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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 XIa : 
mp 138-140°; [a]28D +152.5° ; nmr 54 (C-18 methyl), 228 
(C-19 methylene), and 341-343 cps (C-2, C-3 protons). 

Anal. Calcd for Ci9H2802: C, 79.12; H, 9.79. Found: C, 
78.83; H, 9.67. 

5a-Androst-2-ene-17/3,19-diol (Xlb).—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 X l b (0.25 g), 
mp 152-152.5°, [a]26D + 7 6 ° . 

Anal. Calcd for Ci9H31J02: C, 78.59; H, 10.41. Found: C, 
78.71; H, 10.65. 

17a-Methyl-5ff-androst-2-ene-17/3,19-diol (Xld).—To a re-
fluxing mixture of 3 M methylmagnesium bromide in n-butyl 
ether (30 ml) and T H F (50 ml) was added dropwise with stirring 
a solution of XIa (1.45 g) in T H F (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 10% NH4CI solution (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 HC1 (1:4, 75 ml) and two 75-ml portions of water and 
dried (Na2S04, Darco). The solvent was removed under reduced 
pressure and the solid residue (1.4 g) was recrystallized from 

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. For 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 Chemical 
Technology," Vol. 6, John Wiley and Sons, Inc., New York, N. Y., 1966, 
p 60. 

ethyl acetate. This gave pure X l d (0.66 g), mp 165-166°, 
[a]27D 4-26.3°. A second crop (0.44 g) was also obtained, mp 
163-166°. 

Anal. Calcd for C20H32O2: C, 78.89; H, 10.59. Found: C, 
78.76; H, 10.63. 

19-Hydroxy-5a-androst-2-en-17-one p-ToluenesuIfonate 
(Xlla).—A solution of XIa (10 g) and p-toluenesulfonyl chloride 
(7.0 g) in pyridine (100 ml) 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 HC1 
(1:10), and water, it was recrystallized from acetone-water to give 
X l l a as needles (12.0 g), mp 145.5-147.5°. Recrystallization of 
a sample from acetone-hexane gave pure X l l a , mp 145-147.5°, 
[«] 2 6D 67.5°, \ r a a x 225 mM (log t 4.09). 

Anal. Calcd for C26H8404S: C, 70.55; H, 7.74. Found: C, 
70.20; H, 7.72. 

19-Hydroxy-5a-androst-2-en-17-one Methanesulfonate 
(XHIa).—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 HC1 (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 X H I a (9.5 g), mp 117.5-
119°. Recrystallization of a sample from acetone-hexane 
afforded pure XHIa , mp 120-122°, [«]2 7D + 9 1 ° . 

Anal. Calcd for C20H3„O4S: C, 65.54; H, 8.25. Found: C, 
65.68; H, 8.42. 

given alone have ovulation inhibitory properties in 
women.3 

Clinical experience indicates that the estrogen-
progestin combination therapy provides the most 
effective means for control of fertility.4 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, el al.,6 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. Exptl. Biol. 

Med., 94, 717 (1957). 
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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. 
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of 17-alkanyl, alkenvl, and alkynyl analogs of estradiol 
lestra-l,3,o(10)-triene-3,17(3-diol] were synthesized and 
evaluated biologically/1 

Of the compounds of interest to us for biological 
testing, 17-methyl-,7 17-ethynyl-,8 and 17-vinylestra­
diol89 had been previously described. The melting 
points reported for 17-vinylestradiol have varied from 
142-147 to l.")5-15G° as compared to 170-171° 
observed in this study. This discrepancy is most 
likely due to solvate formation similar to that noted 
for 17-ethynylestradiol,10 since our earlier preparation 
had mp 146-148° and lost solvent to remelt at 170 
171°. The formation of crystalline solvates was observed 
for several of the other 17-substituted estradiols 

(0) A pre l imina ry descr ip t ion of th is work lias a p p e a r e d : R . IT. Counsel!. 
IT. S. P a t e n t 3,107,257 (1963); Chem. Abstr., 60, 3038 (1964). Since com­
pletion of this work , 17 -bu tad iyny les t r ad io l has been repor t ed to exhibit 
po t en t c o n t r a c e p t i v e a n d es t rogen p roper t i e s in r a t s : J . G a r d n e r , D . Gno j , 
A. S. W a t n i c k , a n d J . Gibson, Steroids, 4, 801 (1964). 

