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washed again with water and taken to drymness. The residne
was dissolved (CHsClp) and washed with 209 HI, and the lormer
solution was taken to dryvness.
lized from methyvlene chloride-ethyl acetate to afford 1.17 ¢ of
42, mp 220-222°. An extensively purified smnple melted ai
222-223°, Amax 283 mu (e 17,800).

The residual solid wax reervstal-
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A series of triaryihaloethyvlene compounds were synthesized and sereencd Tor their ellcets on pituitary gonado-

trophing in animals.

One, 2-{p-(2-chloro-1,2-diphenvivinyl)phenoxyltricthylamine dihydrogen citrate (1,

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

Robson and Schouberg® reported that triphenyl-
cthylene and triphenylehloroethylene were estrogens
of low potency but of unusual duration of action.
Shelton, et al.,* and others®® have shown that substitu-
tion with alkoxy groups increased the potency of thesc
derivatives. This report concerns a series of sub-
stituted aminoalkoxytriarylhaloethylenes having gona-
dotrophin inhibitory propertics when tested in rats (sce
Tuble 1),

The compounds were prepared by the reaction of
appropriate benzyhnagnesium halides with substituted
diary!l ketones (1), followed by dehydration of the re-
sulting ethanols (IT) to the triarviethylenes (ITDH), which
upon halogenation yielded the haloethylenes (1V)
(Scheme T).

The basic substituted ketones [ were generally pre-
pared by the reaction of a substituted aminoalkyvl
halide with the sodium salt of the hydroxybenzo-
phenone in ethanol.

Halogenation was attempted by o variety ol
methods,” the most successful being direct chlorination
in chloroform. The use of N-chlorosuccinimide or N-
bromosuccinimide was found to be less satisfactory, s
ihe products obtained with these agents required con-
siderable purification.  In one case, direct bromination
of  1-[p-(8-dimethylaminoethoxy)phenyl]-1-phenyl-2-
{p-methoxyphenylhethanol gave a low yield of the dc-
sired haloethylene.

Noncrystalline hydrochloride salts of the compounds
were converted to the bases with 1097 sodium hydroxide
solution and then to dihydrogen citrate salts with an
cquivalent amount of citric acid in butavone.  The di-
hydrogen citrate salts arce subsequently recrystallized
from butanone or 2-propanol.

{1y Vresented in part at the 130th Ngtional Mecting of the Nneriewn
Chemical Rociety, St. Lonis, Mo., March, 1961, Abstracts, p 20N,

(2) To whom correspondence should be addressed.

(31 J. M. Robson and A. Schinberg, Nulure, 140, 196 (1947).

{4) R. 8. 8helton, M. G. ¥an Campen, Jr., 1J. V. Meizner, 8. M. Panuer~
Ler, E. R. Andrews, R. 15, Allen, and K. K. Wycoff, J. Am. Chem. Soc., 75,
5491 (1953).

(5 F. C. Dodds, L. Goldberg, W, lLawson, and R. Riolbsuson, Peos, Boy.
Soc. (London), B127, 140 (1934),

(6) C. R Thommsorc s 100 W0 Werner, fene, Saey Foggl, Bind . Xvd 0 T7,
101 (1051).

(7 R.E. Alen, ¥, P Palepoli, 15 L. Selimuom, and A Gl Viae Craayeen,
Jy., UL S0 Batent 2,914,063 (1959); Chem. Abete., 54, 5081¢ (1960,
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Repeated recrystalhization of certain of the hydro-
chloride salts of these compounds allowed the separation
of the compounds into their c¢zs® and trans® isomers (i.¢.,
1a and 1b) which were subsequently characterized.

