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ABSTRACT. * 4

"The \gLime ‘mowld ‘Bhy st Fratd bomim exribite synehronous
. mlear divisions.and hao boen yidely uskd to study thb bio-

chemical changos vhich. take place on ﬂifferentlatiun.l one
cxdmple of, this, sporulation, has been'show to Tequire lignt

and the plasmodial pigments have been implicated as possible

“photocatalysts or photoreceptors.. In order to fully under-

stand this process it is necedsary to know the henical
'st‘x'uct\u'e of thd pig‘nent& One pigment skows chanées in
absofption maxine ‘with variationsn, the 'pH of the. solution
and ‘has, been celled the indicator' pigment. It i5 with “this
pignent that the present investigation is concerned.

‘s pigment was $60Mted and ‘purified sing & madlficanon

of ‘the metpod employed by elil(23), " ‘Tlementgl anaises. gave’

‘enpiricel formulae of Gy, 1 3] O5N-£or the Protonated pigment ¥

.and Cyy; 2"’15 50.7 ZN Ta and Cyp, 3('113 907 7“ NBZ 5 for the Bcdl.um

salt of the plgnenﬁ. The R, speotzun a.gtess

{658 high

ﬁresence of & carbohy\imte, poasi‘bly SoTbose, . and basic
“compowids vhich were 1golaged, by several etliods; as their
hydrochlorides; but wére not’identifidd. . *

I’lmen't 1solated fmm frozen plasmodial had ‘@ malecular

nass’of /app: ely 1880, det ‘by oxidation techniques, X

€nd o low Erf, vaiué of 200, This pigment yiclded Tive amino
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a2ids on Wazolyeis, tro ‘of ihich e toitatively idont—.

r afied ds glyc:l.ne and slanine.. fhere was aldo evidenca, on :

hydrulysis, of an amino sugar, which ve's possibly glucusmme.

It’lg suggested that this pignent conPhins 2 popti

- Knalil proposed: & tetiaens con,)ugateﬂ 6.2, 4-pyranione. " .

aggten to be /e ehronoshore Gf thn plgmsnt In order to

investigate this pcssihll:l.t;l Compounds were ‘synthesised W
* reacting triacétic acid lactone at the 3 and’ éx posttions.

Ongiof thé products, 4- hydroxy-s_(4-(2 mryl)buta-? yi-dienyl)

2H- yra.n—z—n'
Jout e !wperchromic, bathoshfonic shifts it displayed-on”

Hag_the; same a\\:sorption Bhximin‘as the Dighens: -

5 aeidlhcaﬂon were'not as - great Es those shoyn' by, the plgnent

Hawever, it'does, repnasm.—' the' best modsl sy'stem for the

. pignent ‘available at!the present time.
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PART I

s'are ’;n,\‘ngué iike

The aasxmllauve

st

’cheae systems a:re 1\1831 foz‘ the study of 'blochemida.l uhanges %

Which ake place during mituﬁis. In 'bhe mpmmcnvs stage

s S T rehenaive 1cture of the nature of dlfferent:.ahou. "

Sporulﬂtlon can be initiated by s’carvation mlowm by
e:tpnsure to /11ght, althaughxfactars such as tempemture, pH

i N End the. age of the pla!med:.\i‘m hatve been fﬂund to affect ‘\:h

degree of apore i’ometmn. The nscess:ty of l).ght f.r
: TL a : 3 nn of slzorulahon in pigmented plesmodiu s demoﬁatmted by
i1 . - Gray in 1938 (2). Non—plgmented p.ﬂsmorha do not appsar i 1 RTRE B
3 . have #his light req\u,:remsnt (3). “ihe ‘influence m‘ ‘bhs wave. \
4 1e¥1g‘ch of the mdlation wn% efficiency of spmnamn “ids ¥

studied by'Gray.in 1\953 (4) and ‘uy Da.n:.el and: Rusch Lﬁ\lQGZ" B

} 5 4 (5, tne nos't “effective region For ygzsamm zcl!cagl_:LQum—r, B
[ veum 350m/ 0 50bmm. . o N ‘

2R g Dumng spomlat:.on the ylasﬁodul plgneqts gmdnally

d:.sappear, and ‘shls dissppaar&nce is accompan;ed'by en l.n-




el spore pignemu can be yellow, onnge, brown or, hlack. The
plssnbdtal pignents have been impTicated as pnssxhle photo- ~

nceﬂﬁ)n of photucatalysts (6), although Gray and Alexopaulos

< (’H mggestmat their 3 vxs the ‘screeni ufthe organisa

“from hnmm.’l mdiatlcn. Daniel (8). auggestad that the mito-. -

chomiria are the, pmmun 1ight receptors, but did not-give ,
-\- evidehce to support’ this view. & S $ e 3

Tﬁe sl:umr mouldu which have heen most uxtansively stndled

L
o age those which o 'l?e.f.gzpm in tmlturcs 4n the' lﬂborﬂ.tory.
. Da.lnel and Rusch :Ln 1961 (9)" gy - axanic- uultutéa of P. poly-

g um on & sami-defineg med

a.nd‘chemadi)amwasfu.uy 3 ek
«Hotined by.Danielrot al. im 1963 (10). . Mhe culturs ot Payesrun 5
‘guvxoomum was achiavad by t:ray in 1961 (11) and by Ross and

'smshi.na m 1/%; (12).. The 1arge sca.le cultun of P. Eo}zcegh—

e AT n:um _was mv(estigated by Brewer et al.,m 1964 (13). Because
L

of its cumpluaﬂ.vo ease -of g—rdwth, . Eolxcenhalum nas been flie~
moTre ex:ensive qtmlied thad nther mambera of: the 2bqaamm

3 /- A L

Intexvst in’%he yeuow plgnanta of 17 golxceg)mlum dates
back to 1969 wher ‘Zopf, (14) sxtracted the _pigments e.nd clnso—
i;fiei ‘them as lipoehroms, sh:t.'a they were fat soluble ¥

Slefnm ;and zatmamn 1935 (15) inveatigatad the culour k

ths plasmodia of P E}xcaghalum asu?ciated wi’th
. . ¥
changes in acid:.ty nf tha med:r.u.m ma notioe

rupertu‘s ut thﬁ piments. £o8 1953, Grag (4) measurad the

e absox-pnon sysctrum q: a mpem extragt over: the. yH range b




*and 380nn in bﬁslc methzno;t. The infrared spect'rum had absor-,

in alumins. column has been used by jolf (16) to isolate

““two pEguents from'a methanol’ extract of the plasmodium. -One

of thse pigments hod absorption-matima at 245 and 380nm in -
newtral methanol, '260-80 and 420nm in Eeidit methanol and 265

p¥ions at 3409 1600, rho, 1120 ‘and ‘800ca™." Tese-pigments - ... |

| were, identiﬁ.ed as pteriainss but volt did not ‘support this

xﬂanntznatian wieh, chamiea.l evidence. Dréaden (17) disagﬂed

prnpertiea, ubiﬂs paper chromaeogmphy. rmm a mxtux-e con‘tnin-
ing threa‘other yxgmnntn. It was found to behave as.sn- organic -

acid with a pi,= 4. ’I. ¥ The vlslbls :bsnrption unect . had a foore

mximm dn mt}umal, at. 390nm vhich shifted to um on acid-
ificasion. Elempntal-analysis gave valies, fof the" purest

" samples; of G, 55.59% E, T.184 K, "3.12% and Fe, 71.10;. Sulphur:
"and phosphorus were fot:detectéd, . Acid hydrolysis gave six

¢ids and, on this evide) Dresden ‘ed that the

’ ienant vas a ‘peptide. Moré recently Kursishi (18) £ound ‘that:’

the ‘three’main’ pignents were interconvertitle and were: neither :
pteridines nor peptides, altlwugh Be 2144 not suggest eltemat-
ive’chemical structures,
Brewor, in 1965, (19), obta men “thires ,purm.ea pi@nents,
‘tw of whieh showed changes in tHeir ahaox-ptirm maxina b0’

ncidification. T'heu two pigmenta wura ﬂ ignated B and C. -




b4

nater but goluble in nqueous alkali. It was suGgIBtnd 10
have a :.thterivn structure, but thi:l was not substantmted.
The-infrared absorption spectrum of F' uhamd thé presence-of
alefmc and uune or wdmxy]. mupn but ﬂlﬁmin&uata
carbuz?yl or'. uomtic‘!mctioni. The absorption maxima of © ihg

" compound were at-355, 384 and 3g0nm in basic, neutral and acid
media nup.ctxvely The sbift on\acidification was hyper-
chromic. nsuent G (absoxption maximun 385mm in basic solution,
403nm in nﬂk'fn\l solution and 418nm in. lcxdi.e xolutirm With an
im:rexu in im;exni.ry)r was congidered te vea ‘breakﬂom ymduﬂ
of p1gment B ohtainad during the 1aalnﬂon procadure. Althuush !
-1-man¢u n.nnlyuas wera ‘obtained: for these two cnmpou{lds,

B;‘wsr vas' unable’ to detemma the molecular might These

- compounds, 14 not falx into any recog.uaue group of matur-",

ally accumng polyenes. =
*'In 1966, Daniel (8) uulated sevaru pismenta, one of -

a which had & pH, depen .nt ahaurpt!on mi.nm.m and extinetinn

; caarncum (380-90nh in vasis: :olutinn and 415am in “mu e
nmua). Prom chamicnl Teactions’ Yeading to thd 1ose of T
ahsox'p’u.on. He sugge %th_at a carbonyl group was sn .s_s'emm
part of.the .chromophore. Piguents of ‘the Schiff's base: type 5
hve -the same’ gpectral cl;nnges ai ﬂns plusmoﬂial “pignent F o

: 50 daniel ‘considered that ‘thn Dpignent dould ‘contain an ago-" T

mathim lunntim. Hs novod, how!var thl‘t !ulubility tﬂqtora :
d.\d not substantia




cgohalum by paper chromatogiaphy and reportéd the presence of
a_phenolic component,. L .

Continuing Brewer's work (19)}4wnmn, in 1970 (21),.was
able ta separate "pure" pigment A into ‘three fractions. From
ultraviolet absorption data; he conclude_;i that they were trans—
polyenes. cuntain;.i:é cerbomﬂ. .'am'i amine -functions, Bven—uttar

acetylation, he wao unavlé to determine the molecular masg of .

the compouml by mass spectx-oscopy'u.nd the ‘only information

nhtnined from a: nuclear magnstio resommoe spectmm Vas the

;nresence ux‘ al 5em—dimetb.v1 gronp in ane\of the lﬂctions, A—

to repeat ‘the 1!01!'510{1 o7 the, pxgment. oo X e

+ “TeStourgeon, in 1970 (22), isolated fwo, pignents fmm e
-B. Tlavicomun by methanol extmction followed by chromatog phy
Y ad. dlindiua joolumn. he. absorption makinim of the yigmf

. -was af: 420nm. )mvrevar, if younger plasmodia ware usea, onl;
one yig?ent could ‘be 1au}ated and this had an. absorption mjx
“Suiin ‘et 4208 with shoulders at 430, 455 and 480mm. s -

‘suggest_s that chemical méiifipaii:ons may take place during .
growth and that piguent éxtmctin.; n'mFt‘ bé perforned on plas-.
mogla of & spaci{ic age if ‘consistent results are.to be obtained.

malii ru*portad dn 1915 (23) the extmctirm and- purirication

ur ‘pigments from Both: B ‘polycephalum dnd 2. flavlcwmm.

Previcus workers,had extracted the plasmodia with aquecus | | &

aeetone, snd, after removal of the acetone, px‘aclpltated th.




" »igmont geve high- ash resldues and thiis suggestsd ithat’ the

sigment by ‘méidification.. Ater washing with water, the pigment
was dissolved and purified by chromatography on various adsorb-
.ants.  Preliminary isolation wo"rk by nake\;’ana anllock (24) in
+4his laboratory using the above method hdd given incommistent -
results,often with appreciable decomposition on the chromat-

. g p 1 .
. ographic colunn employed. ' A-milder isolation technique ves .

required. KHALil investigated seyeral pmaedurae',"ana found -

. the most sahsfnctory (for P.:flavicomum) to be aqueous extr—

kction folloved by lyophllisatlon. After -dissolving the So1id

in aguegus methancl and - removing insofuble: matsrml by iiltmt-"
1021, yreiuumary purincanon was aclu.aved by chrcmatagraphy e

“on & column of Sephadex IH 20.: Four, pignent fractions were - !

sepamteﬂ a.ml ‘pigment £rom frac‘c:ton 2 (a‘usarptmn maxrmum 2

‘,JBOnm /in neutral solutio ) 4anm in aeldlc sclutlan) was mrther e

separated mto two componams using chromatography on a calumn

of ‘Sephadex 6,10, bneof the ‘components, pieusnt -2, ‘shoved -
‘the ‘i dependént abam—ptlon naximm &nd éxtingtion nueffic:tent. ;
Smuar procedures were uned for “ihe isalatian of p1gments .
from F. polyecphalun.. / it s :
Kial i1 lconcentiated on the piements which shoved “the

mdicator prnuertiag. Elemental analyses Df the F fla\rlcomum.

plgment in the ‘mative. sta’va, is‘a .salt. 1'he preseme of 'nitr-:

the mulecule was not conﬁmeﬂ. on protonat:\.un, this




8

e

4 exhibz.ting the athochmmlc, pyperchrom.c shift on, ac dlf;catmn. ¥

g methyl—ZH—py'rﬂ.u—Z-one (trmeetxe acld lantone). Tha infrared.

' J.ng “the px‘esence cf carbnmyl and Jolefinic’ tuzmtxons. Sufnclent

7 molecular 1on, gave several ions conslstsfﬂ: with'a polyene e

= -
3 ol w5 o o
Khalil -rejected this suggestion for three reasons. . Firstly, ik

electrophoresis’of the pigment on céllulose \aceéete in agidic’

media did not produce the migration towards:the cathode expected

of Schiff's base ompmmds. Secondly; the pK, of the izigment .

from P.flavicomun was ded'ye.m‘ined. as B.4,. \/hersa.s the pK of.
Schiff's hase compounds are usu.ally 1n the range. 7-9. Finally,
the, resonance; Raman spectrum of the p;gmem:, ‘yihilst mamat:.ng

the presence of a c group, :showed ‘that this gruup was non-

basic and a fu.nchon sinilér to that of “an’ “oxazole was suggeeted

“As s.n alternzxtive o' the Schiff's base; a2 4—pyrnnone 4

system, ccn;ugated «/1th a polyens wa proposed as the. funct;on

Oxidat:.rm experj.ments confimed the presence a tetmene. by

the :Lsolation and 1denti{:\catian af 2, 4 6, B—\iecatetmene-l 10- /
dmzc dcid, Catnlytlc hydrogenat:mn of - the p}.gnern: gave a i

spectrum of the plgnent ‘ws censlstent m‘h these.” esnlts s

pigment wa.s no#. avaua'ale to recard 8 proton mngnet;m rssummce

SPSCVM LA h:.gh resolutiun mass apectm, while not givlhg

f\mc'bion %o which carbonyl Emd m.tregen o ntammg funct:.ons
are* _a.j;tached i N ¥ :




been ‘isolated. from fungi. The structures a’nd sources of some

" of these dre given in Teble 1. Foiyese systems have ‘also been

isolated from fungi in the form of carctemxds and macro-

cyclic antlhlotlcs. The n‘facrocyclic entibiotics (some exemples
of w;uch are given in. Table 2) often contain lactone functions
and. are hlghly oxygenated. This type of system cannot be ruled

out on- the bas:s of present evxdence.

it Thls thesis 15 connemed Ay the mdicator plgment :.so).atsd

flav:. omun’ * The tialf stmcture (I) suggesteﬁ b,y
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A TABLE 1.
NATIJRI\LLV ouCURING PYRONE xmms
7

CHWME STRL'CTURE | source

Aniba

Anibine o
an. fragrand, A
s
B s 2
: Mureothin S'trepv.nu\y’ceX‘
(111).

thioluteus |

F B e e
| urovertin g ;

‘| catcarisporius \
«(1v) arbuscula "
iy : / \
; Citreoviridin + | Penicillium . 1\t
! 4
‘|species .| 28

"Ty?orus A AT
| hispidus. 3047 hec
P.Schnemjtzig Lt

: Streptnn[ycws
: 'luteoreticuli

'LutEor‘e;ticu'li n
(vil)




-0~ . ¢ G TABLE2 N

POLYENE MACROL IDE ANTIBiUTlCS

CSTRUCTIRE . '\ - | source

Lankac'\‘d%n
. |[(Bund1in A)
e )

Sirgptnmyces
: noursei:. "

pstatin:
(1x);.

- B
Fungichromin : Streptonyces 34

sl ] ey

cellulesae




\\ RESULTS AN’D‘DISCUSSION

i) Isolation a.nJ | preparation of the pigmon

The me\‘t:‘hods f pigment isolation and punficmtinn used by *
previous wo‘rker have varied widely. The techz&que used by b
Knalil (23). succABSMIy separated and purified all the’\pﬁigme‘nts
pre.,ent ifi the slilme mould P. flavicomum. Hnwever, in this

2 vork, oy 6 Digment, the indicator p].e;ment was studied..

