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The Conversion of Estr-4-en-173-0l 1o

Testosterone and the Total Synthesis of Some 18-Methylandrostane and
18-Methylpregnane Derivatives

D. P Srrire, D, Herssr., axp HErensy Sanrn

Neseareh and Development Divisions, Wyeth Laborulories T, Kiclnor, Pennsylrania®

Hecerved Janvary i1, 1067

A novel reaction sequence has been developed for converting estr-4-en-178-ol, by wiay of 178-hydroxy-da-nn-
drostan-4-one (VII) and 178-acetoxy-4-hydroxyandrost-4-en-3-one (4-hydraxytestosterone-17-acetate, XIJ, 1o

\extosterone acetate (XIV).

Application of an analogois sequence to the racemic 18-homolog In has giveu race-

mic 18-methyltestosterone acetate (XIVa) which has been econverted to the correspouding 13-meihylpregnane

derivatives NXTI-XXITI.

Biological activities are reported for racemic I8-methyltestosverone (XV)and XNT -

NXIT and compared with those of approprinte analogs in the wdrostane, 138-ethylgonane, and estrune seriex.

Previous publications front these laboratories® hiave
deseribed the total synthesis of u wide variety of 1338-
polycarbonalkylgounante  derivatives which were re-
quired for biological evaluation. The interesting bio-
logical activities of these substances,*=9 extending, for
several 138-ethylgonane members of the series, to
prouounced clinical effectiveness,—1!? necessitated the
preparation of analogs having a 108-methyl group.
The total synthesis and biological properties of such
133-cthyi-108-niethylgonanes  (18-nmiethylandrostanes
and -pregnanes) will be reported in this and subse-
quent papers,

Because of the ready availability of 138-ethylgo-
nanes#! we proposed to syithesize the required coni-
pounds by the introduction of a single carbon substit-
uent at the 10 position of the gonane nucleus. An-
other group,'* apparently motivated by the previously
mentioned biological properties of 138-ethylgonanes,
Iiave chosen to make the 108-methyl homologs by pur-
tial synthesis through 18-oxygenated pregnanes. Here
we describe the synthesis of 108-methylgon-4-en-3-ones
through the Michael addition of the elements of hy-
drogen cyanide to gon-5(10)-en-4-ones. Our plan was
{o develop an effective method iu the estrane series
before applying it to the 138-ethylgonane series. The
novel estr-5(10)-en-4-one III required as starting ma-
terial was readily made from the acetate I'* by con-

i) an X¥: (i, €. Buzby, Jr., G. H. Douglas, C. R. Walk, and H.
Smith, Second International Congress on Hormonal Speroids, Fxeerpita
Medica onndation, New York, N. Y., 1986, in the press.

i2) Postal address: P, O. Box 8299, Philadelphia, Pa 19101.

¢3) G, CL Bozby, I, 0 RL Walk, aml H, Smith, J. Med. Clem., 9, 782
7 166), and earlier papers.

14) (a) 1. Smith, et al., Krperientin, 19, 394 (1963); (L) J. Chewn, Soc.,
4472 (19640 (e) G H. Donglas, G. C. Buzby, e, C. R, Walk, and M, Smirh,
Telrahedron, 22, 1019 (1966).

13) R. A. Edgren, H, Smith, D. L. Peterson, and D, L, Carter, Slernir/ls,
2,319 (1963).

15 R. A, Edgren, H. Smith, . A, Hnghes, L. L. Smith, und G, Green-
span, hid,, 2, 731 (1963),

iTy R. M. Tomarelli and 1. W, Bernbart, ¢hid., 4, 451 (1964).

81 R. A, Lidgren and H. Smith, '"Hormonal Steroids, Biochemistry,
I'lannacology, and Therapentics, Proceedings of the First International
(ongress on Hormonal Steroids,” Volnme 2, Academic Press, lne., New
York, N. Y., 1965, p 161,

19) R. AL Iidgren, D). L. Dleterson, R. €. Jones, (. 1.. Nagra, I{, Smith,
aml (3. AL Hnghes, Recent Drogr, Hormone Res., in the press.

110) R. B, Greenblatt, 1. C, Jnngek, and G, C. King, Awm. J. Med. Sei,,
248, 317 (1964).

111) M. Roland, M. J. Clvman, A. Decker, and W. B, Ober, Ohstet. Gyne
col., 27, 222 (1966).

112) R. B. Greenblatt, 15, ', Jiungek, R. A, Pnebla, and M. €', Ward,
Clin. *hurmacol, Therap., T, 490 (1966).

