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CYCLIC , , . f!.ONJUQATED P2LXf:kW 

by 

R1 . g. SHtJttftii>RTl! 

Cyclic C·onJugated. polyenes are discussed. in relation to 

the benzene problem. It. .is suggested that much ot the 

neoeesQl'y information reg.ardins 4l,a,u, 7-sze~6ctatetraene 

may be more easil,y accessible through. a study of t.he benz­

sunst.itut.ed Ll1' 3 ' 5 ' 7-c:vclol5ctat..e·traenes,and att.em:pt.s t.o 

synthesise aueh substances directq are described.. The 
····,· .. _ 

first of these visualised a gy~lgdehydration bet.ween a 

ketonic sroup_ ailfi a. methylene group conjugated with 1~1 but 

the application of t.he · method t.o simpler derivatives showed 

that. tber:e was little h.ope of success by such a route. {The 

investigation has, however, yielded a method whereby certain 

· nuorene deri vati vea and certain poly<.:ycllc aromat.ic t.yp.es 

van be prepared.) Three other attempts had as their goal 

the direc"t aynt.hesis of 1,-2:314-dibenz- Ll1•3 t
5

t
7 ... c.x_clo8eta-

, t.et.raene. They inel.uded a .study of the condensation of 

diphenyl.-~2:2,•-diald.eh;yde with succinic acid, end witJl,diethyl 

succina:te, and o£ the action of copper on o:o'•di•iodo-1:4-

d.ipheny~- ~1 '3-but.adiene. 1,2:314-dibenz• al,a,s, 7-.s;xc~o­

octat.etraene did not result. from 'these reactions. 
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fwo attempts to obtain an intermediat.e ror the synthesis 

of 1,2:314-dibena• L\ 
1•3-cxc Jrfol8C tadiene-6 :8~i:one tailed.~ 

The Ullmann reaction between ~:t!Wl-or!J!o-iodonheny;laqe¥\te 

and §!AYl-~diphenx;l •2-iog,o-2! .... carbGXJl:J&t.e. did not yield the 

required int.ermediJ#I.te for t.he· preparation of l,2:3,4:S,o-tri­

benz- ~ l,a,s, 1-r;xclofJct.att>lt.raene. 

A number of attempts have been made to obtain diphetzy"lene 

and t.etraphenylene (1,2:3,4;5,6:7 ,s-tetrabenz~ ~l,a,s,s .. cxel~­
oc"tatetraene) In one experiment a small yield of a substance 

believed to be diphenylene was obtained. ln particular, t.he 

action of sodium on 2:2'dibromodiphenyl has been re-investigated .. 

The available evidence would seem t.o indicate the £.ormation 

o:t tree radi~·alS in the Fittig reaction. 

It bas been established that t.he Ullmann reaction takes 

place by a mechanism invo~ving the. transitory existence of 

~ee radicals in so~ut.ion. 
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fhe problem ot th,e stroet.twe antS aromat.1c ch~t,el" 

ot "beneene baa been conaiderebl.J edvsnoed towarde tbe goal 

c.t 1~ .final s·olut.1on duttillg 'the last. :fitt.~en )'ears. fb.i.s 

has been. Jll&de possible b7 -simu.l:taneouo prosres& in bottJ; t.ho 

Qeorettcal .at\d. prar.tt.i~al. sides o£ organic c:benist.%7-. en 
t.he one band, .mmv' new pb;eica.l met.bod$ of .ctruct.~e 4eter­

:m.tnat1on .have been ,e-volve4, whi.le on t-he other., t.b.e 

el&borat.ion of the theor..v ot quantum m:ech&ll1cal rnonaaoe, 

'beai4e& ;givtDg gt'eat :.tsnpewa to Ute. pr.acU·eAl ii'llffl.S~igati,QM:t· 

has' made pl'edictlcas ai.c:h ao £at" have shown exoeUent BgNe­

men~ wi\h ·tbe praot.le:al. resul.te.... fhe mud'ern coneepUon ot a 

benz~e mole4;ule ts Uta" o'£ a ngu.ler cop.latt.&r .'be~on lor 

side, very :near:lf l.a9A'), eacl'l carbon 'to carilon bond poseesatDs 

l'mlof· 4Q.s$le ... bead cnaraettw. The molecul-e is s:tabilieea and 

re~e4 le.t:l& reac:tive b7 its 40nB1de:eabl:.e rescmanee ene~, 

t.ne .atnGUn~ of wh1eil bas beea batll predict.e4 mld nleoo\ired.; 

~ e;xt.ent t.o which conJugation a.lone can con~bu'te 'to 

aromaUc ,c.baract.er is to fi dedru:·ed £eum t.he pttGpel;'ti.e.s o'l the 

d!pbeqvl•sub.st,it:u.tea ·stl"aigh~ellatn eonJ.u.gated po·.l.yene-a o:f 

s.eneral formula (l)t. which ha:ve beea prepar-ed and it.tv'e:ttige:tei 

1:>7 Kul'm· atid Wint.erateirl. (J.tl.V:.gi}1m.lt.9l!:, 1928, llt 87•15l.J. 

these compounds ebow pt'"Operttes llbi.cb are very Nminiseentt 

ct 'those of 'betmenl!. 'lh~7 8l"e surpr1td.ngJN ~tive and 



e~l.e · ~o alk.c4.1n'6 per~ana:t4l, ptu:>t.i.cg;Wll l#.~nyl,.. 

4 ~.,a,fi.,.ba.xatr!«m (Il), while: em, reduct.ion ritll aluminium 

~~ ~gen 1& a&aetl to 'the enda of the conJ,uga\ecl 

·0·-. ('QH;CB).-o .. ~ . Q· ~ ' 

'· ~ 

fl. 
'Y 

ca. 
CK ~eli 
II I 
CI:t CH 

\. /1 
CB 

u. 
Chain eD1 t.be .. e abrupt. ·eli~ 1D ~ctivitr" 1a obserV'eble 

u wbeft l)enm.m.• is re<J.fl'Ced to· d1bf4robenae:te. 1~4-:ni~:l-­

b\lta41ene will. •" eM. ~l"o,gen bromSde unter M7 co'Dti.t.iou 

wh:t..on b.ave. «to tar ~n 4_,ued (Blitz,. ADa· , 189?, 296, 23.1.; 

Sau~t it£• , l904, i:Zt 33;U}. '~his 1e anotb~J' il'ltJt!liCC~Ji ~ 

tbe ;emarkable· t-e.aemblm'lc·e 'Wl:tieb t.he$$ str~t.-Chtd.ll cur1n• 

pc'f.C<-. Show tc t.he c,relic; .o~~at.ea st.~dO"tu.re, b~mte. 



l!n .. e.~ellent. eltGmple ot t.he tact. tba~ all cycllc' con• 

J~ated stn:tett:tres .~not. necessarily ar«aat1c1 llOWever, is 

·t.Q bo t'u'illl4. in the propert.is.a of tbe azulenes. (tor a rmew 

and .rete~ces see Haworth, &m,t~eJ!., 1937 t Mt 39~97) •. 

'the ezulenea • e.g .. , ~lene itself (111 l (structure proved 

by Plat..tner .and Pfau, ltJ:v4 qit!w·l:S..\l•, 1931, iS.t 324.), 81)4 

V&t.iv~lene {IV) • stte con_jugatea. 41eyelic s't:ructun:s eon-· · 

siB'!ng of fused t.tve•· and e:even-me:ribered cing&t and they do. 

aot. snow fJnil Q.roma\1o. ehava.ct.er. They jare, fer inst.ane·e, 

easily onQJ..aed by perm~ate.. Some of thetr properties,. 

how·ever 1 (e-.g., their pl'"od.uctiG trom 'the c:orrespondlng .~-· 

4eri.va:tiv~ by 6.ehydrogenat1on p.rt1ieesses, .tormation of dou'bl.e• 

eompo1miis w1-th pic::ric .acid, tr~ .. J er~ nevect}heless :reminiscent. 

ot t,nose · of' aromatic b,ydl"ocarbon.s like naph't.t~t!. 

CH -C = , 
CR I 
' CR= C 

IV. 

1Fla 
Q- CH 

~ CH. 
/ 

C = CH 
I 
C% 



..,_ as- ateu ft.nt. oalW a~u- w t.M ..,.u. 

~··w .. ._. .~ '•- ..a. 1t.a ._.J•••• ~'Matil• 
.... -~ .... 4iftete4 ........ 'aM ,...,..uu .t ettm-

qeU.. ·~••W pol.J-· ••• *'* ._. ..__.a... 
cuaed ia ~ t4 'Uae "••• ~ _.. tll1e1 ~ 

_._., MlaW t.o a. laU... ..,.._., _.._, al•a-mle-
laot:acliae (Y), .. L\l.t3t6•7-t~~Jat••...._ (Yl). 

CB=CB 
I I 

CB==C& 

v. VI. YlL 

Al.,311 ...... Hi•e (Y) Ma....,. ..._........... It. 

11u .._ pre4.i.oW 'Uad. aMil a atdletAIDM ww» .et, M .,... 

•Vioal.• w.W utdlllt. • ........,.~, ..s., ia ....... ~ lu 

......, ....... , ia nla\1- ·to .. , ~ •t.&tl'laet Wtlld MDA 

'W 4l••••kte (liT,.,....._. .S ~. lcD'a!J •IMet 

lN7, 1W• 21¥1). as. ..,.na taM -.. lal& 1111114 taaat. 

..- a at,nct.u.rte wuld 1lle l•trp.W.. ~ alat••• • t:lle 

tPauada fd U.. avala. YM ftJIII Qet.ea .,._. \0 M .... 

a\alA la dlpb-v~ (VII). ala ... .__ - ,.......,... , 

:Ia •ell qaat.11.t.e., Doll&tfA1 ,_ allll ~ (&. 1 18U1 a. 
au, 1811,. ~ •>· .... '" - .. ~ iavu\iaat.ed.. 

X.t.r au.pt.a w pnpare it. llaw NW (- .._...111, 



Qat.U anti Lo~o, W'''\taa, 1933, &., 661). lw turtJter 

exaninat.ion by modern techniques woulu be of' ~t. inter••~• 

and for such purpoae attempt.a to prepare it. have been made 

in t.he pz-eaent. aeriea o£ experiaenl.a. 

~.14.t.tkrt..at.et.raene waa report.ed b)t 1/illat.at.ter and hia 

col.laborat-ora {it£., l9U1 M,, 3423; 1.913, "' ~17) \o poeaeaa 

propt1J."t.ies typical of an wlBat.urat.ed compo&.md, and t.o show a 

t.er.u.ler:.e)' 1 vart.icular lj' when sl i&h~ impure, t.o form a di· 

cyclic at.ruct.ure by bri~e-formation acrose t.he rLDg. The 

ma.t.tu.•i&l waa prepared bl' an ~ustJ.ve met.ayla.tJ.on _;,>roceu~re, 

8Jll.l U1e st.ruct.ure ot the int.ermeoi&.te dibromoaxclQUotao.ieM 

·&~as. not. ~~"'vt4. Hurd anJ. :Jrake {,t;,/•r.~.QM•=i!i•t ~, tlt 

~) aoubt. v.he1.1'lft.r t.htJ s;xc;;.poctat.et.x·&ane preparea 1n thia wtq 

was the 1•3 •~,7-iaaaE't.r (VI} since by pyroqai6 o.r (VIII) tJ1e7 

outs.in.ed o~ fif~l&cet.)'l.itlle (lX.) anu •t..D.¥lallene (X), am 

IWt. t.h.w co;oJ~at.au at.ruct.u.re 1 ' 3-but.aaiene (XI). lt fli6bt. be 

~-
1 

N(CR....) '-.;a 
OJi 

cu= c- c~- ella 
IX, 

c~-

VIII, 

~C=CH-Clia C~=CH -Cit= eRa 
x. XI. 



L\l.,a .• a,'7 .. i:eomelt", t.his would oo ~n tnd.:tcauoa ot t,.b,(!l leasev· 

s:tability Qt Ll·1t 3
t
5

t 
7•s~,&acctatetraGne (VI) &S· <lO!tlp...~ed wit.h 

th~ ;i.St)m(:t-ie JU•04~ta .suggested bJi Hurd and D'm~"·a r:esult~J,. 

fb.:is, btDJever, ia not. necesaarUy _eo, etnee 4l;'~-Gutat\1tme 

(U) 1a very much more str~ble tchaa .tiS taue:;rs. (l:X) .ana (XJi, 

Md. ~ ·~en Qaleulated to have a, :resouance mere ot a kg. 

*al$.. (Pa~ .en.\1 .~, ~J.Cl:J!I!l1fh.!S:.•, 1:.'83• .,. iCG; 679). 

Qt .. the :i)asi.s of the tbeor; of qu;,mt.um. mecha:nlt:.e (~ ... 

JGnes aml 1\l*tnti@, ~d:tt•$ 'lill<:"kt!l:t L~Alirgt't 193l1 m,. 
1 3 t" 1 

.204j P~7, ,~,ftSJ•iti&ISl~.•·t l934; li§l!, 228), Ll· ·t ·~o,· •Sf£~~ 

lctatetraea~ (VIJ Will be next. 1n stability to bs~'OO't eutt 
s#.:tl.(lG· -e1gnt uneaturation elee:t.r.Olltt will be. p~esent :in the ale• 

eul.e (six :t"ep~e~ts. the most a.~-le gouping posa1blC~) its 

r,esonance e»erg will be ~lle.r than tht\t. of b~ene., n~J¥, 

18~8 q .• cals. as ··~t ao.a, caleulatett vfl the seme basi$. 

(.Paulllii& end Sh~mM;; ~~·si\'!,,.1 cateUlat1,. by· another ntet.hod, 

g1V4 3?.:3 .q.-..c$l.S. fQr ben~enil; ana. as.l £-off .a svtdghf,;.:eham 

.a.l,a.,o,? ... t'et.raene. ~ moo·'t ae~~~te ;cibaerved w:lne' £or 

b~~ne· .ie -3& •. 0 kg .• <:al$ • . .., :Kist.iekCIWSlq' it BuboCf t .Smitih and. 

·V~-- i.•.J.lm!£togh.~¥lt..·~' 1935·, &:, 146).,.. f~ .mouc:ule 

wtn 1n ~all. pNbab.il:lty be .not qui" :Pl~, fll:ternate 

QarbOD atoms ~ro.ject.tag. alight.!~' :above. atd b,eJ:.$w the ple.ne 

.of the ri,ng... 1llle length$ of Q1 ternate e·aroo~carilGtt l.i.nt'S 

have oo~n ·C~e.ulattld at, 1.48A :aD.d l..S&A (c.r.~ singl:e·b<mil 



·• 1 ... :· .. 

1.54l, 4oubl&"'oom ~33A) 1 and rM tlle e.r:w.rQ b~::trrie:r between · _ 

tb£6 tw~ equiUbritln.t terms is o.nJ.a' B kg-.cala. • tne eba.13ge ·f~. 

one t.o the o\,her Y;.1ll take place rapid.J.¥ a.t rccm tempe:ratu~ •.. 

%he .ex.pe.r1mentu. con£~t.ion of' these :~esult.e awaita the 

pre;gatlon of ~ .. autJte\nt.ic $pecilnen ot 4 1'3 )5•7~9!2,Uct~ 

'tetraene. The:r.e h:ave lat.ely.boon a n~:e of itl:dico:tion& 

(s~;e. Vince;nt.;i'homp.uon Qild. Smith; !it:9'£&•Yb!il•· t 19392, i,9 6{13; . · 

lobl.et",. !ie1ller1 Pottt.e::r ~ "Tb.QmpSf!n, :J: • .._~_,,.g,.,sm~~.r .. , ·.1939, 

~ 1057; ·sttta(Jman., 1Ja&i,· ,. 1940t :fit 1606)·1\Jlat .. ,xper1aents: 

are in pro~P"e$A ·Whlch hsve .as one of t.hei.r .a.ilne the sJntb;•.su 

et tbJ.s ·.embat,anc:$. ii:irlize th~ :GM1.:TW~l.C~t. of the p:r~ration 

Gf S.¥tlofletnt~'traer.e ·by Wi.llet.Gt~t tttttempt.s h.~ve ·hell ma.de 

t.o. e.ccQW'rt.· tor t;he properties sn-owx1 by· this sutw'tam:~. The.· 

a~1te p:t;•edietions, ar..td partic.ularly t.he doubt which' now exists • 

as· t:o the· aut.bentictty ot Will~tatter's .merterie.L, make it 

unproti~le ·t.o discuas ·t.bem. 

l't Pemed: possible e:t th~ out.ae't of the :tnvestitia.t.1Q!1oS 

a.erein: reC.oraeti, that the benz .• 'Subst.ituted eze152,6cta~t~n• 

(e.g. , Xi. I), · ~t. present ·a ailnpler synthc't1<; pr:obl.e.f.tl' tr:an 

tnn·t. of !Jtp~q,~.ctate'tl:"aene ttis.elf, :and t.hat these subst.nn~<:s 

might well pr:ove -w be su.f't~t~;tentlg &table f'or their chemical 

n.~d physical .e~imUon, to be po$sible· ·wJ.t.hout undue :risk tJ£ 

complicotiou at~taios, otdug to ititra-mule<:ul~.;c · re·tUT~@e~t$. 



::!H = CH 

ex 'cu 
II 
CH 

/ 
CB=CH 

XII. 

o-CH =C!l- CO - Cil:! C1i:r OOCB 

XIII. 

