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inhibitor. Quintana points out. however, thtil such 
relationships do not necessarily hold outside a par­
ticular homologous or isomeric series and should be used 
with caution. Molecular models of I X - X I show that 
sufficient free rotation exists about the bond linking 
the benzene ring and the methylene group to allow the 
ring to orient in a plane parallel lo ihe enzyme surface. 
Such an orientation would permit, a greater degree of 
hydrophobic interaction than is possible for the non-
aromatic analogs shown in Tables I and II. It is in­

teresting to note that the most active xylyleue analog 
(IX) lias a configuration analogous to that of the more 
active r/.s'-ethenylene isomer (V). a fact which is in 
agreement with the possible existence of a spatial 
factor. 
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D A N I E L LEDNICEK, STANLEY V. LYWTEK, AND (IUHDO.N W. DUNCAN 

Ilratui'ch l.nburalun'i .1, Tin i'pjoh.n CDIU/JUIII/, Kalaiiuizon, Miehiyan 

Received June Id, VJfW 

The preparation of basic ethers of l,2-diphenyl-;>,4-dihydrouaphthalenes, l-ipyridyl )-2-phenyl-'>,4-dihydro-
naphthalenes, and 2-('.'5-pyridyr)-l-aryloxy-'5,4-dihydronaphlhalenes is described. Further transformations of 
some of these products are recorded. .Many of the compounds prepared were found to be highly potent anti-
fertility agents in rats: some of the active compounds were also potent uterotropic agents while others antago­
nized the effect of concurrently administered estrogens on uterine weight. 

Appropriately substi tuted derivatives of the '2-
phenyl-3,4-dihydronaphthalene systems have pre­
viously been shown to exhibit uterotropic activity.3 

More recently1-4 compounds related to 1,2-diphenyl-
3,4-diliydronaphthalene were also found to elicit a 
uterotropic response. In the continuing search for an 
orally effective nonsteroidal contraceptive, basic deriva­
tives of the l ,2-diaiyl-3,4-dihydronaphthalene system 
were investigated since the inclusion of basic groups into 
inherently estrogenic molecules has occasionally been 
found to lead to estrogen antagonists, which in turn ex­
hibit antifertility activity.'i,fi 

Basic Derivatives of l,2-Diphenyl-3,4-dihydronaph-
thalenes.—In one of the preferred methods of synthesis, 
a substituted 2-phenyl-l- tetralone was allowed to react 
with the Grignard reagent from a basic derivative of 
broinobenzene. The derivatives of p-bromophcnol 
were prepared as described previously.6 In order to 
prepare the pyrrolidinoalkylbromobenzenes, the ap­
propriate co-bromoalkanoic acid7 was converted to its 
acid chloride and treated with an excess of pyrrolidine 
(Table I) . Reduction of the amide thus obtained with 
lithium aluminum hydride afforded the desired bases 
(Table II) . These were carefully purified by distilla­
tion and used in the ensuing step (see Scheme I). 

( 1 ) P rev ious pape r in this series: D . Lednicer, S. ( ' . Lys ter , B. D . Asper-
ttrcn, and G. W. D u n c a n , ./. Med. Chew.., 9, 172 (196(1). 

(2) P a r t s of th is pape r h a v e been pub l i shed : D. Lednicer , S. O. Lyster , 
and CI. W. D u n c a n , Chew.. Ind., 408 (1963); p resen ted in pa r t a t t he S y m ­
posium on Nons te ro ida l Ant i fer t i l i ty Agents , 144th N a t i o n a l Mee t ing of The 
American Chemica l Society, Los Angeles, Calif., Apri l 1963. 

(3) C. M e n t z e r and G. C r b a i n , Compl. /lend., 215, 554 (1942). 
(1) W. L, Uencze. L. I. l i a r sky , W. P . Sopchak, A. A. Renzi , N . Howie 

and J . .1. C h a r t , ./. Med. Chem., 8, 213 (1965). 
(5) L. S. Lerner , P. S. IToltliaus, J r . , anti ( ' . R. T h o m p s o n , Endocrinoloim. 