(13) G, Baddeley, ). Carpie, aml L AL Bilwards, J. Ory, Chen., 81, 1026
[QRNON

version with  N-bromosuecinintide in aeidic aqgueous
dioxane to n bromoliydriyy, followed by Joues oxida-
tion, ¥ and dehydrobromination of the resulting bromo
ketone II in refluxing pyridine.  In accord with its
assigned structure, TIT had Mgy 201 mp (e 13,000)
characteristic of an  «.8,8-trisubstituted o.8-unsatu-
rated ketoune, and showed no vinylie proton sigual in
its pmr spectrumn. The addition of the clements of
HCN to I in the presence of diethylaluminum bra-
mide™ gave n 7367 vield of the evano ketone TV show
10 be o 108-eynnocstrane ' by its subsequent conver-
sion to nn andrastane derivative. The eyano group in
IV was converted to a methyl group by ketalization,
reduction of the ketal V to the imine VI with lithium
sluminum hydride in tetenhydrofuran, Walff-Isishner
reduction, and acidie hydrolysis. Reaction sequences
af this type were originally developed by Nuagata,
et al,'™ for transforming angular cvano to angular
methyl groups i steroids and related structures.  No-
tably, the Wolff-=IKishner reduction proceeded efficiently
with the huine VI, thercby saving one step, The
resulting ketone VIT was identical with an authentic
specimen prepared from testosterone.’™ The Ha con-
figuration it VII was confirmied by the ORD and
proton umr spectrin.  The ORD speetrunt, deterinined
for a dioxane solution, displayed a negative Cotton
effect of amplitude —76°, which is to be compured with
anplitudes of —94°1 und —91°% given for typical 103-
methyl-4-ox0 de-steroids, and that of +8°2 given for a
typical 108-niethyl-f-oxo 88-steroid. The —94¢ value
wus obtained for n wethanolie solution: the solvent in
the other two cages was nat disclosed.  The pnr spee-

Ly ML S0 leWiocer, C0 ML Siegmann, amd 20 AL Szpilfogel, Chem, L
clLondony, 905 1193493, bave deseribed Lhe yvorrespoding aleabnl,

c13) K, Rowden, 1. M., leilbron, 10 R, L denes, aml 14 O L. Weealon,
Jo Clhem. Soe., 30 5194610 ¢ Djerassit, R R Fngle, sand AL Bowers, J, Org.
Chem., 31, 1547 103D,

(16)(a) W. Nugata, M. Yueshioka, and 3. Hivai, Pejvahviven Lellers, 161
11962), have ilesceribed ¢le diethylalnmimmnn ehloritle mediated addition of
IICN to steroids containing a,g-nnsanpaied carbonyl gemps, bt net i
chiding the novel rsir-3ilU)-en-4-one system. (by After the completion
of our work, I Mishman and 11, Gazik, il 1483 11966}, aliselosed the
conversion with KON in Loiline ethylene glyeol of 1wo esir-i3i10)-en-B-ones,
ohtained thronusl the degradation nf androstane derivatives, (o corresponi-
ing 108-c¢vanvestran-6-ones. and lhe ¢ransformation of the lacter snlwianeces
ta imermediates whieli Lol previensly heen converted o androsi-4-en-3.
ones.,

(17) L.y., W. Nagata, Tetnthedvon, 18, 287 (1961): W, Nagala and 1.
Kikkawa, Chem. I'horm. Bull. (l'okyo), 11, 280 (1963): W, Nagats, I,
Terasawa, and T. Aoki, (e, 11, 819 11863),

118 K. Hensler, J. Walvela, G. Anorr. and AL Welteosin, Helw, Chio,
v, 46, 332 1),

P10 W, Wlvne, Frperienlia, 20, 349 710643,

Gl N D Hartsborn and 11 Iivk, Pebrahedron Lelpers, 89 010600,
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trum showed a Ciy-methyl singlet at § 0.73 in excellent
agrecment with the chemical shift of 0.76, calculated
for Sa-androstan-4-one using previously summarized
data,*! and quite distinet from that of 1.125 similarly
calculated for 53-androstan-4-one.

The next phase in the synthesis called for the prepa-
ration of 4-hydroxytestosterone 17-acetate XI from the
acetate VIII vig the oxime X. Direct oximination of

VIII with amyl nitrite and sodium methoxide failed, R R! R? R 1
but X was satisfactorily prepared from VIII by Claisen V, CHy COCH, ON VII, CH; H
condensation with ethyl formate and treatment of the :CIL,] 81?35 60}91{3 gi?:z\' " §IIII?, %ZHH; C()HCH3

resulting 3-hydroxymethylene steroid IX with uitrous VIa, C.H; H CH=NH VIila, C,H, COCH;
acid.**  Hydrolysis of X with a mixture of acetic and

pyruvic acids gave 4-hydroxytestosterone 17-acetate OCOCH, (COCH,
XTI, identical with an autheutic sample prepared by a
Lknown method frow testosteroune.?® This substance
is formulated us such, rather than the alternate 2-cn-
3-ol-4-oue, from its prur spectrum which shows 1o
viuylie proton signal.  Oxidation of VIIT with selenium
dioxide in aqueous ethanol gave an iutractable product

