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In this study, we designed and synthesized a structurally simplified syringolin A analogue 4, which
could have a switched hydrogen bonding interaction with the 5 subunit of 20S proteasome. This analogue
exhibits potent 5 proteasome inhibitory activity with an IC;, value of 107nm. It also shows cytotoxicity
against a range of human cancer cells at submicromolar level (109-254 nm). This analogue is expected to be a
lead compound as a next generation proteasome inhibitor because of its simple structure.
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Multiple myeloma is a hematological malignancy, where
clonogenic mature plasma cells accumulate in bone marrow.
These malignant cells multiply rapidly and interfere with the
production of normal blood cells in bone marrow, and produce
abnormal monoclonal immunoglobulins called M proteins in
large amount. Bortezomib (Velcade®)" and carfilzomib (Ky-
prolis®)® have been approved by U.S. Food and Drug Admin-
istration (FDA) for the treatment of multiple myeloma. They
are inhibitors of proteasome,® which is a complex machinery
composed of many subunits. Amongst these subunits, f1,
S2, and BS subunits have caspase-like, trypsin-like and chy-
motrypsin-like catalytic activities, respectively. Proteasome
degrades ubiquitin-labeled proteins, and is responsible for the
maintenance of an intracellular protein expression.” Inhibition
of proteasome results in accumulation of unnecessary proteins
that ultimately causes cell death. Bortezomib reversibly inhib-
its proteasome to cause apoptosis of malignant plasma cells.
The clinical introduction of bortezomib has changed the treat-
ment paradigm of multiple myeloma resulting prolonged sur-
vival of patients. However, there are some drawbacks in clini-
cal use of bortezomib such as peripheral neuropathy as well
as drug resistance, which is a common issue to be concerned
in cancer chemotherapy.*® Although several proteasome in-
hibitors are currently under clinical trials,” new proteasome
inhibitors are still necessary to be developed.

Syringolin A (1, Fig. 1) is a naturally occurring 12-mem-
bered macrolactam isolated from a strain of the plant pathogen
Pseudomonas syringae pv. syringae in 1998.7 It irreversibly
inhibits proteasome by a 1,4-addition of the hydroxyl group
of the N-terminal threonine (Thr) residue on the S5 subunit
to the a,f-unsaturated carboxamide moiety embedded in 1.Y
Since the mode of inhibition of 1 is different from that of
bortezomib and carfilzomib, 1 is expected to be a new lead
as an anti-multiple myeloma drug. The fact that 1 can exhibit
a moderate 5 subunit inhibitory activity (K, value of 0.8 um
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for p5) along with high cytotoxicity (ICs, value of 8.5um for
human myeloma MML.S cells) has motivated several groups to
improve its biological activity.”'® The X-ray crystal structure
of the yeast 20S proteasome covalently bound to 1 (PDB code:
2ZCY) has been elucidated.® The structure indicates that in
the f5-subunit, the isopropyl side chain directly attached to
the 12-membered ring of 1 is recognized by an Sl subsite
and that of the internal valine (Val) residue was recognized
by an S3 subsite, which constitutes a hydrophobic pocket that
can accept a larger hydrophobic substituent than the isopro-
pyl group (Fig. 2). Moreover, a hydrogen bonding between
the NH of the internal Val residue and the Aspll4 residue of
the neighboring f6 subunit can be observed. Although X-ray
crystallography provides valuable information about a crystal
complex, it is difficult to predict the association state of the
covalent inhibitor to the target protein, because the X-ray
crystal structure of covalent inhibitor—protein complexes does
not always reflect the correct association state.') Therefore, a
systematic structure—activity relationship study is necessary
to confirm whether the interactions observed in the complex
structure of covalent inhibitor—protein are crucial in the as-
sociation state. Our group has investigated a systematic struc-
ture—activity relationship of 1 and found that compound 2,
where the ureadipeptide moiety was replaced with an N-dec-
anoyl-L-phenylalanine, can exhibit a strong £S5 subunit inhibi-
tory activity with a K;" value of 0.14nm as well as strong cyto-
toxicity with an ICy, value of 2.2nm against human myeloma
RPMI8226 cells.'™ The acyl side chain of 2 plays an important
role in improving cell membrane permeability and makes an
additional contact with the hydrophobic region of the 6 sub-
unit of the 20S proteasome. This additional interaction might
have enhanced the inhibitory activity. Of note, the analogue
3, where the nitrogen at the L-Phe moiety of 2 is methylated,
exhibited a large decrease in the A5 subunit inhibitory activity
(ICs, 1000nm) and completely diminished the cytotoxicity.'®
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Ki' = 0.14 nM (35 subunit)
IC50 = 2.2 nM (RPMI8226 cells)

