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Ac

aq
BSA
CuAAC
DAPI
DIBAL-H
DMEM
DMF
DMSO
EDC
EGTA
Et

FBS
FT-IR
Fucci
GTP
HMNC
HPLC
HRMS
Me

mp

MS
NMR
PBS

Ph
PMS

SD
SE
tBu
tert
Tf

Acetyl

aqueous

Bovine serum albumin

Cu-Catalyzed Azide Alkyne Cycloaddition
4'.6-Diamidino-2-phenylindole
Diisobutylaluminium hydride

Dulbecco's Modified Eagle's medium

N, N-Dimethylformamide

Dimethyl sulfoxide
1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
Ethylene glycol tetraacetic acid

Ethyl

Fatal bovine serum

Fourier Transform Infrared Spectroscopy
Fluorescent ubiqutination-based cell cycle indicator
Guanosine triphosphate

Human mononuclear cell
High-performance liquid chromatography
High-resolution Mass spectrometry
Methyl

Melting point

Mass Spectrometry

Nuclear Magnetic Resonance
Phosphate-buffered saline

Phenyl

Phenazine methosulfate

room temperature

Standard Deviation

Standard Error

tertiary butyl

tertiary

Trifruoromethanesulfonyl



THF
TLC
Uuv
WSC

Tetrahydrofuran

Thin-layer chromatography
Ultraviolet

Water-soluble carbodiimide, EDC
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HRBEERBEO—D2THDHZ b, BNEIXTBAAOR T IREERD—D &
L TR HHATNSYY,

a-tubulin ;\xﬁt-tubgllin
B-tubulin @> heterodimer
(>\\U/ _ - P\
D) ® (D)
(’D D @
D) &
r D) % e

microtubules

Figure 1. structure of tubulin and microtubules
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paclitaxel (1) docetaxel (2)

Figure 2. structures of paclitaxel (1) and docetaxel (2)

H)—DEFa—T VAT al A v—DESEMEL, BINEOEKRELTS
ILEVRETH Y, BV DEGENLICHEAT D T v aA Y= 7Y v
@ NC e FUREAEMIAER T A a v e FUEP PR L Mmb T
Hy, B TvhaA REZ, =F=F YV URKEOAL L R—LT )V haA RTh
D, RRIEEMELTELCTIRATFY @), B 27V RFr (5), SHIZZEDFHE
KThorerTrvy (6), B/ by () NEMHELE L TURKREINATEY, Al
eV Nl L aRtGg E L TR THWLNTWS, 2T i uaA YA
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eribulin (3)

vindesine (6) vinorelbine (7)

Figure 3. structures of eribulin and vinca alkaloids
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A4 9a), WNZZDY VIR 70 RZ v TR THDLa LT L X AZTF L A4P
9b), P PERTOUEKREET LTV T T (1220 ERZ OIS
SHTe 72 ERF 2 AT 2 AR E L CHRRRERICHEA TV 5,

R = H: combretastatin A4 (9a)

colchicine (8) R = POgNa,: combretastatin A4P (9b)
(6]
| o -0 TN/H 2
o) OH O. H XY ONH N=\
O O o HN I A N
e OPOgH, ©
phenstatin (10) ZD6126 (11) plinabulin (12)

Figure 4. structures of colchicine site binders
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H BT, R THEOAEHIEEEIR KPU-300 OFEMZR invitro FHIIIZDU
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#oETlE. KPU-300 OFEE A JRIC LIzKIgE 7 1 KT v ZFRERERO A & 3T
ZOWTIERD, U0 hERT U UFFHEERICIEOPE T H 5 KIEEDIKR S 2
BT O, TANRT X UBHEROKEMEMEEZBEAN LT R T T — BN EM T
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FT—E FHIF RSO URTF 2 —T ) CEAPHEHR KPU-300 DAE]
JSzi]

XL, 7V F TV U E2ELY 7 NERT U URIF 2 —7 Y VEAERO
FEHE R OWTIAR D, AWFZEIEX, 1997 4212 Kanoh & (2 J:O“CAspergzllusustusJZ
DWHEt SN F2—7 V) VEAEBEIERZAET 2 RKRT T EXT O URULEY
(-7 == AF 2 ((5)-13; () -PLH) [Z8ZEFE L TND Y, AMEEHOAEMTEME
B, MlEE A2 M CE RS S LFHEE T2 L, areFremas
HZEBHLMIENY, Fa—T UV VEAGMERO Y — MeaH L L ST
FHBERFZE AN R X a7z 2%

(-)-phenylahistin ((-)-13)

Figure 5. structure of (—)-phenylahistin ((-)-13)

Table 1. {27~ L7 AR FEMEIEARIC L D . UFOHEANE LTV D
1. SREMEAERTH S (H)-PLH((H)-13) OIEMEIL O AL D BV,
2. A I VRO T NV AL AR LT B IETEITHER S D,
3. VT RERTUUEREA I XY — VRO T EAEAITIEER B LA,
4. A IFY = LBRAIBET LR L EICITES S ARO SN D,
5. V7 NERTF DV UVREFRDATFIALITIERZELESIE S,



Table 1. results of structure-activity relationship study based on () -PLH ((-)-13)

ICs0 (uM)

compounds structure
tubulin polymerization P388 proliferation?

( )phenylahlstm NH N

25 0.21 £0.02

(+)- phenylahlstln =200 10 +£0.5

NH N/\

14 30 0.23 £0.05

W
@

W
W
W
W

16 >200 7.5+05

17 >200 >200

NH N/\
18 100 0.95 +0.03
7
0
/
N N=\
19 M AT >200 160 5.5
7/
O /

2Values are mean + SEM of three experiments.

¥/, D-7x=FexF (()-13) DTk FuAThHhrTEe kr 7=t A
F (20) IFFRVIHIABIENENEE A R L2 Y oM RN S miEERTE R
Tx=T b RAF (20) OFERERER LIER, 4 I XY — VBRI 1,1-
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dimethylprop-2-enyl ££% tert-7 F VI LB LU TCFHFEL TV 7V > (12) &AM
Uj- 2439

Table 2. Cell proliferation inhibitory activities of dehydroPLH (20) and plinabulin (12)

P388 proliferation  PC3 proliferation

compounds structure ICap (NM)2 ECs, (M)
0
—)-phenylahistin NH N=\
( )p((—)-};3) M A NH 210 £ 20 ntb
o Vi
isti A NH N=\
dehydro;zggpylamstm o ST 36128 .
o) 7
plinabulin = NH N=\
(12) HN I A N 31.8+5.0 1
o]

aValues are mean + SEM of five experiments. Pn.t.:not tested

TVFTV L (12) FEFXHUESE AT A e A REREORIRT Ve A
NbEM & L CENCT A REEZ A L TEBY, S bR D50 1708 KRR
DY —RELTHMNBRMEEM TH D, HiH OFTRT 2ME=EICB VTR, %I
TR D REEE VAR BRI SE VDM, P F T U REEEROED —>Th 5K
WrEodELZ B L, 7 2 BHROKEMEMMELZBEA Lo AT 7 —8REM 7
2 R7 v ZO%E 00 U FT ) U EFRICHEE S, IEREREAT OGRS
#AIR (Antibody-Drug Conjugates; ADC) & L7=JHIAFZE *D, FEA MM OREE H g
L. BRISHEIR L EAF o B2 7B AL I T a—T OS2, y-Fa—7
UATHER L D 282 AT 5N ARIBRR 2 B L- S8R EER D0 S
NTW5, 512, Horsman HIZ LD 7Y F7 U o & HRRE & Of:H *9, Plazuk
BICE D7 = v L AEEEROAIBAFIE Y7, Wenbao HIZL 57V F 7Y v EAKERE
BARDAIBLFZE B9 L W o B RWFZENRB SN TV 5D, £z, TV F 7Y iEF
2—7 VY CEAGHEICE DA RSRMERER R OWES A N E RERR 2R+ 22
EBEERERMEAEmE LTHIfF SN TR Y, EEH AN ERERE U CHRHERIC
WL O BE REZ XL EDOHRICE D 72— X WM RR IR R=R L~ T & 0Pt
LD 7 ==X VB PR EITHhCTh b, 2. BERBRICBWNT, V57
VEREEXRALHAT L EICEY FEeEZXEroHEMRKIKTCTH D HMmER
WD RIS EF BRI 2 B D 2 E SR & P, BCRICR W TREBIRIEIC X DA
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FRERDEE IS k3 2 FERLER = v = — T RO R - (G-CSF) A7 4 V7T AT L
L DR P b iThh TV 5

W
" HN Y
(0] (0] N = NH N=</
N NH N=\ (0] (0]
Na X\ \NH i
(0] /[OH HN  NH
NH He—(
H
O\ﬂ/\/\/\N COONa )\/\/\/N\N/\/\/U
o O S

o} N=N
o
water-soluble Prodrug?® chemical probe for photo-affinity labeling*?

(0}
@/\)LNH N=\ NH N=
T OHN R A N oA
Fe
<> O
ferrocene-type derivative*”) Deuterium-type derivative*?)

Figure 6. various researches focused on plinabulin (12)

W T, TV F TV (12) ML U-REEE MR Yo 4 DL FISRd,

1. A IF Y= VBRANCOWTE, TV F TV 12) D tert-TFNIHE AV T
FEROAFIVHEAL W U8R 21 KON 22 OFMENS, EEn T LS LAk
(tert-7 FIVEH D NNFA Y 7T EVER) BIEMER EICKRE<SFLSELTNDZ LR
RHianiz, Lo T, LEASNT e @UEEL tert-7 F VA I XY — VERIC[E
E LRSS MEFE B 2 Mt L7z,

2. 7= VEMITIER, a e FUOERKICEZ S ADND A R UEEZEALLE
A NFFFER 23-25 CIIIEMHER LR ONT, HEOA M UEREZEA LT
BIK 26-28 TILS DITIEMEDRBHFICHT L2 b, YV FT7 VD7 =1
RiIfthoa e FUEHREICAOND, A N VEEEEET L7 =R ET
BRI DREEHRREIRD Z ENRIB I T,

3. Table 3. (ZBWTC R3IZHT2D 7 = =/VIE 3 (L& E6 U 7= 355K 24, 30 1Zfth o7&

IR UEHIE A B A L8R L i L CEWIENEZ R LT, B, Ry AL
%%%Abt %%Kﬂﬂ%(ﬂ)@)~%mé%f%57)+7)/(n>i
D HK 10 fFEWIEE AR LTz,

4. 7 = =)V B O BRAE SIS ﬁ@bt%%%fi%ﬁﬁiiﬁ%MT%)%m
Figure 7. (Z/R L7z 2-B7U /UG~ & 2840 U 7235 84K 33 DOIEMHEIIZERITIHA L
oo 2O 2B IVNEOERFRFIITT NEXRT U UVED S 9*73@7 I RKFE
EKRFREEEERLTEY ., DTN FHEMEEZH LT D 2 &3S
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QU S RSY/Rl

Y= VERNZIZ I RO B D — 7T, 7 = = VNI Z D& =
DRDYRMNDIAND ZENRNETH D LR ENT,

Table 3. results of structure-activity relationship study besed on plinabulin (12)°

