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stirred at room temperature for 1 hr.  The solution was poured
tito dilute HCI, NaCl was added, and the precipitate was filtered,
washed, dried, and recrystallized.
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The stereochemistry of 1,2-diaryl-substituted tetrahydronaphthalene derivatives has been studied.

Basic

phenolic ethers and phenoxyacetic acid derivatives have been prepared in this series ta achieve separation of es-

trogenic, antifertility, and hypoeliolesterolemic activities.

huas been attained.

Several years ago a number of 3-pyridyl substituted
dihydro- and tetrahydronaphthalene derivatives pre-
pared in our laboratories were shown to inhibit the
118- or the 17-liydroxylase enzyme systems in the bio-
synthesis of adrenal cortical and gonadal steroid hor-
mones.?

The present report deals with the synthesis, stereo-
chemistry, and endocrine-sereening results of a number
of tetrahydronaphthalene derivatives.

Chemistry.—Catalytic reduction of 1,2-disubstituted
3,4-dihydronaphthalenes resulted in tetrahvdronaph-
thalene derivatives in whicli the substituents on the
carbon atoms 1 and 2 are in the ¢is configuration.
However, Friedel-Crafts-type alkylation of phenol by
nieans of the carboniuni ion produced by the action of a
Lewis acid on 1-hydroxy-2-substituted 1,2,3,4-tetra-
hydronaphthalene afforded a mixture of para-alkylated
phenols from which both the cis and trans isomers of
1,2-disubstituted tetrahydronaphthalenes could be iso-

lated.
OH C:H,OCH,
: J\: ACeHs “/“CﬁH%
1, H,, Pd-C
A]ClalcsﬂsoH l?. CH;N-HCl
C,H,0H CeH,OH

C.H; CeH;
+
4 3

Thus, when 1-hydroxy-2-phenyl-1,2,3,4-tetrahydro-
naphthalene was used to alkylate pheuol, the cis and
trans products (3 and 4) could readily be isolated
by fractional crystallization. The cis isomer (3) was
identical with the product obtained by demethyla-
tion of 5 (see Table I) whicli, in turn, was pre-

(1) A communication concerning the synthesis and antifertility activity
of conpounds 1§ and 16 described in this paper has been published: W. L.
Bencze, R. W. J. Carney, L. I. Barsky, A. A. Renzi, L. Dorfman, and G.
deStevens, Experientia, 31, 261 (1965).

(2) W. L. Benczeand L. I. Barsky, J. Med. Pharm. Chem., 8, 1298 (1962).

Only partial separation of these biological features

pared by catalytic hydrogenation of the corresponding
3,4-dihydronaphthalene derivative.® A further proof
of structure for the czs isomer 3 was accomplished by
reductive elimination of the phenolic hydroxy group via
the phosphate ester 7 to afford the cis hydrocarbon 1,
which was found to be identical with 1,2-diphenyl-1,2,-
3.4-tetrahydronaphthalene prepared according to the
procedure of Bergmann, ef al.*

Isolation of the e¢is isomer of phenol 11 from the
Friedel-Crafts alkylation reaction mixture by crystal-
lization was unsuccessful. However, subsequent to
removal of most of the trans isomer 12 by crystalliza-
tion, the residual mixture was methylated, and the
phernolic niethyl ethers 13 and 14 could be separated by
fractional crystallization from 2-propanol. Again 13
was found to be identical with tlie product of catalvtic
hydrogenation of the corresponding 3,4-dihydronaph-
thalene derivative.

The most convineing evidence for the correct stereo-
chemical assignment of the ¢is and frans configurations
of the 1,2-disubstituted 1,2,3,4-tetrahiydronaphthalenic
isomers was furnished by the nnir spectrn of thie pure
compounds.

I'igure 1 illustrates the four possible conformations
of the tetrahydronaphthalene derivative assuming that
the alicyelie ring is inn the pseudo-chair form.  The trans
form, in whicl the two substituents are in the equatorial
positions 18 depicted as structure A.  Tlipping the
bulky aromatic substituents in axial positions would re-
sult in the thecimodynamically less stable conformation B.
[ the stable trans form A the vieinal tertiary hydrogen
atoms an carbons 1 and 2 are located trans ta each other
and would be expected ta show a large coupling con-
stant in their nnn doublet signal.  Indeed, ./, 4 for the
Gy hydrogen signal was found to be approximately 10
eps, which confirins the trans diaxial relationship of the
Cys hydrogen atoms.  Whereas nmu clearly establishes
conformation A for the trans isonier, the coupling con-
stant Jy» = 5 eps for the eds isomer cannot distinguish
betweet the two conformations C and D.

(3) W, L. Benecze, 1. 1. Barsky., W. P. Sopebak, A. A. Renz, N. lHowie,
and J. J. Chart, bd., 8, 213 (1963).

