight inercase relative to progesterone
as the standard.  Both 4a znd 4e, the 33-hivdroxy-A°
dertvative of 3a and its acetate, respectively, have suf-
fered some Joss of potency. Compound 3b, o six-
membered spiraether and a homolog of 3a. shows good
activity, and the novel 14.17-cpoxy sterowds 20, 21a.,
and 21b are active,

Experimental Section

The microavalyses and optical determinations were varried
vut hy D, Robert 1. Dillon and his associates of these laboiie
tories.  Nmr =peetra were recorded vnoa Varian A-60 in=triment
in CDCL with MeiSi as internal standard and peaks are veported
in eyeles per second downfield.  Ultraviolet speetra were deter-
mined in methanol.  Melting points arve reported n= ohserved on o
Fisher-Johms block.  Chromatogranis were ran on silien gel
columns (60 X the weight of steroid nsed) by Dr. I3, G Daska-
lakis and his staff.

2',3'a-Tetrahydrofuran-2’'-spiro-17-( estr-4-en-33-ol) (4da),— 1o
a cold (0°) stirred suspension of 10.0 g of lithinm aliminum
wi-f-butoxyhydride in 100 ml of tetrahyvdrofnran {11110 nnder
N wax added over 15 min a sohition of 10,0 g of 275 a-tetru-
hydrofuran-2/-spiro-17-{4-cstren-3-one) (3a)* in 100 ml of THF.
The reaction mixture was stirred at 0° for 6t min and then at room
temperature for O min, [ was then vansferred into 2.0 10 of
0.6 acetic acid in water.  The separated oil =olidified and the
collected =olid was washed with water, dried, aml vecrystallized
from ethyl acerate covtaining 1 drop of pyridine to vield 2.9 g
of 4a: mp 130-132°: AN 201, 5.00 4.

.171([/‘ (‘.‘1‘1(‘(1 f()l‘ (v-_‘lll‘]:():i (‘. l—”.T“I 11.
Co 7081 1L 1o.d2.

2,83’ a-Tetrahydrofuran-2’-spiro-17-{ 35-acetoxyestr-4-ene)
{4c).—~A =olution of 330 mg of 4a, 3.5 ml of pyridine, and 2.7
wl af acetic anhydride was held at room temperatunre for 19 e
and then transferred into 100 ml of ice water.  The preciphate
wis colleeted, washed with water, dried, and veeryvsiallized twice
from hexane to yvield 270 mg of 4e: mp 117-120°: AICSTS,
598 w.

Anal. Cided Tor CollaOy: O
C, 77170 1, 9.

2’.3’«-Tetrahydrofuran-2’'-spiro-17-(4-andresten-35-0l) (4b 1.
To a cold (0°) stirred ;u=penion of 3.3 g of lithinm aluminum tri-
(-butoxyhydride in 50 wl of THEF nnder Noowas added over 10
min a solntion of 6.57 g of 27,3 e-tetrahydrofiiran-2 -spiro-17-
{4-nndrosten-s-one ¥ i 30 ml of THEF. The reaciion niixture
was stirred at 0° for 60 min and then at roont temperature for go
min following which it was transferred inmo S0l of 2.5 mpie-
ois acetic acld.  After 1 hr av 5° the precipitaie was colleeted,
washed with water, dried, and recrystallized from benzene
hexane aud then agnain from benzene to yvield 2.0 g nf 4b: mp
166-170° A% 075, 6.02 ur [alv 49 (MeOll): Hnnr, 55
(18-Cly), 63 (19-C'H, 224 mmltiplet, 22-C1, 24X faxial 5-110
SIS (411 eps.

Anal, Caled for CulluGe
C, 7981 L 10,07,

2',3'-Tetrahydrofuran-2’-spiro-17-(33-acetoxyandrost-4-ene }
(4d).—A solution of 750 mg of 4b, 8 ml of pyridine, and 6 ml of
acetic anhydride was held at room temperanre for 20 hr sbd
then transferred suto 100 ml of ice water.  After the precipivate
had solidified it was collected, washed with water, dried, and
recry=tallized from hexave to yield 500 mg of 4d:  wp 102-105°:
ASECS 76, 5.99 1.

