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Abstract—Cantharidin is well known as a potent serine/threonine protein phosphatase 1 and 2A (PP1 and PP2A) inhibitor, with less
potent inhibitory activity for PP2B, which regulates T-cell proliferation. We synthesized and evaluated four optically pure
stereoisomers of 1-substituted norcantharidin analogues. The absolute stereochemistry of each stereoisomer was determined based
on X-ray crystal structure analysis. Remarkably, optically active cantharidin analogues having (1S)-configuration showed selective
inhibition of PP2B, without inhibiting PP1 or PP2A.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Cantharidin (1) (Fig. 1) was originally identified as a
biologically active constituent of the dried body of Chi-
nese blister beetle (Mylabris phalerata or M. cichorii)
and Spanish fly.1 Cantharidin inhibits Ser/Thr protein
phosphatases 1 (PP1) and 2A (PP2A) (PP1
IC50 = 473 nM; PP2A IC50 = 40 nM), which have key
roles in many cellular processes, such as regulation of
cell proliferation and differentiation.2 In contrast, can-
tharidin inhibits Ser/Thr protein phosphatase 2B
(PP2B) very weakly (IC50 = >30,000 nM). There have
been numerous studies of cantharidin analogues aimed
at the discovery of potent and selective inhibitors of
PP1 and PP2A,3 and some candidate inhibitors of
Ser/Thr protein phosphatase 2B (PP2B) have also been
reported.4

PP2B (calcineurin) is a calcium and calmodulin-regu-
lated phosphatase, which catalyzes dephosphorylation
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of NF-AT (nuclear factor of activated T-cells), leading
to T-cell lymphocyte activation.5 Recently, PP2B has
also attracted attention as a target enzyme for treatment
of heart failure.6 The therapeutic immunosuppressants
cyclosporin A and FK506 bind with high affinity to
cytoplasmic receptors termed immunophilins (immuno-
suppressant binding proteins), and these binding com-
plexes inhibit PP2B, leading to the suppression of
T-cell proliferation.7 Remarkably, these immunosup-
pressants cannot directly inhibit PP2B; formation of
the immunophilin complex is essential. Thus, we started
a project to find a selective inhibitor of PP2B that would
act directly without requiring immunophilins,8 as a bio-
logical tool for studies of PP2B, and also as a candidate
therapeutic agent. Initially, we focused on PP2B-selec-
tive analogues of cantharidin.

Recently, we found a highly selective catalytic site-
directed inhibitor of PP2B, the cantharidin analogue 4
(IC50 = 7 lM), which shows negligible inhibition of
PP1 and PP2A.4a Our strategy for the development of
a selective PP2B inhibitor was as follows. Based on the
structure–activity relationships (SARs) between the can-
tharidin derivatives and all three PPs, a �core� structure
that interacts with the highly conserved catalytic site
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Figure 2. Binding model of 3 and PP2B. (A) Compound 3 is

represented as thick sticks. Arg254 and Tyr311 are represented in ball

and stick form. Amino acid residues surrounding the groove (156–160

and 251–256), His151, Leu312, and Tyr315 are shown in stick form.

The amino acid residues (282–284 and 306–308) near one of the

bridgehead-hydrogen (HR) are indicated in stick form with surfaces.

(B) Schematic drawings of the two types of binding modes.

Figure 1. Cantharidin analogues and summary of their reported structure–activity relationships.
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of PPs (PP1, 2A, and 2B) as a Ser/Thr phosphopeptide
mimic was identified. The SARs determined in our and
other laboratories are summarized in Figure 1.3,4 Since
the data indicated that the anhydride/dicarboxylate
structure at the C2/C3 positions and the bridging
ether oxygen are critical for the inhibition of all PPs,
norcantharidin dicarboxylate (exo, exo-7-oxabicy-
clo[2.2.1]heptane-2,3-dicarboxylate, 3) was determined
to be a suitable �core� structure for PP inhibitors (Fig.
1). Then, a binding model of the �core� structure and
the catalytic site of PP2B was constructed by using com-
putational docking techniques (Fig. 2A). Finally, the
PP2B-selective inhibitor 4 was obtained by the introduc-
tion of substituents that can interact with unique regions
of PP2B onto the �core� structure, according to the bind-
ing model.4a,9 In our model, the critical ether oxygen of
the oxabicyclo[2.2.1]heptane skeleton is hydrogen-
bonded to an Arg residue (Arg254 of PP2B, correspond-
ing to Arg221 of PP1) (O-Arg-type binding mode) (Fig.
2B). In contrast, Chamberlin and co-workers proposed
different binding models of cantharidic acid with PP1
and PP2A.10 In these models, the cantharidic acid seems
to face the opposite direction, forming a hydrogen bond
between the ether oxygen and Tyr residue (Tyr272 of
PP1 and Tyr261 of PP2A, respectively, corresponding
to Tyr 311 of PP2B) (O-Tyr-type binding mode) (Fig.
2B). Tatlock et al. also reported a binding model of a
5-substituted norcantharidin derivative with PP2B,4c