(4) T. Bergmann, H. L. Esclhinaz, aml D. Schapiro, J. Am. Chem. Soc..
64, 357 (1942).
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TasLe I
cts AND teans IsoMERs OF 1,2-DIPHENYL-1,2,3,4-TETRAHYDRON APHTHALENE AND DERIVATIVES
R,
O O R;
SO
Bp (mm)
Pro- Yield, or Caled, % Found, %
No. Isomer R, R: R: cedure % mp, °C Formula C H C H
1 cis H H H G 61 96-97 CaoxHao 92.91 7.09 92.66 7.31
2 trans H H H G 67 61-62 CoHao 92.91 7.09 93.16 7.10
3 cls H OH H B 63 142-143 CaHxO 87.96 6.71 88.25 6.89
4 trans H OH H A 44 93-95 CoHoO 87.96 6.71 87.87 6.88
5 cis H OCH;, H C 78 87-89 CyHx0 87.86 7.05 87.74 6.96
6 trans H OCH, H D 61 72-73 CoHa0 87.86 7.056 87.73 7.08
7 cis H OPO(OC:Hs): H F 93 a CosH2004P 71.55 6.71 71.81 6.80
S trans H OPO(OC2H‘;)Z H F 83 a C25H2904P 71.55 6.71 71.44 6.96
9 cis H OCH.CH,N(C.H;): H E 53 140 (0.6) CxHyupNO 84.16 8.33 84.21 8.44
10 trans H OCH,CH,N(C.Hj;): H E 39 59-61 CxHyuNO 84.16 8.33 84.34 8.62
11 cis H OH Cl B 80 157-139 CH,:CIO 78.92 5.72 79.25 5.64
12 trans H OH Cl A 59 144-145 C:2H,,CIO 78.92 5.72 78.69 5.81
13 crs H OCH; Cl C 64 108-110 Co3H2CIO 79.17 6.07 79.09 6.03
14 trans H OCH; Cl D 70 140-141 Cz3HxCIO 79.17 6.07 79.40 6.19
15 cis H OCH.CH,N(C:H;).-HBr Cl E 22 178-179 CxHyuBrCINO  65.30 6.26 65.01 6.47
16 trans H OCH.CH,N(C:H;5).-HBr Cl D} 55 169-170 CxHyuBrCINO  65.30 6.26 65.21 6.47
17 cis OCH; OH H A 8 188-189 CaH2:0: 83.60 6.71 83.59 7.00
18 trans  OCH; OH H A 21 215 (0.2) CpH2O, 83.60 6.71 83.66 6.70
19 cis OCH; OCH.CH:N(C.;H;»-HCI H E 21 183-185 Cs5H3CINO, 74.75 7.80 75.23 8.10
20 trans  OCH; OCH.CH.N(C.Hs).-HCI H E 47 172-174 CyH3sCINO, 74.75 7.80 75.18 7.76
21 crs H OCH.COOH H H 79 135-136 Co4H1:0, 80.42 6.19 80.61 6.21
22 trans H OCH,COOH H H 75 124-126 CoyH 204 80.42 6.19 80.49 6.21
23 c1s H OC(CH;).COOH H I 79 160-162 CasHos0;4 80.80 6.78 80.97 6.98
24 trans H OC(CH;),COOH H I 80 136-137 CasH360; 80.80 6.78 80.96 6.83
@ Qil, purified by chromatography.
Preparation of the various derivatives as listed n
Tables I-IIT was accomplished by modifications of
known synthetic procedures.
Pharmacological Procedures
Uterotrophic Activity.—The compounds were placed in sus-
pension with carboxymethyleellulose ar polyethylene glycol and
given by subcutaneous injection for 3 days to immature female
rats of the CIBA strain, weighing 35-40 g. On the fourth day
the animals were sacrificed; the uteri were removed, expressed of
fluid, cleaned of adhering tissue, and immediately weighed.
The uterotrophic activity thus determined was compared with
that obtained by subcutaneous administration of 2.0 ug/kg of
estradiol for 3 days.
Antiestrogenic Activity.—Tests were performed with com-
pounds that passessed uterotrophic activity, by giving them
subcutaneously in a variant dose range of 0.25-50 mg/kg con-
comitantly with 2 or 10 ug/kg of estradiol to immature female
rats for 3 days. A compound was designated to be antiestro-
geiiic when the uterine weight of rats receiving the combination
treatment was less than that observed with estradiol treatment ! ;
alouie. ; CsHx
Antifertility Activity.—The substances were administered or- B D
ally at a dose of 1 mg/kg to adult female rats weighing 180-200 g, rars form cis forni
beginning on day 1 postmating and continued for 4 consecutive Center of Center of
days. On the 14th day the rats were sacrificed and the number R C, doublet. ¢ps  J1 o cbs C: doublet I
of fetuses or implantation sites in both uterine horns were ! o P n OP paoubiet, €ps . CpS
counted. A compound was considered to offer 1009, protection H 252 19 262 D
: s . . . OH 247 10 256 3
if no implantation sites were noted. Whenever this was the OCHa, 946 10 958 5
case the lowest "'effective’” dose was established. OCH;CH, 248 10 257 5

Hypocholesterolemic Activity.—Male rats weighing 125-150 g
were given various oral doses of 1-50 mg/kg for 7 days. Blood
samples were taken from the orbital sinus or by decapitation at
the termination of treatment.

N{(C.Hs),

Figure 1.—Conformation of 1,2-diphenyl-1,2,3,4-tetrahydronaph-
thalene and derivatives.
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TasrLe 11
DERIVATIVES »F 1,2-DIPHENYL-1,2,3,4-TETRAHYDRON \PHTH \LENE

R,

)

R,
0

No. 1y R Rs
i y
25 11 OCHCHN(C HapCHe - 1T C:Hs
26 11 QCH.COOH 4-C1CeHy
20 1 OCH«COOC:Ha 4-C1C
28 11 OCH:CONH: 1-C1C:Hy
2y 11 OCH:CH.N Hy CotlaOs - H1O +-C1C¢H
3001 CQCH:CONHCH:ClH; 4-C1CsHs
st 11 OCH.CH:NHCH:CHs-HC1 4-C1C:H:
32011 OCH:CONHCH:CH:N(C:2Hs):2 4~ C1Ce Hy
v 11 OCH,CONHCILCHCHsN(CeHys .- 4-C1C 144
CsHsO « HAO
W11 CIC(C'Hy):COOH +-C1Cs
0O
// AN
o1 OCH.C1l———CH: $-Cl1Cs 1
TS
36 1 OCH2CHaN (C1Hy3CHe +-C1C: Hy
RIS b OCHLCH.N *CHa(C2Hs)el - 4+-CI1Cs
RS OH 2-FCsHs
st 11 OCH.COOH 2-FCsHy
10 11 OCH«CH:N(Calds)2 ColIsOz 2-FC¢H:
it 11 (€254 +-CH50Cs .
211 ACH.CO0H 4+-CH;0C:Hs
43 11 QCH:CH:N{C:lsr2- CeHsOs - H +-CH;OCeH:
4 1 QCILCHaNYCels)s- HCL 4,3-CC Ha
45 6-OCH; H CeHe
6 6-011 H Cals
47 6-OCH.COOH H CeHe
18 6-OCH: OCH:CHyN (Calsys- HCI +-C1CyH:
43 7-CHz OCH:CHaN (C2Hs)»- HC1 C:H;
50 7-C1 OCHCH,N(CaHs) 2 CeHsOx C:H:
a1 7-C1 OCH:COOH 1T
Amorphous, * Oil, purified by chromatography.

