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SHORT COMMUNICATION 

MIMULAXANTHIN-A NEW ALLENIC XANTHOPHYLL 
FROM THE PETALS OF MIMULUS GUTTATUS 

HELFIUED NITSCHE 

Botamsches Inshtut der RWTH, 51 Aachen, Deutschland 

(Receroed 11 February 1970) 

Ahstraet-Bestdes neoxanthm and deepoxrneoxanthm, the mam xanthophylls m the petals of Mm&s 
guttatus, an addmonal ptgment, mtmulaxanthm, has been obtamed, tt IS 3,3’-5,5’-tetrahydroxyd’-hydra-7- 
dehydro-&carotene Its neoxanthm-like spectrum 1s not changed by actds Two hydroxyl groups are acetyl- 
atable The dtacetate can be sdylated to a dt(tnmethylstlyl)-ether, and wtth andtc alcohols, yields a mono- 
ether With CHC13 plus HCl 18 defined reaction-products are obtained, one of wmch ts 3,3’-dl-hydroxy- 
7,8-dldehydro-a-carotene (monadoxanthm) One of the LtAlH,-reductton products of neoxantmn is rdenbcal 
with numulaxanthm, whereas mtmulaxanthm wtth LtAlH* gwes an acetylemc denvattve These results have 
been confirmed by IR spectrometry Mtmulaxanthm 1s not an artefact formed durmg extraction and pun&a- 
tion 

INTRODUCTION 

As IN many other petals, the xanthophylls of A4imulu.v guttatus are esterdied wtth fatty actds. 
These esters can be analysed by fractronatton on columns of sthca gel and TLC on cellulose 
partly impregnated wrth paraffin-orl.’ After saponmcatlon the free pigments are obtained. 
Fracttonatmg saponified extracts from petals of M. cupreus and M tzgrznw on columns with 
ZnCO,-cehte, Goodwin and Thomas2 found very strongly adsorbed xanthophylls, which 
they characterized as follows. Pigment B resembled zeaxanthm m Its spectral propertres, but 
was more strongly adsorbed than authentic material Pigment C had the same spectrum as 
taraxanthm from Taraxacum oficznale and did not separate from rt on co-chromatography 
Pigment D was still more strongly adsorbed than pigment C, but had the same spectrum. 
Because of dtfficultres m handling such strong adsorbed xanthophylls, they were not further 
identified In earlier pubhcattons rt has been shown that pigment B 1s probably identical with 
deepoxmeoxanthm and pigment C with neoxanthm. 3*4 In this paper, the identity of pigment 
D with mtmulaxanthm 1s discussed 

RESULTS AND DISCUSSION 

TLC of the saponified extract from M guttatus petals on partly impregnated cellulose 
separates the xanthophylls present. In this system, deepoxmeoxanthin (3 OH, 1 allene4), 
which probably IS identical with pigment B,2 has nearly the same R, as vrolaxanthm (2 OH, 
2 epoxtdes) Mlmulaxanthm has a higher R, than neoxanthm (3 OH, 1 epoxtde, 1 allene’), 
which is probably the same as pigment C,2 but a lower one than vauchenaxanthm (4 OH, 
1 epoxrde, 1 allene6) So its R, IS m accordance with 4 OH or 3 OH plus 2 0. On columns of 
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basic Z&O, or TL of basic MgCO 37*8 this pigment IS adsorbed very strongly, it differs m 
behavlour from authentic xanthophyll markers 