The aubJecUon o£ aueh aubat.am:ea to 111la}3aia by x-ra7 

ccyst6ll.o6 raphic, elect.ron ditJ:ractJ.on, or long-wave apect.ro­

acopic methods ~ht. yield Jm.lCh wry ve~u.sble data conce~ 

t.he Lll,.a,..l,? ~C~i,Octat.e t.~·aen,e l"if\S-8)¥8t8111, wilile direct, 

meaau.reraent. ot· beat.a of hyarCJ:£eMt1 on ai5ht allow an ut.illlli'Y 

of 'Lbe resonance e.u.ergy ot t.heae substenc:ea t.o be aade. In 

t.hia •&J', at. lAlaat. iuii~ect evidcce woula be fcrthcomi!lg 

re~ar-~ t.he aramat.ic character Ol" ot.berwiae of' L) 1 ,a •6 '7-

c.xe~6ctat.et.ra~. A &)'nt.netic met.hod •hich miaiht. .. u be 

maae to yield. .1.,2-'bma-Ll113•~•7-uglJtlct.at.et.caene (XII) 1a 

the t ~ Sen and t.oy (J, ID4, C.bs, §oc •• , 1.930, z, 401}. ( Thia 

N.ference is extremely d!:t"tieult to \.race in connection wit.h 

gqlo,lk:t.atttt.1•aene or it.a uetrivat.ive.a, aJ¥1 was onq encount.erecl 

wtlAW the 4•eauarch eatbodied in t.his t.hesia wes allloat. comple1.e • 

... t. ae~ to h&Ye be~n l.~kewise miased lty other workera 1n t.ba 

tie.W. Lt.s 1.JO$aibilitiea are now being 1nveat..i~at,ed in t.hia 

~b>Jrator¥). These workers describe t.be cyclisat.ion b7 acet.ic 

wll'cyarl.u.e ot &-ben~a1-1aewJ.inic e.cid (X1I) to )field an enollc 

sauat.anee, t.be etrt .. cture of which was not. llroved, 1 t. waa 

tormu.ltrted aa (XIV} or (XV) t and in view oC t.h~ tact. t.ba t. tile 



ma:t'Cl""~ yielded. a. dibeo.zo,rl. ·der1v&t.:tve, there •ovld seem; to 

be Ut.U.e doubt t.Jiat, e~h ·a formulation is substant1.sllr 

~"1 ~ .•. T (_Sf:-

.cc:ttrect. tt 1:2-be:DZ• Ll1·•3-acl.QBctattiene•u,S•ne (J'IV) e.uats 
1n t.he, enclle foJJm (XV)• this coul4 h .. u-cepted as -evi<ience o~· 

a co-ntribut,ion b.J' resc1.Wlce to tbe at.abiJ.ity o.t the l,a ... benz•· 

A1 t 3 •5• ? ... -usel,q,Gc~~t.et.i"aene s.tt"Q~t.ur-e: (xtl). lle'UJ¥la:'tion of 

"•: llJd.rc.q-g,roups o£ (XV) might, ~ Ute examination by 

phys1eal me't.hode o~ su~h a Sct.ructurte possible, whi.le by a 

ftaf.l.'te involviQ& the application of -el.lmination ft.(;lt:t.ions (XII) 

1tsel.t mQ¥ be acces-sible .t.rom (Xl'Vt XV.). 

lihile t.ho researeb beretn. to be <le$Ci."ibed was in progress 

two· publieat.io:as appeared. .i:Jl *ioh at~empts have been. nw,de 'tO 

prepal"& benz•subs-t.itut.ed szel.qU.oUii-t&traenefl: ror tbe ·~ reason 

{MmeJ¥ thair pro~bl.e greater' S'tabil.i t7} as· .Prompted 'their 

inVesUgatiQn in the present serietl o£ oxpetoi~Aents.. Wa.w~onek 

(J,.I\m.ot'.Clu~m.soc .. , 1939, 431., l.943) by an ingentous rou,te, 



obttUned ttte diketone (XVI). ·rhis subs~, bohmred 

·like an opetn~ehain .115"'""£-keto~, Slld did not ui.st. in an 

ell't>lie f<:.t~ 'f:luttt, there wss• however, _some 'tenflency 

e.G it$ .per\. to yield tthe e~espoftfltug M•benza.ml.l-. ~ . -

OAQ· 

I 
OB=C 

a= cs: 

' OAC 

XVII:.: 

it. ·w~.s p&&&ible t:o prepare t.b.e diae.etat.e (il.\fll)• The work 

oo tar oomple'ted b.J F'r¥ ead f'ieser (~,1-~e.r.• ~~o,a., t 1940 

§;, 3~<:.9) lncl~<les the prepaNtion :Of l.,B-bGZ-.al,:4-s:DAI• 



oetadiene-4."""¢arbo.xylle acid (XVIII) 
COOH 
I 

CHg-C 

" CB 
I 
Cilg 

/ 
c~-c~ 

XVIII,. 

XIX. 

-ll-

QX.Qdgeict.a~-one (XIX). Work a.long t.bis route is still 

in progt-ess, 'the obJe-c:Uve being .l,2•benz•Lil,a,s,7 •. 

s;:·cJ.o6et.at.ett'aene (XII). 



The il'rl:«t~igcet.ionfi her~. recorded had as \heir· ult:imat.e 

Objec.t tile eJ.,ebor-.atien of a. &lJnt.h$&1s ot bene~gacta­

te-t,raenes. by .e, dehydration mecbanism .as. tcll.ows:• 

Ia a 
I . 

(XCfia e,o·jf--R.J. ex· CII=C,e·'·':~~ /J .r;e ................. ·~ ' . }'! ·Rs· 
· · Q::::C · · · ... · C.==-C 

I I I I 

·~ ~ ·~ ~ 

l ... 

A 'typical ~)t~l,e of' ouch s~tnese.s would be -the pr.oduetion 

of l~pneJWl•3;4-'betm• t1 :!,a,.a,?,~gg~~etatetr~ene. bz 'the . 

~6gde~~af4ou ot e s~tailee of structure (1.~ );-. 

u •. 
SCI l.ittle is ltne'Wll eoncel"n~ deh,Jdrat·to()M or t..hia t.YPfl•t 

bew~ver1 't.h~t. it ·a& 4et.tne4 deei.ral;)l.$ t.o· begin 'thee iaveeti• 

.fi.~:z.,c;;n -wit~ a s\~ ot simpler" c.a1.lea, wher:e at.eric el£ecte 

woul4 nat be so Alar&~~h' · · At.t.ent.ion wa& ·.first <iirc-c~i 'there• 

fore • t~o ttbe ·deb)rdrat.lon Q!" $u.b&tence.s of' t..he gEaleral "type (Ill), 



tbia cw~ ·l:)e·b\g deolded on not onl,J beoause oC the valuable 

etcperi~e which· it WOi1ld gift.t t>ut, alsQ because: the 
. . ' 

e~ration o£ methods for e.ftectrln& c!ebJdr&t.ions of' t.Jd.s 

type might: provide ti ueetul vuiat,1on ,of the well•k1'loD 

Elbs Gynthes1s tot: the pf'!QtWc't.i.on of poqnuelear a1funattc 

c~nCG-· fh!a ayn~•ate,,. 1\ willl>·e r~el*.ed, 18 
' 

~~l.1fie4, })y t..he conve~uton of 2•1llGtll1l-h'nzophenone· to. 

ct.br.ac~ 'tt}t . pyrolysis:-

···~ .•' 

cxp 
itXi~•l"~<lra~ bet,weeJt <.uarbotW1 ana r.eac't.ive 

methyl.etJ.ce ,a~ou.ps. bve frequent..!; been x-eco.rdad., Fox-· 
. . 

e~le, Y4pping afid. f~a (J .. , l.SS9, §i, 335; 1890, 

91.1 ..16) b'*J the act.ton ·o£ c:oncentfa't,eQ.. sul.pbur.1c acid on 
et :w •d<1.acety,lpent.ane,. obtained l•m&\'.h71...,2•acet.yl-Ll' • 

gx.gls~en& (V), wtdie Bogert end Fou.rman (Jrfll!!ill'.&.Qll!f!l .. ;. 

§.21., ~~ §.2J 4670) prepr;aoed ionene (VII) by heattng 



t:be C(,_ anQ .t•i.OUGtteS ("Vl) rd\h iOdine. ~ Other Such 

eumplfJs are availabl:e. 

"v. 

VII,. 

A c~. ~t.lon o"f fb.e l1terat.ure has reveal-ed but. one 

exmnple, :ttow~ver, .ta" \'lih1ell the .m&~l•e gtroup part-1ctpa.ti~J8 

in s~h a ~'ttca,we.s• pnrt of n met.hy.l. goup <l.i:rectll' 

att.achtli4 to a benzene rirta,and d~p~ tor ita .r~tiv1t.7 



on the cax-boey-1 group eonj~at.¢4 wtt.h it -t~h tJte· ortho-· 

p-ositJ.,oz;.. This, ie t.he cfA&e of t.b~ fora.atlon .of p;p>utllron.e 

trom 2t 2* ""dimetb,Jl•lcl' -diant.braquinonyl (VII) 'by the· act:ion 

ot ~inc ohloride (SCholl" i.t£•, J.9lO, St Mil) t• 

ftl:e tu:at. step ilf.. t.be investigat-ion eofl81stoo then .of an 

attetfil;.t to obt.rd.n ~{.wobenzSllt.braeene (Vl.IIor isomer) 

£~m ~t:.f!h~~~!l~~~·tdtter,Al~. ·(IX} 1~ &nd, ot the. 

var.lQUS deh,),tdt"'athlg a.iellt:s emplo,ved in attempt.& to bring 

about tllie • aJid la~er• QTeliaa.t.tons, ~ a'OQamide an4 

phosphoric. oxide we:re t~· to be euceesst\ll. DehydraUOD. 

in tJU.s way ·of 2•tart~t~ql.idene .... ~•'tetralmle gave a 

Vli1. IL 
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h;:~o~on cl8~4' isomeric with dib)tdroba":aut.hracone, bu~ 

wh1cb could ~t be dehJtC-rogenated.. On oxldaU<m itt ga-.e 

indicat.i~ t.h&t- ~drogen. in the nuc·leus had b~eu · a,tta<:Jted 

in preference, t-o· that in tb.e motby.l g~cup, with toe ,pro­

auc't1ot~ e~ §:m!t.hll~a;~~Quol!J!! (X). · nte inter~. 
, , 

;prttt.ation ot the c;;cllsation ·was eonf1rmetl by eubJect.iag 

2•bel'lZJ'l.id.ell~ct ... tet~~<)M (.XI) 'to· t:~ s~ eo~diUons,: 

when ben?...t'lnPF~ was ob'*r.d.ne4 (Cook, et..a1., i,. , 193i1. 
" ' . 

1323). A'ttenl!;~t.S to· e;o:U.se tbe sfmpler a:or~ho-!£q~4J!Qi• 

<iN.ClohQ~I,Ut (Ul) me~ ·wt~ tall:Ure~r an experienee 

A~Q 
·ex· .. · . ~t~.C.·,Q 
;· .. ...,:lL .. / -z 

. CR-.·· .. ·. 
"""'"'"l' . 

paraUeleti })l' that. of Ooo.lt and co--worker-s (;toe; .. sil• ).1 who 

obtained f'l~ene derivat;J:ve& 'fl¥ the action o·f sul.Ji.>h'.&rica 

ae1~ on ~htllllme~l- ~ a-p~nant.teyltne~1-cxsle­

hexenonea, bU;t wex-e tmable t.o e)"clise simple ... bency1 

de:r1va:ti vee. 
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let1 t.o an inveat.id&t.ion o£ t.be action o:f aeJv'dratilld agent.a 

on auos~ancea in which ~he tree ortl~position was blocked, 

as '11ould. be t.he case 1o. 2:{ort,bQ-me!JU:ll.f:Mt.i.htJ!l.1iu.81l8!~-:­

i&WtaloQ! ( xr 11). For tJw purpose ot prepw•in6 such 

subate.ncea, an attempt. was ~ t.o obtain ~.l!§tQ}Il~l.: 

~..Ll&!ltJ.~tll.,vgf 01 tJ",tt procel.llll'e described b7 Hinkel, 

ry lir~ ~ Beynon (sl,. , 1936, 339), £or t.he foNpe.ration 

of a number o£ alu.el\Ydea inc.Luuing that of 2:6-Jimet..b¥1• 

1-naj.u:rt • .ha.l.uel\Yde tron. 2&6-dimet.bylnaythal.ene. 'rhe pro­

a.uot. ot: tbe reaetJ.oa, however, had t.he behaviour of a 

mixt..,.a ... e, anc.;. t.be material. could not. be aepnra.ted into 

its <.:onz.ponan'ta by t.he usual Mt.h.od.a. aacourae was, 

~,~~:~;·~t'ot·e, bau to ~he use o-£ 2a4a6-t.z.eimetbyl ben&alde}Q'de 

(mesityl.WdeiJ¥de) (Hinkel., Ayl.iJls an-.t. Beynon, l.gc 1 g!f&) 

an.;.. ~l.tta ac &J.c;n O.L aebyuraUIIb &cJ;e».t.a on it.a co.nJ.enast.ion 

XIV. 
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;.t·wuct.a with "'•t.et.,•alone and ~-hyurindone st.u....ied. 

~-(i' •j' lq'•l.t'imtt:J'1.l:'J.!!~lJ:derl8)• oe..-~~,:f.!l.oue {XlV) 

~ave in this wa_y a ~1.- 7ield ot three isomeric eyw•oearbons, 

t"o~:~.uln te<-1 as 5: :Z-9;4&!\.ftll•! 'X' -:,@gd.ro•l:.;~~~tw..~•'lfl• 
'rhe ac tior.. ot aelwlium on OM of tJu~ae gave a hy'-'rooarboa 

to.r~l .. ul.at.tKl u ~:~t=QYl-1•2-lmwu•S:braa~~tJ .• ~ve 

.;;,:-l-u.itue1,hyl-x:x'-dibydro-la2-benaant.hracenes (I:V, ;.;.VI, 

,(iJli, ;Slil, XIX} ~ht poasib)¥ result !rom the Q:KQ.iQ 

uen.y~:..t.ion c.t' .2-(2' :4 • :6 '•t.r1methyl!.wuay 1!...1<-ne )- O<.. 

tetrc:.ll.oae (;a. V). Of these, (XV) en:! (xVJ) would be expected 

t.o t'o!"lJ. stt...Lle picrat.ea, since tJley contain t.he naphtll&.lene 

nucleua. Ot t..H1 t.bree b¥droearbona isolated, two dill toN 

at.a.~l• picrat.ea, alXi it ia reasonable to assume, t.here.Core, 

t.liut. ~nr:y were (A.V) IW£l (,{VI). That Which torm«i an unatabl.e 

picrat-e woa.l...:L be (xvrl), (:\.Vl.II) or (;a~, aince auch atruct.urea 

wou.l.u not. be e.xpec'\ed to give a1.al)u picrat.ee. or t.heae, 

VCJ.X) on aecuun1. ot 1~ .. quinoDOid" at.ruot.ure wov.ld alaoat, 

certal.ul¥ be ooloured, anu may probabq be rul.ed. out.. 

i~Uoreove1 .. , i t.1 as well as (XVIII), wou.ld pro06bJ..#r tend to 

l .. evv..·t, t.o (.\'Vll), in wb.ioh both the ast.erialteU \loubl.e-

b~ 1'ona a conJUciat.ed ayat.am be1.wetm t.he t-erminal rin&a. 

Thu.a ita is poaaible tJua.t. U:t.e D.Ylirocarbon r;hich f'ormed an 

w.st~,uJ.c IJicrat.e waa (XVll.) ratb&r WlaD. (>.'Vlll) or (:UX). 



At}.....· ... ....... d 

'!l''i'Y 
~ 



It is: clear ;fc:tom 1:the tor-egoing tJ:J.at. de~at.J.~ ln 

'tche sense ot (I!~) (IV) J.s pO&sibl-e -on.l¥ where Q%'1 

alterl4"lt.1:ve n;cdtt of' debydra:~i.0%1; reeult,ibw in the .f~ation 

<It fluorane der1va:t.ives• ta ~etldered tmpossi.~.le 113 tt.e inte• 

®cti:on ot, bl.o~tns substttutmta into the rd"omatic ring., 

.A, .turt.hw· point. witb ;r;r~ger4. t-o theae d.e~tions is ·to be 

deuuecd .rro1h t.:Ue failure ot &-:Li~t·.!tt,•~f,itpe~Y.,m&tM4mtl•· 

~g;£if.l49!! (~ .end crtflO•:t.oql.identlaCe'tieph~ (XXI) 

C'~ 

CH
3 

CO ·ctr 
"a# 

' .r-___ r;a.. 
-·~ 

Cfla 
CO- Ph 
I 
en: 
~ 

Cli 

1.0- "ttntierg;o 4e:l'\vdr'$'t$.on;, tor- bO'M'l V&ese $Ubatalxuns arc 
-cr.tpable o-t ~e:U.Oll -on1,r· thrnusl\ the migration ot a 
.~gen. atcJm; :.fNm t.t't6 meth,rl. group a~tached t.o the 

at"!):mat.ic riug aye~ 

Assmnl.r~ td'!at.- ~!V"4raUon does occur via an -eM1k­

pba:s.e1 it s-e~ likf.tl;r that. del\)tdra.Uon in tho sense 

de.&~..i would be f'-aoi~ttat.ea ~1 the \l11-e· of C(JllpoUllda- ot 
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the typo• (XXII) ln. •blob the m.:ftb:yl groups would be 

eltpee:~ed t.o allow ~ed "ac.tt'Vit:y; 3M. a:t 'th.is $'tage;t . . 
tber'et'w"', .ef'f'or&s were <:oncent.rated, on t:he developmt;:nt 

et a convenient. s:yn.thesi& ·Of the .fiw.me!,bz.I:* 4. !_-4ycloh!XtW,.e.,: 

~a (XXIV} flhi:cb would 'be neee1.h!lat7 for' the p;r,ot.\uct.ion 

o~ su;bs't.acnces /J~ Uie desired t..rpe1 e.g •. , (X:XUI). 



Since, Ule t&t.-J:ia-l:;J~·orlrlw-·'toluoni t.rile of Ltnsteeii 

.an4 JUUi(lge (~ .. , l9as 1 4SB, 486) ,EJWeated from the small 

yield of :l:ts comlGUe.\<1on p:f"odw:'t with etlWl malonate to iJe 

prc-dominent]3- (XXV), at~pts were made t.o red.ue$ t® 

mat.e:rial bJ ~~ metJlod 4f StEiphen (st.;, 1925, l&Ztc lS7:.J,. . 

