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by passing the solution through a column of the weukly basie
anion-exchange resin, Dowex AG 3-X4, in the chloride eycle.
No avian depressor activity wix detected in the deionized =olu-
tion. The volunie of the solution was reduced to approxinutely
40 ml by evaporation in a rotary evaporator, and the concen-
trated solution was put onto a column of Sephadex (+-23 (100--
200 mesh), which had been equilibrated with lower phase of the
solvent system wanter(containing 3.5 ncetic acid and 1.5¢;
pyridine)-1-hitanol-benzene (8:6:1),. 'The npper phase of thix
syvstem was tuged for elution :nd one hundred -l Fracuons
were collected.  Falin-Lowry color vahies® ol aliquots from every
second fraetion were plotted, and fractions corresponding to a
penk having it< maximum at fraction 55 (7; ~0.2) were pooled,
concentrated, and lyophilized, to give 41 mg, [a]*D —24.0°
(e 0.5, L.V acetic neid).

Anal. Caled for CaHeN O3 €, 5223 H, 6.80; N, 16.0.
Found: €, 52.3; H, 6.88; N, 15.7.

A sample of this mmaterial was hydrolyzed in 6 N HCI at 110°
for 22 hr and wasg amlyzed on 1 Beckmaut/Spinco mnino neid

(27) O. 1. Lowry, N. J. Rasebroagh, A, L.
J. Biol. Chem., 193, 26 (1441},

Forr, anldd R, J, Randall,
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analyzer,® operating the short calumn ;v 30° 10 etfect separation
of the methylamine and the ammonia. The molur ratiox ch-
tined, (aking sspartic acid as 1, were:  aspartic oeid 1.0, ght-
tamie acid b, proline L, cvstine .05, 1solencine 1.0, leneine
1.0, tyrosine 0.9, ammonia 2.0, methylamive 1.0,
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1-Aryl-2-phenyl-1,2,3,4-tetrahydro-

1-naphthols, 1-Aryl-2-phenyl-3,4-dihydronaphthalenes, and Their Derivatives'
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The prepuration of a =eries of I-aryl-2-phenyl-1,2,3,4-tetruhydro-t-nnphthols and the corresponding 3,4-di-

hydronaphthalenes from 6-methoxy-2-phenyl-1-tetralone ix deseribed.
Biologie churacterization showed that thix activity in mast cases be ascribed

ws antifertility agen(s are reported.
to the uterotropie activity of the compounds,

The preparation and structure-nctivity relationships
of a series of diphenylindenes? and diphenylcoumarins!
as antifertility agents have been previously reported.
The sensitivity of the potency of given compounds of
the previous series to structural modifications led us
to investigate the naphthalenc ring system (1) as a
possibility for a further series of biologically active
compounds. The resemblance of such a system to the
A-B rings of the natural steroidal cstrogens (2) lent
further encouragement to these efforts.?

L
CH,0

CH,0
1 2

Preparation of 6-Methoxy-2-phenyl-1-tetralone.—
The tetralone (8) upon which this series of compounds
was based was originally prepared by a modification of

Scheme I, first reported by Newman.*?

(1) Previous paper in this series: 1). Lednicer, 8. C. Lyster, and G. W,
Doncan, J. Med. Chem., 8, 725 (1965).

(2) D, Lednicer, J. C. Babcock, P. E. Marlatt, 8. C. Lyster, and G. W.
Dunean, 1bid., 8, 52 (1985).

(3) Snbsequent to the completion of this work a paper describing the
preparation and biological activities of 6-deoxy-1,2-diphenyl-3,4-dihydro-
naphthalenes bas appeared: W. L. Bencze, L. I. Barsky, W. P. Sopehak, A,
A. Renzi, N. Howie, and J. I. Chart, ¢bid., 8, 213 (1965).

1y M. & Newman, J. Am. Chem. Soc., 60, 2947 (1938).

The results of assays of these compounds

Soneve |

¢.H.CHO Cols HON
CH,0 CH,O ‘
! il
) 0
3 4
NC__CH. H0.L_cH,
H S0, Zn,Hg
7 -
CH;|O CH.O ‘ HO)
i ‘ l
0 0
5 6
0
HO.C | :
CeH, ﬂb_. C.H-
CH.O CH.O
7 8

The eyanide addition and Clemmensen reduction
proved difficult to carry out on large scale. The
alternate route to 8 shown in Scheme II proved more
convenient for scale up. Each of the steps went in
a straightforward manner in workable yields.

