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Abstract—Six new carotenoids, named tobiraxanthins A1-A3, B, C and D, have been isolated from the seeds of Pittosporum
tobira. Their structures were elucidated by NMR and MS spectral analyses. The chemical relation of the tobiraxanthins to the
previously reported carotenoids having a 4-acetyl-3-methoxycyclopentene ring was also studied. © 2002 Elsevier Science Ltd. All

rights reserved.

In the course of our carotenoids studies,'> we investi-
gated the carotenoids of the red-colored seeds of Pit-
tosporum tobira and have already reported the isolation
and structure elucidation of unique carotenoids having
a 4-acetyl-3-methoxycyclopentene group represented by
the structure 1.> However, from the viewpoint of the
carotenoid structure and possible biosynthesis pathway,
it was questionable whether the 3-methoxy ones are
naturally occurring or not.?> Hence, further studies on
the carotenoid constituents of the seeds, by use of
extraction separation without saponification,* resulted
in the isolation of six new carotenoids, named tobirax-
anthins A1-A3, B, C and D, most of which were
converted into the corresponding carotenoids having
the 4-acetyl-3-methoxycyclopentene moiety. This report
deals with the isolation and structure elucidation of the
six carotenoids, and the chemical and structural anal-
ogy between these and the previously reported 4-acetyl-
3-methoxycyclopentene ones.?

The red-colored seeds of P. tobira were collected from
plants growing on the bank of the Kamogawa River in
Kyoto in December. The seeds (30 kg) were washed
with n-hexane to remove the viscous matter on the
surface and extracted with methanol. The methanol
extract was transferred to Et,O-n-hexane (1:1) by addi-
tion of water. The organic layer was washed with H,O,
dried and evaporated under reduced pressure. The
residual red-colored viscous oil was chromatographed
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on silica gel with n-hexane/Et,O/acetone and divided
into seven fractions. The crude carotenoids from frac-
tion-4 (n-hexane/Et,0, 2:8), purified by HPLC on silica
gel and on ODS (CH,Cl,/CH;CN, 2:8) furnished tobi-
raxanthins Al (2, 8 mg), A2 (3, 6 mg) and A3 (4, 6 mg).
Similarly, tobiraxanthin B (5, 3 mg) from fraction-5
(Et,0), and tobiraxanthins C (6, 4 mg) and D (7, 1 mg)
from fraction-6 (acetone) were obtained.

Tobiraxanthins A1-A3 (2, 3 and 4) were obtained as a
red-colored amorphous powder. The UV-vis spectrum
of 2 in n-hexane showed absorption maxima at 440, 468
and 500 nm, suggesting the existence of a capsorubin-
type chromophor.” The IR spectrum of 2 in CHCI,
showed three carbonyl absorptions at 1793, 1718, and
1654 cm™'. The molecular formula of 2 was determined
as CgH,ps05 by HR FABMS.® The '*C NMR spec-
trum of 2 showed 34 carbon signals. On the basis of the
13C NMR and the HR FABMS data, the structure of 2
is symmetrical in the molecule. The 'H and '*C NMR
spectra of 2 in CDCI, showed the characteristic signals
of a saturated fatty acid ester: methyl (6. 14.2, J,; 0.88
t), methylene (6 34.1~22.7, 6y ~1.25) and carbonyl
(0c 173.8) groups. The oxymethine (6 67.4, dy; 5.24 m)
groups, of which the signals are resonated at lower field
than that of general hydroxyl methines suggest the
existence of an n-saturated fatty acid ester moiety. The
assigned NMR data of 2 in CDCl; and the numbering
system are shown with those of the other tobiraxan-
thins in Table 1 and Fig. 1, respectively. In FABMS of
2, the characteristic fragment ions were observed at m/z
825 [M—(C,,H,,0,)]" and 598 [M-2(C,,H,,0,)]" in
addition to the molecular ion. Thus, the structure of 2
was determined as the dimyristyl esters of a carotenoid.
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Table 1. '3C (75 MHz)® and 'H (300 MHz)* NMR data of tobiraxanthins A1 (2), B (5), C (6) and D (7) in CDCl,4

