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acid and 2.7 ml of triethylamine. The resulting solution was
heated under reflux for 1 hr, cooled, and diluted with water. The
crude produect was filtered and recrystallized from aqueous ace-
tone to afford 0.05 g (259) of product, mp 102-110°. The
analytical sample, recrystallized from aqueous acetone, had mp
115-117°, [«]®p +220° (¢ 0.9, CHCIl,).

Anal. Caled for CoH305: C, 77.38; H, 9.74. Found: C,
77.57; H,9.77.

20-Methylenepregn-4-en-3-one (XI).—A solution of 1.5 g
(0.0042 mole) of X in 100 ml of acetone and 5 ml of 2 ¥ HCl
was refluxed for 1.5 hr. The acetone was evaporated under
reduced pressure and water was added. The precipitate was
filtered, washed with water, and dried, giving 1.0 g of product,
mp 152-157°, Further recrystallization gave the analytical
sample: mp 137-158°; [«]®v +105° (¢ 1, CHCL); nmr,
0.62 (C-18 H) (3 H), 1.18 (C-19 H) (3 H), 1.75 (C-21 H) (3 H),
4.68 (1 H), 4.80 (20-methylene) (1 H), 5.68 (C-4 H) (1 H).

Anal. Caled for CHyO: C, 84.56; H, 10.32. Found: C,
84.73; H, 10.35.

3-Methylenepregn-4-en-20-one (XIV)—A solution of 1.0 g
(0.003 mole) of XIIT in &80 ml of acetone was treated dropwise
with 8 V chromiic acid reagent at 0°.  Thin layer chromatography
was used to monitor the course of the reaction. The excess
chromic acid was decomposed with 2-propanol and the solvent
was removed under reduced pressure. A gummy residue was
obtained. It wuas extructed with ether, washed, and dried
(Na,S30s). On evaporation of the ether and recrystallization
from methanol there wns obtained 0.30 g of product, mp 140-
148°.  Further recrystallizations from methanol guve the
analytical sample, mp 148-149°, {«]*¥*p 4-268° (¢ 1, CHCl;).

Anal. Caled for CpHpO: C, 84.56; H, 10.32. Found: C,
84.24; H, 9.97.

20,20-Ethylenedioxypregn-5-ene-33,21-diol 21-Acetate.—A so-
lution of 4.2 g of 3821-dihydroxypregn-5-en-20-one 21-
acetate in a mixture of 100 ml of ethylene glycol and 100 ml of
benzene containing a trace of p-toluenesulfonic acid was heated
under reflux for 3 hr. The benzene layer was washed with
water and NaHCO; solution and dried (CaSQy), and the benzene
was removed in vacuo. The precipitate obtained was recrystal-
lized from methanol giving 3.7 g of product: mp 135.5-136.5°;
[a]®p —33° (¢ 0.87, CHCly); nmr, 0.78 (C-18 H) (3 H), 1.00
(C-19 H) (3 H), 2.03 (acetate) (3 H), 3.98 (ethylenedioxy and
C-21 H) (6 H), and 5.29 (C-6 H) (1 H).

Anal. Caled for CgsHagO.’,Z C, 7174, H, 9.15.
71.61; H, 9.23.

20,20-Ethylenedioxy-21-hydroxypregn-4-en-3-one 21-Acetate.
—To a solution of 3.0 g of 20,20-ethylenedioxypregn-5-ene-38,-

Found: C,
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21-diol 21-acetate in 50 ml of toluene and 30 ml of cyclohexanone
there was added 5.0 g of aluminum isopropoxide, and the solu-
tion was heated under reflux. After the reaction, 50 g of sodium
potassium tartrate was added and the mixture was steam distilled.
The residue was extracted with CH.Cl,, and the CH,Cl, was
evaporated giving 1.4 g of crude oil. Crystallization from
methanol gave 0.8 g of colorless product, mp 139-140° (lit.®
mp 140-141° when prepared in another way).
203,21-Dihydroxypregn-4-en-3-one 20-Acetate.—A solution

of 1.00 g (0.0027 mole) of 38,208,21-trihydroxypregn-4-ene 21-
acetate,'® and 0.90 g (0.004 mole) of dichlorodicyanobenzoqui-
uone in 22 ml of dioxane was stirred for 66 hr and filtered. The
solid was washed with CH.Cl,, and the filtrate was concentrated,
affording dark brown oily material, which was dissolved in CHo-
Cly, washed with 109, NaOH solution and water, and dried. The
resulting yellow oil was chromatographed on alumina; the frac-
tion obtained from 19, methanol-ether (1:99¢7) was recrystal-
lized from benzene-hexane (1:1) affording 0.78 g (78%;) of color-
less crystals: mp 188-190° (lit.!* mp 185-188° when prepared
by another method); nmr, 0.71 (C-18 H) (3 H), 1.17 (C-19 H)
(3H), 2.10 (acetate) (3 H), 5.69 (C-4 H) (1 H).

Anal. Calcd for C23}13404: C, 7376, H, 9.15.
C,73.96; H, 8.97.

