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The =yuthesis of S-aza-1Y-norprogesterone, 17a-hydroxy-8-aza-19-unrprogesterone, and several isonterie pend-

acts has been accomplished by application of the previously deseribed seqaence.
the basis of which the stereochemical assigameits are made.

gens.

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 S-azaestrogens and S-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
concerned 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-2-8-carboxy-
ethylcyclopentanone-3-carboxylic acid (4b) was carried
out by modifications of published procedures as sum-
marized in Chart I. Triethyl 2-carboxyglutarate* (1)

Cuarr I
E(OOCCHCH,CH(CO,Et), + BrCH(CH,)COOEt ——
1 (58%)
COOEL
EtOOCCH,CH,CCH(CH.)COOEL ——
COOEt
2 (54%)
TNy
COOH (()OH
(4% 4a,. X =CN (5

b, X= COOH (»J/a)

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, ef al.t

(1) Part I11I: R. L. Brown, D. M. Lustgarten, R, J. Stanaback, and R. 1.
Meltzer, J. Org. Chem., 31, 1489 (1966),

(2) (a) R. I, Meltzer, D. M. Lustgarten, R. J. Stanaback, and R. E,
1irown, Tetrahedron Letters, 1581 (1963); (b) R. E. Brown, D, M. Lustgarten,
R. J. Stanaback, M. W. Osborne, 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. Floyd and 8. E. Miller, J. Org. Ckem., 16, 882 (1951).

(6) M. M. Shemyakin, L. A. Slichukina, E. 1. Vinogradova, M. N.
Kolosov, R. G. Vdovina, M. G. Karapetyan, V. Ya. Rodionov, G. A. Ravdel,
Yu. B, Shvetsov, E. M. Bamdas, E. 8. Chaman, K. M. Ermolaev, and E, P,
Semkin, Zh, Obshel, Khim,, 37, 742 (1957).

Spectral data are deseribe:] on
The prodicets were essentially 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
HCL.?* On the basis of thermodynamic considerations,
the methyl and secondary carboxyl groups in this
product were assumed 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-methoxyphenethylamine?®
was calried 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 11°). 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. Sve. Japuw, 30, 450 (1007).

18) Sowme additional evidence on the confignration of 4b way now he
derived in the following way. lu 12a, the acetyl group is 8 and therefore cis
to tlie angular methyl. Since no change in configiration during acid-cata-
lyzed hydrolysis would be expected, ketone 10a (as obtained by tlie Corey
procedure) must also have the acetyl group cis to thie metlivl, Likewise, the
Corey procedure probably proceeds without change in configuration (the
stable anion

17 20 21
~-CHCOCHSOCH;

prestmably preventiug alwtraction of the proton a¢ C-17), leading (o the
conclusion that the COOR group in 9 is also evs to the ClHs.  '1'lie same must
tlien lie true in tlie precursor 4b,

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

(10) The C~D trans ring junction in the saturated lactam T was established
in the following way., When sulfoxide 10b was treated with acetic acid fol-
lowed by Raney Ni, a minor product isolated from the reaction was identified
as hydroxy ketone 16¢. Since tlie ring jnnction of 185¢ was established
unequivocally as trans by its preparation from keto lactam 13a of known
trans ring junction, it follows that sulfoxide 10b, its precursors T-9, and its
transformation products 11 and 12 must also have the C~D ¢rans ring junec-
tion. This work will be discussed in detail in a subscquent publication.
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Cuanr 112

P(:OH COOEt
Yo - Qé‘ﬁ
MeO MeO
5 6
COOH COOEt

MeO

12a, S-acetyl
b, s-acetyl

procecding throagh aeid chloride interniediates. Both
6 and 8 were reduced either catalytically or chemically
(WKBH; i1 ethanol) to a siugle saturated base, 9a.  As-
sigument of the o configuration to the hydrogen thus in-
troduced was based on the presence of Bohlmann bands!
in the infrared and an upfield nnw signal? (na signal
downfield from 3.2 ppm) for this praton, thereby cs-
tablishing its axial nature.  With the trans-fused pyrin-
dine rings, this ix possible for an all-chair conformation
only if the hydrogen at position 9 and the angubar
methyl group are ant' to cach other.

Introduction of the 2-carboic preguaue side chain
was initially accomplished by application of the Arens--
vail Dorp procedure.™  Hydrolysix of 9a with dilute
HC1 gave amino acid 9b, isolated as its hydrochloride.
Treatnient of the hydrochloride of 9b with crhereal
methytithiui in tetrahydrofuran (THLY) gave a erys-
tatline product for which the analytical and infraved
data were couxistent with ketone structure 10a, bat
which was subsequently shown o be impure.'  Con-

Clly fay 10 Bobtmann, Bev., 91, 21Ty 10381 51 WL 12 Rosen, Tefesh e/ e
Leltevs, 481 (1061},

t1H M. Uskakavbe, 110 Brwlecer, €0 von Plaala, 1.
Brosst, J. oD Cheva, Soc., 86, 33t (10641,

(13) In this series of papers, the (erms sy and ant( vefer 1o the relation-
ship of the C-9 hydrogen and tlie C-13 werhy] grovp, The grestion of the
counfigaration of the C-0 hydrogen in the 8-aza steroid nucleus was disenssed
in derail (n pait III' of this series and the reader is referred to this work in
cannection witl tlie stereocliemistry of 9a.

(14) (a) H. Giman and P. R. Van Exs, /. dm. Chem. Soc., 56, 1238
(1033); (b1 J. I Arens and ). A, van Dorp, Nature, 157, 190 11946},

(15) 1t wouldd be expected that both C-17 epiimers would he present in this
produet by eqnilihration throngh the common enol tn the strongly hasic
aredinm encanntered dnring work-np. The umr spectrnim of the material
indicared that both (*-17 epimers were indeed present ho¢ also indicated the
presetice of at least one hy-prodncei.  Thuas the expected ® t wo metly] siznals.,
dintegration ratio »e. 3221 appeared at 0,78 and 1.02 ppng, respectively.

