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"' Toxic i ty was d e t e r m i n e d in g roups of 1 a lb ino mice per dnse 
uti l izing doses decreas ing in 0.5 log in t e rva l s from 1000 n ig . /kg-
(iul r aper i tonea l r o u t e ) . T h e I.I)..,, was e s t i m a t e d by the m e t h o d 
nf S p e a r m a n and K a r b e r and the !I.V , confidence i n t e rva l s a re 
a p p r o x i m a t e l y ±().H log uni t s . ( lbserv;i t ions of tlte effects of 
these c o m p o u n d s on behav io r were carr ied out s imu l t aneous ly 
with the d e t e r m i n a t i o n of tox ic i ty . " A l l c o m p o u n d s caused 
convuls ions in le thal doses : the observat ions in th i s co lumn app ly 
to effects seen at non le tha l doses . 

a c e t a t e Ha in 75 nil. of e thano l was added a solut ion of 2.4 j , . A c k n o w l e d g m e n t . T h e a u t h o r s u t v i n d e b t e d Io 11 
I O.Oti niolei of sodium hvdrox ide in 1 5 ml. of wa te r . T h e solut ion 

11. K o a s l i n g . \ Y . Y e l d k a m p . a n d I ) . I.. B r o w n of o u t 

I ' h a r m a c o l o g y I ) i ' p a r t 

es idue was t a k e n up in m e t h y l e n e chlor ide and a small a m o u n t of e n z y m e i l l l l i l » i t o r v d a l 

w as s t i r red unde r reflux for 2 hr. and at m o m t e m p e r a t u r e over - . . 
n igh t . T h e solvent was removed under reduced p r e p a r e a n d the I h a r m a c o l o g y U ' p a r t m e i i t l o r ( l i e 1J ) : „ v a l u e s a 

Synthesis of l i i isymmetrieal Diphenylalkenes' 

•IKAX-FKA.XOUIS M'IQUKL,- H A N S WAHLS'J'AM, K . M T OLSSON. AND BKUTII. Sr\i>isi;<'k 

liinliluli of Phiii'imiciiloiji/, I'/i/multi ' ' n irvrxiti/, L'/J/JZIIIH. mill /f/.srn/r// I.tilionilm a. All / ' 'mi /aHi , Milium, Sirnh it 

h'rrriiTtl Jmt imni 111. lUli.i 

liis-f //-met hoxy phenyl )-alkene.s have been p repared by ac t ion of the ( Irignard reagent from //-broiiioanisole on 
the es ters of carboxyl ic acids . In the same m a n n e r using cyc loa lkanecarboxyl ic acids some bis-f//-mot ho.x\-
phenyl , l -cyclonlkyl idene n ie thanes have also been p repa red . The i r de iue thy la t ion by po tass ium hydroxide 
t r ie thy leneglycol was in several eases a ccompan ied by the format ion of t h e e t h a n e der iva t ives , l l t r a v i o l c t 
.absorption da t a a re discussed. 

The present tendency in steroid hormone research is Some substances from (his series have already lieen 
to look for substances with a more specific action on found to possess flu1 ability to interfere with the vaginal 
different tissues or organs.3 Surprisingly little has estrus reaction induced by estradiol ben/.oatc.1' Their 
been done in this respect with synthetic estrogens relations to diethylstilbestrol and trianisylethylene, in 
belonging to the stilbestrol-hexestrol series. This is terms of spatial structure, have also been discussed.7 

probably due to the fact that interest in these sub- All eighteen compounds were synthesized by the same 
stances was particularly high at a time when it was method, by reaction of p-niethoxyphenyhnagnesium bro-
necessary to discover inexpensive and potent estrogenic mide with esters. The methyl or ethyl esters, which are 
substances. all known compounds, \v<:iv prepared from the eorro-

