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A mimber of 6-cyclopentyl derivatives of 2-naphthalenone have been prepured wnd tested fov lmrmene and

Liormorne antagonist activity.,

3,4-Dihyvdro-2-Chydroxymethylene)-6-methoxy-1(2H)-naphthalenone wis firsi

alkylated with 3-bromocyelopentene. Further elaboration of the rewilting cyelopentyl derivative was carricd

ot by standard synthetic proceditrex to prepare the title compounds,

None of the compoumls showed sig-

nificant activity when bioussayed for uterotropie, authnterotropie, androgenic, antiandrogenie, and antigonadn-

Lropic activity.

In o previous paper,® the preparation and biological
activities of some cyelohexyl mid phenyl derivatives of
2-naphthalenone  were reported. They had little
biological activity so we decided to prepare some related
compounds, having a five- ruther than six-membered
ring substituted at C-6, to study the effect of changing
ring size on the biological properties of these com-
pounds.

Starting  with 3,4-dihvdro-2-(hydroxymethylene)-6-
methoxy-1(2H)-naphthalenone (1), suitably substituted
methoxvnaphthalenes were prepared using the sequence
outlined in Scheme I.  They were then converted to the
test compounds by the Wilds** modifieation of the
Birch reduction, followed by ueid hydrolysis of the cnol
cthers.
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{1} Snpported hy a research grant (CA-03077) from the Nalional Cancer
Institne, Nalional lustitides of 1lealth, 17, 8. Pihlic Health Service.

2y WL U Indny, DL Paxe, and G N DaVail, Jo Med, Chenc, T, 510
1964y,

3N Lo Wilds ond NN Nelson, J. e, Cheme. Sac., T8, 5360 (1963,

a1 COWL Ruondenski ond DL L Bsmay. S Geg, Chem, 28, 1807 11960,

To prepare 3 and 4, 1 was alkylited with 3-bromo-
evelopentene.  The resulting ketone wus ullowed to
react with methyl- or cthyllithium and the resulting
carbinol was dehyvdrated to give a mixture of alkenes,
With ethyllithium, cuolization was an mmportant side
reaction so that it was neeessary to repeat the reaction
i order to get a satisfactory conversion. The mur
spectruin of the alkenes 3 aud 4 showed 2.5 cthylenie
protous present, indieating that the double bond was
about equally distributed between the endo und cra
positions.  Reduction of the alkenes with lithiwm, -
monta, and proton source, as expected,®® produced the
trans 1somers 5 and 6 exclusively.  This was shown by
reducing the two alkencs 5§ and 6 catalytically and
comparing the products with those obtained by hydrog-
enating the lsomeric mixtures 3 and 4. The latter
produets contuined two isomers each while the former
contained only one.  The products obtained from the
hydrogenation of 5 and 6 correspouded to the isomer
nigrating more =lowly i the glpe and tle chromato-
grans of the mixtures.

Hyvdroboration® of the eyvelopeutyl double bond guve
rize to about equal amounts of the 2- and 3-substituted
evcelopentanols,  After oxidation of the mixed aleohols
to ketones, the isomers were sepurated etther by treat-
ment with sodiimmn bisunlfite, the 2-substituted ketones
failing to rexct (15). or by differences in their rates of
reaction with scmicarbazide (11).

To prepare 14 and 15, 2 wus hydroborated direetly
and the benzvhe hivdroxyl was removed by hydro-
zenolysis (Schieme 1), The tsomeric ketones were
again separated by treatient with sodium bisulfite.

