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ovcr :I cwl i imt i  of 100 g of 1lerc.k :tc~id-w:tshcti a1iiiniii:t. Frac,t i ons  
c~ciittaiitiiig thr 111,1~Iiirt w r e  eliitcd by tieitzeiie (*otitaiiiittg lip to 
IO(,'> ethyl acetate. ( , t  allixat ioi i  from acetone-hexane gave 
I11 in a yield of Y88 mg (62(,;) as fine white needles: mp 184.5- 

The vinyl proton. 
:rlq)e:tretl i l l  the iiinr :it 6 3.77 ( a )  : t i i d  7.01. 

Ana( .  Calcd for C1:If&602: C, 63.56: H, 5.31; F, 24.15. 
Foiund: C, 63.31 : IT, 3.X3: F, 23.92. 

14a,17a-Ethano-15p,16p-di( trifluoromethyl)pregn-5-en-3p-ol- 
20-one Acetate (IVa).-A wlutioit of 2.46 g of I Ia  in 200 ml of 
niethatiol plus 5 ml of water was hydrogenated over 256 mg of 
10'(  Pd-C at 3.66 kgjcni2 aiid room temperature for 12 hr. 
i\fter the catalyst had beeti filtered off, the solveiit was removed 
iinder redirced pressiire. The re>idiie was crystallized from hexane 
t o  aftord I\.a, i l l  a yield of 2.14 g (84%), as graniilar particles: 
mp 143-146': Y N u j o i  1730, 1707, and 1642 cm-'. The C-6 
vitiyl proton appeared in the iinir at 6 5.42 (m).  

Anal. Calcd for C?;H:d&: C, 62.30; H, 6.58; F, 21.92. 
Foiuid: C, 62.54; 11, 6.39: F, 22.02. 

14a,17a-Ethano-15p,lGp-di( trifluoromethyl)pregn-5-en-3p- 
01-20-one (IVb).-A solution of 2.01 g of IVa, 2.05 g of KOH, 
and 5 ml of water in 55 ml of methanol was stirred at  room 

vNujot 1710, 166.5, arid 1620 (m-l. 

teniper:ti tire f o i ,  24 hi.. Afier si aiidaid work-iip (he  r i ~ i t l c  Iii,otliict 
ti from :ic.cioiir-hrsaiie t o  a f f o d  I\.t>, i l l  i i  J.ield 
), as  t i t i > .  white twis: irip l!~4-195°: ~ y l l l n l  :$,j43, 

1701, and 1643 cn1-I. The vinyl pvotnii appea i~d  i n  t hr 
nmr spectriim at 6 5.40. 

.-lnul. Calcti fur C2;H3&601: C, 62.76; H, 6.69. Foiind: C, 
63.00; H,  6.37. 

14~~,17a-Ethano-l5p,16@-di( trifluoromethy1)pre 
dione (V).-A solutioii of 1 .24 g of IVb, 12.0 ml of 
and 150 ml of tolueire m-as azeotroped as described for 111, 1.24 g 
of alumilium iropinpoxide was added, and refluxing iwiinied foi,  
2 hr. iifter standard mwrk-up the residue was partitioiled between 
ether and HC1. The residue from the ether solution was chro- 
matographed over 40 g of 1Ierck acid-washed alumina. Fractions 
eluted by passage of 400 ml of benzene followed by 400 nil of 
benzene contaiiiing 3<.: ethyl acetate gave 882 mg of criide prod- 
iirt. Cryatallizatioii from acetone-hexane gave ITj i i i  a yield of 
783 mg (64YG), as light yellow flakes: mp 139-161'; Y ~ U J O ~  

1697, 1668, and 1616 rrn-l. The C-4 vinyl protoii appeared 
in  the iimr spectrnm at 6 3.71. 

dnai.  Calcd for CnjH~oF6O2: C, 63.02; 6.:30. Foiuid: C, 
63.03; H, 6.11. 

Mammalian Antifertility Agents. V. 5,6-Diarylhydronaphthalenones' 
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A4 series of derivatives of 5,8diphenyltetra- and -hexahydronaphthalenes was prepared, incorporating such 
Several of the compounds are active features as carbonyls in the 2 position and an angular methyl group at  4a. 

as antifertility and uterotropic agents. 