An investigation <>f 'he specific action of hexestro! sponding acids by way of the acid chlorides. The 
and stilbestrol analogs on different biological receptors following were not commercially available: "J.o-di 
was therefore decided on in our Institutions. Several methylbutanoie acid." 2-othylpentanoic acidh' 2-met hyl-
results have already been presented.4 :> This report 4-pentenoic acid." L'-tnethylhexanoic acid.11 J-butyl-
concerns the synthesis of diphenols, their ethers, and hexanoic acid,11 cyeloheptanecarboxylic acid.1'-' and 
esters belonging to the class of /w.sv/w-diphenylethylene. eyclooctauecarboxylie acid.1'-' Of those, the two cyclic 
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acids were prepared by the reaction of carbon dioxide 
with the corresponding Grignard reagent, according to 
the method of Ruzicka.12 The other acids were pre
pared by alkylating, hydrolyzing, and monodecar-
boxylating the malonic ester.13 The yield of dimeth-
oxyphenylethylene was between 50 and 80%, calculated 
on the basis of the esters used. In no case was isolation 
of the intermediate carbinol attempted, because, as is 
well known, the electron-donating properties of the 
methoxy group in the para position cause a strong 
tendency to dehydration in the carbon atom on which 
the benzene rings are fixed.114 These dimethyl ethers 
are described in Table I. 

Demethvlation was effected by heating while stirring 
the methyl ethers in triethyleneglycol containing an 
excess of potassium hydroxide. The free phenols thus 
obtained were immediately acetylated to facilitate the 
purification (Table II). The diacetates were then 
hydrolyzed to free phenols (Table III). Before de
methvlation, the purity of the methoxy compounds was 
always checked by paper chromatography. Despite 
this, in several cases acetates and free phenols were 
found to be mixed with another substance rather similar 
in chemical and physical behavior. It was laborious to 
separate both substances in a spectroscopically pure 
condition by selective crystallization, whereas this 
could be done easily by paper chromatography. 

Figure 1 shows a chromatogram on which the spot 
in position 1 was obtained with a pure sample of the 
diphenylethylene (XVIb) (Rf 0.43). The spot in 
position 2 was obtained with a pure sample of its ethane 
analog prepared by condensation of phenol with cyclo-
hexanecarboxaldehyde {R{ 0.35). In position 3 a 
mixture, resulting from a demethvlation of XVIa 
followed by acetylation and saponification, was used. 
Two spots were found at the same i?f as XVIb and its 
ethane analog. An olution of these spots and an analy
sis of the solution in the spectrophotometer gave ab
sorption curves identical with those from the parent 
compounds. Both spots in position 4 were obtained 
when solutions of the ethylene arid ethane were mixed 
in a 9:1 ratio. Spots produced by the ethylene com
pound could bê  detected directly with Hanovia Chro-
matolite (2537 A.), whereas ethane spots were detected 
by the Folin-Ciocalteus reagent. 

The chromatographic analysis of the methoxy and 
the acetoxy compounds was made on paraffin-im
pregnated Whatman No. 1 paper with methanol-water 
in varying proportions according to Larsson.15 The 
analysis of the hydroxy compounds was made on What
man Xo. 1 paper impregnated with formamide, with 
toluene as the mobile phase according to Zaffaroni.16 

Figure 2 shows the ultraviolet spectra of a pure speci
men of compound XVIc (curve C) and its ethane analog 
(curve D). The band characteristic of unsym-di-
phenylethylene at 247 m,u in the diacetyl derivative has 
disappeared on curve D, which only shows the absorp
tion of benzenoid compounds. Curves A and B, 
respectively, represent the dimethyl ether (XVIa) 
and the free phenol (XVIb). 

(l:i> M. C o n r a d ami C. A. BischorT, A,,,,,. 204, 143 (1880). 
(14) M . IVtizon, M . Collier , and A. Ras sa t , Com.pt. Rend 252 l s q 

i ian i ) . 
(I")) 11. Larsson. J. Chtomatog., 11 , 331 (l!j(i3). 
' 10) A. Zaffaroni, Uncut I'rugr. Hormone Res., 8, 51 (1953). 

Fig. 1.—Paper chromatogram of ethylene and ethane deriva
tives. 1. Compound XVIb (10 7). 2. Ethane derivative of 
compound XVIb (10 7). 3. Mixture from the demethvlation of 
XVIa (10 7). 4. Mixture of XVIb (9 7) and its ethane deriva
tive (1 7). U. V., ultraviolet absorption under ultraviolet light; 
F.C., blue spot with Folin-Ciocalteus reagent. 
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Fig. 2.—Ultraviolet spectra in ethanol of XVIa, XVIb, XVIc; D, 
ethane derivative of XVIc. 

