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Abstract -- When p,L-dopa-[1-'*C] and -[2-'*C] was fcd to yellow flower buds of Poi tulaca grandifloi a betala-
mic-['*C] acid was obtained The labeled betalamic acid was converted to ' *C-labeled betanin in order to obtain
a stable substance which could be recrystallized to a radio-pure sample Decarboxylation of the radiopure
betanin obtained from the sequence using dopa-[1-'*C] indicated that the '*C-carboxyl group of dopa corres-
ponded to a '*C-carboxyl group 1n betanin and hence 1n betalamic acid The shape of the ORD cuive for the
naturally occurring betalamic actd was the same as that recorded for a sample of [S]-betalamic acid derived
by degradation of betanin These data support the hypothesis that betalamic acid 1s formed 1 vivo by an oxidative
cleavage of L-dopa and that it 1s an mtermediate 1n the biogenesis of other betalains from dopa

INTRODUCTION

BETALAMIC acid has long been considered to be the key biogenetic precursor of the dihyd-
ropyridine moiety in all betalains,' the red and yellow pigments which are unique 1n
Angiosperms to the Centrospermae. It has also recently been detected as a naturally occur-
ring pigment in plants which synthesize betalains.” In addition, betalamic acid has been
shown to be an intermediate 1n the wn vitro interconversion of yellow betaxanthins and
red betacyanins.?® An isomer of betalmic acid, the yellow muscaflavin, along with other
new betalamic acid-derived pigments (the orange musca-aurin-1 and -2, the red brown
muscarubin and the violet muscapurpurin) have recently been reported from the mush-
room, Amanita muscaria.’>

Since 1t has been previously shown that L-dopa serves as a precursor for the dihydropyr-
idine moiety in betalains,* it was of"interest to determine 1f’dopa gives rise to betalamic
acid in Centrospermae plants. Portulaca grandiflora was selected for the investigation
because most of the yellow pigment 1n the flower petals of this plant 1s betalamic acid *
Since procedures for both the recrystallization to a radiopure sample* and for determining
the position of the label are well established for betanin,* 7 the '*C-labeled betalamic acid
solated from the plant material was converted into '*C-labeled betanin for purification
and decarboxylation experiments.
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RFSULTS AND DISCUSSION

Biogenesis of betalamic acid from dopa
It has been previously established that the dihydropyridine moiety n betalaims s de
rived by an m vivo extra-diol oxidative cleavage of [S]-dopa (Fig. 1)® Here we repor
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that D,L-dopa-[1-'*C] and -[2-'*C] 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 p,L-dopa-[1-**C] and
-[2-1#C] were extracted after 48 hr to yield, after workup, '“C-labeled betalamic acid.

Tanre ] T aper ingG eYPERIMENTS (T 2 awn 2 ean murnRpan ATING BT onnpa L 121407 sy F2.1407 vors norar 4o
1ABLE ABELING EXPERIMENTS (1, 2 AND &5 FOR INCORPORATING D,L-DOPA-[ 1 S AND -4~ 'L INTO BETALA
MIC ACID IN Portulaca grandifiora
n 2) 3
Radioactive precursor p,L-Dopa-[1-14C] p,L-Dopa-{1-14C] p,L-Dopa-[2-1*C]
(a) specific activity 3 2mCiy/mmol _ 53mCi/mmol 9 3mCy/mmol
(b) amount fed to 9 uC1(20x 107 dpm) 30 uC1(6 6x 10" dpm) 9 uC1(20x 107 dpm)
flower buds to 20 buds to 48 buds to 15 buds
Betalamic acid from
Ecteola column
(a) amount (by UV, € 25000) 0093 mg 063 mg 0096 mg
(b) radioactivity 99871 dpm 736427 dpm 64345 dpm
Betanin and exchange reaction
(a) amount betanm (by UV at 155 mg 262 mg 171 mg
538 nm, € 60500) employed
(b) amount of betamn 81 6 mg 1398 mg 803 mg
after exchange reaction
and purification over
Dowex and Ecteola columns
(c) amount (by UV) and specific 86 mg 421 mg 159 mg
activity” of betanin after (302 dpm/mg) (903 dpm/mg) (194 dpm/mg)
4th recrystallization
Per cent radioactivity 91 85 —
in CO, obtained by
decarboxylation at
200-230°+
Per cent radioactivity 9 15 —
in CO, obtained by
total combustion at
1000° of decarboxylated
samplet
Indicaxanthin-[**C]
obtained from
betanin-[14C]
(a) amount (by UV) and specific 57mg 55mg 6 0mg
activity (in dpm/mmotl) (166 000) (496 700) (95000)
of betanin-['4C}
(b) yield (by UV at 483 nm, € 427007) 32mg 23mg 30mg
and specific activity (143800) (387000) (59300)
(in dpm/mmol)
mdicaxanthin-[14C]
yield (by UV at 483 nm, € 620001 21mg l6mg 21 mg
and specific activity (208 600) (560000) (85400)

