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AR SCHICFL# L7285 2 LN ISR,

Ac : acetyl

Acp : 6-aminocaproic acid

ADC : antibody-drug conjugate

ADCC : antibody-dependent cell-mediated cytotoxicity
ADMET : absorption, distribution, metabolism, excretion, toxicity
Ala : Alanine

AN : Gutmann’s accepter number

aqg. : aqueous

Arg : Arginine

Argg : Octaarginine

Asn : Aspargine

Asp : Aspartic acid

Bn : benzyl

CD : circular dichroism

CuAAC : Copper-catalyzed alkyne-azide cycloaddition
Cys : Cysteine

1,2-DCE : 1,2-dichloroethane

DIPCI : diisopropylcarbodiimide

DIPEA : diisopropylethylamine

DKP : 2,5-diketopiperazine

DMEM : Dulbecco’s Modified Eagle’s Medium
DMF : N,N-dimethylformamide

DMSO : dimethylsulfoxide

DN : Gutmann’s donor number

DTT : dithiothreitol

EDT : 1,2-ethanedithiol

Et : ethyl

FBS : Fetal bovine serum

Fmoc : 9-fluorenylmethyloxycarbonyl

FT-IR : Fourier Transform Infrared Spectroscopy
GlIn : Glutamine

Glu : Glutamic acid



Gly : Glycine

HER2 : human epidermal growth factor receptor 2
His : Histamine

HOBt : 1-hydroxybenzotriazole

HPLC : High-Performance Liquid Chlomatography
HRMS : High-Resolution Mass Spectrometry
Ile : Isoleucine

LDA : lithium diisopropylamide

Leu : Leucine

LHMDS : lithium hexamethyldisilazide
LRMS : Low-Resolution Mass Spectrometry
Lys : Lysine

Me : methyl

Met : Methionine

MOE : Molecular Operating Environment
mp : melting point

MS : Mass Spectrometry

MW : micro wave

N.B. : no binding

NCEs : new chemical entities

N.D. : not detected

NMR : Nuclear Magnetic Resonance

Npys : 3-nitro-2-pyridinesulfenyl

PDB : Protein Data Bank

PDC : peptide-drug conjuguate

PEG : polyethylene glycol

Pbf: N-0-2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl
Phe : Phenylalanine

PMB : p-methoxybenzyl

Pro : Proline

quant. : quantitative yield

rt : room temperature

SD : standard deviation

SE : standard error

Ser : Serine

SPDSL : Solid-phase-assisted disulfide ligation



SPR : Surface plasmon resonance
{Bu : tertiary butyl

TFA : trifluoroacetic acid

TLC : Thin-Layer Chromatography
Trt : trityl

Tyr : Tyrosine

UV : ultrabviolet

VDA : vascular disrupting agant
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RSO ZEREICB W T, TEGOHOEREMIEAWITE E L TORERREN
HEDHHNDZ EIERWED, T E TORISEMIE Tk O EIBIEVED A |73 & 2
RIS T&z, —HMUIC, ZRTHBEZEEERZICEET 5 X5 I oitsE s 5
WY HZ LT, ZBEEREOEBIEN S TITER LT 20 SKEEMO W 23
FFCXxb, 20O, \LAEYORKEZ LV ISHEELEZICEE SN\ g -~ L FET
HZ LT, MOWEEIEREEL RILEMPAIH SN TEL, LrLARRL, TO/MREE
L CHEIEMHITRN S O OO BV EED D 2 T D, EEE EXEBEAMEWEE
Td % NCEs (new chemical entities) @ 40%LL EIZEEAKEMHEALAH TH D & 2012 4
IZ Saviani HIZ XV WE STz, Y BED X5 2B BT EY B Ko
ADMET (WL, 23, R, Bk, k) ICb A< BT b VY IEOA
PRI B TUT EFRBTE M O & T2 < WE LR R E 7o & OBk~ 72 /B 72 %
BEWN SE520, ERN~OEGICEOMEEE2EHBT 2RO - BRI ND Z
EMHZ TV,

AENICEWT (L FEERRE AL R oBEs m T EKIIZHFAELTND
INBET T NIy 7 (VY7 MRTy 7)) 7 ue Ty 7 LT, BIRTHHA
ENTWD, 77 K7 v 70E, 1982 12 Lee HIZ XV [THEKHN TOLFENIGZE%Z T

Q> @ DR

| |
1 1
Active drug I ! .
(Antedrug) : : Inactivated drug
1 1
1 1
B) : :
1 1
1 1
1 1
1 |
|
| \ |
1 1
1 1
Inactivated drug : Actlve drug :
(Prodrug) I I
Administration : Target tissue I , Circulation/Excretion

Figure 1. Concept of antedrug and prodrug. *
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5 EICE Y RIEALT 53] LB ST (Figure 1A), Y (bAWET v T KT v
ETL2HEMIIHRTH Y . RFTEMR 28T 23 L TAEKRATHMR S L0 Vg
EEEANTDHZ LT, MINSNTEDBLIZHES IO IS EORIENZ KT 5
ZEiCh D, B ESLWAA, HIEAIE L TD AT a A K (Fluticasone propionate® |
Loteprednol etabonate® 72 &) NI NICHEEIND, —F. v KT v 7F 1958 i
Albert [ZX Y (2D b0 A MITEIEEEZ RS T, EENICBWT—BEEH L WITE
BEOEMEZ TS 2 L CRIEEZ R ILAEWm] L EHE SN (Figure 1B), ¥ L&
Mzaz7nm N7y 735 BEHKL THY, EfiT 5HELE (M; Modifier) OMHE %
BRDHZET, ALEWITHEX R EZMNET 22 LN TE 2, #l2IX. IBEHEERE
RPN TF VAR —ICRBEINLHWELZFEWITEAT HZ LT, HLED D ORI
HQETHZ LN TE S (F: Fursultiamine hydrochloride”, Valaciclovir hydrochloride®
72E) FElo WITHEMERED IS LR IEZEAT 5 2 LT, R A AR
Kipg LI T HEMEEA M ESE25 2 A TH S (ffl : Chloramphenicol sodium

succinate” . Dexamethasone sodium phosphate'® 72 &),

Me (0]
Fluticasone propionate Fursultiamine hydrochloride Chloramphenicol sodium succinate
NaQ oNa

o- P\\O

Loteprednol etabonate Valaciclovir hydrochloride Dexamethasone sodium phosphate

Figure 2. Structures of antedrugs and prodrugs in crinaical used.



7a Ry ZEIKIIIAAFERICEBWTRICEETH D, MIEHEEORWIIS A
AL, SO AR FIEFMEE bEEST 5720, BHEROERERE L 725,
ZOlH, Ta K7y 7z k0 HEEE~ A7 L TR &, ENEHAIZE W ToOAENE
b HHERFBENLENT WD, B2 1E, 5-fluorouracil (5-FU) g A VO [E 288 12
WOHNDITBAKITHD, EDOTa RT v T THDHARV A E L EROBEEIND D,
PGB TR SN W OMBREEZ RS RV IR X BT RN~ DRI
fFlig D> = A7 Z —8 2 X 0 K fE & 4L 5'-deoxy- 5-fluorocytidine (5-DFCR) & 725,
5-DFCR (FEG A AR 12 HE B L T D cytidine deaminase (2 K-> CTHL7 X /{b &z
# . thymidine phosphorylase (Z & U fR#f & 4v, {HMEARK TH 5 5-fluorouracil (5-FU) &
B LTI THNDAERZ 5T 5 (Scheme 1A) 'V, Z O 3RANIT L Bt 0 1% MEAL
WREALTWVDZD, 5-FU &N TRIWEROEBRIEN D72 < SR BE ~OR D&
i 2138220 mnEAITH D, toflé LTA Y 2T, KEED
ZLWVIEEARKTH 2 SN3BIZERY U ) ERY Y ) IV R=VEEMNETHZ LT
Ktz ESE2EATH D, "D KIBEMEEZMB L TS BERENSERNERICLY
MK Eins 2 LT, MOEME%Z7RT (Scheme 1B),

A)
(0]
HNJ\O/\/\/ NH, o) o)
Négﬂ/F Né%]/F cytidine HNJ%]/F thymidine HN F
[ deaminase hosphorylase
o)\N esterase O)\N O)\N phosphory O)\N
\ :o: N :o: N :o: H
HO OH HO OH HO OH
Capecitabine 5-FU

5-DFCR 5-DFUR

(inactive form) (active form)

Irinotecan
(inactive form)

esterase

N
\
~

SN-38
(active form)

Scheme 1. Activation mechanisum of A) Capecitabine and B) Irinotecan.



ERNTHEZERLT 52 L TEMEEZRTIER (e N7 7)) ICET20F0OH
BT, IR AFIZT Y R ~= Hik Y | R7F R D el ozl E Tk
%ﬁ%%%é%%ﬁ?é#kUT—%%’mﬁbkmA%ﬁké(ﬁ@mwo%%%
¥ U7 —ICREGSED T L THNOMBIZRIRAICEE LK., EAEMKICHs W T
FRELTWD Y U —%GIlT 52 LT, EEAREKOBE~ERDS, 2D, 7
BRIy T EMEND Z EEDRVR, e RIS LTOMEZAEL TV LD
ThDd,

Cleavable linker Carrier molecule

- pH-responsive
- reduction-sensitive

- enzymatically cleavable
- self-immolative

- highly active compound - dendrimer
(high toxicity) - antibody
- peptide etc.

Figure 3. Carrier molecule-drug conjugate.

DED X iz, HOLZEESCHMHMEEZE X ZEIZ, v K7 v 7134572 8 Ig C
b5, EFETIE, BEINTVWDIEYOFTTe FITv 70HDAIFEEFTRERLD
Lo THEY, KY ¥£;%ma>5~w%i7cz%7/5ft&5&: bhTnwg, ' &
D7BR7y 7L THIE@EL TV D 80, BExMhEmEr~ 27 T 5HE
HEBEERNIZBW TR S, EHEAKE 222 2 L THIOTHEE L THETLSZ LT
Ho, ERNTHEELZERST D ZETEEZRTERS (e R v 7)) EFEORERK
EHBRE . KR AFIEIRICB W CTEHEAMETH D,

EHOFTET DAL E Tl Aspergillus ustus 7> & B X 4172 S-(-)-Phenylahistin (1)
D&Y — NMea e U, EEEAEREE A ElT S LT, Fa—T ) VEARE
#l Plinabulin'® (NPI-2358/KPU-2) (2) %Al L7z (Figured), F=2—7 VU v ELHME
FlZ, EZMRIICIT 2B EE O EERERE S ThOWMNEDOIKRZY T 5 Z &
CE Y EEERTHARARTH D, P EEICHEK THON LN TN D ERM L LT
BT AT RA FENINICHESND, £, ay T LA RZF ) BT e R
Z v 2" (Fosbretabulin/CA-4-P) *” % 5l & L T, JEE &5 £ 4 FEE Al (vascular
disrupting agant, VDA) " £ L COEAZET 2008 F 2 —7 ) vEASHER O FIC
RHEN TS, VDA & IFEBERALELIC B\ T & 105 A B 72 37 A4 4 & e+
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HT WX, EEMAE~OBRBSCEKEOMBG AW S L THREEAZEEL, BifE~LE
<%ﬂ?%9\mmmmiﬂmAwm%ﬁLfmé_&w#rmﬁ%énfwéoM

o}

HN /=N HN)H \© /\N HNJ\/\Q 7 q b
:> NH P NN ‘
W M ‘.‘ ( “‘ . N
Q Q | ‘ o
S-(—)-Phenylahistin (1) Plinabulin (2) i ““:b’. ’
ICs50 = 394 nM (HT-29) ICs50 = 15 nM (HT-29 cell) -

Figure 4. Structures of S-(-)-Phenylahistine (1) and Plinabulin (2), and X-ray crystal
structure of Plinabulin (2) (CCDC831562).

Plinabulin 1%, FFE/INHE e ez (2 5k 9~ D VB3 & U TR HIT I W TH = A0 B IR B3R 725 1
fThchd, 2 LhrLl, EHRAE L TCORERETLTODICHEDLLT. T OKIE
3R D TIK VW (Solubility in H,O < 0.1 pg/mL), £ D72, 40% 7 L E R —/L EL/60%
FubElLry s a—iEEE LB S TE Y (Plinabulin #2 % : 4 mg/mL) | *'» =
@Q@%S%7F?ﬁm%&;hmmM®%éT%%Lk®BK\%WW&%%MT
WhH, LL, 2ZTHWLR TWDEMMBIA (7 VEAR— v EL) 138 BUE 2 75 %
95 A HE iﬂﬂ%ﬂfwéz”%wt CEMERB LB E AR OBLA LY . K
WM DL 7= Plinabulin B K ORIHNEFEF N TN D

Plinabulin O #§3& E O E LT, X BRAE SN B X OV 'HNMR OF5 R L0 o1
H)— VB D sp? 2 L 2,5-diketopiperazine (DKP) BB D7 I K NH 234y WK E RS
L TR, B-RUMEEZ LD ZENRHLNERS>TWD (Figure 4), Z O
EICERT 2 @m0 FmE el KO, 45 FNKBEREE IS L 2K ATaE 2 Mg & O E & I
L0, EMmBENE L A X 5 Th 52 (CLogP =—-0.601, calculated by ChemDraw
Professional ver. 16.0) . & TR WKEMNZ RITILEW TH D, £2. 2T E TOEE
TEEMBMFIEORE RN D . BWPUESIEEORBIC R R E N EE & E 2 37
LTWahEEnTEY, EEARKAKROKENERN EXR#ETCHD Z ERRBINTY
50 18b)

LI Eo X 512, Plinabulin (3 AR F 2 —7 VU CEAGHEERICE S UEBFHEMEE
AT 55T, iFOEEEMEAMHELRET 2 KEELE W REEZAET L, £
DI, KIbEmicxt 327w K7 v 7L RIXE# KB A& Y BE O 2 3R B ~ 0 %7
MR EZS 252 LRSS, &2 TR LHSIHFZE125 0T, Plinabulin @ 7
2 R7 .y 7 E FEhE L, BI3EICB T 2L EWolEMIEICER T 2M&EICR L, 1k
TR RN O RR A RE LT,
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AE LR TIE, FB—FIZCT, 77U v 77 I ARMY —%3MH L7 Plinabulin ® 7' 1
RT v T EBEEMN L, KIEWET e KT v 7 OA /S L O Z2 3 L7, 6%
Tl&. Plinabulin & X7 F FOREBEK L EK L, SLiEEWEASEK (ADC) 2K T 5 2
ETCKREO R L FEBRAEOm ELEZT e RT v V2 Ak LIz, 8 =TI,

FBHOETERLEEMY A7 ¢ KL (Solid-phase-assisted disulfide ligation,
SPDSL) O )i 2k & Bt L 7o
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#F—3E Plinabulin XBEHETv F7 v 70 AIH

Fr i

FFETHRRTZLIICTF 2—7 U CEAMBEH Plinabulin 1A 2 EEEMEEH T
HDHHLOO, KIEEMENZ & (BfiEE < 0.1 ug/mL) BHETH D, BEILXT LV
F—%FIET DHERMER T ON TV DEMMAZH N TREINA TS, £ T,
ARWFIE CIIEfREM B A 2 LB L LeWKkiEE 7 e R v 7oA E2 0 S LT,

LIAT & Y | Plinabuin O KEM%E 70 KT v VAN LM REEOEBEOLICL Y Rt S
TETWD, KEMET e KT v 7 ORGHTITE 2 2K EEMBIEN AV S, FR 4
KNHEAT7 7 4 —PICLOSREND Z L TERILAEMETAET S U VERMINEN %<
FHEnTWb, 22T, HBYWOT7 Fua—F & LT, Plinabulin ®A I & — LB
F7IX DKP BROEFRIF T A2 EMENAL & T KIEMEMBI L L LTV U EfEEE2E AL
72 Plinabulin ® U > 70 KZ v 7 3 £721X 4 DA A FHE S 7z (Figure 5),

0 HO, O
P< O
i SN NN HO™ "0
L N or kNNN HN =z
B A NH
(¢} O\P/,O
HO" ~OH °
3 4

Figure 5. Target compounds of phosphate-type prodrug of Plinabulin.

Plinabulin (2) (ZMMEEREDDRVINGFTH D7D EMiANRLN TV DAY,
chloromehtyl diethyl phosphate®® (5) ZH VLM T TS SESH Z LIk N-7 L%
MbEniibaEm e -1 71”50 EMFF L7- (Scheme?2), & Z A0, T
DY VEBEREZATUREIELNT, BR2ARDNEBRMICHE LN, BohibtE®
D X BRAE BB ERT 21T o7 2 A LAY S DKP RO VAR = )VEEFHE & G L
DKPERD T 7 ¥ MEHENT 7 F AEEICELLTALEMSNE LN Z ENH LN E
7272 (Figure 6), Z #UI% Plinabulin b 0 %8 F i1 A3 @ # 5L O IR E 00y 1Nk HE
A DB TRIGHENMENZ LIZMA,. DKPBRMNE ) 77 F L EELRLZLETED
LEREBR LT EICkY, KOVRERARYBGEONTLLEEZLND,

FWNT, YHOHMLEMEIXIRRD ) VBT KT v 7 95557028 77
FLKSDY VR TF N AT IVOMKDREERRTZ, L L, ERYIOLZELENZ
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LS, BEWMZHEE, RET D22 EIEHKZ2D)>72 (Shceme?2), UL EX VY,V ofigx
AFAM T RSy T ~OFE 1WA LN, KEBRMFZE D FE S . Plinabulin ® 7 & R
ST hHEHTALECDKPR EOI LR ABENEMAE LI X RHE LT,

0 EtO, ,0
P o]
/<N HN a EtO (0]
EO_O0 oo > IN_L O N or kN/§N HN” N
Eto” ~o > ¢ ! 5 l o NG NH
5 H Eto'P\OEt o
. . Cs,CO; ! 6 7
Plinabulin (2) ————— N-alkylated compounds
DMF, 50 °C
(0] 0}
/= = /= z
- —p
L mﬁ
/O /o
O‘P( O\P(
Et0" OFt HO™ OH
O-alkylated compound (8) 9

Scheme 2. Synthesis of phosphate-type prodrug of Plinabulin.

Figure 6. X-ray crystal structure of phosphate 8 (CCDC-829269).

< it CiX, =277 —RickvaMan, BIlbawaBmET L5 e NT v 7L
LT, ZATAHTa RT v 710 %5t L, Gz A7z, Lo L DKP B O EEN
72 0-T VAL BOSIZEIT L7e W2 E BB 6 & 72 o 72 (Figure 7A), 3725, DKP
RIZV VBT RT v 7 9 TRIEINTZESIC, O-TAX IO BNAETH D Z &
MRBEINT, T2 T, TATIVONKGEITE VOB ARERT ST & — ik
U H—LL, O-TAXMLT D LT, KEHEDa-7 I/ BEEOEANZ R L
7= (Figure 7B), O-7 V¥ ALIIS TR IS T Cireb T b, Wt E
XL (a-7 X /7 H) ZRELCNETIOILERDHD, £ T, R#ET I/ BE2EAK
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R EEZITHO T r KT /7{2’&0)/5\527%%&]%7’30 %@%%\ 0_7/1/%/1/1":{2& 11
FELREZL OO, VBT r RSy 7 9 LREEEICHE#E TRICBWLTEAEmD U v

H—HEEN DL T LEoTd, KEgomELz7a FT v 7 IROEEIZITED
o T,

A) O-Acylation

0
NSNOHN N N Y
O_R
w y
o)
2 10
B) O-Alkylation o o
/\N HN HN/§N HN =
SN HNJ\/\Q AN L AN
” o) 7 o
N R N R
o) \-Pe o\n/f\NH2
o H 0
2 1" 12

Figure 7. Failed synthesis strategies of Plinabulin prodrugs.

ZZFE TOMRFIT L Y, Plinabulin /X DKP B DT /) 7 7 F AEE~DOLHE £
O-T VX NMIZKVEMARETHL ZERHLNER-T-, L L., Btk TR
RERZBHIEIPMREO TREEZITI &, HMLTCLEI LW MEARN RSN,
ZOn, BRERREEMNELE LA WEENICKIEEMBIEZEAT L RIEICED T
27y TERPLETH D,
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F£—®i Plinabulin K& 70 FJF v JO&F

JEATWESEIZ LV . Plinabulin @ DKP B#ZE /) 77 F LG L T2 & THERAL
HBATEZDLZEPHOMNERSTZLOD, VU D—BERARLZETHDHIZD., IR #
WA LI E LR WAKEEMB EOE#EMEANNLE ThH oz, 22T, EFITER
FEFFARMEN B WAEMREBE LA O K (bioorthogonal reaction) TH 227 Vw7 7 I A K
—OCEBRLE, 27U v I AR —id ) BILR, 2) YU A E RS T
Al EDRIE, 3) DR WEIAERY ., 4) ERBESEME, 5) KPTHRISHET, &0
ST /T DG TH D, F# 2. CuAAC (copper catalized alkyne azide cycloadition)
DT TV F T Y RSl O FE FICB W T ORIRMICBRL M NS % ]G T
b, FURTEREOTFEREOESEICH L THRINMICKIET 2720, BLkE
MR OB EDORMERRICBN T LRI TWS, 28)%@7‘:&3 N ES
Plinabulin ® 7' 1 FJ v ZHRICIE W T, EEMNRBEERELEOZEANIZHE S KIS TH D
EE 2T,

AKMFFETlX, Scheme 3 C/RT 7 KT v 7 13DEKENE L7, £7 . Plinabulin
XL, TIATEE =V =14 2RSS EDH LT, TAFUBELEALL
15 L35, 0%, BEEOMMEEREEL (R) 268757 Y NEE CuAAC K% FE
fET5EFECORKBEMBWELZAET L2770 N7 v 7 1I3OEENRAERNARETHDL EH
2T, VUyA—8HEITI7Te R v 7MRICBEWTERELRK F-TIEb 520, HLEEED
T b ZAlIC A F Rl BE 72 hex-5-ynoic acid (16,n=3) ZH\ 5 Z & & L7,

c:lﬁ R = 7B REBIE
IR N I i
N
A
o HN/§N HN Z N;—R HN/§N HN Z
14 =~ N =N
Plinabulin (2) —— o —_— o
D D
o] o] .R
T T
o] O N=N
15 13

Scheme 3. Synthesis strategy of the water-soluble prodrug of Plinabulin by using CuAAC

reaction.

HF LT R T 13 137V AT X =LY o —EEE2 I L COKRBE MM B R
AL TWAEYD, TAT T —VIZLD AT AUEERSRENS Z LT, BibE
¥ C % % Plinabulin Z 4925 (Scheme4), Z D, KEMED Y I —H#EE L AL A

15



TNATE ROBHEMES, TZ2T, BETHELVLAT VT & NIZAEAKRRNICTERIA
WEN BLRFE LR PEFLLH SN S0 P, BIERZ 5 & Z 4 AT RErE
FEWLDOTHS, 72, BEEBETHOLNAIFEEKICHA SN TS U v — Rk
THHN), AEEHRROBEAIZRESR TRV D, FIBAAANCE W TH
e AEEITEWEEZOND,

0]

HNJS/\,J‘J 0

.ﬁ;‘\%\f\'\j . HNJ\K\;‘ . HO\n/R + oo
@ r‘f\/\rrNH 0
?)j\[r@'\ Esterase )
o2

Scheme 4. Reproduction mechanisum of prodrug of Plinabulin.
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£ _# Plinabulin K#&E M0 FJF v 7 DA

ETHDIZ, CuAAC RISIZH WD KIS HE'E & LT, Plinabulin @ 7 /L% 355K 17
DEREIT - 7, il hex-5-ynoic acid (16) % chloromethyl chlorosulfate (18) " Z
FV 7 AFATATUNTLHZ LT, Vo A—HBETHL 19 IR 81% TS
L7 (Scheme 5), f\ T, & 547 19 % Plinabulin & HIEMESLMA T, MOsSE 5 2
ETT XN 1T OFKRERATZ, NaH, LDA, LHMDS 72 E A2 H W54,
FONMTETE TR O ANER SNz —F T, REBEY U LEZEIEE L THWEEIZ
FORDEIT LTz, ~4 7 o & BT, 50°C TRIES®EDHZ & T, 54%DILERTT L
XK1 25T, X MR ERITOMKR, 7rx k176 BT e KTy s
TR 8 LRIARIC DKP BRNE /) 77 F A~ BB I, O-T X bz LY Effi S
NTnsZ EnRESn7e (Figure 8),

Q
C|—§—o/\ol
O 18 CIW
HO NaHCOs, BusN**HSO, 0
X NV
jyl/\/\\ CH,Cl,, H,0, 81% \g/\/\\
16 19
(0]
0 Nl HNJ\/\Q
SN HNJ\%\Q 19, Cs,CO5 =N
NN DMF, 15 min O
o) 50 °C, MW, 54% o
DR
Plinabulin (2) 0
17

Scheme 5. Synthesis of alkyne derivative of Plinabulin 17.

