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dl-18-Methyltestosterone (X) and dl-18-methylprogesterone (XXII) have been synthesized thrangh the Sim-
mons-Smith methylenation of di-178-acetoxy-18-methylestr-5(10)-en-38-ol (IV). dl-18-Methylandrost-4-en-3,17-
dione (XV) has been synthesized through interacting dI-178-acetoxy-5a,10a-epoxy-18-methylestran-3e-ol (XII)
with CH;MgBr. The pure dl-178-acetoxy-18-methyvlestr-3(10}-en-3e- and -38-ols I1I and IV have been prepared
from dl-178-acetoxy-18-methylestr-5(10)-en-3-one (II) by a novel sequience involving epoxidation, NaBH, redne-
tion, separation inta the corresponding ptire e, 10a-epoxy-3e-ol XII 48,108-epoxy-38-0l XIII, and de-
epaxidation. d/-178-Acetoxy-18-methylestra-ii( 10),9(11)-dien-3e-al (XXVI) hax heen =electively methylenated
at the 5,10 positiait by the Simmons-8mith reagent and the pradiict has been transfarmed to a xteraid formnlated

as dl-17B-acetoxy-9a-chlorantethylestr-4-et-3-one (XXX).

The pragestational and antiestragenic activities af

di-18-methylprogesterone XXII are reported and campared with the corresponding activities of progesterotie,

19-norprogesterone, and di-18-methyl-19-norprogesteroute.

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

di-18-Methyltestosterone and dI-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 1738-2'-tetrahydro-
pyranyloxyestr-5(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 dI-8a-estrane
series.!? Since the Simmons—Smith methylenation of
homoallylic alcohols is stereochemically controlled by
the configuration of the hydroxyl,!"!3 dI-18-methylestr-
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5(10)-en-36-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-0l 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 crystalline 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-i-butoxyvaluminum 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 invert the
3-hydroxyl groups in mixtures of I1T and IV containing
ca. 809, of the former epimer. The most efficient syn-
thesis involved an initial conversion of II with su-
cliloroperbenzoic acid in benzene ta the gummy mix-
tire of epoxides XI which, on thin laver chromatogra-
phy, showed two components of elosely sinilar polarity
- approximately equal amonnts. Rednction of the
mixture with NaBH, in miethanol at —70°, followed by
a simple chromatography on alumina, gave two single
epoxy aleohols XII and XIII, and deoxygenation of
cach by a procedure due to Cornforth, et al.,® yvielded
[II and IV, respectively. Using this route, XII,
XI1II, III, and IV were obtuined from II in over-all
vields of 37, 39, 14, and 279, respectively, and II 1x
convertible to X in an over-all vield of ca. 9.5¢,. The
structures of IIT and IV follow from their pmr spectra
which display signals for the Cy protons at 8 3.85 and
4.03 ppm of half-height widths 19 and 10 eps, respece-
tively, in good agreement with & valies 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 17B-propionyloxyestr-5(10)-en-3a- and -38-ols, rc-
spectively. We have no rigid proof for the sterco-
chemistry at the 7 and 10 positions in XII, but the
Sea, 10a-epoxy configuration may be deduced from the
following data. Treatment of XII with CH;MgBr in
refluxing benzenc-ether, fallowed by oxidation with
the Jones reagent!® gave u hydroxydione, probubly
X1V, whieh was converted by methanolic KOH o
the di-15-methvlandrostenedione XV, identieal with o
sumple prepared by oxidizing dl-15-methyltestosterone.
The 108-methyl confignration aof the latter is well
founded so that, assuming a1 normal bans-diaxial open-
ing* of the epoxide ring by the Grignard reagent, n
Oe, 10@-cpoxy structure follows for XII and a 5a.103
configuration for XIV. Accepting that the mixture NI
containg approximately equal amonnts ot the two isam-
erides, then the over-all vields of 111, TV, NII. and
NXIIT from IT indieate that XTI and XTI ave derived
from different epoxides, thns cenabling the 538.103-
epoxy configuration to be assigned to XIII.  This
assignient could not be readily confirmed by oxidizing
XIT and XIII to different epoxy ketones, since condi-
tions which were vigorous enough to oxidize the O
aleoholie group led to intractable produets, probuably
becaise of concomitant fission of initially formed. labile
5,10-epoxy 3-ketones.  However, supporting evideuce
was derived, as before, by interacting XIIT with CHg-
MgBr and oxidizing the product to obtain a hydroxy-
dione CypHyQs, which was recovered unchanged under
conditions whereby XIV readily gave XV. This be-
Lavior is consistent with a j-methyl-10-hydroxy struc-
ture for the hydroxydione and assuming a trans-diaxial
scission of the epoxide ring, a Je. 103 configuration for
the hydroxydione, nud a 58,108-epoxy configuration for
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XIII. The conversion of XII to XV constitites a
further total synthesis of the di-1S-methylandrostanc
nuelens although the over-all vield from XI1ix very low
(ca. 35%).

