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Aktract-From blossoms of Yiolo rricolor, four new naturally occurring gcowtrical isomen of violaxanthin (5,6.5’.6’- 
diepoxy-S,6S’,6’-tetrahydro_ggcarot~3~diol) have been isolated in the aystalline state. By two-dimensional 
‘H NMR methods, the new pigwntsareshown to be thc9,9’-.9.13’-.9,15_and 9.13di-cis isomers Thermaland iodine- 
catalyscd photochemical stereomutations of the new natural pignunts have also bun studied. 

Ih-lRODUCIlON 

The majority of CT,,, carotenoids found in nature show an 
all-Iran, configuration about the conjugated polycne 
chromophore and only a few contain one or more cis- 
doubk bonds [l-11]. Most of our current knowkdgc 
about cisouotenoids therefore has been inferred from 
studies on cis-isomers pnparai artificially from the 
parent all-frcurs-molecules [l. g-191. Isolation and strut- 
ture elucidation of naturally occurring circarotenoids ir 
however, of continuing interest because they may further 
our understanding of factors which regulate the occur- 
rm of these isomers in nature. 

In an earlier paper describing the isolation and idcntifi- 
cation of the 13-mono-& and the IS-mono-cis isomers of 
viokxanthin (3s,s~6s$‘S~~~s-s,~,~~xy-s,~,~- 
tetrahydr~~&arotcnc-33’diol. 1) from Mossomr of 
Yiolo fricolor L. [S]. we noted the oazurrtnee of several 
isowrk congencrs in the plant extract. UV/visibk spoa- 
ral analysis of the chromatographic fractions suggested 
that some of these contain4 di-cis isomers of 1 in 
quantities about I 29; of the total carotenoid content. 
Subsequently. further amounts of di-ciscontaining frac- 
tions were colkctai and, by means of careful column 
chromatography, four individual di-cb-violaxanthins 
were isolated and crystallizai. The present paper describes 
their identification by ‘H NMR methods, UV/vis spectral 
characterization,and the results of stereomutation cxpcri- 
ments carried out by thermal and iodinccatalysai photo- 
chemical methods [I. 51. 

RESULTS AND DtSCUSSIDN 

In the final chromatographk step the disiscontaining 
fraction was separated into four distinct zones denoted, in 
order of decreasi ng absorption af6nities. as d&is-neo A 
(2. mp 202”). di-cis-neo B (3. mp I35”). di-cis-nco C (4. mp 
87’). and d&is-nco D (5. mp I I I”) violaxanthins. In a 
similar manner to our previous work [S], extreme care 
was taken in order to exclude secondary stereomutation 

of the isolated pigments during work-up and chromate 
graphic procedures. Specially designed blank runs 
attested to the genuinely natural origin of the new 
isomcric carotenoids (see also Experimental). 

The configuration of the doubk bonds in 2-S were 
inferred from medium-field (2OOand 300 MHz) ‘H NMR 
spectroscopy and, as usual, were basal on the values of the 
observed inter-proton coupling constants and the chemical 
shift differences A - b - bd_t,ar measured for the 
okfinic protons in 2-S%d the all-rrans reference com- 

pound (1) [NJ. 
In order lo assign the spectra in terms ofchemical shifts 

and proton-poton couplings, conventional double rcs- 
onance metbodd were rcptaced by twodimensional (2D) 
correlation spectroscopic (COSY) techniques [21]. 
Displayed as the contour map of the absolute value 2D 
data matrix, the r&vant parts of the 200 MHZ COSY 
spa+trum of 5 are shown in Fig. I. Chemical shift com- 
lations mediated by interproton spin-spin couplings arc 
manifested by the occurrence of &diagonal (‘cross~ 
peaks. Evaluation of the chca&zl shift coordinates (8,. 6,) 
of the cross peaks affords a consistent Melting of 
sequentially coupkd protons which, in turn, leads to a 
straightforward assignment of the rcsonaxcs to the 
individual proton sites of the mokculcs. In addition to the 
more intense cross peaks due to vicinal lcouplings, 
correlations mediated by longer range (‘J.‘J) spin-spin 
interactions were also observai under suitable experimcn- 
tal conditions [21]. This facilitated establishing 
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FIN. I. Parted 500 MHz ‘H NMR spectrum of 9.13di-cu-vtolaxanthm (5) In pyrd~nc-d,. Upper rrea: convcn- 

lional (ID) spaztrum of the dc.!inic and ‘inchuin’ methyl protons boxed regions: parts of the COSY contour map 

daplPying chcuucal shift correlations rio vnnxl couphngs between olcfmr prorons and UUI ‘J long range couphngs 
between methyl and okfinw protons. Py@ denotes solvent line. 

