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dl-18-Methyltestosterone (X) and di-18-methylprogesterone (XXII) have been synthesized through the Sim-
mons-Smith methylenation of di-178-acetoxy-18-methylestr-5(10)-en-38-0l (IV). dIl-18-Methylandrost-4-en-3,17-
dione (XV) has been synthesized through interacting dl-178-acetoxy-5a,10a-epoxy-18-methylestran-3e-ol (XII)
with CHsMgBr. The pure dl-178-acetoxy-18-methyvlestr-5(10)-en-3e- and -38-ols 111 and IV have been prepared
from dl-178-acetoxy-18-methylestr-5(10)-en-3-one (IL) by a novel sequence involving epoxidation, NaBH, reduc-
tion, separation into the corresponding pure 3a,10a-epoxy-3a-ol XII 38,108-epoxy-38-ol XIII, and de-
epoxidation. di-178-Acetoxy-18-methylestra-3(10),9(11)-dien-3a-0l (XXVI) has been selectively methylenated
at the 3,10 position by the Simmons—Smith reagent and the product has been trunsformed to a steroid formulated

as dl-178-acetoxy-9a-chloromethylestr-4-en-3-one (XXX).

The progestational and antiestrogenic activities of

d{-18-methylprogesterone XXII are reported and compared with the corresponding activities of progesterone,

19-norprogesterone, and dl-18-methyl-19-norprogesterone.

The biologically important properties which we
recently reported3—? for a series of totally synthetic
dl-18-methylestrane  (138-ethylgonane)  derivatives
necessitated the preparation of appropriate 108-methyl
analogs. The preceding paper' described the total
synthesis of several of such analogs through the intro-
duction of a single carbon substituent at the 10 position
of the dl-18-methylestrane nucleus. We now report
syntheses using the same principle which provide
alternate routes to dIl-18-methyltestosterone, dl-18-
methylprogesterone, and related substances.

d{-18-Methyliestosterone and d{-18-Methylandrost-
4-ene-3,17-dione.—Because 3-oxygenated 18-methyl-
estrane derivatives were readily available from our
earlier work® we chose to prepare dl-18-methylandrost-
4-en-3-ones through the Simmons-Smith methylena-
tion® of appropriate 18-methylestr-5(10)-en-3-ols.
Notably, testosterone has been obtained through a
Simmons—Smith reaction with the 178-2’-tetrahydro-
pyranyloxyvestr-3(10)-en-38-0l present as a minor com-
ponent in admixture with the corresponding 3a-
epimer,'! and dl-8a-androst-4-ene-3,17-dione has been
formed by related experiments in the dl-8a-estrane
series.!? Since the Simmons-Smith methylenation of
homoallylic alcohols is stereochemically controlled by
the configuration of the hydroxyl,'»1? di-18-methylestr-
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5(10)-en-38-ols were required. Reduction of the ace-
tate II, of the corresponding alcohol I,*!* with sodium
borohydride in methanol gave a difficultly separable
mixture of the corresponding 3-ols judged by thin
layer chromatography to contain the epimers in a 4:1
ratio. By analogy with previous findings on the re-
duction of 178-acetoxy- and -propionoxyestr-5(10)-en-
3-ones under similar conditions,'® the major component
is expected to be the unwanted 3a-ol III. After chro-
matography on silica gel, the mixture contained ap-
proximately equal amounts of the epimers and was
treated with the Simmons—Smith reagent'® (prepared
from an appropriately activated zinc-copper couple!®)
to afford a erystalline product apparently containing
the eyclosteroid VII and unreacted III. This mixture,
after oxidation with chromium trioxide in pyridine,”
readily yielded pure VIII and the latter, on keeping at
room temperature in CHCI; saturated with HCI and
reacylating the partially hydrolyzed product, gave di-
18-methyltestosterone acetate (IX) which was identi-
cal with a sample prepared through the addition of
hydrogen cyanide to 178-hydroxy-18-methylestr-5(10)-
en-4-one.! A similar process starting from pure IV
(below) and involving a final saponification gave dl-18-
methyltestosterone (X), identical with the previously
described substance.! Having established the feasibil-
ity of the route from IV to IX, we next desired to in-
crease the yield of IV. The use of different reagents
for reducing II offered little hope for improvement
since the corresponding ketol I with LiAlH,, lithium
tri--butoxyaluminum hydride, or Adam’s catalyst in
ethanol gave mixtures of 3-hydroxy epimers correspond-
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ing closely in composition to that formed from I with
NaBH, in methanol, and reduction of I under Meer-
wein-Pondorff conditions gave intractable mixtures.
Accordingly, we sought to develop an alternate, more
stereoselective synthesis of IV and also to nvert the
3-hydroxyl groups in mixtures of I1T and IV containing
ca. 809 of the former epimer. The most efficient syvn-
thesis involved an initial conversion of II with -
chloroperbenzoic acid in benzene to the gummy mix-
ture of epoxides XTI which, on thin luyver chromatogra-
phy, showed two components of elosely similar polarity
in approximately equal amounts. Reduction of the
mixture with NaBH, in methanol at —70°, followed by
a gimple chromatography on alumina, gave two single
epoxy aleohols XII and XIII, and deoxyvgenation of
each by a procedure due to Cornforth, et al.,® vielded
[II and IV, respectively. Using this route, XII.
XIII, ITI, and IV were obtained from Il in over-all
vields of 37, 39, 14, and 279, respectively, and Il i
convertible to X in an over-all vield of ca. 9.59.. The
structures of 1IT and IV follow from their pmr spectra
which display signals for the Cy protons at 6 3.85 and
4.03 ppm of half-height widths 19 and 10 eps, respece-
tively, in good agreement with § values of 3.77 and 4.0
ppm, and corresponding half-height widths of 19 and 11
eps, previously reported®= for the 38- and 3a-protons
in 178-propionyloxyestr-5(10)-en-3a- and -38-ols, re-
spectively. We have no rigid proot for the sterco-
chemistry at the 5 and 10 positions in XII, but the
Ha,10a-epoxy configuration may be deduced from the
following data. Treatment of XII with CH;MgBr i
refluxing benzenc—ether, followed by oxidation with
the Jones reagent! gave a hydroxydione, probably
X1V, which was converted by methanoliec KOH to
the di-1S-methylandrostenedione XV, identical with a
sample prepared by oxidizing dl-18-methyltestosterone.
The 108-methyl configuration of the latter is well
founded so that, assuming & normal lrans-diaxial open-
ing* of the epoxide ring by the Grignard reagent, a
Ja, 10a-epoxy structure follows for XII and @ 5a 108
configuration for XIV. Aeccepting that the mixture XI
contains approximately equal amounts of the two isom-
erides, then the over-all vields of III, TV, XII, and
XHI from II indicate that XTI and XIII ave derived
from different epoxides, thus cnabling the 53,103-
epoxy configuration to be assigned to XIIL.  This
assignment could not be readily confirmed by oxidizing
XII and XTI to different epoxy ketones, since condi-
tions which were vigorous enough to oxidize the (Y
aleoholic group led to intractable produets, probably
because of concomitant fission of initially formed, labile
5,10-epoxy 3-ketones.  However, supporting evidence
was derived, as before, by interacting XIIT with CHy-
MgBr and oxidizing the produet to obtain a hydroxy-
dione CypHyOs, which was recovered unchaunged under
conditions whereby XIV readily gave XV. This be-
havior is consistent with a 3-methyl-10-hydroxy strue-
ture for the hydroxydione and assuming a trans-diaxial
scission of the epoxide ring, a1 5. 103 configuration for
the hydroxydione, and a 58,108-epoxy configuration for