This plgmen'h is »nlf only-gne present which is readily saluble

in'yater and 80 extractivh of the’ plasmodia with water gives -

Y solution containmg most of the ihdicatdr p1@nent, some

af %; LS  protéin and inores iic, galts: Preclp;tatxo{x of most of the &
} i protein, f@.lowdd by nhrums.tagxayhy on saphadex ualumns using
; ; agqueou’s alcohiolic, éolvents ives pure’ piguent. - 'mus teohnique’ " S
i .4 even milder an st employaa by Khaldl and’ degradation

. is thus avoided. 'A&Lthough the solutions were: not exaiiined

for.colourless impu‘ri;»tjze'e, it is probable that any other comp-

: ounds ‘would . be remov'e'a by-passage through the.three chromat-

oérayhlc colimns emplnyed herar

Lt LiRE hsLs Been ahown by Bs.rtle et al. (35) that msthoxy—

< f e hlspldrq (x1) u.ndergoes photoﬁlmensgt:mn o fom (x11) ‘and EICE
.80 care wais takan to‘ exclude hght at, all stages of 1sol,an. ]

8 = puriﬁcatia ‘and stomge of 'bhe pigment. It Was stated that’
i : 4-hydroxy-pyte.n—2—cnes form dinérs Tess réadily . than 4-methoxys .

pyran-z-cnea, but any poss1b1e decomposnmn Is to be avoided




(23), N
~shift %o 415nm on acidificgtion. Ihe shift is accompanied

e mdmator pi.gman,t isolated hére showq the same

spectr\};scopic properties as’ piment A-2 isolavei 'by 1473, 5%

by an approximately 40% increase in intensity. In acidic
Solutions slight shoulders are visible at 400 -and 425mm. The
pigment also ex.hi'bits an-absorption maximum at-260mu, ‘Which

is more. intense in wafer than:in alcodolic’ Solvents.

The spectrum of the pigment isolated from, frozen pl?angdla
exhibits the esme‘ proparh.es in -the. vigible reg:mn of ‘the '
spectru.m, but the, maximum\at 260nm ig more m‘cense. Th:ts

. p).guent has an nl *of 300 ‘compared. o the va.l\ms detemmed o

by previous'workers of 2080 (23) rur ﬂavlcomnm, 1500, (17)

add 1010(19). for ‘P.polycephalun, . Since the chromophore

- appears ta’be \mchangdd and further chrnmatog'raphy suggested

E%ﬁm values were messurad at »350nm

(80','! a.queous fiethanol) jEOnm showmg & ‘bathochromic -
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" that the pigment was indeed pure, it is suggested that, in

" - bustion, s ﬂmugm to bE

this case, ‘the pigment has a nigher molecular weight then-
pre@lbus samples. A highér molecilar weigh‘t is also supported
by '{he faster rate of passage of this pigment through the ¥ i
Sephadex chromatographic colums. If this molecule is larger,
either some degradation has been’ avoided during. isolation or, .

on sturl.ng, anuthsr moiety has become attached to the plment

{

1

; o, N |

2 reparation cf the protonated form of the pigment |
Previous anal’yae‘s of 'theb pigment, obtained by mila o Lo ;

lation techniques, had - haen perfamed on the native plgment

wxuch, becaisd of ‘the high aah ::ontent reme.:ming after com-

‘salt (23), Although flame tests

indicate that: sodmm is the ma.m catlon, the YI‘ESEHCE of other
cations, such &5 pq‘taaslum and- calclum, cannot be sx(:J.\X\t
i

In order to ob‘cam an sstmate .of ‘the mnlacu.lar weight, is

‘essential to know ‘the eleriental composition pf ‘the ‘compound.
‘It had been. Found. by Brewer (19) that acidification of
aqueous sclutlons weeipltsted the y:.gmsnt, wh:.cb elemehts;l
‘analys;s showed uuxﬁained C,H,0 and N only. - w)u].e it has bsen
shovn hel‘e that hydrochlonc ‘acid does not \iegrade the chromu— 3
phore.at room temperatnre, 1t is possihle thnt e.nnthur part of
the noleculé co)l.lﬂ be' hydrolyssd Ion éxcha.nge methoﬂ.s, th.ch
would- protonate ‘the pigment without gizect; addltion of ‘@cid,
were investigatsd, Y T T

Sephadex Lﬂgé givss sharpsr mgment bands; than 5epha\iex G0




-

chromatographic columns a‘nd it was anticipated that protonation
using this would énable the p}qtonated piguent to be easily
separated from any unprotonated pigment. However the ube of

2 Sephadex TH20 column was the least buccessful of the methods
tried. ''Since the dextran of this form of Sephadex is methylated;
it does mot. Tetain a Sufficient er of px‘ot%s, aven yhen

e colunm is-@st with only a 1 volume solvent prior

t p).gmant ﬂppli at: . The use of Sephadex G 10 Wl’u.ch has v

- frée hydruxyl Broups; was moTe succesdful. Pratonated pigment:

was. i’cmed, ‘could ‘be separated. fro;n nun-pro'conated plgmént and

1sol ted. Huwever, only a. small ‘yolume of aqueons' ethanal

“oontaybe need o vish $he, coLim prior. 50 Bppllcation of ‘the.
'p:.gmsnt and. this coul lead “to. contamznamen of the solutiens,
Vi th chlonde iong:. Since thess {ons would be- removed on
washing ‘the solid pl.gnen‘b w:.th water, this aid not presant a

serious , but the p; ce of chlofide ions yas.undes-

irable.! 4 Gisadventagé of fho use of Sephadex columns. is'the .
small qu.ant:r.ty of. ‘taterial vhich can be apphed to ﬁ eolum%
‘at any one time. ; ;

The' catxon exchange ‘resin, Dowex (50\‘:-8)[), wag found to ‘be
ths most sahsfactary matenal for’ the furmatiun of the proton=
ated pigment since lsx-ger quant:t;es of p:.smen‘t “eould he used
and a hlg,her degree of protonation was Echleved. However, it

wasg necessary tu usa vety puz‘e pigment s:.ncs any cunt&mnatmg

pignents could no# ‘ne sepamted on’ ‘he culum cclnmn cbrom—
‘atography on Sephadex LH20 ‘ather prgx;onanon indicated that -
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no decomposition-had occurred on the ion ‘exchange column.

& It was not possible to determine the exact degree of i
: N o T

protonation by directly examining fractions collected *from . e

the colums since in dilute aqueous solutions (<L x 10™*M)

4 . the pigment, which has a pK = 3.4 (23). is more than 90% -

dissocisted Flglz‘e 1 shows the absorv‘hon spe:tx’a of .the " i M

protunated plgment in variaug aalvents. These solutlans “which

showsd a significant degree’ of pre\:qmuon vhe thgx r'abawrption

épeetm were aetémlned in 957% ‘aqueous; ethanol were ¢nmbmeﬂ

Methauol was usea as the’ spéctmaccpic solvent 10’ check ’vhat
the solni pxgmept, formea o

conaehtmtlon, vaE completel

The two a.nalyses, abtained from d

exent samples, were

consistent with each other and give empu'lcal fumnlae

; . CyoH; 30y g and Opfhy 105“" Yo other andlygis of the :
s 3 . pmtomted pigment of P.: f:tavmmm has been Batenmned,, but W

i the values optaiwad here are similar 1;0 those of+ Brewer- for

p:,gmem B of P. golxceghalum, C 64 97%. '6.03%,0 25. 04%,
N3.77% (19). " mhe second of fhs Em.alyses obtained: ‘here acco\mts :

c}:ber atons’ such as .phoap}.mrus, sulyhur, ifon’ (17) i chlozjigie' i
) (19)) " he empiricel mas +the” second andlysis is 252.9.' I

the molecule ‘contains two or!‘three ritrogen dtoms the molecular NG

‘mass would be 505 8 or 753  { z-aspact;.vely. Smcs‘tha hlgh

rasolntion nasg spectrun gave peaks up to: m/e ‘wg (23), ‘thie’
_‘mulequla_r fomula must e gt leagt twice. the em_wiricaﬂ, formula, .
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1i1) Preparation of the sodium salt of the pigment .
Itis ﬂnsira‘hl.g. -hef: deternining .the structure of a
- compound, 4o know, the Golecular formls. The pigment, as
isolatdd; is aselt-and elemental atialysis of this, by deter

nm:.ng the mq;o of :the other afementa to t.hn cation, could
telp defing the molecular mass...Since the major ion present -
1s sodtun; . the’ piguént. was completely converted to the sodium
; s&lt af tHe pigmanr. anution of “the protonateﬂ fom removed ]
all metel cations iand vas mlom by’ don exchange chmmatns- T

. rabny, th raplnua the protans 'by aod:.um 1ons. i

The Dovrux ca.tion xchﬁgewnlm, in the sohun fomy

read!-ly replqced. n.wut of $he. hqu-ugen ions. .,In order mt
a;seonmtion of tha pmtormts pianent should” not be! conmud
* with™ formation ot the smﬁ\m selt,. mnefvra 1o, check the degree

of reaction vere d¢ ed in's 1, ¥ The salt formed vas,

yu.rified by column chmatompl\v baton analysis was:performed,
“since some d-oompontmn could have .taken place. It was found,
homer, that there was vexy 11\.113 annrionﬁon i.n'the quality
.ot the pigment, /Elemental mnxniu of this sample gave an
~niptrgodt omaln o Gi1, gl 50 M It oxyeen fa tie’ “only’
- o fcmula woulg be. °1r 2
sndium does nut mske it
uld.

er almnt pmaent. ‘the eap,

5"15 507 PLR, Na. The rasem:a 0
possible tor da’cnrmine if any mpurity is prasent which
leaﬂ to uah i’omatien. o




sodiun hydroxide, although changing the. maximum back +o 385nm,
4id not exactly repro‘dune the original ‘curve (Fig. 2). The
Dowex ion exchange resin is a strong acid and it was felt
that,since the . pigment is ‘also a fairly ‘strong acid, exchange
was not complete. Use of a weaker cation exchange resin,
Oli~Sevhadex ¢ 50, which did give compléte exchange when dilute,
pigment dolutions were used, upheld this view. Elemental
analysis of a pigment.sodium salt preparad from this columu
gave an empincal formula O 5 38 3 07 oM. which, A% the -
remainder 18 aoa_mm, bacames c12 33507, o Tay 4. - The
relatwely h;,gh hydrngsn ands qugen cmtenc of the soﬂium

" ealt, cumparaﬂ to-the protanated fom‘ eou.m be. due tor wnter

of crystalluntiun.
It'was shown by Kha.lil (23) ‘that. detemination of the BK,

ot the pigment by & spectroscopic methoﬂ a¥ 380 and 416um,

" gave values of 3.4'and 2 respectwely. ‘Since a1l of the cuzvea
did not pa.sq throngh an isnsbestlc puint, the 1a1zter value wasg -
‘cuxﬁsidsred 10 be either lawsr tha.n the tr\m value far ~the
p;gment’or rspresen‘tat:.ve of.'a seconﬂ, 'thors- aci,d.lc funcmnal
‘gro\lp present inithe- mcleéule. Thatr o acldic groups’, exist
o the molecule: is, mpporteﬂ vy the ehove analyses. ~ One -aogumi
fon, intimately. comocted with the pm of . the chromophore ‘

vgwin.g the hsthochx‘omlc shlft -om aclﬂlflcatiun, is raadxly

’ repla.ced oy e proton, wharenn another; ‘which yroduces only

small spectz-al cbanges, is 1ess readﬂy replaced.
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4-hyd: b thyl—2H-py ran-2- (tr;acat:m acid 1ac‘tone)
realily forn momsodiuws salts. Studiesof the alkaline 7
bydrolysis of 4-meThoxy-pyran-2—ones (36) have suggested that .
"potassium salts initially isolated in these reactions can be

_represented by - . : !

¥ wm.ch necesaitatu

It unlxkely, howevsr, that “this o
the

en:u:g of “the: 1autune ring, wuuld bs fome!l undex: +the ‘

milﬂ. condxtians empluyaﬂ here ito~form ‘the pi,

: )'.n\restigs.‘tion of ‘the k:me‘:ica of protonation‘ should: giver‘, \
an 1mhcat10n of the nature of ‘the res,ctio'n taking ylace. A
Fclluw:mg the :Lntensﬂ:y chs.uge at 408nm WJ-'l:h time should 1ead
£ \this ini‘ormahnn. | 4'stopped—filow appamws, used fax-

measuung mte cnns‘bants up “to “approx:
dm3sec 3, was unable o £ollow the :mc:rease 1n Lnfensity
proﬂuced on:mixing plgment and aciﬂ solutians, because.* the
reaction was too rapid. : It is Imown ‘that. prctona.tinn nf e
. oxygen ‘is usua:uy very mplﬂ ma may bsomst:.meu reach: dlrﬂmion
contrnl. This can:.ms the presenne of a ver_y acidic group.in
the muleculs. an)ever, a‘much slover react:.on was viai‘bla- i

mus s.howed a ﬂecrease in dntensity over a perioa ‘of time of

appraxlmataly 20 aeconds, ‘and- pseuao f:un orae&- Kinetics are:

1
4.0
s

4
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obeyed for this reaction (Fig. 3). To explain these obser-

vations it ‘” ‘suggested that in}tial protonation is either
followed by a rbananéement or a second‘. slower protonation,
resulting in a. slight decrease-in intensity at 408mm.

When an attempt was made to- reproduce these results at a
ldber'dete, no resotdion of this tyme vas visible. Since the
pigment in this second expériment came” £rom frozen plasmodia,
it ip Jossivle that. Bhe group causing the decrease {5 intenaity
is blocked by the add;tional f\mctlon in: the molecule (as
suggested. by the Tow Eigm valie determined fer ihie, Biaient)s

T4 was found thet the ‘absorption &t 408mm; éf 2 solution

of mment from frozen plasmodla at pH 3 (that is-an equx

1ibriun mixture -of the protonated and_ionised piguent) vas
Ho%t affecved by changea in “temperature. Thusy it was not’
»'po‘sisiue o use -simple relaxanon studies (’cempernture-jump .

-
appanehia) b follow ‘the fast protonation:

iv): Muclear magetic resonance agsctrum 'of the . pigment
The p:\.gmsn‘b as iselated, 1b very aoluhli/:m ‘aqueous *
salventa but nnly sl:.ghtly soluble :Ln non-polar solvenis.

For this reasnn the . me Ty syectmm was recarded in D,0.
This has the aisadvan'tage »the’n polar pratons w‘mch are easily
exchanged (évga =08 a.ml -Nﬂz) cennot, be. detected.

| It can be seen (Pig. 4) that olefinic ami aronatio type >
3.0.and- 2, B respactively).

hydrogéns are prasant (v=-4.1

The peak a.t T=" 2,0 could be. produeaé vy protons in a hetero-

Hromatic syshm and the paa.ks et /T =

Sent the presence of hy@mgen atoms on' carbon atoms:which are

;6 and 6.2.could repre”

N
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adjatent to nitrogen or oxygen. A similar peek is obtained

a¥ T= 6.18-in the, syectzumof 4=usthoxy-G-methyl-2H-pyran-i-

one, using chloroform as solvent. Apart from small peaks,

WhiLsh G it THAAETY iSetingaiakiel Shot the Tese 1488, o% '

“T'= 7.4 and 7.85 no peaks representing aliphatic protors are

‘present at 7 values greater than 6.7, -

sixu;e"fhe peaks”are broad, the splittings are not casily

o ﬁtmgushed and the coupling constants annos be detormined.
The situation is not Clnz’lfied by expansiun of thE Sc&lﬂ.
Intefpation of thege peaks @ived the approximaté hydrogen

i e Tatios shom in fable 3.

b J

' S mARE'3
b, B spectrum of the pigment’ - [
% | o $20 2.8 3,0-4.7 5.7 6.2 6.6 ]
. relabive -, . R
b e, - intensity - "

The se ralahve :\.ntens:\.t).es suggest -a high \iegre& of unsat-,

\*  uration, which agress with the emipirical fommule lxead

L £ | dcterninea.

) Y70y oxtiation of - whe pignint B

! (a) Soaiin metéperiotate

2T " Soaium metaperloﬂate hag been used previously(23)
to oxidise ‘the piguent. -fhen, the Teaction vas alipwed to

4 contime until no yellow colouration of the yigment. remsined,

which, unde¥ the’ conditions used; took 48-88 hours. A tetra-

ehediacid .ester, ‘traris dimethyl 2,4,6,8-decate tradne—1,10--




dioate (XIIT), was isolated and identified, primarily by ultra- i
violet and mass speciroscopy, @s being the major product of an

ether extract of the oxidation mixture vhich had been treated

with diegome thane. :

Q ¢ 0 0 0 .
Meo-tnnastoove  p-Carsast-ome
(X110) (X1V)

<Another compound Found in the other cxtract, having the'sme | - . |

ghron{ophore and 8 sisilar mess spectrun’ias sggested o e .
(1Y), Wt the nature of ihe R gloup s ot 1aentificd, .+ e
L T‘o Grentipmte mrihaf tHe ‘functionsl groups abtached to -

~ihe Polyene. ‘chiromophore , ‘shorter oxidstion nmes have been

employed here,  THe aqueous phase remaining arter ether extract-
ion was algo investigated. The reaction was terninaSed vhen

the ultraviolet spéctn’m began to show peaks corresponding to !
hae presence of, the polyene function at 345, 331 and 3200m,

o [he mass spectrum of the solid from e untreated ether extract
at 290° has a mulacnlﬂ.z- idn 194 which corusponas %0 2,4,6,8~
', decatetracnesl,10~dioic acid’ (). The pesk’at n/s 176 (i-18)
b carresponds 40, Loss of ‘water: the ion &t /e (131 can be
reticialised in séverdl wys, one of vieh is'loss of wter,
isgmerisa‘cim of ons dculle. bond, folioWed by loss of a hydrogen

“atom and carboh dioxide.

e 131
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" m/e 131 peak vhich is the base pedk of th‘e‘spec‘tm of (XIII);

b vary exgn:.ficenﬂy from the extmcte treatad wzth dlazamethans

ketone, = Suggested structures for these are : —

i N /

Loss of carbon monoxide gives m/e 103 which is followed by
loss of acstylena to —we n/e 77. A detailed discussion of
e soutin 0P hreakd i ok i dincthyl ester (XILI), mapy or— .
which are applicable to the free acid, is given by Knalil (23).