63, 295 (1958). 
(Hi D. Lednicer , ,1. C. Uabcock, S. ( ' . Lysier , ,1. C. S tucki . and G. W. 

Duncan , Chem. hid., 2098 (11)61). 
(7) C o m p o u n d s 1, 2, a n d 4 are commerc ia l ly ava i l ab le : 3 was p repa red 

by tlie method of L. K. l-'ieser and A. M . Sel igman, ,/. Am. Clam. Soc, 60, 
170 (1938). 
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Reaction "f the (irignard reagents prepared from 
basic ethers of/,-bromophcnols8 13 and 14 with 6-me-

<'8) 1). Lednicer. .1. ( ' . l iabcock, P. E . M a r l a t t , S. C. Lyster , and G. \V. 
Duncan , ./. Med. Clicm.., 8, 52 (1965). 
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TABLE I 

N-[WG»-BHOMOPHENYL)ALKANOYL]PYRROLIDINES 

p-BrC6H4(CH2)„CON •n 
Jompd 

5 
6 
7 
8 

a 

0 
1 
2 
3 

Mp, °C 

77-79 
116.5-119 
52-60 
44-47 

Formula 

CnH12BrNO 
Ci2H14BrNO 
C13H16BrNO 
C14H18BrNO 

, Calcd 

51.98 
53.75 
55.33 
56.77 

Carbon, % Found 

52.12 
54.22 
55.43 
56.87 

Hydrogen, 
Calcd 

4.76 
5.26 
5.72 
6.16 

% • 

Found 

4.63 
5.18 
5.78 
6.31 

thoxy-1-tetralone1 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 
melting point; refluxing the salt in benzene in the pres­
ence of p-toluenesulfonic acid led to the recovery of 
unchanged starting material. 

As in 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-
thalenes. 

The amino alcohol was prepared by a modification of 
the Gabriel synthesis.10 Thus, the epoxy ether 201 was 

A 
O C H , C H — C H , 

CH 3 0 ' 

20 

C H 3 0 

0, 

OCH 2 CHOHCH,N 

0 

•C0H, 

21 

CH,0 

OCH2CHOHCH2NH2 

C„H, 

28 

opened with succinimide to afford 21. Basic hydrolysis 
of this last product led cleanly to 28. 

To 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 III and 
IV). 

(9) 11. S. Newman, J. Am. Chem. Soc, 60, 294? (1938). 
(10) V. Petrow and O. Stephenson, J. Pharm. Pharmacol., 5, 3S9 (1953). 

17 
HO 

C6H5 

22 

2. p-BrMgC6H,OCH,CH,N 

3. H,0 
a 

0CH.,CH,N 

C6H5 

27 

Derivatives of Pyridylarylnaphthalenes.—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-
lithium11 (see Scheme II). Reaction of these reagents 

Br Li 
BuLi 

*N-' CH : ; 0 

36, 2-pyridyl 
37, 4-pyridyl 

CrLO' 

r ^ ^ r ^ ^ V 
•C„H-, 

38, 2-pyridyl 
39, 4-pyridyl 

CH;iO 

C6H5 C6H, 

42, 2-piperidyl 
43 , 4-piperidyl 

CH,;0 

40, 2-piperidinium 
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, 1483 (1951). 
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!! 
10 
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T A B L E II 

N- lcu- l / j -KlKJMOl 'HE.WLjAI .KYl . J l"i UKOLID1NE: 

lip, ' ' ' i nmi) 

S.S-02 ((1.4) 

102-100 ( 0 . 4 
135-130 5 i.") 

12.3-124 .;> id 4) 

/;-B 

C l luBi -N 
(VH16BrX 
CuII^BrX 
C,,lb,BrX 

•c :H (C'H )„<X 

\ _ 
C a r l > , , n . 

( ' a l e d 

55 .01 

•">(>. 7 i i 

5s 21 
50.5s 

! ; ( m n d 

55. S2 

50 22 

50 01 

(io.o.) 

