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tEryag,

Polycyetic anonatlc tryilrocanbons am known to bo

formod, at hlgh te¡nBeratures fron allphatle þdlrooa¡õone

or fr"on elurplc aromatlc lqrdrooarÞoIt8o In en attcnSlt to

elucld.atc the nechanfsos of, fomatlon of thcsa oonpound.a¡

arrd. ln Bartleular thê canclnogcnlc lgrd.nocarbonsr the

pyrolyele producte of ¡reLatlvely sfuople Ï¡ydroeanbone have

been examlnsd.¡ and. ncchanlsng fon thelr formatlon suggested¡

The pynol.ysls of n-d.eeane at 7@"C hae glvon a tar
ln which flftntwo conpound,e havc been ld.entlflcdto Thc

nechanlena gf thelr fortatlon are dlecueeed.o

Ëone of thosc nøchanfenÊ haYG becn confirned by

racllochenlcel analysle of thc pnoducte obtalnod ln tht
pyr.olyelc of l1-t t1ltctraltn and [C-t tcþutyl.bcnEâttor

[l-trCJfatnalln has bcen etrm.thosiaed, and, pynolyscd

¡t TOOoGo trüntSnonc oonBorrnd,s havo bccn lcol'atcô ln

euffLclent Buntty an¿ grrantt ty fon nad.Loohcurlcal anelyel¡o

the neeha¡rlana f,or thcln fornatlon ere d,lecugocdl çtth
neforenoc to thc number of labeIIed. canbon atome.

[d-t tcJnutytoensenc hae been e]rrrtheeteod, and,

pyrolysed at 7OOoC. Elghteen con¡rounds have boen lsolated

ancl eubJeeteil to nad'lochenlcal agaaJflo Boue of tno¡c

conBound.e have þeen Bartlally d.egnadcd. to locatc thc

poeltlon(E) of thcl¡ actlvltlos. ft hae been ehown thÀt,
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at lcast to sme ertsntr thc fornatlon of benscno !.n thla
pynolyslr lnvolvos thc ¡rceynthcElc of thc \eid,e chnln¡

th¡t BoEG tslucnc 1¡ fomadt by nothylatlon of bcnscnt or

by noeonblnatlon of phcrtyL a¡rû mctùryI nadlcalar and. th¡t
at loaat throc neohanl¡na a¡rr lnvolvcô ln tho fornatlon
of atyncner Tho rcsulte obtalnad. followlng fsolatlon
anÄ dlcgrad.etlon of phcnanthncno and, ehnysanc håvc shorn

that thc neahsnlrn lnvolvlng ¡rhonctt¡yl rarllcal [o thc

maJon noutc to phonanthrcner andl that the fornatLon of,

ahryecnç lnvolvGs a oonbLnrtlon of a A¡Ca snÅ a 0r0r
r¡nlt. It hes been fou¡ô ùhat thc fomatlon of th¡
oanclnogcnto hyÖroca¡¡bon 5rl+-bGntopyrone (bonøo [a]pyrcr¡c)
(I) ¡rnoccoél,a ln aoeond rlùh thc hy¡rotiroele Bropoeod

eanltcr.

(r)

ThG optlmun thernal aonditlong have þeen d.etamlncð

for the formatlon of, flftecn pclycyclle hydrocarbons oa

exanlnlng the tana oþtatnedl followtng pyroLyale of,

n-butylbenãeRc ovsr a ra.nge of tem¡roratu¡.ee vanylng fron

500o-9oOoO at 50" lntervale. Theso neeulte have shswn
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that nsxl,nun ytel,ð¡ of polyeycllc tgrênocarbon¡ arc obüalncdl

la thÊ vlclalty of 7ooo0r a tcnPcratnrm ortglnelþ choecn

f,oy thc progent lnveittgEtlon.



ga@,
Bhr rorit dc¡orlbod tn tht¡ th¡ol¡ 1r prnt of a

ncsr c¡îcn¡ltr lavoatteStlÊtt effiduat.û Èy r nrubcl of

othcr Íorkcrr ln thù¡ D¡Dartncntr Þut lnoorporrtot Do

nrtrnlel rhloh lras Þccn ecoogtcô fo¡r ülrc awurû of eny

othor ûcgfüc or d,lplæe ln erly Unfvcmfty rndr to th¡
Þc¡t of, ntr knmlcdgr anÀ bollcf,r oontrl¡¡ no natcrlal
pncvlou¡Iy tubll.¡hcû on tnittüt Èy anothsr pGFloD¡

¡¡ecpt rtrcn ðuc rafcranec lc ueôc tn thc text.

(¡. )



W
f roulû ltk¡ to cx¡rlcta BJr ¡lnecr: afpncctretlor.

of thc ¡tlmilatfru gulðanct e¡rd, cncouragcncnt of

Pnofrc¡op O.Ur Bad,gcrr to çhæ thla çorE otêB lta
lnccptloa¡ ütd. çtrosc rlûc knorlcêgc of ehcplstry of

rronaülo lr¡rd.nocenbon¡ ça¡ aLrryr at ø¡r cllaposal.

I ¡hor¡lû alao llko to tb^snl Dr. W.H.F' $aa¡a for
hl¡ gc¡croua as¡letanec slth gae-llquld. ohrornatognalr!\yr

D?o Trllo Spotmooô anð Dn. RoW¡Lo Kl¡rbcr fon Bnaetloal

auggcotlonr a¡rdl valr¡aþlc ôl¡euallone¡ anû the othon

ncnbor¡ of thc ataff fon thclr lntcra¡tr
Eht work ür! carnl,cc out Àurlng thc tcnurc of

a gnnt fron ùhc Danon R¡nyon llonor!¡l nrnil ànd. ¿urtng

thc oooupaney of a pocltlon of ðcnon¡tr¡üor ln tù¡c

Onganlo Chenletr.gr Dcpartncnü¡ Ualvcnalty of Aôelalôcr to
shom I rn dlccply 1nåeptoûr
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IlvrROpgoEIo{

Ðlnoc tùrc dlaeovor5r d üra er.notnogærle aatldtif of

Oc¡taln polyoyolLo arsnstfc hydrocarÈonrr BsIr¡l Ìrcf

hyrlrooarbonú havs þcCn to¡ted for thl6 çffcot.f
Ithc nogt fncquantly rcportcdt canc!.nogan hs tccn

!¡l¡-bonsopyræc (¡), tut otùrrr Polyoyslla hydrnoê&rþonÉ al'c

knorn tq bo of eon¡nrablo aottvlty. In adldltlon to

(r)

]r4-bsuoPyrüRar thc ohlcf trydroeer¡bonc of thlc nrtrrrc

cncount¡ncê ln thc nnc¡æt Lrwastl8Ëtlon ÍcPC

I r8 r 5r6-ô1ÞrnuintlrrÊeõnö (rr) r }l+¡ 8r 9-êlbørsollyrcnQ (¡rr) t

(II) (rrr)
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f, r4r 9rl o-ûlÈongoByronð (rV) r J¡|4-bcwofluoranthcnc (V),

and, 1Or I {-bcnsofluonanù}rcnc (V¡ ) .

( rv¡ (v)

(vr )

llhc work carnlod. out waE oor:ccrned. wfth üanc

forncû by pyrolysla of, [1-lrç]totrallnr n-doeanc, and.

fd-tr6þutyXbcnecnË Et Tooo0¡ enê wtth thoge obtel¡udl

on pynolyøls cû n-butytbcnzcno ovon a ngngc of tenpenaturce

fron 5OO-9O0oC at 5O ôognec tnts¡ryalg. ThË taperaturc



t
choscn 1n thc flrat tùurcc Byrolysca üea TOOoCr rrf¡lqt¡

lles bctweon the cornÞuetlon tæ¡ronatureE of clganottc

andf Blpc tobaooo¡â and, X¡ appnoxlnateþ tho temporatuno

at rhlch eoal ôcoon¡locog¡ wLth ths cvolutlon of langc

anqrnte of, h¡nlnogônoc BotTr o11 obtafneð by

ðletfl1atlon of Bhalcr! a¡rd, tans pnoðuceü fnæ aoetylcncr

anô leoprsncfr¡ at thls tanl¡cfatür\âr haô ca¡rcinogmlc

proBonttca.

Ehe pynolyats of l¡ho naôl.oactlvo t¡ydlnocanboru ln
thc Breoent tnvcstlgatlon wae dcetgreô to teet thE

l¡y¡rotñesia But forwa¡rX fon thc fonnetlon of polycyclle

hydnoearbons a¡rð tn pnttculsrr J¡l¡-benzopSfGlrtr I
lTro pyrolycls of r¡-d.coa¡rc waa carnlcd. qtrt t o d,cternlne

tho naturo and, cxtont of carelnogarle hydnooanbon fornatfon
fron en allphatf.c otnalght chain eonpound.r a.Dd. the pynolyees

of n-butylbonzonc to lnveptlgatc ths optl¡num thenmal-

corditlona fon the fonnetlon of polycycllo h¡d.nocarbons

at tha hlg¡¡ tempcnaturcc lnvolveô¡

It has becn knorm for n¡ny yoarã that tar aan

pnoôucc o&roar¡ but no ayatcnatic attenpta to ldont,lfy tho

Bar.tlculan conpourÉ.s ncsponslblc fon thle effect l{qs poaFtblo

untfl tJro erçerl.nental Br.oôuctlor¡ of oatrsar tn loner anlnalE

becane a practlcal ncthodn?



- h -

CIIAPTER t

-
I.I OCCURRENCE

fhc flnat expcrlnental lndluclng of ttimouns by

tlo proöuote of coal dletflletc ças aoconBllehcdl Ln 1915

by Yanagtra and. Iehl,tsare¡t and. thc ffuet 1¡rvestlgatton

lnto the chenleal baslE of tar oancer pnod.uotlon wag

carrled. out by Bloch and. Dneifüsa¡s wlro oonciudedl frm
tlrcln obeematlona that thc eubstarrce responslblc nugt Þo

a hlgh bolllng¡ nøtrtnal¡ Don-nltrogenoua compounô¡ whlch

forms a atable eowrplcx vlth plcrfo acXô. 'Jlra ¡rroiluetlon

of etnongLy earelnogenlc ta¡'¡ by Bynolyals of f,eopnonc¡'rt

on acetylenca ln a cu.Frent of, llydtrog€llr sh'urrcd. that thc

agent prêsent ln theee tara nuet be a lqrð.nocanbonr

Morcoyerr thc poworfirl fluoneecenec of theee tars andl of

othcr canclnogcnle nlxtu¡log euoh BB gås-lvo¡'Icg taf¡ t o shale

o11¡ tt rtt reflned. ninenal ollgr t t¡t a hcatEð pctroleun¡r

pyrolyels prod.uota of cholceterolrt' yeastr{ aklnr4

nuselot c and. halr¡ t ¡ arrd pnodtucts obtafnocL by thc aetlon

of ah:nlnfun chl.orld,a on tetralln¡ t' sugg¿etcd. that thts

cgnccr-I,nod,uo1ng lqrdtrsooarbon raE a polycycllc aronatlo

conpour:ôo The f,aot that tttc fluoroscenoo epeotna

of, the canclnogenlo nlxturcl nceenblcô
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that of 1¡Z-Þ,enzenttrnasonc (Vff )rt'? etlnulateô rork on thc

a¡mtheals of noXatcd corapor:nd.a whtch flnally leil to the

ôleeovotry of the ffnst Brrr.e chcnlcal entlty to nanlfeat

Bronounced, carcfnogcrlc Bro¡lentfes¡ nanoly

(vrr)

I t2¿5r 6-¿lbcnzantlrnaoenc (ll ¡. I r
Wlth tù¡c fluorceooncc apcetrrrn aÊ otho alngle thrcad,

that leê thnough thia Labyrlntt¡ilr ttro Royal Cenccr llospltal
noeearefi tean ln Lorrdon began ln the sBrlng of 19IO the

fr.actlonatfon of two to¡rs of pltch fnon tlrc Becton gaeÌronka;

and. by thc autunn of 1931 by cltrnlnatlon of r¡ncvanted. mater.lale

had, ned.uced thle to 7 grans of yellw enyetalllne powdcn

rhlch on furthcr fnaetlonatlon rceultcd ln ths lsolat1on of

thc cryotalllnc Tgnilnocarbon¡ 5r4-benroBynsnc (t).1¡ Ehls

hlthcrto ì;¡nlrnown h¡nilrocanbon waa f f,rrd. to bc a porerûrl

eanclnogeor and ça8 recognleeê to be neeponalÞIe fon the

ctrong cha¡racüerlstlc fluone¡conoo ú the coal tan pltch.
Coel tar haa becn the nset extenalvel.y lnvostigatcdl

natenlsl o,f known carelnogenlc potancy, I c a¡¡d, f ron ltr othcr
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oarclnogênle hyd.roeanbons ìv6ro latcr lsolatcd.. Thecc lncluûcd

1 ¡ l 2-bcngoBûr.y16fiG (Vfff ), "o 5r4-bcngofluorsnthcnc (V), ff

Irh¡g, {o-d1þdruoI}¡rrcne (rv) r ",r[z8rg-ôlbcngopyrcnc (rrr ) r 8s

and nost rccently nsphtho-8trlr-5rlt-Dyrâna (¡X)¡r thc

actlvlty of ultrlch la aa yot rrnlcnown¡

5rl+'Benzofluora¡rthcncr ths canOlnogcnle porcr of whlch hac

bean catabltahaô only rcceartly¡lr tao foud to bc norc

abr¡nðant tlra¡r Srll-bsrzopyrdro ln coal t'ar.¿t

(vrrr) ( rx)

A rclnveotlgetlon of glntc o11 ard of ntnoral oll
fraatlons ûld not naøult ln thc LeoLatlon of, any othcn

earelnogon of, hlsr potencV¡f atttror¡gh f¡rectlone othen than

thât ccntalalng 5r4-büruopyroncr vrere f,curid to be eanclnogenlo.

Ohcnlcal lnvest!.gatlons of clganette tan havc

shorn thc proeencc of eovcral. carelnogcnlo polycycllo

hyürocarbons lnclrrdf ng 5rh-bonzoptrtfcnar t2

1 t2t5, 6-ðlbcnøanthraccner 3t 5,4¡ 91 1 o-êlbcnzopyrenêt 3e

5 r h : 8 r g-d.lbcnz opyreno, f o 1 ¡2 z J ¡L¡-dlb errzopsrotrc ¡ t I
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J, l¡-b Cn CofluOmrrthcnO I t t I O r 1'l -b gr gof luora¡r tlrcnt r t t

{ rIz-bcnzapèrylênor ü I r2-bcnsopytio¡Èc (X) r tt chryaonc (Xf ), te

a¡É I ¡2-bcüIugnthnaccno. t7

(xr )(x)

Althougþ rotrc of tÞaa trydlocerbonà aao rcgard.cd' ar

nelof tnlttratlng earolnogcnt ttr¡y ara ¡rrcgæt ln arpl¡ enall

anor¡nt¡ tùat tfrcy carurot alonc aeeount fs¡r tfic tsnosa

ÈloloEloal, actlvlty of tobaoço amoke oordensatc. tl Other

canclnogena¡ aø yot unlôcrrttflcð¡ or cancer Brmotir¡g

Subatanoec¡ or boÈh¡ uuaÈ Þc pneaûDt. Snokc phcnolet¡

end. bascr.e Ì¡ay¡ beco o¡taþl,lehsd a6 oo-factorns fn carclnogeneela

esr¡ccê by anoJcc ltolyoycLto hydtrocarbons. ThÊ ðl,Oaovery of

ap¡rreclablc amoqnts of free raðlcals ln cfgarette esoke'f

lccl to thc pr"opogg1 that thcy rcre poeelbly lnvolvoü ln thc

aaralnoga¡rlc pnoocse. f l

[bo polynuclean Tr,ydtroearboru tdlcntlflcô in tobacso

Bnoke are Bresofit ln nolatlvcly Enall ql¡antitlost þlrü' lt has

been Ehowntf that sffie polynucloar lSrd.noearboner aLthough
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rathen wcak cotsploto car.clnogoIls¡ anÊ rêlatlvety potent

lnltfatone ovsr 1n ntnute concontratlonl.

{ r!-B*rzant}rragcngr f on oXanpler ls knffin to bc a Etl^ong

inltlaton thoqtr a rêAk carclnogq¡r lt anû a slnllar

obecrvatlon waa traåe rlth 2s3-(g-Bhenylcne)pynonc (XII) "f¿'
On thtE baElgr lÏyndtar and. Iloffnsr¡ntf suggestecl tt¡at aonc

wcÉk or Ëyqn florr-cs¡Glnogcnlc polynuclear l$¡lfocsrbons

ln toþacco tan might contlllbuto to lts canclnogcnlc actlvlty

by aotlng aa lnitlatore.

(xrr)

- 
llttre othen ¡neLn BoruiìcQ of canclnog€nlc poLycycllo

h!¡ilnocarbong ln hrrnan envlronment are the atmoepherle

polluta¡rtar anð a oonsfr]Ërablc anü¡nt of lnvestleätlon

hae þeen canrled. out on tlu4. Sootren e:cpenlnentaì.ly{5¡ar

and cllntcafly ¡reoognlseÖ ea¡cLnogüIr ls a nalon conBolr€¡rt

of smoke enter'1ng the atnospherÇ.47 A proûr¡ot d

lneonpleto conbustlOn of noet organLo natenlalgrsoot hae

carclnoggrlc BropertloE ånð theae en6 Brear¡nably due to

tha proðGncc of centain polycycllc anotråtlc h¡rd'nocanbonEore¡19

1¡hc ex¡auat Broðucte of tTrc lnte¡rnal coribuatlon englne heYc
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bcon cXanlncô by seVer.al gnouBa Of çonkerurdr-ll Anô a bnoad

nango 68 aromtto Bolyeyclle þyÔrocanþone sas f,ound, ln thc

pnoduete fnon both Sletrolæ t Et ¡ ¡r a¡rl dl,ssclae t Eør tc

engtnoor Fr¡rtfror cxanlnatlon d tlrc alr f¡on Sarasosrtt

enoko and. tar fron cunlng hÍlÐr t4 and, nr¡ra1 anil unbsn alrs¡

has adld,cit eeveral' hyclroear.bons to those. alread.y lðcnt1t[6d.

Inveetlgatlon of carbon blacke¡tf oyetore alld.

tarnacles. Èatscn fnom polluted trater¡t? hr¡nan hain waxrrt

coa]. gasrtr eofTee sootarto teclanütre gnokcô, food,rlt

pnoceesoô nrsbcrr'? goot fnon a gmokcd, sausaga factonyr'Ü

¡nuff r ta tobaccor tt cterch. Baotg¡ ta a¡rd ooot fnon a araoklng

cha^nbentt rsvaalod. thc preaonoe of, 5rl+-bÊnzqByrenc anö other

polyeycllo anonatlo h¡nil,rocartbona ln thcsa natcnlalc.

It Ìrae rcegrtly boen ncporteôf' that bcnzopyrenoa

anc cormon a¡rd relatiYely abr¡ndant conatltuonte of soll¡.
The carelnogenlG 5rh-benzopyrcne arË 1te alnoat lnaetlvc

1¡2-lsonen havc been fdentlflaô epectroscoBt eally ln rnral

so1l earapleer whore tho Boeslbl.llty of Lrrd't¡strial

contar¡lnetton le al.moet non-exletantr Evsr Xn the aoll
of tr¡ndnaE no¡rth of t"Ìre arctlo clnclar 1 nlcnogran of

bonzopyreno 5¡er lOO gr'a.rf,o of eoll oouldl be d.eteetoü.

Tara produceð by thc ¡rynolyelð of furd'rocarbons

have not baen extcnalvoLy tnvoettrgatcð by nodonn tecTrnlquce

elthough 1t has been ehorn that thc Byrolysêa of ðleetylr"
tobaceo h¡d.nocadborrs¡ 70 6e11¿71 anû ltgrrldzr allBhatle
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Ìgfd.nocanbong pnoduce tars eontal.nlng 3rh-bensopynerro and,

othcn less eanclnogent c T¡vclnocat'bon¡. Thc Byrolyele of

nethane¡ ethylene¡ åDd. acetyleno Í.¡r itlfñrslon flaneÉ v¡lag

shown to yl.eld. a nangc of polycyellc hyd.nocenbonc¡ fncludlrry

5rh-þenzoBf,Fêttco 7s

A¡r examlnatlon of tare prod.uced. by ths pyrolyele of

naphthalene¡ t4 s nlxtuno of Pyrano anr.l bcnzellG¡ 7Ú g- and

ê-ncthylnaBhthalcne¡ tt phenanthrenor t7 fluo!êIrG¡ 7'

anthraccnctTÒ a ¡olxturs of anthracene ancl benuonGrtc

aeenapht[errc¡to and. n!.xtu¡:eg of naphtlr¿rlenc and. bengerrtr¡lt

rDd, phenanthncne and. bentr(,rlG¡tt yle1dcð a langc nr¡mben of,

tgrÖnoeanbone not DrovLouely Fcpol¡,od. ae pynolytlc proôuctso

Ihcsc lnveattgatlono ç111 bc mora fuliy d.lecuseeô ln the

nert chaptcro

fhe tar produeed. by thc actlon of ah¡¡nlnlr¡m chlonld.c

on tctnallntt has been relnveetlgateti anit thc pnoôucte

obtafncd, by Byrolyola of I r4t-pher\yibutylnailhthaleiler tt

styrcnc¡ tl 1-phergrlbuta-1 r5-dlene re Ers' tetnalln¡ 17 fnd.encrrf

aeetylcnc¡,Üo toluenar to ethylbêDg€rlQ¡'o pooBylbenuonc, eo

anù butylbensenGrto buta-l¡]-ctlenerrf a nlxturc of,

buta-l ¡,-dleno wl th BgneDG¡'f benzene, ot ll-olnylcyclohexcno, D¡t

[g- t' rt Jethylb en¡enc¡ o' 2 o 2 l+-t'rl.nr ethylBerttet]o ¡ t t pe tnol, o I

anthracorø 2t7 phenanthlren€¡¡t and. naphthalence3 havc becn

analyaedt arrd tba ylelde of ludlvlclual coinpotranta d,eternlned.c

Ylltth f,ov e¡ccptlrrnt¡ 3rl+-benãoPyrGnc and other
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G¡lelnogcnto þdrooarùonB ÍorG for:nû fn alnogt cll
pynolyaatoEo

1.2 HOm q ACtro,F

Eho f,tr.at <llrsct lntonactlon of 5rh-bcngopyrcnâ

slth ûo¡ral conat!.tuent¡ ra¡ nottooû by M1llon¡tl .*
hcr tnltlal rcsu].ts uc¡rc gnaatlif extcnd,cd by HetÖclbengcn

anð hls assoclatc¡ by uslrrg Þoth canc!.nogen1c'oo and.

blologlcatly fnactlvcf ot t 4c-l,abeL1,cd polycyolle

tgrd.rooartorrso Folloulng a glngle toplcaL rppllcatlon
of vsrlou¡ hsrdlrooanboil to tho ekln of nlccr a cortaln
êegnco of conrcl.atfon ças fot¡nd. between Ëha eaou¡rt of

proteln-bou¡rd, t 4Ct andt thc rccpectlvc oarelnoganlclt'lcc

towar.ü thls tlacuô. It we¡ founû ln the ea¡c of

[9, t o-l t ]t ¡ ? l 5rG-ðlbcnranthnaocnc th¡t irnevc¡rtlbla blnd.lng

took placa betçcca thc cançlnogcn¡ on ltg netabolltc¡ anô

thc nucleoprotcirrs¡ Bartleulate on eolublc Bnotclnc¡ but not

nuclclc acidsr Fr¡¡theruotðr tt ra¡ ¡hswntoc)tot thgt aE no

raðloactlvtty reg cxtmctablor cB6€Dü1al1y all thc

radtoaetlvo nEtc¡.j.rl ;a¡ somblncd chcnÍcalLy çfth both the

orfgln¡l d.cnatunatcô prototra ¡nd tho pol.¡r¡¡eptlûce dle¡lvcô

thcnofnon. Xn ¡n cxùcncJ,on of üheec atud.lee¡ I ot ¿¡t
ppcssncG o1' 2-phcnylphonanthrenc-] r 2 | -d.lc arb oxyllo aclê

(x¡il ) vas d.cnonstratrðt o' ln nouec sktn
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treated wlth 1 ß25r6'-d.lbansanthnaosntr lndleating that

thc K-ncglon¡ årg.r thc 5rl+-bo¡rd,r Irâ8 lnvolVcd ln oOvalont

c00H
c00H

(xrrr)

bo¡rôlng.tø' That tf,ro blndlng ocourncd, tJ¡rcr¡,gh pcptlôc

bond¡ lnvolvlng ona on both canboxyl grouBs val ahorn by

h¡dnazfnolyala of thc pnotôlnar Ttrl@h nc¡ulted. ln tttc

ncnoyql of tlre ôleanboxyllc eolô nctaÞol-ltc aa an egual

nlxturc of üfryclrazlðe ancl cyolle nonoÌ\ydnazlds. t oa¡ t o'

By neana of fluorÊcoôlÌsc spcctroacoBy at 1or

tcn¡rcnatur'ca slnllan nceult¡ rc¡rc l.aten obtalncôt o2

uafng thc extnacta of tbo ckln of, nlcc wlrteh hed' Dcen

Balnteü çlth J¡l¡-bar:oBfscltor fttc fluoneaccnoc c'¡notra

of tho ¡olutlona proûuecd on t¡ydnaal.nolyais of türs

e¡tnacted, Brstclnsr shotcð ¡ olnlla¡rlty to thc spectra otr

gubatltutcd chryEênc anü l,2-bdtzantthraccnc dcnlvativcso

Ttrlr ças ln agrccnant rlth tlrc thcoFyl or übat ttrc eanclnogcnlc

hyûroca¡rbons attach ttrcgeelvcs to pnotcinË by acntaln paira

of eôJacent oanbon atoa¡ knwn ag Ë K negfona Ë. Flgunc 1.1
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Bholrs tlto K ne€Éona of 5rl+-benzopyrcnc and thc conporrnd,e

whfatr nfght havc baon ðetoctecl ln thc latten otr.d¡ro

r t

K

CONHNH2

c0rvHNH2
o

c0
\

rrz
MINOC

0
H2

F1Áur¡ " I .l

S1rtteraatlc orplonatlon wlth vanlou¡ 146- s¡d
tH-laþcllodt h¡lnocarbonst et r, oo ehowc¿r howcrcn¡ thc

çxlater¡ec of proChrcta whloh woulð fnd.loato cxooi¡tlona
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to tln bindlr¡g-ga¡çlnogenlelty coruelatlon anÖ thl.a lecl

Helclelbengert t o anô Hlller¡t t t to tlre concluelon tha.t

eovalent bondlng ntgÞt bc a nc€6aea!¡l¡ but not ar¡f,flolentr
pror.cqulelto fon tuucnrn ld,r¡ctlon.

Whfle lVlest a¡rd Hclûeiborgert oo hå¿ Bnevlously
clatncd thet tlneôcpenöent bind,lr¡g of, lr¡¡lroca¡.bens ln
nouge elcln oEcu¡rnod. ¡o1ely wtth protelna¡ the i¡oeeil)lllty
of hyitnocanbon-nuclcle aclð' bind.f ng sas not clXmir¡ated,.

Tho necent roBort of fl¡'mLy bound f .C-labcÌLed

1*r5r6-d,fbsnzanthraccno (f f ) and, I Êt5¡þ-ûlbcr¡santh¡.aocna (XIV)

to éleso:ryntbonuslelc aeld (om) andt nlbornrclele ecld. (n¡W)

was the f,Lnet exanplej t ' but othon caEes af er¡atr borrding

have at¡cc a¡r¡reaned 1n the llteratr¡nôl t t- fhc mod,c of

(rr) (xrv)

asaoolatlon of the hydroeanbone 'flth the nuclelc aclô¡

hae not yot been establlahcôt but tt Ba€nÉ ltlrcly that
puncly physlcochemical bond.tng wouLd. bs detected by the

method.s r¡aed ln the aÞovc stud.Lee .tlt
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In an aùtcnpt to nslatc thc aharectcnlstfoe d thç

aatlvo centnes of tha a¡.ongttc Pgrd,rocarbons to oarclnogenf.c

actlvftyr ftêVcr{rl theonles have bOcn pui forvandr In thc

naJonlt{f oû thcscr tha earclnogcnLe cffcet fs aesocl'atcd

vlth tho neeotlvtty of tho ¡¡hcnanthnono tUBa dsuÞlo bq¡dl

(tfrc K negton) end tha g¡gganthraoono Boelttoru (trro r,

EcgXon) of thcee com¡rourd,c.

In a een!,ca of elaesfeal Þtpe¡rs¡ Sorrnldlttte ft¡"et

Et¡ggðstcâ a rolatlonahtB hctwcen thc neactlvlty¡ r-oleotnon

donolty a¡rtl cRrclnogenlc aetlvlty of the poLyoycllo anomatlr¡

hydroeanboDeo

A more nef,fr¡eô mod,lflca'elon of hls thooly wao

pnovlðcd by ,9vert'!raln:l I o ç¡9 ecrrelateÖ caralncgcnlc

acülvlty çfth thc eÈlllty of thc t( negiur to undergo

addl,ltlon raactloncr d.ctarnlaed. ovr thc baslg of, thc totål
*c1ccüron d.letrlbutlon tu the aolecule. Thc ccllulan

roacùton leaðlng to oencl,nogonerËls nay thcn be pletuncd.

aa a r:hsnlea1 neaetlon a¡ ehorrr ln (]ff) ]l t I

îhEt thc I neglon ls a chomí.eally neactlve doublc

borrd. ves !.nðlcateé by tho reactlon of polycycllc

lgrd.r.oeartbona wltlr oenh¡m tetroxld.cr formlng çcIl dêflnd.

c¡"yetúrlilne oonplsxse rhLohr on Ïrgrd.no].ysl¡r yLe]'d tho

cornecprrndfng cie-d.1ol.e. It has been ahosn thet 1n

polyoycllq hyðnooarborra thie roaotlon involvcs thc

9r I O-phcnanthncnc-llkc doubla bond c¡clusfvel{¡u
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Quantltatlvc etud,les by Baûgp¡tt? lndlcated that wlth
the cxaeptlon of eubetl tutccl 1 s2-benzanthnaeÇsrosr

lncr"eaefng neaetivl.ty of argr serlee of oarclnogenlo

Wôrocarbon¡ towa¡d osnlum tetroxid.e followed. the

o¡^d.cr of thcin lncrcaslng earclnogernlc aotir¡lty.

+

I

K region c ellular
tt

c onstituent

( xv)

Conslilenable cxtcr¡elon of tt¡oao ld,oae sae ùrc to
thc wolk of Prrllnan a¡d oaudlcl, ot tho b¡r uslng nore ¡rnoclec

wavc ncohanloal, nethoðs¡ f,or¡nð a eorrclatLon bctween the

cancinogenletty mö varloua 1¡¡¿lssstlf ttrat havc boen

dlcvclopeû to charastenlsc the ølsct¡'onlc ¡rro¡nnttea of
thc K neglon ln tñeec h¡Énooanbouso Scveral çeakncesÇs

çhf ctr J.ater became ap¡nnørt ln the theor.yl t e Ieð to ùhc

dcvcl,opnent of naw 1¡ðlcce aharaoùerlaf.ng not only ttrc
K, buù algo thc I., reglono anÅ of the netaboLlcally reactlvc

s6nüra of ths ¡nologt¡lc-the so eallcd M reglon (XVf ).
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Ihcse new trrdiees havo been al.eo used. to estlnate tÌrs ¡ratc

M region

L region
K region

(xvr)

con"otant.t80 of thc fornatlon of protsin conplcras wlth

the K reglon o¡ L nogton oúl tùre lrydLnocarbon. t tt In bottr

thecç th¡orXsa, coneld.cmblc reaetlvlty cf ttre K reglon ad'

sLlght reaatfvtty of, tJre t re8Êonr lnsof,an as thle neglon

exlst¡r aFê alnultancourly congtdc¡r¡d, aa a nsecs3ary and'

sufflolcnt co¡dt tlon fon oa¡olnogcnl.e actlvlty.
Stantf¡g fnom thc ox¡rerXnurtally provcð'tt
n

Bzcnt-Oyärg¡ff coneopt of the senloonüuetlv1ty of protclnËrl:e

üarfltl t. euggeated a thoo¡:¡r sf lnltlatlon of caftltnogenlc

proc6Bsog¡ baseå upon the tt¡cony Ùhat en eleatron ll
tnaneferred. fnon tho Bnoteln to the hydnocanbon-a conOcBt

whlch has recsrtly bccn crltlcXecdl by Pullman.t¡l

othor theorlcE have bcar¡ euggeetc¿r ll to aoeotrnt

for the carclnogçnLc cff,eet of potycyellc tryðrocanbonø¡

Þut alL can ba ülv1ôeô lnto two groupa. Tlrc flrgt
group ecntafng all tlre thcorlc¡ conald,erlng thc

roactlvfty of a eertaln pant of thc hyürocarbon as a
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orltällon of, earclnogcnloltyr a¡rd the second, conüains

thoonlcg conelðenlng nagnltudle¡ clocialvc for an oa6y

tranef,o¡r of the clactron to the fudroearbon fron ths

bl ologlcal eubgtre.tc.
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CEAFIIER 2

HTROT,YTIC, RFACfrOllË PF HYÐRooARBON8

&.{ EAnqr II{llEsrIc}ålIONs

fhe ftret syetenatlc eardles of the proðuotr

obtalncd from thc pynolyala of h¡rd,nocarbon¡ wcrc oanrlcd.

out on acetylene by Benthclo¡t 27 nore than a hund,rcû yeana

êBor whcn anaLytfeal tochnlgucs othen than dlEtlllatlon
and crystallleatlon wcro rrnknown. The carly work on thc

pynolyelø of allphatle lSronocarbons reeultlng ln thc

fornatlon of, aronatle eonpounda¡ anð thc aBceulatlona on

thc ¡ncchanlm of thc naaotlonc lnvolvcü havc bccn

thoroughly nevlewad!. Þy Eglogt rr and. by Hutrl. t tc Mort of

tho work d.lgcueged tn thcse monographs was canrl.ed. out

befonc 19OOr anð thcrc scGns to bo aomo u¡centalnty about

(") thc Bunlty of atartlng natenlal¡ wh!.ah wct¡t llkely
to contaln sulphun eompor¡nd.B - knoçzt to act as chalr
tr.anefcr agents¡ ancl (t) thc actuål temBenature of tbc

Byr.olyeca as thlg wes raportcd, ln marly tnetaneoa ÊE nreô

heatrn hbnlght radl heatrtr e¡r irdull ned. heat.n

AII dsta on the fnce ¡u{loal neaotlong lnvoLvod.

ln the deconpoaltton of sinple þdrocartona untfl Junc 1955

have bccn sr¡u¡oarleed by Staaelcr '. "¡¿ thc ltlnatlcs of thsac
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roactfonc by Trotnan-Dlckcnaon.ttt othcn rcvLcm artlaÌeE

ronthy of pantlculan mcntlon anc thoac contalned ln
nefe¡enceg t t, enü t Ðtr and, the ennual neYlcse pnblfehed

by Haoneel. and. Stcrþar t ¡' ADDcll srld. Bergcr¡ I 13 ¿¡¿

Bengen and ðcRoBBGt.f tr

lhs rceults of ühc worlç of tlro eerly lnvoetlgatora

lecl to tho foll.owlng conql.uelorur

(a) Paraffinlc hydnocarbong era gcnerally noro etable to

pyrolytle ¡'eactlons than tha oorneapondlng oleflne.
Ercept und.en sevcra conðltloner nethanc anð ethane are

reeovenod, rrnchanged. ln thcac ncactÍons.

