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CHAPTER I

The existence of organiec free radicslis wes first

experimentslly demonsirated Wy @@%&%rg% In his

sttenmpts 1o prepare hexsphenylethane by trestmsnt of

triphenylmethyichloride with silver powder or ginc dust,

he obiained 2 yellow solotion which reacted with sir,

iodine or nitric oxide resulting in the formestion of
meliy/ ropheny/

%fi%h@;§%m§@?ﬁ33§%9 =iodide or =-nitrosomethane

regpectively. To account for this unuspsl behaviour,

he postelaied the 4issocistion of hexenhenviethane into

triphenylmethyl radiesls, thst is,

PhC - CPh, = 2Fh

3
The ides wes not favourably received 2% the time, but
#ith the inersase in ouomber and variety of stable fres
raficale prepsred and stuiied, the concept of free

radicals was Tirmly estsblished,

The next step in the development of the chemisiry

of free redicsls wasg the recognition of the significance




of these entities as transient intermsdistes in chemical
reaogtiong. As sarly as 1925, sugrestions for the
gxietence of Tree radical initermedisies in ps-phage
reactionsg werse pot f&r%gfégﬂ and Tour yvears later
gxperimental evidence was oblained 3y Paneth and
%ﬁfﬁé%tgg in their studies on the prrolysie of tetrsmethyl
lead whereby meihyl readicsls were formed, Their
findings were soon supporied by further experimental

dets which opened up the fleld of gae-phase Padicsl

repotiong.

The recognition of the existence of free vadiesl
intersedintes in liguid-ohaes resctions is often itraged

baek to 1937. In that yvesr Hey and %ﬁﬁ%ﬁﬁg

published

2 veview in which they postuisted fTree redliosl nechenl sve

for & number of reapgtione which could not be explesined
by the then scoepited ¢ lectronie %ﬁ%@#g of reaction
mechani sms, These included the resciions of aromatie
gompounds with benzoyl peroxide, aryl szo and diszo
sompounis, to zive disryls, snd the sddition of hyirogen

bromide to olefing in 2 manner whieh does not follow

Herkewnikorf's rule. At the sane %im@.%%%?asﬁﬁﬁ propoged

far the Yabnormal sddition” 2 free rediczl ehain mechanisn




which iz £%11]1 sceepnted foday; end miﬁ?ﬁ pressnted the

kinsties of vioyl polymerisstion, bused on the procssas

beine 2 fres reilicel shein resclion, Binos then

extengive investipetions hove been dirseoted o this Plelsd
af

ffé

of shenistry, resuliting in =2 glesrer onferstondd

$he cheraoteristics ssd soobhanl ame of Pres peiliesl

resctions which hes snsbled the sonlicstion of thess
reactiong to gynthetic work in the lobhorastory ss well
ae in indastey,

a5

Stufies of free redicsl sitachk on benzene
derivatives heve provided interesting informsetion on the
gffest of nobetltuenig on the rate of resetion snd the
orientation of products. TUnlike hetervolytie processes,
211l substituents, whether eleciron~-donsting or slscipon-

withirswing, are pribo-pore directing in homolviic

subatitution in benzens derivatives. The rates generally
follow the order 0 >pT>m, but when lorge subetituents

gre present the extszont of ortho-substitution is lowered

by sgterie hindranece, Thus, extremely low yielde of

gribo-substituted products are obtsined in the homolviie

arylation of benzotriehloride, which nossesses the bulky

?. Etnother gharseteristic of these renotions

ooy 3 group
is that gll subetituents setivate sromatic nuclel toserds




fres padicnl sittack. The sffect incresses wlith the
dagree of conjupstiion belwesn the substitvent and the
neeleus, This is borne oul in the relstive rotes of

pheayletion of substituted benzene derivstives which

8 ., o . s 10
reyeal thst ol trobenzene ﬁi?%ﬁﬁg@g and benzoaitrile

sre =ore solivated towsrds stieck by phenyvl rpadicesls

11 10

than are glkvle or halogeno-henzenses

Pree radicsls, though earrving ﬁ@‘@%ﬁygﬁg
pogsess polsr cherscterigliics of varving depree, Par
exarnle, sryl rafiesls contsining elegtron-withirewing
groups sre eleoirophilie in cherscter snd those with
electron-donating grovns sre nuclesphilie, comparsd with
the phenyl redical which is regarded =z neutrsl. The
effect of the polsrisstion of aryl reficsls by
substitoents is evident in the relative rates of srylstion
of henzens derivetives given in Teble 1.4, The
deactiveted nuoclei iz nitro-, chloro- snd bromo-benszens
renfer these subsiraies more Tsvourable towseds sitmck
by nucleophilic rediesls thsn by slesetrophilie radicals.
Thus, 1t may be seen that the rate of ervistion of thess
compounds by the nuclenvhilic p-tolyl rsdiesl is grester

than by p=nitroe-, pechloro- snd pebro

ao=-phenyl




Ll o b . , s ae - i5
%@ﬁi&%ﬁﬁmﬁ“ 3 ¥here the subsirste is %@;%@ﬁaggﬁ the

opder of reaction rates is Peversed as the methyl group

getivetes the ping toverds elegtronhilic substiistion.

Aryletion of toluens resulis in noclesy
substitotion as well ss hydropen sbhetrasciion Trom the
side-chalin, the lastter vesction wielding 8ibenzyl,

Theoreticeally, side-chain ottsek should be favoured by

nusleophilic radicals and thie hee been shown to bs oo

by ﬁ%ﬁ%&iﬁgﬁﬁ who oblaiped a 427 yield of dibenzyl from

the resction of toluene with p-itolyl rediecals, 103 with




vl rafdicenls vhile oo dloey wae detected

p=ghloraph
with penitrophenyl reficsls. Thug, §t ®may be sesn that
the polsr nsturs of fres padiosls exerie an inflpenece

on the rote of resciion sz well 2z on the nositiong of

attank.
Of particulsr intersst to gs 1is the bhehoviour

of polyeyelic srometic hyiropsrbons tovards Pree radicsls.

Thege condensed gvstenms heve bsen observed 4o bhe attached
al

one position in the molecule which iz much nmore rezotive

most exclusively ai one position, thet 1s, there is

than the othere. The relstive resctivitiss of varicus
poglitions in 2 polynuclser %?ﬁ?@ﬁﬁ?%%ﬁ may be predicted
theoretienlily on the bosls of free valence or stonm
logalisation enerpy. The soncept of free velence was

16,17 anf iz hoged on the fenlated

introduoed by Coulson
moleculs sporoseh, The free vslence nuozher renresents
the difference belween the ideslised mezimom bonding

power of an 2tom and the bonding power in 1%s existing

gtate., It is 2 measure of the degres of sddiiionsl
hooding of which the stom iz cepeble, and hence is
related is the homolytie rvesctivity of the atom, the
highest free valence nunber corresponding %o the most

reactive position.
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The sesond line of sporosch shich tekes into
ennaiderstion the transiiion stete ig based on the
ensrpy difference between the reseting hydiroesrbon and
the intermediste redicel resulting from the addition of

the sttscking radicel %o the hydrossrbon
formetion of the new bond in the interpediste gomlex
requires the locelisation of an elsctron st the point
of attechment in the subastrate, which resslts in the loss

of PEgONENDE SNEPITY. it followe that the svmller the

energy difference betwsen the pround and Yrensition ststes,

- mors vealily does homolytie attsck take nlace. This

ry difference hop been tepmed the stom locslisation

enargy. The validity of these theoretieal trestoents
heas heen proved experimentally in the ohaerved
preferentisl resction of free redicsls with aromatie

Fren volonse
4 w4

hydrogsrbone, 8t the positions of maxinmur

ngmber or nicimem stom localisstion snergy.

A guantitative trestment of the relationship
betwesn homolytie resotiviiy 2nd the shove theorvetiesl
indiees revesls that the logerithy of the resection rate
or relative rate al any poslition should be directly
proporiionsl to the free valence number, or inversely

proportional to the stom localisstion snergy. L number




of spprosches have been employed to test this hypothesis.

20 ohserved that the sddition of

Yooymen and Farvenhorst
t?ighl@?@&%thyl radicels to n~hexadecene and to siyrene
wes reltorded by sromatie hydvoesrbons, 2y mesguring
the extent of retsrdation they were sble to determine
the relstive rstes of sddition of trichloromethyl
redicels to hydrsearbons ranging from benzene %o

Zh=benzpyrens (1),
1 10

Thelr results indieste 2 morked inersase in resotivity
with increasing sisze of the ring system, 3, h-benzpyrens
being over 100,000 times more resciive thsn hengene,
Further, the logerithms of the relative reactivitiss were
found io besr s roughly linear relstionship %o meximunm
free valence numbers as well as 4o minimon stonm
localisstion energlies, Their findinpgs were supported

by the work of Dunn, Waters snd Beitt“ on the
retardstion of the %%ﬁ%ﬁ?l pepoxide ﬁ@gglgagﬁ

avtoxidation of benzaldehyie by polyeyclie hydrocarbons,




From the reterding effects they detormined the relstive
rate constants for the sddition of bensovliporoxy
radicels to the hydrocerbons snd showed thet dhe
logepithme of thesge values were linessrly relsted 4o Fres
valence numbers,

A& @ifferent technigue was smploved by Lewy

23

and Sgzwere“~ who determined the rate of sddition of

methyl redieale to zn sromatic oo

to the rate of hydrogen sheirsction from the by racarbon

anlvent RE[2) fre

z the d4ifference in the

ApH ¥

rmed When sestyl perozxids was

srounte of sethane F

allowed io decompose in pure solvent snd in the pregence

of the aronstie eompound, Their determinstions zre

based on the assuwption thet the sddition eommlex
L%yé%%@%] » does not give rise to methone formstion in
its subsequent resctions. The valuss thus obtsined for
the methyl affinities of some aromatie hydrosashong arse
given in Table 1.2, It is owvious from these results

that incressed econjugation in 5 moleculs asnhsnoes
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raaotivity. Tevy snd Sowsre showed 4hst linesy
relationghips exzist between the legaprithem of methyl

affinities and of the relstive reactivities obinined by
20 2

Py
Kooyman snd Fearenhorst™ and by Dunn, ¥sters and Roitt. "
They suzgested thet the glope of the straight line may be
taken ap & messure of the ratin of the intringie

reectivities of the radiosls,

=

| Affinities of Aromstic Compounds,”~

Compound Hethyl Affinity

Benzene £l
Dishenyl ether 265
Biphenyl b
Hephthalene 22
Phensnthrens 27
Chryzene 575
Pyrens 125

Benzanthracens 468

Anthrscene azo

Haphthacens g250
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Ethyl, n-propyl snd iso-nropyl sPPinitisns of

eromstic comnounds heve been similarly measured by Seid
and %ﬁ%ﬁyaggé From the log-log pliots of these velues
ageinst methyl affinity, they ¢ nneluded thet methwyl,
ethyl, end n-propyl radicels possess the ssme intwminsic
regctivity for an sddition ?%ﬁﬁ%i@ﬁa Also, the
intrinsie resctivity of iso-propyl reficsle 18 pimilsr
te that of the primery 8lkyl radiesls, which s = 1i%ile

suroriging,

25 ‘
ﬁ@ﬁ%%@ﬁ“ﬁ hag shown that for 8 seriss of
polynuglear hydrocerbons 2 nlot of the ioparithtem of

methyl affinity sosinet stom loeslizstion BOBPT

L

2 straight line and he supgested thet Iscelisstion
energy valess may be uged io determine the methyl
affinities of comvounde that heve not been messurved
experimentsliy. A similar pelstionship hess besn found

to exist betwsen methyl affinity snd free velence numbar,

Hostl of the evidence in sunport of the
eorrslation between homolyiie resciivity and theoretiosl
infices has resulted Trom studies of the pelstive
resctivities of various sromstic eomnounis Yery

1ittle work has bsen devoted to a8 eom nrigon of




theoretiosl guentities ¥idh resciivities of the
#ifferent positions 1n 2 meoleoule, An extsnsive
iavestipgation of this nature was recently renortsd by
Beokwith snd Thospson®! who stufied the resction of

phensnthrene {(TI) with phenyl redicsls profisced by the

(110

thermal decomposition of diszoanincbenzene, The
relative yields of phenylphensnthrencs, determined by

ehrometographie methods and ultreviolet spectesl

meagurenents, indienste thet phenyletion of the
phenanthrene molecule cccurred in the opder 9>4>5>2,
which is in sgreement with theoreticsl osleulstions

el free valenee nuwber, stow locslisstion energy and
Dewsr's "reactivity numbers”, Theiwn regults together
with the pelevant theoreticsl dats are g&% oot in

Teble 1.5, The merkod sheenee of L-phenyiphenanthrene

wag aseribed by the suithors to sterie hindrance,




iﬁﬁﬁi ﬁi oy }%@‘}w) %é ?@ gﬁﬁ? “’5?% i % 0 3 jﬁ

m bed 0.197 | o450 | 2.7 | 1.86
e 1.0 0.163 | o.u02 | 2.50 | 2.18
% 1.0 0.172 | c.u07 | 2.4 | 2.04
= 2 0,184 | 0.hi0 I
O 6.7 0.200 | 0.451

F‘*;Q
IR
il

&

e

Lk

o fres valence nurher calovisted by the wolsnee bond
~VeBs g

¥Se.p 19h8, lé@ {??ﬁ};

B, - ﬁﬁé L, Tfree valence numbsr, snd ston locslisstion

method {ﬁ%ﬁﬁ%i end Tauwlel, J,

ensrgy pespectively ecaleulsted by the molepulsr arbitsl

method {Coulsen s Dauvdel, "PMetionary of Vslues of
Holeguler Conetsnts”, 1955, Vol. 71, p. 20); 31, Dewar's
“"Resctivity Sombers” {Dewsr, J,

%257 ).

A large varisty of fres radisslg has been casd
in the investigation of the homolyiic rssctions of

grometie hydrocesrbons, These include aryl, alkyl,

aroyloxy, seyloxy, helogen, hydroxyl snd amine rofdicsls.




The production of free radiczls which involves the

homplytic flesion of & govnlent bond may bhe seoom
by & nusber of ¥oVE. One of the most freguently

emnloyed methods 12 the thermel fecomposition of orgesnie

stively glean and

peroxides as this reaction is comper
peroxides are obtainable in 2 pure form, The sobion of
the decormposition products of benzoyl percxide on
grometic nuelel hes been studisd by seversl workers.

snogition, vields benzoyloxy

The peroxide, on thermal deoo
redieele {3) whieh maoy bresk down to phenyl redisals
with loss of cerbon éioxide ()., 1% esn therefore act

PhiC .00 ,.CO0Ph —> ZPR GO

®
. B OE R R {ﬁ;}

4

PhCo,"’ —— Ph* & o, esscssacs Lh}

ag 8 benzoyvloxylsiing =2s well sp » phenvlisting sgent.
Benzoylozy redicels, beling much lsss resetive then vhenyl
ratiicals, will attack only resctive subeirsies so thet
bengoyloxylstion becomss more significant with
ineresging resctivity of the substrate. Thus benzene
gnd its substituted derivetives resct predopinently

by phenyistion %o pive ﬁiﬁﬁ%hﬁylgﬁg; naphihalene beling
nore resctive iz attacked by phenyl 298 benzeovlozy

ra@ﬁg&laﬁyg anthragene and higher polyveveiie hydroecsvbons




-t S

ars ezelusively %%ﬁﬁ@?ﬁ&ﬁ?&%%@@;éﬁ

Davies, Hey %ﬁ%'%iiiiﬁﬁsg?g in thelr studies
of the decomposition of benzeyl peroxide in dilute
solution in mephthslene st 85° and 100%, 1solated
isomeric vhenylnsphihelenes, nonhihvlhensontes snd
dinsphihyls, Yhile the phenylaosphthelenes obvicusly
repulted from the @%%ﬁ%i%ﬁ of nsphihslene w1th shenyl

rafiecnls, the avthors suppested thet the %%ﬁ%ﬁ?ﬁ*f;

redicels reacted with the hydrocsrbon by hydregen
ahatraction 1o give dinsphthyle and by substitution to
yield nephthylben g8, Thelr resulie indicste that

gtitask by both types of redisels ocourred gr%@@ﬁiﬁﬂﬁzzy

gt the 1=-poglition, 18 soecord with theo

18,28 A% ths higher terperstiure, the

pradiotionsg.
extent of shenylstion incpesssd, presumshly due %o

eagler decarboxyletion of the benzoylomy radicala.

Inerease in the resction iemsere gleo resylied 1n
silightly lerper yvields of Z2-nephilylibenzonte and
Z-phenylnaphthalens. This effeet of tespersture on
isomer dlsiribution hes slsc been observed 4n other

pobetitotion resciionsg,

The reactions of nephithalens with g= =rd

p=nitero- and g- sod p=-ohloros-benzovl peroxides were

29

investigeied by Davies™ who founi thet the grester




=}

electrophilie charscier of the arovloxy radissls |

markedly incresesd the extent of sroylomvistien srd
deereassd thet of srvlisiion. This is not serprising
1 e paphithalens is ﬁﬁﬁﬁﬁciﬁ‘%ﬁﬁigi% grester resotivity

srds fre

towerds slectrophilic rvespents then tow

peiionlis,

The work of Roitt and Waters'? on the action

of benzeyl peroxide on polynoslssy byt

rocarbong hes

resulied in some interesting shservetione.

intheecene (111}, ¥,2-benzsnthracene (IV) en? 3,0
benzpyrene (I} were readily converted %o the Tomy §0m

and ﬁw%%ﬁ%@%%@% respestively; no products of phenyvistion
were detecied. 1,2-5,.,6-Dibenzanthracene (V) was

wnaffectefi; but in the prepence of air, 11 ves oxidieed

2 ] i 9 iiln
oy daco
5 3
5 10 4 10

() , ()




e Fou

in low yielis %o the 5,10« and 3, lL-guinones, probshly
by = secondery suboxidstion process. Fhenanthrens
and chrysene (VI) were not stiascked st 811, The

order of reactivity, viz., S;l-benzprrense>~> snthracens,

1s2=benzanthracens” 1,25, 6-41benzanthracens = ghrrsene,

phenanthrane agpees with the opdsr of the Tres valesnce

The losy of
reactivity in dibenvanthracene and 5t the S-posiiion
of benzanthracene wes considered s beling possibly duoe

to ateric hindresnce,

I=llethylenthracens was found to resci very
realdily with benzoyloxy radicals, yielding 4,2«=di=
{9*~anthranyl Jethene (VII), the substiiuted diantheyl
derivetive (VIII), 9-benzoyloxy-iC-methylenthraesne {IX)

anf two colourless gompounds believed to be polymorphie

erystaliine modificetions of the photodimer of (VII).

. Me
/l /]
~ ~
CH ‘
2 0COPhH

|
~
u

(vit), R =4
(VII), R =0COPh




of interest is the sbesence of substitution in the side~

ghain by the benzoylozy radiezl, in view of the Ffact that
alkyl side-chuing sre highly suscepiible to free radieal
aitenk,

The addition of rediesls to polyeyclie

Bickel and @ggmaﬁi

hydrocerbons was demonstrated by

who isolated from the reaction of snthracene with Zecysno=
2-propyl redicals gls~ 2nd irense~ 9,10-81{2-cyeno-2-

propyl}=9,10=-dihydrosnthracens (X7} and
produet {XIT). They postuleted the addition of &

H_ R
2
999

H R

(x1)

the dinmerie

o

R = CMeZCN CX,II)

cyanopropyl radical to snthracene to give the complex {X)
which could then dimerise to (XIT) or add on enother
eyanopropyl radical %o give (XI). DPehydrogenation of

the ecomplex, which 412 the third possibility, 18




resciion 28 the grysnoproonyl

insignificant in tHls

~BECHED IO

radliesl is & relotively wesk hydropen
Interestingly, Conwsy %ﬁﬁ'?ﬁfbﬁiiﬁg isolsted two proiocis
from the resstion with Igha=bengnyrens, The maier
product is believed to he 1,2-di(2-cvano-C-propyll=l b=

{X171) end formed in snsll zield

#eg 8 monooysnoprooyl-benzpyrene which iz probebkly

the JBesnbeiitoied B vetive,

HR_H

(X1, R=CMe,CN

The work of Beskwith snd ¥aters hss given gtronyg
gpport to the view thst hosolytie resctions of aromatie
compounds proceed by sn initisl sddition step.

fmploying di-t-butyl peroxide ss 2 source of methyl

and t-butoxy radicsls, ther stefied the sction of thess

radicals on polysyelic hyﬁv@@@yhaﬁa.ﬁg Haphthelene,

phensnthrene and pyrene were not eppreecisbly sffected,
but anthescene yielded Ge~methylanthracene {XV},
959" 510,10 ~tetrahydro-10,10"-dime thyl=9,9 "=d1iznthryl

(Zv1} and snthrequinone., As in the resction with




oyanopropyl redficsls the nosgtulsted internediste 18 8n
sddition complex {XIV):; wunlike the former renction,

the intermediste radicsl does not 588 ancther methyl

rafics]l but dehywdrogenstes 40 the fully sromatie

methylesnthracene,

H. Me ’ f;::::j; o (XV1) : 2
\

This difference g due to the greater reantivity of
methyl and t-butoxy redicels compsred {0 eyenopronyl
raficsle; the methyl radiesl, in perticuler, is well
known Tor i%s sbility to sbsireet hydregen., Tt is
significant that 9,9"=dlanthryl was not formed; 4%
indicates that the direect zbstraction of hyirogen from
anthracene 414 not oocur, Another inieresting
obeervation was thet the resction when performed et

2 higher tempersiurs gave incressed yields of

J=methylaenthracens end anthraquinone but ne dimerie




product (XVI}, From this it was concluded thet the
eoupling of the intermediste radiecal {(XTV) ie 2

reversible step, the Tormation of the dimer {AVI) being

Favoured by low temperatures.

Seliethylanthracens wes more rosctive then
anthracene, being satlecked in the nucleus to pive
gubetitution derivetives 2nd in the side-ghein to pive

dimerie products. It was observed thet low temperetures

favoured resction in the substituvent while increased
temperatures resulted in higher vields of suhstitution

produets. The suthore sugpested that snder the former
conditions, the rescting mecies is the t-butoxy radiesl
which is sufficlently resetive to abstract hyirogen from

the pide-chaeing but at higher %

mparetures, the t-butoxy
redicals break down to methyl rsdicsls which veadily

sttack the anthreecene nuclisus,

Benzyl redicels, produoced by the thepmsl

dan

spoaition of dis-i-butyl peroxide in toluvene, reacted
with zanthracene in s similer msnner, yielding the products
{xvriv), (X1%), (X211} ens {Kﬁliﬁ}‘ﬁﬁ The supgested
routes by whieh they were formed spe inficnted in

Figure 1.1. The signifiecsnt festure of the vesction is
the simuliancous produstion of derivstives of snthracense

and 9,10-41 hydroenthracens, This means thst both
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oo iR —

¢XVID)

H R
(XX) (X IX)

R« or
But o

TS

(xxu) , (XX (xxt)

~

|\/ © ANTHRACENE  R=CH,Ph

Fir. 1.1. Resotion of Jinthracens with Benzyl Bsficsle.

sabstitution and addition products ave derived from the

seme intermediste (IVII) formed by addition of 2 benzyl




refical to 2 meso-poeition of snthrecens, Another

peint of interest is the formetion of the trisubstituted

compound (¥XITT), which 1s the first of its kind

isolated Trom the resction of sathescens with Tree

radienls, thourh & similsr coopound has been postulated

as sn intersediste in the lead tetra-smcotnte oxidation

of snthragene . ” T4s formstion probshly procesds
through the intermediste (XXI) which mey be formed by

asddition of & benzyl radical to 9-benzylanthracene (XX)

or by loss of & hydrogen stom from the 41hydrosnthrscens
derivetive (X1X). The former route is the morpe likely

compounds sech as {(XIX) are known %o be resistant teo
36

the abstraciion of hydrogen by fres radicsls.

Hormen end %@ﬁﬁ?ﬁﬁ?'@%ﬁ ohtainel bhenzyl
redicale by the selion of benzyl ehlopide and cobsltous
ehloride on benzyl mognesium chloride, slso reported

radiosl

addition to snihracene yielding dihyiroanthrsgene
derivatives. However, no svbstituoted anthracens

producte were isolated,

The action of phenyl rediocsls on anthracene

hes been reported to yleld 9,10-diphenylenthracene end

9 a? 4 9%%} 10 3&.,%@%2*@%?@”’%3,% # !mﬁ g gﬁ@g}ylws; 5} i*ﬁi @ﬁ%%ﬁ*ﬁfl '33

Unlike the resction with benzyl radicnle, there weog Bo

dinhydrosathracene derivative corresponding te (¥XI1X),
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obviously due to the preferred Tormation of the fully

sromestic compound, S-lethyl- end Y-phenyl-anthrscenes

were found 10 be more resctive then the parent hydrocerbon,
The enhsncoed resctivity of pego-substiteted snthrocenes
hes been noted in other homolytie reactions,  ?o3#37
OFf Sinterest 1s the oot thet phenylstion of
methylenthracene occurred exelusively in the nucleue %o
give 9-methyl-10-phenylanthraeene whepess in the
reaction with methyl radicals, the hydrocerbon snderwent
slde-chein ss well ss nuclear atisck.”> Contrary to
sxpeoiations, 7,10-dimethylanthracene wae unsffected by
phenyl redicels.

9,10=Diphenylenthrecens exhibite snususl
behevigur in ite resctions with free radicsls in that it

een reagt In 2 terminsl ring ss well a2s 8t its e

positions. Thus, with benzyl redicsls 1t was converted
avall

to the dihydroanthracene derivetive (LXIV) and

(X X1¥), R=CHyPh XXV, R=CH,Ph ('XXVI)}R:CH,ZPh

(XXVII>, R= Me .




smounie of t2o lsgoperic hydirocerbons belisved 4o bhe

iroe- and | ,h=81bensyl-t i=-dihydro-
2 P o gz " % ; L .
5,40-@iphenylanthrecenes, (X¥) end (Xxv1).%°  The

lstter compounds elesrly resulied from the addition of

benzyl reficsls 4o the terminsl ring.

The resction of F,10-diphenylanthracene with
methyl radicals proceeded normslly, sddition oocourring
seross the peso-positiens to give {¥XVIT), though only
in low yleld., TPhenyl redicsls, however, 4418 not atisck

the mesg-positions as the only product from the pheaylation

‘of 9, 10=-divhenylenthracene was 1,4,2,10=-tetrachonyl~
s;mﬁm@%m, Tt appesre thet the phenyl substituents,
thourh not lsrge saoupgh $0 prevent the sddition of
methyl and bengyl wedicals to the 9,10-positions, do

hinder atiack by phenyl radicels st these pozitions,

Though the mechanisn of homolytlie resctions of

srometic sompounds hes not been complelely elucideted,
there 1s siroag svidence to swpport the widely sccepted
‘view thet the initisl step is the sddition of the
attacking rediesl R. %0 & resctive carbon stom in the
arometiec subsirate JApri, The resuliing intermediste
[z%«-sférmﬁ] =« has been coasifered hy gﬁ%ﬁ‘?@éﬂ a8 & 1 -complen,
and more recently by Rondestwedt snd Blsnchard e as s

© ~gomplex, in the formstion of which & 71 —-complex is en
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intermediate. The comlex could lose & hydrogsn stom
to & second radicsl and so he converted to =
substitution product, or add on snother raiicsal,
resuliing in =n 8ddition peoduet, The ratio of
subetitution to sdditlion depends on the nesture of both
the substrate snd the stiacking redicsl, The substitution
reaction predominstes in the presence of radicals that
resdily sceept hydrogen as in the resction of snihracens
with methyl radicslia. On the other hend, sddition iz
oraferred %iég,?ﬁz%%ivgiy stahle redicsle such se
oyenopPopyl or benzyl radiesls. The third resciion
path ig fimerigation of the intermedinte padical and
thisg occurs vhen the complex ie sisble enourh to exi st
in 2 concentretion sufficlient for eouplins. Dimerdie
products heve been isolsted from most of the homolyiie
reactions of snthrescene., DTepending on theip
reactivity, the primsry products may undergo Turther
reaction of similsr type. The shove mechanism

satiefsctorily asccounts Tor the verious producis thaet

have been izolsied fron free vedicenl rosotions of

spometie hydrocarbong,




The resction of thiols with nlefines was Tiret
reported by ?ﬁ%ﬁ%ﬁgﬁ who treated o verietly of olefines

with thiophenol snd toluene-0O-=thiol at room tepersture

in the presence of sgetic and sulphurie aeids. He
cheerved that the orientstion of the addition was

contrsry to Horkownikoff's rule, that is,

CH .

2 2 2

= BHER' & REE—> H3CH, - OH
The free redicsl nsture of the resction was first
recognised by Ashworth and E@%%h@gﬁﬁaﬁ‘%h@ shearved that

the

addition of thiophencl to siyrene wes sceslersted by
light and inhibited by treees of piveridine, The effsct

gf‘%@rﬁﬁiﬁ@@§§

a8d other radiea]l soupees in these
gdditions was later noted, and in %%Eﬁfgﬁﬁyaﬁﬁﬁgg propoged

the presently sceepisd meghasnienm whieh favolves the

ehsin propegeting steps (5) and (6)., Both the

addition {5} snd displecement {6) steps are spprecishly

k-

RE» 4 OB g —> Eﬁﬂﬁg - OB gt evse L5)

gg%

RECHy« CHR' + REE—3RSCH, = CHyR' 4 R85 «.ouu (6)
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exothersic neking 8 reanid chein @%@@tﬁ@@.@ﬁ%&i%i%i%?§%}

Thet the addition of & thiyl raficsl %o an
olefine (5) is reversible was sugrested by Siverts and

3
hizs ﬁﬁiﬁﬁyﬁﬁ?ﬁﬁg

vho ohisined negative over-sll setivetion
energics of 8 to 9 kesl. for the photochemiesl sddition
of methsnethiol to isobutylens, propylene snd ethylene

in the ges phuse. The occurrence of ithe reversible

Helmreioh"? who observed thet in the sadition of

methenethiol %o glp- trang-2-butenss at 60°, the

saresetsd olefine vodersent rapid fsomevisation. The

izomerigntion of 2-butene by thiophenol in solution hes

also basn ?@%@@%@§Q§gf

A considerstion of the sctivation energy and

the C-H =nd 5-H bond dissccistion energies in the chain

tranefer rezction of styrene indicaies that the reverse
of the displscemsnt step (&) should sceur ?@%@ilﬁ;ﬁ?{%ﬁ

There hos been 2 number of observsiions thet suwport thig

eonclusion, Tetralin when refluzed in isosmyl 4 iaulphide

yielded nsphthslene end isoamyl merospisn, the resction

proceading more rapidly with peroxide-conteining

%%%?ﬁl&%wﬁa %@%ﬁﬁ%@iﬁg reported & similsr dehydrorenstieon

of tetrslin, 3,10-dihvdroenthransne and phenyicycichezer

by phenyl disulphide and 2-benzothiazyl 41 sulphide at




260°, Thet %
thiyl rediesls is shown by the ohesrvation thet similes

ege dehyirogenations ere offected by

reaciions may be induced photochenicslly at reom

~A$¢@?&%ﬁ$@.§§ Cohan and %%;\5@ phtained = ?@m‘yiﬁiﬁ

(=3

slistion of a &iloie

of 1,1,2,2-tetravhenylethene on irr
solution of phenyldisulphide in divhenylmethsne, The

photolysie of isobutyl disvlvhife in cumens at 3° 1ed

%o the rapid formstion of isobuiyl mercsntan and

2, 3~dimethyl-2,3~diphenylbutane,”? The thicl-ostalysed
dscarbonyletion of sldehydes is belisved to inveive

sbstrection of the cerbonyl hydrogen by iyl

5658

adicel e

Bigkel sand & @ﬁgﬁﬁﬁ§§ fTound that the thermel
decomposition of <X '-azoethylbenzene in the presence

of & thiol sné 9,10-dihydrosnthraecens (XXVIIT) presulted

in the dehydrogenstion of the hydroecarbon to give

9,9% 510,10 ~tetrahyiro~9,9 ~diantheyl (XXL), The

resction spparently proceeds by the sbstraction of =
2go~-hydrogen atom from the hydrocarbon by a thiyl

Phifled = ECHUePh —2PhOHYe s %??