3,3-Ethylenedioxy-21-hydroxypregn-5-en-20-one Acetate.— A
mixture of 5.20 g (0.014 mole) of deoxycorticosterone acetate,
30 ml of 2-methyl-2-ethyldioxolane, and 30 mg of p-toluenesul-
fonic acid was refluxed for 3.5 hr and allowed to stand for 18 hr
at 27°. The precipitate was filtered and purified by alumina
chromatography (the benzene eluate contained the product),
followed by recrystallization from ethanol affording 1.0 g of
colorless crystals: mp 203-203.5° (lit.*¥ mp 209-211° when pre-
pared by another method); nmr, 0.68 (C-18 H) (3 H), 1.04
(C-19 H) (3 H), 2.16 (acetate) (3 H), 3.95 (ethylenedioxy) (4
H), 465 (C-6 H) (1 H). A total of 2.3 g of starting material
was recovered.

Anal, Caled for CosHy0;: C, 72.08; H, 8.71.
72.20; H, 9.00.

21-Hydroxy-20-methylenepregn-4-en-3-one (XVII).—To a so-
lution of 0.54 g (0.0015 mole) of XVI in 90¢ aqueous acetone
there was added 0.5 ml of trifluoroacetic acid. The mixture was
refluxed for 1.5 hr and the acetone was removed in vacuo. The
precipitate was filtered and the resulting solid was recrystallized
twice from methanol, affording 456 mg (929) of colorless
crystals: mp 155-136°; [a]%®p +122° (¢ 1.03, CHCl); nmr,
0.65 (C-18 H) (3 H), 1.19 (C-19 H) (3 H), 4.07 (C-21 H) (3 H),
494 (1H), 3.25 (1 H), 5.73 (C-4 H) (1 H).

Anal. Caled for CaH30,: C, 80.44; H, 9.82.
80.29; H, 9.63.

Found:

Found: C,

Found: C,
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A series of 19-nor- and 19-substituted 5o-androst-2-ene derivatives were synthesized us part of a4 continuing

program aimed at the preparation of potentially useful anabolic steroids.

The anabolic and androgenic proper-

tiex aswociated with some of these compounds and their synthetic intermediates are described.

The growth-promoting or anabolic property of the
male hormone, testosterone, has been known for many
years.? Clinical use of testosterone for this purpose,

(1) The work conducted in these laboratories was supported by National
Institutes of Health predoctoral fellowship 5-F1-GM-24992-02 and American
Cancer Society Grant PRA-18,

(2) C. D. Kochakian and J. R. Murlin, J. Nutr., 10, 437 (1935).

however, is limited by its inherent androgenic proper-
ties. As a result, this past decade has witnessed the
synthesis of a wide variety of structural modifications
of testosterone in an effort to separate the desirable
anabolic properties from the masculinizing features of
the molecule.?

(3) F. A. Kinel, Methods Hormone Res., 4, 21 (1965).
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In the androstane series, several investigatorst—
have noted that a C-3 oxygenated function is not essen-
tial for high biological activity, In particular, Edwuards
and Bowers® found that 17 a-methyl-5a-androst-2-cn-
173-0l (IVd) exhibited o favorable separation of anabolic
and androgenic activities.  They reported that this
compound was two to five times as anabolic and only
one-half as androgenic as methyltestosterone when
given orally to rats. Prior to this report, similar find-
ings had been made in our own laboratoriex.® In our
bioassays, however, IVd was found to have twelve
times the anabolic but less than twice the androgenic
activity of methyltestosterone.

The observation of pronounced anabolic activity in
association with a 3-deoxy steroid prompted us to syn-
thesize and evaluate a number of structural analogs
of IVd. Since previous studies from these and other
laboratories®—'? had shown that remwoval of the C-19
methyl group increnses the anabolic:androgenic ratio
in certain instances, the synthesis of the 19-nor congenor
of IVd (IITd) and related compounds was undertaken.
In addition, several 19-substituted analogs were pre-
pared as part of an effort to obtain a better under-
standing of the structure-activity relationships asso-
ciated with 19-functionalized androstane derivatives.

Recently, Wolff, Ho, and Kwok® reported ou the
synthesis of 17 a-methyl-5a-extr-2-en-178-0l (I1Ld) s
part of an extensive progratu designed to elucidate the
mode of combination of steroids with receptor sites,
We used two approaches to this compound which
differed slightly from the one used by Woltf’s group.
In one case, 38-hydroxy-Sa-estran-17-one (Ia) wus
converted to the tosylate (IIa) in 8597 yield and this
product was dehydrotosylated in refluxing collidine to
give He-estr-2-cn-17-one (IITa) (see Scheme 1), Re-
duction of the latter with sodium borohydride or
alkylation with methyl Grignard furnished IITbh and
1IId, respectively.,  The 17a-methylated product,
11Td, was also obtained by sclective tosylation of 17 -
methyl-da-estrane-38,178-diol  followed by deliydro-
tosylution.

