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| SUMUARY. .

This work 1- conoerned with the chemietny of the
\dark purple bacterial yigment Vlolacein. produced by
Chromobaoterium Violecein, '

In the rirst aection, a general claasification of the
Chromobacterium Group is mada and the propertias exhibited
by the baoteria in this olass éurveyed. “The chomical and
antibictic pr0perties of the pigment Violaeein ore
mentioned and the reeulta of the earlier 1nvest1gators
diacuesed. “The Bection ie concluded with an eccount
of recent 1nvestigationa into the’ etructurea of two ma jor
¥decradation produots from Violacein, the hydrcaen—iodide
“produot and the 020 Acid. | _

The theoretical discuasion 1e divided into’ several
'sub-eectione each of which 18 concerned with different ‘
aapects of the investigation. “The ‘first of these diaeuneea
'the methods which havo been employed 4in the cultivation
4of the bacterium by previous workers end deacribea tre '
:auperior method of growth on solid medium which is at
Tpresenz used in these labcratcries. - The work carried out
“on the 020 acid 1s then discuased and the yresence ot a
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p;acylindole system and of & ¥=keto scid system in the
| moleculo demonatrated.~ During this work full use was
nade of ultrauviolet and 1nfra-red spectroscopic anﬂlysesr

 and.the spectra of several model compounds were measured
tor eomparativa purposes. » It hae therefore been found
pobsible‘to‘eliminaté‘a nﬁmber o* atructurea and there -
qpuld appear aa%giﬁgsult only two possible structurea e e
~which could represent this scid. A discussion of the
reculler behaviour‘or this ecid and its trimethyl
derivative upon scetylation then follows, and a number of
possible explanations afe.suggested and criticélly
~ discussed in the 1light of degx-adauenal. synthetical and
epectroscopio evidenca.:~' :

© The prodlem of the molecular formula of violncain
is next discussed and the reaults of the analyses of
inportent derivatives rlosely examined. dethylation of -«
the pigment with dimethyl aulphata. potasaium carbonate 1n
aeetone is shown to glve rise to two distinct methyl
derivatives and the nature of violaeein as a molacular‘
 addition compound of two molecules. CyH 155303 end .
021H13H3 4 demonstrated for the first timee i %

From a. study of the properties of the two mathyl
ethera on aoetylation, a re-inwestigaticn into the moleculxr |
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- formula for ace:ylviolacein was made, *  This ﬁgnded’tGﬂf

 1ndicateL§hat this molecule is not 8 hexa-acetate as
sﬁggééted by‘earlier workers, but rather a hepta-acetate,

| The properties of the two methyl ethers ere then

described and on degradeation with hydrogen iodide only

: fhe hicher melting ether is shown to undergo a eimilar -

- transformation to acetylviolacein, On reductive alkaline

- degradation ﬁoth methyl ethers are shown to give rise to

" methyl derivgtivoavof the seme C,, acid end thus both

" molecules ypresent in viplacein must have the same

" fundemental structure.

- The results .of a re-investigation into the action
of ceustic soda on viqlacein are then described when both
the red and yellow solids descrited by ¥Wrede, were
prepared. The statement by this worker, claiming to have
obtained the same acetyl derivative from these two solids,
. namely aoetylviolacein, has been shown to be incorrect.,
Whilst the red solid has been shown on ecetylation to give
en acetyl ‘derivative having an identicsl infra-red
spectrum with ecetylviolacein, the acetyl compound
‘derived from the yellow solid, has been shown to be quite
different and to c%ﬁ%gin e lower acetyl content., The

investigations have been extended to the trimethyl
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derivative <from violacein dbut dbecause analyses have not
at present been performed, discussion of the nature of
‘the reaction is reserved, , ,

’ The theoretical dlscussion 1s concluded with a
sectlon-describing the possidle structural formulae for
violecein put forward by prévicus workers. It demonstrates
how violacein does.not contain a trisubstituted methene
structure like Prodiglosin, and goes on to discuss in fhe
light of the discovefy of the two czllmolecules present

in violacein end the structures thought most probable for
the two major degradation products, possidle structural

formulee to represent these molecules.



HISTORICAL and IRTRODUCTION



. THE cfmon«oBAcwmIm.s GROUP.*‘

;» The organisms of the chromobacterium group are
usually defined as emall, non eporing, aercbic roda L
uaually motile and usually gram-negative producing a
yellow, red, or violet;pigment wn;ch is'ggngrally
1nsoluble 1n water., They nre saprnbhytid‘nnd‘arex L
commonly found in water or soll, o i v. “

: The olaasitication ot organisms of the chromo- )
bacterium group. presents some difriculty. The American
COmmittee of Baoteriologists ditferentiates between
those organisma producing red or pink pigment and thoae
producing violet pigment.l It retere to the former as
Erythrobaoillus and reserves Chromobacterium for the
latter., Beoaueo ot the relatively little attention
baid to these organiems by baoteriologists and
consequently incomplete study of properties, it was -
vthought advisable 1n thia country to group all which
fit the definition_under,the_sLngle genus
Chromobacterium, | ;’:“:T ,1i

All members of the grpubfare nnrkedly aerobio,
egrowing best in the rresence °f~éé annle supprly of
oxygen and growth under enaerobic conditions besides

being poor, results in leck of pilgmentation. The



i production or pigment alao depends upon the temperature
and the optimnm temperature for pigment formation does
| not necessarily correspond with that for growth,
‘V“Pigment 1s developed best on the surface of solid media
and potato 18 a8 medium which may be recommended tor
the study of its production. The formation of
pigment is most abundant on primary iaolation and after
suboulture for some time the power to produce it mey
diminish seriouély or be 1oet.a1together.i; With regerd
»:td their'pathogenioity, orgeniems of this €roup are
essentially saprOphytio and although a few doubtful
cases of suppuration in man hava been described,
generally’ speaking they do not give riaa to natural
disease 1n men or 1n animala._ Cn experimental
‘1nnoeu1ation 1nto 1aboratory animals they provad

hermless except in very larga doees.“ :

General Classification of the Chromobacterium Group.2
Group I. Producing a violet gigment.

Chromobacterium Violaoeum.

" o Janthinum. .
e Amethystium.

«  Coeruleum.



Group 2.:¢;Pr6dueing a pink or red plgment,

o (a). ;¢Chromobaoter1um‘,Prodigiosum.
| " - Indicum,

: o »;Yu;“it . Kielense. . - ;
(plgment red at first, later ‘becoming darker,) - = ...
- () ... ... Chromobacterium . Rubricum.zg ATy

e ..s.. ..." . ... BRuber.
(pigment orange»red or. yellow—red;) ‘
(o). . Crromobacterium: Mycoides Roseum, = .
(plement salmon pink.) < ST,
"£{5(G)W,,,;:‘ Chromobactarium Laotis Erythrogenes. -

.. .. .." . . Rubefaclens,. .-,

(rcse-reh éolublozpigmént.)~

o

roug }Y Produoing yellow or orange pigmenth?%w:E
S Chromobacterium *Aquatile. o

tr?Typhi-flavum. o

g :Ochraceum.?“uyiﬁ‘%
- gt e
- " " purentiscum.

vﬁDenitrificans;?A%
Chromobacterium Violaceum,;“f : : I

B Chromobacterﬁum Violaceum. tha chief member of

the group producing a violet pigment, was first deacribed



by Bergonzin13 in 1881, It is a common inhabitant
of water and has been found in an abecess of a decaying
tooth. |
.7 " The organiem grows in rode;(l.5-3;0)xo.6‘
which are arranged singly or linked together in long
chains and which are motile by peritrichate flagella,
It is non-sporing, gram-negative ,non-acid fast and
has the ability to liquify gelatine. It is also
serobic and pigment formation is best at 25-30°C., but
it does not depend on light for growth, . The
organisns are kliled when maintained at a temperature
of 55°C. for one hour. -The organiem ie non-pathogenic
t0 man end snimele, but its isolation from a fetal
humen infection by Black end Shahen* in 1937 aroused -
renewed interest in its possible use as &n antibiotio.
- H,C.lichstein and V,P.Ven de Sand? examined
the pigment produced by the organism for entibilotiec
activity., Strains from pathological sources were . -
found to0 produce rich violet pigment upon ocultivation
and they were found to exert an inhibitory action
against Staphylocoocous Aureus and Staphylococcus Albﬁa.
A saprophytic strain which produced little pigment -



during growth was found to have no effeot on the growth
of‘thesa organisms, - “For the purpose of a systematic
study of the ection of the pigment on the growth of -
various miero~orgenisms, aqueous-dioxan solutions
vérying in strength from ,001=-,03% were prepered,’' .The
results showed the pigment in these concentrations
exerted marked inhidbitory amction on the growth of. gram-
positive baoteria dbut had little effect on the memders
‘of the gram-negative group. - - The most resistant of the
former group was Clostridium Welchii, which grew well in
the presence of the pigment until' a concentration of .
0.01% was re;chediJ' 0f the gram-negative group only the
meningococcus showed marked susceptibility.  * Four
strains of molds were tested but only one, Blastomyces
dermatiditis, showed marked susceptibility, exhiditing -
limited ‘growth even at & concentration of 0.,005%, . : The
erowth pf‘the other three strains, Epidermobhyton,;;i.
rloéooéum;‘rriQOphyton rubrum;?and'penicillium ﬁdtatum.
‘was - 1nh1b1ted by a concentration of 0,01% of the -
plegment., The only strain of yeast studied was -
‘Saocharomyces cerivisiae and it was found to be:very . .
‘susceptible to the motion of the pigment,  The sotivity
“of the pigument was found to be influenced only slightly



by,the number of bacteria in the tegt inoculum dut was
markedly diminished by the presence'ofvserum.
 Violacein, the derk violet pigment produced by.
Chromobacterium Violaceum, 18 insoluble in water,
chloroform, carbon tetrachloride,\oa:bon,disuiﬁhido.-
benzene and petroleum ether. It .is very sparingly
soluble in ether, ethyl acetate, glacial ecetic acid,
ethyl,aloohol and methyl alcohol but_someﬁhat more
soluble in aéetone the best of the oommon solvents for
dissolving the plgment, - These properties serve to
,distinguish violacein from another pigment investigated
vy Friedheim§ end by Sartory, Meyer andeaéldeie7=also*
referred to as violacein. . The material studied by
these workers was found to be soluble in chloroform and
othgr common organiq golvents and was given the molecular
formula 010H12N03 whigh is consideradbly smaller than the

violecein molecule is known to be., The earlier workers,

Ha;tleya

» Lesseur and‘Girardetg. Reilly end Pynelp, were
unable to crystallise violecein and it was not until
1932 that Kogl'! first isolated the pigment es smsll -
deep violet needles with a greenish sheen which charred
on heating without melting., From the analytigal results

he wage adle to put forward two possible empirical



formulae for the molecules: (a) 035H25N505, ;

(v) 042H30N6°7 o

“» ' wredel? who later elso investigated the pigment
was able to.provide evidence supporting thevc42“formula.
Be first crystallised violacein from pyridine and found
that 1t crystallised with two molecules of pyridine of
crystallisation, the pyridins-being determined by -
treating the crystals with hydrochlorie mcid and = ‘¢
 estimating the pyridine as its aurichloride, The .
analytioal values for this compound however did not’
distinguish between the two tormulae-035ﬂé3N506’aanﬁif
c42H28N607*whichahe'had‘proposed;érerede also prepeared
the acedyl derivative of violacein, the analysis of which :
indicated the presence of five acetyl groups if
violaceln were a Cjq molecule;'orfaix'acefyl groups if
the molecule were C4é2~ It did not however differentiate
between the two formulae, ~ VWhen Vrede: showédithatii: -7"
Violaoein could be crystallised with chlorinated
solVents suoh as ‘2-chloropyridine or o-chloroaniline
‘this difficulty wes resolved because the chlorine analysie -
offthe‘additionfcombounds‘olearlyfindicated the»c42531
‘formula, ' There was an interesting difference between

the sddition compounds formed by violacein and the two



- ¢hlorinated solvents. Whilst the violacein
2-chloropyridine compound enalysed for one molecule
" 02 viclacein tc two molecules of 2-chloropyridine, the.
o-chloroaniline compound enslysed for one molecule of
. the pigment to one molecule of o-chlorcaniline end one
molecule of alcohol, the solvent used for the prebaration
 of these compounds. Violecein wes shown to form a
similaf:cryétalline complex with sniline, ona molecule
of the picment, one moleculs of eniline and one molecule
of alcohol seperating as black violet needles, ' The .
- elcohol could be removed from these complexes by drying
-4n vacuum for periods up fo’148 hours, . Because of the
extremely low solubility of violacein in suitebdle solvent&,
. acourate molecular welcht determinations were precluded
- and thus no decision wes reached as to the moleculer .
formula of the plgment. - . _ :
Wrede next mede & study of the chemical praperties
‘.of,violaoein.i--ﬁe showed that on digestion with
hydrochloric acid a mono-hydrochiorido was toimed the
plgment appearing to behave as a mono-acid base end with
sulphuric ecid similar behaviour was sdhered to. - The
pigment did not dissolve in sodium carbonata’aolutioﬁ,

but was found to be soluble in sodium hydroxide solution
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giving a bripght green colour. - This solution soon
_changed howevér'to red after passing through &
transitory brown colour. — Saturation of the red solution
with carbon dioxide caused the precipitation of a red
miorocrystalline £0lid whilst meidification of the
cbloﬁrle-s riltraté with hydrochlorib‘acid resulted in
 the precipitationof & yellow ‘solid, which soon changed
to & green end then to a much derker colour, =

© . “Both these products on treatment with pyridine
gave the same crystalline complex as did violecein end
both on ecetylation gave ' amcetylviolacein.' Wrede
éuggesfed7fhat5the red solid was the enol form of the -
yellow one which he thought might be s lactone or'a
‘lactan.” ‘Wrede also showed that upon hydrogenﬁtién in
ecetic ecild solution with & palladium-charcosl catalyst, |
 violecein geve & colourless solution which on exposure
to the air slowly oxidised dack to the originsl colour,
From the emount of hydrogen sbsorbed he deduced the
presence of seven or eight reducitle doudle bonds in
the moleeule, -~ = ot o

A series of rusiona’qn‘violdéein{using'tino duét.

'soda 1ime and slkeli cerried out by Wrede and Tobiel3,
a leter worker, resultéd:only’iﬁ1tha isolation of oily
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products which gave positive colour tests for pyrroles.
Tobie claimed by use of a colour reaction to have - .
identified one of the products as enthranilio acid, . It
was at this stage that the investigation of violaeocein
wéa commenoed1n these lsboratories. ~: Subramanian, by
zinovdust fusion of violacein, was able to isolate a
- cf&stalline product; m.p.112°0.,4but was unable to
| prove its identity. - This product was later identified
by Beer and ﬂarkel4 8s a nmixture of xeomerio indole
derivatives, nemely oxindole and 5-hydroxy indole, -
The effeot of hydrogenation on ecetylviolacein was .
investigated by Clerke®® who found that in acéfio_ucid
- solution using Raney nickel es catalyst, pale coloured
material was obtained which could not be drystallised.
| Thie material, however, when diseolved in acetone and
exposed'torthe 8ilr became redvand_on recrystallieation
from acetic énhjdride yielded aoetylviolacein. This .
seemed to indicate a.leuco’ compound and the discovery
was of interest because Tobie had previoualy suggaested
that violecein might be indigoid in type.  Vhen reduced
under nors strenuous conditions acafylviolacein Yielded
two crystelline products in very low yield which had
melting points of 218°0 end 242°C,  The iower me1ting



b b §

material was thought to be a more fully reduced.form

" of the higher melting'cdﬁpounﬁ sinﬁe it was formed
using freshly preparad catalyat._‘ An interesting

point was that although 1nsoluhle 1n water both products
dissolved easily 1n strong hydroohlorio acid and in
cold caustic soda solution. , : , By

| Oxidation of écatylviolacein ﬁsing chromic oxide
15 boiling €lacinl acetic acid was shown by Clarke to
€lve N-acetylanthrenllio acid and S-acetoxy R T
N-acetylanthranilio aoid, the latter being produced in

- far better yleld by Khorana;s

when cold glaclal acetio
acid was used, From oxidations in acetone using
potdsaium_permanganate Clerke obtained two other acids,
“one of which he discovered to be Sehydroxye-N-scetyl-

" enthranilic acid and the other which had a molecular
 formula Gy gHO he falled to identify, From the
neutral frection of the reaotion producta isatin was
1solated. s :

Aootylviolaooin was found by Beer and Parker
when sub:ected to degradation with hydrogen iodide~ .
scetic acid to give rise toa red cryatalline C
hydriodide derived from a sparingly soluhlo yellow o

crystalline base“having the formula °13Hio“é°2'"2°“'
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Vhen refluxed with alcoholio hydrogen chloride a dee)p
red solution ves. produced which upon standing deposited
the’ hydrochloride, clBHiO 202.F01, in very dgrk red
. needles.’’ The base on high vacuz sutlimation was
found to yiald a little S~hydroxyindole.
- The degradation base was studied by Jennings17
~ who ‘showed that it had'proﬁertieefvery similer to . = -
difyrrylmathenas;' ¥ith acida, for instance, it formed
ohly a mono acid salt, indicating that‘only one of thé
_nitrogen stoms was basios It also formed metallio :
’derivativea and when a proton was accepted the pale
yallow btase was changed to a bright red colour
indicative of a - highly resonating structure,
Upon subtracting the elements of 5-hydroxy

iudols from the empirical formula of the tree base‘
~ there remained- CSH3°N the carbon and nitrogen of which
were readily sccounted for &s a nethone bridga end a
pyrrole nucleus.‘u Jonninga from these conaideratione
tentatively put fsrward en 1ndola-pyrry1 methene
structure. The remaining oxygen atam waa assumed to
be in the form of a second hydroxg group end, in view
of the production of S~hydroxy 1ndole by sublimation,

wag considered not to bve in the indole nucleus, of -
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the remeining poéitions,,the mathene bridge cardbon
" atom end tho pyrrole nuoleus, the latter was considered
- most 1ikely._ -~L,\ ! Uﬁa4v 
With these considerations 1n mind Jenninga
synthesised a number of 1ndole-pvrry1 methenes, B
| Bystem not previously synthesised fron which by a
 study of prcpertiea and subaequent comparison with those
of. the degradation product he was able to arrive at
: certain conclusions. He divided the indole-pyrryl
methenes whicn ha had synthesised 1nto threa clesseste
| (1) The ones which did not contain a hydroxy
f pyrrole nucleus. ,
. (11) The ones which contained an dphydroxy
pyrrole nucleus. -
| \iii)The ones which contained a p~hydroxy G
of pyrrole nudleus.»»3 m

(é;;. Class 1 o

;;o*"-"‘ s E
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Cless IX - - .

o .
S A . Wt s

H

‘Cless 111"

| with regard to the baaicity of the methanes,vﬂ“
‘all in Class I were round to be highly basic giving |
'deep red solutions in very dilute alcoholio hydrogen
chloride and those ob ained in the aolid state \
orystalliaed with one moleoule or hydrogen chloiido.
"Similarly. a11 methenes in Class III were highly basio
and o“yatallised oontaining ono moleoula of hydrogen v
| ohloride. The methenes of Class 1I, however, wero
tound to Se only weakly baaio and cryatallised as the
freo base trom aoid solutions. - Tho-e mothenel aleo 3

gave muoh paler'solutions in dilute alooholic hydrogan
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chloride then the mothenes of Classes I end III but
the solutions, on increasing the concentretion of the
hydrochlorie acid, became more intensely coloured, '

: With regerd to the'beﬁaVicur"of‘théfmetheﬁes‘"
upon ‘treatment with aqueous sodium hydrogen carbonate,
4t was shown that methenes of Closses I and III formed
.sodium‘salts ine Bimilar'manner to the degradation ,
product, whilst methenee of Class II showed no tendency
to form such ealts, SR EREEI O

e Absorption epeotra of the eimpla methenes of
Class I, those unsubstituted in the pyrrole nucleus, -
reeembled»that of the degradation btase. In Class II ;
both the methenes synthesised differed very conaiderébly
frem thet ‘of ‘the degradation base hydrochloride. In
Class III the spectrum of one mcthene resembled that
-of the degradation product. The otber having en
ethoxcarbonyl group in the 2-ﬂositton of the indole
knucleus had a diasimilar spectrum. s .
» | ; From his work on the hydrcgan iodide decradation ~
lAproduct Jenninge was eble to arrive ‘at the following

conclusions:~ - R gmhaater e L
. (1) " The original theory that the” degradation product
- wes the hydriodide of an 1ndole~pvrry1-methene waa most ,'“
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- probebly correcte . . -t oo %o |
(II).  Tha hydroxyl group in the pyrrole ring was in
on? ot the p=positions, This arises from consideration
of the highly basic nature of the degradation produot
. and- aleo its property. of forming a sodium salt and the
facttthat neither1oruthesexprOpertieavoecurred in the

o ~hydroxy compounds syntheslsed, : . - . .. e
(III) .The methene linking in the indole nucleus was
probablyfin,thef3~,poaition,;although‘the,evidenoe.a.
for this was not very sirong, ) Loniw Ly g

A - Jennings wes not able to arrive et any.conclusion
conéerning‘thezposition,of“tha:mathene lindng in the
pyrrole nucleus, . - - iy o v? ‘*_i‘;m,4

This work on the 1ndole-pyrry1-methane was ..

undertaken concurrently with a study by;Boggiano{or
| another major degradation. product of violacein, the
Cyo ®cld. - Thls work will,ngw;be desoribed in:detail,
Reduotive Alkaline Hydrolysis of Violecein., . . - .

-Towards.the end of his work on violacein. CIark915
discovered that by heating violacein or acetyiviolacein
w@th 10%130§1um hydroxide in the presence of zine dust -
iiwwaa possible to 1solate a colourless acidic material,
m.p.252-254°C (decompe)e A potehﬁiometricltitrayion
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carried ouf on this materisl gave a moleculer weight
of 22; 390 which, with its analysis, indicated e 021
.’#oleoule.‘ ‘Boggleno, who repeated this work, -
discovered that the yleld end purity of the acid were
vastl& improved when the neutral end phenolic
dmpurities were first removed by selective
yrecipitation at pH 6.5;7. A series of potentiometrio
titrations carried out on the acid and its trimecthyl
derivative by Bogglano consistently indicated a value
»ot'gg.-365'for the molecular weight which was in very
close sgreement with that required by the empirical
tprmula obtained from enalyses, namely 020H16Né05.

~ The acid was found to be quite stable to alkalil
‘and prolonged reaction time for the degradatioﬁ tended
'in no wey to decreese the yields The alkaline gas
‘1iverated during this degradation was shown by
Bogeieno by analysis of the p toluene-sulphonyl
‘derivative to be emmonia. This meant that during
tﬁe'degrndgtion two carbon etoms and two nitrogen
atoms had been lost if violacein were considered a
’c4ém019cule, or only & single carbon atom end =
‘aingle nitrogen atom it 1¢ 19 a Cyy nolecule, -
- Boggiano showed ‘that the amold was etable to ©
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alkali, dia not‘give e hydrochloride nor did it ‘glve .-
ketonio derivatives.:f.It was.reoovered unchanged after
attempted hydrogenation‘using palladium charcoal or
- platinum es catalyst and also after mild treatment
with élkaline hydrogen peroxide... The mcid gave =
negative reactions with ferric. chlorlide and with . -
Ehrlich reagent but gave a positive fluorescein reasction,
st On mstnylation with methyl iodide and potassium
carbonate in ecetone the Czo-acid was_oonyerteh into
é.mono methyl derivative which was. no.longer acidic
but which did dissolve in sodium oarbonate, =~ -
Vethylation of the acld with dimethyl: sulphate and :*
alkali resulted in the formaticn ¢ & irimethyl - - .:
derivative which wes still mcidic. - It was found, .
however, that if the reaotion.mixturasih~this,ﬁ,ﬁ e
methyletion was allowed to become ecid then & non- -
. acidio compound separated which was'subsequently shown
toder tetramethyl;derivative.~t;These experiments
showed that besides the mcidic group present in the .
C,y @cld there were also%tpraoihyd;ogen atoms capable
of being replaced: by methyl groups and since the -
violacein molecule hed been shown to contaln.the - =
S=hydroxy indalsand‘oxindolezﬁuclg;, Boggleno considered

the possibility of their presence in the Cog 8cld. e
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‘compared the ebsorption spectrum of the acid with that
of an equimoleculsr mixture of oxindole and 5-hydroxy
indole end found en obvious similarity which suggested
that both systems were in the acid, probebly linked
byfeome'eatﬁfated'system‘which'1nsulatedvthem from
eech other, Boggieno then interpreted the results

of the methylation experiments on this basis, -~ He
considered thet tha“héthyl‘1bdide-pqtaseium“catbonate
method had esterified the mecidic group but had not
‘affected the hydroxyl group in the indole nucleusy
this was rather surprieing;uhxil'he subsequently showed
,_rthaﬁ'5-hydr6xy~ihd61aiitselt"waa:reéovered unchanged
from such & methylating mixture.  Dimethyl sulphate
and alkeli had methylated the nitrogen stoms in the
4ndole nuclsl end’ the S-hydroxy giouﬁ;;iesultihé:inha '
trimethyldari@ativé,‘ahd[whéﬁ”the‘réééfion mixture
had become moid, esterification had slso occurred
yielding the tétfﬁﬁethylfdeiivétivé; . it:waﬁ later
found‘thﬁthésﬁérifi&éiibnldfifhe“édi& grouﬁ_ébuld;bé
,effebtedZWith"diazohefhahe'and’diézoethancj if§haiﬁ;
both the methyl end ethyl esters were prepsred in
thic menner. Jennings later demonstrated the resence.

_of the two indole nuclei in the C,, acid when by =



- 20

oxidation of the trimethyl deriwative of the acid . .
yith”potaSsium permangenate in acetone he isolated.
NamethylﬂisapinjandfSemgthoxytnfmethyly1nat1g. .. He
thus proved that Bogglano's suggestlons concerning
the methylation experiments were correct.
Clarke had found that on acetylatlon with =
ecetic anhydride end sodium ecetate the Cpg Beid gave
¢ bright red cryetalline acetate, . Doggiana s
continuing this work showed that the acetate was. non-
acldic and would not regenerante the.acld on attempted -
deacetylation.  Analyses indicated that;féur acetyl -
groups,hadfbeen 1ntroduce9,‘dehy§ration end possidbly.
oxidation (loss of two hydrogen atoms) having also .
occurred, . When the acetylation was carried out using
pyridinefanﬂnaoetiq,aphydgide in the“cold.,a:colpgrlgpe
compoundL(m.p.é35?c)J@1xed with & cons;dségblo.amognt;
of the red amcetate was obtained. . Acetylation of t;;'eﬁ
- methyl ester proved difficult due to. pertial .. cms
de-esterification, but when the ethyl ester was used
e colourless triacetete was formed. On acetylating
the trimethyl ecid, however, Doggieno found that a
magenta coloured compound ws forned which crystallised ,
very,readily,ang wae shownkto:be;nonpacidié,5y{An§1yé;g
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of this compound indicated the addition of one ascetyl '
groub and loes of a molecule of water, and possidbly

one of hydrogene. Acetylation when attenpted on the
tetramethyl.dqrivativé resulted in recovery of - - . -
unchanged material, )

. Boggleno arrived at certein conclusions concerning
the behaviour of the C,, scid and its derlvotives on -
ascetyletion.  The presence of a free cerboxyl group -
was necepeseyy for the p:pduction of colour end on . .
ecetyletion of the compounds contalning it, the cerdoxyl
group vas involved in a cyclisstion because the red
aéetate had one more amcetyl group then the sceteto of
the ethyl ester, Eoggleno concluded that this nust
be due. to the yproduction, during ecetylation, of a
fourth acetylateable‘croup vhich could only conceivadly
heve occurred by enolisation of e keto group formed by
a cyclisation involving the, carboxyl group. - He elso
noted thet apert from the carboxyl group ell the groups
which could be methylated with dimethyl sulphete could.
aleo be;écetylated.;‘;; n ST PSR

Oxidation of the red acetete with potessium
perﬁangannte’in acetone ylelded ohly l=-acetyl anthranilic
acld and isatin, but e similer oxidation cerried out on
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- the magenta soetate gave N-methyl isatin, S-methoxy-
N-methyl isatin end 5-methoxy N—methyl-}-indolylglyoxylic
acid,. T R o o '

Bogzieno showed that on attempting to decarboxylate
the C,; acid by heating the ecid in glycerol ;t 260-270°
in the presence of copper bronze two products were

"obtained. - One of these was shown to be 5-hydroxyindole

and therefore rroved concluslvely that this nucleus was - -

present intact in the C,, acid whilst the other product
was shown to be & non-acidic dehydration rroduct of the
C,o 8cid,  This moterial was shown to be recovered
unchénged efter heating with dilute sodium hydroxide
end was therefore considered not to be a lactone or

laoctam, It also was found ¢o give a 214-dinitro-

'?'phenylhydrazone thereby 1ndicat1ng the ‘presence of a

'4oarbony1 group and was in ract referred to by Boggiano
e3 the "Dehydration Ketone" ‘Acetylation with acetio
enhydride-sodium scetate occurred readily to give a peale
buff acetate,m.p.193°c, analyses of which suggested the
presence of tour acetyl groupa in the acetate. |

;‘ Boggiano tound that the 020 acid did not give
‘any ketonio derivatives but that the tetramethyl

- derivative d;dltrom -1 234—dinitropheny1hydrazone.

