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OGO EOPRITE K 1 LIRL{fFbhT&
oy, EEE T, RREMOhTEER e LTHA
STV HAREROFERP MBS fo - TEIHIE,
KROF—LEEYOERBR-—RD TER X
h, Lo& oW Iho2H%,

—J7, WO SEEE L TSETE L TIEX
FHErRE IR CE LD, B, EYHCEET5565
BERS OBEUELL 5T 5@ 5 Chemo-
taxonomy ({LEHIHEHE) OHEL LV ARLRD LS
Tl o TEH, =D Chemotaxonomical 7¢ B9 &
W, BEMCESCHBOTE Z450EYFRTS
ZERRCIEBEEDHLODEE LD,

Wk, T8, WEE, Eoké, BEoEFHLTERR
K5 Anthocyanin HCH % & Fbh TE /2%, 1800
FR, FPCEZREEAET IROEAHEI K- T
AN ARETEIPLLRERBINI, Inb—HORR
e ta i Caryophyllinenroth, Riibenroth, %%
V% Anthocyanin & X4 {172 #:'E s 5 Nitrogenous
anthocyanin & § IEI T o, LAL BETI,
WEIGERT %341 UDICHRE L, SCHUDEL (1918 53
T B Ui s “Betacyanin” O—E 45 < VS
nTWw5b, ZOAHLNRE — F %4 Beta vulgaris L.
& Anthocyanin B{loF\ e chk+HL0TH
%o BIRAEL O Betalain HO AFMIBIAL “Betacyanin®
B35 “Betaxanthin” JHE OREFRB L L HHX
NTW D,

B DEIEOTRID PG 25 1 b e Drd 19 ki
O DT, MBE, 7 FYEORMIELTT A Y %
REFITORRYE — FORENMEA IR TV, &
DEMBAXBINTHHEE L TUEDLR,

BISCHOFF (18763 ® HILGER % (187918 (T =D &
% & Anthocyanin & K 35835 —7 2 b & 1B
L, ZD# WEIGERT & (1894)68) 7c L X » CZ DfFED
HAROLISH L OGS hic, TOME, 7y
OB LG 2 h T i E SR & g
RieHZ EXMENDLRI, F DM, BISCHOFF (18767,
HILGER (1879)18), WEIGERT (1894)%®) iz % GERTZ
(1906713, KRYZ (192675, ROBINSON —Jjft (1931~41%27,

TAYLER (1939)66), RAUH & REZNIK (19617, MABRY
530 BT L - T Betacyanin FHOH Y F ki 5
HIEEOHREARHL AT IR, BFEEETDLELA, &
@ Betacyanin (399> H (Centrospermae) IZE35
FWLA i T, ¥/ Betacyanin & Antho-
cyanin (TR U TIET B Z &MV E TN T 5,
IOL3C—HEOWRIT L - T—EOIEEME L LE L
% Betacyanin 73, 5 EHF W s\ T Chemo-
taxonomy OEEAD R T, BEMXHBETHH I &
HEIh 5,

Betacyanin DB, ko 3 400k 1876 £ BI-
SCHOFF? 2% », HAVERLAND (1892)15), SCHUDEL
(1918%4, AINLEY & (1937, PRICE & (1937/%), Pu-
CHER & (19378912 X » THT e b hichd, WIFhbK
Bhd, 1957 4 SCHMIDT 563 L WYLER HL7) 3,
BT, Wk R T < LT, Betacyanin FHO—fETHD
Betanin Zji e — F 2 bAERILT A CPEIILL, &
O X5 CRFETRHRC BT 5 ¥ TR 80 FORA
NELINLHE—OEBEE LT, ZOaFESFEECRE
Ele L ERBTON D, EIOKBERDLY, HRIT
Lo THRORMDHIRET B EPRETH- 1o LI
IBLDLHEEIND,

BEE, 580X s Betanin ORSEITSRE, 1962 40
B 1963 FE4Z 517 T DREIDING, MABRY 3 X U8 WYLER
—JR8HT2T W Y 5T, T DTSV aryTHbH Beta-
nidin ORHELS TR () O X 5 CREEI NI, ¥ IFEH
#4b7s Betanin 448551 1965 ERI U <, HH® &K
Lo T2 DX ITHEESINT,

CH,OH

4+

HO OO
HO! N“MOO™ HO HO N7 MCOO

OH

H H
HOOC” ™N COOH HOOC :j COOH
H g
(1) Betanidin (2) Betanin

¥ 72 PIATTELLI, MINALE H—{Rfi1 4% < DdOFH
14D A b Betacyanin LB L, SHOWEX LTV
bo TRBRIRIC L - TRGEMHLNRALLNREE T
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Table 1. Betacyanins, Whose Chemical Structures

Have Been Confirmed or Estimated

Confirmed
Betanintt52,63,69,71,73)
Isobetanin®2.69
Betanidin (Aglycone of betanin)
Isobetanidin (Aglycone of isobetanin)
Prebetanin?)
Amarantin5¥
Isoamarantin®)
Bougainvillein-r-140
Isobougainvillein-r-14®
Celosianin3%)
Isocelosianin3®)
2-Descarboxybetanidin3®)
DP-1 Pigment*)

DP-2 Pigment?!D
DP-3 Pigment!V)
DP-4 PigmenttD
Gomphrenin-I39
Gomphrenin-1I39
Gomphrenin-11134)
Gomphrenin-V34
Gomphrenin-VI3%
Iresinin-I3%
Isoiresinin-I3%
Phyllocactin3
Isophyllocactin3®

Estimated
Bougainvillein-r-1140)
Isobougainvillein-r-1140
Bougainvillein-r-11140)
Bougainvillein-r-1V4%)
Bougainvillein-r-V40)
Gomphrenin-VII34
Gomphrenin-VIII3®
Lampranthin-I37
Isolampranthin-139
Lampranthin-1137,38)
Isolampranthin-T137:38)
Pigment-Ia2D
Pigment-Ibh2D
Pigment-I1a2)
Pigment-11b2D

Suaedin®®

W OME, XITHEE S e Betacyanin FIHICEIR
Lichond s (Table 1),

—7F, dlF BT, AR O E B3 Betacyanin
oM iE¥E %275 Betaxanthin e ¥h T
L—ROBENEET D, CZTHRBCHKRD DO
Betacyanin D411t Anthocyanin O#F4FF Xix
WE XN TV A0 L Betaxanthin OB&id, #
~#tan 3R Flavonol DIAFLFF
T L THb. Lk

Betaxanthin D —2 & LT
%" Indicaxanthin (3) 235k
S, FORGENIE S Rich®,

ZD#it, Betacyanin &5 T HOO('?
RO, By IEREC R
e, FOWHFRIY L, BAEE

N COOH
H

(3) Indicaxanthin

THEB OTETE, F7-#EE ¥ /: Betaxanthin Si3 2o
BRI cH 5 (Table 2),

Z D X 5T Betalain FHEFE ORI L HEOH S
MEIRTHIW LD, H5WITHEEEOBC LT
S TWHLDOLEL, TP LT B F AR
B ORI T b Tt WL H5 2 LICHER
L, ¥33 Chemotaxonomical 7cBR & &5 L2td7e
BB 2 Betalain FHOTEAIED T,

AR T AT, EFHROLTFRRBL O,
T, JEETHAEL, HBHWVNE, BEERELUTERESR
T BHEY 10 fE 22 SfEC DWW T, R—st—ya< b 7
57 4 —, BHIREKKE/CE XD Betalain $H, &<
i~ Betacyanin Fa R OICHBEREREXTc- 12, KICZDH
CRELTW2, HATHh T CdtgEmimgc
DREBLTED, 12EAETBERS ORI T
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Table 2. Betaxanthins, Whose Chemical Structures Have
Been Identified, Estimated, or Unidentified
Identified Estimated, or Unidentified
Dopaxanthin?0) A-3 Pigment)

Indicaxanthin?7-51
Miraxanthin-147
Miraxanthin-I14D
Miraxanthin-I1147)
Miraxanthin-V47)
Vulgaxanthin-15054)

Vulgaxanthin-1150.59)

Ei 0.67-Pigment
Ei 0.91-Pigment5¥
Ei 0.94-Pigment5
Ei 1.20-Pigment5
Miraxanthin-1V4"
Miraxanthin-VI4D)

Portulaxanthin®

bhTuicwdh - LEx D (Salicornia europaea L.) O
BHREBEROMELTI T ZONI D LA
HEOEZELFI b OMREFER LR L B L,
BROGERL L, LrbERTHEBEOOTRLER
T5ILBSHEOEERS MMV L TEBC A T
A% BURCE D BEEL AR DR G AT A
b T 5 & sk, FoLEEEY LT A D
LRI, A, CoAFOREMELKE L TOE
FAOTRERIC DN TETORBR TR - 1o, HEIT, ¥
TERED T i T e ds » 7o E-0iig e A (Portulaca
grandiflora HOOK.) OHFEILL LEE G R L IELHY
DR THEEL, Betanin & 7 3 /& OEMERIC L »
T{87c Betaxanthin & LB RET2 2 20k b L0
BAEMEE LD o0 Ch RT3,

H£1E IEECEETDIHROFAEHRD
Betalain E®&EOKRER

IRAE F TIZ Betacyanin %474 L Chemotaxonomical
LT B (Centrospermae) W@+ 54,0, HAHWIE
BI~E30: L TROOBOEHNET LR T
211,29,30)

(1) Chenopodiaceae (3H7XH})

(2) Amaranthaceae (0-dF})

(3) Nyctaginaceae (1L AWiE7cED

(4) Phytolaccaceae (% 23 5 Fl)

(Petiveriaceae)
(5) Aizoaceae (- B 7cED
(Ficoidaceae, Mesembryanthemaceae)
_ (6) Portulacaceae (X0 OdFL)
(7) Basellaceae (05 1:H X EEh
(8) Cactaceae (XIFTAEN

(9) Stegnospermaceae

(10) Didieraceae

¥ 7- Betacyanin RO &L LTk, S b
ERFH SR L, OO, B AHFoLnsrbhicd
DA G T 46 HiEp B ) 11:31.85,30,45) fods 7 DT
WinL-o25H%,

—7J, Betaxanthin oW T DG HHFICE LT,
1955 4EAs 5 1957 FECh) T O REZNIK58.5%60) (O REH:fY
RN DD, FOH, 1963END 1973 FEIZ M T
PIATTELLI #520:43,47,48,49,5L,54) \= I ., T, 16 f& D Beta-
xanthin BRI, O 8 IRITREENRE SN,

T, JHiBETESE, B3V IEEL TV ARD
TR 10 (22 ), BlbdbrXE3HE, 0vE4
&, sLAVERF11E, T 0wE 2ficounT,
MaFEmbL, BNA~<7 by, ==y o<} S
57 4 —, BRERKE), 7tEiCX - T Betacyanin %
¥ & LT Betaxanthin #Fl& LT, Betalain ¥DEH:
IR A 1T » 72,
<REB>

Bt iEY -

O FMTKREDE Y ©H % (Table 3),

BROMbE:

Z 4 (100~200 g) % %5 0.1% HCI (pH 3) (500 m4)
THEY H:—FL, PEHE4°C, 9,000 [@EET 10 bR
ODAEEL, EE%K % Dowex 50 W-X2 (HT) #5 4
(¢ 2x15 cm) B3, 01% HCL(Q 4) T, KTH
HL, 30°C TRUERML, <~—sa~t 7574 —,
JEAVE KB £ ORBHE L LT,

R==HAT bI57 1— (LT PC LHEED):

P8 K WFEER No. 51
7% It (A) 01 M Formic acid (pH 2.4)

{B) 0.05M Pyridine-formic acid (pH 4.5)
B EE ; Betanin OBIEC X5 LB EE R8 T
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Harvesting Place
Experiment Farms of Hokkaido University, Sapporo, Hokkaido

Experiment Farms of Hokkaido University, Sapporo, Hokkaido
Lake-side of Notoro, Abashiri, Hokkaido

“Sapporo-Saishu-En”, Sapporo, Hokkaido
“Sapporo-Saishu-En”, Sapporo, Hokkaido

“Sapporo-Saishu-En”, Qapporo, Hokkaido
“Sapporo-Saishu-En”, Sapporo, Hokkaido

Tested Centrospermae-plants

4 c.v. Cultivated

1 sp. Wild
3 c.v. Cultivated

3 c.v. Cultivated

Growing condition
1 sp. Wild

Table 3.

Plant

Chenopodiaceae (% 7 X#H)
Celosia cristata L. (L3 miF & 3)

Celosia plumosa L. (FIEBF\ & )
Gomphrena globosa L. (¢ A b

Salicornia europaea L. (H->F L% 5)
Amaranthus tricolor L. (iF\ & 5)
3) Nyctaginaceae (& L A\ E 7 E)

Beta vulgaris var. rubra L. (R€ — 1)
Amaranthaceae (0@ H#)

Chenopodium album L. (b h X)

1)
2)

RUT,
REETKE (UUT PE L8EL):
#E . PHRRERERKE) SA T
EH; :Whatmann No. 1 J8%%, BEEEHK No. 51
PREDGEA 5 400V, BAIAEL 16 V/em, 1RFH
R
(A), (B); PC o#Ic L
(C); Veronal buffer (pH 8.6)
BE ; 1% KCl
YXEDEE ; Betanin O¥ENEIZXT 5 LXEIE EB ©
Hohb L1,
AR, B RCEIMRBINARY bIL AT UV EBEEL):
Yl BoL 124 B E R LR
W K, BDRORERE, Rk IUWEORHL PC,
PE ME#HO 2 # v FEHBCOWTHEE
L7,
Betacyanin-Anthocyanin % KU Betaxanthin-
Flavonol HID$IBIE
SEALD PC % %k PE BEIC X » TEBFER £
v P BB — v HYMH S EOKTHERL, ZOB
ROV, NEBREEIN ETcrhZhRkOEEOH
FHHPIRIE AT I, T OBEFERICIHE-S & Betacyanin
& Anthocyanin @ #]5], 3 X ¥ Betaxanthin &

Experiment Farms of Hakkaido University, Sapporo, Hokkaido

“Sapporo-Saishu-En”, Sapporo, Hokkaido
“Sapporo-Saishu-En”, Sapporo, Hokkaido

o o - <
g9 @ 8 w -
55 = = Flavonol BIDH|B %17 - 72
2B = -
55 2 23 : :
0O O 2O Betacyanin- Betaxanthin-
m w & & w Anthocyanin [ Flavonol [
o - - AR — VKT B VERR AR —NERTHE
:60) 17 :60)
Ke 7 3n7ra— g SR D % TE 60
S BT 60.68) AlCl; i@ & % B ko0
o~ NaOH & o #ho
) TRk {13,15,60,68)

NH,OH 5 /60.68)
HCl #:mee.s8)
HNO3 ¥R7ne-68)
BBl 53 4% 360,68

<KRBRRLER>
TR~EFEDOEBKC o\ TitE & LT Betacyanin-
Anthocyanin BHBIRIGE Tt - T & &AL TIRDW
TRFF— DR EEI-DT, HATDOWTIRE R
L—ELTl~R%,
H~FERBEOFIA 27— X 0 LKCHE, & pH
KBEEPHT T v7 v s -2 BT LAV, NaOH ¥

Mirabilis Jalapa L. (3L A\ iLTs)
Portulacaceae (X b 0P F)

Portulaca oleracea L. (<1 0 @)

Portulaca grandiflora HOOK. (% D313 A)

4)
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7J[]VC'.J: D BRI A TRAS LRI LT & 0 REA YRR BET5, HNO; i X v EBIGRMT5, ¥ EER
CHEED B WITEE Licyy, NHOH Himc X b #EEE4 SAVRIMT. X b SRR TR A 4 Ut
%, HCL N & 0 B CIRENHR e ), Bt

Table 4. Paper-chromatographic and Paper-electrophoretic Properties

of Pigments of Centrospermae-Plants!i:34:35:45)
1) Betacyanins

Plant Part Amax A B A B c®
(mp) RB RB EB EB EB
*Chenopodium album L. Leaf 542-545 (R) 1.29 0.79 0.97 1.18 1.06
1.00
*Beta vulgaris var. rubra L.
c.v. Detroit Dark Red Root 538 (VR) 1.00 1.00 1.00 1.00 1.00
0.78 0.93
c.v. Half Sugar Red Root 485 (R) 1.01 1.00
*Salicornia europaea L. Leaf 538 (R) 1.21 0.83 0.95 1.22 110
* Amaranthus tricolor L.
¢c.v. Sunrise Leaf 540 (VR) 1.12 1.16 1.10
c.v. Illumination Leaf 538 (VR) 1.25 0.94 1.02
c.v. Early Splendour Leaf 538 (VR) 1.83 1.14 1.13 1.32
1.09
*Celosia cristata L.
c.v. Toreador Flower 538 (VR) 1.61 1.15 1.16 1.21
1.05 0.74 0.47 0.70
c.v. Scarlet Giant Flower 538 (VR) 1.49 1.14 1.08 1.25
0.98 1.10 0.49 0.71
0.79
c.v. Rose Beauty Flower 538 (VR) 0.96 1.05 1.03 1.14

0.71 0.36 0.67
*Celosia plumosa L.

c.v. Fairly Feather Flower 538 (VR) 1.37 1.11 1.02 1.19 1.06
1.19 1.05 1.08
0.67 0.77 1.03
*Gomphrena globosa L.
c.v. Grobe Amaranth Flower 545 (V) 1.07 0.96 0.83 1.20 1.09
0.86 0.70 112 1.00
1.00 0.93
0.87
*Mirabilis Jalapa L. Flower 529-532 (R) 1.02 1.07 0.94 1.01
1.03 0.92
*Portulaca oleracea L. Stem 538-542 (R) 0.79 0.83 0.75 0.86
*Portulaca grandiflora HOOK.
c.v. Pink Flower 538 (R) 1.04 0.94 0.95 0.98 1.00
0.39 0.87 0.20 0.58
0.41
c.v. Red Flower 540 (R) 1.08 0.99 0.92 1.03 1.00
0.45 0.91 0.32 0.94
0.45
c.v. Orange Flower 538 (0OY) 0.94 0.84 0.89 1.24
0.68
c.v. Yellow Flower 470-475 (Y) 1.03 0.90 1.13 0.97
0.79 0.97

(to be continued)
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2) Betaxanthins

Plant Part Amax A B A B C2
(mp)h RB RB EB EB EB
*Beta vulgaris var. rubra L.
c.v. Detroit Dark Red Root 538 (VR) 1.08 1.42
c.v. Half Sugar Red Root 485 (R) 1.19
c.v. Barres Stryne Root 472 (0Y) 1.20
c.v. Half Sugar Yellow Root 470 (0Y) 1.23
*Salicornia europaea L. Leaf 538 (R) 1.27 1.04
*Amaranthus tricolor L.
c.v. Nlumination Leaf 538 (VR) 0.79
*Celosia cristata L.
c.v. Toreador Flower 538 (VR) 1.00 0.86
c.v. Scarlet Giant Flower 538 (VR) 0.96 0.70
*Celosia plumosa L.
c.v. Golden Feather Flower 480 (0OY) 1.96 0.78 0.67 (1)%2
c.v. Fairly Feather Flower 538 (VR) 1.07 0.93 1.03
*Mirabilis Jalapa L. Flower 529-532 (R) 0.99 0.80 8;2
*Portulaca oleracea L. Stem 538-542 (R) 061 0.59 0.70
0.40 0.49 0.39 0.70
*Portulaca grandiflora HOOK. ]
c.v. Pink Flower 538 (R) 0.56 0.32 0.69
c.v. Red Flower 475 (R) 1.45 0.57 0.58
0.78
c.v. Orange Flower 475 (OY) 1.22 0.95 1.50 1.37
0.40 0.39 0.46
c.v. Yellow Flower 470-475 (Y) 1.44 1.04 1.27 1.38

0.56 0.88

Remarks: 1) Absorption values (imax) are those of the pigment extracts of plants described in
“Experimental”, and colors of the extracts are given in bracket.

R, red; VR, violet red; O, orange

; Y, yellow; and OY, orange yellow.

2) Details of solvents (A, B, and C), RB, and EB are described in “Experimental”.

o %3 Anthocyanin OBEESICBIEIND LD
LT Bir 5Tk, Betacyanin W EONIETH
o 7o o THEEYPICE Th 3k ~EREaaiisg
T Betacyanin Jiz/& L, Anthocyanin (28451
DTl Z EAFh - T

W~ O % I oV Tk Betaxanthin-Flavonol
MBI SR T » oo EORRIFBREROBER
WEECIL o 7o, @ TOHRBCRVT A 2/~
iDLk B, ZERTHEWIAEZETHH, AlCh
KL TEEB~BACHEALLL, ZhbpZ ik
Flavonol 0 Lt R DBETH - oo

W THE~ERAYET S RS O BRI Beta-
xanthin THH 5 LHEETE 1, L LA LIERS
RIEEE2T58454H - 20T, Flavonol OHEFELEH
ETHLDOTIER,

PAlEw & v R Lo BT 7 K £ BRI
Betalain cHAH 5 LHEEL 720

WA AEFEHMEIED UV (Anax) fE, PC © RB {H,
F XU PE o EBfH & L TR (Table 4) %A
Wge11343,45) OEERE & I L CREO W EM 7aFH
Ex Tl T & THRBFOFEMYEELEZEL CB
BIREIRC DV TDARRND Z &2 T 5,
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Hit Betacyanin $Z 0\ TiXHHE L 7-FESR{E (Table
5), Chemotaxonomical 7eHFgeD 5~ 21.29), 33 k(X
82 DPFRABHECL, HESHBUICHER, #EUEno
Betacyanin @ 5% WL o r BRI EE LS
(Table 6), LU A VL&HE OHBULTE Ik T,

7¢¥% Betaxanthin $HIZ O\~ T3l 4 OFFFEAT51,54,60)

BB U CHEERRARIN, Beta vilgarisL. D 4 ],
bR S h 7 aFEst Vulgaxanthin O—FETH 2
EHERE SHICHMMIFET 5 2 ENTEI - T,

—R REH TR L 2 OMIC b BRI U
T, Lol Oiti Bz & ni s Shtys
D, FRILCHEHVPLETHH 5,

Table 5. Reported Properties of Betacyanins!i:34,35,45)
Paper-chromatogram Paper-electrophoretogram
Betacyanin Zmez;zn(,%zo) RB RB EB EB

pH 45 pH 24 pH 4.5 pH 2.4
Betanin 535-538 1.00 1.00 1.00 1.00
Isobetanin 538 — — 0.93 0.93
Amarantin 536-540 1.14 1.10-1.16 1.16-1.25 1.00-1.10
Isoamarantin 536 — — 1.16 1.00
Celosianin 544-546 — — 1.26 111
Isocelosianin 542-544 — — 1.26 111
Gomphrenins . 535~545 — 0.70 0.78-1.00 0.63-0.96
Mesembryanthemin-II and -ITI 540-542 — — 0.48 0.28
Oleracin-I and -II 534-536 — — 0.80 0.72

Remarks: RB, Relative Rf-value (Betanin =1.00)
EB, Relative electrophoretic mobility (Betanin=1.00)

Table 6. Betalains Estimated by Qualitative Analyses

Betalain
Plant

Betacyanin Betaxanthin

1) Chenopodiaceae

Chenopodium album L. Amarantin, isoamarantin —

Beta vulgaris var. rubra L.

c.v. Detroit Dark Red Betanin, isobetanin Vulgaxanthin (-I1I7)

c.v. Half Sugar Red Betanin, isobetanin Vulgaxanthin
c.v. Barres Stryne — Vulgaxanthin
c.v. Half Sugar Yellow — Vulgaxanthin

Salicornia europaea L. Amarantin, isoamarantin Not estimated

2) Amaranthaceae
Amaranthus tricolor L.
c.v. Sunrise Amarantin, isoamarantin —_—
Not estimated
Amarantin, isoamarantin ' —

c.v. Illumination Amarantin, isoamarantin

c.v. Early Splendour
Celosia cristata L.

c.v. Toreador

Celosianin, isocelosianin, Not estimated

Amarantin, isoamarantin®

c.v. Sarlet Giant

Celosianin, isocelosianin, Not estimated

Amarantin, isoamarantin®)

c.v. Rose Beauty

Celosianin, isocelosianin, Not estimated

Amarantin, isoamarantin®)
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Betalain

Plant

Betacyanin

Betaxanthin

Celosia plumosa L.
c.v. Golden Feather
c.v. Fairy Feather

Amarantin, isoamarantin

Not estimated

Not estimated

Celosianin, isocelosianin

Gomphrena globosa L.
c.v. Globe Amaranth

Amarantin, isoamarantin —

Gomphrenins

3} Npyctaginaceae
Mirabilis Jalapa L.
4) Portulacaceae

Portulaca oleracea

Portulaca grandiflora HOOK.
c.v. Pink

Oleracin-1
Oleracin-I1I

Betanin, isobetanin —

Not estimated

Betanin, isobetanin —

Mesembryanthemin-II, -IIT

c.v. Red

Betanin, isobetanin —

Mesembryanthemin-II, -III

c.v. Orange

Betanin, isobetanin

(Indicaxanthin ?)

