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Isomerization of (all-E)-Cucurbitaxanthin A
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Cucurbitaxanthin A (=(all-E,3S5,5R,6R,3'R)-3,6-epoxy-5,6-dihydro-f,5-carotene-5,3'-diol; 1) was submit-
ted to thermal isomerization and to I,-catalysed photoisomerization. The structure of the main reaction products
92)- (2), (9Z)- (3), (13Z)- (4), and (13'Z)-cucurbitaxanthin A (5) was determined by their UV/VIS, CD,
'"H-NMR, and mass spectra.

Introduction. — In the course of our investigations of the (E/Z)-isomerization of
carotenoids, the configuration of more than 50 naturally occurring and semisynthetic
(mono-Z)- and (di-Z)-carotenoids have been determined during the last 25 years by
our research groups [1-3]. (all-E)-Cucurbitaxanthin A ((all-E,3S,5R,6R,3'R)-3,6-
epoxy-5,6-dihydro-g,3-carotene-5,3'-diol; 1), a naturally occurring carotenoid contain-
ing a 7-oxabicyclo[2.2.1]heptyl end group and a 3-hydroxy-$-end group, was isolated
from pumpkin and especially from red spice paprika in considerable quantities [4-6].
In continuation of our investigations of the (E/Z)-isomerization, we report in the
present study on the I,-catalyzed photoisomerization and the thermal isomerization of
(all-E)-cucurbitaxanthin A (1). The structures of the main four products, i.e. (92)- (2),
(9Z)-(3), (132)- (4), and (13'Z)-cucurbitaxanthin A (5) were established by UV/VIS,
CD, 'H-NMR, and mass spectra.

Results. — lodine-Catalyzed Photoisomerization. The 1,-catalyzed photoisomeriza-
tion of (all-E)-cucurbitaxanthin A (1) gave the four (mono-Z)-isomers (92)- (2),
(9Z)- (3), (13Z)- (4), and (13'Z)-cucurbitaxanthin A (5), which have not been
described previously, and a mixture of (di-Z)-isomers, which were not further
investigated. The qualitative composition of the reaction mixture is in accordance
with the pioneering studies of Zechmeister [7] and the previous results [1-3][8-12].
The separation of the isomers was carried out by column chromatography (CC) and
gave a composition of 49.1% of 1 (all-E), 11.7% of 2(9Z),13.1% of 3(9'Z),11.1% of
4 (132),71% of 5 (13'Z) and 7.3% of a mixture of (di-Z)-isomers.

Thermal Isomerization. The thermal isomerization is a well-known and efficient
method for the preparation of (13Z)- and (13'Z)-isomers [2][13]. In accordance with
the previous findings, the thermal isomerization of 1 resulted, after CC, in a mixture of
71.1% of 1 (all-E), 12.3% of 4 (13Z2),14.5% of 5 (13'Z), and a mixture of 1.5% of (di-
Z)-isomers, which were not further investigated. In contrast to the I,-catalyzed
photoisomerization, no significant amounts of the (9Z)- and (9'Z)-isomers 2 and 3,
respectively, were formed.
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Spectroscopic Characterization. In the UV/VIS spectrum, the isomers 1-5 exhibit
the main absorption maximum between 450.5 and 458 nm (benzene), corresponding to
a decaene chromophore. The isomers 2 and 3 exhibit a hypsochromic shift of the
maxima of 5-6 nm, whereas the isomers 4 and 5 show a shift of 7—8 nm. More
characteristic is the weak intensity of the cis-peak for 2 and 3 (% A . peax/ A max = 8.87 and
8.78, resp.), which is characteristic for (mono-Z)-isomers with a (Z)-double bond in a
peripheral position (Fig. 1,a). In contrast, 4 and 5 exhibit, as expected for polyenes with
a (Z)-double bond in a more central position of the chain, a strong cis-peak at ca.
339 nm (% A pea/ Amax = 37.74 and 43.38; Fig. 1,b).
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Fig. 1. UV/VIS Spectra a) of (9Z)-cucurbitaxanthin A (2; - - - -), (9Z)-cucurbitaxanthin A (3;---------), and
(all-E )-cucurbitaxanthin A (1; ——-) in benzene and b) of (13Z)-cucurbitaxantin A (4; - - - -), (13'Z)-
cucurbitaxanthin A (5; ---------), and (all-E)-cucurbitaxanthin A (1, ——-) in benzene

'H-NMR, 'H,'H-COSY, and 'H,'H-T-ROESY Experiments allowed complete 'H-
signal assignments for the isomers 2-5, and the 6(H) and J(H,H) values (see Exper.
Part), as well as the isomerization shift data (46 =0, — d,,.;) were identical with the
corresponding data from the literature [1-3][14][15]. Based on these results, the
configuration at the C=C bonds was established as (92) for 2, (9'Z) for 3, (13Z) for 4,
and (13'Z) for 5.

