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A number of new 1,2,2-triarylethylenes bearing substituents in the ortho and meta positions have been synthesized from 
thiaxanthone and from 0- and m-substituted benzophenones. The bromination of these ethylenes has been investigated, and 
the products thus obtained are being tested as potential inhibitors of the secretions of the anterior pituitary. 

Many derivatives of 1,2,2-triphenylethylene show 
more or less pronounced estrogenic activity,l or 
possess other interesting biological properties, such 
as inhibition of the secretions of the anterior pitu- 
itary,2 or antagonistic action towards mammary 
gland hypertrophy induced by more potent estro- 
g e n ~ . ~  As these various activities are not necessarily 
present in the same degree in any one triarylethyl- 
ene, it  was hoped that substitution in the ortho and 
meta positions, known to be unfavorable to estro- 
genic activity, would result in compounds useful for 
their other biological properties. The present work 
records the synthesis of a number of 0- and m- 
substituted 1,2,2-triarylethylenes. 

One of the intermediates used was thiaxanthone 
(I) , which was condensed with the Grignard re- 
agents from benzyl chloride and several of its sub- 
stitution products. The tertiary thiaxanthydrols 
of general formula I1 obtained readily underwent 
dehydration to give the ethylenes of general formula 

I I1 

111. In this series, 10-benzalthjaxanthene and 10- 
(4-chlorobenza1)thiaxanthene have already been 
described in the literature;4 10-(2-chlorobenzal)-, 
10- (2,4-dichlor obenzal) -, 10- (3,4-dichlorobenzal) -, 
and 10-(2,5-dimethylbenzal)-thiaxanthene are new 
compounds. As is the case with 10-arylidenexan- 
thenes,6 bromination of these lo-arylidenethiaxan- 

( 1 )  J. M. Robson and A. Schonberg, Nature,  140, 196 
(1937); J. M. Rohson, A .  Schonberg, and \Ir. Tadros, Ma- 
ture, 150, 22 (1942); A. Lacassagne et al., Ezperientia,  2,  
70 (1946); BUZZ. soc. chim. biol., 29, 1087 (1947); 30, 674 
(1948);32, 255(1950). 

(2) Cf. N. P. Buu-HOT, N. D. Xuong, and A.  Beauvillain, 
Experientia,  13, 20 (1957). 

(3) Cf. N. P. Buu-Hoi, International Symposium on 
Chemotherapy of Cancer (Oslo, 1956); to he published in 
Acta U n i o  Intern. contra Cancrum. 

(4)  E. Beramann, et al., Bull. SOC. chirn. France. 262 f1952). 
15) Cf. N.-P. Buu-If01 and N. D. Xuong, J .  Orq. Chem., 

16, l(133 (1951). 

I11 I V  

thenes resulted in substitution on the ethylene 
bond, with formation of a series of 10-(w-bromo- 
ary1idene)thiaxanthenes (IV), in excellent yield. 

It is known that in the 1,2,2-triphenylethylene 
group, the presence of alkyloxy groups in para 
positions results in potent estrogens, as is the 
case of l-bromo-l-phenyl-2,2-bis(p-ethoxyphenyl)- 
ethylene16 which has found clinical application. The 
synthesis of similar compounds in which one 
alkyloxy group has been shifted to a meta position 
has now been performed, starting from m-methoxy- 
benzoic acid, whose chloride underwent Friedel- 
Crafts reactions with anisole and phenetole to  give 
3,4’-dimethoxybenzophenone and 3-methoxy-4’- 
ethoxybenzophenone respectively; interaction of the 
substituted benzophenones with benzylmagnesium 
chloride, and dehydration of the tertiary alcohols 
obtained, yielded the corresponding liquid ethylenes 
which underwent bromination to the well-crystal- 
lized l-bromo-1-phenyl-2-(m-methoxyphenyl)-2-(p- 
methoxypheny1)ethylene (V; R = CH,) and 1- 
bromo- 1 -phenyl-2- (m-methoxyphenyl) -2- (p-ethoxy- 
pheny1)ethylene (V; R = C,H,). In  view of the 