Tests for gonadotrophin inhibition were performed on
intact imnature male rats. The test compounds were
administered subcutaneously in an oil vehicle at an
initial dosc of 50 mg/kg/day for 10 days.  Lower doses
were ntilized in subscquent studies.  Autopsies were

(8t s wnd rans are delmed leere in lenas of rhe geowmetrie relationship
of the twro nnsubstitgied plhenyl rings.
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TasLe 1
AMINOALKOXYTRIARYLHALOETHYLENES

|

R2

Yield, Carbon, % Hydrogen, 9%  Halogen, 9%

No. R R* R3 X Mp, °Ce Method % Formula Caled Found Caled Found Caled Found
1 (C:H;)2NCH.CH.0 H H Cl  116-118 A 91 CasHayuCINO¢ 64.26 64.38 6.07 6.36 5.93 5.50
la  (C:Hy):NCH:CH:0 H H Cl  156.5-158.0 E CasHasCIN 0P 70.58 70.45 6.61 6.64 16.03 15.87
b (C:Hs):NCH:.CH.0 H H Cl  149.0-150.5° E C2sHasCINOP 70.58 70.84 6.61 6.54 16.03 15.92
2 (C:Hs)2N CH.CH,0 H H Br 125127 C 37 CasHasBrNO°¢ 59.81 60.31 5.65 5.72 12.45 12.06
3 O NCHCHO H H Cl 203 B 42 CusHaCIN QoD 68.40 68.16 5.96 5.86 3.07¢ 3.18
4 (C:Hy):NCH.CH:-CH:0 H H Cl o 110-112 B 62 C:HaCINO¢ 64.74 64.39 6.26 6.32 5.79  5.40
A (CH3):NCH:CH:0 H OCH; Cl 100-102 B 51 CaHasCINOo® 62.04 62.31 5.71 6.09 5.91 5.92
6 (CH3):NCH,CH:0 H OCH; Br 114-116 D 9.3 C2sHz6BrN 0:¢ 57.76 57.54 5.32 5.56 12.40 12.94
7 (C:Hz)aNCH.CH:0 H OCH: C1 127 B 71 CrHuCINOa¢ 63.10 63.32 6.10 6.36 5.64  5.33
8 (C:H;)2NCH:CH:0 H OCH; Br 128-130 C 6.2 CxHuBrNO»¢ 58.93 38.54 5.69 5.58 11.88 11.47
9 (CsHg)2:NCH.CH:0 H OCH: Cl 149-153 B 33 CaHusCINO:b 70.43 70.38 7.44 7.40 13.42 13.44
10 { NCHCHO H OCH; Cl  186-187 B 38 C2sHeCIN O 69.42 69.56 6.45 6.84 14.64 14.14
11 (C2Hs)2NCH:CH:0 H cl cl 111-112 A 52 CasHyCLN O¢ 60.76 60.14 5.58 5.70 2.22¢ 2.28
12 (C:Hs)eNCH:CH.0 Cl OCH:; Cl1 180-183 B 63 CuHw»CLNO:?  63.97 63.88 5.97 6.10 20.99 21.18
13 (C:Hs)sNCH:CH:0 OCH; H Cl 103107 A 68 CuHnCIN Of 63.10 63.12 6.10 6.10 5.64 5.62
14 (C:H5):NCH=CH:0 H ¥ Cl 199-201 A 8 CuHnCIFNO!  67.82 67.43 6.13 6.44 3.04¢ 2,95

« Melting points are those of the salts indicated in the formuta. b Hydrochloride salt. ¢ Dihydrogen citrate salt. ¢ Indicates N
analvsis. ¢ A polymorphic form of this isomer melts at 159-161°.