The amount of ethane analog which was formed 
through what could be a special kind of reduction dur
ing the course of the demethylation was not the same 
for each compound prepared. Compound la, which 
does not possess any substituent on the /3-carbon atom, 

Com.pt
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TABLE I 

CHEMICAL DATA OF BIS-(P-METHOXYPHENYL)-ALKE.\E,S PREPARED ( Ia -XYII Ia ) 

All the compounds are rrcrystallized from ethanol 

CH3 

CH 3 0 

o-T\ C H 3 O - / A Ri 

C = C and , t ,C=C R3 

N u m b e r 

la" 
Ila" 

Ilia ' ' 

I W 
Yae 

Via 
Vila 
Vi l l a 
IXa 
Xa<* 
XIa 
X l l a 
X H I a 

XlVa 

X \ V 

1 , l-Bis-(p-methoxyphenyl)-ethone 
l,l-Bis-( p-methoxyphenyl)-propene-l 

1,1-BisMp-methoxy phenyl )-butene-l 

l,l-Bis-(p-methoxy phenyl )-2-methyl-l-propene 
l,l-Bis-( p-metlioxyphenyl)-2-inetliyl-l-butene 
l,l-Bis-(p-methoxyphenyl)-2-methy 1-1-pent ene 
1, l-Bis-(p-methoxyphenyl )-2,3-dimethyl-l-butene 
l,l-Bis-(p-methoxyphenyl)-2-methyl-l,4-pentadiene 
1,1 -Bis-( p-meth< ixypheny 1 )-2-methy 1-1 -hexene 
l,l-Bis-(p-methoxyphenyl)-2-ethyl-l-butene 
l,l-Bis-(p-methoxyphenyl)-2-ethyl-l-pentene 
l,l-Bis-(p-inethoxyphenyl)-2-?i-propyl-l-pentene 
l,l-Bis-(p-methoxy phenyl )-2-n-buty 1-1-hexene 

Bis-(p-methoxyphenyl)-cyelobutylidcnemethane 

Jiis-( p-met hoxyphenyl )-cy elopentylidenemethane 

H 
CH3 

C2H5 

R 2 

H 
H 

Empirica 
foimula 

Ci6Hi60L> 

CI7H1802 

II 

(CH,,)4 

C1SH2II02 

CH3 

CoH5 

n-C3H, 
f-C3H-
CH2—CH= 
n-C j H 9 

C2H5 

ra-C3H, 
n-C3H, 
71-C4H, 

=CH2 

R3 

(CH2; 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

C2H5 

C 2 H 5 

n-C3H7 

»-C4H9 

13 

C,8H2„02 

C H 2 2 O 2 

Cz„H*J\ 
C20H24O2 

C20H22O2 

C2iH2(i02 

CMH24(>2 

C21H2e()2 

C22H28O2 

C 24H32O2 

Ci 9Hou(\ 

C20H22O2 

XX'Ia-^ Bis-(p-methoxyphenyl)-('y('Iohexylidenemethane (CH2)5 02IH24O2 
XVIIa Bis-(p-methoxyphenyl)-cycloheptylidenemethane (CH2)9 C22H26()a 

XVIIIa Bis-(p-methoxyphenyl)-eyclooctylidenemethane (CH2)7 C23H2802 

" I'repared earlier by the same method. See P. Pfeiff'er and II. Wizinger, Ann., 461, 132 (1928). 6 S. Skraup and F. Nieten, Ber., 
57, 1294 (1924), obtained a different compound with m.p. 96° in an abnormal Friedel-Crafts reaction. ' Prepared earlier by S. H. 
Zaheer, B. Singh, B. Bhushan, I. K. Kacker, K. Ramachandran, and X. S. Bao, J. Chem. Soc, 1706 (1955). d Prepared earlier by Z. 

was very sensitive to this reduction. The only product 
identified in the 40% yield of free phenol obtained dur
ing the demethylation was found to be the ethane 
analog. Its identity was established by comparison 
with an authentic specimen obtained following the 
procedure of Harden and Reid.17 

The demethylation of monosubstituted ^-derivatives 
(Ila and Ilia) produced about 10-15%, of reduced 
compounds from the isolated phenols. Disubstituted 
^-derivatives (IVa-XIHa) were practical'y not reduced 
during demethylation. We were not able to show the 
presence of ethane compounds by studies of their 
ultraviolet absorption or by chromatographic analysis. 

