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aYfA XY 75> (Colchicum autumnale L.) MFEFHOEKIEIZE < &H SN TLVH colchicine
(L. tropolone BZH L. £ERMICIZAVF/ Yo7 haA FO—FETHSH (Figure 1),
Colchicine 1% 2000 FLLLRIMN SFERADABEEEL LTHLLOATE Y., BRIZEWVLWTY MERARKE
DEBEBE L VP OBEIGICENT, BEFBEAMSEAEIATNS, TOEAAD=ZXLIZD
WTIERERMBRBATH o1=A 2013 &I, colchicine A tubulin IZEAT A ET, T hav KRy
T OWINEEN LT/MAKIEEADREE - REZEETL. BRARERETHS NLRP3 1073
TY—LOEMHEEMZ . BROKEFEREZBEMT 2 enBon o, Ff. colchicine
(XREHRIC tubulin [CHEE T A ETHNEDHEZEET 4710, MldaaRZIHTHERALEL
THEY. RESEE LTOGANEEIATNS 2,

Isolation

Colchicum autumnale Colchicine

Figure 1: Colchicine is a main alkaloid contained in Colchicum autumnale

Tubulin [FEREMOMBBNICEET 220NV ETHY. VT7/ 0= Uk (GTP) OFHE
T. a-subunit & B-subunit MEHANTRAZERERKT H, COANTAZERG, BHEIKICE
FY. MNEERENDIERDR) T—Z2BR LT, MEEREGYERBEOHEL. U7
IEEICHEIT2MERLBEITHRDLO> TS, 612, MUNBEDEELRKRBIEL LT, MESRIZE
I+ BB A DT L E T 53 (Figure 2)°,

Microtubule
P Colchicine Mitosis
) binding site _
Heterodimer 1] Microtubules
-
a-Tubulin *.EN.‘ + ve end /
¢ — b—\{ "' '
GQ |:> - &) ,:> { Vel 3",/ Mitotic
1‘ f '.'! chromosome
B-Tubulin Mitotic
center
Centriole
T -ve end

Protofilament

Figure 2: Structure and function of microtubules
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Z O tubulin IZ¥EAT 2 IfEHEHFI & L T, vinblastine. ixabepilone %> taxol Z ENFM BN TEY .
vinblastine [&. colchicine & RI#kIZ tubulin DEE& ZRE T 5. £ 1 IZxE L Tixabepilone & & U taxol
(% tubulin DEAZRHE - RELTSIET, MEOEASHEBEE L THREES SRS ¥
(Figure 3), i 3 FILERERBIZIZEWLNT, NADBEICALWLSNATEY. SOOI &AM tubulin
EREOMESRFIE LTOBERMZIRAL TS, LA LLEA L, colchicine IEBEZEAIEL . IO
EHCHEHL VS EELGEERANROONI L ESHEB EOTRELAFTTRLEIENDL. AN
AFlE LTIREREIZE > TWEL P, 2018, colchicine #&&+ 4 ~IZT tubulin IZ4ER L.
LELGBENEEZE T AERDAERNEFTFN TS,

1< 0

L) 7_.

Ixabepilone Colchicine Vinblastine
site binding site binding

Ixabepilone Vinblastine sulfate

Figure 3: Three different binding sites for microtubule interfering agents

ZHFETIZ, colchicine &) — FEAM & L THALFEAOHEAITHATE O, 20k
T. colchicine (F AIRE CERZS L T tubulin EHEEERT A EMNHALAELY . ARY® CIRE
NHFHEET HEBREDELAS C IR (tropolone 1R)% benzene RICEZ I-ILEMHR ENER I,
FNoDEMEICET ABEALEA TS 97 (Figure 4),



IC5q value (ng/mL) IC5¢ value (ng/mL)
0 A549 KB A549 KB

o)
MeO }- O|\/|eo >\._
o |NH \)\\ o INH
MeO 0.017 0.0036 Me:N o 0.05  0.02
MeO MeO
o) o)

OMe SMe
Colchicine 2-0-(N,N-Dimethylglycinyl)-
2-demethylcolchicine
(0] @)
MeO >— MeO >\._
HO 0.1 0.1 MeO 0.007  0.007
MeO MeO
© OMe
OMe .
2-Demethylcolchicine N Anf:ttg:;l:zltﬂ:: ol
0] 0]

MeO }— MeO >—0Et
HO 0.001 0.01 HO 0.019 0.024
MeO O

0 OMe
SMe N-Ethoxycarbonyl-
2-Demethylthiocolchicine colchinol methyl ether

A549: Human lung carcinoma cell line
KB: Human epidermoid carcinoma cell line

Figure 4: Colchicine and its derivatives and their cytotoxicities

2006 £(<. colchicine ) B BREMAISHICHEZBEA L = FBAAHE Stz *Y(Figure 5), BAY
HYEEDIBEEELTMRIT A LICKY, tubulin ESMREEREZE T HFERIETEL E LY., tubulin ®
EGRE - REIERZHITLHIZERIRESIATLS, £z, ShoDFEEKRZE colchicine 40
taxol LA VER—2 a3 - TyAICTEHET &, FHMBBEICHEDRILZROONDI LS
RESNTULS,

_________

\O Sugar

(o1 S ;
MeO
MeO
MeO O
O

OMe
Figure 5: Colchicine derivatives bearing a sugar side chain

E#kIC. B REIHEIMDEEMRT S5 LT, EREORLOCHNMEOM L7 EEDOHEEEF-
7z colchicine SFE AL AR INTHE Y. FBZEH TS (Figure 6), LA 11X, B IREMAIEH
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[Z cobalamin Zff& €4 & TESHEADEREOA LZHFL-LEMTHY . LE&H 1
(& dansyl BZE#E S5 & Ttubulin EA~OEMMEORMLZBIELEEDTHD 2,

Figure 6: B-ring modified colchicine derivatives

F1=. 2010 FIZIL. colchicine ® C TR& 5% L T hetero Diels-Alder RIGZ{ERASE S &
T. 4 BHEEYA~N LT UEFTERSER SN, FOFEHTMMSTHIE ) (Figure 7). Thi
D 4 IRELEMIL. HRZH T retro Diels-Alder RISHETS S Z &IZ& Y. colchicine AR
THIREEFELEZTT prodrug THAHZ ENRESN TS,

Hetero Diels-Alder R N
—_— X \
E/\’E O
Retro Diels-Alder z

Hlil\(O

Colchicine R =F, Cl, Br, NO,, Me

Figure 7: C-ring modified colchicine derivatives

LLEDHRIZ, $&kA 7% colchicine BFEARDEENTHOATLLHL DD, RESHICAL TE+5H
HBRENERINTHE LS. H=% colchicine FEADAIENTE TN TS,

UHRZFICEVTEHASRLL,, RMEFEHEXRAYVORERZBEMIC ) BIEW Gloriosa
rothschildiana DA ERMAEZITV . FHFEIILEF/ 4 K& LT gloriosamine A D EBEIZALTI L
TLV % ?Y (Figure 8), AMLAWIL. 4 LICEREZHTINOTORKILEF /A FTHY ., &
= in vitro R TOFEMFEICE VW THIIGEEMZE T S ENALA LG >z, EZT/N\+H5
F. 4 MICEBREZHITDIILEF/ A FOAEERZRLBHNT,. RGBEREZMLL:
colchicine BBMAM%E1To1=& Z 5. 4-chlorocolchicine M W MRIEEFEZE TS L %H
Sz Ltz 2,

ZD=6. ARARTIEEANDLE LA EZH T S colchicine FFEFDEFTZBME LT,
EoRBAMBLVT MNAEOETRADERZERL., TOFUZTMLI: (F—ESLUE-

=z

=),
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Figure 8: Structures of gloriasamine A and 4-chlorocolchicine

—h. BEERTEHDEMANEBRMICEE LRSS VEIERZSET 5 AEEL LT, LIE
LIERS Y - FTUNJ—- L XTL (DDS) AEFHEINTE -, ZDOHIZHLVT, liposome X
DURBBZERETHHE~HE nm OHNEZETHFAHENMMITHY . TORBICHLLGRFE
HATEHIENERDLELEDBIC, ERBEAEPLELBHEICENTWE I LMD, EYMEEYMED
ERAE L CTERTEEE EZ DT ET 2 (Figure 9),

Lipophilic chain

W
OO
O

Q0
OO

A 4

| Hydrophilic group :

________________________

Liposome Lipid bilayer membrane

Figure 9: Structure of liposome

BERESCIIOENEEN, EELTOEMRBILERLTAZELTHY .. MERICHE nm BE
DIEFEAHET NS =, ERIEZEBIZIE EPR (Enhanced Permeability and Retention) #h&(<
& Y liposome % & DN FAREERIE E Y 91V ?"), £1=. liposome FREIZ polyethylene glycol
(PEG) 28T 5L T, ¥/ 07— LR EDEREHIRICL 2HIEN SRR TE, IFiF
Bt ERERMIET S EATEEE Ao PP, CORBLESERELES &GP HEEEA,
liposome DEMF+ ) 7—E L TOTRMZBHTHY . BAICHAERIA TN S ¥, BETEHH
& B D liposome HEIM EFSINDETIZHY ., BRBIRIRIZIZH TS liposome HFIDEZEPLE
EZEE T (R loY R RN

L. liposome 27O T4 7+ 8—FvT 4 oI OMEeE 5 LEBEAZERSWE Y, BE
HMiEOXREIHFEMIZRBE L TCLWEOIZEAKE. HENICE# LHBEREEAT S ligand % liposome
REIZIEET 5 & T, liposome EEFIHN EPR $HRICK > TEERBICEFET S LICmMA., #
AR IRV I 52 EIK & liposome RED ligand ATEBIIZHEEERT 516, & o ICfEEHER
FODEXEENAEFED. TDH. FBRAKREZNLEI Y YA =S RITKDHBRA~ND
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liposome HEIDEYAHIEEL ., BAGREENR ESHOERIARASFTE S (Figure 10),

Ligand Blood vessel

Injection
EPR effect

Receptor- mediated
endocytosis

Endosome

lysosome

Figure 10: Active targeting strategy

TOT4T 3=y T4o0DBlE LT, BALEHEBESE TARERIRBD OIS LERE
RFZHK (EGFR) #1ZM & L1=E/ ¥ O—FILiik (Cetuximab)Z. doxorubicin Z# A L 1=
liposome FEIZ{&4H L 7= immunoliposome IZ& Y iEBESIRZ2H1DH, FSX 7)Y
Lt74%— (TR) ZEMEL T, SR T Y (T 2E8 LT liposome [Z oxaliplatin
(L-OHP) ##H A L=FEFIZAHL\5 Z & T, BE®D PEG-liposome #E| &L Y LR EEH-HL DN
Hifond ¥, Ff-, E MNEBOMENKMAITHT L THEEEEZTT Ala-Pro-Arg-Pro-Gly
(APRPG) R F K #{&8i L 1= liposome [FMEHENBRALEREIZECEREL. Chi
doxorubicin #H AT 52 LT, IMRRICEVTEN-ESEEINFHREEGURERTT L
MEEh TS ¥,

ZIT. SYLENMNDBAGHMEENREZRIET IEROESFEBELT, 79747 - 54—
Ty T4 o #EEEF5 L= liposome ZF| A L 1= colchicine SFBADHEEFL E A= (F=ZE),



X i
$£—F 7 {4LIZ amide B {AI$E % H T % Colchicine FER DB E;ETEAEIAZE
F—H 4GICEREZAETIFEADER L MBESEN

FimlZ TRl L =& S (2. colchicine (1) [FHIBEAROIMFERZELTLWS I LM LMESE
ELTOIERANERFINTLEL., ZDHHDE S H 5 colchicine (1) ITRH D EMHED L LGEE
KORENMILEEIN TS, BAREICTHBESNI-FRIILEF / 14 F gloriosamine A (2) &,
AGIICEREZETEMOHOTORAINLEF /A RTHY. in vitro IZH 1T D 5EMEFHEIZEH L THE
MISEEMEETII BN EL > 2, EBIT. 4 f1Bi# colchicine DA EIT o= &
Z %. 4-chlorocolchicine (3) A& N4 RAEG = EH £ R L= 2 (Table 1-1),

Table 1-1: Cytotoxicities of 1, 2, and 3

OMe OMe OMe
Colchicine (1) Gloriosamine A (2) 4-Chlorocolchicine (3)
Compound ICs0 value (nM)
No. A549 HT-29 HCT116
1 544 8.2 10.8
2 49.0 43.0 NT @
3 9.9 7.9 8.1

A549: Human lung carcinoma cell line. HT-29 and HCT116: Human colon carcinoma cell lines. a) Not tested.

ILEMIZCIEZBAL TR RESEEZRLIZGEE. TOCIEZ CFR EDOCN EITE#RTSH
ET. EDICEMERINEL LEZRASRESATING %, Thid, CI&E, CREHSKUCN
HOFESHGMHE L van der Waals FENFELUL TWLWAS I LISEAL TS EEZ BN TS
%), ZZT. colchicine (1) M 4 (2 CFHs £H LU CN EE AT FFERDAHEER L=,

4-(Fluoromethyl)colchicine (6) D& Rk

XEKBEEN D 75 3% (2% - T, Colchicine (1) % CH,Cl, §1,SnCl4 5 & U dichloromethyl methyl ether
ERBEESB T EITE Y. 4-formylcolchicine (4) ZUNE 74% TH1=*Y, DIVT. 7 & MeOH 1,
NaBH, # F L\ TE Tt L . 4-(hydroxymethyl)colchicine (5) ~ & URER 74% TE V=, 2D 5 % CH,Cl,
i, DAST #AHWTKAT. 2 BERT 52 & TEHMOD 4-(fluoromethyl)colchicine (6) % U3
63% T%#& 7= (Scheme 1-1),




6 [X. HR-ESI-MS [2BWVWTHF A+ v E—4 m/z432.1826 (M+H") At &h, "H-NMR T
fluoromethyl Z B E D methylene E—49 % 5549 [22H % (d, J=48.5Hz) BRlEhi=-Z &5,
%0)$§LEEEHIL,\ L/T-o

CHO o
snCl, MeO )
Cl,CHOMe " 'NH
in CH,CI MeO
n 201
rt, overnight MsO O o

yield: 74%
4 OMe

NaBH, MeO DAST
INH -
in MeOH MeO in CH,Cl,
rt, 3 h ice-bath, 2 h
yield: 74% MeO O yield: 63%
(0]

Scheme 1-1: Synthesis of 4-(fluoromethyl)colchicine (6)

4-(Difluoromethyl)colchicine (8) @ &k

DAST % % L\ E Deoxo-Fluore #BWN3 Z & T. 4 -formylcolchicine (4) @ formyl & %
difluoromethyl EA & g % 2 & A -0 B 8 DERITEBEEICLMAED AN 1=
(Table 1-2).

Table 1-2: Screening condition for the synthesis of 8

Run Reagent Solvent Condition Result
DAST (3 eq) CH.Cl, rt, overnight Trace
Deoxo- FIuor (1.7 eq) CH.Cl, reflux, 3 h Trace
Deoxo- FIuor (1.7 eq) CH.Cl, rt, overnight Trace
EtOH (0 2eq)
4 Deoxo- FIuor (1.7 eq) CH.Cl, reflux, overnight Trace

EtOH (0.2 eq)

FLTHAETREZRBHATHIAHEE®RET L=, 4 ® CHCI3E &I, 1,3-propanedithiol § & Uil
WED |, ZMA T EBTFICT—KE® L 4-([1,3]dithian-2-yl)colchicine (7) ZURE 74% TH1=*?,
DUVT, 1,3-dithianyl K 7 %, -78°CIZT NIS & U HFPy M CH,CLBFRIZHM L=k, —BRE
BLENSBRAICEERIZREY Z & T 4-difluoromethyl 1k 8 ~EEBNV-), CoexE, SUAHL

9



HS LREEIZEWTHBEARTRIREL: 4-formyl K 4 ARIE L1=1-6 FERY % NaBH, TUREL T,
4 % 4-hydroxymethyl (K5 NEEHL 2R, WS LBEICTS ZRELEMY 8 ZIRFE 70% TH
Bt L7z (Scheme 1-2),

8 [X. HR-ESI-MS [Z2BWVWTHF A4 v E—4 m/z 450.1736 (M+H") AEEIE . 'H-NMR T
difluoromethyl ZXH ¥ ® methyne E—4 % 57.25(C1H % (t, J =540 Hz) RS hf=-Z &h 5,
ZTOBEETHR LT

1,3-propanedithiol HF-Py
cat. I, NIS NaBH,4
—_— —_— e
in CHCl3 in CH,Cl, in MeOH
rt, overnight 78°C~rt m,3h
yield: 74% overnight yield: 70%

(2 steps)

Scheme 1-2: Synthesis of 4-(difluoromethyl)colchicine (8)

4-(Trifluoromethyl)colchicine (13) D& Ak
i, FEHERLED proton #1E# CF;Ed 5 F & L T. MacMillan 4> Baran 512k > TEN T

FEMBEFEIATNS ), ThdESE(Z, colchicine (1) M 4 fiZEHE CF kT 52 & &
#H1=H. Baran 5DHETIERENE CEITET . MacMillan 5DFHZETIE 8 A CFfb Stz
8-trifluoromethyl & 9 AURE 8%RBETHEINLIDAT, MEAELLEMY 13 FEA LM o1
(Scheme 1-3),

9 (%, ESI-MS [TEWVWTHFA AV E—Y m/z 468 (M+H") RS, 'H-NMR T benzene

B ED 4 i1 proton E—4 % 56.79 (ZEEI, tropolone D M LB UL 12 LD E—Y %, J6.95
BEUVITMIZRRIH AT DEAI SNz, &5IZ. colchicine (1) TJI7.13 ICEBIS T8
fiI proton DE—I HEE LTV =2 &b, TOEBEZHEE L=,

in CHzclz-Hgo
rt, overnight

no reaction

CF3802C| 2 eq)

MeO S IdFppy)s (0.1 eq) MO
KoHPO, (3 eq)
MeO 27W light MeO

MeO O in MeCN
o rt, overnight

1 OMe yieId: 8%

Scheme 1-3: Attempts at the Synthesis of 13

RIZ. 4-formyl ik 4 E 4-(hydroxycarbonyl)colchicine (10) ~EEZE, ZDH DD CF3 L #H A&
f=o 10 % Deoxo-Fluor® THET 5 & EHIEAMES X =1=6>. 10 % DAST TREL .
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4-(fluorocarbonyl)colchicine (11) & L71-=#. Deoxo-Fluor® 7275 T TN L 1= IS 426 75 Fi A
%521 *" (Scheme 1-4),

CHO o

2-Me-2-butene (15 eq)
NaClO; (5 eq)

NaH,PO4 (10 eq) Deoxo-Fluor (15 eq)

- Complex mixture
in tert-BuOH-H,0 neat
ice-bath ~rt, 4 h 85 °C, overnight
yield: 55%
10 OMe
DAST (2.2 eq)

in CH,Cl,

rt, overnight

yield: 86%

Deoxo-Fluor (15 eq)

— Complex mixture
neat

85 °C, overnight

Scheme 1-4: Attempts at the synthesis of 13

% ZT. colchicine (1) @ 4 fii% iodo 1t L1=#. CFa EAE LMY 55 EHAT, FT.1%
AcOH &i&H. NIS FETIZT 70°CT 7 B¥fEi# L 4-iodocolchicine (12) ZUXE 85% THEf=
(Scheme 1-5), BoNT=12DARY MLT—2FN\+EHL0HEEBRN—HERLE P,

MeO | O>_
NIS --'NH
irm MeO

70°C, 7 h MeO O
yield: 85% 0]

12 OMe

Scheme 1-5: Synthesis of 12

20 4-iodo th 12 #FNT, 4 LI CF, % BAT 5 & £5A#F= (Table 1-3), Aryl iodide 1=
9B CRILDMEESEICERZToEARIGITETES. FH 12 ZEIRTL5DATHo1-
(Run 1~3)*® 184 &5 %4To1=& 5B, FSO,CF,COOMe & & U CuBr Z L), sealed tube
NATREZTS &, B TH S 4-(trifluoromethyl)colchicine (13) MUK 48% TH LN D Z &M
Aotz (Run4) %0, Z ¢ & = 4 D iodo A bromo £IZ{E# L 7= 4-bromocolchicine (14) A
BWIRERIE LTz, filli% CuBrH S Cul~NEEBLRKICRIEZITS &, BRI 13 DULE
(% 68%I-M. L L7z (Run 5), Ff=. AR % sealed tube ZAWNTIZIT5 &, REFEEICLAE
B 13 (XF{onEmM o1z (Runb), LLEDIREIH 5. sealed tube DEERA 12 D CFLICEET
HHZELFM T,

13 [Z. HR-ESI-MS IZB W THFA F+ Y E—4 m/z468.1634 (M+H") AiteH Sh, "H-NMR T
4 A D methoxyl D E—% 7 £i10 acetamide E®D 5 F )L heptane IRD 5,6, 7 LD T F L.
& & Wtropolone ]RM 8, 11, 12 RN LT FILAEEMICERBIEhi-Cehb, TOBEERERL
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T=o

Table 1-3: Screening condition for the synthesis of 13

13 OMe L 14 __OMe
Run Reagent Solvent Condition Result
1 CICF,COOMe (2 eq) DMF 120°C, 7 h SM recovery
KF (1 eq), Cul (1 eq)
2 FSO,CF,COOMe (1.5 eq) DMF 80 °C, overnight SM recovery
Cu (0.12 eq)
3 TMSCF; (1.2 eq) DMF-NMP 80 °C, overnight SM recovery
Cul (1.5 eq), KF (1.2 eq)
4 FSO,CF,COOMe (1.5 eq) NMP 120 °C, overnight 48% (13), 8% (14)
CuBr (0.2 eq) In a sealed tube
5 FSO,CF,COOMe (3.0 eq) NMP 120 °C, overnight 68% (13)
Cul (0.5 eq) In a sealed tube
6 FSO,CF,COOMe (3.0 eq) NMP 120 °C, overnight Trace
Cul (0.5 eq)

4-Cyanocolchicine (16) D &Rk

4-Formylcolchicine (4) @ pyridine i&i®&IZ.hydroxylamine /12 CTERET—MIEHT 5 & T,
4-((hydroxyimino)methyl)colchicine (15) ZUXE 74% T#H1=. 15 [Zx L THRKRIGEB AR L 1=
&%, CDI ZAV=1BAIZBRID 4-Cyanocolchicine (16) MK 83% TH LN ENDM -
1= °V°% (Scheme 1-6 and Table 1-4),

16 [Z. HR-ESI-MS [ZBWWTHFA F Y E—Y m/z425.1642 (M+H") AEAI S, "H-NMR IZ
BULTIES 15 TEEI & AT U= 4-(hydroxyimino)methyl Z£d 511.27 (1H, s) & & U §8.24 (1H,
S) DT FILAEEXLTW =2 ED L, TOEBEFMHERE LT,

HONH,-HCI

—_—
in pyridine
rt, overnight
yield: 74%

Table 1-4

Scheme 1-6: Synthesis of 16

12



Table 1-4: Screening condition for tne synthesis of 16

Run Reagent Solvent Condition Result
1 TCT (4 eq) DMF rt, overnight Trace
2 NCS (2 eq) MeCN rt, overnight Complex mixture
Pyridine (2 eq)
3 EDCI (4 eq) CH.Cl, reflux, overnight 28%
4 EDCI (2 eq) Toluene 100 °C, overnight 34%
5 EDCI (4 eq) DMF 100 °C, overnight 28%
6 CDI (2 eq) CH.Cl, rt, overnight 83%

AGICEMEZE T LFEROMBEEENE

4 (IICE]REZHT S colchicine FFEARDMIEEFMZ R LT (Table 1-5), FFM@IZIEX. E
fifzilAak A549. £ b KIFEMIAEKE HT-29 8 KU HCT116 Z AL =,

A4 GIIC CHF EZEA LTz 6 (&, 4-ClA 3 LB L TRIBICHBEEEMEMNBB LA, Ty
FROBMEHKITEEEFALET ZERAARD 5N, CHF K8 D HT-29 EXUWHCT116 IZXT 5
ICsofEIFZENZEN 48.1 LU 45.8nM, CF3 A 13 (FZEN TN 350 B LU 3I79InM THoT=, F
f=. 4-CNK16 DEHET 8 H LU 13 LU HFHE L. HENMEED IC5ETH 7=,

3 LEEB L T, Colchicine (1) M 4 £IIZ CHuF3.n £4° CN £Z28 A L -FEAOMBRIGEEEE
BB LI, 4 MOEBREF ClEARBETHS NN ot=, £ T, LR 4 6L(F ClI &I
BEE LT, 7HNEREOEBRAEZRFATHLICLT

Table 1-5: Cytotoxicities and SlogP values of 4-substituted colchicines

Compound ICs0 value (nM) SlogP @

No. R A549 HT-29 HCT116

1 H 54 .4 8.2 10.6 2.59

Cl 9.9 7.9 8.1 3.24

6 CH,F 8793 2615 4753 3.32

8 CHF, 55.4 48.1 45.8 3.62

13 CF; 55.2 35.0 37.9 3.92

16 CN 298.3 154.0 177.0 2.46

a) SlogP: The index of lipophilicity was estimated by MOE (Molecular Operating Environment, Chemical

Computing Group Inc., Canada).
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881 4-Chlorocolchicine @ 7 (I {ISHE A (AERATR) DER L MIRESEM

B —E&iT. 4-chlorocolchicine (3) DHIEEEENEBA TSI LZHEL, £2T.3D7
i amide BISH T2/ £ L THEEFHMBAEZHE L=,

4-Chlorodeacetylcolchicine (19) D& Rk
REDE$HZ ALV = 4-chlorodeacetylcolchicine (19) (. /4% 5 O|EICH>TERB L= P
(Scheme 1-7), BHNZ19DARY MLT—RIE/N\F+HLOMELEBRWLN—HER LT,

(Boc),0 MeO
Ets;N
DMAP
—_— MeO BOC
in MeCN
reflux, overnight MeO O o

yield: 72%

Cl
MeO
NaOMe "'N\H TFA
e MeO Boc E—
in MeOH in CH,Cl,
t,2h MeO O i, 2h
yield: quant. 0 yield: 91%
18 OMe

Scheme 1-7: Synthesis of 19

N-Alkanoy! {& 20-25 D& Rk

Deacetyl & 19 ® CH,Cl,i&&IZ. trifluoroacetic anhydride ZMZ T, KA T 30 HREE#HT 5
& T, trifluoroacetamide {K 20 % UX3E 90% T1F1=. FEHRIZ. 19 [T L TELNHFET. ®HiET 5
alkanoyl chloride Z/EFI & T propanamide {k 21, butanamide {& 22, 3-methylbutanamide {&
23, heptanamide {& 24, $ & U cyclohexanecarboxamide {4 25 Z ZNZNE=M. 88%. 94%.
92%. H LU 28% TH#F1= (Table 1-6),

1t & 20-25 DHEEIL, HR-ESI-MS IZEWTEBMYIORFA A E—S (m2)ZEAIL.,

"H-NMR [2E VT amide R NH ZED L5 F L0 BA LT akyl ED L5 FILEABHIZRDOT-
CEMLRER LT,
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Table 1-6: Syntheses of amides 20-25

Product Reagent Condition ? Yield
No. R (%)
20 CF; TFAA (2 eq) ice-bath, 30 min 90
21 Et EtCOCI (1 eq) rt,2h quant.
EtsN (1.1 eq)
22 "Pr "PrCOCI (1 eq) rt,2h 88
Et;N (1.1 eq)
23 ‘Bu '‘BuCOCI (1 eq) rt,2h 94
EtsN (1.1 eq)
24 "CeH13 "CeH43COCI (1 eq) rt,2 h 92
Et;N (1.1 eq)
25 Cy CyCOCI (1 eq) rt, 2 h 28

EtsN (1.1 eq)

a) Solvent: CH2Cl»

4-Chlorocolchicine @ 7 fifISE & ik (AERATE) DOHMIRISEEHE

7 HRISHICAEMEERRE 2R T AR BAROMREE EEEZR L= (Table 1-7), CF: & ZHT 5
EEW 20 (F. WTHOMBIMRICKT L THEAEEEZRLI, EtEZHITH 21 0 "Pr&EEET
522 L EREICERIVEREZRFT A ENAD M o=, LM LEA DS R EMIZE Bu EdH 5 LME "hexyl
EALBRT L L, HIREFIHTRBTIERNRO NI, —H. Cy EExHT H1LEM 25
[FRIFA ICsEZ R LTz,

NB5DHERM B, 4-chlorocolchicine FFE A tubulin EHEE/ERT SRR, alkyl fIgEE LT
DHECELRFHMIET, BLURRKABELE LTAOLCLLE 6 BRETEHFFTINDI LD LHA
L7=s

CyRZHTHFER 25 NRIFLFMHERLEIEND, REMIICHEEREZE T HIFERLE
WBREMERT AL EHHLIz, 22T, RELICHFEK 6 BIREZEALLZFERERITT S
Z&lTLt=,
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Table 1-7: Cytotoxicities and SlogP values of 20-25

Compound ICso value (nM) SlogP ?

No. R A549 HT-29 HCT116

20 CF3 1.8 1.5 1.5 3.78
21 Et 7.8 3.3 7.5 3.63
22 "Pr 9.8 8.3 7.6 4.02
23 ‘Bu 40.3 16.1 23.7 4.27
24 "CeH1s 49.7 38.3 36.9 5.19
25 Cy 10.4 7.1 7.2 4.80

a) Estimated by MOE.
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8 =%1 4-Chlorocolchicine @ 7 fISHE A (FEIKR) DER L MRESEN

EEIT. THRBIEE LT CyEE2HT HFER 25 AR QG MIREEEEERI L E2HREL
f=o £ T T. 4-chlorocolchicine (3) ® 7 fiifllfi & L THERZH T HFEREER L. TOHBE
EMEEE T RER LT,

N-Aroyl K 26-46 D& R

Deacetyl {& 19 @ CH,Cl, &I, EtsN FEIETIZT benzoyl chloride MM Z . =BT 2 B
#9 % & T. benzamide K 26 ZIRE 77% TH 1=, EHRIZL T, X9 % aroyl halide & 19
IZ¥EF & T. N-aroylamide {& 27-37. 38, 39, $& U 41-43 =5/ L1=, 37, 40, 5 & U 44-46
(X. %59 % carboxylic acid @ CH,Cl, &%, EDCI, HOBt, 38X U 19 #mMA. BiKEET S
C & T1Ff- (Table 1-8),

{EE&Y) 26-46 DHEEIL. HR-ESI-MS [ZEWTEFTERDRFAAE—D (m2)Z&AIL.

"H-NMR (28 VT amide B3 NH &0 245+ )L EA L 1= aryl £O proton £ &BHIZRHT-
EMBRER LT,
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Table 1-8: Syntheses of arylamides 26-46

Product Reagent ¢ Yield
No. Ar (%)
26 Ph PhCOCI (1 eq) 77
27 Ph-2-F 2-F-PhCOCI (1 eq) 70
28 Ph-3-F 3-F-PhCOCI (1 eq) 32
29 Ph-4-F 4-F-PhCOCI (1 eq) 68
30 Ph-3,4,5-triF 3,4,5-triF-PhCOCI (1 eq) 54
31 Ph-2-OMe 2-MeO-PhCOCI (1 eq) 73
32 Ph-3-OMe 3-MeO-PhCOCI (1 eq) 79
33 Ph-4-OMe 4-MeO-PhCOCI (1 eq) 83
34 Ph-2,4-diOMe 2,4-diMeO-PhCOCI (1 eq) 46
35 Ph-3,5-diOMe 3,5-diMeO-PhCOCI (1 eq) 66
36 Ph-3,4,5-triOMe 3,4,5-triMeO-PhCOCI (1 eq) 91
37 Ph-2-CN 2-CN-PhCOOH (1.2 eq) ? 62
EDCI (1.2 eq), HOBt (1.2 eq)
38 Ph-3-CN 3-CN-PhCOCI (1 eq) 66
39 Ph-4-CN 4-CN-PhCOCI (1 eq) 77
40 Ph-2-NO, 2-NO,-PhCOOH (1.2 eq) ” 33
EDCI (1.2 eq), HOBt (1.2 eq)
41 Ph-3-NO, 3-NO,-PhCOCI (1 eq) 85
42 Ph-4-NO, 4-NO,-PhCOCI (1 eq) 77
43 Ph-3,5-diNO, 3,5-diNO,-PhCOCI (1 eq) 63
44 Ph-2-NMe, 2-NMe,-PhCOOH (1.2 eq) ? 35
EDCI (1.2 eq), HOBt (1.2 eq)
45 Ph-3-NMe, 3-NMe,-PhCOOH (1.2 eq) ? 54
EDCI (1.2 eq), HOBt (1.2 eq)
46 Ph-4-NMe, 4-NMe,-PhCOOH (1.2 eq) 55

EDCI (1.2 eq), HOB (1.2 eq)

a) Base: Et;N (1 eq), Solvent: CH,Cl,, Condition: rt, 2 h.  b) Without EtzN, Solvent: DMF, Condition: 0 °C,
30 min.
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4-Chlorocolchicine @ 7 (ifAISHZE#{A 5&EfE) DMfEEE

7 Gl E L THABREZAT 2FEROMREETEME LR LT (Table 1-9), Cyclohexyl Kk 25
DIERH S EHF L I2HRIZ. benzamide K 26 (T2 TOHMMEKIZH L THRWVLVEEZERL I,
Fluorobenzamide & 27-29 (&. fluoro EDEMME ICEHFZRLZ < EOGEMBEHMRERFL, —
A. BAEBELIZ methoxyl £, cyano . nitro . & & U dimethylamino £ H 3 51583, Eft
FIBIZ & DA LMERMNED 5=, methoxybenzamide & 31-33 [ZE VT, meta-OMe K 32
DEMED. ortho-OMe 1K 31 & U para-OMe 14 33 &Y 158 < . CDIEMRIZ—ED mono Eft
benzamide FFE{K (CN: 37-39, NO,: 40-42, NMe,: 44-46) THEEH DN 1=, $(Z. NMe, ik 44-46
TIl& meta-NMe, 1k 45 DEMED., HOBBEEBELY L 2 A —F—RN EAFIBALz, Fi=. C
ni>DIEEYWD T meta-NO, 1K 41 [d picomole —5 —DiE N4 ICso EZHIT B ENHN Y,
di B LU tri BEMBFEARDEHEILEBERTH o 1=,

UEDFERMN S, 7 (f8lEE phenyl D meta fI~DEBREDEAN, EHLEHRESEEOR
BIZESTHEZ L Dh o1z,
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Table 1-9: Cytotoxicities and SlogP values of 26-46

Compound ICso value (nM) SlogP ?
No. Ar A549 HT-29 HCT116

26 Ph 4.7 1.6 1.4 453
27 Ph-2-F 1.7 1.5 1.6 4.67
28 Ph-3-F 3.5 1.5 1.6 4.67
29 Ph-4-F 6.7 2.2 5.5 4.67
30 Ph-3,4,5-triF 6.6 6.3 7.2 4.95
31 Ph-2-OMe 13.2 12.5 26.4 4.54
32 Ph-3-OMe 2.7 1.4 1.6 4.54
33 Ph-4-OMe 3.8 8.0 8.0 4.54
34 Ph-2,4-diOMe 85.4 53.1 57.3 4.55
35 Ph-3,5-diOMe 14.2 7.9 6.5 4.55
36 Ph-3,4,5-trilOMe 124 47.7 51.7 4.56
37 Ph-2-CN 140 49.7 104 4.41
38 Ph-3-CN 7.4 1.6 4.1 4.41
39 Ph-4-CN 11.9 6.7 6.7 4.41
40 Ph-2-NO, 56.6 31.7 30.2 4.44
41 Ph-3-NO, 1.7 0.1 0.8 4.44
42 Ph-4-NO, 1.2 6.9 6.2 4.44
43 Ph-3,5-diNO, 31.2 5.0 6.8 4.35
44 Ph-2-NMe, 206 186 171 4.60
45 Ph-3-NMe, 6.4 1.4 1.6 4.60
46 Ph-4-NMe, 169 148 150 4.60

a) Estimated by MOE.

