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CAROTENOIDS OF HIGHER PLANTS-I 

THE STRUCTURES OF LYCOXANTHIN AND LYCOPHYLL 

hf. CLARE hWum.m* and SYNN~VH LIMEN-JENSEN 

Organic C%emiay Laboratork, Norway Institute of Technology, Trondhcim, Norway 

(-29 Nowmber 1%7) 

Abe&act--he structurea of the carotenoids lycoxanthin and lycophyll, previously recognized 89 lyoopcn-3-01 
(2) and lycopena3,3’diol(3) =pcctively, arc shown to ba primary alcohols; lycoxanthin being lycopen-1-1 
(6) aad lycophyll 1 ycopaaal6,16’diol(9). 

INTRODUCTION 

THE carotenoids of the red berries of Solmumt dukamara were iirst investigated by Zech- 
meister and Cholnoky.’ In addition to lycopene (l), a mono-01 (C&I&) and a diol 
(C&-&02) with similar visible spectra to (1) were isolated. The mono-al, lycoxanthin, was 
characterized by the formation of a monoacetate, and the diol, lycophyll, by the formation 
of a dipahnitate. Roof for the position of the hydroxyl groups was not given and they were, 
by analoe with many cyclic xanthophylls, assumed to be located in 3,3’-position. The 
suggested structures for lycoxanthin (2) and lycophyll(3) have since been extensively quoted 
in the literature. 

The presence of lycoxanthin has been claimed in various fruits’-* and berries,‘* g as well 
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as in fungi, lo* lr photosynthetic12-16 and non-photosynthetic bacteria.*’ Lycophyll has also 
been regarded as a constituent of various berries’* * and micro-organisms.r31 ~1 l6 

The pigment identified as lycoxanthin in photosynthetic bacteria12-16 was later shown 
to be the tertiary alcohol rhodopin (4). l8 The presence of lycoxanthin in Corynebacterium 
poinsettiae has also subsequently been disproved. I9 The proof of identity of lycoxanthin in 
other sources is, in most cases, unsatisfactory, and its natural distribution is therefore 
uncertain. The diol from photosynthetic bacteria, identified as lycophyll,13s l5 was shown 
in one case to be 1,2,1’,2’-tetrahydro-lycopensl,l’diol (5)20 and this may be true for other 
cases too. 

In recent years lycoxanthin has been re-isolated from S. d~lcamara.~~ Lack of allylic 
dehydration with acidified chloroform22 was considered to support the structure (2) suggested 
for lycoxanthin, although the observed OH deformation or C-O stretching absorption at 
1005 cm-l appeared low. 

In the present work a reexamination of the structures of lycoxanthin and lycophyll has 
been carried out by modern methods. They are shown to be (6) and (9) respectively. 

TABIJZ. 1. tiw-rM! PROPERTIES OP LYcxIXANTHIN (6), LYCOPHYLL (9) AND VARxolJs 
DRRlVATlVp.THEREop 

Carotenoid 

I$-value on Schki&x & !khGll 
No. 287 paper 

Required eluent from , . 
ahlmiMactivityglade2 S%aCCtO& 10% acetone* 

Lwopcne (1) 
Lycoxanthin a&ate (7) 
Lycophyll diacetate (10) 
Lycopen-1 Gal (8) 
Lycoxanthin (6) 
Lycophyll monoacetate 
Lycophyu (9) 

5-l 5 % ether* 
2O%ether 
50 % ether 
50 % ether 
100% ether 

2 % methanol in ether 

0.98 
0.70 

0.78 
045 
0.30 

0.45 
0.15 

l In light petroleum. 

RESULTS AND DISCUSSION 

Pure lycoxanthin (6), m.p. 170”, was readily obtained from ripe berries of Solunum 
duhmara. The visible (Fig. 1) and i.r. (Fig. 2) spectra corresponded to those previously 

