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A solution of DIBAL-Cl in diethyl ether was prepared
by the reaction of DIBAL-H with a stoichiometric amount
of HCl in diethly ether at 0°.
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Anthraquinone pigments have been isolated from the var-
ious marine natural sources and extensively studied by the
several groups.! Crinoids, in contrast with the familar starfi-
shes and sea urchins, are perhaps the little known and have
been described from a restricted geographical area, the Indo-
Pacific including the coast of Thailand.? Interests in crinoids
chemistry are of the molecular structures and also spectacu-
larly colorful appearance of the pigments. We have studied
on the biologically active marine natural products.®> We wish
to report two new anthraquinone derivatives along with a
known compound. One is the known rhodoptilometrin 1
(3-(1'-hydroxypropyl)-1,6,8-trihydroxy-9,10-anthraquinone).
The remaining two had not previously been isolated from
a naturat source : 1,8-Dihydroxy-3-propyl-9,10-anthraquinone-
6-O-sulfate 2 and 1,8-dihydroxy-3-(1"-hydroxypropyl)-9,10-an-
thraquinone-6-O-sulfate 3. Specimens of Plilomelra were col-
lected subtidally and intertidally in the Eastern coast of the
Gulf of Thailand. The pooled Ptilometra were homogenized,
extracted with methanol, and concentrated to give a sticky
syrup (10 g). The residues were partitioned into methylene
chloride and water. The methylene chloride extracts were
concentrated and chromategraphed on silica gel (200-400 ym,
Merck, 4 emX50 c¢m) with a mixture of ethylacetate and n-
hexane (2:1). The active fractions were concentrated, and
the residue (1.2 g) was further chromatographed on sephadex
(LH-20) with methanol to give rhodoptilometrin (1, 10 mg,
0.2% from methanol ext.) and a mixture of 2 and 3, which
were seperated by a high pressure liquid chromatography
(Cie, MeOH: H,0=1:1, 2:20 mg, 0.2%, 3: 100 mg, 1.0%):
1; the specific rotation rerative to the sodium D line at 20
T, [alp —8° (¢=05, MeOH), values of the wavelength at
the maximun molar absorptivity, electron impact mass
spectrometry, MS, m/z 314 M* (C;;HuOp), UV A (&)
MeOH (nm), 224 (12,000), 258 (8,000), 432 (5000), IR Vs,
KBr (em™"), 3345 (OH), 1598 (C=0), 1385, 1269 (Me); 2,
Ci7H30sS1Na;, ion spray mass spectrometry (negative), MS,
m/z 3769 M~, 2969 [M-SO;1", UV A, (g), MeOH (nm),
224 (13,000), 258 (8,000), 432 (6,000), IR Vs, KBr (cm~"),
3402 (OH), 1610 (C=0), 1395 (Me), 1095, 1058 (-SOs-), 3,
[U-:ID —14° (=02, MEOH), Ci7H120s8 Na,, ion Spray mass
spectrometry (negative), MS, m/z 3930 M-, 3129 [M-SO;]-,
UV Anx (€), MeOH (nm), 224 (13,000), 258 (8,000), 432 (6,000),
IR Ve, KBr (em™Y), 3350 (OH), 1624 (C=0), 1281 (Me),
1049 (-SOs-). The data of 'H nuclear magnetic resonance
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Table 1. The Data of 'H NMR and HMBC for Rhodoptilometrins 1, 2, and 3

Exp. 'H NMR (500 MHz, CD,OD, &) HMBC (/=6 Hz)

Hno 1 2 3 1 2 3
2 720 (1H, s) 707 (1H, s) 728 (1H, s) C4, 1 C4, 1’ CL4Y
4 7.76 (1H, s} 760 (1H, s) 797 (AH, ) C2 10 1 C-2, 10, 1’ C-2 10, v
5 7.09 (1H, s) 761 (1H, d, 3.5 766 (1H, brs) C-10 C6, 10 C6 7 10
7 635 (1H, d, 34) 7.20 (1H, d, 3.5) 7.21 (1H, brs) C5 C-6, 8, 8a C5, 6, 8
1 460 (1H, m) 267 (2H, m) 464 (1H, m} C2 4 C2.3 42,3 €242, %
4 1.73 (2H, m) 173 (2H, m) 176 (2H, m) C3 3 C3 3 C3
3 0.34(3H, t, 12.5) 098(3H, t, 12.5) 096 (3H, t, 125) c-1, 2 c1, 2.3 c.a, 2