(b) Ol-oflns und.engo pol¡merleatlon at relatfvely low

tempcraturqa¡ at hlghen tenBeratuneg both Bolyner'leatlon

and, doeon¡roaltlon are fnrpontant.

(c) Acetylene ls leas stablc to heat than eth¡rleneo

It hae beon ncpontcd. thet acetyLcne bcglns to ðecompoec

at 45o" ln a gLass tube¡ whlte othylene ronalns unchangeô

up to 615oC. t eart t'
(A) BenEcnc c¡n rêaet wlth cttrylenc anÉ acetylenc und,en

pynoLytlc aond.ltlone to glve styrene and. polycycllc hydnoo¡rbone.

(e) thc rtaJorfty of neactlorra of anomatlc conBounôe

eontalnlng an alkyl eld.e chaln lnvolves the decompoaltlon of

thc sl¿tc chaln arrd the foraatlon of longen chalng capable

of cyclletng to arornatlc structuneg.

h¡thcn lnvestlgatlona have oonf,lrned. and extendeð
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EoEt of thc canly rorkr slthough nod.e¡.n lntcn¡rrctatlon otr

thc nceulta la vcny dXffcronÈ fron th¡t of lihc early
lnvcatlgator¡.

Rccsrt dlcvclopncntr 1n tlro atuðy of thc acslrrnlgn

of, thc Bynolytlc ôcoonpocltlon of furdroca¡tona lneluôc thc

uec of, gas-llgulð chronatogneBhy¡ laotopc ¿xohaaga and

rad,lotraccr tcohnlgrrcrc Oontact tlncs of üÌrs rcaotlonr

havc bcen ahortcncû ln o¡{ct to ld¡ntlfy tlre pninarl¡

pnotueta. lhö nclcyant nceh¡nlau¡ of thcnaal dcooaposltlonr

a¡c conglclcred bclor.

2.2 IlfRoLfglg OF På,RAFIFINS

In tpt,tc of thc congldcrabLc ¡nount of rork th¡t
has beon d,onc on tho klnctlcc of thc thcnnrl ûcconpo¡ltlon of

parafftnar thc asolrsnlsn of thecc roactloùr¡ ¡tll.l. ¡ua!.n¡

a n¡ttcn of contnovolafr Uutll rcocntl.y the oplnlon hcld

by nerty rorkona çaa thet the py¡rolyatr of panafftnr takcr

Blaca by two eo¡¡gruprGnt proccsBog¡ oac no]'cgulrn 1n chanacterr

thc othc¡ an r¡nbranclrcdl f,r:e rad.lcrl cheln ncohanlor.' 
tt

Ehc aûdltlon of aufficlcnt er¡anltty of a¡ lrrtrlþltor ¡ustr ar

nltrlo oxlðo or l,ropylcnc fras bcift', assuncd, to halt thc

raôlcal- eÌ¡ain proscsø rlthout affcqùlr¡g ths ratc of thc

aupBoeed uolooulan rcaotlon. r ',
.,!

the uolceular uccha¡rlon fot tÀc,firfly tnhlbltcô
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rcaotlon raa, horcycr¡ lnconBatlblor wlth ttrc reeults of
roocnt msg åIroetronctnle Gxp€rtmcnttr t ff lrotopc
cxehangc crBcnlnontsrt tl ea¿ ûctallcd Enalytlaal. str¡dlGo.l4o

lhc¡c na¡ults f.nÄloatad. that thc ûrlly lrrfribltcô noactlsn

lnvolvsd frcc nad,lealgr a¡td, raa prasuuably e nodlf,lcatlon
of tlrat naôloal ch¡ln ayatø rÌ¡lah nu¡t nor bl a¡suncô to

aoca¡nt f,or thc çtrolc of, thc lnhlbltcô p¡rnoþalr. Dcapltc

tho faot tlråt thc r¡aturo of thc Lnttlatlon anû terulnatfoa
stcpa Le r:necntaln therc àectrB üo bo genenal agnecncnt on

the ct¡aln Bropagating prooesa ln tlrc r¡nlntrlblted. neastlon

of ctlra¡rcr l ll BFoBdrG¡ t " and. a-butanc¡ l1t ¡ 111

n'bc rmlnolecular tnltlatlöa pnoccce lE eonsfdtcreû

to lnvolyc a gcleelon of a cafbo¡r-carbon þonô rtth thc

pno'duetlon sf two rad,lcalsr XllË nrptrrnc of a carboo-

hydlrogen bondl 1¡ ncgar"d.ed, a leea ltkely fnltlatlon atcp of
thc ¡neaotlon chalns ¡lnce ttrc pno-er¡ronential rtato panemeten

aesoclated. wfth thts proccse nust be at lcaet 'lOt tlncs
langcn than thc pna-exponcnttal I¡a¡anetene aeeoelatcd vlth
tåe nrpturc of lt¡c ¡ruoh reakcr ca¡¡ben-ëe¡.bon þs¡yt6.l.t

lhr raûLorlg pnoðuocd, oa¡r thcn rcact byl
(r) dÍaproBo:.tlonatlon¡

ROHICtr¡0H¡OIIr (r )

(z)

þ)

R0H,TOHTCHTOH¿

RCH¡ClI¡0H.CH¡

RCB¡CflrOfl¡ +

FTILCB¡ +

¡

a

a

+lI
oEr
a

a

R0HroEsCH¡OHr

+

CH¡OEr



RCH¿CH¿OH¿CH¡
-+ 

ncHrðR¡

-"+ RCII-CH¡

+ Cfl¿'¡CtI¿

+ RrCH¡CH¡

a

23

oa

(h)

(s)

(6)

(z)

(8)

(g)

RCII¡CH¡ + Rr cll¡cH¡

(U) þy{rogon abetraotlon¡

RCH¡CH¡ + Rf oH¡CHg 
-> 

RoII¡CHs +

-+ RCH¿CII¡ +

a

RrcEcH¡
I

Rt CII¡CH¡

(c) rcoonblnetlon¡

RCH¡OE¿
o

a

+ nr cnr0n¡

+R
I{OH3CIIsCH¿CH¡Rt

RCHTCHs

--+

--+
IiCH¡CH¿

Janca and. Stcaelcta¡ d,cmon¡t¡ratcd tt¡at an cthyl
raôtcal ooulel ebstnaat hyðrpogon fnon O7 hydnocarËong at
e mta lnonceglng ln thc ord,cnr heBtancr hcpt-1-cnc¡

h6Bt-l-yncr Rlec and Vard.cnellccf 4. ehoÍrð tbat nethyl
Eadllcals oouldl abatraat tontleny lrydrogcn f,aetcn than

scconêary hyðnogen¡ anal gcconda¡ry faetcn tharr ¡rrlnartrr.

Hethanc Eas pyrolyeed at IOOOo-{lOOoC by OernâLnrt4.t

both punê end. ln thc preseneo of 50ñ nltnogcn on lgrd.nogcrrr

Nltrogen bchavcð a6 an lnert g8ãr but lryrltrogcn oauseô a

d,concase 1n d,cconposttlon. The actlvatlon 6nêrgy yas

foun¿ to þo 8J koalo/moLc ln alt th¡'ee noactlonr¡

auggcetfng that the ratc contr.oll,lng etcp wae thc EarGr

arrl that only the acrcentnatlon of the chaln lnltlatlng
rað.leals wee cffscteô by ttltutton.
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¡16s¡¡tal rcaeoned thet chaln pnopagatlon atepa were

not lnvolveô ln the the¡.nsl deoomBoeltlon of nethane tt thcec

tcmpenaturea El.nce he f,or¡nd thst hyitrogên ô1cl not lnhlblt thc

rcactlon. fl|.¡ actlvatlon cnengy of !J kcal./nol¿ sufSorteô

thst the oontrolllng etcp waa a frcc ¡'aôlcal sBlft to
nethylene. Sklrurer'at f,ound, a htgher actlr¡atlon enGrgy,

lOI kcal r/mol:er ln hta shosk tubo o:çenlments anü poetulataê

a ruSrtur.e of the canbon-hyd,r'ogen bond. wtth the fo¡matlon of a

nothyt nad,ical and. a hydrogen atom ae the ¡lrlmany stcp ln the

d.econpoeltlon of nethanc. Anothcr. fntereetlng cleconpoeltlon

resotlon of urethafio Ìvas lte degradatton et 2OOO*SOOOoC Þy

fntensa nllllscaonü Llght Pu].oeec t 60

Àn cxtenslon of Sklnnet'ls ehoek tuÞc crpcrlmc¡¡Ettl

Ehoscd that ethanc d.eoonBoecd lnto mcthyl nað1cela wlth an

aotlvatlon ênorgy of 79.5 koaL.,/nole.

n-Hcxancl tt wes thornally cnaclced at tenBeratunea

vatytng fron 29O to 412oC ln a tubular neacton lntcnnally

lLlr¡mlnated wlth ultnavfolet ltrght. Mercury YaBour ln tho

reastorr actlvateü by thc radfatlon¡ prortdeð an lnltlatlng
Bounce fon the radXcal chalna. fhc he:ryI nad.leale elther

d.lnenfeedl. Or decompoecdl to lowcr rnolecular lelght olcflng

anð altryl nadlcalg. llcxenc¡ whloh le thermall.y etablc und.en

the cxBanlmental condltlons waa not detected,r lnillcating that

the d.econposltlon of hexyl naôfcale by carbon-hydrogen oleavegG
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ôld. not oc€Ëurr

A nct tcchnlEuc apBllcd, fon the first tlmc to

theracl ðcoonposftlon of }ryclroearbons wag thc uae of a

þal1letlc platon.l lt æEc¡¡¡rG was d,eeon¡roscdt at XtrcËauro¡

of up to 115.OOO Lb./Ln.2 e¡rô the tsoat s!'gnlf,lcant

obsc¡r¡atlon wae the low actlvatlon cnerry, 8.1+ l<caLr/mol6r

Hexaôecanc was hcataô fn thc Bneaenec of toCo 7

nadllatlon an{l hfgh snsrgy nlrcd. rudietton f¡"om a nuclcer

neactor.tt' n-Pentenc and, 2-netltYlbutene wê!ê enaokcd et

48ooC 1n the pregencs of T rad.latlon.l tc In nclthcr caÊG

war the pnoðuot dlstr.1butlon subetantlailg affcoted. þy

nad,latlon¡ and. lt çae aonch¡dcd.l ra ¡¡"¡ the ehatn ncaatlonr

ane not ncw roactlor¡.e but o¡d'lnerîf thermal fncc naûloal

ncactlong r¡nalteneô Þy rad,latlono

2"1 trRqtYSIg O¡' OLEFIN€!

The oleflns studlcdl d,ur.lng the past few yoEra nry

þe eonvenlentJ-y d.lvid.cd lnto threc groups eontainlng thc

followlngt
(a) no a1,1y11e canbon-tgrðnogen anü no allytic

canbon-canbon bonde¡ år.9.¿r ethylene;

(¡) altylls eanbor¡-trydnogon bondE but no allylto
carbon-eanÞon bond.a¡

(a) both allyllc ca¡¡bon-hydrogen anð allylle
carb on-ca¡rb on Þ ond.a ¡
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Frou thc lnfonnatlon avaflabLc on ttre pynolytte

Oceon¡roaltlon of cthylcnar lt aBpoans thst pol¡merlaeü1on

ls tl¡c fnpontant rcastfon at tøpenahpee boLo; 6OOoCt

rhfla at hlgÈpn tæpcnaturc¡ boülr d.econpo¡ltlon and

¡rol¡¡aent.aatlon arc fnpontar¡t. t t'
f,Tro Brlnary naactlon ln tlro dcoonpoeftlon of

ct't¡ylcna has Èaçn tl¡c st¡bJect of a nr¡nben of

lnvcetlgatlon¡.lrl-lll Fon gcnc tlnc tberc rsr no

âg!Ðenant as to rhetlren thc doconpoeitfon proecedcd,

(a) Uy rn cllnlnatton of noleeuLan lryclrogon or (r) by a

aelaelon to vlrlyL rad,:loale anô þclrogcn aùoae. It vas

ghown by OvetsneilStrl thst tü¡c lnltlaL ôeeonpoeitfoa

proccsðe Bncd,onlnnntty by (l0)r a f,aat confl¡neô later
by Kcbatrlc¡ t rc s¡6 Traa¡ howcyonr for¡nd that tlrc rcaotlon
(t t ) slao oocrups but onLy to thc extent of about 4ø of thc

total dooonBoattlon,

CE¡ç0trr

CH¡*Cf,¡

-+ Cfl¡OH + !I¡
a

CIIrcCtr + n

(lo¡
(1r )

5ho prlnary dcconposltlon of propylcno anü

ÞuÈ-Z-dtor oomBound,c oontalnlng only atJ,ylle carbon-hydrogtn

bondlgr çaa attrclledt moet rcocntly by Kebanle ancl Av¡rahan!.teo¡rer

Theec rorkens havc rhown that pnopylcn.tco d.cconpoec¿ by tJrroo

Brlnary nqaetlon¡ (te)-(ít+) anô that no nolcculan ellmlnatlon of

hgnXnogcn took plaeo. It 1s algnlfloant t¡¡at altilrougl¡ thc
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dlffsrence ln bond.

CII$H'CH¡

CHgOIT'CHI

CH¡CH'Ont

OEeCIlrOEr + H
al
CH¡ + CHTCIT¡

oYolotr,ropeno

-+

€

(8e#)

(11f,)

(o.zF)

(tz¡
( 15)

( 1l¡)

(r 5)

(16)

(r z)

ûlaeoolatlon enenglce O(C¿Hg-CU')-O(O¡IIdI) wae 16 kcal ./moLe

rcaotlon (t5) stlll ooeumaôo fhe leonenlEatlon to

Oyolopnopenc ra¡ ¡f¡nl}an to thc roen¡.a¡rgontat of but-l-oDQ

to nctlryloyct opnopsnc¡ olecrveô by Ovetenovlû. t ct

t¡o ¡xlnary noactlon¡ (tf ) and. ('t6) rcrc óso¡rjcdt !.n

ühc dcconpoaltlon of but-z-c¡C.tlt Appnoxlnatc1Y 5/7 of

tÌ¡c Þut-z-ütrc ûcomBoeodt by path (f5) an 2/7 by ¡nth (t6), and,

ùlrc n6åp¡lrgcncnt to nctlryleyoloBroBtno¡ roactlon (f7)¡

occunreê to a valy nlnor cxtcnt¡ lf Et, aLl.

OIITCH-OHCH¡

üH$II-CHOH¡

CH¡OHrOIiCIt¡

ðurctt cncn, + R
aa
tH¡ + OIIICEOH¡

ncthyleyclopropeno

+

-..+

+

The lnltlal etcp j,n ttn ¡ryrolyale of olcf,lns

contalnlng Ê etratght ehaln of at loaat four oarbon etons

(wlth thc exoeptlon of but-Z-ült¡ dtlacuEacð abwc) fa

Þellevcô to lnvolve (a) thc aclsElon of thc aIlylle oanbon-

earbon bonê wlth thc forsatlon of two naôloa1e aa fn (tA¡-(Z'i¡,
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RCH ¡0II¡CIITCH¡CH¡CIÍ3

RCH¡CH¡Otr¡OHcCIICII¡

ffilÍ¡CII¡CIIIOHCII¡CH¡

Oa
itCItçOlI¡CH¡ + GH¿CtrrOH¡

aa
RCH¿CH¿ + CH¡CHICIICIT¡

*ð*r.' * ðHocH=cHCH¿ cHJ
aa

RCH$HTCtuCHCR¡ + CII¡

-+

-+

(ta¡

(1e)

(20)

(21)

+ H (zz)

+ H (25)

+ H (2t+)

H (25,

n (26)

op (p) ülc ruBtrrnc of thc canbor¡-hyrtroe@ bcrd. Ln tho

aIlyIla Bosltf on rltùr thc fo¡lratlon of a redloal enû

a h¡drogen atoq ae !,n (ZZ)-(e6).
a

ROH¡CHÉII¡CH¡CflICH¡ -* RC'H¡CH¡CII¡CHGflTCII¡
a

ROE¡CH¡CHTPHTCH-ÜII ¡ -_+ TRTCH¡CHÇH¡CH-CH¡

'* ROH¡OH$Ií ¡OH¡CE-OHr
a

a0H¡0H¡ûILCHGI¡oH¡ ROHTCHCHTCH-GHTCE¡ +
a

- 
ROHICË¡CH.OHOHCHr +

ll¡e ùtseoelatlon cinergr of tÌÞ a1.l.yl.lc canbon-ce¡bon

borrð ln an olcfln lg at lcaat .| 5 kaal. /øola euallcr tÌran

that of aay othen sarbon-canbon Þond, ln tlü Eol€eulc, r.ü

a¡d. tihc seleelon of thls bond. shsuldl thenafora be tho

ÞrlnarSr ctcB ln the plrrol.yÊtt of thcae eonpound,so

lhe poeeible fate of thc alkyl nad,leala ln tÌp
pynolytlc neactlons haa beon nentloned tn tåe pnevloua

acctlon. [he allyllo radlcale forncô fn (eO) arü (Zl)
oøtrld fwttrer d.econpose to g!.vc butaôlene ard. an alk¡rl

nad,lcal aa ahwn ln (27) and (ee).
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___________>

oo a
fil¡Cf-OHCE¡CHs 

----+ CH¿CIf-OHCIËr + CHs (27)

(ee)

(2e)

(¡o )

(ri )

a a a a

RGIITGII¡CIffiÍICEr R0Hr + cHrcH¡BcHcHt

ftre allyrlo ra4tcale fornedl ln (19)r or (ao¡ e¡r¿ (21)t

couX.d, neaot furthc¡r by loea of allyLlc hyilEoglen aton to eÉvc

buüa61cao as ln (zg) anû aub¡tltutcû br¡taôlcnc FsÊpcctlvely¡

as ¡hc,rn l.n (fo¡ and, (¡t ),
Ò

CH¡ClllCHCffi ¡ -+
a

CH¿CH'OHCII¡CH¡ ---+

RCH¡CH¿CII.CEðH¡ --

.a
GÍ¡6II-GIIOH¡ + II
aa
CE$E CHffiCII¡ + H

oa
nffi¡CHCn CHCET + E

A alnlla.r' sftt¡atlon w111 qlat ln fi¡rttrcn neacttons of
el.I.ylle rad.lcals obtal.nod. fn (Ze¡-126). îhc noet ttkcly
roactlon to occu¡r for lnstanec wlth nad.fcal obtafncd. in (zz)

wlLl bc cltho¡r tho sclselon of a ca¡.bon-oanbon bond. aa ¡hor¡r

tn (¡a) or. of, a eanÞonrhyd.rogcn bord ae shcrm tn (5t) çfth
thc formatlon of butad,lenc ,o¡r of subatitutcd butadlenr.

Analogous reaatlon schemag na¡¡ be d.cvlaed, for bra¡rehed chal,a

olcflnsr whlch vlll neeult ln al-lcyl eubetltutoê, butad.lene¡o

t.hc Bnoaonoe of butadt!.cnc on ftc alhyl d,enlvatfvoa ln aluoat atl
pyrolytfc rcaetlor.St ll nay ro11 be d.uc to thls type of, ncaotlon,

Oq
nCIf¡CHÉH¡CnCHrú:Hr 

- 
ROIIÉHT + CH2=CltÇ[¡g¡1,

o
RCIE¡0ErOE¿CH0ILOII¡ * rcE¡CA¿CH=CHCH=ÇH, + H

[hc ¡lynolyele of Bolyenae reBreôênte an Gvc¡r EorG

conpl.er Broblcn¡ becauee ad.ôltlon and, polynenlsatlon

$z¡
$t)



5o

proccEBes oan be exBeeüÊô to coapcfs.tlo .Anomatt8atton

of buta-lrJ-dlont was lnveetlgatecl at 55Ar.¡ an¿ ZOO9C.tJ¡tcl
At thc lorcr tcsrr¡Ç¡raÈuner Eyorohexorulr oycr.oheradllcnc

ant cr aro¡netl.e oonpourd,B rot'c fornod.o .å,t trç htghan

tonparature¡ conplctc convcrelon of aeycrlc ard aU.cyqrle

con¡lonents to anonatxo conBor¡nde had occurred. and benzonor

toruenc ana polyoycllc conpoud.s wè¡',ô obeorryèd anong tÌro
pr.odlucta. Í[bc ¡roatulateô lntenmedlaüc ln tho latter
case¡ þvlnyleyeloherorrc¡ et¡ l .t gavc a pyroLyel e pattenn

almllar to tl¡at of buta-l ¡þôlcnc.
lhs tryctrocanbon bl cyelo Íz rZ rZJ oota-2 r 5 r 7-trlcnc (¡nru f ),

knogn as \anrcLcnci on ac@unt of, rte bar.nel ehapedl

cr.eatnon cload.r ttrernally d.cconpoaað, at S5oac to bar¡sGnc

and, aoctflenc.t re

2

3

6

I

4
5

7

I

(xvrr¡

&¿r EnIRgtYSIS cF Af¡EIYl,ErrEg

Ïhe p¡nrolysie oû acotylcr¡fc con¡round.e ha¡ not bccu
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cxtülslvcly lnvgatXgEtcûr but lt hag becn ahorn t'lrat

lncluolng d Bolylner'leatlon wlth aoctylcne occu¡'rcô legs

rcaôlly than lt ôldl çltl¡ cttrylcno.t c? It epBearcd fron

thc ahock wave gtuðtcs on acotylenc uslng Eats apcctnonotny

tlrat pol¡rnenleatlon tooE Blecc Ill a d,lnenr tsttt)o

pncauoably vfnyl,eoetylenor a¡rd bot¡Ìr thc û1ae¡' and. htËon

pol¡nrners aBBearod to havc neaelrcd hcgul]'lbrlr¡nË wlth

acetylane. À elrar¡r dlrop ln the concentnatlon of thcse

Bol¡rncns wae obaenvcd. at e lste¡r atagø¡ wt¡lch ra¡
eoruclateô wlth tl¡c fornatfon of canbon afton en fnôrrctlon

Perloê. I lr
The thernal lr¡rdnooraaklng Battern of acctylcnê wa!

eunveyed. by Coate and Anderaont7o ovcr the rêngc 5OO-9OOoC.

tllrsy pyrolyoed acatyLcne fon 2 to'lO nlnutee ln tbe Brcsenoc

of, d.cuterir¡n and rH¿-"eatylcnc ln tho pnegongo of hyÖrogono

Pnodlr¡ot¡ Trerc ar¡alyeed by naee spcctronatly. At

IOO-8OOoC tl¡e fonncn ¡.eactants gavc pnfnclBal.ly benzcnc¡

the latter ¡H¡-bcnzarrôr ilethana fonnatlon wae fln¡t
obecrred. at 6O0"C a¡d. becanc e Bnlnclpal reactlon at
8OOoC. In splte of the attnactlve dealgn of tJrc cxlnrlnentr

It fatlaô to eupport a satlefaetory ncohanlrn for thc

f,oroatlon of nethanc¡ or of lta Bnccurtor, the methyl rad.loalr

Oas ehnonatognaplry 1n ad.dltton to othcn tyBca of

ehronatograBhy ha¡ rcvealcd. a rloh lnttcrn of pyrolyala

proôuotr 1n a th¿rnal. d.eoonBoaltlon d acatylenc.tr
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I{ln¡tccr¡ ðlf,fencnt ompotrndn havc beon lôontlfled.

Aroaatle lrydnooanbon¡ havXng an al&yl sld.c eh¡ln
çtll ba eonaf.d,cned. ln nor¡ d.qtafl ln ChaBters , and. 5r

and thls ¡cctl"on ðcel¡ nalnly ç1th tJro l¡yno1y¡1¡ of
eonBound.a harlng no cid,e chal,n¡

llho aturplc¡t and. mo¡t !,nvcetlgutedt rcBm¡cntatl,w
of tht¡ elep¡ of conBornds le bursenco When bcnzcno ,

weo Iryrolyscô et 7ooo0tì nuch of thc lnlttal ratcr!.al
ÍaB rcoorycrcd unolrangcdl e¡¡ô thc naJor tnan¡formatfoa
prod.ucte wcrÊ blphonyl (nffff)r g-têrphcnyl (XfX),

g-tcrphenyl (xf), andl tnlphcnylenc (XXf).

(xvrrr) ( xrx) ( xx) (xxr ¡

It aocmcô certaln th¡t thc fls¡1on of, canbon-h¡rd.rogcn
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bsnd.e 1n benzcne took Blacc¡ glvlng Bhertyl rad,lcalar

çhlch thon rcectød wlüh bensene noleeul,es to gtvc

blphenyl¡ and, that furthon Bhenylatlon (and

oyclodchyd.nogcnatlon rTrere ncooarary) gavê thc othcn

oompound,s nancd.r lhc flselon of tbe benzone rlng
oecunreü to only a yct5r e¡aaII extsrto Benzcnct lt
heated, to lzOOoC tn hcltr¡n for k nlllteccond.s gsvG¡

however¡ aeetylenc a¡rd, ðlacctyrctrGr ABpanentry thc
pnlmarÌtr noaotlon rar nlng nupturo ytel,dlrrg an rrastablc

elx-canbon chaln ¡rtrich lnned.lately dllescclatcd. to
tço- eerrbon fragnente.

lfrolysfa of fugcû r'lng anonatle hydroear¡bon¡ w.tth

tro ts foun nuolcl, cithsr tn a tuïrc fillcd, vtth ¡roroalala
fragnentc hcetcd et 750'cr or eD clcctrloelly haatcü çþcr
ylcldcê tsons hfehly cond,anrcd. aycteaar Ullth

non-eubatlù.utcô lryêroea¡tona euch at naphthalenc (nrr) rr.
phenanthrcnc (mfrf )rn and, arrthraeona ()cXnr)rtt dlract
nuolsar corrdonsatlon took placc rmd,cr thacc cond.ftlong.

( xxrr ) (xxrrr) (xxrv)

on fhc other ha¡rù¡ wlth notÌryl aubstltutgd, anonatlo
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hrdtrooa¡¡bons suoh et g- and, P-neùhylaapbthalcacftu
and. aoonaphthan¡ (xXV)ruo thc noleEr¡lec wcrc Jol,acû

pnefcrrnttal ly thlougb ûhc ncÈlty} a¡d. mothylcnc gro{plo

o¡c of tho rcaetiona 1n tho Byroþalc of fluoncnr (X¡fru)t"

le ealargørcnt of tlr,o Fltrgr ylclûlng
Ir2¡Tr8dtbcatochr,¡¡rana (JOffXI) ag thc maln proôuot el
rhoça tn (51+). It ls lttscly that thc anomatlc oomBound.a

(xxv) ( xxvr )

rlth four or nor€ t{ngs tJ¡at ocour ln eoal tar pltob
ara fo¡md from lore¡r a¡omatls oompounda by p¡rrolytte

cond.ongatlon dr:¡l.trrg ookLng.t z2

H 3t+)

( xxvrr )
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II{ HRoLYqIC REACTT0}IE

fhe Byro\rgle of, hyünocanbonc at clcvatcd

tenpcraturca le known to pnocccð tlrnough a vanlaty

of, chaln nechanlEmo.l tt .â,t tenpc¡aturcs bclow ToooC

klnetle ôaÈa and tlrc analysla of the ¡rnocluetgr whcn tbc

hcetcê ggsos rerc paescô grsr nctalllo nlrnora¡ hnvo

lrtdlcatcd, thst ths pntnany ctr,ala oar¡rie¡ro ar6

CaEra+¡ rad,lGal,e and, t¡¡rd,nogen atonef 7a and, othcr

rad,t cel, cannlcrs havc bccn lclentlfleil ln na6a

apcetronctnlc etud.lcgo At nuch highen tenpenaturolt

cepeol-ally above Z2OOoC¡ ahoek tubo etud,les lnôteatc

that a lange vant aty of rad.loale le f nvolved,. Inðced.

at ,zOOsCr a aonsld.enabla peroentegc of tha natorlal

¡lneeent ls ln the fort of nol-eculan fnagmenter

Spectnophotonetnle studlEe have dcnonetrated the

occuruencs of G¿, and C¡ unltr. Raplilly oanpledl n86t

apcctna of acotylcnc suþJcotcd. to shock Íaves shwed thc

presence of fnagmente as hlgh as CcHr along wlth a hogt of

lowen mol,eculan epecles.t t9

Sevenal T¡ypotheoes have beon auggesteð to account

fon the fo¡'rnatlon of Bolycyello hyilrocarbons at hlgh

tonpeneturoe taktng lnto aocount theec ty¡ree of ehaln

propagatlon steBa.
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(r) .- Bertt¡a1o¡t ?c

pnopoaod, that thc pyrolyrað hyclnooarbqr was ftngt
üoeompoecð to acetylcnr and, that dlffonent polycycllc

h¡rdnocanbons wolc fonnod by polV¡rcrlsatlon of those

tro-oanbon u¡rltse lctgr a slnllan v1æ wa¡ hcldl

Èy Orol.lt' 7l r¡o crrggo¡tcd. that the pnlnary fntcrneðlatc

fnom which all thc hlghcn hyðrocanbons wetrG f,omed. uag

thc dlrad.leal of, aectylcneo lilonc raecntly thta concaX¡t

has fowrd' auppont fnon Boruret and Neukomln¡ I tt ¡rd Falk

and. Stalnerrfl ALthoqt¡ thts ffirothesls ls illfflcult
to d,loprovG¡ lt hae been shffiTr on many occaelsnÃr r.
that lqrClnogenr nethaner and ethylene are thc naln produotr

of Byrolytlc d.eeom¡rosltlon, wheneag the Breeoneo of
acotylene waa roported. ln veqy fer caeesct 7t In tlhc

Ilght of facte hrown to ðate there seeno to be no nced,

to poetulaüe acetylenc ae the excl,uelvG precurleor of

¡tolycyellc Ìryörooanbon¡ although exact detalle of thelr
formatlon ane stl1l r¡¡¡known. .AE the ad.dltlon to rn
olef,lnlc llnkage BnoeeoüB Eorê rapldtly thag ad.ûltlon to

an aectylenle bondr t 17 
"ütylenc¡ 

whlah te fr¡usð ln
lange amor:nte ln all pyrolyecart ta ãeems to be a nors

roato¡rab1e fnterned,latc .

(Þ,) @.- ttr6 auggcatlon that CHa anð

CH fraguente Borye as pnGoul¡EoFã of polycyclle lqrdnooa¡ton¡

ras put forr¡¡d, by Bonc and Consr{.t3o



- t7

(a) .- The concept that butaôtenc

on alkylatedt butad.lenês s,rc the Brceuraom of thc¡uel
anonatl¡aü1on wee ba¡cd on Staud,lngcrra obecrvatle¡¡t tl
that butaûlcnc rhcn pynolyacdl at 8oo"C ylçldcd, e

tar cont'alnlng 50É bcnqGrcr r¡nß. 25fi na¡¡hthalcnco

.Tonc¡f ft and. nonÐ nccently ì¡fclgÞar¡nlot 3e110çcdl tlrl.¡ loadr

etneael.rrg tho lôea that conJugato r¡nseturatlon ret a

nceeBÐan¡¡ factor ln the formaüIon of anonatlc þd,nooarbonc

at hlgh tenBenatuneo. Acoord.lng to WeLsmann, polycycllc
hydnocarÈons weûr fonoed, by a senlea of Dlele-Al.ðc¡r

adðltlons lnvo1vlng both olcflne and. butad.leneao

Thus phenanthrcne (:qfff ) and anthracene (XXIV) wor¡lû

be fomcd. by an acld.ltlon of buta-1rJ-dLene (:OCVI f f )

to nephthalcnc (lOtII ) r whereae tntphcrrylenc (XfX),

CïT,GCII-CHICHs

(xxvrrr)

chryeone (xr ) r 5r4-benzoBhenanthrcne (rcux) ¡ anð

1t?-þenzanthnaeeno (Vf f ) ty eond,enaatlon of Èuteülenc

vlth ¡rhenanthrorle¡ X'untheruorcr Welz¡rarur has

sreggested. that pyrcno (¡oCX) waa formed etther by

dtmcrleatlon of etynene (¡OOCI), on tatramenlsatlon

of buta-1 r5-d.lene. t t t
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(xxrx) ( xxx) (xxxr )

Ehcnc anc Ecvenal obJeotlona to thla ncchanlano

Tbe dletnlbutlon of the Bnod,ucts ehould. Þe govenned, by

the ¡relatlvc activlty of the carton-carþon d.oublc bond.s

ln the subatrato. On the baale of the above theorÌy

tho ytelde of tniphenyleno ehould be langer than thoeo of

elther ehryEenc ¡ 1 tZ-bonsanthraccncr o¡r J¡\-benzopherranthrene¡

ch¡Tr¡enc and 1;2-banaan"ohnacenê årcr horreven¡ pnoduecdl Ln

Langcr anor¡ntc than trlphorlylGne. I 04 The fonmatlon of,

'l ¡2-bensopyrenor firnthefnoFor ehould. be Bnefenred, to that

of 5r4-bensoX,yrontt hotevcn¡ the roverat wee for¡¡rd.t tt

I'Iaphthalcne ehould, alwaya þc formcð 1n langcn anor¡nt¡ th¡n

Dhon¡nthrono¡ hoscvcnr tlrc pynolyele of pnopylþæzenc, oc

and othylbenzsnclo y1clôcô noro phenanthreneo In
adtôlt1on, only a euall amor¡nt of Bynen€ was obtalncd. ln
thc pynolyels of etynerrortf Enð a ðlffencnt neahanfan nuetr

thcreforcr opcnatc.

Although buta-1 ¡J-d'lcnc le fon¡od. from almost all
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ty¡res of hydnocarbone urÉ,en pynolytle condlttqnst e' the

nelative actlvatlon energlee for the dlene adðltlon

(gg. 28 ksal.) and for nedlcal ad,d.ltlon (gS. 2.þ kcal.)lrt
would. euggeet that the reeynthesl e proceeöe by nad.leal

rathen than noleculan cond,enEatl.on.

