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An lnvestlgatloa lnto uetal-lon catalyg€al rltaotloa¡

Þctvcen orgaalo pcFory oonpounÄa a¡rü eot!.v6 byilrogcratm

itonot eubgtlatcs hau aùsça tbat trandonÉ free ædtoala

undtorgo od.dlatlo'a ad netuotloa Ùy the netal lona dlur'lng ths

eouFso of thocc !e8Út10tr1¡

thc cstent to vhlch a gÊvon euÞstrato rudloal oan

Þc e¡sldll,EËt t'y Guprlo lons [a dlopondent upon oweral faetor¡'
Bbe e4ertnentg h^evo ahæa that theas faotora !.nolutlc thc

etabtlltî of tho f,reo rdloalr the staÞll|tü of thc oarboaim

loa rhloh uoulll nesult fnour a¡oh an o¡ldlatlon, anil tba

avatlablllty of tho unpatleil elootron at thc frss-valenw

eltc. 'ÎE o laat ortterlon tø slcarly depentlcnt upon tho

lnflluano¡ of ct¡betltuont gr:ot¡p¡ adtaoent tô tbÊ frce-valenctr

st te.

fn nea¡'Iy eXl the peroqtr rsaotlona stuilleð ln thls

rorLr the oppcr lon oatalyct ahays act¡ aE a tfue oatalystt

vhencþ only a traoa of tho cûpper ælt la rcgulrotl to

eataly¡e üvGEf teaotloa to æqlet1on. ![hI¡ eurcly lnitloates

that thc oatafyst ts belng oontlnuou¡ly ældlset anil redluoeû

throughout the oouroe of the rcastloa. lfho lnlttel st6p

tn all thoae perory resettona la the reûuetlon sf the peroïtr

cowounð Èú oulrroue lona. lnvallaÞly tho tdlentl.ty of tho

BeFory om¡lound çac Euoh that tlrle lnitlal stoP reeultcll Ln



the fo¡natlon of þbutory railloala. Eho ¿-¡story raitieal¡
rerrt fogulrcû to aÈatraot tho a otlvr lfyflryepato fræ
tho rubrtratc uoleoulo, bctroö a¡bøtrato @l66ulc¡, tn rbloh

tht q-E Þoal ûle¡oc!,atlon trctty la hlBhr rFO not ¡so66rsful

partlelpantt la thcsc o¡lilatlon raotlon¡.

Ocrtaln floc !.aillaatr¡ rlrlob rGtrc volf unetablci

g¡g. thosc dcrtvcit fron foraatc ectcr¡ (oox¡rr, coxcv, ('c]rI,

AffiI, OffiUtf ), ilt!å founü to ilca@oge norle esp!.illy thaa

to unÄcrgo od.tatloa. lhc relatl,vcly strÞlc ôooqod,t!.on
prolluote ¡efe then ol.ôlsoô by thc ouprlo lonsr

lhorc rae øvlûonoe, al¡g, ef a oarbonlun l,oa

(CCv¡ff ) prefercnttally toooeogl¡rg lnto Éoro etablc pnoltuctr

mther thalr rcaotlng rtth ddeal anl.oa¡. In gcntlal, horwor,

a glvcn froc rattloal dlll not rcaålly orllttzc by en cLootronp

tfanafor neohanla lf thr æcultent oarÞonlu loa rar Yett

uaataÈ1e. fhoh a rall!,sal æulil reaûlly bc o#.ð!.toü Èy e

Itgant-transfcl neghenl 16¡ horgvero

thc naturc unð ucchenla cf the æeelflo aryloryla-

tlon of olcftnlo a¡bstratcs rlth þbutyl pereotem ln'thc
Dncssneo of ouprour EÉltr üae lwcatlgateil. the ryparsnt

lsæe¡ûsatloa of all ßoD-tefn!.nal dlouÞla boüs to tbs

tcrul,nal Bor!.tlonÌ and alao the ladr of tamerisatlon oû

teru!.nçr ôouDlo Donûs ôullng theae reaotl@nË, rao eplalneü

üEr thå dllffcrcnoc !,n enclgor of the tro poad,bh tra¡td,tlsa



Etator (Of.XxV anrl GIJ*IE). 3lnoc oôppcF loncolofla, Tf -
oqleros aro X.ogs staÞle rhcn thc iloublo bonË la sÈct'toally

IrLnllorol! by luÞstitqcnt gloupa, tho trand.tloa atatc ltth a

nonsternlnal dlouÈlo bonit (CËXXV, lar ooattilrreô to be of

hLgber caottqr ùhan the trenaLtlon ctate ülth the terulnal

ùor¡ble bond (gtxX.V¡). Thl¡ $rpothaalr rlar a¡pporteit by

eÐe¡'tnent¡ rtth Woloalk@tror, ûarc tlrs dosblc bonil alrry¡
nlgratcdl to tho lcast rtori,oally lrladlercil poaltlon. AII

arylørylatlonr of olefLna ato beltord to prooeeü by a

ll ganit-traaafer ncolranl a.

lbo neehanta anü qfntbetla s€opo of netal-lÐ
eetalyoeil srünÐaro=ldlc r¿aotlons ln tha BleaenEe of suÞetmtc

ra¡ also stuülod' tuoh leaottoao¡ çhen oa¡:rledl out ln thr
preacnso of, alldloô anlone, gav€ an enil,nlteil rango of eston

prodluota, üqenillng upoa thc csÞetmto u6€al anil the silðo{!

ËnLon. flr!,s raË aa edlvantagc ov6r thc oorreqponillqg ðatalysc

Þercater reaotloas rhloh lere oonflncdl to the fo¡mstlon of

aeatatc¡ erd bensoatca.

lbe uee of theao nctal-loa catalyscü Delrory

raestloar a8 a rynthet!,O tool !n thc gtor.O!.dl fleltl ras also

o¡anl,ncd.
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I¡rlfR@norr0r.-r:ll-IrËþ

(a) qFr$Ár¡

Ëlnoo thc ærlt ûaya ot organlo oh¡mlstr?r trancl-
tloa ntal æltr h¡ve Þccn uaadl to oatalysG lcastloar of
opganlo Dcnoúldlc¡. Deato¡î or161na1l,y fomr! that te¡rtastro

aol,û rae rcaüily ctetgci! ùy aqucourWtlogçü pcroatda tn
the Erc¡caoc of a traec of fcrrou¡ aulDhntc. A æohenia

f,oE thl¡ fndluocd*dËoowo¡ltloa of hfôrogon poroatdo by

fcprou¡ lon¡ rae latcr sugge¡tolt by Eabcr anð trl"râ ."
follorsr

\oe + Do2+ .OE+Otr +r"Þ (r)

.oE + rc3+ of + rtÞ (a)

(r).OE + neOa ÍaO + þe.

ffi¡ + Wa (¡)

Onlt ln tbr last trcnty flvr [oa¡rÊr boraÍon, hnr

thc*c Doea coolosr ;üudty llæotad tó thtt enü rclatcd

rcaotlon¡. fndeødt, boforc thtr Þcrloð, thr ælstmoc of

frce ralllealc ln aolutlon aa tranc!.eat*lntcrmcdlf¡tcr tn



éc

5react!,ons çaE aoocptGdl by very fcr ohemlsts. fbc

B!6gcnoc of orgenfo frcc-raülcalg tn tha Vapour*plnæ hadl

Þecn provod sstoraL yÊa!6 earllo! rhaÊ Paneth andl

Hofedttsh obtafnail free Betl\yl raltloatà f¡'o6 thc thcrnal-

deoonpoaltton of teedl tetramethfl. |!hlà all8oorv6!y

folloredl thc nuoh eerllcr obaervåtlon of oombcrg5'6 *o
tpaateô trtphenylnetÌ¡yt ohlorldlo eolr¡tlo,BË rlth slng dluet

ot¡ sllvcr povüor ln an attempt to pneparö helepher¡ylothanet

but tnstcadl obtaln€dt yôry rcaotlve tran¡lcnt-lnterüedlatas.

Ha oonoludletl that tho hcraphenylethanc hadl dll csoolat€al

lnto trlphenYlmetÌryl-radl eal g.

(cøb)3,0.0.(ogr,)l 2(Ç6n5) r.0.cê (¡)

(6)

(7)

Thc eatalytlo effcot of tnansltlon-meta1 aalts

ùpon frca ladilgal reaotlonc te creentlally oaa of oxldati.on

andt roduatfOn. Ie suoh rçast!.oaA srganlO f¡rss-railloalg

aro elthor redtuoadl to antona or o¡ldllsail to oatlonË

dgp¿nütng upon the valøroÍ-eteta of tho Betal*ÛatalysÈ

andt thc ty?c of nailtoal tn quaetlon.

R. + rn+

Rt. + rnt

R+ + u(n-l )+

Rr- * y(n+t)+
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lEhe Fcntsn-reactlon, thø Sandlmeycr-reaotlon and

the treerçef.rr-anflatloa reÊotlotr all tnvolve thla baalo

prlnolplc of oxldatlon and roeluctlon of fnoø-organlo

nadlcals. 8lnce all throe reaotlont arc oondluoted ln

aquoouF aotrutlonr the oondlltlonÉ arc nost favounable for
eleotroa-tranefor batroan the notal-lone anû gubotrato-

radltcale. AÉ ç111 be shorn latenr horæerr the orldatloa

andl redluotf on of organlo frce-radllcal s by netal-loa¡

can oeôur ln non-pola¡r ælvent¡ by a llganil-tranefcr plrogêBôo

Ehe nsohånl¡m Buggeetedl by Ëaber andl Wø1a42 fon

the Fentotr-Foactlon (î-4) ras tho flrst euoh n€ehanls to

lnply that netal-lonË oan o¡ldllsc or nedluoc frca railloal¡.
In thle eraqrlc, hydlro¡yl-railloala aro nedluoed to

Itydlro¡!.da-1onê by f ernouc aulphatc.

Evans g!. gL7'8 stutlci! the bchavlow of üettvl

aorylate andl aorylonltrfla tn the pragenûo of ltydlrogcn

peroxidle and! farnroua eulpÌ¡ato, Ehalr epalrlnenta

suppontetl the Eabor-Ife!.aa ncehanl.Btr andl ahovail that untæ

the ee eondtltlona, polyuertsat!.oa of the olefln ooourrcô

andl very 11tt16 6yEen ras Gvolvcä. fha followlag Bocmo

rac suggeeteü

\oz + Fc?+ trc} (r)+



lr.

.OH +OtrrrOEB € m.0trA.Offi

rc.OEe.eUA Þolruclr
a

(8)

(g)

(to¡

Subacquont rorts, by xên! andl latarir9tt0 resulnnon

anit tatererfl aad Ea¡cndtalc anû lagcolZ 
"1.o rupDortetl tho

Eaþst-Hetaa acohanlü anü dlonoa¡tlatoit ths çcrr¡ttllty d
tht Fcntoq-roaotlot.

Iaüklanoa anô ratorg{l 
"ogg"etcit 

tbßt frec radtloalü

anå tfpll sorrcßErondfng lona eoult fop¡a thcrnodtyaanloally.

¡.¡vcpc1Þ16 Étâatloar-roduotlon ryrtarur

f,r F+ n+ * O¡ S(-o)

Rf.+c: (nt¡)-r E(+¿) (tl ¡

' fboy ooncl,dedl thst frce railtoalr fornad þy thc

Fcntonprcaotloa fron arltable aubstratal anal havlng S(-e)

nuEh lorrf tlrü that otr thr roh - Fo$+ d¡tcu, ahouldt üe

ortûtsd ria¿ftf by tcrrfÊ lons to thc æproprlatr
oæÞoatun lons. lbnr prlnerf aleohol,r floldloð alllclüûe¡

(le), aaä eaoondlarr¡r aloohole Þrodluaedl kstoaca (f t).

.OH t ntn.og --+ noÞ (ta)pc$
Bg[r.oE 40tr 08
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BrOErffi BnO.0E

+
RA0.0B -+ RaCO

raS

Std'lailyr aldcbyilca tûlc obtalaed fron ethora anô

anlao aolite¡ rlrtle fôrory aolal¡ ylsldet d*Ucto aeLts.

All thesc orldlatlon¡ prooeøtleû þ a ohøln-ncolranl ol ln

thloh a tpace*arcunt of fornout Elt readtly satalyget thå

rreaotlon to oosplotton. [srs and tatcrr9rlO rcproaantcd

thta sha!,n-orftlatlon Þrooô¡t Þy thc fol,lorlng stspgt

+EO* rcÞ +.0Ë+0f (.t )Fc2+

(r¡)

(a)Fc2+ + .oH re$ $ otr

If + .0[ -ê Sr + HeO

f,r + EÐ0 ROt + .OE

( r¡)

2
( r¡)

(t e¡

(rz)

ftre æf ilatloa Ét6p (f 5) rac latcll rqplaoed by a

t;6r6t6p Eoquenoot 
l 5rl4

!r + rsÞ E+ + Fc?+

+B+ %o mE+ E++
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Theee workers also foundl that all the aompoundlo

whlch underr€nt this shaln-ox!.rlatlon tn the I'enton-

rsaotlonr also readllly nedluoedl mercurlg lone anct noleculer

lodllne to mereunous !.ons andl loilldle lons locpecttvely.

oHr.GH.Otr + Egz* ) oH5 + IIg+
a +

.G[.0H

co3
+

'CE.OH + OHj.OIrc + f

(ra)

(rg)

a +
r0E.0l ( ao)æH3.0tr.0H + f, -+ 2I' + &fl2

Iaokl.nnon and Watera{l suggeeted that the ncdlox

potenttale of the Fch - Feat, rrga* - *(nsr)P*, andl

* !2. - f- oyeteine re?G so oloeo, that caoh aystan rao

oapable of oxfellzlng the aane radl.eslc.

ilora and lÍat*o"9 fouart that oorryoundls çhioh

contalnedl eleotnon-attraetLng groups f,alledl to undlergo

öhaln-oxldatlon ln the Fenton-neaction. Theee roaotlon¡
noedleô large guantltles of fernous salt to eorylete tha

oxfdlatlon andl ln all @Ees the nadloal*!.ntannadlatco fa!.lcû
to redluse merourls lons or ürleoular !,odllnc.

It waa auggeetetl thet the Oheln-oortlhulng ctape

(t5rf 6,17, dtldl not oseun ln theae reaotlons. fnotead;



7.

th. substratÞla¡llsal conblned rtth a t{trdloxy1-la,lileal (a)
or dllmerlsed (zzl

Pr + .Olf -+ ROH (st)

@r -+ ( ae)

êoryoundls rhleb fallei! to unrtcrgo ohatÞorlrtatton
lnsludlod oÌ¡lcal þilratc, estera, ea¡rÞory4Lic acldr andl

a¡nlnüa. thua ethytr aoetatc, pnoplonlo aElll¡ anû 
,

illøtþlanlne eaoh ytoXded acøtalöeltyitc rhen trcetedt rlth
femouu eulphate (t nols).

lbc fallu¡'c of tb,la lattsr group to reaet by

oguatloas (tg-aO) ra¡ att¡lbutodt to e uuch hlgher value

of !(-6) for thc æpnoprlate r¡illcal..

rho iltf,f,Ëaoaoor ln the ncdlor Dotentlal¡ betroea

thaac trs elasacs of nadllcaln ÍsFô aee¡rfÞeû to the Þola¡-
eûfecta of guÞstituent*groupe. tcr¡ andl llatær9

¡uggcateü ühat thc gndlustfve eûfeot of alWl Foupa ¡sulü
lnsrearc tbc avatlaÈ!,ltty of the unpalraiÞeloetroa at
tha frce valørcy eltc.

oEj
OE

sEj

(n)

nn

a

o
0Ë-
'>ã-o-oat

E

(r)



.+-dÉ-

8.

Coave çslgr the rtrong cleetron-atttlåottqg
eharaoter of ærÞorylio aoldt roupa ant ost6r groËpÊ Ìoqlt
roüuco ths avallaÞ!,lltf of the oâdt-cleatron at the ftrc
vclonoy älùc.

E O.B

(rrr)

ït ras conôl'düdr thåt mdrfca!¡ drer!.rorr ùon
alæhota (r) andt nther; (rI) rÊlc mro l!trsly,to Þc

o¡ldfact ùv the ohs!.n prooorl (tS-tf) thån rculd radtloel¡
ûcrivod fron aelda aad oEterr (fff ) rhoæ sæalrot*clcotræ
lr not roadlllr gval,lablc. rndoe¡l Þrumond anit latctef5
¡uEgcgtcô tbßt thê. rt¡song (-X) oontrlÞutlsul sf tho
canboxyllo aeli! grqupt'fn tha nalonlö aot,dËradltesl (rv)
oopl,dl faveua rodustloh of th!.¡ padlleat. rbð !øsultant
Eüfoa (V) roultt be ctabtU,¡oit Þ¡r rcaonanoco

0

/
d

a

o

'oE.(ooeü)e

(lv)
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a

oo o o
aara-aa a

F0.6. eE, g. oE € BO. G¡

(v)

lhc t=peüucnt¡ of lor¡ e¡rit watcrf torü *¡pportcd

b¡r thoec otr Eolthoff al1il Xcôa1ta15 
"ho 

fou¡dt that nadloala

dorfvoô fræ aloohole and alûcltyâea rcdluosil fourlo lonr

sËdsr Fenton'-oonititlOnr, vhsrcal railloal¡ dlarl.vcd ñü
aoctono or aoetlo acld oxtdltccô far¡roue fone.

E¡t¡6s ad watco"t6 lator aubeta¡rtiateil tha

Brocoûtng æggostt ona lhon thcy founil that laôlsale ôer{'veü

fræ nltl'llc¡ (VI) üld not reitucc tr!.aryltctnasollsn ssltr
(y¡I) unlt¡o tbe ¡ndlteaf¡ (I) dcrlvet fron aloohola.

otnr.(úw).

(vI)

oE.0.oE

AI
-Í-r-¡¡r ,l

/l --.N(
\- ** Ar \f,

.t[rA!

¡[.Â!

(vxr )





1'l .

rbla neohaniÈn af Íatersl9 re"dtly eælalnc6 thó

aot!.on of tho Ouprous lon to pnodluoe arÍ[-¡lêôlcala fron

dtl.asonlum oatlonËr !3o avold postuLatlng thc llberatlon

of firoo-elcctron e (zh), tronhebel anal FateraÆ auggeetcdl

tho foltortng ohl'orlna-t¡rander ncohanlmL

btra* + 0u0I2 0u Gl

(26)

Íhey thought that tho reaatlon oouful takc plaoe

lngldta a golvcnt 6agc frou rhloh vçry far aryl-rad!.oela

ooultl GooÊpcr Eorcvor, Koohlzl or'orcd that aryyl-

raðloals torrË abundlant anit euggeøtedl thc folldrtng thtce-

gt6p þrooeta for the Stndlnsyor roaetlon¡

* (zt)

( ea¡

a 2

&ia Gu 610 € A¡P. + Ou Olt + I{t

Ar. + ÇuGl erfl + GuOl (æ)
2

lFhe for¡mtlon of thc oo@1ê8 betwcon CuGlr- anil

the dltasonlun catlon ae |n (af) ¡ras flrst ÞroBoacô Þy

Oqratrcy anlt Ðavl .r22 !,n I gltg._

KoelEôh ant Boekelhetao?5 wer6 the flrst ronkers
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to auggeet a frcc-nadloal neehanlÉl for thc Iecr¡C[¡r-

arylatloa ¡eaotlon. sore rseent tonkal ¡2b-?'7 auggeete a

yGFy dmtlar pathray to that of tho $anðnoye!+¡rsggtlon¡

agatn tha nolo of thc oopBeF lsns f.e pnobably to ætiltsc

or reducà tranè!.cnttnadlloêl ã.

Aa a roeult of the barls rork of Watcrs gþ g¡Þf r

andt thc rcré neoant Tork of Dc La tlarc gS g$r28 lt ls

nor posslble to Éuü¡gt¡1!6 nany of the f,aOtorO rh!.sb

tletatc thcther a glvcn frcø-naûIca1 w!.11 bo o¡ldlLgoil ol¡r

altcrnatlVely¡ redluoell by netel t,ong. El¡ogo faotona also

dlooldle the tlcgreo of öuoh oftilatlog¡ or reôuct!.ons.

tÍhc tork of taters and þ!s ootrloaguot baa alnaadly boen

Granln6û. DG La Xarc Ag g28 crtcaelvoly stuiltoü thc

o¡ldtatton of frcc-radlloalË Þy netal aelts ln 6qu6otll

nødla. llhe rait!.eala examlnodl Lnoluiledt netlrylt 6rthylt

trbutyl, !-butyl, allylto a¡ril aoetyl redloala. Botb

suÞnlO ohlotrlde andl Ouprlc aulphatc ÍGrG ußsd ag oaltlølng

alGût8o

?rom the reeultG of thcEe Yarlou8 rorkæs thc

follorl.qB oonclu¡toaa ean bs drarn¡

(") TÍhether on not a free-redlloal rll'1 bo

o¡fdtgeû ote réduoeil try metal lons dlEpendar YGry gneatlyt
t5- -

ræøi tii¿ ;tfoe of, E(-e) anA E(+e) for that raal16gl.
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Euoh valuee rtepehd uBon the eubetltuent-Broups adlJaoont

to the free-valenoy e!.te, the etablllty of the radloal

end! the stablllty of the røeultant oarbonlun 1on.

(t) Eho value of the neclox potent!.al fon the

netal lon ls lmpo¡.tant ln tletenmlnlng whethen olldat!.on

or lecluotLon of the nadloal ¡1111 o€GUp¡

(e) Cuprto salts fall to orliltøe thlyl- Brdl

oxy-¡rs61es1a. The faot that alkoxy-radloalO rlth
wallablc B -Ì¡yalrogen-atoma ar6 not oxldllseal by ouprfs

I

aalte auggeste that the romoval of thc eleotron from tho

fnce-valeney elte ls s neeeBEatv ælterlOn fo¡r theaC

oxfrlatlon reaetloRô¡

IÍhen aondlttlone are favourable for the oxtdatlon

of a radlloal, the oxlelatlon step can lrrooaedl th:rough one

of tro pather (f ) llgandl-transferr dtrd (11) eleotronr

tnangf er.
( t) Llgancl-tnanefer oxlrtatlon pnooesaeô

ôEour illreatIy thnough a llgantl-brlrlge ae ln ( p).

f,e *ml (æ)

foohtfi ahorcdl tlrst euoh a Broooet oeournod ln
the flantlmcyel.-reaetlon andl aleo durlng ehal,n-tennlnatloa

of polyne¡rtsatlon-prooøsgeÊ by metal hallrles.Ð r9



th.

Or!.g!.nally Taube andl [eyen",1 lr¿il obtalnodl evlclcnce that

rUGh oxlttatlon-redt uotlon røaetloal Oocurrcð !'n lnorganlo

ryøtone. Ehøy alao aþoncdl that thc a4lon Tat tnangfcrrcû

fron tha orldllulngragent to the redualngstgcnt.

lshe rooent e-perlnentu of Do La lla¡ro .gg.gle8

have e?roça that orldlatlon Od¡ radloale by orærlo ohlOnl{le

proeeetls by a tlgan|-transter noohanlem. ft raC foun'l

that, undlel thego condltl,onr, alkyl-raill.ca16 ç@tlo

eubstltutedl çlth thc olrlorlne-Il8and to ytelcl alkyl

olrlorliles.

( tl) Elcotron-trander o:Elilatlon Drocoesel

!6qulro the folnÊtlon Of a tnenslcnt-Oarbonlun lon frOn

the subûtFatc-ratltcal by thc tfanaf,er of an el.eatron froln

the freo-raf,loå.l to tho netal ( ¡l ) .

þr+ ffil+R+ + (¡r)

rcchti? tllßgostodl that auoh a Þlosot¡ ¡o¡rlt

OOguIi. ln gügtcíts l¡hOfo tho resultaat oa¡rbonlun lone tttro

EtabLlf¡eit by ¡lê@rar6o¡ or trhoro the netal-salt lA

gueøtlon 6hlb!.tetl pOor ll8an(þtranæfcr proDôrtleq

OOnne 4rondlng lnonganle on e-el aOtnOn-tran¡f Cr proCèESo!

rsro exteasLvely studlc{t by llaube andl hls Oolloa$Eotr 3}.516
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lfhe neeulte of De !a Marc -gt gI28 denonsiratcü

that o;ldatlon of radtoalt by ouprlo sulphate proocedlt by

an elostron-tranefer proeoËE' llhe oerbontum lone¡ Ao

prodtucedl, un¿torrtent eIlmlnatlon to glvo oletrlnar or

eolvo.yslg to yteld substltutlon-Pnoduotg. thaEc t6¡kæC

ürro essenttally ooacçrneô rlth alkyl-raðloala, andl thoy

founrt that, duplng thO cloctron-tren6ftË naelranf an1 thc

stablltty of t,ha !n!.ttal radl!.cal a¡rt also the nøeultant

oanboalu6 t,on¡ deternlnaa rhethor e'l,lnlnatl.on or ælvoly¡ll
v!.Lt ocGütr lfhus olef!¡r-formtlon ooeullrledl predonl'nantly

;lth etWl-radloaLe¡ nh!'la tertlary-alkf,x'-nadl[oa1s aat

ellylto-raålcal s uÈdlortont ælvoly¡l a.

It va¡ oonolude{tzS trr"t 1!.gaail-tranafcr ant

oleotron-trandcn Þroc6ËËeü rerc cxtreme forna of

oxldtat!,on a¡rdt r6re often oonrpstlng roactlonEr tlhesc

çorÈore suggeetedt thåt both proseascs oouldl Prooeell th¡rough

tho aIlf ert transltton-statee (rnrf ).

ourlorut'(n-r ) <.+H

f

T%'t"tr
+ tnr+(a-1)

îur'o%
E

xu+( n'lH

(vru)
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The oholee of çh10h tnansltlon-etate vould be

lnvolveit tn a gtven oxlilatton-neaatf'on 1s detesnlne't bV

(l) the nature of the frce ¡radtoal lnvolvetl, (tt) tfre

pantlcular tmnaltlorpnetal ueed, anil (ff f ) tfre tnpe of

llganat or anlon assoolatett rlth that metal'

the lrqontance of (f ) andl (fff ) ras dlemonetnatedl

by Koclr1 snil nust57 rhen they attenptedl to oxltllse

raÄlcal e wlrloh Contalnedl eleotron-attraotlng grc'upg

(-C1[, -@AE ete.) ana wh!.eh coultl notr therefore, madllly

aooorunodate a poaltlve ohange. they fourd that theec

free-naôloaIe coulal not be otfdltsell by cupnlo aulphato

ln aleohOl or water, tra y!.eltl pnodtuot8 oontalnlng the

gr€upE -08 oF -08. Ilolever, theee Eame radllcal8 r€l¡e

readllly oxtltlseil by a llganit-tmnefen mechanlm rlth the

u6e of ouprlc ohlorldlc (lZ). Untle¡ theee Condltlon€t the

fonmatton of an lnterrnedllato-oarbontun lon rae unnGceEEsFT¡

+ CuCl, RCHCI'ON + CuGl ßz\o

RCE.CN

llrts extenelve llgandt-tranefer ptroperty of netal

hallilee hed prevloualy been establlshedl by ecvenal

rorker6.28-F ¡9rfi-h2

Koalrf anat nuetfT alao çtrovetl that the dctitlon



of 5-(nethoryoarÞonyl)-pentyl mtlloals (Ix) to oleft no

rl¡1ch eontalneü eleotnon-rltMravlng groupc (-61f, -@At,

-@21 eto.) fn the preeonce of cwrlc øulphate reeulteil

ln crtenelvo polSmerlzatlôn (Jb). fo oxldlatton of the

adtluct-nadloal ocourt¡.e{l. ffhen the o¡lËllstqg agent raa

eq¡rfc ohlotlde, howeYcr, no polyuerizatlon took' placa.

Instead thþ sildluct-nsdlsal vae oxlËllged by a llgand-tranafor

neohanim to the couespondtng elùorlite (¡l).

uæec.(cnr)5' + cHrsCH.GN -+ rÇoao'(cE)6'ou'ot{ (g¡)

(rx)

17.

polynera
a

OuÐ

-+
ll

IcOrO'( crr)t.cErúIf (}l)

- Co0lo
rcoac. (cnr)r'ðn'ctt reoao'(ona)6onc1'oN ( ¡¡)

I rII PERSSÍ'EN-OLEETX AE.A,GTIOTS

' flnce 1950 an lqreeelvo volune of rork hae been

earrl¿d cut on period,dc-reaotlons oatalysed tU !¡r¿¡¡glflo¡-

netal ealts. Baforc l95O thc only peroxldlc to þo

ecrf.oualy etuilled nae hydrogon perorldlo, but ln
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ree6nt yÊa¡s manJr organle-poroxldlðsr :p6restesS andl

-hyänoperoxldeg have been tneateil wlth transltiorr-nt€ta1

!.one ln the presence of vanloue 6ubstratea tneludlng

oleflns, ketoneer aldehydlee¡ etheÌ's¡ esters andl amldloe'

Indeedr BI\Y eubstrato Gontalnlng a reasonabLy lablle-

Ìryilrogen atom haa gonerslly ppoçöd gulto sultsblo f,or

theec reaetl.ong.

Sweral netal-lon catalyste havo bcen Euooesofull!¡

usd, theee lneludle lnon, ooppcr, ooba"ltb3-'19,

Eanganes€'l 5 tb4 tl¡6-lr8t5o, nlclre¡.1+4'1t6, ohroutunh6, eltverhG,

andt antl.non¡f1 .

tfhe neaatlone of þbutyl porbensoatc (X) rlth

nâf\y aubetratøe¡ [n theee catalytlo ofldetlon-naductj'on

SfÉtêmË, has been ertenelvely etuall'eû. fhts lelatt'Yely

stable B6¡eester res fLnst Breparedl by tl].as andt $uog"oor5?

ln '19h6 andt the klnetlor of lta dcsonposltlon rat

stuilleit5Þ55 ln 1951 .

Battlett ana RlattS6 studlle{t thc unoatalysodlr

therml-dleoompoglttOA Of ssven4l perogtere !n Ol¡loro-

bcngene and Ldtentlfld mny gaËcou6 aad volatf'le prodluotg.

tthue þ!uty1 peraoøËato (XI) at l,{Oo ylelôøit lange

guantltléB of oa¡rbOn dlloxldo antl aoetone, and leaser

amounte of ¡nethane anel aoettc aotdl. ilo !-butanol vas

ldlentlf,t d.
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O8oo.,.Hsls
CH o.oc[cHg]g

o
il
c3

(x) (ro)

tha aootono andl natlrane unilonbtcüly rceultcil

fron the thernaldeoompoaltton of tho 3-butorÍ radllo*f J7
(¡6) rhteh, 1n turn, üsFG forßeat by tho cùravago of tho

peroxldc 1!.nEa6c of tho pereetcr (Sll.

Xar@.+IctOO +Ia' ( ¡6)

I6æe'0@e, + IarOO'+Io@r' (r)

the oataly¡odl-ilccoÐosltlon of þbutyl porogtela

ütth eup¡lout aalts yl.eldta cnttrcly ûtffcncnt p¡o¿luotat

horwcl.58 Thu¡ þbutyl pcrbenaoatc (x) yteldla only

øall quantitlcc of oanbon ôloxfila but large anountr of

bengolo aold!. the follor!,ng ao6nc ras EugECstcalSS ùo

aeeount for tlreæ proûuote.

06d5"ûo2.oo(cB5)5 + 0u+ -+ O6X5'otlegua+ + (oB')roo'

(,E)
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( aE¡) joo. (onr)âo¡o + 'off' ( ¡p)

eg*'GÊa'@(onr), +'Qfr'r+ o6H5'6or'0Ho * ¡cxt)5o0'

( bol

thc oatalyttù.roalucvtlon of, tl'butyl perestcra

by trandtton-nøtal lon¡ in the Proscnoâ of ole'fln¡r hå¡

bcm axtonelvaly etuttted ølnec 1958' fhcrc baE Doen

gonÉ cont¡roveFffr horener, as to thê natprc of tlrc
D{rghanls d thcse n6sotl.ons. In 1958 Ûranaech end

mmørflc/9 rcported titat thc lnåuoc{l¡dto6o@osttlon of

t¡+butyL Berbenroate tú 6uÞroüÊ Èronldo¡ ln the prêsonoo

of syolOhffiGnt, yfeldd targe guantltic¡ of ayclgbcÚ-Èca-

l¡yl bcn¡oata (ff¡). A Ètnotlc tnvo6tl56tlo! of tht¡
rcaotlon m¡ later attorçted.60

o[.9
(xr¡)

ttnlla¡lf oct-l-e,ne ylc.ldleil 1 -pentyl"I fyf
bæ¡satc (Xff¡) and þari{-6tra ylGLdeil f-pr"opf,lútr"J'¡.

Þcn¡oet¿ (xlv¡,



zl,

g2o.Pb

I

GE''¡ ont)4 'CE'GE¡oEa

g2o.Ph

I

oE'. ( are) r.tr'onrcE

(xIrr) (xw)

Tharc ærkopa f,osnË Eo wltcnoc foc tbr

forutlon of oet-2-oË-l*tl'l bon¡oatc (ff) s¡r lqrrt*cF'l*fl
Þon¡oatc (nf¡) anÄ, thæefore¡ ænolulleil tbat thcso

lractlons |rc!|o ualguc ta that tbË8r r6"i cto!|coæcelflO.

tn relateil unoatalyd-f6âgtlonr¡ olcflu¡ raaOt rtth froA'

t¡ailleal¡ to Droduec nirtr¡ncr of l¡onerlo afryltÜ

oowosaltJbgt6r 168 pnoaunÞly teo to tr@ænanor of thc

altylto-rcË!.eal (EÍrI) .

ctrj.(oBg)O.culoB.cBg'o¡o'Ph cHt'(oBrlnøntCE'oEg'oao'Fh

(xv) (xIT)

a

R OEcSErOn, <+ R OE¡GH.6EA'

(rr¡¡)

Ehstaüoh and hlr oollcaguo¡ latcr r@ortot$8 t*t
allylbengGno (rflII) reacte{! rlth þbutyl Derbcnsoato (X)
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anil ouÞrour bræftie to yleld.aalnly the onreaæangct

¡-phonylálIyl b en¡ootc (XIf) . îhay alæ founå tbßt

oet-2-enc ¡lnllar1y fæmcd a rcno-bensoato úthost
tæuerlsatloa.

?eo'Ph
I

O6Ft.GE'6Er6E'0OB.OEa.0EloE,

(xürr) (xlx)

|fbtsc torEort sggesteü tha follorlng reohanlm

for thcga rqaotioart

ogB.@8.@(cE5)' + ou+ 
-> ogB'8oâ oo8+ + (c\)5 oo.

(685)tco. + EH tr + (gB5)f .ofr

( ¡a)

(¡r)

8r * AøB.@e Go2+-+ 0685'@An + 0e+ (¡ra)

(ntr o olofta)

Ehry auggastot that thc pcncrtcr tar laltfül.y
roduooll þt ouBrco¡ lon¡ (rS). 8lnoo ao læucrf tatt.oE

sf tho touÞlo bondts occurredlr thcf propoccd that thr
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!€plaeement of the allyl!.o-Ìrydlrogen by the benøoylory*

raltloal (t¡l ar¡dl h2) took pl,aCe !n a eonoel'todl lûg.tl¡¡G¡lc

Ebanaeoh anrt hla colleaguca alao founil that

3-butyl paraoetatc (f¡) gavc prodluatr âna-logoua to thosô

obtalaeit úth þÞutyl perbdnsoat€ (x). îhcy atao

e atabl!. ehed that çhan cyelohêacno Ër tll aaolvadl !,n glaolal

aactl.o aoldl andl treateil rlth þbutyl perþongoate !,n the

plesonoo of otr¡rrotrt bronldle, oyolohex-2-Gn-1-yl aoatato

(n) rat pnoduoclt lnatead! of oyoloh6-2-cn-l-v1 bensoatr

(xr¡).

o

cHrEoO

(H)

Ifhcn Soanovüy aait otfoltl6] treatedt !-butyl
pc¡rbenzoate (x) rlth Þtftnethyl¡llylpröp-l-ono (lffiI)

!'n tb6 prce€nce of ouproug brronldo, they obtatacil

1-trtnethylellyXall¡/I benøoatc (:OCtl ) . ilo t¡onentaoil

pnoduat raa found. Undon lclentieal eontlltlÖns

Þtp ltlst hyl slloxyBro¡rrf -snc ( lfrf f I ) yt old! ed l -trlmetÌryl-
ø!.loxyallyl benzoetc (XXIV) andl no trËaprangêll prorluot.

gr0.ph
(oH,)J st .afrz.onlon, (oH,), st.å".oono",

(T.xr ) (Ðq¡)
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ozc.Ph

( ffi¡) jsto'å"'u",oE,( cru) 5e1o.GH*.onrotr,

(frsrr ) (xxlv)

ThË roaetlon bøtraen norDoraadicne (Xnf)t

frbutyl petbcn¡oate (x) s¡il cup¡ora bronldlor6tt6g ooatraata

rtth the praoedllng olefln roaotlons ln that no bcn¡oylory

dler{vatlvc rqs obta!,acdl. lfhÊ solo proiluet prwedl to Ëc

7-3-butory¡orÞornaillenc (nrW ) .
oc[cH3]3

(xo$r) ()offr )

Whcn Denary gg gL66 troatcû qrglohoxone rfth

.t-Þutfl -perbonsoato-oarÞonyl*Ol8 to the pneøenoc of

orprfo f,onc, they found that tbe labe1 rap cdplctoly

egulllbrated betlecn the tço o:q¡gon atm¡ of thc lce¡ltant

ryolehcx-fr6tr*{-f,1 bensoatc. îhey oonotr uilcû that thc

cqulllbratloa ooourrcd ôurlEß the fomatlon of the oator

ard thorefone only a oono€¡tteil neobanlm lnvolv!.ng thc

porester, oatalyet anit olefln ras ecceptaÞLc.

A further' rcactlon Þetreen þbutyl panbenroatc
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andt l*dteuterlo-5-phenylpropr.'l-ênG (mfff ) fn the preaano6

of ouprlo loas¡ followed by a rleutenlunanalyete of th6

pti.oduotø, lndfeeteû that allpX,e lr¡rdnogen-abøtraetlon fuon

the allyllc poeltlon Èy þbutory radlloale çaa not

ooourrlng. fheae rcrrkøra alæ found that p -netlVlstyTeno
(xfVTII) yteldledt only c!.nnaryl bensoate (nnx) ln theae

reaetlont.

Ceb'CÐ.CE¡Oil¿ Ogt'CH:OH?OE Oø%'GE¡0H'CH''O2G'Ph

(tnffir) (nnlltrr) (rurx)

In ondler to erplaln theee resultBr Denney -EÈ .€t66

euggeetod that the !-¡utyl perbengoate andl eorppon-lon

rcaotd to glvc a ooppqn-loa ooqle¡ oontalnlng a

þbutory-racllæ1 anil a bensoylo¡trrrad!.oal. lfhf a oonple¡

oouLil thon soordlneto rlth the olefln to glve the lntar-
neillate tranøltlon-ctate (ÐfX) rhloh Le rcaoaanoo

etablltscdl.

B.GHa o%

aø%

2+

(erj) jo-d
(þü)
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$ubecquent hyClrogcrrabstleaçtlon by the complexed

.!-Þutoxy-¡adllcal, followedl by rapldl oonblnatton of the

oleflnlo nadloa1 andl thc ben*o/loxy grot¡p vlthln the

copp6tr-oor@1o= topc then aoggeetcllr ûlth tho reeultant

formatlon of the requlredl produet.

oross a¡¡d whltrrat6T tr.aated a oonfo¡rmatlonally

ffx€at olefln, f -netlrf,lene-h-Fbutylayolohe¡ane (lffiX) t
çtth þbutyl perbanøoate andl êu¡rrouÉ chlonltle andl obtalnei!

the be nsoat c of ?-met hyl ena-tran a-5-l-b u ty1 cyolohe¡anol

(n nf ) as tha maJor: cptner. Á, øall quantlty of tho

cqultortal allyl!.o ;sbgtltutloarpnodluet ta¡ algo found! t

*rlob favourell thc Dcnney !.aterneôLato (XJB).

2cPh
B B

(m¡) (tcffirr)

At thc trne rhen Dcaney -g!, El66 publl ü¡cil thelr
oopBôr-eoryrlex lntø¡gmedlato (Ffi), the aaturc oû tho

neohanlsn of theee ;toreoepeatflo olefln rceotlons tat
Etll.l v6ry obaour.c, lfhe exl stcnoo of the oot4ller

prqoacil by DennËry .gg, gf hait yet to be ttrov6n, snd other

Bogstble ¡¡eohanlffic !€malnd to be cxamlnedl.

t
u
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About tÌ¡te penloð, therefono, wonk raa begun ln
thle laboratoly to stutly the meahanl€m of theee reaotlöBto

After a fev preltrnl.nsrT e¡rparlnentt re Gonoelvell a

nechqnla to eplatn the etereoa¡rsolfto natune of theso

oleftpBenesten reaøtlon ,.8 Our observatton that the

l-butory raill cale we!Êr ln fast, &oe, led ut to bellervc

that these neaetlons prooeeiled Èor a neohante¡ whleh çae

not ooneentad. Oun neOhanlsm wae baaed on the aeeunptlon

thÊt no dlouþIc-Þonril oan rnl,gmto tf lt la oonploËGd to a

netal-Îon. flG oggeateô, theneforo that a TÍ -courplex

rouldl, lnltlatlfr be forned! botveen the ouprous lon ard

tha dtoublo-bonô of the olefln. llrta oonpler tas thcn

cÐectodl to recluoa th€ perester (br) to a ouprlo

oanbo¡vlato'olcftn oollplct (nUGff ) anô free ÞÞutory*
radlcals. A eerlEe of ono-614étron sh!.fta æuldl then glvo

the asyloryl ateil olefln ln çhloh the iloublc-bond had not

nlsratodt (lq).

0u (¡) 0u (rr )oron

_.10
I

o
I
E

+ BOOe.OO(gt3), -+ -c
I

(xrxrrr )

. (ffi1)i@. ( h¡)
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Cu (

4rt

n

-+ 
-c

0u(r)

I + ( cÌI5) 
5c.onrt

'oc( crfr) 
3 ( l{l{ )

It rae ;e1l aften thle neohanl¡m hatl boon

publlehodlr &d oøveral el¡lenlnents had been Gonpletod to

proúe lte aqthenttolty¡ that gootrt3z169 atssovenetl that

the ternlnal dtouÞle bondg of oleiflns aro oertal¡rlÍ flxeô

but that nonrtermlnal {louble bondls almet so@leteX.y

1eômerlso dlurlng theec rcaotlons. Oun meohanlffir

theneforc, æpeaneô to be tnvalldl r fon lt rae alealgnêdl to

elplafn the non-laonerlsatl6n of all dlouble bondlor whether

termtnel on not¡ Xt utll be elroçn ln a latcr eeCtlon of

thle thetle¡ howeverl that thts neolranlanl suggested

by usr lst ln faet¡ stlll aeoaptabler

6os¡152i69 ctudtedl the ouprous Ba]'t-Gstalysed

deoo@oaltÍon of þbutyl perbenzoate (X) ln the pres€ncs

of leonerls butcncË¡ Eagarilleee of ühlóh butcne laomer

ras ueedl (Þut-l-cne (pOffV) or but-a*enc (XlffiV) ) t

lenott\yla].lyl benaoate ()OrffI¡ R . Ph.CO2) oorpnto€a 88É

otr the total esten proiluete ln each oaBG. When þbutyl
peracetate (Tt) Eaa slmllarly treatedl ïlth but-l-êhc
or but-2-eno, l-netl¡Ílal1yl aoetato (lc$fVïl R=OH,.COZ)

?a\,

I
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taa the maln Produot fn Eaoh €aEGo

OE!.OEA'6Et0H, CHr'OErCU.OEj OEO'OilB'OEtGE

(torxrv) (poct¡) (FßvI)

Koohl polntcd out that theso leonen dllgtnlbutlons

Íer€ unlque. Eø ehorcdl thst roaetloas lnvOlvlng Û1e8s1oa1

sarbonlun!.on tnanettton-statos yloldled ogual guantltleo

of oaoh tsotmr. llhe nltnouc eo16 dleanlaat!'on af ths

tgoncrlo butcnylanlnea Íag on6 euoh e¡alPlc.

Durlng tpue frce na¡tlea1 Eosstlona lnvolvlng

butenyl radltoala, the prOduote oonta!,n a predlonLnanoe of

the Orotyl leonon.F ![hue the [eonerls butenea rsaOt

lrlth þbutyl hyAoclrlonlte (XñnnI) et lor teqeratonea to

prodluoc nainly cnotyl ohlo¡rld6 ()oÊnEff ).

(oH'), eo ol OHr.ef,r0E.OHa01

()mçwt) (mrr¡r¡)

goclttS? ooneetvoô a neohanl grn to erplaln tho

prclton!.nancc gtr the a(-ncttrallyl laoner €w€F the Crotyl

leoner ln these Þerester roaotlon¡, Hc auggestet that
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the flret step wae the satne as that put forrrandl by

Eharasch .gE gt58 (Ð wheneby the perester wes redluceal by

the onprous ton to a au¡lrlc canborylate andl þbutoxy-
laclleaJ.c. f conenlo butenyl-nadlcals (ÞOilX) re¡ee then

epected to be fonrued by the abstraetlon of the allyllo
h¡rdirogen-atone of the Èutene teornere wtth the þbutoly-
radleala,

Ctr10HrCE.OH'

GfttrGB.CHr.CH

,CEr.CEt OE. CHSH OH, t 0n.åE.Cn,

(b5)

( xrucrx)

Ehe exlstanoc of these ratlleale ln tha fnoe*

etate eoulil then aceount for the appalent lsomerl¡atlon

of the nonpternlnal dlouble bond !.n but-Z-cnc lnto the

ternlnal posttlon.

Koohl suggestd that benzoyloxylåtton of thc

butenyl-rarllcal (ECXIX) ooulö lnvolve tvo extrenc

proceases Of oxtdlatlonr .Xf&,. llgandl-tranefer and elootron-

trander. Tt vae showa ln part (a) of thls soctlon thåt

or¡pnle ehlonlrte andl euprle eulphato oxldllgc radlcal¡ by

ll.ganil-trandèn,and eleetron-trandor repeotlvely.
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Ís¡- Þçnao/t,qylatfon of thc butcryl-redt6alú bt
a llg¡anü-tranefcr Ëchanlru üic auggcrtdr t{t [oablr]8
to lûyolvo tha fornatfon of, aa laternodlEtr 60&1æ {F,)
böttcön thc orDrlo oalbo¡Êate eat Dutonyl-redloal. L

cycl!,o llgant*tran#or-r6Éotlm rltbln thta ooÞlttr ¡oult
tboa ylcld thc rcqulrd pnoûuet rlth thc to¡ml,nal ûosblc

bond (xr,I).

eE

:-oEe
"'gu+9+ -+

(qe)

6\

(E) (xtr)

fha bcnroÉcy1latioa of, tha butaa/l-Faáleal¡

Ët an ücotroa-t¡snÉcl uoohantæ ürr ruggcøteü!â t.
tnrolyo ths formttoa of 66 1Eq-paLr (fU;t),

obx,. + oue+or6.o6b (%ry* ou+ orc.eob)

(nTIl

(lt7)
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troth!. prodluoÇô crllloaoo to Êtr88c6t thet thc

trqaaltloûFgtatô had boüh llgand-tranúor anð 0[oottfoüÞ

tltnËfcp D¡ropçilFtløt ütnol thc usufiis]. lsouæ tlrtrlÞutl'on

ooü{t aot Þe Gúplafnd attlEElvaly by oBc o! tho othcf

of thcsc B?oGcûBGlr tro paBrcesntad tha rcgt Probablo

tçaadttonËstatü bv (XtIfI) üprc tha t!,gant-t¡ranúË

mofra¡lu tâ opoNttatfn6 ln a Sston osntalnlng oonelücraÞlc

oErüonluE loa oharaotQr.

0É-Olg

bu+Gqâ+ €

6f,

0

/

\E?
/

E6E5

(xüfi)

Ë

/\

Bus

o
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îhtË tlanst ttob-state thereforo Grplalned! tho

hlgh yleldl of o(-metha.L1y1 bencoatc ln óaoh leåetlon.

lbe ilnlvlngrforoê fo¡r substltutlon at tho i-poeltlon
vas aaeumêû to be ilue to the gfeatæ stabltrlty of a

dioubla bondl-ouppous lon ooqplæ ln tho termlnal posltton

of thc olefln. Koeh!. ncntloncd that aueh a oolæLGI roulû

Þe norc stable than a Uo¡-t6rnJ.nal dloublo boncl GorylGa.

fn ooatragt to thc prooed!.ng reeults a!ê tho

leactlong bêttoen benaoyl peno¡ldlc (Xf,fV), olef lnl, anrl

oopper ealtE. Kh.erasrlh and Êono71 treatodl oot-,l-6Êo

andl oot-3*oae rlth be¡rsoyl pero-ldle (XffV) În tho

IrFcsoncc of ouproEB ealt8 andl obtalnailr I'B oaÓh oaso¡ t
nlxture of t-,pentylalXyl bensoate (X¡ff) andl oot-E-tn-1*¡r{l'

ben¡oate (nr) ln sfrnllar amounta. thay alao fount thst

theec rreaotlona ylclûedl eonetdersbly rcr¡G bensolc aeldl

an¿l leea osrbon illoxfdc than tho conncæondltng uaoâtalyg€ð

reaotloa. A great ¡'ølluotloa ln thc ytaldt d hlgltr

t¡olcoular welght addluot¡ ln thc eatalygail rcact!.ono lnfond

thet thc cuproua ß1t f,aclll,tated the termlnatlon neaotlon.