In the CD spectra of the (Z)-isomers 2-5, all signs are reversed, compared to the
(all-E)-isomer 1, which is characteristic for (mono-Z)-isomers of carotenoids with a
conservative CD spectrum [16]. In addition, the spectra of 2 -5 exhibit a characteristic
fine structure between 400-500 nm (Fig. 2).

In the mass spectrum, all isomers 1-5 exhibited the same pattern with the
molecular-ion peak at m/z 584 (=C,HsO;) and fragments at 566 ([M —18]*"), 504
([M—80]7), 492 ([M —92]"), 221, 197, 155 and 43. In addition, strong peaks were
observed at m/z 286 and 160, which are characteristic for carotenoids with the 3,6-epoxy-
end group [3][17].

Discussion. — The (Z)-isomers 25 represent new semi-synthetic (Z)-carotenoids,
which have not yet been found in Nature. The isolated compounds may serve as
reference compounds for further investigations of the carotenoid composition of red
spice paprika and other natural sources, containing cucurbitaxanthin A. As expected,
the photoisomerization and the thermal isomerization of the (all-E)-isomer 1 resulted
in a different composition of the reaction products. Whereas in the I,-catalyzed
photoisomerization, the (Z)-isomers were formed in amounts of the same magnitude,
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Fig. 2. CD Spectra of cucurbitaxanthin A isomers 1-5 in Et,O/isopentane/EtOH 5:5:2 (EPA) at —180°
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the thermal isomerization gave exclusively the (13Z)- and the (13'Z)-isomers 4 and 5,
respectively, in significant amounts. Therefore, the thermal isomerization of 1 is a
suitable method for the preparation of 4 and 5.
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Experimental Part

1. General. See [6].

2. lodine-Catalyzed Photoisomerization. A soln. of 80 mg of (all-E)-cucurbitaxanthin A (1; m.p. 160—-162°;
purity (HPLC) >95%) in 800 ml of benzene was isomerized under N, in filtered daylight in the presence of
1.6 mg of I, (2% to the carotenoid) [2][7][12]. The isomerization was monitored by UV/VIS, and when the
quasi-equilibrium was reached (ca. 40 min), the soln. was washed free of I, with 5% Na,S,0; soln. After the
usual workup [18], the mixture was submitted to CC.

3. Thermal Isomerization. A soln. of 40 mg of (all-E)-cucurbitaxanthin A (1) in 400 ml of benzene was
refluxed for 2 h under N, in the dark [2][7][13], and after usual workup, the mixture was submitted to CC.

4. Isolation. The reaction mixtures were separated by CC (6 x 30 cm columns, 16 columns for photo-
isomerization, 6 columns for thermal isomerization) with CaCO; and benzene/hexane 3 : 7. Typical picture after
development (for photoisomerization): 10 mm pale yellow (Zone I; mixture of (di-Z)-isomers of 1); 5 mm of
intermediate zone; 25 mm ochre (Zone 2; 1); 8 mm of intermediate zone; 10 mm yellow (Zone 3; 3); 2 mm of
intermediate zone; 15 mm pale yellow (Zone 4; 5); 10 mm of intermediate zone; 15 mm pale yellow (Zone 5;
4); 6 mm of intermediate zone; 20 mm yellow (Zone 6, 2). For turther purification, the fractions were submitted
to repeated CC (CaCO;, benzene/hexane 3:7), and after development, the carotenoids were crystallized from
benzene/hexane 1:4 to give from the photoisomerization 40 mg of 1,4.0 mg of 2,4.1 mg of 3,2.0 mg of 4,2.2 mg
of 5 and 1.0 mg of a mixture of (di-Z)-isomers. From the thermal isomerization, 4.0 mg of 4 and 4.1 mg of 5
were obtained.

