024 PHiLLlrs, WickHAM, PoTTs, AND ARNOLD

about the same value we found for log £24 for a varicty of
bactericides  acting  on gram-negative  bacteria.!
This may not be a particularly useful observation; on
the other hand, it could be that in both instances drugs
are acting on the same type of cellular organelles and
about the same lipophilic character i ideal for penetia-
tion in cach case.

The big improvement in corrclation of ¢ 12 over ¢q
11 constitutes another illustration of the use of the
steric paramecter £, in o nonhonmogeneous biochemical
reaction.  Our own previous work?®:?13 indicates that
I'g may be a very important parameter for use in non-
homogencous svstems.

The results contained in the above equations do offer
useful information for the synthesis of more potent syu-
ergists for insecticides. In the first place, one should
desigu quite lipophilic molecules having log P values
near 4. Taking advantage of the additive character!®
of = and log P, such molecules can be degigned without
the effort of first making them and then measuring log
P. A hydrogen atom should be built inta sueh com-
pounds and be so situated that the odd eleetron
generated by its homolytie removal can be stabilized by
an extensive w-electron systemi.  IKeepiug in mind
that the ~OCH,O- function hasg a 7 value of almosi
zero, and that log P for dibenzofuran is 4.12, 4.05 for
phenothinzine, and 3.9 for mcthylacridine, IV-V]

¢y L Nanseh and ko W, Deutseh, Brochon . Biophys, driv, 126, 117

£ 196G6).
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and  their isomers would Dbe iuteresting  examples.
Many other possibilities come readily to mind.

While the homolytie arylation studies reviewed by
Williams and the radieal work of Yawmmmoto and Otsu!?
provide excellent sources for leads in such work, this
would appear to be an ideal situation to which molecular
orbital theory*t could be applied in the design of -
electron systems best suited to delocalize an odd elee-
tron.

The above work is of course most pertinent. to the
mechanism of action and design of syvuergists for in-
secticides. It would also secin to be of use iu our gen-
eral understanding of the metabolism of drugs since
there is considerable evidenee that the microsomal ac-
tion of inseets is quite similar to that of mammals, 1
scems likely that the homolytic constants we have for-
nuated from the work of Hey and Williams should be
of use in corrclating homolyvtic reactions in biochemical
svatens,

1241 B. Palhman amd N Pallman, ©Qnaneoamn Binehemisiry,” lliersiience
I'nhlishers, Int., New York, N. Y., 1143,
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The addition of arganolithinm reagems ta d-methoxyestra~1,:3,510), Ly~tetracn-17-one (31 vielded a =cries of

17-substituted A% derivatives (6).

Birch reduction of 6a and 6b at. —78° Ied ta rednetion of ring A withont re-

duction of the A double bond.  Oppenauer oxidation at room temperature of the intermediate s-methoxyestin-

2,5(10),15-trien-173-o0l (10) afforded the ketone 11 which was converted to a series of active progestins,
pocholesteremic and estrogenic activities of the intermediate aromatie steroids are reported.
for ethynylation of base-sensitive ketones is desecribed.

As part of a synthetic program leading to modified
steroidal estrogens and their derivatives, some re-
actions of estra-1,3,5(10),15-tetraenes, in puarticular 3-
methoxyestra-1,3,5(10),15-tetraen-17-one (3), were ex-
amined.! The A%-17-one 3 had previously been pre-
pared in five steps from estrone methyl ether (1) by
Johnson and Johns.? We used essentially the same
procedure, but reduced the number of steps to four by
direct bromination of estrone methyl ether with CuBr.?
(Scheme I).

In an cffort to reduce the number of steps even fur-
ther, the direct dehydrobromination of bromo ketone
2 was reexamined. In a related series, Pappo, et al.,*

1) K. W, Cantrall, R. Littell, and $. Bernstein, .J. Org. Chem., 29, 64
{1436:1), have nsed 3 to prepare a series of 15-substituted derivatives.

12) W, S, Johnson and W, F. Johns, J. Am. Chem. Soc., T9. 2005 (1957,

i3) k. R. Clazier, J. Org. Chkem., 27, 4307 (1962).

) R, Yappo. B. ML Bloonr and W, 3, Johuson, J. Ane Chem. Soe., 78,
O3IT tuae).

The hy-
A siinple procedine

treated 1G-bromo-33-hydraxyandrostan-17-one acctate
with v-collidine and obtained the AY“-17-one in 5%
vield as the only isolable product. In the present
work the use of LiBr :md 1.1,CO3 in DM on 2 at 100°4
gave little reaction after 21 hr. At 130° a mixture ol
the A'%-17-one 4 and the 148-A%-17-one 5 was formed
with no significant amount of the less stable unsal-
urated ketone 3 present.” On a preparative scale,
399, of 4 and 389, of 5 were obtained. Use of CaCO;
in dimethylacetamide™ led to similar results; so, no
further shortening of our reaction sequence was uac-
complished.