Carbon no. 2 Carbon no. 5 6 7
3C, 6 mult 'H, 6 3C, 6 mult 'H, 6 13C, 6 mult 'H, 6 13C, 6 mult 'H, 6
(mult, J, Hz) (mult, J, Hz) (mult, J, Hz) (mult, J, Hz)
LI 45.2s - I 35.3s - 35.8s - 39.7s -
2,2 439t 1.80 (dd, 2 47.2t 1.27 (dd, 49.8t Na 46.8t 1.54 (m)
14.5, 3) 14.5, 10)
2.12 (dd, 1.65 (ddd, ~1.95 (m) 1.77 (m)
14.5, 9) 14.5, 3.5,
1.5)
3,3 67.4d 5.24 (m) 3 64.3d 3.92 (m) 64.3d 4.32 (m) 67.4d 4.27 (m)
4, 4 49.0t 2.71 (dd, 4 41.0t 1.65 (dd, 49.0d ~1.41 (m) 45.2t 1.61 (m)
15.5, 5.5) 14.5, 9)
2.59 (dd, 2.41 (ddd, 2.26 (ddd, 2.12 (m)
15.5, 7.5) 14.5, 5, 1.5) 13.5, 4, 2)
55 205.6s - 5 67.1s - 73.0s - 76.6s -
6, 6 202.9s - 6 70.5s - 117.7s - 79.3s -
7,7 119.2d 6.50 (d, 15) 7 126.2d 5.95 (d, 202.8s - 129.8d 5.87 (d,
15.5) 15.5)
8,8 146.9d 7.37 (d, 15) & 129.3d 6.84 (d, 103.2d 6.03 (s) 133.1d 6.42 (d,
15.5) 15.5)
9,9 134.0s - 9 132.4s - 132.3s - 132.6s -
10, 10 140.4d 6.55 (d, 10’ 130.7d 6.08 (d, 128.3d 6.11 (d, 131.9d 6.22 (d,
11.5) 11.5) 11.5) 11.5)
11, 11 124.1d 6.65 (dd, 1 124.1d 6.79 (dd, 125.3d ~6.57 (m) 125.2d ~6.61 (m)
15, 11.5) 15.5, 11.5)
12, 12/ 141.7d 6.52 (d, 15) 12 137.6d 6.30 (d, 137.1d 6.35 (d, 137.8d 6.38 (d,
15.5) 15.5) 15.5)
13, 13 136.9s - 13 135.9s - 137.4s - 134.8s -
14, 14 135.0d 6.35 (d, 10) 14 133.6d 6.25 (d, 10)  135.8d 6.25 (d, 10)  135.9d 6.25 (d, 10)
15, 15 130.8d 6.69 (m) 15 129.7d ~6.67 (m) 129.7d ~6.67 (m) 129.6d ~6.67 (m)
16, 16’ 24.6q 1.19 (s) 16’ 25.0q 1.01 (s) 29.3q 1.33 (s) 28.6q 0.82 (s)
17, 17 26.2q 1.20 (s) 17 29.6q 1.17 (s) 32.1q 1.07 (s) 29.2q 1.25 (s)
18, 18 29.6q 2.14 (s) 18 12.0q 1.22 (s) 31.4q 1.35 (s) 27.8q 1.10 (s)
19, 19 12.8q 1.98 (s) 19 21.1q 1.94 (s) 14.1q 1.81 (s) 13.2q 1.93 (s)
20, 20’ 12.9q 1.98 (s) 20/ 13.1q 1.98 (s) 14.0q 1.94 (s) 14.1q 1.98 (s)

The '3C and 'H data of C1 to C20 in 5, 6 and 7 are the same as those of C1(1") to C20(20") in 2.
The '3C and 'H data of fatty acid part in 2, 5, 6 and 7 are as follows: d, 173.8 s, 22.7 d, 23.7 d, 29.2 d, 29.4 d, 29.6 d, 29.7 d, 30.5 d, 31.9 d,

34.1d, 14.2 q, and 8y, 2.09 t (7.5), ~1.25 m, 0.88 t (6.5).