Figure 8. X ray crystal structure of alkyne 17 (CCDC-829268).
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eV T, CuAAC JRNIC L0 HAT 2 KEMEME (R) & LT, MISEESEL RV

TI/BTHLH TV, HICKBEZEL T I JBTHLIEY VBLUOIL=F
Y, HEEL L TH T P—RADZNRETNDOT Y FIK 20-23 ##IR L7= (Figure 9), #
77 N —AFHBRIZONWTIE, IMOKBERT YV RIZEBRISNL TSI HOEZHANDS
LT, AIT B EEICL DV ENES FEERGHECHMAES TH D,
T, AMEAEMITHER I N TWVWD Z &5 1-azido-1-deoxy-B-D-galactopyranoside (23)
AT A E L LT,

OH

. OH HO,, OH
~N
N - ’i‘ /Y\COOH /[ OH
H,N” ~COOH OH H,N” ~COOH HO” Yo
Glycine L-Carnitine L-Serine B-D-Galactopyranose
OH
Ny COOH /J:
Ny~ >COOH /ATQ:\ Ny~ “COOH N Y0 OH
20 21 22 23

Figure 9. Azide derivatives for the water-solubilizing moiety.

7Y NMET 2 B 20-22 DA% Scheme 6 [ZRT, U VU BIRINN=T D
7Y REEER 20,212 OARTIZ, ~a 7 k24 £7213 25 2 HEWE L L7z sodium
azide [C X DR EHSOSICTE Y 26 £721327 & Lz, v U EZET 57 Y Kk
MK 221%, MU= TV REYTYEMEEED L LTHOWERSIZEY, Lk
U AFNZRAT VG 28 Da-7 X /7 EE2T7 P M+ s T298 Lz, 73
JEEDT Y REFEER 26, 27, 29 O VAR VRO RFEI T TFA UER F 72 13KEg{b o U ¥
MZEHBILICEY ., Bu AT )L, ZFILT AT, AFILZ AT LA BIRH#EL.
HEO KBS EEZHT 27 ¥ RFEEK 20-22 21572,
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NaN3

TFA

“coot Ny >COOtBu ———> N3~ “COOH
Bre "COOBU “BMF, 100 °C, 85% 3 Y o 3
24 26 20
7Y CooEt NaN; Nj cooet _KOH N; COOH
OH DMF, 100 °C, 93% OH EtOH/H,O OH
25 27 21
TfN3,K,COs,
LOH CuSO,e 5H,0 /(OH KOH on
———
HCI'H,N” ~cooMe  MeOH/H,O/CH,Cl,, N3~ ~COOMe MeOH/H,0O Ny~ “COOH
69%
28 29 22

Scheme 6. Synthesis of azide derivatives.

TICARLTZT VT MK 17 & FKEMET ¥ R E R 20-23 %, H,0/t-BuOH/DMF =
1:1: 1 ORAEEFR, 7221 BT ) U LAORTGIEHICL Y ZRH THE U1
FAOIFEHE T, CuUAAC SUSIZA T Z & T, KIEMEEREZEALLE-Y2 KT v 7 k%
66-79% DI RKTHEG LTz, WVRCBBELAFATH7 2 K7 v 7250\ TiX, HPLC
FERABRICAZ 7 VNVBROBPEBBMEA T o Z]MBIEEZ W5 2 & THREMED L v BT
F h U DA 30-32 ~ L EH L7~ (Scheme 7),

1) azide derivatives,
fe) CUSO4' 5H20, (@]
Sodium ascorbate,

H,O/t-BUOH/DMF, /N HNJ\/\Q
50 °C, MW 10 min f\/\fN

Oj 2) ion exchange resin Oj
e} (for prodrug 30-32) o) .R
TN -
o} O N=N
17 30-33
/[OH
30;R= }‘*:\COONa 32;R= X% CcooNa

OH

Ho., OH
}’I.’Y\CooNa 33;R= X o OH
OH

Scheme 7. Synthesis of water-soluble prodrugs 30-33 by the CuAAC reaction.

31;R=
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F =% Plinabulin K& 70 F 7 v 7 OB EFE

A CAK Lz KEE 70 KT v 7 30-33 OK~DEMHEEFMLZ, &7 0 8T
> AR O BAFNKE IR % 53 B HPLC CTRENT 35 2 & TR Lo fafnig & 2 Ktk & L,
ZOREFR., BIbHE®W TH D Plinabulin L LT, £ THOYH K7 v 7 {KIZBWT,
KEMENRKEL< M ELZ (Tablel), &7 v R v 7Rzl s L, v oMo R
T v 7 32 BNk bAKREENE L (6.38mg/mL), IRWT, AL=F A7 K7 v 731
(0.85mg/mL) TH D, 7 I JBUEHEF -2\ ) Lo BMTa KT v 7 30 (XA E
23 0.59 mg/mL TdH 0 | MIEHKEEED KEHE~DOFGIZEID, LR SOFERD G N
BT KT R DERICIR ST, —H T, HT77 F—AEEZHEALLTr KTy
233 1% 0.0075 mg/mL & Plinabulin X 0 KEEMERNKE L DD, 7 IV BEEAL
BRI L TRELSLDLKREETH T2, ZOMELD . — R E W ARENE
EHTDHEEZEZONTOLIHBEOHE TH- TH, AKBEMET 2 KT v Z7HFEIZEWD
T+ 0 KEEORMBICIZ RSN ERHLNERD  BVRUEBEOT NY T A
WA ORBRHD TREWI LRI N,

Table 1. Water solubility and half-life of the prodrugs 30-33.

(0]
/§
HN N HN%
(6)
D
O\[]/\/\(\N’R
o) N=N
Entry Compounds Water solubility (mg/mL) Half-life (h)
1 2: Plinabulin < 0.0001 -
2 30:R= %" >COONa 0.59 ND
3 31:R= ﬂf\z;:\COONa 0.85 0.37
OH
4 32:R= /[ 6.38 1
% >COONa
OH

HO. OH
5 33:R= N 0.0075 ND
%0 OH

ND: Not determined.
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KEWEDO® E LB EENEETEEZLOD, 7 RT v 78 L THIET DD
E. BULAEW A~ HERICHETOILER DD, AR LIETR FT7 v 7 RIE= AT 7 —
BIZEOVDMRINDZ ETHILAEMERATHIZLEZHAELTVWDLED, 7HF=A
T T — VI K DEER KRG % 66 L 7= (Table 1 and Scheme 8), 7747 HPLC IZ &
O ARRRFIICBIRE LR R Y U EZEA L EY 32 1I38baw 2 2 //E
LizZ b, 7 R7 v 7 & LTHET H2HENPIALNE R 57 (Figure 10), /v =
FURITa RT v 7 31 bRRICBILAEYWOHAEZMRT D ENTEERN . 7Y v
M7 N7 730BLO0HT 7 v—AMT 0 K7 v 7 33X MERECTH 5 PBS IZxt
TOWMMEDR 0 T <L BERMAKDIRES D ERPRETH > 7o, WL
%7212 DMSO X° MeOH DU % A 7= 23, AHIEBEO I ESCFIEIZ L 0 . il
MRKELEL, BRIEHICEELZ G2 TWAEMRRI N0, MK GO
FEAf & W& L7,

¥ R INOK 53 R BOS DR L D 77 7 (Figure 11) X0 KOS O 2 B H L7z &
A, An=FrMTa K77 31 Tl 037 h (22.4 min), BV 8T a K7 v 7
32T 1 h THILEM 2 2HATHZENRHLMN LR o7 (Table 1), b DD
Tu RTy Z3EPT A3 FuXxs oA U BEEEAETHICLE DS,
NG ER2DHERE 5 27,

(0]
(6]
/=< z
HN /N HN/u:E/\\[::] /=N HN z
AP esterase HN L I Nw . HOW\/\N'R + HCHO
—_—
0\1 O N=N
(0]
O R
7 °N” . .
) N=N Plinabulin (2) 34,35
31,32

Scheme 8. The hydrolysis of prodrugs by porcine liver esterase.

Omin ) 60 Min =—) 480 Min

5 DMSO °:
182 182 182
152 152 152
263 282 2 283 2
25; 32 :5; 32 A_Sg
Ia= 3= 8=

Figure 10. HPLC chromatograms during the esterase hydrolysis of the prodrug 32. HPLC
conditions are a linear gradient starting from 10% CH3;CN in 0.1% TFA aq. to 40% CH;CN in

0.1% TFA aq., over 30 min at a flow rate of 0.9 mL/min and detection at 230 nm.
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100

4—1

prodrug 32

== Plinabulin 2

Compounds (%)

KA

200 300 400 500

Time (min)

Figure 11. Time corse of the hydrolysis of prodrug 32 by the porcine liver esterase.

7u K7 v ZHHEICBWT, 78 7 v 7 ONMRBICREIEINDEMHMEOREN L
ELIEMEE SN . vV VAT RFT v 7R BLOEARICHEBENS EE X
bivd U T Y — v 35 OFHIRTEMEREAN A 1T 72 > 7= (Table 2), Positive control @
Plinabulin  (2) 23135 £22naM D ICso /R L7=DIZKkt L, Y VBT KT v 7 32
1£101.4 £5.7 0M ORAMALTFEMEZ R L, 10 fFRERWVEETHSTZ, MY TV —/L 35
E2mM OREICEWTHBERMREE L RS ol

Table 2. Cytotoxicity of prodrug 32 and linker 35.

Entry Compounds ICs0 (NM)
OH
1 Plinabulin (2) 13.5+2.2 Ho\n/\/\/\IN/[COOH
2 32 101457 o) N=N
3 35 >2 mM 35
4 Colchicine 16.6 £ 0.9 nM

22



BUEH UINVKRUBBEAKBE R FT v 7 OERRE BEEM

RifioaN=F > MFa T v 731 k) BT a NT v 7 32 3 KEMEME L
LCHBILE 3-E Faexv7na l:°7k‘/@§“%if%7ﬁ?“5 H b LT, KEME (0.85
mg/mL vs 6.38 mg/mL) & i (037hvs1h), LICEEZRLE, bbb, KM
HREHE (R) ICE AT 2HEOMM 2 EWIZ LY 7k(ﬁ‘f$jbi0\4:¥}§iﬁ}ﬁ WCREHET
LT ENRBREINT, £ T, KEMHMIE (R) OMELZEMTLFT, ERDHK
oMb, BEIORRLIYEMEZAET L5702 N7 v 7 OEKMN AR ES T,

ANVRUEEOT ) U AEBESER T KEEMBETH D Z L BFIENIICE WV TR
INizied, Bl dKkEhEom L2 8L, MBI HIV R BlEERT57 I 8
THLTANT X UBBIOINVEZ I VBROEEZAT 570 R v 7RO ERKIC
E&@ﬁ’:ﬁ@’ & & U7 (Figure 12), F 70 B £ IZ L D MK fR BSOS X FEE O E 2N Z

ENHETHHRAEFICEBEEZ T H5ER IO TR Y, R OEVITK
miﬁ%ﬁ(R)®iwm%m%@¢57 ERBE2xBND, 22T, L-7 I /.
D-7 X VBEFH LNIAKORZ 70 RT v 7O b 08 THEEL -,

VSN HNW VSN HN
N
f\)\/ OH I:: > 72)\)\/ COONa

L A
o] N=N 0 N= N
Ser-type prodrug (32) Asp or Glu-type prodrug (36-38)

Figure 12. Structures of dicarboxylic acid (Asp or Glu)-type prodrugs of Plinabulin.

Fu NIy 736381tV UM TFa RSy 732 & FEEEICEEL L 72 (Scheme 9 and 10)
L-7 ANRT XMWY tert-7 F NV AT VIR, L- XX D-Z7 V2 I URY tert-7 F
T AT VIR (39-41) HHBEEEIE L, N T A R A X ANVKUVBET Y K&
RISE®HDHZ LT, 7YV K 42-44 % 92-96% DI HE TRz, Hi< BRI XV | tert-
TFNTZAT N ERRETHETT Y RFER 4547 25 L, 2o OLEWEE
A5 &< RO H W,
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TiN3,K,COs3,

COOt-Bu . .
(/),n CuSO0y* 5H,0 ()fnCOOt Bu TFA /(g{nCOOH
HCIHN” ScootBu  MEOH/H0/CHCly, Scoorpy H20 N5~ >COOH
92-96%
39, L-Asp; (S), n = 1 42, L-Asp; (S), n =1 45, L-Asp; (S), n = 1
40, L-Glu; (S), n = 2 43, L-Glu; (S), n =2 46, L-Glu; (S), n = 2
41, D-Glu; (R), n = 2 44, D-Glu; (R), n = 2 47, D-Glu; (R), n = 2

Scheme 9. Synthesis of azide derivatives with dicarboxylic acid.

AT & AR, AT MAETHLI T AT K 17 I LT, AR LET Y Fif 8k
45-47 % CuAAC I SICH L= Bl A Z 7 U JVER RFGEENE A 4 v A WAkt iE 2 ¢
VHNRUBREEE T N LA EWMT LT, VAINVRUBEEERT L
BRIy 7L LT, TANGX UM T N7 v 7 36 8L L-, D-Z7 V& I VR
7 RZ v 37,38 #1570,

1) azide derivatives 45-47,
(0] CUSO4‘ 5H20, (e}

Sodium ascorbate,
an SN HNT N H,0/t-BuOH/DMF, an SN HNT N
f\yka 50 °C, MW 10 min f\/YN
Ojo 2) ion exchange resin Ojo
T N
o) 0 N=N
17 36-38

Scheme 10. Synthsis of dicarboxylic acid-type prodrugs by the CuAAC reaction.

AR LYK BT e KT v 7 36-38 OEIFIKIEIR Z T4 25 2 & TKICH
T HURMREE 230l L7 (Table 3), PHNLRUBHEELHT L 70 KT v/ 36-38 13
100 mg/mL L D &0 T WK Z 7 U B E G4 T & 2 Plinabulin (2, B&MEE <0.1
pug/mL) LU T, 100 T2 EoKEHEEL R~ LI, MEEREEE L Th AR g
EKBIEON T EZHT L) AT KT v 7K (32, I8fiE% =6.38 mg/mL) & ik
LCTHH 16 fEREMERR LT R E 2o T,
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Table 3. Water solubility and half-life of the prodrugs 36-38.

0
/=
AN, N HNJLT¢QW::3
=~ 2N
o}
D
o} g N,R
0 N=N
Entry Compounds Water solubility (mg/mL) Half-life (h)
1 2: Plinabulin < 0.0001 -
COONa
2  36:R= /[ >100 12.0+1.9
* > COONa
COON
3  37:R= lj\ 2 >100 54+0.2
*>COONa
Z>CooN
4 38&R= i 2 >100 9.0+0.7
% COONa

The values represent the mean + SD from at least three independent
assays.

ATE & RERIC T X e AT T —8 & W T2 BER K 53 fif SOG % 6 L 7=, HPLC IZ
K0 EEEMAK D IREE 2 RN BIRE LR, RIS 22T ER<SEMETS
BlbEWaE A Lz (Figure 13), REELDO 77 7 X0 M AR T L L Z A,
L-Glufk 37 O ¥-Js 13 5.4 £ 0.2 h . D-Glu K 38 O i #H159.0 £ 0.7 h & H H X 717 (Table
N L-TNEI VBT RT 7 3T O NEL BRI K DMK MRS EZ T D L
WO RERICR oo, —BICEERRNICHFEET O T I VBIILETHY, LI AE IV
BT o K7y ZORMER L7 2 A7 7 —BIZB# I 030 72 0 3 23
B ol bDEBETED, KT a NIy VOWEITNKSIREZT D AT L)
LBAFRPHENR T DICHELL T, = AT 7 —8IZ X DMK EIZ k%<%@
EHEZDZENRHLNER ST, — . BmWKEBENEE R LT L-T7 AT X Rl
KT v 7K 36 OEEMIT 120190 Loz, K7 KT v 361X L-7 V¥ I
B 7To RT7 v 7 K37 X0 1 IREBE N LD, BEICAEMICHEBINLT L,
PIRHINEL A E TPRINEND, LZAXI VR e RSy 7 L0 b KIBICEE
T5EVW) PRICK LRI SN,
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Oh EE——) 8h E— 48 h

E = . E e
5= 3 =
1»3% TE 1na§
152 15; 2 15; 2
282 282 208z
252 36 252 36 252
TE TE 38%

100
i
1§
80  °
S
) 60
©
C
3
Q 40
g prodrug 36
O —&— Plinabulin 2
20
0 : : s :
0 10 20 30 40 50
Time (h)

Figure 13. HPLC chromatograms and time course of the hydrolysis of prodrug 36 by the
porcine liver esterase. HPLC conditions are a linear gradient starting from 10% CH3;CN in
0.1% TFA aq. to 40% CH;CN in 0.1% TFA aq., over 30 min at a flow rate of 0.9 mL/min and

detection at 230 nm.

AW 7 2 A7 T — B OFEM 72 IR TTHEE XML TW 2R vy fFE
PEomEW (BAERIME : 75%) *Y & FF= 27 79 —F o X A& ITmonh T s
(PDB: IMX1, B P A ARF L2575 —F(EC3.1.1.1))*), Z D X fifffuE L v .
TATT—EOEEFLTRY 7y REERHR L TV Ser221, His468, Glu354 o JEiA
DIEERTr v MIZL OBKEEREIZIVERIN T Z ERFLNZINTND,
Aal, invitro TAT 7 —ERHBRICHWTWDI DO R 7 X F 27 7 —8 Tk
HOHN, ARNTIEa v AT — L 270 JENBO X 5 RBUkMES +2 K58 9 2
L, AEOBEE2LTCWEZ b, AUEIICEHAKERY Yy h2ERLTND EE
Zbhd, 207D, YLD KBEEMBIZESIIC, KRVBELLET AT X U mil
7u RTy ZIZBKMER Ty h~OBEFERNE T L, N S 2 gl e R
Ty XV BRIBIER L D EBRE L, EREIC, tho7 e R7 v 7FEEEKRICE
WTHAREBEMER @ (B EW) ZEFERIIAR S 2 52BMAHE 6 TS (Table

1 and 3),
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BEME NME

—E T EFOEERGEMHIEMEHEORM TH DHAREELE W IHEELHET LT

— 7 /E’a\ﬁﬂ%ﬁl Plinabulin (2, #&fEFE < 0.1 pg/mL) ] OKEMELEZHHE L
le7u N7y 70E/K, BLOEOHEFMIZOW TR, KEETT T v 70
BRICBNT, REEZ A WTIOKE S BEENICEAT LD, 70 v 773
AR —=D—>2>ThHD CuAAC G zxwH L1z, & DOFE % Plinabulin ® /KEME 7 v K
A @Aﬁfﬂ“é LB L, ARPEBICELVAEKLET e KT v JIXEAT

% B RER DI CKEPEIERE SR (MR 0.0075-100 mg/mL), ¥ L
N WEFRE R 36-38 | szf%b:%vvk?ﬁﬁ%% L7z,

N7 a KT v 7 in vitro DRICEBWT, TAT7 7 —BIZX 0 IIKkSiES .
BULEWHTH D Plinabulin ZHELZZ LD, 7RIy 7 & L THET D Z LN
IRENTz, Flo, KEWERLOHEIESIRILFEN = X T T — B INK GRS O -5
I KRELSEEBT L ERHLMNER ST (41, =037-12h), T4bb, K7 K7
y ZIXEANT HKBEEEREZE Y gL T2 T, BULEDLRHETLIETO
B2z cx 2 2 LN R I,

BE, E SN TV 5 EEERBRICE T S Plinabulin O AL IL 4 mg/mL TH 5 =
EMD, ABEIZBWTAKLEYe R v 7 I3XEHICMA 26D THDLIEEZ LN
Lo Tl K0 R v VAEX. CuUAAC RS2 7 RT v 78 IC#EMA Lo
Bl THoH, DKP BEZEAimE LTWVWDHZ b, i DKP BRiEE %2 A+ 2 E R
ILEWm O LT, FAEOEMEBEICEIY 7 R v 7L TE L0 LT 5,
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B FAEREEXTTF FEAW=H-Plinabulin B4 & DA

Fr#fi

¥ —# TlX CuAAC & % J& i L 72 Plinabulin O KiEME 7 1 KT v 7 & k58 % & B
u‘_o ARLETa RT vy 73 EATHERE R) OBEE2LEETLHZ LT, &Y
IXEOMWEEEMRT D, £ 2T, RICHUE Fe MALIcx L CRIRMICHE ST o2 MHE2H
#5&7%%%%7@“5 LT, iR EAKRERKR T 2 EEA T BT
0 RT7 Y ZORAIRNAETH D EE 27 (Figure 14), 725 Plinabulin O Hi -3
WA 1K (Antibody-Drug Conjugate; ADC) ~DJSHTH 5,

O
water-solubilizing moiety
/N HNJ\‘/\©
HN
=~ 2N
mﬁ T T ® @
OW.N/ antibody binding peptide | = @) 19G
O N3N noncovalent-type

Prodrug structure of Plinabulin ADC

Figure 14. Noncovalent-type antibody drug conjugate by the antibody binding peptide.

MitkEMESE (Antibody-drug conjugate; ADC)

PR AR (Antlbody drug conjugate; ADC) 1%, PLIKD PR FF F- éli’i*ﬂﬁ% L.
FEREAL AN Z DB EET D L2 HME LEFIKRERTH S, BlfE, KF
B/ L TWwW2% ADC |X. Trastuzumab emtansine 48 (T-DM1. # FH# A ) " %
Brentuximab vedotin 49 (7 R+ kU 2®) *®_ Gemtuzumab ozogamicin 50 (< 1 17 % — 2
®yN ZFEE T d 5 (Figure 15), £ 72 Pk & g VERERE & O 2846 K T & % Ibritumomab
tiuxetan (¥ 77 U >®) *9 Tositumomab-"'1 (~FH— L% HATIZARAR) D bIA
FICTEEND, BUEb B, HRAH T, 50 FEHLL LD ADC O R BR 2% FE it S
NTRY W SBRERIER/INFHBINDIEEHOFETH D, LirL, £< D ADC
BT AMERER SN TNDICHED LT, FUROEHEIHEL THY 2 I—1
RAZ o Z—= e X RFRITELHLS TR,
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MeO.

e
ARYAS (48) OMe "
(FSRYZXRTLLEYY) K/wi_N_

T 1830
240O5—2 (50)
(TLYRITATHRALY)

OH

SletRetien AT s S
JO

T7RERUZR (49)
(FLrYFIITNRFY)

Figure 15. Structures of approved ADCs.