Williaows, stnd AL

version of this material to its ethylene ketud tollowed
by Birell redaction and acid hyvdrolysis furnished the
two C=17 epimers of S-azu-19-110rprogesterone (12a aud
12b), =epmrated by chromatography on atamina.

An dternate route which furnished 12a e better
vield utilized Corey’s procedure® for ketone syvialesis,
To this end. exter 9a was allowed o rewet with the anion
of dintethyl sulfoxide (DNSO), to eive the 3-keto =nl-
fuxide 10b.  Reductive cleavage of this procdhet with
alumimun anmlgam proceeded =nioothly wceording 1o
the published procedure to furnish o <ingle i=omer of
ketone 10a.  Cumversion of this (o it ethylene Ketal
followed by Bivelc redaction waad acid hydrolysis readily
gave S-aza-19-norprogesterone {12a), nncontantinated
by it= epinier 12b.

Assignments of the configurations of the two epiniers
of R-aza-H-norprogesterone (12a and 12b) were bused
o1 eontparison of the chemierd <hifts of the angular
methyvl groups of the two epimers. It has been well
established i erarboxylie steroids'™ that the 17a-ncetyl
eroup <hift= the methyl =ignal to lower field by a facior
of ca. .25 ppni relative to that of the 173-avetyl epinier.
In the case of the two eplmers in question, 12a ¢x-
hibited the methyl signal at 0.82 ppm, whereas 12b
resunated at .12 ppie Thas the nmr datn supported
the conchsion that 12a. the major product of the
cquilibriunt mixture, had n 17g-acetyl group (the ex-
pected more <table preudo-cquatorial conformation).™
Assignment  of  che (uore  stabley 3 configaration
{v he hydrogen introduced  at the newly  formed
conter of asymmetry at C-10 in 12a and 12b (and
in 16a and 16b, sce below) is based on well-established
precedent in the acid treatnient of Birch reductivn
products from various aromatic steroids.!*

Iixperinients designed to itroduce the 17a-hydroxyl
group into 10a or 12a by methods standard w steroid
chemistry were 1y progress when the following alternate
sequience, =ummarized i Cheat THL was developed.
The keto wetam 13a,b of known feans ring junction,
wies converted to evanwhydrin 13b by the wsual pro-
cedre'™ whieh affords epimeric mixtares of eyane-
hydrins with carboeylic steroids.  Although only one of
the expected epinterie eyanohydrins was isolated, treat-
ment of the mother iquors with base resulted i re-
covery of the rendnder of the material as starting
ketone, indicatitg the probability that both vyane-
hydrins had been fromed. The stercochemistry of this
prochiuet beeame evident later in the sequence us de-
seribed below.

Acid hydiuly=ix of the eyanohydrin Inctaan atforded
mixtures of ill-defined prodacts: however, cyelization
with POCL i beuzene proeeeded in high vield to give

cuosisteor with the peesence of Ity C-17 epimers. Twa adlitional singiets of
coal imtensicy it 1,22 and 122 ppin were not congistent with xtrgeinrve 10a,
No stteiipt was naole 1o dsolate the matecial responsitle for these sivnals,
hst it o sazestes] (bat they ace die ta the presence of carbimil 11, focopsd
Livoswver-reaction with atethyllithiiom.  Shiuee ouly two extraneans signals nre
nresent, whicli are equal nintensity, (lie indication is that a single isomer of
11 is present {with rhe side chaiu in the 8 orientation) in which the adjacent
asvmmertric carhion at C-17 renders the carliinol methyl zronps, shifted down-
fiehl dne to proximity ta the alenhol, maguetically nonegnivalent.

(16 tal M. 3. Ryhin and E. €, Blosseyv, J. Org. Chem., 29, 1933 11Ufid):
(i 1D, Cockee, $1. 13, Hanhest, G. 11. Phiflippg, G. P. Slater, and 1. \.
Thovans, J. Chew. Soe., 6 <1963 (¢r M. B. Ruolun, Stecodds, 2, 461 (19634,

170 10 Covey aml ML Chavkovsky, J. A Cheoy. Sec., 8T, 1345 (10G5].

(18 L lljecassi, A, 15 Lipmaun, and 1. Crossman, bad., T8, 247U
C1aAGs,

16y 11 Megsser, P T, Herzie, N Pavsy, aml 00N, Pladiner, [eb, Chidue
et 38, 1068 (1Wa00
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CuHary 111
R R*

07
o0 ¥ :
MeO

13a, R, R'=0
b, R=CN; R‘=0H
c¢. R=0H; R'=C=CH
d, R=0H; R‘=COCH;

MeO

14a, R=CN; R'=0H
b,R=COOH; R‘'=0H
¢, R=COOMe; R‘=0H
d,R=0H; R'=COCH;

RR! COCH;

MeO

15a, R=CO0OMe; R'=0H 16a, g-acetyl
b, R= COCH,SOCH,; R'=OH b o scetyl
¢, R=COCH,; R'=0OH » eacely
G
4, R=C

—0,; R'=0H

\o/ e

e, R=0H; R‘=C—O0
\O/

f.R=0H; R'=COCH;,

quaternary salt 14a.  Acid hydrolysis at this stage pro-
ceeded cleanly to give the hydroxy acid 14b, which was
directly esterified to 14c. Reduction of 14¢ by KBH,
in ethanol gave a single isomer of the saturated hydroxy
ester 15a. Assignment of the 9a-configuration to 15a
was made, as described for 9a, on the basis of spectral
data (presence of Bohlmann bands! in the infrared
and absence of a downfield nmr signal for the angular
hydrogen).'? Treatment of the ester with the anion of
DMBSO¢gave g-ketosulfoxide 15b.  This product under-
went cleavage with aluminum amalgam to give ketone
15¢' in quantitative yield. The ketone was converted
to its ethylene ketal, 15d, which was subjected to Birch
reduction and acid hydrolysis to give the target com-
pound, 17a-hydroxy-8-aza-19-norprogesterone (16a).