(3) R. Joly. J. Warnant, (G. Nominé, and D. Bertir, Bull. Sne. Chim.
Friznee, 366 (1958).
(6) The instability of 1la-aAB-17-nnes to heat [IKX. Tsuda, N. lkekawa,
Y. Saro, 8. Tanaka, anl H. Hasegawa, Chem. Pharm. Bull (Tokya), 10, ML
1116} and 10 acil feel 2 and K. W. Cantrall, R. Littell, and 3. Bernstein,
Jo Doy, Chend, 29, 211 (1961) | has Deen noterl.
TUCL FOL Grestt andd AL Gl Lang, L Chem. Sors, 20532 (G,
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Reduction of the unsaturated ketone 3 with LiAIH,
at 0 to —5° afforded a 789 vield of the A%-178-0l 6a.
At higher temperatures considerable amounts of the
saturated alcohol and the saturated ketone 1 were ob-
tained (as demonstrated by tle).2 Meerwein-Pon-
dorff reduction using aluminum isopropoxide and -
PrOH in refluxing Ce¢Hs gave the unsaturated alcohol
in 729, vield.

Interaction of the unsaturated ketone 3 with Gri-
gnard reagents led to mixtures of compounds. With
organolithium reagents, essentially pure products were

(8) J. Fajkns, Collection Czech. Chem, Commun., 28, 2155 (1958), reported

that sodinm Jorobydrirle rednetion of an analogous Al.17-one gave tlie sat-
nrated alecohol exclusively.

8

|
OH
R

13a. R=CH;
b,R=C=CH

obtained. Use of MeLi in THF afforded the alcohol
6b. Reaction with lithium chlorocacetylide gave the
chloroethynyl derivative 6¢. The reaction with the
lithium derivative of 2-(2-propynyloxy)tetrahydropy-
ran? yielded an intermediate which, after acid hvdroly-
sis, gave the hydroxypropynyl derivative 6d. Direct
ethynylation of 3 with lithium acetylide-ethylene-
diamine complex in THF or DMSO or with sodium
acetylide in DMBO™® afforded unpromising mixtures.
When lithium acetylide in THF (prepared by addition

(9) H. B, Henbest, F, R. H. Jones, and I. M. 8. Walls, J. Chem. Soc., 3646
(1950).

(10) C. H. Robinson, N. F. Bruce, and E, P, Oliveto, J. Org, Chem., 28,
975 (1983).
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of acetylene to a cold solution of Buli in THI or by
addition of Bulii solution to ice-cold THIT saturated
with acetylene) ! was used, an 869 vield of the ethynyvl
aleohol 6e was obtained. This method worked equally
well with ketone 11 and with estrone methyl ether (1).

Birch reduction of the aromatic alecohol 6b with I
and EtOH in liquid NHy-THI at the boiling point of
NH; led to a produet which showed no A double bond
in it umr spectrum.  This eompaund had the melting
point and speetral characteristies of the saturated enol
ether 7a.”>  When the reaction was run at —78°%, 1
0629 vield of the enol ether 8 having the dauble bond
nitact was abtained. ™ Hydrolyvsis of the enol ether 8
with oxalic acid at roam temperature afforded the un-
conjugated ketone 9a.  The conjugated ketone 12a
was obtained by treating 9a with aqueons NaOH.,  Re-
duction of the ketane 12a with lithinm tri-f-butaxy-
aluminum hydride followed by acetylation of the re-
sultant aleohol yielded the unsaturated acetate 13a.

Bireh veductian of the unsaturated alcohol 6a at
—78° afforded the allvlic aleohol 10 in about 809
vield.  This compaund was never obtaied pure, but
was alwavs contaminated with the saturated aleohal
7h.  Cauversion of this aleohol to the unsaturated ke-
tone 11 proved troublesome.  Attempted vxidation
with chromie acid-pyridine-water,’* basie  MnQa "
acidic MNn(, !¢ 2,3-dichloro-H,6-dieyanobenzoguinane, ?
DANISO-dieyelohexylearboditmide -pyridine  hydrochlo-
ride,™ or DMSO-Ac,OY gave unpromising mixtures,
due mamnly to aromatization of ring A, Fmally,
Oppennner oxidation with aluminum isopropoxide and
acetone in benzene at room temperature® afforded the
desired ketone 11 in 769 yvield with no aromatization
of ring A.

This ketone was used ta prepare ethynyl and chlavo-
cthynyl analogs of 9a, 12a, and 13a. Reaction of le-
tone 11 with lithium acetylide in THI' produced the
ethynyl aleohol, which on hydrolysis with oxalic acid
gave the unconjugated ketaue 9b.  This compound
was converted to the A%3-ane 12b with NaOH. Re-
duction of 12b with lithium tri-f~-butoxyaluminum hy-
dride followed by acetylation of the intermediate alco-
hol led to the unsaturated aectate 13b.  In a similar
manner, the chloroethyvuyl derivatives 9¢ and 12¢ werc
prepared.