ADC O — 72 B G IEIZLL T OB EiF o b,
1. MEEHILCIEET AT VAR Lz RmICEEH L TWa Lys IS I 7 it
T 5 IR RN

S AP O — B 72 FIETH Y | Trastuzumab emtansine 48 {3 Z O FiEIC K U
MINTWD, FUED Lys & 7 ¥ MMEMT D720, Effi% %?ﬁi&i()\ﬂkﬁfﬁ*ﬁfi@
LA RNETHY , ERIOLEENKLS 2> TLE D Z LIFEKLAE LORKT
bbH, £z, SUEOHRRB AL ICEM N E X 725G 1E, UEOKER TN EE 57
REPE S i s

2. RIROFUEDFE T H2HELRIEICT LV LEL, AR L 2HEICRT 58I 2 E

ﬁfﬁ 44)

Pk v O EICHEET DY ANV T 4 KiES % dithiothreitol (DTT) 72 £ @& LA
WLV BT L. 2O L7z SH BTkt 7 % i3 ?Rﬁﬁfocﬂkﬁﬂibxcuﬁbhé Brentuximab
vedotin 49 [T Z O RFEICL VAR EINATWD, Tz, I UHERIC . PEESHAE & &
fefbL, 7Vv7 b REARLEE, e Rrd LT 2 /flﬁé\%&ﬁﬂ?\/A'ﬁfl’/f—\‘/

VKo TRBREFRRT 2 FELDEBIN TN D, RFETEAEEMED &
ADC G622 b DD, JHMRRTMENRLETH D Z LITx ., FiikE & OfEIZE
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BrhzTLEI> &b, FUEAROKE (Fiks L ToREN, ADCC
(antibody-dependent cell-mediated cytotoxicity) {E:7e &) Z K T S L AIaEMEN H 5,

PURIERRIFIC Y AT A > (FA—N) RERT I/ Bz BaF LEICEAL,
Z DAL KT 5 BRI 72 (& A+
ARFET, BROOMAIC NBBICRIGTRELMEZEATE 5720, H—ME<
ADCZ{GLZENTE D, RIRUNDT X Va2 X7 ERICEANT L FIELIRS
MIEESNTWD, L L HIEOBETFRINBERICEREZ ANDILERHY S 51T
AKFHEFIEH LIEWHEOBRFA2 A —F— A FTHELRTNIT R LT, {FLﬁH PE
DE AT A FOETHRERESNTWD,

4. BRI L PUERR R ICHEET 2 ERE RSN 5 &+

transglutaminase # W\ 7o FiERHE I N TWD, BEEEMEO 7 I 7 LKk LD
HERSNEZHETLDINE I U MEEHEET D2 &75“(“%5 Ll BlfE, ®ESN
TWDFIETIE, FUEROT I BRI 2 BERBRBY A~ BT 20BN H D20
HHE 3 CHETMEARNILET 5,

ERO LD ICHAEEMIET, WELRTBRSN BN TITES, &HFIT S REAL

TWo, HERNRFUREMEL, 1) PUREMEMLA —ETHY . 2) HLEOHURES
BRICEEL G AT .3)ELR EOMULHELB R FUEREZSLELE LRNE DT,
SHIIE, 4) BRARY T 7 T ADOHRE~BIEHAIER LD TH D,

EEEXTF R

PUR Fe fALICRF RIS T 20 FIZWn < DM 5 TE Y | Protein A 23U FED
Td 5, Y Protein A I Staphylococcus aureus DHIIBEZFER T H X X7 ETH Y |
VAR EREAT A ENDT 74 =T 44— 7L LTHEBRIZEISFHEINT
W5, 508 RO T I R B KD Protein A 1X, 5 ODHUEREA KA A~ (A, B,
C. D, Edomain) ZH L TEYH ., TNENE 755K S F A2 RT, FFIZ. B-domain

(58 7% L) 1B L CITEAICMIZE SN TR, BEXF R hi 1, wittaFEn L L
BIEBEAERTHZLT, ZnbbAWEHiE L oEERERICH A S TS, ™
F 7. Braistead 5 (¥, 1996 #1Z B-domain 7 HFE I N LML ZE R
Z-domain® DfEE 77—V F 4 AT LA KICL VLT D LT, B b IgG~D
W ATEYEEZ H 95 233 X7 F K (K= 8.2 nM, in house data, FNMQQQRRFYEAL-
HDPNLNEEQRNAKIKSIRDD) % R L 7= (Figure 16), °*
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Z33 peptide
(FNMQQQRRFYEALHD-
PNLNEEQRNAKIKSIRDD)

Fab
L \

Fc =

Figure 16. Structural models of the Z33 peptide binding to human IgG; on the basis of
cocrystal of its perent peptide, B-domain, and human IgG, (PDB: 1FC2°", 21G2*?). 733

peptide was shown as a white ribbon.

BEEOT I VNG D 233 X7 F Fid, T OB /NS WG S EH T T
RARIBEICZVIEZEARTRETHY ., T WS TFY—LThDH, £ T, RIET
FF L7 Plinabulin @ /KEME T 1 K7 v 728 W T, KEEBERETMN (R) Oftb
DIZZ33RXTF REB AT HZ L T Fe iR INMICHES T 5 1%E %A 7 % Plinabulin
T Ry THEREBONSILDEEZT, K70 RT v ZIFHEICHKLEREES D
T, PUAR Fe BRAL~FEILARE A TIEH 2 BN BIRMITHES L, ADC 2K T 25 Z &
DRI, ThbbEBEEE2MELETe T v 72AITE LD TH D,
ETHOI, 233 X7 F RO N Kb F£ 7215 C K| Plinabulin #3& %2 2866 L 72 51 £ 7=
X 52 D& A FHE L7 (Figure 17),

o] (o]
/=N HN = e =z
N HN N HN
=~ =N =~ N
" D
NWO OWN
N=N 0] ) N=N
NH
H,oN FNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD —NH; H—FNMQQQRRFYEALHDPNLNEEQRNAKlKSlRDD—H 2
o] o]
51 52

Figure 17. Structures of Plinabulin prodrugs for the formation of noncovalent-type

antibody-drug conjugate (ADC).
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$5—8i Plinabulin-FLiERE G X7 F FEBHED B

PUK Fe HAALRE G X7 F REIr L7 Huk & OB AR AT K % Plinabulin @ &35 5 )
MAF %2 BR L LT, CuAAC )& IZ X % Plinabulin & Z33 X7 F K DOZEHEIK 51,52 O
ARkAEFEMLEZ, 233 XFF RO N RMELIZCRIICT P Ry P A LE
NT7F R (K(N3)Z33 £ 721% 233K(N3)) % Fmoc (9-fluorenylmethyloxycarbonyl) [E H~
TFRFEKE XA LT (Figure 18), B L7Z~7F FD CD A7 b L %
HELZEZ A, 207 nm & 222 nm ([CEDBEKZ R L2720, a-helix #idE °) 2 & -
TWDHZ ENRBINTZN, CRIEZEMLIZ~TF FThHD Z33K(N3) TIiT helix P
OTh L3R S v7e (Figure 19),

BT F ROFURIZ T KA REOFEAMIX, &K 7 7 X E Gk (Surface plasmon
resonance, SPR) I[Z XV i7/x o7, BV —F v 7 EIZEHE( L7=H HER2 ik
(Herceptin, human IgGy) (Zxt 9 2 fRBEE 2 (Ko) 36 K OEEEE (kon, ko) % FFAM L
72 (Table 4), N K & Effi L7-8A . 233 X7 F K LITIEREOMEE %2~ L7228 (Entry
2). C RGZEM LBICITfRE, A EEEHOLELEL L RIRDIBRNIT LN
(Entry 3), CD A7 RMLOFER L ED D & N RIGES DTN 233 XTF RAKD
BEEE~ D BN/ NI WD ERRB I T,

733: FNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD
K(N3)Z33: FNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDDK(Nj)
Z33K(N;): K(N;)FNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD

Figure 18. Sequences of Z33 derivatives containing an azide. K(N3): azido-lysine.

Table 4. Binding kinetics of the Z33 derivatives consisting of azido-lysine against Herceptin

(human IgGy)

Entry Compd. kon (1/Ms x 10°) kot (1/s x 107°) Kq (nM)

1 Z33 2.06 + 0.003 16.9 + 0.03 8.2 +0.02
2 K(N3)Z33  2.06 + 0.006 17.2 £ 0.05 8.3 £0.03
3 Z33K(N3)  2.94 + 0.005 24.3 + 0.04 8.3 +0.02

Herceptin (2000 RU) was immobilized onto a CM5 sensor chip. K(N3): azido-lysine.

The values represent mean + S.E.
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Figure 19. Circular dichroism (CD) spectra of Z33 derivatives.

FNT, TAF 17 & K(N3)Z33 7213 Z33K(N3) & 28 & L T CuAAC Bt &1T 9
Z & C. Z33-Plinabulin (51). Plinabulin-Z33 (52) D15 % & & L7= (Scheme 11),
L)L, SRNETORILEFEHICENWTIZ Y vy I RINEFEB LI EZ A, KINREN T
METDBRPBESN BN ETIREERELGL LR TE enole, ZORKIL,
Plinabulin # &K 17 L X7 F FO ZODEWY PR IZE R 2L FRMHE (FIC
WIRYE) 2B L TWLZ2EnD, A—EERTOREPRETH T EELLT,

O
/§
aN SN HNT N
=N
O
C
NSy
N=N O
o HoN FNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD —NH;
K(N3)Z33 or Z33K(N3), 0

SN HNTNZ CuSO,e 5H,0, 51

%N sodium ascorbate or

(e} 0}

3 H,0O/t-BuOH/DMF, ~
o 50 °C, MW 10 min =N HN"
\g% HN — = _N
17 Oj
o
W
O N=N

NH
H—FNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD—H 2

52
Scheme 11. Failed synthesis strategy using the CuAAC reaction.
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B BEMYANLT 4 REREYE (SPDSL)

AT 23T, Plinabulin & Z33 X7 F K OLEERZ 5 5 72912 CuAAC Kk % E i
LD, BT 5 oL BEYMORMIER EDOMEENREL B b0, [F—IEEER
TORIGHINEETH 7=, FD7=%H, Plinabulin & Z33 X7 F FOLKEKZ #HS %
2, RISREOBRBE~OBEMMEIC IO 2 VWARTFENILETH D, T T, EH5IX
AT J& BF 22 38 T Al E (2 BH 38 L 7= 3-nitro-2-pyridyl sulfenyl (Npys) #3& 59 % F|H L 7= [ 40
HEFR D 2L 7 ¢ ROEfERIK 53°) 12K B LT,

Npys 1Ml TF A — L ORELE LTRASRTEY, 207 aefbik (54)
T A —NRANT 4 NMEEW ERINT HZE T, VALV T 4 KbEWMSs &b, =
DIANT 4 RIFEETALVT 4 RELTEHS ZERMLNTEY, hoF A —n
GFHETDERBINMICTANVT ¢ RIS EIT L. 281E1K 56 T3 5 (Scheme
12), SO EEOFBT D2HRETIT, EHEY AL T 0 FEEER T 4 — V@I
THOME R L BB O 4 F AR (KSH-1) A7 X T X = 1
WA (KSH-2) @& LTn5, ™

SR S—H 0
0N ANj,NH—
~NH » —NH \"—
OZle\/ﬁ 0 s—s N o s—s
Clo P
S§” N Cysor _ L", Thiol-containing peptide /1"7
Cys-containing peptide N N
3-nitro-2-pyridinesulfenyl 0o 0
(Npys) chloride (54) -Cys(Npys)- (55) -Cys(SR)- (56)

Scheme 12. 3-nitro-2-pyridyl sulfenyl (Npys) group.

F72—F T, Z D Npys #iEZ IR LICHE L 72 Npys-Cl g 53 25 2% 2 & T,
RTF RO ANVT ¢ FEBKIGEATRoT-%IC, F#HET I NEAZERTHH L
WY ANLT 4 REEEIMOSTF RERFEEZHRE Uiz, 7 ABHE 53 (ZEAMAHEKE L
T Wi B PE D PEG resin “ChemMatrix® resin” °” Z /W T WA Z L b . KAWE:., H
BRBEOELLOKIGICBWTHEAAGETH D, Thbb, BMEOKREI BRAD
IbEHREEORBRIGICHEA T2 EEEZF LTS, £ 2T, EMEMELERE 53
EHWZEME Y A7 o R2EF81E (Solid-Phase-assisted DiSulfide Ligation, SPDSL) (2
&£ % Plinabulin & Z33 X7 F ROEEREREBL LT,

Figure 20 |Z SPDSL O [X % 7~k 9°, Npys-Cl #f/I§ 53 i% Npys-Bn #ffi5 57 lcxt L., 7
PRALT == b HZ LIk VI TE 5, TVSPDSL 0 —EEREH & LT, Ik
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PEDFEY) (Drug; Plinabulin) D AL 7 ¢ REFBEAKZ FHEEE 23V T, Npys-Cl # 5
S3LRIESHEDLIET, WY ANLVT 4 RIEEEZHT 58 58 L35, 20k, K
RIEBEHIZBWT, FA—VEFKEMNEILAY (Peptide-SH; 233 X7 F K) & TV AL
74 RRWIEEITH 2 & T, KGEBEOMMEICEH O, HAKBMELEY & oKE Mk
B DTANT 4 RBEEIR S OEGHRB AR TH D & B X T2 ARISITHIEEZ N3 5K
IETH DT, —BEMEE & BB ISR D MNEBEOE N E G IZER T E 5 R
ZHELTWDH, £ T, ASPDSL K/t~ Z £ Y Plinabulin & Z33 XT7F RO AL T 4
NEBKREZERTHZ L LT,

1
0
First step | Second step
g | HAO ! O : ChemMatrix®resin .
NN Drug-S-PG ; Peptide-SH
PG: protective group
57 - | -
Y !
1,2-dichloroethane [~ :
pyridine . I Active disulfide
SO,Cl, |organ|csolvent | | | aqueous solvent |
o)
o) |
O,N
ON__~ N/O :l':> 2 | X JLH/O
o. Ao I H Drug 18.g AN\ y?
SST N solvent
exchange . i
Npys-Cl resin 53 g drug-supported resin 58

Peptide-SS-Drug
59

Figure 20. Solid-phase assisted disulfide ligation (SPDSL).
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o BEMEYANLT 4 FEBEIC LS Plinabulin-HilEkE SR 7F FEBEDO AR

BAH S AL 7 4 REEHEWE (SPDSL) 1d. AV 7 4 REFA—N 2 BT H{EW%
ET HRISETH D, D7, Plinabulin ® AL 7 4 RFEKB L OF A —LEH
733 XTF REMIGHEE L LTHEKRT AL ENH 5, Plinabulin O A /L7 ¢ KiEEK
62 1%, B —FEICB T D AT TH S Plinabuin O 7 /L F 2 FEEK 17 2% L, Bl
Ak L7z (2-azidoethyl)(4-methoxybenzyl)sulfane 61 % CuAAC S Zfl3Z L2k v
62%DINRTEHE L7= (Scheme 13), FA— /L EGH 233 X7 F Fix, SBT3
AL E LB A A N K& B, Fmoc BAHNTF FERIEICED 7Y o &2 L
TV ATA & BHANLZ Cys-Gly-Z33 A LT, FHRICH T O ARE RS2
WA T 47 arybr—E& LTZ33OWHES % H 3 5 Cys-Gly-Z33(retro) b & ik L 72

(Figure 21),

TfN3,KoCOs,
\/©/OM6 CuSO,* 5H,0 \/©/0Me
S S
HNT MeOH/H,O/CH,Cly,  N&™ >
94%
60 61
Q o)
Lo HNJ\%\Q 61, CuSOy4* 5H,0, N HN%
f\/\fN Sodium ascorbate f\/\("‘ MeO
N H,O/t-BuOH/DMF, N
0 50 °C, MW 10 min, o) S
TN 62% NN
o (0] N=N
17 62

Scheme 13. Synthesis of sulfide derivative of Plinabulin 62.

Cys-Gly-Z33 H-CGFNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD-NH,

Cys-Gly-Z33(retro) H-CGDDRISKIKANRQEENLNPDHLAEYFRRQQQMNF-NH,

Figure 21. Building blocks for the solid-phase assisted disulfide ligation (SPDSL).
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Scheme 14 (Z/” 4 L 912, EHT ANV T 4 NG (SPDSL) & FE i L7z, 5 H&D
Npys-Bn #fll§ 57 2 b 27 V uiZ L0 iEME{E L, Npys-C153 & L7ct&, ALV7 4 R
627 =R UNNHTKGEESHZ, HPLC TRIGZBI L & 2 A, —REMZICIE
FOSER P O A7 4 K 62 BNiHAK L, i ¥ IZ p-methoxybenzylalcohol ® & — 7 73]
27z (Figure 22A), $ 7235, Plinabulin & NEMHET A L7 0 K& L CHEHM L
WCHEFS N, BIiE 63 2 L7 E X b D, #E 63 2 CH;CN ¥ L Y H,O THE
#% . H,O/DMF = 1: 1 {8 VAR L 72 Cys-Gly-Z33 22 5 Z L TY AT 4 R
IS EAT o T2, SO DKL % Figure 22B (289, HBEWE ThH 5 Cys-Gly-Z33 O F°
— 7 BWEE OBRIBIC LV R 212 L, 20 BRICITH AR LTz, WL OO EIERY )
Bl S5 b DD, Plinabulin-SS-Z33 (64) ZRIEARDOE — 7 BElciZBNT-, KIL#
DOEIEZIEE LD HIZ HPLC I TR T 5 2 L THMTH 2 2446 1K 64 2 LR 29%
THi7z, F72. Cys-Gly-Z33(retro) D ZEFGIK 65 % AR D HIEIZ LY 29%DULHE TEH AL
L7,

VSN HN CI\ jl\/j)‘\ /=N HNJ\(\©
f\%\( 53 f\/\( m@
CH5CN, 1 h

MN/\/S Y N/\/S
0 N=N m\r\i
62 63
(6]
Ve
i HNJ\/@
=~ =N
(e}
Cys-Gly-Z33 d
(0]
DMF/H,0 (1:1), N Y
20 h, 29% s-S  N=N o

H,N Lﬂ’GFNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD-NH2
o}
Plinabulin-SS-Z33 (64)

Cys-Gly-Z33 = H-CGFNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD-NH,

Scheme 14. Synthesis of Plinabulin-SS-Z33 (64) by the SPDSL.
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62 Cys-Gly-Z33
homodisulfide dimer
of Cys-Gly-Z33
Oh Oh -
p-methoxybenzyl alcohol UA 64
J@;; o 8
a LJM
[ | | | | 7hp ,k
0 10 20 30

40
Retention time (min) J w\‘ﬁ
**
20h
[ | | | J
0 10 20 30 40

Retention time (min)

Figrue 22. HPLC analysis of A) the loading of sulfide derivative 62 to the resin (first step)
and B) formation of Pliabulin-SS-Z33 64 by the disulfide exchange reaction (second step).
HPLC conditions are a linear gradient starting from A) 5% CH3;CN in 0.1% aqueous TFA to
85% CH3CN in 0.1% aqueous TFA or B) 10% CH3;CN in 0.1% aqueous TFA to 50% CH;CN
in 0.1% aqueous TFA, over 40 min at a flow rate of 0.9 mL/min and detection at 230 nm.

*unidentified byproduct.
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S5UUHE  Plinabulin-SS-Z33 24 {4 0 % B2 3

ZEEIR 64, 65 O WA E CD A2 FJLIZ KV fEN L7z (Figure 23),
Plinabulin-SS-Z33 64 & Plinabulin-SS-Z33(retro) 65 O ¥ H 5 4 733 X7 F R & RERIC
207 mm BELR222mm ICADOMBKEH L TWDHIZ &b, a-helix i#EETH D Z & NR
NI, 233 RTF REWBT 5 EHTOE{LE R L, L L, Reed DR (2
O Za-helix EEHH Lz & 2 A,233 X7 F K (25%) & Plinabulin-SS-Z33 64 (24%)
X, [AFREE @ a-helix £ TH - 7=,

PUR Fe L~ DG ReZ K 7 7 X B IEIC X0 374l L 72 /% R % Table 5 1277
7. Sensorgram % 1:1 binding model THEMNT L 7245 F. 244G 1K 64 1L Ky =46.6 nM DO HLIK
WAREEZ R L, LD Z33XTF K (Kg=82nM) LW+ 5L, 500, Pk
fE A REZ A9 % Plinabulin 2GR DG ITHK T LTz, T 72D HHUAK & Plinabulin @ FF 4
HREGWRESRBI GO ENRFRBENTZ, —HF T, xR T 473 ba—L
L CAR L2 2RAE R 65 I3 IFFE » HTiRICxt L TR E A R S e o 712,

25000

20000

15000 -~ 233

—— Plinabulin-SS-Z33 64

S 10000 , ,
£ —=— Plinabulin-SS-Z33(retro) 65
©
~ 5000
g wave length (nm)
8 0
© 190 210 220 230 250
2. -5000

-10000

-15000

-20000

Figure 23. Circular dichroism (CD) spectra of Z33 derivatives.
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Table 5. Binding kinetics for Herceptin (human IgG,; antibody).

Compd. kon (1/Ms x 10°) Koft (1/s x 107) Kq (NM)
Z33 2.06 + 0.003 16.9 £ 0.03 8.2 + 0.02
Cys-Gly-Z33 1.13 £ 0.006 5.2 +0.03 4.6 +0.04
Plianbulin-SS-Z33 (64) 0.13 + 0.001 6.0 + 0.05 46.6 £0.5
Plianbulin-SS-Z33(retro) (65) N.B. N.B. N.B.

N.B.: no binding

ZRFGIR 64 12 L% ADC DR R S L7z 7- 8, Fifk & L T Herceptin (HT HER2 $T
&) Z M\, SKBR-3 (HER2 @RIF Bl MELS M) 3 KUY MCF-7 (HER2 (K% 31
FLASAHIR) (TxF 9 D R ARTE ME & FEAE L 7=, 96 well plate H THUIA & ZLIE K 64 % F
ANCIRE ., 1h, 37°C TA ' F aX— T 553 T ADC Z K S H 72, 5000 cells/well
OFALIZFHF LTHIML, 37 °C TA > Fa_X— kL7, 72 h#k., WST-1 &&Z %z,
WP EST 2 F CHMBRATEREZREH L, 22T, @BEDOFBS LV b 1gG & &
DY 720> Supper Low IgGFBS Z# W5 Z & T, IV v 7 Rific e Lz, Ok
K% Figure 24 (27”7, SKBR-3 #IfIZFV T, Plinabulin-SS-Z33 64 Hijll, F7-i%
Herceptin L & LR L T, EH L IRMNT 2 2 & TIHEFMEMR ADC 2K I
B A E M %2 s L7 (Figure 24A), — 5 C. PUREBEHHED D22y MCE-7

A) SKBR-3 B) MCF-7
100 100+
2 Z
T 50- 5 50+
8 ©
= z
8 8
0 - 0 -
Herceptin ' Herceptin '
- - + + - - + + i _
(400 nM) 1Plinabulin (400 nM) iPlinabulin
hybrid 64 _ + 3 L (200 nM) hybrid 64 B N i | (200nM)
(200 nM) : (200 nM) :

Figure 24. Cytotoxicity of Noncovalent-type ADC, complex of hybrid molecule 64 and
Herceptin, against (A) SKBR-3 cells and (B) MCF-7 cells using the medium containing 10%
of super low IgG FBS. n.s.: not significant, *p < 0.05, **p < 0.01, ***p < 0.005. Data (n = 3)

are shown as means £+ SD.
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MRz LCiE, —UIo@EMEE2 R S 72 » 7= (Figure 24B) ., Bt &%) CT& % Plinabulin
TELLOMABIZKR L TH IR LREMBEIEEZ R L TNDZ ENnD ., 2GR 64
EPURIR T e B TS M 2 R U, JEEEMME T KT v 7 & LT L7 2 & 2R
s,

Figure 24 I2B W\ T, 28461k 64 O HFLF SR 2 Ml fu M 138 S 4v72 H O D | Herceptin
HME 72 13 8B AR A B T 6 SKBR-3 flildlc skt L ¢, ZMaEEZRLTWD 2
Eob, MBS RTH L REESRVE Ry, 2T, EHIL Nahta b O Tk
D |z fig VN Herceptin (2 it % 4 9 % SKBR-3 i (SKBR-3HR) # I L 7=, T2 b b,
SKBR-3 #fifld 2 8 ug/mL @ Herceptin & A 55 #1C 3 » H M7 %5 Z & T, Herceptin
Mt 2 A9 % SKBR-3 Mifid (SKBR-3HR) Z MG L7z, MiHEOHETFIZOWTIIARHT
& % D3, Flow cytometry (Figure 25) |2 X 0 Mm@ HER2 HtJR EAJE L7z & 2 A,
HER2 HiIROX U L Fab—va URNEETELT ., HURBBEENRER I TV
e EmMERR LT,

SKBR.3 SKBR-3HR MCF-7
o o
w w
2 ] 2
(] o (]
o o
10% 10" 10% 10 10¢ 10% 10! 10% 10® 10t
FL1-H FL1-H

Figure 25. Flow cytometric analysis of HER2 antigen expression in SKBR-3, SKBR-3HR
and MCF-7 cells. The expression of HER2 is shown as a solid line. The gray area indicates

the negative control.

