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Abstract—Hesperetin ester and ether derivatives possessing a long alkyl chain were synthesized for examining their hypocholestero-
lemic activities in high cholesterol-fed mice. Hesperetin 7-O-lauryl ether (4b) and hesperetin 7-0-oleyl ether (4e) exhibited strong

cholesterol-lowering effects.
© 2003 Elsevier Ltd. All rights reserved.

Flavonoids represent an important class of natural pro-
ducts found in fruits, vegetables, tea, and wine. The
daily human intake of flavonoids was estimated to be
about 2-3 g/day with a high dietary intake of herbs.!
Flavonoids have shown a broad range of biological
activities, including antiallergic,> antibacterial,® anti-
inflammatory,* antimutagenic,> antioxidant,® and anti-
cancer’ effects. In the course of screening several flavo-
noids for the development of a hypocholesterolemic
agent, hesperetin (1), aglycon of hesperidin, was found
to show a significant cholesterol-lowering ability in
cholesterol fed mice.® Our efforts toward the develop-
ment of a potent hypocholesterolemic agent have
focused on examining structure—activity relationship.
We envisioned that introduction of a lipophilic group
into hesperetin (1) may lead to a chance for exploring a
new compound with increased activities. Herein, we
describe the synthesis and biological evaluation of
hesperetin derivatives possessing a long alkyl chain
linked to the 7-hydroxyl position of hesperetin.

Ester or ether derivatives of hesperetin differing in
length of the lipophilic chain connected to the 7-
hydroxyl position of hesperetin (1) were synthesized.
Ester derivatives were prepared by acylation of hesperetin
with appropriate acid chlorides in the presence of tri-
ethylamine as shown in Scheme 1. Hesperetin 7-O-ester
derivatives 2 were obtained as major products together
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with hesperetin 3’-O-ester compounds 3 as minors. On
the other hand, ether derivatives of hesperetin were pre-
pared by alkylation with alkyl bromide in NV,N-dimethyl-
formamide utilizing sodium carbonate as a base.
Hesperetin 7-O-ether compounds 4 were yielded pre-
dominantly. The alkyl halides were formed by mesyla-
tion of the corresponding alcohol with methanesulfonyl
chloride, followed by replacement of the mesyl group
with sodium bromide.’

Several analogues of hesperetin were prepared for
studying the relationship between the structure and the
hypocholesterolemic activity, particularly the impor-
tance of the length of the lipophilic chain linked to the
7-hydroxy position of hesperetin. The synthesized com-
pounds were tested for their cholesterol lowering activ-
ities in high cholesterol-fed C59BL/6J mice. The plasma
total cholesterol levels were measured after feeding a
high cholesterol diet supplemented with 0.05% (wt/wt
in diet) of the test compounds for 10 days (Table 1).1°
All synthesized compounds except 2a and 4a, showed
the increased cholesterol-lowering effects in comparison
with hesperetin (1). The introduction of a lipophilic
chain at the 7-hydroxyl position of hesperetin strongly
affected the cholesterol lowering activity, and C-12 was
the best length for the activity. The hesperetin deriva-
tives possessing a short alkyl chain, 2a and 4a, showed a
weak activity as compared to those possessing a long
alkyl chain. In general, ether derivatives 4 of hesperetin
(1) showed more potent activities than ester derivatives
2. Interestingly, it was found that the presence of unsa-
turation in a lipophilic chain enhanced significantly the
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Scheme 1. Reagents and reaction conditions: (i) R{COCI, Et;N, 0°C; (ii)) R,Br, Na,CO;, DMF.

Table 1. Effects of hesperetin derivatives on plasma total cholesterols
in high cholesterol-fed mice

Group N Body weight (g)* Total cholesterol (mg/dl)®
0 day 10 day 0 day 10 day
Control 10 24.8+1.7 249+1.5 98+10 223429
1 6 254+1.5 256423 103+7 216+13
2a 6 234+0.6 23.7+0.5 96+ 11 220+10
2b 6 224+24 224+34 95+4 192+15
2c 6 21.7+1.5 234+1.2 97+11 209+11
2d 6 223+03 237+1.2 95+6 214+14
2e 6 223+0.3 238+0.6 96+7 196+10
4a 6 219+1.0 225429 102+5 218+15
4b 6 220+2.1 224+2.6 95+5 189+16
4c 6 225+0.7 23.0+1.5 93+8 202+15
4d 6 23.1+1.0 244+1.0 101+4 208+20
4e 6 234+0.6 23.7+0.5 96+11 192+18

2All values are expressed as mean=+SD.
®Mean+SD; all values are significantly different (p <0.05) from con-
trol group.

activity as shown in compounds 2e and 4e (2d vs 2e, 4d
vs 4¢). Among the tested compounds, hesperetin 7-O-
ether analogues having lauryl and oleyl moieties (4b'!
and 4e!?) exhibited strong cholesterol-lowering activ-
ities.

In conclusion, hesperetin 7-O-ester and hesperetin 7-O-
ether derivatives possessing a long alkyl chain were
synthesized and their hypocholesterolemic activities
were evaluated. The lipophilic group linked at the 7-
hydroxyl group of hesperetin influenced the activities
and the length of C-12 showed the most potent activ-
ities. Further detailed evaluations of hesperetin 7-O-
lauryl ether (4b) and hesperetin 7-O-oleyl ether (4e)
showing strong hypocholesterolemic activities are in
progress.
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J=2.0 Hz, 1H), 6.93 (dd, /=8.4, 2.0 Hz, 1H), 6.88 (d, /=8.0
Hz, 1H), 6.05 (d, /=2.0 Hz, 1H), 6.03 (d, /=2.8 Hz, 1H), 5.32
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146.1, 131.8, 118.4, 112.9, 110.8, 103.2, 95.8, 94.8, 79.1, 68.8, 1.98 (m, 3H), 1.72 (m, 2H), 1.27 (m, 23H), 0.86 (t, J=6.8 Hz,
56.3, 43.4, 32.1, 29.9, 29.8, 29.7, 29.6, 29.5, 29.4, 29.1, 26.1, 3H); '3C NMR (100 MHz, CDCl5) § 195.8, 167.6, 164.0, 162.8,
229, 14.4. 147.0, 145.9, 131.6, 130.0, 129.8, 118.1, 112.6, 110.6, 103.0,
12. 4e: '"H NMR (400 MHz, CDCl5) & 12.00 (s, 1H), 7.02 (d, 95.5, 94.6, 78.9, 68.5, 56.0, 43.2, 31.9, 29.8, 29.7, 29.6, 29.5,
J=2.0 Hz, 1H), 6.91 (dd, J=8.3, 2.0 Hz, 1H), 6.89 (d, J=8.3 29.4,29.3,29.2, 29.1, 28.8, 27.2, 27.1, 25.8, 22.6, 14.1.
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