5.(9Z)-Cucurbitaxanthin A (2). M.p. 54-56°. UV/VIS (benzene): 482, 453, 430, 339; % A, peak/ Amax = 8.87
(Fig. 1,a). CD (EPA, r.t.): 200 (—4.33), 216.5 (+6.41), 239 (— 3.84), 276 (+0.49), 331.5 (— 1.96), 440 (—0.64),
472 (—1.00). CD (EPA, —180°): 200 (—14.93), 217.5 (+27.44), 243 (—17.76), 279.5 (+5.89), 328 (—6.00), 344
(—712),365.5 (+0.17), 380 (+1.20), 403 (++2.70), 426 (+5.10), 452.5 (+7.81), 485 (+7.93) (Fig. 2). 'H-NMR
(400 MHz, CDCl,): 0.90 (s, Me(17)); 1.08 (s, Me(16')); 1.08 (s, Me(17')); 1.23 (s, Me(18)); 1.32 (br., OH—C(3'));
1.45 (s, Me(16)); 1.49 (1, J ooy =J(2'€q,3') = 12.0, He — C(2)); 1.63 (d, Jyey = 11.3, He — C(2)) 5 1.70 (d, J yor, = 12.0,
H,—C(4)); 174 (s, Me(18)); 178 (ddd,J(2'axd'ax)=2.1, J(2'ax,3')=5., Jun=12.0, H,,—C(2)); 187
(ddd, J(2ax4ax) =23, J(2ax,3)=5.9, J,=113, H,—C(2)); 196 (s, Me(19)); 1.97 (s, Me(20)); 1.97
(5, Me(19)); 1.97 (s, Me(20")); 2.02 (m, Jyew = 5.9, Heg—C(4)); 2.07 (m, Hy,—C(4)); 2.39 (dd, J(4'ax,3") = 4.5,
Joem =16.0, H,,—C(4)); 4.00 (m, H-C(3")); 443 (1, J(3,2ax) =J(3,4ax) =5.9, H-C(3)); 5.78 (d, J(7.8) =15.8,
H-C(7)); 6.07 (d,J(10,11)=11.4, H-C(10)); 6.11 (d,J(7'.8)=16.0, H-C(7")); 6.12 (d,J(8,7)=16.0,
H-C(8)); 6.16 (d,J(10',11") = 11.4, H-C(10)); 6.25 (m, H—C(14)); 6.25 (m, H-C(14)); 6.29 (d, J(12,11) =
14.8, H-C(12)); 6.63 (d,J(12',11')=14.8, H-C(12)); 6.63 (m,H-C(15)); 6.36 (m,H-C(15)); 6.65
(m,J(11',10))=11.4, H-C(11")); 6.79 (dd,J(11,10)=11.4, J(11,12) =14.8, H-C(11)). EI-MS: 584 (68, M*),
566 (8, [M —H,0]"), 504 (14, [M — methylcyclopentadiene]*, 492 (10, [M — toluene]*), 299 (15), 286 (40), 221
(33), 181 (34), 160 (68), 145 (30), 119 (29), 105 (25), 91 (35), 55 (20), 44 (36), 43 (32), 28 (100).