(7) (a) Ii. ('. Bocklage , H . J . Nicholas , IT. A. Doisy, J r . , Vi. H . El l io t t . 
S. A. T h a y e r , a n d E. A. Doisy, J . Biol. Chem., 202, 27 (1953); !b) E. Haack . 
( i . Stoeck, and H. Voight , Naturwiss., 4 1 , 429 (1954). 

(8) H. Inhoffen, W. L o g e m a n n , \V. Hohhveg, and A. Serini, Her., 7 1 , 1024 
i 1938). 

01) ia.1 C. Djerassi and C. H. Scholz, ./. Am. Chem. Soe., 7 1 , 3962 (19110: 
0)) .1. Ka tho l . G e r m a n P a t e n t 870,099 (1953); Chem. Ahntr.. 52, l.jliOli.i 
(1958). 

MO) R. P h e a s a n t . ./. , l » i . Chem. So,-.. 72, 4303 (19501. 
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prepared during (his study. The corresponding ace­
tates, however, showed no tendency to solvate and were 
readily characterized. 

The other 17-substituted estradiols required for this 
study were readily obtained from estrone by conven­
tional methods." An improvement in the synthesis of 
some of these compounds involved conversion of estrone 
to its tetrahydropyranyl ether prior to alkylation to 
overcome the low solubility of the former in organic 
solvents.1- In cases where alkylation was found to be 
incomplete by thin layer chromatography, the starting 
ketone was readily removed by treatment of the crude 
reaction mixture with Girard-T reagent. In one case, 
chromatographic purification of 17-(2-methylallyl)-
estradiol furnished a trace of the C-17 epimer. Acetyla-
tion of the diols at room temperature by means of 
pyridine and acetic anhydride afforded the t3-acetat.es 
whereas treatment with isopropenyl acetate under acici 
catalysis gave the :->.17-diacetates. Saponification of 
the 3,17-diacetates with methanolic potassium car­
bonate produced the 17-aeotates. Physical constants 

i l l ) M . s, Kliarasch a n d D . R e i n m u t h , " G r i g n a r d Reac t ions of \ u n -
Metal l ic S u b s t a n c e s , " P ren t i ce Hall , New York, N . Y-, 1954. 

(12) We wish to acknowledge Messrs . W. Aksami t , R. Smi th , and ,1. Yen 
and Dr . W. IToehn for r.heir ass i s tance in t he deve lopmen t of this improved 
svnthes is . 

file:///TIVKs
t3-acetat.es
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TABLE II 

ESTROGENIC AND DECIDUOGENIC EFFECTS OF SOME SUBSTITUTED ESTRADIOLS 
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» Standards. * K. Junkmann, Arch. Exptl. Pathol. Pharmakol., 220, 358 (1953); Chum. Abstr., 48, 2917 (1954). ' J. S. Mills, H. J. 
Ringold, and C. Djerassi, J. Am. Chem. Soc, 80, 6118 (1958). •* The most active deciduogenic agents of this series as measured by 
decidual cell formation at the 1, 2, 4, and 10 mg/dav dose in rabbits.11 ' R. L. Elton and E. F . Nutting, Proc. Soc. Exptl. Biol. Med., 
107,991 (1961). 

and analytical data for the various derivatives are 
summarized in Table I. 