In théflight of these experiments Bogglano was
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sble to suggest possible formula for the C,, acid;fx

-+ If the mcid were considered,td.be a keto acid
then there werec three types to be bonside?ed, nemely, .
=, pand ¥-keto sclds, Boggiano.d1d notKéong1der‘that;,

an «<=keto acid'system was present when efter treatment

~

with hydrogen peroxide in alkali the acld was recovered
unchanged, nor did he think a A<keto acld eystem -
probable after attempted decarbOXJlation experiments
had shown that the cerboxyl group preferred to,cyclige
rather than to be elininated, - Left only with the
possibility of a 'SEReto acid‘ha eonsidered the only
fouxr poesibilities’whichicould;be—wfitten weré t=

B 3 T . (11) §
. 2 L |

S N IH 07\

H COOH H

fﬁ(III) '°""‘3 o o ” - av)
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Of these four, rpectroscopic evidence did not favour
boésibilifies (III) end (IV) es strongly es (I) and
(IT).  Also B#aéyloxindoleéﬁare éasily split by elkali
'whereas the 020 ecid had been shown to be very stable
“to elkalf, T TR R

197 pPogeiang and Jenninga ettempted to reconcile the
formation of the 020 acid end of the indole-pyrryl
mnethene from violacein, They thought that the four
caxrbon atoms in the C2° aold not preesent in the indole
nuclei must have been derived from the methene carbon
atom and from the opening of & pyrrole ding. If this
were s0 1% would not be possible to accommodate structure
- (IT) since the cerbon etom adJacent to the ca&bonyl
- group would have been derived from a quaternary carbon .
- atom in violacein, Both workers thought on this
_basis thet structure (I) was the most prodable oﬁe for
.the C,4 acid and on considering the formation df the

nethene auggéated the following etructure for violaceinge=

Co1Hq3%305e



25

- Whilst the analytical evidence suggested that
violacein is & C,, molecule this struqfure requires
only & moleculer formula 021H13N303.1« Both workers
considered that the degradational evidence favoured
a 621 molecule end were hot adble to explain why the
molecule analysed for 042H28N6° .
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.GROWTH AND EXTRACTION OF VIOLACEIN.

The first recorded growth of Chromobaoterium

Violaoeum in tha laboratory was that by Partley8 in

913 who grew the pigment on alicea of potato. | The“
rirst attempt to grow it on 8 synthetic medium was mado
by Girardet9 in 1926 who used aeparagin as the nutrient.
Later Reilly and Pynelo found that violaoein ‘could be
-grown in Y solution of lactose (ng.). yeptone (ng.)
and beer extract (Bgm.) in water (1L.) and thia medium

with minor modifications was used by xoglll

who waa the
firat worker to obtain the pigment in the crystallino
form. Tho aame medium was used by later workera and -
otrong;g, who 18 amongst the most reoent workers in this
field also used a laotoae broth but improved the iaolation
by use of centrituga obtaining a8 yield of violaoain or
710mg. rrom 65L. of broth.

During the present researohes in thoeo laboratoriel
the yields of violacain and the methods of growth and
ieolation have been oonaiderably improved. Subramanian
found that violaoein, es might be expocted being an
“aerobio pigment grew well on solid agar slopes. | Ho i':

found that good resultn wero obtained using e medium l
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-containing glycerine and peptons, dbut experienced some
diffigulty in removing the bacterial mess from the golid

medium in each bottle, - CIarkels

v who took up the work
at this stege,’ experimented with various peptones present
- 4in the culture medium and found fhat Dif co Protabsa
Paptone gave the beat resqlts. “ Glucose wos tried as

& substitute for‘glycerine;but‘wés found to retard the
growth end resulted in a lower yleld,

'Since little improvement could be made in the "=
conditions of growth as used by Sudbrsmanian, Clarke
attempted to improve the technique of growth and
isolation of the'pigmant;”f?He'improvéd the preparation
of each bottle, and in the isolation of the dacteriel
. mass found: that the layer of pigment could be washed
from the surface of the sgar- by shaking with warm brine.
‘solution,  After filtering off eny pleces of broken -
 eger the baoterial mass was ebsorbed on to kieselguhr, -
dried and extrected with acetone.  “ Upon cdncentfation
of the moatone extract tha 1mpure pigment wae obtained
which was defatted by treatment with (1) petroleum ether.

(11) chloroform, (i11) oarbon tetrachloride, leaving the
.erude violacein, The yleld of the pigment'obtained by
this method wes - 7.,0-8,0gm, per 1000bottles equivalent
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to 3gnm. per 65L. as compared with Strong's yield of
0.71gm, for the smme volume of broth. During the last
“stages of his researches Clerke evolved a vestly -
. superior method for. growing violacein,  Pecause of the
- eerobic nature of the organisﬁ he considered the - - ...
. possibility of its growth on open treys end discovered
- that uhder reasonably sterile coﬁditions it could be
grown very well on a solid medium. - The adoption of
. thie method of growth made the harvesting end extrsotion
-of violacein a very much simpler process than it had
_previously been, The yielda of violacein were . ' _
consilderadbly improved by the introduction of this new -
rrocedure and Clarke obtalned 2.3gm. of the pigment
. from eleven treys which 48 equivelent to 6.7¢m. from
'65L.  The pigment however was odbtalned by precipitation
~.with water end acetic ascid from the acetone extraction
liquors and was thus mixed with considerable quantities
. of 1ipoid materiel which had to be removed by .
“extraction with defatting solvents.. This procedure
for the growth of violaoein was that used by Boggianola,
‘and the author and consisted of three main stagesi-
(1) -~ The growth of the pigment on test-tube

. - slopes or Petri dishes,
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- (41). The growth of innoculation broths.-
(111) - The growth on trays.. .

‘Certain modifications were introduced which did not
improve the yileld of violacein (2.0gm. from eleven trays),
‘vbut the purity of the rignent was ccnsiderably superior, -
75” of the material orystallising from the acetone
' dur;ngfthe‘extraction._,~. :
A ﬁére‘recenx modification of this procedure was
. 1nt:q@uced,b§ thae euthor and his_co-ﬁorker, Zarrett, which
eliminated the second stage involving growth of the
pigmentﬂin lgquid medium and substituted growth on 80lid
mediun in oblong dishes :1fted,w1th sealed 1lids.. Although
the yleld of violacein was not improved, being thefsamég
 as_that obtalnedrby Eogglano, the whole procedure became
far eamsier to operate endfwas_congiderably less time: .
consuninge- . . 1o R ‘ : : ,

- An intoresting taature during the present researches
end -one previpusly obaerved by‘Boggianoxwas.the appearance
‘trom'time'toixime;qf a pale.grey form_ofithe pigrent . . ..
mixed with the usual deep violet form. Attempfsfto;;,
separate this crey material from the violet pigmentas ..
were made by Boggieno but were not successful, whilet

- with chrqmatogtapgic methods no success was obtained.
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due to the insolubility of the material in suitable
solvents. He showed that the grey material must have =
8 similar structure to violacein because on acetylation
end degradation with zine dust and alkall it gave the‘

_ same products es violacein in comparable yields. = Decause
of this Boggiano assumed that the grey meteriel was some

~ sort of precurSOr'of violacein end suggested that 1t mey:
be a reduced form of the violet pigment resulting from -
1hsgfficient oxygen supply during the growth of the -
bacteria, | R
| The sppearance in cultures of Chromobacterium
Violaceln of & poorly pigmented form is not new and has
 dbeen previously odbserved, chiel3 1n'one,6f his pape;a
corments on its appesrance. Ramchendani  (1930)
~digcusses the cdlourless end poorly pigmehted form which

occasionslly erises in cultures of B.Viclaceus end states

fhat-such changes may be4¢ausad by growth on différent'
media., Tessenowa end Zochow  (1930) describded a strain
. of plague bacillus, which formed a‘violet plgment after
k;fwb'monxh's oultﬁring.‘ It is quite ppeaiﬁle that thi#“
may’bé relatéd tb the smoke-grey td 1qky-black,p1gment ;
which Preisz (1926) foﬁn#\in old cultures_br e plague

- bacillua, ' In 1936 Dumitrevekis found that the loes



31

of pigmentation by cultures of B. Violaceus could be

prevented by the addition of potassium or sodium ‘nitrate
. %o the medium and restoration of the rully pigmented form
;‘could be achieved by eultivation an potato. R

L ” Durinb the present work mhen 1t wes deemed
neéeslary to revitallse the strain, cultlvation on -
EV””po*t:za.t::: or on the ususl medium containing water 1n which

potatoes had been boiled was found to be effeetive. J~""
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THE_Cpo ACID

“on consi&éfihg:thé‘évidénce secumulated by
Boggian018 for ‘the struoture of the 026 acid, the
struoturea considered most probable for this substance

2oae

were t- '

AHO g
i

COOH H

On attempting to reconcile these with the

formation of = methene of the type 1-

OH

o ta)

only structure (I) would satisfy the necessary
conjugation requirenments sinée the carbon etom marked
C* in structure (II) would, besides being a member of
the pyrrole ring have two ‘external bonds and therefore
of necessity be quaternary. Quaternisation et this
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centreVWbuid Quite‘éléariy destroy conjugation
throughout the vioclacein molecule end make explanation
of the pigment's deep purple colour even more |
d1fficult, a

On this basie the etruoture (I) was thoucht the
more probable for the 020 acid and experiments were
deaigned with' this ‘structure in mind in en attempt to
enin some informaticn of the various systems present
RE 1t. ‘ , e A

Examination of structure (I) ehows that 1t

contains three distinct chemical systems whose B
properties are rather charcoterietic.‘:' |
These are = ‘ :

(a) An 0Xind013~3uaceti° 801d Gystem. e
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“(e) A ¥=keto pcid cystem.

end sn investigeticn into the chemletry cf.tke Cog it
acid‘was conducted 1n'an sttempt to rrove the rresence
of epch of these ceporsie systems. = '
Oxindole-3~ncetic feddy: o o oo

0x1ndole-3-acetic scid hes been the subject of

NTCOnsiderable ccntrcveray ‘during ite lonm history in
the 11teratureg any ‘workers have attempted to'j‘
Eyntheaisa it but rot until 1953 mhen Julian0
appreciated the; mistakes of forme* workers was: its
synthesls. first achieved. : All previous attempts to
1solate thiB eubstance 1nvc1ved vi&oroua hydrolysie .
procedures which resulted in the formation el 2—oxo-% o
.2,3,4~tetrahydroquinoline-4-carboxylic acid.vu recgﬁsé
of the vigorous hydrolytic step oxindole-3-ncetic acid,
ir farmed, would be converted in rart nt least to N
o«arinophenylﬂuccinic acid.‘i Aeschlimannzl, 1n a |
study of the relative atability of the quinolone and
oxindole rings, ceme to tha conclusion thnt 1n any
reactions where the posaibility exists that rinu
elosure to. eithcr un oxindole or quinolone ring caﬁ ﬂ;

take' place. the latter will be the preferred course



35

Jof the reaction. . - o L
‘” A Becauae thé struoture (I) for tha 020 acid
tcontains an oxindole-B—acetio acid system, 1t suggested
. the possibility that on hydroly»is with acids and
’alkalis the acid may undergﬁ the transformation from
.the oxindole to the quinolone ring ayatem.‘,w_v},

COOH

cocrxzcr{
nooc
| H"'

o ST R lIV)

."v  rxperimonts of thia nature were conductgd ,,1‘"
:funder 2 serdes of conditlons, but in no case Could .
 transforvat1on of this‘kina te effected. In all cases
:when the Cyq ¢ peld was heated in ‘eold solution e dark

ﬁred coloured aolution wes. obtaired but ‘no Cryﬂtalline

= ,mnterial wAas. ever 1Bolated. - roggieno had . nreviously

: ;shown that the aoid wes stable to heating with 10%
vand 30” caustic eoda eolution and when the trimethyl
‘derivafive of tha 020 acid was heated with 50” cwustio
‘;sada eolution 1t was recovered unchangad,

°1milar experiments conducted by Parrett (private
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ccmmunication) ‘in these leboratories on known oxindole-
3-acetlc acid derivatives resulted in the smooth’;;u '
transformation of the s-membered oxindole system (V) into
tha 6—membered quinolone ring (VI). - S

’(v)“ L | R (1)

The tailure to produce this change from the
oxindole riéé)fo the quinole ring in the 020 ‘acid nmight
tend to suggest that an oxindole-3—acetio ecid system o
is not present but the general change of colour of the .
solution to red in all cases is felt to be signifioant.‘
It appeared feasible that enother change 1nvolv1ng the,
carboxyl Eroupy nnt altogether disaimilar from the‘g
change occurring during acetylation of. the 020 acid
- might actually be taking plaoe but &t a very muoh .
| s;oweryrate. - Since the oxindole-quinolone change 13 i
dépenﬁent,pn bath ca:boxyl groups beigg ayailabla_:or
A¢yolisatiqp,,any otherlqompeting’reagtiqh might tend to
’oﬁeraté ageinst the formation of a‘si;;membeerwriggﬁby
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involving the carboxyl group neceseary for the °
eyclisation to that system.. It must elso. be remembered
that should the C,y acid sctually be substituted
oxindole-3-acetic acld ths substitgent is of a larger
and more complex nature than substituents in oxindole-
3-acetic acids (ViIéx) which have beﬁn shown to undergo

the transformation- : : L o
- CH cn

13
E::::E:ft];jcncoon ClICN
N »> Y
o - (,/CN e G o~CO0RH,
_ | CONH, , ~coor,
N N0 ' N Yo
B - | :
« . m

, - This might suggeat that the transformation is

not only dependent upon the nature of the substituent

but also that in lerger mo;ecules ste:gpchemical jfaotOQB
may have some 1nf1uence.7: . e "

| e Furthnrmore should the carboxyl group not. ba
available for. oyclisation by virtue of ito 1nteraction

or agaocait;on vith other centres in the molecule then
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the trensformation would not readily occur., . Since a
~keto group 1s Ynown to de present in the molecule then
the possibility of keto-lactol teutomerism is worthy

of consideration.

i s
el /
6. —= @ Yo
\n R
CC’O}! o (l'i‘v

. ' Because therefore of the relative complex -
nature of the C,, scid its fellure to undergo the
oxindole-quinolone change cennot be Justifiadly
eccepted as evidence that the oxindole-3-acetic acid
»BYSteﬁ 1s not present.s - ‘ '

B-Acyl-Indolee..

" Phe .presence or a keto group in the C,4 ecid
was first shown by Boggian018 when he was sable to
Irepere a 21 4-d1nitrophenylhydrazone of the
tetramethyl derivative.  Because of the failure of
the acid itself to exhibit: cerbonyl properties the
presence of 8 ketc group had been thought unlikely
and Bogglano hadfpreviougly considered the moleculer
formila of the C,y soid to be Cogflygh0s thereby . .
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acocommodating e secondary alcoholic érouping. AWhen
the product from an Oppensuer oxidation of the
tétramethyl’derivative was shown to forma 2 s 4-
dinitrophénylnydragone it did eppear most probable'
that a secondary alcoholic grouping was present and
that this had been oxidised to a keto group, o
Boggiano,however, showed that the Oppenauer product
was aotually unchanged tetramethyl derivative and 1t
became epparent that & keto group was originally
ﬁreéeﬁt dbut whilet exhibiting itself in the fully
methylated yroduct it was in someway being masked in
the C,, mcid 1tself. It was later shown by a
fystemantic exemination that the fprmation of a ketonio
derivative only ocourred in the fully methylated
compound end that with the C,y Boid and pertially
methylated derivativea no simple ketonio dérivative
could be obtained. Examinatlon of structures (I)
and (II) for the C,o Boid shows cleat;yltwo possible
tautomeric forms which the molecule could assume and
“hich would diminish the carbonyl ectivity. The fires
of these is the keto-lmotol teutomerism previously
mentioned due to the presence of a carboxyl groﬁp,in'

& conveniently spaced position to the oarbonyl‘group,
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l
‘C‘CH i

‘fs_..? oh.

G 3 T R ¢ < O
and the second is the amido-imidol tautomerism due to
al g S-prototropic shift in the p-acy1~indola systen,

Beplacement of the hydrogen by methyl On the
1ndole nitrogen atom would in this seccnd tautomaric
ehange clearly prevant formation of the 1m1dol torm o
, and therefore leave the moleoule entirely 1n the keto
torm. | It would appear 1n this particular caea o
thsrefore that methylation would deoidely tavour t
oarbonyl aotivity and atudies of ‘this aystem in the e
intra-red eubstantiate thia view.;'\’ B EARILREEE S L

1In the case of keto-laetol tautomeriam, e
' methylation need not necaasarily prevent the rormation
of a pseudo ester but 1t has been shown’ (vide 1nfra)

o AN

. ,-“m,y',.‘-r* i~:5
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. %hat the tetramethyl derivative is @ normel ester
‘end 4in this case may operate in favour of the keto
form, . o | ,_,”! | '
The amido-imidol tautomerism is important in .
80 much that 1t draws attention to the fact that the
keto group as written in‘tormnlaef(l):and (II) 18 not
& truc keto group but rather the vinylogue-of an

emide, It therefore cennot be expected to have ' 7%

quite the éamé properties as & true ketonic grouping
but rather’ those of & modified keto group.;

EEORTE £ St R /-
—-04—-NH2 o —-c cn==cn-—nn |
T amide o o H vinylogue of amide R

When the 2 x 4-din1trophenylhydrazona of the -

-"«.

totramethyl derivative was prepared the dark red colour

.of the crystale was felt to be eigniticant. | Eraude

‘f‘nnd Jones22 havo oorrelated data ralating the maximum

_ abeorption band in the abeorption Spectrum or a 2 l 4~.:i
dinitrophenylhydrazona with the type of carbonyl group
forming the derivativa. Data ror the light absorption
maxima of some fifty 2 i 4-d1n1tropheny1hydrazonea

‘was collected and round to 113 between the valuea R
| -348nyxtcr formaldehyda and‘% -410nuxfor o
CH;(CHsCH)scHO. It was shown that Mmax varied with
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the number (n) of ethylenic bonds in the system,

02

Ni-n=C:[o=0]

0N

end with the degree of alkyl sustitution. -

| The bathochromic effect of & conjugated t

ethylenic bond was found to be of the order ¢A7~ . 100.15“0
whilet that of en elkyl sustituant was found tobe
L 50-100A .

The absorption spectrum of the 2 4-
,dinitro;ahenylhydrazone of the tetramethyl derivatives
was thus measured in chloroform solution and the value
of My Was ‘found to be 431mu.  This value wes rather
higher than eny observed by Praude and Jones and |
euggeated that ‘the keto group was somewhat different
in charaoter from the ordinary aaturated oro(p-uneaturated
types. The high value cei‘tainly suggested that the
keto e;roup was at least okp -unsaturated but’ 1ts A
unusually high Value was considered perhapa tobe
charaoteriatio of a p-—acyl ‘indole system. Subaequént
m_easurement of the absorption spectrum of the 2 § 4=

.dinitrophanylhydx?azone of a B-acyl indole, that of



N-methyl-4=keto-112s 3,4-teta)1ydrocé.rbazole (VI1) gave
& value. tor the mazimnm abscrption at 436'“9. Théh
close prcximity of these values allowing for en alkyl
su'batituent bathochromio shift of A% = 'SOA in'the
‘éﬁa; of the carbazole. wae taken as indicatrve“of‘the
presence of & carbonyl syetem. ‘namely &’ /a~keto~1ndole,

‘ 1n the 026 aoid pnd 1ts derivatives. f“

Had the car'bonyl group in the teﬁrgmethyl flerivative
been separated ¢rom the indole nuoleus by 8 ~C- group
as in yindolylacetaldelwde (X111) QOr ,BQindolylacetone
(xIVv) the a'bsorption maximum of the 2 t 4~dinitro-
pheny].hydrazone would have bYeen expected to have been
in the reg;ion 350-375 m}u 3—indolylaceta1dehyda having
va maximum a‘bsorp‘bion at 358 m}xo - Further. as would be
expected the colour of tha 21 4~d1n11:r0pheny1hydrazones
: r thaaa ocmpaunds s considorably lighter than thuee
,,or the B-aoyl 1nd0188. » | . Rt e TN T
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Ultra-Violet Speotroscoplc Evidence for the Presence

of a.AB-Acyl Indole System in the coc Acid,

An examination or atructures (I) and (II) for
the C2O aoid shows that they contain three distinct
chromophorio systems namely, (i) Als—acyl indole, |
(ii) Oxindole,: (iii) A oarboxyl group. In tho part
of the speotrum considered that between 240nuland
310mp, the carboxyl group as such mekes no significant
contribution and the ultra—violet epeotrum of the 020
acld mey be considerdd to oonsist of the additive

L&

| no< Ucocnzn
o 5o 0

W an

contributions of the other two syatems.

" The ultre-violet epectrum of the C,; acid has
been shown to contain two peaks in the region
considered, one at 253muLog.E 4.28 the other at 301¥np‘

"Log.€ 3,99 whilst on total methylation a ‘Blight ba
bathochromio shift occurs and they then appear at 255rnp
» Los.é 4.35 and 308mu Log.€ 4,054 |

A comparison of the absorption spectrum ‘ot
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“the C,, ecid with that of an equimolecular mixture
" 'of oxindole snd 5-hydroxy indole wae made by Boggienol8,
He found en obvious similarity between the curves
*7auggest1ng that both oxindole &nd S-hydroxy indole
nuclei were present but the absence of the’ peak at
301mp euggested that some other chromophoric system
" must’ be present in the 020 acid. It was considered
that this peak gt 3oimp'Was most‘probably attributable
to the p-acyl 1ndole system since the spectrum of -
" oxindole shows no absorption “at’ this wave length. 'ﬁ
When therefora 1t was found that ¢n the epectra ot 2
series of -acyl 1ndoles meaaured by Boggiano a peak
?LWS;;;;red 1n each member 1n the region 301-303mp,and

at approximatsly the seme intensity this coneideration
wag felt to be quite Justified, . .- ..o . .. ..

‘e a.mgthy1-3-phenacetylindole..........;.244mﬁ?268nnx3o3ng4
oo . 2eNethyle3-acetylindolesceessssscecssee2dl™ 266 300 *
f,_,5.Methoxy-z-méthy1e3—phenacetylindole..255 " 278 » 303«

S-Methoxy=-2-methyl~3-acetylindole......254 "%278 ww3gy v
The appearancéﬁsf a peak in the 266-278my region

is characteristic of .the p-acyl indole system ena might

be expected to appear in tha C,o Bcid series, Its

hon-appearsnce in this series however is due simply to
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the effeot of a minimunm éhromophoricV00ntr1bution at
this wave length by the oxindole nucleus.. e
Thus on enalysing the edditive contributions‘f

of the two syotems it cen be showni-.

S-VWethoxry = | 254my | 218Bmu |  30Lmy

2=methyle °° | L.l 7 S I PR AR

3-acety11ndole

Oxinddleéﬁ“é ] 248mu | low o
... |« . | ebeorption | ebsorption|

Mixture | 248-255 | no pesk but |  30umy
oo St Anoreased | possibly an Csame- |
intensity | inflection | intensity

°2o*°44ff | I 303##””

A aigniricant contridbution substantiating theae
views was made by Barrett (private communication) who
Prepared U(B—indolyl)- -keto—hutyria acld - (XV) and

' examined 1ta ultrn—violet speotrum

COCHchQCOOH f;n
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w»irfhé:apgétfum.;aé expected, was found to be
“esimilar to the spectra .of the p-écylfindoles'previausly
..considered, * The peak at 266mu,.was not so clearly
defined and eppesred as en inflexion et 262mu,  The =
‘ other two peaks were however very eimilar,*one occurring
at‘242m#k10é.8 4,07) and the other at 298mu (log.£.4.06),

It was thus expected that the ultra-violet
?absorption speotrum of an equimolscular mixture of this
" @meid and oxindole should be very similar to that of the
“C,y @cid end only differ becsuse of the bathochromic
‘shift introduced by the hydroxyl group in’ the S-position
“of . tha indole nucleus, ‘' ‘This was indeed found to be
“the case and the two spectra were identical in shape
-differing only in s wavelength shift caused by the
indole 5-hydroxyl groups The addition of oxindole -
“increased the intensity of the peak at 244mufrom
*log;€.4507 t0 Log.E.4.45 and had very little effect on

"the peak” at 298mpthereby proving the above suﬁGeationg, =
. regerding the additive contributions of the chromophoriofvé~

“systems present in tho 020 acid. Furthermore.

‘mathylation wes shown: to have a slight bathochromio ER
etteot, an equimolecular mixture of the‘U-(Nhhethyl_'"is
% indolyl)- X ~keto butyric gcid and ﬁ-metﬁyloxindole e

RN
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ebsorbing at 245mu 4 302mp,

Infra-Red Spectroscopic Evidence for the Presence of a

_;B-Acyl Indole System in the cocﬁfcid.

Consideration of the structures (I) and (II) for
the 020 ecid quite clearly indicates that the infra-red

spectrum would be complex and rather difficult to

interpret., Because of the difficulty in assigning

bands below 1500cm™" to eny one vidration in e

molecule of such complexity, studies in this series

were confined to attempting to interpret bandse -

: afpearing in the 1550~1800cm71

region and in the

2900--3300cm."1 region;' All spectre determinations

were obtained using a Nujol suspension end a Grubbe

Persons double-beam spectrometer,

WVhen the 020 acid and its methyl derivative- wera

examined, the following bends were found in the carbonyl

etretching frequency region.

" Compound [*1700~ | 1650~ | 1620~ | 1580~

1750~ | 1700~ | 1650~ | 1620~

Cog Acid, 1695 |- 1605
Methyl Ester of C,qy Acid. - |1695 | | 1605
Trimethyl Deriv, of C,, Aold. | 1730 | 1670 ;639 1613
Tetramethyl = =~ * " 1736 | 1695 (1631 | 1610

*A11 units in this and the following table are em™1
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of these spectra only thet . of. the tetremethyl

derivative contained clesr and well defined bands,
The epectra of the others contained broader bands not
nearly so well defined,indicative. .of inter and/or
intra-moleculer associatlion. '

~ fhe first pignificant feature in the spectra
of theee compounds is. the eppeerance in all of the
two bonds in the region 1695cm.'1 and 1605cmf1- SRR
1513cm“;. :%When the apectra‘of oxindole and Nerethyl
oxindole were studied and found to contain only two
bands in this region at these same wave numbers the

Preaence'of-these\banda was consideraditovbe$due,to -

the. presence of the oxindole nucleus ia the 020 Acid,

compound T 1700~ | 1650~ | 1620~ | 1580~
Compound .| 3760 |1700 |1650 |1620
onndole.“' BT b 4| 1610
N-Vathyloxindole . .!,;‘.,x 1695 | ;595
Oxindoly1_3-0yanacet10 1742 {1700 | 11613
| Ester. S I I P RO

Randall et. a1,23 nave attributed the bend at’
1695cm™t to the cerbonyl stretching frequency in the -
oxindole nucleus while that at 1605-1513cm -1 they

attribute to the oxindole ring system. -
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Decause fhe saturated carboxylic ecid end ester
€roups are known to have a .carbonyl stretching
frequency in the 1700-1750cm -1 region, bands in this
Tregion were exypected to occur in the Coy 8cid and its
derivatives. The spectra of the 020 acid end its
methyl ester contained no bands in thise region although
shouldera did appear in each spectrum in the 1720~
1740cm -1 range. Attempts to resolve these Bhoulders
1nto eejarate bands have so far been unsucceasful
Probably due to the occurrence of strong 1nter and
ontra molecular association._ The spectra of the
trimethyl and tetramothyl derivativea did however each
contain a band in this region.‘c In the trimethyl

derivative thie band occurred at 1730cm }

and wag
assigned to the carbonyl stretching Irequency or a..
saturated aliphatic acid. In the tetramethyl |
derivative thc frequency had rieen to 17360m -1, and |
Waa attributcd to the carbonyl strctchinc vibfation o
of a ncrmal eaturated ester, Oxindolyl-3-cyanaoet1°
eater (xvx). es is to be expected, oxhibits a ﬂimilar
band at 1742cm 1

- The infra red spcctra thus providea evidence

tor the presence of the oxindolo nucleus and for the ,
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‘E;{~13_,frwjxvx)

carbo;ylfgfoﬁb in the céo“gcid/and7cdnsideratioﬁ'“'”f*
must now be given %0 the ‘interpretation’ of the-two
bands occurring in éhe”triméthyl”anqVtetiamétﬁyi :
derivatives at 1639cm™t and 163lcm™* respectively.
1 If either of the structures (I) or (II) for-
the Coo secid were to be correct, the- ‘earbonyl’ &roup N
in the ;a-acyl 4ndole eystem should be responsible
for this remaining band.‘k Because the introduction
of ‘& double band «p to & carbonyl group ray lower the
carbonyl stretching frequency from 1725-1705cm™t to -
1685-1665cm™ 1t was thought 1likely that substitution
of nitrogen on the p-carbon atbm’aéétbund"infé B -acyl
indole system may rroduce an even greater shift to -
theklowé}'ffedﬁency:regibn."*Théfgsﬁch an effect was
considered likely was due t0 the ebnormally high wave
~1engtn“@baoﬁﬁtiéﬁfof”éhe”ﬁa&imum'1n€ehsity5£and:iﬁf
’thefultra;violét'abédrpfi&n?éﬁééfra of the 2t 4=
dinitrophenylhydrazone of & B-acylindole, (vide supra).
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In order to prove the truth of this statement the
Anfra-red spectra of a serieé'o} compodhds'éonta1n1Ag
fan'acyl;indale syste@ wera'analysed; - The results
ié}rbnélf‘aupported tﬁese views and showed that the
jlcarbr.zn;,'l stretching rrequenoy of the keto group in a
';a-acyl indole occurs at an unusually low wave number.
'It was found that Cromwell®® had shown that the
'%carbonyl frequency 1n a ;3-am1no- ®yP ~unsaturated
f;ketone oc*urred at between 20-80cm -1 lower then the
iusual value, ... The carhonyl atretchlng frequency of
éthe keto group in N—methyl—4-keto-1,2o3.4-tetra-ﬁf”ﬁ"
:hydrocarbozole. ror example, was round to be 1626om™ -1
:which is in very zood agreement with the valueaé”:ﬁ‘ :‘
gassigned to the frequency of this system in the S
Jitrimethyl and tetramethyl derivatives of the 020 acid.
;The asaignment of this band in these der1Vat1vee to
:the carbonyl stretching frequency of a fa-acyl 1ndole
';aystem was thus considered Justified. h
i L Tha table ahowu the ﬁcyl 1ndoles and ralated
jcompounda which were analysed with tha frequency of tha
.bends found in tha N-H and C=0 Btretching frequency |
iregions of their 1ntra-red speotra.: All the banda o

‘quoted unlese otherwiae etated wero of atrong 1ntensity.
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RSN

—_—]

Neme of Compound | System Under |  N-H - " C=0
Consideration.| Stretching| Stretching
cee " | Frequency. | Frequency,
1,2,3,4- ‘ o
Tét;aﬁydrocarbazole 3333cenm
Tetrahydrocarbaqug s=-acyl indole 3247cm | 1629cm
‘Tetrahydrocarbazole | p~acyl indole | (shoulder)| 1592cm
N-Methyle4-Keto- | N-Methyl - | : I
1,2,3,4- p-acylindole 1626cem
Tetrahydrocarbazole e :
2-Mefhyl-3—acetyl,_ B-acyltindéle- "313%5cm | 1597cm
indole | N e N
2-Methyl~3-acetyl- |pB-acyl indole | 3134cm | 160lcm
S-methoxyindole ' _ (1618cm
. methoxylated
‘ ; .- . . :|benzene rin@?s
S-Methoxyindole Indole ring | 3360ecm 1618cm (m;
. . | [ ; 1582¢m (m
2-Methyl indole 1:1@01;}; ring | 33em |
2=Acetyl=3-methyl o AT S S
indole q-acylﬂindole }3311cm 1631lcm
2-Vethyl-3-benzoyl | p-scyl indole | 3165em | 1600cm
indole. =~ . | o o S ERtE IR
.2=-Nethyl-3-benzoyl= | p=acyl indole "3i7Scm ok lsgscm
S~methoxy indole T T 1618am (m)
o ¥H frequenoyk’ 3165em o

Oxindole
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' bonsideration of the values quoted for the
tetrahydrooarbazoles makes 1t irmediately evident that
the band in the 1592-1629%cm™ region nust be assigned
to the amcyl indole system. "It ie shown also that it
18 possible to distinguish between X and p=-acyl indoles,
the ‘~scyl indoles ebsorbing at a frequency of -
abproximately 35cm'1 higher than their pB-isomers,

Thus whilst71-ketb—1}2.354-tetrahydrocarbazole absorbs
et 1629cm™L, 4-keto,1,2,3,4~-tetrahydrocarbazole ebsorbs
3em™! lower at 1592em™), ' Similarly 2-acetyl-3-
methyl-indole absorba at 163lcn -1
acetyl indole’ does not absorb until 15970m y 34em™t

wvhilst 2—methy1-3-

lower,’

An important observetion'is that replacement of
hydrogen by methyl in a p-acyl indole system results
in the cerbonyl stretching frequency being reised from
'1592cn -1 to 16260m 1 "Thus in tha'czo’écid'and'itn';
methyl ester in which the indole nitrogen atom is not
attached to e methyl group the streteching frequency of
the carbonyl group in the- p-acyl indole system would
be expected to absorb in the 1592-16010m 1 region.
Since it has already bean demanstrated that in the

spectrum of theso two compounda a band ‘ocours at
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1605cm™t which has been assigned to the oxindole ring
- 8yatem 1t is not difficult to appreciate that the two
- bands have such similar frequencies that they would be
coincident end only one would be observed in this weve
- number region, . Therefore it was considered that in
.the spectrum'of the C,, &cid the bend occurring at o
1605cm . was due to the oxindole ring system and to
the carbdbonyl stretching frequency of the B=-acyl indole
system both sbsorbing at the same frequency and only
on methylation of the indole systeh and consequent .
increase in frequency of the R~acyl indole carbonyl
group to 1626cm™r could this band be speéirically
assligned to the oxindole ring.