1 IN <!:•>>-
( ' a l e d 

.') . S.S 

o ;>."] 

0 . 7 0 

7 11 

I ' m n e 

5,04 

0 . 2 2 

7 .02 

7 4:S 

(aled Found 

:>:•!. 2 s 3 3 . o s 

20 . OS 20 Ml 

T A B L E I I I 

B A S I C D E R I V A T I V E S OF l,2-I)ipiiEN"VL-:!,4-i)mY])Uo.\Ai'i[riiALE.\Es 

Cnmpi l I{i K-

O C H J C H . N I G H . J - H C I 

24 

2."> 

20 

27 

2S 

2!) 

:io 

:ii 

:)2 

)-> 

C'uli 

II 

CII . ,0 

CH. ,0 

HO 

CH3<> 
CH3() 

CH3<) 

CII:,() 

CH 30 

CH3() 

(1 for hemi-ethyl 

0CH.,CH2N/ -HCI 

0CH,CH,.\(C2HS)/HC1 

OCH!CH!N
/ -HCI 

OCH.CH.N \ - H C I 

O C H J C H O H C U - X I I . . 11(1 

X(CH,L 

CH.v' l-Hfl 
\ 1 

:CH j , N / n .HCI 

(CH,j;y I -HCi 

ICHA.I-Q .HC! 

acetate solvate. '' Cain 

20:5-204 

171 17.", 

104-107 

170-174 

170-1S4 

130-133 

230-233 

105 107 

114-117 

172-174..") 

ormula 

( O J W ' I X O 

CJWMXO 

(\.,,HS.I(:LN(), 

C,:,II;,,('1X(), 

(':„.! I :)SCTN<>, 

C a l W I X O , 

(o-Jb-.xn 

( O T W I X O 

( 0 : I I W I X ( > 

(':,„II ;1,IXO 

(.'3lH;isClX(> 

- - Cm 

Tilled 

70 S4 

75 (>!)" 

73.74'-

71 .;!() 

s-1 47 

77 . s."> 

70.5.V 

04 07' 

70.00 

70050 

75 . 00 

75, 2:; 

7.") 1 s 

70. s 5 

71 .:):! 

S 4 0 3 

77 II 

70 77 

03 50 

-Hydros:™, , 

('tiled IOmni 

7 . 2 0 7 . 1 1 

7.20 7.00 

7.:!',) 7 .07 

0 OS 7 17 

7 . 0 4 7 o s 

0 . 4 4 0.SO 

7 .00 7 41 

7 O 0 O.S.'S 

7 . : ; 1 7. 27 

0 02 0.7)7 

CnmiHi Hi 

:54 II 

.50 ( ) C I I a 

H~ 
; ) - ( ' , i O O C H s C H j M C O U b - HCI 

p-CBH,OCH,CH\.N - H C I 

OCH:, 

45 OCH:, C e l l , 

T A B L E IV 

MASK: 1 , 2 , 0 , 4 - 1 ' E T U A I I Y I > K O - 1 - . \ ' A I ' D T I ) 

R* 

C'tiHr, 

CJ1 : , 

c:Bli , 

CBH:, 

A l l , . • ( ' 

ISO IS2 

20; .5-205 

Formula 

(',,II34ClXO, 

(0,II:)L!CIX()2 

Car l , 

('tiled 

74050 

7:5.27 

Found 

7 4 . 0 4 

7 2 , 0 2 

l l .Mll ' l 
( ' a l e d 

7 . ">S 

7 (is 

I ' o u 

7 . ; 

7.; 

1 2 7 - 1 2 0 . 5 C-lI»tX<.0 

1 N2 -1 So 

207-200 

C 2 3 U. ,N( ) , 

C - H 2 , X O = 

, 0. <:> 

7'J. 70 

70.7/5 

70. ,SO 0 . 0 0 0.00 

7 0 . 0 5 0 . 3 0 0.5!) 