Ry 0
F*jﬁj/\)kw N=\
R, HN NG
0 Ry
compounds R4 R, Rs Ry tubu&:(t&i&c)iing IC5o (NM)2
plinabulin (12) tBu H H H 1.0+0.5 14.9+3.8
21 i-Pr H H H 1.1+0.3 155+1.9
22 Me H H H 74£23 339 =+ 41
23 tBu OMe H H ntb 75.5 £ 25
24 tBu H OMe H n.tb 26.1+8.5
25 +Bu H H OMe ntb 6570
26 tBu OMe OMe H ntb 868
27 tBu  OMe H OMe n.tb 5080
28 +Bu H OMe OMe ntb 2020
29 +Bu F H H ntb 30.0+17
30 +Bu H F H 0.7 £0.1 13.1 £5.3
31 tBu H H F 11.8+24 501
KPU-105 (32) tBu H benzoyl H 0.62 +0.07 1.4+0.4

aValues are mean = SEM of three experiments. Pn.t.:not tested
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R

2-pyridyl derivative 33 oy \,
|C50 >20000 nM

Figure 7. X-ray crystal structure of plinabulin (12) and 2-pyridyl derivative 33

AREHZ TR ORI Y 7 = ) CRIEEER KPU-105 (32, ICso = 1.4 nM) 1E, |
AL R OFFEERO R T H RO EMIEEZ R L, T2 —7 U v & OB L5
L7z &, BEORUY A NVEOBBNE 2L 2 I2FERSC T VAL ) VBEEEIRT
TTEVEDS S L2 Z & DD, 7 ==V 3 (i~ A VOB ALY F o
— 7V OB EERERE L, 2 L v iEkn bicoihoztE 2z BN
Toe T T, ZOXRUY A NIEIZONWTE B 5 ERT 21T 9 <, " Ui
FdoHUVNEA FXUHAEA LR O SR & IR ED S Y, R0 —E %
F L D7 Tabled. ([T X, 40T A P VIEEZEA LZFEK 36 Tldbd )
IRIEMERESICE o7 b DD, 241, 3ALA X TREE(R 34, 35 K OEELE T O A
N2 T RH AR 37-40 TIIRIEZRIEMHEIN R ONT-Z &b, D7 = = LI
LRt & R, B LRy AV aL e FUERIRO 7 = = b 3 R
ROHMERKNTHL Z Ehmsiizc, —J, "aZ VT2 8 A LTFHER 41-46
IEEWIEEZHER L TR Y, XUy A VEICBIT s LTE, 4 fi~Da7F
JRo, FRC7 v BRFOEANEL TS Z &% L L, KPU-133 (43,1Cs50=0.5nM)
OANFELNZE -~ 7=,
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Table 4. results of structure-activity relationship study based on KPU-105

R, O 0
BOASH
HN
Rs
R4 O

NH N=\

37)

A NH
compounds R, Ry Rs R4 ICs0 (NM)?
KPU-105 (32) H H H H 1.4+04
34 OMe H H 360 + 66
35 H OMe H H 3912
36 H H OMe H 3.8+0.4
37 OMe OMe H H 955
38 OMe H OMe H 1800
39 H OMe OMe H 7300
40 H OMe OMe OMe 2500
M F H H H 3.0£2.0
42 H H H 0.6 0.1
KPU-133 (43) H H F H 0.5+0.1
44 Cl H H H 6.0+05
45 H Cl H H 20+0.38
46 H H Cl H 1.1 +£0.0

aValues are mean + SEM of three experiments.
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F—H BMREEEICS S~ T  REL DR ORET

AN Tk _72E 51, D-T7=2=F e XF v ((9-13) ITmERHKTHTT el
FOAF 2 —T7 ) VEASHEANCOWTOMEIL, EE L TT == LEBRMANCER L
TAEETEMEMBIC KV B SN CTE 2, — T, A4 I Y — VBRI 2T,
(D-7xz=F b ZAFr ((9)-13) LOFVF7 V> (12) O@MROREEEEMEEICER
WTC, DT AT AENEERBUICRELSFELTNDHZ L P9 | F 4y — LB
THRGEOEMNZRT 2 & D EMERT DI E > TV oy Yy 7 = ) Ui %
BT HFHERIZBNTI, tert-7TFNA I X — VKD tert-7 F VA FH >V — LB B
DOEffiBIL, Figure 8. [T fEAMMOEREZBIEL A TF Afbr I m—
T 41D 1Bl TH -7,

(0] (0]

XY ONH N=\
NH. s I ©

(0]
(0]
X

-N

J

HN)LNH N

H H H o
Ty N\/\/\)J\
s /\/T H/\/\/\fo(

biotinylated chemical probe (47)

ZI =z~

Figure 8. hetero ring modified derivative: structure of chemical probe 47

DED Xz, "oy 7= WO FERT DUBERICEB TR, ~T 7B
AACEE S DA ETE AR B O RIFIER 12D 72, £ 2T, Zo~T n i BB R T
BT EEEHEMBEEZRETT 2 2 LI X0 | e R AR B OB ZITV, Frlsin
AFIDORIEZ Bfg+ 2 & & Lz,

KWFEZIGD DD | ZONT B RBEE Zie Y7 FERT U BRAIBHIE O
VEVEZRETT 5728, Figure9. |23 A I XY — VBRI 4 KB S H 72555 48,
49 5L, TORMIEEZFMT2 28 & L,

(0] (0] (0] (0]
N N,H N N,Ac
HNTH HN\H)
(0] (0]
48 49

Figure 9. structures of imidazole-removal type derivative 48, 49

FHEIK 48, 49 DE LA Scheme 1. (2R, 3-XU YV A NVEREFEHRESO VA LT
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TIRNSE~EEHL, KFUETAI =LY FULIEIVIELTHI LTI VT
R 82 ~ &7, [[AIFFISE T SV VR =)L % Dess-Martin 30612 1L 0 FRE (L,
THIETIRUSANRUAT VT KR53 28K LIz, 2OT VT b K53 ik
MM T, 8K DMF FUCCNN-C T8 F L7 ) o k) 54 IHEAT5H 2 & T
N T2 ) BT NERT D UREROIEPRIER L I DT BT K49 15T,
BoNT=T BT AR 49 O—f% DMF 17 =T K E KIS SETHT BT /LIK 48
~NEEHLT,

0 o) HN(OMe)Me+HClI, o) o
EtsN, WSC-HCI 0 LiAIH,
O O OH DMF, rt O O N THF, -78 °C
86% 98%
50 51
OH (o} (o} (o}
H Dess-Martin periodinane H
SA® TH SA®
87%
52 53
O O o} o} 0}
sacalNSaEE - sasron
AC’NTH DMF, -15 °C HNTH
) 64% 0
53 5 49
(o} o
28% NH,OH O O N NG
DMF, rt HNm)
53% 0
48

Scheme 1. synthesis of imidazole-removal type derivative 48, 49

BoNTo~T o BRERGEER 48, 49 2 b MGG B SR HT-29 MRz AV 7-5%
AIARTEMERER I K 0 B L 72/ 2R, MaFEk s bIEMZ ERIZK > TV, E- T,
R T2 ) R R DUFEROIEERBUCIE, U7 FERT U UR R
i HPORIEREEZ LB LT LB LMNE o T,
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Table 5. cytotoxic activity of derivative 48, 49 against HT-29 cell

compounds structure IC5o (NM)

(0]

NrONH N=
plinabulin (12) HNW 149 +3.82

0

(0] O

N ONH N=
KPU-105 (32) HNW 1.4+£047

0

(0] o

H
X N” b
48 O O HN \{H >20000

0

O O

Ac
S N° b
49 O O HN \H) 8800

0

2Values are mean + SD of at least three independent experiments.
PThese IC5, values were only measured once because their activities were quite low.

FNWT, R 7 ) VD NERT UUFERICEIT A A I XY — VERIIEHT
NFNVEDTEREASDFGEREFTT 6~ 7V FT7 U (12) 2BV Tl S ZE
L FREDIES, T 720D tert-7 F NI A F VI LW UT-3F5R 55 2 ARk L,
FUFT VU (12) BT HEROL RETT Sk L,

o) o o
NrTONH N= N7 ONH N
HN s s NP HNL s L NH
0

o
plinabulin (12) KPU-105 (32)
o o o
x NH N=\ A NH N=\
HNMNH HNMNH
o o
plinabulin-Me derivative (22) benzophenone-Me derivative (55)

Figure 10. structures of alkyl group-modified derivative 55 and relational compounds

R T ) A F)LEEER 85 (X, Scheme 1. ([T TCH LR Y 7= ) 7
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U b ERT U URRERO L@ K 49 (2% L, DMF U T 4- A F/L-5-75 b T 1A
RHY V56 TV R UG S L LV AR LT,

o o o o
N=\
O™ + o 2 (O
_—
HNm) 5 DMF, 110 °C HNM
o 43% o
49 56 55

Scheme 2. synthesis of benzophenone-methyl derivative 55

HT-29 #lifia 2 7o B TS MRl OFE L. Table 6. ([Z”"$ Lo, U FT7 U~
(12) ITBTFHEERBED Ny T ) VD FERT DU EIRIZB TS,
tert-7 FIOVIEDN D A FIOVIEASOEBIZ L D IEENME T T 282 R L7z, L L722R
5, NV T x ) VAT LFFEE 55 1ZWEE TV F T UL RIEOIEME A HER L
TWe, ZORERIT, XUV ANVEKOBENZL LGNV T 2 ) U AEESOEHIZLY
Fa—7 VU L OMRAEMERNEE S, IEHEICKHT 2 7 VS VORI 725 503
U710y 12) LV HETFTLTWEDTIIRWNEEE LT, ZORENL, X
VT2 ) MY FERT VUBERICBONTL, V7Y 12) 2ED T =
=N FERT D UHERICB D TEERBICHATH I EEZ LN TV
tert-7 F A I X — AEE R MOBREE~EFET L ENARETH D EE X, [H
EALIC BT DA ETE AR O & B N e HilE SR ORIRZ B L. HEREKRIC
ETF L7z,
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Table 6. cytotoxic activity of methyl-type derivative 55 against HT-29 cell

derivative (55)

compounds structure IC5p (NM)?2
NH N’\
plinabulin (12) 149+3.8
plinabulin-Me NH N/\
derivative (22) 339 + 41
NH N=\
KPU-105 (32) M 1.4 0.4
benzophenone-Me

2Values are mean + SD of at least three independent experiments.
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B AIXNVBBMEBESH LY T2 ) VRIS NERS D UHEK
DA ENE A BB EY

R T x ) NERT D UHERD A I K — VBRI T DR ETE
MAHR 2 a2 720, AT ARG S L TRUEB VBRI NI A~AT 0 B EB 258N
L. Figure 11. |27 8 HOFHEAEEZ G L, FHITLHZ L & LT,

o} o} o}
N NH N=\
S —_ O HNW@
o}
KPU-105 (32) 57-64
57:R=Ph
58: R = 2-Pyridyl
59: R = 3-Pyridyl
60: R = 4-Pyridyl
61: R = 2-Pyrymidyl
62: R = 2-Furyl
63: R = 2-Thienyl
64: R = 4-Imidazolyl

Figure 11. structures of imidazole-substituted derivative 57-64

THHFEBEEROARKIT. AR T 2 ) U NS Y RO @A TP A 49
IR L, BB ERICHINT AT VT K 65-72 2452 &k viEmk Lz, 2-4%
LINEY IV 691E, 2-7 /B I 73 Z DIBAL-H IZ X » THm&E T 5
ZETIHRRLT,

