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i SUMMARY 

A method is described for the diastereomeric resolution of carotenoids with an 
2-hydroxy-/?-end group (b,fi-caroten-2-01 and /I,/?-carotene-2,2’-diol) and an 2-hy- 
droxy4-oxo-/?-end group (2-hydroxyechinenone). The separation of each carotenoid 
into individual optical isomers was achieved by using a chiral resolution column, 
Sumipax OA-2000, after conversion into the corresponding benzoates. 

INTRODUCTION 

In the course of our stereochemical studies of naturally occurring carotenoids, 
we have reported on the diastereomeric resolution of carotenoids with an 3-hydroxy- 
j-end group (zeaxanthin)‘, an 3-hydroxy-4-oxo-P-end group bstaxanthin and 
phoenicoxanthin)2,3, an 3-hydroxy-e-end group (tunaxanthin)4 and an 3-oxo-s-end 
group (s,E-carotene-3,3’-dione)4 b y high-performance liquid chromatography 
(HPLC) using a chiral resolution column, Sumipax OA-2000. 

In this paper we report the separation of optical isomers of carotenoids with an 
2-hydroxy$-end group (/I,/?-caroten-2-01 and /?,/I-carotene-2,2’-diol) and an 2-hy- 
droxy4-oxo+end group (Zhydroxyechinenone = 2-hydroxy-/?,/I-caroten-4-one) 
from animals. 

EXPERIMENTAL 

Biological materials 
Biological materials used were the stick insect Neohirosea japonica and the sea 

louse Ligia exotica. The details of the studies on carotenoids from N. japonica and L. 
exotica will be reported elsewhere. 

Apparatus 
HPLC was carried out on a Waters Model 510 instrument with a Waters Lamb- 
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da-Max Model 418 LC spectrophotometer set at 450 nm. The column used was a 300 
mm x 8 mm I.D. stainless-steel column packed with Sumipax OA-2000 (particle size 
5 pm) (Sumitomo Chemical, Osaka, Japan). Visible (VIS) absorption spectra were 
recorded in diethyl ether on a Shimadzu UV 240 spectrophotometer. Mass spectra 
were recorded with an Hitachi M-80 mass spectrometer using an inonization energy 
of 25 eV. ‘H NMR spectra were recorded on a Varian XL-300 spectrometer at 300 
MHz in C2HC13. Circulair dichroism (CD) spectra were obtained by a Jasco J-5OOC 
spectropoiarimeter in diethyl ether-isopentane-ethanol (5:5:2) (EPA) solution at 
20°C. 

Isolation of p,/Gcaroten-r-01, fi$-carotene-2,2’-diol and 2-hydroxyechinenone Jionz 
biological materials 

The isolation of these carotenoids from biological materials was carried out 
according to our routine procedures 5. Identification of each carotenoid was based on 
VIS, MS and ‘H NMR spectral data by comparison with those reported by Kjarsen et 
al6 and Foss et aL7. 

czR)-B.B-Coroten-Z-01 

(2S)-LB-Coroten-2-01 

HO OH 

0 (2R)-2-Hydroxy-echfnenone 

0 (2SP2-Hyciroxy-echlnenone 
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/?,j?-Caroten-2-01 from L. exotica showed A,,, 425 (shoulder), 449 and 476 nm. 
m/z 552 (M’, compatible with C40H560), 534 [M - 18]+, 460 [M - 92]+ and 446 
[M- 106]+ and ‘H NMR 6 1.03 s (6H, CH3-16’,17’), 1.04 s (3H, CH3-16) 1.08 s (3H, 
CH,-17) 1.72 s (6H, CH3-18,18’), 1.97 s (12H, CH3-19,20.19’,20’), z 2.02 m (2H, 
H-4’), z 2.15 m (2H, H-4), 3.55 d,d (lH, H-2) and 6.1-6.7 m (14H, olefinic H) and 
CD at 224 [ds (in dm3 mol- cm- ‘) = - 0.8],236 (0) 245 ( + 1.0). 260 (0) 284 ( - 1.6). 
325 (0) and 350 nm (+0.2). 