Biological Evaluation.-—The prugestational activity
of these compounds was determined by the Clauberg
test? and the endometrial response was scored accord-

(11} A modification nl Barlische Anilin- & Sila-Fahrik Ak-Cles., British
I'asent 771,708 (1957).

()2} ¥. B, Cnlton, U. R, Patent 2,907,676 11940).

(13) W, 8, Johnson, W. H. Lnnn, anl K. Filzi |J. Am. Chem. Sor., 86,
1572 (1964 | achieved similar resnits i1l the rednetion ol a-1aslnrenyl)-
unisnle.

(14) R. M. Cornforch, J. W, Cornforh, aml €t Popjak, Tefrahedrnn, 18,
1351 (1962).

«Im J. Attenborrow, A, F. B, Cameron, J. . Chapman, R. M. Evans,
B. A, Hems, A, B. A, Jansen, and T. Walker, .J. Chkem. Soc., 1094 (1952).
A 2-year-old hateh of thir reagent in CHCIs affordesd the desired ketone 11 in
72" viehl. When freshly prepared reagent was used the reaction product
was contaminated with the aromatic ketone 3.

116) F.Sondheimer, O. Mancera. M. Urnniza, and (. Rosenkranz, J. Am.
Chem. Sov., TT, 4145 (1955H).

(IT) A. Bowers, P. G, Hului, I, Necoecliea, and ¥, Kincl, J. Chem. Soc.,
4057 (1961).

118) K. E. Pfitzner and J. G. Moffatt, J. Am. Chem. Soc., 85, 3027 (1963).

(19) J. D. Albright and L, Goldman, ¢bid., 8T, 4214 (1965).

(20) K. Heusler, J. Kalvoda, P. Wieland, and A. Wettstein, Helr. Chin
Acta, 44, 179 (1981).

1211 C. Clauberg, Zentr. Gynaekol., 84, 2757 (1830).
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g to the mdex of MePhail.™®  The androgeuic netiv-
Hy. based on the inerease in weight ol the semiual
vesicles aud ventral prostate of weanling male rats,
was estimated by o modification® of the method of
Hershberger, Shipley, and Mceyver.

The uterotrophie activities were estimated in wean-
ling female vats given the test compounds daily for 3
davs by intubation.  On the foueth day the utert were
excised, blotted dry, and welghed on o microtorsion
balanee,  Far pirposes ol compartzon ol velative
uterotrophic activities the minnmal dose of sterotd re-
quited to merease the uterine weight= by 40 mg over
that ol the enntrol wmmmls is expressed as o MDD,
value,

The hypocholesteremice aetivity was estimated fnl-

lawing oral administration of ihe steraids to imtact
mature male Sprague- Dawley strain vats, 225275 g,

daily for 4 davs.  On the fth day blood was with-
drawn by cardine puncture, the <cvuny separated, and
the cholesterol concentration was determined by the
macro procedure of Turner and Fales* with p-toluene-
sulfauie neid ax the eatalvst o the Licberuiaone- Bur-
chard procedure.  As oo measure of their velative hypo-
cholesteremice activities, the dasage of the steroids re-
quired ta reduce the serum eholesterol 339 (1915) was
estintted graphically on the basis of two or more levels
of test of the compound.

Ol the compounds found to have progestational
activity, the 17-cthynyl-A-5(10) derivative 9b was the
most interesting, being four times as active as norethin-
drone (17-hydroxy-19-nor-17 a-pregn-4-en-20-yn-3-one)
in the Clauberg assay with wenk estrogenie activity and
no  significant andrvagenie activity (Table 1. The

Taspe |
ORAL PROGESTATIONAL, ANDROGENTC, AND
FRrROGENTIC ACTIVITIES
Jisrogeme

Progestaliona) Androgenic

1% norelhin- yv X neethyle MDD
Coapid Jdrnmer s as(ergned ye ke Jday xd

X 1 b St
On 1 1£x 40
9h 1 ’” > oo
e Lr& v ~100
2 1 173 > 10
12h ! b/32 Hov
e A 3 ~10t)
[BB) 1 174 >0
15h I [ >0t

* Miniminn dose regiuired to increase the 1terine weight H0 g
aver control. * Preferenrial stimulation of the seminal vesicles
at 28 mg kg sc. Thix respouse iz typieal of that produeed by
extrogens, ~ Preferential stimulation of tlie seminal vesicles m
160 mg- kg, 7 Significant stimnlation at 20 g kg, Preferen-
tial stiimnlation of the seminal vesicles nt 80 mg. kg, Significant
stimulation at 10 mg. kg, ¢ Significant stimnlation. * Inartive
at 40 mg kg,

17-methyl derivatives 12a and 13a were equally ns pro-
gestational but showed considerable androgenic activ-
ity. Shift of the double bond of 9b from 5(10) to 4.5
(12b) caused a deerease in progestational activity, in

(22) M. K. McPhail, J. Fhysiol. 1ondon), 83, 145 (1933).