(in dpm/mmol)
mdicaxanthin-[14C]

* The specific activity remained almost constant after the 2nd recrystallization

+ Determined by H Frohofer, Microlaboratory. Organic Chemistry Institute University of Zurich, Switzer-
land

1 The e-value of indicaxanthin was reported by Piattelli and co-workers 1n 1964'° to be 42700, however, Wyler
and co-workers later reported 62000 for indicaxanthin'® and 51000 for 1somndicaxanthin 8 Both 1nvestigators
recently 1n private communications to T J M supported their published data The radioactivity results deter-
mined here suggest that the true e-value for indicaxanthin may be intermediate between the two published values

19 PIATTELLL, M, MINALE, L and ProTa, G (1964) Tetrahedron 20, 2325
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Because betalamic acid 1s difficult to crystallize and purify. the labeled samples were con-
verted to betanin, a substance for which procedures arc available for recrystallization to
a radiopure sample (Table 1) and which can be readily decarboxylated to determine the
position of the label + ~

The decarboxylation at 200- 230 of the betanm-['*C] obtamned from the betalamic-
[14CJacd (from p.L-dopa-[ [-1*C]) established that 85-90°, of the radioactivity was asso-
clated with carboxyl groups of betanin, therefore.one of the carboxyl groups in betalamic
acid must have contained the label which had been present in the carboxyl group of dopa
Although 1t was difficult to calculate the amount of mcorporation of dopa mnto betalamic
acid because of decomposition problems with most of the compounds mvolved m the
study, the data suggested that the per cont mcorperation was 1 2, or more for all exper-
iments Since all the betanin-[ '#C'] samples from both p.L-dopa-{ 1-'*C]and -[2-"*C] gave
indicaxanthm-['*C with similar specitic activities (Table 1), 1t follows that the radioacti-
vity 1s assoctated with the dihvdropyiwdime motety m betarmn These results estabhish that
dopa 1s a precursor for betalamic acid and support the hypothesis that betalamie acid 1s
the mtermediate that leads to all other betalams

Stereochenustry of betalanuce acid from Portulaca grandiflora

ORD curves for both the naturally occurring betalamic acid obtamned fiom P grandi-
flora flower buds and the betalamic acid obtamned by alkaline hydrolysis of betanin exhi-
bited positive Cotton eflfects with an mversion pomt at around 430 nm. w hich 1s the maxi-
mum visible absorption wavelength of betalamic acid Since the absolute configuration at
C, s m betamdin 1s known to be [S].* the chiral center mn the betalamic acid present in
the flower buds of P grandiflora can also be assigned an S-configuration, the same das
1-dopa Therefore. this finding m combination with the labeling results mdicates that ¢-
dopa 15 the precursor of [S]-hetalamic acid

