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Two new cerebrosides, ferocerebrosides A (1) [(2S,3R,4E,8E,2′R)-1-O-(â-glucopyranosyl)-N-(2′-hydroxydocosanoyl)-
4,8-sphingadienine] and B (2) [(2S,3R,4E,8E,2′R)-1-O-(â-glucopyranosyl)-N-(2′-hydroxytetracosanoyl)-4,8-sphingadie-
nine], two new tocopherol trimers, ferotocotrimers C (5) and D (6), and two known tocopherol trimers, IVb (3) and IVa
(4), were isolated from the seeds ofEuryale ferox. Their structures were determined on the basis of spectroscopic data,
especially 1D and 2D NMR experiments. Compounds1 and2 showed cytotoxicity in the brine shrimp lethality bioassay,
with LC50 values of 0.17 and 0.20 mM, respectively.

In a search for bioactive constituents of crude drugs derived from
aquatic plants, the constituents ofEuryale feroxSalisb. (Nymphae-
aceae) were investigated. This plant has been widely used in
traditional oriental medicine to treat a variety of diseases, such as
kidney problems, chronic diarrhea, excessive leucorrhea, and
hypofunction of the spleen.1 Recent studies showed thatE. ferox
could reduce myocardial ischemic reperfusion injury2 and exhibits
immunostimulant activity.3 The seeds ofE. ferox contain an
extraordinarily high content of tocopherols, which may play a role
in the antioxidative activity of this plant.4,5 Glucosylsterols and
cerebrosides were isolated from the rhizomes and adventitious roots
of E. ferox.6,7

This study describes the isolation and structural elucidation of
two new cerebrosides (1 and2), two known tocopherol trimers (3
and4), and two new tocopherol trimers (5 and6) from the seeds
of E. ferox. The cytotoxicity of compounds1-6 determined by
the brine shrimp lethality bioassay is also reported.The dried and
powdered seeds ofE. feroxwere extracted with MeOH, and removal
of solvent from the extract gave a brown residue. Two new
cerebrosides, ferocerebrosides A (1) and B (2), two new tocopherol
trimers, 5 and 6, and two known tocopherol trimers,3 and 4,8,9

were obtained.
The molecular formula of1 was determined as C44H83O9N on

the basis of high-resolution FABMS. The IR spectrum showed
absorption bands at 3300 cm-1 (OH), 1640, 1535 cm-1 (amide),
and 2920 and 1450 cm-1 (aliphatic), suggesting the presence of a
fatty acid amide.10 The â-glucopyranose moiety was indicated by
the anomeric proton atδ 4.27 (1H, d,J ) 7.8 Hz, H-1′′) and the
chemical shifts in the1H and 13C NMR spectra. The HMQC
spectrum of1 showed that protons H-1a (δ 4.09), H-1b (δ 3.73),
H-2 (δ 4.00), and H-3 (δ 4.13) were bonded to carbons resonating
at δ 67.9 (C-1), 52.9 (C-2), and 72.0 (C-3), respectively. Other
resonances in the1H NMR spectrum were a doublet atδ 8.33 due
to an NH proton, a triplet atδ 0.88 (6H,J ) 7.0 Hz), and four
olefinic protons atδ 5.48 (1H, dd,J ) 15.5, 7.2 Hz, H-4), 5.74
(1H, dt, J ) 15.5, 6.4 Hz, H-5), and 5.41 (2H, m, H-8, 9). The
coupling constant (15.6 Hz) indicated anE-configuration for the
∆4 double bond. Chemical shifts of the allylic methylenic carbons
in the 13C NMR spectrum atδ 32.0 and 32.3 (C-7 and C-10)
indicated the presence of anE-∆8 double bond.11 Therefore,1 was
defined as a 4E,8E-sphingadiene-type cerebroside.