(23) G. O. Potts, A. L. Beyler, and D. F. Burnham, Prov. Suc. Krptl.
Biol. Med., 108, 383 (1960).

124) 1. Q. Hershberger, E. (i, Shipley, and R. K. Meyer, 14/, 83, (7D
{1953).

125) T. H. Turner and L. Eales, Scund. J. Clin. Lab. Invect., 9, 210
{1957).
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contrast to the norethynodrel (17-hydroxy-19-nor-17a-
pregn-5(10)-en-20-yn-3-one) to norethindrone shift.2
Compounds 6b, 6¢, and 6e were somewhat more
active than estrone methyl ether in lowering choles-
terol levels in male rats (Table II). The methyl de-

TasLe II
Oral HYPOCHOLESTEREMIC AND UTEROTROPHIC ACTIVITIES
Hypoctiol-
esterelllic
F D, Estrogenic
mg/kg,’ MDjo b
Compd day X 4 mg/kg/day X 3 Ratio
Estrone methyl
ether 1.6 <0.5H¢ >3
6a 9 1.5 6
6a acetate 5.4 ~1.25¢ ~4.3
6b 0.7 ~30¢ ~0.018
6e 0.8 2.8 0.03
6d f >250¢ v
Ge 0.1 0.25 0.4

@ Minimum dose required to reduce serum cholesterol 339 over
control. ® Minimum dose required to increase uterine weight 50
mg over control. ¢ A. Arnold, G. O. Potts, J. McAuliff, R. G,
Christiansen, and T. C. Miller, Proc. Soc. Exptl. Biol. Med., 121,
122 (1966). < Significant stimulation at 0.25 mg/kg. ¢ Signifi-
cant stimwation at 0.1 mg/kg. 7 Inactive at 16 mgskg. ¢ Sig-
nificant stimulationr.

rivative 6b had a better hypocholesteremic to utero-
trophic activity ratio than estrone methyl ether had.

However, it showed significant uterotrophic activity
at as low a dose as 0.1 mg/kg/day X 3, suggesting
that it is an impeded estrogen.” Compound 6e was
16 times as hypocholesteremic as estrone methyl ether
was, but was equally as estrogenic. Compound 6d,
with a hydroxypropynyl group at C-17, gave no evi-
dence of hypocholesteremic activity at 16 mg/kg/day
X 4 and was not tested further. Minimal estrogenic
activity was noted at 250 mg/kg/day X 3.

Experimental Section

Unless otherwise noted, the organic extracts from the reactions
were washed (H,O and saturated aqueous NaCl), dried (Na,SOy),
and concentrated wider reduced pressure. All melting points
are corrected. The ir spectra were recorded on a Perkin-Elmer
infrared spectrophotometer Model 21, uv spectra on a Cary
spectrophotometer Model 15, and nmr spectra on a Varian A-60
spectrometer using precalibrated paper. Solutions (10-20%)
were used with (CHj)Si as internal standard. Silica gel G
(Brinkmann Instruments) was used for tle. Spectra were run
under the supervision of Dr. R, K. Kullnig, who assisted in the
interpretation of the nmr spectra. Microanalyses were carried
out under the supervision of Mr. K. D. Fleischer.

16-Bromo-3-methoxyestra-1,3,5(10)-trien-17-one (2).>—CuBr,3
(500 g) was added to a warm solution of 250 g of estrone methyl
ether (1) in 2 1. of CsHs and 2 1. of MeOH. The mixture was
stirred at reflux for 1 hr and filtered while still hot. The filtrate
was concentrated under reduced pressure to about 1 1. and then
dilnted with 3 1. of C¢Hs and 1 1. of HyO. The mixture was
shaken well, then filtered while still warm. The aqueous layer
was extracted with 1:1 Et:O-CsHs. The combined organic
extracts were washed (NaCl), dried, concentrated to about 800
ml, and coonled. Filtration afforded 220.9 g (699;) of light yellow
crystals, mp 175-178° (vac); second crop, 30.2 g (99;), mp 173-
176° (vac).

3-Methoxyestra-1,3,5(10),15-tetraen-17-one (3).—The bromo
ketone 2 was converted to the unsaturated ketone in 47-53%,
vield by the procedure of Johnson and Johns.?

