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by passing the solution through a column of the weakly basic 
union-exchange resin, Dowex AG 3-X4, in the chloride cycle. 
Xo avian depressor activity was detected in the Unionized solu
tion. The volume of the solution was reduced to approximately 
40 ml by evaporation in a rotary evaporator, and the concen
trated solution was put onto a column of Sephadex (1-25 (100-
200 mesh), which had been equilibrated with lower phase of the 
solvent system water(containing 3.o r j acetic acid and l..V'( 
pyridine)-l-butanol-benzene (8:6:1) , . The upper phase of this 
system was used for elation and one hundred 10-ml fractions 
were collected. Folin-Lowry color values27 of aliquots from every 
.second fraction were plotted, and fractions corresponding to a 
peak having its maximum at fraction 55 (Rs ^0 .2) were pooled, 
concentrated, and lyophilized, to give 41 mg, [a]21i> —24.0° 
(c 0.5, 1 .V acetic acid). 

Anal. Caled for CiaHeoNnOuSs: C, 52.3; H, (5.80; X, 10.0. 
Found: C, 52.3; H, 0.88; X, 15.7. 

A sample of this material was hydrolyzed in 6 N HC1 at 1 10° 
for 22 hr and was analyzed on a Beckman/Spinco amino acid 

(27) O. II. Lowry, X. J . Rosebroilfdi. A. L. Parr, and R. .1. Randa l l , 
J. Biol. Chem., 193, 205 (1951). 

analyzer,-3 operating the short column at 30° to effect .separation 
of the methylamine and the ammonia. The molar ratios ob
tained, taking aspartic acid as 1, were: aspartic acid 1.0. glu
tamic acid 1.0, proline 1.0, cystine 0.05, isoleucine 1.0. leucine 
1.0, tyrosine 0.0, ammonia 2.0, methylamine 1.0. 
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The preparation of a series of l-aryl-2-phenyl-l,2,3,4-tetrahydro-l-naphthols and the corresponding 3,4-di-
hydronaphthalenes from 6-methoxy-2-phenyl-l-tetralone is described. The results of assays of these compounds 
as antifertility agents are reported. Biologic characterization showed that this activity in most cases be ascribed 
to the uterotropic activity of the compounds. 

The preparation and structure-activity relationships 
of a series of diphenylindenes2 and diphenylcoumarins1 

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 naphthalene 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 estrogens (2) lent 
further encouragement to these efforts.:i 
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Preparation of 6-Methoxy-2-phenyl-l-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.4,5 

(1) P rev ious pape r in th is series: 1). Lednicer , S. C. Lys ter , and G. W. 
D u n c a n , J. Med. Chem., 8, 725 (1965). 

(2) D . Lednicer , J . C. Babcock . P . K. M a r l a t t , S. C. Lyster , and G. W. 
D u n c a n , ibid., 8, 52 (1965). 

(3) Subsequen t to t he comple t ion of this work a p a p e r descr ibing the 
p r epa ra t i on and biological ac t iv i t ies of 6 -deoxy- l ,2 -d iphenyl -3 ,4-d ihydro-
n a p h t h a l e n e s has a p p e a r e d : W. L. Bencze , L. I. Ba r sky , W. P . Sopchak, A, 
A. Ren/.i, N . Howie, and J. J . C h a r t , ibid., 8, 213 (1965). 

(4) M . S, N e w m a n . ./. Am. Chem. fine, 60, 2947 (1938). 

The cyanide 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-l -naphthols.— 
Reaction of the tetralone 8 with the appropriate aro-

1 5) D. Lednicer , ,T. G. Babcock . S, C, Lys te r , and G. W. D u n c a n , Chem. 
I art. (London) , 408 (19(B). 
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TABLE I 

1-ARYL-6-METHOXY-2-PHENYL-1,2,3,4-TETHAHYDRO-1-NAPHTHOLS 

R 

CH30 

No. 