/I$-Carotene-2,2’-diol from N. japonica showed ,I,,,,, 425 (shoulder), 449 and 
476 nm, m/z 568 (M+, compatible with C40H5602), 550 [M- 18]+, 532 [M- 361’. 
476 [M-92]+ and 462 [M- 106]+,‘H NMR 6 1.04 s (6H, CH3-l6,l6’). 1.08 s (6H, 
CH3-17,17’), 1.72 s (6H, CH3-l8,l8’), 1.98 s (12H, CH,-19,20,19’,20’), x 2.15 m (2H, 
H-4.4’), 3..55 d,d (2H, H-2,2’) and 6.1-6.7 m (14H, olefinic H) and CD at 224 (na = 
- 1.8), 236 (0) 245 ( + 2.0) 260 (0) 284 (- 3.0) 325 (0) and 350 nm (+ 0.5). 

2-Hydroxyechinenone from L. exotica showed A,,, 455460 nm, m/z 566 (M + , 
compatible with C40H5402)r 548 [M - 18]+, 474 [M - 92]+ and 460 [M - 1061’. ‘H 
NMR 6 1.03 s (6H, CH3-16’,17’), 1.21 s (3H, CH3-l6), 1.25 s (3H, CH3-17’), 1.72 s 
(3H, CH3-18’), 1.89 s (3H, CH3-18) 1.98 s (9H, CH,-20,19’,20’), 2.00 s (3H, CH,-19), 
2.62 d,d (lH, H-3,,), 2.80 d.d (1H. H-3,& 3.90 d.d (IH, H-2) and 6.1-6.7 (14H. 
olefinic H) and CD at 225 (da = -2), 250 (-0.2) and 285 nm (-0.8). 

Preparation of henzoates of j&caroten-d-01, /I&carotene-2,2’-diol and 2-hydroxy- 
echinenone 

The preparation of the benzoates of these carotenoids was carried out by the 
method described previously1,4. 

Saponification of benzoates of /3,/I-caroten-2-01 and b&carotene-2,2’-diol 
Saponification of these benzoates was carried out by a routine procedure’. 

Enzymatic hydrolysis of benzoates of 2-hydroxyechinenone 
Foss et aL7 have shown that 2-hydroxyechinenone is readily dehydrated to the 

3,4-didehydro product by base. Therefore, hydrolysis of benzoates was carried out by 
enzymatic hydrolysis with lipase as described by Matsuno et al.‘. 

Saponification and enzymatic hydrolysis caused a slight truns/cis isomerization 
of the polyene chain. Thus each hydrolysed product was further purified by HPLC on 
Sumipax OA-2000 with a mobile phase of n-hexanedichloromethaneeethanol 
(48: 16:0.6). 

(2R)-fi,&Caroten-2-ol(O.08 mg available) showed I,,, 425 (shoulder), 449 and 
476 nm and no cis peak and CD 224 (ds = + 1.6) 236 (0) 245 (- 2.8) 260 (0) 284 
( + 4.2) 325 (0) and 350 nm (0.8). These data were identical to those of (2R)-/?,P- 
caroten-2-01 isolated from Trentepohlia ioZith&. 

(2s)~/?,P-Caroten-2-ol(O.12 mg available) showed I,,, 425 (shoulder), 449 and 
476 nm and no cis peak and CD at 224 (da = - 1.6), 236 (0), 245 ( + 2.8), 260 (0). 284 
(- 4.2) 325 (0) and 350 nm (- 0.8). 

(2R, 2’R)-fi,/?-Carotene-2,2’-diol (0.04 mg available) showed I,,, 425 (shoul- 
der), 449 and 476 nm and no cis peak, and CD at 224 (da = +4.6), 236 (0) 245 
( - 4.2) 260 (0) 284 ( + 7.2) 325 (0) and 350 nm ( + 1.2). These data were identical to 
those of (2R,2’R)-&~-carotene-2,2’-diol isolated from T. iolithz&. 
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(2R,2’S;nzeso)-~,fi-Carotene-2,2’-diol (0.1 mg available) showed i,,,, 42.5 
(shoulder), 449 and 476 nm and no cis peak and no CD activity. 