The mass spectrum at a lower temperature shows peaks with
m/e values greater than 194, susgesting that.a larger, more
‘volatile compound is present. The most significent of the
highe mess. peaksis m/e 299. While many of the .peaks in
,this spectrum are {'aprssantativa of the Rulyene specirum, the‘

isg insigni:icant. \That the wntreated’ uthsr exiracts do not

wqulrl seen to. imlj.'cate ih&lt no hydroxyl “ox acidic fugctlons
“are p;;-esent. Iarge peaks at m/e values 43, 57 and 71 are
given by alkanes (m:a2 ) o¥ aliphatic’ nldewdss or ketones i

‘;mn structures of the type R-CZ0%, whereas the peaks at m/e
55 and 83 could arise from an unsaturated ketone or a cyclic

* +
Oé‘ o CHyH)CH=CH-C=O ~
I-EC—QH /e 83

CHj~CH—C=0 - mje 55~ =~ :
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is suggasted that the carbonyl group. 15 ‘an aldehyde. It is, \of S

However, no other carbohydrate tests wers conclusive Because

27

A compound containing & carbonyl group was isolated trom !
the aqueous solution as the 2,4-dinitrophenylhydraone. The
molecular ion ¢f the mass spectrun was m/e 204 giving the
carbonyl compound a molecular mass of 114. fhe same profuct i
wos Fommed: when another pigment from P. flavicomum was treated
in a simlar manner (37). lany of the major peaks can be
explained in tarma of bresklows of a.24 dinitrophenylhyirazons

and as such’ are not diagnostic- in determining the nature of the

carbonyl compound.

Spot tests using the aq\xeous reactiom aixtre md:.cated

that the carbcnyl compound was fairly readily Oxldlsed “end :L'b

surprlslng that a pusxtn.ve_test is- given with.2, 3,5-txriphenyl-
tetrazolium chloride, since the presence, of a carbohydrate
would not be expected after periodate reaction.” A deoxy

furanose, having no mi,]acen’a h,yd.mxyl groups, could be present.

of the interference of Periodate with the reagemts. An avtempt
%o isolate’the products by sxtraction into chloroform wes -
unsuccessful since some periodate was also extracted into fnms -
solvent, ; o T

(}:‘) liydrogen peroxide
"% Saleline end “neutral iydrogen peroride are widely
used _ ixi,thsina agents, The alkaline psruxlde omdxtlon of.
aureothin (III, ref. 26) was foind %o give ‘two compounds, -
aureothinic acid (XVI) amd sureothinic ketone (XVIL), &
fientral compowid. Tws, while the Pyrome riig was deBraded V.
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part of the structure remained Htact.
¥ ?Ha .
NOZ—O—CH-C—CH=?—CH2
e
. : zc\o/ =R
_R=COpf (xv)) ,
R= (Ié—CHzCHj_FXVII): "

. ‘Pigmont. oxidation, using botk neutral and alkaline hydrogen ' . .

‘peroxXide, gave a compound havirg & polyene ultraviolet spectrum -

"“with peaks at 345; 330 =nd 320mi. Material/ ether extracted

from the oxidetionAmixture gave a high tempersture mss
spectrur characteristic of (XV). ‘A more volatile component
was found to have highest mass at m/e 355. Using extraction

techniques two ¢ could be one #cidit, the
other neutral or basic. T agidic cospound was mainly (IV) .

while the banic/:;eutnl compound gave highest peak &t m/e .

<399 with other prominent high mass peaks at m/e 299 and 199.

The a‘i»sox'p'tion gpactrmré of this compouwnd bas very smll peaks
at316 and ‘350nm with no absorstion at higher vavelengths, %
The polyene chromophore is no+t present. It is p‘o ssible that -
trsce metal mpuritias have actud as catalysts for ithe oxida—
txve degradation . Of the chrcmophore. These tﬁle me‘tals fay «

ong;mxte fron the glass rna.c.tiap vessel. .Agein dinsufficient .’

- material was obtained for infrered or nim.r., spectra.” Although
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most spot tests mere negative, the accuracy of these fosts .
’ﬁ was limited since only 8 small qua.u:ity of material was
7 avalable.
The mass spectrum of this material is very similar to-that'
obtained from the ether extract of the sodium meteperio(}ate

reaction, showing that both these oxidative techniques give

similar products. Lack of material precluded any further
stmnture detemination of these pmductu ) e
vi) Pgment x_:xamlxsis 5 5 S Ll

xpmln (23) investigated the nthex‘ uxtmcts which wen o

o'ntained from both aczd and;alkaline lwdmlysu ut zhe
aquaaus sdlutions remimz:g wex-u st‘uﬂibd only to a 1mted A

’ @ extent. It was mgges’sad that acld hymlysii solutmns
y ccnfained a carbonyl compound, ‘a mgar (yoaitin tests with E $s

& 2 p4-dinitrophenylhydrazine and 2 J.ﬁ—triyham/lntmulim
chioride respectively) and,a phenol Ny (CHOH)_ 256nm). | cuin

W * '(a) St tests on aqueous’ solutions after sthey extraction

’ a Contrary %o previous wprk,. no reaction mﬂ: 2, e
>

d:lmtrophanylh:dmzm wa's seen here .end theu wes -no change’

= 5 Ys gy cg:.om!ptmn o “bhe addition of fexFic chlorule. Dehyéro-

acstic add (XVIIT) producds 2,6-dine thyl s-one (XIX) on
" ‘trestment jith hydroohloriciacid (38) it oretno], (xh) on

reaction With sedium hydroxide (39). " Both of these. reactions - -
& 3 L I ‘ . » c
3 Sk . ;

- X1
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mvol-{e ring eyenmg at the lactcne followed by decarbox.yl-

ng olosube. 2f dehydmacetic acid, or a derxv-

ac:Ld, ‘was present in the pigment

posxt).ve tasty fm« carbnnyl anid phenolic cDmpounds would be

becolnunsatmn of ‘potassiun permanga.nate and bromine
solununs cnuJ.d be_ catised by the presencs of polyene in
\mreactea or parhauy reacted pxgnent not extracted into
eth&x‘. Whlle reactlm\s wJ.th a.n].l:k.ns ph'thalate and 2 345= -
’nriphenyltstmzollum ohluriﬂe were poslt:we no, reaction was'
: given with the mel:sch reagent. Thu's no cbnclus:.ons rsge.r:hng
the gz‘esenge ‘of a carbo‘n,yﬂrata molecule, could be reached, Bit
this was further mvesnggtad by pape!‘ chromatograykw. . Byarol-
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Garker than the background with an alkaline siivar nitrate

reagent. .Sugars are expectmi to quickly prnrluce brov]n spots

‘\nn treatment with neutral or alkaline silver nitnte. In :

L |, positive suger tests had. the same Be value &5 {{; spot  which’
! gave positive xeactions with silvar nitrate.
'identifiep_tion of tha sugu- i."s riifficult. However, the posit:
reaction with anxiine p.htha.late in uulvmt systam 4 wa; at a-
bigher R, (0.44) *han the spot which reacted stropgly. with'

suve'  nitrate (Ry =
a slightly derker spot at: nf

0. 44.
3 QM§yhenc acm (w) and wsssme:y“xoute (41) reagem:s

Diyhsnylamj.ne emili.ua :

resgents the sugar rssan‘t ‘here is

T be aorbos:

,of an anminp sugar camnot be- 1gnnrad.
Inall C

the most

which was visihle a{ter.spxeymg with ﬂuorescsin and gave |

charactexistic Te: tims mth neutral and allmlm silver
mtntu. B

-~ and Wmiuinss as mauve or m}l/ma.xxv’ spots with M\ltr&l 3

'pmuant was invesﬂ.guted. chever .trsptmant of the ch:roma';—

aolvent systems 1'and 2, 'zahle &, the sput winich gave jbe —iid

Since this apot

giva spaciflc < 1our reactions, with sugars and using these: &

appamd ye contvaubboth sugar and another function, positi.ve

..:we

Allmline sﬂ.ver nitréfe did prvducs
»

v

mtxvsly suggaatad to h b
»
- The pbuibuity t‘hat ‘this ppot is. ‘the hwruumoriae &

spob was tha one.

smce yurines are revuled as wknte or, yellow apots
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IABLE 4

Location of sugars on paper chromatograms

Solvent system™

1) 2-me'thyl-

. propan-2-ol:

butan-2-onet -
water:ammonium
hydroxide ¥
413:2:1

2) buten-l-ols
pyridine: .-

45125140

33, putaniicels

gcetic ‘acid:

“water.
1031:3

4) ‘bitan‘1-ols
pyridine: . . T

Locating reagent

2)p-ansidine/ - /
ppriodate

) gl-aminophenol

c)fpalonic acid

d)aniline phthalate.

e)diphenylamine/

‘L acid’ L3

. p-ansidine/
periodate

- background " |

Colour of Ry -
——
reaction .

red/purple
fluorescent
brown/ 0.44
yellow .
slight 0.47
fluorescence

pale; browsi: 0:46

. -grey/gréen- 0.45° "
aniline/phosphoric’ &

lighter
than.. -

no ‘reaction i
with p-ensidine,,

.. sdarker than ©.0.37 .
. background

diphenylanine/
ahiline/.
Oy phos_p}qqric aciq

aniline phthalate.

with perioddte

pale'yeliolw 0.06
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Vhile cytidine and uridine did not have the same Ry value as

" the compound in the hydrolysis mixture, the presence of &

pyrimidine remains possible. -

. After elution of this spot the absorption spectrum was
recorded (A, (E,0) 260mm) and was unchanged ‘on addition of
acid or base. The highest peak in the mass spectrum was at

m/e 135, although this was not presant in all specira mcox’éed.

Uracil has an ahsorpeion maximum at 262nm, unchanged by addition
of acid or haaa, a.nd has a’ formila mass of 112,

promnent pes.k in the mass spectrum of umcn is at’m/e 69

(43), also present. in the mass spectrum of the eluted compound.
oy However, cnincidenee of peska does 1ot ‘ocour at lower: m/e ;

X It was found that chlouﬂe ions were pruent in, the:

vﬁlues.
5 eluate, so it is posdible that the naotiona with, suver nitrate
~-were on:l.: x'_egctlons of ‘these chl»onie ions. fthat' this l:_ollpo!md
15 basjc and’exists as the hydrochloride can be seen by the
puéénce ;71 large peaks at m/e '36 a.nd 38 in the .-_aua Bspectrum.
Thus, while the compound isolated here is not uracil, itvcouil
This'could be yarine; by e%ta;mive

be 2 derivative of nncil.'
or uracil derivatives.

w4 typical bhmmtom is

5 _cauld pe lqcatua using ninhydn.n.‘
nu'ea of the eon\pmnrls were tnntatxvely

‘shown in Fig, 5

Another i
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075f O Yellow with ninhydrin
y ) X O Glucosamine . ’ e
‘. f .7 ’ Qg 7 ‘ O Alamne 7 ;:
: '/:/\2 P O LGIy_ci‘ne. ‘
: 025f iy -
: N A Yell(‘ﬁ'/—unreucted pigment
00

Pigure 5 PBper chmmtngmm of, hymlysis mixtuz-o of %
. 2. v pliedt From :mten plamodiat(methanolx Sa
yqridina watlr 80 4: =
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identified as glycine, alanine and glucpsaminé. Another
compound formed a yellow spot wigthninhyarin, ‘but compbrisbm
with standards showed that it was neither proline nor hydroxy-
proline. . )
Pignent from frozen plasmodia which was subjgoted to
further~column chromatography using Sephadex IH 20 was also
found to contain the same amino acids on hydrolysis. Since a
limited number of amino aeids were detected and these were
condistent for several different pi@iém saiplon;  they. mast be o
jéined té ke, p).gment and nisizioh 2. randon association of peptme'
with the pignent. I‘t is therefnre auggestad that a peptlde 15,
in'this instance, bonded to ‘the ‘plement giving: this se.mple a 1uw

R i
Elcm‘va‘l“e'v s L, :

(e) Column chrum&togmm 5 B

: Sephadex ‘and.gther dsxtm chromatographic columns .
have been used to desalt mxt\lraa of bmloglcal ongm. X
Saphadex column was employed here to,remove extraneaus 1norgan1c
ions' from the aqueous solution, Howevsr, fractions containing
chlorids" ions were. quickly rémoved £rom ths culumn, showing that o
they fDmEd part of a largar molecule such as an amine hydro- !
chloud;e. Most of these fmctlcns had absorptmn ms,xma nee.x-

"26v0nm and ‘their mass spectra had highest peaks 51; n/e ;12 or 82."

 In'thess respects they viere similar’td the compound elited from
paper chroinlatagrania‘.‘ Howsver, ot fract:.on (gragtion 1) from.

¥ each twdrolysu had. absorptmn aml mass spectra 1nd1tmtmg the
compound to-be pyriaine hydroohloride (Apiy (HZO) 215 255, )

i 262nn;, _ma_tz‘e‘spectg'um /e 79 énd '52)..° The ‘eluted
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shown not to be pyridine hydrochloride by paper chromatography

using propanol:concentrated hydrochloric acid as solvent.

“ Pryidine hydrochloride had RI =.0.4, whereas the eluted compound
had Rf =0.1. It is possible that both the chromophore and mass

" spectrun.could be due to a trieme, octa-2,4,6-triene having

Nmay (hexene) 254,262,274nm (44). However, the addition of an
anine group to @ triene molecule would move the ahscrptlon

mazima to longer wavelen,gths,

(1) Distillation of alkéline. solutions . et =

“Another method used to.separate this hydrochloride

£ron the rénainder of ‘the products was the aiétina__ﬁm of

X elkalise solutions. ‘The absorptiun spectrum’of. 'dis‘{llaée

* was tha same .as tha't of fmctinn A, above ‘and ‘che “base. peak of
the mass speetmm was.m/e ‘79 smce there+ are also peaks’ at

higher e, values a subst:.hlted pyr:Ldme :could be, prssant,
althcngh B.ny E\l'bs“‘.).t\lent could not be-polar since this wculd
cnange the posltlon of the ahsorption haxima, An alkyl sub-
stituted pyridine would be expectea to have P signxficzmt peak
at m/e. 93 \mt $ils '§5 0ot dbaeirved in thie; spagtmm. :'

The aistillate ob’ba' ed from the pxgment of ‘frozen plaa— 1

| modia gave rige t0 a mass spectrum in vhich major- saks were

8, m/e R

41 55,69, 83,97 111 125,139,153, 167, 181 195 md 209 (is charact- "

lA mgss un1ts apart. suggesting an alkane. Thxa se;

erlstzc of allphatu mtnles, alkehes, oxazales, carbazal-es

a.nd cycloalkanss (45).. ~Since the plgment contains nim.gen

ei'ther e.n,pllphahc nitnle, oxe.zale or carbe.zole is: consid-

ered the. mnst likely pDB

iiiity. Ta iHe mage spectrum
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the highest mﬁcﬁéed_was n/e 219. Khalil (23) suggested,

on the basis of a resonance Baman spectrum, that an oxazole

5 type system was present in jthe nt. . i
i (e) Desalting of alkaline hydrolysis mixture :
| S :

.After acidification, alk?lins‘ hydrolysis solutions i

contain sodium chloride. The presence of inorganic ions is

undesirable and in many.cases it has been found necessary: to P
. remove them before analysis. The pyridine method of Saini (46) has
= been used for desalting urins prior to suger deteminations.

It was fou.nd here’ that removal of all 'ths py ldlne hyﬂrachlonde

by precipita‘blon was d).fficult. Any other amines. or baslc

e compoundd viould also have beex’ prec1pitated when using this

method. ;Thé-mass spectrum indicated ‘that; some pyz‘ldina hydrc-

’chlonde aid ‘rémain,’ e

Sitice many ‘of the compoumis obtamea from these hydmlyses Py P G

_-are very similar, sepgration and ‘hence ientificatin Temaine

o v d:.ff:.cult .

vil) stemmat:.on of the molscular wal@t of the p: Eant from

S il axidatioh reachans

s = e xhslll (23).i¢01ated and fagntiftiea 2,4;6,8-decatetrhene-

1310 diote aeid (XV)-afber: sodiun me’hnpenodata oxidation of

B L e plment e quantity of (XV) produoed auring a reaction N S

can ‘e accumtely detemuneﬂ from the Bbsurhe.nce of ‘this cumpounﬂ 8

in tha rag‘lon 320—350’0.!11 Ass\lming that iohe’ molenula of p).gmen‘c

canta).ns one, polyend mojety’ and tzm the reaction’ is qwa.nti-

. #ative; déternination df the que.ntity of ‘polyene produiged from, k

Do o we1g‘ht‘bf plmant ca.n e used to give & vélue for the
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molecular mass of the pigment. Since the acid (XV) is insoluble - __ .
in vater (pH = 7), a Beer-Lambert Law plo% was determined in

alkeline solution (Fig. 6)

(a) Sodium metaperiodate /

1 Under the reaction conditions used, sodium meta-

& periodate has absopption in the reglon 320-350nm and so s
5 absorbances for solutions of this compound were determined at
¢ * 331 aid 348" oder Tha't cotyectibhg Towld be iads in .
£ determinations of.the polyene acid (XV) concentration. Af'tep
50 hours there wes 1ittle absorbance attributable to the polyene. ’ .-

acid.. A further experiment showed, that \ieeomposition of ‘the’ - L
polyene’ (XV) took place under ‘these conditions.  Although ;

sodium méetaperiodate does not psually react with ‘carbon double

" bonds,. ‘there is some aveilable é:tdgncé that: periodate can
react with a double bond nder certain conditions. - The unsat-
H R \ urated sugar D—‘giycal has been ‘shovm to redct by the folloh‘ing
S ; route (47a). :-
Y HZO
10,

i o LT S ST el

It has been shown. that methylene groips.adjacent 16 carboxglic | -

!
£ 0 UHO)
1 _
¥

!