Kji' =1000 nM (5 subunit)
IC50 =>10000 nM (RPMI8226 cells)

Fig. 1. Structure and Biological Activities of Syringolin A and Its Analogues
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Fig. 2. Expected Binding Mode of Syringolin A and Bortezomib with #5-Subunit of 20S Proteasome and Design of Simplified Analogue by Switch-

ing a Key Hydrogen Bonding in Ligand/Target Association

This result indicates that the hydrogen bonding between the
NH and the Aspll4 of the neighboring 6 residue is a critical
interaction between 2 as well as 1 and the £S5 subunit in their
association state. There exists Ala49 residue near the Aspll4
residue in the 6 subunit. In the complex structure of pro-
teasome with bortezomib (PDB code: 2F16), the backbone NH
of Ala49 interacts with the carbonyl oxygen of bortezomib
(3.23A),'” and it is presumed that the interaction is important
in the association state of bortezomib to the S5 subunit. On
the other hand, the carbonyl oxygen of internal Val residue of
1 is close to the NH of Ala49, but its distance is 3.63 A, indi-
cating that the interaction between these functional groups is
not likely in the complex with 1. We hypothesized that remov-

ing the substituent recognized by the S3 subsite and the NH
group that interact with the Aspll4 would increase the flex-
ibility of the side chain. This could induce a reorganization of
the structure to switch the hydrogen bonding partners between
the oxygen of the exocyclic carboxamide of 1 and the Ala49 of
the 5 subunit in the association state. This molecular design
allows us to generate a new structurally simplified inhibitor
4, where the L-phenylalanine residue of 2 is truncated and the
acyl side chain is directly attached to the core 12-membered
macrolactam. Here, we report the synthesis and biological
evaluation of 4 in order to confirm the hypothesis and develop
a guide to design new type of syringolin analogues, which are
expected to be a next generation proteasome inhibitor.
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Chart 1. Synthesis of Syringolin A Analogues
Results and Discussion

We have previously reported the total synthesis of 1 fea-
turing intramolecular Ugi-three component reaction with a
formylisonitrile, amine, and carboxylic acid.'”” The synthetic
strategy was followed for the synthesis of 4 (Chart 1). The
known alcohol 5,'” which was prepared from N-Boc-L-valine
in 10 steps, was oxidized by 2-iodoxybenzoic acid (IBX), and
the formamide group of the resulting a.f-unsaturated alde-
hyde was dehydrated by triphosgene in the presence of Et;N
in CH,Cl, at —78°C to provide the formylisonitrile 6, which
was used for the intramolecular Ugi-three component reaction
without further purification. The formylisonitrile 6, 2,4-di-
methoxybenzylamine, and trifluoroacetic acid were heated in
toluene at 70°C in the presence of NH,Cl gave the desired
12-membered macrolactam 7. After removing the fert-butyldi-
methylsilyl (TBS) group of 7 by 3HF-Et;N in MeCN—-CH,Cl,,
the hydroxylactam 8 was isolated in 15% yield over four steps
from 5. The stereochemistry of the newly formed stereogenic
center was found to be in S-configuration, and its diaste-
reomer was not detected at all in the reaction mixture. The
hydroxyl group of 8 was mesylated and the resulting mesylate
was treated with 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) to
promote f-elimination to afford the E-o,f-unsaturated carbox-
amide 9 selectively. The 2,4-dimethoxybenzyl group at the
exocyclic nitrogen of 9 was removed by BCl; in CH,CI, at
0°C gave 10 in 75% yield. Next, an acyl side chain was intro-
duced into the 12-membered maclolactam. The acyl side chain
is found to be important in increasing the inhibitory activity,
presumably by interacting with the f6 subunit of the 20S
proteasome (Fig. 2). The length of the acyl side has been op-
timized by our group, revealing that C8—11 acyl groups were
favored and the difference in the biological property among
these analogues was very subtle.'” Thus, a decanoyl group
was chosen as the acyl substituent. The trifluoroacetyl group
of 10 was removed by saturated NH; in MeOH, and the liber-
ated amine 11 was acylated with decanoyl chloride to afford
the target analogue 4 in 91% yield over two steps. In order to
study the impact of the carbonyl oxygen as a hydrogen accep-