I t  is well known that estrogenic responses are elic- 
ited by many organic molecules devoid of the steroid 

led to the development of an impressive array of 
structures which, at least in laboratory animals, will 
act as estrogen a~itagonists.~ Except for a few reports 
of nonsteroidal a~idrogens,~ no similar success has met 

other gonadal hormones. 

of ethynylestradiol to the corresponding %oxo deriva- I ,R=H 3, R = H  
tive leads from a potent estrogen to a compound which 

SCHEME I 
LITHIUM-AVMONI i REDCCTION~ OF 

n u c l e ~ s ; ~  suitable modification of such structures has 1,Z-nI i R Y L - 3 , 4 - D I H Y D R 0 - 6 - ~ I E T H o X Y ~  \PHTH tLENES 

attempts to prepare nonsteroidal counterparts of the & C d H ,  or Id-",, H,-Pd (& CdH, 

I n  the steroid wries, reduction of the aromatic A ring CH,O \ CH30 ' 
2, R'OH 4, R=OH 

exhibits many of the properties of a progestin. The 
observation that certain derivatives of 1,2-diphenyl- 
dihydronaphthalenes are potent estrogens5 prompted 
US to prepare the counterparts of those compounds in 
which the moiety corresponding t o  the steroid A ring 
was reduced to a ketone. 

Our initial approach consisted in the straightforward 
reduction of the conjugated double bond by lithium in 
liquid ammonia (see Scheme I) .  Compounds 1 and 2 
were treated with a controlled amount of the metal in 
ammonia to afford the tetralins 3 and 4; the observed 
3-cps splitting constant for the proton at  position 1 

(1) Previous paper in this aeries: D. Lednicer, S. C. Lyster, and G .  W. 

R 

Li-"3, R'OH I 
R 

7, R- H 5, R-H 
8, R-OH 6, R-OH 

leads to the conclusion that each of these has the czs 
ConfigurationP Support for this stereochemical assign- 
ment comes from the observation that catalytic reduc- 

Duncan, J .  .Wed. Chem., 10, i s  (1967) .  

IViley and Sons, Inc., New I-ork, N .  Y.,  1956, p 34. 

tion of 2 leads to a sample of the reduced product 
ident'ical in all respects with that obtained from t8he (2) J. A. Hogg and J. Korman. "1Iedicinal Chemistry," 1701. 11, John 

(3) For  a recent review see D .  Lednicer, Ann. R e p t .  M e d ,  Chem., 2, 199 
(1966). 

(4) See, for example, R. I. Dorfman and D. Stevens, Endocrinology, 67, 
394 (1960). 

(5)  D. Lednicer, S. C. Lyster. B. D. hspergren, and G. W. Duncan, J .  
,Wed. C h e m . .  9 ,  li2 (1966). 

lithium-ammonia reduction. This departure from the 

(6) W. L. Bencze, R. IV. J. Carney, L. I. Barsky, A .  A .  Renzi, L. Dorfman, 
these authors repurt a J and G. deStevens, Ezperient in,  21, 261 (1965): 

value of 5 c p ~  for a n  analogous system. 
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usual' stereochemical path of metal reduction probablj 
arises from peculiarities of the system involved.* 

Subsequent treatment of the tetraliris under the  
standard conditions for the Birch reduction gave the 
enol ethers 5 arid 6; acid hydrolysis of theici c>thci.\ 
:ifforded thc desired enoiieh 7 :tnd 8. 

The approach iri which thc -4 ring a': elaborated hv 
:L variation of the Robiiison lio~~~oz~ririu!:~tioi~ procecIui(~ 
ceenied most ,uit able for the p i ~ p r a t  I( ) I I  of cv )inpi )wid> 
iricorporatirig ,teroid feature+ ,uch :L\ 14 :LiId 16. 
Iieactioii of nic,thyl viii\ 1 Idoiiv 11 ith ~ ~ ( J X I  heiizoiii 

followed by eiiamirie torinatioii g:rvc the l\cj i i i trrnic~- 
dinte 11. The preseiicc' ot :I one-protoil iiriglet :it 
6 4.73 iri  the rimr spectrum of thib coiiipoiuid corihrmctl 
its foriiiulatioii as 11. Iiewtion ot thi- M ith riiethj.1 
vinj 1 ltetorie followed by hydro 
vield of the der.ired bicjclic p 
rcsortecl t o  : i r i  twnmiric routr malogouh to thr  receiitlj 
tlrvelop,ed method iiivolving thc uw of 1 .:bdichloro-?- 
t)uterlrx.4 L~lkylatlor i the cwiniiiic, i t t i  th i .  11:ilid~~ 
Jollo\\ ecl by h? drolj led t 0  til? lahll( '  Ill'(JdllFt 12; 
iriterestingly, the irifrnrcd spectrrmi 1702 mi - I )  

shou c d  this to hc the ~ir~ci)ii,jugated 1,rtorie. Bri(b1 
t re:itmcmt in coiicentr:~tcd -ulfuric acid gavr :i iiiisturc, 

product 13 arid thc c i  clizcd prod~i r t  
, ohtalrlccl O I I I )  ! I1 (Tudc torm. \\:t. 

