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d,l-l3-Ph~l-l8-nore8tradiol 3-metby ether (Va) wan sgnthorired by 
u8e of 2-phenylcyclopentane-1,3-dione in place of 2-methyloyclopentane-1,3- 
dione in 8n established ertrone syntheris proceeding fro8 1,2,3,4-t&m- 
hydro-6-methoxy-1-myl-1-naphthol. Conversion of d,l-l.3-phenyl-18-nor- 
erstradiol 3-methyl ether (Va) to d,l-l3-phenyl-18,19-bi8nortertorterone (XI) 
MS posoible by a selective Biroh reduction providing the C-17 8lcohol war 
arrrked as a tetrahydropyranyl ether. Alternatively d,l-l3-pheql-18.,19- 
bi8nortesto8terone (XI) could be prepared from a C-l.3 dihydrophenyl analog 
by rearomatisation. 

We wish to report the first 8yathesis of csteroid hormone analog8 

substituted at C-l.3 with 8 phenyl group (3). 

The title compound (Va) MS prepared by a sequence of reactian (Fig. 1) 

analogaps to the sequence described by us and other8 in the 8yntheair of 

d,l-estrone methyl ether (4). 2-Phenyleyclopentane-1,3-dlone (5) MI Con- 

densed with 1,2,3,4-tetrahydro-6-Dethoxy-1-vinyl-1-naphthol to afford the 

expected 2-[2-(3,~-dihydro-6-methoxy-l(2H)-naphthylidene)ethyl]-2-phenyl- 

cyclopentane-1,3-done (I). Cycliaation in acetic acid in the prerrence of 

E-toluenesulfonic acid afforded d,l-8(9),l&birdehydro-l3-phenyl-18- 

norestrone 3-methyl ether (II). Hydrogenation of this product (II) in the 

presence of palladium-on-charcoal catalyst, in benzene, stopped after 

uptake of one mole of hydrogen, and the major product MI obtained cryrtal- 

line, having ultraviolet tix 28snq~, El5.400. This compound is assigned 
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Fig. 1 

structure III in which the stereochemistry at C-a is considered to be a- 

as a result of hydrogenation from the less hindered side. 

d,~-8(9~~~~~o-~-phe~l-~8-nores~one methyl ether (III) was 

reduced with sodium borohydride and then with excess potissium in liquid 

ammaaia. The crude product was oxidized with CrO3/pyridine to the C-17 

ketone and chromatographed on alumina. Two isomers were isolated, the 
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estxene enalog VIX m.p. 196~198*, uxtravioletxmx 278, ~2338, and the 

