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Abstract-The structures of three previously unidentified carotenoids from Eutreptiellu gymnastica are reported. These 
include siphonein with defined n-2-trans-2dodecenoic esterifying acid and assigned 3R(?), 3’R,6’R chirality, (3R)-3’,4’- 
anhydrodiatoxanthin and eutreptiellanone (3,6-epoxy-3’,4’,7’,8’-tetradehydro-5,6_n-4-one) with 
probable 3S,5R,6S chirality. 

INTRODWXION 

Bjemland [l] recently characterized the carotenoids of 
the marine alga Eutreptiellu gymnastica as &?-carotene 
(l), /?,c-carotene (2), the acetylenic diatoxanthin (3) and 
diadinoxanthin (4)and the allenic neoxanthin (5) (Scheme 
1). The chiralities established for these carotenoids from 
other sources [2-4] were assumed. We now report 
structural studies on three unidentified carotenoids [l]: 
unknown 1 (20% of total carotenoid), unknown 2 (1%) 
and unknown 3 (21%). 

RESULTS AND DISCUSSION 

The most polar unknown 3 was identified as siphonein, 
an ester&d carotenol previously encountered in 
Chlorophyceae (Siphonales) [S-8] and Prasinophyceae 
[9]. Siphonein has a currently accepted constitution [lo, 
111. The esterifying acids have been identified as dode- 
cenoic [lo], lauric [6], mainly Ci3- and Ci,-unsaturated 
[S] and palmitic and stearic [ll]. Our results for si- 
phonein from E. gymnastica confirm the previous consti- 
tution [lo, 111, define the esterifying acid as a conjugated 
ndodecenoic acid and suggest 3R(?), 3’R,6’R chirality (6, 
Scheme 1). Our siphonein thus had ‘HNMR and mass 
spectral properties consistent with the constitution rep- 
resented by 6 (Scheme 2). Comparative ‘HNMR and 
mass spectral data for siphonein (6) and its alkaline 
hydrolysis product siphonaxanthin (7, inseparable from 
an authentic standard) and NMR data for 6 defined the 
esterifying acid as n-2-trans-2dodecenoic acid (‘H NMR 
H-2, 6 5.77d, J = 15 Hz and ‘“CNMR Me-12 S 14.1), 
consistent with the findings of Walton et al. [lo] for 
siphonein from Codium fragile. They reported a C,,:, 
esterifying acid from mass spectral evidence. The chemical 
shift for CH2-19 in siphonein (6,6 5.10) and siphonaxan- 
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thin (7, 64.49) demonstrated the allocation of the ester 
moiety in 6 to a primary hydroxy function. The previously 
observed changes in the electronic spectra for 6 and 7, 
ascribed to hydrogen-bonding in the a-ketol 7 [7], 
supported C-19 location of the acyloxy function. A 
conjugated keto group at C-8 further followed from the 
hypsochromic shift upon lithium aluminium hydride 
reduction to siphonaxanthol (9) [7, lo] and allylic dehy- 
dration of 9 to a loroxanthin-like product 10 [lo]. By the 
latter conversion, a minor product with properties com- 
patible with the aldehyde 11 (cf. loroxanthal [12]) was 
also obtained and was ascribed to allylic oxidation of 10 
by air. Acetylation of siphonaxanthin (7) provided the 
triacetate 8 with the expected ‘H NMR and mass spectral 
properties. ‘HNMR assignments of siphonein (6), 
siphonaxanthin (7) and siphonaxanthin triacetate (8) were 
based on data for relevant models, including the synthetic 
dione 12a prepared by Saucy and Weber (unpublished 
results) and its diacetate 12b, and published data for the 
3,6-cis a-end group 13a and the 3,6-trans-end group 13b 
and its acetate 13c [13,14] (Scheme 2). A doublet at 6 2.16 
(J = 7.4 Hz) in the ‘H NMR spectrum of siphonein (6), 
less apparent in the spectra of siphonaxanthin (7) and the 
triacetate 8, is probably associated with the allylic meth- 
ylene group in the esterifying acid in siphonein (6) and not 
the C-6 methine proton of 13a. However, in the 100 MHz 
spectrum the 62.41 doublet of 13b was obscured by 
signals caused by the C-4 methylene in the B-end group 
[ 13). Also, considering the chemical shifts for H-4’ (6 5.55 
in 6 and 7 and 5.49 in 8) and H-7’ (5.42 d in 6 and 7) a 3,6- 
trans configuration is favoured for the E-ring. It is well 
established that the C-6 centre largely determines the 
Cotton effect in carotenoids containing C-3 substituted E- 
rings [14-171. Since the CD spectrum of synthetic 12 had 
a very weak positive Cotton effect (Saucy, G. and Weber, 
G., unpublished results), the relatively strong Cotton 
effect of siphonaxanthin (7, Fig. 1) in favourable com- 
parison with the CD spectra of the synthetic chiriquixan- 
thins [14] with 3R,6’R chirality, siphonaxanthin (7) is 
assigned the 3’R,6’R configuration. The chirality of the E- 
ring is then the same as for lutein with a well-established 
13b end group [14,15]. The proposed 3R chirality for 7 is 