These views were.shown to be correct when
Barrett (private éommunioation) examined the infra-
red spectrum of ' ¥ =-indolyl= ¥ ~keto-butyric ester =~
(XViI)aand found as expected;twd bands in the carbdonyl

1

stretching frequency, one at 1742cm™" due to the

-1

saturated ester group and the other at 1610cm™ due to

the peacyl indole system. .

.1\

1610c 17420m

st

(xv1I)
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¥hen a synthetical mixture of this keto-ester and

oxindole were exemined in tha infra-red the band

attributed to the cartonyl stretching frequency of

the keto ‘group in the .p-acyl indole system at 1610em™t

and the band sttributed to the oxindolé ring system - -

_ 1605-1610cm -1 _appeared togatherfas one band at 21.613(::::"'1
~ thus proving the sbove contentlon. - Due most probably -
to inter-molecular association, the band attributable
to the ester grouping waa not clearly defined, - -

- appearing as s shoulder at 17360 whilst the band
eeslgned. to the carbonyl . stretehing frequency in .
oxindole appeared at.a slightly higher frequency than .
usual (16950m71) at 1708cm RERSN

. The table slso shows the effect on the N-H
stretching trequency of the 1ntroduction of a keto
group into the 3~position ‘of an indole nucleua. The
usual value for thia vibration is of the order of
3330cm 1 but 1ntroductiop of‘the keto group in the
3-position and consequen;rch;nge of character of the
N—H group from d normal heterocylic ta the N-H 1n tha

vinylogue ofan amide eystem results in a ehift to) e
lower freqnencies.ﬁ; Thus tha NeH stretching frequenoy

in p=acyl indoles is found in the same region as the
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‘N-H stretching frequency of oxindole, namely
3165em™L, o | L
Evidence Supporting the Presence of a ¥ ~Keto Acid

System in the C,, Acid,

‘Having demonstrated the presence of a keto group
and of a carboxyl group in the 020 acid, 1t is of
N interest to consider the exact location of these groupg
in the molecule with respect to each other. Decause
the molecular formula czonlsnzos after eatisfying the
requirements of the two indole residues (08H60N)2
'allowa anly 8 residue COC2H3COOH, the 020 acld must be
a keto acid of the ot, B or ¥ type. Fowever since the
keto group has been shown to be nresent in a>p-keto

tindole system, a d.-keto acid of the type (XVIII)

1o ‘ cocoon :
NS :
H. , :
- (xviII) e
fclearly cannot be envisaged because thera remains no
ﬂpoint of uttachment 1n this eyatam. to. aocommodate the

remainder of the molecule. Suhatitution of the -
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2-position of this system 1s not suggested becauase
there is no evidence of eny kind tb‘support‘thié view.
‘ Consideration or4thg presence of & B -~keto ecid
system in the Cho“acid leads to the formulation of two
DOBsible structures. (XIX) or (xx).

. HO _co cccrc"
goox{ coorz
h

, (IIX) SR T  : HEPRE (D{)

-+ Of .these, atructure (XIX) may be inmediately
eliminated because it contains & «C=li@ group the
Absence of which in the C,q 8cid has been shown by a
negative Xuhn-Roth determination. ~ With'regard to -
structure (XX), such a atruoture is extremely 1mprabable
for the ch ecid because the latter diaplaya none of
the properties generally associsted with a B=keto -

»acid-eyatem.‘ " Euch & system would be expected to .
decarboxylate quite readily whereas the 020 cannot be
decarboxyléted, the carbole group ﬁrytepring to be
involved in a oyolic dehydration resction, Evidence
‘egainst the formulation of & B-keto mcid system is
demonstrated by the effect of alkell on en indolyl
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B~keto ester. On heéting‘ethyl-(Efaindoly1)~ Y -
keto'propionaté’(IxI) with'alkalizs»sagonification of

| ‘the ester group, followed by ready decarboxylation

‘resulted in the formation of 3-scetyl indole (XXII).

. COCH2COOBt ___%_‘
: - , !‘aOH

H
(xx1)

| Since the Cp, pcid and its derivatives have been
shown to have been recovered unchanged even after“ i
heating with“50' alkali the presence of a B =keto acid
must be considered extremely unlikely. ” T

" There thus remains only a '¥eketo acid and the
formulation of the briginalyatructureg;(t)'and (I1) for
the céb neid, - If such a system 18 present then on
Tesction.with hydrazine it should form, as for instance
does leevulinic meid (IXIII) end benzoyl propionic °
‘acid, e substituted pyridazinone derivative (XXIV).

’c‘ cn;,\
cx13000f{201120001i » Hgliky —> H3C C\N N /C“0
| "

(xxzrys o (xxav)
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This was indeed shown to be the case because
both the trimethyl end the tetramethyl derivative
of the C,, acid condeneed with hydrazine to .form
the same,1ndoly1-oxindoly1—pyr1dazinone:(XXV).

cn CH——;I:ii:H: :j
Meo 2
___.!
I\‘ I‘ 0
'n . o

H

A . Me

‘ That reaction with hydrazine had proceeded in ' 3
this manner was confirmed by annlytical data the 1nfra- l
red and ultra—violet apectra of the produot and by the
analogous behaviour of a known 1ndole~ar-keto acid with
hydrazine. ‘ , \
. The 1nfra-red spectra showed that 1n the
hydrazine product the bande at 1736em and 16260m -1
found 1n the spectrum ot the tetramethyl derivative o
and asaignad to the oarbonyl stretohing frequenciea in
the ester group send in the pe-acyl indole system r
respeotively were miasing.f There appeared 1nst§ad’

; of these two bands, a new band at 1665cm -1 whichris
aasigned to the carbonyl stretching frequency of the
keto group in the pyridszinone system,




" The ‘ultra-violet Sﬁectrum of the pyridazinone
was as expected Quita‘aifferenfifromifhét of the
‘tetremethyl derivative. The most significant

_ difference was the shift 5cc‘mmg“ in the pesk st
£308nm.10g £4.05 to 328mp.log.6 4.3 together with the
large ‘increase in intensity. The peak st 255mu was
no longer present but the pyridazinone ‘contained two
‘other peaks one et 266ny£10é.8?4fé8 and one at 280 mu
log. € 4.26. Theee ‘changes are dua to the disappearanca
 1n the tetramethyl derivative of ‘the B-acyl indole
>8Ystem and 1ts replaeement by the ~C=N group with the
Possibility of extended conjugation 1nta thagJ'
Pyridazinone system. S B s

" "Reaction of &%-1ndolyiﬁ»X~keto-butyric ester
'witﬁ’hydrazine wae shown by Barrett (private communiéétion)

’to ocour in an analogous manner to tha derivativee of

. v

OCH.CH.COOMe - * 7 o 2\ =
T2 ‘,,._.ﬂzmmz ‘l ’\N‘_‘ o 0
. . AN N H :
R SRCEEIE TR e B Gl
(xXv1I) < (XIVI)
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4 The hyﬂrazina product analysed correctly for en
'1nd°1Y1-pyridazin0ra (XXVI) and tha infra-red and ultra-
V1olet apectra were~sim11ar to the pyridazinoneﬁ::om:tha
20 ecid and its derivatives. Ry 6 pmmrtmeeat el e
: Thus 1n the carbonyl stretching frequency of the
1nfra-red spectrum  the ester band 1742cm -1 .end the L
p-scyl tndole band at 1610c™

@ new band at 1650en™

were missing end instead
.occurred, Thefcloagkproximity
of this pyridazinone carbbny} stretching frequéncy with
that tﬁﬁnd inAtbe‘pyii;aéihone of the tetramethyl
dgrivative 1665cm."1 was taken as indicative of the same
cyclio aystém. |

The ultra-violet épectrum of this indolyl
pyridazinoné, @s in the 020 acld series, was found to be
quite different from the psrent keto-acid. The
significant feature was the shift in wave length of the
yeak at 294mp tb 16mu accompanied by an increase in
‘1ntenaity thus diepleying exactiy parallel behaviour
t0 the chabgeh‘occurring'in the epectrunm of:the" |
tetramethyl derivative on reaction with hydrazine, In
~the latter case , pyridazinone formetion was accompanied

by & bathochromic shift of 20mu end increase of intensity
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from log. £ 4.05 to 1oge € 4. 3 whilst in this case the

bathochromic shift is 22 m)x and the intensity riees rrom

| 10g.g 4416 to 1og,E 4 32.. Because of tho oxindole '

eontribution 1n the lower parta of the spectrum and the

bathochromic effect of the S-hydroxyl e;roup no fmr

analogies can be drawn regarding the 240-28071\)& rep'ion.

‘I‘he above evidence waa oonsidered to aupport

etrom’ly the presence of 8 2{ -keto aoid ayatem in the

20 acid e.nd 1te derivatives.
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' ACYLATION OF THE 090~ACID AXD ITS IFRIVATIVES,

One or the more interesting features of the chemietry
or the 020 acid and 1ts der1Vat1vea 13 their behaviour
upon acetylation.__ When acetylated the 020 acid,’/
.depending on the conditiona employed can rorm two N
dirferent acetyl derivatives. Acetylation by heating
with sodium acetate/hcetio anhydride forma a8 red
\crystalline, non—aeidic, tetra-acetate with the losa or
the elements of water. When acetylated by the pyridine/
‘vaoetic anhydride method at 1ow temperature the red
ecetate 1s formed together with a colourlesa cryatalline,
non-acidic acetate the enalysis of which alao 1ndicatea
lthat it is a tetra—acetata.‘f

. The trimethyl derivative of the Cog acid appeara
to behave in en anargous manner. w1th sodiun acetate/
_acetio anhydride 1t forma a magenta, non-acidic trimethyl
 mono-acetate with lose of the elements of water whilst
zwith pyridine/hcetio anhydrida at 1ow temperature M‘ﬁ
.together with the nagehta acetate 18 formed a colourlesa
hcryatalline non—acidio material the analysie of which
has not at present been determined.

» The behaviour of the two ester derivatives ot :
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the C,, ac1d on acetylation was shown by_BoggiénO‘to"be
quite normel, ' The methyl ester forms a colourless -
triacetate, ecetylating as would be expected the two
.nitrogen atoms of the 1nd61e nuclei and the phenolie
hydroxyl group of the S-hydroxy-indole system.  The
tetramothyl derivative does not acetylate end cen be
recovered unchanged in vary hich yleld.

That the . prouaot’on of highly coloured compounda"
from the 020 acid is not specifically due to acetylation
tut rather to gencral acylation wae demonstrated by the ©°
formsiuan of a highly coloured, non-acidic tenzoyl
derdvativas oov o 0T il e

' Two importent conclusions may be drawn from these
experimental'resuitsa-ﬁf PRERS AL g :

(1) The free cerboxyl grouﬁ in the C,, ecid and the
trimethyl derivative mey undergo more then one sequence :
of reactions when reacted upon by acylating agenta. b
The. production of highly coloured scetates is due té the
.effect of one such reaction’ sequence. '

(11) ¥hen this reaction occours a rroup, 6eterm1nable

as acatylﬁia 1ntrcdueed into the molecules Yecause the

acetate obtained rrom?the‘cza*acid analksesfror?a'%etra~ S

ecotate whereas the acetate from the methyl escter 1s
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shown to contasin only three acetyl groups. - The eame
conclusion is errived upon by conaidering the parallel
behaviour of the trimethyl and tetra nethyl deriﬁatives
v upon ecetylation. |
It is neceasary to consider the posesidble
mechanisms by which reaction of the cerboxyl group in.
the Cj, scid with acylating agents might oceur.
" There appears to be three possidble intramolecular
mechaniems by which this‘reaetioh might odcur.i
= .(1) The earboxyl group might first under the influence
of acyleting agents, be infoiﬁéd in a oyélisation, with
loss of a moléculeypf ﬁété:, oh‘tb‘scmé suitable centra
in the molecule. A fdﬁrth acetylateable centre could
then be 1ntroduced by enolisation of the newly formed
" keto group. l | o B e
(11) The carboxyl group might £irst resct with the -
'acylating agent to form en 1ntermediate which ‘could then
cycliee with elimination of a malecula of water on to -
a euitable centre in the molecule. e '
(111) The acylating agent’might ettack some centre
in the Cop ! scid other thén the carboxyl group to torm
en 1ntermediate product whioh could then resct, by
alimination of water, with the carboxyl group.



61

L Thia third possibility can clearly be disregarded
Bince auch a mechanism would not explain why on attempted
gcetylgt;on, the tetramethyl derivative is recovered
unchangéd, -

With regard to thq first possidle mechanien,
consideration of structure (I) for the C,, mold leads
to the conclusion that ?here are three centres within
the molecule which could conéeivably enter into
_ ¢yclisation with the carboxyl group. - Tlhese are marked
1,2 and 3.’ ”

L ‘ ; |;/-2 ' '
1O —CHECH ,
> HOO
51 H

(1)
Cyclisation of the carboxyl group on to the carbon atom
marked 1 would involve the formation of a keto-carbazole
system (II) (XXVII)s Such & cyclisation haa'been“

2T who isolated

bfevioﬁali'obseived by Jackson and Manske
l-keto-1, 2 3, 4—tetrahydrocarbazole during the preparation‘

:of1{-(3~1ndoly1)-butyric acid.
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However, & system such aez(XXVII) would be:expected to

- aromatise by diacetylation of}the keto systen to
(XXVII1), 5 '

(xxxx)

Eory M

in which there rem&ius no acetylateable centre for the
‘introduction ot -3 fourth acetyl group. , |

Neither (XXVIII) nor (XXIX) however explaina
the experimental resulta and a cyclisation or4this ;;
rature would have to be followed by a primary . ‘
‘oxidation of the oxindalyl system to an oxindalidene
type before a new mono-acetylateable centre 13
introduced,” - : P R \ Cl

This 1ﬁvolvea’th§5f6fﬁaff¢n of en intermediete
(xxx) CE i



()
which on acetylation would yield (XXXI). , - *

- (xxx1) Ao |
Because the analytical- data does not differentiate
“between the molecular formulae 020 16“205 o
4C,H,0-H,0 and Coolhel05 + 4C H,0-Hy0-1, the
compound (XXXI) would also satisfy the analytical
requirements. T
| Cycliaation of the carboxyl group on to the»‘?i/
carbon atom marked 2 haa been previouely discussed 1n'
" connection with keto-laotol tautomerism end would 1n

this case involve tha‘formation of the lactol form (XI),

{ o o ) OH . _‘i . .
HO é-caz-gm
6-ff7f°° -
N IR ¢ ) N ’

‘0 H
(x1)
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and eubsequent mcetylation of this form (XXXII).

: t ?Ae
. AcO ?—CHZ-CH
, o
, .07 N
Ac Ac
(XxX11)

However, as certain b’-k'et‘o eclds, e.vg.’ leevulinic
acid sre known to form unsaturated ¥ -lactone systems
on heating with acetic anhydride by dehydrétion of the
lactol form,

: .~
8H gH, %a -8
8/"“2 ~ cm—c——cnz

0\ P H2 _

CH BCOCH 2CH QCOOH —*

end dehydration is known to oceur during this acetylation
a similar reaction might be envisaged. This however
would lead to the etructure ‘represented by (xxnn),
PN P
HO C cH '
|
0—=ao | ~
N . 0~ "N :
, H . H
- (XXXIII)




n

which contains no centres for introduction of the : ..
fourth acetyl group end is thus mn unlikely possibility,
. t-- Cyoclisation of the carboxyl group onto the

oxygen atom merked 3 would involve the formation - of,

8 system (XXXIV) . .-~ .. . ¢

F—— b e oy

" HO /‘I v | COCH ~CTl
¥ 02 o 7 7

H . ' H

, (Xxxx1IV)
which would, in order to account for the fourth acetyl
group, have to undergo m_lenolisation to one of the - .-

systems. (XXXV) or (XXXVI) when it would then ... . .

- rerresent the red acetate,
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With regard to the second postulated mechanism
for the scetylation, involving first the forration of
an 1ntermediate‘the most likgly regction~to ecour
between the carboxyl group and the acy;ating egent is
that leading to the formation of s mixed anhydride
(xxxVvII), - SRR
Ho[::::[:fjﬂcocgggr
s "

‘ o cuy

(xxXV1I) ”

Thatireaétioh.betwéen thé éa;bbxyivéfoup and'thé méfhyl
£roup in mcetic enhydride does not ocour is shown by
the rormatioﬁ"ot'h_hizhly coloured benzoate. loreover,
by similar arguhenf the methyl group in the mixed
anhydride cannot be 1nwdlvéd'in further cyclisation,
Elimination of a molecule of water from the anhydride'
intermediate must thus involve one of the carbonyl groups
present in it with some centre in the remsining part of |
-the molecule. The most probable course for such & ° |
reaction would involve the methylene group and lead
to the formstion of compound (XXXVIII). -
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» AWQI,J,A g O

(XXXVIII)

The pre ence of a fourth group in this compound
determinstle as "scotyl can be sprreclated on
eonsidering the effects of elksline hydrolysis. “Since
“the syatem cenatins 8 lactone ring it would , “on heating
with alkali, be expected to Open and yield & }B—ketonic‘
eystem (XXXIX) wﬁich on further alkaline hydralyaia ‘  

1o  cocn— —

f ©L—J§ B
N 07N\ |
H H ’

cly -

‘shculd split off & malecule of scatic seid,

e e 15 difficult to state ‘with any certainty

Juet what colour such & system a8 (!XXVIII) migcht poseesa.
It might be ergued that because the conjugatian deea B
not extend through the molecula the colour cannot be -
expeoted to be red tut it 15 posaible that bve existing
“in the enol form, the extent of cnnjugation will ba

increased end the molecule may assume & darker colour.
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AcO@CO_? —¢ J\/O 3
,: " c - X
N~ né 07 qon 0o’ >N |
Xo } . Ao
(x)

Glearly 1f one envieagee a primary oxidation R
or the oxindolyl system as previously considered the
resulting oxindolidine (XLI) compound would Ye expected
4 to e . gt N V

e

| Be:orefconsidering the arguments in fovour and
against thgsé‘various‘etructurea it 18 necessary to .
consider first. further,cvidgncé recerding degradetionsl,
éynthetical end epectroscoplc studies on these acetétes.

o Boggiano by oxidation of the magenta acetate was
.able to 1eolate threa producta. (ILII-ILIV). i
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/ J o ‘ e
‘[ d MeO@\—/ﬂcocoon
‘ NN - Nb
Iy (xv1Ir) - . E (xva);;
The appearance of the isatins (XLII) and (ILIII)

from an oxidation ot this kind 13 not unexpected eince

they had alao been 1solated from a aimilar oxidation o

| Or the trimethyl derivative. the compound from which

the magenta acetate 18 formed.\a The 1aolation of
(XI-IV). N-methyl-s-methoxy-3-1ndoly1—glyoxylic acid is
h0wever relt to be signiticant. : Having demonstrated
the preeence of a ;a-acyl 1ndole aystem 1n the acid, ;
the 1solation of this system 1ntact from the oxidation
Of the magenta acetate 13 considered as evidenoe that
during the formation of the magenta aoetatc it 1s not
in any woy affeoted. Pad cyclieation 1nvolved the
2-Dosition of the 5-hydroxy—1ndolc nucleus thc indole-v
3-81yoxylic acid (lLIV) would not have been expeoted
to occur but rather & derivative substituted 1n the

2 and 3-po91tions or ~he 1ndolo ring. ; ’

The 1nfra-red apec»rum of tha magenta aoetate

_1"
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~ when examined‘shows no bands of any kind in the ~0-H
stretching rrequenqy,region’ but in the cartonyl ‘
atretching fzeqﬁehcy region there eppears four bands
at 1767cm™ ,1680 ‘}, 1629cm."1 and 1606cm';;roapeotive1y.
The bands et 1680cm™ and 1606cm™>

Nemethyl oxindole system whilst that at 1629cm™ 1s

are essigned to the

considered to be due to the carbonyl group in the;
Nemethyl p‘nacyl 1ndole system, (vide aupra). ‘Feceuse
these three bands occur, with minor frequency shifte,
Ain,the precursorﬂofqtheimagenta acetate, the trimethyl
derivative, their appearance in the apectrum of tﬁa
magenta ecetate is considered to indicate ‘that these
systems as such are not affected by the changes which
occur bn acetylation., The diseappearance of the
carbonyl etretching frequency band in the carboxyl

-1 and the

group of the trimethyl derivative at 17300m
- appearance of a band at 176Tcem™ -1 18 considered to
represent the ﬁajor‘ohgngc-cocurring during the
acetylation. The assignment of this band at .'L‘767cm"'1
1s therefore of some 1mportanoe in assisting to
-elucidate the structure of the magenta acetate,
Because the magenta acetate analyaia for the presehce

of one amcetyl group, the most probable explanation
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Of the occurrence of this band at 1767cm™ -1 is that it
originates from the carbonyl stretching frequency of
en acetate group., | :

‘A survey of the literature shows that the

. carbonyl stretching frequency in acetates 18 derendent

%o some considerable expent on the environment of this
group, ' Jones and co-workers 18 have investigated the
carbonyl stretching frequencies of many sterol acetétes
and shown that tha‘saturatéd materials absorb in the

| range 1742—17350mf1. ~ Parnes et.a}.29 however found ::°
that vinyl esterag'thoséioohtaining the system .
«C0=0~CuC showed & marked enhancement of the carbonyl
stretching frequency, regardless of whether the double
bond 48 normal or part of an aromatic ring.  They

found that vinyl acetate for exsmple absorbed at 1776cm™t
whilet Fartwell et.el.30;found & similar effoct with

Phenyl ecaetate. . v 5o n N
: The only other poasiblo systema which were founa
to exhihit,carbonyl stretching frequencies in thias
region were saturated, «p —unsaturated and p¥
~unsaturated . X—lactonesoél-;r R A R T
¥ =lactones saturated TR ;1780o1760¢mf?1;lu

<. .  Y¥=lactones, «p -unsaturated . ,“1760.174ocmf¥;
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b’-lactonea, p‘(-unsaturated 1800--].780cm"1 -
These resulta nm.ld tend to indicate that the new
" system preéent in the magen & scetate contains an enol
acetate or an equivalent £T0Upe ‘~,The formation of an
enol acetate can be envi'saged ty cyeclisatlon of the

| carboxyl group and scetylation of the enol form of

’ the newly formed carbonyl group. . An alternat‘.ve
explenation is that the enol acetate sysiem 1s present
ina Y'pX-unsaturafed ¥-lactone ring, formed by the
:<chaniem leading to the formation of compound (XXXVIII),
| - That the band &t ].767(:@:1"'l ia gomewhat lower than the
usual value, 1790cm™>, found for this system may be
due to the rather unusual substituents,

_The effects of acetylation upon an 1ndoly1
¥~keto s0id, ¥ (3-indolyl )=~ ¥ ~keto butyric scid wexje -
investigated by Ba.rrétt (private communication) who
ahowed that deep red solutions are formed on attempting
to ‘acetylate either hy the ‘sodiun acetate/acetio X
anhydride or by the pyridine/acetio anhydride method.
A red solid which was non-acidic‘was obtained but which |
unrortunstely;resiated ali attempts to orystallise 1:.
Thus this solid was not anslysed and it is not possible
- to state whather the peid undergoes on acetylation a
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‘similer change to the C,y &cid. If 1t were found to
‘do 80 then the result would be significant because it
would indicate that the ox‘ndola ‘nucleus in the
‘magents acetate is in no way involved in the reaction.
» ‘A serles of experiments designed to- study the i
effoct ‘of reductive acetylation of the‘CQE‘aoid and
the trimethyl derivative provided 1nteresting reaulta.
On heating the CZO acid with zine dust, acetio acid
ard scetioc anhydride the deep red colour developed
end only after heating in this medium for e considerable
reriod did the colour lighten to yellow. | However,'u
when tre trimethyl derivative was added to a boiling
mixture of zino dust, acetio acid and aoetio anhyﬂride
no colour developed and on heating the mixture for five
minutes end leaving ‘overnight the ‘solution remained
colourless. Although it 1a appreciated that in thia o
lattor case the presenco of a reduoing medium might
1n sone vay prevent ‘the ‘normel’ aootylation reaotion
from occurring it 1s thought a ‘rather more satisfaotory‘
exylanation that it doeo ‘An fact Operate agoinot ooma .
faclle oxidation inherent in ‘the formation of the v
coloured acetates. 1In the former ‘soetylation it

appears probable that this oxidetion had occurred -



80

before the reduction;médium bvecame operative end thus
the formntion of tne coloured acetate first occurred, -
Thus.in the formation of the coloured mcetstes, the
evidence favoursie , PR S P
1. The presence of the p-acyl indole cystenm as 1t
oceurs in the 620 egcid end its derivativea.A~

2. The presence of the oxindole gysten in either
an cxindo1y1~or in en oxindolidene form. - s
.+~ 3+ The precence of en epol ecetate cor equivelent
systen. - g e S - ; . e

- Cn reconeidering tbe various possible etructures
proposed for the regenta ecetate 1t 1s gecn that .
(XXXI). (XXKV) and {(¥x¥XVI) 1nvolve eitler the -aeyl
1ndole rysten or the oxindole carhonyl ETOUPe =
0f the remainirg structures (XXXII11) clenrly

does not explain the formation of the oxidaplonqproducta
end only the structure (xxiVIII) can te reconciled ..
With the experimental avidenca. . The mein srguments
a&ﬂinat this structure ere that g written 1t cannot be
e!pected to bte highly coloured and that attemptedvk,i
déacetylation with alkanli should lead to the original
trimethyl aéig whereas Pogglano was not eble to identify
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‘any diééetylatibﬁ products,
| " 'The postulation of en oxidation of the oxindole
Eysten to an oxindolidine (XLI) would exﬁlain both 7
the colour of this compound and the failure to isolete
the“trimetﬁyl acld on diacaetylation. This structure
must therefore at present be consldercd the most
probable although‘1t is not completely satisfeciory. -
~¥ith regard to the colourless compounds which
can ba obtzined from the 020 acid and its trinethyl
derivative by ncetylation gt low:temperature, no
' structures cen et present te proposed, beceuse conplete
analyses have not been performed. An acetyl aﬁa;ysia
on the solid obtained from the C,g ecid indicated that
it 18 an tetra-acetate but until a complete enalysis is
performed no moleculsr formulae can be ascribed. The
infrg-red spectrum of the oblourlees solid obtained from
’trimethyl derivétive of the céo acid‘indicqted that it
hasg Quite'a dirferent structure from the megenta ecetate
because quite unlike the spectrum of the latter it
“contoins bends in the ~OH region and also is different
in the carhonyl'étretching fréquency recion. The bands
in the «OH reglon occur et 3400cm™ -1 ana 3106cm -1 whilmt
in the carbonyl region ‘three sharp bands at 1778cm
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1692cmf1'and 1606cm“1roceur., The oxindole nucleus
_accounts for the bands et 1692em™ 1 pna 1606cm -1 whilat
the dieappemrance of the bands at 17300m -1 and 1639cm™t
f_1n the trimethyl der:lVative and the appearance of & band'
!and the ;s—acyl 1ndcle carbonyl crcup ere 1nvolved 1n
‘the x reaction which ovcurs.v‘ The band at 34000" -1 would
;seem to eubgelt the presence af & hydrox;l group and 1if
?80 it must have resisted acetylation. However. until
fthis ccmpound haa been analysed and the acetyl conxent
jdetermined, possible structurea cannot profitably be

’discussed. &
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~ THE MOTECULAR_FORIUT.A OF VIOT.ACEIN,

- _ The first workers to propose an empirical

| formula for Violacein were Reilly and Pyne in 1927

E but becaure 1t was derived from analyses of the amorphoua T

. Pigment 1t oannot be aeriouely considered. The first

' recorded analysis of crystalline Violacein was made by

} ¥oel in 1932 who suggested two alternative empirical
'formulae. 35H25N506and 04211301160 . A notewortmr
series ot experiments by Wrede who showed that the .
Piement formed comparatively stabla cryatalline addition
°°mpounda with a number of bases pointed to the

Vemvirical formula CqgHy3N;0¢ or 042H 8“607

P——

Found for violacein crystallised c | H N
saveral times from ypyridine T70.32 4.53 12.86
dried over P205 at room tenmp. 7026 | 4.39 | 12.64
5 homva v o s ) Lo
035H23N50614 2CgHgN requires ?0237, f{}l ; 1?.74
—— ; -
042“28”607 N 2051151\! requires 70.40 4.32 12.61
i v

However by crystallisation from a chlorinated base <
| -8. 2-chloro-pyridine and snalysis of the chlorine "L |
oontent he was ablo to diatinguiah betwean these two o
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formulas,.’ -

Violacein freed from pyridine . |- C .. H 0 | BV IR o2 N
¢ryotallised from 2-chloro- 65,60 3,94 |.11,76 | 7.11
pyridine, dried over P205p 65.44 | 3.87 | T.44
5 houre room temp.  © T )
: 64,57 '| - 3.74 | 11,73 | 8.48
Codlaglgly + 205080 " | P | | 7
" The analytical values for specimens of violecein
vrepared in theae 1sboratories are 1n close agreemant
with those of vrede and are listed for compariaOn A
purposes, - ¢
| . . w2 | 12.a
‘ ] 70440 7| - 4 ol 1@
O42foglgdq + 205l woquires | 10 ' '
rede 70,32 | 4.53 | .12.86
Vreds . .. © 70126 7| 4.3 " | "12.64
, ‘ 70,10 | 4,17 .
Subremanian 70,06 | 4.28 | 10.43
e in 70,70 | 4,300 | 13,00
Peer. 70460 | 4.30 | 12.20
Clerke = . 70,10 | 4.30 | 11.80
e ROREDS IFTURAEN P
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‘Anvinterésting bbservation is that with vlolacein
and.with- acetylviclacein the resultis of nitrogen
estimations are unexpectedly #ariable_(cf. Yrede 100. cit,).