0 -R 
VI; R = H, R’  = F 
VII; R = F, R’ = H 

interesting biological properties found in many 
fluorine-containing  molecule^,^ 2- and 3-fluoro- 
benzophenone were condensed with benzylmag- 
nesium chloride t o  give l12-diphenyl-2-(2-fluoro- 
phenyl)- and 1,2-diphenyl-2-(3-fluorophenyl)ethyl- 

(6) R. Greene, Brit .  M e d .  J., 1 ,  9 (1946). 
(7) Cf. N. P. Bun-Hol, L. Corre-Hurst, and N. D. Xuong, 

BulZ. soc. chim. biol., 37, 867 (1055); N. P. Buu-Hoi, D. 
Lavit, and N. D. Xuong, J .  Orq. Chem., 19, 1617 (1954). 
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cne, and these comporrnds underwent bromination 
to  form the Iiromo derivatives YI and VII. 

t h c  group of thiophene analogs of triaryl- 
ethyicile, an  interesting case is that of compound 
J 111, prepared jrom 2-!nz-rne~ho?ryhenzoyl)tllio- 
p 1 ~ w  \Those brominution afl'orded, nm the PX- 

pected moi~obrominat,ed derivative, but a dibromo 
compmnd of forniula IX. The structure of this 
!atter product was determined by an independent, 
oynt!mis iron: 2-brorno-5-(rn-metboxybenzoyl)- 
tniophme, thus proving that one bromine atom had 
entercd the heterocyclic nucleus.8 

h l i  the ethylenes prepared are very weak estro- 
gens or are inactive iE this respect, and are cur- 
rently being tested for inhibitory actirity towards 
the secretions of the anterior pituitary. 

EXPERIMENTAL 

Prepuroiion o j  10-urylidenethiazanthenes. To a mater- 
cooled solution in anhydrous ether of a Grignad reagent 
prepared from m:ignesium shavings (1.2 g.-atoms) and benzyl 
chloride or one of its substitution derivatives (1.1 moles), 
thiaxanthoncQ (I mole, supended in ether) was added in 
s n d l  portions, and the mixture refluxed far 30 min. on a 
bath: After cooling, and decomposition wkh an ice-cooled 
tliliite aqueous solution of sulfuric acid, the ether solution of 
the appropriate tertiary alcohol (11) was washed with water, 
the solvent removed, and the residue dehydrated by re- 
fluxing for 8 min, with pure Forniic acid ( 3  parts). After dilu- 
tion with water the dehjdration product  as taken up in 
benzene, the benzene soliilion washed with \niter and dried 
n w r  caicium chloride, the solvent removed, and the  residue 
vaciium-fractionated. The yields of 10-nrylidenethiaxm- 
thencs thus obtained ranged from 70 to 80%. IU-(%-.Chloro- 
ben~al ) th i~~~-nnthene  (111; 11 = GI, It' = 11" = H), thus pre- 

hlorobenzyl chloride, boiled at, 275-285'/20 
tnllized from acetic acid in fine. rellowish , "  

Anal. Calcd. for C9nHInC:IS: C .  74.9: W. 4.1. Found: C. 

R" = Hj, 11.p. 295-305O/20 mm., prepared with 2,4-di- 
chlorobtinzyl chloride, crystallized from acetic acid in pale 
yel!ow prisms, m.p. 128'. 

67.4; I€, 3.5.  
T l x  isomcvic 10-(3,.6-dic~~lorober~sai)th~czanlhene (111; 

R = H, R.' = R" = Cl), b.p. 280-290"/16 mm., prepared 
with 3,4-dichlorobenzyl chloride, crystallized from acetic 
acid in shiny, yel!owish prisms, m.p. 134'. 

Anal. Calcd. for C901-IIzC12S: C. 67.7: H, 3.4. Found: C. 

. A d ,  C;tlcd. for C&;2C12S: C, 67.7; E, 3.4. Fcund: C, 

CH,, Iti = li), b.p. 285-288"/25 mm., prepared with 2,5- 
dimcthylbenzyl chloride, crystallized from ethanol in pale 
yellow prisms, m.p. 111'. 