(xr¡v)

o
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Ebe¡asoh anü fonoT{ euggestoð tlrat the lnl.tlal
gtcÞ la thl¡ neastton raÉ thc alHltlon of, a bEn¡oyloflfr

railt,eatr (nv) to tho dloubla bond (h6). lrht f ooesr.rst

;hathcr ór not the oopper-oatalÍgt ras pieÊtahtr

o

(Ev)

Oøb.CoA. +O¡trt6 + 0et'@r.O6f,.5. (¡a)

(nvr )

In the ptlc;oncc of oupniout ralt, tho atdlqot*

nâf,osl (f,Vf ¡ beoa¡c rcvcrslblt ütræÞcA! , rad rcadll,y

attaotsa¡l another þcs¡ql pcrorf,dlc nol,oeulo (lr9)ô

eet.@e€'ai6.0u+ *, (Oet.@rle

O5[u'6'.0#lt + Ö5EO'@2E + g6[t'60e' + Osf,

( ¡s)

lfhe roaotton of but-l¡oiûG (FUqfV} aad but-8-cne
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(mrg) ütth Þ6n¡oy1 Þellortae (xr,rv) ta thc proscnoc oE

Gut¡roug üatrtr rsc later ¡ranlnd Èf f,ooh1.}t [c foundl

tbßt but*'l-rlte yt¡ldoü mtnly g-butyl benEoctc (nV:¡)
sqit orotyl bensogtc (Xú'TffrÎ)r üfth only ç¡aalt quantttlca

d o(*üathallyl Þcrr¡oatc (fiffi\t|f¡ RrPh.çOe). Oosvsrartrt

but*â-æo yleldted mlnly ¡.butyl boaroato (XffX) ñnå

o1,-66th¡1t¡r!. þanaoate (EoffI¡ BdÞh.604)r ilth onlt æ11

f,uürttt!,e¡ of orotfl bon¡oato (xrrvtt¡).

095 .OES .08, . OEr.Or0 .Ph 6EO.Ott Ot.OEe .0OO .Ph

(xrv¡¡ ) (xrwr¡)

O-G.Ph

I'
SEr.OfO.GE.0H,

(xrff)

Eoobt ¡uggcsted that the fl¡st stæ ln thear

r¡actlonÉ ras tha lductlon of tbc Ëan¡ofl Dono¡ldle bf
oúBroua lent (go). ?bl¡ step le analogous to that

ruggsatdS8 for the laitsc¿lil-ôooonpo$itlotr' of å-butyl
pcnÞonsoate (X) È'y coppsr loni ( ¡E) . llhç bcnsoylory

patlealr (Xf,V¡ æ fornot ;cre than oonalilcccü to adû
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to ths dlosble-bs¡ú of the butene lsøers (51 eftit 5e).

Oxlclattoa of the rqsultant ben¡oylorybutyl-Fadloals (I'a

anô tb) by ouprlo lone terg ø4eateil to ylel{172 tn*

Þstenyl eeter¡ (g¡ 
"ttd 5l{).

(06ru.@a)s + ou+ -+ og&'ooaoua+ * a65'c9g' (so)

c6%.0oe. + CH''GHrCE'6Hf G6E 'Cor'6¡e'CH'CE5

(ra)

o6ñg.@e. + otrzlcË.oÉâ.cx 

- 
o6%'@e'æar@f,r@þe sry $21

(DÞ)

o6E5.ffie.oilo.ån.on' + oug+ + o6E5'@a'otG'otrl oEx +

Gu* + E+

(¡r)

$tl

(Ea)

o6E5.oor.ong.ån.cH¿.0"3 + OuZ++ 06E5'@a'cEQ'oEloE'08 *

cu+ + E+

troo¡1$ Ècllcve6 that ths thcrngl-tccoqoaltlon

of bonaoyl pero¡rl|a (E5) ¡rouldl om¡rcta rtth the lrxluog|
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deeo@oeltlon (lO¡, un1lke the eonrepontllng neactlons of

þbutY1 Pereetens.

(cgb-cos)g + e cø\'ooe. ( ¡E)

He cuggeøtcdt, tberefore, that rcdluetlon of

bonroyloxy-nadloala (XtV) by ouproue lon¡ (Eø) oouldl be

l@ontant 1n theee reaotlons.

2+Ogb.Ooa. + Gu+ ---+ oOHu'CoA- + 0u (¡e)

Koohl conoludle¡l that the dtffereneÊ ln the

lnttlatlng fnce-r'edlaala from thc bonzoyl Pero¡ltlc-

reaotfong andt !-butyt' pereeter-rcaotlons causcd tho

ll!.ffenent prodluet-nttloe ln oaeh oâ83.

lfhe naln petlrway ln the benaoyl Derorldla-

reasttong vês oae of adlclltton, by the benzoylox¡¡-¡'adloalat

to the olefln. leomerlzatfon of the adltlust-radlcals

tae not pocelble. In the !-butyl pereet'or-feaotlonrp

tþo abetnactlon of al1y1le-hJrclnogeng by t-butoÐr-nadloale

rae the naln neaotlon path. In th18 Ga6er leo¡nerlgetlon

of tho allyllo-raillcal ms poesl.bler snd dl!.dl ooounr to

ylsldl the proiluot rlth a termtnal dlouÞlc-bondl [n etvöfy

O88Oe
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Àlthoo6rr þbuto*y-radl cal a u auaLly cbgtraot

labtlo-tyd¡rogenc la tbeae roastiona¡ thw aL¡o oan fom
add!.t lon¡aüiluot¡ vith ee¡rtaln eonJugated rystcme.

ilre¡aaoh Ë gL75 have rhoú that üha âcæÐosttlon of

&-bútyl Þdlropeçortdlc (tI) r!.th f,errou¡ !,one; ta tho

proaonoc of suøb ltlor¡es as butaûfenc (f¡f ) aaA laoprcno

(IJII)r Ílellla tlncr¡1 eaoh oontatnlng tfü þbutory
f,TOEpto

(0x')t@.0! 0F rGE.9HrOfA Oftt0 le'6tt0E

(¡¡ ) (rtr) (rril)

Ihcgc rceulta lndlloata that the þËutoüÊtlÒ

taêleal; qüdðð to thc dlcnc rystøt to f,o¡n alfyltc
ra{ltsala (gZ}r rhlch thcn dllnætlo (94).

(cËr)fto. + oErloE.oElGE,

a(OEr) tSO.A%.OErAE'Our' -? ftourl fo.orr.arronæþ ] , (54)

Yolrran and oravcû?lt ptutoohont eally-itooo@o act

ül-¿-butylperorldte (r.fv) ln thc BËçsénos of Þu:taütcno (¿It)
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aaû founil tbat tho þbu!ory-¡,s¿1e41¡ addcô to the tllenc en6

DroÞt€il polynarl¡alloÂo

( sr5)jF 'oo( oH5) 
5

tt¡v)

fDc cuprour lou¡oatalyeail dlccoÞo¡l.tlon of

þbutyl-pcrbenroatc (x) aDå - poraeoteto (lG) tn tuc

¡rrGtcnor of butaillcna (I,rf ) r¡r studtlcd tr Xooht.t9

îba roaulta lndt.eatat that tha þÈutorÐ",fadXcalr rÊDc

agala aûdi,ng to ths ænÍugatd ûlcnc to form allyltc-
raûi,oal¡ (rv¡. f,oshl ruggo;ùøl! that thoac allylte artdtuot*

ratLcel. 1610 thon ælill,gd üy ouprlo ioag ln an fulentteal

fgahlon to tho ufdatloa of thc ¡lËplo butagrl-raêloalr
(XffiX) n ¡rnwlouatf tomp!.boü. å-Éuto¡fÈen¡oyloxybut¡aol
(I.YT) andl (lvf¡) ræc thc prodluetr. [lË rooü rag

!@raüontad s¡ follorrl

ph.ooe.@(cE5)5 + 6u+ + ph.Gog Ouâ+ + (cn5)¡Oo . ( rs)

(otrr) t' 0. + OE,rOE.OEToQ+ (6E )¡@ 'ong.0t-'69-':':':'Qf,-o

(rv) (gg)
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g(ffi¡)roo.otrdon's-oür'-"ora.+2Ph'ooa9o8* ' >

,O.Ph

ãou+ + (orr)jp .onlo% + (otr )fo.e['.0$¡01i0%.oeg.I

(rv: ) ( lvtxl
( 60)

fho pnodluot ooneleted of tro laoncn¡r b*g-rbutoütlf¡-

5-benaoylecytnt-lrötrü (¿V¡) comrtd 8Of or the læncp-

nlrturor er¡dt l+-þÞutq¡*1-beacoyfqxytut-Êrcae (lWf ¡ retc

Ep tlre rcnalnlng A0Í of the mlxture. Itn|lar roaultr

rq!6 obtatncdl rha þbutyl peraoøtata (XI) r¡g eed.

to aeoount fon thc storcoæett?tro naturc d
the Broilsots !.n thcec reaqtlonc¡ Eochl!9 prqólct a

tnanaltlon'atatc wfrloh tag eEàlogoBa to tbå? (XLilI)

uuggogtot for tho ÞEtonËÊEcreøtor rroaotlonü.F Ec

Frproscntcû tbc trancltt.orF,ãtatc (¡,mf¡) aa havlag Èotb

llgent-tttndc? end cleEtton¡'tran¡Éep plq ertlorr



4l .t-r'\ *- [cH3]rcol

\o.,'*
I

coHs

\/

c\
[cn3þcol

coHs

[cHr]rco
\

Cu+

o- coHs

(r,vrr¡ )

fochtÐ alæ deoo@oact þùEtfl lrfalroporo¡tdlr
(ff ) tn ths ¡rroËËn€e of eqp¡rlo aoatato anel butaålene

(r¡f ). À nl¡turrc of aostlo ao!,û anå bcnsrno raË usd
a¡ th¡ ¡olvent. Eaml,aatlon of thê rcaotf os-¡rnodllotr

shmd! that a nlxtupe of t-Þutoryaoctoqnbutcnca bat Þccn

fornci! 1n tOÍ ytcld. thc uÎ¡tnlc conslstcd of 6OS

Þþbutoxy-5-aoctonrÞût*l -otro (ffX¡ andt âOf lrE-Þutory-1-

acatorytut-â-öao (Irf)' Îhcao rcsntrta lndloatot thst thc

trand.tloarrtatc¡ !.n thLa rcesÈlou¡ ü6Ë plobaÞly

ltcntfoal to that (fE¡ff) ôcaoniÞd for thc rcaotioa

üttb þbu$f Þæbcntoatü.

c



1r -q-' i'gG--

I+2.

( orr) roo.orr.
Tro'ttt
CH.Off¡ OH? ( on, ) oo - oHr. oII I oE. oEr. oro.GHI

(úil) (Lx)

Fhen XoofilÞ oatalyt loally-{soolpo scil S-butyl
pereetora 1n the prcaenoo of butadllano (f¡l) ueing

nsthsnol ar a oolvent, thc yle1d of þbutorybutengll'

öatens çaB redluccü1 but thc dllstrtbutlon d læmers

rsrnalad Ëônstant. !trltf s reôuoed yleldl of esüena tÊs

ooupènsatedl Ëy the fonnatlon of a nixturc of þbutoxy-
nethor¡Èutcncs. Thls nlrturc conalstedt of 75* b-å-

butory-Sinsthoxybut-'t-ôtrô (I,Xf ) an¡l 27Í l{-þbutoty-'¡-

nethoxybrt¡2-êno (Ififf ¡

( our) tto 
-oxa cäa ( cuj) fo.onáotrr cn.cne.o.cH,

(rnr ) (¡,xr¡)

It ïaË cuggaateaS9 that the tr¡and.tlon-stato

lnvolvedl ln the netho¡y-ssbstltut!.on toulit poBscss ËrC

calbontun lon olranaoter than that lnvolvedl ln aoylo¡r-

aubstltutton (f,l/lff). Íhla çoukl eIplatn the leea

@ oqlflo tll sürtbut !.on of I sonenlo þbutoxy'netho4lbutcnot.

Aq Þrevtously dtlsaussêü, the total a¡æunt of

1'0",
.0E.CHl
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carbonlun-lon chanacter ln the tranelt!.on-etate (lWff )

illotate¡ the ilêg¡clc of lscncrr-dlstr'lbutlon ln the

proilucte. A trancltlon ttate eonta!nlrU groupe ntth

oonslitêrable llgandl-tmnsfor P¡ropertle6 (aa,ylory 8!or¡þs) r

rouldt thua be nuch more atereoqleolf!.o than a trtenaltf og-

etate oontalnlng mère Carbontun-lon Clrarsotcl ( eleCt¡o[-

transfc¡ pnopertløe) andl løae Llganil-trangfêr ablllty.

Irúeeil tt rae afromDtT6 tt"t solvolyels of G¡rotf,I- anË

o(-rnêthaL1yl-olrlorltlca (IOffiIIII and LEfI ) I rhlch lnvolvea

pqre carbonlum-ton lntermeittatea, rQcultt !n the fOrnatlon

of cqual erount I of orotyl- andl o(-E6th,8l1y1 !' go6ê¡tgo

CEr.ClICl 'OH t CBt cH5'oHa 'cfr'Z,olll CHt

(rn¡r ) (urrY)

foeltlZ tl¡rthcr p¡¡crredl hl e theory when he

deoompoaetl fr.butyl peneateFs ln tho prescnoG of but-1-6llc

(:mV)¡ but-p-@nê (XXrV)r Pcnt-1-6ltG (LxfV) anð

butadllone (Irff ) udng eon-çIet-eqppelt ealts aB catalyets.

Uall[,a the results obtalned when slmplo GopBer

oatalyets r6rc uee¿l rlth !¡butyl pereatere, tho 1eoil6¡-

r!latrlbutlon ln these reaotlona wae eËtlrely dlfferent.

When the o¡ldlatf on of butenyl-radllcale rae aoooupltshedl
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rith a 1110*phenanth3ollnc-oqpnla aoetato oor4rf,6¡, tho

leomerls iltstrtbutton of the buteny]. esÈene eoulll bc

s61e€tedl aocordllng to the nolar-ratlo of phananthroLlne

llganda to Goppe" 1otr8.

Wbereaa the butcqyl ester n!,xtunt oona!.sted of
S5* o(-nethallyl laoner (xxxvr) rhon elqple ooxÐErp-

oatalyetG rê16 ueadl, the uEe of, phenaathnollne-oopper

aactatc (cqul-nolaf quantftlct) a6 a oatalyeù¡ roeulteû

!.n the fonrnatlon of only 73É of tfro d*nethÂll-f,l læucr
(lmcff) anril zI# ø1 the cnotft leomør (IJçV)¡ aoatonttrtlc

tËg usedl aB e aolvont. !n ber¡cone eolut[on, aqual

quantltlee of each leoner. rat obta!.ned.

GE rOf,¡ OE.OEgB

(Ërv) (n * P¡.Oog or OAo)

llhea the oatalyst oontalnedl nôrc than tro nolc

cgul,valente of phenanth¡ollne to ooppü¡! aootate, the

orotyl. laoiler aotuall,y preilonlnatedl, regardlloas oú solvent.

81n11ar rce¡lts trêre obtatneit rlth pent-l*öne (fXfV).

The Eae d theae oo@lax eopper-eatalysts ln
the ¡raaetlon betwecn butaÄtene (f,fl) andt þbutyl peraøterc¡

aleo cauæd a ruar¡kedl change ln leonsr-lllstrlbutlon.
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thereas fu-!+butorycÞaoyloxybut-lrdroE (fW aatl LfX) hadl

beon the naln loomene ;hen stnplo ooppenroatalysta rGFe

e@loyeil, the Þeroontage of thcee l eonerø rae g:røatly

¡raducadl rhen a co¡q¡lex coppesr-oatalyqt ras uËed.

lhc natlo of leonertc prodluste fnon thoac

eoq¡le¡*aopBery oatalyærl neaotlono, lo oloaely relatcd

to the ratlo obtaf.nedl fiom oornrentlonal oarbonluo.!,on

roactloag. foehlT? soggeBtelt that the oxldlatlon of
allylto*faill oal g by cçnlc-phenentl¡nollne andl cuprle,

blpy¡lftlyL oomploxes 1a eeaantlally an electton-tnanefoût

prooess ln whlch the tnaneltlon-state (Ifitlt) f g

rspr@Bented by cxtend've oarÞoalun*lon oharaoten¡

Llganô-tranefon pnoperÉlee ln thesa reaettonc roDG 
"6ry

naagro. îhe tnane!.tlon gtate ras nepresented ae follore¡

.l- '$xoc<i+

cs?+(pnrn) n ou+(pnenlo

(Lïn)

(e)

tFhe metal-lon oatalysedl nccotlon of þbutyl
pereøüere rlth oonpountle oontainlng actlvatell srclrogonr



k6,

atúr (othen than olafl.nr), h"a boea extanclvcl.y atuillei!

i!ur"148 thc laat few tea!6. Often thesa reaotlons yl.alô

prcôuotc illffeneat frm these sìtalned ln tho Gelrrssporti-

lng unoatalyeell reaottono. Oooü eram¡ploe aro thc

¡reaçtlone rtth cthorr.

ll¡cn alnlpla ethcr¡ rcaot rlth 3-butory railtoak
78ln thc abaonoc of natal oatalyata, tho o4-[rllrogea

aton of thc ether 1¡ abstraetall ond tho roaultcnt nadleal

Clnor.t tGr¡ For cxarçle, thç rcactf onF botroe¡ ttl-þ
butyl perod.rto (rfV) and dll-Fbutyl ether (tIXlfI) y!,olåa

l¡r$-dt-g-lutoryoctanc (ncv¡Ír ) .

ffi,-( cne) a.GHe.o.ona.(cre)a.cE, + ( aE') ;m 
.

(rnnr)

t
ffir. ( onr),.o8, € .ct .( o-Fe) 

e 
.ffi,

2 Gßu.( 0%) r.cE*.0. CU-( CEe) 
2 
.ffi,

(6r)

I 
ouu.(o%)a -ors.o-ô8.(%)r'or, ] a

( 62)

(rnrr¡r )
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fhe tlccorqposltlon of þbutyl penbenøoate (X)

ylth auproua chLonlitc ln tho preeence of elmp1e etheraT9

ylelðB no dltnenlo-prodluote, holwe¡'. In everly caae a

bensoylo¡g group !s tntroducedl lnto the o(-poaltlon of the

ether. Thle neactlon, thenefone, has pnovedl to be at

exoellcnt method for preparlng the bensoate eetens of

hsrlaoetals andl hemiltetale.

Gertaln cycllo ethers behave ln a sinllan faehlon.

Thus phenyl allyl ether (Urx¡ ard 1¡l¡-dlloxane (I,:q)

react mootlrly undc¡r theee eonelttlons8ot8l to ylellt

1-phenoryallyl bensoate (f,nU ) årÉ 2-bcnzoylotf,-l ,l¡-
dllorane (tn(tl) regpectlvely. lhls latter pnoiluot

(LrxII) rae Bnøvlously prepareô by oaae8? 1o *
uncatalyeedl roaotlon betçeen 1rh-ûloxane (I,n¡ anfl benzoyl

penoxlrlc (r.,rv).

$ood yteld e of the benøoylory derivatlves

(I¡)ßIII and tnEV) rere llkerl so I æ1atedl83 rhen 2-üethyl-

Z-€tlryI-lrFrlf oxolane (frum¡ andl laoohroman (fnnn) çera

treatedl wlth þbutyl perbenzoate and cuprous salta¡

there are mar\y lnetanoea, horever, uherc etherg

have produoetl the aeylo4¡ pnoilucts ln poor ylelde.

f etrahyt rofunan ( f,JcfWf ) , tet rabyrl ropylan ( f,Xnnf f ) anil

¿-butyl Other (f.,Xrnf ) aff pnoiluocd acyloory proftocter8l'8ll-86



l+8.

CH2CH=CH2

( rxrx )

CHCH:CI{2
I

o
-o

(rlorr )

CH
,/CHg

CH2{ CH2CH3

(rxnr)

2

(rxx)

(rxxrr )

(u<xn)

.EO

CH

I

CH
I

0

H3

H2CH3

O:C

(rxxrrr )

O=C

( rpcrv)
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(rxnnr ) (r,:on¡rrr )

c[cn3]3 c[cHg]s

(rxxrx) (rrcor)

CH3CH zCHzCHOCH ¡CH2CH2CH3

0c[cHg]s

(r,pqr )

(uoocrr ) (rpocrr¡ )

R



a
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but ln poor ytelel. In aLi tlrree caËes aoetale provedl

to be the maln prodlueta¡ thue 2-þbutoxytetraþdrofunan

(¡¿X¡X) I â-þbutor¡rtetrattydropyran (fæCf) and'l-þbutoxy-

1-&-butoxybutane (IJiÐU) rero leo1atod. IÍhsn 1tf-_

dtloxanc (f,¡O0fff ) ms treetet undlcrr the sam€ oondllttooarB]

thc aeetal (uucxrrr¡ x - (cH5)5oo) and the aevxel (rxExrrr¡

B û C6II5.@a) ver@ both forqnedl, the latter ln groater

y!.eldl.

[heu bonsyl ethere (f,:WfV) roåot rltb 61-,L-

butyl Be¡.otldlc (f.¡V) 1n the abeeaoc of sr¡prouc lonô 87-89

a bentryll6rþril¡rogen la alwayc abstraeteô by tlte þbutory-
naðlas]s. tfhc reeultant radtlcal (IfiJffiV) thcn, elthcr,

û!.uerl,zsE or deeonpoo{Èa¡

.7
(ogb.on.ol)e

O6E¡.08A'OR 
- 

0gb.0E¡OR

(rxrw)
06HF.CIIO + R'

(r,xxnv)

Bsnsyl ethere noadfly acoonnodlato a ben¡oylory

gr€up rhen treatodl r!.th !-Þut/f pcrbènsoate (X) aÛdl ouprout

lorr¡.90'91 Éareoeon anô Bcrglunágofgl auggestedl tho

follorlng sccme

hto.
ogbi oþ.on + ødrydn,ffi 05

( 6r)

\
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these wonkera foundl tnat no dllnerlzatlon or

deoorposltlon occunnedl. the reeultant bensoylo:V

aonÞoundle proved to be unstablc to llght antl orygcn.

fn aontrast to theee neaulte, dllbenzyl ether

(nnffyf ) al¡ not form an aoylal dterlvatlvc under thc

oonrlltlona us6tl. the naln prodluot raa ahown to be the

dlbenøylacetal of bensalrtclrydlc (f"nffWf ).

H20CH2

(r,xrctvr )

/ocïz
c

OCH2

(uxxrrr )

Several lorkera have tnlerl to crplaln thø

anonal.oua proÉlueta obtalned ln theec reaettone of etherg.
gosnov* 81 elrorcd that thè o(-acy1o:Ey ethera aoulrt often

be dleeoqpooedl lnto the appnoprleto Arp -unaaturatsdl

oonrpoundla. He cuggested that the uneaturated ethere,

so fonmetl, coulil then react rlth !-butanol ln thc

neaotlon mlxturø to yloldt aoêtalg. Sosnovrüy92 fo*rulateil
the reactloa Þy the eguatlons (65*67).



22.

fr
c+R o.oc[cn3]3 Cu

o

IR + [cHs]gcoH (6s)

(rponnrr )

o

IR

+ RCO2H (G6

+ RCOZH (68;

+ lcels]scon 
H* 

,, 0c[cH3], t ez:
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tosnovaky fou¡rd that the acylory dterlvatlve¡
(r:oortnrr) oould be tsolated rn nuoh better ylerct rhen

the reaotlone Fe!6 stopperl !.r¡nediately after. alr thc
perester hadl been oong¡mredl.

Lareseon and nerglund85 auggeeted that an

equlllbrfrn ooulil erl.st betreen the ether andl the ælit
(0e¡, the aald! Þeing pFoitueetl upon r!.ee tn tem¡reraturo.

lfbeee wonker¡8j 1rt"o euggeetedt that thc
fomatlon of S-butory dlerrvatlvee lnvolved aolvolyal¡ rlth
.ù-butanol, pnoeeetltng by alkf,l-orygen hetenolyel¡ of tha
eÉter. A eorevhat alnllar meohanlsil Ías alao adlvaneedl

by Rloohe endl Blcatroff9! foo the neaotlon of þbuty1
hytlropenoxldle (tr) rrtth o( -ethqÐettryl acetatc (IJo$rx)

rhlah ytellls the peËoxtdô (XC).

olfe.cHS

cH3

Qr

I

CE) 'A2A 'CH,
T.t", 

.cH3

GHr.CE.O.O.C( CH,) ,

(xo)

Support for thlc }rypotheal¡ ras oþtafnerl rhen

Lawoaaon andt Eenglud7$,85'94 tneated ethorE rtth þbutyl
penbenzoato anrl or¡prous salte in an orcees of aloohol¡
othet than !-butanol. !1-E-butyl ether (f,Xf¡f ) reactett,
u¡rder these oontlltlons, to yteld a qrmmetnLcal aoetarT8rgh

(rxnrx)
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aa followa¡

(tnnr)

ou+

.Ph

oqt.o.cHâ.cJtl Ph.ooa.oc.(*¡) ¡ a* o'obb+
-à

.Ph

o.cbHg
RCH

( 6e)

c jE7 .cH( 0B) .o.o4Eg ( zol

B0Ë
-+o fZ.cn( on) .o.c4E, af.-ou(on),

( ffi¡) e.cH.o.c( ffi¡) a.oeo.Ph

tn a alntLar reaotlon¡ dll-lg-prqyl cthor (XOT)

gays ryunøÈr'l,o h,atalr of aoetone (XCff ), aoao¡.dlng to
tha follmlng söomct

(cnr)r.cr.o.çn'(cH,)a * Ph.ooe-oc(onl)5 0ul

-
(xor )

(zl)

(zz)

fis)

( oEr) 
e 'GH'o .o .( orr), .or0.Ph 4E ( onr) e.cnro 

.g.( 085) a.oR

aoE-+( ffi¡)a ref, re rÇ.( onr)r -on (wr), o.(on), ( z¡)

(xoil )
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LEreeson andt BergtunilT8 
"xtroiledl 

the abovc

noohanlen to øxplaln the fonnatton of thc dlbenayraoetal

of bensnlttettvtle (r,¡oonrrr) tron d[benayl other (r,nonrr].

They auggeeteü that bencyl alcohol aould illplaec the

benroylry group of the acylal (X0fff) to produoc tho

obee¡nreil pnodluot (f,Xronff f ). Alte¡rnattvcly, tho

unaynmetrloal aoctal (XOfV) ooukl be lnltlally fonned by

the aotfon of !-butEnol oa tho aoylal (XC[II) anil

gubeequent neaootallsatlon9S rlth benryl aloohol oouldt

then glva the prodtuot (f,rcOfff f ). ålthough thc prcsenoo

of, bensyl aloohol appeara not to have been rqortad !,a

thc prodlusta of thle roaot!.on, the oornepondlng

rcaetloa betveen $-Þutyl penbcnzoatc (X), dl-g-Èutyl
ether (ncfff¡) and ouprour long haa becn ,rro"a78 to yletû

[-butanol.

?2c'Ph
I

ogb .082.0.otr.c5H5 oob.cHr.9

( cEr) 
5

a'06%

o

.l

(xorr¡) (xcrv)

lbe above neohsnl m taa f unther verlf leit rhen

theac rotlcera found that the dlbensyLaoctal of bencaldlehydlc

(LFOffnI) raa alao formeð fnon the reaotlon betrecn

þbutyl perbenzoate, ouproue chlonldc andl benøyl aloohol.

Iha follortng B@GnG rag Buggesteil¡



,6.

c6q5.ono.or + Ph.@r'oo( drr) 5 -9{ oeb .oton.oe6.ph ( 75)

ocs .osoE.oro.9L 0eB.GHOE.OE
n08

( 76)

ROü06tr5'CHoH'On --=> (,ll)

(vhere EEO6ES.OE')

It ;aç elso fourtg6 that the ùan¡oflo¡v dtcrlvatlvc

øf bonsyl otlrfl athor (XeV¡ lceotet rlth ctlra¡ol to proituoc

bencalilçbyûa it letFlao¡tal (xoV¡ ) .

Etof,
c5$"08.(oBt)a ( za)A6ES.CHOE! .OeO.Ph

(xov) (xwr)

åIthough l.t ba¡ bcca ahorn that aoetala oan Èc

propard Þy rcúluxlag .astlaxa ln aloobolerTSt8gtgll tncpc

æpcart to be aó rcport sf, tho oataly¡oü-ôçomtpoettlon of

þbutyl penbenteato (I) ln the ID$aÉGneê of aoylale an¡

aoetalr. thË røeqltt of Ëlob ¡cactloaa mult ocntalnly

holp to clarlfy tha neohanlø of thtae nceetlon¡ rftb
otherl.

ffi.æle tb!,octhere hare Þoon aho;n to raaot ln a

d'nllar fadrlon to thelr orygen aaaleguee. f n thc oa6a
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of dll-g-Þutyl Br¡lpbtato (xOVrI) 
' thc aotloa of !-Þutfl

pcrbanaoatc (x) arú cuproua olrlorldc protlueoaDtS6 tht
G¡Ðootc'll awtal ðer:lvattvo (XOv¡Ir ).

oE5.( ffi-g) 
e 
.t%. r.cþ' ( oEz) |'aH'

( rc.IEr )

.(o'g)e.G,,.r.H:;,
3

OE

( xorr rr )

fn oontnaat to lte oryg¡n analogËar thc a0trlal

(xOffff ) ald! not Brodtuso an aoqtal rhca treatail çltb

þùutanol. fnateeil, thô o, P-utrÉaturatedl a¡lpltl'ilc

(xorx) rag obtalncdl,

cHJ . ( oHa ) ? ' 
oE¿ ' 8' oE¡ GH 'oHe 'oE5

(xcrx)

Dtetryl aulphlûc (c), E-prøy1 a¡lplrldlr (Cf )t
tetralryilrcthlophano (Cff) anll thlorana (gIff) ¿f rcaot

ffiootl¡ly ü!,th þbutyl perbeneoats anû o\¡proue lona to

glvc tho expeoted ac lory empounta (ÛIV-CWI) tn gooll

yleldl 
".81'97



CHgCHzSCH2CH3 CH3CH 2CH2SCH2CHzCHg

(c) (cr)

o

cHsc
I

(crr) ( crrr )

HSCH2CHS CH3CH2 2CH2CH3CHSCH

o
C:O

( crv)

l

o
c

( cv)

o
il
c

(cv¡ )

C=0

( cvrr )
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trhen Þenryl eulphfôoa ¡rcact Últh !-butory nadloal¡

ln the abeenoa of oopper ealtc, the resultant radllaale

û!.uarlo"96 (gg. bonsyl ett ens8T). !hlc'raa obsercit tn

tha case of dtlbenlrl eulphldlc (tqtll).

h¡tor a

AgB .OHe. 5.CEe.C6q5 0g5.cE2.8.G8.06[5 +

( cvrrt )

(a6Eu.onr.s.ån .o6r.5) g ( zg)

tarergo¡ tril Ecrgludg6 l,'t" chorn that bsnr'yl

gulplrlûee røadllly fornr the e4peoteð aoy1al tlonlvatlve¡

rbon treatd rtth þbutyl ¡rerbenøoata anô ooppor s81ta.

tac'rn
.OH. ER (8o)C5tr5'oþ'tß + G6E5'Gfi'& + oOb

A¡ ln the oase of thelr ots'gen analosuoE, thôäG

arylal dt erl.vatlvca are relatlveLy unetablc. 
^lthough

illbcnrqrl eth6r (L:oarl't) faffe¿ to ytelû ån acrlal

ðcrlvatlvor9l the oopreÐonâlng dlbensyl n¡lplrlräc

üerlvatlvô tas leolatcá t

purtfld.

96 but ras too unstable to bc

rt hoe loag boen eøtabllr¡1698-loo that o(-Ìvdtrogên

atona ane prefcrontlally abetraateil fron aloohols ilurln6
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frce-nadllaal reactlon6r lfhe reactlon betrccn bensyl

alaohol antl þÞutyl perbenroate (X) ln the absenoe of
oopper oal'ts yteltle Den¡alactydc.g6 Bantlett anrl

fosakl98 auggesüetl lhat a henlaoylal (C¡X) rouldt bc en

lntermetllate of suoh a reaotlon¡ thta oouldl thcn

üaooßposc lnto the oarbonyl oorçoundl.

ogru .onoã.o'c.ph cø\.GHo + o5II, .oo*E ( sr )

( crx)

Sosnovd<y andl Y*g& heateit a nlxtunc of þbutyl
¡lenbenroate ancl tuprôue lon¡ ln the pree€nec of bensyl.

a.leohol aadl al eo obtålneil Èengolc aoldl a¡rd bensaltlehydle

ae pnotluctÉ. thet llt<erltse propogcd an lntennedlatc

beaiaoylal rhloh arbscquontly ileoo@oeed lnto the

al{lelryttc anrl asldl.

Thla e¡periuont vas latcr repeated by I¡areagon

andl Berglunag6 lno fountl that the eole prodluat of thc

neactlon wlth ouprosa lona raa the dllben¿ylaoctal orf

ben¡aldteþtte (u:aanrff ) (75*77). thcy cano to thc

Oonoluston that the oupnoue BaXt prevents the dleaoqposltloa

of the hen!,aay1al (Crx) lnto bensaldleþdr andl bcnsole

aoldl.

Thesa rortser¡1ol latcr etudlleü the oup¡rour lon-
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oataltscl! ilooonpoøltlon of þÈutyl perbenzoatc tn the

I'!6senoe of g.Dutanol, g-butanol, anil 'lrphonflethanol (Cn).

the naln pnoduct ñoru thc g-¡t¡tanol-reaction ras

g-Þutyraldl cþdt a dl l-E*butylacotùl - ( 0X) . ^â, hesrt aoylal tar
agala suggoatcô er an. lntarmell!,atc.

cnr( one) eor( o*n) 
a

( ox)

thc tço æoondlar¡r aloohole ylcldlsö tætlryl athyl

totonc andt aoetophcnoaG reøpcatlvely. Eereseon a¡!

Barglunit cuggeetedl that no ketal rae forned andi that tbc

óooorqoattton of thc Ècrnlaoylal mnt to conqplctlon.

e6\.oHoB'oE, o6H,

(cxr )

¿Ph

'ffir--+ C6t.@.C8, + O5F''OO'E

(s2)

Tu'
'CGE

Guprouc salta hav'e no etrfeot on the reaotloag6

Þetçocn þbutyl perbonøoate andt benlfl Eèrcaptrn (6XfI).

the þbutory-¡adlôal abetraEts tho S-t lqyilnogen antl not

thc C-E hgürogen. Dlner!zatlon reeulta, rtth tho fo¡matlon

of thc rtleulplrlae (OEII).

0eH5.cH2.ffi I o6t5 .üEr.s.--â 0gb.oHeó8dg.cae.0gB (g¡)

(cxrr ) ( crorr )
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îhe eetlvc hydrogen-atort of alilehgrilee le very

pFonr to aÞstnaot!.on by f!ËG radltcals¡1oâtloI aeyl-

radlloals arc theneÞy f,orncd. Bonsaltlohyilc anð dll*3-butÍl
pororlde reaotlo2 to yf,e&l gE¡¡tnheny.lothyl,enc E!,yool

dltbcnzoatc (CXIV). fhe follortng #rffiÉ raË auggoatd.

(cr3)roo.oc(c"¡)¡ + e(ctr,)tûo. ( er)

(GEr)i60. + 05þ.GFç -+ (0fl3)ro.or * ce$.oo.

cøB'@' + o¡aE'c6% -+ oOb.0oa.0H.o645

(se)

( s6)

( 87)

a

a

A CO\rO0tr0H.G5t5 (c6S.@Ê .oE.c6ng) 
e

(oxrv¡

the glyool dfben¡oatc (OAv) ta al¡o sbtatnad

ln goodl yteldl rhen .þbutyf perbonroate ls ued lngtcad

of dl-þÈutyl pero¡ftc.&

Ia thc ppercnot of ouproua !,ons¡ bonsalôohyilo

anil ûl-!-Þutyl per.oxlde (I¡IV) reaetTl to ylclt g-ÞutyX

bcn^¡oatc (Off) and tha oorraÐondLnß roaotloa rtth þbutyl
pcrbcnaoate& y!.clitE bensolc snl{r¿tr!,da (ctrVI) .



oJt

ce\rGor.o(orl) t (ogn'.Go)2.0

(off) ( 6"Jnru )

8tn!.lar lcsultr retro obtained tn the roaot!,on of

&-butyraldeÏryêe vlth þbuty1 perbenzoato anil oo'pper loa¡fu
andl aleo the reaetlon betwean bonzoyl peroxldlo and

valeraltletryûe.71

the ¿,+þdlrogen atona of ketonea have bean eholu

to be pnone to abstraotlon by fnec nadloala. Eharaeoh

.Eb gtl0b a*ronstratea! that the iloco¡Fpoofttonrpnorluota of
ülaoetyl perorlrte (my¡f ) reaillIy abqtraot tho

d-Ì\yalrogông fron ketonee to Broduoe tbe radtloale (CÐntïII),

thtob then dtlnertuc to fonn lrb-ûlkøtone¡ (mfX).

)
(CHr.AOg)2 l.RrrQoS$oQff.R.f,r ( n.n t .9.oo.oE.R.Br ) e

(@rrlr) ( crnrrr) ( cxrx)

Slnflar rllmenlo pnoduete are obtalnd rhen rll-þ
butyl penoxttle (f,fV) le deeor¡poaedl ln the prerenoe otr

ketoaes.loS liowwen, rhen Soenovsky and Yang& trcatc¿

oyolohexanone with þbutyl perbenøoato (x) ln the prefrensê

of ouproue bromfdlc, nalnly atartLng mterlal rßB recovereil.

llhc mall amount of protluet fron the reastlon ras not

ldlentlf ledl.



dl'

fha o(,-hJralrogen atomË of canboxyllo aoltls andl

thelr estere ar€ rearllly abstraetodl by oertaln fnec

radlqa].E.l06-108 [ydtrogcn aJons P- to tha oarbonyl

g¡ror¡p a¡o muoh leos reaotlye. Bcokrlth hs¡ ¡hom106

that ø(-lr¡¡ilrogen B tonc ln the aoltl-þlety of an e eter

aro abstraotd al¡¡ttncE IÞrG neaûlly by þbutop
radlloals than thoce ln the aloohol-m1ety. In alL oaaeat

dllnerc anc the prollucte.

lhen 6osnov*y anit y*g& treatd benøyl aootate

(cÐtX) rlth 3-butyl peraoetate (XI) thay obtalncdl a gooll

yteld @f the glyeol eaten (0XXf). îhle ester rçsult€d

fron the dllnentøatton of the radllcal (Crocff )

o

ceB .orïz.o2o.oHJ ( coH¡ .?H.O8C .OH3) A 0615 'o['OeO'08'

(w:r) (cnn) (o¡ßr r )

A goodl yf elrt d bensylltllno dllasetato (Wfft¡

nqCHS) rae obtalneil lneteedl of the cllme:re çhen the

¡reactlon was r€peatecl ln the presence of cuBltous bromfdlO.

When þbutyl perbenzoate (X) ra6 used, the prinet¡rat

produet wae benzylldlne aoetate benzoate (CffiIIIt

8.O5,H5) .
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o-cRl'
A 6H.,.Cü.O2C 

.OEj

(mrrr)
Íhe cupnoue lon-oatalyaedt dleoo@osltton of

û--outyL ¡rerbenøoate ln the pneaonôe of tHetlryl n+lonatc
(GXIV) endl oupnous chlort.cle¡85 **. a poor yieldl of
dlethyl Q-benzoyl tartnoaate ($fXVt R*C6E'.@e) . !!b@

æln protluct provcdl to be iil.gthyl S3-butyl tartronate
( cxrv¡ nr( cnr) jco ) .

oEe.(ooe €eE5 ) a RoH.( OO2.AdilL) 
A!,

( orwrv) ( orrv¡

lhoee vorkerc f,alled to preparo tllctÏ,Vt Q-þ
butvl tartronate (CJoilr¡ R - (oHtfo) by raûrurlng the
bcncovloxv eo@âþnd (cxxg¡ R s c6lb.@a) rtth þbutanol
(s!,. the aoylal rlertvatlvee obtainedt fron sther¡.78r85rSf ).

lllre reactlon betreen otrryt aoetoaootats (6xxrr)
g-butyl ponbcnroate andr GuprpogË orrlorldl"ðt g"r" athyl
d r!-butoxy aeetoeaetate (omrwr ¡ n*(oEr)ro0) ra æÍ
ylclr!. A, amll quantlty of the Þcnsoylory {lætvatlvo
( CÐGVÍ I ¡ n,c5$€02) raa forned but not purlf !.6û.
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OEJ.CO.Cfr,Z.GOZ.OHe.CRJ CH'.CQe$m.OOe.CH2"CH,

( cÐeffr) (oowrr)

Although tnansl.tlon-netatr elts dlo not lnflluence

reaotlone bctween þbutyl perbenøoate andl arnlnoaræ the

r.eaetlon of per€etere vlth amLdoa le ooneli!enably affeotedl

by euprous eaIts. Berglundl andl Larer"oo8J showed thât
pereetera Íe¡re velry unstable ln amlnea, even at roon

terpenaturo, but a gæoth reactlon oocurr.edl betueea

!-butyI perbenzoate, [¡[-dltnethylformanlcte (OxxtÆII) andt

ottpl¡oug ÊâIta to glve a faln ylelil of [-bentoyloxy'netþ1-

[-metrrylfonmamt dtc ( 0TQUX) .

n.co.r.( ailr) 
2

(orcrurrt)

ff oQ Q rl{ r QIfr.CE, .OrC .Ph

( cro<rx)

It hae long þeen known that oentaln free nadllaals

r.eadtly abetnaot aotivated-hydlrogen atoms fron \ydlro-

oanbone¡ lnva¡lably dlnenlo prodluots a:ro obtalneô.

flydnogen-atoms ¡noet, prone to eueh abatreetlon arc thoee

o(- to an arotratlo rlng¡ the benryl tyTc ratltoa1 Eo

procluoedl enjoya oonetrleraDle stablXlzatlon by

reaonance (Ooo() . thue toluono (ú"JCto(t), cttrylbenseno

(CÐoo(II), qumcno (OQOUII) and p - aad y-p!.oottn6
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(CÐtÐilY antl OfÕen¡) all yleldlett the eæpeetedl dllner¡ rhen

tr.eated wtth å-butoay-r nethyl- andl phenyl- radt!.G*n.57t
109-113 ITo dtrnerlzatlon ocoursr howeyen, ff cupnoua

se-lts are preeent. ïlhen tetralln (CtrXÎft) raa treat€dEO

vlth þbutyl porbenzoatc antl ouprous bromldler the mln

Brodluct proveð to be 1 -benaoylorytetna\ydlronaphthalcnc

(oxxn¡rr ) .

Contrany to thls ¡regult, Bergl'undl anü

LaregsonSS treated tllphenylmethane (mVfff ) untter

elnllar eondlltfone¡ antt only obtal.nedl the tllner of the

rllphenylnetlryl-rad 1 eal ( 6IOCEIX) .

(croocvrrr) (oCIocx)

thon dllaunene (CXI,) 1s pyrolyaocl ln bnolrcbenscnc

at 225o fo¡r 10 lur. ln a eealeat tube, all the dlcunene

la dleoompoeeû. Kha-lraeoh and FonoTl fountt that thc

presenoe of cuplrous bnonltle, ln s¡eh a neaetlont

oonsldlerably retardedl the ülegoelatlon of dloumcnc lnto

euqrl.-nattlcals (CUOI ). Even çhen the temperature çaã

H
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ra!.sèd to &54 MA the pyrolyelr t!,ne ;as lnoneaeoå to

?b hr., 17í at mehångêal illoqnene rae atll1 rooovarad,

(w,) ( oc¡r )

th¿ srûr torrkcre treateô ouuÊn6 (ç[OffiIf) tfth
a n!.xtupe of, bcnroyl peroxlilc (rufV) andt ouproul

ehlqrltlc anit Leslatadl acetophonoBo (CXfff¡r o(-ou4fl
eloohol (QÛ.III), a nlxturc of îaopropy!.b!,Bhcrylr, anll

a largç quantlty of o(-GuEfl ban¡eata (üXûIV).

RæLtltlon of thf a c¡Irentnent ualng !,-bt¡tyl parrÞcaroatc

(X) r1æ ytcfulcdl d-oury1. bønsoatc (ox¿fV) ln !oÍ yletd.

o

69.

( cxr-,rv)

a

H

( cxr,rr ) ( cxr,rrr )
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[lranaaoh and Fonoll atte@te{l to erpler.n tho

aDnormal. c,ffect of eoÞper Flte gpon those rêaetlong.

Oonalilor!,ng tha reaatlon Detrecn þonsoyl BGrorldlG (XffV),

cuprous slt andl oun6n@ (ffi,Irr) , they æggeetd that

tho tntttally-ferne{t ouryl-¡radlloal¡ (gfr¡,I) cos1dl Þe

rcvønalÞly rtnappotn on the eoppor Ëc1t. lhose Ètnqpadli

raûloale eoulat thcn attaoB a aeu bcnzoyl ¡lcroxldlc mleeslc
( 88 anû 89). lbe tndluooó-ltooo@oaltlon of thc p€ro*lalo

rould! tho¡ be *plalncd.

oeb.(ono)uo. + 0u+ : oøb.(cg')e.o€uf ( 88)

ceB.(crr)e.o-ou* + (ogB-@r)a+ cgb.(9n )rr0r*

oOE5.(eE})g.0.0?0.Ph + ou+ ( 8e)

Altcraatlvcly, thcoc rorkcp¡ ouggeøtad thât frce-
railloale oan fbru 6Ep18Gt ln the prco6nc6 of ouproue

üalte. they pnotluocdl æm wldouoc to rbor that aush a

oo@lu (@(LV) rdr forËed bctrcon e ËBEonG meleoule ,

tury1 radlleal and oûprour ealt durfng thc Eatalyscd-

itcqonpoettton of itl*þbutyl pcnorfdte (I,JV) ln ouucnc.
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c6t' ( onr) a'c' * c685. ( o"j) ?.af, + cucl +

c6E5 .1 cn, ), .p.e o ( or5) a.cgb . ouol ( go)

(cnv¡

8llar¡e tlrt¡ ttypothosla raE puËIlßhei!, horevcr,

Eent eperlncntal reaslte havc ahorn. that a railtcal

ç@1or suoh aa (CX¡V) f a unleortant.

Eharareh aail Fono7l aIæ mggosted thst tho acyl

rdleal. dl cnl.vd frm benaelilolrydlo Þy Mrogøn
abstraotton (tg)t ¡al r,ovoralbly ntmppolli on a cüptpou.

loa. and thencfono oouldt aot dd to a bensalilçMo

noileeulo, Insteaã lt attaGkeil thÊ dl-S-br¡tyl peroxl,ilo

(lfV) andt yleldall þbÉWl bensoato (CXlf),

tr

c6n5.co. + 6uol -+ ogB.co.oucl

cgt.00.ou0l + (tl5)roor00(ssr), -+

0#, :cor.t( 083) 3 * ( cu') ,Co. + ouol ( ga)

(ox!r)

(il)
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IÍhen the axBerlmenta fon thle thc¡1¡ rerc

lnltlatedl, the meohanlmr otr the reaotlona þotreen

pcreotcr.a anÉl aubctratac rl.th 1ab11e-!,rydrogen atone

(aa ln the case of oleft¡1-pGr€eter reaotlonc) ras ctltl
obeoune. 8çrora1 ersperlnÊnts preecntd tn thla thaalc¡

theretrore, üêtË aloslgn@d to cryloro tha nechanl m of,

thaae reaotlonç. Eorevan¡ clnllar to the oletrln-

Bereeter reaetlona, aubeequcnt publloatlone Þy othel

lonkenÊ, notaÞly Eoeh!, reaeonably ax¡rlalncd the neohantsn

of theee raaotloag. fcrertheleaa rc dlldl furn!.sh early

evldenae for the oxlilatlon anil reduotfon of frea-r'adllonl¡

by oopper loaa in non-porar aolvontt.68

lheee reaotlone¡ rhlch 1111 bc dl!.eoueoed ln

ôotall 1n a later aeot!.on of thls thccts, provtdlcd

ældlenoc for the oxlllatlon of bénãyl-radlf eal,a rlth euprlo

lons anll also the redluotlon of benEotlory-lradlloalg rlth
ouprou6 lont. thu¡ thc rl€OonÞosltlon of dt-å-butyl
paroxlrle (¿fV) ln tho pres€nce of eupr!.o lona, toLuone

(CnAf) andl bensoate lone, y!.elileil bendl benroata

(CnGrn), lndtfoatfn6 that tho lntcrmedllate benzylrradloala

(0frL\nl) tcre belng oxldtl¡edl.

aëE C"r.+ ou2t + ,6rg.o"r* + Gr¡t (g¡)
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73,

It ü111 be ehofir ln thc aext eorrtlon that an !.ntcruedfato

earboniun lon need not be for¡nod ln thlÊ rcaotloa.

CH2 H2

(qEwr) ( cpovr¡ )

IllEo;laa¡ the cuproua-lon üatâ1ys6al alocoryo¡lt!,an

of ben¡oyl perorl{tc (XLIV) fn þcnsmo tlclilcû 7Of Èon¡olo

aold¡ ;h€æeac !,n the abaonoo of ouprous loas oaLy 2ú
tlclil ras obtal.aodl. fc poøtulatcd thø follælng dt6st!

our + (oenu'@a) a+ ooE,.corout+ + ogb.ooa. (g¡)

C5pt'Se' + Oq+ eeb.@eou2+ ( gr)+

trc aloo auggeetetl that tha aoyloxylatlon d
cthera and a¡lphldca by pereetåra, ta tho proacnoc d
ooppar ælto¡ eoulil proocodl by e slnllar neohantar to
that pnoBoscd bf us for thc atereoapoolflo ewlorylati,oa

of, olefLnr (h5 and ldt).

( ¿) fr:pRoppnoxrp¡¡ nEAorrora

lha lnduoed-deeoqpoaltfon of hyùnogen Bofoxlllc



V1.

Þy ferroue !.one ha$ el.ready boen dllecuesedl. Xoat

ongan!,O-tgrdlnopenoxldes are FXço nedluoetl Þy ferroua lonA

through an analogous pathray¡111{ alto¡y nadtoalE a¡e

thus produeed.

Ro'oH + Fs2+ 
- 

Ro' + of, + Fe5+ (go)

lhe f ernous- Ealt lneluoed-dleeot@oslt lon of, our¡enc

h¡¡rlnopenoxtelo (m.Uff ) has been cxtcna!.vely studllodl.