Tbc Byrolysla of a nlxtune of Bynons and

buta-1r5-d.lenett anð a nlrture of, naphthalenc and.

butadlenetÚÜ ftrrnlsbed adôttlonal evld.enoe for tho neLatfve

unlnpontancc of the d.lcne noactlon elnce the ytelcls of

benz<.rpyrenes and. phenanthnene ehowed. on]-y an lnelgrtlf,lcant

lncrease over tÏrose obtalned. ln the pyr"olyeê9 of purc

pnod.uets. .

(¿) .-

In tl¿1e concept¡rcz rp¡1"h has not galned. wld.e acceptaneer

lt was propoeed. that thernal abetnactlon of hydrogen frou

allene (no<ff )r a prod,uct obtalned. by ilzwa¡rct8c 1n tbe

Bynolyels of pnoBylena at 686-872oC¡ and 1ow pFeBEünGB¡

yleldeê. the neeonance steblllecd. propaôIer¡yl nad.leal (:Omff)

aE ehow:l ln (¡l) ' It wna euggeateô, that 1t2 shtft of,

a
CII¡-C=CII¡ '-¡> CH=C=CH2 flT=c-cH¿ + II (¡l)a

€'

(xxxrr) ( xxxr.il)

hyd.nogen occured at hlgh tenperatureE¡ yleldlng the

fnagment (ruCffV) whleh ls both a fnee radical and a carbene
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t+o

noicty. rts d.lmørleatfon ahoulô glve nlae ts benzenÊ¡

o o
CH-CHIçCII I :61-CH-ùII

( xxxrv)

8r7 !V0_RKING HFott¡EsIs

It was lnltlaIly aolumeô by Bad,ger. that
polycyslLe hydroca¡rbona torê fonmed. by a ate¡nwlac
pyntheels fnon tço-oanbon f,ragmcnte. cnaeklngr ylth thc
f,onnatlon of fncc r.ad,loals und.engolng ternlnation racttonc

wlth othen rad.lcals or proBagatlon neactlone with neutnal
molecuJ.ee¡ dehyilnogenatÍon¡ and. cyalod,etgrdnogenatLon wene

ooneldened. to be the noet lmportant reactlone. A eenfee

of euch reactlons would, be lnvolved. ln the forrnatlon of

Jrl¡-bencopynene aE ahown ln trtlgunø Z.1o The d.ctalls of
the convenslon and, the d.egnee of hyilroger¡atf.on of t}rc
lntcnned.latee rene not epeclfled.¡ but lt wae consld.ercü thst
reasonable lnterrned.lates rould, be ettrylenê on aeetylcno f on (Xxlff),

buta-1rJ-<11cnc or vlnyleoctylcnc f,on (pofVf ), etynencr

cttrylbcnsonc or l+-vlnytcyelohcxe¡rc fon (¡OfXUff ),
l-Bhonylbuta-l ¡]-d,lcno, n-butyibcnsenc or tetnalln for
(:oCfVff f ) an¿ (ruOcfX), and. l-l+t-phorrylbutylnaphthatene o!

5r4t -Bhenylbutyltetralln fon (¡O) .
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The Bantlelpatlon of an lnùerncdtlatc auoh

aB (no(Ix) ln thc foruatfon of 5r[-bonzopyrcno tas

cup¡ronted by thc faat thst vhen tetnalln çe¡ trcatcd,

wlth alr¡¡nlnlun chlonidc tt g¡vc a eomplc¡ ¡¡lxtu¡lc

knoçn ae nSohncctcn tlrrn rhleh þqcrac carelnogcnle

aftcr belng hcatd¡ anð ra¡ ¡horn to eontaln

5r4-þcnsopf,rcrrcef' 8lnqc 6rh'-phen¡rlbutyltatraltn
çaE a nalor conctltucnt of thc nlr!1¡r¡rtll a@c

Ur4r-phcnylbutyltctnattn (F,) oor¡ld. al.¡o h¡yË bccn

fon¡cd,r and. 1t¡ ab¡enec nlght have bccn dluc to lts
na¡rld oonvcrslon to 5r4-bc¡UoDy¡tenGr rhlch wae acÈually

tgolatcû. $lnLlanly lrl+t-phcnylbutylnaphthelanr¡

bclonglrg to thc saüc group of lntc¡ucðfatec (fL)t
hat bcca ¡hown to givc 5rl+-bcr¡¡opyrü¡c on pyrolyÉltort

Pyroly¡l¡ of eectylencrlt butl-1 r5-d.i.oactor

r ty¡.cnc r l' ottrylb cn!ônc ¡ o o 4-vlr\ylcyal ohorènö ¡' I

n-butylbcrrgcBc¡ oe n-d,soanö (Cfraptcr l+) ¡

I -phcr¡vlbuta-1 ¡ J-d,tcnc, t¡ n¡phthslcnce tt an¿ totrallnr'
hevc becn ¡hwn to ylcld. 5r4-bcnEopltûcn6o Moreoycr¡

other omBounde (tolucnc, cs n-propylbenaðrrr¡te fnd,onÇrt'

and, 2r2rh-tntncthylpantanctr)¡ rhlch arc not d.lncct

lntcrncdlatcc ln the schrnc (nUrf) . (I)r h¡yc bccn forrnô

to glvc Eono J¡þ-bcnãopyrGnc on r¡yrolvtlso
Ttte thlrd atep ln the hypothsslc ras ftrrther

aupported by the fact tllat the yleldle of Jr\-¡cûEoptrrcnc¡
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obtalncdl ln thc pynolyses of slnple al$lborr!ên69r

Írro folrrd to rlcc¡reaec ln the followLng o¡.d,cn¡

n-butylbenzcnc (mfg,Iff )¡ r-pFopSlbs¡scnçr cestly

eonyerted to (¡oqV¡rf )¡ ettrylbensono (ponrf¡)¡, a¡rô

toluenc¡ whleh gavc only q ncg1lglble anor¡nt of

3rl+-ÞcnaopfFon6r

[he poasfl¡11lty of thc f,o¡natlon of,

5rl+-bcnøopynêrne by rcaetlon cf a O¡ unlt (nuoh aa

etlrp'lonc) çfth chryeenc on T t2-benzartthnace¡ro has bccn

dfscardcd, on thc baale of the fact that tJre pynolyeig

of lndteneret fon oxamBlø¡ gaye onþ a snall anor¡¡¡t of

5r4-bonropyrGn6r althorrgÈ tÀe y!.clða of chnya"n6 roar
hlgbr anü ctl¡vlcnc rE¡ l,rGscnt ln tha e¡Ít garelo

Convenccly¡ lt apl¡carcô¡ from the carly cxçÌcnlnental

evld.cneer that e ¡pcactton lnvolyfng e Ot urrlt (cuoh ar

but'a-1rJ-d.lcnc) anO e pyrônc prcsuraor nt.ght Þc en lnportant
atcp tn thc fonnetlon of 5rl+-bGnzoX)yrcñc¡ ln adld.ltlon to
that Frpreãcntcd. by ()ffiT) .) (f ). The ratlo of DVr6¡¡
to 5rl+-benzoByrcnc ra¡ fq¡nd, to bc lm fon tetraltnot anrd,

lnd,enet' tan¡ but, nelatlvely hfgtr for ¡roet of thc othcr

con¡round.e ,sxarnlned.. Thle was "oeat ex¡lLalnod by aeeuuingr

that hoth mechantms opcnate to a vanying d.egnco¡ del¡cnd,lng

on the nqËuns of thc conpounð pynolyeed..

Dlmerleatlon of buta-1 r5-dlonc ls known to ylclð
l+-vlnylcyoLohexencr I e o 

"tt¿ 
two vir¡ylcyelohereno nadlcal¡



ö

"€

¡ l+tå

(xr,¡l æ-ut"ü, ærc r hyüropyrut (Ë.II) o hhydtro¡ü¡tfeü
of (n¡¡) îûrlt Évo pyrcrÐ (xæt)t en ¡adtttoa oû ¡bÊtbrn
notcæl¡ of butrrirÞå!ær to (xt¡¡) toltercdl by

lrüyére¡ærtü.on rßtÄ gtvo tlt+-þerEDyrmt (l).

( xlr) (xlrr) ( xxx)

(r)
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CHAPTEN r

TflE ryRo¡.ysrg q¡¡' [¡-l 46 lnern¡r.,t¡t

T.I IIMRODUCTTOTIT

A d.ctatlcd, analJrels of tho tar obtatneû fron tho

py¡rolyet¡ of totraLln at TOOoC hns alrcady becn ncponted.¡tc

ard eattafaotony ncohanlane for thc fonnatlon of tha

varÍoug Dolyeyclle eronatlc lrydnooarton¡ have been ouggcsteðo

Thc¡c ncohanf.ene hava bccn tasedl on the neaeti.ons of Brfnany
naülcal¡ çhlch would forn sn eeleaton of the woakest

oarbo¡rcanbon on canbon-hydrggen bo¡rd.c ln tctrarlnr d,Dd. on

tha nelatlvo ¡ratlo of ylelds of the ctlfïez'ent Bnoduota.

In poetulatlng guch mechanlB¡Ba aecount has also been taken

of, tha rclatlve amounta of a polycycllc com¡rour¡d. fornect by

thc pynolysle of ôlffcrent tnte¡med.latec.lot Roesonåble

rncchanlsn¡ havç þecn pnopoecd fon the format,lon of nargr of

fhc eonpou¡rd.¡ whlch h¡vo bccn lúcntlfloôr but for of thcsc

nochanlgnc oan bG sald. to bc ftnml"y cstabllEheô. To

pnovlüc a flnncr baet¡ for theee etud.leer [1-llO]tetrelln
ba¡ becn Bynolyscû.

[1-lrCJtctralln nåË prcBaned. by cyclleatton of

[aa¡boxq-'t tCh¡nerrylbutynle aeld.¡ followcd. by neductlon of
thÇ [l-trg]teÈralona. Thc labc1l.ed. tetralln waa pyrolyeedl

ao pnevioushr descrlbodr¡o strd, Èhc resulting tar aopanatd
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lnto ftc oonstltuenta by n oonblr¡atlon of d!.atlIlat1oar

ohromatography on al.unlnar partltlon et¡nomatognaphy on

partlally acetylated, celLuloee anô gac-llguld

chnomatography.

5r2 RESULTS AND ÐISCUSSTON

fwenty-onc compounde or theln derlvatlves werc

leolated fnon the tar ln eufflclent quantfty and purlty
for rad.loehemical anaLyelo. Ths activltle6 were calculateû

ae relatlve mo1ar. actlvLttea whlch are llneanly pnoporblonal

to ths nunber of labcIled, carbon atome per nolecule.le¡

'Ihe neeults are sunmarlsed. ln Table 3.10 r','hlctr llste all
thc conpor¡nd.s leoJ.atsd. together with the nrrnbon of labelled

canbon atone found.¡ Other connBound,s fonmed. ln thle
pynolyeleet couldl not Þe leolatect fn eufftcient anount¡ or

ln Eultable purlty¡ fon radlocheml.cal analysis.

By analory wlth othen conpound.s for whieh

OetenmlnatlonE arc avallabLe (tatte 3.2)r lt seeu¡E ].lkely

th^at the vaLuee of the Ölseoelatlon enengles (tn rcat.,/mote)

fo¡r thc sarbon-carbon and. carbon-Iqrd.nogen bonde tn tetnalln
(UXfx) arc epp¡roxl.nately cqual to the flgunes glven ln the

d.lagran ()t,fft). Sinca thc 1t2- and 5rh-bond,s ln totralln
are at 1eaet 15 kcal,/noLd weake¡o than normal allBhatlc
carbor¡-carbgn bondgr 'o¡ thc seloglon of' ano of thcec bond.E

ehould þe the flrst etcp of the pynoJ-yele. Thle would
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Ilblc , 
r.1

ITUENTg OF

Gonpound.

Aeonaphthenc

Anthraeano

I ¡2-BenzenthnEc¡na

Bsnzcao

5 r [-Benzsf Luoranthenc

I Ol I I -Bensofluoranthono

I t r { 2-Benzofluonanthcn¡

2t}-A¿ttzof,luoncn¡

5 r lr-Bsnz ophonanthrenc

! ¡l¡-BcnøoXrynaac

I II t-BlnaphtÌ\yl

2o?r -tslnaphttryl

0hryaanc

Etþlenc
Indsno

lTaphühalenc

Peryl.cnc

Pbc¡anthrunc

2-PhcnylnaphthnLcno

Styrsnc

Tolucnc

tsY TYROLY$Tg OF -l 1ç RALIl{

L¿Þcllod C Atona

1,15

o,84

1 .61

o.o1

1¡76

1.gk

1.94

1.46f 1.52

I .44

1,'96

?rOJ

2r0h

1.67

0û7

o.70

I oOO

1.91

O.8l+, o.74

O.95

o.56

o.52
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fhbl.r t.2

n-Er EO}TD DISSæIATJON ENEK} OF

Mcühoå¡ r¡¡rût cr PYrol;Yslr
p olcatron lnPeot

? Irhotobronlnatlsn
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li

ttc

tlo

87

57,5

IrO

tol

tro

88

65

59

Gr

tto

too

Ito

,to

91

97.5

62

58

¡

tr¡
tt0

laa

Ito

8g

9l

6,

5ð

It!

I aart eE

tüa

la,

ttt

ltl

la2

Tl.5

77

88.1

85

V+

E

e

p

r
C

g

crEr

C¡H¡OH¡-

ÈCB¡OÉrolir

e(,
ßú
Ê
ü
${o
È

p(n-Rt )

korl.r/nolo
do
+,
4r

3
Ë
Êo
${
g

o(n-nt )

koal./uroIc
E
+t
o
E

o(¡
Éô
ho

C'{!t
ç4

u(n-nr )

kaal,.,/nolc
E
Ë
{J
o
:r

c
g
G
h
oq{
o
>{

o(pnr )

keal.r/nolo
g
Ê
+r
o

oI
Èto
L
o
S.üü

¡(n-nt )

Leal../nole
I
Ê{¡
3T

rnCafllroürorFrGH¡Rr HR
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rcarrLt ln a ôj-naûlc¡l (}tllfV) whogc fr¡rthcr ncectlone coulô

ø6

so oo

(xxxrx) (xlrrr)

be lnfcnred. fnon thc pnoductã. Thc dtl¡'edllcal coulè

d"ootpoge 1n two conpetctivo araya to glvo dfnadlcEle (ruV)

ar¡d (}&Vf) a¡ Ehown ln (t6) anö (lZ). Gordon and g¡¡1X¡rot

havc ehowlr that h5rclrocanbon fnea radieal.e w!,th e genCnal
o

structurc RCffCH¡Cts¡Rt ¡ rrherc R¡ Rr ano alkyJ. g!ìoupÊ or

hydnogcn atoner n111 cllninatc a moleeule of lrydnogcn at

a ratc conBetctlvc wlth thc breaking of a cenbon-canbon bofd..

n¡
o

aO
a

...............* CH2=CH2 +
a

(xlrv) (xt v)

-+
H2+

(xr,rv) (xlvr )

(:6)

a at

The dlnad.lcaL (ruVf ) fa Fêsonanoe etabJ.ilecd at oach ond

3t)
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arrd tte spatlal, oorrf,lgunatlon çould, favou^r cyellsatlon

elnce bottr nethylenê SrouBs are ver¡r eloeo to each othor.

[he 1,2-iltrhydronaphthaleræ (lovrrr) tnus obtalnod would,

dËhydlrogenåtc undcn the c4lonlmcntal eondltlong to glvc

naphttralenc (Xxrf ) .

Thc gano produota couldl aLso be obtatned by a

dlfferant nechanLam. llhe lose of a benøyllc Ì¡yd.rogcn

aton fnon tetnalln by (58) Bhould' bc an ond'othenmlp

H+ (ra ¡

(xxxrx) (xlvrr)

r,eactlon regulrlng about 85 kcaL. /mole. The þorrdl

dlesoclatlon energy of tbc carborrhyd.nogon þond. adJacênt

to the free radtcal posftlon |n ()ÛVII) fs vory nuch lowèrr

belng appnoxlnaÈely 37 lccal ./moLc¡åoa sn¿ the for"matlon of

tr2-ôtrrydrona¡rhtl:.a1enc (X¡,vf ff ) by (lg) woul'd' occur mueh

none readily than the or!.glnal canbon-l¡rcLrogen flsalon (59).

o

a

H+

(xrvrr) (xlvr r r )

fhe hydrogetr atom could act ae a chaln canr'len (4O) r snfl

3g)
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thc ovcra3.L procees wou].d, pnobabþ rcquinc loao snerry thsn

thq unfnsleculan d.econposltlon of tetralln¡ d.lEeugacd abovco

AlthotUh both thc¡e nreeh¡niens sro ln accor.ril wtth the

acttvftdf fou¡d. for naphthalene - tlrÇ naln product of thc

Byr.olyelc - the eccond. nod,c of formatlon 6eeme to bo

pneferred. on theonetlcal ground.a. Ehat

'l r2-d.tbyd.nonaphthalene ls a¡r lnterrued.lato ln the fo¡.natlon of

thlc conpound. 1a eupl¡ortcd by thc ¡.ecent work of, Wflahlrarroc

a

+H -+ + H2 (4o)

(xxxrx) (xlvrr )

who pyr.olyseô tetnalln at 6þO" and 7O0oC r.rnd.en alfehtL$
rnlLden cond.ltlone. Thue ln hle ex¡renl.mentsr tetralln reo

recovered tn 4.1+íí yleLdl wheneas und,er our cond,ftlor¡.s only

1rl¡f,5 of the etartlng natcrlal wae fo'urrd..cc fn hls
pynolyelg a fnactlon whlch oncr.g€d ellghtly befone

naphihalene 1n a gae-l1guld chnoroatogrsts garre a peak whteh

cou1d, not bo clearly sepanatod. fron that of naphttralencr

and. thenefone souLd. not ba d.lroei;Iy ld.entifled. Howeyon¡

lte poeftfon ln the gae ehnomatogpamr and tho fact that tt
wae formed fn gneaton anount when tetnalln wae pyrôoL.-¡ned at
65O"Çr str.ongly euggeetedl that lt vas 1n faet

1, 2-dthyd nonaphthalene. ao t
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A¡ erpcctdr thc naphthalenc leo1atoô ln our

ex¡lerfments was founô to havc nad,loestlvlty aonnespond.lng

to onc Labelled canbon atom.

The pyrolyele of tetnallnto ylel.ðB lrul'-t 1¡2t',
anð 2r2f -blnaphtrryla and tha pyroþeia of naBhthalero h¡E

been neBortod" to glve the sånc compoundsr7l euggeetlng that

they nay be fonned by a elnllar nreohanlsm. Furthen

eeieelon of a earÞon-lrydrogen bond. ln ()t.Vff ) ruould gfve a¡r

g- or 4i-naphtl\yl r.ad,lcal and.¡ Ba prrevlouely poetuLated.¡Et¡t¡t

conblr¡atlon of theee rad.lcal.a ln the thnee posslble waya

would. leact to f 11r-þlnaphtlr.vl (:CLfx) t 1o?f -bfnaphthyl (L)t

anÅ, 2¡2t-blnaphtt\yl (tI). Subacguenù cyclodelrydrogcnatlon

would. glve penylene (r,ff )r lOrl1-benzofluonanthene (vf )t
anô 11rl2-benzofluonanthene (r,rff ) (gfguro !.1).

Iù waa for¡¡rd. er¡lenlnentally that I 11' -blrra¡¡hùtrylr

2 t2' -blnaBhttrvlr perylener l0rl 1-benzofluonanthene and.

{ I rl2-benzofluorant}¡ene all hsð aetlvlty equl.val,entr withln

ex¡renlmentql €Frorr ts üwo 1eþeüed canbon ato¡ns. 'Iheae

¡esultE thoncfo¡ra cupport thc naphthyl ¡adical tgrpothesla¡

and. the nodc of formatloa of tbcsc Ïgrd.roca¡.þons seeng to be

bsyond d.ls¡rutco

[he onen$r of aottvetlon for thc bneaklng of an

allphatlc carbo¡t-canbon bond. whore an ol-eflnlc bond ls
el,multaneouely formed haE been nhown to ba about

35 kcal¡/ra,oLe.zoa lhu¡ thc nadlcal (lovlr) oan d.cconBoec

ln two waye repnoaented, elthor by cquatton (lg) or (4t¡.
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[hc raaulttng naülort (tW) oan laogcrløe Þy lntran¡dlea1

ebctnctlon to gtry3 e nür rtðloal (I.-) as shoçn !.a (t+e).

Thl¡ naêloel 1l also atrblllacð by rêBonance and ac shørn

a

(xlvrr)

+

(lrv)

(¿rt )

(l+z )

(t+t)

t

a

(lrv) (t v¡ (lvr)

ln (tr¡)r lte othen canonleal form (f,vr) *ay loec a nettryl,

ned.lcal to glvc (f.,Vff ) vf*ofr oor¡ld. bc an lnportant

'......+

'* CHs +

€

<+

a

a

a

(lvr ) (lvr r ) (lvrrr)

lntorned,late ln thc fonratton of lndlcnc¡ ch¡Treoncr

1 rZ-bensanthr.acenar 5rh-bcnso¡rherunthrener anô I t2-¡ 2s3-t

arrdt 5rh-bensofluorcnot t,f thc ntsonåncc fo¡s¡ (f,Vfft) fs
lnportantr Thc loe¡ of attLylcnc fron (t:V) roulô gtrra

anothen algnlflaant fntcrncdlEte (f,fx) es shotrr ln (l¡4).
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a
---.>

( lrv) (t,rx)

By a elmf.la.n proccalr tlre dl¡aä,fcal (]0,IV) ean

Bncaunably leoncnlac by lntranadllaal abatnaetton to gtvc

r.ad,J.oals (LX) and (r,xf) tv eguatfone (t+¡) andt (l+6). Thl

a

i+

+ cH2=cH2 (44)

(l+¡)
a

o

( xlrv) (r,x)

a

+ (46)
a

(xlrv) (lxr )

dlLraôloal (rx), e1¡o stablll¡oê by FotsonåDcc ln caeh bansylfo

Irocltlonr saù' logc a nctÏryl naèlca1 to gtve (¡,'xil ) ty
cquatlon (47), a¡ö thc dlradlloa]. (f,xf ) oouldl lose a molecuLe

of propyreno to glve (r.,xrrr) tv cguetlon (hB).

a

a
a

a

+ CHs

(rx)

a

--+

(lxr r )

(¿+z)
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c

+ CHSCH=CH2 (48 )

(lxrv)

(urv)

+

+

+

(t xv¡

(lrx)

o o

(lxr ) (rxrrr)

In a slmller ¡liyr Eclselon of th6 cEtÞon-oarbon bond,

lolntrU thc E-carbon aton çLth thc bcnacnc nuclct¡¡ suat ooour

at LCast to eotac axtant to cxplcln sonc of thc erçlanlnental

nae¿Itg. thc dlfuad.laal fo!!Ecd. (lXfV) roulå qnd"ergo

fnagincntatlon of tho allBh¡tlc ohaln ln vanfous üayË to glva

the lntennedlate¡ (rrx) and (txtl-l,twII) by cquattons (49)-(5!).

FigUne 5,2 s¡r¡narlecs all thc poeslblo Bathwayg lgaûlng üo

aa
o

aa
a

a

+ cIIs (l+g)

a

aa

+ cHsCHa ( ¡o )

a

(lxrv)

..+

(lxvr )

+ aH2ç,QH2 (ft ¡







a

r(

r¡lr)ctr(

; 1*C]

t 1*Cl

o
t

I

)
I

/r

r(

ße)
,l ].*C l

(+z) $z¡

)g.,IV) , t(lnv) roc l
\JI
\o

(t-r

I

)

-cH2cH2

(+e)

GH"CH=CH,

CHs

[o.5oc ]

CHsCH=CHe

[0.5*c ]

a .a

(+g)
ü

[o*c ]

-cH"

[o*c ]

CHsCH2

[(uv) ¡ rocl [0.5+c ]

QI) (t+)
\

cH 2cH 2

[o.5oc ]

$Ð (n¡
t\

CH5CIlCil-ÇHz CHzCHz
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of, otÌryLbsBZêDGr ThLs routË would. Lcaû to

Srlr*benzofluonanthcnc havfng 2.0 LabeLlcdl atmg. Tb6

resr¡Ite oan agaLn bc acçoünodatcô lf lt fs as¡unsdl that

both neahanlenË eporatc¡ ths latten prod.ornlnatt ngr

o

oa

(c) (v)

Thc fonnatfon of ]r4-benzoilyrenc (f ) fron two Oc-C.

unJ.ts (cf ) hae aleo been poetulated,rt' and, coneld.onablc

eyldence le nsw avallabls conoernlng thc lnportanoc of thie

pFocear 1n tho pynol,ysta of aln¡ller ltydlrocarÞon¡r

J¡l¡-BenøopyronG f,orucil by sush a neçhanlsm wou],d havo an

actJ.vt ty of 2.O labcllaô cErbon atomg. ActualLy, tho

pr.oducù leol,ateû wäc ror¡nê Èo havc 1.96 laþe1lod, atone so

that the euggo¡ted nechsnlsn nusù pnovlðc tha naln noute to

thls hyôrocarþon.

a

(cr) (r)
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Iha observôô actlvlty ooul.d aleo bc expl*lnadl by

asar¡¡alng thaù thc fonuation of, 5r4-bengollyrene (l) takea

plaeo Èy an atüack of (tlilIl ) on a irensyl rad,i.sal on l
Dhenalor¡yl. (pentna¡rhthcrryl) naûlcal (cr¡) ¡ followcd by

eyelodtel¡yd.rogenatloa. Both benzyl arid BorlnaBhthenyl

nad.leale wena shovn to bc fornsdl dlunlng thc pyroLyels of

hycl¡:ocarùongr tt t anÄ thcþ aDDarønt etaþlllty ¡¡ay bc aaother

(crr) (r)

elgnifi.cant faetor ln an ilaosment of thclr lnpontanEc ls
tho foruetloa of 3t4-benrropyncncr
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CHAPîER h

THE HTROLYSIS OF n-DECANE

lr.l INTROQUC1'I9N

The onlginal fupotheaie Bropoeed fon thc for"matlon

of the canclnogen 5rl+-bengopyrcno (f) ln pynolytto reaetlone

euggeatcû that thfe þdrocanbon ¡¡leht be fonned by a

stepwloo eynthoslE f,nom a tro-ca¡þon unlt eueh as ethyleno

or acotylenc (crraptcr 2¡ pagc hl). It also aLlowcô fon

thc poeg1b1llty that conplex tgrdrocanbone needl not

nocearartly bneatc dosn to tço-aa¡rbon fnag¡ncnta bafone

nseyntheele¡ andt that thc C e-At u¡lta ncqulneð for the

foruatton of 5rl{.-benEopyrcnó aou]'ü arlsc by cyclleatlon of

a O16 þd.rocarbon gueh a¡ ¡rd.ccan6 o! fro¡n a hlghcn

hyd.¡rocarboa auch et dlcgtylr bV oraeklng followcù by

cyolleatlon. Thc pynolyola of n-ðecanc oven a chnomla-

alumlna catalysttl t gaye bsnzenc¡ toluene¡ ett¡ylbenz€nor

g-xylenc¡ pnopylbenEcrrG¡ butylbensenc encl naphthalenc¡ and.

5rh-bongopy¡renc rae forned. ln tJre Xrynolyela of dtcetVlrfo

and of ühe waxy Barafflne for:rrd fn tobacoo leaf.?o Bhc

X¡reecnt pyrolyals wag canrled, out to eetabLteh to what

extent canelnogenle lgrdrocanbone arc fonmed. at high

tenpenatllrss fnom a etrat ght ohaln alkaner such at n-d.ccâner
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âIk-l-GncB¡ and Xt ls thenef,orc not sul?nlalng that

propylene and. but-l-Gne have bcon lôentlfloô ln the exlt
gBBCBo ftrc d,ceonpoaltlon of ctþIr ProPVlr qnÄ butyl

rad.lcalg forucd as pnlnÊ¡ry fls¡lon Brodlrctgr or 8Ë ssgonôary

prod,ucts on decomBoeltlon of lsoßêrlEed, radloale¡ Bhot¡ld,

furthcr Lncreaac ùÌ¡e conaentratfonc of, sttrylonc¡ proBylene

arË. but-1-ene.

Bensene ls kno,ffir to þo fonmc<l by the pyro1yetg of

ct\ylene or arotylanc¡d'rE27 a¡r6, sons of thc ben¡enc for¡¡d,

ln tbe f,rÇselrt pynolyelE soulô be fonned. tn thls waf,r Aa

shown abovcr thg coneentratto¡rs of pnoBylena and. but-1-cnÊ

ln tbc reaotfon Eone rould, be cr¡reoteô to Þa htgh arrð the

Eoot of tho benaonc (f":r¡rr), toluenc (crrr) anô g-xylonc

(cry) could. woll anlsc fron thsa; pnoducts by neaatlonE

Bhoçn ln aqrratlong (66)-(68). lhoeo rcaotfone aould alEo

ascount for the Xtrc¡ôncô of cyal.ohGrßno¡ f,ormgd. on

lgranogan¿tlon of (cV) ¡ ìut thcy eennot erçlaln thc pncconcc

()
o

->

---ì-

a
--_.+

.-.->.

(lxvrr¡

(66

(.b /

(cv)

a

a a

(crrr)
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d,eecrlbedto and the nosul,tlng tar acpanateô lnto lta

CHO

* OH 0lr

( cxxvr r ) (cxxvr r r) (cxxrx)

or

tt,

(cxxx) (cxxxr)

oongtltucat¡ ustng gaFltqtrlô ehronatography anö

ohnæatogra lry on alr¡mi.n¡ and ou aoetyl.aùcd ccllt¡loaco

6.2 AESULI$ AI''ID DISCUSSION

On trcctncnt of thc tarr etghtcan aonpound.r or thctr
dælv¡Èlvc¡ tc¡o l¡ol¡tcô ln ¡trfflelcnt $nntf ty ¡nd, puntty

for nadlloahcmical analyals. Tho aotlvltles trGr'c oal.oulatcê

aB nelativo nolan activlt!.ca¡ çhleh enc llno¡rly propontlona

to tt¡c nunber of labcJ-lcd oar¡bon eton¡ ¡nr molaculc. t Dt

fbc negult¡ arc ür@tnlscû 1n [ab].o 5.1r vhlch l1¡te all thc

conpound,s lsolatcdr together vfth the n¡nben of aetlvo

ennbon ato¡¡ forrrd,¡ It alao ltsts tho nunbcn of Labellcd

aanbon atou¡ for¡nd. ln dcgnaûatlon produote of the conXrorrnd,a

r:(
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laolatod¡ Othor sñI,ourË,t f,ottcû la thtg pynolyalsto

eorrlð, not bo lsolatcô tra cufftolcnt aaouatr on 1n aufftclcnt
punlüyr for naôloohonLoal anaXygta"

Irh¡!--.ã¡.t

coNsrrTmNTs or' IAR oÐrÂII{ED gr P:TROLYSIS OF [d-ll6þUTnOnNUEN

Ompou¡râ¡
Iobcllcô
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Tolucnc
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Btphæyt
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Ph,onratbrcnr
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o.l I
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I r00
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o.18
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Bon¡ole rolt
Orrboa dllorlôr
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?¡2f-Btphorii.c asld

Crñon d,lortd,c

Bl,nhcnyL
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Eablc 5.1 (ContfnucA)

Conpounðe

Anthrneconc

Pyrcnc

FLuor.enthqnc

I ¡2-Banøanthraocnc

OhrV¡cnc

2r 5-Bcasofluoronc

Irl+-Bcngolrylono

3 ¡ l+pBaa¡sf, luonnthcna

5 rl+-Bcalotctnephcno

2tþ(.g,'lPhenytcno)Dy-
rona

I ¡2-Boacôpy!'Gno

Labcllcd
C Atms

o.8e

'1.96

0'98

l r15

1.18

l.l8
1.14

1.{6

OoOl

l.fI

1.21+

1.92

7.92

O.87

I r12

O:62

2.76

2)21

2.O

Dcgnaôetlon
Pr.oduotg

Chr6r;r-I r2-{uf.none

g- (2-Nrphttryl )b c¡r¡olo aotd.