OR:

from which no XI could be obtainied. For conversion IX, R = CH;; R'= CHOH XLR=CHy Rt=H
to ‘testosterone acetate, XI was converted to its IX;%: % = 8%%?1 II%‘ = I%ISI?IH g%fi, % = 8%{;], R'=H
mesylate formulated as XIT rather than as a derivative Xa R = GHy R' = NOH R' = SO,CH,

of the alternate enol, from its pmr spectrum which XIIa, R = C.Hs;
showed no vinylic proton signal. Hydrogenation of Rt = SO.,CH;
XII in acidified ethyl acetate at atmospheric pressure OCOCH, OR!
over palladized charcoal until 1.4 moles of gas had been R R
absorbed resulted in saturation of the double bond and

partial reduction of the carbonyl group. Oxidation

of the product with the Jones’ reagent® then gave a

single isomer of structure XIII which was converted

by refluxing with lithium chloride and lithium carbonate 0S0.CH

in dimethylformamide to testosterone acetate XIV, B

identical with an authentic sample. Hydrogenation XIII, R = CH; XIV, R = CH;; Rt = COCH;
of XIII under similar conditions over Adam’s catalyst XM R = CH,  XIva R = =

until hydrogen uptake ceased gave a complex mixture XV, R
from which 178-acetoxy-da-androstan-3-one was iso-

lated i1 1797 yield.

OCOCH;,

XVI, R = OH; R* = H XXI, R = C=CH
XVIL, R+ R = O XXIT, R = C;H,
XVII, R = OH; R* = C=CH

XIX, R* = OH; R? = C.H;

XX, R! = OH; R? = C=CCO,H

OH XXIIIL, R = C,H;
XXIV, R = CH,
111, R = ClI; . =C . .
la, % = (CJ?H":, I{"a: E - (CJgIIf:, In an analogous fashion the racemic acetate Ia,?

derived from the corresponding alcohol,®* was con-
verted to di-18-methyltestosterone acetate XIVa

(21) N. 8. Bhacca and D, H. Williams, “Applications of NMR Spec- . v .
o through the respective intermediates IIa~XIIIa. The

troscopy in Organic Chemistry, Illustrations from the Steroid Field,"
Holden-Day, Inc., San Francisco, Calif., 1964, pp 19-22.

(22) Merck and Co., lnc., Netherlands Patent Application 6,407,322 (24) 'This and other racemic suhstances described in this paper are de-
(1963); Chem. Abstr., 62, 16338 (1965). picted by the enantiomorphs having the 13-alkyl group in the 8 configura-
(23) B. Camerino, B. Patelli, and A. Vercellone, J. Am. Chem. Soc., T8, tion. Where appropriate such enantionorphs are given the prefix ¢, and

3540 (1956). raceinic steroids the prefix Jl.
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TasLE 11

BroLocicaL ACTIVITIES OF di-18-METHYLANDROSTANE, dl-18-METHYLPREGNANE DERIVATIVES, AND ANALOGOUS
ANDROSTANE, dl-138-ETHYLGONANE, AND ESTRANE DERIVATIVES

Comnpd R R! R:
di-XV
d-XXVe CH; CH; H
dI-XXVe H C.H; H
d-XXVt H CH; H
dl-XXI
d-XXV¢ CH; CH; C=CH
Al-XXVi H C.H, C=CH
d-XXVE H CH; C=CH
dl-XXI11
d-XXV! CH; CH; C.H;
dI-XXVm H C.H, C.H;
d-XXVn H CH; C.H,

 Anabolic potency expressed in terms of testosterone propionate (= 100).
¢ Progestational poteicy expressed in terms of progestercne (= 100).

propionate (= 100).
terms of progesterone (= 100). ¢ Testosterone.
with progesterone. ¢ References 4a,b, 5, 6, 8, 9.
(1953)] obtained from Syntex, S. A.

