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Tho follo·.'Jing er~ eome o . th~ c pounds repcrted to have estrogen.! e ae-

tivity: 

no{)-0-on 4,4t-di hydroxJb1phenyl, 

HO o (,lJI20 OR 4,4' - dihydro~ydiphenylmethune and 

l - ethyl- 2-met yl- 6- hydroxy-1,2, 3,4-

tetrahydronaphthal an e-" ~arbo,:yli o 

iiOid ( 2) end 

•. (6- ydror3- 2-nnphthyl)-

2, 2- · ethylpentonoic acid (3). 

Schueler ·(4) states that a given substance mey be estrog&0.ic if it aon-

aists of a :rethe.r large, :rigid and inert molecular structure Yr.ith two active 

• 
hyd1~gsn.- bond- fonning groups located at an o.J:)ti1:.um istw_c. of 8.55 A fr m on 

another. 

The est:rogenic activity of tho hove COLi! ounds md t a thoo:ry o:f Schueler, 

although it has been neit-her proved nor disproved, t.'Ugge ted that the dicar­

bo.xylic eid and the dicarboxl:lm.ida of biphonyl, diphenylmathune cn.d bibenzyl 

might have estro -enie ..-ictivity. '!'he di ~ences between theso hy<lrogen- bondin 

groups in this sari as of co ounds correspond closely to th o timurn. di st o~ 

of 8 .55 A propooed by Schueler. 

It waa decided to E:i m.tltesize theS(' COPJpounds en the 4, 4t-dibromo wid 

4, 4 1 .. di cyl:ll'.!o derl vati ves of' bipheny , diphanylmethnne ~u1d bi benzyl to be test d 
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for tllei:r eatro0 .... ie activit-y i chi ·kn ... 

Alt.b.aui;n the , oid , th. · b des 1d th. ni tr· lea ve been pre ared there 

is littl infon;mtion on these ~ound the 11 t rntur y addi tiont..l 

kll.owledge co coming their prep tion d ro1,,o ~-S \WlU1. be useful 
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:!'i ttig ( 5) reported the re ation ot 4,4' -~'tibnH:>biphany1 by the action 

of bi:phen.yl "tid 'b~ •e under tar.. C ""'"1 lle-.r ond 'i1hex..1son (6) re.orted the 

re aration b°'J t e enctio of bromine end a solut · on of b · 11Elll:{l in car on 

d.isuli'id ,. 

41 4i- D1cysn.~bi6 nen.v1 

1))-bnc;r l 17} re.Porte thep ep tiou of 41 4 1 - dicymobi:;henyl by the car · 

ful heatin, 01 the c c1, salt of i_henyl- 4,4l- -disuli'onic acid with calc1 

cyanide in u etre~ of cur n dio:ti e. ork ( 8) reported + o re ar"'ti f!'O.Ol. 

benz.i · e dis l v ed hydroohlor c aci d , t r eated tdth nodi um nitr t ,d then 

th. OUJi)rous cyo . d • 

BiPh yl-41 4J- <licarboxam de 

Tho re1 arat_on of biphauyl- 4 1 4" - di · 'boxacide is not re orted in the 

lit era.tura. 

Bipllerq~..-4, 4' - dio boxylic ~ 

Do sr {9 } re:.~ort th pre ation of bi:i:)lienyl- 4,4 -dieur'boxylic c1d 

by the oltidb.'t. on of • , ... itolyl th ro ic and G).a.cial acotic cid. 

orm (10} report'3d the preparation by th ~e"'etiou o:t' oL.uyl chloride a.11d 

num ch.lorid wit biphenyl. Bas:tord (ll) re rted the prepar..-tion by the 

orld tion of 4-C"'JClohexylbiphenyl- 4' - ce.r oxylio acid. H· rley- ,as . and ann {12) 

report d the. ... roparation by the oxi drat ion of' 4, 4' '-dim.atlloxyqa t I'l)he..tl.yl w1 th 

ohromi1.m1 t oxid und gL clal cetic acid. They repo:rtod a yield of 85;. 