(2S,2’S)-/?,r!?-Carotene-2,2’-diol (0.06 mg available) showed &,,, 425 (shoulder, 
449 and 476 nm and CD at 224 (de = - 4.6) 236 (0). 245 ( + 4.2). 260 (0), 284 ( - 7.2). 
325 (0) and 325 nm (- 1.2). 

(2R)-2-Hydroxyechinenone (0.04 mg available) showed imax 455460 nm and 
no cis peak and CD at 225 (de = + 4.2). 250 ( + 0.5) and 285 nm ( + 2.8). These data 
were identical to those of (2R)-2-hydroxyechinenone isolated from Daphnia magna’. 

(2S)-2-Hydroxyechinenone’(0.06 mg available) showed Amax 4555460 nm and 
no cis peak and CD at 225 (de = -4.2), 250 (-0.5) and 285 nm (-2.8). 

RESULTS 

Separation of /l&caroten-2-01 into (2R)- and (2S)-b,fi-caroten-2-01 
B,B-Caroten-2-01 obtained from L. exotica showed an opposite and weaker 

Cotton effect to that of (2R)-/I,/?-caroten-2-01 isolated from the green alga Trentepoh- 
lia iolithu.?. This suggested that j?&caroten-2-01 obtained from L. exotica is a mix- 
ture of two enantiomers. 

The diastereomeric separation of these two compounds was achieved by HPLC 
on a chiral resolution column, Sumipax OA-2000, after conversion into the corre- 
sponding monobenzoate. Good resolution was accomplished by recycling ten times 
(Fig. 1). cis-Isomers of the polyene chain were also separated from the corresponding 
all-trans-isomers and they were removed before recycling. The c&isomers have not 
been identified. 

Saponification of each monobenzoate separated gave optically pure (2R)- and 
(2S)-p,P-caroten-2-ol- The identification of each enantiomer was based on CD spec- 
tral data as shown in Fig. 2. Peaks 1 and 2 represent (2R)- and (2S)-fi,P-caroten-2-01, 
respectively. 

Separation of /I,@-carotene-2,2’-dial into (2R,2’R)-, (ZR,Z’S;meso)- and (2S,2’S)- 
fl,p-carotene-2,2’-diol 

P,/?-Carotene-2,2’-diol obtained from N. japonica showed an opposite and 
weaker Cotton effect to that of (2R,2’R)-/?&carotene-2,2’-diol isolated from T. 

n recycling 7 times recycling 10 times 

~~ s9\ c*s_lsam;.I;: (5 
start --+ 

Fig. 1. Separation of (2R)- and (2S)-B,/karoten-2-01 monobenzoates (0.2 mg available in one operation). 
Column: Sumipax OA-2000, 5 pm (300 mm x 8 mm I.D.). Mobile phase: n-hexagtiichloromethane- 
ethanol (48:8:0.01). Flow-rate: 2.0 ml/min. Detection 450 nm. 
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Fig. 2. CD spectra of (2R)-b$-caroten-2-01 ( F) and (2s)~b,P-caroten-2-ol (- - -) in EPA at 20°C. 

iolithus6. This fact suggested that the b$-carotene-2,2’-diol fraction from N.juponica 
was partly racemized. 

The diastereomeric separation of three stereoisomers was achieved by the meth- 
od described above (Fig. 3). Saponification of each dibenzoate separated gave opti- 
cally pure (2R,2’R)-, (2R,2’S,meso)- and (2$2’S)-fl,/?-carotene-2,2’-diol. The identifi- 
cation of each stereoisomer was based on CD spectra data as shown in Fig. 4. 

c&Isomers were also separated from the corresponding all-trans-isomers and 
they were removed before recycling. The &isomers have not been identified. 

