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and 
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Ab6tracc Systematicchromatography has resulted in the isolatton of four gcomctrrc isomers as products of 
iodine-calalysod Isomcrisatlon of lutein. “C NMR qxctral analysis habcstabllshcd their stcrrochcmlstry ;I), 
mono-cis lutcins with a cis-configured double bond at C-9. C-9’. C-l 3 and C-13’. rcspcctlvcly. Carbon-l 3 
NMR has also provided unambiguous stereochemical assignment for the previously Isolated four mono-r+s 
capsanthins 

Lutein ((3R,3’R.6’R)-~, ~-~rotene-3,3’-diol) I, the 
yellow pigme.lt of autumn leaves and a great many 
blossoms. features a constitutionally asymmetric, atl- 
trans decaene chromophore and two, structurally and 
sterically different end groups.’ According to the 
pioneering studies of Zechmeister er ~l..~*~ the iodine- 
catalysed isomerisation of 1 yields two isomeric prod- 
ucts. designated neoluteins A and B. On the basis of 
UVivisible spectral data. their respective stereo- 
chemistries were tentatively assigned by the same 
authors as C-l 3 or C-15 mono-& and C-9 or C-9’ 
mono-cis luteins.‘* Careful and systematic chromato- 
~raphicstudiescarried out in this laboratory previously 
had, however, disclosed” that the iodine-catalysed 
stereomutation of other, constitutionally asymmetric 
zarotenoids gave, by virtue of the non-equivalence of 
positions C-9 and C-9’, C- 13 and C-13’, four rather 
:han just two geometric isomers. A typical example is 
3rovided by capsanthin (6). the main pigment of 
)aprika, which resulted in four mono-cis isomers6 
IHindered (C-7, C-7’ or C-l 1, C-l 1’) and central (C- 
.5) mono-c& isomers’“*’ generally claimed not to 
tppear in mm-cis equilibria, although a few natural 
Farotenoids arc known to have cis double bond(s) in 
hese positions,H-“] 

As part of our systematic investigations into the 
sol&cm, identification and stereomutation of caro- 
enoids, we now report our chromatographic and 
3C NMR results for the main isomerisation products 
lflutein. In our earlier studies.6 the nature and site of 
eometric isomerism of four stereomutation products 
f capsanthin (6) were tentatively inferred from the 
lectronic spectra. In view of the uncertainties of this 

pproach. a reinvestigation using the accurate 
lethods of ‘-\CNMR spectroscopy seemed to be 

: For part 1, see Ref. I. 

warranted. The results of these studies are also 
presented in this communication. 

Isomerisation of 1 was carried out by iodinc- 
catalysis in diffuse daylight. Column chromatography 
of the reaction mixture afforded neoluteins A and B in 
accord with earlier studies.3.J Rechromatography 
under strictly controlled conditions revealed that, in 
reality, both of these products constitute a mixture of 
two separable components named. in the order of their 
relative adsorption affinities, neoluteins A’ (2) and A” 
(3; from neofutein A) and neoluteins B’ (4) and B” (5; 
from neolutein B), respectively. 

The separated and recrystallised isomers show the 
same mass fragmentation pattern’ ’ (M - at nfie 568. 
and fragment ions at rn,~‘e 550 (M-18). 476 (M-92). 462 
(M-106).458 (M-l 10).430(M-138).clc.)which,in turn. 
is identical to that obtained for the parent (1 I. Some 
differentiation between the isomers is possible on the 
basis of their electronic spectra. Both 2 and 3 exhibit 
strong absorption at approx. 330nm (“G-band”), also 
noted for neolutein A;-‘.’ they do, however. differ in the 
values of the ratio Q = EmjJE~,,_b~d, being 1.94 for 2 
and 2.28 for 3, as well in the magnitudes of the 
hypsochromic shift of their i,,, relative to the vafue in 
the all-tratrs (1). By contrast. the occurrence of a weak 
&s-band is characteristic for both 4 and 5 and no 
considerable difference in their i shifts could be 
observed. The above findings sugg%“.” that isomer 2 
has its cis-configured double bond in a more central 
(C-l 3) position ofthedecaene chromophore than does 
3 (C-13’), whilst 4 and 5 are presumably mono-c% 
isomers of 1 with the c-is double bond in a periferial 
position, as it had originally been proposed for their 
mixture, neolutein B.‘e4 

By similar reasoning, analysis of the electronic 
spectra of neocapsanthins (A’ 7, A” 8, B’ 9 and B” IO), 
the iodine-~t~lysed stereomutation products of 
capsanthin (61, suggested& that these are mono-cis 
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b 

b 
S(R= a) 
9(R= b) k 

k 

derivatives of6 with the cis-configured double bonds, 
respectively. at C- 13’. C- 13, C-9’ and C-9. 

