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inhibitor.  Quintana points oul, however, that such
relationships do not necessarily hold outside o par-
ticular hommologous or isomerie series and should he wsed
with caution.  Molecular models of TX-XT show that
sufficient free rotation exists abaut the bond huking
the benzene ring and the methylene group to allow the
ring to orient i a plane parallel to the enzyne surtiee,
Such an orientation would permit a greater degree of
livdrophobie interaction than = possible for the non-
arvonutic annlogs shown in Tables T and 110 It s -
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teresting to note that the most active xvlvlene analog
(1N has a configuration analogous to that of the more
active cis-ethenylene tsomer (V). a fact which i= in
agreement witlhe the possible existence of a0 spacal
factor.
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IV. Basic 3,4-Dihydronaphthalenes

and 1,2,3,4-Tetrahydro-1-naphthols‘’

Davitn Lebyierk, Sraxcey O Lyseen, axp Gorvay W, Duxcan

Rescaich Loboralovics, The Upjoha Couepany, Kelanozoo, Michigan

Recerved June 15, 1144

The prepurntion of basie ethers of 1,2-diphenyi-34-dihydronaphthalenes, 1-¢pyridyb-2-phenyl-3,4-dihydro-

naphthalenes, and 2-(3-pyridyhi-1-aryloxy-3,4-dihydronaphthalenes is described.
Aany of the compounds prepared were found to be highly potent auti-
soine of the active compounds were also potent ntarotropic agencs while others antago-

sowme of these prodacts are recorded.
fertility agents in rats;

Furiher wansformations of

nized the effect of coneurrently adininistered estrogens on iterine weight.

Appropriately  substituted derivatives of  the 2-
phenyl-3,4-dihydronaphthalene  systents  have  pre-
viously been shown to exhibit uterotropic activity.”
More recently™* compounds related to 1.2-diphenyl-
34-dibydronaphthalene were alzo found to cheit a
uterotropte response.  In the continuing scarch for an
orally effective nousteroidal contraceptive, basic dertva-
tives of the 1,2-diaryl-3.4-dihydronaphthalene system
were investigated sinee the inclusion of basic groups into
ihierently estrogenic molecules has occasionally been
found to lead to estrogen antagonists, which in turn ex-
liibit antifertility activity.»®

Basic Derivatives of 1,2-Diphenyl-3,4-dihydronaph-
thalenes.-—In one of the preferred methods of synthesis.
asubstituted 2-phenyl-1-tetralone was allowed to react
with the Grignard reagent from a basie derivative of
bromobenzene.  The dertvatives of  p-bromophenol
were prepared as deseribed previously.®  In order to
prepare the pyrrolidinoalkylbromobenzenes, the ap-
propriate w-bronoalkanoic acid™ was converted to itz
actd ehiloride and treated with an exeess of pyrrolidine
(Table I).  Reduction of the amide thus obtained with
lithium alumibinnn hydride afforded the desired bases
(Table IT).  These were eavefully purified by distilli-
t1on and used i the ensuing step (see Scheme I).

15 Crevions paper in this series: 1, Lednicer, X, (. Lyater, 1D, L, Asper-

gren, and G. W, Ylinean, J. Med. Chem,, 9, 172 {106G).

(2) Parts of this paper have been published: D, Lednicer, 5. C, Lysler,
and G, W, Duncan, Chem. Ind., 408 (1963): presented in part at (he Syia-
pesiam on Nonsteroidal Antifertility Agents, 741th National Meeting of the
American Chemical Society, T.os Angeles, Calil., April 1963,

(3} C. Mentzer and G. Urbain, Compi. Rend., 216, 554 (1942).

(1) W, L. Bencze, L.. 1. Barsky, W. P. Qopchak, A. A, Renzi, N. Howie
and J. . Chart, J. Wed. Chem,, 8, 213 (1963).

(5) L.S. Lerner, . 8, Uolttaus, yr., and (', R, Thompson, Endocrinnsloys,
63, 205 (1958).

