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INDRODUCTION

The following sre some of the compounds reported to have estrogenic ac-
tivity:

m P~ P-on 4,4*-aihydroxybiphenyl,

m@-%@m 4, 4% ~dinydroxydiphenylmethane and
50 )0 Gty )- Ot 4,4"-dihydroxybibenzyl (1);
Calig legthyl=Z-methyl=f-hydroxy-1,2,3,4-
CooH tetrahydronaphthal ene-2-carboxylic
H
HO H acid (2) and
"I

> 3= (6-hydroxy-2-naphthyl)-
g - r;ﬁf c”-on 2,2-dimethylpentanocic acid (3).
HO |~ cig
;A
Ciig

Schueler (4) states thet a given substance may be estrogenic if it con-
sists of a rather large, rigid and inert molecular structure with two active
hydrogen~bond-forming groups located at an optimum distance of 8.55 A from one
another.

The estrogenic sectivity of the above compounds end the theory of Schuseler,
although it has been nelther proved nor disproved, suggested that the dicar-
boxylic acid and the dicarboxemides of biphenyl, diphenylmethane and bibenzyl
might have estrogenic activity. The distances between these hydrogen-bonding-
groups in this series of compounds c¢orrespond closely to the optimum distance
of 8.55 A proposed by Schueler.

It was decided to synthesize these compounds and the 4,4'-dibromo and

4,4'-dicyano derivatives of biphenyl, diphenylmethane and bibenzyl to be tested



for their estrogenic activity in chicka.

Although the acids, the bromides and the nitriles have been prepared there
is little information on these compounds in the literature. JAny additional
kunowledge concerning their preparation amd properties would be useful.



HISTORICAL

Tittig (5) roported the preparation of 4,4"-dibromobiphenyl by the action
of biphenyl =nd bromine under water. Camelley =nd Thauson (6) reported the
preparation by the reaction of bromine and a solution of biphemyl in carbon
disulfide.
4,4'=Di cyanobiphenyl

Doshner {7) reported the preparation of 4,4'-dicysnobiphenyl by the care-
ful heating of the calcium salt of biphenyl-4,4"-disulfonic acid with calcium
cyanide in a streem of carbon dloxide. Work (8) reported the preparation from
benzidine dissolved in hydrochlozric acid, treated with sodium nitrite and then

with cuprous cyanide.

literature.

Dosbner (9) reported the preparation of biphenyled,4'-dicerboxylic acid
by the oxidation of p,p'-ditolyl with chromic and glacial acetic acid. Lieber-
mann (10) reported the preparation by the reaction of oxalyl chloride and
aluminum chloride with biphenyl. Basford (11) reported the preparation by the
oxidation of 4-cyclohexylbiphenyl-4'-carboxylic acid. Harley-sson and Menn (12)
reported the preparation by the oxidation of 4,4'''-dinsthoxyqueterphenyl with
chromium trioxide and glaclial ecetic acid. They reported & yield of 85%.
Gilmsn, Lenghem end Moore (13) reported the preparation by the reaction of
4,4'-dibromobiphenyl and butyllithium snd subsequent carbonation. They reported
& 30% yield when a 2:1 ratio of butyllithium te halide was used amd 91% when

the ratic was 4:1.



'~ DiD: a1
Goldthwaite (14) prepared 4,4'-dibromodiphenylmethane by the reaction of

bromine with diphenylmethens in the presence of iodine.

: .-m -

The preparation of diphenylmethane-4,4%-dicarboxamide is not reported in

the literature.

Schopff (15) preparsd diphenylmethsne-4,4'-dicarboxylic acid from the di-
aitrile formed by the diazotization of 4,4'-diaminodiphenylmethane. Lisber-
mann (10) reported the yreparation by the reactica of oxalyl chloride snd
aluminum chlowide with diphenylmethane.