(26) J. H. Fried, T. 8. Bry. A. E. Oberster, R. E. Beyler, T. B. Windholz,
J. Hannali, L. H. Sarett, and 8. L. Steelman, J. Am. Chem. Soc., 83, 4663
(1961).

(27) C. Huggins and E. V. Jensen, J. Exptl. Med., 102, 347 (1955).
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Direct Dehydrobromination of Bromo Ketone (2).—A mixture of
47.3 g of the bromo ketone, 70 g of LiBr, and 60 g of Li,CO; in
dimethylacetamide was refluxed for 3.5 hr. The red solution
was cooled and poured into 1500 ml of 209, aqueous AcOH and
the mixture was extracted with 1:1 Et;0-CsHs. Work-up gave
a red residue, which was chromatogaphed on silica gel. Elution
with 19 Et,O in Cg¢H, afforded, after recrystallization from
EtOH, 145 g (399%) of 3-methoxyestra-1,3,5(10),14-tetraen-
17-one (4): mp 102-103.5° (lit.2 mp 103-104°); [«]®D +293°
(lit.t 4+293°); ir (KBr), 5.74 gx; nmr (CDCly), 1.13 (CHy),
3.72 (OCHs), and 5.57 ppm (Ci:H, uuresolved multiplet).
Mixture melting point with an authentic sample prepared by
the method of Johnson and Johus? was not depressed. Their ir
spectra were superimposable.

Elution with 2.59%, Et.O in CsH; vielded, after recrystallization
from EtOH, 13.9 g (389%) of 3-methoxy-143-estra-1,3,5(10),15-
tetraen-17-one : mp 100-101.5° (lit.2 mp 101-102°); [«] ®D + 485°
(lit.r 4477°); ir (KBr), 5.88 p; nmr (CDCl), 1.13 (CHy),
3.70 (OCHa), 6.13 (CuH quartet, J = 6, 2.5 Hz), and 7.53 ppm
(CieH quartet, J = 6, 2,5 Hz). Mixture melting point with an
authentic sample prepared by the method of Johnsons and Johns
was not depressed. Their ir spectra were superimposable. The
14@-AB-17-one 3 (mp 179-183°, lit.2 180-181°, [«]¥®D —54°,
lit.! —90°) had nmr peaks (CDCly) at 1.08 (CHj), 3.75 (OCH3),
6.08 (Ci:H quartet, J = 6, 3 Hz), and 7.62 ppm (CisH quartet,
J =6, 1.53-2 Hz).

3-Methoxyestra-1,3,5(10),15-tetraen-173-0l (6a).—Reduction
of 847 g of 3 with LiAlH; in Et:0-CsH; at 0 to —35° afforded
6.63 g (789) of once recrvstallized colorless erystals, mp 150-153°
(vac) (CsHe1-PrOH). Additional recrystallization gave color-
less rods: mp 152-154° (vac); [a]®p +1.5° (CHCl); ir (KBr),
2.92 u; uv (959 EtOH), 221 sh mu (e 9700), 279 (2050), and
288 (1900); nmr (CDCly), 0.85 (CHjy), 3.75 (OCH,), 4.38 (CyH),
3.70 (C;:H octet, J = 5.8, 3, 1.4 Hz), and 6.03 ppm (CisH poorly
resolved multiplet, J = 5.8, 1.4 Hz). Anal. (C;sH»0,) C, H.

The acetate of 6a was obtained as colorless prisms: mp 136.5-
138° (vac): [e]®p —35.0° (CHCly); ir (KBr), 5.78 u. Anal.
(CaHa05) C, H.

3-Methoxy-17-methylestra-1,3,5(10),15-tetraen-173-0l (6b).—
A solution of 10.0 gof 3 in 120 ml of THF was added to a stirred
ice-cold solittion of 75 ml of MeLi in Et,O (1.68 3/, Foote Mineral
Co.) under N; during 7 min. After an additional 15 min of
stirring, H,O was added and the mixture was extracted with
Et,0. Work-up gave 7.04 g (679) of once recrystallized colorless
flakes, mp 92-99° (C¢HsMeOH), plus & second crop, 2.67 g
(259), mp 90-95°. Tilc showed these crops to be essentially
pure (259 ether in CsHs, followed by H.SO4, heat). Additional
recrystallization afforded colorless flakes: mp (softens at 90-93°)
104-105° (vac); [a] ¥p —65.3° (CHCly); ir (KBr), 2.75 and 2.99 4;
nmr (CDCl3), 0.92 (angular CH;), 1.20 (C:CHj), 5.64 (C;;H
quartet, J = 6, 3 Hz), and 3.90 ppm (CsH quartet, J = 6, 1
HZ). Anal. (CgoneOz) C. H.