Anal. Caled Tor CulluOs G0 77570 10 974
C,77.59: 11,9.54,

173-Hydroxy-17 «-{4-hydroxybutyl)-3-methoxyestra-1,3,5-
(10)-triene (6e).—A su=peunsion of 1.1 g of LiAllly D1 100 ml of
anhydrons cthyl ether was stirred and refluxed for 90 niin. - A

1, FPonnd:

77050 1L 956, Fonml:

79.95: 1. 1057, Found:

Found:

112y G, Idaty, NP0 Merrills and o Yincos, Licderrsnotogr, 79, 1240
(1966).
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solution of 2.15 g of 4-[178-hvdroxy-3-methoxy-1,3,5(10)-estra-
trien-17 a-yl]butanoic acid lactone® in 12 ml of dioxane was then
added over a 10-min period. An additional 50 ml of anhydrous
ethyl ether was added and then reflux with stirring was main-
tained for 4 hr. The cautious additiont of 4 ml of water was
followed by diluite HCI until an acid reaction was achieved. The
solition was decanted from the pasty residne, washed twice
with water, and dried {Na.8SQ4). Evaporation of solvent left
an oily residue which crystallized when ethyl acetate was added.
Recrystallization front ethyl acetate yielded 2.0 g of 6e, mp 127-
128°, liquified at 88° and resolidified.
3',4’,5",6'-Tetrahydrospiro[3-methoxyestra-1,3,5(10)-triene-
17,2’(2'H)-pyran]| {1b).—A solution of 3.0 g of 6e and 3.0 g of
p-toluenesulfonyl chloride in 30 ml of pyridine was held at room
temperature for 90 hr and then trausferred into 150 ml of ice
water. The precipitated gum was extiracted with ethyl acetate
and the =solution was wazhed twice with water and twice with
dilute acetic acid. After it was dried (Na;80y), the solution was
evaporated to 1.5 g of oily residue. This residue, together with
1.5 g of potassium ¢-butoxide, was dissolved in 75 ml of t-butyl
aleohol and the solution was refluxed for 2 hr.  After standing
4 days at room temperature it was diluted with 100 ml of ethyl
ether and extracted with four 25-ml portions of water. The
combined aqueous washiugs were extracted with 50 ml of ether
and the ether extract was washed twice with water. The nou-
agieons solutions were then combined and dried (NasSOs).
Fvaporation of solvents afforded an oily residue which erystal-
lized overnight and was recrystallized from ethyl acetate to
vield 700 mg of 1b: mp 108-110°; ASET% 6.21, 6.33, 6.62, 9.26,
0.62 4 Mmax 278 mu (e 2110); nmr, 52 (18-CH;), ca. 225 (mul-
tiplet, 23-CHay), 227 (OCHj) cps.
Anal. Caled for CyHgOs:
C, 81.31; H.9.54.
3',4',5',6’-Tetrahydrospiro [estr-4-ene-17,2'(2’"H)-pyran| -3-one
(8b).—Lithium wire (1.2 g) was added over a 10-min
period to a stirred solution of 1.75 g of 1b in 60 ml of THF,
60 ml of ¢-butyl alecohol, and 120 ml of liquid NH;. After 2.5 hr
the reaction mixture had decolorized and 5 ml of methanol was
added. Ammonia was allowed to evaporate for 2 hr and 100 ml
of HiO was added. Nonaqueous solvents were removed by
vacuum distillation and the residual aqueous suspension was
filtered. The solid product was washed with H;O and dried to
vield 1.7 g of erude 1,4-dihydro product, 1.0 g of which was
stirred i1 10 ml of methanol with 0.5 ml of H;O and 0.6 ml of
concentrated HCL.  Stirring was continued for 1 hr and the re-
sulting solution was transferred into 100 ml of H.,O. The
aqiteolls sispension was extracted with ethyl acetate and the
ethyl acetate layer waz washed with H,O and dried (Na:S04).
Evaporation of solvent afforded an oil which erystallized slowly.
Recrystallization from ethyl acetate-hexane provided 230 mg of
3b: mp 126-130°; Aoi™ 5.99, 6.16 4; Amax 240 mu (e 15,550).
Anal.  Caled for CpHpOs: C, 80.44; H, 9.83. Found: C,
80.24; H, 9.77.
17a-(4-Hydroxybutyl)-5-androstene-33,173-diol (7b).—To a
stirred suspension of 3.3 g of LiAlH, in 150 ml of THF was added
over a 10-min period a solution of 9.8 g of 4-(38,178-dihydroxy-
S-androsten-17«-yl)butanoic acid lactone! in 250 ml of THF.
Reflux with stirring was maintained for 2 hr and then a solution
of 2 ml of H,O in 28 ml of THF was added dropwise, followed by
15 m] of HyO dropwise. The reaction mixture was filtered and
the filtrate was evaporated to a residual volume of 250 ml and
cooled to 5° producing 3.4 g of 7b. Further evaporation of
solvent yielded 1.9 g of a second crop. Recrystallization from a
large volume of ethyl acetate provided an analytical sample: mp
224-227°: AKEI3.02, 5.0% 4.
Anal. Caled for C»Hg05: C, 76.19; H, 10.57.
75.02: H, 10,27,
3',4',5',6’-Tetrahydrospiro[androst-5-ene-17,2’(2'H)-pyran] -
35-0l (5).—A solution of 3.4 g of 7b and 3.4 g of p-toluenesul-
fonyl chloride in 60 ml of pyridine was held at room temperature
for 18 hr and then trausferred into 500 ml of ice water. The
solid precipitate was collected, washed with H,0, dried, and,
together with 3.0 g of potassinm #-butoxide, dissolved in 115 mi of
t-butyl alcohol. The solution was refluxed for 2 hr, cooled,
diluted with 300 ml of ethyl ether, and washed in a separatory
funnel with H,O five times and then finally with saturated NaCl.
After it was dried (Na,804) the solveut was evaporated to a 2.9-g
residne which was subjected ty chromatographic separation.
The fractions eluted with 107 ethyl acetate—benzene were com-
bined and recrystallized from n-hexane to yield 510 mg of 5, mp

