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-- Hydrogen, '/o - --- Carbon, "/a --- 
No. R Yield, hlp,  o c  Formula Calcd Found Calcd Found 

14 H 38 113-1 16 CzJHrzO, S3.60 82.98 6.96 6 .93  
15 CH, 39 108-1 11 C ? ~ H ? ~ O Z  83.69 83.67 7.02 7.12 
16 F 54 130-132.5 C23Hr:FOz i9 .29  79.65 6.08 6 .41  

NO. 

17 
18 
19 
20 
21 
22 
23 

24 

hIp, ac 
90-92 

100-103 
99-101 

161-163 
107-1 11 
136-137 
106-108 

114-1 17 

I I  
25 OCHaCH-CH2 158-1 60 

SCHEME I1 

9 10 

I CH,OSOICI 

\"- 11  

r 8  
1. PCI, 

CH $0 mc6H5 2. SnCI, 

13 

matic Grignard Reagent afforded the carbinols listed in 
Table I. 

l-Ary1-2-phenyl-3,4-dihydronaphthalenes.-Heating 
the naphthols obtained above in toluene in the presence 
of p-toluenesulfonic acid afforded the olefins. I n  order 
to obtain the phenol 20, the tetralone was condensed 

--Carbon, %- 
Calcd r o u n d  

88 42 87.99 
88 31 88.33 
83 61 83 82 
84 12 83 99 
78 70 78 69 
78 24 78 13 
77 59 77.13 

81.22 81.35 

--Hydrogen, %-- 
Calcd Found 

6 .45  6.78 
6.79 7.06 
5.80 5.82 
6 .14  6.17 
6 .83  7.06 
6 .32  6.62 
6 .51  6.49 

6.29 6 .55  

2ziH240n 75.68 75.72 5 .65  5 .66  

with the Grignard reagent from p-bromophenyl tetra- 
hydropyranyl ethers6 Mild acid hydrolysis led directly 
to the phenolic dihydronaphthalene. The carbinol 
was not isolated in this case, either as a result of this 
acid treatment or perhaps because the presence of two 
oxygenated functions para to the diarylcarbinol makes 
this system unusually labile. Alkylation of the phenol 

n OH 

20 

20 with the appropriate halides gave the compounds 
21, 23, and 24. The acid 22 was obtained by saponi- 
fication of 21. Reaction of 23 with ethyl chloroformate 
followed by base gave 25 (see Table 11). 

Biological Activity.-The compounds above were 
tested for antifertility activity in the rat in the manner 

( 6 )  If'. E. Parliam and E.  L .indemon, J d m  C l m n  S o c . ,  70, 4 1 8 i  
(1948). 
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clcscribed ~)reviously.~ 
suiiiiiiarized in Table 111. 

The uterotropic effect of the iiiore potent cotii1)ounds 
\v:w evaluated in 55-g bilaterally ovariectoniized rats 
trc:ited orally for 7 days. Ut'erine weight increases 
cx~niparable to those induced by ,5ubcutaneous estradiol 
treat nient owurred excq)t follon-ing adniiriistratiori of 
t hc glyceryl ether (23) (Tablc IT). This conipouiitl 
iiiclucd the  inil)eded utclrinc response previously rc- 
I)ort,ctl for thr  basic ethers of tlil)heri~'li~itlene.~ :MI 
tli1~ydroiial)hth:ileiies.~ Tl*hcm 23 w:w admiiii~terc~l 
c,oiic,oiiiitaIitly with csttxcfiol ;iii itihibitioii of the 
: t i i t  iriI)at eel estrogcii-dcl)c.iitlerit rcsl)oii,<e o c ~ ~ ~ c d .  It 
tliw :tl)~)ears tha t  Tvith the iiotwble exceptio11 of 23, 
t 1 1 ~  uitifcrtility potency of tlii:: series closely parallels 
tlic uterotropic 1)otciiry. 

It, i,5 I~iiown9 that in  the diethylstilbest~erol faniily 
of synthetic estrogens, the presence of a p-hydroxyl 
furication i.; nwessary for m:mimum activity. I t  is 

Tlie results of these : 

17) (:. \ \ .  Uiincan.  J. C. dtucki, 3. ( ~ .  I.yster, and 11. Lednicer, P m r .  &?'or. 

(X) (;. \\ . I)uncan, S. C'. Lyster, . J .  .J. ( ' lark.  ani1 1). Leilnicer, ibid., 112, 

iial ('liemiutr?; \'," I'c11, 11 ,  

F.'.rptZ. R i d .  I I e d . ,  109, 163 (1962). 
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6 hr aiid then allowed to stand in the cold overnight. The crys- 
tals which separated were removed by filtration and washed with 
80 ml of ice-cold 50% aqueous ethanol and then water. A single 
recrystallization of the crude product from ethanol afforded 49.22 
g of the nitrile: mp 96-101"; vmsX 2200, 1660, 1580 em-1 (yield 

2-PhenyI-4-(m-methoxyphenyI)-4-ketobutyric Acid (6).-A 
;iuspension of 49.22 g of the nitrile 5 in a mixture of 140 nil of 
concentrated H2S04 aiid 125 ml of water was heated on the steam 
bath TTith vigorous stirring for 4 hr. Upon cooling, the mixture 
was diluted v i th  ice water and the solid was collected on a filter. 
This product was recrystallized once from aqueous ethanol and 
then from benzene to yield 29.5 g of 6, mp 140-145'. The analy- 
tical sample, nip 143-145", was obtained by one further crystal- 
lization from benzene. 

