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Abstract—Exploration for new MDR-modulators utilizing atractysucroses as scaffolds disclosed 2,3,4,30,40-O-pentaisovaleryl-
sucrose (9) as a readily accessible medicinal lead. This lead was prepared from sucrose in 65% total yield for three steps. In addi-
tion, compound 9 exhibited more potent MDR modulating activity than verapamil, a representative modulator of MDR mediated
by P-gp.
# 2002 Elsevier Science Ltd. All rights reserved.

Drug resistance has been a major unsolved problem in
chemotherapy for cancer patients. Especially, multidrug
resistance (MDR) is a highly complicated phenom-
enon.1 In many cases, MDR tumor cells acquire the
resistance to many structurally and functionally unre-
lated anti-tumor drugs by the overexpression of P-gly-
coprotein (P-gp). This specific protein acts as an energy-
dependent extrusion pump, which efficiently transports
lipophilic chemotherapeutic agents outside tumor
cells.2,3 MDR-modulators are able to restore the inher-
ent potency of anti-tumor agents through inhibition of
the function of P-gp.4 Thereby, exploration for MDR-
modulators has been a challenging topic for anti-cancer
therapeutic intervention. In this regard, we have been
engaged in a search for new MDR-modulators inhibit-
ing the transport activity of membrane proteins such as
P-gp and multidrug-resistance-associated protein 1
(MRP1) from natural compounds.5,6 During the course
of this research program, we characterized new MDR-
modulating oligoacylated sucroses, atractysucroses-I
(1), II (2), and III (3), from Atractylodis Lanceae Rhi-
zoma (So-jutsu in Japanese).7 Analysis for contribution
of the acyl residues to the MDR-modulating activity of
atractysucroses brought about 2,3,4,30,40-penta-O-iso-
valerylsucrose (9). This paper communicates the readily
accessible MDR-modulator 9 derived from sucrose.

Atractysucroses-I (1), II (2), and III (3) showed growth
inhibition against MDR tumor cells overexpressing
P-gp (KB-C2)8 in the presence of 0.1 mg/mL of colchi-
cine, a typical cytotoxic agent. Among the three con-
geners, 1 and 2 with five acyl residues showed similar
activity, whereas 3 with four acyl residues had less
potent activity than 1 and 2. This difference led us to
presume that the number and/or the location of acyl
residues are crucial for the MDR-modulating activity.
Thus, participation of the number and/or location of
acyl residues in MDR-modulating activity was exam-
ined by derivatization of atractysucrose-I (1) as illu-
strated in Scheme 1. The condensation between 1 and
0.3 equiv of isovaleric acid by using 3-(3-dimethylami-
nopropyl)-1-ethylcarbodiimide hydrochloride (EDCI.HCl)
and 4-dimethylaminopyridine (DMAP) furnished 6-O-
isovaleryl (4) and 4-O-isovalerylatractysucrose-I (5) in
34% and 21% yields, respectively.9 On the other hand,
1 was treated with 3.3 equiv of isovaleric acid in the
presence of EDCI.HCl and DMAP to give completely
acylated analogue 6 in 81% yield. Since direct intro-
duction of an isovaleryl group to the 3-hydroxyl residue
in 1 could be accomplished but only poorly, esterifica-
tion at the 3-OH group was carried out after protection
of the 4-OH and 6-OH groups as a benzylidene acetal.
Namely, treatment of 1 with benzaldehyde dimethyl
acetal in the presence of p-toluenesulfonic acid mono-
hydrate provided a benzylidene acetal 7 in 94% yield.
Condensation of isovaleric acid with 7 under the same
conditions as the preparation for 6 followed by removal
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of the protecting group with Pd/C under hydrogen
atmosphere successfully furnished 3-O-isovaleryl con-
gener 8 in 92% yield for two steps.

Assessment of MDR-modulating activity of all deriva-
tives was conducted by comparison of growth inhibition
against KB 3–1 cells with that against KB-C2 cells in the
presence of colchicine.10 The biological outcome is
summarized in Table 1. At the concentration of 3 mg/
mL or less, each monoisovalerylatractysucrose-I (4, 5,
8) reversed MDR in KB-C2 cells. Among them, 4-O-
isovalerylatractysucrose-I (5) displayed as potent MDR-

modulating activity as 1, whereas 6-O-isovaleryl (4) and
3-O-isovaleryl congeners (8) showed slightly weaker
activity. On the other hand, per-iso-
valerylatractysucrose-I (6) showed little activity. This
result suggested that the three hydroxyl groups in 1
would not be necessarily requested for MDR-modulat-
ing activity. In addition, enhancement of lipophilicity by
introduction of the three isovaleryl residues was shown
to diminish biological potency fairly. These findings led
us to assume that a pentaisovalerylsucrose with similar
lipophilicity to atractysucrose-I (1) was anticipated as a
potent MDR-modulator. According to this assumption,
we designed a readily accessible candidate 9, of which
only the primary hydroxyl groups are free from iso-
valeryl functions.

