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Activity-guided fractionation of a chloroform-soluble extract of the leaves of Ormosia sumatrana, using
a proteasome inhibition assay, led to the isolation of a new A-type proanthocyanidin derivative, 3′-O-
cinnamoylprocyanidin A-2 (1), and a new cerebroside, sumatranoside (2). The structures of these two
isolates were determined as epicatechin-(2âfOf7′,4âf8′)-epicatechin-3′-O-cinnamate (1) and 1-O-(â-D-
glucopyranosyl)-(2S,3S,4R)-2N-[(2′R)-2′-hydroxy-tetracosanoyl]-9Z-octadecene-1,3,4-triol (2), respectively,
by spectroscopic and chemical methods. Sumatranoside (2) exhibited proteasome inhibitory activity with
an IC50 value of 30 µM.

The genus Ormosia Jacks. of the subfamily Papilion-
oideae of the Leguminosae comprises some 130 species,
with about 70 species being indigenous to Central America
and eastern South America, and the others found in east
and southeast Asia and northeast Australia.1 Previous
phytochemical studies on Ormosia species have resulted
in the isolation of various quinolizidine alkaloids and
isoflavonoids.2-5 No reports have appeared in the literature
on the constituents of O. sumatrana (Miq.) Prain.

The ubiquitin-proteasome proteolytic system plays an
important role in selective protein degradation and regu-
lates cellular events, including cell-cycle progression, apop-
tosis, and inflammation.6,7 Since proteasomes interact
primarily with endogenous proteins, inhibition of the pro-
teolytic action of the proteasome may block the signaling
action of the transcription factor NF-κB and, thus, inhibit
the completion of the cell cycle and hence the mitotic
proliferation of cancerous cells, leading to cell death by
apoptosis, and inhibition of angiogenesis and metastasis.8
The potential of specific proteasome inhibitors, which may
act as anticancer agents, is now of considerable interest in
the drug discovery process. As part of a project directed
toward the discovery of novel anticancer agents from
plants, the chloroform-soluble extract of O. sumatrana was
found to inhibit the chymotrypsin-like activity of the
proteasome in vitro. Bioactivity-guided fractionation of this
extract led to the isolation of a new A-type proanthocyan-
idin derivative, 3′-O-cinnamoylprocyanidin A-2 (1), and a
new cerebroside, sumatranoside (2). The isolation, struc-
ture elucidation, and proteasome inhibitory activity of
compounds 1 and 2 are reported.

The molecular formula of 1 was determined as C39H30O13

on the basis of HRFABMS (m/z 729.1613 [M + Na]+, calcd
for C39H30O13Na, 729.1584). The IR and UV spectra of 1
revealed the presence of hydroxy (3410 cm-1) and phenolic
groups (279 nm, 1691 cm-1). Most of the 1H and 13C NMR
signals of compound 1 were observed in the olefinic and
aromatic downfield regions (Table 1). The aromatic signals
at δH 7.43 (3H, m) and 7.63 (2H, m) and two trans-oriented
vinyl protons at δH 6.45 and 7.43 (each 1H, d, J ) 16.0 Hz)
suggested that compound 1 contains a cinnamoyl moiety.
This was confirmed by the HMBC correlations observed
from H-7′′ to C-1′′, C-2′′, C-6′′, C-8′′, and C-9′′, and from
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H-8′′ to C-1′′, C-7′′, and C-9′′. In addition to the signals
assigned to this cinnamoyl unit, the 13C NMR spectrum of
compound 1 displayed another 30 resonances, including 24
aromatic carbons and six additional signals at δC 100.0 (s,
C-2), 80.0 (d, C-2′), 68.4 (d, C-3′), 67.6 (d, C-3), 28.8 (d, C-4),
and 27.5 (t, C-4′), comprised of two C6-C3-C6 units. The
1H NMR resonances for H-2′, H-3′, H-3, H-4, H-4′a, and
H-4′b were assigned at δH 5.27 (1H, br s), 5.66 (1H, br d,
J ) 4.8 Hz), 4.22 (1H, dd, J ) 4.7, 3.2 Hz), 4.46 (1H, d,
J ) 3.2 Hz), 3.15 (1H, dd, J ) 17.6, 4.8 Hz), and 2.95 (1H,
br d, J ) 17.6 Hz), respectively, on the basis of the HMQC
data of compound 1. In the 1H-1H COSY spectrum,
correlations from H-3 to H-4, and from H-3′ to H-2′, H-4′a,
and H-4′b, were observed. All of the above-mentioned 1D
and 2D NMR data suggested that compound 1 is a
proanthocyanidin derivative.9,10