Inversion of the 3a-oxy function in the ernde mixure
of ITI and IV obtained by NaBH; reduction of TT wis
effected by conversion to the mixture of 3-tosvlates
XV I followed by refluxing with either potassiiim acetate
i acetic  anhyvdride-dimethylformamide,®’  tetru-n-
butylammoninm acetate in methyl ethyl ketone® or
allyl aleohol in benzene.* The products from the first
two reactions, after saponifieation, gave the 38-ol VI
e vields of 13 anid 1097, respectively.  That from the
third reaction, after cleavage af the 17-acetoxy and -
allyloxy gronpings with Li in liquid ammonda, gave V'l
i an over-all vield of 139,

A major by-product from the first reaction was a
erystalline mixture shown by gas-liguid partition
chromatography to contain at least three components
in the ratios 47:43:10 (see Experimental Seetion). The
pmr spectrum of this mixture displayed signals tor
allvlie, vinylie, and aromatic protons as broad singlets
at & 260 nud 3.70 and a complex multiplet in the 6
7.0-7.30 regian, respectively, which are aseribable to the
allvlie, vinylie. und aromatic protons at Cp-Cyin strne-
fures of the types NVIT and XVIII. The ultravialet
abzorption spectrum showed Ay, 263 mp (e 1300) con-
sistent with the presence of homoannular conjugated
diene component(s).**  Apparently, therefore, the by-
produet contains constituents derived fromn the climi-
nation of the 3-tosyvloxy group and subsequent dehiyvdro-
genation or disproportionation of the produets.  The
evidence does ot exelude the formation of monoolefinie
steroids which conld be formed in the disproportiona-
tion of XVII. The sume by-produet was formed. al-
though in lower vield, by acvlating the producet of the
third mversion reaction sequence.  Im no case did we
deteet the formation of 10-oxygenated 3,5-cyelosteroids
ax hus been previonsly ahserved™* during the solvoly-
sis o of various 3e- and Ag-mesylaxyestr-5(10)-cnes,
After the completion of our work Levine and his col-
leagues"" peported the conversion of 173-propionylaxy-
extr-3(10)-cn-3e-ol to its 3g-epimer in an over-all yield
of 5097 by conversion to the 3ae-mesylate, displace-
ment of the 3-mexyvloxy gronp by refluxing in acetone
with tetramethylanunonium formate, and saponifica-
tion of the resulting formate.  They also disclosed the
formation ot an uncharacterized by-product deseribed
as u ring A diene mixture.

dl-18-Methylprogesterone, which was required lor
comparizon o its biological activities with those nf
progesterone and di-18-methyl-19-norprogesterone,® wis
svuthesized from VIIT through inttisl ketalization,
saponification, and oxidation with chrominm trioxide -
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IR=H 11, 3a-OH: R = COCH,
I, R= COCH, IV, 38-OH; R = COCH,
V,3a-0OH; R=H
VI, 360H:R=H
OCOCH, OCOCH,

X,R=H

XII, 3a-OH; 5a, 10a-epoxide XIv
XI1II, 38-OH; 58, 108-epoxide

XVII Xvil

pyridine,” to the oxoketal XIX, which was converted
by ethylidenetriphenyiphosphorane 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 C;-protons as a doublet at 8 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 6 4.99-5.09 and 1.58-1.61, respectively.®*

(26) B. Gadsby and A. I'. A, Jansen (John Wyetli and Brother Ltd.,
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Hydroboration of XX followed by H,0, oxidation
gave the crude aleohol XXI to which the 20a-hydroxy
configuration can be assigned, assuming the usual o-
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 139, over-all yield from
VIII. The 17B-acetyl configuration in XXII is con-
firmed by the pmr spectrum which displays the 18a-
methyl protons as a triplet centered at 5 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 ISOH equilibrates the 178-acetyl group in
XXII with formation of a mixture shown by pmr spec-
troscopy (¢f. ref 9) to contain the 178 and 17« epimers
In a ratio of ca. 1:3.

HCH,

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-o0l would be
selectively directed to the 5(10) double bond by the
3-hydroxyl group. The alechols 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-
ylenation 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 cyclo-
propyl and vinylic proton signals in the 8 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 III and 209, of IV. It there-
fore follows that the major methylenation product is
derived from the major component XXVI, and, as-
suming stereochemical control of the introduction of the
Cig-inethylene by the 3-hydroxyl group, is formulated

127) G. Baddeley, H. Carpio, and J. A. Edwards, J. Org. Chem., 81, 1026
(1966).
(48) G. Nowiné and R. Bucourt, U. 8. latent 3,033,856 (1962).
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as XXVIIL  Oxidation of XXVIII with the Jones'
reagent!® gave an oily ketone which, on treatment with
CHCL~HCL, afforded a chloro ketone CoH3ClOs Ny
242 my (e 13,100), to which strnetnre XXX is assigned
as follows, The pmr spectruin shaws no high-field
signal characteristic of a newly introduced methyl
group, but an AB fonr-line resonnnce pattern at § 3.32,
3.51, 3.58, and 3.797 (outer lines rather diffuse), .J =
11 eps. which ix consistent with a guaternary chloro-
methyl group (¢f. ref 29).  The speetrum also displays
a vinylie praton signal as a broad, ill-resolved singlet of
half-height width i eps which is closely similar it shape
to that shown by the Ceproton in various At-3-ketonic
19-norsteroids,* and  attributable to the Ceproton
strongly conpled with the axial 8- and 108-protons
in the structure XXX, The mass ~pectrum confirms
the estrane structure showing, besides o principul ion at
nife 378 (corresponding to XXX with the loss of hydro-
gen chloride), an ion at wi/e 110, corresponding to the
radical 1on XXXI3' We  therefore formulate  the
chloro ketone as XXX and suggest that its praduetion