VI8 J0 W Corndorh. RO M Coroforib, and W I Nhthes, 0 oo
Sar, 112 (145340,

(1% I, Bowden, [0 ML Hetlhron, R HL Jones, ned 13O L Weedon,
SO 39 (106 O Djeras<i, 1. R nele, und N Bowers Jo vy, Chom 21,
1547 (1456,

120y 15 B Fllielin USterie Eifecls in Oreanie Chemizery,” ML S0 Newman
Laed., John Wiley and Sons, Inc,, New York, N. Y., 1Us6. p 130,
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XIII. The conversion of XII to XV constitutes a
further total svnthesis of the dl-18-methylandrostane
nueleus although the over-all vield from NXIT s very low
).

rwsion of the 3e-oxy funection in the crude mixture
of 11T and IV obtained by NaBH; reduction of TI was
effected by conversion to the mixture of 3-tosviates
XVI foltowed by refluxing with either potassium acetate
in - acetic  anhydride-dimethylformamide, ' tetra-r-
butylanmonium acetate in methyl ethyl ketone™ or
allyl aleohol in benzene.*®  The produets from the first
two reactions, after saponification, gave the 38-ol VI
in vields of 15 and 1097. respectively. That from the
third reaction, after cleavage of the 17-acetoxy and -
allvloxy groupings with Li in liquid ammonia, gave VI
i an over-all vield of 15¢%.

A major by-product from the first reaction was a
erystalline mixture shown by gas-liquid partition
chromatography to coutain at least three components
in the ratios 47:43:10 (see Experimental Section). The
pmr xpectrum of thisx mixture displayed =signals for
allvlie, vinyvlie, and aromatic protons as broad =inglets
at & 2,60 and 5.70 and a complex multiplet in the 6
7.0-7.30 region, respectively, which are aseribable to the
allylie, vinyvlie. and aromatic protons at C-Cy In strue-
tures of the types XVII and XVIII. The ultraviolet
absorption speetrum showed Ay 203 mp (e 1300) con-
sistent with the presence of homoannular conjugated
diene component(x).**  Apparently, therefore, the by-
product contains constituents derived from the elimi-
nation of the 3-tosyvloxy group and subsequent dehydro-
genation or disproportionation of the produets. The
evidence does not exclude the formation of monoolefinic
steroids which could be formed in the disproportiona-
tion of XVIL. The =ame by-product was formed. al-
though in lower vield, by acylating the produet of the
third inversion reaction sequence.  In no case did we
deteet the formation of 10-oxygenated 3,5-cyclosteroids
ax hax been previously observed ™% during the solvoly-
sis o of various 3e- and  3g-mesyloxyeste-5(10)-cnes,
After the completion of our work Levine and his col-
leagues" reported the conversion of 178-propionyloxy-
estr-3(10)-en-3a-ol to its 3g-epimer in an over-all vield
of 3007 by conversion to the Jae-mesylate, displace-
ment of the 3-mesvloxy group by refluxing in acetone
with tetramethylammonium formate, and saponifica-
tion of the resulting formate.  They also disclosed the
formation of au uncharacterized by-product deseribed
as a ring A diene mixture,

dl-18-Methylprogesterone, which was required for
compuarison of itz biological activities with those of
progesterane and di-18-methyl-19-norprogesterone,¥ wis
svithesized from VIII through initial ketalization,
saponification, and oxidation with chromium trioxide -

i21) P. Ziegler und K. R. Bharucha, Chem. Tid. (London), 1351 ¢1Ud3;

122) . B. Henbest anid W, R. Jackson, J. Chem. Soc., 954 (1662).

(23) G. H. Douglax, P, 8. Ellington. G. D. Meakins, and R. Swindelis,
hid. 1720 (1954).

i24) B, Berkoz. AL D Cross, ML 120 Adawe, H, Carpio, and AL Bowers,
J. Org. Chem., 28, 1976 11963), report A, 262 mu (e 3720-3800) and 266
LB030-B6007 for o seriex uf steroidal 1.3~ and 2 4-dieties, respectively. Sinee
Sdedeosy IS anethy festrone has Ay 268, 275 mute 440, 2750 OT0 0 Foelt,
1. Rees, and HoSmaeh, vnpablished works, i is o be expecred that vhe liglt
absorption due (o ihe arometie cotmponent N VI troughly estimated o
comprising 30-107, of the mixinrer will be enveloped by thar due 1o the

yomoannular Jdiene componentosy,
2250 WL Johus L Oy, Chenn., 29, 1450 (106450 =0 Gl Levime sd N L
loady, Tetrahedron Letters, 2265 (19663,
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pyridine,” to the oxoketal XIX, which was converted
by ethylidenetriphenylphosphorane to the pregnene
XX. The latter is assigned a configuration in which
the Cy-hydrogen is anti to the main bulk of the steroid
nucleus, on the basis of its pmr spectrum which dis-
plays the Cy-proton as a quartet centered at & 5.18,
and the Cy-protons as a doublet at 6 1.67. In a related
series of 17-ethylidene-18-methylestrane derivatives
having the same geometrical configuration, these pro-
tons have been observed in the ranges § 5.22-5.25 and
1.73-1.78, respectively, whereas in the corresponding
geometrical isomers in which the Cy-proton is syn to
the main bulk of the steroid nucleus, they lie within the
ranges 0 4.99-5.09 aud 1.538-1.61, respectively.®