tor on the inhibitory effect, the N-decyl analogue 12, which
lacks a carbonyl oxygen at the side chain, was designed. This
was prepared by the reductive alkylation of 11 with decanal
in the presence of NaBH(OAc), and AcOH in CH,Cl, in 18%
yield over two steps from 11.

For the evaluation of biological activity of the synthesized
analogues, the proteasome inhibitor bortezomib was used as
a positive control. Compound 4 exhibited much stronger in-
hibitory activity than the parent natural product 1 with an ICs,
value of 107nm. Its inhibitory activity was 9.3 fold stronger
than that of 3 (1000nm). The improved activity of 4 may be
due to the switching of a hydrogen bond inside the binding
pocket of the S5 subunit. The lack of an NH group in 4 that
interacts with the Aspll4 residue would allow the oxygen of
the exocyclic carboxamide to interact with the Ala49 residue
in the association state (Fig. 2). The hydrogen bond switch-
ing together with the simplified structure of 4 would form a
strong complex between 4 and proteasome. This kind of in-
formation may not be obtained from a crystal structure of the
covalent complex because the X-ray crystal structure does not
always provide structural information that is amenable to the
structure-based approach. To form a covalent complex, a co-
valent inhibitor first associates with its target protein via non-
covalent interactions to form an inhibitor—protein complex.
The chemical reaction then takes place between the inhibitor
and the protein to form a covalent complex with a conforma-
tional change in the complex. Finally, the conformation of the
covalent complex re-organizes to attain an energetically stable
state. Therefore, the X-ray crystal structure of covalent inhibi-
tor—protein complexes does not always reflect the association
state. The existence of the interaction between the oxygen
of the exocyclic carboxamide of 4 and the Ala49 of the /5
subunit in the association state was supported by the fact that
analogue 12, which lacks the carbonyl oxygen that is present
at the side chain of 4, exhibited large decrease in the inhibi-
tory activity showing only 23% inhibition of the S5 protea-
some activity at 1000nm. The trifluoroacetate 10, which lacks
the lipophilic side chain, completely diminished the inhibitory
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Table 1. Biological Activities of Syringolin A Analogues
Gls, (nm)
Compound IC5, (nm)*
A431" HCT-116 RKO” RPMI8226%
Bortezomib — 282 27 20.8 14.4
Syringolin A (1) 680 3240 2830 n.d.? 1160
3 10000 >10000 >10000 >10000 >10000
4 107 254 166 109 124
10 >1000 >10000 >10000 >10000 >10000
12 23% Inhibition at 1000 nm 3913 7290 7502 6381

a) Chymotrypsin-like activity of 20S proteasome. ») Human epidermal cancer cells. ¢) Human colon cancer cells. d) Human myeloma cells. ¢) Not determined.

activity. This indicates the lipophilic side chain attributes to
interact with the hydrophobic region of the 6 subunit of the
20S proteasome and this additional interaction plays an im-
portant role in enhancement of the inhibitory activity.