2-Phcnyl-l -n¡phthola ¡old
Ca¡¡bon tlo¡lôc
2- Phcr¡.yl naphthel eno

5 r 4-Bcn¡oDyrcnG'6 r }7 qul noac

ca$bm dllorlûc

Chr.¡yrcuc
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an sttask on naDhtheLcno by nrhonethyl naûlosl¡¡ worldl bc

ex¡rccteö üo glve chnyeano havlng gg. 1.29 labeLlcô canbon

atons (tutyttsnscne 1.0o¡ etyncne 0.29) t andl the ,avenaga

ölgûrlbutlon rould, bc aBBnotlnatcly as shorn 1n (0f,). thc

chnyeane lsolatcd, 1n thc pyrolygLg of [C-letþutylbor¡senc

trs for¡nd, to havc l.l8 labelled ca¡rbon atona¡ ard, Èhl,¡ 1¡ ln
¡.eaaonablc agnccnent wlth thc cr¡rcoteû activlty. thc

ðl¡trlÞutlon of tho laÞclIed aa¡rbon åtms rea aesortal.ncô by

dcgraû1rg ohryecnc by oxlûatlon to glve ohryea-f ¡3-qulnonc
(Cf.,f ), çhieh ça¡ found, to h¡vc 1.18 labcllctt at@ao Alkal
firelon of tho guinono gÊTc g-(2-naphthyl)tonsofa acld. (Cf,tf,

l.1h labcllcdt atoa¡) enð 2-phan¡¡1-'l-naBhthoie acid (Of.,fff ,

l'16 Ialcllaô atonr). Dcca¡rbo¡qflatfon of thc fo¡'ner ¡olû
gryc oa¡¡bon dloxld,c (O.Ol laÞcll1cd, atom) arid,

Z-phcnylnaBhthelons (UmfU, lolS labellcd, etoo¡)o Thc

c¡pcetcd actlv!.ty of â-phcnylnalrhthelo¡rc dterlvcd frm (Cf)

vorrld bc cgulvalcnt to 1c22, labclled eerbon ¡t@s. It t¡
thcrofonc conelr¡dcd thet t"hc noutc lndfcateû by (fXXXfff )

¡¡u¡t bo ¡n luportant onc 1n thc foruatlon of chr?gcnc frou
Èuty1bsD!Grrcr

0.01

o.06

o.5 o.o75

o,o7, o.5

0.06

0.01

(lxxxrr r ) (cL)
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lI00c

(clr) (clrr )

cooH

(clrrr) (l,xxrrr)

lr2-Bcnaa¡rthnaccnc (Vff ) ooul¿ also þc for¡ncô fron
r C¡rOa untt a¡rd, s Cr0r unlt (sa tn LIOffiVI)¡ or frm
naBhthalonc anü r phanctÌryl raðÍcal. Thc Lattcf
nochanlsn wsnLð glvo I ¡2-bemEnthraeano haylng I ¡29 labeltcô
cr¡hon ato¡¡9. Thc Ìrydnoca¡bon laolateö f,rou the ter hadt

lolS ].abellcd. atomc¡ and l.t Bocns that thl¡ routc nay bc

tha profcrncd, orGo A ¡oacrhaü slnllar ¡ncoh¡nlau çould

cx¡¡laln tha act'lvfty for¡nd, for 5rþ-ben¡otctraphcnc
(e.16 labcllcû atomg)o Tha neaeùton of r trOr urút rtth
a Q¡Crtt ualtr fon crruplc (CUV)¡ wor¡ldL bc crycetodl to
glvc j¡t¡-bensotetnaphanc havtng 2o2) laÞellcd. earbon aton¡¡





aì 1r7 -

o.5

1.O

(ct v¡ ( clvr )

It wa¡ Brcvloualy awecated. that 5rll-benzopyrcns (I)
oould, aleo bc fo¡mcd by a coubl¡¡tlo¡ of banzyl andt

perlnaBhtherryl rad.leala as shwrr f.n (Cf,Vff)¡ followedt by

cyc 1 odlelryüno gcnat 1 one

( cr,vr r ) (r)

Althsugh thl¡ propoaltl.oa gocncð attnaottve ¡lnoc
both Þonzyl and, pcrlnapht.lrsnyl rrôl.ealo havo bccn ld,cnttflcô
clur.lng {*rc pyrolycle of, varlour hydroaarbont, tt I Êhc

û1¡trlbuülon of, ¡ot'lvltf tn jrh-benzolryrcnGr lf f,ormcü by

thl¡ nethod¡ soulô dlf,fcr f¡.ø thc dHatrlÞuÈlon cxnraetocl by

thc prevlou¡ Ïry¡rothcala ehwa ln (ClV) o lbc acttvf ty of
thc toLuenc (an¿ thuc thet of, ùbc þcngyl radl!,oal) la knorn

to bo O.l2 aotlvc er¡ton ¡tous (O.O7 tn thc eldc chein anû
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O.Oj ln thc ntne) o Asauntng th¡t tha per.tnaphùhcrtyL

nad,lcaI ls fotrtûeil by an aådlltlon of a Cr untt to nsphùhalene

(or an apDrolrrlatc prcsuraor) ar ¡lrovn ln (cr.,V¡¡¡) thc

ôlctrlbutlon of ttro labal¡ ln thc pcnlnaphthcnyl radXleal. dtuc

to thc nephthalcne aontnfbutton nay bc caloulatcd,c Thl¡

t¡ ¡Ìrown tn (6T.IX). ThG dlrtrlbut!,on of aottvlty ln thc

C¡ turlt w111 dcgcnô on t.ta ¡od.c of fonnatlon. ff fomcrl

O.qB o

0.17
0.08
o.u

0.08 o.0B

o.o8 0.oB

(clvrrr) (clrx)

by addltlon of ethylcno to ncthyl rad.lcaLsr oaoh of the

oanbon atome would have an activlty equlvalcnt to Oo25

aetLvc atonel lfr on thc othcr hand.¡ lt le obtelncô

d.lrectly fron the eldlc chaln¡ lÈa astlvlty ls Ukoly to 'bc

oqulvalent to 'l aetlvc eenbon aton - d,letrlbutcd. 'octrrecn

tho terralnal carbon ¡tona of üho C¡ unltr å,acunlrrg that
both thcac mechenie¡¡¡ o¡rcrate to an egual ilogrcc ln thc

fonnatlon of a G¡ unlt, the total dlet¡rlbutlon of aotlvlty
ln Brntnaphthcr¡yl nadtcrl (CXfi) r ânð hcncc ln

5r4-benzopyn6ne (O[,¡t)r ne¡r Þc celeulatad. Tht.s

ðlEtributlon 1g gultc dlf,f,crcnt fno¡n that obtalneê on

d,egnadatlon of ]r[-benøoplaancr ar¡ù f.n tlro Bynolyaie of,





leo

Íhc naterlaL Lsoletcd ça¡ ln faot fstutd to havc actlvlty
oor¡respondfr¡g to 2.0 labellad atone¡ and lt may bc conclud,cd.

thcnafonc that thc noutc sl¡ggestd fon thc f,ornetlon of thl¡
lrydl¡rocarbon La probably an lnportant otrcr
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narkêd !.r¡fluones on the ylelde of, tanr

Tha eeBaratlon of, ths tryd¡rocanbons and' thefr

quantltattvo ðetornlnatlon Ls åcecrlbcd ln thc

Erpcnlmentalo

Phonanthrenc raÉ thc neJon pr.oduct 1n thfs

Xnvcattgatlofrr folLoçcdt by chryB6nç and fl'uoranthono. All

thcac þrrlrooarbons have bcon ûetccteü oven a wld'o naAgc of

tcnpenet¡.ros f¡ron \OO-IOOoC for phcnanthnanc and f,luonanthcne

a¡rd. fnon IOO-IOOoC for ohrSracnoo By plotttr¡g ühc ylclð'e

ú phemnthnenc agalnst tho tcnpcnaturc a eurrro sl'aË obtalncd.

(nter¡¡pe 6.2) from wlrlah tha optlnun tampcnaturc fon thc

fornatlon of phenanthrg1o uac êCter¡n1ncd,. lhc polnt of

tntensoctlon of the tço stralght llnos obtalncd Ëy

cxtnapolatfrrg tha el-opea of, the sldca of thlc GüF'çG, 1le¡ ln

thc vlcfnity of 66OoC.

Slullan curÍGa Í6tr0 obtalncü; and, optlnun tenpenatnrres

d.ctcrmlnsd,r fOr tha ncnalnl¡g h¡rd,roêarbonao fhc¡c arc

6unnarl8üdt ln l'lgurca 6.3-5.6 and tn Tablc 6,2¡ rÉsp€ctlTolyo

r¡llür thc exocptlon of thc valücr at 65O"C for aecnaphtt¡ylcnc

and at 650o and 70O"C f,or fluorsnthcnc enü

5rlt-bæsofluonanthcnc (*¡fof¡ loGrr to bo lor)r tl¡o swryGË atrc

praecntcû çlthsrrt firrthc¡ oonmant.
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"HENAÌflrHRENE
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5,4-BENZoPyRtsNE

5, 4-BENZoFLU ORAISTHENE

0
c
o

.Èro3o
o.o2B

o.026

o.o24

o,o22

o.020

0.01 8

o.016
ó

P
\s.

d
l-l
q)
Fl
H

I
t

I

7i
tç

o

I
t

/ ,-.,,
/óì

I

t

Rl ñl sl $l ãl ñl sl $l Êl Êl sl $l Rl

\

\

I
t

Ò
t
t
t

I
I
Io.010

o. oo8

I
\t

o.006 o

(ù',
e,,

\
o. oo4

o. oo2 I

o.ooo

Temperatune ("c)



128
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CHAPTER 7

ETCPERIIIEI¡TôT

lhc cx5¡enlncntg enc êcsenibcû ln thc tent orðcn ag

they rcrr oarrlcd, outr and arr.y varlatlon¡ 1n ùho

cxBonlncnt¡l prooaôu¡e w111 be pcntiorröd.r

7.2 PfROLYSIS A?PARATUS

The pynolyala apDanatus (ase Flgurc 7.1 ) oonelstoð

of tro concentrlo tut¡co. Thc outcn slllca Èubc (5 tt. x

1 luo lnternal dlanotcr) w8! toìmd, çlth 25 ¿.t.8,. Nlchronc

rfrc (reelatanec 9O ohnr)r and, nounteð along thc ccntrc of

!, praasod asbcsto¡-bo¡rd. bor (l x I x I f,t.) fllIod, çlth
rrvcrmlcu].lteH¡ fhc natenlal to þc Byrolyeod çaÉ passeô

thnougtr an lrurcn Ellloa tubc (5 rt. 6 In. x | ln. lnternal

d,lanoter). îho fnner tubo Yao packedl wtth ponoelaln chlBe.

The tonporatunc of thc ñrnnacc wao controlled by a Yart.ao

tra¡rcforner and wae lnltialLy adlJusteit to 7OOoc, ualng a

oallbrated. chronel-alr¡mel the¡nocouBle lnsld.c thc fnnen tubc.

The ten¡renatune d.urlng the Bynolyela waa contnolled to glvc

oonetant neadlng on a accor¡ð chromel-alunel thermoaouple

lnecnteð through s Enal.l holo bored. near tho oentne of tho
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outcr tubcr connosponð1ng to a tenperature of 79g"O tnatåe

thJt lnDËr tuþe. the wtrole f,urnaoe was tncllneô at an

anglQ of a!¡proxfnately 15" to tÌ¡c horlzontal to faell'ltate

the collectlon of Pnoðucts.

îrhc natenlal to bc pynolyseô was !'ntroduceð dtncatly

tnto tho pynoly¡ls tubs fÞon a dlno¡rBlng f\rnncl flttcô wLùh a

neeðIc-valve to oontrol thc ratc otr aðôltl.on. In thc

Byrolysls of 4-vlnyleyelohexooQr thc natenlal wae flnct

lntroduced lnto a flash cvaporator to avolö thc r'lalc of

pnc-Bol¡menlsatlon. Thc flash svaponator useð Eea a

grnex trrÞc kept at 56OoC ln e bath of TÏood'ra metal'.

All pynol-yBcs wctlË carrlod. out rrnðer nltnogenr dnlcd.

Þy aucoc¡elvc Pagsagc throWh eoncentrsteô euLphurlo aeldr

potasËluû TSrdlnoxlclG and. eelalum chlorldle tnapo. Thc

Bynolyalo Broôuctg rcnc collecteð ln a rccelvtng flaalt fLttedl

wlth a waten conã,cnecn¡ followcd. by tvo trape eontalnlng

soLld. oa$bon ôl.oxlclc-cthanol nlxtures and' ono tnap contalnlrrg

11$11ð aj'r.

7rq 4I{ATYTICAI, IECHNTAUES

GaE-I,lor¡Iô Fantltlo .- A Ortffln

anÅ Cleongc r¡apoun-plreÊê chnornatognaphlc appar"at¡s (Mart< II ),

nod.lffcô to colLect oanplee¿tl wao ueed' ln ¿he leolatlon of

eonpo¡nôs bolllng bel,or 26OoC. Elther ABlezon L ou¡rpontecl

on ccllte (+o-go maeh¡ l¿4 w/Y) or slLtcono 50 aupportcd' on
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Colltc (t+O-8O moshr t sl+ ¡/r) traE ugoå as ctatlonany phaac

dtopend.lng on the eanplc to be analyaed.r ârlil dny nltrogsa aË

canrler gûBr Thc fdcntlty of Lnôfv!.ðr¡sl conpouruls raa

cetabLlehod wherc poeeiblc by lrrfnarcð BpGctroEoopy anlt by

netentton tlne Fatlosr but rhcno tbc amount of OOn¡rouaÄ

t)rosont wsa lnsr¡fiflctent to ellw funtbar tôentlflGaülonr

the lettor proceÖunc alons was en¡lloyecl.

[b.e nclatlvË aËounta of t]re oonponcnta ln thc fraaÈlong

wcns ôctorulacd fnon thc anoas undeE tþo Boaks (freteht x

wldlth at half Bêak hsfght).

Thc aboy6-nentloncð aplnretuc saE useô to collçct

eanplee only when the voluno of thc fnaotlon amounted to lesg

tl¡gn ,| c.co pÊ¡r Co¡Bo¡¡€fttr In a}l Othor caseË tndiVtduaL

oomBoqnöa wc¡e collecteð usXng a Bockman Ìdegachnon.

Apiezon J euBpontc¿ on flneþnlok (C-ZZ, lz7 vh) ças u!êd

as statlonary phage and d.ry nÍtrogen es canrlê¡ $åBo

Chronatos¡aplry On Alr¡¡nLna.- Thc ragldue obtalncå

on ötetlllatlon of the tar was ohronatographed on a eolr¡¡nn of

SpenoO alunlrra u6tng 1OO g. of alunlna pen gran of tan. ALl

oluenta uaod. Wstro ned.lstlIIed. a¡rd d.rled.r hexane¡ thloBhen-

free benseno ar¡d ehlorofotrn belng the naln eolventg ncqulFcô.

Ihc bcet reeolutlon of conponcnts wae obtaineCl by fntnotluclng

the neelðuo¡ ad.eonbed, on ân equal anor¡nt (w/w) of alruolna¡

on to the colunn.
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Paocn Chnonato*nanl¡r.- tho panttatly asctylated

l,apêr u6cdl çae pr6pa¡rcð by thc ncthod, of SpoterQoôotltrtt4

llhc paBên¡ re¡¡e developeü rlth e tslItUrG Of ottranol-tslucnc-

watêr (17¡4ll¡ v/v) by tho deaocrrðlng tsohnt{Ìtor

Fluoncgcont eonpoufull Ícro loCaùcû by obrcrvatlon çltl¡

ultravlolet llghtr and non-fluorcsocnt conXrounô¡ by rBrayl¡tg

ühc ahnonatognan rlth a ?& aoLutlon of, tctraEhloroBhthalla

antrydr'lilc 1n a nfxtur6 Of aoctonC anð ChLorobensenc

('tO¡t I v/v) fot.lmodl by cxaninatlon úl.th ultravlolct llgþt.

UnÄcn thece oonôlttonc manJr non-fluonescent conpound'! ggvc

apots Vanylng |n eolour fnon bright yellow to orâII$G¡ rht'Lc

the fluonegccnt epotg renalncå ôlstlr¡gulehable.

ggIlSLgEg.- thc callulosc porûor uccd raã ecstylatcû by

thc mcthoô oû Spotaroo4.lt4 Thc solvcnt lygtoms uscd' for

crutlon wGr6 ethanol-bct¡sonoPrator (l?¡4¡t ¡ a/v) an¿/sn

cüÌrenol-tolucnerEtcr (t7rt+lf ¡ v/ð. llhc con¡lound't tcrt

lntnoôr¡ccd on to ttrc oolua¡ ln thc Ëaßo solVent c¡¡atCn Us6fl

for d,cvcloBnentr ft t{Ba forr¡rd, thÊt gooð reaolutfoB of, e

nl¡s,tunc of tryctrocanbong havlru a reaao¡rablc dlffe¡re-:icc !n

ç valuesr war obtalncd uslng 'loo go oú¡ acetylateð eelluloec

per 10O ng. of thc nl'xtllnÊo

Ihln lÂv6r Chrgnatograpt¡vt- Thln laycn

oh¡ronatograplty on alunln¡r ellloa Sclr aadt partlally

aootylatedl oellul.oaetft ret øI¡Ioycd prtor to thc uec of, the
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aDppotr)rlate coh¡nn chnonatogrept¡V ln thc Letter crpenfmcnta.

[hc plates (aO ¡ ?O ea.)r DnoPaledt ueXng s nDagagor

spncadlng öevlce adJuetcô to glve e J.aycn oî 275 lt

thlokucsar Woro ôaveloped. by thc sanc eo1vent eygtens aE thp

correo¡,ondlng oolr¡nng o

@.- fheEø vcrc d.ctennlnodl tn

95F cthanolr uelng an Optl.ca GF¡ rcoo¡r|lrg øpeetnoBhotoneten.

@.- Theec TcrQ ôetennfnoð eithen

oa a Cl¡'trbb Pa¡n¡ona Modtcl 8* doublc bces ¡DcetnoBhotonatcr or

on a Pcrkln-E1ner Modcl 157 Inf,raeord. aBectncr¡rhotæctero

The ncaaurorcnts wêrc nad.o ac aoluttons ln ccrbon

tetreehlo¡rldls or 8s tlqutdl flln¡o

.- Tho¡e w€nÜ d.ctcnnlncd' on

a Farnarrd, Model 'l}42l$ epcctnofluorlnetcn. Thc þegt

nosolutlon wBB ueuall"y obl¡alrrad. uclng hexanc as eolvçnt'

.- Ihc Pno'ôueta l¡olatoû

Þy ohnonatognaBþy on pertlaLþ acetyLeted csll.uloac on

aeotyLatcð papenr WoFc ldlentlficð mainly by comparlson of

thcln ultnavloletr f.r¡frareôr and, fluoreeocneê epectna vtth

thosc of authontla epcolmsns on rtth publlshatl sBeetral

dlata çhena er¡ltabLc atand.ard,l rcrs not avalJ,ablc.ssr

lÏhcnc poaeiblor the lôcntlty of a compounô w¡c aonflrncdt by

ôctcrraln1ng ltc neltlng polnt anô a!¡ed. ¡nclting Botnt.
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.r Thc

râIrtlvc atso¡nt! of thc GoFBo¿¡1d'B pr6Êent !n ths Pynolyrll

proðuçtß ¡¡GFê ôCternlncê by ülncot relghlng¡ hgxlavslr for

rc!,atfvaly anall anou¡¡tl or f,or r¡lxtur"ce Íhfch cotrld bc

tcpanat€d. only wlt[ dtlfflorlty¡ ühc ncaaÛrclnont of thC

!.ntenaltlos sf auftablc poalca ln {¡tr.o ultravxox.ct abco¡Ttlon

Ep6otra ras ¡r¡efcrrçû. lfhc cstOulatlon wl3 oarnicð out

by uelng a teËLe of exùlnstton coofflefants ahowlng thc

oontrlÞutlon to thc opü14a1 dlenaLty at thc na:rlna of r

solutlon oontalnlng t 14,r,/c.a. of, a conpourd'r TaÞlc 7'{

llats the valucs rrhlch çlcrc ðctannlncdt unðcr thc

Êrporlmentel eorrdtttlon¡ by Spotsçq66tt? end oxtcnðcd1 Xn thc

pnesent lnvcetlgaülono lÍhe relatfvc concentnatlona of

t¡r1l6€Itarateil roixtu¡"ea r6rc ûCtermlnod fnon thc abaorptlOn

cuwe of thc nlxturc by aolvlng the elnultancor¡s eguatlono

obtalned, fon the optlaal dcnelty at tço on none polnta of

the BÞoctrtrno

The gcneml Eahcßc f,on the eeparatfon of a

Byrolyela pnoduet lE shswn ln Ftgurc l'2'

@.- All nelttng Polntar wltJr thc

croeptlon of uemples !n avacuatcd caplllarlee¡ wsFC

d.etermlned. on a Zels¡ hot ctage nfenoecopoo

@.- SPeelnena worô aooeYcd' for

raðloaotlvttyr wlth 8n end-çlr¡dow eounterr a6 lrrflnltely

thtck¡ aollð aamples of, t enoz Crogg-ê€ctlonal â¡'rB8¡ 34 errd.







- r41 -

oountlng ratcs ÍGt3E eomeatsô for baclcground aad 6ceô tlnc

of tl¡s ln¡trumcntr [hc oountlng cgulpnont ooncletoô of

an EKÇO automattc ¡ca1cn t¡rpc fi550Dr tn eonJrrnctlon wlth

an EKOQ Drobe unft typa N 558 arú an EW fA Ocfgcr tubc¡

@ [t-t'chE[Ea&rE

@.- gPcolnena tGre aaseYGd, for

nad,loact!.rlty uelrrg thc racthoü prevlously ôesonlbcô.lJ

lhc statlatlcaX oor¡ntlng carlo3 çac calsulatcê as standsr{'

dlcVlatlon¡ fon cach ðc¡tlce of eounÈ! and¡ rlth tbc cxccptlon

of bcascnô, tag not gncator thaa 2É.

[srnbo¡y-t4c@.- Barltn

[t.Oloaruonstc (12.O nc¡ 166.8 nB.) ras ûlluteê wlth lnactlvc

þa¡rlun cs,rtonatc (6.Oh g.) anð placedt ln a flagh attachscl

to ¡ vesut¡D llnoe llhe canbon dloxld'c cvolvoð on aôdlltlon

of ar¡lphu¡rlo aatd, to thc aollð wel eond,enecd' !n a flack

ooolcd 1a llqulô afrr andl thsn ôrlad by ôlsttll'atlon fron

a Ëath nalntalncô at -8OoC. A Grlgnard. reagcntr lrrcpa¡rc¡l

fnon l-bnomo-5-Bhcnylpnopancett (6.18 8.)r nagncslurn (O.?5 g.)

andL antryd.ror¡s ethcr (50 e.G.)r ra¡ dlllutcd wlth benscnc

(eO c.e.) Enå ths rcaction flaek attachcd to thc vacuuts llner

eooled, ln ltqulô aln andl thc ayetcn evaouated,. Thc flagk

wat thon var:mcd. to -zOoC¡ üglng a bath of solldl oa¡fbon

ûtoxldc-ethanol anÄ allorcü to cgulllbnetc f,on 10 nl'no

fhc co].utton ça¡ stlnrcð nagnctloally a¡rd' thc ltc oarbon
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èloxlüo tnt¡rodtr¡godl lnto thc nceotlon flaak. t¡Vhcn mo¡t of

tÌ¡c acrbon ôlorfôe h¡ê Eêrtüoûr the Èatb tenpcnatnrc çiN

lgncrað or9or a ¡¡onloð of t $ nlnr ¿6 -JOoC with contlnuçð

etçnlng. Thc ürccst ctrton d.loxlctc tal rc'oondc¡rscô e¡ð

thc rcactlon flaak rq6gnr6ð f,ron thc Llnc. Tbc O¡tgnrnû

oøplcx Í43 d,o@orapoooô rltÌ¡ âOfl sulphrrrlc aotô (2O e.c.) at

-ilOalt anû thc agî¡cous la¡fcr a¡ünaotcdl rlüh cthoro tha

eonblncd ongsnle layarr rGrC cxtr¡etcd rlth 1Opí equçol;¡l

sod.tun þôrorldc (l x 25 o¡or ) anû tho rsaultlng tolutlan

tnaateû ôro¡rlae wlth concentratod srrlphr¡rls aald,o fho

acld.1f,ledt nlxture ras cxf,ractcô wtth cthc¡r (Z x 25 G.c.)¡

wa¡hcô rttJr watenr dtrloô ovcr nagncelnn aulphate arll tho

ethon evaBonateô. Rec¡Tr¡talllsatton of the neelôue fron

1lgÈrt pctnoleuu (b.8. 5o-þoo0) åavc lcarbo:v-t aCbtrcr¡ylbutyrlo

eclô (a.8 B.).

[l-t'Cþglglgn¡.- Fhorphorut Bonùreponlüc (¡ S')

çaa aôðcô ovor a pcnlod, of ono nlnuta to e ¡tlnrcô loc-sold

solutlou of thc abovc rot6. Ln benzenc (lO c.o.). lho

¡¡l¡tu¡c ras thcn wamaû to þol}lng anô hc¡todl. u¡rd.cr nef,lux

(5 6|n.), cooloô Èo -15"C anû at¡nnor¡¡ chlorlðc (5 a'c.) fn

bsn¡cnc (5 o.e.) aôôcd. d,roprlac witÌr thc tenXrenaüunq

nalntalneð bclow Oo0. Stlrnlng wat contlnucdl (45 ntn.)

and, a nlxtuns of lao and, conocatreücd Ìtyilroahlorlo acld'

aôd,ed. Thc wholo wa¡ thcn hcatcô r¡nd.cr naflux rlth

vlgonoue atlnrlng (1 Ìrr. ) r ooolaðr tlro orgaal.o la¡¡cr

ccpanatcü anif tbc cquêout phaae extractc¿ flth ben¡cno (5 x
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15 a.c.)r Tho ooublacd, ongenlo ¡olutlon va¡ waehed

tuooogôfycly grltþ vatcr¡ 19É equaoul sod'lr¡n carbonato¡

raterr aqucoï¡A eoôlr¡n chlOrlêc and d.¡'!oð ovc3 calclun

aull¡heto. EYaporatlon of, tlrc ¡olvcnt fn a ctnsau of, ú¡V

alr gnve ort¡ûc ['¡-t lg]Sgt¡ßlg8t.

[1-tr0h!3¡¡Il&.- A nlxturt of, tlre abovc totralonc¡
trAneIeRil aoatle aclü (8 e.e,)r 7oÏd parchLonlo raldl (9 ¿rops)r

anð, ,fri palladtfr¡n on charcoal (Z S.) rrl þyðnogcnatcü for

lO h.ro at a Dnersurc of, 50 lbrfln.8 ln r Oook a¡rd, $ont¡

lOl-BrrccsUrt lgrûrOgonaüof ¡dlaptad fo¡r gcmlnlcro tro¡4ro Thc

oatalyst wac næovod by ftrtratfon tb¡rot¡glt e ¡lntcncô glas¡

firnncl¡ a¡rû wEahcð rlth athrnol (5 c.o.). fhc flltnatc
ra¡ ns¿o alkaU.nc witb aod,fi¡n trycl¡.cx1ôc eolutlon and. axtraotcü

rlth ethcr (g x lO ë.Go)o Ehc cthcreal oxtraot was laehcd

wltlr raterr d.rlcð anð cvaporatcd¿ ths reelðuc ôlLuted. ;ltlt
puntftcd lnaotlvc tctnalln (a5 g. ) r E¡rd. tba mf¡tu¡ro

ðfsttUod.. Furthcr quantltlel of ln¡otlvo tstralln rere

addtoð fron tlnc to tlnc¡ untll tha ¡oslðuc on teEtlng wae

fou¡A to be l¡¡actlvc. At thte atagc hal:f tho 01et111atc

(approx. 50 g.) wes ôt}uteð wltÌl lnsctlvo tctralln to glve

[l-l16]tetr¡rtp (Eoo g.) Þ.p. 207-gggor, olt l'540h (ltt"rtt

nåo {.540e) úúoh on Va¡r 8lykc-Fololr oxlôatlon Savo barlr¡n

ca¡to¡ratc rhloh ras collecteð for naôloaotlve eesey (nornar

relatlvc nol,sn acttvity x 'lO- o 22.2 t o.2l¡).

@ [1-rrgl$üllll;l¡.- A nlxturs o¡f
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[i-t4OJtetrElln (f B') a¡rdl nltrla aold (9. 1.27 2OO crao)

waE hcatcô pnðer refltl¡ (ta hn.). 9o11ô nltnatlon Bnoðuctc

vhloh ecpamteô on ooollng rtrG rsnovcd by flltratfon and'

thc nothen llguor cxtnactcd çlth potasafrra oarbonatc

oolutlon fhe alkalfnc ¡olutlon ra¡ aotctlflcd a¡ld

oontlnuouely extnaotcd ç1th cthcn (ta nr.). Evaponatfon of

thc aoLvent and, rccr¡yotellleatton o'f the reslüuo f¡rø watcn

gaye Bhthallc aclûr Drpo 2'a2-215"e (nounal relatlvc notar

ectlvfty x lod t 21.5 t o.06¡ 'lS rogu!'vcs 22.2),

Þrnorv¡is of [l -l rtþþ¡¡¡¡¡l¡r- [1-l rg þetralln
(5OO e.) wes pyrol¡racd g¡rd.cr stnllar cond.ltfon¡ üo tho¡c

' Ocgerlbcô for tbc lnrctfvc GoÉpoüDd,rft Tbc aotlvc

üetralln reo Talror.lscd, (6 ¿ropc/nln. ) anô gaeeed tn a ðtrGan

' of, nitroegn (t coco/eceo) thror¡gh thc Pynolysfa trrbc

rnalntalncð at 7OOoC. Tho axtt gaE6s wcrs pAEeGd' thnouglh

lteutdl alr tnap¡ and. tlrca througb bnomlnc watono fhc

pynolyaate (e95 e,) was coablncd Flth chlorofor:n vaahlnge

fnm ùhe pyrulyele tübc (îe e. afton thc nc¡Êoval of

chlonoforn) I anð the vholo Öletllloô to glvc fraotlor¡s (g)

brpo 2o-85'c/J6o nn. (to e. ) ¡ (h) ¡.p. EytooocfT6o En.

(t5 e.)¡ þ) t.p. loo-17a"c/76o øn. (9 g.)¡ (E) bop.

gi-1ooucfzo rnn. (zS5 g.)¡ þ) l.p. 1oo-11o"0,/2o un. (to.5 e.)l
Rrul (t) a resldluc (87 s. ).

A¡Ðltliþ.- gcBaratlon of the eonponcntc of tho

verloue fractlons ïaE offaatoô by gao-ltqulô chnomatographyr
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chromatognaphy on actlvated alr¡rof.na and. on colu¡nns of

panttally acotyletcð celluloeer aB provlously ileacrtbed,"tf

Procluote obtalncd following ohnouratognaphy on pantlally

noetylateð celluloea often aontal.ned tnacas of roelaor¡¡

naterl.al. t{rls ças rrtnovcê by rcpeatlng the oh¡rosatography

on alnnf.na¡ on by the lncluslon of e, 2$-i er. layor d
ah¡nina at thc baec of thc oolr¡nn of acetylatcdL ocll.uloeoo

F¡rectLong (e) r (b), (o) r (tt), ggl (a) .- Fractlon¡

(g) anô (Þ) Ícro cxanlncd. by gaa-llqulô ch¡onatognaphy ar¡ô

ehorn to contaln bensenc a¡¡d, toluens. !'naotlon (g) wsa

for¡nô to contaln bcruenc¡ toluenc¡ ctltylbongcrlôr stynanc¡

lndcncr and" naphth¡Ienc. Fractlons (g) a¡rd, (g) rcra f,ound'

to cont¡fn al.nost entlnely r¡aphthalens¡

.- Ílhs reElðuc (S) una

dleEolved 1n ehlorofornr adEorbed on alu¡ntna (l kg.) anÄ thc

eolvent remonred, Ln vacuo' Elhc ncgultlng eolLil nlxtu¡'c sas

thcn ad.ded. to a oolunn (t¡O x lO crn.) of alr¡¡llna (7 tcg.¡

ualr:g hcxa¡reo Elutlon rlth hcxane (75 t.) eavc 1 I'
fr.actlons Íhloh wcÍê neconbincd, on ühe basls ef thsfu'

fluorcgcencc epectna to giva new fractlons 1-2Or Fu¡thcn

elutlon of the colum¡r wl.th mlxed solvent¡ geve the f,olXowlng

ad.dltlonal f¡ractlonas hexana-bcnrcne (t : 1Or v/vl 16 1. ) t

f¡raotlon¡ 21-21¡ heranc-bensenc ('tll+r v/vt 18 1.)¡

fnactlons 28-55¡ hexana-þcnsene (tla¡ t/vl 20 1.)r
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f¡ractfone 56-t+, hcxanc-bonsenc (l¡lr v/vl lO 1.)r fmctlons

45-l+8¡ a¡ul ctrlonoform (t5 f.)r fnecül'o¡¡.s 49-50. Ualng

thc technlqucs deeerl,bcô belovr thc follorfng purc sr¡betancae

on thclr dc¡vlvatlvae sère lsolatedl for radlochemleal

anal¡rsls.

&lhÍjlgg!.- Ihc ltqulô condcnscü ln thc ltqulê-aln

tnap (g!,. 2O g.) çaa allqraû to wa¡n graôr¡elly (1a fr¡:'.) a¡¡A

thc gea avolvcô bubblcð thnoWh bnonlna wate¡r ualng a slntarcû

glaaa bubÞLen. lhc neerrltfng solutlon wag naðc alkallne

ç|th potagõlun !¡yônoxldar cxtracteô wlth ethcrr and ths

cthcrcal Ëolutlon ðrlcdt orer calcil¡n chlonicleo Evaponatlon

of thc ethe¡" anð ctlstlllatlon of thc neslðt¡a gavo ctt¡ylcnc

d.lbnonld,cr boBe 127-129"C/756 w. A. eanplc çaê oxlålscd

by thc Van Slyke-Folch technlqpc endl the nesultlns barlrrs

carbonate colloctcô for rad.loactlvc aecay (for¡n¿¡ nclatlvc

nolar aatfvlty r lO-s¡ 6.1 t OoOSt lt rsqulr.ea 22.2)t

Eg¡g!Ð¡.- Iaolatcd. f¡rou fnaatlon (g) by 8a¡-

tlqulð ohron¡tography uslng a Bcqknan Mcgaohrron a¡tl. ghorn to

bc ldentfca1 wtrth a¡r authcntLe epoolncn by tr¡fnanod.

apectnoscepy¡ Va¡r Slykc-tr'oloh oxfdatfon gevc bariuo

carbonate vhloh wae coltected, fo¡r rad,l,oaotfvc eotey (nounar

rclatlvc mollr actlvlty x lO4¡ Ô.2 t o.O6).
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Sg,Llli&!.- Iaol'atcd f¡'on fraetlon (¡) tv gat-

11qu14 chrongtographV. Itg lnfraned epectr'un was låcntleal

rtth tbet Of a¡ authentlc epeclmeno The barlr¡n eanbor¡ato

obtalnoô oa oxldatlon v¡g eubJcotedl to raôlochaulcal as6ay

(Forrnôr relatlvc nolar aotlvlty x lO-2 I 7.1 t O.Op¡ lt0
nequlrce 22.2).

!Ll¡¿IgËg.- Fractlon (g) çal fraetlo¡rstodl throWh

a l0 onr Vlgreu:r oolumn and, all dtlstfllatc bolltng bclol

1fr"At rag colloetodl atú aublcotcû to gao-ltqulû

ehronatography ln thc tfegaohnomr Thc Bnoduct eolleatod çaa

ahtrn by lnf,ra¡rcd, sp6otresçoÞYr to bc almoat lurc styncnor

A aenplo wå! oxlôlacdl to Þarh:n carbonate çhlch ra¡ aollcctcd'

f,or ratltoastlvc aet¡¡f (¡'or¡n¡r nelatlvc molar actlvttùr r l0rr
12.5 ! O.l8¡ 1fC rcqutree 22,2).

I!ËL¡tg.- fhc resLdluc from ths reôleù1ll.atfon of

fraetlon þ) Íaa chromstographcd uslng a G¡rtffln and. George

cl¡ronatognaph anð thc lndonc eotloctcör vXth a eBeclal.

oollectlng attachuent.stt Van Slyke-Íroloh orldlatlon SaVG

banlr¡n canbonate rhlch çaa eollecteù for rad.loactlve

aggay (norrnC: nclatlvo nolan actlvlty x lO*, 15.4 t O.26¡

lrO requlneE 22.2).

' $!¡2b!þ&Le&0.- A sanplc of fractlon tD çar

neerlretal-ltecd, fron cthanol to glvc ruBhthaloner tnrpo

8O-8O.5ot, whlah wae cn¡blccted. to nadloaetivc a6sÊy (founar
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relatfvo raolan actfvlty ¡ 'lO-2 t 22.2 t O.O8¡ lr$ nequlnos

22,2).