Reaction of trans ketolactam 13a! with ethynylmag-
esium bromide gave adduct 13c. Hydration of the
ethynyl alcohol was accomplished by suitable modi-
fication of the literature procedure® and gave ketone
13d. Cyeclization of 13d with POCl; in benzene gave
ketonie 14d which was converted to its ethylene ketal
and reduced (KBH,) to give ketal 15e. Hydrolysis of
this gave a ketone (15f) different from that (15¢) ob-
tained vda the cyanohydrin. When ketal 15e was sub-
jected to Birch reduction and acid hydrolysis, a base
16b, epimeric to 16a, was obtained. That this product
was epimeric at position 17, and not at position 9 was
clear from the presence of Bohlmann bands!! and the up-
field umr signal'? due to the axial angular protons in
both isomers of 17.

Configurational assignments to 16a and 16b were
based on nmr data aud method of synthesis. It is well
known?! that addition of acetylene to 17-keto steroids

(20) M. 8. Newman, J. Am. Chem. Soc., 75, 4740 (1953).

(21) (a) H. H. Inhoffen, W. Logemann, W. Hohlweg, and :A. Serini, Ber.,
T1, 1024 (1938); () T. Reichstein and C. Meystre, Help. Chim. Acta, 22, 728
(1939); (c) R. A. Raplael, "Acetylenic Compounds in Organic Synthesis,”
Academic Press Inc., New York, N. Y., 1955, p 158.
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gives almost exclusively the epimer of the ethynyl
alcohol in which the hydroxy group is 8. Extension of
this generalization to keto lactam 13a would lead to the
prediction that 16b, prepared from the ethyny! adduct
13¢, has the pseudo-equatorial, or g-hydroxyl group.
Epimer 16a prepared through cyanohydrin 13b, would
then have the 17a-hydroxy configuration of natural
steroids. Comparison of the chemical shifts of the an-
gular methyl groups!® of the two epimers, as described
for 12a and 12b, confirmed that this was indeed the case.
Thus the methyl signal of the product from the cyano-
hydrin (16a) resonated at 0.90 ppm, whereas in the epi-
meric product from the ethynyl derivative (16b), it reso-
nated at 1.14 ppm, consistent with the prediction made
on the basis of the known direction of addition of acetyl-
ene. Configurational assignments to 16a and 16b
were accordingly made as shown.??

Biological Tests.——When tested for progestational
activity by the method of Clauberg? as modified by Me-
Phail,2¢ 16a and 16b were inactive at doses of 5 and 25
mg/kg/day sc, respectively (total doses 25 and 125
mg). Product 12a likewise was inactive at a dose of
5 mg/kg/day; however, at 50 mg/kg/day, this com-
pound gave a full progestational response.

Product 12a, as the most interesting of the series, was
selected for further studies. When given subcutane-
ously at doses up to 4 mg/animal/day with or without
the concomitant administration of 178-estradiol (1 pg/
allimal/day sc), it failed to maintain pregnaney? in rats
spayed on the 9th day of pregnancy. Doses above 4
mg/animal/day were toxic. Product 12a also did not
exert progesterone-like activity ¢n »ifro on rat uterine
motility,?® nor did it antagonize the uterotropic action
of estrone in spayed mice at a dose of 1 mg/animal sc
over a 3-day period.

Experimental Section?*

Tetraethy! 2-Methyl-3,3-dicarboxyadipate (2).—A suspension
of 1.275 kg of 53¢ NaH-mineral oil dispersion in 19 1. of dry
benzene was prepared under N in a 50-1. flask. To this was
added 7.012 kg of triethyl 2-carboxyglutaratet in 3 1. of dry
benzene over 6 hr, the temperature being maintained at 12-18°.
The temperature was then raised to 50° and, with stirring, a
solution of 4.93 kg (27 moles) of ethyl a-bromopropionate in 3 1.
of dry benzene was added over 3 hr at this temperature. The
mixture was then refluxed gently for 3 hr, cooled to room tem-
peratiure, and washed with three 3-1. portions of water. The
benzene solution was dried and the solvent was removed. The
residual oil was distilled at 1.8 mm to give a forecnt of 607 g, bp
30-145° (1.8 mm), followed by 5.512 kg of water white oil, bp

(22) The possibility that either 16a ar 16b was a homoannulation?s product
was eliminated by the presence of nmr singlets (3 protons) at 2.21 ppm in
both compounds. This value is in agreement with the known values for the
21-methyl group of 20-keto steroids and contrasts with the observation that
liomoannulation {which changes the methyl group to a methyl carbinol
function) shifts tlie metliyl signal upfield by 0.9 ppm.2¢

(23) N. L. Wendler in "Molecular Rearrangements,”” Vol. II  Paul
DeMayo, Ed., Interscience Publishers, Inc., New York, N. Y., 1964, p 1114,

(24) N. R. Trenner, 13. H. Arison, D. Taub, and N. L. Wendler, Proc.
Chem. Soc., 214 (1961).

(25) C. Clauberg, Zentr. Gynaekol., 64, 27 (1930).

(26) M. K. McPhalil, J. Physiol. (London), 83, 145 (1934).

(27) 1. C. Stucki, Proc. Soc. Exptl. Biol. Med., 99, 500 (1958).

(28) W. H. Sawyver, E. H. Frieden, and A. C. Martin, Am. J. Physiol..
172, 547 (1953).