In the case of cycloalkylidene derivatives the same 
tendency to reduction was found. The amounts of 
ethane formed during the course of the demethylation 
decreased with increasing size of the ring. The 
reduction was quite considerable for the cyclobutane 
and cyclopentane compounds, but negligible for the 
cycloheptane and cyclocctane derivatives. We have 
also tried demethylations with potassium hydroxide 
and ethanol at 200°, but always obtained about the 
same amounts of hydrogenated compounds. A sim
ilar addition of hydrogen atoms to a double bond during 
the course of a demethylation has already been noticed 
during the treatment of anethole with potassium hy
droxide and alcohol in an autoclave.18 Propylphenol 

117) W. G. H a r d e n and K. ]•:. Keid. ./. . I B I . Chem. Soc. 64, 4:525 (1H32). 
(18) X . R. C a m p b e l l , E. C. D o d d s , and W. Lawson, Nature, 142, 1121 

(1938). 

was isolated among the products of the reaction; hex-
estrol which was formed in this reaction also required 
the addition of two atoms of hydrogen. 

We have not been able to find in the literature a study 
of these reductions. They may be similar to already 
well known reactions, such as disproportionations of the 
Cannizzaro reaction type or they may be a Meerwein-
Ponndorf-Verley type reduction. The last is also in 
agreement with results repoi'ted by Behun and Levine,19 

who reduced benzophenone to benzhydrol with eth-
anolic potassium hydroxide. 

Another phenomenon encountered during demethyla
tion was the displacement of the allyl double bond in 
compound Villa, the diphenol VHIb and the diacetate 
VIIIc now having a more stable conjugated butadiene 
structure. This could be proved by ultraviolet ab
sorption. Vil la has a band at 242 nip. (e 2.07 X 
10 ~4). After demethylation and acetylation, the band 
is at 282 nip (« 2.03 X 10"4). This is the region where 
an aromatically substituted butadiene with great steric 
hindrance to planarity is supposed to absorb. 1,4-
Di-p-anisyl-2,3-dimethylbutadiene, which has an iden
tical number of phenyl and methyl groups, possesses its 
absorption band at 298 nip (<= 3.37 X 10~4). The 
absorption at longer wave length and the higher in
tensity in the 1,4-dianisyl compound are in good agree
ment with the symmetrical structure and the less 
twisted position of the two phenyl groups.l 

(1U) .1. L). B e h u n and R. Levine, J. Am. Chem. Soc. 8 1 , j<i(j(i (1959). 
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. D e m j e n , Ber., 74 , 930 (1941) . e W h e n p r e p a r e d b y ac t ion of p - m e t h o x y p h e n y l c y c l o p e n t y l ke tone on p - m e t h o x y p h e n y l -
b r o m i d e , t h e c rys ta l s o b t a i n e d h a d a m . p . of 7.5-76°. F r o m b o t h s u b s t a n c e s d e m e t h y l a t i o n and ace ty l a t i on afforded an 

ace t a t e . f P r e p a r e d ear l ier by Fe t i zon , et al.u 

The n.m.r. spectra (60 Mc , CC14, TAIS = 0) also make 
it obvious that VIIIc, in contrast to Villa, has a buta
diene structure from the following r values and cou
pling constants: VIIIc doublet centered at 8.30 

(J = 6 c.p.s., CH3—CH=), 8.15 r (CH3—C=) • Vil la 
I 

8.30 (CH3—C=), double centered at 7 r, broad, pos
sibly due to the long range coupling with ethylene 

I 
CH2«> (J = 5 c.p.s., =C—CH2—CH=CH2) . 

In a previous study6 the band at 240-250 m/i, char
acteristic of wnsym-dianisylethylenes, was considered to 
be analogous to the band described by Braude21 for 
dibenzyldiphenylmethane and substituted stilbenes, 
and was called band E. Some reservation was made, 
however, regarding the application of Braude's theory 
to this class of compounds. With the present com
pounds and their spectra available, a more detailed 
discussion of the origin of the absorption band in the 
wnsym-diphenylethylene system is possible. Starting 
from substance la, which is nonsubstituted on the 
/3-ethylenic carbon, the absorption band is slightly dis
placed from 248 to 245 irui for /3-monosubstituted com
pounds and further on to 242 and 241 m/i when two 
substituents are present in the /3-position. This shift 
is followed by a regular decrease in the intensity, falling 
gradually from t 2.34 X 1 0 1 to 2.00 X 10"4. Simul
taneously the shoulder which was present at 260-280 

(20) E. A. Hoffman and S. Gronowitz, Arkiv Kemi, 16, 471 (1901). 
(21) E. A. Braude, J. Chem. Soc, 1902 (1949). 

rmi in the nonsubstituted and monosubstituted sub
stances disappears in the disubstituted compounds. 

