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TABLE I 
N-[w-(p-BROMOPHENYL)ALKANOYL]PYRROLIDINES 

p-BrCGH4(CH,),, C O h q  
U 

r- Carbon, yo-- -Hydrogen. R-- 
Calcd Found Calcd Found 

.il. 98 52.12 4.76 4.63 
53. 75 54.22 5.26 5.18 
55.33 55.43 5.72 5 . 7 8  
56.77 56.87 6.16 6.31 

Coingd IL RIP, "C Formula 

1 0 i i - 79  CllII12BrS0 
ti 1 116 5-119 C1,HI4BrNO 
i 52-60 CI3Hl6BrI\TO 
h 3 44-4i C14H18BrS0 

c 1 

t hoxy-1-tetralone' led directly to the desired dihydro- 
naphthalenes 19. In absence of the methoxyl group 
16,9 the naphthols such as 18 were the products isolated. 
Dehydration of these latter compounds was effected 
efficiently by heating the hydrochloride salts to their 
nielting point; refluxing the salt in benzene in the pres- 
C ' I ~ C C  of p-toluciiesulfonic acid led to the recovery of 
unchanged starting material. 

As i n  the case of the basic ethers of p-bromophenol, 
the tertiary amino halides 9-12 readily formed Grignard 
reagents in tetrahydrofuran. Reaction of these with 
the tetralone 17 again led directly to the dihydronaph- 
t halenes. 

The amino alcohol mas prepared by a modification of 
the Gabriel sy~ i thes i s .~~  Thus, the epoxy ether 201 was 

n 

HO 

A 

17 - 
2. p-BfMgC6H,0CH?CH2N 
3. H,O 

22 

O C H 2 C H i h z  

HO & C6H6 

27 

Derivatives of Pyridylarylnaphtha1enes.-To obtain 
the 1-pyridyl compounds, the lithio derivatives of 2- 
and 4-bromopyridine were prepared by the halogen 
metal intraconversion with freshly prepared butyl- 
lithium'l (see Scheme 11). Reaction of these reagents 
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opened with succininiide to afford 21. Basic hydrolysis 
of this last product led cleanly to 28. 

T o  assess the properties of the phenolic amine, the 
starting tetralone 17 was demethylated by means of 
aluminum chloride to give 22. Reaction of the 
phenolic ketone (as its tetrahydropyranyl ether) with 
the appropriate Grignard reagent followed by mild 
hydrolysis led to the aminophenol 27 (Tables I11 and 
IV) . 

(9) .\I. S. Newinan, J .  A m .  Chem. Soc.,  60 ,  294i (1938). 
(10) V. Petrow and 0. Stephenson, J .  P h a r n .  Pharmacol.. 6, 359 (1853). 

&CbHh 

CH,O 

c- 
C d ,  

CH 0 
42, 2-piperidyl 40, 2-piperidinium 
43, 4-piperidyl 41, 4-piperidinium 

with the tetralone 17 led in each case to the isolation of 
the corresponding carbinol. The dihydronaphthalenes 
were prepared by heating the carbinols in toluene in the 

(11) H. Gilman and S. M. Spatz, J .  Org.  Chem., 16, 1485 (1951). 
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TABLE Tr 
PYHIDYL .\NU PIPERIDYL I)ER~V.ITIVE~ 

R3 

11 ' 
2-Pyridyl 
4-Pyrid yl 

(-JxH~I- 

-@,,I- 

GCH$.HCI 
pC,H,OCH, 

CH30 & 

3-Pyridyl. HCl 230-233 C23H&lNO2 
X,,, 283 nip ( e  17,800). * h,,,:,, 289, 309 m,u ( E  10,600). 

or in the reactions leading to 34 or 35, Table IT') the 
carbinol can be isolated without difficulty. 

CH,O 
45 

1. 