(26) B. Gadsby and A. B. A, Jansen (John Wyeth and Brother Ltd.,
Taplow, England) and D. P. Strike, R. P. Stein, and H. Smith, unpublished
work.
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Hydroboration of XX followed by H,0, oxidation
gave the crude alecohol XXI to which the 20a-hydroxy
configuration can be assigned, assuming the usual a-
face attack of diborane and oxidation of the resulting
borine without inversion of configuration. Jones’ oxida-
tion followed by treatment at room temperature with
CHCIL-HCI transformed XXI to the required dl-18-
methylprogesterone XXII in 13% over-all yield from
VIII. The 178-acetyl configuration in XXII is con-
firmed by the pmr spectrum which displays the 18a-
methyl protons as a triplet centered at 6 0.70 in agree-
ment with the value 8 0.67 found for 18-methylpro-
gesterone® and dl-18-methyl-19-norprogesterone.® As
with di-18-methyl-19-norprogesterone,® treatment with
methanolic KOH equilibrates the 178-acetyl group in
XXII with formation of a mixture shown by pmr spec-
troscopy (cf. ref 9) to contain the 178 and 17« epimers
in a ratio of ca. 1:3.

XXI XXII

Simmons—-Smith Methylenation of di-173-Acetoxy-
18-methylestra-5(10),9(11)-dien-3«- and -33-ols.—We
wished to determine whether the Simmons—-Smith
methylenation of a gona-5(10),9(11)-dien-3-0l would be
selectively directed to the 5(10) double bond by the
3-hydroxyl group. The aleohols XXVI and XXVII
required for this study were prepared as a crystalline
mixture by reducing the dienone XXV with NaBH,,
XXV being obtained from II by a standard route® in-
volving bromination—-dehydrobromination, conversion
of the resulting dienone XXIII to the enamine XXIV,
and formic acid hydrolysis. Simmons-Smith meth-
vlenation of the mixture of XXVI and XXVII at 90°
under pressure'! afforded, after chromatography, two
products in yields of 24 and 89, respectively. The pmr
spectra of both substances displayed geminal eyclo-
propyl and vinylic proton signals in the 6 0.5-0.70 and
5.40-5.75 regions, respectively, thereby confirming
methylenation at the 5(10) rather than the 9(11) posi-
tions. Catalytic hydrogenation of the mixture of
XXVI and XXVII gave an almost quantitative yield
of a product resulting from saturation of the 9(11)
double bonds and containing, from thin layer chro-
matography, ca. 809, of 111 and 209, of IV. It there-
fore follows that the major methylenation product is
derived from the major component XXVI, and, as-
suming stereochemiecal control of the introduction of the
Cig-methylene by the 3-hydroxyl group, is formulated

(27) G. Baddeley, H. Carpio, and J. A. Edwards, J. Org. Chem., 31, 1026
(1966,
(28) G. Nominé and R. Bucourt, U. 8. Patent 3,033.856 (1962).



as XXVIIL.  Oxidation of XXVIII with the Joues'
reagent'® gave an oily ketone which, on treatment with
CHCly-HCl, afforded a chloro ketone CaoHuClOs, A
242 my (e 13,100), to which structure XXX ix assigned
as follows, The pmr spectrum shows no high-field
signal characteristic of a newly introduced methy]
group, but an AB four-line resonance pattern at § 3.32,
3.51, 3.58, and 3.7 (outer lines rather diffuse), J =
11 cps, which ix consistent with a quaternarvy chloro-
methyl group (¢f. ref 29).  The spectrum also displays
a vinylic proton signal as a broad, ill-resolved singlet of
half-height width 5 eps which is closely <imilar in shape
to that shown by the Ce-proton in various A%3-ketonie
19-norsteroids,™ and attributable to the Ceproton
strongly coupled with the axial 68- and 108-protons
in the structure XXX, The muass spectrum confirms
the estrane structure showing, besides a principal ion at
n/e 378 (corresponding to XXX with the losx of hydro-
gen chloride), an ion at /e 110, corresponding to the
adical jon XXXI3' We therefore formulate the
chloro ketone ax XXX and suggest that its production

OCOCH,

XXIIL R = COCH,

XXIV
OCOCH, OCOCH,
| H
i B
0 HO”
XXV XXV, 3a-OH
NXVIL 38-0H
OCOCH, QCOCH,
H

HO

XXVIII, 3a-OH; 5a, 19a-CH,
XXIX, 38-OH; 58, 198-CH,

+%
()Q\CH; ¢

XXXI XXXII
Cl=
. A CICH,
HH/E) HO
XXXIII XXXIV

240 R, Giesie and N DL Cross, . Orge Chem o 81, L7061 (1LU06).

(30) FW. Witistruek, 80 K. Malbotra, and 1.5 Ringold, /. dm, Chem.
Soc., 88, 1699 (1063),

i3ty VoI Zaretskil, NS0 Waldfson, and V. L, Sadovskayu. Tetrahedron
Lotlers, 387U (19663,
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TapLe |
RELATIVE PROGESTATIONAL AND ANTIESTROGENTC ACTIV LT ES
OF PROGESTERONE AND 1= Hosmonoos

Compound Prog”’ Antiesir”
Progesterone 100 100}
19-Norprogesterone SO0 1000
dl-13-Methyl-10-norprogesterone 1000 2500
dl-18-Methvlprogesterone 25 S00

* Progestational netivity.  » Antlestrogenic activity.

from XXVIII may involve initial protonation of the
9(11) bond to give a eation XXXII, which, by depro-
tonation «wt ¢, and the appropriate electron pair shift
or shifts, can form the ketone XXXIII.  Protonation
of the Cycarbonyl and attack by Cl~ or its equivalent.
at Cie as shown would then give XXXIV whieh, under
the reaction conditions, would be expected to ketonize
to the more stable of the two possible 10 epimers.
Biological Activities. —The progestational and anti-
estrogenie properties of di-18-methylprogesterone were
determined in the Clauberg test,?? and a vaginal corni-
fication inhibitory test.®® respectively. The results are
given in Table 1 together with those obtained in these
laboratories for the homologs, 19-norprogesterone and
dl-18-methyvi-19-norprogesterone.  Baddeley, ¢f al.¥
have described the synthesis of d-XXII by an alternate
process without diselosing its biological properties.
The data show that, of the four compounds in Table 1,
the 19-nor and 18-methyvl-19-nor homologs of progester-
anie possess the greatest potential elinieal utility as
progestational and antifertility  agents.  Similarly,
in the testosterone series various 19-nor and IS-methyi-
19-nor compounds have proved superior in experimental
animals as anabolic, progestational, and antiestrogenic
ageuts to their corresponding androstane and 18-
methylandrostane analogs.’  Since it has been shown
that the progestational, antiestrogenie, and androgenie
properties of various di-18-methylestrane derivatives
are confined to the enantiomorphs corresponding in
absolute configuration to the natural steroids > the
« enantiomorph corresponding to the racemate XXII
probably his twice the biological potencies shown,