In the cycloalkylidene compounds, cyclobutylidene 
and cyclopentylidene have their maximum absorptions 
at 246 and 245 ni/u, whereas the higher homologs have 
their band displaced to 242-241 m/i. A new band, at 
264 and 255 m/j. for XlVa and XVa, respectively, which 
could have the same origin as the shoulder found in 
compounds la and Ila, disappears when the size of the 
cycloalkyl ring increases. The shift of the E' band 
(from 248 to 241 my for the diethers) is small, but it 
falls outside any limits of experimental error. There 
is a regular tendency for the hypochromic shift to follow 
the presence and the size of substituents on the (3-
ethylenic carbon atom. Furthermore, the ultraviolet 
absorption band of the diacet}^ esters in Table II 
shows a bathochromic shift as compared with the cor
responding dimethyl ethers, when the ^-substituents 
are not too large. This is particularly remarkable 
in the cycloalkylidene series: cyclobutylidene methane 
(XIVc) absorbs at 258 nut [AXmax 12 mn from the di
methyl ether (XlVa)] and cyclooctylidene methane 
(XVIIIc) absorbs at 242 mM [AXranx 1 mM from the 
dimethyl ether (XVIIIa)J. These results suggest that 
the band studied in this paper is still sensitive to steric 
and electronic influences, but these influences decrease 
as the substituents in the /3-position become larger. 
Braude attributed the 210 m,u band in substituted trans-
stilbenes to a "slightly displaced K' band mainly due to 
the dibenzyl chromophcre." In the present case the 
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" M C m e t h y l e n e chlor ide, T -̂ to luene , M - m e t h a n o l , YY •• witter. B - benzene . ("I ' oat'Ooii t e t r ach lo r ide . ' ' T h e ,,niy 
product we ob ta ined here was the s a t u r a t e d c o m p o u n d . ' In VII l b t h e radical correspiindin.c to l i . in Y 11 l a . ( 'HA 'II ( ' I I , is chalined 
to ( ' I I O U C H , . ' P repa red earl ier b y Z. FOldi, see ref. 17. 

saiiii' band is mainly duo to the diphonyhnethano chro- (XVb. XYIb) . whereas the methoxy ooiiiponiids have 
mophore for tho .substances with the maximum steric been found practically inactive. 
hindrance to planarity with an increasing participation Rubin's uterus test was carried out according to a 
of tho 7r-oleetrons from the two rings for the substances previous study.1 Tho activity is expressed as a ratio 
with loss stork: hindrance. E'T, where E is the average uterus weight in the group 

Pharmacology.---Tho compounds discussed in this ()f animals injected during throe days with the corn-
paper have been submitted to the Allen-Doisy reaction p ( ) U n d t ( ) ,)(> s t u d i ( , d a i u i (• t | l ( , s a n u ' . | o r t j 1 ( > „ r ( m p ,.,,_ 
and Rubin's uterine growth assays The AHen-Doisy ( , p i v i n g . t ] m > ( 1 d u H v i n j ( 1 ( . t i o n s „,• 0 . ( ) 2 ; ) y o f (,stradiol-l Id 
;>ssa\' has been carried out under the same conditions 

bonzoate. Differencs in average body weight between 
as in a previous studv using two subcutaneous miec- • , , , , , • 

,. , 1 . ' r 1 1 • c -, j -i experimental and control "roups were taken into ac
tions ot the substance dissolved in olive oil daily.'1 F , 
The YAK values found are reported in Table IV, where ( ' o u n t ' "Hm*« t , u ' | - ( ' h , t l , , n h ^ ^ " tcnis dry weight 
it can be seen that the acetoxy compounds studied have and body weight shown 111 big. .'!. I he results are 
invariably a low activity. The most active compounds shown in Fig. -I and o. whore they are compared with 
are Xc and XIYc with V.D51.of 40 and .10 7. respectively. four classical estrogens, t ri-/;-anisylchlorootliylono. di
ll yd roxy compounds ha\"e about the same activity ethylstilbestrol. cstradioMTW bonzoate, and lioxestrol. 
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C o m p 