1-Aryl-2-phenyl-1,2,3,4-tetrahydro-1-naphthols.—
Reaction of the tetralone 8 with the appropriate aro-

a1y D. Lednicer, I. C. Babeock, 8, (0, Lyster, and G. W. Dioean, Chem.
Iod. 1London), 408 (1963),
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TaBLE I

1-ARYL-6-METHOXY-2-PHENYL-1,2,3,4- TEYRAHYDRO-1-N APHTHOLS

173

~——— Carbon, Y% ——— ~—— Hydrogen, () ——
No. R Yield, % Mp, °C Fomnula Caled Found Caled Found
14 H 38 113-116 CaosHnOs 83.60 82.98 6.96 6.93
15 CH; 39 108-111 CaHyOn 85.69 83.67 7.02 7.12
16 F 54 130-132.5 CxuHaFO: 79.29 79.65 6.08 6.41
Tasre 1T
1-ARY1-6-METHOXY-2-PHENYL-3,4-DIHYDRON APHTH ALENES
R
o8
CH,0
— Carbon, Y,——— ~——Hydrogen, %——
No. R Mp, °C Formula Caled TFound Caled Found
17 H 90-92 Cu:H O 88.42 87.99 6.45 6.78
18 CH; 100-103 CpH2:0 88.31 88.33 6.79 7.06
19 F 99-101 CusHisFO 83.61 83.82 5.80 5.82
20 OH 161-163 Co:HO: 84.12 83.99 6.14 6.17
21 OC(CH;),CO.C H; 107-111 CeosH3 04 78.70 78.69 6.83 7.06
22 OC(CH;).CO.H 136-137 Ca:HasOs 78.24 78.13 6.32 6.62
23 OCH,CHOHCH,OH 106-108 C2eH2604 77.59 77.13 6.51 6.49
0]
7N
24 OCH,CH—CH, 114-117 CucHuOs 81.22 81.35 6.29 6.55
0
\
/
0 0
| |
25 OCH:CH—CH, 158-160 CaH2Os 75.68 75.72 5.65 5.66
ScueME I1 with the Grignard reagent from p-bromophenyl tetra-

Do O
CH,O CH,CO,H CH,O CH,CH,OH
9

10

hydropyranyl ether.® Mild acid hydrolysis led directly
to the phenolic dihydronaphthalene. The carbinol
was not isolated in this case, either as a result of this
acid treatment or perhaps because the presence of two
oxygenated functions pare to the diarylearbinol makes

lCH,oso,.cx this system unusually labile. Alkylation of the phenol
NC C.H;
/©\j/ < C . &
CHO CH.CHCN D
12 CH,0 CH,CH,080,CH, 0”0 O
OH— 8 _+_ 1. Mg
\ 11 2 H CH,
90
Cotly 1. PCl, Br CH,0
2. 8nCl, 8
CHO 20
13

matic Grignard Reagent afforded the carbinols listed in
Table T,
1-Aryl-2-phenyl-3,4-dihydronaphthalenes.—Ieating
the naphthols obtained above in toluene int the presence
of p-toluenesulfonic acid afforded the olefins, In order
to obtain the phenol 20, the tetralone was condensed

20 with the appropriate halides gave the compounds
21, 23, and 24. The acid 22 was obtained by saponi-
fication of 21.  Reaction of 23 with ethyl chloroformate
followed by base gave 25 (see Table II),

Biological Activity.—The compounds above were
tested for antifertility activity in the vat in the manner

(8 W, E.
(1948).

Parbam and E. L. Anderson, J. 4Am. Chem. Soc., T0, 4187
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ANTIFERTILITY ACTIVITIES
MED@ "

Camnpd R g rat/day
1-Aryl-G-methoxy-2-phenyl-1,2.4 4-tetmhydro-I-naphthols
R
OH
SYOR
CH,0
14 H (. 01
1H CHy (.2
16 ¥ (.01

F-Arvl-6-methoxy-2-pheny =i, 4-dihydronaphthalenes

R

0N
CH,0

b7 H 0.005
18 CH; 0.2
10 ¥ 0,05
2() OH 0.025
21 ()C(CII&):C()QC:H;, 10
20 OC(CH;).CO.H >
24 OCH.CH(OH)CH.OH 0.0

0
4 OCH,CH—CH., 10
25 OCH.CH—CH, 1.0

O 0
J
Q

» Minimal daily ornl dose av which none of the animals showed
implants.  ? Inactive nt the maximuim sereening dose used in this
study.

described previously.?  The results of these assays are
sunmarized in Table I11.