To prepare the test compounds 16-18 and 21, ketul
devivatives of 9, 10, 14, and 15 were made and redneed
by the Birelmethod.  The enol ether and ketal gronps
were then hivdrolyzed i cold formie aeid solution. The
resulting unsaturated ketone 16 was submitted  for
bloassay without tfurther treatmeunt.  The others were
refluxed i dioxane aqueous HCI solution in ovder to
rearrange the major proportion of the mixture into the
conjugated somer.  The proportion varied from 70
9097 in 17, 19, 21. 22 bitt wus ouly 24% i 18 and 20
which contained o (-3 cthyl group.  An exanination
of the models ol 18 aud 20 suggests that there i iu-
creaged crowding between the C-5 ethyl and C-6 cyelo-
pentvl gronps i the conjuguted isomer, so that the
stabilization conferred by the eonjugation iz offset by
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the crowding making the nonconjugated isomer the
more stable one.

To prepare 19-20 and 22, the ketone groups were re-
duced with NaBH. before reducing the ring. The
ether group of 13 was cleaved by heating with pyridine
hydrochloride to produce 23.

Bioassay Results.®—Compound 23 was found to be
inactive when tested for uterotropic and antiutero-
tropic activity. The other compounds, 16-22, showed
no significant activity when tested for androgenic, anti-
gonadotropic, and antiuterotropic activity. Thus, one
may conclude that neither the cyclopentyl nor cyclo-
hexyl derivatives of 2-naphthalenone show promise as
hormone antagonists,

Experimental Section®—!!

2-(2-Cyclopenten-1-yi)-3,4-dihydro-6-methoxy-1(2H )-naph-
thalenone (2).—Freshly distilled 3-bromocyclopentene (16 g,
0.11 mole) was added all at once to a mixture of 1 (15 g, 0.064
mole), NaH (1.76 g, 0.084 mole), and 70 ml of anhydrous DMF
at —10°. An immediate temperature rise of about 20° was
noted. After the reaction subsided, the mixture was stirred at
room temperature for a few minutes and then treated with H,O
and CsHs. The benzene layer was washed twice (H,0) and con-
centrated ¢n vacvo. The residue was refluxed 30 min with a mix-
ture of 25 ml of 95% EtOH and 25 ml 259, aqueous KOH.,
H,0 and CsH; were again added and the benzene layer was washed
with H;O and concentrated ¢n vacuo. The residue was distilled
to give 10.8 g (74%,) of product distilling at 174-178° (1.3 mm),
n?p 1.5885. Anal. (CleH)gOQ) C] H.
3-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthyl)cyclopenty! Ace-
tate and 2-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthy!)cyclopentyl
Acetate (24).—A solution of 2 (20.6 g, 0.085 mole) was hy-
droborated using the method of Brown and Rao.” The mixture
of carbinols was dissolved in 40 ml of AcOH and hydrogenated
over 5% Pd-C in the presence of 0.2 g of methanesulfonic acid.
The product was recovered by dilution, solvent extraction, and
distillation to give 15.0 g (619.) of material distilling at 165°
mm). Anal. (CisH0;) C, H.

(8) See Experimental Section for a description of hioassays.

(9) Where analyses are indicated only by symbols of the elements, analyti-
cal results obtained for these elements were within £0.4%, of theoretical.

(10) Combustion analyses were run by Galbraith Laboratories, Knoxville,
Tenn.

(11) The uv spectra were run on a Coleman-Hitachi spectrophotometer
purchased by Grant GP-6988, National Science Foundation.
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3-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthy!)cyclopentanol and
2-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthyl)cyclopentanol (13).
—A mixture of 23 (15.6 g, 0.54 mole), NaBH, (4.6 g, 0.12 mole),
and 125 ml of 959, EtOH was refluxed 2 hr. (While NaBH, does
not reduce esters, it catalyzes ester exchange.) The crude product
was recovered by dilution with H,O and solvent extraction and
distilled in vacuo to give 13.0 g (989 ) of 13, bp 155° (0.01 mm).
Anal. (C]IHQQ()Q) C, H