and their model seems to be basically similar to the O-
Tyr-type binding mode. In fact, our further molecular
modeling studies on the interaction between the simple
norcantharidin carboxylate core and PP2B suggest the
existence of several possible binding modes. Introduc-
tion of a substituent into the �core� structure might fix
the binding mode of the compound. Here, we focus on
substitution at the C1-position for this purpose. In
the O-Arg-type binding mode, the direction of one of
the bridgehead-hydrogen (HR) would be blocked by
the loops Glu282-Gln284 and Phe306-Ala308, while
the other bridgehead-hydrogen (HS) seems to be facing
the groove between the a-helix156–160 and loop251–256
(Fig. 2A). In contrast, HS seems to be blocked in the



Figure 3. Preparation of 12 and ORTEP view of its crystal structure.

The crystal structural information has been deposited in the Cam-

bridge Crystallographic Data Center (deposition number CCDC

267159).

5166 Y. Baba et al. / Bioorg. Med. Chem. 13 (2005) 5164–5170
O-Tyr-type binding mode. We have already reported
that mono-substitution at the C1 position (such as in
racemic 5) decreased inhibition of all PPs, and di-substi-
tution at the C1 and C4 positions, even with a small
methyl group, almost abolished inhibitory activity to-
ward all PPs.4a,b Thus, we speculated that only one of
the enantiomers of the mono-C1-substituted derivative
might be responsible for the inhibition of PPs. The pre-
ferred binding mode (O-Arg-type or O-Tyr-type) of each
PP could be determined by comparison of the inhibitory
activities of the optically pure enantiomers. To our
knowledge, however, no optically pure cantharidin ana-
logue having a chiral center on its bicyclic skeleton has
been examined for PP-inhibitory activity.11 To clarify
the relationships between the absolute configuration at
the C1 position of cantharidin analogues and the inhibi-
tory activity toward each PP, we synthesized optically
pure C1-substituted derivatives and evaluated their
inhibitory activities.
2. Results

2.1. Synthesis of chiral 1-benzoyloxyethylnorcantharidin
analogues

Since attempts to separate the enantiomers of 5 were
unsuccessful, we synthesized the 1-benzoyloxyethyl
derivatives instead of 5. Optically pure (R)-1-(2-
furyl)ethanol was selected as a chiral source and was
transformed to its benzoyloxyethyl derivative (R)-6.
Compound (R)-6 was subjected to Diels–Alder reaction
with maleic anhydride at room temperature (Scheme 1).
Hydrogenation of the crude adducts gave 1-substituted
cantharidin analogues, (1S,10R)-7 and (1R,10R)-8, as
a diastereomixture. Separation of the diastereomers
was achieved by fractional recrystallization, and opti-
cally pure (1S,10R)-7 and (1R,10R)-8 were obtained.
Optically pure (1S,10S)-10 and (1R,10S)-11 were syn-
thesized from (S)-1-(2-furyl)ethanol by the same
method.
Scheme 1. Synthesis of chiral norcantharidin analogues. (a) BzCl,

Et3N, DMAP, CH2Cl2; (b) neat, rt, (c) H2, 10% Pd–C, THF; (d)

separation of the diastereomers.
The C1 stereochemistry of the chiral cantharidin ana-
logue 7 having 10R side chain chirality was determined
to be (S) by X-ray crystal structure analysis of the imide
derivative 12, which was prepared from 7 by reaction
with 2,4-dibromoaniline in the presence of Et3N and
DMAP. An ORTEP view of the crystal structure of 12
is shown in Figure 3. The absolute stereochemistries of
the other stereoisomers (8, 10, and 11) were also auto-
matically assigned.