Preliminary Biological Results.—The estrogenic prop­
erties for some of the substituted estradiols are com­
pared in Table II. The estrogenic activity was de­
termined in rats using cornification of the vaginal 
epithelium as the end point.13 The compounds were 
administered subcutaneously or intragastric ally as 
solutions or suspensions in corn oil. The alkynyl-
substituted analogs were, in general, the most potent 
estrogens with activity decreasing with saturation in 
the order alkynyl > alkenyl > alkyl. The 17-methyl 
derivative, however, displayed considerable estrogenic 
activity and was more potent than the standard in the 
rat vaginal smear assay. This activity was sharply 
decreased by increasing chain length. A similar de­
crease in potency was noted in going from ethynyl to 
propargyl; however, this effect was reversed upon 
conversion to the butynyl analog. In fact, the 17-
(2-butynyl) derivative was the most potent estrogen 
tested by the oral route of administration. 

It is interesting to point out that while acetylation 
of the phenolic hydroxyl group had little effect on 
estrogenic activity, esterification of the 17-hydroxyl 
group markedly lowered activity by both the subcu­
taneous and oral routes of administration. On the 
other hand, Cross and co-workers14 have reported that 
the 17-tetrahydropyranyl ether of ethynylestradiol 
3-methyl ether dramatically increased the estrogenic 
activity of the latter following subcutaneous administra­
tion, while the oral estrogenic activity greatly decreased. 

An attempt was made to determine the progestational 
activity of these estradiol derivatives using arborization 
of the rabbit uterine epithelium as the index of ac­
tivity.15 Unfortunately, only 17-(2-methylallyl)estra-

(13) (a) R. A. Edgren and D. W. Calhoun, Am. J. Physiol., 189, 355 
(1957); (b) R. A. Edgren, D. W. Calhoun, R. L. Elton, and F. B. Colton, 
Endocrinology, 65, 265 (1959). 

(14) A. D. Cross, I. T. Harrison, F. A. Kind, E. Farkas, R. Kraay, and 
R. I. Dorfman, Steroids, i, 423 (1964). 

(15) R. L. Elton and R. A. Edgren, Endocrinology, 63, 464 (1958). 

diol and its 3-acetate exhibited progestational activity, 
being approximately one-twentieth of the potency of 
progesterone by subcutaneous administration. How­
ever, to our knowledge apparently this is the first 
time that a steroid possessing an aromatic A ring has 
been shown to have progesterone-like properties. While 
this activity was not observed with any of the other 
17-substituted estradiols, it is possible that the high 
estrogenic property of some of the compounds [e.g., 
17-(2-butynyl)estradiol 3-acetate] masked the progesta­
tional effects which may have been present. 

In the 19-nortestosterone and 17a-hydroxyprogester-
one series, preparation of the 17-acetates is known to 
enhance the progestational properties of the com­
pounds.2 On the other hand, conversion of 17-(2-
methylallyl) estradiol to its 3,17-diacetate completely 
eliminated the progestational effects displayed by its 
unacetylated progenitor. This would tend to indicate 
that the mechanism whereby these substances exert 
their progestational effects may be different from that 
for the testosterone and progesterone analogs. 

The ability of some of the substituted estradiols to 
stimulate decidual cell formation in the endometrium 
of rabbits served as another parameter for assessing 
their intrinsic progestational properties. The decidual 
response is observed in rabbits given an estrogen and a 
progestin but not when these substances are adminis­
tered separately.16.17 It has been shown that agents 
such as norethynodrel (17a-ethynyl-17/3-hydroxyestr-
5(10)-en-3-one) and ethynodiol diacetate (17a-ethynyl-
estr-4-ene-3/3,17/3-diol diacetate) readily produce decid­
ual cell responses in rabbits17 and in humans.18 How­
ever, when used in women, additional estrogen is 
required to obtain the desired uterine responses.4 

Table II shows that many of the 17-substituted estra-

(16) R. L. Elton, D. W. Calhoun, and E. F. Nutting, submitted for pub­
lication. 