Åggn&¡bt[g¡g.- Rcrsoval of, tho solvent fron

fnactlon (¡r S) geyc a¡r alno¡t eol-ou¡rl,es¡ tolld *rl'ch on

rocqfstaUlsetlon f¡roú l1ght pctrolËutr (b.p. 50-40'CI) Savc

aecnaBtrthcnc (gl. IOO ng'), n.p. 9l+-95"Cr wÌ¡loh üaa not

d.a¡rrceecd On n¿nlxturt of an authcntlo aa6plê. [hc

ultravlolct tX¡cot¡r1rn gÌ¡o¡cû ¡¡lxipa at 228¡ 241 aþ,.. 266,

280, 2B9o 5O¡,) 
'06 

!h.r 511+r ¿nÅ, 

'21 
tslh !n agnce4cnt rlth

thc 1ltcnatuneaaortlt (for¡¡¿¡ ¡relatlvô nol.ar actlvlty x 'lO4r

5O.1 t O.OJ¡ I fO Ftguþas 22.2). Thl¡ conllound. çe'8 not

laolatad ln î¿lrc l¡yro1y¡la of lnaotfvc tctrelln.rf

EbgÐÂ&!b¡¡EÊ.- Fnactlorrg 11-15 (shorn by

ultnavlol,et Epoct¡ro8oop¡r to contal.n ¡olrturee of Bhcnanthnenc¡

anthr.aoenor anð Z-pher¡ylnaphthalene) were Coublnoô and'

OvaBopratêðo lhe resLðue was heated. r:¡d,er rcfluÍ wtth

ethanol (5O c.c.) and nftrla ecldl (t c¡Go) fo¡r 115 hr.

Rsnoval of thc EolYeÉt gave a rcsld.uc whloh ves dlataolvoô

ln benzenc ard. eb¡onatognaphcd on aln¡nlnÊo Elutlon wlth

hexanc¡ f,olloWcð by cvaporatlonr geye a eolourlegt sol1ô

Bhowtr by ultnavlolct andl fluor6Êcencc epectroecoBy to

contaln phenanthrene and. Z-Fhenylnaphthalenee Íneatnont

of the eolltl with Blerle acldt and. rec¡':fatalllaatlon of the

producü fron benzenc-hexana (t¡er v/v) gavc Bhenanthrcnc

Blcratc¡ rtrpr 13y141'C (for¡n¿¡ relatlvc molar ectiv!.ty x
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{O4, 18.7 t O.l5l lr$: roqulræ 22.2). lbe plorate ras

deconposèe ty ehnonatogrspÌ\y on alu¡nlne ln hexanc anð ùttc

reeultlng phcnanthrcnc recrryetallleeô fno¡n ethanol to glvo

platca¡ Dtopo 97-98oC (nsr¡n¿¡ rË]atlge noLar acttvity x 1O-2r

16.2 ! oo21¡ loC noqultee 22.2).

A!IiIÀIÊfig!3.- I'urther slutlon wlth benzcne of the

chnomatogran obtalncd f,otlorl¡g oxldatlon Of fraetlons 11-1,

gavo a fraotlon fnon whloh grlO-anthragulnonc etryatalllecd'

Thc aolld we¡ rênovod by fll,tratlon snð waahod with Llght

petnolcrm (b.I¡. 5o-l¡Oo0) to glve 9rlO-anthnaqulnone at

need.lea¡ DoBr 284-285"C (sealcd cap1llany) (Founda relatlve

molan Ectlvfty x l0ir 18,.6 ! OooJ¡ lrc negulroa 22,.2).

@.- fhis nas laolatcd. bY

ch¡rr¡matography of fnaotlon tl+ on a aolu¡u¡r of Banülal1y

acetylatedl eel-luloae. oa rceryEtal-llEatlo¡ fron lfeht
petrolcrn (b.p. 5O-[ooc)r thö pnoduet h,ad. nop. 99-.1o1o0 an¿

1ts ultravlolet aboorptlon spcctrtln rraa la agnconent il!Èh

thc data glvcn ln thc lltemtu?Qt.|t (founOr relatlvc molar

actlvlty x loa t 21.2 ! 0.28¡ fæ rêqulnee 22.2']-.

@.- '.[he enud,e phenanthr^eno fractlon
(IS-ZZ) wac nechronatognaphed on a colr¡nn of, acetylateè

cell'rrlosc to glve lrlf-blnaphtÌryl¡ fluonene¡ and

phonant'hrêD€r The 1 r1 t-blnaphthyl eryetallleaû fnon

hexanc ae colounlees priams¡ orpo 159-16O"C (For¡na¡ ¡'oLatlVe

nola¡r aetfvlty r loar 45.h Ê o.l¡ 2t roqr¡{¡s" ld+.4).



150 -

@.- Fnaetlon 24 was nccr5retallle¡dl

twlse fnon ethanol to gÊvc lr2'-bLnaphthylr lllope 18h-t85"O

(norurdt relatlve nola¡r actlvlty x 1O-?r 45.1+ t o.t9l 2æ

ncgul.ncs 4+.lr).

@ e[ H-Ecessf¡JÍ¡¡¡e¡ss¡).-

F¡raotlon¡ ?:6-28 ÍÊra eoriblnc<l and. clrronatognaBheð on

acctylatcd. cclluloeo. Thc resultlle ¡rnoduct wae

necr5rstall1¡eð fnm cthaaol to glvc Z¡J-bønzofluonon3 tt
colourlcee platesr Drpo 2ol¡-2g5ot (rorrnnr ncrativc nolar

actlvlty x lfã ¡ 33.7 t Ool¡ f r0 negulnes 22,.2)'

A saoxrlc of ert¡ôo 2r5-bs¡aofl'uoncno (1 8' ) wag hsetcê

und.er ref}uu wlttr cod.Xug d,lchnonate (Z 8. ) ln acetle aolû

(2O c.c.) fon 2 hr. Thc nlxtuno was poured into waten¡

extraetcdt ç|th chlonoforu¡ d,nleê¡ and. the ohlonofprm eolutlon

peescd. 1.¡hror¡gh a colum¡r of alr¡¡¡lna. The flnet frectLone

gavc 2¡2r-blnaphtfryl ae colourleAe Blatee¡ lltopo 185-t86oC.

SUbecqucnt fnactlons gave Z0}-benzofluo¡rononc whlch

cnystalllesd fnon cthanol aa ycllow need.lesr EoBr 150-151"C

(nounc: nclatlv¿r nolar ac'clvtty x loa t 52.4 t o.l¡ 1æ

rcgulnea 22..2) o

I . 2-Donganthr€ccrul (þeEA[" ]g4lElgggEi)' -
Chro¡natograpfly of fnaatlon 28 on pantlally acetylatadl

Çelluloae¡ anð rec¡T¡etal1leatlon Of the pnoduct from cthanol

ga'Íc I rZ-benzanthraoeno¡ Eopo 15y159.5o} (norrnAl nclatlVs

Eolar aetlvlty x lfa o 35.9 t O.21¡ 2t requlre¡ ld+.\).
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(uensg I e bLeJs&&Þrç&E. -
Cnrdc Jrþbenzophenanthnenc obtalnec[ frm fnactlons 29-50

(f B. ) wag oxld,l.eoê wlth sodlun d.lchnonato (Z S. ) fn glacial

acetlc acld, (lO c.o.) by hcating r¡nåen refln¡ fon 50 nf.no

Thc nLxturc wae Bouredl lnto waton (15 c.c.) and contlrnrously

cxtracted wlth oyçlohexanç (8 nn. ). The c¡'rrûe product

rhtch eepanatedl efter conocntn¡tlon of the solutlonr Yraã

co].lecteö and. necr.ärstalüecû fnon oyclohê¡ßBtrcr

5rl+-Benrophenanthr¡-9r10-gulnonc for¡ncð. redl nscôlear Bopo

1S5-.t86oC (fonn¿¡ rclativc nolan aetiv!.tiy x {Oa o 32.O t 0.1 ¡

I t rcqulîaé 22o2).

th$f¡¡Ei.- Rcer'¡¡eüalllaatlonr fron cthanoJ.r of

tho ncalôuc fnon fnactlon 52r gave chryeenc, Drpo 25'l'252"A

(Fonnd,t relatl.ve moLan aettvlty x 'lO-4 o 37.O ! O.7l+f zr0.

ncqulnca 4l+.1+).

!çJ¡Ltg&g.- Â l¡ortton of fmctlon 5l+ waa

clr.ro¡aatogr.aphed on Bartlally acetylated. cellr¡Io8êr Of thc

19 f,ractlon¡ colLeeùod.r thc 6th anô 7th ïero ehorr¡ by

ultrazlolet and fluorcscc¡tcê epcctnoeeopy to contala

perlylcnc. Chnonatography of theee two fraetfona on

alu¡nlnsr andt necrlyetalllaa'tlon of ths pnoduct fncm athanol

gavc pe¡Ìflener Brpr 27b27'a"C (sealed caBfLlary). Thc

eanple ras dlluteô lrtth an egual gr.:antlty of, lnactlvc

pe4yleno fon nad.lochenfcal analyele (Forurd¡ nel atlvc nolar

acttzlty x 1o-2 o 42.5 g 0.551 ât ncgubea 1t4.4).
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I o. I { -BcnsoftuonanÊhonc (Ug¡gt I lÍ,Lggl¡&lblEg) .-

Fraettot 55 wa¡ ohronetognephcd ln tro ¡rentl on colr¡nnc gt

pantlally acctyLetcð ecJ-lulocc (25 r ?.5 an.). llh.

appno¡lrietc fractlons wcrc ooublncû on thc be¡l¡ of theh

ultravlolct arrd f,luonosconcc epectrar anð eh:pooetogrlXlhcð on

alunlnro trl¡¡th¡r oþræatogmphy of t'ltc BnoÖucte on a

column of ¡¡ertlally aootylrtoû ccllt¡lo¡c follwcd. by

ohnonatograpÌ\y On elr¡nlDl EaYgr aftcr ülo nccrxratalllsatlon¡

fron cthanoll {Or1l-bsrrsofluonenthonor Eope {60-161 "C (forrna:

rclative Eolar actlvlty x lOa r l¡5.l ! Oo25¡ 4rU rcgulrca

44.h).

(ÞEnzg [r ltluo¡enthcnc )' -
A portlon of fr.actlon 57 rryas cbnonatographed on partlally

acctylated ccllulosc and. thoec fractlons gholrn Þy thclr
ultraVlolet and fluonesgencc sBcctnoseoP¡r to contaln

I I r 12-benzofluonanthêrro¡ w'rrê cosrblned, andl rechnomatographcd'

on alu¡¡ina. Recnyetallleatlon of the produot fro¡r ethanol

gave 11 j2-benzofluonanthÊfic¡ tDrpo 214-2150A (Founôr rclatlvc

nolar. actlvlty x 1O-2r 45.2 ! oç23î, ZfC negulncs h4.l+).

r . h-Bcn¡of tr uoraathcno (¡gÊ[ [ r I aeæhcnanthrslc4c ) r -
Fneetlonl tl+-57 aonùalntng, I4-bcn¡ofluoranthcnc rora

asnblnsd. and, rochrrmatognaplrcð on aectylatsd. cellulosc.

Rccrlgetalllaatfon of thc product fnom aqt¡cou3 ethanol

(ohareoal) gEvG ]rl+-benaofluoranthcnc ae colourlees nøaôlcsr

Erpe '165-166"C (Founttl nclatlvc nolar actlvlty x 1O-2 r
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58.! ! Oo2t ttC' rcgulrcs 22.2).

@ (lg¡g[rbESCE ,).- Ch¡lonatogl]rphv

of, thc bc¡rsopyrênc fraetioa¡ on acctylatcê ocll,r¡loec and'

rcer5ratailleatfon of, tÌrc realôuc fron cth¿nol end, f1'tt"Lly

f,roq llgt¡t pctrolcun (b.p' ]O*I+O'C) gavo Irl+-Þæ¡opyrcnt l!
ycllw ncoêlcl¡ oopc 175.y176.|e'C (fognal nalatlvc laoÌar

aetlvlty x loa t t+5.! t o.l t 2æ roguLt¡os ld+.4).

?. q HfROLYBIE OF n-ÐEGAI{E

.EPÊg¡E!'- n-D6cenc (B.D.E. reagent) waa purlflect

by fr.actlonal ðletlllatlon over sod.luß. Ílbc frectLon

bopr '175-171+ocr n$,t l.t+1279 (ttt.r nlo l.4l 2o5¡ olt
I .t+og67 rtí. "i: 

I .41 I 89¡ rlt I .l+0967 .e4 s) contal.ned, no

lapuritles whleh coulê be clctcctedt by gaa-llguldl

chrcnatognapt\y.

&Eg}tl,f[.- n-Dooanc (f OO e.) ÍaB veporlacd. at a

r.atc ot 7 g./bn. by ¡êil1ng thc ltqulô ð¡"olmlsc dllrcotly lnto

tho Bynolygl¡ tuÈcr a¡rd, tbc srpour oanrlcd. t n ¡ et'ncsn of

nltrogcn (t coc.r/¡cco) ürnough tbc tubo rhtoh ra3 naln+,elned

It 7oO"C ln an clcctrloa]'ly hcetcô ftr¡vraocr I Thc

rcaultlrrg ðark Þrora flulô tar (tt.9 g.) and eanpler of thc

exf.t gas6s re¡Pc colLectcd,.

ê4ÐIü.0.- The tar ras ülstlllcdl at atmocl¡henlo

Irrcrõunc and. thcn unÀcn rod,uccd, Drooaurc to glve fnactlon¡
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(t) u.B. 4o-80o0/760 w. (2.2 8.)r (]¿) brpo 8o-1oo"c,/76o un'

(5.1 5.)r (g) t.p. l+o-roooo,/50 nn. (4.7 8.)r a¡¡å (4) a

rceld,uc (r.9 B. ).
3'naetlon¡ (¡)-þ) rcro c¡anlnoô by æs-119u10

ohronatogr¡Dtry utlng Aplclon t gupportcdl. on Coltto (I¡O-AO

ncrh¡ tz4 ilt) a¡ otatlonary phaec a¡rô nltrogcn ls carricr

gtao Peakg eorrôBtrtondllrU to bute¡¡cr pentancr hcxaner

cyclohsxancr bcnacDÇr tolucnc¡ ¡- anô g-rylGnÊt, ctynonct

g-nctlrryl¡tyncnor lndcncr tctralln, and, r¡¡bfrtnafËac wcr¡

obaorycdo
\

Thc lclcntltlce of thc oonpound.t rGrc eonf{¡ùcôr whêrc
i

¡rocc1llcr þy lrrfnanoð a¡rd. rrltravlolct abnorptlon cpoctroacopy

and thc conX¡oEftton of tho fracttoa¡ clctcrmlned by ¡tanða¡rl

ncthode'

The ncs1öuc (g) çae eh¡ometogralrhsô on a colun¡r

(a5 r 5 cm. ) of SBeræe alr¡mlna (aOO e. ) by 01seo1v1ng the

whole neglêuc l¡ chtoroforu¡ add'1ng alr¡mlna (l+5 g. ) t

eva¡loratlr¡g tho solvent on 3 water-bath End' add.lng a guantcr

of thc neer¡ltant natenl¡]' on to tbe colu¡nn ln the usu¡L srago

Tho dark bno'wn layer of, alunL¡¡a eontalnlng tho rcaidue wa¡

covsnoð w[ùþ a layar of, alr¡nlna (JO e. ). Eiutlon gavÊ

the folLowlng fractlone Gach of 1O0. o¡cr: hoXancr f,ractlO¡re

1-24i hcxane-benzono (t¡te o v/'v)r f'naotlong 25-l+8¡ hexane'

bensone (ar1t ¡ v/v)¡ fnaCtlonc l+9-57¡ hexanc-benzano

(5¡to, v/v)r fnactlons 5þ72t hexana-bengênc (l¡r9r v/t),
fnaotlong 75-8t+t hc¡anø-benseno (5:4, ill.)r fraetloru¡
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85-90¡ bcnzencr fractlsn¡ 9'l-9h¡ and thc neualning

freetlon¡ c¡ch of 25Q GoGrs ohlorofotrts¡ fractls\7À 95-97,

cthenol.¡ frastlon¡ 98-993 a¡rd, ôletl¡yl cthcrr fraetlon lOOo

0a tho þagls of thsLr ult¡evlolet aBcotr¡ thcEc fnactlor¡¡

rorc rceonblncd to glvc elxtccn fractlonsr

Qf, the lattcnr fractlonr l-5 ws¡nÐ fur.thcr 6:repln61l

by gae-Ilquid ehronatosraphVr anrl the ncnalnd.er by

chrmatognaBfly on aolu¡up of pantlally aoetylatcd. cellulogc

arudt on panttally acetylate4 papcr rhcrc apl¡ropnlato.tttttt{
Thc followtng con¡round.g Ìvers ld.entifieô ln thc fnactfonc

cnune¡"ateè¡

EsÊs!Åeg Gonpor¡nd.

InÄcnc¡ tctrallnr naphthalcnar

1- and, 2-notl¡ylnaBhthelcrro¡ blBhonylo

TctraXlnr naphthalcner

1- andl 2-Eèthylnaphthalcncr blphcr¡ylr

cltphcnyLnotha¡rcr blbcnzylr accnaphtltylenc.

I{aÞhth¡Lctlc r aeena¡rhthylcncr

Aecnsphthylcns r fluononer

!-pþanglnaphthalenc ¡ ¡rhcnanthFêDG ¡

anth¡.¡ccna'

tr'luoncnc¡ phenanthrori€¡ anthnaccne¡

Dyrenct fluonanthênso

Iyronc¡ f].uorant'henc¡ ¡ethylpyrcriG¡

m,etÌryl f luoranthêrle r

4

5

2

,

6

7
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SrgctIsÐ
I

.lo

1t

rl2

15

r4

15

9

Cornpound,

P¡rrencr fluomnthenc¡ neühylpVronêr

nøthylfluonarrthcDG¡ 2 t?r -bin¡lhtÏrylr
1 r 2-þcnsaathraooÞ€¡ tniphartytrcnc¡
al ¡ 2-Þ cnzof Luoncnc¡ 5 r[-'bcnzofluorcner

2ri-ben¡ofluonong.

I ¡2-Bonuanthraaencr trlphcnylencr

I ¡ 2-bcntofl.uo¡rcnc¡ I ¡ þ-benlof luorone¡

2r 5-bcnsofluonone¡ chr'¡¡cenc.

2 t }-Bcttsof luoreno ¡ chrJr g arrcr

I O r 1'f -b èn¡ofluonanthêDo¡ 1 t 2-r- cttzoPyftnêr

5rh-bcn¡opyronco

1 1ã-BsnaoBgronc¡ 5 rl+-bcnzopgncnc¡ pcryl,aner

I r 4-þenu ofluoranthcnc r

I I I I 2-bcn¡ofluor¿nth€rce

I ¡ 2-BcnËot)yranGr jrl¡-bctrsopf,rGnc¡

5 r 4-b c¡t¡ ofluo¡ranthene ¡

11 i2-þsrzofluoranthcrlê¡ 1 r I 2-bcnsoponylonc.

I t't 2-Benzopcr'¡rlene¡ 7r I ÞbonzofLuo¡'¡nthenc r

plocncr 2¡ 3-þ-phenylene )BynêDÉo

,l r I 2-Bcn¡oller'yl-ener Gorolrellc ¡

anthanthFcnc¡ matt¡YlPtc srlGo

I ¡ I Z-BengoBorylsncr anthanthrotror

nett¡yl.ptGênc¡ 1 o2¿l+r 5-d.lbenzopårrcnco

'5 ¡l+t 9 r I O-Dtb enzoByren€¡

I r 2 ¡ l+r Þd1b snsopflt'aro ;

I ¡ 2 t 5 rl+-ölb errlE opSrirorrc r

16
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DETAII¡S oF IDEITIIF4CATI0N

.Eglbå&g.- 8an¡r3.ca of thc extt gaacc têlrG oolleotcdl

tn a gar ecll fon lnfr¡rcd, ansly¡1¡r ücthrnc ç¡¡ ld,ontlflsô

fræ the cheraetsn!,stlC banll syeùeu ln thc 7.5-8.5 ¡¿ raglon

(narlna tl 7.56¡ 7.lt3lc 7.52t 7.62t 7.66¡ 7.7O¡ 7.78t 7.82¡

7.88, 7.9At 7.94t 7.97¡ 8.Q5r 8.lor 8.17¡ a¡d 8.aa ¡¡).

XXÈb¡LLg&¡.- lhlg ta¡ ld.Ðntlfted fron thc

ohanactorletic barrd. ayaten ln thc a.O-{ 1.5 tt ncgXon (rnxtna at

g.g1r lO.Ol; lO.11r 1O.21 , 'lC.rïr lO.4Or 10.51 t 'l0'75t lO'85t

1O.92t 11.O2t 11 .O7, 71.16¡ erd, 1 1.25 tt) . It¡ pnssonoc

was cottflnned. by thc !.aolatlon of 1r2-d.lbnonoethane obtalncd

on Bagslng the exlt gasêg throWh bromlne water followeû by

g86-11gu1ð ehronatognaphy of the br.omo d.erlvatlvee obtatncdo

Tha lnfrnancd Epeotrun of the 1¡2-dlbnomoethane was. Lilentlcal

rlth that of an authcntlc specf.mono

EEgPglgEg.- rhle waa ldenttfiedl ln the extt ganos

by tte lrrFrared spectrun ln üÌre 6.0-6.5 tt reglono lta

Bnesence was cor¡flnned, by the lgolatlon of 1¡2-d,lbnohopropanâ

by the proeedure Qeecr.lbod. fo¡r ettgrlene. îhc j.nfnarcð

epcetn¡n of the 1r2-dllbromopropanê waa ldenttcal wlth the

publlelred. ôåta. E'4

ILILI=I3BE.- IeoLatecl aa I rZ-dlbronobutane¡ ua1r.¡¡*

thO sane pl.ocod,ur.e aô for etirylono¡ Ihe lnf¡'ared. gIlcet¡n¡n
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of the lrZ-dlbnc,nobutana waE Jdentloal wfth that of an

authentlc epecfunøn.

ågg3¡¡X¡p¡.- flrla na¡ ldcnttftcð ln ùho cxlt gasct

by lte charactcrlstle abeorDtlon ln thc t 2.5-11+.5 ¡¡ rcgloao

I[¡L!gSl.- Xd,ontlflcô ln f,ractlon (g) by eonpcnlson

of the nctentlon ttuc nstlo wtth thaü of, an authentle

epeclnen.

!i4!¡n¡.- Iûentiftcô ln fractlon (¡) by conl¡arleon

of, thc retentlon tl¡¡e ratl.o wlth that of an authcntle

spcclmen.

$gî.lghg¡gpt.- Ictcntlficô fn fraetlons G) and. (!)
by conBa¡.leon of ülrc rçte¡¡tlon tlne ratlo wlth thet of ¡n
authenttc cpeeÍnen.

EggeeÊg.- f eol,ai;ed fron fnactlons (¿) r h,), anð

k) by gae-Lfguldt chronatograptrl. f,ho lnfrancd. eBectrum

(l.J.qula ftin) ehorf,ed msxlna at 5.25t 3.51t l+.310 4.55t 5.lor

5.51t 5.7ot 6.o0¡ 6.511 6.5bn 6.76s 7oZQl 8.52t aDd 9067 ,¡'

!$Ll¿Cn¡.- Isolated, fron fnaetlone (e), (Þ)r ar¡d.

(g) by gae-llguld. chronatognaphyo rhe lnf¡-are,X, eBectrun

(lfqula flln) ehowed maxfrra at 3.29t 3.1+21 5.481 3.6h, !.ll+r
j.38t 5.55t 5.7+¡ 6.22¡ 6.56, 6"69, 6.81+1 7"26¡ 9.25¡ 9.7Ot

17.73¡ and, l4.L+2 t¿.

¡t- .BEll rÃIlÉAl.- IeoLatecl fnom fraetlon (S) tV
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gas-llgufd. chnonlatognaphy' llhe l¡¡fnared, Bpectrun (Ifgul¿

fll.m) ehorod ¡naxlna at 5.!Oo 3.1+21 5.1+81 3.61a, 5.2Ot 5.12t

5.1+2e 5.61t 5.78¡ 6.21¡¿ 6.622 6.73¡ 6.91¡ f .3Qt 8.60, 8.920

9.06, 9.58t 11.O2r 11.31¡ 12.55¡ 12.98t 13rl*t anÄ '14J+6 tt.

!!!¡¡gE!.- Isolstcû fron fractlon (d uV gaa-llgult

ehnomatograplry. Thc lnfrarcd, späetrun (Ilqula ff)^u¡) ehowad.

naxlne at 5.2O¡ 5"25t 5.1Ot 5.lÛt 5n50t 5.7Ot l.9or 6.110

6.22t 6.Jl , 6.521 6.70, 6o9o1 7.o8r 7.5ot 7.6ot 7.75t 8.52¡

8.5Or 8.68, 9.A6¡ 9.26t 9.78¡ lO.lO¡ ll.@¡ '11.9'|¡ l2.pO¡

errd tl+.40 l/.

rUgEb&lSWIEgl.- Ieolated fncn fractlon (g) tV

gar-llqulå chrnonatognap!¡y. The lr¡frarcd. Epeetrun (lleulü

flh¡) shogcô naxlna al !.22t 1.52¡ 4.35t 5.16t 5r16t 9.6Ot

5.86t 5.96¡ 6.lhr 6.281 6.1+0, 6.75t 6.98. 7.5].+t 7.42t 7.76t

7.96t 8.6o1 9.1¡o¡ 9.8or 1o.o2¡ to.5t[, 11.26t 12.8t, and.

75.16 lJo

I¡üf,g&g'- Isolatcdt fnon fraatlons (g) anÅ (9r 2)

by gas-llguld chromatograplLyo lFhe lnfmred. spccttnrn

(freuta firn) ehonrcô narlna ¿l 9.25t g.L+6t ,.6a, 6.24, 6.Ñt

6.92t 7.ùo 7.4Or 7r58t 7.68¡ 7.82, 8.2O¡ 8.Jl+r 8^62¡ 8.9hr

g.l+or g.84, lo.561 1O.92r 11.6O¡ 12.A6¡ 1r.O2, 13,7Ot 11.920

and I l+.1& lto

lg$gf,;lg.- Ieolatsô fnø fraetlons (d and, (S' 2-r)

þy gas-llqutd. chronetograpt\y. Ihe lnfrened. sl,ectrun (tlqula
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f,lh) showed. ¡uaxlne at 5'5t t 3.42t 11530 5.69t 5o20t j.Wt

5.62t 5.85¡ 6.26¡ 6.h0r 61720 6.90a 7.3Qt 8.r1r 8'ATr 9'O8t

9.28. 9.62. 9.71+¡ 11.11+r 11.57, 15.6A, and' 14'52 lt'

lEpþ!þÈLÊSg.- Isolatcô fnom fractf.ons (g) and'

(t, 2-h) by gaa-ilqutd, chnonatognaDlr$rr anit Þy chnomat,ogrsDhy

on Bantlally aoctylated. eollr¡logco The u.ttnevloLot

abaorptlon sBeet¡l¡¡rn thowed nraxf.ma at 2h8r 25Vc 266'. 271¡ 285t

and Jt 1 øtli lrrpr and' ELtr@ô n.B. 78-8OoC'

.- Isolatedt frorn fnactlona

(g) and. (4, 2-5) by gae-llguld chnonatognaptgr. The

ultravlolet epeetnur sho'wed, maxlna at 224¡ 272t 278t 289t

287¡ 291¡ 294t 5A6t 11!t and. 52O nr¿o Attenpta to scparate

the leoneno by funthar gas-Ilquld' chronatognaph¡¡ rcrâ

ungueceesful¡ but thc proèonlnancË of the Z-lsorncr taa tnfen¡'cdl

fz.o¡n the ahepe of the chronatogtlârio

I!þSSINLL.- I¡olated. frm fractl.ons (4, 2-5) by

gna-l!.gutd. ehronatography. Thc ultravlo1ct sPGcttn¡n

ehowoû a naximun at 248 ËÉ tn agr6omênt rith thåt of aD

authcntlo speolnonf ûrBo anâ ntxcô m.Bo 69-7Ð"C.

@.- Iaolateô frcn fractlon (4t t)
by sas-ltqu!ô chronatograPhy. llre lnfnared' ¡Bcot,¡r¡n

(1lgutd fl1n) ehosed ma¡lma at 5.39t 5.1+Or 5.46¡ 5.52t 5.18¡

5158¡ 6.00¡ 6.08 t 6,21+¡ 6.34t €.72s 6"92t 7.28¡ 7.42t 7.62,

7.86, 8.541 8.50, 8.7Or 9.O8 ¡ 9.5Ot 9.7Ot t.98r 10.62¡ 10.88r
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11.182 11.81+r 12.32¡ 12.821 'l3.5Ot and 14.30 lh

ElþgIllI¡.- Xðcntlf,lcô ln fnastlon ßr ¡) ty
oompar.!.oon of ltc rctentlon tluc ratfo çtttt that of an

authcntle BDócÍEcn.

@.- IeoJ.ated fnon fnaetlong G, ,-7')

by chrorratognapfry on ¡artlally acetytatcô colluloeeo Thc

ultravlolct ebsorptlon epootrna ahowefl ¡naxlne at 229t 258t

266, 276t 5O9o l25t 554r and ,l+O nP ln agrGcgol¡t rlth thoec

of en authentl.o BBselmsn.

@.- Identlfled, ln fnaotlons

G, !,.7) by chronatognaptry on partially acetylatcd celLuloec.

Thc ultnavlolet abeorptlon eBect¡'r¡m shwod. naxlma at 25O ar¡d'

296 np ln agneenent wlth thoao glven by an authentlc

sBeoluen.

EL!9ËÊIlg.- Iaolated fnm fractlone (4' 5-.9) bv

chromatognaBhy on pantlal-Iy acetyl,atedl cellrrl.oecr The

ultnavlolet absorptlon spcctyrrn ehoweð maxlna at 260, 29Ot

aff 30{ üp 1n agnêonent rfth those of an authentlc EBeelnon.

ELe¡åElb¡9&¡.- IaolatcÖ f,non fractlon¡ (9, 5-f o)

by chr^omatognaptry on pantlallif acctylatedt celluLosc¡ the

ultravlolet absorptlon BBcetnu ehotred. maxlna at ùlt) 252t

275¡ 282t 2940 ,1O) 5'17¡ 324¡ 537¡ 339r andl 5l+6 uI ln
agr€cment wlth thoee of an auth€ntlc apeetnenf l¡rpo and

nlxcd, rtrBo 9$-!8"Co
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Å&lhllgilfir- Ieol,atod. fnon fnactlo¡r¡ Gr 5-f O) by

chnouatognephy on pantlaliy acctylateô ceüuloÊcr lltre

ultravlolet absorptlon apcotn¡¡r ahoncð na¡1nr at, 246t 255t

5O8r !23t 559¡ 557t stÃ 577 Ë¡¡ ln egr66nent ¡rlth thoac of

rn authentlc eI¡eefmclro

B¡¡gÐÊ.- Ieolatcd frorn fractlons (.0, 8-25) by

chnonrtography on partLaltðr aeetylat'od eellulogoo I'l¡e

ultravlolet apectnrm etrowed ¡naxlna st 231t '¿)+1t 253¡ 265t

271+t 50tir 3i9t 335t 151¡ l58t 36$ end 375 n¡r in agrcaBÊnt

wlth thoao of an authentlc a¡leclmonf Eopr and. nl'xeô n.B.

14y147"C.

$lgg¡gglbglg.- feolated. f¡'orn fractlons G, f 0-26)

by chi.omatograpl¡y on Bantlally acetylateô celluloeco [ho

ultravlole'b epectruri ehoved ¡sar<rma at 216¡ 255t 267l 273¡ 278t

282t 2881 5a9t 325¡ 342t anô 560 trp in agreenent wlth thosa

of an authentlc epeclmenf ErBo and. nlxed m.p. 1O5-tO7oC.

@.- Id.entlfled. ln fnactlons

Gl, 2y5O) by chronatography on pantlally acetylateil

ocllulose. The uttnavlolet Bpcgt¡rurl e,howed ma:cine at 25,

and 509 EÉ ln agneenent wlth those of an authentlc apaolnen.

I . 2-Bensa4lhnacenc (!¿g¡5[tllanthracenc) .-
Id.cntlf,lâô 1r^ fnaetlon¡ (4, 2y5Ð by ohnonatognapÌ{y oa

t¡artlaliy acetylatcd oe1lu1öBoe Thc ultnavlolet aTrsorptlon

s¡reclr.rur traÖ nraxirna at 227¡ 256¡ 2681 278t 2B9o Soor 3150
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,26, 5l+1t J/DSt 565' 574¡ qr¡,û 564 Bp ln agrGüDcnù rlth thoce

of, en authcntlo altceimcn.

[ËåDblE[.Lgf¡0.- Iðantlf,lcô 1n f,raatlong (Åt 2ft5)
by chromatognaptry on pantlslly aoetylateil ce¡'luloaG¡ Ibo

uLtravlolet spaetn¡a ehowtû naxlae et 25Or 257t 27fu 286,

516t 55Ot and 341 EP fn Êgrcomcnt wlth thosc of an authentie

speetnon.

@ (ü n-Þg¡glalt¡ggæsl).-
fdlenttflcô ln ffactlor¡s (4r zf-}r) by alrrosetogmlrÌry on

pantlally Ecetylatcô ocllrrlosc. fhc ultravfoLet apectûu

ahoçcð nexina at 229¡ 238t 255t 2570 262, 274t 286, 294t 5A5t

3'16, anô 5lF n¡r ln agrconcnt rlth thoec of an authentls

apeotmen.

@ (Z tt-þ¡n¡glclf,].uorcnc) .-
Iûentlflsd, ln f¡rectlon¡ G, LfrÐ by chnonatognaphy on

¡rantlalLy aeetylatadl eeLluloec. Ths ultravlolet epectnm

chorcd. msx!.Da at 25or 251¡ 262, 1o2t ,11, l21t 329¡ attil t37

Ep ln egnaoncnt rlth thogc of, an authentic epcclnen.

@ 0l ¡t-¡ep¡e[tl€lsstÊPe) .-
Id,entlfledt ln fraotlono (.0r 2!-t9) by chronatograpl¡y on

pantfally acetylated cellulosc. Ita ultravlolct epcetnu

ehonoð. naxlma at 255t 264t 273t 28ï S0llr 317t 525¡ 53f¡ and

94O p,tt ln agneement ulth thoec of an authentla epecincn.

thIgEg4e,.- Isolateð fnon fraotlons (.0r 5f -59) þV
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chnonatography on Bartially acetylateô cellulogêr Th¡

ultnavlo}ot epectrun ahoweÖ tsaldna at ?l+2r 259t 267¡ 285¡

29hr 306¡ 32Ot 31il+t 351) arfl 365 E¿ ln agrtcnent wlth t'I¡ogo

of, an authent,lc BBeetgcr¡f Eopr and. nlx3d, n.p. 253-2'51+"Ç,

I o.l I -Bensofluoranthan? (l¡q¡etl JÍ[ggg4!h¡Eg)'-
Idlcntlfleô ln fraetlon¡ (9, 56-59) by ch:ronatognaplry on

pantlaJ.ly aeatylatad. celLulo¡c. lho r¡l,travlolct apcotnrn

showoü naxlna et 241 t ?62¡ 295t 5O9t tl$, 715t 145¡ 365t ,76,

anð 385 øtt Ln cgroanant rtth Èhocc of an authcntfc apcclmen.