Cytotoxicity against a range of human cancer cells in-
cluding epidermal (A431), colon (HCT-116 and RKO), and
myeloma (RPMI8226) cancer cells was also evaluated (Table
1). Overall, the cytotoxicity of the analogues is quite in ac-
cordance with the 5 proteasome inhibitory activity. 4 exhib-
ited a potent cytotoxicity against all cells tested in this study
with the 50% growth inhibitory concentration (Glsy) value of
254nm for A431, 166nm for HCT-116, 109nm for RKO and
124nm for RPMI8226. Although these values are higher than
those of 2, 4 still exhibited a submicromolar cytotoxicity.
There was a large decrease in the cytotoxicity (15-69 fold) in
the case of 12 indicating the importance of exocyclic carbonyl
moiety. The trifluoroacetate 10 was also tested, however it did
not show any cytotoxicity, presumably because the short acyl
group did not interact with the £6 subunit and 10 has poor cell
membrane permeability.

Conclusion

We designed and synthesized a structurally simplified
syringolin A analogue 4, which could interact with the 45 sub-
unit of 20S proteasome through a switched hydrogen bonding.
This analogue exhibits potent inhibitory activity (IC5, 107nm)
as well as cytotoxicity against a range human cancer cells at a
submicromolar level (109-254nm). The chemical structure of
4 is very simple compared to the parent natural product with
lower molecular weight and the number of chiral center. This
analogue is expected to be a promising lead compound and
further optimization of 4 would generate a next generation
proteasome inhibitor.

Experimental
(4R,5S5,85,9E)-1,6-Diaza-8-[N-(2,4-dimethoxybenzyl)-/N-
trifluoroacetyllJamino-4-hydroxy-5-isopropyl-2,7-dioxocy-
clododec-9-en (8) A solution of 5 (2.23g, 5.76mmol) in
MeCN (58 mL) was treated with IBX (3.23g, 11.5mmol) at
room temperature, and the mixture was stirred at 80°C for 1 h.
The mixture was cooled to 0°C, the insolubles were filtered
off through a Celite pad, and the filtrate was concentrated
in vacuo to afford crude aldehyde. A solution of the crude
aldehyde and Et;N (2.79mL, 20.2mmol) in CH,Cl, (58mL)
was treated with triphosgene (855mg, 2.88 mmol) at —78°C
for 30min. The mixture was quenched with MeOH and par-
titioned between AcOEt and saturated aqueous NaHCO;.