Mesembryanthemin-I1, -1I1

c.v. Yellow

Betanin, isobetanin

(Indicaxanthin ?)

*)  Furthermore, betacyanins having lower RB- and EB-values have been detected (Bougainvilleins ?).

F2E HolFULESOERFBBRICONT

FB1H HolFLESROOTOHES

H - LES (Salicornia europaea L.) i3 4.0 T H
(Centrospermae) fEMW/BR L, HEEHCHAL, FKHA
(9B ~10 B) R BHEDELRLUI RO ET
EM15~20cm (LD —FEE I L EHPYTH D (Photo. 1
ZH),

TR “B-TLE” BRFIORKRMTH HALiEES
BEZTERECHKILICLDTRS “TATLS”, “®
BbIAZ XFOBEITERAD, ¥ Y EO” L
Bz, MikawicBitvs 2 Lic sk L7 (Photo.
258,

FLZ BT © H AR D INESD 1 Salicornia her-
bacea L. LI IR TV B, (FHED ORI/ iR
X 3%, Salicornia europaea L. DFNF M b I T
WAHDT, R THEEYEMAL,

Salicornia B DOTANIIL L, HATILa — 2 v ¢
28K, BT 7Y h, BET YT, BET A 2O
BBV, Bl EOREBMCAET LTV 5 EEbhT
WA, HATHSAIEE L, AN (8
PR EREVE S IRER) &, HERTTIEINR, §

BEOEMCHT AT LT 7eh, BECHEL >
By, BEEL LT, M, EEERA &~ s BRR
(GRS, ERRIEISE), KPHBE (BREE) ot
HL, FTORELELFIL, OFhfhoi)y LR,
KT 0TV EEbR TV 5,

PEkD Salicornia BOTHIETIZ & A E FEHESHN LT
FeohH & RS L ORI 2R ET, D
WP E T3 BBLERG T OV TOWRRELEEA
Els\e RIZZ DY WEEROTF R —FE L CRICE
% (Table 7),

% Z°C, Salicornia BIEMO B LRGN TIA
AR5 Z LFER TR L L L LB
A, 2 TE%ED Survey Study TF X b LicHF
HiMdr, b ETHmED Salicornia #ipTH b,
A RN FEEaROELL LEREOFETH B
L&, bEFEREOfTbhTuiuH- T LES %
B BvF, TofRKAOOFEOREE, ke LEiEo
AT LT
25 BIROBBEIZOYE - LPMNHEE

RS R DB CRE L e H - 1 L T 5 OFFERE
MRS B 4 & v A0HEE, RV T IV T LS TRR
R - 5 BRL, TOFEREORZEIIAEY
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Table 7. Reported Organic Constituents of Salicornia Plants

Plant Chemical constituent

Remarks

Literature

S. bigelovii Hydrocarbons Cg-Css
Satd. fatty acids
Myristic acid, the other six acids
Unsatd. fatty acids

Moyristoleic acid, the other five acids

S. disarticulata Ascorbic acid

S. fruticosa Basic substances
Betaine
Four alkaloids

S. herbacea Basic substances
Saliherbine (tert. base) CoHzNsOy
Salicornine (tert. base) CsH;;NO;
Compd-C (quart. base)
Compd-D (quart. base)
Choline
Betaine
Acidic substances
Oxalic acid

Fatty acid
Others
Phlobaphenes
Resin constituents
Wax alcohol (M.p. 64°C)
Sterol

Levo. invert sugar

S. perennis Ascorbic acid

Betacyanins

Quant. anal.

2.66%, dry basis

Structure undetermined
Structure undetermined
Structure undetermined
Structure undetermined
as Au-salt

aa Au-salt

Identified
Unidentified

Unidentified
Unidentified
Unidentified
Unidentified
Phenylosazone, m.p. 203°C

Quant. anal.

Qual. anal.

WEETE et al. (1970)60

WEETE et al. (1970)%7

WEETE et al. (1970))

HAGENE (1958)14)

SUSPLUGAS et al. (1969)5%
SUSPLUGAS et al. (19695

BORKOWSKI
BoORKOWSKI
BORKOWSKI
BORKOWSKI

ZELLNER
ZELLNER

ZELLNER
ZELLNER

ZELLNER
ZELLNER
ZELLNER
ZELLLER
ZELLNER

et

et

et

et

et
et
et
et

et

et al.

et a
et a

et

al.
al.

al.

al.

al. (
al.
al. (
al.

al.

(1965
1. (19659
1. (1965®

al. (1965)®

(1930
(193077

(1930
(1930)™

HAGENE (195819
MABRY et al. {1963)%0

DTHEMMET D ECRIIL, FOWE -« ALEHtEx
X, £hpt Betacyanin HERO—DOTHBH T & fzﬁ’é
Mmabt,

<EB>

fatiEty

BEA L 7 db - 1 L% 5 b e 87 T s H I A0 R
PRI DEEIRHE CHERT 41 425 48 SEICE 5 8 ERICE
F£9 A TAOROORLEL VRSB, 1135 TRE
DHEERO LA TR, PoeE & Tk L, Bbic iy
KEL, WX OMOWBEYEME - Tk, —20°CIeiE
B L, ShEe B s UMB SRR L. ok
BHFN41, 46, 35 X 0¥ 47 SRR L fo i s s

FTHELERTD S LI TEh - fops, ToRBCH
AL DR THERELR - CwicdhDTtho 7o,

EREOHME - B

RO - BEOTRIRERER L EROH TR

‘?.z.)o
HWBITE:

A EAGKBARBELE TIE,
TEHAHT s LRI R T 4 AT I K

B, WE,

RS LOEARBI R < 7 + v (AT UV &BEED);

F Sz 124 F 8 3 e E - i,
FABBILZ =2 b v (LIF IR EBEED):

EPI S2



Photo.l  Vegetation of Salicornia europaea L. at Lake-side
Salt Marsh of Notoro, Abashiri, Hokkaido.

Photo.2 Salicornia europaea L.

Photo.3 Crystals of Photo.4 Methylate of Aglycone-HCI
“Salicornia Pigment” Salt of Salicornia Pigment
(Microsopic photograph) (Microscopic photograph)
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Red-coloured Parts of Salicornia europaca L.
(Fresh wt. 30kg)

l ...... 0.1% HCI (pH 2)-extraction
Extract
l ...... Centrifugation (9,000 r. p.m., 10 min.)
Supernatant
...... Addition of Amberlite IR-120 (H*-type)

(100 g/extract 1 lit.)

...... Filtration with suction

Filtrate (35 lit.)

...... Adsorption on six Dowex 50 W-X 2 (H"-type) columns
(613X 11 cm)

e e Washing with 0.1% HCI (15 lit.)
Yellow Substance
| Elution with H;0
Eluate of Red Pigment
...... Concentration in vacuo (30°C)
Concentrate (200 m{)
...... Still standing (one day)
...... Centrifugation (10,000 r. p.m., 10 min.)
Precipitate Supernatant
...... Adsorption on six Sephadex G-25 columns (¢ 4.5X35 cm)
...... Elution with H,O
Brown gubstance Reddish-violet
Fraction Pigment
Fraction
...... Concentration #n vacuo (30°C)
...... Adsorption on three polyamide columns (¢ 4X40 cm)
«e.-.. Elution with 5% citric acid (pH 2.4)
‘Orange-yellow Violet-red Yellow
Pigment Pigment Pigment
Fraction Fraction Fraction
(in column) . Adsorption on two Dowex 50 W-X 2 (H*-type) columns
(»3.4%X21 cm)
...... Elution with H,O
Eluate (3 lit.)
...... Concentration i vacuo (30°C, to ca. 100 mé)
...... Still standing (4°C, several days)
...... Filtration

Crude Crystal
...... Recrystallization from H,O
Pure Pigment Crystal (“Salicornia pigment”)
(ca. 200 mg)

Fig. 1. Isolation and Crystallization of Violet-red Pigment
from Salicornia europaea L.
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B A s R e & 8, KBr 241, 7
¥ Nujol #EClE,

BREEHM = <2 + v (BUF NMR £R&H); 100 M
Hz JIE b iiE R A3 NMR 442, 90
MHz (3RS B bR By IR 3
FICKBELNEL . BIH-CF:COOH, H5\»
1. CDCls, PEE#E-TMS,

BeERIEHE KT ERDMANN K :

B, 7ve=T7, HDIWILINKELF T ) v LT
I 2 BENEIEROMB Y KCEEORECEREL,
INLhORERRML CEABEH LI,

HEAEIL T X M ILORBR Y —BKELF V9 4T
T VL URBEHE LK, EREE Y RIN UEE:
L, #OBEOEECHEOBEERBZE LT,

BEFREN 7 2 b LA RS R RS B A R h U
mL, WERAEROEES X OO B EEEL T,

ERDMANN O4FL T 2 b3 & ZOKERE NRBE
CEYVREDT IvTra—vuEML, REWMELE
FOT INT A~ VBNOBITORERE LT
<KEBHERIEBR>

BEOME - B

B FEOMH « BEEOTTEER X O RO MRS Fli R
DX 5TH5 (Fig. 1)

Table 8.

= Dy (FiiEd 30 ke) 1w 0.1% HCI XK (pH 2)
Tz, ®Evi—rBATHD, —RERICHER,
4°C, 9,000 [El#5 T 10 Sy PR LS MR 1T - 72 2D L
YE¥C. Amberlite IR-120 (H+#) % &, ##E&1,
Na®, K*, o5 74 v %3 3 2, BEHDH, K
(35 4) % 4°C DR T 6AD Dowex 50 W-X 2 (H+ ),
$13X1lem) DA 7 2HEL, £ 4 01% HCI(154) T
PR, BHEK TEABARELBRH L, COBLERY
30°C TIEIEAE L, MK (200 mé) % 1 BRKE LI
i DB e A RO EE (10,000 rp.m. 10470) LT
BrEL, EBE A 6AKD Sephadex G-25D# 7 & (¢
45X35cm) KEL, KTEBBHEL, REOEHK v
FOBHERED, 30°C CRERMBL . BT (100
mé) H3IEADRI) T IFH T 4 (94X40cm) WIRKREFX
¥, 5% 7 VKK (pH 24) TREEBIM XL
A, ABGBROBE, FREOFEFNEHL THD
T, INTED7 2 VvBEBRETLICH, XHIL2EAD
Dowex 50 W-X2 # 7 & (HYH, 4 3.4x21 cm) ©B3E,
0.1% HCl (4 6) TH&HE, KTRELEL, BHEEGYH
*HE (100 mb) SZBmL, LCRBHMBEL, &
BRLUICHEZELIERL, chixXkhbBiELE A,
B e SRR O $HIR K & (200 mg, IXER 0.00067%, M.p.
190°C (53%)) (Photo. 3 &8) B bh iz, B 0@k

Properties of Salicornia Pigment

Pigment crystal

Violet red, fine needle crystals

M.p. (°C) 190 (decomp.)
Solubility Easily soluble in water, acetic acid, trifluoroacetic acid
Sparingly soluble in methanol, and ethanol
Insoluble in ether, carbon tetrachloride, chloroform, and dichloromethane
Table 9. Colour- and ERDMANN’s Distribution-tests
of Salicornia Pigment
Result
Test
Salicornia pigment Anthocyanin!!.60)
HCI Deep violet Red
Ammonia Violet colour retained for 2-3 hrs in the cold Blue
IN-NaOH Rapidly decolourized to yellow Blue—yellow
Reacidification Not regenerated red colour even after re- Reversible

acidification of yellowish alkaline solution

Lead acetate

Reddish brown ppt.

Bluish green or
bluish grey ppt.

ERDMANN’s distribution test (Distribu- Not tranferred into amylalcoholic phase from Transferred

tion between water and amylalcohol)

aqueous one at higher or lower pH's
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1.0+ Salicornia Pigment
---------- Betanin
0.9}
08+
07
.06+
o
o051
04+
03+
02r
orf /T N
250 300 350 400 450 500 550 600
2 (mp) _
Fig. 2. Ultraviolet and Visible Absorption Spectra of Salicornia
Pigment and Betanin in Water.
Table 10. Comparison of Values of Elementary Analysis between
Salicornia Pigment and Known Betacyanins
Pigment Molecular Formula C% H% N% Clo
Salicornia Pigment — 47.82 4.96 3.24 4.60
Amarantin
Isoamaratin C3oH34019NHCI®) 47.22 4.62 3.67 4.65
Iresinin I
[resinn | CaeH202NHCL® 47.66 478 3.09 391
Phyllocactin
Isophyllocactin CarHa5016NHCI® 48.19 4.34 4.16 5.27
* Calculated as hydrochloride on the basis of chemical strucrures reported in the literatures.
(S ST = A S I ST
'Oo._

L . L L L L L " 1 L L
3500 3000 2500 2000 1900 1800 I700 600 1500 MO0 (300 (200 1100
WAVE NUMBER ¢m-!

Fig. 3. IR Spectrum of Salicornia Pigment (KBr).

1000 900

80O

L
700650
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EE A “Salicornia pigment” FWEFRT 5, “hiidh-
FL T haELEERNCRE L CRTOFTH S,

B cOERBRIEET Y r— 2 —1CAh, LB
(0~4°C) HBIEAF v #— (—20°C) PIBEFLIS

—J, # 7 2 PIIA LT OMBOBEAARI K
Lt

SHFEEOVE - {LPHEE:

B R E ERO—RVEE S IO E R RIS E
ERDMANN RUGORBHRE XTI & & (Table 8,
Table 9),

FLEI TR ORI TOBREITh T EE
T L7 (Fig. 2, Table 10, Fig. 3, Fig. 4),

Salicornia pigment DT EKEETXKRTOH
BB RETH Y (Table 8), IHETHETS
L5 BRI, B IOERCH L TRRETSH
ST, MADBARIEE LK« 7 I v 73— o
5, Anthocyanin OFR LT £ Ric->THD,
Betacyanin &FRIC4EH O ESR R LT (Table 9),

iz X b Z DB FET Betacyanin HO—o>THBH Z

s 1o,

UV (aH:0) (Fig. 2) -TiL 538 my (¢ 81,400) &£ 270 mp
(£ 11,700) W RIUEA:, 295~300 my (¢ 10,200) i AHR
Xh, Betacyanin O—fF Betanin OWRILz <=7 b v &
I —F L7, Zh®OBRII—IC Betacyanin iz
BRI CH D, 8- T Salicornia pigment
LRELFEEHE L OAEETHA S LEEI NI

TEESWOFEFIL C47.82, H4.96, N 3.24, C14.60%
HIRL7chs (Table 10), 4 % ClolsEOfEE ¥ /ollfEE
LizbD6FEL L CTH % &, Salicornia pigment
DL HTEL Amarantin & Iresinin-I1 (H B\ ERE
A4 VE) X PTkD, ThHDEEDS BT
hoy, HrVviroh L EGEELY L oaR0 LR EHEE
i,

IR vmax (KBr) (Fig. 3) T3 3420, 3300, 1720, 1623,
1504, 1330, 1250, 1212, 1170, 1080, 1030, 1000, 866
cm~1DFABRINA KL, =D 3420 & 3300cm—! (OH,
NH ), 2900 cm—! (CH), 1720 cm~1 (C=0 #), 1623
cm~! 36 LV 1504 con L IERV RN D » oo ZHBHD

| { !

5 4 3 2

é (ppm)

Fig. 4.

NMR Spectrum of Salicornia Pigment in

CF3;COOH at 100 MHz (TMS).
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BINL = Mg i - Betacyanin?76.70) IR (X
R REHITRLE) @0 RIN, Bt Betacyanin 3§
DRI E 02 AL IR, 2O LMD
4y, Salicornia pigment |3 Betacyanin i@+ 505
THHZ LIEBLNTH B,

NMR (Fig. 4) Ti3Bd TR 2 — v &1L, *
h¥EhoE— 7 ORBIFEECEETH- 1, 2Dk
B Thro il & TH B, HilT oL ontk
BEEEGETH LD, BOOH Futy, 251y, 2
FY b YRELDH-TBI LR LD DEER
bhd, W, 6 3ppm BT ORI Y 7/ F i\ Z
b, JEE 2 F VEOFENEEIND T, 665
~90ppm O = v Fut v L FER T e + v OFE
EHHEE Shic,

LA EDEZERT X OB /- Salicornia pigment (L.
Betacyanin $D—>T4 9, Amarantin, Iresinin-I,
HBIETRD LEGOBFETHH S5 LHEEL L.

EeEROYE - (LPHHE:

LOBFEOMMY - BEOCL ZATRSIRY T I

0.8 |-

0.7

301-503
0.5

0.D.

04

0.2 -

, ,
00 300 250 7]

2 (my)
Fig. 5. UV Spectrum of Yellow Pigment
of Salicornia europaea L. (in Citric
acid-acidic HyO).

7 A TERBERL D ECEBE L CERBOAART 7 7
voa VIIERREET S LHEEEMME ST, ZOLD
1t UV (Fig. 5) ORI S Betaxanthin O—fE &
RSN, FEHCHBEOTD IR EOBERT
ol h o e

Fhoh T APCBRELICBEAAHE T 77 v a VIR
BIEECHETH - LB RIRAETH - 1o,
HIH BEO7IUIVEBOBERE

3-1 BROEWMIEMKS B

A Z TS O 2T\ % Betacyanin Fix 3
NTEBEE OB THEELTD I Epvbhs THHD
T, ETT ) 3 vIORERTR D fod i BEEL
Salicornia pigment OIMRGEEINAKT AR T\, 4K
o PC & PE I X 2B LXRALT,
< EEE>

a0
BolFLED s b BBEL 7o Salicornia pigment @
FE8ho :

PC: BHC; HEFIER No. 51

it (A) 01 M Formic acid (pH 2.4)
(B) 0.05M Pyridine-formic acid
(pH 4.5)
(C) n-Butanol-acetic acid-water
(4:1:2, v/v)
BB ; Betanin OBBECHT 5 LB HE
RB C/rL 7,
PE: 25E; /IMAAIEHESKE) SA B
JEHK ; Whatmann No. 1 388K, H5\LHREE
JEHL No. 51
TxENRAG; 400V, EfLAR 16 Viem, 1R
EE; PC oBa D (A), (B), (C)RL
BEIE; Betanin DO PKEHE 5 btk B BE
EBthbbli,

HamkaRorE:

Salicornia pigment (5 mg) % 1N HCl (4 mf) B #E,
80°C - 30 sy FINEA UERa K 43 8 24T 7sN >, VR,
FIGE# % Dowex 50 W-X2 (H*+ &) % 5 ricBF X
A, 01% HCl ¢t L Ton, KTEET5HECHE
L, WOk REREROMERAREE L,

B Betanin OI5GIKS 0 BHE L E—
DFBEZ X - o
<EEBEREBRH>

oK f sy %, #Mishd Betanin, Betanidin,
3 XU Betanin O 45 K 5 £ X T, PC
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Table 11. Paper Chromatography and Paper Electrophoresis of
Salicornia Pigment and its Partial Hydrolyzates
PC(RB)® PE(EB)®
Pigment Solvent Solvent
A B C A B C

Salicornia pigment 2.50 1.54 0.19 1.50 1.22 1.23
Pigments produced by partial (1) 2.50 1.54 0.19 1.50 1.22 1.23
hydrolysis of Salicornia pigment (2) 1.24 1.02 1.02 0.99 1.00 1.00
(3) 0.17 0.19 2.56 0.47 1.03 0.97
Betanin 1.00 1.00 1.00 1.00 1.00 1.00
Betanidin 0.17 0.19 2.56 0.47 1.04 0.97
Pigments produced by partial (27) 1.18 1.02 1.03 0.99 0.99 1.01
hydrolysis of betanin (3") 0.18 0.17 2.53 0.49 1.03 0.97

*) RB, Relative Rf-value (Betanin=1.00)
Solvent systems:

A) 01 M Formic acid {pH 2.4)

B) 0.05 M Pyridine-formic acid (pH 4.5)
C) n-Butanol-acetic acid-water (4:1:2, v/v)
*¥) EB, Relative electrophoretic mobility (Betanin=1.00)

LEPERXTHo N ARCRTHEENELRL
(Table 11),

Fnbion b X 51T Salicornia pigment OER5FIIK
i@t PC, PE T=EDODHKEAD ARy F HE LT,
ZDO5HRRy b (DIRRFBOETHY, A€y (2
% Betanin (Betanidin-5-O-8-D-glucopyranoside), z #
v b (3)iXBetanin O 7 7' Y 2 ¥ TH 5 Betanidin ZHf
WAL D EHEINI, €5 T Salicornia pigment
DT 7Y 2 v EiLEEEO Betacyanin HOHA & BERIC
Betanidin TH 5 2 Lo e

EHIT Betanin T~ T5 ARy FHREIhAZ
b, TOTIY a v v~ AR EEERL
TWB I bbb, FRRGHEOEFERHE LI Sali-
cornia pigment DZEHEECTO PC, PE CkiT 28 H)
ENnbE2T, ZOfBFEL Betanin X3 X v 4T v
AXNRKREL, THELd 1H (A VviiEhiil) ©
B, 5D LAEHAEEL TV DD EHEER
hiz,

3-2 FHUUIVOERESEERIT

WD Salicornia pigment DML EEINAK S B OB
B L->THEDT 7Y a vyt Betanidin FHEFETE
Tl einb, ZThxlOIRETLILDET 7Y a v
B, RBEL, EMEORTIEL, ToREEELRE
EIRNTH BRI,
<KEE>

FUaI OB

Salicornia pigment #5,; 655 mg % J2HEEE 120 mé 1=

BEL, BSE 35°C € 5 R EE < MEMAS L,
FISREY 30°C CRERMEE L, Zhuk 500 mé
L, Dowex 50 W-X2 (H+#®) # 5 4 ($2x10
cm) ZRFE, 01% HCl 14 -c¥edtd, KTBHEL, 7
7Y ayAUBERY 77y e v EBERKL, BREC
FHE, AR UG Y IR © B, SesREs
(80 mg) H1H7z,

JLFESHT, UV, IR, NMR: £ 2 fiit#ioHEc @ U,
<KEBRHRLEE>

Slicornia pigment OEEIAK SR L » THEORLT
7Y 3 v OEFEDTRGHORERE (Table 12) (1 Beta-
nidin @ (CisH170sN,Cl-1/2 (or 1) H,O) = —%
L7,

UV (Fig. 6) T, & &0 Salicornia pigment ki3
EAEML Amax (542-546, 271-272, 295(7@) my) KR
LicZ &b, BERZET L TH 85D Chromophore
bR E W ERBEL M IR,

F¥7: IR (Fig. 7) TiLKEEE (3400 cm—1), h v & = v
# (1720 cm 1) ORINAFHCHE S N, FAEZRNO
24— 3 Betanin hH /ORI T 7Y 3 v OXEEER
D —Y DXRITIHE—FT 5 Z LDHELD BRI,

NMR (Fig. 8) ¥ Salicornia pigment +O T DD =
RPNV E DL YEHETII SR E VB 2o,
T ISR L HM S DT, 22 TIEARS b
VEEBTBIED B, Livl, 02—V 3EE
#H9 o Betanidin HCl fED 2 <7 rwses2—v, Bk
O Chemical shift &—F L7z &mbRBLIET 7Y
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Table 12. Elementary Analyses of Aglycone-HC! Salt of
Salicornia Pigment

C% H% N% Cl%
Analysis 1
Found 49.88 4.38 6.38 7.65
Caled. for CigHyOgN;Cleg Hy0 4982 415 6.46 8.19
Analysis 2
Found 48.86 3.95 6.11 7.56
Calcd for ClgH”OgNgCl'HzO 48.81 3.84 6.32 8.02
o8t
o7k 542-546
06
o 0.5
o
04
O3 N 71272
6.2 L 295
o1
00 %50 400 550 700
i (mp)
Fig. 6. UV Spectrum of Aglycone-HCI Salt of
Salicornia Pigment (H,0).
250 3 4 5 6 7 8 9 10 1012 13 1415
T T T T T T T T T T T 1)

Ok

. L 1 L L L L L I 1 L L 1 L I L L
4000 3500 3000 2500 2000 900 1800 ITO0 600 1500 1400 1300 1200 1100 1000 900 - 800 700650
WAVE NUMBER cm

Fig. 7. IR Spectrum of Aglycone-HCI Salt of
Salicornia Pigment (KBr).
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JEERFRFEMAE H9% K45

! 1 1

g

Fig. 8.