The 13C NMR spectrum of1 had resonances atδ 176.3 (C-1′)
and 72.0 (C-2′) attributable to an acyl moiety. A proton resonance
atδ 4.02 (1H, dd,J ) 7.5, 3.8 Hz, H-2′) was coupled to a methylene
group at δ 1.70 (1H, m, H-3′a) and 1.45 (1H, m, H-3′b).
Methanolysis of1 in aqueous MeOH-1 N HCl yielded methyl
2-hydroxydocosanoate (1a), which was identified by EIMS, HRE-
IMS, and IR analyses. The specific rotation value of1a
([R]D

25 +18.5) indicated a 2′R absolute configuration in1.12,13

In the HMBC spectrum, the carbon resonance atδ 176.3 (C-1′)
correlated with proton resonances atδ 4.00 (H-2) and 4.02 (H-2′),
suggesting that the acyl moiety was connected to the NH of the
sphingosine base. The anomeric proton of the glucose unit (δ 4.27,
H-1′′) exhibited a3J correlation with C-1 atδ 67.9, demonstrating
attachment of the glucose moiety at C-1. The relative configuration
at C-2 and C-3 was taken as 2S,3R (erythro) based on13C NMR
chemical shifts and specific rotation.14,15 Thus, compound1 was
determined to be (2S,3R,4E,8E,2′R)-1-O-(â-glucopyranosyl)-N-(2′-
hydroxydocosanoyl)-4,8-sphingadienine and named ferocerebroside
A.

The molecular formula of2 was determined to be C46H87O9N
on the basis of high-resolution FABMS,1H NMR, and13C NMR
data. The NMR results were similar to those of1, confirming that
2 was also a glycosphingolipid that differed from1 only in the
length of the lipid base unit. Compound2 was degraded by aqueous
MeOH-1 N HCl to yield methyl 2R-hydroxytetracosanoate (2a),
as revealed by EIMS, HREIMS, and IR analyses. The absolute
configuration at C-2 and C-3 in2 was the same as (+)-(2S,3R)-
sphingosine, evidenced by13C NMR data and optical rotation.14,15

Thus, compound2 was identified as (2S,3R,4E,8E,2′R)-1-O-(â-
glucopyranosyl)-N-(2′-hydroxytetracosanoyl)-4,8-sphingadienine and
was named ferocerebroside B.

Although tocopherol trimers IVb (3) and IVa (4) were reported
earlier,8,9 this study examined the specific rotation and Cotton effect
in CD measurements for compounds3 and 4. Additionally, this
study assigned1H NMR and13C NMR data on the basis of1H-1H
COSY, HMQC, and HMBC spectra and revised some chemical
shift assignments reported earlier for3 and 4 (Tables 1 and 2).
The HMBC measurements revealed correlations between H2-5a and
C-5, H2-5′′a and C-5′′, H3-8b and C-8, and H3-8′′b and C-8′′.
Through HMBC results, the previously accepted13C NMR assign-
ment ofδ 121.9-123.6 (C-5, 5′′) andδ 115.1-115.8 (8 and 8′′)
should be revised asδ 121.9-123.6 (8 and 8′′) andδ 115.1-115.8
(C-5, 5′′) in 3 and4.9

Ferotocotrimer C (5), [R]D
25 -4.2 (c 1.0, CHCl3), was obtained

as a pale yellow oil. The molecular formula of5 was determined
as C86H142O6 on the basis of HRFABMS data. The IR spectrum of
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5 showedR,â-unsaturated carbonyl absorption (1695 cm-1). The
UV spectrum indicated aromatic rings (inn-hexane,λmax 290 nm).
The 1H NMR spectrum showed 12 side-chain methyl groups
(δ 0.84-0.87), three methyl groups on oxygenated carbons (δ 1.17,
1.25, 1.39), two olefinic methyl groups (δ 1.73, 1.96), and four
aromatic methyl groups (δ 2.02 (× 2), 2.15, 2.20; Table 1). The
13C NMR and DEPT data for5 exhibited signals for three
oxygenated quaternary sp3 carbons [δ 74.8, 75.0 (C-2, 2′′), 77.0
(C-2′)], oneR,â-unsaturated carbonyl group [δ 130.3, 151.6, 196.6],
and 12 aromatic carbons (Table 2). The 2D NMR experiments
(1H-1H COSY, HMQC, and HMBC) and a fragment ion atm/z
428 in the EIMS spectrum suggested three characteristic moieties
(A, B, and C) exist in5 (Figure 1).8,9

