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SUMMARY

In view of the markedly reduced activity in the Clauberg test of 1l-oxaprogesterone and of its
significantly enhanced anovulatory activity in rabbits, ovulation stimulated with copper acetate, the
synthesis and biological evaluation of other 11-oxa hormone analogues was undertaken. The syntheses
of 11-o0xa-17-acetoxyprogesterone, 11-oxa-17x-ethynyltestosterone, 11-oxa-estradiol, 11-oxa-17x-ethynyl-
estradiol, and of 11-oxatestosterone are reported and some of their biological activites are discussed.
In general, the replacement of the 11-methylene group by oxygen results in a diminution of the
progestational, androgenic-anabolic, and estrogenic activities, this effect being the least pronounced
in the case of the progestational activity of 1l-oxa-ethisterone and particularly strong in the case
of the uterotropic activity of 11-oxa-estradiol.

On the other hand, the observation that the introduction of bulky 17a«-substituents into progesterone
and related products results in general in an increased progestational activity and that acylation
of the progestationally inactive 17-hydroxyprogesterone leads to orally active progestogens and antiferti-
lity agents, prompted us to synthesize, by two pathways, 17a-acetoxymethylprogesterone and 17a-hy-
droxymethylprogesterone. It is shown that one of these pathways can be advantageously applied also
to the synthesis of 17x-acyloxymethyl and 17z-hydroxymethyl glucocorticoids. Interestingly, 17a-acetoxy-
methylprogesterone proved inactive in the Clauberg test even at high dose levels.

The primary objective of the investigations which we should like to present in the framework
of this Symposium was, and is indeed, a contribution to the domain of structure-activity relationships
of hormonal steroids. However, this lecture will be concerned to the greatest extent with results
pertaining to the structural component of this tandem field—to the synthesis of new analogues of
steroid hormones—and we shall touch its activity component only in a fragmentary and preliminary
way; this, quite simply, because we are not yet in the possession of the full biological data. Still,
we hope that the chemical aspects discussed will not be completely devoid of interest and we also
hope that even some of the fragmentary biological results will not be meaningless to the intricate
and problematic field of structure-activity relationships.

We should like to divide our presentation into two parts: one dealing with 11-oxa analogues
of steroidal sex hormones, the other with 17¢-hydroxymethyl analogues of hormones of the progester-
one-corticoid group, with the emphasis on derivatives of progesterone.

PART I: 11-OXA ANALOGUES OF STEROIDAL
SEX HORMONES

A. Introduction

Some years ago [1], we synthesized 11-oxaproges-
terone (I) which was tested by Dr. E. Shipley at the
CHy
co

1

Endocrine Laboratories of Madison, for its subcu-
taneous progestational activity in the Clauberg assay,
and for its activity as ovulation inhibitor in rabbits,
in which ovulations were stimulated with copper ace-
tate (cf. Fig. 1). According to expectations, the prod-
uct showed little progestational activity, one quarter
to one seventh of that of progesterone, but it had,
in the test employed, significantly enhanced ovulation
inhibitory activity, approximately twice the activity

of progesterone. The substance thus showed an interest-
ing separation of these two activities, the ratio of
ovulation inhibitory activity to progestational activity
being approximately eight to nine times more favour-
able than in the case of progesterone.

These results prompted us to synthesize and study
the biological activities of 11-oxa analogues of other
steroid hormones, and to investigate in particular
whether further separations of activities, primarily of
relevance to fertility control, would be observed.

B. Chemistry

1. The synthesis of 11-oxa-17-acetoxyprogesterone
(I1I)

The fact that the introduction of a 17x-acyloxy
substituent, for instance a 17a-acetoxy group, into
the progesterone molecule results in orally active pro-
gestogens and antifertility agents, made the biological
investigation of 11-oxa-17-acetoxyprogesterone (III)
attractive.
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Type of Activity Activity

(or ratio of activities)

Compound

Progestational
{Clauberg- McPhail,
rabbits )

Progesterone
11-Oxaprogesterone

Ovulation Inhibition
(rabbits, CII(OA(:)2 -

)
Ovulation Inh.
Ratio
Prog.

Fig. 1. Comparisons of progestational and anovulatory ac-
tivities of progesterone and 11-oxaprogesterone.

