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the extent of binding to protein of the four adenosine
adamantoates have been initiated in our laboratories,

In conclusion, the nucleoside adamantoates as well
as the adamantane-containing agents earlier deseribed
may derive their high efficacy, at least in part, through
a process of precise and specific binding of the adaman-
tane moiety to complementary, lipoid regions of the
protein receptor site molecule.

Naturally, binding to protein of adamantane-con-
taining agents acting in viro may also affect their ab-
sorption and their distribution (transport) in the animal
host. The effect of protein binding on these processes
may be responsible for the quantitative differences
seen between the in vive activities, on the one hand, of
the monomethylated analogs relative to the adaman-
tane agent in the sulfonylurea series” (about 259,) and
the nortestosterone esters? (about 15-209,), and on the

{48) Preliminary results indicate the possibility that the effect of methyvl
substitution on partition values parallel the test results obtained in the plate-
let aggregation stuvdies (Table X). The help of Mr. M. M. Marsh and
associates, Analytical Research and Development Division, The Lilly
Lesearch Laboratories, in obtaining these results is gratefully acknowledged.
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other hand, the activity of adenosine monomethyl-
adamantoate relative to the adamantoate (about
1309%) in inhibiting platelet aggregation ¢n vitro (Table
X).

The study of a different class of adamantane-con-
taining agents which display a structure-activity rela-
tionship opposite to that reported in this paper and
which presumably do not benefit from binding to protein
will be the subject of a forthcoming publication.
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The following six racemic steroids have been resolved into optical antipodes by salt formation between the cor-
responding hemisucecinate esters and various optically active bases: 3-methoxvestra-1,3,5(10),8,14-pentaen-173-
ol, 3-methoxyestra-1,3,5(10),8-tetraen-178-0l, 3-methoxyestra-1,3,5(10)-t1ien-178-o0l, 13B-ethyl-3-methoxygona-
1,3,5(10)-trien-178-0l, 138-ethyl-3-methoxygona-1,3,5(10),8-tetraen-178-0l, and 3-methoxy-138-n-propylgona-

1,3,5(10)-trien-178-0l.

Racemic 3-benzyloxy-138-ethylgona~1,3,5(10)-trien-178-o0l has been chemically resolved
by separation of its diastereoisomeric ( — )-menthoxyacetates.

Chemical trausformations of several of the ster-

oidal enantiomorphs are reported. Results of biological testing are given for some of the steroids of unnatural

confignration.

Previous parts of this series have reported efficient,
stereoselective total syntheses of various racemic
estrone, estrane (19-novandrostane), and 138-poly-
carbonalkylgonane derivatives.®* These researches
have already provided a possible basis for the commer-
¢ial production of estrone, and, therefore, of those of its
derivatives which are medicinally important as estro-
genie, progestational, anabolic, and antifertility agents,
and have also led to a variety of biologically interesting
racemic 138-polycarbonalkylgona-1,3,5(10)-trienes and
gon-4-en-3-ones of potential or actual clinical utility.*®

(1) Part XII: G. A. Hughes and H. Smith, Steroids, 8, 547 (1966).

{2) Postal address, P. O. Box 8299, Philadelphia, Pa. 19101.

{3) G. A. Huglies and H. Smitli, Clem. Ind. (London), 1022 (1960); G. 11.
Douvglas, J. M. H. Graves, D. Hartley, G. A. Hughes, B. J. McLoughlin, 1.
Sichlall, and H. Sinith, J. Chem. Soc., 5072 (1963).

(1) (a) H. Swith, et ul., Frperientia, 19, 394 (1963): (b) J. Clem. Soc..
472 {1064).

This paper describes resolution procedures of the purely
chemical type which lead from our previously described
racemates®—¢ to enantiomorphic steroids in the estrane,
13B8-ethylgonane, and 138-n-propylgonane series. Such
studies were undertaken to furnish the final links in our
totally synthetic chain to d-estrone,” to permit a more
detailed examination of the properties of the biologically

(3) G. A. Hughes and H. Smith, German Patents 1,213,404, 1,213,405,
and 1,214,679 (Feb 19, 1960, lune 22, 1961, and Feb 29, 1961, respectively).

(6) G. A. Hughes and H.Smith, Japanese Patent40-20700 (May 16, 1962).

(7) We denote the absolute configuration of enantiomorphic steroids ac-
cording to a convention proposed by 1.. F. Fieser and M. Fieser, "'Steroids,"
Reinhold Publishing Corp., New York, N. Y., 1959, p 336, by which estra-
and gona-1,3,5(10)-trienes are defined as 4 steroids if they have the same
configuration as cholesterol at (-13 and as steroids if they have the opposite
confignration at that center. The graphic formulas corresponi to enantio-
morphs of the 4 series but are used to denote the structure and absolute con-
figuration of any steroid by use of the appropriate prefix d, !, or I. The
prefixes (+4) and (—) are used, wlere necessary. to denote dextro- or levo-
rotatory compounds, respectively.
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active  enantiomorphs® corresponding to the most
intaresting di-13g-cthyl- and n-propylgonancs, and to
provide for a systematic cxploration for biological
activity of selected estrane and 13g-ethyl- and u-
propylgonane derivatives of £ (“unnatnral’) confignra-
tion,  Parts VIII® and IN of this series have de-
seribed resolutions employing microorganisms leading
ta componnds in the last two elasses, {wa Japanese
publications have deseribed  independent  chemieal
resolittions of di-3-methoxyestya-1,3,5(10),8, 14-pentaen-
178-0l'"' and  dl-138-ethylgona-1,4.5(10),5-tetraen-17 -
ol,'2 and a German publication® has veported a modi-
fication of onc of onr estradiol 3-methyl ether synthe-
ses® which, through the infroduction of an clegant
asvintetrie  reduction 1ixing  mieroorganisins,  leads
exchisively to natinal d-estradiol S-methyl ether with-
ont formation of mwanted enantiomarphs,

