
I II :I, 1)rcvioub the prel)aratioii iiiid biologicd 
activities of some cyclohexyl :md 1)henyl derivative< of 
2-ii:y)hthalenoiic were reported. They had little 
hio1ogic:tl activity SO we decided to prepare bomc related 
conipounds. having :L five- rather than bix-membered 
ring mbhtituted nt C 4 ,  to btudy the effect of rh:mging 
ring 4zc oi l  the biological propcrtiei of these com- 
1)ourids. 

Starting \I it h 3 ,4-dihj dro-2-~hydrosymetli~leiie)-~i- 
iiicthoxy-1 ('H)-tiai)hthalciiorie ( l ) ,  huititblj. wbstitutcd 
iiict hoxynap hthilleries were 1)repared wing  the mlueiice 
outliiicd i i i  Scheme I. Tliej- rvci'e thcrt coiivcrtrd to the 
t e-t coinl)ounds hy thc WildSj-4 1iiodific:itioii of thc 
Hircli ivductiori, followcd by acid hj-drol 
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nonconjugated isomer the the crowding making the 
more stable one. 

To prepare 19-20 and 22, the ketone groups were re- 
duced with A7aBH4 before reducing the ring. The 
ether group, of 13 was cleaved by heating with pyridine 
hydrochloride to produce 23. 

Bioassay Results.8- Compound 23 was found to be 
inactive when tested for uterotropic and antiutero- 
tropic activity. The other compounds, 16-22, showed 
110 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 Se~tiong-*~ 
2- (2-Cyclopenten-1 -yl)-3,4-dihydro-6-methoxy-l(2H)-naph- 

thalenone (2).-Freshly distilled 3-bromor~-clopentene (16 g, 
0.11 mole) wai added all a t  once to a mixture of 1 (15 g, 0.064 
mole), NaH (1.76 g, 0.084 mole), and 70 ml of anhydrous DRIF 
a t  -10". Ai1 immediate temperature rise of about 20" was 
noted. After the reaction subsided, the mixture was stirred a t  
room temperature for a few minutes and then treated with H20 
and C6H6. The bemetie layer was washed twice (HzO) and con- 
centrated tn vacuo. The residue was refluxed 30 min with a mix- 
ture of 2,5 ml of 9.7% EtOH and 25 ml 25% aqueous KOH. 
HzO and CsH6 were again added and the benzene layer was washed 
with HzO and concentrated in vacuo. The residue was distilled 
to give 10.8 g (74%) of product distilling a t  174-178" (1.3 mm), 
n Z a ~  1.d88.i. Anal. (C16HISOP) C, H. 

3-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthy~)cyc~openty~ Ace- 
tate and 2- (1,2,3,4-Tetrahydro-6-methoxy-2-naphthyl)cyc~openty~ 
Acetate (24).-A solution of 2 (20.6 g, 0.085 mole) was hy- 
droborated using the method of Brolm and Rae.' The mixture 
of carbinols n a s  dis3olved in 40 ml of AcOH and hydrogenated 
over .iq Pd-C in the presence of 0.2 g of methanesulfonic acid. 
The product was recovered by dilution, solvent extraction, and 
di5tillation to give 15.0 g ( 6 l q )  of material distilling a t  165" 
mm). Anal. (C:SH,,O,) C, H. 

( 8 )  See Experimental Section for a description of hioassays. 
(9) Where analyses are indicated only by symhols of t h e  elements, analyti- 

cal results obtained for these elements were within i O . 4 %  of theoretical. 
(10) Combustion analyses were run hy Galhraith Laboratories, Knoxville. 

Tenn. 
(11) T h e  IIY spectra were run on a Coleman-Hitachi spectrophotometer 

purchased 113' Grant GP-6988. Xational Science Foundation. 

3-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthyl)cyclopentanol and 
2-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthy~)cyclopentano~ (13). 
-.4 mixture of 23 (15.6 g, 0.54 molc), NaBHa (4.6 g, 0.12 mole), 
and 125 ml of 95% EtOH %vas refluxed 2 hr. (Khile SaBH4 does 
not reduce esters, it catalyzes ester exchange.) The crude product 
was recovered by dilution with H20 and solvent extraction and 
distilled in vaciio to give 13.0 g (98Yc) of 13, bp 155' (0.01 mm). 