~ small. yield.,-". or aldehyde were obtainod, ho~r:, and 

liles;ide& unre:aoted nltrilet emc.ll q\iantit-ieG of Q higb.er­

:boi-ling balcge.r.;..c~ntaining al4ehyd1e atarinl aa~anicd. 

t..he ~a.uot-. . this lat.ter mater:Le.l was ».ott inveet.igateti 

furt;h~., I~ $~~ po$eib1e t;J·u'it. 1 t ~had been .:tomed ~ 

the ~tJ.-on lOf 1\v~m 4h1oride across the dou.b~e-bond~ 

finn~ the -fail~ ot Ule nit..toile w r-educe was rwt 

C~lt.:ireq ~-~.:. to t.he ater1e eff:eet of the met~l ~~ 4a 

iB o~-w.l~ot?..itr.Ue (Stephen•, W....AP~.l-->t but is ,a­

prop~y pr®ebq common t.o all CJ"Clio. « :• fJ • unea.t.ura't,ed 

td.Vil.es, wae cl~ from the rae• t-hat. Ll'•S!C)\..9~~ 

nitnle- {~~XVI) was sirdlflrl.)r t.nlt'eet:ti~ .tn· t.he Stephea •s 

red-w:tioll. lt elco gave. small. ql.Wlt.1tit&a ,of a .hf.6he.,... 

bOi.J.ins aldeb,Jd.tc ma.t~ial 11hieh eon.t.td.ned. ~en. 

litmle:V"ou at:~u tto in~~e- t,t,.e, yi&1(is of tJt.e . 
:requi~ed aJ.clor-ld.•s bJ' varia.t.i~ns .i.tl. t.nc, conditi:OllS: 

opera1iive. ~n8 t.ne r-eauetion met, \Yi'th ·f'eJJ .. ure-, mld 

:rec~'f"'e(!, wa.e t.wu·~t"ore had t.o t.ne r~tion me1Jh0d ot 
SoM and. ~uu-er <!!tt•t l:Slii, oa_,. 192'1). 



1'he tirat: st.ep in the application or this uethod was 

~he bydrolysis of the tt'tra-hy<lro-ortho-toluonitrile to the 

corresponding carboxylic acid. The nitrile was very resistant 

t.o hydro.ly&is by aleoho~ic potassium hydroxide, ani when. st;rong 

sulphuric aclU. was used1 tuUch carbonisatio-n with evol:;.:.tion of 

sulphur d.i.Gxide took place.. It. coulO., llOVIever1 be lzydrol7se4 

snoothly by met.UlS of. 95% phosphoric acid (cf. Berg~r and 

OliVia~, Hec, Tr;av. Chim., 1.927, 'i,Q, 600). All t..b.ree methods 

gave the s~e homogeneous acid, Which was identical neither 

wit.h the a..,;:metbyl-A' .... cy;clohexene<:arboxylic acid (XXVII) 

deocribed by Kay and Pe.rkin <'!!· ., ~905 1 §7.., .1074), nor with 

the 6-net.byl.:,. Ll'..-s:;xclo,bexe"".o.ecarboxylic acid as described tq 

Mazzn and Cremona (9lf!ZZttt,i .. , 1927, ~' 31S). 1ila.t it was 

the latter acid (XXVIII), however, was cle~ .from the fac't 

that it,s degra.df.ltion with ozone _followed by dil.ut.e pe~ 

ma.:o&ana.t.e yielded a-methyladip).c acid (XXIX). (lt. was 

found. tmpos.si~l~ t;:c. -&btain. homogeneous degradat-ion prud.uct.s 

by d.i~ct oxi\lation of thea acid wit.h ~n:nsnganat.e,, al.t:bough 

Nazza and eremona (l~e., .. c.i\1 l obtained 2-me-t.b,fl.adipic acid 

in this w~· f't"'m the material. prepared by them. .Price 

(.J.me.x: • .!f.AEtSoc_.,.., 1939, §!, 1847) has reported fai.lu.re 

to obtain & ... meth7ladipic acid by t..he permiul.ganat.e oxida.tic..n 

o:t ·.t·me:th;y-l•A' -.gzgl.Ohexene.). 



/ C~\ CH-
CH.. C/ -..s 
I 2 II 

t;H_ C 
~ / 'cooa 
'ca 2 

XXVII. 

_,.... CHa "'- _. CH.... 
~~ CH ._, 

I I 
C~ COOH 

"'-cOOH 
.<XIX. 
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XXVIII. 

/ ~H.z\ / .;It.,. 
cu..a ..;H .., 
1 , 
c~ ~, 

"\... ~ CHO 
CH 

xx.x. 

.6ot.h reduction procedures gave ~be same aJ.10.1eh.Yde, nameq, 
I 

9-'4i!~l-Ll~~c..togy.enealqgl:lYQt (XXX). Sinoe altArnat.ive 

met.nocs tor ·t.be prouuct.ion or the Ll6 -iaCII8r ( X.XlY) ~ all 

veey .lol),b, it waa not .J.fdemed poeaibl.e t.o pursue 'this aspect 

o;;.:' t.lle invut.~ation any ~tber, aAd e.ttorts were con­

aent.rat.eu on anot.her moae of' approach. 

lt. aeee;.:i poa3ibJ.e t.hat. by int.erclw:~ing t.M rels.t.ive 

dispoait.icma or t.ne carbon.yl ana met.tJ¥l &f'OUPB u ccmpered 

wi t.b (i. II), the s;xcJ.glct.atet.raene ~ 8J&tem ~ht. be pro­

.;iuae<J. by a reaction auch u (XXXI) ~ {XXXII). As bef'ore 
.... _. ... CH -en 

CH-.'. vfl;J l.!H~ / c~,,.. ~ ' t'H 
n/ ~00 ~ c~ ~ v 

\,,~ I I I (! CH 
··a C CH ~ "" '\ 
v2 /~ ~ "- / CH-' .... -"'H; 

"-.. .. CH - CB ~rL (.;H.. -c: 
ihJ.. XXXII. 
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it, we.& 4eetKt4 :adrisable t..o. conttne :first. uper!menta to 

rctla'trivelr ~p·ler, but af.miler,. 4~tiou o£ the tJPG 

(~XUll;) ____. (.DXIV),.. . Such ea~iments ~- .again ave a 

/CBa'\.. ~ /~-
.f. -~ 1'2· . 

.• il!!,..-' ;r· ~ 
~ c ca c~ 

"~ ~ CH/ "cL 
~ . ~-

&.iiQL etgnificace, stnts, it <suoeeao:fU1t tbe.r I#Oul4 tlOt#. 

