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AbstractÐEster compounds consisting of ferulic acid and myo-inositol, obtained from rice bran, were synthesized. The inhibitory
e�ects of these feruloyl-myo-inositols on 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced superoxide (O2

ÿ) generation were
examined using di�erentiated HL-60 cells. Among the derivatives tested, only 3,4,5,6-tetra-O-acetyl-1,2-di-O-[3-(40-acetoxy-30-
methoxyphenyl)-2-propenoyl]-myo-inositol (3) showed a distinct inhibitory activity.# 2000 Elsevier Science Ltd. All rights reserved.

We have recently developed a method for the mass pro-
duction of ferulic acid from the oily component of rice
bran.1 Due to the phenolic hydroxy group and an exten-
ded side chain conjugation of ferulic acid, it readily forms
a resonance stabilized phenoxy radical which acounts for
its antioxidant potential.2 Moreover, the potential
health promotion and disease preventive e�ects of feru-
lic acid have been demonstrated in many animal models
and in vitro assays.3 The ferulic acid derivative of
EGMP, in which the geranyl group is attached to the
phenolic hydroxyl group of ethyl ferulate, notably
showed a suppressive e�ect on the formation of colonic
tumor marker in rats.4 On the other hand, myo-inositol,
also occurring in rice bran, binds to phosphoric acid to
produce inositol 1,4,5-triphosphate and inositol hexa-
phosphate (IP6), the latter of which has shown notable
anti-cancer action in a variety of experimental tumor
models.5 Thus, we expected that feruloyl-myo-inositols,
consisting of ferulic acid and inositol moieties, would
have signi®cant biological activities, including anti-oxi-
dation and anti-carcinogenesis.

In the present study, we synthesized seven novel feruloyl-
myo-inositols and evaluated their inhibitory e�ects on
generation of the tumor promoter 12-O-tetradecanoyl-

phorbol-13-acetate (TPA)-induced superoxide (O2
ÿ) in

di�erentiated HL-60 cells, which contain the NADPH
oxidase system generating O2

ÿ and have been used as a
cellular system to search for anti-tumor promoters.6

3,4,5,6-Tetra-O-acetyl-myo-inositol (1) was prepared in
three steps from myo-inositol.7,8 Ferulic acid was con-
verted into 3-(40-acetoxy-30-methoxyphenyl)-2-propenoyl
chloride (2) by two step synthesis. The reaction of the
acetyl-myo-inositol 1 with the acid chloride 2 was car-
ried out in the presence of a mixture of triethylamine
and 4-dimethylaminopyridine (DMAP) in dichloro-
methane. When the substrate molar ratio of 2 to 1 was
2.4, the reaction gave a mixture of 3,4,5,6-tetra-O-acetyl-
1,2-di-O-[3-(40-acetoxy-30-methoxyphenyl)-2-propenoyl]-
myo-inositol (3)9 and 3,4,5,6-tetra-O-acetyl-1-O-[3-(40-
acetoxy-30 -methoxyphenyl)-2-propenoyl]-myo-inositol
(4)10 in 33 and 31% yields respectively. When the molar
ratio of 2 to 1 was 4, the reaction a�orded the product 3
in 79% yield. When a mixture of pyridine and DMAP
was used as the reaction catalyst, only the product 4 was
selectively obtained in 82% yield. Under these condi-
tions, the hydroxyl group in the 2-position of myo-inosi-
tol did not react. These results are consistent with the fact
that the hydroxyl group on the 2-position ofmyo-inositol
has poor reactivity due to an axial bond.11

The compound 3 has a total of six acetyl esters (four on
the cyclohexane ring and two on the benzene ring) and two

0960-894X/00/$ - see front matter # 2000 Elsevier Science Ltd. All rights reserved.
PI I : S0960-894X(00 )00252-3

Bioorganic & Medicinal Chemistry Letters 10 (2000) 1439±1442

*Corresponding author. Tel.: +81-73-477-1271; fax: +81-73-477-
2880; e-mail: taniguti@wakayama-kg.go.jp



feruloyl esters. We investigated the hydrolysis conditions
of the compound 3, which cleaved only acetyl esters and
left feruloyl esters. Hydrazine treatment of 3 in methanol
yielded only the compound 1,2-di-O-[3-(40-hydroxy-30-
methoxyphenyl)-2-propenoyl]-myo-inositol (5)12 in 86%
yield. Recrystallization of 5 from ethanol±chloroform
gave pale yellow needles.