C, 81.13; H, 9.47. Found:

Found: C,
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144-149°; nmr, 50 (18-CH;), 61 (19-CHj), ca. 220 (multiplet,
23-CH;z and 3«H), 320 (6-H) cps.

Anal. Caled for Cy3HyOs: C, 80.16; H, 10.53. Found: C,
80.01; H, 10.40.

3',4’,5',6'-Tetrahydrospiro[androst-4-ene-17,2'(2'H)-pyran] -
3-one (3c).—A reaction mixture of 350 mg of 5, 350 mg of alu-
minum isopropoxide, 3 ml of cyclohexanone, aud 20 ml of toluene
was stirred at reflux under N, for 30 min. The solution was
cooled, 1.3 ml of saturated aqueous Rochelle salt solution was
added, and then it was steam distilled for 30 min. The grannlar
precipitate which formed on cooling was collected, washed with
H;0, dried, and recrystallized from ethyl acetate to vield 200
mg of 3¢: mp 170° (after prior sublimation); ACHCL 5 98, 6.19 u;
Amax 241 my (e 14,450).

Anal. Caled for CsH0.: C, 80.65; H, 10.01.
80.98; H, 10.03.

Ethyl 2-[173-Hydroxy-3-methoxyestra-1,3,5(10)-trien-17 «-yl]
acetate (8).—A reaction mixture of 10 g of estrone 3-methyl
ether, 22 g of ethyl bromoacetate, 14 g of 20-mesh zinc (pretreated
successively with dilute HCI, H,Q, methanol, dry ethyl ether, and
dry benzene), and 100 ml of dry benzene was stirred and heated
to refliix whereupon an exothermic reaction began and continned
nnder control for 15 min without external heat. Heat was then
applied to maintain refliix for 2 hr after which the reaction mix-
ture was decanted from the nureacted zine and into 500 ml of cold
202 HCL. The benzene layer was separated and combined with
an ether extract of the agueous layer. The combined ether and
benzene solutions were washed with water, dried (Na,804), and
evaporated. The oily residie was dissolved in 80 ml of ethanol,
8 g of trimethylaminoacetohydrazide chloride (Girard’s reagent)
and 8.0 ml of acetic acid were added, and the soliition was re-
fluxed for 30 min and then transferred into a solution of 12 g
of NaHCOQ; in 400 ml of H,O. After 18 hr at 5° the precipitate
was collected, washed with H,0, dried, and recrystallized from
methanol to yield 5.75 g of 8: mp 102-104°; A" 2.88, 5.83 .

Anal. Caled for CypHgpOs: C, 74.16; H, 8.66. Found:
C, 73.83; H, 8.85.