The uterotropic effect of the more potent compounds
was evaluated in 55-g bilaterally ovariectomized rats
trented orally for 7 days. TUterine weight mcreases
compurable to those induced by subcutaneous estradiol
treatment occurred except following administration of
the glycervl ether (23) (Table IV). Thiy compound
induced the impeded uterine vesponse previously re-
ported for the basie ethers of diphenylindenes” and
diliydronaphthalenes®  When 23 was  administered
concomttantly with estradiol an inhibition of the
anticipated estrogen-dependent response occurred. It
thus appears that with the notable exception of 23,
the antifertility potency of thix series closely parallels
the uterotropic potency.

It is known?® that in the diethylstilbesterol family
of synthetic estrogens, the presence of a p-hydroxyl
funtetion 18 necessary for maximum activity. It is

(7) oW, Dnnecan, J. C. Stucki, 8. (., Lyster, and 1). Lednicer, Proc. Soc.
Exptl. Biol. Med., 109, 163 (1962).

(8) Gi. W. Danean, 8. (. Lyscer, J. J. Clark, and D). Lednicer, ibid., 112,
430 Q06R).

@1y Nee o AL Hope and Jo Komman, **Medicibal Chemistry V)" Vol, 11,
Jolil Witey and Sons, Tne., New Yark, No Y., 1056, p 34,

Vol. 9

TaBLe 1V
Ol Urertorroric Acnmviry”
Wirh concomigomt estradiol

Withoor coreondGon pstrnliol (L0 uw, se)

Av Ay
Drails neline Daily nierine
wi, Qoge, wt,
Na. u o No. 14 my
1) 145
14 D 142 14 250 HGN
100 jER KON 164
16 1 104 17 8] 123
D 144 1 152
17 R 147 10 155
200 144
I~ 20 095
~t) 12 IN 1 106
Bl 11l
20 0.4 D) L 1O
(.~ )
b6 NG 20 1) HE
0 114
24 1) 44
20 506 RA 1} 104
40 57 b 91
10 106
Estradiol 0. (1) 25 160 6
(=e] (}, (0} B
0 (2 Bh
(.06 121

# Five ovarlectomized immature riuts were used per treatiment
except for estradict standurd for which 10 rats were used.

thus of interest that in the present series, the com-
pound which shows the highest potency as an anti-
fertility agent (17) ix devoid of substitution in that
position. Indeed the iucorporation of u hydroxyl
group at that position decreases the potency by n
factor of 5. When metabolic hydroxylation of that
position ix blocked by fluorine, ug 1 19, the compound
retains half the activity of the hydroxylated aunlog.
Introduction of the glyvceryl ether side chain (23)
has the net effect of producing an antifertility agent
which eclicitx a2 nrodest uterotropic response per sc
but which will antagonize the respouse of a concomi-
tantly administered estrogen. Thix type of activity
has hitherto been assoctated with the basic ether group-

i“g_‘.‘,&l()

ixperimental Section'

3'-Methoxychalcone (4).--A =olution of 45.0 g of m-methoxy-
acetophenone in <5 ml of 95¢ ethanol was ndded to n cooled
solution of 16.0 ¢ of NaOH in 140 ml of water. The mixture
wis then placed In an ice bath and 31.8 g of benzaldehyde was
added at such n rate ax to keep the temperature below 20°.
The mixture was =tirred for nu additional 30 min in (he cold and
then for 27 hr at room temperniure. The rexulting clewur twao-
phiased solution wias extructed with ether. The extrnets were
washed with brine, pereotated through MgSOy, and taken to dry-
ness in vacuo. The residual oil was distilled to afford 50.9 g of
3’-methoxyehalcone, bp 180-1835° (4 mm) (yield, 70%; a small
lower boiling forerun was discarded).