Progesterone
11-Oxaprogesterons

Progesterone
1-Oxaprogesterone

|

For the first syntheses of 11-oxa analogues of ster-
oid hormones we adopted the policy of using as much
as possible common intermediates, in order to make
these products quickly available for biological evalua-
tion. For the preparation of larger quantities of certain
products which should reveal themselves of significant
biological interest, more specific routes are foreseen.
Thus, 17-acetoxy-11-oxaprogesterone (III) was syn-
thesized from an intermediate in the synthesis of
11-oxaprogesterone itself: 11-oxa-Sa-pregnane-3,20-
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chart 1) via the l6-unsaturated 1220-diketone V
into 3f-acetoxy-Sa-pregnane-12,20-dione (VI), the 12-
keto function of which is selectively protected; the
resulting 20-monoketone IX is reduced to the 20p8-
alcohol VIII which is acetylated and deketalized to
the 12-monoketone VII, readily dehydrogenated with
selenium dioxide (cf. X). Ozonolysis gives in high yield
the 9,12-seco 11-nor 9-keto 12-acid XI, hydrolyzed
to the 35,208-diol XIIL Evidently, the 20-alchohol
group has to be reoxidized at a later stage so that
the question arises why the 20-keto group had to
“be selectively reduced: simply because saturated
12,20-diketones are dehydrogenated with selenium
dioxide only in poor yields to the 9(11)-unsaturated
derivatives. We may also recall that the reactions were
carried out in the A/B trans series because the open-
ing of ring C proceeds in unsatisfactory yields in
A/B cis steroids [2].

The dihydroxy keto acid XII is now methylated
(cf. chart 2), the dihydroxy ester XIII oxidized to
the triketone XIV whose 3- and 20-keto functions
are selectively protected; the resulting keto ester XVI

dione (II). is reduced with lithium aluminum hydride to the diol
CM3 CH;
(IJO éO
o o i
I i m

We recall shortly the preparation of this interme-
diate (II) from hecogenin acetate (IV) (cf. charts |
and 2). Hecogenin acetate (IV) is transformed (cf.

CH3 o]

XV which is cyclized with tosyl chloride in pyridine.
Liberation of the keto functions leads to 11-oxa-5x-
pregnane-3,20-dione (I1).
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This product, the transformation of which into 11-
oxaprogesterone we have, as mentioned, already
reported [1], was now converted to 17-acetoxy-11-
oxaprogesterone (III), as depicted in chart 3. The
3-keto group of dione IT was selectively ketalized with
ethylene glycol in methylene chloride, in the presence
of selenium dioxide and p-toluenesulfonic acid [3], the
reaction proceeding in almost 709 yield, and the
resulting 20-monoketone XVII was subjected to
Gardner’s modification 4] of Barton’s hydroxylation
procedure [5]: it was treated in tetrahydrofuran with
oxygen in the presence of sodium hydride, t-butanol,

and the so formed hydroperoxide XVIII was con-
verted in situ to the hydroxy ketone XXI, by replacing
the oxygen flow by a nitrogen stream and by treating
the mixture with sodium hydroxide, dissolved in
aqueous methanol. The over-all yield of the hydroxy
ketone XXI from ketone XVII amounted to approxi-
mately 45%. The ketal protection was readily
removed with acetone and p-toluenesulfonic acid and
the structure of the resulting 11-oxa 17-hydroxy 3,20-
pregnanedione XX was not only verified by the usual
analytical and spectroscopic methods but also by a
modified bromoform test [6] which confirmed, inde-

dimethylformamide and tri-ethyl phosphite at —25°C, pendently from the n.m.r. evidence, the conservation
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of the methyl ketone side chain. The hydroxy dike-
tone XX was dehydrogenated in 40% yield with 2,3-
dichloro-5,6-dicyano-p-quinone (DDQ) to the diene
dione XXII, accompanied by small amounts of the
[-monounsaturated derivative XIX, but the solubility
of the doubly unsaturated hydroxy diketone XXII
was so poor that we acetylated the 17a-hydroxyl func-
tion prior to the introduction of the unsaturations
in ring A, either at the stage of the monoketal XXI
or at that of the diketone XX, the acetylations being
carried by Turner’s method [7a] or by that of
Le Mabhieu et al. [7b]. Dehydrogenation of the acetoxy
diketone XXa gave in 28% yield the mono-
unsaturated diketone XIXa, in 41% yield the di-
unsaturated derivative XXITa. This product was now
selectively hydrogenated, in 859 yield, with hydrogen
and Tris~(triphenylphosphine)rhodium chloride [8] to
the desired 11-oxa-17-acetoxyprogesterone (III).

