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Abstract

Methyl di- and tri-O-caffeoylquinates were synthesized by esterification of methyl quinate with di-O-acetylcaffeoyl
chloride, following deprotection of the acetyl groups. Moreover, 4,5-di-O-caffeoylquinic acid was synthesized by
esterification of quinide with di-O-acetylcaffeoyl chloride, followed by a hydrolysis of product quinide. These syn-
thetic compounds were tested for their hepatoprotective activity on D-galactosamine (D-GalN)/tumor necrosis factor-
a (TNF- a )-induced cell death in primary cultured mouse hepatocytes, which possessed significant hepatoprotective
activity concentration-dependently. The activity was enhanced by the presence of caffeoyl group. On the other hand,
they showed only weak antiproliferative activities against murine colon 26-L5 carcinoma, human HT-1080
fibrosarcoma, murine B16-BL6 melanoma, and human lung carcinoma A-549 cells.

Key words caffeoylquinic acids, synthesis, hepatoprotective activity, antiproliferative activity, murine colon 26-L5
carcinoma. '

Abbreviations DCC, N,N’-dicyclohexylcarbodiimide; D-GalN, D-galactosamine; DMAP, 4-dimethylaminopyridine;
DPPH, 1,1-diphenyl-2-picrylhydrazyl; FAB-MS, first atom bombardment mass spectrometry; 5-FU, 5-fluorouracil; HR-
FAB-MS, high-resolution first atom bombardment mass spectrometry; HIV-1, human immunodeficiency virus type-1;
ICs0, inhibition concentration-fifty; IR, infrared; LPS, lipopolisaccalide; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-dimethyltet-
razolium; NMR, nuclear magnetic resonance; p-TsOH, para-toluenesulfonic acid; TLC, thin layer chromatography; TMS,

tetramethylsilane; TNF- a, tumor necrosis factor- @ ; XOD, xanthine oxidase.

Introduction

Caffeoylquinic acids are widely distributed!-®) and
reported to have various biological activities, such as in-
hibition of human immunodeficiency virus type-1 (HIV-
1) protease,” antioxidation,® antiinflammation,? and
antispasmodic activity.!® Previously, we reported on
four di-O-caffeoylquinic acids [3,4- and 3,5-di-O-caffeoyl-
quinic acids and methyl 3,4- and 4,5-di-O-caffeoylquinates
(2 and 4, respectively)] from Brazilian propolis,!D which
is a sticky plant substance collected by bees!? and exten-
sively used in food and beverages to improve health and
prevent diseases such as inflammation, heart diseases,
diabetes, and even cancer.!® The isolated di-O-caffeoyl-
quinic acids possessed strong scavenging activity towards

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and free-
radical produced by the xanthine-xanthine oxidase
(XOD) systems!D and protective activity on CCls-
induced cell death in primary cultured rat hepatocytes.!4)
Furthermore, thirteen quinic acid derivatives were iso-
lated from the flower buds of Lonicera bournei HemsL.
and showed hepatoprotective activities against hepatocyte
death induced by p-galactosamine (p-GalN)/tumor ne-
crosis factor-a (TNF-a).15 These activities were interest-
ing, but the meager amounts obtained led us to resign
from further examination on biological activity. Thus,
we tried to synthesize caffeoylquinates, to provide
enough of an amount to examine further biological ac-
tivities. In this paper, we report on the synthesis of
caffeoylquinic acid derivatives and their hepatoprotective
effect on p-GalN/TNF-a-induced cell death in primary
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cultured mouse hepatocytes. Moreover, the antiprolifera-
tive activity of all these compounds were also tested to-
ward highly liver-metastatic murine colon 26-L5
carcinoma,!®) human HT-1080 fibrosarcoma,!” murine
B16-BL6 melanoma,!® and human lung carcinoma A-
549 cells.!?