3-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthyl)cyclopentanone
(14) and 2-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthy!)cyclopent-
anone (15).—A mixture of 13 (14.0 g 0.57 mole) and CrQs
(14.0 g, 0.14 mole) in pyridine (300 ml)!2 wax stirred for 6 hr at
30°. H.O and Ce¢Hs were added and the mixture was filtered.
The crude product was recovered from the benzene and distilled
in vacuo to give 13.0 g (949 ) of mixed isomers, bp 16:3° (0.01 mm).
A colution of the isomers in 50 ml of ether was shaken for 24 hr
with a solution of sodium metabisulfite (90 g, 0.48 mole) in 130
ml of H;O and 20 ml of MeOH. The bisulfite addition com-
pound of 14 was removed and decomposed with concentrated HCL
The ketone was recovered by extracting with CsHs, evaporating,
and distilling in vacuo to give 6.5 g (359 ) of 14, bp 165° (0.01
mm). Anal. (CysHy0;) C, H. Compound 15 was recovered
from the filtrate of the bisulfite reaction mixture and purified by
converting to the semicarbazone. Nonketonic material was
washed away from the semicarbazone with ether, The semicar-
bazone was hydrolyzed by refluxing in an AcOH-H,O solution of
pyruvic acid.”® The product was recovered by solvent extraction
and diztilled to give 7.0 g (379%) of 15, bp 162° (0.01 mm).
Anal. (C]GHQOOQ) C, H

Mixture of 2-(2-Cyelopenten-1-yl)-1-ethyl-3,4-dihydro-6-meth-
oxynaphthalene and 2-(2-Cyclopenten-1-yl)-1-ethylidene-1,2,-
3,4-tetrahydro-6-methoxynaphthalene (3).—A solution of 2
(17.6 g, 0.073 mole) in CsHs was treated with excess EtLi at
—10°.  After hvdrolyzing the mixture, the crude product was
dehydrated by heating to 110°, in vacuo, with powdered KHSO,
Since about one-third of the ketone failed to react, the above
processes were repeated using reduced quantities of reagents.
The final product was distilled to give 16.5 g (899;) of 3, bp 150°
(0.01 mm). Anal. (CisH20)C, H.

Mixture of 2-(2-cyclopenten-1-yl)-3,4-dihydro-6-methoxy-1-
methyinaphthalene and 2-(2-cyclopenten-2-yl)-6-methoxy-1-
methylene-1,2,3,4-tetrahydronaphthalene (4) was prepared using
the method outlined for 3, using MeLi instead of EtLi. In this
case it was not necessary to repeat the reaction with the MeLi
as no enolate was formed. Starting with 9.5 gof 2a yieldof 8.6 g
(929) of 4, bp 140° (0.01 mm), was obtained. Anal. (C)H0)
C, H.

trans-2-(2-Cyclopenten-1-yl)-1-ethyl-1,2,3,4-tetrahydro-6-
methoxynaphthalene (5).—A solution of 3 (17.8 g, 0.07 mole) in
150 ml of dry ether was added to a solution of Li (4.2 g, 0.6 g-
atom) in 300 ml of liquid NH; at —40°. After 10 min a solution
of H.0 (15 g, 0.83 mole) in 16 ml of dioxane was added slowly until
the color of the Li was discharged. NH,Cl (23 g, 0.43 mole) was
next added and the NH; was allowed to evaporate. The product
was isolated by solvent extraction followed by distillation to give
14.5 g (819%) of 5, bp 130° (0.01 mm). Results from tle (silica gel
H, developed by CsHeMeOH) indicated that a single isomer was
present. Anal. (CiH.0) C, H.
trans-2-(2-Cyclopenten-1-yl)-1,2,3,4-tetrahydro-6-methoxy-1-
methylnaphthalene (6).—The procedure used to prepare 5 was
followed. Starting with 4 (8.6 g, 0.036 mole) a vield of 8.1 g
(939 ) of 6, bp 130° (0.01 mm), was obtained. Results from
glpe (39, SE-30 on Aeropak, 230°) indicated that only one isomer
was present. Anal. (CyH»0) C, H.