Diethvlstill 
Estradiol-1 
He 
Vic 
V l l l c 
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Nc . of an ima l s 

180 
>1000 

140 
100 
100 
180 
1G0 
300 
460 
180 
180 
140 
60 

The pituitary gonadotrophin-inhibiting properties 
have also been studied. These results and a discussion 
of the activity ratio on different receptors will be pub
lished elsewhere. 

Experimental 

General.—Melting points were determined in a Tottoli melt
ing point apparatus and are corrected. Ultraviolet absorption 
spectra were taken in ethanol with a Zeiss Model PMQII spectro
photometer using 1-em. matched quartz cuvettes. Nuclear 
magnetic resonance spectra were obtained using a Varian As
sociates HR-60 system with samples in 5-mm. o.d. tubes., and 
resonance frequencies were determined relative to the internal 
standard, tetramethylsilane. 

Bis-(/;-methoxyphenyl)-alkenes (Ia-XVIIIa, Table I).—To a 
Grignard solution prepared from 1.1 moles of magnesium turn
ings, 1.0 mole of p-methoxyphenyl bromide, and 200 ml. of dry 
ether in a three-necked flask equipped with a reflux condenser, 
a dropping funnel, and a sealed stirrer, was added a solution of 
0.45 mole of the ester dissolved in 100 ml. of dry ether during a 
period of 30 min. After boiling for 1 hr. with vigorous stirring, 
the Cirignard complex was decomposed with 5 .V sulfuric acid. 
The ether layer was separated, washed with saturated sodium 
chloride solution, and dried over anhydrous sodium sulfate. 
After removing the ether, the oil obtained was distilled and 
purified by redistillation or recrystallization. Yield, melting 
points, and analytical data of the eighteen compounds are shown 
in Table I. 

Bis-(/)-acetoxyphenyI)-alkenes (lie—XVIIIc, Table II).—The 
following materials, 0.35 mole of a bis-(p-methoxyphenyl)-
alkene, 100 g. of potassium hydroxide pellets, and 400 ml. of 
triethyleneglycol, were mixed in a three-necked flask equipped 
with a 2-dm. high glass tube, a sealed stirrer, and a contact ther
mometer adjusted to 210°. The mixture was heated by an 
electric heating mantle and was kept at 210° for 3 hr. After 
cooling to room temperature, the dark brown mixture was poured 
into 1000 ml. of water, extracted with ether, and acidified with 5 
A" hydrochloric; acid. The dark brown oil which separated was 
taken up in ether, washed with saturated sodium chloride solu
tion to neutral reaction, and dried over anhydrous sodium sulfate. 
After removing the ether, 250 ml. of acetic; anhydride and a trace 
of concentrated sulfuric acid were added to the residue. The 
reaction mixture, which immediately became warm, was heated 
for 30 min. on a steam bath. After cooling, the mixture was 
poured into water and the acetylated compound, which had 
separated as an oil, was taken up in ether and washed twice with 
saturated sodium chloride solution. The solvents were driven 
off and the bis-(p-acetoxyphenyl)-alkene was distilled and re-
crystallized from ethanol. Yields, melting points, and analytical 
data of the seventeen compounds are shown in Table II . 

Bis-(/;-hydroxyphenyl-alkenes (Ilb-XVIIIb, Talle III).— 
On heating, 0.015 mole of the pure bis-(/)-acetoxyphenyl)-alkene 
was saponified on the steam bath with 50 ml. of 20% potassium 
hydroxide in methanol for 30 min. The free phenol was pre
cipitated with 2 .V hydrochloric acid, filtered, washed with water, 
and recrvstallized. Melting points and analytical data are to be 
found in Table I I I . 

Bis-(/)-acetoxyphenyl)-cyclohexylmethane.—A quantity of 33.7 
g. (0.3 mole) of cyclohexanecarboxaldehyde, prepared according 
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Pig. 3.—Dry uterine weight from X M R I mice after three daily 
injections of 0.025 7 of estradiol-17/3 benzoate in function of the 
body weight. 