173-Hydroxy-17«-(2-hydroxyethyl)-3-methoxyestra-1,3,5(10)-
triene (6a).—A suspension of 2.5 g LiAlH, in 100 ml of anhydrous
ethyl ether was stirred aud refluxed for 30 min. A solution of
5.0 g of 8 in 110 ml of anhydrous ethyl ether was added over
10 min aud then refluxing and stirring were resumed for 3 hr.
After 10 mil of ethyl ether saturated with H.O was added dropwise,
3 ml of H:O was added cautiously and the shirry was filtered.
Conceutration of the filtrate provided 280 mg of 6a, mp 158-160°.
The insolubles were stirred for 3 hr with 200 ml of H:0, 25 ml
of concentrated HC], and 100 ml of CHCl;. The CHCI; layer
was separated, washed with H:0, dried, and evaporated to
vield 3.9 g of 6a, mp 162-163°.

173-Hydroxy-17«-(2-chloroethyl)-3-methoxyestra-1,3,5(10)-
triene (6¢) and 173-Hydroxy-17a-(2-p-toluenesulfonyloxyethyl)-
3-methoxyestra-1,3,5(10)-triene (6b),—A solution of 800 mg of
6a, 800 mg of p-toluenesulfonyl chloride, and 8 ml of pyridine was
held at room temperature for 18 hr and then transferred into
100 ml of ice water. The precipitate was collected, washed with
H;0, dried, and chromatographed. The first peak fraction
elnted with 29 ethyl acetate-benzene was recrystallized from
benzene to yield 100 mg of 6¢, mp 168-170°, AEE 2,80 .

Anal. Caled for CyH,yCl10,: C, 72.40; H, 8.38. Found:
C,72.17; H,R.27.

A secondary peak from elution with 29 ethyl acetate—benzene
was recrystallized from ethyl acetate to yield 50 mg of 6b, mp
147-148°. Anal. Caled for CuxH;0:8: C, 69.39; H, 7.49.
Found: C.69.54; H, 7.58.

3’,4’-Dihydro-3-methoxyestra-1,3,5(10)-trien-17,2’(2'H)-oxete
(1a)—To a solution of 7.5 g of the crude reaction product
from the treatment of 6a with p-toluenesulfouvl chloride (see
6b and 6¢) in 350 ml of ¢-butyl alecohol was added 7.5 g of po-
tassium {-butoxide. After 3.5 hr of stirring at reflux the cooled
reaction mixtiire was dilnted with 500 ml of ethyl ether. The
npper layer was separated and washed with four 250-ml portions
of water. The combined water washes were extracted with
200 ml of ethyl ether. The combined nonaqueons solvent layer
was dried (Na;804) and evaporated aud the solid residue was
recrystallized from benzeune-hexane to yield 3.55 g of 1a: mp
109-110°; nmr, 48 (18-CHy), 227 (OCH,), 265 (multiplet, 21-
CH‘;) cps.

Anal. Caled for CnHy0s:
C, 80.82: H. 8.96.

Found: C,

C, 80.73; H, 9.03. Found:
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3’,4’-Dihydro-3-methbxyestra-2,5(10)-dien-17,2'(2'H )-oxete
(2)—Lithinm wire (3.6 g) was added over a 10-min period to u
stirred solution of 6.0 g of 1a in 180 ml of THF, 180 nil of f-buriyl
aleohol, and 360 ml of liquid NH,.  After 2 hr, 15 ml of methanol
was added dropwise over a 20-miu period. The reaction mixture
decolorized 10 niin later. NH, was allowed to evaporate for 16
hr aud then 300 ml of H,O) wus added. Nouagueous solvents
were removed by vacnam distillation and the precipitate wus
collected, wished with H.0, and dried to yield 6.0 g of 2. Ie-
erystallization from eyclohexane provided a sample for analysis:
mp 112-118°: B 5 880 5,90 4y AP RT 940 mp (e 15,6000,
Anal. Caled for CyHpOs O, 80200 1, 9.62. Found:
Co79.79: H,0.30.
17«-(2-Hydroxyethyl)-173-methylgona-4,13-dien-3-one (10a).
—--A reaction niixture of 3.2 g of 2, 20 ml of methanol, 5 ml of
1.0, and 1 ml of concentrated 1 wax stirred at room tenipera-
ture with solittiont conmplete i 15 min.  After 2 hr it was diluted
with 500 ml of .0 and extricted with ethyl acetate. The
ethyl acetate sohition was washed with 1.0, dried (Na.S(h1
and evaporated to an oily residue: AZE 271, 283, 5.80, 5.90,
6.13 p, indicating the presence of both 3-keto-A* and H-keti-
AR systents. When =ubjected to chromatography the 30¢;
ethyl acetate-benzene fractions vielded 10a, recrystallized once
from ethyl acetate-hexane and finally from benzene-hexanc
wo give 300 mg: mp 110-115%: AUHM 9720 280, 5.90, 6.16 u:
Moax 238 mp (e 16.5D0): nmwe, 61 (17-Clly), 216 (riplet, 21-C1Lo,
351 (4-1) ep=.
Anal, Caled for CallyOe
C, 79.99; 1, 0.67.
17a-(2-Hydroxyethyl)-3-methoxy-173-methylgona-1,3,5(10),-
13-tetraene (9a), 14,172-Epoxy-17 a~ethyl-3-methoxy-173-methyl-
13¢-gona-1,3,5(10)-triene (18), and 13,17:-Epoxy-17«-ethyl-3-
methoxy-173-methyl-13«-gona-1,3,5(10)-triene (13a).—A reac-
tion mixture of 8.8 g of 6a, 45 ml of ethanol, and 8.8 ml of
concenttrated HCl was stirred and refluxed for 45 min with
sbhition of the steroid complete after 15 min.  Beuzeue (150 ml)
was ndded and the benzene laver was washed with H,0, dried.
and evaporaied to 7.9 g of oily residue which was chromato-
graphed. The ethyl acetate-benzene (10:90) fractions were
cry=tallized from ethyl acetate-hexave tv yield 180 mg of 9a,
mp *7-04° A sample was recrystallized from ethyl acetate-
hexane for analy=i=: mp 95-97°; ACHCL 9§88 u; nmr, 62 (17-Cly),
216 (triplet, 21-CHs), 229 (OC1L) ep=.