14 
15 
16 

K 

H 
CH3 

F 

Yield, 

38 
39 
54 

% Mp, °C 

113-116 
108-111 
130-132.5 

1-ARYL-6-METHOXY' -2-

. Carbon, % 
Formula Calcd Found 

C23Ho202 83.60 82.98 
C21H..402 83.69 83.67 
C23H»iF02 79.29 79.65 

TABLE II 

-PHENYL-3 ,4-DIHYDRONAPHTHALENES 

R 

. Hydrogen, 
Calod 

6.96 
7.02 
6.08 

% 
Found 

6.93 
7.12 
6.41 

R 

H 
CH3 

F 
OH 
OC(CH3)2C02C2H6 

OC(CH3)2C02H 
OCH2CHOHCH2OH 

/°\ 
OCH2CH—CH2 

O 

A 
O 0 
I I 

OCHaCH—CH2 

CH,0 

Mp, °C 

90-92 
100-103 
99-101 

161-163 
107-111 
136-137 
106-108 

114-117 

158-160 

C6H5 

Formula 

C23H2oO 

C24H2 20 

C23H19FO 

C2 3r i2o02 

C29H3o04 

C Z T H ^ C X 

C26H2s04 

Calcd 

88.42 
88.31 
83.61 
84.12 
78.70 
78.24 
77.59 

Carbon, 
Found 

87.99 
88.33 
83.82 
83.99 
78.69 
78.13 
77.13 

' Hydros 
Calcd 

6.45 
6.79 
5.80 
6.14 
6.83 
6.32 
6.51 

;en, %—— 
Found 

6.78 
7.06 
5.82 
6.17 
7.06 
6.62 
6.49 

CMHMOS 

C27H24O5 

81.22 

75.68 

81.35 

75.72 

6.29 

5.65 

6.55 

5.66 

SCHEME II 
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matic Grignard Reagent afforded the carbinols listed in 
Table I. 

l-Aryl-2-phenyl-3,4-dihydronaphthalenes.—Heating 
the naphthols obtained above in toluene in the presence 
of p-toluenesulfonic acid afforded the olefins. In order 
to obtain the phenol 20, the tetralone was condensed 

with the Grignard reagent from p-bromophenyl tetra-
hydropyranyl ether.6 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 para to the diarylcarbinol makes 
this system unusually labile. Alkylation of the phenol 

8 + 1. MK) 

2. i r 

CH,0 

C6H5 

20 

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 rat in the manner 

(6) W. E. Parham and E. L. 
(1948). 

Anderson, J. Am. Chem. Soc, 70, 4187 
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TABLE 111 

A.VTIFERTILITY ACTIVITIES 

- M E D I B , " 

m« rat . . 'day C o m p d R 

l-AiTl-6-methoxy-2-phenyl-l,2,3,4-tetrahydro-l-naphihoL 

K 

QH 5 

CH.,0 

14 H 

15 OH, 
16 F 

0.01 
0.2 
0.01 

l-Arvl-0-methoxy-2-phenyl-3,4-dihydronaphthalenes 

R 

17 
IS 
10 
20 
21 
22 
23 

24 
25 

CH3() 
H 

CH, 
V 

OH 
OCCCHO-'COaCoHi 
OC(CH3)2C02H 
()CH2CH(OH)CH !()H 

O 

()CH2CH-
()CH2CH-

-CH2 

-CH, 

0.005 
0.2 
0.05 
0.025 

10 
> l ( r 

0.05 

1.0 
1.0 

O 

" Minimal daily oral dose at. which none of the animals showed 
implants. b Inactive at the maximum screening dose used in this 
study. 

described previously.2 The results of these assays are 
summarized in Table III. 

The uterotropic effect of the more potent compounds 
was evaluated in 55-g bilaterally ovarieetomized rats 
treated orally for 7 days. Uterine weight increases 
comparable to those induced by subcutaneous estradiol 
treatment occurred except following administration of 
the glyceryl ether (23) (Table IV). This compound 
induced the impeded uterine response previously re
ported for the basic ethers of diphenylindenes7 and 
dihydronaphthalenes.s When 23 was administered 
concomitantly 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 this series closely parallels 
the uterotropic potency. 

It is known9 that in the diethylstilbesterol family 
of synthetic estrogens, the presence of a p-hydroxyl 
function is necessary for maximum activity. It is 

17) (T. W. D u n c a n , J . C. S tuck i , S. C. Lyst.er, and D. Lednicer , Proc. ISov. 
Eipll. Biol. Med., 109, 163 (1962). 

(8) (i. W. D u n c a n , S. C. Lysler , J . J . (.'lark, and D. Lednicer , ibid., 112, 
MSI 1,1 WW). 

fit) Sec ,f. A. Hun.li. and .1. K o n n a n , " M e d i c i n a l Chemis t ry V," Vol. U, 
John Wiley and Sons, I nc . , New York, N. Y., H)5f>, p 34. 