2.2. Inhibition assay4a,12

Four chiral norcantharidin analogues were screened for
their ability to inhibit PP1, PP2A, and PP2B at concen-
trations of 100 lM and 1 mM (Fig. 4). The absolute ste-
reochemistry at the C1 position had a remarkable effect
on the inhibitory activity toward PP1 and PP2A. Irre-
spective of the side chain stereochemistry, the (1R)-iso-
mers 8 and 11 inhibit PP1 and PP2A, whereas the
(1S)-isomers 7 and 10 have negligible inhibitory activity
for PP1 and PP2A. Interestingly, however, PP2B was
inhibited by all four stereoisomers, 7, 8, 10, and 11.
Figure 4. Inhibitory activities of chiral cantharidin analogues (7, 8, 10,

and 11). Black, red, and blue bars represent inhibition of PP1, PP2A,

and PP2B, respectively. Solid bars and striped bars indicate inhibition

at 1 mM and 100 lM drug concentrations, respectively. Error bars

indicate standard deviations (n = 3).
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Thus, the chiral norcantharidin analogues 7 and 10 hav-
ing (S)-absolute configuration at the C1 position showed
excellent selectivity for PP2B. It is also noteworthy that
all four stereoisomers are PP2B-selective, while the race-
mic 5 preferred PP1/PP2A.4a
Figure 6. Comparison of the amino acid residues surrounding the

catalytic site.
3. Discussion

Based on the observed clear difference of PP2B selectiv-
ity depending on the absolute stereochemistry at the C1
position, we speculate that PP1 and PP2A favor the O-
Tyr-type binding mode, whereas PP2B can accept two
different types of binding modes (Fig. 2B). PP2B binds
all four stereoisomers and slightly prefers 8 and 10 over
7 and 11. Figures 5A and 5B show binding models of the
(1R,10R)-isomer 8 and (1S,10S)-isomer 10 to PP2B,
respectively. In both models, the carboxylate groups
are located at the bottom of the catalytic site and inter-
act with conserved basic residues, but the orientation of
the ether oxygen is different depending on the stereo-
chemistry at the C1 position. The bulky benzoyloxyethyl
group is located in the groove, and, as a result, the
bridging ether oxygen faces in opposite directions in
the enantiomers. In contrast, PP1 and PP2A bind only
the (1R)-enantiomers 8 and 11, suggesting that PP1
and PP2A may prefer a binding mode like that in Figure
5A. Actually, the shapes of the groove are different
between the reported crystal structures of PP2B13 and
PP1,14 mainly due to the difference of structure at two
Figure 5. (A) Binding model of (1R,10R)-8 and PP2B. (B) Binding model of

complex (PDB ID: 1TCO).13a (D) Catalytic site structure of PP1–microcysti
regions, an a-helix (residues 156–160 of PP2B and
130–134 of PP1) and a loop (251–256 of PP2B and
218–223 of PP1) (Figs. 5, 5C, and 6D). In both models,
the benzoyloxyethyl group is located between them, and
the difference of these regions may contribute to the ob-
served selectivity. Of course, there are many other possi-
ble binding modes, and, to confirm the true binding
mode of each stereoisomer, X-ray analyses of the com-
plexes will be necessary.

We have already reported that introduction of a hydro-
phobic substituent at the C5 position of 5 greatly
improves the inhibition of PP2B.4a In fact, 1-benzoyl-
oxymethyl-5-(4-phenylbutanoyl)oxymethyl-norcanthari-
din showed higher PP2B-inhibitory activity than the
dibenzoyloxymethyl derivative 4,4a but, in the case of
the racemic compounds, the selectivity was not as high
as that of compound 4. The observed high PP2B
(1S,10S)-10 and PP2B. (C) Catalytic site structure of PP2B–phosphate

n complex (PDB ID: 1FJM).14a
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selectivity of the (1S)-enantiomer of the mono-substi-
tuted derivatives suggests that the (1S)-enantiomer of
these disubstituted derivatives should also show high
PP2B selectivity, if it could be synthesized in optically
pure form. Efforts to synthesize optically pure 1,5-disub-
stituted norcantharidin derivatives are underway.

