
PREVIOUS work on the nitrogenous yellow pigmmts of centtospmme (betaxmthins) led to 
the isolation and cation of three substances: in- (JJ from Optatia 
~~~,~ vu n-~~~d~ @II) from Beta ~g~.2 



818 M. Pm-mu, L. I&rats and R. A. Nrcowus 

The characterkation of one of these pigments (A3), having spectral properties quite 
different from the others, is still in progress. Of the other eight pigments, two (Al.1 and 
Al.31 are known compounds, viz., ~~~n~ (I) and ~~-I (II). Id~~~tio~ 
wasbasedond~com~~n~a~tic~pl~~absorptions ekctrophoretic 
and ~hro~t~p~c ~~~o~, and on ovation studies. 

The other six pigments, all new compoun& have similar props&s in neutral 
and acidic soh~tion to the known ~~~.2 Thus, the same c~omopho~ must be 
present ia all these pigments; furthermore, on a&dine fusion all of them yielded 4-metbyi- 
p~~ne~~~boxylic acid, which was similarly obtained from inbox and 

kUl% ~~1~~~~ 

~ - fHCiCOlX. 
~~~ Abe (1 ~Pl3~) 

AZ.1 361 437 
Al.2 359 
Al.3 359 zi 
A2 359 433 

zi 355 35s 433 433 

iii ii 437 441 

vat= I and -II.i*z It foBows that all these Ernie& rn~& have t&e same dihydro- 
pyridine moiety. The presence of the nitrogenous polymetbine chromophore in all these 
pigments was confirmed by the observation that methylation with diazomethane gave 
derivatives with abortion maxima at 340-360 mp, which in a&% sorution exhibit batho- 
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chromic &ifts of 80-100 rnp (see Table 2). Such sbifk are also shown by the derivatives of 
neobetanidiq obtained by treatment of be&n& dtivatives with diazomethane.3 Scheme I 
shows the change in the cbromophore follc@rrg reaction with diazometbane and subsequent 
~otonation. 

Al.2is a~~~~c~d~ ~~~~~~0~ ~~rne~ol~~~~~~n~uo~, 
yields a monom~yl, a dimethyl and finaily a ~~yl ester. By acid hy~olysis, metbionine 
sufphoxide was obtained, hence stnactue IV can be assigned to pigment Al.2 (~~-~. 

(IV) w 
A2, which on paper electrophoresis ~hospbate buff&r, pH 6-8) has a similar mobility to 

the toxic acid ~~~n-~ (III), yielded asparti~ acid upon acid hy~~~~ 
hence, sag V canbe assigned to pigment A2 (~~-~. 

Wben B&32, BJ and B4, isolated as the hy~~o~~, were rn~y~~ with methanol 
(boron fluoride as ~~~), e&em were formed. 
Therefore, in each of these pre3ent so that the 
dihydropydim moiety cannot be bound to an amino acid, as in the betaxantbins bit&to 
described. As expected, t&se pigments failed to give any amino acid by acid hydrolysis. 
Bl (miraxantbin4II) yielded tyramine, and B3 (miraxanthin-V) dopamine; thus stractures 
VI and VII respectively were assigned to these pi@nents.* StrucQue WI, proposed for 
miraxanthin-V, which was the o obtained in s&Went amount for f&r 
invention, was ~~~ by its 

to~i~~~ 
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B2 (miraxanthin-IV) on acid hydrolysis yielded a basic substance, not yet identified, which 
couples with diazoti4 sulphanilic acid and shows a chromatograpbic and electrophoretic 
behaviour very similar to that of tyrunine. 

B4 (miraxanthin-VI), which from its electrophoretic mobility in borate b&k seems to be 
an &ibydric phenol, yielded on hydrolysis a basic substance (as yet acne) which 
couples with diazotized s~p~c acid and gives a green c&our with f&c chloride. 

Ei at Cl0 
3WatG2,GSandC-6 
H at Cl7 
H at Gil 
Hat G14 

2HattZ-8 
4H at C-7 and C-13 

The structw of all betax&h& described in the present pagxr wm confinned by 
synthesis, Sti all the ~~og~ous pigments of the ~~~0s~~ so far cm 
possess the samu ~hy~~~e fragment, their ~~~i~ by exchanging the amino 
acid (or amine) moiety was studied and the readily available betatin was used as a con- 
venient starting material. Bctanin was dissolved in water and the solution saturated with 
sulphur dioxide; when the violet colour completely disappeared, sulphur dioxide was removed 
irn,vacuo and an excess of the reqnisite amino acid (or amine) was added and the solution 
tijusted to pH 9. The ashy ~~ was isolated and its el~ph~~ chromato- 
graphic and spectral properties determined.*t All the synthetic pigments were shown to be 
identical to the cornsponding natural compounds, 
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As methioniue is readily oxidized to mcthioninc sulphoxide, it was thought that 
methioninesulphoxideobtainedbyacid hydrolysisofmiraxanthinJ(IV)mightbcanartifact, 
~d~at~e~~ was(VIII). ~~~~~~~out~~~~~e 
betaxanthin VIII, which separated from ~n~-I on paper ~orn~t~phy. 