The chemical shifts of a doubly oxygenated quaternary carbon
at δc 99.4 (C-8′a) and methylene protons atδH 2.50 and 2.70

(H2-5′′a) suggested that the B and C units were linked from C-8′a
to 6′′ through oxygen and from C-4′a to C-5′′ through a methylene
group (CH2-5′′a). This conclusion was supported by the HMBC
correlations.

The chemical shifts of an oxygenated quaternary carbon at
δC 93.8 (C-5′a) and methylene protons atδH 2.42 and 2.83 (H2-5a)
suggested that the A and B units were linked from C-6 to C-5′
through an oxygen and from C-5 to C-5′ through a methylene group
(CH2-5a). The HMBC data showed that H2-5a was correlated with
C-5′, C-4a, C-4′a, C-5, and C-6 (Figure 2). This observation
indicated that the A and B units were spiro-linked, which was
further confirmed by the downfield shift of C-5′ by 8.3 ppm in the
13C NMR spectrum.16,17Furthermore, the deshielding effect on the
resonance of the 2′a-methyl group (δH 1.39) indicated that the 2′a-
methyl group should be located in a deshielding environment above

Chart 1

Table 1. 1H NMR Data for Compounds3-6 (δ, ppm, in CDCl3)

positiona 3 4 5 6

H2-5′′a 2.85, d (17.9) 2.85, d (17.9) 2.70, d (17.8) 2.74, d (16.7)
2.59, d (17.9) 2.64, d (17.9) 2.50, d (17.8) 2.56, d (16.7)

H2-5a 2.53, m 2.56, m 2.83, d (16.5) 2.80, d (17.0)
2.40, m 2.33, m 2.42, d (16.5) 2.47, d (17.0)

H2-4,4′′ 2.48, m 2.54, m 2.40, m 2.40, m
2.42, m 2.41, m 2.50, m 2.50, m

H3-7′′a 2.18, s 2.19, s 2.15, s 2.16, s
H3-7a,8b,8′′b 2.23, s 2.23, s 2.20, s 2.16, s

2.13, s 2.13, s 2.09, s 2.06, s
2.09, s 2.09, s 2.09, s 2.05, s

H3-8′b 1.96, s 1.99, s 1.96, s 2.00, s
H3-7′a 1.68, s 1.67, s 1.73, s 1.75, s
H3-2′a 1.43, s 1.26, s 1.39, s 1.27, s
H3-2a,2′′a 1.26, s 1.22, s 1.25, s 1.23, s

1.19, s 1.19, s 1.17, s 1.18, s

a The 1H NMR spectrum showed 12 side-chain methyl groups betweenδ 0.84 and 0.87.
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the enone system plane.9,18 The absolute stereochemistry of 8′a as
R and for 4′a asSwas established by comparing the Cotton effect
at ∆ε240 -16.8,∆ε262 +0.78,∆ε292 -0.43,∆ε323 +2.90 with the
CD spectral pattern of the tocopherol trimer IVb (3). On the basis
of this evidence,5 was identified as a new compound, named
ferotocotrimer C.