The chemical shifts of a doubly oxygenated quaternary
carbon at δC 100.0 (C-2) and a methine at δC 28.8 (C-4)
suggested that the two flavan units were linked from C-2
to C-7′ through an oxygen ether functionality and directly
from C-4 to C-8′ by a C-C bond.11,12 This was confirmed
by the observed HMBC correlations from both H-10 and
H-14 to C-2 and from H-4 to C-2, C-7′, C-8′, and C-8′a
(Figure 1). The location of the cinnamoyl moiety was
assigned to C-3′ on the basis of the observed HMBC
correlation from H-3′ to C-9′′.

The absolute stereochemistry at C-4 was established by
CD measurements. The high-amplitude positive Cotton
effect ([θ]233 +1.1 × 105) at short wavelength in the CD
spectrum of 1 allowed the assignment of the absolute
configuration of C-4 as R, corresponding to a 2â,4â stere-
ochemistry.13,14 Moreover, the 3,4-trans configuration of the
C-ring was further confirmed by the correlation between
H-3 and H-6′ in the ROESY spectrum (Figure 2).15 The
appearance of a broad singlet at δH 5.27 due to the H-2′
proton indicated a cis configuration between H-2′ and H-3′
of the lower flavan unit.9 The orientation at C-2′ of the
lower flavan moiety was assigned as R, as a result of the
CD spectral pattern between 270 and 290 nm ([θ]275

-9.70 × 104, [θ]290 -1.03 × 105), reflecting that the
orientation of the B/E-rings in this proanthocyanidin was
similar to that of proanthocyanidin A-2, with a 2R-phenyl
(C-ring)-2R-phenyl (F-ring) functionality.16 This configu-
ration was confirmed by a correlation between H-4 and H-2′
in the ROESY spectrum (Figure 2).17 On the basis of these
observations, compound 1 was assigned as epicatechin-
(2âfOf7′,4âf8′)-epicatechin-3′-O-cinnamate (3′-O-cin-
namoylprocyanidin A-2).

A molecular formula of C48H93NO10 was assigned for
compound 2 on the basis of the observed sodiated molecular
ion peak at m/z 866.6738 [M + Na]+ in its HRESIMS. The
presence of a â-glucopyranose moiety in 2 was suggested
by the chemical shift and coupling constant of the anomeric
proton at δH 4.95 (1H, d, J ) 7.7 Hz, Glc-1), which was
supported by the anomeric carbon signal at δC 105.6 (d,
Glc-1). The 1H and 13C NMR resonances of the glucopyra-
nose unit were assigned on the basis of the observed 1H-
1H COSY, HMQC, and HMBC correlations. Other signals
displayed in the 1H NMR spectrum of 2 were a downfield
doublet at δH 8.56 (1H, d, J ) 8.2 Hz, NH), eight olefinic,
oxygenated, or other heteroatom-attached protons between
δH 4.48 and 5.56, six methyl protons at δH 0.87 (6H, br t,
J ) 6.3 Hz, CH3-18 and CH3-24′), and a strong aliphatic
methylene resonance at δH 1.26-1.32. The 13C and DEPT
NMR spectral data of 2 exhibited a carbonyl group at δC

175.7 (C-1′), two olefinic carbons at δC 130.4 and 130.2 (C-9
and C-10, d), five oxygenated or other heteroatom-attached
carbons at δC 75.9 (C-3, d), 72.42 and 72.44 (C-4 and C-2′,

Table 1. 1H NMR and 13C NMR Data of Compound 1 in
CDCl3

a

position δC DEPT δH (J in Hz)