0 0 o] o}
Ny oN-AC Cs,CO4 N
O O N + RCHO — 22 » O O NH
TH DMF, 110 °C AN
% o}
49 65-72 57-64
65: R =Ph 57: R = Ph, 58%
66: R = 2-Pyridyl 58: R = 2-Pyridyl, 31%
67: R = 3-Pyridyl 59: R = 3-Pyridyl, 86%
68: R = 4-Pyridyl 60: R = 4-Pyridyl, 14%
69: R = 2-Pyrymidyl =] 61: R = 2-Pyrymidyl, 2% (2 steps)
70: R = 2-Furyl 62: R = 2-Furyl, 74%
71: R = 2-Thienyl 63: R = 2-Thienyl, 13%
72: R = 4-Imidazolyl 64: R = 4-Imidazolyl, 22%

Ny -CN DIBAL-H
E/Y
N THF, -78 °C
Scheme 3. synthesis of imidazole-substituted derivative 57-64

55T FBER 57-64 12DV T  HT-29 Al Z F V7= B Ia s M S o 4% 52 % Table
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Table 7. cytotoxic activity of imidazole-substituted derivative 57-64 against HT-29 cell

o} o} o}
X7 ONH N=\ Xy ONH
HN s A NH HN\H)VR
o} o}
plinabulin (12) KPU-105 (32), 57-64
compounds R ICgq (NM)2
plinabulin (12) NAP 149 +£3.8
N=\
< NH
KPU-105 (32) \/jv 1.4+0.4
57 ‘(© 94.3¢
N
KPU-300 (58) | 7.0£1.1
N\
59 J/\) >1000
SN
60 VQ >1000
N/j
61 L 75.3 £8.1
?\N 5.3+8
(SN
62 = 147°¢
SN
63 = >1000
NN
64 WN“ >1000

2Values are mean + SD of at least three independent experiments.
5 NA: Not Applicable. ®Values are average from two independent experiments.

ZORERNE, LLTIZIR R 5 DO ANE BTz,

1 VY DUREPEALEL 3 MOFEERON, 2-v°) DA ERK (58, LI “KPU-
3007 KT D) BEWEIIEEA R L7Z—H T, 3-E U KN 48U Db
RURHER 59, 60 (TIETENTHE LTc, ERFAOMEBNRRDDHTHLINLD
BRI R E RIEMZEN A SN TR R 2 #RET 5 72912, KPU-300 (58) K& TF 3-
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Y ONAEEER 59 O 'THNMR A7 MLV ERIE LIz & Z A, Figure 12, (2R L
LT, P hENTUVERT I NEZEOKBRFOT T MCENRR LR
T2o 3-B U DNAAEREIK 59 DR TR LI oD T I RAKFEHKRD Y 7 F/VidKkE

DO —7 & LT UALEICH I S fvie—F T, KPU-300 (58) D A~7 KL
Tl 7 2 FARFEHEREDOL ZFURHK 2 ppm BEN AL ICENENKE 25D
v—r LTSN, ZOBBES~DOY 7 ME -72=F b AF 2 ((-)-
13) OREGEFMEFHBEFEICB O THEE SN TEY P D7 heg oLl
HATEREOMICKE/EENGTET D EE2RTHATHD, T72b5H, KPU-
300 (58) OffEH, HREITRLIEZY S, hERT U UERT I REHR EOKFEFRT
TV CUBR2MOER ERE[BEEHK L, RRAITRLEZE 5 —FHDKER
THED T T L ARG ER A~ 7 LB DN, 20BN
EUV»@%%%KEDT%V&Ff&ﬁyyﬁ&wﬁA?H%@%K%ﬁéﬂ
% KFBRE G DAFAEITIETEIC KR E S BT H T ENRB I T,

0] 0] o 5
/H, A o
X N ‘N7 (
N N | 12.6
H” 10.6 ppm
o) \ | .
KPU-300 (58) Downﬂeld
shift
13 12 11
9] 0O

13 12 1
These 'H NMR spectra were measured in DMSO-d6.

Figure 12. part of "H NMR spectra of KPU-300 (58) and 3-pyridyl derivative 59

KPU-300 (58) @ X Hf S i fgtric . '"HNMR A7 R D PRS- 8
N t)//f&/ﬁ%tm7//ﬁ@%_mﬁ#é%ﬁﬁélk\ﬁ%@:ﬁﬁﬁ
0.99° & BRI TIEITZF—FEICHFET D 2 L 2R LT, ik & KBHAICLVIEMRS

ZFLZ)T@E:%T%E@%U\QZ@‘T (T, U7 b EART O URERERICB WD TEMEEBLICEE

RINTCTHDZERHALNE TR TEY P9 ~F n BN 25/ L -8RIz 0
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THRICEMEZRTZEEZRE LT, — T R_eY 7= ) U EERTDH oD 7 =
VBRI, EVWOKEFRFORIEIT I Y A 48208 BN 5w EIClF
ELTWe, XY T = ) UREEZ HEICEE LI 7 VA b UK TIREEZ 7R
ERNZ ERRHERTEY Y, KPU-300 (58) (Y PUBRML, X T = ) Al
EBITTEMIEBUCE L TBEZ > TWD Z b rolz,

_ repulsion between
~ two hydrogen atom

:% hydrogen bonding
O

D X
b Y
" o2
"y
€=

planar structure

o)
/H'/
N~ N7 |
. NG
o}
KPU-300 (58)

Figure 13. ORTEP drawing of X-ray crystal structure of KPU-300 (58)

2. MEEHLONR P UBRAEA LT T = = VREEER 57T (I8N OIEEEZ R LT- 2
ST, 3-E Y DLAIEEEIR 59 KON 4-8° ) DOVRIEEEK 60 |1 A R & e
STZ b, BY UAAEREK 59, 60 (2137 = = ARIGREKR 57 L0 bigM A
BETFSEDIEENGENTWND EEZONT, Thbb, KGRV h e
TV EDKBREE BRI LITNZ, 2 NS~ DERFFDOEANT, ¥
TRERTZ D UFHERET 2 —T Y EOMAEERICADREEY 5 2, IEHEIKT
ERIEE I L CWAAREEEL R Lz, 2, &WEEERLEZ 2-8 U Ul
FHER KPU-300 (58) (2L T, HICERF T2 EALLHERTHD 2-°Y
UNRITHRER 61 TIEMENIEE L7 Z &b b RERRICHEE STz,

3.2-7 VU AVHIERIEK 62 & 2-F T = ARIFEE(R 63 © 'H NMR A7 ALY 5
&. Figureld4. [T X912, W5 biEMEER L7z 2-7 ) ARIEEEK 62 1T
BOWTRY T PERIVVERT I VERLKERTFORES Y 7 F ABlE I N
— T EEEZ R E 072 2-F T AAIGEER 63 D AT P AICIZT D X ) 7
BES 7 P 3B I NGB D o7, 65T, 2-7 U ARIZEREK 62 D A KEHES
ZIER L CHH ., HLEBRERNERICE W THKERSPEERBFICES LT3
EDHREINT,

24



o 3
o o
(0] (0]
H, 9.3 ppm 8.3 ppm
X N (o] \
H,N X
o Downfield
62 . shift
10 9 8
M~
5
@©
o (0] 8.3 -
m
x N H 5\ pp
H’N X \
o J
63
10 9 8

These 'H NMR spectra were measured in CDCls.

Figure 14. part of "H NMR spectra of 2-furyl derivative 62 and 2-thienyl derivative 63

4. *ﬁf‘\ﬁiﬁﬁ?ﬁﬂh’ IF—NVEREEA LT 4-A I XY Y VEIFEE(R 64 13, Figure
IRTEDIZ, 'THNMR 227 MLZBW TP FENT D URT I FEH L
mﬁﬁ%®ﬁm 7 hERL, P MERTOUBREDOMICKEREEZAELT
WD ZEDBHEREINIZITH b LT, BIEEE RS o7, FIT 4143

2 Y NAEE AT 5D KPU-105 (32) RHTEICTAHAR LRy T = ) VR TF
JVERER S5 LIk H & Table8. (39 L D ICT VXV I X0 IEMHEN
BIFNZZEILL TWD Z Emb, A Y — VBV BT U FFERIZBV T
1T, A XX — VB 5 (ICAFIET A T A AR IEM BN AEAORBIETH 5 =

LR ST,
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9 0 12.5 :“j 5 12.0 ;E‘
ppm & o ppm o
O N N’H"Nf\ :5 = 103 ppm —
NH :
H,N A o _\J/_‘
o) —~
55
-u-m—-—-""h—-—J'L— e N
13 12 11 10
2 = 9
> © =
o o 12.6ppm 5 © 103 ppm =
PPM = 2499 o
H., .9 ppm
S ENRRINE=N ( r
,NMNH
H
° |
64 A s A_)\.
13 12 11 10

These 'H NMR spectra were measured in DMSO-d6.

Figure 15. part of "H NMR spectra of 4-imidazolyl derivative 55 and 64

Table 8. cytotoxic activities of benzophenone-imidazole type derivatives

NH N/\
H

R

compounds R ICs0 (NM)?

KPU-105 (32) t-Bu 1.4+04
55 Me 15£3.0
64 H >1000

2Values are mean + SD of at least three independent experiments.

5. MEBEHLA~T O BRICEBIT AT, 2-8° U UL A E A 7= KPU-300 (58) 730
EMWEZRLUIZOICHRT, 2-7 U VI 2-F o= VRN 44 I X VL AE A
L7 T BBRAGHEEIR 62-64 Tl 2-7 U VEEEEK 62 ICTIWVEMENH DDA TH -

oo THED ., VT FENRTVUREEEROEAEK L LTI HARMELD b
NEBEDHE L TWD Z &R SN,
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B=E /A

ABETIE, RV T2 ) I NERT U UFEROA I XY — VERANLICE
U 7o s s AR B ARG & R L 72,

BT, Xy T ) VRIT S ARG U UHERICEBIT 54 I XY — VR
EOIEMEICH T D EZRG L, U7 FERT U UBEROIEHERIIZIL, U7 b E
RT D UBRBEALCAT B OREIEE VB E T H L EER LT, Fl, A IX Y —
VBRI T VX NV IEEOTEHEA~DRBEZRFI L. XYy 7 ) VRO REXT VU
ERICB W TIRIEMEIC] T 54 I 4 — VBT AL EOFEEN T F T v
(12) LY HIETFTLTWDAREMEE R LT,

BT, R T 2 ) VI NERT D UBEEOA X2 — LB EG Aith
DEBRIEE~E BB LIZHEERE AR L, ~7 0 BRI 1T DA ETEMEFE B O MGt &
1Tolzs ZORER, 7V F 7Y % ERIDEVEEZ/RT 2-¥° ) VLRIEEER KPU-
300 (58) DFEFHITEIH L7z, KPU-300 & & DEHRF 1 ORLE DN F 72 D i BAEK 59,
60 DILEEINDG, ~T aBRENLE V7 ERT VU EOMIZER SN D KEREED
FAE, KMOVKFBAIZ L VBRSNS FEtEo @ —REEII Yy 7= ) VY
T RERI UV UFERICBNCHOIEERBUCEE O L R R L, — T, &
BEHLD 4-4 I X U NLVBEEER 64 |12, ZOKFEREZEZA L TWDIZHEDLIIENE
HRIIRMMoTZ EMD A IV VRO T VRN EITA I F YU AAERER
IZBWTEMERBUCEE TH L Z 0V RENT-, BMERO L ERFGERTIZ2-7 UL
K 62 ICTHUVEMENRD ENDHDHThHoT-Z b, D FEALT DU RIEEERD
AR E LTI HARMEL D ORNERMENE L TWD Z ENRB I T,