SKBR-3HR & i %F U, R Al fa{s 43840 %2 17 72 - 7= (Figure 26) , RFEAlRIZFHB VT
AE DO IgGERADFBS ZHW, X AT 47 ar bua—nE LTHEKLZHE~DRE
A HE & 7R & 720> Plinabulin-SS-Z33(retro) 65 (Z -2\ T &[4 (2 7% A0 I M A 2 22 it L
72 SKBR-3HR | SKBR-3 & ktifs L T, Herceptin @ZET@@% AR HFFE Y Wk
L7z, —J T, Herceptin & 221K 64 Z# HFIH -G EICB VT, #H D SKBR-3
folzxf L ThBlEI N XD ’x“rﬁﬂiﬂ’ﬂ{ﬁ‘ﬁ@iﬁﬁﬁﬁﬁ)ﬁ%%u“@% 72 (p<0.005), bbb,
FAINAY 2205 CIE 7 < VARG IR 64 UK B REZ TR T2 2 ik o THlEEZ L
TWAHIEETH D, F-. PUIRHE A RE % £57- 72\ Plinabulin-SS-Z33(retro) 65 TlL. #%
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ARTEME O ESZE A ER BNRN -T2 L0 6 BEER 64 1T FESG T F KD
PUABIAIMEICKAF LT BMIRIEEZ R L T o 2 LRI i,

100+

cell viability (%)
3

0 -
Herceptin (400 nM) - + - + - +
iPlinabulin

hybrid 64 (200 nM) ~ — - + + - = 1 (200 nM)

hybrid 65 (200 nM) - - - - + +

Figure 26. Cytotoxicity of Noncovalent-type ADC, complex of hybrid 64 or its
retro-sequenced derivative 65, against SKBR-3HR cells using the medium containing 10% of

normal FBS. *p < 0.05, **p < 0.01, ***p < 0.005.
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BHEHE topidk~0itH

PR D isotype DIEWITZ X 5 B Z 5l 3~ < | anti-CD71 antibody (mouse IgG,,) T
H 5 6E1 Huik 2 & MV, A & RO % FE i L7 (Table 6), K77 X & 4t
IBYEIZ LD, 6Bl HiIR~DFEAREZ FEM L7 & 2 A, Plinabulin-SS-Z33 ZR4G 1K 64 (X
Ki= 45uM ERWEEZ R L7 E.Z33 X7 F FAEKRLBAETERNLE DO TH - 7= (K
= 240 nM), Protein A |% mouse IgG ICH FEATH L ENT VBB Y 233 X7 F K
DIt & 72 > 72 B-domain (X mouse [gG 12X T DA IR T TIZHTHWZ DML TED |
D ZDOMWEE Z3B3RXRTFRFEALTWDZERNHLMNE BT,

human IgG; & mouse IgG,, @ Fc BHZ DREE D E W Z X #ifE mAEE (PDB: 1FC2°Y,
3200%Y) ZIEIC LN FET VLB L, 233 X7 F ROBHMEDOE WIS
WTERLEZ, ZhbLOHKRICBITS 233 X7 F NiEA EALE 2 O B AR R 1 i
BV es DO Thole (BAEFRINE : 61%), it W T, FiREKBHOBEWME S FET Y 7
Y 7 K (MOE, Molecular Operating Environment) (2 & U fi# 4t L 72 %5 5 % Figure 27 (27~
TOREPEOEM TH Y FEIIEOEM, k2B KE %2~ LTV %, human IgG,
TIH3ISEFEHOT I VBN TANRTIXFUBTHY, AEMN (RE) DAL ICFEE
LTBY . ZBXTFF RO 2UBEBOT VX = EHEBERNRMEEREZER LTV

(Figure 27 /), — . mouse IgG IZBWTHIET D7 2/ BELITIFMHEO® Y I
o TV, ZOBMMNPHEEL TWD (Figure 27 £5), D=, 233 XTF R LD
MEERARTEL 20 HIMEOK T2z ENnERLT,

Table 6. Binding kinetics for 6E1 (mouse 1gG,,) antibody.

kon (1/Ms x 10°) kot (1/s x 107) Kq (M)
Z33 0.67 + 0.006 162 + 0.75 240+ 2.4
Cys-Gly-Z33 0.38 + 0.004 50 + 0.27 130+ 1.6
Plinabulin-SS-Z33 (64) N.D.? N.D.? 4500 + 560"

aN.D.: not determined, °caluculated by steady state analysis.
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Figure 27. Structural models of the Z33 peptide binding to human IgG, (left) and mouse
1gGa, (right). Modeling study was performed on the basis of X-ray co-crystal data between
human IgG; and B-domain of protein A (PDB: 1FC2)°" and at the Z33 binding site of mouse
IgG,, (PDB: 3Z00)*” using MOE software. Z33 peptide is shown as blue (left) and magenta
(right) ribbons. Antibody surface is shown in red (negative charge), blue (positive charge) and

green (hydrophobic core) colors.

ZEFG IR 64 1T 6E1 HLIR & OBLFIMEIZF Vb O O FUR-ZEAE R o+ B 1EH I X MR T &
e D, B FERICHIIRSESR 2 5206 L 7= (Figure 28), MifiEix CD71 HiJ % F 8l
LTWbHE AT —<D A375 #illZ A7z, AMAIE, SKBR-3 X° MCF-7 fifa &
el U CHERR O RN Bie o, LG CHULBL L 7-1% ., 24 h T WST-1 R IEIZ X 5l
RO 21T 72 > 72, 6E1 HUIKIX Herceptin & %72 0 Hui&K Bl I3 &% M ais vk %2 7R
ERVZERMBENTVNDS, @ IR 64 10X 2R MBEENT THE SN D RE
ZBEWT, fHliz T o7& 2 A, 6El HFUADIIMEFIZI W T, # O M iE M o [a)
ERBEEINT, T bbb, BOWIEBEAETH > TH .. 224G 1K 64 1T 6E1 ik & FE
EEREEWN R PUREDES R EZIER L, JURERM 2 &M iniEE2 R L,

100+

50 4

cell viability (%)

0

6E1 L
(300 nM) iPlinabulin
hybrid 64 { (200nM)
(150 M) |

Figure 28. Cytotoxicity of NC-ADC, complex of hybrid 64 and 6E1 against A375 cell. n.s.:

not significant, ***p < 0.005. Data (n = 3) are shown as means + SD.
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HAE DS

ﬁ%“ﬁiifti Plinabulin (2) ~®OEBZIERMEO 52 HNE LT, HilEEEXTF
R(Z33) I L 2R LA R G RBE AR E B Lz, 55— % & [AHRIC CuAAC
St X0 Plinabulin & HUIAFE S X7 T RO LR *ﬁ%/\)ﬁi%nﬁﬁf:iﬁ :a"b%@ﬂﬁé\%
IR RESER D20, FRICEM CE D2EENR 72 < B OWRBIEIC L 24496
KERIZINETH 7=, £ T, Npys-Cl Bfl§ 53 ZHWZEFME T A7 ¢ REEREE
(SPDSL)’EE@%\%TZ) & "C.Plinabulin-SS-Z33 4Gk 64 Z G+ 5 Z L ITH I L T2,
SONTETANT 4 REFBIEK 64 1ZHUA L EAEEREZER L., LA AEE D ADC % &
'@‘Z) E 2P L 72 (human 1gG, : Ky = 46.6 nM, mouse 1gGa,: Kg=4.5 uM) , Z ® ADC
X in vitro DFHIRICIHB VT, PUAHEMSCLEER 64 B L b LT, XD 3@11\1‘5]5@%:
P& FEHE L #%WT%@%@@E@%TLKOTﬁbE PR & 4G IR & HAC
THRETEWHIEERFEICLY, FIEEMESKREREKT 52 &1 m%b\*%m
64@@%%ﬁ¢bﬁzF?yﬁ&Lﬂﬁ%&#é;&ﬁvﬂﬁénto

PLED X 5z Bk A& X7 F K% H 7= Plinabulin ® FE LG S8 ADC 1. in vitro
R T OREAM Lku\f?ﬁﬁ@ﬁﬂa’aﬁ SAATE M A R Lz d . BRI TIIHUIR D> & fiR Bl 5
LAREMEN B D2, TOFERAMEICELCERMTH D, LiL, fiktkESED
L THAERERDICHRTDEVIREEAGL TV Z NG, FHl2iE, BEICHR
54 D EATNCZEMER 64 2 HUKICIRIET S22 L C R EMICERT 2EROPK L
ADC ZJBERCTE 720, iRk L EMZR 2K ET 52 & T, KANIZEWT ADC
LD EnolzZ E b AREIC R Db L, 7o, —FH T, filkEEXTTF R
O PN ORI IST 5 BHELEEZE AT H 2 & T, Fe M FfR RN IEARHE
I ZHRT L5 LB TH D, EE. W OO/ LV—TTZD LI
BN EBSNTNDEZ LMD D SR LIEEAELTF FE AW HERYE AR
DWFFENIEIE BEIND Z & 2 M 5,
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FBoE BRYRLVT 4 FRBEIT KD EAREEEY-KE®RIEEY ORBES K
Fr i

B OETORBRERICB W TR Lz X )i, BEALZEN RS (BRI O A I
~OERYE) DEEICR 2 b aWR LORISIZRERGAN D D, O — i Ak
BOSIZHE O 72 FOSEIE A W2 LER B D | ORIV HLE > TW2 b | OGS EE
DI L TR o720 T 258 ICONTET LRy, MO R 5/6EWR
TENISES®ELEE, ZoOREB X ORENEMAELRREASEEEZER LEHRT S
TR, HEBEMEREEZFIHLKELEAEEO TERATORIGHKRFT I D

(Figure 29A), L2 L, ERBRBOFMERFDMLEILRDIGE. RO & ZAEK
TERVWEA LB R LN, EF TIE., HLEEYE A 1K (Antibody-drug conjugate, ADC)
) LT F NP B A K (Peptide-drug conjugate, PDC) '® D /g 584 I B84 4
nY—=gHIZBNTH, KEMEDOZ LW FLXRTF ROF NI EH E V- L KE
PEDOFES L OBRBERAERNERENTEY D MEORE S BADZWFE OGO
HEIIEE - TWV5D,

A) conventional method

. O : solid support

: hydrophobic
compound

organic solvent aqueous solvent

>

: hydrophilic

.i compound

B) this method

first step second step

solvent exchange A
[] Vs B0 \\ BA

O solid-supported O desired product
intermediate

Figure 29. Conjugation reaction between hydrophobic and hydrophilic components: A) in

solution-phase and B) via solid-phase.
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BOMTERLEBEMY 27 0 FEMEE (SPDSL) (3 i 8 4k oo [5 A5 5 1K
ChemMatrix® resin % /I L 7= one-pot _BEMEIG TH % (Figure 29B), A FiEL, [EHH
HERZN L2 LWVEBERAGRFIETHY . OSEEM ETiT) 2 & T, AEICHEL
TR AZRIRT HZ N TED, bbb, Zoarte7 MIESER L ZHREFTT
H2ET, TNETILAERNHETH ST RBEBAROE LN D ATREMEN B D, AREIF O

SHOEERLEAFEZBRLIEEBREGHRICBIT2REO - ERD T LEAHIMHFS
Noboo, AR X OEIE TR USKIFICET 2 AR D 7Rn, £ T, AE

TUITEEREVEI Y - KB T F FEBIRO G K& It U C RS S O feifb & 3269

Lkl

B DS RRFHIEE LT, RUSHEE & LU CHEKEEMESRY) ToH 5 Plinbulin & KEEMEN
TFRTHLA 7 ZTNAX=" (Argy) RN Lz, A7 2T AX=20F, 8 2OT
VX = R B RER S LD IR B % i " F K (Cell pernetrating peptide, CPP) T
Ho. BEICKBEETHLIZENAMBENTND, ® EFHDIC, TV REEHT LA
JETIE= 66 AR, 71521‘5,\“60)*&5’9727’”%%“6&)6 CuAAC & Z AT 78 -
7= (Scheme 15), L/ L. ZORISITETETHHN TH O LEMEIK 67 2155 Z LT TE
o T, 75| Plinabulin & 47 # 7 VX = O LG R IXWEFE T A Bk IR 7 5>
Tod Y. SPDSLIEOHMAMEOGERICHE LI=ET MEEMTH S,

(0]
/= =
N N HN)‘\/\©
A~ N
P e :
0 /=N HN™
\n/\/\ HN _ )J)\]/\Q
R . . (0)
alkyne derivative of Plinabulin 17 3
(0]

hydrophobic d
(hydrophobic drug) Click reaction

HoN___NH mN
\ N
\f N’N
HN
’ o)
Ao~—N N\/\/\)LNE(NH
o/, oL
67

Ac-(Arg)g-Acp-Lys(N3)-NH, (66)
(hydrophilic peptide)

Scheme 15. Failed synthetic strategy of plinabulin-octaarginine conjugate by CuAAC

reaction.
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SPDSL &Ik, EMN ALV T 4 RIFEKRE T A=A EFILEDTRITNIZ R L0 T
EML ENENDORISIEE A LT, # % THU\ 72 Plinabulin @ p-methoxybenzyl
sulfide #E/K 62 13 HPLC IR 2R PICE W TH MR ET T 21T L ZEMICZ
LS, BIETORFICEBVWTOIRAIIHMT 2200, OSKRFEZBFT 2 LTl
LTW2RW, 22T, FA—NLOR#ELE LV EE t-butyl ~E BT L7Z7FEK 68
EARTAHEE LT,

EFT.2-AND T V= TF AT I IR 69 OF A — /L% Bu ETREL, LEW
70 & LIRS, TIVET VY RNEEWMTHETALVT  RIEEZATHT YV RN
WK 71 24 L7z (Scheme 16), 6N AL 7 4 FTL ETAXF K172 ZNET
ERBED ST CuAAC G & 1TV, HPLC IS TR EZ1T R > 72, AMISIZB W T,
HEME CTH DT IVX R 17 & EKY 68 Ol HPLC (281 5 B +43 Tl v
720, RTINS D & 72257278, Plinabulin ® A /L7 ¢ RiBEK (68) % 16%D IR
TH kL7 (Scheme 16), AR{LEMITHFEIEREI LTV -20 °C TOREIZB W TH R
KEb1rATLETHSTZ D SUSKREORFHTIM WD Z & & L, — T,
SPDSL It D —EBBICHWALG T A —NLEAA 27 2T AX =0 XTF R

(Ac-Argg-Acp-Cys-NH,, 72) I& Fmoc EFH X7 F REMRIEIZ L VAR T D2 & T, 30%
DR THT=,

TfN3, K,CO3,
CUSO4' 5H20

HE1-HN >SS +BuoH HzN/\/Sj< Ns/\/S\ﬁ
cHCI, 80 °C, 81% MeOH/H,0/CH,Cl,,

69 42%

70 71
0 o
SN HN% 71,CuS0, 5H,0, N HN%
IK/K(N Sodium ascorbate f\/\%“
Oj H,0/t-BuOH/DMF, Oj
0 50 °C, MW 10 min, 0 s
N 16% TN
\g/\/\\ o X - \,<
17 68

Scheme 16. Synthesis of sulfide derivative of Plinabbulin 68.

48



B EHETANVT 4 FESRICE T 2 5&M8m3 (First step)

SPDSL 5 jia® — Bk H & L C. &% L7z Plinabulin A/L 7 ¢ RiEE(K 68 & Npys-Cl
B 53 & O SIZ T 2 BB 2 MG L7z (Table 7)., 08 HPLC & AW TS 1
R ZICBIT DAL T 4 K 68 DIHKAFE LY KIGEFEEZFAM L=, & ORE%E ., CH;CN,
CH,Cl,, CHCL 2 & L CTHWEBIZ AN 7 ¢ R 68 135 — % IS &I 2 5 52
BIZYH K L7z (Table 7, Entry 1-3), 77206 WP DAL T 4 R 68 3R & It L
Plinabulin #£7 5 63 2’5 b7z, —F T, DMFRA X J — /LD X 9 REEE%Z iz
BAEDOHKRITIENEDTH -7 (Entry 4, 6),

Table 7. Reaction conditions for the first step of the SPDSL reaction.

o]
o} O,N o] o]
el HNJ\/\Q c|\23j|\/Nj)LH/\O SN HN% OZNIﬁ)LH/\O
AN 53 AN s N7
Mj Conditions, r.t. 1 h Mj J/é
OW,N/\/S\K o] 3/_ N
O N=N O N=N
68 Plinabulin-supported resin 63
Entry  Solvent Resin (eq.)? Disappearance level of 68 (%)b DN (kcal/mol) ©
1 CH.Cl; 5 100 1
2 CHCl; 5 100 4
3 CH3CN 5 100 14.1
4 CH30H 5 64 19
5 THF 5 74 20
6 DMF 5 42 26.6
7 DMSO 5 80 30.9
8 CH3CN 2 98 14.1
9 CH3;CN 1.1 80 14.1

®Eq. of resin 57 against sulfide 68, ®The disappearance level was calculated by the
following formula; (1 - [peak area of 68 after 1h]/[peak area of 68 at 0 h] x 100), “Donor

number.®®
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Table 7 OFEFRICEH L T, REMBREBE AT A —4%— L LT FKJF—% (Gutmann’s
donor number, DN) *. 7 7 % 7 % —%¢ (Gutmann’s accepter number, AN) Y %% R
Gz oW T OB EZM A (Figure 30), T OFER, AN RCHER CTITHEANS O LA
MoleDIZx LT, DN IZBWTHOHENGELND Z LW 6L o572 (Figure
30A), DN (3 A ZAEEMEDORECTCH Y B F AL ORENICHFESGT D, HESIN DK
IR (Scheme 17) TiX, A7 4 K 68 O iR 1 2385 L D Npys-Cl O i 35 7 1
ERBETH L TRIENBED, Z0%, ANVT I ADFFUHEEERD Bu F
FAUBBBEST S5 2 & T, SN ETT 5, BE. AR FICHE T 2 Bu Ko Bk
FE X2, B EMEOMD TEVWWKERZR EZRINT 2 2 & THID THREES 5 (R
BThHsr, ™ 20D, HODHEEO DN AEWEE, RV 7 UL hF 4 ik
ZESI, Bu EOBBERACICS K, ISIEMET T 2R/ HBoNATZLD L
ELRLTWD, — 5T, DMSO D fHliEf s B VT EE 2~ 308, o & oKX
T 7RE WL DMSO O ER F28 Y 7 MR REMEZFT 52 L ThHh D, EEICALERF
VRERMTHZ LT BuOBMBENEEIND LN ZENRINETITHESNL T
HZENE, ZOWHENMINLLOEBEEGEZ TN ERNExZLND, P

A) B)
CH,Cl,
- CH,Cl, CH.CN <
3 5 o CHCI
BE 100 [0 oeerrrrnirinin o 8 100 CHCN —>ee o
s 5 CHCl, . 55 .
55 THE SE Q) | e
% S 80 . DMSO % s 80 . DMSO -
23 o KO THF .
g5 60 MeOH 2o 60 MeOH
S % 40 ) G % 40 .
ae ., T+
g'g DMF* §.§ our
= Y
2o 20 S0 20
g£ 0 85 0
A c k=
0 10 20 30 0 20 40
Donor number (kcal/mol) Acceptor number
C)
< CH,CN
8 100 e .
“ c ..GHeCl .
55 | cMREL
S5 o i DMSO
33 60 THF .
8 % MeOH
C
o N
g - 40 DMF
—
85 20
S
ac O
0 20 40

Relative permittivity

Figure 30. Relationship between disappearance level of 68 in the first step and (A)

Gutmann’s donor number®’, (B) Gutmann’s accepter number®®, (C) relative permittivitym).
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O,N —
NN
| H/\O o
Cl< Z
o v N
53 i SN HNTNYZ o]
/= %
HN N HN A __A__N O.N yZ N/\O
%“ — ! [ A
NS
o h SN
o} s
?) NSNS W,N/\/@K
3 N \K 0 N=N o
O N=N L cl _
68
o]
oSN HN)S/\© o)
A~ 2N OoN = )\
——— o - | H/\O + ®
Q
AN
O N=N
63

Scheme 17. Reaction mechanism of first step via a sulfuryl cation intermediate.

T, INETICEZFOHFEENHE L TWVD 90%F KRR TIZE T S Npys-Cl
WS 53 2 AT F FH OGRS TIL S Y ROBIE 57T BuEEsh Tk, 7
L22L, 7E = MY AEEFRCTIEIBEOHEHEL 2 Y& FE CHFF THRICHERET
52 EMMB S E 7o 72 (Table 7, entry 8 and Figure 31), & /K&M Tix, RHICHEE
T2 KDHENE D Npys-Cl ZIRZ KIS ETLE S TV DRI &N LI L 7o
7o B2 L TW5bH, SPDSL Kt lE one-pot )X Jis Tod H 72, RETD Second step D S {4
FRFHZ B W TIL, CH;CN B HEIZ K - TH 72 #i§ 63 (Table 7, Entry 3 or Entry 8) % F\»
Lkl

68
Oh
1h —JLM
0 10 20 30 40

Retention time (min)

Figure 31. HPLC conditions are a linear gradient starting from 5% CH;CN in 0.1% aqueous
TFA to 85% CH;CN in 0.1% aqueous TFA, over 40 min at a flow rate of 0.9 mL/min and

detection at 230 nm.

51




B VANANT 4 FRRIGICRIT 5 &M% (Second step)

ATE O K E T & 4172 Plinabulin #AFF i 63 (55 ffi. Table 7, Entry 3 or Entry 8)
72 F=RMU L, BIOKTHER., F _BERETHLIKRBEEFTOZALT 4 R
RS DSk 2 it L7z (Scheme 18), FA—LVEHA 7 Z T NVF = T F R
(Args-SH, 72) 1ZA/NT ¢ K 68 1% LT 0.9 Y &EMA L7z, RUSIREIXERYD % IR
f 57291, BRER 73 OiFH HPLC ICB 1T 2 HIRE ThH D 40% 7 h= KU L
KSR %= Tz,

(0]
/= =z
O.N
= Peptlde 72 N . 2 ﬁm/\o
Sy s

J/ CH4CN/buffer (2:3) NTY N

O NG N Conditions in Table 2 0] N=N S‘s 74
o NN Ac-(Arg)g-Acp—Cys—NH,

Plinabulin-supported resin 63 Plinabulin-SS-Argg (73)

Scheme 18. Second step reaction of the SPDSL reaction.