. Decause of the extremely low solubility of
Violacein 4n suitable solvents, mokecular wei@ht
determinations based on one of the oolligative
properties have not so fer been possible. Further more,
determination of the moleculer weight by the Rast
method 4s not erplicadble, for elthough solution in
s camphor cocure the melting point of the solution
cannot be accurately ascertained due to the extrenesly
dark colour obtimined.

- Tre enalytical values for acetylviolacein found
by Wrede also fa?oured the 042 formula and suggested
that,aix~acety1 &roups hadnbean introduced.‘g Clarke in .
these.1aboratories'eynthesised the prOpiony; derivative
which on enleysis gove results‘in‘agreement with the
‘eccepted formula. | | |

' Thus a decislon regurding the moleculsr formula ,
ot violacein could not be pratitably rade at this stuga of
Work because of the various ditficulties rrecluding .
acourate molecular weight determinations,

" The first 1nd1cat1an that the. viclacein molecule |
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is not as large as the C,y formulatioh vould suzgest

was made by 01ark315 as a result of decradative
investigation of thé plegment. In a series of quentitative -
oxidations of acetylviolaceln, Clarke isolated acetyle
enthrenilic scid in theoretical yield based on the
essumption that there is one nucleus in the C,, molecule
which can give rise to this acld. ' since experimantal
-losses and side reasctions in a degradative experiment

of this nature must be quite considerable, there must
almost certainly de two nuclel per 42 carbon atons

vhich can give rise to acetylanthranilic ecid. ' Clarke
@lso felt that the fact that he was not able to isolate
_any other fregments together with the Cpq acid from the -
reductive alkeline degradation of violacein was
sinificant.  He therefore pointed out as a result of
these experiments the poseibility that ihe violacein
molecule ﬁay conslet of two fdentical portions Joined

by -some early ruptured bond op that it may only Ye &

C molecule, | : R

‘ ’7*~ Thiu view seems to ve supported by the high .
Yields of the C,, seid (720mg. from lgm of violacein)
obtained by Boggiandla and during the present researches, -
Bogrieno, 1ike Clarke, 8lso considered the possibility:
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that the violacein molecule moy consist of similar
halves joired loosely together but thought it e more
acceptable theory that violecein is really a C,; molecule,
e cHH, 47305 or Coylly 4300 -

X~ray diffraction snalysis of ecetylviolaceln could
_not, due to the extremely emell eige of the erystal,
;atfurd results of the expected accuracy to enable 8
;aecieion between the 042"28“607 rormula and one of the:
3021 formulae to be made.
i A8 & result of the degradative work previoualy
%discuased and the work carried out by Jenninasl7 on the

» }hydroaen 1ud1da ‘product from violacelin both«roggiano end

?Jennines thouaht the 021B13N303 formuln the most probable B
Smolecular formula. B L S
L Ny Thus when the present reaearchea began the ‘ §
%enalytiual evidence favoured the 042 formulation for the .
;violacain molecule whilst the degradative'ev;¢egce L
Bucpested that the molecule is actually only half thia eize.
Efrorts were directed towarda recryatallising

V1°1aoe1n from simple organio eolventa and obtaining T
vﬂnﬁlytical results for specimens of the pure pigm@nt e |
without the ‘formation of addition compounds. It was found

trat by use of & Soxhlet apparatus. violacein could be
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recrystallised from ecetone, and specimens thus obteined,

after drying, becausas violacein is known to hold on
teneciously to scetone, vwere subtmitted for snalysis.

The results obtained arerrather interesting and are

shown in the table.

« . . o . H.

Found for violacein which was 68?%7 4.06 !

recrystallised from scetone, 69.52 - 4.26 11.7

Dried 45 mins, at 60C. 69.23 4.09

Found for violacein left in . 67.47 3.71

Soxhlet epparatus not '

extracted by acetone, dried

30 mins, at 60C.
42“28“60  Tequires 6923 | 385 | 13
21313Iu3 3 " 70,98 3.66 11,83 |
21“15 %3 " 70459 4,20 | 11,76 |
21H»| 3 30 ‘" 67092 . 3050 ' : 11-32
2121157?30 " 67.56 . 4,02 11,26

h: They olearly 1ndioate that for the violacain o

extracted and recrystallieed from acetone the 042H28N6°?

~vformula 13 to be prererred to either of the 021 formulae.

It 15 not however quite 80 clear Just what

Bienificance can be attached to the values chtained for ‘
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the materias) which remsined in the Soxhlet spparatus

and was not extracted.: This material though quite
erystalline had not been recrystallised end therefore
cannot dbe conéidered to be es pure as the extracted -~
materisl, - However in view of the period allowed for the
extraction this particular material would: appesr to be
considerably less soluble in acetons than the material
extrncted and could therefore.be & slightly different

Variety than the usual violacein having the formula -
Cy .

5“3 4 °F Cxl N304 SR

. This 1nteresting posibility made the probvlem of
the moleculsr welght all the more important and efforts
were mpde to determine whether this could not:be found
by the use of a ;mass—spectrographic‘method.*;iAgvaa
result of discussion with Dr.¥Waldron it was leorned o =
thot the general properties of violacein .8 1ts low
volatility (01arke reported that violacein alowly
sublimed when heated at;350°c et a pressure of ,00001lmm,)
and high molecular welght, would makesa?mass\spectrographigA
anﬁlysiérexiremely difficult, . Furthermore-the number
of instruments 4in this country capable of making such:
determination wes only ofythaAGrder of one or two, . -

:The solution to this problem of the molecular :
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formulae of violacein came from a study of the products
obtained by methylatlon of violacein wifh dimethyl ..
sulphote, potassium cerbonate in ecetone, - Methylation -
_of the'p1gment by this method was found to give rise to |
tWo methylated derivatives. - The relative enounts in- -
which these derivatives were formed depended on the
state of the purity of the violeceln used, With the
purer crystslline pigment, the two methyl derivetives
were formed in equel emounts but with the not s8p pure
material»their relative smounts were somewhat varlahle. 
Becsuge of their different properties the two methyl ' .
d951VatiVés'cou1d be essily eep&rated. 'One exhibited
appreciable solubllity in scetone whilst the other s
iresembling nore the characteristica of violacein was .
i°n1¥ very sparingly ‘soluble and thus separated out from
;the methylation mixture. .Phe more soludble methyl-
deriVative could be crystallised from & VBriaty or
ieolventa such as benzene, chlorororm. athyl acetate.
i&eetone and ethyl elcohol end could be obtained in a.

: hich state of purity by chrOmatography in benzena, fﬁ
Some difficulty was initially encountered in preparing,s ‘
Bpecimens ‘of this com mpound for analysis because it was

- found that 1t retained solvent of crystalliaation which
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besides affecting the melting poiﬁt quite aprrecisbly,
resulted in irreproduceadle enclytical results, The
importance of charscterieing this compound was incremsed
when it was learned that Simpeon (private communication)
had obtained a very similar compound as the sole product
from the methylation of a purple pigment which he had
isolated from & merine bacterium and was growing on @
eynthetic medium in the laboratory. Infra~red and
‘ultra-violet spectroscopic studies later showed that
these two methyl derivatives are identical and their
analyeis indicated that they are a trimethyl derivative
- of & C,yH, N0 mmolecule. | | |

-

Lower melting | 1 71.83 | 5.4 | 10.75] 8.19
Vethyl derive. obtained from | T1.94 | 5.25 | 10.42)
violecein. (Eardley) o ~

c H N | Ome

Methyi deriv. obtained from 71,80 2.33 1. 10,27 | 8,04

purple pigment s sole 72436 | 543 10,23
_ Product (Simpeon) I - , .
.

02‘11115%03 . 3(0!12) | ziequ_irekl‘ -i;;;a 5426 1053 7.
L . AR | _ |

A molecular weight determination of this compound h
by Slmpaon gave a value of 380 which is in good agreement
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with that of 399 demanded by the formula.

Having decided the molecular formula of this
~ compound efforts were directed towards establishing the
moiecular formula of the second methyletion produet from
ﬂolacein. ’

. This unfortunately exhibited none of the solubility
PrOPBrt;es of the trimethyl derivative. It was very
sparingly solubie in ell organio solvents and~attempta}
to purify 1t by recrystallisetion from ecetone in a
Soxhlet apparatﬁs geimilar to the mathbd which khed proved
successful for violacein ended in complete fallure due
to its extreme insolubility, That methylation had
occurred was demonstrated by the faot that it was no
longer aoluble in cold cesustic sode solution end that it

~had e positive value when snalysed for methoxyl. Fallure
t° purify this methyl derivative which dbecause 1t did

mot melt but dacomposed slowly over 300°C wes referred to
@8 the high melting methyl ether, led to attempts to
Prepare a more suitable derivative of it. Acetylation
wae found to give a highly crystalline compound which

. @lthough still very insoluble could be_recrystall;aed;trom
acetic abhydride érter}prolpnged trestment and which on
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enelysis gave s positive value for acetyl. It thus
differed in this respect from the low melting trimethyl
derivative which was recovered unchanged after attempted
aecetylation experiments, Before discussing the’
analytical results obtained for this high melting methyl=-
acetyl derivative it is felt advisable to consider first
the general significance of the isolation of these ‘
different methyl ethers andtheir different behaviour
towards acetylating egents. ‘ R

" .On considering the accepted empirical formula
for violacein 042H2SN6°7 and attempting to reconcile
this with the isolation of a methyl derivetive of a
.molecule 021H15N3 3 ‘4t 1s quite clear that violacein
18 either a mixture of the two molecules, czlﬂir“3°3 and
921H13N304 or it is & Cy2 molecule 1n which these two
molecules are held together by some very easily rnpxurgn
bond,  The faoct that the two different methyl ethers
ere obtained from such a mild methylation experiment’
and that they are not alweys obtained in equimolecular -
emounts strongly suggests that violacein is in fact a
imixture of two C,, molecules, °1nca the lower melting
ttrimethyl ‘ether has been shown to be a derivative of T

021 15N303 the high pelting methyl ether must then be a”



94
;a derivative of 021H13 304 e An observation which at
;the time had no definite aigniticance 1e. that the
Lmaterial which during the recryetallisation of violacein
remalned 1nspluplevanalysed for C, M40, ;or7021H13N3 4
now aoquires rather more significance because the high
melting methyl derivetive similarly could not be . .
r§crygtallised from acetone an@ this , 1f the ergument 1is
correct is a;derivétive of that particular insoluble ”
‘021313N304wlmolecule, - I% was therefore expacted that.
~ because Wrede had shown aeetylviolacein to contain eix
ecetyl groups end becsuse the trimethyl ether had ‘been .
recovered ~unchanged after attempted aoetylation that the
number of methyl plue acetyl groups in this high melting
methyl-scetyl cerivative would be thres.. . Further since
it had been shown that at least one methyl and one acetyi
E€roup was preaent the number of possible formulae was |

.considered to be restructed to two namely 2 dimathyl- %gf%‘.

i

monoaoetyl or a.monomethyl-diacetyl derivntive of the flﬁf“j

i yolecgla 021H13 304. - The 'analytical r?su}ta arénahoyf o
_in the table, | A B

| High melting methyl-scetyl | C | B |.N:| ohe

|derivative found , 6714 | 4.55 | 8.84 | 17.64
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C H N OAo
021H13N304‘§ 2CH2 + 1(CH200) 67 .45 3.98 9,8 10,07
CoyH;3¥30, + 1CH, # 2(CH,CO) A P
requires | 66.52 | 4,05 | 8.9 18.3

... PThe acetyl value in ths methyleacetyl derivative
clea:ly‘indicates that two-acetyl groups have been
introduéed. during the scetylation., The cesrbon and -
hydrogen velues however are higher than those demanded by
the monomethyl-diacetyl formule suggesting more thd\ o
introduction of & second methyl group. - Contrery to the
argsument previously discusseg concerning the number of
functional groups present end based on Wrede's consideration
of acetylviolacein to be a hexaacefate, a molecular
formula assuming dimethylation and dlacetylation to have
occurred was envisaged in an attempt to sccommodate

more eatisfactorily the enalyses found, . -

High melting methyl-acetyl c H R OAo
derivative ’ ‘ 67.14 4.55 | B8.84 | 17.64

Coyylly N30, + 2CH, ¢ 2(CHCO) | o b
requires | | 467.1 4.34 8'7“ 17.8

Such & formula is indeed more satisfactory and
8ll four endlyses are 1n‘gbod aéreéméntwwith those found
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for the methylacetyl derivetive, ' However this

postulation of a dimethyl-dlecetyl derivative cannot dbe

reccnciled with Wrede'u view that acetylviolacein is 8

hexa-acetate.,v The 1ntroduct

ion of four groups into the

021U13n3 4 molecule together with the three rethyl

eroups known to be present in

the 021H15N3 3 moleculo féf

would necessitate that ncetylviolacein be a hepta-’

aoetate. ‘ It vas thus consid

ered adviaable that because

_iprevious workers had not aubjected ecetyiviolacein to

7ana1y519 ror acetyl content. en acetyl determination

sure that thia °°mP°unﬂ e

§°h°“1d ba made in order to en
‘ [N o Lorw

fdoes 1n fﬁot contain six acatrl Eroupﬂo’

o

: The results of such en
71ntereet1na and are lieted in
~~gcen be readily appreciatad fr
difficulty in this enslysie 1

ey Pr

enalysls ere extremaly

the following table, | ? It

om the teble that . the maJor
g the removal of the laﬁt

'traces of aoetic snhydride from. the speoimen.~.?Thes«?;:

°3rb°n~contenx-1s~seon«to incresss &
jficulty is in regulating

become more drastic and the 4

‘thece conditions.soc that removal of all solvent occurs = -

without decomposition of the molecule commencing., -

Becauee. as pweviously mentio

ned, the nitrogen LR

 estimations sre found to be unaxpectedly veriadle with .

%

NN

ad

g the drylng conditions
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violacein end acetylviolecein this enalysis meinly .

depends upon the result of the acetyl determination, -

Acetylviolacein dried in o ¢ | B | N OAc
high vac. lmm, 1€hrs, dried | 65.67 | 4.18 | 8,59 | 29,10
o gonstant weight 130- IR T o (alkall)
140 30 mins 0.00
Cro /
Acetylviola0918 ‘seme sample | - | ¢
redried at 180°C for 1lhr, | 66,22 | 4,41
slight loss in weigrt S DR C
(30 ¢ 50%) e
Aééfyivioiéééiﬁ‘(Wrédé) o 66,10 '4.207 '8;%§
O T W TR DO S O SRR 66,15 | 4,06 | . =
H )N <O, * 6(CH co) . B T T |
42 2867 ?requives |'66.11 | 4,08 | 8,57 | 26,32
65.75 | 411 | 8.2 | 29.45

In the sample dried to constant weight at 130-140°C for

. 30 mins, this determination was performed by two .

independent methods which hoth gave values in very ocloese .

egreement to that demanded by the hepta-acetate,formula. :

~ The carbon end hydrogen analysis ot‘thia specimen,were

elso found to be in very good agreement with the Vélueu

-
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demanded by the hepta-acetate and would suggest that
acetylviolacein is a hepte-acetate rather than n hexae

acetafe.‘*"
Accepting thie evidence, the prodlem or tha

moleculer formula of violacein cen bo sinply expleined.
Violacein when pure is an equimoleoular nixture of two
similar purple pigments having the molecular formule -
21H15n303 and. 021H13 3 4 ‘respectively. It thus .-

analysea as the molecular cddition comPOund 042H28N6°7‘
"+ On acetylation, a molecnler. eddition compound,

acetylviolacein is formed containing seven acety1~group,.
it is composed of en equimolecular mixture of two .= - ,
similar acdtyl dérivatrven,'the triacetatas of the C 1H15N303
_molecule snd the tetra-acetate of the C a2t 13 304 molecule,
The triuaoetate of the 021115 3 3 molecule has been |

" prepared 1ndependent1y by Simpson by acetylation of the
*Durple‘pigmentgczlnis'u303'and been shown to have very -
'similar properties to mcetylviolacein. ° This clearly
explaine why on aﬁetylation of V1plaoein; the two

ecotates are notjindependenfly isoleted, their close
simllarity of.propertieg eg. high melting point, very

low solubility in orgenic solvents does not mllow a}x~»'

separation to be made.
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"The methylation of violacein however is quite
‘ditferent because the two methyl derivatives which are
"formed have quite diatinct properties and ellow an easy
\aeparation to be made. In the case ot the 021H15R3 3
vmolecule 1ts three reactive groupa are all methylated
 and e highly ooluble, highly crystalline trimethyl

;fether 13 formed qnite different in properties from the
;parent pigment. | In the oqaa of the 021H13N304 moleoula

this does not occur.» Fo* some reason not at present
‘”known. only two of the groups in this molecule which
ican ba acetylated are methylated and a dimethyl ether
jie formed. This eubstance quite unlike the trimethyl
:ether is exceptionally 1nsolublo 1n organic solventa'
:and shows no sign of melting below 320°c." Becausa 1n
jfthe trimethyl ether all reactive groupa had been ,‘ ‘
Lmethylated 1t waa recovered unchanged atter attempted
_jacetylation but becauso the dimethyl ether etill oontaina
Qreactive groups acetyletion resulted 1n the formation
4Ot a dimethyl-diacetyl compound. ; V 
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FROPERTIES OF THE T#0 METHYL ETHERS OBTAINED FROM VIOLACEIN,

The Low me1t1ng,rr1metg31 Ether. "; '
" The low melting trimethyl ether 18 obtained from

violeeein ae the acetone eoluble product of the ;f o
m°thylatien with dimethyl eulphate and potassium carhonate.
After flltering etf the potaesium carbonate and high ‘
melting dimethyl ether, the trimethyl ether may bo |
obtained ae e dark blue crystalline eolid by evaporetion ;
or the aoetone under reduced pressure. , It cen be 3 |
reeryetelliaed rrom u number ot eelvente includlng
benzene. chloroform, ethyl acetate. pyridine end ethyl
alcohol giving royal blue eolutione end cryetallieing

in the form of long needlen. | 1t 13 best puriried by |
°hrometography on e neutral aeumina column using purg H
benzene 8s the elue&t and 13 1n thie way obtained 1n derk
blue needlee with B ehiny bleok eheen firet melting et ;
127°O reeolidirying end finally melting 19000' A Thes“ ‘j _
crYatals have been ahown to oontein benzene of L o
°r¥stallieation and their analysis eppreximatee to one
mole of benzene to one mole of the ether. . The melting
Doint of thie material on recryatellieation rrom ethyl
ecetete rines to 220-221°c und the cryetale after dryingi
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analyse correctly for the trimethyl ether 021H15N3o3 'S
3CH,e  The ultra-violet spectrum of this material
messured in 95% alcobol ie very similar to that of
violacelh.~ 1t contsins three distinct peaks at 270 mp
1024€ o 4031, 382mp 1oge € o 3488 and 600Mp loget o 4029,
This last pesk is at & slightly higher wave length than
the'correaponding penk in the violacein spectrum,

‘The trimethyl ether is totally insoluble in water,
aodium bicarbonate end sodium cerbonete eolution. It 18
also insoluble in cold and in hot caustic soda solution
and thus does not exhibit any acidic properties. It
does not dissolve in dilute ecids but does.eo in
concentrated sulphuric ecid to give en orange red solution,
Addition of dilute seid to a blue sleoholic solution
of the trimethyl ether causes the colour to change to
olive-gfeen whilst on addition ot‘alkali it changes to
orange-red, These ohanges ere reversible and indicate
that when in solution the molecule can exist in different
forms depending on thepH value of the eolution,

‘The trimethyl ether can ve hydrogenated at room -
temperature and ordinery pressure using Adens catelyst -
in glecial acetic scid solution, The absorption of
hydrogen was found to be slow, 4«5 hours bteing required
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before it was complete. Iuring the hydrogenation
‘the royal blue solution elowly lightened first to dark -
‘green then to sn olive green. ‘The solution remained
‘this colour from the solution which although
‘chromatosrephed on & slumina colunn in benzene resisted
‘811 stempts to erystallise it. -

“" """ attempts to obtain a reduced form of the trimethyl
‘ether were made using & mumber of reducing sgents.  VWith
“zine ‘end acetic mcid and sodium or potessium Yorohydride
'4rfhot methanol the blue solutions were changed to light
‘Yellow but in no case could the product be induced to:
‘erystellise., B g

UL o pttempting tO degrade the trimethyl ether with
‘hydrogen odide in ¢leclel acetic at 130°C for 1% hours

e yellow-brown amorphous solid was obtained, - Whanif
étreated with caustic soda solution this s0lid changed
"its'appearaneg and an gmorphous dlue materiel was cbtainéd.
‘The solution gave a positive test for iodide ion and it

was thought most likely that the yellow-brown materiel

vas s hydrogen-iodide éalt of the emorphous blue solid which
‘wag considered to be a partially demethylated derivative

of the trimethyl ether, The Dblue golid was found to be
‘quite soluble in mcetons tut totally insoluble in water -
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or in alkali end resemdled in no,ﬁay ﬁhq indole-pyrryl
methene.‘the,froduct-obtained by treeting violacein with
‘hydrogen iodide. It is aigeionlt to explain why this
blue solid, if a partielly demethylated product, dées not
diesolve in elkeli beceuse demethylation with hydrogen
1od1d9 would have been expscted to result in the formation
0f & free phenolic hydroxylgroup in the 5-position of the
indole nucleus. ' Simpson (private commnication) also -
investigated the effect of hydrogen lodide in acetlo: ' .’
acld on this trimethyl ether snd odtained identioal
results, . - fHe did hovever remethylate the blua solid with
dimethyl eulphate, potassium carbonate in scetone which
resulted in the formation of the original trimethyl.
ether, _ » g e
- This result is extremely interesting because it

demonstrates that the changes which occur on heating -
violacein or mcetylviolacein with hydrogen iodide *- - ,
resulting in formetion of the indole-pyrryl-methene do -
not'occur‘with thié particular methyl derivetive, = Two
Prodbable explanatioﬂa.why this reection does not occur
may.be suggestedss ' :

(1) - The trénstormation,:rom the violacein typo.
moleoule to the indole-pyrryl-methene may occur in only
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one of the 021 molecules nemely °21“i3“3°4 o

(2) The change to the highly resonating system found
in the indole-pyrryl-methene may not ooour s0 readlily
when the nitrogen etom in the S-hydroxy indole nucleus
;le attached to methyl (vide 1nfre).
L The firet explanation doee not become tenable on
Aooneidering the yield of 1ndole-pyrrylmethene which ’
}Jennins 17 obtained trom aoetylviolecein. | The maximum
"theoretical yield of methene from 0.2gm. of acetylviolaoein
1°v 1: only one of the cz1 moleculee undergoee the 2 ”
tranetormatlon 0.0GBgm. whilet a yield of O.lzsgm. was
reported. i |

It would thua eppear that methyletion 1n the o

trimethyl ether Operatee in eome wey against thei
formation of 8 methene. )
" When en attempt wae made to degrede the trimethyl
ether with zino duet ‘and elkali 1t was tound thet the
1neolub111ty of the ether in alkali prevented the ‘reaction
from prooeeding. However, hy edding en ethanolio |
Bolution or the ether to the zino duet and elkell. B
reeotion proeeeded emoothly and the trimethyl derivative
of the 020 acid wee obtained 1n good yield. ' Thie -
eatabliehed at once the poeition or the three methyl ,
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Eroupa in this trimethyl ether, two being present in
the N-methyl-S-methoxy indole system and one in the
N-methyloxindole,

The High !elting Dimethyl Ethera.

e The high melting dimethyl ether is obtained as

the 1nsolub1e product from the methylaticn of violacein.
Filtration of the methylation reaction mixture results

1n the dimethyl ether and the potassium carbonate Yeing
lert as residue and this when washed free from potaesium.
Oarbonate leaves the dimethyl ether as a black micro~,hr
cryetalline solid, ‘ 
) This ether has none of the solubility propertigg
found in the trimethyl ether end 1s very speringly
B°1uble in ell the common solvents excepi pyridine. It
18 rather more soluble in pyridine but does not cryatalliae
| OUt from the solvent. Its solubility in the common
Bolventa 15 rather less than that of violacein and when

en attempt to reorystallise it from acetone using & ..
Soxhlat apparatua was made, 8 method which had provea ;'
auccesurul with violaoein, very little material _vas
extracted and none aeparated from the solution. .

| The ether, like violscein, does not melt and

decompoees slowly above 320°C. It is totally ineoluble
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in water, sodium bicarbonate and sodium carbonate
solutions. It is also insoluble in cold.ceustio

soda eolution but in hot caustic soda solution 1t
dissolves to give a red coloured solution similer to that
formed when violecein is dissolved in hot elkeline
solution. It is insoluble in dilute mcids but gives
an orange-red solution with concentrated sulphurie wacid,
On heating with sodium scetate/mcetic enhydride, the

high melting ether aoetylates to form e dlacetyl-dimethyl
‘compound which is blue-bleck crystalline solid with a
green reflex. Thise acetyl derivative though still very
Bparingly soluble in organic solvents‘canjbe reorystallieed
from acetio eshhydride in the form of needlas after
prolonged treatment with the boiling solvent. ,

. The behaviour of the dimethyl ether on attempted
propionylation is rather interesting end is not et present
completély understood, VWhen heated with proplionic
enhydride and godium propionate at 130°C the ether forms
& proplonyl derivative which is a blue crystalline solid
with a red reflex and which is very eparingly solublévin
orgenic solvents. On héating with’theAsaﬁe reagents at
170%C (the boiling point of proplonic enhydride), two
prépionyl derivatives are formed.. ohe is thavderivﬁtive.
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_ Freviously descridbed formed at the lower temperature
vhilet the other is a blue crystelline solid which is
very soluble in ell the common solvents and can be
eryetallised from iethyl: acétate, :  When crystallised
;trom,benzene~th1a cbmpauﬁd,retaina solvent of |
' éryatallieatioh which derresces the~mélt1ng voint to
254°(d) Yecause both propiényl derivatives when free
" from solvent do not melt below 320%C, . .

s+ An attempt to form a p-nitrodenzoate of the - -
dimethyl ether with p-nitrobensoyl chloride in yyridine
resulted in the return of unchanged materisl. . -

: When degraded with hydrogen iodide in acetic

_ aoid, the dimethyl ether was found to yield e dark red
erystalline solid. Thie material was found to have a
similar ultra-violet and infra- red spectrum to the
. 1hdole-pyrry1-methene obtained from violacein, it
dissolved readily in alkali to glive a yellow éolution
~which 444 not become green and only derkened very slowly

thus exhibiting very similar behaviour to the methylated

indole-ryrryl-methens, This material was not obtained
"in suffiolent yleld to enable it to bo converted to the
hydrochloride and analysed but it was considered to de
'a derivative of ths same indole~pyrryl-methene as that
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obtained.from,violhcein-

On degradation with zinc dust end alkall, the
dimethyl ether‘gave‘a colourless acidlic material. This
ﬁatériai‘ﬁas shown to be & derivative of the C,, acid
§§eéuse its ultra-violét ahd infra-red spectra were
éimfiar to fhe speofra of the latter and further more
it géve 6n écétyiation a magenta coloured non-ecidic,
doefaéé; ’TUhfdrfunately this ecid could not be
cr;Etalliaedkbut 6n’méthylation with dimethyl aulphateA
and)alkaii tﬁé‘ttimethyl and tetramethyl derivativea
éf th9,620 gcid‘wére formed in a similar manner ¢o their
formation by methylation of the C,, acid,
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Sohees s THR OACTION OP ATLRALYI ON VIOLACRIN,

The action of alkali on violacein was first
1nveat1gated by re6912 who showed that the picrmrt
dissolved 1n caustic soda aolution to give 1n1tially
a bright green solution which later changed to red efter
pggeing through a transitory phase. Ee then found that
a&ditioh of 002 to thie red golution precipitated a ‘
microcrystalline red solid whilet eddition of mineral
ncid to the eolourless filtrate resulted in the formation'
of 8 yellow molid. This eolid was found 1o he rather .
unstabla and rapidly chanced to & much darker colour.‘
Acetylation or the r&d and yellow solids, Wrede claimed,
gave rise to the sama erystalline acetyl derivatlve.
namaly acetylviolaceln. Fe thus cuggested that the two
compounde were the keto and ennl forma of either 8
1actona or lactam.