OCOCH,

XXI111. R = COCH,

XXIV
OCOCH, OCOCH.,
| H
H H
0 1o
XXV XXVI 3a-OH
XXVIL 38-0H
OCOCH, QCOCH,

3

HO

XXVIL 3a-0H; 5a, 19a-CH,
XXIX. 38-OH: 58, 198-CH,

+%
0] : CH, O

XXXl XXX
Cl—
\ % CICH,,
Ho HO
XXXIH XXXV

iz Ry Gieste atel N D Creoss S Ocye COnen 0 81, 1761 010G,

GO WL, Widsrruek, 80N Malbotea, amd 11, ). Ringoll, J. Am, Clens.
Sue., 88, 160 (1000,
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Tanne |
RELATIVE PROGESTATIONAL AN ANTIESTROGENIC ACTIVITIES
OF PROCERTERONE AND trs Hostolnes

Colupuiind Povan™ ASIIRTIN RS
Progesterone 100 Jiu
19-Norprogesrerone K00 1000
di-18-Methyl-19-novprogesterone Tony 2
di-18-Methylprogesterone 25 Sou

“ Phngestational anetivity, * Antiestrogenic acayity.

from XXVIII nmy involve initial protouation of the
9(11) bond to give » cation XXXII, which, by depro-
tonation at C, and the appropriate electron pair shift
or shifts, ean form the ketone XXXIII,  Protonation
of the Cgearbonyl and attack by Cl= or its equivalent.
at (e a3 shown wonld then give XXXIV which, under
the reaction conditions, wonld be expected to ketonize
to the more stable of the twa possible 10 epimers.
Biological Activities. --The progestational and anti-
estrogenic properties of dl-18-methylprogesterone ware
determined 1 the Clauberg test,*? and a vaginal corni-
fication inhibitory test.®® respectively. The results are
given in Table I together with those obtained in these
laboratories for the homologs. 19-norprogesterone and
dl-18-methyl-19-norprogesterone.  Baddeley, ¢ al.”
have described the svnthesis of d-NXII by an ulternate
process without disclosing its biological praperties,
The data show that, of the four compounds it Table T,
the 19-nor and Is-methyl-19-nor homologs of progester-
one possess tlie greatest potential eclinical ntility as
progestational  and wantifertility  agents,  Similarly,
1 the testosterone series various 19-nor and 18-methyl-
[9-nor camponnds have proved superior in experimental
animals as anabolic, progestational, and antiestrogenic
agents ta thelr corresponding  androstane and 18-
methyvlandrostane analogs.!  Sinee it huas heen shown
that the progestational, antiestrogenic, nnd androgenic
properties of varinas df-I18-methylestrane derivatives
arce confined ta the enantiomorphs corresponding iu
absalute configurmition ta the natural steroids, > the
J enantiomorph correspanding to the racemate XXI1
probuably has twice the biological poteneies shawn,

Experimental Section

All evaporations were inder rednced pressure.  Meliing points
were taken on a Kofler hlock tnder microscopie magnification or
in capillary tubes nxing the Thoma~~Hoover apparatns.  Ultra-
violet ahsorption spectra (nv) were recorded in 937, ethanol
sulittion on a Perkin-Ehner 430 spectrophotonieter.  Infrarved
abisorpiion spectra (ir) were obiained i1t KBr or Nnjol dixpersions
nsing a Perkin-Elmer Model 21 spectrophatometer and were
comnpatihle with the assigned stmictures.  Iixcept where stated
otherwise pr =pectrp were nteasticed with o Vartan Assaciates
A-G0 spectrometer o 10-1500 sobitions in CDClLe vontaining
(CHSE a= internal reference standord.  Chemieal shifts are
expressed in & nnits measured downfield from the reference, and
coupling cobstants, f, in cps. The former shonld be acenrate
to £0.01 ppm, the tatter to £=0.5 cps. Thin layer chromatog-
raphy (tle) was condnceted on silica gel chrontatoplates perpared
with rice stareh as binder# nnder hnigation with benzene-etbyl
acetate mixtnres.  Thin layer chromatograms were visnalized
with acidified phosphomolyhdic acid reagent.  Gas-liquid parti-
tion ehromatography (glpe) was performed with a Perkin-Elmer
vapor fractometer Model 154-C with the sample in CH.CL at a
fow rate uf 8O ¢ /min of He om n 2-m colinm packed with Celite

(42 R, Lo Bivso gl R, Blgren, Eisoveinnlogy, 68, 164 4 1158,
3 RN Mgenn, Lt Eedoeeinol., 34, 336 (1960,
a3 L, L Roidchcsoel 0L Yoell, 0 Chemnsdea,, 9, 30 0 1002
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containing 39, w/w fluorosilicane QF-1 as the stationary phase.