ketone VI r.p. 172-l?& Amuc 278, f278Oj obtrined in UI appr0Jdut.o ratio 

of k:L The stereocheai8try of ketam VI um establishedby t&e finctimg 

that it is t&e lprjor produot formed in the hydrogenatiau of d,l-8(9)- 

~~~~-phe~l-l8gn~ee~~ met&y1 ether (III) using pallmiitm-on- 

charcoal in acetic acid (of. 4). xdone VII is assigned 8p,9u-rterewhea- 

i8~ in uylogv with result8 in t&e earlier mntimed csstraw t&al 

rrynfhererr . 

In ur alternate prowiwe, the alcohol ZVa w&s uaanvrrrted to the 17- 

t.atrahydropyranyl ether IVb before performing the potas8ium in liquid 

*lEwnia reduction. Illha cmdsproduut folbwing thir rwiudiuin ua8 chrammto- 

graphed an br8iC 8lumi.m to give in good yield the pure tetm&dropyranyl 

et&erVb. ffydrolysis of eompamd Vb afforded d,l-U-~~l-l8-nons~&diol- 

3-mtbipl ether (Va). %B8tW'Wheri~1pitritJrof thi8 compound U88(z6Fl- 

firmed by oxidation to the previowly aharacterired d,l-l3-phenyl-18- 

norestirone~ nethyletherVI1. 

In the preparation of 19-nortestosterone amlogs and deriv8tLver, 

a key rtepis Birchredmtion of the 8rarPticA-ring. i&on this remtion 

was conducted on alcohol Va for a one-hour period wit21 a large exoess of 

oodiumb’~ liquidammonia and t-butanol, itwm found that in the major 

aromatlo ring8 were reduaed to the dihydro stage. The 

infrared 8pectnuP of compound IX di8ptiyed absorption at 5.88, 5.98 and 

10.4. N.H.R. 8howed one viqylic proton at 5.35C (C2) and three VirprUc 

protone at4.3Ot (angular dibydroaromatic) (6). FWther proof of 

structurens obtainedbyfurtherconverrionof oompoundIX to thenor- 

testosterone deriPat&veXIas reportedbelow. 

p=tiol I'ednCti~ Of 8lCohOl VO With 8 8u&t eXCeS8 of S&WI& 
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VII 

Fig. 2 

CH30 

XI 

liquid a&a and t-butanol for ten B&U&S resulted surprisingly in 

preferential reduction of the angular phenyl group, and compound VIII with 

an intact amastic A-ring was isolated in good yield. Compound VIII dia- 

played absorption in the infrared at 6.22, 6,70 and 1O.b; its N.M.R. showed 

the vinylic protons at k.3OE. 

Preparation of the desired 19-nortestosterone analog XI was achieved 
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by two method8. In t&e firstone, the tetrahydropyramyletherWwa8 used 

ae the rtarting material. When Birch reduction with several equivalenta 

of sodium in liquid ammonia and t-butanolns performed on this compound for 

twenty minter, reaction occurred almost exclusively in ring A, and 

internm4iate X was obtatid in good yield. It ua8 characterisod by it8 

infrared ab8fXptiOn at 5.88, 5.98 and lh.3~. In the PJ4.R. the compound 

displayed a multiplet at 2.7t attributed to the C-l.3 angmlar phenyl group 

and one vinylic proton at 5.4tC. On hydrolyris with methanolic-El, d,l- 

l3-phenyl-18,19-bisnorte8tosterone XI MS obtained after chromtography. 

Ita Bl.M.B. showed a vinylie proton at 4.17-c and the expected multiplet 

at 2.7x for the angular aromatic protom. 

A secondlssthodfor obtaining compound8withangularphenylgroups 

at C-l.3 is based on the observed ea8e Of rearmtiEatiOn Of dihydro- 

aromatic c~ounde VIII and lX. Thur,when treatedwith CrO3/pyridine at 

room temperature overnight, the l lcoholIXwa8 convertedinto the ertrone 

analog VII. To obtain d,l-I.30phenyl-18,19-bimortestorterone (XI), the 

alcohol IX was treated first with methanolic-HCl to form the 3-keto-&- 

system. Thir intermediate wa8 then treated in dilute, ice-cooled pyridine 

solution with crO3. Under these condition8 preferential oxidation of the 

angular dihydrobenwme ring occurred within 30 minute8 without appreciable 

oxidation at C-17. The produat, isolatedby chromatography, wa8 the 

