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Some chemical investigations of l=thia=li«pyrone
have been cayvried out. In experiments with hydroxylamine
and hydrazines, l=thia=l=pyrone was shown to react somowhat
simlliarly to hepyrone. Thus h=hydroxylaminopyridine=N«oxide
was obtainhed from the roaction of le~thiawliepyrone and hydroxyle
anine, and with hydrazine a pyrazole d@riﬁativa was obtained,

In contrast, little or no reaction was observed with phenyl and
p=nitrophonylhydrazines; with 2,h=dinitrophenylhydrazine lethiawlie
pyrone=2,h«dinitrophenylhydrazone was obtained, Methyl magnesiut
l1odide and cyclopentadienyl sodium dld not condensce with lethice
hepyrone. No evidence of nuclear bromination was found. I=Thia=
hwpyrone with bromine in various solvents gave a complex to which
is assigned the formula C;H; 0S.HBr.3Bry. Numerous attempts to
synthesise metal carbonyl derivatives of l-=thla=lepyrone were
unsuccessful, The n.m.r. spectrum of l-thla=l«pyrone has been
studied.

Several routes to a tricycla[9,3,0,d§.Sjtotrndecane
system were attompted using gils,gls=l, =cyclowoctadiene as sharte
ing material. The btetrabromo=dorivative, 1,2:5,06=totrabrono=
cyclo~octane was unreactive to sodiow and magnesio-malonic
esters. Mriedel=Crafts reactions of 1,5=cyclo=octadiene with
othyl malonyl chloride and f=chloiopropionyl chloride wvere
unsuccossful, Possible reasons were suggested. j

.
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Synthesis and subsequent transformations of several
tropylphenols have been studled. from p-itrepylphenol via
triphenylmethyl perchlorate dehydrogenation and basificatien,
tropilidencep-quinone was obtained whilich was ungtable to aix
and conld not be purified, Ditropyl etherxr aund thiophenol
affoxrded tropyl phenyl thioether whirich reacited with tyriphonyle
methyl perchilorato to give tropylium perchlorate and triphenyle
methy il phenyl thiocethewr. Dehydrogenation of g~tropylphenols
vhich were obitalued by the aetion of ditropyl ether on the
corvesponding phonol afforded benzolbleveloheptateieno|d] furans
which could be fuxther dehydyrogenatod Hto bensofuranotropylium
salts. Basification of the lattoy affovded thiee products.
The £izst was the original benzo[bJoveloheptatyieno[d]furan.
The othex two were bonzofuranocotiropons isomers winose structures

are asslgned on the bhasis of Nn.m.r. Bpecira.
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Some chemieal investigeiions of l-thia~d-pyrons have
heen carvied oub, In expeximpents with hydrexylemine mnd
hydrazings, L-thia-d-pyrone vas shown to reecd somevhatd
pimnilavly 40 4epyrons, Phus d-hydroxylaninepyridine-N-oxide
was obdained from the veactlon of l-this-d-pyrrone and
hydroxylaning, and with hydrezine & pyrazole derivative
was obtained. In gontresty Iittle or no resction wes

obgserved with phenyl and p-nitrophenylhydraginess with

2pd=dinitrophenylhydresing lethia~d-pyrone-2,4-dinitrophenyi=
hydrazens was obbained.: Vethyl magneaium.igéié@ and

eyelopentedienylsodium did not condenss with 3-this-4-pyrone.
o evidence of nuclear bromination was found, I-Thiael-
gyroﬁe with bromine in variowms solvanﬁa gave a complsx o
which is assigned ithe Toxamla G H, 05 .HBr.3Br, . Numevous
attemphts S0 syntheaise meital carxbonyl derivatives of l-ithia-
depyrone wers unsuecwesful. The n.m.v. spectzum of
l-thia-4=pyrone hag been studied.
- 208

Seversl wonten 40 & Sricyolo[2,3%,0,0 Jtetradecans
gsysthen wera satiempied waeing gggg‘igalaﬁngycloa@c%adi@ne aa
starting nevarial. The tetrabromo-devivetive, 1,255,6+
tetrabronsyelo=octane ves uavensgtive Lo Bolios and
ragnsaio-nalonie asbers, UFriedel-Crsfis vosetions of
ip5-gyolo-cotadiene with olhyl walonyl ghloride gnd B~chlowro-

propionyl chloriGs weye unsuccessful. Poseible vensong wora



suggested. BJSynithsais snd subsequent transiormations

of several tropylphenols have bheen s8tudied, Lrom potropyl-
phenol yie triphenylmebhyld pevehlorate debydrogenation

and basifisation, tropilidens-p-guinone was ovisined which

wan uwastable 0 aiv and gcould not be puwified. Ditropyl

ethexr eand thiophenol affovded tvopyl phenyl thicether whish
roasited with tripbenylmethyl porvahlorsie $0 give tropylium
verghlorate and twiphenylmethyl phenyl thicethew. Dehydrogane
ation of o=tropylphenols which wepe obisined by the sction

of @isropyl ethszr on ths corrvesponding phenol afforded bensofh]
Gyelghep%aﬁri@na[é}furans whiah could be furither dehydrogenated
0 henzofuranotvopylivm salds. Basificeilon of the latier
afforded threa profusitis. The first wes the owviginal
henzo{b]@ycl@hep$a@riano[é]fmﬁan; The other iwo wers
bonzofuranotropone isomexrs whose sitruetures axe assizned

on the basiz of n.m.F. sPRGEra,
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Sromaniaily

e was by coincidence Thav anong the many
odorifarouns componnds listed by Losﬁhmid%ﬁ in 1861, mosh
contained the beosene mueleus. The term ‘aromatic! then
neant literelly 'of pleasant smell oy taste’. 4 few years
latexr, Kakule%gs regogriging the sirvcture of the benzens
miclens, propoesed that this objeciive gualitebtive featurs
ghould he the defining eriterion Lfor aromatic compounds,

I% was only moniha, howevew, hefore Erlanmegezﬁ introduced whe
point of view that avowaiicliy sncompassed subsbanges of
similary dehavionr rather thaon substanees with a common
structural feature,

Theve fullowed a vigovous developmend of the
chenistry of bemzenoid gompounds, the structure of the
benzense molacule baing the subjeot of a lavge nmab%f of
hypethesesﬁ the magoxﬁty of whieh now epjoy only historicael
interest, |

A number of properdiles becsme recognized as boing
gommon o henzenoid arcmatic molecwnlas, such sa the
gtakility of the system; apparent From itz esse of
formavion, and the Aiffiguliy of efleebing addition

reactlons at the double bonds. The hydrogen atoms ou
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the ring, on the obhoer hand, weve easily replaced by

rvariouns groups in electrophilic substitution reactions,

2.8, nitration, sulphonation, halogenation, acylation eic.
Substituents in arvomatic sysiems appeared %o have characier-
igtie propexiies €.g. acidic propervies of phewnols, the
weakened basicelsy of the amine group, the ability to

mndergo aszo-coupling, the lack of reactivity of halegen.

Of siviking significance, however, was bthe Lheowy
of the “aromaﬁie sexteh?! pegtulated by Armit and Rehinsenﬁin
1925, which staeted that six slectrons of the benzene nucleus
Tormed & gtable system responsible fovx the arometic
character of the svbsiangs.

Although this proposition provided no physical
explanation, it immediately found support in ensbling a
comnmay Factor to be found in the strusture of bengene and
aromatic heterocycles and also sxplained, if only formelly,
ihe abg@nc@‘of eromabicity in cyclobutadiens and coycloe
ocgtatotrasns.

Then, in a showrd peried avound 1930, the svolubtlon
of the quantum theory revelutlionised the whele approach
t0 the problem of srvomaticily. The application of
molecular-orblial and valence-bond methods %o cyelic

conjugsted systems, as well as providing a ohysical bhasis for
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the ‘aromabic sexdtett, allcowed the caleunlation of lthermo=
ghemicel rosonance ensygy., an expervisenitaliy-maasurable
guantity. Lgreement balween calculated and expsrimental
values proved the Ffundanmenial adeguacy of the guantum-
mechanical methods although sheilr application o problens
clearly ovmd up with sromatic characier, such ag veactlviitiey
and sleotronic spectra, has noever produced such clear and
sinple agveemenids with experiment as has the calcoulation

of resopance enevgies.

Y

A& major contdribubtion bo the Lfounding of the modewxn
P 9D

thaory of aromaticity was mede by Huckal who was filrgt
te apply the molecular-orbital methoed to aromatlc systems.

To apply this method, the N-~electrons of a
gonjugeted sysien are regarded as being commen to all the
carbon atoms of the systen, and occurying in common molecular
orbitals.

Three types of molscular orbiltel are possible.
These are the bonding oxbitals, in which elecirons have less
energy then in the atomic oxbliials and consequenily thelr
ceeurrence in thess orbitels wmakes ithe sysitem more miebls.

Thexe gre nonsbonding orbitals in which hthe enargy of the



glectrons is the sane s thad in abtomic orbdbitals.
Tinally, thers are snipi-bonding orbitals in which the
energy of eleatrzons is grester than that in atomic orhitals
and hopes Hhe occurrence of deotvrons in these oybitals is
energetlioally mndesizeble, To conform with the Paunli
princgiple, oot wors than two eleatrons can be allocaited to
apeh such moleeulas orbital.

Solution of the wave ecuation For & given aromaiic
syaston doteymines the numberg of each typs of orbisal,

Galovlations by this approach show thut bensene
contoine three honding and three anti-bonding molecular
orbitels, and in the grouwnd atate the aixite-aleatrons of
the sysiem occupy the most favourable lowest enexgy levals,
which ere the three bonding orbitals. It can be shown by
analogous caloulations that in the ¢nse of thres isolsted
double bondew The emergy of the 3 x 2 Jtelevirou system is
about 39 k.cal mole more than thet in the common fF-moelecular
arbital gymtémo

The stability of the bemzene nucleus (1) is Shus
axplained by & closed Bix J-~alecivon systeom which may
he gompared wiﬁh.the specially steble slegizron shell of
the inerd gases, in thed enitwy or removal of an él@&%rom

requires the sapanditure of ensrgye.
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By application of this concept of a closed
W ~elsctron shell in aromatic sysiems, fAuchel was able 1o
show theoretically thait nobt only bensene bhub alsgo five-~ and
aaven-membared rings possessing conjugated sysiems of
Git-aleetrone and besring a negrpitive and positive cherge
veapectively, giving the Gy H,” enion {II) and the C,H,"

cation {IIT1), could be arvomaiic and snergetically astable.

@ ©)

(1) {11) (111)

Thus the remarvkable propevhies of the gyslopenis-

: 0% 4
flenyl anion (1)) prepared so much sarliexr by Th&ala
found satisfactory bhecretical explanation and in 19%4, Doering

12 . s o
end Knex  obtained the ivopylium {oycloheptatrienylium)

Gabion.

As a fTuriher consequence, the eromatic characiey
of five-menbered heteregyclic rings could be explained,
sinca these contain sik Weslgclivons, fouw elagtrons Trom

double bords and two unshared eleclbrons of the hetero-~
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atom, in three bonding molecular ovbiials.

Huckel's epproach finally allowed the guestion
of the aromaticibty of a wide varigty of oyclic syatenms
o be elucidated ¢ven without numeviecal galculations, and
o general rule which he dorived states bthet “mon@&yclic
conjugated pelyolefing having the symmetzry of o regulaw
polygon possesn & closed elegtron gshell and conssqguently
arvomatic stability £ the number of JT -electrons ig (4n o 2}
{(whevs n is an integer}?.

Qther sromatvle systems weve thus prodicted,

The parvend cyclopropenyliuvm ion (IV), which
satigfies the dn + 2)rule® where n = 0, isg not yei known
but Breslow,  in 1957, obtained the first derivative of %he
syeten by symtheslaing triphenyleyclopropenylium tetrafluore-
borate, |

Only very xecently, Katziﬁ reported the prepvarasion

of the eyelononatetraenyl anion (V)n

. g’ﬁ%ﬁ%

PN e
‘n\‘\ﬂ e

() (¥)



Thua aromatic characiter hos recelved various
dafinitions anf explansations since its original conceps.

The most regant atiempia o define aromaitic ¢haracter ress
thelr arguments on physiocal wnther then chemicel properiies.
- . B © L ¥

¥olpin, in 1260, wrote ‘aromatic compounds are
those unsatureited ¢yolic compounds in which all the wing
atong taks yart dn the formation of & single conjugated
systom, and the X-slegitvong of this sysiem form & closed
aleocitzon shall’,

16

Even more vecently, Elvidge and Jackman, in
1263 wrote ' Ve can define an aromatin compound, therefore,
g8 & gompound which will susitain an indvced ring currsnid.
The wmagrnituds of the wving currvent will be g Tuncition of the
dolocelisntion of U -glecirons around the riny and thervefore
g neapure ol aromaticelity?.

The wost recent comment, however, by Halnep v
siabtes 'A high degvee of elsetvon delccalisation, i.e. &
strong ring eurrvent of the K -electrons doas nod always
guarantes benzsns-like reactivity and atobllity. Ii%
therefove appears Justified ¥to distinguinh between 'aromatic
characher® of the ground state and *eromstic’ peactivity and

stabilisy’.
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Llaydia alse spprecizted the significance of such
an approach when he gamalm&a@ Tin coensidering the aromaticity
of any compound; 1% is best to vecognize that both the
claspical conceph, based on chemical anslogies with benzene,
end the modern one hased on physical factors should be taken

into acoount, and that & compound may not satisly boih

eriteria egually wellt,

The Tropylium Cation znd Tropyiation.

Althoughyas has been atated, it was not uatil 1954
that $he tropylium astlon was wegognized the cana@pticn‘of
& slable G?H?+ aoiedy was successfully applied by Dewarga
to slucidate %h@'praper%iae and styueture ¢f the naturally
oscurring tropolones. Thue the properiies of sropolone (¥I)

and ite dewivatives ware explained by & ﬁtrucau“a hased on

8 seven-membered arom&ﬁm@ ﬂystam (vy11).

e @p-vncg\?{j

#ﬁﬂlhig§,f¢3&ﬂ g4*”\%§
®)

\—:_-—u.t mat

{vi) {vzz)
Similurly tropone (VIII) ocan bs descxibed by

approximetion to a dipelar structure (IX).
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Phyasical evidencs became svailsble o confiym these
hypotheses whan Rnherﬁﬂonio by K=way study of the coppey
salt of YFxopolons, showed the seven-membersd ving o be &
plenar alpost regular polygon, the lengths of the carbone
carbon honds éveragiﬂg 1,40 E» The carbop-curbonr hond
length in tropome was shown to be l.41 E,?i These inter-
atonic carbhon-carbon diztengss corrvaspond o a hond order
intermediate betwsen that of & single snd dounble bord
econfirming the sromeiic character of $he wings concernsd.