As a means of access to the desired 19-substituted
analogs of IVd, the hypoiodite oxidation of 3a-halo-28-
hydroxy-ba-androstaites was investigated.  Since this
work was initiated, several other groups™-% have
oxidized other 28-hydroxyandrostanes under similar
conditions.  For our experiments the 3e-bromo- (V)
and  3a-chloro-28-hydroxy (VII) compounds were
desired. The former was readily obtained by the addi-
tion of hypobromous acid to the olefin IVa.  Addition
of hypochlorous acid to IVa, however, wus not as
successful.  Tor example, treatment of IVa with N-

1) DL Wovbakian, FProc. Soc. Brol. Biol, M ad., 80, 386 (1452).

(5 e A, Overbeek, A, Delver, and I, deVisser, Acta Fndocrinnl. Sappl..
63, 7 (1u62).

(6) J. AL Edwanls aml A, Bowers, Chem, Ind. (Lomlon), 1962 (1061).

(7) A, Bowers, A. D. Cross, J. A, Lilwanls, H. Carpio, M. (. Calzadn,
and 15, Denot, J. Med. Chem., 6, 136 (1963),

(&) M. EL. Wolff, W. Ho, aml R. Kwok, rbid., T, 577 (1064).

(9) R. L. Counsell ami D, D, Klimstra, U. 8. Patent 3,203,966 (1465).

(10 . J. sannders and V. A, Drill, I¥ndocrinology, 88, 567 (1956).

¢11) L. ¢, Hersbberger, 15, (i. Shipley, awml R. K. Meyer, Froc. Sov.
Frepdd. Biol. Med., 88, 175 (1953).

(12) L. L5 Barnes, R V. Stafford, M, I Caild, Lo €0 Tlohe, and K04
Olson, Kndoerinology, 86, T7 (1B54).

(1:3) K. Heunsler, J. ialvimla, P. Wielaud, G. Anner, and A, Wetts(ein,
Helr, Chim, Aeta, 46, 2575 (1062),

{11 0N, Rap and I, (L Uroda, Nataraiss., 50, 518 (1bpty

o3 R. Kok med M, WOllt, . Ory. Chem., 28, 128 (196!
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afforded only starting material.  Similarly, generation
of hypochlorous acid ¢n situ from isocyanurie chloride
and acetic acid according to the method of Muknwa®
furnished after chromatography less than o 1297 yield
of VII. The chlorohydrin was obtained in essentially
quantitative yield, however, by cleavage of the 2,38-
epoxide (VI)'7 with hydrogen chloride in c¢hloroform.

Hypoiodite oxidation of the halohydrins V and V1I
gave the expected 28,19-oxido products VIIIa and IXa
in H4 and 51.59 vield, respectively. The nmr speetra
of these compounds showed typicul AB absorption
patterns for the nonequivalent (-19 geminal protons.™
I'n both cases the J ., was in the range of 89 ¢ps which
is in good agrecment with values reported for 68,19-
oxido steroids=*  Scveral by-produets from this ve-
action have been isolated and identified and have been
reported on elsewhere.?!

In contrast with the ease by which Sa-bromo 63,19-
oxides are reductively eleaved by refluxing with zine
dust and isopropyl alcohol,®? VIITa was unaffected by
such treatment.  Transformation to the 19-acctoxy
olefin Xa, however, was achieved in excellent yield

(163 . Makawa, J. Clem. Soc. Japan, T8, 452 (1b57): Chem, Ahsir., 88,
3338 (1959).

17y The epuxale wus obiained in 8147 vield by treating v browohydrin
V with K2COs in aqueous DM,

(18) N. & Tdhavea and D, 10 Williams, “Applicativns of NMR Rpeetros-
copy in Organie Chenagstey,” 1lolden-Day Ine., San Franviseo, Calif., 1964,
3y A2,

Gty T Veedn T U Mormad, gaed R Clandry, . ey Chem., 28, 1207
BGENS

£20y I, Tadanier, ¢id., 28, 1744 11963),

izl R.E Counsell aml G WL AdelsCein, submitled for pablieation.

(221 A, Payers, R Villottd, I, AL Ealwards, 150 Denot, and O, MHalpeen, /.
Ioe chepe Noe., 84, 3201 11062,
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when VIIIa was refluxed with zine dust in acetic acid.
Surprisingly, similar treatment of the chloro ether IXa
did not give Xa but another acetate in which the 2,19-
oxide bridge remained intact. This reaction has been
studied in greater detail and will form the subject of a
subsequent report. Saponification of Xa afforded the
corresponding aleohol (XIa) from which the tosylate
(XIIa) and mesylate (XIIIa) esters were prepared.

In contrast with the ready conversion of sulfonate
esters of various 19-hydroxyandrost-5-ene derivatives to
the corresponding C-19 halides under certain condi-
tions,?3~% attempts to form 19-halo analogs from XIla
or XIIIa have been unsuccessful. The products re-
sulting from the treatment of these sulfonates with
various nueleophiles are currently under investigation.