Experimental Seetion

All evaporations were under reduced pressure, Melting points
were taken on a Kofler block under microscopic magnifieation or
in capillary tubes using the Thoma~~Hoover apparatus. Ultra-
violet absorption =pectra (uv) were recorded in 957 ethanol
solution on a Perkin-Elmer 430 spectrophotometer. Infrarved
absorption spectra (ir) were obtained in KBr or Nujol dispersions
using a Perkin-Elmer Nodel 21 spectrophotometer and were
compatible with the assigned structures. lixcept where stated
otherwise pmer spectra were measured with a Varian Associntes
A-60 spectrometer on 10-157 solntions in CDClLy containing
(CI13),81 ax internal reference standard.  Chemical shifts are
expressed in & units measured downfield from the reference, and
coupling constants, Jf, in ¢ps. The former should be accurate
to £0.01 ppm, the latter to =0.5 ¢ps. Thin layer chromatog-
raphy (tle) was conducted on silica gel chromatoplates perpared
with rice starch as binder® under irrigation with benzene-ethyl
acetate mixtures. Thin layer chromatograms were visualized
with acidified phosphomolybdic acid reagent. Gas-liquid parti-
tion chromatography (glpe) was performed with a Perkin-Elmer
vapor fractometer Model 154-C with the sample in CH,Cl at a
Aow rate of 80 ce/min of He o1 a 2-m column packed with Celite

(32) R. L. Ehon and R AL Bdgren, Zudocrinology, 68, 164 11958y,
33 R.ANL Bdgren, Aetn Lodoerinol., 34, 536 (1960,
o34 b Losmibth o and UL Foell, . Chromatog,, 9, 339 c1a62:,
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containing 39, w/w fluorosilicone QF-1 as the stativnary phase.
Mass spectra were determined on an Atlas CH 4 mass spec-
trometer.

dl-173-Acetoxy-18-methylestr-5(10)-en-3-one (II).—dl-173-
Hydroxy-18-methylestr-5(10)-en-3-one® (70 g) was kept over-
night at room temperature in Ac¢,O-pyridine (350:400 ml).
The product was recrystallized from hexane-ether to give the
acetate (50.0 g), mp 109-114°. The analytical sample had mp
110-114° (from hexane—ether).

Anal. Caled for CyHj30;: C, 76.32; H, 9.15.
76.26; H, 9.38.

dl-178-Acetoxy-5«,10a-epoxy-18-methylestran-3«-ol (XII) and
1«17 3-Acetoxy-53,103-epoxy-18-methylestran-35-ol (XIII).—II
(40.2 g) was stirred for 10 min at room temperature with 809
m-chloroperbenzoic acid (36 g) in benzene (1.751.). The mixture
was washed with 59 aqueous NaOH and water, then dried and
evaporated to an oily mixture of the epoxides XI (42.9 g) which
was stirred for 2 hr at —70° (bath) with NaBH, (21.5 g) in
methanol (2 1.). Acetic acid (75 ml) was then added over 2 hr
(bath —70°); the mixture was allowed to warm to room tempera-
ture, concentrated to 500 ml, diluted with water, and extracted
(CHCYL). The extracts were washed with 597 aqueous KHCO;
and waler, dried, and evaporated to an oily solid (44.6 g) which
was chromatographed on neutral alumina. Elution with benzene
gave the g-oxide XIII (16.5g). An aliquot after two recrystalliza~
tions from acetone~hexane gave the analytical sample: mp 126-
128°; nmr, triplet § 0.93, J = 7 cps (18a-H), 3-proton singlet
8 2.04 (acetate CH;), 1-proton multiplet & 3.80, half-height width
16 c¢ps (3a-H), L-proton triplet § 4.68, J = 8 ¢ps (17«-H).

Anal. Caled for CyHpOs: C, 72.38; H, 9.26. Found: C,
72.43; H, 9.14.

Elution of the chromatogram with ether—benzene (1:4) gave
the a-oxide (15.9 g). An aliquot, after two recrystallizations
from acetone-hexane, had mp 155-158°; nmr, triplet & 0.953,
J = 6 cps (18a-H), 3-proton singlet § 2.02 (acetate CHj), 1-
proton multiplet § 3.59, half-height width 20 cps (38-H).

Anal. Found: C, 72.34; H, 8.87.

dl-173-Acetoxy-18-methylestr-5(10)-en-3a-0l (I11).—XII
(1.0 g) was added to a stirred suspension of zine dust (1.6 g) in
AcOH-H,O (25:3 ml) containing Nal (1.5 g) and NaOAc
(0.52 g). The mixture was stirred at room temperature for 1 hr,
filtered, diluted with ether, and washed successively with water,
5% KHCO;, and water, dried, and evaporated. The residue was
chromatographed on neutral alumina and the product was eluted
with 1:1 benzene—hexane and recrystallized from hexane-acetone
to give the alcohol (0.32 g): mp 122-123°; nmr, 3-proton triplet
8 0.93, J = T c¢ps (18a-H), 3-proton singlet § 2.03 (acetate CHy),
1-proton multiplet § 3.85, half-height width 19 eps (38-H), 1-
proton triplet 8 4.75, J = 7 cps (17a-H).

Anal. Caled for CuHpOy: C, 75.86; H, 9.70.
75.98; H, 9.59.

di-18-Methylestr-5(10)-ene-3«,178-diol (V).—III (1.0 g) was
refluxed in methanol-109; aqueous NaOH (100:10 ml) for 1
hr. Reerystallization of the product from acetone-ether gave
the diol V (0.7 g), mp 152-154°.