Mass spectra were determined on an Atlas CH 4 mass spec-
trameter.

dl-1738-Acetoxy-18-methylestr-5(10)-en-3-one (II).—dl-178-
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 CaHyOs: C, 76.32; H, 9.14.
76.26; H, 9.38.

dl-173-Acetoxy-5q,10a-epoxy-18-methylestran-3«~ol (XII) and
dl-173-Acetoxy-53,103-epoxy-18-methylestran-38-ol (XIII).—II
(40.2 g) was stirred for 10 min at room temperature with 80%;
m-chloraperbenzote acid (36 g) itt benzene (1.751.). The mixture
was washed with 5% aqueous NaOH and water, then dried and
evaparated 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
methanal (2 1.). Acetic acid (73 ml) was then added over 2 hr
(hath —=70°); the mixture was allowed to warm to room tempera-
nire, concentrated to 700 nil, dilited with water, and extracred
(ClICly). The extracts were washed with 707 aqueous KHCOy
and water, dried, atd evaparated to an oily =alid (44.6 g) which
was chromatographed an neutral alumina. Elntion with benzene
gave the g-uxide XIII (16.5g). An aliquiot after two recrystalliza-
tiots fram acetone-hexane gave the analytical sample: mp 126-
128°; nmr, triplet 8 0.93, J = 7 cps (18a-H), 3-proton singlet
§ 2.04 (acetate CHj), 1-proton multiplet § 3.80, half-height width
16 ¢ps (3a-H), 1-protout triplet & 4.68, J = 8 cps (17a-H).

Anal. Caled for CoHpOu 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 alignot, after two recrystallizations
fram acetone-hexane, had mp 153-158°; nmr, triplet § 0.94,
J = 6 cps (18a-H), 3-protoun singlet 8 2.02 (acetate CH;), 1-
praton multiplet § 3.79, 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 (III).—XII
(1.0 g) was added to & stirred suspension of zine dust (1.6 g) in
AcOH-H,0 (23:3 ml) cantaining Nal (1.7 g) and NaOAc
(0.72 g). The mixtitre was stirred at room temperatnre for 1 hr,
filtered, dilited with ether, and washed snccessively with water,
7% KHCOy, and water, dried, and evaporated. The residite was
chromatographed on nentral ahimiia and the produet was eluted
with 1:1 benzene-hexane and recrvstallized from hexane-acetone
to give the alcohal (0.32 g): mp 122-123°; nmr, 3-protan triplet
§ 0.93,J = T cp= (18a-11), 3-protoun singlet § 2.03 (acerate CHy),
I-proton mnlriplet § 3.85, half-height width 19 ¢ps (38-11), 1-
proton triplet 8 4.74, J = 7 eps (17a-H).

Anal. Caled far CaHpOy: C, 75.86; H, 9.70.
73.98; H, 9.59.

dl-18-Methylestr-5(10)-ene-3«,173-diol (V).—III (1.0 g) was
refluxed in methanol-109; aqueous NaOH (100:10 ml) for 1
hr. Recrystallization of the product from acetone-ether gave
the diol V (0.7 g), mp 152-154°.

Anal. Caled for CisHy0O.: C, 78.57; H, 10.41. Found: C,
78.26; H, 10.37.

dl-173-Acetoxy-18-methylestr-5(10)-en-33-0l (IV).—XIII
(15.1 g) in AcOH-H,0 (150:10 ml) was added over 15 min at 0°
(bath) ta a stirred suspeusiont of zine dust (24 g) in AcOH-H.O
(18G:14 ml) eantaining Nal (24 g) and NaOAc (7.8 g). The
mixtire was siirred for 1 I at roam temperature, filtered, and
concentrated to 100 ml, and the resulting slurry was dissolved
in ether. The salutiun was washed successively with water, 10¢;
aqueotis NallsOy, J9¢ aqueons KHCO,, and water, dried, and
evaporated. The residue in benzene wax filtered through nentral
aluntina, and the prodnet was recrystallized from ether-liexane
to give the alcohol (9.9 g), mp 117-118°.  An aliguot, after two
recrystallizations from ether-hexare, gave the analytical sample:
mp 118-120°; numr, 3-proton triplet § 0.93, J = 7 eps (18a-H),
3-proton singlet § 2.03 (acetate CHj), l-proton multiplet & 4.03,
half-height width 10 cps (3e-H), L-proton triplet 6 4.71, J = 8
epx (17a-H).

Anal.  Caled for CuHs0y: C, 75.86; H, 9.70. Found: C,
73.49: H, 9.41.

dl-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 191-195°%; nmr [in CDCL-(CD3).80, 9:1], 3-proton triplet
§ 002, J = T ¢ps (18a-11), I-proton iriplet § 3.67, J = 8 ¢ps

Found: C,

Faund: C,
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(17a-H), 1-proton multiplet § 5.93 (3e-11), half-height width ca.
14 cps.

Anal. Caled for CiyHyOy: C, 78,57,
78.47; H, 10.57.

dl-173-Acetoxy-18-methyl-53-cycloandrostan-33-0] (VII)—IV
(13 g) in ether (200 ml) was added during 20 min to a refluxing
suspension of zine—copper couple?® (35 g) in CH,I,—ether (70 g: 300
ml), with slow distillation of the ether to maintain a constant
volitme. The cooled mixtire was added to ice—water and ex-
tracted (CHCl3), and the extracts were washed with aqueons
NaHCO; and dried. The crude crystalline prodiet (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
80.93, J = 6.5 cps (18a-H), 3-proton singlet § 2.01 (acetate CHj),
1-proton multiplet & 3.58 (3«-H), 1-proton triplet § 4.65, J = 7.5
cps (17a-H). A second crop (0.44 g) was obtained by concetttra-
tion of the mother liguors.