10 E. LEDERER, Bull. Sot. Chim. Biol. 20,613 (1938). 
11 F. HAXO, Arch. Bfochem. 20,400 (1949). 
12 C. B. VAN NIEL. T. W. GOODWIN and M. E. SISSINS, Biochcm. J. 63,408 (1956). 
13 T. W. GOODWIN and D. 0. LAND. Arch. Mfkrobiof. 24,305 (1956). 
14 T. W. &ODwIN, Arch. Mkrobiof. 24,313 (1956% 
‘5 C. R. B~ICT, R. C. Furus and J. A. BRRDERON, l&x.&h. &phys. Actu 54,525 (1961). 
16 S. F. C~NTI and C. R. BENEDICT, J. Bucteriul. 83,929 (1962). 
17 M. P. STARR and S. SAP-, Arch. Biochem. Bbphys. 43,157 (1953). 
1) S. L--JENSEN, Ackz Gem. Sctznd. 13,2142 (1959). 
19 S. Lw-Jm. Phytochem. 4,925 (1965). 
20 L. RYVARDEN and S. LIMEN-JENSJZN, Acru Chem. Scund. 18,643 (1964). 
21 S. LIMEN-JENSEN, kTg1. Norske Vidcnkab. Sewcabs Skri.tIer No. 8 (1962). 
12 P. KARRER and E. LEUMANN. HeIv. Claim. Acfa 34,445 (1951). 
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rep~rted.~*~~ Due to the solubility properties in deu~r~~orofo~, the proton magnetic 
resonance spectrum of the monoacetate (7) was most informative; see Fig. 3 including signal 
assignments, 

AcOHzC 

(7) 

The presence of four in-chain (8.03~) and two end-of-chain @-1%) methyl groups in 
lycoxanthin (6) and Iycoxanthin acetate (7) supports a location of the eleven carbon-carbon 
double bond chromophore identical to that of lycopene (1). The signaIs at 8.397 (three 
protons) and 8*32+r (six protons) were interpreted as due to one lsopropylidene end-group 23 
and one hydroxylated end-group as in (6). The methylene of the hy~ox~e~yl group 
occurred as a singlet at 5.987 (two protons) in lycoxanthin (6), shifted to 5.52~ in the acetate 
(7). The presence of four allylic methylene groups in the acetate (7) could be aocounted for 
by the signals in the 7*8-E% region in similar positions as reported for lycopene (1).24 
Furthermore the signals caused by the sixteen oleflnic protons of the polyene chain were 
found in the 33-4.2~ muhiplet. Finally the olefinic proton of the isopropylidene in lycoxan- 
thin acetabs (7) oaxqred at cu. 4.8~ in the same position as found for lycopene (l), whereas 
the olefiuic proton of the second acetylated end-group in 7 appeared at lower fields (ea. 
4.S). 

Allylie oxidation with nickel peroxide2s*26 provided a monoaldehyde (8) with unchanged 
spectral properties in visible light (CA Fig 1). Thealdehyde, lycopen-16-aI (8) was not enolixed 
by alkali, and was reduced to lycoxanthin (6) on treatment with lithium aluminium hydride. 

Mass spectra of lycoxanthin (6, M = 552) and its aldehydic oxidation product (8, M = 550) 
supported the structures suggested and will be discussed elsewhere.27 

It has been reported2i that iodine catalysed isomeriration of truns lycoxanthin (6) 
provided a stereoisomer (neo A) with unchanged spectral properties (identical fine structure 
in the visible light spectrum and lack of &-peak). This isomer can now be conceived as the 
one with opposite configuration at the double bond carrying the hy~ox~e~yl group, 
The actual configuration of the hydroxylated double bond in (6) is not established. 

23 M. S. BARIIEX, J. B. DAB, L. M. JACKMAN and B, C. L. W-N, J. Gem. SOL 2870 (1960). 
u U. m H. R. B~LLIQER, L. H. ~OPARD-DIPJIM, 0. ENQKZRT~ M. KOFLER, A. K&m, C. v, 

