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2-[p-(3,4-Dihydro-6-methoxy-2-phenyl-1-naphthy!)phenoxy -
2-methylpropionic Acid (22).—A solution of 1.42 g of the ethyl
ester ind 3 ml of 3077 aqueons KOH in 50 ml of methanol was
heated under reflux for 5 hr. The solvent wax then removel
in vacuo, the residnal solid was suspended i water, and this mix-
ture was mide strongly acidic with 2.5 .V HCL. The precipitate
wis collected on o filter and recrystallized twice frim aquenns
methanol.  There was obtained 1.04 g of product, mp 136 -
137°.
1-{p~-(2,3-Dihydroxypropoxy )phenyl|-2-phenyl-6-methoxy-3,4-
dihydronaphthalene (23).—To a =uspension of 2.97 g of phenal
in 50 ml of methanol there was added 2.1 ml of 4.55 .\ NaOCH,
in methanol.  When the =alid had completely dissolved, 1.0 g
of T-chlbropropane-2,3-diol was ndded. The mixture was heated
for 20 hr under reflux and the =olvent was removed in racuvo.
The rexidue was dissolved 1 ether and water. The organic layer
wis wished with 5% aqueous NaOH, water, and brine and taken
to dryness. Chromatography of the residue aver Tlomsil (4¢
acetone in Hgroin and then 1004 acerone) gave the glvent in the
st fraction.  The solid was recrystallized 1wice fram aqueons
methanol (o give 1.33 ¢ of 23, mp 106-108°,
11-{p~(2,3~-Dihydroxypropoxy )phenyl|-2-phenyl-6-methoxy-3,4~
dihydronaphthalene Cyclic Carbonate (25).-—Ethyl chlaraformate
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(5wl was added drapwise 1a an iee-enaled sohitim af 2,81 g oof
the glveol in 25 ml of pyridine. At the end of 1 hr the mixtre
wias diluted with ether and the precipitated oil wis dissolved in
cther. The organnie laver was washed with ice-cald 2.5 N HCI
and witor and taken o dryness. The residual gun was again
dissolved in pyridine (2% ml), treated with ethyl chlarnfarniate,
al warked npas abave. The gummy prodiet was dissolved i
300 ml of benzene and heated under reflux with 300 mg of Nall
far 2 hr. The miximre was allowed 1o coal, 25 ml of satmrated
aqueons NH;CL was added, and the organic lnyver was separatid.
The gun which remained when the solvent wus remaved was
chromatographed an Florisil (107, aceione in ligroin and thes
VY acetone; o mive .21 g of emde earbonate and 1.UT g of
recavered glvenl. The former was vecrvstatlized several thnes
from methaunl to attard 0.16 g of product, mp 138--160°.

1~|p~2,3-Epoxypropoxy )phenyl!-2-phenyl-6-methoxy-3,4~
dihydronaphthalene (24).-—The phennt (20) (5.0 g) was alkyviated
with L8R3 g of epichlarohvdrin Dy means of 0.6 g of NaH in
25 mbof DMEF wnl 125 ml of benzene in exactly the <aome manner
nsedd tinbiain 210 The product was wirked up i the same way
and then chimmnographed (1097 nvetone) 1t yeld the epaxide.
Thix material was reerystallized frimn evelahexnne 1o vield Hoox g,
mp Th-11770
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A series of substituted a,g-diphenyl-a-trifluoromethyl-2-pyridineethaols waid =ovime related compounds were

synthesized. Many were potent estrogens.

a3~ Diphenyl- e~ trifluoromethyl-2-pyridinee thanol
(1) was prepared and unexpectedly found to be a potent

N N
77N, CH——C(OH)CH, /<_ PN Camem OO H,
I Sr= ! i

C{;}‘I‘, CI"a Cg,H;, CF;;
1 2

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

The compounds were syuthesized 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 isoniers were separated by fractional crystal-
lization.!

Dehydration to the corresponding stilbene deriva-
tive proved difficult.  Starting material was recovered
from several runs using various techniques such as
heating with iodiue, potassium hydrogen sulfate, 859
phosphorie acid, or p-tolucnesulfonic acid in xylene.
a-(2-Pyridyl)-o'-(trifluoromethyl)stitbene (2) was fi-
nally obtained by using thionyl chloride in pyridine.