Anal. Caled for C.,HyOs: C, 76.26; H, 9.80.
76.40; H, 9.40.

dl-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 coaling 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 § 0.93, J = 6.7
cps (18a-H), 3-proton singlet § 2.02 (acetate CH;), 2-praton sin-
glet 8 2.32 (4-H), 1-proton triplet & 4.68, J = 8.0 cps (17«-H).

Anal. Caled for C,Hz0;: C, 76.70; H, 9.36. Fonud: C,
76.90; H, 9.11.

dl-17 3-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 CHCl; (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 temperatnre in pyridine-acetic anhydride (0.3:0.25 ml).
Recrystallization of the prodnet from hexaue-ether gave the
acetate (27 mg), mp 158-161°, identical in nv, ir, and pmr
spectra with material prepared ax previously described.!

Anal. Caled for CuHp0y: C, 76.70; H, 0.36. Found: C,
76.79; 11, V.07

dl-173-Hydroxy-18-methylandrost-4-en-3-one (d/-18-Methyl-
testosterone) (X)—VII (2.2 g) was kept for 60 hr at raom
temperature in CHCly (120 ml) previously saturated with HCI
at room temperature. The prodiet, which was shown by tle
to contain IX and X i a 7:3 ratio, was refluxed for 40 min in
methanol-109; agreons KOH (100:10 ml). The product was
percolated it CHCl;-CHyOH-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 previonsly.!

Inversion Experiments with Mixtures of d{-173-Acetoxy-18-
methylandrost-5(10)-en-3a- and -38-ols. A.—The mixture of
IIT and IV (3 g, tatal 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.
XVI (2 g) was kept at 115-120° (internal temperature), for 4
hr with KOAe (3.27 g) in DMF-Ac;0-H,0 (47:3:1.3 ml). The
caoled mixtire was added 10 water and extracted with ether and
the proditet was chromatographed on silica gel (80 g).  Elutian
with hexane-henzene (22:3) gave «@wstals (0.65 g) which were
reerystallized from methanol 10 give ithe niixture containing
XNVII, XVIH, and homoanmidar diene compouent(x) (0.46 g):
mp L14-110%; v, Ny 2603, 272.5, and 288 (sh) mu (e 1300, 1000,
and 330); ir, Aewx 32000, 477, 6,27, 6.7, 8.03, and 13.70 w: e,
triplet 8 10.92, J = 6.5 cps (18a-H), singlets § 2,01 and 2.02
(acetate CHs), broad singlet & 2.60 (1- and 4-H in XVII), triplet
8 4.72, J = 8 cps (17a-H), broad singlet § 5.70 (2- and 3-H in
XVII), multiplet 8 7.0-7.30 (aromatic H in XVIII); glpec.
three components reteution times 9 min, 10 min 12 sec, and 12
min 36 sec in the ratios 10:47:43.

Anal. Calcd for Cz]stOg, Cg]HgoOgZ C, 807, 802, H, 90, 9.6.
Found: C, 80.9; H, 9.3.

Elution with benzene—ethyl acetate (9:1) gave a prodnet (0.57
g) which was rechromatagraphed on silica gel to give an oil (0.325
g). The latter was kept at roomn temperatire for 72 hr in metha-
1ol-10¢7, aqueots KOIH (40:4 mt). The product was recrystale

H, 10.41. Found: C,

Found: C,
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lizerl Tromy ether to give dg,17g-diol VI« lh g1, mp ISE 101y,
identieal with tlat prepared by saponiticntion of TV,

nal, Cabed for CulheQo: ) 7807, T 0T
TSAT T ot

B. NV (1 g, prepared ax in Ay was rethixed Tor 60 e with
retrn-n=bitylanmmoniam aeetate®? &3 gi. The cooled nixone
wax ponred into water and extracted with ether, and the extractx
were washed suiecessively with 2 NV OHCL =atnrated aqueans Na-
11CO,, and water. The produet was kept at ronnt tenperature
for 56 hr in nethanol- 1047 aqueons KO (40:4 ). "The josl-
net was reerystallized front ether 1o give ernde VI (0.1 g), nip
178-168°, having an infraved absorption spectrmn identical with
the smnple preparved as in A.