Anab? And.b Anab,’And. Prog® Antiestr?
20 21 0.95 0 ot
10 15 0.67 27 100
54 27 2 3 1100
60 4 15 e 200

7 0.7 10 71 100
0 1 0 0 100
50 6 8.3 915 7300
20 2 10 8.5 730
3 5.4 0.93 0 0
5 2.8 1.79 0 0

340 17 20 500 2600)

80 12 7 750 1900

» Audrogenic porency expressed i terms of testosterone
4 Autiestrogenic poteicy expressed in

f Active but with proliferation of endometrial glands different from that obxerved
k 19-Nortestosteronie [A. L. Wilds and N. A. Nelson, J. Am. Chem. Soc., 75, 5366
¢ Ethisteroute [L. Ruzicka and K. Hofmann, Helv. Chim. Acta, 20, 1280 (1937): H. H. Inhoffen,
W. Logemaun, W. Holweg, aud A. Seriui, Chem. Ber., 71, 1024 (1938)] supplied by Steraloids Ine.

i Norgestrel.1.0.5.6.8.9 & Ny -

ethisterone [H. J. Ringold, G. Rosenkranz, and F. Sondheimer, J. Am. Chem. Soc., 78, 2477 (1956)] kindly supplied by Ortho Corp. ! L.
tuzicka, K. Hofmann, and F. Meldahl, Helv. Chim. Acta, 21, 597 (1938); prepared by catalvtic hydrogenation of XXV (R = Rt =

CH;; R? = C=CH) in benzee over 26, Pd-CaCO;.

m Norbolethone, 1.0.5.6.8.8

» Norethaudrolone [F. B. Colton, L. N. Nysted, B.

Rliegel, and A. L. Raymond, J. Am. Chem. Soc., 79, 1123 (1957)] supplied by G. D. Searle and Co.

stereo structure assigned to each member of this series
follows by analogy with that demonstrated for its 13-
methyl analog. Analytical and other data for both
series are given in Table I.

The preparation of the dl-18-methylpregnane ana-
logs XXI and XXII proceeded through the alcohol
XV which on ketalization and Oppenauer oxidation
gave the oxo ketal XVII. Interaction of XVII with
the lithium acetylide-ethylenediamine complex®:25
afforded the alcohol XVIII, which was converted by
acid hydrolysis to XXI, and, by catalytic hydrogena-
tion followed by acid hydrolysis, to XXII. The
intermediate XVIII was also transformed to the
spirolactone XXIII by carbonation of the bromo-
maguesium derivative, catalytic hydrogenation of the
resulting XX, and acidic hydrolysis. The lower homo-
log XXIV has been recognized as an inhibitor of the
mineralocorticoid activity of deoxycorticosterone ace-
tatein laboratory animals.?

Biological Activities—We deemed it of interest to
compare the biological activities of the series XV,
XXI, and XXII in anabolie, androgenic, progestational,
and antiestrogenic tests with those of their analogs in
the androstane, 138-ethylgonane, and estrane series.
The anabolic and androgenic activities were deter-
niinted in the Hershberger test,” the progestational
activities in the Clauberg test,” and the antiestrogenic
activity in a vaginal coruification inhibitory test.2®
The results are assembled in Table II. Since it has
been established*®¢? that various biological activities
of the racemates XXV (R = H; R! = C,H;; R?2 = H,
C=CH, C.H;) are confined to the enautiomorphs cor-

(25) O.F. Beumel, Jr., and R. F. Harris, J. Org. Chem., 28, 2775 (1963).

(26) (a) J. A. Cella and C. M. Kagawa, J. Am. Chem. Soc.. 79, 4808
(1957): (b) C. M. Kagawa, J. A. Cella, and C. G. Van Arman, Science,
126, 1015 (1957); (c) J. A. Cella, E. A. Brown, and R, R. Burtner, J. Org.
Chem., 24, 743 (1959).

(27) L. G. Hershberger, E. G. Shipley, and R. K. Meyer, Proc. Soc. Exptl.
Biol. Med., 88, 175 (1953),

(28) R. L. Elton and R. A. Edgren, IEndocrinology, 68, 464 (1958).
(29) R. A. Edgren, Acta Krndocrinol., 34, 536 (1960).

responding in absolute configuration to the naturally
oceurring steroids, such enantiomorphs in XV, XXI,
and XXII presumably have twice the potencies re-
corded. Baddeley, et al.,'* have described the prepa-
ration of the corresponding enantiomorphic steroids
without disclosiig their biological activities. The
data show clearly that the compounds of the estrane
and 138-ethylgonane series are superior to those of
the androstane and 18-methylandrostane series as
anabolic, progestational, and antiestrogenic agents,
and that XXV (R = H; R! = C,H;; R? = C=CH) is
the most potent progestational and antiestrogeuic
agent, and XXV (R = H; R! = R? = C;H;), the most
potent anabolic agent, in the group. In a deoxy-
corticosterone antagonist test® in the rat, a 4-mg
dose of XXIII administered subcutaneously produced
a 339, iuhibition of the mineralocorticoid excreting
effects of a 10-ug dose of deocycorticosterone acetate.
In a similar test a 0.22-mg dose of the lower homolog
XXIV is reported to produce a 509, inhibition of the
effects of a 12-ug dose of deoxycorticosterone ace-
tate. ¢