21-Chloro-3-methoxy-19-nor-17 «-pregna-1,3,5(10),15-tetraen-
20-yn-17-0! (6¢c).—In a manner similar to the preparation of 6b,
2.00 g of 3 was treated with lithium chloroacetylide [prepared by
addition of 5 ml of ¢rs-1,2-dichloroethylene in 25 ml of absolute
Et;O to an ice-cold solution of 25 ml of MeLi in Et,O (1.68 M)
under N,]. Work-up afforded 1.62 g (679) of pale yellow crystals,
mp 159-160°. Recrystallization from MeCN gave pale tan
crystals: mp 160-162° (vac): [a]®D —234.1° (CHCly); ir
(KBr), 2.92 and 4.52-4.60 p w; nmr (CDCl;), 0.93 (CH,),
3.77 (OCHy), 5.73 (CiuH quartet, J = 6, 3-4 Hz), and 6.08
ppm (C;sH doublet, J = 6 Hz). Anal. (C5Hy:CIO,) C, H, Cl.

17-(3-Hydroxy-1-propyny!)-3-methoxyestra-1,3,5(10),15-tetra-
en-178-ol (6d).—In a manner similar to the preparation of 6b,
3.00 g of 3 was treated with the lithium salt of 2-(propynyloxy)-
tetrahydropyran® [prepared by reaction of the substituted
acetylene, bp 87-88° (25 mm), with MecLi in Et,0]. Work-up
vielded 5.52 g of vellow oil.

Hydrolysis of this oil with p-toluenesalfonic acid monohydrate
in EtOH at reflux afforded 2.91 g (799,) of once recrystallized
tan crystals, mp 214-217° (EtOAc-MeOH). Additional re-
crystallization yielded light yellow crystals: mp 217-219°
(vac); [e]®D —248.7° (pyridine): ir (KBr), 3.04 u; nmr (DM-
S0-ds), 0.89 (CHs), 3.70 (OCH;), 4.15 (CH:0), 5.70 (C1sH quartet,
J = 6 Haz), and 6.03 ppm (CisH doublet, / = 6 Hz). Anal.
(CaHas03) C, H.

3-Methoxy-19-nor-17«-pregna-1,3,5(10),15-tetraen-20-yn-17-ol
(6e).—A solution of 100 ml of BulLi in hexane (1.59 M, Foote
Mineral Co.) and 100 ml of THF was added during 15 min to a



stirred cooled solution of 400 mi of T'HF saturnted with acetylene.
Acetylene was then bubbled through the stirred mixture for
45 min. The stirrred mixture was cooled in ice aud a solution of
10.0 g of 31in 300 ml of THF wus added in 20 min, After an addi-
tional 20 min of stirring, saturated aqueous NSOy was added
until the salts coagulated. The organic layer was decauted,
dilnted with 1:1 Ft.0-CeHg, and worked np to yield 9.41 ¢
(84) of once recrystallized pale tan flakes, wp 146-149°
fvac) (CgHe=MeOH).  Additional recrystallization afforded
colarless flakes: 1np 150-151° (vae): |ol®n —104.0° (CHCL);
ir (KBr), 2.86, 2.90, 3.05, and 3.09 u (sharp split peak; shows
single peak in CHCL); nmr (CDCL), 0.95 (CHy), 2.62 (C==CH .
353 (OCH), 5.78 (Cull quantet, J = 6,3 Hz), and 6.07 pput
1CxH doublet, J = 6 Hz)o Anal. (CyHa04) ) 1L

Birch Reduction of Compound 6b. At —78°.-Li wire (.3 g
was added i small pieces ta a stirred solution af 10.0 g of 6b
in 450 ml of THEF and 600 ml of liguid NH; coaled ta =78 i o
Drv Tee-Me.CO bath. Absolunte FtOH (50 inl) was added to
the Dlie mixture in 3 min and the mixture was stirred vigoronsly.
After 5 min, 30 g of NHyCl was added. When the mixture had
bhecome enlorless (3 min), the cooling batlh wax remnoved and the
pixture was warlited to roomn temperatire, diluted with H.O),
and extracted with 101 Et.O-Colle. Work-up guve 6.20 g
(62" 0) of once recrystallized colorless ervstals, mp 143-147°
(Cslle-MeOll).  Two additional recrystallizations gave 3-
methoxy-17-methylestra-2,5(10),15-trien-173-0l (8) ax colorless
flakes: mp 145-148° (vace): [e]®n —9.8° (CHCL): ir (KBr),
2.90, 3.00 sh, 3.93, and 6.04 w: 1v (9577 EtO11), end ahsorption:
mr (CDClLy), at 0.90 (angidar Cl), 136 (CiHy, 3.50 10CH;),
4,60 (Cu11), 500 (Gl gquartet, J = 6, 3 11z), and 5.84 ppm
(Chgll doublet, J = 6 1z). Anal. (CyHsOh) ) H.