K,lnetlo reeult sr119-'117 ana e¡arnlnatlon of Brodluott

itertvedt from the rteoo@oaltlon of thte lvd!ûpero*1ûe ln

the pre""neo75 ana tÀ th@ sbeeneeho'118 or cubetratce,

hae lndllcated that thc Wdlloperox!.dle andl forrous lon¡ arc

oonauneô aooordllng to cguatlon (fA¡ (lhene R I
cgb'c( Oxr) r) . Llkert ec, þbutyl lryalrop e¡o¡ldla (fr ¡ bac

Þeon slrorû75 to tlolit þbutoxy-radfcalo undler tho aana

oonilltlonl.

.0H

( cÐr¡.urrr)

Blnoc þbutyl tvdlroperoxtda (f,f) hae beên mors

cstenalvely stud!.Gd than other hydropcroxltear thc
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resatlons of thLe cotpound Ir¿11 nrecelvs rÊoat attentlon ln
the followlng dll scusslone

TYhen þbutyl hy{lropero:lcle le deoonposcd ln the

presencê of oopper or eobalt aalte, two types of flestæ
oa¡r occr¡n wltht.n the l¡ydræeroxtdcr

Ro.oË + rn+ Ro. + ot- + u(n+1)+ (gz)

Ro.oE + r(n+l )- ßo.0. + H+ + xo+ (ge)

( GTxr,rx)

the G¡¡prouo on oobaltoue salts oan r.erluoe the

fVaroperoxtdlc (gZ). thlg le analogoue tothe fìenrous

lon rlaconpoeLtlon of Mropenoxtrlce (96). Àltennatlvely

or¡prlc or cobalt!.o ealte tråy o¡ldlze the þdlnqrerox!.dlo

(gg) to glve alkyl Donory radteals (Crurx).

0ampbell anll 0qBlngo"r119 antl Eharasoh and hla

co-rorkerarhg have prørltleit evldttnoe for the exletcnoo

of theee al.kyl pero¡qf nailloala (gefX). !!he forner group

of rork,ene ooupledl þbuty1 peroxy radtcaLs (C1..) wlth soilG

atyl lredlsale to pnoduoe þbutyla¡yl peroxfdlea¡ the

latter gr€¡rp treatedt þbutyf p€roxy ndlcals (af ) Éth
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oleflni, to Þtloduoo !-butylalkenyl Þê!'Dd.d e¡.

(on,), soo.

( or)

Íhe leoncr illstrtbutlon la of lntereat ln theeô

latter neactlon¡. |!he raactlon of $-¡q1yl porory

ralltoale ;tth e6t-1-Gaö.r tn the psescnoc of oobalt salta,
ylelöcal nafnly !-butyl-O-ootanyl perorfilo (ÉT,I). yery

ltttlc of thc !.amørto perortdo (GLII) ra¡ lælataû.
llú.e ls a ¡û.nú.lar dllat¡rlbutlon of 1ã6GrË to that founô

turlng tho eoppcr-lon eata.lÍacd-dcöoeoêil.tlon of bønaoyl

p6!orf6ê (Xff V) tn Þut-{-chc, S
*l)¡

oEr-(tEz)r,.GErGtr.'oH¿.oec(m¡)r oEj.(atre)
U. 

CB.OET 0Iþ

(orr ) ( cr,rr ¡

fharaech and tonoll7rl*o dudted thc ooppcrç

Eatt sataltsed-ilcæ4posltlon of !-¡n¿yl ÌUûrspeno¡l.dlc (ff )
ln tho Þleêûrcô of ouaenö (CXn¡lf ) ad leolateil Sbutyl-
o(-ouqfl ponor!.dle (Cf,fff ).
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.oc[cH3]3

(crr¡r)

theeo rorqseltbTrl2orlfi also fountl thåt þbutyl
pæory glloupe roulil ¡rubstltuto lnto thc ¿(-posftlong of
tsatoae¡, øthena anil ntt¡rlIear the $-notlryl groups of

[,rÞillnetlglenlllnc anil the aLþIto-nosùtlen of oldln¡
rhen thesç rltlbÈtrateo n6re precent ln thc reaetlon

rl¡tulG¡ fn el]. caseGr 3-butyl poroff,-auÞstttqte6

oowounrla rene tho'produoto. Oumne Fdnoperouldc

(m.V¡f ¡) Uatravø ln a elnlla¡¡, faahtoa. the follorlng
æobanl m rai suggeated for thcae lcaotloa¡.1Ð

Ro.oH + Iù Eo. + I( or)+ ( gg)

RO. +Bft + ROE+X|. (too¡

Rr. ¡ Ro.o[ + r(ou)+:-+ nro.on + rt + trO (tot¡

tbnr¡ the ouprouÞ o¡F ooÞaltoupcalt ll
ortdlsait dturtag tlæ Þ¡rodlustlon of alhory naôfoal¡ (gg)

rai! lg thon rodtuoot to lts or!.glnal valcnc¡r-süatc ùt tbt
ox!.dtatton'-step (tOt). A traoc oú rctal-ea1t rill
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theretro¡re oatal.yoe theee neaatlone to oo@Letlon.

Eharaaoh anü FonolÐ suggesteit that thc

o¡lttatlon-st€rp (tOt) eoultl folloç one of tro pathraya¡

( a) Oleevage of the llytlropenoxldlc Þy oupnlo-

or oobaltlo-lont (98) to y!.e1d! free a].kyl Betsox,y radltsalr,

rhloh could then oonple rlth the eubstnate raalloÀl (tOe).

RO.O. + Rl.-à RO.ffif (toz)

(t) Conqpl6-fs¡¡natlon between the Fclrope¡roxl¡lo

andl subetrate-nadlaal (lo;)r snil aubscquent oxidatlon of

the ooqlex by auprlo- on eoþaltlo-lona, to Xtoltl thc

pnorluet s (t ola) .

Rt. + RO.OE--+ RT.HO.OB (rc3¡

Rf ¡Ho.oR + M(oE)+ Rto.oR + lf+ + HrO (rot)

frhen the oopper @1t-oatalyoeel-dlcoonposltlon of

þitropenoxtdleg 1g cannledl out ln the prôsenoe of tnert

aolrenta, lange quantltles of noleaul.ar ôxygen arQ

wotveil .1t3,1ú,122 Íharaeoh et dtt' orlgtnally suggoetedl

tlrat furthen neactlon of the alkyl pero:ry railloal (gILfX)

rlth Çupnlc- on eobaltle-lonør ooulil pnoduce orygoa and

oa¡rbonlum lono.
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Ro.O. + cuz+ R+ + o + Cu+ ( roE)2

fhese ronk"o"lÐ later rryudLateÉl tlris theory

because no aoetate*fo¡natlon occurredl çhen the reactlon

ras oottduotell ln acetlc aclil. l[hey cuggeøtedl that¡
elthe¡r the lnteractlon of two perorÇf-¡e61oafe (f 06)r o!

thø reaotton betveen a perory radllcal and hydlroperoxl.dle

(toZ)¡ coulcl produoc the oxygen.

2R0.0r Ð 2R0.+Oo (to6)

R0.0. + RO.OE- -+ ROH + O, + R0- ( roz)

The oxldlatlon øf Ìiydlnopenox!-cle¡ Þy oupn!"o lona

to fonn petrorJ¡,-ledlloale (gg) raÉ shora, ln the prooeûlng

dtæuoalon, to provlcle a poeelble synthetle route to tho

format lon of pelFo4f-eonpound g fro¡n llydlrogepilonor

tub etrat eg.

Unden aentafn otroungtanoeE, horeyer, th!.c

abnornal oleavage of tho O-E bond ls unileslraÞle. If ,
ln the presence of addetl antonø, the eupnf.a aalt oouldl be

errplryeö tn oxldlLztng eubetrate-radllcala to catlong, the

eubeequent lnteraotlon of the two lon!.e qpeclee çoulô

leacl to new prodlucta. Thue, lf the adlclod anlon ?as a

oarboxylate Lon¡ an unllmitedl nuriber of eeteng oould be

formed, dlependlng upon the natune of the øubstrate and
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oarboryll€ acldl. Underr thesc elrousrstaaooer thc

abnormal oleavage of the O-E bonå of hydnoporortde by

€uprlo lone wouldt reeult tn e dtaflol6noy of êuprlo lonr

aatl the pnodluatloÊ'ef umantedl by-prodltlctË.

lht s iltffloulty nae @6treon6 Þy DG lra Xarc .& SI
rrhaa they ssed a ntrture of ferinoug rnd O¡¡prfq taag aÜ s

catalyetr Ehe forrose lona cleavci! tho hydlro[,crtÖfldlc ln

thc sonventtoneJ rþnner ( gZ) anil the oulprlo lona orldl'seû

the sutet¡rate-r.adleal, îhe folloçlng nechaRlæ nan

suggeetetl fon the fonrnatlon of Þhexenolo aelil (6]tlV) flon

f-hrano¡y-l-hJrdropenoxyqyolohexane (CffV) E clng a mfrturc

sû fs¡roua culptrate andl ouprlc eulplrate.

EO 0.oE moö

.oEs(c%)q oof

e8

+ FoÞ + of (io8l

( rog)

+ ?o8+

( cr,Iv)

EO Qo
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.oBa.lcttr)¡r.OorE + ou oxrrcn.( oHa)r.coz[ + cu* + Ht2+

(øv)

cu++trcÞ+ ou2++Fa2+ (rtt)

lhc o¡ldtatlopneduetlon potentlaf s (ln volta) of

tho ryetona raÞ.->Fo2+ ard cue++cu+ are o.79 andt 0.16

respeot lvely. Thus oquat!.on ( t I t ) ahouldt be erpeoteô

to prooeeå otoothlY.

When thc lvdlroperoxttlc (Of,rV) çaa trscat &125

vlth ferrous culphate but no cupnlo !.one¡ oxfitatloa Of

tho substnate-radlcal dldl not ooeqr¡ dllnerlsatlon

reeultcdl (r r a) .

z.üEr.(0Hr)¡.00'E -> 
fre0.(cna)to&au (rz)

Dc La ilara .E!, .e¡28 ghoroat that oupr!.o lon¡ ;6Fo

unnGo6ä6æy to o¡rldllse the substrate-radfoal !'f thc

fcrrou¡ glt oontalnedl grottps wlth good llgandl-trandcf

Dropentlet. ![hua fernourolrlorldle and - thlooyanatc

noaEteô rlth the Wilroperoxlde (Cf¡V) to glve thc

oorreepondtlng <¡ -subet ltutctt høranolo aoldle (OfVf anð

grvfr).

(tto)
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clonz.( cHA)b.cozH rGE.CHA .( cE2)4.OO'H

(cr,v¡ ) (cr,wr)

r!.nlaol and hls oe'vorkeral 2b-1?9 extenstvery

atud !,eil thl. s fteltt of lydtroperodéle*tlcocmposltloa. Tho

anl ona the y u sedl lnotr uil eö Otr- , o1- , 
"ro l'-, 

f i andl ffi[- .

Khe!.aa6h anal ForrnlF have shorn that oqprlo

lon¡ dlo not aleavs lgrelropenoxlelee abnormalfy (gB) under

ocntain otror¡natancè!. fhe *lilatlon of eubetratc

raillealg lg pnefenred, ln theae reaotlonør antl ths

neaultant ouproua lons oJ.eavO the bytlro¡rerorldle ln thO

oonventlonal nannê! (gZ) .

Eenee a mlxture of cyclohexene ard benzolo aeldl

leaotedi vlth þbutyl þtlroperoxlae (f,f ) fn the pneeenoc

of ouprous slrlældo to glve s' 9Ol yleld of oyolohexenyl

bcnzoate (Xlf ) . Thepe traB nô evttlence of abno¡ual-

oleavagc of the hytroper'oxldle (Eg) by or¡plto l,oae, the

allylto nadlloalc ç€re pnoferent!.ally oxldllsêtl .

When oct-1rêb€ ¡ae the aubøtrate, the nala

prorluet Þnove{l to be l-pentylallvl benzoate (Xfrf ).
S!.nl1anlÍr I nixtune of eyolohexene andl phthallnltc
(gf,lllff ) reaotedl utth $-butyX Tryclnoperorlcte (LI) tn tho
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D!|.s.ücr €É owlaur ahlæLdr to ytol"ô.Ë¡oyofohEoryl

ptsthsllrl.ð. ( qLrI) ,

(@rTrrl (orrr)

H
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DI SOUSgTCffi

--
Thc aln of thlg work ras twofoldll (a) to atte@t

to elueldlate the nochanlen of the meta]'-lon oatalyaeö

reactlons of !-butyl Beresters ;lth oloflnar anil othor

subetratos andt (b) to oanr.y out a ðurvey of netal-lon

oatalysedl neaottone of perory aorpoundla r!.th a varlety
of eubetnatee !.n the hope of obøervlng tnandormatlons

of potentlaL qmthetls utllfty. thøee two aqleote of

thle reeearçh proJeot rtII be dlesuaseil aoparately ln
tho followlng Eostlone.

( a) rEt$.ANr ffrc srIrDrEE

1. General

lfhc tnfonmat!.on oonoennlng the oopÞôr-lon oataLyeeil

benaoylrylatlon of olcflns andl othæ aubstratee rlth
3-buty1 penbenroate avallable to u! et the oonmencement

€û thle lnvestlgatlon has bøen rlleousged at length ln thc

preoedllng seotlon. ![he ealtent features to þe

aoconnodate¡l ln any vorklng hyÞotheels rere aa follwe¡

( t) îhe {leoonnpo¡!.t1on of !-butyl penbenøoate

prooeeda nore napldlly when oopper tone Erc proeent th;an

dlunlng thc uncatalyceil therml-reaotlon. In tho

abeenoe of a aubetrate, the oatalyeedl-reaetlon yl.eldla

bensoLo aold andl metbyl benøoate.
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(ff ¡ The eoppep-lon catalysed bonøoylcocylatlon of
oleflns prooeede rtthout poeitlonal isonenlgatlon of thc
rlouÞle bondl.

(1[1.) ÌThen tha eoppon-salt catalysod reaetlon ls
eonduetodl !,n the presenee of a largo exeÉBe o,f a
ea¡rÈo¡yl1e aoldl, lt yl.ekle the appnoBrlate sarboxylato

ogtot.

(fv) lhe reactton rl.th aubrtnatca other than

olcfint, proooei!s at po6ltlone nost aueoeptiÞla to
attaek by !-butox¡r radlcalr.

(v) ocnncyre resultn66 or traoer etuitlca ehorcð

that thc þbutoxy nsittoala, ln theao roaotrono, rsre not
trqo f¡lce-radll.oal c.

tX appeared thst there raa no slupXc lg¡pothcatr

lncorBoratlng all of thoae experlnental obeenratlon¡.
shc ffuFøt aooeptable neohanlam¡ whloh rac bagedl on analog¡r

rtth knovn neaotlona, ra6 suggeeteil È,y Kharasoh .gÊ, gl58

aa I,n eguatlon¡ (¡8-ha), (where RH - a reaot!.ve subst¡ato).
Eotevcrü tht.a neohånlsn fallad to erplaln the taok of
laone¡:lsatlon of thc clouble bond of oleflna ln theee

reaotlona. Xt aIæ requlr.eð thc preeenco of free !-butory
railloal e.

Pnobably the moat aeoçtable meohealeu avallable
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to usr at the oomrenoe¡nant of thtE wortr Eaa that

oonoe!.veü by Donnw .gg gI.65 tho!.r s¡ggeatcll ôonocrted;

uaohanlan, fnvoLvlng an tntormsdllate-oo4lor botrocn ths

aubstratc moleouler þbutory nadllGalr 8ay1o*y ¡radloal

an6 ouproue galt (xIC[) , eÐlalncô æny of the abovr

featunes. ft oÐeclally explalned thc laok or leomeríse-

tlon of tha ôouble ùonils of oleflnr¡ antl also dltt not

nequlno the fornatlon of frce þbutory nedllcal¡.

At the start of oul. lnveøtlgatlon, to dleemed lt
nðq€saarÌy to dlemongtnate that all translent-radlleala ln

theaa coppcr-ealt eatalygodl roaotloni of peroxtdlear Ílre
ualtcrgolng ozldlat!.on or nduetlon by the coppcr lons.

Altho¡¡gh suoh etepa 1616 çell knÒil¡ !.n other rcaotlono

(grg. Fonton, Eandmeyet and lfoerr,eln neaot!.ons) andt hÂ{l

bccn aaeunod to panttstpate ln theae peroxl.dlG-Peaotlotler

there tradl been no eubstantfal proof that suoh proooäeao

Ittd aatually ooeur. Wer thcrcfone, lnltlatedl thl¡
l,nvestigatlon by clrovtng that frçc-na{lfoala, fornetl llurlng

pcroxlilc.reactlonø, oouldl often be oxldlløc{l or leduoedl by

ooPper !.ona.

tlron dl-!-butyl pero¡ld@ (tIV) raa ilooompoeedl

thermally ln the preccnoo of toluene (CFOff) r large

guantttle¡ of blbenayl (ctx¡ Íere obtalned. fhist
obvloutlÍr reeultsd from tho dlm€rlzatlon of bonsyl
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!ait!, cal c ( O'F,Vf I ) r tþ¡Eeû Ð the abât$aótt on of a¡

<-htd¡rqen atom of toluønc by !*butory rEilloal'g¡

( oxr) fo'oo( sË5) 
5

e( oB¡) 5oo'
(sb)+

(rrv)

c6E5.ffi, + (0Ë5)500. 06a5.ofe. * ¡onr)ro.oE (tt¡)-+

(orfür ) (oxr,v¡r )

e o6\,.cH'. ;+ cgB.CEt.cHg.66$, (rr¡)

(ol.x¡

lhcn ltll*f rcaotlon ras æBoateü ln the pretsaaoü

of oac nola¡r cqulvalent of oupflc benaoate¡ tho yloldt of,

blben8l (Cf'X) rag g¡r atty reduoctl. onc of thc

prodluote proveô to bc bonrVl tan¡oats (OXf,Vf ), thur

prørtitlng uneqr¡tvosal oY.ldtenco for'the orlilattm d
benryl radlcals tÏrroughl alther, an elcetron¡tranúcr

noohanl æ ( glr'|lil ot a ll ganå-traagfËr p66hanl m ( t 16) .

oeB '6F,2t + ou2+ a6ng€Ee* + ou+

06+ €Ëe* * c6t.0oe-Ð 061.s%€ec.0685

(g¡)

(r¡)

( mrv¡ )



ogB.or2' + o5Eu.corouS+ -+ e6H5.oHr.orÚ.66tr5 + 0u+

ilbcn bcnroyl parsrtltc (xf¡V) raa ilaoorpoæt

thcrnal"ly tn thc absanee of netal-ealttr lt t!.clöod

r¡nstablo bea¡oylory laä!,gal¡ (Xf,V), rhloh v6!y reBt.dlly

bnoke donEâr151-155 tntø phcayl redLeal.t and oarÞon

dl,lo¡ltt (gl rtt t)

(o6b.oos)s -+ e o6tl@a

(xl,v)

(tte)

(¡s)

(rrz)egb.Qoz 0ø8. + 60t

lFlrur, otrr arper!.nents proûuacit d ?ú ytsld of

bonsolo acldt aadl a T1* ylet'dt of oarbon ôlorldlc.

thesc rcaqlta rc!6 va¡tlf lllff,æcnt rhon a tmla¡

cqulyalent of, suprour aalt raa adlilcil to thr roaotlon

lrl¡gtu¡pl, ?hc yletila of thc protuots ?*c praetf.caflit

lgysaeed. lbuc¡ ro obtalnedt a 6Ef yleld of ùen¡ols

aolt an{l a 26Í ytelit of oa¡rÞon dl.oxldo. fhls 1¡ nogü

rcadlly axplaino¡l þ tho hyBothecla that the tran¡lcnt-
Døagoylory raill.oalE r6!G redluecil to bensoat@ lons Þlr

thc ouprou¡ aalt (¡0), '[hc æGne oouldl¡ alternattvoly,
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be nepresented uy (g¡ anrt 95).

.lfherre eøempd Llttle dloubtr therefo¡tor tbst the

Þagt6 of aLl thee6 eopper-lon oatalysed neaotlone of

peroetêtlÊ¡ peroxldea andl lrydlnoperoxt.dleer rae one of

oxldlatlon or ¡rerluotlon of the tranelent-Fadlloalts by

GoppêF-lons. tt nuet be renrembered that the abovc tvo

cçerlnenta rene not oatalysetl by the eoppen ea]'ta. In

tho forner eagc of toluene, the cupnlo benzoate waa

aotlng a6 a tn¡e oxldltfngragent, rtrlle the ouprou¡ ealt

ln the later sasê ats o true neduolng.agont. [oert

ooppeF lon-Beroxlde reactlone reporteÉl olther bøfore or

etnoe these prellmlnary exp6rlrnentå !.h this laboratoryt

Ío1lo eataf,yscil by the copPetl 641t. fn 5r¡oh emperlnentat

anly a traoe of eoBpen salt rat rêqulred to aeeonÞllub

all the oxidatlon and neeluotlon stspa. lhe valency

Etatc of tho eopper-lon, b efore the etart of the reaotlont

ra6 not crltlea!. It aoemed ltlrely at thle early øtagc

of our !,nvcetlgatlon, therøforo, that the nlnutc quantlty

øf coppør lone¡ ln all theac reaotlong, rae o¡ldllseit antl

r6fluoodt eonttnuoualy throughout the rcaotl6nr henee onlt

amall quanttttee Íera nequlnd.

2.@
Eevlng thue establtohed that the baclo funotlon

of oopper-lone çae to o:ldllse or reduoe trancleËt-radloall
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l.n theee peroxidle neaetlona, re then extonde{t the

lnvestlgatlon to etudy thc neohanl@ of the copper Çalt-
oatalysed perasten-olefln reaotlorrs¡ IIp to thta etego,

the' only atterryt to erplaln the noa-posltfoael. tsonerlsa-
tlon of the double bondl¡ ln theeo reaotlonc lrail bcea

oerrlett out by Dennc,y gg gt.66 At that tlne, theln
ooñplex-transltlon statc (Fe() appeanert qulte rêagonabla,

but laoked confl¡rmatfon.

Aosorillnglyr r'ü oa¡rnld out a canlaa of,

rGaetloas of old!.ne rlth !-butyl perben:oate, !.n thc

r¡r66onae of ooppen-loas rtth tro obJts8tlve¡ tn rn!.ndl¡

(1) to oonflrnr the exlstlng neporta that tho
dlouble bonlla of the olef!.na rlldl not f eonorlse dunlng thoao

roactlonr¡ ann

(tl) to obtaln ¡¡ore lnfornra lon a¡ to the naturc
of the neohantm of those stcrcoæ6€lflo rcaotlona.

thereforð, ve oatalytleally-6eooryoccd !-butyl
Berbenzoate 1n the pregenee of oot-i-cno anil fount, ia
euppðrt of the neaulte of Eharagsh -q[ glr59 that tho

ternLnaL-double bondl dlldl, !.n faot, renaln in tho
tcrmlnal-poaltlon tn thc naln pnodtuot, rhtch proved to bo

1-pentylallyl bensoato (Xfff). florevor, there rel
ovldlenco of thc preeence of a enall quantlty ( a tOf) of
the lsonerl.o'l -benzoylox¡root-p-ane (Xtt) .
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.Àlargenquantltyofnearrangeelpr'oiluctrÍaa

obtalnedl clurlng the oopper- salt catalyseal ¿locompo sltlon

of dl1-þbutyl perox!.tle (f,fV) ln the pregenoô of oot-|ç€BC

and aeetle aoldt ¡ but the rnaln procluet of thls reactlo'n

agaln præeit to be the !.eomer vlth the termlnal tloublc

bonrl , X$8 . 1 -p entvl al'l.yl ao et at e ( CfXf ) .

oE,. ( onn)4 .6H( oAc ) 'oH¡ cra

(cr"tr¡

A reaotlon of a-llylbenuene (xvrrr) antl þbutyl

Þerbenzoate ln the pllesence of auprous s8Lt, oonflrmed

tbe earller neipor.te that the dlouble bondl nernalnd ln tha

terminaf-poettlon e'ven thøugh oonJugatlon çt'th tha

a¡rouatlo rlng oould be aohlwedl tf teonrenlratton ttdl

oocur. l-Phenylallyl benzoste (XfX) pnovetl to be the

only ppodluot lsolatedt. EoveYer, a r6pltitfon of thla

æsperlnent uelng bensene ae eolvent (no eolvent hait been

ueedt tn the finet atter¡pt) reeultoat 1n the pnodluotlon of

a smalt anount of clnnarwL benuoate (XlÐf ), but

1-phenylallyl beasoate (XfX) again provedl to be the maln

product.

When !-Èutyl pernbenzoate was dleoo¡rpoeod ln

tho Breeenec Of excegÑt eholeeteryl benøoate (CIJ(II) anit
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a tråce of cutprous salt, poorr ylelds of eholeet-|-çî-}p t

7 p.dtol þbenaoate (0f,Xfff ) antl lte 7o(-leonrËr (OfxfV)

r6n6 leolatedl ln appnoxlnately equal quantltt es. . ft rac

coneldleredl that these illsappolnttng yieltlE Fere ttue to

exceEslve dlllutLon of the penee'ter wl.thln the solvent

(benaene). Aceordlngly the neactlon rac repaated uslnÉ

a gncat eroess of þbutyl Benbongoate. Âlthough

coneldlçnaÞle dlankenlng oceurrcd, and nany lryure colounodl

olls Ìrcr6 obta!.nedl, a hOf y161d of both ørpluere (q-:ffff
anil CIJ(IY) taa leolatedt. I{o leomerlsed pnodluete eouldt

be leolatelt. Ho'wryen, a thlnd æperlnent oonductecl ln
theae labonatoot""l* illet yleLat a trace otr the teonerto

oholo6t-l¡-s¡1-Sf ,f:atbenzoate (CIfiV), ln arldltlon to a

falr yt el¡l af ft:.ø 7 f and 7 a qrlners. Uallke thc

prevloua tro erporlnanta¡ thle pa.rtloula:r r.eactlon ylcliledl

produote vh!.oh hadl hot been hydlnolyeedl durlng the

oluromtog:napþ. ![hus the rllbensoate eetene w€re obtatnct
(OI.XV¡ andl CIJC\ITI) lnctead sf the pantlal.Iy hytlrolysêdl

prodtuota (ofXftl and CTJCIV).

It ls of fntenest that the 7¡3-eplrner (0f,Xf¡f)

elways preoededl tha /o( +qlmer (OmfV) durl'ng oh¡omto-
gnaphy. Th!.s ls unerpeeted slnae ttrre 7 f -erpimer l0fXfff )

la equltorlal, whlle the 7ø(-eplner (CIJfIV) le arlaI.
lfhere ls, ln faot¡ EoIn6 consklersble confugion ae to tho
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true conf tgunatf.on of theee com-oounde. 155

Ae a reeult of all theee epenlnente¡ re
reaeonably oonoluüctl that oleflne reaet with !-butyl
pcnbenroate tn the prêsencë of eopper-loaa to ylaldl

producta ln wätoh no raarrangenrent of the iloubla bonrt

had ocourrcd. Aooondlngly pe turncd our attentlon to a

atudly of the neehanlær of theee qeclflo reaet!,onø.

Ît appeared eeeentlal to obteln pnoof fon the erlstenoe
or abeonoe of fnqe þbuto4y radloalÊ ln theee reaotlone;

the resulta of Denney g¡ 4¡6 naa ehoça theee radloare to
be onðer sorre forn d festrletlon dturlng llydlrogerr

abgtraetlon fnom the allylÎo-oosltlon of oleflne.

_ When ve tl¿oo@ose{l !-butyl perbensoato ln the
prÇeenoe d olefrne anil oêrtaln othen substnatea, uncler

eealeil aondlltlone, re obtalnad aeetone anil þÞutanol ln
Eln!,lar ratloe regandllese of the preeenoe o¡r abeenee of
ooppen*loaË. llhua, rhen .tebutyl perbenzoatc mc
decompoeedl ln the pretsenoc of tol.ueno (cml), uelnß oçr1o
benzoate aE & eatar,yrtr the ratlo of !-butanoL to aoetona

res lr.O9 to l. A rqeat of thts crperlnent ln thc
aDecnoe of, oupnlo bensoate gave a ratlo olf .$-butanol to

aoetonc otr tt.El to {. Although thecc patloc arc not

eonalstent ulth tboac obtatnedl by Íllliana gÈ ùjfi lt
nuet be polnteil out th,at theae flgunea are âot ratloe oû
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the relghta of the Bnocluots. they rôre, tn fact,
obtalne{l fnon the G.L.C. surves of theea oonpounds by

r€mvlng the paper lneldlc theee ouFrce andl rolghtng tt¡
thef are there,fore a coqrapiaon of the relghta of theec

eurvot. Ehc þbutanol-aoetone ratlos vere aleo alnflar,
ncgandllese of the Breeencô or abeenoe of coppore-lono,

rhen oyelohcx€ne raa a cubetrate.

thege rcaulta¡ of oouree, lndlloate that !-butory
radloal s a¡G, 1n f aot, ÉEgg,. FrcF þbutory raillealt
undlengo tro conBetf.tlve ncaotlons. thoy oan e1th6ü

abetraot a lablle lgrdlnogen-atoB f¡om a ËuÞgtrato-rcleoulc

to ylel{t þbutanof (4r ) , or dleoonÐoo57 tnto aoetonc anct

netl4¡l natllcaX.a as fn (¡6). thc relatlvo ratos of thooc

aonÞetltlvc rcaotlone dløpendl uBoÊ the tempenatura of tho

neaotlon-mlxturo and aleo the nature of tho auÞstratog

Breecnt. 8l,noe both theee va¡rlablea çB?o oonataat ln
the above dlesorlb€d oompetltlvs reaott,ona, tt 6oent

llke1y that the forrnat!.on of Ég9g !-butoxy radlloal¡ raa

not af,feotedl by the pregenoe of oopper loas. Hadl tho

oøpper tona reetrlotedl the formatlon of free 3-butoty
nedloal¡ ln æno raJr, tho ratlo of þbutanol to aootono

roulil haYe becn dltfferent to thst of the unoatalyeeû

reaotlon. fhe prosênoc of frnee þbutory radlloalc ra¡
laten oonflrmetl by the ratc stuallcs of Eallfng g!. gL.137
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lfb,e reeulte of theae erperlnonte lnðloated thât

the transltlon-Etatc (]Gr), auggeuted by Denney .gÈ -AL66

oouldl not bc aorreot¡ fon lt nequlred the þbuto¡ry
rarllcals to be ln a conÞlex rlth the oopp6r-1oa antl not

exlst ln the fpce stete.

le thereforo oonoclvd an alternatlve lrypotheetc

rhloh raE dlealgneit to eæLafn ( 1) the erlEtcnec of ñee

!-Èutoqr ratlaa1o, ( lf ) t'ho lndtuaeû-deootrpoaltlon of thc

B€reete¡ bf @pper loner sndl (Uf) the non-leonerlzatlon

of ilouÞle bsntla durlng theeø neaotlon¡. We had llttle
doubt that the pereatsr was reducc{l by ouproug tone aß an

lnltlal atep ln all these reaotlotra. Indlcc{lr Ebarash

gË gl58 had onlglnally euggeetotl that theee reaotlon¡

rürc lnttlated by the Guprouó-lon reôuetl.on otr tho

pereeter to yleldl fnae þbutory nadtoale andl the ouÞrlo

oa¡borylate ae ln (38).

Althoughr [n pnlnolple, thlø prlnary ñep appeareil

fcaltblc, lt aeemedl probable that the lntlnatc neohan!.sm

lnvoLveil redluetlon of the Bcreøtar by E eulrnourolcÉta

7f-oonple:r rather than Þy an t.aolaterl ouIrrou¡. ton. 8lnoc

ouprou6 lons andt oleflna v6ry readlll'y fonn Í-oo@l,exeerl38'

It roulil aeên unueual fon the peneetør-reductton to be

aoooqllcherl by an unoorylexeil-ouprou¡ lon. fhle ls
cspeolally lnportant rhen tt ls reallzedt that thc
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olcfln concentnatlon eseeedls that of the euprout

oataLyst ¡ oftenr by EeYGraI hundtnecl tlnee¡ a altuatlon

rhteh rn¡st favour relatlvely l¡1gh eomplex-fOrnatloA

Þotroen ths oldln andl ctrprous Élt.

lhe rorktng l¡ypotheela, thoref,orc, tnttlally
rcqulnd thst a fl*oolttP1e: þo for¡ned botveen the

rt-eilçotrong of thc dtouble bondl and the oultrollÉ Úalt.

IÍo oon¡ldcneil that lt rae thlo eo4l6:ß rhloh roðuocil thc

percsterr Es ln (f¡)r and not a f,r¡o euB¡PoueÉlon as

ruggeetrdSS by f,lrarasoh -s!. g,t (38). Íhe reltuctlon of

the Bencaten þ thc rf -ÇotrPler voultl result ln tho

fornatlon of free S-butory nadloale andt a ooqle¡ (X¡Qtlil)

betwocn the ol'efln ar¡ll ouprlo oanbolylatc group (h¡).

Thcrc appearpe to be ltttle evlctenoe ooncernlng tho

ext etencc of guprto-oXefln í-oonplGrasr

Onee thc ouprto oarborylato-olefln rf'oonpLc¡

rac forncdl, tt E6cnB ltkely that bsntoylox/lat!.on of the

a11y1le-psa!.tlon oould ooeur by the tnanefer of tha

Oanbo¡ylato fipom the ouprto-lon to the all.ylt6-¡rôe!.t1on,

aô ln (4q). Suoh a proooÊgr lnvolvlng onc-eleotren

ahlfüa¡ accneil qulte aoceptablo, for lt pnoocadled through

Ê .sltr-nenbefeil nlng translttonrstate, The drlvlng forse

of thts 6tep rae tto-f,olô¡ It ooneigtedl of thc
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aÞstmet!.on of the a1Ly1tc-hyclroßen atom by a þbuto:g
raitlGel, coupletl rfth the tonrloncry of the ouprle lon to

attafn nonsvalenoy anð thua be nore etr.ongly oottple=edl

to the doublo Þonil. ThlË neohanlon, theroforer nequlnee

that the hyrlpogor¡'sbetraotlon andl benzoyloxylatton Of tho

Faeultant a11y1!.O-raillOal ooeura ln a OOnoerted Inanner.

fht¡ rortlng l¡rpotheole erpla!.ncd tho laek of

posLtlonal leomenlsatlon of the ilouble bonil beoeu¡c

tt raa a¡rtl.elpatett that a tlouble-bonll oonplexa¿l wlth

coppor lona rouldl not be free to mlgmte. Wc also

eoncldleneû an altennate rcr'klng hyBotheele, çhleh ras

Dauloally the sane aa the flret rncohanlsm (h, and ld{).

Tlrlø aev meohanlan took plaae !n a conoerted nanncrr aÉ

elrorn f n (tt8 arill {19). Ilrio eacmc dldl not aocount fo¡r

the foruratlon of acetOne ln thsso reaotlonar horeycn.

00 o,-a( cH), o- Rf,r

oE I a
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î"
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ou2+ + (onr)50.c

c

(ra)
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Aooondtlng to these above lvpothetloal Eocttrèút

ln thc absanec of oop'psl' tons the oonvantlonal

unOataly6edt-dtcoonlposltton of g-Þtfyl peneatenc çouldl

oôeu¡r, andl tho double bonile of tho oleúlnsr n6tr be!.ng

free to f,sontøe, çouldt yleld equal quanttt|ea of eaoh

lsonerlo produet.

there havo boen vory Eßny osêea of slÏ$lc 6thert,

ÈenayL ethcna¡ oyello øthergr thlo othara, bansyl,

Eulphldlcß and aloohols al} Þclng aeylorylateil tn the

o¡-poa!.tfon ilurlng auprougÊ6atalysodl p6reÉtcr naaot lon¡.

ft nuat Þe a4hasls6il ln paøalng, thorefore¡ that the

abovo [ylothesta aleo readlly cxplalna thaas rêeetlont"

A¡aumlng or¡proue andt or¡pnlo lons oan form CorÞl6x,ea rlth
ethc¡rla1-ofyg€ng BDil the orygên atoüc of elcohole¡ thoEc

oorrpl.exoa Þetng anslagoua to thoec fonmcd ulth olefln;,

the aoylrylatlon ooulil aga!'n prooeeil by a Il'gandl-

transfen neohanlam (f zQ-i 22). Agafn, tha llnlvlng forco

oû the o¡lrtatlon stcp (lZZ) çould be the attalnnent of

rcno"ale¡roy by thc ouplf o [on. rhleh vouldt yleltt a Grre

staÞ1c ooçler, anil thc abetraotlon of thc c(-hydrogen
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thla rortlng t¡¡pothesle appeared conslstcnt rtth
all rtoo¡{ed eæerlnental results. Xt gooountcd fol
tha ed.etcnoe of frae þbutory radloalo, tho lnüuocd-

tooompositlon of thc pËr€ster tf coppon-lona anrl thc laoÈ

of læner{¡atton of tho llouÈlc bonile o'f olefllna. It
ooul.dl aleo Þe applleû to thc acyloryletlon of other

auÈetratea auoh aa cthens andl aloohole. Eo;ever lt
rçgulred that thc allylfo-poeltlon of olcflns nuaù Þe

v6qf aetlvatcr! by oulrpourÈlona torarda hytaoganF

abstraotlon by þbuto:ç¡ rdtcals. rf th!,a rac not BGr,
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then the¡ro appeered to be no valltt reamn why mny of, tàa

!-butoxy radleale ûould not abetraat eJ.lyltc-Ìrydrogen

atone from uncol@lexêd oleflne. If tbls happenedr tha

allyllc-railtaal (nnf ) æ pnoducetl sþoul¡! yleldl La:nge

quantltlee of lsonerlrËd produetÉ. lDheroforor â BeTieE

of Oonpetltlve reacttoaa bet¡reen oleflnlo anfl nonF

oloftnte Bubstlrates wa6 atterçtei! to prove thatr fn the

prgeence of Oup¡oua lone¡ thc oletrlnlo-AubstratG raå

a nuoh nþre Foacttvc æsolcs than ln the abscnoo of

or¡plooB loü!.

WTren aa eqqLnolar mtxture of sycloh€rene an'il

eycl.ohexane raÉ tnoated wtth þbutyL ÞGrtb€nzoate ln thc

Bresence of oupnous chlotltte, ¿ll tho ester pnoduets

proyed to be gyolohcr6nyl bensoate (Xff). Thto ç¿6 voly

eneouragtng for lt appear€dl that the alkene ras lnileedl

y6¡ry nueh tûorê neaetlVe than the altsano. l8hte ti]eactloA¡

rh€n reBeateel ln the absenco of eatalystr ylclfloil

¡ubstanttal quantltlcã of ayaloheryl benzoete (Cf,X\fff I).

It appeaFedl, therefole, that the olefln m.a muth leEs

rcaetlve ln the abacneo of oopper lont.

o8.3
(oumrr)
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A sl'¡Lrar oo@et!.trve noaetron betvcon cyclæ
hexene andl 2¡?¡lplalnetltylpentane (CmfX) raa loea
olean*out. fhe produotE fnom the catarysedl ¡reaotloa

agaln trere ghova to be rOof uacaturated. Horevere, Ln

the abeenae of cuprous chrorldle, the Brotluots proved

to be at least 95f unsatunated. îhts u¡r¡eaetlvlty of
!'so-ootaner eryen ln the abscnoe of oatalyst, Le not
aurypnlelng, howeren, ferr ,Brookt!ÙR.,,rr"" foundl that the
O-H g:lOupe of g-alkaneg arre 50É lrOfC',reaetive tov¡andtc

abetractlon by þbr:toxr radlloale then thoee of lso-
oetane (cr.xr)c). Ee attrfbutee thf I unreaetivlty to
gterle hfndhanoc.

083- oHa- o"5

afrt

( crxrx)

Â thlral oon¡Þetltlve reactlon betrecn cyolo-
hexenc and aycloheranone (cr¡oc) lndteaterl that the olefl.n
ras ten-tlæe Eþr6 nöâotlvc than the kotoae in the
prcsence of cupfous ohl0rtde than ln lte abeence. ra
the abcenoc of aatalyst the x.etone andt thc olafla renc
both of 6qual reaotlvlty¡ thé addtltlon sf suproue salt,

1",

I

ïsj

I r
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thenefor$er appeaned to grôat1y aotlvate the olofln.
¡.eeults of thle J.asü expenlnent wene baaed upon

Ïryrlnogenatlon flguneø onlyt no atterpt rae mede to

tdonttfy any of the reaotlon produote.

the

(cux¡

thcac oonBctltlvo reaotlona appcaredl to

lnilloata that oleffnc rGFG oonsldlonsblf aotlvatcü torarll¡
attaot by fnce þbutor¡r-railloal¡ thcn oupnous Éltü r6rc
prreeêntr srdl tt waø thouglrt tihat thc nuet probabl'c trat

e oqproua sslt oouLdl aohtcc thla roulil bo tlr¡ot¡gh a

z7-Goüplc¡ vlth the olefln. lÏrat thc or¡pnous ealt hae

th!,a erffcot upon tha allylle'polltlon of oletrtne la pnobaÞly

trucr boueron De La [arc gÊ gI28 have alrorn that alEyl-

¡latlleal c, whleh untlengo oleotnoptrandcr orl{latlon vlth
ouprle eulplratø to forn tranelent-oarDoniun !,oaar ofüen

ellntnato a proton to ylcldl olef lnlo produot¡ (ler).

R.C%.CEA. R.CHa.GEa+ R,CHIGE, + n+ (ra¡)

Beakvlth aad Aoott{ll5 have aleo ehorn that vhea



105.

2*üeÈllxl..â-hcxarvl byü roperoxfdt o ( g&xXr ) r s raruedl rl th
falrous þdlmxti!o and cupnlo aoatate, large quantftlcr
of 2-üëtlry1hc*5*6¡r.!-qif ( træA¡ ) arc fornreû ¡ thoËc I a
also cvldenoc for thc fornatlon of the tconerlg ?-
netlvlhar-h-on¡2-sl (d,ruI1) f n mall quantltlee. Ihe
follælng ueohanlü raÊ auggeatedI

Fr2*
CEr'OEe .gEe .ffi, .il"a .O.OE

(orrou )

@t'ffie .Cße .CEe rS6, iQ o

(rat)

( t eta)

O"¡.O%. CEA . OEe . il"e .O' -Ð 6Ar.ån. OnA .C%.fl ar. gg

a cu2+ +
CEt Gl.CEe.CEZ.f,e,.9¡ Gtrr. OtrG{r.gþ.ficr.Otr---)

(reg)

+
e CET.OH .øHr. AEÐrOI c2 . OH --Ð OEq I O[. 0IL. 6II, r fl or.OE

(gtxsr)

Otrr.0Es 0tr.C% ûta, ,oH ( t ae ¡

; .,, (crfixrrr )

Thc absvo rosulta of De La Xarc g$. glgS end

Bo€krLth anit AcottibJ ,o*ucst that thc ooupetttlvo
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reaetlons, pnevfouÊly clescnlbed ¡ do not now appesr so

eoncluslve. tshus, lt ls possfble thatr fn the eaee of
the eyclohexanone-oyclohelcene o4perlrent, considèrable

guantltloa of uneaturatedl procluetE were der.lve{l fnom tb.e

rrotr-oloflnlo substrate when tho reactlone were oondluctedl

ln th9 presence of cuproue lons. llhus the þdrogenatlon
ffgureo coulcl bc nush hlgher than rould nonnall¡r be

erpected. ' ft nu¡sü be concludcrt, thereforo, that rhllô
these oo@etttfva reaet!.ona EuÞport the theony that thc

allyllo-Boaltlon orf oleftne le rnuoh rnoFe Êtreoqttble to,

attaolr ÈAf !-butoaqy radloals when the olcflnle dloublù,

bonil le oonple¡ed rlth a oupnoue lon, the rearrlta nust

ba treated rlth oautlon.

Subeequent to the corpl.etton of our oonryetltlvc

noaetlone, Eoetrtfzt6g found tbet nor¡-termfnal etoubls

bonile of oleflne ere, ln faot, reatltly leouerlzoal lnto
the tenml¡sl-poeltlone dtur'lng the reaotlon of the oleflng
Flth !-butyl peresters andl ooppen lona. the neeuLta of
oxpcrlnente wfth tron-tenülnal olefina¡ oqrr.ledl out by ug

at the samê tlme, conflr.nÊü the reaulta of Koohl.

OH3.OE .OEA.CHA.OHA .OHt CE OHT

( cr,nrv)

Fhen oet-â-ene (Cf,mfV) rad tnoatedl rlth þbutyl
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Irc¡Fbcnsgate and ouprou8 cblotldc, the naln pnocluet pnoveü

to ¡s J*penty1allyl. bønzoate (l$II) vtth a æa¡l aæunt

of oct-?-enfl bensoate (XV). Othan untdonttft-ed pnoituotc

fnon the reaatlon oould hayc neeul"ted fron the acyloxyla-

tlon of thc fu-poeltton of the oet-z-ene. the roeult¡
TÊre aü.mflar rhen !-butyl penbenzoate neaetedl wlth

P -ltethylety:ene (þC\ffII) ln the preEenoe of euprouE

clrl.orlcle. A"lthough the ylelit ef eeten p:roiluets was not

gooel (SE-l¿afi), the naln lsoner proved to be þbenzoylory-
5-phenylproprl-€h.ê (XIX)' Only a $ttall quantity otr

otnnarqrl benzoate (XX¡X) rme fonmed. Íh!e reeult ç"aa

tn rllreet oontrast to that or'!.glnally neporteil by Ðenney

3g[ 9156 rho also tneated f -*ttylstyrene (XXrnff ) wtth
a peregte¡r anrl Guproug-sält anil foundl that no leonerlra-
tlon had ocaurred, thc entlre pnodtuot belng of nnanyl

bcngoate (XIAX). theee rorkere reoently rcputllate¿t

thls nepontr{hb horeyer, anå Buggesteet that sl¿le neaotlona,

poaclbly !,nvolvlng radloal-atldlltlon to the oleffn, trarG

ÊG ouæ1n9.

Balllng anrl ?xrvtt u"157 r.eeently rqpeatetl tho

¡reactlon of t-butyl penesters with ¡3-nothÊrtyrena
(mWff) anrl oonfllçmed our" observatlon that the maln

"aX6¡rprodluot 
oontalne a termlnal dtoublc*bond. Eorevor¡
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thcy found that .lOOfl leomer"lsattoa h"ad ooourncil¡ of,nnanyl

bensoete (n¡x) ras e@letely absent !.n tho Broüuot8.r

Koohl. 32, 69 oat alyt I oelly-tt o oonp o sedl þbutyl
peneeters Ln thc preeonoe of but-l-6n@ (ffiEV) andl aleo

butp2-ene (ngV) anô obtatne{l the sanc leomer dlstrlbu-

tlon ln eaeh æsG. Ehe ÞaWloryÞut-'l-ðtrc lsmel
()Otrl,'I) ooryrl¡etl 9Of of the eeter-prodluots. Thts

çorker rae forcêü to ooneludle that lfqg allyl nalltcals

tGFe, ln faot, the lntermedlatæcpeo!,ee ln theee

neacttons, Ee dleotarecl that the erd. etenoc of theec

a1lyl radleals (lOoUX) ln the ficè-etate oouldl then aoeount

for tho lsaner'lssd-plodluots flom the but-2-6ño neaot!,on,

slno€ the butenyl ¡rdlaal¡ (lQOUx) are atabtltsd by

¡leËonanco. Koolrl pr6poeed an lntetqediate tranaltlon-

state (Xf,f¡l) to explaln the pnedlonlnanoo of the te¡lnd.nal

dlouÞlc-bonil ln the prodluota.

Thls meahantøn of Koel¡i, rhl.eh hae beøn

thoroughly dllsoueaeal ln the preacding øectlon, aooords

ye¡l¡f re]l ltth all experlnental reeults. Hovevenr tþl.o

neahanlan 1e not feultleea, one real<nesa belng lte

fallure to utlllze a ouproue-olcfln 77-ôottrpLo¡ ln the

r The dlaecrlpt!,on of the neaetlon produot ( after Mro-
genatlon) fn the e4erlmental eeotton of tl¡ls pape!
1o presumetl to be erronoouø.
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lnltlal necluctlon-øtqp. Fon neaæne ¡xevloggly glven¡

thtg seens very l,lkely to oceun. ßoehl had suggeøtcil

tbat the lntt1al rerluotlon of the peresÈen took plaoo

wltb an unoomplexetl-ouproue lon.

A nodllfteatlon of ôur onlglnal worklngt

Irypothesle aan qulte rea{l!.ly splaln the lask of
po¡ttlonal-lBome¡rlzatlon of teflnlnal dloubtra bondls and

aleo the movonent of ño¡r-termlna1 double Þondls to tha

ternlnal*poaltlon dlurtng these reaotlons.

ft ssemÊ reaeonable to as€ume t!Þt ontropy

faotorg wfll be nuoh the mme ln theee two poeelble

¡nodoe of neaotlon, and tf thle le Bor the reaotlon havtng

the ti.aneLt lon-oonplex of lower-enersi' w111 pr^edontnate.

the enengr of a^ny glven traneltlon-state woulcl be

gneatLy lnflueneed W the stablllty of the eoppen lonr

olefla T-*oorÞlex.

It le qlhaelzedl that tlre stabillty of Guproue-

olefln z7--ooqpleÍ€6 ls veny ilopentlent t¡pon sterlc

factonsr ûrd lt has been slrorn{45t146 trrtt the etablllty
of these conrplexee Ís conslcle¡.ably reducecl çhen the

dloubLe bonil t s non-terrnlnal or stenlcaLly hlncleredl by

eubstltuent g"oup6. This has al.so been elea¡nly denonstnate

rlth sllven( I )-olefl n lT-cor@lexe.'147
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ït 1g not uar.eaÉÐaablc, ther"efofê, that tho

tnansltlonpstate dlcBloted 1a the ronklng tyÞothcslcr
ao ln (hl+), for a rtðR*tcrmtnal ot¿nftn çoulü be of
htghæ êner6¡ thsn that for a tosnlnal-olefLtr.

llh,e wrktng hyrpotheata haE been alfghtly noail.flÇá,

thefefore¡ to lnolutle¡ a6 tnteruedfatee, cuprXe

aa¡rborylato-altylfo radlf oal f *t!ô@lêrar (CnfXV ad
qrfOm). TÍê euggest thât thøec transltl,on-stateÊ are

tlffenent fn energr oontont, the forrncr (CLXXV) havlng

the htghen energy lg' rôaçon of Ltg leaa stablé ooppêtl

Gorçlca. llhesa raillôal aoryleres sould be free to
lntereonvert anð tha tornlual-oorÐler (OIÃXV!) rould

thue be the Prlnclprl laonar. the soeme aoqldl be

ttÐre ËorrtÊdl as follørt.
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Ehl¡ ttypotho¡lo te baaed eatlr.oly upon tho

fclatlve stabllltlee of ff*Gouplcxes betçoon the olefta
aat the oópper lon. he rcultl Bnoðlot tbßt a glvan

ûouble-bonrl choulð mlgrate to a ner poaltlon lf , ln that

ner pogltlon¡ tho ff-@nr¡rlex waÉ nonê etablo. !!lr1Ér

ln factr neans that the dloubl+-Þond voult lconerlge lf,
by ilolng 8o¡ 1t oeoupleû a less auÞstltuteil poaltlon,
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but lf lt ças alreadly ln thc poeltlon of least poeslble

cubetltutlon, bo leomerlsatfon rould occur. Eenoo

tenmlnal dlouþIe-bondls a¡re flxedl, rhencaa the IKrtÌ-

ternt!.nal double-bondls leonerlzo by aa muoh as 90É.