The functlonal groups were determined as follows 0 01 N HCl m EtOH shifts the 
maxlma of the neoxanthm-hke spectrum only slightly towards shorter wavelengths as m 
tram-czs lsomenzatlon, mdlcatmg the absence of rearrangeable epoxlde groups Isolated 
epoxlde groups as m fucoxanthmg can be eliminated by LlAlH,, as has been shown for 
Vaucherza heteroxanthm,‘O no such ehmmatlon was achieved with mtmulaxanthm 
NaB& (EtOH, 40”) has no effect on spectrum or R, so that keto groups are not present m 
the molecule. Formatlon of a dlacetate indicates 2 pnmary or secondary hydroxyls The 
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FIG 1 MAIN REACTIONPRODUCTS OF MIMULAXANTHIN WITH ACIDIC CHCIJ 
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dlacetate can be stlylated to a dl(trtmethyl-slyl)-ether, showing the presence of two tertiary 
OH. Treatment of mimulaxanthm-diacetate with acidic alcohols yields 1 monoether, 
mdicatmg one of the tertiary OH to be allyhc. l1 The IR spectrum of mimulaxanthm (KBr, 
Len2 III G) exhibited (cm-r): 3500 (OH), 3040,2965,2865 (CH2, CH& 1990,195O (termmal 
allene), 1570, 1550 (coq. C==C), 1480, 1460 (CH,), 1390, 1380, 1355 (CHB, gem. CH,), 
1310 (tert OH), 1245, 1210 (truns di-subst C==C), 1170, 1145 (tert OH), 1110 (allyhc OH), 
1070 (allene), 1040, 1020 (sec. OH or allyhc prim OH), 1005, 975, 953 (truns di-subst. 
C=C) There were no maxima for C=C (2150), C==O (1710), con1 C=O (1640), epoxlde 
(1250,900,800) or -OCHJ (2820) 

Hence, mlmulaxanthm has two secondary and two tertiary hydroxyl groups, one of 
which is allyhc, and an allene group Since there was not enough pigment for NMR and MS, 
the positions of the 4 OH and the allene were determined by other means With acidic 
CHCIJ (0.01 N HCl, 20”, lo’(!)), a reagent which spectfically ehmmates tert. OH and sec. 
allyhc 0H,3*4*1 l-l 5 18 reaction products were obtained (Fig 1). In this scheme the mter- 
mediary products, which continue reacting, are not depicted (except monadoxanthm VII’, 
its isomer VII and the tnhydroxy derivatives) They will be discussed m detail elsewhere 
Here the properties of monadoxanthm (VII’) are described. This pigment was first isolated 
from flagellates of the algal class Cryptophyceae16 and its exammation has revealed the 
existence of an acetylemc bond” as it was proved for diatoxanthm, dladmoxanthm, 
alloxanthm and crocoxanthm 17~18 The pigment derived from mimulaxanthm, whtch 1s 
only obtained after a very short reaction time (5 mm), can be separated from the other 
products by TLC on MgC03 ‘~3 It absorbs at slightly longer wavelengths than lutem 
(rruns+ 476, 448, 425 nm, EtOH), yields a dlacetate and a monoether The R,s differ from 
lutem m the same way as those for zeaxanthm and diatoxanthm differ from antheraxanthm 
and dladmoxanthm I8 The JR spectrum exhibited (cm-‘, KBr)* 3380 (assoc OH), 3040, 
2965, 2865 (CH2, CHJ), 2160 (C=C), 1570, 1550 (coq C=C), 1480, 1460 (CH,), 1390, 
1380 (CH3, gem CH,), 1245, 1210 (trans duubst, C=C), 1110 (allyhc OH), 1040, 1020 (sec. 
OH or allyhc prim OH) The transformation of the allemc mto the acetylemc bond can be 
understood as an attack of H+ at the text OH of CsJ and stabihzatton of the intermediary 
carbonmm-ion by ehmmation of a proton at Cs, (Fig 2) By this reaction mechanism, 
neoxanthm can be transformed mto diadmochrome, and deepoxmeoxanthm mto dia- 
toxanthm 3*4 Since mtmula xanthm resembles neoxanthm, it might be expected to be 

mimulaxanthln 

monadoxanthln 

FIG 2 TRANSFORMATION OF MIMKJLAXANTHIN INTO MONADOXANTHIN WITH ACIDIC CHCl 3. 

iI E GROB, Angew Chem 16,784 (1966) 
I2 E GROB and R PFLUGSHAUPT. Helv Chrm Acta 45.1592 (1962) 
I3 E GROB and R PFLUGSHAUPT; Helv Chun Acta 48; 930 (i965) 
z4 B SCHIMMER and N KRINSKY. Bzochemzstrv 5.3649 (1966) 
Is A HAGER and H STRANSKY, Arch Mzkro&zoZ’ 71, 13i (1950) 
z6 D CHAPMAN, Phytochem 5, 1331 (1966) 
z7 A MALLAMS, E WAIGHT, B WEEDON, D CHAPMAN, F HAXO, T GOODWIN and D THOMAS, Chem. 