{6y D, Lednicer, 0. (0. Balwek, S, (.
Dhnean, Chem, I'sd., 2098 (1041),

(7) Compounds 1, 2, and 4 arc comraercially available; 3 was prepared
by 1he method of L. ¥, Fieser and A. M. Scligman, J. Am. Chem. Soc., 60,
170 (3038,
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18 19

lenction of the Grignard reagents propared from
basie ethers of p-bromopheiols® 13 and 14 with 6-me-

i8) O, Lednicer, 1. (1 Dubesck, Po E, Martatt, 8, C. Lyster, and G. W.
Byacan, J. Med. Chem., 8, 52 (1965).
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TasLe I
N-[w-(p-BROMOPHENYL)ALKANOYL] PYRROLIDINES

p-BrCH(CH,), COI{:]

Comnpd " Mp, °C Formula
5 0 7779 CuHi:BrNO
6 1 116 . 5—119 C|2H|4BI‘NO
7 2 :)2—6() C]aH]sBI‘NO
8 3 44-47 C|4H|SBI‘NO

thoxy-1-tetralone! led directly to the desired dihydro-
naphthalenes 19. In absence of the methoxyl group
16,° the naphthols such as 18 were the produects 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-
cuce of p-toluenesulfouic 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 aleohol was prepared by a modification of
the Gabriel synthesis.’® Thus, the epoxy ether 20! was

/N
OCH,CH—CH,

4ON
CH,O

20
0
OCH,CHOHCH,N
o

o

CH;0
21
OCH,CHOHCH,NH,

408
CH.O

28

opened with succaiimide to afford 21. Busic 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) M. S. Newman, J, Am. Chem. Soc., 60, 2947 (1938).

(10) V. Petrow and O. Stephenson, J. Pharm. Pharmacol., 5. 359 (1953).

— Carbon, ¢, Hydrogen, % —
Caled Found Caled Found
51.98 52.12 4.76 4.63
53.75 54.22 5.26 5.18
55.33 55.43 5.72 5.78
56.77 56.87 6.16 6.31

0]
| CH; @

17 —

HO 2. p-BIMgCGHAOCHZCHJ@
3. H0
22

OCH._,CH_.I\G

0N
HO

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-
lithium!! (see Scheme II). Reaction of these reagents

Scuemg 11

Li

Br
@ BuLi_ # -
N N

CH,0
36, 2pyridyl
37, 4-pyridyl
AN l
N
jeon
CHO
38, 2-pyridyl

39, 4-pyridyl

|

CH; CH,

|

N

.‘.I J°
> .\'\I
|
Oy YOy
CHO

40. 2-piperidinium
41, 4-piperidinium

CH,0O
42, 2-piperidyl
43, 4-piperidy!

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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TapLe 11
N-to-{ p-BrOMOVHENYL)ALKY LIVY BIOLIDIN S

/
p-BrC.H«CH.,,» N ‘1
\

(

Caorbiom, 7, 1lvilvowen, 7y irptarne, o

Coragnl 0 B, O Gam Formala Caleil Faand Caled Feanid Caled Froms)
9 | SN-0200 4 ChllBrN 55,01 S5.N2 3NN 504 R B3O8
H) 2 102-1006 (0.4 ChalhisBrN ST H6 22 G50 H.22
11 B 1551505 (5 Culh.BrN as 2 59351 G670 Tl 200N 29 N0
12 4 123-124 .5 0.5 e BrN H.A8 GO 05 ol ToAn
TasLe 111
Basie DERIVATIVES oF 1,2-DIPUENYL-3,4-DIRYDRON APNTH ALENER
R¢
O AN Cr.H'.
Rl
=Carhon, * Sl drogen,
Canyel )3l Q] Mp, 7€ Formida Caled Foianl Caled Tamnd
25 H OCH,CH.N(C H,y HCl 174178 CulnCINO TG.R4 7650 7.29 711
24 1l ()CH:CHJNG-H(‘I 205204 CallyCING THG0 TH66 T200 T
25 ClL0 OCH,CHN(CHy), HCE 1717 Cad I CIN O, houT i S] T TGT
20 CHy0 OCHzCH;Nj'HCI 164--167 Cod L CING, ThUUN TN 6N Y
27 HO OCH.CH.N ) HCE 170-174 Cr LaCIN G e TN T4 70N
RAS CH,0 OCHCCHORCH:N1E - 11CY 176184 Cu L CINCO) 750 THOS 444 (.80
20) CH0 N(CH.), 150-133 NGO RENE 46 7.00 74
;0 CILO cny LHO D30-2333 CadLuCINO TN T TO0 6N
AN
31 G0 :(:H,,I_A\G HO) 05 197 o LaCING TR TH.TT Tl T
52 ClH;0 (('/H_)“_\Ii HC 14-117 CiuHnINO G4 07 G54 642 Gy
35 CH;0 “'H:WC]'HH 1721745 CalLCING TG00 TGS 7T 70T
* Caled for hewi-ethy acetate <olvate. " Caled Tor mediol <olvide. * Caled Tor ethyl seensde salvate.
Tapre IV
Basic 1,25, 4-TETE A HY DRO-1-N AN TIOLS
HO R:
R4
Rl
Chiorhon, *, Ty drosen, +,
Camnpd R R R Mp, ¢ Voramla Caled Cand (ales] Connd
34 H 2-CatleOCHCHN(Cillyie - T Clla 180182 CasHpCIN O 7459 74 04 Y 7.5
3y H /;-(‘hH,OCH_,CH_,NC} - 1Y Cols 2053205 CasHapCIN O, 7527 72402 768 706
AR
6 OCIL 4 Calli 12712005 CullyNO: ™7 TO N0 634 G.G6
o VRN . ) - 5 . e - — e Ca .-
37 OC1H, (eHa 182185 Cualla NO. 7073 7905 6,390 6,59
— N
40 OCH, CillL 7y 207204 Caallsy NO. 078 70.25 G.30 6. %5