FF RO, pH FEFELMETH D 40% CH;CN/HO B H 1) 2 St & FE i L7z,
LUy ZORISOEATITITRFR 232000 . 3 KA ALIC 38 W T HPLC _ETHIP 2
7% LT 2% 25 (Table 8, Entry 1), 5 HfRi L CTH ISITFEM L 2o 70, FTo,
FWF O KB TOKIGIZ XV | Plinabulin 7' &2 K7 v 7 O x X7 )L & DS INK 5 iR
Sh, BUbAWoEAENBE SN, 7u N7 v 7 I38ibah e HET DELZ A L
TBY, AMEETHLIIZD, RICOREZHDDVLERD DL, £ T, KA %
RER~E AT T 52 LT, pHEHRE L, KSOM#E %X - 7,

$EME % (50 mM sodium acetate (pH3.8, 4.5, 5.0 and 5.6) or 50 mM sodium phosphate

(pH7.4)) : CH;CN = 3 : 2 OK B CRIGEITVN, 4381 HPLC (2 £ Y Kk 3 I
[ IZB T SEW 73 O HPLC UKD b SRR 2 38l L 7= (Table 8), € D%,
pH5.0 acetate buffer TIXHIE 2 M &, B 5 Y& LEH O LIS 3 KM %2 HPLC 1T
RTIFRFOE—7 BHEK L, BOIGEEIZL Y B2 S iz (Figure 32A, Table
8, Entry 4 and 9), HfF 5 Y& CTIL pHIKFEMEZ MR T HZ LN TELENHIE2 Y& T
IXEOMEIXIZE A LA LT (Figure 33), £72, pH7.4 TO LTI BB OILHE
MELL BNV EDD, FA—=LT7 IV —=D_XTFF (Arge-SH) biHETHRRL -T2

(Figure 32B, Table 8, Entry 6 and Entry 12), Z @ X 5 ARG IE ISR D pH IZ K& <
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WELEZITHZERRALMNER ST, o, Entry 5 TIIREEROEREZ LIF. 1M
sodium acetate (pH 3.8) (Z L 72 & Z A 50 mM sodium acetate (pH 3.8) (Entry2) & b
LHPLC NN LR LI &b, HUSOREICEHWVRRENADTHDL Z LRHAL
mE TRl

Table 8. Reaction conditions for the second step of the SPDSL reaction.

Entry From Table 7 Aqueous solvent Yield (%)
1 Entry 8 Non-buffered water 7
2 Entry 8 50 mM sodium acetate (pH 3.8) 82
3 Entry 8 50 mM sodium acetate (pH 4.5) 81
4 Entry 8 50 mM sodium acetate (pH 5.0) 91
5 Entry 8 50 mM sodium acetate (pH 5.6) 75
6 Entry 8 50 mM sodium phosphate (pH 7.4) 7
7 Entry 3 50 mM sodium acetate (pH 3.8) 13
8 Entry 3 50 mM sodium acetate (pH 4.5) 50
9 Entry 3 50 mM sodium acetate (pH 5.0) 60
10 Entry 3 50 mM sodium acetate (pH 5.6) 27
11 Entry 3 1 M sodium acetate (pH 3.8) 43
12 Entry 3 50 mM sodium phosphate (pH 7.4) 15°

®HPLC yields are calculated from the area in analytical HPLC after 3 h on the basis of the

amount of octaarginine peptide 72, ’HPLC yield after 1 h.

A) B)

0 10 20 30 40 0 10 20 30 40
Retention time (min) Retention time (min)

Figure 32. HPLC chromatograms of second step in the condition of (A) Table 8, Entry 4 and
(B) Entry 6, HPLC conditions are a linear gradient starting from 5% CH;CN in 0.1% aqueous
TFA to 85% CH;CN in 0.1% aqueous TFA, over 40 min at a flow rate of 0.9 mL/min and

detection at 230 nm. *unidentified by-product.
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100 100

80 80
< —+pH3.8 T —-pH3.8
5 -=—pH4.5 5 -=—pH4.5
2 _, ~pH50 240 pH5.0
—+—pH5.6 20 —-pH5.6
0 e
0 1 2 3
time (h) time (h)

Figure 33. Time course of the yield of Plinabulin-SS-Args 73 in the second step reaction

using (A) 5 equiv. of Npys resin and (B) 2 equiv. of Npys resin.

CEBEEORISIZEWTEBIE S pHIKEMEIZ, —BEEBICE W THWBAED 5
BEDORRIZEETH DL Z 0D ISEOMBNE LORIERY 14 N2 52 THWDH |
RIENE XD D,

Ibea 14 13 LogECchH 720, TETUEEHME L TFAEY R 75 25k
Ak L7z (Scheme 19), T 7245, Npys-Bn flEOAKFMIKTHDL X UL A LT
4 FET76 2L AL TV LIZEY 7o AT = ={k L., Npys-Cl 77 & L7=# 1T,
diisopropylethylamine fF7E FIZEBWT A X ) — LV ERKIGSEDLZ ETAFILANLT 7
F— MK (78) ™ & 79%DINETAK L=, £DH%, AN T BT AT AHEL b
V7 2= VRAT7 4 CBLTHILET, FAEY R 15 2457, ™

(6] (@] (0]
OZNﬁLOMe SO,Cly, pyridine ON A one MeOH, DIPEA 0N~ oo
| I I
Bn. P 1,2-DCE,rt.1h ¢l P THF, 0°Ctort,  MeO. P
s” N s N 2 h, 2 steps 79% s© N
76 77 78
(0]

PPhs OZNI])LOME

CHiCN:H0=95:5, A\

rt., 5 min, 78% H

75

Scheme 19. Synthesis of the model compound 75.7*

BonleTFAEY U715 28— T VIR L, % pH OFEER CHlRBIELIT -
Teth, KEEAEICBIT D 75 OFF(EF % HPLC THIET 2 2 & TILE# 75 O pKa
ERESGMICHEH L, Z0Of%, Figure 34 IZ/RT V7 A FEIRAE LN, ThE
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Kaleidagraph 4.5 T+ 2 & T, BLZ 73D pKaZnT Z BN ERoT,
Thbb, “EMHOMSICBWT pHT.4 OV VEREEIRZ WD & RS H%ICAERK
TLHHE 74 ORI L NEHEL, T=42 b, TOD, GEICHTF A NEDLS T
Td D Args WRIEICIEFFRAITEE L TL EW, «7%%&{%5&%@?@‘%}:%HPLC
THERTCERhoTceBZBZIDbND, T7b5H, SPDSL ® Bt BWTIE, #E E

BIZE R 74 7N EEE LI <b\pHS.OUT“C“(D}iFE\ﬁ)@L“Cb\é_k?f)lmﬂé%éifbf:o

SN

2
(7)) Z
\
u —
]
=
(0]
HPLC area of 75 in the organiclayer (x 108)
N

pH

Figure 34. Evaluation of ionized property of thiopyridone 75. The pKa value of 75 was
determined as 7.3 on the basis of the sigmoidal curve, which was plotted by KaleidaGraph
4.5.

Plinabulin IZ 365 nm D45t % BE 2 L OH 2T 5720, SPDSL O B
BERISIZAR CHO IS OEITE2MRBT 22N TE L, —EMBOKIE0hIZEB W T,
Plinabulin #1E B ERTPICHEL TWAH D AR EZRE 25 2 L Cot @iz cx
D3, ZOEMNITIS Th BICEERF 9 BIEKT 5 (Figure 35A), 7724 5 | Plinabulin
WENEIE BICHEFS ., filE 63 nfEoni-sExoND, —EEHDOhIZEB T
IXERFINENTTF R12 OBBGFEET L0, b cxn, LirLl, VAL
7 4 RAZHSOG3HELT L, Plinabulin #3& 23228488 73 & L TP ICOIh Hah T
723 hBICHBN T, BOFREOEENBIEZE I D (Figure 35B), 2D &b b,
MFFiE Y SPDSL UG EM AT L THEATL TWDH Z LN D
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A) first step B) second step
UV irradiation UV irradiation
(ex: 365 nm)

ambientcondition ( ambientcondition

ex: 365 nm)

Oh 1h Oh 1h

Oh 3h

Figure 35. Photographs of the reaction solutions in the A) first and B) second steps (Table 1,
Entry 8 and Table 2, Entry 4, respectively). Each solution was filtered to remove the Npys
resin, and then a yellow color (ambient conditions) and a green fluorescence (UV irradiation

at 365 nm) of plinabulin were observed.
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£ =% Plinabulin & FF— L EFKELEILEY DREIFIEE K

[ FE > AV 7 ¢ RERAG L (SPDSL) O AHPEZ /R 72 8 & #i @ Plinabulin-SS-Argg
(73) DA E T D il G 2 LI OMEEE T F ROEBED X 5 22 KEMH S 1
E DR Z Nl LTz, T F RELT, ) BEBEEREEEZFETLIZENML
NTW5S DERDOAZ ZT7LF=" (Ac-(D-Arg)s-Acp-Cys-NH,) ' 2) JE A A4 {2
7F R & LT Gly-Ser ® 4 [Bf# 1 i LELSI D7 F R (Ac-(Gly-Ser)s-Acp-Cys-NH,) |
3) B _ECHAREDES R~ EFIH LIEHER S X7 F K (Cys-Gly-Z33) Z Hu 72,

SHiT, 4) BHETHDL AT 7 F—AFEAE (79) ZHEA R URIERS 2 £l L 72,
AT b—AFEER 79 1% More b DHE ™ & IITAR L7 (Scheme 20), 7722 b5,
HZ 7 h—A 80 % WAKFEE CUE LRI NAABTHD 5o fbiFH>F V=T L
T—TFTNVEROFEET, 2-7 0¥ /) — LV EHSE, 82 287, TOk, FA4HE
BRIC LD REBEBHRIETT AT AT ABELZEAL, T FIVAARFURIZEST
AR RS 52 & T, BOH T 7 b —RAFHEK 79 %157,

0. +OH O ~OH HO i 0.0
~
HO Ac,0 AcO BF4-Et,0 AcO Br
HO ‘OH pyridine AcO ‘OAc DCM AcO ‘OAc
OH OAc OAc
80 81 82
tg;oaécgtlc acid | O O ~snc HO OO gy
,CO3 . NaOMe .
DMF AcO ‘OAc MeOH HO ‘OH
OAc OH
83 79

Scheme 20. Synthesis of the galactose derivative 79.”%

SPDSL {Z X % Plinabulin & KIEMAL AW OZERE IR A KA 1T 5 HEEEIL R % Table 9 12
AT, ERELT, EOXTF RIZHELTHREEOHBEN R CRIEKREZGSD Z LI
I L7 (entry 1-4, 32-45%) , A& O EE R BIAERITTF A — b BV O RETH A
~—TbhU ., FIZ, Entryd ® 7233 X7 F R TIEIMOXTTF N DG E gL, <7
FROEA =B Lo T2 DIED RENE D ThoTz B2 NS, F
7o, % . T Plinabulin-SS-Z33 64 DAL & T 5 & 0 IRITFBETH 270, K
D FEFREET20h ZEH LSRN ShETEMT L2 LTI LI, XTF RIZED
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WERLKIGFFITZETHET 200, KFETHKLLXTF REDORGEEREKIZH
IGHFEETCHHZ L E R LTz, SHICHMEEDOKISIZBW TS 29%D IR THB O H
T b —=ABREBIKRNE BT (Table 9, Entry 5) Z &b, R_RFF REZF TR Mo
FHA—NVERTHEMEDRBEAROBAIETHDLIZENWALNERoT, Thb
L, RFEITEVOEMMEIC LS TRA R0 1284675 2 LB RERFIH TIET
H 5,

A) Table 9, entry 2 B) Table 9, entry 3

peptide peptide

Plinabulin-SS-(Gly-Ser)4
homodimer

Retention time (min) Retention time (min)

C) Table 9, entry 4

peptide
| |

0 10 20 30 40
Retention time (min)

Figure 36. HPLC chromatograms for the synthesis of peptide-drug conjugate. HPLC
conditions are a linear gradient starting from 5% CH3;CN in 0.1% aqueous TFA to 85%
CH;CN in 0.1% aqueous TFA or 10% CH3;CN in 0.1% aqueous TFA to 50% CH3;CN in 0.1%
aqueous TFA, over 40 min at a flow rate of 0.9 mL/min and detection at 230 nm.

*unidentified by-product.
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Table 9. Application of SPDSL reaction to the production of other conjugates.

Entry Thiol containing hydrophilic components Isolated yield (%)
1 Ac-(L-Arg)s-Acp-Cys-NH; 44
2 Ac-(D-Arg)s-Acp-Cys-NH, 37
3 Ac-(Gly-Ser)4-Acp-Cys-NH; 45
4 H-Cys-Gly-Z33-NH; (pH4.5) 32°
5 Galatctose-SH (79) (pH4.5) 29

90.75 eq. of peptide was used to directly compare with the previous condition.
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HIUHER NE

B _FTlX. Npys fithg 53 # W /ZEAMH Y AL 7 ¢ REEHEYE (SPDSL) 2L v ., A
BARSCERMABICBW T LIELIZMEE SN 2LAYOEMIEICER T 2 EO
gz BH¥E L7z, Z @ SPDSL {&i%, 1) HEKEMALEW 2 AHIE S CHEAME B~
T DG &L 2) KREBEF TR L OB KE MR G & 2B IREZ TR L 72203 b & KB
LA TE Y HI LD BEn S5, 07, ZOFEZTENEND LGB
WCEBWTHEIZHE LSRR EZRH WD Z ERTE, BIEKISICE T 5 WE M O v iE
HORMBEE RS D2 ENTE D, HAKEMED Plinabulin (2) & KEEXTF RTH
DA ETNX=vEBETNVE LTERBRERZERL, KICFEOWEZIT- T,

— BB ORI, BWE L LTIk CH;CN., CH,ClL, 72 ¥ @ Gutmann’s Donor
Number (DN) aw&udﬁﬁi ZEWT, KIS HELT L, Plinabulin fHE G 63
DRI Lz, “EFEH TIX, #HT 0 pH IKEFEMENABIE S, KISHK IS/ -
AT H2F AU R 70 (pKa = 7.3) BNEEL CWDH &wrwéhtoﬁﬁﬁw
pHZ SOLUTFTTaryhe—nA 352 ENEELL, mOEREICL Y KIS EES L
HZEEHOLNI LI, BOoNTRBEEHEH W T REBEROGHREZIToT L 2
A, BAFe BBEENE (25-45%) CTHRIER CIXIGRAFEETH > - 2GR Z2ESE T 5 2

R L7,

ZOXOI, BEHEYANLT ¢ FEEEEZR WD Z & T, HKEMNIKY Plinabulin &
m%imA%® R HRICEII L, 2O X5 REEMEORBEIZ~TF FITRO
LZHD0TEHRL ., REWAERICBWTHLMELE 22560350, AFEEFZEI>I Vo7
FHNCK L TCHISHARERMETH L EEZEX DD,
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w15

Kiw ik [F2—7 U o EAMEH Plinabulin O /KEMR X OEBEERE 72 KT
v 7 OAIEEFZE] & E L KEPEO D TR W 22— 7 U > EABLE A Plinabulin (ICs,
=15 nM, EMRE <0.1 pg/mL) O v K7 v 7tz L, AlFELFICB T 21E
W OVFEMEICER T 2 BB A PR RN ZBICbleo TR b D TH 5,

BB TR INTT 2 —7 U EAEHEA Plinabulin (2) 1%, BIFES 11 AH R
REBRAEATH CTH D, KEMEIBO TRWZ EABEE S TS, 2T, H—
E CTlX. Plinabulin ®KEME T v K7 v 7L s B Lz, BSORL N
Plinabulin T& % 7%, 2,5-diketopiperazine (DKP) BR%E / 7 7 F LffiE~ L BT 5
T TU U —REERE A, FD% CuAAC FUGSIT K 0 LR 0 K B ME A B i % (B 452
HICEBATHZ LT, 7 BEOKENETe Ry VERIcRII L, Bonk-7a R
Ty I BUEAE Y &g U CRIE 2 KEE O\ EEor Lz (0.0075-100 mg/mL) . in
Vitro \IZB T H = AT T —BIKSMBISIZENTIX, a2 K7 v 7 OREEIZL > T
IRV CTHAL AW A FHA L (ty, = 0.37-12 h) . KIEMEMBIEE O E I L 0 2 E0
aryhue—LTEHhl exWonhb L,

5% % T, Plinabulin O /KEME T 0 KT v 7 OKEEM L Z PGS T F K
EEWHL, FEHEEANICHEEEARE R ST D Z LT, BRI 23Ry %z
I Lz, 10, FiikEAXTF KL LT 233 X7 F K&5®EIR L, Plinabulin &
AR A A RET L2y, 2D O E WX BSOS TR B 33 2 VA M FE DS R 12 B 7e 5
=, BET A ERED Z LI TE o T-, £ 2 T, Npys-Cl #f§ 53 2
DEHLEM Y AN 7 ¢ REEMGYE (SPDSL) 25 L Lo, ZOFEE, 1) HAREELS
W% ARV TR E~ERT 2 55 & 2) KREEH CTRIE Lo BRI E %
KB CRBERZER LN 680 7 KIS one-pot —ExMNIETH D,
Npys-Cl 85 53 (13 B M 0 Chem Matrix® resin Z AWV TW A 7=, & R B IC
BWT, ROSHEBICH LB ERZRIGETH Y . WMRIEDOIEF IR 5LEWIAE
TORBOSICH L THHATE D, KFEEEZHWD Z LT, HAKEMIEY Plinabulin
EAREENE 233 XTF ROTANT 4 REIGIK 63 25425 2 LTI Lz, 241K
63 I% Herceptin (T HER2 HLiIK, B b 1gG)) T4 L T Kq = 46.6 nM OB FuE: THE A L.
AR AW RPUEREDE SR Z IR L. PUR IS BUM AL % U BRI 72 2%l B 1% P
LT, REBEHROERLE LTCORBEEE X866, (KN CTHREET 2 /TeErEn %S
2O, ABRBEET REHAIEZ DM, iR L ABREZIEGT 2 DA T ADC %
T 2 RITFETRETHY, ABOSIORDIBEEMFT D,

WOETRLEZEE YIS, WHMOBEMEDZENKE WEA, AERISITET L2V
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e BEERSRICBNTEHZ OFRMERFEZERT L0, #iRE LTHMY
EAHRTERNZ ENRDH D, FITEFRTIE, ADC #0F L LT, KEMEDOZ LIy
TERTFROF RN TBEE NS KBEVEDE D & ORBERAERNERB SN TEY
MMEDORELS B WELOKIEOTFEIIEHE > TW\DH, H ETELR L SPDSL
XINOLOEFEBEIEZ I DH & THDH, T T, FH 8 TIX, HKEEEYD
Plinabulin & KIEMWRTF ROF 7 X T VX =0 OBEEEREZET U LEHE LT, G
SO LS KOO 2 Uiz, M BICEKEE A 2 HE T 5 — B
HTlx, L& LT CH;CN, CH,Cl, 72 & @ Donor Number (DN) DOEWIAREZE L T
Wiz, B H ORME T, SRR R E WV CThici pH (3.8-7.4) O E=iTo72 &
ZA, pHSOIZBW TR ORI ISR EIT Lz, “EBEEICB W THZEIN pH
RIFEMEIX., OSH%OBIAERY THLBIELOF A ) Ko (pKa=7.3) BNEEL T
HTEPRBINT, T O E Ik A 727 F KL Plinabulin O ZE 4G K5 Ak
EAToT b 2 AR R TIEE RS EE L WD EEKIE VY KB AL S O BAG K & & Rk
THZ LI LT (BEEDCE @ 29-45%) o A SUS TE SO 258 O R I~ O TR fRPE Tk
T, Bx RBEBEREARTEDD, TRNETERTDHZEDTE oo
TV R TEEMET OIHMIERFIETHD, 20 LD REMMEICERT 5 MEIE~T
FRZROEND D TIERL, M FOEELABLRAYOEEMIZE T B
ERVIGDH, KRFEFTEIVoFFIZH L THSHARAREETHY, 4%, 20
BENAEAERILFB L OEREAZCBOCTIEASIEHEND Z L2 HH/T 5,

ZZETHBRTETALAYOBWMMEICET 2% IE, AT 4T AT IARY —%
BIZBWT, 70 R vy Z70AIZIT) ETHROTHERERMRTHY . EELEREIC
B2 -BERD2b0EEZTND, MA T, BMEMED R D551 O8EKE KIS L%
S OMESTHIZBITIHETHY, ZRNETIZEKRTHZ EDOTE o HEENED
T EHEPDONAT Yy My FAIMICBISHATEZ2 b0 EMFHET 5, RIFEO MR % i#
U, BIZORRBLEKLERICBVWTEMRTENEENTH S,

2018 4F 1 H
N ELHLE
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EBROE

FEBRAM FE

A RSSOV B X Fn e i 3K T 36 #E U 4k (Osaka, Japan) . Sigma-Aldrich (St. Louis,
MO) . b5 T8 &+ (Hiroshima, Japan) . 3 b B% T 3% X2+ (Tokyo, Japan) |
BBk kNS (Tokyo, Japan) S HEA L 72,

Fmoc [EF~T7F FEMIZIZ, EOFENOBA LU TORET I 7 BE v,
Fmoc-Ala-OH, Fmoc-Cys(Trt)-OH, Fmoc-Asp(O¢Bu)-OH, Fmc-Glu(OfBu)-OH,
Fmoc-Phe-OH, Fmoc-Gly-OH, Fmoc-His(Trt)-OH, Fmoc-Ile-OH, Fmoc-Lys(Boc)-OH,
Fmoc-Leu-OH, Fmoc-Met-OH, Fmoc-Asn(Trt)-OH, Fmoc-Pro-OH, Fmoc-Gln(Trt)-OH,
Fmoc-Arg(Pbf)-OH, Fmoc-Ser(sBu)-OH, Fmoc-Tyr(¢Bu)-OH

b MEBEAMAE HT-29, 83X W0 RIL2 A SKBR-3 |X American Type Culture
Collection (ATCC, Manassas, Virginia, USA) X VHEEA L7z, & PN AMIE MCF-7
(RCB1904) (% RIKEN BRC (Ibaraki, Japan) X ¥ National Bio-Resource Project of the
MEXT %t L CHEA L7z, 6El fiLiRE L e b A T/ —~ A375 MAITIE R 5 K% 1@
R E IR IRV 7272 W72, Herceptin (ZFEVR & KRS G — Bz ICigfitn 7z
=AY

McCoy’s 5A Bl & 7 > fn id i 7% (FBS, fetal bovine serum) |% Life Technologies (Carlsbad,
CA) X V&AL 72, Dulbecco’s Modified Eagle Medium (DMEM) (X474 7 A7
(Kyoto, Japan) 758§ A L 72, Supper Low IgG FBS (% GE Healthcare Life Sciences
(Logan, UT) oA L7z, = A7 Z—+E (from porcine liver) &, 3.2 M (NH,),SO,
Wik (pH8) DOWE¥IK L L T, Sigma-Aldrich > HEEA L7=,

NI Lhru~ 7T 70— XD BRI BRI RS2 Bl L 72 Silica
gel 60N (spherical, neutral, 40-50 pm) ZH W7z, s/ a~ 277 7 4 — (TLC) (Z
Sy HTIZ X, MERCK Silica gel 60F254 % H 7=,

EITLL T O &2 iz,

'"HNMR A X2 bk /L : Varian Mercury-300 (300 MHz), Bruker DPX-400 (400 MHz),
AVANCE-III (400 MHz), Bruker DPX-500 (500 MHz), AV-600 (600 MHz)
WHARESNE L L CT R T AF AT Z 2 (0.00ppm), b U AF U7 a3y (0.00
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ppm). CH;CN (1.94 ppm) % H\ 7=,
NMR A7 bV OFL#EIE, ROBEZICHE D DO LT D,
s : singlet, d : doublet, t : triplet, q : quartet, m : multiplet

BCNMR %272 kL : Bruker DPX-400 (100 MHz), AVANCE-III (100 MHz), Bruker
DPX-500 (125 MHz), AV-600 (150 MHz)

WHBIE e & L C CH30H (49.00 ppm)., CHCIl; (77.16 ppm), CH;CN (1.32 ppm) .
FUAF U T asRr @ (0.00 ppm) ZHWZ,

IR A~X7 kL : JASCO FT/IR-4100

Mass A-~7 | /)L: Micromass LCT (HRMS), LCMS-2020 (LRMS)

fig Y& FE : JASCO DIP-730

WK 7 v~ ~ 27 Z 7 4 — : Waters 600E System controller, Waters 2489 Detector,
HITACHI L-6200 Intelligent Pump, HITACHI L-6000 Pump, HITACHI L-4000 Detector,
HITACHI D-2500 Chromato-Integrator, HITACHI Chromaster Organizer, HITACHI
Chromaster Interface Box, HITACHI Chromaster 5410 UV Detecter, HITACHI Chromaster
5110 Pump, Shimadzu SPD-20A, Shimadzu DGU-20A5R, Shimadzu LC-20AT, Shimadzu
LC-20AD, Shimadzu CBM-20A, Shimadzu FCV-20AH,, Waters SunFire 19 x 150 mm
Column, YMC-pack ODS-AM 4.6 x 150 mm Column, COSMOSIL 5C;s-AR-I1 4.6 x 150 mm
Column.

fil /5 Yanaco MP-500D, @l iX T R TRAMETH D,

M — ¢t (CD) : Jasco J-1500CD spectrometer

FH T RXE 08 ;- Biacore T-200
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B

chloromethyl hex-5-ynoate (19)

cl \/O\n/\/\
X
X

0]

Hex-5-ynoic acid 16 (300 mg, 2.68 mmol), fKEE/AKFEF MU 7 A (1.00 g, 11.9 mmol) ,
TRITFAT VE=ZDLNA KRS ANLT A b (100 mg, 0.27 mmol) % K/ 7
muAXY (3/2) (25mL) [ZEMNL, BRTIO0MBLIE®RLE, 0%, 78
BAF N7 RN T7 A k18 (564 mg, 3.60 mmol) D7 vr XX (5mL) &K
Mz, BOERTIRFEBLERLZ, JOSERISKEZMZ, 7 aa kL sz H
VTR U 72 %% | il R 2 fa fD R K TRV NapSO, THLIR L 72, T DR & A% |
W2 E LI, BoNnNTEBEWME VDTNV T Lrsa~ N T T 7 04— (~FH o
Hefg=F L =10:1) THE L. (L&MW 19 247-, Colorless oil, yield 81% (349 mg); 'H
NMR (400 MHz, CDCls): & 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, CDCl5): § 171.12,
82.84, 69.47, 68.63, 32.56, 23.18, 17.69; IR (neat) cm™': 3301, 2946, 2118, 1762, 1417, 1373,
1340, 1309, 1260, 1225, 1129, 1029, 721; HRMS (ESI) m/z calcd for C;HoCIO,Na [M+Na]"
183.0189, found 183.0189.