OCH 
I 

44 46 

Biological Activity.-The compounds obtaiiied above 
were tested for antifertility activity in the manlier de- 
scribed previously.fi The results of the testing of these 
agents on oral administration are presented in Tables 
T'I and T'II. 

Uterotropic and antiestrogenic activity of several 
derivatives were evaluated in 60-70-g ovariectomized 
female rats treated orally for 10 days. On the 11th 
day the animals were autopsied and their uteri weighed 
immediately and compared with appropriate standards 
(Table VITI). 

In a previous report,' we rioted that the iioiibasic 
compounds 47 a i d  48 are both potent estrogens in the 
uterine weight assay. The pyridyl derivatives 36 
arid 39, basic isosteres of 47 aiid 48, also exhibit classic 
uterotropic activity; 36 it; roughly cqual in potency 

HO C,H, 

&C& 

CH ,O CH ,O 
47 48 

to 47. These data and the finding that the aniline de- 
rivative 29 induces a classical estrogen response demon- 
strate that simple incorporation of a basic group into aii 
estrogen does not suffice for the design of an estrogen 
antagonist>. 

I ~ Carbull. %---- 
Calcd Foiind 

F4.31 84.19 
84.31 84.12 

60.Gi 60.61 

6 0 ,  GT GO.  85 

i 4  67 i 4  22 

i 2 . 7 2  i1 i 6  

4.87 5.20 

0 . 1 2  B.'L!l 

The data presented here do tend toward the conclu- 
sion that the presence of a basic group at a given posit ion 
in space is required to obtain a molecule which willantag- 
onize the effects of concurrent estrogen administration. 
The finding that the oxygen in the basic ethers can be 
replaced by a methylene group to afford compounds 
which show the same potency as both antifertility agents 
and estrogen antagonists bolsters this hypothesis. Fur- 
ther support comes from the increasing antifertility po- 
tency in the series 30-33 11s the most suitable chain 
length is approached. 

The importance of the 6-methoxy group, first en- 
countered in the indene series6 is again displayed in the 
present series of compounds; thus, for example, 26 is 
more potent than 24 by a factor of 20. Another carry- 
over from the previous findings is the importance of the 
nature of the basic group, indeed the potentiation ob- 
tained by replacement of diethylamine by pyrrolidinc 
is tenfold in the present series (24 and 26). 

Jenseri has recently shown13 that in the rat, coiii- 
pound 26 competes with estradiol for active sites in the 
uterus. We speculate at  this time that the observed 
antifertility potency of a given compound, neglecting 
for the moment mch factors as absorption and metabo- 
lism, is t o  some measure a reflection of the "fit" of the 
molecule to an estrogen site of action. 

Experimental SectionT4 
The experimental procedures giveii below :I re represent,ative 

for all compounds prepared in Tables I-l-. Iletailed procediire 
are outlined where the preparations diff'ei sigiiificairtly from the 
geiieral ones. 
N-[(p-Bromophenyl)acetyl]pyrrolidine (S).-il mixture of 311 g 

of p-bromophenylacetic acid and 60 ml each of iteiizerie aiid SOCIZ 
was heated inider reflux for 4 hr. The iolveiit aiid excess reitgelit 
were then evaporated in z'ucuo. A solutioii of the cnide acid 
chloride in 100 ml of benzene was added over :30 min t.0 3.5 ml of 
pyrrolidine in 100 ml of benzene. Followiiig an addit,ional 2 hr  
of stirring the sollition was washed in turn  with wat,er, 2.5 
HCl, and brine. The solid which remained when the organic 

(1H) E. V. .Tensen, .\lirtrarts, I : nd i r~ in~ , lo ry  Swiety Xleeting. New York, 
S. T., J u n e  1465. 

(14) The  authors are indebted t o  the  Pliysical arid Analytical Chemistry 
Unit of The  Upjolin Company for elemental analyses and spectral deterniina- 
tions. 
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the organic layer was taken to drytiess. The r e d i i a l  l id wis 
distilled twice through :t short fractionating coliiniri t o  afford on 
the second distillation 12.26 g of oil, bp 102--106" 10.4 nirn) (ser  
Table 11). 