) ifﬁ&%ith the diecovery that violacein actually conaista :
o;ut;o 021 molecules it was decided to reinvestignte this :
reaotion with alkali in the hope that 1t might poasibly
lead to separation of the two entities. hilat euch
a eeparation has not at preaent realised. 8 preliminary

atudy of this reaction has produced some rather
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interesting results.

' It was first shown that violacein on mild
treatment with alkeli and subsequent eddition of 002 and
nineral mcid led to the production of the red micro-
.Cryﬂtalline»solid.in rather larger amounts than the -
yellow solid. . - On somewhat more drastlc treatment,
refluxing the salkaline solution for periods of up to

45 minutes subsequent treatment with CO, and later mineral
‘acid produced the yellow solid in the lerger emounts,

: LThe-yelldw s0lid gfjtiltgyed quickly and washed .
‘well with water could be obteined es a deepyellow péwder
but if allowed to réﬁéin,ror a short while in the acid -
medium rapidly darkened end appesred to have changed to
'8 blue black solide  On solution in organic solvents
however, th is solid gave wine coloured solutions,

The red solid on methylation with dimethyl ..
sulphate potassium'carbonafe in acetone whilst giving en
initial red aolutioﬁ changed slowly to purple and an
insoluble methyl derivative which had an infra-red - .
‘spectrum identical with the spectrum qf the high melting
ether was obtained in a yield of 65mg, from 100mg. of -
the red golid. '~ The other product from the methylation

(25mg.) was gsoluble in scetone, benzene and most of the



common solvents end thus exhibited similar behaviour

to the trimethyl ether from violacein. It was not
however obtained in the crystallino form end not identified
88 this particular methyl derivative. ,

. On acetylating the red solid with sodium acetete/
acetio anhydride a dark red erystalline acetate with a
sreén reflex was obtained, This acetate has an 1nrra.:
red. gpectrum identical with that of acetylviolaceln end
must therefore be considered to consist of a mixture of
the tri-acetate of the 021H15N303 molecule and the tetra-
acetate of the 0211113!?304 molecule.

When the yellow solid was scetylated by the sodium
acetate/acetic enhydride method a btright red mixture
was obtained from which a bright red crystalline scetyl
derivative separated. It was found elso that when the
derk solid obtained from this unstedle yellow materisl
was acetylated in a similar manner, the same dbright red .
crystalline meteriel was obtained. This auggests»that,
the yellow materisl end the darker material ere closely
relested, possidbly as teutomeric forms,. This acetyl
derivafiveuwas shown not to be acetylviolacein, because

1t hed e completely different infra-red spectrum.
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It must be quite different in character from acetyl=-
violecein and is probably formed 88 a -result of some.
'fundamental‘chanhe‘haVing‘océurred.?ﬂ The nitrogen
enalysis of thie compound confirms thie view, end suggésts
that degradation of the7céi'moleculee?has~00curred‘with
loss of & nitrogen stom.” * If this is eo, then & degradation
eimilar‘to”that«leading‘to°the‘formation"ot the Céd>acid
could quite ‘possibly have occurred resulting in the loss
of a cafbon atom and the formation of the same conpound
from botthQi;moleeules;“?*3i?<? R T

. In an attempt tc obtein a clearer insight into - ~:i.
any dhangasiwhidh might accur'duriﬁg~thialdegradation,
the behaviour of the two methyl ethers when treated with
alkeli wes studied, ”. Because of the nature of these
. derivaxives, it was not possible to investigate the affect
of mild alkald and only their hehaviour when refluxed in. .=
alkaline solutions for periods uo $o one hour was studied,
It was: faund that both these ethers after rerluxing with
alkali for one hour. gave red solutions which on |
soldification with mineral mcids deposited unstable i~
yellow solids, * These aolidq; 11ke the orie obtained from
violacein darkened rapidly to solide which gave magenta

coloured solutions in organic solvents, = Jirioi ax o
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The materiel obtained from the trimethyl
'derivati&e was heated with sodium acetate/hcetic ahhydride
. and 8 red reaotion mixture.obtained; : On cooling, this
deposited a red crystalline eolid with a bright green
reflex. - This solid, likq‘the one simllarly obtalned -
from violacein, could be :ecryatallised fronm benzane and

© in the infra-red contained bande which also sppeared in
the speotrum-ét.the latter. The nitrogen analysis of this
compound suggﬁsted thét‘the trimethyl derivative had

- undergone degradation with loss of nitrogen and the

acetyl analyais showed that no acetyl groups were present.
The loss of a nitrogen atom on refluxing with alkall

would seem to suggest that a degradation similar to

that producing the czo acid has occurred and that the
yellow s0l1d is possibly a preoursér of this acid which
on standing in acld eolution undergoes some change leading
to the formation of a conjugated ayateh. A band at
1764cmf1:1n the infra-red spectrum of this compound
obteined from the trimethyl derivative, which was
originally thought to be due to the carbonyl stretchlng
frequency in en scetyl group must be due to some newly
formed carbonyl group., Such a group could Quife

rossidbly be that toun& in a lactone system formed as a
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result of an intramolecular cyclisation. v
’QJThﬁs,“although at present the evidence is not very
strong, it does suggest thét the yelloﬁ compounds
obtained from violacein and thé methyl derivative are
aoiduftormed‘by degradhtion of these molecules with loss
of ammonia,  Further these acids sappear rather unstable
end revert to eome more steble conjugated system possidly

by the formetion of a lectone ring.

Yoo e

L0

LY
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YOSSIBLE STRUCTURAL FORMUTAE FOR VIOLACEIN,

. - Prior to the 1nvéstigation into the chemistry of
vﬁolacein in these laboratories no structural formula
was reported for the pigment, This was because none
of the previous workers had been able to identify a
major degradation product. Any suggestions as to the
nature of the molecule were made solely as 5 result of
colouf reactions, Thus Toblel3 in 1935, from one such
reaction cleimed to have obtalned an indication of the
presence of anthranilic acid end suggested that ‘
vioclacein is a derivative of indiga.“ From the empirical
fprmulae put forward dby Kggl he knew that the violacein
m?}gcule was considerably larger than the molecule of
‘1ﬂuigo and therefore suggested that the indigo molecule
wéa attached to certain lerge substituents,

;}J The first workers to consider possible structures
for violacein were Peer and clarke14 after the |
identification of a number of products from oxidative
and pyrolytie degradatioh. ->These degradation products
‘wero divided into two digtinct classesi=
| (1) Oxindole, eacetylasnthranilic acid and isatin,

(11) S-Hydroxyindole, S-acetoxy-N-acetylanthranilioc
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- ecid end S-hydroxy-Neacetyl enthranilic ecid.
-A11 the members of one oléss were considered most
;probab1y tovhave_been derived from the same nucleus
in the violscein mdlecule, It was considered thet the
oxindoie'andlﬁ-hydfoxjindoie nucleil were present es
such in the éfiginalgholdoule and that the other members
’of each olass were derived from the respective indole
nucleus. | N

' The 1aolation of the oxindole nucleus from
: violaoein 13 extremely interesting because it was the-
S_firat reported examplo of the 1solation of thia nucleus
i?from 8 natural product. It has been shown more | '.
v;recently that the oxindolo aystem does bccur in certain
:”epeciea of alkaloids, ’ A
: :' Clarke thought that several modes of linkage or
A‘the two nuclel could be envisaged but thought it
E'interesting to consider the example of prodigiosin which
has been 1nvastigated by Wrede32 and asaigned the‘““
i structure (ILV). - | S |

CE 3(0212)4 4, OMe

N T R
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Hﬂvthen suggested that an analogous arrangement’in the

cas@ of violecein would resilt in its formulation as a

tri-indolyl—methene (XLVI).
Q U@“
L oA
“H

“rtaCiarko next considered the reductive alkaline
degradation of violacein end commented that the
production ot,n:;bnaié cas suggested the presence of two
emide or 1mide groups -within -1 042 molecule, Furthermorg
the . faot that the oxidation producta contalined only one
carboxyl group 1n tha benzene ring was considered to
' 1mp1y that the emide graups are attached to the pyrrole‘
ring in the 5-hydroxy1ndolc nucleus or in the unknown
part of the molecule. ‘ |

Clarke then disvussed the question of the‘mcleculnr ;

tormula and noted that whilat the analytical data i |
favoured the 342 structure the isolation of a ”021 acid"
during the mild alkali treatment subetantiated the vicw
that the molecule is in fect only 021. - He attamptod ta
inoérporate the oxindole nucleus, the 5~hydrpxy1ndolqks; -
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micleus end one emide grouping into & 021 structure end

prOpoeed the folloﬂing formulations-

o o (ILVII) o |
This compound, containing half en indigold chromophoric”;
€rouping end sleo a conjucated side chaln, Clarke ‘ .
considered, would e highly coloured. The formation of
8 leuco ‘compound on mild reduction, he suggested, could
'be envisaged. es cen that elso of all the oxidation
produete. . A S .

.. On the ‘btasis of the above struoture reuuctivu ’,_“
alkaltne hydrolysis would Ye expedted to reault in thé f.
formatlion of C, scid plus a mqlecule oflaxmon;g, When
violacein is degraded in this manner, the scid obtained
however has been ahown to te only & Cag molecule, the -
~formation of which would be difticult to explain on the
above formula. o

The next workers to suggeat poasible etructural ,
18 .and Jenningal7

who were engnged on investigations of the structures of

formulee for violacein were Boggleno
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| two major degradation pﬁoducts. ‘Jennings studied the
rroduct obtained from the hydrogen iodide dsgradétion of
violacein and suggested probable structures whilst To
Dogginno undertook én investigation into the reductive
alkaline‘hydrolyais rroduct, the c20 acld and put forward |
certain structures to rerpresent this molecule., Doth
workers then suggested the same structural formula to I
repreaént violacein after having discusscd end reconciled
thefformstion of both degredetion products from this
structure. - | | -

From his. investigntion of the properties of the
product G 3!&()1{202 obtained from acetylviole.cein with
mghydrogen iodide, Jennings suggested that this compound
v'was en 1ndoly1pyrry1—methene a type of compound which hadl
not veen previously described. He thought that the |

most probable structures for this product weret-

HO- L | — 0N

| H | R B
(I ()
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‘and algo eonsidered ‘the preeence of a ;a-hydroxypyrryl-
methene in violacein, R L

: " In's paper describing thla work of Jennings 17 44

1s pointed out that the;3~hydroxypyrrylmethene systenm in
f(XLVsz)*éndf(sz) sugcested the possibility that'
‘violacein may be a 5~hyﬁroxyindclylhyﬂroxypyrryl-f |
‘oxindolymethens (eg.XLIX) CpH) 04Ny or an oxidised form
‘of this ez, (L) 021ﬂ13 3 3 end that it had not bteen
overloocked that these recalled the tripyrrylmethene structure
z(xLV)-aasIgnéd to the bacteriel pignént rrodiglosin,

(xxax) e e (1)
It was ‘also noted that structuree of this type are

;qonqigtent with the resulta of oxidative degradations

and would eccount for the formation of 5-~h,fdrdxy1.ndolei

;and oxindole on pyrolysis and of an 1ndo1y1pyrry1metheng‘
ot the type (XLVIII) or (III) with hydriodic ecid,

‘ xt wes suggested that the empirical fonmula
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c42H28N6°7‘ put forward by Wrede for viclacein could *
perhaps be accommodeted by supposing the crystalline pigment
}tO*bc e moleculsr complex of two C, molecules, - e
08, CpHy gNy0y s Coylly JN304H,0,  Further discuselon of
possible structures was however ressrved until it had
been found possible to interpret satlstactcrily the
resulta or the reductive alkaline hydrolysis investigated
by Bobgiano and later by the author,

Although this typc of formulation (XLII) (L) is
now known to be incorrect. the attempt to try and
reconoile the dogradative evidence tavouring a 621
molecule with the analytioal data atrongly suégcating
la 042moleculo is interesting because it is the tirst |
%recorded attempt and does actually apprcximate to the
ttruth aince violaccin hes now heen shown to be compoaed
‘ot two distinot Cp moleculea. L A '%

 The investigation of the reductive alkaline
’hydrolysia product of violacein by Boggiano soon showed
ithat thie compound wvas not a 021 acid as Clarke had ‘
tsuggeatcd but a cqo aoid ot molecular formula. C2OHlBN2°
or CQOHIGN O5 « He demonatrated the prescnce of thc
~oxindole and 5-hydroxyindole nuclei in the ecid and
'alluwing ror tho requirements of the cardboxylio group
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accommodated the Sth oxygen ston es either a keto group
or an alééholic £roupe. If the rresence of a keto group
was aséumedkhe;considergd that the acid must be a ¥-keto

acid end suggested the two structures (I) or (II) as

no©\g/ﬂ co HU)\ND

OOH n

being the most rrobable.

: TW(I)‘“ ‘ ey
\f Boggiano and Jennings attempted to recancile the
formaficn of the methene (II1) with thece two structurea
from the 020 acld. They considered that the structure
(I1) could not be reconciled with the formation of the
Qethena»because the cerbon atom to which tke oxindole
ngglgqs;is‘attaéhad would in the violacein structure be
ng;e#nary end would not allow the répreSentation of &
conjugated molecule. They therefore selected the )
structure (I) as‘being'moat prébablevtor'the‘acid gnd
formuleted the structure (LI) for violacein as the only
one which could give rise to X-knto scid and retain en
1ndole—pyrry1—methene residue containing a }s-hydroxy
pyrrole residue. ‘ ' |
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@L J °“"‘ %,,/\,,Q

H

(L1)

Turning to the poasibility of the 020 acid being
e hydroxy acid the two most probadle formulae sucgented
were (LI1) and (LnI). :
' H ' )
H_
Qw778 Q CU z@a

" H COOH COOH

w0 ) @

The formulation of an aoid of this type together~
with the 1ndole pyrrole methene systen was 1magined to
hava been possibly derived from a structure (LIV)
resembling that of prodigiosin (ILV. ’

- . U =£Tf:j OH , o
S | o e P Nt
‘ (LIV) ‘ @ o » ‘021}}15“303#",
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“ The structures sﬁggested both referred to 021
molecules and although both workers commented on the
‘analyticel data favouring the c42H28N6°7 ‘molecule
neither was ‘able ta reconcile this with conflioeing
degradational evidence,

During the present resesrches it has dbeen shown
that violecein is an equimolecular mixture of two °21‘
‘ mole§g1eg 021H15N303, 021313N304, and the problem of
reconciling the degradation evidence with the ‘
analytical data for violacein ard acetylviolacein has
been resolved, |
ERT The work on the C,, acid has shown that it is
actually a ¥-keto acid and not a hydroxy acid. Further
more since the ksto group has been shown to be presenx
in a p-acyl indole system the oxindole nucleus cannot
be sttoched to the same carbon atom as the S-hydroxy;,ﬂ
1ndole nueleus. - Thie inmediately eliﬁinates the
possibillity that violacein might be a dinindolyl—pyrryl
methene snd cennct therefore be of the seme typa:gari‘(
prodigiosin (XLV).  The C o 80id hes been shown to have
one of the structures (I) or (II) end since the methyl L |
derivatives of both 021H15N303 and Cngi3N3O4}g1va rise to :'
& methyl derivative of the same 02° acid Yoth these
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moleculea‘muot contain the partial structure (LV) or '

T °’°Ij© Q 5 @

. (LVI) .

(Dv)zi"’
B It 13 telt adviaable et this stago before
Suggesting poosiblo atruotural formulae for the two
moleculea present 1n violaoein to discuss in more detail i
theoretical aspeota concerning the atructure of the
hydrOgen 1od1de degradation produot inveatigated by

Jenninge, beoauso this same produot must be obtained from

‘both the 021r 15 3o3 and 021Hi3 304 moleculee preaent in

v1olacein. Bt

| The experimental evidence accumulated by Jennings
ror the hydrogen iodide product 013H10N20 suggesta as
probablo structures (XLVIII) and (III) but does not -
allow an unequivocal decision in favour of theae two :
struotures to be made. The fresence of the s-hydroxy-‘"
1ndole eystem as such in this compound had been
rreviously demonstrated by Beer when he obtained 5w

hydroxyindole itself from a high vecuum eubiimation AE
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the product and the prodblem resolved itself into assigning
the correoct structure to the remaining rert of the
molecule 05H30N¢ - Jennings considered that the similarity
in properties of this product to dipyrrylmethenes was

the most important feature of its behaviour and suggested
that in this remianing part of the molecule the carbon

end nitrogen were readily accounted for as @ methene bridge
and a pyrrole nucleus, He thus put forward for this
compound a tentative indole-pyrryl methene structure snd did
‘not consider eny slternative formulations. It is now
prbposed to consider éll possidle structural rérmulae

for this ﬁrodﬁqt end examine each critically,

The pr;pertioa of this hydrogen-iodide product
‘cleagly 1ndic#fe thet 1t contains & structure easii& :
”capébie_of asccepting a proton end forming a highly
resonating cationic system. Furthermore this basio
nature exhidited in other reactions indiqated that the
oxygen atom was not present in an amido eysfém}é ‘These
properties might possidbly be contained 1nla»stra1ght chain
structure of the type (LVII) IR |

OEJ B A
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dbut thé'hydroéén content in such e structure is greater
_than that demended by the analysis of the hydrogen iodide
‘degradation product, - The structure of the latter must
therefore contzin s secbnd cyclic systen of either‘rive,
or six members since a r1ng containing less than five
members. 48 most ﬁnlikalyvon the grounds of stabllity.
?Thia'degradatibn product must,therefore be representéd by

one of the following formulee

HO
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_ The poseidility of the second nucleus being an

o« or ¥ hydroxy pyridine has not been overlooked but these
'aystems like d«hydroxypyrroles have been shown to exist
mainly in the amide form and exhibit properties which are
‘not conslstent with the behaviour of the degradation
prdduot.:"‘it is considéréd that this second cyeclie

- system mu‘et be eithazf_ § B =hydroxy- pjrrola or Behydroxye
ﬁyﬁidine. . The nature of the degradation with hydrogen =
lodide 1s considered o be rather more complex then that
of the redﬁctive alkaline hydrolysis because 1t involves

~ the fiesion or the oarbon-carbon bond 1linking the oxindole
nuoleus to the remeining part of the molecule. Also
1n:t§? caeevot the 021n13nzo‘ molecule the loes of an
oxygen atom is involved, When the hydrogeniodide product
wnévsﬁﬁjééfed to reductive alkaline hydrolysis, the
»reaction did not proceed as in the.case of vibiacein
because acidification of the alkaline medium resulted in
the férmétion of deep red colour attributed to the
_formation of a highly resonating cationic system. It
'would appeer thus that this nucleus 18 stable to reductive
alkaline riasion and must be & considerably modirieé form

or the nuolei which are present in violacein and from which

1t waa derived., It is possible that this distinction in’
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properties may dbe dﬁe‘to the splitting off of the
oxindole residue end conversion of the molecule to one
ﬁof true aromatic charscter but it may be due to the
formation of an essentially different syatem. Jennings
and Boggiano ‘having considered the most probable structure
of this product t0 be the indolylpyrrylmethene (I1I) also
interred that this system is rresent in violecein,
;Although thia may be 80 the above conaideratlons regarding
;the nature ot this degradation make 1t necessary to
‘diacusa other poasibllities. The reaction might for
‘inatance proceed through tha formation of & atraight ,
chain 1ntermed1ate which atter the fiasion of the oxinﬂola
residue then recycliaed to form a new ring system containing
one more or one 1ess member than had originally been v
present. u | , ‘ : : o
o Th§ experimental evidence aecumulated at presant doea
not serve to diatinguish between the structurea (III) and
(XLVIII) (LVII-LX) considered poaaibla for the dagradation
product but the results of the methylation egperiment are .
1ntereat1ng. On methylating the dearadation product with
dimethyl eulphate and alkali, Jenninga obtained a monomethyl
derivative, which vas thought most probably to be repreaented

vy (LXI) or (LXII) becsuse on generel grounds tha hydroxyl
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MeO ‘

A u
o
I
=4
-]
o
D a”
o S
e |

N
AT e (an) i
e:ronps 1n the 1ndole residue was expected to be preterentially
' metbylated. 'I‘he hydroxyl group in the second nucleua ‘
may thererore be one which resista methylation with theaa
_reagente. Because the hydroxyl group 1n a8 )8-hydroxy
"pyrrole heté been shown to reaiat methylation by eny of the |
‘ lmown methods vhilst ﬁ-hydroxpyridine rorms a methy]_ ;
ether quite readily. Buggeata rather the pwesenee ot the .
former nucleua in the hydrogen iodide produot and henee
‘the rormulation of & methene. This evidence thua tenda
to Operate in favour of the structureu (111). (XLVIII) (LVII)
eand . against (I.VIII-LX). Because also of the aimilarity |
to dipyrrylmethenea and other systems such as the cya.nino
- dyes the methene formulation would sppear the more probable .
: 'rhe reeonating system involving the direct Jaining of the
two heterocyelio nuclei as in the structurea (LVIII-LX)
19 not deseribed nearly.ao frequently and might not on
theoretical grounds 'be expected to be as highl:v coloured
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88 the structures (ITI), (XLVIII) end (LVII). - This is
‘because of the relative differences ih enionoid activity
of the terminal nitrogen atoms. These atoms in the -
1ndolylp&rr§lmethene éystems (eg.I1I) ere of epproximately
‘eﬁﬁai’ﬁasicity end when a positive cherge 1s acquired the
‘molecule will reeconate between the two mesomeric forms
©(111) and (LXLLL) which will make approximately equal

icontributiona.'

+* L . v o
ce—~3% - woy - en— g J
RTINS ¢ S - * R : S
‘ K ,
| | (nx) o el (mn) o
%However in the 1ndoly1—pyr1dy1 systema (eg.LVIII) the two

nitrogen atoms are of different basicity, pyridine being
-8 stronger bese than indole.’ Any P°91t1ve charge galned
will thua tend to remain on the pyridine nitrogen atom .
iand contribution from the meaomerio form (LXIV) will be
emall,
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The indolyl-pyridyl etruotures (LVIII-LX) will
thus ébaorb et higher trequenoies and w1lll not bve es
highly coloured as the 1ndoly1pyrry1methenee. Since the
- hydrOgen 1odide degradation ‘product has been shown to form
8 highly coloured cation it would eugsest that the two A
nitrogen atoms ere of approximately equal basioity and
would therefore favour the 1ndolepyrryl-methene |
fOrmulation (eg.III) rether than the indolyl ryTidyl
(LVIII). However until evidence is accunulated allowing
an unequivocal decieion to Ve made in tavour of one of these
systems they are at present both worthy of consideration.

. In thus considering possidle etrgcturea for the two
molecuiee pbeaént in vioiacein and attempting to reconcile
rrom these the formation of the two major degradation
Producte, three distinct approachea must be employed. ”
The Coyp mo}ecules may be considereds~ .k, _ |

1. To oconsist of an open chain atruoture to which the
two indole nuclei are attached.

2. Td céntain an indolylepyrrylmethene structure,

3; ‘To contain besides the twq 1ndqle nuclel a third
heterooyclio ring system containing six membvers,

On consideration of the properties of these molecules

1
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and on grounds of general stability the accommodation of
the C5HBN0 and 05HN02 reaidues 1n a cyclic eystem of other
than five or six members is thought unlikely.
4 " When en open chain formulation is conaidared for
.the 05 JFO ‘and csnnoa residues present 1n tha violacein R
molegules it is found. that all structures which may be
written for these molecules oontain.either a -C-N or
«~CH=NH group.v The rresence of auch a group 1n the
,violacein molécules must be considered rather improbable
because of the ready eusoeptibility to attack by acids
'reagenta of.thesa groups in contrast with thefrqlgt;vo-
.stability of violaoein to such reagents, A _ |

» Although conjugated chains involving —CH-NH W
linkagea oan be stabilised to some extent by addition of a
proton end formation of a roaonatipg system, as in the
Stenhouse dyes>>, in the majority of cases the nitrogen
atoms are attached tp an aromatic or substituted aromatic

Tesidue (LXV)

@m;—cn= —ca=cn—cu=rm© o

(1xv)
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In systems such as these the open chain molecule is not
Paftieularly stable, and cyclises to the six menmtered ring
system (LXVI) when hested in glecial acetic ecid or
alcoholic solution with loss of a molecule of aniline,

On treatment with alkali, the resonance is largely deatroyed
and the open chain systen cyclises to one of the aystems
(LXVI ) or (LXVIII). | -

¢ qon
r N xﬂmm - P

Ph

(LxvI) B i(LXVII) (nxvxxx)
‘The presence therefore of en open chain eystem
such as(IXIX) for the vioclacein molecule c21 5 303 nust

be considered unlikely.
In‘-CH—CIi‘C“c‘CH‘I’H

(LIII}

It the violacein molecules ere considered to contain an

indole~pyrrylmethene atructura, then the structure (IX)
for the C,, acid cannot be possible because the carbdon

atom C beeomea quaternary and would destroy ccnducation
fthroughout 8 large part of the molecula.



- nO[::::]:;j]CO
¢ l 0"
= H ‘ oot - H
(11)
only‘ & structure (LXX) could tlien be written for
the violacein 021n15 30 molecule, and thia would not be

on

GXpeoted to be.coloured, - .-

() 8

Any yproposed etructura for the violacein molecules
must thereforo ‘explein the formation of the czo acid- (I)

and poasees 'a‘cerbon skeleton (Lv).

HO\U , c—c—g
el N : ¢

1

(LV)

‘The methene (XLVIII) thus will not be considered ror';‘
the hydragenniodide product because it contains the
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hydroxyl group attached to the carbon etom on which the

oxindole nucleus must be attached,
HO

HOE:::][:Ti:ﬁ———03===\N4ﬁ
. Ny |
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(XLVIII)
Purther the only type for tha,021H15N303 molecule which
can be reconciled with the formation of the mathene (Lvir)
is repreaented by (LXXI) | R

B In—CH H
" In = 5-0H-Indole: . ,
Ox = Oxindole ' ;O; Ny .
(LXII)

: This type of etructura cannot however give rise to
the 020 acid (I) and therefore the methene (LVII) cannot
represent ‘the atructuro of the hydrogen dodide product.,

There thus remainu only the methane (III) for the

hydrogen 1od1de produot and reoonciliation of this struoturo,‘
OH




137

with the structure (1) for the C,y acld necessitates a
structure of the type (LIXII) for the 321H1533 3 violecein
molecule.