2. The synthesis of 11-oxa-17a-ethynyltestosterone (11-
oxa-ethisterone) (XXIII)

For the same reasons which had prompted us to
synthesize 11-oxa-17-acetoxyprogesterone (III), we
were interested in the synthesis and biological evalua-
tion of Il-oxa-17a-ethynyltestosterone (11-oxa-ethi-
sterone) (XXIII), the 1l-oxa analogue of the first

OH
- -C=CH

XXTI

known orally active progestogen, one of the ancestors
of a number of clinically used progestational and
antifertility agents.

Following our strategy of using as much as possible
common intermediates for our syntheses, we first in-
vestigated the possibility of arriving at 11-oxa
androgens and 11-oxa estrogens by degradation of
the methyl ketone side chain of 11-oxa-5«-pregnane-
3,20-dione (II) (cf. chart 4).

We were indeed able to degrade the 20-keto side
chain of the 3-monoketal XVII of diketone II accord-
ing to Siddall’s procedure [9], by subjecting it to a

c
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Barton hydroperoxidation [S] and by treating the
thus formed hydroperoxide XVIII in situ with potas-
sium t-butoxide in a nitrogen atmosphere. The
desired 17-ketone XXIV was obtained in only 30%
yield and was transformed readily into [l-oxa-5a-
androstane-3,17-dione (XXV).

We also reduced selectively, in 65% yield, the 3-
keto group of diketone II with sodium borohydride
in ethanol at 0°C and subjected, after acetylation,
the 20-monoketone (cf. XXVI) to a Baeyer—Villiger
degradation with m-chloroperbenzoic acid in chloro-
form. Saponification (cf. XXVII) and oxidation led to
11-oxa-5«-androstane-3,17-dione  (XXV). However,
the yields in the degradation never exceeded 25%.

In view of the not very satisfactory results of these
and other degradation experiments, we decided to
arrive at the 17-keto structure by degradation of a

g
c=0

L
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CHy hydrolyzed. The 20-keto function of the dihydroxy

'non o
———

However, the not particularly attractive yields in the
17a0-hydroxylation of a 20-ketone in the 11-oxa series,
as well as the consideration that the degradation
product of our starting material, hecogenin acetate
(IV), is a l16-unsaturated 20-ketone (V), which can
be readily transformed into a saturated 17a-hydroxy
20-ketone [10], prompted us to introduce the 17-hy-
droxy function at an early stage of the synthetic path-
way, prior to the formation of the 11-oxa structure.

We therefore transformed (cf. chart 5) 38-acetoxy-5a-
pregn-16-ene-12,20-dione (V), according to Julian et
al.[10], in 90%, yield, into 3f-acetoxy-17«-hydroxy-Sa-
pregnane-12,20-dione (XXIX), via the epoxide XXVIII
and the bromohydrin XXX. As before, the 12-keto
function was now selectively protected (cf. chart 6)
and the product was saponified completely since during

CHy ©
]
—— el
Act A AcO N
java
{3
c=0
~OH
AcO
XXIxX

ketone XXXI was reduced with sodium borohydride
in over 90%, yield and the resulting triol XXXII was
treated with acetone and p-toluenesulfonic acid. After
acetylation, the 3-acetoxy 12-keto 17,20-acetonide
XXXV was obtained in 90% yield. Dehydrogenation
with selenium dioxide led in 629 yield to the enone
XXXIV. Several procedures for the transformation
of this product into the seco trihydroxy keto ester
XXXVII were elaborated. The simplest one consists
in the ozonolysis of the enone XXXIV, followed by
hydrogen peroxide oxidation, which gives a neutral
product, mostly composed of a mixture of the 3-
acetoxy and 3-hydroxy lactols XXXIIIa and XXXIII,
and an acidic product, containing predominantly the
3-acetoxy 17,20-dihydroxy keto acid XXXVIa. The
combined acid and neutral fractions were treated with
methanolic potassium hydroxide and the crude prod-
uct (cf. XXXVI) was methylated with diazomethane.
At this stage only (ester XXXVII) was the product
isolated and purified. The yield of ester XXXVII, from

s
=0

cf: Julian, Cochrane, Magnani and Karpel: J. Am. chem. Soc. 78 (1956) 3153.
Chart 5
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the dihydroxy enone XXXIV, amounted to approxi-
mately 50%.