(ppm)

NMR Spectrum of Aglycone-HCl Salt of Salicornia

Pigment in CF;COOH at 100 MHz (TMS).

avE, ThEAUEELR 2L LHEEINT,

3-3 FZHUVAVOAFNEYOARH LEERIF

RO X5 RBLET 7)) a2 v EREOSHT DL T
7o) 2y ORERTFEELIID, KT 7 ) =
vigEED # 7 bz 1 B Neo G~ D SEBERY D
s AR AT,

S DBE, * F DL MABRY, WYLER 531,32
OHECEE T THe\, # Fbiyoisfiniciy UV,
IR ooffi, = OEDOLEHOME TILERBEDIed -
I MS(BRRRIMAV) BT A7 AV F—va
vibDfEY, XX NMR (Spin decoupling %<&
1) X BT A AT - 7o,
<EEg>

FVAVIERED AF L

77U 3 v ¥k (100 mg) % E4% MeOH (50 mé) io
HRRL, 0°Cie%#l, Diazomethane (Diazald 7g 7256
AR == FABEREEML, —K10°C LT #E L1
%, BWERBGLEBOh - HAaBkErysontiy (6
mé) TR, T+ @RIEL, EHEIL L L 0)
#3546 (15X10em) WRE, v/ooxzy THE

404-405

0.4 |-

0.D.

264-266

02

ol

00

450
2 (mp)

600

Fig. 9. UV Spectrum of Methylate of
Aglycone-HCI Salt of Salicornia

Pigment (EtOH).
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Ny FEREH, BHE Y RITEEL, gy MeOH- UBIE Lic, &REORIE SR AR L1,

CH.CL 25 HMHELT, BE A RER (25 mg, m.p. <EBHERLER>

253.5~254°C) #187- (Photo. 4 &), Boht: 2 FrithokEfhoLFE 58 O FER (Table
Betanidin $E&8IE 0 X F )Lk : 13), 5,6-Di-O-methyl neobetanidin trimethylester
PR — b D EEEL 7 Betanidin-Yafite fll 7 & Rk (CasHpN,Og-H,0) & —F L, %/ MS Ty~

LT A F b LT x5t (5, 6-Di-O-methyl neo- (M™, m/e 456) 23R X n BEA T —F L1z (Fig.

betanidin trimethyl ester) iz, HEL TEHL o
HO 3
BHASREES (m.p. 250°C) HRFRCHA L7, @:1 @:_1
i, THESV, UV, IR: JIEHEEgEe HO NN COO™ HsCO N7 N COOCH;
T, }CE’L};{B
NMR: BECRUER, S5k 7a by okt N
JE&D7:¥, Proton spin decoupling H:a A&7,
HEA<7 b (BT MS 2055): HOOC E COOM . rg;goc} 1N izgg:;
5, 6-Di-O-methyl neo
A o DS P R L B Betanidin melby] nech

Table 13. Properties of Methylate of Aglycone-HCI Salt of
Salicornia Pigment

C% H% N%
. Found. 58.98 5.23 5.95
Elementary Analysis
Calcd. for C23H24N203H20 58.22 5.52 5.90
UV 1max{my) MeOH 404-405, 316, 264-266
MeOH+H+ 513-514, 315, 275(sh), 258
IR vmax (cm~1) (KBr) ) 3460, 2950, 1742, 1720, 1640, 1597, 1515, 1470,

1440, 1361, 1333, 1308, 1270, 1256, 1210, 1194,
1119, 996, 801

25n 3 4 5 6 7 8 9 10 1l 12 1314 I5
T T L T T T T T lﬁ

Methylate of aglycone-HCl salt of Salicornia pigment

—————— 5,6-Di-O-methy] neobetanidin trimethy! ester

[ S
<

35lOO 30lOO 2500 2000 1900 1800 1700 1600 1500 1400 300 1200 IIJOO 1000 900 860 760
Wave Number CM™
Fig. 10. IR Spectra of Methylate of Aglycone-HCl Salt of
Salicornia Pigment and Synthesized 5, 6-Di-O-Methyl
neobetanidin trimethyl ester (KBr).
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337

1oy ‘ 2456 %6 38
Iu. ‘ PO ] s . 1

90 397 (M-59

M'456

441

411 425 l
| 1

Fig. 11.
Salicornia Pigment.

11, Fig. 12),

* FnAtdpd UV (Table 13, Fig. 9) 3 X' IR Tk
% %I (Fig. 10, Table 13) 1L &K L 7= 6, 6-Di-O-
methyl neobetanidin trimethyl ester DWRIIE & —Fk

" | ST .
330 340 350 360 370 380 390 4(30
m/e

MS Spectrum of Methylate of Aglycone-HCI Salt of

Fragment (m/e)

456 (M*), 441, 425, 411, 397, 345.6% 0337, 286%, 277, 228%

*) Metastable ion

HiCO + [©
Qi el KL
H:CO N7 *COOCH; O N7 "COOCH;

—CH;s (15)

H,COOC N“NMCOOCH;
Mt mfe 456 o~
—~OCH; (31)

H;COOC N
mfe 441

COOCH,;

*345.6 | —COOCH;  juic 405
(59)

m/e 397
*286.1 | —CHyCOOH (60)
mje 337

*228 | —CH;COOH (60)

mfe 277

Fig. 12. Estimated Fragmentation-Pathway of
Methylate of Aglycone-HCl Salt of

Salicornia Pigment.

4;0 420 430 440 450 = 460

L Neobetanidin #E5c 2 b L7cZ E &R LTV i,

oA F ikt o MS (Fig. 11) Tt e —27 M)
WAHY T2 ¢~ 7 mle 456 2t S hichs, fioe—2
DB, EREC — 7 C X5 ELBEOETHRND
BRI LA O MS &L DM X - TIT7R\, &7 7 7 4
vt OBIBHERAHEL, 13LAEETOY — s AR
AN HEBA-+ 5 = & 23T & 7o (Fig. 12),

ZhIZ X b oD 2 F vk 5,6-Di-O-methyl neo-
betanidin trimethyl ester TH 5 Z LiX kR D
DEBEIR DL, Xhie Neo #EI B b3 biT
o A (CDCLE) C BHIt e b & & LI NMR
ARJ b ADFY IF LR, TORBENTTHE
7(:73: - 7o

NMR-v 7+ 0 DB, #RTH2E8XT7 Y=
v BE#E L& O NMR-> 7+ vfH ¥ & 18 MABRY,
WYLER®), WILCOX, WYLER 58 O EXHECL,
¥ 7= Spin decoupling E#IGH L T{77s - 7= (Fig. 13,
Fig. 14, Table 14),

43 NMR-v 7 3 v OBH I Y- TRD X 5 ifbE
Yy WEEe T 5,

(T): Salicornia pigment ©O7 7Y 2 v O EHEED
2 F Al

(II): O, O, N-Triacetylcyclodopamethylester

(I): 4-Chloropyridine 2, 6-dicarboxylic acid
dimethylester

(IV): (2, 6-Dicarboxy-4-pyridyl) malonic acid

tetramethylester
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HiICO 5 4 s
3
2
H;CODZE % N‘lcmoocn:
irr. at B "N\
3
“ 8
15} i
HiCOOC  ™SNZMCOOCH;
1 1% 2
frr. atD ’ irr. at E A
irr. at A J\ % irr, gt C
Chloroform h %
,M .
A
| 1 1 I t t 1 1 !
9 8 7 6 5 4 3 2 |

5 (ppm)

Fig. 13. NMR Spectrum of Methylate of Aglycone-HCI Salt of
Salicornia Pigment (100 MHz, CDCly).

3 .
at C-19 HICOG g,
& €20 s
Chtoroform H;CO% ¢ N %OOCH;
H-1 H-12 CH0 atC 5 &CE "\
2 / 3
" COOCHyat C 10 " *
15 17
vd HICOOC” “SNZNCOOCH;
13 % x
H3
A
H3
A
H 14
Hi8
Chloroform
/(x 2)
-
/-
L { { I ! { i 1
8 7 6 S 4 3 2 i

& (ppm)

Fig. 14. NMR Spectrum of Methylate of Aglycone-HCI Salt of
Salicornia Pigment (100 MHz, CDClj).



Table 14. Assignment of NMR-signals of Methylate of Aglycone-HCl
Salt of Salicornia Pigment
(ppm, CDCl3, TMS)

Pyridine

Compound Indoline part Vinyl part part Methoxyl Ester methoxyl
H-2 H-3 H-4 H-7 H-11 H-12 H-14 H-18 C-5 C-6 C-10 8:%3
A A’ A
MeO S 3
@j\z 4.79 3.15 363 660 672 7.73 532 8.08 397 383 379  4.02
MeO /ey sl > GOOMe dd dd dd s s d d s s s s s
11
° J=10,5 J=17,5 J=17,10 J=14 J=14
y N " Assigned by spin decoupling Assigned by spin
MeOO1C;S N cooMs decoupling
(1)
AOS A3 0-Ac N-Ac
A OmCOOMe 4.93 3.20 3.50 7.02 8.12 2.28 2.32 373 24 21
< 7 | 10
Ac bm bd bd s s s s s s s
{1
g C-3 C-5 c-8 C-9
@ 8.3 4.02
MeOOC” XN~ COOMe
7 1 8 s S
e
MeOOE EOOMe c-8 C-10
= c-7 C3 C-5 C-9 C-lL
7
4 4.81 8.39 3.80 4.01
3
S S S R}

6 2
MeOO% N 1COOMc
¥ 1 i

IV}

Remarks: s, singlet; d, doublet; dd, double doublets; t, triplet; q, quartet; m, multiplet; b, broad.

[4Y

&EvHE R6H BEUWNEREFEYEHI
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i) {t&8% (1) © Indoline 7' 0 b ORR

(I) » NMR (Fig. 13) iR L7z & 312 (C) 6 4.79 ppm/
dd OV EEZ#BE 5 & (A) 3.15 ppm/dd (J=17, 5 Hz),
(B) 3.63 ppm/dd (J=17, 10Hz) ® ¥ 7"+ » {1 doublet
(J=17Hz) ZLL, M (A) & (B) 2T ehigtd
5&(C)Dy 7+ aiz J=10Hz g J=5Hz © doublet
LU,

\ H g
Dz &biﬁ%ﬂhk /(l} (\1\ @ﬁﬁ:é’mb,

479 ppm X (1) © Indohne %o C-2{Z, 3.15ppm &
363 ppm X C-3{Zp oD 7 u t YIZIFBIh, BB
i ABXBlZR LT, i, 2hbixfbdmdn o C-
2, C-3fL 7o v 5 NS LEHEE W (Table 14),

Zoffid> Indoline #7e b v X (II) ® L h & O XF
W, BEC LY ZhFRBRE IR,

i) {t&# (1) @ Vinyl E7a FORR

(I) ® 7.73 ppm & 5.32 ppm @ doublet (J=14 Hz) %
HizBE-4+5% & (Fig. 13), b singlet wBEL
o ZOFERITE =AEOFELXRL, JOREING
HiZ trans [LOHER LD EAB B M LD, 773
ppm/d i C-11{Z 7w + >, 532ppm/d (3 C-12if
P vCREB IR,

iii) 1t&#% (1) @ Pyridine B 70 b ORR

(I) » 8.08 ppm/s i1 (I11) 35 L O{IV) i 3t} % 8.3ppm
~8.39ppm/s & O DB C-14, C-18LD 7w} ¥
iRE X (Table 14), # 7- 4.02 ppm/s 3 [AkE (111),
(IV) @ 4.01~4.05 ppm/s & DRFHH 5 C-19, C-20 iz
COOCH;3 7u + vIZIRB I I,

LA\E NMR oO#s0EREN S b Salicornia pigment
D7 7Y avo HCLED » 7 v{b 4 © ¥ %11 5, 6-Di-
O-methyl neobetanidin trimethyl ester [Table 14 ®

O
o +NH3 MeOH

L& D) RTINS,

L ED3-1Xb 3-3IHFTOXEROER, H-1TL
F5DEREBEEDT Y a v TROBERL
Betanidin THAHZ MR EHh, O G5B IV
C-6 (i a2 >0 OHEDOWTFhmn T BERAHEFL
TWBILEHTHA S LHEES NI,

HOOC” ™N COOH
H

Aglycone of Salicornia Pigment
(Betanidin)

R: Sugar moiety

3-4 F7UUaVvEEE(LEHOER

Salicornia pigment DIEEEHED * F vt D HEFERR
et s MS k508 NMR OBE DD EmE
FLTHWA® 0,0, N-Triacetylcyclodopa methyl
ester, 4-Chloropyridine-2, 6-dicarboxylic acid di-
methyl ester & (2,6-Dicarboxy-4-pyridyl) malonic
acid tetramethyl ester ¥ BKL, ZhbDERD
DFME, & MS & NMR BTt L b
FERC IR,

3-4-1: O, O, N-Triacetyl cyclodopa methyl

ester DAL

0,0,N-Triacetyl cyclodopa methyl ester{3 WYLER
BTl - T ™ #BEC L TR O R IC L DR
L7

HO COOMe O,
pH 8
N) ©
HO NHLCI KsFe(CN)s g G NcooMe

DL-3, 4-D£;Sioxyphenyl- Dopa-:&thg;lte stee Dopachrome ‘r-lnethyl ester
alanine (red)
lpH 8, NazS:04
AcO < Acetylation_ m @CL
Acom coome PrA COOMe COOMe
Ac

0,0, N-Triacetyl cyclodopa
methyl. ester

Cyclodopa-methyl ester
(protonated)

Cyclodopa-methyl ester
(colorless)
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<EB>

pL-Dopa (DL-3,4-Dihydroxy phenylalanine) (1 g)
% Thionyl chloride- # # / — /¥ [Thionyl chlo-
ride 5 mé) % # % / —n (20 mb) “i&H) (—20°C) T,
WP LAER) wiinl, 2WMERCHIER, Mits
HFHEH LI, FISREERERMGE L AR LI RE »
27— BEEL, mp.150~154°C D@ KRk &
L Dopamethyl ester HCl £ (333 mg) %87,

DX 3L TEHK LY Dopamethylester HCl i
{500 mg) % Sgrensen-phosphate buffer (KH,PO4 0.5
g-+NaHPO,-2H,;0 22.6 g/4, pH 8) (150 mé) ¥R L,
B 1L a5 Potassium ferricyanide (KsFe (CN)g)
{4.075 g) & Sgrensen-phosphate buffer (100 mf) DR
S ATRINT 5 LIEFr, #RkEa{t (Dopachrome methyl-
ester DER) THDT, S5~6 BEICHEREINCTEL
7z Sodium dithionite (NapS;0,) % (2.75 g/S@rensen
phosphate buffer 50 m¢) Nz T, B T2 LKEIL

REEIF L 7o, = OBECIRIERS (6 md) &IRINL,
BB L, POs btk <ML CiEspE: 8,

Wz R filh <P L, #KEETE (26 mé) LMok e
)Yy (25mé) BNz, AWHIKEHRLTT 27
L7c#, WEBL, Methylene chloride C¥HLic, 18
WEREEAHY, BEEBREL, BEC0SN HCl
(50 m#) & Methylene chloride (50 mé) % ¥, &
R CiREME U, Methylene chloride J@% Sodium
hydrogen carbonate X, WL TKTHEER, B
A RE LU REAREY B,

ZORWBEHR T a5 C-200 77~ (JHIK80g, 28
X 35cm) %%, Methylene chloride-methanol (19:
L,v/v) TRE, 77 7va Y av s 2 —CHEBKY5mé
FToHMll, %7727 avD5t, TLC (WHl:
Methylene chloride-methanol, 19:1, v/v) T Rf 0.70
wRT T 50y a vEED, B EEE, Methylene
chloride-methanol 7 HEAEL, m.p.156~157°C D4

Table 15. Properties of Synthesized DL-Dopa methyl ester HCI salt
C% H% N% Cl%
Elementary Found 48.52 5.62 5.69 14.16
Analysis Caled. for C;oHi304N HCI 48.49 5.70 5.66 14.31
UV (mp) Amax 210, 280, Amin 215

IR (cm-1) (KBr)

3500 (s*), 3430 (s), 3200 (s), 2950 (bs), 1720 (s), 1605 (s), 1525 (s), 1440 (s),
1385 (m), 1365 (m), 1295 (s), 1270 (m)

MS (m/e) 211 (M+), 152, 124, 123, 88, 77, 74
Estimated Pathway of Fragmentation
O
a P
HO COOCH; H2N=CH—3—OCH3—-%H COOH
b +NH;
HO NH; m/e 88 mfe 74
mfe 211 +
HOw CHy
J=— )
HO
al‘COOCH’ mfe 123, 124 mfe 77
HO
mfe 152
NMR 6 (ppm) 7.30/m (2H, NH))
90 MHz, CF;COOH 7.1-6.8 (3H, benzene ring)
46/m (1H, H-C8)
4.02/s (3H, COOCHjy)
3.35/m (2H, H-C7)

* (IR) s: strong, (m):

medium, w: weak.



i : BOFEEMO Betalain HEARCET IHE 327

tagtikAEd (851 mg) &8/,

BiE, TTESH, UV, IR, MS, NMR: RIEEITHE]
T Co
<ERERIEE>

A B L7 Dopamethyl ester HC! 350t 5Hi,
UV, IR, MS (X/:7 5 7 # v + OBZKERYEL), B
LU'NMR (7v t viRBE &) REHE L —ELT
FieH Aot (Table 15), T6F 447 EITEREC S
L, MS ks —7, FHEER NMRIKT5

06

210

200 250 300
4 (myp)

f7o L OEHENRELEDD, ARLCWETE
B & 4% Dopamethyl ester HCl #8TH 5 Z & 3D
HbhT,

F1-&H LA 0,0, N-Triacetyl cyclodopa methyl
ester ® UV, IR, MS, NMR JE © R X KR L7
(Fig. 15, Fig. 16, Fig. 17, Fig. 18), ¥ Zhbz =
7 b v OREE THESVEL —HEIEEL THFCHS
(Table 16), Frhizid 35K MS 1Kl BN
meta stable ion 2»HDOHBER LWL - THEL THA
LTH5b,

Z O, NMR (Fig. 18 s X ¥ Table 16) ¢ C4, C-7
DFHFEERT v b v ROEL1: 1153 1.35:0.65 D
HERL W52, Oz ik WYLER 6™ H4E~C
W5 X5 Rotamer (A) & (B) 2\ 0.7:03 DL
TRELCHEET A2 &, ¥/ Amide HEEDEHH O

——
3 2 A
R COQCH; R iil COOQOCH;:

e’ “XNo

A )
EiEEEC X AR F RO, CTDTa b vix
(A oBEI Y BYDHAERKE W lppm) Tv 7 b
L, CADFn b vCERAZELIBEZINTED,
Figic N-Ac 7o b YIZ BB Shdy 7+ o hi1:2
DT 624 ppm & 21ppm O 2 EIHCH LD 2 &
B (A) (B) MREHOFELEI RS,

Fig. 15. UV Spectrum of Synthesized O, O, - )
N-Triacetyl cyclodopa methyl ester LT, BFMOTCHEFFTEIL O, O, N-Triacetyl
(MeOH). cyclodopa methyl ester OBGEIZ&F L, MS, NMR
250 3 4 5 3 7 8 9 10 112 13 1415
T T T T T T T T T T T T T
m -
80

60

20

o]

L 1 1 1 | S| 1 1 1 1 | 1 1 | —
4000 3500 3000 2500 2000 1900 1800 (700 1600 500 HMOO 1300 1200 (100 1000 900 800 700650

WAVE NUMBER cm~!

Fig. 16.

IR Spectrum of Synthesized O, O, N-Triacetyl -

cyclodopa methyl ester (KBr).
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%
100 -
% L
80 |
w 70+ 150 209
$ 251
£%0r
5l
40 .
w -
0l 293 M
1ot - " 192 4§, n 35
[or7] | 74 1 2153 2562
o Lk Lube o il s I . LS L 1. L
50 100 m/e
Fig. 17. MS Spectrum of Synthesized O, O, N-Triacetyl
cyclodopa methyl ester.
I 1 I I ! ! ! I
8 7 6 5 3 2 i
6 (ppm)
Fig. 18. NMR Spectrum of Synthesized O, O, N-Triacetyl
cyclodopa methyl ester (100 MHz, CDCly).
FOT — % —OBFIC XL - Th ZhaVEE B mic—3K pyridyl) malonic acid tetramethyl ester
THI ENENDDRIC, DER
3-4-2: 4-Chloropyridine-2, 6-dicarboxylic acid 43" Chelidonic acid % BLATT DOZEEY @m#f0Ti

dimethyl ester & (2, 6-Dicarboxy~4~ HETE&EL, Zha RIEGEL Bk fEy Cheli-
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Table 16. Properties of Synthesized O, O, N-Triacetyl
cyclodopa methyl ester

c% H% N%
Anal. Found 56.81 4.97 4.05
Calcd. for. C15H17NO7 57.31 5.11 4.18
UV ez e 210, 250, 288, sh. 256, 293
IR wmax (cm-1) 1775 (s), 1750 (s), 1665 (s), 1620 (w), 1490 (s) 1430 (w), 1410 (s), 1370 (s),

1330 (s), 1300 (s), 1210 (bs), 1180 (bs), 1160 (bs), 1080 (m), 1010 (s)

MS (m/e) 335 (M+), 293, *256.2, 251, 215.3, 209, 192, *174, 150

NMR 6§ (ppm) 8.12/s (0.65 H, part of H7)
7.02/s (1.35 H, part of H7 and H 4)
4.93/bd (1H, H-C2)
3.73/s (3H, COOCHSj3)
350/bd (1H, H-C3)

4
3.20/bd (1H, H-C3) A‘°@‘j
2.28/s AcO 9 Ny %OOMe

(6 H, 2XxX0OCOCHj;) 7 |
2.32/s Ac
24/s 1H
N-COCH;
2.1/s 2H

Estimated Fragmentation Pathway of
0, O, N-Triacetyl cyclodopa methyl ester

+ +
t o ;
AO —cock, [A<© —CcOoCH;_[Ac—
¥256.2 y 2153 | H-1g W COOMe
AcO N COOMe AcO | COOMe

|
m/e 335 Alc . m/e293 H _Cocy m/fe 251
O\: : l—COCHz
m N~ YCOOMe

COOMe

H HO
O N COOCH;

m/e 209
*
m/fe 192 @:j
HO N

m/e 150 H
damic acid HHBL, &K ZhxH\ KOENIG HD BB Zh AW THER KOENIG 5D FEM 1L
FH2 12 & b 4-Chloropyridine-2, 6-dicarboxylic acid T (2,6-Dicarboxy-4-pyridyl) malonic acid tetramethyl

dimethyl ester #1872, ester ¥R L7,
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[@]
COOCH NeOCyHs HCl
2] + CHiCOCH; ——=—23 e
COOCHs HC;00C” N0~ COOCH; ~ 100°C 10
Ethyloxalate Acetone Chelidonic acid ester
o (@] @]
Q8 == L) = L)
HOOC” ~O” *COOH  20h HOOC” ™N~ "COOH Hsco0C” N7 “COOCH;
Chelidonic acid . H 4-Chloro pyridine-2, 6-dicarboxylic
Chelidamic acid o
acid dimethyl ester
HiCOOC COOCH, HiCOOC _ COOCH
~ CHz/ 3 Nen” 3

Dimethyl malonate

HsCOOC” ~N"NCOOCH;
(2, 6-Dicarboxy-4-pyridyl) malonic
acid tetramethyl ester

Na-sand in toluene

<RER>

(1) 4-Chloropyridine-2, 6-dicarboxylic acid osk
dimethyl ester D&M

Ethyloxalate (75g) ¢ 7 &+~ (29g) D RAEK

RTbh> T Na (225g) & x4/ —n (2508) b &K
L7- Sodium ethoxide # —4 L, ZOLBEHEINTS
EFRBML, HEL) —RCBET 5, 5 RBIHRL e
© Ethyloxalate (8.11 mé) Z¥ehn, fngh, 2#5RitE, F
DIR L TEWIE O FED Sodium ethoxide % i3k
LicibA & oW, 1RMERCHER, =4/ —
N EE, EREEREYBIEE (100 mf) Xk 400g) © o
WAWACIEN, 2RISR L, B 8, Aok (1500 mo) o
T, B 1S5EEL, Chelidonic acid (195g) %
B,

Z D Ester (25 g) % ENE (50 mf) WML, BIRG ozt
HT, BB 10/MmEL, £RUIBERTARXR
BlEE, #A7K (100 mf) T, BukpHEFEL Cheli-
donic acid (12.9¢g) #1187,

CDBIEREIEL D22 LT 8% Chelidonic acid
(80g) RIRT ¥ &= 7K (220 mf) M, BRAHT,
{20 By falinsheg, dERecEC L, ARLAET

o5

0.4

I
o 250 300 350

&%&g“@ﬂgy \(%71( (200 mﬂ) T%H’: ?‘!ZK?J‘BE%L:
Chelidamic acid (16 g) ®#187-,
¥ic 20 Chelidamic acid (10.1 g) # 150°C C 2 B4 Fig. 19. 1V Spectrum of Syathesized &
. ) N e oropyridine-2, 6-dicarbioxylic
iR L, FEkPTBEE, PCls (34g) wum, BRECE acid dimethyl ester (MeOH).
A, BT 2hfmeng, ERCBE, FOBBOE
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W7 amkn s B0me) #TEML, B, & Q0 mé
AN, RECEREMBL, 7 o0 sr 2BREAEL,
K 4 8 7 — % HCl DFetnt 7 { Fe B B BE L B
m, BEEEEL, #4427 —uhbEES L, 4-Chloro-
pyridine-2, 6-dicarboxylic acid dimethyl ester (5.75 g)
w8,

(2) (2,6-Dicarboxy-4-pyridyl) malonic acid

tetramethyl ester DEHE

Na sand (08g) & Toluene‘f (110mé) DEEE T
Dimethylmalonate (5.3 mé) “z;‘éﬁj}u, EHIZELRIG
PRI BOT, KEAILATHD 3HHE, AR TM

#h, P TEiIC AR L7: Dimethyl ester (4.4 g8) 2%
n, SEFRERE AN T ing, Toluene H{HIEL Chhi,
B b vy CHRE L, INHCL 230, =—F4C
M, *—-FrEERELEL, B2/ —1bE
# 1, (2,6-Dicarboxy-4-pyridyl) malonic acid tetra-
methyl ester (480 mg) &7,

(3) MA, TZEHH, UV, IR, MS, NMR:

BRI T,
<EBRERELEER>

HEREEyo UV, IR, MS, NMR th+h lx
LT3 % : 4-Chloropyridine-2,6-dicarboxylic acid

7 8 9 10 112 13 14 15

80

60 -

40|

20

T T T T T T T T

L 1 L ] I 1 1 1 L 1 L ' L 9l 1 1
4000 3500 3000 2500 2000 1900 1800 1700 1600 500 400 300 1200 10O 1000 900 800 700650

WAVE NUMBER cm-!