OH
T In'CH=J\\

The molecular formula °21”15“3 y does not’ ‘allow
the repreeentation cf a fully conjugated atructure 1:
three heterocyclic nuclei are considered to ‘be rresent,
The totally conjugated structure (L) nroposed by Bogglano
and Jenninga requiren a molecular formula 021313N3‘5 but
‘althcugh 1t 19 nct possible Bt pwesent to rule out such
a formnla the analyaes all tsvour the 021R15N3 3 molecula.
It is thug psssible to accommodata the extra two hydrogan
, atnms at" different centrea 1n the molecula and thia allowa
other 1eomer1c end tautomerio forms to te written. auch
that the molecule 021L15h O, may ba represented vy any
of the following structurea (LIXII—LIXVI)

§ T

Ox

(o) e - (LxIIV)
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L]

. ox————ol . ox o~
In-cH | . In-CH=l_+ 4
L) el
Rt H
xxv) - . (1xxvI)

" “V¥hilet the formation of an indole pyrryl methone
from these structures can be envisaged by a fission of
the bond Jolning the oxindole nucleus to the remeining
part of the molecule, the formation of en smcid of the
structure (I) 1s very much more difficult to explain. 1In
such a degradation the methene system (=CH=) is transformed
into a carbonyl (=C=0) group in e p=-acyl indole éygtéﬁ;>
A probable mechoniem for such a transformation might
approximate to the following schenmes- ‘

oL * . * — In- —cn L
..1n . KO H o n
am_,

OH™ . Incocnzcvcoon * FH3 * cnéo
On the basis of en indole-pyrryl methene, any

structures proposed for the other molecule present in
violacein 021H13N30‘ must contain the S=hydroxyindole or
oxindole nuclcus in either the‘réspective indolenine or
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oxinﬂolidene form because the number of hydrogen atoms
required by the S-hydroxyindole, and oxindole nuclei and
the methene carbon atom would otherwlse account for the
total hydrogen content of the molecule., The partial
structure (LXXVII) cannot thus appear in structures for
:fhia molecule; because the pyrrole ring system cannot he
. ox—C=) . |
In—c:;=é \1& €0,
, | (LXXVIY)
“constructed witﬁout the presence of et lesst one hydrogen
:a{dﬁ;_? Further there remain only two sites for the
‘eccommodation of the extra oxygen atomj  elther 1t must
be attached to the methene carbon atom or to that cerbon
‘atom which is eliminated during the formation of the 020,
acid, . In the former case structures (LXIVIII-LIXX)
gmieht ‘be suggested,

e 0% %70 o ; | Ox 0
.on N | gﬂ' & -
(uxvirn) )

I g
| |
“
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whilst in the latter, the structures (LXXXI - LXXXIII),

o Ox=— o o Ox ‘ —Q
I&@éj szO. ' . Iw:ngm2/é:°,
R | S ‘ , . .H S

‘ (LXXXI) . Ox— o~ (LXXXII)

: In:CIX——\;" Ko}
H

R (LXXXI1I) u
The fact that only a8 dimethyl ether is fcrmed whan thia"v
' molecula is methylated is very probable due to one of the
1ndole nuclei exiating pefmanently 1n either the indclenine
or oxindolidene form. : Lo

- It has been shown by Jenninga that. whan Erhydroxy-
benzylidene oxindole (LXXXIV) is methylated in a similar
menner to that used to mathylate oxindole, & mono-methyl

der1Vat1ve erethezy benzlidene oxindole (LXXXV) 13 formed.

‘ H
(LxxxIV) o
It is not xnovn why the hitrogen atom 15 oxindole ¢33@
does not methylate; = it may be due to & solubility effect

ER
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‘but could elso be due to the presence of the oxindole
aystem linked to a further conjugated systems -

The extra oxygen ‘atom is known to introduce into the
021H13 3O4 mo;ecule an exira secetylatesble group because @
on ecetylation of the dimethyl ether a dlacetate is formed,
In tho’formulae;oonsidered'(LXXVIII-LXXXIII)lthe extra
oxygon group ocan be 1magined to form an acetate elther by
direct acetylatlon when present in en enolic system or by
_enolisation followed bv acetylation whon present ine
pyrollidone syeten. & -llydroxypyrroles have been shown
on aoetylation to toi'm u-acetoxy derivativea.

i 11 The ecoommodation ot the extra oxygen atomfoo%the
’ metheno carbon atom (LXXVIII-LIIX) certainly allows a
simpler 1nterpretation or tha formation of the 020 aoid

to be made. 2 It oan be 1magined that during tha degradation.
thia enol foim will change to the keto fonm and lead to tha
production of the}l-acyl 1ndole eystom in the 020 acid. ‘

N During the hydrogen 1odide degradation this extra |
foxygen function must be reduced hecauso the degradation
Produot 15 tho aame as that obtained from the 021H15 3 3
molecula. ' The reduotion or & lt-hydroxy group 1n a pyrrolgvﬁ’
nuoleus b&‘hydriodio aoid has been shown to ooour during

 the degradation of the bilirubin pig;nenta3‘
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COnsiderafion will now be given to the third
possibility that of the presence of a eii membered
heterocyclic nucleus in the two molecules composing
violacein. The partial structures (LV) and (LVI) which ere
known to be contained in these molecules allow only four

rartiel formulae to be written (LXXXVI-LXXXIX),

ox ' 0 T
L 0 0 Ox 0x~ 0
In In N I In
. N .

. (Lxxxvi) (LXKEVII)  (LOXXVITI)  (LXXXIX)

~

The éfﬁuotures (LXXXVII) and (LXXXIX) are not however
qonaiétent with the formation of A hydrogen-iodide
degradationrprodubt in which & cyclic emide system is

not preeeﬁt nor is the loss of one carbon‘atom during

the reductive alkaline hydroiyeis likely on these structures
and they will not be further considered, '

# | A8 previouéiy discussed the molecular formula
.Cziﬁi5N303 does not allow the presence of.a.totally
oonjugated molecule in which three heterocyoclic systenm
are present and therefore based‘gn the partial etructurg
(LV), several isomers and tautoﬁério forms may be written

for this molecule (XC-XCV) .
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| 0
I
(xc) (xcry: | (xcI1)
0 X x
o  yon -0~
In "~ In : In
X N
H H H
(xcuﬂ\ (xcIv) o (xev)

The formation of the C,o acid of structure (I) is more
readny explained on any of the ebove formulations then
"in the case of the struoctures conteining en indole ‘pyrryl..
methene system. Although the mechaniem of this reaction
‘mey be at the moment rather vague it may not be altogether
dissimiler from the formation of ¥ ~keto aclds by
decomposition of pyridazinones with alkali end may be

111ustrated by the rollowing tentative scheme,
Ox

?“0 * X‘m‘3
In— /CH OH In— /H )

-——-) InCOCHch’COOH + CHzO



144

With regﬁrd to the formation of the hydrogen iodide yroduct
this mat be considered to occur either by fission of the

oxindole carbon-carbon dond end formation of & system

@IJ . \
r

(LVIII)

on

or by the formation of aen intermediate

which after the oxindole nucleus had been detaehed,

reverted through a 132 shift to an 1ndole-pyrry1 mathene
structure (III).

OH

(I11)

With regerd to the partial structure (LVI) the erguments
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which prevented its adoption in the case of the five

membered system @0 not in this case apply and structures
for the C21315E3°3 mo;ecule which might ariee from it sxre -
listed (XCVICI).

Ox ’ OH Ox Y
’(XCVII) (xcviir)
0x—, on ox—~ “p=0 ox o~
In—*\w In ' -t ,

ST ﬁ
“”(xcxx)‘i ' (c) o (o)

Tha fornation of the C,y soid of etructure (II) can
be explained on tha above structures end tha mechaniem can
be 1mag1ned to be the sere es that previously described .
for the alkaline degradaticn of the eix membered heterocyclio
eystem. 1 Also the formation of tlhe hydrogen iodide pwoduct
;from cne of tha sbove structures is similar to that ‘
previoualy diecussed for the structures (XC-XCV). | ,

Upon considering the 021H13h3 4 molecule on the basia ,‘
of the eix membered heterocyclic ayatem the argumenta
presented in the case of the indole pyrryl methena aystems
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necessitating one of the indole nuclei to essume either
the‘reaﬁective~indolenine oxr oxindolidena~form,do not
necessaerily epply.: A structure (CI1) can Yve written for this
molecule in which the indole end oxindole nuclei are both
af%aohed,byAa,eingla carbon-carbon bond, k

b 4

o

In 0

(cI1)

Howavef in all the other atructurea which may be
written for thiu molecule the oxindole or 1ndole nucleus g
has to revert to a moditied form. In thia ayatem there ,
are two carbcn centres to which thie extra oxygen tunction
_ may be attached the more probable one being the carbon
atom which 18 eliminated during the formation ot the |
czo aoid (eg.CIII).‘4 | | L yvkg{,;,pj

It 13 found that several struetures can be written
to represent this molecule, the moat probable ones being

(cxxx) and (cxv).
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_ ,“A, However it must be remembered that the nitrogen
etom in pyridine can donate electrons to form a co-ordinate
bond w1fh~an oxygén‘atom leading to the formation of &
pyridine oxide, - If:thé extra oxygen atom were .
‘acéommodatedﬁin such a system, in this molecule, 1t would -

lead to the structure (CV) or (CVI). -
' -0

In=

v tem

w ﬁ’t P
wo o w b

These oxides rorm 2—acetoxy derivatives when heated with
acetic anhydride/bodium scetate and this would eccount
for the presence of an extra acetyl €roup. T
" On the basis of the pertial structure (va) the
extra oxygen atom in 021ﬂ13N3‘0¢ can likewise be
accormodated in three different positions in the ring and
a8 number of structures may be written. - The most pbobable
structures for this molecule are consideredvto ve (CVII-
cIx). | | | |

(cvII) | (cvxxx) | (cxx)
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This secction may now bo surmariseds-

The two Cxn molecules present in violacein give
rise to the same degradation products and must be
éonsidered té have the sﬁme fundamental structure., Thig
atructure has been shown to contain a 5-hydroxy1ndole and
an oxindole nucleus together with elther a type of
ryrrole or a type of pyridine systems In the former
cese the molecule will contain an indolyl pyrryl methene
system (LXXII) and in the latter the two indole nuclei
are attached directly to a pyridine e&atam (eg.xC),
Whilat.the hydrogen iodide degradation product (XII) 4g
best explained in the‘baaia ot the’atructure containing
fhe indol&l ryrryl methene, the Cao‘acid (I) is more
easily exﬁlainéd when & pyridine nucleus is postulated,



EXPERIMENTAL
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GROWTH OF CFROMOPACTERIUM VIOLACEIN ARD FXTRACTION OF THE

PIGVENT .

Revitalizntion of the Strain.

. During the researches on violaeein in these
laboratories the medium found to give the test results
(Clarke), was one containing glycerol-difco proteose peptone,
Decause of the merobic nature of the organism, growth takes
place entirely at the surface of the medium and a solid
agar slope, l.5c¢cm in depth was found to give the bvest
yield. Further more with regard to maintaining a good
yleld it 18 necessary to meintein e healthy strain of the
bacteriun, Thus when 1t wasg considered nccessary the strain

wes revitalized in the following waye.

Growth on Potato. ,

| Agglice of poteto lcm. in thicknese and oireuler in
shape was cut to fit into the base of a Petri dish. It
was first sterilised in the sutoclave end then inoculated
»tromia'étock culture. It was allowed to stand in a room .
maintained at 25°C for en incubation period of 36 hours
and then transferred to the violacein room where 1t grew
in tho derk et room tempermrure. After some five to six
da§§ the surféce of the potatb was covered with the de§p  :~
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shining purple pigmentf The more vigoreusly -

growing colonies of this revitalised strain were selected
to inoculate test tube slopes or petri dishea.’é“‘ j
Prep&ratinn of the Petri Dishes and Test Tube Slonea.

~ The atock cultures end wcrking elopes of the |
bacterium were kept on either test tube slopes or Petrl
dishes snd were renewed at frequent periods, ~ = -0

. . The medium wes composed of g~ - R

. Difco proteose peptone 14 T

Agoax ~ - oy.ee

and was pfepared in the following way, ‘”Agérb(i;agﬁ:) wago
finely powdcred end edded to a solution of difco proteose
peptone (1gm.)'ahd glycerol (0.5¢m.) in water (100ml.),
~ The medium wes hested until ell the agur had
diseolved when it was poured into test tubes in 5mi;*
portions end easch test tube plusred with cotton wool, ° The
tubes were then sterilized in s oteam autoclave at '140°C
and et a pressure of two atmospheres for thirty‘minufeé&
end then sloped at an angle of 10-20° until the agar had
solidified, ,
4 Por the preparation of PetriAdisheS'thé ﬁédiﬁmiérter |
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~ solution of the agar‘was’poufed into the base of each
dieh to & depth of lcm, end each cover then placed in
position, ‘After sterilising in the sutoclave as
deecribed, each dish was set sside to cool, -

" The slopes and Petri dishes were usually sllowed
ta‘stand for two or three days, until any surface molsture
had evaporated from the agar surfece, before being inoculate
from & heslthy stock culture. They were inoculeted by
removing @ small portion of a healthy bacterial colony .
£rom iheﬁpotato’culture by meens of a sterile wire end
erresding this over the surface of the medium. The =
éloba’was then plugged after flaming the plug end/or
the dish, covered, end then incubated at 25°C for 2/3
idays. At the end of this period songle colonies
fappeared and the more wvigorous of these were removed and
tronsferred to test tube slopes or FPetri dislies as )
descrihed. " The aurfaee of the slope became heavily VU
ﬁigﬁeﬁtéd‘after 3-4 days, and growth reached a maximum |
after 10 days., During these researohea it was found |

‘that in general,test tube slopes were more satisfaotory
than Fetri dishes and & constant supply of heslthy slopes
were maintained throughout the work and used aa-étcck_' 

cultures and es working slopes for the second etage of, .



152

the growth rrocedure (vide infra),

' Proths for Inoculation of Trays. /

‘-‘ | - The bacterial mass from a test tube slope was .
'brou;ht into suepension by flooding the slope with o
‘sterile water and tresking up the surface growth witha
'sterilo needle, This suspension was then used to
inoculate Noux bottles each containing 150ml, of‘lf
:difco-proteose peptone, 1% glycerol solution which had .

been sterilized in the amutoclave., Each slope was found ,
to be surficient to inoculate four or five bottles and :
Jforty euoh bottlee were inoculated in one period. . The
bottlea were maintained at a temperature of 25°c and .

were ready for 1noculation on a larger acale arter a.
tortnight.

Large Qcale Crowth of Violecein on Trays.

’ The growth of violacein on trays was evolved by
CIarke and Perker towards the end of their researches in
thia department end its success depends upon the fact
that the organiam is seroblec and strongly erowing, reaching
| maximumn degree pf.pigmentation after ten to twelve days.
The method was developed by Boggiand and'waa that first
usedlby the suthor for the production of tpg pigment.,

The baecterium was grown on trays in e room which 1s
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mointeined in a reasonably sterile condition by frequent
spraying with a bacteriostatic agent (thymol 27, glycerol
237, 4n 50% alcohol). The room used for growing violacein,
*the violacein room" is entered through two doors which form
en eir lock. In sn effort to make thekz"gqx{g.‘aa;c;n';aiﬁimtion
proof as possible the air inlets and.veptilétiqhwériiigl

ere plugged with cotton wool whilst the inner door 1s
fitted with a rubber seal. vfho room contains nb windows
end 1is maintainsd in total derkness during the gruwth of the
pigment. - The trays used are of white enamelled matal
measuring $3cm. x 40Ocm, end when 1nqculgteq ere covered
with similar inverted trays to act es eoveré. Hiﬁdﬁﬁewwyﬂ
.batch thirty~eix trays were ususlly employed and two days
before they were due to be flooded with the.médiﬁg;lﬁéfé‘fi
placed in poeition and the room thorouuhly sprayed, with
the bacteriostatic agent.‘ The spraying vas repeatéﬁ thaj\

: ext dzy and on the day of flooding.

‘The medium used isi=

. 'Difco proteose peptone ' 10gme S s

lx o0 Glyeerol o 2°m1-~ﬁfiu* Sl et e
TV - 18em. . e

' Sewenty two bottlea. each containing 1 litre Of thia A
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nedium were prepared and after sterilisation in the steam
autoclave at 130°C were quickly transported, in two batches
of thirty-six bottles, to the violacein room. ' The contents:
of each bottle were poured, whilst still hot, onto the
previously flamed trays; each trayjrecé1V1hgI£w°”lifiés
of this medium end then teing covered with an inverted o
trey which had Jjust rreviously been flemed,
.7 As soon as the eger was<x)nsidered to have hardened
curficiently, which was usually after four houra, the
medium was inoeulated. The ressons for this woreie

(1) The trays were still slightly wern and this helped

 to incudate the organism. ' : ‘
(2) Any ‘possible contamination had less chanoe to begin
- growing. o
‘The trays were 1nocu1ated from broths which had been

growing for 14 days and one broth was used for each tray. ‘
The covers of the trays were removed, the necks of the "'w
bottles flamed and thelr contents poured onto each tray.
The broth wes spreed evenly over the surface of the medium
by gently tilting the tray and after allowing the organism
to settle for about ten minutes, the excess liquid was =~
carefully decented off. The violecein room was than‘locﬂéd ‘

for three days and after this time was eprayed ot ragular :
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intervals until the harvesting of the pigment tegan.
The Farvesting and Extracting of Violacein,

After twelve deys, frowth of the pigrment was -
considered to have reached its maximum and harvesting
operations were then carried out. The molst deep-violet
layer of the bacterial maée was carefully removed from the
agar surface, by means of a broad spatula, and placed in -
emall portions upon layers of filter paper,.to dry, The
mass took from five to six days at 30°C before it was
considered sufficiently hard and dry to be ground in a
mortar. - The powdered mass was then extracted in a larce
Soxhlet apparatus with acetone for six to seven days after
which time the extracts were running a very pale purple -
and negligedble amounts of the pigment were being extracted,
Most of the violacein (5-6gm.) crystallised out during the
extraction as heavy granular crystals with a greenich .
sheen and was filtered off at intervals during the
extraction to prevent violent bumping occurring. Tha -
violet filtrate was concentrated to 500ml. and glaciael
acetic acid (20ml,) followed by water (1.5-2L) added, . -
The dark semiec0lid lipoid materisl which was precipitated
was allowed to stand for several days, during which time it
slowly herdened and was then filtered, This materiel .-
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which consigted of amorphous violecein mixed with a .
consideradble quantity of lipoid materiel was mllowed

to dry defors being defatted, The defatting process
consisted of treatment of the violaceln, wrapped in .
filter paper and placed in a Soxhlet thimble, with
‘petroleum ether (40-60°C), chloroform end carbon tetra-
'chlor1de for two days with each solient.' The precipitated
mﬁterial yielded emorphous violecein (1.5gm.) after
defatting by this procedure. R C TRt P

Towards the end of his researches, Boggliano
introduced an improved method of}eterilization,and
- preparation of the solid medium used on the trays, ' The
method eliminated the necessity of transporting the bottles
of hot mediﬁm'and the rather ugpleesent process Of.pburing
the steeming medium on to the trays in e closed room,

An air tight container was designed and construoted .
from aliminium engle-bar and sheeting, so ee to accommodate
forty=-six trays, etacked.horizontally in two compartments,:
The external dimensions of this contalner were such - : -
(3'9" x 179" x 2'6"), tﬁat it could be run off a trolley
which was used to transport it, into the autoclave., The
trays set in position in the contalner, were ehargodawith,
the medium, sgar suspended in the difco proteoss-peptone
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€lycerol solution, from a large.carboy end the sliding
panel closed., The container was then run off its trdlley
-rﬁinto the sutoclave, care.being taken to prevent undue |

- splashing of the liquid, and the medium sterilised in the
‘manner rreviously described, After being alloﬁed;to cool

-down in the autoclave overnight, the contaliner was

removed on to its trolley and transported to the violacein
_room, Boggleno terminated his researcheé at this stage
‘and thus did not appreciete the difficulties which were
encountered by the suthor and his co-worker. C.B.Earrett

.in attempting to grow violacein by this method,

I The most eerious difficulty which erose was the
inoculation of the trays jrepared in this manner, - Upon
pouring the broths on to these trays it was perceived that .
the sgar surface was not in the same horizontal plane -,

‘aa the bench, having set in a different horizontal position
in the eutoclave. As @ result, the broth would tend to -
collect in one corner of fhe tray and althouzh considerable
attempts were made to spread the inoculum evenly over the
whole surface, they were never completely esatisfactory. '’ - .
Thus it wes found that on only a few trays did the’

violecein layer completely cover the surface and on the

mejority, areas on which no violacein grew, sppeared,
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After some days there eppeared evidence of come other .-
erowth on these areas which later begen to conteminate the
violacein, leany attempts to overcome this aifticulty
.weré"mbde,‘the amount of troth used per tray was varied,’
the eize of the particles of violaceln yresent 4n the © - . |
broths was veried, by different degrees of sheking, the
time allowed for the broth to remain on the trey was . - -

veried but in none of these cases was the result satisfactory,

Attempts were then made to inoculate the trays whilst they
remsined in the container, which was, by the uce of thick
baper wads, mailnteined in the same horizontsl position as

.1t hed been in the sutoclave, These resulted in distinct
improvement in the growth and more trays were completely
covered, dbut other difficulties which erose made the'
general procedure rather unsatisfactory. - Amongst these,

was encountered a cbntamination which occurred on“eoma'or;i:'v
the treys when too many were stacked in the‘conxainef for
charging. 1t was found that when more than twenty-five =
tfais were used this contamination could not de rzevented

end seemed to be due in some way to incomplete sterilieation,
brought about by the increased amounts of metal and-

volure of medium, which the larger numbder of trays = .

ﬁécehsitated. Unfortunately an incresse in the timtffjt
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‘allowed for eteriliiation brought about slow hydrolysis
of the ager with a result that the medium did not harden,
“Furthermore -when more than twenty-five traya were used,
many trays were found to be unsatiefaciory for inoculation
purposes because they conteined too little agar and therefore
- did not set solid, This was due to the:difficulty
encountered in handling the lerge volume of medium which more
‘than twenty trays involved and in perticuler ensuring
complete hombgeneity of the agar suspension. PBecause.of
this the medium on the last trays charged,  contained
insufficient egar to produce a solid medium suitadle for
inoculation purposes, - Sy

It was also found that Dogglano had not allowed -
sufficlent clearance in the design of the width of the
container,for its smooth transfer into the autocleve.
Some difficulty was encountered in moving the fully chargea
container into the autoclave which invariably resulted in
considerable splashing of the medium over the inside walls
of the container, The contalner was thus dismentled and
redbullt two inohes lees in width when it fitted into the &
autoolave quite emoothly end with no less of medium, -,

”,Ffom these experiences it was thue considered that

for the preparation of twenty trays containing the mediunm
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and sulitable for the growth of violecein, the use of the
trolley and container was distinetly superior to the‘cldeg
method, . revertheless it was apprecieted that the: . . -~
inoculation procedure was not completely eatisfactory and
that some new rethod of inoculation was necessary if the
Antroduction of thé container was to be overall superior
‘te that previous method used for production of plgment,
- The suthor and his co=-worker C,B.larrett thus

1nvestiaafed the growth of violacein on these trays after
.they had been inoculated from test tulte alope§ with a
sterile needle and found that the method though quite
tedious was highly successful, in that the violacein - - -
grew extremely strongly. The number of test tube alopea
‘required to inoculate twenty trays was clearly far too.
‘ereat to make the method preseotical whilst the actual . -
‘inoculation with a needle was considered to take too long
‘a period to represent sany improverment on prpviouaW:
methods, Tha first difficulty was overcome dy
-substituting for the test~-tube slopes, pyrex dishes: - - _
' measuring 23em x léem x 3cm which were fitted with aeaied.,~
‘covers. These were charged with 250ml, of the medium,

. sterilized in the autoclsve and efter cooling, inoculated

from a test tube slope, The violacein grew extremely
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well in these dishes and efter ten to twelve days,
contained sufficient to permit them to te uced to inoculate
the treys, It was also found that g using small pads of
cotton wool which had been sterilized in a flame, the
,violacein from these dishes could bte transferred qﬁickly
on to the trays in e very thin film and that one dish ‘
provided aﬁfficient violacein to 1nocu1ate approximately
ten trays. The trays 1noculated by this method grew ;‘
_ extremely well end yialda of violaceln were the same TR
reported by Yoggieno. ' ;V

~ Thus the technique for the growth of viclacein J%
without the use et eny stase of liquid culturea wae evélved“
.and 1s the one et present used to grow the pigment. :
,Instead of growing violacein 1n batchea of thirty-eix traya
per fortnight 1t is grown in batches of twenty traya par
week. ‘Tha whole procedure now btecomes healthier and rar f
less tims consuning than the old method whilet otill
producing the same quantitiee of violacein. E The method ”:u
demands that the violecein which is grown in the 4iehea ; iik
must be healthy and strongly arowing end 1n order to ensuro
‘thia, the mediun used 1in the dishes frequently contained 711*
water 1n whieh yotatoes had been boiled. L ke
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U REDUCTIVE ALRALINE DISCRADATICN O VICLACTIN,

(Cf.Bcggiano Ph.D.Thesis, Liverpool,19)3 )

o Cryetalline violucain (I‘Ogm.) was mixed with U
;twice its weight of zino dust nnd the mizture gently heated
“:under reflux in an atmosphere of nitrogen with 100m1. of
fZV caustio soda solution. The vioclacein on dissolving.
7gave a hrilliant green solution end it the mixture wao N
;continuouely shoken, the intensity slowly decreased ss the
'reductian occurred unt1l finally a pale green eolour was
'vobtained. b % 4 however, the mixtures was not continually
shakén. the initial green colour changed to‘a bright red ,;§;
and after a short time the solution beceame hrowniahayellaw. ‘
The heating was oontinued rcr 2 hour after which time the
" ‘flask was cooled in & stream of cold water. - The’ elkaline - ‘
egolution was decented from the gine which ves washed with
‘a 11ttle water. The combined liquidse were then neutralized“
‘with eoncentrated hydrochlorio pcid pH 6.5~7' and tiltered
“from the reaulting zine salts. Aciditication of the yellow .
filtrate coused the precipitation of the pale yallow acid
‘vwhich was then allowed %0 ripen 4n the ratrigarator. Aftaré
‘£1ltration, the neid was washed with water end dried in an |

exsicator, Tho yield of pale yellow solid vafiéd'
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dependirg on the purity of the violacein used tut en
average yleld of 700rg. was cbtalned, The acld was
recrystallised by diseolving in dry scetone (200ml.),
_concentrating to T5ml. end adding petroleum ether (40~60°C)
~until:a faint cloudiness'occurred. Cmall colourless
néedlee ¥.P., 252-254°(d) eeparated on cooling. Yield-
500mg « "

The Yest yield of crystallire zcld oﬁtained from a
number of such degradations was 660mg. :

MDTUYL, BSTER OF TIE Coq ACID USTHG DIAZCUETHANE. -

| Tha‘céé’acid'(lzohg.)'was dissolved in rethanol (25ml1,)
" and to the solution, added an excess of ethereal '
dlazomethane. After standing for 30 minutes, a droﬁ of
acetic mcid was mdded to destroy excess diszomethane end the
solvent removed, under re&uoed pressure, The residue was
triturated with sodium hydrogen carbonate solution and the
solid filtered off, It was then washed with water end
dried in an exsicator,l3Omge.

- The solid was dissolved in pure dry ethyl acetate
and the solution chromatographed on a neutral elumina ecolumn,
ethyl acetate being used as the only nluents The solution

was reduced to 15ml. and petroleum ether (60—8000) RO
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‘carefully sdded,  This caused the ester to crystallise

slowly‘aa:colburless needles,

Fouu! C Te45, - 8043

Infra~red Qpectrum.

Fands aﬂpear et

1695em™ 1 (carbonyl stretching rrequency in
-1 oxindole system
1605em™ {cardonyl etretching frequenoy 1n
gcylindole eyatem plus oxindole
© rirg aystem) W TSTERRN P

CRINETINT, TPRIVATIVE OF THT Cae ACID.,

The 020 sold (250mg.) wes dissolved in 2N caustic o
eoda solution (17ml.) end the solution wermed on’ the ateam »
bath in en stmosphere of nitrogen. ;Dimethylzaulphate
- (245m1,) was addéd in 0.,5ml. portions o#er e peribd[of .‘“’v |
45 minutes, the mixture being thoroughly sheken at trequent
intervels, during thie period, The eclution was then cooled
. and @oiditiad'with'hydrochlaric ecid.  The white . e |
’bfecipitate of the trimethyl derivative was filtered off, . ;;
washed well with weter and dried in en exsicstor 250mg. :

Unchanged 020 aeid was renoved by washing with cold T
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acetone and the trimethyl derivative recrystallised from
acetone as colourless platos., ’.P.266—7°(d).‘*

Above 240°C the crystala gradually assume & red colour
and finally decompose to & deep red lliquid,

Found 67 .7 55 6.8
020316N2°5 + 3CH, requires . 6840 5.4 - 6,9 .

Infra—ﬁed Spsctrum.

Bands appesr ati=-

17 30¢m l(carbonyl atretehing frequency 1n
_ carboxyl group) . ¢

1670cm -1 (carbonyl stretching froquency in
oxindole group)

16390m =1 (cerbonyl etretching frequency 1n
- acylindole) -

1613cm™ -1 (oxindole ring ayetem).

TETRAMETHYL TERIVATIVE OF TPE c,,c M’ID.

The C,g Beid (lgm.) was diasolved 1n 2N cauetio
aoda aolution (30ml,) end the solution maintained 1n an

| atmosphere of nitrogen. Dimethyl aulphate (7.5m1.) was

sdded in three portions et 10 minute intervals with

shaking, to produce homogeneity., After the last addition,

the solution slowly became acidic end the tettamethyl

derivative was alawly preoipitated. After ataﬁding tbr :
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15 ﬁinutes. 2N caustic soda solution was carefully added
ﬁith sheking end gentle warming until the solution
remained alkaline, The tetramethyl derivativa wes then
filtered off and alkaline solution maintained under nitrogen.
. again treated with dimethy1 sulphate in 0,5ml, portions
until the solution once more became acid and more of the
tetramethyl derivative slowly aeparated out._ Again
after standing for 15 minutes 2N caustic aod@ aolution was
carefully added with shaking end warming until the solution
reméined alkaling, and the tetramethyl derivative filtered
off. The combined residues were then washed well with’
'water end dried in en exsicetor. Yield. 900mg.