Suppert Tor a degree of elecivonic pelarisation

wag obitained by messuverant of dipole momenta. Thus tyopone

2 H

B2
was shown 10 hove & dipole moment of 4450 D, which can
ba gompared wibth fthat of -gvalohepitanons which is only

BAa
504D,

Chemical avidence displays beyond doubd the

prorable character of the tyopolones which bohave wery much
like phenclis. Yropolones readily undergo wvarions electyo-

philic subsbitution reactions such as nitvation, sulphonstion,



hEasd

o

nitvosation, halogenation, hydroxyme thylution and coupling
gith arvens diagonium salis,

The aromatic characiter of tropones, however is
not so evident and hasg indeed been disputed by Buchanan and

28

lockhart who atate, 'the cage Tor aromaticity in tropones,
in terms of chemicald evidence rests sntively on amination
by hydwrazine or hydvoxylemine’. Tropene in fact Tovms &
semicarbasone and a 2,4~dindtrophenyl hydrazone as shown by

a8

€3

Kozoe.

The chemistxy of tropones and tropolones has besn

. .. 27 ) 25
reviawad by Paunson and Nozmoe.
12

Dogving and Xnox  eblaiced the unsuvbstituted
tropyiium cation re tropylium dromide (X)) by thermal
alimination of bydrogen dromide fyxom dibromogyelohspiadiens

as folilows;s

o N ' a‘ﬁ::h‘:_‘\ e T
Y Bre T T e By o :{‘\}
e S S, .-_-....-*_.51 o Pi . =
y ) j;\nw & /\\ i | N // E‘?}t‘r’
v e Nt
{X)

29
This reaction had been carried out by Yerling

88 early as 18921 but the product was then considered to be
g s80lid isomer of dibromocyelohaphatriens.

Variouwgs meithods have now been devised for ithe
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A considerable anount of attention has been devoited
to tropylation reasctions whers the fwopyl ring is introduced
inte ather ovganic meleenles. It is the most charactgristic
propevty of the fropyiium cation thot it undergoes esasy
reaction wish various nuclecphilic veagents. In the mejority
of cases this leads to eddition of the attacking sgent ov, in
other words, the inbtrodusition of the tropyl ring to thsb
agent l:e. twropylation, Nevertheless examples are kanown of
nucleophilic exchange vesctions in the tropyl nwelens,

Por ewampla, chloro-and bromotropylium salis, on btreatmendh
with water, exbremely readily sushenge the halogen atom Tor

BYIRE
a hydroxyl group.

/“-h‘zw
@MM 0 [@ o o e
.-v xz\"‘“‘ ..,,g::";
Ae might be expeecied, electrophilic weactions

diagnostic of bangenoid svomatic sysiems such as nitretion,
sulphonation, and acylation have not been inducad in
tropylium salis.

The uwnuswally high electrophilic properties of the

39
tropylium ilon were first reporied by Vol'pin el aln who
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N

stated that twopylium aalis could slkylate compouvnds with

sotive hydrogen atoms according to ihe generval equabion

i f:,:% I b4
(£)) + e o v
et N7

whewra X and ¥ eould be -CO0H, ~CO0C,Y;, ~COGH;, «NO,,
0N ato. Whowvs the methylene group had high reaciivity
such as in P-kelbo-ngtors and PBedikebones, the remchions
proceaded very voadily in the cold amd even width the
evolution of heal,

The sane &uthorﬁﬁa showsd that aliphatic aldebydes
nadergo similar rzactiong snd that alkyl and alkyl axyld
ketones reaad with the tropyliuwm lon only on hesting.
Jozdan and Elli@tﬁi prepared Netwopyipvhihalimide (XI1)

Trom Sropyliuvm bromide and potassivm phthalinide

)
Ry,
S PN
LA
e’ mf’ NWﬁzk
&

(X11)



¥oltpin ef al. reperted that avomatic compounds
such es phenol, guinol, phlorogluciaeld,resoxrcinol and @
and f-naphtheis also react with the twopyliuvm iom and ﬁazoﬁéz
repoxrted the veacition of Iropyiium ion with sodiuvm phenoxide
and sodiuvm Pensphiholate.

43

Vory yecenbly, Nosee g al. reporigd the weaction
of tyopyliuvm bromide wiith soddum Hvopolonaste %o give
Ba{Tetropylle (H1TT), Se{T-tropyl)«{XIV¥) end 3,7-di-

{7T-tvopyl) trvopolome (A¥).
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Reasciions wibth several compounds bhaving acitivated

24
double bonds have alae been voperied, e€.g. vinyl ethevs,

29
with @yclapem@&dian&J tropylivm salis veadily
give tropyl devivabives (XVI).
o
®).- .
Srzat® E o LN,
\\"'ﬂ.‘r—‘*"‘""’/ 2 i \ %h_, f"{‘ -
OR O I\ " gﬁ
B NS

o
ﬁ = i
N j
X 4
\«;:‘: (xv1)

WE}.@?@ K. == 'ncczﬁag =2 Oﬁg “'Ow(:(}nc}i&
Reacetion of crganomeiallic compounds wit

teopylivm selts has alse besn shudded. Alkyl and axyl
tropilidenss are yesdily obtalued by treatmeny of the
appropriate Grignard vesgent or organolithium compound

ith § Ly < ., G35 4G
with the Tropylium ion.
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With cyolopenmibadienyl sodivm or iithium |
twopylinm salts give, not the salt G M,  C,i,", bub tho

covalent aompound, oyclopentadienyl ecyeloheyptatriene (XVII)
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The siauplest of the rsactions beitween bthe tropylium ionion
aud & nusleophilic resgent is that with the bydride iomion
o give pyclehspbabtriens. Such e reacition is obtalned
with sodium barohydvide ox lithivm aluminium hydxi&a%g
in fact, the tyopylinm ion can absiract hydride
ions from easlly oxidisables compounnds. Por exemple,
on slow newtralisasion of nn agueons soluntion of &
tropylivwm salt with sodiom bicavhoenate, tropoms is FTormed
by dehydrozenation of tropyl aleohol (XVITX) oxiginally

. ' . . BO 51
formed Trom the caticn in the aguoons medium
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Similarly Adtzopyl ether {(XIX), in the pressuce
of tropylivm doms ox & trvace of hydrochioris acid, which
generates ions from the ether, disproporiionates into

. 50 05§
teopons and  cyeloheptatrione.
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Deering ont Xnox have eaperted $he »easthion

ok trmpyiiam antts and the mathoxide down %0 give SLomehhowy
ﬁ&“ﬂﬂu0b1 edona (KX) and with sediun hicarbanate to give
ddtznpyl ebhew (#3%Y. With sgueous amuonis disnopyleming
(351) 13 formed and, in othoreal solution, aumonie snd

ropyling salts form vwitropylamine (EXIT).
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That ditropyld %&:ez and allky? ethers ore

exdvenely eoslly cleaved by mineral aclds Yo give tha
L . ATIRBIGQISY )
more siteble tvapylium ion explaing why the

treapyrlabion veaedion ia also o properiy of those sthers.

Nozos and Kitaﬁ&r&?é reporved the suxothermic
raagtion of ditropyd ether and athyl swopyl ebher wish
phonel by mersly mixing withoud golveany $o give o~ nad
p=taspyd phonold aﬁd ditropyd phenol.

-

pSalylancl was hropylated in bhe peposition

Ba4
wish Altzopyl ethow,

L
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Vexy wotently Juls and Volithoune
GS .

leitnew  prepeysd & vhole series of pepubshlbtuled swopyl

honzenss vslng sethyl teopyl other and bhe Grigased veogent

OF the gorwvenponding pesudsiituied bromobansans,



Polvoyelic Aromaitie Sysisns

Buckel's vule for the siability of a systea of
{4n 4+ 2)Frelectrons was dovived FTor monooyelic meleculen
only.

However the fact thal numercus bioyelic and
polycyclic molegnles wers known whoge aryomatie chsraelher
vwas uvndisputed, such as naphihalens, enthragens end
phenanenthrene, and which sabisfied the s{4n + 2) Tule’,
peomp ted Wbl”piniﬁ to nodify the rule t¢ include polyeyelie
systons, accepting that bridging bonds could boe neglected.

Yoldpin stoted that ‘any plane (or nearly plans)
fused system eonibalining up atoms common to more than two
rings will be aromatic if the number of % -elegtwons in it
is equal %o 4n 4 2 {(wvhere n is & whole number}®. An added
and obvious eridexlon was thad the rule related only se
systoms in whigh %he bwidge containg no additional atome,
i.e:. in the Baeyer nomenclatuve, to syat@m@cantmining"a gRry
atom bheidge.

The possible fused bicyclic combinations, of

five- wnd seven~pemberved rings only, are as follous
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0f these, only azulene (XXIV) eatisfies the
“hn 2¥rule' for aromatieily. It was fivet chereeterised
by Pfam  and Piattﬂexps in 19230 and is fndisputabdy

59
aromatic,

Coxrespondingly, pentalens (XNIIL) and
heptalens (XAV) were not expecied Lo be asromaiic. B
was not unbtil 2961, thet the synthesis of hepialens by
Dauben sand B&rtaliiﬁa nrovided sxperimsniel confirmssion
of this theoretinal pradietion.

I% im yerhaps signivicanty oo, thal pentalene
hag noet yet been synthesised.

Using Fhe gemévelised'{in + 2)vule’, a sexies oF

fused ble and polyeyclic syptems which might ve expecihed
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o diaplay eromatic chavacter heve been pradicied.

This series inclwded the following,

(X7 100

By tho same mule, systems which might not

he ex; ecbed %o display avemalic chavagier such es

~ - i 'Y 1 5
{%X%) and (ZTRI) ware predicled.
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Sulfiee 1% %o say that of these systeoms
Sulfice 1% to say thai of these systemu ao

{FEVI-KXR1) S-indacene hos since been synithesised by dAniner
whe showed 36 0 be nou-aronetie ae predicted.

Wath txdi- apd pelyoyelic syalems heving atons
3ommen B0 thaee wingwsy the *(4n + 2) rule! no longew
npplies. For oxemple, scemaphibylene {(FRXIX) hes 12
elogtrong and therefors does not confowm o the

Pin + 2)relec alihough it iz avomabic.

With such sysiens caloulations are necessoxy
hy the nolssular-oxhilel mathod olveady described %o
detarnine whether the molecule gonsains @ closed
B oealectzon systan.
L 69
As eaxly sw 1851, however, Cwaly presenied

a thaoxy to distinguish beivaen moleculey which might

b

9]

expacsed 0 show normal aromuitiq hohaviour and
Bhose which might not,  The olagsificatdon, beswsd on the

symretry of the sleotioniae ground shate, counld bs zppliad
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to molepules having one or woxe Lwoiold oxes passing through
t0 molepulss having one or woxe iwoiold oxes passing through
at least twae of the W -sanires. Thus moleculss not heving
thess axes of symmetyy could not be glessilied and cowld
ouly be dealt with by an sctuel calcoulation of energy
levels.
Prodietions thue possible need boay no relation
o the awmber of M -electrons, exeepd in monceyclic
hydrocarbons where all molaegules having 4An i -elechrons
arve nof sromatic. It does therefore explain the aromabin

choracter of such molesnles as acenaphihylene (RAXIL).

Hetvargoyelic Aromatie Componnds.

1% has long been roecognliaed that benzenoid eromaible
gharactier is exhibited by siz-mepbored heiervogyelie
gompounds such as prridine (XXXITIY and pyrimidine (XXXIV)

whers =CHe i9 replaced by =i~,
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As Bakewx pointeld ont, a2 ~0H=0H- group may

he weplaned dy hetern- atons having a loas palc of p-alectrons



Thus subsiitubion by -Hi~ gives pyrrole {XEIV, X = -NH-),

subgtitution by =0 gives furan {(KXAV, X = =0), and h;
oS griver thioohen (ZXXV, ¥ = «8=),
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In 211 these cosas, the sextet of J-elegtrons
de maintained by the contyibuilon of the hetercs atom,

i% is amteresiting to nole that ewvemples ave
Hown, ©.g. btribovens briaming {KKKVI}gsa whére all
the carbon atoms ars replaced giving vurely inorganic

aomponnds wiith aronatic benzsnold sSHrMQLUYOS.
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Componnds svch as pyridine (BXXITI) redain thelr

axonatiec charvagtor in the fown oF anldis or gquaternony

dazivativen (XRAVIY) aince their Lfovmatbion involves only

the wnshored paiy of alsatrons on the nitrogen atom,
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In the same way a positive cxoniur atom =0~ gun alse
replace =C~ in the benzene wing o glve the pyrylium
cation {XXXVIIX, X = 0), By annlogy, the thiapyryiins

gation nen also be obisined (AXXVIIL, X = 3).
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{FXXV LY {AREF LI}

Bokex lelid down ceziain limlitabtions to these subsii-
tudtions, some of whish heve since been owitioised by V91°piniﬁ
However, Paker 4id efete thet 'If & group caryying an slechric
sharga is introduced the result will be an Lok...

A newtrel molecwde will also rasult LT some exegyelic afom
or group, i¢ attnshed which has an opposite cherge'.

Thus, attashmens of o negative oxygen abtom to
the peposition of ghrvebwre (NZZVIIY) gives the dipolax
Torm (XXXIX), whiech ven resonate with the nentyal siruaiurs
(XL) of @.ge lyd-pyvone (XL, X = 0) and lethia~d-pyrons

(X1, & = 8),
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Thus k,4-pyrones (XXXIX = XL; X = 0) and
tethiaed-pyrones {(KXXIX = XL; % = 5) may be expected to
display to some extent the characisrigtics of a closed

fh=clegtyron shell.

1-Thiged~pyeons.

Becauss of their wide disiribution in natursa,

pyTans, pyrylivm salis and pyrones have been the subject

ef an immenze amount of chewmical ressarch, &8s regourse

84 265
o hexb=books on the subjset will show. They ave %0

o
o

found in carbobhydrates, chromones, Ilavones, antho-
@7ﬂn1ns and alkaloids,

The sulphur analogues on the other hand ave
almost entively of gynthetic ovigin and have receivad
congiderably less attenstion.

Thus, despite an appreciable amount of veseargh

davoted 0 synthetile woutes to l-thie-4d-pyrones, no
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datailed chemical investigaiions on l-thia-d-pywone have
veen rapoviad. Some interest in Ats physical properiics
has been shown {see below).