Experimental Section

All evaporations were under reduced pressure. All hydrogena-
tions were at atmospherie pressure. Melting points were deter-
mined in capillary tubes (Thomas—-Hoover apparatus) and are
uncorrected. Ultraviolet absorption spectra were determined in
95% ethanol solutions. Optical rotations were determined on
0.5-1% solutions in CHCl; at 25° using the Zeiss 0.005° phovo-
electric polarimeter. Pmr spectra were measured on the Varian
A-60 spectrometer using 5-109; solutions in CDCl; containing
(CH;)s81 as internal reference standard. Shifts are expressed
in & units measured downfield from the reference, and coupling
constants, J, in e¢ps. The former should be accurate to =+=0.1
ppm, the latter to =+=0.5 cps. All substances had infrared

absorption spectra it accord with the assigned structures.

(30) C. L, Nagra and R. A. Edgren (Wyeth Laboratories Inc.), unpith-
lished work. This test is based on the original procedure described Ly C.
M, Kagawa, F, M. Sturtevant, and C. G. Van Arman, J. Pharmacol. Ezxpil.
Therap., 126, 123 (1959).
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l-133-Ethylgon-4-en-173-0l—:i 5-Livhiylenediihio-158-¢thyl-

pon-d-en-178-01" was reduced with sadium v Hgnid anunonia
as previousty deseribed,® and the produer was verrystaized
Irom hexane to give the aleohol, mp 12412

Anal. Caled for C HgO: C) S35, 11
SaA70 1L 1008,

173-Acetoxyestr-4-ene (1) lixvv-d-en-178-010 (2 elowns
kept on the steam bath for T he e pyridine-aeevie anhydride
(100:30 ). The prodier in hexane was filered through neutral
ahunina and recevvsiallized twice Trom mevhanol my give the
aeevate (192 g).

173-Acetoxy-5i-bromoestran-4-one (1l).--N-Bromosirecinime-
e 1200 g) aud 1200 HCIO; (5.6 mb) weve added (o 1 (3 gd i
dioxsune -waier (60:15 mb) and ‘he mixture was kepi av roow
tempersavre for 2 hee  Afver newvvabization (NaHCO;), vhe mix-
Qe was dituted with waver and exveacved winh ether.  Chromie
aetd® 1N N, 4 mb) wis added to the produeCin neevone (6.5 mi;
and he mixnee was siirred av roon temperaare for 13 min.
2-Propanol was added o discharge vhe ved color and vhe mixvare
wax extracied with echer. "Two reerysiatliznions of the prodie
{rom hexane—inecrone gave vhe kerone (1.5 g,

173-Acetoxy-5(10)-en-4-one (11111 (108 g; was refluxest
pyricdhiee (100 mb) fov 1 hr. The solvent was evaporated, waer
wis dded vo the residae, and vhe mixvare was exvenpved wivh
cvher.  Evapormion of the washed and dried extracis gave a
resichie which was peveolnved in hewzene through nenteal alamiie.
Three reerystallizations of vhe praduer Trom acevone-hexane
gave the kevone (4.5 g1

173-Acetoxy-103-cyano-5:-estran-4-one {1V .—llvdrogen ev-
anide (1.6 mb) v veteshydrofuvan (T (40 aly was added
slowly with silvring vwnder niveogerc o 2370 dievhylalinuimnn
bromide in heptane "THIEF (48:50 wl) av 0°0 I 48 g} in
TIT 160 ml) was added and the mixinre was Hghdy sioppered
and kepr for 5 hre at voom temperavare with vecasional unsiopper-
ing daring he first hour to release mereased pressure.  The nix-
ture wax added wivh <tivving to ice-cold 54¢ agueous NaOIl and
extvaeted with chloroform. The peoduet i benzene was per-
colated vhrongh nemral alimina and veevysiallized from hexane
acetone ta give the ketnne (3.8 g).