(29) Melting points were taken on a Fisher-Johns block and are uncor-
rected. TUliraviolet, infrared, and nmr spectra were determined on Beckman
DIK-1, Baird Model 454, and Varian A-60 instruments, respectively. The
silica gel G used for tlc was according to Stahl and was purchased from
Brinkmann Instruments, Inc. Tle spots were visualized in an iodine cham-
ber. All samples for which analytical data are reported showed a single spot.
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FA--100° (LS ) it 108-70% 23 oy vield 3400 o mude-
rinl =atisfuetory for evelization.
2-Methyl-2-3-cyanoethylcyclopentanone-3-carboxylic Acid
(4a).—A zolution of 100 g (0.7 mole) of 3% fu IO 1l of 407
aquentts KO (0,08 mole) was adjusted (o 309, qual, with vigor-
onx stirring, freshly distilled aerslooitrile (44 ml, 0.7 mole) wios
added i one portion.  After s inductbm period of ¢oo 1o, o
vigoroles exothernie veactivg bhegan. When the  temperat ure
renchied 45°) the fiask was sabmerged in an iee it (o control
the temperntnre at not more thaa 30°, When the exathernie
renctiou subsided, the ive bath was vemoved, nwd the reaction
mixture wix allowed (o coal <lowly to roon teiperatare with
stirring. The mixture wis stirred ot room teraperature overnight
awl, with cooling, was avidified (1HCD. The suspeosion was
extractad with tiree portions o ethyl avetate. The extrarts
were vemuliined, dried (Mg=O,), sl cotventrted 10 oil whicl
slowly ery=tallized. "Iritaradon wih a swmall sconat of 1so-
propyl ethier gave G300 g of white olid, mp G--13570 Feon the
mwther liquor, s additional 8.6 g o€ produet wie shtainetd:
total vield TLY g 370 The sooalvtiesd =mnple (o ethyl

avetate) lund wap BIG-1AT25 230 1710, 1785, 2800 van ' Senn
2 ppi (x).
Anal. Caled {or ('.»ll[:;NU;;: ', utal 1 6.7 N, IS

Fomul: C, 61.48; 11 6.88; N, 6.8,

Lactam 5.---A mixture of 2.0 g of 4b (1036 mddel, 8.0 g «f
m-methoxypherethylamine® (0.036 mole), and 400 ml of xvlene
was refluxed with stirring under a Dean-Stark trap, After 2 hir,
LS ml of water had been collevted (thevreticul, 2.0 mly The
mixtire was conled and extracted with 7€, NaOTLL ‘The alkalioe
solution was extracted with ether waal thew aeidified with con-
centrated HCL  The avid suxpension wix extracted with three
portions of ether. The ether solutiotcwas dried and concentrated
to an oil, The ol solidified ou tritarstion with ether (o give
14.0 g (774¢) of white solid, mp 123-126%. A <ample was 1e-
erystallized from ethyl avetace; mp (251277 5005 1720, 1610
[GITN

Anal, Caled foe CullaNOg 60400 11, 6.75.
i.04; M, .84,

Catalytic Reduction of 5 to 7.-A ~olutivnt of 10 g of 5 in 200 ml
of acetie aeld was reduced over 0.1 g of PtOs matalyst at roou
teamperature and 4.2 kg/en?. After G hie, 1egniv of Hy hind been
absorbed, and the rate of aptake wius very slow.  The entalvst
and solvent were retnoved, anl the residue was recryvstallized tfrom
ethylaretate togive T.F g of white <olid, mp H6O--171°, vield 710,
A sample was reerystallized fraan ethyvl aeetate: mp 103 174°:
G RULGT, 1TAD e

Anad, Calid for CLILaaNO UGN
Found: ) 60,54 1, T.84; N, 4.06.

Lactam 7 by Reductive Condensation. A nuxinre of 15 g
(007 mnle) of 4b, 10.6 g(0.07 mole) of n-methoxyplienethy lanive,
250 ml of ethanol, and 0,025 g of PUO, eatalyst was shaken for 24
hr at G0° and 245 kg/em® fuitinl 1 pressiee. The vatalyst
and solvent were removed, and the sulid residiie wis recrystallized
froni ethyl acetate to give I8 g of white erystals, mp 171-173°,
The infrared =pevtrmn of thix material was saperiniposabile witl
that of the material prepared by catalyvtic reduction of 5.

Cyclization of 5 to 6.---A mixture «f G g of 5 nud 30wl of POCH,
was heated for 2 ie oo thestemn batle,. The mixtare was evijo-
rited uder reducal pressire to nu oil. The infrared speetrig
of thi= ol showel a strong Bl ot 1S00 ¢~ favid ehloride
The oil was takern up in 50 ml of absohie ethanol, aind the soludion
wis refluxed for 0.0 e The solvent was remioved, and the rexi-
e was dissolved in e water and nuide hasie with 59 NaO1l,
The =upernatant lignid wax decraited froan the residting g,
and the gunm was reerystallized frome ethanol to give 7.4 g of
tan erys=tals, mp 8T=00°) yvield 887, A smnple was recrystallized
front ethunol; wp D2-03%: 0001615, LERS, 1740 ety A3 B
200 miu (e 18,400,

Anal. Caled for CyalhaNOg: O T4
Fonnd: C, 7412, 11, 76060 N, 4080

Cyclization of 7 to 8.—T.nctiin 7 was evelized avd esterified i
D565 yield ns deseribed ubave for hietim 5. Base 8 was recrystal-
lized from BA%, ethanol; mp 1OH--11E°; 20 1605, 1615, 17253
erm h

Jdnal, Caled for CollpeNOas O TIRTS
Fonnd: ¢, T4.08; 11, 820 N, 408,

Base 8 was vouveunieutly isolnted aud stored o= s quureertaey
perchlorate, mip 134-156° after recrystallizative from ethanol:
psel 1605, 1725 em L,

1"Hululi ( '.