Gil!ium, Lon · end 41'1oore (l3) x- port d o pre:i;,o.r&tio:n. y th re ... ctio of 

4 . 4' - · ibrooobiphenyl ,. d butyllithium · d b eq_uon.t o .,.,bon tion. They re orted 

!30, }-1 eld men a 2:- l ratio of butylli thi ta h id ms used and 91% hen 

t he ratio - a 4:1. 
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4 14'-Dibl"O'~Oc'!!Phenylmothane 

Goldthwe.:i te. (14) re ared 4, 4' -di b:rom.odiphenylmethmo by t e r~a.ction ot 

bro in.e :.i th di cnyl!:lotha.'le in th '9 resence of' iodi e . 

434t-D1cyanodi~he:izllaethen.e 

Cb.optt (15) prepared 4.,4' - dieyanodi enylra.eth o fro the corresponding 

acid. 

Diphenylmothane-4,4T-d1carbo ·de 

The preparation. of dipheny: ethane-4,.4"- ioarbo - de i.s not re ort. d in 

the lit tu.re. 

Dip etuone-414*-d1carooxzlio~ 

..-.iehop.ff (15) repared dipheuyl:olet 4,4.l-dic boxylic cid :tram the di-

ni trile to .: ed by t 1e diazotizution o 4 , 4t - di · odiphe ylmeth • Lieber­

mann {10) re orte the prepara'tion by the :reac ion of omJ:yl chloride e..."ld 

alu.!lin.um c lc::"i.d · with pneny~than.e. 

4 1 4'-Dibro o- benZ<",{l 

St llin · d Fittig {16) prep ed 4,4'-dib obibcnz-.rl b r th reaction of 

one gr - mol cul 1Jeight of bJ.-omi.. an bibenzyl in ter. Erre::c (17) pre­

a.red th.ls oo.:-.1.l:Jound by boiling p- bro bcn.zyl broro.id-e d th zinc dust . 

41 4t-Dicyanobibenzyl 

att • cl. " d ltfenstein ( 18) repar d 4., 4' - di oyenobi benzyl i ddi tion 

to 4-~yanobe':lzoie acid by· ng t olunitrile with hot ~atur ~ed olution 

of oaloi e:I'ouL. ~te "for :f'iv or six day • 

Bi benz:yl- 4 1-4' - di car .. --11.i.de 

The pre>.Jr""ution ot bibenzyl- 4,4 -d!eru:bo 

11 terature. 

Bibenzxl-484•-c.ioarboxylic ~ 

de is ot recorded in the 

Fi cher end w; lffen.stein (19) prepared bibeuzyl- 4,41 -'licn:rbo:cylio .... cid 
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by the action of calcium ~ersu.lfate on p- toluic acid in the resence of sodium 

carbonate Liebermann {10) pre.P-ered th s e.c1d by the reaction of oxalyl chlo­

ride and u:min chloride ri. th bi banzyl. 



6 

The preparation of the derivatives of biphenyl, cliphenylmethena and bi-

s first att~ted according to the following type reactions: 

cone. H2 S0 
and H20 

Br2 , Fe 
Br-0-0-Br 

0 O 
ll - - II 

Cu ~ 
CuS04 

---------7 
100; H3 04 
and H20 

TC -00-

---------7 H cr-c-Q-O-c-Nn2 --------7 
Preps.ratio .9! the di brom.o compounds 

On hnlf mole of the hydrocarbon was d · saolvod in 200 ol. of carbon tetr 

chloride and placed in a 500- ml three-necked round- bottom flask fitted vdth a 

tirrer, a dro ping .i\lnnel and a re:f'lux condenser. hydrogen. bromide trap 

wa.s connected to the retlu:x: onde:1ser. Four grams of iro.a filings - s added 

to the flask as the catal.y&t. T'ae mixture was heat d with stirring t o reflux 

and one mole (160 g . ) of liquid bromine as ndded dropwise through the dropping 

tunnel at suoll a rate to maintain reflux .. e addition o! bromin required one 

hour.. The mixture was then refluxed for additional hour. 

The carbon tetrachloride was steam-distilled and the rem ning oil was 

cryst lized by Cooling 1n an ice bath. 'l'h.e 4 , 4' - dibro!ll.O compound thus ob-

tained B recryst li zed i'rom coho .. 