'H and '3C chemical shifts are reported downfield from internal TMS (=0.00).
@ Assignments are based on 'H-'H NOE, INDOR and 'H-{'H} (including decoupling difference) experiments.
b Assignments are based on DEPT, '*C-'H COSY, LSPD experiments and comparison with those of the related compounds. (cf. Refs. 7 and 9).

Na: not assigned because of 'H signals overlapping.
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Figure 1. Structures of tobiraxanthins A1(2), A2 (3), A3 (4), B (5), C (6) and D (7), and 3-methoxy carotenoid 2 (1).

The structure of the carotenoid moiety in 2 was deter-
mined by 'H homodecoupling (‘H-{'H}), '*C-'H
COSY, LSPD and 'H-'H NOE experiments. The
results are summarized in Fig. 2. The *C-'H COSY

spectrum of 2 established all the one-bond *C—'H
connectivities. In the polyene part of 2, the 'H and *C
signals of C8 to C8' including C19(19') and C20(20")
were similar to those of capsorubin.” The conjugated
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Figure 2. NMR data summary for 2.

polyene partial structure was also supported by 'H-
{'"H} NMR and 'H-'H NOE difference experiments
(Fig. 2).

As for the remaining unassigned structure in 2, the
connections of H2(2") to H4(4’) were characterized by
simple 'H-{"H} NMR experiments. As regards the
connections of the quaternary carbons of C1(1"), C5(5")
and C6(6'), long-range 'H-'*C spin-couplings were
observed between HI18(18), H4(4) and C5(5"), and
between H16, 17 (16',17), H7(7") and C1(1"), C6(6’) in
the LSPD experiments of 2.8 Thus, the '*C signals of
CI1(1"), C5(5") and C6(6') were assigned and the con-
nections of C7(7') to CI(1") and C18(18’) in 2 were
clarified (Fig. 2). These results were also supported by
the NOEs between H18(18) and H2(2") and between
H16,17(16',17") and H7(7’), H3(3"). Therefore, the total
structure of 2 was determined to be 3,3'-dihydroxy-
5,6,5',6’-diseco-P,B-carotene-5,6,5',6'-tetraone  dimyris-
tate, as shown in Fig. 1. The molecular formulae of 3
and 4 were determined as CqH,,,O5 and CgH,(0Os,
respectlvely, by HR FABMS.® Also, the characteristic
fragment ions of 3 and 4 in FABMS were observed at
m/z 825 [M—(C,,H,;0,)]", 797 [M-(C4H,;0,)]" and
598 [M- (C,,H,,0,)—(C,,H,;0,)]" and at m/z 797 [M—
(C2H,50,)]" and 598 [M-2(C,,H,;0,)]* in addition to
their molecular ions, respectively. The other spectral
data of 3 and 4 were almost identical with those of 2.
Therefore, the structures of 3 and 4 were determined to
be 3-myristyloxy-3’-lauryloxy- and 3,3'-dilauryloxy-
analogs of 2, respectively (Fig. 1).

CH3(CH2)12~ -

(\\

7~ \:NOE

8

Tobiraxanthins B (5), C (6) and D (7) were obtained as
a red-colored amorphous powder. The molecular for-
mulae of 5, 6 and 7 were determined as Cs,Hg,Oq,
Cs,Hg,0O4 and Cs,H,,O,, respectively, by HR FABMS.6
The 'H and '*C NMR signals of C1 to C20 and of the
fatty acid ester moiety in 5, 6 and 7 were almost
identical with those of 2. (Table 1) Also, the 'H and '*C
signals of the remaining unassigned (C1’ to C20’) in 5,
6 and 7 were almost identical with those of 9Z-violax-
anthin,®® neoxanthin,”® and neoflor,®®> respectively.
Thus, the structures of 5, 6 and 7 were determined as
shown in Fig. 1.