The organic phase was washed with water and brine, dried
(Na,SO,) and concentrated in vacuo to afford a crude isoni-
trile 6. A mixture of the crude isonitrile 6, 2,4-dimethoxy-
benzylamine (1.73mL, 11.5mmol), NH,CI (3.08¢g, 57.6 mmol)
and trifluoroacetic acid (856 g, 11.5mmol) in toluene (5.8L)
was stirred at 50°C for 24h. The whole mixture was concen-
trated in vacuo. The residue was partitioned between AcOEt
and 1M aqueous HCl. The organic phase was washed with
saturated aqueous NaHCO;, water and brine, dried (Na,SO,),
filtered, and concentrated in vacuo to afford Ugi-product 7 as
a yellow oil. A solution of the Ugi-product in MeCN-CH,Cl,
(1:1) (58mL) was treated with 3HF-Et;N (9.4mL, 57.6 mmol)
at room temperature for 2d. The reaction mixture was par-
titioned between AcOEt and saturated aqueous NaHCO;.
The organic phase was washed with water and brine, dried
(Na,SO,), filtered, and concentrated in vacuo. The residue
was purified by column chromatography (2% MeOH—-CHCL,)
to afford 8 (436mg, 15%) as a yellow oil. 'H-NMR (CDCl,,
400MHz, a mixture several rotamers at 20°C) Selected data
for the major rotamer ¢: 7.13 (d, 1H, Ph-H, J=8.2Hz), 6.40
(m, 2H, Ph-H), 6.27 (d, 1H, NH, J=7.3Hz), 5.65 (m, 2H, H-9,
10), 5.50 (m, 1H, NH), 4.83—4.52 (m, 3H, H-8, Bn), 4.21 (m,
1H, H-5), 3.92-3.69 (m, 8H, H-12, OMe), 2.83 (brs, 1H, H-4),
2.52 (m, 2H, H-11), 2.19 (d, 1H, H-3, J/=12.8Hz), 2.12 (m, 1H,
H-1), 191 (m, 1H, H-3), 1.01-0.70 (m, 6H, Me); *C-NMR
(CDCl;, 100MHz) ¢: 173.2, 169.9, 160.7 (d, J;-=43.9Hz),
158.8, 1574, 1357, 1289, 125.6, 123.6 (d, Jp-=347.8Hz),
116.6, 104.1, 98.2, 69.2, 68.5, 65.5, 60.3, 55.5, 45.3, 40.0, 37.5,
34.6, 29.7, 20.0, 19.0; low resolution-electrospray ionization
(LR-ESI)-MS m/z 538 [(M+Na)*]; high resolution (HR)-ESI-
MS Calced for C,,H;,F;N;NaO, 538.2141. Found 538.2135.
(4R,58,8S,9E)-1,6-Diaza-8-[N-(2,4-dimethoxybenzyl)-
trifluoroacetamido-5-isopropyl-2,7-dioxocyclododeca-3,9-
diene (9) A solution of 8 (290mg, 0.40mmol) and Et;N
(333uL, 2.40mmol) in CH,Cl, 4mL) was treated with
MsCl (93.0uL, 1.20mmol) at 0°C for 10min. The mixture
was partitioned between AcOEt and 1m aqueous HCl. The
organic phase was washed with saturated aqueous NaHCO;,
water and brine, dried (Na,SO,), filtered, and concentrated
in vacuo to afford crude mesylate. A solution of the crude
mesylate in CH,Cl, (4mL) was treated with DBU (359 uL,
2.40mmol) at room temperature for 2d. The mixture was
partitioned between AcOEt and 1m aqueous HCI. The or-
ganic phase was washed with saturated aqueous NaHCO;,
water and brine, dried (Na,SO,), filtered, and concentrated in
vacuo. The residue was purified by column chromatography
(3% MeOH-CHCI,) to afford 9 (105mg, 38%) as a colorless
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solid. '"H-NMR (DMSO-d,, 400MHz, a mixture several rota-
mers at 20°C). Selected data for the major rotamer J: 8.27 (d,
1H, NH, Jys=7.8Hz), 749 (m, 1H, NH), 7.05 (d, 1H, Ph-H,
J=8.7Hz), 6.70 (dd, 1H, H-4, J,5=5.0, J,;=15.6 Hz), 6.45 (brs,
2H, Ph-H), 6.08 (d, 1H, H-3, J;,=15.6 Hz), 5.49 (m, 1H, H-10),
523 (d, 1H, H-8, J;,=7.8Hz), 510 (dd, 1H, H-9, Jy3=78,
Jo10=15.6Hz), 472-440 (m, 2H, PhCH,), 4.12 (brs, 1H,
H-5), 3.73 (s, 6H, OMe), 3.13 (brs, 1H, H-12), 3.03 (brs, 1H,
H-12), 2.02-1.64 (m, 2H, H-11), 1.73 (dt, 1H, H-1', J; y,=6.9,
J;5=142Hz), 090 (d, 6H, Me, Jy,,=6.9Hz); BC.NMR
(DMSO-d,, 100MHz) o: 168.2, 166.1, 1593, 156.0 (d,
Jpc=40.2Hz), 143.2, 137.3, 127.3, 126.3, 121.6, 121.0, 119.5 (d,
Jpc=369.8Hz), 117.7, 104.4, 97.9, 60.2, 55.4, 55.1, 43.2, 42.6,
35.2, 31.6, 19.8, 19.4, 19.2; LR-ESI-MS m/z 520 [(M+Na)];
HR-ESI-MS Caled for C,H,;F;N;NaO; 520.2035. Found
520.2030; [a]2’ —62.9 (¢=0.48, dimethyl sulfoxide (DMSO)).