OR*

Ll =Dt = Cll: D= U H, = ' =Clie 10 = H
IV, It = 11t = CTly: Vol = 1= Chla
R = COCHLCOH 1 = COWCH O
VL = . . ;l==(:”:|:

=11
INVI = Colla U= Clhye
e = COMCH.LCOL

P
=l
N, Bo= Gl Rt = Cle
e = COICHN.COL
NI = n=Cyllir V= Clly
R¥ =11

NIV, 1= GT 1= CHLGL
B = Callus
NV, L= Golls; Rz RE =1

Resolution of 17-Alcohols through Their Hemisue-
cinates.---d/-Estrone can be vesolved by separation of its
diastercoisomeric (—)-menthoxyacetates.'* However,
sinee onr syntheses proceed through intermediates of
types I, IT0 and 1L, we believed that resolution at
any of these stages would be morve convenlent and po-
tentiadly mre economic,  Notably, estradiol methyl

(8) R N, Ihlereen, 11 Sodih, G Ihighes, 1. L Swivl, aml G Green-
spatu, Slecodds, 2, T31 (191338

(0 Lo L Swih, G Greenspan, R Rees, ool T Foell, JJ. Am Chen. Soe.,
88, 3120 (191i6).

A0y G, Greenspan, L. L. Smithy 130 Rees, 10 Foell, and H. 1. Alburn,
JoOcy, Cleent.. 81, 2512 (19661,

LD T ALK KL FDrawn, and T Asados, e Che@l Noed 130 11K
Clova, harem, Budl. 110k0)y, 18, 1283 ( 1lih:,

(121 K. Nivagg, iidd., 18, 1289 i in).

() 1L Gibdan, Wo Kieslieh, 17-J0 Kool 11 Kasid, )
Sehyedlor, ol R Vossing, 7efcehedona Lolices, 2421 (D16,

y I Gl Npoer e G Mieselawr, I, Chdqe, el 838, 7379 (197,

Rnfer, 1

ether 111 may be canverted 1o clinieally importam
hormones of the 19-nortestosterane elass! 1 two stages
less than d-estrone.

The alcohols T-111T have all been satisfactondy re-
solved through the formation of diastercaizomeric salts
between the corresponding hemisnecinate esters IV--V1,
respectively, and appropriate bazes' which have in-
cluded ()= and (—)-1-(l-naphthyDethvlamine, (-)-
ephedrine, and the {(+)-dehydroabietylamine (XVI). 7
The last gives the most efficient resolution of the sevies
when 0.5 equiv af its aceetate salt is added to IV in
ethyl acetate conmtaining 1 cquiv of triethylimine to
seleetively  precipitate the salt of &IV and XV
A somewhat less officient resolntion is obtained imder
similar conditions with XV and 0.5 equiv of triethyl-
amine.  In both eases IV 1 separated {rom mother
liguiars throngh formation of it <alt with {—)-cphe-
drine. Fo seenre repradueible resilts, wherever pas-
<ible the experimental canditians were adjnsted to allow
the separation of one dinstercaisomerie salt fram its
pair i a stiveed solntian ar snspension. The same con-
sideration applies to the resolution of the di-hemisice-
ennrtes ING XL and NXTI1 (belaw). The resnlts nre sium-
marized in the collertive Table 1. In pracesses 1. 4,
and 5, bath enantiamerphs were abtained, in 4 by ns=c of
a single base [(—-cphedrine] Lo salt formeation with
cach, and i b and 50 by nse ol a second vesolving base
after initial precipitation of the =alt of one enantio-
marphic hemistecmete salt,

Resolution of //-133-Ethyl- and »-Propylgonane De-
rivatives.- Chemical resolution of the J-138-cthyl-
zona-1.3.5(10)-trene series was first effected throngh
formation of diastereoisometic esters of the ddeohol
NIIT with (—)-tmenmthoxyacetyl ehlovide. The ester
X1V, after saponihication and eatalytic hydrogenolysis,
zave the enantiamorphic diols XV, whose absolite con-
fignrations have been previously defined. 2

The di-hemisuecinates X, X, and XII have all been
resolved by salt farmation with the bases indieated in

Vol 1L Uieser wudd AL VMeser, ref T G88.
v Lysey eeforred Gl oy Seimying ALd

v poes i vr

i1t
enllpgges?® Bewioan tlos apee padvately dselosel before pablio o,
1708, Pacent 2.(8T AT 11007 1
Sinlarer mnl S0 Sjodarg, g e