Ferotocotrimer D (6), [R]D
25 11.4 (c 0.8, CHCl3), was obtained

as a pale yellow oil. The molecular formula of6 was determined
to be C86H142O6 on the basis of HRFABMS. This compound had
IR, UV, and NMR spectra similar to those of5. However, the
shielding effect on the resonance of the 2′a-methyl group (δH 1.27)
indicated that the 2′a-methyl group must be in a shielded environ-
ment below the enone system plane.9,18The absolute stereochemistry
of 8′a asS and 4′a asR was assumed by comparing the Cotton
effect at ∆ε239 +12.5, ∆ε262 -1.55, ∆ε291 +1.40, ∆ε320 -3.56
(hexane,c 0.001) with the CD pattern of tocopherol trimer IVa
(4). Therefore, the structure of6 was determined to be as shown,
and it was named ferotocotrimer D.

The toxicity of compounds1-6 was evaluated using the brine
shrimp lethality bioassay.19,20 After 24 h, compounds1 and 2
showed marginal toxicity against brine shrimp, with LC50 values
of 0.17 and 0.20 mM, respectively. The other compounds were
not toxic.

Experimental Section

General Experimental Procedures.Melting points were determined
using a Yanaco micro-melting point apparatus. Optical rotations were
measured on a JASCO DIP-360 digital polarimeter, and CD spectra
were obtained with a JASCO J-720 spectropolarimeter. EIMS were
recorded with a JMS-HX-100 instrument and FABMS with a JEOL
LMS-SX 102 system. IR spectra were taken on a JASCO FT-IR-110
infrared spectrophotometer. UV spectra were recorded on a Perkin-
Elmer Lambda 5 UV/vis spectrophotometer.1H and13C NMR spectra
were recorded on a Bruker AM-500 NMR spectrometer. Column
chromatography was performed using silica gel (230-400 mesh,
Merck). TLC was conducted on precoated Kiesel gel 60 F254 plates
(0.25 mm, Merck), and spots were located by UV illumination and by
spraying the FeCl3 reagent or 10% H2SO4 followed by heating. MPLC
was carried out on a Buchi MPLC system (pump, Buchi 688; detector,
KAUER).

Plant Material. The seeds ofE. ferox were collected in Gwong-
Dung, China. The voucher specimen (FE1988) was deposited at the
Ta Hwa Institute of Technology.

Extraction and Isolation. The dried and powdered seeds (16.1 kg)
were extracted with methanol under reflux for 4-6 h (six times, each
time 120 L) and concentrated to give a deep brown syrup (230 g),
which was partitioned between 1:1 EtOAc-H2O. The EtOAc layer was
concentrated to give a brown residue (105.5 g) and then applied to a
silica gel column eluted with 30:1n-hexane-EtOAc to furnish five
fractions. The second fraction was chromatographed by MPLC (silica
gel, n-hexane-EtOAc gradient) to yield3 (48 mg), 4 (55 mg), 5
(28 mg), and6 (25 mg). The fourth fraction was further separated by
a combination of Sephadex LH-20 CC (H2O-MeOH), MPLC (C-18,
25% H2O-MeOH f MeOH), HPLC (C-18, 25% H2O-MeOH f
MeOH), and PTLC (C-18, MeOH) to give1 (68 mg) and2 (75 mg).