In the case of' 4 , 4' - dib:t>omodiphanyl.nethan.e, crystallization did not oc-

cur readily. The ter was decanted fr the oil rem ·n1ng after team distil-

l ation. Th oiJ. ,w.s vacuum- distilled and the portion i'ihich boiled a t 220-

225~ c. at 25 n • weo seeded with a few crystals or 4,4' - dibro.mobibenzyl and 

allowed to stond in the ice box tor a few d ys until cryst lization occurred. 



Literature 
( •c.) 

4 , 4' - Dibrornobiphonyl 164 (5) , 162 (6) 

4,4'-D1bromodi)henylmethane 64 ll4} 

4,4' - Dibroruobi benzyl 114-115 {16) 

Preparat\qp. .af ~ 414' - dicyan..o qg:rggounds 

oint 

Observed 
(·oc.) 

16 164 

62 

114-115 

Yield 
(%) 

59.5 

65.0 
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Th prepa.rl'ition of the 4 ,4."- dioyanobibenzyl was ati;em,pted :rollowi g the 

Rosoomw: d- vo uitrile nynthasi desorib·d by Kelsch d ~lhi tney (20)t 

Accordi:ig t o thi i:; et hod t h bromo compound, t c e the c culut e · amount of' 

cupro s cy m.ide, and a f e crystal s of cupric sulf ol' as the catalyst, a.re 

heated · a oealed oft glass t e .. ·t tube at 2501) C. for one hour. The or ganic 

matter i s extracted by heating with acetone. Thi s method is satisfactory for 

Using 1. 9 g. c~ 4,4'-dibro:nobibe:.~zyl a 12t yield wa obt c~~ed , while u 3econd 

using l. 35 g. gav a 33.i yield. 

For lar er quantiti es using o. Pyrex ignition tube and a tube furnace to 

ma.int n tho t · erature. the yield fas very low due to the fom.ation of c bo-

n ceous mat erial. The reaction mixture :formed u Jon cooling n very hard solid 

,hi ch ~ c b __ l)osdble to pulveri ze .. The solid ma.ter1 as allowed to st d n 

con centra.ted ~oLium hydroxide , but thi s aid not help tho purific tion. 

Fifty- three . s of 4.4•-dibromob beuzyl gav e no yield at all. A second run 

using 54 g . ave a 6 . Z% yield. 

A nodif ication of the above procedure using quinoline as a solvent wa 

tried.. '!'he dry rri.i :x:ture was di ssol Ted i n a miniillUlll CJ. ou.n t of quinol1ne and 

r efluxed for t wo hours. A solu tion o:t' 6 M hydrocb.lori c ucid was added to the 

m1xtu:re with s tirring. The mi ure was allowed to cool, t he aqueous portion 



wus decanted and the residue was :tiJ;t.~red u!:.d :recr.rstallized from. alcohol. 

This residue contained. l :rge qi.vmt'tties of t whi.ch eaused !llllOh dif.ficul ty in 

purific tion. f:iuocessi ve reol"yst lization 1'ro alcohol was a slo. but fairly 

satisfactory method of removi g t e tur. U ing 6.16 g. or 4,4' - d~bromobibeuzyl 

and 00 ml. o:f." quin.ol1ne, a 12 ... 2;; yield t·ra.s obtain d, i, le 5 g. of 4 , 4"-dibxo o­

biphen.yl d 60 :ml. of quinoli e gave a 39% yield • 

.Another I odii'ication of this sa'!le rocedure i nvolved hec:.ting the dry mi -

ture in an. open t"'s t tub-e. fhe tube was he tod over a11 open flume until the 

contents had ju t melted. The temperature of the xture ra. not allowed to 

exceed 250• C. The reaction mixture s t en he· ted d th a rolution or sodium. 

cyanide. Thi s treatment removed all the copper nalt s tUld recryst liza.tio~ 

from alcohol was Oh simpli:fie • 

Th.i s latter modification ot t he Roserunun.d-von Braun nitrile syntl1es1s 

proved to be th mo t satisfactory and 'M'l therefore used f'Ol' the prepura.tion 

of the 4 , 4' - dicyano compound.E. The ;per cent elds sho\lJll bt::3lo • are -1:0 ::.11 

quantities~ 1- 5 g .. t , of the dibromo oo;:npound. 