AREIZBIT DM THE BT 2-8 ) PLVAIEEE K KPU-300 (58) 1%, V7 h B2
TV F a2 —T ) CEASHEAMEOBELIZEB N TAAT B HEREE DAL
RO TOFEITHY | BERRRICEATHND Y F7 U (12) LY bEmniEEE R
L2 &, ERMEMEEME L TALERILEMTH DL EEX D, 1o, T4%
NEEZII U D & D EHILOE AN LV IEER LGS0, B2 55H8 G
KOO O ) —RKELTHEFEIND,
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FIE - U DNBIGELR KPU-300 OH A YRR

Frefi

F-EICTCAIR L7 2-v Y VAR EIK KPU-300 (58) 1%, V7 hERZ VAT
2—7V UEAGEEANICKHAEEZ LN TV AT e LEREENOGBA L =00
FlIchHY ., BFOT 7 XTI UUATF o —T7 ) VEALER S IXR R M E 2T
AIREMEMNE 2 BTz, 2T, KMEAMIZHONWT, KllF o — 7 ) oMl % 7=
Rl ATV, FOFEMA M AR A b & L,

F—H  OMBERICH TS KPU-300 DOF:HARTE M: 21

B IC B W CHEETEMERBE OGN W= B MRS Sk HT-29 MRz .
L O IZ kT D KPU-300 (58) DIEMZFEANT 5 <, & M FESUEE K Hela
AR, B AR Ok AS49 MRS 3 2 R ARTEME A 5 2 & & LT, [RIFFIC,
BIERASSHEEORE LT 56, b MEFMIETH 2 0EE e MR Mg
NHSF46, KOt b AREMEAZER (HMNC) (X132 ZAHIIaTEE b RIS L 72,
BRI T3 2 B ARTE MR BR O FE B & Table 9. (27”7,

Table 9. cytotoxic activities of KPU-300 (58) against various cells

cytotoxic ICgq (NM)2

compounds cancer cell line normal cell
HT-29 Hela A549 NHSF46  HMNC
plinabulin(12) 149+38 206+32 357251 n.tpb n.t.b
KPU-300 (58) 70+11 54x04 142x12 77° 481 +73

2Values are mean + SD of at least three independent experiments.
bn.t.: Not tested. ®Values are average from two independent experiments.

KPU-300 (58) (3 HT-29 flfaiZxtd 245 % & [Fkk, HeLa AR, A549 ffaiZxi LT
L7V F 7V (12) X0 HWEHIIEEZ R T2 LN R o7, —H, 1E
FAIIEIZ X9 2 R AIETE M X, HT-29 MR k3 2 ZlaligtE & g LT 7e < & b
10 (5L 55972 2 &G | iRl X EF M X U & KPU-300 (58) (IZ&=HEThH D
ZEMRHENTZ,
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HE T 2 — T icktd B KPU-300 OFEHESEAR

fEV N T, KPU-300 (58) DOFMIEED BTN Y — R THL 7V F7 ) (12)
ERUL Fa—T VUV EAMETHD Z & 2R+ 5, KPU-300 (58) OF =—
7Y CEAMEEEAFME TS 2 L Lz, F7=. KPU-300 (58) L Fa—T ULk
DOFEEMBEE S Ky 2B L, Fa—7 U AT 2EMMEEZTMET D2 & L Lz,

Fa—TVUNEELTHNEEZRKRT D E, Ta—7 U 0 FOE 350 nm {7}
DD BEENNT 5 Z E NN TWD O ZOMRIZHKS X invitro Fa—7
UUEAENY 77 —OE 350 nm IZBIT AR NEEE=F ) 7T HLTFa—
TV DOEAEZME L, ALEMHRIINC L2 F 2—7 VU VEAS~ORELZ N L 7=,
Fa—7 ) CEAMEEESIT, EARM 40 DEICBIT S 3 bu— L HEOWLE &
100% & L, Fa2—7 Y OFEEG% 50%8063 2% KPU-300 (58) ODIREEA ICso e L
TR L, £l2, F2—7 U 03K 290 nm DI K - Thbk Z4u, 300-450
nm ODENEEFHKTHI L, —HTILEMNR T 2 —7 V NIHEAT 5 & 355mm T D
BT D EnmENTWS P, dabb, Fa—T7 Y v ALAMRARORE L
EEWIRINT X D80t E OB X HBIBRICH D, ZOMWEEZFI L, #S ik
EH Ky = FH LT,

Figure 16. |2 KPU-300 (58) IC L5 F =2—7 U VEAHERBROMEREZ~T, 2
Fa—ABECIE, BRFMICTF 2 —7 U UREA LZOICxt L, KPU-300 (58) LR
KFERNCTF 2—7 U VEAZMH LZ, 2 o — A BHOEARLEHKRL, Fa—7
U UHEAEE 50%FE THHl T 2IREL ICs fEE L TR LZE Z A, Table 10. 1[I~
2. V=Kt THr 7V F7 Y 12) LRSBREOENZAT5Z LA
binkirole, £, Fa—TV L OBRMEORIEL 0D TF 2 —7 U U AbEWH O
WOMBEEE KX 13 uM &, Z2Hh6 87U F 7Y (12) LRZEOHETH -T2,

Figure 16. inhibition of tubulin assembly by addition of KPU-300 (58)

100 1
— control (DMSO)
80 -
i" ~ KPU-300 (58) 0.3 uM
60 u

—~ KPU-300 (58) 1 uM

tubulin assembly
(control%)

40 -- KPU-300 (58) 2 uM
j
20 4/
0 l ------ sansnsuEl
0 10 20 30 40 time (min)
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Table 10. the tubulin polymerization inhibitory activity and binding dissociation constant of
KPU-300 (58)

Inhibition of tubulin tubulin binding
compounds polymerization dissociation constant
ICs (uM)? Ky (uM)?
plinabulin (12) 1.8+0.3 1.0+0.5
KPU-300 (58) 1.2+0.1 1.3+0.3

2Values are mean + SD of at least three independent experiments.

F=E AR EE AWMU NE IZXTT D KPU-300 OIEHEEFEAR

R TF 2 —7 ) U2 WIS Zf TOMRFHIHW T, MEAOBUNEIZ T 5
KPU-300 (58) DOiEMEZEFHMd 5 << | HeLa MIIIZ%f L CHRIEREGEIT O Z & THUL
EEASUE L, SPMERI X 0 ARRIZ R D KPU-300 (58) OEfA#8IZ3 2% 2
L& L7,

PUINE TR E NS U TR E S ZoDKTHEEL TEB Y | MilaaHloic -
LB TIE, BUNE ISR EICER S TR Y | g mE-OM iR RE DM
FRcBb o> T 5, — T, -fmﬂﬁ/\ﬁ”%:ﬁi M #IClE, ZXHCHEGE L o R En e

%%m%%m¢ukbf EHE L7 @¢@¢% TAEAET D ENFARIT [ 2 5 RhEEAR
ZIERT 5 Y, Figure 17. 1273 & 512, [ HeLa #0fE CILMIE A Cﬁﬂiﬁ’*’ﬁﬂdﬁ@ﬁ
INEX Y N =T TERBNBIERTE D, M%Hﬂaﬁ% TiX, M IR D Y fafk
@ﬁ%ﬁ%m@%ﬂ;iéﬁﬁm@%mk\ﬁ@@ﬁ@_%%bt¢u¢W5@EL
T INEIZ K D TSR O RN BIER S D,

Interphase M phase

Figure 17. Inmunostaining HeLa cell images in interphase and M phase. Cells were stained
by DAPI (blue; DNA) and anti-a-tubulin antibody (green; tubulin).
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—RIZ, Fa—T VY VEAHERTHLa L FoRa T L E AL F U EIE
MEARDERAZET D Z N MOENTEY , MitEAE KR E2 & i/ NE OBIRE 2 %
T°% KPU-300 (58) O Z4 #1539 %5 ~<, HeLa MldORUNE 2~ U Afla-TF 2 —
7 UPUA R OV SRR Sz hi~ U A 1gG PURIC X D FEIZ, DNA % DAPI 12 X
DHFAICREE L, FHAOMBlENEnOMBEBIE LT,

Figure 18. |ZfH#] HeLa Ml Dz atf 2 or4, 7V F 7V (12) X KPU-300
(58) ZIEH &2 &, 2 b o —/LRED HeLa MRS E FE I AL S LTV 2=V
HER O/ INEDSBD LT Y | EREOLAE Y2 I L 7= IR PN IMEHE IR o0 Vg
BlIFEAEBETE o Tz,

pllnabulln (12) nM)

KPU-300 (58) nM)

Figure 18. Immunostaining HeLa cell images in interphase. Cells were treated with

control

compounds in indicated concentrations over 6 h. After treatment, cells were stained by DAPI

(blue; DNA) and anti-o-tubulin antibody (green; tubulin).

#eV VT, Figure19. (2 M #] HeLa Ml o dvtatg 24, 7V F 70 (12) Kk
Y KPU-300 (58) #1EM &5 &, (RIREAERRE T b PR OBEYINHE SN TS
Z &L ELITHIIBANOK T D BEEOEER, 372 B2l U 7= S8R D AR 23 e
WENT-, BIRERECIIMHEREEN ERICEA L, Rk I LB Tk
ST, BUNEFYRAOROBENCLE—F—X DL —LE LTHEb->TEY, Z
S DOBIGIE KPU-300 (588) (2K 25T 2—7 VU EEMEICERT S EEX LT,
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plinabulin (12) (nM)

control

30 70

KPU-300 (58) (nM)
7 30

Figure 19. Immunostaining HelLa cell images in M phase. Cells were treated with
compounds in indicated concentrations over 6 h. After treatment, cells were stained by DAPI

(blue; DNA) and anti-o-tubulin antibody (green; tubulin).