(4R,58,85,9E)-1,6-Diaza-8-trifluoroacetamido-5-isopro-
pyl-2,7-dioxocyclododeca-3,9-diene  (10) A solution of
9 (162mg, 0.31mmol) in CH,Cl, (10mL) was treated with
BCl; (Im CH,CI, solution) (3.10mL, 3.10mmol) at 0°C for
2h. The mixture was partitioned between AcOEt and satu-
rated aqueous NaHCO,. The organic phase was washed with
water and brine, dried (Na,SO,), filtrated, and concentrated
in vacuo. The residue was purified by column chromatog-
raphy (3% MeOH-CHCIl,) to afford 10 (80.6mg, 75%) as
a colorless solid. 'H-NMR (DMSO-d,, 400MHz) 6: 9.75
(d, 1H, NH, Jy,¢=6.2Hz), 819 (d, 1H, NH, Jy, s=6.9Hz),
7.50 (t, 1H, NH, Jy,,,=7.1Hz), 6.69 (dd, 1H, H-4, J,;=6.9,
J,5=15.6Hz), 6.08 (d, 1H, H-3, J;,=15.6Hz), 572 (dt, 1H,
H-10, Jyy,,=7.8, J)p,=15.8Hz), 546 (dd, 1H, H-9, J,3=6.2,
Jo10=15.8Hz), 492 (t, 1H, H-8, J;o=J;\,=6.2Hz), 4.08 (dt,
IH, H-5, J;,=J5\, =69, J;;=142Hz), 318 (m, 2H, H-12),
2.32 (m, 1H, H-11), 1.97 (m, 1H, H-11), 1.73 (dt, 1H, H-1/,
Jime=70, J; s=14.2Hz), 0.94 (d, 3H, Me, Jy; ,=7.0Hz), 0.90
(d, 3H, Me, Jy,.=7.0Hz); BC-NMR (CDCl;, 100MHz) &
167.9, 166.2, 156.1 (d, J;-=36.4Hz), 143.3, 134.9, 123.6, 121.6,
115.8 (d, Jp=289.3Hz), 55.6, 54.8, 42.3, 35.2, 31.5, 197,
19.2; LR-ESI-MS m/z 370 [(M+Na)"]; HR-ESI-MS Calcd for
C,sH,,F;N;NaO,Si 370.1354. Found 370.1349.