(((3Z,6Z2)-6-benzylidene-3-((5-(tert-butyl)-1H-imidazol-4-yl)methylene)-5-0x0-3,4,5,6-tetr
ahydropyrazin-2-yl)oxy)methyl hex-5-ynoate (17)

Ve z
A~ 2N
Mw
N
N

Plinabulin 2 (100 mg, 0.30 mmol) ® DMF ##& (2.0 mL) (2Kt > 7 & (220 mg, 0.66
mmol) Z Mz 7=%I1Z. {L&% 19 (96 mg, 0.60 mmol) %%, 50 °C T~ A 7 a iR
BTFI15oMBEHRLE, 20k, KSERERRICRE L, W2 E L%, Btz
LI THIE U, iR 2 F &K TUei . NaySO, THR L=, Z DR & A il
%, BIEREELE, SoNEEREMEL VDAV T LI a~ NI T T 04— (/1
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BARNLL D AZ ) —L =200:1) THE L, (LEW 17 Z157-, Yellow solid, yield 54%
(74 mg), m.p. 181-184 °C; 'H NMR (400 MHz, CDCl;): & 12.30 (s, 1H), 10.11 (s, 1H), 8.08
(s, 1H), 8.06 (s, 1H), 7.61 (s, 1H), 7.40-7.29 (m, 4H), 6.65 (s, 1H), 6.14 (s, 2H), 2.56 (t, J =
7.4 Hz, 2H), 2.26 (dt, J = 6.9 Hz, 2H), 1.94 (t, J = 2.6 Hz, 1H), 1.88 (q, J = 7.2 Hz, 2H), 1.45
(s, 9H); °C NMR (100 MHz, CDCls): & 172.12, 160.02, 152.75, 140.14, 135.28, 132.92,
131.98, 131.62, 128.80, 128.34, 128.08, 121.60, 102.79, 82.99, 81.89, 77.25, 69.37, 32.76,
31.99, 30.76, 23.39, 17.78; IR (KBr) cm™: 3280, 3161, 3062, 2974, 2951, 2922, 2118, 1749,
1649, 1610, 1584, 1492, 1446, 1197, 1159, 1140, 978, 886, 690; HRMS (ESI) m /z calcd for
C26H20N4O4 [M+H]" 461.2189, found 461.2159.

tert-butyl 2-azidoacetate (26)
Ny~ >COOt-Bu

tert-butyl bromoacetate 24 (587 uL) ® DMSO (4 mL) #&#RIZxF L, NaN; (312 mg) %
Mz, BETRE LTz, JUSEKZKTHR L, ELO THIl L%, Mk 4« fafm ik
KTHH. NaSOy TR L 72, ZOWKE Ak, YV ATV T Lra~x T T7
A= (~FH 2 FEREFL =100 1) zAWTHERS 52 LTILEY 26 2157,
Colorless oil, yield 85% (533.9 mg), '"H NMR (400 MHz, CDCls): & 3.75 (s, 2H), 1.51 (s,
9H); *C NMR (100 MHz, CDCl;): § 167.5, 83.2, 51.0, 28.1; IR (neat) cm™: 2982, 2934, 2108,
1741, 1370, 1356, 1227, 1156; HRMS (ESI) m/z calcd for C¢H,,N30,Na [M+Na]" 180.0749,
found 180.0742.

2-azidoacetic acid (20)

Ny~ COOH
tert-butyl = A7 /L 26 (533.9mg) @ /K (3.0 mL) &IZ TFA (9.0 mL) %=1z 7=%.
IR THRERIE Lo, )IS%, WIEZ2H L3522 Tlea®m20 & L, R LTRD
FSIZ v 7=, Colorless oil, '"H NMR (400 MHz, CDCl5): 8 9.32 (s, 1H), 3.98 (s, 2H); °C

NMR (100 MHz, CDCl;): 6 174.1, 50.1; LRMS (ESI) m/z calcd for C;H,N;0, [M-H]™ 100.0,
found 100.1.
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(S)-2-azido-3-hydroxypropanoic acid (22)

OH

N{J:COOH

T RU T A (288 g) DK/ rnr AKXy (7.5 mL/15S mL) BRI, U 7L
Fa AL AR B EKY (1.5 mL) 2% F L7z, =|IRT2.5 KEHLEE, ¥
s AL W THAR i U 7e, iR 2 fafn ki U 7 5K THei L. Na,SO,
TH L7, ZOWEEABL, N LA AR ALK BT S RO 7 a0 A
B UOWIRE BT, ORI TIAF QAR ZNR BT ROV 700 A X2 URIKE
L-Z U AF N AT VIEERYE 28 (689 mg)., EED Y 7 A (092 g). HiBREH F /K Fn
¥ (11 mg) DK/ A X 7 —)b (15mL/23 mL) HRICIMz 7=, R THERERL L%,
GBSO EZBE L BEBME Y VWSV T A u~ NI T T — (~FH o
Mefg—F/1 =2:1) THRETL2Z LT, EAMRHETHL L-EY V AF LT L
7Y R 29 (440 mg, 69%) =7z, o bAE®W 29 (336 mg) O AKX 7 —L/K (3
mL/1.5mL) &I KEEL A U v A (169 mg) Z#Mzx7z, =iET 1 BERHEE L%,
FOSERZ 1M OEREA2 AW T pH 3 IZFRH L, FF—F VIC Tt L, Z20#%,
R 2 faFn A MK TUE L. Na,SO, THE L7, ZORIRE Al L7-%., it % &
ET5HZ & TILAW 22 #157-, Yellow oil, yield 95% (287 mg); 'H NMR (500 MHz,
CD;0OD (OH was exchanged with CD;0D.)): 6 4.02 (t, J = 4.5 Hz, 1H), 3.90 (d, J = 4.5 Hz,
2H); *C NMR (125 MHz, CD;OD): & 172.03, 64.85, 63.53; HRMS (ESI) m/z calcd for
C3;HsN3;03Na [M+Na]" 154.0229, found 154.0224.

(S)-4-(1-(1-carboxy-2-hydroxyethyl)-1H-1,2,3-triazol-4-yl)butanoic acid (35)

OH

" i
TN coon

0] N=N

tert-butyl hex-5-ynoate’” (50 mg, 0.30 mmol) ® DMF (0.50 mL) /-BuOH (0.50 mL)

Rk 22 (78.7 mg, 0.60 mmol) DKEHKE (0.50 mL) ., FiEEER F KT (7.0 mg), 7
Zane gt ryvs (16mg) ZMA, ~A 7 2 RE T, 50°C (2T 20 4R
L, 0%, UOSEKRZERICRL, BEZBERELL, ZOBRKEZ BT
MM E D L7ctk, MR 2 i B K T, M- N v ATHEgLz, 20
BRM%E 5% ORBEKFZET M) U LAKERICTHE L%, 1M OEREZ v TKE
EMEIZ L7, 2 LT, BEOKENOEIR-F LVEZHWTHE Lz, 2otk
fAfAEKCHEEL, MBS N DA THELE, ZORKREA B L, BEEHE
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L7, TOKEY (26 mg) ZHH4 %2 L72< . 4MHCI/1,4-dioxane Z M 2, =il
T R Lz, B2 E L BB EZ®EBIK7 v~ 27T 7 4 — (YMC-Pack
ODS-AM 20 x 250 mm (5 pm, 12 nm), gradient: milli-Q water (TFA0.1%) : CH;CN (TFA
0.1%) =99 : 1 to milli-Q water (TFA 0.1%) : CH;CN (TFA 0.1%) = 79 : 21 over 40 min, Flow
rate: 6.00 mL/min, UV: 230 nm) ZHWTHE L., {t&% 35 #157-, Colorless oil, yield
44% in 2 steps (11 mg); [a]p>’ =30.7 ° (¢ 0.295, MeOH); '"H NMR (500 MHz, CD;OD (OH
were exchanged with CD;0D.)): § 7.96 (s, 1H), 5.51 (dd, J = 6.2 and 3.6 Hz, 1H), 4.32 (dd, J
=12 and 6.2 Hz, 1H), 4.11 (dd, J = 12 and 3.6 Hz, 1H), 2.79 (t, J = 7.5 Hz, 2H), 2.37 (t, J =
7.4 Hz, 2H), 1.99 (quint, J = 7.4 Hz, 2H); *C NMR (125 MHz, CD;0D): & 176.97 , 169.97,
147.90, 124.32, 66.35, 62.83, 34.08, 25.76, 25.59; IR (neat) cm™': 3151, 2946, 1731, 1556,
1230, 1072, 756; HRMS (ESI) m/z calcd for CoH 4N305 [M+H] 244.0933, found 244.0960.

(S)-di-tert-butyl 2-azidosuccinate (42)

COOt-Bu

Ns/(COOt-Bu

7T FU A (1.1 g, 169 mmol) DK/ Z mr AKX (2.56.0 mL) ERIZK L
T, MU Fa AR AR CBEKRY (1.5 mL) Zi N L7z, EiE T2 REHEEE
Licth, o7mua A Z 2 H0WTHR - i L7c, Kz afmiRm;E s U v LK TH
HL., DY TZAFRRABZ U ANKUBET P ROV 7 an A8 Wik a5z, & O%K
% L-Asp(OtBu)-O¢Bu - HC1 39 (480 mg, 1.70 mmol), REEH U 7 A (0.3 g). HilsdH
KF (5.5mg) DK/ AZ J—/v (TmL/1l mL) ERIZMZ -, i CTREHR®E L
%, KIGRIRORE 2B E L, BEWES VISV T Aa~ NI T 74— (~F
P WL =4:1) THEL, (L&Y 28 1572, Yellow oil, yield 93% (429 mg);
[a]p> —65.41 ° (c 1.09, CH;CN); '"H NMR (400 MHz, CDCl;): & 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, CDCl3): & 168.8, 168.2, 83.2, 81.6, 59.1, 37.3, 28.0, 27.9; IR
(neat) cm™: 2980, 2935, 2110, 1734, 1369, 1257, 1150; HRMS (ESI) m/z caled for
C1,HN;04Na [M+Na]" 294.1430, found 294.1439.

(S)-2-azidosuccinic acid (45)

COOH

Na/[COOH
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{t& 42 (50 mg) DK (2 mL) IR LT, TFA (3.0 mL) #f1x . =ik THK
B L SRR RRER B bS5 2 LI X VML LAWY 45 2157,
ZOEAEWITRER A TSRO KIS AW, Yellow oil, '"H NMR (400 MHz, D,O (OH
was exchanged with D,0.)): 8 4.58 (dd, J = 5.3 and 6.5 Hz, 1H), 3.01-2.88 (m, 2H); °C NMR
(100 MHz, D,0): & 177.0, 176.4, 61.5, 38.8; HRMS (ESI) m/z calecd for C,HsN;0,Na
[M+Na]" 182.0178, found 182.0181.

(S)-di-tert-butyl-2-azidopentanediate (43)
COOtBu

Ny~ >COOt-Bu

& 42 LRED FEICE Y, (LAY 43 #457=, Colorless oil, yield 92% (445.2 mg);
[a]p>® —49.91 ° (¢ 1.13, CH5CN); 'H NMR (400 MHz, CDCl;): & 3.81 (dd, J= 5.1 and 8.8 Hz,
1H), 2.36 (t, J= 7.5 Hz, 2H) 2.15-2.04 (m, 1H), 1.99-1.88 (m, 1H), 1.51 (s, 9H), 1.46 (s, 9H);
C NMR (100 MHz, CDCls): & 171.6, 169.2, 83.0, 80.8, 61.7, 31.4, 28.1, 28.0, 26.6; IR
(neat) cm™: 2979, 2935, 2109, 1733, 1369, 1256, 1153; HRMS (ESI) m/z calcd for
C13H3N;04Na [M+Na]” 308.1586, found 308.1578.

(S)-2-azidopentanedioic acid (46)
COOH

Ny~ “COOH

Iteat 45 L RO FEICE Y, LAY 46 & 1537=, Yellow oil, '"H NMR (400 MHz,
CDCls): & 10.42 (s, 2H), 4.12 (dd, J = 5.6 and 7.8 Hz, 1H), 2.61-2.58 (m, 2H), 2.31-2.19 (m,
1H), 2.16-2.05 (m, 1H); *C NMR (100 MHz, CDCls): & 178.8, 176.0, 60.5, 29.6, 26.1;
HRMS (ESI) m/z calcd for CsH,N30,Na [M+Na]™ 196.0334, found 196.0343.

(R)-di-tert-butyl-2-azidopentanediate (44)

COOt-Bu

Ny~ >COOtBu
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b 42 LRIEO FIEICK Y, (LAY 44 24572, Colorless oil, yield 96% (232.6 mg);
[a]p® +51.99 ° (¢ 1.22, CH;CN); '"H NMR (400 MHz, CDCl;): & 3.81 (dd, J = 5.2 and 8.9 Hz,
1H), 2.36 (t, J = 7.2 Hz, 2H), 2.15-2.05 (m, 1H), 1.99-1.89 (m, 1H), 1.51 (s, 9H), 1.46 (s,
9H); '*C NMR (100 MHz, CDCl;): & 171.6, 169.1, 83.0, 80.7, 61.7, 31.4, 28.1, 28.0, 26.6; IR
(neat) cm™: 2980, 2934, 2109, 1733, 1369, 1256, 1153; HRMS (ESI) m/z calcd for
C13H,3N30,Na [M+Na]™ 308.1586, found 308.1581.

(R)-2-azidopentanedioic acid (47)

COOH

Ny~ ~COOH

IbEW 45 & FEED FEIC XL 0 LB 47 2 157-, Yellow oil; '"H NMR (400 MHz, CDCl3):
5 10.07 (s, 2H), 4.12 (dd, J = 6.1 and 7.2 Hz, 1H), 2.67-2.53 (m, 2H), 2.28-2.19 (m, 1H),
2.18-2.07 (m, 1H); *C NMR (100 MHz, CDCl;): & 178.8, 176.0, 60.6, 29.6, 26.1; HRMS
(ESI) m/z calcd for CsH,N30,Na [M+Na]" 196.0334, found 196.0326.

Typical proceudure of the CuAAC reaction and ion exchange to the sodium salt (Synthesis of
Ser-type prodrug 32).

7 v¥F K 17 (50 mg, 0.11 mmol) ¢ DMF (0.40 mL) /-BuOH (0.40 mL) ¥ %
LTC7 ¥ Nk 22 (28.8 mg, 0.22 mmol) 35 X OWiEES fAKFi¥ (2.7mg) &7 A=z E
VIR RU DA (6.5mg) OKIEREMZ, A4 7 alEBE T, 50°C (2T 10 4R
L, To%, OSHWREZRERICEL, WEZ2HEREE LT, ZOWREERTF
TRV L2, P 2 R K TR, Bl Y U A TEEE L, JERE
%, BONT-RIRZ A L, F%ik %2 HPLC (SunFire PrepC ;3 OBD 19 x 150 mm (5 um, 12
nm), gradient: milli-Q water (TFA 0.1%) : CH;CN (TFA 0.1%) = 35 : 65 to milli-Q water
(TFA 0.1%) : CH3;CN (TFA 0.1%) = 75 : 25 over 40 min, Flow rate: 9.00 mL/min, UV: 365
nm and 230 nm) ICCHRETL2 LT, NI T Y =K (428 mg) 7, ol
kU T Y=LK (30.0 mg) %. H,O/CH;CN (1/1) &ML, A A > 2 Hakstig 2@ 3 =
CWCRVDINK a2 ) O LEA~NEER LT, RISETORIEZ A1 X0 R
. BUEREM L%, BEZEBETs LT, Tr KT v/ 32 2457 (30.0mg),
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2-(4-(4-((((3Z,62)-6-benzylidene-3-((5-(tert-butyl)-1H-imidazol-4-yl)methylene)-5-0x0-3,
4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)acetic acid

)

/< z
= A~ 2N
mﬁ
OMNACOOH

o N=N

CuAAC G X 0 ARk L7z, Yellow solid, yield 66% (16.1 mg); m.p. 113.1-113.7 °C; 'H
NMR (600 MHz, CD;0D (NH and OH were exchanged with CD;0D.)): & 8.40 (s, 1H), 8.07
(d, J=7.4 Hz, 2H), 7.66 (s, 1H), 7.41-7.37 (m, 2H), 7.36-7.32 (m, 1H), 7.27 (s, 1H), 6.53 (s,
1H), 6.14 (s, 2H), 5.17 (s, 2H), 2.73 (t, /= 7.6 Hz, 2H), 2.49 (t, J = 7.2 Hz, 2H), 1.99 (quint, J
= 7.5 Hz, 2H), 1.41 (s, 9H); ’C NMR (150 MHz, CD;OD): & 173.4, 169.7, 161.5, 153.1,
147.9,141.7, 135.9, 134.7, 132.8, 132.3, 130.6, 130.4, 129.4, 126.8, 125.4, 124.8, 100.7, 83.2
51.4, 33.8, 32.9, 30.3, 25.4, 25.2; IR (KBr) cm™': 3444, 3142, 2971, 1749, 1670, 1588, 1205,
1185, 1136; HRMS (ESI) m/z calcd for C,3H3oN,06 [M+H]" 562.2414, found 562.2412.

>

sodium
2-(4-(4-((((3Z,62)-6-benzylidene-3-((5-(tert-butyl)-1H-imidazol-4-yl)methylene)-5-0x0-3,
4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)acetate
(30)

0]

r~ z
=~ =N
mj
0
NN coona

O N=N

Orange solid; m.p. 153.9-155.5 °C; '"H NMR (600 MHz, CD;0D (NH was exchanged with
CD;0D)): & 8.07 (d, J = 7.4Hz, 2H), 7.63 (s, 1H) 7.56 (s, 1H), 7.39-7.35 (m, 2H), 7.33-7.29
(m, 1H), 7.20 (s, 1H), 6.74 (s, 1H), 6.14 (s, 2H), 4.86 (s, 2H), 2.72 (t, J = 7.6Hz, 2H), 2.50 (t,
J = 7.3Hz, 2H), 2.00 (quint, J = 7.5 Hz, 2H), 1.41 (s, 9H); >*C NMR (150 MHz, CD;0D): §
173.8, 172.9, 161.4, 154.2, 147.7, 142.4, 136.4, 135.1, 133.1, 132.7, 130.0, 129.4, 128.7,
124.7,121.8, 105.1, 83.2, 54.4, 34.1, 33.2, 31.2, 25.6, 25.5; IR (KBr) cm™': 3420, 3197, 2971,
1684, 1649, 1583, 1210, 1134, 1185, 1134; HRMS (ESI) m/z calcd for C,sH3N;0¢Na [M+H]"
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584.2234, found 584.2243.

(R)-4-(4-(4-((((3Z,62)-6-benzylidene-3-((5-(tert-butyl)-1 H-imidazol-4-yl)methylene)-5-o0x
0-3,4,5,6-tetra-hydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)-3-hyd

roxybutanoic acid

(0]
stege
HN
=~ 2N
™
0 %

\W/\V/\X/\N/\T/\COOH
0 N=N OH

CuAAC ISIZ XV & L=, Yellow solid, yield 79% (10 mg); 'H NMR (500 MHz,
CD;OD) &: 8.08 (s, 1H), 8.07 (s, 1H), 7.80 (s, 1H), 7.61 (s, 1H), 7.39-7.30 (m, 3H), 7.23 (s,
1H), 6.71 (s, 1H), 6.15 (s, 2H), 4.45-4.30 (m, 3H), 2.71 (t, J = 7.6 Hz, 2H), 2.51-2.47 (m, 3H),
2.39 (dd, J = 16, 7.3 Hz, 1H), 1.99 (quint, J = 7.4 Hz, 2H), 1.42 (s, 9H); °C NMR (125 MHz,
CD;OD) &: 174.26, 173.69, 161.47, 154.03, 147.82, 142.28, 136.36, 135.05, 132.98, 132.77,
131.22, 130.15, 129.46, 129.19, 124.46, 122.93, 104.18, 83.25, 68.06, 56.29, 40.11, 34.07,
33.14, 31.00, 25.57, 25.40; IR (KBr) cm™': 3180, 3050, 2972, 2925, 1663, 1205, 1134; HRMS
(ESI)) m/z: Calcd for C3,H3N,0; [M+H]" 606.2676, Found 606.2704.

sodium

(R)-4-(4-(4-((((3Z,62)-6-benzylidene-3-((5-(tert-butyl)-1 H-imidazol-4-yl)methylene)-5-o0x
0-3,4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)-3-hydr
oxybutanoate (31)

steae
HN
=~ 2N
™
0 7
\[]/\/\(\IN/\‘/\COONa
0 N=N OH

Orange solid; 'H NMR (500 MHz, CD;0D) &: 8.07 (s, 1H), 8.06 (s, 1H), 7.65 (s, 1H), 7.63 (s,
1H), 7.39-7.30 (m, 3H), 7.21 (s, 1H), 6.75 (s, 1H), 6.14 (s, 2H), 4.44 (dd, J = 15, 2.8 Hz, 1H),
4.31-4.22 (m, 2H), 2.71 (t, J = 7.5 Hz, 2H), 2.48 (t, J = 7.3 Hz, 2H), 2.36 (dd, J = 15, 5.0 Hz,
1H), 2.27 (dd, J = 15, 7.2 Hz, 1H), 1.99 (quint, J = 4.5 Hz, 2H), 1.41 (s, 9H); *C NMR (125
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MHz, CD;OD) &: 178.83, 173.72, 161.41, 154.24, 147.77, 142.38, 136.45, 135.09, 133.12,
132.70, 130.03, 129.42, 128.75, 124.28, 121.83, 105.07, 83.24, 69.22, 56.56, 42.47, 34.10,
33.15, 31.15, 25.63, 25.46; IR (KBr) cm™: 3141, 3075, 2954, 1647, 1579, 1440, 1396, 1219,
1126; HRMS (ESI) m/z Calcd for C30H3sN,07;Na [M+H]" 628.2496, Found 628.2479.