. . 

l3XPERJMBNTAL 

~~-~~~s~w~~~~~~~~~~ spex%rophotometer. TheNMR 
Scoff thin-V was recorded in CF&OOH ~~~1~ after ~tion of the 
solution (15 % w/v) with tetrame&hylsilane as internal refm, on a Varian A-60 spectro- 
meter. Paper chromatography was car&d out on Whatman No. 1 paper by the descending 
technique in the following solvent systems: BAW, n-butanolxcctic acid:wz@r (12:3:5); 
EAW, ctbanol:33% ~o~:wa~r (20:1:4); MP, rne~~ol:wa~:p~~ (20: 5:l); 
Ew,ethanol:water(4:l);EA,ethanol:O~3~~,sodiumacetate(4:1). Thinlayerchromato- 
graphic analyses were carried out with silica-gal plates using the following solvent systems: 
PW, phenolwater (4:l); CMA, chloroform:methanol:17% ammonia (2:2:1); BuHCl, 
u-butanol:HCl cont. (9:l). Electrophorctograms were run on Whatman No. 1 paper for 
about 1 hr at 16 V/cm in a horizontal appamtus in the following electrolytes: A, phosphate 
bulk O-05 lK (PH 6.8); B, borate buflk 02 M (pII 8-6). The following sprays were used: 
1, ninhydrin (@2x solution in acetone); 5 isatin (0*2x solution in acetone); 3, diazotized 
sulphanilic acid followed by N NaOH; 4, ferric chloride (3 % solution in ethanol). Tentative 
i~n~~tio~ of degradation produs% were always substantiated by co-chromatography and 
c~l~oph~s with authentic samples. 