Biological Results.?—Table I compares the andro-
genic and anabolic activities for the compounds
evaluated in this study. The procedures used in this
evaluation were similar to that described previously by
Nutting, et al.¥ The relative potencies are given in
terms of per cent activity of testosterone propionate
(intramnuscular) or methyltestosterone (oral) and were
determined from the minimal levels at which significant
increases in ventral prostate and seminal vesicle or
levator ani muscle weights were obtained.

TaBLE I
RELATIVE ANDROGENIC AND ANABOLIC ACTIVITIES

Parenteral activity Oral activity

Andro- Andro-
Compd genic® Anabolice genic®  Anabolic

I1ib 2.2 2() Io I
I11d 1.9 6.5 34 110
IVh 5.8 17
Ivd 4.8 11 187 1200
Xb I(<0.17) 1(<0.33
XIb 0.2 0.67 I I
XId <0).62 1.3 I I
Testosterone

propionate 100 100 40 67
Methyltestoster-

one 40 34 100 100

* The half-valie of the sum of the ventral prostate and seminal
vexicle response has been nsed as the criteria of androgenicity.
*1 = inactive at dose levels tested.

All of the compounds were much less active than
testosteroiie propionate by parenteral administration.
Similar to findings in the testosterone series,*—!? con-
version of IVb to its 19-nor analog (IIIb) caused a
decrease in androgenic activity without affecting the
anabolic activity. In addition, 19-acetoxylation or
19-hydroxylation (Xb or XIb) all but eliminated
androgenic or anabolic activity.

Our results confirnied the earlier reports for the high
oral activity for IVd. This compound was found to
have approximately twice the androgenic and 12 times
the anabolic activity of methyltestosterone and repre-
sents one of the most potent anabolic steroids studied
to date. In this case, conversion to the 19-nor analog

(23) C. Djerassi and M. A. Kielczewski, Steroids, 2, 125 (1963).

(24) O. Halpern, P. Crabbé, A. D. Cross, I. Delfin, L. Cervantes, and A.
Bowers, ibid., 4, 1 (1864).

{25) O. Halpern, 1. Delfin, L. Magafia, aml A, Bowers, J. Org. Chem., 81,
693 (1966).

(26) We are grateful to Drs. F. J, fQaunders and E. ¥. Nutting of G. D.
Seurle anil Co. for furnishing us with this information.

(27) E. I Nutting, P. D. Kliinstra, and R. E. Counsell, dcta Endocrinol.,
in press,
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decreased both androgenic and anabolic activity, 19-
Hydroxylation virtually eliminated the oral activity of
Ivd.

The 3a-bromo-28,19-oxido compounds VIII¢ and
VIIId were found to be essentially devoid of anabolic and
androgenic activity.

Experimental Section?®

38-Hydroxy-5«-estran-17-one p-Toluenesulfonate (Ila)—A
solution of 3g-hydroxy-3a-estran-17-one (Ia, 10 g) and p-
toluenesulfonyl chloride (10 g) in pyridine (30 ml) was allowed
to stand at room temperature for 24 hr. The solution was poured
into water and the resulting mixture was extracted with chloro-
form. The chloroform extract was washed successively with
dilute HCI1 (1:3), 109, Na.COj3 solution, and water. The organic
phase was dried (Na:;80,) and the solvent was removed by distil-
lation under partially reduced pressure. The resulting crystalline
product was triturated with hexane and collected by filtration.
Recrystallization from chloroform—ethyl acetate gave 13.3 g
(859) of tosylate, mp 159-161.5° dec (1it.2® mp 152-154.5° dec).
Additional recrystallizations from the same solvent system fur-
nished an analytical sample, mp 169-170° dec, [«]¥Dp +56°,
Amax 225 mu (log € 4.10).

Anal. Caled for CyHiO48: C, 69.73; H, 7.96. Found: C,
70.04; H, 8.11.

17a-Methyl-5a-estrane-33,173-diol 3-p-Toluenesulfonate
(IId).—Tosylation of Id (0.55 g) as described above and re-
crystallization of the crude product from methylene chloride—
hexane gave pure I11d (0.72 g, 869,), mp 136-139° dec, Amax 224.5
my (log € 4.11).

Anal. Caled for CysH30,8: C, 69.92; H, 8.58. Found: C,
70.00; H, 8.64.

5a-Estr-2-en-17-one (IIla).—A solution of I1a (8.6 g) in colli-
dine (100 ml) was stirred at reflux for 4 hr. The solution was
allowed to cool and poured slowly into an ice-water mixture
(1.5 1.) containing concentrated H.SO4 (100 ml). The precipitate
was collected, washed with water, and air dried. The crude
product (5.0 g) was dissolved in acetone (20 ml) and a mixture of
ether-hexane (2:1, 150 ml) was added. The solution was de-
colorized with Darco and concentrated on the steam bath. The
solution was allowed to cool and the resulting crystalline product
was collected by filtration to furnish pure I11a (3.5 g), mp 125-
126.5°, [«]¥D +168.5° (lit.?® mp 123.5-124.5°, [«]®Dp +170°),
nmr 35 (18-methyl) and 325-350 ¢ps (C-2 and C-3 protons). A
second crop (1.0 g), mp 120-124°, was collected.