cis- and irans-2-(Cyclopentyl)-1-ethyl-1,2,3,4-tetrahydro-6-
methoxynaphthalenes.—Two samples were prepared, the first by
hydrogenating 2.0 g of 3 and the second by hydrogenating 2.0
g of 5, both in EtOH solution using 59; Pd-C. Both samples
distilled at 130° (0.01 mm) and were obtained in almost quantita-
tive yields. Both samples were subjected to tle. The sample
from 3 contained equal amounts of the ¢is and trans isomers, while
the sample from 5 contained only one isomer identical with the
isomer from 3 having the lower R; value. Anal. (CiHa0) C,
H.

cis- and {rans-2-(Cyclopentyl)-1,2,3,4-tetrahydro-6-methoxy-1-
methylnaphthalenes.—The two samples were prepared from 4

(12) L. H. Sarett, J. Am. Chem. Soc., 70, 1690 (1948).
(13) E. B. Hershherg, J. Org. Chem., 18, 542 (1948).
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and 6 as outlined for the l-ethyl analog.  The isomers failed th
separate on tle, so they were subjected to glpe.  Again, the
produet from 4 contained equal nmounts of the cis and (rans
txomers, while the sample prepared from 6 contained only one.
identical with the slower moving isbmer in the first sample.  The
prodiets were obtained in ulmost quantitative vields, bhp 128°
(0.0t mm). Anal. (C;Hs,O) C, 1.
lrans=2- and {ra;s=-3-(1-Ethyl-1,2,3,4-tetrahydro-6-methoxy-2-
naphthyl)cyclopentanols (7).-~Compound 5 (10.7 g, 0.042 niole;
wias bhydroborated using the method of Brown and Rao® A
vield of 10.1 g (88¢.) of 7 wax obtained, bp 163° (.01 mun).
Anal. (C)1T,604) € HL
{rans=2- and {rans-3-(1,2,3,4-Tetrahydro-6-methoxy-1-methyl-
2-naphthyl)cyclopentanols (8).—Compound 6 (16.0 g, 0.006
vrole) wns hydroborated using the method of Brown and Raors
A vield of 12,0 g (7447) of 8 was obtained, bp 158°.  Anal.
(Crlh,00 ¢ 1L
[rans-3-(1-Ethyl-1,2,3,4-tetrahydro-6-methoxy-2-naphthyl)-
cyclopentanone (9).--"The same procedure nsed to oxidize 13
was followed.  Starting with 7 (11.2 g, 0.041 mole) a vield of
10.1 g (W0 ¢ ) of the isomeric ketones 9 and 11, bp 152° {0.01 mmy,
wix obtained.  The eride product wax stirred in a =olution of
semicarbazide hydrochlomde (12,0 g 0.11 mole) in 45 ml of
MeOll, 40 ml of Ha0, and 18 ml of pyridine for 24 hr at room temn-
pernture.  The precipitaie was washed (Iit,0) and dried. It wax
hydrolyzed by refluxing 30 min in an AcOI-H.0O solution of
pyruvie acid, % Addition of 1.0), solvent extraction, and dixtilla-
tion of the ernde produel gave 6.0 g (D94 of 9, bp 152° (0.0f
mm). The ile chromatogram indicated only one ketone ixomer
wix present in the finul product.  The semicarbazone of 11 did
ot hyvdrolvze and 11 was not reeovered.  nal.  (ChgHaOy)
C 1L
{rans=-3-(1,2,3,4-Tetrahydro-6-methoxy-1-methyl-2-naphthy! )-
cyclopentanone (10).~The same procedure used to oxidize 13
was followed.  Starting with 8 (6.3 g, 0.024 mole of mixed car-
binols), a vield of L9 g (38¢7) of 10, bp 150° (0.01 mum), was
obtained.  taal. (CillaOa C) 1L
7-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthyl)-1,4-dioxaspiro-
|4.4]nonane (25). - A mixture of cthylene glyveol (5.9 g, 0.11
mole), 14 (7.0 g, 0.029 mole), and methanesulfonie acid (0.3 gl