6. (9'Z)-Cucurbitaxanthin A (3). M.p. 56-58°. UV/VIS (benzene): 481, 452, 432, 339; % A s pear/ Amax = 8.78
(Fig. 1,a). CD (EPA, r.t.): 200 (—1.63), 202.5 (—2.09), 209 (—1.68), 221 (—0.84), 235 (—1.30), 283.5 (+0.48),
337 (—0.10), 370 (40.10), 442 (—0.27), 474 (—0.29), 510 (+0.10). CD (EPA, —180°): 201.5 (—2.20), 215.5
(—0.53),217 (- 0.46),240 (— 5.22),279.5 (+2.37),330 (—0.80), 344.5 (— 1.07), 385.5 (+1.30), 401 (+2.37), 426
(+4.09), 450 (+4.92), 483 (+4.36) (Fig. 2). '"H-NMR (400 MHz, CDCL;): 0.88 (s, Me(17)); 1.09 (s, Me(16'));
1.10 (s, Me(17)); 1.22 (s, Me(18)); 1.32 (br., OH—C(3')); 1.44 (s, Me(16)); 1.50 (¢, Jger = 11.9, Hq —C(2)); 1.62
(d, Jyem =114, H,(—C(2)); 1.68 (d,Jpn=12.1, Hy—C(4)); 178 (s, Me(18)); 1.80 (m,H,—C(2)); 1.85
(ddd, J(2axdax)=2.1, J(2ax3)=5.8, Jen=114, H,—C(2)); 195 (s,Me(19)); 1.97 (s, Me(20)); 1.97
(s, Me(19)); 1.97 (s, Me(20)); 2.07 (m, H,—C(4)); 2.07 (dd,J(4eq3") =57, Jpen=170, H;—C(4)); 2.42
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(dd,J(4eq,3) =57, H,—C(#)); 403 (m,H-C(3)); 440 (¢J(32ax)=J(34ax)=6.0, H-C(3)); 574
(d,J(78)=16.0, H-C(7)); 6.07 (d,J(10,11")=11.6, H-C(10')); 6.13 (d,J(7,8)=15.9, H-C(7")); 6.20
(d,J(10,11) =11.0, H—C(10)); 6.25 (m, H—C(14)); 6.25 (m, H—C(14)); 6.30 (d, J(12',11') =15.0, H—C(12"));
6.36 (d,J(12,11) =15.0, H—C(12)); 6.38 (d, J(78) = 16.0, H—C(8)); 6.62 (m, J(10,11) =11.0, H—C(11)); 6.62
(m, H—C(15)); 6.62 (m, H—C(15)); 6.67 (d,J(8,7)=15.9, H-C(8)); 6.74 (dd,J(11',10")=11.6, J(11'12) =
15.0, H—C(11")). EI-MS: 584 (77, M*), 566 (7, [M — H,0O]"), 504 (12, [M — methylcyclopentadiene]*), 492 (9,
[M — toluene]*),299 (17), 286 (44), 221 (36), 181 (36), 160 (76), 145 (131), 119 (31), 105 (26), 91 (40), 55 (18),
43 (31), 28 (100).

7. Mixture of (di-Z)-Isomers. UV/VIS (benzene): 475, 447, 425, 337; % A i peakl Amax = 31.54.

8. (13Z)-Cucurbitaxanthin A (4). M.p. 46-48°. UV/VIS (benzene): 479.5, 451.5, 427, 339; % A s pear! Amax =
3774 (Fig. 1,b). CD (EPA, r.t.): 200 (—2.00), 215.5 (+2.60), 241.5 (—4.09), 281 (+4.55), 331.5 (- 4.40), 417
(+0.27). CD (EPA, —180°): 200 (—4.80), 217 (+10.67), 243 (—17.76), 281 (+19.29), 330.5 (—15.42), 344.5
(—20.60), 387 (+2.06), 404 (+4.80), 425.5 (+8.35), 452 (+11.30), 481 (+8.55) (Fig. 2). 'H-NMR (400 MHz,
CDCl,): 0.89 (s, Me(17)); 1.08 (s, Me(16')); 1.08 (s, Me(17')); 1.22 (s, Me(18)); 1.34 (br., OH—C(3)); 1.44
(5, Me(16)); 148 (t, Jyem =J(2'€q,3') =12.0, Heq—C(2')); 1.61 (d,Jgem =114, Heq—C(2)); 1.68 (d, Jyem =12.1,
H,—C(4)); 174 (s, Me(18)); 177 (ddd,J(2ax4'ax)=2.0, J(2'ax,3") =34, Jpm=12.0, H,—C(2)); 184
(ddd, J(2axdax)=2.1, J(2ax,3)=5.8, Jem=114, H,—C(2)); 1.96 (s,Me(19)); 1.97 (s, Me(19)); 1.97
(s, Me(20)); 1.99 (s, Me(20)); 2.02 (1, Ho,—C(4')); 2.06 (m, Hy,—C(4)); 2.39 (dd, J(4'ax,3") =5.3, Jyem = 170,
H,,—C(4)); 4.01 (m, H=C(3')); 4.41 (¢,J(3,2ax) =J(3,4ax) =5.8, H—C(3)); 5.76 (d,J(7,8) =16.1, H-C(7));
6.09 (m, J(7',8) =16.0, H—C(7')); 6.11 (m, H—C(14)); 6.11 (m, H—C(8')); 6.16 (d, J(10’,11") = 11.7, H—C(10"));
6.24 (m, H—C(10)); 6.27 (m, H-C(14)); 6.37 (d, J(12',11") = 14.8, H-C(12')); 6.39 (d, J(8,7) = 16.1, H-C(8));
6.56 (dd, J(15',15) =12.1, H-C(15')); 6.62 (dd, J(11,10) = 11.5, J(11,12) = 14.5, H—C(11)); 6.65 (dd, J(11',10") =
11.7,J(11",12") = 14.8, H—C(11")); 6.80 (dd, J(15,15") =12.1, H-C(15)); 6.87 (d, J(12,11) = 14.5, H—C(12)). EI-
MS: 584 (100, M), 566 (10, [M — H,O]"), 504 (16, [ M — methylcyclopentadiene]*), 492 (13, [M — toluene]*),
299 (23), 286 (59), 221 (46), 181 (46), 160 (96), 145 (42), 119 (39), 105 (36), 91 (59), 55 (33), 43 (60), 28 (91).