Anal. Caled for CxHaOs: C,
€. 81.00; 11, 9.10.

The first 57 ethyl acetate-henzene fraction (241 g) was im-
pure 18, crystallized from hexane; nip 76-80°; unr, 58 (17-CHy),
217 (mmltiplet, 21-CHa), 224 (OCH,) eps.

Anal. Caled for CollsO. €0 80730 1, 9.03.
¢, 80.74: 11, 017,

The second 3¢ ethyl acetate-benzene fraction (2.19 g) was
impire 13a (an oil) which was induced to erystallize and re-
crystallized from hexane; mp 60-61°; umr, 68 (17-CH,), 225
(multiplet, 21-CHa), 225 (OCH,) ¢p=.

Anal. Caled for CuMwsOy: C, 8075, H
80.93; H, 9.03.

14,172-Epoxy-17 «-ethyl-3-methoxy-175-methyl-13¢-gona-2,5-
(10)-diene (19).—Lithium wire (1.8 g) was added over a 10-min
period to a stirred solution of 3.0 g of 18 in 90 ml of THF, 90 ml
of t-butyl alcohol, and 180 ml of liquid NH;.  After 3 hr, 6 ml
of methanol was added dropwize aud the reaction mixture de-
colorized after 3.5 hr. NH; was allowed to evaporate for I8 hr
and then 180 ml of HyO was added. Nonagaeons solvents were
remmoved by vaciunm distillation and the oil which precipitated
from the aqiieons residite was separated, washed with I1.0, and
dried to yield 3.0 g of 19: ASET? 58K, 5.9 4.

Anal. Caled for CoHgpOl: o €, 80210 I, 9.62.

C.%0.48; T, 0.88.

14,17:-Epoxy-17a-ethyl-173-methyl-13¢-gon-5(10)-en-3-one
(20) and 14,17:-Epoxy-17«-ethyl-173-methyl-13¢-gon-4-en-3-one
(21a).—A suspeusion of 2.75 g of 19 in 35 ml of 007 acetic
acid was stirred until solution was complete (2-3 min), held ut
rooin temperature for 90 min, diluted with 250 ml of H.0), and
cooled to 10°. The precipitate was collected, washed with Ha0),
dried, and reerystallized from hexane to vield 1.2 g of 20, mp
123-128°, ACECW 5 90 .

Anal. Caled for CuHaOso
,80.13; 1,020,

A sispeusion of 900 mg of 20 in 12 ml of methanvl, with 0.7
]l of copeentrated HCL and 0.7 ml of HaO was stirred for 60 min

79.95; 11, 939, Found:

8073 1, 9.035. Found:

Found:

0.03.  Fouud: ('

)

Found:

70.95: H, 9.39. found:
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during which time the steroid dissolved and a new substance
precipitated from the solution. After standing 60 min, 300 mg
of precipitate was collected.  Addition of water (ea 75 1wl
prodaced a =econd erop of 200 mg.  The vwo crops were com-
bined and recryvsrallized from 25 ml of methanol vontaining a drep
of pyridine to yvield 500 mg of 21a: mp IS]T-1867: Ao 240 np
le 17.250); nni, 538 (18-CHy), 217 fumnluiplet, 21-CHy o 547 4411
s,

Anal, Caled tor CyllgOa:
80,28 11, 9.31.