(11 1cis likely ¢hat o mixenre was formed in all of chie reactions and that
e mixiure was separable given g large enonglc supply nf starting material
and sufficient patience. Since the sterepchemistry is uuknown, the pairs nf
diasterenisviners were simply designated as the higli-melting forin and the

low-meiting form. This carries no implicatiun (hat all of the high-meltine
or Ipw-melting farms Lielong to the same sterevisniueric series.

Substituted 2,2,2-trifluoroacetophenones have becen
reported by several authors.  Most commonly thesc
preparations involved a I'riedel-Crafts reaction.  Al-
though this reaction was successful in a few cases, it
wis not generally applicable. The addition of au
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 wax ob-
tained from the reanction of a-phenethylmagnesium
bromide and trifluoroacetophenone.  The product wis
homogeneous by vapor phase and thin layer chroma-
topraphy. Since unreacted magnesium  had  been
present during the addition, a pinacol condensation
wik =uspected.  Tndeed, reaction of trifluoroaccto-
phenone with 2 mixture of magnesium and magnesium
bromide® in cther 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 hydroxyl adsorption. Mlicro-
analyses and molecular weight determinations were in
agreement with 1 dimerie structure but with two
fluorine utoms less than expected.  Analysis of the 2.4-
dinitrophenythyvdrazine derivative also agreed with
this emipirieal formuli.

The compound wus hydrogenated catalytically and
<lightly more than 1 molar equiv of hyvdrogen was

21 M, =0 Newman and W L Voorle Jdr., Jy e Chera, Soe., 8T, 154
Uy, Adidition of ferrie oblbride, as suggested hy W. C, Pereival, R. B
Wapner, and N, C, Coak, ibdd., T8, 3731 (1U53), dill nvt affect the viebl

e ML Gombere and W, 1 Bavhimann, <bid., 49, 236 (1027).
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Tasre I
«,8-DIPHEN YL- @~ TRIFLUOROMETHYL-2-PYRIDINEETHANOLS
R, (l)H .
N 2
=T
CF,
—~—% Carbon—— ~~% Hydrogen— ~~4% Nitrogen—
R1 R: Mp, °C Formula Caled Found Caled Found Caled Found E8¢

H H 190-190.5 Cy,HiFsNO 69.96 70.03 4.70 4.85 236
H H 159.5-160 CoH F3;NO 69.96 70.18 4.70 4.91 113
2-0CH; H 145-146.5 CaHisF3NO;, 67.55 67.30 4.86 5.00 3.76 3.95 3.5
2-OCH; H 110-112 Cu HisFyNO, 67.55 67.58 4.86 4.03 3.76 3.91 14
4-CH; H 193-195 CoHsF3;NO 70.57 70.58 5.08 5.46 3.92 4.19 1.0
4-Cl H 174-175 CyoH sCIF;NO 63.57 63.82 4.00 4.26 3.71 3.87 62
H 2-Cl 157-158 CooHsCIF;NO 63.57 63.56 4.00 4.10 3.71 3.76 183
H 2-Cl 133-134.5 CyoH :CIF;NO 63.57 63.39 4.00 4.21 3.71 3.61 20.8
H 3-Cl 169-170 CyoHisCIF;NO 63.57 63.78 4.00 4.17 3.71 3.74 25
H 4-Cl 159-161 CoH;CIF;NO 63.57 63.70 4.00 4.23 3.71 3.79 30.2
H 4-CH; 141-142 CoHsF3;NO 70.57 70.42 5.08 5.24 3.92 4.07 3.9
H 4-CH; 180-182 CoHisFsNO 70.57 70.45 5.08 5.37 3.92 4.14 2.8
H 4-OCH; 113-115 Co HsF3;NO, 67.56 67.73 4.86 4.96 3.76 3.81 51.3
H 4-OCH; 152-153 CoHsF3NO; 67.56 67.44 4.86 5.13 3.76 3.93 65.6
H 4-C¢H; 183-184 CyeHyoFsNO 74.46 74.74 4.81 5.02

= Estrogenic potency was measured as the number of micrograms of diethylstilbestrol required to give the same biological effect as
1 mg of test compound. Thus, diethylstilbestrol would have a rating of 1000.