7 0 . 2 5 0 . 3 0 0 . S 5 

presence of an excess of p-toluenesulfonic acid. The 2-
and 4-pyridyldihydronaphthalenes were then con­
verted to their methiodides and these were reduced 
catalytically to the X-methylpiperidines (Table V). 

Although the 2-pyi'idyltetralone 44, prepared by the 
method of Benczo,12 underwent reaction with phenyl-

12) W. L. Heneze and 0. J . Harsky, , / . Med. Clmm., 5, 1298 (1!)62). 

magnesium bromide to give a naphthol (45), reaction 
with anisylmagnesium bromide under the same condi­
tions afforded the dihydronaphthalene (46). It is of 
note that throughout this series, the presence of two 
electron-rich groups para to the carbinol intermediate 
of the Grignard addtiet leads to spontaneous dehydra­
tion. When only one? such group is present (as above 

file:///-HCI
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TABLE V 

PYKIDYL AND PIPEEIDYL DERIVATIVES 

R3 

-R< 

CH30 

/ V ^ 

(,'umpil 

38 
39 

40 

41 

42 

43 

i f 

2-Pyridyl 
4-Pyridyl 

/ \ J C H 3 F 

— ^ N C H 3 r 

/ NCHj-HI 

—( NCRVHC1 

c6n, 

C6H5 

C6H6 

C6H5 

Cello 

C6H& 

46 P - C « H 4 O C H 3 3-Pyridyl-HCl 
u Xm»x 283 mM (e 17,800). b X„U1X 289, 309 mM (e 10,600). 

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

l i p , °C 

139-142 
134-136.5 

224-226 

285-286 

222-223" 

232-236'' 

230-232 

Formula 

C22H,9NO 
C22H19NO 

C23H22INO 

C23H22INO 

C23H28INO 

C23H28C1N0 

C23H22C1N02 

* - Carbon, % 
Calcd 

S4.31 
S4.31 

60.67 

60.67 

59.87 

74.67 

72.72 

Found 

84.19 
84.12 

60.61 

60.85 

60.10 

74.23 

71.76 

, - H y d r 
Calcd 

6.11 
6.11 

4.87 

4.87 

6.12 

7.63 

5.84 

ugen, % - -
Found 

6.18 
6.39 

4.81 

5.20 

6.29 

7.92 

5.52 

CH.,0' 
45 

OCH;i 

CH:lO CH3a 

44 46 

Biological Activity.—The compounds obtained above 
were tested for antifertility activity in the manner de­
scribed previously.6 The results of the testing of these 
agents on oral administration are presented in Tables 
VI and VII. 

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 VIII). 

In a previous report,1 we noted that the nonbasic 
compounds 47 and 48 are both potent estrogens in the 
uterine weight assay. The pyridyl derivatives 36 
and 39, basic isosteres of 47 and 48, also exhibit classic 
uterotropic activity; 36 is roughly equal in potency 

CH30-

C6H5 

CH3a 

C6H, 

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 an 
estrogen does not suffice for the design of an estrogen 
antagonist. 

The data presented here do tend toward the conclu­
sion that the presence of a basic group at a given position 
in space is required to obtain a molecule which will antag­
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 as 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 pyrrolidine 
is tenfold in the present series (24 and 26). 

Jensen has recently shown13 that in the rat, com­
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 such factors as absorption and metabo­
lism, is to some measure a reflection of the "fit" of the 
molecule to an estrogen site of action. 

Experimental Section1 

The experimental procedures given below 
for all compounds prepared in Tables I-V. 
are outlined where the preparations differ sig 
general ones. 

N-[(p-Bromophenyl)acetyl]pyrrolidine (6) . -
of j»-bromophenylacetic acid and 60 ml each of 
was heated under reflux for 4 hr. The solvent 
were then evaporated in vacuo. A solution 
chloride in 100 ml of benzene was added over 
pyrrolidine in 100 ml of benzene. Following 
of stirring the solution was washed in turn 
HC1, and brine. The solid which remained 

sire representative 
Detailed procedure 
nificantly from the 

-A mixture of 30 g 
benzene and S()C12 

and excess reagent 
of the crude acid 
30 min to 35 ml of 
an additional 2 hr 
with water, 2.5 N 
when the organic 

(13) E. V. Jensen. Abstracts, ICndocrinolojiy Society Meeting, New York, 
X. Y., June 1965. 