The Tirst derivatives of the l-thia=4-pyrone sysiem
were prepared aza early as 1904 by &pitzschés by the esiion
of gavbon disulphide =and alkald on ketones of the general

atrugiurse ROH, GOC}EP R

ROH, GOCH, R e

leThia«d=pyrone liseli was Tirst preparad by
~ @ "'D -~ ", H > ' 2
pxndt and Bekiwp in 1930 by dehydrogenation of jeitrahydzos
led~pyrone {XLI1} with phosphorns peniachlorids.
Tetrahydvo=l-this-4de-pyrons had bsen prepared a few
. o s _ .
years sariier by Bennett and Scorvah from diethyl HRY~

thiodipropilonate {(KLX) by Dieckmann eyclisation and ireeibment

of the prodnred with hot diluite anid oy cold dilnte alksli
GH, - 0B, ~QCOET & &
S 1 cooee 1l
S Pee \x‘{})‘; el B o &’i{ e
\\\“ mama&u-ﬁf} | !‘*—‘ﬁ"*‘:iﬁ‘mzs
CH, = GH,-CO0EY
7 e G o &

{x11) {x111)
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Since then numerous routes Lo itetralydro-
lethia-d-pyrons and its devivatives, and hence l-thia-4-
pyrone and its derivatives by phosphorus pentachloride

. ) GRIPQPTL VTR IVD OV
dehydroganation, have heon ostablished

The last decoade has produced routes to lethigede
pyrones which aveid going through the %tetrahydro=siage

, Y6
In 1954, Bardone  obtgingd 2,6-disubstituted 1-th

»f-pyrones {ALIV} by irealtmsnt of di~{B-subsiiiuted)-ethyny

s
A

ketone {(XLILIT) with hydraegen sulphide in = ssaled tube s

100°,
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¥oyer prapared lethig-d-pyrirone diasld Lrom

lydepyrone by trostment with sediuvm hydrogen sulphide by
simply exchenging the wing oxygsn Tor sulphur.

Physigal measurements on l=thia=Jepyrone and
ity derivetives heve shown thad the structure of thsa
molecnle os depicted in foxm (XI¥) doss not explain the
rasulis owvdained.

Interaciion between the carvbon-oxygen dounble

*

the ring sulpbur stonm

My

bond and the vnshared electrons o

1is



through the Hvo nuelear double bonds can be initisted by
the tendescy of the carbonyl group %o form the dipole 20 - 07,
The Tellowing resonance Tovms (RILV-%XLIY) axe

thevefore possible and the l-this-d-pyvona molecule ias

congidersd t0 be & hybrid of these forms.
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Bhe first physical evidence obhitained was by
messuvensnt of heais of combustion of 2;6-diphenyl-l-thia-

d-upyvong (L, B = Ph) i$s tetwahydroe davivative, (L1, B = Ph)
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The values obigined indloated o resonancs eneygy
in (L) of %2.7 k.cale mole.

Thene compounds were &lso subjscited o dipoise

G 9 .
moment studies  aud the resultas hogether with the cesvlis
of more vecent studies on the parsnt lethis=d-pyrons
g0

molscule by Traverse  indigate slectyonic dopavrives
from strecture (XIV). Pron sivucture {X1¥), neglewbing
any intersction through the double bonde, the dipois
poment might vessonnbly he equated Fo bhe differencs in the
woments of the o 3C = 0 458 gro Teking the
momanNes oX wae Qor @ ™ Y £ Gt groupd, LRELNgE wvOo
mwoments of benzophevone (3.0 D) and diphenyl suiphide
(1.5 D) an being repvesentabtive of these, the calewlaied
momant Tor lethimedepyrone is 1.5 D, The ohasyved value
is 3.96 Dy indicadting some interastion Shrough the

double bonds, MHowvever, in the axtrame dipole sitruaiure

of Ffoem (XLVIL), the calculated moment is obout 20 L. The

lavge ditference in this ¢aleulsted moment and the ohsguvad
momend of 3.96 D is t0 be expegted aince dlnolar shrustuves,
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gven thongh otherwise Tavoured, become increasingly
snsteble with increased sspaxation of change.

Terbell and Hoffman?z atuwdied Hhe indvared
spoctzun of lebhige-d-pyrong and of some of 1ts dewivavives
The epectrum showsd 2 sbrong carbonyl pesak et 1609 cmo“i
whereas vesonanse form (KIV) might be expected to shew
an ghgorptiion band in the 1660 cmu“”ﬁ region typicel of
& conjugatad cavbonyl group. 0f added glignificance wss
the faet that l-this-fepyprone sulphene (LI, B = H) ghowed
nocmgl cavbouyl ehsorpliion at 1657 om, T and sharp bands
in the carbonecarbon double bond region. In the sulphone
contribubions from resonance forms similer e {(XIVII) end
(RLIK) are no longer possible siuce Yhe sulphurw abom
oo longer has wasbhared elacirons to donate to the »ing
BTV B,

The wltraviolaet spsotrzun of lethis«4=pyrone

g2 $83 : .
has eloo been siudiled. Mayims 2@ 220 mp (& :19,500)
sod 269 mp (&£ ,15,850) are obtained. This also veprosents
2 shi®t o bhigher wavelengbhs since normal af-unsaburated
carbonyl compounis ars expecipd o absord hatwesen 220 and
250 e
One piece of chewloal svidence %o show that

¥

vegonsnoe within the isthis=d-pyrons mnclens iavelved +he



unsheyred aleatrons of the sulphur atom was presented by

5
-

G
Axndt and Bekir  who showed that although tetrahydvo-
Lethined-pyrone (LI, B = B) could be oxidised by hydrogon
peroxide %0 the sulphone (LITI, R = H), leothised-pyrons
was pot oxidised under similaer conditiong and more vigovous
reatuwont led $o ils destruchion.
D . ) L
Traversoe has sinee besen able to obdain a
trace of the sulphowne by direet oxidation of J~thiged-

pyrone by trestment with hydreogen peroxidse for & days al

=5,

The i=thia-d4~-pyrone molegule has »eteived a
a6
theoretipal analysis by Zahradunilk and Kewtecky. By

rathematical stndy of Re=slecivon density, Tree wvalauoa
and bond order, theoratical prediciions sye mads foxr Ths

pentres of electrophilic, nucleophilic and radigal

resatbivities as Tollowss

e Bleobrovhilic gubghdbution

:f\ 55 . oo . .
P § - nueleophilic substitubion
ﬂﬁ@@é ﬂﬁ
ittt P ot
LI 4 gonradioal subsititution
T B .L‘n .

&z vong owdsyy 0.8 - 0.9,
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Some Chemical Iwveshiigationsy of l-This~4d=-pyrone




Preperablion of Ll-Thigedenyrons.

A sbtudy of the hknown rontes already described in
$he inbtroduction Tox the synthesis of le=thired-pyrone
indicated that 1% would ke momt conveniently prepaved by
o twoe-stage progess from commervially obialnebls chelidonie
aeid {LiV) by deesxbexylation to Aepyrong and conversien
of the latter %o I-thia-depyrons by Mayerts mmtho&?ﬁp??
valing aodium hydrogen sulphide. Phe decayboxylstion of
chelidonic aeid by pyrolysis with copper powder whioh had
been carried ounbt by Willsiatter and Pummewaxﬁsan& later

7

vefined by Cornuvbert and Robinet, wag nedifisd to e

simpla laboratory proparstion.
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Carbonyl Grovp Reagtivity

Inibial chemical investlgations of the l-this-de
pyrone moleauls weve concentvated on the wvesctivity oX
the earbomrl grouvp btowerd hydroxylamine and various

hrdraslines.
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In 1%s vegetion with hydvorylamine, lethis=Jepyrone
was shown %0 dehave like 4=pyrone as studied dy Parisi
gﬁ‘ggﬁﬂa Prom A-pyrone end hydrorylawmine they isolated
debydroxylaminopyridine=i-oxide (W), To explain its
formation they preposed & ring opening peqUence Tellowed
by elinination §£ vater and ring glosure. The produet .
on dreatment with sodivm hydroxide soluition yleldad

4dedf-agopyridine=i, 1t ~dioxide (IWWI) thusce
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leThia-d-pyrone yielded the seme produsis {ILV and Vi)
probably by & similar mechenism involving in this cese thse

alimination of hydrogen swulphilie,.

80290
Jones gi.al. Cgtndied the vreagtion of depyrone

with hydrazine, phenylbydrazine end penitropheunylhydraszine.
In sach cape, ving opening ook place followed by further

reaction and cycelisation to give the corvesponding pyrazelyl

dexiveabtive {(IWIT) as formulated belaw:.

!
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wheve B « ¥, phenyl and p-nitvophenyl



i-Phie-d=pyrone reacted rapldly wiith hydrasine,
hydrogen sulpbide beoing evolved., Aflter potassium
permanganate oxidation of the msactlon mixtwrs according
0 the method of Jones and Mann,ag pyrasalo-F-crrhosyldic
a@iﬁgﬂ wag isolsted sonfivming reaction gimilar to theb
obbained wilth 4-pyrone.

By sontrasty however, phenyle and penitrophenyle
hydm&giﬁé reanted ewbremaly slowly, i€ &t all, with l-thip-
~depyrons, the only evidesca obiained %o muggest veaction
holug the slight evolution of hydrogen sulphide aften
yrcléngaﬁ refinging of the reaetion mixture, which might
indicate Bhe ring opsving mechanism o pyrazcles.

Pox the sake ¢f comparison, the reaction of f-pyzons

: 20
with penitrophenylhyidrasine in glaglial acetic e2cid  waw
repaatod. The expeeted pyrasols devivasive, le{p-nlitrophenyl)-
Sepyrazolylacataldehyde penltvophenylhydceszone (IFIL, B = p-
nitwophenyl) wes fommed in & few moments. 4 siwmilar
gxperiment with l-thiacdepyrons yislded only leacatylefe
{p=niivrephenyl )hydrazing,

Wilth 2 4-dintivopbenylhydrasine in athanol a trve
sarhonyl devivelive was obiained whioh waes jisclsied as the

hydrochlorifesalt (IVIIl), This gave the free baswe,



R}
—ah

l=thig~d-pyrone 2,4-dinitrophenylhydrasens (LIX), on

treatrent with watsw.

RN
NE T \j} ~NO,
R };"‘:‘.‘i e
-

‘. | O, ﬁ% E‘ ND@

‘{h i: ,1 \% .fodv
(IFIII) (TIX)

The hydraszone (IVIII) was alse obiained in glacial
acetic acid along with leacetyle2-{29,47-dinitrophenyl)
hydrazine,

Abstemptad Reaction with Ovganometallic Reagents.
D i &

-

Imitialed by a combenpovary interest in the

preparstion of new nonebenzenoid arvomaivic systens, ilnveshigae=

1.

o

ione were focussad on the intweducition of alkyl gvouvps; and in
parbicular the cyelopentadienyl grous, to thse 4-position of
lethia~4-pyrone witlk & view Lo prepaving the unknown 4~Cycloo
pentadienylidene=l-thiapyran (IXI, X = 8) analogous %o
sesquifulvalone {cyolopeniadienylidene-oyeloheptatrieae)

{11},
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Sesquifulvalene (1X) 1s not yet known although
tobrabenao and‘tatraphaﬁylﬁﬁ derivatives have been
reported. fiore vecanbly Primgbaah?é preparad & mMORO«~
subgtituteld derivetivs.

The fivet simple d-gyclopentadienylidenc-

dihydrepyridine devivative (IXI, ¥ « NeQN, ~Ggli; Cl

1y, ~2,6} was

praparad in 195696 and other dewivatives have since been
pr@p&r@dfs The parent sompound (ILXI, X = ¥H) is not
et knowi,

In the snalogous oxygen end sulphuy sysiems,; tetrabeonzce-
derivabives (IXII, X = O, 8) wers obtained by Schonbeng
gﬁ_gésg? in 1959 from the remobion of thioxanthene and
thlo-thiszanthene with 2-diasofluorense. More vesently

. 28
Lloyd snd Wasson  used this sams principle to obtsin

the first Aerivatives without fused rings {(IXIIT, X = 0, 5)
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(1X33) {(1X11x)

96 199
Boyd prosentad anobher roube by prepering

43 =indenylidens-flav-R-ene {IAV) vieg the corresponding
prrylinm salt {(L¥I¥) by mewvely tveating bhe latier with

godium hydzoxide or wabow.




4 woulbe 0 the parsui 4-gyclopeniadienylidens

-,

i-thispyran (IXX, X = §) using this privciple vas considared.
15 was hoped to obiain 4d-gyclopentadienyl-l-thiapyryiiuvg
salis from l-this-f-pyrone and oyclopeniadisnyl sodlum.
-3 209 » - = .;-‘ £y :
Xebhrich had zeported the preparaision of mothyle

pyryiium salis by the seiion of methyl magnesiun 1odéide

on d-pyrone as follows:e

C’; IMg0_ f: oy CHy
CHaT O L
BNl
. oy o
e Q e

Hovever simllar sitempts o prepare the snalogous
thispyrylivm salis veve unsugcessful ané sgually aboritive
ware abtempis %o obtaim the cysiopsntadienyli~thispyryliuam
salts using oyelopsnitadisnyl sodium. doidification of the
reagiion mixinre in each case yielded the 4d-hydroxythisze-
pyryliom salt vhich was preoipitatad ont as the pexchioreie
and alae as the the itri-iodide, which latter was converied
$0 the simple iedide,

Tdenticsl saltes wewvs obteined from l-thia-f-pyrone and

the corzesponding scid.



r

sv. athempt o obiein 4-gyclopeniadisnylidenc-l-this-
pywen {287, I = 5) uveing polessinm t-butoxide, cyclopaniediens
and d-pethoxyshispyryling p@r@hi@f&ﬁ@ys hy ithe provcedure
amployod by chﬁzni 0 obtain decyciopentadicnylidens-
dihydropyridine d@&i?&tiv@a ied onldy %o the veeovewry of

A=nothosythiapysyiive pozchiovais.

Ronetion of l-This-d-pyrosne with Bromine.

Alshouzh 4-przone 1s waepoxbed %o brouminaie in ths
3= ond Hepogitlions ﬁeAgive Ppoth the mono-and di- brﬁm@

102 _ . \r
products no evidevns of nuclear bromiunation ef I-ihined-
prone was chtalusd. In varions solvonits and vnder varying
condliions an orangs-ved complex was obiained.

Fhe gowplex, on heating in wolew and move wupidly
tn the pressnce of aceitone, was converted 30 4d-bydroxy -l
thispyeyline bromide identified as the hydyvate Twom whiech
shispyrone conld be recovered in almost guanititeitive yield
by besification and extraction with chiocreforam. An
idonticnl asli wes obitaivned feom I-thia~{-pyrome and
hydvogsn bromido.

26

Nozoa  wapovied o complex obiained from bropomo
and bromine vhieh ho Fownulated as 20,1, 0.BBv. 58w, uaing
solezetvic snalyeis. This compound could bo eonverted

0 2y7-dibrometvropona by boating In vetewr.