649 



A. FIKSDAHL et al. 

Acetylenic 

Non - acetylenic 

yppd l C3%) 

&+p&oH 5 (6%) 

J3 
+&./+&$lJoH 3 t30%) 

HO 

Q ’ ’ ,,\\.&/ ‘/y 
18 (20%) 

Q 0 

0 

Scheme 1. Carotenoids of Eutreptiella gymnastica. 
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Fig. 1. CD spectra in EPA solution of siphonaxanthin (7), 3’,4’- 
anhydrodiatoxanthin (14), eutreptiellanone (18) and eutreptiel- 

Ian01 (19). 

based on analogy with all other 3-hydroxy+type caro- 
tenoids, but is not proved. 

The stereochemical relationship between loroxanthin 
[12] and product 10 needs comment. According to an 
early ‘H NMR spectrum [ 121, loroxanthin appears to be 
3’,6’-trans, and the chirality of loroxanthin has recently 
been unequivocally established [ 183 as a 19’-hydroxylated 
3RJ’R$‘R(3’,6’-trans)-lutein. Product 10 should con- 
sequently be identical with loroxanthin, from which it was 
not separated by TLC. In conclusion, the configuration 
3R(?)J’R,6’R is proposed for siphonein (6) from E. 
gymnastica. 

Unknown 2 was assigned the 3’,4’-anhydrodiatoxan- 
thin [(3R)-3’,4’,7’,8’-tetradehydro-B,B-caroten-3-01, 141 
structure, possessing a novel acetylenic end group. The 
molecular formula C40H520 was determined by high 
precision mass spectrometry, and the oxygen function was 
shown by acetylation to a monoacetate (15) to be a 
primary or secondary hydroxy group. A new chromo- 
phore was indicated by the electronic spectrum. ‘H NMR 
signals (Scheme 3) consistent with a 3-hydroxy /?-end 
group were identified by LIS. 

1.07 1.97 1.97 
6.12 , 

I 

Furthermore, ‘HNMR signals of the cyclohexadiene 
end group were correlated with those of 3,4,3’,4’- 
tetradehydro-fl&carotene [ 131, and the chemical shift of 
Me-18’ was compatible with its in-chain nature and 
neighbouring triple bond, cf. models 16 [13] and 17 [ 191 
(Scheme 3). Allowing for the longer chromophore of 3’,4’- 
anhydrodiatoxanthin, the similarity in its bathochromi- 
tally shifted CD spectrum (Fig. 1) relative to that of (3R)- 
/I,/?-caroten-3-01 leads to the 3R configuration for the new 
acetylenic carotenol (14). 

Unknown 1 [l], now called eutreptiellanone (18, 
Scheme 4), represents a new class of naturally occurring 
carotenoids with a substituted 3,6-oxa-bicycloheptane 
ring system. Related 2,5-oxa-bicycloheptane carotenoids 
have recently been prepared by partial synthesis [20]. 
Eutreptiellanone, C40H5002 by high precision mass 
spectrometry, could not be acetylated, silylated, or de- 
hydrated with POC19, contained a non-conjugated car- 
bony1 group (v,, 1770cm-‘) and was stable towards 
alkali and acid. Eutreptiellanone (18) was reduced with 
lithium aluminium hydride to eutreptiellanol, C4,,HSZ02 
(19), with a similar chromophore, providing eutreptiel- 
lanol monoacetate (20) upon acetylation. These data, 
besides the carbonyl frequency in the IR spectrum, were 
compatible with a four-ring or strained five-ring ketone 