RO RC clinical studies showed that 1 induced ovulatory-type
O /@ @\ Gl menses in anovulatory, amenorrheic wonen.
C=C C=C

Ny , ,
Experimental Section
la(trans) 1b (eis) The ethylene starting materials for 1-4 and 7 are described in
. ref 7 while those for the remaining haloethylenes (except 13) are
R=HCI.(C,H;),NCH,CH, described in ref 15. The starting material for 13 was prepared

.. from 4-(B-diethylaminoethoxy)-4'-methoxybenzophenone!® ac-

performed on the day after the last injection, and the ¢ 1qing toﬁref 15.y ¥) Y P
organs were removed and weighed. Method A. Direct Chiorination. 2-{p-(2-Chloro-1,2-dipheny!-
In comparison with the untreated controls, immature vinyl)phenoxy]triethylamine Dihydrogen Citrate (1).—To a solu-

. e il hio loet tion of 250 g (0.615 mole) of 2-[p-(1,2-diphenylivinyl)phenoxy]-
male rats treated with high doses of the haloethylenes triethylamine hydrochloride in 900 mi of dry chloroform swas

showed significantly lower weights of t'h? sex alld. sex added, over a period of 2 hr, 1190 mt of a CCl, solution containing
accessory organs. Confirmatory tests in parablotic  38.6 g (0.646 mole) of Cl/I. After the addition was completed,
rats also showed the potent gonadotrophin inhibitory the solution was stirred at room temperature for 30 min and then
qualities of the haloethylenes. r?if(lil'l‘i('ed fofr lwhr.COThe 15\911(1;5%?1 ‘ivas. coole%hand mag‘lelbasic by

One representative compound, 2-[p-(2-chloro-1,2- ?emt)igé Oafd‘ gi‘ied3 ?\r{‘ 2011 soltlon, e o o)

. ! . : . . MgS0O,). The chloroform was removed
diphenylvinyl)phenoxy Jtriethylamine dihydrogen cit- under reduced pressure and the residue that remained was con-
rate (1, clomiphene citrate).® gave 3509 inhibition of verted to the dihvdrogen citrate salt using 115 g (0.615 mole) of
ovarian hypertrophy in parabiotic rats at a dose of 0.1 citric acid in 1000 m! of butanone and 300 mi of hot methanol.
mg/kg/day.®  Animal studies further suggested that in On cooling 334 g (91%) of product, melting at 116-118°, was

” S . obtained.
;1dd1t10n‘ to gonadot%‘ophm—m'}nbltmg properties, 1 had In a number of trials, the vields varied from 41-93¢, with
estrogenic and antiestrogenic actions.1®11 Testgl0.1? most of them being near 90%.
performed with low doses (0.1-0.5 mg/kg/day) of 1 Method B. Halogenation with N-Chlorosuccinimide. N-[2-

in intact, imunature rats resulted in increased ventral {70-Ch10_f0-2-70-mEthoxyphenyl-l-phenyl)vinylphenoxy}ethyl]di-
rostat -cioht of the test animals above that of th butylamine Hydrochloride (9).—To a solution of 14.5 g (0.029
prostate weight o tire test ammals above that or the mole) of N-[2-{ p-(2- p-methoxyphenyl-1-phenyvivinyl)phenoxy }-
('prltl'OIS- These results siiggest gonadotrophin stimula- ethyl]dibutylamine hydrochloride in 150 ml of dry chloroform was
tion by low doses of 1. Reports'®1* on subsequent added a solution of 4.4 g (0.033 mole) of N-chlorosuccinimide in
o 100 ml of dry CHCL. The reaction mixture was refluxed for

(9) Clomid® is the Win. 3. Merrell Co. tradeinark name. The accepted 14 hr, cooled, and washed with water, After drving the chloro-
generic naine is clomiphene citrate. In early literature reports, it was also form )Solution) (\IgSO‘;l) the chloroform was reméved bv distilla-

> - 3 ' * >

referred to as chloramiphene citrate. s R H 3
(10) D. E. Holtkamp, J. G. Greslin, C. A. Root, and L. J. Lerner, I'roc. tion and ethy! acetate was added. The white crystalline product

Soc. Exptl. Biol. Med., 106, 107 (1960). obtained was recrystallized twice from ethyl acetate to give 5.0 g
(11) D, E. Holtkamp, R. 1I. Staples, J. G. Greslin, and R. H. Davis, (33%) of product, which melted at 118°, then resolidified and