9. (13'Z)-Cucurbitaxanthin A (5). M.p. 57-59°. UV/VIS (benzene): 480, 451.5, 429, 339; % A s peaid Amax =
43.48 (Fig. 1,b). CD (EPA, r.t.): 201 (- 3.24), 216.5 (+3.07), 242 (—2.54), 282.5 (+1.74), 331 (- 3.71), 412
(+0.41). CD (EPA, —180°): 200 (—6.27), 216.5 (+9.67), 242.5 (- 11.12), 282 (+9.02), 331.5 (- 13.63), 343.5
(—17.90), 383 (+2.25), 402 (+4.60), 426.5 (+7.98), 451.5 (+9.90), 482 (+7.55) (Fig. 2). '"H-NMR (400 MHz,
CDCL): 0.89 (s, Me(17)); 1.08 (s, Me(16')); 1.08 (s, Me(17')); 1.22 (s, Me(18)); 1.32 (br., OH—C(3)); 1.44
(s, Me(16)); 1.50 (t,Jyem =J(2'eq,3) =119, H,y—C(2)); 162 (d, Jyery=11.5, Hey—C(2)); 1.68 (d, Jyery =12.1,
H,,—C(4)); 1.75 (s, H-C(18')); 1.79 (m, J(2'ax4'ax) =2.1, J o= 11.9, H,,— C(2')); 1.85 (ddd, J(2ax.4ax) = 2.0,
J(2ax,3) = 6.0, e = 11.5, Hey— C(2)); 1.95 (5, Me(19)); 1.96 (5, Me(20)); 1.98 (s, Me(19')); 2.00 (s, Me(20')); 2.03
(m, Hey—C(4')); 2.06 (m, Hy,—C(4)); 2.40 (dd, J(4'ax,3") = 5.4, J o= 171, H,— C(4')); 4.01 (m, H-C(3')); 4.40
(t, J(3,2ax) = J(3,4ax) =5.9, H-C(3)); 5.75 (d,J(7.8) =16.0, H-C(7)); 6.11 (d,J(14',15) =119, H-C(14));
6.13 (m,H-C(7)); 6.15 (m,H-C(8)); 620 (d,J(10,11)=11.4, H-C(10)); 6.21 (d,J(10,11")=11.5,
H-C(10)); 6.24 (d,J(14,15)=11.8, H-C(14)); 6.36 (d,J(12,11)=15.0, H-C(12)); 6.38 (d,J(8,7)=16.0,
H-C(8)); 6.56 (dd, J(15,14) =11.8, J(15,15") = 14.0, H—C(15)); 6.60 (m, H—C(11)); 6.65 (dd, J(11",10") =11.5,
JA1',12')=14.9, H-C(11')); 6.80 (dd, J(15,14)=11.9, J(15',15) =14.0, H-C(15')); 6.89 (d,J(12',11) =14.9,
H-C(12")). EI-MS: 584 (44, M*), 566 (7, [M — H,0]"), 504 (9, [M — methylcyclopentadiene]*), 492 (8, [M —
toluene]*), 299 (14), 286 (25), 221 (27), 181 (35), 160 (40), 145 (29), 119 (27), 105 (25), 91 (36), 55 (52), 43
(100), 28 (58).

10. (all-E)-Cucurbitaxanthin A (= (all-E,3S,5R,6R,3'R )-3,6- Epoxy-5,6-dihydro-f3,-carotene-5,3'-diol; 1):
M.p. 160-162°. UV/VIS (benzene): 487, 457, 434 (Fig. 1). CD, NMR and MS: see [3].
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