Phenyl EMD meta (fIICEMBEEZH T HFEARN RN GHBGEEEZ T ERZIESEMT.,
in silico FZEIZKB Ry XU JEFTZERERLT=, Tubulin @ colchicine f&E&H 41 ~IZHIT5
methoxybenzamide {& 31-33 D#E&# KX #R L= (Figure 1-1), Ortho-OMe & 31, meta-OMe {k
32. B&UWpara-OMe A 33 D Ky x5 RAa7(F. FnFh -8.33.-9.84, LU -8.84 kcal/mol
ThY. meta (iEHRIA 32 DEEIRLEL TSI EMNTRE SN, Meta-OMe 1k 32 M 9 {iz
carbonyl Z [ tubulin B-subunit M Ala250 & & U Asp251 £ KFRIEEZEZN L THEERAL TS,
— 7. ortho-OMe {& 31 & & Uf para-OMe {k 33 [ZIZ. tubulin & ZDHEHEERITIRD Shiih
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21z, TMlE. colchicine #EEH A FOETHMAICHET SBHKERTry &, FEHXK 32 O
meta-methoxyphenyl ZEOHEEERAN D FEADERY (CEEZRITL. 32 D C-9 carbonyl &
# tubulin B-subunit EDKFEHESICE L -HEICEESE-HEREMEALTLNS, —A. 31 &£ 33
M ortho KL FE f= (& para K10 MeO E (L. 9 2D carbonyl £ % tubulin EHEEATTEELEICH F
vy b9 5T EMNHELZL D aroylamide FFEE{R (CN: 37-39, NO,: 40-42, NMe,: 44-46) %,
$ZaL—3 3 VOBENS MeO 14 31-33 LABOBEEHI THS LARE I NI (Figures
1-2,1-3,and 1-4), T LDERAIZE Y, meta NERAEARLBNGCHBEZTEFLHERTLDL
ZZTWS, —A. WTFhiRFEDFMLETR LT ortho-F 1k 27, meta-F 1k 28. & & U para-F {&
29 [ZBL TIX. 7 vy REFD van der Waals FEN, thOBEBME L LR LTINS, 7F2HKD
MEBERYICEZ 2EN DD, 27, 28, LUV 29 OFEEHY A MIHITHEERY HEEL
T B EEZ NI (Figure 1-5), COHGEBAMN D, FIK27-29 FBBRUBIZHET S 4L,
FEREOCHRGEEEZETLILDOLMERIL TS,

Docking Score
(kcal/mol)

Ortho-position : -8.33

B —subunit B
Asp251 - Meta-position : -9.84

B —subunit =~
Ala250

Figure 1-1: Docking modes of compounds 31 (blue), 32 (yellow), and 33 (red) at
the colchicine binding site of tubulin (green: hydrophobic regions and pink:

polar regions)
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Docking Score
(kcal/mol)

Ortho-position : -9.41
Meta-position : -10.48

B —subunit
Asn249

B —subunit -

Asp251

Figure 1-2: Docking modes of compounds 37 (blue), 38 (yellow), and 39 (red) at
the colchicine binding site of tubulin (green: hydrophobic regions and pink:

polar regions)

7Docking Score
(kcal/mol)

B —subunit : : Ortho-position : -8.17

Asn249 ” B
Meta-position : -8.99

B —subunit ~
Ala250

Figure 1-3: Docking modes of compounds 40 (blue), 41 (yellow), and 42 (red) at

the colchicine binding site of tubulin (green: hydrophobic regions and pink:

polar regions)
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Docking Score
(kcal/mol)

Ortho-position : -8.87

B -subunit N
Lys254 : Meta-position : -10.53

Figure 1-4: Docking modes of compounds 44 (blue), 45 (yellow), and 46 (red) at
the colchicine binding site of tubulin (green: hydrophobic regions and pink:

polar regions)

B —subunit -~~~
Lys254

Docking Score #&
(kcal/mol)

Ortho- posmon -9. 78

Meta-position : -9.47

Figure 1-5: Docking modes of compounds 27 (blue), 28 (yellow), and 29 (red) at
the colchicine binding site of tubulin (green: hydrophobic regions and pink:

polar regions)
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ZEPHET  4-Chlorocolchicine @ 7 SLAISHE KD IMEB R & KB E M

4-Chlorocolchicine @ 7 IS EMADRES R

FHIH K UVFE=EIIZT. 4-chlorocolchicine @ 7 i I$E E A D& MBI DULNTEER L
o ZDHH 5 BBALMARSEEEEH T 5 4-chlorocolchicine (3). 7-trifluoroacetamide 14 20,
7-propanamide {k 21, & & U 7-(meta-methoxy)benzamide {k 45 Z#iR L T. b FKIGEMEK%
HCT116 B L 1-X— FY O RIZHT SEBDIRZHZR L - (Table 1-10), Picomole #—#%
— DRI EFEM %R L= 7-(meta-nitro)benzamide {& 41 (£, BRERIZK T HBBENT+HT
Hot=t=®. invivo ROFHBIZAWBSICIETBEYI TH o=, Ffoo X—FIVRITH L TEHFZ
5 (Days1&5M 2[@E) LIzMEIZ. KREFIDN 20%Z ALV EEORRKIFSELRAME
(MD)& L=,

Table 1-10: Antitumor efficacies of 4-chlorocolchicine derivatives in vivo

Compound Dose Total dose IR Mortality

No. R' R? (mg/kg/day) (mg/kg) (%)
1 H Me 0.75 2.25 14.0 0/5
(colchicine) 159 4.5 92.6 0/5
3 Cl  Me 1.875 5.625 36.7 0/5
3.75 11.25 56.4 0/5
7.5 225 62.6 0/5
15.0 9 45.0 76.5 0/5
20 Cl  CFs 5.0 15.0 30.6 0/4
10.0 % 30.0 62.7 0/4
21 Cl  Et 12.5 375 57.3 0/5
25.0 75.0 76.1 1/5
45 Cl  Ph-3-NMe, 25 75 31.4 0/5
509 15.0 25.3 0/5

a) Dosing schedule on days 1, 5, & 9. b) Inhibition rate. ¢) Maximum dose (MD). d) 1/2MD.

Colchicine (1) 1. MD 2 T# % 1.5 mg/kg/day %5 L1=15&(Z. 92.6% &g h 4 @B 1EbErE
IEE (IR%)ERLEA, TOHE (1/2MD) DEETHRIFEAEREBENRERES AN o=, K
BH1 OFDENFEN EERLTWS, 3 LT, 4-chlorocolchicine (3) & MD 2D &5 T.
76.5% LR A BB EIEALERZTRL, MA T, 1/2MD 8K U 1/4MD 2R EIZEVNTHZNT
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N 62.6%. 56.4%D5EWREZEMFH L Tl Iz, 7-Trifluoroacetamide {4 20 & & U
7-propanamide {4k 21 £ F1=, 12 8LV 1/4MD ERHREIZEWT 1 2 LA EEEHEHIER%
~LT=, $I2. 211X 1/2MD E0EE5 T, REATHDX— KV RDORLT (KERDEDOSHED K
RIEHERSINEN o) 2—ERHIOD, 76.1%E¢RmEBVNEBSRER LIz, Fi:.
in vitro IZE W TR N RS EFE %R L 1= 7-aroylamide 1K 45 (%, invivo TIXIEEAEDR%E
RGN STz, A5 MR ERI LGN S>-EBHIETHATHSHH . ARBBEOEMERFMLHE
DRBEUTH =D TIEHELAEHBIL TS,

ULDFERNG, 4GICCIEZEALLZFER 3. 20 55UV 21 (T invivo IZEWTILELE
BHMREETEHIENHALIELE DT,

4-Chlorocolchicine @ 7 SIAISHEHAD KB ELE M (in vitro)

HIES RO EEIZA L= 4-chlorocolchicine (3). 7-trifluoroacetamide & 20, 7-propanamide
K21, B & U 7-(meta-methoxy)benzamide A 45 D, YD RAF I/ OY—LIZHT HRBREN
(CLint) %32 L 1= (Table 1-11),

LAY 3.20 8LV 21 [FBE AN DLEE L invivo IBRZET S LD, RFERFEM(E colchicine
MEYLE>TWE I ENRHLMNELR Sz, £ T, DFICLELHRESEDNRZM#IFL DD, K
TEMOHELZHADZ LITLT

Table 1-11: Metabolic stabilities and SlogP values of 4-chloro-

colchicine derivatives

Compound SlogP @ CLint ¥

No. R R? (mL/min/mg)
H Me 2.59 0.001
3 Cl Me 3.24 0.028
20 Cl CF; 3.78 0.339
21 Cl Et 3.63 0.302
45 Cl Ph-3-NMe, 4.60 0.122

a) Estimated by MOE. b) Hepatic intrinsic clearance.
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FRE KRBREMOXEZRERLFEAOEREMBEEEN

BEOEICHENT, 4GS CIEZBALRLFEERI, 20 5LV 21 (FEELGMESEEZET D
— AT, KBREME colchicine (1) EHBELTE>TWA I EABHLMNEL STz, TDI=O. i
HoAMEE, BRIFCRBTERZHEF OFEROEBRZEMIC, SoL5FEHRLEERL
f=

Pfizer #4139 47000 (L EMDRBLEM 5T LR, BAMOET LRBREHDOM LI
HENROSNEZ EEHE L TL S %, 4-Chlorocolchicine ZFE{k 3. 20 £ & U 21 @ SlogP &
[FZhEh 324, 378. LU 3.63 THY. colchicine (1) M 2.5 & third 2 & BsiatE AR Ly
(Table 1-11 B88)°%), % Z T. 4-chlorocolchicine (3) ® 7 GIEISEIZ/KAMEREEZEA L. SlogP
EBETITFHLTREBREHDHELZRAASZ LI LT (Figure 1-6),

Cl 0
MeO >—R
MeO "'NH R = Change to a hydrophilic group to

MeO O decrease the lipophilicity of compounds
e
o

OMe

Figure 1-6: Strategy for improvement of metabolic stability

7 GIEISEIC amino EEZH T AFER AT ESLUV 48 DERL
Dimethylglycine & % L\ & 3-(dimethylamino)propionic acid @ DMF j&i#%IZ. EDCI. HOBt, DL\
T deacetyl A 19 #1Z T, KA TICTEHT %5 Z & T N,N-dimethylaminoacetamide & 47 & &
U N,N-dimethylaminopropanamide {& 48 % Z N Z 1 IXE 68%. 43% TR (Table 1-12),
IEEMAT LU 48 DIEEIL. HR-ESI-MS IZEWVWTRRDDFA A E—Y (mz2)EZ&AIL.
'H-NMR 2 UL T amide IENHED 1HH D E— % B A & h 1= dimethylaminoalkyl £ @) proton
FEEMICED LM BRER LT,

Table 1-12: Syntheses of 47 and 48

\
N_
)n
48: n=2 OMe
Product Reagent ¢ Yield

No. n (%)
47 1 Me,NCH,COOH (1.2 eq) 67
48 2 Me,NCH,CH,COOH-HCI (2 eq) ° 43

a) Solvent: DMF, Condition; 0 °C ~ rt, overnight. b) EDCI (1.2 eq), HOBt (1.2 eq). c¢) EtsN (2 eq), EDCI
(2 eq), HOBLt (2 eq).
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7 GL{AISEIC carboxyl EEZH T HFEKR49 5L U 50 DERL

Deacetyl & 19 # & U' N-methylmorpholine ® DMSO ;&% < . succinic anhydride & % L\ (& glutaric
anhydride &ML T, ERT 1 BREE#HT 5 2 & T 3-carboxypropanamide {4 49 £ & U
4-carboxybutanamide {&k 50 & Z L ZALUNE 60%. 95% T#H 1= (Table 1-13),

ItEM 49 &V 50 DIEEIL, HR-ESI-MS IZEWVWTER LD FAF U E—Y (m2)E&8AIL.
'H-NMR I VT amide B3ENH ED 1H D E—4 ¥, BASNT- alkyl EO LT FILEEEM
[CROF-ZEnDRERLT,

Table 1-13: Syntheses of 49 and 50

50:n=3 OMe
Product Reagent ? Yield
No. n (%)
49 2 Succinic anhydride (1.1 eq) 60
50 3 Glutaric anhydride (1.1 eq) 95

a) Base: N-methylmorpholine (5 eq), Solvent: DMSO, Condition; rt, 1 h.

7-Mercaptoacetamide {& 53 D& &k

Deacetyl {& 19 @ CH,Cl, B #&H . EtzN FETIZT CICH,COCI /ML T, ERTHEBTSZ
& T chloroaetamide 1A 51 Z EE/I(Z1§ 7=, DLV T, 51 M acetone B RFIZKSAc #MA B &
T. (acetylthio)acetamide {& 52 ZURZE 82% TH 1=, D 52 [Txt L T. MeOH j&&+. NaOMe
ZERSE T, Bt Ac it L B 89D mercaptoacetamide {k 53 Z E2/IIZ1§ 1= (Scheme 1-8),

53 D1EE(X. HR-ESI-MS [TEWTHFA AV E—Y m/z466.1093 (M+H")ZEBIL . "H-NMR
IZH LT HEE 52 D acetyl EHED 3H 530 proton hEK LIz &N LRER LT,

Cl

CICH,COCI
Et3N
E—
in CH20|2
rt, 30 min
yield: quant.

SAc
KSAc NaOMe
—_— _—
in acetone in MeOH
65 °C, 90 min rt, 40 min
yield: 82% yield: quant.

Scheme 1-8: Synthesis of 53
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7-a-Hydroxyalkanamide {& 56, 57 £ & U 59 D& L

Deacetyl & 19 @ CH,Cl, &I . EtsN 727 FIZT. AcOCH,COCI & 1= £(S)-AcOCH(Me)COCI
EARMLTALAMS4 B LUV 552 FNFNINET76%H LU 95% THt=. Zh > Ac E % MeOH
i, NaOMe THLE L THiE Ac 1£ L. hydroxyacetamide & 56 & & U8(S)-2-hydroxypropanamide &
57 * FNFNEEMNE S VINE 94%THB-, TD57 RERIGIZFL 58 & L=#. &£ &R
[Z NaOMe [Z TRt Ac 1t L . (R)-2-hydroxypropanamide {& 59 % ¥ 64% (2 T32) T#&71= (Scheme
1-9),

56, 57 LU 59 [F, HR-ESI-MS IZTEADRFAF v E—S (m/z)&#HE L. "H-NMR (2
HULWTELEBEA LTz a-hydroxyalkanoyl 2D L5 FIL#BEBMICED - DL, TOREEEDR
L7,

cl o0  OAc cl o, OH
AcOCHRcOCI ~ MeO MeO
Et;N “NH R NaOMe NH R
—_— —_—
in CH,Cl, MeO in MeOH MeO
rt, 30 min rt,1h
54: R=H (yield: 76%) 0 56: R=H (yield: quant.) 0
55: R=Me (yield: 95%) OMe 57:R=Me (yield: 94%)  OMe
AcOH OAc OH
PhsP
DEAD NaOMe
_— B
in toluene in MeOH
rt, overnight rt, 1h
yield: 64%
(2 steps)

Scheme 1-9: Syntheses of 56, 57, and 59

7-a-Hydroxyalkanamide {& 60 & & Uf 61 D& Ak

2-Hydroxy-2-methylpropionic acid & 7= [ 2-ethyl-2-hydroxybutyric acid ® DMF ;&i&IZ. EDCI
HEIUPHOBt #MZ T, KAT. 30 HMEIRME L =%, deacetyl K19 ZHFML T, FEICT 3B
FliE#Ed 5 2 & T. a-hydroxy-a-methylpropanamide {& 60 # & U a-ethyl-a-hydroxybutanamide
K61 22N ZNTEEMS & VUILE 59% TE7- (Table 1-14),

60 3 & U 61 (%, HR-ESI-MS ISTRRZDHFA A E—S (m/z)EEBBIL. 'HNMR 2B T
& < B A LT a-hydroxyalkanoyl ED S 7 FIL = EEBMICREH - LD, TOEEZHER LT,
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Table 1-14: Syntheses of 60 and 61

61: R=Et OMe

Reagent ¢ Yield
No. R (%)
60 Me 2-Hydroxy-2-methylpropionic acid (1.2 eq) quant.
61 Et 2-Ethyl-2-hydroxybutyric acid (1.2 eq) 59

a) Reagents: EDCI (1.2 eq), HOBt (1.2 eq), Solvent: DMF, Condition; rt, 3 h.

7-Hydroxyalkanamide {& 64 & & U 65 D& X

XEREEF D7 iEI1Z & U . 1,3-propanediol /5 2 T TERX L 1= 3-(Triphenylmethyloxy)propionic
acid, FE=(EHIR®D 4-(benzyloxy)butyric acid ® DMF j&37&I1Z. EDCI £ KU HOBt M X T. KA
T. 30 /> fEl#R#E L 1=#&. deacetyl {K 19 Z R L T, BIRIZT 3 BfEIRH T 5 2 & T, 3-(triphenyl-
methyloxy)propanamide {& 62 & & U 4-(benzyloxy)butanamide 1k 63 %, ThEZhEEME LUV
IR 59% T& 1= °® (Table 1-15), DLVT. 62 M MeOH j&i&IZ TsOH #iNz . =R T 5 BRiigH
9 % Z & T 3-hydroxypropanamide {& 64 %X 86% T#5f= (Table 1-16), 63 M CH,Cl, & i&IC
-78°CIZTBBr; i L. RIRE T 30 #fEE#HT % 2 & T 4-hydroxybutanamide {K 65 Z 4g3E
41% T#F 1= (Table 1-16),

64 5 L1V 65I(F, HR-ESI-MS ISTRADHFA A E—Y (m/z)&HHEL. 'HNMR 2B T
&< EA LTz hydroxyalkanoyl D FILESEBMIZED - b, TORBEFMHERE LT,

Table 1-15: Syntheses of 62 and 63

Product Reagent ? Yield
No. n R (%)
62 2 Tr 3-(Triphenylmethyloxy)propionic acid (1.1 eq) ” 94
63 3 Bn 4-(Benzyloxy)butyric acid (2 eq) ¢ 50

a) Solvent: DMF, Condition; rt, 3h. b) EDCI (1.1 eq), HOBt (1.1 eq). c) EDCI (2 eq), HOBt (2 eq).
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Table 1-16: Syntheses of 64 and 65

OR
>n
63:n=3, R=Bn  OMe
Product Reagent Yield
No. n (%)
64 2 PTsOH (2 eq) MeOH rt, 5h 86
65 3 BBr; (1 eq) CH,Cl, -78 °C, 30 min 41

7 RRISEICKAMEREZE T A FEAROMMGEEMY

7 AEE LTKBUEEREZE T HIFEROHBEST EEZ R LI- (Table1-17), EEM
amino £ HJ 51L& 47 £ XU 48 (X, 4-chlorocolchicine (3) & EEE L T:EMHAFEBE L=, E
(2. carboxyl EZHT 5 49 LU 50 L KIBIZEMEMNB L. £1=. thiol EEZEH I HFEK 53
DERELEMN o=, —H., DHERERTH D hydroxyl % ET 5 56 [ERIFLMRESFLER
FrLT=f=. 7 SISHIC hydroxyl B Z AT 5 FEREFHMICABL .57 8L U 59 DFERM 5.
amide D a SLDILAKIE(FEAEFHICEREFZ LI EMNDH oz, % Z T.vicinal dimethyl
EZRIL60 Z26MT 5&. AKRICREFLGZHMEIMREZTR LIz, LML, vicinal diethyl E~&
T DL, FEHIX 1S5 BEZETH U, RHIZ, 56 M methylene SEZ BRI 5 &, EMEILH
T HIERMNRD NI,

F1-. i L=k 512, 4-chlorocolchicine (3) &Y % SlogP IEDIELMEAEY 56 E KT 60 DK
B EMXHE L, colchicine(1)ERHFEDREMEZET L=,

LUEDESIZ, 7 £fI88% a-hydroxyalkanamide E£AEZEHI 22 & T, BIFSHBEEEN
THFELDD, RBTXERZEZRETHLITHYLT,
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Table 1-17: Cytotoxicities and SlogP values of 47-50, 53, 56, 57, 59-61, 64, and 65

cl o
MeO R
MeO
MeO O
o

OMe
Compound ICso value (nM) SlogP ? CLint?
No. R A549 HT-29 HCT116
47 CH;NMe, 160 46.0 67.0 1.36 NT 9
48 CH,CH;NMe; 960 354 539 1.75 NT
49 CH,CH,CO.H >5ug/mL 6270 6580 1.75 NT
50 CH,CH,CH,CO,H 5360 2250 3680 2.14 NT
53 CH,SH 400 209 192 3.15 NT
56 CH,OH 16.3 8.0 8.2 2.21 0.001
57  (S)-CH(Me)OH 18.7 8.5 7.9 2.60 NT
59 (R)-CH(Me)OH 19.5 7.2 7.7 2.60 NT
60 C(Me),OH 19.4 7.8 8.1 2.99 0.005
61 C(Et),OH 38.0 36.5 38.7 3.77 NT
64 CH,CH,OH 230 46.1 48.6 2.60 NT
65 CH,CH,CH,OH 357 168 175 2.99 NT

a) Estimated by MOE. b) Hepatic intrinsic clearance (mL/min/mg). c) Not tested.
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s e

FRE KRBREMOREZERLE-FERONESRNR

4-Chlorocolchicine (3) @ 7 fi{8I85(Z a-hydroxyalkanamide £ #E A L 1-558/A 56 5 X U 60 A
B GHREEEHEEABMREMEERLIZZH. 56 5LV 60 DX— K IRIZHT SHESS
£ (invivo) Z#H#E&R L 1= (Table 1-18),

56 5KV 60 £LEHIT, YTORICEEEZRDHDZLHEL 12MD DEREET, ThTN 66.7%H &
U 67.3%DRNGEHRERMNRERLIZ. S HICEIEEYE 1/4AMD EICENTH. ZNEN 43.6%
BLULGBL5%UDHMEFRIFLIz, ChOoDHERIX, LAY 56 HLU 60 HHESFIE LTHET
HHEERLTWD,

Table 1-18: Antitumor efficacies of 56 and 60

Compound Dose Total dose ? IR? Mortality
No. R (mg/kg/day) (mg/kg) (%)
56 CH,OH 20.0 60.0 43.6 0/3
40.09 120 66.7 0/3
60 C(Me),OH 50.0 150 58.5 0/4
100 ¢ 300 67.3 0/4

a) Dosing schedule on days 1, 5, & 9. b) Inhibition rate. c¢) 1/2MD.

1=, 56 D 4 LEBE AT H S colchifoline (66) [F. ¥ RIZxT BE MM colchicine (1) &
FREECHRN EMRE SN TLS ¥ (Figure 1-7), SO EM S, colchicine (1) @ 4 il Cl
EMNFEET S LM colchicine (1) ICEEDHFHZER L. LEGAEMNHOFEICEHMLTLS
CHERIL TLNVS,

Colchicine (1) OMme Colchifoline (66) OMe

Toxic dose (umol/kg): 3.0 3.9

Figure 1-7: Toxic doses of 1 and 66 in mice
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%t Tubulin EEMEEFEM

Colchicine (1) . 4-chlorocolchicine (3) . AN DLEHNEBNRS L URFLERBETE
HEET 556 H5ELU60 D tubulin (THT 2 ESHEEFNEZ
ICso E X RIGEALE 5 N EDIEZIRA L., & (DMSO) D& EFRML-BED tubulin ESE
EDEBENLEH LIz, WIThOFERLBEKREFN. D1 XY LEAICtubulin DEEZ
BAE L1z, XEERM S, T OFEROFZMIESNROERARKF(E 1 LRI tubulin EERE

—6&6: &b‘\ﬁ]\b\OT:o

0.08 .
IC50: 8.12 yM DMSO
£ 006 - e 4600000000000
§ ‘0 ¢1 0.8 uM
8 004 4
5 o
-g ’?IIIIIIIIIII-.-III “1 4uM
- A1 20 pM
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Figure 1-7: Inhibiton of tubulin assembly by 1
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Figure 1-8: Inhibiton of tubulin assembly by 3
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IC50: 1.41 uM
0.08 - DMSO
£
S 0.06 - 0 #8000 000000000 456 0.8uM
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2 0.04 :0 56 4 pM
8 ‘ Em u | ] [ | |
2 0.02—‘ gguui=
gut® A56 20 uM
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Figure 1-9: Inhibiton of tubulin assembly by 56
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LLE (colchicine D41 E K W7 L EMMADER ETLN 4 4L(Z CIE. 7 {212 a-hydroxyalkanamide
EZBITHFENR56 5LV 600, BANDLELMEENRSLIUVUBRHFGEKBTEERZET S

Figure 1-10: Inhibiton of tubulin assembly by 60

CEEBALMICLE, RESELLTHEGLEEYMZRET C EICRIILE,
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¥F£ZEF 7{ilZsulfonamide, urea, F7=[%thiourea ! {8I$E %% 9~ 5 4-Chlorocolchicine
FEAROEETHIEBEME

BIZEIZ T, 44622 Cl &, & U7 L2 a-hydroxyalkanamide £ H 3 2 F &AM, BRAN DA
HOMERESELG O VICRIFGRBETEMERAT A EZHOMNC LIz, 7HICKARDOAIE
(amide) ZA T 2FERI L BELGILEREZRHT C ENHEET12O. KETI. 7HIZERAR
BIDEIEE (sulfonamide, urea, F7=I& thiourea) &9 % 4-chlorocolchicine 8D ATEEMIZ DLV T
®Et L7,

%FE—H&1 Sulfonamide F71zI1& urea B AIHEZE T 5FERDERK L MBIEEENE

7-Sulfonamide 1K 67-72 D & RX

Deacetyl 1K 19 @ CH,Cl, A& IZ. Et;N ﬁT‘F ZFThEFhxthtd % sulfonyl chloride &AL .
#1952 & T 7-sulfonamide & 67-72 %1571 (Table 2-1),

67-72 D& (L. HR-ESI-MS I r%aa’mm RFAFVE—Y m/iz #EHE L. 'HNMRIZH
LVT sulfonamide EA3E®M NH &>, BA L1= alkyl £&H 5 WM& phenyl ED L5 FILESEHIZER
HI=ZEMLRER LT,

Table 2-1: Syntheses of 67-72

0]
67-72 OMe

Product Reagent Condition ? Yield
No. R (%)
67 Me MeSO.CI (1.2 eq), EtsN (1.5 eq) 0°C,1h 95
68 Et EtSO,CI (1.4 eq), EtsN (2 eq) rt, overnight quant.
69 Pr 'Prs0,Cl (1.2 eq), EtsN (1.5 eq) 0°C,2h 9
70 °Pr °PrSO,CI (1.2 eq), EtsN (1.5 eq) 0°C,1h 57
71 ‘Bu 'BuSO,CI (1.2 eq), EtsN (1.5 eq) 0°C,1h 85
72 Ph PhSO,CI (1.2 eq), EtsN (1.5 eq) 0 °C, 30 min 44

a) Solvent: CH.Cls.

7-Ureide 1A 73-78 D&

Deacetyl & 19 @ MeOH-H,0 (2:1) & % LM& CH,Cl, 8% (<. ethylisocyanate. isopropyliso-
cyanate 3 % L\ phenylisocyanate &ML . 589 % Z & T 7-ureide K 73 -75 & T h THUNE
61%. 97%H &K U 65% TH =, £1=. 7-ureide /K 76-78 L. deacetyl {& 19 M CH,Cl, A&, EtzN

35



F#ET. dimethylcarbamoyl chloride. diethylcarbamoyl chloride & % L & piperidine-1-carbonyl

chloride ##HML ., MEATEHI & TENENINE 98%. 44%H & U 56% TRz (Table 2-2),
7-Ureide 14 73-78 M#5E (&, HR-ESI-MS ISTE R DR FA AV E—Y m/z #HH L. 'H-NMR

[ZEWVWTEALT: akyl O ureide EDQ LT FILEZEBMIZRD-Z LM oRER LT,

Table 2-2: Syntheses of 73-78

MeO R
- MeO
19 OMe 73-78  OMe
Product Reagent Solvent Condition Yield
No. R (%)
73 NHEt EtN=C=0 (2 eq) MeOH-H,0 0 °C, 75 min 61
74 NHPr 'PrN=C=0 (2 eq) MeOH-H,0 0°C, 75 min 97
75 NHPh PhN=C=0 (2 eq) CH,ClI, 0°C,2h 65
76 NMe, Me,NCOCI (3.6 eq) CH.Cl, reflux, overnight 98
Et;N (4.5 eq)
77 NEt, Et;,NCOCI (1.5 eq) CH,Cl, reflux, 3 h 44
Et;N (2 eq)
78 N/\:> Piperidine-1-COCI (5 eq) CH.ClI, reflux, overnight 56
Et;N (5 eq)

a) MeOH:H,O= 2:1.

7-Sulfonamide {& 67-72 & & U 7-ureide {& 73-78 DHIRRIEEEM
7-Sulfonamide {& 67-72, & & U 7-ureide & 73-78 DHIGEEEMHEZ TR L1z (Table 2-3),

Sulfonamide 1k 67-72 £ & W urea 2L A 76-78 (X, BEReEDIELE (BRI, BRH D UMF
FEWE) PREERICEETSLHIELL. —FEDICxE (#+ nM) %R L 1=, F£1=. sulfonamides
(68 and 70)I%. colchicine (1) LRIFDHKFMEEMEZ R L. 7 fIFHIZ sulfonamide ED B ALK
HEEEDHEIZBEINTHS I ENTRE SN, —A. KinlZ monoalkyl EAVEHE L = ureide (&
73H KU T74 TlE, FEMNBB LIz, COFEMEE. alkyl &% phenyl H 75 ~NE T 5 LHEN
mhont,
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Table 2-3: Cytotoxicities, SlogP values, and metabolic stabilities of 67-78 67-78  OMe

Compound ICs value (nM) SlogP ? CLint ¥
No. R A549 HT-29 HCT116 (mL/min/mg)
67 SOMe 45.4 38.6 36.9 2.65 NT @
68 SO.Et 48.1 42.6 39.9 3.04 0.005
69 SO, Pr 44.9 422 40.7 3.43 NT
70  SO.°Pr 38.0 35.5 32.6 3.19 0.005
71 SO,Bu 40.8 36.4 33.2 3.68 NT
72 SO.Ph 36.8 8.7 25.8 4.08 NT
73 CONHEt 247 81.8 134 3.42 NT
74 CONHPr 289 181 189 3.81 NT
75 CONHPh 48.1 35.2 36.0 4.93 NT
76  CONMe, 192 53.2 50.4 3.37 NT
77 CONEt, 48.3 43.9 44.3 4.15 0.021
78 CONC> 26.6 42.6 42.4 4.30 0.043

a) Estimated by MOE. b) Hepatic intrinsic clearance. c) Not tested.