Mel tin(5 Point 

Compound Literature Observed ield 
(•c.) ( I) o.} (%} 

4,4'-Dicyanooi!henyl 234 ( 7) 21 - 220 40 

4, 4'- Dicya.nodiphen.ylmethane 165 (15) 160-151 45 

4,4'-Dicyanob beuzyl 198 (18) 194-198 40 

Hydrolysis sf~ 4 1 4'-dieye.no compounds !ill ecncen.t .ted Gulfur c ::ic1a. 

Two and one,.,.half gr~s of the 4,4'-dioyano compound was heated with 70 

of coueootl'ated , li'urio acid at 75-00° C. for five llo 1rs . The resulting sclu-

tion ra.s poured ove:i:- c:r eked ioe and ru.lowed to stand overnight. The white 

solid was separated by fil trat on and wa hed rapeutedly r:i th water. 



Sodium fus o and su. equen.t l..'..'1oll t-1tiv n trog analysis aho ed nitrogen 

to be l)l'es t,. A quantitative nit.i.o ,en. analysis 'h.'aS Hide and tho results QT'e 

as follows: 

;:; lturic Acid Ryclrolysi 
Product of: 

Biphenyl Derivative 

Dipheny ethane Derivati ve 

Bibenzyl Derivati ve 

Cal cul" t d :ror th 
dioe.r'boxamide . 

11. 67 ,: 

11.02 

10.45 

Found 

9 .. 18 

The sulfuric acid hydrolysis wo.s tried under less drastic conditions as 

f ollows: Three-te the of' a gram of 41,41 -dicyanobibenzyl s heated with 25 ml. 

of concentrated 1::, •lfuric acid at &o• c. for three hours. The mixture was 

poured over cracked ioe and allo ed to stand overnight The whit solid was 

separated by filtration ru d refluxed for .f1 ve hour·· ,'11th. a mixt re of 20 g . of 

potassium hyclro:xide, H50 ml.. of e.lcohol a: d 100 ml. of water Vsry little 

dicarboxarnide was forn:11-,.d since practically l the solid dissolved in this 

mixture. 

Hydrolysis .Q.! 4.il - dicyanobibenzvl ..JJill_ benzoy:l peroxide Cat alyst 

A mi:x.tu.:ro of 0.5 • of 4,4t - dicyanobibonzyl, 5 et• of 1)enzoyl peroxide. 

50 ml.. of glacial acetic acid, 1 g . of enhydrou;:; sodium -.cot.13.t e and ? 

of ater was hooted in e. water bath overnight at 60°' c. The solution s then 

poured over cracked ice. yellow solid .Praoi ita:ted on stonding. The solid 

was se arated by filtration and refluxed for two ours 1,l t n miJ...'"ture ot' 20 • 

of p taasiUUl hydroxide, 100 ml. of alcohol and 1.50 m.l. of' 1a.ter. Since aJ..l th 

solid dis olved 111 thi IUixture there was no yield of the dicarbo de. 
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A mixture o o .. 5 -.. o:f 4,4' -<licyanobibenzyl, 12 ml .. of ~ hydrogen er-

oxid and 5 dro,t1 of hydroxide ualut a ~van e tad · a ater 

bath at 40° C. for t hours. T ere a no yield nnd 0.4ti g .. of the nitrile 

was recovered. 

The recovered ni trile was treated i th 15 ml. 4 o:f' a l()y{ hydrog per oxide 

sol u tion at 40• C. for one hour. There was no yield and 0 . 4 g., of the nitrile 

'W(tS 1·eoovere 

Th recover ed nitr ile was treated with 15 ot a OJ sodium hydronde 

solution in 00% hydrogen peroxide-. There 1 o a tTac yield. 

Treatment .2f su.bstmice ;pr oduced 121 ydrolysis · 'S concent rated · furic acio. -
Tvro ams oi.' the sub ·tance produced by hydrolysis with co:a.can.trt:1ted 

sulfuric acid was further hyd1-olyzsd by he&tin[; with :35 ml. o.:f.' 100-% phosphori c 

acid at 110° c. fo :f ur hours. This mixture wa'"' r,oured ove1· cracked tee and 

allow ... d to "'tand overnight The solid waa - ..... a ted by filtration and shed 

8U.bE:;e.;i_uen.t qu: 1tati ¥ ti nitrogen .- ru.ysiu ehv-wed nitrogen 

to be absent .. 