14 

1(3 

20 

TABLE 1Y 

ORAL I'TEHO'I'ICOI'IC ACTIVITY" 

itant es t radh 
Av 

5 142 

.100 143 

1 104 

5 144 

2 . 5 147 

211 05 
SO 112 

0 .4 30 

0 . S 50 

1.0 Mi 

1 ( I 40 
20 50 

Es t rad io l 

(sc) 

0 . 0 0 

0 .01 

0 .02 

0 .00 

25 

30 

5S 

121 

Will 

No. 

14 

17 

IS 

20 

23 

i concomi tan t 
'O.o-t m, st'i 

Daily 
dose. 

0 

250 

500 

0 

10 

100 

200 

0 

40 

M i l ) 

0 

0 

.") 
10 

100 

estradiol 
) 

Av 
u te r ine 

\vt, 
rim 

145 

108 
104 

123 

152 
1 53 

140 

lOti 

112 

103 

113 

114 

100 

01 

100 

70 

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

thus of interest that in the present series, the com
pound which shows the highest potency as tin anti-
fertility agent (17) is devoid of substitution in that 
position. Indeed the incorporation of a hydroxy! 
group at that position decreases the potency by a 
factor of •">. When metabolic hydroxylation of thai 
position is blocked by fluorine, as in 19, the compound 
retains half the activity of the hydroxylated analog. 

Introduction of the glyceryl ether side chain (23) 
has the net effect' of producing an antifertility agent 
which elicits a modest uterotropic response per sc 
but which will antagonize the response of a concomi
tantly administered estrogen. This type of activity 
has hitherto been associated with the basic ether group-
ing.2'3-1" 

Experimental Section" 

3'-Methoxychalcone (4).--A solution of 4,5.0 g of w-methoxy-
acetophenone in 75 ml of 95('(' ethanol was added to a cooled 
solution of 16.0 g of NaOH in 140 ml of water. The mixture 
was then placed in an ice bath and 31.8 g of benzaldehyde was 
added at such it rate as to keep the temperature below 20°. 
The mixture was stirred for an additional 30 min in the cold and 
then for 27 hr at mom temperature. The resulting clear two-
phased solution was extracted with ether. The extracts were 
washed with brine, percolated through MgS04 , and taken to dry
ness in vacuo. The residual oil was distilled to afford 50.0 g of 
3'-methoxychalcone, bp 180-185° (4 mm) (yield, 70%; a small 
lower boiling forerun was discarded). 

2-PhenyI-4-(»i-methoxyphenyl)-4-ketobutyronitrile (5).—A 
solution of 27.S g of KCS in 50 ml of water was added to a 
mixture of 50.9 g of 3-niethoxychalcone, 13.0 g of AcOH, and 100 
ml of 95% ethanol over 10 min. Cooling was provided to keep 
the temperature below 45°. The turbid mixture was stirred for 

(10) L. .1. Lemer , t \ 1. l l o l thaus , 4r., and C, R. T h o m p s o n , Endocniiologi!. 
83, 295 (1958). 

(11) All mel t ing po in t s were ob ta ined on a T h o m a s - H o o v e r mel t ing point 
a p p a r a t u s . E lemen ta l analyses were performed by the D e p a r t m e n t of 
Physical and Analyt ical Chemis t ry of T h e Upjohn Co. 

Hun.li
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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 50% aqueous ethanol and then water. A single 
recrystallization of the crude product from ethanol afforded 49.22 
g of the nitrile: mp 96-101°; > w 2200, 1660, 1580 cm"1 (yield 
86.5%). 

2-Phenyl-4-(ra-methoxyphenyl)-4-ketobutyric Acid (6).—A 
suspension of 49.22 g of the nitrile 5 in a mixture of 140 ml of 
concentrated H2SO4 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. Calcd for C n H l 6 0 4 : C, 71.82; H, 5.67. Found: 
0,72.10; H, 5.74. 

6-Methoxy-2-phenyl-l-tetraIone (8). A.—Mossy zinc (300 g) 
was washed briefly with 2.5 .V HC1 and then water. The metal 
was covered with a solution of 6.7 g of HgCU 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 and 400 ml of HC1. The mixture was cautiously 
brought to reflux. At the end of 5 and 10 hr, 100-ml portions of 
HC1 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 (MgS04), and taken 
to dryness in vacuo. There was obtained 26.2 g of 2-phenyl-4-
(m-methoxyphenyl)butyric acid as a viscous oil, Xmax 1705 cm - 1 . 
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 CH2CI2 and poured onto concen
trated aqueous K2CO3. 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 cvclohexane to afford 13.38 g of the tetralone, mp 
113-116° (yield 55%). 