7 $21Z sulfonamide 45 ureide £ %83 5% 4- chlorocolchicine FFE{KIZ, R AGHMIEEFENE
FHIDAFERIZTOOAEN =N, ChoDFhMN5 68, 70, 77 KU 78 Z:EIR L T invivo
BT mEENREMHELT-.
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FEHE Sulfonamide £7/z(X urea HAIEZE T HFEAXROMESEIR

7 fiiIZ sulfonamide 4> ureide & %A 9 % 4- chlorocolchicine FF&ANDH M 5, 68, 70, 77 &
KU T8 EBIRLT. invivo ICEITEMEBIREHZR LT (Table 2-4),

LEW T8 (L. invivo BEBRADBRENTT+HTH o128, X— FIDRIZHT HRKM
2 (MD) #RHBZENHELMN Tz, TD=8. RKBME (MSD) D IR EEFLIV 14 EF
#E5 LT,

Sulfonamide {4 68 & & U 70, 5 & U ureide {K 78 A%, 1/2MD (& % L M& 5/7MD. 1/2MSD) D%
EETENEN51.7%. 455%E KU 54.3% &, colchicine (1) ELLB L CILEAAMEER LT
M. EEBIERELEE (IR) (X, amide HEERTH S 56 LU 60 [ZIERIEGEM o1 (Table 1-18
BH), F£1-. N,N-diethylureide A 77 [XIF LA EMBEMRE RS AN ST,

Table 2-4: Antitumor efficacies of 68, 70, 77, and 78 OMe
Compound Dose Total dose IR? Mortality

No. R (mg/kg/day) (mg/kg) (%)
68 SO,Et 35.0 105 433 0/4
70.0 ¢ 210 51.7 0/4
70 SO,°Pr 25.0 75.0 43.9 0/4
50.0 ¢ 150 455 0/4
77 CONEt, 35.0 105 28.0 0/4
70.0 ¢ 210 13.2 0/4
78 C> 50.0 150 37.1 0/4

CON

100 ¢ 300 54.3 0/4

a) Dosing schedule on days 1, 5, & 9. b) Inhibiton rate. ¢) 5/7MD. d) 1/2MD. e) 1/2MSD.
7 fiLlZ sulfonamide 4> ureide & %A 9 % 4- chlorocolchicine FEAMN 5 (X, BAKRMESRE

MEEITHLFEHRZEZRET CLEFHRGN o=, ED=H, 7 il thioureide EZHY HFEK
RIS LI,
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B =F1 Thiourea B{ItH (AERINIR) 2B T HFEXRDER L HREEEM

7 fiZ(Z sulfonamide E & 5 L\ & ureide E % H 9 5 4- chlorocolchicine FFEKIZ, BIFLEME%
T EAMEIREELA, o1=, £ T, KETIX alkylthioureide £ZH T 3FERICDODVTHE
L.

Thiocarbamoy! {& 80 D & ik

Deacetyl Kk 19 @ CH,Cl,&®&IZ. thiophosgene E XU EtsN #FML T, KA TFIZT 2 B
#3935 Z & T. 7-isothiocyanate K 79 ZEEMIZF 1=,

79 D#EEIE. HR-ESI-MS [ZSTHFA A > E—%9 m/z434.0819 (M+H)Z#&H L. "H-NMR IZ
T, 19D 7T-NH ED S T FILHER LI e DRER LT,

DLVT, 79 M 1,4-dioxane ;&&= NH; (0.5 mol/L in 1,4-dioxane)Z1Z T. =RICT 5 B
#9 3% Z & T. 7-thiocarbamoyl & 80 % VK 45% T1§71= (Scheme 2-1),

80 [x. HR-ESI-MS [ZTHFA 4> E—% m/z451.1065 (M+H)ERHE L. 'H-NMR I=T
thiocarbamoyl EHEDNH DT FILEBBILI-Z b, BEEREE L

thiophosgene

Et3N NH3
in CH,Cl, in 1,4-dioxane
0 OQ, 2h rt, overnight
yield: quant. yield: 45%

Scheme 2-1: Synthesis of 80

N-Alkylthiocarbamoyl {& 81 & & Uf 83-86 D& ik

Thioureide {& 80 A, 7-isothiocyanate (79) Z#H3 5 & THLNT=1=&. one-pot £HTD
B ERE LTz (Table 2-5), % & BHRIC. deacetyl K 19 A i5 79 Z#FAEL L 1= . RISH&IZ MeNH,
%Nz % Z & T N-methylthioureide {4 81 ANXEE 78% TH b 1=,One-pot TRIFLHERF5 X 1=
=&, FHDAHEIZT 83, 84, 85. HKLU 86 5 L. TNENILE 69%. 68%. 63%. H&
U 19% T&B1= (Table 2-5),

81 £ KLU 83-86 MHEEIL. HR-ESI-MS [CTENZENDRFA AU E—Y (m/z)&EERH L.
'H-NMR [ZT. thiocarbamoyl ZEHED NH DE—5 %, BALT= akyl RO J L EREMIC
BRLEZEAhDRERLT,
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Table 2-5: Syntheses of 81 and 83-86

thiophosgene

o .

in CH,Cly in CH,Cl,

0°C,2h

81,83-86 OMe
Reagent Condition Yield
No. R (2 eq) (%)
81 Me MeNH,-HCI rt, 48 h 78
EtsN

83 "Pr "PrNH, rt, overnight 69
84 "Bu "BuNH, rt, overnight 68
85 "CgH13 "CgH12NH, rt, overnight 63
86 CH,CH,OH HOCH,CHyNH, rt, overnight 19

N-Ethylthioureide {& 82 @& Ak

Deacetyl &k 19 @ MeOH-H,0 j&i&(Z. EtN=C=S #i# ¥ % = & T N-ethylthiocarbmoy! {4 82
% UNE 49% T1F71= (Scheme 2-2),

82 [£. HR-ESI-MS [ZTHFA A > E—4 m/z479.1410 (M+H") A Eh. 'H-NMR IZT.
thiocarbamoyl ZHED NH DE—U %, BEALfzethyl EDO ST FILHNBRIESh-C LB, %
DEEZEHER L=,

in MeOH-H,O
0 °C, 75 min
yield: 49%

Scheme 2-2: Synthesis of 82

N,N-Dialkylthioureide {& 87-94 M & &

N-Alkylthiocarbamoyl kD& AL & F#%IZ. deacetyl K19 /5 79 AR L =%, ®IHT 5 2 #&
amine M % % Z & T N,N-dialkylthioureide {& 87-94 % one-pot T# /= (Table 2-6),

ft&1 87-94 MHEEE. HR-ESI-MS [ZTHFA AL E—4 (miz)%ERHE L. 'H-NMR 2T,
thiocarbamoyl ZEHED NH D E—5 O, BEA Lz diakyl ED LT FILESEMICEALI-C &
MR LT,
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Table 2-6: Syntheses of 87-94

thiophosgene

e .

in CH,Cl, in CH,Cl,

0°C,2h

Product Reagent ¢
No. R’ R? (2 eq) (%)
87 Me Me MeosNH-HCI quant.
EtzN

88 Et Et Et,NH 85
89 "Pr "Pr "ProNH 98
90 Me CH,CH,OH 2-(methylamino)ethanol 92
91 -CH,CH,CH.- Azetidine 18
92 -CH,CH,CH,>CH,- Pyrrolidine 72
93 -CH,CH,CH,>CH,CH,- Piperidine 70
94 -CH,CH,OCH,CH>- Morpholine 70

a) Condition: rt, overnight.

Alkylthioureide & 80-94 D ARG EE

7-Alkylthioureide {A 80-94 M MRRGEEEM Z~d (Table 2-7), Ethylthiocarbamoyl {& 82 &, xt
&9 % ethylcarbamoyl A 73 & U £, fIGEEEENKIFICEE L TSI EAHALMNELE ST
(Table 2-3 Z8&), ZD 1=, 7-thioureide ADIEEF R ZFFMICHRET L 1=. N-mono E#fE
thiourea &1k 81-84 (X538 H 75 ;E 4 %~ L f=— A T. N-hexylthiocarbamoy! {& 85 ;&4 (X555 L
f=o THRRIEZHRET 2 EEFUNBEHE T HERIL. 7-amide BFEAR L FE#H THo1= (Table 1-7
), ZOERMIE, N,N-di Ef#t thiourea THERH 5. dimethyl {& 87 & & U diethyl {& 88 TIX
B MRS EEE 2R LA, dipropyl ik 89 TILEMEMNB L=, TD—AT. £2THERRK
thioureide {4 91-94 (338 N7 EMEZFF L. amide BUFER L RHRIC, D<K EHL 6 BIRETIE
FEENHFRINDZ ENDD 2Tz, 7 6Ll amide AISEZE BT HFEARDIZE L. AISHIC hydroxyl
EZBALELLZFICHREEEHEZRIFLOD RBLTEMOBENRD ol (Table1-17 BE),
ZDH. TNIZHM->TIEEY 86 5L U 90 &R Lf=A . 7-thiourea # 4 T TILFHDFHBE %
BLLIEMDD DT,
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Cl s R’
MeO >\—N’
O. "NH R2
MeO
MeO O
o

Table 2-7: Cytotoxicities, SlogP values, and metabolic stabilities of 80-94 7993 OMe

Compound ICso value (nM) SlogP?  CLjnt?
No. R R? A549 HT-29 HCT116
80 H H 45.0 6.1 9.0 2.94 NT
81 H Me 10.9 2.8 6.3 3.20 NT
82 H Et 37.9 8.6 7.9 3.59 0.124
83 H "Pr 9.9 1.6 4.3 3.98 NT
84 H "Bu 7.4 1.0 1.8 4.37 NT
85 H "CeH1s 212 176 171 5.15 NT
86 H  CH,CH,OH 251 52.7 89.7 2.56 NT
87 Me Me 10.7 8.8 8.4 3.54 NT
88 Et Et 10.1 6.1 6.9 4.32 0.541
89  "Pr "Pr 40.3 38.2 34.4 5.10 NT
90 Me CH,CH,OH 44.9 30.4 32.6 2.90 NT
91 -CH,CH,CH,- 33.3 5.8 8.4 3.68 NT
92  -CH,CH,CH,CH,- 12.2 7.5 7.2 4.07 NT
93 -CH,CH,CH,CH,CH,- 9.6 6.1 6.9 4.46 NT
94  -CH,CH,OCH,CH,- 44.9 7.2 9.1 3.31 0.061

a) Estimated by MOE. b) Hepatic intrinsic clearance.

7-Ethylthioureide A& 82 A%, 7-ethylureide A 73 & Y £ RIF MG B 2RI IEHRZHAT
B1=®IZ, insilicol2&b Ry x24T 22— 30FTo1,

82 O thiourea-NH £ (&, tubulin a-subunit @ Thr179 EE & KFRFESZ N L T, tubulin £HBE
EAL TS Z ENREE T (Figure 2-2), ZNITHA T, 82 M 9 i carbonyl £ & tubulin
B-subunit M Lys254 5%& + . KEHEESICE > THEERALTWS I ENARE I NIz, —F. urea
K73 TIEZDORGHEEERIRD onGEA, o1 (Figure 2-1),

FOEAF, ROFFITHA L TS, —HAIIZ, thiourea-NH D KFRESHEAKRE L TDEE
X, ®eddurea-NHEXYEFWLWI EAHMONTINS, TNIFEE. thiourea-NH E®D pKa fE
M. 5T % urea-NH ED pKa fE& Y HEL . BMEEAB VI LISBALTWLS ), 20716,
82 () thiourea-NH %t & tubulin a-subunit (Thr179) O#EAERAS. colchicine &Y 4 FZHIT5
82 N FDLRIEHY ZREL. 82D 9 i carbonyl £ & tubulin B-subunit (Lys254) DKFFEESIL.
urea k73 &Y L HF EBbNhiz, TOHER. thiourea 1k 82 DS E F N urea 1K 73 DFEMH
ZLEDELEDEHAILT -, D thiourea RFER L RRDEHIZE Y, s LIizureath& Y EFE
HERLEEEEZDND, LLEMN D, 4-chlorocolchicine $8®M 7 £IIZ alkylthioureide XD E A X,
EEIZNRNMTHL MM o=,
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“Docking Score
(kcal/mol)

Figure 2-1: Docking mode of urea (73) at the colchicine binding site of tubulin

(green: hydrophobic regions and pink: polar regions)

a-subunit

Figure 2-2: Docking mode of thiourea (82) at the colchicine binding site of

tubulin (green: hydrophobic regions and pink: polar regions)
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S5MmE  Thiourea A (FEIK) ZH T 2FERDO AR L MBEFEN

7 ££1Z alkylthioureide & % &9 % 4-chlorocolchicine SF&AMN, RO FUEET D EAHEL
Mg 211z, KRETIL arylthioureide £ #H T 5FEXRICDONVTHRETL 1=,

N-Arylthioureide {& 95 U 103 D& 5L

Deacetyl & 19 DB RFIZ. PhN=C=S & % L\ 4-(Me;N)PhN=C=S #/MZ TEHT S L T.
arylthioureide 1A 95 £ & U 103 Z TN ZNUNE 74%F & U 63% T {1z (Table 2-8),

95 5 KU 103 (. HR-ESI-MS IZT. ZNENRFA A+ E—Y m/z527.1257 (M+H") H&L U
570.1864 (M+H") ASt&H &h. "H-NMR [ZT. thiocarbamoyl ZEHED NH DE—5 %, BA L=
aryl RO T FILHAEEBMICBRAI NI LMD, TOBEFRER LI,

Table 2-8: Syntheses of 95 and 103

R
Product Reagent Solvent Condition Yield
No. R (2 eq) (%)
95 H PhN=C=S MeOH-H,0?  0°C, 75 min 74
103 NMe, 4-(Me,N)PhN=C=S CHCl, rt,4 h 63

a) MeOH:H,0= 2:1.

N-Arylthioureide & 96, 97. 100, H XU 101 DERK
%159 % aniline &AM CH,Cl, A&, thiophosgene & EtsN M2 TKAT. 2 BrRiE# L
T arylisothiocyanate ZZf8 L fz#&. 19 Z /ML =R T—BRE#H T 5 2 & T, N-arylthioureide &
96.97. 100, & &£ U 101 & Z M ZHULE 33%. 95%. EBMIE L UEBMIZBF= (Scheme 2-3),
96. 97. 100, £ & U 101 DHEEIL. HR-ESI-MS [ZT. ZRERDHFA 42 E—4 m/z (M+H")
Z#H L. "H-NMR [ZT. thiocarbamoyl Z2HED NHDE—4- %, BAL-aryl ZEDV YT+ IL%E
BEMICEALENDRERE LT,
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72D
cl s V=
thiophosgene MeO >\_NH
rl AN EtsN X compound 19 H
—_ — — —_—
"\, I CHACL P neces| N CHoCly MeO
2 jce-bath, 2 h rt, overnight

96: R=2-OMe (yield: 33%)
97: R=3-OMe (yield: 95%) OMe

100: R=3-CN (yield: quant.)

101: R=4-CN (yield: quant.)

Scheme 2-3: Syntheses of 96, 97, 100, and 101

N-Arylthioureide & 98 & & U 102 D& Bk

Deacetyl {k 19 @ CH,Cl, & #&IZ. thiophosgene & U EtsN #HZ TKATICT 2 BfEiE#L
T 7-isothiocyanate K 79 ZFAH L =& . XI5 5 aniline FEAXZEZMA T, SHICERICT—H
#3935 Z & T, arylthioureide K 98 H LU 102 ZFNFNULE 72%H &K U 18% THF1= (Table
2-9),

98 5 LU 102 DHEIEIX. HR-ESI-MS ST ZNENDFA 2 E—Y m/z557.1516 (M+H") &
& U 570.1815 (M+H") %##H L. "H-NMR [ZT. thiocarbamoyl ZH¥END NH DE—4 %>, #EA
Lizaryl EDQ LT FIILEEBMICERALI-C A LMER LT,

Table 2-9: Syntheses of 98 and 102

thiophosgene
Et;N
in CH20|2 in CH20|2
0°C,2h
Product Reagent ? Yield

No. R (2 eq) (%)
98 4-OMe p-Anisidine 72
102 3-NMe, 3-(Me;N)PhNH,-HCI 18

EtsN

a) Condition: rt, overnight.

N-(2-Cyanophenyl)thioureide & 99 @ & Bk

2-Aminobenzonitrile M CH,Cl, j&i& (<. thiophosgene #MN X TEET 3 BifE#R# L T 2-isothio-
cyanatobenzonitrile ZFRAH L1=%. 19 LU K,CO; MR T, SHICERTICT—MIEHT S
& T. N-(2-cyanophenyl)thioureide & 99 % IR 45% T#H 1=,
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99 D& (% HR-ESI-MS [ZTHFA # > E—% m/z552.1365 (M+H") % &8 L .'H-NMR I= T
thiocarbamoyl ZEHED NH DE—V 0 BEALfzaryl EQO ST FILEEEMICHALI-Z LMD
R L=,

N _N compound 19
©\// thiophosgene - K,CO4
in CH2C|2-H20 o~ in CHzclz-Hzo
NH; rt,3h N=C=S rt, overnight

99 (yield: 45%)  OMe

Scheme 2-4: Synthesis of 99

7 BLIZ arylthiourea RUAISHZH 9 S5 E M D MG EEH

7 ££1Z arylthiourea E {885 % & 9 % 4-chlorocolchicine N G EE M %= L 1= (Table 2-10),
Phenylthioureide {& 95 >, meta {ii %> para £iI|Z methoxyl % H$ % 97 ¥ 98 NR H L HIAREE
EMER Lz, —7A. ortho-methoxyl K 96 MJEMEIL., 97 ©°98 & U H 1 A — 4 —FEERIB L 1=,
FERLOEM L cyano EE K 99-101 THETE I meta GLEHRIK 100 5 &K U para (IE A 101
DEMEM. ortho K99 &Y L BIFTH o=, F1=. dimethylamino EIK(Z para FIE K 103 D
BRI BN THY . meta LBHRIA 102 &Y LB TV,

Table 2-10: Cytotoxicities, SlogP values, and metabolic stabilities of 95-103

Compound ICs0 value (nM) SlogP @ CLint”
No. R A549 HT-29 HCT116 (mL/min/mg)
95 H 24.4 0.4 1.2 5.09 NT @
96 2-OMe 77.6 15.0 29.4 5.10 NT
97 3-OMe 23.3 0.5 1.4 5.10 NT
98 4-OMe 8.0 0.3 1.4 5.10 NT
99 2-CN 3795 866 2204 4.96 NT
100 3-CN 126 6.7 25.3 4.96 NT
101 4-CN 67.8 6.4 25.0 4.96 NT
102 3-NMe; 38.4 4.4 24.2 5.16 NT
103 4-NMe, 1.8 0.3 1.1 5.16 0.152

a) Estimated by MOE. b) Hepatic intrinsic clearance. c) Not tested.
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S%AH Thiourea HAIHZA T HFBHRORESHR

7 {i(Z thioureide & % &9 % 4- chlorocolchicine FEAD DA 5, B AW LMREEEEERLT-
82. 88. 94 3K UN103 #:BIRL T, invivo [ZH T BREENEEREZE L 1= (Table 2-11),

HELE-E2TOFEARN, 12MD DEREEIZT, X— IV RDRTPORERF DL EDSHER
REDBHB LK. BIFEREESE %R LT, 7-thioureide {KIE. 7-amide UEFEIRD in vivo
EHEEKRICLELGNERDNREETLIILAHALH LA o1z (Table 1-10 & 1-18 SHE) 4F (<.
7-ethylthioureide {4 82 [&. 1/2MD £ T 62.6% DR MEBIEEELEZR L. 1/4MD EIZH T
$ 44.4%DBRIFIEEZEA LTV, £1=. 7-amide ZFEAET(E, BIEICHFEREEHIT 5451
REBNRILZFEELEAERD NN o 1=A, 7-thioureide A TIXFEEFREHT 5 1032, 1/2MD
ET525%DMERSNRENRD NI,

Table 2-11: Antitumor efficacies of 82, 88, 94, and 103

Compound Dose Total dose ? IR Mortality

No. R’ R? (mg/kg/day) (mg/kg) (%)

82 H Et 20.0 60.0 44.4 0/4
40.0 9 120 62.6 0/4

88 Et Et 25.0 75.0 29.5 0/4
50.0 ¢ 150 54.6 0/4

94 -CH,CH,OCH,CH,- 25.0 75.0 31.3 0/4
50.0 ¢ 150 52.7 0/4

103 H Ph-4-NMe, 10.0 30.0 32.6 0/4
20.09 60.0 52.5 0/4

a) Dosing schedule on days 1, 5, & 9. b) Inhibition rate. c¢) 1/2MD.

82, 88. 94, HL U103 [FLHLIMEZEEFUZETHILAHALNELST-L DD, TOHH
LEEMIE colchicine (1) & LB L TH > TULVfz (Table 2-7 & U 2-10 SH8), FEMAEIZHUNT,
7-amide BUEEE(RTIXAISHIZ hydroxyl REFEBEAT 5 & THRAGHBRES EHEHIFLENS,
RBREMEEZRET S ENARETH o =HS, 7-thioureide A TId hydroxyl EEZEAT B &, &
HMIEMBRDOBEBENRO NIz, T T, invivo ICTHEBMIENRO N7 Cary EEFT
% thioureide 1A 103 [Z3F B L 1=, & aryl &% heteroaryl E~ &L ZEH# L SlogPlEZ R L 5 Z & T.
MAGHREEETEERFLOD.ABLEULNRET S5 L E2HF LI, TDT=8H. 7-thioureide
HDOXKIFIZ heteroaryl EEET HFERDERKIZEF L1=,
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o N B

FNE HKHREMEOREZERL-FEARDOESK L MBEEET

7 LD AIEEIZ thioureide % B9 % 4-chlorocolchicine $8AVi& H T MRS EEE L . [LEELIE
BWREETHIEERLEN, REREMSE1 LB LTS > Tz, £ T, arylthioureide
ExHIT 5103 M, invivo THEBNIREZRLIZZ LIZEB LTz, Karyl £% heteroaryl A~ &
T L CTHEMARD SlogPEZEZRL 5 & T, BALGHMREEIEZRIFLAEN S, KBREMSEN
WETHLEEHFL T, heteroaryl BREZH T 5FEARDEREEREL /=,

N-(Heteroaryl)thioureide {& 104 & & U 106-109 D& Ak

7-Isothiocyanate {& 79 @ DMF j&&IZ. xti:9 % (heteroaryl)amine % i&i0 L T 80°C T—HRiE#
9 5 & T. N-heteroarylthioureide 1A 104 5 & U 106-109 = Z N ZNUINE 47%. 63%. 54%.
49%. B LU 38%THT=,

104 5 £ 11 106-109 DiEiE(X. HR-ESI-MS [ZTHFA A+ E—9 m/z(M+HY) ZEEIL.
'H-NMR [ZT. thiocarbamoyl Z£H%ED NH D E—4 %, #A L 1= heteroaryl BD L FFILERE
MICBRAL-CEhDRERLT,

Table 2-12: Syntheses of 104 and 106-109

in DMF
80 °C, overnight

104, 106-109 OMe

Reagent @ Yield
No. Ar (1.2 eq) (%)
X
104 | 2-Aminopyridine 47
*ON
>N . .
106 | _ 4-Aminopyridine 63
X
107 | N 3-Aminopyridazine 54
* N’
N\
108 JI/\jN 5-Aminopyrimidine 49
L)
109 | 2-Aminopyrazine 38
*N

a) Solvent: DMF. Condition: 80 °C, overnight.

48



N-(Pyridin-3-yl)thioureide {& 105 D & Bk

Deacetyl & 19 ® CH,Cl, ;& &I, 3-isothiocyanatopyridine ZM X TEETICT 4 BEE#IT S
Z & T. N-(pyridin-3-yl)thioureide {& 105 ZUIXZE 76% T# 7= (Scheme 2-5),

105 DIEE (L. HR-ESI-MS IZTHFA 4> E—% m/z528.1376 (M+H") Z&BI L. H-NMR [
T. thiocarbamoyl EHED NH D E—- %, EA L1z pyridin-3-yl ED 5 F )L &= SEHIZE A
LizC&homERE LT,

7\

Cl Cl S —
MeO MeO >—NH
O "'NH; 3-PyN=C=S O "'NH
MeQO - MeO
in CH,Cl,
MeO O rt, 4 h MeO O
0] (0]

yield: 76%
19 OMe 105 OMe

Scheme 2-5: Synthesis of 105

N-(Heteroaryl)thioureide {4 112 & £ U 124 D& X

2-Aminothiazole # % L& 3-amino-5-methyl-1,2,4-triazole ) MeCN ;&i&IZ. 1,1’-(thiocarbonyl)-
diimidazole # /N X TR T 5 Z & T. imidazole-1-carbothioamide A 110 EX UV 111 ZFhFh
IR 47% 6 & U 63% TH 1= °Y (Table 2-13),

110 5LV 11 OHEEE. ZHENESIMS [2THFA A2 E—4 m/z 211 (M+H)E & U 209
(M+H)Z#H L. 'H-NMR IZTEA L1= imidazole ® &4+ L £ S ERI L 1= = & A SRR
L7=s

Table 2-13: Syntheses of 110 and 111

S
a N\
NI NN (1eq) S>_N/>N
AI’NHZ —_— Ar—NH —
in MeCN r
110, 111
Product Condition Yield

No. Ar (%)

S
110 > 40°C, 2 h 47

N

_N
111 i t, 2 h 63

DUVT, deacetyl A 1912110 H 5 LI 111 A TME T, E#T 5 Z & T N-(thiazol-2-yl)-
thioureide 1% 112 £ & U N-(5-methyltriazol-2-yl) thioureide {k 124 %, FNFNILE 3% E LU
55%T#51- ®V (Table 2-14),
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112 £ U124 £, FhFN HR-ESI-MS [2THFA 4> E—% m/z534.1058 (M+H)$ & U
532.1414 (M+H A& H &t "H-NMR [Z T thioureide Z®M NH @ E—4 %>, # A L 7= heteroaryl
EOVTFILNEEMICBASINI-C LD L, TOBEETHER LT,

Table 2-14: Syntheses of 112 and 124

19 OMe 112,124  OMe
Product Reagent Solvent Condition Yield
No. Ar (1.1 eq) (%)
s
112 — 110 MeCN reflux, 1 h 03
N
Nx
124 *—Q NH 111 DMF 60°C,2h 55
\-

N-(Heteroaryl)thioureide {& 117-119 & & U 121-123 D E K

3-Nitro-1,2,4-triazole M MeOH j&i&IZ. NaOMe H& U Mel #MA TERT. —BRiEHT 5
& T N-methyl b LT=&. U AT I DS LICTHERET 5 & T, 1-methyl-3-nitrotriazole (113) &
& U 2-methyl-3-nitrotriazole (114) ZZNZNINE 52% E & U 7% THEE L= (Scheme 2-6),

M3 & U 14 DEEL, ESIMS [STHFA AV E—Y m/z 129 (M+H)Z#H L. "H-NMR
[Z2T N-methyl ED LT FI)L%E 113 Tl 54.02 12,114 TIX 54.16 IZERAIL 1= Z & .113 D triazole
IRE®D proton & N-methyl Z[Z NOE A& BISNF=C &M ofER LTz, D N-methyl ED /7 = 5
LT T ME, XEERE (J54.03 B & U 54.18) LRL—BETR LT %,

DT, M3 HBHUX 114 D EtOH Bi&KIZ 10%Pd-C #MZ . KEFHEIKT. ERICTERT
% Z & T.aminotriazole A 1155 K U116 TN T HUNFE 93% & & U 86% T 1= (Scheme 2-6),

115 B & U 116 [£. ESI-MS [STHFA A+ E—4 m/z99 (M+HE#H L. "H-NMR (2 THit=
ISNH, BEDE—V Z#8BRAILI-Z D, TOBEEHERLT-,

ON___N under H, H.N

= N 10%Pd-C PN

Mel NwNOE in EtOH N/
OzNjéN\ NaOMe 113 (yield: 52%) "0 3N 115 (yield: 93%)
N§/NH in MeOH +
rt, overnight OZNYN/ ;jg%eF:dHé HZNYN/
I N — | N

N in EtOH N

114 (yield: 7%) rt, 3.5 h 116 (yield: 86%)

Scheme 2-6: Syntheses of 115 and 116
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7-Isothiocyanate {& 79 @ DMF jZi&IZ. N Z Rt S (heteroaryl)amine 8% M A T, ME
TICTHE#ET % Z & T.N-(heteroaryljthioureide K 117-119 & &K U1 121-123 £ TN T UNE 66%.
72%. 96%. 31%. 66%. H KLU 57% THFf= (Table 2-15),

117-119 £ £ U 121123 D#EEIX, HR-ESI-MS [CTHFA 4+ E—S m/z( M+HYEFhEh
BH L. '"H-NMR [ZT thiourea D NH D E—4 %, BA L 1= heteroaryl D S 5+ IL & AW
ICEAILI-CEMRER LT,

Table 2-15: Syntheses of 117-119 and 121-123

Cl
MeO MeO >—
-"N=C=S “iINH
MeO - MeO
MeO O
(e}

117-119

79 OMe 121123 OMme
Product Reagent Solvent Condition Yield
No. Ar (%)
117 S 2-amino-4-methylthiazole DMF 100 °C 66
= ]\ .
N (2eq) overnight
118 = 3-aminopyrazole DMF 100 °C 72
*_<\I|\JH > ,
N~ (2 eq) overnight
119 ~ 3-amino-1-methylpyrazole DMF 100 °C 96
*_<\r|\1 ylpy
N7\ (2 eq) overnight
121 N 3-aminotriazole DMF 80 °C 31
*_<\ \|
n-NH (1.2 eq) 2h
122 N 115 DMF 80 °C 66
*_<\ \l )
N-N< (1.2 eq) overnight
123 N 116 DMF 80 °C 57
*_</N,\I||\1 (1.2 eq) overnight

N-(5-Methylpyrazol-3-yl)thioureide {& 120 D& &

3-Amino-5-methylpyrazole ® CH,Cl, /A& (< thiophosgene M Z T. FRICT 1 BEE#T S
C & T. 3-isothiocyanatopyrazole {& 127 ZFA& L 1=, RFAERIZ. 19 ZMZ T o IT—BRIEH
9% & T, N-(5-methylpyrazol-3-yl)thioureide {& 120 %X 86% T#HB 1=,

120 D#EE L. HR-ESI-MS [2THFA 4> E—4 m/z531.1613 (M+H") i L. 'H-NMR 2
T thioureide M NH O E—- 4>, B A L 1= 5-methylpyrazole 2D J FIL & SEMIZEBIL 1=
CEMLRER LT,
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N~N in CH,Cl, in CH,Cl,
rt, 1h 127 rt, overnight
yield: 86%

W thiophosgene

— Et3N h 19
N=C=S

H / NH2 —_— HN- N/ —_—

Scheme 2-7: Synthesis of 120

N-(5-Methylisoxazol-3-yl)thioureide {& 126 D& Ak

3-Amino-5-methylisoxazole @ CH,Cl,i&#&IZ. Na,CO; /KB % $ & U thiophosgene #h1Z T.
B2 T 3 HfE#MT 5 Z & T 3-(isothiocyanato)isoxazole 1k 125 Z UK 55% TiF71= (Scheme
2-8),

125 D#EEE. ESI-MS [2THFA A2 E—4 m/iz 141 (M+H") Z#H L. "H-NMR (2T NH,
EDE—IUMNHEELELTW=C DR LT,

W thiophosgene

= Na,COs ag. m .
5 N=C=S

»—NH, o/

~N in CH,Cl, "N
rt, 3h
yield: 55% 125

Scheme 2-8: Synthesis of 125

DUVT, deacetyl {£ 19 @ CH.CLBR&RIZ. EtlN 88X U125 ZMATEE T, —MEHI B &
T N-(5-methylisoxazol-3-yl)thioureide {k 126 % IXZ 80% T#F71= (Scheme 2-9),

126 DL, ESI-MS IZTHFA 4> E—4 m/z532.1328 (M+H*) Z#H L. 'H-NMRIZT
thiourea M NH ZD E—4+>, BA L 1= methylisoxazole D5 FIILESBHICEA L EHD
R L1,

125
Et;N

—_—
in CH,Cl,
rt, overnight
yield: 80%

Scheme 2-9: Synthesis of 126

7 {1l (heteroaryl)thiourea 2 EIEZ B3 5 FER DO MG EEME
7 i1 (heteroaryl)thiourea 2 {8l§E % 9 % 4-chlorocolchicine $8 D MRS EEEZ R L 1= (Table
2-16 and 2-17),

52



ANTOEEEKR 6 BIRIEEY 104-109 (X, phenyl £ZFHT 5 103 L tLE L THEAH (SlogP {B)
FHELE-LON. WIGEFHEETRBERIZH > 1= (Table 2-10 BE),

Table 2-16: Cytotoxicities, and SlogP values of 104-109

Compound ICs0 value (nM)
No. Ar A549 HT-29 HCT116
X
104 » 170 34.6 61.7 4.48
* N
X
105 P 186 31.6 41.7 4.48
SN
106 b 247 235 34.1 3.90
X
107 L) 39.6 6.3 13.2 3.88
* N~
N\
108 LWN 941 154 177 3.88
N\
109 j /] 37.4 19.4 33.0 3.88

*> N

a) Estimated by MOE.