Co--XVI (0.5 g) was refluxed Tor 40 hr with allyl aleohol -
benzene (20:20 ml). The oily produer (0.9 g) was kept for 48 hr
in methinol 109, aqaeotts WO (40:4 wmb). 11 (017 ¢g) was
added piccemeal with stirring to the resulting oil in THF-liquid
N1 (35100 mb), and after e ethanol (5 ml) was added followed
by water (200 mb). The precipitate was filtered off, dried, and
reerystallized Cront etlter to give VI (40 mg), mp 172-176°,
identicntl >n v spectrmmt with the muterial prepaved as in A,
The residite in the wother ligiors wax elnnmtographed on silicn
gel (40 g), elatton with henzene ethyl acetate giving an ol
which, after acylation with acetie avhydride v pyridine, gave
a mixtivre containing NVIL NV, ete, mp 1H4-115°, which
wax cloxely <imilar in =pecival properties to that obtained as in AL

J{-18-Methylandrost-4-ene-3 17-dione (XV).  A.-- Chromic
avid (0.3 mby (8 .V) was added dropwise with stirring 10 N (23
mglin acetone 110 mb) nntil a red enlor persisted.  Stirring was
comtimed for 30 min and 2-prapanol wax added dropwise until
a green enlor persisted. "The prodier was recrystallized from
acclone-hexane o give the dione XV (18 mgh: mp 164-166°:
v, Aax 240 mp (e 13,6003 nmr, irviplet 8 8D, J = 7T eps (18-
ID), d-proton stoglet 8 1.20 (10-113, L-proton singlet § 5.73 (4-11).

ol Cated for CollgOur €, 700050 11, 95390 M, 500, Fonl:
C, 700 T 9.27; M (hy nass sprectrometry s, 500,

B.- ~NII {2 g wax refluxed foe 18 hr nnder N owith 31
cthereal CH N gBr (oo nid) tn benzene 1300 ml;. The mixtire
was added 1o ice-water, acidified 1 1HCH, and extracted with
CHCly, and the prodinet was chromatagraphed an nentral ali-
mina.  Llntion wirh henzene-ether (3:2) gave a produnet which
was recrvstatlized twice from CHCL 1o give erde di-18methyl-
androsta-sa,ie, Fg-triol (014 g3, mp 178-183°, which  was
dissolved in acetyme (200 mby and treated dropwize with 8 .V
FLCTO, nntil a red color persisted. The resulting solid prodnat
(LTINS g0 01, Max 080 45 11y, o selective light absarption in the
220 -2530-mp region) wax kept at roown tentperatnre for 1) br in
3¢ methanolic KOH (0 ml) and the resuliing oil wax chronnato-
graphed on nentral alnmina.  Llition with benzene gave crvstals
150 mgi which were recrystallized rom acetane-liexane to give
NV, mp EA2-147°, nndepressed by the snmnple prepaved ns in
A and shawing identiend tle hehavior, identieal ir and ninr <pectrn,
and on identical nuss spectimi, apart fron g nonor extranenis
peitk at o e 314, with the xample prepared ax in AL

d{-5c,18-Dimethyl-103-hydroxyestrane-3,17-dione.—~ X111 0.0
) was treated with CHaMgBr as in the previous experimernt and
the prrodhier was oxidized wirth 8 V7 H.CrOy in aeetone in the snal
wity. Thevesnlting solid (0.7 g) was chromaiographed on netrral
ahnnina, elution with henzene-cther (9: 11 giving erystals (150
mg) which were reervstallized twice from acetone=hexane 10 give
the dione (90 mg): mp 195--200°: nmr, 3-preoton triplet § 0.77, ./
= 7 eps (18a-1), S-proton singlet 8 1.25 (hu-11e The dione wax
recovered mehanged an treaiment with 30, nethanolic KO
nider conditions wherehy NIV gave NV

Awal, Caled for CodbaOpr Co 754850 T 9.0,
ThAS 92T

+{{-3,3-Ethylenedioxy-53,19-cycloandrostan-17-one (XIX).
VI (88 g) wax vefluxed for 16 hr with sturring in henzene (1 1)
eontainiag ethylene glveal (3 ml) and p-talnenesnlfonie actd
(0.5 g) (Dean~-Siark water =eparator).  The crude producet, on
reerysiallization rome acotone hexane, gave Jl-178-acetoxy-i -
cthylenedioxy=98, 19-cyeloandrostane (6 g), mp 120-123°. Thix
snb=tance wax combibed with o =econd crop (4 g) from the
o her lignors and refinxed with KO in ntethanol-water (20020
mli for4imio, The resalting solid (7.9 g) wax added with stirring
21 0% 1o CrO, 13 g in pyridine <G00 mb. Surring was continned
for I3 min ot 0° and 2l o1 room temperantre, and the mixtne:
wits added to water (2 1) and extracted with ether. The prodne,
alter recrvstallization from acetone-hexane, gave e ketoue
1532 ), mp 167-169° The analviieal sample, obtatned after

Foand: )

Foand: O,

Vol [D

tws Dirther reervstallizations from aeetome hexone ol ap 170

| IRl
Jadd,

TN

Caled for (‘,:[l;g_-()_,i ',

HE 002t
d1-3,3-Ethylenedioxy-53,19-cvelopregnan-20..-ot  ¢(XXI;.