2-Phenyl-4-(m-methoxyphenyl)-4-ketobutyronitrile (5).—A

solution of 27.8 g of KON in 50 ml of water was added to a
mixture of 50.9 g of Jamethoxyehaleone, 13.0 g of AcOH, and 100
ml of 959 ethanol over 10 min. Cooling was provided to keep
the temperature below 45°. The twrbid mixture was stirred for

¢10) L.J. Lerner, . ). Holthanz, Jr., and C. R. Thompson, Erdoecrinologe.
83, 295 (1958).

(11) Al melting poings were whtaimed on a Thomas-Ilooyer melting point
apparacns. Klemencal analyses were nerformesl by the Departiment of
Pliysieal and Analy-tical Chemistry of 'I'ne Tplobn Co.
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6 hr and then allowed to stand in the cold overnight. The crys-
tals which separated were removed by filtration and washed with
80 ml of ice-cold 509 aqueous ethanol and then water. A single
recrystallization of the crude product from ethanol afforded 49.22
g of the nitrile: mp 96-101°; vmax 2200, 1660, 1580 cm ~* (yvield
86.5%).

2-Phenyl-4-(m-methoxyphenyl)-4-ketobutyric Acid (6).—A
suspension of 49.22 g of the nitrile 5 in a mixture of 140 ml of
concentrated HaSO, and 125 ml of water was heated on the steam
bath with vigorous stirring for 4 hr. Upon cooling, the mixture
was diluted with ice water and the solid was collected on a filter.
This product was recrystallized once from aqueous ethanol and
then from benzene to yield 29.5 g of 6, mp 140-145°, 'The analy~-
tical sample, mp 143-145°, was obtained by one further crystal-
lization from benzene.

Anal. Caled for CpH;0.: C, 71.82; H, 5.67.
C,72.10; H, 5.74.

6-Methoxy-2-phenyl-1-tetralone (8). A.—Moszy zine (300 g)
wns washed briefly with 2.5 .V HCl and then water. The metal
was covered with a solution of 6.7 g of HgCl, in 500 ml of water,
and this mixture was allowed to stand for 30 min with occasional
shaking. The liquid phase was decanted and the amalgamated
metal was washed well with water. To the amalgamated zinc
there was added 29.3 g of 2-phenyl-4-(m-methoxyphenyl)-4-
ketobutyric acid aud 400 ml of HCl.  The mixture was cautiously
brought to reflux. At the end of 5 and 10 hr, 100-ml portions of
HCl were added. After a total heating period of 20 hr, the liquid
was decanted from the residual metal, The latter was washed
well with ether. The former was extracted with ether and these
extracts were combined with the washes. The organic extract
was washed with water and brine, percolated (MgS0O,), and taken
to dryness in vacuo. There was obtained 26.2 g of 2-phenyl-4-
(m-methoxyphenyl)butyric acid as a viscous oil, Apax 1705 cm =1L
This material was used in the next step without further purifica~
tion (yield 94.5%;).

Hydrogen fluoride (150 ml) was added to 26.2 g of 2-phenyl-4-
(m-methoxyphenyl)butyric acid with good swirling. The solu-
tion was allowed to stand at room temperature for 3 days.
The residue was dissolved in CH:Cl; and poured onto concen-
trated aqueous KuCQ;.  The organic layer was separated, washed
with water and saturated NaCl solution, and taken to dryness.
The residual solid was dissolved in 2 1. of 7.5% acetone in Skelly-
solve B and passed through a column of 500 g of Florisil prewashed
with the same solvent. The product (17.0 g) was recrystallized
twice from cyclohexane to afford 13.38 g of the tetralone, mp
113-116° (yield 55%).

Anal. Caled for CyI160s:
81.(8; H, 6.35.

B. Scheme II.—A solution of 100 g of m-methoxyphenylacetic
acid in 600 ml of ether was added to a mechanically stirred sus-
pension of 34 g of LiAlH, in 30 m! of ether at such a rate as to
produce a vigorous reflux. Following this, the mixture was
heated under reflux for 30 min, and then cooled in an ice bath.
The excess reagent was then cautiously decomposed with 50 ml
of water. There was then added in turn 500 ml of saturated
aqueous NH,Cl and 300 ml of 2.5 ¥ HC]l. The organic layer was
separated, washed twice with water, onece with brine, and dried
(NagS04). The oil (91.1 g) which remained when the solvent
was removed under vacuum was distilled through a short Vigreux
column. There was obtained 84.5 g of m-(methoxy)phenethyl
alcohol, bp 99-102°,