PRCHMe + R8H — PhOH,Me + R
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(XX X)

redicsl follewed by dimerisstion of the resulting
radical (ZIIX}. The thisl aets ss = hydrogen transfer
sgent as only one mole of thiol is used for every fouw
moles of ethylbenzens Toprmed, Dther slizhatie azo
compounde may be used in plsee of XX'wzzosthylbenzene,
Yhen 9,10-dibenzyl=9,10«dihyd rognthracens was trested
with <X'egzolsobutyronitrile and mercsptoacetis soid,

it %ag‘yaﬁagﬁé t0 9;10=dibenzylanthracense, which mesns

thet the substituted rediesl corresponding to (XXTX) wmas
sterically hindered from dimerising snd instesd was
gonverted to the Milly srometiée compound by the loss of

& sscond hydrogen ﬁﬁﬁ%,gg

The easy roversibilily of thivl sddition

reagtione together with the faet thet many enzyme gyotems




B

are inown o contsin -8l groupings hes prompted 2 nudhe

iPieance of $hiyl

of workers to gpesoulate on the sign
radicals ss hydrogen transfer sgents in biolopicsl

Recently Jenner and Ldndsey, gﬂ@iﬁ gtudied the

oxidation of thiols (RS H) in the pregenes of butadiene

sone novel dithio comnounds,

{¥} as a means of preparing
- The resciion geve severzl iypes of oroducts: RS 2R,
RBN¥H, %%m, RSYE SR spd RENO H, the gourse of

the reaction depending lergely on the oxidising agent

used. Butsdiene rescted with mercsptoscetic soid in

the presence of hydroxyl refdicsls or ceric salt %o give
the sdditive dimer {%{EQ LI {3%%2 Ba i;*%% 4" = ﬁﬁﬁggejg

but when ferric selis were smployed ss the oxidising agent,

the sole produet wes the simple éiﬁﬁlgh&é@»{ﬁﬁgﬁ,

CH, %»}ﬁﬂ Smilarly with thicscetic seld and
ethanethiol, Tormetion of the additive dimer oocurred
only under the exidising sction of hydroxyl radicels op
geric ions. In the presence of the other oxidleing
agents 2 variely of products, of the iypee indionted

sarlier, was obisined. The formetion of eddiilve dimers

in other gy-iems hap been show
61,62

n to be free rediecsl in
nature and Jepner and Lindsey, Jr, propose thet

thiyl radicels sre involved in the production of these




butedisne-thiol adducts. They, however, suggest thet
thivl paidicoslie sve not Toresd under thooe conditions

whars ?}ﬁ%ﬁi’%i%&ﬁ% wan not atianked and only the disulnhide

In their studl ms of ihe resctions of styrene
and other olefines with mé%&%%%g snder oxygen,
Ehsvesch snd his ﬁ@»ﬂmﬁwg@ abtained sulphozides instesd
af the gesel fres pediegsl 208 1%ion products. They

cheepved thst the aspunt of oxveen shsorbhed was

0
PhoH = (%, 4+ RSH — 2 5 PhCHOH - OH,80R.

egquivelent o the mereentan consumed, Further, the rate
of ozyren sheorntion varied directly with the relative

reactivity of the olefine snd incressed with the ssse of

thinl. The sase of resction increased

00, B> ROH, 88> RR'CHEH>

srideation of the

in the order Ap S5 H D> HICH,

RE* W0 oH, Addition of ferrous seli znd cumens

hydroperoxide was found to estalyse the resction.

& similsr reaciion wes observed by Ford,

&

Pitkethly and Young “ 45 the go-oxidstion of indene and

a5

thiophenol. The major primery prod

sot was the irans

hydroperoxide (X¥11) which sponisnscusly resrranged to

the two recemsies of frens-Z-phenylsulphinyl-i-indsnol

{%X¥71). The resction path proposed by the suthors is




indlested below., The indene molecule is stiscked by the

- =
~ ] + Phse. o \\ ::::1—SPH

o)
2

02H 02.
: : j_ PhSH
%——-

(Xxx1)

OH l )
~ | ) ' Fh
) o ¢ < :

_Ph

—_—

(XXXH)

phenylmercaptyl vadiesnl st the Zeposltion sxelusively,
to within 5%, end subseguent addition ﬁf‘axyﬁﬁﬁ to the
intermediste 2-vhenylmercaptoindanyl radicsl is,

within the seme limits, execlusively = trans-sddition.

¥ the resetion of indene with
2-nsphthalenethiol 4in sir, ﬁﬁ%@lg&ﬁ O

roperoxide (XEXITI) which showed exceptionsl stsbility,

being stable up te 70°. In benzene solutlon st 5%,
it rearrenged to give msinly the hydroxy-sulphoxide




~ 3=

gy Oy

(XXXI1D) .

It bss been suggested thst the peroxidstion
and gum formation in unirested petrolsum distilliste is
largely due to the co-oxidstion of olefines snd thicls

65

to give hydroperoxide intermedistes. This resction

is believed fo be responsible for the inhibitery effect

o oxygen in thiol-indpeed %ﬁlgﬁﬁrigaﬁiﬁﬁa,ﬁﬁ

Though the addition of thiole to slefines has
been extensively investigsted, very 1ittle 1ig known
sbout the intersction of thiyl redicals vith pelvevelie
ey and ?&gﬁ@iiﬁg recontly

sromatie hydrocsrhons. Cons

studied the interaciion of F.i-benzpyrene with thisls

under eondltions fevourable for the production of
thiyl rediesls. Trradistion of a mixture of the
hydrocarbon and merceptomestic seld gave S 3,4
penzoyrenyl Jacetate (X¥LV) eand & snell amount of
{xxxv), .

S L o i
‘ & (xvi), R = 8H

g
{XXXVIIT), R = CH,C0,¥e
f,:‘: / v

o

P
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S-mepcsoto=3,h=bengpyrene {X1EVI}. This is surprising

in view of the Tsot thst merecspisns sre known to
diesnciate to thiyl redicals on i@?@ﬁi@%&@&ﬁéﬁ or
significance in this connection is the observation thst
methyl=8={ 3, h=benznyrenyl Jmercantoscetate [XXXVIT) f:;é
irradistion decomposed to the seetate? (XXXVIII). This
meang thst in the resction of 3,l-benzpyrene with
mereentoncetic seid, 5-{esrboxymethylthio)=3,4=benznyrene
(¥¥ZTX) msy heve been sctually formed, bhut decomposed %o
the observed prodect (XX¥V), However, Conwsy sad Tarbell,
on the besis of bond strengths, heve surgested that the |
reaction proceeds hy way of dissocistion of the thiol |
into .ggzgggg end «5H radicsals vhish stteck the
hydroesrbon., Thet the resction is free radical in
anztore e substantistsd by the observaetion thet ﬁé@

mizture was pnaflfecied by irrsdiintion in Pyrex vessels,

Irradistion of & mixture of benzpyrene snd
n=hexsnethiol gave no sudbetitution product, The
difference in behaviour between n-hexsnethisl and
merecsptoscetic acid is not unexpected ss the 2ihyl sster
of the scid 1g known to be 2 much more effective chain

trangfer sgent than sstursted m&y@@@tﬁmﬁ.ﬁy

Zh-Benzpyrene was Tound %o be alwost snaffected

when treated with ethylmercsepnioscaiste snd Penton's
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resgent or wiih mercaptioscetic acid or thioszcetic aeid
in ths presence of axygan.ﬁg - Failure of %&e'ﬁgéra@afﬁaﬁ

to reset with thiyl rodiecels is surprising in view of

the high reactivity of benzoyrene towards free redicels.”

The resction hetween snthrecene, thioscetie
acid, and oxygpen wes first describsd by ¥ikheilov and
Elﬂkhiaa,gg who observed thet soproximstely one molap
eguivalent of the ges was repidly sbsorbed: two isomeric
G,10=81hydro=9,10-31(acetylthic)anthracenes {IL} were
formed and sn unidentified vellow subsisnce, m.p.
228-229°%.  9,10-Dihydro-9,10-dimethyl=3,10~d1{acetylthio)
gathracene {XLT) snd the ethyl derivative (MLIT) were
formed from 9,10=-dimethyle and 9,10-diethyl-snihracencs
respectively by similsr, though less repid, resctions.

In a later gtaﬁgéa the ssme suthors extended the reaction
to 1,2=-benzenthracens which yielded 9,10-dihyiro=2,10=
#1{acetylthio)=1,2=benzanthrecens and to 9,9'-
difluorenylidene and 9-benzylidsnefluorens, both of
which were converied to di{thiolscetstes) by sddition of
S}i%@% groups zerossg the exoecyelie double bonds,
Froducte of somewhst 44 fferent tynes were ohtained from
151 ,2=triphenylethylene, which yielded S-{2~hydroxy-
1,2,2-triphenylethyl Jthioacetate {(XLITT), and from

enthracene snd thioacetie seid in ether, which produced
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 9,10-d1ihydro~S-acetylthioanthrecene {XL31V).
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The structures of thess produots were not
rigorously confirmed. The compounde obialned from
anthracene were assigned their struectures on the basis
of their oxidstion %o snthracuinone. Ho @ﬁéé%é@ﬁ&i
evidence wes presented for the atruciures p?@méséélfﬁ?
the oroduets formed in resctions of substituted
anthrscenes.

The resction mechenisn originally gﬁt fﬁ?ﬁﬁrﬂ

hy Hikheilov snd %Iggﬁiﬁaég

imvolved the @ﬁéi%&ﬁﬁ;&gvﬂaﬁ
the reactive peso-nositions of anthracene of two \

K
thicacetoxy redicale formed by oxidetion of thioseetie

agid:




e 008+ 0, —— Helds =+ | HO e

HeCOSH + HO;— Me0OS. ¢+ HO,

Liater, the gsme %ﬂahgfa,é% awpre thet t%ia
mechanisenm scoounts nelther for the smount of OXYEED
‘absorbed nor for its rate of sheorniion, provosed a

‘modified mechaniam:

MeCOSH + O ———>  MeCOSH « 00

+ HOZ- —_— MeCOS* + H.0

H SCOMe

SCOMe

Thie mechaniem is unsstisfactory: 4%t doee not socount
for the formetion of the produet (XLIV), =nd it involves
an i&%%@%@%iéﬁﬁ‘{@ﬁ.%ﬁ%H*‘@@} of & type never bsfore
deseribed, for whose existence no direct evidence is

offered,

These resctions show wunusuasl Pestures when
compared with other frees padicsl resctiong of snth-acene,

Thus, ao disnthryl derivatives were isolsted slthough
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gttack of m@zhgzﬁﬁﬁ’ﬁ? %ﬁazy§,3§’3? Ewag@m@$ﬁggy}@§§
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@g%ayl,ﬁy end bengoylneroxy radiesnls on anthracens g1l

lead to profuets of this tyoe, Secondly, resctions
betwesn slkyl-subestitoted sunthracenss and %@ﬁagyzg%wﬁxiﬁﬁij

ey .
and éi*%*%ﬁ%?ﬁ???ﬁ&i%&”ﬁ give producte wvhose Tormstion

" eould be aseribed to sbstraction of hydropen from the
substituent bat such produstis were not isnlsted by the
Hugssian woarkers. This is surprising in view of the
well-known efficiency of thiyl radicsle ss hydrogen

trangfer angents.

In view of these inconsistenciesn, it seemed
degireble to re-investipgate the resction of snthrocens with
thioscetie acid and to extend it to other nolyvovelie
eromatie hydrocarbons end thiels, Prom such s study
it wes hoped to gain more informstion sbout the
mechanisn of the resction, 2nd in genersl, sbhout the
agtion of thiyl rediesle on srometic hydrocarbons, It
is surprising thet the thiol-cetslysed dehydrogensiion
of 9,10-d1hydrosnthracens and {te derivatives by
gliphstiec =20 %ﬁ%@ﬂﬁﬁéﬁﬁh’gg énesg not lead $to sroiuots
gonteining thio-groupe slthoush 4% invelves the

intermedicte formstion of free thiyl radicsls.

The inclusion of higher nolynucleer

hydrocarbons in our lnvestigations sriges from the
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possible significence of the intersctions beiween thege
eompounde and thiyl rediecels in bislogicsl systens,
particulesrly in connection with concer-production by
gerelinogenic hydvroesrbonsa, This subject whieh has
been extensively luveatigated iz revievwed briefly in the

following seetion.
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\ND CARCIBOGENESTS
i AT

Demonstration of the gareinogenic setion of
goel tsr by Yenmapiwe and E@Eﬁkﬁ%&?§ in 1915 marked the
beginning of the study of chemicsl ecarcinopenesi s.

Tt was observed that all the fractions of cosl ter that
were fumour-inducing showed charscieristie %@%ﬁ& in thelp
fluorescence spectra similesr to those of 1,2-
benzanthrecene (IV), This stimulated mork on the
gyathesis of polyeyelic hydrccarbons related to

i ,ﬁ*@ﬁﬁzﬁﬁ%m&%@ﬁég\ﬁ&ﬁ subsequent testing of sueh

sompounde for carcinogenic sctivity resulisd in the Pirst

case of tumour production by 2 pure chemicel compound,
nemsly, 1,2-5,6«dibenzanthracens (V). At shout the same
time, Cook aznd his ﬂ@uﬁ%?ﬁﬁ?s?g succesfed in isolating
Zyhi=benzpyrene {I) from coal tar, This hitherte

drocerbon was found to be a2 powerful carcinogen.

gnknown I
Binee then a host of nolyeyolie sromstic hydrocarbong
have been synthesised snd tested for carecinopenic

setivity.

The study of the chemical induction of csncep
hag not been limited to the polynuclssr hydrocarbons.

Tumour-infucing sctivity hes been noted in other cleasses




of chesiesl compounds such 38 the sulphur snd nitropen
mustards, emines, a%o dyes, long-chain oolymers and

gome inorganie compounds. Also, irrsdistion with

ultreviolest 1licht, Z-rays, neutronsg, o =, ﬂ o sné

Y-rays i® tnown to bring 2bout carcinogenesis.

The grest incresse in the pumber of known

eareinogenic compounds 1led to sttempts to establish a

correletion between structure snd sctivity. Tn 1942,
hyd rocarhons posgess 8 @1 ner configuration sad thet s
deviation from such & confisuration resulie in loss of
sotivitr. He postulated that the shepe and size of &
ecarclnopenic hydrocarbon determined 1is sctivity and
thei 1t fonctioned hy bhecoming sdsorbed on %0 & ssllulse
aceentor in 2 speeific way, Thet cereinogenie
hyirocarbons do f%r% addition complezes with cellular
conatituentis 12 now well estsblished but they heve been

Th

shown %o be covalently bonded " sod not mersly edsorbsd

I% is interegtine 4hai

earcinogenic activity hes not been detected in hyiro-
earbong contsining wors then #ix or less then three
benzenold rings. This may be taken to mean thst there
sre geomeiric Tactors 1o be congidered in tumour
produetion, According %o this theory, large subhsiituents

in the carcinogen molscule would be expected to Hnpier




resction with the celluler regeptor and 1t has been found
that the higher alkyl derivetives of 1,2-benzenthracene
are less active then the eorresponding methyl

75 Partisl hydrogenstion which causes a

distortion of the hydroesrbon molecule frow = pleasy

cenfiguration was also observed to result in loes of

activity in some casse,

In 1946, Robinson'® supgested thst most
polyeyclie careinogens contain 8 phenenthrene type bond
which mey be setiveted by suitsble substitution or by
adéitional benzene rings. TEsriier on it hed been
pointed out thet nesrly 811 the ;@%%ﬁ? hydrocerbons mey
be considered ss phensnihrene derivetives having
sfditional benrene rings and/or methyl substitusnis =t
thres or Tour of the 1, 2, % and Q‘%@aﬁ%i@aﬁ.7? ¥or
example, 9,10=-Aimethyle1,2-benzenthrapene {¥1V) whieh is
carcinogenic 18 8 phenanthrene derivstive substituted in

the four named positions.

(i (XLV)
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To test Robimson's hypoithesis, ismomsric
éimethylthiophantbrene derivatives were prepsred and 1t
was found thet those which had the phenznthrene siructure
were cercinogenic but when the nhenanthrens bond was
replsesd by & sulphor stom 2s in b, 7-8imethyl-2,%=5,6=
dibenzthionaphthens {(XLVI), astivity was lost.
Introdoction of ﬁ%i@hﬁ? et snother site in the molecule,
however, hed no guch sffect. Further support is sesn
in the lsck of earcinogenie setivity in hydrocerbons such
as 1,2-3,~d1benzanthracene [(ILVIT) and 6,7-01hy i ro=20-
methyl-cholanthrene (XLVIIT) which are devnid of a

shensathrens ivpe bond,

(xLvi) (XLVIL) (XLVIITED

Interestingly, the theoretical caleoulations of
the Pullmens’® and Daudels’d indicate thet the
phensnthrene bond in a@&aiﬂﬁggﬁi@ hydrocerbons, termed
the K region, has 2 perticulerly hish electron density
or bond order. These workers postulste thet cspcinogenic
activity is deterzined by slectron densidy in the &

region. The Pullmens ussd 8s o messure of the esse of




sddition to the X region & complex infex which is the

sum of the bond locslisstion energy and the
the two cerbon locslissiion energies. This method geve
an excellent sgopeement with cheniecszl results and was
therefore used to interpret cerveinopenic sectivity.

It wee deduced thet 2 K region with & complex index of
not grester thesn 3.31 /7 1= necesssry for sctivity.

lex index of %.33/5

Thus, pyrene whose K repion hes & comyp
is insctive but fusion of = ring =t the 3,h positions
reduces the value to 3.23 /4 an? henee 3,h-benznyrene

is 2 votent cerelinogen.

Forther, when s hydrocsrbon possesses sn L
region besides the K region, it oan ¢ xhibit careinogenic
setivity only if the L repion is not too resctive,

The ?ﬁilﬁﬁﬁ@‘ﬁggg@gg thet tomour proluction reguives s
pesetion betssen the esreinopen snd pellulse seseiver
through the X region which therefore has to be
sufficiently resctive, If, however, » pesctive L region
is slso preesent, the molecule becomes involved in

different resctions vhich m

2y ot result in melirnsncy.
Hence, the necessity for a rether inactive L region,

that is, i%% comnlex index should not bs less then %.%%/?ﬁ
According to them, 1,2-benznaphthacene which has 2
favoursble X region is not earcinogenic beczuse of its

reactive L region. They predict thet large evelie
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ome possess, in most cases, & too resciive L region

or an ingoefficiently sciive ¥ region for csroinorenie

activity. This is in sgresnent with observation.

However, there sre g2 pumber of cases tﬁ@% are
not expleined by this theory., i10=Forayl= and 10-cyano-
1 s2«benzsnthracencs would be expseted to be inactive on
seocount of the deactivating influvence of the suhstituent
grouns hut they sare ﬁ&f@iﬁ@gﬁﬁi%. %ﬂﬁ%&?gﬁ supgested
thet their &%tiyitgvmﬁg’@ﬁ due to sirong hydrogen
wonding bhetween the compounds and tissue components.
Hethyl substitution in the 1%, 2%, 3" and 4'-positions
af 1.,2=-bengzanthracene feils %&‘@?ﬁﬁ%ﬁ@ tunour-inducing
properties thourh 11 incresses eleciron deneity in the X

pepion. Anthranthrens (XLIY) is snother ex

mnie of &

mpound, whieh according to calsulstions, should be

carginopenic bet is not.

(XLiX)

It was then proposed thst carcicogenic petivity
be =tudied in relotion to “excess chorge” in the ¥ region

brought sbout by methyl ﬁﬁ%%titﬁ%ia&,ﬁf end a
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gatlefactory correlation was obiained for the methyl-
benzanthracenes snd methylbenzacridines. This
modifiention, however, doss not sceount for the snomalies

existing in the original theory.

From ss early ss 1938, atiempis were mede to
sorrelste tumour-producing zetivity with chemieal
resctivity. Verioss reagents including diezonium

gompound g}ig

and lesd tetra-scetste’> were employed but
only limited correlstions wers obisinsd, The wory of
Cook and Schoental®” on oxidstion of polycyclie
hydrocerbons ¥ith oemium tetroxide showed thet the
reagent inverisbly stiscked the K repion. 7The resectien
is obviously relsted to the elsetronic cherge in the K
region, &nd so provides 8 good chemioesl test of the
velidity of the guesntum mechsnicel esliculetions uged to
correlste esrcinogenic seiivity with electronte structure.
Badger and hig @ﬁ*%ﬂ?%%?ﬁ%g measured the pates of
resction of osmium tetroxide with various hy@rocsrbons
and concluded thet relative resctivity is relsted to bond
order of the ¥ region, ss ealeulsted By the mothod of
moleonlar orbitsls,. Bethyl 2nd other mlkyl subetituenis
in 1,2-benzanthrecene increass the vrste, the smount of
incresee depending on the somition of substitution,

Substitution 8t the poso-positions produces the most

significent sctivation at the ¥ repion, znd sceordingly




ol B
F310=8imathyl=1 ,Z=benzanthraoene wasg noted to exhibit the
grestest resciivity in the substituted i ,2-benszenthrscens
series, Isso-phenyl groups slso sccelsrste the resction,
nlthourh the effest 1s not so msrked, Resction ls slow

-diegetory- and J,10-08bromoed 2=

with 10=gysno=-, 3,10
benzenthracenss, £11 of which contsin desctivating

sunbetituents.

There ig eome corpelstion between chemiesl

peactivity 2nd ecarciacgenic motiviiy as ssen in
8o

Teble 1.h, It is oovious that there are excentions,

Relstive OCarcinopenic
Compound RBesctivity JZoctiviiy

3, 10-3imethyl=1 ,2=-benzenthracene Be.5 Edd
G, 10=d1ethyl-1 Z=benganthracene hels 54
J=mathyl=1 ,2=-benzanthracense 2.0 P .
{10-methyl-1 ;2=benganthracense 150 o
3, i10=di phenyl-1 ,2=benzantheaeene 106 4]
{l=goetozyme thyl=1,2«henzenthracene 127 +
1,2=benzanthracens 1.00 &
10-ayano-F=nethyl=1,2=-benzanthracene .83 R
{0=bromo=-1 ,Z=benzanthracene 0.56 o
9 s 10=diacetony-1,2=benzanthracene Ok o
1l=gvano-l 2=~henzanthrecene sl ow %
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10=-cyano-1,2-benganthracene belng one. It may be recalled
thet this compound slso poses & problem to theoretical
chemists. The lsek of sctivity in 9,10-diphenyle] 0=
benzanthracene is atiriboted to 2 non-planar

configurstion that hinders complex Tormetion between the

nydpocarbon 2nf sellulsr comnonsnt.

125,61 benzanthracenes and alss obiained s ressonshly

good sgresment between rate of addition of osmium
tetroxide and eleetron density in the ¥ region. Contrary
to expeclatione, however, =qual rstes of resotion were
observed with 9-methoxy-1,2-5,6-d1bengenthracens, s

strong cerclinopgen, snd the G=-acetomy desivastive whioch 18

insctive.

The most recent development in the sesreh of
2 relation hetween sctiviivy end chomiesl structure has
roeul ted frow the work of Yeng snd his ﬁ@llﬁ%@ﬁ@%@ygﬂgé
They postulate that eselivity of polyeyeiie aromstie
hydrocarbons is determined by 2 sterie resemblence of
the hydroesrbon to an sctive steroid. Thus, 3,4
bhengpyrene (I) is sompared with é”%ﬁghyﬁ%@?aﬁéyg%%%aﬁ
{1.) which represents the basic cerbon skeleton of =

group ol setive sterocids.
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Introduation of methyl substituents at the S5- znd 0=
nositions of 1,2-benzenthracene, which is fechbly
sarpinogenice, vields s molecule similar to di-
anorandrostane {L7) end §,ﬁ§~§§%%%h§§mﬁ§§w%%ag&ﬁﬁ%?ﬁ@%ﬂ%
{1I1) 18 = strong ecarcinogen.,  Similarly, cholsnthrene
{LITY) which hes the same moleculsr dimensione as the

stepnid i tumour-proiusing.

. C
T v l Me
-

(Lt CLi coitn

Introduction of alkyl substituents higher then wethyl
groups into 1,2~-bengzanthracene subiracis from the
steric similarity between hydrocerbon and stersid and

socordingly, these com

ounds are less carcinopenie thean
the gorresponding methyl derivatives. According to this
hypothesls, carcinogenie hydroesrbons participate in

comnlex formetion at the seme sites as stercids by




virtee of their similerity, and bring shout maliznanoy

by interfering with normel steroid functions,

In this conneection it is interesting that
Lennsway and %ﬁ@kﬁ? suggested thst earcinogenie

hyfroearbons mey be formed in vivo by an sbnormal

metabnlisn of bile soids or other netursl compounds of

related structaore, 20-Hethylcholsnthrene has heen

&8
veholie seid

prepered by chemicsl degradation of dsox

and of cholie acid. However, stiempis to repest these

conversions in vive heve not been suecessfol. The
biogensais of carcinogenic bydrocerbons, therefore, nust

still be consgidered only 28 8 possidility.

That one of the firet steps in chemically=
induced garcinopenesis 18 £ resction betwesn the
carcinogen and cellulsr constituents hes been referred to.

?&@@%?g%

ngg;gmmé thet & carginogenic hydrocarbon
combined with protein constituent of the eyionlaem
through the disulphide linkspe. This wes strongly
supported by the work of Crebiree " which indicstes 8
direct associstion between sulphur-containing osll
constituents 2nd csreinogens during the orimary shtapes
of gercinogenesls. He found thst the various elusses

of inhisitore of chemicslly induced tumours heve the
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eommon property of being sble to conmbine with sulshydryl
groups ané postulsted thet they opersted by competing
with ceroinegenic hyfdrocarbons for sulphor-conisining

enzymes or other cell constitusnte, ¥alushle

contribation to the theory was maie by ¥iller and %311%?§§
who ohserved the presence of proisin-bound sninoszoivesg
in the Eiﬁﬁﬁﬁ‘ﬂf rats fed vith h-dimethylaninoazobanzens,
Reecent vork indicstes thet such dves sre pttaehed %o
liver proteine throurh & sulphur @%@ﬁ,gﬁ Hiller hes
8lso detscted Tluorimetriecslly protsin-bound derivatives
of 3,L=-benzpyrene in the gkin of nice trested fopicelly

with the @@?@i&ﬁgﬁﬁ.ﬁg

Further evidencs of @?@%%iﬁ*@iﬁéiﬂg resulted
from the studies of Heldeberger and %@lﬁ%ﬁ&ﬁ%ﬁﬁgﬁ gsing
ﬁﬁﬁng%%ilgé hydrocsrbons. They obisined s genersl
eorrslation between the amount of protein-bound ﬁﬁg in
mouse epidermis and the cercinorenseities of the
hyévroenrbons used, There were three exceptions, nsmely,

152=3,h~d10e

nzanthracens, 3F-methoxy- and F,b-dimethoxy-

1 52~5 ,6~d1 benganthracenes. Thease compounds, though

non or aﬁiy slightly esreinogenie, were bound in
somparsble amounts with the motive hyirocarbons. it was
eoneluded thet binding to protein is & neeegsery but

not sufficient resction for skin ocsreinogenesis. The
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essential festure of protein-binding thst differentistes
hetween @é?é%ﬁ@gﬁﬂ%aitg and insetivity may 1lie in the
type of ppotsine that sre hound. There 18 some
indicntion that 1,2-5 ,6~0ibenzanthracens and the 1,2-3%,k=
isomer are bound to different oroteins, In gomparing
the distribution of their protein-bound derivstives,
Davenport and Heidelberger ? found thst the active
hydroecarbon was hound more strongly thsn the insctive
isomer to a group of proteins similsr to the "h® proteins,
ghich had been shown by Sorofl and his eﬁwwg@gﬁ?ggg o be
the main protelns invelved in the binding of ecarcinogenie
azo dyes,

The siructure of the carcinopen-proteln complex
is unknown but binding is believed to occcur throuph the
E reglon of the carcinogen, 132-5 ,6-Dibenzant hracene

hes been shown to be partly boand

through smide
linkages in the X region by Heidel berger and his
@&ﬂ@§$k%Fﬁ§?’9§ who isolated 2-phenylphensathrenc-
3,2"-dicarboxylic scid (LIV) from the hy@rolysis of
peptides from mouse szin trested with the refiosctive
hydrpesrbon. It mey be recalled that the ?al&&@nﬁ?ﬁ
postulated the participstion of the ¥ reglion in com

nlex
formation. Binding through the K repion is believed to

iavolve an sddition resction and ig subject to steric




hindrance.”” As the smount of the acid [LTV) isoleted
repregentsd only 25% of the ﬁég in the mouse skin
proteins, it hes been surgested thst moderstely potent
hydrocerbons gﬁﬁh 88 1,2-5,6~d1 benzenthrecens sre bound
through both the K sand L P@gi@@£n§§

Recent studies by Hiller and Millep 00

iﬁ@i&é%@ that the two eerbon atoms of the X region sre
not egduivelent. This interesting observation resulted
from & study of the csreinogeneecities of monofluore
derivatives of 10-methyled 2-benzenthracens subsiitunted
in different positions. The 3=fluoro derivstive was
found to be insciive snd the lL~isomer sctive, Bimiliar

104

observations were made by Dunning with Ze-methyle

and Lbe-methyl-1 ,2-benzanthracencs,

Though the actual role of protein-bound
derivatives in the indection of cancer is not perfeectly
understood, & number of theories have been pet forwerd,

ane of which ig the nrotein deletion %ggﬁ%%@ﬁi@.gg{h}iﬁﬂﬁ




It is known thet nucleie scids are protected by a
costing of srotein. Binding of the protsciive protein
sxvoses the nuolele aeid 4o the destructive setivity of
enzymes which resulis in the dilution snd eventusl
delstion of the nucleic scié from the eell. 1 the
syanthesls of the bound protein were controlled by the
affeeted nucleic seid, loss of the protein also
resulitis,. Buch s mechanism would socount for the loss
of the "h" proteins from induced liver tumours in
?%%E*iﬁg

914,98

Anothep theory gtates that grovth is

controlled by certsin enzymes, which become inaetivated

when bound to & eareinogen. This causes & disruption
of growth eontrol which is the bepinning of tumour
formation. A4s neelsic scids are imvolved in the
@?ﬁﬁﬁﬁtiﬁﬁ‘ﬁf”ﬁﬂﬁyﬁﬁﬁy intersetione of these acids with

cercinogens leads to the seme reeult, thet is, the

Tormation of cells lecking in growth contenl,

Alkylating sgents are believed to bring about malignaney
through chromosomal interference, Thia theory mey a2lso
be soplied to tumour produvetion by ionising redistion

and by viruses,

Recently attention hes besn Pocusssd on the

investigation of sossidls intersctions between
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easreinogenic hyfroearbons snd nuelelie seids, but the

aveilsble datas is Pragmentary and conflicting. Stodles
104

of epidermsl carcinopsnesis with 35,h-benzovrens end

o0-methyleholanthrene 7

revealsd the presence of
Pluoressent materisl in the eytoplasm but ot 1n the
nuclei of tissue gells. On the other hand, there is
some evidence of the combinstion of §,0=5,6-
dibengaenthracene with deozyribose nucleie seid of mouse
spidermis. 106 Atternis to isolate nucleio seld -
careinogen eomplexes have so Tar been pasuccessful,

I% may be thet hydrogen bondine and ionic linksgees exist

in these complexes, making their isclstion diffienlt.