Results and Discussion

In general, the frans isomers of the phenols and their
methyl ethers were more potent uterotrophic substanees
than their corresponding cis isomers.  Thus, com-
pounds 12 and 14 elicited niarked uterine stimulation
at a dose of 40 ugikg (2 ug/rat), while the correspond-
ing cis isomers 11 and 13 were less active.  The basic
ethers, especially 16, 19, and 20, also showed marked
uterotrophic activity, though the dose-response curve
was rather flat when campared with the phenols.
This lack of dose-response relationship sharply dis-
tinguishies the basic ether 16 from the natural estrogens.
There was little quantitative distinction in the uterine
weight inerease between doses of 40-3000 pg kg.”

Surprisingly, the known* hydrocarbon 1 was found
to he a very potent uterotrophic substance iu this
series. It produced maderate nterotrophic response at
a dose as low as S ug/'kg.  In view of the theory ad-
vanced by Emmens,® namely, that aromatie hydro-
earbons must be hyvdroxylated by hepatie enzvines be-
fore they ean clieit estrogenie aetivity, it is intriguing
that this particular “proestrogen’” 1 should be more ac-
tive thau its hydroxylated derivatives 3 or 46.

The trans hydrocarbon 2 was faund to be less active
(100 pg/kg) as an estrogen than the cis isomer 1 (8 ug/
kg). There was practically no difference in the utera-

51 All biological rlata of 18 refer (n the crystalline, free base, mp 81-82°,
Gy C. W. Emmens, J. Reprod, Fertilily, 2, 444 (19415,

l'ro- Calesl, 47 Fimondl, 7,
cednre Yield, *;, Np, *C Facoynda [ 1 o I

I 3 IHE-160  CullCING ERE L B S S|
11 0} 183-176 115103 sA.37 0 .38 T340 L5012
1 ) 12-103  CusHsCl05 7419 598 T4 0% 581
N G1 11t-120 CuHaCINO: S3.5% 545 TH o581
1. a3 o CallaCIN G G6l.27 583 6l Bt 6.0
X a9 104-107 LINOY 34.36 0 6.24 BRI RN TI]
1 33 PRT-186 Co o TLNO U I IS § PR S T S
X i 5 o Has CIN (O 3,38 .18 P - A SN
X {0 Vs e CINLOx G212 G4 62 8T e Tx
1 51 §d0 - 1ne e HasC10 THIn o AR Loty o
M 25 [RSTIEN C OO, 681 5 w2 PSR B S
I 2 REE CuHaUINO (085 7 da TR ot T oar
N 85 100-200  CullsCHINO 60,47 6,13 60 [0y
A hr 120-111 CullsFO 82 9u 6.0l 82t 626G
H 32 133-134 CaHa¥FOs sB.Y8 562 F6.88 4 T
2 il 100-102  CuHyFNO, 65,47 B.gl 67 O 6.0
EY s 151-178 [QENR RO 84,60 il ANT O 6oTe
€I 43 La8-150 (a0, o300 5.3 FL) BT
It A TO8-111 N Oy 65.70  7.08  Gh T3
¥ A0 1A8-160 (' 1. 3% 6.39 6.4 6oLt
C X6 188-170 o 8% .85 .03 88 07 T o7
14 ol 188--180G 17y 879 6.71 8% 34 .7d
1 ih 208-210 .42 L 8D 24 6ot
b b0 217214 G959 .05 6D iT T 0
I 3% 110-112 7738 B.og fv.0l T ouyd
I A4 48-101 3 HeoCINOs 63,22 6.44  B3.08 G ;i
11 il 120123 Coula ClC 73860 5.39 FAOoN 4o

tropliie response elicited by the ¢fs and trans isoniers of
the diethyl phenyl phosphates 7 and 8. Both of these
“econjugated”’ estrogens caused marked uterine growth
at 100 pg/kg.  Phenols 38, 52, und the basic ctlier 43
were also found to be potent estrogens at a dnse af 100
g/ kg,

An alniost complete loss of uterotrophic activity re-
sulted when phenols 3, 4, 12, 41, 46, 52, and 55 were
converted to their phenoxyacetic acid or -izobutyric
acid derivatives 21-24, 26, 27, 32, 33, 39, 42, 54. and 57.
Similarly the pyrogallol derivatives 62 and 63 exhibited
nuly marginal uterotrophic activity.

Antiestrogenic Effects.---No definite antiestrogenic
activity could be fouud with any of the compounds as
judged Dby the =creening test. Compound 16 was
studied wore thoroughly and some of itx endocrine
effects might be mterpreted as due to itx antiestrogenic
properties.  Thus, 16 did not exhibit an additive utero-
trophic response when given in combination with estrn-
diol to immature fewale rats. Tustead. with higher
doses of estradial (10 pg/kg). & weak antiestrogenic
activity could be deuonstrated. In ovariectonized
rats, however, 16 aud estradiol did elicit an additive
responise.  Thixs finding is similar to that observed with
clomiphene, which was found to exert uteratrophic
activity in ovariectomized rats, but antagonized the
uterotrophic actinn of estradiol in the intact animal’

{7} 8. Roy, R, 14 Greecoblace, aonl Vo 13 Mabesl, Actin Enrornriynl., 47,
BAT T1064).
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Tasre III
1,2-StBsTITUTED DERIVATIVES OF TETRALINE, INDANE, AND BENZOSUBERANE