(5)-2-(4-(4-((((3Z,62)-6-benzylidene-3-((5-(tert-butyl)-1 H-imidazol-4-yl)methylene)-5-0x
0-3,4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)-3-hydr

oxypropanoic acid

O
/= z
A~ 2N
T .
! L
NN coon

o} N=N

CuAAC S & W AR L 72, Yellow solid, yield 67% (42.8 mg); m.p. 127-128 °C; [a]p>
+6.98 ° (¢ 0.13, MeOH); '"H NMR (500 MHz, CD;0D (NH and OH were exchanged with
CD;0D.)): & 8.41 (s, 1H), 8.08 (s, 1H), 8.07 (s, 1H), 7.84 (s, 1H), 7.41-7.33 (m, 3H), 7.28 (s,
1H), 6.54 (s, 1H), 6.15 (s, 2H), 5.47 (dd, J = 6.4 and 3.5 Hz, 1H), 4.29 (dd, J= 12 and 6.4 Hz,
1H), 4.08 (dd, J =12 and 3.5 Hz, 1H), 2.74 (t, J = 7.6 Hz, 2H), 2.50 (t, J = 7.3 Hz, 2H), 2.01
(quint, J = 7.5 Hz, 2H), 1.41 (s, 9H); 13C NMR (125 MHz, CD;0D): 6 220.27, 173.65,
169.98, 161.67, 153.21, 147.67, 141.90, 136.03, 134.86, 132.94, 132.45, 130.87, 130.56,
129.55, 124.14, 100.74, 83.36, 66.25, 62.84, 34.05, 33.08, 30.43, 25.53, 25.48; IR (neat)
cm’': 3409, 3203, 2973, 1734, 1647, 1636, 1585, 1455, 1182, 1132; HRMS (ESI) m/z calcd
for Cy9H34N,07 [M+H]" 592.2520, found 592.2560.

sodium

(5)-2-(4-(4-((((3Z,62)-6-benzylidene-3-((5-(tert-butyl)-1 H-imidazol-4-yl)methylene)-5-0x
0-3,4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)-3-hydr
oxypropanoate (32)

0]

’~ z
=~ N
b dh
; L
NN N cooNa

o} N=N
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Orange solid; m.p. 154-155 °C; [a]p>’ +1.96 ° (¢ 0.31, MeOH); 'H NMR (500 MHz, CD;0D
(NH and OH were exchanged with CD;0D.)): § 8.07 (s, 1H), 8.06 (s, 1H), 7.77 (s, 1H), 7.63
(s, 1H), 7.39-7.30 (m, 3H), 7.21 (s, 1H), 6.75 (s, 1H), 6.14 (s, 2H), 5.15 (dd, J = 7.6 and 4.2
Hz, 1H), 4.16 (dd, J = 12 and 7.6 Hz, 1H), 4.10 (dd, J = 12 and 4.2 Hz, 1H), 2.74 (t, J = 7.6
Hz, 2H), 2.51 (t, J = 7.4 Hz, 2H), 2.01 (quint, J = 7.5 Hz, 2H), 1.42 (s, 9H); *C NMR (125
MHz, CD;OD): § 173.81, 173.07, 161.43, 154.23, 147.26, 142.36, 136.45, 135.06, 133.11,
132.69, 130.03, 129.42, 128.75, 123.58, 121.82, 105.06, 83.27, 69.35, 63.95, 34.13, 33.15,
31.15, 25.65, 25.58; IR (KBr) cm’': 3421, 3177, 2970, 1684, 1648, 1584, 1447, 1208, 1183,
1134; HRMS (ESI) m/z calcd for C,9H33N,0,Na [M+Na]" 614.2339, found 614.2339.

(((37Z,6Z2)-6-benzylidene-3-((5-(tert-butyl)-1H-imidazol-4-yl)methylene)-5-0x0-3,4,5,6-tetr
ahydropyrazin-2-yl)oxy)methyl
4-(1-((2R,3R,4S5,5R,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2 H-pyran-2-yl)-1
H-1,2,3-triazol-4-yl)butanoate (33)

/N z
HN HN
%N .y

CuAAC JSIZ X W & L7-, Yellow solid, yield 79% (11.4 mg); 'H NMR (300 MHz,
CD;OD) &: 8.27 (s, 1H), 8.09 (s, 1H), 8.07 (s, 1H), 7.88 (s, 1H), 7.40-7.37 (m, 3H), 7.27 (s,
1H), 6.58 (s, 1H), 6.16 (s, 2H), 5.48 (d, J = 9.2 Hz, 1H), 4.10 (t, J = 9.4 Hz, 1H), 3.97 (d, J =
3.2 Hz, 1H), 3.81-3.65 (m, 4H), 2.73 (t, J = 7.6 Hz, 2H), 2.50 (t, J = 7.3 Hz, 2H), 2.01-1.96
(m, 2H), 1.41 (s, 9H); '°C NMR (100 MHz, CD;0D) &: 173.62, 161.65, 153.26, 148.18,
141.94, 136.04, 134.91, 132.95, 132.48, 130.74, 130.56, 129.56, 122.15, 101.07, 90.17, 83.36,
79.92, 75.33, 71.41, 70.39, 62.47, 34.04, 33.09, 30.50, 25.46; IR (KBr) cm™: 3131, 1749,
1659, 1623, 1586, 1353, 1204, 1135; HRMS (ESI) m/z Calcd for CsHyN;0o [M+H]'
666.2888, Found 666.2886.
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(5)-2-(4-(4-((((3Z,62)-6-benzylidene-3-((5-(tert-butyl)-1 H-imidazol-4-yl)methylene)-5-0x
0-3,4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)succini

¢ acid

O
/X z
=~ 2N
mﬁ /[COOH
YN coom
O N=N

CuAAC IS X W &Rk L7z, Yellow solid, yield 62% (25.0 mg); m.p. 140.4-141.3 °C;
[a]p> —11.86 ° (c 0.14, MeOH); 'H NMR (400 MHz, CD;OD (NH and OH were exchanged
with CD;0D.)): & 8.29 (s, 1H), 8.07 (d, /= 7.8 Hz, 2H), 7.76 (s, 1H), 7.42-7.32 (m, 3H), 7.27
(s, 1H), 6.57 (s, 1H), 6.15 (s, 2H), 5.66 (dd, J = 6.0 and 7.8 Hz, 1H), 3.32-3.29 (overlapped
with MeOH, 2H), 2.72 (t, J = 7.6 Hz, 2H), 2.48 (t, J = 7.3 Hz, 2H), 1.99 (quint, J = 7.4 Hz,
2H), 1.41 (s, 9H); °C NMR (100 MHz, CD;0D): & 173.6, 172.7, 170.6, 161.6, 153.4, 147.8,
142.0, 136.1, 134.9, 132.9, 132.5, 130.6, 130.5, 129.5, 126.5, 126.3, 124.3, 101.4, 83.4, 60.4,
36.9, 34.0, 33.1, 30.5, 25.5, 25.4; IR (KBr) cm™: 3410, 3154, 2968, 1737, 1667, 1206, 1184,
1142; HRMS (ESI) m/z calcd for C30H34N,0g [M+H]" 620.2469, found 620.2463.

sodium

(5)-2-(4-(4-((((3Z,62)-6-benzylidene-3-((5-(tert-butyl)-1 H-imidazol-4-yl)methylene)-5-0x
0-3,4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)succina
te (32)

0
/< z
=~ N
mj COONa
) L
NN coona
0 N=N

Orange solid; m.p. 222.2-224.5 °C; [a]p> +12.34 ° (¢ 0.09, MeOH); 'H NMR (600 MHz,
CD;OD (NH was exchanged with CD;0D.)): § 8.07 (d, J = 7.5 Hz, 2H), 7.68 (s, 1H), 7.64 (s,
1H), 7.41-7.37 (m, 2H), 7.34-7.31 (m, 1H), 7.22 (s, 1H), 6.75 (s, 1H), 6.15 (s, 2H), 5.50 (dd,
J=4.2and 10.7 Hz, 1H), 3.15 (dd, J = 4.1 and 16.0 Hz, 1H), 3.04 (dd, J = 10.7 and 16.2 Hz,
1H), 2.71 (t, J = 7.6 Hz, 2H), 2.50 (t, J = 7.4 Hz, 2H), 1.99 (quint, J = 7.5 Hz, 2H), 1.42 (s,
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9H); *C NMR (150 MHz, CD;0D): & 177.8, 175.6, 173.8, 161.5, 154.2, 146.9, 142.4, 136.4,
135.1, 133.1, 132.7, 130.1, 129.4, 128.8, 123.2, 121.8, 105.1, 83.3, 65.6, 41.8, 34.1, 33.2,
31.2,25.7,25.6; IR (KBr) cm™: 3404, 3185, 2971, 1684, 1649, 1612, 1584, 1209, 1180, 1135;
HRMS (ESI) m/z caled for C30H3,N;0gNa, [M+H]" 664.2108, found 664.2108.

(5)-2-(4-(4-((((3Z,62)-6-benzylidene-3-((5-(tert-butyl)-1 H-imidazol-4-yl)methylene)-5-0x
0-3,4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)pentan

edioic acid

(0]
/<N HN z
HN
AN~ COOH
N
Y NN eoon

o N=N

CuAAC &G X v A L 7=, Yellow solid, Yield 77% (31.7 mg); m.p. 136.6-137.0 °C; [a]p
> +3.46 ° (¢ 0.04, MeOH); '"H NMR (400 MHz, CD;0D (NH and OH were exchanged with
CD;0D.)): & 8.36 (s, 1H), 8.07 (d, J = 7.5 Hz, 2H), 7.73 (s, 1H), 7.42-7.31 (m, 3H), 7.27 (s,
1H), 6.55 (s, 1H), 6.14 (s, 2H), 5.41 (dd, J = 5.3 and 10.1 Hz, 1H), 2.73 (t, J = 7.6 Hz, 2H),
2.62-2.53 (m, 1H), 2.49 (t, J = 7.2, 2H), 2.42-2.31 (m, 1H), 2.24-2.18 (m, 2H), 2.00 (quint, J
= 7.6 Hz, 2H), 1.41 (s, 9H); *C NMR (100 MHz, CD;OD): & 175.5, 173.6, 171.3, 161.6,
153.3, 148.2, 141.9, 136.0, 134.9, 133.0, 132.5, 130.7, 130.6, 129.6, 126.8, 125.9, 123.5,
101.0, 83.4, 63.2, 34.0, 33.1, 30.7, 30.5, 28.2, 25.5, 25.4; IR (KBr) cm™": 3136, 2972, 2877,
1749, 1654, 1627, 1191, 1131; HRMS (ESI) m/z caled for C3;H3sN,Os [M+H]" 634.2625,
found 634.2625.

sodium

(5)-2-(4-(4-((((32,62)-6-benzylidene-3-((5-(tert-butyl)-1 H-imidazol-4-yl)methylene)-5-0x
0-3,4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)pentan
edioate (37)
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Orange solid; m.p. 243.1-245.6 °C; [a]p>> +13.59 ° (¢ 0.25, MeOH); 'H NMR (400 MHz,
CD;0D (NH was exchanged with CD;0D.)): & 8.07 (d, J = 7.5 Hz, 2H), 7.75 (s, 1H), 7.63 (s,
1H), 7.41-7.29 (m, 3H), 7.22 (s, 1H), 6.75 (s, 1H), 6.15 (s, 2H), 5.07 (dd, J= 5.2 and 10.0 Hz,
1H), 2.73 (t, J = 7.7 Hz, 2H), 2.59-2.48 (m, 3H), 2.36-2.25 (m, 1H), 2.18-2.09 (m, 1H),
2.06-1.96 (m, 3H), 1.42 (s, 9H); *C NMR (100 MHz, CD;0D): & 180.0, 175.2, 173.8, 161.4,
154.3, 147.6, 142.4, 136.4, 135.1, 133.1, 132.7, 130.1, 129.4, 128.8, 122.8, 121.8, 105.1, 83.3,
67.6, 34.8, 34.2, 33.2, 31.2, 31.0, 25.7, 25.6; IR (KBr) cm™": 3403, 3172, 2974, 1686, 1650,
1583, 1446, 1402, 1210, 1183, 1134; HRMS (ESI) m/z caled for Cs;H34N;0¢Na, [M+H]"
678.2264, found 678.2284.

(R)-2-(4-(4-((((3Z,62)-6-benzylidene-3-((5-(tert-butyl)-1 H-imidazol-4-yl)methylene)-5-o0x
0-3,4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)pentan
edioic acid

o}

/<N HN z
HN _ N
LT

(0]

o~

CuAAC I X W &k L7-. Yellow solid, yield 74% (30.6 mg); m.p. 128.8-130.6 °C;
[a]p®® —5.53 ° (¢ 0.12, MeOH); '"H NMR (400 MHz, CD;0D (NH and OH were exchanged
with CD;0D.)): & 8.34 (s, 1H), 8.07 (d, J = 7.3 Hz, 2H), 7.73 (s, 1H), 7.41-7.31 (m, 3H), 7.27
(s, 1H), 6.55 (s, 1H), 6.15 (s, 2H), 5.41 (dd, J = 5.3 and 10.2 Hz, 1H), 2.73 (t, J = 7.6 Hz, 2H),
2.62-2.52 (m, 1H), 2.49 (t, J = 7.2, 2H), 2.42-2.31 (m, 1H), 2.24-2.18 (m, 2H), 2.00 (quint, J
= 7.4 Hz, 2H), 1.41 (s, 9H); *C NMR (100 MHz, CD;0D): d 175.5, 173.6, 171.3, 161.6,
153.3, 148.2, 141.9, 136.1, 134.9, 132.9, 132.5, 130.7, 130.5, 129.6, 126.7, 126.1, 123.5,
101.1, 83.4, 63.2, 34.0, 33.1, 30.7, 30.5, 28.2, 25.5, 25.4; IR (KBr) cm™": 3143, 2975, 2878,
1741, 1661, 1589, 1187, 1138; HRMS (ESI) m/z calcd for C3H3¢N;Og [M+H]" 634.2625,
found 634.2627.
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sodium

(R)-2-(4-(4-((((3Z,62)-6-benzylidene-3-((5-(tert-butyl)-1 H-imidazol-4-yl)methylene)-5-o0x
0-3,4,5,6-tetrahydropyrazin-2-yl)oxy)methoxy)-4-oxobutyl)-1H-1,2,3-triazol-1-yl)pentan
edioate (38)
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Orange solid; m.p. 248.8-245.0 °C; [a]p> —19.01° (¢ 0.25, MeOH); '"H NMR (400 MHz,
CD;0OD (NH was exchanged with CD5;0D.)): 6 8.07 (d, J = 7.3 Hz, 2H), 7.77 (s, 1H) 7.63 (s,
1H), 7.41-7.29 (m, 3H), 7.22 (s, 1H), 6.76 (s, 1H), 6.15 (s, 2H), 5.07 (dd, J = 5.1 and 10.2 Hz,
1H), 2.73 (t, J = 7.6 Hz, 2H), 2.60-2.46 (m, 3H), 2.37-2.26 (m, 1H), 2.17-2.07 (m, 1H),
2.05-1.92 (m, 3H), 1.42 (s, 9H); *C NMR (100 MHz, CD;0D): d 180.9, 175.3, 173.8, 161.5,
154.3, 147.5, 142.4, 136.4, 135.1, 133.1, 132.7, 130.1, 129.4, 128.8, 122.8, 121.8, 105.1, 83.3,
67.8, 35.7, 34.2, 33.2, 31.4, 31.2, 25.7, 25.6; IR (KBr) cm™": 3427, 3191, 2974, 1675, 1649,
1586, 1212, 1136; HRMS (ESI) m/z calcd for C;;H;3;4N;OgNa, [M-i-H]+ 678.2264, found
678.2264.

KBS D FEAH

FERICBWTE YT TV ORAKEBKREZFHEL, AT 7074 0F—TAhil L,
AR % WAl HPLC IZ Tt 21T o 72, — . BEAIREE O W 7L @ DMSO %K % [Fl kR
IZ HPLC IZ THr&24T\V\, MER L Il &, SMEKREZFE T L,

T RT T —RIZ & DMK RS DA

10 mM PBS (pH 7.4) IZKEHET 2 KT v 7 {Kk% 1.64 mM IZ & 725 L 5T L,
Ty R RNV TF 22— 50 uL, 50 pul, 400 pL ([Z0E L=, TOHNO 50 ul d 2
REMERERELE LT AT 7 —BARABEITDR 572, 2D O 400 uL 27 # fF= A
77— (carboxylic-ester hydrolase; EC 3. 1. 1. 1; E-2884) % 8uL %, ¥ L. 50 uL
TONELE, £L T, TNEN37°C [HRME TS o FaXx—va L, KISEIR
IZ. DMSO % 150 pL iz, = A7 7 —EBZRIESHEDHZ LITL > TITWV, D%,
AT T T g NE—=TAhilm Lic, MKGRERISDOFAMNIX, 1,2, 4,8, 12, 24, 36,48 h
ERRIFAYIC HPLC Z W THIIL AW ~DEWMZBIR T2 LI L > TiTo T, Fiz,
ZPERE LT, = AT 7 —BRMEEEZ 0,48 h IZT HPLC IZ K W ot 247 - 7,
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3% 0 B Y M BT A
HT-29 Mg OEEHIZIX, 10% 7 U a1 imiE (FBS, Nichirei, #171012, lot: 8G0297) .

100 units/mL penicillin (Invitrogen) . 100 units/mL streptomycin (Invitrogen) % % ¢
McCoy’s 5A medium (Invitrogen) % F\ . HEEIX 37 °C. 5% CO, DRI RS FIZ T
Bea& Uiz, MMM EY (XTT/PMS assay) (23T, HT-29 flifd% 96 well plate |2
5000 cells/well THFE L, 24 h & L7z, HENICHRLEZHECEMEREZ ., (LE
MO EHKEIREED 2 pM 5 20 uM OFLFH THSHI L 7z, Vehicle control {Z1% 0.25% (v/v)
DMSO % & delih TR L= M2 L7=, 72 h 3% %, 0.1 mg/mL XTT/25 uM
PMS /PBS &i% % 50 uL/well Mz, 37°C T40min A > F =X— k L7, Mo
L LT XTT ORI THL 74V~ HF U EBFRD 492 nm ITBIT LW LEL T L
— h U —%— (TECAN SAFIRE) THlE L7, XM & LT 690 nm TOWLE S HIE
L. BfEAAlE L,
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BIE

Fmoc B 7F RE&EK Y

Fmoc-NH-SAL resin (‘B BEJ& (& #2128 0.47-0.56 mmol/g) 2% L DMF Z iz . 1 FEfH,
BRI T 52 L CRIBAZE L, WIEZIEE LD B, 20% Y 2 /DMF %I
Z.20 7R3 5 2 & T Fmoc % Bifri# L7, i1 % 82 L, DMF THHE % #E7% (10
[) L7k, 1-E Fax v Xy MU 7Y — - —/Kf¥% (HOBt-H,0, 3 eq.). N,N’-
A Ta NIRRT A IR (DIPCL 3 eq.) 2L Va-7 2 /KA Fmoc PR S iz
7B (3eq) EMiA LT, Kaiser RERDEMETH D Z L 2R L., BEZIE L,
DMF CHIE DO (10[8]) 21 To7, 245 Fmoc SLDOMRE, 7 I /B OM A OY
AINVELEBEOXTF REHEETHRVELE, NKin7 X K07 BF AR LER
X7 F RiX AcO (3 eq.). DIEA (3 eq.) THINEZ 15 oA L7z, X7F FOHE
MGETHR, AX ) —NLBIORYF Lo —F L CHIIEZ UG, Wi L7, SZEEIEZ
m-cresol (375 uL). thioanisole (375 uL). TFA (15mL) (2 XV WEE5 2% Z LT, &
MHDOEIY LB EOET I BAIBHONIREEZIT T, FOSKRICEREICED | &
WUBIEZRE L, BREREMMTHZ LI, XTF RBRRZBEM L, £
D%, BoREEEBICHL, YoF Lz —F0 (50 mL) Mz, 2T F REHH
SH, BOWEIELZETRINLE, RBAKEZEC, IXTF Rz TFro—
TOCHEL, BET 52 L CHAOHGBEH AT F NEeGlz, EHTTF FE, &
Wik v~ K272 7 +— (SunFire PrepC;3 OBD 19 x 150 mm (5 pm, 12 nm), Flow rate:
6.00 mL/min, UV: 230 nm and 254 nm) ZHAWTHR L, BHOXTF K2EH LT,
R F ROMPE X538 HPLC (COSMOSIL 5C 3 AR-11, UV: 230 nm) (2 & 0 3¢ L 7=,

733: H-FNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD-NH,
White powder, Yield of 37%; HRMS (ESI) m/z 4103.0420 (calcd. for C;75H;77Ns55055S
[M+H]" 4103.0382); HPLC purity of 98%

K(N;)-Z33: H-K(N5)FNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD-NH,
White powder, Yield of 34%; HRMS (ESI) m/z 4257.1353 (caled. for CjsiHas7Ng:Os6S
[M+H]" 4257.1237); HPLC purity of 96%

733-K(N3): H-HFNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDDK(N3)-NH,
White powder, Yield of 22%; HRMS (ESI) m/z 4257.1201 (calcd. for C;g1H257Ng2056S
[M+H]" 4257.1237); HPLC purity of 99%
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Cys-Gly-Z33: H-CGFNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD-NH,
White powder, Yield of 38%; HRMS (ESI) m/z 4263.0664 (calcd. for C;g0H255N60057S,
[M+H]" 4263.0689); HPLC purity of 99%

Cys-Gly-Z33(retro): H-CGDDRISKIKANRQEENLNPDHLAEYFRRQQQMNF-NH,
White powder, Yield of 13%; HRMS (ESI) m/z 4263.0537 (calcd. for C;g0H285N60057S2
[M+H]" 4263.0689); HPLC purity of 98%

Nz-(((9H-ﬂu0ren-9-yl)methoxy)carbonyl)-N6-diazo-L-lysine

N3

FmocHN COOH

Fmoc-Lys(Boc)-OH (3.0g, 6.17mmol) (Z + U 7 /LA v g (20 mL) /K (6 mL) %/l
Z. 2 BRI L7, b, _vBramix, kedppsgs 2 dicky, BHiks
¥ % L Fmoc-Lys-OH 2% 7=, Zh &K/ A %X/ —/b (454 mL/60.5 mL) (2R L. &
gV o (278 g). WiEEEAHAKFuY (33.25mg) Nz 7=, Z0O#%., BIERML =
FUTZAFaRAZ AR UBET P ROV 700 27 URiEETR T Lz, SRE#RL
Teth. MOSRIROEEE B E L, BEWE VIV ANV T hrsa~ T T 7 40— (7
nrAR VL AKX — )b FEEE=100:1:0.1) THE L, RETIEBREZRETD
7202, KEBREEMNZ, TS 25 Z & T Fmoc-Lys(N;3)-OH % 1%7-, White solid,
yield 97% (2.20g), 'H NMR (400 MHz, CDCl;): & 11.1 (s, 1H), 7.70 (d, J = 7.5 Hz, 2H),
7.58-7.45 (m, 2H), 7.34 (t, J = 7.4, 2H), 7.26 (t, J = 7.5 Hz, 2H), 5.57 (d, J = 8.2 Hz, 1H),
4.51-4.47 (m, 1H), 438 (d, J = 6.1 Hz, 2H), 4.16 (t, J = 6.7, 1H), 3.20-3.10 (m, 2H),
1.92-1.80 (m, 1H), 1.72-1.60 (m, 1H), 1.58-1.48 (2H, m), 1.47-1.34 (m, 2H); *C NMR (100
MHz, CDCls): & 176.32, 158.08, 143.78, 143.65, 141.35, 127.78, 127.09, 125.03, 120.34,
67.14, 53.50, 51.06, 47.15, 31.84, 28.35, 22.46; IR (neat) cm™": 3066, 2947, 2867, 2097, 1716,
1522, 1450, 1339, 1248, 1081, 760, 740; HRMS (ESI) m/z calcd for C,;H,3N40, [M+H]"
395.1719, found 395.1716.