It is also noteworthy that introduction of a methyl
group into the side chain increased the inhibition of
PP2B and decreased the inhibition of PP1 and PP2A
in all stereoisomers compared to the racemic parent
compound 5, suggesting that better inhibitors might be
obtained by optimization of the C1 substituent.
4. Conclusion

A series of optically pure C1-substituted norcantharidin
analogues have been synthesized, and the absolute ste-
reochemistries were determined based on X-ray crystal
structural analysis. The inhibitory activities of the four
stereoisomers toward PP1, PP2A, and PP2B were mea-
sured and compared. The absolute stereochemistry of
the C1 position was found to be important for the sub-
type selectivity. The (1S)-enantiomer of 1-substituted
norcantharidin analogues showed high PP2B-selectivity.
This finding provides a new approach for designing sub-
type-selective inhibitors. Although many researchers,
including our group, have been working on the synthesis
and evaluation of racemic cantharidin derivatives, the
results obtained here strongly indicate that enantiomeri-
cally pure compounds, instead of racemic compounds,
should be evaluated. Design and synthesis of an ad-
vanced PP2B-selective inhibitor based on these findings
presented here are underway.
5. Experimental

5.1. General methods

1H and 13C NMR spectra were recorded on a Bruker
AVANCE 500 NMR or a JEOL JNM-LA-400. Chemi-
cal shifts are reported downfield from tetramethylsilane
(=0) for 1H NMR. For 13C NMR, chemical shifts are
reported on a scale relative to the solvent used as an
internal reference. Optical rotations were measured on
a JASCO DIP-370 polarimeter. CD and UV spectra
were recorded on JEOL J-720 WI and JEOL Ubest-
V570 DS instruments, respectively. Melting points were
measured using a Yanaco MP-J3. Column chromatog-
raphy was performed with silica gel 60 (40–100 lm) pur-
chased from Kanto Chemical Co. In general, reactions
were carried out under anhydrous conditions in dry sol-
vents under an argon atmosphere. Purity of the com-
pounds obtained was determined to be more than
95%, based on 1H NMR spectral analysis.

5.2. (S)-(�)-2-(1-Benzoyloxyethyl)furan (9) and (R)-(+)-
2-(1-Benzoyloxyethyl)furan (6)

To a solution of (S)-(�)-1-(2-furyl)ethanol (413 mg,
3.69 mmol), Et3N (771 lL, 5.53 mmol), and DMAP
(45.1 mg, 0.369 mmol) in CH2Cl2 (20 mL) was added
benzoyl chloride (514 lL, 4.43 mmol) at 0 �C, and the
mixture was stirred at room temperature for 2.5 h. The
reaction mixture was acidified with 1 N HCl and neu-
tralized with saturated NaHCO3. After extraction with
CH2Cl2, the organic layer was washed with water and
brine, dried over anhydrous MgSO4, and concentrated
in vacuo. The crude product was purified by silica gel
column chromatography (10:1 hexane/EtOAc) to give
(S)-(�)-9 (885 mg, 92%) as a white solid.

(S)-9: mp 47–49 �C; 1H NMR (CDCl3, 400 MHz) d 1.71
(d, J = 6.8 Hz, 3H), 6.22 (q, J = 6.8 Hz, 1H), 6.35 (dd,
J = 3.4, 1.7 Hz, 1H), 6.40 (d, J = 3.4 Hz, 1H), 7.40–
7.44 (m, 3H), 7.52–7.57 (m, 1H), 8.04 (d, J = 1.7 Hz,
1H), 8.06 (m, 1H); 13C NMR (CDCl3, 100 MHz) d
18.3, 65.6, 107.9, 110.2, 128.3, 129.7, 132.9, 142.5,
153.5, 165.8; ½a�20D �61.8 (c 4.14, CHCl3).

(R)-6 was prepared from (R)-(+)-1-(2-furyl)ethanol
according to the same procedure. Compound 6: ½a�20D
+60.3 (c 1.14, CHCl3).