S
4@ 4@x=

52-54 55-57 58-61 62-64

Pro- Yield, —Caled, — ~—Folmd, $.—
No. R cedure % Mp, °C Formida C C H
52 H A 51 106-107 CoHa0 86.23 8.55 86.21 §.62
53 CH2CH:.\-(C-¢H5 )-3' CSHSOT E 66 135-136 C34H4::\-03 68.32 7.93 68 .31 S.07
54 C(CH;.COOH I 47 133-135 CusH4:O4 79.55 R8.22 79.66 S.31
35 H A 36 136-137 CsHxCIO 79.18 6.07 79.28 6.19
36 C'H.CH.N(C,H;):- HCI E 62 186-188 C:H:CLNO T1.87 7.08 1.7 7.22
57 (H.COOH H 21 102-106 CxHasClOs 73.79 5.70 73.80 5.77
N Hn=1) A 29 125-126 CyH:CIO 78.62 5.34 WN.55 5.23
59 ()HzCH_\.\- (C;\H:,);' * CngO: (TL = 1) E 72 109-110 CsaHasCINOg 61.75 6.26 64.57 6.23
60 H@n=3) A 64 138-139 Cx»HCIO 79.17 6.07 79.30 6.29
61 CH.CH:N(C:H.):- CsHsO; (n = 3) E 43 107-109 Cs:HuCINOs-0.5H,0  64.77 6.68 65.06 ©6.87
62 H 0) 36 161-163 CuHuxO4 .49 6.06 79.57 6.14
63 COCH; P 37 125-126 CusHasOs 3.35 5.72 3.3 5.7
64 CH.CH:N(C:H;): E 47 a CioH:aN303 76.27 9.44 76.60 9.33

« Qil, purified by chromatography.

In another experinient compensatory ovarian hyper-
trophy subsequent to unilateral ovariectoniy in the rat
could be inthibited by a dose of 100 ug/kg of 16. At the
same time, under the conditions of this experiment, a
marked rlepression of uterine weight occurred. Thus,
16 appeared to have elicited an estrogen-like gonado-
trophin inhibitory effect on the reniaining ovary and
an antiestrogenic effect ou the uterus.

Implantation Inhibition.—The 1ost active compound
in this series was the basic phenolic ether 16, which
offered complete protection against pregnancy at an
oral dose of 20 wg 'kg/day (approximately 4 ug/rat/day)
given to female rats for four consecutive days postmat-
ing. Table IV shows the effect of a few chemical altera-
tions on the iniplantation inhibitory activity and, in

TasLE IV
BroLogIcAL AcTIVITY OF REPRESENTATIVE COMPOUNDS

OCH,CH.R:

Utero- Anti-

trophic fertility

activity, activity,
No, R R: Rs Rs n mg,'kg mg/kg
10 H N(C:sHs)2 H H 2 2.5 1.0
16 H N(C:Hs): C1 H 2 0.04 0.02
20 OCHs; N(CsHs)»® H H 2 0.002 0.1
29 H NH! Cl H 2 >1.0°
31 H NHC:Hs* Cl H 2 0.1

.

36 H N(CH»sCH: (1 H 2 2.5 >0.02¢
48 H N(C:Hg)? OCH: H 2 0.05 1.0
48 OCHs N(C:Hs)»* Cl H 2 e 0.1
56 H N (C2Hs) 22 Cl1 CHas 2 0.01 0.04
59 H N(C:Hs)? C1 H 1 2.5 >1.0¢
61 H N(C:Hs)e? Cl H 3 1.0

» Hydrochloride salt. ? Citrate salt. ¢ Protection against
pregnancy was incomplete at the dose indicated.

part, on the uterotrophic activity. The typical 6-
methoxy group in the naphthalene nioiety, as eniployed
in the total synthesis of steroidal compounds, enhanced
both the estrogenic and implantation inhibitory ac-
tivity (see 10 and 20). However, the same chemical
change in 48 did not improve the antifertility activity
of 16.

Exchange of the diethylaminoethyl group of 16 for
pyrrolidyl (36), amino (29), and N-ethylamine (31)
led to less active compounds.

Compound 16 with a chloro group substituted in the
para position of the phenyl group at C. had greater
activity than 10 and 43.

Substitution of a methyl group in place of hydrogen
at Cp (56) increased the uterotrophic activity, but de-
creased the antifertility activity by one-half,

Ring contraction of the alicyclic part of the tetra-
hydronaphthalene ring system to afford the indane
analog (59) of 16, or ring expansion to a seven-meni-
bered ring system (61) resulted in greatly diminished
antifertility activity. A heterocyclic analog of 16, in
which the tetrahydronaphthyl moiety was replaced by
chromane, was active at 1 mg/kg.?

The following compounds afforded complete protec-
tion against pregnancy at a dose of 1 mg/kg: 9, 35, 40,
44, and 53. Compounds showing activity at higher
doses than 1 mg/kg were considered to be inactive.

Hypocholesterolemic Activity.—The implantation in-
hibitor, 16, exerted a marked hypocholesterolemic re-
sponse in male rats at a dose of 0.5 mg/kg given orally
for 7 days. When male rats were rendered hyper-
cholesterolemic with thiouracil, 0.19, in the feed, oral
doses of 16 at 0.1 mg/kg for 10 days, did not diminish
the elevated serum cholesterol concentration.

Compound 26, a phenoxyacetic acid derivative,
which had no effect on implantation and showed only

(8) R. W.J. Carney, W, L. Bencze, J. Wojtkunski, A. A. Renzi, L. Dorf-
man, and G. deStevens, J, Med. Chem., 9, 516 (1966).
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marginal uterotrophic activity at 1 mg/kg, was found
ta possess hvpocholesteroleniic activity at the same
dose i1 male rats maintained both on normal or
cholesteral-rich diets. A number of additional comn-
pounds tested for hypocliolesteralemie activity ex-
hibited only niarginal effects.

Concluding Remarks.—Conipound 16 showed
peculiar dose-response curve when the uterotrophic
activity was assessed.® A degree of self-inhibitory
effect was manifested at the higher doses. Tt appeared
that antiestrogenic metabolites might have been pro-
duced in the animal at the higher dose, which counter-
acted the uterotrophic response to a certain degree.
In this respect 16 resembled the “inipeded”’ estrogens
desceribed by Huggins and Jensen.  After o tlireshold
dose the impeded estrogens produce a curve with only
i very gradual iuerement of uterine weight. This
type of effect was even more pronounced in the case of
16, in as much that the slopes of the dose-response
curve becanie flat above 200 ug/kg. Nevertheless, a
distinet uterotrophic respouse was prevalent i the
dose range at which effective implantation inhibition
was obtained. Enmiens'! has advanced a tentative
rule, which suggests that for typical estrogens, the daily
effective dose for implantation inhibition roughly
cquals the dose required to give 509 of positive vaginal
smear tests in the mouse.  This has also been the case
with substance 16.  Effective inthibition of nidation and
509, positive vaginal smears were obtained at 20 pg/
kg i the rat. Hence, irrespective of antiestrogenic
nanifestations at higher doses, the capacity af this sub-
stance to inhibit iimplantation at low doses appears ta
be due to estrogenicity.