Anal. Caled for C,sH30,: C, 78.57; H, 10.41. Found: C,
78.26; H, 10.37.

dl-173-Acetoxy-18-methylestr-5(10)-en-338-0l1 (IV).—XIII
(15.1 g) in AcOH-H,0 (150:10 ml) was added over 15 min at 0°
(bath) to a stirred suspension of zine dust (24 g) in AcOH-H-O
(185:15 ml) containing Nal (24 g) and NaOAc (7.8 g). The
mixture was stirred for I hr at room temperature, filtered, and
concentrated 1o 100 ml, and the resulting slurry was dissolved
in ether. The solution was washed successively with water, 109
aqueous NallsOy, 50¢ aqueous KIICO;,, and water, dried, and
evaporated. The residue in benzene was filtered through neutral
alumina, and the product was recrystallized from ether-hexane
to give the alcohol (9.9 g), mp 117-118°.  An aliguot, after two
recrystallizations from ether-hexane, gave the analytical sample:
mp 118-120°; nmr, 3-proton triplet 6 0.93, J = 7 cps (18a-H),
3-proton singlet 8 2.03 (acetate CHs), 1-proton multiplet & 4.03,
half-height width 10 cps (3a-H), l-proton triplet 8 4.71, J = 8
eps (17a-H).

Anal.  Caled for CaHpO;: C, 75.86; H, 9.70. Found: C,
75.59: H, 9.45.

d{-18-Methylestr-5(10)-ene-33,173-diol (VI).—IV (0.4 g) was
refluxed in methanol-109; aqueous KOH (100:10 ml) for 1 hr.
Recrvstallization of the product from ether gave the diol (0.3 g):
mp 191-1953°%; nmr [in CDCL~(CD3).S0, 9:1], 3-proton triplet
8 092, J = T eps (18a-H), 1-proton triplet 8 3.67, J = 8 ¢ps

Found: C,

Found: C,
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(17a-H), 1-proton multiplet 6 3.93 (3e-11), half-height width ca.
14 cps.

Anal. Caled for CiyHyO,: C, 78.57; H, 10.41.
78.47; H, 10.57.

d{-173-Acetoxy-18-methyl-53-cycloandrostan-33-ol (VII).—1V
(13 g) in ether (200 ml) was added during 20 min to a refluxing
suspension of zinc—copper couple!® (35 g) in CHlo—ether (70 g: 300
ml), with slow distillation of the ether to maintain a constant
volume. The cooled mixture was added to ice—water and ex-
tracted (CHCl;), and the extracts were washed with aqueous
NaHCO; and dried. The crude crystalline produect (9.75 g)
after recrystallization from ether gave the alcohol (8.6 g): mp
156-157°; nmr, 2-proton singlet § 0.39 (19-H), 3-proton triplet
50.93, J = 6.5 cps (18a-H), 3-proton singlet 5 2.01 (acetate CHj),
1-proton multiplet & 3.58 (3a-H), 1-proton triplet § 4.65, J = 7.5
cps (17a-H). A second crop (0.44 g) was obtained by concentra-
tion of the mother liquors.

Anal. Caled for 0221{34031 C, 7626, H, 9.89.
76.40; H, 9.40.

d{-173-Acetoxy-18-methyl-53,19-cycloandrostan-3-one (VIII).—
Chromic acid®® (8 .\\') was added during 1 min to VII (2.85 g) in
acetone at 0° (bath). The cooling bath was removed, and, after
15 min, the solution was added to ice-water and the resulting
mixture was extracted with ethyl acetate. Recrystallization of
the product from hexane gave the ketone (2.15 g), mp 130-136°.
The analytical sample had mp 134-136° (from ether); nmr,
2-proton singlet & 0.49 (19-H), 3-proton triplet 5 0.93, J = 6.5
cps (18a-H), 3-proton singlet § 2.02 (acetate CHj), 2-proton sin-
glet § 2.52 (4-H), 1-proton triplet 6 4.68, J = 8.0 eps (17a-H).

Anal. Caled for C»HyuOs: C, 76.70; H, 0.36. Found: C,
76.90; H, 9.11.

dl-173-Acetoxy-18-methylandrost-4-en-3-one (d(-18-Methyl-
testosterone Acetate) (IX).—VIII (60 mg) was kept at room
temperature for 60 hr in CHCI; (15 ml) previously saturated at
room temperature with HCl. Evaporation of the washed and
dried solution gave crystals (40 mg) which were kept overnight
at room temperature in pyridine-acetic anhydride (0.3:0.25 ml).
Recrystallization of the product from hexane-ether gave the
acetate (25 mg), mp 158-161°, identical in wv, ir, and pmr
spectra with material prepared as previously described.!

Anal. Caled for CuHpOy: C, 76.70; H, 9.36. Found: C,
76.79; 1, 9.07.

dl-173-Hydroxy-18-methylandrost-4-en-3-one (//-18-Methyl-
testosterone) (X).—VII (2.25 g) was kept for 60 hr at room
temperature in CHCly (120 ml) previously saturated with HCI
at room temperature. The product, which was shown by tle
to contain IX and X in a 7:3 ratio, was refluxed for 40 min in
methanol-10% aqueous KOH (100:10 ml). The product was
percolated in CHClL;-CH;OH-methanol (98:2) through silica gel
and recrystallized from acetone to give the alcohol (1.5 g), mp
182-187°, hving an infrared absorption spectrum identical with
a sample prepared as described previously.!

Inversion Experiments with Mixtures of di-173-Acetoxy-18-
methylandrost-5(10)-en-3a= and -38-ols. A.—The mixture of
IIT and IV (3 g, total crude product obtained by reducing II
with NaBH, in CH;OH) was kept at room temperature for 16
hr with p-toluenesulfonyl chloride (3 g) in pyridine (80 ml) to
give the oily product XVI (3.4 g) which was uniform by tle.
XVT (2 g) was kept at 115-120° (internal temperature), for 4
hr with KOAc¢ (5.25 g) in DMF-Ac¢,0-11,0 (45:3:1.5 ml). The
cooled mixture was added to water and extracted with ether and
the produet was chromatographed on silica gel (80 g). Elution
with hexane-benzene (2:3) gave crystals (0.65 g) which were
vecrystallized from methanol to give the mixture containing
NVII, XVIIL and homoannular diene component(x) (0.46 g):
mp 114-115%; uv, Amax 263, 272.5, and 288 (sh) mpu (e 1300, 1000,
and 350); ir, Auwx 300, 5.75, 6.25, 6.73, 8.05, and 13.50 i nmr,
triplet & 0.92, J = 6.5 cps (18a-H), singlets & 2.01 and 2.02
(acetate CHj), broad singlet 6 2.60 (1- and 4-H in XVII), triplet
6 4.72, J = 8 eps (17a-H), broad singlet 6 5.70 (2- and 3-H in
XVII), multiplet § 7.0-7.30 (aromatic H in XVIII); glpe,
three components retention times 9 min, 10 min 12 sec, and 12
min 36 sec in the ratios 10:47:43.