proton-proton coupling across quaternary carbon the identification of the head-group methyl signals and, 

atoms, an approach that proved to be of use In the occasionally, for the verification of axsignments inferred 

assignment of ‘in-chain’ methyl rcsonanas (see Fig. 1). from COSY expetimentz The fully assignaI ‘H NMR 
NOE difference spectra [ 22,231 were also recordal for paramtm for isomen l-5. together with relevant iso- 
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wtixation shift data, A, are colkctal in Tabk 1. 
By considering the weIIcstabI.ishcd trends in ‘H cbcmi- 

cal shifts upon frans-to& isotncrimtion of the polycne 
chain in carotcnoid systems [20], the sites of the cis- 
doubk bonds in the newly isolated viokxanthin isomers 
could be readily identifxcd on the basis of pertinent A 
values. Thus, for cxampk, the signifkant downfield shift 
(A > 0) of resonances due to H-g and H-l 1 protons and 
the increased shielding (A < 0) of H-10 and H-12 with 
respect to their chemical shifts in tht all-truns 1 have bczri 
shown to be typical for rrans-to-& isomcrization about 
the9(lO)doubk bond [20] and to regcct variations in the 
resulting stcric interactions (and diamagnetic anisotropy 
effects) cxpcrknced by these protons in the 9( 1Obi.r and 
9(lO)trans environments. From inspection of the dif- 
ferential shkldings A in Table I it fohows that the 9-cis 
configuration is a stereo&mica1 property common to 
each of the new viokxanthin isomers 2-S. Symmetry 

considerations furthermore indicate that this very isomcr- 
ism occurs twice in 2 which scttks the geometrical 
configuration of this mokcule as 9,YdLcis. AnaIoguous 
diITerential shkklings of protons of ncighbouring po- 
sitions (and the characteristic change in the ‘I(H-IS, H- 
1S’)coupling value for isomer 4)altat to the oocurrencc of 
a second cisconhguration about the 13’( 14’) (3), I S( IS’) (4) 
and 13(14) (S) doubk bonds in the other natural di-cis- 
violaxanthin isomersand define the stereochemistry of the 
polyene chains as 9.13’di-cis (nco B. 3). 9.1 S-di-crs (neo C. 
4) and 9.13disi.s (nco D. S), respectively. 

Displayed in Fogs 2 and 3 are the pertinent UV/VIS 
absorntion curves; the relevant s~bctral data, inchidinR 

A, and Q ( = E-/E,,_ _ ) values. are compared with 
those of the all-trots- 3 a mono-c&violaxanthins in 
Table 2. II can be seen that, as compared to their values in 
the all-rruns form (I), the absorption maxma in the new 
isorncrs exhibit hypsochromic shifts that are roughly 

Tab& I. ‘H NMR data of isomcric viotaxdnthins* 

H 
all-lronr (1) 9,Qdi& (2) 9.13’di-cis (3) 9.1 Sdi-cir (4) 9.13di-ar (5) 

6, 6, A 6, A 6, A *n A 

7 6.170 
8 6.665 
10 6.369 
11 6.860 
12 6.635 
14 6.484 
IS 6.849 
Me-16 I .262 
Me-17 1.1% 
Me-18 1.288 
Me-19 2.036 
MC-20 2.024 
7’ 6.170 
8 6.66s 
IIY 6369 
II’ 6860 
12’ 6.635 
14 6.484 
I5 6.849 
MC-16 I.262 
MC-IT I.156 
Me-IA’ I.208 
Me-19 2.036 
MC-M 2.024 

J-., IS.5 
J 10.11 11.2 

J 11.12 14.8 
J I..!, 10.9 
J 1,.1, 14.1 

J- .e IS.5 
J 10 .I, 11.2 
J II .!I 14.8 

J,. .I¶ 10.9 

6.2.N 0.06 
7.33a 0.67 
6.277 -0.09 
7.069 0.21 
6.552 -0.08 
6.430 -0.05 
6.744 -0.11 
1.253 -0.01 
1.137 - 0.02 
1.273 -0.01 
2.052 0.02 
1.7% - 0.23 
6.023 0.06 
7.338 0.67 
6.277 -0.09 
7.069 0.21 
6.~52 - 0.08 
6.430 - 0.05 
6.744 -011 
I.253 - 0.01 
I.137 - 0.02 
1.273 -0.01 
2.052 002 
1.7% - 0.23 