Anal. Caled for C;sHyO: C, 83.66; H, 10.14. Found: C,
83.78; H, 9.98.

5a-Estr-2-en-178-0l (IIb).—Sodium borohydride (1.0 g) was
added in portions to a solution of I1la (2.0 g) in ethanol (50 ml).
The solution was allowed to stand at room temperature for 20 hr
and then poured slowly with stirring into 10¢7 NH,CI solution
(500 ml). The crystalline product was collected by filtration and
recrystallized from ethyl acetate-heptane. This afforded IIIb
(1.6 g), mp 108-112°. An additional recrystallization gave an
analytical sample, mp 111.5-113.5, [«]*D +85.5° (lit.® mp 111-
113°, [a]®p +100°).

Anal. Caled for CgHsO: C, 83.02; H, 10.84. Found: C,
83.35; H, 10.89.

The acetate (IIlc) was prepared in the usnal mauner from
acetic anhydride and pyridine. Recrystallization from methanol
furnished an analytical sample, mp 97-98°, [«]%D +56.6° (lit.®
mp 96-98°, [«]®p +68°).

Anal. Caled for CyHyO.: C, 79.42; H, 10.00. Fonnd: C,
79.23; H, 9.78.

17a~Methyl-5x-estr-2-en-173-0l (IIid). A. From Illa.—A
solution of IITa (1.5 g) in dry tertahydrofuran (20 ml) was
added dropwise with stirring to a 3 M solution of methyl-
magnesium bromide in ether (10 ml). The mixture was refluxed

(28) The optical rotations, spectra, and analytical data were furnished
by Dr. R. T. Dillon, Mr. E. Zelinski, and Mr. J. Damascus of the G. D.
Searle analytical department. The optical rotations were obtained in CHCl:
and the ultraviolet spectra in metlianol. The nmr spectra were obtained in
CDCl; with a Varian A-60 spectrometer and are reported in cycles per
second downfield from tetramethylsilane which was used as the internal
standard. Tle melting points were obtained on a Fisler-Johns apparatus
and are corrected.

(29) D. K. IFukushiina and %, Dobriner, J. Ory. Chem., 26, 3022 (1961).
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for 5 hr and allowed to stand overnight at room temperature.
Ammonium chloride solution (2.3 ml, 10 ) was added dropwise
with stirring and the mixture was allowed to cool.  Anhydrans
Nu,804 and THF (20 ml) was added and the mixture was filtered.
The filtrate was concentrated to a symp and the prodiet vrys-
tallized from methanol-water (1.2 g), mp 133-135°. Reecrvsial-
lization from methanol gave an unalytical sample, mp 142-144°
(Iit.t mp 135-137°).

Anal. Caled for Cield3,0: €, 83.15; 11, 11,02,
&2.85; H, 10.89.

B. From IId.—Dehydrotosylation of IId (1 g) in collidine
(15 ml) as described above gave a crude product which was
purified by chromatography over silica gel (60 g). Elution with
benzene—ethyl acetate (19:1) gave I11d which upon recrystallizn-
tion from methanol afforded a pure product (275 mg), mp 141~
143.5°, identical with that above.

3a-Bromo-23-hydroxy-5a-androstan-17-one (V),.—To a cooled
solntion of Je-androst-2-en-17-one® (IVa, 25 g) in purified
dioxane (500 ml) was added dropwise with stirring a mixture of
N-bromostccinimide (17.6 g), 60¢, HCIO, (17 g), and water
(170 ml). The reaction mixture was stirred at room temperature
for 3.5 hr and poured slowly into an ice-water mixture (2 1.).
The mixture was stirred for 2 hr and the precipitate was collected.
The crude product was washed well with water, dried, and re-
crystallized from methanol to give V (13,5 g), mp 104-106°.
An analytieal sample was prepared from acetone—hexane, mp
105-196°, [a]®Dp +124°,

Anal. Caled for CpulleBrOs: C, 61.78; 11, 7.01.
C, 61.01; H, 7.91.

2,33-Epoxy-5«-androstan-17-one (VI),—A mixture of V (40 g),
K.CO; (16 g), DMF (500 ml), and water (75 ml) wus stirred ut
60° for 2.5 hr.  Water (200 ml) waxs added slowly with stirring
to the reaction mixture which was externally cooled with a cold-
water bath. The resulting precipitate was collected, washed
well with water, and air dried to give VI (25.3 g, 81¢7), mp 121~
123°. Recrystallization of a sample from methanol afforded pure
material, mp 121-123°, [«]%Dp +132° (1it.® mp [21-122°,
[«]®D +144°).

Anal. Caled for CigHayOu: C, 7012
78.01; I, 9.68.