(17) R. L. Elton, P. D. Klimstra, F. B. Colton, and V. A. Drill, submitted 
for publication. 

(18) M. Roland, M. J. Clyman, A. Decker, and W. B. Ober, Fertility 
Sterility, 15, 143 (1964). 
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diol derivatives are capable of inducing deeiduogcnesis 

in the rabbit. The most potent compounds in this 

regard were the 17-allyl, 17-(2-methylallyl), and 17-(2-

butynyl) derivatives. It is interesting to note that 

while both 17-(2-butynyl)estradiol .,-acetato and the 

17-(2-methylullyl) derivative were active as deciduo-

gens, their estrogenic activities were markedly dif­

ferent. As yet, there is no suitable explanation for 

this disparity. Because of its unique properties. 17-(2-

butynyl)estradiol 3-acetate is currently undergoing 

clinical evaluation for the treatment of menstrual 

disorders and for controlling ovulation. 

As anticipated, the C-17 epimer, 17-(2-methylallyl)-

e.stra-l,3,.")(10)-triene-3,17a-diol, was totally devoid of 

activity in all of the above categories. 

A more detailed biological description of the estradiol 

derivatives will be reported elsewhere in the near 

future.19 

Experimental Section2'1 

17-Substituted Estra-l,3,5(10)-triene-3,17#-diols. Method A. 
From Estrone.—A solution of propargyl bromide (24 g) in 
anhydrous ether (50 ml) was added dropwise with stirring under 
an atmosphere of nitrogen to Mg turnings (5.4 g) and HgCL: 
(0.27 g) in anhydrous ether (200 ml). The reaction mixture was 
kepi cool with a cold-water bath. A solution of estrone (13.5 g) 
in anhydrous tetrahydrofuran (THF) (400 ml ) was added drop-
wise with stirring and cooling to the reaction mixture. The 
mixture was refluxed for 3 hr and allowed to cool. A solution of 
NH.iCl (30%, 50 ml) was added dropwise with stirring. Anhy­
drous Na2S()4 (30 g) was added and the mixture was filtered. 
The filtrate was evaporated to dryness in vacuo and the crude 
residue was dissolved in ethanol-acetic acid (9:1, 100 ml). 
Girard-T reagent (5 g) was added and the mixture was heated on 
the steam bath for 30 min. The solution was cooled, poured into 
ice-water, and extracted with CThCk The organic phase was 
washed with water, dried (Na2SO.j), and concentrated to dryness 
in vacuo. The residue was dissolved in ether and treated with 
Darco, and the solvent was removed. The resulting solid was 
reerystallized from aeetone-hexane 1o give pure 17-(2-propynyl)-
estr:t-l,3,5(10)-triene-3,17/3-diol (3.7 gi, £,.„..=, 1980. Chroma­
tography of the residual mother liquors over silica gel afforded 
additional product (2.4 g), mp 102-105°. 

Method B. From Estrone 3-Tetrahydropyranyl Ether.-
Estrone (27 g) was converted to the pyranyl ether in a manner 
similar to that recently described by Cross and associates.11 

The crude ether was dissolved in TI IF (250 ml) and added drop-
wise with Mining to the Grignard reagent prepared from ,i-

(I'.t) R. L. Kltcm, R. 10. Counsel l , P. 1). Kl ims t ra , ami 10. K. NuUimi , 
Ejlifi-ientiti, in press. 