The trihydroxy seco keto ester XXXVII was now
degraded in high yield (cf. chart 7), according to the
method of Robinson et al.[11], with sodium bismuth-
ate in aqueous acetic acid, to the 17-ketone XXXVIII
which was oxidized with Jones’ reagent to the seco

triketo ester XXXIX. This product underwent readily
selective ketalization in positions 3 and 17 and the
resulting 9-monoketo ester XLI was reduced with
lithium aluminum hydride in almost 90% yield to
the 98,12-diol XL. Treatment with tosyl chloride in
pyridine and subsequent deketalization led in 75%
yield to 11-oxa-5a-androstane-3,17-dione (XXV). This
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diketone was brominated with molecular bromine in
acetic acid to the 24-dibromide XLII which was
dehydrobrominated with lithium bromide and lithium
carbonate in dimethylformamide to the diene dione
XLIII, obtained in 60%; yield from the saturated pre-
cursor XXV. The yields in the direct DDQ-dehydro-
genation of diketone XXV were significantly lower.
Selective hydrogenation led to 11-oxa-4-androstene-
3,17-dione (XLIV), which was converted, according
to Djerassi’s procedure [12], via the 3-mono-enol
ether XLV, to the desired 11-oxa-ethisterone (XXIII).
We found other selective protections of the 3-keto
group unsatisfactory.
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to effects of the same changes on other types of hor-
monal activity.

As the first 11-oxa analogue of a non-progesta-
tional hormone, we synthesized 11-oxa-estradiol
(XLVI). A reasonable route to this hormone analogue

seemed the aromatization of the 17-monoketal of 11-
oxa-1,4-androstadiene-3,17-dione (XLIII), described
above in connection with the synthesis of 11-oxa-
ethisterone (XXIII).

oH

3. The synthesis of 11-oxa-estradiol (XLVI)

The preliminary biological results obtained with
11-oxaprogesterone, enticed us to investigate the bio-
logical effects of the replacement by oxygen of the
11-methylene group (in the case of glucocorticoids,
of the 11-carbinol, respectively carbonyl group), also

in contradistinction to 1,4-androsta-

However,
diene-3,17-dione (XLVII) which is readily monoketa-
lized in position 17, under preservation of the dienone
structure in ring A (cf. XLVIII), the 11-oxa analogue

XLHI underwent, under identical conditions, a
dienone-phenol rearrangement.

benzene, 80° th

XLIT

0 &3

v
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————
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o 53
[ PN o O]
CH0H
e e

XLIX

on other steroid hormones. In engaging in this pro-
gramme, we were, of course, perfectly aware of the
fact that one cannot extrapolate from the effects of
structural changes on one type of hormonal activity

We therefore ketalized, in excellent yield, the satu-
rated 11-oxa 3,17-diketo androstane XXV selectively,
with ethylene glycol and selenium dioxide in dichloro-
methane, and reduced the resulting 3-ethylenedioxy
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17-monoketone LI with sodium borohydride in eth-
anol; liberation of the 3-keto group and acetylation
led to 17B-acetoxy-11-oxa-Su-androstan-3-one (LII).
Dibromination and dehydrobromination gave the
acetoxy dienone LIII which was reductively aroma-
tized, according to Dryden’s method [13]}, to 11-oxa-
estradiol (XLVI). The yield in the reductive aromati-
zation of the oxa dienone LIIT was significantly lower
than in the ordinary steroid series.

CHARLES R. ENGEL ¢1 af.

product in rats, the material being administered subcu-
taneously two days prior to the expected estrus, the
animals being sacrificed on the expected day of estrus,
and their oviducts examined for ova. While, as can
be seen in Table 1, progesterone is in that assay