RIS, NTOFEBKRS BIRETH S thiazole K 112 #BHL. TDFEMHEHELI-EZ A, 103
CREIEDHMRIEEZTEEET 5 ENDH o= (Table 2-10 BHR), TD1=8H. HALEATOFE
RS BIRZEML. TOMBISEEHEZHIELIZEZ A, ILEYM 123 LNNDETODLEMAE S
HERMEBNREET S EMNHALA LR o=, $IZ, 3-pyrazolylthioureide {& 118,
5-methyl-3-pyrazolylthioureide {& 120, 3-triazolylthioureide {& 121, & & U 5-methyl-3-triazolyl-
thioureide {& 124 (&, FFflICFAL =z 3 #ERE#RD 5 5. 2 #kLLE T sub-nanomole #— 4 —D18&H T
BMALHREEEEE R LIz, TOH T, 120 (EHCT116 [TxtT SHAEEF M. KHARIZT
B LI-FE AP THRELE <. HDcolchicine (1) ERAFEDKRHELEMEZHL TV,
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Table 2-17: Cytotoxicities, SlogP values, and metabolic stabilities of 112, 117-124, and 126

Compound ICso value (nM) SlogP ? CLint”
No. Ar A549 HT-29 HCT116 (mL/min/mg)
S
112 — ) 10.1 1.1 6.5 4.55 NT
N
S
117 =< ]\ 7.6 0.4 2.4 4.85 NT
N
118 *—@H 7.8 0.3 0.9 3.81 0.188
119 —<:,L 58 0.7 1.3 4.18 0.037
AN
120 %Nﬁg 2.0 0.3 0.3 4.12 0.004
N\
121 — 0.5 0.2 0.3 3.21 0.088
-
N\
122 — | 34.8 6.0 8.8 3.58 NT
N’N\
A
123 N 40.3 18.0 33.9 3.58 NT
/
N\
124 —~ T 1.7 0.3 0.5 3.52 0.233
9
126 %:OK 42.5 56 73 4.39 NT

a) Estimated by MOE. b) Hepatic intrinsic clearance.

ANTRAEEKRS BIREET 5 thiourea BFBAMN, FEREICRNGHBGEEEZRTERELH
Bl 51812, 120 ZAHWNTin silico IT& 5 Ky x> T EERE L= (Figure 2-3),
5-Methyl-3-pyrazolyl- thioureide {& 120 [&. ethylthioureide {k 82 MI5F& (Figure 2-2 £HR) & R+
[Z. C-7 thioureide £ & C-9 carbonyl £AVKFHEE % L T, tubulin a-subunit @ Thr179 &
& U B-subunit @ Lys254 EFEEA L TLVA Z E(2HZ T.120 D pyrazole & & tubulin B-subunit
D Asn258 B CH-THEMEAL TWA I ENREENT-, 20O CH-mn HMEERADOHEEN. AT0
FEHES BIREH T 5 thiourea RFERLEERZTIERLHERL TS,
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(kcal/imol)
-6.03

a-subunit
-~ Thr179

- B-subu“nit: Asn258

Figure 2-3: Docking mode of thiourea (120) at the colchicine binding site of

tubulin (green: hydrophobic regions and pink: polar regions)
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ELH

Amide

Tubulin EEEEEH

AN DLELIMESEZR LT 82, HCT116 [Cxt L TR LEVLVHMAIGEEEZ R L.
1-RIFDRBLEEEZET 5120 0 tubulin EAFEEEFM % 5f L 7= (Figures 2-4 and 2-5),
£ R A tubulin DEAE
BET S L. ZMBHEOERBFE1 LRAKTHD S EADH o1z, Tubulin [EHEES R
[CEVWTEELRRENZE STV =86, tubulin FEEEM & HEEFHEORBIX. /ASLIL
2R ZBENZN), TROMSEE L& SIZ, sub-nanomole +— 4 —Di NG HBIEE
RFERLEOTARAEICTEMLI-F

RFEAR LRI, MBEERKR L L LREREFN, HhD1LY

EMAETR LT 120 0 tubulin EAFEEE ML, amide
BRODTREEN DT,

0.08 - .
IC50: 2.36 M DMSO
E .06 - cossseetO0e
S *® +82 0.8 pM
e *
o L 4
2034— ‘:
P $ . H82 4puM
S L 4 mE [
2 002 | ¢ amuuuEHN
< * gum®
- A82 20 uM
0 AAAAAAAAA
0 10 20 30 40 50
Time (min)
Figure 2-4: Inhibiton of tubulin assembly by 82
0.08 - .
E 0.06 - cossooe0
S oo +120 0.8 pM
e ’0
@ 2
% 0.04 - ‘.
H120 4 puM
-g * S LLLL e ¥
@ 1 0d® am®"
g 0.02 " . m | |
" 4120 20 pM
0 AAAAAAAAAAAA
0 10 20 30 40 50
Time (min)

Figure 2-5: Inhibiton of tubulin assembly by 120
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b, THRICERREOBIEZE T 5FERDEMEEMR L. thioureide EDRIFKIZ ethyl %
FTHFEAR 82 [LBNONDLELIMEREEEZEF L. T D ethyl £% 5-methyl-3- pyrazole E~
EEMLU-FER 120 (X, HCT116 (2 L TRVARVMBGEER L RIFLRBREEEZET S

CEFEBAOMIC ULz, 7THRICERREAEHEZRT 2FEHROHA S, thioureide RHEIREHT 555
BRIChESEE LTAELRLAEMERH Y CLICHMILE,
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¥ =% Liposome Z L 1= DDS {L#%

FrEmIC CTECiR LF=#RIZ. JE%E. liposome #EIDT VT4 T - 23— v T4 VJICEATHHEM
BEINTWS, IhiE, EEHEELICHENICKBE LTV OIZBREZRET 559 F%. liposome
REICEMT 5T, EPRYRICESEZERBEUICMAT, RBEKENLEI VMY A b=
RIZ& Y. liposome B MMPEANEAN EBBHICEZS L0540 TH B 2,

YT FRAFULtETH— (SSTR) 1. 7 EEERER G 4 L/ B#EE L+ F4— (GPCR)
D—FETHRILEVDBOHEEELTEY. 5 D20HTRA T (SSTR1~5) NFEL. BRI
BHREOKRABRANSDERICEREL TSI EAMMONATING %, 20 SSTRIZH L TER
BIZ#EE T H1LEME L T octreotide BFTE L. #FIZ SSTR2 £ & U SSTRS [T T HFIRMEN T
WS ERESI TS ®),

2011 €12, O octreotide % liposome REIZIEHT ZHBIEARE S ht- %, MiNAKITHS
CPT-11 % liposome IZ#f A L7=#&. liposome FRMEIZ. octreotide # PEG DXRImIZHES I 1=
Oct-PEG-DSPE % f&ffid™ % Z & T. SSTR Z&EH T L T4 FAKIRBEFRE M R TT ~D:E R
MAEEL. CPT-11 B TOMRZ LR SIEEFEENZEOH 5N TLVS (Figure 3-1),

NH Na*

e e
&

Octreotide PEG DSPE H

Figure 3-1: Chemical structures of Oct-PEG-DSPE and CPT-11

ZIT. SYLENMDBAICHESENRERIET HIEFOEFEZBELT, 790747 - 54—
5T 4 24 & LT Oct-PEG-DSPE % {15 L 1= liposome % F| A L 1= colchicine & AN & F|{t
AT,

56 % FL 7= liposome &1L D& 5T

Colchicine &AL LT, AN DLEHLGMEREES JURIFLRBRE.EZE T HILEY
56 ZAL T, liposome HF|IZFHIT 5 & ZRat L=, 56 [(FHHEELEMTHY ETERHF LW
=8, 56 Z=REIC liposome REANEFET DH I EIEHXEALL, £ T, Bangham EIZ& Y.
liposome MIEBE —EfEH(Z 56 ZMAAL Z & EHA= %, LA L. FHE L 1= liposome HF|[LF
RETHY. 56 NENANEBRZICTRET S EMNBELAI ELE o= (Figure 3-2), ZDIERIK. B
B_EEZ#HBRIT S UEESLVALRATO-ILOMEROCEEZEELTCHLRET S LIER
MNot=,
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- = compound 56

% %
Lipid bilayer membrane Easily leaked to outside
(Liposome)

Figure 3-2: An attempt at preparation of liposome formulation

Z 2 T. REH liposome HE|ZH/{S5=HIZIE. UE—F-O—FT 4 UJEIZK Y. colchicine
FE{K% liposome HWEINEFETINENH L LHIM L%, 22T, 56 ICEREH5 L5
BRANEE]MIHEITLT,

56 [CEfmZHE L-ZEADOEK L MEEEG

ItEW 56 ICEMEMET B=0HIC, 7 MAIEDOKEEZMAL T amino ROBAZRET L1,
Me,NCH,COOH & % L& Me,NCH,CH,COOH #FLvT. EDCI & U DMAP FHETFICZT. k&
M56 EDMEEEITo=. LML, BONEIXTIEKR128 5L U129 IFRLETHY., U H
FINASLIZEBRBHET—EHIATILESHTIBEIN D Z EASH >71= (Scheme 3-1),

/
N\
OH " Me,N(CHo)nCOLH
EDCI
DMAP .
in CH,Cl, Partially cleaved

by silica-gel

129: n=2 OMe

Scheme 3-1: Attempts at the syntheses of 128 and 129

Z ZT. KYRTEH carbamate & ZH T HILEY~LEELVIz, 1-Methylpiperazine @ MeCN
BRIZ., triphosgene #MZ T—MiiE# T 5 Z & T. 4-methylpiperazine-1-carbonyl chloride M1i&
F418 130 #181=%. ZDELD%. EtN XU DMAP F7ET 56 Lfisd &5 Z & T. carbamate
K131 ~NEE LV (Scheme 3-2), RIEEMERETHY . VAT IICEEDBRIEEH NG
Mofz, SM 131 %, AcCl MO MeOH Bk CAIE L TIEFEEIE 132 & L 1=,

131 D#EE (L. HR-ESI-MS IZTHFA A E—4 m/z576.1971 (M+H") Zi&H L. "H-NMR [
T. amide BH3E®D NH £&+>, # A L = 1-methylpiperazine D 45+ L 2 S EMIZEBI L =2 &H
HHER LT,
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triphosgene

L Fve- S M

K/NH ice-bath ~ rt NTCI
overnight HCl o
yield: quant. 130

OH
EtsN
DMAP AcCl
—_— —_—
in CH,Cl, in MeOH
, 2 days yield: 78%
yield: 61%

Scheme 3-2: Syntheses of 131 and 132

HEREIREAR 131 £ & TIEFEIE 132 OGS EM Z5HE L /= (Table 3-1), 131 & 132 [X[RFI%E
EOHMBEETEETRL. RILtAWTHS 56 DEFHLELETSE 1/5FBEICHBLTL:
(Table1-17 BH8), F71=. 131 O carbamate EBL D EEFRIREF % methylene ~ & E E#: X 1= amide
ILAEM133 28 L TEMZHRT L. 131 LYELEIHIT1F—F—EWIC,EZFRLT=,

H#H. 133 (L. 4-(4-methylpiperazin-1-yl)-4-oxobutylic acid ® DMF &&=, EDCI, HOBt & &
Y19 %2MZx 5 & T, UINE 63%THHFT= (Scheme 3-3),

133 OHEE(L. HR-ESI-MS IS THFA 4> E—% m/z574.2317 (M+H") & L. 'H-NMR (=
T. amide HED NH £, BALAEO ST FILEZEEBMICBBILI-C LA DRERE LT,

SNTY o}
\/N\n/\)J\OH
O
EDCI
HOBt
—_—

in DMF
rt, overnight
yield: 63%

Scheme 3-3: Synthesis of 133

Table 3-1: Cytotoxicities of 131-133

Compound IC50 value (nM)
No. A549 HT-29 HCT116
131 191 84.3 64.4
132 161 24.8 39.7
133 1150 264 726

CNFETOREH 5. 4-chlorocolchicine $ED 7 RLEIHZ R T 5 LIEFHICHBIARDO LN
ELIEREM amino BEBALT-48 D ICEFBBENM THASZ &AM >TLVS (Table1-17 &
B, ChoDHMES LT 133 DFHENSEAD L. 131 HL U132 OHREEFHEETEEUL
[Z580Y, ZDT=8. 132 (L pro-drug THY . BEEMBERNICHEET HBFRICK Y carbamate FEEH
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RRICUIBEIN T, BRIELEDNTHE 56 NEEBRINTLESIDTRHALMEHERL TS, LHL
BHAL, EFMAILRFSIRTI—E, IORAFI/AY—L, BFLUTHRMEZT AL -#&E
M, 132 D carbamate FEEHNERMIZEIBI SN T 56 NAERK L TS & L5 BARELZEENLILSE
LM DTz, 132 & pro-drug THHIDH ., HAIWEEERATHLIOMNELTIX, 54D
BEANBLETH S,

132 Z FL\/= liposome B&| D FR S

132 [, B+ nM D ICsp EIZ TRMAFEEZE R L T2, 2D EHDD liposome B H| D RS
et L 1=,

Cation 4@ colchicine 5&1K 132 % liposome REBA~ &E L fz8(Z, anion £D HZE liposome
T#&H % COATSOME EL-01-A (Bifi#) #AL =, COATSOME EL-01-A IZ, 132 DKBFHEZEMA
TIRYIEBE 5 & T, 132 % liposome RER~ L EFEE L= (L1). RA&KIZ Oct-PEG-DSPE (##F
KAMIEZE) DKBEREZFML,. COATSOME EL-01-A DIEBREETHD 40CLYELFET
F#E9 5 L T. liposome RMEIZ Octreotide ZE8i L1z (L2), CDiE{E%. Oct-PEG-DSPE &
Ex#ZELEETITS5 2 & T. liposome DIEEEIZX LT, 1.6, 3. KU 6 mol%ED octreotide
% liposome RE I LT-, Ff=. Oct-PEG-DSPE M X4 Y I, PEGy-DSPE ZAH VS Z &
T. PEG % liposome REIZ{E&h L71= L3 ZFAK L 1= (Figure 3-3),

®
O
(132)
45 °C, 30 min
..",t:'i;..{‘ :*:0'.".:5:‘;
Anionic L1
liposome PEG-DSPE
COATSOME EL-01-A IN—
DPPC:Cholesterol:DPPG
3 4 0 3

Fugure 3-3: Preparation of L2 and L3
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Liposome HEIDYIHEES & UVRFEH

SAEL L 1= liposome EF D4 EZE R LT= (Table 3-2), 6 mol%Oct L2-0 (X, 132 ZH A L TL»
7 LVZED liposome (2. octreotide & 6mol%fEEi L1=£ D TH D, LN D liposome HEFIE . EPR
DRICKEDEZBEEMEC. FREACEEG EOHMMNER (RES) IZHITAHHEN S DEEICHR
T 5 TR FE 200 nm LUTF &7 L TUL = % & 2. L2 £ O octreotide &%, i8R octreotide
FEF v b (Peninsula Laboratories &) ZFHL\T., FIEDENEIHSh TS Z E2HELT=,

Table 3-2: Physical properties of L2 and L3

Liposome ¥ 132" Mean diameter ~ Polydispersity ~ Zeta-potential

No. (mg/mL) (nm) (mV)
1.6mol%O0ct L2 0.69 53.9 0.33 -53.5
3 mol%Oct L2 0.55 75.8 0.28 -60.3
6 mol%Oct L2 0.70 103.7 0.22 -54.3
1.6 mol%PEG L3 0.63 75.6 0.26 -594
3 mol%PEG L3 0.60 115.6 0.20 -53.1
6 mol%PEG L3 0.67 101.7 0.41 -67.0
6 mol%Oct L2-0 0.00 148.3 0.16 -41.5

a) A given amount of octreotide was existed on liposome. b) Concentration of 132 in liposome.

Zh o liposome BE|D, ERT. ABEREFICHTEREMZ. liposome SAEBIZIRET 5 132
*EETHETHERELI (Table 3-3), Oct-PEG-DSPE %&£ L 1= liposome & (L2) . H&
U PEG2000-DSPE #{&fifi L 7= liposome &&| (L3) &£ HLICRETHY .. £#HA L1z 132 A' liposome
DHMAIZREMICERE T2 EEEO OGN, Th DD liposome BE|(E, ERT. HERE
FIZBEWT DK LB 2 ARRETH A MDD o1, 56 [(CERE TS5 L-FERK132 %
FAWL3Z & T, REX liposome HF|#FH G 5 LMNA[EEL o1,

Table 3-3: Stabilities of L2 and L3

Liposome Concentration of 132 (mg/mL) ¥
No. Initial 2 months 4 months 6 months

1.6mol%0Oct L2 0.013 0.014 NT * 0.011

3 mol%Oct L2 0.007 NT 0.012 NT

6 mol%Oct L2 0.006 0.005 NT NT
1.6 mol%PEG L3 0.012 0.019 NT 0.017
3 mol%PEG L3 0.010 NT 0.004 NT

6 mol%PEG L3 0.031 0.016 NT NT

Storage condition: 5 °C in the dark. a) Concentration of 132 existing outside of liposome. b) Not tested.
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Liposome & F| D #HRSE 14

Octreotide [ SSTR 77 2 ) —®M 55, SSTR2 & U SSTR5 ITEIRMICHEST 5 &, BikiR
BERREERR TT L3, £TEE FESMARHK (HCT116, MIA Paca-2, NCI-H460, HCC1806) @
SSTR2 5 & U SSTR5 MHBE % #F2E L 1= (Figures 3-4 and 3-5),

60 - 55

_ SSTR2
o
.‘7, 50 _
]
’5_ 40 -
X
03
99 30 -

o
c
ol
o
o 20 -
2
®
r 10 - 3.7
14 . 2.0 1.0 0.8

0 B T
T HCT116 MIAPaca-2 NCI-H460 HCC1806
Cell line

Figure 3-4: Relative expression level of SSTR2

_ a7 SSTR5
o 40 -
»
7]
o
o 30 -
X
03
02

)
&L 20 -
o
()
2 8.4
5 107 . 4.5
m .

0 i i B
T HCT116 MIAPaca-2 NCI-H460 HCC1806
Cell line

Figure 3-5: Relative expression level of SSTR5

XERERE & EFRIC, TTHIFED SSTR2 &L U SSTR5 DHRIFEH., thDMiatkE LB L THEE
2EM21=%, Thondhmnid, SSTR2ZE LU SSTRE DEFREEH/E LT TT H& UK HCT116,
EFRRHkE LTE MAHEEMEK TH S NCI-H460 S LU E FELEM#% TH S HCC1806
#EIRL T, liposome HF|DMAGEF M Z R L = (Table 3-4),

63



Octreotide Z{&4fi L 1= L2 [CH LV T, octreotide Z (T L T, SSTR ER|KICxt 3 S HIILG
EEMENARLT S (SSTRIBEFKIEHRICH L TIXEMEAEIL LAL) SEFHEFLEA. L21X
SSTR2 LU S EHKBHITL L LY. BRBHRICK LTS 132 B30 L3 OMREEEMEE LR
BT LIE Motz BURY—LTHD L2-0 (FLFERHERILGM I EMND, L2 L3 DO
R EEME 132 OFMIERICEDC LD L HIMR L=,

Table 3-4: Cytotoxicities of L2, L3, and L2-0

Agent ICs value (nM)
No. SSTR2/5 high expression SSTR2/5 low expression
TT HCT116 NCI-H460 HCC1806
132 504 102 439 74.8
1.6 mol%Oct L2 660 403 666 107
3 mol%Oct L2 511 366 591 78.9
6 mol%Oct L2 981 549 973 119
1.6 mol%PEG L3 322 109 488 91.1
3 mol% PEG L3 602 173 567 89.6
6 mol% PEG L3 302 104 411 72.2
6 mol%Oct L2-0 -9 - - -

a) ICsq value could not be determined. (inactive.)

Octreotide #{&£f L 7= liposome B E|D & TIX. octreotide ;R E A liposome DIFEZEITxT L T
1.4 mol% L £ T TT I~ DEHIDIR Y AHBDEMAEH N TLVS ), =, L2IZFAEED
octreotide AMERI SN TLVS Z & 1&, WHRD octreotide EEF v FERAWVTHIEL TWLWS, T0DTf=
. 3mol% Oct L2 HKXU 6 mol% Oct L2 @ TT [Zxt 3 MG E FEIC. A RBHoniEh otz
EHELT, liposome BEINTURY A h—L RIZKYMARAIZEYIAENDHIIZ. liposome HYEREEL
T132 ARSI TSI &4, liposome [REBEEHEELNRE T HIETHIENA 132 A IH
TWAHEEMENEZLOND,

45 1#(%. liposome ICAWSEEDEES LI UVHBOEEN. YE—F-O—TFT4 2 JICpH B
BREZMALEZAEEHAAD LT, ERABOFETIZE TS liposome HEIDREILEZRY ., 7
VT4 - 3—TvT4VTBROAEEEZE>TVEHETH D,
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o
H

Colchicine I%, Colchicum autumnale (Liliaceae) MBI F X (ZE K EFh. BEADBEEL
LTHLASAVNONTE, —AT. tubulin IZHEA LBNEDHEZRET 52 & THIBESH
RS H I eN s, MESFEELE LTORANRFEIATLS, LML, AoEsE<. Stk
LDTBENT 740120, REHMESESL LTOEREICEE>TWGEWL, 22T, LELHED
BEHT HFEARDESFZ BRI, colchicine DEEEEHEARSLUVTITA T -2—4F v T
14 VT DHEEF TS L 1= liposome Z AL -EHEUEDHAEZ TN, UTOHMREHT1-

Colchicine ® 4 fIICEBREZF T LFERDERZEITL. TOEYEREZTMELI-L A, 4
PMOEREE CIENRZRETHDZ EAHIBALIz, DFIZ. colchicine D 4 fii% CIEICEELT7
fif amide AISEDEAZELAER L. TAODOEYELEZTM L -#2R. a-hydroxyalkanamide
EZAT5FERIRNGHMBGEEFTELFELORBRESEEZHEE DI LALLM E L -T2,
N5 tubulin EEMAEFMEERERE LTzL 2 A, colchicine & Y 358 WG EEEEZEZH L TLV,
Ft=. Invivo IZE T 2HESHEDRAND. ChoDFEENRANDLELAVEEET S
ZEFEHLOMNICL, MEEELLTHEELGIEEMERE L, (B—F)

4-Chrorocolchicine @ 7 SZICERABAEZ AT SFEBARDERZITV. TOEYEEZFTME L
f=. fBI$HIC thioureide EZ A I HFBARLNRVMRESELZE T LA LMY, ZOMRE
thioureide-NH £ & tubulin DKFRHEEZ N LIE-HBEERICE DS ZENTEEINT-, ThHDH
T. thioureide RISHDKimI< ethyl EZH I SFERILHLTMEBIRZAL TV, £, X
i< 5-methyl-3-pyrazole # &3 % FE{KIL HCT116 [Zxt L TR BUOMREEELEZRL. HhD
B aREEEZHEE DI L EHLMNICLEz, Ao tubulin EAEEEEZHALEC
5. 5-methyl-3-pyrazole (AN & LB NG HEMNREZE TS LN otz 7 HRICIERARAIH
EETHFE KM DY, MEBEL L THELLEMERE L, (B2E)

SYLELAMDEEE T HERDESFSEBIEL T, liposome L f= colchicine FFEAD &L A

ItDRETE1To1=. TDFER. 4-chlorocolchicine SFEKIZERTE*EA I AEREZEAT L LIC
Y. KBRPTREL liposome HEIZART 5 EMNFREE o1, (BEE)
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RERDER
FEEZBLT, UTORBHFEZFERL,

"H-NMR HAZEF (JEOL) ALPHA-400
AAEF (JEOL) ECS-400
'H-NMR [ZRERZEZEE LT TMS ZEAL TREL. S5(ppm) TEZER L1,
F 1=, singlet, doublet, triplet, quartet, multiplet, & & U broad #Z N Zh.s,d, t,qm, LV br &
Fit LT,

ESI-MS Waters 310 Single Quadrupole LC/MS instrument equipped with an ESI source
HR-ESI-MS Waters LCT-Premier XE time-of-flight instrument equipped with an ESI source
[alo BA%Jt (JASCO) DIP-360

CD BARY (JASCO) J-720WI

HPLC Waters 310 Single Quadrupole LC/MS instrument equipped with an ESI source
MPLC System: Biotage Isolera One

Column (SiO,): Biotage SNAP cartridge HP-Sil
Biotage SNAP cartridge KP-Sil
Biotage SNAP cartridge KP-NH
Shoko Scientific Purif-Pack DIOL 60 ym
TLC Merck Silica gel 60 Fas4
Biotage KP-NH TLC Plates
Fuji Silysia Chemical Ltd. Chromatorex TLC Plates DIOL
#@AFE(TLC)  p-Anisaldehyde i&i&
JO®YYITTUBRBR
TLC TL— FEREBRFEISRLIZZ, E—FHUTMRALTRESIE,

RIGICAWBEIE, mTROAHESHARKAEEZZOFFEAL .

RIGICAW=RHEE, ThRaZzE0FFEAL,
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Synthesis of 4-(hydroxymethyl)colchicine (5)

A mixture of 4-formylcolchicine (4) (100 mg, 0.23 mmol) and NaBH, (13
mg, 0.35 mmol) in MeOH (2.5 mL) was stirred at ambient temperature
under argon atmosphere for 3 h. Acetone was added to the reaction
mixture and the whole mixture was stirred for 30 min at ambient

temperature. After adding water, the whole mixture extracted two times

with CHCI3. The combined organic layers were washed with brine, dried
over Na,SQ,, filtered, and concentrated in vacuo. The residue was purified by silica gel flash
column chromatography (CHCI3/MeOH) to afford compound 5 (74 mg, 0.17 mmol, 74% yield) as
an off-white solid.
[a]%: -130.84 ° (¢ = 0.425, MeOH). "H-NMR (400 MHz, DMSO-de): §8.55 (1H, d, J = 7.3 Hz), 7.11
(1H,s), 7.09 (1H, d, J=10.7 Hz), 7.02 (1H, d, J = 10.7 Hz), 4.87 (1H, t, J= 5.1 Hz), 4.54 (1H, dd, J
=11.3,4.4 Hz), 4.47 (1H, dd, J = 11.3, 5.9 Hz), 4.31-4.24 (1H, m), 3.88 (3H, s), 3.87 (3H, s), 3.83
(3H, s), 3.50 (3H, s), 3.00 (1H, dd, J = 12.6, 4.5 Hz), 2.10-1.95 (2H, m), 1.85 (3H, s), 1.81-1.73 (1H,
m). HR-ESI-MS: calcd for C,3H2sNO; [M+H]*, 430.1866; found, 430.1858.

Synthesis of 4-(fluoromethyl)colchicine (6)

To a stirred solution of 4-(hydroxymethyl)colchicine (5) (30 mg, 0.070
mmol) in CH,Cl, (1 mL) was added DAST (11 pL, 0.084 mmol) at 0 °C
under argon atmosphere. After stirring 2 h at 0 °C, the reaction mixture
was purified by silica gel flash column chromatography (CHCI3/MeOH) to
afford compound 6 (19 mg, 0.044 mmol, 63% yield) as an off-white solid.
[a]: -140.76 ° (¢ = 0.157, MeOH). 'H-NMR (400 MHz, DMSO-dg): 58. 60
(1H,d, J=7.3Hz), 7.11 (1H, d, J=10.7 Hz), 7.11 (1H, s), 7.03 (1H, d, J = 10.7 Hz), 5.49 (2H, d, J
= 48.5 Hz), 4.28-4.21 (1H, m), 3.89 (3H, s), 3.88 (3H, s), 3.87 (3H, s), 3.54 (3H, s), 2.93 (1H, dd, J
= 13.9, 4.6 Hz), 2.13-1.94 (2H, m), 1.86-1.77 (1H, m), 1.85 (3H, s). HR-ESI-MS: calcd for
Ca3H27FNOg [M+H]", 432.1822; found, 432.1826.

Synthesis of 4-(1,3-dithian-2-yl)colchicine (7)

To a stirred solution of 4-formylcolchicine (4) (250 mg, 0.59 mmol) in
CHCI; (6 mL) were added 1,3-propanedithiol (70 pL, 0.70 mmol) and
iodine (15 mg, 0.059 mmol) at ambient temperature under argon
atmosphere. After stirring overnight at ambient temperature, 10%Na,SO;

aqg. and saturated NaHCO; aq. were added to the reaction mixture and

the whole mixture was extracted two times with CHCIl;. The combined

organic layers were washed with brine, dried over Na,SO,, filtered, and concentrated under
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reduced pressure. The residue was purified by silica gel flash column chromatography
(CHCI3/MeOH) to afford compound 7 (224 mg, 0.43 mmol, 74% yield) as an amorphous solid.
[a]%: -94.32 ° (¢ = 0.469, MeOH). 'H-NMR (400 MHz, DMSO-dg): §8.58 (1H, d, J = 7.3 Hz), 7.08
(1H, s), 7.05 (1H, d, J = 10.7 Hz), 6.99 (1H, d, J = 10.7 Hz), 4.26-4.20 (1H, m), 3.94-3.89 (1H, m),
3.88 (3H, s), 3.88 (3H, s), 3.87 (3H, s), 3.50 (3H, s), 3.18-3.09 (2H, m), 2.94-2.85 (2H, m),
2.19-2.01 (3H, m), 1.88-1.80 (2H, m), 1.86 (3H, s), 1.73-1.63 (1H, m). HR-ESI-MS: calcd for
C26H32NO6S, [M+H]", 518.1671; found, 518.1719.

Synthesis of 4-(difluoromethyl)colchicine (8)

CHF2 0 A solution of 4-(1,3-dithian-2-yl)colchicine (7) (50 mg, 0.097 mmol) in
AuNH CH.CI; (1 mL)was slowly added to a mixture of NIS (87 mg, 0.39 mmol)
and HF pyridine (HF:65%, 119 mg, 3.9 mmol) in CH,Cl, (6 mL) at -78 °C

o under argon atmosphere. The reaction mixture was stirred overnight and

OMe allowed to warm to ambient temperature during the course of the reaction.
After adding 10%Na,SO; aq., the mixture was stirred for 10 min at ambient temperature followed
by addition of NaHCOj3; aq. The whole mixture was extracted with CHCI;. The organic layer was
washed with saturated NaHCO3; aqg, 0.1 mol/L HCI and then brine, dried over Na,SOy, filtered, and
concentrated in vacuo. The residue was dissolved in MeOH (2 mL). NaBH,4 (2 mg, 0.048 mmol)
was added to the solution, and the reaction mixture was stirred for 30 min at ambient temperature
under argon atmosphere. The reaction was quenched with acetone followed by addition of CHCls.
The whole mixture was washed with H,O, dried over Na,SO,, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography
(CHCI3/MeOH) to afford compound 8 (30 mg, 0.067 mmol, 70% yield) as a white solid.
[a]®: -31.24 ° (c = 0.120, MeOH). 'H-NMR (400 MHz, DMSO-de): 5§8. 62 (1H, d, J = 7.3 Hz), 7.25
(1H,t,J=54.0 Hz), 7.11 (1H, d, J=10.7 Hz), 7.10 (1H, s), 7.03 (1H, d, J = 10.7 Hz), 4.28-4.21 (1H,
m), 3.90 (3H, s), 3.90 (3H, s), 3.89 (3H, s), 3.56 (3H, s), 3.11 (1H, dd, J = 13.7, 4.9 Hz), 2.17-2.08
(1H, m), 1.99-1.91 (1H, m), 1.87-1.80 (1H, m), 1.86 (3H, s). HR-ESI-MS: calcd for Cy3H26F2NOg
[M+H]", 450.1728; found, 450.1736.

Synthesis of 4-(trifluoromethyl)colchicine(13)
CFs A mixture of 4-iodocolchicine (12) (50 mg, 0.095 mmol), Cul (9.1 mg,
,NE_ 0.048 mmol) and FSO,CH,COOMe (55 mg, 0.29 mmol) in NMP (1 mL)

was stirred overnight at 120 °C under argon atmosphere in a sealed tube.

o Water was added to the mixture and the whole mixture was extracted two

OMe times with CHClI3. The combined organic layers were washed with brine,
dried over Na,SQO,, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel flash column chromatography (CHCIs/MeOH) to afford compound 13 (30 mg, 0.065

mmol, 68% yield) as an off-white solid.
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[0]2: -95.57 ° (¢ = 0.212, MeOH). "H-NMR (400 MHz, DMSO-dj): §8.62 (1H, d, J = 7.3 Hz), 7.11
(1H, d, J = 11.1 Hz), 7.09 (1H, s), 7.02 (1H, d, J = 11.1 Hz), 4.29-4.23 (1H, m), 3.90 (3H, s), 3.89
(3H, s), 3.89 (3H, s), 3.57 (3H, s), 2.97 (1H, dd, J = 14.7, 5.3 Hz), 2.22-2.12 (1H, m), 1.99-1.89 (1H,
m), 1.87 (3H, s), 1.86-1.77 (1H, m). HR-ESI-MS: calcd for CasHasFsNOg [M+H]", 468.1634; found,
468.1634.