EXPERIMENTAL

Plant matertal Yellow Portulaca grandiflora lower buds
Labehng experuments with Dl-dupa-[l~”(] and -[2-**C) und the wolation of lubeled hetalamic wad An ag
(deoxygenated) soln contamnung b1 -dope-f 1-"3C | was placed m spot plates and flower buds ([ cm stems)y of P
grandiflora were arranged such that the stems dipped into the soln the buds were allowed to take up the soln
for 2 days m an O,-free atmosphcrc {a small amount of deoxygenated H,O was constantly supplied to the spot
platey The stem and petal parts of the fowers were separately ground with a buffer soln contammg 807, FtOH
and 20 0L M NB BCO, The yellow exiract from dbout flower petals was fiftered through & bed of cefite
And then Lh[(.‘lm/UDOIslpr‘d tcteoln ea!umn (2 t8emy A pH 7801 M NHHCO, buflar was used to
¢ acrd darrd Betacvanin fractions m this order The betalumic acd
u oy = Zat pil T8 and identificd by 7V (2 at 430 nm)

m

P theatiarn of the .r’wmz’mmy—';" NCLacud by contersion to betamm-f THCT About 150 mg of betanm (\a‘\ a pyorde
formate salt) was dissolved in 100 ml of H,O Conc NH,OH was added to the betanm solution under N, to
brmg the pH to 10 After about 10 mn the solir turne d h ownrsh vellow | the fraction hom the Ecteola column
CORta M, g the betalamic-{ ' T acid was nmcd with the pH m solutton and then cone HCO,H was added m-
mr:dUL vt bring the nH of the sh b baek t 5 Alter stor ¢ i wofir was aordified
to pH 3 with ag HCHand passed through a Dowex 30W-X2 cation exchange column (§ ~ 30um i H  form)
The mtamn was retamed by the cofumn which was further washed with l()() ml of pH 2 ag HCl The betanin-
FHHOT band weas elintedd woth doronzed H 0 and then freese dred The betawme[ 7O | rnaterzal was reer s stattized
* dfrom I M pyrdine formate acddled with cone HOH wo pH 2y untih o comstant spact was obtamed (see

Table 1)

1

Bvcor havlatmn and combets be PP Beearboxghations were perdormed under fugh vacuum
21200 230 The €O, wh wis frst passed i Ag wool o remove aimny hafide and subsequentiy

by
Wicox M E Wyitp, H and Druibane A S (1965 Hele chimr fora 48, tHd
Y FroHOFR H privdate communication



Biogenesis of betalamic acid 2775

through a dry 1ce-Me,CO cooled trap to freeze out CsH;N and H,O. The purified CO, was collected as a sohid
at iquid arr temp and 1ts radioactivity was measured. The residue remaining after the decarboxylation was
heated to 1000° for total oxidation by the CuO The CO, evolved at 1000° was also purified and counted**®
(sce Table 1)

Conversion of betanin-[**C] to mdicaxanthn-[**C] Excess L-proline (about x 10 the amount of betanin-[*C])
was added to an aq soln of betanin-['*C] (about 6 mg m 10 ml H,0) and the resultant soln deoxygenated Conc
NH,OH was added dropwise to raise the pH of the soln to 10 Alkaline hydrolysis was allowed to continue
under N, for 30 mun at 20° then the pH of the soln was adjusted to 6 with aq HCl and the soln kept at 0° for
16 hr The indicaxanthin-['*C] obtained from the exchange reaction was purified by passing the soln through
a Dowex 50W-X2 column using the procedure used for betanin

Radiwactive counting A 05 ml ahquot, sampled at each experimental step, was dissolved in Hays™ counting
fluid contaming 10% brosolve The colored samples were bleached with 0025-005 ml of chlorox before the
radioactivity was determined with a scintitiation counter

ORD determination A soln of the naturally occurring unlabeled betalamic acid m 0 1M NH,HCO,; was
obtamned from yellow P grandifiora flowers by the same procedures described above Betalamic acid was also
obtained as a soln in 0 | M NH,HCO; from betanin by hydrolysis under N, with NH,OH at pH 10 for 30 min
followed by Ecteola column chromatography Measurements of both samples of betalamic acid (22 mg/l and
24 mg/l for the natural and derived samples, respectively, both values were calculated on the basis of UV at
430 nm, € 25000) were carried out at 27° with 0 | M NH,HCO, as the reference soln
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