Sodiimn hydride (4.4 g of 5000 mineral oildispersion ) was stired
AU SO nnder Noowith DMSU G5 mb notl Hy evodintion vensed.
Fithyhriphenylphosphoniom hromide (40 g3 in DASD (150 mle
was ndded with =tirring 1o the cooled suhittion folliawved hy NXEN
4.4 ) in benzene, and the nuxtire was stbred Do 200 ke at v
temperature and 17 i ar S0°0 The eaoled mixtnre wax adited 10
water aud exiracted with ether. The produet in benzene wis
pereolitted throngh ventralalimina to give ervstalxWg) which were
recrystallized from ether--hexane to give Giphenyiphosphine vxide
(2.9 @), wp 135-136° Lvaporatiom of the mother liynors gave
a residne which was chromatographed on nental aliming.
fhition with hexane gave vimde XX 144 g Beervstollization
irom hexane gave a sample: op N9 0250 anre peaten AB

TG.TU: L b, I O

sv=iem poir of donblet- 8 DS sl DAY, = L0 eps TR
dembler & 16T TS5 oeps C2EHn beproban singler BT
thetal bridges -proton gaortel 8 5008, J = 00 eps 120-1

Dibovane <1 35 in PHE 0235 mb was added ymder Ny obing 10
min by emnle NN b giin THED The mixtnre was stirted for
I hr ot roc tenpersitre and 100, agneons NaOTE (70 b wos
added over 13 min. Ha(L (3007 3 (35 il was added dhrtng 20 min
at U7 choathy and stirvng woas conthimed for T farthes br. The
mixtnre wis dibited with ether and the ether =ohrtion was woslnad
sirecessively with water, 100, aqneoas NalROg ol water and
dried. The solid prodwet @457 g was chromatographed on
nentral olmina, vlation with heozene giving the aleohsd 21
ghoamp HO-1L17

Anal. Coled for Cuodh Oy C) 7606 1,
TT.OND DL T,

</-18a-Methylprogesterone (XXIIj.- NN1 (2.6 ¢ was kept ot
rootn temperatitre for 17 he in CHCL (270 mb) previosly =oin-
rated with HOEat room temperatire. Chromie acid (8 V)9 was
added to the vy prodoet in acetone T1ob mh) mail o red color

sz, Foaml: O

porsistal. The prodinet, afver three reeryvstatlizotions frem ace-
tone, gave the ketone (082 gy mp 1TSCIR0°; Agy M g
Co SO0 oy, Cproton triplet 8 06D, = T epx (1Sa-Tly,

Seproton singlet 8 120 C19-1H), S-pnotone =single¢ 8 2020 ¢21-H,
T-proton =inglet 8 571 i4-1i
Aol Caled foy ColhpO. O
Su.57 H, 0700
d{-173-Acetoxy-18-methylestra-4,9-dien-3-one «XXI11). 11
w50 ) was heated on the steam bath for 1 hr with perbiomapy -
dine hyvdrobvomide Gi6 g7 i pyridine (330 ml). The enoled
mixtire was Bliered, the filtrate was evaporated, and the residne
wox dissolved e henzene, The solntion was washed with 2V
HCL and water, dried, and evaporated to an oil which wos
ervatadlized trom ether 1o give the ketone, mp 124-127° 025 g0,
The analytivol spmsple had mp 124-126° (fromt etheri A 3
W e 2EE000
Awnad. Caled Jor CuL Oy €
TGN T NN,
d{-173-Acetoxy-18-methyl-3-1 L-pyrrolidino jestra-3,5{ 10,9111 -
triene (XXIV), - NNIIT (23 ) and pyrrolidine {20 nih) were heated
for 5 min on the stewm bath. The solution wax dilnted winh
ntethanol (200 1ml) and hered for 20 min. Filiration of the enoled
solntiom gaave the enamine 25 gi, mp 134--174°. The analyiieal
=ample bad wp 164-174° (from methanoby: nv. Ao 206 mu
Ce 1120000 mur, d-proton triplet § .93, J = 0.3 eps tIsa-11
S-protan singlet 6 2010 Gaeetate CLEL 4-proton notdtiplet 8 500S
SHovext 1o N pyrradidine ringd, T-proton singlet 8 408 0421w

soqEs L oss Foomd: o

T TN Foopnd: O

I-proton riplet 3 480, = 705 eps A Tw-HL Tproton dhmbler §
AN = eps LD
dwads Coled for CallaNOS 0 T80T L 02h N oLeh,