Ezxrerpla Med., in press.
(12) =, Roy, V. B. Malesh, und R. 13, Creenblalt, Aoto £ndorripol., 47,1344

(1961). (15) R.I%. Allen, ¥. P. Palopoli, E. L. Schumann, and M. G. Van Campen,
(13) R. . Greenblatt, W. 1. Barfiekd, . C. Jnugek, and A. W. Roy, J. Jr., U. 8. Patent 2,914,561 (Nov 24, 1959): Chem. Abstr., 54, 5581e (1960).
Am. Med. Assoc., 178, 101 (1961). (16) Britishh Patent 929,254 (June 19, 1963): Chem. Abstr., 60, 28279

(14) R. W. Kistner, dm. J. Obslet. Gynecol., 92, 380 (1965). (1964).
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melted ot I50° After the produet was dried at 100° /n eoeno.
1t melted at 140-153°,

Method C, Halogenation with N-Bromosuccinimide. 2-{p-
(2-Bromo-2-p -methoxyphenyl -1 - phenylvinyl )phenoxy|triethyl-
amine Dihydrogen Citrate (8).--To a solution of 46.1 g (0.095
mole) of  2-[p-(2-p-methoxyphenyl-1-phenvivinybphenoxy tii-
cthyviamine hyvdrochloride in 200 ml of dry CHClL at 1° was
added a snxpension of 19.6 g (0.11 male) of N-bromosnccinimide
i 300 ml of dry chloroform,  The mixtire was stirved at 0° Tor
S hr then wus allowed to stand for 24 hr at 0°. The reaciion
mixtnre was kept at 0° while an excess of 1007 NaO was added.
The organice laver was removed and dried 1 MgsO4). The residne
that remained upon rentovalof the chloroform was converted o the
dihvdrogen citrate =alt, nsing 184 g (0,095 male’ of eitrie acid in
butanone.  The crvstalline prodinet obtained was recrvstallized
seven times from butanone and once Irom 2-propanol to give
4.0 ¢ (6.297) of prodnet, melting at 128-130°.

Method D. Bromine in Glacial Acetic Acid. N-[2-] p-
(2-Bromo-2-p - methoxypheny! -1 - phenylvinyl)phenoxy |ethyl)di-
methylamine Dihydrogen Citrate (6).--Ta n sohition of 10.0 ¢
(10,025 mole) of 1-Tp-(8-dimethylminachoxy iphenyi-1-phenyi-
J-( p-methoxyvphenvhethimot v 50 b of glheial aeetic ncid was
added a sohntion of 8.0 g10.05 mole) of bromine in 50 ml al ghieinl
acetie acid at 15° The renction mixtinre was sthrred for 1 hr
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after the addition was completed at 15%, then coaled tan” wnd
nade basic with an excess of NaOMH. The free mmine was ex-
racted with cther and dried (MgSOs).  The residne thay re-
mained after removal of the ether wis canverted to the dibvdio-
gen eitrate salt, nsing 4.8 g (0.025 mole) of cifric acid in bhutanove.
The pradnet was reervstallized six times fram himanone to give
LA g 105505 of produet melting at 114--1163,

Method E. Fractional Recrystallization. Isomers of 2-|p-(2-
Chioro-1,2-diphenvivinyl )phenoxy|triethylamine Hydrochloridc.

The dihvdrogen citrate salt of T was converted to the base with
agqieons NaOH <alntion. The base was extracted with ether,
dried € MO, fihered, and treated with adeoholic HCL - The
oil which sepiated was taken np in hot hntanone, and npion
cooling, a =olid Mracrion was obtained,  Fiarther fractions were
obtained hy condensing the mother lgnar of the previons Trae-
tion and coaling.  Bepetition o this process vielded isomer a
hydrochloride {1a) which melted at 156.5-158.0° INE Y 250 g
Ce 20,5000, 291 mpu e 12,7001, and i=omer b hydrochloride (1b)
which mehed ar 1400 150.5° ALY 209 mu e 22,1010, 207
M le L6001