13,172-Epoxy-17 «-ethyl-3-methoxy -175-methyl-13c-gona-

2,5(10)-diene (14),—Lithium wire (1.6 g ) was added over a 0-
niiit period to a stirred solution of 2.4 g of 13a in 75 ml of T,
75 ml of t-bntyl aleohol, and 150 nl of liquid Nle.  After2 b, 8
ml of methanol was added dropwise over 435 ntin wad the resction
nixinre decolorized after 3 hr. Ammonia wis allowed o
evaporate for 2 hr, 300 ml of M0 wax added, and the nonagnesns
solvents were removed by vacinm distillation.  The separated
oil was extracted with ethyl acetate and the extract sohition was
washed with HaO, dried {Na.R0y), and evaporated to vield 255 ¢

7095 1, 050 Fowwl: )

Anal. Caled for CalleOs
C.80.45; 1, 1.56.

13,17:-Epoxy-17 a-ethyl-173-methyl-13«-gona-5(10)-en-3-one
(15) and 13,172-Epoxy-17«-ethyl-173-methyl-13x-gona-4-en-3-
one (16a).--A suspeusion of 2.3 g of 14 in 30 ml of 90’ acetic
acid wax stirred until solution was complete (5 min), held at room
temperature for 90 min, diluted with 250 ml of 11.0), and then
extracted twice with hexane (200 ml).  The hexanc sohition wis
washed with water, dried (Na=SO.), and evaporated 1 vield 15
as an oil, AW 5 TN
Anel.

sl 1L 020 Found:

Caled for CedlagOu: Fovml: (.
TOTS L BT

A snspension of 2.0 g of 14 in 20 ml of methanol with 1.4 1wl
of concentrated HCI aund 1.4 ml of H.O was stirred to complete
solution (30 min), held for avother 2 hr, and then dilnted with
150 ml of ice water. After 2 hr at 0° the precipitate was col-
lected, washed with 11,0, dried, and recrystallized from hexane
to yield 1.1 g of 16a: nip 83-87%; A, 15,90, 6.15 u: e, 70
(17-CHyy, 225 (unltiplen, 21-CHy, 530 (4-11) ep=.

Anal. Caled for CusHaOu €, 7005 11 9590
C, 8017 1H,9.45.

17a-{2-Hydroxyethyl)-10,173-dimethylgona-5,13-dien-33-0i
(12), 14,17:-Epoxy-17a-ethyl-10,173-dimethyl-13¢-gon-5-en-33-
ol (22), and 13,17%-Epoxy-17«-ethyl-10,173-dimethyl-13a-gon-
5-en-38-0l (17). —A reaction mixture of 15.5 g of 53.178-di-
hydroxv-17 a-(2-hydroxyethyDandrost-3-cue  (7a)> 60 wml 5l
ethanal, and 15 ml of concentrated HCl was stirved and retinxe:]
tor 100 min with complete solution of the =teroid afier SO mi.
Water was added (150 ml) and after 18 hr at 0° the tacky pre-
cipitate was collected, washed with H.0, dried, and digeswed with
50 ml of boiling ethyl acetate.  The portion remaining insoluble
after cooling v 25° wax recrystallized from ethyl acetate to yvield
3.2 g of 120 mp 163-168%: A% 275 wr nnw (pyridine), 60
(17-CHyj, 66 (10-C11), 233 (muliiplet, 21-Clle 4+ 510 525
(6-11) epx.

Angl. Caled Tor CollnQ.
C, 70.75: 1, 10.05.

The ethyl acetaie nwther liquor was chromatographed and
the peak fraction elnted with 1047 ethyl acewnte-bheuzene was
recrystallized from ethyl acetate aud then from ethanol to yvield
310 mg of 220 mip 212-215°: mur, 57 (17-Cl) 39 1 19-Cll,
200-230 (mdtiplet, 21-CHy 4+ 51, 325 (6-11) eps.

Anal. Caled for CaHpO. 0 706580 110 100019,
C, 79.54: 11, 9.97.

The fractions ecluted with 159 ethyl acetate henzeve were
again subjected to chromatography and the peak fraciions ehited
with 11¢ ethyl acetate~beuzene were combined and recrystal-
lized from ethyl acetate-hexuane to give 520 mg of 17: mp 4x
53°: nmr, 38 (10-Clly), 69 (17-CHy), ea. 210 (mudtiplet. 5-115
225 (triplet, 21-C11), 322 (6-H) eps.