Volumetyric apalysis of the l=this=d-gyroec gomplex
with bromine serxied oul on a freshly pmepared sample

-

shownd weasonable agweemsnt fox the Towmula G;H,08.HBr. 78w, .
Puyiher determinations on samples allowed to shond exposed
B 8iw inéie&%@d that bwromine wes vesdily lost o bhs
atnosphexs. The resulis sre shown in Table I

TABLE 1

Cajc. fox  Feeshiy & Hv. Aldew 84 Hn. ditey
Oy 1, 05 .FB», Prapaved  Preparvation Prapazglion
38w, Sample
% By 73.25 7004 64.10 59,82
FuBy 12,03 14.96 16,29 17.70

b= N P - prr—

Mclenr magnebls vesonange specive were obipined forx
the thispyrome=hydrogen bromide-bromine complex and for tho
A=hydrory=l-thiapyrylivm sald odbiajusd fwom it, Theso veous
consisbeont with the proposed stounhuves. Renoneucs valuas
integealz and assigamenls sve fapowta& in the Appendix.

Pavkeonyi and Eahf&dnik?os heve claimed that 3J-bromne-
d=hydroxy-l-thiapyryiium bromide was obitained vhen l-thia-
A=pyrone and bromine were sllowed o reept Tor two days
in glaginl aeetic aeld. Thelir exmpeviment was thewofoge
vopeated nnd the same orenge-ved i-thie-i-pyrome-hydrogen
bromide-bromine complexr as that nlresdy deseribed wes
ohirined, fwon whioh l-thin~depyrone could be revoverad

by basgificetion and sxibrvaction with chloxefonm.



A%

Attenpied Resation of l-Thia-4~pyrone with Metal Carbonyls.

The foo% Shat tropong, a non-benzenoild aromatie
. . oy V2 O

gomponnd conldd form en iron trigarbonyl complex (IXVI)
and that thiophen, & heterocyclie aromatic compound could

106 - )
Form o chromivm btricazbonyl complex (IX¥Y1i) prompted

attempts o prepave ovgancmeitallic complexes of l-this~=d-

PYFTONG .
Q
J 0 o co
Q- j\:—\ F e GG 0 O om0
_— Sco o
{LXVT) {RVIX

However, atiempts o obhiain metal cavbonyl derivatives
with lron pentacarbomyl, iron dedegarhonyl, cobalt ocinw
carbonyl, nickel tetracarbonyl, ghreminm hexacavbonyl and
molybdenum hexagavhonyl under verying condilione wera
unsueesssiul, l=thia=4-pyrone being reeovered from the

reaction mixture in all cases.

[retne

One of these aiiempis invoived witravicled irradiation
of i-thia-d-pyrone ip ethev ip the presence of ivon penta-~
garbonyl. Yates @t gl. reported thet ivradiation of 2,6
. . . . o i06
dimethyli-4-pyrone in the solid siate geve o dimer (LXVITI),
In high dilntion (aqueous) & furfursldehyde devivative
= 5 07 . - R . . ;
{(1X1%) was obiained in small yiald slong with the

dimey (IEVINI),
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& chaeck on l=thia=4-pyrone, howevew, showed that it
wos recovarad unchanged ailitexy ivvadieiiion for 10 hr. in
ethew,

Muelear Magnetie Hesonsnce Svegbvum of l-Thiged=pyrone .

The M.M.R. spegirum of leothia-di-pyrone was shudied
in denterochloroform. Two malitiplets wera obtained cenitred

at 2.1l eand 2,937

Onder bigh meselution a multiplet paltern was

obtainsd which was chevactherisiic of an 4,1

k)
)
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ot
e
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=
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spacied,
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The lowey multiplet iz abttributed to the hydrogen
atoms adjacent o the sulphur atom by analogy with furan
and ﬁhiephenigs which bave signals centred ot 2,56 7 and
3,63 T and at 2.70 77 and 2,90 T rvespectively.

Comparison of these Tevalues with those of l-thige-
d=pyrone indicates that the megnituwde of the ring vurrent of
delocalised JFl-slectrons in the grouwnd stede of the latier
is comperable with thet in fuvan and thiophen whose aromatig
cheracter is undisputed.

Gladon and Brown in unpuwblished work heve analysed
the spectrum of lLethia=d-pyrone. The gounpling consiants are
an shown below., The larger of the lvo meia-coupling counsinnis
iz sspigned to that through the heterc-atom {(i.e. Jp g to
This assignment iz based on & siudy of the spegira of
d-pyrons, Ad-thiopyrone, lethia=d-pyrone, and i-thiaef-
thiopyrone and is consistent with the obhserved coupling

gonstants Sthrough the helsvoe-atoms of fuvan and thiophen.
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Some Abtempted Roules to a Triecyclo

AR ‘
£953,0,0 ] tetradecens system




As has been deseribed in the introduvction o dhis
thesis, a number of fully conjugaited Tused polycyelic sysiems

vera predinted hy Velipin some of whigh were expeeted to display

6

aromatic charactheor and aome no%, It remains for organ

o]

shemista to }ﬁth@%l“e these ecompounds and prov

ar digprove

{=e

the theoretical prediciiocns.

&

Among the strustures considerad was compound {(FXIK}-
Sems woutes to this compound were thevefors considewed, the
initial objeciive being the Toymation of sompounds with bhe

=

reguired sarbon skeleton (IZX}.
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Strictly speaking, 1% would be unirue 0 may that
such 8 cavbon skeleton is wunknowa fox it has been reporied

10
althongh only in a more complicsted Torm in gompound (LXXI)
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Since it presented Tuncitiongl groups at the reguired
1,5-pogitions in an eight-membered ring, the readily svailable

gompound , cig,cig~1,5«cyclo-octadiena, was sonsidered as a

possible stariing material. Several experimental youtes wem
attempted %o obiain compounds with bthe requived cuvbon skeleson
(LX) fwom 4%,

The first route considewed was hy bromination of
L,5=cyclo~octadiane to the 1,2:5,06-tetvabrome derivative
(LEXIT},; already carriad out by Zisgler and Wilmsiin and then
replacement of ihe bromine atoms by acaitie acid residves via
reaction with sodiomalonic egter, hydrolysis and degarboxylation
to give the 1,235,0=%etxs agetic acid Gerivabive {(1AxX111}, Trom
thig 46 was hoped fo progead by Diechmenn gyclisstion ox
similar methods to the diketome (IXAIV).

Phe tatrabrono eampoun@l(zKXII)g however, wes
regovered after btreatment under varying conditiong of solvent
snd temperatnre with sodiomplonic ester or with the maguesio-
malonic ester whilch gives bebtier yields in the case of
ebhylene bromide ~ F

The lack of memctivity of the broming sbtoms in
L, 2:5,6=-tatrebronogyelo~octene was atiribuied to sierie

hindrencs and the use of §5,8«Aibromo=-1,3-cyclo~cotadione (LIXV)
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wQMTQQOH

C#, LOOM

=
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(Lxsiav)

133 9314

was therefore sxamined. Cope 8% al. showad bthat the

bromine atems being allylic were reactive and could bhe

replaced for example by dimethylamino groups. It was

thevefore hoped $o ebiain a 1,2:5,6~tetras~-acetic acid derivative

via the folloewing sisps.
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However reaction of 3,;8-dibromo=1,3-cyclo=nciadiene
with sodiomalonic eglter gave a mixbure of products togethey -
with a large awount of dntraciable oil. The wvacuum-~distillable
material showed ester carhonyl absorpition in the infrared.
Attempls to obitain by fractional distillation a produsct giving

satiafacitory analysis were unsuccessiul.



-

Ll - . .
Cope et al. wnd bhat 5,8-dibrome=1L,j-cyclo
oetadiene on repid distillation at simospheric pressurs Rosid

hydrogen bromide to give a wmixture of 3

¥
¥
[45]

cpers which includsd
w- and f-phenylethyl bromides, indlcalting & rearvangmant
simiiar %o thuai® which occurs with cyclo-eotatetraene and

bydrogen bromide Lato

5 7 ]
e e lHBYOH

b Y
L

LY
A

I% is not izmeoncedvable thal similay veavrangements
wmight %eke place uvnder %he basie conditioms of the resciion
with sedium ethoxide and diedthyl malonaie. Classical allyliice
rearrangenents of course are elso possible.

Attention was next directed to the pogsibility of
Frisdel-Crafits reactions with 1,%=cyclo=-octadisne. Ruzicka

18 : .
and Bosvkencogen acetylated cyclo=ogiens uesing acetyl

}u\

5%
chloride and alumini chloride sceoxrding to Darzenns' method,
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. ) ) 118 .
More vecenily, Jones 2% al. acetylated and benzoylated

eyslo~oatens using an improved method cemploying the acyl chloride-
aluminium chlorids complex in methylene chloride.

Syntheses wers comsideved, therefore, involving
the di-agyletion of 1 5-cyelo-ceiadiens with F=carbon agyl
moieties such 28 ethyl malonyl chloride and P-chloropropicnyl
chloride wilth a view %o oyolisation of the products obieined
to give compounds with the requirved tricyelic skelsion {(IXXK).

A synthetic route using ethyl malonyl chlorids

wag considered as follows
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Sated

Sthyd malonyl chloride vas cbizinsd in 8 mugh

improved yield from sthyd poiassiva malonate by modification
4 119

of the moethod of (Qddo and Albaness.

Freatment of l,5-grelo=ociadiene with ethyl melonyl

ii

ghloride end sluminium chlorvide by the method of Jomes et al.
resulled only in polymerisation. Reyals and Henﬁryiag in
studying the ageiylation of cyclobexene pointed out thet of
alumininm chioride, sine chioridse and stannic chloride, the

iatter was "easier to handle and gave the smoother weaciionf.

1,5Lyalo-ogtadisne wag thexefors ireated with

athy} malonyl ehloride in ithe presence of sltannic chloxide,

A distillable product was thus obiained as o colourless ligunid
miztura, Chromatography gave an oil {~ 5%) which displayad
estery cacbonyl sbsovntion in the infrarada dnalyses vers

not in satisfactory sgroement with the theoretieal values,

I% would appesr therefove that the presence of ths
depived produet ¢annocd be precluded, but the poar yileld and the
difficulsy of obiadning a pure samplie for identification mede
this roude un impracticsble proposition.

Jones g§~§§ﬁila acylated gyclohepiene with
f-ehlorepropionyl chloride and cyolised the produst {IXXVI)
with phosphorie acid-Fozmic acid %o give bicyelo]$,30ldsc-

1{7 }eon-B-ome (ILAXVTI).

%]
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Foxr example, Cope §§‘§§yiaﬁshsweﬁ that gis=- and kyans.
¢yelo~octane-1,;2=diel ditosylate on acetolysis gave products
formed by trenssnnular hydride shift from the original
gcarbonium iom {TEXVIIL).

Aoylation of elefins ils considered to pass through
a carbonium ion stage and therefove the possibility of such
transannulaer bydride shiftas in ths scylation of gycle-ochadiene
gamaet be ignoved.

Siaherﬁzﬁ states of gerbonium ions in eighi- 1o eleven-
nembered ringa ‘The positively chargad eentre in sueh ions is
held in close proximity to bthe hydrogen stons on the cpposite
side of the ving so that intramoleculaw hydride shiftas fxrom
these positions e the carbonlum ion are possible. The overall
resuls of this btype of weaction is that the subsiituent does
net enter on the atom eervying the lesving group but on a
cavhon placed on the opposite side of the vingt.

Transannular double<bond paxticipation hes also been reporied.
For sxample, Cops and Eetar&cm?gﬁ showed that solvelysis of
d-gyclo-ogten=l-yl p-bromobensenesulphonate (LXXIX) produced

cissbicyclofl 5,3%,0 -0octane derivatives (IXXX-IXEXII}.
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Some Studies of Yropvlatsd Phonols
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Following on the report by Nozoe and Kitahera

_that phenol and ditropyl ether reacted o give o~ and
g-brapyiphencls the gvnﬁheges of tyopilidena~¢- and pe

guinosnes {IXKRIIL sud LEXEIV respestivaly) which were then

unkoown, was considexed,
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Treatment of petropyiphanc) with briphenylmeithyld
perchlorate gave the pehydroxyphenylivopylivm ien {IXXXV) as
the perchlorste, which on basification with sodium bicarbonata
solutlon gave a daep violeiered golour. The violet-red pxodush
was exdhvactable with chlorvafomn giving a deep purple nox-
@wymia33ﬁna saldid which was uustabls to ady and gave unsabis-
Taghory an&lysis and NeMo¥a ape@ﬁrmma This produet, however,
is conpidered %0 be impure tropilidene-p-quinone {IXXXIV)
{@may@lohéyt&trienglidmn@ eyclohexa~2,5=dien-leone ).

o
L

Treatment of the purple solid with sodium horohydride:
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zave petropylphencd (IXXXVI), snd with perchloric acid
Ewhyﬁrmxyph@nylﬁrqpyiium per¢hlorvate was obiained,

The p@ﬁsibilitg wag tensidevsed of replaciug the
axygen atom of the tropilidene-p-quinone system by & eyole~
peatadisnyiidens group to give the sesguifulvalens sysiem
separaiad by o alnemenbeled wing loe. 1n@ymlqh@ptaﬁriényli@enem
A~gyclopenitadisnylidene cyslohexe-2,5«disne (IXXXVII)., The

ronta to be atioupied wen es Lollows,

1 B
C) \‘LH o

(LEXXTIX}
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fzopilidene-peguinone was unchenged, howevowy, athar tredstment
with methyl megnesium iodide ox syslopentadienylsodium,

Thig apperent lack of weactivisy of the carbonyl
group s gupperited by the Inability to obvain a 2,dediniisrophen
hydregone from tropilideneep-~quinone. A probable explanetion in
the tendeney foxr elsectrons in the molecule to be delovslised

towsrds the chorged siTugtura {LXXXVILI) conidaining the sitable

trepylivm ion as 1in tropoune.