ot~ t'o~ s; ~l. £or '*h• ,p:ro,Jeet.d lli!aJct.e.to~&n:e 

st~IM, iJut wwla. alao· .FOvlde 'a rap14 an4 conver.den:t 

f)~-thet-.1¢ a~od tor ·the· prod:uC'tlon of po~lear 

.ftll'i~t.· · .. ..,, }!'.~ . 
s:i.- ~---.$!- .,,l •"'h.r-·0• 

~ ,eol'lf:ieut.dJ.on of" cr~W~G,bJ'd& \'d..th ·~iwo 

~~~a ~-tAd it.selt .- a 'WJ7 coava.i.Gn\. GathO'l. o£ 

obt.aiui»8 etftcttve3 ot t.he ~ tlfl't ct (Xnttllt . 

blat, ~ertmen\s elot~g ~ ·11M• have l:ie&a some~ 

di&appoin~. ftc. -~~tur- .aimed at. for ~-~ 

·l~rlf •21;per-Jment.n we~e t.he CH'tot\Vlidse deriftt.lV$6: 

c£ « •t-eVAl.one, ~~:. ~t~ ~ &tet.one 

<xav, axuz, xxm, xxuxt., r.eapec'"1velf'). 

Jto -~a:Ua ~oe orotonelde~ witk o<.,.'tetr~ 
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. 
XXML 

oou.l4 b~ achiavea · und.a:r cen~J. t.icns ·which were su.cce:ssf'ul 

ri th. t.he otber k&t.onc&, .ana. thta- maf.hQd. flf ,preparing 

(XXXV) bad to oo nttandoned.... then ~;·d~Pent.anone and 

o,ro~ltiel:Jido we:"G StXl#J<!tcted. t.o cc;atit.tons succea:sful 

· f(Jr £Y!l9bexemone:1 a reetnou£J mat.erisl.t ver7 similar in 

1:ts .~.e1cd. ~hru:ac~iet.ics: ti.> the proao.ct. o£ th-e r&at.\'t.i-On 

between etJ'~l.ene t'Uool.on~e .atl.4 sod1~pcqsupttide1 wu 

,pro4u.eert. It.$ anaJ..yt:.i.cal .fig~s s.b.cw:ed ic't to be a 

pc~nsat.108 p~tict.. oZ erownald~•• althOugh i'\ 

waG· ·or:t}l' .£ome4 J.n t:• presence of ggAQpent.anone. AU.lder 

·cont.ii.t.tons aided the eondense.tton ot t.he gcij.open~ 

wit.h "the. crot.one.ld~, an<t p~&vented t.he f'o:rm.tl.'tioll of 



c.t;c+tnexanot'le1 9.¥<t~ntanone &na acetone, when 

cmidena~ with crot.onal.<ie~de1 ~ ct'J;!'Iplex ~es 

ot produ.ot.s frcm 1ilih1ch tJl.e ero·tto~Udene det:>iva:tlves 

cQUld not-" aeptu•at~d by dieUlla:tion. QXCQpt. in: 'tlhe: Qase 

ot 'Lho ac:etone eondensatiOAt ~.be l.owe.r-J:Miltil!.ng frac'tions. 

~. Whit;:h ·Werre mainly ·Ct'otonylidene aeeton6 (XXXVII) 

U1eerw:ein~1 l.SG91 i.U.t· StU. AD. a"'t,empt, to obtiaia 

tolUene, t'Nm.· t.-h1s su~~ce: 1>7 the nation of i)kOai;Pb.orio 

old:del tfd,~$d. Since ~~ g.-g~~ny;t.idE:ne,..trttel.Oh.~¥. · ·(XXXII!). 
·- .BE~ ~ I ,-.;.,· '·. ·"· .. ( -- - " 

obttdM<l in a p'tlre st.a:te·1 lheJ w•re 11.0~ s\ll)Jeeted to the 

act.t~ of 4e~'ti;ng Q&Ent.s• That.. t.h"'Y were preseslt 1D 

the mixttl'L"es. of eo:ndeneat.ton. Pf0ttucts obtained waG .a:hOwJa 

·tw 't;h-e .i?.ao:t. t.nat. t.he1~ ~~-~i!tlli§. coul.d :tie . obtaiaad 

.f'rQm the lower•bo.liling t:t'ae.ti.on& of tbese mirlUf'e$. 

»..oreovet"t. in an $iltempt; to :l.eolat.~ and iden:ttt) t,b.e other 

products o:t these co~ns:atior.tSt tihe maurialG ~1.! 

subj1leted t.o ~:trogena:t.ion, when l":!i:h~x;eycl.Ollt~9.i:~ 

fi,~n-b!klcyclo-w:mtanog., and·. mtrtb;y.l-n-~~-kff~one were 

.a-especttve]3 iaola;ted as one produc~ tn each or toe ~e 

aepeated att.empt.a to 1<len'tU) the ot.hor bJ4roa:-en.at,i·o:n 

p~odi1ets t'ail.ed,. their tmalJ't.ical .tlgU~s in each esse 

were itluor.clueiWt 84 1't. baa been impoeGi'bl.e 'to ~- t:o 
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arq aefinite concluaion aa t.o t.heir aat.ure. It. ••- llk.eq 

t.hat t.ht: Jurt.onea react -wi t...o. t.ht. crot.or.elael:llde DOt. on.l.¥ at. 

tn~ cb.l·bor~l g;.•oup, but.. alao at. ~he ti.ou.O.l.e bond (of • .;3'Lobbe 1 

i, gr.,Ch •• , 19~, sm.. 209) • 

.i~urther work. 1n the aame fiel!.l conaist.eJ. ot an att.empt. 

t,o cb~in 2'-acet.)'.l.-QYcJoheqlia.e~heunone (X>.XVlil) 

/co-c~~a 
CH - ;.;!11 CO - CH_ 

/ 2 "" / '""i:l ' -.. !n2 c -c ..:~ 

' / ' / ~~-~ ~-c~ 

XXXVIII. 

by co11UensiJl6 qycloheqli~llexanone wi tr• acet.)'l 

bcwever1 under ~.be:se couii tiona. I•'urt.ber 1t1V9St.iuat.ion 

aho•u 't.cuat t.his o.id not. ooour in the a!1aenc:e o.f eit..t.~.e.r 

the stannic chl.ori.J.e or t.he acetyl cnloril..ia, ;.1-w taat. it. 

W&3 not Qut£;.1ned .from C;tS(lopent.ylidene-gYSlO!.*'-!~U.e 

un..;.~r the &lilme corlU.i tiona. 

The above invest.ibat..ion into Mt.h0d8 of e:t"fect.il'l& 

~uratJ.ona or certain t.ypes or ket.onio derivat.ivea 



he$. shoe that. qcltaat.ion catt.UQt. he achieved tn a11 eases, 

~ 'that when it. .4oea occur mot"e Vltm . .me. mode of tiel\YdraUon 

ti~JJ!6· bff pose!ble.- It. WOU·ld seem reaaoBG.bl• to• suppose •ha-t 

where eiah~~ rlns•f'ot~Jllation was. pNJec~ (eft. II) 

aucb di.Uicul.U.ea mitiht. be: i.nel"eased; tv'" the op~~atlon o£; 

atuic ettect.s, ·.8Rd l>.Y 'the. grea:ter separat.tQ!l. of tJile Jtet-onic 

groupe frorn ttle. ·•tJ.wl, groupe ·• 'the latter lla..rirc been totll\4 

;;<mpatWUv:elf ~eacttw 16 .. c~ with ,sao~ter O&in& 

(trpe lil). lforeover:; ~ons when suceesatu.l 

•re .fount\ to· raqu:lre rather ~h con4ttioM1. :en4: in vtew 

et \he probable inet.ab111ty o£ the ug]40ctauvaene .. tng .. 

qstem,. there aou.l4 seem t.o be some .rlak .of r~en'l 

re_,U,OJils oce.urn"~ during the Ul~~hJ'4l"a.tion ot subetance:a 

o£· t;pe& (lil ami {XXXI), 4eQ1\e Ute poasibl.e ~~ 

.stnbili\7 of' t.be bGDZ•&Uba'tli:lLt.ed: uc;~Uctat.e\"r&.ene& as 

compared wi.tb gsQitJc\at.e\Jllaene itself.. For t.hese· .reasOD$ 

1" was f'el't Qat. acme o~ mode ot approach to th9 bene-

.. U:lu\ACctate'tr.aeu ser~as shOUld :be SOl\tlh"t.t and. tbe .above 

1tW'es<Ugation waa ~torq a1)andoue4 •. 

~.eJ!n WB!LJ..lVili.Of. .. :fil,§~aJI 

or. . .mllk::a:APL mg 
.In en a"\.emp"t to ·!4mt.1ty the •et}V'l·n-~1-ket.one, 

~onnec.t ·abo,. es ,a nsul~ o't t.be htvdrogeut1on. oe erc"tofV'-

1~ acetone• the mate!1.nl was QO:mr~ed t.-o tJle &G1l1.• 

~on.1:1 l>; veamen't w11Jl an aquewa-ueohoUo sol.utle 



O't .secu~side•hyaro~'ic.l.Ol"ide and sod!\& acetate. The· 

&UJic~na thus isolated had a me.~ttng ... point o:t 96-~, 
which rMdoed conattm't on. its :recryetallioation from 

aq~eous $leohcl. ~v st.tulding overnight t.be ~alt!ng­

point.. or 't.Jlle 111:$:t.~r1a.l .. otumged. to .121-123°,. a value 

agreeillg cl.oe:eq witll thatr reeorded tn vari<Jus. -plac~s 

:tn the li'\erature £or tlle semical"bazo:ne o£ met.byl•n• 

atr,yl k.,etone. ln .further e:xp~inlents it ·wna estebl.1s.i:le4 

t.ha·t the change ooc~red ·•1t.hout lal.s o£ w.el:Bh't Qnd t.hat. 

the. .f'J.llal prod.uc~ wu definitely a monomeric i'ot'.m of tbe 

C;Jpected aemieati.la:one,. {Found:. C, ss.o; H, lO•O; 

B, 24.2; tJ (ebullioseopic 1n ethyl alcohol), 165 • 
• 

c6n1f!Na vequireth c, SU..l, s, 9.9; s, 24.6~; u, 111>. 

!he chan&e took place w1 th eque.l ease .1t t.be .labile 

ll1ttter1!ill were lGft. in aoluti on in ethyl aleohol.. in the 

co:ld1 o.,_. U it. wore kept in the dark. 

Suecoosi 'Ve preparations of tb.e labil.e aemie~bdone 

were more and w.o1•e unstable, untU t.bi& seJticarh2Zone 

ooeame une~le in tJle pure condition, cru.e.e. mat~:t'iels 

moltil\i be~een 1..03° u4 .uri' be1.ns ob\,Qi.nett, which al.t.e~ed 

rep!dJ.¥ to tJle pure etabl& form. on recrys.tal.lisat.ion.. ~ 

val*Lattons in the co.nditior.tS .of p~ar-at.ion were \rid. 

Wit.Jlout. 4)f'£-ect.ins tUly change 1». the nature ot the ~c:t., 

· m1li att.er a peri.oti of 'two mon~na tt. was fOUD.l tmpos&tble • 



using the ssn~ ~t,e:eiats and. cor~u.uons • to prodtic:e tmYtld . .ng· 

but, t.he bj.gher-me1t1D& moditicet.ion. 

f'ld.s naa prevmttd. tul"ther etu4jr ot ·~. lowe~•.tnf;ll'tt:t:QJ· 

materi~t a m.at'tGr ot :bnportar,ce 1n e~lish:U:Jg wb.o\her 

or not the two .t'onns ere at.e.r&!lJ~ers; aBt1 whetJl~ t.ne 
higbef'i-l'Jlel tin& lUGdification is .tto<t p~haps a equil:l:brium 

.ld.Xtw'$ c£ t-he lowel'•$el.t1.~ 11\Q.tel"i&l aDd .. another s~~ 

i6omer .. 

f,b£\' action ot ult,ra•v1ol.e'L light bQs been lalOlll'i;_ w 
ceon.vert. stereoiaotneric pairs ot hfdraeones. iato .. $ill 

<iqullibriwn mt~w.re {ct •. Wilaon and ~-aulq,. .i•, 19M, 

J&lt· ~1}. Whe.'l tb~ G:Emi·eat'ba~Gne ·of' melting':""'poin:t. 

121·123°, or it& solu.tion 1u ethyl. al'C'Oholt ~ subjet:'t.d 

to the action ct ult.ra....Y10J..e:t lign:t, ao <:bange in melting• 

point -caalll :b$ det.ec:te<J.~ Ctn tb~ Qtber han4.t ttt has ben 

~oJ:4ed a a large number oC cases that. by :r'Gcrz,stal.Uaat.ion 

-l/!X;UJ e.ci4• aad .QlkQJ.i'OI!'c . .ontai-atng s:ol.v~·.,t:ts 1 the two :Ertereo­

i-e~r~ ~ naa:~.q lle o'bt.·ai•d,. but. when ·t.ll.e aami.carba.o~ 

oZ .me1t.1slg~po1ntr 121-123° was r:eeqstall:isd t~ aqu~ 

a:!coltOl c:ontsin1n,g tra.cea of e.1tli;GJ."' sulphur' d;i..QKide or 
amo~, no $aTli'e in ~l.'t1:QS-poi:nt 'Wati obsG:rved.,. ne. 
Ol?f&tfllllsa;tion :r.rom, Wiff'eren1t ao.lvent.s s.uob. ns bell$ette 1 

chl0r:otom1 pet.roleum, etc., was ·equal:ty ineff:ec:tive •. 

J!ittempts were tben ma-® t.o iGole:t.'& .labile, ·and. s:ta.b.la _ 

t'orme o,f t.he· 3<mlltulrba~&$ ·of met.byl•-n..;bu~y 1 .tmd me.Ul,ll.• 

n•heql .k.etoaes without eucee.s.-s. In the ~.:sae o:£ me~:l.•n-



b:aty1 kie~ 'U1e eemtean&Zone bad •ltlng·p~d.al .l!S-0:&> tn 

J..<M • .s0 ,. tiiherea;; atcnae.l <t!t~l1!ift.~~\t~ll't 1919, G,; 41.6) 
'· - - ~ ... A 1· --- . 'l: i8° ,lee .r&ev~;~-~~ ·:t. :GS .·_ ·- _· · - •. 

B X P 2 R l .13. · ,& li 7 A L . 
. fiir __ .iillililt -~ :Ut JW• - ti~-:li..,_. .... ·w ~·-a•z ·_ ,_.-_·i&&!K:t p·- ·-t •g-

""'•11e"'_ .. 'il~ne (cf'~' &r~~n and S$:1b~rth •. lf!l:v.Che1tt1!Ac~-
••- ·•n~· ,.Jf!i'l--. ..;=-.:.._ · x_ · ":s .. ft_.n .. ft, '1· . .1;_ '1:~:a:n\·. - ~- ~.,...--- '11; .wuut ~·..w;rya:,<•ll_a -ci<·l" 

~~-· ~\li'1 . . 

A ~lcOiJ ellrren~ :O.f ,ai;;r was passed .f<Or t~ee. 4qe ·~ougb. 

t'Ott":al~- hee:tell ·to 60 to 80°; a. lit.t.le :me:Wllc .t.1n btd.ng 

added aG ca'talyat!i!. -rae peroxide· f'o:med W-lli,S decomp-oeoo ~~­

-S-baid . .ng with an eJteess ~~a concuantrat.ed sol.t;t.tion. o·t· fer~ous­

su.lp.hate. Atftel"' •.S~~tlon ot· the, ~¥e9U$' l.~rer, · th:~ au\~e 

·was l!JaBh$1 anQ. dl1ied tm.d dis-tiU.ed th~<:nt~h en -efficient. 

co~~- ·~1el.d of' o<•Te't'J:'alone .a~ut 12"~1 thpt. •. l32j,1~.,t 
aemJ.~arbc~ m •. pt., 21~*' .In. $0ltita e•r!tftents 'the Jf.(;litl ot 
-<•tret-ral"Otle was m.u.ch.lewe:a?, !Tilt a dt!:t!nite .&!P~ovement 

e.pp~~d t.:c resuJ.·t frmn the additl<io:n o'f .a trace of b~yl. 

· pl!)roxid~ to tb~ l"ilrtiCt.iOD miJtti<JI"e •. 

i:e~~e (21.~ • ., 1 mol.) Q.td o(.i~c:t.r~lo:ne <•·-2~·• 

1 mc1,. J ~:re tr:eated ¥11th ~Oholic Pf)teseimn ~,v~o::rJ.d~ eolu\toa 

(4~:t ~cJa:.)"' T~ s'Olutioa be~eme ~ and cey.ntals were 

- 4$:JtOSited allnCfflt. Umed~Mll'-• .After stondln,g for t.hl".ee 14ours 

t-he. scO:lu't4.on was, n.eut.r'al.ised.. wi.th e-cetic· e.ci4.1 the. er.ystel.G· 

t't.ltered. ott ad. 'the f14tra'te ;ext-racted w11Jl ethe.r. .sJ!at:t.lUUon 
- < 
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C1 87.2; n, 6.01})~ Itt did :not give" a eemi.es.rbazone.., 

ilr.~ ... ~n!f~uo~:l! 
2-Ben.zyl.id&nt3._ c( •tetralone (2Sgma) 1. dissolved in qlene1 

¥1a8 renu"ed £or J.5 bOUJ!i6 wi tb Si.lt!C$6Si V6 port~iol'J.$ Of 

phosplt&ric oxide., The xylen.e was dtwa.nt.ed, evs.pcrated1 an4 

the residue dtet;il.led at amns. pre&LW-•. The <lintillate (?gms) 

wus t.raated. -wi~ an aleoholic solutton. of' picric acid .an4 

t.tte pic:(tate fllter.eli off ( .•. agm. ). i'tee~,yatalliaeu ;trom alcohol 

i~ had ~ .. pt. 130•131° end. gave on. decomposition 3:4 bcn\z..., 

tlu.orene 1 m. p~. 124-126° (. SSgm •. ) (Cook, et.. al .. , i.• , 1935 

1323}~ 3:4 ben.z!l.uor-t-m.e was not obt.n1n$d when the above 

mA'teria.l was 41s~1lled thre'U-ah ho~ zinc dus'\1 bt!t-

cycJ.isntion 1lmS et:fecteu .tn elight.l.y lower yield llh-en 

eudamid.e was UBed in pltl(l'e of phosphiric oxide. 

Ortno-J&!lual6eh.l!!e ._... .,._ 1-----.- W ill __ I lll !II' ______,..., , 

Ci:"~bO.t.oluoni~ilG, prepared tr;om Ot"thO.•t.oluidine, 

wae b1drolyeed to ortbo•t.oluic acia. by means of' 95~ 

auJ.pburi-o acid.. ~ne aoi4 c.bl.ori<let obt.aine<i by the ,act.ion 

of 'thicny.l. chl.oride1 •e. eonvert,ed. to the flXlil.ide in the 

usual W'a1' 1 and tbe action of phosphoru8 pen:t.aehl.oride. on 

too lat.t6r gave tbe i:r.14•(;hl-oride. Reduction o£ this by-



the nmt.hed Df Sotm end :~ull.e.r (It£·~ Ul9,1 :St 1.927) ·aa 

d.fH~cnbed t)7 Ungt ll.Q:~er cantl Qp$~W <i•t l93et 352) 

save or~toluaJAellyde ~pt. 197°" Mi2f •• , sai14mlL 

i~tbo"":'tolUJ:.,def)l!:~tetralQa'= ... ,_,. - ~- • "'""": ~;_ __ ...,Q1_ i;I!UIOI"'-.at• ~~~,__......, ;::;; 

. •;;-

Ortl\O•t.o~~l<ierq~a- f2~i;m&•, l fll.0-1. ) ,, a~..•te:tJ•uono (l4§r~) 
~ 

l. mol) ~lllfi alc.QhoUe po~sis l::Wdl'ox.ide solut.iotl (4~,, 100Qea,. ) 

wu:r.med :up .en ,~~ "wr $'t.~i4g .f~r t.hfte hem·s, tb& 

m;Ui:"._~,ve was neutr:&ised wtt.ll .aee-tic .acid:t the alcobol 

•"~po-;.~at:,~a,, .~ t.he residue ext.r&ct~ w1tn e\'Jl:er ~rtd .diGt:!lad..· 

kQ£.\lt() .. tS?+;!l!G.~~·. ~·-tetr~S!!!, b., pt.· al3'/0 