Materials and Methods

General : Optical rotations were measured on a
JASCO DIP-140 digital polarometer at 22 “C. IR spectra
were obtained on a Shimadzu IR-408 spectrophotometer.
FAB-MS and high-resolution FAB-MS (HR-FAB-MS)
data were obtained by a JEOL JMS-700T spectrometer.
'H- and '3C-NMR spectra were taken on a JEOL JNM-
LA400 spectrometer with tetramethylsilane (TMS) as an
internal standard; chemical shifts are recorded in 0 val-
ues. Column chromatography was performed by using
Wakogel C-200 silica gel. TLC was carried out on
precoated Merck silica gel F2ss plates (0.25 or 0.5 mm)
or RP-18 F2s4 reversed-phase plates (0.25 mm).

General procedure for synthesis of methyl bis- and
tris-O-(di-O-acetylcaffeoyl)quinates la-4a (Table I, run
5) : To a stirred suspension of 3,4-di-O-acetylcaffeic acid
(365 mg, 1.38 mmol) in toluene (20 ml), oxalyl chloride
(582 11, 6.90 mmol) was added, and the mixture was
stirred at room temperature under Ar atmosphere for 24
h. After removal of the solvent at reduced pressure, the
3,4-di-O-acetylcaffeic acid chloride (7) was dissolved in
benzene (20 ml) and added to a suspension of methyl
quinate (113 mg, 0.46 mmol) in benzene (10 ml). Pyridine
(111 w1, 1.38 mmol) was added dropwise, and the mix-
ture was refluxed for 1 h under Ar atmosphere with a
Dean-Stark apparatus. Then this was poured into 1n HCI,
and the product was extracted with AcOEt. The AcOEt
layer was washed with H2O, dried over Na2SO4, and
evaporated. The crude product was subjected to silica gel
column chromatography using CHCl3-MeOH (98:2) to
give five fractions. Fraction 3 (337 mg) was subjected to
preparative TLC with CHCI3-MeOH (97:3) to give methyl
3,4,5-tris-O- (di-O-acetylcaffeoyl) quinate (1a) (75.0mg,
15.9%), methyl 3,4-bis-O- (di-O-acetylcaffeoyl) quinate
(2a) (68.2 mg, 19.5%) and methyl 3,5-bis-O-(di-O-acetyl-
caffeoyl) quinate (3a) (38.9 mg, 11.1%), while prepara-
tive TLC of fraction 4 (94.5 mg) with CHCI3-MeOH
(95:5) gave methyl 4,5-bis-O- (3,4-di-O-acetylcaffeoyl)

quinate (4a) (35.0 mg, 10.0%).

Methyl 3,4,5-Tris-O- (di-O-acetylcaffeoyl) quinate
(1a): Colorless powder, [@]p-174.4° (c = 1.02, MeOH).
IR ¥ max (CHCI3) cm!l: 3500, 1770, 1720, 1640, 1505,
1430, 1375. FAB-MS m/z: 967 [M+Na]*. HR-FAB-
MS m/z: 967.2255 [M+Na]* (caled for C47H44021Na:
967.2273). 'TH-NMR (CDCl3) 6: 7.68 (1H, d, J = 15.9
Hz), 7.58 (2H, d, J = 15.9 Hz), 7.45-7.10 (9H, m), 6.46
(1H, d, J = 159 Hz), 6.31 (1H, d, J = 15.9 Hz), 6.30 (1H,
d, J = 15.9 Hz), 5.78(1H, dt, J = 9.9, 4.3 Hz), 5.69 (1H,
dt, J = 3.6, 3.4 Hz), 5.32 (1H, dd, J = 9.9, 3.4 Hz), 3.81
(3H, s), 2.31 (3H, s), 2.30 (3H, s), 2.29 (3H, s), 2.28 (3H,
s), 2.26 (3H, s), 2.26(3H, s), 2.47-2.13 (4H, m). 13C-
NMR (CDCI3) &: 174.70 (s), 167.98 (s), 167.94 (s),
167.86 (s), 167.78 (s), 165.65 (s), 165.37 (s), 144.10 (d),
143.81 (d), 143.73 (d), 143.69 (s), 143.67 (s), 142.45 (s),
142.44 (s), 142.40 (s), 126.76 (d), 126.68 (d), 126.54 (d),
123.91 (d), 122.95 (d), 122.82 (d), 122.77 (d), 118.91
(d), 118.59 (d), 118.25 (d), 74.05 (s), 72.19 (d), 69.08
(d), 67.54 (d), 53.34 (q), 39.05 (v), 35.88 (1), 20.64 (q),
20.62 (q), 20.57 (q), 20.54 (q).