St astd fonotions sre susceptitle o oxlaanan ). By analogy

;R to the above rea.oﬁon the pnlyen,e .ﬁmc’cmn could x'esct in the

fglluw:_lng manner :-
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Concentrctlon of (XV). (mgl100cm3)

Bes:\-La.mbex-t Law ylot fc!' 2 4y S B—ﬂen&-

# tatmene-l 10- dxoic acld




8 u\quartz 4essel,’ but’ was not reduced by the dilufion of the
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!+ =G=C—G=C-CHO ——-€=C-C—COH

!
" Oxidation of the methylene group could then lead to further

degradation of the polyene.

_(b) Hydrogen peroxide * 5
- The use of hydrogen perande as an oxidising agent
'is preferred to sodium metaperiodate, since, at concentrations,
necessary to produce a fairly fast rate of resction it has no
absorption in_the range 330—345nm. Althnugh some “degradation
of tho polyeno. aid ‘oocur, i could be minimised by the use of

hydrogen, peroxide, - As mentioned previsusly, it is suggested
that this degradation is catalysed by metal. ions from thé. vessel.

- Definite; poaks at 331 and 348nm ‘were formed in all thres y
experiments a;ui values for .the molecular mass calculated from
the most intense absorbances at 331 and 348am,consistent With
the spegtrum of (XV), wewe found to be 2930, 2690 and 1880.

These are: average va_'l.ues ror ‘the molecular masses calculated

Lot the two wavelengths.

The 'last of these values is considered to be the most

acourate;v:since here reaction was most. complete (as messured 4
by the al?sorhance at 380nm) and the. tiie interval for this
reactmn (6% hours) was shor'best, sa least decompontion of

the polyene had taken place.

1nce decomposition” of \‘:he paly—
ene could not be completely pre\‘rentea, these values must. be

! reganie\i as maximun values for the malecular mass,

/A1 pigment used in these’ oxidation: experiments was iso-
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- of Khalil abacrption spectra a.nd kinetic dnta detemined in o

- several techniﬁues\ d thdir absorption and mags spectra deter-

- -41- N
lated from frozen plasmodia and since this pigment has been
shovm to contain five amino acids, a molecular mass, of 1880

is not unreasonable.

viii) summag

The fndicator pigment was isolated from the slime movld
P. flavicomun using a modification of the method employed by
Khalil (23). Elemental analyses of this pigment gave empirieal
formilae of Cyp 1Fjy 105 foF the protonated pigment and
O 550N B ant O 3By 5otk 78 30, 5 For' She aodivm
solt of the pigment, Support for two hydrogen atoms being

replaceable by sodiun atoms ié given by the:pK,’ measurements

this work. fhe m.m.r. spectrus of. the pigment agrees sith a
high degree of unsaturation being present in tné molecule. & L
oxidation exporiments using sodium matapariodata and L
hydrcgen peroxide confirmed the presence of the tetraene iden-
tified by Khalil but were unable to supply further information
as %o the natuye of the groups at either end of the polyene .

moiety. yater soluble compound of molecular mass 114 was

isolated ag The 2,4-dinitrophenylhydrazone, but vias not
identifie " G

Hydrolysis experi

ents indicated the présence of a carbo-

Eydrate molecule, possibly, sorbose, and basic comppunds. These °

basi¢ compounds WeTe-isolated as the hydroohlorides using -

'm‘ined., It 1s suggestad that one of these Ais a eubstituted . <18
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pyridine. This could possibly be linked to the sugar to form

2 pyridine nucleoside. No phosphate m,b detected at any time.

As the hydrochlorides.were not very volatile it was difficult

to determine their molecular mass. It was thought that these

basic compounds might be amines of low|molecular mass (possibly

112). These amines are probably volatile and hence difficult

to isolate. Since only small quantitigs of taaterial weve

laveitanie; ttsntitkontion wia ook poseible. S 1
’/ Fignsm isulaean from frozen plasmodia had a high molecular .
mass. ‘Mhis was suspected Fron the Lok iy va:me (200) deter= .
mined and cclnfimed by molecular mass dl tamlnations from oxi~

antion e ds being af y 1880. Hydrolysis of

. thu pigment gave five compounds which luld be uetecteﬂ using

¢ ' ninhydrin, of “which three were ceneativua\; identified, mn.ng'

i " peper'chromatography, as glycide, &lanine|and glucosamine. It
:s mggested that this plment contains a \pepndev .
Since none of these expnnmental nmﬂ,tu disagree with the o
structure (I) proposed by Khelil, the pnuhce of a}nymne ring g
; 'still remains & possibility. It has been sﬂam_l}m (Part IT)
"3 : that a tetraene conjugatad to the 6a poaitiuL of triacetic acid
; . ; - lactone has the correct’ absorption maximum, but does rot. show-
4 ) a;;aotn the same Qpautmi changes on acidifigation as _tixe gimeni.-
A 136, nomir. tias been used with mitess in determining the strubturs’
-of aurovertin B (Iv/ Tef. 27) and. in. studying fthe biasyntheei‘a of .

aureothin’ (ITI; refi48). Since Both theds systems contain
pyrons ‘and polyene functions, it is possiblo that this technique.




could be Successfully applied {o this pigment to provide
information concerning the carbon skeleton;, which has so.far

been unobtainable from chemical degradation experiments.




4 i’e:‘ki Flmer 23715 grating spectrophotometer. m).clear megnetic
resgnance spectra viers recorded at 39 with tetramethyle:.lane
|+ as’an internal’ standard on & Varian BH-360 spectrometer.
tass spectrl fére obtained on a MU-6E mass spectrometer
: a.t T0ev- (unless :‘Ehervuse stated) and samples were mtroduced
©.airectly intothe

on. source.

]heltmg pninte ware detem;ned on'a flat top Fisher—Johns
! mslt:mg point apparatus, and’ are xmcom‘ected.

Elemmtal analyses were ed by, Alfred

Mikroa.nalyt1sches Lahamtonum o et

ALl snlvants were !115171118& prior to use. vty :
) gu ture: of Pl_zxsarum flevicomm g
The “slime’ mowld, P. flavicomm, yadggrom in 500cm3 11:;“:,\1

shal(e flask. cultures. . The composrb:.on nf the l:.q\ud medivm
vas that uaeﬁ by . Ichalil (23) which; contained qum:m ac:Ld.

wis acid vias added o improve pignent yield. AFter four days

In “the : atter part of t}ns work plaodia, vhich ha.\i been

fx-ozon after rour days growth, “were used. e

4) B g@t isolation’and Qurlflcat:wn R

. The prnced\u‘ea ‘used he&'e (49) to, isolate and pumfy the ¢

5 pigmem: were basad on. the ‘methods employed by Khahl (23).
- solate the water:soluble’ ngments, “the plasmodium /(Physarum
flavlcomﬂm) was. shaken ‘repeatedly with, water (5% 150:11.13) dnd,

“\ rowth ‘the’ plasmadm Were’ harvested: ‘ana “the; plg’nEnt extracted. &




Efter each extractlon ‘the. 501.1 \ms S \m down 111 a centrifuge

(apuroxunately 2000. . pJh.. Tot. 10" mxrmte..). Ae mioh water as
possible vas ‘then removed by Fotary evaporat:un under ‘Teduced : -
pressure. Addition of a. small volime of ethanol to the extract

| :
vas found %o reduce frothing. Sufficient.water (200m’) wes

#hen addéd to just dissolve the remaiming solid and viscous

i i 5 o
liguid in order taq z‘ender it homogenous. E";hancl (500m3) was

" adaed and the, precipitated protein remaved. by centrifugmg

iieter was ther added 0 the supernsiant liguid to give a 50%
“agueous ethanol ‘solutlon, wihich: viag applied to a Sephadex 10
chx‘cmtcgmyhy column [ZOcm x 5cm). Fractions were collected
from the column and tested by taJcing & rigtine spactrum.

Those fracm:ms which showed hathoch.z‘omic shlfts onacid— |

‘ 1f1¢atinn (380nm ‘to 410nm) vere coubined, ‘evaporated :to dryness

under reduced prsssurs, dissnlved in. 80% gf{ueoua mé thariol and

purifiéd by chmmatqgraphy on & column. of Sephadex LH20 (23cm

.xscm) i o il 24

smce the pigmen‘t dscompased. slightly on storage. prior i
“use it was iurther purified 'ny chromatogmphy on Sephadex TH0
(Jom x4 Sem) ' using: 80% aquéous methanol as se1ven1;. In order

%o prevent decomposition of the plgmen‘c in golution, the .

temperatu:e -at which’ Soivents were rsmoved under reduced

_was ‘maintetned at appr Siyet 35%.° Gight was

excluded from’ tha y:.sment whenever Jossitle to prevent photo- L ¢
deeompoait:.on. e complete procedure 'fs outlined in Chart oy




oy

el

P. flavicdmum

o @ IOrgmsm srowm for 4 ﬂays Gin 11q\11d culture S b

Shuken with water (5 volunes)
Orange/yenow extract|

Osntnfuged

% fosse i
" [Aqueous. pigment éolution} [Pz‘sclpltats discardedl-

vieter .x'embvgu &t 35° \.\nder eduiced pressure.

[Sotid and vigoone 1iquia]

: water Bnd athanol, a.ddad 5 AT
N

Hanoli¢ pigment solutdon| [rzeuipiéace ‘discarded] -, .-

e A “adjusted to BOﬁmuspus athanl; golution

Y Passed’ ﬂown column Qé Sephﬂdex GlO ‘."-,
" Indicator pigment’ |- .- . o [Other pigents docaried]
: ? Evaporate

to dryness at 35“ under reducsd &

5 3 pfeasure

Di ssnlvad in Bo% aque ous . e thﬁmol

 Pasaed downcolim of Sephalex THE0 . | - ..
|- Fagaod dom. solum of Sephale
“|0ther p:.gments dxscarﬂeﬂ.
. GIFNTES : Purif.:Led by chromatagraphy \ksing Sephadex’

/’LHZO (ao% aqueous methenol) . EosR

Pure 'md:mtorv plgnentl i

Figmen
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©iiji) Preparation of the protonated pigment
The, protonated Forn of “ the 'indicator pigment could be

prepared by passing -the extracted pigment down a proton

exchange colwmn. Three types of maferial were used to prepare

, - the coluums,which WweTe i-
& : (a) sephadex LH20
3 (b) bsphad«x G 10
3 (o) cationic sxchange rain (quex 50%-6K).

' All glsssware used :m ‘the se expex'ments was "viaghed with nitric

- 'acid (2M), rinsed thurcughly wlth ﬂisti}.]ad water and oven s
dried

Sy spsctnsuupy.‘ £

5.7 (z) el colum, afteT brea.tmsnt with ac:.dm a.quwus

; (10cm3) begoze appluat:l.on o tm pi@ent solution.

S TFTHN motianoly e vastied with ‘émadier volue of. aqueuna mstmmol L




:then m.f.h 50% aqeous uthaml. A 50%° aquaous etbanol soluti

</ 41 om0 indicated 1ncomp191:e pmtomﬂon‘ Addition of sodium

48— .

(b) Sephadex G 10
A Sepredex G 10 column (30cm x 5cm) was treated with 504

aqueous ethanol (0.05K in HOl; 350ca>), followed by 50%
aqueous etsanol (10cu’).” . The pigment solution wes then applied
to the cﬁlﬂ!{lﬂ and fractions collected as before,

(o) gationis exshenge yonin (Dowex SOW-B) -

A colum of resin (Dowex 50W—8X; 12::m X 4.5cm) was treated

mth uulp)mnc acid (ZI) to convert the nui.n to . the protennted

‘Form. ' The. rasi.n vas washed nth mﬁer, 0 remove ‘the acid, And

of the plgunt was aypned to ﬂw unlumn and nllowed to. pa!s
slowz,y Enrongh. (lam3/m!.nua: : o
uter eac‘h of ‘thése prep: ra‘ivu techniqueu, 2 or drops %

I ulua.nt were dusolveﬂ in 95* ethanol Ind tha v'iaible sym:trun
dahnu.nsd. nyqumn;ic acid (2M, 2 drops) m 2dded to .the
piguint sulution in the - . eell (lcl) to check the degree of +
pmtnnatim. An. inenaaa nthe intBnBH! of abaorpﬂvn ‘ay

hydrox:\.da (EM, 4 dmps) ahuted thl absorption maxa.mn to -
““380m s.nﬂ served as’ an lddxhuna_‘l_ check of pigient. purity. 'hy
the observation of ;nlaﬁ.ve intensities “at-the two wavelengtha.
fha pm‘omtod pxmnt nlution ws.g cmcantmtea by
svapomtinu of ' the solvent under: nﬂuced presme on cooling,
an ora.ngs/rad mxumamtanma procipitatswas h‘oservei and’

. this.was spun ﬂoun,m e csntrifugo. '.I!he mpemtant was:

decanted, the sohd mshed twice with cold’ water (0°, 2cm3)

‘and spun down. Wr each washing. !he Riynent ves then dned
undn vac\mn, at’ x‘oon t mpumture, foxr 15 houu

|

et T i
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" mothods were then successfully used to: coavert ch’i‘

A A e PN i e e e
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Elemental analysis of the protonate‘ﬂ pigment gave :-
Sample %C w1, %0 N Residue

1 54.88 496 29.04  5.37 4.26

2 57.38 5.5 ' 31.69 551 2

‘iv) Preparation of the sodfum SATY of the pigment
3

The pigment was converted to the protonated form using
the' cation exchange column (Dowex 50U~8X). ~ Two ion exchange
pignent

$o the’ sodium sal't. - The ‘colump viers ‘mate: with i
(a) oaﬂon axehange rogin’ . - .
oy Sephadex cation cxchan‘gar. e
(a). ltiag axcg_nge rosin - sk . O
: - The resin column (Dowex 50¥-8X; 9em ‘x :,cm) was washed

with aqulouu sodiun chloride no].utlnn (ax) until the sluate

" was no longer mcidic, and’then Witk :usnuea water until all

- the chlerxda 1ons had been removed. The wutex' was. mplasea

by 807 aqueous 'methanol ana’the protonatad piiment, in thin

=olvlnt' npplied tQ - thq column. " The ‘sodiun sal or the gment T

5o ‘formea;’ was ;vmfied hy chmmtogx‘splv on'a enlumn of
5eph-dex 120 (gu x B, 5cm) uahfg 80%: aqueous Hetharicl as -
solvent. & . i Len -

‘(%) Sephader cation exchanger . - - ', i

Protonated ptgunt lolut on was, Bpplioﬂ t .8 cvlmm of

b

i
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The piguent was washed twice with cold absolute’ ethenol (Scm>),
©the’ solid being spun down in a centrifuge after each washing,

and then dried under vacuum at room temperature. Elemental

amalysis gave -

sampls ﬁc [2: 3 il 0 %Ne.
% 4027 . Sa4e T 482 * .54
K S i ) 20 T4t 3.89 384, 3479

w o % S'ufficlent pi@nent wag nat E.vailable for ;hese ﬂetez\-

minationa., . d R f‘ ¢

)Kineti.cs of pigme it Emonam 2 g 2
G2 P gnent, isola fed rrom $rosh pxasmndxa by $hé e thod " ot

HHEIAT. (23) was ‘used in these “experiments. - The protbna.tion ke

iR reactions wars folloved usmg a stopped- now appa.rntus in %
2075
“lem cell B0 sulvent) was rapxdly wixed with e equal volune

which & plgment solution (optical derimity at 380nm

Jof hydronhlor;\.c desal (0 o) at 4%, " 4 reaetion Tate could

This, expex-:lmen waa repaated at.8 1uter date with ' a

~ pignent sanpls mlatea £xon frozen plaamoaiaw “the method,

" deséribed on pago 44, Howaver,:l_n this cage ;"m0 reactlcn :

could be obsexved.

vi) femy erature d

ent gilt ami the ated en’

P gt Pigment wes d!.ssnlved in‘water (mm3) and thren g0

0.§cm3) . Th.e optical denslty E.t 360nm was 0 95 1!1 n lcm call

hs £611owed by méasuring the change of absorpiion et A»OBnm,(n.« :




iy Te'tramathylailana Was used as an external standard

i) ‘Oxiaation of the Eiﬂsnt

s;pectra wez-e recarded of - boﬂz other sxtx-acts a.nﬂ the

The solution was placed in g thermostatted ultraviolet cell
and the absorbance at 410nm was recorded over the temperature
range 15-27°, A ‘Unicas SP500 spectrophotometer limked to a
chart recorder was used fof these measuresents. No change
in sbsorption was noted. The pigment used in this experiment
was obtained from frozen plasmodia using the isolation method

Qescribed on page 44
il A,

vii) Nuclear maghetic spectrum of the pigment .
. Plgment was Gissolvedin 250. tu7'g1ve ‘a saturated solution.
' Tnis ;

spectrun 16 récorded in Figr 7

<234

< ’Mm resgents ‘were used to oxidisé the 1ndimatNeﬂt,
: (a). wodiun metayeriodater D ol
e b' (v) hyﬂrogen peroxide. e '
(a) goaiun metagsnodat ¢ "
Pigment (10mg) was dlssolved in 50% aqueous méthanof
(100mg) adaea. 'l‘he solut:.on

(10cm3) i ‘sodin mememuaa\:_

g was m:.xed thornughly and kept in ‘the dark ‘at room bemperatum.