1% w0 Wl Gordstepound L C) Clhepey,
e WL ey, Cheaw., 80, 21172 TG den 14

Neocd, 220 117 < tnis e,
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TasBLe 1
CHeMICAL LlKSOLUTION OF 138-ALKYLGONAPOLYEN-178-0Ls
[a]p, Crystn® Caled, "% Tound, '3,
Substrate  Pro:zess Resolving agent Product AMp, °C deg solvent Yield. %b Fonnula C i C H
di-IV 136-140 0 82 CasHas0s 72,23 6.85 71.70) 6.83
dI-IV- 1¢°  XVI-IIOOCCII; d-IV ~ 148-150 —146 A+ B 81.4 CyuHy0; 72.23 6.85 72.32 6.6Y
NEt, d-1¢ 110-111 —-132.8 C+D 60.5 C,H.O: 80.81 7.85 81.05 7.60
(—)-Ephedrine -1V 149-152 +154.6 A+ B 55 CosHoOs 72.23 6.85 72.11 6.7
-1 110-112 +135 C+D 69 CsH20, 80.81 7.85 80.96 7.356
dI-IV 2 (—=)Ephedrue -1V 149-151 +146 CH+ D 73 CrHs05 72.23 6.85 72.11 6.70
di-IV 3 (+)1-«(1-Naphthyl)- [-IV 150-152 +151 C+D 40 CosH250; 72.23 6.85 72.35 6.73
dl-Vv ethylamine 149-154 0 C+D 70 CosHogO; 71.85 7.34 71.76 7.18
di-V 4¢  (—)-Ephedrine -V Gum
11 125-126 +5.1 D4+ E 76 C14I202 80.24 3.51 80.42 8.48
( —)-Ephedrine d-V Gum
d-117  118-121 —4.0 D4+1L 36 CigH:404 80.24 8.51 7U.74 7.4
d-VI 178.5-180.5 0 86.5 CuxuHy0s 71.48 7.82 T71.20 7.52
di-V1 e (—=)1-(1-Naphthyl)- Jd-VI  Gum
cthylaniine d-I1Te+ 117-118 +74.4 F+G 65 C;y 50, 79.68 V.15 79.75 9.07
(4 )-1-(1-Naphthyl)- I-VI Gum
ethylanine 111 91-93* —-69.5 F4+ G 47 C1sHa02 79.68 0.15 79.55 8.83
JIIX 164-166 0 85 C.::H3005 72.33 7.50 72.32 7.48
dI-IX te (—)-Ephedrine -IX  Gum
I-VIT? 115-118 +59 F 43.5 CypH20- 80.49 8.78 80,15 8.72
(—)-Ephedrine d-IX  Gum
d-VII: 113-115 — 54 F 30 CoyHgeOs 79.43 8.94 79.45 8.54
0.5Et
di-X 160-161.5 4] 91 C2H 3205 71.97 8.05 71.98 7.81
di-X 7e XVI -X Gum
I-VIII* 105-108 —-56.6 ¥4+ G 46 CaoHasOe 9.95 9.39 79.74 9.13
(=)-1-(1-Naphthyl)- d-X Gum
ethylamine d-VIII 103-106 +49.5 F4+G 39 CaoHos0e 79.95 .39 79.49 9.01
8 XVI [-VIII 103-106 —56 F4+G 63
(+)-Amphetamine  d-VIII 103-107 4359 F+G 57.5
JdI-XI1 149-153 0 C+D 98 CoH 305 72.43 8.27 72.20 8.11
d{-X1I1 9e  (—)-Epledrine d-XII 145-146 +26 C+D Ca:H340; 72.43 8.27 72.26 T.74
d-XI 101-103 +69 D 49.4  Cully0. 80.21 9.62 8&0.25 9.61
(—)-Ephedrine - XIT 145-146 —23 C+D CaH305 72.43 8.27 72.47 8.02
I-XT1¢ 102-104 —65 D 34.2 CuHyO: 80.21 9.62 8D.21 9.90
dI-XI11 123-124 0 F 83 CiH 320, 82.93 8.57 82.8) 8.3
dI-XIT1 10 (—)-Menthoxy- XTIV 143-143.5 —51 1 23.6  CssHs:0, 79.68 9.15 79.564 9.15
acetyl chloride X111 121-122.5 —42.2 1 91 Cuel3204 82.93 8.57 82.60 8.50
-XVm 189-190.5 —55.2 1 76
d-XIV 91-91.5 —20.7 1 20 CsH30, 79.68 9.15 79.40 8.98
d-XIIT 120.5-122 +42.6 1 87.5
d-XVr 188.5-189.5 458 1 68

o A = acetone, B = heptane, C = ether, D = hexane, E = ethyl acetate, F = ethanol, G = water, H = petrolenm ether (bp 40—
60°), I = methanol. ? Yields for each stage were calenlated by taking into account, where applicable, recovered substrate. ¢ Stirring
at stage involving separation of diastereoisomeric salts. 4 Miki, et al.,*? give mp 55°, [a]?*p —126°. ¢ No sthring at stage of separation of
diastereoisomeric salts. 7/ Miki, ef al.,!! give mp 125°, [«]?*p —3°. ¢ Mikij, ef al.,!? give mp 98°, [a]2'p +80°. * A, L, Wildsand N. A.
Nelsou, J. Am. Chem. Soc., 75, 5366 (1953), give for enantiomorphs mp 97-98, 118-119, and 120.5-121.5°, [«]®p +77.4°. ¢ Hiraga'?
gives mp 118°, [a]p +64°. 7 Hiraga!? gives mp 118°, [«]p —64°. * Lit.*® mp 107.5-109.5°, [«]p —51°. ! Lit.** mp 101-103°, [a]D
—58.7°, = Lit.* mp 189.5-190°, [a]p —53.4°. » Lit.® mp 106 and 187-189°, [a]D +58.5°.

Table I. The absolute configurations of the enantio-  signed!? to d-I and -II has been confirmed by selec-

morphic aleohols VIIT and XI, corresponding to X and
XII, respectively, have also been elucidated in our
carlier work.®* The absolute configurations of the
enantiomorphs of VII were revealed by showing that
reduction of the (—)-VII with lithium and aniline in
liquid ammonia, gave d-VIII. Hiraga!? has indepen-
dently described the resolution of dI-IX through salt
formation with brucine, but, apparently using the d
and [ prefixes to denote the sign of the optical rotation
rather than the absolute configuration, did not define
the absolute configuration of the enantiomorphs.
Transformations of d- and /-Estrapolyenes and 133-
Ethylgonapolyenes.—The absolute configuration as-

tively hydrogenating d-IV to d-V, saponifying the
product to d-II, and reducing the latter with lithium in
liquid ammonia—aniline* to authentic d-estradiol 3-
methyl ether III. Also, various [-estrane and I-
138-ethylgonane derivatives have been prepared for
biological evaluation, including I-III, prepared by the
same sequence as d-III, and the I series XVII-XXIII
and XXIV-XXVII. The [-8a-estratriene XVIII,
corresponding to the antilipemically active racemate,®
was obtained from (-IV by catalytic hydrogenation in