A @irfferent spprosch 10 the problem of the
mechani s of the csreinopenic process is seen 1n the

8107 which relates careinogenic sotivity

¥srburg hypothesg
to metabolic oxidation. ¥Farburp postulated thet tuwours
are couged by s pertisl snd irreversible damage %o
resgpiration, resultiing in sn ensercbie glyecclyiic type
of metabolisn. Buoch damspge eoulf be brought about
through interferénce with normal cell oxidsiion processes
by earginogenic hyidrocarbons, Thepe comound e have
besn @%ﬁﬁ??%é to be eliminsted rapidly fron thelr sitcss

) R
of soplication by metisbolice ?@ﬁﬁti%ﬁﬁ*éﬁm




Though the mechaniam of carcibogenesis is not

glearly vadersicod, there 1g some svidence of the
participation of free redicsls in the resciione laading
to malignaney. QDarcinomenssis by rafistion elmost
gertainly invalves free padicals vhich ould nossibly
resct with nucleie secids, resuliling in irreversible ecell
changes, Free rediosle are helieved to be involved in
the depolymeriention of deszyribose nucleie seld by
Z-raye; 1iis products are gimilsr 4o those formed in
the degradstion of the seild by chernleslly profueed free
109

redicals,. Selphydryl gepoups syre essentisl Tor the

sctivity of masny enszymes which sre importsnt in eell

division and growth., Tnsctivetion of SH-pontainiag

enzymes by Zerays ls thought to be dupe 4o the oxidation
410

of =50 $0 =»8=0= by 8 free rsdicsl rmechanian,.

g

Folymeric hydvosarbons sre lumour-producing
and they decompose ¥ith the produetion of free radicsls.

4 4 4
Oppenheimer end ﬁ@wﬁ@@k&?ﬁf'?

heve suggested thet their
esrcinopenic notion may be dus to the inhibition of
enzymatic processes by free radicsls resuliing fron thelp

breskdown.
The poesible relatiocn belwesn cell sxidative
progegses and eareinogenesis has besn referred fo. 1%

ies recognised thet free redicals pley zn izporisnt perd




in biclogiesl ﬁﬁﬁé%%ﬁmﬁﬁsgig*%%ﬁ Enzyric oxidations
are highly sensitive %o traces of compounds which sre
known to inkibit readicsl resciion ehsing, s2nd they
sometimes show an induction perind. Thers is evidence
of the Tormetion of semiquinone iype free redicals in

poductione by plhoflisvin npolentides,

Thiyl radicals, which sre efficient hydrvogen
transfer agents, sppear to be particulerly significent
in biologicsl ozidstion-reduction procegsea, The

nzyme I ig believes

initiating step in the reduction of cns

"y It hes ﬁaaﬁ'?@gﬁyﬁeé that

to invelve & thivl radiesl,
the hydroxylstineg engyme gystem in ret liver reguires
oxygen, reduced triphosphopyridine nucleotide and thiol,
ant that ferrous lons have s catalytic effect, 81l of

which strongly susgest 2 free radical mechaniem, 'O

Finslly, the high psactiviiv of polyoyclie
aromntic hydroecasrbone iossrds free raficsls is not mithount

gignificance in thlis conpection.

Hetobolism

in the

Polyeyelie hydrocarbons are metabolised

animsal body to hydroxylated derivatives., Thus,
naphthalene ig converted to 1- and ﬁwa%@ﬁﬁhﬁlﬁéﬁgfii? angd

the 1,2-aihydrodiol,’'® and anthracene to 41-antnrancl
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and the 1,2-3ihydroiicl. Thensnthrene is metsbolised
- %5 the J,10-810] in the rat snd %o the 1,2-8i0] in the

?ﬁ%@i%a€§% Higher polycyelie hydrocarbhons were found
%o be excrated as vhenole {LV)= (LVIII}, ne dihydrodiole

being isoleted with these lsrger eyelic systems, An

121
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interesting fenture of the metsbolisn of sromotie

hydroparbone 18 that hydroxylstion ocours 8t normel’

gnreactive centres of the molegule. The significance of

this w11l he discussed later,

Until 1946, nothing wes known sbout the mode
of formetion of thege hyiroxylsted derivstives sxcept
thet the phenols were probably derived from the
corresponding diols by the eliminstion of water, Yeigert

122

and Hottram showed, Trom their extensive investigstion




of the metabolisn of 3,h-benzpyrene, thai the hyirocsrben

was gonverted to the finsl product ?52 by the steps shown
in Fig. 1.5. The chenicsl nsture of B and R hes not

been e lugiisied,

Fige 1.5, ¥Hetebolisn of 3 h-Benspyrene.
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compounds, X, and Zye Were reported fo be

formed when 3,<benzpyrene was inoubeted with fenlsted

mouas ﬁ%i%.iﬁﬁ Ferther, ther spoesred 1o be bouwmd %o

esl] constitvents in the skin,

on gtudles of

informetive dote heg resulisd v
the metabolli s of nephthalene 2and its derivatives by
Boyland end We mssocistesn. Hetebholic nrofiucis of
asphthalene include, besides hydiroxylated devivstives,

a2 premeroapturic scid which iz believed 1o be BesootyleDe
{1 ,2-31 hyiro~2=hyd poxy~t=naphthyl Imimoysteine (=) {Eﬁﬁ}ﬁ 2h

Bimilarly benzens, sothracene and hsleozenobenszenss sre
gonverted 1o anslopous derivatives in the snimel body. 5
These acid nroiucts have heen postulated o resplit from

the rerction of an intermadisie, believed to be an

epoxide, with a SH-contalning sompound in the hoiy,.
Tigsue projein was a8t Tiret thousht ts be the source of

the eysteine molety of the premeresptupie seide, hut

the large smounts of scids isolzted in the urine of test
snimals prompted the supgestion that gletsthione mipht

he the SH-pontaining component iﬁmi}fwéjﬁﬁ Tz wase

gupported by ithe observetion thst the level of
glutathione in the liver of test snimals Ffell 4o
proportion ¥ith the ssouat of mercenturic seids formed :g a7
On the other hend, there is some evidence that proteine
sulphydryl zroups sre involved in presercspiuric seid

gynthesl s, 128




The metsbolic roule of naphthalene, =s

s N . ) 125195
postuleted by Boylend sné his co-workers, 24,129 is

‘9

repressated schemstically in Pig, 1.6. Hsphihslene

solieer ey

(ux) (Lx) ‘ OH

GLUTATHIONE O‘

NHCOCH CH _CH(NH_YCco H
2 2 ( 2) 02
SCH2CHC0NHCH Cco 2H

‘ ‘ OH OH

(LX’) //’ (LXxIV)
NH

NHCOMe
ScH CHCO M o CHCO , H
‘d oo
(Lxit) CLxrth)
l NHCOMe
gzﬁ;CHCO2H

9eh

(Lxv)

Pig, 1.6, Hetsbolise of Bsphihslene,

is oxidised %o 8 hypotheticsl evaxife {LIX) which rescis
with weter {0 yield the 410l (1X), or with glutethione to

form {1XTI). The lstter is probebly formed in the liver




and ig broken down to the soysisine derivative {IX11 ) 4n

the kidney. The naphibols (LXIV) mey be formed from

the d4isl (LX) or the premsrospiurie seid (17777},

The mercspturic seid (LXY] which mey be readily formed
from {LXITI)} by dehyirogenstion has been isolsted from
the urine of test animals but 11 123 not kneen 1F 1% iz s

trus metsbolite or as ariefeot,

Corresponding premsrosstoric ssids, howeyer,
have not been detecied in ihe exersia of snimsls fed
with 3,l-benzpyrene’® and 1,2-5,6-dibenzsnthrscens .’ 30
This could mesn thst the scids ere easily broksn fown
te phenoliec derivatives, or thet they zre not formed st

8il. Telgert snd Hotiram R

have sugzgesied that
esarsinogenie hydrocsrbons are metsboliszed by & gifferent

rouie from the norme] datomicstion process, If thise

is 80, i1 is probsble then thet the sotive sgent in
cersinegenssia ig not the hydirossrbon but ite metabolite,

in sgresment with

sugh 2 poesibility 12 the obssrvetion

that 1,2-5,6-d1benganthracens, shick is metotolised to

different phenslie derivatives in rets and rs abbite, 120,13
is cereinopenic in rats bhut practieslly insetive in

rebbits. Atiespta, however, 1o isolote earelinogenis

metabolites heve pet been froltful, In faci, most of

the metabolites exemined proved to have little or no

poteney.
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It was polnted out ezrlier on thet 2 negulisrity
of the metabolism of polyeyelie hydrocsrbons is thet the
xactive genires,

compounds are sttacked at mormelly uaors

For example, the S-position of 3,hi-benzpyrene which is by
far the most reaetive centre in the molecule, is not

B

hydroxylsted;: instesd the hydvocarbon is metsholi
to the 8- and 10-hydroxy derivstives, It ®ould seem as
though the resciive cenire was protested, possibly through
binding with cellulsr eongtituents, and the nrotented
complex then rescted with ihe hydroxyletiang epent. A

| simiiar efTect hag been observed in the free radies)
veactions of 9,10-dlphenylanthrscens, in which the side

ring iz sttecked due to the blocking of the ae
ko

so~positions

by the phenyl substitvenis, It ie coneeiveble that

3sl-bengpyrens 18 bound =t iis S-position to =

stiphydryi-contsining compound in the body, and
subseguent hydrvoxylstion then occurs 2%t the B and 10
pogitions %o give the productes {1XVI )}, which are similsr

in types to the premsresntuoric scid of nsphthslens,
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Thess derivetives may resdlly hvirolyes ia the 8- and

10-phenole which are the obheerved metsholie prode

Zi=banzonyreane,

Over the last twenty yeers, interesting
developments have smerged in the blochemicsl %5?@@%% of
aErelangenesis. There is sirong evidence for the
interaction of earcinossns with tissuve proteins; in
fact protein bound éﬁ%ﬁ@%ﬁiv@ﬁ of carcinogenie dves heve
been igoleted. Correletions heve heen obtained hetween
espcliaogenie aetivity of polyeyelic hydrposrbons end
protein bipdling,. The X vegion is predicted 4o b= the

ite of binding. Further, sulphur metansliss is
believed to be connegied with csrcinogencsis. Thourh
1% 1e no¥ certein thet cearciscpeniec hydrocsrbons arse

body proteins, not much is known shaot the

bound to
?%@%%Qﬁwﬁﬁ?ﬁiﬁ@ﬁﬁﬁf%@%@l@gg The next step liss in the
determinstion of ite structure snd of its role, if
existent, ia the carcinogenie process. faoither

ypothesls thet has received considersble sttention

reletes oarcinogenesis to impnired resmpirvation, N

with other theoriss, there is evidence for and agsinet
#erburg's hypothesis, snd 1t continues to be the centre

of intensive resesreh. From metsbolic studiea of




meauistinn,

There zre im

licetions of the participation of
fres radieals in tumour produstion, In perticulsr

thiyl raficals sppeer to be g mificant on socomnt of

the wide-spread ocourrspooe of thisl | grouns in biclogiesnl

gyatems, snd of the dependence of several snzymes on
these grouns for their asctivity, in visw of those
considerations, snd of the limited dats on the rescilons
of thiyl radicals with polvevelic sromstic hydrocarboos,

the present investigation wes unfertsken,




Preliminsry to our studies of the resctions
of aromstie hydrocarvbons with thinls snd oxygen, we
repeated the recetion of snthrscens with thioscetie

soid reported by the Russisp workers, - in orier to work
out 8 sstisfacltory method of carrying out the resgtion
snd of isoleting the profoctis. fg only limited
geantities of thiols were svailable, 1t wag decided 2o
esrry out this snd subesguent resctions ia the pressnce

ol 8 soivenis Benzene was sslected ss the smolvent 4n

the hope thet this nonepol

ar hydrogerbon would have no
effest on the resction, but 1% was soon evident that
additionsl profucts, besides those reported, were formed,
Therefore, to maintsin unifore resction sonditions
theoughout these studiies, 811 the szheriments vers
performed in henszens except when solubility feetore made

it nseessery io employ a 4iffersnt solvent.

Fheress the RBuselisn workers reported s very

thioseetic seid

rapid resciion betveen snihrscens and
with 700 ml., of oxygen sbsorbed in 20 min., ®e found that

there wasg 2 long induction period Tfollowed by sn uniske




e Efim

ol 550 »l. in 2 Br. The resciion wmizture was evanorated
anfer & slightly reduced pressure of nitrogen, snd the
resifdue, alter fresiment ®ith benzene end methanol, vwas

chromstograrhed on slsmine, The major product was a

yellow compound, idecticel with synthetle 9-{scetythio)

anthracene {I}. Ths properties of this comoound ere

similar to those of the reputed S-(acetylthio)-3,10-

atnysrosnthracene™ (I1), whigh was obtained by ¥ikhailow

HBlokhinas when they esrried out the shove rsaction in

ether; the snslytieal dats they reporied for their
product agree sstisfectorily with that reguired by the

2tie om

fully sron spound (I}, The close similsrity
between the two compounds supgeste thst they sre probsbly
identiesl. Other products from our resction included
the higher melting lsomer of the dihydromnthracens
derivetive (I11), 8i=-{9-anthryl)}disuishide (IV) and

sulphur. The displphide, which was churscterised

by

#piann with 2 gnthetie =

identiesl with the unidentified yellow compound reported
in the Huesisnwork. 'The formetion of elemental sulnhar
which w28 2lso obeeryed in subsequent resctione of oiher

polyeyclie hydrosarbons with thioacetic scid snd oxygen,

ie believed io have secourred during the chromsiogrsphic

geparstion of the resciion mixzture on slurins,
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(10> , (1vV)
Az 9-{seetyltbio)anthracens {T) was not
reparted in the Rosgslan work, i1t wse wncerisin iF the

ompound we isoleted was 2 direst pesction product op

whether 1t was Tormsd frozm the dihyirsanihrscene
derivative (11) during the workingeup progess. Such
dihyéroanihracens eompounds are resdily convertsd o the
fally sromstic substitution derivetive in the presence

eriment wns thersfore repested,

of seid. The exn

repature s

pertiecler cere belng teken to keep the tew

&g possible. To further reduce the possible

production of compounds not sotuslly forsed in the

resciion, chromstogrsphy on slumine wes svoided;

the producis were separated by fractionel crystallisstion.
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Under these conditions, the major produet wmas spgein
9={scetylthio)anthracens, ¢ onfirming it as & direct
resction product. The lowver melting isomer of the
dihydrpanthracene derivetive {IT7) was the other product
formed in spprecisble yield, Interestingly, sulphur
wag present in 2 mech smsller gusntity, snd no

snthryldievlinhide gse isolated,

In the Bussian work, the sssignment of the

stroctures to the dihydresnthracene derivatives (ITI)
was based on their oxifation to anthrsguinome. There

wes no svidence of the nature of the bonding betwesn the

thinacetoxy substituent aand the snthrscene nuelens, ihat
is, vhether it is & C~8 or 8 O=0 linkspge, The mosomerie
ion of thiocsestic secild {@%ﬁ@g’ — gﬁﬁﬁ;‘“;ﬁ is known to
sttack ﬁ@,ﬁﬁﬁﬁ@%* but it bes not been shown previously
if the radiecal r escts a8 ﬁﬁg@@%@ o @%EQ%%. Hence

it is signifTieant that the infrared specirs of our
products gontain sirong carbonyl bands, which indicates
the formation of & C-2 bond between the thioscetoxy
radical end snthracene. The two leomeric 9,10-
8ihyfro-9,10-di{acetylthio)enthracenes (711) showed
ultrsviolst sbaorption charscteristic of 9,10~
dihydroanthracenes, vhile S-{acatylithio)snthracens (1)
hed a spectrum similsr to that of snthraeene, but with

the mexims bathochromieally shifted {(Fip. 2.1.)0.
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Fig, 2.1, ULTRAVIOLET ABSORPTION SPECTRA

—— anthrecene®( in eyclohexane);

—=-~ 9-(acetylthio) anthracene ( in ethanol);

==== 9.10-di(acetylthio)-9,10-dihydroanthracene, m. p. 124,5-126, ( in ethanol)

*Friedel and Orchin, "Ultraviolet Spectra of Aromstic Compounds’,

John Wiley and Soms, Inc. New York, 1951,




Tl

The resction, when exiendied %o other thiols,

was found %o vary depending on the type of thisl ussd,
Acidie thiols, sceh ss thioscelic zold, rescied with the

hyfressrbon to give dihydrosanthracens and/or sathracens

derivetives, but with very weakly or non-asidic thiols,

goch g tolus

sne=W=thiol , sathraguinone wes ths only

identiTiable comp

obtained besides unchenged
enthracene, TFurther, the lstter type of mercsptans
reacted less resdily smg resction had to be initisted by
the addition of free radicsl sourses such as iodine,

pyridine ferrous sulphote and comens hydroperoxide.

When enthracene in benszens wes trested under
oxygen with thiobenzole acid, there wes s repld resciion
in the first helf hour during which time the greater

volume of the total gen utilised was shsorbed. ¥hen

the gas gpiszke

beeste vyery sior, srsll asmounts of fsrrous

sulphets and ewmene hydroperoxide were 2dd

the resetion. In gontrast with ths resction of
thioacetic 20id the major product in this esse mas the
dihydrosnthracene derivative {VD, both the gis- and

forme of which were isolsted., These ar

shsorbed in the vliraviolst region in g menner

characteristic of 9,10-dihydroanthracenes. Other

products from the resction were J~{benzoylthie)snthracene,

{(v£2} whieh had sn ultpeviclst sbsorption spectirum
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similor to thet of snithracene, =nd 2 smell ausctity of

di~{9=anthryl)disulphide (1V).

Hercsploscetic zeold rescted vigorously with
snthracene and oxygen to yield 3,10-7i{carbozymethyithioc)~

9,10=d1ihydroanthracene (X )}, of which only one iszomer

wag isclsted, 1% was insoluble in most organie solvents

bat exirsmely soluble in Si-dimsthylforssmide,

Repented crysisllisstion of the acid from the laiter,

however, falled o vield an

its structere was Finally confirmed by its convergien

intes the dimethyl ester [==) by trestment with

diszomethane and to the known {9-anthrylthie)ucetis

132

aeid (VI ) by trestment with hydrochlorie soid ia

asstie seld. From the reaction mizxture was also

obtained, in swpller yield, = yellow powder, zoluble in
polar organie solvents. On stterpied erystallisstion
from soetone, 1% was perily converted o an sceions -

inscluble compound which appeared sinilar $o the

dihgiroanthracene derivetive { I1X ). The yellow powder

w 0f the other {aox

gould possibly be an lmpure fo i

of {'IX) which readily isomerised to the more inscluble

form on hesting in 2 polar solvant. The msterinl,

however, could nol be sufficliently purified for

idestiftTicestion.




The zame resciion when garried out in slschol
yielded an unsiable scid which wae converted 1o

hraguinene on stiespied purificstion. The effsact of

solvent on the resction wes 5lse noted by Bikhetlovy andg

Blokbina who obtained 4i7ferent profocts ¥hen they
garrisd out the resciion of snthrecens with thioscetie

B8

acid and oxygen, Tirst without 2 solvemt™ &nd lster on

in g%ﬁ@fgég

[3 =lepssntopronionie ssid, which 41 ffers from
mareanioscetie acld in hesving one more methylerne grow,

wae allowed 1o vesct with snthracens snd oxyren to

deteranine the effect, if any, of the additione]l methvlens
group on the resetion. The thicl wss fourd to resct

guite resdily, though with less vigour than its

anglogue. The sole produst wes 8 yvellow compound, whose

snthragene-1like ultrsviolst spoetres snd saplyiiesl date

1t to be 9-(enthrylthie)provionie scid (£).

The resciion with thiovhenol nrov

e naspeeislly
interesting. It yielded 2 mizture of projucts Tfrom

which wag 1so0lsted 9,10-01hydro-5,10-d81{ohenylithiol-

swal]l amount of an

anthracens (XIV), snthreguinons, s
unidentified white compound, m.p. 2hh-245.5°, =nd en
unstsble white powder, The powder, vhich wes the mujor
profuct, turned yellow and psrtially melied st 627 ana

decomposed 1o 2 bleok mess st 127°. Uhen kept in 8
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oeel

ngrsture 1t dwoom

£

yeaouny feglianator 8% roowm tom

vigorously. Aa attenpt %o dry ihe compound over
phoephorag pentozide and pavseflfin wezx in the oold
resulied in its pertial conversion %o 8 Tluorsscent,
pele yellow substence, with the liberstion of thiophensl,
Due to iis instebility sn elemente]l snslysis was not

possible, Interestingly, 1% 1ibersted iodine From
g B

potassium ifodide in acstie acld, thus heheving like @
hycroperoxide. A rough determinstion of its sguivalent

weipght bssed on this property gove & value of 202,

The

componnd is balisved to be s hydroperoxide,

heving the stroecture (XIT) (see p.79). An attemt to
prepare a derivative with %?i?ﬁ%ﬁylﬁ%?%iﬁﬁlﬁﬁﬁ gave oaly
anthrescene, This unexpeoted conversion to the
hydrocarbon was sleo cheserved on trestment of the
hydroperozide with potesegium fodide in acetic soid. This
unusuel behaviour ie probebly due to the resdy
desomposition of the hydroperexide in the presence of
seid, which eould concelvshly occur by the siepe indiosted

bolow, The formetion of {XII11) from the hydroperozide

{(X11) is anslogous to the produetion of selphoxides in

the so-oxidetion of indene snd %%%&%%_ﬁggéﬁ
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Treetment of the hydroperoxide with
mepaasptoscetic acld wes expeeied to glve vise %o
substitoiion of the hydroperoxy group by = ecarbozyoethy.
thiol group. HBowever, chromatopresphy on zoeiylated
3;,3%;;3}%% 3h of the neutrsl fraction of the resction
mizture reveslsd the presence of sothrscene and another
Filuoreseent materisl, while two or possibly ithrse
fluworessent spots were detestsd in the seidic freciion.
The ifentifiestinn of the compounlis gas not attenpied due

40 the grell szounis pregent.

Interestingly, the resction of thiophenol when

repested in the presence of scetie aclid gave no

ide; instead %méz@mmg},miﬁ}ﬁmﬁm%ﬁ@ (x1)

byiroperoz
was obtzined, besifdes unchenged anthvseene, snthraguinode

n it he 2

end & yellow s0lid, m.p. 130°, which was show




mixtare of anthracens end S«{phenylthis)enthracene by

> admizture of the twe sompounds. The nmixture

not be sepsrated by chromstegraphy on sgeiylsted
paper or on slumine, and was Tinslly purifisd by cereful
sublimstion. The substitution produst (X/ '), which

ghowed sn sathracene-iype ulireviclet sectrum, was

gharseievissd 23 the 9-phenylthic derivative by
eomperiscn with & speeimen prepered from {9-snthryl)
11thium and diphenyldisulphide.' 52  9-{Phenylihis)
anthreacens ¥ag 8lso obtzined by trestment of the

eorresponding dihyirosnthracene derivetive XIV) with scisa,

Hethylmereaptoscetats, onlike the scld, rescted

with snthracene and oxypen only under esisiysis to give
enthrageinone snd en intrecteble, fork oll, ¥ith
i%%l%%ﬂ&wwow@%iﬁig anthrecene rescisd slowly in the
pregence of iodine and pyrldine, The profucts were
@iiTicult %o isolete 8nd ¢t only nures ecompounde
chtanined were anthreguinone snd enchenged hydrocarbon,
The resction with 2,3-dimevosptopropsncl, which was
initisted by the additinn of ferrous sulphste, sisc
proved difficult. Agsin snthraguinone and sterting

material were lsolsted though three fluorsscent bands were

observed on chrometogranhy of the scetyisisd profsct,

It sppears that the fluorssosnt substences were oxidised
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Fig.2.% REACTIONS OF ANTHRACENE AND DERIVATIVES WITH THIOACLTIC ACID AND OXYGEN
(1) and (2) anthracene;

(3) 9-methylanthracene;
(4) 9-phenylenthracene (catnlysed)s

(5) 9-phenylanthracene.
® added cumene hydroperoxide and ferrous sulphate,
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to snthraguinone during thelir possess through the

Z2lumins B0l U . HMhor anthrscene devivetives hove

been obeerved to be similerly sffested on nurificetion

through %Z%%%iﬁéﬁa; 3

In 811 our experimentis, ithe rate of ozyvgen

sbeorplion was obgserved io decresse dusing the resctiosn,
The mypen-zbsorption curves ¥ers not sscurstely

reprofueible but 811 hed & similer shepe (Fig, 2.2.).

Iin some csses there was an induction period of warishle

radical resotiong.

duration, cheracteristic of frese
Ferther, the gpteke of oxygen could inverishly be
inttisted by the 2ddition of free radics] sources,
Te sceount Tor our experimentis]l observstions we pronose

the mechanisn shown in Fig. 2.3.

The initisting thiyl radical produced by ihe

interseiion of # thiol molscule with oxygen sdds on
to aathrecens to give the rediesl (IV). This is 4in

eegord with the widely secepted view thel the first step

in free redical substitution and eddition resctions of
sromatic compounds is the sédition of the stisoking
redicsl to e resoltive centre in the @ﬁ%ﬁ%ﬂm%‘%ﬁ%%
It iz probeble that thie step (2) is reversidle, by

enelogy with the mechanies for the free radiecsl sidition

of thinis 1o ocleflinsg. 49 The pedicsl {IV) tskes ¥D 8
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Fig. 2.3, Proposed Hechaniswm for the Resetion of

Anthracene with Thiols =nd Oxygen,




.

molesule of oxyzen fo give (IV1) which shstracts yirngen

1 & thisl, forming & hydroperoxide {(IVII) anéd

regenersting 2 thiyl redicsl. These steps {1-4), whieh

i are ensliogous to the reactions of olefines and of indene
6h,65

#ith thiols snd oxypen acgount Tor the chesrvetion

that the rete of oxygen sbsorpiion is provorvtions]l to
the smount of znthracens present,

It is suggested thet with weskly scidic thiois,
the peactiion proceeds neo farther snd the nrodusts

shtelined aps I

droparoxides or compounds resuliiang from

their decomposition, Zarlier on we suggested that the
eagtable powder profducelin the resciion of snihrscens
with thiophenol is the hydroperoxide (XVII: R=Fh).

The snthraguinone resuliting from the reactions w¥ith
tolusne—- W=thiol, with dimeresptopropsncl, with

methylmercapioscetate snd with mercantoscetic aeid in

aleshol wes probebly formed from similsr hydroperoxides,
In ithe presence of scidie thiols, the intermediate
hydroperoxide ls converted into the finel products, {(XX)

and (XXI), by the reactions (5=3),

Experiments were then designed to test the

Teapibility of the proposed mschsnism, Iz suonort of

step (2), = mixture of anthracene snd 41benzoyldisulphids

in benzene was sllowed to zeact 4in

sunliight. Tha

forzation of 9-{benzoyithio)snthracene {¥) confirmed the




resciion hetwsen enthracene snd thiyl radicsls, The
feaslbility of the conversion of the 3 xife o

gotion of

the Tinsl products wes devonsivreis’ by the peod

{cumylihiolacetic acid (XXIT) on trestment of cumene

*

hydroperoxide {XXITI) with merceptoseetic seid unier
nitrogen. OF interest in this conneetion fs the
isoletion of {eumylthio)scetic seid from the rese

subatituted

sione of

anthracenss with meresptoscetic apid which
were initisted with cumens hy@ropercxide. The formstion

of the seme scid (XXII) from 2-phenylepropan-2esl [1X77)

T

and mercoptoscetic scid pives support to steps (8) snad (7).