It muet alco be renenbcned that the stablllty
of the Deeultant prodtuct hae no boan!.ng upon thc

drlvtng-forae ln these ¡roaqtlon¡, Intleodl, tt ld
generally aoocptedl that thc naln prodluet from all theae

neaotlona gr8. the þacÍloqfalE-1-6Ìrêr la tho therno-

ðynamloally leaet favoured leonan.

ThlÉ la eqeolalLy obvtoue ln the oaaa oif

allylbenzonê (xVfff) andt p -netlvlatyrena ()onffff ) .

lfhc ilrlvtng-foroc wltloh movês non-termlnal double bonéla

!.nto the termlnal posltlona ls ao gneat that lt reatttly
Dcmoyer llouble-bonds frsn oonJugatlon çlth anonratle

nlnga, as ln p-netlvlstyncne (nfUff ). On the other

hanü, tcrnlnal dlouble-bondl are pnevented from ehiftlng
lnto non-tenminal oonJugatoil posltlons, as ln allylbenzenc
(nfrrr) . lhe thenrþdynanieally leae-atable I aor"r75

;ac tha natn protluct ln both oâG6er During purc

homolytla neaotlon¡ lnvolvlng froe phenylvlnylnethyl

radllcale (Of,mlnfa) et leaet 75fi of the pnodluots oontained

ilouble bondo ln oonJugatlon rlth thc aronatlo rlnglb8tlb9
andl there vaa one repo¡1150 of, thls flgure belng near to
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l0oÍ. the phenylvlnylrnethyl nadloa]. (Cf,xxffifa) fe a

rêsonanoo lrybnlcl of thc olnnan¡¡l nadlleal (Of,nUfU) andl

unÉlouÞtetlly the elnnaryl oontnlbutlon rouldl greatly

exeeedl the phenylvlr\ylnetlVl eontnlbutlon clue to thc

oonJugatlon of the oleflnla dlouble-bontt wlth thc aronatlo

nucleu g.

og%.ôH.cuo ctr, <+ Cet oÇfi¡QfloQllUo

( ouocvrra) ( mxxvr r¡ )

lFhe rorklng hSæotheaf e would centalnly predllct

thc obeervetl shlf t of the dlouble bond of f -netlryletyrene

to the tennl¡st-pogltlon¡ the doublo bond, rhen adlJaoent

to the phenyl rlng, wouldl be ln a very unfavourable'

poeltlon lndleedl for aomplox-fonnatlon wlth a oopp6! lon.

The sonklnglr¡rpotheel s rlouldl al ao pnetllet that thc

tlouble bontl of a oyoloallrene rculdl laomerløo lf , by

rlolng eo, the aondlttons wouldl be nore favourable for

@ottp].cx-formatlon rlth a copBo! lon.

Intleettr €rperlnente have ehown that any iloubla-

bondl, whlch ls stenlcally hlntlereel by a oubetltucnt

gror¡p, F111 reaillly n!"gnate to a leas-hln¿lcred poaltlont

€ryon though thls leas-hlntleredl poaltlon le not a ternlnal

one. Burthernrore, onoê thls lese-hfndlened poaltlon 1g
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attafnerl, lt 1e preventedl fnon further leonerlgatlon.
A steroltl reactton olearly dømonstrateel these observatlong.

When þbutyl perbenzoate rae dleconposecl ln the

prcs@nce of þbenroylo:Sfoholeat-2-ane (CLXXIIIfI) anit e

tmoe of cuprous salt¡ the naln pr:oduct pnøved to be

eholott-{-6¡-}ene (CT,Xpf ), the noet ltkcly route to
thle pro¿tuct roulcl lr¡volve thc abetmotlon of a \rilrogêi-
atm fnom tbe 1-po6ltton by a þbutory radlealr follored
Þ6r o:d,datLon of the þpoaltlon ln the reaultent allyllo
nadl oal ( 6:t]ffitx) .

A slmt lan r.eactlon betreen j-cthorrycholeËt-2-

eno (olroocl), g-uutyl perbensoate anal cuproua tour

fallerl to ylelil any ltlentlflable pnoductt. Irpuna

oolourodl olIs rere obtaiaeö, türloh ofüen exhlblted mone

tlran one oarbonyl abaoqptlon ln tlre lnf¡raredl. Qulte

posotbly the 4-poel.tton of thc ethoxy-group haal entened

lnto the neaetlon. fhe lmpontant nesult from tlrls
rcactlon, ag rlth the prevl.oue enol-bengoata reactlon,

rae the apBanent lsmerlzatlon of the dlouble-bond €ryay

fr.om the cthoxy group.

tl¡la obeervatlon le baee¿l punely upon infra¡:edl

dlata, as roportedl by RoÊenkrantz and GutrlSl rho four¡il



[cns]$g:,

a

( cr,xrnrr )

( crx:ax)

o
ll

C5H5C

\/

\ I

+ OCu
I
a



IL6.

o
il
cPh o

\
/

Phco
il
o

(crnrx)

Ctl3CH zO
(crxxn)



117,'

that all cnol-Gth€re exhlblt an abnormally strong GrG

stretch!.ng fnequøney at epproxlmately '167O om.-l trt

le elgnlfteant that rost of the olla obtalneil fnom thc

oh¡onatography of thc onud6-matøPlal fmm thts treactlon,

oompletoly fa!.leil to exhlblt thte ohalraoteristlo

absorptton. þoctratr ervldl6nc6 al!.it ahor, horeyar:, that

an oûher gtroup taa stf1l pneeent ln met of theeo

pr.odluote"

ft Fouldl not be Juet!.fleil to baeo too much

cnphaels on theee trc feolat€al crpenlnente; but lt dloea

support the theory that iloub1e bonels try to atta!.n

the leagt-lrl.ndleredl poaltlon for eomplcr fornatlon.

ft la lnterestlng that the lr-poeltlon of the

enol-benzoate (tr.)Anl1III) ätd not reaot to arry

appneelable e¡tent. Hoçever lt 1e algnlfleant that

lf hyilrogêâ-ebetraotlon hadl ooournedl !.n thl¡ poaltlon"

the double-bonil çould not have becn plaaedl lnto a better

Boeltlon fon corçlet-formatf.on rtth Eoppêr loae by the

reBonanee [ytrld contrlbutlon ( ottocxrr¡ .

the l¡onerløatloa of the dlouble-bod of thc

anol-bensoate 1Of,:rxWff ) lnto tha 1-poaftlon, ooulil

aleo be att¡r!.buteal to t he stablllty of thc rcsultant

radloal (C-f^mfX). It eppears llkely tlrat free-naclleale
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contalnlng oxygen-atone at the fres-vabncy eltes are

Eore etable than the nonmal unsubstltuted oarbonp

railloale. There are naqy oases of othera ilf.nerlø1ng

at the drpoËltlone rhen tneatetl vlth g-butoxy radlcalc.

( cxrc¡ou r )

A ncaetlon between { -qthoxyoyclohæ-,1-6nt
(Cfmurf f t), ¡Uuty1 penbeneoate andl ooppeF lons gsyc

mlnly aronatlc prodlucta, of vhleh only one, phenøtol

(Cf,nCCfV) r Tae ldentl.f lôd. Afüer dlletf[atlon of all
tho volat!.1e pnodueto¡ lneludlng phenetol, the srudle

resldue gave stnong lnfra red abcorTtlon ln the Êro¡natlo

rcglon. {ytlrolycle of thla cnqale mterlal yteldodl

alsoholg rhl.ah rere aleo aronatlo¡ thcy trerê not ,

ldentlfled, Tho follælng eceme (p. 1f 9) nay aeoount

for the formatlon of phenetol ândr poeslbly, the

o
il
C
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H2CH3

tc o

H2CH3

+ CoHs cu2*+

C

H2Cl

coHs o H2Cr-

tCu

( cr,rc<xrrr )

Io
il
ccoHs 0 Hzc

+ Cu+ <- CSH ocú*+

[cHr]rco.

coHs o H2CH3

o
il
c

coHs

Hzc H3

+2C6H5C02H

( crxprr v)
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unldenttf leil aromattc proilucts. As ln the casc of

the steroldl enol-eeter (Cf,ruc\lltff ) neaotlon, the eoppæ

long a:re ehown not oorlolexed to the o1eflnlc dlouble-

bonrile for the eake of elmpllolty.

Trc other procluots vene ldtentlfledl fron thie
ncaotfon, both were non-aromatle. They were ehom to

be cyolohexanone (Cf,ruC)r Dresumably nesultlng fron

lrydnolyele of the enol ether (Cf,Xruffff ) and Wolohe*anonc

rltethylaaetal (CtxÌmf), the or!.gln of whlah i.s obsur6.

CH CH 2 H2CH3
3

(ct:oocv)

llhe reeulte of all theee reaotlon¡ oentalnly

supponte the theor'¡r that a elouble bondl w111 n!,gnatet

not neceseartly to attaln a tenmlnal-poeltlon, but to

galn e poeltton whleh 1ê npet favo¡¡rable fon compler-

fonmtlon wlth the eopper long. Only one erpenlment

ls known whlch has not suppontedl thls ltJæotheals. fhc

prevlouely dlesorlbedl reactlon of oholesteryl bensoatc

(cr¡rrr) rlth þbutyl penbenzoate ln the preeence of

cuproug lone yteldd the /-eubstltutert prodluata (0f.,Xfff

anil CIJ(IV) r çhene the tlouble-bonct lrad not mlgratcô.
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the posltlon of thte clouble bondt (fn th;e j- posttion)
ls not q good one for conple*-fornatlon. Haa ft
noved lnto thc 6-posltlon, the ehanoes of Goüplet-

formetlon wouldl have been greatly enhanoed..

"A very favourable f eatunc about tho-rorkfng
hyBotheeis ls the oontlguoue nature of a1r thc reaotlru
rpeolee, a featuno rùloh ie perhape laeklng ln the

troohl moohant str. the redluotlon of the penester by

an oleff,R-GrÐpoue ton 7f -Gomple¡r rouldl result ln thc
free !-butoxy nadllcal betng adltaoent to, anll thereþ
abstraatlng, the allyl1e-hydrogen atom fnou tho olefln
thloh ras !.n the rþet favounable oondlltlon to be

o¡ldlzcdl (aoqplerod to a eupn!.o oanborylate). fh!.¡
rcaillly aooounts for the cxtenslvc sxldtatlon of
nearly ereròy substratc-radlteal by e ma¡lo trace of
oxldlølng agont, lrhe Kooht neolran!.en nequlreg tÌ¡at
thc tggg allylle radloale be formod before oomlng ln
oontaot wfth the ouprlo earþoxylate. IIndcr theac

olnoungtsncos, thercfore, lt rould not bo unr@agonable

to opeot many of theee allylla radllcale n€ver to oonc

ln contaat rlth a cupr!.a-Lonr the statlonany ooncentF&-

tlon of w}rleh ts very 1or. thena l¡as neven boen

erlôence to sr¡ggest that fnee aIlyl1a r.adllcale ane

pnesent thleh, Þelng unable to meet a cupnlc lon, reaot
ln othen taf,cr Exanlnatlon of the unneacted atarttng
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naterial st the sonÐletton of a reaatlon has alvays falled
to show clouÞIe-bondl lsonerlzatlon dlurlng the neactlon.

the neactlona of P -netþlctyrene (ffiYIII) an¿

all,y,}bonzona (XìJî[II) have n€¡rer gtven re¡lroclreoiblc

yteldls of pnodlueta. Whoreae Kharaech g!, gL58 obtalnd

cntlroly Þphenyl-!-ben¡oyloxy?roÞ-1-êDø (X¡X) ln thalr
leactlon of aIlylbensene rlth !-butyl peæbcnsoate and

eopper lons, Tfallfng g!, d' sbta!.nd 30f of thc

olnnanyl lsoner (mfX). The resulta of the allylbensênc-

oxparfnente tn thls laboratory rËre alao lneonoletent,

thc olnnarq¡l teoner (xXrx) bolng prosent rhan ths

eæerlncnt raa oonduotedl ln the preeënce of a eolvent,

bst f,n the abeenoc of eolvont no olnnaryl læncr ;as

founü.

Slntlarly, Falllng E!, gf,ft7 oþtalned thc

te¡rmlnal dlouble-bondled prodluot entlncly rrhen É -methyl-

øtyreno ras the eubstnate, rhcneaa our results lndtloated

ttre protsenee of, a mlxture of lsoËers, the one w!.th tho

ternlnaL dlouble-bondl predomlnatlng.

Theee dll ecrepancÍee fn thc lsomeF.dltstntbutlon

of theee reaotlons ooulcl posslbly be erplatnedl lf lt 1g

rsallzed that the natn pnodluot of theee neaetlon¡t

Fphenyl-3;aoyloxyprdp-1-êEê (XIX), 1e not thc therno-
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dlynamloally uost-stable 1*o*"o.75 This lsomer ooulil be

expecterl to isomerlz€ elmly lnto the nprne stable

clnnaryl leomerr (XnX) ræon prol,ongcd heatlng. fntleeil

Walllng .gþ. gL1 17 have ehown that suoh lsomerløatlon dtoes

extenalvely ooeur tlunlng G.Ir.C. analyele.

oondttlone ae cleec¡Ftbedt by Kha:laeoh g[.9158

heatlng of the neaetlon at 9Og for a EE@ d four

houre, whereao the oondllt!.ons ueedl by Wali!.ng gÈ ü,117

requlreit heatlng at 7Oo for no 1e es than ,5 houra.

the pnolongelt heatlag rlurlng thlc latter eperlnent

aould poeelbly leadl to pantlal laomerlzatlon of tho

prodluot.

It ls poeslble, too, that at lncreaeetl tlllut!'oa

rlth a eolvent, the oha¡roeg of 4ee1f,1o aoylrylatlon

rouldl be redtuccdl. Our obeerYatlon that allylbenzeno

reaeta tn a lcae stereoepeotflo nÞnn6r when dllluted by a

solvent, la !n eupport sf the norklng Ìrypotheate, fon

ouprouc ton-ol.efln co41o¡ formatlon rould aunely be

lees favoureil undler theee aondlltlons. Irlltertce¡ d11ut6t

oondlltlone would Leseen the ohanae¡ O'f recluotlon oû thO

penester by a Guproue-olefln /-oorlpler¡ f't le

ooncelvable, thenefore, that a thermal, unoatalyaed,

deoonposltlon of the perester oouLcl Blay a nore

consplcuoue r"o1e ln the neaetlon rlth the nesultant

Thc reaetlon

lnvolvcd thc
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fornatlon of a mlxture of læners.

ThoaoyloxylattonoftheJ-posltlonofaSkyneg

hae been tn¡cceeefull.y attemptedl. tffhen !-butyl
peæbenzoate wae deeomposeat ln the presenoe of Trept-1-ync

(C.¡,roCfrn) anil euproua ohloniele, a quantltatlva yleldl

of Fbenzoyloxyhø¡rt-1-yne (CnnçC¡fff ) was obtainetl.

Only a trace of leomerls6ð-product wae lsolatetl. thc

ncehanlgln suggestedl Þy us fon the apeelfle-benZogloryla-

tlon of terrnlnal-oleflns rcultl also aBply v€ry neadllly

to thle exper!-nent. It ls çel]" knovn that aüûttton antl

substftutlon compl.exee ane readllly fornøll betreen

ouproua lons and alkynea.152-151+ the fornen type sf

eonÐ16x, nhlch ls analOgouË to the olæroue lonrole'f [n

/-Gottrpleres has been *rro*î5h to b e the most

preilonlnant.

The radltoal lnterrnedlate frorn the hept-{-ftl6

neeet lon ¡ lE. etlrynÉbutylnetwx, radlcal ( U':OUnnII) ,

loulil be ln tlesonance wlth a leee-gtable allene

oontnlbutton (Cf,nCffX). ffhore Eas no speotral evldleno6

fon the presenoe Of allene groupe ln the B¡roduetc.

gzc.Ph
I

GII,.CEr. AH,.-CH"-CHz.O; OH Olr.CHr.CB'.CU2.CU.0 i 0E

(cu:arw) (or;Ðerìnr)
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a

085.018, .OHâ .OEe'CE'O! 6H OH, €q €ãe.Oã*' Cltrt 0 ¡ 0E'ê

(onxnnrrr ) (srff:cnx)

It t,s rall tsnm thÊt dllnorllatlon ofÈen oocull

rùcn terntnat a$Vnes q¡c t!'ratct çf th aryroue anå auprlo

caltrrt55 preËrtably Èfy tha follqlng leffios

nc!o-+ou?+ 
- 

ncta'+cu* ( rar)

a Ec!o' nolo'olon ( taa¡

ft ns æn¡ldcrcil Boealblor thoroforcr that a

traco of orprous aalt oould ¡tuflarly eau6Ë dlæ*Lsatlon

ln oul reaotlon, þ the foll'clng lcenoE

nglo- + ou2+ -+ Ht!o. .¡ ou+ (raz)

[00..oc(ffi¡)5 + cu+ -+ nrþa- * (ffi¡]Ioo. + ouâ+ (rag)

(roltcea Ð equatlon (re8))

Ëarafr¡l ultærlolet ¡rcotnorcopy of tlu proiluotr

feltcô to ¡oveal any oonf ugatd allyægFouD, hotÐ?GF.
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therc haa boen no prerloucly rapontedl êeao

lnVolvlng a Oultroua-oatalysed pereatOr ¡'eaatton rlth an

altsyae and ft rouldt lnelcedl bc lnterestlng to trcat sa

alkyrrer pos6e6dlng I tlog-tenrnlnal tr!.plc bonûr rlth

þbutyl pÉrÞensoato ln the Prescncê of ooppcr lona.

Àllcnc fonnatlon ooultl penhaps bG mro favourd tn thls

6eEêr Ainoc the terrn¡¡¿t-posltlon roulil thcn eontaln

dlor¡blø-bondt ehanaatcr dlUe to thc reænanoo of thc

Da¿Ilcal (oxc).

a

n CEA.C!O.OH2¡ (:l B CHe'0lOlOHt

( cxc¡

3.

ItB to the tlrnc thên the reaotlon ttth hcpt-1-yn€

hatt beo¡t oonpletedl, nearly all o¡r lnvoottgatlon of

catalys6{l-Befcetar rroaortlone had baen dlEvotoil to a atudly

of tha neohan!.¡m of olcflnFacylofylatlona andl the

lsomerlsrn lnvolvod therein. At thta ctagcr the

lrweetlgatlon xas Gonecntratedl trpon the eatalytcdl-

peneeter reaotlons of zubstratee other than oleflna. lfhc

sltuatlon te ittffenent vlth theee aubstratod than tn tho

oarÊ of oloflne. Beoause there ls an ebsenoe of iloublC
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bondlo, the fornatlon of eorÐleres between the eubstrato-

noleoulé, or ratlloal, andl oopper-lorr ls not llkely
( erecpt the poeelble fonruatlon of a corplcx betueen an

ctherlal-oãgêrl andl eopp6!-10n ( I 2O-l 22)) . lrhl e , o1

ooulBe, greatly reduoca tha ohanoce of lntermedllatc

oycllc-transltlon statee, lesecn¡ the chancoe of ltgandl-

trander r¡eclranl ffis operatlng arrdl, GonverEêlyr lnçneaaeg

the poealbtltty of tranalent*carbonlun lonõ.

the factone wlrÍch dletermlne rhethcr or not a

glven froc-radllcal ü111 be reducödl ot o¡rldllscd by a

úotal-lon, anrt thc crtent of arsh å ProocËBr hat beon

dllsouaaoal ln the preocillng øectlon. thc lrportanoe of

øubstltuent*BlrouÞ¡ adJaoent to the fnee-valenoy aite

üac cnphatløadl¡ groups utth eleotnon-attrsotlng

oapablllt!.c¡ ðecncaaed the avallablllty of the odcl-

eleatron st thc frea-valenry slte andl thue leesoncd tho

olraneoa'Of oxldatton. the eltuatton ras røversodl rlth
elcotron-donatlng groupr, f t çaa aL Eo ewhaelaed that

tho etabtllty of the lona,.whloh roultt regult fron theac

o¡ldlatlon or reiluotlon loaotlonl¡ Íâg algo lryontant.

ths resulta of our reaotlons çtth eubstratce

other than oloflna havc ahoçn that thê stablltty of the

carbonluntonr D6arltlng fnom the oxltlatlon of thc

aubstrate-raflloal, ls v€ry lnpontant, and m aleo le
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the aVallablll,ty of the otlô-electron at the frec-valena¡r

alte. It was foundl that thle latter aøpeet wae not only

ûepenctent upon the eleotronlo effeote of cubstttuent

grouptr butr BE 1111 be shovn, ls olosely ¡relatedl to thc

stablltty d the radloal.

Ân t@ortant conaltlaratlon, whloh llcternLnec thc

cxtent to rhfch I gívcn aubstrato-noleouLe r11l bo

o¡lillzcrl ln thcac rcaotlont, ts the illasoofatlon cnGrgy

of lte O-E bondlg. lfhls te oloecly related to the gtablllty

of the radlloa]' fonnedl by auoh a dtfssoelatlon and ls alro

affeeted by thc eleotronlo-effeots of aubstltuont groups.

It la obvloue, therdoro¡ that ths çxtent of oxldlatf.on

of subetnate-noleoule¡ eadl tho radloals rcaultl.ng fron

then, te rtæendtont upon soYoral t vÇW slosely relateô,

pnlnolBles.

Pcnlrapc the gneateat reeæn for eertaln nolcoulea

not to undcrgo faolle-o:rldlat!.onr ln thoec pereøterr'

neactlont, l"s thc tletrlncntal effeot of certaln tubatlt-
uent groûps aitJaccnt to thc frce-valcnoy clto. thc

reeulte of f,ert andt Ïtat.or9 hatt picvloualy lndltcatetl thls

thcn they oxldllscal nany eubgtratçg undler the Fenton

oondlltlona. They foundl that eleotron-att¡taotlng groupa

tandletl to nenwe the sdldl-eleotron fron tho frcc*vatcnoy

slte and æ lesecn the poealblllty of !,t belng renored
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by an oxldlizlng-âgênt.

Thls effeet rae observeel ln thle laboratorT rhen

&-butyl perbenzoate was dleconrpoçetl ln thc preBenoe of

illethyl relonate (Cmfv) andl ouprout oh.Lorlôo. the

oxltlatlon pnodluet, dllethyr Q-benøoyl tantronato (oom¡

Ró6%.COA) ras obtalnccl ln poon yteld. Benglundl andl

LaweeeonSS atæ l¡enformed thls reaetlon at the aaEO tlno,

anel they too obtalnedl a very poor yleltl of dttethyl

Q-benzoyl tantronate. llhelr neport that ttlethyl

p-bbutyl ,tantronate (cmv¡ n*(0Hr)5oo) was aleo a

neactlon pnodluot, rac not obserryed by us. the 1oç yLeldl

of eeter-prodluats from these neactlon.e cannot b6"'aOaot¡ntet

'for by aøsumlng that the free !-butoxy naclleala had falledl

to abetraot the hydnogens fnom the illetlyltmlonato

mleoule. Indl€cdr Beckçlthlo8 tt" slrown that the-
's¡-poaltton on the aoldl-mo!.ety of an ester te qulte pnone

to abstnaotlon by !-butoxy racltoals. It le appanent

that the electnon-rlthdrawlng effect of the two oanbolyl

groupg nemoveil the unpa$edl-eleotron fron the sCene otr

oxldlatlon. For a slmllan Feagon, the reactton of ethfl

aoetoacetate (6)Ofll]t) rlth &-butyl peraeetate (Xf ) end

oopper lona, ae desôrl.bed by Berglund andl lrawe"roor8S

also fa!.Ied to yloltl muoh o¡ldatloa proiluct. Íhe naln

pnoduet waß a 2OÉ ylel.tt of the !-¡t¡toxy-¿6¡lvatlve
(cnnnri R-(cE')foo).
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then Ít tooonpooe{l atobtßlsobutysonltrllo (Cfr0I)

ln the prcñCnoa of GlcoÉs ouprtç Þcn¡oatOr ualng bqtan-ã'

on6 a8 a eolvcnt, thene las Xlttle evlilçnco thet thc

â-ctraneiprdpyl radtl.celr (cm0rr) had bGen orcl.dlt¡ci!. rt
ras alæ obsefVêdt that theee raüleal¡ bad! not illncrlsrô

to any crtent. ft [s thcnefo?a potalble that'thc

reüleelr (gOft) abst¡paotct lrydrogcn-atorn¡ fron thc ælvcnt

to ytelil læbutyronltrllc (Cxgfff ).

ï"0-tsE- f,--¡5-

(cffior)

oE oEi-ï",o-
Ict

ï",
Ço

Igr

( exo¡r )

it5
OE

Iglr

(morr¡ )

lÏrl¡ l¡ a furthcr oreuple of an alcotro'n¡

attraottag euÞsùltuent hlndtcrt ng thoac o=idatlon roaottone.

Íha unpairoil*alcotron of a frËa-radlloal een bc

ttsplaoot fron tha trrce*velcnoy slte by othæ oauæ¡.
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lhon a nalloal le gnoatly atablllgetl by raÊonanoer tho

odd-el,octron le very delooa1lsedl. In çueh ca,scat

o¡ldlatlon of the nadttcal ls not efflctentr and thls le

attrlbutd to the Roh-ev&11a-olflty of the otlel-Gleotron

at the f,ree-valenw alte. lfhl E rag eepeolallf seon

rtunlng the ort,dtatlon of benzyl-ty?e racllc&l3 vhloh g aYG

yery Boor ytelttå of oxlttatlon pnoiluota andl eometinee dlfd

not oxldlz,6 at all.

In several reaotlons between toluenc (CÐCfxr)t

dl-å-butyl penoxltle (I¡fV) antt nolE-equlvalentr of ouprlo

bcnzoate, the yle]d of the e;p@Gtedl oxlclatlon produot,

benryl bonsoate (ocr,u), rae alwayg lôas than 10Í' lrtre

aitrtltlon of large quantltlea of benaolc aoltl to the

reaotlon-nlxture falled to lncreaee thte ylel.dl. Thle

pnodluct tas pregunrably formøtl by t he follorlng ox!.tlatlon-

!eact 10tt.

c6H5.CE5 + (cE5)rco' adFo.onz. + (onr)'O'on (tt¡)

aø\.cn2. + cue+orc'c6n5 -+ ceEu'Cna'oao'o6H5 + 0u+

(tte¡

Altennatlvel,y, the o¡ldlatlon could have

prooeedlecl through a bensyl carbonlum lon ae fn (g¡) anit
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(tt5). lhen Cl¡prls aoetate gae ugedl lnetead of ouprlo

bonzoaie an equally poor yleltt of the oxldlatt,on-produett

benryl aostate (c[x)¡ lße obtalnedl.

ft nuet be enphaslãd that benzyl nacllEalr (Og,r¡f)

e¡te veny StaÞle sfltlr as a regultr 6fe genaratCt !n largo

quantltlea by the aotlon of þbutoW nailtcall on tolueno

(æffiI). Ihla le¡ of oourøo, oloscly oonndotedt w!'th the

dlaaoolatlon ènægf of the ÞensyllC 0-E bonil of tol'uên6)

rhloh la yory 1æ1 56 (77 15 Koal '/To1ê. ) . thll was

c]'eer]'ygeenvherr6l-!-butylpenoxldle(r,rv)çaethermally-
rleaolqpoeed ln the prorenoe of toluene (@üffiI) *'trr no

catal.yst p1legentt a near quantltatlv6 yle}dl of blbensyl

(Cf,X) ras obtalnedlr "

tt raa qu!,to une¡EpectadlI theref,onal thgt' aftæ

havlng obtalneit an ctrtrc¡noly Bool¡ yløIdl of benzyl

Þensoate (CXtrf,t) fnon tha oopp6F-Eâ1t eatalysedl l6aetlont

the yleltl of btbensyl (OfX) çae e18o very pooro

aBparently the aildedt Gopper-cataly¡t lradt nanxedly

hlnderedl the for.matlon of bensyl rattlaalÚ (ottvÏI).

An exanlnatlon{ I d tho volatllc prodtucttt

fnon ono of theae reaotlona, uslng G.L.C. apperatut }uË

tndleaterl a muoh htghen þbutanol-aoetone ratlo than muldl

be e4peoteil. fhe only oplanatlon for the lor pnodluctlon
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ft se6nr llkely thatr âr Ëooü a8 e euprls lon lc
raduootl to a Grlrrour lon dlunlng the oxldlatlon of bcnsyll

radlloala, tt ls raplilly oxtrllacö baok to the ouprlo.toa

by the oomG abovc. Altcrnatlvclyr lniluoed-deooqoe!.tlon

of the pæoæfule oouldl ooeuts

13t.

of bonryl nadlloala (0mfrff ) andt tha lrtsh pnodluotlon of

þbutanol ls tLe nedluctton of !-buto¡f nadloÊle to thr

3-Þutorlite anton b¡ oqrroua lona ee ln (fæ), f,ollored by

protonatton (t¡f ).

2+ (r¡o)

(ffi¡) fl + t+ ( oEr) f -otr

(our)roo-oo(t"l)l + Gu++ (or')fl + (oE')fo, + onâ*

(tse)

!ùe f1r¡t tto attenpts at thls reastlon lnvolved

the sae of ouprlc benaoata rhtoh contalncô raten of
o{trsta11l.çatl.on, În both oa6er benøyl aleohol rag

¡rroilueed ln eoq¡erable quantltle¡ to the þensyl benroats.

A thlril attatçt et thle reaqtloa uttl!.sell sr¡pnlo bensoato

tl¡loh hait baen ¡ubJeot to ateotroplo ttstlllatlon rlûh
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toluare prlot to us6t fn thle ray nuoh rråter of olyeta-

lllsatlon hsal been reftrr@d. ft ls lnterestlng that thlc
th!.rd crpenlnent falledl to pnoduae any bensyl aloohol.

thla, annely, le gooil syldlence for the fornatlon d
lntermeillate benøyl canboniurn lons by an çleotron-
tran¡fer ueohanlffi aE fn (g¡) followeal by (155).

Ag\.oEz* + ffaO Agb.Otrz.0E n+ (tss)+

8l,noe thc oxtdatlon prodluot, Þensyl bensoate

(CXf,yf ), Ðd tho rllruer, blbenøyl (CI,X), rÊro fornedl ln

ryproxlnately equal quantltlea ln all thesc neaotlono¡ lt
sppearÉ thåt Þengyl radllcale (CÐ(L\lltI) are not very pFonê

to oxldatlon by aupnlo ealte. the ertcnelve dlelooallsa*

tlon of the unpalnedl-elootron rouldl readlly aoeount for
thls observatlon. the reeults of De La tare gg gI28

olearly Lnilloatedl thst the rcnpval of the unpalredl-

elcotr.on by the oxlûlzlng agent fron the f,roeqvalìenov altc
la eseentlal for thcsc oxldatlons to pnooced aucoeæfullyr

e sltuatlon rhlch ls Dot greetly favouredl rlth benøy1

radlloal¡.

thle hreotheele aeeme €ven more p1auelÞla vhen

tt 1e realLzed that benøyl ca¡bohlum lons are oonafulerably
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Eor@ etable then nolatedt alEyl ortbontuü lons, dtuo,

pneeunably, to ¡rtsbtBsatlon È'y rlaeonanoe (Crc¡V).

H

(mc:v)

lfhual thc rcaatfvlty of üenlyl hallilar l,¡
attrtbuteû to a tondanöü to tsr.l[ thoaa l{rBoDaBoc ctaÞtl!.soil

i,onie ryeoles. Stnllarly, ôurlÊg Tlffcnaau-Deulanw

r{ag cpanat oa rsactloaorlST th" rubatltutton of R þy a
phcnyl group (oxovl !, ø vary rictr*lncntal to rlng cÐanrton,

tuo to tha lnorcagoü stablllty of the recultaat earÞon!.uu

ton (0lroqt).

H NH2

(oxcv¡

trt rtll bc shorn later that a milloal ta ueually

üorG proac to erldlail,on rhen the neeultant earÞontsn loa

H

H

H

I

RR

(cxovl )
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ls a vory stable onei Thenefone, thc fact that benzyl

radlcala ane not readlly oxltltsedl, 6ven though the benryl

EanÞoalum lon te so etable, eupports the theory that the

dlelooallzatlon of the ur{palredl-eleetron wlthln the

anomatlo nuoleus genlouely affects the renoval of that

unpalredl-el€ctron by the oxldllslrrg agent.

A by-proil uct frotn thees toluene reaotlona !. a

ronth mcnttonlng. Aa unfdentlfled com¡pourd¡ tr.p. l8O-

18O.5o ras sbtalnecl ln cnall guant!.t!.eo. Whên d!lesolvodl

ln onganlo solventa, lt gave a falnt blue-fluoresocncQ

snal lta ultravlolet abeoptlon pectrtm me lalontloal to

that of blÞenryl (Cf,X). It anailyrctl for 0r6tg5r endl

contalnecl no funotlonaÌ gFoulrÊ. Thle' cottlpound le
probably a tetrancr of bensyl radlcals (Cr[,Uf ). It ts

lntereetlng tbat there have been tso aepanate reponta of

a coqourÉ of thla dleeor.Lptlon havtng Þeen treolatcð

clurtng the pyrolyrf o of c(¡ o(f -Bäotoluene (cxCVff ).

CH2N-NCH2

( cxgur )

rn 1 95o¡ B!.olrel gt d5'8 hcateo a eolutlon of

o(ro(t-azotoluene (O(ctïI) fn tteoalln and obtalned cryatalr
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m.Þ. 177.5-178.50 rhloh analysedl fon O2gHZ6. Somc

Rueelan wonkenelS9 laten heaterl a( r o(r-âaotoluenô (CXCVrI)

ln a eealed-tube andl obtalnetl onÍntal6 t[.Þ . 't7g.5-18O.5ê

rlrlah also analyeed for 0rtflZ6. It le probable that all

theee reporta concern the @mo oo@ountl.

0ertaln reactloner Garrled out by other mnkeret

hare aleo oonflnmed the h¡æothesls that nadllcaler thloh

are etablllsetl by r€aonance, are nct easl.ly oxltllseal.

Berglundl anð l,awe""orr85 elrored thåt illphenylnethyl

radloale (CUOUCIX) oor@letely falled to unclengo oxlctatlon

rlth ouprla ealt ¡ andl yet the illphenylnethyl canbonlun

lon ($CCVIII) roul{l be ooneldenably nþre etable than a

benzyl oarbonl.u¡n lon (oxcfv). the catton (cxcv¡rr)

aould be re¡lneaented by nany trþre ¡reeonanca strueturea

than thc oatloa (CI(Oil)¡ ln adclttlon, tt ls not a pnimar¡r,

Þut a oooondla¡ry aanbonlun lono

CH
+

(cxcr¡rrr )

the unpalrod-eleotron of the illphenylnethyl

radlcal (O:OfXPf) roulil be eo dl eLocalLzd that ltc newtral

fnon the free-Ta1enoy Elte by the oxlttlølng reagent wouldl
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Þc ver'¡r unllkely.

81ml1a¡r result6 rene obtalnert in the pnevlouery
dleeo¡tbeil oleftn ¡¡aaatlons vhenwøn the unpdnod-eleotron
of the allylio radleal rss extenelvely rlelocalized.
Thus the yi.eldre of oxldatlon prodruets from the artylbenceno
andl f -nettvl¡tyncnc rceaetl ono rerê very rnuch lorer tha¡r
thoec from the uneubetltuterl elkene ncaattons. Thc

unpalredl-ereotron of the phenylvlnylmettryl radl cal
(ø,Þrïïra) f.s expeetedt to be werr dliøtrlbutedt ove¡r the
anomatlc nueleua, an¿t s the removal of thle clectroa
durlng orlilatlon rouldl not be BaE¡r.

Another eper!.nant further eru¡phaelzedr tho
preoelllng theony. I[hen 1 11 r]trlphenÍlpnop_,f_6nG (CXfiX)
ra8 tnoatedl rlth þbutyl perùenaoate in the prêaeneo of
euproue brmldle, the only product I eoratedl ÍaE atrom to
be a dlnen, tn.p. æ9-211 (¿eoørp.). Âlthough thi¡ üimer
rae not poaltLvely ldcntlfleil lt Gêe¡n6 ltkely that tt ra¡
1 ,7 ,3rl1t6r 6-hexqhorgrlhexa*Ar 4-d !.ene ( OC¡ . lh1 s
aeau4ptl0n le baaed on our pnevl0ue obeewatlons that
lloublo bonds rlll alwaya ismeltze lnto poaltlons lcse
stcrtcally hlnileredt for oomple¡ fo¡rnatlon rrlth coppep lone.
Llkerlae, the ultravlolet aboorptton çectrrm d thlü dllner
recembleal that of atyrcne.
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PNH.CH'æh PheOE. 0HsPbOE. PbCH¡ CH.Pb?CIí

(oxqx) ( cc)

lfhe reaulta of Khana¡oh ard Fono7l a¡.e not

oonslstent vlth the preoedtlng neeults, fo:r they foundl that
ouryl radtloale (CF,I) vele, ln faet, qulte neadll1y mfullseil

ùy euprlo Lons. thue the oatalyeetl dleecrpod.tlon of

!¡butyl perbeneoate ln the preoonre of ounen€ ga?B a

l¡OÍ yleld of c(-ouryl benaoate (CX,IV). Eoçeven, the

eonblnedl lnduotlve effoot of tha two netlyl greups would

probably fecllltate electron-neuroval (oxf¿atlon) at thc

frce-valenw glte.

Íhe nany exanplea, ln the lftøfature, of benz,yl

ethorangorgl sil.ryle etherer7g ,ø Ëenzyl a1coho178

udcrgolng faellê-ortdlatlon, 1s not sonsletent rlth thô

preccillng resulta. The comblnedl elestnonla effeots of
the pbenyl*rlng and the orygên-atom woukl be e4peotetl

to reniler the free-valetrcy ¡lte volrl of the urÞa!.redl-

olectton, EEtefer f,ens and Wate¡rs9 have ahown that o¡çygen

atile dJaeent to the f¡ree-valercy elte rlo not Tú,ndler

these oxldatlons whea ùhe Fenton corÉltlona are emplofeil.
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fndeedl, lt le poeelble that the lncluotlvo effeot

of the oxlrg@[râtom, ln the raclf eals clerlvecl fnon benøyl

ethers, wouldl rduee the deLocallzatlon of the urpalned-

electnon on the æonatle nuol€ug¡ flenoG the ohaneee

fOn the rernoYal of thls unpalred-e]eotnOn from the fnoe-

ve-Lency slte by an oxldlLzLng-sgent wouldl be enhansedl.

In ertôltlon, lt rrould be e4pectecl that theee naillcale

rouldl not be aB etable ae wouldl be expeetedl ln rystemg

rhloh rere cowpletely staþl11zed by reson&nce.

fhte latter polnt has been proven esvenal t1üo8.

ffhereae the railloale denlvedl fnon tlnple ethene untlengo

oor@lete cllmer!.sattoo78 ae ln (62), the radlcale from

þenzyl gthens neadllly decomposc ae well ag dlmerLzø187'89

ae ln ( 5g) . T[hy the nattloals dentvell f rom banzyl ethero

ghould be ao leee gtabl-e t?ran thoee from slrrple ethero

ls not olear. I$eventhelees lt le æparent that thc

ethenlal-orygon aton haa a detrtnental effeot upon the

rtablllty of theee radlloale; poeelbly clue, ln part, to

tlro rercvaI of the unpalnetl-eleotnon from the reaonanoÊ

tn the a¡onratle rlng. fhe readly-avalLablllty of the

unpalnerl-eileotrotrr d*lvedl froa ÞenøyI aloohol, fon

oxldatton could bo explalnecl ln elmllar terms.

ft has been seen that the eubetltuent groupa of a

substnate groatly lnfluence the pathway anrl extent of
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oxtdatlon of that aubetrate Þy oupntc lone. Another

lportant factor whlch dloternlnes hor readlLLyt on by that

route, a gtvon tubstratê-ft)leouIo ç111 bc oxlillsedlr !a

the stebl[ty of the tranelent'¡radteala and catlona.

ff a ¡nolcoule ia to be o=ldllletl, ln theee reåotione, !t

ls eeeentlsl that thc dllsEoclatlon Gner[nf of the 0-E bOn¡l

ln queøtlon nust Èe rcaænably lor¡ othenrlsc hyilrogqtl-

abettraotlon by !.butory nadlrt'eal8 rouldl not be faYouredl.

Ao olteil eanller, the dleøoelatlon enêrgy wtlI or¡ly be

Lor enough fon thls to hæpen !f the neeultant nadllcal

la neasonùly stabla. A stable radllcal could be

obtaLnedl al a elte adtJeoeat to a Eeeonalary or, pneferably,

a têrtlary oârbon aton. Altannatlvely ths i!lgeoclatlon

ênargy çouldl be loreredl lf the reeultant naclloal ¡aa

stab111øedl by neænaDGêr

ft ls reasonable to agsunc that long-s¡s1¡

alkane¡ rculil be nelatfv-elf lncnt to attaek by þbutoxy

radltcals, rhereas alkyl bcnseneer oT oarbonyl ooûlpoundlt

roulü be pronc to tsuoh attaok.

Aeøumlng that thê condlltlona are ttloal for

radltoal-formatlon, &d asEunfng, á1ão, that thcre arc no

substltuent g"oupB Thtoh ooulû tPerþva the unBalrod-

eleetron from the floe-VêIenoy elte, then the oontlltlona
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TouLd appear favourable for oxtdatlon to oecutt¡. Ifo,ç€rver,

another faoton ls stlll to be oonstdleretl; the stablllty
of thø reeultant eanbonlum lon. Obrloualyr o¡ldlatl.on of

a radllaal róuld not be favouretl lf, as a Eesultr a leeß-

etable tranel6¡1f-sD6clae 1s obtalnedl. It 1E aileo

aBpanent that, lf the condlltlone wøre favourable for an

oxtdlatton to pnooeedl Èy a llgand-transfen meohanlcn, then

the abovc-nenttoned faotor wouldl be unlqortant, fon BuGh

a !Êeohanlem eloee not requlre the !.ntenmedllatê fornatlon

of a oarbonlun 1on, thue Koch!. anrl RustJT found tÌrgt

ratlleala¡ çhloh oouldl not aeeo¡modlate a poaltlve ehargc

anil thus fall to be oxtdfgeil by an alectron-tranefer

neehanlem, rerc readlly oxldllzed by a llgandl-tranefcn

ptrOCêEEr

Aldlehydlog ane perhaps ¡no¡pe readllly oxldlltat !.n

theae reeetlons than any of, the substratoE etudlledl andlt

for the reacono statedl above, thte le not unexpeotetl.

the oondlltlons ane favounable for the abstraatlon of thc

attleh.ydlo hydlnogen-etom by a !-butoRr-radll6alr for thc

dlf eeootatfon 6n€Dgy of the C-II bonil le Lor and thc

reaultant acyl-ractlaal ts stabllls€al'& o, reronanoo (ccl).

+
B-0=Oa !F+

l-Oa0.R-O=OH

(ccr) ( ccrr )
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Llkewtee, the acyl oarÈonlr¡n lon (COII )r uhleh

roultl be formeil upon oxtatat!,on of thls aoyl radtoal (OC¡)t

l¡ an ertnemcly atablo dl6. It ta.ke¡ part !n Frtedlel-

Crafts aqlatlonl arrl la even stable Ln aulphu¡f'o agldl

eolut!.on.161 Therefore, the oondl!.tlons are verîr favour'ablo

fo¡ alrlelvdlcs to be ox!.dlf seal ln these lleaotlonÜ.

Thl s raa olcerly Éeen whan þbutyl ponbenroatc

rae ôeoompoaeð tn the pnosønco of benualtletVdls artit a

traoe of oo'pper ealt. Bansolc anhydrlde (0xV:) arÉ

!-butyL bencoatc (C¡W) rore both lsolated, the fonmer ln

45fi Vteta. thls yleld ts dtlaappolntlng vhen lt ls

raaltsodl that a atnllar e¡pertmcnt by Soanoreky and YangSO

gave bencolc anh¡dnlrle rn 70É yleltt. Eoweven thelr

reaotlon tenperatule ras oona!.dlerably hlghen than ourËr enô

therefore, the þbutanol fo¡rned dlurl.ng the æactlon,

rould be e:çpeotodl to re elde ln the oondleneen antl not takc

part ln the reaotton. Thc formatlon of þbutyl
bensoato (CXI|) !n our reaotton oould lrave nceulted fr66

the aetton of þbutanol upon tlæ anhydlntdle (f 5b).

( c6g5 .oo) 2'o + ( cHt) f 'o" -+ cgtr5 'oo2 'c( H3) t * c6H5'oorB

(rll)

The neohanla of the reaotlon oan be r€presenteal
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aÇ follorrr

o6%.@g.@(onr), + Gu+ -à oAt.oox- " ¡our) fto, + Ou?+

( t8)

ÒoøE'.oþ + (our)fl. oOb'@ + (cn')y.or (s5)

orgåo + osz+ 6gb.GO + Gu{ (r lp)
+3+

+
ceB.oo + 06qã.gog- (ogñ¡'00)r.g (t¡6)

follocct (tn part) uy cEuatlon (t¡tr).

.âlthugh tbo oondllttan¡ for. tho o¡lôat!,oa orf

allleh¡itor alG v€ry f,avourablc, tha iavoree la trur for
the oxlilatlon of thc o1-potltlon of the alootroX-ælott

oû an csüctp. rf thc ctr-lgrdrogc¡ lr rçnsrcå Èt a þbutoXy
railloal, thc ¡rcaultant railtaatr dloGt aot only fall to
unilcrgo cËabllt¡attoa þy FcËonËnoc, þut tlrc ælilatlon oû

¡uch a radloal roulû aot ylclt a parttoularly ;tabL¡

oerbonlun leË.

ülren ill-jh*Þutyl peno¡lttc (f,f) ra¡ tcooEoæd la
the preaonoc of etþt þencoatø (CCIII), aoctle aoiô anô

c¡Eooss ouprlo ohlortalr, 8OÉ of tha estæ rt¡ Fcrovar¡t
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unohaagod. E¡anlnatloa of the productr drorcil that onlt
a sall etrþq¡1 (t¡f d the total produot¡) of aoetoryla-
tlon hait taten plaeo fn the o4-poaltlon. rhe wldatre¡
ooulil be rqrresentct a¡ f,olIo;a¡

ag:b.coe.cflr.oH, + (oEr)500. ee$.OO2.ðH.69, ( 1tll.

( ooru)

og*.cor-ås.cH' + ou?+ g6Hg.co2.GE.0r' ( t ¡A)

+
.CÊ.OE06B.Goe , + Of,U.OO s gt .oo¿ .cE( oÁ,o ) . otr3 ( t ¡g )

+

F

2

Alternat lvrilt r a l lßanil-tran*cr neohanl m eoult cp erat ol

66t.co?.ón.or, + 0rr.Qrorcoe++ oeb.oor.or(olo).08, + ou+

( rbo)

lol rcaroar not yet uadorctoo{!, the radlleala

elcclvct fron ethers, by abrtractfon etr an o( -ùytrogcn
atonr are rclat tvely gtablc. the carÞønf un lon, for¡redl

þ nenoval of the upalred-clætron frcn thcsc radloalc,
lg also Feâàonably øùablc¡ lt oan be rcpreecatd by thc
follmtag loænanco ¡truot utol
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o-H
+

-^- ^,-\,-L'

I

( ocrv)

theneforc, tt ls neaænable to expcot that ethero

woulcl be eaelly oxlellÉcdl by oupnlo lon¡ Ln the Prescno6

of þbuto4r radloa1c, andl thle¡ of courac, hag becn

demonstrateal by rmny Íorkens. Thue the cupnous-eatalysoel

rcdluctlon of þbutyl peneeter6 tn the preBenoe of slnple

ethero¡ thlo ethena, anal benzyl ethero, havc lnvaniably

yleltterl aoylals or the aoetale derlveil frsm then. Aa

ôeeotrtbctl earllor (tZO-t 22), the eltuat!.on aBpears to be

yêry favounable for ethere to be o¡ltllzeü by a Llgard-

transtren proco66, tlrrough a g!¡nllar moohan!.8n to that

doecrlbd for the aoylorylatlon of oLeflns.

Elnoo the oondtltlons aÍe vc¡ry faYourable for

aldtel¡yitee to be ortdlseat ln these roactlont, lt çae thought

llk,ely that the fonnyl-l\ytlnogen aton of fonmaurldlo andl

fornatc eeters wouldl be qulte pnone to ebstractlon by

þbuto¡y-nattlcale, Endl that the reeultant rarlloalE rorlil

alao be ¡readl!.ly oxtitlseô. It la thenefor6 reman¡kable

that tho reaotlona of theøe oompoundls çlth free-ratlloal

leagents hae been æ.dly neglected.

lfhene appeÐrs to be only one lnstanoc wlrorc

formm!.dto (CCV) has þeen tllnectly lnvolved ln a nadllcal-

+
o

I
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reaetlon, îlhen nla¿ll6' l**utaterl formanlae (cov) ln

the pnesenoe of the eatera of æm6 uneaturateô aoltlat

the 0-H bondl wae homolÉloally fLesloeot andl tho reeultant

oarbamoyl radlcaLe (OCfn) atttletl aorost the double Þondle

of the eatenE.

tr.Co.t{%

(cov)

.OO.ffte

(acv¡)

8l¡ú.1ar to aldefiydlehydnogea atonÊr te have

fouadl that the forqrl hyitrogen-aton of fornamldle (OoV),

ls reatltly aÞstraotedl by þbutoS-¡s¿toals. tere the

alnllanlty endlsr horæer¡ fon the oarbanoyl radlloal

(æm), unltle the aoyl radlloal (@I) r does not,

4parently, tleltl very etable carÞonlun tonl upon

eßldatlon r!.th cu¡lnlo ealts.

llren !-bntyl Bcerbenzoate uae dleeonpoaedl ln the

pregËnee of eEeeBB fornamfule (OOV) andt a traeo of oqlroua

ohlsridte, the only pnotluet proved to bc þbutyf
allEphanate (CCWI) tn a faln yleld.