biamortestosterone analog XI. 

The change in selectivity in the partial Birchreductionbrought 

about by formation of a 17-tetrahydropyranylet&er wa8 considered of 8ome 

intererrt. Accordingly, we also prepared d,l-l.3-pherql-l8-nor-l74e8oxy- 

estradiol 3-methyl ether (XII) by Clelllaen8en reduction of ketone VII 

according to published oonditio~ for the synthesis of 17-deroxyestradiol (7). 
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Fig. 3 

Controlled Birch reduction of compound XII led After Acid treatmmt to 

d,l-l3-phenyl-18,19-bi8nor-17-de8mcytesto8terone XIII, paralleling re8ults 

obtainedin the reduction of the17-tetr~hydropyr~loxy~n~log. Apparently 

An -protected 17-hydroxyl group l raisto Birch reduction of the C-l.3 phenyl 

The Author8 NiAh t0 e.Xpre88 8peCiA1 AppreOiAtian to bb. &Tar. b5.8Oll 
for the interpretrtion of the N.M.R. rpectra. azrskr Are due to Mr. R. 
Boo8 And hi8 l 88ocl~te8 for the microPruly8e8, Dr. U. H. Joner And l 880- 
ciater for carrying out the hydrogenati&, I&. A. Ko1al84y for the 
tit+X'AViOle t lQYOCtXA And Hr. R. Ualker for the infrared rpecb~. 

Melting point8 Are uncorrected, ultraviolet 8pectra were recorded 

EXPHUHWTAL 

in dioxane And *red spectra were taken of chloroform film8, if 
not specified otherwise. N.&R. 8pectra were determined on an A-60 
8pectroaster in dilute cz13 solution, using TM AI the internal reference 
8tandArd. 

2-[2-(3,~-Dihydro&meth~-1(2H)-naphthylideme)ethy1]-2-pheny1- 
cyclopentane-l,f-dime (I) - A mixture of I3 . f 6 tb 1236- 
tetrahydr 1-vinyl-1-naphthol And l3 g. of 2-~he~l~~o~?&~-~ j- 
dioneu~8~~efluxed imldc ml. xylene and52 ml. t-butanolia the ire- 
Aence of 5 ml. of A 40% m&mnolic solution of Triton B for 6 houre. 
After the ~oluti6n ua8 cool, approximtely 150 ml. of ether were 
Added, And 8om8 unchanged phenylcyclopentanedione wa8 removed by fil- 
tration. The total filtrate ua8 8uccessivel.y n8hed with 1N NAOH 
solution And uater. The organic fraction was dried, concentrated in 
vacw and tie residue oq8tAlli8Od from ether, to yield 11.5 g. (-1 
bf 0.p. 127-128.; ultratiolet, Max 267.5*, E21,OOO; Mrared, 
5.70 (weak) 5.80, 6.22, 6.70 and l_4.3+. 
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-1. Calcd. for Q&,&&03: C, 79.971 H, 6.71. Found: C, 79.65; 
H, 6.K 

d&-8( 9), &Bi8dshydr0-l3-ph0q~l-l8-n01~8tro~ methyl ether (II) - 
To a solution of 14.4 g. of the above tricycle I, in I.500 ml of glacial 
acetic acid, there ML) added 15.2 g. of E-toluene8ulfonic acid with 
Stirring. The mixture wa8 rtirredatroem temperature undernitrogen 
overnight and filtered from sow impuritier. The clear filtrate MO 
alowly poured into 6 liters of ice water. The precipitate which 
formed wa8 filtered, washed with water and ethanol and dried in v8cuo. -- 
Material of thir puriiq weighing 12 g. (88%) is aritable for the next 
Step. Recqystallisation from ethyl acetate afforded an analytical 
sample with m.p. l42-l43*j ultraviolet, XIlpx 31+, L29,700; infrared, 
5.78, 6.22, 6.70 and 1L.36~. 

Anal. Colcd. for C24E22O2: C, 84.17; H, 6.47. Found: C, 84.31; 
H, 6.56. 

d,1-8(9)-Dehydro-l3-phenyl-18-nore8trone methyl ether (III) - A 
solution of 7.6 g. of ketone II in 300 ml bentene ~8 hydrogenated in 
the presence of 760 mg. of 10% palladium-&charcoal catalyrt until one 
mole of hydrogen had been taken up. The catalyst was filtered and the 
solvent removed in vacua at 40%. The residue couldbe Cq8talli8ed 
from ether, contXXO% ethanol. A firrt crop of 3.9 g. (51.5%) of 
ketone III, m.p. 161-162%., was obtained. Occasionally, more material 
could be isolated on further cryrtallieatian of mother liquors. The 
analytical sample obtained from ether had m.p. 163’, ultraviolet, Wx 