The 3(3')S chirality for the tobiraxanthins was tenta-
tively postulated on the basis of the following: violax-
anthin diester taking 35, 3'S chirality was isolated from
the same sources.'® It can be assumed that the tobirax-
anthins were derived by biogenetic selective oxidative
cleavage of C5(5)-C6(6') bond(s)!! in the ester of vio-
laxanthin, neoxanthin, or latoxanthin,®® and held 3(3")S
chirality as well as that of the precursor. The CD
spectra of 2,'2 3 and 4 in Et,0 showed nearly the same
Cotton effects. These tobiraxanthins are the first exam-
ples of seco-carotenoids including 3(3)-acyloxy
group(s) in the molecule.

Chemical relation of tobiraxanthins (5, 6 and 7) to the
previous 3-methoxy carotenoids?

The 3-methoxy carotenoids were not isolated by the
present procedure, that is, by extraction separation
without saponification.?> Thus, the chemical changes in
toberaxanthins with a base were examined. The con-
firmed reaction scheme of 5 with a base is summarized
in Fig. 3. The treatment of 5§ with 0.1% KOH in THF
resulted in the elimination of myristilic acid to give
compound 8 in high yield (>80%). In the degree of the
HC-O bond cleavage the elimination reaction some-
what resembles the formation of the characteristic frag-
ment ion which is generated by elimination of the
myristyloxy group and is observed at m/z 599 [M-

HsCO

Figure 3. Reagents and conditions: (a) 5% KOH in MeOH, rt, 3 h; (b) 0.1% KOH in THF, rt, 1 h; (c) 0.3% KOH in MeOH, rt,

0.5 h; (d) 5% KOH in MeOH, rt, 1 h.
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C,4H,;0,]" in the FABMS of 5. Next, the treatment of
8 with 0.3% KOH in MeOH resulted in addition of
MeOH to give compound 9. The treatment of 9 with
5% KOH in MeOH underwent intra-molecular aldol
condensation to give the 3-methoxy carotenoid 2(1),?
while the treatment of 5 with 5% KOH in MeOH
resulted in the formation of 1. These results showed
that the treatment of 5 with 5% KOH in Me¢OH
underwent the successive reactions of elimination, addi-
tion and aldol condensation to yield 1.

The structures of 8 and 9 were determined by the MS
and 'H NMR data analyses.!® Also, the treatment of 6
and 7 with 5% KOH in MeOH resulted in the forma-
tion of their structurally corresponding 3-methoxy
carotenoids.

Thus, it has been proved that the previously reported
unique carotenoids having the 4-acetyl-3-methoxycy-
clopentene moiety were the artifacts resulting from the
stepwise reactions of the structurally corresponding
tobiraxanthins with the base of the saponification
process.

References

1. (a) Fujiwara, Y.; Maoka, T.; Ookubo, M.; Matsuno, T.
Tetrahedron Lett. 1992, 33, 4941-4944; (b) Tsushima, M.;
Fuyjiwara, Y.; Matsuno, T. J. Nat. Prod. 1996, 59, 30-34;
(c) Maoka, T.; Mochida, K.; Okuda, Y.; Ito, Y.; Fuji-
wara, Y. Chem. Pharm. Bull. 1997, 45, 1225-1227; (d)
Maoka, T.; Hashimoto, K.; Akimoto, N.; Fujiwara, Y. J.
Nat. Prod. 2001, 64, 578-581; (e) Fujiwara, Y.; Maoka,
T. Tetrahedron Lett. 2001, 42, 2693-2696.

2. Fujiwara, Y.; Maruwaka, H.; Toki, F.; Hashimoto, K.;
Maoka, T. Chem. Pharm. Bull. 2001, 49, 985-987.

3. Goodwin, T. W. The Biochemistry of the Carotenoids;
Chapman and Hall: London, 1980; Vol. 1 (Plants), pp.
33-67, 143-203.

4. Schiedt, K.; Liaaen-Jensen, S. In Carotenoids; Britton,
G.; Liaaen-Jensen, S.; Pfander, H., Eds. Isolation and
analysis; Birkhduser Verlag: Basel, 1995; Vol. 1A, pp.
81-108.

5. Britton, G. In Carotenoids; Britton, G.; Liaaen-Jensen,
S.; Pfander, H., Eds. UV/visible spectroscopy; Birkhduser
Verlag: Basel, 1995; Vol. 1B, pp. 13-62.