n-.... c.~stallts-ea. 

•. · _ .li __ •wa_HM · ""~ ,...,t!ioll. ___ qea!ll~•~~."!~ - · · ·- - · --.- .: ~&Hit\~·· · 

t~" aqueo~s a.kotwl. :b1 light yeUow r~tvil~a, m.pt. 6S0 • 

(E'Gtmi$h Ct 86.9; ti, i•6" Clfll16o requir'est C, 81 •. .1,; !i.,, 6.&1:) 

~~f,4"':h~;O.Jqr,g 

· a~<lrth..,.tcoly~idooe- "<·•tGJt~alone (OOmns.l in ~yl~ flOOecs) 

·w~ t~$fl.uxed t:or 20 hot'trS \'d.tJt fi·ve :succeesiw portions of 

phQ'sphorie md4&.-. Tae ;;y~n'$ wa~ 4eoanted• evapor:ntfld:; em 
tbe ·~.aiwe di~·t.ill.~4 in :;; vacuw;l. T'nf!l di·still~t~ CS·l~·) 

'WllS· t~ated r.d. ttl its ~ woigbt o;t ptc~ie .aci'l i;n ~lc.ohol 

a1cld t!t!Q ~¥. :f:llt.ered ot~.. fhe· mater.1al obtained .~ 

tll& l.rio·t!~;er· ... Uq~os.~s 1 e.t~etot ~emoval .g£ t,bo GXCe$G o£ pier1~ 

Qci<t, WM again ·trttat~J. wt tb pbQ&p't',oztie o~de fiG d.oser:tb$.4 

~htlft &.nd 111 tJds wq a tAtal ·Of· l0'$jms of pi~~,nt.o o1.tt~nG4. 

It ti7Gta1l.leeu in. r~d 11e~s g~Jrt ahsolute alciihol1 m.pt. .• 

1..21~we"' •. (Yountt·= e, Ga.aa a, .3.7.. eM~*f'tJarequt1;~Js: 



19 hee;Uag with a:eleciWI ldf .. ~0 ~&Ued, .84 1t. .han. been 

ittenttU1e4 ta$ .i:li~~ .... a:t:Q~~:s>l!tm~. · I·t et'Jf~talllee4 

.ln ee.lourles$ pla~es t~m .sb&o:tu:te elcobcl1 .m. pt. 1~103°.,, 
. . 

b .. t~t. ·203•204iam,. . · (Found: Ct ~'·'"~4 a:, .{l.e.,. el.8Ba4 

x·EHa.u1.rfi# .. c. ea •. e; ii.J $.-,Uj) 

~fl§Ytll~3s~b~ .. ·. t~or.e~nM.·.· .... · ' Mlllfi.,._,~---M'<iiUt~ ~ :·-u ~' 

'fhe ~oarbon (;; .. ).in glac.Ul ,acetic M1d (20ecs) 

wu. heated r:1t.h setU:t~~n diehraate (Jam) £~r t:bi%'t~r m1tiut.es. 

n:t.lu:Uon with nt.ev gave a S()lid pt.'oduc·t ·\thi-eh ws..s "Bk•l'l o.p 

in. ~t;h:er 4tl4 washed 'wt t.ll. alkali ~ ·rG1UO•e aci4ic i,.mpu:r1 ties. 

£va'l"io~at10B ot the e:thet>· aava S..mA:f'~...3:4-benzf,luQtweneri4•-~l""" - '0 • . .._..:;~a __ ·: r.endl~ll'!ll'dii:I!Mi!!Wi,.- ~-

.,..,_ Ji -~- iliff' ............... -.-A . ~- .. ..... l' .. ~<fa>. . ,lft .• A,.. .· G· ~fi" .. ~u ;a.dtt.~. c~e n~~".:Les ~.,~.v.u a"""aho , 1'1!11:p~"'- ~9, •. ~...-l"=v.fi:· 

(.i"Uttt't>tll <:.1 88-1>2; a, a •. a. t;~o nqtWl'etu ~, i~.l.S; u.t 4.5) 

'flrtJlq=,.iltt&4tJ.ie,et9s~ (a.•-.netnJ'l.•chalkor~) 

Ao~topnoooae (61Jn&) was tl!tMed t.o an ice--~o14 1$01\lt-1-on. 

&f $odiul'ol 0,~-dde (3~) in wat,er (2ice$) ~!1 al·o"ho1 

(25co&it tol.~ed. ~edi~tely tl7 -orthn-t,.~lu&l4ehy4'9 (6~)., 

Attec sb!Ski.ng· for two, l10urs ;l)tt. 30.35°\t. the mix:t:~e 'Wa$. 

.ns~ti*s.l:.t.sed wit.b ;ae.et1c .ae.i.d. am .ext~G\0~ \tith *l@ea:'~t, 

~t.:trt~'tcl,lflirl&~acet.o,rthen.<~ne was ob~ned on dist.illatf1gn:,, 

o.pt.., ;ato-a=i1omm.. (W~J&emd, Scbachter1 liK• t 1935~1 as., 231). 

~~t~~• .at sm~ .... t~~~. 
The ket.one was gm~ rnf'lux;ed ~t atmospheric pr:essflit.& 

for !'CUJ:* ho\U':$.. ~ter· a.pp~d, to coll•4-t, ~ t,he rd.xo:-cond-ensero,. 

bUt t.h~ p~oduet.· . obt..&:iMd on 41st,1lJ~ti~ .at ~~ pttes:e.ur., ,eoultl 
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not be 1Aauc:e4 to CI7Stalliso, 4D1 d14 note £om a. picrate. 

The- ltet.one (~) wau Giasolved ln to~ne and. 

refluXed in con"tece ld.t.h phOsphoric oxide for· t.bree hour&. 

the liquid p.t»od\lC\ obt.aine(l on d1st1J.lat.1on ti4 DO~ f'om 

a picratre. 

illbei'l -~ ket-one (,2gma)' m &Glutton in qlene, Vi8S 

subJ•ct.ea 1:.0 the aeti-on o£ tineq eNaheu ~tie ( •. 6gm, 

l.$1K.Jl&), ~m.a .. gtv.en oa, 'but the di.atJ.l..late obtQine4 

could not, be J.nt::.W.ctld to et7etelUae art!- ~d M't- f'otm a 

picrate. 

gsmi!!Dl§tlan 2~ .~i!~lS~tb;t~. vi~ ... C;ol.o}!fH£4l!!• 

(a) IJ.i:D&~KM\!!r2~11;!i~<:l:Oi~allOnJ,• 

ortllo•t.olualdeby"J.f! {a.4gma, 1 mol) .Qftd J1m1Jlhoxanone 

(9&ft!S~ ~U} •ere d1-esolved in al.eohol. (l&cesl coo a 

solution o£ sodium eydt"O~ae (lgml f.n wtiter' (Goes} oMed. 

file mi3:Wre i.mecU.a·t.el_f bee~ wam ~ we& fn6~n®:Lcn1~ 

ahn.ken £or <t~ bou.ra. Tile Cl"Zf&t,als (2.~, so;;) of' 

~!..~t-:~l-A2126l:Mdent:;:CJ'OlOb,.f:t~n£nct were filt.eroo ott 

,end wsahe<l with e. lJ:ttl(J :c;looh&l. il&e1'7•tal.l.iasrtior-'. from 

alcohol ge:ve 'bright yeUow ~homb0rua4ra1 m.pt-• .!38 .. 1-.1""'9° t 

wr,y soluble in benzene, soluble in etthe.r, hot. Ugb't 

~troleu.'ll ~ hot. e~~ alcohOl, end iaeol.Ubl.D in :m-e,tb_vl 

,alcohol ant1 watct-. (Found: o, 81.-2; n, ?.a. ~2!f.a20 
Nquiree; Ct S7.4J B,. 7.3$1) 
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(b) ieQEth~!4kl441llf.03'41ob~·· 

OrthG-t.olualtiebJde (9.5~) and c,x~Je.husnone (8.~) 

W'Cl"& wsp~nded in 4% aqueous pota.ss1wn ~ld.de ·solut-ion 

G,rJOcce) an<l ref'l.UJted .for t:wo .hours. Dit!t'tillat.!.on of the 

rea1d.ue: cbt.ained b7 evapQvatins th-e washed .amt dried 

et.hereu caxtract.a gave: i;-or!&2:U!&li+l~D!qcl<>~!MQA!, 

b. pt. l.Sl·l.Mi4tmn. (U.a&$8, ?2:1.), wbieh rapidly 

·cra·stnllised 1n Usht. _yellow elongated pr.iema and had 

. mel:ttng poi;a;t- 66-67° tr~ light pet.roLet.lm.- (i .. et.md: C, 83.8; 

Hj s .. o •. c14a16o .raquirell~ c, M.o; n, a.oz). .It was. 

ex~mely sGluble in all the usual organic solventil with 

t.be e~epU.on of light Ji(!!troleur.n,. in which it was lt.Oderateq 

soluble,. fhe t'e$1due in the. distillation .f'l.Q.sk (~g.ma.) 

ccnnutetl mttinJ,y of the 41-derivatJ.n.. Neutralisation o'£ 

t.he reaction mixture :f1lt.l!'ate,t'rom t~ preparation of the 

di-®riva:tive in (a) above, followed bJ extrat:~ion_ with 

ether an;l dietillat,:f.QJ'J., gave Jam. of this mono-4-eriv~:t~ive. 

{itf&nLta. ;:.a.,. C.l:9~i 2~1!ft~Q.\P~U~ll<zeycloltAxa.n.?D!,. 
{ Ret'lwdng in qlene soll;tticn tdtn eitb<J:o sodamide or 

phospborj.e oxirie cauee.d ex:ten&ive poqmerisation, hu.t. :;ml.Jr 

st.av-t.ing material. waJJ recove~ed on distil.la:tton-. ;.a.,t.:i.llation 

"tchrough hot., ain<; <lust. ettectri no cb~e in t.he :material .. 



~--•lt!ll!~ .. ~~c~~smt ~~f61.xl-:B~ttf:ailene. <ct.~ 
B!nte·l,.. qlint.i ~ BeJllOn., i•:t .19361 339'),,. . 

. POmiet"ed e.nh,-Gr-¢ns alum:iniU~-n cit1.cl-14e. (40jma,. am.~) 

W:U ~pende4 in ·&:7' ehl.;()robeueae (80cctiJ snti trea;t~4 .Qt 

•lOfflg* Witoh Q :C:tiir~At. of: 4ey l\Jdt-O&en C7Mide: (~OU) 

ll~epQ,Jfe<t .. r:rom· $odium .q~4e: (~).. '!he ·milt'ture ·•e 

shaken a:t room wn:rp~~atu~e tor ntteen minutes .• ~.m .a .. 

S·Ol~Uc.m; ot :tl~tb.yl.~p;hthaltae (14.~-, .Jmol) . in . 
. . 

' . 
b3d·~iGO ~:hlorid:e ·was pase-e-4 t~:v .ft:tt.e::en miw\u at l't.Oct! 

1.ei$ratU'lr'e·t ~a tbe:n for :foltr tie .tive hou:ra at. 1t.Pc;,. • 
~·. mllrt.tni•e . bei~ v,:tgc.rously em.tten ·evecy ~. m1ntit0s,., · 

'the 'Goolen ~re wrm peur:t4 ·t.m l(te and co=en\rtt'ted 

~4W~:ll~t-1e aet4, &ntl 'tl:le», bea~t tor f'~~ mih-utes 

at ·tne ooiUti,i point., t'he · p.tt:<J~t wtJ.-a. ":AOt -vera. vobi"t.tl~ 

.m s~tlUl,. Tf1e e1llorottenze:ne am ethereal. e."!tee.;eta we~•e 

¥~"&shed with .alkal.i .nl'ld :wa:tei',, Ul:~ etket" .raowa,. s-1d th~ · 

"s:!Jlue dist.i.&Ud t~Qg:tl ~ etl!.JJieliJ:t. ~:1~\!i The ~&l!ti'! 

&l!~·i1gl._ (la.B,iif:iG, SO$:} i!~C .oonstQUt. b.pt • .144° set to a . - - ·. . l4lnm. 
s,emf....,.oolid mau ot ea-yatale. lt. 'WQ& &xtrert.e~ $oluble m 
most. orge.ni-e eolv~llte,, ar.di tai)()lubl& tn wat.$t'~ J!..·t~pte& 

:~ur1fi;;,~t~ion irrom .aqueous $obo;L was u.nsuce:eesftiJ-1 4$ince 

t.he ~t*rial. se~atM'l eon.eist.entl.J' iii .liquid fom. ~~&bing 

wi'Mt $leohQl gave n~altts1 .i.'l4;ptw. 62°.. (.Found:. e, ,84.-7; 

B-, u ... ?.. G12H10o requires:'· e, B4,.1; a,, 6.-9~). .I.t gave a. 

um&:~H9Jii: l'ibieh e.rJfe't.all.ia.ea in eo1ourlese needl..es t:rom 



aqueous al.cohol., m. pt.. 185·186°. (Found: c, 68,.9:; 

1-I, ~. s. CJ.ri!l.30N3 requires: C., 68. 7; H, 5. 7~). The 

,2:j:;din.J.:~r:o..a~~m!bl~flZOne was difficult t-¢ 4bt.ain in a 

cryst-alline fo.nn, but it. separated. in· red needl.es, xn..,pt.. 

205-206° on slow cooling o£ its solution in acetie acid 

after the addition of a trace of water,. (Founa .. : c, 60.8, 

60.1; H, 4.3, 4.3. (C1gi!14o4N4 )3H20. requires: C-, 60.7; 

This reused the first suspicion that. the . 

aldehyde might be non-homogeneous 1n ,charaet.er1 and 1,;his· 

was confimed in oxidation experiments .. 

The e.ldehJdic material was e~'l#remely $table tc.l aerial 

oxida.tion Gnd to ammonilltal. s:t1ver nitrate. Treated with 

t~~s .t"e:&Jer.tt iiJ. t.he cold as recommend by De1epine ardi Bonnet. 

{Compt.. ttend., 1909,. ~49, 39}.1 no reduction oecurred, and 

af'ter boil.itlg for eight. flours on~ a mnal.l. yield or a very 

~1lpUrf! acid was obtained. 

To the a~del\Vde (3gme) dissolved in cold acetone, was 

added. vary gradually {ca.. 6 hours) a. cold. concentrated 

solution o:t potassium pet'mangana:te in acet.one until the 

colour r~~Bined {ea.~,oooces}... Af-ter working up in the 

usual VlfJ¥ a very impure l.lCid {2gms) was obtained. After 

· lt"epeat;ed l.~ecryst.al~isation :f'rcm aqueous acet1c aoidt aqueous 

aleo!wl or l.ight. pett"oleum (12()...130) the small amount of acid 

~aining gave a const.an't m. pt.. 124-125°.. The crude acid was 

converted through t.be acid chloride, b. pt.. l.69 .... l72/2cmm., to 

t.ha anilide.. Ttd& gave a tlr&t m .. pt.. of lQ0-105°' and af'tfn' 
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repeated. re<U!7&'tsl1ia;at;ton l'Hm. aqueous 6leobol tbe m.pt-. 

ha4 ri.&en w 153-li.P bu~ ther-e was too U:ttle left. JfW· 

~er pu.rificattoltl• 2-iiet.llfl-l•napbtb.o.tc acid has 1-leen 

r~port.ed ll7 Ma~ and SiegUte (b£.• 1 1922, 4lt lBil) ·to 

nave m.;pt.~ JaS-~ atd to giv• :aa anil14e m •. pt.., .16?•168~ if~ 

The 2-me'tt\Tl.....S.14-1 mt4. ?•~htbote acd.cts,. have .ao" l.'Jea 

rep<r$ed .in the U teratur.e. 

As no me~$ seemed available ~or t.he et.floitmt 

separat.ton ot ·ue ieo~!c p;te~ts., t.he· s:tud,v of this 

raat:ti.OA'R.$ abandone4.-

llt'J;1.;t,z!.~al.Stilla• (Blakel• Ay.lJ.nS and. BeJMn,, l*", 19361, .ate),. 

Dry .bf4ro&en ;eyanttte t'rtmt sGdlum cy;ani<le· {203fPS.) 

was pessed mt.o a .suepeneton of' alumiilham ch.lo:ri4e (214pl$) 

1a tAtraohlore~ (400e-c&), coo.led ta e. tlr'et!31Qg :mixtun 

( .. 10°C). Af\ett :tifteQD minutes at .roe ~ra\ure, meaityl.eae 

(56cce.) was. ad6.e41 a slow <:u.r'rell'ti o:£ dl:7 Jut4rQS$n ehlor14e 

passed -£w fifteen m1nt4es a~ .Nom temperat.ur.e• s:o4 tJleu. £or· 

f'our hours at. 8f.l,c, the mtxt.ure be~ shaken- ·ever; ·"ten mtnutea. 

~ .a1icture. was eooletl, poured on tee and. C:{.)ruten:tt-ated ~ 

eh10r1e .act4, st.eem•d:ist..iU•d. and the d!sUllate ~netet~. 

wtth trthet". D:isti.lla:tion. ga'V'fl il:eeitylaldetvae.,, 1'1.~. l3~:20mm. 

(4()gms:). 

~.~~'. '"·· • .iG''·~.· ·· · a:t:~JbeM:Vl.t4. en. el•"'•t.etr.a. ·: ... ·lone. ""_.1.11: ),tf-i'.t_l_-'1_-~ --~ ·q...........--- ._,FI-l!li _!j ~ _ --·· 

IJe&it.):-la~e .. (Ugms:) 6114. a(;•tet;pQlone. (,18gms) were: 

V.eated w'itb. ~lc~lleUc ,pot.a1asium .lvdrc:ud.de iSQl.t.ttion '""• 

lOOeosl. After statld1tlg for ~hr~ hours the tu,latloa 
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The .t'esidue obteirwd on evaporation of' t..l:te etbe.r was d:i.a:tllled 

up to 160i~.. to remove star-t-ing m.at.c.~1als. ae~rystalli• 

saUon of the residue trom aqueous alCohol gave g-:(2• t~! &§' ... 

k~~lbtnaM-Q.~,ne.~-. ~ ':":'te~ont. as colour leas rhombohedra 

m.pt.. 92•92.5° (28gms, SO~). (Found: c, 86.9; n, 1.2., 

c2c11:J.oO req.uiretn c, 86.9; H, 7 .2J.). 

S:~4;i@Jl:f4.0q 

The material w·as:. not, cyeliaed by tU.sUlle:t,ion t1Jcrou;gb 

no~ z.tnc duSt. 

2•(2' ;4 1 J61•ttr1met.h7lbenzylidene) .. ~·tot.t-alcne (10<~) 

wa~ .Pet'luxed. in. qlene: solution with succ·ess:ive portions or 

plsoapitoric oxide Eo1! El total of twent.v-.tour hour&. The 

resid~e obtained on evaporation o£ ~e decanted xyleue 

eolut.io:n wee diat,illed at 2mtns. p:resaut*e. The disUJ.la'te 

{4 .. 5~) was dissolved in a concentrated solution o:f picric 

acid (4gms) in alcohol, and the e!eJ:at~ (5gms) .f'ilt.ered ot£. 

lt. .fonned. l"if!d needle& f'r.cm benzene, m .. p~ 190....191°. {F'\)un<h 

c, 64,.3_; n, 4.5. c26n2~0?Ba r.er~uires: c, :64.~; n, 4.a~J 
DecompQa:ition of t.his piera:te gave t.m. &~.~(!.•d!l;l:tdro"':5:7.:: · 

4.,11~,!!~.,.!;2 ... ~e.tr..t.~n:t.IU"",AAEJtp! (2,. 5~, 26») wilich c~y:3t.all:1sed 

in qol.ottt"less rhomilob.eara .!.tom glacial acetic acid, m.,pt. 

l46-l4~. (.Found: c, 92.9; a, 7.o. c~ requ1r~s: 
c, 9Z<!>O; H1 7.0$). 
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Concent-ration 6£ the. l.'llo·~ner-liquo.rs f'.rcom t.lh1c:h t.he 

e.bov~ picrat-e luicl been obt!dned gave t\VO further picrat.es • 

. -;;he fir$ t to ccys"te.lli.se was very ur~~b~e and on at.t.empte4 

reo~yst.nllisation rrom abool.u.t.e alcohOl. gave OllOthGr 