ror
CH-CH,-CHg

1:R=0H, X=H, Rhodoptilometrin

2: R=H, X=SOyNa, 1.8-Dihydroxy-3-propyl-2,10-anthraquinone
-6-0-sodivm sulfate

3: R=0H, X=SQyNaz, 1,8-Dihydroxy-3-(1"-hydroxypropyl}
-9,10-anthraquinone-6-O-sodium sulfate

Figure 1. The Structures of Compound 1, 2, and 3.

(H NMR) and Heteronuclear Multiple Bond Coherence
(HMBC) are shown in Table 1. The C nuclear magnetic
resonance (C NMR) are as follows: “C NMR, 125 MHz,
8, CDOD, 1: C; (163.7), C; (1224), C; (156.1), C, (1166).
Cu (135.3), Cs (1136), Cs (160.2), C; (109.7), Cs (167.5), Cq,
1139), G (192.0), Gy (1184), Cy (184.3), Ciee (1369), Cy
(75.5), Cz (326), Cy (10.3), 2: C,; (164.1), C, (124.9), C; (154.6),
Cy (121.2). C, (1347, G (113.1), Cs (1611), C; (115.2), Cs
(165.9), Ca (113.8), Co (192.3), Cy (115.1), Cyo (182.8), Cioe
(136.4), Cy (39.2), Cy (32.6), Cx {(13.9), 3: C, (164.1), C, (122.6),
Cs (1582), C, (116.2). Cp (135.2), s (U13.7), Cs (1616), C;
(115.2), G4 (165.8), Cy, (113.9), G (193.0), Csu (119.0), Cy0 (182.9),
Cl[h (136.7)’ Cl' (75-7)v C?' (32—9). CJ' (10.5).

Comparison of the 'H NMR, *C NMR, low resolution mass
spectra, ultraviolet spectra, and infrared spectra of 1, 2, and
3 with published data*~® establishes that 2 and 3 are new
compounds which have not yet isolated. Direct comparison
of the 'H NMR, *C NMR, Heteronuclear Multiple Quantum
Coherence (HMQC), HMBC, and mass spectra of 2 and 3
with those of the known rhodoptilometrin' reveals a remark-
able correspondance except for the sulfate moiety at C-6
position. Hydrolysis of 3 with 2 N hydrochloric acid gave
rhodoptilometrin 1. This result demonstrates that the com-
pound 3 contains 1 and sulfate moieties.

Judging from the data of ES-MS (negative) m/z 393 M~
and IR (-S0;- : 1095, 1058 cm™1),* the compound 3 is consid-
ered to contain a sulfate (-SO,-} moiety and the suifate

moiety is attached to C-6 position due to the downfield shift
in 'H NMR 5, CD,OD, Cs-H: 7.66, C-H: 7.21, ¢f 1: Cs-H:
709, C-H: 6.35).

In order to determine the metal of the sulfate anion coun-
ter, atomic analysis of 3 was performed: Scanning Electron
Microscopy-Energy Dispersive X-ray Spectroscopy (SEM-
EDX) analysis shows that 3 contains sulfur and sodium atom.
thus the structure of 3 was assigned to be 1,8-dihydroxy-3-
(Y'-hydroxypropyl)-9,10-anthraquinone-6-Q-sodium sulfate as
shown in Figure 1.

The structure of 2 was readily determined by comparison
of its spectral data with those from 1 and 3 according to
the similar way to elucidate the structure of 3.