(18) G. C. Buzby, Jr., E. Capaldi, G. H. Dovglas, ). Hartley, D. llerhst,

G. A. Huglies, K. Ledig, J. Mc¢Menainin, 1'. Pattison, H. Smitli, C. R. Walk,
and G. R. Wendt. J. Med, Clem., 9, 338 (1966).
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ethyl acetate=benzene over Pd-C to XVII and saponi-
fieation.  [XIX-XXIII, corresponding to the estro-
genieally active d enantiomorphs, were obtained by
straightforward procedures from -1V (see Experimental
Section). XXV and -XXVI were prepared from (-
XXIV, and XXVIT was made from [-VIIT by Birch
rediiction, Oppenauer oxidation, addition of lithinm
chloroacetylide to the resulting ketone, and acid
hydrolysis. XXV and -XXVII are enantiomorphs
corresponding to potent 1acenic progestational-anti-
estrogenie agents.!®  The molecular rotational differ-
ence between the CXXVI and XXIV s +170° as
compared to 4397 and —209°, respectively, for those
between d-3a- and -33,178-diacctoxyestr-4-cne® and
d-178-ncetoxyestr-4-cn-3-one.*'  which  snggests  that
XXVTI has the -38-acetoxy configuration.

Biological Testing Data. —We deeined it of interest to
determine whether steroids of the 1 (funnatural’)
configuration could possess any of the biological activ-
ities associated with corresponding hormones in the
Cnatural’”’) sevies, and, i particular, to ascertain
whether any /-estratiiene would display the antilipemic
properties characteristie of the natural estrogens with-
oit retaining their usual feminizing activities. A sub-
stance with the appropriate separation of such activi-
ties waild be of potential nse i the treatinent of athero-
sclerosis (ef. vef 22).  Iistrogenic activity was de-
termined i a <tandard mouse uterotrophic® test (1\)
and antilipemic activity in blood cholesterol lowering
test= I normal®®  and  hypocholesterolemic?®  rats
(B and C, respeetively), and from the alteration by the
drig ol the sermn cholesterol: phospholipid ratio in
cholesterol-fed cockerels (test 1D).22 Notably, [f-estra-
diol XXI showed 90, 8, and 509 of the antilipemie
activity of estrone in tests B, €, and D, respectively,
with only 0.069% of the feminizing activity of the same
hormone it test A The last value could conceivably
represent o trace of XX present as an impurity.
Similly, the FRae-estradiol methyl ether XVIIT dis-
plaved 300 and 677 of the antilipemic activity of estrone
in tests B and O, regpectively, with slight feminizing
activity in the former test as indicated by regression
of testiculn weight.  Although  conversion  of  o-
estradiol to d-cthynylestradiol potentiates normal estro-
gonie activity, the same conversion in the [-series
abalishes  antilipemie  activity  almost completely,
Thus, the ~ethynyl aleohol XXIIT has anly a trace of
antilipemic activity in tost (0 and low aectivity (<54,
ol the netivity of estrone) in test Do Alsa. the cor-
responding methyl ether NXXI11 is devoid of aetivity
m tests B Coand D,

The [-13-cthylgonenone XXVIT was inactive in the
Clanberg test,™ in agreement with previous tests in
these Iabormtaries which have demonstrated that the
progestational, antiestrogenic, and androgenic proper-

i1 Ro N, Ldpeen, 1 L Pecersan, R, CLodones, ) L. Nagra, 11, Smith.
ad G AL Nuelies, Reeeat Progr. Hoomone Res., 22, 305 (1966).

1205 J. AL Nartinan, /. Am. Chem. Soc., TT, 5151 (1955).

¢211 Lo AL Martman, AL T Tomasewski, and A, 8. Dreiding, third., 78,
ARSI HITN

20 G Bozby, Do RO AL Bagren, 1o V. Pishier, GoVL Inghies, R, ¢
Jones, K, Ledig, 70 WL Pattison, R. Rees, B, Smitl, L. L. Swmith, D, 2L
Tellay oonl G R Wemnl, S Med, Clocpe., Ty CHT 1106041,

1245 Ro N Eolgren, el Saey Fepd. Bilal, Med., 92, 569 11956),

o b BN Toutoreli, T0 ML Dongherty, and 1 W, Bernhavy, J. /.
i 85, ERRLIIDE

250 B L Klomvaned BN Dhlurven, Lwiceecaalayy, 68, 11 (19085,

Vol 10

tiex of various d{-13-ethylgonanc derivatives ave con-
fined to the enantiomorphs corresponding in absalute
confignration ts the natnral steroids.

Experimental Section®

Data e the sabsirares; mtermediates, ad end pmdnees of
varions resolntion experiments (proeesses 1—-10) wre assembled in
Table I. The wuditions required for the snccessful separation
bf diastereoisomerie salis (ineinding those made fram miher
lignors) are quite eritical and ave cherefore given i detail -
cach process.  Distilled water wis nsed thranghont all resalntion
pieesses, being particnlarly neeessary in those invnlving XVI
or its aeetare to avoil precipication of the solnble «ilfare whirh
wonld otherwise be formed fivim the snlface anion preseny in 1ap
waler,

dl-138-Alkylgonapolyen-173-0l Hemisuccinates. —1'he 1 //-giii-
polyen-178-al (0.23 male) was refluxed with snceinie anhydrile
(055 mole) 1 pyridine (100 ml) nnder nivogen for 5-20 I,
I'or the preparation of -1V, benzene (400 ml) was also added
ta the reaction mixtire.  The cooled splurion was ponred o
excess aqueons HCl amtaining erushed ice and the mixinre was
extracted with CHCL. Evaporation of the washed aund dried
exiract gave a residue which was triturated with ether. The
cryseals were filtered off, washed thoraughly with ive-vald ether,
and dried ta give the hemisnecinate,

Hydrolysis of 133-Alkylgonapolyen-173-0]l Hemisuccinate
Amine Salts.(a) The salt (0.043 mole) was stirred n¢ 50° with
fonr teaspannfuls of Amberlite T 12) fbn-exchange resin® in
methanpb-wacer (900 100 . Faar additional teaspoonfols of
resint was added aCincervals of 30 min, and afcer 3.5 e the eoolat
mixture was filtered.  Water {500 ml) was wmldal, and the pre-
cipicated cryvstals of the hemisireinnie were Hleered art, drieil,
and rerrystallized. 1) The salt was shaken wich 3 N HCL muld
ether mntil dissulved and 1he ether layer was washed, drieil, and
evaporated (o give the hemisneeinate.