Fig. 20. IR Spectrum of 4-Chloropyridine-2, 6-dicarboxylic
acid dimethyl ester. (KBr). .
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Fig. 21. MS Spectrum of Synthesized 4-Chloropyridine-2, 6-dicarboxylic

acid dimethyl ester.
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Fig. 22. NMR Spectrum of Synthesized 4-Chloropyridine-2, 6-dicarboxylic
acid dimethyl ester (90 MHz, CDCly).
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Fig. 23. UV Spectrum of Synthesized (2, 6-
Dicarboxy-4-pyridyl) malonic acid

ot tetramethyl ester (MeOH).
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methyl ester (Fig. 19, Fig. 20, Fig. 21, Fig. 22), (2, 6-
Dicarboxy-4-pyridyl) malonic acid tetramethyl ester
(Fig. 23, Fig. 24, Fig. 25, Fig. 26),

EREROFHERY % b D HERMORLE, T
#5547, UV, IR, MS, NMR i3 2 MEMIT—F
LTERL T CHEDT, BBz icy:
(Table 17),

W, PRIESED Chelidonic acid ester (ZBIL T,
BADGETT 68 3 7Df5E%R (A) D X5 EXLTW5D

O
H\ /u\c/H

R A

: e
heca00c” 0 NcoocHs
(A)

o]

HsC2,00C7 ~O”7 “COOC2Hs

(B)

254 3 4 5 . 6 7 8 9 e} it (2 13 1415
T T T T T T T T T T T T
100
80 |-

|

1 ] ! s

OF

1 i 1 1 "3 1 1
4000 3500 3000 2500 2000 .1900 1800 1700 " 1600 1500 OO 1300
WAVE NUMBER cn=!

i - 1 (!
1200 1100 1000 900 800

700650

Fig. 24. 1R Spectrum of Synthesized (2, 6-Dicarboxy-4-pyridyl)
malonic acid tetramethyl ester.
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)
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£
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235
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294 M
1or ‘L ' m 325
o ll . 1 L !
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m/e
Fig. 25. MS Spectrum of Synthesized (2, 6-Dicarboxy-4-pyridyl)

malonic acid tetramethyl ester.



Table 17. Properties of Intermediates and Last Product in Synthesis of
2, 6-Dicarboxy-4-pyridyl malonic acid tetramethly ester
HiCOOC!  8COOCH;
@ o o) cl e
4
L) @) i8] 2 Q!
HsC200C >0~ COOCHs HOOC” S0 \COOH HOOC” N~ N COOH H:COOC” N~ N COOCH; mcooc‘ NN COOCH

H 0 1 1

C11H;20, C7/H,O6 C7H;0sN-H,O CuH3,0,NCl C1aH1505N

K;Chelidonicfa‘cid ester

T Wh;t‘e“'::edle

Chelidonic acid
Yellow powder

Chelidamic acid
Pale yellow powder

4-Chloropyridine-2, 6-di-
carboxylic acid methyl ester malonic acid tetramethyl ester

White needle

2, 6-Dicarboxy-4-pyridyl

Colorless needle

M.p. 63°C 266°—270°C 262°C 142°C 118°C
C% H% C% H% C% H% N% C% H% N% Cl% C% H% N%
Anal.  Found. 54.60 5.17 45.62 219 4147 355 714 4682 347 617 1536 51.43 457 438
Caled. 55.00 5.04 45.66 219 4180 351 696 4707 351 610 15.44 51.69 4.65 4.31
MeOH, 270, 220,
UV Zmax (mp) EtOH, 267, 276 (sh.) H,0, 271, 265 H,0, 278, 207 MeOH, 280, 272, 265 263 (sh’), 275 (sh)
1750 (s) 1255 (bs) 3450 (bs) 1445 (w) 3610 (m) 3100 (m) 1110 (w) 2070 (w) 1225 (m)
1662-3 (s) 1100 (s) 3100 (m) 1415 (s) 3450 (s ) 1722 (s) 990 (m) 1735 (s) 1200 (w)
1630 (w) 1020 (s) 3050 (s) 1255 (s) 2500 (bs) 1573 (m) 970 (m) 1605 (m) 1162 (s)
. 1605 (w) 950 (m) 2825 (bm) 1240 (s) 1700 (bm) 1440 (s ) 910 (m) 1445 (s)
IR vmax {em™Y) 1410 (w) 915 (m) 2550 (w) 1200 sh. (m) 1610 (s) 1333 (s) 890 (m) 1430 (s )
KBr 1375 (m) 885 (s) 2450 (w) 1130 (s) 1390 (bs) 1267 (m) 840 (m) 1350 (m)
1350 (m) 860 (m) 1720 (s) 960 (s) 1330 (bm) 1250 (s ) 780 (m) 1330 (m)
1280 (bs) 775 (m) 1640 (s) 915 (s) 1250 (bm) 1200 (s 760 (m) 1310 (m)
1572-3 (s) 790, 740, 685 1125 (bm) 1150 (s ) 740 (w) 1253 (s )
680 (w)
240 (M+) 184 (M+) 183 (M+) 229 (M+) 325 (M+)
211 (M+-29) 167 (M+-OH) 139 198 (M+-31) 294 (M+-31)
195 (M+-45) 156 121 170 (M+-50, base peak) 266 (M+-59)
MS m/e 183 139 95 139 (170-31) 235
167 128 93 111 207
156 69 (base peak) 76 176
140 59 148
14/t (6H, 2xCHs  6.96/s (2H, Vinyl) 6.7/bs (1H, NH) 4.05/s (6H, CHa) 3.80/s (6H, CH; at C 8,9)
NMR 6 (ppm) CH00C-)  190/bs (2H, OH) 76/s (2H, Vinyl)  8.3/s (2H, Vinyl) 4.01/s (6H, CHs at C10,11)

90 MHz (TMS)

4.45/q (4H, 2x CH,)
7.15/s (2H, Vinyl)
CDCl;

(CD3)SO

(CD;3)SO

CDCl,

4.81/s (1H, H at C-7)
8.39/s (2H, Pyridine ring)
CDCl;

¥ee

V¥ R6¥ BEUXHEWLFEYRERI
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chloroform

M
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§ (ppm)

Fig. 26.

NMR Spectrum of Synthesized (2, 6-Dicarboxy-4-pyridyl)

malonic acid tetramethyl ester (90 MHz, CDCl;).

2%, SEEE L2 oeso MS ¢t MY 0 m/e 240
PEHEhACZ &, $7. NMR T2 F U v OFELIEE
Eh, v 7ot v OFEIURIRAZ LIRERT LD
(B) oRgEr TR I,

Cl C Ct

|

o (59)
[ @ ] ~COOCH; @ —59 @
HiCOOC SN COOCH; COOCH; N

m/fe 229 m/L 170 mfe 111
—CH;O
M+
[CD) G) o / N e J,_C'
mfe 198
+
*o=c NN CoocH; @
m/fe 198 mje 76
H;COOC, COOCH; H3COOC. H;COOC COOCH;
\ 7 Nyt N
(59) |
—COOCHS, o @
H,cooc COOCH; H;COOC COOCH; N~ Y COOCH;
m/e 3% m/e 266
JCHO B (Base peak)
mfe 294
mfe 233 / l —59
—2
m/e 207
—31
mje 176 =59
HZS\A

mfe 148

Fig. 27. Estimated Fragmentation-pathway of
4-Chloropyridine-2, 6-dicarboxylic acid
dimethylester and (2, 6-Dicarboxy-4-
pyridyl) malonic acid tetramethyl! ester.

% 7= 4-Chloropyridine-2, 6-dicarboxylic acid di-
methyl ester & (2,6-Dicarboxy-4-pyridyl) malonic
acid tetramethyl ester ® MS I Ebh b7 5 7 4 v
FovavyRBELTY I/ 4+ OFBHHRR AHE
ETHEMD L5 THB (Fig. 27),

PRl — 2 - X ViAW ERE S D
BRINICZ EHTEIDI,

B4 BROEDOMERE
41 BFROMNKIR
Salicornia pigment OFEH X HFRT 57D BELEE
ARG, KA E PCHE I PE 4L,
<RER>
BiIKkIBOAX:
Salicornia pigment &3 (10 mg) % 22% HCI (4 mé)
B, 100°C T 1 Ml nBvmAsr L, RICERY
BHERMEL, EHAhEE BREERYVTIFNT 4
($2x5cm) AL, KEHBYEMHL, BHEHARR
kL7,
PC: 7, 7% 7 ——EREE-K (4:1:2,v/v), LR
REH, 7=V 72—

PE: EM'E, Phosphate buffer (pH 6.8, 1=0.1)
PkEhS={f, 400V, 16 V/em, 18

PC-PE 2kt 7uv=tv 75374 —: —kRPC, ¥k
PE EBR
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(1) Paper Chromatogram {2) Two Dimensional
Chromatogram
(Paper Chromatography
and Paper Electrophoresis)
L I : Glucuronic Acid and Glucuronolactone
I Q e II : Glucuronic Acid
o L) TL: Glucose
m | ' IV : Sugars in Hydrolyzates of Salicornia Pigment
oL @ (Spots: S1, S2, S3, S4)
Paper Electrophoresis [’
(5] s @ . 9 s4
3 :5 Conditions
5@ ‘E\’}f i;; @53 Paper Chromatography (Ascending)
@ @ 52 z @52 Solvent System: BuOH-AcOH-H,O {(4:1:2, v/v)
st @ r: : 95| Paper Electrophoresis
' , a Electrolyte: Phosphate Buffer
Q —_— (pH 6.8, £=0.1)
I I o v nd : Paper Electro-
2nd Poper ot 400V (16 V/em), 1 hr
Fig. 28. Paper Chromatography and Paper Electrophoresis of
Hydrolyzates of Salicornia Pigment.
<EBERIBRH> R (50 md) AR, E 24 BEEEER, Pd-C (10

EFOEEINKS R X - T1E - R H ARk PC,
PE o4 ¥R (Fig. 28), PCCc7v =YV v 7 2— AT
ZHETH4 £y b S1~S4nEHE Iht, 203
PC CHIBIC S BEL 7272 » 72 S 2, S31k PC-PE %4
T3 T (Fig. 28 OGR) DR, 7T,
DI I S21X v a vk S3E TS va—
ZZ—FL, S417n 7 vy RSB X b A L7
Furw sy v ERESR,

F7> REEOEN STIZ XA v b EAKEH L CERINK
GELTPC CRRICEZABBEL LTI/ va—2 LS
W uvBRIUED T 7 Yy aARE IR D,
Fva—REynvsavBEREE L HEBRETHBL L
k=¥ (N

4-2 FEOHEE CEERIT

Salicornia pigment DOBEERG K4 R B DBE
X o CTHEBHLEEIR SR IR0 T, Z0
HER W O T 5%, Salicornia pigment %35k
{EKRFTHBL, TS 2B, BEL, BsIU@
FoR, B3 o REMEL, *Falt-2 2 Y v RER
MOHFAIuTr 57 4— (GLC), TFribiho
NMR, MS i X BB x4T7e\, FORERHRE L1,
<ER>

(1) sEoBig:

Salicornia pigment fEdh (1.8 g) % 28% B LKE

mg) ¥R, BE O HO: ZpELIE, AL, BK
HIEERK -2 5 4 b A 7 o ($3X10cm) KIEFE, K (24)
THEH, 10% = & /7 —nTEHEH, BHEY 30°C TR
FERML, 30# o EH % f - € PC (#HIER, BuOH-
AcOH-H;0 (4:1:2, v/v); {E#%, FIEEHC No. 50) 217
Tobs, TR ST 500 & o TKTHEH, 14 Y
NS (Amberlite IR-120 (H+ #): Amberlite IR
45 (OH- &), 1:1, w/w] THREL, BRABEESEL,
FREERL TAaOmE 19 mg) #87:, UTFTohy “H
BERE” L WREET B,

(2) 1EERINKSR:

“BAWERE” (5 mg) % 22% HCI (20 mé) iR, 100°C
T 5 Bk B, BREREE L, PC (L%, B
CRT, #ERE, 7=V 7 2—1E) THRYOK
Fwfrics foo

3) BRoOMm:

“HABERE” (3 mg) % 0.2 M BREEEE K (pH 5.1 mé) I
WfR, B#E (PO -D-Glucosidase, & 5\ i1 p-D-
Glucuronidase (5 mg)/BEEEAEE K (10 m4)) IR (1 méb)
wEHML, 37°CTLIWfMM4 v + 2 ~—1 L, PC (B
F, BERE, WKRL) CHBYE RN,

(4) BavxEEME:

AVIGAD? 2% LB EREEZ RO & 5 ik
CEE LIE L7,
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HE:

(A Ferrous-2, 4, 6-tri-2-pyridyl-s-triazine % : 2,
4, 6-tri-2-pyridyl-s-triazine (75 mg) % H&EEE (46 mé) &
IMERERF F Y v & (210 mb) WML, b 7o JaR
L7z 0.0314% & — a4 ((NHy),Fe(SO)6H,0) KER
(100 mé) Z¥m, KT1iCl, ALY ZARREEL
7o D,

(B) 20mM # 3B wEHF bV v LRFEEK: £ %
MBEvERESF P Y v L (855.6 mg) % 40 mM EEEHEER
(pH 5.2) TL£E% 200 mb iz L7cd D,

(C) 2mM BERW : WL -BA ECHEEL, 40
mM EEEEER (PH 5.2) TafE%x 25 ml 5,

ERTE:

2mM AWK (10 mé) (C) & 20 mM NalOy 5% (B) %
B VAR, BEEFT (4°C) B B\ IFEFT (FE 15~
20°C) TR S ®i, —ERE, RIER»D 1mé %
L, 50mbICKTHIRL, £ 05ml % (A) # 4.5mé
Winz, X ¥, 593 my CRE (0.D.) #RE
L, BEME»OEREF NalOy BrxER L1,

(5) AFaft:

# F ML FESFEEIO T X o TITis » 7o, “BAgHRE” (150
mg) ¥ EELH P, VAFAMRAVTF FVF (2mb)
CHRRLTEE,Blh > T+ 4 ¥ T4EES L7 Nal
500mga P AFNANT x YN 2mb) TEHEML,
EFRKF D, 60°C, 1HFHEIEELUAR L7 Methyl sul-
finyl carbanion %, _LECOBEFIRICESM, 30 2R
B%, CHsl (1md) P - S HET LI, IHIc 3
ML b CEIPLTHE, K10mé &ML, %0
BAWAIERR-2 74 b7 4 ($2X13cm) CRER
¥, K (20 THEE, 10% =2/ -V THBHBEL, £0
BHERERBHECER, Y VA5 v 7 4 ($35X16cm)
TR, T—Fu-rnT v (2:1, v/v) THH, AFr
eBED7 7 7y a v EREZELY 5 v 7RWE (1920
mg) 187,

6) X9 VDR

=0 (5) T # F (A INHCl-# 2 ) — v
%, $Hieep, 24 M1 80°C THIBRAL, 4/ Vv 2%fT
e\, WETTHREEZBRELY S » PRO 2/ ) v x
A (910 mg) HH&7,

M KFMEVYFILTILIZOLBT

(5) CHB7z » F #{LEE (910 mg) % x — 5 (10 mé)
ML, 135% KE L)V FOoaT7AvI=v DT~ F
LB (20 mé) T L, 18 BERIMER, RISHKA M
U, #@, 7vosrsThid BRIGEBEYEL, B

HREL, mEEe A Fadk, X870 Y RERTR
v5 .y PRO# 270 v RERY (95 mg) ¥18,

@ 7eFNik:

“BAMEEE” (10 mg) & Sodium methoxide (2 mg) 445
A& /= (10 mé) R, EET1IEHER 4%
BEFGEHEKEE 1 ms) 2T, FERBKHRS
P ATHRAL, 79 esor s T, BEYEEL,
7 & 7 {tdy (19 mg) H 7,

9) Sk

#HR7a< 73574~ (LLF GLC &BEE):

HE;, 63 AT A2u= 077

# 7 £484k L BEEH ; Celite 545, Butane-1, 4-diol
succinate (0.3 X150 cm)

# 7 LEE; 175°C

WEHE 5 60 mé (N,)/min.

PC: %%, BuOH-AcOH-H,O (4:1:2, v/v)

MS: B0,
<ERERLER>

(1) EBIKI R

I: D-Glucose

II: D-Glucuronic acid and glucuronolactone
1I: “Isolated Sugar”
1V: Hydrolyzate .of IIl by g-D-glucuronidase
V: Hydrolyzate of III by ﬂ-D—élucmidase
VI: Hydrolyzate of Il by 22% HCl

P 2 2 @
I I m v v oV

Solvent: BuOH-AcOH-H:O (4:1:2, v/v)

Fig. 29. Paper Chromatogram of Enzymic
or Hydrochloric acid Hydrolyzates
of “Isolated Sugar”.
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Table 18.

Periodate Oxidation of “Isolated Sugar”

Consumption of Periodate moles/Sugar 1 mole

Reaction temp. (°C) 4C Room temp.
Reaction period (h) 23 25 18 20
“Isolated Sugar” 5.2 5.2 5.9 6.0
D-Kojibiose 4.8 ‘ 5.0 — —
D-Maltose 4.7 5.0 5.05 5.1
D-Glucose* 5.0 5.0 5.0 5.0

* In the case of D-glucose, a constant consumption value was obtained after reaction .

for 4~5 hours.

“BAMHE” OS2 R B T, BIRINK S AT
7o 7ois 8 (Fig. 29), Mgk &[4, D-Glucose & D-
Glucuronic acid ¥ X 0% ® Lactone g Iz,

(2) EERa®

W RS OO SIRFF 2 R O 51, “Hg
B OREESRRIT - IofEE (Fig. 29), §-D-Glucuro-
nidase % {Ef} X ¥ % & D-Glucose & D-Glucuronic
acid WL, HHED T LiZ PC LD A £y bOKE
SR L B L e bR TERIE LR, (iF1:1
THote LML, B-D-Glucosidase {EH T4
A E I EAVRERNT,

P EOEEIMKG LR RO R 1D, ARORHE
i B-D-Glucosyl-D-glucuronic acid T 7s { B-D-
Glucuronyl-D-glucose, Eflt, —#f& ® Aldobiouronic
acid tHEES Mz,

(3) BIAYHEEEE

W OREDREAMELYWALLCTE®, BavE
MR LBEERUREEERC LD, B2 v EROBER
ZE U 7cHER (Table 18), 4°C TII¥E 1 mole %4158
3 9 K 5 mole WAL, %I T 1349 6 mole L
e THIEFig.30 WRLizX b5, vad g FciS
b Overoxidation Db EFEZ R, ZOEEMMS
R CEEMNEXY RO D Z LT TERI -T2,

COOoH
] coom COooH
o ) - CooH
210, v v .
OH o-_" OHC/_ RETHN /gH % 0, )_OH
HO " o— OHC o ©
1 C OHC onc/ O~

“Fig. 30. Overoxidation of Non-reducing End
' """ Group of Uronidel?:

@ AFIEHRDRAY /UL R
AFMMEER, X &7 Uy AR THBLEERD %

GLC asl}, s o GLC & o ok o f5 5 Methyl
(methyl-2,3,4-tri-O-methyl-D-glucopyranosyl) uronate
& Methyl (3, 4, 6-tri-O-methyl)}-D-glucopyranoside ®
E—770, TRAEhREFHESS L 1250L AT
H&h7 (Fig. 31 A),

of
Metiyhated “Tsolued Sugar®

COOCH) CHOCH;
—Q
OCH,>1 H. OCH; OCH; A H- OCHy
HCO HiCO
OCH; OH

Refention time {min.)

obtained after
e Sugar”

COOCH; CHOCH;

OCHs A H OCH; OCHIH. OCHy
15CO 1HCO
OCH

Retention time (min.)

Fig. 31. Gas Liquid Chromatograms of -
Methylated Sugar Derived from .
“Isolated Sugar”.

() KFILUFIL-FZII=DLRT
kit GLC TRIE{LANDERERDT / v —DE
— 7 R TR 10 50 & = AL B h bt
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%[ fas 75 o A 233,
60 - 20! COOCHs3 {/ CHOCH;
0 Jo- g ° oc
OCH H,0CH,
50 - 8 HCO 1 HyCO QeH
OCH,
219
MW 468 N
40 -
E 301 71
£
3
© 20t m A
_ 4 A B
187
‘69 2?92/;3 . CHO-CH=CH-CH=0-A
L CH;0-CH= O B 437-
1o sz7| '73 270 CH’OM CHP(3D
| h fil Vil
| s . 1: |-
0 50 100 200 250 300 350 400 450
m/e
Fig. 32. MS Spectrum of Methylated Derivative of “Isolated Sugar”.
B, R <EBR> O (5) THI- 2 F v L THE% LiAlH,
COOMe CHzOMe CHiOMe CHOMe

TERILHE, #Frib, B A 27 ) v 2L THBER
Y GLC 3L, fifao i & i ofER (Fig. 31 B),
g s, Methyl (2,3, 4, 6-tetra-O-methyl)}-D-
glucopyranoside D" 2D 7 / = — X FNFh 3545, 5
SFOFEREIO & 2 A1, Methyl (3,4, 6-tri-O-methyl)-
D-glucopyranoside D=0 7 / = —{iX 104 & 12.2 45
DE—7LLTHRHERT,

Ll ko 4 F il GLC 53T X - T, “Bighs” 12
D-Glucose @ C-2 {7 & D-Glucuronic acid @ C-1 i+
BEELTWL T LIS i,

(6) “Higgts” @*F LD MS R

<EB> O (5) THELL A= “HEE” © £ 7 1D
MS JI%E &5 8 (Fig. 32), KOCHETKOVZ) % KVACIK
LB OWRXBEC L TR LA,

KVACIK 520 (3 # # &t L7z Aldobiouronic acid
D MS T m/e 319, mfe287it 12554, 145540
Aldobiouronic acid IDZAERIN S & HREL T3
25 ZOW7 LAY M, SEO B b
Shic, L LELDORIC A F (o GLC OfERy
L 12 A THL I ENPLNCERTNZDT 14
BELTOBDTRRNC &b,

Fi7 77 2y FOREERK Y Fig. 33 © X 5 CifEE
L7ehs, m/e 437 (M¥-81) © ¢~ 711 Glucose @ C-1 0
CHO #2777 7 # ¥ F, m/e 2191t Glucose
WHIET 5757 4 b+, m/e233}% Glucuronic acid

2"
Ao
MeOPAN | Mo

= A cootte

COOMe

!
Zmo, @ MeoH, M,_.o@
OA

m/e 431 m/e 405

‘\\=.o B J

CHi—CH—CH— Ch = Ote OMe CHyOMe
CHOMe .
& A o
MeO o
mfe 301 Ote
mfe 233 O-A
~CH=0Me l_MeOH MeO~CH=0-8 mfe 390
mfe 279
- COOM
CHi—CH=CH—CH~0-A o l—o"\
mfe 319
MeO CHOMe
Ste CHOMe Q*
mfe 201 5 o
e ToM
—CHy o e wmfe 141
COOMe l ’; /
o coone we 219
MarO = CH—CH=CH—OMe
MeO A l—mou
mfe 287 HeO
OH mfc 187

mfe 187

lvMeOH

COOMe
N

m/e 155

Fig. 33.