TABLE 1

Ovulation Inhibition Assays on Progesterone and 11-Oxaprogesterone

Dose % Inhibition

Assay

(mg) Progesterone 11-Oxaprogesterone
4. 11-Oxa-17q-ethynylestradiol (LVI)
3 Bats, subcut. administr. 4.5 30
We next turned our attention to the synthesis of 7 deve prior to eatrus s s o
the 11-oxa analogue of 17z-ethynylestradiol, a prod- 3-8 o
uct which has gained considerable interest in the field |\ i st Lo o
Of fertility COl’ltI‘Ol. subcut. administration gg 66 0
Oppenauer oxidation of 1l-oxa-estradiol (XLVI) 4.0 s
gave in 70% yield 1l-oxaestrone (LV) which was
transformed, in the classical fashion, with acetylene (hite: Gl stis, 04 i iég
and tertiary potassium amylate, into [7o-ethynyl-11- ¥ 100
oxa-estradiol (LVT).
GH ) oM
2 s-CECH
] Y o
@ HCECH, 1-Cghy 0K
————

HO AI(!-BuO)S» bz HO

XLYT LY

toluene HO'

5. 1-Oxatestosterone (LVII)

A suitable intermediate for the synthesis of the 11-
oxa analogue LVIII of the male sex hormone, testo-
sterone, was available from the synthesis of 11-oxa-
estradiol (XLVI). Indeed, the 17B-acetoxy dienone
LIII, the aromatization of which had led to the ana-
logue of estradiol, could be reduced selectively, in
87% vyield, with hydrogen and tris(triphenylphos-
phine}-rhodium chioride, to 11-oxatestosterone ace-
tate (LVII) which was hydrolyzed with aqueous meth-
anolic potassium hydroxide to 1l-oxatestosterone
(LVII).

QAc OAc

Hy. (PhaPYRACI

benzene o

LIT LY

C. Biological activities

We can now say a few words about the results
of preliminary and, as already mentioned, fragmen-
tary biological investigations of some of the !l-oxa
hormone analogues synthesized.

The first point concerns new results on the anovula-
tory activity of 11-oxaprogesterone (1) itself. The Con-
traceptive Development Branch of the Center for
Population Research of the NICHD has tested the

100%; active at a dose level of 2 mg, and 309 active
at a dose level of 0-5mg, |1-oxaprogesterone is inac-
tive even at a dose of 5 mg. The Center for Population
Research has also tested 1l-oxaprogesterone (I) in
a preliminary fashion for its ovulation inhibitory acti-
vity in the rabbit, ovulation-stimulated by mating,
and has found the product to be inactive at a dose
level of 3 mg, whereas progesterone shows a 66%; acti-
vity at 1 mg, and a 75% activity at 4 mg.

We thus see an important difference between the
results obtained on one hand when the material is
tested in rabbits in which ovulation is induced by

OH

KOH
e ol

CH,L0H. Hy0 o

LY

injection of copper acetate and, on the other hand,
when it is tested in rats, or in rabbits in which ovula-
tion is induced by mating. Further investigations
seem necessary and are to be carried out as soon
as larger quantities of the product are available.

In Table 2 are summarized preliminary progesta-
tional tests on 11-oxa-17-acetoxyprogesterone (1IT) and
11-oxa-ethisterone (XXIII), compared respectively to
17-acetoxyprogesterone and ethisterone.
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TABLE 2

Progestational Activities of 1l7-Acetoxyprogesterone,

11-0xa-17-. prog one, Ethi. » and 11-Oxa-ethisterone
Activity
Dose (mean values)
Assay (ng) 17-Acetoxy- 11-0xa-17-acetoxy-
progesterone progesterone
Clauberg-McPhail 0.025 < 40,5
0.050 +1.9
Oral 0.100 2.9
0.5 < +0.5
1.0 < +0.5
4.0 +1.9
Activity
Assay ?“; (mean values)
8. Ethisterone 11-Oxa~ethisterone
Clauberg-McPhail 0.5 < +0.5
1.0 < 40,5
Subcutanous 2.0 +2.6 ’
4.0 +3.4 +3.0
8.0 +3.8

In the oral Clauberg assay, 11-oxa-17-acetoxypro-
gesterone behaves qualitatively as expected, and
shows only weak progestational activity, approxi-
mately one eightieth of the activity of 17-acetoxypro-
gesterone (cf. Fig. 2). As a matter of fact, the diminu-
tion of activity in this case is much greater than
the diminution of the subcutaneous progestational
activity of progesterone upon replacement of the 11-
methylene group by oxygen.