Sythesis of 4-((hydroxyimino)methy)colchicine (15)
NOH A solution of 4-formylcolchicine (4) (30 mg, 0.070 mmol) and
O}_ HONHz-HCI (10 mg, 0.14 mmol) in pyridine (0.5 mL) was stirred

INH overnight at ambient temperature. Water was added to the mixture and
the whole mixture was extracted with AcOEt. The organic layer was
0 washed with brine, dried over Na,SOy,, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel flash column
chromatography (CHCI3/MeOH) to afford as compound 15 (23 mg, 0.052 mmol, 74% yield) as a
pale yellow solid.
[a]®: -92.52 ° (¢ = 0.209, MeOH). "H-NMR (400MHz, DMSO-de): § 11.27 (1H, s), 8.57 (1H, d, J =
7.3 Hz), 8.24 (1H, s), 7.11 (1H, d, J = 10.7 Hz), 7.10 (1H, s), 7.02 (1H, d, J = 10.7 Hz), 4.30-4.24
(1H, m), 3.89 (3H, s), 3.88 (3H, s), 3.84 (3H, s), 3.53 (3H, s), 3.32-3.27 (1H, m), 2.05-1.94 (2H, m),
1.86 (3H, s), 1.77-1.71 (1H, m). HR-ESI-MS: calcd for Cy3H,7N,O; [M+H]*, 443.1818; found,
443.1806.

Sythesis of 4-cyanocolchicine (16)

To a stirred solution of 4-((hydroxyimino)methy)colchicine (15) (30 mg,
0.068 mmol) in CH,Cl, was added CDI (22 mg, 0.14 mmol) under argon
atmosphere. After stirring overnight at room temperature, the reacton
mixture was purified by silica gel flash column chromatography
(CHCI3/MeOH) to afford compound 15 (24 mg, 0.056 mmol, 83% yield)

OMe as an off-white solid.

[a]%:-99.23 ° (c = 0.078, MeOH). 'H-NMR (400MHz, DMSO-dg): 8.65 (1H, d, J = 7.3 Hz), 7.11 (1H,
s), 7.11 (1H, d, J=10.7 Hz), 7.03 (1H, d, J= 10.7 Hz), 4.28-4.21 (1H, m), 4.04 (3H, s), 3.90 (3H, s),
3.89 (3H, s), 3.63 (3H, s), 2.86 (1H, dd, J = 13.5, 5.5 Hz), 2.35-2.26 (1H, m), 2.09-1.99 (1H, m),
1.93-1.85 (1H, m), 1.86 (3H, s). HR-ESI-MS: calcd for Cy3H2sN206 [M+H]", 425.1713; found,
425.1642.
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Synthesis of 4-chloro-N-(trifluoroacetyl)deacetylcolchicine (20)

A mixture of 4-chlorodeacetylcolchicine (19) (50 mg, 0.13 mmol) and
TFAA (38 pL) in CH,Cl, (6 mL) was stirred at 0 °C under argon
atmosphere for 30 min. Saturated aqueous NaHCO3; was added to the

reaction mixture and the whole mixture was extracted two times with

OMe CHCI;. The combined organic layers were washed with brine, dried

over Na,SO,, filtered, and concentrated under reduced pressure. The residue was purified by
silica gel flash column chromatography (CHCI3/MeOH) to afford compound 20 (56 mg, 0.12 mmol,
90% yield) as a white solid.
[a]5: -114.4 ° (c = 0.250, MeOH). "H-NMR (400 MHz, CDCl;): 58.64 (1H, br-s), 7.44 (1H, s), 7.34
(1H, d, J=10.7 Hz), 7.34 (1H, d, J = 11.0 Hz), 4.64-4.58 (1H, m), 4.03 (3H, s), 4.00 (3H, s), 3.99
(3H, s), 3.63 (3H, s), 3.31 (1H, dd, J = 13.8, 5.7 Hz), 2.41-2.33 (1H, m), 2.20-2.17 (1H, m),
2.09-2.01 (1H, m). HR-ESI-MS: calcd for C,,H2* CIFsNOg [M+H]*, 488.1088; found, 488.1078;
caled for CooH2,% CIFsNOg [M+H+2]", 490.1058; found, 490.1090.

Synthesis of 4-chloro-N-propionyldeacetylcolchicine (21)

To a stirred solution of 19 (5.54 g, 14.1 mmol) in CH,Cl, (200 mL) were
added Et3N (2.1 mL, 15.5 mmol) and propionyl chloride (1.23 mL, 14.1
mmol) under argon atmosphere at 0 °C. After stirring for 2 h at room

temperature, the reaction was quenched by adding H,O and the whole

mixture was extracted four times with CHCI;. The combined organic
layers were dried over MgSQ,, filtered, and evaporated under reduced pressure. The residue was
purified by silica gel flash column chromatography (CHCI3;/MeOH) to afford compound 21 (6.33 g,
14.1 mmol, quant.) as an off-white solid.

[a]5: -119.5 ° (¢ = 0.997, MeOH). "H-NMR (400 MHz, CDCl5): 57.49 (1H, s), 7.30 (1H, d, J = 10.8
Hz), 6.85 (1H, d, J = 10.8 Hz), 4.57 (1H, ddd, J = 12.0, 6.1, 6.1 Hz), 4.02 (3H, s), 3.99 (3H, s), 3.97
(3H, s), 3.64 (3H, s), 3.24 (1H, dd, J = 13.5, 5.0 Hz), 2.34-2.23 (3H, overlapped), 2.15 (1H, ddd, J
= 13.4, 134, 6.2 Hz), 1.80 (1H, ddd, J = 11.9, 11.9, 5.9 Hz), 1.10 (3H, dd, J = 7.6, 7.6 Hz).
HR-ESI-MS: calcd for Co3H27°°CINOg [M+H]", 448.1527; found, 448.1509; calcd for Ca3H27°' CINOg
[M+H+2]", 450.1497; found, 450.1497.

Synthesis of N-butyryl-4-chlorodeacetylcolchicine (22)

Compound 22 was prepared from compound 19 (50 mg, 0.13 mmol)
and butyryl chloride (13 pL, 0.13 mmol) using the same procedure as
that described for compound 21. Amorphous solid (52 mg, 0.11 mmol,
88% vyield).

[a]5: -128.6 ° (¢ = 0.391, MeOH). 'H-NMR (400 MHz, CDCl;): 57.52
(1H, s), 7.30 (1H, d, J=10.7 Hz), 6.85 (1H, d, J = 10.7 Hz), 6.79 (1H, d, J = 6.8 Hz), 4.61-4.55 (1H,
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m), 4.01 (3H, s), 3.99 (3H, s), 3.97 (3H, s), 3.63 (3H, s), 3.25 (1H, dd, J = 12.8, 4.3 Hz), 2.25-2.23
(2H, m), 2.21-2.14 (1H, m), 1.81-1.77 (1H, m), 1.70-1.58 (3H, m), 0.92 (3H, t, J = 7.4 Hz).
HR-ESI-MS: calcd for CasHas > CINOg [M+H]*, 462.1683; found, 462.1696; calcd for CosHze> CINOg
[M+H+2]", 464.1654; found, 464.1693.

Synthesis of 4-chloro-N-isovaleryldeacetylcolchicine (23)
Compound 23 was prepared from compound 19 (50 mg, 0.13 mmol)
and butyryl chloride (13 pL, 0.13 mmol) using the same procedure as
that described for compound 21. Amorphous solid (57 mg, 0.12 mmol,
94% yield).

OMe [a]5: -145.1 ° (¢ = 0.300, MeOH). 'H-NMR (400 MHz, CDCls): &
7.47 (1H, s), 7.29 (1H, d, J = 10.7 Hz), 6.83 (1H, d, J = 10.7 Hz), 6.24 (1H, d, J = 7.3 Hz),
4.61-4.57 (1H, m), 4.01 (3H, s), 3.99 (3H, s), 3.97 (3H, s), 3.62 (3H, s), 3.25 (1H, dd, J= 13.4, 4.4
Hz), 2.27-2.04 (4H, m), 1.77-1.74 (2H, m), 0.95 (3H, d, J = 6.3 Hz), 0.92 (3H, d, J = 6.1 Hz).
HR-ESI-MS: calcd for Cs5H31°CINOg [M+H]", 476.1840; found, 476.1834; calcd for CasHat>’ CINOg
[M+H+2]", 478.1810; found, 478.1840.

Synthesis of 4-chloro-N-heptanoyldeacetylcolchicine (24)
Compound 24 was prepared from compound 19 (50 mg, 0.13
mmol) and heptanoyl chloride (20 pL, 0.13 mmol) using the
same procedure as that described for compound 21.
Amorphous solid (59 mg, 0.12 mmol, 92% yield).
[a]5: -136.4 ° (¢ = 0.460, MeOH). "H-NMR (400 MHz, CDCl3): 5
OMe 7.48 (1H, s), 7.29 (1H, d, J=10.7 Hz), 6.84 (1H, d, J = 10.7 Hz),
6.38 (1H, br-s), 4.58-4.55 (1H, m), 4.01 (3H, s), 3.98 (3H, s), 3.97 (3H, s), 3.62 (3H, s), 3.25 (1H,
dd, J=12.6, 5.4 Hz), 2.26-2.11 (2H, m), 1.78-1.75 (1H, m), 1.62-1.54 (2H, m), 1.29-1.27 (8H, m),
0.88-0.84 (3H, m). HR-ESI-MS: calcd for Ca7H3s-"CINOg [M+H]", 504.2153; found, 504.2134; calcd
for Co7H35>' CINOg [M+H+2]", 506.2123; found, 506.2112.

Synthesis of 4-chloro-N-(cyclohexanecarbonyl)deacetylcolchicine (25)
Compound 25 was prepared from compound 19 (50 mg, 0.13
mmol) and cyclohexanecarbonyl chloride (17 yL, 0.13 mmol) using
the same procedure as that described for compound 21. White solid
(18 mg, 0.036 mmol, 28% yield).

OMe [a]3: -144.2 ° (¢ = 0.064, MeOH). "H-NMR (400 MHz, CDCls): 57.47
(1H,s), 7.29 (1H, d, J=10.7 Hz), 6.83 (1H, d, J=10.7 Hz), 6.23 (1H, d, J = 6.6 Hz), 4.58-4.52 (1H,
m), 4.01 (3H, s), 3.98 (3H, s), 3.97 (3H, s), 3.62 (3H, s), 3.25 (1H, dd, J = 12.8, 4.5 Hz), 2.26-2.12
(3H, m), 1.94-1.90 (2H, m), 1.82-1.76 (1H, m), 1.66-1.63 (2H, m), 1.50-1.15 (6H, m). HR-ESI-MS:
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calcd for Cy7H33>°CINOg [M+H]*, 502.1996; found, 502.1990; calcd for Cy7Hs3> CINOg [M+H+2]*,
504.1967; found, 504.1970.

Synthesis of N-benzoyl-4-chlorodeacetylcolchicine (26)
Compound 26 was prepared from compound 19 (150 mg, 0.38
mmol) and benzoyl chloride (44 pL, 0.38 mmol) using the same
procedure as that described for compound 21. Amorphous solid
(146 mg, 0.29 mmol, 77% yield).

OMe [a]5: -53.3 ° (¢ = 0.324, MeOH). CD (MeOH, 19°C, ¢ = 0.26 mM) Ae
(nm): 0 (373), -8.03 (335), -3.79 (286), -13.92 (264), 0 (252), 21.60 (229), 11.54 (211), 22.34 (203).
'H-NMR (400 MHz, CDCls): § 7.80-7.79 (2H, m), 7.63 (1H, s), 7.49-7.47 (1H, m), 7.41-7.37 (2H,
m), 7.35 (1H, d, J = 10.7 Hz), 6.93 (1H, br-s), 6.88 (1H, d, J = 11.0 Hz), 4.80-4.78 (1H, m), 4.01
(3H, s), 4.01 (3H, s), 3.98 (3H, s), 3.70 (3H, s), 3.32 (1H, dd, J = 13.5, 5.2 Hz), 2.37-2.32 (1H, m),
2.25-2.22 (1H, m), 1.98-1.94 (1H, m). HR-ESI-MS: calcd for Cy7H,7>°CINOg [M+H]", 496.1527;
found, 496.1517; calcd for Co7H27> CINOg [M+H+2]", 498.1497; found, 498.1507.

Synthesis of 4-chloro-N-(2-fluorobenzoyl)deacetylcolchicine (27)

Compound 27 was prepared from compound 19 (50 mg, 0.13
mmol) and 2-fluorobenzoyl chloride (15 pL, 0.13 mmol) using the
same procedure as that described for compound 21. Yellow-brown
solid (46 mg, 0.090 mmol, 70% yield).

[a]5: -54.2 ° (¢ = 0.137, MeOH). 'H-NMR (400 MHz, CDCl3): &
7.96-7.94 (1H, m), 7.55 (1H, s), 7.52-7.48 (1H, m), 7.33 (1H, d, J =
10.7 Hz), 7.26-7.14 (3H, m), 6.85 (1H, d, J = 10.7 Hz), 4.79-4.73 (1H, d, J = 10.7 Hz), 4.01 (3H, s),
4.01 (3H, s), 3.98 (3H, s), 3.70 (3H, s), 3.32 (1H, dd, J = 13.5, 5.2 Hz), 2.42-2.32 (1H, m),
2.27-2.21 (1H, m), 1.95-1.87 (1H, m). HR-ESI-MS: calcd for C,7H2>°CIFNOg [M+H]*, 514.1433;
found, 514.1430; calcd for Co7H26>' CIFNOg [M+H+2]*, 516.1403; found, 516.1418.

Synthesis of 4-chloro-N-(3-fluorobenzoyl)deacetylcolchicine (28)

Compound 28 was prepared from compound 19 (50 mg, 0.13
mmol) and 3-fluorobenzoyl chloride (15 pL, 0.13 mmol) using the
same procedure as that described for compound 21. Red-brown
solid (21 mg, 0.041 mmol, 32% yield).

[a]5: -17.9 ° (¢ = 0.078, MeOH). "H-NMR (400 MHz, CDCl3): 57.82
(1H, s), 7.66 (1H, d, J = 7.6 Hz), 7.55-7.53 (2H, m), 7.47 (1H, d, J =
10.7 Hz), 7.35-7.33 (1H, m), 7.15-7.13 (1H, m), 6.99 (1H, d, J = 11.0 Hz), 4.82-4.77 (1H, m), 4.05
(3H, s), 4.01 (3H, s), 3.99 (3H, s), 3.70 (3H, s), 3.32 (1H, dd, J = 13.1, 5.7 Hz), 2.41-2.32 (1H, m),
2.29-2.19 (1H, m), 2.16-2.08 (1H, m). HR-ESI-MS: calcd for C,7H,>°CIFNOg [M+H]*, 514.1433;
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found, 514.1442; calcd for Cy7H26° CIFNOg [M+H+2]", 516.1403; found, 516.1436.

Synthesis of 4-chloro-N-(4-fluorobenzoyl)deacetylcolchicine (29)
Compound 29 was prepared from compound 19 (50 mg, 0.13
mmol) and 4-fluorobenzoyl chloride (15 pL, 0.13 mmol) using the
same procedure as that described for compound 21. Amorphous
solid (45 mg, 0.088 mmol, 68% yield).

OMe [a]%: -66.9 ° (c = 0.063, MeOH). 'H-NMR (400 MHz, CDCls): &
7.83-7.79 (2H, m), 7.57 (1H, s), 7.36 (1H, br-s), 7.34 (1H, d, J = 10.7 Hz), 7.01-6.99 (2H, m), 6.88
(1H, d, J = 11.0 Hz), 4.78-4.72 (1H, m), 4.02 (3H, s), 4.01 (3H, s), 3.98 (3H, s), 3.70 (3H, s), 3.31
(1H, dd, J = 13.4, 5.4 Hz), 2.37-2.33 (1H, m), 2.24-2.20 (1H, m), 1.97-1.94 (1H, m). HR-ESI-MS:
calcd for Co7H26 CIFNOg [M+H]", 514.1433; found, 514.1440; calcd for Co7Hz6° CIFNOg [M+H+2]",
516.1403; found, 516.1421.

Synthesis of 4-chloro-N-(3,4,5-trifluorobenzoyl)deacetylcolchicine (30)

Compound 30 was prepared from compound 19 (50 mg, 0.13
mmol) and 3,4,5-trifluorobenzoyl chloride (17 uL, 0.13 mmol)
using the same procedure as that described for compound 21.
Red-brown solid (38 mg, 0.069 mmol, 54% yield).

[a]%: -52.3 ° (c = 0.078, MeOH). 'H-NMR (400 MHz, CDCls): &
8.26 (1H, br-s), 7.65 (1H, s), 7.49-7.47 (2H, m), 7.40 (1H, d, J =
10.7 Hz), 6.95 (1H, d, J= 11.0 Hz), 4.78-4.72 (1H, m), 4.05 (3H, s), 4.01 (3H, s), 3.98 (3H, s), 3.68
(3H, s), 3.31 (1H, dd, J = 13.5, 5.6 Hz), 2.39-2.35 (1H, m), 2.20-2.15 (2H, m). HR-ESI-MS: calcd
for Co7H24>°CIFsNOg [M+H]*, 550.1244; found, 550.1237; calcd for Cy7Hos> CIFsNOg [M+H+2]",
552.1215; found, 552.1190.

Synthesis of 4-chloro-N-(2-methoxybenzoyl)deacetylcolchicine (31)
Compound 31 was prepared from compound 19 (50 mg, 0.13
mmol) and 2-methoxybenzoyl chloride (17 pL, 0.13 mmol) using the
same procedure as that described for compound 21. Pale yellow
solid (49 mg, 0.093 mmol, 73% yield).
[a]3: -64.6 ° (¢ = 0.110, MeOH). CD (MeOH, 20°C, ¢ = 0.22 mM) A
e (nm): 0 (373), -8.32 (334), -1.61 (288), -16.56 (263), 0 (250), 11.11
(240), 1.04 (229), 45.78 (208). "H-NMR (400 MHz, CDCl;): §8.35 (1H, d, J = 6.6 Hz), 8.01 (1H, dd,
J=7.7,1.8Hz), 751 (1H, s), 7.48-7.44 (1H, m), 7.28 (1H, d, J = 10.7 Hz), 7.04-7.00 (2H, m), 6.80
(1H, d, J =10.7 Hz), 4.79-4.73 (1H, m), 4.05 (3H, s), 4.00 (3H, s), 3.99 (3H, s), 3.97 (3H, s), 3.70
(3H, s), 3.30 (1H, dd, J = 13.2, 4.6 Hz), 2.40-2.31 (1H, m), 2.27-2.23 (1H, m), 1.89-1.85 (1H, m).
ESI-MS m/z: 526 [M+H]", 528 [M+H+2]". HR-ESI-MS: calcd for C,gH29>°CINO; [M+H]*, 526.1633;
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found, 526.1623; calcd for CagH29° CINO7 [M+H+2]*, 528.1603; found, 528.1541.

Synthesis of 4-chloro-N-(3-methoxybenzoyl)deacetylcolchicine (32)
ome Compound 32 was prepared from compound 19 (50 mg, 0.13
mmol) and 3-methoxybenzoyl chloride (17 L, 0.13 mmol) using
the same procedure as that described for compound 21.
Amorphous solid (53 mg, 0.101 mmol, 79% yield).
[a]3: -209.4 ° (c = 0.087, MeOH). CD (MeOH, 20°C, ¢ = 0.19
mM) Ae (nm): 0 (373), -8.18 (330), -3.55 (294), -13.43 (264), 0
(253), 10.94 (241), 10.28 (237), 27.26 (214). 'H-NMR (400 MHz, CDCls): §7.54 (1H, s), 7.34-7.31
(3H, m), 7.27 (1H, d, J = 10.7 Hz), 7.02-7.00 (1H, m), 6.96 (1H, d, J= 5.4 Hz), 6.85 (1H, d, J=10.7
Hz), 4.78-4.72 (1H, m), 4.01 (3H, s), 4.01 (3H, s), 3.98 (3H, s), 3.80 (3H, s), 3.70 (3H, s), 3.31 (1H,
dd, J = 13.3, 5.0 Hz), 2.39-2.30 (1H, m), 2.25-2.21 (1H, m), 1.95-1.89 (1H, m). HR-ESI-MS: calcd
for CogH2>°CINO; [M+H]", 526.1633; found, 526.1649; calcd for CagHag> CINO; [M+H+2]",
528.1603; found, 528.1633.

Synthesis of 4-chloro-N-(4-methoxybenzoyl)deacetylcolchicine (33)
Compound 33 was prepared from compound 19 (50 mg, 0.13
mmol) and 4-methoxybenzoyl chloride (26 mg, 0.13 mmol)
using the same procedure as that described for compound 21.
Amorphous solid (56 mg, 0.11 mmol, 83% yield).

OMe [a]: -37.2 ° (c = 0.148, MeOH). CD (MeOH, 21°C, ¢ = 0.15
mM) Ae (nm): 0 (372), -6.05 (330), -2.71 (277), -3.55 (265), 0 (260), 6.40 (242), 4.86 (237), 7.13
(227), 1.40 (219). 'H-NMR (400 MHz, CDCl3): §7.75 (2H, d, J = 8.5 Hz), 7.54 (1H, s), 7.31 (1H, d,
J=10.7 Hz), 6.87 (2H, d, J = 9.0 Hz), 6.85 (1H, br-s), 6.84 (1H, d, J = 11.0 Hz), 4.78-4.72 (1H, m),
4.00 (3H, s), 4.00 (3H, s), 3.97 (3H, s), 3.83 (3H, s), 3.70 (3H, s), 3.30 (1H, dd, J = 13.3, 4.5 Hz),
2.38-2.29 (1H, m), 2.25-2.21 (1H, m), 1.92-1.89 (1H, m). HR-ESI-MS: calcd for CH2>°CINO;
[M+H]", 526.1633; found, 526.1649; calcd for CagHae® CINO; [M+H+2]*, 528.1603; found,
528.1602.

Synthesis of 4-chloro-N-(2,4-dimethoxybenzoyl)deacetylcolchicine (34)

Compound 34 was prepared from compound 19 (50 mg, 0.13
mmol) and 2,4-dimethoxybenzoyl chloride (26 mg, 0.13 mmol)
using the same procedure as that described for compound 21.
White solid (33 mg, 0.059 mmol, 46% yield).

[a]Z5: -23.8 ° (c = 0.147, MeOH). 'H-NMR (400 MHz,
DMSO-dg): 68.29 (1H, d, J = 6.3 Hz), 7.98 (1H, d, J = 8.8 Hz),
7.64 (1H, s), 7.34 (1H, d, J = 10.7 Hz), 6.85 (1H, d, J = 10.7 Hz), 6.54 (1H, dd, J = 8.7, 2.1 Hz),
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6.51 (1H, d, J = 2.0 Hz), 4.78-4.71 (1H, m), 4.02 (3H, s), 4.00 (3H, s), 4.00 (3H, s), 3.97 (3H, s),
3.85 (3H, s), 3.70 (3H, s), 3.30 (1H, dd, J = 13.2, 5.1 Hz), 2.40-2.31 (1H, m), 2.26-2.18 (1H, m),
1.93-1.84 (1H, m). HR-ESI-MS: calcd for C,H31*°CINOg [M+H]", 556.1738; found, 556.1747; calcd
for CogH31> CINOg [M+H+2]*, 558.1709; found, 558.1755.

Synthesis of 4-chloro-N-(3,5-dimethoxybenzoyl)deacetylcolchicine (35)
ome Compound 35 was prepared from compound 19 (50 mg, 0.13
mmol) and 3,5-dimethoxybenzoyl chloride (26 mg, 0.13 mmol)
using the same procedure as that described for compound 21.
White solid (47 mg, 0.085 mmol, 66% yield).
[a]3: -44.0 ° (¢ = 0.219, MeOH). 'H-NMR (400 MHz, CDCl3): &
7.65 (1H, s), 7.38 (1H, d, J = 10.7 Hz), 7.01 (1H, d, J = 7.1 Hz),
6.93 (2H, s), 6.90 (1H, d, J = 10.7 Hz), 6.56 (1H, s), 4.77-4.71 (1H, m), 4.02 (3H, s), 4.01 (3H, s),
3.98 (3H, s), 3.79 (6H, s), 3.69 (3H, s), 3.31 (1H, dd, J = 13.3, 5.2 Hz), 2.40-2.30 (1H, m),
2.25-2.17 (1H, m), 2.02-1.95 (1H, m). HR-ESI-MS: calcd for CygHs:>°CINOg [M+H]", 556.1738;
found, 556.1727; calcd for ngH3137CIN08 [M+H+2]", 558.1709; found, 558.1723.

OMe

Synthesis of 4-chloro-N-(3,4,5-trimethoxybenzoyl)deacetylcolchicine (36)

Compound 36 was prepared from compound 19 (50 mg, 0.13
mmol) and 3,4,5-trimethoxybenzoyl chloride (30 mg, 0.13
mmol) using the same procedure as that described for
compound 21. Yellow-brown solid (68 mg, 0.12 mmol, 91%
yield).

[a]%: -41.5° (¢ = 0.084, MeOH). "H-NMR (400 MHz, CDCl3): 5
7.75 (1H, s), 7.63 (1H, br-s), 7.40 (1H, d, J = 10.7 Hz), 7.07 (2H, s), 6.93 (1H, d, J = 11.0 Hz),
4.79-4.72 (1H, m), 4.03 (3H, s), 4.01 (3H, s), 3.98 (3H, s), 3.84 (3H, s), 3.81 (3H, s), 3.81 (3H, s),
3.70 (3H, s), 3.30 (1H, dd, J = 13.5, 5.5 Hz), 2.42-2.33 (1H, m), 2.22-2.16 (1H, m), 2.09-2.03 (1H,
m). HR-ESI-MS: calcd for CsoHas> CINOg [M+H]*, 586.1844; found, 556.1727; calcd for
CsoHs3> CINOg [M+H+2]*, 588.1814; found, 588.1821.

Synthesis of 4-chloro-N-(2-cyanobenzoyl)deacetylcolchicine (37)

To a stirred solution of 2-cyanobenzoic acid (23 mg, 0.15 mmol) in
DMF (1 mL) were added EDCI (29 mg, 0.15 mmol) and HOBt (21
mg, 0.15 mmol) under argon atmosphere at 0 °C. After stirring for
30 min at 0 °C, compound 19 (50 mg, 0.13 mmol) was added to the

mixture. The resulting mixture was further stirred at ambient

temperature for 3 h. The reaction was quenched by adding H,O and

the whole mixture was extracted two times with AcCOEt. The combined organic layers were washed
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with saturated aqueous NaHCO3; and then brine, dried over MgSOy,, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography
(CHCI3/MeOH) to afford compound 37 (41 mg, 0.079 mmol, 62% yield) as a yellow-brown solid.
[a]5: -129.1 ° (¢ = 0.338, MeOH). 'H-NMR (400 MHz, CDCl3): §7.96 (1H, d, J = 7.8 Hz), 7.72 (1H,
d, J = 6.6 Hz), 7.64-7.53 (3H, m), 7.46 (1H, br-s), 7.35 (1H, d, J = 10.7 Hz), 6.89 (1H, d, J = 10.7
Hz), 4.86-4.80 (1H, m), 4.02 (3H, s), 4.01 (3H, s), 4.00 (3H, s), 3.70 (3H, s), 3.32 (1H, dd, J = 13.5,
5.5 Hz), 2.47-2.38 (1H, m), 2.26-2.18 (1H, m), 2.03-1.95 (1H, m). ESI-MS m/z: 521 [M+H]", 523
[M+H+2]*. HR-ESI-MS: calcd for CagHzs>"CIN,Og [M+H]*, 521.1479; found, 521.1479; calcd for
CasHas> CIN,Og [M+H+2]", 523.1450; found, 523.1472.

Synthesis of 4-chloro-N-(3-cyanobenzoyl)deacetylcolchicine (38)
Compound 38 was prepared from compound 19 (50 mg, 0.13
mmol) and 3-cyanobenzoyl chloride (21 mg, 0.13 mmol) using the
same procedure as that described for compound 21. Light yellow
solid (44 mg, 0.084 mmol, 66% yield).
[a]5: -58.6 ° (¢ = 0.251, MeOH). "H-NMR (400 MHz, CDCl3): &
OMe 8.33 (1H, br-s), 8.14 (1H, s), 7.98 (1H, d, J = 8.1 Hz), 7.67 (1H, s),
7.66-7.65 (1H, m), 7.42-7.40 (1H, m), 7.41 (1H, d, J = 11.0 Hz), 6.95 (1H, d, J = 10.7 Hz),
4.81-4.75 (1H, m), 4.03 (3H, s), 4.01 (3H, s), 3.98 (3H, s), 3.71 (3H, s), 3.33 (1H, dd, J=12.7, 5.4
Hz), 2.41-2.35 (1H, m), 2.26-2.15 (2H, m). HR-ESI-MS: calcd for CoysHas  CIN,Og [M+H]",
521.1479; found, 521.1464; calcd for CogHz6>' CIN,Og [M+H+2]*, 523.1450; found, 523.1428.

Synthesis of 4-chloro-N-(4-cyanobenzoyl)deacetylcolchicine (39)
Compound 39 was prepared from compound 19 (50 mg, 0.13
mmol) and 4-cyanobenzoyl chloride (21 mg, 0.13 mmol) using
the same procedure as that described for compound 21.
White solid (51 mg, 0.098 mmol, 77% yield).

OMe [a]%: -48.6 ° (¢ = 0.366, MeOH). 'H-NMR (400 MHz, CDCl3): &
8.45(1H,d, J=59Hz),7.93 (2H, d, J=8.3 Hz), 7.71 (1H, s), 7.52 (2H, d, J = 8.1 Hz), 7.44 (1H, d,
J=11.0 Hz), 6.98 (1H, d, J = 11.0 Hz), 4.81-4.75 (1H, m), 4.06 (3H, s), 4.02 (3H, s), 3.99 (3H, s),
3.72 (3H, s), 3.31 (1H, dd, J = 13.2, 5.6 Hz), 2.44-2.35 (1H, m), 2.24-2.17 (1H, m), 2.16-2.06 (1H,
m). HR-ESI-MS: calcd for CygHz>°CIN,Og [M+H]", 521.1479; found, 521.1472; calcd for
CasHas> CIN,Og [M+H+2]", 523.1450; found, 523.1439.
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Synthesis of 4-chloro-N-(2-nitrobenzoyl)deacetylcolchicine (40)

Compound 40 was prepared from compound 19 (50 mg, 0.13
mmol) and 2-nitrobenzoic acid (26 mg, 0.15 mmol) using the same
procedure as that described for compound 37. White solid (23 mg,
0.043 mmol, 33% yield).

[a]%: -127.2 ° (¢ = 0.157, MeOH). "H-NMR (400 MHz, CDCl;): 58.04
(1H, d, J=7.8 Hz), 7.71-7.63 (3H, m), 7.58-7.56 (1H, m), 7.35 (1H,
d, J=10.2 Hz), 6.88 (1H, d, J = 10.7 Hz), 6.86 (1H, br-s), 4.85-4.79 (1H, m), 4.02 (3H, s), 4.02 (3H,
s), 4.02 (3H, s), 3.66 (3H, s), 3.31 (1H, dd, J = 13.7, 5.4 Hz), 2.44-2.34 (1H, m), 2.22-2.18 (1H, m),
1.95-1.81 (1H, m). HR-ESI-MS: calcd for Cp7Hp6>°CIN,Og [M+H]*, 541.1378; found, 541.1356;
calcd for Co7Hz6% CIN,Og [M+H+2]", 543.1348; found, 543.1362.

Synthesis of 4-chloro-N-(3-nitrobenzoyl)deacetylcolchicine (41)
Nno, Compound 41 was prepared from compound 19 (50 mg, 0.13
Cl o
o A 30
MeO

mmol) and 3-nitrobenzoyl chloride (27 mg, 0.13 mmol) using the

same procedure as that described for compound 21. Yellow solid
MeO

O (59 mg, 0.11 mmol, 85% yield).
o [a]5: -49.7 ° (¢ = 0.507, MeOH). "H-NMR (400 MHz, CDCls): &
OMe 8.90 (1H, d, J = 6.1 Hz), 8.57 (1H, s), 8.16 (1H, d, J = 8.1 Hz),
7.96 (1H, d, J=7.6 Hz), 7.89 (1H, s), 7.47 (1H, d, J = 10.7 Hz), 7.34 (1H, t, J = 7.9 Hz), 7.03 (1H, d,
J=11.0 Hz), 4.83-4.77 (1H, m), 4.07 (3H, s), 4.02 (3H, s), 3.98 (3H, s), 3.70 (3H, s), 3.33 (1H, dd,
J=13.4, 5.6 Hz), 2.47-2.38 (1H, m), 2.34-2.29 (1H, m), 2.27-2.17 (1H, m). HR-ESI-MS: calcd for
CorHa6°CIN,Og  [M+H]*, 541.1378; found, 541.1421; calcd for CoyrHp® CIN,Og [M+H+2]",
543.1348; found, 543.1346.

Synthesis of 4-chloro-N-(4-nitrobenzoyl)deacetylcolchicine (42)
Compound 42 was prepared from compound 19 (50 mg, 0.13
mmol) and 4-nitrobenzoyl chloride (24 mg, 0.13 mmol) using
the same procedure as that described for compound 21. White
solid (53 mg, 0.10 mmol, 77% yield).