wax refluxed 4 hr in dry benzene (175 mil) using a Dean-Stark
trap 1o remove 1,0, The product was recovered by adding Na-
HCO, biearbonate solution and extracting (Celly).  The solvent
was evaporated and the residue distilled /n vacno in give 7.5 ¢
(D00 of 25, bp 130° (0.01 mm).  dwal. (CillnOy) C) H.
6-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthyl)-1,4-dioxaspiro-
[4.4|nonane (26).-—The procedure nsed to prepare 25 was fol-
lowed. Starting with 14 (5.9 g, 0.024 molel, a vield of 6.5 g
(940 of 26, bp (40° (.01 mm), wax obtuined.  dnal. (C
“-_']‘):1) (,(, H
frans=7=-(1-kthyl-1,2,3,4-tetrahydro-6-methoxy-2-naphthyl -
1,4-dioxaspiro{4.4]nonane (27).--The procednre used to pre-
pare 25 was followed.  Starting with 9 (5.3 g 0.019 mole), a
vield of 6.0 g (989¢) of 27, bp 140° (0.01 pun), wax obtained.
Anal. (CaHykOy) C) IL
lrans=7-(1,2,3,4-Tetrahydro-6-methoxy-1-methyl-2-naphthyl )-
1,4-dioxaspiro{4.4/nonane (28).-—The procedure used to prepare
25 was followed.  SBtarting with 10 (7.1 g, 0.0275 mole) a vield
of 7.6 g (9290) of 28 was obtained, bhp 140° (.01 mm).  Anal.
‘(‘1‘.4“‘16():1\1 (‘, I,
(ra1s-3-(1-Ethyl-1,2,3,4-tetrahvdro-6-methoxy-2-naphthy! )-
cyclopentanol (29).-—-A solution of 9 (4.0 g, 0.015 mole) and
NaBH, (1.4 g, 0.037 mole) in 100 ml of 9557 EtOH was stirred
for 1 hrat roomt temperature. The sohition was dihited with 3 A
FICH and the produet was recovered by solvent extraction and
distillation to give 3.9 g (98¢ ) of product, bp 155° (0.01 mm).
The glpe chromatogram showed the produet to be an isomeric
mixture contiaining ¢1¢¢ of one epimer and 2997 of the other,
which were not otherwise identified. Anal. (Csl0,) C, H.
Mixture of 4,4a,5,6,7,8-Hexahydro-6-(3-oxocyclopenty!)-2(3H )-
naphthalenone and 3,4,5,6,7,8-Hexahydro-6-(3-oxocyclopenty!)-
2(1H )-naphthalenone (16).-—In this and the following reductions,
the procedure of Wilds and Nelson3 were generally followed. A
510 molar exeess of Li was used with 50-60 ml of liquid NHy/g
of metal,  THF was used a< an auxiliary solvent.  The reductian
wis enmpleted by adding an excess of anhydrous EtOH. The
enol ether cand the ketal group when present) was hydrolyzed
roont lemperanture in a 907 AcOI-00¢ ¢ ILCO,H mixture and the
prodirel wax recovered by dilution with 1,0, solvent extraction,
ambilistllation,  Starting with 25 (7.5 g, 0.026 mole), a yield of
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S g B30 ad 16, hp 1402 Q0.0 i, Ay 288 Dig Ce GO, was
obtained.  The product was found o contato 577 ol che ron-
Jugated isomer by glpe, and 53¢, nf the canjugated txonier by non
spectrrsenpy B Based on these dara, the extineinn roetlicien ol
the conjngated ketsne was estimated to be 16,000, Thix vahie
was i=ed 1o determine the amount of ennjugated txomer in <amples
of the viber rompamds (17 22) <ubmitted Hor bioassav. b/
CelleDo O 1L

3-(1,2,3 4-Tetrahydro-6-methoxy=-2-naphthylicyclopentanol
1300 The procerhire used to prepare 28 wax followed, Starting
with 14 100 g0 0.02 mnley a vield of 4.7 g <967 v of 30, bp 157°
f0.0F mm g, was obtained.  Apal. 1 Cla0s C) 1L