This pentaisovaleryl candidate 9 was prepared from
sucrose in three steps as shown in Scheme 2. Protection
of all primary hydroxyl groups in sucrose was con-
ducted by using tert-butyldiphenylsilyl chloride
(TBDPSCl) in the presence of Et3N and DMAP to give
a tri-TBDPS ether in 68% yield. Coupling of isovaleric
acid and the tri-TBDPS ether in the same manner as the
preparation for 8, and subsequent deprotection of the
TBDPS groups by nBu4NF in acidic medium (THF-
AcOH=4:1)11 provided 2,3,4,30,40-O-pentaisovaler-
ylsucrose (9)12 in 95% yield for two steps. As a result of

Scheme 1. Synthesis of derivatives of atractysucrose-I (1). Reagents and conditions: (a) isovaleric acid (0.3 equiv to 1), EDCI.HCl, DMAP, CH2Cl2,
34% for 4, 21% for 5; (b) isovaleric acid (3.3 equiv to 1), EDCI.HCl, DMAP, CH2Cl2, 81%; (c) benzaldehyde dimethyl acetal, p-toluenesulfonic
acid monohydrate, DMF, 94%; (d) isovaleric acid, EDCI.HCl, DMAP, CH2Cl2; (e) H2, Pd/C, MeOH–AcOH (10:1), 92% two steps.

Table 1. Reversal of MDR in KB-C2 cells by atractysucroses-I (1)

and its derivatives (4, 5, 6, 8, and 9)

Compd Dose Growth inhibition (%)

(mg/mL) KB-3–1a KB-C2b

1 10 92�6 93�1
3 21�9 76�4
1 10�16 40�9

4 10 93�2 92�3
3 16�16 60�10
1 18�11 23�8

5 10 40�5 88�3
3 10�19 79�8
1 2�11 39�11

6 10 25�6 24�12
3 15�15 12�11
1 10�13 4�11

8 10 66�13 94�1
3 16�9 53�11
1 6�11 18�7

9 10 98�0 97�1
3 8�11 92�1
1 9�12 65�18

Each value presents mean�S.D. Colchicine shows no cytotoxicity
against KB-C2 cells at 0.1 mg/mL.
aCytotoxicity of each compound.
bGrowth inhibition in the presence of colchicine (0.1 mg/mL).

Scheme 2. Synthesis of 2,3,4,30,40-O-pentaisovalerylsucrose (9).
Reagents and conditions: (a) TBDPSCl, Et3N, DMAP, DMF, 68%;
(b) isovaleric acid, EDCI.HCl, DMAP, CH2Cl2; (c) nBu4NF, THF–
AcOH (4:1), 95% two steps.
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evaluation for MDR-modulating activity, compound 9
showed more potent efficacy than atractysucrose-I (1) as
shown in Table 1.

This pronounced biological potency directed us to
compare activity between 2,3,4,30,40-O-pentaisovaleryl-
sucrose (9) and verapamil,13 a representative modulator
of MDR mediated by P-gp. Thus, under the two con-
centrations of 9 (3 and 1 mg/mL), proliferation of KB-
C2 cells resistant to colchicine was monitored. In both
concentrations, compound 9 restored cytotoxicity of
colchicine against KB-C2 cells and completely reversed
colchicine-resistance at the concentration of 3 mg/mL as
depicted in Figure 1. 2,3,4,30,40-O-Pentaisovaler-
ylsucrose (9) restored the sensitivity of KB-C2 cells
against colchicine in the lower concentration (3.9�10�6

M) than verapamil (1.0�10�5 M).14

In summary, we have disclosed a new readily accessible
MDR-modulator, 2,3,4,30,40-O-pentaisovalerylsucrose
(9), utilizing atractysucroses as scaffolds. It should be
noted that 2,3,4,30,40-O-pentaisovalerylsucrose (9) was
synthesized from cheaply available sucrose in 65% total
yield for 3 steps.
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