Ferocerebroside A (1): amorphous powder; mp 185-187°C; [R]D
25

+11.2 (c 0.08, MeOH); IR (neat)νmax 3300, 2920, 2850, 1740, 1640,
1535, 1450, 1380, 1080 cm-1; 1H NMR (CDCl3-CD3OD, 1:1,
500 MHz)δ sphingosine moiety, 8.33 (d,J ) 8.6 Hz, N-H), 4.09 (1H,
dd, J ) 10.2, 5.5 Hz, H-1a), 3.73 (1H, m, H-1b), 4.00 (1H, m, H-2),
4.13 (1H, t,J ) 7.2 Hz, H-3), 5.48 (1H, dd,J ) 15.5, 7.2 Hz, H-4),
5.74 (1H, dt,J ) 15.5, 6.4 Hz, H-5), 2.08 (4H, m, H2-6, 7), 5.41 (2H,
m, H-8, 9), 1.95 (2H, m, H2-10), 0.88 (3H, t,J ) 7.0 Hz, Me),â-D-
glucosyl moiety, 4.27 (1H, d,J ) 7.8 Hz, H-1′′), 3.24 (1H, dd,J )
8.9, 7.8 Hz, H-2′′), 3.40 (1H, t,J ) 8.9 Hz, H-3′′), 3.38 (1H, t,J )
8.9 Hz, H-4′′), 3.28 (1H, m, H-5′′), 3.71 (1H, m, H-6a′′), 3.87 (1H, dd,
J ) 12.1, 2.5 Hz, H-6b′′), N-acyl moiety, 4.02 (1H, dd,J ) 7.5,
3.8 Hz, H-2′), 1.70 (1H, m, H-3′a), 1.45 (1H, m, H-3′b), 0.88 (3H, t,
J ) 7.0 Hz, Me); 13C NMR (CDCl3-CD3OD, 1:1, 125 MHz)δ
sphingosine moiety, 67.9 (C-1), 52.9 (C-2), 72.0 (C-3), 130.1 (C-4),
133.2 (C-5), 33.0 (C-6), 32.0, 32.3 (C-7, 10), 129.7 (C-8, 9), 14.3 (C-
18), â-glucosyl moiety, 103.0 (C-1′′), 73.1 (C-2′′), 75.9, 76.0 (C-3′′,
5′′), 69.6 (C-4′′), 61.0 (C-6′′), N-acyl moiety, 176.3 (C-1′), 72.9 (C-
2′), 35.0 (C-3′), 14.3 (C-18′); FABMS (positive)m/z 792 [M + Na]+

(100), 678 (10), 590 (12), 482 (26); HRFABMSm/z 792.6027 [M+
Na]+ (calcd for C44H83O9Na, 792.5965).

Methanolysis of 1.Compound1 (4 mg) was heated in 1 N HCl-
MeOH (5 mL) under reflux for 3 h. After addition of H2O (5 mL), the
whole solution was extracted withn-hexane three times. Removing
the solvent from the combinedn-hexane solution furnished methyl 2R-
hydroxydocosanoate (1a).

2R-Hydroxydocosanoate (1a):[R]D
25 +18.5 (c 0.08, CHCl3); IR

(neat)νmax 3400, 1725, 1460, 1100 cm-1; EIMS m/z 370 [M]+ (10),

Table 2. 13C NMR Data for Compounds3-6 (δ, ppm, in
CDCl3)

positiona 3 4 5 6

C-6′ 198.7 198.8 196.6 194.0
C-8′ 150.6 150.2 151.6 151.1
C-6,8a,8′′a 144.3 144.8 145.6 145.8

145.6 145.5 145.8 145.8
145.6 145.7 151.3 151.1

C-6′′ 142.1 142.5 142.0 142.4
C-7′ 129.0 129.7 130.3 130.5
C-7,8,7′′,8′′ 121.9 122.0 119.0 119.1

122.3 122.2 122.3 122.3
123.5 123.5 123.7 123.2
123.6 123.5 124.2 124.2

C-4a,4′′a,5,5′′ 115.1 115.2 114.1 114.5
115.2 115.5 114.8 115.4
115.6 115.5 115.9 115.8
115.8 115.8 116.4 116.4

C-8′a 99.4 100.2 99.4 100.1
C-5′ 85.5 85.6 93.8 93.8
C-2′ 78.0 77.2 77.0 77.1
C-2,2′′ 74.5 74.3 74.8 74.8

74.7 74.8 75.0 75.0
C-4′a 41.6 42.6 40.6 42.1
C-8′b 14.5 14.6 14.8 14.9
C-7a,8b,7′′a,8′′b 11.5-12.0 11.7-13.0 11.6-12.0 11.9-13.0
C-7′a 11.5 11.6 11.7 11.8

a The 13C NMR spectrum showed 12 side-chain methyl groups
betweenδ 18.2 and 24.1

Figure 1. Correlations observed in the HMBC of A, B, and C
partial structures of compound5.