Anal. Calcd fOI‘ C-nstOg, CnHaoOz: C, 807, 802, H, 90, 96
Found: C, 80.9; H, 9.3.

Elution with benzene-ethyl acetate (9:1) gave a produet (0.57
g) which was rechromatographed on silica gel to give an oil (0.325
g). The latter was kept at room temperature for 72 hr in metha-
nol-10%;. aqueous KOH (40:4 ml). The product was recrystals

Found: C,

Found: C,
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lized from ether to give 3g,178-diol V'L (015 gi, mp IS8T 1914,
identical with that prepared by saponificat:on of IV,
Anal. Caled for ClLOy ) 7857, HL 1041

TSAT L 10T

B. XVI (I g, prepared a= in Ay was refluxed for 60 hr with
totra-n-butylammonium acetate®* (3 g). The cooled mixtire
was poured into water and extracted with ether, and the extracis
were washed suceessively with 2 .V HCL saturated aqueous Na-
HCO, and water. The produet was kept at room temperature
for 36 hr in methanol=10¢, aqueous KOH (40:4 ml). The prod-
nel was recrystallized from ether 1o give ernde VI (0.1 g), mp
158-168°, having an infrared absorption spectrum identical with
the sample prepared as in A.

C.—XVI (0.5 g) was refluxed for GU hr with allyl aleohol -
benzene (20:20 mi). The oily product (0.5 g) was ]\Lpl for 48 hy
in methanol - 10¢, aqueous WOH (40:4 mb). Ti (0.17 g) wus
added piecemeal with stirting to the 1951111111g oil in THF-liquid
NI (35100 ml), and after 1 hr ethanol {5 ml) was (l(l(l(‘(l followed
by water (200 mly. The precipitate was filtered off, dried, an (l
reerystallized from ether to give VI (40 mg), mp 172176
identical i ir spectvum with the material prepared as in A
The residue in the mother liguors wax chromatographed on silica
gel (40 g), elution with benzene ethyl acetate giving an oil
which, after acylation with acetic anhydride in pyridine, gave
a mixture containing NVII, NXVIII, ete., mp [14-115°, which
wax closely similar in spectral properties to that obtained as in A.

«[-18-Methylandrost-4-ene-3,17-dione (XV). ~Chromic
acid® (0.3 ml) (8 .V) was added dropwise with stirring to N (25
mg) in acetone (10 ml) until a red color persisted.  Stirring was
continued for 30 min and 2-propanol was added dropwise until
a green coloy persisted. The product was recrystallized from
acetone-hexane 1o give the dione XV (18 mg): mp 164-166°
UV, Aax 240 mp (e 15,6001 nmr, triplet 8 .80, J = 7 ¢ps (180-
1), 3-proton singlet § 1.20 (10-11}, I-proton singlet 8 5.73 (4-11.

Anal. Caled for Cy O €0, 70.05: H,0.39; N 300, Found:
), 79.65: 11, 9.27; M (by mass spectronetry ), 500,

B.--XII (2 g) wax refluxed for 18 hr under N, with 3 .Y/
ether (’i] CH, \IgBl (100 ml) in benzene (300 ml).  The mixture
was added 1o ice-water, acidified (HCl),

[Fond: )

and extracted with
CHCY, and the product was chromatographed on neutral ahi-
mina. Elution with benzene-ether (3:2) gave a product which
wax recevstullized twice from CHCIy 1o give erude d/-18-methyl-
androsta-3a,5a,178-triol (014 g3, mp 17%-183°, which was
dissolved in acetone (200 ml) and treated dropwise with 8 .\
[1,Cr0,' antil a red color persisted.  The resulting solid product
(015 @) 00, Awax .80 3 uyv, no selective light absorption in the
220)-250-1mp region) was kept at room temperature for 1.5 hr in
57 methanolic KOH (30 ml) and the resulting oil was chromato-
graphed on neutral alumina.  Elution with benzene gave crystals
(30 mg) which were recrystallized from wcetone-hexane to give
NV, mp 152-157°, undepressed by the sample prepared as in
\ and showing identical tle behavior, identical ir and nmr spectra,
and an identical mass =pectrum, apart from a minor extraneous
peak at m /e 316, with the sample prepared as in A,
dl-5a,18-Dimethyl-103-hydroxyestrane-3,17-dione.-—XI1I (0.0
g was treated with CHyMgBr as in the previous experiment and
the product was oxidized with 8 N H.ChrOy in acetone in the usual
wayv. The resulting solid (0.5 g) wax chromatographed on neutral
aluming, elution with benzene-ether (9:1) giving erystals (130
mg) which were recryvstallized twice from acetone-hexate 1o give
the dione (90 mgj: myp 195-200°: nmr, 3-proton triplet § 0.77, J
= T eps (18a-11), 3-proton singlet 6 1.25 (5a-11). The dione was
recovered unchanged on treatment with 57 methanolic KOII
nnder conditions whereby NIV gave NV,
Anal. Caled for CullyOy Co 75430 1 9.50.
THAN 11, 0,21,
11-3,3-Ethylenedioxy-53,19-cycloandrostan-17-one (XIX).

VI (8.5 g) was vefluxed for 16 - with =tirring in benzene (1 1.)
eontaining ethylene glveol (50 ml) and p-toluenesulfonic acid
(0.5 g) (Dean-sStark water separator). The crude produet, on
reervstullization from acetone hexune, gave di-178-acetoxy-3 -
ethylenedioxy-3g, 19-cyveloandrostane (6 g), mp 120-123° Thix
sttbstance was combined with a second crop (4 g) from the
mother liquors and refluxed with KOII in methanol-water (200: 20
il for 43 miu. The resulting =olid (7.9 g) was added with stirring
At 0° 1o CrOy (15 @) in pyridine (300 mb). Stirring was continued
for 15 min at 02 and 2 he it room temperature, and the mixture
was added 1o water (2 1) and extracted with ether.  The product,
fl(l recrystallization from acetone-hexane, gave the ketone
5.2 g, mp 167-169°. The analyiieal sample, obtained after

Found:

(

CRers, DOPSrikE,
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two further recryvstallizations from aeetone hexane had mp 170
172°.