Methyl 3,4-Bis-0O- (di-O-acetylcaffeoyl) quinate (2a):
Colorless powder, [a]p-122.7° (¢ = 0.14, MeOH). IR
Ymax (CHCl3) cm!: 3500, 1770, 1715, 1640, 1505, 1430,
1375. FAB-MS m/z: 721 [M+Na]*. HR-FAB-MS m/z:
721.1741 [M+Na}* (calcd for C3sH34016Na: 721.1745).
ITH-NMR (CDCI3) J: 7.64 (1H, d, J = 15.9 Hz), 7.57
(1H, d, J = 15.9 Hz), 7.38-7.31 (4H, m), 7.19 (2H, d, J
= 8.2 Hz), 6.42 (1H, d, J = 15.9 Hz), 6.30 (1H, d, J =
15.9 Hz), 5.73 (1H, dt, J = 10.7, 4.8 Hz), 5.16 (1H, dd,
J =10.7, 3.4 Hz), 4.40 (1H, m), 3.83 (3H, s), 2.29 (6H,
s), 2.28 (6H, s), 2.50-2.06 (4H, m). 13C-NMR (CDCl3)
0: 174.30 (s), 167.99 (s), 167.87 (s), 166.01 (s), 165.61
(s), 144.00 (s), 143.71 (d), 143.68 (d), 143.65 (d), 142.44
(s), 133.05 (s), 126.58 (s), 126.55 (d), 123.93 (s), 122.92
(d), 122.82 (d), 118.64 (d), 118.59 (d), 75.54 (s), 75.21
(d), 68.97 (d), 67.37 (d), 53.45 (q), 39.25 (1), 37.32 (1),
20.63 (q), 20.58 (q).

Methyl 3,5-Bis-O-(di-O-acetylcaffeoyl) quinate (3a):
Colorless powder, [@]p-72.9° (c = 0.20, MeOH). IR
V max (CHCl3) cml: 3500, 1770, 1710, 1640, 1520,
1445, 1390. FAB-MS m/z: 721 [M+Na]*. HR-FAB-
MS m/z: 721.1741 [M+Na]* (calcd for C34H340O16Na:
721.1745). 'H-NMR (CDCl3) 6: 7.69 (1H, d, J = 15.9
Hz), 7.65 (1H, d, J = 15.9 Hz), 7.45-7.36 (4H, m), 7.23
(2H, dd, J = 8.2, 1.2 Hz), 6.47 (1H, d, J = 15.9 Hz), 6.40
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(1H,d, J= 159 Hz), 5.58 (1H, dt, / = 10.4, 4.3 Hz), 5.48
(1H, dd, J = 7.2, 3.8 Hz), 3.91 (1H, m), 3.79 (3H, s),
2.31 (3H, s), 2.31 (3H, s), 2.30 (3H, s), 2.30 (3H, s),
2.50-2.06 (4H, m). 3C-NMR (CDCl3) &: 174.84 (s),
167.98 (s), 167.89 (s), 166.42 (s), 166.10 (s), 143.82 (s),
143.74 (d), 143.66 (d), 142.47 (d), 142.44 (s), 133.13 (s),
133.05 (s), 126.55 (d), 126.43 (s), 123.96 (d), 123.90 (d),
122.95 (d), 122.86 (d), 118.91 (d), 118.77 (d), 74.16 (s),
72.33 (d), 71.92 (d), 70.57 (d), 53.24 (q), 38.60 (t), 35.52
(1), 20.62 (q), 20.58 (q).