Figure 2. Significant HMBC correlations of compound5.
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339 [M - OMe]+ (10), 311 [M- COOMe]+ (9), 149 (100), 83 (43),
57 (76), 43 (78); HREIMSm/z 370.3448 [M]+ (calcd for C23H46O3,
370.3447).

Ferocerebroside B (2):amorphous powder; mp 187-189°C; [R]D
25

+8.7 (c 0.08, MeOH); IR (neat)νmax 3350, 2900, 2860, 1735, 1640,
1530, 1460, 1385, 1100 cm-1; 1H NMR (CDCl3-CD3OD, 1:1, 500
MHz) δ sphingosine moiety, 8.35 (d,J ) 8.5 Hz, N-H), 4.10 (1H, dd,
J ) 10.2, 5.5 Hz, H-1a), 3.75 (1H, m, H-1b), 4.02 (1H, m, H-2), 4.15
(1H, t, J ) 7.4 Hz, H-3), 5.50 (1H, dd,J ) 15.6, 7.4 Hz, H-4), 5.78
(1H, dt, J ) 15.6, 6.4 Hz, H-5), 2.05 (4H, m, H2-6, 7), 5.40 (2H, m,
H-8, 9), 1.95 (2H, m, H2-10), 0.87 (3H, t,J ) 6.5 Hz, Me),â-glucosyl
moiety, 4.29 (1H, d,J ) 8.0 Hz, H-1′′), 3.34 (1H, dd,J ) 9.0, 8.0 Hz,
H-2′′), 3.45 (1H, t,J ) 9.0 Hz, H-3′′), 3.39 (1H, t,J ) 9.0 Hz, H-4′′),
3.30 (1H, m, H-5′′), 3.75 (1H,J ) 12.2, 5.2 Hz, H-6a′′), 3.87(1H, dd,
J ) 12.2, 2.5 Hz, H-6b′′), N-acyl moiety, 4.05 (1H, dd,J ) 7.8, 3.8
Hz, H-2′), 1.70 (1H, m, H-3′a), 1.45 (1H, m, H-3′b), 0.87 (3H, t,J )
6.5 Hz, Me);13C NMR (CDCl3-CD3OD, 1:1, 125 MHz)δ sphingosine
moiety, 68.2 (C-1), 53.4 (C-2), 72.2 (C-3), 130.4 (C-4), 133.5 (C-5),
33.4 (C-6), 32.1, 32.3 (C-7, 10), 129.8 (C-8, 9), 14.6 (C-18);â-glucosyl
moiety, 102.0 (C-1′′), 73.1 (C-2′′), 75.7, 76.2 (C-3′′, 5′′), 69.3 (C-4′′),
62.0 (C-6′′), N-acyl moiety, 176.8 (C-1′), 73.2 (C-2′), 35.4 (C-3′), 14.6
(C-18′); FABMS (positive)m/z 820 [M + Na]+ (100), 590 (18), 482
(40), 376 (20); HRFABMSm/z 820.6303 [M + Na]+ (calcd for
C46H87O9Na, 820.6278).

Methanolysis of 2.Compound2 (4 mg) was heated in 1 N HCl-
MeOH (5 mL) under reflux for 3 h. After addition of H2O (5 mL), the
whole solution was extracted withn-hexane three times. Removing
the solvent from the combinedn-hexane solution furnished methyl 2R-
hydroxytetracosanoate (2a).

2R-Hydroxytetracosanoate (2a):[R]D
25 +20.7 (c 0.08, CHCl3); IR

(neat)νmax 3350, 1730, 1460, 1100 cm-1; EIMS m/z 398 [M]+ (15),
339 [M - COOMe]+ (7), 149 (100), 83 (43), 57 (76), 43 (78); HREIMS
m/z 398.3766 [M]+ (calcd for C25H50O3, 398.3760).