2&~, E&400. 

Anal. Calcd. for C24H2402: C, 83.69; H, 7.02. Found: C, 83.65; 
H, 7.[)8. 

d,l-l3-Phenrl-18-nore8trone methyl ether (VII) - To a SOlUtiOn of 
1.1 g. of ketone III in 40 ml. absolute ethanol there were added 700 mg. 
of NaBH4, and the mixture was refluxed 1.5 hour8. After cooling, the 
reaction mixture wa8 poured into 400 ml. of ice water containing 20 g. of 
m2m4- Repeated extraction with bensene, drying and conc8ntration & 
vacua yielded 1.05' g. of semicrystalline reduction produot IVa &void of 
x-1 ab8orptioX.L This material vO8 dissolved in 70 ml. of dry t&J%- 
h 
2 E 
drofuran and added dropwise to a solution of 1 g. of potassium in 
0 ml. of distilled, dry liquid ammonia. Di8CO1OX'atiOll U8Uaw ocaurred 

during this addition in which case another 1 g. of potarsium MI add8d. 
The solution was stirred and the ammonia kept refluxing for 6 hours. At 
the end of this period, ammonium chloride was carefully added and the 
ammonia wa8 allowed to eVapOrab3. The rerridue was distributedbetween 
ether andwaterand the ether phase was driedandconcentrated. The 
totalcrude was reoxidisedwith CrO) andpyridine in theusualmanner 
and chromatographed on a column of 26 g. acid-washed alumina. The frac- 
tions eluted with benzene-petroleum ether mixture8 containing 30 to 40% 
benzene were combined and crystalliaed to yield 360 mg. of compound VII, 
m.p. 196-198'; ultraviolet, Amax 278npi, L2l38. 

Anal. Calcd. for C24H2602: C, 83.20; H, 7.56. Found: C, 82.98; 
H, 7.F 
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Later fractions from the same column eluted with benzene yielded 
85 mg. of compound VI, m.p. 172-174'; ultraviolet, knax 278~, t2780. 

Anal. Calcd. for c24H2602: 
II, 7.50. 

C, 83.20; H, 7.56. Found: C, 83.02; 

d,l-l3-Phenyl-18-nor-8-imehrone methyl ether (VI - Ketone III 
(300 mg.) was dissolved in 20 ml. of glacial 8ceti.c aci& and hydrog6Mted 
in the prerence of 300 mg. of 10% palladium-on-charcoal catalyst until 
one mole of hydrogen was consumed. After filtration of the catalyst, the 
solution was poured into excess ice water and extracted with chloroform. 
Removal of the dried rolvent left behind a semicrystalline solid. Upon 
cryatallisatioa from ether, 185 mg. of product melting at 174'C., were 
obtained identical in all respects with compound VI described above. 

Isolation and Birch reductions of d,l-13-phenyl-18-norestradiol 3- 
methyl ether (Va) - A sample of 500 mg. of the tetrahydropyranyl ether Vb, 
obtiined as described below, was dissolved in 50 ml. methanol containing 
2 ml. of cont. HCl. This &ture MS stirred at room temperature under- 
nitrogen for 6 hours, and the product isolated by pouring into ice-cold 
bicarbonate solution and extracting with beneene. The total crude residue 
was crystallisad from ethanol and gave a first crop of d,l-U-phenyl-18- 
norestradiol 3-methyl ether (Va), m.p. llr8-150~. 

The analytical sample obtained after one more recrystallization from 
ethanol had m.p. tiO-lSl*. 

Anal. Calcd. for C24R2802: C, 82.72; H, 8.10. Found: C, 82.91; 
R, 8.E 

A sample of 110 mg. of alcohol Va having m.p. l48-150. was dissolved 
in 1.2 ml. pyridine and added to a suspension of 110 mg. of chromium 
trioxide in 1.2 ml. pyridine. After 18 hours at room timperature the 
product was isolated as usual and percolated through a column of 1.5 g. 
acid-washed alumina in bensene solution. The obtained crystalline pro- 
duct (96 nag.) was identical by m.p., I.R. spectrum and T.L.C. behavior 
with the pure estrone 8nalog VII. 

A solution of 600 mg. of alcohol Va in 25 ml. of tetrahydrofuran 
was added to 40 ml. of dry, distilled ammonia. To this mixture was added 