Methyl 4,5-Bis-O- (3,4-di-O-acetylcaffeoyl) quinate
(4a): Light yellow powder, [a ]p-72.0° (¢ = 0.13,
MeOH). IR v max (CHCI3) cm!: 3500, 1770, 1720, 1640,
1505, 1430, 1375. FAB-MS m/z: 721 [M+Na]*. HR-
FAB-MS m/z: 721.1726 [M+Na]* (calcd for C34H34016
Na: 721.1745). 'H-NMR (CDCl3) 6: 7.64 (1H, d, J =
15.9 Hz), 7.63 (1H, d, J = 15.9 Hz), 7.42-7.33 (4H, m),
7.20 (2H, d, J = 8.2 Hz), 6.40 (1H, d, J = 15.9 Hz), 6.38
(1H, d, J = 15.9 Hz), 5.64 (1H, dd, J = 7.0, 3.4 Hz), 5.02
(1H, dd, J = 9.4, 3.4 Hz), 4.49 (1H, dt, J = 9.4, 4.6 Hz),
3.83 (3H, s), 2.30 (3H, s), 2.29 (3H, s), 2.28 (3H, s), 2.28
(3H, s), 2.35-2.07 (4H, m). 13C-NMR (CDCl3) §: 175.35
(s), 167.98 (s), 167.89 (s), 166.14 (s), 165.58 (s), 144.04
(s), 143.69 (d), 142.44 (d), 133.13 (s), 132.97 (s), 126.63
(d), 126.59 (s), 123.91 (d), 122.85 (d), 122.78 (d), 118.92
(d), 118.38 (d), 75.77 (s), 74.29 (d), 69.00 (d), 65.13 (d),
53.34 (q), 41.20 (1), 36.22 (1), 20.61 (q), 20.56 (q).

Preparation of methyl di- and tri-O-caffeoylquinates
1-4 : To a stirred solution of 1a (45.1 mg, 0.048 mmol)
and phenolphthalein (2.0 mg) in MeOH (2.0 ml), 0.5 N
Ba(OH)2 (20 ¢1, 4.8 pmol), was added and the mixture
was stirred at 50 °C until the red color of phenolphthalein
disappeared (1 h). After evaporation of the solvent, the
residue was extracted by AcOEt, and the AcOEt layer
was washed with H20, dried over Na2SO4, and evapo-
rated. The crude product was subjected to reversed-phase
preparative TLC with MeOH-H20 (2:1) to give methyl
3,4,5-tri-O-caffeoylquinate (1) (27.0 mg, 82.0%). By a
similar procedure, methyl di-O-caffeoylquinates 2-4
were also prepared.

Synthesis of 1-O-ethoxycarbonyl-4,5-bis-O-(di-O-
acetylcaffeoyl)quinide (8a) : To a stirred suspension of
3,4-di-O-acetylcaffeic acid (81.9 mg, 0.31 mmol) in tolu-
ene (5 ml), oxalyl chloride (131 1, 1.55 mmol) was
added. The mixture was stirred at room temperature
under Ar atmosphere for 24 h. After removal of the