3a-Chloro-28-hydroxy-5«-androstan-17-one (VII)—To un
ice-cold saturated solution of HCI in chloroform (250 ml) was
added dropwise with stirring a solution of VI (5.0 g) in CIHCly
(100 ml). The solution was allowed to come to room temperature.
After 2 hr, the solution was washed (5¢; NaHC();, Ha0)) and
dried (NuasS04). Removal of the solvent afforded crude VII
(5.7 g), wmp 198-202°.  Recrystallization from methanol gave
needles (3.9 g), mp 201-203°, unraised by additional reerystalliza-
tlons.

Anal. Caled for CuHuClOy: C, 70240 11, 9.00; Cl, 1001,
Found: C, 70.08; H, 8.80: CI, 11.01).

3a-Bromo-23,19-0xido-5«-androstan-17-one (VIila)—1To a
solntion of V (18.5 g) in CCly (1 1.) was added leud tetrancetate
(67 g) and 1odine (25.4 g). The mixture was refluxed with stirring
for 8 hr and allowed to stand overnight at room temperature.
The insoluble salts were removed by filtration and washed with
methylene chloride. The filtrate was wnshed with two 300-ml
portions of 109 sodium thiosulfate olution and water (500 ml).
The organic phase was dried (Na.S0),) and the solvent was re-
moved by distillation in wacuo. The residue was dissolved in
hexnne-benzene (1:1, 100 ml) aud adsorbed onto silica gel (1 kg).
The cohimn was eluted with benzene fullowed by benzene con-
taining increasing amomnts of ethyl acetate.  Elntion with
benzene—ethyl acetute (1V:1) guve crude VIITa which upon re-
erystallization from methanol aflorded pure muterial (10.3 g):
mp 130-132°%; la]®p +87°; nmr 48 (18-methyl), 218, 227, 28,
237 (C-19 protons), and 245-265 c¢ps (C-2 and C-3 protons).

Anal. Caled for CyH»BrOs: C, 62.12: H, 7.41: Br, 21.76.
Foumd: C, 62.43; H, 7.77; Br, 21.76.

3a-Bromo-23,19-0xido-5«-androstan-173-01 (VIIIb).—To »a
solution nf VIIIa (2.0 g) in ethano]l (40 ml) was added NaBH,
(1.0 g) in portions with stirring. The mixture was allowed to
stand at room lemperature for 20 ln and then ponred into 24
NILCI solution (100 ml). The precipitate was collected, washed
with water, and air dried (2.0 g). Recrystallization from metha-
nol-acetone gave an analytical sample, mp 165-167°, |a]%n
+24°,

IFound: ()

Found:

11, 9.79. Found: €,

130y 1. Fajkos and I'. Sorm, Collectivyi Czerh. Chem. Commun., 24, 3115
(1H59).

Vol. ¢

Aral. Caled Tor CisllayBrOs: C) 61780 11, 701
61.53; 11, 7.3

Acetylation of V1B (0.1 g) with zeetie mdiydride (0.2 mD i
pyridine (2 mb) and reerystallization of the product Iram methanl
gave Sa-bromo-28, 19-nxido-Sa-nndrostan-173-0l avetiae (Ve
mp 138-140°, Ta]¥n 4-20°,

Anal. Caled Tor CallyBrOg: C, 603100 1 760, Foand: (.
BLGS 11, 7,78,

3w-Bromo-!7«-methyl-23,19-0xido-5«-androstan-17 3-ol
(VIIId).—A solution of VIIIa (1.0 g) m anhydrous ether (W0 mb
was added drapwise with stirring to 3 17 methylmagnesimn bro-
mide i ether (35 ml). The mixture was refluxed overnight mml
satirated N1TLCT <olution (10 ml) was added dropwise with stir-
rivg. Water (30 ml) was added and the organic phase separated.
The ether solution wax washed with water and dried (Na.=O;
containing Dareol. The solvent was removed /n zeevo and 1he
resulting solid wax recrystallized from methanol-water.  This
afforded pire VI (0.6 g), mp 174-175°, {af%D +7°.

Anal, Caled Tor CollpBrOs: ¢, 62.60; 11 =050 Fomul: U]
62.655; 11, X2,

3«-Chloro-23,19-0xido-54-androstan-17-one (IXa).--11yvpoio-
dite oxidation of VIT (3.7 g) ax described above for Vo afforded a
ernde produet which was purified by eliromaiography over siliea
gel (100 g1 The cohmm was eliuted conseentively, with henzene-
hexane (1:1), benzene, and  benzene containing  inereasing
amomns of ethyl acetate. Elntion with benzene—ethyvl acetnte
(LD gave TXa LY g), mp 130-141°. Recrystallization from
methanol-water and then from heptane allorded an analytieal
sgiiple: mp 142-143%0 nmr 50 (I8-methyl), 217, 225, 2275,
235.5 (C-19 protons 1, and 240-265 eps (C-2 and C=3 peatons.

Anal, Caled for Crdl:ClOs € T0660 11, 8430 ol ¢
TNy L 84S

3x-Chloro-23,19-0xido-5a-androstan-173-0l (IXb).-—Reductam
of 1Xa (1.0 g) with NaBTl (0.5 g) us deseribed above for VIIa
gnve rrnde TN, Reerystallization from methanol-water gave
platelets <10 ), mp 164-166° unchausged by an additional
recry=tallization from heptane.