A solution of 15.2 g of the alcohol was cooled in an ice-methanol
bath. Over the period of 10 min 15.2 g of methanesulfonyl
chloride was added to the solution with good stirring. Following
an additional hour of stirring in the cold, the mixture was diluted
to 600 ml with ice and water. The precipitated oil was extracted
with ether, and this last solution was in turn washed with water,
2.5 N HC], water, and brine. The solvent was removed to afford
22.27 g of the mesylate as a viscous oil which appeared to be
homogeneous by tle. The infrared spectrum showed the OH to
be gone and exhibited strong bands at 1360 and 1165 cm ~*.

To an ice-cooled, well-stirred solution of 11.7 g of phenylaceto-
nitrile in 50 ml of dry DMF and 25 ml of dry toluene there was
added 4.50 g of NaH (539 in mineral oil). Following 1 hr of
stirring under nitrogen, there was added 22.27 g of the mesylate
in 30 ml of toluene. The mixture was then allowed to stir
overnight at room temperature. The bulk of the solvent was
removed in vacuo and water and ether were added. The organic
layer was washed with water and brine and dried by percolation
(NasS0y4). The oil which remained when the solvent was re-

Found:

C, 80.92; H, 6.39. Found: C,
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moved was distilled at 1-2 mm through a Vigreux column,
There was obtained 6.03 g of forerun, bp 52-170° (mainly 54-64°)
and 18.79 g of the nitrile 12, bp 170-190°,12

A mixture of 18.79 g of 4-(m-methoxyphenyl)-2-phenylbutyro-
nitrile and 20 g of KOH in 200 ml of ethylene glycol was heated
overnight at reflux. The resulting solution was allowed to cool,
diluted with 600 ml of water, and extracted once with ether.
This ether was discarded. The aqueous layer was then acidified
with concentrated HCl and extracted well with ether. These
last extracts were washed once with water and brine and dried
by percolation (Na;S0,). The solution was taken to dryness
in vacuo, the residue was dissolved in dry benzene, and the solu-
tio again was taken to dryness. The acid (16.29 g) was obtained
as a clear amorphous gum.

A solution of 16.29 g of 4-(m-methoxyphenyl)-2-phenylbutyric
acid and 12.7 g of PCl; was heated uuder reflux for 1 hr, The
solution was then cooled in ice and 7.15 ml of SnCl, was added
with stirring.  Following 2.5 hr of stirring at room temperature,
the two-phased mixture was poured into 250 ml of 2.5 N HCL
Following 0.5 hr of stirring, the organic layer was separated and
washed in turn with 2.5 N HC], water, saturated aqueous Na-
HCQ;, water, and brine, A crystalline solid remained when the
solution was taken to dryness. This was recrystallized from
methanol to afford 11.34 g of the tetralone, mp 113-116°, mmp
(with authentic material) 113.5-117°, The over-all yield, based
on m-methoxyphenylacetic acid was 41.49.

Grignard Condensation of Tetralone 8, —In a typical experi-
ment a solution of 5.04 g of the tetralone 10 in 75 ml of THF was
added to the stirred, ice-cooled Grignard reagent prepared from
34.4 g of p-bromotoluene and 4.90 g of Mg in 200 ml of ether.
Following 17 hr standing at room temperature, 25 ml of water
was added. The gel which formed was removed by filtration
and washed well with ether. The combined filtrates were washed
with water and brine and taken to dryness in vacuo. The residual
gum was chromatographed over 800 ml of Florisil (elution with
ligroin followed by 49 acetone in ligroin). The product thus
obtained was recrystallized twice from ligroin to give 2.68 g of 15,
mp 108-111°.

Dehydration of the Carbinols.—A solution of 1.68 g of 15 and
170 mg of p-toluenesulfonic acid in 170 ml of toluene was heated
at reflux under a Dean—Stark trap for 5 hr. The solvent was
removed at reduced pressure and the residue was dissolved in
ether. This solution was washed with aqueous NaHCO; and
water. The gum which remained when the solvent was removed
was chromatographed over 200 ml of Florisil. The crystalline
fractions were combined and recrystallized twice from methanol
to afford 0.97 g of 18, mp 100-103°.