3- il,2,3,4-Tetrahydro-6-methoxy-%-naphthyl)cyclopentanone 
(14) and 2-(1,2,3,4-Tetrahydro-6-methoxy-2-naphthy~)cyclopent- 
anone (15).-.4 mixture of 13 (14.0 g, 0.57 mole) and CrOa 
(14.0 g, 0.14 mole) i n  pyridine (300 m1)'2 was atirred for 6 hr at 
30". H,O and CaH6 were added and the mixture war filtered. 
The crude product was recovered from the benzene and distilled 
invacuo to give 13.Og(Y4c;) of mixed isomers, bp 165' (0.01 mm). 
.4 >elution of the isomers in 50 ml of ether was shaken for 24 hr 
with a solution of sodium metabisulfite (90 g, 0.48 mole) i n  130 
ml of H20 and 20 ml of 1IeOH. The bisulfite addition ?om- 
pound of 14 was removed and decomposed with rorirentrated I1C1. 
The ketone was recovered k)y extracting with C&Ef,, evaporating, 
and distilling in v a c m  to give 6.3 g (35Yc) of 14, bp 163" (0.01 
mm). Anal. (CI6H2,O2) C, H.  Compound 15 was recovered 
from the filtrate of the bisulfit,e reaction mixture and purified by 
converting to the semicarbazone. Nonketonic material was 
washed away from the semicarbazone wit,h ether. The semicar- 
bazone waa hydrolyzed by refluxing in an .4cOH-H20 solution of 
pyruvic arid.'3 The product was recovered by solvent extraction 
and distilled to give 7.0 g (37%,) of 15, bp 162" (0.01 mm). 

Mixture of 2-(2-Cyclopenten-l-yl)-l-ethyl-3,4-dihydro-6-meth- 
oxynaphthalene and 2-(2-Cyclopenten-l-yI)-l-ethylidene-1,2,- 
3,4-tetrahydro-6-methoxynaphthalene (3).-A solution of 2 
(17.6 g, 0.073 mole) in C ~ H B  was treated with excess EtLi  a t  
-10". After hydrolyzing the mixture, the crude product was 
dehydrated by heat,ing to l l O o ,  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 16.3 g (89%) of 3, bp 130" 
(0.01 mm). Anal. (ClaH,20) C, H. 

Mixture of 2-(2-cyclopenten-l-yI)-3,4-dihydro-6-methoxy-l- 
methylnaphthalene and 2-(2-cyclopenten-2-yI)-6-methoxy-l- 
methyIene-l,2,3,44etrahydronaphthalene (4) was prepared using 
the method out,lined for 3, using NeLi  instead of EtLi. In  this 
case i t  was not necessary to repeat the reaction with the MeLi 
as no enolate was formed. Starting with 9.5 g of 2 a yield of 8.6 g 
(92%) of 4, bp 140" (0.01 mm), was obtained. (CIRH2?O) 
C, H. 

trans-2-(2-Cyclopenten-l-yl)-l-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 NH3 a t  -40'. After 10 min a solution 
of H20 (15 g, 0.83 mole) in 16 ml of dioxane was added slowly until 
the color of the Li was discharged. NH,Cl ( 2 3  g, 0.43 mole) was 
next added and the NH3 was allowed to evaporate. The product 
was isolated by solvent extraction followed by distillation to give 
14.5 g (81%) of 5, bp 130' (0.01 mm). Results from tlc (silica gel 
H, developed by C&-~IeOH) indicated that a single isomer was 
present. Anal. (C1,H,,O) C, H. 

trans-2-(2-Cyclopenten-l -yl)-l,2,3,4-tetrahydro-6-methoxy-l- 
methylnaphthalene (6).-The procedure used to prepare 5 was 
followed. Starting with 4 (8.6 g, 0.036 mole) a yield of 8.1 g 
(93%) of 6, bp 130" (0.01 mm), was obtained. Results from 
glpc ( 3 7 ,  SE-30 on Aeropak, 230") indicated that only one isomer 
was present. Anal. (C17H2ZO) C, H. 

cis- and frans-2-(Cyclopentyl)-l-ethyl-l,2,3,4-tetrahydro-6- 
methoxynaphtha1enes.-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 5%, Pd-C. Both samples 
distilled a t  130" (0.01 mm) and were obtained in almost quantita- 
tive yields. Both samples were subjected to tlc. The sample 
from 3 contained equal amounts of the cis and trans isomers, while 
the sample from 5 contained only one isomer identical with the 
isomer from 3 having the lower Rf value. (C18H2eO) C, 
H. 

d s -  and trans-2-(Cyclopentyl)-1,2,3,4-tetrahydro-6-methoxy-l- 
methylnaphthalenes.-The two samples were prepared from 4 

dnal .  (CiiHnOS) C, H.  

d n d .  (CI~H&) C, H. 

-4nal. 

Anal. 

(12) L. H. Barett. J .  Am. Chen. SOC., 70,  1690 (1948). 
(18) E. R.  Hershlierp, J .  Org.  Chem., lS, 542 (1948). 





The aqueous layer was acidified and the crude product was 
filtered, washed, and dried. I t  was then vacuum sublimed to give 
O..; g (40%) of 23, mp 186-1!JOo. 

Androgenic and myogenic activity was determined 
hy 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 lwator  ani of thc immaturc 
castrate rat. 

Uterotropic activity \\'as il(~tc~rmiiicc1 l)y thc rclativc. pott:iic*y of 
the test vompoiind compared to that of a standard estrogen as 
measured hy the change in weight of the uterLis of the immature 
mouse. 