Hydrolysis of 133-Alkylgonapolyen-173-0l Hemisuccinates.
The hemisizecinae (15 g) was refluxed in 957 ethanol-200;
aqueons NaOH (25025 mb for 1 hre I 2 clondiness developed
during this perind, snflicient waier ica, 20 mlj was added (o
elarify.  The cooled sudurion was acidified to pH 6 with 3 .\ HCI
vroacetie acid, and wacer was added drapwise o precipitace e
I3s-alkvlgonapolyven-17g-ul which was filtered olf aud dried.

Resolution of (/-3-Methoxyestra-1.3,5(10),8,14-pentaen-173-
ol Hemisuccinate (IV).-<11 A mixture of the hemisnecinaic
(43.2 g, 018 male), triethylamine {114 g, .18 made), and the
acelate salt of hase NVIW 2006 g, 0.0565 mde was <tinrail 1n
ethyl acetate (750 mlj ax 50° nmil o clear sonticon was obtained.
The mixinre wa< chen stivred inanice bath for 1.5 he aed Alcered.
The =alid wis washed with hexane ad dried, and the vesuliing
sult 134 g1 mp 120 13E9, was recrvseallized fram merhanal -
water o give the <alv of =TV with the base XVI (285 gj, mp
126-151°, which wax decompnsed by methnd a1t the d-hemi-
suremate IV CH g mp HR-150°0 To the modher lignors from
the itial formation and reerystallizativn of the <alt uf 4=V and
hase XV1 wis added ¢ = =ephiedrine 10.0565 mvle), and 1the salu-
(on was KepC ae rpom temperature fooe 16 e The vrystals were
tiltered off, washed with ethyl acctace, and dried o give 1he
[ ~ephedrive salt of =1V 12005, mp 144-147°, which was de-
compased by merhod b o alford o residine whieh was recrystal-
lized from acetone-heptane to give -1\ 112 g), mp 14051527,
The mother liguors from the precipitation and recryscallizadion
of the { = »ephiedrine salt of LIV were washed with HCEHand Dribe
and evaporated.  The residue was scrred fie 2.0 i ac 02 winh
ethyl acetate (250 iy, triethylamine (2.0 g, 0.0198 male), and
NAVT (5.62 g, 00198 mole).  Reervstallization of che precipicte
from methanal-water gave a second crnp of the salc of =1V ml
=XNVT (0.5 g, my 127 -E41°) which was decompused by medhod
to give further d-IN 15.6 g), mp 148-150° (frn acetone-heptane).

(2} The hemisnerinate IV (1.5 g) was stirred thr 2 hr at 40°
in ethyl acerate 118 ml) containing triethytunine (0187 g) and
[ )-ephedrine 7071 g).  Stirring was continned for a forther

1261 Mebime puintz were determined in eapillary tobes CPliomas=lhower
apparatynz=l aael sre aneprrected.  lravialer absorprion spreacrvi ey derer-
tined in 944 e hanl solutians.  Oprical ratatiuns oere Jdererndusl vtk
1he 7
TG
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2 hr while the temperature fell to 30°. The precipitated [-IV
( —)-ephedrine salt (0.425 g), mp 144-147°, was filtered off and
decomposed by method b to give I-IV (0.25 g), mp 149-151°
(from ether-hexane).

(3) (+)-1-(1-Naphthyl)ethylamine was added dropwise with
swirling to a suspension of IV (0.5 g) in ethyl acetate (10 ml)
until solution was effected. The mixture was kept overnight at
room temperature and filtered. Recrystallization of the pre-
cipitate from ethyl acetate gave the [-IV (4 )-1-(1-naphthyl)-
ethylamine salt (0.2 g), mp 136-138°, which was decomposed by
method b to give I-IV (0.1 g), mp 150-152° (from ether-hexane).

Resolution of dl-3-Methoxyestra-1,3,5(10),8-tetraen-173-0l
Hemisuccinate (V).—(4) (— )-Ephedrine (from the hydrochlo-
ride, 3 g) was added with swirling to a suspension of dI-V (3.0 g)
in ethyl acetate (80 ml) and the clear solution was kept at room
temperature without disturbance for 1.5 hr. The resulting crys-
tals were slurried with hot ethyl acetate, to give the ( —)-ephe-
drine [~V salt (1.66 g), mp 166-168°, which was decomposed by
method b to give -V as a gum which was hydrolyzed to I-1I
(0.84 g), mp 125-126°. The combined mother liquors from the
initial precipitation of the ( —)-ephedrine [-V salt and its suspen-
sion in ethyl acetate were concentrated to half volume and gave,
on standing, further cerystals, mp 140-150°, which were recrystal-
lized from ethyl acetate. A first crop (0.17 g), mp 135-150°,
was filtered off and discarded. The mother liquors then de-
posited a second crop (1.01 g), mp 136-139,° which was recrystal-
lized from ethyl acetate to give the ( —)-ephedrine d-V salt
(0.825 g), mp 139-141°. This was decomposed by method b
and the resulting hemisuccinate was hydrolyzed to d-II (0.390 g),
mp 118-121°, One further recrystallization raised the melting
point to 129-131°, [«]®Dp —4.8° (¢ 3,CHCl,).