Farther support for this is the position of the

garbonyl peak in the infrered at IGO0 ¢m. whereas an

af-unsaturased cerbonyl group shows sbsovpiiocn in the 1660 em.
ragion,

Tyopilidensep-guinones have bsen weparted in the

aa

Literature. Van H@l&an_gﬁ,ggy  Fropylated 2,G6-xylencd with

ditropyl ether in & hetercganeous mwedium of acetic agld, wataw

20Q n=hexans $o givs 2,6edimethyl-d-tropyiphenod {21%4) fvom
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which they cbinined the gorragpending perphicraie {15%) by
treatment with perehlorie acld in glacial scetic acid. The
pervchleorate on haaifigatiﬁn or by heating &t 2007 in & gtrean
of nitrogen yielded a puvple unstable solld which they sssumed

e e the sropilidens-p-guinone derivetive {IXAXIX)
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With the hope that the n.m.r. speciwum of this
product might be more enlightening, 2,0~dimethyled-tropyliphencd
wes oktained {> 50%) from the wvesetion of 2,6exylencl and
ditwopyl ether withont solvendt, This gave the corregpending

swghlorvate (% 80%) on treatuent with twiphenylmethyl perghlicovre
ate. Ths tropilidene-pequinone derivative (IXXXIX) obiained
on tasifisation however, gave no satisfactory n.mr.r, apactium
on account of its instability end poor golubility.

The parent tropilidensep-quinons (IXXXIV) has also
beep prepared very regently by Jubz sund Yeiﬁh@nlaitnerﬁﬁ by

the vouts already deseribed {i.e. LXNAVI ~» LXXXV < LEXETV ),
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Agaln theiw atdenpis to obisin & pure semple were uvnsucesseinl.
The reashion of dibropyd ether on Shiophenel (XC)
was investigated with 2 view do obieining the thic-snslogus of
txopilidenssp=guinong. The product oblained however wss bropyi
phenyl thioecthey (XEI} whieh on treatment with triphenyimebbyl

porchlorste afforded iwopylium pexvahloyate and triphenyimeithyl

: 3%
phanyl thio=athaer.
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Daganl and Foohi have obiainsd a series of tyoenyl
thiocethers, including twopyl phenyl thicether, from Hropylium

@

ghloride and the soedivm sald of the corrvesvonding mercapion snd

ar

have ghoeun that those reseted with acids to give Lhe ovigineX

tropylivm sals and megoapian.

Attentioan was divected fo attenpbing the tyopylation
of optechol with r visw o d@bvﬁxogﬂnatian of twropylestechodl as
hefore to the txopilidens auiﬁoné atrugdure (GII} bearving
gtructural enalogy o tropolone ag dess troplilidene-p-guinons

o tropono,
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Bitropyl other vencied syiremely rapidly with cabaghel

giving & non-digiillable product from whieh nmo pure produss

sould be obitained by chromatography. With guaisaoel, the

trooylation was effected and only ong monotropylgusiacol counld
be isolated.
Troamtment oFf this tropylgnaiscol with iyivhenylmathyl

gy

poareghlorate afforded the corresponding tyopylium saidt which oxn

¥

1low oil.

%)

hagilficebion gave g pald

%
&

From both 4- and &-iwopylguaircols the corraesponding

r

ks

tropilidsne-o=-and peguinone devivativas might new ha expesied
te bBe highly coloured, Hewsver it vwes suspectead that with

the parcehlerxate obisained frowm o-treopylgnaiscoel, the proximiiy

3
of tha hydroryl group %o the droprliunm don might allow their
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interastion 50 yield a produed other then o iwopilideneguinensg.
Eﬁé position of the $vepyl avoup was thexafove sensldered Yo e
orthe to the hydrouyd group and an R.M.x. spegivrun of twopyh-
guaiasol indleated & triplet at 6.98 T which gompares with that ian
o-propyiphonol as T.09 %;ﬁimu?g rlphenol showing s tviplet ak
ToT% T

That only the b=tropyl gusiacol was lzolated from the
iom of guntecol would appesyr to conbtwadist the racomiisad
path of eleetwophilic arometis substitution. A ILiterabury sbudy
of sueh peactions en guaiacel, however, indicates thed the
positions of swhatitunilon and thelr relaitive prepovtions follew
ne predicisble segquencas  For exemple, nityation of é?&&@@@ﬁu%g
gives slmest twvice as ﬁmeh Genigro 28 4-nitve derivasive.
Al&yl&%ﬁnﬁ%gg and aayia@i@nigﬂ glve madnly the 4d-subaiiituited
deorivative while by halogenstion depending on tha resgents ueed
S-halogeno-devivatives can e idsclated as the only menoswbsiiiused
nrefuct ebmaﬁn@ﬁggi 1o% in sendrasd e 4~ and O-halogenoce

188
derivatives by other mﬂth@dso

It wan uh@“ﬁiﬁ?@ desided 3o invesbigate more ocipsely

the bagifieation of 2-hydroxyphenylitropylium perchloretses,
Sdese o-tvopylphenol (RCIIT, B, = B, = H) wes not very roadily

obtainable 4t wes degided %o attempt bhe fvopyiation ef p-orescl

whers the ortho-trvopyl fdsrivative wes the only moneo-subsitlivied

darivative axpestad. This proved to be the cese and o-itxopyle
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spegraaol {(ROYIX, B w OByo By = ) was obieined in relatively
good yield {34.8%). An nemede 8pectrum consistent with this
gbructurs was obiained displsying & tyipled ot 7,087 fox dtha
griiary hydrogon atom of the tropyl »ing orthe to the hydsuoxyl
seonp (see Appendixr). This produvet was weadily converiad Ho
the twopylivm sels (FCIV, R, = CH;, R, = H) whosie n.m.w. speebrum
showed & hydroxyl hydrogen &t 3.5 7 whish is considevebly lowesr
then that for the p-hydroxyphenylivopylinm selt (5.7717)
indicating the proximity of fthe bydrozyl group in she Ffowmer o
the chayged twropyliuvm ring with the wesulilng deshislding oifegh.

Tha salt on hasificaiion gave & pale yellow il se baf@wa;

R, R

i, £

@f '/:“*v‘,. g"‘% j mi\% fnﬁ." “ i r—"‘“{

vy i N

.,g’ . »\7'3'2'“:.-.7 {
\‘5&.:& \?;mﬂ?" f

/N

HO AT *ﬁ@”“ MO R

(RCIIT) {xeiv)
L

Av infrored spectrum of this oil showed no hydronyl

2

‘5

gitretohing frequeney unor garboryl Frequenvy. However a sitrong
ot
sharp pask woas observed 2% 1190 om, which was considered He

-

. . ia4 .
@ an evheyr linkage. Benzoefuven, 1Lesell, dlaplays aun

e
baod
od
£
ot
]
o
Lo

-

exbe
ether peoak at 18%0 om. The product was thersiore considsved

50 b Jemeihylbenwolb jeycloheptatrione{d Huven (X0T, R, » 05,



B, = H)o Al Rofta¥o SPEOTINM was not consletent wibth

~

of the pussible isomers and suggested Hhe presencs of

"‘\‘\ f
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{xev)

PThe following poseible mechanistic woute to &}
produet 1g suggested .
[‘ 3
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Sings the gyelohepistvicons meiehy was s8idlY p
in this compound, Tuvrither dehydroganation with tripheny

perehloxete to the tropyliuvm salt wos possible and gave

{3-mothylbeuzeiurane ) tropyliwn pavehlovate {XOVE, Ry =

IQS b= Ff) o

6
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An ReMms¥o apeabrun confivmed shis sbuvehure (see
Appenddin).

This gorisa of reagtiony was reopasted with
owtropyiphenel itesolf (XGITIL, B, =~ B, = H} snd analogous
products were obtained, Usturning o twopyiguaiacol, bhe
povehlorate (FCTW, B, = ¥, B = OHe) obtalued flrevtly with
seiphenyinathyl perthiorate ﬁhﬂWPﬁ a hydvoxyl hydvogen pesk aj
Z.T0T 4n the nem.z. spedstrunm whisch iz ponsgistent with the
valuar for the other bwe {2-hydvoxyphenyl) twropyiivm salss
(3.5 7" and 3,857}

By analeogy the oil obisined on basifiention vas
conpidered o have She ether mbtxucture (IO, Eg~m Hy By = OMa)
Pwo strong sherp peaks weve obhtained in the infearad o
1087 @mami and 1266 cmgmgg carbonyl and hydwoxzyl bande egain
heing abaoni, The highsy velue is considersd Ho be shat of

D

1 .
=0le on the berzene wving by analogy wilhk guwalscol ttsalf
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{1270 @momi)o This produst as expedied, thevelore, reaaind
with teiphenylmethyl perehlorsie He give the tropylivm sald
{0V, B, = B, B, = Ola),

Baspificetion of bthe pershlovatas {(HCVI) was wnexb
gonpiderad. Ti Yhe previocus susnples Vith Z- and 4d-hydwoxy-
pheuylivopriium salss ¢ labile hydvogon atom was prassnd
atteohed So the oxysen st so bhet basification Lyouwght aboud
the ahetrasbion of o protom. With these pewchlewates (XOTY}),
howevar, no such proton is presand and the addition of OH  wes
sherafors sxpsthad.

Prom the basification of (Jemethylbonsefuranc }brepylivg
pershiorate, thrae produets were isoclated by ohromategraphy.

fhe fived producht {A) wes & pele yellow oil which was
idontified as Femethylbenue]bjoyelohepintrienc]d Jfuran {67,

R, = 0By, By = R} elveady propored, which could be genverted
%0 the corvasponding parehlovate (XOVE, R, = OBy, 8 = ).

The ether two produsts were crysballine solids (8 aad
).

Prom the pressnes of the eyslohapinirienofurvan (Xov,

By = OBy y Ry = H} smong the prodnets 4% ves svspessed that She
bagifivation of dhe twropylive sali had Collowed tho weacsion
peth chtalned with the uwasubgiiltvbed tyepyiliva ion, This gives

ddbxopyl ether, followed by diaproporiionsiion Ho gilve eyelew

hoptatriens and itropewe {see intwoduciion),
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By spalogy, therefore, sorzesponding txopons

davivesives (X0VIL} wewe looked Towr.

il
o s\’t S "
O SRR “"r“'“ by ﬁ - g:ﬂ{;—%
; i
i

N

The fizrst s0lid {(B) and ite 2,4-Qindérophenrihylrpsone
whioh Formed slowly, avalysed sovreeetsly Tor strusbuwe {(XCYIL)

and its 2 4-dinitrophenylhrdrazons. The infravsd gpecirus shoyaed

o ot gty en
band at 1623 cm. (modtiuvm) end 1579 emo } {sbrongl. %he

o " - RS o 5 o b e R
formey is atiribubed o 20 = 0L siretehlng vibyotions apd
& A

bacal

&
bt
v
&
b

atter to the ¢arbonyl group by avrlogy wiith vecens

0

aspignmends Tor tropome itself hased on solvens effecds.

2 L] o “wh = AR
4B B.M.T. Spsctrum {msee Appendiw)} showsed s poak at F.8 T
govresponding $o J-methyl protons, » serios of peaks at 2,B-3.57

gowreaponding o & protoms and & pesk 8t 1.5 7T covsesponding

-

Ve

to L proten. Thiz latisr posk wes not pifacied after 24 ho.

;"33

treatment with DV, 0.

Since the f,4-diniirophenylibydresons was Lommed only

-

glowly and from the presence of X probon at .57 in the B.mex.

u’)

$ 1,

Ly

i

trum 1t wes thought that hydesgen bonding was teking plase

“had

2ud soldd {B) So essigued struebure (IGVIIX).
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An Tole¥, spactyum in triflvovoacebic sid was

obteined which wsp consistent with this (see Appendix).

Phe sscoond selid (L) and its 2,4-dindirvophenyihydrazoens
whish formed with ease alzso &nglys@d egorrapily Tor stroebuxe
(RO¥II} end ids Eg4@&iﬁ§ﬁ?@@h@ﬂ§ih&kﬁ?ﬁﬁ?@o The inTreved
vl

. Ao i
spectzun shoved bands ab 1608 om. {medium) and 151% o

serstohing

bt

W

{strong). Agsin the fommax ie atbributed do 10 = o

e,
vibrations awd the latter {o the esrbonyl group. Al BeMe®e
spsebrum ahowed o peak &b T.5L T corresponding b % wathyl
protona and & seriss ol psake at 2.1-3.2 T corrasponding o

T prosoms. VWhen the spogivum wes oblalned in triflnovocscedic
agld howegvew, theve was obiained s peal 8t 7.287 covyesponding
% 3 pretons, a peak st 2.08T oovrasponiing o 2 profons and g
gaviens of poaky abt G.% « L.97 covresponding 0 H pretons. This

lapt gapries of pesks weos representative of 4 hydzogen sbouns in
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two superloposed AR systems with an additilonal hydrogsn furihaer
puperimposed (see Appendix). This is only comsisient wikh

L3 -~

styueburs (KGIX) which is thervafore mesigned o esolid {0).
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Brperigsntal Prosedures

4

Helting Points. Thess wers determined on & Heilew

meliing point apperatns and are uncorvediad.

Huolear Haenotio Jasonsnes 8vegirs were messurad on a

Perlin-Eimex 40 %ﬁé apeoiromober.
Roagents. The silice gal usad ﬁmr sivonabogyraphy was
Hopkin and Willlams, HM.F.0, Crade.

The anitrogen used in esacilionsg involving
crganonshellic compowads was deoxygensied with Fleserts

solution and dried with concentrvated sulphuric acid,



Some Chewlcal Inveshigsiions of l.lhis=d-pyrone
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4=Pyrone by Deearbozylistion of Chelideonde Aeid.

& swall retort (100 nl. bulb wisth delivexy tubs
of Zeagth 1299 ) wos chayged with chelidonic seid (20 go,
predeicd at 140°) and dzy preoipilated copper powdsr {40 gos
cawmercial puality ). This was fitted by ground glass
joints %o a xecniver flask wibth the open end protectesd oy
a galcium chlovida Tnbe. The buld of the vetori wvos ilmmevsed

in 8 Wood's metal bath wnlceh was then hested to 220° i

20 pin,, b0 280° in a Turther 2% min. and then Lo 30550

afls

&

r & total of 1 hw., this latiter iemparature peing

":!
-4

paintained Tor 10 min. The omule A=p; 8 {T.0 gy HTE)

shioh digtillied ovew wes dried by refliuxing with bensonad

Tt

in a "Dean and Stark® apparatus and Tinally disd

“’;f N,

LoThised-pyrons

(L5
prs
s
o
ol
~<y
g
o
2o’
.
7

PE 17T
Hayexrias method was nodified s follows:w

A-nywone {20 g., 0,21 mole) in water (80 ml.) was trested
wikh exgess sodiur hydrogsn sulvhide prepared fyom scdlue
sulphide {40 2., 0.46 mole) saturaled with hydrogen

sulphide at 100° fox I hw, The wresulting mixtore we

=
&

Loy o o 1
& roflised

%:

A

Tor 30 min, with hydvogen sulpghide bubbling through it

The hydyopsn sulphide Tlow was then stopped and refluning

continued Tor & Turther 15 min. The solution was cooled,

sadiun sulphaie and sodive chlorids added, and axtvaction



caryied out wiith e¢hlovoform, The preduct obleined Tronm

-

bhe drisd {Ne,5Q,} exbeacth by removal of solvent was

reonyatallised from carbon telrachloride to give

Jethia~4=pyrona (4.5 Bot 19,5%) as colowrless needles,

. - i P i G o - -
o Pe 1«!,6“ %_13"@": e Do 110‘}' (FGRH“& G95§ 013, Bgf’c?'§ bg:?fgné'}:»

;!
,-h

Gy, 05 wequives C,53.5; He3.635 S,28.6%)

"

Beagtiop of l-~This-4-pyrong with Hydroxyleadne.