2-¢1,2,3.4-Tetrahydro-6-methoxy-2-naphthylcvclopentanol
31). - The procedure nsed to prepare 28 wax followed.  Starting
with 15 7.7 g 0,032 maole) a vield of 7.4 ¢ 105, 5 of 31, hp 155°
(0.0F mm ), wax obtaived.  Anal. (CpllaOae ) 1L

Mixture of 4,4a,5,6,7,8-Hexahydro-6-(2-oxocyclopentyl =2(3H i-
naphthalenone and 3,4,5,6,7,8-Hexahydro-6-i2-oxocyclopentyl)-
2(1H )-naphthalenone 121).- The proceshire nsed to prepare 16
was followed.  Starting with 26 (6.5 g, 0.023 molel, a vield of 1.0
g (T7C ol 21, bp 153° (0.01 mny, was obtained, which wis
estimated (o cordain 209, of the conjugnted ixomer.®  After
rethixing the initiol proditet in o solntion of & mil of 20¢, 11C1 in
B30l nf dioxane for210 niin, the conrposttion of the recovered prod-
et was changed (o 82970 of the conjugnled ixomer. tpal. 104 -
HoaChy OV 1L

Mixture of 4,4a,5,6,7,8-Hexahydro-6-(3-hydroxycyclopentyl i-
2(3H )-naphthalenone and 3,4,5,6,7.8-Hexahydro-6-(3-hydroxy -
cyclopentyl)-2(1H )-naphthalenone (19).- Tlu+ procedire nsed to
prepare 16 was followpd exeept thot Na was used instead of Li;
~PrOH wax added beiore the Na and the NH was redistilled.
Reflusing for H0 niin in an actdie medinm@ changed the amonnt
»f conjngated isomer from 37 1o 900 Starting with 30 (5.4
g, 0.022 mnle) a vield nt 2.7 g (3247 1of 19, bhp 160°£0.01 mm), wax
obiained.  Anal. (CHaOu1C) 1L

Mixture of 4,4a,5,6,7,8-Hexahydro-6-(2-hydroxycyclopentyl)-
213H )-naphthalenone and 3,4,5,6,7,8-Hexahydro-6-(2-hydroxy-
cyclopentyl)-2(1H )-naphthalenone (22).- -“T'he method used 10
prepare 16 was followed.  Starting with 31 (6.8 . 0.028 mole)
avield of 1. g <300y o) 22, bp 150° (0.0 mup i, wax obtained,
estimated to contain 26, of the conjugated isomer  Refluxing
for %0 min in an acidie medinm @ rhanged the eompositinn 1o 90€;
of the eomjugated tsomer.  lnal. (01000 C) 1L

Mixture of /rans-5-Ethyl-3,4,5,6,7,8-hexahydro-6-(3-oxocyclo-
pentyl)-2(1H )-naphthalenone and {runs-5-Ethyl-4,4a,5,6,7,8-
hexahydro-6-{3-oxocyclopentyl)-2(3H )-naphthalenone (18).
The procedhire used (o prepare 16 was followed  Starting with 27
(5.0 g, 0.019 nole it a vield of 3.5 g 1710 Vol 18, bp 1553° 10.01 mm,
wax obtained.  Retluxing in an aeidie medinm?® changed the
amoune ol conjugaced somer frone 22 00 24900 el O
11Oy ') FL

Mixture of /rans-5-Ethyl-3,4,5,6,7,8-Hexahydro-6-13-hydro-
cyclopentyl)-2(1H )-naphthalenone and {runs-5-Ethyl-4,4a,5.-
6,7,8-hexahydro-6-(3-hvdroxycyclopentyl)-2(3H ) - naphthalenone
(20). - The procedure used to prepare 16 was followed.  Starting
with 29 (8.8 g, 0.033 molej a vield of 1.9 g 26y of 20, bp 1650°
.01 mmp, was obained.  Refluxing in an acidie medina
changed the ampunt of conjugated isomer frouw 22 to 2490
Allltl/, 1(‘1:“-_10()‘_-‘) (‘. “

Mixture of /rans-4,4a,5,6,7,8-Hexahydro-5-methyl-6-(3-o0xo0-
cyclopenty!)-2(3H )-naphthalenone and /runs-3,4,5,6,7,8-Hexa-
hydro-5-methyl-6-(3-oxocyclopenty!)-2(1H)-naphthalenone (17:.