Commurz 301 (1967) 
I8 K EGGER, H NITSCHE and H. KLEINIG, Phytochem 8,1583 (1969) 



404 HELFRIED NITSCHE 

formed on reduction of neoxanthm with L&H, Chromatographrc separatron of the 
reaction products erther by TLC on cellulose partly Impregnated w&h plant-orls or on 
MgCOJ yielded 4 pigments, one of which was identical with mimulaxanthm (Fig 3) It 

nlI.Yl.“..thl” OH _ df.tom”thl” *ql”Ih.b”*“,hln 6D.t.mnthr” 

FIG 3 TRANSFORMATION OF NEOXANTHIN INTO MIMULAXANTHIN WITH L*AIH4 

gave diacetates, diacetate-disilylethers, dracetate-monoethers, and with CHCI, plus HCl the 
already menttoned denvatlves. The IR spectrum showed that the allene group was intact 
Deepoxmeoxanthm, the second product of reduction, was transformed mto diatoxanthm 
with acidic CHCl, 4 On the other hand, diatoxanthm is also obtainable by reductron of 
neoxanthm (and deepoxmeoxanthm) with LrAl&, probably by an attack of H- on the 
tert. OH (Fig 3) I9 The second acetylemc derivative of neoxanthm is hydroxy-diatoxanthm 
This pigment can also be obtained from mimulaxanthm (Fig 3) Reducing fohachrome= 
neochrome=furanoic neoxanthm with LIAIH,, other workers obtained zeaxanthm 2o-22 

In order to see whether mimulaxanthm is an artefact produced during extraction or 
sapomficatlon, from neoxanthm, this xanthophyll (and deepoxmeoxanthm) was treated with 
excess Na alcoholate (20x, 12 hr, 40”) No traces of mimulaxanthm (or other products) 
could be obtamed 

EXPERIMENTAL 

Zsokztron After addltlon of basic MgCOJ freshly harvested or frozen petals of M guttutus (Botamscher 
Garten Heidelberg resp Aachen) were ground m a mortar, extracted wth acetone and the xanthophyll 
ground esters transferred to light petroleum They were sapomfied with Na alcoholate (0 5 %) or CHjOH 
plus NaOH (3 %) at room temp (4 hr) Na salts of the fatty acids were washed out with water after addltlon of 
E&O, the free xanthophylls evaporated to dryness and redissolved m Et&-light petroleum (1 25) 

Chromatography Partition TLC z3 20 g cellulose (MN 300) are dissolved m dloxane (70 ml) and then 
Hz0 (70 ml) 1s added 4 glass plates (20 x 20 cm) are coated with the pulp, dried at room temp , Impregnated 
with sunflower-resp paraffin-oil (8 % resp 10% m petroleum b p 100-120”) leavmg a margin (2 cm) un- 
impregnated Here the pigments are put on and developed with MeOH-Me2CO-Hz0 (40 10 3), resp 
Me,CO-MeOH Adsorption TLC ‘** 20 g MgC03 (basic, Merck 5828) + 10 g kleselguhr (Merck 8117) are 
suspended m 250 ml acetone, shaken, spread over glass plates, dried (SOO) and developed with light petroleum- 
benzene-MezCO Column chromatography The xanthophylls are separated m columns (5 x 10 cm) on 
ZnC03 (basic, Merck 5661) with light petroleum-MeXO 

Denuatrves Acetylation Pigments were dissolved m dry pyndme (2 ml), AczO (0 5 ml) was added and 
the reaction nuxture~allowed to stand at 40” Sdylatron To the pigment m dry pyrldme (2 ml) 3 drops of 
(CH,), SC1 are added After 1 hr at room temp ether IS added and washed with water LIAIZZ~ reduction 
+o theplgment m dry ether 0 5 g LiAlH, (Merck5661) m crude form are added (Inverse addltlon) &d shaken 
vigorously (1 hr, 20”) The complex is destroyed and the strongly adsorbed reaction-products are transferred 
mto ether by elutlon urlth methanol, dried, evaporated, and dissolved m EtzO-light petroleum (1 25) 

Dehydrutlon The pigments react m 0 01 N HCI-acidic CHCl, 
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