15.4 
11.4 
14.9 
I I.0 
14.1 
IS.4 
Il.4 
14.9 
11.0 

6.230 0.06 
7.339 0.67 
6.277 - 0.09 
7.068 0.2 I 
6.546 -0.09 
6.486 0.00 
6.705 -0.14 
I 259 0.00 
I.140 - 0.02 
1.274 -0.01 
2.056 0.02 
1.813 -0.21 
6.170 0.00 
6.689 002 
6.391 0.02 
6862 0.00 
7.221 0.59 
6.270 -021 
7.140 0.29 
1.259 0.00 
I.151 0.00 
I .288 0.00 
2.035 0.00 
2.016 0.00 

13.4 
11.4 
14.9 
II.0 
14.1 
15.4 
11.3 
14.8 
11.0 

6.236 0.08 
7.337 0.67 
6.313 - 0.06 
7.101 0.24 
6.571 - 0.06 
6.931 0.45 
6.514 -0.34 
I .259 0.00 
1.139 - 0.02 
1.278 -0.01 
2.0% 0.02 
1.808 -0.21 
6.165 0.00 
6.685 0.02 
6.406 0.04 
6.906 0.04 
6 675 0.M 
7.015 0.53 
6.554 -030 
I .2S9 0.00 
1.148 0.00 
I.288 0.00 
2.035 OSKI 
I.988 - 0.02 

15.5 
II.4 
14.8 
11.0 
12.3 
IS.5 
11.4 
IS.1 
11.0 

6.254 0.08 
7 332 0.67 
6.331 - 0.04 
7.070 0.21 
7 167 0.53 
6X% -0.27 
7.107 062 
1.260 0.00 
1.137 - 0.02 
I .275 -0.01 
2.075 0.04 
1.827 0.19 
6.150 - 0.02 
6.663 0.00 
6.367 0.00 
6.852 0.01 
6.623 -0.01 
6.489 000 
6740 -0.11 
1.260 0.00 
I.154 0.00 
I.288 0.00 
2.024 -0.01 
2.002 - 0.02 

1J.S 
10.6 
14.9 
12.0 
14.1 
IS.5 
11.2 
14.8 
12.0 

Head-group proton%+ H-2, 1.605. H-2, I.932 H-34.313. H4,2.016, H4,2.672; JL,L - - 12.7, JL,, - 10.4. 

J?_3 = 3.6. Jb,_ - IS. J,,,, - 8.8, J,.,_ - 4.9, I, , - - 14.2 -* - 

*In pyndmcd, soln, PI 25’ Chcmxal shifts arc in ppm rehtive IO inlenul TM$ coupling cons~nls In Hz_ For 
strongly coupkd in sysreau. chcakl &if1 and coupAmp values wert MamaI by omns of oompu~a-a&d 
ilcralwe analyses using kapcncy lists II 300 MHz A I bN -b,_ 

*These resonam show minor ( < 0.01 ppm) up6cki shifts upon rrau/cu isouxnza lion a1 lhe 9(Q)doubk bond. 
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Fig 2. UV and tibk light rbsorpion spaztra of all-rruns- 
wolamnthm (-). 9,9’di_cu-vtolaunthin (- - - - -1 and 9.13’- 

di-cu-viohaanthin (. . .) in bcnrenc. 
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Ftg. 3. UV and visibk light abwwption spectra c4 all-trans- 
nolaxanthin (-). 9,13di_ris-woliunnthm (- - - - -) ad 9.15- 

di-cu-violuanthin (. .) in benzene. 

twice as large as those measured for the mono4 isowrs. 
echorsa~ticfeoturcofdi_cisC,,corotenoiQ[2] which 
served for the initial detection of 2-S in our previous work 
[S].Mofespecifically,ifthcectual.NMR-based,co~sur- 
ations arc also taken into account, the shifts in the ’ 

ti values for di-cir 2-5 are seen to be the sums of the s ts 
measured for tbe pertinent mono-&s isomers. In a similar, 
retrospective, manner the Q values of the disis isomers 
can also be accounted for by noting the absence of a cis- 
peak in the 9-(or 9’~mono-ci.s isomer and the character- 
istic variations in the Q values according to the position of 
the cisconfigural double bonds in the polyenc chain. 