86.5 70). 

Anal. Calcd for C17H1604: C, 71.82; H, 5.67. Found: 
C, 72.10: H, 5.74. 
'6-Methoxy-2-phenyl-l-tetralone (8). A.-lIoscy ziiic (300 g) 

was u-anhed briefly n i th  2.5 S HC1 and then water. The rnetitl 
was covered with a solution of 6.7 g of IIgC12 in 500 nil of water, 
and this mixture was allowed to staiid for 30 miri with occasional 
shaking. The liquid phase was decanted and the amalgamated 
metal was washed well with water. To the amalgamated zinc 
there was added 29.3 g of 2-phenyl-4(vz-methoxyphenyl)-4- 
ketobutyric acid and 400 ml of HC1. The mixture was cautiously 
brought to reflux. At the end of 5 and 10 hr, 100-ml portions of 
HC1 were added. After a total heating period of 20 hr, the liquid 
was decaiited from the residual metal. The latter q-as washed 
well with ether. The former was extracted with ether and these 
extracts were combined with the washes. The organic extract 
was washed with water and brine, percolated (MgSOd), and taken 
to dryness in vacuo. There was obtained 26.2 g of 2-phenyl-4- 
(m-methoxgpheny1)butyric acid as a viscous oil, A,,, 1705 ern-'. 
This material was used in the next step without further purifica- 
tion (yield 94.5F0). 

Hydrogen fluoride (150 ml) was added to 26.2 g of 2-phenyl-4- 
(mmethoxypheny1)butyric acid with good swirling. The solu- 
tion was allomd to stand at room temperature for 3 days. 
The residue was dissolved ill CH2C12 and poured onto concen- 
trated aqueous KPCO~.  The organic layer was separated, washed 
with water and saturated S a C l  solution, and taken to dryness. 
The residual solid was dissolved in 2 1. of 7.5% acetone in Skelly- 
solve B and passed through a column of 500 g of Florisilprewashed 
with the same solvent. The product (17.0 g) was recrystallized 
twice from cyclohexane to afford 13.38 g of the tetralone, mp 
113-116" (vield 55%). 

Anal. Calcd forCl.,111602: C, 80.92; H, 6.30. Found: C, 
81.C8; H, 6.35. 

B. Scheme 11.--A sulutioii of 100 g of ,n-methosyphenylacetic 
acid in 600 nil of ether was added to a niechanically stirred SUS- 
pension of 34 g of LiAlH4 in 30 ml of ether a t  such a rate as to 
produce a vigorous reflux. Following this, the mixture was 
heated under reflux for 30 min, and then cooled in an ice bath. 
The excess reagent ITas then cautiously decomposed with 50 ml 
of water. There was then added in turn 500 ml of saturated 
aqueous PiHICl and 300 ml of 2.5 A' HCl. The organic layer was 
separated, washed twice with w t e r ,  once with brine, and dried 
(NaSS04). The oil (91.1 g)  which remained when the solvent 
\vas removed under vacuum was distilled through a short Vigreux 
column. There was obtained 84.5 g of m-(methoxy)phenethyl 
alcohol, bp 99-102". 

A solution of 15.2 g of the alcohol was cooled in an ice-methanol 
bath. Over the period of 10 mill 15.2 g of methariesulfonyl 
chloride was added to the solution with good stirring. Following 
an additional hour of stirring in the cold, the mixture was diluted 
to 600 ml with ice and mater. The precipitated oil x a s  extracted 
with ether, and t,his last solution was in turn washed with ivater, 
2.5 S HCl, water, and brine. The solvent was removed to afford 
22.27 g of the mesylate as a viscous oil which appeared to be 
homogeneous by tlc. The infrared spectrum showed the OH to 
be gone and exhibited strong bands at 1360 and 1165 em-'. 

To an ice-cooled, well-stirred solution of 11.7 g of phenylaceto- 
nitrile in 50 ml of dry DRIF and 25 ml of dry toluene there was 
added 4.50 g of NaH (53y0 in mineral oil). Following 1 hr of 
stirring under nitrogen, there was added 22.27 g of the mesylate 
in 30 ml of toluene. The mixture was then allowed to stir 
overnight at  room temperature. The bulk of the solvent. was 
removed in uacuo and water and ether were added. The organic 
layer \vas washed with water and brine and dried by percolation 
(NaZSO4). The oil which remained when the solvent was re- 

moved was distilled a t  1-2 mm through a Vigreux column. 
There was obtained 6.03 g of forerun, bp 52-170" (mainly 54-64') 
and 18.79 g of the nitrile 12, bp 170-190".1* 

A mixture of 18.79 g of 4-( rn-methoxyphenyl)-2-phenylbutyro- 
nitrile and 20 g of KOH in 200 ml of ethylene glycol was heated 
overnight a t  reflux. The resulting solution was allowed to cool, 
diluted with 600 ml of water, and extracted once with ether. 
This ether was discarded. The aqueous layer was then acidified 
with concentrated HC1 and extracted well with ether. These 
last extracts were washed once with water and brine and dried 
by percolation (Na2S04).  The solution was take11 to dryness 
in uacuo, the residue was dissolved in dry benzene, and the solu- 
tion again mas taken to dryness. The acid (16.29 g)  was obtained 
as a clear amorphous gum. 