Whereas Emniens suggests that the iimplantation in-
hibitory activity and estrogenic activity, as determined
by the Allen-Doisy test, is elicited by the same dose of
o estrogenic  conipound, Pineus'™ and  Saunders!'®
claim that the dose ratios of implantation inhibitory/”
uterotrophie activity vary to a considerable degree froimn
ane estrogen to the other. This would nmean that the
dose at which 509, positive vaginal smears are observed
would be an invariable index for implantation inhibitory
activity, 1t does not mean, however, that the utero-
trophic respanse i the rat would have 1o bearing on
implantation.  On tlie contrary, when uteriie messen-
ger ribonucleic acid, obtained from estrogen-treated
aniumds, was injected into rats that had been ovariec-
tomized after mating, implantation of fertilized ova
touk  place.'*  Estrogenicity and implantation-pre-
venting potency appear to be closely related properties
af w1 great variety of steroidal and nonsteroidal sub-
starces, By mieasuring different manifestations of hor-
monal activity, a degree of separation of typical estro-
genic and antifertility poteneies seems to be feasible.

The aspeets of dissociating hypocholestercleniic and
related effeets of estrogens an lipid metabolisin from
estrogenicity seem to be less limited. With 16, there

iy At the doses of 0, 8, 10, 200, and 1000 i ‘kg the relative Iccerine weiglits
were 81, 13, 144, 136, and 125 mg.
101 €. Haggins and E. V. Jeugen, J. Frptl. Med., 102, 335 (1933).
111 C. W, Ilmmenx, J. Reprod. Fertility, 9, 277 (1965).
«12; G, Piuels in Preimplancation slages of Pregnancy, CIDA Fonnda-
Lion Svmposinm, G. . W, Wolstenbolule and M. O'Connor, Esd., Little,
drown and ('o,, lioston, Mass,, 1965, p 378; see also G. Pincus, U. Banik,
awl T, Tacines, Steroids, 4, 657 11964).
13; 1.1, Sarawlers and K. Rorig, Fertihity Steeility, 18, 202 1964,
14 IWbonal, J. sOn. Hel. Asse., 193, Nu. 6, 33 {16631,

Val. 10

was 1o separation of cestrogenicity {rom hypocholes-
terolemic activity. However, 26 showed negligible
uterotrophic response at the dose at which hypaochioles-
terolemic activity was manifest.  Qualitative differen-
tintion af the hiypocholesterolemic activity of these 1w
compounds is still under investigatiain.

Experimental Section®

The following procednres are representative of each af the types
of compounds outlined in Tables I-1T1.

Procedure A. c¢is- and trans-1-p-Hydroxyphenyl-2-phenyl-
1,2,3,4-tetrahydronaphthalene (3 and 4).—To a salution of 13.3 g
(0.1 mole) of AlCl;in 37.6 g (0.4 mole) of phenol therr was added
dropwise during 2 hr with stirring and cooling in ice water 44.6 g
(0.2 mole) of 1,2,3,4-tetrahydro-1-hydroxy-2-phenyluaphthualenn
and 188 g (0.2 mole? of phenol dissolved in a mixture of 50 il
of benzene and 50 ml of hexane.  After addition was completid,
stirring of the mixture was continued at room temperatitre for 12
hr and theu the mixtiure wax allowed to stand for 60 hr.  There-
after stirring was resnmed at 50-55° for 4 hr.  The reaction
mixtire was decompased by panring i into 200 ml of cold 6 .V
HCL  The orgauic layver was separated and the aqueons purt
was extracted twice with ether. The conibiied organic layvers
were washed with satnrated aqgueons xolution of sodinm acetate,
dried (Na:SQy), filtered. nnd evaporated to dryness,  The execess
pheuol was remaved from the ernde proddaet by distillation at
H=80° 113 mm), bath temperature 170°. The distillation
residiie weighed 66.5 g. It was converted to the sodinmn ~alt in
500 ml of hot 104, NaOIl. The salt was filtered off by suetion
and air dried.  Reconversion to the free phenol by acidification
with 2 N HCI and extraction with ether aftorded 51 g of a vis-
cons oil.  Crystallization i1 a mixture of hexane aud ether 0]
guve 20.7 g {447 vield} of the more polar txomer, mp 66--70°.
Recrystallizatian from the sasie solvent mixture raised the
melting point to 70-72°. Thix camponnd represented the trars
form: wmmnr: 247 eps tdoublet, C\11, Jvo = 10 ¢p=i.  The pres-
eier of 0.5 male of ether of crystallization was indicated a1
72 (triplet, Cll) aud 211 eps tquartet, CH.) for QCL.Cl1,,

Anal. Caled for CodaO OATCHCHL O C 85,420 1], 747,
Fonud: C, 85.65; 11, T.48.

Distillation of thix Isowter at I83-190° (0.1 mhn) gave a enlore-
less viseons oil.

Anal.  Caled for ColluO:
x8.08; 1, 0.67.

Evaparation af the filtrates of the teens isomer attorded 1755 g
of 1 viscous oil. which craxtallized on stauding.  Forither re-
eryvstallizaticns from hexane and pertane furnished the ¢
wsonter, mp 142-143°. This product was fouud to be identical
with 3 as olitained by catalytie hydrogenatian of 3,4-cdihvdro-t-
p-nethoxyphenyl-2-phenvinaphthalene? and subsequent demeth-
vlatian.

Anal. Caled for Cullu): .
X200 {1, 6.72.