(8) For other instances, we L'i. H. ?;am, N. P. Buu-Hoi', 
and K. D. Xuong, J .  Chem. SOC., 1690 (1954). 

19) K. Zieglrr, Be?., 23,  2471 (1890). 

___.__. 

Anal .  Caled. for CS~HI~S:  C, 83.8; €I, 5.9. Found: C, 84.0; 
H, 5.8. 

Bromination o j  I0-arylidenelhiazanthenes. To a solution of 
1 g. of 9-(4~hlorobenzal)thiaxanthene~ in 20 ml. of dry 
chloroform, 1.5 g. of bromine (in chloroform solution) war 
added in small portions, and, after decoloration, the solvent 
was distilled off. The residue was crystallized txice frorr. 
acetic acid, giving 1.2 g. of 1O-(w-b:omo-4-chlorobenzal).. 
thiaxanthene (IV; R = R"  = H, R' = Cl), as fine colorless 
prisms, m.p. 147'. 

Anal. Calcd. for C2,H12BrC!S: C, 60.3; 13, 3.0. Founci: 
C, 60.2; H, 3.1. 
The following compounds were similarly prepared : 
( a )  10-(w-Bromo-d-chlorobenzaZ)thiaxantheize (IV; R = C!, 
R' = R" = H), shinv colorless Drisms. m.o. 157". 

Anal .  Caled.'for &oH1,BrClS: C ,  60.3: H, 3.0. Found: 
6, 60.0: H. 3.1. 
( b )  IO-~~-Bromo-B,4-d.ichlorobenzal)fhiasanthene (IT ; 13. = 
R' = C1, R" = H), fine colorless prisms, m,?. 141 ". 

Anal .  Calcd. for C20HllBrC1,S: C, 55.4; 1-1, 2.5. Found: 
C, 56.7; H, 2.6. 
(c )  1O-~~-B~omo-S,4-dichlorobenznZ)thiazanthene (IT; I? = 
13, R' = R"  = Cl), shinv, colorless prisms, m.p. 181". 

Anal. Calcd. for C2,,HIIBrC1,S: C. 55.4: €I. 2.5. Found: 

R" = C&, R' = H), fine, colorless prisms, m.p. 136". 
Anal .  Calcd. for C2,RIiBrS: C, 67.2; 8, 4.3. Found: C, 

66.9; 13, 4.6. 
3,4'-D~metiioxybe~zophenv~e. Aluminum chloride (28 g.) 

m s  added, in small portions to an ice-coo!ed solution of 20 
8.  of anisole and 31 g. of m-mcthoxybenzoyl chloride in 150 
ml. of dry carbon disulfide: after 8 hr. nC room temperature, 
followed by the imial treatment, 42 g. of product, b.p. 240.- 
241'/15 mm., n y  1.6099, was ohtained, which solidified a n i  
crysial!ized fi,om ethanol in colorless prisms, m.p. GO". 

A m ! .  Calcd. for C16H1408: 6, 74.4; E, 6.8~ Found: C. 74.3; 
a, 6.0. 

The same procedure, applied to 22 g. oE phenetole, yielded 
34 g. of S-naethoxy-4'-ethozybenzophenone, b.p. 248--28Qo/1 5 
mm., n:' 1.5979, n-hich crystallized from ethanol i n  fine, 
colorless prism.?, m.p. 51". 

A n d ,  Calcd. for ClfiH:sOs: C, 78.1; H, 6.3. Found: C, 
75.0; R: 6.3. 