These final llydrolyai" product; d olv d upon heatin 1 in a elution ot 

alcoholic pota.;.:'t1um hydroxide. 'l'his clear so utio: s eidified wit h dilute 

hyd1 chlor o ucid and · white solid precipitated mich .uz i11soluble in ater. 

coro.·ound 

Biphenyl- 4,4'-dicarboxylic acid 

elt1nP.; oi nt -----..... -..--.... 
Literat u:re 

( .. C.) 
d composes above 300 (11} 

Observed 
( oo.) 

does not m lt (9) did not melt 

Di:phenylmot han.e-4t 4'-d1carboxylic aci d 334-336° (15) 

Bibmzyl-4,4'-di arbaxylic ac d above 320 {l.J) did not u t 

Yi eld 
(,.,) 

75 

'78 
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Two und a o-h · r g:ita.mi:. o:'.: .. u~c3ium turn ng,..:; was j_ ced in a th1•ee-

n~c::ed I\1und-bottom :f'l sk :fitted 'th ' water-cooled and ..... ,_,er, stirrer 

and o. dropping runnel. A m14turc of 5 g . of (0 . 0147 mola} :l 4,4' -di b1'0.1.u.o­

i ben::yl ~"1d 3,2 g . {0. 0294 mole) of ethyl bro:mi e di•,solved in ~50 ml. or 

en ya.rous et er w s dded slo :Ly through the d.i..""O.Pl> .. g i'uri.nel. ' he reaction 

c.n st ~od. by the :::. d1t1on of a small crystal o·"' iodine. AftQr t h reaction. 

n d ceusod. t,he mixture was oured o to ctr; 1 ce and hydrolyzed with 6 If sul­

furic o.Cid. ~t o aqueous layer 1v-ns aop oted and. tro· ted wit excess s diULl 

ydroxide soluti on. ond t en filtered. Thl I;. ol&ar fi.ltrats \ o acidified end 

the "'olid ,r, ~ c :fomed was. ssperatod by filt:i:o.tion. The :prouuct or th· s 

re ction "'..ITdD a minur · o:t' the bromo- a cid and t he di- cid. wb.iah. 'ViB.8 impossible 

to sop@."ate by recryGto.llization from. uJ.cohol . Br rosent in both 

tractions s cllo 1 by t.he Beilste111 flam test. 
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DISCU"': OJJ OF RKSULTS 

The b:ro.minat io of bi phenyl, diphenyl et rme ~nd bibenz.yl involved nothtng 

raore than e. cl assical pro edui•e u ing low tfflll)erat1irs and iron catalyst,. Pur i ­

fio tion of 4 , 4t - dibromobi enyl, 4,4'-dibxomodi henylmethane a-.id "c't4'-dihro .o­

biben.zyl i s o sUy aceo ll,lli ·he<'l by recry tallizatio11 f1"0Cl alnohol. 

It ·as ery diffic-uJ.t to obtain e,,tis.faotory yieldt::1 in. the exchange of 

the bromo for the cyano cup. 

cations f tho Roseilllll.Ulo.-von Braun .ni trile aynthot:d s , 'l'he ori inal method o:f' 

heating the dry n1.:u-e in a aenled tube s s.b a:i.don d sine~ UP.ing en il bath 

:for small qui<1J1tities was too dangerous and using on ign.it.ion tub - d h .,ing 

largar quantities in a tube furn co gave large amour .. t s of carbon .ceoua mater iel . 

The use of quinoline abandoned becuused of th~ tar forillation ;imich mnde 

purification a very long and todious process. Quinoline, l~ViEl'Vf"ir, in a od 

sol vent foi· <.>uprous salts and h:as a boiling J?oin t of 239° C. v hi ch i s near 

enough to the re ,ction tam er ture of 2!50° c. 

Fin ly, heating th$ dry xtu:r in an o tfil test tube roe tried nnd se.t.ia­

factory yields wore obtai'!led. This mathod of ilZ.Cb.£:-nge o bromo for cyano group 

is v.ary aaily c~rried out ::nd cm be done i"' n ·irl.nin11u of t ·-e. R tovcl of 

the ca:pper 'l'.lts is easily a cco.'11:plished by the ,Odi'U.!11 ~ enide treatm.ro.t . 