Tha reaction was tollowed spectrophoi:ometrically, by observing

“the.decTeasé of the absorpt:.an maximm 8t 380m. . ATter 1F

+ ho\u's, haif of the: reac‘u.on mixture was. removeﬂ, aclﬂlflﬁd

with sulphuric G6id . (2U). mad lexbracked witll lebher (100cm3)

The ether la.yer was washed %0, neutrs.l:H:y and evaporated ‘Ga i

‘dryhess. The, % me of . the’ reaction mixture was treated
‘in.a similar ma.nner after & further 1& hours. D’Lj:raviolet
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~52_
remaining aqueous solutions. The aqueous phase showei only
the absorption of sodius metaperiodate () . 222am). -An
aliquot of each ether extract was added to methanol and the
ultraviolet spectra determined. Ether extract, 1% hours

N nax 317-21(@).331.3451;.1\;)\2;‘; 311-13(sh), 328,344mi; ether

extract,3 hours A, 315-20(sh), 331,345mm NO¥ 312,307, 344mm:
- 1 E -

(1) Solid from the éther extracts
Neifher of the $olid materials rama.ui.ng after removal
of the ether melted’ below 290%. % Th mass spectrum of me

solid trom the first ether ax\‘:raut was x-unnrdad at 23B° and
290 © A% 238% peaks were ‘boerved at in/e 299(7$) 255(6'&),
243(5%),,240(6%) 239(11%) 22’1(10%) 225(6%), 217(5»)  211(5%) .
207(5%),206(5%) ,205 (5%),199(16%),187(5%) 155 (54, 193(6%) , -

. 191(10%) ,185(8%) , 183 (74), L6L(7) ,179(8%), 177 (87, 169(8%) , *
.157‘(171),155(10"5.163(%),;5§(ur-),154(a;),xsjma:),lsz(s-:). .
151(12%) ,150(9%) 1149 (64%), 141(145%) 140 (68),1 39 (16%) ,138(8%),

137019%),136(8%),135 (129) , 129(6%) 127 (157), 126 (9%) ,125(25%),

124(10%),123(27%) 122(62) ,121(13%), 119 (64) 12 5(10%) ,113(264), | -

112(16%) , mi45¢) 1T0(16%) ,10835%), 108 6%), LO7(145),105 (147);
101(2916) 100(29$).99(27ﬁ),98(151) 97(7o$).95(24§) 95(49%)
£.93(12%), 91(191),55(10;) 84(21%) , 83(73%) ,82(24%) 81 (4%4),
TI(11%), TT(9%) 73(30%), 11(31:‘) 70(31%) 5 69(223%), 66(1'4).

< 67(29%) ,66(10%),58(1, 38 57(64}‘),56(657) 155(924),45 (918) 1.

; 44(357‘) 43(100%),42(10%) 41(90%) 29(365) 17(2%) -Gther.

. small. peaks, (1ess ‘$han 5%) are viai'hle “at m/e 300.301 31.;7. o
337, 343,355,368, 369, 371, 386,400 and 412, 3

3 ‘st b/a 194(101) 176(#).

At zso° peaks weze obse;v

&

el ]
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£ 149(127%),131(9:),12.1.(8%) ,105(8%),103(10%),, 97 (12%) ,95(3%)

; 91(%¢) ,BS(llﬁ).BJ(lS%),Bl(%l)‘77(1272).71(1575).69(155),57(28‘,2%
55(195%) ,44(100%) 4 3 (24%) .41(197-)v35(137:),]1(15'ﬂ) 129(114),
P 17(50%0). :

. Tthereal solutions of the material extracted into ether

were treated with & solution of diazomethane in ether. The
diezomethone vas prepared in the usual manner from N-methyl-
.  Nenitrosb-p-toluenesulphonsnide (Diazald, AIDRICH). MNass
spectra vere recordsh of the Solids, remaining after removal
6f the aa].v'em, These spectra did not @iffer greatly from

-.the. mass—epaetm of-the’ untre

{ed ether extmut, E.lthmlgh

‘il these, apectm, recardsd at 120%,: the base peak.wag at m/e

¥ 5’{ and “the’ relat:.ve intenm.tlea of, ths peeks at’ m/e! 71 and
“ . 85 ha.ﬂ mnreassﬂ sipifican‘cly. + The solid materials d!.d not

melt below 290° Hetanolic’ aolutinns ot ‘ot Ithess’ ‘solids

1+ tecolourised acid:u.';ad Potassiui pamanga.nate solution and
i brem:.ne aissolved in carbon tetrachluride.

5 (Y- Aquebuis pliase - . . s t : i
s + The Wo aquanus solutiuns gave. a1mila reactiuns in all

caseés.

Spot' fests ggrfamad on; thg aqueous solutions gave

! positive Tesctions with the following reagents.  Elank

5 O3 R £ . 5 ¥
reactians were’a.lso performed. on solutinns of sodium iodate

G el el sodium mecapenuaate. axiy tests (not I‘J.staﬂ) were

incnmlusive hecauue the aalutions uf these sdlts reacted.

ith ‘e, reagents..

A oy (a) Ac:.dixxad and neutra.l patassmm permanganate,’
tu.tnsdh:rown K gy o e g
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(b) 2,4-dinitrophenylhydrazine:- immediate yellow precip-

itate. &

(¢) Bromine in carbon tetrachloride:— slowly decolourised. L
(@) Acidified sodium dichromate:- became blue/green on i
3 warning. : « ¥
F ’ (e) 2,3,5-trighenyltetrazoliun chloride:- formed & red
precipitate on warming.
The 2,3,5-triphenyltetrazoliun chloride reagent vas prepered 3
eccording o Statl(50), all other Teagents were prepared 4
| decording to.Vogel (51). o
s Profaration of the'2, 4-aini tror enylhydrazine derivative - .
panlo v - he precipitate’ furmed by the addjh.on of a'solution of

- 4 dmltrophanylhydrazme +o ‘the aqueous -phise was remnvad

by centrifuging; weshed with wntﬁr‘a.nﬂ ‘dried; m.p. 185-90°

(decomp. ). , Thin layer: chromatography’ (silica GF 254),using
, indicated that one N

bengene:ethyl acetate (95:5) as solven

major and two minor ‘producte had been foxmed. The mass - - 4t

gpectrum, of the major product vas determinea (183°), w/e
; 294(22%)5 262(13%) 183(85%) 5 151(31%) 168(13%) , 165(15%); *
. o 15312%), 149(29%), 137(9%) 110(9%) 107(1 7) 92(12%) , 91(40%):, ,,: 4
4 0 Soeud 83(%) TT(19%) 75(16%) 75(51%) 74(29%) 64(20%‘1) 63(22%), H
i : | BL(14%),57(13% ).52(1857 50(12%) 44(10%), 43(11%) 41(13%).
L 38(23%), 36(52%), 10(200%):~

(b) Hydrogen gernnde. 2 R = Sy
@ Alkaline hydrogon peroxide < 3

Bighent (1008), was ‘dissolved in etha.nol (1cm3) o, this

solutien, hydrogan peroxide (309‘ lcm3) end ethanolic potass:mm




it

By
hydroxide eo»&ib‘n (105,0-8cn’) were added. The mixture was
‘kept in the dark at room temperature and stirred continuously.
After 63 hours the ultrawiolet spectrum of the reaction

mixture wes recorded: Ny, (954 C,i0H) 208,300(sh) , 113,325,
345,380 (etjom, AE_ 210, 260(broad), 307(ah) , 309-12(eh), 334,
350,410mn.  The selution was acidified with hydrochloric
acid (6M,0.5cm) and extracted with ether (5x10cm>). The .
yellow ather ‘extract was washed with water (20cm}) and -evap-
orated to dryness. he residue consisted of a solid, which

aid not melt Below: 300% . -and an (ofl. - e’ mass, ‘shectiun of

“this Mivture wes recorded at o tempergtures; 178° and 2709
270°% m/e 194(30) 183(9%); 176(19%) 154(9%) 1149 (1.0%), 148(1255), Y
“138(9%),13:(224),107(12%) 05281, Lo3(zs) gizm) e Cazg), - 2]

83(215),79(124), 78(10%) , 77(2455) ,69(10%) 57 (108) , 55 (138 ,
S1(16%),44(21%),43(200%) , 42(17%) 41(13%), 36(17%) , 39(13%).
31(29%),29(1.3%),27(183) , 17(15%) .
178% mfe 355(45’) 300(3%Y, ésa(lsm 285(3%) 255 (7%) 1253 (48),
_244(47’),239(4%) 1227(14%) ?26(5%) 225(954);199(23%) 185(4%), ©
183(8%),171 (64, 169(4%) (158(5%) 167 (8%),155(12%) , 154(13%),
153(17%»152(16%) 149(19%)442(5#) L41(5%) 139(5%) 138(10%) ,
: 1367%), 129(74), 137(1%) +125(217); 123(78) 121(7%) , 113(108),,
75, 11(115) '16"i('577é) 101(25»,&) 100(25%),99(14%),98(1.3%), 97 (20%)
95(13%); 91(25’) 57(19%) 85(47%),84 (1157, 83(24%) , 82(11%),,81(15%),.
71(13), 3(228), 71(40%) T0(14%),69(274) , 67(13%) , 60(195%);
- s7(2008), 56(48%) , 55(4479) 46(14%),45(86%) 5 44(60%)‘,43(5672), i
42(1;62«4&:40%: 39(127),29(35%), 27(208) .

aliquot nf tha ethsr extraet Was- addud tn métbanol E.nd '

=

TR
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the ultraviolet .,pectrwn recorded, )\max 315-20(sh) , 328,344,
370-90(sh)na. i
The abaorption%spectrum (in water) of the aqueous phase

after ether ex’cz:acjion showed 2 maximm at 255-60am. This

agueous solution w ‘s not investigated further.
The materiel isolated in the ether extract was separated

idic components using the £ollowing pro- '

into neutral and ac
cedure.. e s0lid yas dissolved in e@ﬁer-md shaken with
sodiun b:.car'nomts Solution, (051, 3x 1060). The ethereal
solution WBE than ;
Pt di-y_neés, Leaving. arange/yellow éoiid, thé "bésic‘ ether

'laxtz-aat. . The sodium 'binarb’nate solution yag s,c).dlfied with'

3 byarodhlorio acia (611) and extracted with stnem (3 x l5cm3)

This ether extract was washed with water id evaporated to
dryness leaving a pa]e yellow oil, thé Acidic ether extract.
Papex chmmatogr;a&mﬁ‘ (Whatman No.l, -descending) using

1-ﬁutami.pyr1une=waxer (45.225:40) ds_solvent, chowed that.’

Both of the extracted |materials contsined a single componént.
The basic cther extradt gave ono strongly flucrescent ‘spot *at
0.9'and the s¢idic|ether extmct-ga{ré & yellow stredk -Fron

5 to 0.2. - Mo otLer spots were. located whsn “the chromat-

ograns vexe, sprayed m.w%h bromophenol blus or Alksline silver

o

mtx—ata ‘solutions, g :

The ulmaviolat spe\ctm were recarded in methnnul" bes:.n
B’ahez' ext:ﬁct >§ 2L 20, shoulderq at'271,290, 36, 350xm
(sh].BBO 3Tam.:

_.ac:.ﬂu ether extract - /\" 1315

shed with vater (2 % 100m3) and -evaporated - .




~

¢

'
|25
i

i ferric chloride (see |

. reagents used herd).

TN 257-

The mass spectra Were determined. At 275° the compound iy
obtained from the sc:gdlc ethar extract .was very similar to
thatof ‘s original nuxture (270"), hovever, at Lower temp-
eratures the spectrum had some features of the 178° spectrum,
indicating that complgte éeﬁamti‘un had ot beep achieved.
'l'he mass spectrum of ‘the material from the baslc ether extract
was bs follows. i- (270°) m/e 355.(3%)5 299(11%) ,255( %),253(38),
227(12%) 226(4%) 225(6%) 219(T#) 199(15%1‘183(354)»171(37), i
1169(3%)., 167( %) 155(9'4) 154 (74}, 1530 7)) 149(21%/) 142(5%) 5.
1275 3250713 (98, 111 075) 101? 241,100 (35%) , 93(13%), -

97(117’) 95(10%) 55(46%) 33(157‘) 71(35%) 59(1379) 57(111%),

Benedict's reagent,

slowly ‘became blye on

mgment (10mg) was d:.ssolved 5 wei ey (1oem3) S hydmgan
30%, o. 5um3) was add:d. Thsreaution mxxm,re nas,

pla.cad infhe: dark at room tempex-ature. Aftbr 25 Houis: an |

ami. extractsd wit] er (60¢:m

aliqunt (Scm3é i enigre

The aqueous phase was then® acminea ana again extracted with




materials. 'I'hey Siezs a1l very similar to that obtained from i

£or. 15 hours. Yo chenges were visible whien the absorption ; : R
3 spectm was again detemined atter this t:une mtei'val. The

2 i, 'kept at this tempsmture in ‘the ark for 24 hours. The
i Ebsorptxon spectrum ‘was ﬂetemnéd in ymter and agam no

. ohanges were visible.

. =58~ . 3 -
ether (60cm3) The remai.nder of t/'eaction mixture was : §
lef’r in the dark at room temperat\u‘e.

; 5
“Afteér a further 10/
hours this.vias extracted, acidified and extracted agaif with, ; .

ether in the ‘same " The: ulti"avibiet spectra of the

ether oxtracted, materials wert recorded in methanol; peutrel
cther extract )\max 208,260, 330(sh), 350 (sh)m; aeid ether ¢ [
‘extbact Ay () 430(sn), 312-19(sh), 329,345,400(sH), ( s s B
2zo(sh) 315—17(sh) 329; 345m The  peak at 3290m wds m‘;

lntense with raspect o the 3450m peak in ﬂtwacid ether A |

extmct (11) HTY that in’the first acia ether extract, ™ B
Nass speeem were recorﬂeﬂ at 14o° for thess three extmctea N
‘the Low. temperature ass spectrum of the efher extracted K 2
material from the sl kel ine -oxidatioh iping-dydogen perbiiass
/ 0

ix) gzarolxsu of thé' pil ggen e ol g
The pigment was hyarolysed using (a) )wdrochloric acid

and (b), sodium fiydrosids, * ; §, e S W

(a) Hydrochloric aczﬂ
Pigment (10mg) was ﬂlssulved 13.\ water (10cm3) and hwdro-

ehloric acid (21, ‘16ud) aadeds 'l‘he ‘absorption spectrui. was )
detemines and then the mixture was placed in”¥he -dark 2t 0°
\

e

abcve reaction mixture was than warmed' o Toom tempersture




 ‘components of, the aqueous phase after ether éxtraction i-

md a typical example 15‘ described. - Pigment (12mg) was

dissolved in water £10683) snii byarochloric ‘acid (6, 5em3)

added. The mixture was refluxed for 24 hours. Aftar_ c9alxng.

the Teagtion mixture was extrected with ether (4 x 200m).
IThe emr extract was not IINES7155‘CBE. !urt)wr.

“(b) Sodiim hydroxide - : - R : Lo :

* A typical alkaline hydrclya:m is d-seruca. Pigment

" (10mg) was dlsaulved in water (10em3) and dodiun hydfoxide.

(2M,20cm%) added. - The mxxmre was refluxed for 24 Bours,

acidified with hydrochloric’ acid and extracted with'ether -

(4/x 20m3) l'hc ether extract nas not :anutigated further.
sis of the uao\u_ sis solutions after ether .

extraction o

The following methods 'e!re employed to datlemina the

3 (i), spot tests.

i) - pgper chromatography, . © 1 2
jiii) culunm chromtogram i h
(xv) diutulatinn of gnalina eolntions - 2

) ! ‘desalting of the alkeline wamlysu pitictiice.
(1) Spot tests & . @

‘The {:x*l.phenyltatrazolium nhloﬂ.ae raagent wag” prepﬂred /

by the n-,athod of stahl (50) A11 other teugants were' pre~
yared and uactions par{omeﬂ nccerd.ing to vogal (51).

(11) Pe.ger ehmmtugmgg . . S5 82 .

Wbahnan paper (3m), yre'mshed ‘with 50; hq\)dua ethunol,




~60- d

-was-used for preparative chromatography and Whetman No.l
paper used on all other’ocoasions. In-all caseh the descend—

' ing techniqué was uysed. Thé locating reagents veze prepared -

according.to Sherma and Zweig (52) umless otherwise stated.