( onr) 
,a 

,o rc.ilIf . oo olvfl,

(ccrn¡)

It hadl Þeen expeotedl that oarbatrcyl nadltoal¡
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(o0vr) routa ba prorlucodl bv tha aet!.on of þbutory radf oal¡
upc¡ fo¡trmlilc (cov)r ad lt ças aleo oonsldcreil proùablc

tbat the¡c tranrlant raûtoalr (CgtE) roufO Èc oriittsed,
by oEprts lons to the oerbontr¡n t.onr (ccrfrf). &b¡oqurnt
omblaatlon of tho¡c oatlon¡ (OOy¡¡f) ñth bencoatc aalm¡
oould then ytctA the ntxodt anhttrtdtr (OO'¡X) r âhð rl.
anttotpateü that thø paotlon of thlr anF{tr.trlc (oox¡
il.th þüutanol rouil! glvo clthsr þbutyl ben¡oato (cmr)

ol g-Þutyl carÞanate (ACX). fbe æme ooult be

r¡procontodl at fo1lo¡¡

06ar.o0â.oo(cH5)' +cu+-) cg%.ooe + (085)Joo. + Oua+

( Js)

tr.00.r% * (ffi¡)roo. -à .oo.tEe + (or3)f.oE (ru)

( cglr) ( oorr)

cu?+
+

.CO.I{&å + -+ OO.¡f% + 0u+

loorrrr )

(rqa)

(lq¡)
+
CO.f[a * Cgb.OOe- --+ g6tg.OO.O.Oo.tf%

( oorx)
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c6H5.oo.o.co.Mfz * lcxr)5o. 0H-+065.oo2.o(ônr), + Eorc.[n,

(cxv) (r¡l+)

(ffi¡) 
,c.oge.ltnz * c6nr.ooaB

( ccx) (tu¡)

tlelther þÞutyl bensoate (gfV) nor þbutyl
oarbamate (CCX) rae obtalnerl. Â reactlon, rhloh wouldl

eopete wlth the aÞoçe aocltre¡ Gân be envtsaged tf thc

oarbonlun lon (CC\frII ) te not a etabLe s¡reolea. If
omb!.natlon of the oarbonlum lon (OOVIII) rfth a benzoatc

lon i!fu1 nst oeour mpldly, aB fn (f l{5), thc oarbonlrrn

lon (C6ry'IrI) ooulrt, oonoolvaDly, lore a pnoton to form

lggoyante aofdl ( ecn¡ ) .

COÒ!ÍHA 0¡ C¡HE ( r¡e)

(cqnrr) (ocn)

It le llke1y, theneforse, that both þbutyl
oanbanate (CCX) and lgoyanlc a:1{l (CCW) rre belng f
and that the eubeequent neactton Þetreen the þbutyl
sarbamats and !¡geyenlo aoldl roulit y!,elil the obaerveû

pnoduot, þbuty1 allçhanate (OCVII) .

+

,
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Icnr)Jc.oac.I{8, + fl.fl¡oro+(cnr),c.020.NË.co.Ifff? ( Il+7)

llho reaot!.on of altsyl oarbarnatea rlth oyan!'o

aold le knoryn to yleld alkyl allopha*t"".165 It la

aleo usll aeceptetl that 81kyl !.soo¡ranate¡ reaot rlth

anlnea to yteldl øubetltuted uneaa (lhA).

ffHe + nrf@ EÍE.Go.IlHRf (rua)

Alternattvcly, the aotlon of the oarbonl'um lons

(oqffff ) ,æon !-butyl oarbamate (CCf) oouldl yleltt the

prodtuet (ccrllr).

(onr)rc.orc.IVH, * åo.*r+ (on,) f'orarffioÇQoffi, + f,+

( 1l¡9 )

' €il.noé no !-butyl oarbanate lae l eolateal fnon

tne roactlon, lt rouldt epear that equatlon (tt¡6) took

plaoe at a much gneaten rate than oquatlon (1113)¡ thic¡

of oounao, trdloates that the oarbanryl oarbonltnn lon

(co\llIl) le not a vêtTZ staÞIe qteolea. Furthe¡ erldleneÉ

fon the foranatlon of lggoyanlo aoli! ras the presenoe

of a çhlte, polynerlo eubstanca tn the producte, rhlch

ooultt not be dllseolvd ln arry onganla solvent. ft ls
rclI knorn that oyanlo ældl ls unatable above Oo
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anô reaÉltly polymerlses. The !-¡utyl allophanate (CCWI )

eleooræosed at lts neltlng polnt to ylekl lange quantltte¡
of armonla ancl a rhl.te lneoluble rerldluo whtah le
aEaunodl to be qranunlc aolil.

It 1s Intereetlng to oonpsre the reeult cÉ tbla
reaetlon rlth a el¡nllar reaotloa oondlugteû Þy Borglunð

anrl Lara"*o8J there $¡þiffmettrylfornanldo (úxxVrlI) ;"a
treatedl rtrth þbutyl penbenøoatc ln the pnesenoc of
ouproug aalt to yleltl $-benøoyloxynethyl-[-nêtl¡ylfonnauldlc
(C]oUX). f t le elgnfftoant that thl¡ eo¡q¡oundt (Oxfm()

tao aIæ obtalneil by Baúontl and fhtt"1& (lunlng the

unoatalyeerl-aleooryoaltlon of bcnuoyl peroridla (XffV) ln
the p¡:csencc d Er[-dlnethylforrnanlilo (qÐflrl1f f ).

Obvtoualy, t he O-H bon¿l dll seoolatlon energy of
the þnethyl groups !.s oonsldlcr:ably lces thaâ the bonü

rlleæotatlon energy of the forryl hydlnogen-atom. ft 1¡

aleo appancnt thÊt the forryl lrytnogen-atoh rÉ11 only bo

abatnaoteil by þbutoxy radll.oal¡ rtrcn thene Íe no

oonpetltton f¡rom other O-H unlts. It can be nea¡onably

oonolu¿16{1, therefora, that ths fornyl }¡ydrogen-aton of
fornanldlc andl aubsf ltutedl fonnamlilcs 1¡ 1o¡s naactlve

than the actlvc Ì\ydlrogen of aldlohyrles. Thla oan bo

attrlbutail to the lorer stablllty of oanbanoyl rarlloale
(OCVI) ae oorpa.reil úth aoyl. radt!.aals (CCf ).
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Fornate ostorg behavø ln a alnllar fashlon to
formanftlc end aubatftuted forpmam!,6ec. the abstnaotton

of the fornyl-hydrogæ¡ by þÞutory*nadlloalcr corrpetce

rlth the ncnpca"l of o(-hy{nog€nr fron thc aloohol nolsty

of tlre aster. Du6 to thc lov lcact!.vlty o thc

4-furdlrogena of th. aloohol noloty of eeter¡ (pnevloucly

ill Bo u cscd ) tfre f orq¡l-hyd¡ogçË ab stnaet lon by þÞutory
rad!.oala ootpetae favourably rhcn fornsta eetant erc

the aubstratcs.

fhua Unry erd Euyacol6S tr.eatod nettryt fornata
(CCXff) ;lth ¿1-þbutyl peroxldto (tIV) fn the proeenoG

of ethylane and found! that thc forryl-lgrdlrogen aton raa

oxolurlvely abetrastedl to yl,ekl nethyl eanboaoyl naillcEl¡
(COUII) vh!.oh then fonraeil adtdluot¡ rlth thø olefln.
[hc reeulta rere ÌúrG oouplcx rhen et]¡yI formatc (C0XXV)

rag uaedl, hoveyer. fhere rag cvldtGnce fon thc

prorluotlon of both etlr.yl oarbonoyl radtloala (CCfCV) anit

l-fonuyloxyetbyl railloale ( 0C!-rW ) .

H.COA.CHj .GOe.OHj tr.OOdCHáOH, .GO'.OH¿CH,

( cürr ) ( ooxrrr ) (ccxlv) ( ccxv¡

t
H.Oor.Olf .GH5

( con¡r)
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lhen !-butyl penbcnøoate taa tlceo@ogcal ln tha

presenoG of g-ÞutyL forrnata (0onffr) antl a traoa øf

culrrout ælt, the natn þroöuet provedl to be !-butyl-g-
þutyratc (cmVfff) togetheir ñth an 8f ylela! ol g-bntyl

bcnsoate ( offiIII) .

[.ooe. (cue) 5'GE, or''(oE) r.0or.( cr.)3.cn,

( ooxsrr) (cmnrr)

lc haô Gæöotøat !-brty1-giÞutyl oarboaata (COXI[)

to be tho naln prodluot, but tt raa aot fouaû.

( oE ) 5 
.oo .goe . ( oHa) ,,afr:'

(oor¡x)

It ças tlrught that thta earbonate ester (CCXfX¡

oosldl be forrucit fron B-butyl formatc (Offi\,ltI) Þy aÞstpao-

tlon of thc forqyl Srogel aton to /1a1û &-butyl
oarÞonoyl tadltcalü (00xx). Orl¿latlon of theeo raêloal¡
(OCXX) taE thcn envlôag€ú to y!.el{l thc oarÞonlun løn

(Omf ), rbÍoh aoslû thcn eonblna r!.th a benseete anlo¡

to gtvo the anhydrllla (OCm¡f ). g-Butyl-g*butyl

earÞonato (gCnfX) coulil than lræe rceultcii from thr astlon

of þbutanol upeû thlc anfry¡nldte (ænf¡), fhe EoeEÊ
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oa¡! bG rGI'llGsentäd aa follorßt

ogt-Goe.@(our), + 0u+ --+ ogb.ooâ- * lonr)roo. + onâ+

( 5t)

E€oe'(err)r€r, * ¡cnr)fo.-+'60e.(ffia)r.ffi, *
( ccx,¡c)

(sb)f .o"

(æxvr¡)

.oor.(onr) 5.08, f go8* ðor-{ffiJr.oE, + ou+

( r90)

(omr¡

+
cor-(cnr)r.cn, + o6trU.ooa- * cønu o@Q.QosQ.o.(crr) r-ouj

(oo8frr)

(tst)

(tszl

( rsr)

oob .Go.o.oo.o.( ofrr) ,.0H, + ( ono) 
J0. 

ffi -+

lon') 5oo 
€0e.1 cnr)3.ob * oet.GoeE

(oøux¡

?bs raaæn for the proiluqt!.on of 4-¡q3l benseat¡
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(CtfailIl) andt !¡buty1-g-butymte (ccnfff¡) ta not clearly
undlerstood. It la appanent, fron thc resr¡lts of thla
Ër¡pê!lnent andt othen¡ ændluetedt ln thls laboratorVrl*
that the forryl-hydlroga aton of fornste eøters f o

reaænaÞly actfve towa¡rås sttack by þÞutoffi¡¿61eale
anCl that the alkyl oanbonoyl radl!"oale¡ fonmerl by tush an

attaok, an6 vo¡ry unctable and dlccompoae lnto Þ!a ¡taDX.e

ooqponGnt ¡.

The neeulta alæ Ëuggeet that the g-6r¡try1

carÞonoyl radteals (COA¡ a¡r.e not belng oxldt!.2ød, but

a.rç deoorpoelng lnto g-butfl r.adloalg (CCïnilV), ae La

(t¡q)r aridl g-butoxy radicala (Oot$v), aa ln (lgg), by tho

loeo of oarbon lllortelc andl carbon monoxldlc nespeûtivd.y.

ot'.(cE 2l g.all,r.oaÕ-

car.(oHa) r.a\o + oo, (t¡¡)
(co¡ccrv)

(coq) cnr-( cu.zÌe.oua-o. + Go (l¡¡)
( ccn:rv)

.{lthough dlecarboxylatton of these naitloala (lgb)

lrae boen obeervod by anothan norkeorl6 thenc sppearl

to þe no neport of dlcocrbonylatlon (t¡E) ocourrtng. the

.E-butyl ben¡oate untloubteelly reeult o fnon tbc

oonblnatlon of a bensoate lon vlth a A-butyl oanbonlun
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lon (ooxrn), tha latt6r'b6lng tha orltlatlon pnodoot of

tha 4-¡s¿y1 r'aillcal (COpCX'V).'

our.(Gna)a.cHe. a 6ue+ cEt.(ona)e.ffia* + ou+ (lse)

(ocnnv) (ocxnr¡ )

on, " ( oH gl r.ann* + c6b . @g-+ 0 gB .ooe.ole . ( 0tr2 ) a,085

(omrr¡) (l¡z)

lfho fonnatlon of the g-butyl;fbutVlatt oan only

Þc açoouatedl fon by tho preacnoc øf ¡þUutanol or g-butorgr

rradllsals ln the reactl.øn nlrturer aotr unleea th¡

À-butanol roeulteil firon thc þdlrolyale of the etarttng

mtenlal tlurlng tht reaetlonr theae fntenndtatøs ooull

onlÍ Þe f,orneil bt ûooa¡bonylatloa (tf¡) øt tho g-¡t¡ty1

oar.bonoyl, railleala ( 0gXX) . the gbutf,l-g-þstyratc

øouful bc fonnod, elther fron g-butoxy nadllaals aa ln

(lSl and f58) on thlosgh the lntermedlteto formatfon of

E*butanol aa Ln (t59-f6f).

oEr.(crr)r.cEr.o. + ou+ + orr.(crz) ,.Gßg.o- + oua+

(r¡z)
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+
ffiJ.(ffia) z.ffiz..o- + cnr.(orr)r.00 -+

( oo:rrvrr )

0Ír.(o%) z.ffie€ao.ffie.crfs.ffi3 ( t¡a)

(oc¡rvrr¡ )

o5.(ffie)r.01þ.0. + xß -+ GE .(ffia)ro0Hr.o[ + R.

+
CEr.(ffia) a.öo + C6Hr.OOe-* Gt'(ffia) a'CO'O'Oo'O685

( csxxvfr ) (r6o)

o'.(cnO) rrÇQoQe@$-06[g + oH5.(øJ a.orr.or -+

o5'( ffie) r.onr'ouc.tlla.cna.0fi5 * 06b .@eE

(ccrwil )

(tærc nn 1s atv Mrogrn-åæot aoleeulo.)

tlth ægarü to tbc ßreat abllfty of aLtsoryl

rraåloal¡ to ab¡trcot þf noten atæa flen auÞet¡ato

nroleoulêfti 67 11@ thc routc lwolvlng g-¡qtanol a! aE

lntamedllate (t¡g-t6f ) la none accc¡rtabla. fh.

( rss)

(r61)
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lnterueü!.ate swl oarÞonlun fou (øxVff ) Eould Do

fornoû Þy tlo Bathraya ln üllch oltbæ l-forrylorybutyl

rait!.oale (OCXXWfi), tr E-botoEf reillcal'¡ (OffiIIV) r oot¡tril

bc tho tnaaalaut+radlloal g'

tcBroacateil ae fallorer

thc, æË!46 aoulil be

a

E.oor.OEe.(oEe)a'0H5 + (oE )5oo' Ð E'Goo'ox'(Grr)r'ont

(cffiiu)
+ (cE')f.0" ({6a)

t.oor.ôn.( orgla.or, * ogb.gog- + oua+ ---)

E.COg .08. lcnr) eßHt + ou+ (le3¡

J,, '06tr5

E.0O .qR.( 6Ea)

Jro.orry

t'083-â 6tr.( ctre) e.cuo + E'GO.o.0o.o 6B
(r6b)

2

a

oEr.(cEe)r.ono + (cxo)rao. 
-) 

oB3.(oHz)*00 + (085)f.o

(r6s)



i
OEr.(oua)e.õo + Gu?f -=à onr.(dna)a (tee¡

- d: 
15g.

.OO

( ccxxvrr)

ouu.(ot')r.GHu.O. + ( sHJ)tOO. -+ Crr.(oE) E.cno +

(onj) Jo.oE ( 167)

follorcdt by cguatlonr (tgE) arr¡ (f66).

ït !,¡ alco posalble to prerllot thc fonnattoa oû

thla acyl oarbonlun ton by tho follovtng rcent

our.(cEe)E.oHrroE + (oE )r00. - 
oEI.(ggrlu.åtr.gtr *

(0r5) 
to.otr (tea¡

oE5,lorr)rrón.oE + Agr.,.Ooa- + cuâ+ +

+

otrr'(ctrz) a.lH.
I

oeo

OH + Ou+

'0685

(16e)

cE5,(c82, , T"
Ioc
2

oE+ orr5.(o%)ä.oHo * oeB'fr8B

'06"ã (rro)
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followeil by equattons (lçg) ann (166).

![hle latter route fs not favounadr holevarr for
lt lequftos ooploue arcunte of g*butanol.

ft tg probable that çonsldlcrebly noFo

rlecarborylatlon (tSU) ocounrcdl thm the ¡eault¡ lndlloatc,

andt that the reaultant g-butyl reatloals (OctOUV) rero

oxfåfsa.r to Þqt-1-strô bü the follælng neshanlart

oEr-(cÌfa)a.oBe. + oua+-+ otr3.(ffia)a€He* + ou+ (r¡o)

oE!.(our)r.onr+ --+ ÇEj.one.ouron, + gt (tzt)

Dc La Ia¡e g!, gte8 haYe f,ouadt that the o¡ldatton

of prinarf-allryl radllealq wlth ouprle sulphate often

leads to oløflnla prodtuott. Although no ettètnpt raË

narta to leolatc olsflnto produota fnon thc g-¡r¡'Èy1

forratc naaotlon, a related reaotton penfonnd ln t'heae

laÈoratorf esl Ê b*t"*n Spentytr fornate (oaxnx) ,

3-butyl perbenzoate and ouproua lona yîolitcdl large

quantltfc¡ of peat-{*G¡G (f,XfV¡ andl pent-2-êttc (COm),

thc forncr taoner beLng the preilonlnant produot.
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tr.oo2.ofle.(otrr)e.oF5 GHr.oEu.cEroE.oE,

( ocxxrx) (osm)

¡. theFc rae no evidlsnae fbr tho ilroar.bonylatlon

of the tnterneitLatc ra{tlsal" (@mÇn) oeou¡rf,¡gr ac ln
('tggl. [fi€yer, ûcoarborylatton (tgh) of thf a railloal
(C0fXff ) rouldl probably Þc nore favosrodt tha¡r that for
thü A*tutyl oarUonoyl, railleal (Om¡ ¡ alnoe thc

lesultant ¡-paatyl radtcal (CUXfff) ¡oul¿l be &re sËable

thaa tho ¡-butyl Fa¡lleal (OæfV¡, lt bolng a sooonila$r,

andl not a prlnary raûleal,

.ooa.oHIc.(our)e.OH

(ccurxr)

.Ctc.(OËZ) A.OE,

( odrmcrr )

3

Also obtalaeû fron thle neactlon yas gnentyl
Þea¡oate (CCIEFCIII) tn læ ylel.ilr p¡l6eumÞlÍ rcsulttng
fnon tbc oonbtnatlon of boagoate lons anrl ¡-Þentyl
oa¡'Þsnlum loas (ænffiIY) .

0gb.oor.otrr.( onä) 8.on, f,lle.( 0%) s.QE,

(ocnmrrr) (mrxrv¡
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Anothcr formte ester rreaotfon performd ln

thceo labonatælec{g g*u" alüllan ncaulte. I[hen

t-butyl fonmate (CC:UOCV) ra¡ tneated ç1th þbutyl
panÞcnsoate and oqppor lona, there wa6 octnelilcrablc

olefln-fonmatton rfth tlæ protluctlon of Ieobuttrlonr

(cclcnn).

H.OO2.C.(CHr), OHrr0.(Otrr)2 O0r.O.(CH¡)3

( conorv¡ (cffiro$r) ( ooeorw r )

Agaln, thcre raÊ Bo lnllloatton of ôcoarbonyla-

tloa ao fn (t55), itooarborylatlon of, the Lntonnaillate-

radtleal (OgXlfrlrlf ) hadl bcen thc naln route of

dcco@ot!.tlon. Âs lnterestlng prorluct, laolatçdl ln

mall y!.cld1 pnovodl to be ill-!-butyl oerbonatc (CC fwfl).
Thta rae probablt formed by the nouto auggestedl for
tho fornatlon of þbutyl-grbutyl oarÞonate (COrfX) frou

0-Þutyl for¡¡ate (Ccxyf¡) (tlo-ql¡) rbloh1 neøtllcao to
gå¡r, ¡aa not founû.

( cH') roo.cor.g( 0tr5) 
5

( cooocrrrr )

fhose fonnatc-oster reactlont, tho neaotlon of

fornanldle, and thc earller rcaotlons rlth benøalilehyitc

and ctlvl b enøoate, eII dlcilongtrate tho l@ortancc of
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the etablllty of tranelent-s¡leolee 1n theee oxldlatlon-

FêÊatlolttr The reeulte lndloate that only etaÞle-

railloals v111 Þ reatllly o¡ltllzdr andl then only thoec

ln çhloh the unpelreû-elactron lg not too dlølooallsedl

Èy ?esonancG. If the eubstnate-radloal, rhlch wOUld

recult frm lyttrogen-abstraetlon tr þbutoxyuradloalet

raanotetab1erlttouldelthenbeforuedlnverymall
quantltles (a¡ ln the etlVl benzoatc-neaotlon) or

rældtly dleempoee lnto more etablc rstlloala (ae raa ghotri.

ln the fornate ester reaotlons). It 1t oleart tberefo!6t

that aubetratee rould not be greatly oxlellsed lf the

lnltl al railleala Íere unstable.

ÎhêgtsÞlutyofthecarÈonlunlon,reo:ltlttg
frm the oxtrlatlon of thc subgtrate-r'ail1ea1, hae alæ

been shoçn to Þe lnlgortant !.n d etermtnlng the ceee Ùy

çhloh a srbetrate-noleculc rilr be oxrctlseil. orldlat!.on

rouldl proceedl nore reaðlIy lf the reeultant-oarbonlu¡t

lon tas more stable than the eubstrate-¡radlloal andl,

oonverselt, oxldlatlon roulil be Ì¡lnilerd lf thc

carbonlunrlon vae lese stable than the railloal. As ln

the oase of unatable rdloale, unstaÞle oarbonlun !'ons

roulil mpldly dleoourpoae to attaln steblllty. lfhla was

shovn ln thê fo¡rmanldle reactlon.
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b.

the aeylolqylatlon of aetlve-EubEtratGtt

lnoludllng ol,eflñe, þy auprOuE-oatalVacd pcrestGr-rlcact!.on¡

havc ploveil, lD nanÍ casea, to have cxocl,lent rynthctlo
ppllaatlon. the reaotlon oondllttona are nlldr tho

roactants are lnexpenalY@r thc ylalil of produçta arc

often vs!!/ goödt andl the Þy-prrlodtusüe are oftcn geacoua

or v6rt volatl.le, shloh elçllflea the lsolatlon of

pnoôuot6. the one blg tlrapÞaclß of theoc penester-

neaetfoas l¡ thc ll¡nitatl.on on the nature of the aoylo¡y

group. bButyl pcnben¡oato (X) andt þÞuty1 poraoetatc

(XI) are the oaly þbutyl peresterc rhloh aPÊ loadltly

avatlaÞle oo@6lrolalty, andl thie, of oounÉe r ltnlta the

sctopo o'f theso reastlone to the fornatlon of benzoyloxy-

andl ae êtory-fl e¡lvatlvoa.

Thta 1!.n!.tatt.on oan be ovcreomer horevenr Þy

one øf tro nethodlg.

(t) The lleoouqpoaltlon of ¡l-þÞutyl Benoxtdlc

(ffV) ln the pregenoe of a traee of oo'pper salt r tho

cubatratc requlrlng to be aeÊorylateü andl tht frec-

aold aontalnlng the rcqulretl anlon. By thte nethoil

thc eubstratc-ratllcal ooultl be oxtôlscd to a oarbonlun

lm by cupnl.o lone, and the lnterastlon of thle oat!'on
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rlth the anfon of the aatd would gtve the requinedl eete¡1.

Obvlously thc natune of thfa este¡r oould be dllatateil bf
the ltlenttty off thc asld adtdlcil. fh18 type of roaotlon

bas not becn øorlou¡lt atudlledr ånd llttlc !.e known about

the rreaotlon between the peroxldte (IlfV) andl ouproui lonË.

From the res¡lt¡ of trharaash and FoooTl and alæ the

raaults d drlnt €spertnentt üeærlbeil ln thf I theølat

It appoar! vËry llÌ,alf that thc role of ouprous lons lc
to rerluoc the peno¡ldlc aa ln (llù. âlthough tht¡
rettuatlÖn-sterp âpp6ar: B nei'ro! to haVc boon oonalclcredl

bcfotscr lt dooa erplatn rI¡Y¡

( f ) lfhe rleooryosltlon of the dll-!-butyl peroxldlc

ts gpeatly aooclcratd, ln thc P¡reeenoe of copper lon¡.

( ff) Our obgolçatlon otr abnormalLy large

gsentlttea of þbutanol fnom these reaotlonl.

(fff) îho trha¡aeoh andl roooÏ oÞseËtratlon that tbc

reaotton betçeen dl-!-butyl Be¡roxlôo art bensaldlchyüo

tn the presËnoe of a trsee of ouÞrouÉ Ghlorlilo glvee a

quantltatlvc ttreldt of þbutyl bensoate (ent). ffê auggort

thla pnoiluct Þg6otb1y reeulte from tho oo¡¡blnatlon of a

þbutctde ton rlth an aoyl oarÞontun lon (lZzl orr nx,Ira

llkely, the attaoh of !-butanol üpon the ac6¡1 oarbon!.um

lon ( 1ß1. Íha aoyl-€arbonlun lon voultl be fonnedl

from benzalilctryrle aa ehomr f¡ (S9) and (t¡5).



166.

+.co --+(cH,)r.co- * ce5 l cnr) 
'.c. 

oac. ognu ('nzl

lorr)Jo.oE * cá%.üo -> lonu)ro.oac.c6H5 + E+ (ttt)

( fv) the ouprous Ealt æpearg to aet as a tru6-

eatalyst åndl, thercfore, la not requlredl ln langc ar¡ounta.

llhls can onLy be cxBlalneil lf a redluctlon-reaot!.on la

ooourulng conourrent rlth the ældlatlon of, the s¡bstnate-

radlleal.

lFhe uee of oleflna as substratea ln thesc

reaotlons ilas ahom by ue to gtve a nlrturc of leonerlo

pnodluote. Although the laonor vlth the tenmtnal-

double bonrl predonlnatedr the reaotion tae leee

øtereoepeolflo thån tha oomeepondllng pereøter reaotlon.

thlg reaotlon betçeon oot-l-GD@r tll-!-butyl penorldlet

bengolo aolrt andl cuppous lona has alreaðy been dllsouegod.

( e) The üeoonpollt !.on of þbutyl Sdnopenox!.dle

(lf) ln the pnceenoe of a mlxcdl*oatalyet oontalnlng fentrouc

anû oupnlo Lonc¡ the eubetrate nequlring to be ac¡rlo¡y-

latedl andl a froe-acful oontalntng the nequlred anloq.

The uae of thc fernous lonc to pnorcte O-O flaafon sf tha

þtlropenoxldø, the nole orf the aupnfo lons to oxldlse the

gubetrate-natlloal¡ andl the eubocquent Gonvcrslon of the
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two rætaL catalyst e baak to thetn onlglnal valansrytatatea

hae been dlscusBG¿l at Length ln a pnooetllng eecttoa'

Although the above two æthorls osn both yleltl

unllnltedl number E of 6etene, the eeoond tros of neaotlon,

!_þ,. lrydlroponslele reactlona le prefenned to the flret
tJÞer !LE,. ¿1-g-butfl peroxlde neaett onar tlue to t hc

oon¡ldleråbly mlltlcr reaEtLon-ændlltlone ani ehonter

¡reaotlo¡rptlne. Thue the fcrroug lon-oatalyec¿l

ileoo@oeltlon of !-butyl hyilrcperox!.dlc (r,f ) ooeura

Enoothly at ?Oo, rheraao a tomperat¡lrc ln exoeae of loOo

;ould be requlnotl fon tbe dll-t-butyl peroxlde reaotlon.

îhe bydtroperoxidle reeotlona have beon ertenelvely studlst

ln thls rcnk.

It appoarú very llkely that oat81yð6d-l\ydltto-

perorldle reaotlone vlth oleflns, unl.lke the corneqpondllng

pcrceter reaotlons, are not very gt'eneospselflo. Dunlng

the ouprlo-fe¡rnous ton-eatalyaeil dteeonpoeltlon of 3-butyl
hytnoperoxidte (ff ) ln the presenee of oot-1-6ne å¡rdl

aeetlo aeldl, e nlxture of 1æmer.lo acetoxyoctene¡ (CfXf

anô CO:OUIÍ) was obtalnd. AE ln the porester

leaotlona, tho lGomer wlth the termlnal-double bondl wae

the pnlnof.pal procluat¡ but lte predomlnanco oven the

Do[-ternlnal dlouble Þondedl lsoner hatl been greatly reduoed.
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cH,. ç cn, ) ¡, 
.cIIoAo . cH: oþ Gffr. I cn, ) 4. 

oH r cH. cE, . oAo

(ø:a) (coxoax)

tflrsn Ualttns SS, g,11 37 a"oonqposeil þbutyl Mro-
penoxlile rlth ouproue clrtonldle ln the pnescnoe of

P -t"tlVlatyrene (ñ(VIII) an¿ aoetle aoldt, they obtalnedl

alnoet equal quantltlee of the two lemer'l,c aeetory

prrcrluata (CCftl andl OCXIlf ). Ílrls le ln tltrect eontraat

to thell anil our recults vhen thls reastlon rae perfornetl

úth Írbutyl pencetero¡ the læner çlth.the tenntnal-

ilouble bondt ras then the naln protluot. Thoee two

¡orüe¡ra137 ¡-].to obtålned eguaL quanttt,lee sf lsomerlc

productE çþon allylÞenzene (fVfff) raø the eubstratc.

Tþla agaln !.s tn dlreot contrast wlth the nesulte fnor

Bereeter rcaottorlõ¡

C ø\,CHOAe.0Ht CH,

( c6rg,)

068 .CHt Ctr.OHtOÂo

The rceulte of Khanaeoh gl[ gflF lrave ahom,

horevcr, that oot-l-GBG anâ !-butyl Ì¡¡ilr6peroxiile reaett

!n the proeeaoe of cuptioue. clrlonldle, wlth benzolC aCldl

to yleldl qpeolflaally þbenroyloryoct-{*Ghê (XIII) ånil no

( ocxrr )
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I eonert o { -benzoyi oryoCt-Z-e¡o ( nr) . Thl s re sult I c

baacdl upon lnfrareil ttata only, andl !t muet therefole be

tneatod rtth cautlon.

It le no+. eleanly undleretoodl wlry these hydræ

penoxtde neaetlons a¡r€ lees erpeelflc tha¡r theln Berester

eounteqpa¡te. Tllhen we apply o ur wortrlng Try?otheele fol
the etereoø¡reolflo acylorytatlon of oleffna (Brevlouely

rlleoueeGil), the sl,tuatton 1e, dnd.ttedllyr sl!'ghtIy

tllfferent than ln tho oorr.eErpoaaltng percster neaetlor!¡

fn t'he Gase of peieeteno, the lnttlal etcp rae tho

nedluotlon of the pereater by a ouprouÊ'oleftn 77 -eqrplex

to yleld a er¡pnle carbo¡ry1ate-a11y1!.e pailleal 7--oo@1ex

(cfnV ana CL)AfrrI)¡ the oorreerponôlng neduetlon of a

byttro¡reroxldle roultl algg yrlela a ouprleallyllc railleal

/-ootupl€*¡ but there woultl be a neaaonablc chAnee that

the an!.on aeeoclatecl rltb thlø eüprlo oorylex would not

be a oarùorqglate anlon but, ln factr a lrydlr:oxlele snlon

(aenved from the hydncpenoxtdl@ as ln (97)).

Ailmlttedlly, wlthln a verlr short tlner thls

Sroxlde lon æulil be replaoecì by a canborylate anlont

the eltuatlon then belng the name ae for the pereeter

loactlono. In our a:perlnent vtth oGtrl-otr€, horevert

the aaetlo aoldl was appreoiably tlllute{l ln the etart!,ng
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nÊterial, andl tas oertalnly not preaent ln exs€88¡ fn
auoh â ettuatf.on lt 1s poselble that eertaln auprlo-411y1

raðlcal Í-coqplexes oould fafl to make contaet wlth a

earborrylate gnoup befone oxldlatlon t,ook plaee at the

allylto posltlon" Buoh an oxLdlatlon tn the absonae of

a ca¡rborilflate group Ooulct not prooeedl by a llgand-tnanefer

meohanlsr¡. The ohanoee of an eleetFon-tranetfcr

oxldlatlon oocur:rlng voulct thus be onhanecd andl the

resultant free-@arbonlum lon eould leatt to a mlxture of

lsonerla prodluctÊ.

It le probaÞle that¡ otlce the aIlylle radllcal-

ouprlo coÐ16x (Cf.:ncV andl GffiXllf ) was formed, there woulô

be great tlnlvlng-fonee fon oxldatlon to prooeedr slnoe

the auprle-oonFlex oouldl be oonvertedt to the none stabla

ouprous.GottplGx. lfhereforer the eleatron-trandcr

oxldlatlon wpuldl oceur very rapltlly unleae a oalborylate-

group rae readllIy avallable for a ltgandl*trander

meohanlsm to operatêo The 1ea*-speo!.flo aoylorylatlont

ln theee lrydlnopero¡rlde reaotloncr eould thus be

attrlbutodl to ttre rlllutlon of the oarbo4yX.ate anlona

ln the etarttng rnatenlal¡ a Ligand-trandcl aoy1o4rla-

tlon belng favoured by a¡r sxoess of the oa¡rboxyLle aold.

the e:rpenlnental results have ghorn that the tlouble bontl

!.s stt1l parttally retalneil la the termfnal-posltlon of
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the oleflnle pnod-uota, Lndltaatlng that the oonventlonal

llgancl-tnanden neohanlsm ls stl11 operatlng to a

oonslilerabl- e e:çtent .

trn the preotdlng dtseuselon there has been llttlo
nentlon of the nole of fer:¡pous lons fn these neaotlono.

Eoçever, thf 6 wås adlequately tlealt wlth ln a prooedllng

seotlon of thls thesls. ft wae shorn thåt ferrous lona

wore requtned to neduoe the lrydtnoperæltls (ge) to ylelil
alkory-¡adlloale andl þdlnoxlile lons. the ouprlc lons

Tere onLy requfred to o¡ldfuo the aubetrattnaclleals to

oattons as ln (gf); oil to aclrloxy dlenlYatlvee by a

llgandl-tranden meehanløm, ae ln (hz). ft was also

shôwn that the two metalllo salte oouldl be returnetl to

thelr origlnal valenoy-gtatee by a nr¡tual oxtdlatlon-

redluetlon seçluenoè (tt t ). In the absonoo of fenror¡; lone

It wag ooneldlenedl llkely that orpnlo lono rou]'cl attacü,

the h.ydtroperoxtde aÈnormalfy (gg) to yleldt alkytperoxy

railloalg (c)il,tX). Thie ls eseentlally an oxfclatloar

reaotlon whene the ouprlo lon 1e redusedl to o upnoue.

Thle abnormal flealon of the ÌVdlnopero=ttile la

ocrtalnly undeelraþle, for lt woultl oause a deflolenoy

of oupnlo !.ons whloh are negegsary fon thc oxldlatlon of

the eubstrate-nadlleal. the ptresenee of ferrotra lons
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Íå6 therefore ooneldlareal egeentlal to preserve the oupnlc

lons antl to pnomote oonventlonal O-O fleslon d the

hyilropenoxtde.

ft nor eppeart llE.61y, bweYen, that r unalæ

ocrtain olrounstanoea, fcrnous lons a¡e not requtred.

It le poaslble thet, lf the energyn equlreil to oxldlløe a

tranglent-naclteal by a cuprle lon ls ¡nuoh lowor thaa

that requlned to ffil¿llze the þüroperoxltle anel Bo sar¡Ee

abrtrnal. fiselon (gg), then fernous lona are not requlned.

Substrates whlch forn rearllly oxtlllsablænad leala

oould therefore be oxldlf øocl ln theee hydlnoperorldlo

reaotlone wtthout the pnesonce of ferrous lons, Thô

oEprfo lon wouldl prefenentlalXy oxldllze the aubetnato

radlleal than the hydropenoxltle ln such olncumstâDoêor

lfho cuBnous lons, nesu1tlng fnorn thle o¡ldatlonr ooultf

then nciluoe the lrydnopenoxldle ln thc oonventlonal rnanner

aø tn (gl), a ptftroeae *rf.ch çae onlglnally neservcô for

tht f e¡FouF lona. In thls çay thc ouprt o lona oouLil Þc

r€goncrat6ð.

Subetrates which ooulrt be oxlillaetl ln tble nay

;oukl lnclude oleflnsr alcleT¡ydlee and etherar a].t of

;hloh have shown, nepeatedlyr thelf sueoqptlbtllty to

o¡fdlatf.on durlng catalyaeil-penester reaetlons. Thlê
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ras clear}y demonstnated ¡rhen Kharasch and Fono{ F

dleoolæoeett &-butyl hytlroBerorltle I'n the preeence of

oyoloh6¡ßenç anü Þenzolo aottl, uelng êuprous ohlorldle as

tho onLy catalyet. They orctalne¿l oyeLohexenyl benøoate

(Xrf ) fn ovett gOÉ yf eldl. Ltkeçtse¡ rhen phthallmlile

(Cr,Wff ) wae ueecl as an aclcl lnstead of benzolc aolclt

þeyolohexenyl phthallrnlAe ('OLIT) ças obtalnedt. The

reactlon uelng oot-l-ene antl benzole aeldl was rerponteil

by these rcnkerrlF to glve J-benzo.vloryoat-'|-ene (Xfff )

ln a yleldl corrparable to that fnom the reletedl perester

leaotlonai agatrt no fen¡roue tone were pneeent.

In all the Wdlnoperoxlele neaotlone c&rrled out

!n thls labo¡ratorÍr |t !s unLlkely that the for3ous Baltt

tn thls oa¡e ferrocsne, ras requlned, d.nce rnost of the

aubstrate€ ï¡ere o]'eflne antl, theneforer Yery pnone to

oxltlatlon. fndced, lt !,e doubtful that the fenr6oen@

even took part !n the reactlon, for ln every GaEe lt rae

¡.Éeoveredl unohanged .

When De La Mane .g!. gl28 tleoo¡qpoeedl oertaln eyel'lo

t¡ydlroperoxlcles çlth fennoug lone, they founel that tho

resultant pnimany alkyl-r.âdloal¡ eould east}y be oxlellzd

by ouprlc eulphate. Oun e¡penlence hea also ehown that

alkyl-nattlcaLs are vcry prone to oxldlatlon by eup¡rlo
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saltø, as EaB showa ln the serenel reaOtlons fnvolvfng

formate estere, prevlously cltscuesedl' fa viar of thlÉt

an¿l the preoedtlng dtleeuao!.on, tt te unllfte[y that the

f ernouü Oetelyet ças needled tn t heee neaotlont of Do La

tarse g! EL. Unfortunately they tllel not attcttrpt any

reactlonE uoing 6olely a oopper-Be}t ae the eatalyet.

The situatlon 1e entfrely reversedl when the

tranelent-nacllcale ane not eo prone to ox!.de.tlcn by

ouprlo !,ons, If the feryous lons were not usedl ln thoge

neaetlons, a Oonsldlerable guantlty of cuprla lons rould

Þo redlueedl to eupnous lone tlurf.ng the aÞnorÞl oleavaga of

the Ìrydnoperoxldto (9S), antl the ßubstratc-nadlleals ç'oult

be left wlthout an o¡fdlztrtg, agent.

Thte was observedl when Ktruragoh a nd tronolF

dooonpoeedl þbuty} byitropenoxldle ln thc presence of

ouncne (CrofXfff ) anit benzote aotdl, ustng only ouprôuÉ

ohlælite a6 the oatalyst. fn al'l attenpts, theee

vonke;re oþtalneit rna!-nly o(-ouwl*!-butyl peroxldle (onrt¡)'

the eÐecteil pnodqat from the osldlatlon of o(-Gut{rl

radt!.oalc (Off,I) me o(-ouryl bensoate (O(Llfr). fhl¡
prodluot ças obtalnd lu b0Í yteld dlurlng the oorrcsponillng

fsaotton of Guncne (OOoilII) çtth !-butyl' porbensoato ad

cuprous !.ona.7t rrú6 Gxpectetl produat (cxúff), fron

the tryilropenorttlo rcaotlon, rae only obtalnetl ln vc¡itr
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poor yteldl, hoüêrer.

ft ras nentloned ln an earller seotlon of thla

thod.¡ that naitl6alÊ, suôh ae cuúl rrallcale (Cf,f )r rhare

the uÐalredt-eloctron raE verlr dleloeallzzd, are not very

p¡one to A$.tlgtlon. The resulte of the aÞove erspenlnent

Þetreen otmcne, J,-butyl lg¡itnoperoxttle anô Oopp6!! lone, mnely

lndtlcate, thenefore, that the unaeastedt hytnoBero:d'tle

nolGouleB alro cmpettng Yery euooeesfully for eupr{.ç lone at

ths ê2pcnga of th6 o(*ouryl raüleale (Cxf.¡). Thle lns

furthen enphad.ssd then theee rorilrcralp allttoil extra copper

saft to the reactlon nlxturc. ![hey foundl that the yleld

of c(-ouryl Þensoate (Cfi¡,fV) ileoreaeetl rlrtle that of tho

o(-66ryrt-þbutyl peroxldle (Cf,fff ) lnoreased. Íhle prodtuot

ooulô only have reeultedl by the follorlng soonoc

(onr)Joo.on + 0u+ -> (anj) tco. + of * q"2* (rz¡)

a

c6H5 'Gfre' + ( OH5) 

'00- 

-+ c6H5.o[cs + ( OH3) 
JC. 

OH (¡nl

(cH,)loo.on + cuâ+ (cr{3)5co.o. + t' + GuZ+ (rz6)-+

a

c6E5.orer+ (cHr) fo.o. -> 
a6&r.oler'o'00(OE5) 

J
(ttz)

(crrrr )
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the prwlou¡rly ill,eoueaeô neaetlona of Walllng

andl Eavttæs137 lnvolvtng p-mtlrylaüyncne (lOrwII) an¡l

allylìenzene (XIrf f¡) rlth $-butyl hrtlrorpenoxlÉlc, aaøt1o

aoldl andl o¡¡Ir¡touc ol¡lorldlc ras asco@llEhetl rlthout thc

ugo of forrou¡ salt. The yleltl of acctoxy pnodueta

rae poop, hotrêyer, antl thege rorkcr¡ aleo nentloncil thc

fornatlon of úsny unldlentlflêal pno{lucte. It ras

auggaetedl, ln an earll,e¡' ¡eotlon, that the a11y11o-

Eadloal¡ ilcnlveit frron f-netrrytstyrsnc (nvfff) andl

allylbenøenG (x\,ltll) by hydtnogen abotraotton ¡oulil not be

pnona to extenelve oxidlatlon. It üGGms llkely,
theneforo, that theeo ncaotlona oondluctcd by falllng
g[ gllJT eould lrave gfven lnprovedl ylelrts of, prodluotc

lf a oatalyt!.o enount of f orrosa lon hadl bogn atltlsd to

the reactlon mLxtura.

lfhc obsenvatton that fenrooone ls poeeibly an

unsucoceoful oetatysË ln the neaetlons oqrdluctcil ln

t,hla laboratorfr auggeetg tlrat all the hydlropenoxltlc

reactlons attemptedl by uc ve!6 oatalyseil punely by

oopBon lôna. For nøason! fuet erplalacdl, thta dlll not

affeot the æu¡ree of the olefln reaotlons. EowoYar

thc ebsenoe of ferrouo lona undloubtçtlly lnfluenoedl thc

neaotlon betwcen dlethyl nnlonatc (OX[V) anit benøole

aoldl, for the radl!.oal dentvod from dllettryl nalonatc
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(CCfCfff) Uy trydrogeæabstractlon, 1e veny unrtesttonalve to

oxfulatlon by auprtc lons. thle¡ thereforer agroet rtth
ühe reeuLts of thlc roastlon çhero no ôletlryl g-benzoyl

tartnonat e (CXft¡¡ n'Cgb.COâ) raa fourd. thc resotlon

yleldtar! a oo4le¡ÊElxturc of colouradl o114, rest Of çhloh

rarc too lrlgh boltlng to Þe dtfdttll.€ü ov€n undlert T6ry l¡lgh

YâGUUIo

.cE.(cozBt)

(ccmrr )

(u) sriÍTnsmc ÍtrIDrEo

|[hc uBG otr thc oatalysodþpeneeter reaotlong anÄ

aleo thc oataltraed-¡rytônop€aorldo roaotlotra aB a Efnthctlo

tool le cxtCn¡1v6. It lg obvLoua that tùe hyilroPorgslclc-

reeotlong årre no!ê tlpOrtant than thc pcre¡'ter-DËaotlon¡

tn th!.å r6sËiêet, fon the aoylorylattsn of Eub6trÊta¡ le

oot llrnttodl to aoetato andt bansoate grouBl only¡ but oan

be ertenttedl tõ any acfl"oxy gloup dcpenillng upoa tÞc

oarborylté eoldl usod.

llhe *ponlænta oontluctd tn tht g labo¡'ator?

baya olearly etømonstrateit the voræ,tlIlty of theso

tryflroperot!.dc-r.eaqtlona. then þbutyl lyûroperoxtdlo

ra6 dlc6onqpoas{l ln the prÊ6ence of Oyolohe-one, benøOlo
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aotd andl eatalygt, a goodl ylelil of 2-cyc1oh6¡en+{-S1

benzoate (XII) ç*s obtalnedt. Thls ylelü of produot rae

rcll lese tban thet obtatnêd by Khsnasoh and Fono.'l:P

A repeat of the aÞovc c4gorlnent uÊt'ng {-aaphthoto

aolal (OCruff¡), lnstearl of benzolo acltr gåv€ a Yotry Sood

ylelà of G¡r@1ohcx-2-6¡-l-/X. l-traphthoate (C0XLIV). Thl a

cater deoorqroeeil appreclably at lts Èotllng polntt

1644/0.35 FrE¡

2H
o-

(coxr,rrr ) (cm¡v)

tthcao !64ôt1on3 trere not eonflnçdl to etmpl'o

¡ubatratoa aadt clnÐlc aoldls. wlren !-butyl Wdlncperoxldlc

rsa dteooupoasû !.n the pPcscnoe of dl-l.qobutylene ($eXf,V) t

dlocanolo aolit (C(ÐüVI)r drd a catalyatl the eatcr

proiluota from thle react!.on oonpnls€d nalnlv of 2r2r\'

trluet hylp ent-h-eno-Èyl dl eoanoato ( 0Cx¡,Vfn ) .
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[tonrl e,,crcn'c'lcnu)5 oþrüc'onr'c'1t"r)51

( ccrov)

ï'o'
GH.Ccnr.(on')e.oorË ffiAtüe. .1 cnr) ,

( ffie)a'ffi,

( osrLÌE ) (convrr )

Eren though the analycta of thie Drottuot (CC:ff,fnf )

ras oorneot, there muet bc Eonô dloubt as to lts pur{Wr

beaause lt coulô only ba pantlally þðnogenatedr lnlllcattrU

that lt rnay, !n faqt, bê a nlxture of t8(a6ra. Further,

rben the ih/dnogenateûil 'cstcr 
rae hydnolgssll and tho

rcsultant alcohola rere oxtiltrsoû there rao oþtelneð 2rhrk-

trtmethyl,pentanof o acldl ( ocn'v¡rt ) andl 2¡2 ¡lt-t"tLnetlvlpentan-

þone (OCÏI¡X).. ltherefore, !t q)pcart that the proiluct

(OCnVff ) of tha reaot!.on contalnedl anall snounte of

|r|rtf+trtrnetlVlBent-!n6¡1Q-{ryl ileoanoate (CCZ). Thl e I e

unilereta¡rilablo ln vtoç of the prevlous Obee¡'vatlons thet

theee l¡y'rllrçcrorlde roactlons are Lees atereoqeotflo

than tl1e oorreeponrllrrg penester-reaotloae. f t nuet be

raaembereü, too, thßt the atarting natcrlal, ât{,aoùutylene

(0CXLV), la cseentlatrly a nt¡ture of ?r?rll-trlmethylpent-

Fene anrl 2r2rb-trlnetlrylpent-[+êIr€ âs ehovm ln (OCXIV).

Xndteetl (l.L,C. analyela ahoreil the presenoe of ernall



180.

quantlty of a tÌ¡lrd leone¡r.

( CEI) r.Q 
.Afr".Cñ[e' COAE ( cnl) 

J. 
o.oo. cR.( cflr) z

l coovrrr ) ( cor,rx)

cH|.( cH2)g.Coa.c%oc[[a¡ cH'C( oo] I
(cú)

Tlrf s dll"l sobutylene neaotton gaYB a nlxture of

leomerLe dleoanoatee, but, neventhelese, lt dloes demonstmte

the nemarkabLe ecope andl rynthetfo utlllty ú these

llyrlnoperoride reaetlo¡E¡ Indteetl, lt s6ems }fkely thÊt

any carþoryl,lo acltl oouldl be usedl Euecegefully ln theeo

reaetlons aE long as the s¡¡bstrate-nolcouler nequl¡t|ng

to be oxldllzedl, hstt a tryrdDo$€D-gtgm rhloh rae prone to

abetnaotton, andt that the neeultant froe-radlleal hed an

urqpalrecl-cleotron çhloh rae avalLable fon removal by an

oxldllzlag agent.

llhere appears.to be no rêaeon rtry the a-cfdla

uged ln theee reaatlong oannot be extendledl to lnclude

illoanboryllc aelcts, sulphonlc aaidts on eyen oonÞouncle rlth

Acldtc hydlrogen atans such as lmldles on phenole. However,

an attc¡npt ln thls laboratory te prø¡lane Welohex-f-s¡-J-y1
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pheny]. ethe¡r (CCff ) fron oyelohe¡cne andl phenolr by thfa
nethodr f a11ed. Only pol¡rnerlo materlal was obtalnedl.