=:.~.!~":" .. di:bidro-qt '7.o:J1.1!e.t.tp;l.•l!2::P~D!a.n:t.qr..ut:aJli, which 

crystallised in th.e :rom of c.olourl.esn rhombohedra :trom 
.absolute alcohol, m.pt. 114°. (.6gm, s.s.s) (Foutd: 

c, 93.4; H1 ?.2Z). tbfj ot~ .Q#Qril:!, was stable, having 

m~pt.. cts... 165°,. but the $1'llel.l omo!.lnt obtained Ji.d not allow 

of its turtber'. pu.t>ifieat.ion. I'ts decomposition yielded a 

thir6 ~~~!-:.~"':'9;7~~1J2-benzant.hra~!f~El (,.lgfli, 
l. •. l.~.'J, m.pt •. llS~>ll6.S0 • f:Olouxt'less ~horn.bohe\l'!?a fronl 

aleoi.wl.1• whi~h gave.· a wl' de.pt"Eieeion in m.pt.- with the 

iac~r of .m.pt. U4°. (Four ... d, C, 92.7; a, 1.~.~). Total. 

yield of ey4r04arbons, s.agmu, 34!~. 

The. solution& of' these h.J .iroc.a:roone :J,n alQchol,. 

ace~ir.: aeid • banzenet ete. , wowed a :taint. bl.ue 

DflJ;lmrq~f!l~1!s?n . .a~ .. xt~!..~J:m~l~P.::e~l':~!~J..:l.~~...;be~ .... · 

a.n·t~~-
t "'fll--~ 

fh.e llydrocarbo:n. :r.-pt. l46-~oi?0 ~· subJecwd to t.he 

. acrtion of selenium. No t-eact.ion took .t>lnce at tempera.'Wres 

below . 290°. ·and above t.hia ~emper:a.t.l,ire reaction was di:t'ftcul.~ 

to cont.rol. siue~ t.he b)tdrcc-arbon subUme.O. awQ'i f'I-Om 'the· 

sP..l.enium. A sntalll"ield cf ~4rocarbon, m..pt.. 120 .... 121:0 



ff'• Q4et1c aet4 was_ ob'tdned, Mw6ver.. (Fo:undl a, ,6.4 .. 

e~H16 r•ina:i 1 1- 6.3•) (An .aecid.en.t "to the earbOn. 

,4f.OJdd-e abaor:bt.Dg vess&l. 'V'it.iated tdle ·C~ value.) 

1!bia aubs~nce ~· ttlmulat.GQ, as ~~7~1•1=2-b§~ 

~-eg& • 

.• -=.it4£lnd;OJ!i. ((1£;t., KipP,iU&t l.•t l.Siit .§§.t 480) 

E'lwl- c1~a1.8 (95pa} was d£$$Ol.ved in methaJiOl.:t: 

eaaken with a .li\t.l1l at.Nn't:lt'Uil CIU"bonat."G, f'll"teredt and 

a ~-a:lladi~et:ront:;i:um. onrbOnate ca~st. ad4ed. ftydro ..... 

g~a1'J.·oa took place wl th extNme· ease at atmo&Jftut:.r!.c 

presa~ J\~ wrid.~ up in the uua:l W((Jf tb.e pr:c!itlCt 

w.a.s d1-st1l.1ett,. b.pt.. 2.40° (91SmS). l:lf41"'0l$ais tor ,a tew 

n'l1nt'ltes at. th~ :bOiling•pQ:int ~i·th aqaeous .setiiutn 1\v~:ox:itte 

gave· a~pl:l-e:qyl.Pl'Op1onic Geid1 Which qt; eonveX"tGd. tl} · t.be 

&Q'id C:b.lwi\'1& b; .me.e.ne oZ thlol\fl eh.lo~t4e. foo ccid 

·Qhloride (40ii'1'GS) alssolveti in pur-e 11glt. prltr.ol.ewn (60.801 

lOOcca) ft'es ~eated al.Qw~y w!:tb f'in.ely ct'U.sh«l el.wuinium 

~hlortde (4Qgms),. When e£f'erveseence haet eeaaed the 

rdJtt.ure ft~ ii!Qmled t.o 'the bc·ill~ pctn:t,. <:.ooledt; r.o-atw 

~<deli c<au.~:ieu$q .enti. the m1xwre s'team. dist.1Ued .. 

'f~g;t.ro&et.ion w1 th etb.~ ge:ve Cl(•l\Vdrindo11e (ligms) . ., 

2-~~' ;:.at ::.ttt...,.~-·. e~Mlb:erusvlide_ne'• oc:•l'rtJ:d __ ,r __ ina.one •. ~A.~ ;z .• -~1_ .. ~ ~- __ l'li!I"GII .... \~_- I· _ _ ,lltll' 'f _ ~~~ .... ~~· 

c( .... a,-~l'i...11fjone tl~1 lrool) ana aeait.7lald4ll\Jde (~., 

lmelJ ~eere t.reated lttt.h alco-llo.lie potassium h~xi<.te 

tSO·ltrti.on :(4'!11 1<10cce). ARer- three houra s:tandir4i, tl'to 

sol:ation, wa.s neutraU.ee4 ·wi tb e:cetie sci<!t. and. dil:ut.ed w1tb 
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.... "";:tkv9£io4m! were t'ilt.ered ott end purttied :from aqueous 

al,c;ohol, ft'\Om which t.h~y .e.eparat.ed as tain:tq xeuow pr1sms 

ot rcct:angulat" outline, m.pt.. 93.6~9.4 •. $0
, which turned" 

·ot-ight yeUow on exposure <to light.. Yield 26gms., 81%. 

J'our.rtil c, 86~9;. ·«t. 7.0. c~o reqtd..~a: c, 8?.0; 

B1 6.9Z) • 

.fttt-~ . .&t, 9XCL.l4AaYJm• 
~e ma~ria1 was not a.ttect.ed by distillation thl'ough 

bot. e1nc dus.\,.. 

?.-:.!~ ~. t~ .. ~J..§!::JtrJm~Y!lf.~AU~9tMEf)t* .":" •b!tp;:ind9,P.! (2Sps) 

was ~.issolv~d in qle.n.e and ref'luxed tor twettty-four boutte 

wi tll -~uccessi ve; porUons. of pbOGphortc ·oxide. The flieti.llat,e 

(l2gms.) wae tou:nd t.o be almost v.we S~"lrting mo:terial and 

gav'!'! no 1oo1ca.t1oru.i ot p:tcrato f'oftlte.t.ion. The. treatment 

was re¥e&.ted on the dist.lllate tor .a £u~.Ju;r t'\#ieuty•.tour 

nours mt.h the same result., 

N-o llJ"~arbon was ob~aintt.i by a similar expet~ime:tl:\ 

wi.t.h sodrunide. 

att).wa~o:ttsz•·Q~"-hg-;.,q!Uo:;~lr.~J&. (cf'. Linstert!:l end tillid.Se • 

f!. ., 19361 4S2, 485) 

Potastd.um cya:rd.de (.258m ·in the minimutn of! water) wa8 

&.dd~ to 2~tJ~l-WJr2heltanone (SOgms), and t..c:~.s tl.um 

added d.:-opwiae to dey· byd.rogen cyanide (pttepar-od from SOps 

of potassium CJanideJ cooled in a :freezing mix:~ure. ·nte 

t"reeztng mix't.U~ was then thot"'ugbJ¥ insulated &.nd tlle whole 
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left overnight.. i'he excess ct· tJ,yarogea CJ·antde wu 

:remwed a\ t.he pump &rtter the .aud1 tiGn o£ a few drops ot 

concen.t.ratea sulphuric ao.ta. .. 

11t- was found. tJ1at under tli.e cot¥Utions given b7 

Liut.eafl .and, ltil.lldge ( &oc •• ,g!lt) dehydration wa.e no"' 

compat.e, and Gin.ee t.he .c:yanh;drin ~:towed so-ille tendency· 

t,o decompose on diat.il.J.ation it was dehltirateQ. as follows 

wit.hout .t'urther puri£ice:t.1on~. To tbe ice•cold Cyat'.d"~in 

was adaed pyridine (l.O\:.~) and ilmnedi&t$ly, dropwise with 

st.:N.'Jllg ice-cooling, t.h1onyl chloride (7ogr.ns) (ca ••. s hour) .. 

The rai.xt.Ul"e was heated tor ·two hours on \t.hf.! we.tet~-·b:xth, 

t;!90leu, iee and concent.ra.tet& hJ'drochlttric aci<"' aJdedt and 

tbe muwre .s.haken witb. ether rold ti,l\ered t.h.rQugh pulp. 

The ethet"eal extt".tlWt& were- washed with e:cid., alkalJ. und 

tmter1 dried, ar.d "tl1e ether ramcved*. In the best pre• 

pat11#..l:t.ions in w.bicll ne:i th«r eya~%1.n no~ ortl1o-met.bJ':l• 

~Jt~.i-~haano~e aaa recovered, the llit.r:ll$ wae tlbt.ainetl in 

Strii yield, . b,.pt~• 73/1.mm., • 92il&am. 

:figt~qq!;10lf . g,t ;'- .~ ~ . .-Uns.§!:t-~\ed ll~ tJ::iles . bi ~th~~~§. ObJ.oritle 

{cr. Stephens, ~t l92S, J.2"l.f 2874). 

'Tet.ra .. tw·tlr'tf ... orti1lo-toluonitr11e (5gms) wta.s added to a 

aO~\lt.ion o£ anhydrous stannous cblorido ·(12.gms) in fJ.:t7 

otharG,a:l 1\Vdro~en chloride , t.he mixture shaken :for 't:wo 1\0urs 

.ana J.Gft overniaht. A GelGll amount. of eeystalline ht-erial. 
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had s~parated and this W8$ ftG't inc.rease4 by retlwd.ng 

the solution tor "wo hours.1 Dilu~ i'q'drochloric acid 

was: .added and the muture st.eam-di.st.1ll.e4. The pro'ducta 

we:f>e worked up ~Y ether .ext.rcaction,:fGllowed by <listil'lation, 

1ilieh :alway$ ga11e two :frac·tJ..ons under varyillS eoai1t.lons . 

,(e-.g •. , standing ;for considerable periods:) 4ur£ng tbe re-

tal s.sgms, );).pt .• '?6~Sli9mm. whJ.ch was mainJ.¥ recovered 

niUile; bttt contatned al.deJ~ycU.c material.. l~ eav.e a 

2t~troR1lmlh;r:dra;on@., Whieh se~.a:ted • tred needles 

tr. at{U40US elcoholt m~pt .• 119°,, ident.ical. bJ' miJf,EKf. .m;.,.~~­

with tlla\ obtained. (se:e lat.e~) from 6•met.hyl.• Ll1•SlS:I::.q­

hexenealdehyde. (FOUHd.t li't l.8.c3. C14&JD04N4 requires I 

N, l8~4i).,. 

(b) l. .• Qgm. • b.pt.. l20,9mm.. Dds mat..erial was ~ further 

in~stigat.ed. .It was el.deh;J'd.ic, ani cont.ained .halOgen:. 

~ • .:..exc~phexeneni t.ri.le was p~pared. for the purpo~e 

.ot this investigation from ~zgl.Qhexanone in the mann~r .abcnte 

described .tor tetra-~o-ortlho-t.ol.u<mi:tri.le. The c~dria 

o£ ss~xanon.e was no'\ dehydrated by thiontl ehl.oride 

uone under the eomit.ions descr.1bed .by Cook and Li.lllst.ead 

(£"., 1934, 959 ) for t.he c;ya.Dh;ydrin of .wflp:pentanone. Using· 

tJU.o~l chloride (l.Smols) and dimt:t.byl.aniline ·(2.5mola) 

w1thou~ • dil.uent and heating on 'the Qil-ba~h at. 120.130° 

for three hours, the yields were in tbe .ae.1ghbeurhoGd o~ 

·~. 



60!1£ wi"h eona1derable loss ot mate~1Ql .. , Orit~g P7ri41ne 

Uimols} an4 t.hi~l ohlcride (1.4l.nols) aa • ..,. descri.tte4,. 

the niw.tle,. b.pt.. 74~9mn:i•'' S'il.&!ID. was ~atnea. in. 8C1J 

jt:leld. · 

c1.'-~nen~.tn1e <aosne) 1fQS AMe4 vtth v1a~ 

~mg ·to. a solution ot ~NtiS a:tannoua iithl.o:s.•ide (~.) 

in · dt"¥ et.lu.1t"ieal h.JQ.:roaen ehloride (200ecs}.. At'ter ctaMi:'!:\1 

fer some h(;)~llt no er;-yst.Ql~f.M .mate.rolal. had aepa~:ted aad 

't,bo lower layer •s st-~at>Uled. Aftt6r worktQg up in 

the U$QtU ~~ di;EJt.illatiO:n gave 3 •. Spa, b-.,Pit• 9~100'~· 1 

~ c•~ A*•ueltlieanealdebl'de, alace itt :t'o1~Qd · 

a eemicarba:zone, m-pt. 212-213° ('V. B~ Danaiger,. i!c•, 
lila, Mt 1(1'1). .Iw &'~ih•st4Bid£AJ9~ f<~~ tiu. 

~ 

~ aeedl:es from aqueous al.c.ohol, m.pt. 210.2rP. (Found.t 

:~, 19 .• ·l.- · C:J:ll14o454 tteq11ires: 1, J.e.asl. A ~t.ion,. ·b.,pt. •. 

13:)-140'-·' WhiCh-~ el~ydt~ but. con'talned helo&<mt 

was also col.lected. ~e ma.J;o.rit.z ot t.be Ufl.react.e4 :rd. wile 

ae. recovered ia a pure· c.omit.ion :t;POm the· up1;e:r ethereal 

lfqer:. ~ renuld.ag a reactolon mx.t.ure oon~ein~ 7gm.s 

ct nltril.e tor aiX hours,. a aall ~'t of CJ!'7Skl.line 

material l;J..M sepe:t"&\84 wn1eb 7iel.ded- ·the N!i!l.U.re4 aldeh~e 

(,~Sp) on work!ns up in t.be •ual ••· ~~t1ou of t:b.e 

·Q.Uan't1ty ot ether ·used in the ~aetlon ~ure a~ t.hat oJitlr 

one lay-er was preseA~ &.4 not. increase tllte 7ieUi of 'al.d.e1V'de. 



~.f.l!ll~Ll~•CVC'l.eh. e. Xe .. n.lnt!?O:W.· lJ. ..... AM1(l* 
.iiWB:IMJn 1 w .... ,., 1/ ,...,.!1~ _ !_l:.c - 41 ~- ML~ ~--_JI.._ 

· fetr&•lur~~-toluoni~rile (2Sglll$) _.. •ate~ '!~ 

$'- ·\o ~ish\: b$urs :in tta oil•bath at. :J..ao0 td.tJI 85" Jthosph~ 

acd4 (lOOCoe) tot. h~e~" .~ ouuer1 .~t~z:tra•QhY!t*t l.9rn, 

.• , ~).. . ARel" ~.t\11. 4iltitlon wi'Ut wat.ert the ~~· 
' . 

lfU ext~e.et-e4 c t.h. et-her-. .&.rd, tae e-th$;l'eal e~ac'ts .abake. 

•·•.·· .eo<U.u cubollat.e soluU~n. Acidi£1-eatlon '.w a#e ·~ttwl~ . . - D: - · :z ~ ,_,-. ____ -•-

/';(t":¢J'JC1cti'Ym!!JR£\,OJQ'.:l~C MiA ta colour-us$ ttet!dlcs,. m •. pt.­

JIJiJ~Ifi0' i"#l)tfl -~ W aqu.$01lS alc~1. (Yield ~?OIJ. 

(l'~und:· c.,. ••"J; u,. a.a., ~Oa re~:1rea~ Q;, e&6J Bt s.sJ) 
.:: kepor&tia of the •~al eclt.tt.!i.<me ~~ ttlese IJ;'~es · 

~&11t ts~c .mu• which t~4 eclou~l.•sa pla~s ~ 

el<:oh01·1~t pe•ol.eum ·~ had. ,a~ mel'tAftS ~~111~& 
wnn""'·.t>na ~4i-m'&mft "iAcr..O ....... it "':A.d.ctl ....lit....t<tn. -:>t"lllli'a~<ii mA>it4>·.t.~ •ftA"'""''*'~ 
•9!1-~""\o!Q; ~\·\Nlj~• .._~V ~· ... ,~ $ IYU_..W w.lj.._;Qi .. mG'·f4.\~ J."'""'~'rlO<~ 

we:~e. ~· M4 ~toe·•· (Foun4J e., ~1; a, 9.2. 

Cf11J301 req.ll1:ves: c., ~~.1; u,. 9 .. ). · :s,·~ol3e1& .ofr ~he·· 

fd.t,rile b; means of -~ph~io ac:1~ ot vl':U11oua &t'l~· 

.•etween M ·&n4 .901 was; t.rid;: but e-ontsatt.on ec~a4 

t~itk evo-lut.i.on. ot · eulp~ 4£od.de• end t.ta· ,-1~ ~· t-he 

a«i4 (m •. pt.;.. ~os.,.$0.) 'lff!.W JntlC'b l:ower - bl~ 'the ll~ 
· metlhOI!* a,wo~tysiJ:J wt'th· al.co:ttolie JQ~~ium ~~nu· 

~~a~tl~ V'~~ .u~•lf· 'flae Ai~rl.le· (:fi8JU,) wa$; audett 'to a 
f j . $01iittiO,D ,oor potas·$!um b,J4l*Otd4e i.'111U) M the Z!!iSfAPJA. "0~ 

wat-er, a-ni!!. ei~e>hol. a~d uatt.L tdl&· mlltt.~J~I".e wae nomos.e~· 

After 1-e·.tlmdug f~ DJ.nec 4qs,. two :p:ro4u:et.$ MJfe .teo!Gt!f!4t 

,--;:::::,,.., r .. 



\ 
.) 

11le ad<ti W&s not. -soluble 1n Jo'drobromic ac14., but after 

long &tanding ta 1:.htt <:old e !l~~.ssH wa& p.r®uce4, 

Whi.~n 917atallis~ in co1o:ur1ess ... hol'nbo'iled~"at m.pt... 1Sl0' 

t-o J.62° J from ~0\lS aleohol.., (;t;ur;ad I Bar:, ~2 •. :2. 

CEJilaOj!r m;~ ftqUU"eat Bl-, 62.,&~). 

Co~!on cf §::!!:Yl%l•Ll' ,.~"VL'!J.ol!!ll"mo\f!.CI£bo~l.:&g ~~4 t..o ·-rig c qW,_ I?!? lli~M*iac.lb:d-~lii! ,_-;:;;:;;:; t~l! ·r~_t..:x:Ui'iiekd i r I' ;ill 

.~T~li91a.':"'d!RJe. ,A!4.f• 
.. , 

Repea'led at~ts to. obtrdn h.OmogeM:ous d"egra(la'tion 

p.rod~.t.s. :f1!0!'n t.lie .acid with. pot.Maimn pe~~anau· ;failed. 

!he ec.W (3gms.) was, t.hett(l:fo~e 1. 4iGsolved it\· water,. tbe 

eol.U.ti-On ma<ie veey ff.lint.l.y alk..a:u.ne and a current of 

oeo~i.se.d o~gen Pft&S$1. tbro:Ugh ~~- un:t1l. tbe ozone eeca;p:ed 
. 

. frf:;eJ3. ~o ·tM. ice-cco2ed .sol.u:tion. was theA oode<l S/J.O. 

potassium pe~t.e a.ol:lilt.ion until the co·l&ur r~1 a, 

&~am of earoon Q.iqx1de . being ~eeel dlU'ill!S -the ,awu.tton. 

The c<>loar was 4estroye<t by the ad.dit.ion ot a. tr&ee· ·of sod:twn. 

'bisul:phite, the :manganese tiox:ide t'ilterecl o££1 ana.. ~he 
aolttt}len almost ne~:t.t-ali&eli anti, cot~~ten'tra:t.ed first. •• t.M·· 

•at.er-ba:th ~ Anal~ in va.e• over .sulp1'.iur1e QCid.­

~c.icit'l·ca~on,. £allowed by ether ea~ract.ion., pelde4 4etlq'1. 

Wi;pic a.t:14, tts t4en\ci~y b-eing pro-ved ~ .S'Jhed mel"'it:tg po~ 

.jetermi:rmtion uritb an aut;honUc speeitnem, pre~ from et.bYl• 

~-~a-cari>oxylat.e e.nd :metbJ'l 1odi4e. {11y'ssel'bet'p1 