@ (Uepg9[oh&E94g).- Iaolatod, fron

fraetlorra (dr 56-59) by chnmatognaphy on partlally
acetylatcct oellrrlogoe The ultravfolet epectnum shoryeê

naxlna at 2J82 258c 2681 278t 289t 5o5t 517t 5550 and' 566 nP

ln agnccmont rlth thosc of an authentlc epeclmen¡ E¡Pç anü

nfxcô ropo 177-175"ë.

z.h-Bcnzopvrenc (tengota]¡g¡ggg).- Iaolatad fron

fractlons ((1, 56-59) by chrornatograptry on pantially acetylatcd.

celluloeeo The r¡ltnaVlotot ateorptlon spectnr¡n ehoWeô

naxlna at 2550 266t 273t 281+1 297¡ 132¡ 3l+7t 565t 379t 3850

and. [Cil+ ar¿ ln agr6elnent wlth thoge of an authentlc epeclncn¡

ÉoBr and. nixed. n.p. 17b-f 76"Q.

3.g¡l¿,Igllg.- Id,ent1fled. ln fnactlons Gr l+O-l+8) by

chronatogr.ap$ on Bartlally acetylatecl ce11u1o8êo The

ultnavlol.et spectn¡¡¡ aholved. naxlna st 245t 255¡ 265t 367t
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586t 4O7r anal ¿+35 Ep fn agresncnt wfth thosc of af¡ authontle

speoLtscù1.

(PgEf I c lesaPhcnanÈhrYlenc ) . -
Isolatodt fro¡r fnactlon¡ (lr l+O-59) by sh!'onatogreptry oa

pantla]-ly acctylatcd ec]luloac. Thc ebaOrptlon speetrun

ehoscd na¡tma at 239t 256t g66t 276t 29At 294t Joi r \No 359t

,01. andt 569 E r fn agroôtsGnt ;tf th thosc of an aütÍrcntls

Elrccincnf tsrpr and, nl¡cdt ErBo 16û'161"A.

I I .IZ-Benzofluoranthone (Uçp¡g[f lfluorenthena) .-
Identlf,leû lrr fr"actlons (.{, 40-59) tV chr.omatognaBl¡y on

partlally acetylatadl eolLuloec. Thc ultnavlolet eBeotnrn

chored naxlma s,t 258t 247t 269t t.83¡ 297¡ 1o9t J61t 58Or and'

l+02 n¡r |n agreencnt gtth thoss of an authentlc apeclncnr

I .{ 2-ÞenFopenvlenc (þonaq[ehf ll¡envlenc) .-
Id.enttfled ln fractlonc (.(lr 49-6S) by chromatognaptry on

partlally acetylatcô ceÌl-uloee. The absorptlon epectrnrn

Ehowed naxlna at 2681 276t 289t 3o}o 515¡ 525¡ 55At lr+fu 563t

and. 58f ßþ t\ agrcepent wtth those of an authontlc e¡rcoLncn.

?. I o-Be¡r&ofluonanthene (beruo I ehl ]fluoranthcn¡) .-
Iöenttflcd ln f:ractlonc (.Cr 60-6S) by chnornatograptry ou

partiaLly acetylatedl ceJ.Iuloee. The uLtravl.olet sBcct¡rta

ah.owed. naxlna at 233¡ 2Lç5t 251¡ 260, 282t 291¡ 331t 5481 378¡

398t and l+2O tr# 1n agreenent wlth thoee of an authentfc

aSieclnen.
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&[gÊ¡.1,- Idtentlf,lcd. 1n fractlons (.$r 60-86) Uf

ohnomatograBhv on part1aLly acctylatcd. oelLuloac. Thc

abeorptlon epcot!'ru shoÇcû nexlna rt 2520 256¡ 271+t 2840

JOir 312. ard 526 EP ln Egrcenent wltlt thoae of m authentle

eBcclnoat

3'7-( o-Eh¡Ag]gpe) evrcr{c ( tn¿cno [ 1 t 2 t 5-Gû bg¡ggg,) . -
Iilcntlfiedl ln fnaetlons (4r 60-68) by elrrmatognephy on

pantially aactyLatad EclluLose. Bhe abeonptlon epcetnrn

shoçcü. naxlna at 2591 269t 277¡ 292¡ !04r l15t 56ot 3760 385¡

4O2t tÊ2¡ anÄ h5t ts¡¿ 1n agneerûcnt wlth thosc of an authcntle

a¡roctnen.

Çgtrgpg¡g.- Iôentlffcd. 1n fr.actlone (4r 69-77) by

ehromaùogpaphy on pantlalliy acetylated. eellul-oeo. Thc

abeorptlon epeotnrn showeû naxlna at 267t 2781 289l- 292t 297t

JOlt 516, 1250 328t 532t 538t andl 54+ mþ tn agrêenent wtth

thoee of an authentlo e¡raolneno

Antha¡rthrene (ðlt enzo [ ¿er-nna Jgb$tgg&g ) . -
IÖentJ.fled. 1n fnacttons Cêr 69-86) ¡v chronatograptry on

Bantially aoetylatod. collulose. lhe absonptlon spoct'rliltr

ghowod me xlna al 233¡ 256¡ 259t 295t 3o8, 365t 182¡ l¡o2r

l+O7r 422t anð hjl nr¡ ln agnsonent wlth thosc of an

authentlc speelnen.

I . 2 ¡ h. 6-Dl.b enzoovncne (naphtho 1,1, z ri r 4-d.ef ]CbStHgËg )å-

Id.cntlfled 1n fractlo¡rc Ciþ 78-loo) by chnometognaphy on
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tr,srtlalty scetylated oe11u1o86r The absolrf,tLon Epsotrum

Bhowoû xoaxlaa at 24'l t 2l+70 251t 271t 291¡ 3a7t 121+1 319t,3540

37Oo a¡f 372 tr¡' ln egreæant Flth thoee of en authentlc

ßPcglmCn

Gfne¡sglaari D ]9þxtreiÐe) .-
Id.entlfled. tn f nactlons (S, 87-1OO) by chrouatogmphy on

pa¡.tlat\f ace'ù,ylateit cell-¿loac¡ followed by chromatognaphy

on partlally acetylatcû papar. the abeon¡rtlon spsctnu

ahowcû naxina aE 262¡ 269¡ Zfr¡ 3o5t 315t 331t 355t 563t 3720

anð l+O2 trp ln agreenent wlth thoee of an authentlc epeofuncn.

(¡enqo I ret J.n@!gPþ948) .-
rôenttfled ln fnaotlonE (.r1, 87-1oo) Þy chnonatograBhy on

pantlally acetyLatefl cclluloser folLæed by chromatogrepÏry

on Bartlally acotylatoô paBcr. lhe abeonptton eBectnu

ahowed naxlma at, 252¡ 2tÊ¡ 273t 283t 296t 315¡ 531¡ 353¡ 375t

anÃ 795 ßp ln agneenênt wlth t¡hoss of an authentlc specimen.

7.6 ÐTROLYSIS OF I d-' t .c lgIrrYffin]TzENE

@.- SPeclnens wcrê asaaYeð for

rad.loactlvlty as preYlouøly descnlbcð.e4 Thc cor¡nto peE

n1n. úere d.etermlned by reeord.lng flve read.lnga Pen 3a¡Eplgr

each of 5 uf n. ûr¡¡¡atlon. All aBseyÊ Tvone naBêatedl three

tlmeo¡ elther wlth a new eanple¡ o¡r nith thc or'lglnal' samp'le

ncpaoked,o fhe etattetloal cor¡ntlng ernoï wae calcul.ated ag
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etandard. ôevlatlona fon eaoh senÍee of cor¡ntc anð (wfth the

cxocptton of fluonenc) un¡ nOt gnaaten than t/.. SenBlea

fon csr¡ntl¡rg rüro pneparc{l by tbc trpcllett tcchnfqulrttt

uâlngr çhen nocêoeo4f¡ the nodlf,lcatlono Brcvtous$

d,oaorlbad..¡r Van glytsC-Foleh oxfdtEttons Fcnc aarrlcd out

a¡ d¡acnlbcô ln thc lltcnaturG.tl'

2-Ilvd.¡ro¡v-h-uhc¡sr1[l-l+6þSt=l:!B!.- fhla ras

prepancd, by vesuuu ltnc tectrrrlguo. ltro anpouloar onc of

ncthyl-f 'C 1od.ld,c (1 .5 acr 45.! !rg.) a¡rd, ono of Xnactlvc

netlryl lodjöc (4.2t g., 1.86 G¡oo) and. a thnec-ncckcd. flaak¡

contelnlng nagncellm (O.725 B.)r anhyclnoua ethor (59 e.c.)¡
and. arrhyd.noue bensane (25 c.c.)r fltteô wtth a Lw

ten¡lenatunc cond.cn¡Gll and. a prieËaura-egrrallsed, dnopBfng

fi¡n¡rclr contalnlng fnoohly dLlotllledL olnn¡naldctgrdolrr

(4.4 g., 1O'¡i, exeess)r werc attaehcd to the vaern¡n I1nc

(scc tr'lgUrc 7.t)¡ and thc sycten cvacucted.. fhs actlvc

nettryl [oüldc was tranafenrcd. to tþe anpor¡lc contatnlng thc

lnactlvc natentalr anô thc nlxtune was then sllowed, to warm

r¡ntl,l lt haû conplctcty dlletllLoð lnto the thrce-nsckcd.

fIask. lïhen thc fomatlon of tho Grlgnar'd oonplcr vat

oonplctc (0.5 hr. ) thc aXnna¡nalüet¡ydte rlaa lntroduccd'

dropwiecr DocourBoeltlon of, the oomplcr wao cff,cctEd by

the aloç add.ltton of aqueor¡.o anßonir¡¡n ohlorlða lnnaren

rnrnontr¡ú ohlortðc (e.8 g.¡ ln tO c.e. of watcnJo Wtrcn thc

aClclltlon was oompletcr the eolutlon raE ettrnedl fo¡r En

aðdtttlona]. tO nln. Tho ethen layer wae d.ecantedl anö thc
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agueoua layer oxtnacteð conÈlnuoueJ.y wtth ethe¡r (t6 trr.).
The aonblned. sthen cxtracüs w6re d.rledl over ealalun srrlphate

and tho solvent cvaponatcd ln a cunrcnt of dny alr. Tho

2-lrvd.ro,Iy-h-ohensrl[ç-l rg lbut-t-cnalal (4.h g. r g8liil Ías

obtalncd as an ollr bopr 89-9O'C/2 mo

2-llvd.rorrv-lr-phcnvl [1-l to JÞg!EEû.- The above butenc

(4.4 s.) ln abeol,ute oth¡nol (5 c.e.) and glaclel aoetlc

acld, (5 ¿nops) waa Ïgrônogcnated, ovon Ad.amgt catalyatsae

(teo RE.) for 16 hn. fhc neeul.tlng

2-hvd,noxr-L-pheru¡1 [l-l rc¡g¡*Oera (4.4 g,, 1oo{.) wa!

obtalncd as a colounlese vlecous o11r bopr 8O-82oC/2 rnmo

[d-t rgJËgltlþ.gggggg.- A mixturc of the abovc

hyd,ro¡qrphcr¡ylbutenc (4.t+ s.) and phoophonle aelcl (85Ñl 3 c.e.)

reg heated t¡nd.cr ¡.of1r¡x fo¡: 2 hn. The ethcncal eolutlon

of tlre pnoduct nac waahcô. sueceEslvely wlth watcr¡

þy'J equcoue Eodfr¡m Tqrdnoxlôc¡ çatcnr d.nfeô over nagnesluut

eulphato¡ and Èhe ethctt GvaBoratcd. llhe un¡aturatað

conSlourd. wae thcn furd.rogenatcð tn the samc way aa bcforor

and. the neeultlng [d-lrg]Ug$¡ttÞSeggÐi d,1st1L1cdr Inectlvc

butylbenøerug was ad,d.ed and. thc ôletillatton contj.nuoû to

glve [d-l16]tutytleraoDc¡ boBo 182-'l85ocr nl' 1.1+950

(ttt.r8so ,åt r .492'a, nlo r.49t6). Gaa-ltqulô

chnomatography of a earnpÌe of the d.letlllate revealetl no

lnpur'ltlce. Van Sþke oxldatlon gave banlun canbonate

whloh vas collectecl for rad.loactlve aggay (¡'or¡¡r¿¡ nctgtlvc
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trolar acrivlty x lF ¡ 6J.1 ! o.28).

I[¡L!¡¿LIg¡¡¡Ê.- fnsotlvo butylÞenzonË rat BrcBaneð

fnon Þutynic ac1d. g;þ Þutyr1tt chlorlðer followed, by neactlon

wlth bonzeac by tlre Fntcôcl-On¡fts nethoel anô reêuctlon of

the neaultlne butynoBhenorrc by the Huang:Mtnlon noðlflcatlon

of, tha Wolff-Klshncr roactl"ono

Fnol:rals of [d-t'CJÐlUIÞ.eE¡g&e.-
r4!-t4cJBrrtylbenseno (too s.) wag YaFonleed. at a rato of

7 S./nro and paaeed, 1n a strcam of nltnogon (t e.c¡,/sec.)

through a ellloa tubc nalntalnodt at TOO.C aB pr4svlously

d.oscrlbc¿.1¡tt Ehc regu.ltl¡rg eomf.-eoltd dla¡'ls brown tar
(5t.8 g.¡ wae dletlIleo to glvc fnactlone (d bop. 6Þ9o"c/

760 mn. (1V.7 B. ) r (!) brpr 9o-1 zooc/76o wn. (t t 'a Er) t (g)

brpr 6o-1oooc,/5o mrn. (1.1 B.)r G) brpo loo-1\ooc/5o tm'.

(g.l+ E.)r and. (g) a nesld,ue (tj.o[ B.)o

$Eg]¡Ei[å"- Sopanatlon of thà cornponente of the

var.loue fraetlor¡s wae effected. by gea-llquitl ohronatognaplrvr

chrqnatography on actfvatcd alr¡nlna anö on colu¡nns of

pantlally acetylated cetluloee¡ as Brevlouely d.eeenlbcd.. co

Rad.loaotl,ve asgay could. only bc carnled out on pì¡rc

conpounda obtalned, 1n sufflelent guantltfee to all,ow thc

accu¡racy of the d.etermlnatlon to be ur¡affected. by d.llutlon.

Uaually not Lese than 5-1O mg. wêre nequlned.o

g'ractlons (a)r (t)r epÊ (o).- Fnactlon (e) wat
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sborn by gaa-Uqutd ehnonatogrpBhy to contain bonzenc snd.

tolucnco Fractton (!) war f,ounô to oontaln nalnLy bcnøcnc¡

tolucnc; and etyncnc¡ and, fnactlon (g)r nafnly cùyrcncn

Thc eonBor¡nd.e ÍcrÇ acpanatadl andl föcntlflod, aa dcaerlÞsð

bcIot.

I'rsotlpn (ô).- Fractlon (g) yae chnomatograDhcd

on s col-unn of Spcnec alr¡mlna ('|OOO B.). Elutton çl,th

hexanc gayê flfty fractlon¡ oach of 5OO G¡@r On the baelE

of thefr fluoneeeencr and. r¡It¡.avlolet EBeGtFl¡ ùhcoc fnaotlons

wcre necornblned. to glve flve fraetlons. Na¡lhthalene

(fnactlona f -S)r blphcr¡yl (fractlon¡ 9-f o)r ÊDd fluoronc

(fnactlo¡rs 17-20) rérG lgolateå by the tcchnfque deecnlbed.

bclow for the lndl,lv1ilr¡al conpounda.

.- llhe nesldue (g) ln
chlonoform¡ naa ad.d,ed to alr¡¡nlna (eOO s.) avrd thc aolvent

evaBonatad.. llho neeultfng mlxtunc was then add.eð on to

the top of a coh:¡nn of alr¡nin¡ (t 5oO e. ) a¡rd elutlon gave thc

followlng fraetlone each of 5OO orcot hexaner f¡raetlons 1-t9t

benzcna-hcxanc (ep. gF. 0.695)r fnectione 4o-t+9i bcnaonâ-

hexanc (gB. SF. O.7OO)r fractlong 5o-55i berrzene-hexano

(ep. Br. o.71o)¡ fnactlona J6-61¡ benzeno-trexanc (cp. BF.

o.72O)t fr.actJ.one 68-'79¡ benseno-hexanc (eB' EF. o.75o)r

fnactlone 80-91¡ banzenc-hexanc (sp. gr. o.74o)r fractlona

92-99i ehLorofo¡nnr fnactlona IOO-1O9¡ ethanol¡ fracttons

11O-117i andl Ëlleth,vL ether¡ fnactlor¡s 118-120. On thc
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baelg of thelr fluoreecence andl ultravlolet eBectna theac

freetlong wcre recoublned to glvc fourteen fraotlons.

By ùhc tcchnlgue ðescrlþcô belcçr the folLorlng Du¡rG

eub¡tanooa or tholn üenlvat1v63 wêro leoLateô fros elght of

thc¡c fractlone¡ fno¡r fnaotfons l]-18r phenanthncne and'

anthnaeene¡ fnactlons 22-59, Ityrcnc and fluoranthcnc¡

fpaatlone l+O-55r fluo¡.aathcncr I r2-bensanthnacêtlor

1 tã-loanzoByrcns¡ ar¡d ohrysGnc¡ fractlons 56-59¡

frac tlona 6l+-83 ¡ 5 oh-benuopyrene anð 5rl+-benzofluoranthene¡

fnactlons 96-99t J¡\-benzotetnaBhene¡ anil fnactlon"a lOO-120,

2 ñ- (-g- phan¡rL enc ) pyncnc'

ISOI"ATION A¡iIÐ RADTOqHEMIOAI, ANAI.YSTS

&ggg4E.- Thla waa lsoLateô frora fnactlor¡¡ (g) and'

(¡) ueing a Mcgachrom Bnepanatlve gas-L1qu1ð chnonatograBhe

The lnfrancd. epectrtrm of the pnoduct waa ld.entlcal rlth that

glven by an authentlc epeclmen. Van Slykc-tr'oloh oxldatlon

gava barlr¡n canbor¡,ate whlch wac ool,Locted. for naôl.oaetlvc

aseay (F'ounn¡ neleblve nola¡. aetlv{ty x 1O-Ër 8.3 I O.O5¡

1 |(l requinca 65.1).

lStgggil.- Isolatcô f¡'on fnaetlon¡ (g) ancl (!) Uy

gae-l1gulü ehnonatograplry. Its lr¡franed epectnun wae

ld.entlcal wLtn that of an au.thentlc sBecÍ.men. lho banfun

car'ìoonate obtalncd by oxldetlon was eubnltüed. to ra4loactlvc
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aÊBay (nounAr relatlve molan eatlvlty x 1O-2 r 7.8 t 0.Oþ¡

lrC requlncE 6r.l). o¡ldlatlon of the toluene ßAZ ngr)

sos cffcotcdl by bcatlng unêor ratlr¡x vltl¡ potasctun

pcrmangenetc (!.e¡e *.¡ ln ratcn (20 o.o.) for I h¡r. Thô

colcl ¡slutton r¡s aeLdlffc¡ rltb dllutc h5rdtnoohl.arto aeld,

a¡rd, oxtractoô contlnuou¡ly wLth ethc¡r (f 6 }r¡.)r tho ethor

ronovcd, by ctletlllatloar ard the reeidue necryatalllseû

from water (cbaneoaL). Tha raeulting bonsoic aclô was

obtalncdt ae colourlaae nocdlcgr Frpr 122-122.5"C; and.

eubnltted. to radfoactlve aeeay (tr'cunô¡ relatfve molan

activlty x 1O-2 o 7.4 I o.o4¡ lr0 negulr.es 63.1). The

bensotc e.cld. (65 ne. ) raa deearboxyLated fn a etroa.m of

canbon clloxlde-froe nltnogen by heatfng u¡rd.on reflux wlth

coBpor bnonze (45 ne. ) arrd. froehly dletl1lcd. gulnollnc.

The exlt gao wao buþbled. thnough e l+Fi'solutlon of banium

hydnoxlÖe 1n a twcr-necked flasP. protected wlth a potaallun

þdnoxlöe tubso tho nesultlng barlum carbonate vÍas

coll-ected. and, eubJooted to naôloactlve asêay (forrntlt rcl.atlvc

nolar aetfvtty x lo-2r 4.1+ ! o.o2¡ lr0 nequlnes 6r.t). Ihe

reglåue from the docarborylatlo¡ wag itletllled' to glvc tro

fractlone. GeE-ltqu1ö chronstognaphy of the flrat gavc

benzener r*'hlch waa oxldlseö and, converted, lnbo banlun

eanbonate for nadlochcnicel anal-yele (r'orna: relatl.va molar

actlvfty x lorr 2.o t o.o!¡ læ ncqulnee 63r'i).

$!¡f¡¡AE.- EhlE wae Lsolated. fnom fraotlons b)
arrd (g) tv gae-L1qu1d, chronatography uslng a Megachron unlÈ.
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[hc lnfrqtrsd, spcotnrn tar téeatloal rlth thst of an auühcnülo

spcclnèno Van Sþke-T'olch oxtdatlon gavo be¡lfun Oa¡¡bonate

whlch was collecteû fon nadloactlvc aglay (found.t rclatlvc
molan aetlvlty x lo-ar 18.$ t 0.16¡ lr0 ragulrce ti5.l).
oxlðatlon of the styntnc (laO nB.) ln glactal acct!'c

aetð (6 g. ) r¡as cffactcd, by rarmtrrg thc eolutlon to B5oG anð

ad.d.tng t¡yôrogen penoxld.o $OWt 2 gn) ovcn a perloô of,

! mlno llhe nl¡tune ;al hcetsdt rf th atirrfng (l hn. ) a¡rd'

thc wann eoLutlon Bounod. lnto g'atcn (9 o.o.). Tho aolutlon

was baolficô to pH 1O.5 wlth ?5i; agueoua sodlrua fqrd.roxlðe

wtth varrntng and. stlrrlDgr anö ao1dlf1ed wlth ooncentrated

T\ydnoehlorlc acld. to BII 2.J. Contlnu.ous extractfon wlth

ethefr renOval of thc solventr and. r'ecpyetalllsatlon of thC

¡reeld.uc fnon water (chancoal) gave benzolc acid as need.l-ee¡

Erpr 120-1 21"A. The product wae dlluted (l:Z) wlth

lnactlvc naterlal and subJected. to rad.loactive aeeay (noundr

relatf.ve molar actlvlty x 1od t 11.6 t o.o!¡ ttc nequtnes

6].1). [he dtluted. benzolc aclct. (5o ng.) wau

dcca$boxylatodl ln a stneam of oanbon d.lox1dle-fnce nftnogcn

by hcatlng rrnd.er neflr¡¡ wlth eopper bnonze (e0 ng. ) and,

fr.ceht.y dletiLlocl qulnol,lne (4 c'c. ) fo¡ 2 hlr. t'he eanbon

dlloxld.e evolved, wae abaor.bcû Ln a lç; soLutlon of banlum

hydroxldlo aa ln the cage of toluene oxfðatlon¡ ancl the

nesu].tlng barl'r¡m carbonate subJected. to naclloactlve assay

(ronne r rgl,atlve molar actlvlty x 1O-' , 1.5 t O.O0¡ 1 tC

nequfres 65.1 ).
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NgglhÊ.Lg&g.- [h1s waE lsolated. frorn fraatlone

(4, 1-S) followlng ehnonatography on aLr¡¡nfna.

RcerystaDleatlon f,ron ctlrenol and flnally fnon l.lgbt

¡retnolerrm (b.¡r. 5O-4O'C) gava thc na¡rhthal.eno aa platea¡

Eopr 8O-8Oo5oC (founa: nclativs mola¡r actlvity x lO-ar

65..f t o.l2¡ 1.c rcqulnea 63.1).

Ill¡Þgll$t.- Thla ras f,aolateit fnom fnactlon¡
(4r 9-{c) followlng ehromatogmp}\y on alr¡n!.ner

Recr.¡¡rtallleatlon thrloc fnon athenol gave pLatcrt lnopr

67-68"Co The pnod,uct wag alllutcd wf th lnectlve blBhor¡yl

(1 r { ) and. srrbJeeted. to Ead.loactlyo aeeay (noundr nelatlvc

nolar aetlvlty x loæ o 17.1 t 0.06¡ lrO nequlnea 63.1)"

$Þggggg.- Isolatod, fron fnactlons (gr 17-20)

followlng chromatograBhy on al'unlna. Repeated

eryetalllsatlon frc.n cthruol gave pl.atcsr ltopo 115-116oC

(, rne. ), whf oh were d,t1uted. wtth lnactlve materfal (5O ng. )

for nadtoaetlve asôay (Foundr nclatlvs molan actlvlty x

{O-" , t$.l+ t 1.523 1 rC nequlnea 61.1),

AÐ!b¡gg,g&g.- Chronatcgraphy of fnacttons

Cqr 15-{S) on alunlna¡ followcd ìry chronatognaBhy oR

eeotylated. cellul,oser gaye a mlxture (e.O g.) of anthnqocno

anú phènanthnene. oxld,etfon"t of thls was effcatoô by

hcatirig uncl.er neflr¡x wlth ethanol (5O c.c. ) and concentrated

nlt¡rlc acld. (l g. ) for 1 ,5 hr. Thc orange-yellou product

was dlesr¡Lvcd. ln a nlnlnr¡u anount of, bensene and
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chronatograBhsö on a snall eohrhn of, a1r¡nlne ualng hcxans

and. bcnsonô aa olucntg. ![on f,raatlon¡ âach of A5O Gro¡

wcrc colleetcd¡ ha¡ar¡c¡ fraotlons 1-7¡ üld benzêrlc¡

fractlong E-lO. Thc ftrat flvc fnaoülons contafnoû

phenanthrGncf ar¡ô anthrrqriiuvrrô ÍBð laoLatoð f,ron fraetlons

7 and 8. A.ftcr tro rcerl¡stalllaatlons from ethanol¡

anthragulnonc wts obtalncð ¡¡ flno necd.IeAr ErDo 487-288oC

(cvactratcfl oaptlla¡lf) (nor¡nAr ¡c}atlve soXan aetlvlty x 10-4r

57,7 t o.l5t l.O rGgufrcl 6t.l )'

EbgEgE!hEg&9.- Hrcnantiurcnc oþtalned, above was

pnactlcally Bunc. It 'urao r.eütÌ¡¡taLllecd. frm ethanol to

glva needloa¡ tnopo 98-99oC, rantl. subJeetod. to raûloaetLVc

aeray (nounAr rcl-etivc nolar acttvfty x 1O?r 54.8 t O.l5l

I fC raguhca 6t.1). Â solutlon of, phcnanthrcRc (O., s. )

tl gleclal asetlc aolð (8 g.) raa rrarncê to 85oC and.

tryd.nogen peroxÍ.êe (ZAg4 4 g.) actdled. over a Benlod of 1O nln.

Thc nlxturo was heated vlth etlbrlng (t hr.)¡ and thc çara

goLutlon Boured tnto waten (lz c.c. ) o Thc mixtu¡ra çaa

baatflcô to pH 1O.5 wlth Zlfi aqueouc eodlum tryclnoxld.e wlth

vanntng and Etlrrlrrgl anô aelôlfleô wlth concentnntcd

hydnoch1orlc aold, to ¡ül 2.5¡ Contlnuoue ertractfon rlth
ethen (16 trr.)r nenoval of tho solvcnt arrd rccrïrstall!.satlon

of the yellow crryetallj.nc ¡'celd.ua fnon aquaoua aocti.o ¡cfô
(charcoal) gave Zt2'-blphenlo aclû ae needLegr ErBr 2!ÞÐíl"Ç.

f'ho Broduet wag eubrrltted. to rad.loacttve aeEay (nor¡nC¡

r:elatlva rnolar act1vlüy r lOa ¡ !5.7 t O.lti lG rcqufres
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65.1). Decanbo.rylat[on of, the Z¡Zt-blphenlc aeldL (O.O8 e.i
ïrae cffcoted. þy ircatlng .milen rcfh¡x f'n freehly illetlIlcal
qulnollnc (6 G¡co) çtth coI'pc¡l bnonzc (O.O5 g.) fon 5 Lr¡. ln

e etreen of 6erbon ðloxidLe:fncc nltrogcn. Tho gae vaa

bubbled thnough a 45 af,ueous solutlon of banlr¡¡n hyclroxldtc and'

tho rcaultlng barh:n c¡rbonatg collectcü for radloactll¡s

easey (For¡na: relatlve nolar activlty ¡t .|O-a o 11.5 t O.Oþ¡

1 fC noguÍ¡rcs 63.1). [ho restd.ue waE aalitlflcd wlth

l¡ydtnoohlorlc aold a¡rd. contlnuo'¿s1y extnacteü' wlth ethcr

(15 frr. ). Remcr¡al of thc ethcn qnð rccnyetalllsatf on of

thc rcelctue uelng Ught pôtnoleuû (b.p. 5O-l+OoC) gavc

blphcnyl aa BIateEr l¡rpr 66-67oC. Thc proôuot rrat

oxldlecô by the Van Slykc-Foloh method.¡ Collectcô snd aEsryeû

as berlutr cenbonetc (nognAr rolatlvc nolar actlvf ty x {oa ¡

22o9 ! O.1¡ tt rcqulrÊÊ 63ol).

,BlSEg.- Thle çae leolated fron fractlona

(gr ?.2-59) by chroaatognaplry on acetyLateô cellulo¡cr

followeù by eirnornatograBhy on aluml¡r¿. IlrC cruda pnocluet

(O.5 e.) sat ðlggolvcô ln nitroþenscnc (55 c.s.) enû

bnomlnc (O.61+ Go€r t 25fi eIcoBB) adôed,. llhs nlxturc wae

war.ned, to 15OoC orrer a penlod. of 30 nln. r andl raelntaincit at

thle tempenatur.e for 15 mln. tha prodluot we6 coll,cctcêr

washed. wlth benzenc (¡ o.c.)r d,nled.r and rcc¡5rsta1l1eeð twloc

f¡.on nftnobensone tc glve 3ú¡811O-tetrabroncpyrênc af

yelIow need.legr tÊopo l+OO-l+Ol oC (evaouateû caB1llary) (trorrner

rclatlve noler aetlvlty x lQ-8 ¡ 121.3 Û O.l+1¡ 240 nogrrlncl
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126.2).

E[gglggtùÊE!.- f solated fnon fraotlorr¡ (g,, 22-55)

þy chronatognaplry on acctylated. celluloscr followcð by

ehronatogrephy on ah¡nln¡. Rccrlyeûa1Ueatlon fron ethanol

gavo pale yellov necôlee¡ l¡rpo 106-1O7oC (founar rclatlvc
nolan actlvtty x 10-e ¡ i8t1 t O.l6i tæ negulnca 65.1).

1 .2-Bcnss,I¡thraocnc (¡gg¡[t laathnascne) .- crudlo

1¡2-benaanthraaeno (O.l e.) wao lnolated. fron fractlon¡
(.g, 40-55) tV chnona^,ograBfiy on acetyl.ateô ceLluloocr f,ollowedl

by chronatognaBÌ¡y on ah¡nlnar ftre Bnoduct wae oxldtEcô by

heatlng wlth sodturn dlchrmatc (O.e g.) ln acette acld. (¡ cro.)

on a çcter-bath for I O nfn. Chnonatograplry of the

reauLtant solf.ô on al¡¡n1na uslng hcxanc and benzêrtê¡ and.

recr'¡retall1eatlon of the product from nethanolr geYe

1 r2-benzanthnaqulnonc aa onange-yeLlow needlee¡ rnrpr 165-1 67"C

(r'onna: neLatlve moLar actlvlty x lOra t 72.3 t o.l5¡ 1aC

nequiros 6r.1).

$bf¡¿Eggg.- This ras lsolated by chromatograplry of

fr.aottor¡s Gr ¡+O-55) on aoetylatocl ceilutosc¡ foll-owod by

chronatognapfry on alunl.na. Rccnyetail-lsatlon fnon cthanol

gave I¡late¡¡ rnrBr 2fl+-2554} (f'or:nar neLEtlve ¡nolar aotivlty x

lo-2 t 74.6 !'o.27i .ll0 rcgulnea 6).1). A nl.xtunc of the

labelled. chr.¡reenc (50 ng.), lnactlve chnyeene (tAO e8.)r

eodlun d:lchronate ({.OB g.¡ and. acetlc acld. ({O c.o.)r saÉ

heatod. r¡¡d.er neflux (2 hr. ) *n¿ tnerr pour.ed, lnto wetor
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(la c.c.).ttt [lts prod.uot vas collected ana punlflcdL by

ehnonatography on a colwrn of ah¡¡ntna (tl x l¡ cn. ) ualru

bonzenc and. chloroforn a¡ el,uonta¡ '12 f¡'aotlcnE eaeh of

ZjO e.e. wËrc coll.eotcö¡ bcnrencr fnactfons 'l'51 artÄ

chLonofort¡ fnaettorr¡ 6-12. On tlrc basls of, thelr
ultnavloLet abeorptlon apeotr¡ fractlone 7-11 ttlst oonÈlnad¡

thc eolvant nenovoð by d.1etlllatlon and the nod rcelùuc

recrïtretalItecd fnom tolrronco Chnyea-l¡Z-qulnoaQ rt¡
obta!.nod as Xorrg neô Bnlan¡r Drpo 2l+O-24l"Cr and. aubJgcted, to

rad.lochenleal aBsay (Found.t nelatlve rnola¡' actlvlty x lfer
7l+.7 t O'12¡ I tC regutr.oa 61.'l), The chqyaaqulnonc (5O nS. )

was dtluted, wlth 1¡ractlve qulnono (¡Oo mg. ) r lntlnately
¡nlxcd, with lead, dloxldlc (UgO mgc ) r c,rt[ the nlxturo addedt rlth
stlrring to potaeelu¡n tqrd,noxlclc (t.l+ g.) and. water (o.5 ê.co)

:naintalned. at 225-235"C in an o11-beth.e82 Aften the

aôültlon (1O mln'), thc melt rvas maintalned. et 225-255"C

fOr O.5 h1¡r. Ths sooled. maBB was extracteô wltþ laterr
the fll,t¡ate acid.lfted wlth !ryd.roeh1onlc aeld,r ard.

contlnuously extnactcd wlth ether (5 n¡.). fhe aolvent

çaB eVapor.at,od and the r.cslðue cnyetallleeô fnom aguoous

aoetlo ao1ô (ohancoal). [he cnrde yellow pnod.uot waa

aguin neenyetalllseô fron acetlc acld to glve

.f (2-naphth.yl)benzola aslð (epchryscnfc actcl) as coLounloag

neeÖLesr Dûepr 189-t90"C. Ths prod.uct wae subJected to

naÖj.oactlve aeeay (For¡nd,¡ nel-atXve nolsr actlvlty x 1d I

71.9 t o.78). Ihe mothen }lguone v¡ere evaBoratecl anÖ the
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resldue heated. rrlth a ltttle raten onð. excees banfun

hydnoxidle aôd,eüo fhe foaid.ual banlr¡m hyôroxlÖG rrll rcnorêd'

al banlr¡n carbonatê by trcatncnt wlth oarbon dlorldo. llbc

reeultlng aolutJ.on ras coltcentratcd to give thc banlun ¡alt

of the aeld whJ.ch srg eôllectcd and. treated wlth hyðroclrlorlc

êg1ü¡ 2-Pbo¡\yX-l-tnPhthole aolû wrrt obtalncil at a ltsbt

bnora or5retalllno powðcrr Erpr 1'11-1 13oC. thla acld' (8 ¡tS.)

ras dlluted. grith trraotlve matcrtal (aO ng. ) an¿ eubJectcd to

raô!.ochcmloai as6ay (For¡nrjL¡ nelatlvo nolar acttvlty x l0-s r

75.t+ ! Ac75i I Q nequ1reg 65.1). The 1abeLlcd

g-(Z-naphtfryl)uenzolo aofd. (f OO uB.) wag cleeanborylataô by

heating rurd,er neflrrx wlth copBsr bnonsc (5O ng') and fraahly

d.letl,Lì-eö qulnollnc (, frr. ) fn a etneam of oanbon il1oxlðc-frcc

nitrogeno The eanbon d,loxlde forloed, rryas bu'þbled thnough

a ¿+í; golutlon of bar'lrrm Ïryilroxldc ln. a two-neckeü flack

fttteð vlth a potaeelun hydroxld.c tubc. The barlun

Cart,onatc formeCl wa6 collected. and assayed. (Foundr rolatfvc

aoJ.ar acttvlty x l0a¡ OrOi t O.oo). The ncslÖuc üe¡

acld.lfledl wlth Trydrochlonlc aold and. eontf,nuou¡ly cxtractadl

wlth ether ('15 frr. ). The ethor wac evaporatcdl anô thc

realdue necnyetalllsedl from Egucout¡ ethanol (cþaneoel) to

gtve 2-pher¡vlnaphthalene aa colou¡lees plates¡ orpo

1A3-tO4oC. The actlve Ìgrdrocarbon rvae dllutedl wlth lnactlve

nater.lal (1t3) anCl aeeayed (nourrð: neLatlve moLar actlvlty x

1O-2, 77.7 t 2.68).
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1.2-rtcnzonyncne (lgn¡qlcl¡vngna).- Ieo].ateô fnon

fraotlonr (^g, 40-55) by chnonatognaptry oa aocty]"atoô

eelLuloac. On reenyetaUlcatlon fnon otlranol¡ prlana of

1r2-bengoXryncnc (5 ns.)r tsepr 17y'177"a TÍcFe formcd[. Ího

gnoduct vaa ðllutcô rlth fu¡setlvo naterlal. (25 ne.) a¡r.d

suÞrîlttÊð to raôloche¡¡1csl agsay (for¡n¿l nelativc nolar

acttvtty x ld , 126.5 t 0.71 , 21, nequlnes 126.2).