2 100.0 C
3 67.6 CH 4.22 dd (4.7, 3.2)
4 28.8 CH 4.46 d (3.2)
4a 103.8 C
5 157.0 C
6 97.9 CH 6.14 br s
7 158.1 C
8 96.4 CH 6.14 br s
8a 154.1 C
9 132.3 C
10 115.6 CH 7.22 d (2.1)
11 145.1 C
12 146.2 C
13 115.3 CH 6.86 d (8.2)
14 119.7 CH 7.09 dd (8.2, 2.1)
2′ 80.0 CH 5.27 br s
3′ 68.4 CH 5.66 br d (2.9)
4′ 27.5 CH2 3.15 dd (17.6, 4.8), 2.95 d (17.6)
4′a 101.4 C
5′ 156.0 C
6′ 96.7 CH 6.19 br s
7′ 152.3 C
8′ 107.1 C
8′a 151.4 C
9′ 129.9 C
10′ 115.5 CH 7.25 d (1.9)
11′ 145.9 C
12′ 146.2 C
13′ 116.0 CH 6.87 d (8.0)
14′ 119.8 CH 7.07 dd (7.9, 2.0)
1′′ 135.2 C
2′′ 129.8 CH 7.43 m
3′′ 129.2 CH 7.63 m
4′′ 131.3 CH 7.43 m
5′′ 129.2 CH 7.63 m
6′′ 129.8 CH 7.43 m
7′′ 146.0 CH 7.43 d (16.0)
8′′ 118.8 CH 6.45 d (16.0)
9′′ 166.2 C
3-OH 4.39 d (4.7)
a Spectra taken at 500 and 125 MHz for proton and carbon,

respectively; chemical shift values were assigned on the basis of
the observed 2D NMR correlations.

Figure 1. Selected HMBC correlations of compound 1.

Figure 2. Selected ROESY correlations of compound 1.
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d), 70.5 (C-1, t), and 51.7 (C-2, d), aliphatic methylenes
between δC 23.0 and 35.6, and two methyls at δC 14.4 (CH3-
18 and CH3-24′, q). A correlation from δH 8.56 (NH) to δH

5.28 (1H, m, H-2) and correlations from δH 8.56 (NH) to δC

175.7 (C-1′), 75.9 (C-3), 72.4 (C-2′), 70.5 (C-1, t), and 51.7
(C-2, d) were observed in the 1H-1H COSY and HMBC
spectra of 2, respectively. These 1D NMR data and 2D
NMR correlations indicated the presence of an amide
function in the molecule of 2 and suggested that this
compound is a cerebroside.18,19 The location of the sugar
moiety was assigned at C-1 on the basis of the clear HMBC
correlations observed from both H-1a and H-1b to the
anomeric carbon of the â-glucopyranose. The chemical
shifts of the allylic methylene carbons at δC 27.9 and 27.6
(C-8 and C-11) indicated that the double bond was present
in the Z-configuration in 2.20,21

Compound degradation studies and acetylation were
carried out to determine the lengths of the sphingosine and
fatty acid chains, the position of the double bond, and the
absolute configuration of cerebroside 2. Initially, hydrolysis
was carried out using LiOH to give a fatty acid methyl ester
and a sphingosine glucoside. The acetate of the fatty acid
methyl ester 2a was afforded by acetylation (Ac2O/pyr) of
the fatty acid methyl ester. The sphingosine glucoside was
further hydrolyzed using 1 N HCl, and the resulting
mixture was then acetylated (Ac2O/pyr) to give 2b and
pentaacetyl-R-D-glucopyranoside and pentaacetyl-â-D-glu-
copyranoside. Protonated molecular ion peaks were ob-
tained in the ESIMS at m/z 441 and 484 for 2a and 2b,
respectively. These data enabled the determination of the
lengths of the sphingosine and fatty acid units as 18 and
24 carbons, respectively, and that the double bond was
located in the sphingosine chain in the molecule of 2. The
location of the double bond at C-9 and C-10 was suggested
by the fragmentations obtained in the MS-MS spectrum
of 2b.22 The optical rotation value of 2a ([R]D +16.5°)
indicated a 2′R absolute stereochemistry in 2.23 The
absolute configuration of 2S, 3S, and 4R for 2 could be
established by comparison of the obtained optical rotation
value of 2b ([R]D +28.5°) with the literature values of
synthetic sphingamines.23,24 Finally, the absolute config-
uration of the glucose moiety was determined as D on the
basis of the optical rotation value ([R]D +59.2°) of the
mixture of pentaacetyl-R-D-glucopyranoside and pentaacetyl-
â-D-glucopyranoside.25,26 The 1H NMR spectral data indi-
cated that the pentaacetyl-glucopyranoside obtained in the
present study was a mixture of R and â forms in a ratio of
about 1:3. Thus, the structure of sumatranoside (2) was
assigned as 1-O-(â-D-glucopyranosyl)-(2S,3S,4R)-2N-[(2′R)-
2′-hydroxy-tetracosanoyl]-9Z-octadecene-1,3,4-triol and is
the first isolation of a cerebroside from the genus Ormosia.