Estimated Fragmentaion-Pathway of

Methylated “Isolated Sugar”.

CHRTBT7F 7 A0,
ETT s REx i L7,

7 E L EBEIC KOS

() “H@E’ 07 FIN{tHORF

<EE> O (B) TR L A R —

7+ F (b
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LBmBEAFRFWDGLE K%

=)

#H45

R OBERBAEILA DO SR T4 72 Sophorobiouronic
acid OT&F N FBAL LB TBL oM %47 7
271, '

DR TWio Tdhis  Udiebinn o &1,
4% Sophorobiouronic acid @ 7 + F VHEMATIIHE

B Glucose @ C-1 fid OH 1 OCH; it 7g» T\ 5
DXL, “HME—7 5T, b LThy
Sophorobiouronic acid TH 5 &3+ iE, 7eF ik
DI BHEZ T C-1D OH 3 OCO-CH; &5 T
WBILTTH B,

100
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Fig. 34. IR Spectra of Acetylated Derivatives (Nujol).
I “Isolated Sugar”.
II Synthesized Sophorobiouronic acid
257 8 A B . 37,
215 | 229 Al 2O 37| 33 oy €O0CH, - CHpoAc
f o
I ¢
Pt B AcO lacO Ohc
osc L
243 o +
A MW 664 331 M-59
545-AcOH ay (AcO)
x3 5 ¢ €05
303 i 2cO-CH5B a 42' 7-AcOH 576-Ac0 (5‘\7?0"’0)
! 49 ot SI7 605 AH
. ’359 383 zg 415 545
i A I
A . L . , I .
200 300 400 500 600
m/e .
37|A 7, M-3
215 25A7 COOCHy, " CHzOAC (CH.O)
a%r0 89 60!
2095/ a0 T
243 4o DO
MW 606 303
B
03 X3 {m M-60
229 a5 4s7 (CH;O
B as 7 545 576
x 289 443 503
359 383 39}
POB4| l | I
X L 11 , _
200 300 400 500 600
m/e
Fig. 35. MS Spectra of Acetylated Derivatives.

(I) “Isolated Sugar”
(IT) Synthesized Sophorobiouroic acid
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- CH0Ac

IR (Fig. 34) CiIf 7 & # Meapideie X ek

COOCH;
2Q 2 o C:zc())Aca -\a_n‘é?;-es ) C:zo(_Ac . Q¢ AR,
e e A Ny " 7 MS (Fig. 35) Thle — 73l Sh¥, C-1{Lo
0RO e e e 85 OCH; & OCO-CH3 it X BHaW 3Bl & LT, Eh7
W o] e 2o e LeoH 57 2 v b OREESS (Fig. 36) KRLX 5 C-1D
3 &;C w0, e 7w s, BHBIEA b * Y EOBEIC X B m/e 605
. QAc . . OAc . 7 it B /0,‘ + . +_ . .
A 0+o-.¢\ e OAc A c{cnf)gic Ouc\}:Hz(_HoA (M =59, HH\ L M 31) ﬁ’ﬁ}f‘gh” ﬂﬁ@ 7777
l—Aco(—sgjn=o 0':’:317 . i miests Y b CLWET v F bt L {—FK L7,
*208.4| —AcOH (60)
CHIOA Ciocu, Ac-O-CH=0-8 l—cnic—o NMR (Fig. 37) THEZILIC-1 D T7eFr FTa by i
Z: N AN I, ey il K FuFa by OENLS, ART bt s— I
. " °
" e i PR B, 037 ppm s 5.6 ppm OMD A 7,
mfe 576 10A: N 3
fesre [-emeo 5% e 503 AF Ly 7u by ORESEETH - o, FEHEEIL
_ OAC - -
l Ao o A‘: 7(::1 CIL;‘E;A EHDOEROETH D L5y 7 +3E Eu(DPM)
e 17 ro 1L mfe 303 . o Ffi o T D & H Sophorobiouronic acid O 7+ F vk
—Ac B e
/14 M meus [~ ph #)0 NMR S ORERELRB LT, #ich OREREN
mfe 45T ~AOH mie - = =
chocw 1t miert AL Te o oo DIEHRE OREM & i R RRC BT
y Th b,
oH (8) LI LoEERFERED BEIAG Salicornia pigment
(B’:\‘s/: f;k) ORERO HeR T8 © #3513 D-Glucuronic acid & D-
Fig. 36. Fragmentation of Acetylated Glucose 73 812 & L 7-—# D Aldobiouronic acid
Sophorobiouronic acid. & 5 & = A O Sophorobiouronic acid, bbb
7AcO
COOCH3 CH0AC coocHs
0 o 0
AcO Dhe AcO DA 6Ac
OAc 12H oCH
3
v M
COOCH3 CH,0Ac 6AcO
o 4 —-Q
OAc OAc
AcO AcO OCH3 T™MS
OAc
e 12H b
1 H H L t L ! L
9 8 7 6 5 4 2 | @)
& (ppm) 5
Fig. 37. NMR Spectra of Acetylated Derivatives. ‘

(I) “Isolated Sugar” (II) Synthesized Sophorobiouronic acid (100 MHz, CDCl;)
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COOH CH,0H
Q0 O
H,OH
o OH HoOH
OH

2-0-(8-»-Glucopyranosy! uronic acid)-
D-glucopyranpse
(Sophorobiouronic acid)

2-O-f-D-Glucopyranosyl uronic acid)-D-glucopyra-
nose LPWEL T,

4-3 EREELEHMOER

Bii 57 0 2B T Salicornia pigment o ¥ O B
% Sophorobiouronic acid [2-O4#-D-Glucopyranosyl
uronic acid}D-glucopyranose] & #5E -4 BEE, “Hidg
BE” & T & 5 AU IR L TRV AT » 7228, %0
%% Sophorobiouronic acid @7 4 F A {tiyp i
BELTUBETH-7C s, BT Sophoro-
‘biouronic acid DEBITBEN L Z & o, &0 gl
BOBBERERL, FOWE - (L2 E 2 R/~

Sophorobiouronic acid & 3 Ll # & D Sophorose
(2-O0+8-D-Glucopyranosyl)»D-glucopyranose) 1L
COXON 510 7% Methyl-4, 6-O-benzylidene-a-D-gluco-

COOCH; CH,0H

o Q
A0 $ 0Ac wopH OCH;
Ok @ OH
lus, in CHCOOH izncu
Benzaldehyde
COOCH; OCH,
Ao O_C/Q o
AOV—7/Br O ocm,
2 Ok @ OH

[ Awcos, crcn, 1, |

COOCH; /O‘CHz
o7 O 2
OA OH
AON—Y O Ny/OCH,
OAc

(5)
605 CH;COOH, 100°C, 20 min.
Ac20 and Pyridine

COOCH; CHOAC
O ~0 (o]
OA OAc
AOY— AOY—YOCH
Ohc

6)
0.5N CHiONs, 31
Carbon-Celite Column Chromatography

COOH CHOH

Qo (o}
H, OH
HO OH HOOH
OH

(7) Sophorobiouronic acid

[2-O-{8-p-Glucopyranosyl uronic acid)-p-glucopyranose)

Fig. 38. Synthesis of Sophorobiouronic
acid.

pyranoside & 2, 3,'4, 6-Tetra-O-acetyl-a-D-gluco-
pyranosyl bromide % ffi& X%, AML TV 3,

ZIT, EHOHER ERBBT LERAHK (Fig.
38) IEVEAY (2) LA (4) % KOENIGS-KNORR
MEIRDEHEALTIENEC LD 71 F 4550
1£(6).& L, BBl 7 £ ¥ +4L L T Sophorobiouronic
acid (7) 2T 5 & L HR LT,

X, kA Y IO RGEMRITII A Fafb-2 527 Y v
2, B3 VR LT L - Tilsbh TE R, R®
BHE, R, JEEOLNTEEDETHTLLERETN
ELDTled o712,

418l, Salicornia pigment OEEFOFTCEEL, *
DT e F MBIV ERT €5 AL B O BE
MS & & 2 J7Epv b BORE T L BT A e T
HBHZEEIRUIM, 2T TRERT & F vz on
T, NMRIZ X 28#7, & B, v 7 ' REOHE
X b, B3 NMR /2 & ~ v 2 BfLL, 2581k
TEDLZEBHBLRTVBDT, ¥ 7 % Eu(DPM)
5 NMR @tia it it
<EKE>

{11 Methyl-tetra-O-acetyl-D-glucopyranosyl

uronate (1) D&/ :

BOLLENBACK K7 D /1 X » T D-Glucurono-
lactone % NaOCH; &6 # % / — VWP CRIGE, 7
AR A= A

D-Glucuronolactone (122 g) % NaOCH; (0.1g) 2
BEK A 2 7 —n (704 mé) R, EET 15 HEE
, BRRBERRE, FOKEREE 47 ml) CHEWL, %
DIERBEHERE (0.2 mf) 575 BKEHS (7 mé) T
(0°C LB e bn Xk 5 icoksd), —wBER, Bl
FER (01 md) BT, —WLC I BHBHRARL %
Wl =—F v ThiEL, RESYEE 2/ —AnbH

-k, BEMREES (-1, P-anomer) (6.315g) &1,

WBRAEROK (250 ) sy, BEECHA, 1956, W
W 7 ook s T, 8K Na,SO, THIKE, B
whRE, Bohicy 39 PREAY ot —VCHBE
L, —HHE, ARLERZIEGE -7 TlisL
BRI R 2 ) —uh b R, BEREES (-2, a-
énomer) (4.098 g) &&=,

[2] Methyl (tri-O-acetyl-a-D-glucopyranosyl~

bromide)-uronate (2) O EHL :

BOLLENBACK? %5 & 08 BOWERING 5% O HE I X
- T{)2) #RALAFERE KEEBE P TT 2 2LLAK
L7,
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((13-2) (5 8) & BALKFAIFOKEERS (31 mé) wy5E,
BIHEEERHL, FBEY I v 7% 2 oo 4 (30ml)
W, SEERTURER, K CkEH, K NapSO,
TR, 18, BERkE, Bohicy vy 7 R
I g VTR, RRCHE, ERLCEREE
BB £ — A BERE, (2) UG 4.66 8, (884%)) %
B/,

[3] Methyl-4, 6-O-benzylidene-a-D-gluco-

pyranoside (4) D&R :

Dowex 50 (H+) »fit i U & i L7 Methyl-a-D-
glucopyranoside (3) (30 g) & RITCHTMEYER®) 0
iz X b ZnCl, (225 g) & Benzaldehyde (75 mé) % ¥
i, 48 REREHREE, K (750 ms) Sz 5 < b N,
KEW—HEEL, ERL-AREHYIES %K 60
mé), s ayy (50mé) C3IEBLG, BEHE 70°C TR
AR, MK LR L @) UNE 1607g (36.8%)) %
B,

[4] Methyl-4, 6-O-benzylidene-2-O-[methyl-
(2, 3, 4-tri~O-acetyl}-g-D~glucuronyl]-a-D~
glucopyranoside (5) D&E :

COXON 510 0> Sophorose & FEXIGAL T, (2)

E @) G 6) AR LT,

(4) (1.2 g) & RELSE (1.2 g), Drierite (3.2 g), Dichloro-
methane (15 mf) #{&&, CaCly, &% ol 30 %(FEE] B
#%, (2) (225g) & lodine (322 mg) & ¥fn, ={ET 19
R, 88, &% Dichloromethane Ty, (@{{'{
IRIEPAE (35°C), BONICH Y 5 » 73 2-Ethoxy
ethanol WM, EIBEWHE, SR LLHE&HYIEE,
#% 2-Ethoxy ethanol, = % / —Jy’C(SE(.%, o x ) —
A b B, SRREER (5) UINE, 635 mg (24.9%)) %
B,

[5] Methyl-3, 4, 6-tri-O-acetyl-2-O-[methyl~
2,3, 4—tr1—O—acetyl}-B—D—glucopyranosyl]-a—
D-glucopyranoside (6) DEH : .

(5) (103 mg) % 60% FEfE (15 mf) WEMEL, 100‘?(2,5
20 5 RINEEE, K, Ty EINg, BEZEEEEE <
DiiLls, v 7y PREBECEY Y (2mé) &4EK
Eefig (2 mé) Ry, ER THHEER, kK EmL,
7 awkov AT, EKEEEF t ) v A ChKE, B
B, BEEEL, T2/ —AbbEELT 27
(6) (97 mg) %187z,

[6] 2~-O~{8-D~Glucopyranosyl uronic acid»D-

glucopyranose (Sophorobiouronic acid) (7)
DER:

(6)(50 mg) % * # / — i EEEL, 1NNaOCH;
% 7 — VIR (0.8 mé) Ry, 4WHVER CHIE, #
7 =V CHIRL, Amberlite IR 120 (H") %5 4 (625
X5cm) & Amberlite TR 45 (OH™) # 3 » (#2.5%6
cm) AL, BHREYBERMEL, B0 Te2~<
—R—gu<wtr s I 74—~ (BB BuOH-AcOH-
H,O=4:1:2, v/v) #fT7c - 7

ZHER S AT L DR THIBL, 44 v3SREIET
MBRL, RFE, FRERERL C (D) (7T mg) ¥ B,

[7] RIEE

WECEE . Eiuc X Y BIE L,

BYE, TR IR . BB OB ER X 9 FHIE LA,

NMR: #¥E, L0y 7 bR Eu (DPM); HnEL,

Proton spin decoupling #%$RH L,
<EBRERLER>

HRURAEFEY Sophorobiouronic acid EBEZ LA
BohT, FEMeERITE o on, AREEAD
ZHERSr & PC, PE, IR 2—FL, BRI ER I iz
LD EREEI NI,

T, Biezo7 &5 ¢t NMR 6 2O
RS LTC,

F, HoFLLOHmHD B o7 57 iy
D NMR BE}C 63.7~56 ppm BT KT D A FV, A F
vy 7o by ORBAREETH - To D E RN, A
T & F b v 7 FE3E Eu(DPM); & wiin L JiE
U7-#&42 (Fig. 39), 63.7ppm 25 5.6 ppm DD # 7
YV, AFLY 7O LI OFRMC L - TEREY 7 b
L, 4.3ppm 25 6.8 ppm OHEIFRICHR >N 7,

WELzZD 25y, AFvy 7ot YORBETRS
¥, Proton spin decoupling O E &% 17 7o - 7o fE55H
(Fig. 40), 653ppm (J=4Hz) D C-1 D7/ * YV » 7 7
v rOMMEY BET5E, SRS H D 43ppm D
double doublet (J=4, 9.5Hz) i doublet (J=95Hz) 1=
=, JL‘IL’C@*‘K‘/}%HEQ‘H“ZQ <‘: 5.3 ppm @ doublet
(J=4Hz) 11 singlet 17, 6.3ppm MDY 7+ L L
7t Tus % triplet (J=9.5Hz) {¥ doublet (J=9.5Hz)
CEE LT, DR, 53ppm DY S F L C-1D 7
2 + Y, 43ppm @ double doublet (X C-2D 7 a +
YRIFBEN, 12 Ao iorFy Fary (7
€ FAEROOTIR) IDEMEBCY 7 P LT, &
s By LT 6.3 ppm D triplet 13 C-3 D
Tu b vRREBINI, o7 e b e onTiE, £
RBTE loh o 1o05, Lo BEE, 2 ) Dz~ 27 + o
LR URHS, K, EFRECHRALCIS>CIRELY
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(Fig. 40, Table 19), = 17 /B © & 13 “BEEHE" D BEFETHOT € F r{bA Y THC Eu (DPM) %%

NMR @ISR Lo FUBE LT NMR % Fig. 41~44 i€ 72,
Table 19. Properties of Intermediates in Synthesis of Sophorobiouronic
acid [2-O+(8-D-Glucopyranosyl uronic acid)-g-D-glucopyranose}
olH; CHI0A
>~y 501 oA
cogcu; cogcu, OCH20 \OIJOF; bor  AQ 7och,
N oA @"CQ o meool b mcoot O
AcON—7OAC AOY—{/B Oy OCH, . VA . OAO
C
(1>8Ac (2)<3Ac (4)0;4 pore” AcO) o)
- ¥ OAc OAc
M.p. (°C) 110 104 162 212
[«1® +90.5 +193 4103 +34
(C=1, CHCly) (C=1, CHCIy) (C=2, CHCly) (C=1, CHCly)
C% H% C% H%
Found — — — 53.81 5.85 48.86 5.73
Anal.
Caled 54.18 5.68 49.06 5.66
for (C7H34015) (C26H16019)
1755 (vs) 1740-1760 (vs) 3400 (s) 3498 (s) 2860 (m)
1370 (m) 1375 (m) 1370 (m) 2900 (m) 1735 (vs)
1205-1230 (vs)  1200-1250 (vs)  1000-1100 (vs) 1750 (vs) 1440-1450 (m)
IR 1000-1100 (s) 1000-1100 (vs) 750 (s) 1375 (s) 1370 (s)
vmax (cm—1) 905 (m) 895 (s) 698 (s) 1220-1240 (vs) 1220-1240 (vs)
888 (m) 875 m) 1000-1100 (vs) 1170 (w)
760 (m) 1030-1040 (s )
748 (m) 970 (m)
697 (m) 925 (m)
888 (m)
5.8/d 7.38/m 7.4/m 3.7-5.5/m
(1H, anomeric) (5H, arom.) (5H, arom.) (12H, C-H)
' 5.0-5.5/m 5.5/s 5.5/s 3.7/s
(3H, H2, 3, 4) (1H, benzylic) (1H, benzylic) (3H, COOCHa3)
4.2/d 4.7/d 4.8-5.3/m 3.4/s
(1H, H-5) (1H, arom.) (5H, H1) (3H, CH;0)
3.7/s J=3.7Hz 3.3-4.35/m
MR 1.9-2.2/s
N (3H, COOCHy) (6H, H2) (18H. AcOx6)
J {ppm) 3.5, 4.4/m 3.75/s
(6H, CH) (3H, COOCHy)
3.4/s 3.4/s
(3H, CH;0) (3H, CH;0)
2.9/bs 2.1/bs
(2H, OH) (1H, OH)
2.0/s

(18H, AcOX6)
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AcO

COOMe
AcO

M
wilous ME \/w v\\
WJ L// -
Eu(DPM); 15mg

H5
L H3 L HB H'5 \L
Eu(DPM); Omg b Mpr\\)

5 (ppm)

Fig. 39. NMR Spectra of Acetylated Derivative of Sophorobio-
uronic acid (15 mg/CDCl; 0.4 mé).

H3
Hi
HI H2
irradiation l ] irradiation
at H2 H3 at H2
(ﬁ irradiation atH!
U HE,6'
HS
‘ u(DPM), 15mg
U N ] ! 1
7 5} 5 4

§ (ppm)

Fig. 40. NMR Spectra of Acetylated Derivative of Sophorobio-
uronic acid (15 mg/CDCl; 0.4 mé).
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B EAFLLRBIRE 0% 42

|

o]
OAc
OAc
H-234
- HEE HS
Eu(DPM); Omg ..,..J : N
e [
Hl !

Eu(DPM)3|5mg

1 i

é 7 6 5 4 3 2
d {ppm)
NMR Spectra of 1,2, 3, 4, 6-Penta-O-Acetyl-5-D-

Fig. 41.
Glucopyranose (15 mg/CDCl; 0.4 m¥).

Ha
OAc

QAc

COOMe

EulDPM); Omg _,_JWMA‘.JW‘JMA A | O .
Hi y . J
_— L N

L 1

"Eu(DPM)z i5mg

6 5 4 3
3 (ppm)
NMR Spectra of Methyl 1, 2, 3, 4-Tetra-O-Acetyl-5-D-

Fig. 42.
Glucopyranosyl Uronic Acid (15 mg/CDCl; 0.4 mé).
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OMe

OAc

Ac
0 H6,6"
H2 W PhCH\o H5 Ha
Eu(DPM),; I5m L L\‘

3 9 . — S

H2 Hi

H3
10Omg LJ M

——e

.

Omg

1t
A

HI
1 ! L 1
7 6 5 4 3
¢ (ppm)
Fig. 43. NMR Spectra of Methyl 2, 3-Di-O-Acetyl-4, 6-O-Benzylidene
a-D-Glucopyranoside (15 mg/CDCl3 0.4 mé).

OMe OAc

FF
irradiation

at H3
H4

irradiation
atH2

irradiation
atHI
H3 &K ]

x
N

=——

Yrggond W

1
7 6 3 {ppm) 5 4
Fig. 44. NMR Spectra of Methyl-2,3-Di-Acetyl-4, 6-O-Benzylidene
a-D-Glucopyranoside.
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E5H BEOTIVYIVEEIERBOBESURORE

Wz OERFEG B Salicornia pigment ORERSY
7 7Y a v s Betanidin, §i44% Sophorobiouronic
acid [2-O-(f-D-glucopyranosyl uronic acid)}D-gluco-
pyranose) & ¥5E L7255, Betanidin @ OH Fcsd LU sE
DBILEEDFEE D a fad BfEED, T Beta-
nidin ® C-5MLR LV C-6 LD 2O KEHEDELDH
CEEE L T B0 HRT DI ROER» T - 72,

5-1 BRABICKDIESOREN
<EE> .

Salicornia pigment KW (6 mg/5 mé) 1 mb iZfEE
7% (Emulsin #F 7213 8-D-Glucuronidase, 5 2\ 1
BHEEFERAEYWSmg, H 5\ iL5mg 77-2/0.2M Acetate
buffer, pH 5, 5 m#¢) 0.5 mé &4, 37°C, 18§41~
" %a~—1 L, PC (%%, BuOH-AcOH-H,0 (4:1:
2, v/v] THERMOBRBET -1, IBSBIEE L
T, Betanin, 5XUO'FD 7 2" Y 2 v -CtH% Betanidin
RIS,
<EEREREEE>

e - oBFERSEF ORI 2-0«3-D-Glucopyrano-
syl uronic acid)-D-glucopyranose & PEI N2 & A
LEERTH D THHTZ D Glucose OBILEKEA Lo T
BELTWAZLIIHLLTH S,

WCHERRT 7 ) 2 v I a kB LT 5D, XUk B
BLTCCDTRET D L OBEESfEXTI PCHE
# LR (Fig. 45), Emulsin (8-D-Glucosidase) ¥4k
TIXRFROMIE L ¥R\ Betanidin xRy b &5z,
B-D-Glucuronidase B CiIR SO BT &\ > Beta-
nin (Betanidin-5-O-8-D-glucopyranoside) = #2435
Z#E, &5 %, f-D-Glucosidase & -D-Glucuronidase
R CER &% 5 L RGO B3 L Betanidin &

HO
Sugar { @@\
HO N~ COO™

Betanin i35 & LT 2 £ v PRI X R,
COFEENL LT SV a v BEAL TV ELD
EHRE LT,

—

I: Betanidin
II: Betanin
I: Salicornia Pigment
IV: 1I+Emulsin (8- -glucosidase)
V: Il[+Emulsin {§-v-glucosidase)
VI: I+ A-n-Glucuronidase
VII: I+ Emulsin + 8-p-Glucuronidase

' ) 6
0 4 & 4
® p & 0

L L 1 1 L L 1

1 11 I v v vi Ml

Solvent System: BuOH:AcOH:H:0,4:1:2({v/v}

Fig. 45. Paper chromatogram of

Enzymic Hydrolyzates of
Salicornia Pigment.