A solution of 16.39 g of 4-(m-methoxyphenyl)-2-phenylbutyric 
acid and 12.7 g of PCI, was heat,ed under reflux for 1 hr. The 
solution was then cooled in ice and 7.15 ml of SnCla was added 
TTith stirring. Following 2.5 hr of stirring a t  room temperature, 
the two-phased mixture was poured into 250 ml of 2.5 S HCl. 
Following 0.5 hr of stirring, the organic layer was separated and 
washed in turn with 2.5 S HC1, water, saturated aqueous Na- 
HCOI, water, and brine. A crystalline solid remained when the 
solution was taken t o  dryness. This was recrystallized from 
methanol to afford 11.34 g of the tetralone, mp 113-116", mmp 
(with authentic material) 113.5-117'. The over-all yield, based 
or1 m-methoxyphenylacetic acid n-as 41.4%. 

Grignard Condensation of Tetralone 8.-In a typical experi- 
ment a solution of 5.04 g of the tetralone 10 in 75 ml of T H F  was 
added to the stirred, ice-cooled Grignard reagent prepared from 
34.4 g of p-bromotoluene and 4.90 g of X g  in 200 ml of ether. 
Following 17 hr standing a t  room temperature, 25 ml of water 
was added. The gel which formed was removed by filtration 
aiid washed well with ether. The combined filtrates were washed 
with water and brine and taken to dryness in i'acuo. The residual 
gum was chromatographed over 800 ml of Florisil (elution with 
ligroin followed by acetone in ligroin). The product thus 
obtained was r ec rp t  ed twice from ligroin to give 2.68 g of 15, 
mp 108-111". 

Dehydration of the Carbinols.--A solution of 1.68 g of 15 and 
170 nig of p-tolueiiesulfonic acid in 170 ml of toluene was heated 
a t  reflux under a Dean-Stark trap for 5 hr. The solvent was 
removed a t  reduced pressure and the residue was dissolved in 
ether. This solution was washed with aqueous NaHC03 and 
wat,er. The gum which remained when the solvent was removed 
was chromatographed over 200 ml of Florisil. The crystalline 
fractions were combined and recrystallized tivice from methanol 
to afford 0.97 g of 18, mp 100-103". 

6-Methoxy-1-( p-hydroxyphenyI)-2-phenyI-3,4-dihydronaph- 
thalene (20).-To a solution of the Grignard reagent prepared 
from 52.5 g of p-(2-tetrahydropyranyloxy)bromobenzene and 
4.83 g of Mg in 500 ml of THF,  there was added in the cold 10.0 g 
of the tetralone 8 in 100 ml of THF. Following 17 hr of standing 
a t  room temperature the reaction mixture was worked up as 
above. A mixture of the crude product was dissolved in 300 ml 
of methanol and 100 ml of 2.5 Following 2 hr 
of stirring a t  room temperature, the bulk of the solvent was 
removed in vacuo. The residue was dissolved in ether-methylene 
chloride, and the organic layer was extracted thoroughly with 
5% aqueous NaOH. The solid which was obtained on acidifica- 
tion was chromatographed on Florisil (elution with 47, acetone 
in ligroin). The crystalline fractions were combined and re- 
crystallized from acetone-cyclohexane to afford 2.97 g of 20, mp 

Ethyl 2- [p- (  3,4-Dihydro-6-methoxy-2-phenyI-l-naphthyl)- 
phenoxy] -2-methylpropionate (21 ).--Sodium hydride (0.35 g, 
53% in mineral oil) was added to 2.50 g, of the phenol in 13 nil of 
DhIF  and 65 ml of benzene. When effervescence had ceased 
1.50 g of ethyl bromoisobutyrate in 15 ml of benzene was added, 
and the mixture was heated under reflux for 17 hr. The mixture 
was allowed to cool, washed with water and brine, and taken to 
dryness. The residual gum was chromatographed over Florisil 
(5% acetone in ligroin) to afford 1.94 g of crude 21 and 0.71 g of 
recovered phenol. The former was recrystallized from ligroin 
to give 1.82 g of the ether, mp 107-111°. 

HC1 was added. 

160-163". 

(12) This material cannot conveniently be characterized since i t  is admixed 
This in part  accounts for the  

It is, however, not necessary to  separate the  oil since 
with mineral oil from t h e  sodium hydride. 
wide boiling range. 
it is disposed of in the next steu. 