Anal, Caled Tor CroJ1aCLOs: ¢ 70224, 1, 9.00.
7032 11902,

Acetylation of IXD with acetie anhydride i pyridine and
recrystallization of the produet Trom methannl gave the vorre-
sponding neetnte INe, mp 139-141°,

Anal. Caled for CullpClOg: €, 68.74: 1, K52,
68.99: 11 =54,

19-Hydroxy-5«-androst-2-en-17-0one Acetate (Xaj.-—A mixture
uf VIIIa (50 g1 and zine dost (50 g) in glacial acetic acid (500
ml) was stirred under veflux for 7 hr. The mixtnre wias allowed
to cool and the salts were removed by filtration. The salts were
wushed with isupropyl nleohol, and the filtrate wis punred mto
anlce—witer mixture (3 1), The mixture was refrigerated nver-
night and the produet was collected by filtration, washed with
water, nnd dried.  Thix gave erude Na (43.7 g) which was satis-
fuctory for subsequent experiments.  Recrystallization of a
sample from methuomd-water allorded pure Xa as needles: mp
T2-74% B 4 107.5°% nmr 52 (IS-methyl), 128 Geeetate
methyl), 247, 241, 256.5, 268.5 (C-14 protons), and 340 vps
(C=2, C=3 protons),

Anal. Caled Tar Coullad)s
76.43: 11, 9.1

5=Androst-2-ene-173,19-diol 19-Acetate (Xb).—A solutivn vf
Na (2.0 g) ond lithium tri-t-butoxyaluminohydride (6.0 g) mn
THE (45 mb) was stirred for 1.5 I inan iece-water bath. The
solittion was poured into 104, acetie aeid (200 ml) and the mix-
ture was refrigerated.  The product was collected by filtration,
waslhed with water, and uair dried to give crude Xb (2.0 g), mp
HO-101°,  Recrvstallization from methanol-water gnhve needles,
mp 100.5-100.5° la]*n 443.5°.31

Anal. Caled for CoyllpO,: C, T5.86; U, V.70.
507 11 985,

Acetvlntion of Xb with acetic anhydride and pyridine and
recrystallization of the prodnet from methanol gave the dincetate
N, mip 138-140°, Ja|%n 4-24°,

Anal. Caled for CullyOu O 73.76; H, W15,
73.06: M, 0.00.

19-Hydroxy-5«-androst-2-en-17-one (XIa).—A solution of Nie
(40 g) and KOTT (10 g) in methanol (480 ml) and water (20 ml}
wis rofluxed v the steam bath for 3 hr. The solution was al-

Fomnd: €,

Found: €

Fomal:

76320 1L 005, Fonnd: €

Foaml: .,

Foand:

4D This prodact was also obunned by redurton of Na with sudiani
borololride in isopenpyl alvohol at rovat temperature,
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lowed to cool and poured into an ice-water mixture (1.5 1.) with
stirring. The mixture was refrigerated for 30 min and the
product was collected by filtration, washed with water, and
dried. Recrystallization of the crude product (31.2 g) from
acetone-hexane gave a first crop (23.0 g) melting at 137.5-140°
and a second crop (5.0 g) melting at 132-135°. Recrystallization
of a sample from methylene chloride-hexane gave pure Xla:
mp 138-140°; [a]®p +152.5°; nmr 54 (C-18 methyl), 228
(C-19 methylene), and 341-343 cps (C-2, C-3 protons).

Anal. Caled for CHxO0,: C, 79.12; H, 9.79. Found: C,
78.83; H, 9.67.

5a-Androst-2-ene-173,19-diol (XIb).—A solution of Xb (0.3 g)
and KOH (0.5 g) in methanol (10 ml) and water (4 ml) was
refluxed for 1.5 hr. The mixture was filtered while still hot and
the filtrate was poured slowly with stirring into cold water.
The precipitate was collected, washed with water, and air dried.
Recrystallization from acetone-hexane gave pure XIb (0.25 g),
mp 152-152.5°, [a]®*D +76°.

Anal. Caled for CyH3O.: C, 78.59; H, 10.41. Fouud: C,
78.71; H, 10.65.