OMe [a]5: -47.6 ° (c = 0.283, MeOH). 'H-NMR (400 MHz, CDCl3): 5
8.31 (1H, d, J = 8.3 Hz), 8.07-8.02 (2H, m), 7.95 (2H, d, J = 8.5 Hz), 7.64 (1H, s), 7.41 (1H, d, J =
10.7 Hz), 6.95 (1H, d, J = 10.7 Hz), 4.80-4.74 (1H, m), 4.05 (3H, s), 4.02 (3H, s), 3.99 (3H, s), 3.72
(3H, s), 3.32 (1H, dd, J = 13.5, 5.5 Hz), 2.45-2.36 (1H, m), 2.22-2.19 (1H, m), 2.11-2.04 (1H, m).
HR-ESI-MS: calcd for C,7Has°CIN,Og [M+H]*, 541.1378; found, 541.1393; calcd for
Co7H26> " CIN,Og [M+H+2]", 543.1348; found, 543.1349.

Synthesis of 4-chloro-N-(3,5-dinitrobenzoyl)deacetylcolchicine (43)
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Nno, Compound 43 was prepared from compound 19 (50 mg, 0.13

Cl
MeO O@ mmol) and 3,5-dinitrobenzoyl chloride (30 mg, 0.13 mmol) using
""NH the same procedure as that described for compound 21. Yellow
MeO NO.
) MeO O * solid (47 mg, 0.080 mmol, 63% yield).
S [a]%: -34.4 ° (¢ = 0.375, MeOH). "H-NMR (400 MHz, CDCl3): &

OMe 9.91 (1H, d, J = 5.9 Hz), 8.95 (1H, t, J = 1.8 Hz), 8.63 (2H, s),

)
7.94 (1H,'s), 7.54 (1H, d, J = 10.7 Hz), 7.14 (1H, d, J = 11.0 Hz), 4.78-4.72 (1H, m), 4.12 (3H, s),
4.03 (3H, s), 3.98 (3H, s), 3.67 (3H, s), 3.37 (1H, dd, J = 12.2, 2.9 Hz), 2.49-2.42 (2H, m),
2.28-2.19 (1H, m). HR-ESI-MS: calcd for Ca7H»s°CIN3O10 [M+H]", 586.1228: found, 586.1213;
calcd for Cp7Hp5°CIN3O10 [M+H+2]", 588.1199; found, 588.1182.

Synthesis of 4-chloro-N-(2-(dimethylamino)benzoyl)deacetylcolchicine (44)
Me,N Compound 44 was prepared from compound 19 (50 mg, 0.13

mmol) and 2-(dimethylamino)benzoic acid (25 mg, 0.15 mmol)

“NH using the same procedure as that described for compound 37.
White solid (24 mg, 0.045 mmol, 35% vyield).
0 [a]5: -59.0 ° (c =0.119, MeOH). CD (MeOH, 22°C, ¢ = 0.23 mM) At

OMe

(nm): 0 (376), -7.73 (343), -3.03 (299), -10.62 (264), 0 (242), -0.10
(239), 0 (237), 18.43 (222), 17.99 (220), 20.27 (213), 18.40 (209). "H-NMR (400 MHz, DMSO-ds):
59.54 (1H, d, J = 7.3 Hz), 7.42-7.38 (2H, m), 7.33 (1H, s), 7.17-7.15 (2H, m), 7.06-6.99 (2H, m),
4.52-4.46 (1H, m), 3.94 (3H, s), 3.90 (3H, s), 3.89 (3H, s), 3.60 (3H, s), 3.15 (1H, dd, J = 12.9, 3.7
Hz), 2.70 (6H, s), 2.17-2.14 (1H, m), 2.10-1.98 (2H, m). HR-ESI-MS: calcd for CpeH3,>*CIN,O¢
[M+H]*, 539.1949; found, 539.1949; calcd for CHa>'CIN,Os [M+H+2]*, 541.1919; found,
541.1932.

Synthesis of 4-chloro-N-(3-(dimethylamino)benzoyl)deacetylcolchicine (45)
nme, Compound 45 was prepared from compound 19 (50 mg, 0.13
mmol) and 3-(dimethylamino)benzoic acid (25 mg, 0.15 mmol)
using the same procedure as that described for compound 37.
Yellow solid (37 mg, 0.069 mmol, 54% yield).
[a]5: -54.5° (¢ = 0.112, MeOH). CD (MeOH, 22°C, ¢ = 0.23 mM)
Ag (nm): 0 (374), -9.19 (334), -4.47 (287), -11.79 (263), 0 (246),
31.37 (225), 15.62 (204). "H-NMR (400 MHz, DMSO-de): §8.96 (1H, d, J=7.3 Hz), 7.28 (1H, t, J =
7.9 Hz), 7.20-7.17 (3H, m), 7.13 (1H, d, J=2.0 Hz), 7.05 (1H, d, J = 11.2 Hz), 6.89 (1H, dd, J = 8.1,
2.4 Hz), 4.51-4.45 (1H, m), 3.94 (3H, s), 3.89 (3H, s), 3.89 (3H, s), 3.60 (3H, s), 3.16 (1H, dd, J =
12.1, 55 Hz), 2.92 (6H, s), 2.21-2.10 (2H, m), 2.07-2.03 (1H, m). HR-ESI-MS: calcd for
CaoH3°CIN,Og  [M+H]*, 539.1949; found, 539.1940; calcd for CaoHs* CIN,Og [M+H+2]",
541.1919; found, 541.1937.

OMe
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Synthesis of 4-chloro-N-(4-(dimethylamino)benzoyl)deacetylcolchicine (46)

Compound 46 was prepared from compound 19 (50 mg, 0.13
mmol) and 4-(dimethylamino)benzoic acid (25 mg, 0.15
mmol) using the same procedure as that described for

compound 37. Light yellow solid (38 mg, 0.070 mmol, 55%

OMe yield).

[a]s: +10.4 ° (c = 0.413, MeOH). CD (MeOH, 22°C, ¢ = 0.17 mM) Ag (nm): 0 (374), -7.29 (337), 0
(299), -11.20 (264), 0 (251), 9.71 (241), 0 (233), -1.45 (230), 0 (228), 24.51 (213), 20.28 (203).
'H-NMR (400 MHz, CDCl3): §7.71 (2H, d, J = 8.8 Hz), 7.50 (1H, s), 7.28 (1H, d, J = 10.7 Hz), 6.83
(1H,d, J=7.8 Hz),6.80 (1H, d, J=10.7 Hz), 6.73 (2H, d, J = 8.3 Hz), 4.78-4.72 (1H, m), 4.00 (3H,
s), 3.99 (3H, s), 3.97 (3H, s), 3.70 (3H, s), 3.30 (1H, dd, J = 12.9, 4.1 Hz), 3.01 (6H, s), 2.32-2.23
(2H, m), 1.95-1.88 (1H, m). HR-ESI-MS: calcd for CagH3,>°CIN,Og [M+H]*, 539.1949; found,
539.1956; calcd for CagHaz>  CIN,Og [M+H+2]*, 541.1919; found, 541.1945.

Synthesis of 4-chloro-N-(dimethylaminoacetyl)deacetylcolchicine (47)

¢l o} NMe, Compound 47 was prepared from compound 19 (130 mg, 0.33
mmol) and N,N-dimethylglycine (41 mg, 0.40 mmol) using the same
procedure as that described for compound 37. Yellow solid (107 mg,
0.22 mmol, 68% yield).

OMe [a]5: -117.9 ° (¢ = 0.168, MeOH). 'H-NMR (400 MHz, DMSO-dq): &

8.58 (1H, d, J = 7.3 Hz), 7.16 (1H, s), 7.12 (1H, d, J = 10.7 Hz), 7.03 (1H, d, J = 10.7 Hz),
4.31-4.28 (1H, m), 3.91 (3H, s), 3.89 (3H, s), 3.88 (3H, s), 3.54 (3H, s), 3.10 (1H, dd, J=13.2, 5.6
Hz), 2.89 (2H, d, J = 8.3 Hz), 2.21 (6H, s), 2.10-2.06 (2H, m), 1.93-1.92 (1H, m). HR-ESI-MS:
calcd for CosHs0>°CIN,Og [M+H]*, 477.1792; found, 477.1782; calcd for CaHae® CIN,Og [M+H+2]*,
479.1763; found, 479.1757.

Synthesis of 4-chloro-N-(3-(dimethylamino)propionyl)deacetylcolchicine (48)

¢l 0 NMe, Compound 48 was prepared from compound 19 (50 mg, 0.13
N\H>_/_ mmol) and 3-dimethylpropionic acid hydrochloride (39 mg, 0.26
mmol) using the same procedure as that described for compound
o 37. Off-white solid (27 mg, 0.055 mmol, 43% yield).

OMe [a]5: -129.3 ° (¢ = 0.121, MeOH). "H-NMR (400 MHz, DMSO-dj):
68.64 (1H, d, 7.1 Hz), 7.13 (1H, s), 7.12 (1H, d, J = 11.0 Hz), 7.02 (1H, d, J = 11.0 Hz), 4.26-4.20
(1H, m), 3.91 (3H, s), 3.88 (3H, s), 3.88 (3H, s), 3.54 (3H, s), 3.11 (1H, dd, J = 13.4, 5.1 Hz),
2.43-2.37 (2H, m), 2.31-2.27 (2H, m), 2.11 (6H, s), 2.10-2.08 (1H, m), 1.99-1.90 (1H, m), 1.86-1.78
(1H, m). HR-ESI-MS: calcd for CasH3*°CIN,Og [M+H]", 491.1949; found, 491.1931; calcd for
CasH32>"CIN,Og [M+H+2]*, 493.1919; found, 493.1919.
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Synthesis of N-(3-carboxypropionyl)-4-chlorodeacetylcolchicine (49)
cl OW—COOH A solution of compound 19 (80 mg, 0.20 mmol),
N N-methylmorpholine (88 pL, 1.0 mmol), and succinic anhydride

(24 mg, 0.22 mmol) in DMSO was stirred at ambient temperature
o for 1 h under argon atmosphere. To the reaction mixture was
OMe added saturated aqueous citric acid and the whole mixture was
extracted two times with AcOEt. The combined organic layers were washed with brine, dried over
MgSQ,, filtered, and concentrated under reduced pressure. The residue was purified by silica gel
flash column chromatography (CHCI3/MeOH) to afford compound 49 (60 mg, 0.12 mmol, 60%
yield) as a light yellow solid.
[a]5: -125.6 ° (c = 0.158, MeOH). "H-NMR (400 MHz, DMSO-d): 58.75 (1H, d, J = 7.1 Hz), 7.16
(1H, s), 7.13 (1H, d, J = 10.5 Hz), 7.03 (1H, d, J = 11.0 Hz), 4.25-4.19 (1H, m), 3.91 (3H, s), 3.89
(3H, s), 3.88 (3H, s), 3.53 (3H, s), 3.10 (1H, dd, J = 13.4, 5.4 Hz), 2.35 (2H, t, J = 6.6 Hz), 2.26 (2H,
t, J = 6.6 Hz), 2.12-2.08 (1H, m), 1.97-1.92 (1H, m), 1.87-1.78 (1H, m). HR-ESI-MS: calcd for
C24H2,°CINOg [M+H]", 492.1425; found, 492.1436; calcd for Ca4Ha7>' CINOg [M+H+2]*, 494.1396;
found, 494.1397.

Synthesis of N-(4-carboxybutyryl)-4-chlorodeacetylcolchicine (50)
coon Compound 50 was prepared from compound 19 (100 mg, 0.26
mmol) and glutaric anhydride (32 mg, 0.28 mmol) using the
same procedure as that described for compound 49. Light
yellow solid (112 mg, 0.24 mmol, 95% vyield).
[a]%: -124.5 ° (¢ = 0.381, MeOH). 'H-NMR (400 MHz, CDCl3): 5
7.87 (1H, s), 7.77 (1H, br-s), 7.44 (1H, d, J = 10.7 Hz), 7.02 (1H,
d, J=10.5 Hz), 4.58-4.52 (1H, m), 4.04 (3H, s), 3.99 (3H, s), 3.97 (3H, s), 3.60 (3H, s), 3.27 (1H,
dd, J = 13.1, 4.8 Hz), 2.53-2.34 (6H, m), 2.26-2.23 (1H, m), 2.18-2.10 (1H, m), 2.01-2.00 (1H, m).
HR-ESI-MS: calcd for CasHz9>°CINOg [M+H]", 506.1582; found, 506.1560; calcd for CasHzo>' CINOg
[M+H+2]*, 508.1552; found, 508.1545.

Synthesis of N-chloroacetyl-4-chlorodeacetylcolchicine (51)
ci Compound 51 was prepared from compound 19 (24 mg, 0.061 mmol)
and chloroacetyl chloride (5.8 pL, 0.073 mmol) using the same
procedure as that described for compound 21. Yellow oil (31 mg, 0.061
mmol, quant.).

OMe [a]s: -129.2 ° (¢ = 0.05, MeOH). "H-NMR (400 MHz, CDCl3): §7.57 (1H,
br-d, J=6.8 Hz), 7.40 (1H, s), 7.28 (1H, d, J= 10.7 Hz), 6.84 (1H, d, J = 10.7 Hz), 4.55 (1H, ddd, J
=12.1,6.2,6.2 Hz), 4.09 (1H, d, J = 14.9 Hz), 4.02 (1H, d, J = 14.9 Hz), 4.01 (3H, s), 3.99 (3H, s),
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3.97 (3H, s), 3.62 (3H, s), 3.28 (1H, dd, J = 13.2, 4.4 Hz), 2.29 (1H, dddd, J = 12.1, 12.1, 6.0, 6.0
Hz), 2.19 (1H, ddd, J = 13.1, 13.1, 5.9 Hz), 1.89 (1H, ddd, J = 11.6, 11.6, 5.0 Hz). HR-ESI-MS:
caled for CyH2s>°CLNOg [M+H]", 468.0981; found, 468.0979; calcd for CyHs>>CI*’CINOg
[M+H+2]*, 470.0951; found, 470.0981; calcd for CpHas>'CILNOg [M+H+4]", 472.0922; found,
472.0947.

Synthesis of 4-chloro-N-(thioacetoxyacetyl)deacetylcolchicine (52)

% o, sAc To a stirred solution of compound 51 (50 mg, 0.11 mmol) in acetone
(10 mL) was added potassium thioacetate (75 pg, 0.66 mmol) under
argon atmosphere at 0 °C and the reaction mixture was stirred for 90

min at 65 °C. The reaction mixture was diluted with CHCIl; and

OMe washed with H,O. The organic layer was dried over MgSOQy,, filtered,

and evaporated under reduced pressure. The residue was purified by silica gel flash column
chromatography (CHCI;/MeOH) to afford compound 52 (46 mg, 0.090 mmol, 82%yield) as a
yellow oil.
[a]5: -211.7 ° (¢ = 0.02, MeOH). "H-NMR (400 MHz, CDCls): §7.29 (1H, br-d, J = 3.5 Hz), 7.28 (1H,
s), 7.24 (1H, d, J = 10.6 Hz), 6.80 (1H, d, J = 10.8 Hz), 4.49 (1H, ddd, J = 12.2, 6.1, 6.1 Hz), 4.00
(3H, s), 3.98 (3H, s), 3.97 (3H, s), 3.62 (1H, dd, J = 14.5, 1.8 Hz), 3.60 (3H, s), 3.54 (1H, dd, J =
14.4, 2.5 Hz), 3.25 (1H, dd, J = 12.7, 3.9 Hz), 2.45 (3H, s), 2.22 (1H, dddd, J = 11.0 11.0, 5.9, 5.9
Hz), 2.16 (1H, ddd, J = 10.7, 10.7, 4.8 Hz), 1.78 (1H, ddd, J = 11.0, 11.0, 4.9 Hz). HR-ESI-MS:
calcd for Cp4H27>°CINO,S [M+H]*, 508.1197; found, 508.1198; calcd for CosH,7>" CINO,S [M+H+2]",
510.1167; found, 510.1167.

Synthesis of 4-chloro-N-(mercaptoacetyl)deacetylcolchicine (53)

sH To a stirred solution of compound 52 (10 mg, 0.020 mmol) in MeOH
(4.5 mL) was added NaOMe (1 M in MeOH, 30 pL, 0.030 mmol) under
argon atmosphere at 0 °C. After stirring for 40 minutes at ambient

temperature, the reaction was quenched with AcOH (3 drops). Then,

the reaction mixture was diluted with CHCI; and washed with H5O.
The organic layer was dried over MgSQy,, filtered, and evaporated under reduced pressure. The
residue was purified by silica gel flash column chromatography (CHCI3;/MeOH) to afford compound
53 (9.5 mg, 0.020 mmol, quant.) as a yellow oil.

[a]s: -173.7 ° (¢ = 0.02, MeOH). '"H-NMR (400 MHz, CDCl5): 57.67 (1H, br-d, J = 7.0 Hz), 7.40 (1H,
s), 7.28 (1H, d, J = 10.4 Hz), 6.83 (1H, d, J = 10.8 Hz), 4.53 (1H, ddd, J = 12.1, 6.2, 6.2 Hz), 4.01
(3H, s), 3.99 (3H, s), 3.97 (3H, s), 3.62 (3H, s), 3.32-3.20 (3H, overlapped), 2.27 (1H, dddd, J =
12.0 12.0, 5.9, 5.9 Hz), 2.19 (1H, ddd, J = 13.0, 13.0, 5.9 Hz), 2.02 (1H, dd, J = 9.0, 9.0 Hz), 1.84
(1H, ddd, J = 11.5, 11.5, 4.9 Hz). HR-ESI-MS: calcd for C»H,5>°CINO6S [M+H]", 466.1091; found,
466.1093; calcd for CoHzs° CINOGS [M+H+2]*, 468.1062; found, 468.1107.
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Synthesis of N-acetoxyacetyl-4-chlorodeacetylcolchicine (54)

¢l o) oac  Compound 54 was prepared from compound 19 (0.15 g, 0.38 mmol)
and acetoxyacetyl chloride (45.3 pL, 0.42 mmol) using the same
procedure as that described for compound 21. Off-white solid (0.14 g,
0.24 mmol, 76% yield).

OMe [a]5: -143.1 ° (¢ = 0.227, MeOH). "H-NMR (400 MHz, CDCls): §7.45

(1H,s), 7.31 (1H,d, J=10.7 Hz), 7.12 (1H,d, J= 7.1 Hz), 6.86 (1H, d, J = 10.7 Hz), 4.63-4.58 (1H,
m), 4.60 (1H, d, J = 15.7 Hz), 4.54 (1H, d, J = 15.7 Hz), 4.02 (3H, s), 3.99 (3H, s), 3.97 (3H, s),
3.62 (3H, s), 3.30-3.25 (1H, m), 2.32-2.14 (2H, m), 2.18 (3H, s), 1.90-1.83 (1H, m). HR-ESI-MS:
calcd for CpqHp7>°CINOg [M+H]", 492.1425; found, 492.1429; calcd for CosHz7> CINOg [M+H+2]",
494.1396; found, 494.1408.

Synthesis of N-acetoxyacetyl-4-chlorodeacetylcolchicine (56)
oH Compound 56 was prepared from compound 54 (0.16 g, 0.33 mmol)
using the same procedure as that described for compound 53.
Off-white solid (0.15 g, 0.33 mmol, quant.).
[a]: -123.9 ° (¢ = 1.002, MeOH). "H-NMR (400 MHz, CDCl3): 57.68
OMe (1H, s), 7.56 (1H, d, J = 7.3 Hz), 7.34 (1H, d, J = 10.7 Hz), 6.90 (1H, d,
J=10.7 Hz), 4.66-4.59 (1H, m), 4.20 (1H, d, J = 16.3 Hz), 4.04 (1H, d, J = 16.3 Hz), 4.02 (3H, s),
3.99 (3H, s), 3.98 (3H, s), 3.62 (3H, s), 3.31-3.26 (1H, m), 2.33-2.14 (2H, m), 1.94-1.87 (1H, m).
HR-ESI-MS: calcd for Cy;Hy5>°CINO; [M+H]*, 450.1320; found, 450.1360; calcd for Ca;Hzs> CINO;
[M+H+2]*, 452.1290; found, 452.1357.

Synthesis of (S)-N-(2-acetoxypropionyl)-4-chlorodeacetylcolchicine (55)

¢l o} oac  Compound 55 was prepared from compound 19 (0.10 g, 0.26 mmol)
and (S)-2-acetoxypropionyl chloride (36 uL, 0.28 mmol) using the
same procedure as that described for compound 21. Off-white solid
(0.12 g, 0.24 mmol, 95% yield).

OMe [a]5: -159.2 ° (c = 0.197, MeOH). 'H-NMR (400 MHz, DMSO-dg): &

8.80 (1H,d, J=7.3 Hz), 7.14 (1H, d, J=10.7 Hz), 7.06 (1H, s), 7.03 (1H, d, J = 10.7 Hz), 4.93 (1H,
q, J = 6.7 Hz), 4.27-4.21 (1H, m), 3.91 (3H, s), 3.89 (6H, s), 3.53 (3H, s), 3.13 (1H, dd, J = 12.3,
3.8 Hz), 2.16-2.08 (1H, m), 2.02 (3H, s), 1.99-1.90 (2H, m), 1.33 (3H, d, J = 6.7 Hz). HR-ESI-MS:
calcd for CasHae> CINOg [M+H]*, 506.1582; found, 506.1582; calcd for CosHag® CINOg [M+H+2]",
508.1552; found, 508.1594.
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Synthesis of (S)-4-chloro-N-(2-hydroxypropionyl)deacetylcolchicine (57)

¢l o} oH Compound 57 was prepared from compound 55 (0.12 g, 0.25 mmol)
using the same procedure as that described for compound 53.
Off-white solid (0.11 g, 0.23 mmol, 94% yield).
[a]3: -136.1 ° (¢ = 0.212, MeOH). 'H-NMR (400 MHz, DMSO-d): &

OMe 8.50 (1H, d, J=7.6 Hz), 7.16 (1H, s), 7.12 (1H, d, J = 10.7 Hz), 7.02

(1H, d, J =10.7 Hz), 5.58 (1H, d, J = 5.4 Hz), 4.29-4.22 (1H, m), 4.02 (1H, m), 3.91 (3H, s), 3.88
(6H, s), 3.53 (3H, s), 3.10 (1H, dd, J = 12.4, 6.1 Hz), 2.14-2.06 (2H, m), 1.93-1.84 (1H, m), 1.17
(3H, d, J = 6.8 Hz). HR-ESI-MS: calcd for Cp3Hpr°CINO; [M+H]", 464.1476; found, 464.1482;
calcd for CasHz7® CINO; [M+H+2]", 466.1447; found, 466.1487.

Synthesis of (R)-4-chloro-N-(2-hydroxypropionyl)deacetylcolchicine (59)

oH To a stirred solution of compound 57 (100 mg, 0.22 mmol), AcOH (15

: pL, 0.26 mmol) and PPh; (0.17 g, 0.66 mmol) in toluene (4.3 mL) was
added dropwise DEAD (2.2 mol/L in toluene, 0.30 mL, 0.66 mmol) at 0

°C under argon atmosphere. After stirring overnight at ambient

OMe temperature, the reaction mixture was purified by silica gel flash

column chromatography (CHCI3/MeOH) to afford compound 58. Compound 59 was prepared from
compound 58 using the same procedure as that described for compound 53. Off-white solid (64
mg, 0.14 mmol, 64% yield in 2 steps).
[a]5: -125.5 ° (c = 0.209, MeOH). "H-NMR (400 MHz, DMSO-dg): 58.48 (1H, d, J = 7.6 Hz), 7.15
(1H,s), 7.12(1H, d, J=10.7 Hz), 7.02 (1H, d, J=10.7 Hz), 5.52 (1H, d, J = 5.1 Hz), 4.27-4.20 (1H,
m), 4.00-3.93 (1H, m), 3.91 (3H, s), 3.88 (3H, s), 3.88 (3H, s), 3.54 (3H, s), 3.10 (1H, dd, J=12.7,
5.9 Hz), 2.15-2.04 (2H, m), 1.95-1.85 (1H, m), 1.17 (3H, d, J = 6.6 Hz). HR-ESI-MS: calcd for
Ca3H27°°CINO; [M+H]*, 464.1476; found, 464.1492; calcd for Co3Hy7° CINO; [M+H+2]", 466.1447;
found, 466.1470.

Synthesis of 4-chloro-N-(2-hydroxy-2-methylpropionyl)deacetylcolchicine (60)
Compound 60 was prepared from compound 19 (30 mg, 0.077 mmol)
and 2-hydroxy-2-methylpropionic acid (10 mg, 0.092 mmol) using the
same procedure as that described for compound 37. Off-white solid
(37 mg, 0.077 mmol, quant.).

OMe [a]3: -140.9 ° (¢ = 0.171, MeOH). 'H-NMR (400 MHz, DMSO-dj): &
8.37 (1H,d, J=7.3 Hz), 7.17 (1H, s), 7.12 (1H, d, J= 10.7 Hz), 7.02 (1H, d, J = 10.7 Hz), 5.49 (1H,
s), 4.24-4.17 (1H, m), 3.92 (3H, s), 3.88 (6H, s), 3.54 (3H, s), 3.10 (1H, dd, J = 12.2, 5.4 Hz),
2.18-2.06 (2H, m), 1.94-1.85 (1H, m), 1.21 (3H, s), 1.20 (3H, s). HR-ESI-MS: calcd for
C24H26°CINO; [M+H]", 478.1633; found, 478.1666; calcd for CosHae>' CINO; [M+H+2]*, 480.1603;
found, 480.1607.
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Synthesis of 4-chloro-N-(2-ethyl-2-hydroxybutyryl)deacetylcolchicine (61)
Compound 61 was prepared from compound 19 (50 mg, 0.13 mmol)
and 2-ethyl-2-hydroxybutyric acid (20 mg, 0.16 mmol) using the
same procedure as that described for compound 37. White solid (37
mg, 0.075 mmol, 59% yield).

OMe [a]3: -166.5 ° (¢ = 0.254, MeOH). "H-NMR (400 MHz, DMSO-dg): &
8.32 (1H ,d, J=7.8 Hz), 7.22 (1H, s), 7.11 (1H, d, J=10.5 Hz), 7.01 (1H, d, J = 11.0 Hz), 4.97 (1H,
s), 4.33-4.27 (1H, m), 3.92 (3H, s), 3.89 (3H, s), 3.88 (3H, s), 3.55 (3H, s), 3.10 (1H, dd, J = 12.9,
5.4 Hz), 2.20-2.06 (2H, m), 1.90-1.82 (1H, m), 1.67-1.54 (2H, m), 1.47-1.38 (2H, m), 0.76-0.69 (6H,
m). HR-ESI-MS: calcd for CpHss>°CINO; [M+H]', 506.1946; found, 506.1957; calcd for
Ca6H33 CINO; [M+H+2]*, 508.1916; found, 508.1867.

Synthesis of 4-chloro-N-(3-(triphenylmethyloxy)propionyl)deacetylcolchicine (62)
Compound 62 was prepared from compound 19 (70 mg, 0.18
mmol) and 3-(triphenylmethyloxy)propionic acid (65 mg, 0.20
mmol) using the same procedure as that described for compound
37. Off-white solid (118 mg, 0.17 mmol, 94% vyield).

OMe [a]: -120.4 ° (¢ = 0.222, MeOH). 'H-NMR (400 MHz, DMSO-de): &
8.78 (1H, d, J = 7.3 Hz), 7.34-7.20 (16H, m), 7.13 (1H, d, J = 10.7 Hz), 7.03 (1H, d, J = 10.7 Hz),
4.35-4.28 (1H, m), 3.91 (3H, s), 3.88 (3H, s), 3.87 (3H, s), 3.54 (3H, s), 3.18-3.09 (2H, m),
3.05-2.99 (1H, m), 2.53-2.39 (2H, m), 2.18-2.09 (1H, m), 2.02-1.83 (2H, m). HR-ESI-MS: calcd for
C42H41*°CINO; [M+H]", 706.2572; found, 706.2534; calcd for CoHa1>’CINO; [M+H+2]*, 708.2542;
found, 708.2211.

Synthesis of 4-chloro-N-(3-hydroxypropionyl)deacetylcolchicine (64)
¢l OMOH A solution of compound 62 (95 mg, 0.14 mmol) and p-TsOH-H,0 (5

CiNH mg, 0.028 mmol) in MeOH was stirred at ambient temperature for 5

h. After evaporation of the reaction mixture, the residue was purified
o by silica gel flash column chromatography (CHCIl3/MeOH) to afford

OMe compound 64 (54 mg, 0.12 mmol, 86% yield) as a pale yellow solid.
[a]5: -138.0 ° (c = 0.280, MeOH). "H-NMR (400 MHz, DMSO-d): 58.59 (1H, d, J = 7.1 Hz), 7.13
(1H, s), 7.12 (1H, d, J = 10.7 Hz), 7.02 (1H, d, J = 10.7 Hz), 4.54 (1H, t, J = 5.2 Hz), 4.28-4.22 (1H,
m), 3.91 (3H, s), 3.88 (3H, s), 3.88 (3H, s), 3.57-3.52 (2H, m), 3.53 (3H, s), 3.10 (1H, dd, J = 13.7,
5.1 Hz), 2.35-2.23 (2H, m), 2.15-2.06 (1H, m), 1.99-1.80 (2H, m). HR-ESI-MS: calcd for
Ca3H27°°CINO; [M+H]*, 464.1476; found, 464.1491; calcd for Co3Hy7° CINO; [M+H+2]*, 466.1447;
found, 466.1482.
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Synthesis of 4-chloro-N-(4-(benzyloxy)butyryl)deacetylcolchicine (63)
Compound 63 was prepared from compound 19 (50 mg, 0.13
mmol) and 4-(benzyloxy)butyric acid (27 yL, 0.26 mmol) using
the same procedure as that described for compound 37. Pale
yellow solid (36 mg, 0.063 mmol, 50% yield).
'H-NMR (400 MHz, DMSO-dg): & 8.61 (1H, d, J = 7.1 Hz),
7.34-7.30 (4H, m), 7.28-7.24 (1H, m), 7.13 (1H, d, J = 10.7 Hz),
7.12 (1H, s), 7.03 (1H, d, J = 10.7 Hz), 4.46 (1H, d, J = 12.0 Hz), 4.41 (1H, d, J = 12.0 Hz),
)
)

4.26-4.20 (1H, m), 3.91 (3H, s), 3.89 (3H, s), 3.88 (3H, s), 3.53 (3H, s), 3.37 (2H, t, J = 6.5 Hz),
3.10 (1H, dd, J = 13.4, 5.1 Hz), 2.23 (2H, t, J = 6.8 Hz), 2.14-2.06 (1H, m), 1.98-1.88 (1H, m),
1.86-1.78 (1H, m), 1.75-1.68 (2H, m). ESI-MS m/z: 568 [M+H]", 570 [M+H+2]".

Synthesis of 4-chloro-N-(4-hydroxybutyryl)deacetylcolchicine (65)

To a stirred solution of compound 63 (41 mg, 0.072 mmol) in
CH,CI; (0.5 mL) was added BBr; (1 mol/L in CH,Cl,, 72 pL, 0.072
mmol) at -78 °C under argon atmosphere. After stirring for 30 min
at -78 °C, the reaction was quenched with saturated aqueous

NaHCOs3;. The mixture was extracted two times with CHCIs. The

combined organic layers were washed with brine, dried over
MgSO,, filtered, and concentrated under reduced pressure. The residue was purified by silica-gel
flash column chromatography (CHCI3;/MeOH) to afford compound 65 (14 mg, 0.029 mmol, 41%
yield) as a white solid.

[a]5: -137.8 ° (c = 0.078, MeOH). "H-NMR (400 MHz, DMSO-dg): 58.59 (1H, d, J = 7.1 Hz), 7.13
(1H,d, J=10.7 Hz), 7.11 (1H, s), 7.03 (1H, d, J = 10.7 Hz), 4.46 (1H, t, J = 5.1 Hz), 4.26-4.20 (1H,
m), 3.91 (3H, s), 3.89 (3H, s), 3.88 (3H, s), 3.53 (3H, s), 3.34-3.30 (2H, m), 3.10 (1H, dd, J = 13.5,
5.5 Hz), 2.17 (2H, t, J = 7.6 Hz), 2.13-2.06 (1H, m), 1.99-1.90 (1H, m), 1.87-1.79 (1H, m),
1.62-1.54 (2H, m). ESI-MS m/z: 478 [M+H]", 480 [M+H+2]". HR-ESI-MS: calcd for Cz4H29>°CINO;
[M+H]", 478.1633; found, 478.1642; calcd for CasHzs® CINO; [M+H+2]*, 480.1603; found,
480.1632.

In vitro assay

Cell culture

Human lung cancer cell line A549 and human colorectal cancer cell lines, HT-29 and HCT116,
were obtained from American Type Culture Collection (ATCC, USA). The cancer cell lines were
continuously cultured at 37 °C under 5% CO, atmosphere in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 U/mL penicillin,
and 100 pg/mL streptomycin (10% FBS/DMEM).
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Cytotoxicity evaluation.

A 50 L volume (1000 cells) of an exponentially growing cell suspension was seeded into a
96-well microtiter plate and 50 pL of each drug at various concentrations was added 24 h after the
seeding of the tumor cells. After incubation for 96 h at 37 °C, 10 uL of TetraColor ONE (Seikagaku
Biobusiness Corporation, Tokyo, Japan) was added to each well and the plates were incubated
further for 1 h at 37 °C. After incubation, optical density was measured at 450 nm with a microplate
reader (Spectramax 384 Plus, Molecular Devices, CA), and the concentration causing 50%
inhibition of cell proliferation (ICsy) was calculated by linear regression analysis of the linear

portion of the growth curves.