(14) The authors are indebted to the Physical and Analytical Chemistry-
Unit of The Upjohn Company for elemental analyses and spectral determina­
tions. 
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B 

X 

M K D I H I , " 

COLIUPII A 1'. ( ' mi; rat .lav 

•J.'! II /i-<'«ll<0('JljCIIsN(('=llii..-Jia (.',11,, 0 2 5 

24 II p-CH.OCHXHj/ -HC'l ('fill; 11.11) 

25 C I U ) /)-CBH,OCH,CH2MCH5),Hn . - . , , . ( M ) -

20 CH3() M'.ftOCH.C^/J-HCl (-,.11, (,.005 

27 HO /H',Hi<K'H.('H:N ) -HC c ( i | [ . I, | 

,,-('6HI0C11-C11OH<'J1.N1[-IIC1 (•fill;. II 1125 

p-r«n.X(i'ii.i: C j l . (i.O.-, 
2,x 
2d 

:;o 

;JI 

32 

:s:; 

:!.s 

;ii) 

12 

CI(3() 
Cl ! 3 0 

C1I:,(> 

Cll;<() 

('Il;,(> 

CH3() 

cn,o 

CI!;,*) 

(K.'lls 

P-('„H,C'H.N •![(.'! ('.ill,-, > | 0 

/K',.H,.CH=, :NQ.IK-I r i i I I . , ,„,-, 

/)-CH1(CHj.,/j-HCI (;6H. „,,(,;, 

/ K . ^ C H ^ / j - H C I C.,H„ (1.005 

('fill., II 1 o 
(•fill., II. I 

('fill;, 0.5 

I 
C H 

4:i OC1I;, _ / NCH- mi Cill,-, 

B 

40 OC'Ilj p-ciuociii -J y u c i 10 

" .Minimal effective dose for 1UO'/0 inhibition of pregnancy, oral administration. 

TABU-; VII The combined filtrates weie washed with water and brine and 
A.\ i iFEHTiLrrv ACTIVITY OK the organic layer was taken to dryness. The residual oil was 

1,2 3 4-TETR\HYDRO-1-N'UMIT <> « IN THE 1! vr distilled twice through a short fractionating column to afford on 
the second distillation 12.26 g of oil, bp 102-106° (0.4 mini (see 
Table I I ) . 

l-[p-(2-Diethylaminoethoxy)phenyl]-l,2,3,4-tetrahydro-2-
phenyl-1-naphthol Hydrochloride (34).—A solution of 11.0 g 
of 2-phenyl-l-tetralone in 100 ml of T H F was added to the Gri-

JlliDiui," guard reagent prepared from 13.6 g of p-(2-dieth.ylaminoethoxy)-
mg, bromobenzene and 1.24 g of Mg in 130 ml of T H F . Following 16 

""i"1 A II (.' rat/day hr of standing at room temperature the mixture was treated 
;i* H !'-('eH40t'!lzcibM(;2lls) Jic.'-l C«lli o.n with 5 ml of water. The resulting gel was removed by filtration 

/N_^ through Celite, the filtrate diluted with ether, washed with water, 
CU o ( ) l and taken to dryness. The residue was dissolved in ether and 

extracted with 2.5 N HC1. This last solution was extracted with 
250 ml of ether in several portions. These last extracts were 

X N VMt 0.05 taken to dryness and the residue was recrystallized twice from 
methylene chloride-benzene. There was obtained 6.30 g of 

•1 product, mp 180-182° dec (see Table I I I ) . 
1-f [p-(2-Diethylamino)ethoxy]phenyl }-3,4-dihydro-6-methoxy-