The procedire nsed to prepare 16 was followed.  Starting with
28 (8.3 g, 0.028 mole i, a vield of 4.5 g (65% 1 of 17, bp 149° 10.01
mml, was obtained.  Refluxing in an acidic medinim®@ rhangel
the amouni of conjugaied isomer from 9 to 267, Anal. (CHu-
O,y ¢, T

3-11,2,3,4-Tetrahydro-6-hydroxy-2-naphthy!)cyclopentanone
123 ).--A mixture of 14 (1.3 g, 0.0053 mole) and 29 g of pyridine
hvdrochloride was heaterl for 60 min at 195-200°. "The melt was
rooled, dihirted with water, and exiracted twice with Cglly. The
benzene <ohutiong wi washed 1wice with 10¢, KOTE solution.
14y We are ndebined 1o Dys, Graeme Baker and Ricbard Geer, Moncany
Seale UTniversicy, Bozeman., Monc. Cor ¢ glpe elromatograms and mny
speetron.

V1A This shghe diserepamey may be explained on (he basis of less ¢han 19
impinity that was dmecced in the gas ebrapmiogram bhne wos nu¢ spparalely
pvabuaced D the nmr speccrnm,

(16t Ree pracednre oy preparing 16.

P17 Nee praceslnre (or pyrepuring 21
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The aqueous layer was acidified and the crude product was
filtered, washed, and dried. It was then vacuum sublimed to give
0.5 g (4067) of 23, mp 186-190°.  Anal. (Cu;H;50.) C, H.

Bioassays. Androgenic and myogenic activity was determined
by the relative potency of the test compound compared to that of
a standard androgen as measured by the change in weight of the
ventral prostate, seminal vesicle, and levator ani of the immature
castrate rat.

Uterotropic activity was determined by the relative potency of
the test compound compared to that of a standard estrogen as
measured by the change in weight of the uterus of the immature
niouse.

Antiuterotropic activity was determined by the inhibitory effect
of the test compound on the action of a standard estrogen as
measured by the change in weight of the uterus of the immature
nrouse.,
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Antigonadotropic activity was determined by the inhibitory
effect of the test compound compared with that of a standard
androgen inhibitor on gonadotropic secretion of a castrate animal
as measured by the change in weight of the ovary (and, secondar-
ily, the uterus) of an immature intact rat parabiosed with an
immature, castrate, male rat. (Androgenic activity was deter-
mined by the biological effect as measured by the change in
weight of the ventral prostate, seminal vesicle, and levator ani us
secondary information.)

Antiandrogenic and antimyogenic activity were determined by
the inhibitory effect of the test compound on the action of a
standard androgen as measured by the change in weight of the
ventral prostate, seminal vesicle, and levator ani of the castrate
rat. (Androgenic and myogenic activity were determined by the
biological effect of the test compound ulone on the secondary sex
organs as secondary information.)
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Primary and cyclic secondary amines were added to the ethylene ketals of 16,17a-epoxy-20-ketopregnenes

giving the ethylene ketals of 168-amino-17 a-hydroxyv-20-ketopregnenes.
The compounds were broadly screened and the results of the

of the 168-amino-17 a-hydroxy-20-ketopregnenes.

Acid hydrolysis gave the hydrochlorides

antiinflammatory, analgetic, and antibiotic tests are reported. Auntiinflammatory activity was not favorably in-
fluenced by structural alterations which usually increase the activity of antiinflammatory steroids.