FIUE NE

ARETIH, B FCOMESEEMBERFI L 0 EONTA N7 2-v ) UARGHER
KPU-300 (58) IZ&FH L., FBiF =2 —7 Y - 0flifnZz AV = EBREZ1T -7,

BT, EETE TR R RN V2 HT-29 RIS oMl IZ %4 % KPU-300
(58) DOFMPLIEVERM 24T > 72, FIBAAIE LCORFRMEORRE L L CRfifakk <
& % HeLa Hifid & OV A549 flifid, RIEACEMEOIEIE L L CIEFHIIRTH D115
b NERHESER S NHSF46, KOVt R R MEAZER (HMNC) & HW ikl 217 - 724
. KPU-300 % HT-29 A% &7z 3 FROBHMIIRRICET L CTEWEBGIIaiE T2 m L
oo Flo, EMRARITIER ML bEWEZEE R LT,

BRI, BRLEF2—T7 U &2V, KPU-300 (58) OF =—7 ) EAM
EIEMEZIMM L, SHICFa—T7V OB MMELEOMBEESE LTEB L,
KPU-300 (58) XV — NMbEMmTHL 7V 70U (12) ERERIC, REKGFNICT
22—V VOEAZMET I L KOTF 2—T VU ISk TE2EmWEIEZ 45 2
xR BNE LT,
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5 oHI TR, RERAIZ LD RUNE 2 T {E L, KPU-300 (58) OfU/NExRy MU
— 7 S OGS RS k3 2 /FE ) 2 s ARSI L 0 812 L7z, KPU-300 (58) I3:fH]
1 HeLa il CIIf/NE R~ NU—27 OIER %, M #] HeLa AIEIZ 3 L CIIAHEEIATE
YA B A LE T 5 2 & 2R LT,

PLb, RETOBRTZL D, KPU-300 (58) 13/ NEZIEME LTzTFa—T7 Y VE
AHEAICTHD Z L 2R LIz, £7-, KPU-300 (58) 1T #EEEIER 2792 &
PSSR TR Y D BRI W TR AT L 25 1k & I QY TR R O BT H D ik
FRFEE L OPFHIC R D | FRAZIEEDREZ R TE2EMTH D EE XD,
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=8 - U UABIGEE KPU-300 ZEE L L-AKEES o KT v ZAl#
JSzi]

2-B U DVRIEEER KPU-300 (58) &M W EGHITEE 2 R T HALEREEW ThH 57135,
LB OKEMENIEFITIELS (<0.1ugmL) | KIS Z B84 L Cide o kst
DUENRETH -T2, HOKRMEIZ D7 T UUHF 2 —T7 ) CEAIERNC
WORETHY . ZHDDLEMIL, I THER LIIEMERBUCWHAOEE TH
557 FINKFZRE S & ZUCHRT 2 im0 @m0 —RBEEIC K Sa-n A4 v ¥
TOENRRD—2>THDHEEZ LN T WD, ZOHKIEHICL>TIr FEART
DUMF 2 —T ) CEAHEROBKICEIT ARG HIELHIREZ T TR0, YT
7V (12) OEKRBERICEE LTI LEAR—/VEL ZIAEMHIE LA LET
BELUZ Y a— RS LT S, EERAIE LTRE SR TWVD 0, Z O%#
MEFIDRBEDFE &L 720 9 5 Z ENMHATIE Y 39 2 BB L L2
WIHBEEROBRPMS EEN TV, ZhETic, 7V 70> 12) oV hE
TOUVEREE ) T T LANEERL, AT VT2 — A EEE BT DY h
— %N U TR Z B A Lo 27 AT 0 RS ZRAIR S LT g 339
il LT, 3207w R7 v 7% Figure 20. (2”7,

water solubility half-life

compounds  Rgq (mg/mL) (h)

OH

o
74 6.38 1
S NH N=\ COONa
NW

o 75 WCOONa 0.85 0.37

r OH
OY\/\/\N,Raq OH
o N=N HO,,. OH
water-soluble plinabulin prodrug 76 OH 0.075 ND#
Rqq = water-solubilizing moiety o

aND: not determined.

Figure 20. example of prodrug; structure and water-solubility of plinabulin-prodrug 74-76

KSR L LTCT R /B ThHr ) v HEROEEZEALZ70 KT v 7 74
ITBUEAE) & i LT 1 s OKEMEZ 7R L, Figure 21. (2739 XK 9T invitro 1235
WTTZRT 7 —=BIZ LD ERNTIKR RS BULEM~ L AT L Z LB LN
Lo TS, ZORFREEHZAET DY VI —HEDOILEW 77 13T E RS T, HL
LT NVT B R30I bR FE~ B SN D720, RWEROIRIA & 72 % e
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TRV EE 2 Bk O, AT BKIRMEMBIEOHE L 7 a KT v ZIRoKEMEICE
THRMBEEICHRE SN TEY P 5FHNIC4-o0 Fax v a2 FT58-D-H T 7
R — 2 Z KSR & L7z 76 13T 0 KiatE ER/- LoV E ol 2 E b,
REMEMBIEE L LCide R v LD A A b LIV R XNV EOFE R K
TN ERENRTND,

(0}
A NH N=\
o] HNL s s NH
X NH N=\ 0
Na NS X NH
esterase plinabulin (12)
0 OH PBS buffer, 37 °C
5 L +
z OH
MN COONa /[ + HCHO
74 MO ™ N oo
o] N=N
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Figure 21. time course hydrolysis of plinabulin-prodrug 74 by esterase
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Figure 22. structure of designed aspartic acid-type water-soluble KPU-300-prodrug 78
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Scheme 4. synthesis of water-soluble KPU-300-prodrug 78
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Figure 23. ORTEP drawing of X-ray crystal structure of alkyne 85
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Figure 24. time course hydrolysis of KPU-300-prodrug 78 by esterase
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AWFFECER L. BEH L7720 rias S 3L T ol Th 5,

'HNMR

Varian Mercury-300 NMR Spectrometer (300 MHz)

Bruker DPX-400 NMR spectrometer (400 MHz)

WNERIEHEL LC, 7 T AF LT 2 (0.00 ppm) % FWVEIE L7,

PC NMR

Varian Mercury-300 NMR Spectrometer (75 MHz)

Bruker DPX-400 NMR spectrometer (100 MHz)

PEEEHRE L LT, B m R/ ARRORREEE Y — 2 (77.05ppm), # DMSO Hi2k
DFREEE Y — 27 (39.52 ppm) . £7IFTEA X/ —/VESROFREEEE— 2 (49.00
ppm)Z Nz,

NMR A7 RVOFEHITLL T OIS b D LT 5,
S: singlet, d: doublet, t: triplet, q: quartet, quint: quintet, m: multiplet, br: broad.
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3-Benzoyl-N-methoxy-/N-methylbenzamide (51)

51

To the solution of 3-benzoylbenzoic acid 50 (850 mg, 3.76 mmol) in DMF (40 mL) were
added N,O-dimethyl hydroxylamine hydrochloride (385 mg, 3.95 mmol), Et;N (0.55 mL,
3.95 mmol), and WSC-HCI (757 mg, 3.95 mmol). After the mixture was stirred for 5 h at
room temperature, the solvent was removed in vacuo and the residue was dissolved in EtOAc,
washed with 10% citric acid, 10% NaHCOs3, and brine, dried over Na,SO,4. The solvent was
removed in vacuo to give a colorless oil of compound 51 (0.95 g, 86%). 'H NMR (300 MHz,
CDCl3) 0 8.09 (t, 1H, J= 1.5 Hz), 7.91 (dd, 2H, J= 1.6, 7.5 Hz), 7.78-7.81 (m, 2H), 7.46—
7.60 (m, 4H), 3.56 (s, 3H), 3.37 (s, 3H); °C NMR (75 MHz, CDCl3) § 196.0, 168.9, 137.4,
137.1, 134.2, 132.7, 132.0, 131.9, 130.0, 129.7, 128.4, 128.2, 61.2, 33.5; HRMS (EI): m/z
269.1045 (M") (caled for Ci6H sNOs: 269.1052).

3-(Hydroxy(phenyl)methyl)benzaldehyde (52)

oo

52

To a solution of Weinreb amide 51 (505 mg, 1.87 mmol) in anhydrous THF (15 mL) was
added portionwise LiAlH4 (85.4 mg, 2.25 mmol) at -78 °C under an argon atmosphere, and
the mixture was stirred for 2.5 h at the same temperature. After the mixture was quenched
with H,O at -78 °C, EtOAc was added and the resulting precipitate was removed by Celite
filtration. The filtrate was washed with H>O and brine, dried over Na>SO4, and concentrated
in vacuo to give an oil of compound 52 (390 mg, 98%). "H NMR (300 MHz, CDCls) 6 9.98
(s, 1H), 7.92 (s, 1H), 7.78 (d, 1H, J = 7.7 Hz), 7.66 (d, 1H, J= 7.7 Hz), 7.49 (t,
1H, J= 7.7 Hz), 7.27-7.37 (m, 5H), 5.92 (d, 1H), 2.39 (d, 1H); *C NMR (75 MHz,
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CDCly) 5 192.3, 144.9, 143.2, 136.5, 132.5, 129.2, 128.8, 128.0, 127.6, 126.6, 75.7; HRMS
(CI): m/z 213.0924 (M+H)" (calcd for C1aH305: 213.0915).

3-Benzoylbenzaldehyde (53)

oo

53

To a solution of aldehyde 52 (102 mg, 0.48 mmol) in THF (5 mL) was added Dess-Martin
periodinane (305 mg, 0.72 mmol), and the mixture was stirred for 2 h at room temperature.
After the mixture was quenched by the addition of saturated NaHCOsaq. (1.5 mL) and
saturated Na;S,0saq. (1.5 mL), EtOAc was added, and the organic layer was washed with
brine, dried over Na,SOs, and concentrated in vacuo. The residual oil was purified by silica
gel column chromatography using hexane/EtOAc (4:1) as an eluent to give a colorless oil of
compound 53 (88 mg, 87%). 'H NMR (300 MHz, CDCl3) 6 10.09 (s, 1H), 8.28 (t,
1H, J= 1.6 Hz), 8.07-8.13 (m, 2H), 7.79-7.83 (m, 2H), 7.61-7.71 (m, 2H), 7.51 (dd,
2H,J=7.7,7.1 Hz); >C NMR (75 MHz, CDCl;) d 195.4, 191.4, 138.5, 136.8, 136.3, 135.4,
133.0, 132.6, 131.3, 130.0, 129.2, 128.6; HRMS (EI): m/z 210.0684 (M") (caled for C4H;¢Ox:
210.0681).

(Z)-N-acetyl-3-(3-benzoylbenzylidene)piperazine-2,5-dione (49)

0 o
N N‘AC
HNWH
o}
49

To a solution of 3-benzoylbenzaldehyde 53 (10.0 g, 47.6 mmol) in DMF (420 mL) was added
N, N’-diacetylpiperazine-2,5-dione 54 (11.3 g, 57.1 mmol), and the solution was repeatedly
evacuated over a short period of time to remove oxygen and flush the solution with Ar. A
solution of potassium fert-butoxide (5.60 g, 50.0 mmol) in DMF (50.0 mL) and tert-butanol
(50.0 mL) was then added dropwise under an Ar atmosphere at -15 °C. The resultant mixture
was stirred at -15 °C. After 2.5 h stirring, the mixture was added to 10% citric acid (120 mL)
and stirred for an additional 30 min. The solvent was removed by evaporation, and the residue

was dissolved in CHCI;, washed with 10% citric acid and brine, dried over Na,SO,4, and
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concentrated in vacuo. The resulting residue was purified by column chromatography on silica-
gel using CHCI3-MeOH (200:1 to 30:1) as an eluent. The product was recrystallized from
EtOAc-Et,0 to give a white solid of the desired compound 49 (10.7 g, 64%); mp 182-184 °C;
IR (KBr, cm™) 3206, 3060, 2937, 1696, 1678, 1648, 1637, 1597; '"H NMR (400 MHz, CDCl;)
0 8.53 (s, 1H), 7.84 (s, 1H), 7.81-7.72 (m, 3H), 7.65-7.53 (m, 3H), 7.49 (t, J= 7.7 Hz, 2H),
7.20 (s, 1H), 4.44 (s, 2H), 2.65 (s, 3H); °C NMR (100 MHz, CDCls) 6 195.9, 172.5, 163.3,
160.0, 138.8, 137.0, 133.08, 133.06, 132.4, 130.7, 130.2, 130.1, 129.5, 128.6, 126.8, 118.9,
46.2, 27.4; HRMS (ESI): m/z 349.1180 [M+H]" (Calcd for Co0H;7N,O4: 349.1188).