Phenols 11 and 12 wers prepared by the same procedure as
described above for tlie synthesis of 3 and 4. Thax, 258 ¢
0.1 moler «f 2-p-chlorophenyl-1-hydroxy-1,2,3,4-tetrahydro-
naphthulene has been employed to alkyvlate phenal to give 35.0 z
of & ernde produet.  Two reerystallizations from ether and hex-
ane furnished 10.8 g (39 1 af trane phenol 12, mp 142-144°, 245
cps (doublet, CyH, J,» = 10 eps). Attempts to isolate the
ces isomier 11 in a erystalline <tate failed at this point,  Theretyre,
the residnal niixture of praduets, afier removal of 1ost of the
feans isomper by erysiallization, was converted by wethivlation 1o
a mixture of 13 and 14, These twa isomer phenolic methyl
ethers were separated by fractional erystallization fram isopropyt
aleohal.  ‘The edy isomer (13) wmelted at 109-112°; 246 (doublet,
Gy, T = 3.5 eps)h 221 epx (singlet, OCHj).  Thix isonter wius
found 1o be identieal with the substance obtained by catalytic
redietion of the corresponding 3,4-dihydronaphthalenie derivative.

Anal. Caled for Cyl,C1O: C 7017 1, 6,07, Found:
o4 H, 803

CoNVO6; HLO 0T Foand:

N0t L 6Tt PFonmd s o

13y Melong points were decenmned with a Thomas—Hoover milGng
point apparatus and are correccerd. Nmr speccra were taken in dilicce C11CT,
solutions containing (CHs)sSias an internal standard on a Varian A-60 tper-
iromecer. Infrared spectra were recorded on a Perkin-Elmer speccraphn-
tometer.  Ultravinlet gpectra were determine] in methanol sulyinns nic
a Cary Morlel 14 spertroplintomerer.
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TasLE V
INTERMEDIATE COMPOUNDS
0

R, H OH R,

Rl Ra Rl—@’é}h

(CHy) n (CHy) »,
—Caled, %— ~Found, 9%— ~—Caled, %— ~Found, —

R R+ Ra n Alp. °C C H C H JMp, °C C H C H

H H 4-CICsH, 1 88-90 74.23 4.57 74.27 4.68 129-130 73.62 5.35 73.50 5.48
H H 4-CIC¢H, 2 108-109 74.85 5.09 75.15 5.12 129-132 74.27 5.83 74.43 5.97
H CH; 4-CIC¢H, 2 52-54 75.42 5.38 75.57 5.58 113-115 74.58 6.26 74.78 6.43
H H CsHu 2 34-33¢ 84.16 8.83 84.19 8.86 91-95 84.43 9.63 83.50 9.a8
H H 2.FC¢H, 2 83-85 79.97 5.45 79.94 5.41 b 79.30 6.14 79.07 6.28
H H 4-OCH,C¢H, 2 111-112¢ 80.92 6.39 81.01 6.46 74-76 80.28 7.13 80.20 6.98
H H 3,4-CL.C¢H, 2 101-102 66.22 4.17 65.93 4.22 92-94 65.54 4.82 65.54 4.76
6-OCH;, H CsH; 2 121-1224 80.92 6.39 80.73 6.45 88-89 80.92 6.39 80.61 6.65
6-OCH; H 4-CICsH, 2 98-99 71.20 5.27 71.21 5.39 109-111 70.70 5.93 70.92 5.91
7-Cl H CeH; 2 88-89¢ 74.85 5.10 74.93 5.08 84-86 74.25 5.84 74.23 5.81
7-CH, H CeHj 2 63-647 86.40 6.83 86.17 6.92 116-118 85.68 7.61 85.96 7.62
H H 4-CICsH, 3 61-62 75.40 5.58 75.63 5.57 b 74.84 6.28 74.67 6.56

e C, D. Gutsche, N. N. 8aha, and H. E. Johnson [J. Am. Chem. Soc., 79, 4441 (1957)] reported bp 140° (0.13).
¢ M. 8. Hidayetulla, R. C. S8hah, and T. S. Wheeler [J. Chem. Soc., 111 (1941)] reported mp 107°.

matography.

Babcock, 8. C. Lyster, and G. W. Duncan [Chem. Ind. (London), 408 (1963)] reported mp 113-116°,

® Oil, purified by chro-
¢ D. Leduicer, J. C.
¢ F. G. Baddar and 8. Sherif [J.

Chem. Soc., 2309 (1960)] reported mp 85-86°. / M. 8. Hidayetulla, R. C. S8hah, and T. 8. Wheeler [ibid., 111 (1941)] reported mp 67°.

All the tetrahydronaphthol derivatives and analogs as em-
ployed in general procedure A for para alkylation of phenol were
prepared according to the method described by Campbell and
Kidd.'® The intermediate tetralones and the corresponding re-
duced derivatives, the substituted 1-hydroxy-2-phenyl-1,2,3,4-
tetrahydronaphthalenes and two analogs are listed in Table V.
The tetralones were reduced to the tetralols with NaBH, in
ethanol, rather than LiAIH, in ether. In cases of insolubility of
the tetralones in ethanol only, ethanol-tetrahydrofuran was used
as solvent in the hydride reduction,

Procedure B.—Demethylation of 5, 13, and 45 to afford
phenols 3, 11, and 46, respectively, was carried out by heating
the phenolic methyl ethers in pyridine hydrochloride at 245-250°
for 30 min. This procedure has been described in detail in a
preceding publication.?

Procedure C. cis-1-p-Methoxyphenyl-2-phenyl-1,2,3 4-tetra-
hydronaphthalene (5).—A solution of 5.4 g (0.0173 mole) of
3,4-dihydro-1-p-methoxyphenyl-2-phenylnaphthalene? in 150 ml
of ethyl acetate was hydrogenated at room temperature and at-
mospheric pressure over 1.2 g of 109, Pd-C catalyst until the
caleulated amount of hydrogen was absorbed (24 hr). The
catalyst was removed by filtration and the filtrate was evaporated
to dryness. Crystallization of the residue from 2-propanol
vielded 4.23 g of product, mp 87-89°.