H, .60 N, 4,25,

I T NGB

H, 700 N, 4.t

Vol. 10

Catalytic Reduction of 6 to 9a.- A =olnGon »of 4.0 g of 6 1u
A0l o€ ethnnd was hividrogenated over 0.2 g of PtO; eatalyst at
roon temperatace atel 8.5 kg/em? 1T pressare. After slhinkiong
Fear Faanug 2 ecany of s had been absorbed, Tl catadyst snd
solverd were reawoved, sl the rexithue was taken up o ether,
The ether wis dried (MgRO0 awl dey HCD wis passed Tee The
salul was filtered ual reerystallized frone ethanol=ether to give
S40g of white covsiglline produets tap 200-201° >3 1620,
PO, 20050 v

Andd. Caled {or CalleCING G, Gaas: 11, a6 CLooo,
Fouad: C, 63.52: 1, N1 (ll,- Ut

Tl Tree hase wis abtained by treatiment of o cold mpueons
eUirodie solition of the salt with 54 NaO p X9-00° {rom
deefone waler: ens™ T6TO, 1730 e pho 9700, 2820 et

Borohydride Reduction of the Salt of 8 to Base 9a,—A solnticn
of 42 g of the quaternary perellorate of 8 i1 a nixture of 800 ml of
teetluinol sead 100l of water was treateld with 20 g of Nal3ll, in
std] partions overan WA-lie periad,. The yellow =oliction heenne
colovless, and a heavy white precipitate el The mixtire
wits stiered at oo Tetperaiare for aosadditionad Ta min aod chen
pouared wita 2 Lol wacer, stirred, vooled Doan tee hath Tor e
aml filtered. The prodiet after deving weighed 51 g 19590,
w8 ST TOwas deatical witln the ase olitained by eatalvtic
reclut e of 6 as deseribed 1u the preveding experitent.

Hydrolysis of 9a to 9b. A solmion of 210 g wf the Lividvo-
elidoride o€ 9a in 430 ml w4 N 1CT was refluxed for 6 hr. The
solittion wits evaporated to deyuess and the rexidual juiste was
aiturated with aertowe. The sispension was filtered to give
174 ¢ white =olid, 1up IG-1US®. A smnple wis reerystallized
twicr from etlono] ether: tap 202-208° 2201610, 1730, 2700,
3200 e

Dreds s Caled tor CollCINU O G455 1T T4 O TS,
Foawl: O, 64.60; T 7.07; Cl Q.85

Ketone 10a. A. By Use of Methyllithium, --A saspensian of
15 g o0 9b-HCL o 200 ml of ey TIHI was cooled at 10° il
treatet] dropwise over o F-he period witl 200 nil of ca. TV methyl-
lithian e ether®  The suspended solitl slowly  discolved to
give o vlear coloedess solutinon, The mixtnee wias <tirred for 1
sadditional iy theu the excess methylithinm was decompaosed hy
satctions wlditicar of water. The mixtare was tinally diliuted with
SOl of water, sud the ether and 'THF distilled fronn the two-
plised system, The gmnmy residioe was extravted with ethyl
acetate. The organie phase was dried wud concensrated to give
PO g of whice solid:# mp 121-123°: 50000 1615, 1705 cmt
The Lvileorldoride melted at 214-217° alter reerystallization from
etluiol wther. 0o ale Quethanol (CHCL, 2008010 the base
showed two spors with B valies of 0.7 amd 04 g0 1 ix con-
silered 1ha the less polar spot cepresents hoth C-17 eplimers of
10a winle e wore polar spot represcats a single womer of 11
tsoerel 1o,

B. By Reductive Cleavage of Sulfoxide 10b.--A solution
of 6.6 g of 10b in 200 ml af refluxing 139 arpeons THI was
treated with 0,91 g of amalgamated aluminum? in small picees
over au U.a-hr period. The mixture was stirred at reflax for
o L, by whieh time ao Al remained.  The mixtire was filtered
while e mad the gelativons eake was washed well with hot T,
The filtrate wis coneentrated unedl o shary was obtained.  The
<hiery was voddid €or 3 L ol filtered. The eake was wishied
with witer el deied to give 5.0 g of oft-white solid, mp 141--144°,
vield 919, 0 A smnple was reerystallized twice from ethanol:
Lop FS-140°0 a3 1615, 1705 ena Y

Aaad. Caled for CyllaeNQL O Thads M, SG6S:
Faund,  CoTOT4 L RNT N 482,

O thin Iayver clicomatography, hoih the crale md reerystal-
lized samiples of 10a prepared from the salfoxide revealed a xivgle
=pat.  Using o developing agent comiposed of I-butanol-nvetiv
acid-witer (i:1:1a1 cdie Ky wias 0.2 while o developing agent
composed of 2007 netuund sad SO0 CHCL gave P07

Sulfoxide 10b. A =c=pension nf 4.2 g of 509, Naf-mineral vil
dixpersion in 73 mdf dry DMSO wis warnmed widh stirrig maler
nitrogene to 607 v 2 Lee The resulting elondy selntion wis
eooled to 5%, aml o somtion of 12 g of 9a in 30 1l of dry T
was dded over ad-mdn period. The mixture was stivred for 3 lar
while the teapeentnre was allowed to rise to anibient.  Water wis

N, AT

LA A sohiGioe of T e s0a maeler of CHET i 100wl of aoliydents ether
was wldel slropwise wivhy stieringe ta o cold 10=10°) snxpension of 8.0 g (1.16
eaorasiod Lidn D0 s ctbee. The tixivee wis reflnxe] for 10 min afper
the addition aml eelel. The ebnidy solotion thus prepared conained sys-
pended Lil and exveess Li aod was Sltered through glass wool and titeaced be-
fure tsc
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added cautiously to decompose the reaction mixture. After
dilation with 600 ml of water, the mixture was acidified with 4 ¥
HCI, and the mineral oil was removed by extraction with petro-
leum ether. The pH was adjusted to 7.5 with 5% NaOH, and
the mixture was extracted with four portions of CHzCly. The
combined organic phases were washed with water and dried,
and the solvent was removed. The oil crystallized readily on
seratching.  The solid was slurried 1n ether and filtered to give
13 g (98%.) of tan solid, mp i-100°. The crade material was
satisfactory for cleavage with aluminam amalgam. A sample
was recrystallized from ethanol: mp 123-125°; »N%00 103y,
1610, 1710 cm L.