presence of arcexcess of p-toluenesulfonie acid.  The 2-

and  4-pyridyldihydronaphthalenes were then con-

verted to thetr methiodides and these were reduced

eatadytically to the N-methvlpiperidines (T'able V).
Although the 2-pyridyltetralone 44, prepared by the

method of Beueze? underwent veaction with phoenyl-
120 W L, Deneze andd 1o J. Barsky, J. Ued. Chent., 5, 1298 (1062,

magiiesium bromide to give a naphthol (45), reaction
with anisylnagiestum bromtde under the same condi-
tions afforded the diliydronaphthalene (46). 1t ix of
note that throughont this sertes, the presence of two
electron-rich groups pare to the carbinol intermediate
ol the Grignard adduct leads to spontaneous dehydia-
tion.  When only oue such group is present (as above
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TaBLE V
PyripyL AND PIPERIDYL DERIVACIVES

Rs

908
CH,O

.- --Carbon, ¥—-- —Hyvdrogen, (-

Compd Ity R Mp, °C Fornnila Caled Fonnd Caled Fonnd
38 2-Pyridyl Cells 139-142 CH,,NO %431 84.19 6.11  6.1%
39 4-Pyridyl 1, 134-136.5 CoH,,NO 8431 84.12 6.11  6.30
40 . CeH, 224-226 CouHINO 60.67  60.61 4.87  4.81

< ENCHal
41 —C&cm— CoH, 985286 CuHnINO 60.67  60.85 487 5.20
42 { NcHyHI ol ERREDARY CuH=INO 5987 60.10 6.2 6.20
13 _CNCH,,.HQ Clly 2532236 CaHasCINO 7467 T4 T 702
46 pCH.OCH, 3-Pyridyl- HCl 230-232 CasHaCINO, 72.72  71.76 5.8 5.2

4 Amax 283 mu (e 17,800).  ° Muux 289, 309 mpu (¢ 10,600).

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

C.H- OH

CHO

45

OCH,

0 ™\ N
S O hs
CHO CH, O
44 46

Biological Activity.—The compounds obtained above
were tested for antifertility activity in the nmiamer de-
scribed previously.® 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).

Iu a previous report,! we noted that the nonbasic
compounds 47 aud 48 are both potent estrogeirs 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 poteiey

HO  CgH; CeH;

oot
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 an
estrogen does not suffice for the design of an estrogen
antagonist,

CH,O

The data presented here do tend toward the conclu-
sion that the presence of a basic group at a given position
n space is required to obtain a molecule which willantag-
onize the effects of concurrent estrogen administration.
The finding that the oxvgen 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 conies 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 series® 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 pvrrolidine
is tenfold in the present series (24 and 26).

Jensen has recently shown!® 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-
lisni, is to sonie measure a reflection of the “fit” of the
molecule to an estrogen site of action.

Experimental Section!*

The experiinental procedures given below ure representative
for all compounds prepared in Tablex I-\.  Detailed procediire
are outlined where the preparations differ significantly from the
general ones.

