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In  the previous work it was shown that the basic 
ether derivatives of a series of 2,3-diphenylindenes 
exhibit potent antifertility activity in the rat. The 
evidence presently available seems to indicate that 
this activity is related to the estrogen-antagonistic 
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l3  arid the closely related indene z4 exhibit estrogenic 
properties suggested that the argument of steric analogy 
as an explanation for the activities of these compounds 
possessed some validity. More recently, Buu-Hoi, 
et al.,5 prepared an extensive series of both mono- and 
bisarylcoumarins. The former (4, R = H, CH,, C1) 
were inactive as estrogens. The results of bioassays 
on the latter series (4, one or more of the R groups is a 
hydroxyl group) were not stated. 

In  that work, the arylcoumarins were prepared by 
the elegant demethylation-cyclization of o-methoxy- 
arylcinnamonitriles. That approach was precluded in 
the present work as we wished to prepare compounds 
which possessed methoxyl groups as well as the free 
phenolic hydroxyl. Thus, the older and relatively low- 
yielding Perkin-type condensation6 was employed. 
The acetates thus obtained were saponified to the free 
1)henols. Alkylation of these last compounds with p- 
chlorodiethylamine led to the desired basic ethers. 
The physical and analytical constants of the various 
products are summarized in Tables 1-111. 

Biological Activity.-The coumarins thus prepared 
were tested for antifertility activity in the rat in the 
manner previously described. The maximum dose 
employed was 10 mg./rat/day (approximately 50 mg./ 
kg.). Compounds inactive at  this dose were not fol- 
lowed further. The results of the antifertility screen- 
ing of the coumarins are summarized in Table IV. 

The two most potent members of the series were 
assayed for uterotropic activity in the immature ovariec- 

TABLE I 
Yield, - G % -  -H, 5%- 

Comyd. hl.p., OC. 70" Formula Calcd. Found Calcd. Found 

11 197-1 99 28 C24H1806 74.60 74.37 4.70 4.87 
12 231-234 1 Ob c%H160a 77.51 77.40 4.53 4.75 
13 175.5-177.5 20 .5  cz4H18O6 74.60 74.05 4 .70  4 .53  
14 222-225 22 

a Baaed on beiizophenone. There was recovered 60% of the beiizopheiioiie as its diacetate, m.p. 84-87". 

TABLE I1 

Yield, - c,  "/u ---. 
HYDROXY-3,4-DIARY LCOC M.\RINS 

CornlJd. AI.p., oc. % Formula Calcd. Found 

15 -30-237 86 Cz2Hi~Oa 76.73 76.99 
16 291.5-295" 96 
17 254-256 89 Cz8H1604 76.73 76.73 
18 287-28Qb 94 

') r 6 '  

Lit.5m.p. 295". B. H. Ghosh, [ J .  Chem. SOC., 109, 117 (1916)] rep0rtedm.p. 285-286'. 

TABLE I11 
BASIC ETHERS OF 3,4-DIARYLrOUMARINS 

Yield, -CC,%- -IT,%- 
Compd. hI.p.,°C. % Formula Calcd. Found Calcd. Found 

19 131.5-133 74 C28H29N04 75.82 75.55 6 .59  6 . 4 6  
20 82.5-86 51 CziH27NOa 78.42 78.45 6.58 6.50 
21 95-97 68 C28H29N04 75.82 76.20 6.59 6 .66  
22 95-97 67 Cp7HniNOa 78.42 78.03 6 .58  6 .64  

7- 1-1, % --p 

Calcd. FOUXld 

4.68 4 .67  

4 .68  4 .69  

- N ,  % -7 

Calcd. Found 

3 .39  3.37 
3.16 3.06 
3.39 3.82 

. .  . .  

properties of these compounds.2 I n  order to further 
explore the structural scope of this activity it was de- 
cided to investigate the sterically related 3,4-diphenyl- 
coumarins. The observation that both the coumarin 

(1) Previous paper: D. Lednicer, J. C. Babcook, P. E .  RIarlatt, 9. C. 

(2) G. W. Duncan, J. C. Stuoki, S. C. Lyster, and D. Lednicer, Proc. SOC. 
Lyster, and G .  W. Duncan, J .  Med. Chem.,  8,  52 (1965). 