Adaditlional evidence for the ssbstitution of the aleoholle

group by 2 thiol group wss provided by the reaction of
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10,10=31bensyl=9,10-41 hydro-9~hyirexyenthrscens (10Y)
with mercaptencetic eseld, whereby the substituted zeid
(¥XVI) was obtsined. 9-Hydroxymethylsnthracene {XIVIT)
rescted with the seme thisl to pive the eorrespending
sgid (XXVITI).  Anslogles for the formstion of both
anthracene {(XXI) end dihydroenthracens (XX) derivetives
by steps {6-3) were seen in the production of snihrscene
and 9-{cerboxymethylihio)=9,10~d1 hydroanthracene (XXTL}
from the hydrexy compound {¥XX) and mercepioscetic seid.
That the conversion of the hy@roperoxide to the fimsl
products (XX) snd (XXI) is favoured by seid conditions
iw indicsted by ithe resction of snthragens with
thiophenol which, when cerried out in benzene, weve
primerily =zn vastsble hydroperoxide, but in the presence
of sacetie seid, yielded the substltuiion product,

9-{phenylthio)enthrecene (X1¥),

The retis of 4id

yirosnthracens to anihracens

derivatives formed was found to vary from one resction io

snother, For sxample, snthracens rescted with thioscetio
aeid and oxygen to yield principslly the substitution
profuct, but with thicbenzole acid 1t geve the |
dihy

froanthracense derivetives predominsntly,

the intermediste cernonium ton (MIX) sdds on & e

anion to give (XX] or loses # proton to yield the

sebstitution compound (XXI) ie determined by & number
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of factors, ¥hich inelude the concentration 2nd seldity
of the reacting thiocl. The present ianvestigation does
not permit any definite conclusions to be drawn
regarding the criteria governing steps (7) and (8),
which lead to the production of dihydroanthracene or

anthracene derivatives regpeectively.

The proposed mechanism is compatible with the
formation of S-(2-hydroxy-1,2,2-triphenylethyl)
thioacetate (XXXI) from 1,1,2-triphenylethylene,

ﬁh ﬁh
Ph— C — CH

] |

OH SCOMe

{(XXX1) -

thioacetic acid and exyg@n.ég The product (XXXI)

is anslogous to the postulated intermediste slechol
(XVIII). Though no aleoholic products were isolated

in cur experiments, 1%t was observed that during
chromatographie separation of the reaction mixtures

there wag in every case, a strongly adsorbed band, which
could have been the alcohol derivative. Elution with
ether or ﬁxtfactiaﬁ with @thﬁnﬂléacetic acid of the

polar substance from the column yiélé&ﬁ an impurs maiterisl
that was present in too small a guantity for

identification.




One of the unusual festures of the resctions
iz the absence of disnthryl derivetives. This is 4in

ghory conivrast in other free radi cel resctions of

snthracene, all of which lead to dimeric nroducts.

nt for this unususl beheviour 1% is suppested

thet oxygen, which is present in a high concentration
Bets a3 2 seavenger for radicsls of type (XV}, thas

preventing the formstion of dimers.

Pi~(9=anthryl)di sulphide, which was §solated
in smell yield in some of the reactions, is probebly
an artefset. By snalogy with the conversion of
-10-thioeyano-1,2-benzanthracene to the disulphide by
passage through an slumins column, 57 anthryldisulphide
was probebly formed by the setion of slumins an

9~(acetylthio)snthracene or similer derivetives.

The thiol-catalysed dehyirogenstion of 9,10~
dihydroanthracens and its derivetives by
azoi sobutyroni %ﬁl@ﬁg #59 involves the intermediste
Tormation of free thiyl redicals; yet products
eéontaining thie-groups sre not formed, To scoount for
this, it is suggested thet the eyvilidrium in step (2),
gand ep theas more vigorous condiss ons, faveurs the
dissoeistion of (IV) to such sn extent thet Puriher

resction cannot ococur,




When enthrecens was sghaken with n-butznethiol

gen, there wes no shsorotion of ges., The

resction was then sttespted in the presence of (1)

ferrous sulphete end cumene hydroperaxide, (11) ferroue

droperoxide and seetie seid, ($it)

sulphete, comens h;
fodine, (iv) lodine end scetic neid, {v) iodine, scetie
aeid snd ferrous sulphate, end {vi) iodine, ferrous

sulphate and cumene hydroperoxide. Only in ihe lsst

esge wes there sn wpiake of oxygen.
mixture wvaes oviained, begides much unreseted asathracene,
8 yellow oil which ﬁdama@éﬁ bright bleve in benzene
ﬁéiatmm éa%t%ﬁ%ﬂ%@ to 80lidify the il were not
suceessful, it was degided to identify %@ Creduct by
its R, value. The fluorescence of the produst suggested

it to be an anthracene derivative, and by snslogy with

previcus resctions, 9={n~butylthio)anthracene seeme

most likely product. Accordingly, iis preparstion »ss
attempted by reduction of (9-snihryl)dithiochloride,
followed by treatment of the sodiusm salt of the

resulling thiel with n-butylbromide. THowever, only

oils were obtained besides 4%{J-anthryl)}disdlphide.

Peper chrometogrephy of the major oily Trastion showed

2 blue fluerescent spot ¥ith & similar B, value ss the
product from the reaction of snthruscene with n=butsnethiol,

Hence, 1t is likely thet J-(m-butylthic)snthrasene or
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& gimilar derivative was formed in the sbove resciion,

Sech deplvatives would zrobably heve low meliing points
end similer B, values, whichwould render their
purifiention by ervstalliestion or chromstography
difficult. Indeed, much 4iffieculty was sncountered in
the isolstion of 9,10-di{n-butylthicenthracens,

e ﬁiﬁégﬁg in = lster expeviment,

he sotion of the mixture of ferrous sulphate,

yiroperozids snd ledine as & radloal generator

is interesting. It wos observed that the sadition of
lodine, which Tollowed thet of the other two reagentis,

paneed the renation

mizture to turn 2 dark red-brosn:
the eolour was rapidly lost with sbsorstion of oxygen.
A combinstion of iodine snd ferrous sulshste or the
hydroperoxide was insffective; the presence of &ll

thras

compounds Wes necessory. This unusuel radical

generator proved more efficient than the mizture of

ferrovs sulphete and gumens hydroperozide which hed been
employed %o initiste sarlisr resctions, T1% ®2s
successfully used to catalyse subseguent resctions, Its

mode of setion, how

ever, is unknown,
Heasurements of the rate of oxygea sbsorpiion
by agueous solutions of merceptoscetie acld indieste

that oxidation of the thiclio the disulphide is mest




repid in neutral mediom, l2ss in alkseline end lsset in
agidie medis (Fig.2.4}. |Hence, the pressnce of sceiie
acid in the resetions of snthracens with ¢t hicls and
oxyegen would serve the double purpose of refucing

the eztent of thiol oxidstion and of prosoting ithe
conversion of the intermedisies hydroperpoxids 1o the

finsl produsis. The use of pyridine and other bagie

eompounds as s estalyst in these resciions was avoided

t0 reduce the lose of thiol through flesivhide Fformaiion.

Reactione of thiols with sromstic compounis
in the presence of oxygen mey hsve blologicel
gignificance. The premerespiurisc seids produced by

metabolic oxidetion of sromstic gﬁ@@%ié 245125 are

known to have siructures similsr to, but of 4ifferent

(¥IVI1T1}. Puriher,

orientation from, the intermediste
it is bslieved thst metebolic hydrozyletion of sromstie

molecules luvolves resctions wiilising 2 thiol and
145

molesular oxygen 2nd iz cstalysed by ferrous fon.
Other rescilions of polyevelic sromstic hydrocsrbons with

cell constituents eonteining the thisl group slsc sppear

- poseible. The proposed mechenism eould scesunt for the
eross-linking of proteine, or for the irreversible
binding of sromatic compounds to siin @?i}t@iﬁ?gﬁ?

Interference with cell hydrogen transfer processss by

repctions of sush thiocls ss glutathione or refuced
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Fig. 2.4, OXIDATION OF MERCAPTOACETIC
® added iodine and potassium iodide

@ added hvdrogen peroxide,




thloctic sold with sropstie hydrpesrbhons ney aley ooouP,
In view of the possible bicloglesl gignificense of these

reacilons, we were particulsyly interested in the

behaviour of eysteine towspde polyeyelle hydrocarbons.
The eoysteine molely ceours 1n glutathione and in othsr
forms in the body snd is present in premepoepturie scids

in the sestvisted Torm.

An initisl sttempt %o react orsteine
hydrochloride with snthracene in & soldiom hydroxide-
benzene mixtere yielded only eystine and unchsnged

anthracens, Similer results were obiained when the

resction wes carried cut in asleohol. Psilure of the
resction was attributed to the sbesence of 2 suiishle
solyent in which both resctsnts wvere moderstely soluble,

The resction was then sttempied in the presence of

deoxyeholie seid in &8 sgodlium hydroxide~henzens miztove

in the hops thst the formation of the wmater-snlishle

anthracens-@eoxycholie seid &ﬁﬁasﬁiﬁ% would initiste
%h%’ﬁﬁ&@%iﬂﬁ» However, mnthracene wmes recovered
gusntitatively after the mixture was shsken for three

goluble He-scetylovsteine

daye. Finslly, the more
Wﬁg‘agﬁth%g&gaé,iﬁg and its resction ¥ith snthrscene
wes attempled in tetrashydrofuren, both resctents being

reasonobly soluble in this solvent. There was & very

slow resction, ga. 60 ml. of ﬁxggéa beling sheorbed in
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four days. Alkeli extrsction of the resction mixture
geve a yellow solid which decomposed to anthrecuinone
on atiempted erysisllisstion from scetone. 1Its
ingtebility mede 1ts purificstion very d1fficult.

Gareful repested crysizilisstion from tetrahyivefupane

hexane, with minimum heating, finslly yielded & yollow

powder, decomposing a2t 208-212°, Except for ocarbon,

the anslytical date of the compound sgree patisfeciopily
with the moleculsr formula, O 195477 O3 %« On the basls
of thie end its snthragene-type ultravioclet spectrum,
we suggest the product is S~{9-anthryl )-ti-acetyl

eysteine (XXXIT), The instebility of the ao

SCH CHCO H
2 2

mpound is

NHCOMe
(x xx1r)

net unexpected as the cysteine derivative of 3,4

benzpyrene, nemely, S5-5-{3,i~benzpyrenylj-Di~cysteins

hes been reported to dssompose reedily. '’ It was

chserved that much snthraguinons precipitated from the

mixture during the reaction. Evidently the produet

{XZX11) underwent decompositican during the four days’




In sxtending the resetion teo 8lzvl-suheti tuted

anthracenes, mercaptoacetic seld was pelegted ss the

thiol resctant ss It showed the grestest resctivity

smong the merespiang e

loyed in the resctions of

snthracene,

S=fethyvlanthracens rescted resdily with
merosptoscetic seid and ég?ﬁﬁﬁ@ though less resdily then

anthracens, to yisls a y%ii:& epmpound which snalyesd

Tor ﬁg?géﬁQQ%g and vhoee @1@%@?1%&@* spegtron indicoted
it to be o ﬁﬁ%ﬁtitﬁﬁgﬂﬁ @ﬁ?ﬁ?ﬁti?%;. or %%@ two

probsble structures, {(XIXTIY) and (X %%I¥}, the profuct

RCHSCH co H

R
_
| |
SCHZCOlH
{(FXXTTI}, B = He : Qdmﬁ"{}g B =¥

_ {(ZXX¥), R = QH @h
(LHvI), B = %‘?‘h

was shown to bhe %ﬂ»{&ﬁﬁﬁﬁxy%@%hglibiﬁ}w?wm%zﬁgzﬁa thracense
{XENTIT) %@ admizture with a synthetie specimen of the
othar isomer (XXXIV), which caused a depreseion in the
melting point. Thst aﬁ@%ﬁ%%&%g@ﬁ %&@ oeeurred in the
iG=position of the anthracene nucleus %ﬁ§‘ﬁ$% in the
methyl substituent wae confismed by the infrared spsctrum

of the product, It 614 not show an asbheorntion nesk
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sround BLD —

due to & meso hydropen stom.
The reaction of methylanthracene slsc yislded

sttempt to purify it by

an aliali-goluble sil, The
ﬁﬁ?ﬁ%ﬁﬁéﬁ?ﬁ?@?‘ﬂf its methylated produet wase unmsccessiul.
The profuet was etrongly sdsorbed on the slumine

eslumn, snd only trsces of unidentifisble moterizl were

obtained. 1% is likely thet 9-{cerbozymethvitnio)

anthracene (X0XTY) was formed ms the side-chsin of
methylonthrseene 1s resdily sttacked by free redicals.
Thus, Beckwith and Waters,>> in investigeting the thermal
decomponition of di-t-butylosroxide 1n @ﬁﬁ pregence of
F-methylsathracene, observed thet both hydrogen
asbstraction from the svhstituent and sddition of methyl

radicals to the 10-popition of the hydrocsrbon, ocourred,

ded

The reaction of 9-benzylanthracens procse

smoothly with %the produetion of 10={ carboxymethylthio o=

‘benzylanthracens (¥XIV) as the mejor product. The

identity of the compound was estnbliched by ocompsrisoa
with = semple prepsred by trestment of {0-mercapice9-
benzylanthrecene with chlorescetic seisd in slkali..

Thet both the geso hydrogen stoma were subati toted wasn

sonfirmed by its lafrared specirum. The resetion slse
gave two other yellow substences, in smeller yieldg,

which could not be suffieciently purified for identifiostion.




S~Phenylanthracene was found Lo be lsss
resctive than the methyl snd henzyl derivatives, Iis
resction which was catalyeed by Terrous ion snd cumens

hyf@roperoxide yielded 10-{carboxymethylihio J=le=

phenylanthracene (XXXVI) snd (cumylthiolscetic actd (XXT1),
The Tormetion of the lstier is gignificant in view of

the intermediste hydroperoxids postuleted in ooy
mechanisn, The phenylanthracens derivetive (XIXVI) was
gheracierised by its ultravioclel speotr which ghowed

it %o be & substituted snihrscene derivative; its

infrared spectrum vhich indiezted the %@%%Q%% of nag

hydrogen stoms; =and its anslyticel datz which indicated
the introduetion of only one thio group.

In ths %ﬂ%@i&ﬁ%ﬁ@?&,é% Dyi0=-Ginlkylanthraoenes
were fosnd to resct with thiosgetic scid end axygen, with

addition of twe thioacetoxy groups across the mego-

| positions. However, we were not 2ble to reproduce their
resulta. Ve obtained from the resction of 9,10-
dimethylanthracene and mercsptoscetie acid, 2 vellow

erystalline compound with zn anthrecene-type uldraviolst

spectrum, Oxidation of the product with chromic zcid
geve snthraquinone, indiecating that redicsl atisck on
the enthragene nucleus was limited to the meso-positions.
The above datas coupled with the elemental amslysis

suggests the compound 10 be J-{carborymethylihiomethyl b=
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iC-methylanthracene (XXEIVII)., It i3 suggested that the

produet is derived frowm the initislly formed

CHZSCHchZH

(KIXVIII), R = SCH,CO,H

B = OH

éih@éféﬁﬁﬁhﬁﬁ%%ﬁ%‘ég?i?ﬁﬁi?% {XXXVITI) by oo acid-

eatalysed reerreangement, similer to the scid-catslysed
1,5~snionotropic reasrrengements of mesp-substituted
derivatives of 9,10=~8ihydro~9,10~3 ihyd roxy-anthracene

1 25 test the feestbility of

and -1 ,2-benzenthracene,
gach & eotversion, the dihydroanthrscene derivative
{XXEVITI) was prepersd from the corree

(x

The resulting o

ponding diol

XXIX) and mercaptoscetic seid, snd treated with scid.

ompound was identicsel with the product

frozm the reaction of 3,10-dimethvlanthrscens,

3,10=-Diphenylanthracens 414 not resct when
ghaken with m&%@&y%@%&&tiﬁ seid under oxygen. Adéition
of f%??@ﬁ% sulphate srd eumene hydroperoxzide to the
wmixture initiszied & very slow sbeorpiion of sxygen but

(eumylihio)acetic seid was the only identifishle product

obteined. The lsck of ?@ﬁﬁ%i#&%y of 3,10=8inhenyl-
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anthracene is not surprising when we consider the
Tormation of the radieal {¥L)., The sddition of tha

gttecking ¢yl radical o 2%@ pese-position of the

anthracene nucleus securs with Jiffieclty due to the

sregenee of the phenyl @&%ﬁﬁéﬁﬁﬁﬁ%ﬁaﬁﬂ Farther, the

wenk Def bord end steric hindrence in the pafliesl {Xn)

ghift the equiliberion %o the left to suchk an

Ph | Ph._ SCH,CO,H

—_ e
+ SCH,CO,H S
. P <

Ph
(xL)

extent thst further reaction does not oeccur. The
iﬁﬁ%ﬁhiiﬁgy of 9,10-di hydro-9,10-~diphenyianthracene
gerivatives contasining substitpents in the mesg-
positions is reflectsd in the obaerveiion that B
déiphenylanthracene ie attacked by phenyl radicsls in
the side ring ﬁx@%&ai@@lyggﬁ snd edds on melele
anhyiride across the 1,h-positions and not the 9,10=
?@ﬁiﬁi&ﬁﬁ.ﬁk? Further, %?%@t%ﬁﬁﬁ of the diel {X17)

(XL1), B = 08
O‘O (XLIT),R = SCH,CO,H.




G jom

with mercapioncetic scid was Pound not to vield the
sxpected thio derivative (XLIT); instesd 9,10

diphenylanthrecene was Tormed, svidently by descomosition

of the snsteble thio compound (7177),

Fig. 2.2 shows the rates of oxysen sbsorption
of anthracene, J-methyle apnd F=phenylesnthracencs in
resetions with mereapiosgetic seoid, Though the curvesg

were not scourately reprodueible, they indicate that the

rate of oxygen sbsorption decreased as the resetion

proceeded, thet is, 1t is dependent on the smount of
hyéroearbon present. The ai gnifieance of thig effect

in the resction mechaniem hes been gincuased,

The rezotion with sathracene was extremely
rapid, being simost complete in the Pirst balf hour,
that #ith 9-methylanthracene wes lese vigorous, snd that

with 9~phenylanthracene was slow. In the last o=

B0 B
slightly fester rate wes observed when the reastion was
serried out 4o the presense of gmall smoonts of ferrous

sulphate and cumene hydroperoxide. The red goed

reactivity of the substituted anthrsecenes may sesn
surprising in view of the activating influence of
substituents in free redical resctions, However, it is

not contrery to owr propossd mechanis It is recsonebls

to assume that the sddition of 2 thiyl radicsl o =

F=gubstituted anthracene

oceurs preferentially st the
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10-position {(B). This reduces the number of positions
available for stiack, snd hence the pate of rssciion,

%

Further, the 2ddition of oxygen to the radiecal {XIIT11),
R

l R »
. o~ ¢ |
. Pk RS — -8
H™ SR’ |

(XLIT1)

which is probebly en equilibrium step, is hindered by
the mubstituent. An sdditionsl factor thet affects the

rate of resction is the stebility of the rediesl (XLTTI).

The more steble the intermediate redisal is, the less

s

readily does 1%t reset with oxypen. If R = Ph, as ir
g-phenylanthracens, the redieal (YLITT) is similer %o the
triphenylesrbinel radicel which is highly stebilised by

PESONBNCE.,. Hence, phenylanthrscens is nuch less

- peactive than snthrascens,

The sbasorption curves of snthrecens and

methylenthracene extend beyond the theoretical limit of
oxygen absorpilon, indicsted by the horizonisl line in
the figure. This is due to utilisstion of oxygen in the
exidetion of the thiol %o the fSisvliphide,
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The extension of the resotion to other polyeyelie
eromatic hydrocarbong was initisted by our intervest 4in
the beheviour of the strongly carelnogenice 3,h-
benzoyrense towards thiyl refieslis, it has been
mentioned that the intermctions of careinogsnie
hydroearbons ¥ith sulphur-contsining compounds in

ganger peodaeting,

The hydro ed before use by

arbong were parifi
ghromstogrephy on alumine 2nd cerystellisstion, However,
their melting pointe 412 not coineide with literatore
value in svery osse, 1,2-5,6-Dihenzanthracens and

pyrene were slightly eoloured, end perylene, which wss &

bright yellow coloar, melted 3° higher than the 1itepsture
value. Beesuse of the difficuliy encountered in the
purifiestion of the products obtaipned from the reactions
using mercapioscetic seid, 1% was depided to sse
thicscetie acid in the resctions with higher nolynuciesy
hydroecarbons. Though the thiol was less resciive than

| meresptoscetic acid, its products were vsually wmare sagily

purified, being ?ﬁ%ﬁily’ﬁﬁﬁﬂfﬁﬁﬁﬁ by chromstogrephy on

slunine.

Hikheliloy and Elaﬁhin&ég

reported the formation
-&f'9;?@*&1{%ﬁ%@?lﬁhi@}*@t?@ﬁﬁih?ﬁ?@*ﬁ,QM§%ﬁ§%ﬂ%§%&&@ﬁ@

(X117}, m.p. 193-194°, from the resction of




1 sZ2=-benzantbracens with thiescetie seid snd cuiveen. ¥e
repeated the veaction in benzene and obisined princinsily

a white erystalline compound, m.p. 189.5-191°, & smell

(XLIVJ), R= SCOMe SCOMe (v y)

guantity of 10-{scetvithic)e1,2«benzanthracens [XLV}],
and an uonldentified moterial, Mm.D. 10-160°, The

substitution produet {(XLV) was 1dentified by & comsarisen

of its melting point sad dlitraviclet shsorotion spectiran
with thoss of an suthentic ssmple.  The vhlie compound,

m.p. 189.5-191°%, 18 helleved te be the Sihyirobenz-

anthracens derivative {ILIV), The
may exist in the four possible conformetions, (XLYI) -

{:iggﬁ} g o

(XLVIIT), R=SCOMe (XLIX), R=SCOMe
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possible to build models of (XLVI) end (ILVII) due %o
gterie Intersction between the thio groupns and the

Srogen stoms. DFf the other ivo conformo~

peripheral hw
tions, there is less steric interaciion im {Y1VITr), as
both the thicscetoxy substituents sre mssti: hense
{XLVIIT) should be favoured to {¥LIX)., The Russien
workers deseribed thelr product, B.v. 19%=19) ﬁg a8 &

igomers, Wt its sharm

mixture of the gig and Lrans

melting point leads uvs to supgest thet it mey, in fant,

%? {:T:;{ﬁ I } G

be the one »ure ison

142=5,6=Dibenganthracens d1d not resct afier

shaking with thioscetic soid under oxygen for iwe davs.
Small emounts of ferrous sulphate, cumene hydroperoxide
gnd lopdine were added in an attemst to initistes the
reaction. Though there was an uptske of oxygen, the
hydrogarbon ¥as recovered unchenped in s guentitative
vield. The reasctlon was then stiempted inm the presence

;%;E smount of snthracens, E%'%ﬁﬁ hoped that the

radicals prodoced by the intersction of snihrscens with
the thiol znd oXygen would initiste the resotion aof
1,2=5,6~dibenzenthracene, There was sn uptske of oxygen,
but the volume sbsorbed wes small, being equivalent %o
the amount of snthracens present, Chromatogrsphy of the
resction mixture on smeetylsted peper showed the presence

of the two polycyclic hyirocarbons snd 9-{zcetyithio)
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enthrascene, There vas no sghetituted fepiveti

wag made, this time on & larvgsr scale, using 0.65% g, of
152=5 6=di benzanthracene and 0,1 g. of snthescene., The

mixtors, zfier having sbhsorbed 12 ml. of oxygen, wes

boliled onder reflux in an oxyp

e atmosmhere Tor 1.2 hours.
However, incressed tempersture 414 not have the desirved
effect of promoting the msselion, Agein the sole

product formed wes 9-{scetyliihieenthrscens,

In view of the resiy addition of thiscscetoxy

groupg to the 3,i0-positions of 1,2~benzanthracene fo give

dihenzanthrecens wes not sttagked 2% 511, On the other

hand, the hydrocerbon is inert in resctions such as

52 and lead tetre-scetste &ii@%%ﬁﬁ%§§§ it

monachloride’ 40

diazocoupling

and by

iz unaffected by sulphur
thioeyanogen; o/ 1t is steble to refluxing with 10%
alesholie @%%&ggiﬁ%'hyﬁyﬁxi@@,ﬁﬁg and on itrectment with

H-methylformanilide and phoghorus oxyechleride it fails

to yield any sldehyde even under foreing @&ﬁ@%%i@ﬁg.%%%

Of interessi, %@é, iz the feet thet it hes no effest on the
disulphide groups of cystine snd oxidised glutathione, U2
ITts lack of reactiviiy may @% explained by the fset thet

the free valence number of iis most resciive positions is




&

o

£ 3 Tt e s o B Bumiss v e s
1s2=benzanthrsoens

i

{Teble 2.1). Purther, & scale sodel of the hydrcosvhon.

revesls that

% sre slerically hintered
by the snguler rings. THis steric feotor is belisved ie

be partly responsibles for the relatively insrt netyre of

S

ggwgygméﬁt azanthracens,

i
%gﬁviﬂyﬁii?

157

1 ,2=5 JE=Dibenzanthracens

p—— 10 8,514

2440

{=i=Bonzanth»

inthracens’

3,08

P

28., 1957, 53, 573}

Fhenanthrene gnd pyrens which hove bhesn reported o be

iittle affected by methyl end by bensyl radic %Zﬁﬁﬁ‘@%ﬁ@
Tound to be relstively inert toweris thioscetany redicals.
The reaction of phensathrene was sttesmpted in 2he presengs

of ferrous sulshate, cumene hydroperozife and
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Though there was an uptsis of oxygen, examinsilon of the
resciion miztere by psper chromstogpraphy indiested puch
@ﬂ?&%ﬁ%&ﬁ ?ﬁ&&@aﬁim@ﬁﬁg There was snother very faint
fiuworescent spot but no product Fas iscleted. The
reaction wae repested in ithe presence of = smell gusntiiy

of sofles ghloride, which hae besn reported 1o hovse

getalytic ectivity in free padicsl %amim&m

However, there was no spprecisble shsorption of czygen

and peper chromstorrsphy indiested thet the hydrooerbo

[

had undevgone 1ittle resction.

temptsd resetion with pyrens wRE
gointeresting except that Pollowing the addliien of the
veusl rsdical gesersior, & mm@ pépur of hydrompen
gulphide was detected, s%mﬁ unlike previous gsses, the
eolour of iofine persisted and there wss no shsorption
of oxygen. Chrometography of the resction mixture on
asetylated peper showed the presence of oaly starting

material,

Peryvliene was little affected afisr beling shsien
with thioscetic scid under oxygen for two dnva, The
edéition of the usesl mizture of ferrous salt, cumene
hydroperoxide and icdine %@sﬁ ineffeetive in initisting
the rpesction, Besides unchanged hydrocsrbon vhich wse

recovered in s 8% yield, & small guentity of an orenge
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liguié with 3 green~yellow Tluorsscence vos obisined,

However, no identifisble product wes isolsted from %%,

The leck of resctivity of shenanthrene, nyrens
snd perylene is not surorising in view of their low free
valence numbers. The reaction of perviens slso guffersd
Trom the disadvaniege of the 1imited solubllity of the
bydrogarbon in benzene,

3sh-Benzpyrene, which is highly resctive to free
redical stieck, was reported to be uasfrected by thiols

in the pressnce ﬂf‘@xygﬁﬁ.gg ¥hen we shook 2 wmiztuyre of

the hydrocerbon and thioscetic scid in cxypen, there wers

no signs of & resction, but the sddition of ferrous

sulphste, cumene hydroporoxide snd lodine initisted the
resction, as seen in the upiske of oxyveen. An stiempt

to seperate the reaction mixture by chromstosrsphy on a2

partielly scetvleted celliulesme ﬁ@lﬂ%ﬁzg% Bes unsuceongelul.
However, & sstisfectory seperetion wee achisved oo desctive

ated, seid-washed slumins. There was obisined

unreactial hydrocarbon snd sulphur, = red crystsiline

compound whose ulirsviclel absorpiion specirum resembied

that of 3,h~benzpyrene, {(Fig, 2.5}, hence indiesting thst
the product was & substituted derivetive of the
hydrocarbon. It wss loter found to be identical with
synthetie 5-{acetylthiol=3,h-banspyrene (L), The

slumine used for the separstion was prepsred by tresiment
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Wavelength (mp)
Fig, 2.5 ULTRAVIOLET ABSORBTION SPECTRA
(4) 3,4—benzpyrené‘(in ethanol);

(B) dimethyl ester of a di-(carhoxymethylthio)—3,4—benzpyrene (in chloroform)
(C) 5-(acetylthio)-3,4-benzpyrene (in chloroform)

* Friedel and Orchin, "Ultreviolet Spectra of Aromatic Compounds",

Jobn Wiley and Sons,Inc. New York, 1951,
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of Upence &lumins with hydrochleric seld, Tollowsd by
thorough washing with weter., The neutrsl aluvins was

by the

then dried overnight st 150%, and deactivated
sd@dition of water {5% by weisht). 1I% was obsevved in =
lster experiment thet the thicscetrl comoound (L) was

aompletely converted %o di-5-(3 L-benzoyrenyliéismlphide

by passage ihrough & column of active alumins.

Thie resction 1ls of particular interest in
that 3. h~benzpyrene, unlike anthracens anfd 4,2-

benzenihrecens, 8o0es not possess two pego-positions and

&8 such, the siruveture of the intermediste hydroperozids

iz Bo% sz obwious 82 i the csses of snthrscene and

1 s2-benzenthracene. As 3, l-benzpyrene is oxidised 1o

150

the 5,8~ end 5,10-qninones, it sppears most likely
that the introfuction of the hydroperoxy group oscurrved
at the 8~ end/or 10-positions, resuliing in intermedistes
of the type (LI) and {L7T). It ia interesting that

metebolie hydroxylstion of the hydroecerbon sccurs at
121

gsame two positions,
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In view of the excentionsl suscentibility of

3,li~benzpyrene to free radical attack,” it may seem
surpriging that the hydrocsrben 414 not exhibit gresier
resctiviliy in iis resciion vith £ hiocscetic scid and
aXygen. The initisl =step, thet is, ithe sitack of 8
thiocacetoxy radicel st the S-position of the hydrocarbon,
would be expecied to proceed wilh grest esse, Howewer,
the resuliing redicel 12 & Birchly vesonance-gtebilised
system; +two of its contridbuting siructures arve

represented by {LIIT). 1% does not adé on oxygen ss

g intermediste redical of

resdily 88 the porrespondd
anthrecens or 1,2-benzenthracene, and hence the rate of

resction is veduced. OF eourse, the argvment is valid
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only if the initisl step is veversible. Our discussion
earlier indiested that the addition of = thiyl rafiesl

%o an avomstic hydrocsrbon is very likely = reversidle

process. It is probsble that the lack of resctivity of
perylene is due to, besides other factors, the formstion

iﬁ%@ﬁm%@i%é@ resfiecsl

of & peconance-8tshiliesd

eorresponding to (LITI),

Conirary fto the ?%%ﬁ?%ﬁgvﬁhﬁg Ssbi=benzpyrens
does pot react with ihiyl radicsls, the formation of
S-acetylthio-3,i~benzpyrene, though only in low yield,
indieates thet the hydrocarbon is susceptible to sttsek
by thiyl radicsls, | This is of grest intersst in
connection with the mechsniem of csncer produciion by

gareinogenie hydrocarbons.