173-Hydroxy-5«-androstan-4-one (VII).--1V (I g) was ve-
Huxed v benzene (100 mb) convainivg evhylene ghveol (10 ml) nnd
p-roluenesutionie acid (0.1 g) for 9 hr (Denn-Suvk waver sepa-
rmorl. Fhe henzene was evaporated, warer was added to the
residue, and vhe mixtave was exwracied with CHClL. The prod-
w Vi THE 50 ml) was added aver 15 min with stirring vo
LIAHL TR g) in THE (30 ml) av 0° vnder Nay vhe mixvare was
refluxed for 18 hr, 0.86 3 agneons poGesiim <odhnn varirate-0.3
M ovarvarie aeid (2005 mb) was ecavvionsty added, nnd the mixoe
was dihved with watev nnd exveneted with CHCL. "The produ
VIOE g)y N 6,15 g wans kept for 2 he an 140-150° v dievhivlene-
ghyeol-hydrazine hydrate (70:5 mb) cordaining KO 5 gy,
The mixture was distilled vntil ¢he boiling poin reached 216°
aned refluxed for 6 hr. The produei (I g) wax vefluxed for 1o
min i acetone~10 N HCEHGO:2 ml) and vhe solution was evipo-
raved, dilived with water, mid extracied winh CTICL, The prad-
ael. wax chrommographed on nevveal alnming, ehating with ben-
zene—evher (20:1) giving vhe de-nndvostanone (0.5 gy ORD
(¢ l)()‘)7. dioxnne): [élan —1200°, 1ol —a890°, el —2140°,
VL = 2020° [@0m +4190°, 1l 420407

176 Acetoxy-4-hydroxyandrost-4-en-3-one (XI). - VIL (0,07
wis kepy onovhe steam bath for 1 e e pyrdine-aneetie aphydvide
i15:5 miL 'The produnev (VI 1.1 g) was kepy av room tem-
peraiure fov 2 days with sodium methoxide (2 g) in ether—ethyl
fortate (K010 mbl The mixtare was dilmed wivh waver,
waxhed \\1111 erher, acidified with ll(.'l, .1(1(1 extracied with CHCI,.
The solid produer TN (096 g), My 279 mu in CHuCle-nrvetiic
aeid-waver (12:60:5 mlb), was treated al l)° with NaNO. (0.36 g)
in warer (O mib). The mixtare was siirved nt 0° {or 43 min,
ditaved with CHLCL, washed winh waver antil weutral, dried,
and evaporaved to give vhe xolid |)l(1(lll('l N (8 @) Ny 240 g,
which was refluxed for 10 hr v acedie acid=water-pyruvie acid
23501505 mb). The mixture was enneevmed v a0 shnry,
ditnted with CHCl;, washed with 547 agqueous KHCO, and waier,
dried, and evaporated to a red oil whieh was chromuatographed on
sihea gel. Ehaition wich benzene--cthev (9:15 gave the hydroxy-
sodvsCeane 10208 )

o2, o O,

D Snpphed By Orminel, Hampstem], N2 1L

Sruikk, D). Herpsr,

ANy H. Sarrn Val,

173-Acetoxy-4-methanesulfonyloxyandrost-4-en-3-one ¢ XII ;.
NT o g was kepn ar 0° for 16 hre v pyvidae-methanesntlonyl
chlorvide (ino:a b The mixinre was added to tee water (1 1o,
s the preeipiinte was Rlvered off and refluxed in neetone Lelun-
copd . Two recrvaiathizanions ol he produet Troms teetoee
hexnne gave the methavesatfornte (4.2 gf.

173-Acetoxy-4:-methanesulfonyloxy-5:-androstan-3-one ¢ X111 1

NIL et @) was <haken wivh 1l v ethyl acetave-T1.80), (400
by contaidng 1 Pd=Cou2 g vl Fad moles of Ha hod been
absovbed 155wy The mixtire was Rltered and the filamie
wis washal with 300 agqaeons KITCO, and waner, dried, nad
evaporated,  Chouie aeid® o8 N3 was added 1o vhe prodier e
acerone 160 U nutil aored entor persisteh arad the mixeare was
stirred av mon tempevamve for 30 i The red color was
diseharged wivhe 2-propanol; aied the mixvuve was coneerdraved
to 1y b dibred with water, aud exvracied with CHCE. Bre-
evy=tathizatinn from aeetone-hexane gave the ketore 155 g

Testosterone Acetate (XIV).-- NI (0.04 gi was siiveed uidder
pitvogen at 140° fov 4 hrein DM (T b comnining LiCH: 2 ¢
ared Brhimm earbounte 1.2 gi0 The solvent was evaporaved aud
the rexidae wis alissolved e evher sud washed winke wiaer,
Iviporavinie of vhe dried extract gave o vesidine which was per-
colated in benzene throngh nevveal b, Fhe prodoiet was
reery=svabtized from aveione-hexne, refluxed inacerone feharenal s,
and reervaiatlized froa accione-hexane To give Gestosierene
arelove (016 g ap 1iT-1a°.

«/-18-Methyltestosterone f\'V) NIVa 200 g was relluxed
for | heander Nowich KO 2 g3 inomethanol=waver ¢Hoa: 10 mib.
Fhe mixvire was conee nllal('(l o asheey md dissolved e CHCL,
aud vhe solavion wos washed with waver wed dried. "Three
reeryv=tablizations nl the prodaer {rone aecrone gave the methol-
vexlosierone o g

l-173-Hydroxy-18-methyl-17«-pregn-20-yn-4-en-3-one ( XXI ..