Nt Caled for Cull Oy )
TE.TN L 020,

1-3,3-Ethylenedioxy-53,19-cyclopregnan-20.-0l ¢ XXI ;.
Sodium hydride (4.4 ¢ of 5077 mineral oil dispersion) was stirred
at SO° under Noowith DASO (75 ml) notil H evolution censed,
Ethyltriphenyiphosphonium bromide (40 gi in DASO 0150 b
was added with <tirring to the cooled solution followed by X1X
(4.4 g)in benzene, and the mixture was stivred for 2.5 hr at room
temperature and 17 hy at K0 The cooled mixture was added 1o
water and extracted with ether.  The product in benzene was
percolated through neatral alumina to give ervstal«(9 g) which were
recrystallized from ether--hexane to give {viphenyIphosphine oxide
(2.9 g, mp 155-136° Evaporation of the mother Lhquors gave
a residue which was chromatographed on nentral alnmina.
Ilution with hexane gave crude XN 4.4 gt Reervstallization
from hexane gave o sampler mp 890270 nm ’[m»lun AR
svstem pair of doublets 5 0038 and 049, = 45 eps (1911
doublet & 1.67, J = 7.5 eps (21 -1 d-proton »mgw «3 DONT
tketal bridge . T-proton quartet 8 500N, J = 7.0 op= 120-1]
Dibornune 0 Miin THE (25 mli was added under N during 160
min to ernde NX 5.0 g in THIL The mixture was stirred for
| hr at room temperature and 10, aqueous NaOI (70 mly was
added over 15 min. 0, (30775055 mly wax added during 20 min
at 0° (hath) and stivring was continned for 1 furthes hr. The
mixture was diluted with ether and the ether <olution was washed
stuceessively with water, 107, aqueons Nall=Og, and water wd
dried.  The =olid produet (3.7 g1 was chromatographed on
nentral alumina, elation with benzene giving the aleohol 1204
¢g), mp 1491517

Anal. Caled for
Y08 1L 10004

i{-18a-Methylprogesterone (XXII).- NN (2.6 g wus kept o
room temperature for 17 hrin CHCL (270 ml) I)I(‘\l()ll\l s satu-
rated with THHCT at room lempe vature.  Chromie acid (8 \)1® wis
added to the oilv product i acetone (100 mly until a red color
persizted. The pm(hn t, after three 1(w1)>tz1]li%:l1im|1s from wee-
fone, gave the ketone (082 g mp ITSCIR0% Ay 20D mg
te 15,8000 ‘pml(m li‘i}l-l 8 0.6, = T eps UI8a-Ty,
proton singlet 8 1.20 (10-11), S-proton =inglet 8 2.20 (21-11),
[-proton <inglet & .).al (4=

Anal, Caled for CoHpO,: O,
<057 H, 9.70,

({-173-Acetoxy-18-methylestra-4,9-dien-3-one (XXIII). 1!
35 @) was heated on the steam bath for 1 hr with perbromopyri-
dine hydrobromide (36 g} i pyridine (350 ml).  The cooled
mixture was filtered, the filtrate was evaporated, and the residue
was dissolved in benzene,  The =olution was washed with 2V
HCL and water, dried, and evaporated to an oil which was
crvstallized from ether to give the ketone, mp 1241277 123 g0
The zmzil\'\iml ~tmiple had mp 124-126° (from ether) A, 503
iy e 21,5000

Anal (.1](«1 for CollnOs O 76,700 T NOo0.
TO.48: HL KON,

(1-17 3-Acetoxy-18-methyl-3-( 1-pyrrolidino Jestra-3,5( 16 ,9(11 i~
triene (XXIV). - NXNXIII (23 ¢) and pyerolidine (20 mi) were heuted
for & min on the steam bath. The >.)hm<m was diluted with
methanol (200 ml) and heated for 20 min. Filtration of the cooted
solution gave the enamine (23 g), mp 154-174°. The analytical
sample had mp 164-174° (from methanol): v, N 206 mu
(e 11,2000 nmr, 3-proton triplet 8 0.93, J = 6.5 ep= i ixa-115,
}-pm\m <ingl(‘ 5 2.01 {acetate ClHin 4-proton nmhi let § BoEN
S next to N in pyirolidine ringy, F-proton singlet 8 4238 (4-110
l»pmtm triplet 8 .80, = 7.5 cp= (1Ta-110. ]-pmmn doublet 6
528, = 5 ep= o] 1-T10

Anal. Caled for CollaNOs O 78670 HL
Found: €, 78.658; 1, 8.56: N, 3.74.

({1-17 8-Acetoxy-9q-chloromethyl-18-methylestr-4-en-3-one
(XXX, NNTV (22 @) wax kept ot room temperature for 3 min
in OS¢, 11O, (~>“ mly After 10 min water (100 mli wus
added, wd after a turther 2" min the mixture was exivneted with
ether.  Reervetailization of the }»1()(111<\ from lexane gave the
erude NNV (144 g mp SO-8670 uv, Amax 240 mpu Ce 17,9000
nmr, S-profon triplet § 0.96. ./ = 6.5 eps (isa-11h S-proton
<inglet 8 2,06 facctate CHp 2-proton =inglet § 287 (=110 1+
proton triplet & 4820 = K oeps (T, L-proton doubler 6
560, = 5 eps =T \\\' (6 gl Jras kept in methanol (100
) comtaining NaBIL for 1 he at 0° thathy and 1 he ot roons
temperature.  Reeryvsty lllulmn of the product from hexane