(£)-3-(3-benzoylbenzylidene)piperazine-2,5-dione (48)
0 o}

AN N/H
HNWH

o
48

To a solution of (Z)-N-acetyl-3-(3-benzoylbenzylidene)piperazine-2,5-dione 49 (13 mg,
0.0373 mmol) in DMF (2 mL) was added 28% NH4sOH (0.26 mL, 4.29 mmol). The mixture
was then stirred for 2 h at room temperature. After the solvent had been removed by evaporation,
the residue was dissolved in AcOEt, washed with 10% NaHCO; and brine, and dried over
NaSO4. Concentration in vacuo gave a white solid of the desired compound 48 (6.0 mg, 53%);
mp 205-207 °C; IR (KBr, cm™) 3198, 3058, 1682, 1661, 1632, 1594, 1448, 1277; 'H NMR
(400 MHz, CDCl3) 6 8.12 (br s, 1H), 7.83-7.74 (m, 4H), 7.65-7.47 (m, SH), 7.01 (s, 1H), 6.64
(s, 1H), 4.24 (d, J = 1.6 Hz, 2H); °C NMR (100 MHz, CDCl;) 6 196.0, 162.9, 159.5, 138.9,
137.2,133.2,133.0, 132.1, 130.3, 130.2, 130.0, 129.6, 128.7, 126.2, 115.4, 45.6; HRMS (ESI):
m/z 329.0896 [M+Na]" (Calcd for C;sH;4sN,03Na: 329.0902).

(3Z,62)-3-(3-benzoylbenzylidene)-6-((5-methyl-1 H-imidazol-4-yl)methylene)piperazine-
2,5-dione (55)

0 o
Ny ONH N=
HNMNH
0

55
To a solution of (Z)-N-acetyl-3-(3-benzoylbenzylidene)piperazine-2,5-dione 49 (50 mg,
0.144 mmol) in DMF (2.0 mL) was added 4-methyl-5-imidazolecarboxaldehyde 56 (19.0 mg,
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0.173 mmol). The solution was repeatedly evacuated over a short period of time to remove
oxygen. The solution was then flushed with Ar. Cs,CO; was then added (70.4 mg, 0.216 mmol)
and the evacuation-flushing process was repeated again. The resultant mixture was stirred at
110 °C for 2 h, and the progression of the reaction was monitored by TLC. After the reaction
had finished, the solvent was removed by evaporation and the residue was dissolved in CHCl;,
washed with 10% NaHCO; and brine, dried over Na,;SOy4, and concentrated in vacuo. The
product was purified by column chromatography using CHCl3-MeOH as an eluent to give a
yellow solid 55 (24.7 mg, 43%); mp 191-194 °C; IR (KBr, cm™") 3196, 3062, 1684, 1661, 1635,
1596, 1419; "TH NMR (400 MHz, DMSO-d) & 12.52 (br s, 1H), 11.99 (s, 1H), 10.31 (br s, 1H),
7.87 (s, 1H), 7.85-7.79 (m, 3H), 7.78-7.74 (m, 1H), 7.74-7.67 (m, 1H), 7.66—7.62 (m, 1H),
7.61-7.56 (m, 3H), 6.80 (s, 1H), 6.59 (s, 1H), 2.32 (s, 3H); °C NMR (100 MHz, DMSO-d) &
195.6, 157.6, 156.1, 137.4, 136.9, 135.1, 133.6, 133.3, 132.8, 132.5, 130.2, 129.82, 129.79,
129.2,128.8,128.6,127.8,123.5,112.6,104.2,9.1; HRMS (ESI): m/z399.1453 [M+H]" (Calcd
for C23H19N4O3: 399.1457).

Compounds 57-60 and 62-64 were synthesized from compound 49 and corresponding
aldehyde 65-68 and 70-72 according to the procedure described for the synthesis of 55.

1-2-4. (3Z,62)-3-(3-benzoylbenzylidene)-6-benzylidenepiperazine-2,5-dione (57)
o) o}

O O 77 NH
NH_
57

Yield of 58% from 49 and benzaldehyde 65; mp 247-249 °C; IR (KBr, cm'l) 3212, 3060,
1686, 1655, 1630, 1597, 1412; '"H NMR (400 MHz, DMSO-ds) 6 10.54 (br s, 1H), 10.30 (br s,
1H), 7.88-7.80 (m, 3H), 7.80-7.75 (m, 1H), 7.74-7.64 (m, 2H), 7.63-7.51 (m, 5H), 7.48-7.37
(m, 2H), 7.37-7.29 (m, 1H), 6.84 (s, 1H), 6.78 (s, IH); °C NMR (100 MHz, DMSO-dj) 6 195.5,
158.1, 157.7, 137.4, 136.8, 133.42, 133.37, 133.1, 132.8, 130.2, 129.8, 129.3, 129.0, 128.8,

128.7, 128.6, 128.2, 127.5, 126.3, 115.1, 113.8; HRMS (ESI): m/z 417.1209 [M+Na]" (Calcd
fOI‘ C25H18N203Na: 4171215)
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(3Z,62)-3-(3-benzoylbenzylidene)-6-(pyridine-2-ylmethylene)piperazine-2,5-dione (KPU-
300) (58)
0 o}

O O X7 ONH N7 |
HN Xy
o
58
Yield of 31% from 49 and 2-pyridinecarboxaldehyde 66; mp 263-266 °C; IR (KBr, cm™)
3073, 3053, 1692, 1653, 1643, 1587, 1355; '"H NMR (400 MHz, DMSO-d) 6 12.60 (s, 1H),
10.64 (s, 1H), 8.73 (d, J =4.8 Hz, 1H), 7.95-7.76 (m, 5H), 7.74-7.64 (m, 3H), 7.64—7.56 (m,
3H), 7.41-7.35 (m, 1H), 6.91 (s, 1H), 6.73 (s, 1H); °C NMR (100 MHz, DMSO-d¢) 6 195.5,
156.9, 156.6, 154.6, 148.5, 137.8, 137.4, 136.8, 133.5, 133.2, 132.8, 131.0, 130.3, 129.8, 129.1,
128.8, 128.6, 127.1, 126.5, 122.5, 114.4, 107.7; HRMS (ESI): m/z 418.1171 [M+Na]" (Calcd
for C,4H7N303Na: 418.1168).

(3Z7,62)-3-(3-benzoylbenzylidene)-6-(pyridine-3-ylmethylene)piperazine-2,5-dione (59)
0 0

saveedy
HN AN A
o)
59

Yield of 86% from 49 and 3-pyridinecarboxaldehyde 67; mp 258-260 °C; IR (KBr, cm™)
3204, 3055, 3036, 1686, 1654, 1630, 1595, 1413; 'H NMR (400 MHz, DMSO-ds) 6 10.64 (s,
2H), 8.69 (d, J = 2.1 Hz, 1H), 8.48 (dd, J = 4.8, 1.5 Hz, 1H), 7.93 (dt, J = 8.1, 1.8 Hz, 1H),
7.88-7.74 (m, 4H), 7.73-7.64 (m, 2H), 7.63—7.55 (m, 3H), 7.42 (dd, J=7.9, 4.9 Hz, 1H), 6.85
(s, 1H), 6.76 (s, 1H); °C NMR (100 MHz, DMSO-ds) 6 195.5, 157.9, 157.8, 150.2, 148.4,
137.4,136.8,136.2,133.4, 132.8,131.9, 130.2, 129.8, 129.4, 129.0, 128.9, 128.6, 128.2, 127.5,
123.5, 114.0, 111.4; HRMS (ESI): m/z 396.1351 [M+H]" (Caled for C,4HgN305: 396.1348)

(3Z7,6Z)-3-(3-benzoylbenzylidene)-6-(pyridine-4-ylmethylene)piperazine-2,5-dione (60)
0 0

XONH - AON
HN s
0

60
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Yield of 14% from 49 and 4-pyridinecarboxaldehyde 68; mp 258260 °C; IR (KBr, cm™)
3215, 3056, 1692, 1657, 1633, 1593, 1415; "H NMR (400 MHz, DMSO-ds) & 10.63 (br s, 2H),
8.57 (d, J= 6.0 Hz, 2H), 7.88-7.74 (m, 4H), 7.73-7.64 (m, 2H), 7.63-7.55 (m, 3H), 7.50-7.44
(m, 2H), 6.87 (s, 1H), 6.69 (s, 1H); °C NMR (100 MHz, DMSO-ds) & 195.5, 157.9, 157.6,
149.8, 140.6, 137.4,136.8, 133.4, 133.3, 132.9, 130.3, 129.8, 129.6, 129.1, 128.9, 128.6, 127.4,
123.6, 114.4, 111.5; HRMS (ESI): m/z 396.1341 [M+H]" (Calcd for Co4H;sN305: 396.1348).

(3Z,62)-3-(3-benzoylbenzylidene)-6-(pyrimidine-2-ylmethylene)piperazine-2,5-dione (61)
0

(0]

NH
NN
(0]

61

To a solution of 2-cyanopyrimidine 73 (208 mg, 2.0 mmol) in anhydrous THF (20 mL) was
added dropwise DIBAL-H (a 1.0 M solution in toluene 2.4 mL, 2.4 mmol) at -78 °C under an
Ar atmosphere. The cooling bath was then removed and the reaction mixture was stirred for 2
h at 0 °C. The reaction mixture was quenched by the addition of MeOH-AcOH (2:1), and a
saturated solution of Rochelle salt was added. The mixture was then stirred for an additional 30
min at room temperature, extracted with CHCls, and washed with 10% NaHCOj; and brine. The
organic layer was then dried over Na,SO4 and concentrated in vacuo. The resultant aldehyde
69 was difficult to purify; therefore, the residue was used directly without further purification.
The residue was dissolved in DMF (0.5 mL), and (Z)-N-acetyl-3-(3-
benzoylbenzylidene)piperazine-2,5-dione 49 (30 mg, 0.086 mmol) was added to the solution.
The mixture was repeatedly evacuated over a short period of time to remove the oxygen, and
the flask was flushed with Ar. Cs;COs; was then added (53.3 mg, 0.16 mmol) and the
evacuation—flushing process was repeated again. The resultant mixture was stirred at 110 °C
for 2 h, and the progression of the reaction was monitored using TLC. After the reaction had
finished, the solvent was removed by evaporation, and the residue was dissolved in CHCl;,
washed with 10% NaHCO; and brine, dried over Na,;SOy4, and concentrated in vacuo. The
resulting residue was purified by column chromatography using CHCI3-MeOH as an eluent to
give a yellow solid 61 (7.6 mg, 2%); mp 256-259 °C; IR (KBr, cm'l) 3204, 3064, 1697, 1678,
1645, 1568, 1556, 1403; '"H NMR (400 MHz, DMSO-ds) 6 12.02 (s, 1H), 10.81 (br s, 1H), 8.95
(d, J=4.9 Hz, 2H), 7.89 (s, 1H), 7.87-7.79 (m, 3H), 7.73-7.65 (m, 2H), 7.65-7.56 (m, 3H),
7.42 (t, J= 5.0 Hz, 1H), 6.94 (s, 1H), 6.59 (s, 1H); °C NMR (100 MHz, DMSO-d) 6 195.5,
163.5,157.4,156.9,156.5,137.4, 136.8, 134.9, 133.6, 132.9, 130.4, 129.8, 129.2, 128.8, 128.6,
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118.7,115.2,107.1; HRMS (ESI): m/z 419.1117 [M+Na]" (Caled for Co3H;¢N4O3Na: 419.1120).