Resolution of d/-3-Methoxyestra-1,3,5(10)-trien-175-0l Hemi-
succinate (VI)—(5) (—)-1-(1-Naphthyl)ethylamine (30 ml) was
added with swirling to a suspension of dl-VI (30 g) in ethyl ace-
tate (500 ml). The resulting solution was seeded with authentic
d-VI-XVI salt and kept for 65 hr. The precipitate was filtered
off, washed with ethyl acetate and ether, and recrystallized from
ethyl acetate (200 ml) to give the ( —)-1-(1-naphthyl)ethylamine
d-V1 salt (21 g), mp 113-119°, which was decomposed by method
). The product was suspended in ice-cold ether (150 ml),
filtered off, and dried to give recovered dl-VI (5 g), mp 178-181°.
Evaporation of the ethereal mother liquors gave d-VI as a gum
which was hydrolyzed to d-I111 (6.0 g), mp 117-118°, The mother
liquors from the original precipitation of the d-VI salt and from
its recrystallization were combined, washed with 109, aqueous
HCl, dried, and evaporated. The residue was triturated with
ice-cold ether to give recovered di-VI (7.0 g), mp 175-178°.
The ethereal filtrate was evaporated, and the residue was kept
for 20 hr in ethyl acetate (154 ml) with (4 )-1-(1-naphthyl)-
ethylamine (11 ml). The precipitate was filtered off and washed
with ethyl acetate and ether to give (+)-1-(1-naphthyl)ethyl-
amine [-V1 salt (9.5 g), mp 127-128, which was decomposed by
method b. Hydrolysis of the resulting I-VI gave I-I11 (4.34 g),
mp 91-93° (from aqueous ethanol).

Resglution of 4/-133-Ethyl-3-methoxygona-1,3,5(10),8-tetraen-
173-0l Hemisuccinate(IX)—(6) The hemisuccinate IX (4 g) was
dissolved in ethyl acetate (70 ml) containing (—)-ephedrine
(from the hydrochloride, 4 g) and the solution was kept overnight.
The precipitated salt was filtered off and recrystallized twice
from ethyl acetate to give the (—)-ephedrine I-IX salt (2 g),
mp 147-149°, which was decomposed by method b. Hydrolysis
of the resulting I-IX and recrystallization of the product gave
{-V1II (0.65 g). The combined mother liquors from the original
precipitation and the recrystallizations of (—)-ephedrine -I1X
«alt were concentrated to half volume and kept for 16 hr. Re-
crystallization of the precipitate from ethyl acetate gave the { —)-
ephedrine d-IX salt (1.75 g), mp 125-128°, which was decom-
posed by method b. Hydrolysis of the resulting gummy d-1X
then gave d-VII (0.445 g), mp 113-115°.

Resolution of dl/-133-Ethyl-3-methoxygona-1,3,5(10)-trlen-
178-¢] Hemisuccinate (X).—(7) The amine XVI (17.78 g, 0.0625
mole) was added at room temperature to dl-X (50.7 g, 0.125 mole)
in ethyl acetate (875 ml) containing triethylamine (6.31 g, 0.0625
mole), and the mixture was stirred at 0° for 1.5 hr. The pre-
cipitate was filtered off, washed with ethyl acetate, and recrystal-
lized from ethanol-water to give the XVI [-X salt (24.5 g),
mp 167-169°, which was heated on the steam bath for 3 hr in
aqueous ethanolic NaOH. The cooled solution was acidified
with acetic acid and diluted with water. The precipitate was
filtered off, washed with water, and dried to give I-VIII (8.8 g),
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mp 105-108°. (—)-1-(1-Naphthyl)ethylamine (30 ml) was
added to the mother liquors from the precipitation of the XVI-
[-X salt, and the solution was kept for 16 hr. The precipitate
was filtered off, washed with ether, and recrystallized twice from
ethyl acetate to give the ( —)-1-(1l-naphthyl)ethylamine d-X salt
(16.0 g), mp 117-118.5°, which was decomposed with hot aqueous
ethanolic NaOH as before to give the d-VIII (7.4 g), mp 103-106°.

(8) The dl-hemisuccinate X (10 g) was treated with XVI as in
(7) to remove the l-enantiomorph, and to the mother liquors (4 )-
amphetamine (2 ml) was added, and the solution was stirred at
0° for 2 hr. Recrystallization of the precipitate from ethyl
acetate gave the (4 )-amphetamine d-X salt (4.4 g), mp 158-
165°, which was decomposed by aqueous ethanolic NaOH as in
(7) to give d-VIII (2.15 g), mp 103-107°.

Resolution of dl-173-Hydroxy-133-n-propyl-3-methoxygona-
1,3,5(10)-triene Hemisuccinate (XII).—(9) The di-hemisuccinate
XTI (38 g) was added with swirling to ethy! acetate (700 ml) con-
taining ( —)-ephedrine (from the hydrochloride, 38 g). After
standing for 2 hr, the mixture was filtered and the precipitate was
recrystallized from ethyl acetate to give the (—)-ephedrine
d-X1I1 salt (18.8 g), mp 152-154°, [«]*p +3° (¢ 2, CHCL),
which was decomposed by method b to d-X1I, mp 145-146°. The
latter was hydrolyzed to d-XI (8.5 g), mp 101-103° (from ether—
hexane). The mother liquors from the (—)-ephedrine d-XII
salt were concentrated to half volume and filtered. The pre-
cipitate was recrystallized from ethyl acetate to give the (—)-
ephedrine [-XII salt (14.5 g), mp 139-141° [a]*D —23.4°,
which was converted via [-XII, mp 145-146°, to I-XI (5.0 g),
mp 102-104°,

dl-3-Benzyloxy-133-ethylgona-1,3,5,(10)-trien-17-one .—d[-133-
Ethyl-3-hydroxygona-1,3,5(10)-trien-17-one® (4g) was refluxed
with benzy! chloride (8 ml) and K.CO; (9 g) in ethanol-water
(200:10 ml) for 16 hr. Water (50 ml) was added and the mix-
ture cooled at 0° (bath) for 4 hr. The precipitate was filtered
off and recrystallized from ethanol to give the benzyl ether (4.2 g),

mp 145-148°. The analytical sample, a polymorph, had mp
125.5-126° (from ethanol), Amax 277 and 284.5 mu (e 2300 and
2100).