" Thig material was then recrystallised from absolute
alcohol 'in colourless needles, }¥.P,181%, - -

Acidification of the elkaline filtrate with
hydrochloric acid yielded 50mg. of the trimethyl derivative,
vound “ 87 sxfo‘, ome T
' 020316“205 * 4032' requires 6846 5.7 147

Molaculer weight determined by the X-ray diffraction method
found to be 423,

cﬁOHlGN2°5 + 4CHy = 420
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Infra-Red Spectrum,

Dands appesr at:-

1736cm™ -1 (cnrbonyl stretohing frequency
* 4h ester group) -

- 169%cm™ -1 (carbonyl stretching trequency
‘in oxindole sroup) .

1631cm -1 (carbonyl atretching frequency —
in acylindole) R

16100m -1 (oxindole ring syatem)

A'rmmn ALK'ALI!'E IFGRADATION OF THE. mnmm nmxvmxvs
| oP TrE c,,c_Acm.

L The trimethyl derivative of the 020 acid (IOOmg.)
was heated under reflux in an atmoephere of nitrogen with
50% coustic soda solution (20ml.). The acid aid not
1mmediate1y disaolve but formed a brown mass on the surrace.
Thio s0lid did however. soon go into solution. and the
heating was continued, After one hour the sclution was
cooled end aciditied with concentrated hydroohlorio acid, .
. The pale brown solid which was preoipitated was, filtered off,
washed with water and drled,
Yield. 80mg. _ T S “
o Thia ‘naterial was recryatallised from aoetone as .
‘ smell colourleas platee. MP.M.P.266°(G) \ '
Mixed melting point with trimethyl derivative

e
£

undepressaed,
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. ACTION OF GTACIAL ACETIC ACID ON THE c.,o*Acxn. |

‘The czo aoid (mOmg.i was gently reﬂuxed with
glaciel acetic acld (Sml ), beoauae arter 5 minutea ST
refluxing. all the solid had not dissOIVed, more acetio o
aoid (5m1.) waa added and on rurther heating 8 yellow-'ﬂ
orange aolution waa obtained. | Artar refluxing thia aolution
tor 15 minutes the colour was observed to have darkened ‘to
red. . The red solution was allowed to stand over-night but
no eolid material aepsrated. The addition or water toa
sample of the red eolution d1a not raault in eny
precipitation of solid. The solvent was ramoved‘ﬁnder »
reduced pressure and & dark brown residue waa ohtainad wﬁich
was dried 1n an exsiccator, The aolid was readily solubla
win acetOne but only terry materisl aeparated on addition
fot petroleum ether (40-60 c). | After tiltering otf the
:tarry yaterisl which separated on three occaeiona. atter
saddition of the petroleum ethar, e Iurthsr additicn oauaed
-the aeparation or a creamy white aolid (30mg.) m.P.248- ,
*2so°c. o
| Thie salid €ove e red colour with acetio anhydride

Nt

,and a mixod melting paint with the 020 acid waa undepressed
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ACTION OP ACCTIC ACID AND NYDROCHLORIC ACID ON TVE c;c ACID,

| The czo eoid (100mg. ) wae diseolved 1n glecial acetie
acid (lOml ) and the hbrownish red golution refluxed under an
;atmoephere of nitrogen. concentrated hydrochlorio actd
(10ml ) was added to the eolutlon ‘which changed to a yellow -
brown, dut on gently refluxing for 30 mine. reverted to s
:brownleh-red. The eolvent was removed under reduoed )
preeeure and the tarry reeldue extreeted wlth dry ether but
Lthe ether extracts contained no eolid materlal. ,On
Jextraotlon of the reeidue wlth dry aeetone, a browniah red
‘eolutlon was obtained but no crystalline meterlal eeparated.
The addltion of petroleum ether (40—60°C) precipitated only
terry material which could not be removed from the filter
tpaper. The solvent wae removed under reduoed preseure
Land the residue dieeolved in methanol and treated with
ﬁethereal diazomethene. After otending ror 30 minutee a
»drop of eoetio aoid vas added to deetroy the exceeo' |
leezomethene end the solvent removed under reduced preeeure.
’The reeldue was triturated with eodium hydrogen oerbonate
eolutlon end the s011d filtered off (40mg. )e ) Thle vas
recryetallieed from acetone-petrol (40-60 c). M.P.251°c,>i
mixed meltlng point with methyl ester of 020 acid undepreseod
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- A smell emount of material was formed which did not
dissolve in the scetone but which was very soluble 4n
ebsolute alecchol giving a deep red solutfbn.::;no _
érystalline materisl however could be obtained from this
solution. | ' TRy

"~ The 020 ecid (100mg.) was heated on the steem bath
with a mixture of glaciel ecetic acid and concentrated
hydroohlorie scid (111) (5ml.) under an atmosphere of ritrogen,
" The colour of the solution elowly chsnged rrpm ye11ow tb a
yollow-red but the solid did not completely dissolve, .-
‘After one‘hcur. a further 1 ml, of the acid mixture was
. added when the remaining solid dissolved. The heating
‘wes continued for a rurther + hour when the mixture vas |
set aside and left over-night., No solid matétial B
Maeparated from the eolution and the solvent was removed
;under reduced presauro. to yield a yollow~ornnge residue
.iwhioh contained dark tafry material and which was dried 1u
‘an exslccator. This residue was then dissolved in |

methanol (2-3ml,) and ethereeal diazomethane added ovar a
fperiod of % hour, The solvent was remaved under reduced
 pressure and the residue triturated with aodium hydrogen

'cerbonate golution, Aftar riltering, a8 solid (30mg.) waa it



171

obteined whilet sddition of dilute scid to the hydrogen
carbonate eolution ‘yesulted in the precipitsation of en
oranae~brown so14d (50m80)0 ‘Thie ecidic materisl was
diesolved in methanol snd excess ethereal diszomethane
edded over a period of one hour, On destroying the excess
'vdiazémethéné, removing the solvent uhdeéﬁreduéed:piéeéure
and triturating the residué with sodiun h&dréééh éaﬁbbhéﬁé*
a brown 80114 was obteined (35mg.). These two eolids™
wers independently dissolved in ethyl mcetate end = ° '
chromatographed on e neutrel elumina column but 4n neither
cese could any crystalline material be obtained from the
fractions obtained,

k ACTION OF COX CELT}?ATED HYDROC}’LOHIC ACID ON THE (.!‘D

204010,
",3 The 020 acid (40mg.) was gently refluxed under en. .
atmoéphere of nitrogen with concentrated hydrochloric &cidnu
(5mle)e ~ The solid which dissolved gave initially a yellow
aolution ‘but this changed to a brownish red after % hour

refluxing,. . The material which did not appear to have
disaolved hacame very dark and appeared rather tarry. . _.The
mixture was left overnight end filtered when a yellow |

riltrate VRE obtained. _ Addition of water to this eaused no

precipitation whilst oontlnuous ether extraction resulted L

only in gummy materisl (5mg.) being obtained, The residue

Oy
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was triturated with sodium bicarbonate solution, e small
gmount remained insoluble but after filtratlon, addition
of dilute hydrochloric scid caused the precipitation of a
reoddish materisl (20mg.). This solid wes soluble in
ethan°10 methanol snd scetone giving red solutions but
could not bve obtained in e crystalline form from these
golvents, It was insoluble in petroleum ether (60-80°C),
penzene, ether, andAethyl acetate and did not melt below
33o°0 above which it slowly charred., A further 5 mg. of .
¢his material separated from the neutralised bicarbonate
golution on stending for 2 days.

PﬂOLONGED ACTION OF CONCENTWATED HYDROCPLORIC ACID ON THE

The C,y 8eid (100mge) was heated under en etmosphere
of nitrogen, with concentrated hydrochloric acid (15m1 ) in
gn 01l bath mainteined at 130%, » The colour of the solution F
910w1y derkened from yellow to red during the rirst hour. ?
ﬁt the ‘end of this period the temperaturo was raiaed tp

15000 and the heating continued for s turtLer seven hours.

on cooling, no solid appeﬂred to eeparate and on tiltering

Only a negligible amount of tarry material wae obtained.
5m1. of thre filtrate were removed under vaouum and water (sml.)ﬁ

added.» On standing overnight the aolution depoeited a
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emell emount (2-3mg.) of & bleck solid, Most of the
gsolvent was then removed under vacuum and the nmixture
‘neutralised with caustic soda solution., It was then
made sligbtly gcid with dilute hydrochloric acid and on
standinb doposited e 1ittle more of the black naterial,
Thre total emount of this material precipitated wag 10mg.
}and had & melting point greater than 29000. Further it
;eculd not bve sublimed at 340°C at 0.4vm pressure,

:  Continuous ether extraction of the filtrate yialded
~traces of colourless materlal which could not bve

crystallised,

214-DIFTTROPFERYLIYTRAZONE OF TEE TETRAVETHYL DERIVATIVE
OF THE C'.,c ACID, ‘

| (cr. Boggiano, Ph.D. Thesis, Liverpool.1953)
i ' The tetramethyl derivative (20mg,) was dissolvad 1n‘
‘ethanol (4ml.) and 0,67 2:4-d1n1tropheny1hydrazine aolution
‘H(I.Sml‘ 0s9mole) added. The solution was left to stend
&t room temperature when after a short time e deep red
colour developed, On leavingfovernight a deep red |
precipitate formed which was filtered, washed with alcohol
eontaining a little hydrochlorie ecid and dried. ~ The ' '
-2:4—din1tropheny1hydrasone was recrystallised from banzene/
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petrol-(6o~80°c) as red microcrystelline priems,
© Yield, 20mz. M.P, 230%(a)

Ultra-Violet Spectrum.

- >mex. - logg.  _Xmin. Log&.}

281 mu 4,00 Zem 305
ag - , 3.91 299 'n 3.81~:»«sﬁf5 DS
4 230352 % 3q0 e

Thia'speotrum was measured in chloroforn solﬁtion;??”“””y

2:4-DIFITROPPTRYLHYDnAzowF OF Nt ’FTHYL‘l'2z154?TE§RAnfhﬁo.
’ cARﬁAyoLr. o

(cr. Jennings, Fh,D. Thesis, Liverpool 1953 )

' The method used for the preparation of this compound
was the same aa that previously employed for the 2:4-
dinitrophenylhydrazone of the tetramethyl derivative. This
derivative was however less soluble in the commun aolvebts
and was recrystallised from glacial acetic acid as the 37”,
deep red prisma. 4P, 297—8°(d), | ‘ >"'}1~¢;<& .

Ultra~¥iolet Spﬂctrum. N

~mexe Log€,  _2min,  Log€. . ...
26T 4.086 . 263 4039
“.307 " | : ‘3.85 : ‘ 295 o 3.77 ,u:;;gﬁhr.

436 " 4.35 345 3,29 ;,

This spectrum was meesured in chlorofornm aolution.



175

' ATTFMPTED REDUCTION OF THE TETRANETHYL DERIVATIVE OF .

"L THE C,c_§GID WITH LITHIUM ALUMINIUM FYTRIDE,

The tetramethyl derivative of the °2d acid (1gm.)

: in benzene (BOml.) was added over a period or 45 minutaa,

" with stirring, to a slurry of ithien eluminium hydride

(1gm.) in ether (150m1.) . After 10-15 minutes, a whito
'[lprecipitate appeared which aeemed to 1ncrease in amount
sxﬂas more of the solution was added, The stirring was

'Tcontinued for one hour after all the benzene solution

. :had heen added, when the exoeas hydride was decompoged

o vwith moist ether. ith continuei stirring. 2N hydro-
" onlorlc acid (25ml) was edded and moat of the solid

.':'went 1nto aolution- The ether benzene layer was

;z‘eeparated from the aqueous layer which nppeared cloudy,
and set aside. The addition of water (20m1 ) followed
.w by 2V hydrochlorio acid (5ml.) to the aqueous layer,
"icaused 1t to become clear and it wau then shaken with
- :ether (3 x )Oml.), end the ether extracta edded to the
' Vether from the reaction mixture.  The ccmbined ether

: extracts were then washed with 2n hydrochloric aoid -
“'i(2 x 100m1 ) followed by water (2 x 20m1 ) and thcn .
| :dried over anhydrous sodium aulyhate. The solvent vas

L-A-J‘l-.
»
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removed under vacuum snd left a gummy residue, (0,57:m.).
Extraction of this gummy material with hot petrolq(60-80°c)
(2 x ml,) ylelded only the minutest traces of oily materiel
but on extracting with benzene petrol (60-80%) (111) the
material quite readily dissolved,- This eolutioq was then
chromatographed on & neutral alumina column, most of the
material (350mg.) being eluted with the benzenaqutrql‘..kﬁ
(131) mixture., Several other smaller fractions were |
collected by eluting with benzene/betroi (3:5)._benzene/
pgtrol‘(zsl), Senzana/petrol (532), benzene,wghiorotorm,
ether, ecetone and sloohol but it was nqtlfound‘poaaiﬁla
to crystallige the materisl obtelned from aﬁ& 6f théégz ,
fractions, The infra-red spectra indicated tha#jthey‘z
contained essentially the same material, ~¢ |
The hydrochlorio acid washings fron the combined

ether extract, on neutralisation with 2N cauetic,goda,,
solution end extraction with ether, ylelded a guﬁﬁy |
residue (220mg.)s This material did not eppear to be
soluble in cold 2N hydrochloriec acid, ‘, | : /i

, The two residues were combined and d1asolved in a
mixture of denzene (100ml,) and ether (59m1.). . To this
solution was added slowly and with stirring gisluity‘étlt_’u
1ithium aluminkum hydride (2zm.) 4in ether (150&1.)- | A\r‘A‘
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white insoludble solid separotod.'aé soon es the addition
hegan.fand appeared in increasing amounts as the addition
continued. The hydride wes run into the reaction

mixture over s period of 1# hours and the mixture stirred
for & further 4 hour, The excees hydride was then
decomposed with moist ether tollowed by a 11ttla water.,y.h
uDiluta hydroohlorio ‘acid (50ml, ) followed by water (100&1 )
was addod to the mixturo and on atirring, resulted in B
olarifioation of tha aqueous phase. ) Tha ather/bonzeno b
layer waa thon aeparated and tho aqueous 1ayer extraoted
’with ether (3 x SOml ) followed by benzene (2 x 25ml ).
1The combined ethor/bonzeno extraota were then wnshod with
:wator (50m1.) whioh wss then ahaken with ether (10ml )

and the oombined extraota dried over anhydroua aodium , t
'sulphatc. : On removing tho solvent, under reduoed preoeuro ‘
an amorphooa nolid (0.5égm ) was obxained which reoiated

ell . attempta to oryatalliso 1to g fé \ e
R An attempt to preparo o gpnitrobenzoato of thio'yw:h
‘material wna made but no oryotallino matorial oould bo w
| obtained. g / |

' Lrtor the saoond reduction. tho inﬂra~red -peotrum

e

woo tho aamo us tho apootrum ot tha material artor tho rirat
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redustion and it eppeared that oniy the ester group had
been reduced, - The attempt to reduce the other’ayﬁtems
appeared to have failed due to the formation of an
insoluble complei of the primary elcoholic group with the
1ithium hydride. ' ' | -

ATTEMPTED OXIDATION OF TETRAMETHYL DERIVATIVE WITH SELENIUM
DIOXIDE, - |

The tetramethyl derivative (130mg.) was dieeolved in
absoluta alcohol (10m1 ) and 50mg. of selenium dioxide
added to the solution. The selenium dioxide dissolved
and & ocolourless solution’wda obtained. The solution
was refluxed for 14 hours during which time the colour
slowly darkened to red but no metallio selenium was
ﬁf&dipitated. ,40n cooling the solution a white so11d T
éfystallised dut. ‘ | |
o Yield} 95m8o | M,P, 181%., AR,
,Mixed melting point with tetramethyl derivative undepreesed.‘
The mother liquor on standing yielded a further 20mg. aof
the tetramethyl derivntive. - ,
‘ The tetrsmethyl derivative (100mg.) was diasolved in
dioxan (4.,5m1,) and selenium dioxide (40nmg.) added to the

solution. On refluxing, the solution soon bééﬁﬁé’ré&‘dh4 .
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‘%lack solid was precipitated. After two hours the flask
was ‘cooled and the bleck solid ﬁ.ltered off, '  The. filtrafe

.. was allowed to stand overnight but no s0lid material

separated, = On pouring into cold water (5ml.)khgw§ver.,
" a yellow 60114 was obtalned. AR 5w,Q:fg e
 Yield. Somgs | 5
" This eolid was soluble in benzene, acetons, ethyl
alcohol but insoluble in petroleum ether, 1t:resiated,;ﬁ
~ however, all attempts to oryatallino 6 © oo,
. CONDENSATION OF THE TETRAMETHYL DERIVATIVE OF THE. Cop ACID

wso.s ... WITH HYDRAZIKE,

- mhe tetramethyl derivative of the C,o acid (200mg.)

C T was di:éolvid in ébaolnte eloohol (15ml,) end to the

" colourless solution was sdded 90% hwdr381neﬂhvdratéy(d.Smlo).

The mixture was refluxed for 14 hours and then leff'ib“afaﬁd

overnight during which & whito aolid cryetalline separated.

Yield. 180mg. - MJP, 181 Co

The mixed melting point with totramnthyl derivative 181°c.
B The adbove cxporimant was repeated using the same

" amount of tetramethyl derivative but adding lml. of 90%
hyurasina hydrate., After reflﬁxing for 2}Vhbﬁfu;‘th£{“*5

aolntion was anowed to atand overnight when onca more’ .
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‘white crystalline solid separated. A test portion
confirmed the view it was unchanged starting material and
the reaction mixture was refluxed for @ further 8 hours and
" then sllowed to stend overnight. The tetramethyl
derivative again seperated but in & much smaller quantity
than on the previous occasion, The refluxing was therefore
continued until no solid materiel separated on cooling.
A total period of 28 hours was required end the solution
during this periocd had acquired a yellowy-brown colour,
The solution was evaporated under reduced pressure to 4ml,
when a eolid bégah to crystallise out in pale yellow -
' needles, o |
. Yield.  100mg. | |

This materiel pro?ea'tg be very sparingly solubdble : . -
in all the common organic solvenis but was recrystalliﬁed,
from 957% alcohol in colourless needles, \
‘ M.P. 236=7°C, -
To effeot solution a large smount of solvent was required
and this hed to be heated for & long periods The soldd .
"cryutallia§d when the bulk of the solution was reduged to- -
about Sml, A second recrystallisation raised the melting
point to 239-40%C. * It was shown later that the pariod
of refluxing could be considerably shortened to give a
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purer produet. . ;

A solution of the tetramethyl derivative (200mg. 4n
'15ml, ebsolute alcohol) was refluxed with 907 hydrazine
hydrate (1ml,) for eixteen hours, On cooling a white
crystalline solid was obsained, |

Yield,  100mg. . M.P. 239-40%,

A further 20mg. of & less pute product M,P. 220°c
aeparated 0n 1eaving the mother liquor to stand,

This compound yrovod to be identical with that -
obtained by condensing the trimethyl derivative of the Coo
acid with hydrazine out for the analyses. see page 182.

CONDENSATION OF THE mxmmm DERIVATIVE OP TEE OQFACID
S WITH HYDRAZINE. -

A mixture of the trimethyl derivetive of the Cyo acid
' (200mg.) 904 hydrazine hydrate (1ml,) end absolute aloohol
(15m1,) was refluxed gently. After rive minutes a
colourlesa‘adlution'waa obtained and this was refluxad for
four hours, when a white solid began to seperate, T%The"
refluxing was oontinued for o further 4 hour periad after
which no more solid appeared to separate, The mixture was
cooled end filtered when a white crystalline solid was
obtained. | e R
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Yield, 200mg., long colourless needles. M.P, 242°C,
Recryatallisation from 95% elcohol did not. raiseAﬁhe g
melting points This material yroved identicsl with thet
obtained from the condensation of the tatremethyl derivativa ‘

with hydrazine. o

Found - . :
Formation of hydrazide or f
‘hydrazone.023324n404 requires

Formaticn of 1ntramoleou1ur J 
/ cyolised aompound 623H22 03 :
| 68,6
Formation of hydraside end P
hydrazone 023H26N6°3 requires

‘.,,requiran

Uitrg;V1blet Spectrum.

meax. ~,' ’LO ! ;'

 266ma 4.8
T280 426
] :3328 Bk 430

xnfga-ned‘Speotrumé"~ e

‘Bands appear atx—

L 6805_

7_535.7 .

"7M>~miﬁL *
é45”¢u . f

2715 ®

292 -

 “n R
5.6

‘5;7°

5.5

rgs;of

13.8

133
113.9 “Lf*
19,3

48
4023
- 4401

32500m . (NH stretching frequency) |

- 1705em . (carbonyl stretching Iraquency
in oxindolc) .
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1665¢m  (carbonyl strétching frequency
in pyridazinona or C=N stretching
. vivration)
1605cm (oxindole ring system).-

ACETYLATIOV OF THE 090 ACID AT LOW TEMPERATURE.,

‘0 The 020 acid (1COmg.) was dissolved in pyridine

. (3ml.) in a test tube sagpended in en acetone/b02 bath

{_}5maintaineq st -50°¢ end nitrogen bubddled through the

. solution, Acetic anhydride (0.5ml,) dicsolved in ryridine

(0.5m1.) was cooled in the same bath end this solution

"added to the solution of the 620 ecid whilst a stresm of

;npitrogen was still directed into the tude. The mixing

j °f the solutions csused no ohange in colour to occur but

444 result in the.sepération o: & white crystalline material,

~‘Thé test tude was carefully stoppered end allowed to remain
in the acetone/’CO2 bath which was then blaced in the

refri&erator. _ The mixture was kept in the rerrigerator .

"for tiva days, during which time the colour had changed to
;‘red, when it was removed, tiltered nnd waehed well with

water.

Yield, 65mg. mixture of colourleas and red

"cf&atalline paterials The mixture dissolved 1n bonzonc
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on warming'giving e red solution, which on cooling deposited
a colourless solid, .
| Yleld. 40-45mg.  M.P. 235°C.
~ Recrystallisation from benzene removed & slight
pinkish tinge but did not raise the melting point,
- The original benzere solution on longer stending
deposited a red materisl which under the microscope proved
»t@wbe a8 mixture of red and white needles, 10mg,

Found - c H "OAc
60.12 5S¢l 33.79

57.66 = 5.22

57,10 5,07

The acetyl Value would tend to euggest that this moleoule

is a tetra-aoetata.

ACETYLATION OF THE TRIMETHYL DERIVATIVE OF THE CQO_ACID AT
LOW TEMPERATURE.

The trimethyl derivative of the C,, acid (IOOmg ) was
dissolved in pyridine (3m1 ) in a test tube suopended 1n gn
aoetone/002 bath mainteined et ~50/60°C end & stream of
nitrogen bubdled through tho solution. Acetio anhydride
(0.5m1.) dissolved in pyridine (0.5ml.) was cooled in the
seme bath end this aolution edded to the solution or tho N
trimothyl derivative, The mixture was ehaken and whilntfi
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2 streanm of nitrogen was directed into the tube, it was
carefully stoppered and left in the acetone/b02 bath which
was then pleced in the refrogerator. The addition of the
anhydride did not ceuse any change in the colour of the
solution but after standing in the refrigerstor for 4 deys
8 magents coloured eolution was obteined but nov solid
had separateds Y¥hen after 6 days no solid materisl had -
separated from the solution, it was removed from the
refrigerator and poufed onto ice and hydrochloric acid,
A mauve eoloured solid was precipitated which was tiltered
washed well with water end dried, R ’
Yield.  100mgs . M.P, 105-110%.
This material was soluble in benzene giving a red

l_,,

solution which on standing deposited e colourless
cryatalllna s0lid contaminated with a little dark ré&
material, On refluxing this material with chloroform a
féddibh'solution was obtained but the colourieaa‘mﬁtéfiQi?
414 not eppear to be very soluble, Filtration yielded
1éilolourless crystalline so0lid, S o
 Yield.,  30mg. u.P, 190%C (a),

' The orystals were in the form of rhomboids and on

melting décomposed to a red liquid, The benzene solution
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on longer standing deposited cryatala of the magenta
‘acetate. ‘

Infra-Red Spectrum,

Bands appear att-

33330m (Ooﬂ atretching frequency)
3106 » -
1779 * - - (carbonyl stretching frequency -
| vinyl acetate?)
11692 "-"~?(carbony1 stretching frequenoy‘*‘
o .. . in oxindole ring)
1605 " u(oxindole ring syatem).

REACTIOW OF TFE cgc ACID WITH PENZOYI, CHLORIDE IN PYRIDINE.‘

. ... The czo-aoid (1L00mgs) wes diesolved 4in ryridine (2ml,)
. and benzoyl ohloride (0.5ml,) added to the solution. - This
- addition caused the precipitation of solid material and
pyridine (2ml.) was added to the s01id mass which was
. continuously shakene The golid alowly diaeolved and & red
oloured solution waa obtained. Aftor 1eav1ng overnight,
~ this eolution deposited & red coloured eolid whioh was
‘ filtered, washed well with wnter end dried, The solid
on ¢loser examination was found to be cryatalline athe
cryatala being in the form of neddles, '
o yiera, 80-85mg. ,J“ |

2 Tho compound was rocrystallised from benseno aa

red neodlea with a copperish tinge.ta
u.P. 12°(a).
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P v,
PTG ;
PG e

’fk'éunerCAfléN AN@'RECRYSTAnnxéATION OF VIOLAGBIN.

Violacein (300mg.) whieh had cryetallised out during
1ts extraction with acetone and which had heen subsequently
defatted with chloroform, was recryetalliaed trom acetone
by the use of a Scxhlet extractor.  After three’ daya
approximately half the,violacein had been extracted and had
erystalliged out from the acetdﬁe.  This wag filtered, dried
and eny fat impurities removed by extraction ina Soxhlet
apparatughwith chlorofornm for three days followed‘by\carban
tetrachloride for & similer period, Both the chloroform
and carbbn tetrachloride remained quite colduriesa throughe
out both extractions. - The violacein thus obteined was in

the form of derk purple needlos with a greenish sheen,

.. .. . et . m®. N .
Found fdrmviolacein whiuh'was 68,97  4.06 1 L
M'recrystallised from acetone . 69.52 = 4,26 o ALGT
Dried 4smins. at 60°% 69,23 4.09 |

round for violaoein left in
Soxh&et apparatus not extracted

, by acttone, dried 30 mins. 67.47A ﬁ3;71 vl ,
Ougfog¥0q " 69.23 3.8 S
cﬂﬁl3N3 3 . ‘70-98 - 3.66 11,83 f

, 0211“1151?303' ’ | . o 7059 4,20 11,76
0211&3!'30‘ ‘ Loon 67 .92 3.50 11,32

CpnH 530, " 6136 402 1.2
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Ultra-Violet Spectrum,

> max, Log& . ~2min, Log& .
244 mu 4.12 238 mu 4,11
. 268 » 4,17 251 = 4,11
- 380 "  3.78 320 v 3.59
' 570-600 4.35 440 v 3,38

ACETYLATION OF VIOLACEIN,

Violecein (0.5gm.) was intimatsly mixed with
anhydrous sodium acefate_(O.Bgm.) and the mixture gently'
refluxed for 15 minutes with acetic anhydride (25ml,). on
leaving to cool, the mixture set semi-solid and the solid
was filtered off, washed with acetic mcid, then with water
and dfied. The acétyl compound was shown to have eepafated
in dark red needles with a green reflex, | ‘

Yield, O.4gn. M,P, 320%. Tegins to’decoépgso
—— - slowly adbove 280°C,

The mother liquor on standing deposited a further
50mge Of the acetyl compound,. B

Found for acetylviolacein c H N  Ohc
dried in high vecuum lmm, 65.67 4.8 8.59 29,10

16 hours dried to constant | _‘ B (g%kgéi)
weight 130-140°C 30 mins, - (Ex04/u,50

4L




555 l"»vw ‘.j*3'72 =

. Infra-Red Spectrum,

Bande eppesr ati-

' J3130¢:xn"l
. 176lem™t

1704cm™>
" 1667em™
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»FPound : for acetylviolacein = C "H

_(seme sample) redried at = 66,22  4.41

1180% for 1hr. slight |

loss 1n weight (30 + 50 )

: H H 0., + 6 (CH co ) S

5 42 28 6 7 2 requires 66.11 4.08
- 42a231v6c7 + ‘7 (cnzco) €5.75 _4‘11’
]WU1tra-Violet Spectrum,

. _>mex.  Log.E.  _rmin,
233 mu . 4,06 330 mu

8457 26.32-

8.22??29.‘5 ;

Logf.
3 .10

3,000 o

3268cm™  (NeH étrefching frequency?)