At —33°,— Reduction nf 20) mg of 6b under similar couditinux
but at the hoiling point of liquid NH; ( —33°) afforded 108 mg
of 3-methoxy-17-methylestra-2,5(10)-dien-178-0l (7a) as colorless
rods, mp 137-141°.12  Hydrolysis of this produet with p-toluene-
sulfonic acid wonohydrate it MeaC'O-H,0 afforded 17-hydroxy-
17-methylestr-5(10)-en-3-one'? as colorless rods: mp 143-145°;
ir (KBr), 2.95 and 5.7 &; uv (957 EtOH), end absorption. The
umr spectra of these two compounds showed no A" double boud.

173-Hydroxy-17-methylestra-5(10),15-dien-3-one (9a),-—Hy-
drolysis of 32,0 g of 8 with oxalic aeild dihydrate in THF-MeOH-
HoO ot o temperatnre vielded 24.7 g (V870 of mice recrystal-
lized colorless erystals, mp 135-117°. Additional recrvstalliza-
tion led to colorless ervatals: mp 137-139.5° {a]®n 43507
(CHCL); w (KBr), 2.80 and 5.83 w: nv 19570 KO, 285 mg
{e 40); nu (CDCL) 0.93 (angnlar CHy) 118 (CCHy), 563
(Cull quuretet, J = 6,03 Hz), and 5.8%8 ppm 1Chg quurtet, J = 0,
1.5 ”/) Anal. ((‘m”-}e(');\) (“ H.

178-Hydroxy-17-methylestra-4,15-dien-3-one {12a).-—Treat-
ment of 15,00 g of 9a with a trace of 359 aqueous NaOH in
THE at room temperature gave 12.80 g (8557) of anee-recryvstal-
lized colorless crvstals, mp 166-167.5° (vace) (CH.ClL-Et.O).
Additional recrystallizatinn yielded colorless rods: mp 167.5
169°; (a2 —40.0° (CHCly): ir (KBr), 2.949, 6.04, and 6.20 u:
W 195¢ O, 240 mg (e 17,000): nmr {CDCLY, 0.97 (angitlar
CHy) 115 iCrCHy), 5.62 (Call guartet, J = 6, 3 Hz), 5.78
tCrell donblet, J = o Hz,oand 5.82 ppm tCLlly A nal. (CollnO)
C, 11

17-Methylestra-4,15-diene-33,173-diol 3-Acetate (13a).--Re-
duetion of 13.8 g of 12a, with lithinn tri--bntoxyaluminim
livdride s THE at room emperntiure gave 20.5 g of partially
ery=tallized ol Thix oil was acetvlated with Ac.O-pyridine s
roon temperatinre to vield 16.6 g of partially crystalline pale
vellow oil.  Chromatography on 330 g of silica gel afforded 13 g
of =alid which after recrystallization from EGO-pentane gave
4.36 g (2757 of Iurge colorless crystals: mp 96-98°: [a]%n
—104.1° (CHCL); v (KBr), 2,96 and .75 p; nnmre (CDCLY,
1.92 (angidar CTh) HES (CCHy, 2.00 (COCTHy), 5.32 (C4HD,
507 CCRH quartet, J = 6, 3 Hz), and 5.78 ppm (CisH donblet,
Jo= 6 1z). Anal. (CyllzOn) C0HL

3-Methoxyestra-2,5(10),15-trien-173-0l (10).—Li wire (6.8 g)
was added to a stirred solution of 14.0 g of 6ain 1.5 1. of THT" and
1o L oof lignid NHi cooled in a Dry Tee-Me,CO bath.  After
tlie mixtnre was stirred for 10 min, 90 nl of absolute EtOH was
added in 3 min and the mixture was stirred an additional 15 uiin.
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NHCl (100 g) waus added and the mixtmre was stirred i the
cooling bath antil it became colorless (43 min),  The reaction
wis worked up as described before (preparatinn of 8) 1 vield 1
g of colorless solid: v TKBr), 3.09. 3.91, 6.02, and (.68 w: nv
OS5 ELOR), 240-270 mu te ~100) and 278183y nuy < CHCLn,
0.83 (CHg), 554 {OCH 433 (Cirl, 465 «Coly 067 i Clll
poorly resolved muhiplet), and 6.00 ppm (Cll poarly resalveld
inltiplet). One recrystallization from CulTi--MeOT vielded 118
g (abant 84750 af eolorless cryvstals, p 195 156° ivacr This
materinl conld nat b completely pivified by eliramitograplhy
e by reerystallizzuiore The main compouent was <shown by +be
to be d-methoxyvesita-2,50 10), 15-trien-173-0l 110,