6. HR FABMS: 2 m/z 1052.8071 (M™), calcd for C¢gH, (505
1052.8040; 3 m/z 1024.7760 (M™), calcd for CyH,04O5
1024.7727; 4 m/z 996.7516 (M™*), caled for Cg,H,(,0g
996.7414; 5 m/z 826.6155 (M*), caled for Cs,Hg,Of
826.6109; 6 m/z 826.6116 (M™), caled for Cs,Hg,Oq
826.6109; 7 m/z 844.6221 (M%), caled for Cg,Hg O,
844.6213.

7. (a) Ruttimann, A.; Englert, G.; Mayer, H.; Moss, G. P.;
Weedon, B. C. L. Helv. Chim. Acta 1983, 66, 1939-1960;
(b) Englert, G. In Carotenoids; Britton, G.; Liaaen-
Jensen, S.; Pfander, H., Eds. NMR spectroscopy;
Birkhéduser Verlag: Basel, 1995; Vol. 1B, pp. 147-260.

8. In the LSPD of 2, when each proton signal at J 2.14
[H18(18")] and 2.6 [H4(4)] irradiated (YB2/2n=40 Hz)
the signal at ¢ 205.6 [C5(5)] was effectively decoupled to
give a sharp signal, and when each proton signal at ¢ 1.20
[H16,17 (16,17")] and 6.50 [H7(7")] irradiated (YB2/2n=
ca. 30 Hz) the signals at ¢ 45.1 [C1 (1')] and 202.9 [C6(6')]
were effectively decoupled to result in sharp signals.

9. (a) Acemogle, M.; Uebelhart, P.; Ray, M.; Eugster, C. H.
Helv. Chim. Acta 1988, 71, 931-956; (b) Marki-Fischer,
E.; Buchecker, R.; Eugster, C. H. Helv. Chim. Acta 1984,
67, 2143-2154; (c) Marki-Fischer, E.; Eugster, C. H.
Helv. Chim. Acta 1990, 73, 1637-1643.

10. In the present isolation, the following additional known
carotenoids were isolated and identified: violaxanthin
diester, violaxanthin monoester, neoxanthin 3’-ester, and
6-epi-latoxanthin 3'-ester.

11. (a) Yokoyama, H.; White, M. J. Phytochemistry 1968, 7,
1031-1034; (b) Cardini, F.; Ginanneschi, M.; Selva, A.;
Chelli, M. Phytochemistry 1987, 26, 2029-2031.

12. CD (Et,0): A(Ag) 220 (+9), 235 (0), 248 (-2.5), 255 (0),
294 (+18.6), 313 (0), 368 (-5.8).

13. 8 HR FABMS: m/z 598.4031 (M™), caled for C,,Hs,0O,

598.4020; 'H NMR (CDCls) 6 2.23 (3H, s, H18), 6.71 (H,
d, J=16.0, H4), 6.50 (H, d-like, J=16.0, H3) 2.58 (2H,
m, H2), 1.22/1.23 (3H/3H, s, H16/17), 6.50 (H, d, J=
15.5, H7), 7.43 (H, d, J=15.5, H8); NOE: obsd between
H16/H17 and H2, H7; UV-vis (Et,0): 457 nm.
9 HR FABMS: m/z 630.4293 (M"), caled for C, Hs505
630.4281; 'H NMR (CDCl,) 6 2.16 (3H, s, H18), 2.47 (H,
dd, J=16.0, 6.5, H4), 2.68 (H, dd, J=16.0, 5.5, H4), 4.22
(H, m, H3) 3.17 (3H, s, Me-0), 1.86 (H, dd, J=14.5, 3.5,
H2), 2.1 (H, m, H2) 1.21/1.18 (3H/3H, s, H16/17), 6.52
(H, d, J=15.5, H7) 7.30 (H, d, J=15.5, H8); UV-vis
(Et,0): 457 nm.



	Structures of tobiraxanthins A1, A2, A3, B, C and D, new carotenoids from the seeds of Pittosporum tobira
	References