5-2 ZUUIVA - F—=NEBOREBEHERT
TV aviiE ERoBAELBERYRE T 51,
WILCOX, WYLER 5% 237k € — + @ Betacyanin ‘TH
% Betanin DG 2 YE LB OERBRERSE LT,
WOMERIGEKIC L b 7 7 ) 2 v D indole Hix K8

L, TOWEX T,

MiQw!
HiCO N COOCH;

Methylation Methanolysis
CHaNj HC!'‘MeOH
HOOC” “N~"~COOH HiCOOC” XN~ COOCH;
H
lxouv
HO [ @:jl Fremy’s Salt HO { @\—/—L
NaHCO
Hico | N~ NCOOCH T HCOo N \COOCH;
H H

Indole 'p_artEubstance
of aglycone
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<EBE>

1) AFNERUXSIVIR:

Salicornia pigment (600 mg) Z MK » 2 / — v (100
mé) [T H R, BB L7 »sHdiazomethane [p-toluene
sulfonyl methyl nitrosoamide (12g) 75 FA#]) =~
F BT, 24 W%, EEL, B> LEEYY
=L, BOMRBEYHL, chx INHCl-22 /-
v (25 mé) IR L, Mg L, 50°C -C 3Bfiingh » 2 /
y v R, BERYRRL, T3+ (B, SR )
H1Fa (PlEXTem) WRE, &2/ —nmedJuaa fi
v (05:95, v/v) THEH, BEERHLUBHEWRY (9
75 mg) % B,

2 PrOUSR:

RED 2 F ulb-2 2 7 v 2ERY FEEEBRY, 19
75mg) &K (7mé) wERL, HBERy 7RI LR
SORAS, AR Lo, KOH (064g) WML, 5
UHRE L, 70~80°C T 8RB L AL 1o AEDE,
2.66 N HzS0; (4 mé) tehfnl, ZEHREEL, #EIN
HCI-MeOH (12 mf) % ¥, B L 60~70°C T 4K
g, Ak L€ NaHCO: ¢ pH7 &L, ZOBHK
. FREMY # (K-nitrosodisulfonate) (0.2 g) * b %,
Gdrensen-phosphate buffer (pH 8, 5mé) ZEs L, 2
SHBEETR T FATIRED, X5 54# Na-dithionate
(05gy ¥z, HEBELAKE, NaSO, TEEE, %
LCBEBEY Y Va5 v 7 4 (¢ 3X20 cm) IR,
¥t (Benzene-Propionic acid-Hy0, 2:2:1, v/v Ok
B) CREIEH LI, UV 5 ¥ 7 CERERTL AV F

250 3 4 5 6
T

0.7

0.6

0.5

G o.4f

0.3

0.2

0.1

0.0

!

250

A (mp)

400

Fig. 46. UV Spectra of “Indole-part
Substance”.

12 13 14 IS

100

40 -

20 - ‘

!
o

L

L g - L 1 L 1 1 1
4000 3500 3000 2500 2000 900 1800 ITO0 1600

I s
1500 1400

WAVE NUMBER ¢m-1

Fig. 47. IR Spectra of “Indole-part Sitbstance” (I} and Synthesized
5-Hydroxy-6-methoxy-indole-2-carboxylic acid methyl ester

(1) (KBr).
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1200

1100
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% +
Mi32
100 189 L
- ol g M 221
“fndole-pact. substance™ (32)
80 -
70| - o
) HCO! N FI6LE co NTCxg ~Co 23
g 60 - H NOCH; © m/e 189 &
E MF . mje 221 1371
Zsor 174
<
X 40 HO.
30 161 —CHs @@
20l 135 146 MEIS en HiCO N
206 mfe 161
HO.
10+
' | | l | I mfe 135
o)
0 e O N C¢
100 150 e 200 H) Nochy
mje 206 ~CHy
'Z; | M-32
FoSymd 189 .
% 1467 | —CHyOH w/e 120
Jor m*221 JCN
S0l
ool HO —co HO
—sal ] ST J j
;40 174 o N Caé *¥122.5 O N
30 w3 M5 mfe 174 mje 145
20 135 206
L l I, I a | Fig. 49. Estimated Fragmentation Pathway
e P e 20 of “Indole-part Substance”.
Fig. 48. MS Spectra of “Indole-part

Substance” and Synthesized
5-Hydroxy-6-methoxy-indole-2-
carboxylic acid methyl ester.

Table 20. Spectral Characterization of “Indole-part
Substance” of Salicornia Pigment
C% H% N%
Anal. Found. 59.28 5.19 6.29
Calcd. for C11H11NO4 59.72 5.01 6.33
Fig. 46
UV Amax (my)
(EtOH) 310, (EtOH+NaOH) 305, 363
Fig. 47
IR Ymax (cm"l) '8
KB 3550-3450, 3330 (s), 1690 (s), 1640 (w), 1530 (m), 1510 (m), 1440 (m),
r
1385 (w), 1360 (w), 1310 (s), 1260 (s), 1220 (s)
Fig. 48
MS (m/e) '8
221 (M+), 206, 189, 174, 161, 146, 135
Fig. 50  Fig. 51
(CDCly) (CD3)SO
8.7/b 8.6/b (1H, NH)
7.15/s (1H, C-7)
NMR 3 (ppm) 7.07/s 6.95/s 11, C-a)
6.82/s 6.85/s (1H, vinyl)
3.95/s 3.86/s (3H, COOCHSjy)
(8H

3.88/s

3.78/s (3H, CH;0)
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ERERML, =2/ —anbBEL, Tor ) HRRE
Bt EERRY (6 mg, m.p.168°C) & LTE7 (U
T, Th# “Indole-part substance” &HBZED),

(3) HHFHE
gis, UV, IR, MS, NMR o JIZiicE o
<EBERLER>

EOFEECEL “Indole-part substance” & RIET
B~ & 5-Hydroxy-6-methoxy-indole-2-carboxylic
acid methylester & DfE-CHH - {LFHINEE S KL
FIERITIE o ARSI P AORMLLELCF — 2 —IF
—HLCREHFTH % (Table 20),

BEERIR “Indole-part substance” (m.p. 168°C) i
FEAY (mp.168°C) L EEL CRERET ¥3, TES
WOER, CuHyNO, ofFR&—FK 1L, MS (Fig. 48,
Table 20) TEHRSTRCAKTHHe~27 M) m/e
221 g I e,

UV (Fig. 46, Table 20), IR (Fig. 47, Table 20) -3,
“Indole-part substance” (T &HHDFh &—FK L1,

MS D& 7 5 7 # v oW Cik “Indole-part sub-

stance” & SHHOFIULF—T, Metastable ion 7
LOFEE, D4 v F—r{LEYOBREIHELS 2%
CLHEE L URBETRVERT &R v 8% (Fig
49),

NMR (#4#: CDCly) (Fig. 50, Table 20) TiX, 67.07
ppm & 7.15ppm @ singlet (21 C-4 ¢ C-TOHFEFERS
a b vT, 6682ppm @ singlet (1 C-3D ¥ = Fu
P IBE XN, 6395 ppm @ singlet (LA MK F v 2
FrFu b vz, 6388 ppm D singlet (XC-6D » b &
v7e bR, JAXEREWH IR TV SEEbRS
8.7ppm AN RV E— 271X N-1D 7 v + Y IZIFE
Ehiz, (CDskSO H T & 7o b VIXAHCRES R
7= (Fig. 51, Table 20),

Ao @& R A S Salicornia pigment B EL R
7 “Indole part-substance” (L 5-Hydroxy-6-methoxy
indole-2-carboxylic acid methyl ester L [FE X h,
> T DOEFREREG ORI T 7Y 2 3o C-6 (LT
175 C-5 LXK ICHEEL T2 LD L fER-ST
bhiz,

chloroform
~

-~

——

WWWJ

1

1 ! H
9 8 7

Fig. 50.

5 5 7 3 2 i o
(ppm)
NMR-Spectrum of “Indole-part Substance” in CDClz at 100 MHz.

i
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{// 7 (CHy),S0

X4
CMCI3
TN ST VI E EU UD UOR SR AU SO AU SO ANES B P | P SR SO S AU PN S SN P AU SR SN P SR B
8 7 6 5 4q 3 2
6 (ppm)
Fig. 51. NMR Spectrum of “Indole-part Substance” in

(CD3)SO at 100 MHz.

5-3 FrUAY-A v F—LBEELAMOER
B I 3 ~XFe Salicornia pigment DT 7Y a v
AV F= AR DOHEE R TEND DI DD WY E & L

HO @CH
HCO

(1) Isovanillin

(2) 3-Hydroxy-4- methoxy

benzal hydantoin

T 5-Hydroxy-6-methoxy indole-2-carboxylic acid
methylester % WILCOX 56 0 Jj it > THROE
BRI X b

FRL, EOWEYF,

H:CO H;CO \

(3) 3-Hydroxy-4- methoxy
benzyl hydantoin

HO COOH HO COOCH; HO
©/\( MeOH-SOCH; ©/\r Fremy’s salt
— —_— l
HiCO NH; HiCO NH;Cl H:CO” N~ “COOCH;

(4) 3-Hydroxy-4-methoxy
phenyl alanine

1t&4 (4) (1.0g) % Thionyl chloride-48K # % / —
AEFERI, 1 MMERCHER, WHAET, 6%
RIS Fﬁ%%iL,ﬁﬁéﬁﬁ%&LfﬂA%()
gy

[5] L&iH6) DERL:

{t&4 (5) (750 mg) %K (25 mb) SR, Efgx 7
(60m¢), FREMY ¥ (1.5 g), NaHCOj3 (0.56 g), 7K (30 mé)
DEGEEDP > < DT, 30731, NaCl CH#F, &R

(5) 3-Hydroxy-4-methoxy
phenyl alanine-methyl
ester HCl-salt

H
(6) 5-Hydroxy-6-methoxy
indole-2-carboxylic
acid-methyl ester

x F v [Bie B0 NayS,04 KEHE & K ThE, NayS04 T
W, WA, BaverabBEEL, e 6)
(60 mg) 187,
<EBREREIEER>

BRI LA (2~ (6) DEFER =7 b v DR
Br Aty - 21t Ea Table 21 0¥ & TH
i,



Table 21. Characterization of Intermediates and Last Product in Synthesis

of 5-Hydroxy-6-methoxy-indole-2-carboxylic acid methylester

Ho@/\/co\ HO@/\(CO\ HO cooH HO COOCHs HO@;—:D\
NH .
Mo LN HiCO s HCO e o NH,C| Heo N7 Co0CH,
CuH 004N, CuH1204N; C1oH1z0:N C11H1604N-Cl CuHnON
Compd. (2) Compd. (3) Compd. (4) Compd. (5) Compd. (6)
white needle white needle white powder syrup. pale vellow granule
M.p. (°C) 276-280 193 265-270 — 168
C% H% N% C% H% N% C% H% N% C% H% N%
1 Found. 56.53 4.25 12.07 55.94 5.15 11.81 56.72 6.44 6.30 — 59.63 512 6.26
Anal. Caled. 56.45 4.29 11.95 55.90 5.09 11.90 56.86 6.20 6.63 59.72 5.01 6.33
o B (H,0) 267-277, 282-  (H.0) 276-277, 282-  (EtOH) 310; (EtOH+
UV Zmax (mp) 283 (sh.) 283 (sh.) NaOH) 305, 363-364
3450 (m) 1580 (m) 3450 (s) 1510 (s) 3500 (bw) 1380 (m) 3500 (bw) 1455 (s) 3550-3450 1385 (w)
3200 (bm) 1510 (s) 3300 (m) 1460 (w) 3200 (bm) 1335 (w) 3200-2800 1390-1380 3330 (s) 1360 (w)
3050 (s) 1445 (w) 3150 (m) 1440 (s) 1625 (s) 1295 (m) 1745 (s) (bm) 1690 (s) 1310 (s)
1755 (s ) 1430 (w) 3050 (m) 1420 (s) 1530 (s ) 1255 (m) 1605 (s) 1305 (m) 1640 (w) 1260 (s)
IR vmax (cm=1) 1715 (s) 1385 (s) 1765 (s) 1385 (s) 1470 (w) 1225 (m) 1530 (s) 1290 (s) 1530 (m) 1220 (s)
1655 (s ) 1710 (s ) 1455 (w) 1500 (s ) 1510 (m)
1610 (m) 1590 (s ) 1435 (w) 1470 (w) 1440 (m)
KBr KBr KBr Paste KBr
234 (M+) 236 (M+) 211 (M+) 225 (M+) 221 (M+)
219 (M+-CHa) 138 (M+-99+H) 166 (M+-CO,H) 166 (M+-COOCHS,) 206 (M+t-CHs)
205 137 (M+-99) 138 138 189 (M+-CH3;0H)
MS m/ 191 (M+-HNCO) (base peak) 137 (M+-74) 137 (M+-88) 174
¢ 163 (191-CO) 122 (137-CHj) (base peak) (base peak) 161
148 (163-NH) 94 (122-CO) 123 123 146
134 122 122 135
120
(CD3):SO (CD3),SO CF;,COOH CF3;COOH CDCl; (CD3)SO
10.9/bs (1H) NHx2 10.3/bs (1H) NHx2 7.25/bs (2H, NH,) 7.2/bs (2H, NHy) 8.7/b 86/b (1H, NH)
10.1/bs (1H) OH 8.7/bs (1H) OH 6.97/s (3H, aromatic) 7.0/bs (3H, aromatic) 7.18/s 6.95/s (1H, C-7)
. 8.7/bs (1H) 7.8/bs (1H) 4.55/bm (1H, CH) 4.6/bm (1H, CH) 7.09/s (1H, C-4)
NMR 6 (ppm) 7.15-6.85/m 6.8-6.5/m 3.93/s (3H, CH;0) 4.05/s 6.83/s 6.85/s (1H, vinyl)
(3H, aromatic) (3H, aromatic) 3.5/dd (1H)} CH 3.95/s 3.96/s 3.88/s
6.3/s (1H, vinyl) 4.2/t (1H, CH) 3.2/dd (1H) 2 3.15-3.65/bm 3.88/s (3H,
3.8/s (3H, CH30) 3.7/s (3H, CH30) (2H, CHy) COOCHS,)
2.7/d (2H, CHy) 3.77/s (3H, CH;0)

Wi Y ERNEDE weeg QUM E ST B

€8¢
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F6H BEAEE

B LIc T R TOEBRERAYBELT, H-TLE5
(Salicornia europaea L.) DIEZLIH O i SR HEEEL
TCEHREHFRD (L HEET “Betanidin-5-O-[2-0O-8-D-
glucopyranosyl uronic acid)}-3-D-glucopyranoside”

EHELI,

COOH CH;OH
Q0O Q o
OH OH
oH HO N

H
HOOC ™N
H

COOH
Salicornia Pigment

Betanidin-S-O-[Z-O-(ﬁ-‘r)-glucopyrano_syl uronic acid)]-
B-b-glucopyranoside

Z OB LT PIATTELLL B465) 23 Fuww &)
(Amaranthus tricolor L) DENSEBEL, BEikr
FE LT Amarantin H&LIBFCEWER—D LD
Thotoo M, FHEAFCTETHHC LD LD fbidr
SFEETILA WA, 513 Amarantin OISR ELYE
G357 —2&1LT, B-D-Glucuronidase #{EH X &
7c85&, Betanidin #4 U712 5525, L LES LT
Au¥, Amarantin O Glucuronyl glucose TiX
75 { Glucosy! glucuronic acid OETH HAIHEH: L
Hbv, R L7 Amarantin OREEAIEBTAHF — 2 —
LixiebitwbnbELLND, EEHEOZORERYHAV
7cEERTIE Betanidin (It L T4, Betanin D&
MU, p-Glucuronidase & B-Glucosidase DESHH
W X 5 T U T Betanidin #4105 = & SHELD
bz,

SOREDLILT 7Y 2 v FOEEMEROWT L B
CHRMTB7 — 4 —%TWEL T L5 ThHHA, F
BORBCURBEMBEYWCT B Lot

—F, 1% &% Amarantin Oz %o C-15 Stereo-
isomer T#H % Isoamarantin ZHEEL 7= L &5 L Tu
B, EFBOBEEL /BRI OV TR B LERBREN
fTishleh - icicd, E¥b b Isomer Th B
TH 5,

AmarantiniXiF\ & 5 LD THEEI R THE, BT
{ PIATTELLI H—JRIZ X » T, & Xl & 5 (Celosia
cristata L) OFEIES hs 5 Celosianin 7o £ & & i, Ire-
sine herbstii HOOK DEE® px6 Iresinin-l 7e & & &
Z, ¥, AW H Z 5 (Gomphrena globosa L.) DIEM

5 Gomphrenin-I & & L CEECHEINTV5,

Zh B o5 Celosianin (L Betanidin-5-O-glucuro-
nosyl glucoside @ p-Coumaroyl ¥ X ¢* Feruloyl 5t
% (p-Coumaroyl i1 D-Glucose D C-6 {71z, Feruloyl
#Hix D-Glucuronic acid IZfEE) DHEE%R b B, Ire-
sinin-I % Betanidin-5-O-{2-O-(8-D-glucopyranosyl
uronic acid)-6-O-(3-hydroxy-3-methyl glutaryl))-8-D-
glucopyranoside TH 5 & SH TV 5%, AlbZhbid
WTR L BRI 7 = 2 — VRS B\ A F VERORSE L
7o Betacyanin 3CH 5,

FWEFEZDEBTH - T L% 5 (Salicornia europaea
L) 22580 C s HEEL K, FHEBR T ha
Amarantin % %\\T Iresinin-1 & X {5 &350
LIehs, TOBETLSFOERSCIsHBEe 7 = / —
VEBEDRER LT BTERERE L, T h ) Ky
fi7s\, PC, TLC,PE C7 o a7= /-7 u—=04E
(LB ZERIE, EABRER LT LD b 0BEERD
B x e - 7028, TXC negative 7eiEEAmL, &
WS, S vE7 =/ — A BIBEE LT
WZ EREED BRI, .

—77, BEHRER, LA 4V RO CRAEE
AT 2 RTRE S B B3, Th ¥ CHEE, EREIh
7= /7 ~nFE, BBHWILENESRE S Betacyanin 5o
8k R L Ao TEREA L0 T, TOBNL
TemofctbDEHEZ B,

REIT, Salicornia fruticosa L. DIEDBEOEE
9542 ¢4 Betacyanin ®f Amarantin 7%8%, Celo-
sianin 2155% % 55 LB 5 MEND BH, HEHOH
L Salicornia europaea L. Tit Celosianin OFF
FERRDBRIchofo, 2O LITHEWEOERICZLS
DN E S ps, $F3K Salicornia BAAYEE RO LT
RTHEISDORULLORMBELE L %,

HTH CROBRKEEMNOLCHOER

REHOWRER L T OBRFIKTLERTH LS, &
MOMLCEEL, RAROEBARRRIFIRDL I 3dk
, TOld, XHRELARETE, B2 —VvRER
PNESHAShTE L, L LEDH 2D L0, EHiFH
OEMT, REEBRH LD VIET  HEOBR BB L
HEE KT OREENHEE o TEI,

LD Enb LRI, TRREFE,NEE Zh, %<
DR IR T B, BERCHERD D, HRX
RTCCBRROFELLT LLRELIZT 20,

FITH->FTLES DEH @ FE (Salicornia pig-
ment, JLTFEHEEME) LoV TLELREAR~OEH
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DBERHET 2120, FOLREECOCTHENL, ¥
o FRFIC Z D63 % Neobetanidin #iZic L 3¢ TH
b BRBEBEERORERIC OV TLERY T 7
< EEE>
(1) Salicornia pigment PREMERER

1) BEORE

KW (100 7/me, pH 6.5, 10 mé) #HABETA
hER, 46, —20°C TRFEL, —EliFER ez
B R C R (BT O.D. &BREL) % HIE
LTHIE LTz, 75k —20°C DREDHEEIR, O.D. Ofl
TEILHRE LI BRI ZE T S BT 1,

2) pH OF4E

WORBER 3L HVERICKT 5:8E L pH OFR
# (1) LR L CRIEL 72

(A) pH1~3: 1M Egf-1 N HCL

(B) pH3~7: 0125M 7 = E-025M ¥ vk b

RPN

(C) pH7~9: 0.04M ~xu+ —1-02NHCI

3) PRALEVERMOEE

BFEEE (100 7/mé Mcllvaine buffer pH 3 %\ ik
pH 5, 10 mé) 2 0, 0.02, 0.03, 0.05, 0.07, 0.10% EE
B X5 HBERE L TT 2 ave vgREn, EREC
BE, —EEREc O.D. 2 LB &b 1k %) B 1k
L7

4) Cysteine FMDOEE

3R & FEE o % T Cysteine EEEH 0, 0.01, 0.10,
1.00% i B X 5 icERi, Eits A4&MHT O.D. #{E
L, FRREH LR EBL i,

5 T4 /-IL0EE

BEEE (407/1méb 98% EtOH H 5\ i1 50% EtOH)
# L& A& O.D. #HE Lz,
(2) Neobetanidin F&EAEDREMHERER

g ¢ & KL 5,6-Di-O-methylneobetanidin tri-
methyl ester ® # £ / ~n, HB\ik HCl Eifd: » 2 7
— VYW (47/1 mf MeOH, % 721% 0.01 N HCl-MeOH)
L, WL LTE-7 Betanidin * 2 / -V B®R &%
EiE, H5VECLCCTHEL, —ERRELRLD <D
FRENOBEROBRIBEAFE R T 5 O.D. Z{tafl
ELT,

EWORNEB X [2maz (mp)]

Betanidin {MeOH B 560
DBE HCI mt#: MeOH g 540
Neobetanidin {MeOH B 400
HEE OB HCI @t MeOH g® s 510

<EBRERLER>
(1) Salicornia pigment OREM

1) EEORE

K (pH 6.5) WM& ER (25~30°C) T
3 2B O.D. 58 35% WK F L7 (Fig. 52), %7,
SR (15~20°C), 4°C, H %\ i1 —20°C to O.D. JiED
BEBERCBREL THIFTHB & (Fig. 53), —20°C
TIL50 A bl » Thid & A BT, £°C Tiath4
R EAVEL 50 HTH25% DB AR THo7. L
USRI 1:BHC 25%, 338/ THIS0% BELC
(Fig. 53),

1.0
0.9
08
07
06

505
So4
03
02
0.1
0.0

D—OBLN—O

400 500 600 i (mg)

Fig. 52. Decolorization of Salicornia
Pigment in Aqueous Solution
at Room Temperature.

-20°C
g avc
bl
s
14
=
2
]
E 50 room temp,
3 1s-20°C
8
&
. . . . L .
5 10 15 20 30 40 50
Day
Fig. 53. Decolorization of Salicornia
Pigment in Aqueous Solution
at Several Temperatures.
2) pHORR

& pH I IsU) 2R B Ly B8 (Fig. 54), £ o pH
TLR BT, pH 4 25 pH 5 ORI CHENRE T
5 =] to

3) ZXROANEVBEMOKE

COBEOGFFLERIT L bR Ty, L LEE
Tk o TS AZT D L1575, HBRMEAIOR



356 B AZEERAIRE £9% H457

o
[+
T

O day

1)
3
T

o
o
T

3 days

o 0o
P
T T

7 days

.D. (535 my)

0

o o 9o

- b ow
T

P YO S
3 4 5 6 7 8
PH

o
=]

Fig. 54. Decolorization of Salicornia
Pigment at Several pH’s.

05 Ascorbic acidoo %,

0.D.({535m)

Fig. 55. Decolorization of Salicornia Pigment
in Aqueous Solution under Existence
of Ascorbic acid (pH 3 and pH 5).

MTREEHTELO TRV EE L, —ER
HTWD 7 2 ave vIBOFRME RS (Fig. 55), R
BLAGNEECFE T pH 3, pH 5 oL Fhoik
AD, HMULRVGCHEHBRLT, 3L A RN
Moo,

4) Cysteine FINDRE

Sulfhydryl B&ET 57D B IGIEH %3 Cys-
teine DFINDOEE (Fig. 56) 1L, o FhicEinghEsn
Ho, BEPMLONR, RN LISk

el 7‘:0

0 o
" K ~
x
=

D-cvlourizénon Rate (%)

o0 % °0 % "
4 001 % 2 001 % \
x 0.10 % x 010 %
l . 100% J[ * L00%
[+] 5 10 15 0 2 5 7 10 13 15
Doy Doy

Fig. 56. Decolorization of Salicornia
Pigment in Aqueous Solution
under Existence of Cysteine

- (pH 3 and pH 5).

5 T/ -LOKE

H.- T Betacyanin o 1 a3 19 #58@oc g4 T 7
FUEOEERCHER I TWiZ &nb, ZoBaHED
T3 =~ VR TOREE R <7 b v OB B RIE
LicfER (Fig. 57), BELT5 LoTRCK L CEH
REIHEL, 24FHEICIIBNZ 530 me O ¥ — 72z &
AEWEL, FHALRBOmp iz e— 7 B3Bbhs,
oY — 7 LFHE ELR-BA L,

ZORRCOWCTITETH L, LdPhiot®

0.8

06

Soa4

02

0.1

2 (g

Fig. 57. Spectral Changes of Salicornia
Pigment in Ethanolic Solution
at Room Temperature.