treated 11 ith p-tolnerie~~ilfonic acid I I I  henxeric to afford 
I I I  pmcticc i t  provccl 11ior(% erioiic. 

O u t  t h?  Y C ' ( l l i C ' l l P ( '  \I IthOrlt 1 ~ ~ ) ~ ~ L ~ l ~ J I l  

( ~ t  iiitermedi:tte\. 
r ' . , <  IrL,itmerit of the eiiamiiie 11 with meth? 1 iodido 

f olloivcd hy h\ drol gavr the mcthj lated product 
15. The presence three-proton doublet at 6 1.16 

(ij 11 0 llouJe "Modern S ~ n t h e t i c  lieactions," \V 

( 8 )  Protonation of t h e  nietalation product nould lead to a lirnrli\ <11\ I 

1Iolecular models mpgest t l i a t  tile least hindered iippri 'ir 1 1  

Uerr York. N I-, 1965 p 50 ff 

anion at the I poi i t ion,  
the reduction 
to tliat carbanion bite IY fiorn the side lradini: t o  t l i P  r i b  proiiort 

a t r a r i s i m t  red color \ \a\  obser\eri in tlie iuiirw 

(0)  1, Velluz, G. Nomine, a i d  ( 8  \ lutii ieii  l n y r i i  CBrnc 1 2 ,  7 2 5  I 1'11)11 

14 16 
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weights when administered concomitantly with tes- 
tosterone propionate (probnhl\- a reflection of its cstro- 
gcti i c N C  t i vi t y) . 

Experimental Section'" 

cis-l,2-Diphenyl-6-methoxy-l,2,3,4-tetrahydronaphthalene 
(3).-I)ihydronaphthalene 1 (0.63 g)  in 20 ml of T H F  aiid 1 ml of 
t-BuOH m-as added to 100 ml of KHQ redistilled from Li. To this 
was added 28 mg of Li wire; the color faded very quickly. After 
.?-I0 min, an additional 28 mg was added. The blue color, this 
time, persisted for 20 min. After the addition of 1 g of SH4C1, 
the mixt,ure was taken to dryness under Sa. The residlie was t,hen 
washed with ether and CH2C1,. The solid which remained when 
the extracts were taken to dryness was recrystallized from 
EtOH to give 0.53 g of 3, mp 160-162'. Another crystallization 
gave a sample, mp 166-168". 

Anal. Calcd for C23H220: C, 87.86: H, 7.05. Found: C, 
87.30: H, 7.13. 

l.(p-Hydroxyphenyl)-2-phenyl-6-methoxy-l,2,3,4-tetrahydro- 
naphthalene (4). A. By Reduction with Lithium-Ammonia.- 
One gram of 2 was reduced with 84 mg of Li in exactly the same 
maniier as above. The gummy solid which remained when the 
solvents had been removed from the reaction mixture was sus- 
pended in H 2 0  and made acidic with acetic acid. The solid 
was collected and recrystallized twice from NeOH to yield 0.40 g 
of 4, mp 788-190". 

Anal. Calcd for C23H220a: C, 83.60; H, 6.71. Found: C, 
83.45; H, 6.89. 

B. By Catalytic Reduction.-A mixture of 1.0 g of 2 and 0.10 
g of 10% Pd-C in 50 ml of ethanol was stirred under Hz to the 
absorption of 1 mole of hydrogen (1 hr). The filtered solution was 
evaporated to dryness. The residual solid was recrystallized 
from methanol to give 0.71 g of 4, mp 188.5-190", alone or in 
mixture with 4 prepared by the Birch reduction. 