Fig. 4.—Uterus growth curves. E/C is the ratio of the uterus 
mean weight from the animals in the experimental group receiv
ing during three days the compound to be studied and the 
uterus mean weight from a control group receiving 0.025 7 of 
estradiol-17/3 benzoate during three days, mean body weight of 
the experimental group being the same as mean body weight of 
the control group (see Fig. 3): O, compound XIYe; ', compound 
XVIIc; C, compound XVc; X, compound XVIIIc; • . compound 
XVIc; ©, tri-p-anisylchloroethylene. 
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Fig. 5.—Same experiment as Fig. 4: • , diethylstilbestrol; O, 
estradiol-17/3 benzoate; X, hexestrol. 

to Wood and Comley," was mixed in a flask with 113 g. (1.2 
moles) of phenol. The mixture was stirred for 30 min. while dry 
hydrogen chloride was passed through it. During this time the 
temperature rose to 72°. The gray mass thus obtained was left 

(22) C. K. Wood and M . A. Comley, ./. Hoc. Litem. Ind., 42, 429 T !1H2H). 
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at nil in i t e m p e r a t u r e fur ") days and ivus t lien refluxed wit li 2.70 ml. \\\ d r u \ i d e fur ;-',(! nun. AI ler < -c >. > I i i i{i, 200 nil .if n u i f r w as addeo 
(if acet ic a n h y d r i d e fur I hr. T h e resul t ing d e a r solut ion wa- and the solut ion neiit ralized with 2 A' 1!'.'! T h e resul t ing m -
piuired i tdn 10(10 nil. of wa te r and the prec ip i ta te ob ta ined was tal l ine mass was ivcrvs ta l l i / ed twice Wo!' .70' . a i - i i c c a ; 
t aken up in e ther , washed \\ ith sat n ra ted sodium chloride î >lm i< m. 220 22s 
a n d dried over a n h y d r i m s sod ium sulfate . After r emoving tin lew', ( 'alcd -W ' .11- * * t ' . M I S I l i . 7 V, I'-weO 
e t h e r the res idue was distilled at 1N7> I ' l i r o. I mi;., and re (' M ! 1 1 , 7 0 7 
crystal l ized twice from eth.annh m.o I7|s 0-10 , \ ield 70 it ' 7 2 ' , 
A,,,,. 227 if 1.77 x to •,. Acknowledgment.- The ,-n n h< >r- wish n e.xpn-s-

, •i '_'" /- <•'"}'•>[• ''"'• (V.ifl..,;<>.: C 77,.Mv 11. 7.17 b o u n d , | 1 ( . ; r ,,.,..,, it u d e | , , P r o f e s s o r F . 1 h i r a i iv f< ir li i- in! e r e - i 

" '.' ' , ' ',' ' ' , , , , , , , , . . in ! h i s w o r k a m i . f i n a b l e d i s c u s s i o n s J . 1 AI. so , a i e 
liis-t / j -nvdroxylpnonvl - c v c l o h e x v l m e t n a n c . A ip i an t i t v >i , 

IS.2 g. (0.05 mole ; o f 'b i s - i / a -ace toyvphenvl -cyel, iliexvlmei l.ane i l l ! l v a c k n o w l e d g e s a r e s e a r c h g r a n t I n m i t h e > u e d j s l , 
was hi lilcd with 200 nil. nf a 20 ' , met hanol ic solut ion n l p o t a s s i u m ( 7a i l e e r S o e i e l \ 

Synthesis and Antibaelerial Aetivilv of Symmetrical Ris-qualernaries 
Derived from ri-lonone and Related ("ompouiids 

S . ' I ' I I I ' 0 1 . . ' IV I ! 0 0 k . ! I',, ( i l l ! M ' . K I O ; . " W O M \ Y ( i n 1 .001710. ! 

/ e . v e , . , . h l)i,i„„ii. Ilnjfin.l'i „-l.,i Un,h, I ,„ . \ -ill, , \ I 

Km in,I .h,„, S. /.'«;.•. 