Anal. Caled for CyHiO:: C, 83.4; H, 81. Found: C,
83.2; H, 8.0.

dl-3-Benzyloxy-133-ethylgona-1,3,5(10)-trien-17 3-o0l (XIII).—
(a) dl-3-Benzyloxy-138-ethylgona-1,3,5(10)-trien-17-one (7 g)
was refluxed with NaBH; (2.5 g) in ethanol (120 ml) for 2 hr.
The solution was evaporated to dryness, water and ether were
added, and the mixture was acidified with 3 & HCl. Evapora-
tion of the washed and dried ether solution gave a residue which
was recrystallized from ethanol to give the alcohol (5.8 g), mp
123-124°.

(b) dI-138-Ethylgona-1,3,5(10)-triene-3,178-diol (1.74 g) was
refluxed with NaOC.H; (from the metal, 0.2 g) in ethanol for
15 min. Benzyl bromide (5 ml) was added to the cooled solution,
and the mixture refluxed for 5 hr. Water was added and the
product was extracted with ether. The ether solution was
washed with aqueous 2 N NaOH, water, and brine. The product
was chromatographed on Florisi, elution with benzene giving erys-
tals which were recrystallized from methanol to give the aleohol
(025 g), mp 120.5-121°, hmax 277 and 288.5 mu (e 2200 and
1900).

Resolution of dl-3-Benzyloxy-133-ethylgona-1,3,5(10)-trien-
178-0l (XIII).—Freshly distilled (—)-menthoxyacetyl chloride
(23 g) was added with stirring and external cooling (<10°) to
dl-XT1I1 (15 g) in pyridine (100 ml), The mixture was stirred
for 2 hr at 10°, for 15 hr at room temperatire, then added to ice-
cold 3 N HCl. The mixture was extracted with ether, and the
ether extracts, after washing and drying, were evaporated.
The residue, which crystallized on trituration with petroleum
ether (bp 60-80°) was recrystallized five times from the same
solvent to give the ( —)-menthoxyacety!l ester, I-XIV (5.45 g),
mp 143-143.5°, Amax 285.5 and 277 mu (¢ 1900 and 2200). The
foregoing ester was refluxed with KOH (10 g) in methanol (600
ml) for 2 hr, and the mixture was evaporated to dryness. Water
was added to the residue, and the mixture was extracted with
ethyl acetate. The product was recrystallized from methanol
to give I-X11I (3.2 g), mp 121-122.5°.

The mother liquor from the first recrystallization of the ( —)-
menthoxyacetyl ester I-XIV was evaporated and the residue
recrystallized five times from methanol-ether (4:1, v/v) to
give the ( — )-menthoxyacetyl ester, d-XIV (4.5 g), mp 91-91.5°.
The foregoing ester was hydrolyzed with methanolic KOH as
above to give d-X1II, mp 120.5-122°,
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/-13g-lithylgona-1,3,5{ 10 )-triene-3,17 3-diol (XV ;.- -The { —)-
ether, WXTIT (162 mg), was shaken with hydrogen at atimps=pheric
pressure in ethanol (30 mD) containing 109, Pd-C" {74 g
until hydragen uptake ceased. The catalysr was filtered aff,
the filtrate wax evaporaled to dryviess, and the resilne was
1('(1\'\1111'1/0(1 from methanol (1, give the dind TS mg), mp

FRO-190.,

- 136-Lthy1gona-1 3,5(10)-triene-3,173-diol (XV: hcained
hy hydimgenolysix, us before, af the { —)-ether, -NXIT1 155 mg).
formned erysials (25 mg), mp 188.5-180.5° (fram methanotb).

Conversion of d- and [-IV to «- and [-III, Respectively.--ia
The d-hemizitccinate IV (2 g) in benzene (100 ml) was <haken a¢
atiospheric pressure in hyvdrogen with 2¢; Pd==rCO, (0.5 g
until 1 mole of gas had been absorbed 1 1) min1. The gy
produet was hydrolyzed to give I 11.225 ¢), mp 127-129
[eTo —8° (¢ 3, CHCI). Lithinm (80 mg) was added with >111-
ring o -1 in lignid annmonia-aniline (400: 10 mby, and, afcer
Pl NHLCE was added tn dixcharge vhe blue colbr. Heerysal-
lizaGon af the produnet fran 9507 ethanol gave d=111 10.575 g5,
mp FE7--FERS°, Doty —=74.0° (¢ b CHCLY

(b)Y The same sequence using 1V gave =11, mp 120-13t°
felp +5.0° (e 1, CHCL) and 1L mp TISS1T10.0°, tadp —=T3°
te b CHCly).

[-3-Methoxy-8«-estra-1,3,5(10)-trien-173-0l (XVIIL).--Tle
lennsieeinate IV (2 g) wase shaken with hyvdrogen at atins-
pherie pressure in ethyl ucetate-benzene (50:50 ml) containing
) Pd=C (0.5 g) nutil 2 inoles of gas had been absorbed {2 hr),
Recrysiallization of the prodnet from ether-hexane gave the
hemisneeinate XV (105 g), mp B3RS0 Ay 282 mip Te
2100), jeely +8.0°,

Anal. Caled for
Thas 1,88

Hydrolysis of (he hemisnecinate and reerystallizndrm of che
product from ethyl ucelufe-hexane gave the NSe-estratrienol
(041 @), mp 92-94°, fa'n —I8° (e f, CHCL

Anal. Caled tor CrlHsOs: C, 70850 1L 001G,

o, n.10.