Procedure D. trans-1-p-Methoxyphenyl-2-p-chlorophenyl-
1,2,3,4-tetrahydronaphthalene (14).—A solution of 12 (3.35 g,
(.01 mole) in 25 ml of dimethylformamide (DMF) and 10 ml of
toluene was Stirred with cooling in an ice bath and treated in
portions with 0.50 g of 579 NaH-mineral oil suspension. The
sodium salt of 12 did not precipitate and was treated with 1.5 g
of methyl iodide in 25 ml of cold toluene. Within a few minutes
the complex salt, 3HCON(CH;),- Nal started to precipitate.
Stirring was continued for 1 additional hr in an ice bath and then
for 3 hr at room temperature. Benzene was added (50 ml) and
the complex Nal salt was filtered off. The filtrate was evapo-
rated to dryness in vacuo. The residual oily solid was crystal-
lized from benzene-petroleum ether (bp 30-60°) (1:10) to give
2.45 g of product, mp 139-140°, Recrystallization from a mix-
ture of ethyl acetate and ethanol (1:5) raised the melting point
to 140-141°.

Procedure E. ({rans-2-[p-(2-p-Chlorophenyl-1,2,3 4-tetrahy-
dro-1-naphthyl)phenoxy]triethylamine (16).—To the sodium salt
prepared from 2.66 g (0.008 mole) of 12 in 30 ml of DMF and 20
ml of toluene with 390 mg of 539, NaH-mineral oil suspension, as
described in procedure D, there was added 1.07 g of 2-diethyl-
aminoethyl chloride in 5 ml of toluene. The reaction mixture
was stirred at room temperature for 5 hr and allowed to stand
for 15 hr. After removal of the precipitated NaCl by filtration
and evaporation of the solvents in vacuo, the residual oil was

(16) N, Campbell and D. Kidd, J. Chem. Soc., 2154 (1954).

diluted with ether and extracted with 2 & HCL. Due to the
poor solubility of the hydrochloride of the product the acidic
extracts were turbid. Upon rendering these extracts alkaline,
the product was extracted with ether to yield 3.0 g of the crude
product which crystallized spontaneously. Recrystallization
from hexane furnished 2.17 g (62%) of the pure product, mp
81-82°.

Anal. Caled for CasHzCINO: C, 77.49: H, 7.43.
C, 77.36; H, 7.49,

Procedure F. Diethyl cis-p-(2-Phenyl-1,2,3,4-tetrahydro-1-
naphthy!)phenyl Phosphate (7).—Four grams (0.026 mole) of
ethyl phosphorochloridate was added dropwise over a 20-min
period with stirring to a chilled solution of 6.0 g (0.02 mole) of 3
and 0.88 g (0.022 mole) of NaOH in 24 ml 209, ethanol. The
mixture was stirred at room temperature for 3 hr and then par-
titioned by addition of 50 ml of ether and 15 ml of water. The
aqueous layer was extracted with 20 ml of ether. The combined
organic layers were washed three times with water. The ethereal
part furhished 8.6 g of a yellowish viscous oil which was chromato-
graphed on 300 g of AlO; (Woelm, neutral, activity grade 3).
Benzene and mixtures of benzene and ether eluted 8.1 g (93<;)
of a colorless oil. A sample of the product was dried at S0°
(0.01), 5 hrfor analysis.

Procedure G. c¢is-1,2-Diphenyl-1,2,3 4-tetrahydronaphthalene
(1).—A solution of 5.2 g (0.012 mole) of the ethyl phenyl phos-
phate ester 7 in 5 ml of ether was diluted with 50 ml of liquid
ammonia. The mixture was heated and stirred with the addition
of 0.14 g (0.02 g-atom) of Li over a 30-min period. Ether was
added and the NH; was allowed to evaporate. After addition of
water, the mixture was stirred for 30 min and the two clear
layers were separated. The ethereal portion was washed twice
with water, 109 H.S0;s, and Claisen’s alkali. Upon evaporation
of the ether 3.1 g of crystalline product was obtained, which
was recrystallized from 959 ethanol to give 2.1 g (61 ) of prod-
uct, mp 94-93°. Distillation of this substance at 150-160°
(0.5 mm) followed by recrystallization from ethanol raixed the
melting point to 96-97°. A specimen prepared according to the
proeedure of Bergmann, et a/.,* was found to be identical with
this hydrocarbon. The two samples furnished identical infrared
spectra, and an admixture melted undepressed.

Procedure H. c¢7s-p-(2-Pheny!-1,2,3 4-tetrahydro-1-naphthyl)-
phenoxyacetic Acid (21).—A solution of 30 g (0.1 mole) of 3 in 200
ml of acetone was stirred and heated to gentle reflux in the pres-
ence of 10 g (0.25 mole) of NaOH pellets, while 14.0 g (0.15 mole)
of chloroacetic acid in 30 ml of acetone was added dropwise. A
slightly exothermic reaction commenced and the sodium salt
of the product gradually precipitated. To facilitate stirring
200 ml] more of acetone was added and the reaction mixture was
heated with stirring under reflux for 2 hr. The sodium salt of
the produet was collected, washed with acetone, and dried in
air. The free acid was obtained by acidifying the aqueous

Fouud:
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solution ni the sodinm walt with 2\ 1CL and extraction with
ether. TlLe crnde produet wax recrystuallized froin benzene and
pentane, 253 g (7OCH mp 128-131°, A sample recrystallized
for aualysi~ from ethanol and wirer, gave white erystuls, nip
1351367,

Procedure 1. r/x-2-Methyl-2-p-( 2-phenyl-1,2,3,4-tetrahvdro-
1-naphthyl)phenoxypropionic Acid (23).—A solntion of 0.6 g
(0032 nold of 3 i 100 ml of acetone was stirred and heated tn
gentle reflux iy th presence of 7.0 g (10.171 mole) of NaOH pellets
while 4.5 ¢ 10055 nwle) of CHCIL was added dropwise.  After
the additbinc was somplete (20 min} the reaction mixtnre wis
stirred and heated nnder reflnx for 3 hr. The sodinm <alt of the
proditet wies sollecred and washed with acetone.  Phe free acid
wus xolated as in procednre 11, The crmde prodnet wis recrystal-
lized from hexane to vield 10.2 4 of snbstance, mp 137-150%.
Reerystallization froan ethanol and warer atfcaeded 9.05 2 of pure
produet, inp 161-162°.