A4 selution of lethis=4-pyrone (300 mg., 2.7 mwole)

and bydroxylanins hydvochloexide (6u0 mges 8.6 mmols) 4

p—"'\
Sran”

sthanol {3 ni.)} and pyvidine was refluxed on o
water batbh for 3 hw, By removal of most of the solvent

in vacuc a2ad additlon of walter theve was obtained d-hydreoxyl-

PR

N ¢ n o o . o . sl e o coavd ea fenn
puinopyridine=N-exide (216 mg., 64%), identified by comparison
8o
of dbg infraved and uliraviolet spsotwe with published data.
(Found: G,4T.43 Hedo92 Gu g, O, wequives C,47.03 B, 8.8%).
The produst (100 mg.} was dissclved in hot waser
which wes then made alkalins with sedium bhydvoxide solution.

xheaction with chliorolomm aﬁd TEO “thaiie sation of dhe yreoducsh

from hanzens gave 4,4°%-azopyri =l,4'-dioxtde {Afmg.,; H4.2%}
o ¢ sk : A7 nine Ty aa < @9
as vad gxystalline needles, m.p. 260° '1lit. Dofre REH-247Y}

identified hy comparison of infrared and ultravioled apecira

. . a8
with published data. (Founds €,55,0; H,%.7. Gy o Ho M, Oy

requires C,55.63 H,3,7%)



Basgtion of l-Thin-4-pyrone with Hydraging.

i=Thia-§-prrone {200 mg., 3.8 mmele} wea treaied
with hydvazine hydreds (L go, 20 mmele) im eihanol (I wmi.}.

After the initis

:
22

Judn

. axothernic veasction hed subzided, the

|2

mixture wvag wvarmed for 3 hr. on & sieam bhath. Potassium

permanganate (L.29% Zo,

wd

«2 mmole) in walter {20 ml.} vas

added and the goluitlon was veflnxed for a fuvthex 30 min.,

gooled and Tilbered. Phe 414 ves acidified with

dilute hydvochlowic acld and evaporated %o dvyness. The

vesidne was exitvacted with acetone to yield pyrazoles’i-

b

carhozylie acid (127 mgos 63%) Mepo. 212° A o, VEEOH 214w
r.‘* . . N 95 P o 2 0y Y T A, A .

(lag. &y 3.96). [24%.,  mep. 212=213°, &%maxn(mmuﬁ} 234 i

(log. & 3960 1o

Beaction of l-Thia-depyvene with Phenyibydrazing.

A soluticn of i-thia=f-pyrone (100 mg., 0.9 mmoie }
and phenyllydrazine hydrochlovide {300 mg.; 2.1 nmole)
in ethancl (5 nl,) was vefluxed for 3 hr. on & sbeam daih

A

rd
‘L*

Cooling aifoxded only

' V3

nyibydresine hrdvochlorids

e

identified hy melbing polnt (247°) =2nd mixed meliing voink

with an auttentic sample.

Reaction of d-Pyrone with pe=Nitrephenyilhydragine.

A solntion of depyrone (1.0 g., 0.01 molo) and
p-nifrophenyliydrazine (3.1 g., 0.02 mole) in glocial

acatio meid {10 ml, ) war berited for ) hr. on 2 stesm bakh



Cooling gave & prefuct which was regyysiallised fvon
prridine to give l-{pepitvophenyl)sSepyrasclylacetaldehyrds
neniirophanylhydrazone as 2 yellow cxyeitalline solid, mope.

242° [1ib,  Ropo 242243°1 {Founds C 55,635 Hp3a.7

Coafhy 4850y woguivas G,9%.Ts Hyd.GH)

Regction of I-Thia-depyrone with p=-nistraphenyihydrazine.

£l

A golulb

[t

on of Lethia~d-pyrona (8500 wg., 4.7 macie)

E

e K15 Boy 9.8 mmole) in glacial

ang penitrophenylhydrasin

acetic acid was heated fox 3 hy, on a stesawr hath. {{ooling

Zave o yellow cxysielline profuct which wes roewysitallised

rom methaonl to give leanetyl 2-{p-nitvephenyl lhydrasine

" . A, [ G - o U . RPN
as vellors neadleg, chaveeotexrised by aneiysisn; melilng polnd

(2127} and mixed meliing poind with the produet obisined by

heriting p-nitvophenyihydrasine with glacial acetic acid

-
=1
2

. . - . ;
(Pounds ;49,063 Ho4a3. GgaHgly O wequires G,49.35 H,4 NSSR

Reaclion of 1-This-dspyirane with 2,4-Dinitrephenyihrdraning.

{a) To g Tilterad soludion of 2,4-dinitropbenylibydeasine (1.0

Zos B.0 mmole} in ethanol {50 mi.)} and copcentrated
hvdrachlercie acid (1.5 wli.) wes addsd l-thiz-d-pyrone

(BOC mg, 4.% mmolel. The mixture wag warened Tor 1% min.

o
s}
»
d‘

stean bath. Cooling geve yellow treysials of

i=thiged~pyrone &,4-dinitropnonyihydrasone bydrochloride,




T4

Thisg preduct on addifion e wascr gate g dovk ved

gryatalliine aompound which wae recyystellised from mathano

o

A

to give 1= bh&aMAmp?TQﬂ@waQﬁW@&niE?GOQCR Jny@raanﬁqg as dayk

ved neadles, m.p. 224°. {(Found: (,44.8; H,5.%5 ¥,18.%9.

Q. UM, 0,5 mequives (,45.2; H,2.8; §,19.2%),

(b} 1-Thiswd-pyrons (500 mg., 4.5 vmole)} and 2,4-diniévo-
phenylhydrasning (1.5 3., 7.5 mmols) were veiluxed for 1 hx.
in glacial scetic acid (10 nl.)}. Cooling gave fwe
oroducts separated by fraciional crystallisation from

mathanocl t0 give l-thiaedepyrone-?,d-diniivophenylbydrasane

-+

identifiad by meliing point and mixed meléing poind with
the cenpound obtained in the previous experiment. The
gagond product was i-gootyl-R{4!-dinidtrophenylhydrasine,
Me e 1287 fdentigal to that obiained by refluxing 2,4
dinitrophenylhydrazine in glacial acetic seid (Found:

Cq‘;[geal% Hgijuéw GSHSN& 05 .}?e i .z.. 7@3 (::.;40«: E E?gi}n(ﬂ‘g’g}h

Reaction of l-This-deprrone with Meihyl Magnesiom Jodide.
a) Te methyl magnesium iodide at 0° |from magnesiuvm

{2
(0,22 g.p, 20 nmols) and methyl icdide (exmvoes)] under

nitrogen in dvy ether (20 ml.) was added dropwise
lethiasd-prrone {1 g., 9.0 mmola} in dxy ether {100 ml. ).



%1

L5 mine,; the resuliing mixbtuze ugs poured
into dilute hydrochloric scid and iveated with potassivm

tri-iodide solunhion {:::u:a sg) ta give Ade-hydroxyiiia ROV sy Lo

o . o o )
Tri-lcdide (305 ey B0%) which was wveevysitellised From wabex

AT A IR TS S UL 3 L

to give gresn nesdles, mep. 95° (Founds C,318.23 H,1l.1:
Cgly; T; 05 mequires 0, 12.23 H,1.00h).
Slow evaparaiion of am aqueouws soluiion of the

Hed

l..n

s
x

iodide brought aboud conversion to d-hydvoxy-=l-ithiesoyeyling

lodide, This procesa was acoelsraied by addidion ol oeetons.
RBeswystallisation fron acetone gave white dichrodc plates,
WePa 173° (Pounds Cy2%9.33 Hy2.3. GyH; 10S weguires 0,250

Hy2,1%),

.'r\ 2

Traatment of an acidifisd solusion of f=thla-de-pnyrons

%

with potassium tri-iodide goluiion gave Lhe same fri-fodide,

........

mep. and mixed m,p. 9%%, which could he converted sg abl

b

"t
3
v

Y0 the gems none-iodide, m.p. and mixed M.p. 1T745°.

(v} 7o metbhyl magnesium dodids at 0° [from megnesium

-

(Collg.s 4.5 amole) and methyl fodide(excess)| under nitrogen

S

in dxy eths

T

> {10 nl.) wes added dropwise lethig-fepyrone

i

(009 gey 4.5 mmole) in dwy siber {50 ml.). 4after oi

(".. .

ming
Tor 30 wio., the solution was ceoled to «40° and tronted

wilth perohloric scid {5 nl. of T2% soiubion) in dry ether

(30 ml.) also ceeled 0 =40° %o yileld 4-hydwoxyihiopyrylinm

pevchlorate as aolouvrless hygrosao;

Tt

nie oyrysbales, mop, 2409,




3
143

)

idantical to the product cbisined from l-thia-d-pyrons

\

and perchioriq aeid. 24 mixed meliing paint wes ununnfas 5@ o
vebempis to recrysitallise Hhis producy Tyom mothanol

-
{f

<z

For snalysig yislded 4d-mevhoxy thiapyrzyiivm perehlorais

¥
HH

_ 5 ) _
as soltouriess meedles, mep. 122¢ {1ib. m.p. 12%°) {Found:

GpBlafsy Hpbods GLR5,8; 5,15.8., G H010:8 wequicves 0,518,084
WoBelds CL 15,63 S,34.25),

Reagtion of E=-Thised-~gyyons with Cyclopantadienyl Sodiun

-

A golution of gyclopentadienyl sodium | from sodium

{0.42 o, 186 umols) and eyclopentadione monomer {exgess}] in

e

dwy tetrahydrofuran (5 ml.)} was sdded uwnder nitrogen st =70
e d-thia=d-pyeene (2 g., 18 mmole) in dyy deitrahydrofuras

{300 mlo}. After L hw.,, the miwdure was concenbrated i

Bgastion of L-This-d-pyrons

{2) Yo lethined-pyvone {300 mg.. 2.7 mmols) in vatey
(5 ml,) at 0° was added » golution of bromine (1.4 g

8.8 mwoles) in water (5 ml.) conteining pobes

x]

[

sinm Lhromide

¢

i~
<l

{1 &.). £Ln ovenge-red cyyeballine product {600 mg

E

o5

& 5 WAF

obhtainad m.p. ALH2 207

(b Ty i-thia-d-pyrons (200 wmg., 1.8 mmole} in

v F AL

rarpon betrachloride {10 ml,} was added bromine {900 mgz.,



5,6 mmola) in carbon btetrachloride {5 mi.).  The ovaugs-ved
product (250 wg.) which was slowly precipitated, shoved na
depression of wmeliting point with that obiained in {(a)
{a) 1=-Thia-~d-pyrone (50 mg., 0.45 macie) in glecial
goevic scid {1 ml.) treated with bromine (250 mg., 1.6 mmole]
slowly yielded the same orvangs-red compound,
{a) Mo other product waes chiainsd fron numerous atiempis
similar %o {a}, (b)), and (¢}, buit iusluding refluxing
in the pressnce of halogewnstion catalysis such ez Fervig
halides, and witraviolet Arxradiation.

Hesting this orange-wved complex in water and evaporating

o dryness oy wavming slightly in gcetane geve a white

geystalline selid, mape 120%, which was ghown %o he

depydrosythinprrylivm bromide hydreie by identification wiith

Whet obtained from lethla=4-pyrone and hydrogen b:;-?cam:ic?,ézj
acetio acid in scetone. (Found: C,29.0; HyBo3. Gy H,Bw0,5
vequives C,28.5; Hy3.35%).

Treatnent of this product (100 mg.) with sodin
Bicarhonates solwtion (excess} ant extracition with
chiloroforn gave luﬁhi&:4mgyrcﬁe {guantiteiive) identiftied
by melting point and mized melting point with an authentie
spmple.

The composition of the ovangp=-red l- ?hma»ﬁ=pggaﬁaa

bromine conmplex was determined by de=aviving & weighed samound

W



(25=30 mg.} in water (10 ml.) contalning potagginn iodide

(0.5 g.) end $iireting the liberated iodine with sodium
thicsulphate (0.0LE zolution} %o obisin the free bromine
walue,. Fupther ftitwation with sodium hydroxids (0.01W esolution.
allowad the calonlation of the perceniage of hydrogen bromids
presant,

ops of l-This-depyrone with Meigl Carbonyls

i=Thia=depyrons was recovered aifbter itreatment with

o
el
[l
B

Ffollowing metal cavhonyls undsr the conditions svpecified,

iron pemitacarbonyl in refluxing benzgene fow L2 hr.

P
o
M

o
e

Tron pentacarbonyl at 160° Tok & he, in an aubtoclove

ml, ) upder carbon dioxzide,

Pt P T
i

2 "
St <

Iron pentacarbonyl in refliuxing sther for 4 hy. undar
nitrevioled irvradiation (Hamovis S00 w. lamp}
IeThiae-d-prrone was recovered afiter Irvadisibion Tow

L0 hre of its solullion in ethew,

1,

{4) Ivon dcdecacarbonyl at 160° for & he., in an asuiocisve

{40 ml,) wnder eaxbon dilonide,
{e)} Iron dcdegacavbonyl in refluxing iHoluene foxr 8 hw.

and in refluxing diglyme Lox 3 hre

A
»-

{£)} Qokalt octacarbonyl in wvefluwing tetrahydrofuran o

=

{g} Hicksl tetracavbonyl in rafluxing methylene chlowide.



(&) Wickel tetxacazbonyl at TO® fox 4 hr, in an anlovleve

ey

{40 mLo} under cavhon diowide.

W
s
3
Aend
&

{i) chromive hexacarbonyl for 20 hy., in refluxing peiroleun
ather {(b.p. L00=120°)

{1) Ghrominm hexacarbonyi s% 200° for 4 br. in awn suboglave
{40 ml,} undewr oarben dioxide.

{k) Molybdennm hoxscarbonyl for % hv. in refluxing diglyme.
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1.2:5,6-Tatrabronocyglosanione

Vi lms wea uwmed to obkaln

e

The method of Ziegley and

1,2: 5 6-%0trabronceyolo=octane (G6,7%) a0 an isemeric mixdure,

. .. 1ig o
Bope L00-122¢ {14i%. WoPo 105=124°] {Found: C,22.95 H,2.7.