6-Methoxy-1-(p-hydroxyphenyl)-2-phenyl-3,4-dihydronaph-
thalene (20)—To a solution of the Grignard reagent prepared
from 32.5 g of p-(2-tetrahydropyranyloxy)bromobenzene and
4.83 g of Mg in 500 ml of THF, there was added in the cold 10.0 g
of the tetralone 8 in 100 ml of THF. Following 17 hr of standing
at room temperature the reaction mixture was worked up as
above. A mixture of the crude product was dissolved in 300 ml
of methanol and 100 ml of 2.5 ¥ HCl was added. Following 2 hr
of stirring at room temperature, the bulk of the solvent was
removed in vacro. The residue was dissolved in ether-methylene
chloride, and the organic layer was extracted thoroughly with
5% aqueous NaOH. The solid which was obtained on acidifica-
tion was chromatographed on Florisil (elution with 49, acetone
in ligroin). The crystalline fractions were combined and re-
cryvstallized from acetone-cyclohexane to afford 2.97 g of 20, mp
160-163°.

Ethyl 2-{p-(3,4-Dihydro-6-methoxy-2-phenyl-1-naphthyl)-

~ phenoxy]-2-methylpropionate (21)—Sodium hydride (0.35 g,

339 in mineral oil) was added to 2.50 g, of the phenol in 13 ml of
DAMF and 65 ml of benzene. When effervescence had ceased
1.50 g of ethyl bromoisobutyrate in 15 ml of benzene was added,
and the mixture was heated under reflux for 17 hr. The mixture
was allowed to cool, washed with water and brine, and taken to
dryness. The residual gum was chromatographed over Florisil
(59 acetone in ligroin) to afford 1.94 g of crude 21 and 0.71 g of
recovered phenol. The former was recrystallized from ligroin
to give 1.82 g of the ether, mp 107-111°,

(12) This material cannot conveniently be characterized since it is admixed
with mineral oil from the sodium hydride. This in part accounts for the
wide bolling range. It is, however, not necessary to separate the ofl since
it is disposed of in the next step.
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2-[p-(3,4-Dihydro-6-methoxy-2-phenyl-1-naphthy!)phenoxy |-
2-methylpropionic Aecid (22).—A wolution of 1.42 g of the e(hyl
ester and 3 ml of 3077 nqueous KOH 1 50 ml of methanol was
hented under reflux for 5 hr. The solvent was then removed
m racuo, the rexidual solid was suspended in water, and this mix-
ture wns made strongly acidie with 2.5 N HCL. The precipitate
wits collected on a filter and recrystallized 1wice from aqueousx
methanol, There wus obtained 1.04 g of product, mp LG
J..')‘7O
1-{p=(2,3-Dihydroxypropoxy )phenyl|-2-phenyl-6-methoxy-3,4-
d1hydronaphthalene (23)—To a =uspenzion of 2.07 g of phenol
m 50t of methunol there was added 2.1 ml of 4.55 N NaOOCH;
i methanol. When the =olid had completely dissolved, 1.0 g
of I-chloropropave-2,3-diol wax added. The mixture wux heated
for 20 hr under reflux and the solvent wias removed i vacuo.
The rexidue wns dissolved in ether nnd wuter. The organic layver
wis wished with 3¢, aqueous NaOYH, water, and brine and taken
to drynes=. Chromatography of the residue over Florisil (44
aeetone 1 ligroin and then 10047 acetone) gnve the glyveol in the
bt fraction. The solid was recrystallized twice from aqueous
methanol to give 133 g of 23, mip 106-108°,
11-{p-(2,3-Dihydroxypropoxy )phenyl]-2-phenyl-6-methoxy-3,4-
dihydronaphthalene Cyelic Carbonate (25).-—Ethy! chloroforute

(3 b was added dropwise to an tee-cnoled solution of 281 g of
the glveol in 25 1l of pyridine. At the end of 1 lir the mixture
wits diluted with ether and the precipitated ot wis dizzolved in
ether. The argnnice biver was washed with ice-cold 2.5 N HCI
ad wiaer md wdken 1o dryness. The residunl gum was again
diz=alved in pyridine (2% ml), treated with ethyt chloroformate.,
and worked up as above.  The gunnmy product was dissobved
300 ml of benzene wnd hented under reflux with 500 mg of Nall
for 2 hr. The mixture was allowed 10 cool, 25 ml of saiarnted
squeons NHCL was added, and the organie Inyer wis separated.
The gumn which remained when the solvent wias removed wis
chromatographed on Florisit (10€7 aceione in higroin and then
HI0¢, neetone) to give 1121 g of erude aunbobate and 10T g of
recovered ghveol, The former wns recrvstallized several times
fronr ethanol wo nfiord 0,16 g of product, mp 158-160°.