Unfortunately, catisfe.ctory yie de e.re obtain~d r.mly v'.1m 1 .... 5 g . of the di­

bro~;10 compound is u.oed. 

4 , 4' - Dicyenobi hen.yl and 4 , 4'-dicyanobibe.nzyl are amor thou and ere very 

diffi c-.1.lt to :oani ... ulate. 'I'heBe c-:,m!)ounds are difficultly s~luble in hot 

alcohol end Prolonged boiling un.dQr reflux is neoesaal"'J b3fora rec-rsJ~u lli tion 

is pos ihle. 4,4t- Dicynnodiphe. y q t!l. .,n in !}.ryst ::llL a 1 i'o , • at.. a lo- er 

eltin . poir t th n 'the othe1" t vo, and is .soluhl~ 1::i ho~· E oohol 
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An .:::ho~'!l by the q_u~ti tativ o nit. g ·1 tm"'tJ.ys:!.a of tho b'Ulf'u:ric acid 

hydrolysis product of the dicyon.o c01n1lotmds. ~he dicar :x:arnide::i were not 

p Oil red in u .d l' ..,t te. Sin e th-· n · tro "9:tl. ;nuly s \'laa lower thtm tlle 

cslcule.ted "':Olln."t , th:: :iydrolysis 1en.t further thnn. *113 a·. ected. erei'o:re, 

t a ydrolysis vrod\1et r-obE:..bl coushn,6d o:f a ni..i..'tu1•0 o::. un 1:,acted n trilo, 

th.; dicarbo~~:::..i...: acid and t!le n.L t rile- cid 

tried Ullder lsss dxastio condi tio_ e of lower 'i;em e1~1;1turc an a shortened heat-

si , b..ydrona.o e.r:.d wat,er. This l:lli.x':?.1re sb.ou.ld disi:iolve c'J.1 th co.-rn oun a 

.reH"'' t oxce:pt t c dicarbox ·, de. All trisJ ,1yd .•. olys1s ~:i: clu<.,,t di6solved 1n the 

xturo. Tht11·eto:r, ··.1."'ti,:.l rdro y is v1th sulfur"' .eta. is n. ta sat e-

i'ac-tory ro.-et hod of preparing thee dicarbo am.ides. 

Hydr ysis o:C 4 , 4r-- a.icyanobibenzyl ,nt 1 ka.lin.e hydr·ogon pero;i.."i.de or 

a little . t •Jr in ucetio cid i. t 1 e _ rose."'lco of' benzoyl poronde ,1 s also 

unsatisfaatol:"'"J Ei1nce th unreact d rd trile w,1;:; reco·vered. 

the v.oubl~ Grignri.!"'J. roag,mt of 4 ,_4r·- uiorooi.01.llbenzyl. ...Ji.e reaction did roduce 

coholic ~ota. ~iu~ hydro. de and ~rscipitated 

u,Po acie:ftcuti rn. However, ... he rodue~ co~1t·ned bromine c., "'"' own by the 

Beilstein f'l· o t e t. T'n.e nttom.pt t i sol ate _ure acid, eitl:er the br'Omo-

nc1 or the ui-ocid. was unsucco"'si"ul and thorefore a neutr.:.;ui z~ti ,;'1. e0,1i v-

bib :izyl is not i JOSsibla. atiou ohould ~~cceed by the classical 

thod of t,r ati~1g tihe dlcr-t.r' ox-JliO acid \ i th thion~:rl chloride rmd 1.:U11t1011in .. 

It has been shown that their r;reye.ro.tion by tho hyd..-rolyoiu o"' tho n·,.,it1·1le is 



it 

tiUOs 
H:2t>t'J4 

. ,, 

Gtt~~ 
'---·-'°!1'!"' __ ..... ____ , 

14 

Sn, un1 
-... -------, 

cf 



1:ug to 

This 

this 

15 

Purf1.:ficatio11 ot the cym1a oonr9ound 11Ias most ezisily acoox11pli~illed by heating 

the roact;i.o,a. :mi:icture \ii th a eolution of tmdiuw- cy.r.1:1:tdn t1, di sool v,a the co11par 
\ 
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