Col Bz, requirves 0 22,55 H,2.8%),

Reapction of 1,2:5,6-T shrgbropocyglo-octane with Sodio-malonic

Pbuaro

To sediuva metal (1.9 g., 0,08 mole) dissolved in ethenol
(40 ml,} was added with stirving diethyl malonate (13 z., 0,08
mole) in henzeng (?3 mio } 1,2:5,6=Tetrabronocyslo=oeiane

n

{8,5 g.s 0.02 mole} in bengens {25 ml.} wag then added and the

e

rasulting mixtvre zefluxed fer & hw. The benzene was then
distilled off to smell bulk apd the resldue pouved inteo vater
ang extracted with ethsr, The ather was dvied {Na, SD@} and
worked up to give a product which yieldsd Aldethyl malonateo

on distillation, the residue being 1,2:5%;6~tetrebromnecyclos
cotane. Varying the solvent, weaction tine and temperatvre
gova ths same pesuli.

Reactlon ef 1,2:5%,6-Tetrsbronogyele~cchane with Maenssiomslonio

Magnesivm matal {5 g.o 0,21 mole) was gtirved and veiluzed
L ) o ] 9 ;

in absoluite ethanol (K0 ml.) until dissolved {6 hw.). After

Fed

the addition of diethyl malonats (69 go, 0.41 mole), ths mixiuoxe

vas refluxed fox 4 ho., 1,2:5,6<tebrabromocyelo-cotans {40 7.,



8

0,09 mole} in absoiutesthanel (200 ml.) sod dyy dioxan {100 ml,)

was then added and tue whole stirvred and mTeiluxed for o further

60 hy, The bulk was rveducad by distillistion of solvent and

the residue poured imto diliuvte hydreshlorice sc¢id., XExitrachion
#ith ether and working vy gave starting materials as iu the

previouns expeviment.

598mﬁihrﬁmﬂwlnﬁﬁﬂy@1QfQQ£§QiEH@e

el /Lj - >~
The wethod of Cope et al was used to ohitain 95,8-dibrownes

MRl ahamo

Ly Begyolo-oatadiens {86,6%) H.p.i00<-105° 0,3

o

£

Y

@ e

Reaption of S.8-Dibromo~i,3-cyelo-cctaiiens with Sodiomslonic

Po sodive metal (4.2 gos 0,18 mole) diszolved in ethanol

I'e - 3 b = a Bz IR S . e 4 -
{300 mi. ;) was added with stiyring diethyd malonsie (30 g, 0,19

hY

mole}., %p8=Dikromo=l,3-oyclo=ociadiens (24 g., 0.09 nole)} was

¥y

added dropwise when an exothermica resction took ploce. Aflter
stivring for 2 hy., the solubion was concentrated by Adsiillation

a

ponred into water and esxitvachs

10
e
e

ather, The extract was

9:

WA

dried {¥a,50, ) snd the solvent wemoved to give a dark-ved oil

o
(N
~]

Ze)e: Distillalion gave fractions as follows:e

o
St
Mg

40~-80%0.1 sm (10 go}y, (2) 80-110%7G,3 mm (2 &.),

110-340%70.% mm (12 g}, lesving an intractable resicune (13 g.:

i,
5
ot

The fivet fraction proved on re-distillaticn Ho be mainly

4

ethyl malonata. The remsining fraok: L GO

fte
~y
]
b
o
-
ke
2]
[
g
o
=
o
cu
e
74
ot
,..:
]_,-.«J
o
s



wzal . .
give a colourldess oil, bop. 1R0-139% 0.1 wm which displayed

gsher aerbonyl absovpiion dn the infrared at 1720 on.

{Pounds G,66.93 H,To5. Conlys G rTeauires 0 62.2; B, To6%),

Pihyl Malouyd Ghloride

] X d . 149 e
PThe method of 0440 and Albaness wvasg moadified as

149 . .
To ebhyl pobtsgssion malonabs {40 goy 0024 mele) in dwy

{200 Mie ) &F =15° was added gautiousty thionyl chioride

o~
~F

9 Zoy 0638 mole), The alxtwre was welluxed for ¥ hwv.

aad

adthen

filtersd fthrough asinter {porosity 3). The ether was removed

under vacuum and the vesidue digtilled to give & golourless

Tiquid, depe 357 0.1 mme (24.5 gy 6%.28).

Reagtion of l:h-Cyclo-octadione with Hihyl Malopyl Ghlorida.

(a) To aluminimm chlovide {14 g., Gol mole)} in methylene ehlor

{30 wl.) wvas added dropwise w

A

[

{12.5 g., 0.08 mole} in methylene ghlozide (20 wl.). The

produet was filtered through glass wool and the Liltrate tre

slowly with atirring at -15° with 1,5~cyclo-octadiens (4.4 ¢

0,04 mole ). The wcesuliing scluition wie pourad inbo ice
hydwochlordig acid and the oyganic layer sepsrated, dried
(ﬁaESCg} and worked up o give an opagus rubbexy’' gum.

{b) To 1,5-~cyclo-cctadiene (8.4 g., 0.08 mole) and etbhyl

*v"? u

oo

=

malonyl chloride {24 g., 0,16 wmole) at =15° was added dvopwise

&

2

vor & hre stamaic chiovide {10 ml. ), The produet was pourad

Tollowe:

rida

th stirring ethyl malonyl chloride

4
Fa
Grn

s
dilute



into ice-dilute hydyochlexrie acid and the nixiunrve exitvagbed wiih

ather. The ether sxtract was washed wiith godivn higarbounste

solubion, dzied {(Wa.$ s} and wozked up o give an oil (35,0 go

which was fiatilled frea sedinm carbonate to gilve a celouriess

cil (5.0 g@o}o Redistillation of this oil gave fraciions as

(1) 0.58 g. wp %0 32°70.1 mm., (2) 3.%8 g. up o 851ﬁ0p1 M
{35) 2,21 g, up to 105ﬁfﬁﬂl W o

ALY attemple by distillation and chromatography to obhain
a pyrodust giving satisfagiory analysis wers unsuccessful,

Ghromatagranhy of Yoo silicn g2l with bensene-ethey gave
graphy

3 - ! ] o ) 2 A - - 0o K = ey 4§ 2
an oil (1,38 g., ;QQ%} {Found: G,65.83 H,7.1. G 9fsp O weguives

Gabdndy H,7.20).

w2r

-

Reagiion of 1,5-Cyclo-ocitadisne with B-chlaropropionyl Chioridse.

{a) To aluminium chloride (17 .. 0.13% mole) in methylene

chlozide (50 ml.)} was added dvopwise wiith siivring RB-chlowe

e

propionyl chleride (12,8 g., 0.310 mole) in methylewe chloride
{20 ml.), The yé@&u@% wes Vilterved through glass wool and ithe
Tiltrate teeated aslowly with stirving at <157 v 1y 8=0yclo-
aockadiene (5 g.y 0.0% mole) in methylene chloride (50 ml.}, 'The
product was powred inte ice-diluie hydrochlerice acld and the

organic layexr separated, dried (haﬁbﬂa) and wovkad wp to give

# thick daxk 0il which gave ne produgt on atitempied distillation



g

feon sodivm curbonate.

(b} To 1,5~cyclo-octadiene (7.9 go, C.07 mois) and fH-chlevo-
propionyl chloride (32.5 g, 0.3% mole) at ~15° vag addsd
dropwise over 2 hyv. shannic chloride {10 wl.}. The vroduct

was poured inte iee-diluvies hydrochloxic acid and thn minbues

axtragted with ether, The ebher exitryuct was wvosnoed with
. - 4 e 3 » - _ - :
sediwg bicarbonate gelution, dried (¥e,50,) and worked uyp %o

give an 0il (9 g.) which wos distilicd from sodium carbonaio
give a colourless oil (3.7 g.). Redistillaition of this oil
gave fractlioas as follows:-

{1} 0.8% g. up 0 90°0.08 mu., {(2) G T4 g., up 0 102°0.00

{2) L.4% go up to 110°70.08 awm,

A1Y attemphs by Aistillation and chromatography to ohta
2 product giving satisfauctory anslysis wers unsuccessful,
Chromatography on silica gel with henzens gave an eil {0,506

2, F6) {(Found: 460,03 H,8.5, € {ﬁﬂl Q, raquires ¢,56.23

B 6 [ty “):;‘} 10

[RE YN



Some Shtudies of Tropylstod Fhonols




Peopylasion of Phowel.

-~ and p=tropylphancls weve pzepered by Hosoea's
methaed as followase~

When didropyl sther (8 g., 0.04 mole) was sdded o
phenold 7.6 goy 0.08 mols) sn excthermic ysaction Hook plesea.
Pigtilletion gave unvescted gphencl and a pale yellow oil
- £ .
(7.0 golp Dono lﬁﬁmiﬂﬁifeal ma. which slowly cryetallined,
Chroamansography on silice gol with hensens gove ootropylpheneld
(1.9 Gop 3R2.8%) aund then potvopyiphenol (3.4 g., 22.5%).

pefrdroryvhenyl bropriivg Yerahlorate.

Po petyvopyliphenol {0.5 g., 2.7 mmole) in glacial
acotic acid (% mi,) was added iviphenylwethyl perehlovate
(30 oy 2.9 muols) and the mixture warmed Tor 10 min. on »
sheam basth. The yellow ovxysialline precipidate obiained wes
filtorad off, washed width ether and dried %o give pmhy&roxﬁw
phenylivopylivm pevchlorate £650 mg., 84.T%) whieh woes
raorystallised Trom walter 4o give red neadles {600 mgo.

)

- 3 . " . &
T8.2%), Mmoo 200-201°, A s, (B2 0) 430 ma fii%. m.w.

6':'{3?!."*202“9}-\ 435 E%“] {l?@ukldﬁ 695595% Rp§0?5 ‘:191213§0

BEXR ¢
B8, 0LG; woquives GoH5.25 Mp3.95 (1,12,58).

Teopd L14sig ~n-quinons

An aghedus soluntion of p-hydroxyshenyliivopylium

pexekhlorate (170 pg.y 0.6 mmols) was treatod with sodivm



bicarbonate solution {excess). A deep violet-red solution
a

. y 56
was chtained, A

529 mm | Ait 530 mul, which wa
A, o090 OB { o 530 muaj, W wes

sxtracted with ehloveform, The organic layey was dyied
{H@%, ) and worked up Lo give & dark purple solid (9% ng.,

«T%), which was sensilive o airy a2nd would not vadissolve
completely in ghlevofors or methylene ghloride. Attenpied
vegryetallisations o ebliaiv o pure sample Loy anslysis were
in nujol) 1600 om. -+ {wm) ]

nnsuegessiul, |

Reduetion of Tropilidens-p-guinone with Sodiuvn SBorohydride.

To tropilidene-peguinone (5% mg., 0.% mwole) in
nenol (5 ml.) wes added sodium borohydwide {116 mg., 3 wmole).
The mixture was left overnight, poured initc walter and extrag
with chloroform. The chloroform extract was dried (Ne,SC,)
and worked up Ho give a colourless erysitalline compound whieh
wag vecrysballised from petvolsum ether (b.p. G0=-80°} to giva
p-tropyiphenol (2) mg., 37.6%) identified by meliing point

{(78°) with an putheniic sample.

oF

(78°) and miwxsd melbing voin

Reaction of Tropllidaens-peguinonae with Perchlovig fcid.

+

Treatment of iropilidenscp-guinone (23 mg., 013 mmo

o

with pereblorie agid {1 ml. of 72% solution) and water {1 m)

gave g yellow crystallive solid which was reerysitalliised Trom

water o pive red needles of pehvwdyoxyphenyliropylium psychlorais

3]

{14 mgo, 39.2%) identified by infrared specirum, nelting poiad



87

{200%) and mized meliting point {(200°) with an aubthentic sample.

fe“i i@ﬁ o

Regcbion of Tropilidene-peguinone with Nelthyd Mesnesive 1

X

driad (Fa, S0, ) ather solubicn of twopilidena«p-guinons,

b

prepered from pehydroxyphenylivepyliivm perechlorvate (565 mg..

($3Y]

2 mmole) by basificstion and ether awitraniion, wes added with
gtirring to a solution of methyl megnesium iodide (dn efthewr wnder
nitrogen) prevarsd Trom magnesium (50 mg., 2.1 mmole) and

methyl iodide {ewcess). The mimture was atirred fov 2 hy,

and poursd into dilute hydrochleric acid. Elher extraciion gave
o small amouwnd of unidenhified oil {100 mg.}. The yellow acid

leyexr on beesification gave a doop violetsvred colour, giving an

£

Q

wltraviolet asbsorpiion meximvm at 525 am gharacteristic
¥

tropilidsne~p~guinone, Reasidification geve the original yellow

solution showing an ulitreviolet absorpiion manimun at 430 .

charasteorissic aof the p-hydroxyphanylirvopylivm ion.

Roactlon of Tvopilidensep-quinone with Oyvclopentadienvisodivm
AAY LY G A0YCE LY 4800

A solufion of twopilidene-p-gulnone in teibrahydrofuran
prepared from p-hydroxyphenyitropylium perchlorate (565 mg.,
2 mpole) ag befors vas added %o oyclopeantadionyl sodium
prepaved frou sodium (46 mg., 2 mmole) and cyclopeniadiene
monomer {excess) under nitvogen. The mixtuve wes stivred fox

1 hx, and poured inte dilubte hydzochlorie acid. Ebher axitvzaghtion



gave ne identifiable product, The acid solution, howewarn,
or basification gove a violet-yed solution as hefors,

{3, 5eDima thyd=4-hydrouyohenyd )tropyliun Perchlorais.

2,6-Kylenol (4 g., 53 mmole) wes treated with ditropyl
ether {3.% g., 16 mmole). The slight axothermic reaction
which took place was accelervated by hosting for 1 by, an =&
sheam bath. Unveacted 2,6-xylencl was renoved by distillation
and the xesidne distilled %o give an oil (3.6 g., 51.8%),

BoPa 125° G,09 mw., which @fys%ailiﬁﬁﬁ‘%o give 4ebropyle2, 0=
zylenol, @.p. 62-67% [Ait. m.ps 6T7-6T.5° .

This produet {530 mg., 2.5 mmole) in glacial acatis
aaid {30 mi.) was tyeated with triphenyimethyl verehlovaie
(660 mgas 2.5 mmole). The minture was heated on o stoam
bath for 10 min., goolad and £iltered to give a reddishe-brown
grystalline Gémp@unﬂ {630 mg., 61.2%) whieh was réa:ystailﬁa@ﬁ

from water to give (3,9-Aimethyl-d-hydroxyphenyl)irvopyiing

perchlorate hydrate m.D. 222° (Found: (,55.43 H,;5.53 01,1L.0,

Gy 5, 5010 requirves 0,54.8; H,5.25 01,10.8%).