Stelling end Fittig (18) prepared 4,4'-dibromobidbenzyl by the reaction of
one gramemolecular weight of bromine and bibenzyl in water. BErrera (17) pre-
pared this compound by boiling p-bromobenzyl bromide with zine dust.
4.4-Dicyanobibenzyl

Kattwinkel =nd Wolffenstein (18) prepered 4,4%'-dicymnobidenzyl in =dditiom
to 4-cysncbenzoiec aeid by warming p-tolunitrile with & hot saturated solution

of calcium persulfate for five or six days.

The preparation of bibenzyl-4,4'-dicarboxsmide is not recorded in the
literature.

Bibenzyl-4,4'-dlcarboxylic seid

Fischer and Wolffenstein (19) prepared bibenzyl-4,4'-dicarboxyliec acid



by the action of caleium persulfate on p-toluic acid in the presence of sodium
carbonate. Liebermsnn (10) prepared this acid by the reaction of oxalyl chlo-
ride and aluminum chloride with bibenzyl.



EXPERIMENTAL

The preparation of the derivatives of biphenyl, diphenylmethene and bie

benzyl was first attempted according to the following type reactions:

Preperetion of tho dibromo compounds

One-half mole of the hydrocarbon was dissolved in 200 ml. of carbon tetre-
chloride and placed in & 500-ml. three-necked round-bottom flask fitted with a
stirrer, a dropping funnel and a reflux condenser. A hydrogen bromide trap
was connected to the reflux condenser. Four grams of iron filings was added
to the flask as the catelyst. The mixture was heated with stirring to reflux
and one mole (160 g.) of liguid bromine was added dropwise through the dropping
funnel at such a rate to maintain reflux. The addition of bromine required one
hour. The mixture was then refluxed for an additional hour.

The carbon tetrachloride was steam-distilled and the remaining oil was
erystallized by cooling in an ice bath. The 4,4'=dibromo compound thus ob-
tained was recrystellized from zlcohol.

In the case of 4,4'-dibromodiphenylmethene, crystallization did not oc-
cur readily. The water was decanted from the oil remsining after steam distil-
lation. The oil was vacuum-distilled and the portion which boiled at 220~
225° C. at 25 mm. was seeded with a few crystals of 4,4'-dibromobibenzyl and

allowed to stand in the ice box for a few days until crystallization occurred.



Melting Point
4,4'-Dibromobiphenyl 164 (5), 162 (6) 162-164 69.5
4,4'=Dibromodiphenylmethane 64 (14) 62 16.5
4, 4" ~Dibromobibenzyl 114-‘115 (18) 114-115 65.0
Freparation of the 4,4'-dicyano compounds

The preparation of the 4,4'-dicyanobibenzyl was attempted following the
Rosenmund-von Breun nitrile synthesis described by Koelsch and Whitney (20).
According to this method the bromo compound, twice the calculated amount of
cuprous cyanide, and a few crystals of cupric sulfate, as the catalyst, are
heated in a sesled soft glass test tube at 250° C. for one hour. The orgemic
matter is extracted by heating with acetone. This method is satisfactory for
snall quantities, using an oill bath to maintain the constant temperature.
Using 1.9 g. of 4,4'-dibromobibenzyl a 18% yleld was obtained, while & second
Tun using l.35 g. geve a 335 yield.

For larger quantities ueing a Pyrex ignition tube and a tube furnace to
maintain the temperature, the yleld was very low due to the formetion of carbo-
naceous material. The reaction mixture formed upon cooling a very hard solid
which was iwzpossible to pulverize. The solid meterial was ellowed to stand in
concentrated mmmcnium hydroxide, but this did nmot help the purification.
Fifty-three graus of 4,4'-dibromobibenzyl geve no yileld at all. A second run
using 54 g. gave a 6.2% yield.