{-3-Methoxyestra-1,3,5(10 j-trien-17-one 1 XIX). -Chromic
neid® (2.5 ml, 8 V) was added dropwise to I (2.5 g) in acetone
(10 mb).  Recrystallization from melh:nu;l gave the produet
(L35 @, mp 171-173°, [alp —155.6° (¢ |, CHCL).

Anal, Caled for CuallagOa:r O, ND. 4 11, 851
20.00: 11, 8.45.

{-Estrone (XX).--The ketone ENIX 15 @) was fused mnder
uttrngen for 45 min with pyridine hydrochlpride (bath 185-195%)
HCLHE )Y war added to the cooled meli, and the produet was
filteraal off, dried, and recrystallized from  chloroform—ether
to give [-XX (3.4 g), mp 257-260°, Yajy - 1483.4° (¢ |, CHCL).

Anal. Caled for CHaOs: C, 70660 1, 820, Tound: €,
TOR2; 1, RSG5,

The acetate had mp 124-126°, ol —145° 1e 1,
(Fri hexnne),

Anal. Caled for Colla Oy ¢, T6800 1, 7.74
.82 1, T,

(-Estra-1,3,5(10)-trlene-3,173-diol (XXI 1. —Sodim horolydride
(0.75 g) was added pieemenl nver 30 iy ta XX (2.5 g) in

(."23“:1‘(():.: (‘. 715 ”. (_?\_) o : (',

Found: €,

Found:

CHCL

Foond:

28) O Djerassi, Ry 1L Muagle, wl N Bawers, J. Oy Claen, 21, 1007
L1056

FliGroes, Syl (GransBy., aND JANsEN Vil [0

etlimal 10 ¢ agquenns NaOl (3055 mle The mixtire was
heaied to boiling pourd, eanled; aciditied with dilnte FECL and
Jdihgced widh wacer. The previpicate was Hhered off, dried, and
receryvstallized Trone Sne agneans ethmnd Gogive NN VRIS w
mp T 17N

Anal. Cabd e CHlla O 05CHO O To2a0 L a2t
Fonnd: €4, 7720 H, 870,

/- 17cy-Ethyny1-3-methoxyestra 1,3,5(10 )-trien-17 -0l (XX 11).
The l~kerrme XINX (2 ¢) was stirred nnder acetylene for 4 hr with
lithinm acecyhide- ulh_\l('nulnnnlu} complex (1.5 gy i dimedhivl-
aceramide (33 mb for 4 hre The mixtire was ponral onta
ernshed iee and extrweted widi edher. Beeryaiallizacon or the
produet {rom acewne-hexane gave GNNITTUEE2 ghomp 1471407,

dnal. Caled for CoallgOa: C0 SE25: HL, S Foond: O
Nt 1, X400,

[-17 x=-Ethynylestra-1,3,5( 10 )-triene-3,173-diol 1XXIII: /-
Listrone in cerrahydrofiran (40 ml) was added 1o a saluniion of
LIANT 02 gy i THEF (40 mb) whieh had previensdy been saonatenld
with arerylene gas. Afcer stmding for (R e a¢ room empera-
aue wacer was added.  Recrystallizainne of 1the prodoet fnan
edumad - water gave SN XTLHL mp 9600,

Auel, Cided for CadlgDe- 00110 O 18T
CTNa N2,

/-33-Acetoxy-133-ethyl-17 x-ethynylgon-4-en-1735-01 (XXV1).
(-1g=1ithvl- 17 amethynv =1 78-hvdraxygon-4-en-3-one - IXNIV™
4.6 gomp 2572809, Ta 'l +52.8°.%% was siirred ad roam eiper-
care Tor 4.5 e wirh lllhinln wi-t-bncoxyahmmnnn hydride 1356 ¢
i THE (370 ml Phe resuhiing FXXN 1L g, mp IU\ 1oNe,
wax kept b 70 I with acede anhydride- |)\11<1111(‘ UE 22 mls
PRecrvstalization of die produet from evher gave XNV (L7 g,
mp OR-105°) raised 1o FO4-1089, Loty 4762, afrer recrysadliza-
i from ethyl aeerace {charenal).

el Cated Tor (lllll‘()l( )( HLOCODCT R ¢ T4t 1L,
AU, Fonnd: €0 74730 1L

/-17a-Chloroethyn_Vl-17B-hydroxygon-4-en-3-one LAXVID.
[=bsg-tahvla3amethoxygana-2.5( 10 =dien-17-one (3.6 g, prepuared
ax desrribed previomslyvt from VT was added with <arring
@ lichinm vhloraavetylide®  [from eis=dichhnethylene 05 mh
al A6 M etheread merhyliichimn 150 Dy in erher 1200 mly.
The mixawe was stirred for 2 hre at rooan temperainre and (reated
with water. The prodoee was reerystallized from merthanad 1
give [~ Ta~chioraedhynyl=d-methoxygona=-2,50 FO)=dien=Tg=ob (185
g1, mp HE-147° which was stirred nnder nitrogen in merhanad
water (00:4 ml! vamtaining 1.V HCHIO ml) for A0 mm. e
rrystallization of the produer from methanol gave XXV
120 g mp 214 210°%, Rawy 240 i (e 16,8000, Tain 4-01°,

Anel. Caled tor Caylle0.010 € 72,600 1, 7.660 ¢l e,
Fonnd: ¢, 72,020 I, b CLoTos.
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