TasLE II
B~PERFLUOROALKYL-8-PHENYL-2-PYRIDINEETHANOLS

R,
|

OH

0
—C
/N\ (l: |

<J R R
G Carbon—— ~% Hydrogen— ~% Nitrogen—

R: Re Ra Mp, °C Formula Caled Found Caled Found Caled Found Es®
H CF, H 151-153 CHpF:NO-HCl 55.36 55.26 4.31 4.57 4.61 4.52 0.9
H CF, CH; 138-140 CpHuLF:NO 64.07 63.99 5.01 5.40 4.98 5.09 4.4
H CF, CH,CH,CH; 129-130 CiH;sF:NO 66.01 66.26 5.87 6.08 4.53 4.44 1.0
H C.Fy Ce¢H; 166-167 CoHF5sNO 64.12 64.15 4.10 4.14 3.56 3.86 22.0
H C.H; CiH; 151-153 CyH e F:NO 64.12 64.12 +. 10 4.28 3.56 4.33
CH; CF, C¢H; 137-137.5 CuH;sFsNO 70.57 70.55 5.08 5.25 3.92 3.96 0.8

= Estrogenic potency was measured as the number of micrograms of diethylstilbestrol required to give the same biological effect as
1 mg of test compound. Thus, diethylstilbestrol would have a rating of 1000.

adsorbed. The product showed no carbonyl band in
the infrared. Treatment of the unknown with aqueous
sodium hydroxide gave approximately 1 molar equiv
of benzoic acid. The nmr spectrum dictated structure
3, which is consistent with the rest of the data. In

CGH;—,COCHFC]( OH)C¢H;

CF;
3

addition to ten aromatic protons there was one unsplit
hydroxyl proton and one proton split by the fluorine
into a doublet with peaks at 5.80 and 6.58 ppm.
Pharmacology.—The compounds were tested for
estrogenic activity using the wvaginal-smear tech-
nique.* Tests on selected compounds using the in-
crease in uterine weight method® gave comparable
results. These data are recorded in Tables I and II.

(4) C. W. Emnmens, Methods Hormone Res., 2, 65 (1962).
(5) C. W. Emmens, ibid., 2, 93 (1862),

Substitution had a deleterious effect on the estrogenic
potency. This was surprising since substitution in
the stilbene series of synthetic estrogens gives a striking
increase in potency,

Experimental Section

Melting points were determined in open capillary tubes using
the Thomas-Hoover apparatus equipped with a thermonieter
calibrated against known standards.

2/.Chloro-2,2,2-trifluoroacetophenone.—Excess trifluoroace-
tonitrile® was added over 45 min to the Grignard reagent prepared
from 100 g of 3-bromochlorobenzene, 13 g of magnesiuni, and 400
ml of dry ether. The temperature was maintained at 0° and a
Dry Ice condenser was used to contain the trifluoroacetonitrile.
The mixture was allowed to stand at 0° for at least 3 hr and was de-
composed with ice and dilute Hy804. The ether layer was washed
with water, dried (MgS0O,), and concentrated on a rotary evapo-
rator. The residue was distilled twice through a 10-cm Vigreux
column at 77-80° (20 mm); yield of colorless liquid, 22 g (209%).

Anal, Caled for CHCIF;0: C, 46.06; H, 1.93. Found:
C, 46.05; H, 2.18.

(6) Obtained from Columbia Organic Cliemicals.
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3’-Chloro-2,2,2-trifluoroacetophenone,’ by 76-78° (19 mu), was
prepared in the same manner in 305, yield.

4‘-Methoxy-2,2,2-trifluoroacetophenone.—The Grignard re-
agent prepared from 125 g of p-bromoanixole, 17 g of Mg, and
350 ml of anhydrous ether was cooled to 0° and added dropwise tu
4 solution at —70° of 273 g of trifluoroacetic anhydride in 250 ml
of nnhydrous ether. The mixture was maintained at —60 to
—70° for 16 hr and then decomposed with ice and HCL.  The
ether Liyer was washed with cold aqueons Na.COy sohition until
neuiral, then water und dried (MgSQy4).  After two distillations
nsing a 10-cm Vigreux column 27.8 g (2097 vield) of a colorless
oil, bp 108-112° (23 mm), was obtained.