NV 0550 @) wes refluxed Tor 18 he e benzene-ethviene ghyeol
1004 b rontaddnugs p-votaenesulfonie acid 1200 mg) 1 Den
Stark water separmiery. The solid produer NV was refluxed
fov 4 T areder No with ataminim isopropoxide (0.5 gi in benzene
wevhyt ethyl ketone 150:25 b The cooled mixtare was dilvred
with ether, washed witke wiaver, diied, and evapornved.  The
vesidue was chromatographed on nement aluming, elavinn with
berzenc giving NVIL 10,26 g), mp 162-166°, A7 5.75 4. Lith-
tam acevylide—-ethylenediamine complex®-® (0.7 g) was added 1o
NVIT F gy in dimevhylacernmide (35 mi, previousty ssvarated
al ol temperatare with acetylene), and aceiviene was passed
with stivving thimugh the misvare fov 2.5 hee Phe sohwion was
added 1o Tee wiaer ;nnl lh(' mixvive was exienered with ether,
The produes NV ¢ i, having v infrared .1l)<nl‘|ni->1» in (l((
D.00-u reglon, was ke av ream vetperatare for 2 heia THE 5 )
HCHO, 2306wk The misvare wax basified wivhe 377 agnonas
KIFCO;, coneerdrated, dilited with wiver, sid extracted with
CHCL The prodaer was chromatographed ow nemral adaming,
chitioa with bewzene evher (19: 1% giving o prodoey which was
reervstabized Awie o aereinue-hexane Lo give the aleohol
LT .

J1-173-Hydroxy-18-methyl-17x-pregn-4-en-3-one | XXII1;.
NVIIL L2 g was shaken with hvdrogen in ethyt secevive-hezeee
(004 by contaidneg 277 SrCO-Pd ol 2.2 maoles ol gas fuwl
heewe absorbed 2.5 heo 'The peodael XTN was kept av voown
wenapermvare a2 b e -5 37 THCHOC 14000 b T wees
chvanutographed on reatval abunina, eliion wivh benzere giving
a prodact which was reerystadlized vwice fvom aretaee hexane 1o
wive vhe methylpregnene (0.47 g).

[-173-Hydroxy -18-methyl- 17a-pregn-4 -en-3-one-21-carbox-
vlic Acid Lactone ¢(XXIID.- ‘Btheveal mevhvlmagnesivin b
mide 03 A, 25 miby was .ul(l((l under Nooto NVID 008 g3 o
THF 160 ) mwd the mixtave was retluxed tor 1 hee COL was
bubbled vhrongh vhe ronted sobuwvion for I he, aad the misvare was
added (o tee-wnier spd extvacted with evhev. The ether solutbao
exvnered wivh 3*7 agueotis KHCO, and the agqueoas exveael s
Cacidified wivh tartarie neid and exirneved winhether,  Fvap-
armvion of the washesd and dried extracws gave NN (L5 g,
The newral feaetion (18 g) was reeveled to obiain further XX
(0.3 g1 The combited produnet was shaken wivh hydrogew in
ethvl acerate-henzene (30:20 mb) eontalning 29¢ CaCOy-Pd
(0.6 b nnal 2 noles of gas had been absorbed 2.5 hr). The
pixtave wies [iterenl sod Qe lira Geowas heated otcrhe stean baik
Toe 10 pvan with TE N FHCEH O mib). Phe prodeet was chronudao-
graphed ou veatral alaing, chivion with betzene givivg w prod-
el which was ceervsiallized from aceioue-hexene to give he
Bretone €007 g0

wi
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The =yntliesis of S-aza-19-norprogesterone, 17e-hydroxy-S-aza-19-norprogesterone, and several isomeric prod-

wets has been acconiplished by application of the previously described sequence.
the basis of which the stereocheniical assiguments are made.

gels.

Previous papers? in this series have described the
synthetic route to the 8-aza steroid nucleus developed
in these laboratories, and application of the method
to the synthesis of 8-azaestrogens and 8-aza-19-noran-
drogens. The present communication deals with the
preparation of the 8-aza analog of 19-norprogesterone
and related products. Subsequent publications will be
concernied with applications of the method to the prep-
aration of the 8-aza analogs of other 19-nor steroid
hormones.