17 a-Methyl-5«-androst-2-ene-173,19-diol (XId).—To a re-
fluxing mixture of 3 M methylmagnesium bromide in n-butyl
ether (30 ml) and THF (50 ml) was added dropwise with stirring
a solution of XIa (1.45 g) in THF (50 ml). The entire process
was performed under an atmosphere of nitrogen. The mixture
was then refluxed with stirring for 7 hr and allowed to stand at
room temperature overnight. The vessel was surrounded with
an ice—water bath and 109, NH.Cl sotution (50 ml) was added
dropwise with stirring. The contents was transferred to a
separatory funnel, ether (10 ml) was added, and the aqueous
phase separated. The ether solution was washed successively
with dilute HCI (1:4, 75 ml) and two 75-ml portions of water and
dried (Nas80,, Darco). The solvent was removed under reduced
pressure and the solid residue (1.4 g) was recrystallized from
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ethyl acetate.
[a]PD 426.3°,
163-166°.
Anal. Caled for CyHp0:: C, 78.89; H, 10.59. Found: C,
78.76; H, 10.63,
19-Hydroxy-5«-androst-2-en-17-one p-Toluenesulfonate
(XIIa),—A solution of XIa (10 g) and p-toluenesulfonyl chloride
(7.0 g) in pyridine (100 m1) was warmed on the steam bath for 4 hr
and allowed to stand at room temperature for 48 hr. The solution
was poured into water (600 ml) and the mixture was allowed to
stand for 30 min whereupon the initial oil crystallized, The mix-
ture was refrigerated for 1 hr and the product was collected.
After washing the product successively with water, dilute HCI
(1:10), and water, it was recrystallized from acetone-water to give
XIIa as needles (12.0 g), mp 145.5-147.5°. Recrystallization of
a sample from acetone-hexane gave pure XIla, mp 145-147,5°,
[@]%D 67.5°% Amax 225 myu (log € 4.09).
Anal. Caled for CyH3048: C, 70.55; H, 7.74. Found: C,
70.20; H, 7.72.
19-Hydroxy-5a-androst-2-en-17-one Methanesulfonate
(XIIIa).—A solution of XIa (10 g) in methanesulfonyl chloride (15
ml) and pyridine (160 ml) was stirred for 5 hr and allowed to stand
at room temperature for 48 hr. The mixture was poured into
water (600 ml) and allowed to stand at room temperature for 30
min whereupon the initial oil became crystalline. The mixture
was refrigerated for 1 hr. The product was collected and washed
with water, dilute HCI (1:10), and water. The brown product
was dissolved in ether and the solution was decolorized with
Darco. The solvent was removed in vacuo and the oily residue
crystallized from ether—pentane to give XIIIa (9.5 g), mp 117.5-
119°.  TRecrystallization of a sample from acetone-hexane
afforded pure XIIla, mp 120-122°, [«]¥p +91°.
Anal. Caled for CyHsO48: C, 65.54; H, 8.25. Found: C,
65.68; H, 8.42.

This gave pure XId (0.66 g), mp 165-166°,
A second crop (0.44 g) was also obtained, mp

Chemical and Biological Properties of Some 17-Substituted Estradiol Derivatives
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A series of 17-substituted estradiol derivatives were prepared with the hope of introducing progestational

properties into an estrogenic molecule.

The methods for synthesizing these compounds are described along

with some of the striking biological properties exhibited by some of the derivatives,

It has been known for many years that some of the
naturally occurring sex hormones such as testosterone,
progesterone, and estrone are capable of inhibiting
ovulation in women. TFor various reasons, however,
these hormones are unsuitable for clinical use as oral
contraceptives. In an effort to overcome some of the
shortcomings associated with these substances, various
laboratories have been involved in extensive programs
directed toward the chemical modification of natural
hormones.2 In most instances, these modifications
have dealt with testosterone (e.g., 17a-ethynyltestos-
terone and 19-nor analogs) and progesterone (e.g.,
17-acetoxyprogesterones). On the other hand, few
investigations have involved modification of estrogens
such as estrone. This is true despite the fact that
estrogens such as ethynylestradiol or its 3-methyl ether
are components of most contraceptive medications.
Moreover, it has been noted that these estrogens when

(1) Laboratory of Medicinal Chemistry, College of Pharmacy, University
of Michigan, Ann Arbor, Mich. To whom inquiries should be addressed.

(2) Cf. F. B. Colton and P. D. Klimstra, "Encyclopedia of Chemiecal
Technology.' Vol. 6, John Wiley and Sons, Inc., New York, N. Y., 1965,
p 60.

given alone have ovulation inhibitory properties in
wonien.$

Clinical experience indicates that the estrogen—
progestin combination therapy provides the most
effective means for control of fertility.* As a result,
our attempts to find a single agent useful for fertility
control has involved a search for substances that would
mimic the biological effects produced by the estrogen-
progestin combinations.

In 1957, studies by Saunders, et al.’ dealing with
17-alkylated 19-nortestosterone derivatives indicated
that progestational activity was related to the length
of the side chain at C-17. Maximum activity was
achieved with the 17-(2-methylallyl)-substituted com-
pounds. It seemed reasonable, therefore, that one
might be able to incorporate progestational activity
into the estradiol molecule by alkylating at C-17 with
appropriate groups, To test this hypothesis, a series

(3) M. C. N. Jackson, J. Reprod. Fertility, 6, 153 (1963).

(4) G. Pincus, Advances in Chemistry Series, No. 45, American Chemical
Society, Washington, D, C., 1964, p 201.

(5) F. J. Saunders F. B. Colton, and V. A. Drill, Proc. Soc. Ezptl. Biol.
Med., 94, 717 (1957).