The reaction of 1,2:4,5-di-O-cyclohexylidene-myo-inosi-
tol (6)7 with the acid chloride 2 in the presence of a mix-
ture of triethylamine and DMAP in dichloromethane
gave 1,2:4,5-di-O-cyclohexylidene-3,6-di-O-[3-(40-acetoxy-
30 -methoxyphenyl)-2-propenoyl] -myo - inositol (7)13 in
74% yield. The compound 7 was deacetylated by the use
of hydrazine to produce 1,2:4,5-di-O-cyclo-hexylidene-3,6-
di-O-[3-(40-hydoxy-30-methoxyphenyl)-2-propenoyl]- myo-
inositol (8) in 98% yield. The compound 7 was heated at
100±110 �C for 2 h in 80% aq acetic acid to produce 3,6-
di-O-[3-(40-acetoxy-30-methoxyphenyl)-2-propenoyl]- myo-
inositol (9) in 75% yield. The compound 8 was treated
with 80% aq acetic acid at 100±110 �C for 1 h to a�ord 3,6
-di-O-[3-(40-hydroxy-30-methoxyphenyl)-2-pro-penoyl] -
myo-inositol (10)14 in 89% yield.

Inhibitory Test of TPA-Induced O2
ÿ Generation in

Di�erentiated HL-60 Cells 15

We examined the inhibitory activity of seven com-
pounds, 3, 4, 5, 7, 8, 9 and 10, toward TPA-induced O2

ÿ

generation in human promyelocytic leukemia HL-60 cells.
For comparison, we also examined the inhibitory activity
of ferulic acid (11) and its derivatives (12±14).1 By treating
theHL-60 cells with 1.25% (v/v) ofDMSO for 6 days, they
were di�erentiated into granulocytes generating O2

ÿ, when

stimulated with TPA.6 The O2
ÿ generation was detected

by measuring the visible absorption at 550 nm due to
the reduced form of cytochrome c.16 As shown in Figure
1, only compound 3 at a concentration of 100 mM
inhibited cytochrome c reduction by 100%, while 5 was
much less active. The potent suppressive activity by 3 of
O2
ÿ-induced the cytochrome c reduction is attributable to

suppression and/or inhibition of the NADPH oxidase
system which localizes in di�erentiated HL-60 cells and is
responsible for O2

ÿ generation because: (1) compounds 3
showed no signi®cant O2

ÿ scavenging activity up to a
concentration of 500 mM in the xanthine/xanthine
oxidase system generating O2

ÿ (data not shown); (2)
reaction of 3 with cytochrome c can be neglected since
we performed a negative control experiment in which 3
and cytochrome c, without TPA, were incubated to
estimated cytochrome c reduction, and found no inter-
actions between them in the present experimental condi-
tions; and (3) we wash out the extracellular test
compounds including 3 before adding TPA. The struc-
tural di�erence of 3 from 5 is the presence of six acetoxyl
groups in 3, i.e., there is no acetoxyl group in 5. Their
contrasting activities may be due to their di�erences in
molecular hydrophorbicity. Similarly, three compounds,
8, 9 and 10, bearing hydroxyl groups at the ferulic and/
or inositol moiety(ies), were weak inhibitors (Fig. 1). It
is interesting, however, that the derivative 7, possessing
no hydroxyl group and recognized as being relatively
hydrophorbic, had little activity. The ferulic acid deri-
vative (12) and methyl ferulate (13) showed no activity,
and both ferulic acid (11) and ethyl ferulate (14) exhib-
ited a very low activity (Fig. 1). Therefore, it is impor-
tant that ferulic acid binds to myo-inositol to obtain
such feruloyl-myo-inositol as the compound 3.

In conclusion, we synthesized seven novel feruloyl-myo-
inositol derivatives and examined their structure±activity

Scheme 1. Reagents and conditions: (a) Et3N, DMAP, CH2Cl2, rt; (b) NH2NH2
�H2O, MeOH, rt; (c) Py, DMAP, CH2Cl2, rt.
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relationships in the suppression of O2
ÿ generation. The

derivative 3 may warrant further evaluation in other
biological assay systems with respect to its anti-oxida-
tion and anti-carcinogenesis activities. Further chemical
synthesis, directed to the location and number of fer-
uloyl moiety(ies) in the inositol structure, is now in
progress.
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� �
� 100�%�

Cell viability was detemined by a Trypan Blue dye exclusion
test. Each experiment wsa done independently in duplicate
twice, and the data are shown as mean standard deviation
(SD) values.
16. Markert, M.; Andrews, P. C.; Babior, B. M. Method
Enzymol. 1984, 105, 358.
17. Murakami, A.; Kuki, W.; Takahashi, Y.; Yonei, H.;
Nakamura, Y.; Ohto, Y.; Ohigashi, H.; Koshimizu, K. Jpn.
Cancer Res. 1997, 88, 443.

1442 A. Hosoda et al. / Bioorg. Med. Chem. Lett. 10 (2000) 1439±1442