On the other hand, qualitatively analogous to the
situation with respect to progesterone (cf. Fig. 2), the
introduction of the 11-oxa structure into ethisterone
results also in a diminution of subcutaneous progesta-
tional activity, however to a much smaller degree.
Almost surprisingly, the activity of 11-oxa-ethisterone
reaches approximately two thirds to three quarters
of that of ethisterone. Normally, the correlation of
the effect of a particular chemical change on one
and the same type of biological activity in various
hormonal steroids is closer. However, a combination
of so many factors is responsible for the magnitude
of a biological manifestation, that it would seem un-
wise to speculate on the exact causes of such “devia-
tions” in structure-activity relationships, particularly
when only preliminary biological data are available.

We have as yet no information on eventual ovula-
tion inhibitory activities of the 11-oxa analogues of
17-acetoxyprogesterone and of ethisterone.

The first results on the androgenic activity of 11-
oxatestosterone (LVIII) are summarized in Table 3.

Assay Activity
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TABLE 3

Effects of 1l1-Oxatestosterone and Testosterone on the Seminal Vescicles,

Ventral Prostate and Levator Ani of the Castrated Rat

Mean Tissue Weight (mg)
Compound Total Dose

(mg) Seminal Ventral Levator
Vescicle Prostate Ani
0 (Control) [} 9 12.8 42
11-0xa- 3 26.8 44 53
testosterone
Testosterone 0.6 33.8 59.8 52.5
p-value: < 0,02

In the seminal vesicle, ventral prostate, and levator
ani assays on the castrated rat, 1l-oxatestosterone
is definitely active, although less active than testoster-
one. At a dose of 3 mg, 1l-oxatestosterone has ap-
proximately the same effect on the levator ani as
0-6 mg of testosterone, whereas a relatively weaker
effect on the seminal vesicle and the prostate is
observed. In other words: the replacement of the 11-
methylene group by oxygen has, on the androgenic
and anabolic activities (if one can consider the levator
ani test as authentically reflecting anabolic potency),
an effect comparable to that on progestational acti-
vity: the 11-oxa product is active but to a significantly
lesser extent than the natural hormone.

We have also received the preliminary results on
the uterotropic effect of 11-oxa-estradiol (XLVI).
According to the Center for Population Research,
the product has only extremely low uterotropic acti-
vity, the potency estimate being less than 0-1%, which
means that it has less than one thousandth the acti-
vity of estradiol. The diminution of estrogenic activity
upon replacement of the 11-methylene group by
oxygen, seems to exceed very considerably that
observed for other hormonal activities upon the ana-
logous chemical modification.

No results are available on the ovulation inhibitory
activity of 11-oxa-estradiol. If this product were to
possess ovulation inhibitory activity of any conse-
quence, it should merit—because of its very low estro-
genic activity—considerable interest. This should also
hold for other 11-oxa estrogens.

Compound

Clauberg - McPhail
Subcutansous

Clauberg-McPhall
Oral

Progesterone
11-Oxaprogesterone
Ethisterone
11-Oxaethisterons

H1-Oxa-17-Acetoxyprogesterone

Fig. 2. Comparisons of progestational activities of progesterone and 11-
oxaprogesterone, cthisterone and 11-oxaethisterone, 17-acetoxyproges-
terone and 11-oxa-17-acetoxyprogesterone.
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In summary, replacement of the 11-methylene group
by oxygen diminishes the progestational, androgenic,
anabolic., and estrogenic activities of the sex hor-
mones, this effect being apparently particularly strong
in the case of estrogenic activity. With the exception
of 11-oxa-progesterone, the 1l-oxa hormone analo-
gues synthesized have not yet been tested for their
ovulation inhibitory or for other antifertility activities.
In one of the anovulatory assays, 11-oxaprogesterone
showed significantly enhanced ovulation inhibitory
activity, whereas it was inactive, at the dose levels
studied, in the other anovulatory tests performed.

CHARLES R. ENGEL et al.

progestational activity of progesterone and its deriva-
tives. In this perspective, the synthesis of 17ax-acyloxy-
methylprogesterones appeared attractive. It became
even more tempting when considering that !7x-acy-
loxyprogesterones are potent orally active proges-
togens and antifertility agents.