To.T00 ML wse oo O

Coll O O 76,960 HL 10020 Found: ¢

i
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ether gave the mixture of XXVI and XXVII (4.2 g): mp 110-
120°; uv, Amax 237 (sh), 242.5, 251 (sh) mu (e 18,852, 19,820,
13,070); nmr, 3-proton triplet & 0.92, J = 6.5 eps (18a-H),
3-proton singlet § 2.08 (acetate CH;), 1-proton multiplet (broad)
8 3.92 (3¢-H), 1-proton triplet § 4.80, ./ = 8 eps (17a-H), 1-proton
doublet, J = 5.5 eps (11-H). An aliquot (166 mg) of the fore-
going mixture was shaken at atmospheric pressure with H, in
methanol (10 ml) containing 59, Pd-C (100 mg) until 12 ml of
gas had been absorbed (30 min). Reerystallization of the product
from ether—pentane gave a mixture containing III and IV, mp
109-112°, having a closely similar infrared absorption spectrum
to a mixture of III and IV obtained from the NaBH, reduction
of II, and shown by tle to contain ca. 80% of III and 209; of
IV. The mother liquors of this material were shown by tle to
contain the same mixture. The mixture of XXVI and XXVII
(2 g) was treated with Zn—-Cu couple (10 g) and CH.I, (20 g)
in ether (150 ml) for 1 hr as previously described, and the mixture
was heated in an autoclave for 3 hr at 90°. Trituration of the
crude product with ether gave crystals formulated as XXIX
(0.12 g): mp 170-180° (after preliminary softening at 150°);
nmr, 2-proton singlet 8 0.70 (19-H), 3-proton triplet & 0.93,
J = 6.5 cps (18a-H), 3-proton singlet § 2.04 (acetate CHj), 1-
proton multiplet § 3.63 (broad), half-height width 30 cps (3-H),
1-proton triplet & 4.82, J = 8 c¢ps (17a-H), l-proton doublet &
5.43,J = 3.5 eps (11-H). The residue in the mother liquors was
chromatographed on neutral alumina (60 g), benzene-hexane
(L:1) eluting unidentified material (0.72 g), possibly 3-alkoxy
steroids,!! and benzene—ethyl acetate (9:1) eluting a gum (0.51
g) formulated as XXVIII: nmr, 2-proton singlet § 0.55 (19-H),
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3-proton triplet & 0.97, J = 6.5 cps (18a-H), 3-proton singlet
6 2.10 (acetate CHj;), 1-proton multiplet § 3.63 (broad), half-
height width 30 cps (3-H), l-proton triplet § 4.91, J = 8 cps
(17a-H), 1-proton doublet § 5.72, J = 5.5 eps (11-H). Benzene-
ethyl acetate (8:2) eluted further XXIX (0.04 g). XXVIII
(0.04 g) was oxidized with 8 N H,CrQ, (0.04 ml) in acetone
(10 ml) and the product was worked up as usual to give an oily
ketone (0.032 g) uniform by tle; nmr, 2-proton AB system pair
of doublets § 0.55 and 0.80, J = 5.5 cps (19-H), 3-proton triplet
§0.97,J = 6.5 cps (18a-H), 3-proton singlet § 2.08 (acetate CH,),
2-proton singlet & 2.52 (4-H), 1-proton triplet § 4.80, J = 8
eps (17a-H), 1-proton doublet & 5.70, J = 6 cps (11-H), The
ketone (20 mg) was kept for 1.5 hr at room temperature in CHCly~
HCL.  The product was recrystallized successively from ether
and acetone to give XXX (16 mg): mp 161-164°; Amax 242
mu (e 13,100); nmr, 3-proton triplet 6 0.98, J = 6.5 cps (18a-H),
3-proton singlet § 2.04 (acetate CHj;), 2-proton AB system, pair
of doublets 6 3.42 and 3.68, J = 11 eps (9a-H), 1-proton broad
singlet 8 5.93, half-height width 5 cps (4-H).

Anal. Caled for CpHyuClO;: Cl, 9.35; M, 378.0.
Cl, 9.9; M — 36 (by mass spectroscopy), 342.
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The preparation of several 17-alkyl-17-deoxy steroids of the corticoid series is described. The 17-alkyl group
was introduced »ia Li-liquid ammonia treatment of 38-acetoxy-3a-pregna-9(11),16-dien-20-one (I) followed by

appropriate alkylation,

Methyl groups at the 16« and 17« positions were introduced by a procedure involving

1,4 addition of methylmagnesium iodide to the A-20-keto system of I, or its corresponding 3-tetrahydropyranyl
derivative, followed by methylation of the 16a-methyl-17-enolate anion thus generated. Further elaboration

of the resulting 17-alkyl derivatives was carried out by standard procedures.

Of particular interest is the syn-

thesis of the 17-methyl and 17-ethyl derivatives of 17-deoxy-9a-fluoroprednisolone 21-acetate and of 17-deoxy-

17-methyldexamethasone 21-acetate.

In this paper we report the synthesis of a variety of
17 a-methyl and ethyl derivatives of the cortieoid type.
Previous reports!® from this laboratory have described
a useful procedure for the preparation of 17-alkyl-
pregnan-20-ones, which involves the alkylation of an
intermediate 17-enolate anion developed by treatment
of a 16-pregnen-20-one with a solution of Li, Ca, or
Ba in liquid ammonia. The application of this method
to the synthesis of a series of orally effective 17-alkyl-
progesterone derivatives has also been described.!?
IFor the present study we have utilized this method and
also have developed a convenient process for the simul-
taneous introduction of methyl groups at the 16« and
17« positions involving Grignard 1,4 addition to a A®-
20-ketone followed by methylation of the intermediate
enolate anion,

Some years prior to this investigation Engel described
the svnthesis of 17-methyleorticosterone?® and its 11-

(1) (&) M. J. Weiss, R. E. S8chaub, G. R. Allen, Jr., J. F. Poletto, C.
Pidacks, R. 3. Conrow, and C. J. Coscia, Tetrahedron, 20, 357 (1461); (b)
see also R. Deghenghi, C. Revesz, and R. Gaudry, J. Med, Chem., 6, 301
(19863).

(2) M. J. Weiss, R. E. Schaub, J. . Poletto, (i. R, Allen, Jr., and .,
Pidacks, Steroids, 1, 608 (1963).

dehydro derivative.* TFrom the results reported at
that time it appeared that replacement of the hydroxy
group at Cy; with a methyl group results in a decrease
in glucocorticoild and antiinflammatory activity as
measured by liver glycogen and local granuloma assays,
respectively. On the other hand, the possible effect
of this modification on mineralocorticoid activity
aroused our interest since it appeared that, with
regard to this important parameter of biological activ-
ity, there was a qualitative difference between 17-
methyl-11-dehydrocorticosterone acetate and cortisone
acetate.* We have been unable to find any further
reports concerning this preliminary observation nor,
to our knowledge, has there been an application of the
possibilities thus raised to a 9a-fluoro-substituted
corticoid.

With the hope that 17-alkylation in the corticoid
series might in fact result in a favorable separation
of certain of the parameters of corticoid activity and
encouraged by our own observations?® in the progester-
one series that at least in some instances 17-ethyl and

(3) C. R. Engel, Can. J. Chem., 38, 131 (1957).
(4) C. R. Engel, J. Am. Chem. Soc., T8, 4727 (1956).