The new A-type proanthocyanidin derivative, 3′-O-cin-
namoylprocyanidin A-2 (1), was found to be inactive in a
proteasome inhibitory assay (<10% inhibition at 28 µM).
However, the new cerebroside, sumatranoside (2), was
demonstrated to be modestly active in the same assay, with
an IC50 value of 30 µM. Derivatives 2a and 2b and the
mixture of pentaacetyl-R-D-glucopyranoside and pentaacetyl-
â-D-glucopyranoside obtained from compound 2 were inac-
tive in the proteasome inhibitory assay. Both compounds
were inactive (ED50 > 5 µg/mL) when evaluated in a small
tumor cell panel.27,28 To the best of our knowledge, the
proteasome inhibitory activity of ceramides and cerebro-
sides has not been reported previously. A series of poly-
hydroxy sterols with approximately the same proteasome
inhibition potency as 2 was described recently from a
marine sponge (Acanthodendrilla sp.).29

Experimental Section

General Experimental Procedures. Optical rotations
were measured with a Perkin-Elmer 241 polarimeter. UV
spectra were recorded on a Beckman DU-7 spectrometer. IR
spectra were recorded on a JASCO FT/IR-410 spectrometer.
The CD measurement was performed using a JASCO-710 CD
spectropolarimeter. HRFABMS and LRFABMS were recorded
on a VG 7070-HF mass spectrometer. 1H and 13C NMR data
(including DEPT, HMQC, HMBC, NOESY, and 1H-1H COSY
spectra) were recorded at room temperature on a Bruker
Avance DRX-500 or DPX-360 MHz spectrometer with TMS as
internal standard. Column chromatography was conducted on
silica gel (70-230 mesh, Merck, Darmstadt, Germany). Thin-
layer chromatography (TLC) was performed on precoated silica
gel 60 F254 (Merck, 0.25 mm layer thickness) plates. For
visualization of TLC plates, vanillin-sulfuric acid reagent was
used.

Plant Material. The leaves of Ormosia sumatrana (Miq.)
Prain (Leguminosae) were collected at Sub District Riam
Durian, District Kota Waringin Lama, Pangkala Bun-Central
Kalimantan, Indonesia, in October 1998, and identified by S.R.
A voucher specimen (accession No. B-97) has been deposited
at the Field Museum of Natural History, Chicago, IL.

Extraction and Isolation. The milled, air-dried leaves of
O. sumatrana (1028 g) were extracted with MeOH (4 L × 3)
at room temperature, and the solvent was evaporated in vacuo.
The dried MeOH extract (68 g) was resuspended in 10% H2O
in MeOH (500 mL) and partitioned with petroleum ether (500
mL × 3) to yield a petroleum ether-soluble residue (16 g). To
the aqueous MeOH layer was added H2O (200 mL), and this
was then partitioned with CHCl3 (700 mL × 2) to afford a
chloroform-soluble extract (20 g), which was followed by
washing with a 1% aqueous solution of NaCl to remove
tannins. The chloroform-soluble extract exhibited inhibitory
activity in a proteasome assay (IC50 5.3 µg/mL), while both
the petroleum ether-soluble and aqueous-soluble extracts were
inactive. Hence, the CHCl3-soluble extract (20 g) was subjected
to silica gel column chromatography (4.5 × 40 cm) and eluted
with a gradient of CHCl3-MeOH (50:1, 30:1, 20:1, 15:1, 10:1,
5:1, 3:1, 0:1, 2000 mL each). Fractions were pooled on the basis
of TLC analysis and afforded eight combined fractions (F011-
F018). Of these, F015, F016, and F017 showed inhibitory
effects in the proteasome assay with IC50 values of 3.9, 2.7,
and 7.3 µg/mL, respectively. Fractions F015 and F016 (0.4 g)
were combined and further chromatographed over silica gel
with CHCl3-MeOH (5:1) mixtures and afforded compound 1
(10 mg). Fraction F017 was repeatedly chromatographed over
a Sephadex LH-20 column (2.5 × 55 cm), eluted with pure
MeOH, affording compound 2 (28 mg).