ﬂ‘16050mf1 (oxindole ring system)o

ATTFVPTED REDUCTIVE ACFTYLATION OF VIOLACFINI

v1olacein f300mg.) was gently refluxed with 8 mixture

of glacial ‘acetic acid (5m1.) and’ acetic anhydride (5m1.).
Zine dust (5oomg.) was added in the bciling mixture and
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after 20 minutes the colour of the solution changed from
violet to dg.red-brown. The mixture was heated for two
-~ hours durinz which time the colour slowly lightened to
| i§ilo§. The mixture was then filtered from the zinc and
zino acetate which had crystallised out snd e bﬁownish red
solution obtainedi. On standing a 1little while the colour
of thia solution reverted to violet possibly due to eerial
oxidation of & leuco compound., This solution on heating
with ginc dust (100mg,) for 5-10mins changed again‘;o ;;;
ﬁraniah red colour, It was quickly decanted from fﬁ?;;hnc
and poured onto a mixture of ice end dilute'hydréchiorib w
ecid. This coused the immediate precipitétion_ofvﬁ pale
yaliow s0lid which was filtéred, washed and driéd iﬂ ﬁn ;;
exicator, - | o : S
 Yield. 250mg.  M.P. 220°C (d) viclet solid formea
“This so0lid was soluble in the common orgéniéuaslvént?
excopt petroleum ether btut solutions of it acquired dark
colours on standing or warming. It resisted sll attempti}
to érystaliiae 1t and eddition of petroleun ether (40-60°c)
to a benzene solution caused the precipitation of & whitish
material with a violet tinge.,
Found‘ H

63.66 5,08 ‘8.87
63.57 4,99 8.94
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VETHYLATION OF VIOLACEIN.

o Pure cryétalline violecein (200mg,) was intimately
miiéd“with potassium carbonate (lem.) and the nixture
fééluiéd with acetong (100ml,) after dimethyl aulphgté
(O;Bml.) had been added. The mixture was refluxed for
12 hours,dimethyl sulphate (0.25ml.) being mdded after four
end eight hours, and during this period the colour of the
Acetone solution changed rrom.purple.to royal blue, The
mixture was allowed to cool and then filtered ylelding a
ereyish coloured residus and a royal blue riitrate. The
residue was washed continuously with warm water whiqh
dissolved the potassium carbonate and left & black micro-

- erystalline solid (80f85mg.). - The filtrate was evaporated
under reduced pressure slmost to dryness,and water (20ml,)
added. It was allowed to stand for 4 hour then filtered to
~yield a dark bdlue crystalline solid (90mg.). This eolid
w#es then extracted with hot benzene (30ml.) end filtered,
The residue consisted of a small emount of the black

| méteriél (Smg.) which was found to be insoluble in benzene,
| Tha benzene solution was reduced to 15ml. under reduoed
pressure and then passed down & neutral elumina column,

The column was eluted with benzene until the major dband
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of the Ylue solid had been removed from the column. -+ The
‘benzene eolution was evaporated under reduced rressure to
‘Sml. and set eside overnight when 1t deposited blue needlen
with a shiny black reflex (SGmg ), on standinb 2 further |
25mg. separated, | | e
Kelting point of this meterisl 126-127°C.
| ¢ ® K oOfe

Found for dark blue solid T4.6 = 5.6

Crystallised from benzene
;?0127 Ce’ ’

,}Crystalliaed Irom ethyl :
~ moetate NP, 220°c. 69,9 4.9

Crystellised from ethyl  71.83  5.14 10.75 68.19
scetate end dried st lmm 71,94 5.25 10,42 |

. 60°%C for & hour. i L | :

requires 7218 526 : 10.53 TT

Ultra-Violet Spect:gg.

_Xmax, ’wahégg g‘;.f74%min.,-  . lLog s

270 mu - 4431 250 mu 4426
382 *  3.88 333 3.65
600 " 4,29 452 " 334

Infra-Red Spectrum-" '“ “

Banda appear at‘-‘"w'gsﬁ;zu o



193

1672cm l(carbonyl etretching frequency in
- . oxindole)

- lﬁosemfl(oxindola ring system) o
In 5% chloroform solution these bands sppeer at 1670cmf;
énd'1603¢m‘1 respectivelys A band of weak intensity also

sprears at 2970cm°1.,

Found for black micro- c H N Olle
crystalline solid, .

€ H NO +20H .
requirea ,6902 403 1005 7.8

Inrra-Bed Spectrum.

Bandn appear ati-

. 3185em™* (NH stretching frequency) -
(1681em™ =1 (carbonyl stretching frequency
1672cm™ ) in oxindole system) S
16420m~t | ‘

: 16100mf1 {oxindole ring eystem),

VMETHYLATION OF VIOLACEIN WITH METHYL YODIDE/POTASSIUM
' CARBOFATE., o B
? ' The methylation vas carried out es in the manner S
Adescribed for the methylation of violacein with dimothyl ;
iaulphate. To replenish loaaes, methyl 1od1de was addod
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~4dn O+3ml, portions after two, four and eight hours
' refluxing, From violacein (100mg.) the two methyl ethers

wére obtained in approximately equal amounts,

~ APTEMPT TO INTRODUCE MORE KETHYL GROUPS INTO THE HNIGH=
-~ ¥ELTING ETFER BY CORTINUED METHYLATION,

‘The high-melting ether from violacein (100mg.) was
“intimately mized with potassium carbonate (500mg,) and |
refluxed in acetone (100ml,) with dimethyl sulphate (0,5ml,)
for thirty-six hours. During this period the colour of the
" solution which was purple did not change. The mixture

was tilteré& and the greyish residue washed free from
‘potessium carbonate to yleld the original bleck micro-
erystalline solid (70mg.). The purple acetone tiltrate‘i
“on evaporation to dryness ylelded the game material |
“(20-25me,) |

ATTEMPTED ACETYLATIOH OF THE TRIMETHYL DERIVATIVE or
. B VIOLACEIN,
e VY

| “LThaLtbimcthyl derivative of violacein (50mg.) was
ﬂisselved in pyridine (3ml,) and ecetic anhydride (1ml ) addeq
to the solution. The mixture was shaken end allowod to |
‘stand at room temperature for 3 days during which timo o
501id material Beparated. This solid was then filterod oft(
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washed with water end dried, It was highly crystalline
'haéing separated in the form of long needles.
. yiela, 25me. M.P.220°-221°C, |

‘A mixed melting point with the starting material vas

undepressed. The pyridine on pouring on to ice cold
| hydrochloric scid deposited s blue solid (25mg.) which after
filtering and drying was shown to be the original trimethyl
derivative of violacein, : ‘ ‘ ,

The trimethyl derivative of violacein (50mg.) was .
'ihtimntelyimixed with anhydrous sodium acetate (100ml,) end
“the mixture refluxed for 30 minutes with acetic anhydride

(3m1.). ' On sllowing to cool the blue solution depoéitedf
very little solid; After two daya.the'soiution was poured .
into water and was alloved to stend overnight whereupon blue
crystallino solid (30m1 ) was obtained. e

M,r, 218°-220°C, | Lol
A mixed melting point with the starting material was .
undepresaed. . | o

"ACETYLATION OF THE HIGR-LELTING MR,

| Tho high-molting ethor ot violaeein (100mg.) was -
1nt1mately mixed with anhydrous sodium aoetato (200mg.) und
_the mixturo retluxed gently with aeetio anhydride (5m1 ).
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A blue solution was formed but a lerge smount of high
melting ether sppeared reluctant to dissolve,  After = '

’refluxing for } hour & further Smle of acetic enhydride
'was added and the refluxing eontinued. When arter 1 houf
a 1arge amount ot derk blue solid material was still it

visiblo the mixture was filtered, The bdlue filtrate was
ééf‘aéiaéyovernight but deposited no solia material, - The
residue was washed with dilute aootio acid then repeatedly

‘with wator. A blue dblack cryatalline solid with a green

:retlex was obtained.

Yield. 90mg- . WP, 315 0 o

The acetyl derivative was recryatallised by dinaolving
in e large volume of acetic anhydride (50m1, ) and then
reducing this volune to (5ml.) under reduced preasure :
separating in the form of interlaced needles, ;w”;j“%ffyﬂg

In subsequent preparations it was obtsinad by

.refluxing the acetylation mixture tor_twenty migntqg,di

Found for acetyl deriv, c H . N .. Oke.
,0f high melting ether ~ 67.4 = 45 9.5 H21.0(alkali)
‘dried in high vaouum lmm, 67,7 4.1 7.8 1844

16hrs. dried to constant ' R {19.7(0r03/
weight 130-140% . - o . Hy80,)
.30 mn," o , 67.1 ,4’5 8,8+ _ 171»6(311(311)

*Doublo'oombuetion.
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021313N30 + 2032 + 1(CH2CO) I * H - N . . 0Ac.
' reqnires 67.5 4.0 9.8 10.

- requires L 66;5,‘ 4’1-,';8'9i,’ 18,3
, 051513n30 + 2cn2 + 2(cnaco)iAi.‘ . 'l‘: ‘ “
s requires €7.1 4.3 8.7 17.8
21815N 0, + ICH * 2(CH200)" SRR O SRR SR S I
.. .requires 68,6 4,6 . 9.2 . 18,9
c21315 303+ 2CH, * 2(03200) 69.1 49 9.0 183

Infra-Red Sp_ectrum. o

Eands appear at:~ : S i
n8sem™t  (rm etretching frequency)
nwml" |

1684 ¢ —
1610cm™  (0xindole ring system),

PROPIONYLATION OF THE HIGH NELTING ETHER FROM VIOLACEIN.,

, The high melting ether (IOOmg.) vas 1nt1matoly nixed
with sodium proplonate (200mg.) and the mixture refluxed
(17o°c) with propionic enhydride (4ml. ) for 20 minutes,.

The blue mixture was than ‘£1ltered and the filtrate sot
| aside to cooles The raaidue was washed well with water and
driéd.z It consisted ‘of a very dark red cryutallino ‘solid
(40mg.) wuich was found t0 be rather insoludle in organic
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‘solvents, ~After standing some two-three hours the filtrate
deposited a blue cryatallina solid’ (40mg.) which was very
soludle in organic eolvents and could be recrystallised
‘from benzeno and ethyl acetate. When crystallised from
benzena it retained solvent of crystallisation and nelted
at 254°(d) ‘but when free from solvent thie compound 1ike
the other crystalline derivative did not melt below 320°c.

Found = o C B N e
Soluble methyl propionyl 68.19,7 4,98

derivative orystallised = 68,21  #5,55 h

from benzene B 68,7 4.9 - :8,2

021513n304¢ 2R, + 2(C5H,0) 68,10 4,89 8,22

Foﬁhd for insoludle methylo 63.9 o 4.5 h
propionyl derivative 63,6 4.5

#Hydrogen high duc to amnll emount of samplo taken,

Infra-Red Spectrum of the Plue Qoluble Me hyl PTOpionx__ '
Derivative. g ; O

Bandn appear att-

748ma . A - S

1592cn l.v R .
Infra-Red upectrum of the Methyl ProPionyl Derivativo R
Insoludble in Penzene, ‘ z '

Bends appear ati-
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“3165em71 (NH stretching frequency)
1742cm™ S
1667cn™>
16080mf1

H‘YDHO(‘FNATION OF THE TRIN’ETHYI: DERIVATIVE FROM
: VIOLACEIN,

‘ v1olacein trimathyl derivative (IOOmg.) vas diesolved
'1n ethyl ‘acetate (40ml.) and shaken in en atmosphere o
‘hydrogen with Adam's catalyst (20mg )¢ FHydrogen was slowly
absorbod but when efter S} hours shaking end the colour of
‘the solution was still blue, this absorption ceased, The
cgtalyst was filtered oft and the solvent removed . under
reduced prossﬁro. A green coloured gummy materiel was
obteined which was diesolved in benzene and ohromatogrdphed.w4
Two distinct bands were obtained one dblue the other yallow- g
_green, - The ‘bands were removed on eluting with chlcrotorm
)but on reduoing the volumo of esch eluent under reduoed
pressure neither ylelded crystalline material. - Addition
of petrol to the yeilow green solution caused the
precipitation of‘i grcyioolourad solid,(20mg.).M.P.I60°0;
e Yiolaoein triméthyl ether (100mg.)'wan diaaolved in
;glaeial scetio. scid . (30m1, ) and shaken in en atmoaphero of

,hydrogen with Adem's catelyst (20mg.). . Hydrogen wes .
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slowly absorbed'and theuoolour of the solution slowly |
changed rrom blue to dark green and then to light green.:
After 5 hours no more hydrogon waa absorbed and the colour
of the eolution remained 1ight green. " The oatalyst was
then filtcred otr.the aoetio ecid removed under reduced
pressure in the prosenco of nitrogen and o brown green
obtainad. This was diaaolved 1n cthyl acetate but o
resisted attompto to orystalliae 1t. Addition of »t
petroleum ether (40~60°c) caused tho prcoipitation of a
white solid (80mg.)s |

‘ Thia solid dissolved to some extent both in 2N A
oaustio soda aolution and in 2N hydrochloric acid, Attempta
to crystallioe 1t by solution 1n benzono and chromatography
'on a neutral alumina column were not cucceestul.

RFDUCTIVE ALYALINE DFGRADATION OF THB LOW FBLTING TRIWFTHYL
D”RIVATIVE 0? VIOLACEIN,

The low molting trimothyl dorivativo of violaooin _
(IOOmg.) was dlgsolved in abaolute aloohol’ (15m1.) and to -
the hot dlue solution was added 2N oaustio ooda solution :
(15m1.) and zino dust (200mg.) and the mixturo gently o
refluxod under an atmoophero of nitrogen." The colour h

changed trom bluo to red ofter tho additicn of the ulkoli
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but es the heating continued and the mixture was continually
shaken, it slowly lightened to a brownish yellow., After
being refluxed for £ hour, the mixture was cooled and the
- solution decanted from the zinc uhich was wa&hed with a
1ittle water. cOncentrated hydroohlorio aclad was' é,Q
_-1ow1y added to the filtrate until pH 6.,5~7 when the .
precipitated gino aalts were filtered off, - V¥hen the yellow
filtrate was acidified e white solid was precipitated -
which wes set aslde to ripen. R BCETULE LR

| Yield, 6Omg. M.P. 260°%.. f,‘{gﬂy,fe,é
The mother liquor on standing deposited a further 10mg, of
this solid, ‘ , - I T A R AT

; ,<The,uolid'was reqrystallieed fronm acetbna‘aa small |
colourless prisms, ' .

M.P. 267°(d) decomposing to & red 11qu1d. yw%.1a _

This compound was shown to be identical with the trimethyl
derivative of the C,, ecld. L |

REDUCTIVE ALRALINE DEGRADATION OF THE FIGH NELTING RAVER OF
 VIOLACEIN, . . ..

The high‘meltlng'other'or violacein (100mg.) was
1nt1ﬁately mixed with zirno dust (200mg.) end tlhe mixture
gently heated under reflnx'in an atmosphere of nitrogen
with 21 caustic soda eolution (15ml.)s The ether on
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diasolving gave a red coloured solution but thie.as the
beating continued and the mixturo was oontinnously ahnken,

slowly changed to a brownish - yellow. If the nixture

~ 'were not continuously shaken the colour of the solution

was found to be considerably darker.  After heating for
2 hour, the mixture was cooled and tho aelkaline solution.
decanted from the gino which was washed with a little -
water, ‘Thé solution was then neutralised with concentrated
hydrochloric acid and precipitated zino aalfe filtered, .
Acidification of the yellow filtrate caused the preecipitstion
of e pale yellow golid which was set aside in the = -
refrigerator, After filtration the e0lid was washed with
weter and dried, e

~Yield., 9O0mge T - . ot

‘The solid was shown t0 be en acid end on heating with
acetlo enhydride in pyiidipo 8 magenta coloured solution
was'rorméd.fﬂ The ncid resisted a number of attempts to
crystallise it, - It could not de recrystallised from
ccetone separating in &n ancrphous form nod were attempts
from acatone/petroleum ether (40-60°C) any the more

puccessful ,
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- ¥PTHYTATION OF THE ACID ORTAIKED FROM THE REDUCTIVE ALXALINE
DECRADATION OF THE HIGH NELTING ETFER FROM VIOTACEINY

Tha aocld obtained from the mbove desradation (200mg.)
was dissolved in 2N, caustio soda solution (6ml,) and the
golution maintained in anastmosphere of nitrogen,
Dimethyl sulphate (3ml.) was added in O.5ml. portions at
ten minute intervals with continuous shaking_to produce -
- homogeneity., After the last addition, the solution . .
.became cloudy and a s0lid materiml was precipitated, The
‘mixture was allowed to stand for } hour after which time
.28e caustic soda was added drop by,drop with shaking until
the solution remained alkeline, The 80lid materisl was
‘then filtered 02f and the alkaline eolution treated again
‘with dimethyl sulphate in 0.5ml, portions until the
solution became seid and more of the solid seperated, The
mixture was then once more sllowed to stend for % hour
_before teing made alkaline and the solid filtered off.
The combined reniduea/ﬁere then washed well with water
,and dried, | |
T yield. 160mg. |
~Tha solid was reeryatalliaed from absolute alcohol as
emell colourless needles.

¥.P. 181° Q. _



lixed melting po;qt)with tha‘teﬁramethyl darivatiygﬂp; the
vhen secidified with hydrochloric
acid the filtrate ylelded 25mg. of the trimethyl

020 acid undepressed.
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.derivative of the 020 aoid.

'DIGRADATION OF ACETYLV‘IOLACE’IN ¥ITH NYDROGEN IODIDE,

- (Cf.Jennings,Ph.D. Thesis, Liverpool,195:3,)

‘Acetylviolacein (200mg.) was edded to a mixture of
hydriodie ecid (10ml.) (which had been stending five deys
after distillation over red phosphorus, and of specific

eravity 1,7) end glacial acetic aciﬁ"(lOml.) end intrdduced

into an o4l bath st 120°C.

refluxed for 1} hours.

overnight when the hydrogen iodide salt of the methene
which had separated was filtered off,
with & bronze reflex were washed with m little glacial

scetic meid,
Yield, 20&6- v

Inm-ﬁed Smﬁtnm. P

Banda'éppear'ktié

34360m~t
. 314Scm‘1
1684cm™+
1600cm™Y

¥.P, 320°C.

(CH etretching rraquenoy)

(NH

"

The temperature of the bath
wes slowly raised to 130°C and the reaction mixture ' '
"It was then allowed to stand

The red needles

w)‘;
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m*um'rmﬁ OF TET INICH FELTING ETHER OF vmmcrm wxmn
' HYDROGEN TOTDIDE, i e .

The high mélting ether of violhcelni(”dbmg.) wes

' @dded to a mixture of hydriodie geid (1cml.) and glaoial
scetlc ecid (10ml,) end introduced into an oil hath at
12000. The temrerature was alcwly raised at 130°c and
the reaction mixture refluxed for 14 hours, It wag then
' set aside overnight when a dark red crystallina solid :
seperated out. R c

© Yield, 20mg.  M.P, 320%. |

This solld dissolved readily in caustic soda sbmtibn
to give e yallow golution which only darkenad to a 11$ht

‘ brown over ‘the coursa of 2»3 daya.

’rInfra-Red Sgectrum. .
Pands appear atie
| 3155cn™r
16899:31"1
~ 1667cm"1
1603en™t

ﬁTCRAFATION OF THE T.0¥ MELTING TRIWFTEYL PTRIVATIVF WITH
HYIROGEN IODTDN. ‘

‘The trimethyl derivative of violncein (IOOmEo) wes
 added to e mixture of hydriadic seld (which ned been
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atanding five days after distillation over red phosphorus
and of specific gravity1.7) (2m1‘) and glacial acetio acid
J(2m1.) end 1ntroduced into an-oil bath st 120°C.u  Ths‘
temperature of the bath was raieed to 130°c. and the |
ir&action mixture refluxed for 13 hours. After standing
'overnight a yellowubroan amorphaua golid (Esmg') separated.
fWhen treated with 2N caustic aoda solution this solid
»appeared to undergo some chenge into & tlue solid. Thisq
‘blue eolid was inaoluble in water and 1n alkali vut gavo
;royal blua aolutions in the common organio solvents. " The
alkalina aolution gave @ positive test for lodide on é”ﬁ
fand the yellow-brown solid would thue appaar to bo a ,; 7
ihydrocen-iodide salt of the blue solid. Sl
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ACTION OF ALKALI CI VIOLACEIN,

Violacein (300mg.) was carefully powdered and added
to O.IN caustic soda solution (30ml ) which was maintained '
in an atmosphere of nitrogan. The mixture wag 5ently
warmed when the dright &reen ‘ealour changed to red end the
reddish solution heated géntlj'wiih‘eontinﬁal shaking for
% hour, The mixture was then quickly filtered end the red
tiltrate returned to the flaak and maintained in the
atmosthere of nitrogen, The undiesgolved violacein was
washed 1iterally with water and dried (60&&.). Solid co2
was then sdded to the red filtrats and this ceused the
precipitation of a red s0lid which wes filtered off. wnshod
end dried (100mg.)s The filtrate which still possecsed a
slightly red colour returned quickly to the nitrogen
etmosphere and dilute hydrochloric ecid added, This
'qaused the precipitation of e yellow solid which wes
quickly filtered off , washed and dried (20mg.)s On
standing the filtrate Geposited a little more of this
yellow materisl which soon changed to a much darker oolour, -

Yore Vigorous Action otyAlkali on Violeocein,

Violecein (400mg.) was carefully powﬂered ‘and added
to 0.1P ceustic eoda: eoluticn (50ml.) whioh was meintained
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in an stmosphere of nitrogen. = The mixture was boiled
quite vigorously under reflux for 3 hour during which time
only a 1ittle of the violecein remained undissolved. The
reaction mixture wes then cooled and quickly filtered, the
red filtrate being returned to the flesk and malntained
under nitrogen. The undissolved violéceiﬁ wasTwaahed
woll with water and dried (25-30m$ ). ~Solid 002 was ‘.1 .
then sdded to the red filtrate and thia caused the
precipitation of the red aolid which was tiltered wéshed
and dried (60mg.). -

On addition of dilute hydrochlorio acid to the red |
~ﬁ.ltrata, the yellow solid was preoipitated and thia waa
~ quickly filtered, washed, and dried (160mg.). lore solid

_aeparated on leaving the tiltrate to stand and this

quickly ecquired a much darker colour.

ACETYLATION OF THE RED SOLID OTTAITFﬂ FROP VIOLACEIN,

The red solid (obtained from violacein dy the motion -

of alkall/C0,)50mg. was intimately mixed with #odium
acetate (50mg.) end the mixture refluxed gently with acetio
"anhydride (3ml.,) for en hour, On cooling the mixture set
seni-s014d and a derk red cryétallina_aolid with a green
‘reflex was filtered off, washed and dried (35-40mg.). The
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mother liquof‘on standing deposited a further Smg. of this
material. M.P.  280°C,.
- The infre-red spectrum of this eompound is 1dent1cal

with that of acetylviolacein.

!'TTIWT.ATION OF THE FI“D "%’OT,'ID OT"FAIX’FT) I"POm ViOT.ACEIT! .

-+ The red solid (obtained from violacein by the motion
of 8lkali/C0,) (100mgz.) was mixed intimately with potassium
carbonate (500mg.) and the mixture refluxed with acetone . .
(20m1,) and dimethyl sulphate (0.2ml.). A red eolution was
1nitisl}ywobtainéd"but after refluiing for some two-three
hours slowly chenged colour tp,purplo.,,,Atter,:our,hourji
refluxing a further quantity of dimethyl sulphate (0.2ml.)
waaﬁadded. 'The reaction mixture was then refluxed for a:
rurther 8 hours making a total reaction period of 12 hours.
Atter thia period the mixture was filtered and the gray residue
washed repeatedly with water. to remove all traces of
potaasium carbonnte. ‘This lert e blue black microerystalline
solid (65mg.) which was later shown to have en identical
infra-red epectrum with the high melting methyl ether
obtained from violacein. ;

On removal of tha gscaetone under reduced rressure &
blue solid (25mg.)1waa obteined which was shown to be
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gsoluble in all the common solvents Benzena, ethyl mcétate,

chloroform, elcohol etc.

APFTYIATIO OF THE YETIONW SOLID OTTAITED FRON v:o TACEIN,

’ Th yallow solid (obtained rram violacein by the o
action of slkall/dilute hydrochlaric acid) Omg. wag mixéd
intimately with sodliun acetate (50mg.) and the mixture 4‘, )

refluxed gently with aeetie anhydride (Bml ) for en hour. -
On cooling the bright red soluticn set to a aolid cryatalline
mags which was filtered,washed and dried,
Yield, 40mge m.P. 280°C.
This solid was recrystalliaed trom benzene as small

red needles.

refuires 66438 3.83  5.95 7.4

Infra-red Sﬁectrum.

Tands appeér ati-

B IR .,3100013_1 (W)

R '~Vnﬂm1

g e ~ - 1T12em™ -1
_ymmmd
1623en™t R
. 1595em™r



CONVERSION OF YELLOW SOLID TO DARKER MATERIAY, ARD SURSEOUERT
- ACCTYTATION, ‘

. -+ The yellow sgolid (140mg.) was warmed géntly‘in dilute
hydrochloric acld and after a few minutes changed its
eppearance to a black material. This solid was filteread,
dried and mixed intimately with sodium ecetate (140mg.)e
The mixture was gently refluxed with acatic’énhydrido?(4m1.)
when a bright red solution was obtained.; Atter heating
for % hour the aolution was bet aside to cool and net to a ;“A
semi orystalline mass. f This wae filtered washed and dried
and a red cry-tallinn eolid obtained.ﬁ % Y }wW4,fy; .
SR Yield. 140ms M.P. begins to decomposa above 280°c.
o The 1nrra-red spactrum ot thia solid was shown to e
1dentical with that of the acetate obtained frcm the g

yellow aolid.a

IFTHYT.ATION OF Tfm YET;LOW QOLID O’P'I‘AIITD FROM VIOT;ACFIH.

:~ The yellow solid (obtalned from violamcein by the ! i
action of alkali/hydrochlorio.acid) 100mg. waevihtimatély -
nixed with potassium carbonate (500mg ) and the mixturo
refluxed with acetone (20m1 ) and dimothyl nulphato (0.2m1 e
A red eclution was obtained which did not chsnge ocolour .. .. .
during thbwm;;$§igfion, ‘;}rter'tittgon'hqurg ?ctlp;ihg,;;
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the mixture was filtered to remove the potassiunm carhonate
and no insoluble residue remained, . The acetone wag
removed under reduced pressure and the sticky residue
triturated with hot water. ~On filtration an emorphous
80l1id was obteined .P. 130 Co v . C e
A erystalline derivative ‘could be obtained from this
material on heating with sodium- acetate/hcetio anhydride.

© - ACTION OF ALXALI ON THE TRIMETHYI, DERIVATIVE FRON VIOLACEIN

The trimethyl derivative trom violacein (120mg.) was
dissolved in escetone (30ml.) and to this solution was mdded
alowly hot ¥ caustio soda solution (30m1.). ~ The colour
of the solution changad from blue to red end the mixture was
heated under reflux end in an etnosphere of nitrogen for
1 hour, It was then oooled and the violacein trimethyl
derivative which had separated during the addition of alkall
quickl& filtered of?f (15—”0ma-). The red filtrate was then
acidiried with mineral acid and this eauaed the precipitation ‘
of o yellow solid which very rapidly darkened to blue (BOmg.).

ATTEVPTED ACT’TYLATION OF TI'E RBLUE °OTJD OBTAIFTD FPO!! TIE
TRIVETHYL DERIVATIVE 013' VIOTLACEIN, -

Tha blue solid(obtained from the trimethyl derivative
ot violacain by the action of alkali/hineral aoid)(BOmz.)
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. was mixed intimately with sodium acetate (80mg.) &nd the
‘mixture refluxed gently with acetic enhydride (3ml.)for -
'.i hour,  The red solution which was obtalined was s;t,
‘aside to cool for 1 hour during which time 1t deposited a
crystalline solid, . This was rilteredfoff; washed and driedq,
Yield,  60mg..  M.P.297%C. ,
' This solid was recrystallised from ‘benzene 1n the

form of needles with 8 bright green reflex.

Pound . -~ . - .. - C " N OAc
70449 5.7 6.52 0.8 |
f°26“12“2°4" 3CH,, iv'~'71.5’ AT T

Infra-Red Spectrum.‘.“

Bands appear ats-

" '“3086cm'1 (W)

 17640m™ ) e
1667em™
1623em™ -1
1595cm -1

-
- q"_

| ACTION OF ALXALT ON THE HIGH MELTING ETFER OF VIOLACEIN.

The high melting ether from violacein (100mg.) vas
’f} finely powdered and added to 0.5N caustic soda (30m1.)
"whichlhad“been meinteined in en atmosphere of nitrogen..
The mixture was heated under reflux for § hour with
continuous ahaking but the solid seemed reluctant to
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dissolve, The mixture was cooled and the unchanged high
" melting ether filtered off, washed end dried (60mg.)s The
red riltéate was returned to_the flesk end maintained under

" an atmosphere of nitrogen. Dilute hydrochloric scid was

' then added and this precipitated a yellow brown solid

which was quickly filtered, washed end dried (40mg.).

It was found that the high melting ether dissolved
more readily in 10% alkslil and gave a higher conversion
to the yellow brown solid, |

ACETYLATION OF THE FROWH SOLID OBTAINED FROM THE HICH VELTING
ETF'ER OF VIOLACEIN,

The yellow-brown solid(obtained from the high melting‘
ether of violacein by the mction of alkaeli/hydrochloric acid)
- (30mg.) was mized intimately with sodium acetate (30mg.) end
heated with mcetic enhydride (2ml,) for en hour. A red
solution was obteined which on allowing to cool deposited
crystalline solid, This solid was filtered, washed well
~ with water end dried. ‘ "

Yield. 25mge
The crystals are in the fofm of needles and have &
creen reflex, they dissolve in benzene to give & masgents

" coloured solution.
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Inrra-ﬁed Spectrum,

Pends pppesr atie
‘ | 3086en™r (W)

1751en™>

1709em™t

1695cm™

- 1672cmt
162301::"1
1587cm™t
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