2. r-Bqnsofluoncnc (tt H-leBrg[¡ JÍ]ggtg¡g) .- rhtc

vas obtalneð by chronatograp}¡y of, fnactlons (.gr 56-59) on

ecetylated. celluLoecr ReerlretaLI1satlon fnom ethanol. gava

plaüeer rnopo 2o6-2o7ëC (rounO: ralatlvo nolar aativtty r lo-s¡

78.2 I o.1l+l tæ nêgulret 65.1)'

r.L-nenaopvrcnc (Þenzo[a]ovrenc).- Isolateô

followlng ch¡.onatography of fr.açt1ons G, 6VA5) on ah¡nlne

folloscd by ohnonatognaplqy on aaetylated cclluLose. fhe

materlal ças recnystsLllseð fron ethanol and ffnally frm
llght petrolerun (b.p. 5O-40"C) to glve yellov neød,Ieo¡ Eopr

176-1?l7"C (rounar ne].atlve nolar actlvity x lO-2 s 121o1 â

O.l6¡ ztO nequlree 126.2).

A eolutlon of labclled 5rl+-benuoByrene (0.992, g.,

O.CO4O nole) ln pune d.¡Tr bcnscnc (21¡ c.c.'¡ was tneateú çlth
oer¡1un tetnoxlde (t g.¡ O.OOI+O mole) and. pune pynld.lnc

(0.627 g,., 0.î6 crcor O.O08O nole)r ârld. bhe mlxtune eLlosc<l

to stanc. at noon tcnBenatur.e for thnee d.ays.8st flrc

neeultlng conplex wao colleoted.r dlgeolved 1n nethyl'eno
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dlchlorld.a (lOO c¡Ço) a¡rdf shalcen for 2 ht. wlth lN agueotts

sodfr¡s ?rydnoxlde (lOO crcr) andt aguoua llt ¡¡annftol (5O c'3.).
The ¡rnoduct wae fllter.cd uelrrg flltcn afd endl tlto solfdl

oxtnacteû 1n a soxtrlct ortnector rith nctl¡yrcnc d'1chlonld'o'

Thc co¡rÞlncd. utcthyleua itlchlorld.c eol-utlona wore waoh€dr

ûnlell ahd eyaponatoð, to glvc a c¡rud,e anorIlhous pord.tr (O.7 8.).
Tbta raa furthen oxldleed. rLth Eod.lun dtlchnoue.to (0.9 e. ) ln
rator (5 e,G.) a¡rd acotla aolô (9o e.c+) by heating r¡¡don

¡sfh¡x for. o.! hro Thc nl:ctunc wag pouned, lnto water¡ the

reeultfng ¡rnecfpltata colloeted. enð punffled by

ehronatograpr\y on e oolu¡nn of a1r¡n!.na (gO x ! cn. ). tlutton
rfth ohloroform geve 18 f¡ractl.ons each of 50O coco Thc

flrst fnactlona (¡-l+) contelned unchanged 3¡l+-benzoBy¡onc

(fôentlfJ.ecl by 1ts ultnavlçIet aì:sorptlon eBectrum). Thc

foLlowlng fnactlone (g-lZ) gave a yellow conpound. whloh on

recryatalllsatlon from acetone formeÖ onange ycllow necðloe

(5 
"g.)r mopr 291-292aC. A sample ge-ve a ce¡'mlne ncü

eolutlon Ín ooncentnated, euì.phun1o aclô¡ ancl the lnfna¡rsd.

apectrun showeô a alngle etnong earborqrl stnetchlng banô at
6.10 p¡28..¡2s' Lts ultnavlol.ct epectrun waa ldentlaaI

wlth that of 5t4-benzopynene-5¡1O-gulnono.tst The fln¡t
fraetlong (th-tg) wenc evaBonated and the neeld.ue

recryetaLl leed f roro tolr¿ene to glve

5rl+-benzoByr6ne-6¡J-qulnonc ae dark red. need.lea¡ rloBr 2l+Þ

249"ç (tlt'. r2s4ra't 253-?54ut)¡ Thla oompound' wae

Eubmlt,ted. to nad.lochemfcal aeeay (r'ounar relatlve nolan
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aetlvlty x lo4 ¡ '121.1 t l.o5¡ 2æ regulrcs 126.2).

fhla aetlvc gulnoac (t ga 88. ) was d,lceolvcü ln

glaalal aectle acld (15 crer) and. warmoô ùo E5"c on a

watcr-þath. Ii¡rdnogcn perorld.e $Ofu 15 oeG¡ ) waa aÖd.cd,

ln thrco egrraL pontlonee thc eeeond aftcl I hr. and tho

thfr{ efton 2l+ }rr. llhc ooold nlxturc waa porneê lnto

oxcoEe watcr anô tho yellor ¡oI1ô (Zt ng.) collectcd anô

d,ocanboxylatcdl. (.nütenptc to punl,fy thfs dllcarbo¡qy]le ac1ê

by eryatalüeatLon and by ¡rar:tftlon ehnonatognapÌ¡y on

e111ca gel wlthout heavy Lose of ¡natenlaL v¡ere unsuccegafulo

In one rrun a emall amor¡nt of thc alkaLl-lneoIublc

ggggb enzanthnone-3 I 4-dl1 ca nb oryl t c arrÏryd. rld.e wa e I e olated'

and ld.cntlfled by 1tg Brpr and from lts lr¡fnared and'

ultnavlolet spectmo tÚí)

Doeanborçylatlon of the c¡'t¡d'e dlcarboryllo actd

(6O ng. ) wae effeetoð by heetlng unèe¡r reflr¡x 1n fneehly

dlstllled, qulnollne wlth copBer bnonze (fO org.) for 2 hr.

und.en a etrean of carbon dloxtclc-free nltrogen" fhc

canbon d.loxlilc llberatcð waa bubbled through a \li Eolutlon

of barlr.¡¡t hyônoxld.e 1n a two-necked, fLaak fitted wlth a

potnealrrn hyd.noxlde tuì¡e. The ba¡'h¡¡¡ canbonate waa

col.lected. and. aeeayed. (founôl nelative rnolar activlty x lOd r

5t1.6 t O.18¡ lro r.egulnce 65,.1). Ihe resld.ue was

acldr.flecl witir lrJrd.¡,ochlorle acld. and contlnuouely extraeted

wlth ether (16 trn.). EvaBonatlon of the ethen and

recr¡retaLLlsatj.on of the resld.ue fron ethanol gaTe chrlf¡ene
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aa CoIourIeEB platcõr lnoBr 251-25to}. Ths h¡rðrocarbon lvaË

d.lluted rlth lnacttvc naterlal (t¡a) anô asgayod (fou¡ra¡

nolatlvc nolar actlvlty x 1A'2 ¡ /0.6 ! 1.51¡ lQ ncquircs

63.{ ).

1 . h-Benzof luoranthcnc (U,gng [t þc cpþcnanthryL.enc ) . -
Thte waa lgolated fnom fractlona ûfu 64-St) ty repeated

ehr.onatograBhy on acctylatedl Ocl,luLoac and. on alrrulna. Tha

Bnod.uct waa recrystelllseô fnm cthanol to glve ncedllsar

Bopo 165-l66oC (8 ng. ) I and d.tlutcd wlth lnactlve naterlal
(32 ne.) ron nsd.loactlvc aesay (Foru¡ûl relatlve nolar

actlvlty x 10* t 59.4 t o.l?¡ lrc requlnes 63.1).

z.L-Benaotetnapheas (¡errgolt ]gÞÐIggpg).- Thls re¡

lsoLated. fron fractlona (-Ê,r 96-99) by ehromatography on

acetytatcd celluloa6r followed by chnornatognaphy on alumlna.

OryEtalLleatlon fnon benzene gavê pale ycilow needlesr [rpo

288-291"C (t mB.). The Ì\yd.rocanbon was d.1luted' wlth

Lnactlvc ¡natenlal (Zt+ ng. ) and. euÞJected. to raoloactlve

assay (t'oundt nolatlve ¡oolar aetivlty x 1O-2 t 136.1+ I 1.OJ¡,

2rC requlnea 726,2).

ztb( o-Phenvlenc ì r¡vnenc ( tn¿eno [ 1 t 2 ¡ 5- c6'h¡Egæ ) . -
Thle was obtalned. from fnactlons (g,r loo-l2O) by nepeated

ehnonatographv on acot;¡latedl celluLose End on aIunlna.

1Iïo cnystalIleatlona fnorn ethanol afford.cd. yÇIlow platea¡

nrp. 162-16t"C (6 rng.). Thc proåuet wae ctlluted with
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lnoatlvc naterlal (ah ng.) anô eubJected, to nadlochonleal

aÊ6¡y (rounAl nelatlve nolar aotlvlty x 1O-e t 179,7 t Or55l

2rC nequlroa 126.2). ,

@.- TIrc butylbensenc wac Brcparcd.

Ea pnevloualy doeenLbCd..ro It oontelnedl no lnpurit!,eE

shlch coulô bc d,eteotcð by gae-llguldl ehronatographyo

.- The followlng was

aan¡.leô out over e nangc of tenBor¡tu¡rea from JOO-$OO9C et

5Oo lntc¡va1s. n-Butyll¡ê¡rcenc (5 g. ) ffse vaporleeö at a

ratc of 7 grh1¡¡. and. paesed ln a et¡eaû of nltnogcn thnough

a slllo¡ tube packad, wlth poncelaln ahlpo a¡rd naLntainodl at

the r.egulred. temperaùìlrGo The neeultlng tar was collaatcð

and conblncô wlth the nesldue obtslned. on extnaotlng the

pyro}yelg tubc and the packlng wlth ohl.oroforn aften cagh

expeniment.

Agåb[¡;|d.- fhe tars thus obtalned. wene arulyoed'

by chromatograBhy on aluolna¡ chnomatograBfly on pantlall'y

acetylated celluloee and by thln layer chromatognaphyo

In egch pyrolyels the entlne tan¡ vag aÖsonbeô on ah¡mlna.

(lO g.) ancl the nixtune plaoerl on to the top of a ooLunn

of al.r¡mlna (ln x 3.5 Gnoj lOO g.) anô chnomatographsd. as

¡lnevlously descnlbc{r Although thc pneecnce of slnplcr



- 187 -

aromatl.c tgrd,nocarbone sush ae rraphthalene was obeervoðr thE

analysog of tars were reetrlcteð to polyoycllc aronatlc

TryctnoAarbol¡E co¡rta1n1ng thnee or tuore cûnd.elut6è f,lve- on

elx-ncnbored. nlngs wlth the exceptlon oî 2tþ and

5rl+-benzofluonerìGgo A conBlete eellaratLon of thcsc

con¡round.s was ofton d.lfficr¡lÈ and. ths eetlnetlon of thaln

y1elde fnon absorptlon Epoct¡'a of their nlrtunos ras

unlrcllable becsuso of thc slnllanlty of theln Epectna.

IS3.- Thc tan (h.oU+ g'r 8o.g;) çaB

ehronatographeð on air¡rnlne (tOO g.¡ as descrlbed. abole.

Elutlon wlth hexane and. nlxtures of hexane and. chlOnofor'¡f,

gave l¡1 fnaotlone. Theee fractl.one wen6 comblnêd On thc

baele of theln ultnavlolet aþeonptlon spectra alrd¡ wherG

neees6a4y¡ chnornatognaphedt on coh:rnns of pantlally aeetylatcô

cel.luloee. No compound.s .contalnlng thnee on moFÊ fuEedl

anoma'clc rfngo could. Èe detected, 1n the resultlng fraetlone.

:jæ,.- sbe tan (h.1r6 g. r 82.7';',) rrvas

chromatognaphed. on al-r¡m1na (tOO g.¡ as above. Elutlon

wlth hexane fol,lowed, by nixtunes of hexane and chLorofonm

gave again 41 fraCtlonsr Bono of whlch were eoriblned. and.

chronatognapheð on coh¡¡nna of aeetylated. ce11u.loseo No

conpounös contalnlng three or nore fused. anomatlc nlnge could

be detected ln the reeul.tlng fractlone.

49$9.- The tan (i.ggo e., 79.8i5) waÊ

chromatognaphed on alrrnlna (tOO g. ) aB degcrlbcô abovc.
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Elul,lor gave the followlng f,nactlons (each of approxlnat,cly

1OO o.c.)l hexano¡ freatlons 1-1O¡ end 25O CoC¡ portj'ona

contalnlng nlxtures of hexane and. chlo¡rof,orn thc coulpoaltlon

of which 1e shown !n br.acketry frastloro 'll-{2 (Zb¡t t v/vl

Bp. g¡.. O. 698)¡ fractlons 1y14 (ZrzZ¡ v/vt 8P. 8F¡ O.751 )¡

fractlone '15-16 (ZZtr, r/tl tP. fIF. 0.764)¡ fraotlon¡ 17-tB

(z'tt!,t v/vi BF. Br. ol97)t fnactlons 19-2O (aetlt v/vl

ED. gr. o.85o)¡ fractLone 21-22 (t9¡6r v/v¡ 8D. ßD. 0'865).

the appropnlato fnactj.ons were conÞineô ot tf," basls of

tlref¡. uitnavlolet abeonptlon spectra and. chronatognaBhed on

coh¡nns of part1al1y acetyla',ed Celluloee. By thla ncthodl

phenanthrene was i.eolated. fnon fractlons (Z-lJ, and

fluonanthene from fnacttonc (1 1-1 e).

lr6o"c.- Bhc t¡n (4.198 s.r B¿+.ooil) was

ahromatognaphcd on afu:n|ne (tOO g. ) aa deecnlbcd a.bovc.

ELutton flave the followlng fractlons (each of appnorluately

100 c.c.): hexancr fractlons 1-19i ancl rnlxtuneg of hexane er¡d

chlonoform a8 absvcr fractlon¿ 20-22 (24¡t 
' v/v)¡ fnactlon¡

23-24 (zytz, v/v)¡ fractlona 25-26 (zz$, v/v) ¡ fnactlona

27-30 (ar rbr v/v) ¡ andt fnactlorra 31-34 (zot5, v/v). rh€

approBnlatc fnaetlons trers comblned. on the baEle of theXr

ultravlolet abaor.ptlon epeotra anô chnonatognaphed' on

co}:nne of partlally acetyiatcd. cellulcge. 'II¡e followlng

conpound.Ë Ìrere ldantlfleô [n the fnaCtlons enr¡nc¡'atCd¡

naphthelene (a-l), fluorenc (¡-6), phenanthrcnc (>-7),

fluoranthenc (f 1-14) r Jr4-benzofluot'ene (zo-zz) t
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Zt}-ÞenzoflIuo¡rene (ZZ-25), and Jr4-þensofluoranthene (27-Zg).

I9g3.- îlre tan (r.Etï E¡ t 7o.7o'ii) was

chnonatognaphedl on ah¡n1na as d.cecrlÞcd, aboVc. ELutlon

gave the followlng fract!.one (each of approxlnately 'l0O c.oo)¡

hexane¡ fnactlons 1-251 and mf.xtureE of hexsno and ehlonofo¡m

a¡ abovc¡ fnactlons z6-e8 (ahrt, v/v)¡ fnactlone 29-ro

(Zrt1t v/v)¡ fraetlon¡ 31-53 (eZz5t v/v)¡ fnactl.ong

5t+-16 (¿t ¡l+r v/v)¡ fnaetlon¡ 57-5A (ZOz5, v/v) ¡ fnactlon¡

,9-4o (t9¡6, v/v)¡ fnaetlona h{-h5 (18¡7r v/v)¡ fractlone

44-46 (t7¡8, v/v)¡ fi.aetlons 47-49 U6t9, v/v)¡ an¿ fractlons

50-01 (15:tO, v/v). Ths a¡rpnoprlate fractlong lvcrc

comblned. on the basls of theln ult¡ravloIet abeoqptlon spcatna

and ehnomatognapheô on qoh¡¡ona of acetylateð cel-]ul.osc. Thc

followlng cOrnpor:¡d.t rÍcrs ldent,lflcil 1n the fraetlone

enr¡merated.; nåIrhthalenc (Z-5), flrronene (¡-6), Bhenanthrenc

$-l)¡ f,luonanthcnc (tz-17) t 3rl+-benzofluonene (1s-27) r

2¡Sùenzofluorene (zø41) , chryeene (lz-lù,
{ Or1 1 -benzofluonanthens (1245) ar¡d. irþ-bensofluoranrthene

(32ú5).

5593.- The tar (3.249 s., 6I¡.9e5";) Ìvas

ch¡'onatographeð on alumlna (tOO g') ag deserlbed. aÞove.

Elution gavg the f,ollow1ng fractJ.ons (each of approximately

100 c,c.)t hexane¡ fraetf.onß t-24¡ and mlxtune of hexanc

and chlorofonm ag aboYer fnactlona 25-27 (e4¡1, v/v)l

fractlons z}-to ízTtzt v/v); fnactlons 51-33 (zztr, v/v)l
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fraetloru 54-35 (al rhr v/v)¡ f,naotlons 56-58 (2ot5o u/t)i
fracttone r}4o (t9¡6, v/ù¡ fraetlon¡ 41-4, (t8t7r ilv)¡
fnactlone 44-46 (t7¡6, ilv)¡ f,racti.ons l+7-hs (t6r9r ilt)t
fnactlons 49-5{ (15:to, v/v)¡ anû fnaotlon¡ 59.-Í/q (t4¡rr,

v/v). 0n thc bagic of tholr utrtravlolot absorptton apcotra

Eone of theee fnactlone wers comblned. and' chronatograBhed' on

colrr¡rne of pantlally aoetylateil ce11u1o8êo The fo}lrylng

conpound.e wefË ldentlfle,t 1n the fractl.on¡ cnu¡¡cnated.¡

naphthaleno (t-z)¡ âGêtìåphtturlene (5-t+)¡ fluonena (5-6),

phenanthFene (¡-e)¡ anthnaeonc (6-8), tr)yrênè (g-th)t

fluonantheno (t l-t g), Jrll-benzofluorcne (3o-5t) ,

Zt3^-þenzofluoncne (¡O-¡¡) r 1 r2-benøanthnacenc (lvl>)¡ chryncnc

(¡o-¡a) r 1or1 1-bonzofl.uoranthenc (5lr-58) r anð

5r 4-benøofluonanbhene (l¿l-¡g ) .

6gg3.- Tho tan (2.152 e.t kl.ol+#) çaB

ch¡rsmatognaphctt on aLr¡nfna (tOO e.) as abovcr Elutlon gaYG

tho followlng fnactlons (cach of a¡rBnoxlnately 10O G.o.)?

hexane¡ fractlona {-41¡ and. mixturee of hexane arrð chlorofo¡n

as abovor f,ractionã þ2-f¡5 (et+:t, vh)¡ fraotlone h6+8 (eTtz,

t/v)¡ fractLona l+9-50 (ZZt|o v/v)¡ fnactlons 51-53 (et ¡l+t

v/v)¡ fraatlon¡ 5lr5l l,zOtr, v/v); fractlonE 56-57 (t9¡6r

v/v)¡ fnaotlons 5s-59 (t8r7r */v\¡ fraetlons ()0-62 (r7¡0,

v/v)¡ fraetlonÉ 65-fu (1619r ,¡/v)¡ r'r'aeilonc 65-67 (t5lto,

v/ù¡ end fnactlon¡ 68-70 (thlttr v/v)r On tho bagla of

tholr ultravlolet spootrar alrpropriate fnactionr s6ro

conblned. and. exatrtned by chlonatogneptry on celltrlogeo flto
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followlng eonBounds trrerê ldtenttfled. ln the fraettong

enunerateô: naphthaLcnc (Z'l) ¡ acenaphtÏ¡yl-ene (l+-5)t

fruonane (6-7)¡ phenanthncne (6-'tz)¡ anthnacene (6-1h)r

pyrenö (t[-l+t ), fluoranthcnc (t 9-hl ) I 5r\-benzofluorenc
(42-l+7) ¡ 2¡!-\snzofluor6n6 (49-5t )r I ¡2-benzanthrnacene

(48-51)r chrlreenc (t+g-¡f)r lorll-benaofluonanthcne (¡+-¡g),

1 ¡Z-benzopyrcno (¡l+-SA) r 5r4-Þenaopyrene (¡4-¡8),

3rl+-bcnzofluonanthcne (54-59) arn 11 r'|Z-benzofluoranthene

(gh-¡a) '
6¡919.- The tan (1.525 s,., 26.5:;t) wae

chnomatographed, on aLr¡nlna (tOO g. ) as d.eecrlbed. aþovco

Elutlon garre the follo*lng fractlons (oaeh of appnorlnately

lOO c.c.)¡ hexane¡ fractlone l-55, anö 25o crc¡ pontlcnr

eontalnlng ntxturoa of hcxanc and. benzone thc cornpoeltlon of

whlch fe ehown 1n braeketa¡ fractlono fl+-56 (24¡'t, v/v)l
f nacttons 57-59 (z5zz, ilv) ¡ fraetlons 60-61 (2U3, v/v) ¡

f,ractfon¡ 62-64 (ztrl+r v/v)¡ fnaotlons 65-66 (ao;5r t/v)l
fr.aetlont 67-59 (tg¡e , v/v)¡ fnaotlons 70-71 (t8r7r v/v)t
fnaatlon¡ 72-74 (t7¡8, v/t)¡ fnaotlor¡s 75-76 (t6:9r v/v)t
fr.aollonE 77-79 (15:to, r/v)¡ fraatlon¡ 80-81 (t4¡'t't r v/v)t
fractlons 82-84 Urllzt v/v)¡ fnaotlon¡ 85-86 ('lzt1ïr ilv)t
f¡'aotlon¡ S7-S9 (rt rll+r v/v)¡ fnactlona 90-92 (to:l5r v/r)l
fr"actlona 95-95 (9rt6r v/v)¡ fraetlonc 96-98 (B:l7r v/v)l
fractlons 99-loo (7¡'t8r v/v)¡ anct wfth ehJ-orofotm¡ fnaotlona

101-106. On the baelg of thslr ultravlolet epeetna BoDo

of these fraotlonB wêFc comblncd and chnonatogra¡lhed. on
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colutrns of aeetylatedl cellulose. The follow1ng ecnpou¡d'a

were ldentlffeÖ 1n the fnaetlone erru¡ne¡'ated'¡ naphthalene

(2-r)¡ Eo€DaBhttryleno (S-6), fluo¡'ene (S), phenanthrêne

(f-ZO¡¡ anthraoene (la-ZZ)r pyrene (Zl-I*)r fluoranthene

(57-Ao)¡ 5rh-benzofluonenc (61-61+) r Zr5-benzofLuorene (66-68) t

1 r Z-bensanthnacene (66-68 ) r ch¡T¡eene (66-71 ) I

I Or 11-benzofluonanthene (lZ-16) , 1¡Z-benzoByl.one (lZ-16) ,

5rl+-bcngopyrene (lZ-16), 5rl+-bansofluoranthcnc (ll-lg),

11 I l2-benzofluor.anthenc (n-lÐ t 'l 012-benzoporÌYleno (77-82),

attã. Zsfg-pherrytene)Bynene (80-86). Traces of othcr

polyeycl-1c anonatlc l5rd.r'oca¡rbone ryOI'G ðetected' (perlfloncr

d.lbenzoByreneø)¡ but theln ylelåe were not determlncê.

ZQCg.- Íhe tar (0.551+ g.r 1o.7q;) tras

chronatognaphed on a]¡nlna (tOO B.) ae al¡ove. Elutlon

gave the followlng fnaotfons (each of appnoxj.mately 10O c.c')¡

hoxane¡ fnactlona 1-Iy'+¡ and. ¡rlxtunes of hexane and chlo¡roform

aa abovc¡ fractlong 4y47 (a[:t ¡ t/v)¡ fnactlons l+8-5O

(23¿2, v/v)¡ fr.actlone 51-r, (eZzl, v/v) ¡ fnactlons fu-nç

(Zt rhr v/v)¡ fraotlon¡ 57-59 (ZOz5c v/v)¡ fraotlons 6O-6f

(lg¡g, t/v); fnaotlons 6a-6l+ (ler7' v/v); fnaotlonc 6$-167

(t7:e t v/v) I fnactlon¡ 68-7O (16:9r v/v)¡ fnactton¡ 71-73

(t 51 1O, v/v) ¡ fractlons 7t+-76 (t t¡r'1 t I v/v); fractlor¡a 77-78

(l3zlz¡ v/v)¡ fnactlons 7ys1 (1zr17t v/v)¡ fractlon¡ 82-81+

(tt:lhr v/vh i'nectlona 85-87 (4:e , v/v) ¡ fractlona 88-90

(3i, v/v)¡ fnactJ.ona 91-95 (e:e, v/v)¡ fnactlong 9l+-96

(1 ¡9, v/v)¡ ar¡ô wtth chloroform¡ fnactlone 97-100. On

i'

I
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the baslE of, thelr ultravlolct abacrptlon spect¡ra eome of

thcee fnactlonc rctre oonbl¡rcÖ and, chrmatographed' on

col1¡¡¡ng of, aactylateð celluloec. The followlrrg conpourrd'o

Earc ldentlflcd, ln thc fractiona onrueratcô¡ naphthelenc

(z-r)¡ aGchåphttrylenc (¡-ta)r fIr¡orenc (5-tz)¡ phenanthrono

(yfÐ. anthraoenc (13-53) , pyncnc (eZ-53), fluonanthenc

(t+5-55) o J1þ-bcnsofl.uoncnc (4yEÐ, 2t5;o¿nsofruonenc (l+ySl) ,

I r 2-bensanthraçonc (45-15), ohryeenc (t¡þ65) r

1orl1-bcnsofluonanthcnc (l+5-65) ¡ 1 t2-Þonzopyron6 (t+y6g),

5r4-ben-zopyrené (ng-|ilr 5rþ-benzofluonanthene (¡y65),

11 /]2-benzofluonanthene (66-74) r 1 r 1}$enøopenylene (66-74) I

and 2rr-þ-nhenylenc)¡rynene (66-71+). Tnacea of othon

polyoyollc Ï¡ydnocanþons werê detecteô

('t rzt 5r$-dLbenza¡thnacgrtcr BerTylsncr d!.benzopyncncs) r but

thelr yloLde \rere not calcu].atcü¡

2j93.- Thc tan (o.tït e. t 6.7qÐ Ìre!

atrr.maùogna¡rhedt on elunlrtl (tOO e.) Ee before. ELutlon

gaye the fol1ffi1ng fnactlons (eaoh of applroxlnatcly IOO c.e.)t

hcxane¡ fnactlons 1-5O¡ a¡rd nlxturea of hsxanc ard

ehlonoforn as aborver fraetlona 5'l-53 (Zt+tt t v/vì 3P. gFr

O.698)¡ fractlons 5l+-55 (ztzl, v/vi 8P. 8F. o.751)i

fractlone 56-57 (zzÕt v/v¡ EP. 8r. o.76tl)¡ fraetlone

58-60 (zlù+, v/vt ED. Bll. o.797)¡ fnaotlond 61-65 (eor5r

v/vl Ep. Br.. 0.85o)l fraatlons 64-65 (t9:6r v/vi ÊP. 8F.

0.863)¡ fnactlone 66-68 (tg:7, v/v¡ BF. BF. 0.8t6);
fnactlona 6$-70 (tZ¡g t v/vl {po BFo 0.929)¡ fnactfong 71-7,
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(1619r v/vE Bp. Er. O.962)l fnaetlone 74-76 (15¿lOt v/vl

BD. 8r. 0.995)¡ fractlone 77-79 (t4:tt, v/v¡ aÞ. 8r.

1.O28)¡ fraetlone 80-82 (525t v/v, BP. 8r.. 1.O77)¡ fnactlone

8J-85 (4¡6t v/vt Ep. BF. 1.16o)t and fnactlone 86-89

(lflt v/vl Bp. Ere 1,2h5). 0n thc basfs of thcln

ultnavlolet epectna Eone of these fnactlons Tsere eOnblneê

and ohnonatographeð on colu¡nns of pantlally acetylated

oelluloser followed,¡ Lt nêoesgarÌfr by thln layen

chnomaüograBhy on pantlal\y aeetylated celluloeco f'hc.

followfng eompound.e have been ldcntlftcü ln the fractlo¡t¡

enume¡.ated.¡ naphthalene (2-4)¡ ac€nåphtttylenc (6-to) t

fluonene (t t -th) r phcnanthrono (t t-¡t ) r anthracene (t¿+-5o) r

pyrenc (zg-55), fluonanthcns (ll-g9), 5r4- anct

2r]-benzofluonenee (56-61) t 1 ¡2-benzanthraeene (56-61 ) I

chnyeenc (¡fe+) ¡ 'lot 11-bensofluoranthenc (65'67)t

1 ¡2-bønuopyrenc (62-67)1 5r4-bonuopyreno (6¡-61),

5 ¡ 4-benzofluoranthenc (6r-67) t 1 1 t1 Z{oenzof,luonanthenc

(62-la) t I r12-benzoper'Irlenc (68-70)¡ and'

2ú-(g-phor¡ylene)pynene (68-7O) r Tnaecs of othcn

Bolycycllc hydrocarbona werê d,etected,

('t rZ: 516-itl.benzanthraGêrrer dlbenzopyrenes), but thelr yleld.a

were not d,etenrnlnod.

!!9g3.- lho tar (o.oZ5 B.r O.1Of") çaa

chrmatognaphed on alunlne (tOO g.¡ as ln the Prevlous

erpeninente. Elutlon gavG the fo1low1ng fnactlons (cach

of approrlnatcly IOO c.c.)t htxana¡ fractfonE 1-63t anô
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nlxtunee of hc¡ane a¡ð chlonoform as abovc¡ fractlor:s

64-79 (g9¡t , v/v)¡ fnactlone 80-81 (ge;z t v/v)¡ fnactton¡

s2-8¿+ (g7zr¡ v/v)¡ fnactlone e5-87 (96¡4, v/v); fnactlon¡

88-89 (9525, v/v)¡ frac"lone 90-92 (gh¡e, v/v)¡ fractlone

gt-gt+ (gtz7, v/t)¡ fnactione 95-97 ßz¿At v/v)¡ fnaetlonc

98-99 (9o¡to, v/v)g fnactlons 1o2-1oz (BBt12r v/v)t
fnacùlone 1ot-toh (86r14r v/v)¡ fractlons 1}5-'lo7 (84:16¡

v/v)¡ fractlons 108-11O (82¡t8r v/v)¡ fnactlons 11'l-11,

(Bo:zo, v/v)¡ fraetlone 114-11, (7Btzz, v/v)¡ fnactlonc

116-118 (75¿27, v/v)¡ fractlone 119-'t21 (65t55¡ v/v)l
fnactlone 122-'123 ßt+t46, v/v)¡ snd fnaetlons 12Ia'129

(l+o¡6or v/v)¡ orr the baeiE of theln ultnavlolet and'

fluonceeencè e¡rectna Eollc of thcee fracttons wer6 combincð

and. ehronatognapheð on coLu¡nns of pantiall-y aeetylatcd

celluloae¡ followed. by thln layen chromatograplty on

panù1aIly acetylatcd. celluloea whon Dêcêse&trgo

The folLowlng eonpound.a w€re tôentlfied ln tha

fnaotlons enuncnatcd.: fluonano (ll), phenanthnenc (17-52),

antlrnacene (zt-zl+), Bynenc (¡g-¡e), fluonanthone (5h-gO)t

1 ¡2-benzanühnacenc (76-e5¡ r chrärsonc (gytlo) r
1 Orl 1-benzofluoranthcno (tOg-t 10) r 1 t1-þenzopyreno (1O6-t10) I

llr4-bensopyn6ne (l Og-t 1O) , 5rl+-bensofluo¡ratrthøne (t I t -t aO)

arrrl 1 1 r1 2-ben¡ofluoranthene (t t0-t 2\).

959þ.- Thc tar (0.015 g., o.5oi'1) waß

chronatognaphedt on a colr¡nn of pantlall,y aeetylatedl cclluloae
and thc follswlng em¡rorrnda were ldlentlfied ln the fractlons
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cnurerated. (oash fractlon of eppnorfmately 6 c.c.)t
phenanthrene (eo-25)r Fl¡rêns çzo-2il, fluorantheno (zt-e1),

ehryøeno (3r-t+O) I and 3r4-benrof,luoranthone (4t-5¿$). Tho

fractlone 20-25 rerÊ comblncd and chromatognaphcd. on a

lange cofu¡.nn of aceüylatcd e61lu]ogc. Thls Srnocod.urc

affonôeü a eonpletc oeganatlon of the threo conponenta.