12 ml. of t-butanol and then 1.1 g. of sodium was added in portiaas and 
the mixture was allowed to stir under reflux for one hour. Excess metal 
was carefully destroyed by the addition of methanol, the ammonia evaporated 
and the residue extracted with ether and water. The resultant product 
after removal of dried solvent could not be obtained crystalline but 
was assigned structure IX, based on its spectral characteristics; N.M.R., 
one vinylic proton at 5.35r and three vinylic protons at 4.30X; infrared, 
5.88, 5.98 and 1O.b. Its structure was confirmed by reoxidation of 100 mg. 
of compound IX which were dissolved in 1 ml. pyridine and 100 mg. chromium 
trioxideinlml.pyridine. After 18 hours at room temperature, the 
product was isolated as usual and percolated in benzene solution through 
a column of 1 g. of acid-washed alumina. The crystalline product (70 mg.) 
was identical by I.R. spectrum, m.p. and T.L.C. behavior with the estrone 
analog VII. 
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One gram of alcohol Va wa8 dissolved fn 45 ml. of dry tetra&zW&uran 
and added to a solution of 75 ml. of dry, distilled liquid am&onia. 
Then 16.5 ml. of t-butanol and 186 mg, of sodium metal were added and the 
reduotion was allowad to proceed for 10 mi.nut%s. EXCSSS metal MI 
destroyed by careful addition of methanol, the laawha was evaporated 
and the residue workedup in th% u%ualwa~. TBe m8for prortact (VIII) 
weighing 740 Bg. (74s) was obtaiaed cryrtalline from iropropanol. The 
best obtaiaeble rample had m,p. 173-1.76'; N.H.R., vinylic protons at 
4.30~; infrared, 6.22, 6.70 and 1O.b. 

Anal. Calcd. for C24H3&: 
H, 8.5s. 

C, 82.24; H, 8.63. Found: C, 81.78; 

Compouad VIII was further characterized as the 17-acetats, m.p. l&P*; 
infrar%d, 5.75, 6.22, 6.70 and lo&. 

Anal. Calcd. for C26B32O3: C, 79.55; H, 8.22. F-d: C, 79.76; 
H, 8.21. 

Preparation and Birch reduction of d,1-13-phe~l-18-norestradiol 
)-me*1 ether-17-tetrahydropyranyl ether (Vb) - A 1.5 g. 8arple of &e 
sodium borohvdride recinction Pro&et IVa obtained as above was 8u8endsd 
with stirr& in 6.5 nil. of a-freshly distiU%d solution of dry d&y&o- 
pyran. E-Tolu%neaulfonylchloride (65 mg.) ~18 added and the mixture was 
stirred overnight under nitrogen. Alittlepyridinewasaddedmdthe 
reaction mixture was than powed into ice water and extracted rep%at%dly 
with ether. After drying, the organic pharo was concsrntrated uncier re- 
duced prsssure to constant wsight. This prodnot (IVb) w8 then reducsd 
by dissolving it in 78 ml. of tetrahydrofuran and slowly adding the solu- 
tion to 320 ml. of liquid ammonia containing 1.3 g. of potassium, After 
the additicm, anoth%r 1.3 g. of potassium w%r% add.%d, and the recf\zctio,n 
was allowed to proceed at th% r%flux t%mperature of m for6hoars. 
The work up was don% a8 before and 2.1 g. of orude product wer% obtainsd. 
It proved advantagemu at this point to purify it by chromatography on 
basic alumina. The frac;tima elutedwith b%ns%ne-peteether mixtures 
cont8ining 30 to 80% benzene were combin%d and concentrated. The obtained 
crystalline residue (compound Vb) was about one gram. 

A sample off;OOmg, of etherVb diiirsolvedin 28rz. of tetrohydro~~ 
and 8.5 ml. of t-but8nolwas l dd8d to a solution of 45' ti. of liquid 
ammonia. Sodium(l35 mg.)ms addedandthe reduction wa8 allewedto 
proceed for 20 minutcss. The product (420 mg.), isolated a8 in the pre- 
vious experiments,wa8ide&ifiedas stnrctPrel[by spectro8copic data. 
N&R. rhowcad a nmltiplet at 2.7r aad o&e viqylic proton at 5.4s. 
Ufrared absorption bands were at 5.88, 4.98 and l4.3~. It was further 
characterised by its hydrolysis to compound XI. 

d,l-U-~~l-f8,19-bis~ortnstosterone (XI) - The total crude pro- 