(2) Acid hydrolysis . : 2 ‘
When 2-methylpropan-2-ol: butan-3-one swater: ia (413

w was'used as:solvent, spots were detected 4t 'R; values of 0,0.12

and 0:45 using fluorescein as locating reagent: '.The gpot at.
I - &0 d ",

Ry= 0.45 remained white when spreyed with fluorescein and .

appeared dark under 'u.'l.travmlet 1xght Thig spot was eluted

_with water and removal uI the water left a whitish Bolld wmah

dld not malt below 300°¢ >\ (HZO) ZGOnm, mass spectrum %
2350 m/e'149(77’a) 5135(11%) 1112(30%),82(7%), 60(7 )iT2(7%), 69(20%),
\‘60(17 Y,57(9%),55(1%) 45 (467 43(100F) » 43(24%),42(157») 41(/117’),
37(100%),35(75%) - . Very large pes.ks also exist &t /638,36, -
A7 ama 16l

3 il st g :
‘When buta.n—l—o]. pyridine:water (9:5:4) was used as solvent

2 tl\raa spn(:s were visible (using aline silver nltmts as 3
locanng reagent) at Rp val&gs 0. 28 0 3 ahd 0.44.  The syﬂ a.t
: nf- o, 28 remmeﬂ wh:.te shen’ Sirayed thh fl\mrasee).n anid was
dark when viewsd under. uitmviolet llght- Elution of this
. bpot ‘with water: gave u sond wmm the solvent_wad manoved, .
Th:.s suhd had properties similar to those of the previously ¢
el\lted solld, !m‘b -the Bbsnrptxan spectm, in this csse, had
more sbruoture, AL, (H,0) 256, 260(sh)uin. AltHough the © " -
syeotm/wars aim.laz-, no ‘péak at m/s 135 was visl.ble in tl;zs




e AT i

('n) Alkalule E;[drulxsls : ’ § w i

‘Uslng 2-me thyl-propans-ol : butan—2 water:s —_—
(423
i B aquenus solution frnm the alkalme- hyart/:lysis. In additian‘

:1) as solyent, a chromatogran was developed of the =,

46 & spot % Re= 0,45, 2 spot at.Ry= 038" could be detacted ‘
g | using dlkaline ‘silver'nitrate.. The spot at Ryt 0.45 was

elutsd wl.th water. Removal of the solvent gave & wh).ﬁ solid
2Nk )\

which did ‘not’ mel'b below 300 (Ezl)) 262nm, ' The mags: ¥

 pectiun (zzo") was very similar.tothat of the compound ., -

SR eluteﬁ trom the ahromatogram of the ~aciﬂ bydz-olysis mixture,’ - ‘.,
J ot LhE here the pea_k at m/e 135 ‘414 not appéar until the spectrum

j f iwas Tecorded at ‘& higher tempemmre, 3059, 4% o % . el
- ® v (111) Colimi chramatngram Aol f e SRR |3
5 o4 e Squsbis ‘sslution £roi e aaid or alka;ma hydrolyazs i

was applied to & columy of Sepha\iax 61070 % 2. Som). ‘da‘ter )

wes\uged as eluant. chtions were cullected, tested for tbe

"..presence of chlor:.de ions’and the s.bsarptlon apentrﬂ Tecorded, - ¢

The water wes then rsmwet""ﬁer reducea pI‘E!B“J‘SJ
(o) dotd nydrolyeis : : S

A 7 Fnc\tion 1 Vlhite solid, m.y. 300°, contai_us eome chlnride, : Lo
Bl \N;ﬁx (8,0) - 195 maas, spootrus (150°) »/e 82, 80,8, ;
i 1a:rge psaks at m/s 35 36,37 a.nd 38. :

,~80 19 55 52,44 39. with lﬂrse ?
(25a°' :
: ellow 501116 )\m (Hzo) ZSOnmiJ {nass apectrum
: m/a (1500) 2, so 44,38, 31136, 35,

1




PET A

o

: "
38,36,35,17. ] i )

(b) Alkaline hydrolysis

Fraction 2. (contains chloride ions) )x,m (H,0) 249(sh),
" 254,260(sh), )\‘”'r 243,249,255,262m, - nags spectrum
5y (150“) /e 80(T%),79(100%),78(14%),52 (72%),51(245%)

50(13%),39(9%) , 38(31%), 36 (92%) , 17 (71

) Other fractions. Ay, (Hy0) 256-60mm,

(c) Acid hydrolysis (pi, ent from frozen lssmodia

_.w'. " Pigment from frczen plasmodia wes treated in the same. %

manner. as abuve aftex- acid bydrolysis. The fract:wn from

the Sephadex dolumn which contaided chloride fons was subjected

to further chromtogmpby on.a Sapha\iex (}10 ce].unm (6 z 1 5cm)

“sing water as solvent. Fractions were collectsd a.nﬂ exammad.

‘Fraction 3. (containa ‘sotie chlnride icns) Amax (nzo)

i “26pmm, "nags spectrum (250°) 113(7%) 112(6496) 101(11%),
\ & .

100(20%),85(7#), T4(104); 73(13%) 69(43%),66(10%), 56(10%),
" 55(25%). 45(}00/‘-’) 44(55%) 43(237’) 42(32%), a1eq),’
40(1%) 35(4375).36(31%) 31(12%) 29(22%) 27(23%), 19(14 “)y

o HEL AT 100,

1 chtign 4 contamarl mast of the chlonde :wns ‘and had

tha same mass epectmm es the pre\nous acid hydrnlyais
“traction 3. 5 :

(iv) Distillation of alkaline ‘solutions '
Digtiitatich of mlkline Elutions

i The pigment was hydrolysad \Laing sodmm hydrnxide and,
after acldificatiun, extmted w1th ether.

Sudmm }wdroxlrla
(2]‘6) was’ nddud un'q.l tha solutinn waa alkn:l.ine &nd "the  mi:

7 'tura heate\i until Epproximately Half of the solveht had
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dis_tlilled c;var. To the custﬂ.lata hydrochloric acid was added
(2K, 1 drop) and the solvent Fémoved: The solid remaining
aid mot melt below 300% -~ A .. (H,0) 250(sh),256,262(sh)nn.
Mass spectrun (238%) n/e 185(4%),149(4%),141(4%),101(9%);
96(4%),86(35$i,53(1*),81(41;).80(223‘).79[1005).78(42%).75(71»).

T1(21%),70(7%) ,69(7%), 58(2:71) 57(17%) ,56(7%),55(10%),53(29%),
52(755) 51(87%), SO(SM) 49(9%) ,44(12%), 43(12;(),42(753) 41(22%) 5
39(35%) , 38(60%) ,37(128), 36(1005).35(2%).30(2125) 121(21%), -
es(zs;) 17(100%),16(17%) . : Vet

The, experime'nt was’ x'sr;e;ated ‘using pigment f:rom,trozen i

plasmoﬂia. The ahnarptinn spentrum of the, distillate was

recordod. )\ (‘Hzo) 260 . Ihe Fiatil].atu was extmcte:l
% with ether uui the ether éxtract ovuporated to dr,ynun. A -
Ty na_llvvolune of yal}qw o;:_l. ‘remained, >\ (cBJOH) zsomn
§an spectrum (150°) -/e(219(;o¢),\211(1o$) 209(11%),207(11%), ..
05 (11%) 203 (10%) ,199(107),197(134),195 (15%) , 193 (15%) 191 (13%),
183174, 181199, 179(162) 177 (L3$), 175 (10%), 163 (16) 167264, ©
165(281).153('20$).1_61(111).155(1%),153(34%)_,3!-52(179.151(3_31'),
150(13$)}i49(451),141(30’3),139(45%),136(231)!137(3ﬁ).135(¥$),
o 135(25%),127(324) ,126(13%),125(75%), 124 (30%) 123 (38%) 122 (15%),
< 121(19%), 113(40%),112(23%), 111(98’) 110(40%), 109(‘7%) 108(17*),
; 100(12$) 99(49*) 98(26%); 91(1005) 96(53%),95(63%) 94(24¢).
| 93(i3%) 9201983, 85(70%), 33(34%) 3(68#) 82(38%), El(ﬁoﬁl‘ﬁo(liﬁ)-
L iTe(2a#),T6(128), 71§74$) 70(25¢) 59(35ﬁ)n67(34ﬁ) 57(55$ '55(36ﬁ)y
: - 55(414)143(308), 41(51%), 39(1275) 17(22%). :
; mhe nxpa:imont wasg repeutad uslng ueia hwﬂrolysua of tha

yigmnt and sinua:r nau.lts were nbtai.n-ﬂ.




i

T 1

% Lk o =Ble

(v)"Desalting of the alkaline hydrolysis mixture

Af4éT alkaline bydrolysis, the solution wes acidified

and extracted with ether. The aqueous solution was: concen.

trated and sodium hydroxide added until. the. solution was only

just acid (5 6).  The solution was desslted using ‘syrdiine
. P ; - i

by the method of ‘Saini(46). . The ‘mass s’pectrhm of the solid

: obtmned vas deternined, (255°). w/e 129(54), 140(5%),125(54),

112(8%), 101(5 )y 88(6 )y 81(2071)_,86(_7%),79(32,),15(9»),73(’10%),
69(87),60(34%),59(294) ;58 (17%), 57 (1089, 56(58), 55 (5%), 5187,
46(167), 45(21%).44(715) 43(328) ,42(13%) , 41 (12%) , 38(34%),

36(100%) [ 3(12%), 30(21%) 29(13%); 27(12%) Aso present were'
ve:y large peake at m/e 1T and 16 (200 and 92% respectlvely)

¢ .
Ry etemmatl.on ot tie mqleuular weight / ‘ob sho E;@ent from

oxidation’ reactions ', . ., / LN
!(a). Determiniation 6f the absorbance’ of 2,4,6,8-decatetraone
1,10-dioic acid’ (xv) at val'ying tions in

7 agusoua eolutions’

e o 206 B—ﬂecatetmene—l 1o-émc acid (10. 36a8)" was

ussnlved in sodium hyﬂroxids (1.08; 1.50m3) and ‘the aulu;ibn

. mada up, to ml)wn3 w;th water. The absorbarice’ nf thia enlution

ves basured at 331 Bnd 348mn at various d:.lutions. " g
an?ts are ‘shown in Pigi 6, pe 39, Z

(b) atamihﬂtion of tha abaorha.uca of sodiu.m matagerioi&t
at varying conoentrations in agnsous solutions N

sogiun bydrunde (1 oif; 6cm3) was added to & smiium




* was washed with water (20cm3) and. the -ether. {than rsmoved

2L ether extmctzon, was detemned X 1g7 253-58(shallow

."Wlas adﬂed 0 &n agueous solutmn ot the . pigment (sbsorbmn

1 et 380mm;. 1Oem3) andthe’ reuctian follomed spactroyhot

65— .

““(e) Reacti{m 6f.the pigment with sddium metaperiodate

(1) hgment y ok g “6].\!15) was dissolved in water (5cm )

and godium metaperiodate solutun (9437 x 207" M, Gcm3) added.

The reactlon nixture vas allowed to stand. in the darié, at rodm
temperature, until the yellow colouration had disappeared

(epprox, 50 ‘hours). :Sodium hydrokide’ (1M, 0/50n3) was aﬂded

a:nd the»reaction ynixture made up %o 50(:m3 with vater. Cl'he

absorbances 'of this and dilutiong of this solution were meds-
ured at 3310 anﬂ 348nm -After carr‘ac‘ting fa:; ‘the absorbsnce

ot s’ sodiun metapenodatz, “the B.mount of 2,4,6;B-decatetra~

~en ll 10-dioic acid fomed dunng ths reaction vag caln\u.ateﬂ.

. The reaction mixture wag acidineﬂ with hydruchluric aciﬂ

(ZM) md-extmcte\i vd.th sther (5 x lOch). The ether extract :

un\iex rerluced press\u‘e. The solid remaimng was dissolved

. ih oatim hydroxide (¥, o 250) end ihe eolutmn nae up. 3

SOcm with water. e ultrav:.alet spactrum was detemi.nerl an #ia 2

_wa.ter, )\ % 195 205 263-5(bmad) 310—20 331(ah)nm._

f\“he ultx‘av:l.nlet speutrum of the' agueous. solu't:wn, attsr

and brond)mu.

2

(2): Sodiuni mampmadate (937 %2072, o 1cm3) :

| matncally. Undsr thsse conditmns only shoulders appeared
at 330 am! 350nm.‘ The ubange in ahsurba.nce st 350nm with
time is given in 'Jja\ﬂ.s 5‘

W




' DABLE
Reaction of pigment Solution with sodium metagsrioiate
Time (hcurn) Absorbance (:rt *350nm)
0 - 1.28
. 340 - 1.32
6.75 - 0.98
23.25 T 0.63
efs0=r =" . ¢ 058
30.0° U0 v T 0.58 i

49,07 5 a0t . o=

S e BN { W s S .
(d)- Reaction of @44,6 a-‘dece.tetx;aene—l 10-dioic ‘acid (XV)

Z5 it sodive mstaperiodate .

i o antaqusnua, alkaune dolution of compound (xv)
(o 4mig) lOcma)/sodium mstap.sribdate Solitidn - (9:37% 107 Zm, .
: [N 1cm3) vas added., ‘The a'hsorptlan s}:eotrum of . t{la reaction’
v.mi.xture g récorded over s timé ifterval of ‘two days. Decomp-—

‘opition Df (xv) was followed: by measuring the dooredse in ‘the

mtens;\.ty of Ebsorpt).on at: 330nm, ’i‘ﬂhle

TABLE

;imirs)

- A“nsorb'anea' (a+-330nm)

{With'hydrogen' percxide

) ':cvsgctio'n of‘()ﬁ) with hydx- gen psroxide was

in'the a'bsorptien spsctrum
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0:20m3) -ahd water addell to give a tokald volume of 50emd.

Appropriate dilutions of this solution were used for these

Three types of reaction vessel were used::

e . : (1) Pyrex glass flask
(2) Nalgene tube
B (3) quartz naak. #

Compound ( XV , 2!.\15) 'Zs dissolved in aedmm hydroxide (2,

¢ " experiments. " In each case, & solution of ( XV , 10emd). was

placed in ‘the vessel and hydrogen feroxide (30%, 0.5cm) added.

The'reactions were carried out in‘the dark at, room temperature.

The results are gi'ven in: Table: 7, Figi 7.

S pyrex: flask | . Quartzflask
LY I . ~“rime’ - Absorbance
(nr)': . (330mm) "

(sr)-/. (3300m)
o 1.25 ¢
3T
2L.5 -
25.5
40.5
0 F1.45.5
Yt bt 4805

‘tion 'was rep atad using a quartz vessel®

g peroxide at e Lover ounusntmtiun (3%, o. 5em3)

: polyena decompo; Hrm waa no%t

ool (r) esutian of pignent. with dro en eroxiﬂs

Pigment (10 5mg) wia disselvsd n_wa’czr (ch3

Time ‘Absorbanc

b

it o2
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The reaction mixture

hydrogen peroxide added (30%, lch).
was kept in the dark at roqm temperature. All reactions of - {
the pigment with hydrogen peroxide were carried out in the
quartz vessel.
was removed and. diluted, with witer, to 10om3, A portiod’of
this solution (4cm) was diluted to 10cm’ and the absorption

An eliquot of the reaction mixture (0.5cm3) H

spectrum recorded. Thereafter, aliquots (0. 5cm3) were 'r;moved
at. mtarvals, diluted to lOcm3emi the ahuomﬁon upec‘amm

recordsd,: "apie 8,

 ABEE 8.

Reaction 0f pigment with
- pime (ns) - Absoshence. : it &
LR oy e 33 0
" #ov 0705 - 0ish L 0ido
| : 3.25 1.40. 1,322 2100k

5 [ *5.75 1,08 -1.245 - ".1.02
: B R 0.86 1.205 1.06
~ | : 9:0" PEAL ¥y TRV 05 TR Y
10.0 0.67 1.13 1.03
+'19.0 034 “o?ss 0.9

The reuctien -was’ rspeata\i u.smg yimt e b 3"'8) dtaslved G
: K sin vmtar (acn ) to whiuh a larger volume ot bydrogen puoxida’ T

[ o 2cm3) wasaaded..

< (O}Eema) Were 1

- diluted 40 ti.mu And tho \\ltmvxolat

I.m.tully md Ittor one ho\u‘, sliquota 2%

" Im.tidlly
35 sbsorbuc

- (5‘!‘(:613) were rambvid.“ A

isbsequent bime. intexval’,,‘aliquot

‘spectm rscordea, l‘able 9

thb~nntion mixture wasg dil\xtod o, mamre ha
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. TABLE 9. :
Reaction of pigment with hydrogen peroxide (3
Time' (br) ~ Absorbance i
: o 0onn . boa 3310w
0 . .0.90 0.68 0.38

: = ©0.79 0469 0.53
T3 139 i3 .
©1.0,¢ “1.35. 1.15
. L0:85 5.0 TLAB U le8E

0.85(0. 66)"1.38(1:41) 1. 25(1 42)"
AT 0VT0(0,55)11430(1,32) 1,23 (1. 35) '
% 0.68(0.39) 1. 27( 0)-1.22(2.38)
0445(0.37) 1,20(1,25)" 1,16(1.33)
(B 37(0 32) 7(1423) 1.18(1435)

tov whichi, -

solutions

The.. concen'bmnon of ‘the, hydrngen yeroxide

increased. (30%, 5cm3) in o third experiment wzth k&
so:.uuon. Aliqnota ware removed (101:1‘3),, d.i].u

'Absnrbanees given
diun !vdrvxiﬂe (ZM,




L6~ pigment solut:on (ahsarbance 9.1: 380nm = 1 49, Iem ce11~

0. 5cm3) waa added.. . The mshl'b:mg reactlon was very slow (some
pigment remtnning unreacted after 4 days) a.nd no peaks-at .

10cm3), hydrogen peroxlde at a lower concentratian (0. 3,=‘
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+" part IT SYNTHESTS ¥ HODEL COUPOUIDS S

v
4 oo IN'].‘ROD‘UCTIOH - .

e The stmcture (I), suggested by Khalil to be the chrnmo-

phore of the pxgnenc‘ is degmded by acid and alkali hydrulys]..,
= ’ and also by axidat}lm ahd reﬂuchon. This high reactivity * - Sy

o . - owarls: eagents nomally used fo dograle and hence idestify K
. large molecules would meke' the moiety difficultfo. isolato.
Mhie aifficulty has been found by workers when deterdiing the ! <
" structures Such as suredthin (III, £of.'26). in investigation
‘of model compounds yas undertaken in orler’ S0 study systens.
" similar to (I).. The aim of M4 worle was, to prepare a model %
syatem hﬁvmg Wind1eatort propertles similar o’ the pigment,
Txon 380 %o

‘o vidch wuulﬂ show & shift of absorption max:_m

©410nm on acldlflcat:mn. .