Anal. Caled for CaHpO.: C,
7066 1, 10,24,

14,17:-Epoxy-17«-ethyl-10,173-dimethy!-13:-gon-4-en-3-one
(21b), and 13,17°-Epoxy-17«-ethy!-10,173-dimethyl-13«-gon-4-
en-3-one (16b).—-A =olution of 950 mg of 22, 6.5 ml of cyelohex-
mionte, and 4 ml of toluene was stirred and heated to refbix
under Na. A solution of 950 mg of alnminuar i=opropnxide in
15 ml of vshitene was added rvapidly and the reaction mixtinre was
hrought to refhiux for 30 min.  The solution was cobled, 5.6 nil

79.05; 1. 9.9,

IFound:

To.6x: 1L 1 Found:

Inpnl:

7068 11, 1u19. Idound:
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of saturated aqueous Rochelle salt solution was added, and the
mixture was steam distilled to remove nonaqueous solvents.
The solid precipitate was collected, washed with water, dried,
and recrystallized from ethyl acetate to yield 620 mg of 21b:
mp 129-134°; 2228 6.00, 6.19 u.

Anal. Caled for CnHgyOs:
C,80.15: H, 9.48.

Followiiig the above procedure identically, 1.0 g of 17 was
oxidized and the crnde reaction product was recrystallized from
ethyl acetate to yield 480 mg of 16b: mp 144-150°; nmr, 68
(17-CH;), 72 (19-CH;), 225 (multiplet, 21-CH,), 344 (4-H) cps.

Anal. Caled for CaHgpO,: C, 80.21; H, 9.62. Found:
C, 80.21; H,9.37.

17«-(3-Hydroxypropyl)-3-methoxy-173-methylgona-1,3,5(10),-
13-tetraene (9b) and 13,17:-Epoxy-3-methoxy-173-methyl-17«-
propyl-13«-gona-1,3,5(10)-triene (13b).—A reaction mixture of
25 g of 17a-(3-hydroxypropyl)-3-methoxy-1,3,5(10)-estratrien-
178-0l (6d),'* 100 m] of ethanol, and 25 m] of concentrated HCI
was stirred and refluxed for 45 min with solution being complete
after 10 min. It was cooled and stirred, and 350 ml of cold H,O
was added producing an oil which congealed when cooled to 5°.
The oil was collected, washed with H.0, dried, and recrystallized
from ethyl acetate to give 8.0 g of 9b. A sample was recrystal-
lized from acetone for analysis: mp 85-90°; ASF%% 9,76 ) nmr,
61 (17-CHs), 216 (triplet, 22-CH,). 226 (OCH;) eps.

Anal. Caled for CxHyuOy: C, 80.93; H, 9.26.
80.74; H,8.92.

The mother liguors from 9b were chromatographed and the
first fractions elnted with 19, ethyl acetate-bernzene were com-
bined and recrystallized twice from ethyl acetate to yield 1.1 g
of 13b: mp 93-95°; umr, 44 (17-CHa), ca. 225 (multiplet, 22-CH,),
227 (OCH;) cps.

Anal. Caled for CuHzO.:
C, 81.23; H, 9.22.

17«-(3-Hydroxypropyl)-3-methoxy-173-methylgona-2,5(10),-
13-triene (11) and 17«-(3)-Hydroxypropyl!)-173-methylgona-4,-
13-dien-3-one (10b).—Lithium wire (1.6 g) was added over a
10-min period to a stirred solution of 2.5 g of 9b in 75 ml of THF,
75 ml of ¢-butyl aleohol, and 150 ml of liquid NH;. After 2.5
hr, 6 ml of methanol was added dropwise over 15 min with de-
colarization of solntion after 3 hr., NH; was allowed to evaporate
for 2 hr and then 150 ml of H:O was added. Nonaqueons sol-
vents were removed by vacnum distillation and the precipitate
was collected, washed with H,0, dried, and recrystallized from
ethyl acetate containing 1 drop of pyridine to yield 1.3 g of
11: mp 83-89°; Aol 2.74, 5.88, 6.00 u.

C, 80.21; H, 9.62. Found:

Found: C,

C, 80.93; H, 9.26. Found:
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Anal. Caled for CyHzOs: Found:
C, 80.69; H, 10.00.