duct s, obtained above, was hydrolyzed overnigh in 70 ml. of methanol 
containing 1.75 ml. of-cona. rrc1. -After the &malworkup the product 
was chromatographed on l3 g. of acid-washed ale. Frnr the fractions 
eluted with 30-50% ether in benssne, 230 mg. (&% yield) of crystal- 
lin% compound XI was obtained displaying these charactmirtics; ultra- 
violet, Amax ~~OJQA, &15,2OOj Mrared, 2.84, 6.00, 6.18 and I.4.3pj N.M.R., 
on% v3.nylic proton at 4.17g and a multiplet at 2.72. The analytical 
sample was obtained a8 a solvat% with 0.5 mole of ether, m.p. Pl-92.. 
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Asal. Calcd. for C23H2802*1/2 C4HlOO: C, 80.38; H, 8.91. Found: 
c, 80m H, 8.84. 

A sample of 300 mg. of intermediate VI was hydrolyeed as above with 
30 ml. of methanol containing 0.9 ml. cont. HCl. The crude product 
(250 mg.) was dissolved in 5.5 ml. pyridine, ice cooled and added to s 
chilled solution of 47.5 mg. of CrO3 in 5.5 ml. pyridine. After being 
stirred for me hour in the ice bath, the mixture was diluted with excess 
ethyl acetate, the insoluble salt filtered, uaahed, and the filtrate 
driedandconcentrated. The residue was chromatographed on 6 g. of 
acid-washed alumiua. From the fractions elated with 20-40s ether in 
bentane, there were isolated 85 mg. of the bianor XI, identical in all 
respects to the material described above. 

d,l-l3-Phanyl-18-nor-l7-desoxyestradiol methyl ether (XII) - Zinc 
amalgam was preparedfrom g. of sincpouderwhichuas suspendedin 
30 ml. water-and treated with 3 drops of couc. HCl and then with a solu- 
tion of 5 g. of HgCl2 in 30 ml. of uater. After the amalgam had been 
atirred for 30 minutes, the water was decanted and a solution of 560 mg. 
of compoundVI1 in3Oml. of dioxane was added followedby 25 ml. of cont. 
HCl. 

The mixture was refluxed with stirring for 16 hours. As infrared 
and T.L.C. &ta ahowed incomplete reduction, the isolated total crude 
steroid was resubjected to this same treatment. 

Final work up ~88 done by benzene extraction, repeated water 
washings, drying and concsntration&vacuo. This product was chroma- 
tographed on a column of 10 g. of acidaed alumina and the material 
which elated with petrolaum ether MS collected. The total weight of 
product after ane cxyatallisation from ethyl acetate was 320 mg., m.p. 
125-129.. The analytical sasqle was characterieed by m.p. 128-129.; 
ultraviolet, Xnvx 277~, 63100. 

Anal. Calod. for C24H280: C, 86.70; H, 8.49. Found: C, 86.40; 
H, 8.K 

After the addition of 4.8 ml. of t-butanol, 350 mg. of sodium 
were a&d and the mixture was allowed to reflux with good stirring for 
45 lninutn8. The exe888 mstaluaa destroyedwithmethanol, the ammunia 
evaporated and the residue worked up in tha usual way. The infrared 
spectrum showed the praaance of some unreactad aromatic A-ring but as 
another experimsnt, showed that further reduction will eventually lead to 
some attack ou the angularphonylgroup, the totalarude obtainedin this 
experlmentuas hydrolysedby stifiinqito~mightundbrnitrogen in a 
mixture of 25 ml. of methanol, 25 ml. of ethanol and 2.5 ml. of cona. HCl. 
The usual work up yielded 180 mg. of noncrystalline material whose infra- 
red spectrum indicated prodominantly a 3-keto-8lr-structure. By preparative 
thin-layer chromatography there were obtained 90 mg. of crystalline d,l- 
l3-ph~l-18,19-bianor-17-deaoxyteatosterone (XIII), m.p. l37-l39'. The 
analytical sample, recrystallised from ether displayed 8n.p. l.41'; ultra- 
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violet, xlpx &4_, &16,8OOj infrared, 6.00, 6.20 md 1L.3~3 N.M.P., me 
vinyliu proton at 

Anal. Calcd. 
H, 8.ap. 
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