1-[p={2,3-Epoxypropoxy )phenyl}-2-phenyl-6-methoxy-3,4-
dihydronaphthalene (24).—The phenol (20) (5.0 g) wax ntkyvlated
with LR g of epichlorohvdring by means of 0.60 g of NoH in
25 ol DME and 125 ml of benzene in exnetly the <ime maner
used 1o obtain 21, The product was worked up i the =mmne way
and thern chromaographed (1047 ncetone) 1o vield the epoxide.
Thi= material wax reerv=tallized frony yvelohexane vy vield 3.0x g
mp -1

a,8~-Diphenyl-a-trifluoromethyl-2-pyridineethanol and

Related Compounds as Synthetic Estrogens

Joux R. Dice

Lurke, Davis and Co., Besearch Laboratories, ~Ynn Arbory Michigan

, LORRAINE SCHEINMAN, AND Navy W. BErrobiN

48108
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A series of substituted o,g-diphenyl-a-trifluoromethyl-2-pyridineethunols wid some related compounds were

synthesized. Many were potent estrogens.

a,8-Diphenyl- @~ trifluoromethyl -2
(1) was prepared and unexpectedly iound to be a

-pyridineethanol
. potent
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estrogen.  To owr knowledge this i the first example

of a synthetic estrogen of this tvpe. Addition of
selected substituents gave a geries of compounds with
decreased estrogemc activity that vavied over a wide
range.

The compounds were syuthesized by adding an
aralkylpyridine anion to the appropriately substituted
trifluoroacetophenone. Since two asyminetric centers
were generated in this reaction, two pairs of diastereo-
isomers were possible.  In many cases (Table I) the
pairs of isomers were separated by fractional crystal-
lization.!

Dehydration to the corresponding stilbene deriva-
tive proved difficult. Starting material was recovered
from several runs using various techiiques such as
heating with iodine, potassium hydrogen sulfate, 839
phosphorie neid, or p—tolucnesulfonic acid in xylenc.
a-(2-PyridyD)-o’-(trifluoromethyb)stilbene (2) was fi-
nally obtained by using thiouvl chloride in pyridine,

(1} I s likely ¢laat o mixtpre was formed in all of the reactions and that
Lhe mixtnre wis sepwrable wiven a laree enoneh snpply of starting material
and snfficient patience. Sinee (he stereachemistry ix Mnknown, the pairs of
diastereaisolers were simply designated as thle high-melting form and the

tow-melting fornl,  This carries no hnplication that all of the bigleneltine
or low-meltimz fornls helong to the saine siersvisomeric series.

Substituted 2,2,2-trifluoroacetophenones have been
reported by several authors.  Most commmonly these
preparations involved a IPriedel-Crafts reaction. Al-
though this reaction was successful in a few cases, it
was not generally applicable. The addition of an
arylorganometallic derivative to trifluoroacctounitrile
or trifluoroacetic acid anhydride® was successful for
difficult cases and provided the most consistent and
usable synthesis.

A smuall amountt of an anomalous compound was ob-
tained from thie reaction of e-phenethylmagnesium
bromide and trifluoroacetophenone.  The product wias
homogeneous by vapor phasc and thin layer chronma-

tography. Since unreacted magnesium had  been
present during the addition, a pinacol condensation

wns suspected,  Indeed, reaction of trifluoroaceto-
phenone with 2 mixture of magnesium and magnesiun
bromide® in cther gave n better yield of the unknown

cornpound than the original reaction conditions. How-
ever, the infrared spectrum showed strong carbonyl
adsorption in addnlon to hydroxyl adsorption. Micro-

analyses and molecular weight determinations were in
agreement with o dimerie strueture but with two
fluorine atoms less than expected.  Analysis of the 2,4-
dinitrophenylhvdrazine derivative also agreed with
this empivical formula.

The compound wis hvdlo;,(nated catalytically and
<hightly more than L omolar equiv of hydrogen wis
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