It has een” anage Ftoh HAE iy o ‘atic naturel products B TN
_are derived from head to tail condens: of acet:w acid units !
via F—yolycarbom{l m'bsmedmtes (53). ,observat:n.nn that some
i natural yroducts, For example oz;g),nol ) and the tnkende
) aiacéiylacetone (XAI), can be “Fomda., fwmjdehydroaeenc asia
(54) suggested that 2, 4—pyz‘a.none sys‘beme can be regarded ‘as = g
protectad 5 _polycarhonyl cumpounds._ ’l'he ingtability of un—

protected ﬁ-polycarhanyl compounds hamaaa to a wide invest—

‘igation of the synthesis a.nﬂ propmlea\g{vZ,“l—yymnm systems:,




is ;:t Bome 4~hydioxy-2-py has been achieved by

-nomensuu axvmtic aldehydes (30,55, 56‘5'}), 2cyl chlorides
_(58,59). or Alkyl chlendu (60,61) wiih the pyrone, or by
coridensing an aoid chloride with sibstituted 3-oxo-ponta-d,5—
dicurboxylic acids and then cyclising the products (62). An
alternative procodist, used by Sumki €t 21 (83); invoived
tho reaction of Crignard reagents with ethyl methyloalonyl
chldride, which on further trcatment and cyclisation yielded
alkyl substituted i-hydrosy—2-pyronc These as vere

then suitable for tho syithesic of luteorsticilin (VII), -
cltmovindm (V) end sureothia (III)., 9 e
mgonm«(zxn) has beep svnﬂmm.,cd by condensation of

OMe s

0. (XX1D
(’q "—CH—C—CHZ 6 OCzH5 (XXIlI)
: 0 0 0

Na i

—bm:ﬂowclnn&lnyl :hloriee with (‘qln), folloved by cyclia-
ation and then efher Iam.xm (64 65)." Bu'Lock and swith (57)
hw.s—meﬂul—zn-mz-onc
(XXIV) and p-methoxybenzaldehyde in ithe presence of magnesiun .
methozide, Hizgldir% (VI) was oynthesised in & similar ﬁannur.by
" “the cohdensation of “elther (IIIV) or (XXY) with (XVI); followed

by hydrolysis of the ethef with sulphuric acid (56).. Using ="

pmpaz‘et_l ynn.,omn by nﬂ}xx;n‘ 4-m;




cH.

OCH,OCH;
; QCHOCH;

(XXV[)

(xxvn) i

g th.'le method, twenty fnur suhstituted 6-styry1—2—1:yron;s (XxVII) i
;wers pz‘apand-by Eawards ‘and NiT in 1067 (6605 ¢ * T, 338
g Further reactions of (xxIv) have been reported 'uy Mi:.-,
* Aiad and Ba.za.q (57), o prspareﬂ ‘the fallowing seriaa ot

compounas .

< ".phenyl




ol : A
‘Wachter and Harri, k61) have feyortaﬂ reactions of tri-
; ncet:.c acid lectone, (YXVI;I) B.t tha 6ec position in liguid

amonia,

"rettuent with ulknll nm. > yielded, the dianion™
uluch reacted wl'th Lalkyl hullde:: aml hgnzoymnaue 1o’ fom

derivativés, fhree of which'are shown below,

\o CHLEC
k (Ce%z

Forma-tion of (XXIX) ] ow _{mlﬂ WAS\Tepor'bed by scett et ﬁl.
(69) fton the reactlan o;’ tnacahc acid 1aetv\e with

: cymaeme in nqum amionis.

sl
.-No ahsomtlcn datu u)ers
T mcqrded. . 2 -

i )
=~ “ Reachons at the 6.: posztxon of" dehyl{roa‘bet;c acia (XVIII)
m liquid amnonin were renor‘ted in 1968 (60) end the preper-
u‘t:.on oﬁs(m) and, (Y.)D:[) are o of th'e sy:nthcses described.
Bege cataly sed condansat:.ﬁ of the P_cetyl funct:.an of dehydro-
ucetie acid \Jiﬂl aromtic aldehydas (using piyerldine

as ms

i




e i<

base) gave substituted 3-cinnamayl.‘-4—hyd;-oxy-6-methyl-zf

_pyrories (KXXII,- ref. 55). Howaysf, éliphatic gllde!lydes,;mﬂer

. 'the same conditions; cyelised to form dipyrenes. (XTI, ref. 69)

) Wxxxw) (xx N
k s \
Cthe pmx\mt of the rae.a‘thn of mlunyr ehlnr:.de wﬁ\th triaeet:.c !
A ecid laT:une we's rTepoTtéd to be (XXXVI) - (70).
[*" Many Jother derivitives of dehydroacetic soid and ‘triacetio

avid ‘lac tone hu\re been prspe.reﬂ 'a.nd some examples of

] .
ese can
‘e fou.nd in ravq.ews by Gun (38) Mo!'a et al. (36) md\Harx'ls«‘




(=

et al. (39)% &se reactmns mennoneﬂ above are re))resent- i

In thi wcrk, attsmpts\have been\maﬂe to prepare darzv

atlvee of/ riacetic’ eid

; 3 ordez‘ to t\ldy the spectral shxfts tha; occur

in ‘the' a| aity nf the mei

R Qh hcmc







s ESUITS AND mscussmN = et

. Trianeeic aud lactone was first prepared by, Collie:in
1891 (72) by deacetylating dehydroacetic acid. The properties
of the’ product oitaimed in this laboratory areim god

with those obtained by previous workers (70).

% vi) leactions of trimostic scm lactone at 03

Thie™ xnaevmgal type cnmiemation ‘of trmcetic nc;d 1

- laetone with bemsilaeiyie; ot S hCansl A Lh et g
of ‘the type (XIVIT). The Wltraviclet

" spectra stoea that. b furiher conjigation had been intro-
. duced, 1ntq the molscull, ainu tha uhs‘brption m&xm (288

v‘289 and 285nm reapectivaly) wera approxmtalg ‘the ' ggie; as
ey that of ' trincetic sctd lactm iteelf (250nm), this value *

bemg typical fota yyrm—z-oue synem. Bawever,“‘t)u produt
obtained with ynpanal (1111) 14 show ‘a.slight b&thochrmic
» .ehin ‘on nmiﬁution (1xm) and this was accompenied by [ IR
: 'inoramse i.n‘intenm,ty (log €= 4. 26—'4 32). . Thése prnpex—tiu sty
3 ara alao inherent to "the pigmmt' ol _hou;h bath inurnasea 1n § :
_J‘ ne.valength ud intensity’ were mach: mallsr than thoue shown
by .ibe piumt. 2 = K ,
- “The' 6H\singlet - (2: CH at ce) a2t  T=7.8in th- n.m.r. =
of the ¢ tm the. : feacti (n.n) :

‘ :Lnﬂionten that tno _pyz-uns f\mctions are, eom‘bimd with ‘one
pz-opmi molecule (33(\) T = 9.25(0;), ‘28(m) T= 7. <B{C, ),
18(+) T'% 5,99(CH). - fhe' C5.protor (' 4.0) of ‘the'gyrone -
_.ri_ng —iu a smglat, the couplhg vdth tha ).vitn
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beén: removed ; ing that snbstmtnt:.sn bas eken place ‘at

C3: Gompouid ( \ii—(4—hydro!w—6—methyl—pyrm—2—

mhe nass speatmm has the mcleuu:l.ar ion’ at m/e 292 which
¢ corresponds %o e Fomilla f Oy B0 of (XLII)
:.ons are praaem at’ m/e 263 (m—cﬂzcﬂa), 201 (M-T1, smer —02H5

-cznzo, o1 -CO, -CZHSU), 205 (187, -Czﬁs, -cﬂ3, -021-130),
179 (221—02320) 166 (M. ].27, 127— yrﬂmted tmcetic s.c:ul
1ae‘tvne) 151 (179-00), 137 (W) —-02520 .

,The; J_nfrared spectr\lm has a band cqnsistent thh intra- :
molscularly hydragen ‘mmﬂsd A-hydroxy-z—pyronsy (73,74) at’
lSSOom 4 ), ﬁnrl a’ bend conu:.stant wit};‘alke

groupa at

s 152Oum'l1.> A 'broad banﬂ at ‘3400d2600cm K and the absence.‘of

" pands above 3500um 4 e!aws thet th» 4-hyrlro:w groups are
obmpletaly hydrugen 'bonded.
nssimd R helipyrone (xxxxx) which is isolated from

Othex" m;!or 5

miis type of stmoture has been®




methylene—d:.ﬁ :6 dihydro-4—hydroxy-

dehyde giving 3
" phenylpyra.n-z-one)

‘The same pmduct was bbtainea even 1_n

the Jabsence: of 'a cateﬂ.yst. " It was found here, that,even when RS

an excess -of alﬂebyde was used a.nﬂ ‘the; 1actnna elawly addsé :

%o & oolﬂ raact).on mixturs, no product: formed frum the con- '
i \iensution of one. sldehyde’ molanule With one 1actons molaeula. i
Cad 5:5—ﬁimathyldlhydt~oreauruinal ($L111) also Forms,addicts

"..0f this type (xI.IV) m’vh aldehydes:using pxpendms as tha




The structure of (XTII) can be more dcourately reprs;:pnted

./‘D:.,'::-‘ %

¢ Mélécul.a.r modela (Dreiﬂing)‘ show e}ﬁtbﬂie prs’s‘énce" of tha :
ethyl grqup doas not sterioally himler hy\irogen bcmdmg

batweanths hydroxyl- and carhonyl groups.
The compound fcmsd f:ram the reaetion 'heﬂween henzal— i

: ﬂehyde and triacetin acid 1ac1wns, 3:3: 'a —(4 dexy-6- %

4 mathylpymn-z-ane)phanyl methane (xT.V) has thv _same typa of
s’smctu.rs as (XLII). The n.m.x.. apactrum is aga:.n uansiatep.t

is derived tx-am -The, h&drogm at the darbon hrl vge. The"
(brnad singl.et T= g

hydrox;yl gruuya are hya.rcgsn ‘bonded
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."Thée siglalvs at T="-0. Jand 6.57 ‘both d:.sappear when the

solutmn i shaken with 920. The broad band 3400-2500:1:1 o e
in +the mfmted syectrum also ind:.catesthat hydrogen bunding . "

is cumple‘ce. No free hyﬂroxyl ba.nd appears :Ln the infrared .

. ‘spectrun orA d:.lution, shaw:.ng that the hydrogen hona:,ng is

‘intramlecular. fhe smctun of compou:nﬂ (xzv). consistent

fwith these results'is shawn below :-

w:.th atmture ()C[.V) 'l‘}.\ls ccmpound has heen previoua]:y pre- o

e py. Daugls.s ana Money (78) from tris tic -8igid actone

7 msthnd fn the. prapa.mti n ot (}CL'.V) anti vthe
from aromxtic and satu ted aii hatic ald.ehy o
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*The:. product of" the reaotion of buten&]. wwith trmcets.s«

acﬂ.ﬂ 1actqne, ile sim.:.laz- . (xnu) agd (x:dv)

shnws somﬂ E

e m;eremes n boty whe . and 1nfmred spe The dase

spactrum of © ¢hs procumt shots tha nolesular ion to be q/e 304.
'_ wmoh carresgonﬂs k) the erpnetsd formis 016}11506.

expacted cf a reacﬂon Enalogous to thaé of henza dehyde of.
pmpe.nal, Whereas (xx.vn)\u aextved from a. Ntthsr hrtra- )

:lplets, of onu lwdmgan
s axgecteﬂ for ihe




Ly one’ hyﬂrogan bmdad hydi\::lﬂ be-detected (1H at/
=k, 10, wh:mh was remqved ] ng the ﬁolu.tiun ‘\ithzllz(!),

The mfrared spectmm- does not )JAVB the hraad hy\imgan‘)lz nded
\

band shovm by - compounds (xz.m and (XTvy. on dxlutlon,‘thw 0
bamis at 3550 ana 3400cm are repleced’ by a b_nd at 3650cn
inaiteting that ihe hydrogen” bondingd is p;eaammmuy Anber-

d, that/ths pmduct
o8 ‘the reaction betweeri- (mII). 'am 4,p_unaa‘mmted aldehydes "

moleuular. Horning and. Horning '(77) sug'Eqa

the stx‘ucture (‘)mV,III), although no’ evidence wad g:wen to. -
4 X 3

The ‘evidence evailatle suggests. thati the broduct of “the reaction

: bsfwe"en butensl ‘and triacetic ma lactone is: (van)

, i Reuctitm of the acet 1 rou af dohydroacetic aci

& Alchoush the react1nn conditinns used: with ﬂahydmacet:.c
aud !md ‘propanal were:“tHose ussd iw Wiley et al: (35). %0
g 5 prapara dermss nf dehydroanet:.c\ ac:.d with aromatic uée-_
: hyées, ‘no- product could ‘be identifleﬂ in ‘this case’ qut of -

St the dewdmaostic acid’ remaingd un,raactsd. However, - the react- -




il -s7-’:' :

ons af aliphatm ﬂldghydes wlu.ch hdve, been reporteﬂ (69) X

have given rige to cycllc yruductu (XXhII) which wouliq:oip

B be/ axx:ected b0 show phanges of ' a

i1y et mation of ‘iriacetic acid-lactond
: Actlva‘tlan\cf the methyL group'at 06:0f. macem Ty

lactone, ‘either hy enolisatlun or Lﬁlsation, is negessary:

for reaction at this position, ‘Under ac:\dic conditinns the
atnble pyr,ylium 1on is x‘omed end rsac‘ticn does not ta.ke pluce
twcG. *m basic. canﬂitmna the ionisatlon of the

dro}ql

. group _(70) Cumlession of trxacet:.c acld lectone “to
ether prevants the fomahon “of: the enolate ion (XLI)E ) apd

reduces the reactlvity o:t' 03 Yowards elsntrophilic attack.

g Reachon \md.er 'bas:.c cond:.t:mns then takes place at the met!zyl

). T ;

‘Treatment. of tnacetlc ac_-m lactone with d%athane ;

3 as been. shoyn 7, 78) to ya.eld both the 2—methoxypym—4-one

“H(XLI) and the 4-methowpyren—i-cne (xxxv) chevar, mathyl-
atmn with, dimethyl sulphate Torms only the 4-methnxy cumpounﬂ
(57) The ahsorptlon maxmum found, here for tha mathylation

prnduct (280nm) agrees ‘with tbe formation of only (XIIV)

\

'arphon wlth changing acid).ty. A

graupatcﬁ. g o - i R ol P %,
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‘The carbonyl absorptions in the nfrared ‘ghectrum (1740 and’:

v ’ " 175exm™)) are alec cinsistest with a pyran-z-one. system (57).

¢ 7| [74v) Reaction of 4-methoxy-é-methyl-2ipyran-2-ne (IXIV n‘

}
; \he 6« position

_-i:The pmdu:t of the rea:h.on Tetween B(Z-Ml)-pmpsm

g..' e " and (XXIV) was established by Mir et al.’ to be 4—nethox':y-6-
g -2 © (4=(2—furyl) buta-2,4-dienyl)2H-pyran-2-one (I, ref.67). * !

“’R:C‘Ha’(L_,)-\‘_ Bk
e S

C o e yield obtained b M e ik highar then that ohtama' :
hers, although the slightly lower melting point' qumi (195—7°
compared to 199-202°) could indicate et & material of lower

- purity wes oimnned by these workers. The mrax:ed spe'cﬁl

T are in guuﬂ agreement, in both' cases the presence of a- - band

Gt depren) m.yggo«:-li" ting the preseie of frens

oufle bords. The n.m.r. sfectrus, while: showing c‘_lsaz;],y
+He OCH;'and the C3 and C5 hydrogens of the pyrone:ring at

- T=6.22,4.59 and ‘4,19 ‘respectively, is complex in the region
T=4.7

to- 2.5 because of overlap of -the olefinic:and furan

" nydrogen seaks. The wltravielet absorption meximunm found:
o 'here differs from' the \#alue quoted by, 24nm (360nm "(lit)) aml

384m), however, “the. sol.vant used in the literature is not’

ke stated. B N
‘ £ i < e




| v) Demethylation,of bone'shory py ren-2onek :

‘While many hydroxy pyrones havs been metb,ylateu, very

few examples of the ramoval— f the meﬂwl group of methoxy MR
pyrones have bsen ‘Teported. Aureothln III) Vas ’demethylatea

ueing hyd:wdmnric agid by Himta.et al. (26) However, it.was <

not fou.ml Dosslble %o demethyla.te isoaureo{in (‘the 4-methcxy— /

pyran-2-one A:Lsomer) usifiE this method., * "'he presencs of , the! .

furan  ring in'the, compouna (L) precludea the use ‘of aclds for,
ether cleavage. %‘he fethod of- "Prey(80) used for -the demethyl—
atiun of meth,yl sthbg when m:.ld conditions are necessery,

T
fa:.lsd to.tLleave tha ethex- in 't:hxs ca.se'

The method of Yamamura et al. (Bl) gav good rasults m.th 5

prma dsfflcult ‘In order & imrove . segaratiun of “ihe

prcducts in e ebhyl ace'tate extract of the feactigy betveen

alumin:.um nhlonde and (L) a Sephadex column was employed}
Cara was taken %o excluﬂe 11gh1; from all solutmns and ths =2 e
solid matar:!.a.'l.. If tlus precaution.was not taken,. decompos-,

" ition wes seen'%o: take place, ‘a black oligonsd Betig formed on o

Pprolonged expasure Tt is kown that: pyran-2-one com}icunfis

undergo phutochemical reactians .in the solid mte (35)% ;
. The absorption meximum . of (L) and (1I) at’ 3E4nm 15 vary

"+ “sinilar to that of “the piguent, - Tie 1-(2-Firyl)butd-2, 4—ﬂiene

ch:mmuphora (I.II) hﬂs been ghown by Van He:\.aendsm (82) to have

an absorptinm maximum only an fferen‘t ‘from that' of trang
‘ogcte-1,3, i,'{—tetmene (306 a.nﬂ 3040 x‘especnvely) Thus the'

compnund (LI) isa’ very guoﬂ mmiﬁ system for a tetmene




“‘the pigment. - Thig

3 wavelength than

: frubmy the best model systen available ab: the presen’;,

3 Q\CH -CH-CHeCH, PN

'nohjugated ‘to the [ posltlon of & yyz‘an—Z—ope ring as in

sticture’ (I). : B 5 3 : i vy

' 'The™ ahsorptxun maxum of’ the pignent and (LI) are’in’ very

'good agz‘eemen\‘: liowever, it )&mhkely that ‘thi's exact.

chrohuphore is present in: the ‘pigment mclecule slnt‘e compound

{£d) does not -show. & large . hyperchronu.c bathbotivemic shift on. -
‘acidificatmn. A sl ght modifi.eation af this molecule may be'

all that is regnired but this as yst has not been shown.