!U-U&~rJIXsltMa~t lB2&* AI• 111•1.92) 
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f.t:HtJlxl• A ~C,Ycl.of#H&p.!&lg!AYdJ• 

Tue aqj.a shlori~ (b~), b.pt.. 92/Jam. or ~t.h.Y~- -

c;;,·q,WL.ex.elleCarboqllc &cil.l.t oot.aineu b7 ti~e aci.ion or t.bivnyl 

c~.lol~i...Le, was i.l.J..aao.t.veu in Oenzene (~ooca), and wit.n ice­

cool.~ a ~i:io..i.ut.1vn or aniJ.ine (lo~ .. .a) in chloroform (lOOc:ea} 

a...:d.e\l alowl.,y. Aniline n..vuroc.ll.loriue waa naovei.l by waahin& 

'lll.i.h o.i.l.u.t.c a..:iu, aai evaporat.ion o£ t..be <iried benaene• 

ehloro£o1-m aolut.ion ~ave U1~ fp1J.iql (1~). It. cryat.a.lllaed 

in colo"'*leaa ueev.aa, m.pt.. J.U6.t»-l.O?.t.0 troa ~t pet.ro.leum 

(e.~. (.?o\.WCU. c, ·/8.3; B, '1.6. c14~70ii requ.irea: 

~, '"/h.l; K1 7.9.L) Tna l"'tiae't.ion bet.we•n t.hia &nil.iu.e (lOtiU) 

a.Di.J. _vhospbon..s pt!nt.t.~.chl.oriue (J.O~) in Ur,y t.olLlene (SGcea) 

wa.a campleUtd on ~1~ we.t.~bt$.t.A, anu t..o tJle l'9i S)'rup 

obt.aineu by evaporat.ill6 th~ t.rJ..W.eue ano. phoaphorua oq-

ch .. l.or i.le Uo~Ler l'ti~.o.uceu y.rea.liure, waa auueu with at.rons 

ica-coolinc?;, a so.luUc.~n oi at-aw..ou.a chJ..orio.e {~) in 

tJ.J..'"Y et..;.vc,reaJ. byu.ro~el4 e.U.loriU.e (lOOcoa). C.,a~ 

auparu~ .... , ~ at't.e.r t.wo houra t..iw nact.ion mixt.ure waa 

dis1..il~tiu v.:it.h st.eua. b'.t.•Qm t.ue el.hereal ext.ract.a of t.he 

ti 1.& t.i llat.a 6-~4# t.bJ 1-A' -q;vcJ.g,b.exeneaJ..dei\Yde (;;..Spa 1 60%) 

. 0 17° wu obt.aine .... , b.pt.. 66-6&/lOpn. aD ~.48~. I1ia -~-

cu~bazone ,ba .... mel~ poin~. 207-2\:8° .trc. aqueoua alcohol. 

(Fol.lllU.: c, 60.l.J H, d.a. 'iJHJDOiia requireal c, .ti&.?J 

H1 s.a,. ) . l t.a 2 :4-uird t.t-oiltpheJ)¥ Uqdraaone, m.pt.. 179°, 

was iuent.ieal b)' m1.xe<1 mell.iDg point. wit.h t.be matArial 
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Lo:• tdle1r even 200 

hOurs with a. .largo ,ex4eas or s-odium. 

I.tl u at.t.Emlpt. te elucidate the po&i tion, the of 

soa-lum on J:B'•&bromodtphenyl has subjeet.:ed t,o. further 

fOO:tn.bat10ilc• . Whe:a :tlclt.en $Odium '114&· uee<1 1n the .0.bsenee of 

a #olven"1 onl,r COJ1l>oul'lds. of hi,gb. moleo:u:J.sr we1ght.1• ot the 

same A)eneral nature: ·•· t.ho.se 4Etccnbed ·b,- Potib1-o1 Fox and 

Gauge; wen p..-oduee.G. ltr. the presenc-e of t.be reGct,1on1 

1Pbich .was .oomplete after . .hOu.re, diphearl 

.l':U"ld. not d1:pheJ\.Vl.ene.· . 1A a series ot iD which 

cot.n1tJ.ons. were ftgi.dlJ to, i:t flu been oatebliehed 

tJl.at. formauon ot this st.1bsttmce is ve;q gradua1 .&nd 

camt.O-t be du·e to o£ wat.er J.nto .reaction mi.xttJre. 

lte ronna-tio:n £$ tnt-erp.rat.ed as reflect.ing the :t'ree-ra41oa1 

JneQh&td.sm o.t t;he .. ,and u betn.g 4tle t.o stone 

pruent.ing, trb.G immeti1:ate udon ot 

t.be ·tlrll rJ/:41('ta.l& in <tealre¢., ·so 

ocev in vmich tno bf41rcsc of t.he solveat, plaJ's a .pavt,.. It. 

IIQS. bOped this .lnt.et .. p%'etta'tion of the reaetion might. lXJ, 

eontlrmed b7 comlue-ting 'the l:"euti<m in the presence o£ 

benzene u eolvmt, end eatablishing ot· tb 2'• 

d1pbet.,-l4:1.pherq1 (IV) in ·the produat& 'the 

react-ion). Bo reaction 'took place, ho'rlever, 

benzene ·was sube,;itu'teet. .tor ethct' in this 
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IV .• 

ln View of t.tmae resu1t.s1 othe~ PQS&ible roU;tes to 

~pb.$DNlene tm4. tetraph~lene were. explore<i~, The :t'U:&t. 

of tbese bad as :f.te, s~ poirtt 2-tmlinQ.-d.iphelWl (VJ. 

the O.ecompos1 tcion of· the d.ia3onium salt. of tb.is substmuu! 

in. aqu~lous solut.ton by ooppet' powder (c.t. '\he f'omatton. o£ 

pbenan~ene ae~ivauv.es,. PschOW1. 1!1£., .189ti:t a., 496; 19061. 

,a, -3106·) or ~ al;.l«llt. .in tb.e pr.e&el'tee of a non..-tont&ing 

s-oUron~ (ct~ Grieve e.nd Be71 .:tl~ 1 1938, 110) pr:o<iuee4 Cli~l.., 

a resul:t llhieh ts ill f.l(.tCOrtt m t.b. tee· ~-r44icu aeclUmt.sm. 

advanced for such reactions (Grieve and lfeJ', l!ls~b·, Bey.· 

and Wau~. eacm,.~tvieg, 1937, .&6.· l69j; ~e:e alec Gomberg 

aiJ.4. Pemert tliiA~-"-·a;•,· 1926, !§,. 1314) •. 

l:r1#ew8Q P>..ntl fu.rner (i,:.- 1 1919., ~' $10) &howe\1. 't.})at, 

b7 treau.ns a Gl"i,gDard c~ with. ~drous cupt'"ie ~-b.lOJ~lde 

Ule ~etten 2 ~ llg .x ...... ~ Ar.~t~ as .faclUta~ 'lb1s 

~l.itm seemed~ ot'fer eome bpe· of s.ueoeestul application 

to the producrt.ion ot te~apheiU'ltme and 41ph-lene, ami 

ac:eordlngJ.¥ hoth 2:2'-dtbromodtpl'J.enyl l.b"'ld o~41·1odo-



ben·zerie'. :...:c"" 0\lt)j-e~ to these eomJ.tio:D~. la. both 

'ea~?es; ~7 'ar t.be gnater ~lk et· the p:roouett eou:tst.ed. 

at -~ of kit;b moleCUlar' W<ialtt.~ ln tale traBe t;Jt 1.he 

fh21~~phtqtl e~eacauon,, ·no \et.rapb-$:\Tleae coul.4 

be· ~i&t~ t~ tne nori-"''"'em-vole:tue ~ oe· tJJe pc:tiact.. 

Tb:e t\te•-volat.Ue mat.erial ~-oulat.ed ot ama:t1 ~uats or. 

<ilph&nJl tmt1 a ~~ce o£· ·~· 1crf', ·~,ell tc~ a .· 
pkt:"a'e en4 414 ll()'t. conuaa hnl.<Ogen. ·The quaUt7 ob~ 

tllfl& too ~u tor Ea:rt.ber· .ezamtMtlml to be po€4:Jible. ~ 

tt.te ortJ10-41•1.04ot~ cond~tion tne hlsb~iec;u.l~ 

we~t- ma\e~ial contained tf"~ervlen~ (V.t) t wht.JJl tb:e 

ateam-vo-l.atile pol"t1oa. ot' ·tJE. product riGM$1 dtphenyl and 

a auba.t,ance Which ws.e ~t. eertainl.J' dipheJUf:l&••· 1a the 

u~e ot au~ materiGl .t~ .Uea mel:Ung•·poin1.: de~-, 

ld.Mt.t:tm~., ~. ad tbef.1te· betas tAo J.it.tle ,avaUable tor 

u.aly.aiat ttd..$ o.oul<l not. be ecn:t~. ~- otmt~tion of 

t.b& pt-Qducts in both t.hese c·oni.aat.i.one b7 dlphat.Wl., _,u14 

eCiem to· indicate tJ!Iat. 1:~ this roacuoa .al.ao Q free .... ~ical 

meehQOism 1a it.IVOJ.'RG. 
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Copper b~~ (So,s.tr.s) was aMed alow:q to ort,ho-i.odo· 

Di.W.fUlCerte (l~~ }leo;teO. in a bat-h. a:t 2309Ct SO that 

the ilatern;U. temperatve d.1d 1\'0t rise: above se,rJ>c. Bxtr:action 

•1tb hot, beaeeue .gaVEl' :2;,2*d:l.rd.trod1phetl'l. in 90S :.;vield, b.;pw 

·~Mi4mm., :m.pt,. ,lJ4° :trom alcobo1 (GuU, 1\u"nel'::~ i•t U!9:t 

4{Jfi.) .• 

3·~2.~~~i~ 

'fhe dinit.ro•eompoua.d ¥1U· ~edw:e4 .e1t.ber b)t t,be r.tJet.lu~d 

of 8ak<~ ($;l,~6b!e.• 1932, 1.§., .8246) Ol" as foll.ttwa•· 

a~a•.-\U.nitr9tU.phen;l (87gms), sranaJ.at.ett Un (175sm&l,.am 
t'l1oohol ~(SOecs), •re treaWd w1 t..h conc:ent.rated ~drocb.lorie 

acid (350cce) 1n _portion& of aaeca. At~ .standing over-Jd.Sht, 

the solution ~aG 4$tlMted and treat$1 c~ctul!¥ wi1Jl sodium 

b;,Vdroxtde (275~) in ~t.er. .E:g:t.r'E!::ct.i.Oll with carbon tet.ra­

c~ride gave the amine in 82% )11eld1 b .. pt.. J.68i4tlml., .m.pt.. 

t\t0 ' f'~ al.®hOljl 

IU2*:•DMar,gmgg1~ (Senwecnten, .kP.•, 19321. !§., l.GOO) 

!he em1ae (45.7s;ms) MlG diosol.ved. 1n water .(L,OOOcc&) 

end at· sul.pl't.uric actd ·(600cce }. D1.azot1aat.1.on ~· 41U'rle<l 

't.Jut at r/Ja 'with so41Q1U nitrite (37gmm,) ia water (lOOecs). 

fhe cold. diaM-aoltdJ..on tbus obtebled was treated elowly 

wit'th vf.iorou.& sttning)witb en .1c~·O"O,lcl :aolttc't..ion o£ ~4u.tt'1c 
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b~de {~)anti pot.aetJium ll:teaide (1~) u •a~ 
(S.OVOecsl* fh• pl"ec.ipit.atA waa au.o.a to sett:WJan<l ~ 

tilt.r"ati·CA ~ waah'e4. t1itb -~~- ae.etolu.~, and .tblally ld.Q 

eUier~ The dr.y Jellow pO'fi'flC' (242guJ .-. ~. imediat.ftlJ. 

witn drJ po~er$1 pot.aaawm b'.rom14e (~) fm4. -~at.«i m .a 

har~ tube 1n the. ~ described by Sebncbten (~ 

.!d.a•>•· rbe ~Wue ·was e.x:tt+ae'M4 wit;n water atl4. e~,, tho 
~ 

"'"he~eu ext,r-.C!:.a washed wi tJJ alkali, wa'te~t dr'lf!<l,. .evlip~ 

.aJl4 ~ r~eidue d&i·U~. 2tS1'•Dibftomo(1iphezw:l (6~• m.) 

had •.• pi,. 1.6fi-L~7j~ • m.pt.. 81° £rom- ~tetb71 atcoh<tl. 

~ .. qLS!QAi.mJJ. ... 9.D~;tr.l!~:o~~~-

·(1J Clean so<timn (1.~.) awl 2;2'~~pll®.7l. <~> 

·.W!ft &eeted 1n an oil ~th e.t: us-uoOc rcr f'fw ~~, u•lns; 

a e.U•coooons-er OArJ7ing ·a ca~tW~ .eblori:de t.ube... SUbllmetl 

~tir-1&1 'fDa pe11100ieal..'Q' ilh!Jken beck into tbt1 f'l.aSk,. file 

d.Qrk eolouretl =as •:rae. extract.ed .td t.h etb(llr, end ev&poraUon 
....:b +!... "-·"' '!O<!o ....... .64- . b. .. . ...;\,. ... ., ___ . . . b """"·i,eh "<-· -
v.t. ~~uG' ~ ..,r.e" ..t,~ ·"' 8 .• ~~~ V~U-tl =n9 'SitJ,' · · .· p-.~ +;w 

•vid-.ence •t pi:Ora~ f'1()mat1on.- 'fracea of' e:e••Mbr.o~~:1 

·.are obtaiMO. o.n atei:Jm,-(11atlllation~ and ® ot.b.$11 ste•­

YOJ.atUo aterlal w,a$ p~es:e:nt.. l~tt.empt.s to isolate a.~ 

geneouo pr~~ f1~ the ma.t.erlal rcmaw. in the $~ 

dia.t.iUt~;ti.oa t'•Sk .taile4. 

(.2) (ct •. ~te, .F-ox. t\Jl4 Qa.u,gel't lt-t J.UU, lit 6UJ 

l$:1311 ~t :36,)., CJ.ec $Odium (~td was· out. U!Jdec qleu 

tnw t:.h~ 4\llou .mlll t.~.terred to ~- ~tu•r con~ 1a 

\be .r~fi!on .tlal.llc. /4t1sr waShing ~ae $odJ.\Um '• or ~ee 
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t-s by aecantad.on m ottder 'to remove. ·t~u c£ ~lene, 

dt7' ether (250e-Qa),wbich had prevlo~s~ bQell dist.illed trom 

eit.bero pbosphorte onde or aoditun:;•as added, €4"11.1 the ~ 

refl;wtetl £c:r 84 houra:~ T.borough]3 dry 2:2*-di.b.r0110d1phe:t.W1 

(l.Ogms.) wn.n then e.-tided and the mi¥turo .renuea for 250 ho~. 

!be_ .apparatus was glas$•sealed and adequate precautions wem 

taken. against the entrance of mo:ts:wre.. (At. the ·end of. 60 
~ 

hou.ftl e.. t-.edditlh.'""b~own pre:eipi t.a~ had :tomed, butc after 100 

hours reaction was· not ,complet.e, .2l2'···d1br<mJodiph~1 ace~ 

pani~. ~r .. a .llt.tl.G diphu1yl. be·ing obtainai on wot"ktng; up.) 

The, e. ~r and. auspemed matter were deeant.e4 and filtel:i'ed. •. 

~, materi-al remaining on ~he filter (.Sgm) aft.er· 'V'JaGbing 

wiU'l wa:ter, us put"itied from b~·alcohol. lt.. con~ined 

b.alogen _etid he.'J m •. pt. 306°, in a,g:ree&ent. ntb the c:ompotmtl 

~B.,osB"a isolated in tbe same wq by Dobbie, .Fox and GaU,gei 

(~o.e .... t;J;~J!t.)• "th}e fl1.1oreaeent. ethereal soluttt.>n was: eftpotta:ted, 

:and the residue (4 • .58ft~S) eteam-di&till:-ed.c The p~~ (2gms.) 

was, id.mtifi~ as dipbe:n,y.t. by t.lllU'ting point. and mixed. m. pt-. 

\Fowoth c, 93,.3; a, 6~4• Cli'l.o :t-e~.: c, ea.,s,; H, a.s .• 
e1~ nq;uire,tlu c,, 94.?; H, o..a,;J* (More eonc.en:tra:ted 

&tnereal. e,olu.t..iOl'lS o1<toct 1D. tb.e f'orma.tiun o:f eomp~ of 

higb. :810l~ul.&J> W('d,gh't ad t;edae-ed the y~flld of 4iphenJlJ<!IO 

The ~rial r•~ in. t:ll-e a;t~i~tt.llt\Uon trldk had 

the chanaeter -ot t.b$. wa;q mat.$rialt eolubl.e in eth~r, deecttibed 

- Dobbiot Fox arld Gauge (l2SrFi'S-..t..h 
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(.3} 2t2'•Dibromodipben;.l (6&DJS) in dr)l benzene. (3Qe.ee) 

was ref'lwt~ with mol.eeul.fu-. ood:tum !or l.OO hours. Sodlum 

bi!O&;i.de was ,not. :fot•mEHlt and t.lle sta....,t~ m~rt~r"J.nl ·\itie· r:e•· 

covered unc.b.an,gcd on 1:orkins up.. 1:n at..1'~pt. to· :.tcolate 

~.l.2'-4iphenlfld1pheny1 fl'Dm th11'1 rea<;tlon .m.'lxttlft was no:'t 

SUCO$S&fUJ.,. 

!J.:L~ts 'ft.Q, O~f,~Q DiQhertv!en.e .:tmm .~id~t,!@~ .2:1;~4i!hta!l• 

(.1) (ef. l?'.s.cl\o.~r, !B.£·. 1896, aa. 496). 2""'1\mtnodipb.erwl. 

(8.5gma) was ~with wat-P..t" (450ccs) and 21 $U.lphurie .ac14 

(60ucs), :and cooled rapidlY VJith strirring. ~be solution. was 

diaz.ot.i~ed at fl'a b,lt thG gradut.U $.ddi.tiort of sodium. ni.trlte 

(~a} in we.t~ (20ccs) 1 a,ptt all insoluble :m.at.te:r f'iltere4 

erE£.;. (.;opp~ bronze was add«!d wit;..h ·v.igorous ntirt'l=g at 

-5-J.OQC but., al:t.bo~b a sUght .ev.olutlon of ga:s oceurred1 the 

bul.it of t.he ,u.uo-eompcund was sti.l.l und~·ecmposed e.'t the end 

of one hOl.U"• en &lowly warming to 3.6°C1 bowevor:t a. reac.tiOA 

took pl&ge.. 'fae aludgG w~ collec·ted and steMJl-41stiUed. 

The pt>oduet (J.gm) ne iden~if.ied as dtphceyl,. m. pt. .and mix.-&4 

m •. pt. 69 .... ?rl' ~ · 
(2) (of. Gri"'ve and HP.,y, ,;st. •· 19.."18, 110). 2.·Aminodiphel'JI'l. 

(8 .. 5gms) ~as m~l/t.ed td .. t.h water (200cca),.sntt cor..eentrateel 

~)"dro·cblorte acid (l2.Secs.) stirred in. :Of..uotiSntion was. 

earrietl ont. at. 2-4°C' with sodium nit.r:l.t$ (3.B~) .in .-.:n.ter 

(20nesl. the &Qlut.14n. was fil.tereu,anu chloroform (.SQces} 

· ad¢e4.. ·ta.t.h t.e.mperat.ur$ ·tJ...2°C, a so lu-ti-en o.f sotllum bydrold.de 

(-Sgm;;J) .tn water (26ece) was adde4 dropwi.se QVer .1.6 hours 



·wi.t.h v~o~us meehanieal ·$tirri~. Ta mix t.Ul"'e was gra4aally 

t~tarmed over .10 hours t•Q Sf:l>c· wi~h st.irrigg.. t'he chloroform 

was separat.ett; evap~:rated under r·educed pressure, ~and t.h~ 

residue st.emn-diat1.lled. ·Th.e prOdttct. (4 •. 5gms) was diph~n;rl. 

:q, tn.pt..· and mixed m •. pt. ... 

{:U . When th(i! .solvent.. was omitted the ,Yield -ot di.Pfiell3"1 