3′-O-Cinnamoylprocyanidin A-2 (1) (epicatechin-(2âf
Of7′,4âf8′)-epicatechin-3′-O-cinnamate): UV (MeOH)
λmax (log ε) 218 (4.45), 279 (4.16) nm; IR (dried film) νmax 3410,
2362, 2333, 1691, 1623, 1514, 1405, 1358, 1281, 1178, 1143,
1109 cm-1; CD (MeOH) ∆ε (nm) +1.24 × 105 (217), +1.13 ×
105 (233), -9.70 × 104 (275), -1.03 × 105 (290); 1H and 13C
NMR data, see Table 1; LRFABMS m/z 729 [M + Na]+;
HRFABMS m/z 729.1613 [M + Na]+ (calcd for C39H30O13Na,
729.1584).

Sumatranoside (2) {1-O-(â-D-glucopyranosyl)-(2S,3S,4R)-
2N-[(2′R)-2′-hydroxy-tetracosanoyl]-9Z-octadecene-1,3,4-
triol}: [R]23

D +9.2° (c 0.60, MeOH); UV (MeOH) λmax (log ε)
203 (3.65), 221 (3.18) nm; IR (dried film) νmax 3415, 2982, 1621,
1543, 1430 cm-1; 1H NMR (C5D5N, 500 MHz) δ 8.56 (1H, d,
J ) 8.2 Hz, NH), 5.43-5.56 (2H, m, H-9 and H-10), 5.28 (1H,
m, H-2), 4.95 (1H, d, J ) 7.7 Hz, Glc-1), 4.71 (1H, dd, J )
10.6, 6.8 Hz, H-1a), 4.58 (1H, dd, J ) 7.7, 3.5 Hz, H-2′), 4.52
(1H, dd, J ) 10.6, 4.5 Hz, H-1b), 4.48 (1H, dd, J ) 6.9, 4.8 Hz,
H-3), 4.16-4.22 (3H, m, H-4, Glc-3 and Glc-4), 4.00 (1H, t,
J ) 8.0 Hz, Glc-2), 3.86 (1H, m, Glc-5), 2.19-2.26 (4H, m, H-5a,
H-8a, H-11a and H-3′a), 2.00-2.09 (4H, m, H-8b, H-11b, H-3′b
and H-4′a), 1.92 (1H, m, H-5b), 1.78 (2H, m, H-4′b and H-6a),
1.69 (1H, m, H-6b), 1.26-1.32 (methylene band), 0.87 (6H, t,
J ) 6.3 Hz, CH3-18 and CH3-24′); 13C NMR (C5D5N, 125 MHz)
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δ 175.7 (C-1′, s), 130.4 (C-9 or C-10, d), 130.2 (C-9 or C-10, d),
105.6 (Glc-1, d), 78.6 (Glc-5, d), 78.5 (Glc-3, d), 75.9 (C-3, d),
75.2 (Glc-2, d), 72.42, 72.44 (C-2′ and C-4, d), 71.4 (Glc-4, d),
70.5 (C-1, t), 62.6 (Glc-6, t), 51.7 (C-2, d), 35.6 (C-3′, t), 34.0
(C-5, t), 32.1 (C-16′ and C-22′, t), 30.1-29.5 (other methylenes),
27.9, 27.6 (C-8 and C-11, t), 26.8 (C-4′, t), 25.9 (C-6, t), 23.0
(C-17 and C-23′, t), 14.3 (C-18 and C-24′, q); LRFABMS m/z
866 [M + Na]+; HRFABMS m/z 866.6738 [M + Na]+ (calcd for
C48H93NO10Na, 866.6697).

Alkaline Hydrolysis of 2. Sumatranoside (2, 8.5 mg) was
dissolved in MeOH (2 mL) in a 25 mL round-bottomed flask,
and LiOH solution (1 N, 2 mL) was gradually added to the
flask. The reaction solution was stirred for 5 h at 50 °C. The
resulting mixture was neutralized using 1 N HCl and then
extracted with n-hexane (3 × 3 mL). The evaporated n-hexane-
soluble extract was acetylated using pyridine (0.2 mL) and
acetic anhydride (0.2 mL) at room temperature overnight to
give 2a (2.1 mg): [R]23

D +16.5° (c 0.15, CHCl3); 1H NMR
(CDCl3, 500 MHz) δ 4.98 (1H, t, J ) 6.4 Hz, H-2′), 3.74 (3H, s,
OMe), 2.14 (3H, s, OAc), 1.77-1.85 (2H, m, H2-3′), 1.26
(methylene protons), 0.88 (3H, t, J ) 6.8 Hz, CH3-24′); ESIMS
m/z 441 [M + H]+.