(3Z,62)-3-(3-benzoylbenzylidene)-6-(furan-2-ylmethylene)piperazine-2,5-dione (62)
0 o}

HN S
o}
62
Yield of 74% from 49 and 2-furaldehyde 70; '"H NMR (400 MHz, DMSO-dj): & 10.51 (s,
1H), 9.53 (s, 1H), 7.91 (d, 1H, J= 1.6 Hz), 7.84 (br s, 1H), 7.84-7.76 (m, 3H), 7.73-7.63 (m,
2H), 7.61-7.54 (m, 3H), 6.88 (d, 1H, J= 3.5 Hz), 6.86 (s, 1H), 6.68—6.63 (2H, m); HRMS (ESI)
m/z: 385.1188 [M+H]" (Calcd for Cp3H¢N,O4: 385.1188).

(3Z,62)-3-(3-benzoylbenzylidene)-6-(thiophene-2-ylmethylene)piperazine-2,5-dione (63)
0 o}

N NH S N
HNM
0

63
Yield of 14% from 49 and 2-thiophenecarboxaldehyde 71; "H NMR (400 MHz, DMSO-ds):

8 10.51 (brs, 1H), 9.86 (br s, 1H), 7.87-7.76 (m, 4H), 7.74-7.64 (m, 3H), 7.62-7.52 (m, 4H),
7.18 (t, 1H, J = 4.4Hz), 6.95 (s, 1H), 6.84 (s, 1H); HRMS (ESI) m/z: 401.0955 [M+H]" (Calcd
for C3H16N,03S: 401.0960).

(3Z,62)-3-(3-benzoylbenzylidene)-6-(1 H-imidazol-4-ylmethylene)piperazine-2,5-dione
(64)

0 0
NrONH N
HNMNH
0

64
Yield of 22% from 49 and 4-imidazolcarboxaldehyde 72; 'H NMR (400 MHz, DMSO-dy):
0 12.62 (br s, 1H), 11.91 (s, 1H), 10.31 (br s, 1H), 7.98 (s, 1H), 7.85-7.79 (m, 3H), 7.79-7.73
(m, 1H), 7.73-7.62 (m, 2H), 7.62-7.54 (m, 4H), 6.82 (s, 1H), 6.67 (s, 1H); HRMS (ESI) m/z:
385.1301 [M+H]" (Caled for CpH¢N4O3: 385.1313).
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(8)-di-fert-butyl 2-azidosuccinate (80)
COOt-Bu

[z

Ny~ >COOt-Bu
80

T£,0 (0.54 mL, 3.38 mmol) was added dropwise to a solution of NaN3; (1.1 g, 16.9 mmol) in
CH,Cl; (6.0 mL) and H,O (2.5 mL) at 0 °C. After being stirred for 2 h at room temperature, the
mixture was diluted with CH,Cl, and the water layer was extracted with CH,Cl,. The extracts
were washed with sat. Na,CO; aq., and gave the solution of TfN3 in CH,Cl,. The resultant
solution of TfN3 in CH,Cl, was added dropwise to a solution of H-L-Asp(O¢Bu)-OrBu-HCI 79
(480 mg, 1.70 mmol), K,CO; (0.3 g), and CuSO4-5H,0 (5.5 mg) in HO/MeOH (7 mL/11 mL).
After being stirred for overnight at room temperature, the mixture was concentrated and the
residual oil was purified through silica gel column chromatography (Hexane : AcOEt =4 : 1)
to give (S)-di-tert-butyl 2-azidosuccinate 80 (429 mg, 92.9%) as a yellow oil. [ & ]p* -65.41°
(¢ 1.09, CH;CN); IR (neat) cm™: 2980, 2935, 2110, 1734, 1369, 1257, 1150; '"H NMR (400
MHz, CDCl;): 0 4.18 (dd, J=5.6 and 7.7 Hz, 1H), 2.73 (dd, J = 5.6 and 15.5 Hz, 1H), 2.58
(dd, J = 7.8 and 16.6 Hz, 1H), 1.51 (s, 9H), 1.47 (s, 9H); °C NMR (100 MHz, CDCL): J
168.8, 168.2, 83.2, 81.6, 59.1, 37.3, 28.0, 27.9; HRMS (ESI) m/z 294.1439 [M+Na]" (Calcd
for C1,H21N304Na: 294.1430).

(8)-2-azidosuccinic acid (81)
COOH

L

Ny~ >COOH
81

TFA (3.0 mL) was added to a solution of (S)-di-fert-butyl 2-azidosuccinate 80 (50 mg) in
H,O (2.0 mL) at room temperature. After being stirred for overnight at room temperature, the
mixture was concentrated and co-evaporated with benzene. The residue as a yellow oil (34.2
mg) was used without further purification. '"H NMR (400 MHz, D,0 (OH was exchanged with
D,0.)): J 4.58 (dd, J= 5.3 and 6.5 Hz, 1H), 3.01-2.88 (m, 2H); °C NMR (100 MHz, D,0):

J 177.0, 176.4, 61.5, 38.8; HRMS (ESI) m/z 182.0181 [M+Na]" (Calcd for C4HsN3O4Na:
182.0178).
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Chloromethyl hex-5-ynoate (84)

o) P

/

o /\O)J\/\/
84

To a solution of 5-hexynoic acid 82 (300 mg, 2.68 mmol), NaHCOs (1.00 g, 11.9 mmol) and
tetrabutyl ammonium hydrogen sulfate (100 mg, 0.27 mmol) in HO/CH,Cl, (3/2) (15 mL) was
added a solution of chloromethyl chlorosulfate 83 (564 mg, 3.60 mmol) in CH,Cl, (5 mL) at rt.
After being stirred at rt for 1 h vigorously, the residual mixture was quenched by water. The
mixture was extracted with CHCl;, washed with brine, dried over Na,SO,, filtered and
concentrated. The residual oil was purified through silica gel column chromatography (Hexane :
AcOEt =10 : 1) to give Chloromethyl hex-5-ynoate (84) (349 mg, 81%) as a colorless oil. IR
(neat) cm™: 3301, 2946, 2118, 1762, 1417, 1373, 1340, 1309, 1260, 1225, 1129, 1029, 721; 'H
NMR (400 MHz, CDCl3): 6 5.71 (s, 2H), 2.55 (t,J= 7.4 Hz, 2H), 2.29 (td, J= 6.9 and 2.6 Hz,
2H), 1.99 (t, J=2.7 Hz, 1H), 1.88 (q, J= 7.1 Hz, 2H); >C NMR (100 MHz, CDCL;): § 171.12,
82.84, 69.47, 68.63, 32.56, 23.18, 17.69; HRMS (ESI) m/z 183.0189 [M+ Na]" (Calcd for
C7HoClOsNa 183.0189).

(((372,62)-6-(3-benzoylbenzylidene)-5-0x0-3-(pyridin-2-ylmethylene)-3,4,5,6-
tetrahydropyrazin-2-yl)oxy)methyl hex-5-ynoate (85)

(0] (@]
X" ONH N7 |
Na NS N
l/O
(0]
DRSS
(6]
85

To a solution of KPU-300 (58) (50 mg, 0.13 mmol) in anhydrous DMF (1.0 mL) were added
Cs2CO3 (90.5 mg, 0.28 mmol) and chloromethyl 5-hexynoate 84 (40.5 mg, 0.25 mmol), and
the mixture was stirred for 15 min at 50 °C under microwave irradiation. The mixture was
cooled to room temperature and the solvent was removed in vacuo. The residue was diluted
with CHCl; and water, and the water layer was extracted with CHCl;. The extracts were washed
with brine, dried over Na;SOy, filtered and concentrated. The residual oil was purified through
silica gel column chromatography (CHCl; : MeOH = 100 : 1) to give the alkyne 85 (39.1 mg,
60%) as a yellow solid. m.p. 149.4-150.0 °C; IR (KBr) em’™: 3277, 1751, 1673, 1652, 1605,
1585, 1319, 1130, 977; '"H NMR (400 MHz, CDCls): & 12.71 (s, 1H), 8.72 (s, 1H), 8.64 (dd, J
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= 1.1 and 5.0 Hz, 1H), 8.15 (d, J = 7.8 Hz, 1H), 7.84—7.82 (m, 2H), 7.80 (dt, /= 1.3 and 7.8 Hz,
1H), 7.70 (dt, J = 1.8 and 7.7 Hz, 1H), 7.61 (tt, J = 1.3 and 7.4 Hz, 1H), 7.57-7.47 (m, 3H),
7.46 (s, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.19 (ddd, J = 1.0, 5.0, and 7.5 Hz, 1H), 6.35 (s, 1H),
5.85 (s, 2H), 2.51 (t, J= 7.4 Hz, 2H), 2.25 (dt, J=2.6 and 6.9 Hz, 2H), 1.96 (t,J= 2.7 Hz, 1H),
1.85 (quint, J= 7.2 Hz, 2H); >C NMR (100 MHz, CDCls): & 196.6, 172.0, 159.5, 155.2, 152.4,
148.6,138.0, 137.7, 136.9, 135.8, 135.0, 133.2, 132.5, 132.2, 130.4, 130.1, 128.9, 128.6, 128.4,
128.1, 125.9, 122.1, 106.0, 83.0, 81.3, 69.4, 32.6, 23.2, 17.7; HRMS (ESI) m/z 520.1871
[M+H]" (Calcd for C3;Hz6N305: 520.1872).