1,2-Diphenyl-6-methoxy-l,2,3,4,5,8-hexahydronaphthalene 
(5).-Tetralin 3 (3.4 g), in 110 ml of T H F  and 11 ml of t-RuOH, 
was added to 500 ml of NH, redistilled from Li. Li wire (0.76 
g)  was added in seven equal portions to the mixture at 5-miri 
iritervala. The mixture was stirred for 30 miri, arid 33 nil of 
t-BuOH was added. Following an additional 25 min (stirring), 
30 g of KH4C1 was added. The solvent w-as evaporated under Xr 
arid the residue was treated with HaO. The solid was collected 
on a filter and recryst,allized from ligroin to afford 2.62 g of 5, 
mp 138-142'. The analytical sample, mp 132-1:34", was ob- 
tained from a~iot~her run. 

Anal .  Calcd for C ~ H M O :  C, 87.30; H, 7.65. Folmd: C, 
87.02: IT, 7.90. 

1-( p-Hydroxyphenyl)-2-phenyl-6-methoxy-l,2,3,4,5,8-hexa- 
hydronaphthalene (6).-Proceeding as above, 0.66 g of 4 was 
reduced with I54 mg of Li. The product was recrystallized from 
aqueous 1IeOH to give 0.58 g of 6, mp 184.5-187.5'. The analyt- 
ical sample melted at, 183-183". 

Anal. Calcd for CJaH2,0a: C, 83.10; H, 7.28.  Found: C, 
83.07: H, 7.40. 

4,5-DiphenyI-3,4,5,6,7,8-hexahydro-2( la)-naphthalenone (7). 
-A suspensioii of 2.0 g of 5 in 400 ml of methaiiol and 20 ml of 
2.5 -Y HC1 was stirred for 20 min in an ice bath aiid 1 hr at  room 
temperature. The now homogeneous solution was neutralized 
with saturated aqueous NaHCO3 and the bulk of the solvent 
was removed on the rotary evaporator. Ether was added, aud 
the organic layer was washed with H,O and brine. The residual 
gum was recrystallized three times from a small amount of ligroin 
to give 0.82 g of 7, mp 124-129'. The analytical sample, vlnnX 
1705 cm-1, melted at  128-132". 

Anl. Calcd for C,?H??O: C, 87.37; H, 7.33. Foiind: C, 
87.77: 13, 7.42. 

5-( p-Hydroxyphenyl)-6-phenyl-3,4,5,6,7,8-hexahydro-2( 1H)- 
naphthalenone (8).-A suspension of 1.65 g of 6 in 83 ml of 
methanol containing 3.3 ml of 1 JI oxalic acid was stirred to solu- 
tion a t  room temperature (40 min) and taken to dryness a t  

(10) The  authors  are indebted to the  Department  of Physical and Analyti- 
cal Chemistry of The  Upjohn Co. for elemental and spectral determinations. 
Nmr spectra were obtained on a Varian A-60 spectrometer in CDCla. In- 
frared spectra were a s  Nujol mulls unless otherwise specified. 

reduced pressure; the residue was dissolved in ether-CH2CI2. 
This solution was washed ( H a O ,  aqiieous NaHCOs, brine). The 
residue which i~ernilitied wheit ihe solvent. was remuvrd was 
recrystallized from met.hariol t,o give a first crop of 0.53 g of 8, 
mp 209-216'; the second-crop material was recrystallized from 
aqueous AkOH to give an additional 0.90 g of 8, mp 213-216'. 
'The a,iiaIyt,i(-:tl haniplp, vlliil\ :K10 :tiid I7O.i mi, mclted a1 213-- 
' " O .  

82.72; 11, 7.28. 
3,4-Diphenyl-2-cycIohexen-l -one (lO).-l>eoxybeiizoi~i ( 10.0 

g) in 100 nil of beiizeiie was added t o  methaiiol-free SaOCI-T, 
prepared from 1.15 g of S a .  The resultiiig yellow mixture was 
cooled iii ice. During 20 miii, there was added 4.0 g of methyl 
vinyl ketone in 40 ml of benzene. The mixture was heated under 
reflux for 30 miii, cooled in ice, and decomposed with 50 ml of 
saturated aqueous SH4C1. The organic layer was separated and 
washed with H,O, then brine. The viscous oil which remained 
when the solvent nTas removed was chromatographed over 
Florisil (elution with 2.5% followed by 3% acetone in ligroin). 
There was obtained first, 4.12 g of starting material, followed by 
6.1 g of crrrde prodrict which was recrystallized from ligroin to 
yield 5.6 g of 10, mp 96-99', The aiialytical sample melted at  
96..7-94.3 '. 