Anal. Cated for CollF,0,: C, 3205
¢, a3.00; H, 3.91.

4'-Chloro-2,2,2-trifluoroacetophenone.’>—0Using the proeedure
given above, 4’-chloro-2,2,2-trifluoroacetophenone, bp 80-84°
(19 mm), was synthesized in 349 vield.

«,8-Diphenyl-a-trifluoromethyl-2-pyridineethanol (1).--To
the blood red solition of phenyllithium prepared from 10 g of
Lithium ribbon, 67 ml of bromobenzene, und 500 ml of anhydrous
ether whs added dropwise, at reflux temperature, 98 g of 2-benzyl-
pyridine (Reilly Chemieal) in 200 mt of ether. The mixture
turued dark  orange.  a,e,e-Triffluoroacetaphenone (100 g,
Columibia Organic Chemicals) in 200 il of ether was added drop-
wive. The mixture was stirred at reflux for 3.5 hr and decom-
posed by adding 500 ml of water. The heavy precipitate which
formed was collected by filtration and washed with cold ethanol;
vield 139 g, mp 153-163°. Evuaporation of the ether layer gave
a dark resichie which was cerystallized from ethanol; yield 5 g,
mp 173-180° (over-all crude vield 72¢(). Repeated fractional
ery=tallization gave 24 ¢ of high-melting isomer, mp 190-190.5°,
ad 28 g of low-melting omer, mp 13D.5-160°.  Substituted
a,8-diphenyl-e-trifluoromethyl-2-pyridineethanols  and  related
compounds prepared by the nbove method are listed in Tables
T and L.

«,B8-Diphenyl- a-trifluoromethyl-3-pyridineethanol.—Sodinm
diisopropylamide was prepared by the method of Raynolds and
Levine® from 0.2 mole of isopropylamine. To this mixture at
5-15°, was added slowly 33 g of 3-benxylpyridine in 35 ml of
benzene.  After 30 min, 17.5 g of a,a,a-triflucrcacetophenone in
17 ml of benzene was added slowly. The inixture was stirred for
I hr after the addition was complete and decomposed by the
addition of a mixture (1:1) of benzene-isopropyl alcohol. A
dry nitrogen atmosphere was maintained thronghout the reaction.
Hydrochloric acid was added to pH 1 and the layers were sepa-
rated. The acidic aqueous layer wis washed twice with benzene
and then made alkaline by means of 200; NaOH. The aqueous
Inyer was decanted from a brown thick oil and was extracted
several times with ether. The ether extracts were combined with
the brown oil, dried (MgS0y), and evaporated. The residue was
erystullized from ethanol~heptane with charcoal and then three
times from methanol; yield 1.5 g, mp 222-223°  listrogenic
potency wis 3.5 (see footnote ¢, Table I for an explanution of this
vahie).

Anal. Caled for CuHFaNO: €, 69.07; H, 4.70; N, 4.08.
Found: C, 69.83; H, 4.64; N, 4.12.

«,8~Diphenyl- o-trifluoromethyl-4-pyridineethanol.-—Iollow-
ing the above procedure, there wus obtained 2.0 g of colorless
erystals, mp 211-212°, Esirogenic putency was 19.8 (footnote
a, Table T).

Anal. Caled for CyuHF3NO:
Found: ¢, 69.91; H, 471: N, 4.25.

A lawer melting form was also isolated but a constant melting
point was nat obtained.

I, 5.46. Found:

(, 69.97: I, 470; N, 408,

(7) 3. D. Parke, H. AL Browu, aml J. R. Lacher, J. Am. Chem. Sor., T3,
708 (1941), prepared this eomnpound by a different route.

(8) A. Kaluszyner, 8. Reutner, and E. ID. Bergmann, thid., 77, 1164 (10:15),
nsed anatlier route to this compound.