Anal. Caled for CaHsNOsS: C, 67.17; H, 7.718; S, 8.54.
Found: C, 66.98; H, 7.90; S, 8.35.

8-Aza-19-norprogesterone (12a) and 8-Aza-19-nor-17-a-pro-
gesterone (12b).—A mixture of 15 g of the hvdrochloride of
ketoue 10a, prepared by the MeLi procedure, 10 ml of ethylene
glycol, 200 mg of p-toluenesnlfonic acid, and 400 ml of benzene
wax refluxed for 2 hr, during which time 1.6 ml af water (theo-
retical, 0.8 ml) was collected in a Dean-Stark trap. The reac-
tlon wmixture was cooled and washed with 5%, NaOIl. The
benzene was dried and evaporated to a =olid residne.  The solid
was triturated with petrolenm ether (bp 31-60°) to give 12.0 g
of produet which was transparent in the carbonyl region of the
infrared.

The ketal was dissolved in 200 ml of auhydrons ether and added
to ca. 400 ml of liquid NHjz,  Lithium (2.5 g) was added in small
pieces over 20 min, and the blue salntion was stirred at reflux for
1.5 hr. Ethanol was then added dropwise until the blne color
wag discharged. The NH; was allowed to evaporate with stir-
ring, and the mixture was dilnted with 300 ml nf water. The
layers were =eparated aod thie aquenns phase wax extracted twice
with ether. Tlie combined ether phases were washed with water,
dried (K,CO3), aad coucentrated to a solid residae weighing
10.7 g.  The eunol ether ketal thus nhtained (end absorption only
in the nltraviolet) was refluxed for I hr in 50 ml of 109 LSO,
The solution was cooled 11 au ice bath and made basie with 2095
NaOH. The precipitated oil was extracted with two portions of
ether. The combined ether fractions were washed with water
and dried (MgSO4). The ether was evaporated and the oily
residiie was scratched with ethyl acetate. The slurry was filtered
to give a first crop of 1.9 g of white solid. The mother liquor was
concentrated to a small volume and cooled to afford a second crop
of 0.9 g, total yield of crade 12a, 2.8 g (31%). A sample was
recrystallized twice from ethyl acetate; mp 152-154°; ¥
1030, 1670, 1705 em~1; A% B0 935 my (¢ 15,200).

Anal. Caled far CyHxNO.: C, 75.71; H, 9.03; N, 4.65.
Found: C, 75.87; H, 9.17; N, 4.57.

The mother liquor from the second crop of 12a was concen-
trated to an oil and placed on 300 g of nentral alumina (Merck).
The column was washed well with benzene and anhydrous ether
which removed small amounts of oily material. Elution of the
column with ethyl acetate removed 1.4 g of yellow solid, After
two recrystallizations from ethyl acetate, 0.7 g of 12b was ob-
tained as off-white crystals: mp 151-153°; mmp (with 12a)
123-137°; #1625, 1665, 1700 em=!; ARZ 2% 236 mp (e
16,100).

Anal. Caled for CyHxNO.: C, 75.71; H, 9.03; N, 4.44.
Found; C, 75.41; 11, 0.18; N, 4.61.

On tle (ethanol-CHCl;, 15:83), 128 and 12b migrated at
clearly different rates, Ry ca. 0.7 and 0.6, respectively.

In the same way, the pure ketone 10a, prepared via the sul-
foxide, was couverted to its ethylene ketal and subjected to
Birch rednetion and acid hydrolysis. Thin layer chromatography
of the crnde semisolid reaction prodict revealed no spot corre-
spondiug to 12b.  Likewise, the nmr spectrian of the crude prod-
net revealed no signal at 1.12 ppm. By trituration with an-
hydrous ether, a 509 yield of pure 12a was obtained.

Cyanohydrin 13b.—A mixture of 30.2 g (0.10 mole) of 13a,
126 g (1.95 moles) of KCN, and 460 m! of methanol was treated
with stirring with 126 ml (2.2 moles) of acetic acid added drop-
wise over a 6-hr period. The mixture was stirred overnight and
concentrated under reduced pressure to a paste, the temperature
being maintained below 30°. Water (150 ml) was added, and
the solid was filtered, washed well with water, and dried in a
desiccator. The product (24.6 g, 759 ) melted over a wide
range due to loss of HCN on heating. The product was analyzed
without purification; v 1615, 2250 (weak), 3250 em—1,

Anal. Caled for CiyHauN:O3: C, 69.49; I, 7.34; N, 8.353.
Tound: C, 70.33; 11, 745; N, 8.54.
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The mother lignor and water washings were combined and
extracted (CH.Cls). The solvent was removed to leave a dark
oil ecomposed of nnreacted ketoue and eyanchydrin. The oil
was dissolved in 100 ml of ethanol, 20 ml of 209, NaOH was added,
and the solution was warmed for 0.5 hr on the steam bath. The
ethanol was removed, and the residue was dilnted with water
and extracted with ethyl acetate. The ethyl acetate was dried
and removed to recover 7.2 g of starting ketone,

Cyclization of 13b to 14a.—A suspension of 8.5 g of cyanohydrin
13b in 200 mli of benzene and 30 ml of POCI; was refluxed with
stirring for 45 min. The mixture was concentrated under re-
duced pressure to a heavy oil.  This was dissolved in 100 ml of
hot water, aud the clear solution was cooled and treated with 109,
HCIO, solution. The solid was filtered and recrystallized from
methanol to give 7.4 g vellow crystals, mp 205-207°. A secoud
crop of 1.2 g, mp 204-206°, was obtained by partial concentratinn
of the filtrate, yield 81¢. A sample was recrystallized fram
methanal; mp 205-207°; » 1610, 3350 em =1,

Anal.  Cualed for C H4CINGOy: ¢ 55.45; 1T, f.64; Cl, 8.63.
Fouad: G, 50.44; 11, 5.80; Cl, 8.49.