Anal. Calcd for C,7H1602: C, 80.92; H, 6.39. Found: C, 
81.08; 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 LiAlH4 in 30 ml 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 NH4C1 and 300 ml of 2.5 N HC1. The organic layer was 
separated, washed twice with water, once with brine, and dried 
(NaaS04). 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 HC1, 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 tic. The infrared spectrum showed the OH to 
be gone and exhibited strong bands at 1360 and 1165 cm - 1 . 

To an ice-cooled, well-stirred solution of 11.7 g of phenylaceto-
nitrile in 50 ml of dry D M F and 25 ml of dry toluene there was 
added 4.50 g of NaH (53% 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 
(NajSOi). The oil which remained when the solvent was re

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 HC1 and extracted well with ether. These 
last extracts were washed once with water and brine and dried 
by percolation (Na2S04). The solution was taken to dryness 
in vacuo, the residue was dissolved in dry benzene, and the solu
tion 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-(wi-methoxyphenyl)-2-phenylbutyric 
acid and 12.7 g of PC16 was heated under reflux for 1 hr. The 
solution was then cooled in ice and 7.15 ml of SnCl4 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 HC1. 
Following 0.5 hr of stirring, the organic layer was separated and 
washed in turn with 2.5 N HC1, water, saturated aqueous Na-
HCO3, water, and brine. A crystalline solid remained when the 
solution was taken to dryness. This w-as 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 TO-methoxyphenylaeetie acid was 41.4%. 

Grignard Condensation of Tetralone 8.—In a typical experi
ment a solution of 5.04 g of the tetralone 10 in 75 ml of T H F 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 4% 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 jB-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 w_as washed with aqueous NaHC0 3 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-l-(p-hydroxyphenyl)-2-phenyI-3,4-dihydronaph-
thalene (20).—To a solution of the Grignard reagent prepared 
from 52.5 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 N HC1 was added. Following 2 hr 
of stirring at room temperature, the bulk of the solvent was 
removed in vacuo. 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 4 % acetone 
in ligroin). The crystalline fractions were combined and re
crystallized from acetone-cvclohexane to afford 2.97 g of 20, mp 
160-163°. 

Ethyl 2-[p-(3,4-Dihydro-6-methoxy-2-phenyl-l-naphthyl)-
phenoxy] -2-methylpropionate (21).—Sodium hydride (0.35 g, 
53% in mineral oil) was added to 2.50 g, of the phenol in 13 ml of 
D M F 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 
( 5 % 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 boiling range. It is, however, not necessary to separate the oil since 
it is disposed of in the next step. 
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2-(p-(3,4-Dihydro-6-methoxy-2-phenyl-l-naphthyl)phenoxy;-
2-methylpropionic Acid (22).—A solution of 1.42 g of the ethyl 
ester and 3 ml of 50 r , aqueous K()H in 50 ml of methanol was 
heated under reflux for 5 hr. The solvent was then removed 
in racuo, the residual solid was suspended in water, and this mix
ture was made strongly acidic with 2.5 X HC1. The precipitate 
was collected on a filter and reerystallized uvice from aqueous 
methanol. There was obtained 1.(14 g of product, nip 130-
137°. 

l-ip-(2,3-Dihydroxypropoxy)phenyl)-2-phenyl-6-methoxy-3,4-
dihydronaphthalene (23).—To a suspension of 2.97 g of phenol 
in 50 ml of methanol there was added 2.1 ml of 4.55 A' XaOCH;i 

in methanol. When the solid had completely dissolved, 1.0 g 
of l-ehloropropane-2,3-diol was added. The mixture was heated 
for 20 hr under reflux and the solvent was removed in vacuo. 
The residue was dissolved in ether and water. The organic layer 
was washed with '->']', aqueous NaOH, water, and brine and taken 
to dryness. Chromatography of the residue over Florisil ( 4 ' , 
acetone in ligroin and then 100';-',) acetone) gave the glycol in the 
last fraction. The solid was re crystallized twice from aqueou> 
methanol to give 1.33 g of 23, mp 106-10.S0. 

[l-|>-(2,3-Dihydroxypropoxy)phenyl]-2-phenyl-6-methoxy-3,4-
dihydronaphthalene Cyclic Carbonate (25).—-Ethyl chloroformate 

a,/i-Diphenyl-a-trifluoromethyl-2-pyridineethanol 
(1) was prepared and unexpectedly found to be a potent 

<(2l./>~CH C(OH)C6Hb <^S—C==CC6H; 

C6H5 CF3 CSH6 CF3 

1 2 

estrogen. To our knowledge this is the first example 
of a synthetic estrogen of this type. Addition of 
selected substituents gave a series of compounds with 
decreased estrogenic activity that varied over a wide 
range. 