Found: €, 7s08; T SA6:0 N, 504,
¢1-173-Acetoxy-9a-chloromethyl-18-methylestr-4-en-3-one
TXXX). - XINTV (22 g3 was kept at roont tenpreratre for 5 min
i ONCT THCOUIT oo mbs. Alter 10 min water (oD mby woas
adde:d, sl ofter o Govther 29 mive the mixmre was extroered with
ether.  Reevvsmilization of the prodited {rom hexone gave the
ernde XXV T2 e mp SU-R6%0 1y, N 240 mu Ce 17,0005
iy, S-preton triplet 8 V960 = G eps (ESa-th Sepracan
singlet 8 206 tacetate CHas 2proton =inglet § 287 i4-1H0 |-
proton tiplec 5 L8200/ = S eps (1Te-1, Tproron donblet 6
200, = deps o l-HHL NNV (6 ) was kept in methanel < 1oy
ml eontanang No B for B b ot 0° Sharh) ool T by sl voons
temperature.  Reervatallization of the pradnet feony hexone
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ether gave the mixture of XXVI and XXVII (4.2 g): mp 110-
120°; 1v, Amax 237 (sh), 242.5, 231 (sh) mu (e 18,852, 19,820,
13,070); nmr, 3-proton triplet & 0.92, J = 6.5 cps (18a-H),
S-pratan singlet 8 2.08 (acetate Cll3), 1-pratan multiplet (hroad)
8 3.92 (3&-H), 1-proton triplet § 4.80, ./ = 8 ¢ps (17a-H), 1-proton
doublet, J = 3.5 cps (11-H). An aliguot (166 mg) of the fore-
going mixture was shaken at atmospheric pressure with Hy in
methanal (10 ml) contanting 4% Pd-C (100 mg) mmtil 12 ml of
gas had been absorbed (30 min). Recrystallization of the product
fram ether-pentane gave a mixture containing III and IV, mp
109-112°, having a closely similar infrared absorption spectrnm
to a mixture of IIT and IV obtained from the NaBH, rediction
af II, and shown by tle to contahn ca. 80¢% of III and 209, of
IV, The mather liquors of this material were shawn by tle to
coittain the same mixture. The mixture of XX\VI and XX VII
(2 g) was treated with Zn-Cu counple (10 g) and CH,I, (20 g)
it ether (170 ml) for 1 hr as previously described, and the mixtiure
was heated in an auntoclave for 3 hr at 90°. Trituration of the
cride prodiict with ether gave crystals formulated as XXIX
(0.12 g): mp 170-180° (after preliminary softening at 150°);
nmr, 2-proton singlet & 0.70 (19-H), 3-proton triplet & 0.93,
J = 6.7 eps (18a-H), 3-proton singlet § 2.04 (acetate CH;), 1-
proton multiplet 8 3.63 (broad), half-height width 30 cps (3-H),
1-proton triplet 8 4.82, J = 8 ¢ps (17a-H), l-proton doublet &
5.43,J = 5.7 cps (11-H). The residue in the mother ligitors was
chromatographed on nentral alumina (60 g), benzene-hexane
(1:1) eluting unidentified material (0.72 g), possibly 3-alkoxy
steroids,”! and beinzene—ethyl acetate (9:1) eluting a gnm (0.51
g) formnlated as XXVIII: nmr, 2-praton singlet § 0.5 (19-H),
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3-proton triplet & 0.97, J = 6.5 cps (18a-H), 3-proton singlet
8 2.10 (acetate CHs), 1-proton multiplet 8 3.63 (broad), half-
height width 30 cps (3-H), L-proton triplet § 4.91, J = 8 cps
(17a-H), 1-proton danhlet § 5.72, J = i.7 ¢ps (11-H). Benzene-
ethyl acetate (8:2) eluted further XXIX (0.04 g). XXVIII
(0.04 g) was oxidized with 8 ¥ H,CrO4 (0.04 ml) in acetone
(10 ml) and the prodiet was worked up as usnal to give an oily
ketone (0.032 g) nniform by tle; nmr, 2-proton AB system pair
of donblets § 0.55 and 0.80, J = 7.5 cps (19-H), 3-proton triplet
8097, J = 6.5 cps (18a-H), 3-proton singlet § 2.08 (acetate CHj),
2-proton singlet & 2.72 (4-H), l-proton triplet § 4.80, J = &
cps (17a-H), 1-proton daublet 8 7.70, J = 6 cps (11-H). The
ketone (20 mg) was kept for 1.5 hr at raam temperature in CHCl,—
HCL  The prodhict was recrystallized siiccessively from ether
atid acetoire to give XXX (16 mg): mp 161-164°; Amax 242
myu (e 13,100); nmr, 3-protou triplet 6 0.98, J = 6.3 cps (18a-H),
3-proton singlet § 2.04 (acetate CHj;), 2-proton AB system, pair
of donblets & 3.42 and 3.68, J = 11 cps (9a-H), 1-proton braad
singlet & 5.95, half-height width 5 cps (4-H).

Anal. Caled for CH3ClO;: Cl, 9.35; M, 378.0. Found:
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 introdiiced via Li-lignid ammonia treatment of 38-acetoxy-Sa-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 methylmagnesiiim iodide to the A8-20-keto system of I, or its corresponding 3-tetrahydropyranyl
derivative, followed by methylation of the 16a-methyl-17-enolate anion thus generated. Further elaboratian

af the resulting 17-alkyl derivatives was carried ouit by standard proceduires.

Of particular interest is the syn-

thesis of the 17-methyl and 17-ethyl derivatives af 17-deaxy-Oa-fluaropreditisolane 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 corticoid type.
Previous reports'® from this laboratory have deseribed
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.?
['ur 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'S-
20-ketone followed by methylation of the intermediate
enolate anion.

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

(1) {a) M. J. Weiss, R. E. Schaub, G. R. Allen, Jr., J. F. Poletto, C.
Pidacks, R. B. Conrow, ana C. J. Cosecia, Telrahedron, 20, 357 (1464); (b)
see alsy R. Degliengli, C. Revesz, and R. Gandry, J. Me/, Chem., 6, 301
(1v63).

12) M. J. Weiss, R. 1L Scuauly, J. I, Polecn, G. Ry Alen, Jr., awed
Pidacks, Stesniids, 1, 608 (1963).

dehydro derivative.* Trom the results reported at
that time it appeared that replacement of the hydroxy
group at C; with a methyl group results in a decrease
in glucocorticoid 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. Clem., 38, 131 (1957).