hkrractlon and isolation of Pigments 

Fresh petals of yellow flowers ofhfM&rfalapa (3 kg) were -ted in 5OOgbatches 
in a blender with 5 1. cold mcthanoL % macerate was Gltered through several layers of 
cheesecloth and the residue was re-cxtracted with a 3 : 1 ~v~v) ~ol-~~ mixture (4 1.). 
Theoombioad~~centrifu~g~conoentratedinwcnroto7oOmt. Thesolution, 
after standing ovemigbt at 4”, was again cc&if&& and the supamatant concentrated 
Sn lrllcu~ and finally absorbexl onto Whatman cellulose powder. This powder, dried in a 
~~~ desiccator over PzOs, was placed on top of a cellulose columu (5 x 60 cm) and then 
elutexl with methanol. After removing the first fraction (2 1.) containing a number ~ph~o~e 
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compounds,* the yellow pigments were collected in about 5 1. of eluate. This fraction was 
evaporated to dryness under reduced pressure. The residue was taken up in water (50 ml) 
and applied on top of a column of polyamide powder (4.2 x 50 cm), cooled to 5”. Ehtion with 
water gave a fraction (A) of yellow pigments with a retention volume of 600 ml. Subsequent 
elution with O-1 5 % aq. sodium acetate gave a second fraction of yellow pigments (B) which 
emerged from the column after 1~2 1. Fraction A was tijusted to pH 3 with N HCl and the 
pigments were absorbed onto a column of Dowex 5OW-X2 (Hi form, 3 x 20 cm), kept at 5”. 
The column was washed with O-1 % HCl(2 1.) and the washing discarded. The betaxanthins 
were eluted with water and the eluate (3 1.) was taken to dryness under reduced pressure at 
30” (bath temp.), giving 150 mg of residue. A lOO-mg portion of this residue was taken up in 
water (20 ml) and chromatographed on polyamide (5 x 30 cm). Development with 0.015 % 
aq. sodium acetate produced two fractions (Al and AZ), which emerged from the column 
after about l-5 1. and l-9 l., respectively. The resolved bands, adjusted to pH 3 with N HCl, 
were desalted with resin. Further separation of fraction Al was accomplished by chromato- 
graphy on a column of cellulose powder (4 x 30 cm), using a 4: 1 (v/v) mixture of ethanol- 
O-3 % aq. sodium acetate. Three yellow fractions (All, Al.2 and Al.3) emerged from the 
column after 660,960 and 1280 ml respectively. The resolved bands were freed from sodium 
acetate by resin treatment and the eluates taken to dryness under reduced pressure at 30” 
to give 25-6 mg of Al.l,9*6 mg of Al.2 and 7*2 mg of Al.3. Fraction A2, homogeneous in 
paper electrophoresis and paper chromatography, after evaporating to dryness in YUCUO 
weighed 1@8 mg. During the chromatography of fraction A on polyamide powder a labile 
red pigment was ohserved, which was completely destroyed before reaching the bottom of 
the column. This pigment (A3) was isolated from the remain& 50-mg portion of fraction A 
by chromatography on bin 3 MM paper using a 4: 1 (v/v) mixture of e~ol-wa~r as 
the developing solvent. 

FractionB~spassedthrongha~l~of~~~~IRC-50~~fo~~. Theel~tewas 
evaporated to about 5 ml and streaked on sheets of Whatman 3 MM paper, which were then 
developed in 4:l (v/v) mixture of ethanol-water (time of flow: 36 hr). Four yellow bands 
were clearly visible with R/ values of 050 (Bl), 048 (B2), 046 (B3), and 0.42 (B4). The 
bands were cut out, eluted with water and the eluates evaporated to dryness. The separated 
bands were f&r purifled by preparative paper electrophoresis (electrolyte A) in order to 
remove minor components. The main bands were cut out and eluted with water. The eluates 
were taken to dryness, the residues were dissolved in methanol containing 1% HCl and to the 
filtered solutions ether was added. The precipitates were collected and dried; the yields were 
8.5 mg of Bl, Il.2 mg of B2,98-5 mg of B3 and 23.5 mg of B4. 

Authentic Pigments 

hdicaxanthin and vu@xanthin-I wem obtained from Opwztfu&us-m and Beta 
vulgaris, respectively, as previously rep~rted.~~~ 

AZkahe Fusion of the Pigments 

EMI p@ment (5 mg) was added to 5 ml of a 50% (w/w) aq. K0H under nitrogen and 
after 5 min rcfhhg, the solution was cooled, acidified and continuously extracted with 
ether. The ether extract was ~n~~~ to a residue which was dissolved in O* 1 M ammonia 
and the resulting solution was analyzed for ~~~yl~~~2,~~r~xy~c acid by paper 

* ~yramimandd~were~~inthie~~~,onthe~~of~,valun~,o~~~~~ 
and co-ckomatosrap@ with authentic samples. 
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chmmatography (solvent systems: BAW and FLAW) and paper electrophoresis (electrolyte 
A) (spray reagent: 5 % aq. FeSOJ. 

Pigment (@5 m-g) was dissolved in ol(5 ml) and boron fluorkie etherate (3 drops) 
was added. Samples were exam&d by paper electrophoresis (electrolyte A) at 12-h.? titer_ 
vals. The succes&e formation of three yellow ~rn~~~ with I&* v&es M3, @35 and 
-667 mspectively was obsemed during the ~tion of Al.2 apron of Bl-B4 
proceeded with the initial formation of a yellow compound (E, value for all four pigments 
O-35), followed by the formation of a second yellow pigment with E& -0.67 @Iso in this case 
the EI value is identical for all pigments). 

wasadded. After 
propertres of the methylated 

pigments are reported in Table 2. 

The pigments, except A3, were degraded with N HCI (1 mg in 10 ml of HCl) at 35’. 
ThepigmentsAl.1,A1.2,A1.3andA2werecompletelydegradedafter24hr;B1-B4required 
5 days’ treatment. At the end of the reaction the solution was evaporated to dryness under 
reduced pressure, excess HCl was removed and the residue was taken up in water (O-1 ml). 
Theaminoacidsor~~~twcn:identifiedbypaperc~~to~phyin.BAW, EAW 
~d~,by~~y~~o~to~phy~PW,~~dB~U~dby~~~~~o~s 
in ekctrolytes A and B, 

Beta& (5 mg) was dissolved in water (10 mi) and the solution saturated with sulphur 
dioxide. Afker 5 hr the colourless solution was concentrated in vucue to @l ml and cproline 
(20 mg), dissolved in water (3 ml), was added. The mixture was adjusted to pH 9 by adding 
1 N mOH. AfIer standing 1 hr at room temperature, the yellow solution was adjusted to 
pH 3 with 1 N HCl and passed through a column of Dowex 5OW-X2. After washing with 
~1~Hcl(sOmlfthci~~~~waselutedwith~~~dthc~~~~~~todryntss 
(0.9 nu& 

Analogous ~~~for~es~~~~o~~~~. IMimxan- 
thin-III and -V, which were not ehzted w&b water &om the Dowex column, were recovered 
by elution with 1% aq. sodium acetate. The ehmtes were desalted by passing through a 
column of Amberlite IRCXO and evaporating to dryness in YUCZM. The spectral, chromato~ 
graphic and electrophoretic properties of the synthetic pigments were identical to those of the 
corresponding natural betaxanthins. 