Acid Hydrolysis of the Sphingosine Glucoside. The
sphingosine glucoside-containing H2O layer from the above-
described alkaline hydrolysis was sufficiently evaporated at
50 °C under reduced pressure. The residue obtained was
further hydrolyzed using 1 N HCl (3 mL), stirring for 7 h at
80 °C. The resulting mixture was neutralized with 10%
NaHCO3, dried, and then acetylated using pyridine (0.3 mL)
and acetic anhydride (0.2 mL) at room temperature overnight.
The acetylation mixture was purified by passage over a
Sephadex LH-20 column (1.5 × 10 cm), eluted with MeOH-
CHCl3 (1:1), to give 2b (2.5 mg) and an R and â mixture of
pentaacetyl-glucopyranoside (1.8 mg). 2b: [R]23

D +28.5° (c 0.13,
CHCl3); 1H NMR (CDCl3, 500 MHz) δ 5.95 (1H, d, J ) 8.9 Hz,
NH), 5.30-5.47 (2H, m, H-9 and H-10), 5.08 (1H, dd, J ) 7.1,
4.2, H-3), 4.95 (1H, ddd, J ) 7.1, 4.2, 3.5 Hz, H-4), 4.47 (1H,
m, H-2), 4.29 (1H, dd, J ) 11.2, 5.0 Hz, H-1a), 4.01 (1H, dd,
J ) 11.2, 3.8 Hz, H-1b), 1.96-2.13 (16H, H2-8, H2-11, and 4 ×
OAc), 1.63 (2H, m, H-5), 1.25-1.28 (methylene band), 0.88 (3H,
t, J ) 7.0 Hz, CH3-18); ESIMS m/z 484 [M + H]+; MS-MS (30
eV) m/z 424 (21), 382 (11), 364 (9), 350 (12), 322 (15), 304 (13),
280 (15), 262 (100), 245 (11), 154 (2), 133 (9), 57 (45).
Pentaacetyl-R-D-glucopyranoside and pentaacetyl-â-D-gluco-
pyranoside: [R]23

D +59.2° (c 0.12, CHCl3); ESIMS m/z 391
[M + H]+.

Proteasome Fraction Preparation. A proteasome-en-
riched fraction from a HL-60 human leukemic cell line was
prepared by a modified method reported by Vinitsky et al.30

HL-60 cells (1010) were harvested by centrifugation at 10 000g
for 30 min. The pellet was resuspended in PBS, and the cells
were pelleted again by centrifugation. The pellet was homog-
enized in 20 mL of 50 mM Tris-Cl, pH 7.5. The homogenate
was centrifuged at 100 000g for 30 min. The supernatant was
adjusted to 5% poly(ethylene glycol) (w/v, mol wt 8000) and
centrifuged at 15 000g for 30 min. The resulting supernatant
was then adjusted to 12% poly(ethylene glycol) (w/v) and
centrifuged at 15 000g for 30 min. The supernatant was diluted
2-fold in 10 mM Tris-EDTA, pH 7.5, and clarified by centrifu-
gation at 10 000g for 20 min. The resultant fraction was
enriched in active proteasome complexes.

Proteasome Inhibition Assay. The assay buffer (155 mM
Tris, 10 mM EDTA, pH 7.4) was added to the blank and control
wells, respectively, and also dilutions of the positive control
were added to the inhibitor wells. Dilutions of the test
substances (plant extract, fractions, or pure isolates) were
prepared in proteasome assay buffer and added to the ap-
propriate wells. The microtiter plate was allowed to equilibrate
to the assay temperature (ambient). The enriched proteasome
fraction was diluted to a final assay concentration of 50 µg/
mL using assay buffer, and this dilution was then added to
each well. Then, the plate was preincubated for 30 min at room
temperature to allow inhibitor/enzyme interactions. The en-

zyme reaction was started by adding Suc-LLVY-AMC sub-
strate to a final concentration of 10 µM and was incubated for
1 h. The chymotrypsin-like proteasome activity was deter-
mined by measuring the generation of free AMC using a
fluorescent plate reader capable of excitation at a wavelength
of 360 nm and detection of emitted light at 460 nm. The Suc-
LLVY-AMC substrate was obtained from Calbiochem (San
Diego, CA). The boronate proteasome inhibitor PS-341 (bor-
tezomib) was used as positive control (IC50 0.15 µM).

Cytotoxicity Assay. The cytotoxic activity of compounds
1 and 2 was evaluated against a panel of human cancer cell
lines according to established protocols.27,28
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