10+ Neobetenidin deriv_ (MeOH)

Room temp,

>~ Betonidin (MeOH)

Decotourization rate {%)
Ied
(=]

Betanidin(H'+MeOH)

80 'Neobetanidin deriv. (HsMeOH)

90
100 ) P N T R S
O+ 2 3 4 5 6 7 8 9
Day
0 —
10+ \Neobe'anidln deriv. (MeOH)
& 20t Batgnidin - Betanidi
o U Meok) £ Piieon)”
HES
c Neobatanidin derlv. (H*+MeOH}
2 401 4°C
s
% 5o
3
> 60
2
a 1ol
80}
20 -
FSUT S SN Tt ST U SV S R
XOOO 2 4 6 8 10 12 14 16 18 20

Day
Fig. 58. Decolorization of Betanidin
and Neobetaindin Derivative
in Methanol.
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7o —VBERP TR CARZETH S 2 L1
N i,

(2) Neobetanidin FHEOEEME:

Wic Z DR FEBCEZISBET, BEENED
Bdo B I DN THA T,

ZLTH-TLES DEENLRO X 5L TR
e X - T 18 72 Betanidin (8#f) # o7V 4 2V T

HO
Ho}i::H:N:ICOO’

i KR

Salicornia Pigment ————>

HOOC” ™N
H

Betanidin (%3 18)

L, BEEE: # 4 /7 — VBRI RE S D
7%, COREBRIALETH - 72,

Betacyanin ¥ W-H-O {50 AR EGH KREE
TiEH 50, - OHETETHISEEER L1 Salicornia
pigment (IEBRERORTER O ALV ARLETH Y,
AREEHELTHFHE L RSV EhReIouE
o,

ZREALD F ¥ T B L Tik BOEUCHAVA 55 pZHE
@ Tannin-catechin complex »3 Betacyanin @ 118,
ORI L 25 RREHFILLTE/EE IR
HELolev, SEIDFERTLRELOIDOEYLTTHE
Z R LB ek o, M, ZDOf3FE% Neobetanidin 3
EARCERT D L WBIRERRT 5 2 LRI
7Y BRBATHLIDRKAEY BT L35 BRicidfd
AT&Einw, eI & EREENLT 22,
Z 03 Betanidin OEE LR U K RELETH » 76

Betanin,

$£3&E EOEEFELAOHEGRICDONT

F o IFI A (Portulaca grandiflora HOOK.) (18
S LE SRk — b & LEHEE, dl T B (Centro-
spermae) IZJ&T 5+ ) 0dEL (Portulacaceae) DFH
T, 8, R W, AR ERE D XD OTERME DR
JREO—FLHEYTH 54, BECIEACRFEINT
B, BN KD NIAVAES DRAND B,

Portulaca B OEFHES O L L TiL, DREI-
DINGID, MABRY2:2) O "> D38 & PIATTELLI
54, REZNIKS DI X 5 &, FifatiE Betacyanin
¥»3 P. grandiflora HOOK, FP. oleracea, P. pilosa ©

*F n{b L Neobetanidin FHE L FBf) wZEHBRL, =
DFEEE A 27—, DGR 2 2 7 ~ 18
W LERE 4£°CITE L, W& LT Betanidin D
OB AT, FOBLa giE LR (Fig.
58), * % 7 —VIBHDOBETER, LCCELLOBEY
Neobetanidin FEAFIIFIR DO Betanidin & I X IEF
WRET, BEAEBBLEVC EAHLMC SN,

HzCO:G
HiCO N COOCH;

AF ik
CHaN2

H;COOC N~ MCOOCH;
5, 6-Di-O-methylnecbetanidin
trimethyl ester

()

COOH

W ETEThD L ENERNTILD 201D HRT
W,

LAsL Portulaca B DA 3E Betaxanthin HHoPf
Fei3b 75, REZNIKS:69 41 P. grandiflora D{tD PC
X DM X D E~BHREROFERTDIS OHHE
—& W T,

[k, < oED Betaxanthin BHBEFEOF B 5L 1,
PIATTELLI 5% 3 Pgrandiflora D1Ehs%H Hydroxy-
proline ¥4 & T2 2 & LUAH 3 #idE KD Por-
tulaxanthin & T 7 b D& EEL 7oF9EDS, ME—D
LDOTH 5,

BErLogElETRNICLS5E, B0 TBiEho
Betalain S HEABFED, FoXECAOHE LE

Orange % %\ 3 Yellow D & {tFHm6 PC, PE
T Indicaxanthin & #5%E X 5 Betaxanthin s E %
B Licas, C T oBEaaRoRE, wE -t
FEHEEDORE, X UEH Betaxanthin & O #A
AL, TOMEEERLIOTIhERICERT 5,
F1M BFEoHR 9B (LPOUEERE
<EE>

i

% D33 7o A (Portulaca grandifiora HOOK. c. v.
Yellow) (XfEORLELVER, ALIRT “HLiRzaE
E” &5\ diEE R FBRETHB RS TR L Th -
12b Dh B, FEFRLXHERD, Ebic—20CRFELCL
DHEEEA U2,

EROBEE:

IO A DHEEIER Qkg) 2 2/ —n (54) T
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HH, #9500 mé F CEERME (30°C) L, INHCl T
pH 3w sk, ROTHEL, EERAERSE @C)W
T Dowex 50 W-X2 (H*) # 5 & (¢ 4.2X70 cm) 2%
%, 01% HCl (pH 2, 30 4) TH&GL, K TOEEYHL,
BHIR (12 6) #4150 mé % TIHEEHE (30°C) L, Poly-
amide # 7 & (¢ 4X74 cm) %, 0.1% HCl tHEH
L, RCBHLTCEEOaFoBREORTI S 7va v b

EERIC 4 4 Y ACHENE TRIBL, BEE—E PO;
LTEB LD, Ere—2H8F s (P2X38cm) ITF
L, ##/—nTEBBHL-,

BOWCERINICBEOABE 75 7y = Y LBEY
WEL, HHEERL, BERkgE Lo (14 mg) (B
T Portulaca pigment &WEFL) Zf87c, I OB
% B IB 7- (Fig. 59),

Yellow Petals of Portulaca grandifiora HOOK. (1kg)

<«—MeOH-extraction
MeOH Extract

Concd. Soln. (500 mé)

Supernatant

<«—elution with water

Eluate (12 6)

<«—adjusting to pH 3 with 1IN HCI

«—centrifugation at 9,000 r.p.m. for 5 min.

<«—Dowex 50 W-X 2 (H*-type) column chromatography (¢ 4.2x70 cm)
<«—washing with 0.1% HCI (pH 2)

«—concentration in vacuo at 30°C

Concd. Soln. (150 m4)

<—polyamide column chromatography (¢ 4X74 cm)

<«—elution with 0.1% HCI

Yellowish Orange Fraction

Violet Fraction

<—purification by resin treatment

Concd. Soln.

<«—drying on P05 in vacuo

<«—cellulose column chromatography (¢ 2X 38 cm)

<«—elution with MeOH

<«—evaporation in vacuo

<—lyophylization
Orange Pigment (14 mg)
“Portulaca Pigment”

Fig. 59.

Isolation of Orange Pigment from Yellow Petals

of Portulaca grandifiora HOOK.

BFFHE:
R, TESH, UV, IR fIERE 1 mEfohE
LHET 7o,
PC: HEFEIEHK No.51
BN (A) 0.1 M Formic acid (pH 2.4)
(B) 0.05 M Pyridine-formic acid
(pH 4.5)

ofggpiEtt BuOH-AcOH-HO (4:1:2, v/v)
7 3 /EBREERIE, Ninhydrin 7
wa— il
PE: %%, PCOBEAED (A),(B) R LT
PkEh4A, 400V, 16 Viem, 1B
HWEsa=t+7 574~ LUF TLC LBEED):
Silicagel plate, 1 N HC! BB
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Betaxanthin-Flavonol 5K : REZNIKS) 0 F5
‘_Hi%’ﬁ}iﬁo
<ERERLER>

B U 7c Portulaca pigment D48 « {L2AIMEE %
BEITORLBRER LB LR BH 2178 - 1,

“Portulaca pigment (3IA#E/s m.p. 5 23, Bai
55 L7z (Indicaxanthin @ m.p. SCERMESD 160~162°C
(5.

TEDTPIOHT (Table 22) {3 Indicaxanthin DBEZE
LT3R CiaH1eN2Og i —F8 L7,

Table 22. Elementary Analysis

C% H% N%

54.36 537 916
5454 519 9.09

Found.
Calcd. for C14H15N205

Portulaca pigment OBEMIL A 2/ — XD LK
5%, Flavonol BENHTHHO LITRL-T
b, Fio AlClL BIREMC X » EEE~BO
BEOBBRRLLC, ERPLBILT/dhih - 1285,
Flavonol AR ALINRED VY = v igEB Y ~TLE
PRDOERF LT, Thbo T &xnbBkn s
#i% Betaxanthin ¥ 1M L HE IR,

UV (Fig. 60) i1 AEICR~N2 A EBFRL YTH S
», Portulaca pigment (LKW H T, Betaxanthin
I D Amax (484~485 mp) 7R L, TR R TIX
EFY 7 b L4AT0~4T1 mp OfEE R LTz, —#ic Flavo-
nol 4% L Amax 345~360 mp DRI & & % 52 &N

Iohro T 560 DT Portulaca pigment (L Flavonol
&R D, Betaxanthin o 1B EHEE IR, 7t
FSHEEAFD Imax (3 L-Proline # %\ % L-Hydroxy-
proline & Betanin & #H\WTEBRERIC X » TG
LIAREZRO TR ES—HL T,

484-5my
1: Purtulaca Pigment 1
11: Betaxanthin Synthesized from
Betanin and L-Proline

1l: Betaxanthin Synthesized from
Betanin and .L-Hydroxyproline
ag.soln.

...... HC1-acidic soln.

200 300 00 500 800

A (myp)
Absorption Spectra of Portulaca Pig-
ment and Synthetic Betaxanthins.

Fig. 60.

IR (Fig. 61) -©% Portulaca pigment * L-Proline,
#H 5\ L-Hydroxy proline ;b o0& AEFE L
WA & A EF U TEHIEGIRETH - e,

T T T T T T T T

100 - 1:

Portulaca Pigment

11: Betaxanthin Synthesized from Betanin and t.-Proline
11: Betaxanthin Synthesized from Betanin and 1L-Hydroxyproline

20(

O
!

L 1 1 | !

T T T T T T T T T

i 1 | [ 1 1 1 S

1 1
© _4000 3500 3000 2500 2000 iS00 1800 1700 600

1500 1400 1300 1200 1100 1000 900 800 700

Wave number cm-|

Infrared Spectra of Portulaca Pigment and Synthetic
Betaxanthins (KBr pellet).

Fig. 61.
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Table 23. Paper Chromatography and Paper Electrophoresis of
Portulaca Pigment and Two Synthesized Pigments

RB EB
Solvent Solvent
A B A B
Portulaca pigment 1.32 0.95 1.5 1.37
Synthesized betaxanthin from betanin
oo Teoraline 1.42 1.04 14 1.38
Synthesized betaxanthin from betanin
and L-hydroxy proline 1.45 11 13 1.38
Remarks: Solvent system Mobility value
A: 0.1M Formic acid (pH 2.4) R: Relative Rf value (Betanin 1.00)
B: 0.05M Pyridine-formic acid (pH 4.5) E: Relative electrophoretic mobility (Betanin 1.00)
Wi PC, PE #fT/c» Iof5 8 (Table 23), Bipffa3 i Portulaca pigment @ﬁ@ﬂﬂﬂ(%ﬁ@fﬁah
& 2fE DA Betaxanthin (33 & A ¥—3 L7 PC-RB 127 3 /Y PC THEDOEE
{#, PE-EB %52 ZE KT 7eh- Too (Fig. 63), L-Hydroxyproline T ﬁ EOO“
ZZCTLC (v ) # ¥ n) ®f17c- 7o & & A (Fig. 62), 117c { L-Proline @ Rf ff & —¢
WA Betaxanthin (X5 8L, Portulaca pig- 3% Ninhydrin 2BFHE 2 H£ »
ment (I Betanin & L-Proline 5> 5 &5 L 7= Beta- P R b, BEEL
xanthin ®x £y +F E—FK LT, DI ADERARIIEL HOOS N~ NCOOH
BOTE R E THES LR H

Portulaca Pigment
H, Betaxanthin ¢ 1 Indica- (Indicaxanthin)

1: Portulaca pigment

1[: Synthesized betaxanthin
from betanin and L-profine

1II: Synthesized betaxanthin from

O O betanin and 1.-hydroxyproline

SO S SN R—

I II 11

I: L-I'roline
1:  i-Hydroxyproline
11: Portulaca Pigment
Solvent: BuOH-AcOH-H0 (4:1:2, v/v)

Fig. 62. Thin Layer Chromatogram of Spray seasent s Ninhydrin
Portulaca Pigment and Two Fig. 63. Paper Chromatogram of Hydro-
Synthesized Betaxanthins. lyzates of “Portulaca Pigment”.

Solvent: IN HCl
Silica el plate



e : FOFHEYO Betalain HERCHT 2 % 361

xanthin TH % L REI NI,
E2E BIE(EEVOER

BEED Betalain 31X $LE %% & L Dihydro-
pyridine carboxylic acid % 4 %, #fi?d Betacyanin

\+/
HOOCJu;;HLCOOH HOOCJ;‘;jL COOH

Betalamic acid

Betalains

Betalain 5F 04K Dopa 235 ¥ o RRK
IFEFEICBEEXI N T o\ #EE DR E D Betalamic
acid & T, Cyclodopa &7 I /BT I VH
EREALERRIND L LHEEIN T 5,

—7, Betalain X\ v WYLER 57 D&
foEARSE 1, 7-Diaza-heptamethinium % ibH, o
0)%&1% Ed &, #d ZINCKE 580 12 % » TR

CHEATRRICAET Z EABEIR TV DT,
WYLER, WILCOoX B X Z W& L € Betacyanin
@ 1 Betanin & L-Proline & OIERAHNIGIC X -
-C Betaxanthin @ 1ff Indicaxanthin % 85 #{L23&
BL T3,

FEFHIRC EFOFE A DEROERNHERICL - T
Indicaxanthin ### L, %7 PIATTELLI 54 2% L-
Hydroxyproline % #5% &% Portulaxanthin % H
HMLTWB0T, TheEE LT, ML Portulaca
pigment X3 B HLEME L L THV A7 WYLER,
WILCOX B o GRICiEy, LR SEBRIEI
X - C Betanin 7257 Betaxanthin # & L7 (Fig.
64),

el
HO NN CO0” R llz =H R'=0H
" .

HU ~Proline 1.-Hydroxyproline
N~ COOH
H
" in dil. alkal. soln.
HOOC N~ “COOH n vacuo
H

Betanin
{R=Glu)

=
Betanidin
®R=11) nmwnhm

R'=H Indicaxanthin
R’=0H Portulaxanthin

Fig. 64. Conversion from Betanin and
L-Amino Acid to Betaxanthin.

HOoOBEI R, R »nBIkEER & b, Cyclodopa &7¢
- TEYH, #ED Betaxanthin HOBE, R/ A H &
MORET I /B, HAHVIET I vEIHEALTWAH
BEx LD EAHBR T B,

R’ R
\+/

5@

1, 7-Diaza- heptamethinium
system
<EE&>

Betanin 1 5 Betaxanthin NOEH#HER; :

F5E L 7C Betanin (200 mg) & L-Proline, % %u it
L-Hydroxyproline (600 mg) % 0.6 N NH,OH K&
(20 mf) R L BHLICKKTAHI LA EERY 7
THAL, 1HHERCBER, RICK Y BEEHL
too B K (20 mé) WBR L, Polyamide # 3 4 (¢
2.8X32cm) H3E, K (24) T, 0.1% HCl ¢t
HuWHH L, B (500 mé) % Dowex 50 W-X 2 (H™)
h 7 a (P2x22cm) IKERFE, 01% HCl(20) THi%ik,
KTHH, BEBMRL, By BEERL, L-Proline
B HAVIES1E# 10 mg, L-Hydroxyproline % i\ 7z
B 18 mg OVTh L HEREHIY &L LTl
<ERER>

MERAERLE LR mp. 27337, REAR
HELATEHEEL LTERD, 250°C TLENRLih -
2o W OGTHE Bbh 5, R EEEE T HiE
DEEOEWE & LW, & Indicaxanthin &
Portulaxanthin @ UV, IR, PC, PE, TLC gy#Ei1,
WA DOE D B\ IERFCHITFTH 5,

E3H BEER

BEDORERIC I > CTEZDOHRAL L FOIELAD
Btz Indicaxanthin ERE U, o ®BHE L
PIATTELLL 6D 2 X » T H £ 7 v (Opuntia ficus-
indica MILL.) OFFEEAEE» LS CHEEI R
O E Iht Indicaxanthin & f— D {DTHH,
FL v Betaxanthin Cidisdn o 128, F2ALT AN
DREESh LIS TOMNTH S,

FRABRIGED, FHIAF LB OTHLAT
iX7c\ A%, PIATTELLI 5% 3 oifig i A
grandiflora) H»LEEMA S f#T, Hydroxyproline %5
2% Betaxanthin o 1 #f % B # 1 T Portulaxanthin

(Portulaca
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LT TN BOT, TOAKEEL TERLAEE
D BT Portulaxanthin “Cidigs - o,

UL, 81ETH~/ Betalain G EORETIE
FOECAOBEREOH~BREREL YLD
Zo0AHy b PC, PE THEH I TWHEZ AN
5, HAEWITMO— 2TV 3w 5 Portulaxanthin T
BHEHEM L HHH, BEIL U1,

= #

CORIILFEELTH-FTLES (Salicornia euro-
paea L) OEZ G Fh A BREEFROBEE, Hit,
(LSO BIT 54O TH D, ZOHITIE, &
BIZZDBH -1 LES BESREROBRICHHTTETSH
BEIPEDVTLIR LI, Ho LT 5 BRORH
WERERSEN - C, dLigEMT CTAFTELPHOLTH
(Centrospermae) fl4% M L T betalain #FIDHHE
DEEB R A T iso e T, TOHTCA (Por-
tulaca grandiflora HOOK.) OEEIES A5 BEEL 0B
B FEOILFMEE L T8> 7o
1. EEECETTIH0OFBIEYD Betalain 3

BEORR

—f2ic, Betalain #H: LN HEFRTI_ODOHFHOE
zF#EE, Hlbiik{o Betacyanin ¥H & B0 Beta-
xanthin &b - T3, & OBRE Tk, dtiEE
CRARCEEF D 5\ L5 Ih s 10 EEHoH.LT BiE
Wy (B2 X (Chenopodiaceae) 3 &, 0 @Fl (Amaran-

_thaceae) 41, U ATk (Nyctaginaceae) 11,
£ IOFND 0dFL (Portulacaceae) 26 ; it L Ok
FESWERREL 22) PP Betalain HAFZOFLEL T,

&4 OWH LI LB RL -7 a2t 7
574—, WHRELRKE, THRSIORMRRA<I b
w4 #1, Betacyanin —Anthocyanin R H 50T
Betaxanthin $—Flavonol BBOHIBIKIGF T X -
TSI LI,

REFEEN D, B L o) O B FL 2 (Beta-
cyanin iTH D, FLHESLLVIEBBEAEFROZEA
34 TiL Betaxanthin JHICE TS b D &SR I N,

B, KO Betacyanin FNFET D 2 & EHM
CHEE itz ¢ Betanin (B AWML O RMEAK) 2k —

v (Beta vulgaris var. rubra L) © 2 $%¥25%E, BL
AElr (Mirabilis Jalapa L) © 158, BXUFO0F
iFtcA (Portulaca grandiflora HOOK.) @ 4 $%5%hfE
i3 Amarantin (3 5 L DR 2152 (Cheno-
podium album L) o 1§, H-1FLF*F5 (Salicornia

europaea L.) O 15, & 5 (Amaranthus tricolor
L) @ 3 FE0HE, & InTwvE 5 (Celosia cristata L)
D 3B, PR 5 (Celosia plumosa L.) D
1R, SIURAKDZ 5 (Gomphrena globosa
L) o 1 #5554 ; Celosianin (5 5\ X% D Rt fk)
e i & 5 (Celosia cristata 1) @ 3 B,
BLORETE 5 (Celosia plumosa L.) D 1HEEEH
f&1c ; Gomphrenin D 1 aE AL Z 5 (Gom-
phrena globosa L.) @ 1§55 ; Oleracin-1 & -I1
TR O (Portulaca oleracea 1) O 1fEiZ; %
Mesembryanthemin-I1 & -III 2% ¥ 20X/ A (Por-
tulaca grandiflora HOOK.) @ 3 B HEIC,

B FFR, WO Betaxanthin FHoOPEFMYROE
TEENTEM W #E E Xhic: Vulgaxanthin 2igke — b
(Beta vulgaris var. rubra L.) @ 4 555 S8 ; Fi
Indicaxanthin 2% % 21T A (Portulaca grandifiora
HOOK.) O 2 $ i,

L. - ULES (Salicornia europaca L.) O

EREBFEORBELIEERE

(1) BEOHS

b B TR IR SR TR L 2B - T LT 5
DIFEE (1IEEY O FfE 30kg) B L, 01% 5
74 (pPH 2) TR L, #¥% Amberlite TR-120 (H"
M) # 5 &, T Dowex 50 W-X2 (H" Hl) » 7 &C
sa= b5 74 —%TEG, R AUERKY
Bz, BEHELICEHRWEY SephadexG-25 45 A7 0=

I T 4Ltk TARRODT I v avER
foo ZD7 52 v a v hERE% Polyamide # 7 41h
F5% 7 = v EREK (pH 24) THIML, ThLThER,
#, SIUBEOOOELYFU=207 5 7V s v i
Foo BAREOET 5 7 ¥ a vE Dowex 50 W-X2 (HY
) # 7 2Th, 01% EEERIR C - CH, KTH
WU, KEHRYEHL CHE B2 8. oidr
A EE LU CRAMEO BT EIREER (200 mg, IR
0.00067%, m.p.190°C) X 7z, ks L UBROMRERIL
B THED LOFMCHIR TS LI TE -7

BEEL 7o - 1 LF 5 a3%1% Betacyanin —Antho-
cyanin HERIHIFIFAEIC X » Betacyanin FHAFD—D
THBHI D, ZOHEFEL Betacyanin HHBFEIT
I A S RRIER, Amax 538, 270, 35 KUY 295~
300 (/B) mg %7K L, Betacyanin i —fcBlEZIND
FREND FIH RN, 3420, 3300, 2900, 1720, 1623, 1504
cm e KRl he, BEELCZ o BRI TR (8
fpE e LT, C47.82%, H4.96%, N 3.24%, C14.60%)
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2B Amarantin 4 5\ Iresinin-1 © 1 [#EEC
B ENERIRICH, BMBRINE A7 FrGnc
L5 DBERMFERBEDBEHOATILED R~V D
BHZ DD TH - 2

L, B-0LE50nbd THEAOICTHEFL
B FLEROE B # BH B i Betacyanin Fo—>T
HY, FThIETOREELREE Y Amarantin, Iresinin-I,
HECEEECTEO LN TH D Z MR I hI,
WiZd - L% 5 tahia 1N EEEF T3 2 mK 5 5
U, R UK HED L R~~~ a2 7774
— L ERERKBI TNk O A, FRER RS ROE,
Betanin (Betanidin-5-O-3-D-glucopyranoside), % L ¢
Betanidin e MM+ 5 =205 K E2 £ v P BRH IR
Too FElCZORSHEEFET Betanin OFFH A KXY
IV KREVH A XL LB TH A LR~ —
7m= 077 4 —PHEEIR, 5T 145TFD
Glucose ABH 1T L ES5BEDT 7Y 2 v TH5 Beta-
nidin ICEHEFEG L, X5 Glucose i, —2H B\ ik
T EDOMOBESD VL BOBEITHEEL T2 &Ik
HEMNTH 5,