Tocopherol Trimer IVb (3): pale yellow wax; [R]D
25 -6.6 (c 1.2,

CHCl3); IR (neat)νmax 2910, 2850, 1687, 1462, 1375, 1250, 1100 cm-1;
UV (hexane)λmax (log ε) 292 (3.84) nm;1H NMR (CDCl3, 500 MHz)
see Table 1;13C NMR (CDCl3, 125 MHz) see Table 2; CD∆ε238 -17.5,
∆ε256 +0.78,∆ε286 -0.21,∆ε307 +2.80 (hexane,c 0.001); EIMSm/z
430 (100), 428 (93), 165 (82), 164 (27); FABMS (positive)m/z 1285
[M + H]+ (8), 857 (100), 855 (21), 632 (14).

Tocopherol Trimer IVa (4): pale yellow wax; [R]D
25 +27.1 (c 2.6,

CHCl3); IR (neat)νmax 2920, 2850, 1695, 1460, 1380, 1260, 1080 cm-1;
UV (hexane)λmax (log ε) 293 (3.79) nm;1H NMR (CDCl3, 500 MHz)
see Table 1;13C NMR (CDCl3, 125 MHz) see Table 2; CD∆ε238 +19.3,
∆ε258 -2.01,∆ε285 + 2.06,∆ε307 -3.37 (hexane,c 0.001); EIMSm/z
631 (24), 428 (100), 203 (32), 165 (57); FABMS (positive)m/z 1285
[M + H]+ (8), 857 (100), 165 (62).

Ferotocotrimer C (5): pale yellow oil; [R]D
25 -4.2 (c 1.0, CHCl3);

IR (neat)νmax 2920, 2850, 1695, 1460, 1380, 1260, 1100 cm-1; UV
(hexane)λmax (log ε) 290 (3.83) nm;1H NMR (CDCl3, 500 MHz) see
Table 1;13C NMR (CDCl3, 125 MHz) see Table 2; CD∆ε240 -16.8,
∆ε262 +0.78,∆ε292 -0.43,∆ε323 +2.90 (hexane,c 0.001); EIMSm/z
690 (36), 428 (100), 416 (16), 203 (24), 165 (45); FABMS (positive)
m/z 1271 [M + H]+ (14), 1046 (2), 855 (7), 844 (69), 826 (100), 428
(32); HRFABMS m/z 1272.0829 [M+ H]+ (calcd for C86H143O6;
1272.0885),m/z 1271.0897 (calcd for C86H142O6, 1271.0806).

Ferotocotrimer D (6): pale yellow oil; [R]D
25 +11.4 (c 0.8, CHCl3);

IR (neat)νmax cm-1 2920, 2850, 1690, 1460, 1373, 1250, 1100. UV

(hexane)λmax (log ε) 292 (3.78) nm;1H NMR (CDCl3, 500 MHz) Table
1; 13C NMR (CDCl3, 125 MHz) Table 2; CD∆ε239 +12.5,∆ε262 -1.55,
∆ε291 +1.40,∆ε320 -3.56 (hexane,c 0.001); EIMSm/z 444 (25), 428
(100), 410 (36), 165 (63); FABMS (positive)m/z 1271 [M + H]+ (4),
826 (11), 824 (3), 428 (10); HRFABMSm/z 1272.0820 [M+ H]+

(calcd for C86H143O6, 1272.0884),m/z 1271.0885 [M]+ (calcd for
C86H142O6, 1271.0806).

Brine Shrimp Lethality Bioassay. The toxic effect of compounds
1-6 was evaluated by the brine shrimp lethality test. Compounds were
dissolved in DMSO, and five doses of each compound, 62.5, 125, 250,
500, and 1000µg/mL, respectively, were used in 5 mL of seawater
containing 10 brine shrimp in each group. The number of survivors
was counted after 24 h, and the LC50 was determined by probit analysis
described by Meyer.19 The experiments were carried out in quadrupli-
cate, and mean LD50 values were calculated. Pure compounds with LD50

values> 200 µg/mL were considered inactive.20
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