Z - ! ~ - i - ; l / i e t h o r r ? ~ b e n ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~ o p h e n e ,  Preparrd from 20 g. oi 
thiophene, 37.8 g. of m-methoxybenzoyl chloride, and 31 g. 
of aluminum chloride in 150 ml. of carbon disulfiCe ( th  
action mixture wm \wrlced up  after 3 hr.), this ketone TT 

yellow, viscoiis oil, b . , ~  210-212"/24 mm., yield: 30 g. 
Ann!. Caicci. Eo). cJ12XI1102S: C, 66 1; H, 4.6. Found: C, 

66.0; R, 4,5, 
l-tii,orno-l-phenui-z-( m-rnetiiozyphenyl)-Z-( p-mlh,omy- 

aher,yl)ethylene (1'; R = CI-Is). To an etheren! solution of a 
brignard rcagent prepared from 15 g. of benzyl chloride 
and I .8 g. of magnesium shavings, 15 g. of 3,4'-dimethoxy- 
benzophenone (in ether solution) was added in small poi'- 
tions, with cooling, and the mixture was then refluxed for 1 
hr. .?ii"tx the usual treatment and dehydration of the crutio 
tertiary carbinol wish formic acid, 18 g. of the ethylene was 
obtained as a viscous yellor oil, b.p. 286-288"/30 I ~ I . ,  
which was dissolved in 38 ml. of ehlc?oform, nnd 
directly with 11 g. of bromine. After evaporation of thc POI- 
venr, rho residuc was recrystallized twice from ethanol, 
giving 1.5 g. of the bromo compound as fine, colorlcss prisms, 
m.p. 132-33:1". 

Anal. Calcd, for C22E:9Br0: C, 66.9; H, 4.9. Found: C, 
67.0; E, 4.8. 

1 -Rrow'o-2-phenyZ-Z-( m-methoxypheny1)-d-( p-elhozyphenyl)- 
ethylens [V;  R = C&). The ethylene obtained froin 3- 
methoxy-4'-ethoxybenzophenone (1.5 g.)  and benzylmag- 
nesiurc chloride was a viscous, yellow oil (17 g,) ,  b.p. 27'0- 
273"/20 mm.: treatment Tith 7.5 g. of bromine in chloroform 
afforded the bromo compound, which crystallized from acetic 
acid in fine, colorless nredlor;, m,;?. 136": yield: 1.6 g. 
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Anal. Calcd. for C23HzlBr02: C, 67.5; H, 5.2. Found: C, 
67.8; H, 5.1. 

I-Bromo-I-phenyl-%( m-rnethoxyphenyl)-~-(6-bromo-b-th~- 
enyl)ethylene (IX). The ethylene obtained from 2-(m- 
methoxybenzoy1)thiophene (15 9.) and benzylmagnesium 
chloride was a pale yellow, viscous oil (24 g.), b.p. 251-252'/ 
20 mm.; treatment of this substance with 24 g. of bromine 
(in chloroform) yielded 25 g. of the dibromo compound, 
which crystallized from acetic acid in cream-colored needles, 
m.p. 94". 

Anal. Calcd. for CloHlrBnOS: C, 50.7: H ,  3.2. Found: . .  .. ~~ ~ 

C, 50.6; H, 3.1. 
This comaound was foundto be identical with the mono- 

brominatiog product of the ethylene prepared from 5- 
bromo-2-(m-methoxybenzoyl)thiophene and benzylmagne- 
sium chloride. 

m-Fluorobenzophenone. To  a solution of 30 g. of benzene 
and 12.5 g. of m-fluorobenzoyl chloride in 50 ml. of dry 
carbon disulfide, 15 g. of aluminum chloride was added in 
small portions with stirring, and the mixture left for 8 hrs. 
at room temperature, then refluxed for 1 hr. The usual treatr 
ment afforded 12 g. of m-juorobenzophenone, which crystal- 
lized from ligroin as lustrous, colorless leaflets, m.p. 55'; 
the corresponding 2,4dinitrophenylhydrazone crystallized 
from acetic acid in orange-yellow needles, m.p. 260'. 

Anal. Calcd. for ClZHsFO: C, 78.1; H, 4.5. Found: C, 
77.9; 13, 4.5. 

o-Fluorobenzophenone. Similarly prepared from o-fluoro- 
benzoyl chloride, this ketone is a pale yellow oil, b.p. 190°/ 
29 mm., n y  1.5898, which formed a 2,4-dinitrophenylhy- 
drazone, m.p. 220". 