The stereochemistry of the isomerisation products, 
as inferred from the ’ 3C NM R spectra, are displayed in 
2-S and 7 -10. The assigned chemical shifts are 
summariscd in Table 1: the characteristic trrcns-to-A 
diRerent& shieldings, A = b”‘-““mc’“~jJ’i-‘r”“‘. are pre- 

scntcd in Table 2. The assignment or resonances to 
individual C atoms in the isomers is based on the 

following arguments: (i) Known assignments for 
parent carotenoids. For I. these are esscntir 
identical to those first published by Moss,” except 
some refinements necessitated by a substantially IX 
number of resolved resonances in the present WC 
These refinements were verified in a separate study 
isomeric deoxy-luteins. 1 3 Spectral assignments for 
truns (6) and its isomerisation products (7-10) w 
readily available from our former ’ 3C NM R studies 
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related isomeric capsorubins and ceaxanthins.’ (Ii) 
Known diflccrential shieldingsassociated with frtrns-to- 
c.i.s isomerisation in carotcnoid systems. ‘.lZ.lJ(iii)The 

consistency of assignments for the given sets of five 
isomers 1-S and 6 10. 

Examination of the data in Table I immediately 
revcal~ that there is only one in-chain Me resonance 
per isomcrisntion product to undergo major displace- 
ment upon isomerisation. This finding. together with 
the values ofdit~ercnt~al shieldings observed for the in- 
chain Me Cutoms (7.7- 8.0 ppm. Table l)suggests that 
moiccules 2 S and 7-10 ;tre in fact mono-c.;.\ 
derivatives of the rcspcctive parent carotenoids (1 and 
6) and. furthermore, that the cis double bonds are at 
positions C-13. C-13’. C-9 and C-9’.‘.“.‘2.1J,‘.5 Fulf 
support for this contention was provided by a detailed 
spectral comparison which settled the stereo- 
chemistries of lutcin and capsanthin Isomers as 
dlsplaycd in 2 S and 7 IO. 

It IS ofcertain interest to note that the placcmcntsof 
the r&configured Jouhlc bonds in the isomeric pairs 
proved to be reversed (i.e. C-13 vs C-13’. C-9 vs C-9‘ 
and rict~ t~r.~~ 1 with rcspcct to t host derived from t hc 
electronic spectra. While the available data are 
insulficient IO rationalist the origins of these 
contradictions they do. however. caution against 
formal ustsofsimplerules in interpreting theclectromc 
spectra of carotenoid systems. 

Cfrrrrr.r&. Ncoluic~ns A’ (2). A” (3). B’ (41 and 9” (St were 
prepared from (3R.b’R.Z’R)-lutern (I 1 by iodine catalysis rn 

diffuse daylight. Chromatography on CaCO, (Biogat. 
Hungary) with a mlxturc of benyenc and pem3eum ether 
I 1 : I ) paw two 111ain ibomcrs. the so-called “neolutcm A” 

(band I) and “ncolute~n H” (band 2). 
Rcchromaroeraphy of band I on CaCO, (Biopal) with 1 

mixture of benzene and petroleum cthcr (I: I. gradually 
mcre;il;cd to 3:‘) tc\ultcd 111 ncofutrm A’ (21 and neo- 

iutcin A” (33 in a proportion ofabout 2: 3. Distinct scparallon 
of band I into 2 and 3 was achieved on a scmimicroscale. 