1 - [p( 2-Diethylaminoethoxy)phenyl] -1,2,3,4-tetrahydro-2- 
phenyl-1-naphthol Hydrochloride (34).-A aolutioii of 1 I .O g 
of 2-pheii?-l-l-tetr:tloiie in 100 ml of TI-IF was d d e d  to the (.;ri- 
gnard reagelit, prepared from 13.6 g of P-(2-d~et~liylamiii(ietllox?.)- 
bromobenzene and 1.24 g of PIIg in 130 ml of T H F .  Following 16 
h r  of st,ariding at room t,emperat,ure t,lie inistrire was t reateti 
wit,Ii 5 in1 of water. The  resulting gel wis removed by filtralioti 
t hivugh Celite, the filtrate diluted with ether, w-l-adied wit,Ii watrr ,  
:mtl taken t~ drytiesu. The residiie was dirsolved i t i  ether : t i id  

cxt,r:wted with 2.5  S IICI. This last sohition w:w sst,racted wit ti  
2511 nil of e t h r r  i i i  reveral portions. Thwe last extracts WVI'I~ 

iakeii to dryiiess and the residue was 1'ec.r~ 
methylene cliloride-beiizene. There was 
prodiict, mp 180--182° tfec (see Table 111). 

1 - {  [p-(2-Diethylamino)ethoxy] phenyl ) -3,4-dihydro-6-methoxy- 
2-phenylnaphthalene Hydrochloride (25).-Proceeding es:tctly 
i i s  above 7.55 g of 2-phetiyl-6-methosy-l-tetralone was allowed 
t o  react wit,h the Grignnrd reagent from 8.15 g of p-(%diethyl- 

nzetie. The  product, was isolated in t h o  
llized from CFIpCla- ethyl aretate to  afford 
71L173'. IYork-iip of the neiitral frartion 

led to the recovery of :$.60 g of starting ketone, nip Il:l--l15°, 
i r in ip  (with niitlientiu material) 113-116". 

1 - { [ p-( 2-Diethylamino)ethoxy] phenyl ] -3,4-dihydro-2-phenyI- 
naphthalene Hydrochloride (23).--A melt of 5 g of the carbinol 34 
wits heated ii i  an  oil h t h  niai led at 195-200° iiiitil effervei- 
r ~ i i ( ~ 2  stopped (30 r n i i i l .  The w1iic.h w:is obtained ut i  cw,liiig 



TABLE VI11 
O I ~ A L  UTEROTROPIC h c . r ~ v ~ w ~  

Daily dose, < i v  uterine 
s o .  f ig  v t ,  rng 

Without Concomitant Estradiol 
2.j 

26 

29 

3 2 

39 

Jti 

45 

Eslradiol 

10 
20 
2 , 5 
9 

2 3 
25 
50 

100 
1 
2 . 5  

1 0 
I O  
5 0  
0 . 5 
I 
2 

40 
80 

0.00 
0 .01  
0.02 
0.06 

With Conconiitaiil Estradiol, 0.04 kg/day 
2 J 
26 

32 

36 

37 

Estradiol 

250 
2 , 6 
<5 

2 ;i 
20 
40 

250 
,500 
100 
200 

0.00 
0.04 

40 
5 6 
:so 
4.5 

6 9 
so 
96 
43 
53 
70 
O!) 