Preparation of the known? 2-methyl-2-3-carboxy-
ethylcyclopentanoue-3-carboxylic acid (4b) was carried
out by modifications of published procedures as sum-
marized in Chart I. Triethyl 2-carboxyglutarate? (1)

CHart 1
EtOOCCH.CH,CH(CO.Et), + BrCH(CH.)COOE!
1 (58%)

COOE{
EtOOCCH.CH,CCH(CH,)COOEL —

COOEt
2 (54%)
0 ]
&[ — &E )
COOH COOH
3 (hd%) 4a, X =CN (57%)

b, X=COOH (G3%)

was prepared by adaptation of the method of Floyd and
Miller.> This was alkylated with ethyl a-bromopro-
pionate to give the known® 2, which was converted to
acid 3%7 by the procedure of Shimyakin, et al.t

(1) Part III: R. E. Brown, D. M. Lustgarten, R, J. Stanaback, and R. I.
Meltzer, J. Org. Chem., 31, 1489 (1966).

(2) (a) R. I. Meltzer, D. M. Lustgarten, R. J. Stanaback, and R. E,
irown, Tetrahedron Letters, 1581 (1963); (b) R. E. Brown, D. M. Lustgarten,
R. J. Stanaback, M. W. Oshorne, and R. 1. Meltzer, J. Med. Chem., T, 232
(1964).

(3) P. C. Dutta, J. Indian Chem. Soc., 31, 875 (1954).

(4) L. Ruzicka, A, de Almeida, and A, Brack, Helr, Chim. Acta, 17, 183
(1934).

(5) D. E. Floy:l and 8. E. Miller, J. Ory. Chem., 16, 882 (1951).

(6) M. M. Shemyakin, L. A. Shchukina, E. I. Vinogradova, M. N.
Kolosov, R. G. Vdovina, M. G, Karapetyan, V. Ya. Rodionov, G. A. Ravdel,
Yu. B, Shvetsov, E. M. Bamdas, E. 8. Chainan, K. M, Ermolaev, and E, P,
Semkin, Zh., Obshch, Khim,, 87, 742 (1957).

Spectral data are describerl on
The products were casentially inactive as progesto-

Michael addition of 3 to ethyl acrylate failed under a
variety of conditions. Addition of acrylonitrile, how-
ever, did take place exothermally under strongly basic
conditions and led to adduct 4a. That addition to the
cyanoethyl group occurred at the more substituted
carbon atom, as desired, was established by the unsplit
methyl nmr signal at 1.02 ppm.  Hydrolysis to the re-
quired ketodicarboxylic acid 4b was accomplished with
HCIL.?2  On the basis of thermodynamic considerations,
the methyl and secondary carboxyl groups in this
product were agsumed in previous work? to have a c¢is
relationship to each other. Some additional evidence
relative to the configuration of 4b was obtained in the
present work (see ref 8).

Condensation of 4b with m-methoxyphenethylamine2?
was catried out by both of the previously described!:
procedures. Direct condensation in refluxing xylene
afforded the unsaturated lactam 5 in 779, yield. Cata-
lytic reduction of 5 proceeded stereospecifically to af-
ford a single saturated lactam 7 (Chart I1I9). This was
also obtained as the sole product of reductive condensa-
tion of the amine and 4b. Proof of the trans fusion of
the pyrindone rings in 7 was obtained in later work
(see ref 10),

Lactams5and 7 were treated in succession with POCl;,
ethanol, and dilute base to give the unsaturated es-
ters 6 and 8, respectively, in high yields, the reactions

(7) K. 'Toki, Bull. Chem. Soe. Jupan, 80, 450 [1057).,

(8) Somme additional evidence on the confignration of 4b may now he
derived in the following way. In 12a, the acety! group is g and therefore cis
to the angular methyl. Since no change in confignration dnring acid-cata-
lyzed hiydrolysis would be expected, ketone 10a (as obtained by the Corey
procedure) must also have the acetyl group ¢'s to the methyl. Likewise, the
Corey procedure probably proceeds without change in configuration (the
stable anion

17 20 21
~-CHCOCHSOCH;

presumably preventing alstraction of the proton at (U-17), leading to be
conclusion that the COOR group in 9 is also ¢is to the ClHs.  ‘I'lte same must
then e true in the precursor 4b.

(9) All compounds described in this paper were obtained as dl pairs. For
convenience, the structures depict only one of the optical antipodes.

(10) The C-D trans ring junction in the saturated lactam 7 was established
in the following way. When sulfoxide 10b was treated with acetic acid fol-
lowed by Raney Ni, a minor produect isolated from the reaction was identified
as liydroxy ketone 16¢. Since the ring jinction of 185¢ was established
unequivocally as trans by its preparation from keto lactam 18a of known
trans ring junction, it follows that sulfoxide 10b, its precursors 7-9, and its
transformation products 11 and 12 must also have the C-D trans ring junec-
tion. This work will be discussed in detail in a subscauent publication.