" See footnote a, Table 1. 2-phenylnaphthalene Hydrochloride (25).—Proceeding exactly 
as above 7.55 g of 2-phenyl-6-methoxy-l-tetralone was allowed 
to react with the Grignard reagent from 8.15 g of ;o-(2-diethyl-

layer was taken to dryness was recrystallized from benzene - aminoethoxy)bromobenzene. The product was isolated in the 
cyclohexane to give 31.62 g of the amide (see Table I) . same way and recrystallized from CHzCIrethyl acetate to afford 

N-(p-Bromophenyl)ethylpyrrolidine (10).—A solution of 3.42 g of product, mp 171--173°. Work-up of the neutral fraction 
31.62 g of the N-(p-bromophenylacetyl)pyrrolidine in 400 ml of led to the recovery of 3.60 g of starting ketone, mp 113-115°, 
ether was added over 1.5 hr to a suspension of 10 g of LiAlII4 in mmp (with authentic material) 113-116°. 
100 ml of ether. Following 3 hr of heating under reflux the mix- l-{ [p-(2-Diethylamino)ethoxy]phenyl}-3,4-dihydro-2-phenyl-
ture was cooled in ice and treated in turn with 10 ml of water, naphthalene Hydrochloride (23).—A melt of 5 g of the carbinol 34 
10 ml of 15',',' aqueous NaOH, and 30 ml of water. The precipi- was heated in an oil bath maintained at 195-200° until efferves-
lated solid was collected and washed thoroughly with ether. cence stopped (30 mini. The glass which was obtained on cooling 

^ 
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TABLE VIII 

OKAL UTEROTROPIC ACTIVITY" 

20 

29 

39 

36 

45 

Estradiol 

32 

36 

)aily dose, Av uterine 
t>g 

.itant Estradiol 

10 
20 

2.5 
5 

25 
25 
50 

100 
1 
2.5 

10 
10 
50 

0.5 
1 
2 

40 
80 

0.00 
0.01 
0.02 
0.06 

wt. mg 

49 
56 
30 
45 
57 
69 
89 
96 
43 
53 
70 
99 

128 
64 
82 

102 
37 
42 
25 
39 
58 

121 

itradiol, 0.04 /jg/day 

250 
2.5 
5 

25 
20 
40 

250 
500 
100 
200 

0.00 
0.04 

58 
106 
83 
67 
80 
70 

158 
164 
106 
116 

25 
115 

Estradiol 

" Five rats used per treatment except for estradiol standard 
for which 10 rats were used. 

was crystallized by trituration with ethyl acetate. Two re-
crystallizations from CH2Cl2-ethyl acetate gave 3.79 g of product, 
mp 174-178°. 

6-Hydroxy-2-phenyI-l-tetralone (22).—Aluminum chloride 
(30.3 g) was added to a solution of 28.6 g of the ketone in 500 ml 
of benzene. Following 4 hr of heating under reflux the solution 
was allowed to cool. Chloroform and 2.5 .V HC1 were then added 
and the mixture was allowed to stir for several hours. The 
organic layer was separated, washed with water and aqueous 
NaHCOa, and taken to dryness. The residual solid was recrystal­
lized from chloroform to afford 18.25 g of the phenol, mp 180-185°. 

The analytical sample, mp 183-185.5°, was recrystallized from 
the same solvent. 

Anal. Calcd for Ci 6 H u 0 2 : C, 80.64; H, 5.92. Found: 
C, 80.19; H, 6.17. 

7,8-Dihydro-6-phenyl-5-[p-(2-piperidinoethyl)phenyI]-2-naph-
thol Hydrochloride (27).—A mixture of 4.60 g of the phenol, 5 ml 
of dihydropyran, and 0.10 g of p-toluenesulfonic acid was stirred 
at room temperature; the solid slowly went into solution as a 
new solid precipitated. At the end of IS hr the mixture was 
taken to dryness, the residue was suspended in 80 ml of ether, and 
the solid was collected on a filter. There was obtained 4.0 g 
of the crude pyranyl ether, which shows only traces of OH absorp­
tion in the infrared. 