The newly isolated pigments were subjected to 
stereomutations induced by iodincatalyscd photoiso- 
m&ration and thermal cff&ts [ 1.51. The isomcric com- 
positions of the pAneM product mixtures arc Riven in 
Tabk 3. It can be seen that, while the composition of the 
product mixtures obtained by catalytic photoisowr- 
ization is largely independent of the actual geometric 

dl-trorrr (1) 
9-cfs 
lkls 
15-A 
9,QdAs (2) 
9.1 Ydi-cis (3) 
9.15di-cLc (4) 
P.IMi-cic (5) 

L 
(=) 

&$ft 
nm Q 

483.453.426 
478.448.422 5 > IO 
475,445,419 8 LOO 

4x44&423 5 1.61 
4r&uz4ia II > IO 
47Qw415 13 L92 
474.443.419 9 246 
469,1so,415 14 3.2a 

con&ration of the starting molazuk. substantial vari- 
ations in the composition are obtained when the 
stereomutation is carried out by means of thermal 
isowritation. The observed lower conversions. the 
conIigurationdcpcr&nt extent of stereomutation and 
the formation of the 9-monosir isowr as the major 
stereomutation product are all in accordance with the 
known high resistance against iso tncrixation of the 9(9b 
cis doubk bond of 5,6-epoxy carotcnoids [8-l 11. 

It may be noted that preparation ofdi-cis-viotaxanthins 
from all-rtonr 1 by means of iodinccatalyscd photo- 
isomcrixation was found to be impractical. This is due 
partly to the relatively low yields of the di-cis-isomcric 
products (sa Table 3) and partly to technical dilhculties 
encountered in their chromatographk separation from 
epimcric lutcoxanthins (5.6.5’.8’-dicpoxy-5,6,5’,8’- 
tetrahydro-/I&arotene-3.3’diol) and auroxanthins 
(5.8.5’.8’- dicpoxy- S.8.5’.8’- tetrahydro- 5,@- carotene -3.3’- 
dial), by-products of the photoisorncrimtion reaction. 

Our attempts to Isolate the 13,13’- and 13,lSdi_cis- 
violaxanthins, the remaining two di-cis isomers of 1 with 
‘unhindered’ cis double bonds, either from the natural 
pigment or from photoisomerization product mixtures 
were unsuccessful. 

Tabk 3. Comporitioa of mixtures o&imzd from di<is- 
tiLunthiiHA.B.CmdD 

Pacenuge of isomers in the pigments racoverd 
-- 

UnidaMM 
starting All- (rminlY 
nrrtaisl rrm 9-cir Dl-ci.S rBon0kraM%ds) 

(a) By rdluxing in hcnxc~ Anion III the da& 
2 - 6.2 04.5 9.3 
3 1.3 43.7 55.0 - 

4 LO 43.7 n.3 intraaS 
5 1.6 31.7 65.2 1.5 

(b) By ~odineatalyscd rtcraxnutation m light 
All- 9-CIS+ 
rraw 13-w Dwis 
- -_ ._ 

2 51.7 34.5 13.7 
3 51.2 36.2 I26 
4 46.9 39.2 13.9 
5 50.3 36.6 131 
Average vah~ 50.0 36.6 13.3 
1 51.8 36.1 121 
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EXIUIMCNTAI. 

Bia&g~~d materials and methds. Ydlow b&moms of Viola 
rrscolor (fr. wt 29 kg) were colkcmd near P&s (southern 
Hungary) in May 1979. General handling methoda chromato- 
graphy and quantitative &I umination of the carotenoid contcnl 
have been dwcribal elsewhere [S. 241. All operationr were 
performal tn the dark. Mpr were determid with a Boetius hot 
stage apparatus and are uncorrsctal. UV/VlS spaztra were 
recorded nth a Pcrkm Elam 402 uut~mcn~. 