The compounds were synthesized by adding an 
aralkylpyridine anion to the appropriately substituted 
trifluoroacetophenone. Since two asymmetric 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.1 

Dehydration to the corresponding stilbene deriva
tive proved difficult. Starting material was recovered 
from several runs using various techniques such as 
heating with iodine, potassium hydrogen sulfate, 85% 
phosphoric acid, or p-toluenesulfonic acid in xylene. 
a-(2-I>yridyl)-a'-(trifluoromethyl)stilbene (2) was fi
nally obtained by using thionyl chloride in pyridine, 

(1) i l is likely t h a i a mix tu re was formed in all of t he reac t ions ami that 
the mix tu re was separab le given a large enough supp ly of s t a r t i n g mater ia l 
anil sufficient pa t i ence . Since the s t e reochemis t ry is u n k n o w n , t he pai rs of 
d ias te reo isomers were s imply des igna ted as the h igh-mel t ing form and the 
low-mel t ing form. Th i s carr ies no impl ica t ion t h a t all of t he h igh-mel t ing 
or low-mel t ing forms belong to t he same s tcreoisomeric series. 

13 nil; was added dropwise to an ice-cooled solution of 2.si g ui' 
the glycol in 2S ml of pyridine. At the end of 1 hr the mixture 
wits diluted with ether and the precipitated oil was dissolved in 
ether. The organic layer wits washed with ice-cold 2.5 .V HC1 
and witter and taken to dryness. The residual gum wa> again 
dissolved in pyridine (2N nil), treated with ethyl chlnroformalc. 
and worked up a> above. The gummy product was dissolved in 
300 ml of ben/enc and heated under reflux with 300 mg of Nail 
for 2 hr. The mixture was allowed to cool, 25 ml of saturated 
aqueous NHiOl was added, and the organic layer was separated. 
The gum which remained when the solvent was removed was 
ehroinatographed on Florisil (10',' acetone in ligroin and then 
100', acetonel to give 0.21 g of crude carbonate and 1.07 g of 
recovered glycol. The former was reerystallized several times 
from methanol to afford 0.16 g of product, mp J 58-160°. 

\-\p-( 2,3-Epoxypropoxy )pheny] | -2-phenyl-6-methoxy-3,4-
dihydronaphthalene !24).--The phenol (20) (5.0 g) was alkylated 
with I.S.i g of epichlorohydrin by means of 0.09 g of Nail in 
25 ml of DMF ami 125 ml of benzene in exactly the same manner 
used to obtain 21. The product was worked tip in the same win 
and then ehromulograplied (10 ' , acetone) to yield the epoxide. 
This material was reerystallized from cvelohexane to yield 3.(IN g. 
mp 114-117°. 

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

A small amount of an anomalous compound was ob
tained from the reaction of a-phenethylmagnesium 
bromide and trifluoroacetophenone. The product was 
homogeneous by vapor phase and thin layer chroma
tography. Since unreacted magnesium had been 
present during the addition, a pinacol condensation 
was suspected. Indeed, reaction of trifluoroaceto
phenone with a mixture of magnesium and magnesium 
bromide3 in ether gave a better yield of the unknown 
compound than the original reaction conditions. How
ever, the infrared spectrum showed strong carbonyl 
adsorption in addition to hydroxy! adsorption. Micro
analyses and molecular weight determinations were in 
agreement with a dimeric structure but with two 
fluorine atoms less than expected. Analysis of the 2,4-
dinitrophenylhydrazinc derivative also agreed with 
this empirical formula. 

The compound was hydrogenated catalytic-ally and 
slightly more than 1 molar equiv of hydrogen was 

i-J) M. S. Newman, unit W. T . l looll i , .lr.. ./. Am. Chem. SIM-., 67, lo t 
•l ' l- toi . Addi t ion of ferric chloride, as suggested by W. C. Percival , R. K. 
Wagner , anil N". C. Cook, ihid., 75 , 37:-!! (1H53), did no t affect the yield. 

-Mi M. Uomliei'g and W. K. B a c h m a n n , ibid., 49, 236 (1027). 
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A series of substituted a,0-diphenyl-a-trifluoromethyl-2-pyridineethanols and some related compounds were 
synthesized. Many were potent estrogens. 