solvent under reduced pressure, the residue 7 was dis-
solved in benzene (3 ml) and added to a suspension of 8
(15.3 mg, 0.062 mmol) in benzene (2 ml). Pyridine (25
1, 0.31 mmol) was added dropwise to the mixture, and
the mixture was stirred at 80 “C under Ar atmosphere for
12 h. The reaction mixture was poured into INn HCI and
extracted with AcOEt. The AcOEt layer was washed
with H20, dried over Na2SO4, and evaporated. The resi-
due was subjected to preparative TLC with CHCI3-
MeOH (97.5:2.5) to give 1-O-ethoxycarbonyl-4,5-bis-O-
(di-O-acetylcaffeoyl) quinide (8a) (26.4 mg, 57.7%) and
1 - O-ethoxycarbonyl -5-O- (di-O-acetylcaffeoyl) quinide
(8b) (13.2 mg, 42.3%).
1-0O-Ethoxycarbonyl-4,5-bis-O-(di-O-acetylcaffeoyl)
quinide (8a): Colorless powder, [@]p+97.9° (c = 0.21,
MeOH). IR v max (CHCI3) cmr!: 1810, 1755, 1720, 1640,
1505, 1430, 1375. FAB-MS m/z: 739 [M+H]*. HR-
FAB-MS m/z: 739.1877 [M+H]* (calcd for C3cH3s5017:
739.1874). 'H-NMR (CDCl3) 6: 7.67 (1H, d, J = 15.9
Hz), 7.58 (1H, d, J = 15.9 Hz), 7.44-7.14 (6H, m), 6.45
(1H, d, J= 159 Hz), 6.27 (1H, d, J = 15.9 Hz), 5.69 (1H,
brt, J = 4.6 Hz), 535 (1H, ddd, J = 11.8, 7.0, 4.6 Hz),
499 (1H, br t, J = 5.8 Hz), 425 (2H, q, J = 7.2 Hz), 3.21
(1H, ddd, J = 11.8, 5.8, 2.4 Hz), 2.65 (1H, d, J = 11.8
Hz), 2.49 (1H, ddd, J = 11.8, 7.0, 2.4 Hz), 2.41 (1H, br
t,J = 11.8 Hz), 2.31 (3H, s), 2.31 (3H, s), 2.28 (3H, s),
2.27(3H, s), 1.34 (3H, t, J = 7.2 Hz). 13C-NMR (CDCl3)
0:170.72 (s), 168.03 (s), 168.01 (s), 167.87 (s), 164.80
(s), 164.59 (s), 152.51 (s), 145.00 (d), 144.38 (d), 144.04
(s), 143.81 (s), 142.60 (s), 142.49 (s), 132.84 (s), 132.63
(s), 126.86 (d), 126.68 (d), 124.13 (d), 124.02 (d), 122.90
(d), 122.78 (d), 117.76 (d), 117.55 (d), 77.56 (s), 73.64
(d), 66.06 (d), 65.03 (d), 64.97 (), 33.89 (1), 33.81 (1),
20.64 (q), 20.56 (q), 14.10 (q).
1-O-Ethoxycarbonyl-5-O-(di-O-acetylcaffeoyl)quinide
(8b): Colorless powder, [a]p+27.7° (¢ = 0.20, MeOH).
IR v max (CHCI3) cm-!: 3500, 1805, 1755, 1720, 1640,
1505, 1430, 1375. FAB-MS m/z: 493 [M+H]*. HR-FAB-
MS m/z: 493.1340 [M+H]* (caled for C23H25012:
493.1346). 'TH-NMR (CDCl3) ¢: 7.66 (1H, d, J = 159
Hz), 7.42-7.35 (2H, m), 7.23 (1H, d, J = 8.2 Hz), 6.38
(1H, d, J = 159 Hz), 5.11 (1H, ddd, J = 11.3, 7.0, 4.3
Hz), 4.88 (1H, br t, / = 5.8 Hz), 4.40 (1H, br t, J = 4.3
Hz), 4.23 (2H, q, J = 7.2 Hz), 3.10 (1H, ddd, J = 11.3,
5.8,2.9 Hz), 2.71 (1H, d, J = 11.3 Hz), 2.42 (1H, ddd, J
=11.3,7.0,29 Hz), 233 (1H, br t, J = 11.3 Hz), 2.30
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(3H, s), 2.30 (3H, s), 1.33 (3H, t, J = 7.2 Hz). 13C-NMR
(CDCl3) 0: 171.34 (s), 168.03 (s), 167.92 (s), 164.69 (s),
152.45 (s), 144.55 (d), 143.88 (s), 142.52 (s), 132.73 (s),
126.54 (d), 124.05 (d), 122.89 (d), 117.79 (d), 77.68 (s),
75.69 (d), 68.50 (d), 64.80 (d), 64.34 (), 33.31 (1), 32.62
(1), 20.60 (q), 20.58 (q), 14.05 (q).