(acr,r )

Although these hyrlroperox!.ds reaEtlono oaa be

very auoce¡sûully eppltcdl to the aa¡rloxylatlon of Yarlous

¡uÞstratea la one elngle stopr lt doee appêar that thc!.r

uoefulncss la ltnlted ln tho aoylorylatlon of olcftnö.
Unllke the perceter-olcfln neaotlone, these þilroponorlila-
reaottong glve a nlxtune of lgonerlo proöucte rhtohr for
met rynthetlE pu¡?osog, le undleelraÞle. fn tho ol.efln

aeyloxylatfône, thereforc, the raactLons of the pcregton¡

woukl be of nor6 cfnthettc lrportanco, andl lt hae bcon

ehorn on nåny ocoaelone that very good yleltle of

¡iacryloryalk-l-&res oan be obtatnedl ln a on€retep eynthaele

rtlrect fron the parent-alkene. It lc unfortunata that

the acylo¡ry gpouBs are lltultcd to aactate and bensoatc

groupo only.

Âe me ehown earl,len, thø aoyloxylatlon of

ohsleetenes andl thelr rlenlvatlvcø oan bo y6r!r aueecsdully

o
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se6o@llsheil vlth pelrest@r6 anå oopper salte. tfhus¡ whsn

þbutVl penbensoata $as oatalytleally dleeoruoeeil fn thc

prGsenee of choleetenyl benzoato (CiXf f ), a lfo,4 ytclû

oholest-5-eh-J /t 17 f-dl!.bensoatc 
(ALXVI) andl lte 7a -ø¡rtmæ

(g¡,r\¡¡I ) rae obtalacö. Durf,ng o¡Fonatography of thege

pnodluotc, the 7-Poaltlon çes Ìryrdlrolyaedl to glve the 7'

lryd¡ro¡y dlorlvatlvca (AfXtff antl GLXfV). lF he aucoete of

theae oatalysd peregten-oleftn leactlone !n the aterolll

f,leld ooulet Þe of elgntftOant value to rynthetlo Proble¡ns.

Aa me ehorn ln the oaso of ÞÞentoyloryohol6dt-2-enc

(Cf¡Offf ¡f ) ênil Þothoryoholest-a-ene ( Of,:Eþ(f ) ' hovercr,

the dlouble bond dtoes mlgrate wlthln thè eteroldl nueleul

uncler oentatn clrouBstêfioê8¡ the prodlustlon of equal

quantltlea of rne 7 f andl 7"¿ ilerlvatf.vee¡ ln tho

çholectelyl þeruoate reaqtlon, le unlque, ancl oaÀ only

þe eælal.neÉt lf ths oupnouo lon col@ltE çtth the

IT-e].øetroaË of the dloubls bonil took placc aboYe and

below the Blane of thc rlng ln equal anountË.

Wo atte@teat to nepeat tho above e4erlncnt of

cholostcq¡l benzoete wlth þbutyl hyilropenorldlQr benao!.o

aelrl andl a oatalyet, tB the hope that the lcaa stereospeol'-

ffo aatune of o1ef1n reaetfone wlth !-butyl tryrlropenoxldlc

Fas n6t extendedl lnto the steroldt fleldl. ft apBGar6t

howeyen, that thø reaotlons wfth sterolds ano algo lcaa

speolflc. The only product ldlsntlfledl fron thl¡
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¡reaetlon pnsvetl to be 7-ketocholesteryl bensoate (CCnff )

ln poot yleld. thls pnodluet probably nesulted from the

dl e ootry osl t I on of / ¡ /-dl t benz oyl orychole st eryl be nzoata

(COffff )¡ tt 1s not unaxpeoterl that an el1y1t6-poeltlm
could be ûtaubetltuted ln theee reactlone. All the

other prduoto of thls reaatlon re¡re colour"edl o11o, but

t€re, neventhelese, benzoate eeter6, as shown by fnf¡rareil

abeorptlon. Repeated ehnomatography falledt to purlfy
thece sotrFoundg. It fe not lnconeelvable that a mixturo

of 6 <, 6 f , 7"t, 7p benz,wlory dlcrlvatlvea hadt been

fo¡.nsd, rlue to the teomerlzalton of the dlouble bord.

C1ear out sepanetlon of lhese proaluote by ohrcmatognapþ

çoulcl be ver.y dlffleult.

Du¡.1n9 the eturly of the synthetlo aBpl!.oatlonc

of theee copperr-lon oatalyeed perory r@a6ttons, an atten¡lt

raE made to pre,par.e phthallda (Cø,f V) from 3-buty1 per.g.

toluate (CCfV) by lntramoleoul.ar-ae¡rlorylatlon. Whcn

!-buty1 per-g-toluate raø rleooçoce¿l at 8Oo tn benzane

ud.ng cuprous ahlort.¿lo aa & oatalyet, no phthalldo raa

obtalnadl. llhe tro proclucta leolated rere netlryl
grtoluatc (CCf,,lII) f n 29ß VIeLd, ard thc tHnethyl e eten of

{,H1-(2-earboãruhorryl)-ethane (CûT,VII) f o 
'fi 

Vleld.
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þpanently the fonnen product (eCf'Vf ) ¡aa

reeulted fnom the oonblnatlon of neth¡rI-rattloalo (formcd

by tho tleooupooltlon of þbutoxy-radlloala as fn (¡6))

rlth Fnothylbenzoylorf*Fadleala (CCr.,Vrf f ) ( fron the

dleeortrpoeltlon of the pereate¡r (CCI-)). Tha abstraetton

of a benzyllc-b"ydrogen atom fron thd notttyl-ç*toluate by

a !-butoÍ¡r-¡s¿1oa1 çouldl g!.ve the ratlleal (COf,ff), the

dllnerlsatlon of çhtah rculdl ytêlal the othen pnodluot of
thta rcaotlon (cOrvII).

co.
il
o

cHz

COCH
il
o

H3

3

( ccr,wrr¡ ( ocr¡x)

It esemed obvtouc that tho temperatune d thta

reaot'lon haal becn too hlghr eatl thus nany of the þbutory
rartleals had deeotpocoel lnto aoetona anll rnethyl nadtoel¡

(56). fhls reaotlon ras therefor.e Fepceted at a nuch

loren temBerature an{lr rr9 cxpeeteil, the Bnodtuets (CO¿W

antl CffiVII) were not obtalnedl. fnøteadl, a smJ.l ylelil

of the rleel¡redt pnoduet, phthalfdlø (0$I.IV)r Ç8.s f soLatcil,

lnrtloatlng that a llmltedl anount of lntrarcleculal

aWlorylatlon hadl ooourred.
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The poor yleltt of thl e proiluot (CÓT,IV) ls not

uneq¡eetedl, howeven, ln vlew of ou:: eanller obser¡¡atlons

that benzyltcrtype radlleel.s ane not r.eadlLy oxtdllzedl urrilen

these neaotlon oondltlollgr There alao appeaPs to be ao

q¡nthetlc us6 fon thls t¡4pe of reaotlon elneo tha

prepa-natlon of the startlng peneeten 1e a lengthy prooess.

rt te well knovnl 6g'175 trr.t aupnla halldlss

reedlly haLogenate s¡bstrato-moleculee. The thenmal

deæmpoe!.tlon of cuprls bnonrlcls has bccn ahonrlTh to yleldt

ouproua bronrlcle antl bromlne atons

OUB:I2+ CuBr + Brl (rzs)

It ças therefore consldleredl poealble that thc

dtcooryod.tlon of ouprl6 bronlile ln the presonoç of olef!'ne

ooulct yleld allyl[o bronldlee. Thle d!.d not naterlalløot

hwørror. TYlren a mlxture of eyolohexenc andl anlS¡ilroua

oupnlo b¡ronldtc raa heatedl at 8Oo for f) houna, thc

only pnodluet !. solatd rae 1 r2-dllbromocyolohexane (O0f,X) .

frydlrogen bromldto wae eYolved dlurlng the neactlon.

Br

Br

( ccrx)
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then thls reaetlon ms repeatedl uetag oot-?-êltg

(ff,JC|IV) s6 aB olletrtn, ttrree pnoduete rerG lcleattficd.

lfhey rere ghoçn to be ostan-e-@e (OO!,:A ) , A-bro6o-oOtenq

(cglfiII) anit zr]ittþfqnsboctane (ecl¡rr¡).. Ío
qngaturatodl produet s ere foundl anil , agalnr SrogoÈ
blonldlo rsø çrolvell. lfhê noor¡o-proiluste ooulil be fo¡pncü

by the add!.ti,on ef bnonlno-radlfoalc endl sløo þdlnogo

bronnldo to tho ôouþlo bondl. Íhe oetan-â-on6 nult havo

been fornct tlurlag rc*-uP bU the astoxldatton of a

reaotlon Brodnot'

0n'.(oup)¡,.etrr.@.oä, 0E'(otra)b'tH?'oEh'oflj

( cc¡x¡) (ocrxrr)

oE,. ( cüe)U .crnr .cEÞ.0H3

( oü,x¡r¡ )

Aa latereetlng Uyr-pnodluct fron the rtaatloa batrecn

Oyclohexcnc, lsÉÞ6ç1snCr þÞutyl porbensoat6 a¡rd ouBFoE!

lon¡ haa proverl to b e oiþ.qrçlqhê¡-?-c¡¡'1 rh-il1o1

dlbenssate (OcrjElV). Although ùta!,nrd tn anall

guant!.ttesr tho ytcld atf, thf s conpoundl oould bavc Èoon
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tnrryct ùf I Þlo tqglvalæt of.DüteEtcr had Þoen u¡.1.

lbcroâ; tbc Fatùe¡lr'cf tbtr produqt üaü'aooouplr&edl tn

cn*rftrD t:¡on lhc parcat oldtra¡ ft¡ ryatbestr by aqf

othor ilËtkiå roulå taüæl Þc tlttlanlt aaû lnrnlrc rwüaå

¡tcpl.

(ütlfirv)

o

Ir
c
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ETPERIilESTÁIJ

-

( a) GnSER.AL

-
Analyæõ Tere penfonnred .by the Australr.an

Xlanoanalytleal $erloe, telÞóurne. f nfrared aÈeorptlon

4ectra rere dletermlned vlth a Penkln-Elmer f nfnaoorü,

mdel 1n. Ultnavlolet abaorytlon speotra rcro

detennlnedl rlth an Optloa CFb qpeotrophotcneteE. Vqour-
phaee eh¡matography vas oannled out uolrrg a Grlfftn anil

Goorge veour-phsae ohromatographlo appenatua¡ tho

aol¡mne ueed Ëre dlependlant qgon the t¡rpe of oompoundl

belng eeperated. Oolunne, paakedl wlth trOeltteH (l¡O-8O

nesh 8.8.9.) beartng a statlonarTr phaae of ÉA¡rtezon LË

or n8llloone 3Ot (t¡t+ sh) reae thé most uacd.

P4er olurmatogmplry of nono-oarboryLlo aeldc

rae oerrled out on Whatman I{o. 1 paper by elesoondl.ng

ahrmatognaphy uullg tbe ésrstem {.5tr arwnonlarbutanol (t¡t)
ae rlescrLbed by Reld ani Lederer .175 Bronocresol purple

ras ueetl for the dleteetlon of the ryote. Unloss atatetl

to the eontral5r, the ltlcnttty of the 661{t-produote froú

all the forthomlng r:eaotfons and hytlnolyees rere oonflraerl

by oo4arlson wlth authentlo qpeclnons, uelng pape!-

ohrqtatogrÐl\y.
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Two ty¡9es âf alumlna lrere ueed for adlsoÞtlon

ehrøratography. I.lree At þenoe*alunlna (t¡æe U.G.1)

rae nashed Ln dlJ.uto h¡ritroohlôrlc acldl andl thon

thoroughly Éth ttlattlletl tate!. It was then dlnleil at

tEOo for 2h houre anrl, lf neoesear¡r, rleaetlvateil rtth
dlletlll,ed waten (W to 8fi ili. !t&g.Ð,r B.D,fl.

ohrmatoßraphla-ahm!.ne ras oonttnuouely etlnredl ln puro

ethyl aoetate ftlr. foun dlaya andl then thonoughly raghedl

rlth coplous amounta of hot dlletlllert-rator. ft rae then

ôrledl at 11Oo for h8 hoqrs qndl , Lf nøeeaeary, dcactlvatedl

wlth rtlctlllerl rater (2fi yh).

À11 nelttng polnte ¡ene dleterrnlnedl ln eaplllanlae

and ar6 uncorrectecl . Whsrerrcr pocsf.ble. the ldlentttf of
a1l oryetalllne roactlon plodluots ras cónflrme{l by t hc

ncltlng polnts and nlxodl rneLtlng poLnts rlth authentlc

qleclment.

Unleee otherrlge stateal, the ttlentity of all
rcaat!.oa pnoduota ças eonflrmedl þ oompanlng the lnfnaretl

ab¡or?tlon qeotra rlth thoee of authentla eonÞouds.

W-7 naney nlekêI Ías preparedl by the nethoð

dlescrlbedt by ELlltoa anü Adutns.176 The oatalyst wae

atored unde¡r abeolute ethanol at 50.



191.

ffdlrogenatlons çhlch wero oondluoted above t
atnoephere, rere oanrled out ln thc lalr {ydrogenatlon

Apparatuc, nodel B-lOi andl also tho Ba*ervllle andl

Llnrl eay l$dlrogenat lon Apparatu r.

( ¡) pBEpARATroF,0F srARfrNG- HATHIA¡.,8

Pnlor to uËG, al-l øüartlng naterlale¡ thothcr

rynthegleed or avallable con¡rerslall¡rr tßr@ elthe¡r

dlettllcd or firaotlonated to oongtant boflf.ng:polnt or

recr:ystalllzcdl to oonstant meltlng,.polnt. the follwlng
ooryoundla, vhloh vero uead as stanttng mtorlala, rere

avallabl c oomnerel al1y.

Toluener b.D. 11Oo.

Dl-t-butyl peroxldlo. not purlfled.É

Ben¡ovl aeno¡lder E.p. {060 (åggg@,.), purlfteil by thc

methotl of Vogel .'177

t-'f-etrGr b.p. izzos o$t t.ho76 (Ut$.. ,'178 b.p. 1íå1 .3o,

"fl 1.bo88).

l-Bulyl perbensoater b.p . 87o/a.85 nn. , ú' '5 I,b98lt

(113. r52 b.Þ. E-T7o/2,*., ,rff j.5ooz).

Cvelohcrener b.p. 85o.

ovaloherane, b.Þ. 8lo.

-t
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â¡12.h-Trlmethvlpentaner b'Þ . gg-1ooo (&.tt .rtß b.p. gg.3a)

OvolohçxaErone r b.p. 15bo.

oot-2-ener b.p.1zho, o3'1.U1zB (I.lt.1180 b.p. 'lz5o,

tff r.b'rq6).

Dtethvl nelonater b.p . *o/18 nm., 4t 1.hihl{ (!l!,. 1181

b.p . 88o/15 nm. ) .

l-Butyl hydropenoxttte¡ Rot punlfleil but clrloil ovêr ilg8Ob.

BenzalttcLv4er b.p. 67-68o /'15 mn.

Fornanldler b.Þ .'l1za/'18 nn. , o3' 1,uU73 (r,tt. ,'182 b.p. 105-

106o /11 *. ) .

¡-Butvl f ortnet e r b.p.1aÇ107o (!lË..rt83 b.p. 106.50).

'f -Naohlhole acldl¡ il.p. 16o-'1 61o, RT 0.65.

Pl-læbutvl.ener b.p . 1O2-103o.

¡-D€canolo aoldl r mrp. ]Q-Jío¡ R" o.82.

Phenol , b.p. 854/zz nm.

Farrocone r B.p . 1?1 .i-1T2.5 (I,tt. ,1 
& D.p e 'l7zr5-11io) .

|Ihe follwhg compounds têre preparedl aa requ!.retl¡

O¡¡orquE qhlonlds waa pr6pared by bubbltng sulphun

rlloxltle lnto an aqucous solutton of egul-nolar quantltle¡

of ouprlo culphate anil sodllun ohlorldle. Ehe reeultant
pneolpitate of rhlte oupnoue ohlorlile raa flltened by

suetlon andl qulokly waehedl wlth elllute eulBhunoue aold.

Íhe cuproue mlt was rraeheil furthen rlth glaolal aeetlo
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aoldl, ethanol andl flnally ethen. It rae then tlrletl at

8Oo for å trour and'süoredl ln a dleelcoator under vacuurl.

Cr¡onlo lTomtdlg ÉE prepanedl aooondltng to Watt

.gû, 91185 ualng oupni.o aaetate andl ân e*oeae of aoetyl

Þnonldle. tlhe euBnte bnornldte ¡aa obtalnctl aê I blaok

armrphoue pondlen, andl vas gtoretl undler Yaeuun !.n a

dlealcoator.

Cuonlo bensgate Ft prqpard by the nethotl of

Ephnatrn anil PflsterlS6 foot euprlo eulphetc anû eottlun

Èenzoatc ln aqueous-¡olutLon. llhea anhy'clnoua oupnlo

benzoate ças requlneðr. the Ì¡ytlratd ooupound wag EugPendletl

tn an efoeaÊ of pure tolueno en{l the toluenc-çatcr

azeotrope çaE slowly dtlstllledl. the mlxtur@ raÈ stlnretl

oonttnuoualÍ throughout .

r-Phpnvlproo-1-ena rao preparedl f¡on phenyt-

nagneelum brom!.dla anü allyl bromldle Lr 75* yleld by tho

nethorl of Eenalrb"og.l87 Ime{llately beforc uee lt rae

fnaotlonatetl thnough a 20 on. oolunn paokedl rlth gl.aae

helioeer b.p. 156-i i7o , tr$h r .5102 (!,&,. r'188 b.p. 15ç19701 ,

VEgs.(flrn) 168c cr.-l , 87o em.-1 A prerlout attenpt

to prepare allylbenzene by a Frleclel Crafto roactt.on

betçeen bensene¡ allyl aloohol andl alunlnlun ohlonidle

rae uncueeeseful. An unlclontlflei! ltqut¿l (U.p. lSiO*
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14oo/O.195 mt.) çae obtaLneit. fnfralred exarntnatlon ehorerl

lt to contala no oleflnlc dlouble bond anet e eodlrn fuelon
teet lndloateil the pres{rnoG of ehlonlno.

Oholeet-Ë-qn-1-vl bongoale. Choleeterol

(13.O g., O.O5 nole) ;as dlesolvedl ln pynictlne (t¡ nI.)
and bensoyl ohlorfdle (7.8 g.r o.o5 mole) ças adklart ilnoprleo

flth ehaklng. After thc atldttton, the mlxtune raa warmerl

at 8Oo for t hr. and then;atcn vas addtcd dtropwlee to
dleetroy thc unreaoted bonøo5rl oÌrlorlrle. the nlrture ras
then ailtledl to a trarge eroaoa of ;ater arrd flltereô.
Cholegter¡rl bensoatc (t 3i.5 g., EOÉ) clfrtalllscal fron
cthanolrbenzene (t¡l vfiÐ ln plateo, ñ.p. th6-lh8o (ILg,.r'89

E.p. th6.6o)r I 49¿. (rufol) '1715 cilr.-1 , 1zT5 qn.-1,

1115 on.-i, Md 72o cm.-l).

1-Phenylp¡.ooan-'l-o1. Etlvlnagnea!.um bnontdlo

rao propaned from dqy nagneetr¡m tunnlngs (17.5 g.r

O.72 mole) arÉ ethyl brornfulc (lE g.r O.7O mole) ln
anh¡droug ether (ZlrO E¡.) by tho oonventlonal nethod.

Benzaldtel¡rtlc (1OO g., O.94 mole), çhioh hadt boen rashed

In âOfr squeous sodtlum earbonate, dlr!.edl andl dlstllleil undler

nltrogenl nnil anfurdtnous ethen (tOO EI.) raa then aildd

ilroprlee to tho etherlal. solutfon of tho Grlgnar"il r.cagent

so aB to prcnote gentle neflu:dng. The flagk vae cooX.6dl

fn tee dlunlng thls adrlltlon. Aftcr the atldtltlon, thc
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nixture wae heated on a water-bath for t houn. llhe

reaotlon mlrture was then pouredl¡ rlth rapldl stlnrtng,
lnto a l-lftre beakcr eontalnlng oruÊhed loe (lrOO gr)

and a aolutlon of arnon!.um ohlortdtc (fOO g.¡ ln tater
( eoo gt.)

Thc ether layar rms eøpa"rated andl üllcd rlth
anÌryilrous potaaetum oanbonate. the cther'ra! thsn

øvaponated to yleld c¡rudl6 l-phenylpnopan-l-o1 (80 g.,
85Í). Þaetlonatlon !g IeEgg gay6 the punc ooryounil,

b.pr io8-1 ßo/16 ¡m.,4' 'l .g18a (rrt.,ts b.p. ß]'o/
'f lr m., "fl 1.g257)r vgjf. (flr¡¡) fulo oú.-{, roh5 cn.-1 ¡

10¿15 oÌ1.-{ , and 98O om.-l .

'l-Phe¡rs¡hpor¡-lreno ças p"epered fmn l*phcnyl-

þlropãB-1-ol by ilehf¡Clratton rtth tetra-FÞropyl pynophotphate.

Ibls dlehyrlnatlag agent rae pnepareil fron phoephonoue

pentorl.dle anô g-butanol ae dlceerlbed by Xula!.Jana and

Hrta.l9l l-ptrerylpropâD-i-o1 ( 66 g. , O.h5 nole) raa

adtdtodt to tetpe-n-propyl pylophosphate (tOO g.t O.lD mle)

antt the ¡rlxtuno üsr heatcd at 9Oo rltn oonsüant etlrrlng
for 5 hours. When eoolr the nlxture ¡ao shaken rlth
ether ( zoO gf. ). fhe ethen layen ras then dnlod andl

the ether ra6 Évsporated to ylel.cl c¡rucla 'l-phonylprop-1-6néo

Íhe erurto procluot was fnactlonated trlce tlrrough a 20 gm.
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go1ur¡n packed lrlth glaes hel.lees to glve pure ,l-phenylprop-

i-one (zg.o g. , 50Ð r b.p . 8\o/z7 rul. (!L!.. ,19? b.p. lfl
' i5 mm.), rff r .l;h}j (+r!. )19t.ff r ,54g2)r .9 sË!. (ru¡n)

'1650 GÍr.-l , 960 on.-1 , 7]jj cr.-1 , and 695 or.-l .

tholcgtarþqf-gt ras proparecl by hydtrogcnatlon

of cholesterol . at 2O0 atrnoe¡rheres rlth 1y-7 Raney nlokel

Et 9Oo. Ethanol raa useil aa a aolvent andt the yleld
rae alnoet guantltatlve, OhoL e&aw3 ¡t-ol Gryslq"lllzeit

fr.om ethanol tn wtrlta platea, m.p. lùallb:"o¡["]íU + pZo

( ohloroforn) (+rt. ,19b E.p . ,t¡zo ,["]3U + Zro) .

Çholeetan-ì-ong va€ pnelraredl from oholeatan-}f -oL

ln 8OÍ yleldl uetng clrnonlo aold as the oxlitlzfng agent.

fhe procedlure ras the Eame as that ttesonlbecl by Eruoc .195

Gholestan-Þonc onyetalllzeal fron nethanol es noerllec

n.p. 1e9-lzg.5or[*]fl + bzo (chlonofonrn) (r'tt. ,'196

ûrB. i28.8-1 ?g.8ør[*]o + 42.f'l , y&tr. (nujol)
-{1725 om. '.

Çholoet-p-en-t-yl benzoatc ras preparetl f,fom

cholestan-3.onc fn 6LrÍ yfelrl by the aatlon of ben¿oyl

ohlonlde. The oondlltf.one rere ltlentleal to thoec

descrlbed by Ruzloka andl Flechor .197 Oholeet-z-en-hrl

bensoate vras obtafneËl as eolour.Less-needllec fnon aoetone

B.i. 127-1e8o (ttt .1197 tr.p r 127-1280) (trounA! C, ge.)gg
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Il, 1O.?2. CaLe, for C,4HgOOzt Cr Bi.z'll flt 1o.Z7fi),

[* ]fl + 49o ( o]rlonororm) r !!EjE" ( eÞJorof orn)

1725 o".-1 , iz75 oil.-i ¡ ancl 11z:- Gm.-l .

4r, I,rP,lethoxvOholeatane ras pre¡larsð fron oholeøÈ-

þone andl ettryl orthoformate ta 75f yle1dl by thc
procedune rlceonibedt by Scrlnl and Kogtor..l98 3r?
Dlethoryoholcstsna or?stalllseü frpm pyTtdltae-cthanol

as oolounlaee c¡eystalå n.p. 66-680 (ttt.1198 rB.po 66-

69.5o).

r-Ftho:nroholeet-2-eng ras prêpareü tn 7Of ytelll
fnon 3¡T.dlethoxyoholestanc by the aotlon of botllng
¡y1ene, as deaorlbedt by 8erlnl andt Koeter.lgS l-Etho:çy-

oholegt-2-ono raa obtatneü ag oolourleaa olystals fnon
pyrldllne-ethanol n.p. 86-870 (rrt.1198 ri.Þ. 8Z-88o),

V Egjf. (otùorofonn) i67Ð En.-1 , ilrTo or.-1 , 1\,1j "".-1 ,
1375 or.-1 , 1180 or.-l r arrdt 1'lzo on.-i . The lntenEc

band at '1670 GD.-l agrrces rlth the neport of Rosonk¡rantz

and out151 that the pneeanee of an (-o*Ortt-) group

enhanoee tho lntenslty of the C-C gtretchlng frequenoy.

I .l-IlleÊhoxyovolole¡ane. A nl¡turc of oyelo-

hexanoae (98 g., { mle) anû ethyl orthofornate¡ È.p.

1460 (tho g., 0.95 ¡uelo), tn aboolute ethanol (zgo !!L.),
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Ea6 rautloual.y heatedl untjet' rdlux to 75ø. A traoe of

lryelroolrlgrle aeld was u6ed as a e{rtalyst. lfhe roaotlou-

nlxture uats mlntalneô at 75o før \ houra. When oooleü,

the mlxturo vaË adlaled¡ to en eacees o,f dllgtlrleal mter¡

and the organlo layer raa aøparataû sndl drleð.

Dlstlllatlon åg gpg,Ig yloltlcd thc orudlê 1¡l-dlletho4rl-

gyf.1oh6lan6, ¡ùrloh was thon fraatlOnated through a Ð om.

oolumn psokêil utth glaeo helloos to yteldt the pure

ooupouncl (5T g., z5ßrr b.p . th'1f/ez nn" ttff I Jt37z

(!Lü.. )199 brp. 75-760/15 m., dz'l r.bh5a) r ) !g1r.

(rrrn) 1160 om.-l| 1t2o oß.-1 r'lo9o on.-1 r {060 GB.-l ,

anô 965 ot.-í.

t-EtþorvcrqloheF-l-JnQ' I ¡l*Dtethoxyryolo-

lre¡anc (t7 5., O.2O nolc) ras nücdl vlth retllstlu.eil

qulnollne ( 2 8.) end E-toluenoørlphonlo eeldl (o'5 8')'
the nirture was reft u*eit fon I hour and then v6ly eloçly

rll atlllOdl. lfhe onudl@ 1-ethoryoy€lohçI-1-cre ttc
f,raot!.onatedl to givc the puro pnodluot ( fl .5 S. r ShÉ) t

b.Þ. 1600 (¿$..rffi b.p. 7u-76o/1þ ma.), Ì Etr. (t11n)

-1

-l
t 'l37o GD,-1 , l19o om.-1

. 969 ota.-1 , Ðdl 78o om.

-'l -1
167O on.

1o6o en.

, 1115 oIa.

-1
, l09O on.

F€qtrl:.vno (c.f . Vog"læl ). todlamfule rac

prsparocl fron eodlun and Llquldl-amonla ln the usual
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Gmner. ÀeetyLege was then slOwly bt¡bbletl lnto the

oodanldo-llquitt a¡a,ronf.a ralrbune ilurlng J houre, wh!.le tho

teqreratune was nalnialnedl at -35o' Tlre reao'tlon mlxturc

ms oontlnuously stlrract tlrrnoughout. After J hourE th6

blaek Ëolutlon çae cooletl to -5Oo anô reitlstl116ð b-p6ntyl

ùronltte (152 e., { notc) raa thon adldleô üroprl¡c (t.5 åg.)

;!th conetant stf.rrlng. Dunlng thle adldltlon acetylene

rar olorly bubblet lnto the toIutlon.

When tho adldlttlon of g-pentyl bnomldle ras

eo@leto, the aoetylene gupply tag dleaontt nuËd andl the

reaotlon nl:rture las stlrreil at -39o fon a further

'15 houn6. Amonlun ohlorlile (12 g.) rts thon oautloualy

addle{t andt the llqult-arnrcnla ü46 ðvaporatedl. Orushedl !'ec

(tOO g.)r andl tt!,¡tlllc{t çater (bOO g[.)r ;rGD6 thøn a{löct

and the ml¡tore ras staan-dt¡ttllodl. lfhe orudc

høpt-l-|-De rag aeparatett frOm the watenl dtrleil, a¡ld

fraatlonatct through a 20 o¡¡. aolu¡tr packeil rlth g!.aeg

hel!.oea. Puro hcpt-l-ync (h6 g., b8Í) hadl b.p. 99*f @o,

"ß' ,.hoz6 (L&. ,t ffi Þ.Þ' 99.8o, 4o t.bo88)t Ì.sr.
(rrrn) t'l¡o s!r.-1 r 29Ð olß.-l , eloo 6rn.-l anlt r45o "t.-1 .

ta6 Þr@areil

fron trydlraz!.ne aulphate¡ potasalun qyanlil¡ and a6cton6t

aa closorlbedl by thtele andl Eeoe"r.Ð? lfhe oo¡pounf
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erygtalllzedl from ethel E.p. 92-930 (U3,. ,N2 ûip. 92-99a).

c(a 4t-.{EoÈt Gt 6obutrronlt!'11p tat pnqparedl fron

c( , { r*þ(lraøobl slaobutyronltrlle fn 95fl ytelô by thø
'æ3

aøtlon of bron!.ne, aa dlcsorlbd by BloEle andl Waterc.

fhe oo@oundl ras orygtalllzeü fron ethyl eoetato belor

5oo, Erpr 'l}2-105o (LjLb. ,2o5 F.p. 1o2o).

1.1 .T-Tripheaylonooaa-l-ol vat prspa¡redl þy a

Grtgnardl reaotlon between ethyl ?-phenylpnoplonata andl

ÈrorcbenzêRo¡ the tentlary aloohol vae not leolatedlt

but rae dohydratect !g el,tu rlth bO autphurlo aold to

yteld 1.1 .Ì-trlp\e4vlprgp-'l:en? b.p. .|7O-l 724/0.i ntn.

(l¿!.. ,& b.p. z22o4o rm. ) , V H[,. (flrn) 1600 GE.-1 ¡

lozo on -1 , 103o o[.-f , 76o oü.-1 , andl 695 orü.-{ .

orToluoy1 oh.].onlûc. (o.f . Ddvloa anil Perktn2oS),

g-Iolulo acld (5O g., O.57 rnole)r andi thlon$ ohlonidc

(6O g.r 0.50 nrolo), vene hcated unite! reflux fon 2 houna.

Fr.actlonatlon !g vaoug of the onudle reaotlon ntxturc
yteltledt g-toluoyl ohlonlde (bB g., 9Of) r b.p . gt+o/lO mm.

ol8 r .5570 (rrt . r2o5 Þ.p. z15o/7fu nn.) Ò

þB ut{l Den'g-toluato ¡r8Ë prspanett Ln 67fr ylclil

fron g-toluoyl olrlorlde andt þbutyl llydlrorperoxltla undlør

ldcntloal oondlltlons to thoec used by Blomqulst .gg gt55



fon the preparatton of related pereetera. !-Eutyl peT-f
toluatc, ;hen purlfleå by racuun-dllst!.llatlon undier

nltrogen, hadt b.p. Lrø/o.ttl EEr ¡ o'f 1 .5orz, V EEiE. (flrn¡

æ1.

ots.-l , 1185 or.-1 , lotro 68.-1 , 1oz5 Gm.-1

A oornoct anelyelË raç not obtalned.

E, 7.76. Gtatrtd5 lequlree¡ 0, 69.217

1Tæ or.-l o 1zg
andl 755 on.-1 .

(Found¡ O, 68.o7t

Ë, 7.74frr.

,

(o)

,tll refer'ënoa ooqpoundB rere purlfletl by

dlstlllatlon, fraotlonatlon or reclystalllsatlon bofore

lrreç llha follorlng, rhleh rGrG uscd ar refetrenoo

ootpoun{ll, rere anattrable Gonß6rola11y.

ElbenFvlr E.p. 52o (orystalc fnon etlrenol).

Bensolo aoldlr ts,p, 121-1220, n¡, o.b2.

Bensvl aloolrolr b.p. e0þo.

Qolano!.o eolat, (not puntfleil), & O.75.

Â-PnopÏlbsngoner Þ.Þ . 66*680/$ nn.

f.-Butanolr b.p. 82-8ro.

0vgloheranolr b.p.'l 6'10.

Oyolohexanoner bcp. 'l5ll-1 55o.

Phenv¡. ethvl eth,ppr b.p . 169-1700 (IIE .r^6 b.p. .169.90).

Tatraqethvlapaslnonltnll cr D.Þ. I 690.
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Ben4olo anhvdtrldlor E.P. h1-42o (latneo from benzene-llght

, 
Þotnoleum)(¿å3,. ,*7 EoP r bzo).

Bgtyr bensoatei b.Þ. 58o/Q.2 nm', 4t 1.Ug3, (¡¡.!.r168

Þrp. 5}-ffio/o.a nm. , "ß' t.¡890).

'f -I{æhtÌrola acful r n.p . 1 60-1 6l o. nf o .65.

Ã-Dee-anole aoldlr h.p. l0*3{o. F? O.8e.

g-Tolulo ,scldlr [.D. 1O7-lO8o. R? O.trg.

Phthalan:l:oqpr ú.Þ . T]*/tf (platea f¡'om æter) (!!!.. 
'2oB

E.p r 7z-f f\ .

Eutynlo aeltl, (aot purlfieð), nF o.52.

lhe followlng rcforenoo oompounilg vene Brepandt

Ðg4sv1 benzoa!'a tas pr@a¡rodl by heatlng e nlxtuna

of benzolo aaldl (fo e. ) o.25 nole), benøyl aloohol (108 g.'
I mole), a¡rdl oonô€ntratedl eulphunlo aofd (f El.) at 12Oo

fo¡p 6 houre. fhe onudlo bensyl bonsoatc ra¡ fraotlonat3dl

to yf.eldl thc pure oonpoundl (3e s., 60É) r Þ.p . 960/0¡! ED. ¡

r-$t 'r.56g6r V.Ef. (flrn) 1715 or.-1 , '1275 €m.'1 r 11'lo Gn.-1

-1andl 715 on. '.

Ðsnsvl aeetqte rac prepancd fnom acetlo aoli!

(t5 g., o.25 nole)r ard benzyl aloohoL (1oB g., 1 nole),

by tho Ém6 methodl as abovc. !!he pnodluot (15.1 ß. r 35*)

)
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raa fraetlonatodl & 'qqoqg b.B. 112/22 "r. , rnff 1.92460

væjf. (rrrn) fil$ on,-l t 1]J9a cm.-l , 1l7g olr.-1 ,

12fr Grü.-i , 1oa5 6m.-{ ¡ Tio cm.-'l r anal 695 on.-1 .

9etan-t-ol ras prepaned fron p@ntylnagnaslun

bronldle and pnoplonaldletrydlø by a afnllar nethodl to that

tleeorlbedt by üaverr'2o-9 When purlfledt by dllatlllatlon

¡g vagup, lt Ìrad b.p. 750/18 unn., "ff 1À270 (L[3.. r*9
t.p . 5t-5tf /2.b mrn. , f 1 .\27!) .

Oatan:t-aqg. Ootan-Þol rae tllaeolvedl ln 6troo6s

purc aoetone, and a eolutlon of eü¡romtun tlloltde (lZ g.')

itleaolveil ln 5of gulphwlo acLA (fr EL.) rae adalodl

dlnoprl sG rlth oool!.ng. lhen the oxldatlon rag mQløtc
(reit oolour), the prduotc v6r6 ertraetedl rlth ethe!.

thc ether extraot ras shekcn rtth AOf aqucoua aodlluu

oarbonatê, washeil vlth tl!.stlt1ed rater, andl then dlrledl.

tfhe ethen ras eyaporated to yleldt ooten-l-oBG b.p. 7ho/

a5 m. , t' l.l¡160 (l!¡.. ,21o b.pr 1Çns/to m., oT

1.4{ 551 , Zth-dlnttrophenyll¡yûragonc (neettles fron
nethanol) n.p . 6Í"-634.

1,-Phenslnnopan-1 -o1. lthe prçDarâtlon of thia

oomound was dloeorlbed tn tho preoøiltng eestlon.

FtWl phgnvl Fetonc ral Bropaletl frou 1-phenyl-
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propani-1-oil by oh¡onle acldl orldatloa. lrhc ooadlltlon¡

rare ldentloal to thoee pnæloualy dleaqntbeil fon thc
oxldlatlon of 6sta¡-þol. Ëthyl phenyl ketonc ras
obtalned as a sreet eüell!.ng llgutd b.p. rcOo/18 m.,
2 rh-d ltno¡rhenylhyil¡rarona urep r 191-19eo (l¿!,. ,21 

I E.p o

1g]-',gro).

hPìrenvlproalonlg aolil. Glnnanyl aloohol rae

dllssolved ln sxoeso ethanol ant Ìydnogctratert at iOO

atnnøpherea at roôm terqeraturo rlth t-7 Faney n!,&el.
The oatalyst rae reruveil anil the ethanol evaponatetl to
ylelll o¡rudlç l-phenylprôÞa[-1-o1. thig alcohol vae not

punlfled, Þut ras ortdllseal rith oluornlo aoldl by an

ltlentloal pnooedure to that ileeor!.bed above fon the

o¡ltlatlon of ostrs¡¡-lrolo tho ether solutlon of tho

orldlatlon protluot 'ras ehaken rlth 2Of agueouaeodllum

oa¡rbonato, The agucoue layer üae th6n aoldlflcd rlth
illluta oulphurle aoldl andl ertnaotetl çtth eüher. tho

ether eolutlon ¡ae dlrled entl thc ethern Ía6 eyaporatedl to
yleld! 2-phenf,lpnqtonlo aoid, vlrloh cnystalllsod firon
petroleum ether nopr h7-lr8o, h 0.56.

0holeet-E-ep¡7-ont-¡-vl bensgate. Cholest"oyl

benzoatc (lO g., O.Oe æ1ç) rae dllasol,ycd ln a nlninun

of bensena. An ef6ê8s of glaelal acetfo actd raa thaa
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adldlEdl ancll dlunlng eonetant stlrrlng, &eueouc aodllun

df.elromate (6 A.) rr" adlrledt at e¡oh a rate that the

te@erature illrl not rlse absvo 654. A.fter the edlllttlon,

the terperature waa nalntalned at 690 for an adlrtltlonal

2 houna. lVhen oooledl, the mlxture tas addled to a largo
exoegs of oolct dlstllleil-ratør rlth rapfrl stfrnlng.,. tho

Þenzene layer rae then rcmoved andl waahedl vlth 2Of

aqueour ædllun oarbonate. It was then dnle{lr and the

benzene ves Gveporatec! to leavc orudle oholegt-5-enr7-ono-

hyL beasoate (b.t 8., bOÉ). the sto¡rolil f,as erystall-
ls6al fnon othanol to glva ælourless needla¡ Frpe 159-

t6tø,[*]ol - 5so (o]rrorororn) (lL!. ]212' Eopr 1l¡9ø ¡[q]o
- 5bo) r ì EBi[. (ohlonoform) 'l1?Ð oB.-1 , 1675 €r.-l ,

1280 Gm.-î , anit 11æ êD.-l .

Cholest-5-en-T .7 -dllol l-bengoate ent

úero preparedl by tho

reiluctlon of choloet-5-en 7*¡Þ-J-yl bengoate rtth eodlun

Þenohyðrlde ae fol.lo're. The Letonle estcr raa dlleaolveil

ln tolueao andl one uþ1e-equ!.va1ent of âodllun borottyrl¡:ldlc

rae arl¿ledl slovsly. Iethanol raa thon adldled untll tlrc

eolutlon bcoame oloar, Âfter e.tanrl!,ng at oo for tm day¡r

rlllute aoetlo acldl çae adkle{l droprlec to destnoy thc

ædlunbonohytr.lde oon¡pler. iFhe aolvents r6re then

nenovod tg vaouo anrl ths nee!.due raa thorouglrly çaeherl
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rlth dlt- Etlll€d rat6r andl d¡led ln a dleet.ooaton o'ret

sodlur!û Ìrydroxldle pcllete. lfhle reet¿lue çae than

oh¡lenatognaphed on aeldl-vashed alunlna to ylelCl sholest-

9-G¡-T p ,7 f -arct -Fbenøoate tn bOf ylelel, rtrpr 192-195o

(needtres fron ethanol)r["]fl + I5o (L¿$.. ,215 ErBr 1g2o,

IO]fit+ 't3.8o). .a traee anount of 6holest,-$-6ll-3f ,7d-
¡11o1 5 benzoate ras algo obtalneil fnon tho olronatograpl¡y

D.pr 173-17hor["]3" - h9o (JÅ!,.rãht Eopr 16i-167a,

[*]fr, - Foo).

Dl,hvilroneeorslnol ras preparedl ln 85Í yleld -Þy

thc oatalytf G-r6duotlon of leoonetnol rlth Tþ7 Rancy

nlek,el tn alkallne aolutlon, aocordllng to the pnooeélurc

rlceorlbett by tho¡pcoa.2'|.6 Dthydroresorolnol, rlren

gry6talLlzeil frorn benzcnc, lråd Brpr lob-{o5o (lL!,.1216

mrpo to3-tobo)r Vg$f. (nulol) if¡oa Gtrr.-l , 1270 oE.-1 ,

1225 om.-l , 11go cn.-l r 11t¡o Gr.-1 , andl 825 on.-l .

1-Ethqryq-çolOhet-i2-cn;{-oûe ras ltreparetl fn 60Í

ylel.Ct fnon thc ¡røaotlon bctrccn dlltydlroreaorolnoll ethyl

orthoûonmate, ethanol¡ and sulphurlo acldl, a ç dleso¡rlbGd

Þ¡r leek gû, g1.217 lho punc sorpound lrad b.p. 115o/g ffi.

r thla ooryoundt raa reportedt ae the 713-Wlret ln thla
publtcatlon. the sonflgu1atlon at' the /*poeltlq4-
trae slnoe been revenscd.- (gE. Flesen antl Flesæz15).
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(tlt. ,217 b.p. loh*1 aïo1t ,oü.).

grql,ohe¡-2-ea-l-o,nF ça€r preparadl !,n 6Of ylalt

Þr the nethodl of oannon ahd frooro2l8 uelng Fothory-
ôyqlohex-!-6¡-{-9¡e and llthlun al"unlnfun hydlnidoe

O5relohe¡-2Òôn-lrottt, obtalnd Èy f,raotlonatton lg .Í99!!gr

hadt È.p. Q,-66o/l z rm., (!!þ.rre18 Þ.Þ. 5Ç57.5o/'to um.),

V.gËl¡.(fffn¡ 1695 orr.-l r on{l f OTO "t.-{ r 9rl¡-6!.nltro-

phenyllryilraøonc rtr.p . 161 .5-'1680, (!l!.. J2'|.9 'Zfr E.p r

.t 6a-f 63.5øl .

Cvolqher:2-eF-1:.erl ÍaÐ ÞlrGparodl ln 6gf ylelð

Èy tho rduot!.on of cyelohe¡-t-q4-t-6nc rlth llthluu
alun!.n!.um þdtrlde , a¡ üescnlbea Þy Ioueooron .gÈ gl.2e1

0yoLob,er*2-en-1-ol " obtalneil by factlonatlon þ vFeuo¡

hail b.B . ffi-6go/19 Mr ¡ phcqrLurethane Brpr .lo5-lo60

( benzene-ltght petnoleun) .

2-Eronoahglastan-r-onc. (or. Heath-Bnora s3. êI.2221
to a Eolut!.on of aholcete¡-þe¡6 (1O g., O.Oj nole) [n
glaotel acetla acla! (a5o SLr)¡ v€r6 aildeð a ãOfr aolutlon

otr Mrogen bnonftle tn aoctlo aotô (1 ü.). Flth
oonstaat sttnnlng, a aolutlon of brorntnc (lr.f B.) ln
eoetlc aold (a5 gL.) r"c a{ldlctl dlnoprlso. Áf,ter øtandllng

øf the reactlon nlxtune for eerøral houra, tha pnodluot

began to er"ystalllze. ft ras than flf,tered andl
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reeryståfllsed fron ethanol-acetone ú'P.'l7O-t 7l 
o

(t t. )225)?]2\ Er.pr 17c-170.5o) r[*]3o . 39o (ohlonoforn).

Oholest-1-on-q-onÊ raa obtalnodl ln alnost

quant ltative yleldl when 2-b¡''omocholeetan-Þone lao

botlert ln 2rþ-¿lnethylpynlüfne aocondlng to the nethoô of

fnhoffen g,g, ù.Aü Oholeet*1-onploÉê çraÈ purtfleil by

oluronatograp$ on actC-waeheat alurnlna Brpr 99-99.50

(needles fncm aoetonc) (¿8g,. ,226 rl.Þ. !8-1'oool r[ *]ff
6{ .oo ( cîr:.orof onm) ( ll!,. ,2?6 [ "]3' + 57 .5o) r v rEEf.

( cÌ¡lorof orn) 1675 @t.-1 .

Eeotan-Î-ol res preE a¡edl fron butylnagneslun

bro¡nldo and proBlonaldetr.yde fn h8f ylelil by the netho{l

desortbêû by Dlllon andl Looaa.æ7 It rae purlfled! by

dllcttllatlon !g vJnoup'Þ.p . 660/zz lrmo¡ ú' ,.42otl

(lts.. .227 b.p. 15a.7-154o/7+E w.r # 1.h2ol).

Hcqtanfi-onø taB prepareð by ohronLo aetal o¡ldatlon

of herptan-Þol by tbe same msthod as ueedl for the oxldlatton

of ootan-Þol abovo. Eeptan-3ioac, rhen punlftetl bf

iugtlllatton 1B îaeupr haal b.p. &a/ze'm., "ßt 1.blho

(llÈ.. :28 b.p. th6.5-l4lø/løs innr ¡ ff r .h088) , 2rl1-

dtnltrophenylhyilrauone n.p. 8z-85o (ÞE. rã1 trp r 8o*8lo) .

+
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k?ut@. (9t. Davla and Bt anot¡e¡ a.229)

!:Butano1 (tOo !9..) $as adliterl to a eolutlon of potaas!.un

oryanate (35 e.l ln uater (60 .!9.). Dunlng napld stlrrlng,
eoneentnated trydnoelrlorlc aoltl (e5 gg.) raa aitdted

dlnopvlee. After the adldlltlon, the rsaotlon mlxtunc

re6 atlrreù fæ an addtttl.onal 2 houne. the produote

çrre extnaotedt vlth an excese of ether. lfhe ethar¡-

eolutton çae then dÈ1ed ånd evapo¡ated to dlryno¡s. lhc

orr¡dle neeldue ?aB reorystalltzedl from bengonc'ethanol to

yleltt pnro þbutyI allo'phanate (t.5 E.r ífi)t Erpo 179-

,1760 ( aeooræ. ) (L13. ,'9 nrp . 't goo) r \) ESf,. ( nuJoi)

J¡lr5O on.

121t5 cm.

-4, JjOo om. I

, 1155 ot.-{

+f

-l
¡ ,1715 o",-l , 1695 Grr.-l t 1595 6n.

, 850 on.-l , andl 785 on.-l .

-l )

glEutyl e.Þutyrqtq taa pr@ared !,n g{f yleld

from &-bstanol and ohromlo aoldl r 86 dlesorlbet by

xobert*o.251 E hË produot Taß oa¡refully fract!.onate{l

tsloe .lg Eggg, thnough a Ð on. oolum packed wtth gLaas

helleee Þ.p. 690/18 ú. (l¿S,. ,2},2 b.p . 6g-700/ã0 na. )

"ff r.4oah (rl!.fr8' f, r.bodr)r Ì gsu. (rna)

17bo ur,-l , andl 1180 on.-l .

2.2.h-Trlmethyl,o.entan-Fonc çai prepa¡ødl fron

ill.-lsoproÞyl bstone andl netlyl lodlfôc as dlesor!.bcd by

Êeokrlth ,233 2;b-{llnltlophenylþdlrazonc m,p. 1 63pl dlo
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(ttt. ,'A E.p. 't6y16bo).

2.lr.l¿-Î¡rlmethvlpentanolc aoldl TaE pnepanedl by

the rnethotl dleser beð by Bealrrl t]n.233

Benzyl q-toluatê xag obtalnetl ln poon yleld by

heatlng a rrlxtune of g-¿61ule aclrl ancl exooes bensyl

aloohol at 12Oo for 8 houne ln the presence of a trace-

anount of ooncentnatedl eulphurlc acldl. The benzyl

g-toluate ças dllstllleal tg yaúlqo b.F. 1180/0.6 nm.,

o"3 ,.56b8, ) !lBE' (flrm) 1710 dn.-1 , 1lù, c",.-1 ,

1z7o cm.-1 , 1z5a er.-{r 1o9o cm.-1 , 1o7o cm.-1 r 103Ð Gût.-1

78o *.-1 ancl 695 ct.-1 .

Xethyl-g-toluato rae obtalnetl 1n poon ylelcl by

refluxlng a ¡rlxture of g-totulo actd andl e¡ßeess methanol

for 12 hours ln the pnesonoe of a traoe-a¡nount of

concentnated sulphurtts acltl. The methyl g-toluate rae

tlt sttllod åg Eggg, b.p. 1o2o/2o rø,. 4t t .5'194._ i 4,sf,.