5.3. (1S,10R)-1-(2-Benzoyloxy)ethyl-7-oxabicy-
clo[2.2.1]heptane-2,3-dicarboxylic anhydride (7) and
(1R,10R)-1-(2-Benzoyloxy)ethyl-7-oxabicyclo[2.2.1]hep-
tane-2,3-dicarboxylic anhydride (8)

(R)-6 (439 mg, 1.68 mmol) and maleic anhydride
(247 mg, 2.52 mmol) weremixed and stirred at room tem-
perature for 25 h. The reaction mixture was diluted with
hexane/EtOAc (2:1) mixed solvent and filtered to give a
diastereomixture of the Diels–Alder adducts as a white
solid. The filtrate was concentrated and purified by silica
gel column chromatography (5:1 hexane/EtOAc). All the
Diels–Alder adducts were combined and dissolved in
THF (2 mL). To this solution was added 10% Pd/C
(50 mg), and themixture was stirred at room temperature
under a hydrogen atmosphere for 10 h. The reaction mix-
ture was filtered through Celite, and concentrated in va-
cuo to give a diastereomixture of 7 and 8 as a white solid.
The diastereomixture was purified by recrystallization
(2:1 hexane/EtOAc) to give the (1R,10R)-diastereomer
8 (220 mg, 41%) as colorless crystals. The filtrate was
evaporated and the residue was recrystallized from hex-
ane–Et2O (2:1) mixed solvent to give the (1S,10R)-diaste-
reomer 7 (193 mg, 36%) as colorless crystals.

(1R,10R)-8: mp 192–193 �C; 1H NMR (CDCl3,
500 MHz) d 1.61 (d, J = 6.5 Hz, 3H), 1.65–1.73 (m, 1H),
1.76 (ddd, J = 12.5, 12.5, 4.0 Hz, 1H), 2.02 (ddd,
J = 12.5, 12.2, 5.1 Hz, 1H), 2.26 (ddd, J = 12.3, 12.3,
4.0 Hz, 1H), 3.27 (d, J = 7.5 Hz, 1H), 3.33 (d,
J = 7.5 Hz, 1H), 5.01 (d, J = 5.2 Hz, 1H), 5.79 (q,
J = 6.5 Hz, 1H), 7.44 (dd, J = 7.4, 7.3 Hz, 2H), 7.55 (dd,
J = 7.4, 7.4 Hz, 1H), 8.02 (d, J = 7.3 Hz, 2H); 13C NMR
(CDCl3, 125 MHz) d 16.9, 27.8, 29.0, 51.9, 52.0, 68.0,
80.0, 91.0, 128.4 (2C), 129.7 (2C), 130.2, 133.1, 165.2,
169.0, 170.7; Anal. Calcd for C17H16O6: C, 64.55, H,
5.10.Found:C, 64.56,H, 5.15; ½a�20D �28.4 (c1.41,CHCl3).

(1S,10R)-7: mp 145–146 �C; 1H NMR (CDCl3,
500 MHz) d 1.62 (d, J = 6.7 Hz, 3H), 1.73–1.82 (m,
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2H), 1.83–1.92 (m, 1H), 2.03–2.12 (m, 1H), 3.29 (d,
J = 7.5 Hz, 1H), 3.36 (d, J = 7.5 Hz, 1H), 5.03 (d,
J = 5.4 Hz, 1H), 5.70 (q, J = 6.7 Hz, 1H), 7.45 (dd,
J = 7.5, 7.3 Hz, 2H), 7.56 (dd, J = 7.5, 7.5 Hz, 1H),
8.01 (d, J = 7.3 Hz, 2H); 13C NMR (CDCl3, 125 MHz)
d 15.9, 29.1, 32.3, 49.8, 52.5, 69.6, 79.5, 91.9, 128.5
(2C), 129.9 (2C), 133.2 (2C), 165.4, 169.4, 170.8; Anal.
Calcd for C17H16O6: C, 64.55, H, 5.10. Found: C,
64.41, H, 5.11; ½a�20D �36.4 (c = 0.39, CHCl3).

5.4. (1S,10S)-1-(2-Benzoyloxy)ethyl-7-oxabicy-
clo[2.2.1]heptane-2,3-dicarboxylic anhydride (10) and
(1R,10S)-1-(2-Benzoyloxy)ethyl-7-oxabicyclo[2.2.1]hep-
tane-2,3-dicarboxylic anhydride (11)

(1S,10S)-10 and (1R,10S)-11 were synthesized from (S)-
9 according to a similar procedure to that used for
(1R,10R)-8 and (1S,10R)-7.

(1S,10S)-10: Anal. Calcd for C17H16O6: C, 64.55,
H, 5.10. Found: C, 64.28, H, 5.09; ½a�20D +26.7 (c
1.37, CHCl3).