PMNTA, R. R&ZQG, W, VEITER and 0. Jmm, CMmia 19,294 (1965). 
2s K. NAKACWA, FL KONATA and T. NAKATA, 1. Org. C&et+, 27,1597 (1962). 
26 S. LIMEN-JEN~ and S. H~TZBERO. Acru Chem. Scd. u), 1703 (1966). 
27 C. ENZELL and S. LLMXN-Jmsm. To be publiskmi. 
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Lycophyll(9) occurred in lower quantity and was less easily purified. The i.r. spectrum 
(Fig. 2) closely resembled that of lycoxanthin (6), except that the relative intensity of the 
1005 cm-’ absorption (primary hydroxyl) was much greater for lycophyll(9). Its molecular 
weight (M = 568) was secured by mass spectrometry,27 and the presence of two primary or 
secondary hydroxyl groups accessible for acetylationl was conkned. ‘Ihe primary chamcter 
of these groupings, located in end-groups identical with the hydroxylated one of lycoxanthin 
(a), was revealed by the proton magnetic resonance spe&um of lycophyll diacetate (lo), 
although the sample examined contained a non-carotenoid contaminant. The intensity of 
the 5.52~ signal (methylene in acetoxymethyl) and the 8.03~ signal (in-chain-methyl) was in 
the required ratio 1: 3 for (lo), as was the intensity ratio (1: 2) of the 8~31~ (methyl on isolated 
double bond) and the 8-03~ signals. Moreover, the 8.397 signal characteristic of the tio- 
propylidene end-group23* 24 was missing. Finally the fractionation pattern observed by 
mass spectrometry of lycophyl127 is taken to support structure (9) for this xanthophyll, 
Again, the configuration around the double bond of the two end-groups is not established. 

(IO) 

Carotenoids with primary hydroxyl groups have been considered rare in nature and 
have so far only been encountered in micro-organisms.2**29 The finding of such primary 
carotenols also in higher plants indicates a more general distribution and calls for further 
caution in accepting xanthophyll structures proposed on the basis of insutlkient evidence. 

EXPERIMENTAL 

Materiais and Methods 

Ripe be&a (2.03 kg) of Sokmum dukamam, collected at Q&X in October and stored in the deepfreeze, 
wereused. 

When not otkwise stated, the methods used were as previously described.,” Cohmm chromatography 
was carried out on Spence alumina, activity grade 2, and paper chromatography on paper with kkelguhr filler. 
Adsorptive propertiea are compiled in Table 1. Clxmical rtztions were followed by paper chnnnatography. 
The silylation procedure used has been -bed ekwhere.Jl NMR spectra m recorded in deutero- 
chloroform with tetmmethylsilane as internal standard on a Varian HA 60 (60 Mc/acc) ktrument and mass 
spectra on an LKB ma86 spectrometer with direct inlet system at conditions speci5ed ekwhere.27 

Isolation of the cmotenofdc 
The berries were allowed to thaw, and the carotenoids were most efikiently extracted with acetone in a 

Waring blendor. Addition of dry ice provided cooling and a protective atmosphere. The combined acetone 
extracts were treated aa dwcribed ekewhere.*’ After column chromatography, lyqmne ((1). 165 mg), 
lycoxanthin ((6). 100 mg) and lycophyll((9). 10 mg) were isolated; estimated carotenoid amtcmt in fresh 
berries O-016 per cent, previously mported O-018 per cent.21 Lycoxanthin (6) and lycophyU(9) comprised 
38 and 4 per cent reqnxtively of the total auotenoid; previously found 14 and 2 per cent.21 

28 A. J. AMEN and S. W-JENSEN, Acta Chem. Sca& 21,2185 (1967). 
29 S. W-J-, Actu Chem. ScMd. 21.1972 (1967). 
30 A. J. AMZN and S. --JEN~, Actu Chem. Stand. 20.1970 (1966). 
31 A. MCCORMICK and S. LLUEWJEN.QN, Acto Chem. Scud. #). 1989 (1966). 



844 M. CLARE f+&mu~ and SYNN~VE --J@NxN 

%uu (6) aystallipbd as needles from ather-hght petrokeurn, yield cu. 17 mg, m.p. 170”, previously reported 
16S”,t~s1 The absorption specmnn in visible light recorded in acetone (Fig. 1) had abs. tnsx. at 448,476 

%O, 1380,1364J (CHs, gem. CH,); 1005 (gn’m. allyho OH)* 960 (rrans disubst 
&,=3380-3500 for various aliquots) and 508 11111. Iho i.r. spectrum in KRr (Fig. 2) had abs. max. at 

doubla bonds) and 825 (rraru 
trisubst, double bonds) an-t. The NMR specuum (Fig. 3j had signals at 78.32, a39 (8-P HL); &19 (6-O Ii); 
893 (12.4 H); 7.85 (8.3 H); 5-98 (19 H); 3.249 (18.3 H). The mass speemun had prominent peeks at 
mk-552 0, 550 (M-2), 548 (M-4), 536 (M-16). 534 (M-18), 532 (M-20), 483 (M-69), 481 (M-71), 467 
(M-85), 466 (M-86), 465 (M-87), 460 (M-92, toluenes+), 446 (M-106, xykne~), 444 (M-108), 442 (M-110). 
430 (M-122), 428 (M-124) and 426 (M-126). In light petroleum~95 per cent methanol (6) had partition ratio 
72% 