Anal. Calcd. for C ~ ~ H B F O :  C, 78.1; H, 4.5. Found: C, 
77.8; H, 4.6. 

The starting material for this Rynthesis, o-fluorobenzoyl 
chloride, was characterized by its condensation product 
with p-phenylenediamine in pyridine medium; l,&bis(o- 
JEuorobenzoy1amino)benzene crystallized from acetic acid in 
shiny colorless prisms, m.p. 273". 

Anal. Calcd. for C N H M F ~ N ~ O ~ :  N, 8.0. Found: N, 7.9. 
1,2-DiphenyZ-%(m-juorophenyl)ethylene. Prepared from 

10 g. of m-fluorobenzophenone and benzylmagnesium chlo- 
ride (10 9.) in ether, this compound, b.p .229-230'/16 mm., 
n y  1.6502, crystallized from ethanol in shiny colorless 
arisms. m.a. 55": vield: 10 P. 

Anat. 6alcd. f i r  CPOH$: C, 87.7; H, 5.5. Found: C,  
87.6: H, 5.7. 

i-Bromo-i,2-diphenyl-f?-(m-juorophenyl)ethylene (VII) ,  
prepared by treating 11 g. of the above ethylene Kith 6.4 g. 
of bromine in chloroform medium, crystallized from ethanol 
in shiny, colorless needles, m.p. 97'. 

Anal. Calcd. for CgoH,aBrF: C, 68.1; H, 4.0. Found: C ,  
68.1; H, 4.3. 

i,%Diphen&%(o-$uorophenyl)ethylene. This compound 
crystallized from ethanol as lustrous, colorless leaflets, m.p. 
73". Yield: 10 g. 

Anal. Calcd. for C2OHllF: C, 87.7; H, 5.5. Found: C, 
88.0; H, 5.3. 

Bromination of the foregoing compound yielded i-bromo- 
l,d-diphenyZ-8-(o-juorophenyl)ethylene (VI), which crystal- 
lized from ethanol in shiny, colorless prisms, m,p. 100". 

Anal. Calcd. for C20HlaBrF: C, 68.1; H, 4.0. Found: C, 
68.4; H, 4.0. 
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A method is described mherein the pore volume of dry silica gel particles is filled with a low viscosity, catalyzed epoxide 
prcpolymer, this being subsequently polymerized. Following polymerization the siliceous matrix material is removed from 
the solid polymer by solution in aqueous hydrofluoric acid. The porous, resinous particles thus produced exhibited a capacity 
for adsorbing water vapor and for complexing copper, zinc, and hydrogen ion. 

Conventional ion-exchanging polymers, in the 
usual particulate form, impose a permeability re- 
quirement on the polymer structure. This require- 
ment, coupled with the needed inclusion of specific 
chemical groups for ion-exchange activity, has 
placed definite limitations on such compositions. 
The method described here provides an alternative 
route to securing the required permeability through 
casting of the polymer in a microcapillary form at 
the time of polymerization. 

In the work described here silica gel particles 
were employed as a parent, matrix substance. 
Silica gel particles having a pore volume of 0.80 
ml./g. were saturated with the required volume of 
the epoxide prepolymer, catalyzed with diethylene 
triamine. Following completion of the polymeriza- 
tion the silica gel matrix was removed by solution 
in a 27% hydrofluoric acid solution and washed 

thoroughly witli distilled water. Detailed experi- 
mental procedure is given below. 

The resinous particles thus prepared have been 
termed "gel replicas." 

The water vapor adsorption measured for the 
material prepared above, and determined after dry- 
ing the washed particles for two hours a t  85-90" C., 
is given in Table I. h bulk polymerized material, of 

T.4BLE I 
WATER VAPOR -4DSORPTIOK O F  GEL-REPLICAS 

iidsorbed Water. Relative 
Humidity, 
25OC., yo 

gm. water/g. 
gel replica 

100 
81 
51 

~~~ 

0.48 
0 26 
0 069 