(2) 77U aAVEOEERE

BT L HtF (655 mg) HEEMAKGELCTT Y
3 v wRESHIRES (80 mg, HEAE) L LTl o
L ODITLFEGH, BIHR, FIHR, BREHE2 <7
EFHE T 7Y 2 vk Betanidin TH B L HEL
7 7Y 2y ORI X <7 Pk & OEHERCEE
HOLR LD WL SR D, XERPICEEHR D Beta-
nidin & FF LAV L2y 7 F &R LS,
R TREPHIIET T B bl ickiE
MTHoto, 2T, 2OTJ Y avEBED # # 1{b
XD HERT 5 5 A HOBRERINE S ARSI,
TV avEMERY A2 - NVCERL, VTV 2
YOI —FABKRPTAF L, BEBOD 4 F Y
ETNIF AL m= s 77 4—L, BEHEL
PR & U Cilideis » A LE ¥ O0EE, sTLRWE 25%,
m.p. 253.3~254.0°C) %87z, ZD L5 L TH 4
{L&5HO mp., TEGWE, FIHE FAHERINT TR
Zh 5,6-Di-O-methyl-neobetanidin trimethyl ester
DENEFA—THolco BEDF ALAWILN L DFI
R FHe — @ Betanin 2HFHEL TR b DT
$b, WiEDF ALEPOERR <7 PG HTIE, B
v—7 (MY, m/e 456) MG TE, 3LAEELTOET
592V + ORIRIIABIICER S, AR
KB R~ 7 P AN TEEZ LDy 7 F VITHABETZ O

L&D 7T e + YICEEIRBTE,

—5, BERAR7 bGPl LOMHEIIB A <7 b
WEPNT X B Z D(EEHO B 5 3 © 1o b OB E
1T, 0,0,N-Triacetyl cyclodopa methyl ester,
4-Chloro-pyridine-2, 6-dicarboxylic acid dimethyl
ester, ¥ X O (2, 6-Dicarboxy-4-pyridyl) malonic acid
tetramethyl ester &KL, +hbOHEELXFECH
L,

LRORBFERND, BHREOH- T LEIBHOT
7Y 3 »1% Betanidin &[FEEh, GEL DL DI
BT 7Y 3y DZODOKBEDO ELLIEFL TS
—DOORHEERTH A 5 LEE ST,

(3) HWHOBERE

HoFL %S CEROFER LWL, ZOBFED
MK G BEMTONT R~ a2 b7 74—,
TERERKT), FLOZRILTR—t—7 o< + —EKE
KBTI X DB B 7 A & TR R, 4THO
Aniline-phthalate B2 2 v 2 IR, Thbit
FhrhE BB, Glucose, Glocuronic acid, ¥k
¥ Glucuronolactone & RIE@ I3 htz, R—/¥— 27 =}
77 8 LORFECOFEL Z B KTHEBL, b5 —ER
KD REATIE S, K REGE R~ ne 7
57 4 —hic s 25, Glucose, Glucuronic acid,
1 X ¥ Glucuronolactone A2+ 5= 2D AR v F &
Bz iz,

COXBELT, HoFL %5 aFEORRL Glucose
& Glucuronic acid & 5 bien—2o0 ZHHETHS S
EHFEINRIC, £ T OB ROFEC L - TH#
BELC: RS (18g) ZiRER L KR CHEBEL 4K
L, 4@ Charcoal-Celite #7527 a< 23
T 4=, WOTHe—r - a2+ S 574125
TRESL L 72, ¥R\ ~C Amberlite IR-120 (H' %) & Am-
berlite IR-45 (OH™ &) o 1: 1 B&W L WL 5
LA THEFBELCE, ZHEEY ARy (19 mg) OFT
BB 7o, Z ORRRTHEEAEEIKSHEL, MK RRE
Yo R—st— a7 57 4 —CHREZH, Glu-
cose, Glucuronic acid, ¥ X 0" Glucuronolactone Dff
ERELNE NI, FoZ O B ENIMAD R
TiL, B-D-Glucuronidase % Glucose & Glucuronic
acid et 1:1 CH 2 7, B-D-Glucosidase (1[5
D5 b e Ul 1o

G DEERED G, AR ORETIL B-D-Glucosyl-D-glu-
curonic acid TiL7e {, Aldobiouronic acid FH-—>
T %5 B-D-Glucuronyl-D-glucose Tdh % Iz,
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ZOTEEA SRR LD A F vk, ROTR 22
vzLIck Th, 2 F bt 5%, Zhnt Methyl
(methyl-2,3,4-tri-O-methyl-D-glucopyranosyl) uronate
& Methyl (3, 4, 6-tri-O-methyl}D-glucopyranoside
BAYTHBIENT R I u< b5 7 4 — RS
hic,

SILIMORETE, THERIEK, 27k, KFE
Y FoLaT7r=v AR LEBREL F*Fril, K-
T2V v 2L, BRLICAFMEH A7 0= b
7374 —ChF ek A, Thil Methyl (2,3,4,6-
tetra-O-methyl)-D-glucopyranoside & Methyl (3, 4, 6-
tri-O-methyl)-D-glucopyranoside DRESHTH B &
AREE X N,

ZD LA LTHELAENS, ¥ TEEIL Glucose
& Glucuronic acid E:674% 2 &, X OISR ERE
HOROFEEIL A H O C-2 L HEORD C-1{7
AT A &R I,

C DFEECHT 5 HOFHLNL, ZHED 2 7 v{thdH
BNELT EF A, BIVEESE ELTERLE
Sophorobiouronic acid OEE 3 & U EREKILE S
WX BHAIC L - TEb R,

ZH5LT ZOBFEREAOIEIT TS L R
X Sophorobiouronic acid [2-O-{-D-glucopyranosyl
uronic acid)}-D-glucopyranose] “TH 5 = & 2 HEFIT L
FEI N7,

@) 77V AVBEEBORESMNBORE

B - LI 5 FED Emulsin (B-D-Glucosidase) Sk
DIEBPL R~ = u= 777 4 —FRICL D,
Betanidin RE&2 A2 +) ERE(LEFZ IR £
}) TH5HI Ebh oz, B-D-Glucuronidase Juzk4y
fi#Ci% Betanin (Betanidin-5-O-8-D-glucopyranoside)
(BEABEOR Ry 1) ERBIEE RBREY P) AT
7ohs, MEEROERFEA T Betanin (FEHEO X £ v
F), Betanidin (BFHMEER £ 1), B IOFRELEE
REBAFy b)) BT,

Zh b OBRIGHD, BEHORITKMLT 7Y 2>~
HZ B-EFOMTHEESLTWH LML SR,

77 2 v EEROMOEAMIE R RET B o
ROBFRTR-72: HolFLED BHREFESE (600 mg)
DITSARYCXBAFNLER TV IF - H T
LB L OB LIS Rk (79 75 me) 2187, =D
R & KBR(E A ) © 2 CTHR, R\ T FREMY 35 TFf
ILLERYEY VA r-n5nse<tr 757 4—1
THRAGHBMRINDE (6 mg, m.p.168°C) %187,

Z DRUREOWE - (LEOHEE R &) 5-Hydroxy-
6-methoxy-indole-2-carboxylic acid methyl ester ®
b L LIcE 2 A, mp., SR, R, BHE,
B LOBHEIE 2 <2 + L CEEIh RIS B L
¥~ 7 (XREOMTIFFC B -],

BoRHEREND, 77 a2 o Indole #5ik 5-
Hydroxy-6-methoxy-indole-2-carboxylic acid methyl
ester TH Y, BRI T 7V a v C-5 oK
BELTw a2 EENDLNI,

5) HoltUESIBROILPHEDRKRE

B LIS DEFBEFZOLEREE, £TOER
HRExH 21 C, Betanidin-5-O-[2-O-£-D-glucopyra-
nosyl uronic acid]-B-D-glucopyranoside T % & F
HEERT,

COOH CH0H
QO Q—o
H OH
Lo e U oo
OH HO NN COO

HOOC” ™N~ “COOH
H

Chemical Structure of Salicornia Pigment.
Betanidin-5-0-[2-O-(8-D-glucopyranosyl uronic acid)}-
B-D-glucopyranoside

= OkERY L oKL Amarantin ST, Bl
& 5 (Amaranthus tricolor L) OIENBBEEINR T
W, L, §FCRB-TLEOIRKTHZOBEHE
O, Fhift, B X UUEEIE ORAT IR
BTV,

L. EREH-FUESEBEOERKFRIELT

DHE

BT L5 BROTE®LARECH L LTOIEH
DU EOB S HLIELT,

ZOEFIT—-20°C LLTCRE, £°C b ERE TTR
ZETHY; pH4~5 TIRHEHRE CTH 5, B
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Summary

This paper is chiefly concerned with the isolation,
crystallization, and elucidation of the chemical
structure of a violet red pigment contained in leafy
stems of Salicornia curopaca L.. In the studies, it
has been further investigated whether or not the
Salicornia pigment is applicable to coloring of
foodstuffs. Prior to the structural determination
of the Salicornia pigment, a qualitative survey of
the pigments of betalain series was carried out by
using Centrospermae plants available in Hokkaido
Prefecture. The chemical identification of an
orange pigment, isolated from the yellow petals of

Portulaca grandiflora HOOK., has been also made.

I. Survey of Betalain Pigments in Centro-
spermae Plants Growing in Hokkaido

In general, the pigments designated as betalains
consist of two groups of nitrogenous pigments,
violet red betacyanins and orange yellow betaxan-
thins. In this survey, occurrence of the betalain
pigments has been examined in ten varieties of
Centrospermae plants naturally growing or culti-
vated in Hokkaido (Chenopodiaceae, three spp.,
Amaranthaceae, four spp., Nyctaginaceae, one sp.,
and Portulacaceae, two spp.; Species and culti-
varieties, total 22).

The crude pigments extracted from each of the
plants were qualitatively analyzed by paper chro-
paper
ultraviolet spectroscopy, and discriminating reac-

matography, electrophoresis, visible and
tion analyses between betacyanins and anthocyanins
or between betaxanthins and flavonols.

From the experimental results obtained, it was
concluded that all of the violet red pigments in
the tested plants are betacyanins and that almost
all the yellow or orange yellow pigments belong
to betaxanthins.

Further, the following betacyanins were quali-
tatively estimated to be present: Betanin (or its
isomer) in two cult. var. of Beta vulgaris var. rubra
1., one sp. of Mirabilis Jalapa L., and four cult.
var. of Portulaca grandiflora HOOK.; amarantin (or
its isomer) in one sp. of Chenopodium album L.,
one sp. of Salicornia europaeca L., three cult. var. of
Amaranthus tricolor L., three cult. var. of Celosia
cristata L., one cult. var. of Celosia plumosa L., and

one cult. var. of Gomphrena globosa L.; celosianin
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(or its isomer) in three cult. var. of Celosia cristata
L., and one cult. var. of Celosia plumosa L.; one
of gomphrenins in one cult. var. of Gomphrena
globosa L.; oleracin-1 and -II in one sp. of Por-
tulaca oleracea L.; and mesembryanthemin-II and
-III in three cult. var. of Portulaca grandifiora
Hook..

Occurrence of the following betaxanthins in the
tested plants was also qualitatively estimated:
Vulgaxanthin in four cult. var. of Beta vulgaris
var. rubra L., and indicaxanthin in two cult. var.
of Portulaca grandiflora HOOK..

II. Isolation and Structural Determination
of Violet Red .Pigment of
Salicornia europaea L.

(1) Tsolation of Pigments

Leafy stems of Salicornia europaea L.(30kg, fresh
weight, per each run), harvested at the lake-side
salt marsh of Notoro, Abashiri-shi, Hokkaido, were
macerated and extracted with 0.1% hydrochloric
acid solution (pH 2). The extract was chromato-
graphed on an Amberlite IR-120 (H"-type) column
and then on a Dowex 50 W~X 2 (H¥-type) column
to obtain effluents containing red pigments. Se-
phadex G-25 column chromatography of the con-
centrated effluents gave a reddish violet fraction,
which, after concentration, was applied to a poly-
amide column and eluted with 5% citric acid
solution (pH 2.4). Thus, three fractions, containing
violet red, yellow, and orange yellow pigments,
respectively, were afforded. The major violet red
fraction was placed onto a Dowex 50 W-X 2 (H*-
type) column, washed with 0.1% hydrochloric acid
solution, and eluted with water. After the aqueous
effluent was concentrated, crude crystals were ob-
tained. Re-crystallization of the crystals from water
gave violet red fine needles (200 mg, yield 0.00067%,
m.p. 190°C). The yellow and orange pigments were
not able to be investigated in detail owing to their
very small amounts.

The isolated Salicornia pigment was found to be
one of the betacyanin pigments by the discrimi-
nation tests between betacyanins and anthocyanins.
The pigment showed absorption maxima in ultra-
violet spectra, Amsx 538, 270, and 295-300 (shoulder)
my, characteristic to the betacyanin pigments and
gave the well known infrared absorptions generally
observed in the betacyanins, 3420, 3300, 2900, 1720,

1623, 1504 cm-1, and so on. Although the isolated
pigment was estimated to be an analogue to ama-
rantin or iresinin-I from the elementary anaiysis
(as hydrochloric acid salt, C 47.82%, H 4.96%,
N 3.24%, Cl 4.60%), attempts to clarify the chemi-
cal structure of the pigment by nuclear magnetic
rosonance spectroscopy were unsuccessful owing
to complexicity of its spectral patterns.

However, it was deduced from the foregoing ex-
perimental results that the pigment, isolated for
the first time in crystal form from Salicornia
europaea L., is one of the betacyanins and also its
possible structure is that of amarantin, iresinin-I,
or related pigment.

The Salicornia pigment was subjected to partial
hydrolysis in 1 N hydrochloric acid. The resulted
hydrolyzates were examined by paper chromao-
tgraphy and paper electrophoresis, and three red-
dish violet spots, corresponding to unhydrolyzed
pigment, betanin (betanidin-5-O-8-D-glucopyrano-
side), and betanidin, respectively, were detected.
The unhydrolyzed pigment was paper-chromato-
graphically estimated to be a compound of larger
molecular size than that of betanin. Consequently,
it is obvious that one molecule of glucose is
directly bonded to betanidin, aglycone of the
Salicornia pigment, and it links further to one or
more of the other sugar or the other group.

(2) Structural Determination of Aglycone
Moiety

The Salicornia pigment (655 mg) was acid-hydro-
Iyzed to obtain violet needles (80 mg, hydrochloride)
as aglycone, from whose elementary analysis, ultra-
violet spectroscopy, infrared spectroscopy, and nu-
clear magnetic resonance spectroscopy, the agly-
cone was identified to be betanidin.

Although nuclear magnetic resonance pattern of
the aglycone was rather simpler than that of the
original pigment glycoside and permitted the obser-
vation of some major chemical shifts compatible
with those of betanidin already reported in the
literatures, the pattern was still more complex to
be able to carry out satisfactory nuclear magnetic
resonance analyses. Therefore, nuclear magnetic
resonance analyses of the neo-compounds resuiting
from methylation of the aglycone hydrochloride
were attemped.

The aglycone hydrochloride was dissolved in
methanol and methylated in ethereal diazomethane
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solution. The yellowish orange methylated com-
pound was column-chromatographed over alumina
to obtain a pure neo-compound as orange yellow
needles (yield 25% per starting material, m.p. 253.3
-254.0°C). The m.p., analytical values, ultraviolet-
and infrared-absorptions of the neo-compound thus
obtained were identical with those of 5,6-di-O-
methylneobetanidin trimethyl ester, respectively.
The latter neo-compound had been separately pre-
pared from red-beet betanin. In mass-spectrometric
analyses of the former neo-compound, the parent
peak (MY, m/e 456) was detectable and the fission
pathway of almost all the major fragments was
reasonably interpreted, and also in nuclear magnetic
resonance spectroscopy, each of the signals was
so distinct that they could be completely assigned
to the protons of the compound.

On the other hand, as reference substances for
the structural analyses of the compound by mass
spectrometry and nuclear magnetic resonance spec-
troscopy, O, O, N-triacetyl cyclodopa methyl ester,
4-chloro-pyridine-2, 6-dicarboxylic acid dimethyl
ester, and (2, 6-dicarboxy-4-pyridyl) malonic acid
tetramethyl ester were synthesized and their pro-
ties were investigated in detail.

From the experimental results, the aglycone of
the violet red Salicornia pigment was identified to
be betanidin, and the pigment itself was estimated
to be a glycoside, in which its sugar moiety links
to either of the two hydroxyl pergroups in the
aglycone.

(8) Structural Determination of Sugar Moiety

To study the sugar moiety of the Salicornia
pigment, products of acid-hydrolysis of the pig-
ment was tested for sugars by paper chromato-
graphy, paper electrophoresis, and two dimensional
paper chromato-paper electrophoretic analysis.
Four aniline-phthalate positive spots were detected
and identified as unchanged sugar, glucose, glu-
curonic acid, and glucuronolactone, respectively.
The unchanged sugar on the paper chromatogram
was eluted with water and allowed to hydrolyze
in acid once more. The hydrolyzate gave three
spots corresponding to glucose, glucuronic acid,
and glucuronolactone by paper chromatography.

In this manner, the sugar moiety of the Salicor-
nia pigment was estimated to be a disaccharide
consisted of glucose and glucuronic acid. Isolation
of the disaccharide was made in the following

way: The pigment crystals (1.8 g) were carefully
degradated with hydrogen peroxide and the re-
sulted products were purified by charcoal-Celite
column chromatography and then by preparative
paper chromatography. After the re-purification
on a column packed with a mixture of Amberlite
1R-120 (H*-type) and Amberlite IR-45 (OH -type)
(1:1), the disaccharide was isolated in the form of
white powder (19 mg). The powdery disaccharide
was subjected to acid-catalyzed hydrolysis. Paper-
chromatographic investigation of the hydrolyzate
revealed the presence of glucose, glucuronic acid,
and glucuronolactone. In enzymatic hydrolysis of
the disaccharide, B-D-glucuronidase gave glucose
and glucuronic acid in a molar ratio 1:1, but 8-D-
glucosidase did not produce any of the cleavage
products. ]

From these results, it was concluded that the
sugar moiety of the pigment is not 8-D-glucosyl-D-
glucuronic acid but 8-D-glucuronyl-D-glucose, which
is a member of aldobiouronic acid series.

The disaccharide was methylated by the HAKO-
MORI's method and then methanolyzed to give
methylated compounds. That the methylated com-
pounds are a mixture of methyl (methyl-2, 3, 4-tri-
O-methyl-D-glucopyranosyl)-uronate and methyl (3,
4, 6-tri-O-methyl)-D-glucopyranoside, was gas-liquid-
chromatographically confirmed.

In the other experiment, the disaccharide was
successively submitted to methylation, reduction
with lithium-aluminum hydride, re-methylation, and
methanolysis. The resulted methylated compounds
were evidenced to be a mixture of methyl (2,3, 4, 6-
tetra-O-methyl)-D-glucopyranoside and methyl (3,
4, 6-tri-O-methyl)}-D-glucopyranoside by gas liquid
chromatography.

From the findings thus obtained, it was eluci-
dated that the sugar moiety disaccharide is com-
posed of glucose and glucuronic acid and that the
linkage between both of the constituent monosac-
charides locates at C-2 position of the former sugar
and C-1 position of the latter one.

Additional evidences for the identification were
obtained by comparative mass-spectrometric and
nuclear magnetic resonance analyses of the methy-
lated or acetylated products of the disaccharide
and synthesized sophorobiouronic acid as a refer-
ence substance.

Thus, it was definitely established that the disac-
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charide, sugar moiety of the pigment glycoside,
is sophorobiouronic acid [2-O-{S-D-glucopyranosyl
uronic acid)-D-glucopyranose.

(4) Determination of Binding Position of

Aglycone and Sugar Moieties
Paper-chromatographic investigations showed
that the products obtained by emulsin (3-D-gluco-
sidase) catalyzed hydrolysis of the Salicornia pig-
ment are betanidin (as faint spot) and unchanged
pigment (as distinct one). Hydrolysis with g-D-
glucuronidase resulted betanin (betanidin-5-O-5-D-
glucopyranoside) (as deep reddish violet spot) and
unchanged pigment (as faint one), whereas use of
both of the enzymes yielded betanin (as deep red-
dish violet spot), betanidin (as deep reddish violet
one), and uncha_nged pigment (as faint one).

From these enzymatic reactions, the reducing
end of the sugar moiety was clarified to be linked
to the aglycone in a fashion of $-bonding.

To determine binding position between the agly-
cone and the sugar moieties, the following experi-
ment was conducted : After the Salicornia pigment
crystals (600 mg) were methylated with diazome-
thane, the resultants were purified by passing over
an alumina column to yield orange yellow oil (ca.
75 mg). The oil was decomposed with potassium
hydroxide, followed by oxidation with the FREMY’s
salt. The products were chromatographed on a
silica gel column and pale yellow fine granular
substance (6 mg, m.p. 168°C) was obtained.

Physical and chemical properties of the granular
substance were compared with those of systhesized
5-hydroxy-6-methoxy-indole-2-carboxylic acid me-
thyl ester. The excellent agreement was given in
analytical values, m.p.’s, and absorptions or peaks
observed in ultraviolet-, infrared-, mass-, and nu-
clear magnetic resonance-spectra between the two
substances.

From the results obtained, it was ascertained
that the indole part of the aglycone is 5-hydroxy-
6-methoxy-indole-2-carboxylic acid methyl ester and
that the sugar moiety links to a hydroxyl group
situated at C-5 position of the aglycone.

(5) Final Determination of Chemical Structure
of Salicornia Pigment
On the basis of all of the experimental results,

the chemical structure of the violet red pigment
of Salicornia europaea L. was definitely established

COOH CHOH

Q-0 Q0
OH OH ]
HO HO + coo™
OH HO N

HOOC” ™N~ *COOH
H

Chemical Structure of Salicornia Pigment
Betanidin-5-0-[2-O-(§-D-glucopyranosyl uronic acid)]-
8-p-glucopyranoside

to be betanidin-5-O-(2-O-{3-D-glucopyranosyl uronic
acid))-B-D-glucopyranoside.

The pigment with this structure, called ama-
rantin, has already been isolated from the leaves
of Amaranthus tricolor L.. However, attempts of
isolation, crystallization, and structural determi-
nation of the pigment in Salicornia europaea L.

have never been reported in the literatures.

II1. Investigation on Violet Red Salicornia
Pigment as Coloring Matter for Foods

Stability of the Salicornia pigment has been in-
vestigated from the viewpoint of its versatility as
coloring matter for foods.

The pigment is stable under —20°C and unstable
at 4°C to room temperature; and it is compara-
tively stable at pH 4-5 but it unstabilizes rapidly
at the other pH’s. Addition of ascorbic acid to
the extent of 0.1% or of cysteine to the extent of
1% to the pigment solution (pH 3-5) is ineffective
to prevent decolorization of the pigment. The
pigment is quite labile in ethanol.

Consequently, from the experimental evidences
so far obtained, the Salicornia pigment was proved
to be unsatisfactory as a stable violet red coloring
matter for foodstuffs.

Although an orange neo-betanidin derivative ob-
tained by conversion of the violet red pigment
was rather stable for coloring, it is of course un-
able to use for the purpose of violet red coloring.

IV. Isolation and Structural Determination
of Yellow Pigment of Portulaca
grandiflora HOOK.

Yellow petals of Portulaca grandiflora HOOK.
(collected at Experimental Farms of Hokkaido
University and “Sapporo-Saishu-En”, 1kg) was ex-
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tracted with methanol. The methanol extract, after
adjusted to pH 3 was centrifuged. The supernatant
was chromatographed on a Dowex 50 W-X 2 (H*-
type) column, and the resulted aqueous eluate was,
after concentration, applied to a polymide column.
Yellowish orange fraction obtained by elution with
0.1% hydrochloric acid solution was treated with
ion-exchange resins and concentrated. The con-
centrate was loaded onto a cellulose column and
chromatographed by eluting with methanol. An
orange powdery pigment was obtained from the
eluate (14 mg; m.p., undefinite, darkened and de-
composed).

Elementary analysis of the isolated pigment gave
an empirical formula corresponding to indicaxan-
thin, one of betaxanthins (C;4yH1sN2Os). The pig-
ment showed the ultraviolet absorptions (dmax 484—
485 mg) characteristic to the pigments of betaxan-
thin series. The major infrared absorptions of the
pigment were undistinguishable from those of two
betaxanthins obtained by converting syntheses with
betanin and L-proline or with betanin and L-hy-
droxyproline. Although, in paper-chromatographic
and paper-electrophoretic examinations, all of these
three pigments gave almost identical Rf-values,

the Portulaca pigment exhibited a spot correspond-
ing to the synthesized pigment from betanin and
L-proline on silica gel thin layer chromatogram.
Also, an amino acid produced by hydrochloric
acid-hydrolysis of the Portulaca pigment was paper-
chromatographically identified to be L-proline.

From the results described above, it was con-
firmed that the Portulaca pigment was indicaxan-
thin, one of betaxanthin analogues.

L
F<coo™

H
HOOC” N~ ~COOH

Portzglu:l Pigment
(Indicaxanthin)

Indicaxanthin has already been isolated from the
matured orange yellow fruits of Opuntia ficus-
indica MILL. and its chemical structure has also
been elucidated. Up to the present, however, iso-
lation of the pigment from Portulaca grandifiora
HooK. has not been reported.