The longest wavelengih maxinnmm in each of 1he nhraviola
<pecira has heen attiibiuted to o stilbenc-tyvpe chromaphore.
These datic suggesr that 1b is the e dsomer and therelore 1a
1x the Hrones samer,

Synthesis and Pharmacological Properties of New

9.10-Dihydro-9,10-ethanoanthracene Derivatives

Jacques R. BoissiER,

Liestatal de Phormacoloyic, Faculle de Médecine, Ta-Paris diawe, Peanee

Rocer Ratouls, CLavve Dusoxt, Latrext Taviaxy axn Juasyize Fonrwst
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Recerved Jiudy 4, 1956

A munber of substitnted 9,10-dihiyvdro-9,10-ethanoanthracenes have been synthesized and evalnated for their

pharmacological activity.
and local anesthetic activities,

The ability of anthracence o act as a conjugated dicne
in a Diels—Alder reaction wuas first reported 1 1931
The resulting 9,10-dihydro-9, 10-ethanoanthracenes rep-
resent a fairly simple polyveyclic system which has re-
mained unexplored in the field of medicinal chemistry.
Recently, a series of 9-anunoalkyl-9,10-dihydro-9,10-
ethanoanthracenes was patented? and. while our work
was in progress, two patents** reporting the prepara-
tionn of 1l-aminoalkyl-9,10-diliydro-9,10-ethanoanthra-
cenes were published.  Some of these compounds were
studied especially for their psychotropic activity.?:3
The present paper deseribes two series (I and T1) of de-
vivatives of 9,10-dihydro-9.10-cthanoanthracene sub-
stituted in the 11 position by an aminoalkyl or an
antinoalkylamino group (I). or by an aminoalkoxy or
an aminoalkoxvalkyl group (I1). and one series of 9,10-
dilivdro-9,10-ethanoanthracence derivatives substituted
in the 9 position by an aminoalkoxy group (III). In

(1) O, Diels, IX. Aldér, and 2. Beclnmann, den. Chem., 486, 191 (1031,

1} (1) Ciba R, A., French Patent 1 30 (1963): (b) Ciba 5. .,
I'rench Patent 1,744 M (1963): (c¢; (Ciba Ltd.. Sonth African Patent
a4/4818 (1965); () P. Selimidt, M. Wilhimn, and K. Fichenberger (to
Ciba T.td.), Nwiss Patent 598,570 (14u66); (e) Ciba Ltd., Sonth African
Patenl 6476631 (19G86),

(3 Geigy A. G, Dutel) Parenc 6,412,205 (1965

(4 K. Kitalonoki and R. Kido (to Shionogi awl Co., Led.), French
Pareni 1,421,996 (19635).
Y K. AL Tliigel, R. Swoerger, and Th, Veil, drzieymittel-Forcech., 12, 1302

Some of these compounds show marked anticholinergie, hypotensive, antihistaminie,

Ry
(CH2), N ANT
PUNg TSR

2
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cach scries, NRiRe represents alkylamino or dinlkyl-
amino groups or o satwrated heterocyclic moicty.  Inl,
NRiRy can represent a 2-dimethylaminoethyl group.
The most convenient route to 1l-aminomethyl con-
pounds (I. n = 1) was the veductive anmination of the
readily awvailable 9,10-dihydro-9,10-ethanoanthracenc-
11-carboxaldehyde® by the Leuckart method (method
A).  Alternatively, the compounds were obtained in
two steps from the above aldehyde [or from 9,10-di-
hydro-9,10-ethanoanthracen-11-one” (I, n = 0)] and

(Y () 1% A Arbnzav and 1, K. Iskakova, ek, Zup. Kazansi. Goe.
{nie. 116, 113 (1956): 7hy Bataafschic Petroleain Maatschappij, 13rilish
Vatent 749,723 (1956).

(T 8. Wawzonek and J. V. Dalluwe J. Org, Clem., 18, 288 (1053).