F I 
21 and an inert, second oxygen function. In the 
H NMR spectra of eutreptiellanone (18) and eutreptiel- 

land (19), signals not influenced by the reduction could be 
associated with the acetylenic end group of 3’,4’-anhy- 
drodiatoxanthin (14). The novel bicyclic end group as- 
signment of eutreptiellanone (18) was based on the 
‘HNMR (Scheme 4), including LIS experiments, and 
“C NMR spectra of 18 and 19. Figure 2 shows the LIS 
‘H NMR data for eutreptiellanone (18), demonstrating 
decreasing induced shifts for H-5, H-3, H-2, Me-18, Me- 
17, H-7 and Me-16, compatible with the proximity of 
these protons to the complexing site (primarily the keto 
function at C-4). Deviation from linear shifts may be 
ascribed to the presence of moisture and a final increase in 
sample volume by 35 7;. The observed ‘H NMR coupling 
constants for the bicyclic ring system were compatible 
with the dihedral angles revealed by models (Scheme 4) 
and with ‘H NMR data for related oxa-bicyclohep- 
tane derivatives [20-231 and for 2-methyl-4-oxa- 

3: 4’- Anhydrodiatoxanthin (14) 

Ac20/pyr. 

i 1.88 5.85 
OH 

Monoacetate 15 

1.98 

Scheme 3. 3’,4’-Anhydrodiitoxanthin. 
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Scheme 4. Eutreptiellanone. 

cyclopentanone [24]. The large gem-coupling (14 Hz) 
of H-2(ax) and H-2(eq) of eutreptiellanone (18) was 
consistent with five- and six-rings [24], and J7,s (16 Hz) 
demonstrated trans-configuration for the A7-bond. 
Improved ‘HNMR data for the acetylenic end group, 
also present in 3’,4’-anhydrodiatoxanthin (14) were ob- 
tained at 250 MHz for eutreptiellanone (18) (see coupling 
constants cited in Scheme 4). 

Assignment of the “CNMR signals of eutreptiel- 
lanone (18) was consistent with data for alloxanthin 
(acetylenic end groups of 3) [25], violaxanthin (epoxidic 
end groups of 5) [25], 3,4,3’,4’-tetradehydro-8,gcarotene 
[26] and the synthetic 2,Soxabicycloheptane carotenoid 
derivative [20]. A mixture of all-trans- and 9’-cis- eu- 
treptiellanone (18) upon storage was concluded from the 
observed C-7, C-8’ and C-19’ signals [19]. LIS “C NMR 
revealed approximately equal induced shifts for C-2, C-3, 
C-5 and C-6. Consideration of models predicts rather 
similar amounts of 4R- and 4Seutreptiellanol (19) upon 
lithium aluminium hydride reduction of 18. Possible 
concomitant 9’-cis-isomerization further complicated the 
’ %Z NMR assignments of 19. However, Eu(fod), shifted 
the C-2, C-3, C-5 and C-6 signals to an equal extent. 

01 0.5 0.75 I 0 I 2 

Mel Eu(fod),/mol tarot 

Unexpectedly, different C-3 and C-6 signals were not 
identified for eutreptiellanone (18) or for eutreptiellanol 
(19), even in the presence of Eu(fod)j. The intensity of the 
681 signals suggested that it might account for two 
carbons. Alternatively, one signal was hidden by the 
CDC& signals. Consistent with the presence of a tetrahy- 
drofurane ring, the oxygen bridge of eutreptiellanone (18) 
could not be opened with lithium aluminium hydride, 
even under forcing conditions [27]. As shown by the 
‘H NMR spectrum, the a-positions of the keto group of 
18, could_ not be deuterated in the presence of base. An Fig. 2. Induced ‘H NMR shifts (A6) upon stepwise addition of 

Eu(fod), to eutreptiellanone (18) in CDC& at 100 MHz. enolic A”-double bond would violate Bredt’s rule and a 
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-42-60-60-92]+ (30), 454 [M-60-60-60-92]+ (27), 
412 (lOO), 394 (73). 

Siphonaxanthol (9). Prepared by LiAlH., reduction of sipho- 
naxanthin triacetate (8), R, 0.15; VIS & nm: 396,419,447, % 
III/II = 71; MS m/z (rel. int.): 602 [M] + (26), 600 [M - 2]+ (5), 
586 [M-16]+ (lOO), 584 [M-18]+ (63), 568 [M-16-18]+ 
(6), 566 [M-18-18]+ (41), 550 [M-16-18-18]+ (6), 476 
[M-16-18-92]+ (3),431 (26). 

Loroxanlhin (10). Obtained by acid treatment [32] of sipho- 
naxanthol (9), R, 0.25, inseparable from authentic 10 [ 12). VIS 
A,, nm: 442, (465); MS m/z (rel. int.): 584 [Ml+ (18), 582 [M 
- 23 + (24), 564 [M - 2 - 183 + (36), 363 (100). 