A series nf new synmie t r i ca l b i s -qua t e rna ry c o m p o u n d s , der ived fruni alkyl s u b s t i t u t e d cyoiohoxem I-, alk\ I 
•stihstituted eyc lohexyb . alkyl s t ihs t i tu ted e v e l o p e n t y b , and b ranched a l ipha t ic amines , have been p repared fur 
eva lua t ion as an t imicrob ia l agents , .Most of the c o m p o u n d s showed a s t rong it, rilro a.nd local ii, rira a t i t ihae 
teriaj ac t iv i ty and . in addi t ion , those der ived from tot rabydro ionot ie exhib i ted a l imited sys t emic ant i s t aphy lo-
coecal effect in mice. 

Symmetrical bisquaternary compounds, whoso oat- systemic antistaphylocoeeal cl't'ect in mice, and ii w;is 
ionic groups are derived i'l'om aminos containing long most interesting to lind tliat the structural rei|uire-
chain alkyl, alkoxyalkyl, and thioalkyl moieties and are ments lor this in rira activity were very specific. Only 
bridged by an alkylene chain, tin' known to exhibit those compounds of structure 1, in which R was 2,2.b-
germicidal activity. : i Antibacterial activity has also trimethylcyelohexyl. in was 0 or I, Y, and Yj wore 
been described for a series of mco-bis(2,2'-dipyridyF methyl, and Z ranged from ethylene to decainethylene. 
aminoialkaiios,4 as well as for decamothylcnobis(4- showed this systemic activity, One of those eom-
amiuoquinaldi nium chloride) and analogs." pounds, \ . \ '-his j l-motbyl-il-i 2,2, ti-t rime thy Icy olo-

This papei' describes the preparation and anti- hexyl (propyl | - \ . \ ' - d i m e t h y l - 1 ,(> - hoxanediaiuinc 
microbial .activity of a series of symmetrical his-qita- bis(methochloride)7 (11), litis boon tested clinically and 
ternary compounds of the general formula !. in which 1! found to be useful as a topical antimicrobial audi t . 
can be an alkyl substituted eyelohexonyl, an alkyl sub- Chemistry. The new symmetrical bisiniadToarie-
stituted oyclohoxyl. an alkyl substituted oyclopentyl. were synthesized by the met hods outlined in the flow 
or a branched aliphatic group, and in ~ 0 or 1. ^ diagram for the preparation of 11. Kssentially. two 
= alkyl. Y-j = X, or substituted alkyl. and Z represents methods were used. In one approach (method !•".i, i wo 
alkylene, alkenylene. alkynyleiie, /;-xylyleue. or tin (a |ui\alents of ihe appi'opriate nionoter! itiry amine 
aliphatic chain containing an ether, hydroxy, ester, or were treated in rofhixing acetonitrile with an IO.C-
amide function. The new compounds WITC obtained by dihalide. In the alternate route i method I'o the ap-
several methods, using mainly d-iooono and ndatial propritite ditertitiry amine was treated with a ijtiater-
eompounds as starting matei'iids. oizing agent such as methyl bromide in acetone at room 

V , Y.. V Y 
f emperal ore, or methyl chloride in methanol uudei 
pressure at 100u. lo two instances, the appropriate 
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,ll,'i, N y. \ •<';:.... ('IiCI!..('ii..R disi-condary amine was diivctly alkylated and <|iiater-

(.[[ ^ v. ci i nized (method 11). using methyl chloi'ide or ethyl br<> 
I mide in the pit^senee ol anhydrous sodium carbonate 

Finally, a lew of the bis-ijiiaternarv bromides or iodides 
Most ol Ihe b.s-<iuaternanos exhibited, as expected. ,V(MV (;(H1V01.t(,d to the corresptoiding chlorides bv I rettl-

a strong •,/, ritn, antibacterial activity, often aceom- n u , n t w j t h (ivMx p | , , ( . i p i t , l t ( 1 ( 1 s i l v (M . ( .h i0ride ("method 
pamed by got.d local antimicrobial activity I n - ( ; , The bis-ipuiternaries t litis obtained wi-re usotdlv 
oxpeotodly. some ol the compounds also had a limited , l v s l , ) S ( , o p i ( , . a l u l W(,,,, „(•,,.„ obtt.ine<! in various l,y-

, i, i),,,,,,,-!,,,,.,,! .,i ('hcniic-iii licsciucii. drated ci'ystalline forms. 
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