A solution of the above ether in 50 ml of T H F was added to the 
Grignard reagent prepared from 5.72 g of p-[2-(N-piperidino)-
ethoxylbromobenzene and 0.50 g of Mg in 60 ml of T H F . Fol­
lowing 18 hr of heating under reflux the mixture was allowed to 
cool and treated with a small amount of water. The precipitated 

gel was removed by filtration, and the filtrate was diluted 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 ether and 2.5 N HC1. The crystalline solid which came out of 
this mixture was collected on a filter and recrystallized twice from 
methanol-2.5 N HC1. There was obtained 1.04 g of the hydro­
chloride salt, mp 170-174°. 

N- j 2-Hydroxy-3- [p-( 3,4-dihydro-6-methoxy-2-pheny 1-1 -naph-
thyl)phenoxy]propyl jsuccinimide (21).—A mixture of the epoxide 
20, 0.80 g of succinimide, and 4 drops of piperidine in 100 ml of 
absolute ethanol was heated under reflux for 17 hr. The volume 
was reduced to 30 ml in vacuo, and the mixture was diluted with 
water. The gellike precipitate was taken up in CH2C12. The 
solution was washed with water and brine and taken to dryness. 
The residue was recrystallized twice from aqueous methanol to 
give 2.63 g of 21 , mp 142-148°. 

Anal Calcd for C30H29NO5: C, 74.51; H, 6.05. Found; C, 
74.23; H, 6.06. 

l-Amino-3-[;o-(3,4-dihydro-6-methoxy-2-phenyl-l-naphthyl)-
phenoxy]-2-propanol Hydrochloride (28).—A mixture of 4.19 g 
of the imide 21 and 16 g of NaOH in 320 ml of 95% ethanol was 
heated under reflux for 20 hr. The bulk of the solvent was 
removed under reduced pressure. The residue was taken tip 
in a small amount of CH2C12 and water. The organic layer was 
evaporated, washed with water, and shaken with 100 ml of 2.5 N 
HC1 to afford a solid precipitate. This was recrystallized from 
methanol-2.5 N HC1 to yield 3.10 g of 28, mp 178-184°. 

The analytical sample, obtained from another run, melted at 
176-184°. 

6-Methoxy-2-phenyl-l-(2-pyridyl)-l,2,3,4-tetrahydro-l-naph-
thol (36).—Over the period of 20 min a solution of 3.16 g of 2-
bromopyridine in 30 ml of ether was added to 26.5 ml of freshly 
prepared 0.75 M butyllithium in ether in an ice-methanol bath.15 

After an additional 20 min of stirring, a solution of 5.28 g of the 
tetralone in 75 ml of T H F was added over the period of 30 min 
with continued cooling. The mixture was then stirred for 1 hr 
and decomposed with 25 ml of saturated NH4CI solution. The 
organic layer was separated, washed with water, and extracted 
with 250 ml of 2.5 A" HC1. The precipitate wdiich was obtained 
when the extract was made basic was recrystallized three 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-
sulfonic acid in 100 ml of toluene was heated at reflux under a 
Dean-Stark trap for 5 hr. The solvent was then evaporated un­
der vacuum and the residue was dissolved in methylene chloride. 
The residual solid was recrystallized from methanol to yield 2.0 g, 
mp 143-145°. The analytical sample from another run melted 
at 139-142°. 

2-(3,4-Dihydro-6-methoxy-2-phenyl-l-naphthyl)-l-methyl-
pyridinium Iodide (40).—A solution of 1.0 g of the pyridine in 
25 ml of C H J was allowed to stand at room temperature. Within 
15 min solid started to separate. At the 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°. 