Antiuterotropic activity was determined by the inhibitory effect 
of the test compound on the action of a standard estrogen as 
measured hy thca change in weight of the iiteriis of the immature 

.Jna/. (Cl:Hl,Oy) C, 13. 
Bioassays. 

I11OIISC. 

Antigonadotropic activity v a s  determined by the inhibitory 
effect of the test compound compared Rith that  of a standard 
androgen inhibitor on gonadotropic secretion of a castrate animal 
as measured by the change in a eight 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 bv the change in 
!I eight of the vcntral prostat', wminal vcsivlc, and 1w:ttor ,mi atb 

ondar) information.) 
Antiandrogenic and antimyogenic activity n ere dctermined by 

the inhibitory effect of the test compound on the action of a 
standard androgen as measured by the change in \$eight of the 
ventral prostate, seminal vesicle, and levator ani of the castrate 
rat. (Androgenic and myogenic activity liere determined hv the 
biological effect of the test compound alone on the ~econd:11.v w\ 
organs as secondary information.) 
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Primary and cyclic secondary amines were added to the ethylene ketals of 16,17a-epoxy-2O-ketopregnellea 
giving the ethylene ketals of 16p-amino-17a-hydroxy-2O-ketopregnenes. Acid hydrolysis gave the hydrochlorides 
of the 16p-amino-lia-hydroxy-20-ketopregnenes. The compounds were broadly screened and the results of the 
antiinflammatory, analgetic, and antibiotic tests are reported. Antiinflammatory activity was not favorably in- 
fluenced by structural alterations which usually increase t,he activity of antiinflammat,ory steroids. 

-4 previous publication' described the synthesis, 
structural confirmation, and biological evaluation of a 
series of 16~-amino-17~~,20-dihydroxypregnanes. In 
this report the series is extended to include some of 
the corresponding 20-ethylene ketals arid 20-ketones. 
The addition of primary arid cyclic secondary amines to 
16,17~t-epoxypregnenolorie 20-ethylene ketal 3-acetate 
gave the ethylene ketal of the 16P-amin0-17cr-hydroxy- 
pregnenolone. Hydrolysis with aqueous HCl in ace- 
tone gave the hydrochloride of the 16P-amino-17a- 
hydroxy 20-ketone. The structural assignment was 
confirmed by relating the 20-keto series to the 20- 
hydroxy series. 16p-lIethylamino-3p, 17 a-dihydroxy- 
3-pregnen-20-one hydrochloride (3b) was reduced with 
SaBHJ  to 16/3-methylamino-5-pregnene-3p, 17 CY, 2Op- 
triol, the structure of which was established in the pre- 
vious paper.' 

The direct addition of amines to 16,17a-epoxy-20- 
keto steroids, as exemplified by the reaction of 16,lTa- 
epoxypregnenolone with morpholine, gives rise not to 
16-amino-17-hydroxy-20-keto steroids as claimed in a 
series of patents,2 but rather to rearranged compounds 
which probably have a D-homo steroid structure. 
The morpholine adduct, 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 54 
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. Rergstrom, J. .Wed. Chem., 10, 440 (1967). 
(2) (a) C. L. Hewett and D. S. Savage, British Patent 980,265 (1965); (b) 

L. Varsha, .\I. Rados, E. Kasztreiner, and  L. Szporny, U. S. Patent 
3,126,570 (1961): ( c )  L. Varpha, A I .  Rados, and  L. Szporny. U. S. Patent 
3,164, ,583 (1 9 6 6). 

cps, 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.3 

An attempt to prepare 16p-dimethylamino-3p, 17a- 
dihydroxy-5-pregnen-20-one 20-ethylene ketal (2d) by 
the direct alkylation of the 16p-methylamine precursor 
2b with methyl iodide in methanol containing sodium bi- 
carbonate gave only 16,17a-epoxy-3p-hydroxy-2-preg- 
nen-20-one 20-ethylene ketal ( la) .  This technique 
worked well in the 20p-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 
JIiA1H4 reduction of the S-carboethoxy derivative 6b. 
Further indication of the severe crowding about the 
D ring was observed in the IiAlH, reduction of the 
N-methyl N-acetyl derivative 6a which merit mainly by 
cleavage of the K-CO bond to give the S-methyl deriv- 
ative 2b. Only a very small yield of the desired S- 
methylethyl derivative 2e was obtained. Similar 
results have been previously noted in the LiAlH, re- 
duction of hindered  amide^.^ 

Hydrolysis of the ketals to the ketones proceeded 
satisfactorily with aqueous HCl in acetone and the 
resulting hydrochlorides were easily purified by 
crystallization. However, the free amines, a t  least in 
the S-methyl series, appear to be unstable. Attempts 
to purify 16/3-methylamino-3p,l7a-dihydroxy-5-preg- 

(3) L. F. Fieaer and  AI. Fieser. "Steroids," Reinhold Puhlishing Corp., 

(4) D. F. Morrow, T. P. Culhertson, and R. 31. Hofer, J. Oyy. C h e m . .  32 
New York, N. Y., 1969, p 578. 

361 (1967). 