128 
64 
82 

102 
37 
42 
25 
39 
58 

121 

-- 
.I I 

58 
106 
83 
67 
SO 
i 0  

168 
164 
106 
1 I6 

2 5 
115 

a Five rats used per treatInent except for estradiol standard 
for which 10 rats were used. 

was crystallized by trit,iiration wit,h ethyl acetate. Two re- 
cryst,allizations from CHzCIz-ethyl acetate gave 3.79 g of product, 
mp 174-178". 
6-Hydroxy-2-phenyl-1-tetralone (22).-Aluminum chloride 

(i30.3 g)  was added to  a soliition of 28.6 g of the ketone in ,500 ml 
of benzene. Following 4 hr of heating iinder refliix the solution 
was allowed to cool. Chloroform and 2 .5  .I' HC1 were then added 
and the mixture was allowed to stir for several hoiirs. The 
organic layer was separated, washed with water and ayiieoiis 
?jaHCOp, and taken to  dn-new. The residual solid was recrystal- 
lized from chloroform to afford 18.25 g of the phenol, mp 180-185'. 

The analrt,ical sample, mp 183-1855', Tvas recrystallized from 
the same solvent. 

.1nal. Calcd for CIGHLIO~: C, 80.64; H ,  .5.92. Foiind: 
C, 80.19; H ,  6.17. 

7.8-Dihydro-6-phenyl-5- [ p-( 2-piperidinoethyl)phenyl] -2-naph- 
tho1 Hydrochloride (27).--A mixture of 4.60 g of the phenol, 5 ml 
of dihydropyran, and 0.10 g of p-toliieriesiilfonic acid was stirred 
a t  room temperatiire; the solid slowly went into soliition as a 
new solid precipitated. h t  the end of 18 hr the mixtiire was 
t,aken to dryness, t,he residiie was siispended in 80 ml of ether, and 
the solid was collected on a filter. There was obt,ained 4.0 g 
of the criide p>-ranyl ether, which s h o w  only t,races of OH ahsorp- 
tion in the infrared. 

Gr ignad  reagent prepared from 5.72 g of p-  [2-( K-piperidiiio)- 
ethoxvjbromobeiizeiie and 0.50 g of YIg in 60 ml of THF. Fol- 
lowing 18 hr i i f  heating iiirder refliix the mixtiire was allowed to 
cool :rid tre'ited u-ith a small amount of water. The precipitated 

A4 soliit,ion of  the above ether in 30 nil of T I I F  \v 

gel was removed by filti,ation, and the filtrat,e was diliited with 
ether and washed well with water. The residue which remained 
when the solution was taken to dryness was taken up in a mixture 
of et'her and 2.5 S HC1. The crystalline solid which came out of 
lhis mixtiire was collected on a filter and recrystallized twice from 
methanol-2.5 S HCI. There was obtained 1.04 g of the hydro- 
chloride salt, mp 170-174". 

N-{ 2-Hydroxy-3- [ p - (  3,4-dihydro-6-methoxy-2-phenyl-l -naph- 
thyl)phenoxy]propyl)succinimide (21).--A mixture of the epoxide 
20, 0.SO g of succinimide, and 4 drops of piperidine in 100 nil of 
ahholute et,hanol was heated under refliix for 1 T  hr. The voliime 
m s  rediiced to 3 0  ml in vacuo, and the mixtiire was diluted with 
water. The gellike precipitate \vas taken iip in CH2Clz. The 
zolutioii was washed with water and brine and taken to dryness. 
The residiic was recryytallized twice from aqueoiis methanol to 
give 2.6B g of 21, mp 14'2-148'. 

dnal. Calcd for C30H?&Oj: C, T4.51: H, 6.05. Found: C, 
74.23; H, 6.06. 

1-Amino-3- [ p - (  3,4-dihydro-6-methoxy-2-phenyl-l-naphthyl)- 
phenoxy] -2-propanol Hydrochloride (28).--4 mixture of 4.19 g 
of the imide 21 aiid 16 g of NaOH in 320 nil of 95'.( ethaiiol was 
heated iinder refliix for 20 hr. The biilk of the solvent was 
removed iuider rediiced pressure. The residiie was taken l ip  

i i i  R small amount of CH2C12 arid water. The organic layer was 
evaporated, washed with water, and shaken with 100 ml of 2.5 'Y 
HC1 to afford a solid precipitate. This was recrystallized from 
methanol-2.5 S HC1 t o  yield 3.10 g of 28, mp 178-184". 