2-( 3,4-Dihydro-6-methoxy-2-phenyl-l -naphthyl)-l -methyl-
piperidinium Iodide (42).—A mixture of 3.0 g of the quaternary 
salt and 0.53 g of P t 0 2 in 250 ml of ethanol was shaken under an 
atmosphere of hydrogen for 24 hr. At 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 and this solution was washed with aqueous NaHC0 3 . The 
gum which remained when the solvent was removed was dissolved 
in 20 ml of ethanol and treated with 50 ml of saturated ethanolic 
picric acid. The precipitated picrate was recrystallized from 
acetonitrile to give 1.67 g of product, mp 222-226 . An analyt­
ical sample melted at 224-225°. 

Anal. Calcd for C29HMN408: C, 61.91; H, 5.38; N, 9.96. 
Found: C, 62,13; H, 5.76; N, 10.05. 

The picrate was suspended in 100 ml of ether and 100 ml each of 
NH4OH and water. The mixture was stirred until the solid 
was all in solution and the organic layer separated. This was 

(15) The reaction mixture needs to be cooled in Dry Ice-acetone at this 
point for the preparation of the 4-pyridyl analogs. 
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washed again with water and taken to dryness. The residue 
was dissolved (CH2CI2) and washed with 20% HI, and the former 
solution was taken to dryness. The residual solid was rocryslttl-
lized from methylene chloride-ethyl acetate to afford 1.17 JJ of 
42, mp 220-222°. An extensively purified sample melted at 
222-223°, Xmax 283 mM (<= 17,800). 
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A series of triarylhaloethylene compounds were synthesized and screened for their effects on pituitary gouado-
trophins in animals. One, 2-[p-(2-chloro-l,2-diphenylviny])phenoxy]trietliylamiue dihvdrogen citrate (1, 
clomiphene citrate) was selected for further testing in animals and in humans. 

Robson and Schonberg3 reported that triphenyl-
ethyiene and triphenylchloroethylene were estrogens 
of low potency but of unusual duration of action. 
Shelton, et al.,* and others6 '6 have shown tha t substitu­
tion with alkoxy groups increased the potency of these; 
derivatives. This report concerns a series of sub­
sti tuted aminoalkoxytriarylhaIoethyleii.es having gona­
d o t r o p i n inhibitory properties when tested in rats (see 
Table I) . 

The compounds were prepared by the reaction of 
appropriate benzylmagnesium halides with substi tuted 
diaryl ketones (I), followed by dehydration of the re­
sulting ethanols (II) to the triarylethylenes (III) , which 
upon halogenation yielded the haloethylenes (IV) 
(Scheme I ) . 

The basic substi tuted ketones I were generally pre­
pared by the reaction of a substi tuted aminoalkyl 
halide with the sodium stilt of the hydroxybonzo-
phenone in ethanol. 

Halogenation was a t tempted by a variety of 
methods,7 the most successful being direct chlorination 
in chloroform. The use of N-chlorosuccinimide or X-
bromosuccinimide was found to be less satisfactory, as 
the products obtained with these agents required con­
siderable purification. In one case, direct bromination 
of 1 - [p-(/3-dimethylaminoethoxy)phenyl ]-l-pheny]-li-
(p-methoxyphenyl)ethanol gave a low yield of the de­
sired haloethylene. 

Noncrystalline hydrochloride salts of the compounds 
were converted to the bases with 10% sodium hydroxide 
solution and then to dihvdrogen citrate salts with an 
equivalent amount of citric acid in butanone. The di­
hvdrogen citrate salts are subsequently recrystallized 
from butanone or 2-propanol. 
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Repeated recrystallization of certain of the hydro­
chloride salts of these compounds allowed the separation 
of the compounds into their ciss and trans8 isomers (i.e., 
l a and lb) which were subsequently characterized. 

Tests for g o n a d o t r o p i n inhibition were performed on 
intact immature male rats. The test compounds were 
administered subcutaneously in an oil vehicle at an 
initial dose of ">0 m g / k g / d a y for 10 days. Lower doses 
were utilized in subsequent studies. Autopsies wore 

(S.! ci.s and tr<;nz are dehned here in ter 
of the two u n s u b s t t t u t e d p h e n y l r ings . 

of the geometr ic re la t ionship 
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