Metabolic stability in mouse microsomes

BALB/c mouse hepatic microsomes were purchased from XenoTech, LLC (Lenexa, KS). The
reaction mixture (0.5 mL) containing 0.25 mg/mL microsomal protein and 1 ymol/L test compound
in 100 mmol/L phosphate buffer (pH 7.4) was preincubated for 5 min at 37 °C, and the reaction
was started by adding 30 pyL of NADPH-regenerating system solution (BD Gentest, Woburn, MA).
The reaction mixture (50 yL) was sampled and the reaction was terminated by adding 150 L of
1% formic acid at 0, 5, 10, 15, 30, and 60 min. All incubations were done in triplicate. The test
compound in the reaction mixture was measured by LC-MS/MS using a Scherzo SM-C18 column
(150 x 2.0 mm ID., Imtakt, Japan). The column temperature and the flow rate were 40 °C and 0.35
mL/min, respectively. Mobile phases A and B were acetonitrile and 2 mmol/L ammonium formate
(pH 3.3), respectively. The gradient elution was as follows: mobile phase A was linearly increased
from 15% to 95% over a period of 4 minutes, kept at 95% for the next 2 minutes, and then
equilibrated at 15% for 5 minutes. Metabolic stability was calculated by the following formula (A).
Metabolic stability (mL/min/mg) = slope of a semi-logarithmic plot of test compound concentration /

microsomal protein concentration (0.25 mg/mL) (A).

Tubulin polymerization assay

In vitro tubulin polymerization assays were done using a Tubulin Polymerization Assay Kit
(Cytoskeleton, inc.). Lyophilized porcine microtubule protein was resuspended in G-PEM buffer
(80 mM PIPES, pH 6.9, 0.5 mM EGTA, 2 mM MgCl,, 1 mM GTP, 10% glycerol) to a final
concentration of 4 mg/mL. Tubulin polymerization was monitored spectrophotometrically by the
change in absorbance at 340 nm. The absorbance was measured at 1-min intervals for 45 min
using SpectraMax (Molecuar device). The ICsy for tubulin polymerization was defined as the
concentration of compound that inhibited tubulin assembly by 50% compared to solvent-treated

control at 5 min.

In vivo assay

Animals
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Inbred specific-pathogen-free 5-week-old male BALB/C nude mice were purchased from Japan
SLC, Inc. (Hamamatsu, Japan). The mice were kept in plastic cages and allowed free access to
water and a standard diet (MF, Oriental Yeast Industry Co., Tokyo, Japan). Temperature and
humidity were kept at 24+1 °C and 55+10%, respectively. In vivo antitumor experiments were

performed according to our internal and ethics committee regulations.

Antitumor experiments

After transplanting HCT116 cells (2 x 10° cells/mouse) subcutaneously to the inguinal region of
nude mice, the mice were grouped (3~5 mice/group) on the day when the estimated tumor volume
calculated by the following formula (B) reached approximately 300 mm?® (Day 1). The derivatives
were administered intravenously three times on days 1, 5, and 9. As negative control, 5%
glucose/Tween 80/propylene glycol (85/10/5) was administered following the same administration
schedule as that of the derivatives. The tumors were excised on Day 22 and tumor growth
inhibition rate (IR (%), formula (C)) was calculated from the tumor weights.

Estimated tumor volume (mm?) = 1/2 x long diameter x short diameter x short diameter (B).

IR (%) = (1 — mean tumor weight in the tested group / mean tumor weight in the control group) x
100 (C).

In silico simulation

The modules in Maestro (the unified interface for all Schrodinger software) were used by default
settings to search stable conformations of 4-chlorocolchicine derivatives in the colchicine binding
site of tubulin, where the receptor residues moved concomitantly during the docking (induced fit
docking).®® Firstly, to prepare the docking receptor, the a,B-tubulin complex merged with the
DAMA-colchicine and GTPs (PDB code 1SAQ, chain A and B) was processed using the Protein
Preparation module in Maestro. The module assigned ionization states and hydrogens in the
complex structure, and energy-minimized the hydrogens in the OPLS 2005 force field.*® Secondly,
the 3D structure of each 4-chlorocolchicine was generated by the Ligprep 2.4 module, which
produced a single low-energy and geometrically reasonable conformer using the OPLS 2005 force
field. Finally, the Induced Fit Docking module was used to create the receptor grid and dock
4-chlorocolchicines to the grid. In the grid generation setting, the grid box and center were set to
default by using the DAMA-colchicine molecule in the B-tubulin, and the van der Waals scaling of
the receptor was 0.5. In the docking process, each 4-chlorocolchicine derivative, whose van der
Waals scaling was 0.5, was taken for the initial Glide SP docking using the Glide 5.6 module.””
The derived docking poses were then refined by using the Prime 2.2 module. Residues within 5.0
A of the ligand poses were minimized in order to form suitable conformations of the poses at the
active site of the receptor. After that, the Glide SP redocking of each protein-ligand complex within

30 kcal/mol of the best was performed, and outputted.
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Synthesis of 4-chloro-N-(methanesulfonyl)deacetylcolchicine(67)

To a stirred solution of 4-chlorodeacetylcolchicine (19) (30 mg, 0.070
mmol) and EtzN (26 pL, 0.19 mmol) in CH,CIl, (2 mL) was added
MeSO,CI (12 uL, 0.15 mmol) at 0 °C under argon atmosphere. After

stirring 2 h at 0 °C, the reaction was quenched with water. Then, the

OMe whole mixture was extracted with CHCIs. The organic layer was washed

with saturated NaHCOj3; aq, dried over MgSQ,, filtered, and evaporated under reduced pressure.
The residue was purified by silica gel flash column chromatography (CHCIs/MeOH) to afford
compound 67 (57 mg, 0.12 mmol, 95% yield) as a yellow solid.
[a]®: -79.11 ° (¢ = 0.032, MeOH). "H-NMR (400 MHz, CDCls): §7.77 (1H, s), 7.31 (1H, d, J = 10.7
Hz), 6.88 (1H, d, J = 10.7 Hz), 5.52 (1H, br-s), 4.36-4.30 (1H, m), 4.03 (3H, s), 4.00 (3H, s), 3.99
(3H, s), 3.58 (3H, s), 3.27 (1H, dd, J = 14.1, 5.4 Hz), 2.89 (3H, s), 2.40-2.31 (1H, m), 2.15-2.12 (1H,
m), 1.89-1.85 (1H, m). HR-ESI-MS: calcd for Cp1H,5>°CINO;S [M+H]", 470.1040; found, 470.1058;
calcd for Co1Hps® CINO;S [M+H+2]*, 472.1011; found, 472.1032.

Synthesis of 4-chloro-N-(ethanesulfonyl)deacetylcolchicine (68)
Cl

J Compound 68 was prepared from 4-chlorodeacetylcolchicine (19) (198

oL ll
- NH mg, 0.51 mmol) and EtSO,CI (72 pL, 0.73 mmol) using the same

procedure as that described for compound 67. Yellow solid (243 mg,
o 0.50 mmol, 99% yield).

OMe [a]>: 113.46 ° (¢ = 0.189, MeOH). 'H-NMR (400 MHz, CDCls): 5 7.70
(1H, s), 7.26 (1H, d, J = 10.7 Hz), 6.84 (1H, d, J = 11.0 Hz), 5.36 (1H, br-s), 4.33-4.27 (1H, m), 4.02
(3H, s), 3.99 (3H, s), 3.99 (3H, s), 3.58 (3H, s), 3.27 (1H, dd, J = 13.8, 5.2 Hz), 2.99-2.89 (2H, m),
2.36-2.31 (1H, m), 2.17-2.13 (1H, m), 1.91-1.83 (1H, m), 1.32 (3H, t, J = 7.4 Hz). HR-ESI-MS:
calcd for CooHo7°CINO,S [M+H]*, 484.1197; found, 484.1221; calcd for CooHo7> CINO,S [M+H+2]",
486.1167; found, 486.1211.

Synthesis of 4-chloro-N-(propane-2-sulfonyl)deacetylcolchicine (69)
Compound 69 was prepared from 4-chlorodeacetylcolchicine (19) (50
mg, 0.13 mmol) and 'PrSO,CI (17 uL, 0.15 mmol) using the same
procedure as that described for compound 67. Pale yellow solid (6 mg,
0.012 mmol, 9% vyield).

OMe [a]>: -104.47 ° (¢ = 0.013, MeOH). 'H-NMR (400 MHz, CDCls): & 7.65
(1H, s), 7.26-7.23 (1H, m), 6.81 (1H, d, J = 11.0 Hz), 5.08 (1H, br-s), 4.30-4.24 (1H, m), 4.01 (3H,
s), 3.99 (3H, s), 3.97 (3H, s), 3.57 (3H, s), 3.26 (1H, dd, J = 13.5, 5.2 Hz), 3.04-2.97 (1H, m),
2.38-2.33 (1H, m), 2.22-2.11 (1H, m), 1.88-1.83 (1H, m), 1.32 (3H, d, J = 6.8 Hz), 1.27 (3H, d, J =
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6.8 Hz). HR-ESI-MS: calcd for Cp3H2>°CINO;S [M+H]", 498.1353; found, 498.1387; calcd for
CasH29>"CINO,S [M+H+2]*, 500.1324; found, 500.1371.

Synthesis of 4-chloro-N-(cyclopropylsulfonyl)deacetylcolchicine (70)

To a stirred solution of 4-chlorodeacetylcolchicine (19) (50 mg, 0.13
mmol) in CH.Cl, was added Et;N (26 pL, 0.19 mmol) and °PrsoO,Cl
(12 uL, 0.15 mmol) under argon atmosphere with ice-bath cooling.

After stirring 1 h at 0 °C, the reaction was quenched with water and the

OMe whole mixture was extracted with CHCI;. The organic layer was

washed with brine, dried over Na,SQOy,, filtered, and concentrated under reduced pressure. The
residue was purified by silica gel flash column chromatography (CHCI3/MeOH) to afford compound
70 (36 mg, 0.073 mmol, 57% yield) as a pale yellow solid.
[a]®: -133.77 ° (¢ = 0.214, MeOH). 'H-NMR (400 MHz, CDCl;): 57.83 (1H, s), 7.28 (1H, d, J=10.5
Hz), 6.85 (1H, d, J = 10.5 Hz), 5.18 (1H, br-s), 4.33-4.27 (1H, m), 4.02 (3H, s), 4.00 (3H, s), 3.99
(3H, s), 3.61 (3H, s), 3.27 (1H, dd, J = 13.7, 5.6 Hz), 2.42-2.30 (2H, m), 2.16-2.13 (1H, m),
1.85-1.81 (1H, m), 1.09-1.05 (1H, m), 0.99-0.96 (1H, m), 0.87-0.79 (2H, m). HR-ESI-MS: calcd for
Ca3H20>°CINO;S [M+H]", 496.1197; found, 496.1042; calcd for CasHae® CINO;S [M+H+2],
498.1167; found, 498.1050.

Synthesis of 4-chloro-N-(2-methylpropane-1-sulfonyl)deacetylcolchicine (71)

Compound 71 was prepared from 4-chlorodeacetylcolchicine (19) (50
mg, 0.13 mmol) and 2-methylpropane-1-sulfonyl chloride (12 uL, 0.15
mmol) using the same procedure as that described for compound 67.
White solid (56 mg, 0.11 mmol, 85% yield).

[a]: -129.61 ° (c = 0.228, MeOH). 'H-NMR (400 MHz, CDCl;): 57.70
(1H, s), 7.26 (1H, d, J = 10.7 Hz), 6.84 (1H, d, J = 10.7 Hz), 5.18 (1H,
d, J=5.1Hz), 4.33-4.27 (1H, m), 4.02 (3H, s), 3.99 (3H, s), 3.99 (3H, s), 3.57 (3H, s), 3.26 (1H, dd,
J=14.0,5.0 Hz), 2.88 (1H, dd, J= 14.0, 6.0 Hz), 2.74 (1H, dd, J = 14.0, 7.0 Hz), 2.38-2.29 (1H, m),
2.25-2.10 (2H, m), 1.88-1.82 (1H, m), 1.03 (3H, d, J = 6.8 Hz), 1.00 (3H, d, J = 6.8 Hz).
HR-ESI-MS: calecd for CgH3*°CINO;S [M+H]", 512.1510; found, 512.1517; calcd for
Ca24H3:*"CINO;S [M+H+2]*, 514.1480; found, 514.1517.
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Synthesis of N-benzenesulfonyl-4-chlorodeacetylcolchicine (72)
% od Compound 72 was prepared from 4-chlorodeacetylcolchicine (19)
;’:@ (50 mg, 0.13 mmol) and PhSO,CI (20 pL, 0.15 mmol) using the
same procedure as that described for compound 67. White solid (30
o mg, 0.056 mmol, 44% yield).

OMe [a]>: -179.37 ° (¢ = 0.134, MeOH). 'H-NMR (400 MHz, CDCl3): &
7.65-7.63 (2H, m), 7.47 (1H, t, J=7.4 Hz), 7.37 (2H, t, J= 7.6 Hz), 7.28 (1H, s), 7.17 (1H, d, J =
10.5 Hz), 6.72 (1H, d, J = 11.0 Hz), 5.41 (1H, d, J = 7.8 Hz), 4.16-4.10 (1H, m), 4.00 (3H, s), 3.99
(3H, s), 3.97 (3H, s), 3.62 (3H, s), 3.17 (1H, dd, J = 13.2, 4.6 Hz), 2.18-2.03 (2H, m), 1.74-1.71 (1H,
m). HR-ESI-MS: calcd for CasHpr>°CINO,S [M+H]", 532.1197; found, 532.1132; calcd for
Ca6H27>"CINO;S [M+H+2]", 534.1167; found, 534.1107.

Synthesis of 4-chloro-N-(ethylcarbamoyl)deacetylcolchicine (73)
Cl

Q. ,— Asolution of 4-chlorodeacetylcolchicine (19) (50 mg, 0.13 mmol) and
NH
- INH ethyl isocyanate (20 ul, 0.26 mmol) in MeOH-H,0 (2:1, 1.5 mL) was

stirred for 90 min at 0 °C. The reaction mixture was extracted two

o times with CHCIl;. The combined organic layers were washed with
OMe brine, dried over MgSQ,, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel flash column chromatography (CHCl;/MeOH) to
afford compound 73 (36 mg, 0.078 mmol, 61% yield) as a pale yellow solid.
[a]%: -45.84 ° (¢ = 0.094, MeOH). 'H-NMR (400 MHz, CDCl3): 57.79 (1H, s), 7.36 (1H, d, J = 10.6
Hz), 6.92 (1H, d, J = 10.6 Hz), 6.67 (1H, br-s), 4.54-4.49 (1H, m), 4.03 (3H, s), 3.99 (3H, s), 3.97
(3H, s), 3.63 (3H,s), 3.24-3.15 (2H, m), 3.10-3.06 (1H, m), 2.30-2.27 (1H, m), 2.14-2.07 (1H, m),
1.72-1.65 (1H, m), 1.04 (3H, t, J = 7.2 Hz). HR-ESI-MS: calcd for Cy3Hs>°CIN;Og [M+H]",
463.1636; found, 463.1666; calcd for CasHas>  CIN,Og [M+H+2]*, 465.1606; found, 465.1636.

Synthesis of 4-chloro-N-(isopropylcarbamoyl)deacetylcolchicine (74)

Compound 74 was prepared from 4-chlorodeacetylcolchicine (19) (50
mg, 0.13 mmol) and isopropyl isocyanate (25 uL, 0.26 mmol) using
the same procedure as that described for compound 73. Amorphous
solid (59 mg, 0.12 mmol, 97% yield).

[a]>: -72.78 ° (¢ = 0.264, MeOH). 'H-NMR (400 MHz, CDCl;): §7.94
(1H, s), 7.46 (1H, d, J = 10.9 Hz), 7.02 (1H, d, J = 10.9 Hz), 6.28 (1H,
br-s), 4.57-4.53 (1H, m), 4.06 (3H, s), 3.99 (3H, s), 3.97 (3H, s), 3.84-3.80 (1H, m), 3.62 (3H, s),
3.23 (1H, dd, J = 13.5, 4.9 Hz), 2.34-2.28 (1H, m), 2.12-2.05 (1H, m), 1.79-1.76 (1H, m), 1.08 (3H,
d, J = 6.3 Hz), 1.05 (3H, d, J = 6.6 Hz). HR-ESI-MS: calcd for Cp4H29>°CIN,Og [M+H]", 477.1792;
found, 477.1838; calcd for CosH2e>  CIN,Og [M+H+2]", 479.1763; found, 479.1815.
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Synthesis of 4-chloro-N-(phenylcarbamoyl)deacetylcolchicine (75)

A solution of 4-chlorodeacetylcolchicine (19) (200 mg, 0.51 mmol)
and phenyl isocyanate (110 pL, 1.02 mmol) in CH.Cl; (4 mL) was
stirred for 2 h at 0 °C. The reaction mixture was concentrated in
vacuo. The residue was purified by silica gel flash column
chromatography (CHCI3/MeOH) to afford compound 75 (168 mg,
0.33 mmol, 65% yield) as an amorphous solid.

[a]®: -52.32 ° (¢ = 0.052, MeOH). 'H-NMR (400 MHz, CDCl3): §8.19 (1H, s), 7.48 (1H, d, J = 10.7
Hz), 7.29-7.26 (2H, m), 7.16-7.14 (2H, m), 7.07 (1H, d, J = 8.8 Hz), 7.03 (1H, d, J = 11.2 Hz),
6.92-6.90 (1H, m), 4.73-4.67 (1H, m), 4.03 (3H, s), 4.00 (3H, s), 3.99 (3H, s), 3.65 (3H, s), 3.22
(1H, dd, J = 13.5, 5.2 Hz), 2.43-2.33 (1H, m), 2.12-2.04 (1H, m), 1.84-1.80 (1H, m). HR-ESI-MS:
calcd for Co7H,5>°CIN,Og [M+H]", 511.1636; found, 511.1549; calcd for Ca7H,5>" CIN,Og [M+H+2]",
513.1606; found, 513.1595.

Synthesis of 4-chloro-N-(dimethylcarbamoyl)deacetylcolchicine (76)
Cl

o, To a stirred solution of 4-chlorodeacetylcolchicine (19) (50 mg, 0.13
N

.oNw N\ mmol) and EtsN (26 pL, 0.19 mmol) in CH,CIl, (2 mL) was added

Me,NCOCI (14 uL, 0.15 mmol) at ambient temperature under argon

o atmosphere. After stirring 4 h under reflux, Et;N (52 yL, 0.38 mmol) and
OMe Me,NCOCI (28 L, 0.38 mmol) were added. Then, the reaction mixture
was further refluxed overnight. After adding saturated NaHCOs; aq, the whole mixture was
extracted with CHCI3;. The organic layer was dried over MgSQ,, filtered, and evaporated under
reduced pressure. The residue was purified by silica gel flash column chromatography
(CHCI3/MeOH) to afford compound 76 (58 mg, 0.13 mmol, 98% yield) as a pale yellow solid.
[a]: -43.28 ° (¢ = 0.298, MeOH). 'H-NMR (400 MHz, CDCl3): 57.58 (1H, s), 7.29 (1H, d, J = 10.7
Hz), 6.83 (1H, d, J = 11.0 Hz), 5.03 (1H, d, J = 5.9 Hz), 4.51-4.45 (1H, m), 4.00 (3H, s), 3.98 (3H,
s), 3.95 (3H, s), 3.64 (3H, s), 3.25 (1H, dd, J = 13.1, 4.3 Hz), 2.92 (6H, s), 2.31-2.22 (1H, m),
2.18-2.14 (1H, m), 1.77-1.74 (1H, m). HR-ESI-MS: calcd for Cz3H2s>°CIN,Og [M+H]", 163.1636;
found, 163.1640; calcd for Co3H28>' CIN,Og [M+H+2]", 165.1606; found, 165.1614.

Synthesis of 4-chloro-N-(diethylcarbamoyl)deacetylcolchicine (77)

¢l o, ,— A solution of 4-chlorodeacetylcolchicine (19) (301 mg, 0.77 mmol),

...,N%NL EtsN (215 uL, 1.54 mmol) and Et;NCOCI (146 pL, 1.54 mmol) in
CH.CI; (6 mL) was refluxed overnight under argon atmosphere with
o stirring. After cooling to room temperature, CHCI; and saturated

OMe aqueous NaHCO; were added. The organic layer was taken, washed
with brine, dried over MgSQO,, filtered, and evaporated under reduced pressure. The residue was
purified by silica gel flash column chromatography (CHCI3/MeOH) to afford compound 77 (168 mg,
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0.34 mmol, 44% yield) as a yellow solid.

[a]%: -20.00 ° (¢ = 0.050, MeOH). 'H-NMR (400 MHz, CDCl3): §7.60 (1H, s), 7.31 (1H, d, J = 10.7
Hz), 6.84 (1H, d, J = 10.7 Hz), 4.85 (1H, d, J = 6.3 Hz), 4.55-4.49 (1H, m), 4.01 (3H, s), 3.98 (3H,
s), 3.96 (3H, s), 3.64 (3H, s), 3.36-3.32 (2H, m), 3.28-3.19 (3H, m), 2.28-2.23 (1H, m), 2.17-2.14
(1H, m), 1.76-1.74 (1H, m), 1.14 (6H, t, J = 7.1 Hz). HR-ESI-MS: calcd for C,5H3,>°CIN,Og [M+H]",
491.1949; found, 491.1982; calcd for CosH3,> CIN,Og [M+H+2]", 493.1919; found, 493.1946.

Synthesis of 4-chloro-N-(piperidine-1-carbonyl)deacetylcolchicine (78)
Cl

\/:> Compound 78 was prepared from 4-chlorodeacetylcolchicine (19)

o>_N

(50 mg, 0.13 mmol) and piperidine-1-carbonyl chloride (80 pL, 0.64
mmol) using the same procedure as that described for compound
o 77. Yellow solid (36 mg, 0.072 mmol, 56% yield).

OMe [a]%: -45.51 ° (¢ = 0.145, MeOH). "H-NMR (400 MHz, DMSO-dg): &
7.18 (1H, s), 7.11 (1H,d, J=10.7 Hz), 7.02 (1H, d, J = 11.0 Hz), 7.00 (1H, d, J = 7.1 Hz), 4.20-4.17
(1H, m), 3.91 (3H, s), 3.88 (3H, s), 3.88 (3H, s), 3.53 (3H, s), 3.29-3.28 (4H, m), 3.10 (1H, dd, J =
13.5, 4.3 Hz), 2.09-2.06 (1H, m), 2.00-1.89 (2H, m), 1.56-1.50 (2H, m), 1.41-1.37 (4H, m).
HR-ESI-MS: calcd for CyH3,°CIN,Og [M+H]*, 503.1949; found, 503.1952; calcd for
Ca6Ha2® CIN,Og [M+H+2]", 505.1919; found, 505.1948.

Synthesis of 4-chloro-7-isothiocyanato-7-de(acetamide)colchicine (79)

A mixture of 4-chlorodeacetylcolchicine (19) (400 mg, 1.02 mmol),
thiophosgene (93 pL, 1.22 mmol) and Et3N (355 pL, 2.55 mmol) in
CH,Cl, (10 mL) was stirred 2 h at 0 °C under argon atmosphere. 10%

NaHSO, aq was added to the reaction mixture and the whole mixture

OMe was extracted two times with CHCI3. The combined organic layers were

washed with saturated NaHCO3; aqg and brine, dried over Na,SQOy, filtered, and concentrated in
vacuo. The residue was purified by silica gel flash column chromatography (CHCIl3/MeOH) to
afford compound 79 (443 mg, 1.02 mmol, quant.) as an amorphous solid.
[a]®: -81.11 ° (¢ = 0.233, MeOH). 'H-NMR(400MHz, DMSO-d): 5 7.24 (1H, s), 7.17 (1H, d, J =
10.7 Hz), 7.10 (1H, d, J = 10.7 Hz), 4.92-4.87 (1H, m), 3.92 (3H, s), 3.88 (3H, s), 3.88 (3H, s), 3.59
(3H, s), 3.11 (1H, dd, J = 12.8, 6.0 Hz), 2.46-2.39 (1H, m), 2.20-2.08 (2H, m). HR-ESI-MS: calcd
for CpHp1>°CINOsS [M+H]", 434.0829; found, 434.0819; calcd for CyiHz1>'CINOsS [M+H+2]",
436.0799; found, 436.0788.
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Synthesis of 4-chloro-N-carbamothioyldeacetylcolchicine (80)

To a stirred solution of 4-chloro-7-isothiocyanato-7-
de(acetamide)colchicine (79) (26 mg, 0.060 mmol) in 1,4-dioxane (1
mL) was added NH3; (0.5 mol/L in 1,4-dioxane, 240 uL, 0.12 mmol) at

ambient temperature under argon atmosphere. After stirring overnight,

OMe the reaction mixture was purified by silica gel flash column

chromatography (CHCI3/MeOH) to afford compound 80 (16 mg, 0.035 mmol, 45% yield) as a pale
yellow solid.
[a]®: -104.97 ° (¢ = 0.072, MeOH). 'H-NMR (400 MHz, DMSO-de): §8.29 (1H, d, J = 7.6 Hz), 7.14
(1H, d, J = 11.0 Hz), 7.05 (1H, s), 7.03 (1H, d, J = 11.0 Hz), 4.70-4.63 (1H, m), 3.91 (3H, s), 3.89
(3H, s), 3.89 (3H, s), 3.59 (3H, s), 3.11 (1H, dd, J = 12.4, 4.1 Hz), 2.17-2.01 (2H, m), 1.89-1.81 (1H,
m). HR-ESI-MS: calcd for C21H24%°CIN,O5S [M+H]", 451.1094; found, 451.1065; calcd for
C21H24>"CIN,05S [M+H+2]*, 453.1065; found, 453.1064.

Synthesis of 4-chloro-N-(methylcarbamothioyl)deacetylcolchicine (81)
Cl

s, , Compound 81 was prepared from 4-chlorodeacetylcolchicine (19) (63

- INH " mg, 0.16 mmol) and methylamine hydrochloride (22 mg, 0.32 mmol)
using the same procedure as that described for compound 88. Yellow
0 solid (58 mg, 0.12 mmol, 78% yield).
OMe [a]%: -95.53 ° (¢ = 0.112, MeOH). "H-NMR (400 MHz, DMSO-ds): §8.09
(1H, br-s), 7.46 (1H, br-s), 7.14 (1H, d, J = 10.7 Hz), 7.07 (1H, s), 7.03 (1H, d, J = 10.7 Hz),
4.82-4.73 (1H, m), 3.91 (3H, s), 3.88 (6H, s), 3.60 (3H, s), 3.14-3.09 (1H, m), 2.82 (3H, d, J=4.4
Hz), 2.16-1.85 (3H, m). HR-ESI-MS: calcd for CaHz  CIN,OsS [M+H]", 465.1251; found,
465.1207; calcd for CaoHas>  CIN,OsS [M+H+2]*, 467.1221; found, 467.1202.

Synthesis of 4-chloro-N-(ethylcarbamothioyl)deacetylcolchicine (82)
Cl

s, ,— Asolution of 4-chlorodeacetylcolchicine (19) (50 mg, 0.13 mmol) and
- NH ethyl isothiocyanate (22 pL, 0.26 mmol) in MeOH-H,0 (2:1, 1.5 mL)
was stirred for 90 min at 0 °C. The reaction mixture was extracted

o two times with CHCI;. The combined organic layers were washed
OMe with brine, dried over MgSQ,, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel flash column chromatography
(CHCI3/MeOH) to afford compound 82 (30 mg, 0.063 mmol, 49% yield) as a yellow solid.
[a]®: -97.12 ° (c = 0.202, MeOH). "H-NMR (400 MHz, CDCl3): §8.44 (1H, br-s), 7.84 (1H, s), 7.50
(1H, dd, J =10.7 Hz), 7.04 (1H, d, J = 11.0 Hz), 5.07-5.01 (1H, m), 4.07 (3H, s), 4.00 (3H, s), 3.99
(3H, s), 3.74 (3H, s), 3.63-3.56 (1H, m), 3.38-3.33 (1H, m), 3.25 (1H, dd, J = 13.7, 5.4 Hz),
2.49-2.40 (1H, m), 2.13-2.10 (1H, m), 1.96-1.89 (1H, m), 1.11 (3H, t, J = 7.2 Hz). HR-ESI-MS:
calcd for 023H283SCIN205S [M+H]", 479.1407; found, 479.1410; calcd for 023H2837CIN2058
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[M+H+2]", 481.1378; found, 481.1365.

Synthesis of 4-chloro-N-(propylcarbamothioyl)deacetylcolchicine (83)

cl S /_/ Compound 83 was prepared from 4-chlorodeacetylcolchicine (19)
NH

(63 mg, 0.16 mmol) and propylamine (26 pL, 0.32 mmol) using the
same procedure as that described for compound 88. Yellow solid
(54 mg, 0.11 mmol, 69% yield).

OMe [a]>: -88.98 ° (¢ = 0.251, MeOH). "H-NMR (400 MHz, DMSO-dg): &
7.97 (1H, br-s), 7.54 (1H, br-s), 7.14 (1H, d, J = 10.7 Hz), 7.06 (1H, s), 7.03 (1H, d, J = 10.7 Hz),
4.81-4.71 (1H, m), 3.91 (3H, s), 3.88 (6H, s), 3.60 (3H, s), 3.30-3.21 (2H, m), 3.12 (1H, dd, J =
12.9, 5.1 Hz), 2.17-1.81 (3H, m), 1.51-1.42 (2H, m), 0.84 (3H, t, J = 7.4 Hz). HR-ESI-MS: calcd for
C24H30°CIN,OsS [M+H]", 493.1564; found, 493.1559; calcd for CasHsp®’ CIN,OsS [M+H+2]",
495.1534; found, 495.1614.

Synthesis of 4-chloro-N-(butylcarbamothioyl)deacetylcolchicine (84)

Compound 84 was prepared from 4-chlorodeacetylcolchicine (19)
(64 mg, 0.16 mmol) and butylamine (32 uL, 0.32 mmol) using the
same procedure as that described for compound 88. Yellow solid
(55 mg, 0.11 mmol, 68% yield).

[a]%: -95.34 ° (¢ = 0.236, MeOH). 'H-NMR (400 MHz, DMSO-ds):
67.96 (1H, br-s), 7.51 (1H, br-s), 7.14 (1H, d, J = 10.5 Hz), 7.05
(1H, s), 7.03 (1H, d, J = 10.5 Hz), 4.80-4.70 (1H, m), 3.91 (3H, s), 3.88 (6H, s), 3.60 (3H, s),
3.42-3.35 (1H, m), 3.30-3.26 (1H, m), 3.12 (1H, dd, J = 12.6, 5.0 Hz), 2.17-1.81 (3H, m), 1.47-1.40
(2H, m), 1.30-1.24 (2H, m), 0.86 (3H, t, J = 7.3 Hz). HR-ESI-MS: calcd for C,sH3,>°CIN,O5S
[M+H]", 507.1720; found, 507.1777; calcd for CasHs2® CIN,OsS [M+H+2]*, 509.1691; found,
509.1759.

Synthesis of 4-chloro-N-(hexylcarbamothioyl)deacetylcolchicine (85)
Compound 85 was prepared from 4-chlorodeacetyl-
colchicine (19) (62 mg, 0.16 mmol) and n-hexylamine (42 pL,
0.32 mmol) using the same procedure as that described for
compound 88. Yellow solid (54 mg, 0.10 mmol, 63% yield).
[@]®: -90.24 ° (¢ = 0.232, MeOH). 'H-NMR (400 MHz,
OMe DMSO-dg): 67.98 (1H, br-s), 7.51 (1H, br-s), 7.14 (1H, d, J =
10.7 Hz), 7.05-7.01 (2H, m), 4.81-4.69 (1H, m), 3.91 (3H, s), 3.88 (6H, s), 3.60 (3H, s), 3.31-3.23
(2H, m), 3.14-3.09 (1H, m), 2.17-1.80 (3H, m), 1.30-1.21 (8H, m), 0.85 (3H, t, J = 6.8 Hz).
HR-ESI-MS: calcd for CyHge CIN,OsS [M+H]*, 535.2033; found, 535.2028; calcd for
Ca7H36> CIN,O5S [M+H+2]*, 537.2004; found, 537.2000.
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Synthesis of 4-chloro-N-(hydroxyethylcarbamothioyl)deacetylcolchicine (86)
on Compound 86 was prepared from 4-chlorodeacetylcolchicine (19)
(62 mg, 0.16 mmol) and hydroxyethylamine (19 pL, 0.32 mmol)
using the same procedure as that described for compound 88.
Yellow solid (15 mg, 0.030 mmol, 19% yield).
[a]%: -85.83 ° (¢ = 0.200, MeOH). 'H-NMR (400 MHz, DMSO-dg): &
8.19 (1H, br-s), 7.60 (1H, br-s), 7.15 (1H, d, J = 10.5 Hz),
7.05-7.02 (2H, m), 4.82 (1H, s), 4.75 (1H, s), 3.91 (3H, s), 3.89 (6H, s), 3.60 (3H, s), 3.49-3.42 (3H,
m), 3.39-3.35 (1H, m), 3.14-3.09 (1H, m), 2.17-2.03 (2H, m), 1.89-1.77 (1H, m). HR-ESI-MS: calcd
for Ca3Hag> CIN,OS [M+H]", 495.1357; found, 495.1364; calcd for CpsHas> CIN,OS [M+H+2]",
497.1327; found, 497.1322.