~ ver7 much.. reaue;(;td,. fhe no:n•s t(tam--vo.latile 'Jilatertal fn 

al.l the.se reactioJJ.s w.as ~ .m ·Chat-ae~er •. 

fne Action o£ !.fNmesiwn and.. ·Qupx:ie Cbl~ride on tha"...;Dibromo.-: 

~i.J?;h!J\Xl :(ef •. Krizewsky .cd Tu~ner,...l,~., 1~19, l.l5~ -560) 

Uagnes.1um \.l •. 65gms) e.Jttwdrous euprie chlort4e ($gm$ ) ad 

ether (60ces) were mixed and. 2:2:1d:1'br.omodi.pherq:l (l0~~4gms) 

.a,dd.ed.. After t.he :tnt tial r.~tioa was over the 'bro·wnt:sh.-red. 

solution was .'f':e·rluxe.d fo:r- eight: hours wi1;;hc £r.equent agit.a.Uoa 

to prevera.t caking.. The .mixture was .pottred oa w ice,, and 

c-~~ntra-ted bydt:'.oehloric QCi(i.- a~d t.o -tlis-aclve 1Jle ·precip1""' 

tated cuprous .. s~l:~s. .After. t;h~ utra:et.tom of the aqueous 

~·~, the C·omb~<l. ethereal solutions were washed' with w.a:tef'., 

t:U"i.ed and tile ether remcnted. The light colou~Q. resi.dttal. mti$S 

w&S ;eubJectea to .st.eam•dlstillatioD, ·the vol.atil.• ma;t-erial 

eoU.lected, and the residual gla..s~J non•vol!at.ile mass,, whi•h 

·C::ould .. ncrt be ind.uc:ed to erys:tal.Ue.e .g;nd gave llO evttlen:c.E! or. 

piorat.e formation, subJe~ted 'to dis.t.i~lat.ieOn-. ~t.ionat-ion 

· was not. possible:, the material bavillg b~pt, .• ~250ianm. arut. 

ee·t;ting :iti:to a glassy non..-ecyst.al.li.ne mass Whieh .did not :form 
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e picrate. the ~t.eam-11olattle. aat.ettJ.al was separa:tt1d' d:l-iecl; 

e1:l4 tif"'ea't~ with picric acid tn alco~i. The pi¢rate. (.l&gm) 

we.s tilt.ered oa 1 &cQmposett wt tb aq'U®UD ~n.Sa, attd the· 

.mat.wial,wMOll did. ngt, coatEii'n .bal~e:D:,heeyst.eJJJ.s-ed .f~ 

.aqueouG alcohOL Att-e.tt f1ve recry&talli&a~tons tM• 

§llbi~ N.d-. a~ pt. 101• t ~ 'formed Ugh1, yellow .needl.,.. 

lik.10. prisms.. !here was t.oe .Ut.'tll.e let\ at. this stage tor 

.ftlr·tber examlnatiO:L fhe p.1erat.e-to.rmat:ton mot.her•liquore­

to.ut..ained dtpbenyl., tn.p-t ... Md. nlf.Jted a.,pt-. fil#-10t:t• 

.ii~:fr" oa ~;p u ... ~_..•aium _~A CiJ:ttn":ic . Chl<Jrid~ •n Qw.+hb,..t'tt -1~, ... :xt!\ :iltJii~ ~ · ' ~-~ ·"" -.will•~ r _'lfiN:tJ _r ,r • ...., ... _.,_ 1: · . ·il:sJ:i ll:; ... ~--w..-u ~ 

~. (ct. itr!Ma~sky ttncl fttmer, J,oc ... gt,., ~M Dowtltelit 

£,. •• .1.931, .lllS) ., 

M~sium, (5,.9gms) e.na. -o:rth&•d!-S.odobenzeri'O (4Qgms) 

in- ether (.100eesJ were eJ.lowed t.o reeet ·witb ext.e~nal. 

coo-lllig •hen nnc"'ssa:;y • After s:tsndin.t,{ we:n:tght, ~mm 

ev.~i.c -ehlLorWe (33gms) was added, .and. tbe violent reac't1o.a 

!U.Idere.t.et.l .. by metms o.f ke-cooUng. A:tt.er .~et'luxillg for five 

.bo\tll'St t.he mixt,.u;tr<e was poured on te ice,, eDd coneen~t.e.4 

l:Qidro@l.o:t1c ·t414 added,. "l'he pr~c1pitat.ed copper sal:& di4 

no~ «ts,solve• tnld was a:ce.ord..-11 filte~d. ott. It \~ 

seeyish4bite 1a colour' but gradually t.u.med tJrQWU· due 'tD 

Ueerst.ton c~ ·iodine. lt. was in all pl"'babiU~ .Itt~ 

~ (et"'' &r;bew&k;V and fttm'el"'t ~ * A:fter t.bllnugh 

exweet<1on o£ the' ,aqaeous $Olnti:on and prl!;eipi t.ate \1.1 tb 

ethet-'1 t.he combined ethereal extract~ we~e wnahed rd. tb 

water end t.he, et,her removed. On ateatn-dtstiJ.lat1nn vo1at.Ue 
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ma\er1als wer4 remo1t-e4, cont.aiaatid wit.h todin.e., · 'the veq 

Viseoos reeidue dietill«< with ttmeh decompos.i~ioa e.t. ~. 

pNS$1~., resinottS materials reait'd.ng in \he dlstllla~ioa 

~k. The lDwer···•bcilinfl tract1otw or too dtot.~te con• . -~. --- - ' 

t.Qinttd. tri:yhef'.\Ylene.t m .• pt. and ll'd.xed .m:.pt.. 1.98°. :fhe dried 

at;ear,n ... volat.i.le mat.ertal (,.Sam) ·waa tNated ¥d. t.h pier.ie acid 

.in .alcohol, when a ,J~it:~§l3t.i (.,lgm), pale re4 needles tl"'m 

,aJ._,gohcl, m..pt. 96°, a.epa:ra.ted,*. !his ·was· ~:omposed wi\h 

e.q.ueou.s 8mfilon!a,. 'the residUe t(}rmed. prisms from 1f.ght, 

pe'&r()letan., Ugnt yellorl pl:at,eo f'rom ~ueous £1eQbolt m;.pt. 

74. G•t/S*f/!1, 11itb a diphceyl•Uke gmeU. {ct. DQcbbS.$; Box 

and. &:111ge, :}otl;;t .. a~,."", whQ ,glv~ ?4~5-?tfJ• as thG m.elUag polllt. 

ot diphtany.:Wne)". 1.'he qu:tmtit.y oh~alr&ed Wa$ ve,t!''Jl ~1. 

The pic~ate•:tcrmation motner:•liqao~s cwttlined diphe.nyl, 

m..pt. end mb:r:€1. llt.p't. 69<-?t/''. 



- ll9 .... 

1Jt&, _ UL~~ •• J:.ID .,,GmG .•. fJBmQD£ 

Fim:! .. .,iAD!C@§ .IN. ~RlttlT19!-· 

in ~ing ont a .~er ot" Ullmann eond.el!lSaUone it.­

ns .noticed that. small amounts of a low•beilil:tg J;.."t'Od.U:" 

we~e · al.WtW& · fc.rmed. ~-erG thf!'.ae. were turt.her extml1nea., 

the.;y preYed' to be· the Ell"Jrl. 1W4rog~n compoatld (ArK) ~Qn.-es­

poadtng to the Ql)fl halide· .(f«"X) em_plo3ed 1n tivl naet:ts. 

fh'Lta·t o~thO;o>.iOdobeue.ldeb;de· 71el4e4 1U ot· bef.1Sal4eh;deJ. 

eths..t. ort\i:o•i•.dobelaZoate g&ve .6$ of ethyl bPJUoat..o·; o tc11-4S.• 

i.Mo-1.~4w-tlipnenylbnaMen!i (quinoline solttt.i.onJ gave l.U o'f 

1"'4s-ilipM~·lbllt.e.tliene, axn:t so oX).., TflE}se .result&: euae-ete4. a 

f~e~t ~dical. mechr~ni:Sr!l :tor tbo Ullmann .!"e.o;u:rti ana .. 

It has hEren ahown b;y Rt?..y and Tiate~s (Ch!M,i~:1a·st,,., :19371 

n, 169) that. a pro-pert,¥ diagnostic o£ $7l frao r.sdicc~ 

18 tbeir ability tc ;.ub~t1tu.tc ifivari.ab.l,y in the or~ 

ur.;t fA;\t*&·po~i 'trion.-; ot a benzene rins't ~r...t .. dl:es.s <~ o:t(f 

d.ir~c-t.ine inf:!.u.enee or a stibstituerm aJ.r.ee:Oy present iJt 

thttt r:i.ng, }.c<!o·roine.ly, !~benzene, m:!.xed with a ~e 

e<.x¢es;$ of -ethyl banzo-s-te, waa heqt.ed w1 th ccppcx~ in a sea1e4 

tta:b(i),.. By trentiug ·tr~ prOcd:u.ct witb ~t4,li1 a mixtu~re ~ 

~ltrm.et\V~ ... z.., and 4.•carboqli~ fteids wt:ts, obtalneti. :tbe 

p~s~1e-e of'.. the !'erzner wes (;St.nb1taherl by it.-.9· ~a.sy conversJ;cn 

t;o f'luortt~t"lQinO, wb.-1le tbe letter was obta:i.n.e4 by tii.reet. J-ecwo 

~ey$tnlliS&'t.ion.. fha. £on.na1;.;1¢1n o£ "thesl!l; aulls-t~~.e 
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eDtab~ ·tht· fact. Utat ttae. Ul-li'JMU. n.at:UGn p~ede: b)f 

a me~ tn~l.~ '\he! ~itot'¥ .e:d.Stence: ot era~ 

l'ndt\':al$ in eolut-.tou. 

tt.ree met.!\rl. radi:ea]l} in 'tl:w gao. phase iu!tic;te \he 

deC,~$tUon, or bntane (Ftpe~, JA<A~;laa•.CJim.a,, 1914, iJb lSS) 

While t.ne ek~lft~C OC&lt.io~of' alk,yl ~~~d.um ttB114es· 

tn et.nereal eolu'ti-Or.l csuseu t.tte lfeoom:poa:;tt!fYtl at ·ttw· sol'V'&At. 

(Ell'tm& ~- eoU&ber'tt~ors,, i~rJdleFh.a~ei:.f 1934t Att 6611 . . 

1"93&; §2, 489J ).f)36,,_ §!, 120),.. fbe attiut.y o£ •ll'*ll f~t: 

l"&.dteru.:e t.or 4iiliptm~ f\'fdcoa:~m 1:$. pronOtlr.tael!l {B~ ~ 

~atArs 1, ·1fe.,.;rp....,! .. ) ... \111len e.ompountl.$ cont.tllrdng r;;acUv& 

m•thylene. goups. wue sub~c.ttta,. t(j ·t~:Je eetl~on oC ~F~• 

thG pvop-Qrt.ieya ot ~1 -d.ro~tm. 4~ot11:d fot~{l :w-C!S· i~~. 

eonsid.et,nbq11 whi~ ·t.~ ~t:te4 dt~ls. eo·uJ.d not be 

itien"tttloo .in the p~Od.Ucts,. l'.t:w&~ Ot~tho•i.Moacetoprlell~ 

;i&ldd ecctop~ne ig, 3S" 1Jiel~. ~ the htg~oi.ll~ 

pl'"O®~t w:atJ nut. 2t2:t~w.aeet<td1phfJXlYL A ricl(fnt. rttaottoa 

wi-th appa.i"'.e.at &*ascous e·ffai''V~llcer~ee rt'"l$;Ul:t-e~i ~om 'tho actkm, 

of· ~.opj?et* en cf3".,yl. :G.t"Uio-1(,.'dQpb.eny~tat.e. .,_ <lip~~r~ 

2:~ f"""!ii~ott;t.~ eoW.d be iflciat~t'lt t,..he product.~ coDBJ.at~ 

ef f.itt..'lyl. phenJtloe.ete.te (20S), ~l GmOUilta t>f JJhq'.lnct::tio 

a-.eid ,o.IJ4: ot .. ~i.c4ttphe~~ti.o acJ.tJ, and a hig~il.l»g FO. 

duet or F~C;~t.s •ioh eoul.d n<)t. be id-el'tt,iti«i. lt. 11muld. 

etlm. r&as.o~bl~ to $.1ppb$'8 that, tb~ rel'U'JM.Ve metl\Vl.ate 

~Ull'S in t.haae subs'tnnces wel:!'ffr f:l.t.taekoo by the t~e.e l'Zldicels 

fbrtnGti b.J 'th~~ a.o:t.ion o£ 'the copper,,, thereby mtt.latta.g ~ 
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deco~po.sit!•OD. of t.im elJ.pha,t:ic p.art$ of t,h& mol~e.ul$s. mus 

when ·a mi.Jtt~zte ot' ~tJ1~rl. O'l!''thit*icdop'ht'f!~:laee.t.fate ®d <tifthyl. 

O:i.prt~·l•·2400;iod~ ..... e *:~arboqlr,d:~e •~' ~~eat.~ wi t.h 'C;Oppat":t 
. . ' 

. . 

~ll]? ;in the l-atter subs~ee., am. 3,::c..,b$:na~~Jn, ap~)&~-
!ti 'tb~ prGdue" ot t.ha r~:aot.t.e. 

In atrt;empts t-o Pf!G.pare ili.U.pla<an;.y lilne.;,. :w.'}e wan ma4e ef 

'the F:lttig ntaetii<m, Mr}. of tlfe, 1\!rigil~rd r~~~ A 

~:"tailed .stwlJt Qt t:h~· ~ion of s-ctd:i.um o~ ehlol''<;l"betme:M W&e 

' . ,...,.,.'ia. ~ 'r'l...,,.,..""_""_ ""'",A til\ ""-"'"ft (J•J _Ji:mfiiT>,~t~\..,a~ ..... ,. '~ .J ... 9' il"fl t::: o~IDn., ~4u~;w ~J .E.l~ . .,..-~~t;J: -""' ~~~.,... -~~~;t ·.,.;..(if .. _:~~ ·l'.i4-vc;:;;1'j 

ct. we:~r, k\:•t l.SS$1 Bi1 lUi 115),. litho att .. ttttouf~~ GtijJges"te4 

,a_ f'lll'et radic& zeeb-mlism t'or t.bia reaa'ti.Oll,, Lt. \laS $hOD~~ 

when ~O!Uum: reattfsed dir.eu:t;.~y ~on (lhlo~benzen~ ·th.€: ~duet& 

~e ber~n.c (~} * &p~l (20Jt;.l, .an(l a eQtwid.~x-al;lf;l <iUMtit..r 

o~~ o~ ~mplex mi:ld.~ of .~woc.Gt'boll~. t;;.l.t:hougll t;,:icie trol!'lt ~ 

.e:~~(j;. cQtu;t;. be£ore the }it'Op·ertq l~eCU;liar f.t} f:r.ete. ,V~Q;~. 

·t~t ;SU;\l$t.i.;1lt.iug itlYQl.*iab~ .j,n ~e .a~~ru,: .. aoo pF-~p~~.t.·t..tQ;ns ,· 

of :a. t~ene ;llUllJ, hatl. be~n l!'e<::Ogn:i$otl.; i.t i~S a.igni£l<tmtt 

that. t.b:e higb..oitmleeular~".~:gilt pr~~t:t£. .identiJ£1~ ir1 this 

:iJi:U';tm ... ~ (2:-....p~ldipMxwl, ac~·t·dip~ldipb.e1J7l., tnphen;l&~; 

erA, ~p~JA.iphei9"l) •e:, ort.bo ~ p~a. euootitut.i.on p.t .. $du~t.l 

ot 4:ipiier:qL. ~.n tb~ ~ti.Gll. was car~i~d ·~>llt .. 1!1 t.he p.fl~eac-e 

o:r i.G:l:u~, 4-me·t.fq-:lni;,.;~:l QPI!e~ m~P..g tr1e FlXitterta.;\ · 

ln vi.~ew- of t-oe. ,£act. t.1mt. the .f?it. tig r~.t-ion ·it!· ~· 

~'llifoo t.e t&ke plm:e· ~Y a tree radi<:el. ined1ctd:em, tJlia claim 

(Jt ~bie,. ~-" &ild G~ t.o bavi!. 1Golf'"lt~ d.iph~r;,yl<.~m! · P.j;n. 
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. alfnoe'tt theoretical ,P,cltitt nom 'the eeti.Gn ·0'! sodium .on an 

ethereal solution. ot 2:2·•· ... dtbromotliphenyl. is open t:o ee:Ji"J.ous 

tlC,Ul1t; einQ:e it. w<;uld be. exPected. tba"t ~- fr-ee · radicl!U.a 

t'~rm~. ~~gnt. &how s t.en<~uncy t.o a.ba.traet ~- .alipha.tic 

:n,4roa~n ot 'the s.ctve:nt;1 fbrmifl8 dip~l.. When. att.empt& 

were made itl t.h& preSf>.'n:t <Se.rteil ot· expw.fmen:te to repeat. 

'the prep~ation ~r {liphsJylcJn.e, th$ o~ .low~lec~­

weie;nt. pro.iuct obtain.\"id was d!pnenyl.. Atct..pt.e to con:f~ 

the £.rtf4.e rntiieai interFet1r1tion by condu.ct.inlli Ue. N$G\10tt 

.ln be~ttne sol:u.tion. failed., s1rme no tt'eection oc·eut"red. in 

thi~ arums.'tic Go.lven:t. It W'll$ hope<l t.:ha.t. s.o.;r~ 2;f:!,...di.gller&y1~ 

\liphenyl t~ould be .formed tand~r · t.-b.eso eonditltul.c..t. 

Fu;"t.her at.t.u:np.t;; t.o obtain dipb&t.UletW: .mBdG use Qf tlle 

~crtion o:f. rJ'Ju-etrous ¢uprie bhlGrlde ·on. 'tJ.);e Gr:igf'..ard ·reagenttS 

.from. 2: z•,..tttbrom¢idi.pll~..nyl. 1 end. ortoo.di•:totlr.ibe~ane, botb in 

ethereP..l ~ol.uUon.. Tho l)l'oouct.s f'tum tha$e :re~ctions bad tJ!e 

S;~e ~mcral. nc:.tun as t:nat obt4ned :fro111 tbn act.-i·ott of 

aoatum on 2;2'•d1br.omottiphen.rl in ,:e;the-ceal,. eolutlon, tU'ld 

a.i.lJllen:l wr,e elso present., in tbe.m.. A tr~e t'adleail mechanism 

~ been su.:rceet,ed f.or ~tail1 r-eactions of' W.1- Gr~ 

l*et~cnt by Bn~1unami and Clar-ke (lflSJS.~kt) 
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C,oppe.tt (20gma), iodel}itl'l~tme (30gma) .61.1l4 trttjJ1 ~oate: 

(SOc<u~) were heated tor t'tve lu.lurs at 230°C in a seal.ed tube. 

React~ion ·w-c1s not complete,. scm~ ict'.o'bezwene being .t"eeovere<~ 

dis ti.llatte was b;yd...""nlysoo in t.he ustiaJ.. t'A~ t1ith. aqueous 

.GJAohel_:f.c alkali.,. 1\.fter e·xtraci.:!.vn o£ the dlpben.y.l with 

crti1er,. U4iuification of t.he 21quo.ous so~ution g~ve a migture 

of aci,aa. 1iepeat.w rt1ceysto.l.lisot.1on f:!'Dm equtHlUS acetic 

acid gcvt~ JiplH.m.yl .... 4~m~bo~ylic Gcid :tn eo.lourless tl$'/jrlleG 

{,.·03gm ... ) nx.}.lt. 228° {Meyer, P~f'tlnnnn, .19,oots,b .. , 1917, §i, 

a~s) (Fowu: .Eq .. l.'1t. 198 .. 7 .. c.13B10o2 requires: Bq.wt" l.9a,o> 

1!he oomb:inetl mot.her•liquars on dilution t~ave an o:ll w.h1cb did 

not $cOliuify on att,cmllted roccyst.aJ .. liaation. the dl:'ieti 

ma:teriaJ.. was tl:H~a. .. ~ltore warmed with a li:t.tle con.oent,r·a.ted 

SJJ.lpJ;:t.w~ic acid,. the t>ed £H>lcution diluted wit.h watrn•, afU!. tben 

re.me~ed alkaline t.o lt'"emove Ql.l acidic i:mnurit.ics. 1'he - - ., . . . - ...... - -

.)YGJ.l.ol!i ccy.st.alli4e ~z·'t.Fti~-~Al. C.OB.t~) \~as ictenti!l.~d GS 

£J.uot:•enone tw mel.t$-ng-<voint. ancl .mixed moltl ru,t-~.oint-, aeter•. 

m-:tnat.ion: wi.th m Aui'Jl~t.JJ: specitnen .. 