The analytical sample, obtained from another run, melted a t  
176-184". 

6-Methoxy-2-phenyl-l-( 2-pyridyl)-1,2,3,4-tetrahydro-l-naph- 
tho1 (36).-0ver the period of 'LO mill a solutio11 of 3.16 g of 2- 
bromopyridine in 30 ml of et,her was added to 26.5 ml of freshly 
prepared 0.75 111 biityllithium in ether in an ice-methanol bath.I5 
After an additional 20 min of stirring, a solution of 5.28 g of the 
tetralone in 7 5  ml of T H F  was added over the period of 30 min 
with continiied cooling. The mixture was then stirred for 1 hr 
urd decomposed with 25 ml of saturated NHaCl solation. The 
organic layer was separated, washed with water, and extracted 
with 250 ml of 2.5 S HC1. The precipitate which was obtained 
when the extract was made basic was recrystallized t,hree times 
from aqueous methanol to yield 1.30 g of 36, mp 127-129.5'. 

From the neutral fractions there was obtained 3.28 g of re- 
covered ketone. 

2-(3,4-Dihydro-6-methoxy-2-phenyl-l-naphthyl)pyridine (38). 
--A mixture of 2.58 g of the carbinol 36 and 1.70 g of p-toluene- 
siilfonic acid in 100 ml of toluene was heated a t  reflux under a 
Dean-Stark trap for 5 hi. The solvent was then evaporat'ed UII- 

der vaciiiim and the residue was dissolved in methylene chloride. 
The residual solid was recryst,allized from methanol to yield 2.0 g, 
mp 143-145". The analytical sample from another run melted 

24 3,4-Dihydro-6-methoxy-2-phenyl-l-naphthyl)-l-methyl- 
pyridinium Iodide (40).-.4 solution of 1.0 g of the pyridine i l l  
23 ml of CHJ was allowed to stand a t  room temperature. Within 
1 3  miir solid started to  separate. At t,he end of 17 hr the excess 
reagent was removed on the rotary evaporator and the residue was 
recrystallized from acetonitrile. There was obtained 1.05 g of the 
quaternary salt, mp 224-226'. 

24 3,4-Dihydro-6-methoxy-2-phenyl-l -naphthyl)-1 -methyl- 
piperidiniuin Iodide (42).--A mixture of 3.0 g of the quaternary 
salt and 0.53 g of Pt,Os in 250 ml of ethanol was shaken under an 
atmosphere of hydrogen for 24 hr. -4t the end of this time 
slightly over the theoretical amount of gas had been absorbed. 
The catalyst was removed by filtration and the filtrate taken to  
dryness in vacuo. The residue was dissolved in methylene chlo- 
ride aiid this solution was washed with aqueous NaHCO3. The 
grim which remained when the solvent was removed was dissolved 
in 20 nil of et,hanol and treat,ed with 50 ml of satiirated ethanolic 
picric acid. The precipitated picrate was recrystallized fimm 
acetonitrile to give 1.67 g of product,, mp 222-226". -411 aiialyt- 
ical sample melted at 224-225'. 

d n a l .  Calcd for C29H30Xd08: C, 61.91; H, 5.38; Y, 9.96. 
Foiirid: C, 62.13; H,  5.76; N, 10.05. 

The picrate was siispended in 100 nil of ether and 100 ml each of 
NTI4OH ant1 water. The  mixture was stirred until the solid 
was all in  soliitioii and t,he orgmiic layer separated. This was 

a t  139-142'. 

(15) Tile reaction mixture needs to  be cooled in Dry Ice-acetone a t  this 
point  for the preparation of the 4-pyridyl analogs. 
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