(1) %, Raynolds and R. Levine, 1hid., 82, 172 (1960).
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w~( 2-Pyridyl )~ ‘~(trifluoromethyl)stilbene (2).- "T'a o0 ~olution
at 35° of 140 g of «a.g-diphenyl-a-trifluoramethyl-2-pyridine-
ethanol (1) in 1 L of pyridine was added 288 mil of SOCL over o
3-hr period.  The mixture was allowed (o stand overuight;
it gnve a dark salntim and o black tar. The sohition was de-
canted and evaparated in ovacwo.  This residue mnl the tar
obtiined from the renctiom were treated with hot sannated Nu-
HCU; sohition vomtaining abour 25¢; ethannl, This solntinng
wis dilnted with water uniil no further precipitation aaarred
and the black precipitate was extracied =evernl times wiih
ethyt acetate aud warer. Insoluble material was discenrded.
The ethyl ncetute extracts were evupornted <n vacuo and taken
np in several partions of ether.  The cambined ether extract was
evaporated and the dark oil was crystallized twice with chireonl
from 957 denatnred ethanol cantaining a few draps of water:
vield of off-white salid, 147 g, mp 81-83°. Twa erysinllizations
af @ small portion vielded an analytieal sample, 1np 87-88.5°.

dnal. Caled for CoTLdSN: C0 T84 L 404 N, 131
Faund: €, 73080 1, 489 N, 4170

24,4 4-Tetrafluoro-3-hydroxy-3-phenylbutyrophenone (3).

Ta 144 ¢ of Mg turnings suspended in 200 ml of dey eihier was
added dropwise 24 g uf bramine nt a rate tamaintain gentle reflux.
A xohution of 50 g nf trithioroncetophenane in 30 1l of cther was
added dropwise ty the heterogenons mixture.  The reaction was
mildly exatheranir,  After being allowed to <tand nvernight the
mixtnre was deeomposed with ice aud HCL The hyers were
separated and the agqueons layer was extracted with ether.  The
combined organic exiraer was dried (MgSO40 and evaporated in
aoratary evaporator. Vacann distillation vielded 204 ¢ of
mnreacted (rifluoroncetophenone, bp H0-53° (18 nim), and a
brown semisolid residue. By repeated extractions of the browny
resicdiue with balling evelohexime followed by concentration of
the combined extracts there was obtained a tan solid.  The snlid
was crystallized trom evelohexane with chaveoal (o yield 5.0 ¢
af white erystals, mp 105-106°. The campound was homnge-
neois by thin kayer chromatography an siliva gel in severnl sal-
veuts,  The infrared spectnim showed strong hydroxyl absarp-
tion at 3270 e~ and carbanyl absorption ar 1707 cm ™ (KBr
dizk’. The e spectmm showed 10 aramatic protans at 7.1+
7.8 ppm, ane hydraxyl proton at 4.65 ppm, and one protan sphi
into a doublet with maxima at 5.80 and 6.58 ppm.

Anal. Caled far CulpFO0 G 61525 11 388 1) 2400,
mol wt, 412, Foand: ¢, 6143 1L 4240 F, 28,94 nal wt
(Raxt), 209,

2,4-Dinitrophenylthydrazone derivative.

dnal, Caled for Gl FN.Oy €, 53.66; 1, 8.28; 1) 1548,
N, 1139, Found: €, 53.42; 11, 8.86; F, 15.45; N, 11.52.

Hydrogenation of 3.- A sample (183 mg) of 3 wius hydrogenated
ai 1O atm pressure using PtOs catalyst, and 11097 of the thea-
retival amaunt of hydrogen wis ndsorbed.  The product was an ail
which could not be induced to solidify. The earbonyl band in
the infrared spectrum had completely disappeared.

Treatment of 3 with Alkali.--Treatment of 250 mg of 3 with 10
mlof 1.V NaOH =ohition ni B0° for 1 hr gave a drop of oil.  The
oil wax extracted nto ether and the ether solution was washal
with 1 & NaOH sohitime  The combined basic extract was
acidified with HCHL and extracted with ether. Trom the ether
extract there was obtained 80 mg (ealed, 97 mg) of benzoie acid,
mp 121° alone and mixed with an autbentic sample.

Acknowledgment.- -''he cstrogenic assays were car-
riecd out by Dr. Fred Armstrong of the Bioassay De-
partiment, Parke, Davis and Co. We appreciate hix
courtesy in allowing us to publizh these data.  NMicro-
analy=es were by Mr. C. Childs and his assaciates and
spectra were by D, John Vandenbelt and Mr. R. 3.
Scott and thelr associales,

A0y N specira were sakain in COCL solutivn using a Varian A-60 in-
strument. Tetrameilhyisilane was used as aun interual standard.
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