Conversion of 1-O-ethoxycarbonyl-5-O-(di-O-ace-
tylcaffeoyl) quinide (8b) to 1-O-ethoxycarbonyl-4,5-bis-
O-(di-O-acetylcaffeoyl)quinide (8a) : To a stirred suspen-
sion of the 3,4-di-O-acetylcaffeic acid (81.9 mg, 0.31
mmol) in toluene (5 ml), oxalyl chloride (131 u«l, 1.55
mmol) was added, and the mixture was stirred at room
temperature under Ar atmosphere for 24 h. After re-
moval of the solvent under reduced pressure, the residue
7 was dissolved in benzene (3 ml) and added to a suspen-
sion of 8b (57.0 mg, 0.116 mmol) in benzene (2 ml).
Pyridine (62 u1, 0.775 mmol) was added dropwise to the
mixture, and the mixture was stirred at 80 °C under Ar
atmosphere for 18 h. The reaction mixture was poured
into 1N HCI and extracted with AcOEt. The AcOEt layer
was washed with H20, dried over Na2SO4, and evapo-
rated. The residue was subjected to preparative TLC with
CHCI13-MeOH (97.5:2.5) to give 1-O-ethoxycarbonyl-
4,5-bis-0-(3,4-di-O-acetylcaffeoyl)quinide (8a)(57.4 mg,
67.0%).

Preparation of 4,5-di-O-caffeoylquinic acid (5) :
Quinide 8a (1.6 g, 2.2 mmol) was stirred with H20 (100
ml) under reflux for 48 h. After removal of the solvent
under reduced pressure, the residue was subjected to re-
versed-phase silica gel column chromatography using
CH3CN-H20-AcOH (10:90:1) to give 4,5-di-O-caffeoyl-
quinic acid?® (5) (294 mg, 26.7%).

Hepatoprotective and antiproliferative activities :
Hepatoprotective activities of compounds 1-5 were
tested at 10, 50 and 100 ©m according to the previous re-
ports.2) Silymarine was used as a positive control; its
hepatoprotective activity was examined at 25 and 50 um.

Antiproliferative assay was carried out, using the
standard 3-(4,5-dimethylthiazol-2-yl)-2,5-dimethyltetra-
zolium (MTT) method,?? by the procedure reported pre-
viously.2) 5-Fluorouracil, a clinically used drug, was
used as a positive control. The cultured cells were treated
with the compounds at five different concentrations
ranging from 0.01 to 100 xg/ml, while for the positive
control, concentrations ranging from 0.001 to 10 ¢ g/ml
were used. The assay was performed in quadruplicate,

and results are expressed as ICso values (4Mm).

.
OR' ,
3 OR?

RO,C
5

OH OR®

1: R=Me,R'=R?=R*= caffeoyl
2:R=Me,R'=R?= caffeoyl, R*=H
3:R=Me, R' =R* = caffeoyl, R* = H
4: R =Me, R' = H, R? = R = caffeoyl
5:R=R'=H, R? = R? = caffeoyl

Fig. 1
Results and Discussion

Chemistry

Synthesis of di- and tri-O-caffeoylquinic acids have
not been reported, except for the enzymatic conversion
of chlorogenic acid to 3,5-di-O-caffeoylquinic acid.®
We first examined direct esterification of quinic acid and
caffeic acid with N,N’-dicyclohexylcarbodiimide (DCC)/
4-dimethylaminopyridine (DMAP), thionyl chloride (SOCl2),
or p-toluenesulfonic acid (p-TsOH). These direct esterifi-
cation reactions resulted in the formation of complex
mixtures, due to the presence of many polar functional
groups, and this could not be improved by using methyl
quinate (6) and 3,4-di-O-acetylcaffeic acid. The esterifi-
cation with pyridine in benzene,?> however, succeeded
to give a mixture of 1a-4a (Scheme 1, Table I). Methyl
quinate (6) was first reacted with 7 in the presence of
three equivalents of pyridine to give only 2a and 3a in
low yields (7.3 and 2.2%, respectively) (run 1). As the
reaction temperature was raised, diester 4a was con-
verted to triester 1a (run 2 and 3), and elongation of the
reaction time resulted in the selective production of 1a
(run 4). On the other hand, the use of Dean-Stark appara-
tus accelerated the reaction and raised the total yield of
la-4a (run 5), while use of five equivalents of 7 and
pyridine gave 1a selectively (run 6). The di- and triesters
la-4a were deprotected with 0.5 N Ba(OH)2 in MeOH
using phenolphthalein as an indicator,2® to give the
methyl quinates 1-4.