The interest in the biological activities of free 17x-
hydroxymethylprogesterones seemed more debatable,
not only because of the inactivity of 17-hydroxypro-
gesterone, but also because such systems could be
chemically labile. However, one kind of chemical labi-
lity could be of interest. Indeed, if under physiological
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PART H: 17o-HYDROXYMETHYL AND
17a-ACYLOXYMETHYL ANALOGUES OF
STEROID HORMONES

A. Introduction

As already implied, we shall not discuss here 11-o0xa
analogues of corticoid hormones. We should rather
like to report shortly on hormone analogues of a
very different kind, in which the ring system of
natural hormones has not been changed: 17x-hydroxy-
methyl and 17x-acyloxymethyl hormone analogues

of the progesterone-corticoid group.
CHaR
c=0

l J:--cuzon,

ReH, OH, O-acyl

n,-u , acyl

The biological investigation of 11-oxygenated 21-
hydroxylated analogues of this family seemed of inter-
est, not only because of their chemical analogy or,
if we may say so, homology, with potent 17x-hydroxy-
lated glucocorticoids and anti-inflammatory agents,
but also because the comparison of the activities of
17¢-hydroxymethylated and 17x-hydroxylated gluco-
corticoids might possibly shed some light on the bio-
chemical role of the 17a-hydroxy function of this lat-
ter group of therapeutically important substances
cf. [14].

(|:H20H CHoOM
c=0 C=0
<"CHa0R

On the other hand, as we have suggested already
several years ago[14,15], there seems to exist a
strong, we believe convincing, evidence to the effect
that bulky substituents in position 17x, such as alkyl,
bromine, and acyloxy groups, increase in general the

conditions a retro-aldol reaction were to occur, 17¢-
hydroxymethylprogesterone could actually act as a
progesterone releaser.

In the present communication we shall be mostly
concerned with [7a-acetoxymethyl and 17x-hydroxy-
methylprogesterone.

B. Chemistry

1. The synthesis of 17u-acetoxymethylprogesterone
(LXVY) and of 17a-hydroxymethylprogesterone (XLVII)

Since a short report on the syntheses of these pro-
ducts has already been presented last June at the
International TUPAC Symposium on Natural Pro-
ducts in Ottawa [16], we shall only summarize the
salient facts.

The products were obtained by two pathways. In
the first one (cf. Chart 8), the 12-nitrite LX of methyl
3-ethylenedioxy-12¢-hydroxy-17a-methyl-55-etianate,
prepared from 3o, 12z-diacetoxy-58-pregnan-20-one
(LIX) by the use of a Favorsky rearrangement of
its 17¢-bromide, was subjected to a Barton photolytic
transfer reaction and the hemiacetal LXI of the hy-
droxy aldehyde, obtained in the usual manner, was
oxidized to the lactone ester, the methyl ester group
of which was selectively saponified (cf. LXIV). This
part of the synthesis has already been published [17].
The classical development of the methyl ketone side
chain was followed by protection of the two keto
functions, reduction of the lactone to the 12x¢-hydroxy -
1 7a-hydroxymethyl derivative and by selective acety-
lation of the primary alcohol group (cf. LXII). Re-
moval of the 12-hydroxy function by lithium aluminum
hydride reduction of its tosylate and liberation of
the keto groups led to the 3,20-diketone LXV, into
which the 4-double bond was introduced in a classical
fashion. The resulting 17x-acetoxymethylprogesterone
(LXVI) was readily hydrolyzed with potassium car-
bonate to the hydroxymethyl derivative LXVIL
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Chart 8

The second pathway (cf. chart 9) is much shorter
and more versatile and is based on our alkyloxycar-
bonylation procedure of saturated ketones (cf. [16]).
The enol diacetates LXIX of pregnenolone LXVIII
were transformed with methyllithium in dimethoxy-
ethane into the mixture of lithium enolates (LXX)
which was treated with dimethyl carbonate. Hydroly-
sis with aqueous methanolic bicarbonate gave methyl
A®-17B-acetyl-17a-etienate (LXXIII), also obtained by
a Stork carboxylation [18] of the lithium enolates
LXX, followed by methylation. Oppenauer oxidation
gave the 4-unsaturated 3,20-diketo ester LXXII. After
protection of the keto groups, the ester function was

reduced with lithium aluminum hydride and the pro-
tecting ketal functions of the resulting product (LXXI)
were liberated in the classical fashion. Thus, 17a-hy-
droxymethylprogesterone (LXVII) was obtained in
excellent yield. It was readily acetylated to 17x-ace-
toxymethylprogesterone (LXVI). Alternatively, the
hydroxy diketal LXXI may be acetylated and the
ketal functions removed subsequently,

