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Abstract --When o.L-dopa-[ I-‘“C] and -[2-“C] was fed to yellow flower buds of POI t~luca gru,~dlflora betala- 
mlc-[‘4C] acid was obtamed The labeled betalamlc acid was converted to “C-labeled betanm m order to obtam 
a stable substance which could be recrystalhzed to a radio-pure sample Decarboxylatlon of the radlopure 
betanm obtained from the sequence usmg dopa-[l-“%Z] mdlcated that the “C-carboxyl group of dopa corres- 
ponded to a “C-carboxyl group m betanm and hence m betalamlc acid The shape of the ORD GUI ve for the 
naturally occurring betalarmc acid was the same as that recorded for a sample of [S]-betalamlc acid derived 
by degradation ofbetanm These data support the hypothesis that betaiamlc acld~ls formed~zrl VILV by an oxldatlve 
cleavage of L-dopa and that It 1s an mtermedlate m the blogenesls of other betalams from dopa 

INTRODUCTION 

BETALAMIC acid has long been considered to be the key blogenetlc precursor of the dihyd- 
ropyridine moiety m all betalams, ’ the red and yellow pigments which are unique m 
Angiosperms to the Centrospermae. It has also recently been detected as a naturally occur- 
rmg pigment in plants which synthesize betalams.’ In addition, betalamic acid has been 
shown to be an intermediate m the VI uzwo interconversion of yellow betaxanthms and 
red betacyaninszb An isomer of betalmic acid, the yellow muscaflavm, along with other 
new betalamlc acid-derived pigments (the orange musca-aurm-1 and -2, the red brown 
muscarubin and the violet muscapurpurm) have recently been reported from the mush- 

room, Ainanzta muscar~a.3 

Since it has been previously shown that L-dopa serves as a precursor for the dlhydropyr- 
i&e moiety in betaiains,“35 it was of”mterest to determine if‘cfopa gliies rise to betafamlc 

acid m Centrospermae plants. Portulncu grarzdiflora was selected for the mvestlgatlon 
because most of the yellow pigment in the flower petals of this plant 1s betalamlc acid ’ 

Since procedures for both the recrystallization to a radIopure sample4 and for determmmg 
the position of the label are well established for betanm,4 ’ the 14C-labeled betalamlc acid 

isolated from the plant material was converted mto 14C-labeled betanm for purification 
and decarboxylation experiments. 
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RFSULTS AND DISCUSSION 

It has been previously established that the dlhydropyrldme motety m betalams IS de 
wed by an 177 ~7x1 extra-dlol oxtdatlve cleavage of [S]-dopa (Pg. 1) 6,” Here we repor 
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that D,L-dopa-[l-14C] and -[2-14C] give labeled betalamic acid and that the naturally 
occurring betalamic acid has the same configuration, namely [S], as has L-dopa (Fig. 2). 
The flower buds of P. grandiflora which were allowed to take up D,L-dopa-[1-‘4C] and 
-[2-‘“Cl were extracted after 48 hr to yield, after workup, 14C-labeled betalamic acid. 

TABLE i LABELrhG EXPERIMENTS(~,~ AND ~)FOR INCORPORATING D,L-WPA-[I-?Z] AND -[2-'4C] INTO BETALA- 

MIC ACID IN POi%hCU giY2ndl~O~a 

Radloact1ve precursor 
(1) (2) (3) 

D,L-DOpd-[1-'4C] D,L-Dopa-[l-‘4C] D,L-Dopa-[2-14C] 

(a) specific activity 
(b) amount fed to 

flower buds 

Betalam1c acid from 
Ecteola column 
(a) amount (by UV, E 25000) 
(b) rad1oact1vlty 

Betanm and exchange reactlon 
(a) amount betanm (by UV at 

538 nm, E 60500) employed 
(b) amount of betanm 

after exchange reactlon 
and pur1ficatlon over 
Dowex and Ecteola columns 

(c) amount (by UV) and specific 
act1vlty’ of betanm after 
4th recrystallization 

Per cent rachoactiv1ty 
1n CO2 obtained by 
decarboxylatlon at 
20&23OY 

Per cent rad1oactlvlty 
1n CO, obtamed by 
total combustion at 
1000” of decarboxylated 
samplet 

Ind1caxanth1n-[14C] 
obtamed from 
betanin-[14C] 
(a) amount (by UV) and specific 

activity (m dpm/mmol) 
of betan1n-[‘4C] 

(b) yield (by UV at 483 nm, E 427003) 
and specific activity 
(m dpm/mmol) 
mdlcaxanthm-[“%I 
yield (by UV at 483 nm, E 62000f 
and specific activity 
(m dpm/mmol) 
mdlcaxanthm-[“‘Cl 

3 2 mCi/mmol 53 mCi/mmol 9 3 mCl/mmol 
9 tiC1(2Ox 10’dpm) jO&1(6 6x 10’dum) 9~tC1(2Ox 10’dpm) 

to 20 buds _ to 48 buds to 15buds 

0 093 mg 063mg 
99871 dpm 736427 dpm 

155mg 262 mg 

816mg 1398mg 

86mg 

(302 dpm/mg) 

91 

9 

57mg 
(166000) 

32mg 
(143800) 

2 1 mg 
(208 600) 

421mg 

(903 dpm/mg) 

85 

15 

55mg 
(496 700) 

23mg 
(387000) 