The reactions of snthracene and other polyeyelie

spometic hydrocarbons with thicle snd oxygsn v ere often

iong, teking several hours, sometimes dayes, md ihe

yiglde of products were lew exeept in the resotions using
anthracene. It was declded to continue our investigstions,
using & different gource of thiyl redicsls, in the hops

of obtaining = more satisTactory prepsrative method for

thio derivetives of polynuclesr hydrocsrbons., Purthsr,

1%t was anticipeted thet such & siedy would serve asz an

interesting comperison With the previous vesctions, snd
aleso yield more information on the resciions of polyeyelie

aromatie hydrocsrbons ¥ith thiyl reficals,

&8 the Torvstion of thio derivatives is not
favoured by high temperatures, 2s indiested by the
gbesnce of sulphur~conteining products in the thinl-

eatalysed dehydrogenstion of 9,i0-dihydreoanthracene and

ite derivatives by szo compound %Eﬁ 459 it was necessmvry

to employ & source of thiylreficale thet was effective at

room terpersture. A mizxture of t-butylhydroperoxide,
an execess of thiol znd 2 getalytie zrount of ferrocens in

benzene proved very sulteble for our work. Ferpocene,




beipg readily soluble in benzene, wes found to be much

zmare effsetive then ferrocus sulphete a2 & souree of
ferrous-Terric ions. it is believed to reset with

t-butylhydroperoxide ss shown in steps (10) snd (44).171

Ferpocene + ﬁﬁzﬁgﬁ"——§§%%§‘,$ ?a§§§E§§% + OF  ceves {10}

Fel, H % + ﬁatgg‘ﬁ-—?%t%v + Pet 4 oH 4 2(CgBg) »ee (1)
t

JH 4 Peot — Bu'00* + 08 & Feot cesne (12)

Bu*0e + BEH —> RS +

Buto

zﬁ ) Ty {r % 3}

Ped* 4 RSH —— RSe + Pelt . w' conee LK)

The produection of ferrous ions is confirmed by the
sppenrance of & deep green sclour on mixing ferrosene with
the hydroperoxide in benzene sclution. The fate of the

gyelgonentadiens residue ls vnknown, The t-butozy

redicels and Terric ions, formed by the sction of ferrous

152

ions on the hydroperoxide (12), react with the thiol

to yield thiyl radicsls, by steps (413) and {(4h). 2n

excess of thiol was used %o ensure thet the t-butoxy
redicals rescted with the thiol end not with the
hydrocarbon present in the resction mizture., The
presence of ferrous lons was detected in the Pinal pescition
mixture by the blus colowr projuced on tsaling the

mizture with potasesiunm ferrievanide. Ferric ions were

not detected; they were raduced by ihe excess of fthini

wregent,
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Butediene hss been effectively used ss = trm
for fres redicals:; the formstion of an additive dimer of
the type represented by (LIV) is evidence of the presence
of fres r@éﬁm&iggéﬁ It was therefore desided o smploy
this method €6 prove the profuction of thivl raodicsls by
the intersetion of t-buitylhyiroperoxide with 2 thiel 4in
the presence of ferrocens. Aecordingly, thioscetie seid
aﬁié@~%§?& introfoced to 2 benzens

ko

and the hydrops;

goliuvtion containing butadiens 2nd 2 small gusniity of
fervocene, Practional distillstion of the resction
mixture gave four liquid producis, one of whieh, b.p.

o Be the sdditive dimeyp

148~153°/0.3 mm., 1& believed
{LI¥}. The snalyticsl dsta, though mot within the normal

(0H,COSCH, Gl = CHOH,=), CH 5008 OB, CH = O OH

(11} {zv)

CH,COSCH,, CH= CHOR

5 , SCOCH,

5 - %3‘3{%@3 GH

, 0H= CHOE, OH

| 2
{rvi) (Lvir)

experimental errop, agree gufficisntly with the ‘reguired
o4 . \\\
values for Gﬁggggﬁﬁég to indieste thet the pﬁ@ﬁﬁﬁ%ﬁi%?
probebly the additive dimer. DTue to the somplex heture
of the resciion mixture the ssparation and @ﬁ?%fiﬁéﬁiaﬁ

of a8ll the producis were difficult, and ss we were |
A

FIEA
AN
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interested in only the addittve dimer, no further attempis

made to identify the other produsts, Their

anslyticsl data 414 not agree with those peguired for
the compounds, (IV) = {LVII), which are the other possible

prodyctis.

The resctions werse carried out st room

tempereture unier nitrogen. The addition of i-

butylhydpoperaxide and Pferrocens 4o = mizture of the

hy@rocerbon snd thiol in benzene was accompanied, in most
cages, by rapid colour chenges and liberstion of heai,
The mixtures were worked up in much ¢ b seme wes sa
before, that is, by fractionsl orystsilisstion spd
shromatograchic sepsretion on slosina, The proipets
ebtained were similar %15 those from the rvesstions
vtilising oxyeen bhut vere forsed in higher yvields,

Another feature which renders this tyne of resction

suiteble for synthetlo sork 48 thet 11 is rapid, often

being complete in less then an hour,

In opfer 1o meke this & oo

naretive study, the
same thiols thst hed been used in the esrlier experiments
were aovw investipsted, Ags before snthracens wes uvssd

in the initial sxperiments., In garryine oot 1he
resciion of @ﬁ%&?ﬁ%ﬂ@ﬁ'%%%ﬁ'%%%ﬁ%ﬁ%ﬁ%&%%iﬁé%@%%; &

eatalytie gusniity of ferrocene was sdded to ithe
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hy@rocarbon and thiol in henzene, and %o %h@~%§ﬁ%ﬁﬁ@«%gﬁ
then earefully sided the hyipopsporide, There voe 8
vigopous resction, the mixiure becsme hot, and #n
insoluble white powder precinitsted from soluiion simnetd
immedintely. The s0lld after erystallisstion from
Hiedimethylfornanide nelted pertiaslly st %%gﬁ but mainly
st 215-218°, Its melting-point was not depressed on
sdmixture with 9,10-di{carboxymetiylthinl=0,10=
dinyirosnthracene (VIT), mepe 217-213%, The produet
48 believed to be = mixturs of two steres isomsrs of
(YII), with & predominsnce of the higher meliing one.
Algo Tormed, though in s much lower wield, was = velles
meterial which melted pertislly ot 163° sné completely

 Gef parboxymethylihio)

at 170-192%; 1t sppears to be
anthracens {T1) mixed with s smsll smount of the
dihyiroanthracene derivstives (VII). TBesldes
eryetallisation from ether, no other sitempt wae made to
purify the meterisl, ae previocus attempis to purify

similsr products by chromstogrsphy of itheir methylsied
derivatives vere ansuceseszful.

%hen snthracens wasg sipilerly trested with
thioscetic scid, ferrocens and t=butylhyiroperoxide, there

was no giga of » resciion, but ths sddition of & eslution

of ferrocene and the hydroperoxide in benzene proved

effective in initisting the resotion., The prior mizing
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of the last two resgenis in & concenirsted soiution
ensured the effective profuction of t-butozy redicale
and ferrous ions, and hence indiregtly the production
of thiyl radicals. It 1s therefors obwious why

i‘%ﬁ%&fﬁi on procgefed moreé rendily when the ferrocens snd
the hydroperoxide were added ss 8 mixture than when they
were introduced sepsrately to the hyirocsrbon-thinl

mizbure,

The supgpested resction mecheniss iz indicatsd

by egustions {(15) = {18},
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The first step, which is similsr 1o that in
the proposed mechanism Tor the resciion of polyeyelie
hydpoesrboneg wi ‘%: thiols snd oxypen, involves the
agddition of & %i ¥l radical 1o sathracens. The @&gﬁl@i@ﬁ
rafical (IVI) mey =dd on snother thiyl radical to glve

the dihyiroanthracens derivative (XX}, or mey unisrgoe

hwdiropen shstraetion %o yield the mbstituted derivalive
{372}, 1%t iz plousible thst the lstter compound (3XI)

mey 8180 he formsd ﬂ?@% the dibyircanthracens dapivative

%hi@% moleeule {17} ¥e hove

{£%) by loss of &

mnstrated thet soch & conversion can occur by & polsy
meghendissn but 1% i1g unoerisin iT the process would be
onisr or fres f@@ﬁ@aﬁ in nsture onder the conditions of |
these resetions. As befors the ratio of the
dihyiroenthracene derivetive to the subetitulied produst

variad from one resction to snother, snd obviously dependsg,

Unlike the vesctions of polyevelis hyd rocarbodsg
w¥ith thiols sud osygen, these are noi chain resctions.
The sttacking thiyl redicsls are gonersted by the
intersction of ithiol moleculss with i~butoxy radicsls
end ferric ionhs, 28 shown in egu ?iﬁﬁﬁ,fiﬁé snd {1h).

it wes, therefore, necesssry for the hydroperoxide io be

present in excese with respect to the hyirocarbon. m

the other hand, in the reaciione iuvelving ozygen,
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cumene hydroperoxide wee present in & suall znmount and
ﬁ@@@iy gerved ap 2 gaﬁié&% initistor., The direct
remction between the hydroperoxide ané thisl, whisch
ogeurred in the ssrlisr experiments, probsbhly doss not
ooeer 10 2 glgnificant degree in those vesctions. The
thiel is 1ikely fo remet with ferrie ions and t-hutozy
radicals, (13) end {14}, much wmore readily thaen with
t=butylhyiroperozide,

Becwith 2nd %ﬁ%ﬁ?ﬁgﬁﬁ in thelir stody of the
réaciion of snthrscene with Fres §&éi&&i@:§ﬁﬁ%@%ﬁ from

fi-t-butylperoxide, sugpested that intermedistes

similar to (XV) were dehyiropenated by methyl or i-butoxy

radicals. By anslopy, the intermediaste radical (IV)

in oer resclions might be sxpected to be converited to the

subsiitution product (IXT) by donstion of 8 hydrogen stom

to 8 t-butoxy rsdical. Hovever, this iz unlikely,
dydrogen absirsction by thiyl redicals is certainly

preferred to sbeiraction by t~bhutoxy radicslis 2s the

former are present in 2 much higher concentration and are

more efficient hydropen-acceptors.

Another resetion which is theoretically poseibdbls

is thet of an srometic redieal with & disvliphide. The
S-3 linkage is slightly wesker than the C-% bond, and

shoold bresk easily %o give thiyl redicsls whish 4then

gould add to sromstie pedicals such sg the intermedisis

ey
A N
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Fmiler polsy rvesctions are well knova. & free radicsl
reaction of this nsture would be ezotheemie, gﬁ~@&§%

it should be fevoured ensrgelticslly,. %@%ﬁ%%lg'%%@
sddition of diphenyl diguiphide to styrene in the
nregenese of ﬁgéiﬁaﬁgg oteurs by 2 similar type of free

radl ol poohen’ 95

-
PnCH= CH, + PhosPh — 2, m%’ﬁ -~ oum

8 Ph 8Pn
The reaction of anthracens with thiobensoie
agid wes unexpectedly elow snd was precedsd by = long
induction perind. As there was no immediale resction,

the reddlsh-nurple mizture was ellowed to stand Tor thres

days undler nitrvopen. Unshsnged anthracens 2nd much
divenzoyldisuliphide which hed presciptiistsd Tfron solution
were removed, by Tiltration, snd chromstosrephy oo
slumins of the concenitrated Tilireate yielded the tws
f{somers of J,10=31{benzoylthic }=9,10-41 hydroanthragene (V)

and & s=pll guantity of 9-{benzoylihic-snthracens (VD)

besgides unchanged hyirocerbon. The vields were lover

then 1n the corresponding resction csrried ont in ithe

1e of thicbenzoic =eld

i)

pregence of oxygen. As the ssep
eged in this reaction wae not fresh, 11 i possibls that
the presence of oxidation producte mizght e responsible
for the slow rate of resction snd the low yielig of

progducts,
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It may be regslled thet in the resction of
snthraeene with a~butanethisl =nd oxygen, no erveizliline

products were isoleted though 2 bright blue fluorescent

epot wae observed on exasinstien of the resction mixture

by chromelogrephy on scelvisted peper, It was hoped

thet in the presspee of t-butylhydroperozide and ferrocene,
enthracene ¢ould rssct sufficiently with the thiol %o
ensgble the isclation of pure prodects. Accordingly,

pted vaing 2 freghly-distilled

the resotion was atie
%&%?1% of n=butensihiol. There were no immediste szigms
of & resction bot sfter three days 81l ithe hydrocsrbon
had dissnlved, and Trom the resotion mixturs zere igﬁ%%ﬁ@ﬁ
beantifsl fluorescent green-yellow needles, m.p. 61-62°,
whiech geve on anthracens-iype shsorotion specirusm in the
gliraviolst region, and anslysed sailsfectorily Tor =
disubetituted anthracene derivetive. The gego-positions
of snthracene being the most likely positions of sttack,
we spugpest thet the sompound is 9,10=-d1i{n-butylthio)

snthraeene {(I1X), It hed & higher R, value than

SBL{:

SBu

(L1x)
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snthracens on slumine snd scetylisted pesper, 8 came
through rapidly on sn slunins column together with 2
strong-gmelling liguid which mede ite purification very
diffienlt,. The liguid freciions obisined sfter
ghromastopraphy were sooled in dvy ice-sthsnol, apd the
gnlidified meterial collected by Tilitrstion in the oold
and reghropziographed, ithe process being repesisd twice.
Petroleum ether {b.p. 32=3") inwhich the compound was
resdily soluble was Tound 4o give a2 satisfectory
geparetion.

This is the Tirst insisnce of the production
of 2 disubetiituted derivative in our investigetions.

Snch 7 produect could sriss from further veacticn of the

monosuheti tuted compound (LVIII), as indiceted by

o

egestione (19) and (20). Alternstively, it could be

SBu H_ SBu

BuS B

mem - (19)

(Lviin)

---= (20
SBu

seel
SBu

(LX) (LIX)
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Tormed by dehydrogenstion of the dihydroanihracene
derivative (LX) by thiyl radicsls, Hs39
Though the J-monosubeti tuted and 9,10-

dinydrosnthracene derivatives were not isolsted, 1% does

not necessarily mesn that they were not formed, As

pointed out earlier, they would probably be 1low melting
snd woBld have similer By values, thas rendering their

separstion end purificsiion very d4ifficult.

The next reaction studied was thot with B

acetyleysteine. It wes sarried out in the usual menner

excert thel teirshydrofuran was used in plsce of benzene,

Ag only & limiteé guentity of scetyloveteine wes
availsble, it was present in the resction miziore ia &
lower concentretion than wes ususl for the thisl

component . The choracteristic colour chenpes were not

observed end the mixture, ¢ ven afier standinp overnight,

€18 not sppear to hsve reacted. Further guantilies of

ferrgcene and i-butylhydroperoxide were introduced, and
the mixture was gently warmed on 2 weter-hsth. However,
only & 67 yield of product wes obtained., Tt wes

identical with the yellow

powder belisved to be S

(9=-anthryl J-N-scetyloysteine {{IXTI), imolsted from the

resction using oxyren. Atterpte 1o obtaln =n

snalytically pure sarple were sgsin unsuccessful, The
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g@@%,gﬁﬁzﬁ wag evidently due %o the low sconcentrstion of
scetyleyeteine uged. These resctions of snthracene
¥ith Beascetvleysieine, though not perlornsd unier
similar conditions fo those in biolopiecsl systens, a8d

support to current theories concerning the popsible role

of thlyl radicsle in csncer produetion by carginogenie

hyirocerbons.

In earlier experiments involving oxygen,
thiophenol wes found to behovs differently from the other
thiole investigeted in thet it formed sn unstebie

hydroperoxide. “hen it was allowed to resct with

aathracens in the presence of ferrocene and t=butyrle-
hydroperoxide, 1t falled to give anv identiMleble prodeet
begides a small amount of anthraguinone. Anthraeene
¥as recovered unchanged im 787 yield in spite of efforis
to foree the reaction by repeiited sdditions of ferrocene
and the hydroperoxide, snd also by the application of
heat.

A8 only limited success had besen schieved in

the reactions of higher polyovelie sromstie hydrocarbons

with thiols snd oxygen, it wes dsgided %o sitept the
reaction of these hicher polvevelics with ﬁh@?ﬁﬁ?ﬁﬁﬁ@ﬁl%
generated by the sotion of farrocene and twéﬁﬁﬁéw
hydroperoxide on thiocls. JWercantoscetie soid #es Found

%o participete in these rescotions very readily but, in
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pragiicelly every cess, the producis could not be
guffioiently purified for identi? $tion. Ae heforve

thioscediec seid proved more suitable, lis derivatives

heing wore eaplily identifie

Of the higher eyecllie systens studied, 1,2«
%ﬁﬁ%&ﬁ%ﬁ?ﬁﬁ%ﬁ% exhibited the highest reasciivity though 14
wes not a5 resstive ag snthracene. Lttac: of ihe
hydpagerbon by thiosceloxy rvedicels resulted in good

yields of 1D-acetylthio-1,2~benzanthracene {(Z1¥) and

ww‘

5,10=-31{ scetylthie }~3,10-21 hyiro-1,2=benzenthracene {(ALIV)

Helle ifﬁm%§2 s the 1astter being identical wit & the

with oxypen.
From the resciion of 1,8~-benzanthrecene with
serespioacetic acid was isolated 2 vhite nowder,

m.n. 4175-3%, which wes insoluble in benzene, ether snd

ethanol, and resfily soluble in Hi-dimethylformamide in
the gold. depesnted crysisllisetion of the profuct from
saueous dinethyliformanide, snd then Trom scetone-hezene

feiled to yield sn snslytioslly nure nple, in solution

the substance praduslly decomposed on standing. The
golebility properiies, 3nd the unsisble snd non-flwuorsgeent
eharacter of the substance suvggest 1% o be 5 9,10~
dinhydroanthracene derivative, probably substituted in both
the meso-positions by ecarboxvmethylihio grouns. An

attempt wes made to charscteries the nroiuct ihrough its
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methyl ester, Tresizmenit of the vhite powier wiith diazone~
thane yieldsd a resginous mass from vhich was isolated 2
small quantity (8 m.g.) of a white solid, m.p. 175:5-177%
which contained nitroren hut no sulphur. The same
materisl was obinined when the product from 3,h=bhenzpyrens
aud mercsptomcetie scifl wes similerly treated with
' @iazomethsne. The subsisnce, thersfore, cannot be a
derivative of the reseting hydrocarbon; 1t is probably
an impurity in the sample of nitrosomethylures vesd in
the prepsration of dizngomethene, Yo other prodoct vas
jeolated from the methylation mixiure.

Addition of Terrocene and it-butylhydropsroxide

to 2 benzene solution of pyrene and mercopiopcetie seld

brought about 8 vigorous resetion. On eooling of the
mixture there was precipitated s green-yellow solid,
which melied partislly st 2007 and decomposed st 225°.
Reveated @Fgﬁﬁﬁiii%%%iﬁﬁ from ethylacetstes Palled o

- purify %hﬁ‘?rﬁﬁﬁﬁi; Alxsli-extrsetion ﬁf’tﬁ% reaction
mixture ylelded @ psle yellow solid, m.p. 130-135°%, whieh
could not be identified due te difficuliy in its
purifiestion. When the axperiment was repeated, using
thioacetic aeid in place of mercaptoscetie scid, the main
product was 8 pale yellow crystelline compound, m.p. 1%6=
?ﬁ?*ﬁﬁg‘whﬁeﬁ,&&ﬁ an uliraviolet shsorpiion spectrunm

similar 1o that of pyrese, 1% é14 not depress the meliing-
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point of 2 syntheiic specimen of *=~{secetylihio) prreme
{I4T). Substitution »f the seceiylthio group 2t the
T-nosition is in sgreement with the results of guantum

mechanical salcoulations of Lthe free vulence numbers for

the various positions in the nyrens molecale 2% A1so
iszoleted from the resction mizture was di-{ 3-pyrenyll=
disvlphide vhich was ié%ﬁ%ifﬁ%ﬁ by comperison with a
syntheiie sample. its significance is doubiful as 1t

- wag probably formed during the @ﬁ?@@ﬁﬁ@gﬁ%@h&ﬁ seperation

of the resciion mizture on saluxins.

O‘
1 : 4

2 SCOMe
(LX) (LXID

The &%ﬁSQ%% of & dlnydropyrens 2erivetive meens
thet in the intermediste redical (LXII), which is resonsnce-
stabilised, loss of a2 hydrogen atom to give a fully
aromatic system is preferred to the sddition of snother
thiyl radiesl. |

The attempted ?@%ﬂ%iéﬁ% »f phenenthrene snd of
1 ,2+5,6-dihenzenthragene with mercaptaecetic scid,
twhﬁ%ﬁihﬁﬁ?@@&?ﬁziﬁﬁ'ﬁﬁﬁ ferrocene gave negative resulis,

whieh is not surprising in view of the lsck of resctivity

i




of these hydrocarbons ftowards thiols and oxygen.

Perylens, which was 113tle affected when shaken
¥ith thicsoetic aeld under oxygen, %é@ found to rssct with
the thinl in the presence of t-butylhylroperoxids and
ferrocene. The major portion of the grude §%ﬁﬁﬁ%%§'w§§§%
melted partially at 130 and completely at 160~1679,
yielded, after seversgl crystsllisetions from benzens, &
fine erystslline yellow materisl, wm.p. 232+5-237°, 7T%
fluoressced 8 bright green in %@ﬁ%ﬁgé solution and had an
vlireviclet spectrom similar to thet of pervlens. It is
believed to be a mixture of di(ascetylihio)perylene isomers,
though the differsnce between the snslyticsl datas snd the
fﬁgﬁirﬁé values ig not within the pormsl limite of srror.
T4 eppesrs from the merked difference im the melting-
pointe of the erude and finsl products thaet the materisl

underwent some chanpe during the many aitempis to purifly

it from bensens. Another portion of the resction product,
m.p. 200-233°, when chromstogrsphed on aseid-weshed,
denctivated slumine yielded perylens snd a red liguid that
fluorssced yellow-gpeen in bengsene. The letter sopeared

to be formed on the alumins colwsn,

Surprisiagly, there was no sppreciable rsaction
between perylene and mercsptoscetic asid, the only produst

being & amell guantlity of an unidentified orange powder

that sintered 8t 185%, darkened st 2159 and finslly melted




at 227°. Unchanped hydrocarbon wes recoversd in sa 879
yield.

In the resction of 3,h~benzpyrene with

meraaptoscetic seld, nueh dilfTiculty wae sgein encounters
in purifying the bensens-insoluble product. As
erystallisation of the msterizl from warious solvents
proved unestisfactory, 11 wag decided to stitempt
identification of the product through its @&%hyi smter.

Trestment with dlszomethane of the crude produst frow

8
second sxperisent folloved by ghy@%g%ﬁg?ﬁ?hyvaa neuiral
*Foelm" alumiss of the resulting orasnge oll ywielded fine
yellow needles, m.p. 113-1157, the anslvtical dats of
which indiceted the compound %o be z dimethyl ssier of B
di{ carboxynethyl thio)-derivetive of sither %,l=benzpyrene
or dihyviro=-3 h-hengpyrene, However, its ulirsviclet
gpectrum which was of the benzpyrene iype, provided
gridence of its Tully sromsiic neture {(Fig. ﬁaﬁﬁa The
posgitions af}gﬁ%gﬁitﬁ%ian hayve not been esteblished.

“The unidentified white solid thet waes obtained sfter
methylstion of the prodgct from 1,2-benzenthracene and

mereaptoacetic s¢id vass aleo isolsied,

Zsu-Benzpyrene was converted in good yield to

5-{ agetylthiol=3,i=banzpyrene (1) on itreaiment with

ferrocene, t-butyihydroperoxide and thioascetic seid.




The compound when chromstogrephed on sclid-wasghed " Spence”
alemine {dried overnight at 1509 was sonverted

gusntitetively to 4i-5-{ 3, h-benspyreayléisulphide.

‘ It was obemerved thet with the inereage in sgize
of the ring system, the ihio derivatives were less stshle.
Thas, while J-{acetylihis) anthraeens (I }v was éﬁ%a@g@rm%%}y
gffectsd by passpage through a8 slumins golemn, the correspond-
ing derivetive of 3sh-bengnyrene was complstely oxidised
to the disulphide. Due to their relstive instsbility the
derivatives of the higher cyelice systems, thst ié; pyrene,
pervlene snd % L-~bhenzpyrens, were 41fficult io purify.
Though much cere wes exercised in the handling of these

sompounds, some deconmponition spnesved 1o oosur,
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Reference Comvound.

| Compounds pequired for %&f@?@ﬁ@@ gere prepared
by standard nethods. & sonvenient gynthetlic rovite to
the 8isulohides and scelylihio derivaiives of polyoyelic
hydroeerbons is indicated below:

x  So0lp  xep01

T {LxIII)

b o » ane gﬂf’ ﬁ@ﬁ%@f %gﬁ
{13v1)

X = polyeyelic sromatic hydroserbon.

Tresiment of the hydrocarbon with sulvher moncchloride
gave the dithiochloride {(LIII7), which was reduced 4o the

thiol {LXIV) with sodium sulphide; the laiter on treatssnt

with ledine in alkeline solution wus resdily oxidised %o
the éi%@igﬁ%é@ {LIV) whiech was converted %o the recuired
acetylthio derivative [(LIVI) by heating with zinc dust

and sodivm scelate in acetiec snhydride. - This method gave
satisfectory yields of di-{9-snthryl )disvlishide (17}, 9=
{acetylthio) anthracene (I) =2né 10-{acetylthic)~1,2-bens-

anthracene {(XLV). The ssswwption thet 1,2-benzanthrecene

was attacked in the 10-position in the above resctions is

the

baged on the formetion of the 10-dithiochloride from

h?ﬁ“&ﬂ%f%&ﬁﬁgg




e

5-{ Acetylinio)=3,h~benzpyrene (L) was similarly
prepsred except thet ihe iﬁg@ﬁ%&ﬁ%ﬁﬁ wae converted te the
i’%m%mm{%m%g 37 by tesstment with thiocyansgen, The
sttempt to prepere the dithiechlorids of 3,h-benzpyrene
was not muccessrul. The thioeyansie was converted ito the
thiol by heating ¥ith sodium sulphide. Di~( S-pyrenyl)

3-{acetvlthio)pyrens (LIT) were slso

diguiphide and
synthesised by the shove method vis the thiscyanate,

As the %-position in the pyrene molscule is the most
resctive centre 1t is ressonshle fo sssums that resciion
ocecurred 8t ihis position, The compounds were difficult
to purify and could not be obisined in snelyticslly pure
forme in spite of carsful shromstogrephic separation and
erystaliiestion from benzens, Hosever, by snalogy with
previous similar preperations there is mo doubt a8 to the

gtrocturez of the sompounis.

9-Benzylanthrecens was converied io %%@% 18~
merespio compound via the dithiochloride; ireaitment of
the thinl with chloresoetic seid in alisline soluetion
yielded 10-cerboxymethylihlo-9-bengylenthracsne (XXIV).

fol =Dimethylbenzylthio)ecetic soid (XNII) was
prepared in good yield {B02) by the seid-cstalysed addition

of mersspioscetic acld o L-methylstyrens,




Ultraviolet Specirs. - These were determined

on an Optieca ﬁ?g Speetrophoiometer recording instrument in

95% ethenol unless othersise stated.

Specira. - The infrared spectra of the

compound g obtained from the resction of anthracens with
thioscetic seid and oxygen were feternined on & Urubb
?&rga&glﬁgﬁal gh double bheam mecirophotonster. A1l
other infrared seotra were ﬁ@%%§@1ﬁ@ﬁ on g Perkin-ilmer

Fracord Sosotrophotoneter Yodel 137, The coppounds

gere examined in nuiol or in chloreform solution.

Chrometography. - (1) On slumina. Speancs

gluomine whisch had been nevirslised vith hydroshlioric seld

amﬁ setivated at 150° was generslly used in the separation
of anthraecene derivatives. For the higher gyelie systenms
1% was found necessary to use desctivated &iﬁ%&ﬂﬁ (5% water).
Hexane ond benzene wepe genspally vesd ss solvents and
elutents. In some cases ether and alechol wers also used,

{11) Peaper eh e  All paper

ehromstogranhy ves carried out on partislly scetylated paoer

%&ﬁ% by the method of Sﬁaﬁsﬁﬂﬁéaﬁg ¥Por anthracense and 1,2~
benzenthracens derivatives, methanol : ether : water -~

4 ¢ 4 1 1 was uvsed as the solvent system; for the other
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compound s, ethanol : benzene : water = 47 ¢ 4 = 4 wes

found t0 mive s better separvstion,

gentg. ~ All the hydroparbons, execent

anthracene, were purified by chromatogrsphy on slumine

and erystellisation. Tiguid thiols, excent thiohenzole

acid, were redistilled under ﬁi%?é%%%g The benzene

pged wag thiophen-7free and g@ﬁiﬁ@»ﬁ?ﬁ%éﬁ

{a)} Anthrecene (5 g.) was d1ssolved in warm benzene {50 ml.)
end the solotion wes rapidly eooled. Hedistillesd
thioscetic scid (20 ml.; b.p. 91-94°) wss added to the
fine suspension and the mixt@?@ shaken at room tespersturs
under oxygen, There was an induction pericd of ¢o.
7 hr. followed by rapid absorption of cxygen {550 mi.)
duriag 2 he, Fhen the ges uptake stopped, the solvent
and excess of thioscetic ascid were removed by distillation
gnder a gzightly reduced pressure of nitrogen. The
residue was treated with benzene (50 ml.) and fil%a?&ﬁg
and the so0lid was separsted by hand-pleking into
snthracene (20 mg.) and 9-(acetylthio)enthracene (0.7 g. IR
m.p. 8nd mixed m.p. 146~147%  The benzene Filtrate was
svaporated and the oily residue trested with methsnel.
Fractional reerystellisstion of the resuliing so0lid from
methenol and from hexane gave 9-{amcetylthiolanthracene

{15 g.), and oneigomer of 9,10-di{scetylthio)=9,10~
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dihyd roanthracene {0°1 g.}. The latter crystailised in
priems from hexane, m.p. 145-7° {lﬁt%gm.gm 1489}

{Pound: ©C, 65°6; H, 5°0; 5, 19+9, Cale, for

CygHyg0p85: ©, 65-8; H, L4.3; 8, 19.5%). Its ultra-
violet specirum showed sn inflexion st 2360 g {e 17,080).
The mother-liquors were eveporated, the residue was tsken

up in benzene~hexsne and chromatographed, snd the rfollowing
compound & were colleeted: (1) sulphar {0-1€ g.),

{11) 9~{acetylthic)enthracens {ea. 4 7.), and {411} &%~
(9-anthryl )disulphide (0.5 g.), m.p. 2nd mixed m.p. 218-2240.