Rechromatography of hand 9 on a mlxturc of’ MgO 
(Biogal)-MgO (VEB Jcnapharm)- Celite 545 (Johns- 

Manbille) (3:3:4) with Itghl petroleum (b.p. 50. 60 ) 
conraminp IO”,, of itcrtonr gave ncolutrtn B’ (4) and net>- 
lutctn B” 45) in equal pr~}pl?rll~~ns 

C’ry~talhsntion rrf the mixture of ncolutem A’ (2; ,.,,,.(, in 

benzcnc: 383.453 and 32X nm) and A” 13); (i,,, In benzene: 
480. 450 and 4Zhnml from bcnzcne-light petroleum (h.p 
SO @ I paye a red. :tmorphous powder. m.p. X7 . 

Neulutcin B’ (41 1ti1.s q~talltscd from bcnlrnc-light 

petroleum (h.p. SO 60 ) xi yellow plates. m.p. I 30 ; i. ,“,, (I:,,,_) 
in benrcne: 4X3 ( l(~5.(~~. 454 i I 16.000~ and 428 (8X.6001 nm. 

Ncoiutern B” tS) was crystalllscd in a manner srmilar to 
neolutcln B’. It ga\c yellow plates, m.p. X4”: j,,,*,,, (I .,,,, ,,) iii 

benzene. 4X3 (518.1(M)). 453 (I I I.frW) and 42X (X4.loO) nm. 

Neocapsanthins A’ (7). A” (8). 8’ (9) and B” (IO) wcrc 
prepared from (3R.Z’S.S’R I-capsanthin (6) hy rodme catalysis 
in dl~usedaylighl. Chromatography on C’aC<), (Biugitlt wtth 
ben?cne gave two main isomers, the so-called “neo- 
capsdnthm A” (band I) and the so-called “nco-capsanthin B” 
(band 2). Rcchromatographq of band 1 and band 2 
(scpara~elyl on C‘aCO, (Biopal) with a 400.1 mixture of 
bcnzcnc and ethanol contammg 4”,, water rebutted III neo- 
capsanlhins A’ (71. A” (81 in a proportion of 2:2 and 

neocapsanthinsB’(9).B”(lO~inaproportlonof5:2.7.8.9and 

10 wore crystalliscd from benzene-light petroleum (b.p. 

50.60”) as amorphous red powder. 
Ncocapsanthin A’ (7). m.p. X4 ; i,,,, (I lm,i) in benzene: 47X 

(79.200) and 361 WAOO) nm. 
Neocapsanthin A” (8). m.p. 82 ; i.,,,, (I:,~,,) in benzene: 476 

(7X 100) and 360 (44.000) nm. 
Neooapsanthln B’ (9). m p. 87 ; tlnd, (I:,,,,,) m benzene: 4X2 

(9O.OOOl nm. 
Neocapsanthin B” (iOk m.p. I19 : i,,, (t,,,_k in henzeno: 

478 (93.1@0) nm. 
~~~,~r/.~i~jf~‘~~rs. M.ps were determined on a Boct~us hot stage 

appciratus [JV,vlsrble spectra were recorded on a Perkln 

Flmer 402 instrument. Mass spectra were measured at 7OeV 
on a AEI MS-902 apparatus. 

Thc”(‘NMRspcctrawcrer~~ordedat25.16MHIusinga 
Varian XL-IO0 IS FT NMR instrument with Varian Dtsk 

Accessory. Probe temp was maintaIned at 35 To take full 
advantage of spectral comparison between isomerisation 
products 2 5 and I LIS well ;IS between 7- IO and 6. solvent-. 

concentration- and tempdcpendent chemical shift changes 
were to be kept at a possible minimum, especially for closely 

spaced resonances. To this end, solutecnnccntratlons.solvcnt 
~orn~s~~io~~ and probe ttmp were maintained strictly 
conslant for a given pair of isomers and the appropriate (all- 
~runs) rckrcncc sample. Unccrtamtics rn the frequency 

detcrmlnatron were further rcduoed by using large data 
tables. (Digital resolution of frequency domuln spectra was 
0.25 H/;data point). The accuracy of chemical shtfc data is 

within +O.O2ppm. which is attested by the cxccllenc rc- 
producibility of the shaft values for carbon atoms unaffcctcd 
by stcreomutation fT&le 11. 

.,l~.~,,o~c,lc~c/~~,~~~~~~~~.~ - The authors arc grateful to Dr. J. Tam& 

and Dr. G. Bujt;is for the mass spectra and their \aluablc 
comment on them. 
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