Traatment of this sompound with sodium bloarbovate
solution gave a dsep violebered solution, Extr&atiqn with
carbon tedbrachloride and working up gave an ungtable purpls

venidus which could net bs purified.



Reaction of Ditrepyl Bther with Thiophenol.

Thiophsnol (9.3 go, 0,088 mols} was itreaited with
ditropyl ether {9 g., 0.045 male). An exothermic Teestion
took place, The mixture was heated at 100° for 30 nin., and
allowed to oool, Distillation gave tropy)r phenyl thicether
{13.94 goy B2.5%) as a very pale yellow oil h;pn QijOcl Bl
(Found: C,;76.63 H;6:35 85,26.6. 0,5H,,5 requives ¢,77.93
396§63 5,16.0%), This compound Formsd o complex with mersupric
ghleyids %o giﬁe vexry pale green crystalline plates of Hxopyl

phenyl thicether bis-{merouric chlovide), m.p. 198° {Found:

520,93 EploB. G, gl ,CL,Hg, S requives §,21.0; Hol.6%).

Reagtion of Tropyi Phenyl Thicether with Triphenvlimethyl

Perehlorato.

Tropyl phenyld thiosther {1.97 g.; 9.8 mmole)} in glmeial
acetie acid {10 ml.) was treated with trivhenyimethyl pevchlowsie
(5,47 8oy 10 nmole), The mixiture was waymed for 10 nin. on &
sbeam bath, cooled and filtersd. A warm mgueouy exivact of the
erystalline pveduet obiained yielded,; on cooling, iropyliuvm
pexrchlorate identified by meltiang podnt and infrared spectrum
cogparisen with an anithentisc semple., . The residue from tha
agueous exiract wes warmed with psitroleum @ﬁhér {bopo 60=B0°}
whigh was then wovked up to give $ri heny?meuhyiyhanyl thiogther

ap oolonrless prisms, m.p. 207.5° [ii m.pe A0G®1 (Founds
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Tropylavion of CGatechol.

ra q ) 3
Catechol (5.5 g.y 0.0% mole) was treated with dibropyl
obther (5 g., 0.025 mole ), A very rapid exothermic wreachion

tock nisce givimg a thick oil which would nod digtil.

inte

Abtenpts Yo obtain sipngle subelances hy ohromebography were
unsugcessiul,

Propyletlon of Guaiacol.

To guainool {B.3 g., 0.067 mole) was added difronyl
ather (6.6 zop 0,03% mole) and the mixturs wes heated fox
1% min, on & eieem bath. Distillatbion of the product gave &
pale yellow 0il (5,73 g.), Dupa léomlia}fﬂﬂal mm, Chromebegraphy

on sllica gel with bensens gave 2emothoxy-0-itropylphenol as

golourless crystal, M.p. 50° (2.7 8., 18.8%) (Found: C,78.2;
MoGobo G .1, ,0, requires C,78.5; H,6.6%), Puriher eluiion
slowly yielded an oily mixzbure {0.9 g.) which sould not he
purified on rvechromalbography.

Tropyliation of p-Uresol.

Po p-crescl (21.6 ., 0.2 mole) vas added ditropyl
ether (12.8 g., 0.1 mole) and the minture heatsd for I hy. om a
apbesm balth. The product was chromatogravhed on silicn gel with
benzene to give a ecolourlass coystaliine solid {(13.8 go, %4.8%)

which was regvysiallised from patroleun ether {bop. H0-B0%}



A

H
. ey N - AU SR SO S b
0 give Z-stropvi-densilylohanol, m.p. 65, Analysis inddontad

that this compound crysitellised ag a hydrate Q% mole B, 0}
(Pound® 03,303 H,T.2, G 28 ,0.58, 0 wequires C,81.%; PRG3R
An newm. v, spegtrum sonfirmed 4his. (See Appendizl.

{21§yerXﬁm§?@$%hglph@myl}tr§§yiium Porchliorats.

3

7

2olropyl=4-nethylphenc® (1,19 g., 6 nmole)} in madthylons

ghinride (% ml.) was treated with tziphenylumethyl perchlovate
(2,06 z., 6 mmele) in methylene chloride ()U ml.) end the
mizture left overnight in a refvigervator. Filtration yielded
(2-hydvory=F-mathylnhenyi ) tropyliv Fp@éphlor&ﬁgﬁ ap orange

W

- A . L . . r " . - g § o N
nlateleds, m.p. 372° (Fo Cohbady Hod.3p CLE2,10E, O, 05 .00

&-rg
wd

z-“equ‘.ir@?é:* 695{}0?’{\ }ipt{lsé\g cl v!.z:.ﬂGO;u

¥

(2-Hydroxyobanyl ) tropylivg Pesrehloxsto.

A et

A mizmture of o-treprinhecol (1,84 g.. 0.0 mole) imn
mathylens chlovide (% ml.) anéd iriphenylmeihyl perehlorate

{343 gop 0,01 mols) in methylens ochlovide (7% ml.) was lefs

in o refyigeratar covernight., Filiration gave g yellow eyyatalline

sodid (L.73 o %} which was recrysiallised From methyleone

o
chloride to give (A-hydroxyphenyl)ivopylium perchlorsie m.p.

g

=
.,,a
m
r'm
L

162° (Founds C,54.63 H,4.05 C1,13.0. G, s, 010 reqg .85, 2

O

Ho3.9; CL,12,5%).

iﬁuagu?axvmﬁ~m@%hox§pﬁﬁnvi)uwog riium Perohlorate.

To 2engthoxy-b-tropyiphenol (0.86 go¢ 4 muole) in



methylene chioride (5 ml.) was added triphenylmethyl
porehlorate £1.4 goy 4.1 mole) in methylene chloride {40 nl.}
and the mizsure left overanight in o vefrigevator. Filltration

yielded {2-hydroxy-j-methoxyphenyl)-tropylivm pewchlorats

(760 mgo, G1%) as ovange-yellow needles, resyysiallisable from
mothylens chloride, m.p. 282°. {(Pound: G,;53.35 Bpdo.53 CR,3C.8.
G, H 5C10, woquires C,53.8p Hydo2y CL,1Ll.3%).

s=Mathylbenzol b lovelohsptatyienc] d ITuran.

{2-Hydroxy-S-methyiphenyl)tropyliun perchlozate {0.929 o,
3.3 mwole ) was shaken well with scdium biearbenate molubion
{oxcess) and the produol exitwacited wilth methylens ghloride.
The extract was dried (Nazsoﬁ) amd worked up to give a yoellow-

brown oil vwhich was distilled %o give Z-methylbsnzolblercio~

hopiabrienold [furen (0.58 g., 86.6%) as a pale yollow oil

which darkened on exposuye to air for a Ffew days, haﬁu lﬁﬁalﬁﬁﬁf
0,05 mm, {Founds ©,85.0y H 605 G 90 requives ,85.7;
Ho6,2%) X;QE (ligquid £ilm) 1190 em.” (C-0),

Renzol b loyeloheptabrienc] d [furen.

{2-Hydrvoxyphenyl Yivopylivm perchlorate (1,43 g,
5 mmole) was shoken well with modiuna bicarcbonate solunbion
{excess). The produet was extwreched with methylene chloride

the sxtwract dxied {N&QSQG) and wozxked up to give & daxk hrovun



01l which was distilled to give beouso|bleycloheptsbricnold Ifuren

{047 gop 51.7H) a8 & pale yellow oll, unsiteble to alvy, bepe
1350-240° 0,2 nm, {(Fowuds €,86,%3 Hybo3. C, 5% o0 requires G,85.7%

5 il ’
HpH5o5%) Y {iiquid £ilm) 1317 om. (C=0),

mike

l«ﬁe@hoxvhenzclhjcyeiabep atrionol A Ifuran.

2 -HBydroxy-i-nethoxyphenyl ) tropylium perchlorate (1.29% g.o,
4 mmole) was shaken well with sodium bicarbonste solubion {excess)
The profuet wes exitvected with methylaene chloride, the exirvact
dried (Ne,S0,) snd worked wup %o give & hrown oil which was

distilled to give lemeihexybenzelbleycloheviatriencld furan

(700 mg., 82.5%), as & pale yellow unstable oil, bop. 1LH0-160°

0.C6 mme ‘vmav (liguid film) 10B7 cm. (cyelie ¢-0) 2266 om.

{tr.tovrw -ﬁf'; ) o
{ 3-ltethy Ibenzolnrano ) bropylium Pevchlorabe.

" 3-3e thylhenzo| b leyeloheptatriono| & jfuran (500 mg.,
2.5 mmola) in methylens chloride (2 ml,) was treated with
triphenylmethyl pewnhlovate (880 mg., 2.6 mmole) in methylens
ghloride {29 ml.) and the mixture left overnight in a

vefrigerator. Filiration gave (B-methyibensofurans itropylinm

perehlorate {720 mg., 81.3%) as arenge-yollow needlas, m.pe

182° (Pounds C,56.83 H;3.83 CG1,32,0, €  H  CLO; wequ ives

"’9 ? :?F'h Hg}'ag% Lq,.ﬁ,,Z 0,0)



Bengofurangtrooyliium Perohlorate.

When bensolbjeyclohepiatrienc|dfuran (425 mg.,
2.% mmole) in methylens chloride (2 wl.) wes itreated with
riphenyluethyl perchlovase (800 mg., 2.5 mmole) in webhylens

chloride (25 ni,), & yellow erystalline precipitate was

obtoinad almost immediately. Filtretion gave benzefuranotvepyliuvg

perchlovais, m.p. 200°(0L0 ing.,97.99%) {(Pounud; Cp85.08 Hy35.28 G110

% 5 B0, waquives ©,55.63 Mp3.2p OL,12.6%),

{1-Methoxybensofurano ) tropylimg Perchlora:

Fhen le-methoxybenzolb leyeloheptatrienoc|d |furan
(507 mg., 2.4 mmole)} in methylens chloride {2 ml.} was btreated
A

with triphaﬂylmethyl perchlorais {820 mg., 2.4 mmols) in

methylene chloride (25 ml.) sn inmediate yellow cryaualfzn@

oG
. Q‘-‘l

vacipitate was obiainsd., Filtration gave {l-methoxrybensofuranc)
? we L N s N S L A

tropyling perehlorate {705 mg., 25.1%), m.p. 203°. {Found:

Gy53.T3 Hp3.65 0Lyhl.5. cix*izciﬂ roquires ©,94.0y Hy5.63
Gl,11.4%).

Baglfijcasion of_(EmMethylb@ﬁmafuranc}trqggljam Perchlorats

(ﬁswethylhanzﬂfurann}tropyliam perchlorate (7.43 g.,
29.2 pmole) was shaken well with sodium bicafhanata soluvsion
{excoess) and the product axtracied with mathylene chluri&@c
The extrsed was dried (Naggﬂ ) and wovked up to give & darvk-

brown 0il (5.24 g.). This product was ehromnstographed on

sillen gel with benzene to give produet 4, & brown oil (

o2

o 12

L

o



O
w7

When the eluavt was changed to hengeng vl (0 ohhey a
pale yellow solid {product B) was obtained {0.98 g.}, m.p.
1%30°, and then a very pale yellow scolid (product G, C.87 gl
Moo L3%39°. Ho ather product was obiained on Turther slntion.

Produet 4.  The brown oil was distilled o give 2 pale yellaw

il {1.80 g.) Dep. 9 3¢Q 02 mm., which wag identifisd as

pirs

enethylbenzol b Jeycloheptatrione| dlfuran. (Found: €,85.1%;
6000 G, B0, ,0 vequires (,85.7; Hy6.0%),

This product on Ltreabtmend with twiphdnylmethyl
perchlorate in methylene chlorxide gave (3-methylbesnsofvranc)

Al

tropylivm perchlovate identiflied by infraved spectrum, meliing
point {192°) and mixad melting poiat {192°) with the predust
chgained QT@Vlousjmu

Produot B:  This product was purilised by sublimation a%
120a150?f001 nme. tQ give pale yellow plates, m.p. 130°
(Pounds C;72.9; Hydo.B. 'Qiéﬁgoﬁk requives G,80,03 H,4.8%),
}JSE (KCL) 1623 amawi{meﬁium} 1575 ammmx( wrong ).

Product B (50 mg., 0.24 mmole) fin ethanol {2.% ml,) and
concentrated hydrochloric acid {0.15 ml.) was rofluxed fopr

8 hye with 2,4-dinitrophenylihydvazine (70 mg.y 0,35 mmolel.

Piltration gave dark purple {almost blam&ﬁcry talline nondles

Mopa 302° (67 mgo, T2.5%) {Found: C,631.55 BedeTs H,ulde5.

oH oW, 0y wequives G,01.53 He3.67 N14.4%).



96

Froduct Q: Suvhlimabtlon of this product ab REQmE@Oﬂf'GQl Rifto
gavs very pale yellow crystalline plates, m.p. 1399 {Founds
C579.63 HpdoTa G B o0 voquives ©,80,05 Hy4.0%) \f’mw"(ml)
1608 om. ™ {(medium), 1515 @mu“i(atrong)o

Product ¢ (50 mg., 0.24 mmole) in ethancl (2.5 mi.) and
soncentrated hydxovchlovie acid (0,15 ml,) was warmed with
2yd~-dinitrophenylbydrazing (70 mge, 0,55 mmole)., An orange=
yellow precipitate was rapidly formed whioch on filtrstion and
washing with warm ethanol lost hydrochloric asid to give dsrk
purple (alwmost black) nsedles, @mep. 291° {70 mg., 75.0%)
{Founds C,562,05 Hy5.83 Ngléaéa Cpo By , M, O wequives €,61.5;

H,3083 Npld.4%8).
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THDEX  OF N.M.B, SPECTRA

L-Thia=depyrone

L-Thip=4epyiono~hydrogen brounide -bromine
conplox

4eHydroxyihiapyrylivm bromide hydvabe
@mﬂgdr@zyphenyltrmpylimm\pex@hlarat@
2eTropy f=4=-mathyiphenol
2=-Hathoxy-b=tropylphencl

{2 -Bydroxy=Hone thy Lohenyd ) trepylium
perchliorate

{ 2-Hydroxyphenyl ) tropyliwa pexchlovate

{2-Bydroxy-3-methoxyphenyl ) tropylium
perghlorate

{ 3-Methylbenzolfureno Jtropylium perchlorate
Bengofuvanotvropylivm perchlorate

(1-lethoxybensofureno Fropylinm perchlorate

{3=Methylbengofurane Jtropons-isoner product B

o

{ 3-Methylbongofurano ) tvopohe-isaner preduet 6

(n}
(b)
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