Procedure J. Ethyl (cans-p-¢2-p-Chlorophenyl-1,2,3,4-tetra-
hydro-1-naphthyl)phenoxyacetate ¢27)--Twelve grams {003
nicle ot 26 was heated nuder reflux in 50 ml of dry ethanol in the
presence of Dl of Haxty for 16 hr.  After removal af most of the
ethunol, iee water and NullC), were udded until the pll of the
snspensiolc was alkaline. The produet was extracted with ethyl
acetate.  Crystallization frotn 95, rthanol atforded the pure
prodiet, AN g (767, « mp 102--1035°,

Procedure K. tcans~N-Ethyl-p-(2-p-chlorophenyl-1,2,3,4-
tetrahydro-I-naphthyliphenoxyacetamide (30).—The ucid chlo-
ride wos prepared from 6.0 g (0.015 moley of the =ubstituted
phenaxyiaceric acid 26 by heating it 1o boiling in 25 nil of SOCL
for 40 i Exeess of SOCL wus removed by evaporation in
eaewo and dilittione of the re=ulting oil with 50 1l of benzeue fol-
lowed by evaporation to dryness three times,  The acid chlo-
ride, disselved in A0 1l of benzene wuas added dropwise with
stirring  tnan ice-cold solntion of ethylamine in ether. The
reaction miixtiure was evaporated to dryness and the c¢rnde
produet wie taken ap in CHCL, wushed with water, dried (Nuau-
SOy), filtered, and evaporated to drviess.  The resulting erutde
nuaterial was erystallized from hexane to give 5.1 g of produet,
mp 90-64°, which was then reervs(allized from ethanol and
water (d: 15 to yield 4.4 g (39" ) of pure substanee, mp 106-107°.
The baxic aniides of 32 and 33 were prepared by boiling the acid
chloride «f 26 with a threefold excexs of N,N-diethylethylene-
diainine and -propvlenediamine, respectively, i1 benzene for
Ot min.

Procedure L. {cqus-2-[p-(2-p~Chlorophenyl-1,2,3,4-tetrahy-
dro-1-naphthyl)phenoxy|diethylamine Hydrochloride (31).—
Four granis (0,01 niole) of 30 was reduced with 1.0 g af LiAIH,
by heating the mixture under reflux with stirring i 50 ml of
ether and 25 ml of THF for 30 hr.  The excess reducing ageut was
decomposell by dropwise addition of wet ether, water, and 2 .V
HCL  The organie =solvents were remnoved /n racwo, and the
aqueols residue was made basie with 2.V KOH salution.  The
produet was extracted with ether to give 3.5 g of a xemisolid oily
prodict.  The crude prodiret was taken up in ether aud con-
verted to the hydrochloride by addition of ether saturated with
HCL  Recrystallization of the white =olid froni acetoune fur-
nished 1.49 g of pure prodnet, niy 187-180°, in 3377 vield.
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Procedure M. 1,2-Epoxy-3-; y-{ 2-p-chlorephenyl-1,2,3,4-
tetrahydro-1-naphthyl)phenoxy]propane (35).--A solution of 6.2
g 110,02 moley of 12, 0.90 g (0.0225 mole) of NaOll, and 2.0 u
(0.022 mole + ol epichlorohydrin in S50 1l of ethanol and 30 ml a4
witer wis stirred al roont temperatire for 2 hro A gununy
precipitate appreared. A clear =olotioic resnlted after addition
of 25 ml of ethanol and 25 wl of ether.  The reacdion mixiace
wis allowed to <tand for 20 e, Thereatter 2 g uiore of epichilom-
hvdrie was added and stirving was resamed for 5 hr. The
etliiool awd etlier were remmoved from the reaction niixtor:
fi caveco and the prodnet was extracted with ether to give S g of
1 viscons il The oily prodnet was chromatograplied on 240 x
of ALGy «Worlin, wentral, activity grade 31 Benzene-lexane
flilcelnted 5.0 ¢ of oil which erystallized spontaveonsly. e

<

ervstallization from  hexave-ether gave 2.0 g 25970 o pace
proditet, mp 06 08°,

Procedure N. {c«ns-2=, p=(2=p-Chlorophenyl-1,2 3 4-tetra-
hydro-1-naphthyljphenoxy|triethylamine Methiodide (371 - A
<olution of 43 g (0,01 wmole of the free base of 16 and 1.56 ¢
0071 moler of merhyl todide ta 100 ml of aretone was allowed
Lo stand at room temuperauire (o 5 davs.  The solvent wus re-
moved ac cacwo 1o vield 5.7 g of the erade prodnet, myp 192200~
Iecrysaaliizatione of this <ubstance Yrom ethanol gave 4.0 p
(NHE, Lol pore prodaet, mp 199--200°,

Procedure O. 2.Phenyl-1-(2,3 4-trihydroxypheny]1,2,3,4-
tetrahydronaphthalene (62).-—To u xu=pension of 12.6 g (0.1 mole -
of pryrogallol in 30 ml of glacial acetic aeid and 1.2 ml of 1oy
wis added, dropwise with =tirring over a period of 45 1min ¢
S-T0F 022 4 e (00 e of 1-lIivdroxy-2-phenyi-1,2,5 4-tetralivdm-
naplithalene dissolved in 45 ml of aertic acid.  The reactinn
uixtire was allowed to staod at roomn temperatnre for 80 hr and
then jonred into iee water, and the pl of the resitlting solntinn
wits adjasted to approximately 5. The prodnel was extracted
fonr times with ether.  The combined ether extracets were wished
with sacairated NalHCOy <olution, dried. and evaporated to dry-
nesx 1o give 26.0 g ot a vellowish viseons oil which slowly solidi-
Hed. Three crystallizations of this solid snbstance (rour beo-
zene and hexaie afforded 12,0 g 36 ) of the pure prodact.
mp 161--1643°.

Procedure P.  2-Pheny!-1-(2,3,4-triacetoxyphenyl)-1,2,3,4~
tetrahydronaphthalene (63).—A ~olition of 1.8 g of crnde 62 in 4
ml of pyridive and 3 ml of acetie anhydride was allowed to <tand
at rootn temperature for 24 hr and then poured into water.  The
product was extracted with ether and isolated as o gunminy rexidie.
which on erystallization from benzene and hexane three times, and
once from ethanol, vielded 910 mg (3771 of a ervstalline com-
ponid, mp 125-126°,
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