A modification of the above procedure using quinoline as 2 solvent was
tried. The dry mixture was dissolved in a minimum smount of quinoline and
refluxed for two hours. A solution of 6 N hydrochloric acid was added to the

mizxture with stirring. The mixture was allowed to Cool, the agueouse portion



was decanted and the residue was Tiltered and recrystellized from alcohol.

This residue contained large quaentities of tar which eamsed much difficulty in
purification. Successive recrystallization from alcohol was a slow but feirly
satisfactory method of removing the tar. Using 6.16 g. of 4,4'-dibromobibenzyl
and 50 ml. of quinoline, a 12.25 yield wae obtained, while 5 g. of 4,4'-dibromo-
biphenyl and 50 ml. of quinoline gave a 39% yield.

Another modification of this same procedure involved heating the dry mix-
ture in an open test tube. The tube was heated over an open flame until the
contents had just melted. The temperature of the wixture was not allowsd to
exceed 250 C. The reaction mixture was then heated with & solution of sodium
cyanide. This treatment removed all the copper salts aad recrystallization
from alcohel was mach simplified.

This letter modification of the Rosenmund-von Braun nitrlle synthesis
proved to be the most satisfactory and was therefore used fox the preparation
of the 4,4'-dicyano compounds. The per cent yields shown below are for small

quantities, 1-5 g., of the dibdromo compound.

Melting Polnt
Lompound Li.tle?_-. E?m? 7%.11 d
*C. *Ce
4,4'-Dicyanobiphenyl 234 (7) 210-220 40
4,4'-Dicymnodiphenylmethane 165 (15) 160-161 45
4,4 -Dicysnobibenzyl 198 (18) 194-198 40
Hydrolysis of the 4,4'-dicyeno compounds with consentretod sulfuric selid

Two end one-half grams of the 4,4"-dicyano compound wes heated with 70 ml.
of concentrated sulfuric acid at 75-80° C. for five hours. The resulting sclu-
tion was poured over cracked ice and allowed to stand overnight. The white

solid was separated by filtration and washed repeatedly with water.



Sodiun fusion and subsequent cualitutive nitrogen analysis showed nitrogen

to be present. A guantitative nitrogen snalysis was made and the results were

as follows:
ANALYSIS TOR NITROGEN
Sulfuric Aeid Hydrolysis Calculated for the
Product of: _Gicarhoxsmide Found
Biphenyl Derivative 11.67 % 8.44 %
Diphenyimethane Derivative 11.02 g.18
Bibenzyl Derivative 10.45 5.57

The sulfuric acid hydrolysis was tried under less drastic conditions as
follows: Three-tenths of a gram of 4,4'-dicymnobibenzyl was hested with 25 ml.
of concentrated sulfuric acid at 60* C. for three hours. The mixture was
poursd over cracked ice and allowed to stand overnight. The white solid was
separated by filtration and refluxed for five hours with a mixture of 20 g. of
potassium hydroxide, 150 ml. of aleohol amd 150 ml. of water. Very little
dicarboxamide was formed since practically all the solid dissolved in this
nixzture.
Hydrolysis of 4,4'-dicyenobibenzyl with beazoyl peroxide Catalyst

A mizture of 0.5 g. of 4,4'-dicyanobibenzyl, 5 g. of benzoyl peroxide,
50 ml. of glacial acetic aeid, 1 g. of zahydrous sodium acetate and 4.7 ml.
of water was heated in a water bath overnight et 60° C. The solution was then
poured over cracked ice. A yellow solid precipitated on stending. The golid
was separated by filtration and refluxed for two hours with a mixture of 20 g.
of potessium hydroxide, 150 ml. of aleohol and 150 ml. of water. Since all the

solid dissolved in this mixture there was no yield of the dicarboxamide.
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Hydrolysis of 4,4"-dicvenobibenzyl with alkaline hydrozen peroxide

A mixture of 0.5 g. of 4,4'-dicyanobibenzyl, 12 ml. of Fp hydrogen per-
oxide and § drops of & 20% sodium hydroxide solution was heated in a water
bath at 40° C. for two hours. There was no yield mnd 0.45 g» of the nitrile
was recovered.