4,5-Di-O-caffeoylquinic acid (5), on the other hand,




J. Trad. Med. (Vol.18 No.5 2001) 187

COClI
OH - . OR'
0.5 N Ba(OH),,
OH pyridine OR? MeOH (O 1(82%)
— —_— ‘
MeO.C * benzene MeO,C phenolphthalein, i ?g;j‘;)(total 65%)
(Table 1) 3 50°C,1h
OH OH OAc OH OR ’ } ]
OAc 1a: R! = R? = R? = Ac-caffeoyl
6 7 2a:R' = R? = Ac-caffeoyl, R'=H
3a:R'=R'= Ac-caffeoyl, R’=H
4a:R' = H, R? = R® = Ac-caffeoyl
7, pyridine, benzene, 80 °C, 18 h
l (67%)
(0] O o
Il 1l ]
C (0] o C o C (0]
pyridine, benzene
EtO,CO + 7 T80°C.12n . EtO,CO + EtOZCOJm’
OH Ac-caffeoylO Ac-caffeoylO
8 OH y OAc-caffeoyl y OH
8a 8b
H,0,
reflux, 48 h
5(27%)

Scheme 1

Table 1 Reaction of methyl quinate (6) with 7.

pyridine . yield (%)
run 7 (eq) temp. time (h)
4 (eq) i 12 2a° 3a 4a
1 3 50°C 17 - 73 22 -

3 80°C 6 104 172 6.1 141
3 reflux 3 160 115 6.6 3.1
3 reflux 11 155 - - -
3 reflux 1 159 195 11.1 100
5 reflux 05 257 - - -

AN W
wn W W W W W

a: Yields were obtained from the '"H-NMR spectra of mixtures of
2a and 3a.

was synthesized from quinide 827 through an esterifi-
cation with 7 (Scheme 1). Esterification of 8 with 7 (5
eq) gave a diester 8a and a mono ester 8b in 58% and
42% yield, respectively. The former diester 8a was hy-
drolyzed to 5 in 27% yield, while the latter mono ester
8b was converted to the diester 8a in 67% yield.
Hepatoprotective activity

The protective activity of di-O-caffeoylquinic acids
isolated from Brazilian propolis was reported on CCls-

induced cell death in primary cultured rat hepatocytes.!
However, the majority of human hepatitis is triggered by

an immunological response to viral infection, endotoxin,
or autoantigen.2829 In the p-GalN/lipopolisaccalide (LPS)-

induced liver failure model in mice, TNF-a is secreted
from LPS-stimulated macrophages and strongly induces
hepatocyte apoptosis, which triggers an inflammatory re-
action and massive hepatocyte necrosis.303D Thus, p-
GaIN/TNF- a -induced cell death in primary cultured
mouse hepatocytes is used as an in vitro model of
immunological liver failure. Hepatoprotective activities
of caffeoylquinic acids 1-5 were tested on p-GalN/TNF-
a -induced cell death in primary cultured mouse
hepatocytes (Table II). Almost all compounds showed a
significant hepatoprotective activity at 50 and 100 um
concentrations, with a cell survival rate ranging from
40.4 to 88.6% as compared to that of control (37.6%),
while neither caffeic acid nor quinic acid!> showed any
protective activity. Among them, tricaffeoyl derivative 1
exhibited the strongest hepatoprotective activity at 100
M concentration with cell survival rate equal to 88.6%.
On di-O-caffeoylquinic acid derivatives, free acid 5 pos-
sessed stronger protective activity (ICso, 78 ¢m) than
the corresponding methyl ester 4 (ICso, 86 tm). Chloro-
genic acid (i.e., 3-O-caffeoylquinic acid) revealed only a
weak hepatoprotective activity. These results indicate
that the increase of the number of the caffeoyl group
could enhance the hepatoprotective activity, which is
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Table II Hepatoprotective activities of di- and tri-O-caffeoylquinic
acids 1-5 on p-GalN/TNF-a-induced cell death in primary
cultured mouse hepatocytes.