16mg 
(560000) 

0 096 mg 
64345 dpm 

171 mg 

803mg 

159mg 

(194 dpm/mg) 

60mg 
(95000) 

30mg 
(59300) 

2 1 mg 
(85400) 

* The specific activity remained almost constant after the 2nd recrystallization 
t Determined by H Frohofer, Mlcrolaboratory. Organic Chemistry Institute Umvers1ty of Zurich, Swltzer- 

land 
1 The e-value of mdlcaxanthm was reported by Platte111 and co-workers m 1964l’ to be 42700, however, Wyler 

and co-workers later reported 62000 for mdlcaxanthmlb and 51000 for lsolndlcaxanth1n * Both mvestlgators 
recently m private commumcatlons to T J M supported then pubhshed data The rad1oactlv1ty results deter- 
mined here suggest that the true e-value for md1caxanthin may be lntermedlate between the two published values 
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Because betalamlc acid IS difficult to crystalhze and purify. the labeled samples were con- 
verted to betanin, a substance for which procedures are available for recrystallization to 
a radiopure sample (Table 1) and which can be readily decarboxylated to determine the 
posltion of the label 4 ’ 

The dccarboxylatlon at 333 230 of the betanm-[‘“Cl obtained from the hetalamlc- 
[14C] actd (from IXL-dopa-[ I-‘“Cl) eatablkshed that X5 ~c)o”,, of the radloactl\,tt> wx XSO- 

elated w lth carboxyl groups of bctanm, thercforcone of the carboxyl gro~lps in betaiamic 
acid must have contained the label which had been present in the carhox~l group of dopa 
Although It was dlficult to calculate the amount of mcorporatlon of dopa into betalamlc 
acid because of decomposltlon problems with most of the compounds involved 111 the 
study. t.hc data suggested that the per c‘cnt lWvrpCXal~W!-n W:>S 1 1”,, W i’ri<Wi for a11 cxpi-r- 

lments Smcc a11 the betanln-[“C‘j \amplcs from both I,.L-dopa-[ I-‘%‘] and -[2-“C] gave 
rndlcaxanthrn-[I~(.‘] with srmllar \pecllic actlvlttes (Table I )_ It follows that the r‘ldloactl- 
a~) 1s associated with the drl~~drop~~r tdrnc: moretg m betanrn Thcsc results e\tahhsh that 
dopa 1s a precursor for bctalamlc acid and support the hypothcsla that but,llamlc actd 1s 
the Intcrmedlate that leads to all other hetalanls 

ORD curves for both the naturally occurrmg bctalamlc acid obtained fl om P ~I.LIIIL/I- 
//ora fower buds and the betalamlc acid obtained by alkalme hydrolysl\ of betanm exhl- 
blted positive Cotton effects nlth an In\erslon point at around 430 nm. \\ hlch 1s the maxi- 
mum vislblc absorption wavelength of betalamic acid Smce the absolute conliguratlon at 
C, 4 111 betamdln IS known to be [S],” the choral center 111 the betalamlc acid present m 
the tlowcr buds of P q~r~t/~fio~~r can alho be assigned an S-configuratlnn. the S~~I~C ‘1s m 
I -dopa Therefore. thl\ finding 111 comblnatlon ~11th the labelung results rndlcntes that L- 

dopa IS the precursor of [S]-hctaiamlc acid 
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through a dry Ice-Me,CO cooled trap to freeze out C,H,N and HzO. The purified CO2 was collected as a sohd 
at hquld-an’ temp and Its radloactlvlty was measured. The residue remammg after the decarboxyiatlon was 
heated to 1000” for total oxldatlon by the CuO The CO2 evolved at 1000” was also purified and counted4,9 
(see Table 1) 

Conversion ofbetanvz-[‘4C] to ~nd~ca.uunthln-[14C] Excess L-prolme (about x 10 the amount of betanm-[14C]) 
was added to an aq soln of betanm-[14C] (about 6 mg m 10 ml H,O) and the resultant soln deoxygenated Cone 
NH,OH was added dropwise to raise the pH of the soln to 10 Alkalme hydrolysis was allowed to continue 
under Nz for 30 mm at 20” then the pH of the soln was adjusted to 6 with aq HCI and the soln kept at 0” for 
16 hr The mdlcaxanthm-[‘4C] obtained from the exchange reaction was purified by passmg the soln through 
a Dowex SOW-X2 column using the procedure used for betanm 

Rad~oacr~ur tounrlny A 0 5 ml ah&o& sampled at each experlmental step, was dissolved m Hays’ counting 
fluld contammg 10% blosolve The colored samples were bleached with 0 025-O 05 ml of chlorox before the 
radloactlvlty was determined with a scmtlllatlon counter 

UKU determtnatron A soln of the naturally occurrmg unlabeled betalamlc acid m 0 1 M NH,HCO, was 
obtained from yellow P gmnd$ora flowers by the same procedures described above Betalamlc acid was also 
obtained as a soln m 0 1 M NH,HCO, from betanm by hydrolysis under N, with NH,OH at pH 10 for 30 mm 
followed by Ecteola column chromatography Measurements of both samples of betalamlc acid (2 2 mg/l and 
2.4 mgfl for the natural and derived samples, respectively, both values were calculated on the basis of UV at 
430 nm, E 25000) were carried out at 27’ with 0 1 M NH,HCO, as the reference soln 
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