A previous publication! deseribed the synthesis,
structural confirmation, and biological evaluation of a
series of 168-amino-17«,20-dihydroxypregnanes. In
this report the series is extended to include some of
the corresponding 20-ethvlene ketals and 20-ketones.
The addition of primary and cyeclic secondary amines to
16,17 a-epoxypregnenolone 20-ethylene ketal 3-acetate
gave the ethylene ketal of the 168-amino-17 a-hydroxy-
pregnenolone. Hydrolysis with aqueous HCI in ace-
tone gave the hvdrochloride of the 168-amino-17q-
hydroxy 20-ketone. The structural assignment was
confirmed by relating the 20-keto series to the 20-
hydroxy series. 168-Methylamino-38,17a-dihydroxy-
5-pregnen-20-one hydrochloride (3b) was reduced with
NaBH; to 168-methylamino-5-pregnene-33,17«,2085-
triol, the structure of which was established in the pre-
vious paper.!

The direct addition of amines to 16,17 a-epoxy-20-
keto steroids, as exemplified by the reaction of 16,17 a-
epoxypregnenolone with morpholine, gives rise not to
16-amino-17-hydroxy-20-keto steroids as claimed in a
series of patents,? but rather to rearranged compounds
which probably have a D-homo steroid structure.
The morpholine addact, 3f, prepared by the indirect
route through the 20-ketal has a methyl peak at 134
cps in the nmr spectrum while the morpholine adduct
prepared by the direct route has a methyl peak at 84
cps and none further downfield. The structural re-
quirement of a methyl adjacent to a carbonyl group is
consistent with the 134-cps absorption but not with 84

(1) C. G. Bergstrom, J. Med. Chem., 10, 440 (1967),

(2) (a) C. L. Hewett and D. 8. Savage, British Patent 980,265 (1965); (b)
L. Vargha, M. Rados, E. Kasztreiner, and L. Szporny, U. S. Patent
3,125,570 (1964): (c) L. Vargha, M. Rados, and L. Szporny, U, S. Patent
3,164,583 (1965).

eps, which is, however, consistent with a structure con-
taining a methyl group attached to a carbon bearing a
hydroxy and two alkyl residues. The well-known
tendency of 17-hydroxy-20-keto steroids to undergo
D-homoannulation under basic conditions would pro-
duce such a methyl group.?

An attempt to prepare 168-dimethylaniino-36,17 a-
dihydroxy-5-pregnen-20-one 20-ethylene ketal (2d) by
the direct alkylation of the 168-methylamine precursor
2b with methyl iodide in methanol containing sodium bi-
carbonate gave only 16,17 a-epoxy-33-hydroxy-5-preg-
nen-20-one 20-ethylene ketal (la). This technique
worked well in the 208-hydroxy series! and the increased
ease of displacement of the amine function can be
ascribed to an increase of steric strain in the ketal series.
The dimethyl derivative was successfully prepared by
LiAlH, reduction of the N-carboethoxy derivative 6b.
Further indication of the severe crowding about the
D ring was observed in the LiAlH, reduction of the
N-methyl N-acetyl derivative 6a which went mainly by
cleavage of the N-CO bond to give the N-methyl deriv-
ative 2b. Only a very small yield of the desired N-
methylethyl derivative 2e was obtained. Similar
results have been previously noted in the LiAlH, re-
duction of hindered amides.*

Hydrolysis of the ketals to the ketones proceeded
satisfactorily with aqueous HCI in acetone and the
resulting hydrochlorides were easily purified by
crystallization. However, the free amines, at least in
the N-methyl series, appear to be unstable. Attempts
to purify 168-methylamino-33,17 a-dithydroxy-5-preg-

(3) L. F. Fieser and M. Fieser, ‘‘Steroids," Reinhold Publishing Corp.,
New York, N. Y., 1959, p 578.

(4) D. F. Morrow, T. P. Culbertson, and R. M. Hofer, J. Org. Chem., 32
361 (1967).