The recovered nitrile was treated with 15 ml. of & 10% hydrogen peroxide
solution at 40* C. for one hour. There was no yield and 0.4 g. of the nitrile
was recovered. |

The recovered nitrile was treated with 15 ml. of a 5 sodiwm hydroxide
solution in %0% hydrogen peroxide. There was a trace yield.

Treataent of sybstance produced by hydrolysis with concentyated sulfuric meid

Two grams of the substance produced by hydrolysis with concentrated
sulfurie aeid was further hydiclyzed by heating with 35 ml. of 100% phosphorie
acid at 110° C. for four hours. This mixture was poured over cracked ice and
allowed to stand overnight. The solid was sgparated by filtration and washed
repeutedly with water.

Sodiwa fuslon end subsequent quallitative nitrogen analysiu showed nitrogen
to be absent.

These finsl hydrolysis products dissolved upon heating in a solution of
aleoholic potassium hydroxide. This clear solution was scidified with dilute

hydrnchlorie acid end 2 white solid precipitated which was insgoluble in water.

Melting Point

decomposes above 300 (11)
Biphenyl-4,4'-dicarboxylic acid does not melt (9) did not melt 75

Diphenylmethane-4,4'-dicarboxylic acid 334-336° (16) G25=330 60

Bibenzyl-4,4*-dicarboxylic acid above 320 (19) did not melt 78
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Lropagstion of 2044 Shpough the Grigmard reagent
Two and one-half grams of magesium turnings was placed in a three-

necked round-bottom flask fitted with & waler-cooled condeaser, a stirrer
and a dropping funmnel. A mizture of 5 g« of (0.0147 mols) of 4,4'-dibrowo-
bibenzyl and 3.2 g« (0.0294 mole) of ethyl bromide dissolved in 250 ml. of
enhydrous ether was added slowly through the dropping funnel. The reaction
was started by the addition of a small erystal of iodine. After the reaction
had ceased, the mixture was poured onto dry ice and hydrolyzed with 6 N sul-
furie scid. The aqueous layer was separated and troeted with excess sodium
hyéroxide solution and then filtered. This clear filtrste was acidified end
the solid which fowmed wao separated by filtration. The product of this
reaction was a mixbure of the bromo-acid and the di-aeid, which was impossible
to separate by recrystallization from aloohol. DBromine was present in both

fractions as ghown by the Bellstein flame test.
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DISCUSSION OF RESULTS

The bromination of biphenyl, diphenylmethene and bibenzyl involved nothing
more than & classieal procedure using a low temperaturs and iron catalyst. Puri-
fieation of 4,4'-dibrémhiphuyl, 4,4'-dibromodiphenylmethene snd 4,4'-dibromo-
bibenzyl is easily accomplished by recrystallization from aleohol.

It wac very difficult to obtain satisfactory yields in the exchange of
the bromo for the cyano group. Hany runs were made using each of the modifi-
cations of the Rogsennnd-von Braun nitrile synthesis. The originsl methed of
heating the dry mixturs in a sealed tube wes abindoned since using an oil bath
for small quantities was too dangerous and using en ignition tube &nd heating
larger quantities in a tube furnace gave large smounts of carbonaceous material.
The use of quinoline was ebsndoned becaused of the ter formation which made
purification a very long and tedious process. Quinoline, however, is & good
solvent for cuprous salts and has a boiling point of 239° C. which is near
enough to the recction temperature of 280° C.

Finally, heating the dry mixture in sn opsn test tube wae tried and setis-
factory ylelds were obtained. This method of exchenge of bromo for cyano group
is very easily earried out =nd cen de done iz 2 minimum of time. Removel of
the copper selts is easily accomplished by the sodium eysnide treatment.
Unfortunately, sztisfectory yielde ers ovtained only vhen 1-5 g. of the di-
bromo compound is used.