N-{(p-Bromopheny!)acetyl]pyrrolidine (6).—A nixture of 30 g
of p-bromophenylacetic acid and 60 ml each of benzene and SOCL
was heated under reflux for 4 hr.  The solvent and excess reagent
were then evaporated in vacuo. A solution of the crude acid
chloride in 100 ml of benzene was added over 30 min to 35 ml of
pyrrolidine in 100 ml of beunzene. Following an additional 2 hr
of stirring the solution was washed in turn with water, 2.5 N
HCl, and brine. The solid which remained when the organic

(13) E. V. Jenren, Abslracts, IXndoerinology Rociety Meeting, New York,
N. Y., June 1965.

(14) The anthors are indebted to the Physical and Analytical Chemistry
Unit of The Upjohn Company for elemental analyses and spectral determina-
tions.
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TasLe V1
ANTIFERTILITY ACTIVITY 08 DIIYDRONAVITHALENLS IN 11 B

B
C
N
A
ME D
Conysl A It o rag ratoday
25 1 p-CllOU LU LN (Ca Qo 1] oI, 095
24 3! 1:-(1H,OCH~.(‘H_..\<]-H('1 Celly 0. 10
95 C1LO C.HOCH,CH,N(C H,), HC CallL 0.0h
26 L0 ﬁ~(nH40CH.‘Cl{.~\‘\_J-HU Coll 0,005
—
07 HO CHOCHCHN ) P Cull 01
I ClL0 p-CsHaOCTRC O RCIEN (- 110 Cally 0025
<q C1LO p-CsHaN (ChL) L 005
50 CHy0) /;—<\H;('H_Ni]‘l((‘: (1 >10
51 CILO /"““"‘“-‘-'\\_""(“ O, 0,03
52 C1L0) zr(f.‘HathA\\_J ‘Het Call, 0,005
55 CHa() CHACHAN ot Call, 4. 005
BN CILO —<_\> a1l Ot
20 C1L0 a ¢, 0.1
42 OCTL, —O‘m . 3
N ( r.”:. U..)
)
CH
y . a . -
41 OC1L, —<_Jx('11 e (ol it
i N
46 OCTHL p-UsllsOC 5 @ HOC 10

*“ Minimal effective dose for 100%7 inhibition of pregnaney, oral administration.

TasrLy V1l
ANTIFERTILITY ACTIVITY OF
1,23, 4 " P ETRAUYDRO-1-NADT 0.6 IN THE Rar

HO B .
C
A
MO,
mg.,’
Camst A ¥ C ral/day
RES 1t p-Ce O CILC HaN (U2 s) - HC1 Colls 0.5
N
i OCH ’___\ ('sHs 001
. VARY
AT OC 1 N Cslls 0.05
= N
15 OCI Celly 7y 2

" Ree footnote ¢, Table T,

Iiver was taken o drviess was recrvstallized from benzene-
cyclohexane to give 31.62 g of the amide (see Table I).
N-(p-Bromophenyl)ethylpyrrolidine (10).—A solution of
S31.62 g of the N-(p-bromophenylacetyD)pyrrolidine in 400 ml of
ether was ndded over 1.5 hr (o a suspension of 10 g of LiAlH, v
100 ml of ether.  Following 3 hr of heating under reflix the mix-
ture was cooled in ice and treated in tnrm with 10 ml of water,
1O mb of 157 aqueons NaOH, aud 30 ml of water. The precipi-
tated solidd was collected and washad choronghly with ether.

The combined filtrates wele washed with water and brine and
the organic layer was taken to drvuess. The residual oil was
distilled twice through a short fractionating column to afford on
the second distillation 12.26 g of oil, bp 102-106° (0.4 nun) (see
Table 1T).

1-[p-(2-Diethylaminoethoxy )phenyl]-1,2,3,4-tetrahydro-2-
phenyl-1-naphthol Hydrochloride (34)—A solution of 11.0 ¢
of 2-phenyl-1-tetralone in 100 ml of THF was added to the Gri-
gnard reagent prepared from 13.6 g of p-(2-diethylaminoethoxy)-
bromobenzene and 1.24 g of Mg i 130 ml of THF. Following 16
Lr of standing at room temperature the mixture was treated
with 5 ml of water. The resulting gel was removed by filtration
through Celite, the filtrate diluted with ether, washed with water,
and taken to dryness. The residue was dissolved in ether and
extracted with 2.5 ¥ HCL.  This last solution was extracted with
250 1nl of ether in several portions. Thesge laxt extracts weare
taken (o dryiess and the residue was recrystallized twice from
methylene chloride-benzene. There was obtained 6.30 g of
product, mp 180-182° dec (see Table I11).