Separation of 2-hydroxyechinenone into (2R) - and (2s) -2-hydroxyechinenone 
2-Hydroxyechinenone obtained from L. exotica showed an opposite and weak- 

er Cotton effect to that of (2R)-2-hydroxyechinenone from Daphnia magna7. This 

recycling 7 times recycling 10 times 

Fig. 3. Separation of (2R,2’R)-, (ZR,Z’S;meso)- and (2S,2’S’)-~,/karotene-2,2’-diol dibenzoates (0.2 mg 
available in one operation). Conditions as in Fig. 1. 
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Fig. 4. CD spectra of (2R,2’R)-p,/l-carotene-2,2’-dial ( -). (2R,2’S:mtw)-&3-carotene-2.2’-diol 
(- - -) and (2S,2’S)-P$-cdrotene-2.2’-diol (- - -) in EPA at 20°C. 

suggested that 2-hydroxyechinenone from L. exotica was a mixture of two 
enantiomers. 

The separation into each enantiomer was accomplished by recycling HPLC on 
Sumipax OA-2000 after conversion into the corresponding monobenzoate (Fig. 5). 
Enzymatic hydrolysis of each separated monobenzoate with lipase gave optically 
pure (2R)- and (2S)-2-hydroxyechinenone. The identification of each enantiomer was 
based on CD spectral data (Fig. 6). cis-Isomers were also separated from the corre- 
sponding all-trans-isomers and they were removed before recycling. The c&isomers 
have not been identified. 

recycling 7 times recycling 10 times 

start ---+ 

Fig. 5. Separation of (2R)- and (25’)-2-hydroxyechinenone monobenzoates (0.1 mg available in one oper- 
ation). Conditions as in Fig. I. 
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Fig. 6. CD spectra of (2R)-2-hydroxyechinenone (--- ) and (2S)-2-hydroxyechinenone ( - - - - ) in 
EPA at 20°C. 

DISCUSSION 

/I,/&Caroten-2-01 and p,fi-carotene-2,2’-diol were first isolated from the green 
alga T. i&thus by Kjssen et aL6, and the absolute configurations were determined to 
be (2R) and (2R,2’R), respectively by Buchecker et aZ.‘O*“. These carotenoids were 
also obtained from the moth Cerula vinula” and stick insect Carausius morosus13, 
but the CD spectra of both compounds from insects showed opposite and weaker 
Cotton effects to those of b$-caroten-2-01 and fi,/?-carotene-2,2’-diol from T. i&thus. 
These facts suggested that /I,/%caroten-2-01 and /?&carotene-2,2’-diol from insects 
were mixtures of stereoisomers. 

However, diastereomeric derivatization with ( - )-camphanyl chlorideI and 
with (s>-( +)-LY-(I-naphthyl)ethyl isocyanate ’ 5 did not result in chromatographic sep- 
aration by HPLC. On the other hand, Aareskjold and Liaaen-Jensen16 and Kayser et 
al.” succeeded in the configurational analysis by using ‘H NMR spectroscopy in the 
presence of a shift reagent, Eu(fod)s (fod is 1 ,l, 1,2,2,3,3-heptafluoro-7,7’-dimeth- 
yl-4,6_octanedionate), after conversion into the corresponding methoxy r-methoxy-a- 
(trifluoromethyl)phenylacetic acid (MTPA) esters. However, separation of the diaste- 
reomeric MTPA esters by HPLC was not achieved. 

On the other hand, we have succeeded in the separation of fi,fl-caroten-2-01, 
/I&carotene-2,2’-diol and 2-hydroxyechinenone into their individual stereoisomers 
by using a chiral resolution column, Sumipax OA-2000, after conversion into the 
corresponding benzoates as described above. Saponification or enzymatic hydrolysis 
with lipase of the benzoates gave optically pure stereoisomers of b,/3-caroten-2-01, 
/I&carotene-2,2’-diol and 2-hydroxyechinenone. 
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In conclusion, this is the first report on the HPLC-separation of enantiomeric 
or diastereomeric mixtures of (2R)- and (2S)-b,/l-caroten-2-01, (2R,2’R)-, 
(2R,2’S;mrso)- and (2S,2’S)-~&carotene-2,2’-diol and (2R)- and (2S)-2-hydroxyechi- 
nenone. 
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