Ester Quaternary Salt 14c.—A solntion of 7.2 g of 14a in 110
ml of concentrated HCl was stirred at ©5° for 12 hr. The
solution was concentrated nnder high vacuum to a heavy oil.
This was taken np in 1000 ml of methannl and the solution was
refluxed for 1 hr, the esterification being eatalyzed by the residual
HCL.  Chloroform (100 ml) was added and the mixture was con-
centrated to dryuess. The process was repeated with an addi-
tional 100 ml each of methanol and CHCl; (the CHCl; served to
aid attainmeut of anhydrons conditions and thereby ensure
completion of the esterification). The residue was dissolved in
cold water (methanol beiug added to aid solubility), and the clear
solntion was treated with 1047 HCIO4 nntil precipitation of the
salt was complete. The shirry was conoled vvernight and filtered
to give 7.0 g of ervstalline produet, mp 139-161°, yield 909.
A sample was recrystallized from methanol; mp 161-163°;
pulol 1605, 1735, 3500 em=1,

Anal. Caled for CoHyCINOs: C, 54.12; H, 5.90; Cl, 7.99.
Fouund: C, 54.23; I, 6.06; Cl, 8.13.

Reduction of 14¢ to 15a.—A solution of 7.0 g of 14¢ in 200 ml
of ethanol was treated with 3 g of KBH,4 added in portions over
a 0.5-hr period. The mixture was stirred for 0.5 hr and filtered.
The filtrate was cancentrated to dryness and the residue was
partitioned between water and ether acetate. The ethyl acetate
was dried and coucentrated to 5.0 g of solid residae. The base
was converted to its hydrobromide salt for analysis. After two
recrystallizations from ethanol, the product melted at 222-223°;
st 1620, 1720, 2550, 2680, 3400-3501) em ™~

Anal. Caled for CoHxsBrNOy: C, 56.34; H, 6.62; Br, 18.74.
Found: C, 56.56; H, 6.66; Br, 18.55.

Sulfoxide 15b.—Ester 15a (5.0 g of the free base) was converted
to the snlfoxide nsing 3.0 g of the NaH mineral oil dispersion as
described for preparation of 10b. The crude product weighed
4.95 g (87.5%), mp 192-195°. A sample was recrystallized from
acetonitrile; mp 196-197°; st 1030, 1610, 1710, 3360 em =L

Anal. Caled for CaHssNOS: C, 64.42; H, 7.47; N, 3.58.
Found: C, 64.56; H, 7.60; N, 3.40.

Ketone 15¢.—Reductive cleavage of salfoxide 15b was carried
out as described for ketoue 10a. The free hase, abtained in
quantitative yield, melted at 195-197° after recrystallization
from acetane-water. It was converted to its hydrobromide salt
for analysix, mp 260-2532° fromn 2-propancl; »ae® 1615, 1690,
2550, 2650, 3450 em 1,

Anal, Caled for CoMxBrNOy: C, 58.54; M, 6.88; Br, 19.47.
Found: C, 3845; H, 6.86; Br, 19.26.

17a-Hydroxy-8-aza-19-norprogesterone (16a).—A mixture of
3.3 g of ketone 15¢ (free base), 3.5 g of p-toluenesulfonic acid,
25 ml of ethvlene glycol, and 300 ml of benzene was refluxed with
stirring under a Dean~Stark trap for 4 hr. The solntion was
cooled and washed with K,CO; solntion and water. The benzene
layer was dried and coucentrated to 3.9 g of heavy oil which
crystallized. The ketal (15d, transparent in the C=0 regiou of
the infrared) was dissolved in 50 ml each of dry THF and t-butyl
aleohol and added to ca. 400 ml of liquid NH;.  Lithinm (3.5 g)
was added in small pieces over a 20-min period, and the blue
solution was stirred for 1.5 hr at reflux. Ethanol was added
dropwise to discharge the blue color, and the NH; was allowed to
evaporate. Water (100 ml) was added, and the THF was re-
moved by distillation. The niixture was extracted with ethyl
neetate, and the organic phase was dried aud concentrated to give
3.4 g uf wliite solid ennl ether ketal which showed end absorption
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only i the nluaviolet.  This was hydrolyzed directly by re-
Aaxing for 30 min ar 60 ml of methanol awd 40 1l of 3 N 1L
The methaunl was remuoved by distillation and the solution was
made huxic with 1097 NHOIL  The precipitate was extracted
with ethyl acetate, and the =olution was dried nwd concentrated
to 2.1 g uf =olid, mp 191-1D4° The prodnet was veery=tallized
twice from Z-propanol; mp 195197 pXORU TG0, 1670, 171,
3500 em="; pSH 2750, 9840 em 71 Ao 234 g (e 15,800),

Anal.  Caled for CiHaNOg: €, 718 H, S5T0 N, 441
Found: C, 71.76; T, 8.74; N, 4.44.