(1R,10S)-11: Anal. Calcd for C17H16O6: C, 64.55,
H, 5.10. Found: C, 64.69, H, 5.11; ½a�20D +36.5 (c
0.17, CHCl3).

The UV and CD (circular dichroism) spectra of the four
stereoisomers are shown in Figure 7. For preparation of
enantiomerically pure 1-camphenoyloxymethyl-7-oxabi-
cyclo[2.2.1]hept-5-ene-2,3-dicarboxylic anhydride and
its CD spectra, see Ref. 15.
5.5. Compound 12

To a solution of 7 (182 mg, 0.576 mmol) and 2,4-dibro-
moaniline (216.8 mg, 0.864 mmol) in toluene (2 mL)
were added triethylamine (160.6 lL, 1.152 mmol) and
DMAP (7.1 mg, 0.058 mmol), and the mixture was stir-
red at 130 �C for 12 h. After removal of the solvent in
vacuo, the residue was purified by silica gel column
chromatography (5:1 hexane/AcOEt) to give the imide
12. Recrystallization from benzene afforded pure 12 as
colorless needles (193 mg, 61%).
Figure 7. CD and UV spectra of chiral cantharidin analogues (7, 8, 10, and
1H NMR (CDCl3, 400 MHz) d 1.64 (d, J = 6.6 Hz, 3H),
1.70–2.22 (m, 4H), 3.27 (d, J = 7.5 Hz, 1H), 3.29 (d,
J = 7.5 Hz, 1H), 5.02 (d, J = 5.0 Hz, 1H), 5.74 (q,
J = 6.6 Hz, 1H), 6.59 (d, J = 8.4 Hz, 1H), 7.22–7.44
(m, 3H), 7.52–7.57 (m, 1H), 7.82 (d, J = 2.0 Hz, 1H),
7.94 (dd, J = 8.4, 1.3 Hz, 2H); LRMS (EI) m/z 551
(M++4), 549 (M++2), 547 (M+).

5.6. Protein phosphatase inhibition assays

Assays were performed according to the previously re-
ported procedures.4a Phosphatases PP1 (rabbit skeletal
muscle), PP2A (rabbit skeletal muscle, composed of
a,b, and catalytic subunit), and PP2B (bovine brain)
were purchased from UBI (Upstate Biotechnology
Inc.). Protein phosphatase assays were carried out
according to the UBI protocol in the presence or
absence of an appropriate concentration of test
compound. For PP1 and PP2A assays, a Ser/Thr Phos-
phatase Assay Kit 1 (UBI) was used, in which free phos-
phate ion released from a substrate phosphopeptide
(KRpTIRR) is quantified by colorimetric analysis
(630 nm) using the Malachite Green method (enzyme
concentrations: 4 units/mL PP1; 56 nM PP2A). For
PP2B inhibition assays, p-nitrophenyl phosphate
(pNPP) was used as a substrate. Briefly, pNPP
(2.4 mM) was incubated with PP2B (57 nM) at 37 �C
(in 50 mM Tris/HCl buffer, pH 7.0, 0.1 mM CaCl2,
2.5 mM NiCl2, 0.3 mg/mL BSA, and 0.25 lM calmodu-
lin) in the absence or presence of inhibitor.

5.7. Construction of binding models

To construct binding models of both enantiomers of a
chiral 1-substituted norcantharidin derivative with the
catalytic site of PP2B, a computational docking study
was performed based on the reported PP2B-FKBP-
FK506 complex structure (pdb code: 1TCO). The preli-
minary binding model was constructed in the Affinity
module of the Insight II molecular modeling program
developed by MSI (now succeeded by Accelrys, San Die-
go). Affinity is a program for automatically docking a li-
gand to a receptor using a combination of Monte Carlo
type and simulated annealing procedures. The molecular
mechanics program employed in Affinity is the Discover
11) in CH3CN.
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3 module in conjunction with the force fields supported
by that program. In the first orientation, we defined a
subset for the binding site of the receptor, and formed
an assembly consisting of the receptor and ligand mole-
cules. The subset was defined as the amino acid residues
within 7 Å around the phosphate ion, including the cat-
alytic site of PP2B. The initial placements of norcantha-
ridin derivatives within PP2B catalytic site were made
using a Monte Carlo type procedure to search both con-
formational and Cartesian space. Second, a simulated
annealing phase optimized each ligand placement. The
structures were then subjected to energy minimization
based on molecular dynamics.
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