{v) In & second experiment conducted under identical

conditions, resction sterited jimmedietely with s slow bui
steady uptake of oxygen, After 7 hr. (340 ml. oxysen
sbsorbed ), anthracene {2-4 g.) was removed by Piltration
and the solvent apd excess of thiol were evspormied st a
reducef pressure of nitrogen. The residue, consisting of
& mixture of a yellow solid and e viscous orange oil, was
treasted with methanol (50 ml.) snd filtered. The yellow
golid (187 g.), m.p. 1730=2059, on further ireaiment with
methanol (60 ml.) left anthrscene (1 g.). Concentrstion
of the methanol sclution gave the yellow 9-{amcetylthio)-
anthracene, The first portion of the methsnol filﬁﬁa%g,
on standing overnight, depcsited a mixture of erysisls,
whieh were purified by fractionsl recrysitsilisstion from

hexane to yield sulphur (20 mg.), 9-{acetylthio)anthracene




{(total yield, 1°6 g.), 8nd the other isomer of 9,10«
di1{scetylinio)~9,10-d1 hydroanthracens {0-4 g.),
m.p. 124:5-126° (1%, m.p. 124°5-125°) (Found: C, 66-1;
H, 5+4; 8 19+9%). Ite ultrevioclet spectrum showsd an
inflexion &t 2340 i {e 45,000} 2nd & meximom st 2547 2
{e 40,810).

&11 anthrscene derivatives conitaining the
scetylihio group showed strong infrared csrbonyl gbhsorsiion

at 1685-1695 em™ .

%hen enthrecene (1°8 z.), thicbenzoic seld (7 g.) end
benzene { 25 wl.) were shsken together under oxygen, there
was an initial rapid absorption of ges (es. 90 ml. in

40 mins.) but the resction glowed down to 2 negligible

il roperozide

rate after 05 hr, Small amounte of cumene h
and Terrous sulphate were sdded %o initiate the resction
{276 ml. oxypen absorbed gltegether). ‘The mixture was
washed with waier and sofium carbonate solution, and
gvaporated at 2 reduced pressure of nitrogen. The regidus
was chromatogranhed following uvasuccesaful atiempis to
isolate gaé@ produets by erysitsllisation from methanol and
from hexans, Elution with hezane-bengzens, benzens-ether,
and ether brought through the following frections, in the

order of elution from the eslumn: (i) anthracens (0°5 g.),




(14) a yellow eolid {2) {(0°78 g.), m.p. 160-170°,
sene (0+2 g.) which erystallised

(111) 9-(benzoylthiojanthrac
from benzene-hexane in yellow prisms, m.p. 225-79 (Found:

C, 8013 H, he6; 8, 10.1. CpqHqy08 requires ¢, B80.2;

H, b+5; 8, 10.2%), max. 2490 (¢ 129,000)(infl.),

2254 (¢ 3,322)(inf1.), 3440 (= 5,902)(infl.), 3570 (e 10,800),
3747 (e 15,440} end 3950 2 {£ 43,380), and (iv) d4i-{9-
anthryl jéisulphide (10 mg.). Fractional recrystallisation

of solid (A&) from benzens-hexane gave the t¥o isomers of

thragens -~ (i) coleurless

plates (0°5 g.), m.p. 202-204° (Pound: C, 7h-5; H. .3

8, 13-9.  CpgHopO282 requires G, 7h3; H, L45: 8, 14.2%),
mex. (in cyclohexane) 2390 (& 37,000) end 2773 8 (e 19,400),

and (1i) colourless prisms (0«2 g.), m.p. 193.5-50

(Found: C, 7h-6; H, he6: 8, 13.7%), mex, {im cyclo~

hexane) 2390 {e 31,510) and 27% 2 {e 17,700}, A mixztere

of the two isomers melted at ga. 1709,

Resction of Anthrascene with Mercsptoagetic Acid. -

{(a) In Benzene. Anthracene (5 p.), meresptoscetic acid
{21 g.) 2nd benzene (50 ml.) were sheken together under
oxXygen. There wes an immediaste and repid sbsorpiion of
oxygen, the snthracene dissolved, the reaction mizture
turnad A g@lg vellow and s white powder precipitsted from
solution. Resction was complete in 1.2 hr, {660 ml.

oxygen absorbed). The mixture was well shsken with a
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solution of sodivm carbonste; the agueous layver was

rlorie asid,

waghed with ether, and scldified with %gﬁ?&@

The yellow pressinitete collested by filtrstice pertly
fissolved on trestoent with hot scetons, Hepesnted
erystallisstion of the insoluble meterial {28 g.), m.p.

201=-204°, from IH-dimethylformemide yielded fine cryaisls

220° (Found: €, 59+D; H, h73; 8, 17-8,
Cqglagly8p regquires 8, 60.0; H, h.5; 8, 17.8%),

BaDe 278

I%ts ultre-violet speetrunm showed an iaflexion st 2507 g

{ 3,660). ©On eoncenteating the acetone solution a
yellow golid (2°05 g.) was obtsined, m.p. 183-1967, which
efter several recrystellisations from scetone pave the
ahove discid. An unidentified psle yellow mesiterinl whieh

'%2 o6,

was inseluble in aceione was Formed &% every crystallis
Attempis to erystallise the residue after evaporation of
the comblned mother liguors from scetic acid and

ethylecetate gave only impure powders, m.p. 197~205° and

198-216%, respectively.

Esterification of the dicarboxylic =eid with

diszomethane yielded the dimeil

riegter which crystallised
from ¢ ther in colourlese plates, m.p. 99=-101-5% (Found:
G, 61+7; H, 5-2; 8, 16:6. CoplpgOyfis requires T, 61.8;
Hy 5-2; 8, 16.5%). :
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Phen & suspension of the diemrbozylic seld
{6+33% g.) in scetic seid {5 wl.) snd consenirsted
hydrochlorie seid (0+5 ml.) wes heated, 1% rpepidly
afforded g vlear yellow sclution., Tilution with water

precipitated yellow needles of {I~anthrythio)acstic

acid (0.2 p.) which, sfter orystallisstion from ether~-
... 132 : . . -
hexane, melied at 166-7° {1&%% m.p. 164%) (Found: ©, 72-0;

H, h-7. Cele. for GygHyg0p8: ©, 71.6; K, 4.5%9). Its

pliraviolet shsorplion specirue was characieristic of 2
substituted enthracene derivative, A‘%M, 2547 (¢ 82,390}
{tnfl.), 3220 {c 4,348} {infl.}, 310 {c 3,0u0)(infl.),
3557 (& b,673), 3735 (< 8,519) sna 3937 & (< 7,560). ;
{b) In Aleohol. A mixture of anthracens (09 g.),
mercaptoscetic aeid (5 mi.) and ethanel (20 mi.), when
sheken under oxygen, sbsorbed ges very repidly (322 ml. in
4.6 hr,), - The hydrocarbon dissolved and & fine yellow
80118 {0.15 g.) was formed which was ldentified as
snthraguinons. Eveporation of the solvent snd tresicent
of the residue with hexsne pave more anthraguinone (0+15 g.)

and 2 resinous materinl. The latter was isken up in

ether, sxtracted with equeous sodium cerbonste, and the
sglkaeline leyer soidified. Altterpiz to purify the
resgulting o1l by eorysiallisstion were not successlul.
The oily mass wos ireated with diszomethens bhut only

snthraguinons weg seperated from the product. Chromato-
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grephy on slumine 418 not yisld sny other identifisble
profuct.

Aeid. - A mixture of snthracens (0.89 ge},!5ﬁﬁﬁ§$%?%@*
propionic seid {5 ml.) end benzene {30 ml.) was shsken
together under ozygen for 1 hr. without eny upiske of
ges., Hesction wag initieted by the sddition of catslytie
ne hydroperozide and

empunts of ferrous sulphate, cume
indine, snd tne mixture turned Trom an orange to 2 palse

- yellow eolour, After 2 hr, (180 ml. oxygen shsorbed)
Fﬁléiaafbaxyéi&%hgiéisalﬁbiﬁg‘{k~2 g.)s which hed precipi-
tated, was fillered off snd the benzene sclulion was
svaporsted under a reduced pressure of nitrogen. The

regidue vhich 80lidified on

goonling in the refrigersior
was thoroughly washed with warsm water and dried.

Attemple to purify 1t by cryvstelllissiion from benzens wers

not satisfactory. The impure wmaterisl wes then taken up

in ether, extracied with agueous sodium sarbonste, and the
slkaline layer end sn insoluble sodium sali were carefully
wasghed with ether and seidified. L= LALDEY Tl D By
seid (0+63 g.) which precipitated crystslliised from benzene

in pale 5@11&%, fine @rg%ﬁaig, B.p. 176=177° {Founds

C, 72-6; H, 5.0; 8, 11«0. C47Hq;,058 requirss G, 72.3;
§, 5+0; 8§, 11°4%). mex. 2192 (e 11,600), 2302 (< 8,275)
{infl.), 2613 (e 37,260), 3227 (e 1,065){1infl,), 3hOO
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. o
{£ 2,330), 3558 (e 4,810}, 3734 (€ 7,450) end 3923 &
{e 6,990}, Anthreacene (0-24 g.) wes recoversd on evapor-

gtiaon oF the ether solution.

Eesetion of Anthragene with

]

hiophenol. — A mixture
of asnthrecene (1.8 g.), thiophenol {10 ml.) and benzene

{25 ml,) was sheken under oXygen for k+5 he. during which
time 219 ml. of cxygen were sbsorbed, & fine orysislline
white =01i1d {A) which preciniteted from the resction nmizture
was Tiltered off snd washed with benzene. The bengzene
solution wes concentratsd to ga. 10 ml. under 2 reduced
aressore of nitrogen, and snthrsquinone {30 mg.) was

removed by Tiltration. The solution was chromatographed,

gsing hexsne-benzens as cluieni apd the following fractlons

g
e

were obtained: (1) diphenyldisulphide, (11) 2 stron
smelling liguid thst wes not ideniified, {111) & pale
yellow, flaky solid (2} {é»&ﬁ £.), Mmep. 105=-120%, and (iv)
sn impure yellow solid (¢}, m.p. 185-230°, F¥resetionsl
recrystallisation of part of(B)from hexsne gave sathracsne
{40 mg.), £lst crystels {12 mg.}, ®m.p. Fu~145°, and whits
needles of 9,10-di({phenylthio)=9,10-dihydrosnthracens,
m.p. 117-127° (¥ound: C, 79-3; B, 5.3; 8, 16.0.
Coglignp Pequired O, 78.8; H, 5.1; 8, 16.15).
Ohromstographie sepsration of the reet of (B} gave
anthrecene {3 mg.) and white plates whiech melted psritially

at 110 snd completely over the renge of 160-185°




{ hexane). The solié {0) vse rechromatorposhed and
ﬂ‘ﬁ"?g"%’%&lg % %ﬁ%i il fﬂ?{m :ﬁ;ﬁ_@ﬂ sens 3? {2 ?ﬁf ;’;g@@ e t Ef{i&zé ég

B (vopsd: 0, 85e5;

=

white plaiss { B omg. } z TeBa 2hL-2LE

+5
et

#, 5+h%),

Gompound {A), belisved to be & hydroperoxide,

3
=

potasslum lodide in scelic avld to indine., 1%

pxidlasd
turned yellow ond melted pertislly at 627, decomposing to

& bleck mass st 127°. When kept in a desécstor over

phosphorus pentoxide and pareffin wax in the refrigerstor,

it wes parily converted to s fluaoresesnt, yvellow compound
snd the swell of thiophsnol was delected., -

desiceoator, 11 dee

ogad . libersting hest and fTorming 2
dark preen cosiing oo the walls of the dessisstor, On
exposure o air st room tempersture it was relatively
stahle Tor a perisd that varled from 2 Pow winstes io

L=5 hr,

Agdition of compound (A) to potassiom iodide in

seetie acld caused un immediste liberstion of iodins and
anthrecens wasg precipitated, Chromatogresphy on scelyiated
paper of the agetic seid solution showed only an snthragene
spot.

ompound (A} (g&. 70 mg.) when added to mercapto-

seetie seid (2 wl.} in benzene (10 ml.) dissolved slowly
on gﬁﬁkiﬁg* The mixtere wae set sside overnipght, then

extractefl with alkall and the sgueous layer vwas soidifisd.




The seld frection, which was 8 yellow viscous materisl,
was zhown by psper chromstography to contein 2 [or 37)
fluorsscent compounds, The henzene soluilion showed @
purple {anthracens) znd & bright vellow Pluorsscent sots

on paper.

Compound (A} {078 g,) Gissolved resdily when

aﬁésﬁﬁ ta 2 mizture of ﬁﬁgﬁ%ﬁfﬁ@ﬁ?ﬁ%&ﬁ {0+8L g,] and

scetie scld contalning & drop of concentrated sulphuric

seid, The mixture was set azside overnight smd Tilirstion
afferded anthracene (0-37 g.). 7The acid solution was
poured on to ice and the resulting yellow oil sclidified
on treatment with hexans. Crystsllisstion of the impurs !
material (0+17 g.) from benzene~hexane gave snthracene
n-yellow solid thet melted pariisily
stography

{40 B e } and = bhyow
at 425° and completely st 145°. Paper chrom

indicsted the presence of two fluorsscent compounds.

To determine its eguivalent weight compound (A}
{45 mg.) was refluzed with potassium lodide snd scetie
seld (5 ml.) for 2-3 min., The condenser was washed out

#ith seetic acid (3 ml.) and the mixture, affter diluti

with water, was titrated with sodiuom thiosulphate solution
{0.04%}), vsing stsreh as indicsior. A blank titrstion
was gerried ocut. A value of 202 was obtained Tor the

equivalent welight of compound {(A),




{b}  Wnen snthracene {2+6 g.) was shsken with

thiophenol {40 ml.) in benzene {30 ml.) and scetic meid

{10 %ﬁﬁﬁ under oxygen, there wes 2 rapld upiske of gas
in the first 10 mins. (80 m1.) after which the sbsorpiion
gslowed down ﬁﬁﬁﬁiﬁ%fﬁ%igg Addition of scetic seid and
later of fﬁr?@%a sulphats falled to catslyse ithe remctiion.

After 6 hr. unchenged anthreagene (N-35 g.) was filtered off,

and the banzene solution waas washed with water and 2GReo0s

oxide, dried apd svaporaied uynder 8 reduced

sodien hydr

presgare of nitrogen, Treastment of the residue with hot
hexsne (70 ml.) left s mixture of anthracens and

- {0-2 g.). Chrowatographic gepsration of the

hexsne -goluble Tfraction yielded dirhenyldisulphide nnd &
yellow mizture {0+73 g.). Part of the latter (0:2 g.)

on careful seblimstion yislded more disulphide, enthracene,
a yellow solid, m.p. 130°, and 3-(phenvithio)snthrecend””
{(ga. 70 me.), m.p. 100-5-102° (Found: ¢, 83.9: H, h.9;

8, 11-25.  OgpH4yS requires 8, 83.9; ¥, 4.9: §, 11.2%).
The yellow solid, m.p. 130%, wae found to be s mixturs of
enthrecene and its 9-phenylthio derivative whieh wes very

@ifficult to separste,

%@% of Abnthracene witl

4 mixture of anthracene {1 g,), 2,3~dimercentopropsnol
{5 ml.) =nd venzene (30 ml.), when sheken in oxygen, 4id

not reset 311l the addition of a cetslyiic smount of Perrous
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sulphate, After an uptske of 180 ml, of oxygen, the

benzene solution wos decanted fros & yellow vissous oll

{4} that hsd formed, The henzene solution ®ag evsporaie

goader o reduogeld oreggure of altrogen, the senl-golid

residus was treated with methenol (10 ml,) and the
resuliing s01id wase erystellised from bhenzene, Anthrscene
{40 mg.) and snthesquinons (0+1 g.) were obtained,

Attempie to s0lidify the oil (A) were unsvecessful, It
was then scetyisted by hesting with soetie anhvdrids

{7 m1,) on the water bath for 0+5% hr, The mixture was
dilvted with water, extrscted with ether, and the combined
ether exirecis wvepre washed with souesus sofiun cerbobsils
and watep, drisd and eveporated. The residusl vellow oll

was taken 9 in bensens-hexane and chromatogrephad on

giumina., Thres fluoressent bende were sbeerved on the

aund s vere anthracens

a¢oluymn, but the oanly ldentifisble comp
{20 mg.) snd snthraguinone {50 mg. ).

sod benzene (80 ml.) in oxygen for L he, d12 not reset,

Addition of an iodine erysial csused & repld bul momentary
aptske of prygen. Bubgequent sddition of pyridine

{2 drops) initisted 2 slow stesdy abeorption and further

afidition of fodine 414 not affeet the pate of resetion.

When the oxygen upiske becazme negligible (438 =1.
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m«n

absorbed) snthrecense (5-1 2.) was Tiltered off, and
further gueniity (6+4 g.) %f}%ﬁ@ hydroesrbon vas obialined
on ﬁqggﬁﬁﬁ%iﬁﬁ of the sodlvenl uuder & reduced pressure of
aitropen, Tresiment of %Egkiiﬁﬁié residue with methanol
{60 ml.) gave dibenszyldisulnhide {6 g.) and on ¢ooling the
methanol solution in the refrigerator, snthracens (50 me.)
and the #leulphide {15 g.) were deposited., TFuriher
guantities of these compounds snd anthrsguinone {16 mg, )
were isclated by chromstoprsohy of the residee zafise
eveporation of the methsnel solution sndsr & reduced

vressure of nitrogen. Yo other profucis werse isclated.

(B) 2 mizture of snthracene {27 g.), telusne<d-
thiol {10 wl.} end benzeae (30 %in} #wag sheken topether
in oxygen, Resciion was very slow 8nd sédition of Ferrous
sulphate 414 not inerssse the rate. After 11 wr. {ca.

100 ml. oxygen abe

orbed) anthracene {1+3 £.) was renoved

by filteation, and ithe benszens solution ¥wes weshed ivige

¥ith weter, dried snd concentreted %o ga, 10 =i, under 2

reduced pressure of nitrogen. The precipiteted snthrseene
{(0-25 g.) was filtered off end the filtrete, after 28ilution
with sn egual volume of hexane, wes chromatograshed,
Apthraeene (0.2 g.) snd anthraguinone (90 wg,) wsre the

only compounds 1dentified.




ggetste, ~ Anthragenme (0-89 g.) when eshsken with

methrimercaptoscetate {3 ul.) znd benzene {25 ml,) uniep
oxysgen for 3 hr. 814 not resct. 2d4dition of oyridine
{2 érops) hed no effeet. The resction sterted 3 hr,

sfter the aiddition of gatslyiic smounts of ferrous

sulpheate and cumens hydroperoside, king was continged

for another L hr. after which the solution was concentratsd
to ga. 10 Wi, under a reduced pressure of nitrogen, dilpted
¥ith hexane and chromstoprenhed, Flution with benzene-

hexane yislded anthrescene (0.3 g.) end snibraguinons

{75 mg.). A derk oil and sathraguinons wers ohizined
from & slow-moving, yellew flworescent bernd thst was

eluted with ether,

Reastion of Anthr

A mixture of aanthrscene {0-3% g.), n-batansthisl {5 m1,)

and benzene (30 ml.) containing cetslytic smounts of

ferrous sulphaie, cumene hydroperoxzide and iodine was

shaken in oxygen for 7-2 hr. (190 =l. oxygen sbacrbed).

turned Trom 8 &

The rsaction mixtore, which hed ark orasnge

to 8 yellow eolour, was filtered and anthracene [0.18 g.)

waE regovered, Fhen the benzens solulion 2as washed ¥ith

water, dried, and eveporated undsr s reduced pressurs of

nitrogen, a further guantity of snthrsecene [0+5 g.) was

- ohitained., Chrometogrephy of the sirong-smelling liguid

yielded 8 irsce of anthracene, s colouvless Jguid with an




unplessant odour {probsbly di-n-butyldisulphide), and a
yellow o1l vhich was resdily ﬁ@lﬁ%ﬁ@—in'ﬁﬁ%ﬁgi@%% gther
{bop. 30=50%), The last subgtance 3id not solidify after
being ecoled in the refrigerator for s wesk, Panery

nmstography of the o1l showed & blue fluoressent mpoi,

The resction of anthracene B1th ne~botsnethiol

and oxygen in benzens wss stiempied in ithe pressnce of

the following: (1) ferrous sclphate snd cumens hydroe

i

peroxide, (11) ferrous sulphate, cumene hydroperozide snd
scetic seid, {1i1) iodtne, (iv) 1odine and acetic soid,
and {v) iofdine, ascetic seid and ferrous sulphste. There

was no uptake of oyyoen in every cass,

Reacll-n of Anthrecene with He

A mixture of snthracene (0-45 g.), N-secetyleysteine (3 g.)
and tetrahydrofuoren (20 mi.) was shaken in oxygen for k
days (ga. 60 ml. oxygen shaorbed). Filtrstion of the

yellow resction mixture afforded %Réﬁﬁ&@%ﬂﬁ%ﬁ {70 me.),

a further guantity (0-32 g.) of which was obiained on
eoncentrstion of the teirshydvofursn solution under o
reduced pressure of nitrogen. Denzens was sdded to the
coneentrate and the mixture was then extracted with %ﬁﬂﬁﬁﬁﬁ
sodiom cerbonste. Acidificstion of the slkaline gxiracin

with hydroghlorie scid gsve & yellew solid {0<31 g.) which
melted partially at 1350 and completely over the panpe {60-

190°, Repested erystallisation of the produst from tetra-




hydrofursn-hexane zave e yellow powder of Sof

m.p. 208 =212° {decomp.) {Found:

S, 653 H, 5+2; ¥, 4e0; 8, 9-6. CygBy 70988 requires
G, 67-2; H, Sei3 W, bel; 8, 9-h%). Amsx. 2245
(e 13,650}, 2492 (= 42,600)(1nf1.), 2585 (e 78,150),

33 {6 %%g"‘;%} §§?3 i’a 3&5@@}? ?éiﬁ {E- 53532%} and
3534 g {c 5,190).

irochloride. - {a) Te a solution of eysteine hydro-

srorite 02 g‘} in 10% sodium hydroxide solution {7 mi.)
end water {13 ml.) were edded anthreeene (1 g.) and enzene
(20 mt,). The mizture was sheken in oxygen for 35 hr.
(8 ml. oxygen sbaorves). *%f}rzf pdium hydroxide sclution

bring the

was afded to mixtore to pHIO, Sufficlemt benzene

wag addef to dissolve unchanged anthracgene and the aiztore
wap Tiltered. COystine (2+5 g.) was collected. The
sguecus layer was scidified to pE5 when more avstine

(0-16 g.) precipiteted from solution. Evaporation of

snthrecens (094 g, ),

the benzene soletion yield
v Anthracene (0+5 g.) feiled to reset when shaken
with cysteine hydrochloride ( 1-5 g.) in alcohol under
oxXygen,

{a) Solutions of oysteine hy@rochloride (7 g.) and

of deoxycholie aeid (5 g.) in sodium hydroxide were sdded
to powdered anthracene (2 g.) in benzene (25 ml.), and the
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mizxtore was shaken 1o oxygen. Untske of gee was very
glow, and on the third day & smell ssount of Terroue
sulphate was afdsd Lo catslyes the resction. After 3

%,

dsye {87 ml. oxygen mbscrbed) the ngueons phase was

waghed with ether and seidified, Deoxyeholic nold

%

{8 p,) was precipiiated. Anthragene (2 g.} was recoversd

guentitatively by svenoration of the benzens soivtion.

ene {1 g.}, mervepto-

Agid. - & wmiziure of F-methylanthrae

seetic soid (5 ml.) and henzene {25 wl.) was shaken in

oxygen for 5 hr. (155 ml. oxygen absorbed) afier which

gas abgorpiion became neglipible. On shaking the resction

mizture with agueocus sodium esrbonste, the sodius 281t of

gene was precinitated.,

The yellow s0lld was collested by Tiltration, tsken up in

wern water and ﬁﬁzéif§g§¢ The seid {03 g, erystallised
from bhenzene-hexane in vellow nesdles, m.p. 165-8°%

{Found: ©, 72~3; H, 5-1; 8, 11-2. 4784008 veguires
G, 72+3; H, 5+0; 8, #1+4 %), A max. 2980 (¢ 16,170,
2555 (¢ 55,500}{1nfl.), 2620 (e 111,000}, 352 (¢ 2,625),
3639 (e 4,550), 3815 (< 7,099) and 4035 4 (= 5,499).
Admizture with i~{earboxymethylihio)~S-methrisnthracene,
M.p. 166-167-59, depressed the melting point (120-1359).
Ite infrarved specirum 414 nol show zn absorntion bend sround

auo am*“ﬁg confirming the sbeence of & meso bhydrogen atom.




il
hoidification of the sther-washed slksline szitract gave
8 vigeous oil, which after itresinment with diszomethane,
wee ehromstopeapbed, 1% sppsared to be siroagly

sisorbeld on the slemins column znd only irsses of

gnidentifieble material were obiained. Cryetallisstion
from bengene~hexsne of the orange residue, on evaporation
of the benzene solution, yielded yellow orystals {gs. 5 mg.),

B.pe. 253°.

enthracens {1.27 g.),

mergaptoscetic scid (5 ml,) snd benzene (20 ml.) wes

ghaken in ozygen. Absorption of gas was initisted by

the addition of ecatelytic smmounts of ferrous sulphate and
cumane hydroperoxlide, and was virtuslly comlete afier 5

ke, {55 ml. oxygen sheorbed), The reaction mizture was
wasghed with water, extrscted with sgueous sodivnm carbonste,
anf the slkaline extraet ﬁfﬁ%@’ﬁﬁﬁhiﬁg with ether wne nadse
agid. The precipiteied solid was itrented with hot hezane
and (X ~dimethylbenzylithiolacetic acid (05 g.) orvetallised

Froon the

goluotion, Crratelliasstion of the hezsne-

ingoluble fregtion from benzens-hexane gsve yellow

m.p. 218-220%, (Found: O, 7h-h; H, L=8; g, 9.3,
% w ‘ ’

«“2%&62“‘% requires O, 76-7; H, 4-7; 8, 939, A max.
2617 (e 147,100}, 3614 (e 7,350), 3817 (e 11,840) end




acetie feld. - When 9-benzylsnthracene (4-12 z.,
was sheken with ?&&iﬁ@%@%ﬁ&ﬁ%%&% soid (L %%1»? in benzens
{20 ®1.) vnder oxypen, gas absorpiion oecurred mainly in

the first hour (145 ml,) =nd was completes in 5 hr. {toisl

1%% ml.). After eveporstion of the benzent

J

residue (138 g.) was waghed with w@%@yg dried and trested
with wvare ether, Crystellisstion from benzene of the

dles

ﬁ%hﬁ?ﬂiﬁ%@lﬁ@l& fragtion {072 g.) geve fine yellow nee

mixed m.p. 214-5%. From the concentrated ether solution
wes obtained 2 yellow solid {017 g.) which erystallised

from benzens 1o plve pale yellow erystals, nm.p. 197-2059,
snd fine yellow needles which melted partislly st 145% and

completely by 165°, The mixture could not be sepsrated

in splite of repsated orystallisstions from bengane-hexane.

i 1

tig Aeid. - A mixture of 9,10-dimethylantracene (07 g.),

mevosptoascetic aeid (5 ml.) and benzene {0 ml.) was
ghaken in ozygen for 2 hr. (412 ml. oxygen sbsorbed ).

The yellow flworeseeni solution was evaporsisd ander 8
reduced presgzure of nitrogen and the residue, which partly

g0lidified on cooling in ies, was filiered. The solid,




e T
when vashed well with warm water snd eryetalilissd from
henzene, yielded g={ carboxyanethyithionethyl J=10=- |

nd mized m,p. 197=1997,

methylanthracens (06 g.}, m.p. =
snd a gmell smount of sn unidentified substanse (3 mg.),
m.p. 120-425%. = The liguid portion of the residue was
@iluted with water and the precipiteted soclid, after
ﬁ%?@%&iligﬁﬁiﬁﬁ from ascetic sold, melisd over the range

174757,

with ¥ercaptoscetie Aeid. ~ 9, 10-Diphenylanthracene (1 g.)