The compound 3 shows effect of growth inhibition (50%
at 30 pg/mL) against A-545, Sk-OV.3, SK-MEL-2, XF-498,
HCT-15 human cancer cells. Further bioactivities are being
tested.
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Protoporphyrinogen oxidase (EC 1.3.3.4), the last common
enzyme in the biosynthesis of heme and chlorophyll*? cata-
lyzes the conversion of protoporphyrinogen IX into protopor-
phyrin IX by six-electron oxidation. It has generally been
accepted that protoporphyrinogen oxidase is the primary tar-
get of diphenyl ether herbicides such as oxyfluorfen and
acifluorfen. Protoporphyrinogen oxidase is known to be local-
ized in the plastid envelope.® Paradoxically, # vive, the inhi-
bition of protoporphyrinogen oxidase by diphenyl ether her-
bicides leads to massive accumulation of protoporphyrin IX,
the product of enzymatic reaction rather than the substrate.*®
It has been demonstrated that phytotoxic herbicidal effect
of diphenyl ether herbicides is due to the abnomal accumu-
lation of protoporphyrin IX which is known as a strong pho-
tosensitizer in the presence of light and and molecular oxy-
gen, generating singlet oxygen. Singlet oxygen triggers pho-
todynamic membrane lipid peroxidation and ultimate cellular
death® However, the mechanism by which protoporphyrino-
gen IX is converted to protoporphyrin IX 2 vivo is not clear.
Two feasible explanations for the massive accumulation of
protoporphyrin IX upon the herbicide inhibition of protopor-
phyrinogen oxidase have been be suggested: First, 2 non-
enzymatic autooxidation of the protoporphyrinogen IX to
protoporphyrin IX has been assumed since the protoporphy-
rinogen IX can readily be oxidized under certain conditions.®
Second, an enzymatic oxidation of protoporphyrinogen IX by
a herbicide-resistant plasma membrane associated perox-
idase-like activity has recently been proposed.? In both cases,
the substrate of protoporphyrinogen oxidase should be
exported from the plastid to the plasma membrane and ra-
pidly oxidized to protoporphyrin IX in the membrane.

In an effort to examine the role of non-enzymatic autooxi-
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Figure 1. Effect of oxyfluorfen on the protoporphyrinogen oxi-
dase activity of barley etiochloroplasts measured under initial
velocity conditions. Reaction mixture consisted of 100 mM HE-
PES (pH 75). 5 mM EDTA, 1% Tween-20, and 2 mM DTT
in 3 mL. The reaction was started by adding 300 ul of 200
uM substrate and 120 ul of etiochloroplast (0.62 mg/mL of pro-
tein). Fluorescence intensity was monitored using spectrofluoro-
meter at 626 nm with excitation at 395 nm.

dation for the accumulation of protoporphyrin IX in dipheny!
ether-treated plants, we investigated the oxyfluorfen inhibi-
tion of protoporphyrinogen oxidase in barley etiochloroplasts,
and effects of ionic strength and ethyl alcohol on the non-
enzymatic oxidation rate of protoporphyrinogen IX. Barley
etiochloroplasts were obtained according to the methods of
Lee ef al.? and briefly passed through Biogel P-30 gel filtra-
tion column to remove salts and used for the assay without
further purification. The substrate, protoporphyrinogen IX,
was prepared by the reduction of protoporphyrin IX with
sodium amalgam’ and stored in liquid nitrogen under dark
condition, Protoporphyrinogen oxidase was assayed following
the procedure of Sherman ef al.*

Figure 1 shows the oxyfluorfen inhibition of protoporphy-
rinogen oxidase of barley etiochloroplasts. As consistent with
previous results of others?5® the inhibition by oxyfluorfen
was remarkable and Is, was about 0.5 uM. This clearly sup-
ports the idea that the inhibition of protoporphyrinogen oxi-
dase by oxyfluorfen would cause the accumulation of proto-
porphyrinogen IX molecules, which diffuse out of their site
of biosynthesis until they reach to plasma membrane. Once
protoporphyrinogen IX molecules arrive at the plasma mem-
brane, they would be oxidized by enzymatic and/or non-en-
zymatic reaction.’ In order to address the importance of non-
enzymatic oxidation of protoporphyrinogen IX, we examined
whether hydrophobic environment, simulated by addition of
ethyl alcohol and lowering ionic strength, has any effects
on the non-enzymatic oxidation rate of protoporphyrinogen
IX. As seen in Figure 2 and 3, non-enzymatic oxidation rates
of protoporphyrinogen IX were highly dependent on concen-
trations of ethyl alcohol and ionic strength of reaction mix-