(20) T h e e lementa l ana lyses , opt ical ro ta t ions , a n d ul t raviole t spec t r a 
were furnished by Dr . R. T. Dillon, M r . 10. Ziclinski, a n d M r . J . D a m a s c u s 
of our ana ly t i ca l d e p a r t m e n t . T h e ro ta t ions were ob t a ined in chloroform 
and t he ul t raviolet spec t ra in m e t h a n o l . T h e mel t ing po in ts were t aken on 
a F i sher - Johns a p p a r a t u s ami are cor rec ted . 
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methallyl chloride (54 g) and .Mg turnings (Hi g) in anhydrous 
ether (150 nil). The reaction temperature was maintained 
below 10° during the addition. The mixture was allowed In come 
lo room temperature and stirred for an additional 2 hr. Satu­
rated NIIiCl solution (05 ml) was added with stirring followed 
by solid anhydrous NajSth (20 gl. The -salts were removed by 
filtration and washed with TI IF (25 ml). /i-Toliienesiilfonio acid 
monohydrate ill.l gl was added to the filtrate and the solution 
was stirred at room temperature for 1 hr. The solvent was 
removed in vacuo and the resulting solid reerystallized from ethyl 
acetate-heptane to give 17-(2-methylallyl lestra-1.3.5(10 l-trienc-
3.17,ci-dioi (20 gj, e;s„..-, 2300. 

Method ('. By Hydrogenation. -A solution of 17-etliynyl-
est radio] (2.0 g) in pyridine (00 ml) was hydrogenated over 5'',' 
1M-C (.0.3 gi at room temperature and atmospheric pressure. 
After the theoretical uptake had been achieved, the catalyst was 
removed by filtration and washed with pyridine. The filtrate 
was concentrated to dryness in racuo and the oily residue was 
triturated with el her -hexane to afford crystallization. Re-
crystallization from methanol gave 17-vinylestradio] ( I .(i g), 
mp 14C.--14S0, remeltingat 170-171°. 

Method I). By Hydrogenation.-A solution of 17-(2-pro-
penyl)estra-l,3,5(l()')-triene-3,17/3-diol (10 g) in ethanol (250 ml) 
was hydrogenated over ~>'",. Pd-C (0.15 g) as above. The catalyst 
and solvent were removed and the residue crystallized from meth­
anol to give 17-propylestra-l,3,5( 10)-triene-3,17)3-diol (9.0 g) as 
the mono met hanolale. 1 Irving in vacuo at 140° gave an analytical 
sample, «:>,, :, 20S0. 

3-Acetates. General Method.--The .substituted estradiols 
(2.5 g) were dissolved in a mixture of pyridine (15 ml) and acetic 
anhydride (2.5 ml) and allowed to stand at room temperature for 
4 hr. The solution was poured into cold water, and the mixture 
was allowed to siand at room temperature for t hr. The resulting 
precipitate was collected by filtration and washed well with water. 
If an oil resulted at this stage, it was extracted with ether. The 
extract was washed with 10 r , HC1. 5 r , NaHCO : : solmion, and 
water. The solution was dried (Na^SO.i) and the solvent was 
removed under reduced pressure. Reerystallization front the 
appropriate solvents afforded pure monoacetates, m,^ 750 ± 20 
and e..7S 720 ± 20. 

3,17-Diacetates. General Method.—To a solution of the 17-
substituted estradiol (5.0 g) in isopropenyl acetate (100 ml) was 
added p-toluenestdfonic acid monohydrate (0.75 g). The solution 
was heated at reflux under a Vigreux column and the acetone was 
allowed lo slowly dislil for a period of 0 hr. The solution was 
allowed to cool, ether (200 ml) was added, and the solution was 
washed with three 50-ml portions of water, two 50-ml portions of 
10 r , NaHCO : i solution, and water (50 nil). The organic phase 
was dried (NaSO^ and Darco) and the solvent was removed by 
distillation. Crystallization of the residual oils afforded the 
diacelates. 

17-Acetates. General Method.- To a solution of the 3.17-
diacetate (2.0 g) in 10',* aqueous methanol or dioxane (50 mil 
was added K^COs (1.0 g) and the mixture was stirred at room 
temperature for 1 hr. The solution was poured slowly into ice-
water and resulting product was extracted with ether. The ether 
solution was washed with water and dried, and the solvent was 
removed under reduced pressure. The resulting residue was 
reerystallized from the appropriate solvent system. 