4,4"-Dicysnobiphenyl and 4,4'-dicyenobibenzyl are amorphous and sre very
difficult to menipulate. These compounds sxe difficultly soluble in hot
alcohol and prolonged boiling under reflux is necessary bsfore recrystallization
is possihle. 4,4"'-Dicymnodiphenyluethene in crystalline in form, has a lower

melting point then the other two, =md is soluble in ho% slcohol.



As shown by the quantitative nitrogen analyeis of the sulfurie acid
hydrolysis producet of the dicyano compounds, the dlearboxamides were not
prepared in & pure state. Since the nitrogen anulysls was lower then the
celeulated amount, the hydrolysis went further than was expected. Therefore,
the hydr‘olysﬁ product probebly consisted of a mixture of unreacted nitrile,
the dicarboxylic acid amd the nitrile-acid.

The concentrated sulfuric aecid hydrolysis of 4,4'-dicyanobibenzyl was
tried under lsss drastic conditions of lower temperature snd a shortened heate
ing period. The hydrolysis product was heated in a mixturs of alcohol, potas-
siym hydroxide and water. This mixture should dissolve all the compounds
precent oxcept the dicarboxamide. All the hydrolysis product dissolved in the
mixture. Therefore, pertisl hydrolysis with sulfuric acid is not a satis-
factory method of preparing these dicarboxamides.

Hydrolysis of 4,4'-dicyanobibenzyl with alkaline hydrogen peroxide or
with a little wator in acetic aeid in the prosence of benzoyl pervxide was also
unsatisfactory since the unreacted nitrile was recovered.

The preparation of bibenzyl-4,4'-dicarboxylic acid was attempted through
the double Grignard reagent of 4,4"-didromoblbenzyl. The reaction did produce
&n acid vhich wes soluble in aleoholic potascsivm hydroxide and precipitated
upon ae¢idificobion. However, the product contained bromine as chown by the
Beilstein flame test. The cttempt to ipsolate a pure acid, either the bromoe
aeid or the di-acid, was unsuccassful and therefore a neulrallzation eguive
alent was not ™un.

The prepurabion of the dicarboxzamides of biphenyl, diphenylmethane and
bibenzyl is not impossible. Their preparation sghould mcceed by the classical
mathod of treating the @lcarbexylic acid with thionyl chloride and emmonia.

It has been chown that their preparation by the hydeolysis of the dinitrile is
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The brominakicn of biphenyl, diphenylasthszme ccd bibenzyl was done accordw

ing to ths &1 method Tor substituticn of ring hydrogen Jor halogen.

This method was fownd o be satisfactory for these compounds.

The best nethod Tor the sxchange of the bromo Tor the ¢yans group Loz
this series of compouwnds wes heanting the dry mixtuia of the 4,4"-8 brawo
compound, cuprous cymide and copper ;f;ﬁ.ulféta Jush wntll mslting occuryed.

Purification of the cyano compound was most eaglly acconplished DY heating

the roactios mixbure with e solution of sodiuve oysaide %o dissclve the copper

saltas
Hydrolyels of the nltrile with comcentrutad sie aeld wes sn unesbise

facstory method of prepering ths dicarbormmmides, since the altrlls was elther

+

recovered uares eted or nydrolyzed sll the wsy to the acid. Alkeline hydrogen
peroxids wad benzoyl perozide were also ungstigfzobory for promobing hydrol-
y@is sines the unreacied altriles were recoversd.

Thy dicsrbozylice acid wag i

produst from the sulfuris aeld treataent by ms

110° C. for four hours. A3 stbbenpt o prepars the Lurs 43

Cb

wmrboxylic seid

through the double Grignard resgent of the dibromwm wound was unsusesssful

broww-acid g di-acid.

slanee the droduct sonsisksd of & mixture of

B
tng points aud proverties of all the compounds synbhosized wers

ratordad.
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