Dehyrlroacetic acid showa greater cha.nges, both in 1ntenslty

a.nd poe:ution of Absorptlon maxlmu.m with changes m the pH of |
the medium, tban does triacetic aeid lactone, (Fig. 9)

“ “compoind’ forned from the N 3—(2—f\lry1)prnpenal ar
| tHe 6 Position of dehyﬂroacet:.c acid wumwum_%

sho spéct:ral changes nore dn agreement vith' those ‘shown: by 7

ompe\md wwnld, howaver, be expected to

have an_absorption

foriled by Eerris et

acetic acid are not given, - compound (BT

. dupllcat:l.ng ‘the propérties of the pigment’ chmmphore, 1s
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EXPERTMENTAL itk e o

i) pre ion of ‘triacetic agid l'l.c:toné [EcviesdRR

Deagetylation of dehyﬂmacetlc acid (ALDRICH) (vaII) ias
carried out by the methonfznf Wi et al. (67). (XVII) (208).
“Wias heated with 90% sulphuric acid (60g, 34cn’)’at uo° on
an. oil bath umil d drop of reaction mixture f:u.led o produce
& Brecipiiate vhein adled %0 cold Vater, ‘. After oooung, the

snl\xtxon/mzs poured into old’ water! (80ci>) and the mxmre

mrther cooled in “ice. I&’crystalhsahon of the - sel:.tl\i‘rom
. ‘agetonitrile ‘gave. (xxvuz) in 8og yielﬂ, .. 190-191°
"U‘v (cuzon). az, 2aonm (log €. 4.34) 3 93)4 n.m.r ((01*3)200)
3 mLELet e 13 Chs)y doubled; (.T 2 Hz)\4 4 (HS),

'singlet (31-1) 7.85 1, 'R
126 (parent),111,98,85, 84, 69(base peak) 55 43, 42 £39.

y s .

: ii) React:.ons of triacetxc acid lactone at gyt : \”

" The procedure tised ‘was based on the methods of Horndng. +

anﬂ. vai.ng (77) and W:\.ley et.al. (55). SR

a) eactlon of tmacetlc acid lactnne wi‘ch benzaldeﬂde

Eanisldehyda (smmn) was redle

dehyﬂe (0 02 mole)’ s.nﬂ (XXVIII) (0 02 ‘mole?) were diauolveﬂ 1n'

50% aqueous etha.uol (300-3) Piperidina (20°aro: ma
. and the mixture refluxed fur ten minutea.

On coo,lmg,, a ale

g

(c-cx )i mass: spectmm ( oo° ) m/e |
3 !

i11ed ‘before use, 'Benzal- .

:




Additian of a’sfiall volume: of metheniol 4o the oil produced & =

D101l veparatell. - Pirther separatdon was%a/chieved By the

adlition of viater and thén the upper agueous layenvas decanted.’

salid w}uch was. reerystallxaed frnm methmcl to give wh:Lte -
cryetals of compound (XLV) (1: ag), m.pa 210-15° T.ve (9H30Hi
212, 288, 300(showlder)am’ (Log £ 4 51, 4.18, 4:06); (cHy08 + H* &) !
206, - 29511!-\1 (logE 4.43, 4k30); i, (C’HC]. ).:3400~ 2500, 1580.

1620, lS’IOcm ,; n.m.r. (CDCI ). Tt slnglet (6H) 7 76 (2 X O 0H3),

,'singlet(ﬁﬂ) 6s 57, slnglat (lH) 4. BO (bndglng hydrogen), ‘singlet

"(2H) 4.00 [:08 pyrona), slnglet (55) 2.83° (amatm). broad (1H)

J =0 c.,wmxyn, mags spectnun m/s 340 fparent), 255,214 5

»c 66.66; H,

213(base péak) 185, 171 144,130, 125 102 98 8{]7/69’4’3. -
Analys:.s- talgulated for "19“1505 . G 67.06; ‘Hy4.Ti: Found:
zss. (Fig. 10 is ;J. of (XLv)).

'b) Reaction of 'triﬂcetic acl.d Eaétane with Eroganal

Prupaml (EASTMM) was used m.thout further purifleation.
The procedure used was smlax- to that used thh benzaldg}wﬂe

in a) above.’ ‘Mtar cooling tha reaction mxture, “water was

“alfided .dropwi e until the -solition'became cloudy. - The crjsféls

“which Formed on-cooling in'ice’ wer washed with aqueous’ ethanol

" recrystallised  from methanol to give, compound (LII) (2.48),

m.p, 189-191°, U.v. (OH;0H) 205, 1214 showl der); 289mm (log. €
451y 4446, 42 26), (cnzoa + H") 205, 295nm (103 € 4u85, 4332)5

‘dar. (CHCl_). 330,0—2500 1550 1620 1575cm ;u. oTe (CDCIJ) T.< -

triple v:‘ﬁa - T'Ha) m) 9 15 (CHy«CHy-); maltiplet (EH) 7485
(cqa-cg ;cn—), slnglet (61) T8 (2% c-cn ). triplet (3= 8 Hz). =




;._VC _uc:anou *o E:\;umam UEP;E
T ?nEuv >ucw3mw._m .
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(m) 5.99 (c_ HQ)‘, slnglet (21) 4.08 (H‘j pyrone), broad (2E)

21, 31: .p.m. (hde‘cxyl), niss spectrum n/e” 292(pnrent) 263,221
; (base peak)y 205 203,179,166,151, 140, 137 126 98,85,82,69, 54\ .
L4339 .

(mg.kll ‘Tm.T. ar{d F:Lg. 12 u.v. of (XLII})
;3 0 BL.645" H, 5:50; Fownds
G, 61,623 Hy 5.63: .« oA F s A

‘ THe abgv reaction vas repeateﬂ. ~Propanal’ (3om?, >o o4 mole)
eznd plperidlne (10 drn;ns) wgreJ nixed ‘and" pléced in.an ice bath.
‘Triacetic aeid, lactone (0.9% me) in 50% squeous ethanol’
(35cm3) vas graqually ‘?}d ‘tq the mixtuze, Whick vas main-
and s:ir 4 contimously. A recxpita‘f\slowly

talned at

formed and this was ‘removed t{u-ee times durmg the renetmn, 1
after 3,19 and 24 hours, snd waahexgzth 50% e s.queous ethanol.
“.This solid” wns idsntiﬁed as -conpoundi( XTL.I1).: by ultravzolet
spectroscopy and a mixed mel‘tlng pomt ‘determination,

.e) Reactio of friacetic aeid lactond with butenal

; 'Bu'henaf/w_a?vrtdistllled/bafnra use: (b.pi’ 1024
‘procedare usgd vab the same as that for henzalde de ghove.

After add).tian of Ml.ter to ‘the ccoled resctiom ixture, a
% ysllow 011\59pamted, After removal of: the nqu ous layer,
bthe 011 was dlssolved in, chlorofom.‘ Remoyal of the chloro-
form by evapom’tlon reduced pressure gave an 0il which -
Slowly solidified and was recz'ystallised frcm matha.ncl to

give compound (XWVII) (0. 5g), o, ». 218-20%" U.v. (CH;0m)

" 214, 285nm (log € 4,50, 4.26);° (CHJOE + HY ) 207, 290nm (log €

.}_

f
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- Figure 1.’
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PEEN (cmu3 + Duso-ag) o dowblet (q & i) (31, 8.8
‘(cHB-cu), doublet: ( (68) 7.83 (2'x vrqg_., tﬂylat nt
Wplhts (3): 7. ang’ —CH—), dou‘hlet of; mrlplet*‘ ;‘
(

amglet (1H) K= 02 (X-I5 pyrone)," smglet (1}() -I. loA p n
2
'(hydrozyl);mass s-pectrum (250 ) m/e 304 (parent) 246 1’15 1
153, 152 124,110, 109,85, 69; SB(hass peak), 53,43 40, 39 Ay
(Fig. 1348 u.v. nyactrum ok (mn)f B ot il

< 0y 63,333 B .21, AN

S
111) Resc bon” of degdroace‘hc Bcl.'d with proga.né gt ", "

Dehydroscetic deid . (XVII) 0. 02‘nmle) and prupanal (o. 2

: mole) were dmefclved m chlorolom 25cm3) Plp:nd:.ns °(10<
drops) was added and the mlxture rei'l\p:ed fur 8 hc\u-s. During
this time the water produced was ceuected in a Bar_;‘ett tyye 3

distulmg rece].vgr angd’ the chlorofnz—m retumad tu the reactian
mixture. Kter’8 hours, chlui'cform (10cm3) wais. z'elnuved by,
1 !

TP].S showeﬂ thﬂt the
"2t *272° " the masimm

i
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"7 for ore hour. proaucea a black tar wluch was trédted with water

FMRE, ks —100-

m) Pre. amtlon ofé o thoxy=6-mé thy) ~2H-pyran-2-one (XXIV T

Dimethyl sulphete (J.Og) wag added drupwxse to a reﬂuxlnv
vlgorously stirred sqlutxon of' (}C}'JIII'.[)(.'LD(= i

n dry acetone
(BOOcmBJ contaming potass:mm CBrbOnBte (50g). The mutute '
-was ‘pefluxed for 15 hours and, after coolmg, ‘the salld was ]
remavad hy f:\.ltratun and, washéd with dry ucetone. .- The . waeh.‘mgs
and f:.ltmta weTe combined and evaporated fo dryngss.  The solid &
tema;n;ng was, repeatedly sxtmc’ced with petraleum ether: (60 80°) T ER

undez- reflux oonditiona. The extract on coeling gave needle .

shapeﬂ crystals which were reerystai seﬂ from petroleum ether e X
(60-80°) to" give. compouid (XXIV) (6.5¢) mop B6-88°. U.v. . j. il v
(01{303)207, 286m (lcg £ 441 4213): dor (oHC13) 1740 (shoulder) iy
1715, 165Ucm L A, z (cn013)‘r éin.glet (3H) 1 76, (c-cn3),
singlet (1) 6% i8 (o-cnj), tlau‘nlet (7= 2:Hg) (m) 4'52 (3),

ﬂnuhlet’(J 9 Hz) (11-!) 4. 20,p-p- .m. (Hs): mass spectmm m/e % Wl

\140° (parent ion.and bage peak), 125,97 j112 83,82 69 53 44 43,

4, 39. - : S {

4" emetylatmn qi‘ 4-methoxy-‘6—met 1—2H— rai -2-una (xxxv)‘ g ,: ; pa

i (.: a) Hridi_ne }_qdrochlorn.de
./ The method used was based. on that .of Prey (BO) Fusion”

of* (IXIV) (100mg). ¥ Ath’ pyridine hydrochloride (200mg) 2t 21,

(2% 5om3) and: filferéd. % residus and sprid remauung m

the i‘lusk weTe sxtmcted with ether, [50cm3) and ‘tH

5 chloz‘qform i

(50cm3) fhe, ether extrﬂ.ct yielded yellow crystals and a: yellow g

01l (20mg7 when avapuratetig:o mess. vm:e crystals were,




s 1 ERLR

. idenfified, by melti‘ng point and ultraviolet sfectm, as

u.nreacted startxr\m{ material. The yellow:cil mWentiried.
23

No. 1dent1f1able luct was;obtained from the chlaroforn

extract. . .

b) Aluminium chlor:.de

: "l‘he procedure emp—layed was that used 'by\‘{amamum et aJ..
\ “(B1) to_aemethylate E-aeatyl—4-methuxy—zﬂ-pym\n—z-ane. Axmyd-

*'rous alunisiun chloride (RI5HER) , (400mg) and (EIV) (100mE)

were added to tetrachloroetbane (1 5cm3) Aftar reactmn, s
mto hydrochloric geid at, o° and extra—

t;h.e mxtuz-e was paure

otod with cm.oroform (2 x 20mn3) and. ‘then ethyl ‘acetate (5 x

e P R 2ocm3) Reinoval ‘of the ethyl acetate’ gave ' pale yellow s0lid

A R wh:.ch was tecryatalllsed frum e‘cha.nol to gwe ‘tr:.sceﬁ.c acid’

lactone (48mg)..} The me].t;mg punt, ultrayiolet- spectrum and

masj spectrum: were J_.dantical with {hat of authentic ,matenal.

v:"heveluste ‘rmm‘aomqm- chro" tography of tHe ckloreform

xtra.ct affordad a ﬂark aulxd whlt‘,h, from: the ul’cravlo].et

spet;tr\zm, ‘was shown to c"ontam some yroﬂuct and some stattlng

& materiu. s o5 LA . . 3 X St
'v;) Redotion of triacetit. acid lactona (XKVIII) ot the b ©

3 posnmn- prepamt).on of " 4-metho 6= (4=( z-rux_-,zl_)_ta-z 4=

dienyl)-2H- ran—z-one from the A-me tho. !'B.n-2—one HIV

The pz‘acedure used Was that employed 'ny M).r et all (67). :
B(Mwl) propeml (0% 2 mole)
punflcatxun, and’ (X:{IV) 02 mole) were: d).ssolvad in dry

ALnHmH),uaea without furthe!:. -




n

L was used d:.{nculty vies, expenenced with. 21ltmtxon and the

i, (1)
:

Tl A YT s G T N

mlxt-ure was reﬂuxe 6 hours., After cooling, the
was’ removed wider reddced pressu'r,e 'and the- femaining solid

dissolved in ‘enloroform.  The chloroforn solution was:shaken o

A dh aserto acid (1M, 15cm3) and, then with sodium hydrogen
carbonate ‘solution @, 30cm3) After washing with bater,
e’ chloroform solution was dricd (ays0,) and passed dowm &

g calunm ot neutrsl a.lumna. - Unless a dilute chlorofom salut:mn

mixture would only- pass very -slovily down the. golumn. The eluate #

was evanarated o dryness to glve a yella\'r scl:ui This was =’ —\

recrystalhseﬂ fron methanol fo: give uampmmd (1) (0. 9g) " "t \
m.p. 199-202“ (Tt 195-197"). .. (cH30H) :226; zsv,, 3B4nm
5 (log €164, 6.21, 6 54) iir. (cnc1 ) 2710, 1840, 1620, 1550cu™
(cncl3) Tx smglet (31—1) 5 22 (0—(:1-13)r doublet (

% 8

mam.Ti =2 Hz) A

broagd: singlet (}n) 4,08, brosd singlet (in) 3. 54, doublet :=

1 Hz) (2H) 3e64, mulmplet (1-}1-1) 3.43, broaa singlet: (v}a) 3:28, .

o n Lét- (1H) 2. 78-3 08, broad singlat (m) 2 52 Dip.m.: mass .
1,

124, 115,107; o1} 59\55 159,39 (ng. A4 womer, 62 (L)). :
Analysls galeulated for, 0121-11204 G, 68:84; Hy 4.92% “Founai’
-0, 68.DY; B, 4,91 b A
v;;) Demet mcion of 4-metho

& z_i-u vl buta 24 dler

" 2H- E-Ohe L i

Aluminipm cblonde (AOOmg) Emi (L) (50mg),

“in" tetrachloro e’cha.ne (3cm3).,

The reaction procedure was ‘the







_1o4¥ ’

extract gave a svli\i and a yello\-v azl Thlu ‘mixture was wkshed

‘with petroleum ather (Go-eo ) $o givé a solid (10mz), m.p. 120~

e ", 130%ecomp. . No~ sepaz‘atlon could be achieved <dsing thin layer

chromatography. The' solid wag_dissolved m 80%: aqueous methanol
-~

& Vigy and applle\i %o & eolumn:of Sephadex ¢-10 (6o x 0. 5cm). Fract- -

ions of ‘the eluate were’ collected and, examined hy nltmvmlet

" spegtroscopy. . Tiose fractions which ‘showed & #hif%. iri absors

tion me_xmum on Bcidification were comblnad'*and‘fl?e splvvsnt
(5 _rgmovea to Eive ‘compound (LI)- (4mg), g, 115-7° . Bov: (cnyom)
e 230, 280, 383nm, (GH0H + H*) 225; 27 396time mass spectnun ‘

"L mfe 230 (nktesity’; 161,;.49 111,97,85;71,57 (basé poak) L PR

R Hami ((ep )zco) —-no peak at T 6. 22. (Fig. 15 u.vs of (

same 'as that used-above with compound (XETV). The othyl méetate
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