(2-azidoethyl)(4-methoxybenzyl)sulfane (61)

OMe
N /\/S\/©/

3

81



IbEW 42 L RO FIEICE Y (LAY 61 247, colorless oil, yield 94% (212 mg), 'H
NMR (400 MHz, CDCl;): 8 7.22-7.17 (m, 2H), 6.85-6.80 (m, 2H), 3.73 (s, 3H), 3.67 (s, 2H),
3.28 (t, J = 7.0 Hz, 2H), 2.54 (t, J = 7.0 Hz, 2H); °C NMR (100 MHz, CDCl;): & 158.47,
129.65, 129.43, 113.67, 54.87, 50.57, 35.44, 29.94; IR cm™': 2915, 2101, 1609, 1511, 1249;
HRMS (ESI) m/z calcd for C1oH,3N;0S [M+Na]" 246.0677, found 246.0679.

(((Z2)-6-((Z)-benzylidene)-3-((5-(tert-butyl)-1H-imidazol-4-yl)methylene)-5-0x0-3,4,5,6-tet
rahydropyrazin-2-yl)oxy)methyl
4-(1-(2-((4-methoxybenzyl)thio)ethyl)-1H-1,2,3-triazol-4-yl)butanoate (62)

(0]
/= z
HN N HN
IK/K(N MeOQ

O
bl
O\n/\/\(/\N/\/S

(0] N=N

CuAAC IRIZ E D AR LTz (FEBROE % —%) . yellow solid, yield 76% (27.5 mg), 'H
NMR (400 MHz, CDCl3): & 12.19 (s, 1H), 9.62 (s, 1H), 8.10-8.07 (m, 2H), 7.54 (s, 1H),
7.40-7.27 (m, 4H), 7.20-7.16 (m, 2H), 7.14 (s, 1H), 6.83 (d, J = 8.68 Hz, 2H), 6.62 (s, 1H),
6.15 (s, 2H), 4.29 (t, J = 6.84 Hz, 2H), 3.78 (s, 3H), 3.55 (s, 2H), 2.79 (t, J = 6.8 Hz, 2H),
2.73 (t, J = 7.6 Hz, 2H), 2.47 (t, J = 7.3 Hz, 2H), 2.03 (quint, J = 7.3 Hz, 2H), 1.43 (s, 9H);
C NMR (100 MHz, CDCls): 8§ 172.27, 159.68, 158.84, 152.65, 146.71, 135.28, 132.30,
131.89, 131.61, 129.99, 129.48, 128.77, 128.35, 127.91, 121.92, 121.52, 114.06, 102.13,
81.73, 55.29, 49.69, 35.75, 33.31, 31.79, 31.05, 30.65, 29.71, 24.63, 24.42; IR cm™': 3142,
2961, 2371, 1750, 1671, 1510, 1456, 1179, 1130; HRMS (ESI) m/z calcd for C3H4N705S
[M+H]" 684.2968, found 684.2961.

Plinabulin-SS-Z33 (64)
o]
N HN)K/\@
(0]
¢
NN
S-S N=N

0]

HoN /grGFNMQQQRRFYEALHDPNLNEEQRNAKIKSIRDD-NH2
O
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B 2V 7 4 RAERGRIED R P LK 57 (12.4 mg, 7.3 pmol) Zxt L. HL AL T
U (20ul), 12-¥7mRr A%y (I1mL), U Y (39ul) OREAEKREZ N,
KB ET20 0L WA RE L, ZO8FEL =F# YV IKRT Z &I XY | Npys-Cl
BIE 83 ~ L\, ZD%, Y A X T THE 1TV, Plinabulin ® AL 7 ¢
RiFEAR 62 (1.0mg) 7 h="hr U/ (162 uL) WRZ M A, 1 BEREIREHEEZT
9 Z & T, Plinabulin £ iE 63 #1572, SUSIZ/0#T HPLC TEBFL 72, ZD#%., 7
¥ h=FULEB L HO THIIEZ U L7, DMF/H,0 (1:1) (367 pL) (ZIRfE L 7=
Cys-Gly-Z33) (5.6 mg) #XJESHDHZ LT, ZEBMHO Y ANV T 4 RIS %17
ST, IEMIZ XV BIEZRE Lo, 5 b7 KIS % HPLC (SunFire PrepCs OBD 19
x 150 mm (5 pm, 12 nm), gradient: milli-Q water (TFA 0.1%) : CH;CN (TFA 0.1%) =85 : 15
to milli-Q water (TFA 0.1%) : CH;CN (TFA 0.1%) = 60 : 40 over 25 min, Flow rate: 6.00
mL/min, UV: 365 nm and 230 nm) % AW THR L. {LE% 64 % 157-, Yellow solid, yield
29% (3 mg), HRMS (ESI) m/z 4824.2832 (calcd. for CyosH316N67061Ss [M+H]" 4824.2847);
HPLC purity of 97%.

Plinabulin-SS-Z33 (retro) (65)

O
/=N HN 2
=~ =N
m
N ©
S-S N=N 0
HoN GDDRISKIKANRQEENLNPDHLAEYFRRQQQMNF-NH,

0]

Plinabulin-SS-Z33 64 & FRRICEF Y 2L 7 0 FEBIEICE W AR L, yellow solid,
yield 29%; HRMS (ESI) m/z 4824.2832 (calcd. for C,osH3,6Ng7061S3 [M+H]" 4824.2847);
HPLC purity of 97%.

R 77 X 3B (Surface Plasmon Resonance; SPR)

N7 F R OFULRS A REIE Biacore T-200 % H W THEAM L 72, N-hydroxysuccimimide &
1-(3-(dimethylamino)propyl)-3-ethylcarbodiimide hydrochloride (EDC-HCI) (2 X Y CMS5
oY —F o SOOI VR B EIEET AT VL L, BIEREHER (pH 5.5) I[JIAE L
72U 77> F (Herceptin, 6E1, Fc flagment) Z i S ¥ %5 Z & T, £ £ h FCL, FC2, FC3
ICHEE L, FC4TBEMETICay br—n e LTHWE, 75774 & (233 5
M {K) X running buffer (HBS-EP; 0.01 M HEPES, 0.15 M NaCl, 3 mM EDTA, 0.005%
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Tween 20, pH 7.4) I[ZWfME LEHAREL T 252 LT, KEEOY U T AR E FHE L,
UTFoOEMBEDE & HIE LT~ (association time: 180 s, dissociation time: 600 s, flow rate: 50
pL/min), Cys-Gly-Z33 & Plinabulin-SS-Z33 64 O Zx % & L 7= fif Bt 5 R N C o iR Bl 728 R
+aoTholicd, B —F v T E2AE D LIZ Gly-HCl #% &K (pH 2.0) T35 [
2 B U 7o A I EE 5 i 2 (Kon, Kotr, Ko) 1Z 15 B VT2 E v ¥ — 27 F A % Biacore T-200
Evaluation software v 1.0 {Z & Y . 1:1 binding model {2 XD —7 7 ¢ v b F 2LV
RN 2475 2 & THRE LT,

35 0 B Y M BT A
SKBR-3 il it {% McCoy’s SA (10% normal FBS+), MCF-7 #ljg & A375 fifid i< DMEM
(10% normal FBS+) T* i 55 L 7=, SKBR-3HR #fifidi% Herceptin % 8 pg/mL ¥
MU 7= CHe 4% L 7=,

A% 3% P BRI UL 0.05% Trypsin-EDTA ALFRIZ 1 0 #1728 L 7= 2 (SKBR-3, MCF-7,
SKBR-3HR, A375) % Plinabulin-SS-Z33 64, #ii{& (Herceptin or 6E1) & L < (XZ Dilj 5
ZE T HEH(10% super low 1gG FBS) (28 L . 5000 cells/well & 72 % & 5 12 96-well
plate IZH§FE L 72, 37 °C. 5% CO, T 72 Fffiji5#& Lo, Ml FR %2 WST-1 iF (T
EOWRELE, AMREOBELE LT WST-1 OfREMTH L 7 4L~ U aFRD 450
nm [ZBITFLHRNEEZ T — ) = —THlE L, s E LT 620nm TCOWINE S
BE L., BME2HIE L7z, A375 MIREIC 35 1T 2 Z A0 Ba 16 M R AM C ik, 5l Ha 54 5l 23 fth o> i
fa & R TRW=®, LAY TOLIIFM 2 24 Kifll & L CREME L 7=,

Flow Cytometry
SKBR-3, SKBR-3HR, MCF-7 il % dissociation buffer T 10 /3 ALEE 92 = & T,
faf iR = &=, Soh7-Mitad 1 mM EDTA/PBS Titi#. kv bk, — bk
(Herceptin) T — W ALER L 72,0.1% BSA/1 mM EDTA/PBS C 5 & #il i & Peif L 7= 7% .
Kig B, IRPUE (Alexa488-labeled anti-human I1gG) T—WfJLEE L7z, ZD%., M
Fal % ) i @ Alexa-488 @1 . % FACS calibur flow cytometer (Z L VW 34195 Z & T,
HER2 J& Bl & % 7kl L 7=,

CD A7 hv

Z33 X7 F RFEARO M 1T Jasco J-1500CD spectrometer Z W CTHlllE L 7z, H|
ENIT L FOSMEEZH W (25 °C, A& E /L (0.5 cm path length), 190-250 nm, scan
speed: 100 nm/min, response time: 1 s, bandwidth: 1 nm), #IET H X7 F NiZ2.5uM &
72 % X 9 10 mM phosphate buffer (pH7.4) Z¥&fi# L 7=, a-helicity i Reed DX ¥ (3
DEN—T T4y T HIELITEIVRERB LK,
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H=E

RTFF FER

BT F FIiX Fmoe EFAMIEIC LD Gl Lz (EBRoOH HF_ESH), ~7FF D
BELHOE D LB ETT I 7 BRI OB IREITIZ, TFA : triisopropylsilane : H20 :
ethanedithiol (60:5:1:2) Z MW\,

Ac-(Arg)s-AcpLys(N3)-NH,
White powder, Yield: 30%, Purity: 96% HRMS (ESI): m/z calcd for CsH;23N330,; [M+H]"
1576.0234, found 1576.0164.

Ac-(Arg)s-Acp-Cys-NH,
White powder, yield 30%, purity 96% HRMS (ESI): m/z calcd for CsoH;;sN35s0,;S [M+H]"
1524.9471, found 1524.9464.

Ac-(D-Arg)s-Acp-Cys-NH;

White powder, yield 37%, purity 98%, HRMS (ESI): m/z calcd for CsoH13N350,;S [M+H]"
1524.9471, found 1524.9503.

Ac-(Gly-Ser)s-Acp-Cys-NH,

White powder, yield 31%, purity 99%, HRMS (ESI) m/z calcd for C3;Hs4N;;0,5S [M+H]"
852.3522, found 852.3536.

(2-azidoethyl)(tert-butyl)sulfane (71)

N3/\/S\|<

IbEW 42 ERBEOISICE W, (LA 71 24537, colorless oil, yield 42% (395 mg), 'H
NMR (400 MHz, CDCL5): 8 3.44 (t, J = 7.3 Hz, 2H), 2.74 (t, J = 7.3 Hz, 2H), 1.34 (s, 9H), *C
NMR (100 MHz, CDCl3) : & 51.49, 42.72, 31.00, 27.78; IR (KBr) cm™": 2100.
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(((Z2)-6-((Z)-benzylidene)-3-((5-(tert-butyl)-1 H-imidazol-4-yl)methylene)-5-0x0-3,4,5,6-tet
rahydropyrazin-2-yl)oxy)metyl
4-(1-(2-tert-butylthio)ethyl)-1H-1,2,3-triazol-4-yl)butanoate (68)

/= z
HN N HN
IK/K(N
O\n/\/\(/\N/\/S\|<
O N=N

CuAAC KJSIZ XD R LTz (EBROE 5 —%), Yellow solid, yield 16% (27.2 mg); m.p.
90.5-91.1 °C; 'H NMR (400 MHz, CDCl3): 8 12.24 (s, 1H), 10.39 (s, 1H), 8.08 (d, J = 7.4 Hz,
2H), 7.59 (s, 1H), 7.41-7.36 (m, 2H), 7.35-7.28 (m, 2H), 7.23 (s, 1H), 6.64 (s, 1H), 6.15 (s,
2H), 4.40 (t, J = 7.2 Hz, 2H), 2.94 (t, J = 7.2 Hz, 2H), 2.74 (t, J = 7.5 Hz, 2H), 2.47 (t, J = 7.3
Hz, 2H), 2.03 (quint., J = 7.4 Hz, 2H), 1.44 (s, 9H), 1.28 (s, 9H); C NMR (100 MHz,
CDCl;): 6 172.27, 159.84, 152.77, 146.62, 140.19, 135.30, 132.89, 132.06, 131.69, 131.62,
128.80, 128.39, 127.80, 121.67, 121.59, 102.80, 81.77, 50.44, 43.04, 33.35, 31.98, 30.89,
30.77, 28.71, 24.68, 24.44; IR (KBr) cm’': 3439, 2964, 2369, 1750, 1654, 1586, 1456; HRMS
(ESI) m/z caled for C3,H4,N,04S [M+H]" 620.3019, found 620.3022.

(2R,3R,4S5,5R,6R)-2-(hydroxymethyl)-6-(2-mercaptoethoxy)tetrahydro-2 H-pyran-3,4,5-tr

iol: Gal-SH (79)
HO OO~ sh
HO “OH

OH

More & D AMEEKICEM L, ™ F/b b5, 2-(acetoxymethyl)-6-(2-(acetylthio)
ethoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate 83 (2 g, 4.44 mmol) @® MeOH (45 mL)
ERIZxE L, NaOMe (480 mg, 8.88 mmol) AN %, 1WERMIEIR L7z, A A 22 Hikl g
WXV BISTER D pH % 2-3 12 L7-t., BRI CTRHIIBEZERE . MINEBZEE LT,
HWRMWME L) WAV T A u~ 7T 7 — (CHCl; : MeOH =10 : 1) THT 2
Z L TIhA 79 2457~ white solid, yield 10% (111 mg); '"H NMR (400 MHz, DMSO-ds) :
4.92-4.82 (m, 1H), 4.76-4.67 (m, 1H), 4.63-4.53 (m, 1H), 4.39-4.34 (m, 1H), 4.11 (dd, J=7.3
and 10.5 Hz, 1H), 3.97-3.89 (m, 1H), 3.83-3.68 (m, 1H), 3.65-3.59 (m, 1H), 3.58-3.43 (m,
3H), 3.29-3.22 (m, 2H), 2.94 (t, J = 6.8 Hz, 2H), 2.64 (t, J = 6.6 Hz, 1H), °C NMR (400 MHz,
MeOD): 105.09, 76.77, 74.99, 72.82, 72.57, 70.34, 62.54, 24.94; HRMS (ESI) m/z calcd for
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CsH1606S [M+Na]* 263.0565, found 263.0558.

Methyl 6-(methoxythio)-5-nitronicotinate (78) ">

O=N A OMe

MeO.

\

Methyl 6-(benzylthio)-5-nitronicotinate 76 (300 mg, 0.99 mmol) @ 1,2-DCE (2.5 mL) &
HRIZKk LT, SO,Cl, (176 pL, 2.18 mmol) & U 22 (40.3 pL, 0.50 mmol) # % |
F TR L, MOSHZBERME TS5 28T, AT == 074 8 77
E L RBHRETICRO KNIV, {b&¥ 77 % THF IZfiE L. MeOH (40.2 uL, 0.99
mmol) & N,N-Diisopropylethylamine (DIPEA, 2.85 mL, 19.8 mmol) # k& Pz 721 .
ERT 2 MMM L, WIEE B AL, Biie CHCLICHEM L, AWM Z 5% 7 =
VIRKEIE . BB K TR R . NaSO, (I K W gk L7z, Ik, i L7zo bl
Bk VTN T L0~ b7 T 7 4 —ICX VRS L ETALEY 18 21572,
Yellow solid, yield 79% in 2 steps (190 mg); m.p. 92.3-93.9 °C; IR (KBr) 1731, 1547, 1361,
986, 728 cm’'; '"H NMR (400 MHz, CDCl;) § 9.43 (d, J = 2.0 Hz, 1H), 9.03 (d, J = 1.9 Hz,
1H), 4.02 (s, 3H), 3.98 (s, 3H); °C NMR (100 MHz, CDCls) & 169.6, 163.8, 154.8, 137.1,
134.1, 122.4, 65.6, 53.0; HRMS (ES+) calcd for CsHsN,OsNaS [M+Na]® 267.0052, found
267.0042.

Methyl 5-nitro-6-thioxo-1,6-dihydropyridine-3-carboxylate (75) )

O

OyN
S

N
H

AN T = T ATV 78 (10.0 mg, 40.9 pmol) @ CH;CN/H,O (95:5, 820 puL) RHRIZ
%L C., PPh;y (21.5 mg, 81.9 pmol) Z M Z T, HIE TS5 i@ Lz, W2 TR E
L7=Db6, CHCLIZEM L. 1 M NaHCO; aq. THitt L 7=, K% 5% citric acid aq. (2
XV pH 45 REICT 52 & T, FE CHCL T L7z, A2 ffn &K T,
Na,SO4 & M 2 Wi, Jeith, | L7, mREEZ VWIS N I T A Ia~v NI T77 4 —T
BT 52 L TTFAEY R 75 #4572, yellow solid, yield 78% (6.8 mg); m.p 169.7 °C
(decomp.); IR (KBr) 3211, 3020, 1703, 1541, 1243, 1157, 762, 744 cm™"; "H NMR (400 MHz,
CD;CN) & 8.24 (s, 1H), 8.22 (s, 1H), 3.86 (s, 3H); °C NMR (100 MHz, CD;CN) & 173.67,
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163.8, 153.3, 144.0, 131.8, 115.4, 53.4; HRMS (FAB+) calcd for C;H;N,0,S [M+H]"
215.0127, found 215.0122.

FAEY ROoFEE (75) O pKa FAf

FOSH ORIAERD TH LB 14 DET VLEHE LTAKLIETFAEY N 75 %
5mM DI D X DI AcOEt IZIEfR LT-, T Dk, FMEMK (100 mM sodium
acetate (pH3.8,5.6) , 100 mM sodium phosphate (pH6.4, 6.8, 7.4, 8.4)) % I 2 =8 Fn
L7, @O0 BERE (3000 rpm, 1 min) (2 LV Doy EEL 7=k, KEFRE L, FiikL
oo BWHEO LJE (AcOEtfE) BXOTE OKkE) 27V 7L, Av7I07
A VH — % L7, ¥ F8 HPLC (COSMOSIL 5C s AR-ID 12 X W 3#r L=, T D,
A FE pH ORI IZ 3T 5 M FEfE 2 KaleidaGraph 4.5 # HH " C 7y b L, v 7 EA K
HEAR 2N D pKafEZHH L7,

¥ ig 57 OIEMEAL
FfAE 57 (10 mg, 5.3 pmol) ZXF LT, K& T, LA ~7 VUL (20 uL), 1,2-DCE
(1mL) KOV Yy (3.9ul) ORAEKREZMA., 20 SREBHE L%, WRERE
L7z, MUEELZ2F#EVIE L%, KLy rZra A2 02 L0 BHEZBEE L.
Npys-Cl #fl5 53 Z 157,

Plinabulin #&F 85 63 D& (First step)

AT CAF 728 iE 53 Ioxh L T A EL (294 L) T M# L 7= Plinabulin A/ 7 4 R
PR 68 N A, IR T 1 R L7z, 68 DIEFIT /M HPLC IZ THIK 1 D
EARE LU TOXTREB L [1RMICHIT 5 68 DHEAEME /0KFHIZKIT 2 68 D
fEfE] (Table 7)., SIS IX, 7 h=hrVYU)b 2mL) TEHEHEFLZHKIC, K (6mL) T
Vedr3 % Z & ¢, B LIC Plinabulin Z#fFF S E 721G T AV T 4 RIKTH 2 #E 63
T,

VANT 4 FR¥KG (Second step of SPDSL)

First step T3 H V72 #I I 63 12 & FE AL (50 mM sodium acetate (pH3.8, 4.5, 5.0 and 5.6)
or 50 mM sodium phosphate (pH7.4) : CH;CN=3:2;269 uL) IZRE L7 F 4 — L% H
T HKEMALEMEIN A, R C3IRMER L, KINEREY 7V 7 L, Wi
HPLC (COSMOSIL5CjsAR-I) IZX VW 33562 LT, XTFF RBIUDHE L, 42
RO AR 2 MR LTz, BUS DTER% . BIEZ A2 X 0 & . HPLC (SunFire PrepCis
OBD 19 x 150 mm (5 pm, 12 nm)) (& X U FEH L, Plinabulin 224G K % #57= (Table 9),
Plinabulin-SS-Gal (Table 9, Entry 5) @ )&% TLC IZ K D BEF L 72,
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Plinabulin-SS-Args (73)

o)
/=N HN)l\é\©
HN
A~ 2N
T

b

o Nan
2
0 \L
HN s
S
Q
H
Ac—N N\/\/\)'—N/(,(NHZ
H 0 /s H o

Yellow solid, HRMS (ESI) m/z calcd for Cg;H;49N40:5S, [M-i-H]+ 2086.1629, found
2086.1633.

Plinabulin-SS-D-Args

Yellow solid, HRMS (ESI) m/z calcd for Cg;H;49N40:5S, [M-i-H]+ 2086.1629, found
2086.1633.

Plinabulin-SS-(GS),

(6]
Ve z
A A 2N
N
Io) N

MNI}I
° 1

g
H S
HoQ ? 0
H
he N\)LH N\/\/\)L” e
(0] 4 (0]

&9



Yellow solid, HRMS (ESI) m/z calcd for CsoHgsN15O19S, [M+H]+ 1413.5680, found
1413.5663.

Plinabulin-SS-Gal
0

N HN%
o

3

YN

N=N
o S,S

Ho ™~ OO
HO “'OH

OH

Yellow solid, HRMS (ESI) m/z calcd for C3sH47N70,0S, [M+H]" 802.2904, found 802.2904.
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