(8)-2-(4-(4-((((3Z,62)-6-(3-benzoylbenzylidene)-5-0x0-3-(pyridin-2-ylmethylene)-3,4,5,6-
tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-/H-1,2,3-triazol-1-yl)succinic acid (86)

(0] COOCOH
, L
OMN

(0] N=N

COOH

86

To a solution of alkyne 85 (20.5 mg, 39.5 umol) in DMF (0.79 mL) and #~-BuOH (0.26 mL)
were added a solution of azide 10 (12.5 mg, 79.0 umol) in H,O (0.26 mL), CuSO4-5H,0 (0.89
mg) and sodium ascorbate (2.1 mg), and the mixture was stirred for 10 min at 50 °C under
microwave irradiation. Then the mixture was cooled to room temperature and solvent was
removed in vacuo. The residue was diluted with AcOEt and H,O and the water layer was
extracted with AcOEt. The extracts were washed with brine, dried over Na,SOy, filtered and
concentrated. The residual oil was purified through reverse phase high performance liquid
chromatography (SunFire"PrepC18 OBD™ 19x150 mm (5 pm, 12 nm), gradient: milli-Q
water (TFA 0.1%) : CH3CN (TFA 0.1%) = 50 : 50 to milli-Q water (TFA 0.1%) : CH;CN (TFA
0.1%) = 30 : 70 over 20 min, Flow rate: 6.00 mL/min, UV: 365 nm and 230 nm) to give the
carboxylic acid 86 (23.5 mg, 88%) as a yellow solid. m.p. 121.3-122.6 °C; [a]p> +3.60° (c
0.14, MeOH); 'H NMR (400 MHz, CD;0D): 6 8.82 (s, 1H), 8.62 (d, J= 3.9 Hz, 1H), 8.09 (d,
J=7.8 Hz, 1H), 7.82-7.71 (m, 5H), 7.64 (t, J = 7.4 Hz, 1H), 7.58-7.50 (m, 3H), 7.43 (d, J =
7.9 Hz, 1H), 7.35 (s, 1H), 7.27 (dd, J=4.9 and 7.5 Hz, 1H), 6.43 (s, 1H), 5.77 (s, 2H), 5.68 (dd,
J=6.0and 7.8 Hz, 1H), 3.31-3.28 (overlapped with MeOH, 2H), 2.70 (t, /= 7.5 Hz, 2H), 2.41
(t,J=7.3 Hz, 2H), 1.95 (quint, J= 7.4 Hz, 2H); >*C NMR (100 MHz, CD;0D): 4 198.5, 173.3,
173.0,171.0, 161.2,156.4, 153.9, 149.6, 147.8, 139.4, 138.9, 138.6, 137.3, 136.2, 134.0, 133.9,
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133.4, 131.5, 131.1, 129.8, 129.7, 129.6, 128.7, 127.7, 124.2, 123.7, 107.8, 82.9, 60.8, 37.2,
33.9, 25.4, 25.3; IR (KBr) cm™': 3056, 1748, 1654, 1605, 1558, 1320, 1133, 984; HRMS (ESI)
m/z 679.2154 (Calcd for C35H31N6093 6792153)

sodium (5)-2-(4-(4-((((3Z2,62)-6-(3-benzoylbenzylidene)-5-0x0-3-(pyridine-2-
ylmethylene)-3,4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-
1-yl)succinate (78)

NN N
N AR
ro /[COONa
O ™ N coona
o} N=N

78

The carboxylic acid (10.5 mg) was eluted with a solvent of H,O/CH3CN (1:1) through ion
exchange resin (>2.5 meq/mL, 2mL) at room temperature. The eluent was filtrated with
H,O/CH3CN (1:1) and concentrated. The residue was lyophilized to give the titled sodium salt
78 as an orange solid.m.p. 185.4-187.0 °C; [a]p>> +40.40° (¢ 0.08, MeOH); IR (KBr) cm™":
3142, 1749, 1683, 1654, 1604, 1558, 1396, 1320, 1208, 1133, 991; '"H NMR (400 MHz,
CD;OD (NH was exchanged with CD;0D.)): 6 8.68 (s, 1H), 8.52 (d, J=4.1 Hz, 1H), 8.01
(d, J=7.8 Hz, 1H), 7.80-7.68 (m, 4H), 7.65 (t, /= 7.7 Hz, 2H), 7.54 (t,J= 7.7 Hz, 2H), 7.46
(t,J=7.7Hz, 1H), 7.34 (d, J=7.9 Hz, 1H), 7.25 (s, 1H), 7.19 (dd, J=4.9 and 7.5 Hz, 1H),
6.30 (s, 1H), 5.71 (s, 2H), 5.50 (dd, J = 4.3 and 10.3 Hz, 1H), 3.19-2.97 (m, 2H), 2.70 (t, J =
7.6 Hz, 2H), 2.45 (t, J = 7.4 Hz, 2H), 1.96 (quint, J = 7.5 Hz, 2H); >C NMR (100 MHz,
CDs;0OD): 6 198.4, 178.0, 175.6, 173.5, 160.9, 156.3, 153.7, 149.5, 147.1, 139.1, 138.8, 138.5,
137.4,136.1, 134.0, 133.9, 133.3, 131.4, 131.1, 129.8, 129.7, 129.5, 128.5, 127.7, 123.6,
123.3, 107.8, 83.0, 65.5, 41.9, 34.0, 25.6, 25.4; HRMS (ESI) m/z 723.1795 (Calcd for
C35H29NgO9Na,: 723.1791).
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FAfG DFER

B—E

HT-29 #EpaRs®R &M

b MG H Sk D HT-29 #EiX ATCC LW A L. 10%FBS % & McCoy’s 5SA
etz FHVN, 37 °C, WHEREE T, 5%CO, FRH U THEE LT,

XTT/PMS % V=3 H TG HERER (HT-29 cells)

{LEWEINETHIZ 96 7 = /L7 L — M2 HT-29 #il % 2500 i/ 7 = 2725 & 9
IZf <. DMSO ik & L CRRI L 72L& D A b 7 Tk % dfgi R LT H D i
FIREEIZ 72 2 X O MBI L, 48 RfEIEF# %, 25 uM @ PMS Z & Tr 0.1 mg/mL O
XTT-PBS W 2 IR L, S S 2 KRS R L2, AR LTzA v~V Al
kD 492 nm O A7 L— kU — % — (TECAN SAFIRE) % AW THIE L7z, 690
nm O NE L ha—LE U CIERFRANEZR/E LT,
BACEW DO EAIREIILL T OHEY TH 5,

KPU-300 (58): 0.1-100 nM; 55, 57, and 59-64: 1-1000 nM:; 48, 49; 0.002-20000 nM.
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=
HeLa MifuRsE&M

b R SEES R A SR O HeLa AT 10%3EE L FBS 2 & ¢e DMEM £5H12 U,
37°C, 5% CO, FHHA FIZTHiE L T2,
A549 HEpuRE= &M

bt i R O AS49 HiEIE 10%FEE L FBS 24 T DMEM 512 Fvy, 37°C, 5%
CO2 PR FICTH&E LT,

WST-8 % AW /=HilasE5EER (HeLa and A549 cells)

HeLa HI0 K O A549 HERLZ 54~ 2 FoBiE I, 3 x 10% cells/mL (ZFH%& L 7= HIjRIC
LAY % 48 FEFER &5 2 & TR L7z, MilaE5iE WST-8 cell counting
kit 2 W CTHIE L7z,

NHSF46 ApuksESuF

b kRS SR IE S A AR SR G NHSF46 13, B4 4V VYV —2 k8 & — &
DEEA L, 100 units/mL =V > KN 100 ug/mL A M7 h~A o aaie
10%FBS % & ¢ MEMo5 2 € 37 °C, EBEERBE T, 5%CO, XS THs#E L7,
HMNC &%

b hORRY I B (HMNC) 1% Cell Applications, Inc. (san Diego, USA) J v A
L. MEGHIREEGZE T 37 °C, MiMEREE T, 5%CO, FPHSIZ TH#E LTz,
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XTT/PMS % V=3 H TG EER (NHSF46 cells)

NHSF46 i (259~ 2 Bl i PERf 1, HT-29 #ifla & 7 USRI L v 1Tz,
R LTe R~ Y AR D 490 nm DWLIY % Model 680 microplate reader (Bio-Rad
Laboratories, Inc., Hercules, USA) (Z CHIE L. 2 BIORER L 0 15 572 P4 E % 1Cs
il LTRLTZ,

WST-1 % v 72 BB iEERER (HMNC)

96 7 = /L7 L— FZ 2.5 x 107 cells/well & 725 K 912 HMNC Z &, KPU-300
(58) % HAIRFEE 2-2000nM & 725 L O ICHIlIC SN L7, 48 KEfE]#%, 10 uL @
WST-1 reagent (Roche Diagnostics GmbH, Germany) %47 = /LIZIRIIL, & 51T 2 I
M558 L7 D BIZAER LT AL~ o AFED 450 nM O % Multiskan FC (Thermo
Fisher Scientific, K.K., USA) (2 XV HE L=, 620nm OWE =2 hr—n & LTI
B B A2 M IE L7z, ICsofEIE. 3 M ORBRDEY + HEERAE L L TR L,

Invitro Fa—7 Y VEARER

Fa—T7 VX7 Z O BRER L7 7 BERERIE ImM GTP, IM glutamate %
EiepH 6.8 @ RB /Ny 77— (100 mM MES, I mM EGTA, 0.5 mM MgCl, = & &e) H
TlmgmL DF =2—7 U U EEAGIHE, 37°C IZF81F % 350 nm OW % thermostatic
spectrophotometer (Beckman Coulter Inc., Brea, CA)IC LV E=%— L7z,

Fa—7 Y UREGRBR
MES /X 7 7 — (0.1 M MES, 0.5 mM MgCl, 1 mM EGTA, 1 mM GTP, pH 6.8) T+
37°C TTHF2—7 U v 0.5uM & 1%DMSO Z & e 5 IBEDILEW %2 1 BRI A > %

2_X— kL, ZNZENDHEIE (ex:295 nm, em:300-450 nm) % FP-6200 Spectrofluorometer
(JASCO, JAPAN) (2 X v H5E L7=,
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ekl

3 x 10* cells /mL (ZF%& L 7= HeLa AU Z W L= =TT X Lic@E s, {LAEW%E
6 FRRIWER S 87=, B X—H T ZA%-20°C DA K ) —/LT55EFEL, 0.5%0 BSA
&t PBS /N 77— (PBS-B) THiF L7z, INN—HT7 A& Hla-Fa2—7 I UHiK
(sc-32293, Santa Cruz Biotechnology Inc., Santa Cruz, CA) A Y @ PBS-B T/&\>, 37 °C,
IRIEEREE N 1 FF# 12 PBS-B T 2 G LI-OLICHEGE X /37 ThDH Alexa
Fluor 488-f5 &t~ 7 2 IgG HU{A (Invitrogen) % e PBS—B T 30 /A1 > F 2 X—
NL70, BRI /N—H T A% PBS TUE#H L. 0.1 mg/mL @ DAPI &% (Dojindo,
Kumamoto, Japan) % W T &2 Yeta U7z, Ytk & 5%/ 13 Leica LAS AF 6000 E2 ¢
PAMSSE (Leica Microsystems GmbH, Wetzlar, Germany) CT#I£2 L 7-,
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7'a ¥ 7y 7R 78 KU KPU-300 (58) ZAEHEUKICAIMI X &, L SRR L 7214,
25°C, 15 I ERLE L, 50 072 fafAR % 02 um DL 7 4 L X —TAHil
L. A% HPLC iICTHOW L 7=, BoN7-v— Z1HfEE . EEBA DO DMSO 8K %
GRS 2 2 LIC X VIER L 2B I X VIAMRE 2B L 7,

T RT T —FIZ LB Invitro KRR

7'v K7 71K 78 O 1.630 umol/L PBS i A ER L, 3 2D v Xy KL 7 F o
— 7N EI 50 uL, 50 ul, 400 uL 537E T %5, S50 ul DTy Xy KV T Fa—7
DIFENFNTAT T —PIFAETDOa L bu— e LT, TN 0 FE, 48 B
%2 HPLC AT & 1T -7z, 400 uL 0k L7=wXy KA T7F 2 —T 127 X FT A
T 7 —YDOREET T =7 LREIK 2 4432 unit IS L, 50ul 28 DDxT v~
RVT7F a—TWnET D, 208 OKU4 i 2 b r—/L%& 37 °C OIEIRF
IZTCA v FaX—FL, TNEI 1,2, 4,8, 12,24, 36,48 FFfi]#% 12 DMSO150 uL % #s
MUTCK&% 7 = F L, HPLC I T 1 KT v 7RO K O KPU-300 (58) O
AEBE LT, S L7 ZE O FERD S A2 B L,
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