3-Methoxyestra-2,5(10),15-trien-17-one (11), -\ <oluGon ni
114 g of 10, 5 drops of pyridine, and 204 g of almminym iso-
propoxide b 200 1l of Me(PO aud SO0 wld oF Cglly was stirved
at roown tetperiarre nnder Noo® o Ajter 6 e de showed that the
reaction was abont H0', cowmplete i o additional 4.1 ¢ of
alimtiunmo=opropoxide and 100 ml of MeCO were added. Alter
a taral of 46 e renction time, the vellow solurion was dilmed wich
Et.O, washed best with snuratel agneons sedimmn potassimn
artrate, then with smrated aguenns NaCl, dried, aud coneen-
trated nuder redneed pressure to vield 155 g of colorless ervstals,
Recrvstallizotion from FtOAe afforded 927 g of coloyless rods:
mp ERG -7 fvaed e ¢CHCT), 5084, 6,00, and 6.69 @ rvw
tle showed twio minor more polar impurities which conld not be
enxily removed by chronwtography or by yecrvstallizition,

17-Hydroxy-19-nor-17,-pregna-5(10),15-dien-20-yn-3-on¢

(9b).- - Acetvlene was wdded to an iee-cold solution of 14t ml af
BuLi =alution 1.6 .1 i hexane) and 425 ml of THE,  After 45
non the aecetylews mler wiax removed and o solation ol 10 ¢
of 11 i 200 ml of THE was added v 20 b Alter 10 min of
additional =tirring, sannted agnens NaeSOg was added dimpwise
nntil the salts coagulated.  The mixtiye was filtered. The filtrate
was dilntetd winh b 10,0-Cul Lo il wonked np e yiehl 170 g
of pale tan =olid.

Hydrolvsi= of 800 g ol this sclid with oxalie neid lihvlyate in
THE-MeOH-11,0 at ramn temperature yvielded o colorless
solid.  Clromatography an =ilien gel, tollowed by recrvsealliza-
tion fromu Cyllg v-PrOH alforded 5.5 g rabant 75', from ketoe
11) of pale ting vrvstalss mp 170-173° Cvaed. Additional ye-
crystallization gave pale tan ervstals:  mp 171 173° (vaes,
led?n --T0.2° P CHCE: v (KB, 206, 3.06, 477, and 180
wr v tadt IO, 272 mg (e 4000 nne tCDCL L, 0,08 ¢CHLS.
2,62 (CaCHDL DTSt CuIl aquuvetet, o= 6, 5 Hz and G.OT ppng
CClll quarier, o = G0 B Hzde Anal 1 Cal Oy C, 1L

17-Hydroxy-19-nor-17 «-pregna-4,15-dien-20-yn-3-one (12b;.

The nneanjngnted ketone 9b 1140 g) was ranverted to the
A=deane 12b withe NaOT] o the nnnner deseribed Tor 12a. The
eride produnet was clhiromatographed on silien gel to vield 6,08 g
A7 ol aneesreeryvstullized colarless eyvstuls, mp IS8T sy
{vire) P MeCO-Cillin A addional yeorvsiallizotiomg w
fine colorless ervatul mp ESSO 190007 Gvaeds L ¥ TAn
TCHCEY; b cIKBey 200, 5000 sh, 480, and G089 u; oy inh7,
FAOTD), 240 g e 18,3000, Anal. t CulluOy) C, 11

19-Nor-17 «-pregna-4,15-dien-20-yne-33,17-diol 3-Acetate
(13bj.- ‘The kecome 12b was ennverted to 18b in the manuer
dexcribed £ the preparation of 13a. The ernde pmdinet was
reeryetallized from 1560 to yield fine white prisins: mp 133-125%;
la]®n —102.1° tCHCLO: b TKBry, 575 and 5.85 ur nv (03]
CtOH ), 27 mute 1700 i 1 CDHCLyy, NS ECT), 2,02 0COCT ),
257 ppm 1 C==CH 0 Apel 1CH O C) L
21-Chloro-17-hydroxy-19-nor-17«-pregna-5{10),15-dien-20-yn-
3-one (9¢) wix prepared from 11 i the nmamer deseribed for the
preparation of 9b nsiug lithimmn chb aonectvlide Gsee preparatiom
al 6¢). The chirmaragraphed pronlnet (siliva geld was reervstal-
lized fram I5t20 to vield fine white needles: mp 1450 145.4°;
Jel®n = 10197 1CHCLy e (RBry 2,03 and 380w ol
(CalyCl100 ¢ 11 CL
21-Chioro-17-hydroxy-19-nor-17.:-pregna-4,15-dien-20-yn-3-
one (12¢).-~The A*™B.one 9e was isomerized to the A%3-one
12¢ with NaO1l in the manner deseribed i the preparation of
12b.  Recrvsinllization from Cyle-hexane vielded small prispis:
mp 157.2-150.6%: [nit o —205.7° «CHCL: e i KBr 3.02, 6.0,
and 6,22 w0 onv 08 0L 240 nte te 1000 Lund
1 CaHopCLOLY CU L O