Loroxanthal (11). Obtained after acid treatment of siphona- 
xanthol (9), R, 0.45; UV/VIS I,,, nm: 465. 

3’,4’-Anhydrodiatoxanthin (14). R,O.50; VIS I, nm: (447), 
461,488, 7; III/II = 17; ‘H NMR: 6 1.07 s (6H, H,-16, H,-17), 
1.10s(6H,H3-16’,H1-17’), 1.74s(3H,Ha-18), 1.97s(12H,HJ-19, 
H,-20, Ha-19’, H,-20’), 2.02 s (3H, Hs-18’), 2.12 d (J = 4 Hz, 2H, 
H-2’),4.05m(lH,H-3),5.84(1H,H-3’),5.87(1H,H-4’),6.12~(2H, 
H-7, H-8), 6.16.8 m (ca 10 H, olefinic), upon addition of Eu(fod)o 
(0.5 mol/mol carotenoid) S 1.07 shifted downfield to 6 1.10; MS 
m/z (rel. int.): 548.4021 (talc. 548.4018 for &,H5z0) [Ml+ (lOO), 
546[M-2]+ (3),533[M-15]+ (5),530[M-18]+ (1),456[M 
- 92]+ (3); CD, see Fig. 1. Acid treatment [32] caused no shift in 
the VIS spectrum. Compound 14 was stable towards alkali (5 y; 
KOH). 

3’,4’-Anhydrodiatoxanthin nwnoacetate (15). Prepared by ac- 
etylation of 14, R, 0.63; VIS & nm: (445), 460,487; MS m/z (rel. 
int.): 590 [M]+ (28), 575 [M - 15]+ (25), 530 [M -6O]+ (7), 515 
[M - 15 - 60]+ (6), 368 (impurity, 100). 

Eutreptiellanone (18). R, 0.80; VIS 1, nm: (434), 457,483, % 
III/II = 48; IR v_ cm -I 3040 (w), 2965,293O (s), 2870 (s), 1770 
(s), 1565 (w), 1450 (s), 1370 (s), 970 (s); ‘H NMR (250 MHz): 
60.98sand l.l3s(3 +3H,H3-16,H,-17), 1.01 d(J = 7.5 Hz,3H, 
H,-18), 1.10 s (6H, Ha-16’, H,-17’), 1.62 d (J,,. = 14 Hz, lH, 
H,-2), 1.98 dd (J,,,. = 14 Hz, 52,3 = 7.5 Hz, lH, H,-2), 1.97 s 
(12H, Ho-19, H3-20, HB-19’, Hs-20’), 2.02 s (3H, Ho-18’), 2.12 dd 

(J 2.,3, = 4Hz, J,.,,. = 1.5 Hz, lH, H-2’), 2.524 (J = 7.5 Hz, lH, 
H-5), 4.33 d (J,,, = 7.5 Hz, lH, H-3), 5.57 d (J,,, = 16 Hz, lH, 
H-7), 5.82 dd (J,.,,. = 4 Hz, J,.,,. = 9.5 Hz, lH, H-3’), 5.89 dt 
(J3.,4. = 9.5 Hz, J2.,4. = 1.5 Hz, lH, H-4’), 6.39 d (J,,8 = 16 Hz, 
lH, H-S), 6.1-6.8 m (ca lOH, oletinic); decoupling expts where the 
first figure denotes the point of irradiation and the second figure 
indicates the signal effected (6) 2.52 (q)/l.Ol d + s, 1.01 (d)/2.52 q 
+ s, 4.33 (dU1.98 dd + changed pattern, 1.98 (dd)/4.33 d + s, 5.57 
(d)/6.39 d +s, 6.39 (d)/5.57 d-s; ‘H NMR LIS expt, Fig. 2; 
13C NMR tentative assignments: b 12.8 (C-19, C-20, C-20’), 18.1 
(C-19’), 20.7 (C-18’), 24.3 (C-18), 27.2 (C-16’, C-17’), 29.1 and 29.7 
(C-16, C-17), 33.0 (C-l’), 37.4 (C-l), 38.3 (C-2’), 42.6 (C-5), 45.2 (C- 
2), 80.5 (C-3, C-6), 92.7 (C-7’), 102.4 (C-S’), 119.3 (C-9’), 124.7 (C- 
3’), 126.5 (C-S), 130.3 (C-4’), 214.9 (C-4, C =O); remaining sp* C 
signalsnot assigned: 121.7,124.4,128.1,132.6,133.0,133.4,134.2, 
135.3, 136.0, 131.4, 136.5, 137.1, 138.1, 138.4; unassigned sp” C: 
42.5. 13CNMR LIS expt: Addition of Eu(fod), (0.51 mol/mol 
carotenoid) shifted S values were observed: 42.9 (C-5), 45.4 (C-2), 
80.7 (C-3, 6) and an extra signal 623.5 (C-19’. 9-cis), reduced 
signal at 6 18.1 (C-19’, all-trans) and 692.5 (C-7’, all-trans) and 
lacking signal S 102.4 (C-8’, all-trans); MS m/z (rel. int.): 562.3808 
(talc. 562.3811 for C40HS,,02) [M]’ (lOO), 547 [M - 15]+ (6), 
506.3188 (talc. 506.3185 for C36H4202) [M-C4H8]+ (2), 
491.2956 (talc. 491.2950 for C35H3902) [M -Me - C,H,]+ (Z), 
470 [M - 92]+ (2), 455 [M - 15 - 92]+ (2), 430 (impurity ?, 2), 
329 (impurity ?, 7), 261 (12); CD, see Fig. 1. 