Anal. Calcd for ClsH~,O: C, 87.06; H, 6.30. Found: C, 
86.52: H, 6.38. 

3,4-Diphenyl-l-pyrrolidino-1,3-cyclohexadiene (ll).-A solu- 
tioii of 6.1 g of 10, 6 ml of pyrrolidine, and I50 ml of benzene 
was heated overnight under a Ileaii-Stark trap. The excess 
reagent and solvent were removed in cacuo. The residue (from 
ether) afforded 6.2 g of bright yellow solid, mp 128-130". The 
analyt'ical sample melted at 12S-131.5° : nmr spectrum, vinyl 
proton as a singlet. a t  6 4.75. 

Anal. Calcd for CnlHaaS: C, 87.66: H, 7.69. Found: C, 
87.62; H, 7.64. 
5,6-Diphenyl-4,6,7,8-tetrahydro-2(3H)naphthalenone (14). A. 

By Reaction of 11 with Methyl Vinyl Ketone.--1luring 30 min, 
0.8 g of freshly distilled methyl vinyl ketoire in 30 ml of T H F  
was added to 3.0 g of 11 in 60 ml of THF.  The mixture wasstirred 
under Na at room temperature fox, 30 min aiid at reflux for 4 hr. 
Sodium acetate (2  g)  in 2 ml of ArOH and 4 ml of H 2 0  was then 
added, and reflux was contiiiued overnight. The bulk of the 
solvent was removed in racuo; the reridue wa,s dissolved in ether. 
The solntion was washed (H,O, 2.3 S HC1, H,O, brine). The 
gum which remained when the d v e r i t  was removed was chro- 
matographed over Florisil (elution with 2.5 then 5% acetone in 
ligroin) to give as a first fract,ion 0.66 g of recovered ket,one, mp 
95-97", followed by a siiccessioii of grims. The latter were 
combined and rechromatographed on \Toelm neittral alumina 
(elut,ion 1 : 1 beiizerie-ether). The crystalline fractions were 
combined arid recrystallized twice from MeOlT to give 31.8 mg 
of 14, mp 141-143.5": A,",::, 233 mp ( e  4780), 307 mp (E 11,800). 

By the Sequence 11, 12, 13.-To a suspension of 3.0 g of 
11 and 1.7 g of finely powdered KI in 20 ml of I I J I F  under S, 
was added 2.05 g of 1,3-dichloro-2-buteiie in 5 ml of 1)MF. 
After 30 min (stirring) at room temperature, 10 ml of H 2 0  was 
added. After an additional 2 hr (stirriiig), ether was added. 
The organic layer was separated, washed well (H,O, brine), and 
taken to dryness. Chromatography over Florisil (elution with 

acetolie iii ligroin) afforded 12 as waxy crystals. This was 
tallized twice from ligroin to yield 1.3 g, mp 70-80", 

vlllnX 1702 cm-l, st,roiig Beil5tein test. 
Concentrated IT2P04 ( I O  ml) was added t,o the above chloro 

ketone in 3 ml of ether. ;ifter 5 min, the mixture was neutralized 
with Sa2C03.  The organic material was dissolved in ether- 
CH2C12. This soltition was washed well (H20, brine) arid taken 
to dryness. The gnm which remained was chromatographed 
over Florisil (elution with .jr: acetolie in ligroin) to yield 0.22 g 
of crude crystalline 14 aiid 0.38 g of a gum which (neat) showed 
infrared bands a t  1705 and 1655 cm-l. The crystalline fraction 
was recrystallized twice from NeOH to afford 0.10 g of 14, mp 
144-145.5', alone or in mixtiire with 14 obtained above. 

Anal. Calcd for CraHJIO: C, S7.06; H, 6.71. Found: C, 
S7.78; H, 6.9'3. 

The gummy 13 obtained above in 10 ml of benzene containing 
100 mg of p-t,oluenesiilfonic acid was heated under reflux for 
1.5 hr. The soliition was allowed to cool, washed with aqueous 
WaHCO, and H,O, and taken to  dryness. The residual solid was 
recrystallized once from 1IeOH to give an additional 0.32 g of 
14, mp  139-142". 

. I d .  C::llCtl fOl c!,I]?@?: C, S?..!)s; 11, 6.96. FUlllld: C, 

B. 