(4R,58,85,9E)-1,6-Diaza-8-decanamido-5-isopropyl-2,7-
dioxocyclododeca-3,9-diene (4) Compound 10 (5.5mg,
15.8 umol) was treated with saturated ammonia in methanol
solution (1 mL) at room temperature for 13 h. The mixture was
concentrated in vacuo to afford crude amine 11. A solution of
the crude amine and Et;N (6.6 4L, 47.4 umol) in MeCN (1 mL)
was treated with decanoyl chloride (3.8uL, 19.0umol) at
0°C for 10min. The mixture was partitioned between AcOEt
and 1M aqueous HCl. The organic phase was washed with
saturated aqueous NaHCO;, water and brine, dried (Na,SO,),
filtered, and concentrated in vacuo. The residue was purified
by column chromatography (3% MeOH—CHCl,) to afford 4
(5.8mg, 91%) as a white solid. '"H-NMR (CD,0OD, 400 MHz)
d: 696 (dd, 1H, H-4, J, =48, J,;=157Hz), 6.21 (d, 1H,
H-3, J;,=15.7Hz), 5.64 (m, 2H, H-9, 10), 4,18 (brs, 1H, H-8),
3.43-3.18 (m, 2H, H-12), 2.32 (brs, 1H, H-11), 2.22 (brs,
3H, H-11, H-2"), 1.82 (m, 1H, H-1"), 1.59 (brs, 2H, H-13"),
1.40-1.21 (brs, 12H, CH,), 1.06 (d, 3H, Me, J=6.4Hz), 1.01
(d, 3H, Me, J=8.1Hz), 0.89 (s, 3H, Me); *C-NMR was not
able to be analyzed because of the solubility of the com-
pound; LR-ESI-MS m/z 428 [(M+Na)*]; HR-ESI-MS Calcd for
C,;H4,N;NaO, 428.2889. Found 428.2873.
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(4R,5S5,85,9E)-1,6-Diaza-8-(1-decyl)amino-5-isopro-
pyl-2,7-dioxocyclododeca-3,9-diene  (12) Compound 10
(10.0mg, 28.8 umol) was treated with saturated ammonia in
methanol solution (2mL) at room temperature for 13h. The
mixture was concentrated in vacuo to afford crude amine 11.
A mixture of the crude amine, decanal (5.4 L, 28.8 yumol) and
AcOH (8.2 uL, 144 umol) in MeCN (1 mL) was stirred at room
temperature for 10min. NaBH(OAc); (12.0mg, 57.6 umol)
was added to the mixture and stirred at room temperature
for 1d. Decanal (2.7uL, 14.4 umol) and NaBH(OAc); (6.0mg,
28.8 umol) was added to the mixture and stirred at room tem-
perature for 1d. The reaction was quenched with saturated
aqueous NaHCO,; and the organic phase was washed with
water and brine, dried (Na,SO,), filtered, and concentrated
in vacuo. The residue was purified by column chromatogra-
phy (4% MeOH—-CHCI,) to afford 12 (2.0mg, 18%) as a white
solid. 'H-NMR (DMSO-d,, 400MHz) §: 7.88 (d, 1H, NH,
Jnes=714Hz), 744 (¢, 1H, NH, Jy, ,=7.1Hz), 6.67 (dd, 1H,
H-4, J,=73, J,;=154Hz), 6.08 (d, 1H, H-3, J;,=154Hz),
5.46 (dt, 1H, H-10, J;y,,=7.3, J;y,=16.4Hz), 5.27 (dd, 1H, H-9,
Jog=1.5, Jy10=16.4Hz), 4.09 (brs, 1H, H-5), 3.70 (d, 1H, H-8,
Jyo=7.5Hz), 3.14 (m, 2H, H-12), 2.45-2.29 (m, 2H, H-1"), 2.22
(brs, 1H, H-11), 1.96 (brs, 1H, H-11), 1.74 (brs, 1H, H-1"),
1.34 (brs, 1H, NH), 1.23 (m, 16H, CH,), 0.97-0.81 (m, 9H,
Me); “C-NMR (DMSO-d,, 125MHz) ¢6: 166.4, 143.3, 131.4,
125.1, 120.7, 111.8, 55.5, 55.4, 47.2, 42.7, 35.1, 31.3, 29.6, 29.6,
29.0, 28.8, 28.7, 26.8, 22.1, 19.8, 19.8, 19.3, 14.0; LR-ESI-MS
m/z 414 [(M+Na)*]; HR-ESI-MS Caled for C,;H,N;NaO,
414.3096. Found 414.3091; [¢]® +27.8 (c=0.10, DMSO).

Evaluation of in Vitro Chymotrypsin-Like (CT-L) Ac-
tivity of 20S Proteasome In vitro proteasome assays were
performed in 96-wel microtiter plates with human erythrocyte
20S proteasome (R&D Systems, Inc.) using the AK-740 Assay
Kit for Drug Discovery (Biomol). Reactions were performed
at 37°C in 100 uL volumes containing a serial dilution of test
samples, 2ug/mL 20S proteasome, and 100um Suc-LLVY-
AMC for assaying chymotrypsin-like activity, according to
the manufacturer’s instructions. Fluorescence was monitored
with infinite M200 microplate reader (Tecan) equipped with
360nm excitation and 465 nm emission filters.

Measurement of Cytotoxicity Antiproliferative activities
of the compounds against A431, HCT-116, RKO, TOV21G,
CCRF-CEM, RPMIB226 cells were measured by quantifying
the amount of ATP as follows. Briefly, cells (1-2X10°cells/
well) in a 96 well plate were cultured in RPMI medium
containing 10% fetal bovine serum in the presence of test
compounds at 37°C for 72h under 5% CO, atmosphere. Then,
a solution of CA-1000 reagents (TOYO INK Co., Ltd.) was
added, and plates were shaken and luminescence of oxylucif-
erin was monitored with the plates held at 23°C.
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