A Bruka AM-3fKl NMR insrrument was usal to obtain the 
conventional (ID) ‘H NMR spectra which served for amputa- 

aided sprm-al andysu Homonuckar (‘H) cbanical shin cor- 
related 2D spectra were obtained on a Bnika WP-200/?3Y 
spacrromcter by inucmenring in a rcgulu mumu the length of 
thcpmodi,mtbc90t,-~c,COSYrcquarrondrcumukting 
thcNMRrcrponvduringt,[21].+ime_dormin6~mr1rixsite 
was 1024*256, this was transformed after sine-&h mulIipbattin 
tn both d’ tmensuins to give a ry-mmetrimd. absolute value 
correlatton tuap of digttal resolution 2 Hz/&U poinl. TM 
dilTerense method was uxd IO obtain the ID NOE spcstra and 
low power sckotiw gatal preirradiation Ic&nique was employed 
IO induce the NOE effects [22.23]. In or&r IO prevent cleavage of 
the higlyrcnritivtepolidcnngduringmawremtntr~NMR 
spectra were obtatned on pyridin& solns (3 mg in 0.5 ml) at 
ambum Iemp. using TMS as the internal reference. 

Pwmnf idarm. After cxtrrction. saponi6cation. chromat* 
graphy and the usual work-up [S. 241 the zones between 9_ci( 
vtolaxanthin and 1 were combid axI after the ustml procedures 
(89 mg) the soln was subjected IO re-chromatography on GCO, 
(Brogal. Hungary) wtth 20% pcrrol tn CIHI (Ox-free) TM 
followtngxones were obtained: band I (9-cu-violaxanthtn), band 
2 (di-cu-neoviolaxanthtn A. z lS.4>& band 3 (di-cis- 
neovtolaxanthin B. 3; 41.7 >A band 4 (di-cu-neoviolaxanIhtn C. 
4); band 5 (di-cu-neonolaxanthtn D. s 28.9%) and band 6 
(nolaxanthrn). After the usual work-up. the C,H, solns were 
evaporated to dryness in wcuo at u)“. and the residues were 
crystalltmd from C,HI by additton of petrol at - 20‘. 

Di&Mu&xxunfhvc A (2). Gsange+dourul prtsms (3.4 me) 
were obI&iai. mp 202‘. VIS i$$* nm (log@ 472 (5.06). U2 
(5.09) and 417 (4.9lk Q > IO. A~nm 460. 432 and 4fB; 
;E” nm:461.432and409.1 ‘z* nm (afteracid treatment)z 435, 
4IXt and 387. The UV spectrum is presental in FIN 2 

D&s-acc~u&txunthin B (9 Dark red. irrqulu forms 
(I 2.8 me) were prcapttated. mp l3y. wluch. on fnction formal 
needles and prisms on a microscopic sbde. VIS I ‘OH. rim (log et: 

7 470 (4.92). 440 (4.95) and 416 (4.843; Q = 3.00; 1*’ nmz 4588.429 
and 406. i E” nm: 459. 430 and 407. iLcrn (after iuzid 
treatment). 432,407 aml385. The UV spoztrum is shown in Fig. 2. 

Dt-ns-neorwohxanth C (4) Red. amorplmus forms (3.3 mg) 
were obmincd. mp 87”. which. on friction. resulted in needles on a 
microscopic slide. VIS i‘s* nm (log cb 474 (4.91). 443 (4.98) and 
419(4.85);Q = 2~9;~‘nm:461,433and419i~nm:462 
434 and 41 I. i z* nm (afIef acid Ircatment~ 434.408 aml 3%. 
The UV spectrum IS presental in Fig. 3. 

Di-cts-nroctokaxunrhin D (5) Grangecoloural. amorphous 
matcnal (5.8 mg) was obtatnal. mp I I I’. which on friction. 
formal prisms on a nucrorcopic slide. VlS&#* nm (log@ 469 
(4.81),440(5.00)and416(4.74);Q = 3.25;i~~nm.4661,433and 
410.i~Hnm:462.434and411.i~*nm(ITtaoddtra~nt): 
432.406 and 385 The UV spectrum IS presented tn Fig 3. 

Rejerencecompound. Vdaxanrhm (1). Mp 189’; VIS iz*nm 
(log LI: 483 (5.12). 453 (5 13) and 426 (4.9Sk /Pcrrd nm: 470.439 
and 417: iz rim: 471. 441 and 417. A& *cr nm (after acid 
treatment): 436.410 and 387. The UV spectra are shown tn Figs 2 
and 3 

Siereaawaaion (a) Thermal: the di-cu isomer (0.3mg) in 
~OC,)4wu~uxcdindrrlmarfor2hr.(b)IIa~in 
Light:1hedi-citiroarr(0.3mg)in~O~H,wrrM1osund 
with I, (6 x IO-’ mg) in dilTuse daylight, at room temp. for 
40 min. TM extent of the stercoatutaIion was monitored by UV 

sp=troropy. 
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