Conc. Cell survival rate  Inhibition®  IC50
Compounds

(ttm) (% of normal) (%) (tm)
normal 100.0 = 5.6 100.0
control 37.6 = 24 0.0
1 100 88.6 £ 6.2** 81.7 67
50 583 £ 6.0* 33.2
10 373 £ 33 -0.5
2 100 498 = 55* 19.6
50 404 £ 25 4.5
10 417 £ 20 6.6
3 100 63.0 £ 4.3* 40.7
50 486 = 7.2* 17.6
10 375 = 49 -0.2
4 100 77.1 = 10.6** 63.3 86
50 48.7 £ 54* 17.8
10 384 £ 28 1.3
5 100 75.7 £ 6.2* 61.1 78
50 58.5 £ 2.4* 335
10 51.9 £ 2.4* 229
caffeic acid 100 51.1 £ 5.8* 21.6
50 476 £ 5.6* 16.0
10 464 = 5.1* 14.1
chlorogenic acid 100 51.8 £ 3.9* 22.8
50 440 = 4.3* 10.3
10 421 £ 57 7.2
Silymarine® 50 829 * 5.1* 72.6 37
25 55.6 + 2.7 28.8

Data are expressed as mean & S.D., n = 4; for normal and control,
n=_38.

" p<0.01, ™ p <0.001, significant difference from control.

a) : Inhibition (%) was calculated by the formula [(% cell viability of
sample - % cell viability of control)/(% cell viability of normal - % cell
viability of control)] X 100. b) : Silymarin is a mixture of three confor-
mational isomers (silybinin, silydianin and silychristin) with the same
molecular weight (C2sH22010, 482.4), and thus the ICso value was calcu-
lated with this value.

similar to our previous report.!> The natural dicaffeoyl-
quinic acids 1-5 possessed strong scavenging activity to-
ward DPPH radical and free radical produced by the
xanthine-XOD systems,!!) indicating their strong antioxi-
dative activity. On the other hand, increasing evidence
indicates that the total cellular balance between reactive
oxygen species and antioxidants possibly affects the sig-
naling mechanisms of various responses to TNF-a.323%)
Thus, the hepatoprotective activity of these compounds
may be due to their antioxidative activity.

Table III Antiproliferative activities of di- and
tri-O-catfeoylquinic acids 1-5.

Compounds 1Cso (o)
Colon 26-L5 HT-1080 BI16-BL6  A-549
1 294 47.8 383 148
2 37.7 116 127 >190
3 52.4 119 122 >190
4 76.3 157 105 >190
5 44.5 >195 >195 >195
chlorogenic acid 149 >280 >280 >280
caffeic acid 111 337 314 387
quinic acid >520 >520 >520 >520
5-FU 0.050 0.640 4.40 5.20

Antiproliferative activity

Antiproliferative activities of caffeoylquinic acids
1-5 and of caffeic, quinic, and chlorogenic acids were
tested towards four cell lines; murine colon 26-L5 carci-
noma, human HT-1080 fibrosarcoma, murine B16-BL6
melanoma, and human lung carcinoma A-549 cells
(Table III). They showed only a weak activity, but inter-
estingly, their activities were selective toward highly
liver metastatic murine colon 26-L5 carcinoma cells.
Like the hepatoprotective activity, methyl 3,4,5-tri-O-
caffeoylquinate (1) exhibited the most potent activity.
This antiproliferative activity also might be correlated to
its antioxidative activity.

Conclusion

We synthesized five caffeoylquinic acids 1-5 and
examined their hepatoprotective activity on p-GalN/
TNF-a -induced cell death in primary cultured mouse
hepatocytes. They possessed a significant hepatoprotective
activity, which was enhanced by the increase of the num-
ber of caffeoyl group. Moreover, they were found to
have a weak antiproliferative activity against four cancer
cell lines. These activities seemed to be correlated with
their antioxidative activities.
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