#1484 not resct whsn shaken in oxypen with mercsnioscetic
soid {5 ®l.) in bensene (25 ml.). TFollowing the addition
of smsll smounts of ferrous sulphate and cuméne hydrp-

peroxide, there was & very slow sbsorpiion of oxygen

{ga. 40 ml, in 2 days). The reaction mixiure was washed
with water and %%ﬁkﬁﬁfﬁiﬁﬁ’ﬁﬁaﬁﬁﬁﬁ aofiogn carbonste,
Aeidification of the slkaline extract geve & yellow oil
from which wes isolated (xX-dimethylbenzylihiciscetic ascid
{0+7 g.}, 8nd 2 yellow materisl (1+3 g.) which Tormed cily

drope on attempted ervstallisstion from %ﬁ&ﬁ@ﬁﬁmﬁﬁﬁﬁ%%g

Loid. - ¥hen s solution of 1,2-benzanthrscens (1 g.) and

thioseetic acid (5 »l.) in benzene (15 ml.) was shaken in

oxygen, thers wss a repld resciion, B7 ml. of sxygen being

gbsorbed in the first 11 mins,. Yhen the gas uptshe b
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slow, sddition of a swmall smount of ferrous sulphsts had
no effest on the rete of oxygen sbsorpiicn. After 2 by,

the

{totel 404 ml.,) the benzene scluiion wes decanted frow
inorganic materisl, snd was evaporated under a reduced

pressure of aitrogen. The solid (4] obtaimed on treatment

of the dark olly residue with methenol {1 ml.) was washed

with methanol (10 ml.) snd collected by filtration. From
the filtrate wae igolated 10-meetvithios] P=henzanthracens
(70 mg.) which erystallised from petroless ether in pale
yellow nesdles, m.p. snd mixed m.p. 153-5%. The s0lid

() {(1-2 g.), m.p. 119-155%, on orystsllisstion from hexane

gave & dark solid {B) (0.2 g.), m.p. 80-140%, and 9,10~

a1{ecetylthio)~9,10-d1 hydro-1,2-benzanthracens (0-65 g.).
The latter, after seversl erystallilsstions from msthanol,
melted st 189-5-191° (11459 m.p. 193-4°). When aried over
phos
turned pale vellor and melted st 187-189-5° {¥ound:
G, 69+6; H, he9; 8, 16+8. Cale. for Cpolyg0s8er

@as é@cgg %; %m%; 5; '5*?@1} N ﬁé%ﬁ*ﬁ%g% eryeiallisstion

phorus pentoxide at 110° under reduced pressure, it

of the sclid (B) from hexene geve a salmon-coloured

material, m.p. 130-160%, which wes not ide




dibenzanthracene (05 g.), thioscetic scid {3 ml.) and

benzene (20 ml,) was shaken in oxygen, there wes no resetion,

Adéition of catalyiie smounte of ferrous sulphete, cumene

hydroperoxide and iodine initisted 2 slow sbeorption of

Zygen which became very rspid on fTurther addition of

comene hydropercxide (0-5 ml.). After 2 dsvs (200 ml.
oxygen sbsorbed) 1,2-5,6-3ibenzenthracens (0439 g.) was
removed by filtreation., Evoporstion of the filirste under
8 ?@éﬁggé pressure of nitrogen gave more unchanged hydro-
carbon [0-1 g.) end a derk red liquid. Chromatography
of the liguld residue yielded sulphur {3% mg.) and
1iguid {probebly dithiodiascetyl snd iedins),

{w) 1 ,2=5,6=Di benzanthracens (50 mg. ) was 4issolved
in warm behzene (15 wl.), &nd thioscetic soid (2 m1.) was
adidesd to the cooled solution, ¥hen the wmixture was ghaken
in Oxypen there whs no sbsorpition of ges $111 the addition
of anthraeene {20 mg.} {3 ml., sheorbed iﬁvé~§ L.
Chromatography of the resction mixture on scetyisted paper,

uglngy ethanol @ beanzensg : woter - 47 1 & 2 1 a5 the solvent

system, showed the pressace of snthracene, 9-~{scetyithicl-~
anthracene and 1,2-5,6-81ibenzenthracene, There ¥as no
flworescent derivetive of 1,2-5, 6-dibensanthracens,

{a) ¥hen s mixture of 1,2-5,56-dibenzanthracene




{G+% g.}, thioseetic seid (5 wl.) and benzene (50 ml.)
¥as shaken in oxygen, 12 ml. of ges wers shesorbed in the

first

min. after vhich ehsorpiion wes neopligible,
The mixture was then refloxed under ozypen Tor 1+2 hy,

mizture phored thetl o

fluoresgent derivative of 1,05, 6-d1benzanthracens was

Porned,

and thiomcetic scid (2 ml,) in benzene (L ml.) 218 mot

react when shaken ia axygen, Pyridipe hed no sffect,
%%%%%i@ﬁ of Terpous sulphete and cumens hydroperozide ini-
tisted & very slow sbesorption of ozyegen which beesame ranid
on sdd4ition of indins, Prper chromstogrechy of the
mizture Before end afier the introduction of iodine showed

& girongz phenanthrsne spot and sncther very faint flworsscent

spot. The benZene zolutien under reduced

g2s eveporeted
presgure and the liguld residue, on cooling in ice, pave =

white precipitate which dissclved sgain at roos tempersturs,

{b) A similer mizture of reactanis was aheken in

gen in the pressnce of 2 catelyiic smount of finsly

powdered sodivm chloride. There wes no shporption of
oEyRen. Paper chromatogrephy of the solution showed

the same spoie as the previous reaction mixturs,




Aeid. - & mixturs of pyrene {0+5 g.), thioscetic seid

{2 m1.) and benzene {10 ml.)} 814 not reset when shsken

in oxygen. Adédition of mmsll amounts of ferrous sulphsie,
cumens hydroperoxide and iﬁﬁiﬁ%'%ﬁﬁ no effect. The iadine
ealpur persistsd in the mizxiture and 8 strong odour of
hydrogen sulphlide wag detected. Paper chromstography

i only one flwersscent svot [pyrens).

(154155 m.p, 273-274%), thiomcetic seid {2 ml.) end benzene
{28 m1,) was shaken in oxygen for 2 davs without sny
sbsorpiion of gas. Following the addition of ferreus

t1odine there wes an

suiphate, cumene hydéropercxide and
uptske of oxygen (25 ml.)., Exsminstion o the reseiion
mizture on aceivisted paper revealed & gresn-yellow

fiworesgcent spot besides that of perylene. The snchanged

‘hy@rocarbon {045 g.) was pemoved by filiration.
ﬁgﬁﬁmaéﬁg?&@hig separeation on alonineg of the soncentrated
filirate yiolded 8 1little more of the %gﬁ%ﬂ@ﬁrb@ﬁ (o mg.),
sulphor {016 g.), and =n ovenge liguid (ga. 50 mg.) which

flworesged green-yellow in benzene solution.




thioacetic scid (4 ml.) snd oxygen in benszens {15 ml.)
wae initiated hy the sddition of small guentities of
ferrous pulphote, cusmens hydroperoxide snd ilodine,
Ozyvgen (3 wl.) was sbsorhed in the First 0.5 hr, afier
whioh the gee uptske glowed down, After 2 hr. the
benzene szolutiocn was eveporated unfler a relfuced pressure
of nitrogen. About = guerter of the dark residuoe was
ungucceasfully chromstogranhed on 3 partislly scetvisted
sellivliose ﬂ@zmﬁﬁ%?, aging ethanol @ bhenzens : walter -
17 s b 7z 1. Chromatogrephy of the rest of the residue
on secld-washsed, Jdesctivated slumins (5% weter) yielded
sulpher {80 mg, ), 3,h-benzpyrens {m% g.) and S-ascetylthio-

3,h=bengpyrens {30 mg.), m.p. 8nd mixed m.p. 206~207.5°,




nitrogen.
{ 50 me, }

end t-butylhydroperoxide {3 g.) were ssrefully addesd to

A1l experinmenis were pepfors

L . . - . N

a mixture of anthrscens (2 g.), mercapioacetic acid {8 wi1.)
snd benzene (35 ml.). The mixturs, which was swirlsed
during the dropwise addition of the hyféroperozide, beczne
warm and turaned 8 green-blue oolour that rapidly chenged

to yellow. After 15 min. filtration »f the resction
wixture afforded -a white powder {3+4 g.), m.p. 19L=202°,
which after erysiallisation from TE-dimethylPformenide

melted pertially et 195°% ang pompletely et 295-8°. Tis
meliing-polnt was not depressed by sémizture with $,10-
di{csrboxymethylihio)~0,10-d1 hyéroanthracense, m.p. 217-2199,
The benzens sclution wae exirasted with agoesus sodium
hydrezide, snd the &lkeline solution was weshed with ether

and soidified. The oily residue (0-32 g.) which solidified

P

on weshing with werm Waler was treetsd with warm ether.

From the ether solution wes obiained yellow erystels (012 g.
whigh melted partislily at 163° and complelely =t 170-1929,

1thio)=

It is probably sn impure form of 9-{carboxyrmethy
anthracens. The sther-inscluble freetion {90 meg.) wes

2 pale yellow molid, m.p. @?@»&%%@*

)
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{3 g.) wes 2ddsd in small portions to & mixturs of
antheacene (2 g.), thioscetie seid (10 g.), ferrcocens

{80 mg.) end benzene {3 ml.) there was no visibls reaction.
& solution of the hydroperoxide {0-% g.) and farrccene

{5 mg.} in benzene wes then added. The mixture turned s

purple-rad colonr, end after 05 hr, it bescpre wornm and

ehanged to & turbid y@ki@%; The additisn of ferrvocsne snd

the hydroperoxife was repssted, 2nd afier 2 hr., the yellow

solution was eveporated under & reduced pressure of nitro~

gen. The green olly residue was chrosstographicelly |

separated 7% sulphur (29 mg.), anthrscene (0.16 g.),
the teo isomere of 92,10-dilssetylthlo)-9,10-dibydroanthracens,
mep. 1145-77 {618 g,) and m.p. 124=£2 (De1 #.},; 9~{aeetyithioc)-

snthracens (0«74 g.) and ﬁi*i?“ﬁﬁ%%@?l}ﬁiﬁﬁﬁdﬁﬁﬁﬁ {0-3 g.).

{e¢) Thiobenzolg Acid. ~ A solution of ferrocens

{50 mg.) and t-butylhyiroperoxide iﬁ Z.) in benzene
{05 ml,) wae added in snsll portions %o & mixiore of
anthracene {2 g.), thiobenzoie acid (1L g.) and benzene (30

ml.)e The mizture which beceme ref-purple in colour

wase set aglide fer 3 dpye, Filtretion of the yvellow
mixture afforded dibenzoyidisuviphide (72 g.) ﬁﬁﬁyﬁﬁ@%fﬁm
esne (04 g.)., Evaporation of the Tfilirate onder s
reduced pressure of nitrogen yielded more of the disulphide

{2-Uy g;} and 2 green olly residue, Chromatozrashy of the
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0il yigided 1liguid frociions mized with erystalline
divenzorldisnlinhide, The 1igvide solidiftied on irsstment

with methanol, and sfter repsated erystailisstions of

the solid fractions Irom benzehs-hexans, the following
compounds were identified: [4) anthracens (50 me.),
{11) %he two isomers of 2,10-21{benzovithio}=9,10~
dihvdrosnthrecens, m.p. 1951947 {0-95 g.) snd mop., 20-

2 fﬁ* %
203" (022 p.), =rd (114) 9-(bvenzeylihio)snthracens (50 mg.).

butylhrdroperaxife (3 £,§ in benzenes was afded, showed nc
i

signs of an lmmediste resction. 71t wes set asife for 3

days during whigh tims - anthrogene dlgsolved, the

resction mixtare tuvned Aark ved in
powder lron salt) was srecipitated. The benzene solution
weg ﬁ%@%ﬁ%ﬁ% from the inorzsnie msteriszsl and was sheven
with agueous sodium hydroxide and water, drisd, =nd
svaporated under a redused pregsure of nitropen,
Anthracene (D=1 2.) was precinitsted on treatment of

the ?ﬁ&lﬁilg residue with henzene~hazsane, The solution
on chrometography gave more uachsnged anthracene (0013 g, ),
snthraguinone {80 mg.), = brown oil thet 414 not solidify

s ecooling in dry fce ~ sthanol, and & yellow liguid (2}

thet came ithrouogh the colamp before snthracens, The
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1iguid (A) wes rechrometographed twice, using hexane as
eluotent in the Tirst sepsration snd petrcleum sther

{%;gﬁ ﬁ%wﬁaﬁé in the ssoond.

fraction was eollected by filtration in the coléd and
weshed with cold pelroleun ether. After several orysisl-
lisstions from the same solvent it was oblsined as
flaorzscent green-yellow needles, @gg, E1-629 {Found:
0, 463 H, Tehs 8, 77°7. 1DooHogBs requives G, The5;
H, 7<b43 8, 18.47}, A max. 222% (e 10,845}, 2hht (¢ 21,000)
{inf1.), 2530 (e 37,800)(4nf1,}, 2635 (¢ 77,400}, 3516
{e 2,317){4inf1.), 3700 {e 4,980}, 3873 (¢ 7,537) end
409t A (e 8,070).

{e) 7

sdded to 8 mixture of sathrscene (2 g.), thiophencl (10 g.},

P

hophenol. - t=Butvihydropevoxide (2 g.) was

ferrocens (50 mg.) =nd benszene (30 ml.). After 035 hr,
when there vas no sign of 2 resction, the miztore was

warmad, and on 24dition of & further gusntity of the

hydroperoxide {4 g.), 1t become hot but there was =111

much undisscived anthrasene. Further spplication of hest

and addition of the hydroperoxide [0+5 z.) had no effsct,

The mixturs was set aside overnight. Anthrscene [1-2h ¢.)
wasg recovered and the Tfilirate wes washed with soilunm
hydrezide solution and water a&nd dried. On concentrating

the soletion under a reduced presswrs of nitrogen more




anthracene (0+26 g.) wes obtained. Chrometogrephy
of the residve yielded diphenyldisulohide, anthracens
{%@yﬁgaﬁg sathraguinone (2% mp.) snd a green resiness
material (gs. %% Bl

{2)

and N-scetyleysteine (2 g.) m.p. 105-110%, were isken

E-Acetyloysteine. ~ Anthracene (05 g.)

up in warm tetrahydrofuran (15 =1.), snd %o the cooled
solution was added 8 solution of ferrocene (40 ng.) and
t-butylhydropercxide (05 g.) in tetrahydrofuren {2 ml.)
in four portions, the mizturs beling well swirled after
each addition. The charscterisiie eslour ﬁhﬁﬁg% $%§

not oheepved 20 the resction mixturs remsined cool.

It was set aside overnight. Then a drop of the solutieon

was tested for ¥% ?*1@§%ﬁ potagelom ferrievanide, anthracens

was @Pﬁ%ﬁ?ﬁ%ﬁt@ﬁq Consequently wore ferroeens (5 mg.

and t-butylhydroperoxide were sdded to the resction

mixture which was then genily warmed on & water-bath

for 05 hr. Filtration of the concentrated solution
afforded anthracene (0+23 g.). The filirate was diluted
‘with beanzene and ﬁhﬁkﬁﬁ’%iﬁﬁ\ﬁaﬁﬁﬁ and agueous soiium
sarbonste. Acidification of the alkaline extrsct ylelded
S-{g=anthryl }=-gcetyloysteine {55 @gﬁ} which was obtalined
8s a yellow powder, m.p. 209-211% {dee.), on erystallisatien
from tetrahydrofuran-hexsns. TFraporasiion of the orgenic

layer gave enthracens (024 g, ).
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2311 sxperimentsz were performed E%§ﬁ§7ﬁ§%§$gﬁ%g
(8} 44
ferrocene (15 mg.) sad t-butylhydroperoxide (1+h g.) in

2-Benzanthragene. - Fhen s solution of

benzene {1 ml.) wes added to 2 mixture of 1,2-benzanthre=
sene {0«7 g.), mereaptoscetic scid {g ml.) snd benzene

{5 ml.), there was a vigorous resetion, snd ihe mizture
beosme warm, and changed from & deep green ito & vellaw
golour. After 1% min. the solvent was removsed mnder
pressgure, yielding 1,2-bhensenthracens {0-15 g,) and a
yellow vigoous oil. The oll was tsken up in benzens,
and on sheking the solution with sguesus sodium hydroxide,
an insoluble sofium sell was precipiisted, and sn oil
separated. The oll solifified (0.33 g ), m.p. 1748,
when washed with warm weter, The golid wes combined
with the yellow produet (024 g.), m.p. 170-4°, obtatned
on seidification of the alkaline sxtract and the sodism
va&i%u The product was Tound to be insoluble in benzene,
athenel snd sther, moderstely soluble in scetone gnd

resdily in ¥i-dimethylformemide, Attempted erystallisation

- from agueous dimethylformemide resulted in an impure

powder: wnmost of the product remsined in scolotion., Tt

¥eg observed that %ﬁ& solution becsme &8 dark yellow solour
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after 2 days. Crystallisetion from sceions-hexsne gave
& white powder, m.p. 175-3°, which sould not be furiher
nurified by erystellisstion. Phen tresied with dlazo-
methans, 1% gave & resinous nass vhich was tsken w in
benzene. ©On cooling of the solution in the refrigerator
for 3 dsys, & white solid {8 mg.) sepsrated. 1%
srystallised from benzene in white rods, m.p. 175:5-177°

{Pound: €, h2-925; H, 5.%%; ¥ [Bast] 172). 7t contained
nitrogen but no sulphur. I%{ is believed to be gn impurity
in the ethereal solution of diszomethane used. FEvapors~

tion of the benzene solution after alkslil extraction yielded

i ,2=henzanthracene (01 gz.).

=5so-Dibenganthrecens., - A benzene golution
of ferrocene §i§ mg.) and t-buiylhvéroperoxide {1°h g.)
wag edded to 2 slightly warm solution of 1,2-5,6~dibenzan-
0% { mg? f 0. 269-2707) zna

o

thracene (0°7 .}, m.p, 26
merceptoncetic soid (2 ml.) in benzene (150 ml.). The

miztupe turned green momentarily =nd then becane turbid

yellow, after 05 hr., flltration of the reasction mixture
afforded unchanged hydrocerbon (O« g.) end dimeresptodiacetis

seid. The latter was removed by washing with water,

The benzene solution was then extrscted with agueous sodium
hydroxide end on soldifiestion, the aguesous solution
became turblid bet there wes no preeipitation of seidie

producte. A forther gusntity of 1,2-5,6-dibenzanthrscene
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{6+25 g.) was recovered by eveporation of ths benzene
ﬁﬁi @%i% w

. = ¥hen ferrocene {8 mg.] and

t-butylhydroperoxide (0«7 g.) were added to 2 solution of
phenanthrene (04 g.) and mercspioscetie 20id (1.8 =1, )

in benzens (3 ml.), the mizture beosme hot and furned
sloudy yellow, After 1 hr., the benzene aolution was
decanted from & heavy liguid {gs. 0<2 wl.). The latter
wae resdily solubls in wvater and the %@ﬁ%ﬁﬁ%‘ﬁﬁlﬁﬁiﬁﬁ gavs

?% with potassium Perricyenide, and

& positive test Tor Fe
& negetive test Tor Pe 3 with ﬁ@%ﬁﬂiﬁﬁiﬁﬁiﬁﬁgaﬁﬁtga
¥xirasotion of the organic sclution with sgueous godiom
hydroxide followed by seldificstion gave no aeidis produsts.
Phenanthrene {090 z.) wss recoversd guaniitsiively, by
evanoration of the benzens solution,

= On sddition of ferrosene {8 nmg.)

and t~betylhydroperoxide (0-7 g.} to 8 soclution of pyrene

, _. 456,457 1 .
{0l gols Bebo %ggwiﬁﬂég ? snd mercsptossetic scid (2 wl.)

in benzens {5 ml.), the mizitore vnderwent the norms

eolour change from dsrk green te turbid yellew, snd besanme

hote On eooling of the mizturs, = green~yellow solid

{6+1h g.) was eollected by Tiltration end, after washing
with water, it melted psrtislly 2t 2007 and decomposed st
— ’ K

2237, Crystallisation from ethylacetate Tailed to yield

a purer product, On ghsking the henzene solution with
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agueous sodium hydroxide s pale yellow precipitste

(6°17 g.), meps 130~135°, was formed which was coilecied,

é?gwﬁé * g;ﬁygﬁﬁlii et on £ om

washed wiih weter snd
gthancl was aot satisfactory. [Repsetel crystsllieation

from benzene-hexene gave pale yellow fine erystals, m.p.

120-443%.  fAcidifiestion of the alkaline extrsct yielded
& yellow powder (50 mg.) which meltsd partislly at 160°

and completely st 185-195%. On evaporation of the bensene

Bl 5

solution, pyrens {(0+2% g.) wBs recover

(e} Perylene. - %hen = benzene sslution of Perrocene

{10 mg.) snd t-butylhydroperoxide {1 g.) wae sdded 1o
perylens (0-46 £.), map. 273-277° (L£2, mep. 273-274°)
and mercspicacetic aeig (2 ﬁl«) in benzene {50 wml,)}, the
mixture became slightly warm and darkened to a ped solour.
It was set aside overnight. Unchanged perylene (0-32 g,)
wae removed, snd the benszene molution was shaken with
water, yielding en orange-red precipitate (50 mg.) whieh
sintered at 185°, dsrkened st 215° and melted at 227°.
Attempted srysislliisstion from benzene snd from ethenel
gave impure orsnge powders. Ho solid products were
obteined by extracting the benzene soluiion with alkall
end selidifying the extireet. Evaporation of the dried
benzene solution yielded & further guaniity of perylens
{70 mg.)




of ferrocene (8 mg,) end t-butylhydroperoxide (07 g,)

was added to 3li-benzpyrene (0.3 p.) 204 mercaptoscetic
seid {1 ®l.) in benzene {10 ml.}, end the mixiure wos set
agide for 1 hr. Filtration sfforded = mixiuore of yellow
end orange solids {(0-31 g.), m.p. 165-195%, which was
washed with warm water, dried and trested with hot henzene,
3sl=Benzpyrene (10 mg.) was recavered from the bensgens
solotion. Orystsllisation from

ler (0+13 g.), m.p. 240-25%°

soetans of the fnscliohls

fraction gave & yellow powd
{dee,), which eould not be further purified by crystalliss-

tion., Host of the materisl wes lost in sttempis of

parificstion. The benzens Tiltrate ¥as shekesn with water

3de., Aeidifiestion

and then with agueous sodiom hydroz
of the alkaline 2xiract yielded 2 dark precipitste (20 me.}.

Att

5

mpte to purlify the s0lid by crystallisation were not

sucesesful, Eveporstion of the benzene solution geve

3su~benzpyrene (79 mg.),

{i1) The sxperiment wes repes

ted, using the

same quentities of reactants. The mixture was set sside
overnight. The salid (043 g.), m.p. 160-200°, was
solliected by Tiltration and treated with hot benzene

(5 ml.} to remove unchsnged 3,h-benznyrene. The insoluble

portion (0 % p.) was trested with dimzomethane in ether.




-t EFm

The resulting oranpe resinous mass, after ramovel of the
solvent, €14 not polifdify on trestment with peivolemm
ether {b.p. 32°). It ®mas cooled in the refrigerator
for 4 days during which time 2 white solid {2) (%5 wp, )
separated. The compound was 1dentiocal with the
snidentifled meteriel isclated Trom the resetion of 1,28-

benzgantiurecene. Chromatopraphy of the residnsl ref-

brown teron alumine {"¥oelm’, neutrel, aotivity 2) wielded

8 Turther guentity of compound (A) {50 mg.) snd &

{62 mg.). The latter corystsllised from ether in fine

yellow needles, m.p, 115 115° {(Found: £, 67-8; H, hLel

S, 13+7. Cogin

2yBp requires O, 67-8; H, Lol 8, 13-99).
Its gltrsviclet shesorption ﬁ?@ﬂﬁ?%ﬁ iz of the 3. b=
hengpyrens i??%,Aﬁ%%& {in ehloroform) 2612
2870 (= 23,280}, 2996 {¢ 33,4

0} infl. ), 3758 (e 12,840},

27,2001 snd 4190 & (¢ 3&,§§ﬁ}g On ghekirg the

precipitate was formed. Aeidificstion of the sikaline

’x

exirset and the precipitate gave & green solid (20 me. ),




ferrocene (20 ng.) snd i-butylhydroperoxide (1-8 g,.) wes

sdded to a solution of 4,8-benzsnthracene {1 z.) snd

L

thiosgetie scid {55 =l,.) in benzene {15 mi.). The
miziore woe set Bzide for 3 hr. during whish %time 1%t
changed from red-broen to turbid vellow, snd durk green
éroplets were Tore®. “Yhe benzene soiuilon was decanted
from the preen droplels which were found to conitain Fe 2%
bot no Ye %*‘ The benzens solution was svaporated undep
2 refuced pressure of niirogen. Chromatopraphy of the
rogidue vislded sulphur {40 mg.), 1.7-benzanthracens

{70 mg.), 10-acetylihio-1,.2-benzanthrasens (048 g.),

B.p. 152-4%, and 9,40-31{acetyithio)-9,10-d1 hydro-1 , 2~
banzanthracene (0«48 g.), m.p. 190-122%, mized m.p. with

an suthentic sampls {m.p. 1871 87.59)} wES 8851917,

= ¥hen & hensens solution af

i%f?&ﬁﬁﬁ% {1% mg.) 208 t-buiylhydroperoxide {1°2 g.) was
edded o pervlene (0 59 g.), Bm.b. 27%=278.5%9, and thioscetie
seid (3 »i.) in benzene (30 ml.), the mizture immedistely
became red and then chanpged to yellow afier ga. 5 min,

The mixturs wes sel agide overnight. Piitration afTorded
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a solid, which on trestment with hot benzens, left

soilation

andissclved nperylene (01 g.). From the benzene
was obtained & yellow solid (0+15 g.), m.p. 200-233%,

shich was chrometographed on acid-washed, denotivated
alumins (5% water). Perylene (30 mg.) wse recovered,

snd elutien with etber yielded a derk red 1iquid which
flworesced yellow-green in solution and sppesred to be
formed on the column., EBvaporstion of the bensesne solution
under 8 redgoed pressure of nitrogsn gsve s ?ﬁgiﬁ”%.{%%ﬁ g.)
which melted partially at 130° snd completely at 160-167°.
It was difficult to purify and efter seversl erysitelliss-
tions from benzens it was obtained as fine yellow erystals

which sintered st 225° snd melted at 232.5-237° to & red

iiguid. It snalysed :
{(Pound: ©, 72+6; H, he2; 8, 15-4. OpyHig0n85:
requires U, 72+0; H, 4+0; 8, 16+0%). The compound
figoraseed bright green in sclution and had s perylene-
type sbosprition specirum in the wltravislet region.
Amex. (in enloroform) 2555 (e 25,120)(infl.), 2598

(e 31,320), 356 (< 3,200){4nfl.}, 3800(c 5,240)(1nr1.),
K09k (€ 15,200), 1330 (< 30,080), and 4605 A (< 36,720).
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pene. =~ “hen # benzene solution of ferrocene
{10 mg.) snd t-butylhydroperoxide (1 g.) was sdded to
pyrene (0«5 g.) and thioacetie secid {3 ml.) in benzene
(6 m1.}, the mixture beceme slightly warm and chenged
from red to cloudy yellow, After L hr., the resciion
mixture wvag evaporated under reducel prassurs. The
water-goluble fraction of ths residue gave 8 positive test

o2 )

for Pe ' and = nepative test for Pe 3’“*}, The memi-solid

=4 with water and snlidified on irestiment with

gag wash
methanol {6 ml,). 'The yellow product (0-51 g.), which
melted partislly st 80° and completely by 1607, was
chromatogeraphed following unsoeceselul stiempts at
erystallisstion from methanol and benzene-hexasne. The
following compounde, in order of elution from the eolumn,
wers colleeted: (1) sulphur {35 mg.), {11} pyrene

{013 g.), {111) dipyrenyléisulphide (90 mg.), =.p. and
mixed m.p. 220-2227 (venzene), {iv) 3-{mcetylthio)pyrens
{0-4h 2.}, m.p. 204 mixed é.@; éﬁé«iﬁ?ﬁﬁﬁ {benzene-hexsane),
and {v) & vellow solid (8 mg.), m.p. 2873-288° {dec.).

{a) i-Bengpyrene. - When & solution of 3,h-

benzpyrene (0-42 g.), B.D. 1?5*%Q, gnd thioscetic agid
{2+5 m1l,) in benzens {10 ml.) was treated with ferrocene
{40 mg.) and it-butylhydroperoxide (0-8 g;}, it chenged
from red to yellow after 5 aln. but ne heat was liberated.

After & hr, the mizture was evaporated under reduced




pressure and the residuoe was shiken wvith o 1ittls water,
The agueouns sxirsel was Tfound to coniasis Fe 24 but mo
Fe 3 wme s01id pesidue {0°57 g.), which was further
waghoed with vare weter and dried, orystasllised from
benzene in derk yellow prisms, which melted partiaslly

st 187° and completely at 205-207°. Admixture with
5-agetylthl o-3,-benzpyrene 714 not desress the melting-
point. As it eonld not be satisfsetorily purified by
erysitallisation the mixture wes chromstograsphed on ascide-
waghed slumina. 1% was observed that & re&l msterisl
wag Tormed on the eolusn 83 8 flworeseent yellow band
hecame faia%@%@\ Besides 8 irace of 3, L-benzpyrens

(2 mg.}, only di=5~{ 3, hi-benzpyrenyl }disulphide (015 g.)
wes obtained. The disuvliphide erysieliliised from
chlorobenzene in shiny red plates, m.p. 278-5-286° iéﬁﬁﬁéfgﬁ
%o B=ascetylihio-3,h-benzoyrens was E%%ﬁ?%?@é from the
eolemn. Chromatogrephy of the combined benzene mother-

it

liguors on scid-~washed, deactivated slumina (57 wster)
yielded S-scetylthio~3,h-henzoyrene (0°2 g,), di=5={ % b=
benzpyrenyl)disulnphide (20 meg.), and s trece of an
impure yellow meteriel that flworesced green-yelilow on

the e olumn and purple in benzens solution.
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#

was #issolved in benzene {200 ml.} ithrourh which butadiene
hed been bubbled for 0.5 hr. VWhile = rapid flow of the

gee through the well-giirred

solotion was meintained,

7

(A0 wml.) snd i-

thinscetie =eid (20 ml.) 4in benzene
butylhydroperoxide (43 2.) mede up 4o 50 ml. with benzene,
gere introdaced simultsnecusly at the ssme rate. The
reastion mizxture became wara. After the addition of

the thiol 2nd the hydvoperoxide {1 hr. ), the introduction
of butadiene was gontinued for snother 075 hr, A
sample of the mizture when tesited with potassiunm iodidse
in socetic seid was found not o contsin eny hydroeroxide.
The benzsne wag removed by distillation snder a reiuced
presaure of nitr Pogen, and the product was fractionslly
distilled %o give: (1) 8 eclourless liguid (9+5 g.l,

Bepe T=337/008 %ﬁa'g??ﬁ bebly dithiodiscetyl), {ii? 8
colourless liguid (b g.), b.p. 76=78%/0-7 mz
{¥ [Beet] 128; found: ©, 40e2; H, 5+3%; §, 35+8;

hutenyl thiocaceilate, C5H4n08 reguires C, 55+4: H, 7+7:
8, 2446; 4i~hydroxybutenyl thloaceiste, CgHyp0s8 requires

G, 49+3; H, 6-9; 8, 24-3; butenylene bl s-thioscetate,

ggz% f}{}gﬁﬁ ?@%L%%% ug 5;? i} }‘fg? %a?; %Z,
CS Hg 0SS regquires C, 40. 48, H, 5-.4.) S) 3. ‘L ) .
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(111} a yellow liguid (2+1 g.}, b.p. 129-140%/0+7 ma.
end {(iv) the
sdditive dimer (245 5.}, b.p. 1h8=-1579/0.3 mm.

(¥ [Rmst] 22h; found: C, 5653 H, 7-1: 5, 2h-0.

{(Found: O, 5%-5; H, 7.0 s 75-8%},

C4oHig0s8, requires G, 55+8; H, 7+0; §, 2h<8%).

There was & non-volatils, %arry residus.