(trrn ) lln *.-1 , 1\55 *.-1 o 1zg5 *.-1 , 1255 c",.-1 ,

{140 @.-1 r 1o8o @.-1, ad 7ho üt.-í.'.

The

ras pr eBanecl ln poor yleld by heating e nf.xture of dll-!-

butyl peroxlcle ancl exooee metþI g-toluate at 11Oo for

'lOO hours. Chromatog¡raPt$rr on aoldl-;aahcð alumlna,

,
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affondsdl the pure oou¡lound, rhtoh çaa otTstsillscd f¡ron

cthanol rropr 1op.5-lo5o (llg,. ,'fi trrp. iof).

Oetan-4one vaa pnepa¡od from @ElepelaÌly-
avalLeblc ootan-a-oil. by the usuar ol¡ronlo aolrl oxldatlon
proeedlure ¡xevlouely llcaortbed. Ootaa-â-onc raa

obtalncdl as a grrot æolltng lleutd b.p. 7\-78s/¿Z m.,

"ltt .tt15z (Itt. ,?36 b.p. lg-fro.'ï{ m,, oT r,h1 5,r'l ,

2rl{-illnltropher\ylfurdtnaøonc n.p . g&-584 (necitlo¡ from

petrolcun ether).

'l .2-DlbrorccyelohexFnc raa proparcd ln 9Of ylcli!
by thc nethodl of ffidlaf andt Brookr¡z37 urtng oyclohexeno

andl bnonlnc dtf saoLved ln oarbon totraolrloridlc at -5o.
lhe pnoduot ras dllstllld !g vaoug Þ.p. rc[o/1ï E.
(¿Å!.. ,257 b.p. gg-1o5ø/t6 nn.), v -raF.(tlln) {l¡h5 on.-1 ,

rl¡5o oü.-l , l18o on.-t, tooS oE.-î ¡ 9o5 on.-l , a¡d

865 en.-1 .

2+FgFo-oot,ano ;as prrpe¡red ln 8OÉ ytreld Þy thc

rcaotloa Þetrcen dlrT l5rdlrogcn bronldo andl ootan-â-ol as

llceorlb€al by Eughea andl thapho.2'E fhc brono-corqounü,

b.p. Blo/zu m. (uE. ,3rB b.p. Tgo/'lz m.), 
"frt 

t.hhgo,

lrait V .EjE. (trfn) 1450 €ü.-lr ênd f 5iþ on.-l
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| .2-DLbro,rc-octqnç rss pneparecl fron oêt-1-one

and bronlne at -12o es cleeorlbd by WLlklneon.2Þ

îhe aor@ounrl raa fnaotlonated & vacuo brpr 1Z5o/18 nn.,

"ß' 1 .\gli ( tJt. ,239 Þ.p . 'nB .ïoh 5 rnr. , 4' t .h97o) r

ì Eêg. (flrn¡ 1b6o oil.-l r t43o on.-l , andl 1145 sn.-1 .

?.lDlbEonp-oeÌane ras prcrpareil by an ldentloal
methoil to that deaonlbedl abotre, uc!.ng oct-2-anc anrl

bnonlne at -12o. Tho pnocluot raa fnactlonateü lg gegJg

b.p. 1*o/a8 @o¡ I Etg (r11n) f b6o on.-1 r lfSo oE.-1 ,

andl '1165 en.'1 .

(d,)

å¡1 the followlng ¡reaotlons rere oondluotd ln

an atmorphere of dlny, orf,gen-fnsc nltrogen. They rerc

oonatantly st lrreal tlrroughout.

A nfxtune of toluene (¡oo Jg.)¡ dtl-þbutrl
peroxlrte (5o.o g., o.3l nole), arrprlo benzoate (l70 g.,
O.55 molc) andl bensolo acldl (6O g., O.5O rcle) rË¡

heated at 11Oo for 1O8 hours.

Ilhen the rla¡t reaotlon nlxture wae cooleclr lt
ras fllteredl, anil the ¡pesldluo ms ÌaÉhetl eeryeral tlncc
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tlth toluene. îha raahlnga repe oomblned rt.th tha

mther-llquor and the nesultant solutlon taa æt¡raotedl

rlth 2Of aqr¡eoue øotllun oarËonete.

lfho olganlo lsyer rae drt€d andl unreaotedl toluenc
ras êvapo?ated. lfhe naef due taa thea fnaqtLoaateû

þ vgoue to ylcltr

(a) benzyl alcohol (h.r5 E.); b.p. go-ïgs/o.?g m.,

"f 
1.|s ¡,t Jr$-dlnttrobensoatË u.p. and nt¡e6 B.D.

112-11 50.

(u) utten¡yl (8.59 g., r4É)r b.p . 7g-æø/o.2 rnm.,

DeB e anrl ulxcdl t[.p o 52-5to .

(o) bencyt benEoat a (i.j, 8., bfil ¡ brp. 9Ê.1 ozo/

O.z trm., oßr 1 "5689.

The aÞoye @rperlnent f,a6 røpeated uslng oupnlo

aeetate (toe g.r 0.86 nole) anit aoetlo acl¡t (29.o g.,
O.b8 mle) tnstead of ouprls bensoate endl bensolo aoldl.

DenEyl aeetatc (b.?t g.. 5ß) r6s obtalneû brp. logo/

25 w,, # 1.1"dt6.

A nlxtur.c of toluene (¡OO gf.) andt au¡rnlo

benzoato ({OO g., O.32 note) raa hoatedt at lloo rhllo
¡1-å-butyl pero¡1,¿o (50 g.¡ 0.5ll rrclo) çaø arrtted dlroprtee.
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Af,ter the addttlon (2 hours) the ntxture rae

sontlnuoueÌy stlrnerl at f lOe for 5O ho¡¡ns. Ittrcn tha

dark-bnom, reaetlon ¡nlxturo ras oooledl, lt rae flLteredl,
and the neeldue ra¡ çaehel! æveraL tlnes rlth tolueae.
Ihe rachlnge rerc ootlneil vlth the nother-llquor anit

tha peeultant ælutlon ;ag Gatnaotodt tlth eOÍ aqueoua

sodlun oarbonate.

fhc organtc layer rar itrleilr antt unreaeted

toluene üaE e{raporatedl, lrhe realdluo tag thcn illstllle¡t
þ vaoug to ylcld

(a) bensyl aloohol (8.05 g") Þ.p. 5o-6aa/o.25 rm.,

"fli .5T92c J¡!-dlnltnobensoata m.p. anrl nfxd Erpr

'112-1130.

(u) blbenzyl (ll,8o g.r 8ñ) t.p. 7o-BooÆ.p @.¡
Eopo andl nixeit Erp. $}-JJo.

(o) benryl bensoatô (8.55 g.r 6ßI, b.p. 96-1 ozo/

o.z ru., 
"Bt 1.F683.

lFhc resldluc (5.a g.) fron the ciløttllatlon¡
t;a¡ elr¡omtognaphet on aolô-ms?rËd alunlna to yloldls

(a) qnldenttflett eo@ou¡rd (0.8F g.) (neertloo from

ethanol)r ¡t.D. 18O-180.5o (Foundlt Or 92.&r¡ E, 7.fr¡
t. TÍ. fi? . Ga6Ee6 lequþcl C t g2.Tl t Hr 7 .25fit
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f.W. 362.5), lnfrareð absorlptlon falled to show tho
prcsonco of any functlonal gr€ups¡ r¡ltærlolet abaorptlon

tBB slnlla¡r to that of authentt.c blbcnryl..

(b) unlilcnttfled estena (t.5 B.), ! EgiE. (ftfm¡
1715 on.-l r a Dd lzlo onl.-l .

When the abovc eperlnent ras rEpeated uslng

Bnltyürous eupnlc bnssate¡ the yleldls of blbenzyl anit benzyl

bensoate Eere neprorluoaablc¡ hovevarr rro benryl arcohol

oouldl be rleteoteil by vapoupphase ohromatograpl{f.

Bensoyl peroxldlc (2O g., O.OB mole) tao heatedl

at 8oo ln bonzene (too pL.) for ao houra. Carbon

tllod.tle, rÌr1ah formed dlurlng the deoomposltlon, rsr
abaorÞcd ln a prevelghedt eoda-llnc/aalolr¡m chlorldte tubc.

wbsn coo1, the solor¡nless aorutlon üas extnactedl

ülth 20É aqueoue sodlum eanbonate. After aofil!.flcatlon
rlth tlllute sulphurlo aoidl, the aquêouË layer rat
oxtraotedl vlth ethen (too EI.). The ethe¡r aolutlon ras

thcn dlrlell ard the e her evaporatedl to yteldl bonsolo

aoldl (l¿.bl g.¡ 22ß)r ¡n.Þ. ard ntxerl 6.pr 1p1-1ZZa.

The soda-llna/ælolr¡n chÌorlde tubc çaa nerelghad

lmnedl!.ately aftcn thê dleooupoeltlon ras oonElete. Tho
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lnonease ln welght of thle tube çag 5.15 g. 
=71É 

ylelil

of oa¡rbon dlloxirlc.

Thc preeoillng expe:rlnent raa rgpeatotl fn tha

presenêe of euproue bromldlê (5O 8.r O.2O mole) to ylcldl

þenEolo acldl (15.65 g. r æfi anrl carboa lttoxlde (Zø5

ytelt ) .

Beaotlon bctween oot-1-chGr !-butyl penbenzoate anl!
@.

A nlxturc of oot-1-6rrô (25 g.¡ 0.2J molc) ana

ouprous ohlorlee (O.5 g.t O.OO5 rnole) çae malntalnetl at

75o *rrte lebutyl Þ&benzoate ( 20 g., o.lo ¡rplc) Íat
adilell élropvlec, tlth oonstait atlrrlng, 8t Buoh a rate

thst the terryenature dlldl not rlee above 7ro. îhc

reaotlon ras e¡othennlo.

After the ailtlltlon (5 trourc)r thc nlxture Ea6

oontlnuouely etlnned at 75o for an a{tdlltloneL Y boutrg.

fhen the green leaotlon mlxture was oooled, øther

(fOo HL.) rae atlddr ardl thc resultant ælutlon ras

ertraoted rlth ZOÉ aqueoue ao¿llun oanbonate. After

aeldltfloatloa rlth dlllute sulphunlo acfdf the agueoul

layen taa cxtraot€d rrlth ether (5o ¡9,.). ![ho oÈhæ

eolutlon ças then ôrlcd andl evaponated to yleldl benzolo
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aci.d (4.21r g., ïfr)r r.p. ând mixoô B.Þ. 121-1226.

llhe organlc layoFr F ernalnlng aftcr cxtraatlon

rtrth ¡orllun oanbonate, me drlcil. Ethen andl unohangoô

oct-iç6nê wçre æaponated. ![he reaLitue (t6.8S g.) ra¡
lryelrogenated wlth 5f palIadllun on carbon at { atnoqhcrc

andl the þdrogenate{l prodtuotc ver6 then hyrilrolysedl wtth

Èolltng hO,{ aqueoue potasst un þdlroxf ile fon { ? hour¡.

An altquot (k.a g.¡ of the Fceultant aloohol¡
(7.hh A.) tae itlssolved ln punc ae6ton6 and ol¡ronle aolü

aolutlon ras addeil {tropwlse rlth ooollng. .[t thc

o¿reIetlon of the oxklatlon (nedl golorl)¡ the mt¡turc

;aa c¡ctraoted çtth ether (F 4..). t he ethcr e¡traet

ras than alrakcu rtth 20É aqueous ædtun oanbonate.

åf,ten asldtflcatlon rlth dllluto eulphurto aotcl, the

aquàoue laysr ças ertraoteit wlth ether (f 5 4..). the

ethe¡ layer rae then ilrlod atrû eyeporated to ytellt
octanolo aoldl (O.ZD g.).

îÌra organlc layor, n emalnlng dter oxtnaetloa

rtth æcllun oarÈonato, rae dfled, the eth6r waa

dlf stllleat to y!.eldl octan-Þone ( j.E g.) 2r4-illnltre-
phenylhydFasone (needtlea fno¡ nethanol) n.p. snil ml¡cll

Errp r 6g-650.
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Reaotlon be+,wgor oot-l-Bn€r dlL-!-¡utyl peroxldler eoctlo
a6ldl aadl euDPlo benzoatc

A nlxture of oot-irGî@ (9.7j g., O.æ nole),

aoetlô aeld (32.0 g. ) O.53 rc16) enA orrprte bensoate

(O.25 8,., O.oo1 stolç) waa heatocl at 9oo whtle tll-!-butyl
peroxlde (t5,o g., O.1O nole) ras adldledl rlropwlae wlth

oonetant stlnnlng.

A,ftor tho attdltton (1 hour) tho n!.¡turc ûag

oontlnuously sttrr€al at 9Oo untll sll thc peroxlrte hað

dleoowoøed (tertee rlth etaroh-potaeslum totlldte soLutloa) .

Ifhen ths rcaotlon nlxture ras oooled, f t vae ertneotedl

trth 2þf aqueous sodlurn carbonatê.

the organlo layer was ilrled and thc ur¡reaotd

oot-1-en6 ras evaporatert. The lcslltue (tt.92 g.) çaa

lrycinogenated! over pa11"adf.um on oarbon (Efi et on€

atroçhere, ualng etlsnol as a solveat. the ethanol

was then oraporated end the reaidue (lo.? g.) Tar

hyrlrolyaert çtth bol11ng 3OÉ aqueoue potaeslun llyitnoxlde

to yteltl a ntxtur.e of a1eoho16 (7.0 g,).

, G.L.C. analyela of t,hls mlxture shorcô ootan-Þ

o1 to be the lsln ooryonent. By oompartson rlth
süåndarld nlxtunee of oetan-ToL andl octan-'l-ol, tt
rae eetlnated that the mfxture of alsohola üaa oonÞoeê¡l
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of 75-80Í oatan-3-ol anö â-25* ootan-1-ol.

Beact lon between al1y1ben zqrLø Lå:
õ-rñ-fõIÍE-GIfonf dlË I o

A al¡turo of allylber¡zeno (lrO.O E.r o.3l nolc)

anü ouproug otr]'onittc (0.2 g,, o.ooe ple) ras heateû

at 8Oo rhllc å-botyl perbensoate (f 6.50 g,t O.o9 rcle)

rae arlttcd dlropuise r!.th sonstant sttnnlng at suoir a nate

that the tenperaturc dtlci not rlae abovo 80o. fho

reaotlon çes erothermle,

Âf,tan the eitdltlon (5 ¡ours) tne mlxture ras

contlnuouely stlnned at 8oc for an ôdtdtitl,onal Eo lþurt.

flhen the Éterk-Efoên ¡roaotl.on nlxturo tag'oooledlr lt Tat

ext¡raatedl çlth 2of agueoue ætilun sarÞonate.. Af,tæ

aolrllf!.eatlon Tlth ôtluto sulphunlo aolilr the aqutoul

laycr ras estraotcd rtth ethet (5o g[.). ths cthe'l

solutlon taa then ûrtGd anô evaporateil to yleld benrolo

aoirl (1.84 g., fSÍ)r E.p. endl nl¡cdt r.po 1?1-1220.

îhc organla layer (51 .26 g,.) rernalnfng afüar

cxtnaatlon wlth aotllum oarbonate wag dnfstt. Arr

allguot of tht e neeldlue rae Wdnogenated sfth 5f
palladltrun on oarþon at I atnosphere. thø recultant

ceturatod eonpoundg rere then lrytlnoLyecdl rrlth eQf agueour

potaeelun hyilnoxldle. lfcutnal oonpoaanta fron thc
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lgrdtrolyele rere ertmoted, rlrlcd andl thea fnaotlonated

to yleldc

(a) g-proÞIlbenzenor b.Þ. 6çæ0/15 Mo ¡ f, f .h928.

(u) 1-phenylpropår-J-o1, b.p. l06-l ßo/1! rnn.,

"frt 
1.5211 , g-nltnobensoatc n.p. and rnlxcdl ü.pr 59*600.

(c) unldlentlf!.edt oo@ouad (traoc) sÏrom by gnrr

phaee olrronatognaphy to Þe nelther cthylpherlyloarbtnol

nor !-phenylp"opan-l*ol . J-Phenylpnopan-î-ol oould! not

be dlotsoteil þy (1.ú.0. ln any of the produote.

Beactlon betreen allylbenzeno, l-butyl Derbengoate arril
EuDrou¡ olrlorlda II

A nlxturc of allylbengene (18 e.¡ o.l5 mle)
andl oupnoue ohlorl¿tG (o.02 g. ¡ O.O0OA nolc) ln benscne

(50 g¡.¡, ras heatedl at 8Öo rh!.lo !-Þutyl pèrben¡oatc

(18 g., o.og nolc) ma adtdlêd dlnoprlae rith aonsüant

etlrnlng at Êuch a mte that the temperaturo dlldl not

nlsc abovc Eoo.

Af,tcn the addltlon (z ¡ours), the nlxturo üar

qontlnuously rtlnned at 8Oo for an adrtltlonal 2o lourt.
then the gêGtr-roactlon nlxtupe üaa oooled, lt rar
extraoteit rlth ÐÍ aqueous ædtlun carbonatc. Aftcr

aoldllflcatlon rlth rlllute culpbunlq aolü, tha aguoour
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laven rae extractedl rlth ether (50 41.¡. fhc ether

aolutlon nae then ttnld andl eva¡roratedl to yleldl benzolo

aoldl (3.57 g,., nfir rû.p. and nl¡cdt D.B. 121-122o.

Itho organl.o laye¡r remalnlng after oxtractlon

ilth ¡odllun oarbonato, raa drlcû anil the benueno las

eva¡ronate{t. AÀ allquot (t6.2 g.) of the reeidue

(25.71 ß.) me then þitrogenateil çlth 5Í Balladllun on

oa¡bon at I atm çhcre . fhe re sultant æt urat etl

oo@ound6 ç6rG then ltyilrolyaeel rlth 2OÍ aqucou¡

potaec!.un h¡rdnoxldlc. trcutral Gou[tönonte fron tho

tryûrolysls rere extraotedl, drtedtr andl f¡raotlonatedl to
ylê1ùs

(a) Ei-propylbensenc (6.0 g.) b.p. ææo/t| rmr ¡

1.11926.

(u) llguld , (t.99 g), b.p. 215-ffi5ø,

( c) llqulit, (1 .58 !!. ) , b.p . 225-zfia .

Proiluot¡ (¡) ana (o) Íerê oach dl!.asolveô ln
purG acctone anrl o¡ldlsed ilth chronlo aoldl st roon

tcnpene*ü!o¡ ?he s¡ldlatlon prorluotð Têrc ortraoteû rlth
ather ancl üho rcsultant eolutlont r6rc chakon slth 20f

aqueouE aodllun sarÞonata. Af,tor aoldllftoatlon vlth
tllluto ¡ulphunlo aolô, the aqueoua layan¡ r€rc crtnaotaô

;lth other. The cthcn eolutlona rer6 then dlrlcô andl

"fl
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the ether dtlstll1edl. tlquld (U) ylelrlerl Þphonyl-
prorplonle aoldl (0.11 g.) (prlane fnon petroleun ether)

Bop. anä nlxcit B.p. lr7-kEo. Liquld (o) alæ ylelilc{l

2-phenylpnoplonlo aotdl (O.79g. ) .

Tho neutral laysra of thc aoallun oa¡pbonatc

qrtractlona çrlrpe dnlci! antl the ether rat daporatcrl.

Llgulü (b) ylelilatt ctfVl phenyl ketonc (l .42.8.), 2rb-

. and nlxed ûrpo 191-1 92o.

Llqutü (o) aleo yleldedl atlryl phenyl ketone (0.b8 S.).

The total yleltl of egtena from the ncaotl.on vao

\5*. fha above oxldlatlon noeults lnitloatc that
1-phanÉalIyl bensoate coqr!.sed approrlnratoly 70f of
the total ÊËter protluote, olnnaq¡l bensoatc Goqrrielng

tho rernalnlng frfr.

Íhe preeaneo of both l-pheqylprepâr-lroil anô

5-phenylBpoBêrr{-ol! ln llqula¡ (t) anrl (o) ra¡ conflnned

by G.L.G. analyeleo

Roastlon betreen oholeatcryl b ensoate. t-Þutyl oeEbansoata
and ouprlc benzoate f

.û, nlxtune of cholestcryl bensoato (i5.O g.,
O.O5 nole) andt cupnlo benzoatc (O.t g., O.OO1 rnof.c) Far
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mlntalned at EOo tn butan-Z-one (l3O EL.) rhtle !-butyl
¡rerbenøoatc (5.111 E.t O.ot uole) mg adlalorl dlroprlae rtth
oongtant øttnrlng.

Af,ter the aildtltlon (l hoqn) the nirtuFo raß

oontlnuougly øtlrraû at EOo fq an addlltlonal æ lrur¡.
Íhon thc reaotlon nlrturc raa oooleel, unêhangèdl oholcaterfyl

benzoatc (7.39 g.) orpyatalllsedt andl rar oolleoteit Þy

flltratlon. thc butan-â-oar ra¡ thcn {lt6t111eit fron
the æther-ltreuorr

lfhe realdlue raa thon dlssolveal ln benzeno

(tgO ¡&.), and extraotedl rlth 2OS agueoua aodllum oarbonato.

Âfter aoliltfloatloa rlth rlllute aulphunlo actd, the

agueol¡s layer rae ertraøtcdt rlth cthen (50 ¡9.¡. Ihc

ethø¡r eolutlon raa thcn dlrletl ?ndl evaponatd to yleli!

benzolo acldl (2.A1 E.r 6SS)r ñ.p. and lftxoal Brpo 121-122Q.

the organlo layen, remalnlng after extraotlon

rlth eodllun sarb'onate, rao dlrleil and the benaene rar
Alðtltledt. A dlalt-ncdl re¡leluc (5.91f e.) romalnct.

Ghmrmtography d thf e rea!.il¡¡o on aetil-ra¡heû alumlna

yleliletln

(a) oholesterTl benzoate (1.a0 g.) rupr andt nl¡oû

Eop o '14ç1h8o.
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(u) Cholest-5-one-3 P rTP -dllol Þbenøoate (o.52 g,.,

fi), (acedtles fron ethanol) m.p. andt nlxedl Iû.p. 192-

ßto' [o] ff* rio (ohlonoforn) (Foundr o? 8o.9ot

E, 9.68, Ca1G. for CarHUrOrr O, 8O.58t Er 9.95Ñ).

(s) Cholest-5-eîGr3 f J4-alt.ol l-benzoate (O.9J g. r

7*'t (neeille¡ fron sthanol) m.po Brd mlxect E.pr 17?17tlo,

[ "]frt 
49o ( e]rlæofonn) ( Fountls o, 80 .66¡ tI, 10.06.

Calc. for Oy,%lO¡: G, 80 .58i H, 9 .95fr) .

Reaetlon Þetreen oholestcryX benøoate. È-butyl perbenzoato
a

A nlxtune of oholoetenyl benzoatc (9.53 g.,

O.o2 r¡ole) anrl ouprlc benuoate (l.OO t.r 0.005 mlc) ras

nalntalnedl at 8Oo tn benseno (5o 4.) wMle þbutyl
penbenzoate (9 A, O.l5 mle) ms adtdetl dlnoprlee rlth
oonetant etlrrlng.

Af,tor the arttlltlon (2 houns)r the ntxture raa

contlnuougly stlrlneil at 8Oo for an aðdtttlonal 2Ð houna.

Whcn the neaotlon ralxture rae æoled, tt waa extraotedl

rlth 2OÉ aguooue eodlun oanbonatc. After aoldtftcetlon

rlth dllLute eulphurlo asidlr the aquoous layen rqa

axtraotedt rlth ether (tOO EL.). The ethe¡r eolutloa

ças thon rlrleil ancl ovaporatcd to yleldl bencolo aolil
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(7.W 8., lrofi), rt.p. andl mlredl n.p . 121-1?2Q.

the organlo layer nemalnlng dte¡r oxtraotlon

vfth eodllun earbonate ÍaE dlllledl and the benzene ras

dlsttlledl. A dlark reeldue ( 2a.8O g. ) renalned. AD

altquot ( 6 g.) of thls røaldue Fs ohronatographed oa

aeid!-vaahed alunina to yleldll

(a) oholeetenyl beazoate (O.5t g.), ü.Þ. and mtxedl

nopr 146-1h7or[*]o* - Bo (chlorofonn).

(u) oholest-S-øne-5 f Jf3 -dtol. 5 benzoato (i.tO g.)
(neeitleg frorn ethanol) n.B. aÊd n!:[Gi! m.p. 1g2-'193o,

["]$" + iio (ohtorororn).

(o) oholsst-5-on*3 frJo(-cllol J-trenøoate (t.d¡ g.)
(needtles from ethanol) m.p. and m!.¡ed rup. 17?1fuo,

[ *]i" - h9o ( chtonororn) .

Tbe overall yfelcte of eaeh produot, (b andt o),
were 40ß,,

A rnlxtunc of toluene (2O.0 g.; A.t2 nole),

eupnlc benzoato (O ç5 g., O.OOÊ rmle) anA !-butyl
perbenøoate (b.o g., o.O2 molo) r"r eealed !,n a Oarluo

tube anel contlnuoualy shalren at 'l?54 fot 5 hours. The

tube çaa oooledl ln a bath of æltrt canbon dlloxlüo andl
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cthanoil befone uneoallng. All volatllc prodluctB ç€rG

thea dlletllled ln a cloaeil rystom. E¡anrlnatloa of thesc

volatlle produet Ê by gas-pbase ohromatography lneltoatoil

a þbutanol to eoetone tatlo orf l¡.@ to l.

the eqrerlnent ras rêpeatedl tn the abeonce of
orçElo ben"soate. I he voLatl1e Bnoiluota oonaletedl of a

þbutanol to aeetone ratlo of h.81 to l.

When the aryælnents abovo !r@rê repeatcd uelng

oyolohexane (1O g.r 0.'12 æX.e) ac a substrata lnstcad

of tolucne, thc !-bu1s¡6traootono natloe réfc agaln

oloaely neiated, regartleac of the BrcaGnoè or aùB6nee

of copper ølt s.

loa betveen ohoxano

A nlxtune sf cyelohexsne (8h g., 'l nole), cÐrolo-

be=ane (8å g., I role), andl ouprous alrlonltte (O.Z g.,
O.OO? n¡ole) m¡ ælntalned at 85o rnffo !-butyl
perbenøoate (5O g., 0.26 nolo) ras added dtropnlee vlth
eongtant øtlú'lng.

After the adtdtltlon (lr tnurs) the nlxturä ra!
oontlnuouúy stirnoit at 85o f,or an adtdtltLoaal 28 luurt.
tlrea the gnean reaotton mlxture rae oooledl, cthce (tOO !L.)
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vas BddÊal encl the neeultant solutlon wae ertracteð rlth
fOF aqueoua sodlum canÈonatG. After aolillfleatlon vfth

dtllutc st¡lphurlo aald, the aqueoue layer rag ettraoted

rtth ether (tOO gI.). fhe øther solutlon rae then dplodl

andt øraponated to yieldt benzolc aolil (6.09 g', 'i.9fi),

n.Br andl mlxert H.Pr 121-1220.

lhe organ!.c layar remalnlng after e¡rtractlon

rfth ædlun carbonatê was atrted. Ether andl unohangcdl

cycloherone andl oy6llolrorane rere dlEt1116d. Dlottllatlos

!g vao¡io of the 6s¡þ-f,cl1ot realdlue ylekledl Gfolohe¡-2-s¡¡-'l-¡rl

benzoate (55. T9 g., 65*)¡ b.D. l1È1 ',5o/o.þ iltn.

Quantltatlve trytt¡rogenatlon of an allguot of thle produot

r!.th 5f pallaitlum on oarbon at I atrmephorc¡ dtord lt
to be 1OOÍ uneaturçteô.

Beaotlsn between eyolohexene ' Gyolohêtane- gq4-^bÞ-uül
DGrbenEoateæ

A ntrturs of eyolohexane (8b g.r I nolc)r anil

oyololrexcno (8h E.¡ 1 ælc) uat nel'ntalnedl at 85o rrrllc

þbutyl trepbenzoatc (50 g. ] 0.26 mle) ças aelttedl ttroprlac

wlth oonstant sülnnlngo

Aften the aôdlltlon (l hour), the nlrturc raË

contlnuou3¡ly stþned at 89Ð for arr ailttltlonal t9O houfg.

tlron the reaotton nlxtu¡re ças oooledlr athsr (toO EL.) tao
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alt¿leat, anal the resultant aolutlon taa oxtnacted rlth 20É

aEueour soatf wl oarbonato. After aaltllfloatlon ç|th

dltLuto tulphurlc eçld, the agucous layer raa extrastsd

vlth ether (tOO 4È.). the Gther eolutlon nas then dtricû

snit øvaporatÊal to yleldl ben¡ola aolal (5.93 8., 19fi)t

mrpo anô nlxed B¡Þ. '-21-'1220,

lrhc onganlo layer romalnlng after cxtraotlon

¡rlth æitlr¡m catrbonate ¡ras ilrfetl. Sther andl unchangedl

oyolohß:rane ard eyolohelene weñÊ GYsporateal . DtBtlllat!.on

¡ê v-gggg, of thÊ derk resldluG ylclded a mlfturê of ceternc

(32.67 g., 60Í) b.p. 9o-{2oo/o.55 r¡ø., ',1 Dq{. (nrn¡
-4 -l

'1750 GB.-l , Bnd 1705 or!.-r. An allquot of thl¡ rcstilue

raa hy{roganatedl at atmoephcrlo p¡Bssuro atd Fod

terupcnature rlth 5fr pallaãtuB on carbon. fhe estor

nlxture Prw6{l to Þe 75'89fi unËatunatcËl, tncltcatlng that

crycleþ6¡¡-p-sn-1-yl bensoate eomprLed 75-80fi of thc

Ëötêr produots. The hydrqgenatetl prodluate re¡lre nþorra

to eonglst entlrely of ryoloheryl bcnøoato (ldenttoa[

lnfrareil abeorptlon 4ectrun to that of the authentlo

oompounil. )

Ilpon hytlnogenatlon llth Admrre catelyst at

atnospher.La pncssüre, tho eater prduots tere aonpletely

hyilnogeaatd, lnoludllng the aranatla rlng of the bensoatc

gDTOUB o
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)
tr

A ntxtuna of ?¡ås\-trlmethylpeatane (g¡ 8.t
o'85 nole)r oyo!.ohexene (69 g" 0.85 rnle) a¡tl ouDlou¡

ohlonide (o.zl I,r o.@2nole) ras heateit at 85o lhtlo

þbutyl pe#benøoate (4t g.¡ 0.21 mle) ;aa added dlroprlrc

çtth eonetant etl"rrlng.

Aftcr the atldttlon (h troura)r the nrtrture Íst
eontlnuoualy sttrred at 85o for an adtdltl.onal e5 houlc.

lhen the dla¡tt-gro€n neaEtlon mlrturo wag aooleilr ether

(tOO .E¿.) ras e4dlerl andt tho resr¡ltant ælutlon çaa

ærtnaotedt ytth 2Of aqueoue sod!.um oarbonate. Á'fter

aolillf taatlon rlth dlllutç sulphurlo actû¡ tho a.qu6ol¡3

layor vaø extraateô rlth ethe,r (tOO Eg,.). lflte ethel

solutlon rae then dlrledl aûdl erraporetol! to yteldt benzoto

aoldl (2.98 g.t 11*)i ü.P" âñd ¡r!'xeel rlopc '121-'l?2o.

lfbe onganlo 1ay6r nermlnlng aftar extraetlon rlth
øttlun oa¡rbonat@ taa ilnted. Ethe¡r andl unohangod laor-

ootane antl eyolOhex6ne we¡r6 CVapOnated. DlsttllatlOa

tg vaeug of the resldlue ylelttarl eyolohcx-2-o¡-1-¡rl

bengoate (æ.æ g., h6*l b.p. to9-rlooÆ.5 Em.

lbe r.esldue renalnlng (b.05 g.) ras cthromtographd

on aeldl-raaheil alsü.na, the OhnonatolFsphy yleldeil¡

enzoate rou ts
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(") Gyolohex-2-s¡-J-!r1 benzoat@ (1.57 g.|. Sotal

ylelrt of thf s ester from the raaotlon * 5OË.

(u) (o.99 8. ) r

(oolourleEs neeclloe fron etlranol) m.p. 97-98.50 (Foundl¡

0r7h.lr?¡ E,5.87¡ toI.wt. by Raet 556. 0eOEfgOb

requlreo C, 74.52¡ H,, 5.65ß tol.ÌYt.¡ 5?.2) r ! gêS.

(cl¡lonoform) 1705 ortr.-1 . 1265 Gr.-1 ) 1115 sro.-î r arú

95O om.-l . Hyilnogenetlon of thle dteeûer Fltb 5Í
palladtlun on oarbon at I atnoaphene ylelöed gÂg-

oyolohexane-1 ¡|-dlol dllbensoate (oolourles¡ lathea fren

1l,ght-petnoleun) ÍrrBr 112.|:-.1t4ø, (¿Lt. ,ùo rlrp. 112.5-

tltro).

( o ) Unlttenttf l erl o11 s, aL1 havlng l uflF. (flf n)

1710 Gtrr.-l r atrdl 1il65 oñ.-l . Quantltatlve þônogenatlon

of these otls wlth 5ß pa],]-adlum on aarboa lncllcatetl æß

uasat unatlon.

A nlxture of Z¡e¡\-lnlnethylpentanc (1îh g.r

1.0 nule) and cyelohexono ( 82 8., 1,0 nolo) çae heateil at

85o rhrte þbutyl perbenzoate (5o g. ) 0.26 mole) rat
adldled dlropwlse vlth conetant stlrnlngo

a
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After the aditltlon (t hour), the ntxturo ç48

oontlnuouEly stlrnedt at 85o for an ddltlonal 190 houre.

Durlng th!.c tine the mlxtune beoame pale yellov' TVhen

the neactton mlxture rae eooledl, ether (toO !9.) uag

addletl and the ¡reeultant eolutlon rae extnaotedt wlth 20Í

aqucouE sodlum oanbonate. Af,ter asldllfloatton slth
d!.lute eulphurlo acld, the aqueoua layen rae extraoted

rlth ether (tOO 4..). The ether eolutlon rae then dnledl

and evaporateû to fleldl benøolo acldl (h.'l 3 g., 1#l Eopo

andt rnlxctl lrtop. 121-'1?120 .

lhe organlo layer nema!.nlng after êxtnaotlon

rtth soðlum carbonatc ua6 dlried, Ether andl unohangeÉl

leo-ootane andt oyolohexene ve¡re d1st111eil. Dletlllatlon

tg vaouo of the neslilue Yleldedls

(a) oyolohex-2-ÉD-1-otre (8.5 8.)r brp. 6Ç670/1/ mn.

(Foun¿lt 0r 52.19t Hr lr.r0. Calc. for C6Hg0t Or 52.123

E, h.74*) r 2rb-dllnltnophcnylhydtrazonG Rlopr anil ntx€d E.pr

'167.5-1 680 ( necdllee from rnetha¡rol) .

(¡) oyclohex-2-6¡-{-yl benzoat e (13.75 E.t 26fi1 , b.p.

ßlo/o.J rm. (Founrt¡ o, 76.73t H, 6.W. oalc. for

ot #thoz¡ 0 t v7 'ãÐ¡ II, 6 'g8ß), ttlt 1 '5tg7 '

When ttlet!.llatc (U) raa hydlrogenated at 1

atmsphere rlth 5É palladllun on oarbon, 1 molc equlvalent
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of lrydlrogen çae aþsorbed. Htrdnolyste of the resultant

eaturated egter wlth 20Í aqueoue potaeelun h¡rdlroxldtc

yleliletl cyalohcxanol andl benzolo aoldl trI.p. andl ml¡edl n.p.

'121-1229.

Quantltatlve hydnogenatlon of the dlark neeldlus

(15 s.) fron the rllstlilatlon rlth 5Í patladlum on

oafbon ehowetl 7O$ unætunstlon.

Reaot ton betwecn Z¡Zr[l-tr'etnetl¡ylpentano r l-butyl perbcnqoatc
andl oupnoua oÌ¡le¡rtàa

A mlxtúre of 2r2r4-l:r lmethylpentane (tOO g.o 0.88

nolc) and Euprour ohlorldlc (0.2 E.r O.OO2 mole) raE heatedt

at {0oo rhl1e !-butfl penbenøoate (5o g,, 0.15 mole) ûas

ailclett ilropçtsc rith constant stlrntng.

After the atlilltlon (2 houne), the nfxtupo wac

oooiloooualy etlrredl at lOOo for an addtltlonal 2k houna.

Ifhen the reaotlon mtxture ras ooledl ether (loO .4..) ras

attiled and the resultant eolutlon rae extnaotedl rlth 20É

equoout ædllun oanbonate, Af,ter acldlff loatlon rlth
dtllute sulphurlc acldt, the aqueous layor ras extraotsdl

úth ether (lOo EI.). ![he.ether eo1utlon vae thøn drtoil

ancl evaporatedl to ylelit benzolc aoldl (t4.12 g., 7\*),
rtrrp. andl n!.xetl t[rp. 121-1220.

llhe organ!.c layen renalnlng after cxtraetlon çlth
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soâlun oarbonatc rae dnleil. Ether andl uaohangetl lEo*

oetane rere dtetlllert, The neetdlue ( 6.7, E.) had! V .EEE.

(rnn) at 1710 on.-l r aJrd '126 on.-1 .

Baactlon Þctvoen cyelohexenone. cyolohexono' l*butyl
a

.A nlxture of oyolohexanonô (at g.t O,24 nnlc)n

oyolohexèno (zO g., o.2þ rclc), cupnoue chlorlate (Q.25 g.t
O.OO2 r¡ole) andl ouprlc bronlrtc (O.25 g,, O.Ool noX.c)

rag hcatedt at 75o rhtle !-butyl perberuoatc (Za f.r O.1h

rclo) ra6 aaldoà ônópil.Bc ttth oonstant ettrrLng at euoh

a ratc thst the teqanatufo illal not rlea above 75o.

fhe rcaetlon ras erothermlo.

Af,ten the adtdtltlon (5 froura), the nlxtu?o res

oontlnuously ¡tlrlred at 75o for p hour6. When tho

gFÇGn-!êaOtlon mlxture raa ooo1d, ethar (5o gg.) vas

adltlcdt antl the roaultant aolutlon wae extnaetcdt rlth eof

equeoua ¡odlum aarbonetc. After aclrtlf toatlon çtth
llllute aulphunlo aold, the equeous layen rag cxtraateil

trlth ether (tOo gI.). Thc ethen solutlon raa then itrlodl

andl øvaporated to yleld bensole aoldl (5.O2 g., 25fi')r E.Þ.

and ml¡ed F.p. 121-'122o.

ttho organlo layer renalnlng after extraotlon rlth
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codlum oarbonate wag drld. Ethen and unohanget oycl.o-

hexanone ancl oycLohsene were dllstllledl. "lhe reeldlue

(Za.OO g.) ras dlgeolvedl ln ethanol ancl an excecs of

ædlum borohydlrltte waa adtdleet sLorly at Oo. Thc reeultant

nlxture ças left over.nlght at Oo. Addtitlon of tttrlute

aoetlo acldl dleoonposedl tho godlum borofurdlntclo eoqrlet.

lhe solutlon rae then ba;lfledl rlth aqueous eodlun

oarbonate andl extraoted rlth ether.

the ægenlo leyer rss rlrledl and thc ether waa

rl1et1lled. The resf.rlue wae then [ytlnolysed! ln bolIlng

bOÍ aqueous potàselum llyrtroxldle for 10 hour¡. TÍtren

oool, etTyl acetate uae adldled to the hydtnolyeedl nlxtrrer
The aqueoua layer wae aoldtfleil rlth dlllute eulphwlo

aoldl andl ertracted rlth ether to ylelð benzolc aotdl

(10.19 E.), m.p. and mlxeil lr.pr 121-1220. the aeutral

Iayer of the hydrolyels extraotlon raa dlnÎed, anrt the

ethyl acetate eTapôrated, to Leave a ml¡tune of aloohola,

VEI. (flrn) Shgo or.-1 . These aloohole rorc

dl!.st111ed ¿g Yacgq to yteldt¡

(a) oyolohex-!-6¡-{-o1 (6.5S g.), b.p. 7ç78o/z2 nn.

Quantltatlve þdlrogenatton of tlletlllate (a) rtth 5É

palladlun on carbon at 1 atroøphene lndtlcatedl 1OOÍ

unsaturatlon.
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(u) utxture of alooholg (l .% g.), b.p. .too-l 36øl

22 w.r V EE!Ë. (flrn) *5o or.'1 . Suantttattve
lrydrcgonatlon of thls nl¡ture çlth 5f pallaillum on canbon

at 1 atmosphere lndlqatet 71É unsaturatlon.

(a) Reelctua (l .56 g.), guantltatlve lryrlrogenatlon

rtth 5É palladllum on oarbon at t atmsphoro tnctlEaterl

7OÉ uaeaturatlon.

ft waa estlnated that 8.17 g. of unsaturateü

pnodluote rôre obtafnedl frdn the hydtrolysle, rhæeel 0.85 g.

of seturated prodluets rero oÞtained.

and bu

Â, nlxture of oyolohexanons (å ß.¡ o.2l¡ rcle)
anil eyelohexene (eO g., 0.2h mle) rae ns!.ntalned at 8Og

rhllc !-butyl perbenzoato ( 28 g.r o.1h npla) ras adrlcô

dnoprtsË rlth oonetant st!.rrlng.

After the atlilltton (e noure), the nlxturo w&s

oontlrruouely stinreit at 8Oo for 19O houre. fhon tho

reaotlon nrlxture ra6 cooletl, ethen (50 ¡9.) ç*e adtdtedt,

anil tha resultant solutlon rae extraoterl wlth 20$ aqueous

rodlu¡n eanbonate. After aelrlLfloatlon ylth dllute
aulphunlo aolil, tho aquoous layen rag e¡tnaeterl rlth
ethen (tOO Et.). The ethen eolutlon ras then clrledl anil

I
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traporeted to yleld Èenzo!.o acldt (6.98 g., 59fi !ûrpr anô

m13€at ttlip. 121-1¡¿2¿o.

lfhe organlo layen rernainlng afte¡ extnaotlon

rlth godlun oarÞonat@ ras tlnle¿!. Ether anit uaohangetl

oyeloheJßanone andl oyelolrexene wore eyaponateil. tho

recldue (27.\Z g,.) rae ¿llseolvedt ln ethanol and an eïceEg

of ædllun borobytlrldte ras adl¿ted elowly at Oo. The

reeultant nlrture Fo lcft ovennlght at 0o. Aitrlltlon

of dtlute aoctle aofdt deoorpoeetl the sodlun borohytnldc

oomplêx. The colutton ras thcri Þaelfledl vlth aqueous

aodltun oarbonata andl extnaotedl rlth ethcr.

lfhe organle layer TeÉ ilrlall anô the ether

waponatedl. the realdlue tae then ttydrolyaeil ln bolllng
l¿Of aqueoue potaealum hiitnoxldtc fon 10 hourÊ. Whetr

ooo1, ethyL acetate ra6 adcledl to the llyilnolyeeil mlrtutc.
The aqueoue layer vae aalrllfledl ç1th dllute eulphunlo

acldl andl eftrâcteil u!.th ether, to yleldl bensolc aolil
(6ú5 B.), n.pr andt ml¡edl m.p. 121-1220. lfhc ncutral

layer of the lydlnolyela extraotlon raa dËledl and thc

ethyl aoetat€ wsporatedl to leave a nlxture of alooholr,

V@ãg (ffrr¡ .1i1¡5O om.-1 . theee alcohole çcrDG altstilloil
ln vaouo to yleIil¡

(a) Gyolohcr-ã-en-1-oil (3.798,.), b.p. 8l¡.rggo/35 *.
Quantftatf ve þdrogenatlon of dletltlate (a) rlth 5ß
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pal.lad lum on aarbon at 1 atmsphene lndlleatcdl 95fi

ungatunatlon.

(u) Ilxture of aleohols (2.\6 E.), b.p. 1ae-1:ioo/

?z mn., VXE[. ( rtrn) }¡Eo etr.-l . Quantltatlvo ffiro-
genatfoa of rttstl[at" (U) rftfr 5É palladllun on oarÞon at

1 atrmsphene lntllcated 55* uneaturatton.

(o) Recldlue (to.3t g.). euantttati.vc hyrtrogenatloa

çlth 5Í palladllun on carbon at 1 atnoephere tntltoatert gfi
ungatunat lon.

Ît wae eetilnatetl that 8.23 g,. of unaaturatedl

prodlucts were obtalned fnom the ÌryclroLyels, whereas

8,2 go oî eatunatedl proiluotg ver6 obtalnedl.

Â nlxtune of oot-2-ene ( 50 g.¡ O.h5 nrole) andl

cuprous oh]'ontrte (0.5 g.r O.OO5 mole) Ías nÞlntalnert at

650 vlrll" 3-butyl perÈenzoate (3O S.r On15 rnole) ra6

aðdlet Ëlnopwlee, rlth oonetant stlrnlng, at eueh a rato

that the teqpenatunc ülil not nlae above 7Og. The

teaotlon rae e¡otheildLo.

After the ailtlltlon (5 houne), the nd.xtur6 rar
6ont!.nuous1y stlrrcd at 650 for an arlrtltloneL t{O hourao

Fhen the green neactton nú.xturc rss oooledl, ethen (fOO gL.)

a
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wa6 atlcledl, ancl the nesultant salutlon was extraeted with
2oÍ aqueoue eoitfun eanbonate. After aeldlffcatlon wlth
dlllute aulphunlc ealdt, the a.qucouo layer wae ertracteô
rlth ether (50 g¡.¡. the ethæ aoLutlon ma then rlrteil
andl evaporate{l to yteld benzolc aclfl (b.07 g., 211fi,, E.F.
anil nlxedt ß.p. 121-'|ZDQ.

rhe organra Leyer rernarnrng after extraotlon
rlth ædlun oarbonato üaE dþte¡!. Ether andl unehangadl

@t-p-6n€ were dttstllledl, The realdlue (z[.6g g.) raa
hyctr'ogenatedl rlth T$-7 Raney nlekel at 600 and loo
atnnepheî€g¡ The l¡ydrogenated produete Fene then
llyd¡'olyeetl rlth botllng 50É aqueouB potaøelurn þdtnoxlrto
fon 12 hour¡.

Ar¡ alfquot (e.90 g.) of thc reeultant aleohole
(t0.9 g-) ras ctlgsolvedt ln purc aoøtone (jo q.) anit a
ntxture of oh¡onlun trloxldte (lZ E.) Of asolvod !.n 50ß

sulphurlo aolrl (ll gE.) rae aðited rt¡ropwlse rlth ooollng.
When the oxldatlon Tas complatc (real colour), the
mlxturc ras ext¡reoted vtth ether (eo rü,,). The sther
extraot çaa then shaken wlth aoÉ aqueouB eod!.um oanbonate.
Âf,ter acttllfloatlon rtth d!lrute eurphunle aeld, tho
aqueouo laye¡r çae ertraoted wlth ether (t5 gf.). fhe
ether layer wae then tlried anil evaporateil to ylelð
ootanote aclrl (O.tt g.).
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lFhe onganlo layer rernalnlng aften extnaotlon

Tlth eodium earbonate was dlrled. the ether was

rtl st f ll eil to yl elcl oeta¡1*þonê ( t .8 7 g.) , 2rll-{llnltro-
pher:rrlhydlaaztne (neeillee from nethanol) r.p. a¡d m!.xadt

m.p. 62-63o, Conettlarable illffloulty ras ffipertenoeû

ln purlfylng thls 2rll-cllnttrophenylhyilrazone.

lon between 1 -6llê ut enbenzoat

A mixtune sf 1-phenylpDopr{-sne (29.Ô g., O.ö
mls) andl oupnôus ehlorlile (0.5 g.r O.Oo5 mole) raa

heatedt at 75o rhtLc þbutyl perbcnzoate ( 28.5 ß.r 0.15

nole) çae addleû dropwtee, rlth oonãtant øtlrrlng, ât Ëuoh

a râte that the teryetatura illd not rlee abova 75o.

lFhe neaotlon las crothernlo.

After the addlltlon (3 troura)r the ntxture çaB

oonttnuoualy ettrredl at 75o f:on an addltlonal 20 houre.

Whan the green reaotlon nlxtulre rag oooled, øther (tOO gt.)
çae add6d ancl the retultant aolutlon wae extraoted rlth
eO!ß aqueous sodllum oanÈonatG. After aolditflcatlon rlth
tlllute eulphurlc acldl, the aqueoue layer vae extraotedl

rlth ethor (5O m..¡. lfhe cther. eolutlon rae then dtnle{l

and evaponatedl to yleld! benzolc aoiil (9.118 g., 52fi),

m.p . â trdt mlxed ül.p r 121-'1220.
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the onganlc layen of the sodll.um oa¡rbonate

extnaction ras drted and the ether eyaponated. Dlstilla-
tlon lg vaquq of the restdue yleLcledlr

(*) unohangedl É -""tf,ytrtylene (9.8O 6.)r b.p. 'fÛo/

ñ tsn, îhe reeldtue (t5.8 E.) gave ) Ëar. (sEoroforn)

i7{o or.-1 , iz1o êm.*1 } 1115 Gr.'l end 96j @8.'{.

Ân allquot of the neeldlue ças cli eçolvert ln
ethanol andl hydlrogenatedl over IË7 Rancy n!.okel at l@
atîpspheres at 7Oo. lFhe byrhogenatlon pnorluota rerê
then Ì¡yitroxyseti ln bolllng 2oS ethanol!.o potaarlun tqydlno-

¡tde for 12 houra. Tbe aeldl!.c pnodtuot of the hyttrolyala
proved to be benzolo aotdlr D.p. Brd mixell Erpr 121-IZf .
lfhe neutral procluot of the lrytlrolyels tas a rnlrtune of
areohol s ( 0. &l g. ) -t ggÉ. ( rllm) AZo om.-1 .

lFhle nlrtufe lias allssolveð ln pure aoetonc and

ox!.dlsed çlth ehnomlc acltl at rooü te4eratuFê¡ fhe

orldatlon pr.oduets r6re e¡rtractedt rlth ether aad thc

ethen solutton ça¡ ahaken vlth ZOf aqueouE aodtiun

sa¡rbonate. After aeiillfloatlon rtth dl.lute aulphurlo

aolô, the aquêoue layor tae straoted rith ether. The

ether eolutlon tas thcn rl¡rled antl the other evaporatoð

to ylelil â-phenylproplonlo aoldt (A.?Z g.).

lfha organlo layor, reralnlng aftozr extreot!.on
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rtth rodiun earbonater wa¡ düçledl andl the ether ¡al
evaponatedl to ylelct etÌryl phenyl ketone (o.lr5 8.), 2rh-

ð!.nttlophenylb¡¡ttraãone ts.pr and nl.¡eil ßoB r 19O-191o.