2. 17a-Hydroxymethyl derivatives of corticoids

We can not enter into a detailed discussion of our
work on 17«-hydroxymethyl and 17ax-acyloxymethyl
analogues of corticoids, but we may illustrate by one
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example the fact that the 17-alkoxycarbonylation or
17-carboxylation of a 20-ketone may be carried out
in the presence of an 11-ketone. As is well known,
the 20-keto function of 3x-acetoxy-5p-pregnane-11,20-
dione (LXXIV) can be selectively enol-acetylated [19]
(cf. chart 10). The resulting mixture of enol acetates
(LXXV) can now be transformed into the mixture
of the lithium enolates LXXVI which undergoes in
very satisfactory yield alkoxycarbonylation with _
methyl carbonate [16] or carboxylation according to
Stork[18].

It is at this point that we should like to conclude
the discussion of the syntheses of 17a-hydroxymethyl
hormones of the progesterone-corticoid group and
consider the biological results obtained on 17x-ace-
toxymethylprogesterone (LXVI).

C. Biological data

The homologue of “Provera”, 17a-acetoxymethyl-
progesterone (LXVI), was tested both under the aus-
pices of the Contraceptive Development Branch of
the Center for Population Research of NICHD, and
by Dr. E. Shipley of the Endocrine Laboratories of
Madison, for its subcutaneous progestational activity
in the Clauberg-McPhail assay. At 2, 27, 53, and
11 times the dose level at which progesterone is fully
active (44 response in the McPhail scale), the prod-
uct proved completely inactive, which means that it
cannot have more than one eightieth to one hun-
dredth of the activity of progesterone; that it is, like
17-hydroxyprogesterone, for all practical purposes,
progestationally inactive.

To our knowledge, this is the first example, of
course with the exception of 17-hydroxyprogesterone,

*Dr. W. L. Duax, the Medical Foundation, Buffalo,
N.Y., kindly informs us that in one crystalline form of
17-hydroxyprogesterone no intramolecular hydrogen bond-
ing can be detected by X-ray analysis.

of a 17a-substituted progesterone or progesterone
analogue, not having other structural features which
diminish progestational activity, which does not show
significant activity in the Clauberg test.

The evidence for the positive effect of bulky substi-
tuents in position ‘17x on the progestational activity
of progesterone 4nd chemically related products is
such that we are not yet inclined to dismiss, even
in the light of the just reported result, the concept
that such groups generally increase progestational
activity. We believe that we should rather look for
an explanation of the inactivity of 17x-acetoxymethyl-
progesterone.

One of the possible explanations would be based
on the assumption that the acetate ester of 17x-ace-
toxymethylprogesterone be hydrolyzed under physio-
logical conditions which would lead to 17x-hydroxy-
methylprogesterone (LXVII). Like the biologically in-
active 17-hydroxyprogesterone, this product shows
hydrogen bonding (between the 17'-hydroxy group
and the 20-ketone). It is conceivable that such hydro-
gen bonding would, in itself, not be beneficial to the
interaction of the product with the receptor but, fur-
thermore, the examination of models reveals readily
that, if such hydrogen bonding occurs, the conforma-
tion of the side chain is, similarly to that of the intra-
molecularly hydrogen-bonded* (and biologically inac-
tive) 17-hydroxyprogesterone, such that the C=O
linkage of the 20-carbonyl group points “down”, to-
wards the a-face of the molecule (cf. Fig. 3). As we
have suggested already several years ago[20], it
would be quite plausible that this conformation be
unfavorable for progestational activity or, to put it

Fig. 3.



11-Oxa and 17a-hydroxymethyl hormone analogues

differently, it could be that only those progesterones
whose 20-carbonyl groups are directed towards the
“upper” (B) face of the molecule, would show signifi-
cant progestational activity. ’

Evidently, other explanations of the inactivity of
17x-acetoxymethylprogesterone are conceivable, such
as the occurrence, under physiological conditions, of
rearrangements. Our very tentative hypothesis may
become less tentative—or may have to be abandoned
—in the light of experiments presently in progress.
At first, within a very short time, we should have
the results on the progestational activity of 17a-hy-
droxymethylprogesterone (LXVII}—which, according
to our hypothesis, should be inactive—and we shall
also test other, less readily hydrolyzed esters of 17a-
hydroxymethylprogesterone which, according to our
hypothesis, should be active. We hope to be able
to report soon on these investigations.*
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