1-{ {p-(2-Diethylamino)ethoxy]phenyl}-3,4-dihydro-6-methoxy-
2-phenylnaphthalene Hydrochloride (25).—Proceeding exactly
a2 above 7.55 g of 2-phenyl-6-methoxy-1-tetralone was allowed
(o react with the Grignard reagent from 8.15 g of p-(2-diethyvl-
aminoethoxy)bromobenzene. The product was isolated in the
same way and recrystallized from CH,Cly-ethyl acetate to afford
3.42 ¢ of produet, mp 171-173°.  Work-up of the nentral fraction
led to the recovery of 3.60 g of starting ketone, mp 113-115°,
nunp (with authentic material) 113-116°.

1-{ [p-(2-Diethylamino)ethoxy]phenyl}-3,4-dihydro-2-phenyl-
naphthalene Hydrochloride (23).—A melt of 5 g of the carbinol 34
was heated in an oil bath maintained at 195-200° until efferves-
cence =topped (30 min).  The glass which was obtained on cooling
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TasLe VIII
OuaAL UTEROTROPIC ACTIVITY

Daily dose, Av nterine
No. ne wt, mng
Without Concomitant Estradiol

25 10 40
20 H6
26 2.5 30
5 45
25 AT
24 25 69
50 80
100 96
32 1 43
2.5 53
10 70
39 10 99
50 128
o6 0.5 64
1 82
2 102
45 40 37
80 42
Iustradiol 0.00 25

0.01 3
0.02 58
0.06 121

With Concomitant Estradiol, (.04 ug/day

25 250 58
26 2.5 106
5 83
25 67
32 20 80
40 70
36 250 158
500 164
37 100 106
200 116
Estradiol 0.00 25
0.04 115

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

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

6-Hydroxy-2-phenyl-1-tetralone (22).—Aluminum chloride
(30.3 g) was added to a solution of 28.6 g of the ketone in 500 mi
of benzene. Following 4 hr of heating under reflux the solution
was allowed to cool.  Chlovoform and 2.5 ¥ HCl were then added
and the mixture was allowed to stir for several hours. The
organic layer was separated, washed with water and aqueous
NaHCQO;, and taken to drvness. The residual solid was recrystal-
lized from chloroform to afford 18.25 g of the phenol, mp 180-185°.

The analvtical sample, mp 183-183.5°, was recrystallized from
the same solvent.

Alnal. Caled fOl' C,sHHO-_):
C,80.19; H,6.17.

7.8-Dihydro-6-phenyl-5-{p-(2-piperidinoethyl)phenyl]-2-naph-
thol Hydrochloride (27).—A mixture of 4.60 g of the phenol, 5 ml
of dihvdropyran, and 0.10 g of p-tolnenesulfonic acid was stirred
at room temperature; the solid slowly went into solntion as a
new solid precipitated. At the end of 18 hr the mixture was
taken to dryness, the residite was suspended in 80 ml of ether, and
the solid was collected on a filter. There was obtained 4.0 g
of the cride pyranyl ether, which shows only traces of OH absorp-
tion inn the infrared.

A solution of the above ether in 50 mil of THF was added to the
Grignard reagent prepared from 5.72 g of p-[2-(N-piperidiio)-
ethoxyibromobenzene and .50 g of Mg in 60 ml of THF. Fol-
lowing 18 hr of heating nnder reflux the mixture was allowed to
cool and treated with a small amount of water. The precipitated

C, 80.64; H, 592. Found:

ANvirerTinry AcenNrts, IV S3

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 HClL. The crystalline solid which came out of
this mixture was collected on a filter and recrystallized twice from
methanol-2.5 N HCL. 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-1-naph-
thyl)phenoxy|propy! }suceinimide (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 CH.Cl,. The
solution was washed with water and brine and taken to dryness.
The residue was recrystallized twice from aqueons methanol to
give 2.63 g of 21, mp 142-148°.
Anal. Caled for C5HagNO;: C, 74.51; H, 6.05.
74.23: H, 6.06.
1-Amino-3-{p-(3,4-dihydro-6-methoxy-2-phenyl-1-naphthyl)-
phenoxy|-2-propano! Hydrochloride (28).—A mixture of 4.1Y 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 up
i1 a small amount of CHyCls and water. The organie layer was
evaporated, washed with water, and shaken with 100 ml of 2.5 ¥
HCl to afford a solid precipitate. This was recrystallized from
methanol-2.5 ¥ HCl 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-1-(2-pyridyl)-1,2,3,4-tetrahydro-1-naph-
thol (36).—COver 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.'s
After an additional 20 min of stirring, a solution of 5.28 g of the
tetralone in 75 ml of THF 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 NH,Cl solution. The
organic layer was separated, washed with water, and extracted
with 250 ml of 2.5 ¥ HCL. The precipitate which was obtained
when the extract was made basic was recrystallized three times
from aqueous methanol to vield 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-1-naphthy!)pyridine (38).
—A mixture of 2.58 g of the carbinol 86 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 vacium 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-1-naphthy!)-1-methyl-
pyridinium Jodide (40).—A solution of 1.0 g of the pyridine in
25 ml of CH,I was allowed to stand at room temperature. Within
15 miu 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-1-naphthyl)-1-methyl-
piperidinium Todide (42).—A mixture of 3.0 g of the quaternary
salt and 0.53 g of PtO; 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 takeu to
dryness /n vacuo. The residue was dissolved in methylene chlo-
ride and this solution was washed with aqueous NaHCOs. The
gum which remained when the solvent was removed was dissolved
in 20 ml of ethanol and treated with 50 ml of saturated ethanolic
piaric 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. Caled for CyHyN4Os: 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
NHOH and water. The mixture was stirred until the solid
wis all i solution and the organic layver separated. This was

Found: C,

(15) The reaction mixture needs to be cooled in Dry lee-acetone at this
point for the preparation of the 4-pyridyl analogs.
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washed again with water aud taken to dryness. The residue
was dissolved (CH.Cl:) and washed with 2097 HI, and the fornier
solution was taken to dryness. The residual solid was recryvstad-
lized from methylene chloride-ethyl acetate to afford 1.17 ¢ of
42, mp 220-222°, An extensively purified zample melted ai
222-223°, Amax 283 1y (e 17,800).
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A sories of triarylhaloethylene compounds were synthesized aud screened lor their elfects on pitnitary gonada-

trophing in animals.

One, 2-[p-(2-chloro-1,2-diphenylvinyl)phenoxyltriethylimine dihydrogen citrate (1,

clomiphene citrate) was selected for further testing in animals and in humans.

Robson and Schonberg® reported that triphenyl-
ethylene and triphenylchloroethylene were estrogens
of low potency but of unusual duration of action.
Shelton, et al.,* and others®® have shown that substitu-
tion with alkoxy groups increased the potency of these
derivatives. This report concerns n series of sub-
stitnted aminoalkoxytriarylhaloethylenes having gona-
dotrophin inhibitory properties when tested in rats (sce
Table I).

The conmpounds were prepared by the reaction of
appropriate benzylmagnesium halides with substituted
diaryl ketones (1), followed by dehydration of the re-
sulting ethaunols (IT) to the trinrylethylenes (IT1), which
upon halogenation yielded the haloethylenes (IV)
(Schenie I).

The basic substituted ketones [ were generally pre-
pared by the reaction of a substituted animoalkyl
linlide with the sodium salt of the hydroxyvbenzo-
phenone in ethanol.

Halogenation was atterapted by a  variety ol
methods.” the most successful being direct chlorination
in chloroform. The use of N-chilorosuceinimide or N-
bromosuceinimide was found to be less satisfactory, 1
the products obtained with these agents required con-
stderable purification.  In one case, direct bromination
of  1-[p-(8-dimethylaminocthoxy )phenyl]-1-phenyl-2-
{p-methoxyphenyl)ethanol gave a low yield of the de-
sired haloethyleue,

Nonerystalline hydrochloride salts of the compounds
were converted to the bases with 1097, sodium hydroxide
solutton nnd then to dihydrogen citrate =alts with an
cquivalent ammount of eitvie acid iy butanone.  The di-
hvdrogere eitrate salts are subsequently recrystallized
froar butanoue or 2-propauol.
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Repented recrystallization of certamn of the hiydro-
chloride salts of these compounds allowed the separation
of the compounds iito their ¢is® and tians® isomers (i.e.,
la and 1b) which were subsequently characterized.

Tests for gonadotrophin inhibition were performed on
intact innature male rats. The test compounds were
administered subeutaneousty ur an oil vehicle at an
initial dose of 50 ng/keg/day for 10 days.  Lower doses
were atilized i subzequent studies.  Autopstes were

(8¢ s el owips ure Jdefined here in lerms of the geametirie relationship
of the two nnsnbstitiuced phenyt rings.
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