Lycoxanthia Acetate (7) 
(6) (~43.10 mg) was quantitatively acetyiated in the usual manner. (7) was pur&d by column chromato- 

graphy and cry&x&& from other-light petroleum; yield a. 6 mg, rap. 1453 previously reported 137”,r 
The absorption spe&um in visible light recorded in acetone corresponded to that of (6); E]&=3329 at 
476 MI. The ix. spectrum in RBr had abs. max. at 3480 (overtone C==O); 2920 (CH); 1740 (acetate); 1620 
(couj. double bonds); 1430 (CHs), 1360 (CHs gem. CH,); 1225 (acetate); 1020 (acetate) and 955 (from 
disubst. double bonds) cm-r. The NMR spectrum (Fig. 2) had signals at 78*39,8*32 (8.8 H); 8.19 (6-l H); 
8Q3 (12-O Ii); 7*93,785 (Z1.5 H); 555 (23 IQ, cu. 4.8 (I Ii), co. 45 (1 H) and 3.342 (ea. 16 Ii). The NMR 
spectrnm of lycopene (1) had ohtfinic signals at 7 cu. 4.8 (2 H) and 3.34~2 (16 H). Lycoxamhin acetato (7) 
could not be silylated and was hydrolysed to Iycoxantbin (6) under standard saponification conditions. 

Lycugez-16& (8) 
The reagents were tested with lutein which Save 3’-keto-aaroten-39 in satisfactory yield. (6) (5 mg) in 

benzene (8 ml) was treated with NiOz (50 mg, available oxygen 4.6 x 10-J g atom/g NiOs &term&d by 
titration} for 40 min; pigment ncovery was 46 per cent. The reaction mixture contained (8) (15 per cent) 
and unreacted (6) (80 per cent). The aldehydo (8), purified by column chromatogtaphy, oxhiiited tho same 
absorption spectrum in visible light as (6) and had partition ratio 90: 10 in light petroleum/Q5 per cent 
methanol. Spectral and partition ~~~0~~~~~ in the presence of alkali, (8) could not be ace@- 
ated or siIyktted and was reduced with J.&l& in dry ether to (6). The mass spectrum of a concentrate had 
prominent psaks at m/e=550 (M). 548 (M-2). 535 (M-15). 532 (M-18). 523 (M-27), 509 (M-41), 495 (M-55). 
481 (M-69), 467 (M-83), 458 (M-92) and 444 (M-106). 

Crystalbred as needles from ether-light petroleum; yield 3.8 tug, m.p. 189”, previously reported 
179O.r The absorption spectrum in visible light correspooded to that of (6) (see Fig. I), E:zm’,>3240 
at 508 MI in acetone. The i.r. spectrum (Fig. 2) had abs. max. in the same position as those given for lycoxan- 
thin (6) above. The mass spectrum had prominent peaks at m/e= 568 (M), 566 (M-2), 564 (M4), 552 (M-X), 
550 (M-18), 548 (M-20), 534 (M-34), 532 (M-36), 483 (M-85), 476 (M-92) and 462 (M-106). partition ratio 
iu light petroleum/95 per cent methanol was 83:17. 

Lymphylf Diacetate (10) 
(9) (2-6 tug) was quantitatively acetyhxted in the usual manner. After cohrmn c~t~phy tho ehrates 

contain@ (10) were concentrated to drynw. A u~~tonoid knot was evident from its NMR 
spectrum and could not be removed by m-chromatography twice. Tho following signals of the NMR speehum 
were ascribed to the carotenoid: 78.32; 8.19; 8.03; 7.93; 7.85; 555 and 3.342 with intensity ratios 
6:6:31:4.9:18. The 7.937 signal (acetate CH3) apparently had some contribution from a nonxarotenoid 
cootaminent. No s&r&s were present at &39s. 
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