99g3.- fhc tar (o.oo9 B.r o.18ñ) wag

ohnornatognaphoö on a colr¡¡¡n of Bantlally seotylateð cellulosc

anrt thc foltoçtrrg oonpoundc lôcntlflcd Ln thc fnaotlong

cnr¡ncnaùad. (each fractlon of, aBpro¡lnatcly 6 c'c.)t
phcnanthrone ('tg-ZZ)r pÍrcrrc (tg-25) r fl.uoranthene (zVZ5) t

chrlreenc (lt-16), anô ]¡\-bcnuofluona¡¡thenc (4e-48).

A slnlXar Broood.u¡e tò th^at outlfned. aÈovo regul,toð ln the

d,ctcnalrratlon of the ylcldts of the fLret thnee componente

of tho nl.xtune. '

DETAILS OI' IÐE}TTIFICAIION

NÊIblbguLgÐgo- Iôentlftecl 1n tars obtalned' et

tenpcnatu.nes of 45O-75OoC by ohnornatognap$ on alumlne¡

The ultnavlolet abeonptlon spect¡'r¡m ehoweil narlna at 248t

257 ¡ 266, 275t 285¡ ancl 51 1 mp ln agneement wtth thoee of

an autheûtle speclmen.

Iðenttflcô ln tan¡ obtalned at
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tcuBcnaturc6 of 55Q-750oCr by ehnonatognaphy on alu¡¡Ina

follo¡rcdl by chronatognaptry on pantla]ly aoctylatcê

cellulOse. Tho ultra"lolet aboorptlon epeotrum slrowcd

naxln¡ aÈ 22gt 258t 266) 276t !O9¡ 325t 551+t 8nô 340 Ë¡¿ ln

egrcGment wtth an authentlc speëlncno

EiL!lgE!Ð¡.- Idlcntlflcd ln tara obtalncð at

temperatunca of l*5O-8OO"Cr by ehronatograpfry on alunf.nr

fsll.owcd by chro¡oatognaphy on pantlally acetylateð eolluloso.

The uLt¡.avlolet abeorptlon apcetrr:m Ehoweð maxlna åt 260,

29Q¡ and 3Ol !n¡¿ ln agrêen¡ent wlth thoee of an authenttc

apeelmen.

Ehg&Ê&!þIgng.- Idlentlfieet fn tans obf,alncd et

tcuBeratunee of lfOO-9OOoC¡ by chnonatognaBl\y on aluulna anð'

on BanttaLLy acetylatoô ecIluIoBG¡ The ultravlolet
abeorptlon epect¡n¡n ehov.'ed maxina at ?l+3t 252¡ 275¡ 282,

294¡ t1}r 317¡ 324¡ 531t 339¡ and.346 np ln agreement rtth
those of an authentle BBeolnen.

AÐlhlggg¿g.- Idtcntlfled' 1n tans obtatncd at

tenperatureg of 55O-80OoCr ÞX chronatogrepÌ\y on aluml¡rr

followeit Þy chnonatognaBhy on pantfally aootylateô oclIulo¡c.

The ultnavlol-et aÞeorT¡tlon Epcot¡l1ila showcô naxima at 246t

253t JOBr 525t 539t 557 r erÃ !77 n¡r ln EgnoGmcnt wit'h thoee

of an authentie epecJ.mcn.

Pvrene. Iilentlfled. 1n tars obtalneð at
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tenBonatu¡pos of 55O-9OOoC, by chronatograptry on alunlna ar¡d'

on pantlall,y aooÙylaf,cd aellul.oacr Ehe ultnavlolct

abeorptlon øpcet¡um ahoucð usxlpa aE 231. 2l+1t 255¡ 265t 274t

3O6t 5l9r 135¡ 3511 558¡ 561+¡ arrö 575 Er¿ 1n åSrGenGnt rlth
thoas of an authentle tl,acLmÇn.

SLggIEEtþgpg.- Id.cntlfledt 1n tars obtafneô at

tenpËnatuncr of hOO-gOOoOr Þy etrrouatognaBhy on alumin¡

follorcd by chnonatognaphy on Barttally acetylatstl cellu1ôBso

fhc abaorptlon al¡actrun ahqvrcô maxlna at, 216t 253t 265t 2730

2780 282) 288, 5O9t 325t 542¡ snô 56O np ln agnconcnt lLth

thoee of an authentlo sPcelncrt.

@ (peg¡l.JeglhfgsgJqg).- rðentlrled'

1n tans obtained. at tenperatr¡-naa of 550-BOOoc, by

chronatography on alr¡nlr¡a fol,lowed. by ch¡ronatograp$ or¡,

partf.ally acetylatcð celluloee' lhe abeonptlon opeotnun

sþoweö naxlma at 256t 268t 278t 2891 1@t 315¡ 526t ll+{r 558t

365¡ 37ú and. 584 np 1n agreorrent rrlth thoee of an

authentle specl-men.

5 . lr-Benzoflupncnc (Z n-p.Enggl o lf luorene ) . -

Idlentlfted. ln tare obtalned. at tenBeratureg of l+5O-75OoC¡ þy

chromatognaSrhy on alunlna followed. by chromatography on

partlally acetylateö. celluloge. [he absonptlon spectnun

showed. naxina at ZJQ¡ 251t 262t 3O2¡ 3111 321t J29t arÉ

357 n¡t ln agneenent wlth those of an authentle specimen.
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@ (¡¿ H-Þ¡n¡e[t ht]¡9r$&s)'-

Iðenttfteö 1n tan¡ obtetncð at tenperatu¡reo of I+ãO-75O"Ot

by ehnonatograpTry on al-o¡nlnn anfl on aeetylatoÖ oclluloao'

The ultr.aVtoLot abaorptlon a¡notyr¡n ehowsd, nârln¡ gt 255t

264t 27:Ð 28:'ry 5€¡l+r 317t 32Fry_ 1330 andt 5ho nf¿ ln agnccncnt

wtth an authentlo aPeeiuan.

thrygÊ4g.- IClenülfteû 1n tara obtatned' at

tenperatunee of 5OO-9OOoC¡ by ehnonatognaB}1¡r on alur¡lna and'

on aootylatcd. celluloac. |f{re ultravlo].ct spectrÎ¡n ehowsd

naxlna at 242t 259t 267t 283¡ 291+¡ 3A6t 32Ot llùt 35'l¡ and

165 ¡¡lt 1n agnecncnt çlt|r thoee of an authentlc speclnen.

I o. 'î '1-Benzof luoq¡rntheno (¡enso I J lflugregjhbgE!,) .-

Iclentlfled, ln tana obtalned at temBe¡'atu¡'ce of 5OO-8OOoO,

by chnonatograpþy on a\¡¡¡lr¡a and on acetylated eelluloEcr

fhc ultnavlolet abeorBtton epe:tnrm ehoweÖ naxlma at 2+l r

282'-293t 5O9t 5181 155t 545t 365t 376t anð 585 np ln

agreenent wlth thoee of an authentic eBeelncn.

@ (teru¡olqh¡¡ggg).- Iôentlflcð ln

tara obtalned. at ternpenatures of 6oo-Sooocr by

chromatogrgptry on alumlna anfl on partlally acetylated

eollulogo. The abecqptlon spectnrn ehov¿ed' ¡naxlma at 238¡

258a 268, 27Bt 289¡ 3C5t 5'l7t 353¡ and' 3(t6 m¡z ln agneçment

wlth thoee of an authentlc epeclmene

q.h-Be4zopvranc (Ueg¡g,[" JDIEg4g,) .- Identlf led ln
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tars obtalned at temperaturea of 6oO-SoOoCr by

chnonatography on alr¡mlna and. on Bantlally acetylateil

cellulosc. Tbe absorytlon epect¡'um ehoWed, naxl¡¡a at

255t 266. 275t 281+1 297¡ 552t 5l+7t 565t 579¡ 585t and

4Ol+ nst¿ !n ag¡eenent wlth thoec of an authentlc epeci.meno

r.h-Bcnzoflqg.¡nanthanc (tcns [o @) .-
Ictentlfled ln tara obtrtncdl at tcnporatr¡ros of l+5O-9OOoC,

by Chronatograplry on qlqnlnr and. on partlally acctylatød

solh¡loeo. fhc abeon¡rtlon apectnrn ehowed. naxlna at

239t 2561 2661 276t 29O¡ 291+o 5Ot¡ 32Ot 559t 351¡ anö

569 ntt ln agnecrnEnt rith those of an authentlc aBcclmen.

I I . 1,Z-Benzcfluoranthene (tenzolt J¿]¿ggIåAÞeEC) .-
Identlfled In tare obtalned. at temBenatul.eg of 6OO-8OOoC,

by chnor¡atography on alumina and on ¡rartlally acetylated.

celluloee. The abeonptlon spectnrrm shoïYeð maxlma at 258,

247t 269t 281¡ 297¡ 5ù9t j61o 58Ot arrð 4O2 n# Ln ågneenent

wlth thoee of an authentlc Bpecfneno

1 .1 2-Bena,opervlene (þ¡¡nao [ehl ]¿gry&Eg) .-

Id.entlfled, ln tans fonned. at ternperatunee of 65O-75OoCr by

chro¡ratoeraphy on alumLr¡a and. on acetyLated. cellul-oeeo

The aþeonptlon spect¡qrn ehowed. maxf'raa a'b 268t 276¡ 289t 30Or

315t 525¡ 35ao î+5t 563t and 585 nt¿ ln agneelnent wlth those

of an authentlc epeelmen.

?t}( q-Phenvlene ) nffenE ( rn¿eno [ 1 fi ¡ 3- eð'lryXgÐÊ) . -
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Idlentlfleê ln tare forraeå at ten¡renatunee of 65O-75O"Cr by

chnonatography on a}¡mln¡ and, on acetylated celluloea.

The abeoqgtlon Bpectrnrn ehowed naxl¡na al 259t 269t 277t 292¡

50l+r J15t 360¡ 376¡ 1850 l+O2r lg¿t au l+31 nP ln egrocnsnt

wlth ühosc of an authentlc sDecllmono
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Cm¡raisn, A4$¡¡L$!¡.SE!) 1962, L9, 4,
8oh¡rlûtr O.r @t 19],% ålÍ1, ,9, 1919t

8.h3, Itt Sahsldtr O.r ar¡d, Schnldtr H.r. f¡-n'hg!¡
9¡g¡r 1919t &,-!Ir 185¡ schntd,tr 0.r @t
1959o E-lAr f S¡t Sohntðtr o.r EfSU¡Uf¡¡¡,, 19h{ , ?2t

'ir+6

Svantholnr ls.r ¡ 19iq2o å-l^li, '13

.ehg¡J}¡¡r 191+% !5¡ e+rh

Anoo¡r .T.Crr rñd, A¡roo¡r l{or ,
tg62¡ 4r 4O7

Baôgerr oclû., @ 19h9r 456¡ 195ot 1809

CoulEoa¡ C.Aor Alür-$3ûegË.Rüt.¡ 19550 Lt l¡ Baôgcn¡

GrM.r @ l95trr Z, 751 Rrxlnanr A'r
endl hrl.ln¡r¡r B.r @t 1955t 2t 117

Ecd.glrrr Grtnr @ 19+81 3,r 5o9

Dauôolr R,, @t 1958t lt 165, oh¡lvctr
o. r Drudclr Ri r and, Moecnr 0. r 9¡Eg¡I-Egl¡r t 956r l9r
1ort

woodhor¡scr D¡Lor @¡ 19$+r êr :h6¡
HcldlclbcrgÉa¡ C.r anÄ !úclôanhaucr¡ MoGoI 9g¡g!.8-Blgr
1956t lÃc W
Secnt-oyðrgylr ,A.r NgIgElr 191+'1, 1!+9, 157t EYansr MoG'¡

anô G,ongclyr t.r ¡ 19490 lt 188

Car{cçr ltroH.r 9ñrì Elcyr DoDol

1959t aJ;t 11'
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tfaronr R., NÉgI¡r 1958r $fu 82O¡ @r
1955t 73t h69¡ t 1959t Eo 1?;9

h¡lImanr A, ¡ Énd, h¡lrnaar B' r ELLEIg t '1962t 196,1 229

Fagptrr C.r Fükr¡lr K.r YoAocawar Í[.¡ aná, lagaahfrla Ï¡l
.sgrc!I.&¡¡¡ t 195in 75, 25]$ Koutcokf r r['t and'

zelr¡.¡ônftsr R. r 9¡In!I-Bû¡¡r { 961 t ZLt 4rT

Bcrthclotr tt.r @, 1866, 9r lrl+5¡ ESt¡¡
@r 1866¡ 61 272 
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Egloffr O.r nÎÍlrc Roectlor¡¡ of, Ptuc Hyôrocarbona¡f

Reir¡hol1tr Nct Yorkr 1917

Ifì¡t{r C.Do¡ nlho Þrolyels of, Carbon Conpor¡¡rd,g¡ñ

RctnÌroldr Nar llork¡ 1Y29

Sterelar EotY.Ror tAtomlg rnû Frcc Radlocl Roactlonl¡rf
Rclnhold, Hw Yorkr 2ttil. cd. r f 95¡+

Írot¡,ran-Dlokenco[r A.F.¡ ËGra Kl.netlc¡rn Buttanorthlr
Lond,on¡ 195,
ÉRoaetlon¡ of, Frcc Redtteala ln thc Clae Pha¡crn SBeala!

hrbllcatLon No. 9¡ Thc Chernlcal Socicty¡ tond,on. 1957
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r 
Ë &tgggt@. 1 951 r l9

Eaanrelr V.¡ end. Stcrbar Ho.T.r @ l9l+8r

LQ, 166o¡ 19t+9r !fu 191¡+¡ 195oo L?¡ '1759t 1951. !*2¡
20167 '1952: þJL; 2o75t 1953t hlÅt 2or4¡ 195tu ltÉ,t

r 888

Appell.¡ He Ror trrd, Bcngc¡:'r C.V., @t 1955t

XZr 1s[e¡ t95br 49r t$6¡ 1957t !2t 1478¡ 1958¡ 59r
1350

dcRoaact¡ A.dI.¡ tnô Bcrgcr¡ C.V.r @r
1959t lLt to75i 1960¡ 5go 7117 1961t 52t 680

Stutbsr F.J.r eDd, Iïlnahclrooûr C'N., @
195ot Ar â99,, l+58
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sltentonr G.c.r @¡ 19\7¡ 75r 455

KuppernâDrrr .Aor end. Larootr, JoGl.r @
1g60o !J,o 126t+

Pr¡rneltr clolf . ¡ anit Quln¡rr c.F. r Isr.g!!r 1961r L$!gr 656t

J. Chon. $oc. t 1961¡ 41eB

Lafùler¡ K.Jr¡ and, TttoJclechorEklr BoW.r @r
1961r A¡ 359,' 91i' 10'

Laldlcr¡ KoJ.r SegiCnt¡ NoIf.¡ BÍIô T[oJol6chow¡kt"r B.Ï[or

@t 1962t At 3J9r aiq,zt zfu

Purncllr J.H.r arrd. Quir¡¡rr CrP., @t 1962c

b EZtu s6t

8¡gcrtr N.I1.¡ Rrrd. Lald.Iar¡ fr.Jrr @r 1963,

!1, 858¡ 843

.Tameor D.G.L. ¡ arrd, Steacls¡ EoVÍ.Rr I EË99¡.-B9J.r-.S99¡r
1958¡ ô, .ål+þr z89l 2.97

Illccr F.O.r etrd' Var¡ôomlleer Í.å.r @r
r 958r lgr 291

Oc¡ualn¡ iI.S.¡ and, Vcrnleeottat C.r @
Ef,¡Ãlg!,¡ 1958t ,19

Scvorklan¡ Vr¡ Hcath¡ C.E.r &nd. Bor¡ðartr M.r .tc-Eþf,El

$bçtrrr t96or Éþr 964

Sklr¡nenr G.Bo r and, Rtrqhnrclnr R.Ar r @r
1959¡ 970 1716

Ncleonr L.Sr¡ arrd, Lu¡ôbergr tT.L.r @r
1959t áJp t+5,

Ekln¡cnr 0¡B.r aDû Sokolocklr B.M.r @
r 960r êþ l oe8

Nonr!.shr R.G.TY.r ÊDd, Pur*rrc}l¡ i.H., @r
t958r &, 2!+1' t+35

ttt



rF- 21l.+ -

l5s

,81

tõt

Lorrgwcll¡ P.Aor arld, sager B.Ho, @t
1g6ao 5o ,22

LuccheEl¡ P.J.r Bacdcr¡ DoLo¡ afld' Longn'cll¡ J.P.¡
Froco 5th Vforld. PetrolGun Congr€Bar Nff Yolk¡ '|959t
guotcdt tn noferane. I t'

Hotnor H.F.r Clerbcttr T¡A.r ãrrd Pcg8, RoE.¡ Proee

5{rh lVonldt Poùnoleu¡n CongrêBBr New York; 1959t gì¡otoô

ln nefcnGnce t tÔ

Analo s.r anð ghtûir 8.r @t 1963t fr¡ 694

LeRoy¡ D..for and Stcaclar E.IY.R.r @t 19410

9, 829t '1942¡ 39t 676:, CaLlear¡ 4.8., and, Roþþr RoC'r

Dlacu^seo li'anadav Soco o 'i9fut 7J¡ 21i Olcabe¡ H.r aná.

illcNeebyt J.R.r @t 1962, 3É,, 60l

Cvetanovló¡ R.J.r ând. Callean¡ -ti..Bor @r
'1955t ät 1182; CaILeBF¡ ArBr¡ aDð' Cvetanovl6r R.J.¡

@, 1956' fur 875

Keba¡rlEr P., @¡ 19650 6Jt 716

Avnahanlr M'r and, Keba¡rlor P., @t 19610

17' ttu
Kebenlcr P.r and, Avnaharnl¡ í{.r @2 1963t

E, 7oo

Cvetanovlér R..T.¡ aTId. Doyler L.C.r @r
unBubllshed. neerrlter guoteô ln nefenence t lo

LeRoyr D.J.r and. Steacle¡ ËrlT.R., @r l9¡l+r

!3, 117t Collln¡ J.r and Loeslng, F.P.t @r
1957 t 25¡ n8
EglofÌfr G.r aird Hull.ar G.¡ 9Þ9.?.-@.¡ 19lt4t 75t 279

G1I-Avr E.r Shabtal¡ J.¡ and steclcelr F., .{r-9Lq4c
Eng!-Ðgnå¡ 196ot 5t 98; @t 1960¡ 12, 51

Zlmnerman¡ H.E.¡ and. Paufler¡ R.M.r @r
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1g6ot Ðt | 514

OnCærCr SrFor faylOn¡ RoLrr âIrd, PattcfgOltrr rflrl¡or

@t 1958t â3t 258t Atcnr o'F" e¡d'

oraor¡or E.Frr t 1961t 5t i5

BnaCllcy¡ J.No¡ tnd, Kl'atlakffiskyr Ë.Bor @r
1961t fr,0 26/'+

lleeng¡ W.¡ Baucrr S.H.r arrô Waelbroocht F.r &,JH4l&
thggg' 't9620 â5,t 282

Coatar F.ILr tnd. And,crgon¡ RoC.r @t 1959t

Ê2, Itl+o

slyehr Rosrr D;[¡gr-.$Þgg¡ 1t6ot plt 1ll+, Slyahr Ros.r

arrd Klrurey¡ CrRo, @, 196'i.'. 95. lolt4

Lang¡ K¡3'¡¡ hrff,tebr H., and, Zanden¡ M.r Aggggr.-9þgggr
Intermst. Ed,. t 1965t ?t 158

Coqpcnthwaltcr M. r and. Bauçrr S.H. r @t
t962t 2É.¡ 1745

LoSrlng¡ F.P.r IngolÖ¡ K.U.r a¡rð Hond'Cngcrn¡ I.H.$or
.I. Chem. PÌ¡v¡. o 19fu¡ &-¡ 621

Renthclotr M.r @r 18661 2t h45¡ h7t¡
1867 0 JZt 141, 1869r LÉr 1ll}+¡ BulI' 8oe' ehim'

E¡Êlgg,r 1874¡ 22t 4t7

Gnoll¡ H¡P.A.¡ @t 1935t Æ,t 784

Boruret¡ J. r and Ncr¡tcûnnr s. r 989.9,L981Ê t 1957 ¡ 19' 121+

Bad,gefr Q.M.¡ end. Buttcqtr¡ R.G.¡ J. ChËD... SOe.r 1958r

2454 Beil.genr Gol,{.¡ Ênd' Spotswood,¡ T.M.r @r
1959t 16t5i Bad,gerr G.M.¡ anÄ Klmbenr RcY/.Le r .{r-.919!4¡.

.Qgg:., 19601 266¡, sBotswood'¡ T.trl., @t 196Ot

Lú+Z7i Bad,g'enr G.Mor r,Rd. Kinbonr R.TV.L.I .trihgEr-.Þ99cr
196Ot 2746¡ Bad.genr Cl.M.r ûld' SBotawood'¡ T.Mot .&;Qþgr'
.Sgfi¡, 1960, 4+eO¡ Iù51¡ Baôger¡ G.M.¡ aIId. Novotrly'f'r
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. Chcm. -Soc.r 19611 5l+OO¡ 340gl Badlgenr CLHcr r¡d'
Klnbcrr Rrw.r,or @ 1961¡ 3l+o7¡ Beôgcnr

CÞ.Il.r Donna1lyr J11l'1an K.r antl SBotEwooðr T.Mor

^Àustnal. J. ohen. t 19620 7lÁ¡ 6O5t Badgerr G.Mo¡ KlnbCr¡

R.VÍ"L.I and. Novotnyr .T.r @ 1962¡ 7.2t

6t6¡ Baôgorr G.Mrr Ðonncl.lyr illlllan K.¡ erû Bpottsaeôr

[.M.r @r 1961o 390 5fr21 Baðgcrr o.M'¡
anú Novotr¡vr J.r @¡ 1965t .16,1 61r, 62t

Baôgpnr G.M.¡ Dorurelly¡ Jll1lan K.r and SpotêEoOûr f"l[.¡
Aust¡aL. Jr Cþæ.r 1965t 7É, 594 Bad.gprr C[.M.r at¡d.

Novotrryr J.r @t 1963t Lâp 61,

Eo¡cr Wr.A.r aDô Cowe¡{,¡ HrF.¡ J.-Chen' Soc.r l9OBr gllr

1197

Etauôlngcrr H.r Enülcr R.r a¡rd' IIa¡roIêr J.r E¡X¡t 1915t

45,, 2J+66

Jonce¡ Ð.T., @ 19150 tpJ,¡ 1582t .r. Soc.,

Chcñ. Ind..r 1917, 3É,t ,
Wctæa¡rfrr C.r Bgrgnannr E.r llgggottr Ii/.[.¡ SteinOf¡ H.r
$r¡lsbaChcnr !d.r Parkcnr D.r ìdlchaelle¡ K.Or¡ lrïhlnOUp¡

s.r and. zinkfnr !!.r @) 1951t !+2, 25121

TVolzna¡rnr C.¡ Bergnarrn¡ E.r Boyd-Barrcttr H.Srr
Stclnerr H.r Bglzbaehcnr M.r Holkenr JoR.r Mar¡d.elr E.r
Pongeer Jor and. Rosleyr D., @, 19r1t Llt
2318

Bad.gon¡ OeM.r âDd, Spotcrooð¡ foMor @ 1959t

1655t Badgpr¡ G.l[.r and KlnÞerr R.WrL.r @
19601 266i spotewood.¡ T.M.r @ 196É.o ¿l+271

Bad.gerr GoM¡¡ Brrd. Klmbcrr R.W.L.r Jg-g}¡9trg-$99gr 196Or

Z?461 Bad.gerr O.M.¡ Lcwlc¡ O.E.¡ and' Naplcrr I¡Mor
J. Chou. úoclr 1960) 28251 Bad,ger¡ Gl.Mo¡ atrð

SBotewood,¡ T.Mor @ 1960, ldÉoi ¿+4lf ¡

Bad.gcnr GbMo¡ erid Novotrlyr J.r ,I. Chem. Soc. ¡ 1961t 54051



217 -

laa

tr3

ta?

trt
tæ

lco

t, rt

Badgterr o.M.r rna Ktnbcn¡ R.W.L.r @ 1961t

74071 Baûgsn¡ Ooll.r Dorurcll.yr Jlllla¡r K"r an¿

Spotcwood,¡ Íl.Mor @t 1962¡ t2, 6O5t

Baûgcrr Cl.ìt.r ônd Novotr\yr .T.r @r
1ú!¡ 1Ét 61,

Bad.gorr O.!1., ündl Klnbenr RcTT.L.r {r-9hgÐ¡-.Egggt 1958t
2455t 2455, Ba4gcrr Cl.Mor snd Buttery¡ RrOe t JI-.QI¡!E¡
.9gg¡r 1958¡ 245ôt Bad.gcrr C!¡Ho¡ and. $Botcwood¡ l.Mo¡
f. Chsn. Soc¿t 1959t 1655, Baclgon¡ GhM.r 8nê K!.nÞorr

RorJT.Lrr 4¿_&@r_.ELllgo 1%Ot 266¡ SPot¡voodr TrMr¡
.I. ChEnr Soe.r 196or N#?t Badgcnr G'M.r trrd' Klnbcn¡
R.TV¡Lor .{rl!¡ggr-jlgg.¡o 196Ot 2746t Baðgarr C[.M¡r Larlar
Go5or anð, NaBter¡ I.M¡r {r.-9hg¡r-jl9ç¡o 196Ot 282J¡
Bad.genr G.M.r ânð Spoterood¡ T.Mor @ 1960t
ld+zO¡ l$+r1¡ Badgonr Cl'M¡r ÊnA Novotr{fr J.r {r.-QblEg
Egg¡.¡ 1961t 3I+O3l Bad,gerr CloM.¡ and. Kln¡berr R.W.L.¡
J. Ghe¡n¡ $oçq, 1961t 3I+o7¡ Baôger¡ (Þ.M.r Donn¿llyr
.I1111a¡r K.r anê 8trrottÍood.r f.Mor @t 1962¡

lår 6O5t Bad.gon¡ G.M. ¡ and, Novotqlrr J. r AEElXf,lr-i[a
ghsgr.r tg65t 3Ét 61,

Btelnsrr H. r and. OoodasTìrt¡ H. r unBrrhllshed. resultcr
quotcð ln ncfcronct "t
Ifu¡rd.r CcÐr¡ Ìtraeon¡ ArB.r Stnonr JoI.r and' Levctan¡ R.V.¡
J. A.me¡rr Chemo Soo., t962t þlt 4509

Sswarcr M.r @¡ 191+90 [Jt 281+

Schroetorr ct.r Eg,jEst 1924o zZt 1990

zleglcrr K. ¡ end vvllms r ÏI. , 4s4Êlg t 1950 ¡ É7, 1 7

Ztoglen¡ Krr Sauen¡ K.r Bnrnc¡ L.r tr'roltzhcln-Ktìxlhortr;
H.r and Schneld.crr .r.r åE¡!ål¡gr 1951"+1 592t '12r^

Bad,ger¡ GrM.¡ Klnben¡ R.WrL.¡ and, Spotswood¡ T¡l'{¡r

llgLgryl 1960, $Z' 663

BLrOhr A.iI.¡ Maaey-lVeatroppr R¡Aor Rloka¡c(lÊ¡ RotrVrt alrd'tea
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Snlthr ïi.r .t¡-9þg¡L¿-Eigggt 19580 560

Szwanc¡ ü.r and Wll1lame¡ D.r iI. Chen. Plrvs.r 1952¡ &t
rr71

szwanc¡ M., @r '19+81 1Ér 128

Hornex¡ C.r and. Milcc¡ 8.Eer I
1951r l9r ',ET

gchleElenr D.O.¡ and Stcvcnconr D.Prr @r
195ú 22t 151

Schweglcn¡ E.Y{.r SghsragBr HrA.¡ and, Van Arfad.alcn¡ E.R.¡
J. Chem. Phvg.) 1951r J9r 1r5t And,eneon¡ HoRo¡

Schenaga¡ 1{.4.r tnd. Van Anted.alen¡ 8.R., @r
195!t ?Lt 1258

Prlecr S.J.r @o 1.962r @,, llr10

Szwarc¡ M.r @r 1949r lZr 431

Lelghr C.H.¡ and. Ezwarc¡ M.r @t 1952, 29¡
l+o5

Lelghr 0.II.¡ ârrd. Sstrancr lvl.¡ t. 9þen. flh-vs. t 1952t Ðt
407

Smlthr SoRo¡ ôrrd, Gond,on¡ A.S.r @o 1961t

6J, 't1?.4

úlond.on¡ A'S.¡ &rrô Snlthr SoRor @¡ 1961t

II' '5r1

Knor¡ BeE.r snrL Palmen¡ H.B.r 9þl4r-Bg&,.r 1961r É1r 2l+7

li[llshlncr JrF.K.r @¡ 1962¡ J5t 538

Bnlnton¡ R.K.¡ ür__0lrenrlltytu,r 19580 Ðt ?er

Swecilng¡ J.Tüor arrd, T7llehlrer J.F.K.r @r
1962, jån eg

Ballcyr W.J.¡ Ctmov¡ C¡H¡r anð Nicholaer L., {r..AEgIg
Chom. 0oo. t 19550 fr.t 2787
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Beðgcrr G.l[.r @¡ Moaognaph 9r 1964 I

orl.srr N.A.r ElE¿r 1927t 9þ 1950

Ernad,cr LoAo¡ snd, Cace!.dly¡ .ItPrr @r
1960, 93¡ ,653

Bcn¡rcttr J.E.r @ 1961r {hb

Eerlngtonr $.F.S.r 8nð R1öcalr E'K.r @r
1945t A, J.9Xr W7l Hoogr ll.r Verheusr J.¡ trtd'

zulôc!çegr FrJrr @t 19390 22t 99tf
Roacnbcng¡ L.Mr, 195Ot

fät 719

Cottncll¡ ToLe I m|[hc Strsngtf¡! of ChenfcåX Bondgttf

Buttc¡¡rorthsr Lond.onr 1951+¡ DP. 272, 275

StutÈr¡ F¡.Io¡ ând. Hln¡hclwood'¡ C.r @r
1 gSor a¡r 2o1 , '18

HoNcsbyr ,iI¡R.r afrd, .Iaoksonr TVotl.r @ 1965o

2,gJ 692

Kcrrr ü..A. ¡ and TnotnepDlokçnaonr A.Fo r Jg-Uel1g-gggt r
1960, 1602

ilackgon¡ TV.M.r Blrd McNesby¡ J.Rrr
19611 9I¡ i+891

lûeNoaþy¡ i.Ro¡ Drcwr C.il.¡ end. Sond.on¡ 4o9., Jr-9IIeg¡
.EþIEr,r 1956¡ fui 1260

Oottl,onr A.S.r and, McNasby¡ .foR.r @t 196O

1l¿t 1882

HclXçrr C.å..¡ lnd, Oo¡{onr Ao8.r @ 1958t

É2, 709

Jackeon¡ Vf.Mor and. lfcNcaby¡ J.R., @¡ 'lJ62t
É, 2272

Kosstakoffr A.r and Rlocr F.CI.r @r
t 9lr5r 65,1 59o

t8t



- ?,20

221

trc

tta
,D'

22e

e8e

tto

trt

¡tt

å¡t

aga

¿¡t

eta

tt?

,tt

Scftonr VeB.¡ atnð lreRoy¡ ÐoJ.r @ 19560

I[, 4r

Oo¡rlonr AoS.r ârid, Mcl[ccÈy¡ J.R.r @t ''|959c

2b $ns

wtJncnr lÂoHorror @t 1961, 9år 3752

Oullttr C.For Mlnkoff¡ Orifrr a¡ld' Nottlcto¡t¡ M.Âo¡

@¡ 1)6\ þþt 1117

Copclanð¡ P.C$.¡ Dean¡r R.Ilor, Êrrd' l{eNell'r D., .{r-9!09&s

998¡r tr96or 1687

Oopalarrð¡ P.G.¡ Deant R.Elo, atrd' HcNcllr D.r t. Ohcn.

99i¡,r 1 9þO, 1689

Baûgcrr GoMo ¡ KlnÞer¡ RrIl.L. r, and. Novotnyr ü., Agi.!¡g}¡
¡Ir-Ë¡eE.¡ '19620 !5t 616

tlJlnskyr lr.¡ and, Rahar C.R.r @ 196{ t 35,
t566

Na¡rlerl f.il.¡ and, Roêd¡r H.Jor Ohcn. an4 In!,+r {958r
1t19

spoterooûr l.M.r ür,-SbEgBnlggg¡ 1959t A¡ 90

SBotewooô¡ l.!t.r @t 196Q0 2t lO{

Bad,gcr¡ G.ldo¡ Dorurelly¡ Jllllan Kor and. Spotewood'r f.M.¡
jI. Chronraùos. ¡ 1961¡ J!:t t97

Fnled.el¡ R.Aor âtrd" 0rahlnr M.r nUltnevlolot Spcctm
of AronÂtic Conporradl¡r tlolra Wllcy and, Soner Ner YÖFkr

1g51f C1anr E.r ilAronstLaehc KohlenwaÊeèrstoffcrn
Sprlngen¡ Borllnt 1952¡ Íhonaa¡ rf.F.¡ Tcbbens¡ BoDo¡

Sanborn¡ E.N.¡ ârld, 0nlbber t.M.r @
tgLtr,r 1960¡ ?t 2107 Ûawlcklr E.r Haussnr T.R.¡ ând,

sta¡¡].cyr T.lfrr r 1960r ?t 251

$Boterooô¡ I[oMo¡ PÌrD Theclsr Ad.alaldter 1959

Nyrtron¡ ReFr¡ and, Browa'¡ W.Ge r @r
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tfBel'rgtoln¡ }la¡rdbuch ðcn organLcchon chcnlcrn 4tl¡ oô'r

5r 492, SPrlngcrc 1922

ilonce¡ RoNor 1945t 5A¡ ?J27

Frlcðcl¡ RoÀrr erld Orchlnr M.r rrultravloXct Speetre
of, Anomatlc Corapo¡¡rd.e¡H John lVt1ay a¡d. Sons, New Yorkr
1951

Slrcpar{,¡ A.For Hcnntr Arl,rr tnd' illdg3'cyr lF.r .ü¡-ê¡1g¡¡
CI¡¡n¡-Egg¡, 19t1, tr, 19+8

Forslatl¡ AoFor Olasgsfr AoR.r tJllllllnghen¡ C.B.r grd,

Rosrlnl¡ 5'.Dor t 1946¡ 2Êt
lagt 0hæ. Ab!.r 19h6r I9r 451+1
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