Eutreptiellanone (18) could not be acetylated, silylated or 
dehydrated with POCl,, and was recovered unchanged after 
alkali treatment (5 % KOH) and acid treatment (0.03 M HCl in 
CHCls). Attempted ‘H-exchange caused no change in ‘H NMR 

(6 2.52 q and 4.33 d). 
Eutreptiellanol (19). Prepared by LiAlH., reduction of 18, R, 

0.70; VIS & mu: (430), 454, 482, % III/II = 23; ‘H NMR: 
60.89s and 1.18 s (3 +3H, H,-16, H3-17), 1.13 d (J = 5 Hz, 3H, 
H3-18) 1.10s (6H, H3-16’, H3-17’), 1.94 s (3H, H,-19), 1.96 s (9H, 
H,-20, Ho-19’, H,-20’), 2.03 s (3H, H3-18’), 2.18 t (J = 1.5 Hz, 2H, 
H-2’), 4.33 m (ca 2H, H-3, H-4), 5.57 d (J = 16 Hz, lH, H-7), 
5.8-5.9 m (2H, H-3’, 4’), 6.0-6.9 m (ca llH, olefinic); 13CNMR 
tentative assignments: 6 12.8 (C-20, C-20’), 15.3 (C-19), 18.1 (C- 
19’), 20.6 (C-18’), 22.7 and 25.7 (C-16, C-17), 23.7 (C-18), 27.2 (C- 
16’,C-17’), 32.8 (C-l’), 37.5 (C-l), 38.4 (C-2’),42.4 (C-2X43.0 (C-5), 
63.1 and 65.9 (C-4, R/S), 80.8 (C-3, C-6), 94.4 (C-7’), 102.5 (C-8’), 
119.0 (C-9’); other sp* C signals not assigned: 123.8, 124.3,125.0, 
126.5, 128.1, 130.0, 130.5, 131.5, 132.6, 133.5, 134.6, 135.3, 136.2, 
136.7, 137.7 and 138.1; unassigned sp’ C signals: 18.3, 19.8, 24.5, 
24.8. “CNMR LIS expt: Add&on of Eu(fod)’ (0.96 mol/mol 
carotenoid) shifted 6 values were observed: 24.2 (C-18), 43.1 (C-2), 
43.6 (C-5), 79.0,84.2,85.0 (C-4 R/Sand C-3, C-6), 109.2 (C-8’); MS 
m/z (rel. int.): 564 [M]+ (100x 549 [M - 15]+ (9),472 [M -92]+ 
(3), 457 [M - 15 - 92]+ (2), 430 (impurity ?, 54), 329 (impurity ?, 
11), 282 (17); CD, see Fig. 1. Eutreptiellanol (19) gave no 
elimination products upon treatment with acid (0.03 M HCl in 
CHC13) or PGC13, and gave no new product upon treatment with 
LiAlH, at forcing conditions. 

Eutreptiellanol monoacetate (20). Prepared upon acetylation of 
19, R, 0.80; VIS & nm: (428), 452,480, % III/II = 20; MS m/z 
(rel.int.):606[M]~(100),591[M-15]~(6),547[M-59]~(11), 
531 [M - 15 - 60]+ (3), 514 [M - 92]+ (2), 455 (7), 445 (6), 430 
(impurity?, 8), 329 (impurity?, 19), 221 (28). 
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