Rca betrosa 6 ùanzoate bu
a

A nt¡turo of oholect-p-on-ÞÍ1 benzoatc (ZO.O g.,

O.Ok mlo) , ou[rnour €lùorlitc (O.t¡ 8., O.ooh mle) ant

cupnlo bronldle (O.58 g., O.oO, mle) Éa natntalnd at

8oo tn bensene (7g ¡[.) rhllc È-butyl BerÞenzoatc (5.7 g.,

O.Ot mlo) ras addlËdl dtropvlec rlth oongüant etlrrlng.

Af,tcr the atldlltlon (1 horr)r tha nlxture rat
contlnuoualy atlrredl at 8Oo for aa a¡ldllttonal æ Ìæurt.

Ihen the rcaotlon nlxturc tat oool, lt lar ertnaotedl rlth
2OÉ aquoou¡ eoillUn oelrbonatG. After aollllflsatlon rlth
itllutc aulphullo eoltl, thc agugclue layer tsa Gatrlaoteil

¡lth othcr (50 g.¡. fhs ethel ¡olutton lac then dlrlcit

enil evaporatedl to ytelú Þensolo aold (2.21 8.r 6?l.) B.P.

endl nlxetl E.Þ. f 2l-1 22o.

the organlo layer, ronaÍnlng aftar crtractlon

r!,tb ædltun oarbonat€ üaa ilrled andl the bengcno ral
cvaBolatcdl. lhc ttart lcsldluc ms dllssolv€û ln e

nlnlnum of lrot aoctone and the regultant eolutlon vaa
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oooled alonly. Oholest-2-eÊ-Þy1 bengoate (6,53 g.t)
ñ.Þ. antt rnlxctl n.p. 121-1280, loon aerparated and çag

flltercô. the aoetoae ;as rlletl1ledl fron the flltrato
andl an allquot (lr.6f g.) of the rcoldlue (15.55 g.) rar
ohror¡atographcil on aoldl-vashcû a,lunlna to ylolûr

(a) oholcst-2-êtr-ÞV1 bensoate ( 1.55 g.) ürpr andl

Eixê¡l E.p. 12ç12f ,

(u) oholcat-'l-o¡r-Þono (2.08 g.) ü.p. andl alxail D,p.

gg-gg.jø (nooûte¡ firon aoctone) r["]3, + 61.0o (shtoro-

forn) (Pouadl¡ Qr 84.4ef f,, 1'l .h5. Oalo. for OaflrbOt

O, 8lr.ri I Hr 11 .3r{, .
' (s) unltont!.fl€al pcdl o11¡ (t.O B.).

(A) snlðcntlfledl oqygtal¡ (traso) (naaafea fron

rthanol) Brp. '16'1.5-1 62.5o, ["]ff + 1 .5o (æprorlnato)

( ohlonoro¡u) r V ESf. ( eil æof orn) tt7a9 or.-l , atlû

1275 oE.-1.

A a!.xtsrc of Þctho:qfoholcst-?-enc (t.90 g.,
O.Ol rcle) ant ouproue ohlonldtc (O.eO g., O.OOe rclcl
ra¡ heateå at 75o ln b eazcnc (20 El. ) rlrlle þbutyl
Þcrbonssata (7.2 g. , O.05 mlc) raa ailitoû dlrqpr!,¡c Ìlth
oonstent øttnrlngr

tno
a
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Af,ter the addltlon (1 bow), the ntxtwo rar
oontlnuougÐ rtlrreit at 75o for an adtilltlonal 20 Ìuura.

llhan the neaotlon m!.rtur6 yaa eoolet, 
"lt 

vaa ætraotetl

rlth 2OÍ aqucous Eoallu[ oaFbnatê. âf,tcn aoldllftoatlon

çlth dlllute ar¡lphurlc aoldlt tha aquêout la¡¡or rac

axtractcd il.th cther (50 4.¡. rhË ether aolutl,on raa

then {!rl.eit andl ervaporateil to yteldl Þengof o aotil (e.53 g.,

56f,) Erp r anit nlsd r.p. 1 21-122o,

lbe organle layenr ncnatn!.ng af,ter entraotlon

rtth ¡oillun oa¡Þonattl tas dtrlot anô the ÞensotrG Íat
crveporatot. lbo retltuc (r.77 g,.l lee chfonatographedl

on aoltl-;arhcil alunt.na to ytelllr

(") oholcatanrloaa (tnaoa) Érpr arË mfxert E.B.

129-129 .5 o
a

(t) unlôentlftð{l Erystaf e (0.05 E.}, nodulea fron
nethano!. r E.Þ. {O5.5-1O5.9r

andl 1670 tn.-l .
) Egtr. (eÌùomfo¡m) 1715 on.-l ,

(o) unldtentlflell oryetal¡ (o.e g.¡ (ttaaes fron

ucthanotr) n.p . 97.5.980, V E[,. (ohLoroforn) 1æ9 Gr.-l .

(¿) üark*pcdl otls rtrleh could not be pu¡.!.flct upou

rqeateil oluonatogra¡lry. f,oet of thasg ollr abao¡bcd

rtrongly at 1720 on.-l , artdl '1275 €L.-1 and geycral

ga"ê dlouble oarboFyl aÞsonptlon at 17ílÕ ot.-1 r Ênå
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169o @r,-1r Bs celt aB 1275 @.-1 . rn corteln eB6E

the lnfrared abeorptlon lndlceteil aronattsetlon erren ln
the abaence of ben¡oylory gror¡ps.

.A etnllal rcact!.on betçcen ohole6t-l¡-6r¡-Þonor

3-buty1 penbenzoate anll ouproug ahlon!.dle, aloo fallodl to
yleltt ar{f proituote rhleh could be ldlentlfl.ed.

Reeotlon bctre6¡ l-€thorycyoXohê¡-l*enc, l-butyl penbenzoate
anil ouDrous chlorltls o

A ulxture of l*othoxyoryalohsx-1*6nê (65 g , O.52

nole) a¡A cuptroue ctrlonldlc (1.0 g., O.Ol molo) ras

at 75o rhlle l-butyf perbenroato (60.0 g.t o.5l ¡rol

atedl

6 )

raa eddle{l ilrop;f ßË rlth constant stlrrlng at euoh a

rate that tha ten¡peratune of the rcactlon üaß nalntalnedl

at 75o. the rcaotlon ras trtghly exothenmlo and ilurlng

the aildlltlon thc rcaetlon r¡Lxture ohanged from blue to
g!ôên.

Âfter the adclltlon (5 troune)¡ the rnlxture úaB

ooatlnuoucly stlrreal at 75o for a furtlpr 20 hourer

When the graen ¡reaotlon mlxture rre; oooled, ethen (t¡O gt.)
;as addledt and tha reoultant solutlon rìag extraateil wtth

20É aqueoue eodlum carÞonate. Âfter aolrllfteatlon rlth
dlllute øul.phunlo aoldl, tho aqueous lay€tr vaa extraetcdl

rlth ether (eOO EL.). The ether solutlon raa then dtrtert
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and evæ0nated to yteldt bensolo aolrl (19.57 g., \6fi) Erpr

and mlxedl Ílopr 121-'l2}o.

îho oq5anle layer, r.onalnlng aften crtraot!,on

Éth codlun carbonate, ras dl¡rled andl the othep rac

evaponated. The reoldue tae fraotlonatedt !g yaopo

thæugh a 2o Gtr. Golunn. gevon fraotiong çôre oÞtatned

(eos table) aadt erærtnatlon ef each fractlon by G.L.O.

analyels shoredl that moat of then oontalnecl monc than

ono oompourd. fhosG oompoundl o lsdl ret¡ntlon tlmo¡

lðontloal to those of ayolohc¡anonc (t), r-etho:çtrwolohBl-

1-en€ (¡), pher¡yl atlrÍl ether (c) ard 1rl-tfetho¡yoyelo-
hexane (a).

Standar.,tl ¡nl.rtures of caoh of theee ooÍpouädlr

ffiFe BrcBared antl aoupanedl rlth the gaBrplreEo ohnonatograna

of the fractlona 1-7. Approrlnrate quantltlea of tha

oorpounda ln eaoh fraatlon rer6 thus obtalned (see tablc).

Cyel ohc xanona- ?, lf-il I nl t rop hc nytllyrll ra s onc ra t
prtpa¡redl firom fmotlon 1¡ D.pr a¡d mlxerl rn.p, 161-i 626.

Illtrravlolet abeorptlon of fraetlon 5 ¡ao idtentloal
to that of authentlo BhonetolL.

fnfraredl abeoratlon of fractlon 7 çaa tdtøntlEal to
thêt of authentto oyolohe¡anone rlletfryl aootal,
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adiled dnoprleo at suoh a rate that the tenrperatunø dlfi!

not nlse absyo 8Oo. fhe cqpenr ælt rae readllly øoLuùla

ln Eolil hqpt*l-ync to glve â ß:160ü colutlon. Al þon
ae the ftrst fw dlrop¡ d ¡lereeter rGFe adtled¡ thc

loactton nlxture ohangct raBidly to dleep pwpIe. As thc
peroetar adilltlon pnoceeilGd¡ '"hG oolour gradually ohangcil

to thc or.lglnal graen.

Âf,ten thc adülttton (3 froura), the mlxturc raË

sontfnuoual.f stl¡.rodl et ¿io fon an ailält1onaL 22 ltotrs.
When the Er@en neactlon rnlxturä wae oooledl, ethen (tOO .E[,.)

ras adðcdl, 6ndl the nesultant eolutlon me ext!.aotedl with

8Of aqueoua aödlun oarÞonate. Af,tcr aotlltfloatloa vlth
lltl¡¡te s¡lphurfo aoli!r the equeouË layer ra6 drtraotcû

nlth sthon (tOO !ü'). tfha cthe¡r ¡o1utlon ma thcn il¡rtef

aadl waÞorated to ylelll Þcnsolo actil (g.z¡ g, r 3T{, ¡ Erpo

andt nt';et n.p . 121-1æa .

thc organlo layer rona!.ntng after extreotton vlth
eoillum tarbonatê rat iln!.oû. Btl¡er anil unrhangèdl hept-l-
yno r6re dllsdllleil. Áa allquot (6.59 e.) ú the roatÉluc

(t8.0 g.) ras ohronatographed on aolü-ruashd alunlna to
yl.oldlr

(a) Unlilenttf lcd eeter. (o.e ß.), VStr[. (fffn)
17'lO o!.-lr atrd! 1265 or.-l¡ tcak abrorptlon ocour¡odl at

2ñ on.-l r thc eatcr dtldl not shor abto4ptlon at AIOO on.-l
aarl ,9o 68.-l .
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(t) Femt-1-y+-T-¡r1 benzoato (2.5O 4.), b.p. 'tO'lo/

0.15 rürr¡ 4t'U 1.5068 (round s c, 77.667 H, 7.71.
crhßf 5oa ncqulree! c, 77.f5t E, 7.46fi), V EgI,. (frfn¡

171o Grr.-1 ,8d 1265 ü.-l¡ neiltun abEôrÞtlon m¡
obseilrect at |nO @.-1, ffid ueak abærptlon ocounnedl at

21OO *.-{, the ester dlit not ahor abaorBtton at zãfl} onl,-l

( o) Untdlentlft edl aleohol (3.5 g.) r reeultlng from tho

Snolyele of eeterg dlunlng chnomatography. Thle aleohol

shoredl \) pgif. (ff fn¡ 33Þo ca.-l .

The erudle ¡eslalue ueeü for the ohromatogrsptry

gave an !.denttcal !.nfraredl absorTtlon qleatra to that of

fraotlon (¡). An allguot (t.o g.) of fmotron (t) rao

dllesolved ln ethanöl (5 El.) ana þdnogenatd rf th 5É

palladlum on carÞon at I atnosphero. Tho neeultant

esturatedl eeter. was then hytlrolyseil ln bolllrl€ 20ß

ethanollo potaaelwn hyilrod.ilø for 5 houns. Thr

lrytt rolyel a yleltleil ¡

a

(t)
(rr)

heptan-Þol, b.p. þ-71'/zz rrun! , fo t .4a26.

bensolo ao!.dtr Ít.p. BÂil d'xetl E,p" 121-1220.

lha total yleldl of hept-l-!rn-Hr1 benzoate fnm the

leaotlon rae 17.20 g., 61Íê.

thc hepts¡¡-lol ras oxicllzed wlth chnonle acld

to yleldt heptan-jiono, 2rh-dllnltro'phenylhyürasone rrp o
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ant nl¡Eoil rrp o 8*6ro .

ù9.

al e b

Á, nl¡tulo of dtetÌryl nalouatc (2OO g., 1.25 mlo)
en! ouprouo olrlonldtc (l .0 g., O.01 npfe) ras nalntalnei!

st 7Oo rrrflc þÞuty1 penbensoetc (lE U. ¡ o.l8 mle) rar
a{tdlot dlroB;lao æ that tho tslÐeratune dltd aot !f ec

above 7Oo.

Aftcr the eldtttlon (5 houlre), tha nlrturo rtr.
contlnuously stlnre¿t at ?0o fon a furthen ]0 bouro.

lhon tho gneen re¡:.oti.on nlxtuse trss oooled, etherr (tOO gl.)
rar addtedl ¡ andl the neerltant solutton çac extnaoteil rlth
eOÉ aq.uGous eodlun earbonate. Af,tor as!,dt!.ftoatlon nlth
illlutc eulphurlo actil, tho aguoor¡B layer ça¡ ourtracted

rtth cther (tOO ¡dL.). Fhe ather oolutlon ml than

drtodl andl craporatct to y!,eldl ben¡o!.o sclll (1b.8O g.,
66ß) Eo p . atd nl¡cdl trp . 121-7 2?a .

The ongan!,o layer¡ renealnlng dtër ætraotl.on

r[th sodllu¡¡ salbonate, lac êrfeil. Ethøn aat uachangd

ûlethÈnlonstc rotG ev4lorelcdl, An atteqt to tltat!.l
thé crudle reoldluo (aO.86 g.) undor hlgh vaûuur reculted

ln the parttal l!coo4od.tfon of the produotr (bengoto

acl{l pnoduccd). gluonatogfap}\y of the !êBlalua on etllæ
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ylerilcdt noaænaÞxy pu¡rs llletÐl Q-benroyl tartronata'

tfo ittethyl, Ö-g-butyl tantnonatc souldt be f,ouail. !!htä

disthyX $-bengoyl tartl'onets 6sve lSE. (flfu) ff|O oG-1 ,

f Tllo oü.-l , 1'¡75 €Er.-l . 1trr5 otr.-lr {060 on'-lr lo25 6ú.-l

andl 965 cE.-1. ft ra¡ not furthetp tnvestlgÉtot.
,

A rlxturc o,f o( r ott-aloblalBobutyronttrtlc (8.3 g.,

o.O9 molc) ant orærto benæatc (5o.O 8.r 0.16 solc) rat
leflurott fo¡r 18 lpurt ln butan-â-ons (¡OO ËI.). Ehen

tha reaotlon nf.x'ütire sae ocoL¡ the lnsolubls cûpp€r*

æt'ts retc f lltêrðdt (37.32 8.). À11 volatlle mtenial

ra6 thcn trsporpatett fron tho ftltrÉte to ylelcl a rcsfdluc

(''t7.0 B.). Âû altquot (lo.o 8.) of thlç rostdlue ;ao

oTrronatographod on aoldl-moheil alunlna to yleltl¡

(") tetrauotltll¡uoolnonltrlle (o.? g.) r.po anil

nlxelt Ëopr '168-1690 (pl"tct fron aqucoua netlranol).

(¡) unlilentlflot eonpoundl (o.l* g.) Ëupr 163-1dto,

.2.ns&. (otrlæofofin) 16?5 €ä.-{ r, 15oo Gm.-l ) 1475 6ür.-l r

endl t ?8o oil.-l .

lhen the ob¡onatograBtry ooluu tar eluteil rlth
higlrly polar ælventa, benaolo aoldt (8.29 g.) tac

oÞtaÛneil.



251.

lfho ln¡olublc oopp€a-Balt s flon the neaotlon

(37.re g.) rerc staardlstllloal f,ror llOÍ eulBbuplo aslit

to ytelil bçnsole esttt (a7.Oe ß.).

A uf¡turc of lrlr!-trlphenylpFoprf-¡6o (56.28 g.,
O.1b ro .c) aad ouproua bronldls (O.l g., O.OOI nole) ra3

aalatatneil at 8oo rhl1c þbutyl pçrboazoate (15.5 g.,
O.08 mlo) rar aðitcd droprlao ülth eonatant stlrrlng.

Af,tcr the addlttlon (t.5 hour) , thc ufxtu¡ro rs¡
oontlnuourly ctlfi'd at 8Oo tol an aitrilttlonal æ læu!s.

llhon tho roaetlon al¡turc raa oooledl, other re¡ aildlcü

aait tho rceultant ¡olutlon çac ætlaetcdl rlth zOf

agucoua rodllun oarbonatê. lf,tcr selålflcatlon vlth
illlutc arlphurle aoid, tha aqucouo layer æa ætraotcd

rtth cthcr (tOo gL.). I be cthcr ælutloa rar thcn

ilr!.cd anil ovaÞonatell to ylalô bcnsolo asl¡! (6.5, g.,
65$ ¡ Erp. antt ntxclt Bop r '121-'1 224.

lfbc organlc laycr fron thc ¡oitlun carbonatl

c¡traotl.on ¡ag dlllcd andl thc othcr cvaporatedl. Ân

allquot (7.o9 e .) of the reslduc (tro.59 *.¡ raa dlsaolvcð

ln glaolal aoct!.o aoldl (5O g¡. ) and! a nlxture of Ê¡Ðfi

a
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osone ln oxygen ras paeserl lnto the eolutlon untll oøone

Tas prêsent ln the taeulng gassE.

th resultant osonol¡rete pr.oiluots r,6rç thcn

ûeoanpoeed W thc oereful adldlltlon of FÉ Mrogon
penoxltlc, follord by gentle reflu=tng for æveral hoult.
'|fbË noaultant eolutlon ras extraotedl w!.th 20É aqueoua

aotllun carbonete and the organlc layen vas treatedt rtth
2rlFdllnl trorphenylSraslne neggent to yleldl benaqhenone

â¡h-rllnttro'pher4rlÌ¡yüteasono (:.35 g. ) r Erpo anil n!.xedl

Bop . 'l 3ç1170 .

Aa al!.quot (F.5h g.) of the resldue frorn thø

flrat sodllum oarbonatc ertnastlon rrqc ôlatlllsdl ¿g rrag^uÊ

to ylekl a rd.xtute of ooqoundts (tt.fr g.) b.p. lJb-lfli4o/
O.J nn. The lnfrarned abeor.pt!.on of t"tú.s nlrt,ulc oloeaþ
necerîbl@tl that of I )l rlpt"¡tphenylprepolre¡6. fhe mtxturc

rae hlghly fluores€ênt, hotevcro

Extenetve ileoorrporltlon occurredl dunlng tht
abor¡e ttt;tlllatlon andl the ncstdluo ras very dart.
Bwwel, qpon ooollag, cnyetala toro dlepoaitedl (plateo

firom Þcngenô-pet:oleun ethet) m.pr ffi9-P1t" (g.ggg@..).

fhe lnfraledl abeoqgtlon qpeetre raÉ vêry ;ü.nlÌar to that
of I ,1 ,þtrlphenylprop-1-Gnc (fournt C, 93.72¡ E, 6.,1A,3

U.W. h9O. Or,r"3, nequl.nea 0, 9j.6b¡ E, 6.¡i6*t H.W. 1fr).
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Roaotlon bctroan
@.

.f nlrture of Btrrê Þonaalitclrydtc (tp g.r O.8e mlG)

ant oulrrour ohlo¡ldo (1.0 g.¡ O.Ol nolc) na heated at 7Oo

rtrtlc þbutyl ¡lcrbanzoate ( 25.A g,.¡ O.l, mle) ras arHod

tloprf rG tt suoh a rate that thc teÐcratula of thc
neaotloa nr ulnta!.neil at 7Oo. tfhe maotlon ms hlglrly

a¡othamlo. !!he rsaotloa nl¡tule attalnell a dlocp blus
oolq¡r rha the prrceter raa bclng aôilcdl. ff tho

pcrnceter aádlltlon ma toruporar!,ly tu4rendedl , thc rsactlon
El¡tufo saptelly bccane rlccp grton.

Â,fter thc a¡låttlon (b ¡our¡) n thc nl¡turo rrr
sontlnuoualy at!.rra¿l at 7Oo fæ a furthøt 20 hour¡.

Xhon thc grccn Ecastloa nl¡tu!ô rrt ooolsdl, othcr (t¡O g[.)
ra¡ aildød anrl tho rcsultant colutlon Ea ertraotei! vlth
aOÉ squcoua goatlun carÞonatc. Âftcr aotûtf!.oqtlon rlth
dllluto aulphurlo aold, the aquðou¡ laycr uee ctraotot
rltb cthsl (tOO ![.). !!D,c oolr¡tton Ër then itllodl an€

tbe rther õrapo¡,sXeð to ytelat bensole aeldl (ra[ .62 ä,.,

75fi1 rop. anû a!¡d Erp. 1?7-1220.

Ehe organlo layer lemalnlng af,tan crtractlon fitb
¡oil!.uu oarbonatc rar drlcit ard the cthcr ras eyapotateô

undcr nltrogca. Dlatttlatloa ¡g ggggg of thc raalituc

u¡ðe¡r altrogen yleldeô¡
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( a) l-uutyl beasoate (l .95 g. t Bf,) , Þrp. IhÈ/o.? E. ¡
E

";
I .b93O.

(U) bea¡olo ant¡¡¿rtdtc (f t.AZ g.t trifr), b.p. 1lt4rro,
o.22 ffiL¡ (lathø¡ fron Þcnaanc'llght petnoleun) ürpr aal!

alxedl E.p e t{1+Ao.

(a) tarx rod rcalduc (i.ã g.) not c¡anlaoû .

ut

A ulxturo of ctlvl bensoatc (,el.7g g., O.{b mle),
dt-Í,-butyl per.oxtde (1O.1 g.., O.OZ Eol.6) anA aeette aold
(1O g.¡ 0.17 nolo) raa heatcdl at gOo la tho proconoe of
onprlo óhloltdlg (!0 g., O.Z3 ælc) f,or flve dtayr rlth
oonstant ttlrrlng. Ëcngcnc (.loo !&.) ra¡ usd ar a
ælvent.

trtrøn thc reaotlon nlrtuls raa Êoolcd, thc oappæ

¡aIta 16rÊ ¡cnoved by flltratlon anö the f Lltratc uas

thcn arFtodl. îhe bensene üas orapo¡.atcË, anâ aa allquot
lZg 8.) of tha reel{tuo (}5.5O g.¡ ra¡ byrtnolyaot la
Þolllng ?OÍ cthanollo potarrluu Sitnorlitc for 6 hour¡.
All gaaoouo pnoiluotc ?lom the lyitrolyrtt 16tro oaught tn
e tFtF oontainlng æ11¡l oanÞon llloxililo. fhc trydlrolyal¡
ytclrlet bensolo eot{t (g.CA g.) andl aoetaldel¡¡ilc (O.lB g.)

ot
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Zrtr-dllnltrophenyllrydlnaaonc EoÞ. and ml¡cit tûrp r 76?-765o.

Aa al!.guot (5,8e g.) of the onlglnal (aon-

hfilrolyeeü) p¡odtust rar tletlllaü 3o ylelû unolrangeil

rthyl bensoate (b.6t g.).

Eaactloa betrecn lornanlûcr t*Þutyl penbensoete and Eupnou¡

A nt¡tura ú fommlitc (lOO g., 9,.22 nolo) ant

Gqprou! ohlorf{lc (l .o g.¡ o.Gl nolo} rae hcatat at 75o

vïrllo å-butyl penbonzoatc (?5 g.r 0.1! mlo) mr adðoil

troprlacr ttth constant øtirnlag, al euoh a ratc that
othe torryerature oû thc reaotlon ra¡ nalntalnd at 75 t

fhe Doactloa p¡ hlehlf e*othormlo. ths lnltlal mixturo

of folmantdc anô cu¡rrous ohlorldlc ;Bt ütop purpla.

After ron€ peroatct lrÊil bcan sddüdr lrorercr, the ælutlon

Ëæane deep gFeon.

Af,tcr thc addtltton (b noutr), the nlxture ras

contlnuouely atlrro{l at 75o for an addlltlonal aO lnur¡.
tà6n tha green reastlon nirturG rar oool, cther (tlO gf.)
rae ailåerl andl thc tGÊultatrt ¡olutlon ma c*tnaotcd rlth
3Of aquooua ædluu canbonatc. Af,ùer aoldtfloatloa rltb
dlllutc sulphu¡rlo ælt, the aquooue layen m¡ e¡trasteû

rlth cthæ (tgo 4Lr). thc ether ¡olutlon rar thcr dIF!.6ü
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aadl ûrapopatcû to yleltt bensoto acrd (t6.2g g.¡ rooÉ)

[.p. andt ru!.xcdl rr.p. .lpl-lÊAo a¡d fornto aeldl (t5 g.).

lhe organlo layer renafnlng aftcr a¡traotlon
ftth ædlqü oarbonato ;a¡ trlod! aait the ather rat
d!,sttllsü. îl¡c rcd.iluc ( 3.72 g.| oonproaod nalnly

þbutyl allophaaate (¡aodllcr fron bcnzeneothsnol) n.p.

and nf*orl rrrpr 175-lZ69 (gægæ,.) (Founil¡ 6r ll5.o!,
E, 7.531 r' 17.49. oalc. for O5Etaraors of lrb.99t

E, 7.5jt Ír 17.\9í) .

e tø

A nlxturc sf "S-Þutyl fprmatc ( tOO g. t I .O mlc)
ant oupnoes ohlælûê (1 .O p. ¡ O.Oi æle) lac heated at

7Oo rhlla þbutyl pcsbeæoatc ( 25.O g. r O.{J nolc) ra¡
adllê¡t ilropnlic¡ rlth oonstant attrrlng¡ êt Ëueh a ratc
that the taeelatu¡e of thc rcaot!.on rar nelntalnet at

?Uo. lhc rcaotloa ras hlghly erothern!,o. Carbon

illorldlc, forneil llullng thc rcaotlon, tB¡ abaorbodl ln a
grl-relghed aota-116a/oalo1un olrlor!.de tube.

lf,to¡r thc adt rtloa (b trours), thc nl:turc rar
oontlnuou¡ly stlmedl at 7Oo for an adütttonal ñ lúurs.
lhon tho gpccn !6aoË1on nfxtu¡po rß6 ooolcd¡ cthct (tOO ¡[,.)

t ta Þ
a
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ftis aatdcd anü thc ro¡ultant mtutlon m¡ ertreoted rltb
2Of agueour æallun GtFDoDat6. .Af,tor aetallfisatlon tlth
ûllute mlphu¡lc aald, tho aguoous laysr ma a¡tlaoteô

rlth ether (,tOO g[.). îhe cthcr aolutl.on ra¡ then dlrld

aad waporatedl to ylclll beazolo aotô (1b.5lr g., 91f, üopr

andt nl¡eü ürp. 1?1-1Æ0.

lhe onganlc laycr, re4alnlng after ætraet!,on

çtth ¡odlun carbônatêf nr trlo{l and tho øthc! F¡
æapolateû. Dtrtllletlon of tha rc¡lilue ytcldlodl¡

( ") unrcaatdtbutyl foretc.
(t) g-tutyl-¡pbuty:rate (b.1]i E.), b,p. 6f/15 çn.

(Found¡ 0, 66.76t gf 11 .{6¡ o, ?;2.o. 6alo. for
ogËt *e, o, 66.63¡ E, I I .t8, o, zz..,lgf), 4t I .,¡081,

B-b¡¡tyrlo aotd ças obtalÊolt upbn allkailne lvd¡roly¡t¡
(h o'ß) '

(o) &-tutyl bonroate (,1 .Þ g,., 8f), b.p. 96o/lo.6 m.,
oÊr l .r97t .

fbc itart nerldtuo (2.5 g.) fmn tho ôlstlllatlon taË

not cxad,neû.

fìre ædle*llnq/oalolun shlorlita tubo lncreasEd ln

rctgbt br o.5h g. ltOf ylcld ú ccrboa tlloxldlo).
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- ¡¡oxldl eoetl o

.A nlxturs of, sct*i-tûü (1bO g., l.?O nolc) r

eoGtl,o aoldl (t7.0 g,r O.â8 nofe), ouprlo bronlûe (o.6e g.

or005 nole ) aad fclrooênc (o.55 g. r O.oOt n1e) ra!
nalntalnd at 7Oo rt¡tte þbutyl þilroparorldr (e5.O g.t

O.28 nol¡) rar ailttoû dlroprlee, rlth sonetant øtlrrtngt
at euoh a rate that the ten¡penature d tho roaotlon

nlrturc dtldt not rl ao aÞove 70o. the ¡eaotlon ra¡
olother¡lo. Du¡rlng tho Þcrcstor adtltloa, thc ncactloa

nlxtur.e chang€ô frou palê yello; to dalk grcen.

Âf,ter the ¡dl6ltlon (b hourc), the nlrüurc ra¡

oontlauourly atl¡'neil at 7Oc for a further p houm.

lhcn thc green tsaetlon nlrtuùc ms oooled¡ ethen (tOO !&.)
ras adtlct enil thc neeultant ¡olutlon m¡ cctraotedl rltb
29f, aqueaus aodltun earÈonate. åftcr nolellflaatloÊ ultÞ

illlutc aulphurto aËidl, thc aquooua later mr ctraotoi!

rlth cthcr (f 5o .Et. ). The cthcr solutlon ¡a¡ then û¡rlc{l

and evaporatedl to ylaldl aoette astdt ({.t 8.).

Íhc or6anlo layer.r rernal.nlng aftcn ctraotloa

rlth eoillun Garbonato¡ rag dlrloð endl the ethen Enl

unroaotedl o6t-l-öns rac eva¡læateü. Dtstlllatlon tg
lê$!lg, d the dlark, noafulue yleldleilt
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(a) a nlxtune of oster¡ ('t5.ob g.), b.p. æ*85q/

17 n.r V SIf. (flru) rruo 6r.-l , andt {260 ôr!.-l .

(¡) a rlrture of este¡a (e.5T s.) r þ.p. gvggo/

iz ffil.r V E¡, (flrn) rfto oü.-l r ånd 12& er.-l .

tlhe da¡:t rcaldlue (1.7e g.) frcn the dtlstlllatlon had V.!EiS.

(rnu) i ?qo GE.-l r &nü { e6o €8.-l .

ån altquot of aatsr al¡tulc (a) ree hydrogenateû

at atnopher!.o Drc¡sulG ov6s 5t palfadtun m oarbon.

lhe resultant æturatedl cstor¡ rG!ü thæ tdrolyæd rlth
2Of ethanollo potaae!.un hyûrorfile for { ? lrounc. fho

alooholo ({-97 g.) froa the lVdlnolyetÊ re¡tr dltgolvd ln
pur6 aootono, aail chronlo acldl ælutlon ma a{!ôct ilropvlec

rlth coollng. !!he orldlatlon ppoductr r€ßø c¡traotei!

rlth other. andl the ether solutlon vac ahaEon rlth eOÉ

agueous pltlur¡ oarbone.tê. Af,ter ao!.dtlftcatton rlth
dflute ¡t¡lphurto eðld¡ the aqueous layer *ag e¡traoteü

tlth ether. tho ether aolutlon ças Grld andl evaporated

to ytcld ostanoto aotdl (o.tb B.).

the noutrel layer of thc roillum oarboaatc

artraotlon ÌaÊ dnicd aadl the øthor ?ar ovaporetoll to yleld

@otnn*Þone (t.t9¡.¡ 3rq-itlnltrqhenyllryilrasonl n.P. åDü

ntjrcil ttrrp o 6l-6â0.

ån allquot of ôÉtar ntxture (U) üa¡ almllarly
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hyiþøgenatcÊ and hfilnolys6d. 'llbe neg¡¡ltant aloohol¡

(q.6O g.) rero oxlllfsedt tq yleldt oeta¡rolc aoldl (O.88 g.)

cndl e6,t6¡-þoÊc (0.h9 ß.).

Éenoc the ytelt of l-E€sto¡yaot-2-sne fron tho

rcaotlon ms J.2 go ( 7fl r altd the yielil d j'aoetol¡root-

1-etrG æe lb.5 gr (rts).

ero¡!.dlo

A nt¡turs of €olohexene (1* g.s 1.b9 reIc),

Þcnsotro aold (6S g.r 0.56 nolo), oupnLo bron!.dlc (1.2h 8.,
0.006 mlc) anil ferroeêno ('t.09 8. r 0.006 ølc) tat
hcatedl at 650 rUfte þbuty1 hyûrcrptro¡fde ( 5o.O E' r

O.56 nrola) ma adldtodl dlpoprlse, rlth oonotent øtfnnlng,

at aroh a ratc tha.t the tc@ereture of thc rcaotlon

nlrture ôtü not rf ee abovc 7Oo. Dunfng thø aüftloa,
thc rcaotfoa nlrùuFc chs3gcd fron B6lG yollow tO dtart.

grean andl lt rae aætbørmle.

Âf,tcr the aildttlon (b rroulr)r the ntxturc lê8

oont!.nuoualt stlnnet at 650 for e furthcP P hourl.

Uþen the grccn reaotton ur^txturo trBG aoolcdl, ether (lfO ELt)

vaa aildlctt anil the reøultant ¡olutlon las ertrastodl Tttb

lQf equGoue ærtlun earÈonate. Af,ter aoldiflcatf.on rlth
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tllutc aulpburlo aoltl, the aqu6ou6 layer ;ag e*traoteil

rl,th ether (t¡o EL.). !trhe ethcr colutlon ma thcn

Itrledt and cv4onateû to ytetdt bensolo ecltt (28.O{ g.)

ürp r andl nl:d !8.P. 121'122o .

îhc orgenle laycr, rorna!'nlng after c*t¡ractlon

rfth aodtlun carÞonata, ml drled endl the cthcr anô

unreaotsal Cyolohe=6na alerc waporatedl. Dl Jtlllatlon

$¡ yaquo of the dark, r eslôua ylcldtct oyolohe¡-g+û-l-il

bcasoate (55.55 B.), b"p. g1-g5o/O.'15 n$. the rerldue,

a vlE¿¡ou¡, blaok, ta¡r ({1.!7 g.) ta¡ obromgtographcil on

noutnal elunlna to yLelôl

(a) @Íolobet-2-¡ar'l-y1 bcnzoatc (1.88 g.)

(U) olæoy61ohct-2-enrl ,t¡-¿1o1 {llben¡oate ({ .05 g. )

( noit I Ílrotr cthanol ) E.p . g7-98.9o .

The total yleldt of oyolohQrrt-s¡trl-Vl bensoatc

çlae lg.at g. (hgÍ) .

T

A n!.¡ture of syeloho¡ene ( ùO 8., 2.9, molc),

l-Êephtholo aold (bg.O g. ) O.2E nole), ouprlo blonltlc

(0.6a g.r o.oo5 rmlo) and fenrootno (0.55 B.r O.@5 mle)

ras heatGá at ?5o rlrlla þbutyl Erdlotrenoxldlc (25 g.,

a
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O.28 nolc) taa adlücil itnoprlee¡ rlth oonatant ctlrrlngt

at fltoh a rato that tha to1eerature of tlre rcaotto¡

Ëlxtu1r€ dlil not Glrcêoif 75o. Durlnß tbl allilltLon, tbc

rËaotlon nlxturo ûhaqgotl fron Pålo yello; to üort SFGGB

end hcst ta6 cvolYedl.

Af,tcr tho editttlon (lr Þour¡) ¡ thc mf¡tune ra¡

oontlnuourly sttrred at 75o îo1l a furthEn !O hôu!t.

Ilhon the grecn ncaotlon nlrtu?a rat cooleô r cthc!

(lOO EL.) m¡ sdlat6at andl thc reaultant ¡olutlon mn

oxtrastoit rlth QOf aqueou¡ ædllun sarboaatcr Âf,tar

aoltlftoatlon tlth itttuto ¡ulÞhunlo aoldl thc oque6ut

layor ra8 Brtraotell ç!.th ethar (tgO !&.). the sthcl

ælutloa ra¡ thcn dtrtell an{t Gvaporatc{I to ylølô 1-

Baphtholo aolð (f 9.57 g.) ÉrBr antl ntxeit Drpr 1$6nl6lo.

tho organto layæ, rtnalnlng aftcr crtraotton

vlth ¡ot!.un carbonatc, mg dþt6dt andl the cthcr aat

u¡roaotcd oyolobcr3aü t{Brê 6YepoFat6a! . D[úülllatton tg

æg.gq of thc dark resldua (ãt.66 g.¡ ylcldlcil âTGlohGß-2-

ra,*t*vi 1-aaobthsatJË (l¡o.bo t. , g8Jfi}, b.P . 16í¡f /o.!$ m.,

"fl t.6o5e (Founa¡ 6, 80.6Ù¡ [, 6.2z.. or frda
rcqutrcrt 0, &.92¡ n, 6.1#\ V SÊS* (flrn) rTro 9t.-{,
1285 GE.-î, 1Ê5o cn.-1 r 1190 ot.-l , a nð 1155 GB.-l . r

OO
\ Ea.:Êr (ethanol) eitlO ¡tr an¡! Ð8O Ã¡ Ehe cetcs
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dleco@oeedt appreslaÞly at tt¡ Þo1Llng polntr l-n4þhtholo

aoldl Ée ä dlcoor¡posltfon produot.

î he cgtcr re¡ hydlrogeuatcdl at I at@cphorc

uÈlng lf pellaillun on sarboa andl etbanol ae thc Eolvênt.

thc reaultant ætu¡ratcd 6Ët6r rag lyllrolyacdl ;l.th eQf

cthanollo þotasslun þilrorldlc to yleliN l-traphtho!.e a 1ö

(n.D. Brrdt nlxd r.P. 160-1610) anil syolohexanol, b'p'

f98-1 600.

oË troan lll-1 GnÊ !,dc ,

A nl¡ture of dll-leoDutylcao (2oO g. ) 1.79 mle),

.S-dlcoanolo eotö (bA.O ß.r O.e7 tmlô)r oçr1o brolnlCtc

(o.6? g. r O.Qi m1e) and færoocq. (0.55 8. r o.oot notre)

ra¡ haataü at 750 rtrttc þbutyl tlydropero¡tdc (e1.o g.,

O.e8 nolc) ms adôat dlrogrlffir Ilth oonatant sttrrlngt

at ¡r¡eh a ratc that thc tc@erature of the reaçtlon

nlxt¡rr€ dldt not rl.aa aÞse. ß4. ' Thc reaotton Ét
o¡othcrnlo, andl dur!.ng tho eüôltlon the neaotlon nlxturc

ühangcå fror¡ DalE yellc to dtrk' $oGEo

Aftor the ailtlttton (! t¡oulr), tbe nlrturg ;at
sontlnr¡ou¡ly ¡tlrnsil at 75o for a further 9 luunt.

f,hen thc green roaotloD nlttult tas 00016ó, cthon (t¡O g[.)
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raa aaldcal andl tho ncsultant colutlon ras estrasted r!.tb
âOf, aqueoua edlr¡n oerbonate. '.AfÈen aoldiftoatton w!.th

itllute a¡lphonlo asldl, tha aqueoua layen nas stracteð
rfth ethcn (l¡o ¡f.). fbe ether aolutlon rae thcn

rFlerl aarl oveonatcil to yteldt g-{6oanoto aolit (rl.f l g.}.

lhc organlo laysr¡ tr @rrålnlag aftor ertr.astlon

rtth eotl!.un oarbonbte, me dtrled and tho sther anü

un¡eacteü âl-tsobutyleae ;Grpe dltøt111et. Dletl[atton
tn UEEgg of the Aerts nestüuG (tt.57 g.) ylefüd 4.2,4-

(?À rt+5 s. , 51fi) Þ .p .

1o4o/o.1 h.¡ 4t , :WTB (Foqnalt or ?6.Tgt Er .|i.96.

0tgE*Ou rcqutne¡ O, T6.5l1t t, 1z.r 3IÉ), l|,SE. (frfn)
17t+o o!À.-1 , 1z\5 GE.-1 r il F €r.-l , 9o9 or&-1 .

Eht¡ cstæ ras Þ{lnogenatetl at .lO0 atæs¡rherer

rltb S*7 Batrcy r¡lokcl to ytaldl a mlrtu¡rç of aËter'Ë, Þ.p.
,roko/o.t m., f r.k&,ll (Founitr or 76.hjt E, { p.û.
o+gËt5€ a noqulra¡¡ o, 79 1991 En I 2.76*') . . loak lnfra-
rcit a'osorptlon at f 6hO on.-ir sûdl 9,gg cn.-l , tnttleatd
thãt the hytmgenatlon had not gonc'to oouplctlo¡.
Subeequent atteÐts alæ fall d to oonpletcty Ìryiltogenatc

tbla Gstcn.

The partlally þdlnoganatad nlxtu¡re of eater¡
(0.5 g.) ra¡ Mrolyscdl rtth botllng ÐË etharollo
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potasslun ryAroxldte for 12 hour¡. The aqldl prduct fm
tho hydrolyala pnoved to be g-ilcoanolo aolal.

The aeutral prodluete of the l¡rdlrolysla gave !

EêI. (nfu) itoo 6.-1 . they rorlÞ ôt oeolved ln purc

aoetone and ohronlo ao!.tl eolutlon ças adldlotl dlroipvlse rfth
ooollng. The o:çldlatlon produots ære extrectell vltb
ether ard the re$¡ltsnt solutlon ras ehaken wtth 20Í

aEuoous eoallun oanbonate. .å'fter aotdltf loatlon ïlth
tltlute oulphurlo aolcl, the agueous løyen tas extraotodl çtth
ethc¡r. |[he etlron ¡olutlon ret dl¡rletl andl evaporated to

ylelrl 2r\ r\-tntmettrylpentanolo acltl ( traoc). fu411

quantltlea of other aeldle ;tra aX.ao obserryedl by paper

ohruratography, all haat $ valuee lsrer than that of

2 r ll rli*trlnethylp entanol e aoldl.

the organlo layer of the soilltn oarbonate

extractlon ras dlrlot antl the ether tas evaponatedl to yleldl

?r2rlt-tnlmettrylpentan-Þonc (o,z g. ) ¡ 2rlr-dtlnltrophcwl-

ÌvrlrazonG n.p. andl mlxedl Ílopr 16>16qo. Dlffloulty lao

exper"lencedl 1n purlfying tlú.s tlsrfvatlve dluG to mall
mounts of lnpurftlea.

t QU o !¡

A nlrburre of choleeteryl bensoate (tO E.t O.O?

nolo), benzole eold (æ.eo g., 0.17 nolo)r Gopnls bnmttla
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(0.62 g., O.oO3 rclc) ant ferroooao (o,55 g,t O.oO5 nafe)

ra¡ hcateil at 75o ln beaseae (70 ![.) rùrfa þbuty1
h¡rörropenoxldô (t5,O g., O.{7 mle) ras adldlod! dnopvlao

ultb oon¡taat tttrrlng at auoh a rato that the teryeraturc
of thc rcaotlon nl,rturc ûldl not rtac sÞove 799.

Af,ter the atûttlon (1 hour), thc nlrturcrra¡
contlnuouÊly stlrrc{t at 79o for an ailditlonal 20 hour¡.

Uhen tho rcaot!.oa nl¡turo ;as oooledl, lt ma extraoteil

ilth ?0É aqt¡eoua môtun Ge!Ëonatc. After aotdllfloatlon

EXth dttluto s¡lphurla acld, the aqlueous layæ rae

oxtraotoi! Flth cühør (too tt.). tlXË etiur ¡olutlon
ra¡ thcn drled aûal craporateû to y!.elat benaolc aolil

(t7.a9 g.) [opo aaô nt¡ed E.pr 121-'lx2@.

lfhe organlo 1ayer, uhtsh rematad aften the

milfun oarÞonato sxtraotlon, ras drledlr aûd the bensene

rar Gvsporateil. Âsr al.lquot (a"63 g.) of the re¡tduo
(t5.h7 e.) raË slrroætognaphcdl on slllca gol. to ylelt
sholcøù-$-eû-j f-øt-Tqao Þbcnaoatê (O.J g.) E,pr ad
Ë1¡6û E.p. 158-159o.

tro othæ soq?oundl va¡ ltlenttfled fron tho

oluonatoÉFaÞhVr onlt l@uro ooloured olle rere obtalncü

¡hloh ooulü not b6 ladluoail to onystalllscr
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and e ældl

á, n!.¡turc gf oqprots shlorltte (o.lr !.¡ O.OOll nolc)

!,L bonseno (bo 4.) rr¡ bcatod at I5o rhllc þbutfl pæ-g-

toluatð ( 17.o g. ¡ O.oB mlc) rac ad!ôcl! dt¡opilsa rlth
eonataat st!,rrlng at s¡ah a rate that thc tatÐèraturr

iltil ¡rot rlac above t9o.

åfÈar tha aildtltlou (z houra)r the nt¡tuFe raa

ooatlnuously ¡tlrrclt st 85o fel an adl{tltlonal 26 hourr.

tÌ¡en the glecn reaotlon ulxturo ttal cooled, ethel

(f OO g[,.) raa aâilell anil thc Feaultant aolutlon raa

cxtraotedl s!.th 5f aeugoue so{llun Dydrogcn ea¡rbonate.

Aftar acfullfloat!.oa ttth dtlut¡ sulPhn¡rlo aoldr thc

aquooua layer raa c*trectcd ;ith ethe! (5O EL.). Ího

othc¡r aolut!,on rae tbcn &l,eil ani! evqromteil to yleld
t,

grtolulo aoldt (2.63 g., Ùf) lupo andl nrtxed E.p. 1o7-{08o.

, Ìhe slgaalo layæ of the codluu Þllrogca

oanÞonate ctraotloar mø dlrlell enil the ethe¡l anil

bcn¡cno ilB!ö ovaporataû. DlsÈlltratlen Sg vaouo d thc

leolduo ylol¡ladl

(*) ucttryl-g-toluate (!.52 g., Agírr b.Þ . 58-¡5go/

g.l¡ uur (Founl¡ O t 72.123 Er 6.frt A, 2'{. .2. Oal.o.

for 0r\OOa¡ A) 7{.98¡ E, 6.n¡ o ; ?1 ,51ft, o'3'o

1.5196.

I
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(t) saohangGal j-buttl per-g-toluato ( a.o5 g.) r Þop¡

8lo/o.\þ u.
(q) rosttur ('p.97 B.).

BhiË rertilur ra¡ oÌrronatogfaphol! on aoid-rarhoû

alunlaa to ylclôr

( a) dlnetbl est æ of I r 3*dll-( 2-ôarDory?hcnt!. )-cthanc
(0.!6 g., #) (sqrstal¡ flou sthanol) n p. âûâ ¡ntxd E.pr

108.5-lOf (founf l 6f Za.o4t Br 6.1g. oalo. fo!
ar fi g%' o ' 72''!q63 Er 6'08Í) '

(t) unlttontlft 6il ladþofl (o.15 g.).

Cbly 3O$ rcooyorty raa obtslneil fron tho col,strü.

hl

A ntxtune of ouBrour otrlortdlc (O.ll g. r O.OO4 mle)'

ln bensenc ( æ E[,.)' r"a heatedl at 5Oo rhtle þÞutvl F6!*g-
tolsato (1o.96 g., 0.05 rclc) raa adldeit üre'prlae at s¡ob

a rate that thc tcrFereturc ûlit not rlco abova 5Oo.

âftcr tho aitúlltlon (a noula)r tha ¡nlxture üat

eontlnuourly ctlrrsil for {âO ho¡¡ra. DUrlng thte ttno

thc tcrpcraturo ra¡ almly ral¡ot fipoa 5Oo to 69o.

lhoa the gneen reaotion nlxturc ras eoold¡ cther (aE g[.)
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A ulxturc of oot-2-cne ( 37 .85 g., O.y{ rulo) andl

anlryilroue euprlo bnonf{lc (5o.0O g., O.1l rnoto) lar beatcdl

st the botllng polnt of oot-2-one fìor 90 hourr. Dunlng

the carly atageo of the rcaotlon the blaok oupnlq

bronfdlc ¡udilogl,J¡ tarneil to rhl.te. 'lFhe ohangc raa

ooelcto fltnf 4 l lner seoond6. [ydtrogen bronldts ;a¡
clolvcü turlng the reaotlon. At tha ooÐlcttoa of the

roaetlon, the olut!.oa ;aa agaln blast,.

lhen eosleô, the reaotfon nlxture ta¡ flltenedl¡

a darE, æooa ¡:esldue an¿t a blaek solutfon neeulteð.

Flast!.oaat lon of tiho b1aek eolut fon yleldleit¡

( t) unohaûgcdl oot-â-eBo, Þ .p. I 2b-l ego .

(¡) oatan-2-onc ( 1.n g.), b.p. ï+-T8olA2 ñ.,
?rb-illnltrophc¡rylhftrarono ( noeülcr ftorn petnolcun ether)

rlrþ. anit n!¡cil E.pr 96-5do, ntrd E.pr tlth octan-ÞonÈ

?rþiltnf trophcrrylÞfdþa¡onc Brodluocdl a lalge dle¡lreaaton.

( s) z-brono-ostanc (4.n g. ) r Þ.p. 8og/?¿ w.
(e) 2rÞdllbrono¡octana (j.ot g.), b.p. 1!O-lI+Oo/

28 m., ?.r8-Ðho/7ft m. (rounil! O, fr.lÈt Ht 5.68t
Eür 59.O' Celo. for Ogf,r 6bat At 59.321 Er 5.99t
EF, 58.79fr) .
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