Besgtion of UDumene Hvdroperozide with Yercepnio-

agetic Zeid. -~ A solution of cumene hydroperoxide (1 g.)

and mercapioscetic seid {3 ml.) iIn benzens {40 =ml.) was
stored under alirogen 8t room tesnersture for 2 weeks,
The mixture was shaken with sodium cerbonste solution,
and ithe slkaline exirsct was washed with ether, aseidified
with hydrochiorie scid &nd cooled. There was deposiied
(#a=dimethyibenzylthio)acetic acid {072 g.) which
eryetallised from hexene in needles, m.p, 29d mixed B.pD.

£5-5uT70-57,

s

Vhen = similar mizxture of resctanis was shaken
under oxyesn Tor 5 days, %%«%h%ﬁ?ﬁ%%ﬁﬂ of pagz ¥ag observed.
Tesatment of the resetion mixture 2s shove yieldsd the

same acld derivative (0+3h Tele




8istilled scetophenone {18+% g., %%% mole) was sdded

dropwies to s well-stirred, msem aoiuiion of methylmsg-

ef, 158

nesium lodide prepared from methyl lodide (13 g., 710 mole)
{150 ml. ).

and megnesium (7-5 g., 3%@ wole) in ether

The mizturs wes refluxed for 1 hr. sod seti asgide overnight.
The Grignard complex was hydrolysed #ith emmonium chlorids
senlption conteining ice, #nd the stherenl soluilon ¥was
washed with water, dried and the solveni was removed,

The required sleohol {5+1 #., 24%) was collesisd 2s 8

eolourless 1iguid, b.pn. 829/ 85 pm.

4 mixture of the shove sleohol (5 g.) and

merecsptoscetic avid {10 m1.) ia benzene {20 ml.) was

gtored spder nitroren Tor & dave and then extrscied twice
with godium csrbonste solution. On seidification of the
eombined 2lkeline extracis, K-dimethylhenzrlibio)asetic

ﬁf‘iiﬁ ﬁa%? E?,,

S,
Vgt

precisgitated 22 an oll whieh solidified

sooling in the refrigerator for 1 wesk,

Resction of

! ’ a = %ﬁﬁi gm ﬁ%?@%fﬁ ?Eﬁ & ‘i {%w% g gﬁ: > } maa

& suspension of J-anthraliehyde (3 g.) 1n methanol
{400 m1.) and the mixture was set eside overnight. The

precipitste of 9-hydroxymethylanthracene (1722 p.) was
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sollected by filtrstion, and the methansl solution was
treated wiih soetie scid (2 ml.) to destroy the excess

of hydride and eveporated 8% 2 reduced pressure of
nitrogen. The residue of the hydroxy compound (1-73 g.),
sfter washing with water, wes combined with that obtained
eariier and oryetalliised from benzene. 1%t formed pale

Q (Zizﬁﬂ Bala 3353&?59

yellow needles, m.p. 158-16 160,

}e

s 153°

¥hen mercapioscetic scid {2+5 ml.) wae sdded to
2 suspension of 9-hydroxymethylanthracene (0.5 g.) in
benzene (15 mi.), 2 olesr solution was repidly obtsined.
The mixture was met aside for 2 deys, end evaporsted under
8 refueced pressure of niirogen. Addition of water to
the liquid residue gave & yellow precipitate, m.p. 142~

165%, which could not be purified by repeated crystallise-

tion from benzene-hexane, Tt was tsken up in ether,

acidificstion of the slkaline extreset. Afisr seversl
recrystallisations from bengene-hexane, it Tormed yellow
shiny plaetes, m.p. 166-167.5° (¥ound: ©, 72.4; H, 5.2;

S, 11+2.  C17H4y028 requires ©, 7233 H, 5.0; 8, 11-4%).
Its infrared sbesorption spsctrmn showed a band at B4 om |
indleative of s meso hydrogen atom, Evaporation of the

ethereal solution yielded 2 yellow solid {0:31 g.), m.p.
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gid. = {8) 4 seevension of 1ithium,

ﬁiﬁﬁiﬁiﬁm hydride (0.2 g.) in ether was added dropwise

te & well-stirred solution of anthrone (2 g.) in sther (450

wl, ). Stirring wae @mt:i;étmé for 1.5 hr,, and the
mizture was then @ﬁ@?@ﬁ direotly on io merceptoscetie
aeid (10 ml.)}, kept overnight snd trseted with dilute
sulphuric seld. The sgueous portion was 4#lscarded, the

etherer]l solutlion was shsben vith sofiun earbonsts eo

end the alkaline extraet was washed with ethear and

goidified,

hexane in plates, m.p. 147-3% {Found: O, 71+0; H, 53

8s 12°h.  Cygfy)008 requires C, 71-1; H, 523 8§, 1499},
Amex. 2129 (¢ 22,%00), 2521 (< 1,525), 2660 (< 1,300

and ﬁ?ﬁﬁ;g {e 1,088). Bveaporation of the ether solution
yielded anthracene (0+32 g.).

(bl Anthrone (4 g.) wes reduced with Iithium
sluminiom hydride {(0°L g.) in ether {200 ml.) s shove.

The wmixture was irested with sgueocus sodium hydrozide,

and the either layer was sepsrated, washed with water, dried

and evsporated under 8 reduced pressure of nitrogen. The
residue of 9,10-31hydro~9-hydraxyanthracene (2 g.)

grystallised from light petroleun in Pine white negdles,
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m.p. 74° {lig,é iﬁ;?a 767).
& solution of the foregoing hydroxy compound
{1 z.) and wereaptoscetic acid {10 =1,) in ether {25 ml.)
wes stored svnder nitrogen Tor 28 hr. Anthracene {80 mg, )
precipitsted from the mixture znd & further guentity
(60 mg.] of the hydrocerbon was deposited on shaking the

snfii v parbonste., The

gther solotion with agusous
alkaline exiracts, afier washing with sther, were agidified
and 2 precipitate (0-22 g.) of 9-{carboxymethylthio)=0,40-

#ihviroanthracene vag obinined, Eveporetion of the siher

solution yvielded enthracens {0+21 g.).

Pibengylsnthrone (L g.), prepared by the bensylation of
16 ; , .
“anthrone, 2 &nd 1lithiom aluminium hydride {0-15 g.) in

ether (30 ml.) were refluxed Tor 1-8 hr., snd the excess
of hydride was then destroyed by the sddition of sthylace-
tale and water, When the mizture was shaken with dilute
sulphurie seid, & precipitate of 2,9-dibenzyl-9,10-
éihyiro-10~-bydrozyanibhracene was forsed and g fuprther
guantity wag obvtained by evaporation of the etheresl
golution. The hydroxy compouond ervstellised from benzens

in prisms (28 g.; 70%), m.p. 176=-177°.

“nen 8 solution of the forsgoing hydroxysnthracene

(43 g.) and mercaptoscetic acid {5 ml,) in benzenes {47 ml,)
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%ﬁ%'%@&%iﬁﬁﬁﬁy ﬂ%%@@g&ﬁ for 3 feve, 8 crystalline presipi~

tate {(0-25 g.} of ;;«?;;kg;;gﬁ,giﬁggrj;Q@Saﬁgujm;wgggfi;;va;
scetic agid weas slowly formed, After fﬁi@raiima$ the

benzene poluiion vas wvesghed three tinmes with sgusous

sodiom carbonete &nd the exiracts were =0ldified. The
precipitated acid (0-63 g.) was collected, combined with
that previcuely obisined, and eryeiallised from benzens

in white needles, m.p, 208-240%. {Pound: ©C, 80-3;

H, 5*9; 8, 6°9. Uzpfpg0s8 requires C, 80-0; H, 5-8;

8, 7°1%). It showed no distinet maxims in its ultreviolet

ghgorotion specirus.

iptogcetic Acid. ~ An etheresl

solution of methylmapgnesivum iodide prepared e

dodtde {72 z.), magnesivm (12 g.) end ether (250 ml.) ®=as

added dropwise to 2 well-stirred suspension of snthrsaulinone
{52 g.) in sther, After the ﬁ%ﬁiﬁiﬂﬁ stirring vae
continued for 3 hr., and the =ixture was carefully added

to 207 awmoniuom chloride solution containing fee. A

pale yellow solid (63 g.) was obtained., Treasiment of

part of the solid (20 g.) with %@?@ ethylaestete (200 w1, )
laft behind snthraguinone; evaporation of the solution
gave the regslired d4iol, which crystallised from benzene

. i1
%§§1’ &1 A gecond

nreparation of the diol gerried oot under identiocal
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eonditions vielded 2 samnle vhich melted sartinlly at

S and sompletely et 202° (probvably s mixture of the

A& mixzture of the shove 4iol (088 z.), m.p.
$180-202, mercantoscetic scid (£ mi.) snd henzene {25 ml.)
was gégﬁ under ﬁi%?ﬁgﬁﬁ far 7 days. A pregivitate of
white p?iﬁm%,§%¥2§ £a)s BeDo %?%wéﬁﬁﬁg thet had slowliy

formed was collectied and esrefully washed with Lenzene,

Anslyticel dats indicated the compound %o be 2,10~

167, Conlion®, % requires

The benzene solution was
gheken with sousous sodium gsrboneate, snd the yellow
precipitate was colleoted. However, 1t oould not be
fyﬁﬁifﬁgé by erystallisation. The solid (0-33 g.)
obtained on scidification of the %1%%1%ﬂ§.@X@?§@% was
orratallised from scelic muoid. It melted nartislly 8t
160° ang sompletely at %%ﬁgﬁ Chromatogrephy of the

residue (015 g.], after evaporation
solution, geve 5 yellow solid that decomposed at ga. 1557,

The sbove dicerboxyliec scid {20 mp.), vhen warned
in seetic acld contsining hydrochlorie seid (2 drens),

readily dlassolved and the solution turnes ggzigﬁﬁ %hen ths
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ohtaiaed . it crystalliesd from benzene in yellow
nesdles, 2.0. 197-5% {¥ound: G, 72-33 &, 567 8, 10-9,
Cygfl 055 peguires O, 7293 H, 5-4; &, 10-8%), AE%%ﬁa
2490 { ¢ 14,800), 26%0 (¢ 57,500}, 3246 (e 775)}{infl.),
333 {e 2,250}, 3620 (e 5,240) 3793 (e B,626) and L0417 g

« = A mizture of the

shove diol §§~§‘g.}, ®.p. 183-193%, and thicphensl {2 =ml.)

in benzene

was stored uader niirogen for £ daya.
Filtration of the resction mixture afforded & orretalline
solid (0-33 g.) which, sfter being washed with dilute

podiom hyfiroxide solution and weter wasg erystallised from

benzenc~-hexane, The fiﬁ%’ﬁ??ﬁﬁ&i% of 2,10-41 hydro-9

?ﬁﬁ and melted at %%&wé%ﬁﬁ é?@gagw ¢, 79-3; H, 6-0;

8, 1he3. CogloyuSs vequives ©, 79.2; H, 5.7; &, 15-1%9).
It was ohoerved that a solution of the compound turned |

yellow on heating. Chrom

atography of the concenirsted
benzene solution gave » further guaniity of ithe compound
{50 mg.),A~phenylihio-3, 10-dimethvinnthracene (ga

which eryetellised from hexene in Tlst yellow needles,

Bep. T1=142-5% {Found: 0, 83.2; ¥, 5.9: B8, 10.1.
Confy a® requires g, BheDy H, 5.8: 8, 10.29}), and en
unidentified yesllow solid (10 mg.), m.p. 210-215° {benzene-

hexans).
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Addition of ooncentrated hydrochloric ameid (h

drops] to 8 warn suspension of ihe foregoing 4i{phenylihio)

rompound (0«1 g.) in acetic acid (2.5 ml,) omusged the

miziore to %ﬁ?ﬁ yelloy imsedistely. Heating whe continued
for 10 min. Guring which %%@%’ﬁﬁ% addition compound

dissolved 8snd & sirong smell of thiophenol was delected.

and the oreecipitated solid (75 mp.) wes washed with sodiom

hyéroxide solution and water., Irysizallisstion froo

hezene yielded yellow needles of d-phenylthio-3,10-

dimethylanthrecense,

AL =Phenylthio=2,10-dimethylanthrecene (50 mp. )
was oxidised with chromic meid in kot scetie seild (15 ml.)
.eonteining sulphurie seid (2 drops) and water {1 ml.] On

ﬁa@?imwg snthraguinone (15 meg.) was precipilated.

mizture of the shove diphenvianthracene dial (0.5 g, )

and merespioscetic seid (L ml.) in benzene (25 ml,) was

stored ander nitrogen for 2L he, On shaking

N

the resotion
mizture with sgueous sodium carbonets & thick emulsion
formed and was broken by centrifupation. The sther-
washed agueous leysr, when seidified, becsme fturbid but no
;ﬁiié product wae precipitated. Ezxirsction of the scid

solution with sther, followed by dveporation of the solvent
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viglded a gsironge-gmelling liguid which wae probably &
mizture of mereaptoncetic scid and 1is disvlphide.
The dpted bengene solution wes svanorated , and

srystallisstion of the residue from benzene~hexane

afforded 9,10-8iphenylanthracens (0-35 z.) 2nd & smsll

gusntity of santhraguinone (4 =g.).

ibvdroanthragene. ~ & suspension of the shove

compound {0+11 .}, m.p. 145=123°, in acetic aseid (5 wl.}
gontaeining a drop of concentrated hydrochloric scld was
bolled Cor 1 =in., diluted with water and cooled in ice.
The precipitated solid {60 mg.), sfter heins weshed with

wars water, orystallised from hexene in yellow plates

of 9-{phenylthiolanthracens, m.p. 100-5-1029,

wae added to & solution of anthragens §§*%% Zey Q;Q mole)
in oxygen~{res benzens, and the mizture vas kent in
gunlicght onder niiropgen for 10 by, Az the dlsulphide
gradually @issolved the solution turned hrown, and
disnthracene precipitated from sonlution, The mixtore,

after Tiltretion, vas eveporale

4 onder 2 preduced pressure
of nitrogen. Dibenzovldisulphide [1-65 g.) and snihracens
{25 mg.) were rscoversd by erystallisstion of the residue

from bengene. Chromstography of the mother~liguor yislded
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sulphur {5 mg,), anthracens (0+11 g.), anthraguinone

{20 mg.} sn8 2-{benzoylthiojanthracens (0.1 p.).

pH of the solutions wae measured with B.0L.H.
indicator naper,

{a
{5 ml,} in 109 sodium hydrox

m

pH 5:8. ~ A solution of merseptosceiic meid

de solution {22-6 mi.) and

water {20 ml.) was sheken in oxygen. The rate of oxyzen

shsorpiion wes measured 8%t 10-20 min, intervels with &

gas burette. The resulis obtained are shown in Teble 3.1.

Time {min.) | Oxygen Abesorbed (21.)

10 0-2
30 o4
BB Be7
62 ' 10
78 -2
97 {47
108 1.9




123« = Two miztures, essch containing mergapio=

acetic =eid (5 mi.), 199 sodivs hydroxide solotion

{2%.8 ml,) and water (20 n»l.)}, were shaken in oxXypen
simelteneously. In mun (T} the addiiion of hydrogen
veroxide after 50 min. caused & slight incresse in the

rate of oXygen upteke. In run (YT} the sddition of fodine
{05 g.) snd potessium iodide {0-8 g.) in water (2 ml,)
slter 170 nin, 41d not have any catalytic effect; insitsad

The

Time | Oxygen Abporbed | = Time | Oxypen Absorbed
{min.) (mi.) {min.) {ml.)

(r} {11} (1} (11}

10 o8 130 72.7 874
25 116 16 140 765  92.3
4o 19.6 26.7 150 8Osk 975
50 2h-5 3344 160 82.7 101.9
Added 170 B6+5 105-5

~ u 2%7}2 )
85 35+5  42oh iared

?% QE‘Q éég*? ‘ ,.i %§ %{}*L} ‘3 Q—*g*i@

25 50.1 56.3 200 9%9 41090
§§ 5&«; §2~3 215 g6l 49D+0
05 63-3  7he9 2%0 38.7 113-2

6740 795

vl i
il
L




2ele = The oxidstion of merespioscetic ecid
{5 ml.} by molscular oxygen was studied in 107 sofium

hydroxide {30 ml.) end water {20 ml,)}. The measurements
of gas shgorption made at 10-15 wnin. intsrvals sre shown

in Table 3.3%.

Time
{mi

n.) | Abgorbes

Time
{(min. )

Oxyogen
%h%@?%&%
fmi,)

2h
104
$%h
124

2%-0
2h=5
268
ek

-0
b1

k5.8
LB8-Y
518
Sheb
580
&1-8
6l1=5

The rates of oxygen

ebsorpiion in {a), {8) and {¢] are

pregented graphically in Pig. Z2.4.




rates of resction of anthrscene, J-methyl- and J=phenyl-
gnthracenes with mercaptoscetic seid and ozZypen were
compered by measuring the rate of oxygen uptake in esach

case. The resetion mixture of the hvfrecerbon iﬁéﬁ’gﬂiﬁ}g

mereaptoncetic seid {5 ml.) and benzene {20 =l.) was
gheken in oxygen, and the volume of gas shsorbed wasg

messured a8t short intervals. Deplicste experinenis

using anthracens were carried ﬁﬁ% gonourrentliy, and

though the rates of oxygen sbsorption differed zlighily,
they were much Taster than the reles observed with the
%ﬁ%@%ﬁ%aﬁ@é gnthracenss, %ﬁ%‘fﬁﬁﬂ%i@a of S=pheaylanihra-
gene was repested, the second run belng cerried out in the
sresence of catalyiic guantitiss of ferrous sulphate

{05 g.) and cumene hydroperoxide (05 ml.). The
resulte are shown in Tables 3.4 and 3.5 snd also graphi-
gally in TFig, 2.2.




Dxygen
Abgorhed {(ml.)

Avsorbed [ml.)

108
148
129
139

354

L2+h

Y

567

7849
1299
131.9
1439
152}
1580
184 7
1639
165+5
1679
1707
1730
17h-2
1759
1770
177°7
1783

-0
535
Sh=&
&3+
807
U6
G990
1024
108-6
$42-4
115-0
146-8
1480
119-2
12145
18%=h
12h-0
1254
126-0
1266
1270




S-tathylanthracene

S=Fhenylisnthracene

miﬁﬁ
% %ﬁﬁa}

Oxvegen
Abeorbed
{ml,}

T orvon
JEFREn
Abgorbed
{mi.)

Time i

{min.)

Ozypen
Ehporbed
{mt,)

30

he b

52-2

E=4

543
104
1he8
194
214
3346

&

b

ﬁﬁﬁ%ﬁ&
Phiz

285

310

G=6

e %;
& ﬂggé’

73
119




ibenzylthiojscetic Aeid. - Concentrated
sulphuric acid {5 ml,) was added dropwise ¥ith stirring
to L-methylstyrene {5 z.) 2nd mercepioscetic aeid (40 ml,)

wag get

in scetie acld (25 mi.}., The warm =olution

aside for 2 hr,, then diluted with water and exiracied
with ether, The stheresl solution wae washed with water

and extrscted with sgusous potsesium hydroxide, The

2ily precipitate of the reguired scid, which wag formed
on seidificetion of the slkeline extract, solidified on
ecooling. It orystsllised from hexane in rods (7-2 g..
80%), Mm.p. 70-710 (Found: O, 63e4; 1, 6.8; 8, 15.5.

Cale. for éﬁm‘ﬁﬁg}giﬁg g, 62+9; H, E«7; 5, 15-2%),

hide. —~ Anthracens was converted
; 132
thracens vis the dithio-ohlinride,

into 9-mercaptosn

The erude thicol was dissolved in sgueous solive hydroxide
and oxidised to the disulphide with iodine. Di={0=
anthryl}disulphide orystallised from benzene in orsnge
prisms, 2.p. 218-22¢° (Found: ©, 80s2; H, heh; 8§, 15-6.
Cale. for CpglygSp: €, 80+h; H, L=3; 8, 15-3%).

iolapthracsne, - Zine dust (35 g.)

was added in smell pertions %0 & werm mizture of Ai-~{0=
anthryl jdisulphide {1°7 g.), sodium mecetate (1 g.) and

geetic anhydride (15 ml.). The miziure was bolléd fop
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> min., Tiltered vhilst bot andé d41iluted with water,
B .

The pracipitate of Z-{secelvithis)anthracens wes ocllected,

washed with waler and orystsllieed from hezene, Torming

vellow orisms (1% z., 5L BeDe 1hE-14L7% {Found:

mopochloride (4 @1;}, and the F@@%ﬁ%&&g dithochloride
wae Feghed with petrolevs sther and refluxed with hydrated
sofive selphide (L g.) for & hr., The sofium zalt of

the i10-merespto compound, vhich wag precipliisted by
treatment of the reduction nixture with sstursted sodium

ehlorids solution, was repidly cdllseted by filtretion.

Chlorescetic s0lé wag added to 2 guspension of the sal
in sodium hydroxide zolution, snd the mizture wss werned
on g weler-bath for 0% hr,, sooled %ﬁgﬂﬁﬁiﬁﬁfﬁ%@a
Urystallisstion from benzene of the presipiisted snlis

gislded yvellow fins nesdles of {0={cer

Benzylanthracens (0+13 g, ), m.p, 214=215% {Found:

; 8, 8.8, @g%ﬁg%@gﬁ reguires ©, 77+0;
H, 5e1; 8, 8¢9%), Amex, 2205 (¢ 20,200), 2635 (e 104, 7007,

su66 (€ 2,800), 3645 (€ 6,250), 3820 (e 10,950) and
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nous £ (10,700}, end a yellow crystaliine compound

o

{50 ﬁ?zngy MeDo 2287305

10-Acetylthio-1,2-Benzanthracens. ~ 1,2-Bensen~

thracens (1 g.) was converted to {0-merespio-i,2=bengenihra-

140

eene via the dithiochloride.  The meresptan was collected

as its sodium salt, which wae then taken wp in agueomse

sofium hydroxide snd ozidiesd to the disulphide with

iodine. The yllow preeinitate {1 g.) was collect

woashed with weter and dried. To 8 hot soluiion o the
di sulphide and sofium scetate {07 g.) in scetic anhydride

{20 m1,) was slded zine dust., The mixzture after boiling

for 10 min. was filtered, diluted with water and cooled

in the refrigzersior,

{0+33 g.) erystallised from petroleum ether in pele yellow
nesdles, m.n. 153154° (Found: €, 79-9; #, Le7; &, 10°4.

Opofa1,08 vequires C, 79+b; H, he7; 8, 10+6%)
2229 (e 3,650), 2313 (€ 27,000}, 2481 € 15,300){1nfl.),
2563 (e 16,575 {1arl, ), 2639 (& 417 ,h00){infl. ), 2741

(e 23,550), 2836 (e 42,000}, 2950 (e 50,400}, 3290 (s 3,000)
{inf1.), 3430 (e L,950), 3600 (& 6,060), 3729 { e 4,560),
and 3909 X (e 2,370).




A well-ptirred

{2§§§§

m.p. 117-8"), hydrated sodimm sulphide (5 g.) 2nd ethenol

mizture of S-ihiccyanopyrene (2 g.), Mm.p. 115-8%
{25 ml.) was boiled under reflux (nitrogen) for 15 hr.
The residos, after eveporation of ithe soleltion, wap isken
ap in sgueoss sodium hydroxide solution, and F-merespio-
pyrene wag precipitalted on seldificetion. The merospian

was collected and hested with indine in agueous sodiue

hyédroxide on 8 bolling weter-bath for 1 hy.

the oxidastion product {177 z.) was collectied by

riltration, washed with weter, dried and chromstographed

on stid-gasghed, desoiiveted alumine. The major fraction

wase orystsllised from benzens, vielding vellow erysisliline

pyrenyl jdisviohide, m.p. 220-222°% (Found: = C, 843

wfﬁ b 25 1 ﬁ”;g 4 ?}"‘ 3 » f«jﬁ%ﬁzj’g«% %?ﬁg %ﬁiﬁi rog O 5 Boae ?ﬁ; %qg ] *’%}f;

syrene, - Zine dust wes added in

smsll porticne to 2 wars mixture Of'di(34pyreny1)disulphide

{1 g.), sodium acetate (2 z.] and acetie snhydride (25 ml.).
The mixtore was boilsd under reflux for 2+5 hr., concenirs-

ted 1o g8. 2 ml. end then wag diluted with weter., On

cooling erade F-lBcetvithiom

rene (11 g.) predipiisted
from solution, It gryvetellised from benzene 1z pele

N . s g Ty T £ PF s Cnm g i min®
yellow needles, m.p. 136-137-50 (Found:s T, 77.6; By Lebis
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8s 11-7.  C4gHy,09 reguirves C, 78.25; &, hehy 8, 14-82),
Dmax, 2365 (¢ 35, ﬁf*}@ auh5 (e 52,300), 2592 (e 12,550),

2697 (e 22,000}, 7 {e 35,900}, 959 {¢ 6,250 {4nfl. ),
3190 (& 13,100}, 3345 {c 26,400), 3490 (e 37,200}, 3686
(& 1,660) and 3765 & (e 2,260)

v&%ﬁ

VB, §g§?gg%§%m§ﬁgﬁm

benzpyrens (032 g.), %.0. ?ﬁﬁmgﬁ%% prepared by the setion
of thineysnopen on Ih-benZpyrens (0.5 g, éﬁyige% reduced
with hyvdrated sodium ﬁgl%%i§% {4 2.} in ethenol {15 =1.).
The mizture was refluxed Tor 1 hr., cooled, fﬁlﬁ@?@g.@ﬁé

the merespian ®wae precipitsted on acidificetion of the

filtrate. I1 was collected by filtretion end oxidised

to the disvlphide (0-22 g.), m.p. 235° with fofine in

sodivm hydroxide solution; the ?@1%@%’@?%@1%%%&%@ wan
eollected, washed with weier end dried. The disulvhide,

tinn from tolusne-

after sn mnsstisfnotory erystallias
ehloro-benzens, was sugpended in warn ascetic suhywiride

zgine dugt were sddsd and

{30 m1.). Sodium scetate and

the mixture wes holled for 05 hr. The rel-brown solu
{ga. 5 ml.) was decanted from the inorganic residue snd
wag diloted with water, After vigorous sheking of the

mixture a presipitate (018 gz.) was formed, which was

woaahed well with water and dried.,
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{Found: ©, 81.03; H, LBy 8, 9-5, Cosily 08 reguires
Cy 8103 H, L33 g%'@*g%EQAﬁ%%A {in ehleroform) 2614

{e 41,500}, 2709 (= 48,750), 28h1 (€ 32,070}, 2951 (& u8,%00),
3577 (& 59,400), F00 (43,400 {infl.}, 3690 (e 20,600},

3858 (& 34 $B00), 4056 (e 32,000) snd 4109 (e 33,600).

4 well-gtivred suspension of {D-snthryl Mithinehlopide
pa
{4 g.] in benzene (50 wl.) wies trested slowly with 1ithus

azmmm@ *’;g@%’iﬁ% {ﬂ% 5 go) in ether (b0 mi.}., The exscess

i %ﬁih ethyl aceists, and after

of hyd 'iﬁg'%%%rﬁﬁﬁﬁm%@ww
the sddition of 107 sulphurie seid, the orgenic lsyer

sopet?

5% potsesium hydr

ed off and extracted with

w¥as separat
xide solotion, Aeidifieation of %%@ alkaliine axiract
with scetie acld yislded J-mercspiosnihrecens which was
hested with %%%%%ﬁZW%?%%iéﬁ (2 m1.) in aguecus sodiam
hydroxide {50 ml.) on & stesm~bath for 1 hr. On eooliag,
di=(9-gnthryl }disulphide {04 g.} and an oil precipitsted.
The oil when chrometographed on slumine shoved sevarsl
?1&&?@5@%5% bands. The major frection wes sn oll which
was readily soluble in petroleum ether {b.p. 30-h0%),

and hed 8 strong %1%@~fﬁup§%$@§ﬁ@@g Attempts to

gryetallise the o1l wers not svecessful,




5
! Anthrone {20 g., 10 mole)

wes added ln portions to 2 well-gtirred, slightly w
golution of benzylmapnesion shloside prepared from

&}, mapnegive { 7.5 g.,

benzyl ehloride (%8 g., g%w;y
é%*%@i%} and sther, The mixture was set sside overnight,
and hydrolysed with dilute hydrochlorie seid. Evspnors~

tion of the ether solution vielded %W%%ﬁﬁgzmﬁﬁiamﬁiﬁyﬁyﬁw

t0-=hydrozveanthracene whieh, when kepi svernioht in a
2

vacpsr desicoastor, wag @%ﬁ%@?ﬁﬁ% to S-benzyienihracens
#

(178 g.). 1% was purified by chromstogrsphy on &1&%&%@*

it erystellised from hexene in colourlsss needles, m.p.

2 el 165 : ‘
1337 (11%., m.p. 133%).

af.16 ~
Uf‘«‘ B f ﬁﬁ'ﬁéﬁ*f&ﬁ% {f‘g{? 3?5@

g& mole) was added to sedium {24 z., ;ﬁ mole) partly

di asolved in sthenol {120 ml.), and the mizturewas
refluxed with methyl iofide (28 g., %ﬁﬁﬁlﬁg for 4 he,

On sooling, 8 purple pewder (2+3 z.) and crude 10-methoxy-
g-methylanthracense {4 g.) precipitated from solution.

The methyl ether was converted to the snthrone by refluxing
with soetle ecid {30 ml.) snd concentrated hydrochloric
seid (2.5 ®1.) for 2 %?ggg The mixtore was sel aside
overnight. The precipitated solid {19 z.), m.p. 170~

190° was collected by filtration, &ad the Piltrate wes
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poured into fce-water (200 ml.). The brows oil which
senerasted Trom solotion was sfiractied wiith ather. The
aleohol solution was itrested with soetiec scid =nd
extracted with benzene, The olly sethyl anthrone
obtained on evaperation of the henzene sxirset 9as %&%%ﬁ
ap in ether and combined with the portion prepsrsd from

the methyl ether. The combined soluiions werse waghed

with sgueovs sofionm sarbonate and water, dried snd sdis

to 5 well-glirred stheresl golution of methylmagne

iofiide prepsred from methyl lodide (18+5 ml.) and mapnesiom
(8.5 g.}). The mixture was refluxed for 2 hr,, set sside

pveraight and hydrolysed vith ice-0old mmmonium chiopide

solation., Bvaporation of the dried ether solution yislded
& black regidue which pertly disselved on trestment viih

hot benzene. Chromatogrephy of the soluble fraciion

gave 9,10-dimethylanthracene (0«7 g.), M. 1771797
&1

. e &
{11%., m.p. 1805 ~181%), snd = green fluoreseent sslid,
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