A solittion of 800 mg of 11 in 8 ml of methanol with 0.6 ml of
concentrated HC], and 0.6 ml of H;O was held at room tempera-
ture for 2 hr and then diluted with 40 ml of Hy;O. The pre-
cipitate was collected, washed with H,0, dried, and recrystal-
lized from ethyl acetate to yield 10b (550 mg): mp 135-141°;
Aol 2,74, 6.00, 6.18 1} Amax 238.5 mu (e 16,000).

Anal. Caled for CyHz0Os: C, 80.21; H, 9.62.
C, 80.15; H, 9.59.

13,173-Epoxy-10,173-dimethyl-17«-propyl-13a-gon-4-en-3-one
(16¢) and 17 «-(3-Hydroxypropyl)-10,173-dimethylgona-4,3-dien-
3-one (10c).—A reaction mixture of 15 g of 17a-(3-hydroxy-
propyl)-4-androsteu-17g8-o0l-3-ore,® 60 ml of ethanol, and 15 ml
of coucentrated HCI was stirred and refluxed for 50 min during
which time solution became complete, Water (300 ml) was
added and the precipitate was extracted with benzene and
chromatographed. The fractiou eluted with 15 ethyl acetate-
benzeite was recrystallized from hexane to vield 2.35 g of 16c.
An analytical sample was obtaitied by a second recrystallization
from hexane; mp 100-105°; A%ho® 5.98, 6.18 w: nmr, 45 (17-
CH;), 72 (19-CHj), 222 (muiltiplet, 22-CH,), 343 (4-H) eps.

Anal. Caled for CauHpO,: C, 80.44; H, 9.83. Found:
C. 80.63; H, 9.89.

The oily peak fractions eluted with 409 ethyl acetate~beunzene
(8.44 g) were crude 10¢ contaminated with a small amount of the
acetate ester of the C-22 hydroxyl groip (from transesterification
with ethyl acetate). A 2-g sample was dissolved in 20 ml of
warm methanol, 5 ml of 29 aqueous KHCO; was added, aund
after 5 hr at room temperatire 100 ml of H,O was added. The
separated oil was extracted with ether and the ether solution was
washed with H.0, dried (Na:80;), and evaporated to yield 1.7 g
of 10¢: ASE"® 2.73, 2.88, 5.98, 6.18 41 Amax 239 mp (e 17,100);
nmr, 49 (17-CHy), 59 (19-CHj;), 216 (triplet 22-CH,), 345 (4-H)
eps.

Anal. Caled for CypHguOs:
C, 80.33; H,9.72.

C, 80.44; H, 9.83.

Found:

C, 80.44; H, 9.83. Found:
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The synthesis of several 6-chloro-6-dehydro-A-nor steroids is described. Two of these compoinds, 6-chloro-
6-dehydro-17a-acetoxy-A-norprogesterone (16) and 6-chloro-6-dehydro-16«,17«-dimethylmethylenedioxy-A-nor-

progesterone (14), are potent progestational agents.
this hormonal activity.

this reaction is disciissed.

Previously reported A-nor analogs of sterodial hor-
mones have shown little or none of the biological
properties of the parent hormones. Thus A-nor-
progesterone (1)!' does not exhibit progestational prop-
erties but is a potent antiandrogenic compound;?
A-nortestosterone (2)! is weakly androgenic,® and A-

(1) F. L. Weisenborn and H. E. Applegate, J. 4m. Chem. Soc., 81, 1960
(1959).

(2) L.J. Lerner, A. Bianchi, and A. Borman, Proc. Soc, Ezptl. Biol. Med..
103, 172 (1960).

These represent the first examples of A-nor steroids haviug
Reaction of A3-2-keto-A-nor steroids with 2,3-dichloro-3,6-dieyanobenzoquinone and
HCI resnlts in the formation of 7a-chloro compounds as well as the 6-dehydro derivatives.

The mechanism of

norhydrocortisone and A-norcortisone* do not show
the glucocorticoid or antiinflammatory properties of
hydrocortisone or cortisoe.

The chemical modification of steroid structures de-
signed to enhance progestational activity has been the
subject of much interest in recent vears. In certain

(3) L. J. Lerrer, A. Bianchi, M. Dzelzkalns, and A. Borman, Proc. Soc.
Ezxpil. Biol. Med., 115, 924 (1964),

(4) R. Hirschmann, G. A. Bailey, R. Walker, and J. M. Chemerda, J. Am.
Chem. Soc., 81, 2822 (1959).