Ethynyl Lactam 13c¢.~-A solution of ethylmagnesinm bromide
was prepared from 2.4 g of Mg and 12 g of ethyl hromide in 30 ml
of diy THFE. Acetylene (purified by paxsage (luough voncen-
trated 1,80, and activated aliming, Aleoa 814 mesh) pussed
through the solution for 2 hir, A solution of 3 g of 13a in 10 ml
of dry THF wax added over a 10-min period.  The mixture wus
stirred for 0.5 hr, cooled in an ice bath, and decomposed by addi-
tiom of saturated N11.Cl solution.  The layers were separated
and the THF was removed.  The ol wax taken up i 100 mf
of ethyl acetaie and a small amwant of nsoluble neterial (bis
addition eompoutd) was filtered oY, The filtrate wax concen-
trated to 25 mil and coeled to give a first erap of 2,0 g, mp 141~
143°.  From the mother liguor o secornl vrop of 0.4 g was ob-
tained. Reecrystallization from ethyl acetute gnve 2.3 g of ma-
terial, mp 142-143°. A sample was recryxtallized again from
ethyl acetate; mp 142-143°; e 161, 2050 (very wanks,
3280 em™Y,

Anal. Caled for CoHaNOg: €, T35
Found: C, 73.43; 11, T.83; N, 4.5,

Acetyl Lactam 13d.--~A ~ulution of 115 g of etloruy] Inetiun 13¢
i1 1800 ml of methanol and 36 ml of water was refluxed for 2 i
with vigorons stirring with 48 g of Dowex 50 rexin iinpreguated
with Hg804,.2  The methanul wax reravved from the mixtnre by
distillation under redueed pressare, and the residiie was snspended
i1 200 ml of water. The mixtire wax made basic with 3¢ NaQUH,
and the aqaeons =uspension of resin and prodicer was extracted
with foar portions of CH.Cle. The combined organiv layers
were washed with water and dried, and the sulvent was reruoved
to give 11.65 g of white =olid, mp 173-170% vield D1v7. A
sample was reervstallized twice froar ethyl acetate; ap 1T0-170¢;
vl 1610, 1705, 3280 em~t,

Anal. Caled for CyplIxNOs: ) 6904 11 T8N
Found: C, 69.80; 1, T.79; N, 4.2:4.

Acetyl Quaternary Salt 14d.—To a solution of 1.6 g of 13d
in 200 ml of refluxing benzene was added, it ane portion, 20 ml
of POCL;.  The solntion was refluxed for 30 min and concerdrated
under reduced pressure (o an vil. The residice wax dissolved i
wurm water, and a small amonnt of lasolnhle materinl wis
extracted with ethyl acetate. The nqaenns sulation was treated
with 10¢7 HCIO: wictil precipitation of the oil wax complete,
The supernatant lignid was decanted, aud the oil wax rabbed
with etharol ta indace erystallization. The shnry wax vooled
and filtered ta give 5.0 g of =olid, mp 218-220°. A recond crop of
1.4 g was obtained frn the mother liquor, mp 214-217°, total

I, 7.70: N, 4.2

N, 406,

vield of vrnde prodnet, 46070 A =sample wax revrystallized (wive
(rom wethanol s mp 21H-221°: 00, T0OA, 3430 e

el Caled tor CoIeCINOs: G, A0 T Gl O N2,
Foraad: ) a6400 11, 6.41; CLos.2a9,

Ketal 15¢. - A ixtore of £.95 g of quatcertaiey peeelilovate 14d,
(00 1l of esliviewe glvenl, 11 of benzene, and 2 g of p-iolacie-
silfcaniv aeid was refluxed auder o Plean =Stack teap o 1S he with
vigorogs xtirriug. Tl solution was vooled (o roan temperatoare,
aral with vigorons saveing a solntion of 10 g of KB in 100wl of
ethvleie glveol was added dropwise over o -loe perio. The
mixture waos <tirred ot oo tetaperatiuee for g alditionad 15
e Water oF Ly owas added aoad the lavers were separited.
The anueous layver was exsriaeled with etlier, and the voabined
erhier and hedzewe Tivers weee dried and conventrated to L6 g of
ol whiel veastallized <paataneorsdy on sianding overnight uudee
sosmall amonnn of echer. The pradicet absorbed st 1605 ad
3500 e U amd was ieed withont further vharvaveerization,

Ketone 15f.- A ~olution of 50 mg ol ketal 15e i 1wl of 4.V
HCT was warmed on the steasn bath for 0.5 bro The solntion wis
niade Tusie with 300 NaOH el the peevipitated hase was ex-
tracted with ethyl avetate. The ethyl acerate solntion was
dried aud ccnventrated (o 5 mls Peweoleam ether G omly was
added and the solution wax allowed (o cry=tallize.  The =olid
wis filiered amd meerystallized from ethyl avetate: petrolenm
cther.  The cevstalline produet, wp 140-142° alworhed 0
105, 1700, ad 3600 em=t Ow thin layer clironmrtograply
sh-Intanol-acelic wad-water, 5:1: 1AL 15 mdgrates <lightly
lster than the epliovcie ketone 13¢, 105 ce. 0.3

173-Hydroxy-8-aza-19-nor-17«~progesterone (16b). - Iketul
15e (4.6 g)wassabjerted to Bireh raluetion and aeid hydvolysis s
deseribed fov the prepavation of 16a. Removal of the ethyl nee-
tate lefr o residne of 3.4 g o€ vellow wilid, mp 170--178% Twao
verrystillizations froan 2-propanol gave 1o g of puee material:
mp F-104°, wmp Gwithe 16a) 172-1757; w0 10650, 16T,
1705, 300 et ol 9TAN, 240 v ALY 035 g e 14,4000,
dnad. Caled for s NGOy ) TESO: T ST N, L4l
Feaind: C, TEAO:0 H, 8700 N, L3050,

On theYmetniol-CHCL, 200805, 16b migrited slower tlen 16a;

1 e LG and UK, eespectively.
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