Ezptl. B i d .  M e d . .  109, 163 (1962). 

tomized rat. Compounds were administered daily 
for 10 days, subcutaneously in sterile water containing 
0.25% methylcellulose. Fresh uterine weights were 

(3) P. Gley and C. RIentzer, Compt. rend. aoc. bzol. ,  139, 1055 (1945). 
(4) u. V. Solmssen, J .  Am. C h e m .  SOC., 66, 2370 (1943). 
( 5 )  Ng. Ph. Buu-Hoi, B. Ekert, and R. Royer, J .  O r g .  C h e m . ,  19, 1584 

(6) G .  Bargellini, Gazr. c h i m .  itaZ., 67, 457 (1927). 
(1954). 
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obtained 24 hr. after the 1 dose. Both 13 and 14 
j tidured marked uterine weight responses arid were 
equivalent in potency to 0.04 aiid 0.037, of estradiol, 
respcctively. Compound 22 which was 1 1000 a+ 
potcut in the antifertility ns was :ilqo roiisiderably 
IC<+ potent iii the uterotropic 

11 is of interest that while the majority of t tie iicutrd 
cwuinariri;, bhow some activity :is antifertility :igeiity. 
Iresumably due to their estrogenic. activity, orily oiic of 
the haiic derivatives is potent enough to be picked ul) 
b y  thc screen. The results also would seein to indi- 
catc that the steric aiialogy is ai leaht in  the caw of 
:intifertility activity ail ovcr4nildificat ioii of operative 
f;irtors. It should be noted i i i  thi. caotiricrtiori that the 
iiidcbiir coi*respoiiding to 19 1s :Ictivc: at  0.5 iiig. ’rat 
day. ‘ 

Experimental’ 

’The following experinients represent typical procedures for the 
steps employed in the  preparation of the compounds above. 

3-( pMethoxyphenyI)-4-( p-acetoxypheny1)coumarin.--A 
rnisture of 2,4’-diacetoxyhenzophenone and the alcohol-free salt 
prepared from 5.56 g. of p-niethoxyphenylacetic acid and 7.20 g.  

(71 .All melting points were obt.ained “11 a Thomas-Hoover melting point 
a1iiiaratus. Elemental  analyses wese performed by the Department o f  
I’hysical and Analytical Chemistry of T h e  Upjolin Co. 

uf methanolic. sodium nietlicixicle \\-as heated :it ~ ~ e l i u x  wit11 
50 ml. of :icetic anhydride for 40 hr .  The mistrire wis allo\vctl 
to cool, poured into water, aiicl stirred for 2 hr. The nyucous 
pliase was rernovcd by de~itnt  at ion, and the orgtiiic grim w:is 
dissolved in methylene chlori The solution w:is mtshetl i i i  

turn rsith :iyueous saturated tHCOs, water. :ind brine : i i i t I  

taken to drj-ness in wcTio .  1 residue was rec.i,yst:illizetl i1lic.e 

from methanol :inti twice f rom iiqueous aretic acid to give 1 .Sj p. 
of the coumarin. 

3 4  pMethoxypheny1)-4-( phydroxypheny1)coumarin. ~ A 
suspeiision of 15.87 g. of :~-(P-Iiiethoxyphenyl)-~-(p-:i,c.et(i 
I)lienvl)coumaiiii iii SOU ml. uf 1 :iqueous SaOH 1v~:ts sh:i 
Iiiech:iiiic.ally for 1 ii tir. The sni:ill amount of solid whirl1 h : ~ d  
fxiletl t o  dissolve \viis then renioved by filtration and the fi1lr:it (* 

was acidified. The precipitated phenol \vas recrystallized Frcirn 
aqueoua :teetic acid to give 11.6 g. of product. 

3,4-DiphenyI-7-( 2-diethylaminoethoxy)coumarin. -. T o  :I 

suspension of 3.91 K .  of 3,4-diphenyl-i-hydrox~(~~~11ril:~riii in I O 0  
1111. of ethanol t.tiere wits added 2.69 g. of sodiurii riicthr!ridt, i i i  

iiiethanol (4.64 mequiv./g.). The solid slowly went into solutioii. 
At  the end of 1 hr.  :i.M y .  of a 1 : 1 solution of p-rhlorodietli>-l- 
amine in toluene was udtied t u  tlie solution. Following 20 hr.  o f  
heating under reflux tile mixture was allowed to c ~ i o l ,  :(lid the 
solvent was evuporated in D C I C U O .  The residue was dissolved i l l  

water, ether. :tnd met~hplene chloride. The organic layer W:IS 

washed in turn with dilute aqueous KaOH arid brine. Tht, 
c,rystalline solid which remained m-hen this solution \vas taken t o  
dryness was recrystallized twice from ligroin to yield 3.46 g. of 
product. 