Synthesis of 4-chloro-N-(dimethylcarbamothioyl)deacetylcolchicine (87)
Cl

s, , Compound 87 was prepared from 4-chlorodeacetylcolchicine (19) (30

- INH N\ mg, 0.078 mmol) and dimethylamine hydrochloride using the same
procedure as that described for compound 88. Pale yellow solid (37 mg,
0 0.077 mmol, quant.).
OMe [o]%:-52.10 ° (¢ = 0.119, MeOH). 'H-NMR (400 MHz, DMSO-dj): 57.63
(1H,d, J=7.1Hz),7.15(1H, d, J=11.0 Hz), 7.09 (1H, s), 7.02 (1H, d, J = 11.0 Hz), 4.91-4.85 (1H,
m), 3.91 (3H, s), 3.89 (3H, s), 3.88 (3H, s), 3.62 (3H, s), 3.20 (6H, s), 3.12 (1H, dd, J = 13.2, 5.1
Hz), 2.26-2.18 (1H, m), 2.16-2.08 (1H, m), 2.04-1.95 (1H, m). HR-ESI-MS: calcd for
CosH2s°CIN,O5S [M+H]", 479.1407; found, 479.1403; calcd for CasHag> CIN,OsS [M+H+2]",
481.1378; found, 481.1453.

Synthesis of 4-chloro-N-(diethylcarbamothioyl)deacetylcolchicine (88)

¢l S\}N/_ To a stirred solution of 4-chlorodeacetylcolchicine (19) (30 mg, 0.077
.oNi — mmol) and Et3N (26 pL, 0.18 mmol) in CH,Cl, (1.5 mL) was added
thiophosgene (6.1 uL, 0.080 mmol) at 0 °C under argon atmosphere.
o After stirring 2 h at 0 °C, Et,NH (16 L, 0.15 mmol) was added. Then
OMe the reaction mixture was stirred overnight and allowed to warm to

ambient temperature during the course of the reaction. The reaction was quenched with 10% citric
acid. After diluting with AcOEt, the organic layer was taken, dried over Na,SO,, filtered, and
evaporated in vacuo. The residue was purified by silica gel flash column chromatography
(CHCI3/MeOH) to afford compound 88 (33 mg, 0.065 mmol, 85% yield) as an off-white solid.

[a]%: -38.54 ° (c = 0.472, MeOH). 'H-NMR (400 MHz, DMSO-dq): 57.54 (1H, d, J = 6.8Hz), 7.15
(1H, d, J = 11.0 Hz), 7.08 (1H, s), 7.03 (1H, d, J = 11.0 Hz), 5.02-4.95 (1H, m), 3.91 (3H, s), 3.89
(3H, s), 3.88 (3H, s), 3.72-3.64 (4H, m), 3.62 (3H, s), 3.12 (1H, dd, J = 13.5, 5.5 Hz), 2.33-2.24 (1H,
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m), 2.15-2.07 (1H, m), 2.02-1.95 (1H, m), 1.09 (6H, t, J = 7.0 Hz). HR-ESI-MS: calcd for
CasH3°°CIN,OsS [M+H]", 507.1720; found, 507.1714; calcd for CasHsp> CIN,OsS [M+H+2]*,
509.1691; found, 509.1718.

Synthesis of 4-chloro-N-(di-n-propylcarbamothioyl)deacetylcolchicine (89)
Compound 89 was prepared from 4-chlorodeacetylcolchicine (19)
(30 mg, 0.078 mmol) and di-n-propylamine using the same
procedure as that described for compound 88. Off-white solid (41
mg, 0.075 mmol, 98% yield).

OMe [a]>: -45.49 ° (¢ = 0.220, MeOH). "H-NMR (400 MHz, DMSO-dg): &
7.50 (1H, d, J = 7.1 Hz), 7.14 (1H, d, J = 10.7 Hz), 7.09 (1H, s), 7.02 (1H, d, J = 10.7 Hz),
5.01-4.94 (1H, m), 3.91 (3H, s), 3.88 (6H, s), 3.69-3.61 (2H, m), 3.62 (3H, s), 3.54-3.46 (2H, m),
3.13 (1H, dd, J = 13.3, 5.2 Hz), 2.31-2.23 (1H, m), 2.16-2.07 (1H, m), 2.01-1.93 (1H, m), 1.60-1.50
(4H, m), 0.83 (6H, t, J = 7.3 Hz). HR-ESI-MS: calcd for Co7H36>>CIN,0sS [M+H]*, 535.2033; found,
535.2015; calcd for CZ7H3637CIN2058 [M+H+2]", 537.2004; found, 537.2060.

Synthesis of 4-chloro-N-(N’-(2-hydroxyethyl)methylcarbamothioyl)deacetylcolchicine (90)
on Compound 90 was prepared from 4-chlorodeacetylcolchicine (19)
(30 mg, 0.078 mmol) and 2-(methylamino)ethanol using the same
procedure as that described for compound 88. Pale yellow solid
(36 mg, 0.071 mmol, 92% yield).
[o]%: -50.35 ° (¢ = 0.228, MeOH). "H-NMR (400 MHz, DMSO-dp):
67.75 (1H,d, J=6.3 Hz), 7.15 (1H, d, J = 10.7 Hz), 7.08 (1H, s),
7.03 (1H, d, J = 11.0 Hz), 4.98 (1H, br-s), 4.89-4.83 (1H, m), 3.91 (3H, s), 3.89 (3H, s), 3.88 (3H, s),
3.86-3.64 (2H, m), 3.62 (3H, s), 3.59-3.54 (2H, m), 3.21 (3H, s), 3.12 (1H, dd, J = 12.6, 5.2 Hz),
2.21-1.97 (3H, m). HR-ESI-MS: calcd for Ca4Hsp> CIN,OgS [M+H]*, 509.1513; found, 509.1327;
calcd for CosHs0® CIN,OS [M+H+2]", 511.1484; found, 511.1308.

Synthesis of N-(azetidine-1-carbonothioyl)-4-chlorodeacetylcolchicine (91)

Compound 91 was prepared from 4-chlorodeacetylcolchicine (19) (30
mg, 0.078 mmol) and azetidine using the same procedure as that
described for compound 88. Off-white solid (7 mg, 0.014 mmol, 18%
yield).

OMe [a]%: -17.42 ° (¢ = 0.092, MeOH). "H-NMR (400 MHz, DMSO-d): &
7.85(1H,d, J=7.3Hz), 7.14 (1H, d, J=11.0 Hz), 7.08 (1H, s), 7.03 (1H, d, J = 11.0 Hz), 4.80-4.73
(1H, m), 4.08-3.90 (4H, m), 3.91 (3H, s), 3.89 (3H, s), 3.88 (3H, s), 3.60 (3H, s), 3.12 (1H, dd, J =
12.6, 6.2 Hz), 2.22-2.06 (4H, m), 2.02-1.92 (1H, m). HR-ESI-MS: calcd for CasHps*°CIN,OsS
[M+H]", 491.1407; found, 491.1491; calcd for CasHzs® CIN,OsS [M+H+2]", 493.1378; found,

96



493.1458.

Synthesis of 4-chloro-N-(pyrrolidine-1-carbonothioyl)deacetylcolchicine (92)
Compound 92 was prepared from 4-chlorodeacetylcolchicine (19)
(30 mg, 0.078 mmol) and pyrrolidine using the same procedure as
that described for compound 88. Pale yellow solid (28 mg, 0.055
mmol, 72% yield).

OMe [a]%: -25.57 ° (¢ = 0.078, MeOH). 'H-NMR (400 MHz, DMSO-dq): &
7.55 (1H, d, J = 7.3 Hz), 7.15 (1H, d, J = 10.7 Hz), 7.12 (1H, s), 7.03 (1H, d, J = 10.7 Hz),
4.94-4.87 (1H, m), 3.91 (3H, s), 3.89 (3H, s), 3.88 (3H, s), 3.61 (3H, s), 3.58-3.45 (4H, m), 3.12
(1H, dd, J = 13.4, 5.1 Hz), 2.25-1.84 (7H, m). HR-ESI-MS: calcd for CusH30>°CIN,OsS [M+H]",
505.1564; found, 505.1608; calcd for CasHao>' CIN,OsS [M+H+2]", 507.1534; found, 507.1632.

Synthesis of 4-chloro-N-(piperidine-1-carbonothioyl)deacetylcolchicine (93)
Compound 93 was prepared from 4-chlorodeacetylcolchicine (19)
(30 mg, 0.078 mmol) and piperidine using the same procedure as
that described for compound 88. Off-white solid (28 mg, 0.054 mmol,
70% yield).

OMe [o]%: -30.97 ° (¢ = 0.090, MeOH). 'H-NMR (400 MHz, DMSO-dg): &
7.85 (1H, d, J = 7.1 Hz), 7.15 (1H, d, J = 10.7 Hz), 7.06 (1H, s), 7.03 (1H, d, J = 10.7 Hz),
4.96-4.90 (1H, m), 3.91 (3H, s), 3.89 (3H, s), 3.88 (3H, s), 3.86-3.76 (4H, m), 3.63 (3H, s), 3.12
(1H, dd, J = 13.1, 5.2 Hz), 2.23-1.96 (3H, m), 1.64-1.58 (2H, m), 1.50-1.44 (4H, m). HR-ESI-MS:
calcd for CysH3z*°CIN,OsS [M+H]', 519.1720; found, 519.1714; calcd for CasHs>'CIN,OsS
[M+H+2]*, 521.1691; found, 521.1689.

Synthesis of 4-chloro-N-(morpholine-4-carbonothioyl)deacetylcolchicine (94)
Cl

s, ,— Compound 94 was prepared from 4-chlorodeacetylcolchicine (19)
....NE*N\JO (30 mg, 0.078 mmol) and morpholine using the same procedure as
that described for compound 88. Off-white solid (28 mg, 0.054
o mmol, 70% vyield).

OMe [a]®: -50.76 ° (¢ = 0.118, MeOH). "H-NMR (400 MHz, DMSO-de): &
8.03 (1H, d, J = 7.1 Hz), 7.16 (1H, d, J = 10.7 Hz), 7.05 (1H, s), 7.03 (1H, d, J = 10.7 Hz),
4.92-4.86 (1H, m), 3.91 (3H, s), 3.89 (3H, s), 3.88 (3H, s), 3.87-3.75 (4H, m), 3.62 (3H, s), 3.59
(4H, t, J = 4.8 Hz), 3.12 (1H, dd, J = 12.2, 5.1 Hz), 2.21-1.99 (3H, m). HR-ESI-MS: calcd for
CasH30>°CIN,OS [M+H]", 521.1513; found, 521.1523; calcd for CasHso> CIN,OsS [M+H+2]",
523.1484; found, 523.1518.

Synthesis of 4-chloro-N-(phenylcarbamothioyl)deacetylcolchicine (95)
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Compound 95 was prepared from 4-chlorodeacetylcolchicine (19)
(50 mg, 0.13 mmol) and phenyl isothiocyanate (30 uL, 0.26 mmol)
using the same procedure as that described for compound 82. Pale
yellow solid (50 mg, 0.095 mmol, 74% yield).
[a]: -84.76 ° (c = 0.140, MeOH). "H-NMR (400 MHz, CDCl3): 58.85
OMe (1H, br-s), 8.01 (1H, br-s), 7.86 (1H, d, J=7.3 Hz), 7.50 (1H, d, J =
10.2 Hz), 7.36 (1H, d, J = 7.6 Hz), 7.29-7.27 (2H, m), 7.15 (1H, t, J = 7.2Hz), 7.02 (1H, d, J = 11.2
Hz), 5.13-5.07 (1H, m), 4.04 (3H, s), 3.99 (3H, s), 3.99 (3H, s), 3.72 (3H, s), 3.20 (1H, dd, J = 13.8,
5.7 Hz), 2.45-2.35 (1H, m), 2.04-1.98 (1H, m), 1.94-1.86 (1H, m). HR-ESI-MS: calcd for
CarH26>°CIN,OsS [M+H]*, 527.1407; found, 527.1257; calcd for CyrHog> CIN,OsS [M+H+2]",
529.1378; found, 529.1252.

Synthesis of 4-chloro-N-(2-methoxyphenylcarbamothioyl)deacetylcolchicine (96)
Compound 96 was prepared from 4-chlorodeacetylcolchicine
(19) (30 mg, 0.078 mmol) and o-anisidine using the same
procedure as that described for compound 101. Off-white solid
(14 mg, 0.025 mmol, 33% yield).
[a]%: -62.49 ° (¢ = 0.066, MeOH). 'H-NMR (400 MHz, DMSO-dj):
OMe 69.17 (1H, s), 8.61 (1H, d, J=7.1 Hz), 7.92 (1H, dd, J = 7.8 Hz,
1.4 Hz), 7.16 (1H, d, J = 10.5 Hz), 7.13-7.09 (2H, m), 7.06-7.02 (2H, m), 6.86 (1H, td, J=7.8, 1.4
Hz), 4.84-4.78 (1H, m), 3.92 (3H, s), 3.89 (6H, s), 3.86 (3H, s), 3.62 (3H, s), 3.18-3.10 (1H, m),
2.20-2.09 (2H, m), 1.99-1.91 (1H, m). HR-ESI-MS: calcd for CogH30>°CIN,O06S [M+H]*, 557.1513;
found, 557.1429; calcd for CogH30>' CIN,O6S [M+H+2]", 559.1484; found, 559.1428.

Synthesis of 4-chloro-N-(3-methoxyphenylcarbamothioyl)deacetylcolchicine (97)
Compound 97 was prepared from 4-chlorodeacetylcolchicine
(19) (30 mg, 0.078 mmol) and m-anisidine using the same
procedure as that described for compound 101. Off-white solid
(39 mg, 0.070 mmol, 91% yield).
[a]5: -74.42 ° (c = 0.258, MeOH). 'H-NMR (400 MHz,
OMe DMSO-dg): §9.72 (1H, s), 8.44 (1H, d, J = 7.1 Hz), 7.22-7.11
(4H, m), 7.04 (1H, d, J = 11.2 Hz), 6.95 (1H, dd, J = 8.3, 1.5 Hz), 6.66 (1H, ddd, J = 8.3, 2.4, 0.7
Hz), 4.83-4.76 (1H, m), 3.92 (3H, s), 3.89 (6H, s), 3.71 (3H, s), 3.62 (3H, s), 3.16-3.10 (1H, m),
2.19-2.10 (2H, m), 2.04-1.98 (1H, m). HR-ESI-MS: calcd for CgH30°°>CIN,O6S [M+H]", 557.1513;
found, 557.1515; calcd for CogH30>" CIN,O6S [M+H+2]", 559.1484; found, 559.1506.

Synthesis of 4-chloro-N-((4-methoxyphenyl)carbamothioyl)deacetylcolchicine (98)
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oMe Compound 98 was prepared from 4-chlorodeacetylcolchicine
(19) (62 mg, 0.16 mmol) and p-anisidine (39 mg, 0.32 mmol)
using the same procedure as that described for compound 88.
Yellow solid (64 mg, 0.12 mmol, 72% yield).
[a]%: -51.66 ° (¢ = 0.211, MeOH). "H-NMR (400 MHz, DMSO-dj):
69.50 (1H, s), 8.20 (1H, d, J = 7.3 Hz), 7.27 (2H, d, J = 8.8 Hz),
OMe 7.15 (1H, d, J =10.5 Hz), 7.11 (1H, s), 7.03 (1H, d, J = 10.5 Hz),
6.88 (2H, d, J = 8.8 Hz), 4.83-4.77 (1H, m), 3.91 (3H, s), 3.89 (6H, s), 3.73 (3H, s), 3.61 (3H, s),
3.15-3.10 (1H, m), 2.16-1.96 (3H, m). HR-ESI-MS: calcd for C5H30°°CIN,O6S [M+H]", 557.1513;
found, 557.1516; calcd for CagH30° CIN,OgS [M+H+2]", 559.1484; found, 559.1501.

Synthesis of 4-chloro-N-(2-cyanophenylcarbamothioyl)deacetylcolchicine (99)

A solution of 2-cyanoaniline (14 mg, 0.11 mmol) and thiophosgene
(8.8 L, 0.11 mmol) in CH,Cl»-H,0 (1:1, 3 mL) was stirred for 3h at
room temperature under argon atmosphere. After adding a
solution of 4-chlorodeacetylcolchicine (19) (30 mg, 0.077 mmol) in
CH.CI; (0.5 mL) and a solution of Na,CO3; (12 mg, 0.11 mmol) in

OMe H,O (0.5 mL), the reaction mixture was stirred overnight and

allowed to warm to ambient temperature during the course of the reaction. Brine was added to the
reaction mixture and the whole mixture was extracted two times with CHCI;. The combined
organic layers were dried over Na,SO,, filtered, and concentrated in vacuo. The residue was
purified by silica gel flash column chromatography (CHCI3;/MeOH) to afford compound 99 (19 mg,
0.035 mmol, 45% yield) as an off-white solid.

[a]: -96.20 ° (¢ = 0.089, MeOH). "H-NMR (400 MHz, DMSO-dg): §9.77 (1H, s), 8.87 (1H, d, J =
7.1Hz),7.79 (1H,dd, J=7.7, 1.3 Hz), 7.66-7.57 (2H, m), 7.35 (1H, td, J= 7.7, 1.3 Hz), 7.16 (1H, d,
J=10.7 Hz), 7.14 (1H, s), 7.04 (1H, d, J = 10.7 Hz), 4.83-4.77 (1H, m), 3.91 (3H, s), 3.89 (3H, s),
3.89 (3H, s), 3.60 (3H, s), 3.19-3.10 (1H, m), 2.17-1.98 (3H, m). HR-ESI-MS: calcd for
C2sH27°°CIN3OsS [M+H]", 552.1360; found, 552.1365; calcd for CagHp7> CIN3OsS [M+H+2]",
554.1330; found, 554.1353.

Synthesis of 4-chloro-N-(3-cyanophenylcarbamothioyl)deacetylcolchicine (100)

Compound 100 was prepared from 4-chloro-
deacetylcolchicine (19) (30 mg, 0.077 mmol) and
3-cyanoaniline using the same procedure as that described
for compound 101. Amorphous solid (42 mg, 0.077 mmol,
quant.).

[a]2: -84.31 ° (¢ = 0.102, MeOH). 'H-NMR (400 MHz,
DMSO-dg): 69.95 (1H, s), 8.73 (1H, d, J=6.8 Hz), 8.03 (1H, s), 7.72 (1H, d, J = 7.6 Hz), 7.54-7 .47
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(2H, m), 7.17 (1H, d, J = 10.7 Hz), 7.12 (1H, s), 7.05 (1H, d, J = 10.7 Hz), 4.80-4.74 (1H, m), 3.92
(3H, s), 3.89 (6H, s), 3.62 (3H, s), 3.20-3.11 (1H, m), 2.21-2.12 (2H, m), 2.04-1.98 (1H, m).
HR-ESI-MS: calcd for CaH,;*°CIN;OsS [M+H]*, 552.1360; found, 552.1364; calcd for
CasH27°"CIN3O5S [M+H+2]", 554.1330; found, 554.1354.

Synthesis of 4-chloro-N-(4-cyanophenylcarbamothioyl)deacetylcolchicine (101)

//N A solution of 4-cyanoaniline (14 mg, 0.11 mmol), thiophosgene (8.8
pL, 0.11 mmol) and Etz3N (32 pL, 0.11 mmol) in CH,CI, (1.5 mL)
was stirred for 2 h at 0 °C under argon atmosphere. After adding
4-chlorodeacetylcolchicine (19) (30 mg, 0.077 mmol), the reaction
mixture was stirred overnight and allowed to warm to ambient

temperature during the course of the reaction. The resulting

OMe mixture was purified by silica gel flash column chromatography
(CHCI3/MeOH) to afford compound 101 (42 mg, 0.077 mmol, quant.) as an off-white solid.
[a]%: -91.09 ° (c = 0.206, MeOH). "H-NMR (400 MHz, DMSO-dg): §10.12 (1H, s), 8.83 (1H, d, J =
7.1 Hz), 7.76-7.71 (4H, m), 7.17 (1H, d, J = 10.7 Hz), 7.12 (1H, s), 7.05 (1H, d, J = 10.7 Hz),
4.77-4.71 (1H, m), 3.92 (3H, s), 3.89 (6H, s), 3.63 (3H, s), 3.20-3.11 (1H, m), 2.22-1.98 (3H, m).
HR-ESI-MS: calcd for CaHy;*°CIN3OsS [M+H]*, 552.1360; found, 552.1370; calcd for
CasHo7° CIN3OsS [M+H+2]", 554.1330; found, 554.1359.

Synthesis of 4-chloro-N-(3-(dimethylamino)phenylcarbamothioyl)deacetylcolchicine (102)

N/ Compound 102 was prepared from 4-chlorodeacetylcolchicine

\ (19) (30 mg, 0.078 mmol) and N,N-dimethyl-m-phenylene-
diamine hydrochloride using the same procedure as that

described for compound 88. Amorphous solid (7 mg, 0.014

mmol, 18% vyield).

OMe [0] 2: -12.71 ° (¢ = 0.157, MeOH). 'H-NMR (400 MHz,
DMSO-dg): 69.60 (1H, s), 8.29 (1H,d, J=7.1 Hz), 7.16 (1H, d, J= 10.9 Hz), 7.11 (1H, s), 7.10 (1H,
t,J=8.1Hz), 7.03 (1H, d, J= 10.9 Hz), 6.91 (1H, t, J = 2.0 Hz), 6.66 (1H, dd, J= 8.1, 1.6 Hz), 6.48
(1H, dd, J = 8.1, 2.4 Hz), 4.84-4.78 (1H, m), 3.92 (3H, s), 3.89 (6H, s), 3.62 (3H, s), 3.17-3.08 (1H,
m), 2.86 (6H, s), 2.18-1.99 (3H, m). HR-ESI-MS: calcd for CaeHas* CIN3OsS [M+H]", 570.1829;
found, 570.1815; calcd for CooH33>' CIN3OsS [M+H+2]", 572.1800; found, 572.1799.
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Synthesis of 4-chloro-N-(4-(dimethylamino)phenylcarbamothioyl)deacetylcolchicine (103)

\ Compound 103 was prepared from 4-chlorodeacetylcolchicine
(19) (50 mg, 0.13 mmol) and 4-(dimethylamino)phenyl
isothiocyanate (43 mg, 0.26 mmol) using the same procedure as

a that described for compound 82. Yellow solid (46 mg, 0.081 mmol,

63% yield).
[0]2: -10.77 ° (¢ = 0.204, MeOH). "H-NMR (400 MHz, DMSO-ds):
OMe 59.40 (1H, s), 8.02 (1H, d, J = 6.6 Hz), 7.15 (1H, d, J = 10.7 Hz),

7.14 (2H,d, J=8.3 Hz), 7.10 (1H, s), 7.03 (1H, d, J = 11.0 Hz), 6.68 (2H, d, J = 8.8 Hz), 4.84-4.79
(1H, m), 3.91 (3H, s), 3.89 (3H, s), 3.89 (3H, s), 3.61 (3H, s), 3.11 (1H, dd, J = 12.8, 5.5 Hz), 2.87
(6H, s), 2.13-2.09 (2H, m), 2.03-1.98 (1H, m). HR-ESI-MS: calcd for CygH33>°CIN3OsS [M+H]",
570.1829; found, 570.1864; calcd for ngH3337CIN3O5S [M+H+2]", 572.1800; found, 572.1852.

Synthesis of 4-chloro-N-(pyridin-2-ylcarbamothioyl)deacetylcolchicine (104)

7\, Compound 104 was prepared from 4-chloro-7-
8 >/:N isothiocyanato-7-de(acetamide)colchicine (79) (30 mg, 0.069

- iNH mmol) and 2-aminopyridine (7 mg, 0.076 mmol) using the same
procedure as that described for compound 121. Off-white solid (17
o) mg, 0.033 mmol, 47% yield).

OMe [a]>: +158.33 ° (¢ = 0.108, MeOH). CD (MeOH, 17 °C, ¢ = 0.17
mM) Ae (nm): 0 (360), -1.12 (349), 0 (337), 17.29 (307), 0 (290), -18.67 (261), -14.14 (252), -16.63
(246), 0 (237), 27.48 (226), 1.11 (206), 4.95 (202). '"H-NMR (400 MHz, DMSO-d): §12.37 (1H, d,
J=6.8 Hz), 10.85 (1H, s), 8.34-8.32 (1H, m), 7.86-7.81 (1H, m), 7.22-7.18 (2H, m), 7.14-7.11 (1H,
m), 7.07 (1H, d, J = 10.7 Hz), 7.00 (1H, s), 4.87-4.80 (1H, m), 3.93 (3H, s), 3.90 (6H, s), 3.63 (3H,
s), 3.20-3.15 (1H, m), 2.31-2.09 (3H, m). HR-ESI-MS: calcd for CysH7>°CIN3OsS [M+H]",
528.1360; found, 528.1315; calcd for CosH27>'CIN3OsS [M+H+2]", 530.1330; found, 530.1295.

Synthesis of 4-chloro-N-(3-pyridylcarbamothioyl)deacetylcolchicine (105)

7\, Compound 105 was prepared from 4-chlorodeacetylcolchicine (19)
(50 mg, 0.13 mmol) and 3-pyridyl isothiocyanate (29 uL, 0.26
mmol) using the same procedure as that described for compound
82. Pale yellow solid (51 mg, 0.097 mmol, 76% yield).
[a]®: -127.75 ° (¢ = 0.227, MeOH). "H-NMR (400 MHz, DMSO-dg): &
9.79 (1H, s), 8.67 (1H, d, J = 6.8 Hz), 8.57 (1H, d, J = 2.2 Hz), 8,28
(1H,d, J=3.7 Hz), 7.94 (1H, d, J = 8.1 Hz), 7.32 (1H, dd, J = 8.2, 4.8 Hz), 7.17 (1H, d, J = 10.7
Hz), 7.14 (1H, s), 7.05 (1H, d, J = 11.0 Hz), 4.81-4.75 (1H, m), 3.91 (3H, s), 3.89 (3H, s), 3.89 (3H,
s), 3.61 (3H, s), 3.17-3.12 (1H, m), 2.19-2.13 (2H, m), 2.06-1.99 (1H, m). HR-ESI-MS: calcd for
Ca6H2°CIN30sS  [M+H]", 528.1360; found, 528.1376; calcd for CasHar> CIN3OsS [M+H+2]",
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530.1330; found, 530.1366.

Synthesis of 4-chloro-N-(pyridin-4-ylcarbamothioyl)deacetylcolchicine (106)
7 N\ Compound 106 was prepared from 4-chlorodeacetylcolchicine (19)
—/ (30 mg, 0.077 mmol) and 4-aminopyridine (11 mg, 0.11 mmol) using
the same procedure as that described for compound 88. Yellow
solid (25 mg, 0.048 mmol, 63% yield).
[a]>: -114.24 ° (¢ = 0.128, MeOH). "H-NMR (400 MHz, DMSO-de): &
10.07 (1H, s), 8.89 (1H, d, J = 6.8 Hz), 8.37 (2H, d, J = 5.6 Hz), 7.59
(2H,d, J=5.6 Hz), 7.18 (1H, d, J=10.7 Hz), 7.11 (1H, s), 7.05 (1H, d, J = 10.7 Hz), 4.76-4.69 (1H,
m), 3.92 (3H, s), 3.89 (6H, s), 3.63 (3H, s), 3.18-3.13 (1H, m), 2.22-2.12 (2H, m), 2.06-1.97 (1H, m).
HR-ESI-MS: calcd for CaHz;*°CIN;OsS [M+H]*, 528.1360; found, 528.1323; calcd for
Ca6H27* CIN305S [M+H+2]*, 530.1330; found, 530.1307.

Synthesis of 4-chloro-N-(pyridazin-3-ylcarbamothioyl)deacetylcolchicine (107)
Compound 107 was prepared from 4-chloro-7-
isothiocyanato-7-de(acetamide)colchicine (79) (30 mg, 0.069
mmol) and 3-aminopyridadine (7 mg, 0.076 mmol) using the same
procedure as that described for compound 121. Off-white solid (20
mg, 0.037 mmol, 54% yield).

OMe [o]%: +83.98 ° (¢ = 0.077, MeOH). CD (MeOH, 18 °C, ¢ = 0.16 mM)
Ae (nm): 0 (371), -2.50 (350), 0 (327), 3.97 (302), 0 (282), -14.15 (261), 0 (238), 23.35 (227), 0
(212), -0.67 (210), 0 (209). "H-NMR (400 MHz, DMSO-dg): 5 12.15 (1H, d, J = 6.8 Hz), 11.07 (1H,
s), 8.97 (1H, d, J=4.6 Hz), 7.74 (1H, dd, J= 9.0, 4.6 Hz), 7.54 (1H, d, J=9.0 Hz), 7.21 (1H, d, J =
10.7 Hz), 7.08 (1H, d, J=10.7 Hz), 7.00 (1H, s), 4.87-4.81 (1H, m), 3.93 (3H, s), 3.90 (6H, s), 3.64
(3H, s), 3.19 (1H, dd, J = 12.4, 3.4 Hz), 2.35-2.19 (2H, m), 2.13-2.05 (1H, m). HR-ESI-MS: calcd
for CosHae>"CIN4OsS [M+H]*, 529.1312; found, 529.1375; calcd for CasHag> CIN4OsS [M+H+2]",
531.1283; found, 531.1337.

Synthesis of 4-chloro-N-(pyrimidin-5-ylcarbamothioyl)deacetylcolchicine (108)
Compound 108 was prepared from 4-chloro-7-
isothiocyanato-7-de(acetamide)colchicine (79) (30 mg, 0.069
mmol) and 5-aminopyrimidine (8 mg, 0.083 mmol) using the same
procedure as that described for compound 121. Yellow solid (18
mg, 0.034 mmol, 49% yield).

OMe [a]>: -130.95 ° (¢ = 0.160, MeOH). "H-NMR (400 MHz, DMSO-dp):
69.83 (1H, s), 8.89 (1H, d, J = 7.1 Hz), 8.88 (1H, s), 8.87 (2H, s), 7.17 (1H, d, J = 10.7 Hz), 7.13
(1H, s), 7.05 (1H, d, J = 10.7 Hz), 4.81-4.74 (1H, m), 3.91 (3H, s), 3.89 (3H, s), 3.89 (3H, s), 3.61
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(3H, s), 3.20-3.11 (1H, m), 2.23-2.11 (2H, m), 2.05-1.98 (1H, m). HR-ESI-MS: calcd for
CasH26>°CIN,OsS [M+H]", 529.1312; found, 529.1310; calcd for CasHas> CIN4OsS [M+H+2]",
531.1283; found, 531.1276.

Synthesis of 4-chloro-N-(pyrazin-2-ylcarbamothioyl)deacetylcolchicine (109)
N A Compound 109 was prepared from 4-chloro-7-

4
¢l S §:N isothiocyanato-7-de(acetamide)colchicine (79) (30 mg, 0.069
MeO
iNH N mmol) and 2-aminopyrazine (10 mg, 0.10 mmol) using the same
MeO procedure as that described for compound 121. Off-white solid (14
o mg, 0.026 mmol, 38% yield).
OMe [a]%: +148.25 ° (c = 0.069, MeOH). CD (MeOH, 18 °C, ¢ = 0.16

mM) Ae (nm): 0 (386), 9.29 (336), 0 (318), -24.09 (242), 0 (234), 31.42 (225), 10.23 (209), 15.50
(201). "H-NMR (400 MHz, DMSO-dg): 6 11.51 (1H, d, J = 6.8 Hz), 11.18 (1H, s), 8.59 (1H, d, J =
1.2 Hz), 8.34 (1H, dd, J = 2.7, 1.2 Hz), 8.32 (1H, d, J = 2.7 Hz), 7.20 (1H, d, J = 10.7 Hz), 7.07 (1H,
d, J = 10.7 Hz), 7.00 (1H, s), 4.84-4.78 (1H, m), 3.93 (3H, s), 3.89 (6H, s), 3.63 (3H, s), 3.20-3.15
(1H, m), 2.30-2.12 (3H, m). HR-ESI-MS: calcd for CasHas>°CIN4OsS [M+H]*, 529.1312; found,
529.1284; calcd for CosHae> CIN4OsS [M+H+2]*, 531.1283; found, 531.1236.

Synthesis of N-(thiazol-2-yl)-1H-imidazole-1-carbothioamide (110)

S =N To a stirred solution of 2-aminothiazole (1.00 g, 9.99 mmol) in MeCN (10 mL)
[S/ NEiN\% was added 1,1’-thiocarbonyldiimidazole (1.78 g, 9.99 mmol) at ambient
N temperature under argon atmosphere. After stirring 2 h at 40 °C, the mixture
was cooled to 0 °C. The precipitate was collected by filtration, washed with cold MeCN and
n-hexane, and dried in reduced pressure to afford the desired material 110 (1.37 g, 6.49 mmol,
65% vyield) as a pale yellow solid.
'H-NMR (400 MHz, DMSO-dg): 58.64 (1H, s), 7.95 (1H, t, J = 1.2 Hz), 7.75 (1H, d, J = 4.4 Hz),
7.31 (1H, dd, J = 4.1 Hz), 7.07 (1H, s). ESI-MS m/z: 211 [M+H]" .

Synthesis of 4-chloro-N-(thiazol-2-ylcarbamothioyl)deacetylcolchicine (112)

N/ﬁ To a stirred solution of 4-chlorodeacetylcolchicine (19) (30 mg, 0.077
S>\g >\/S mmol) in MeCN (1.5 mL) was added
~1INH . N-(thiazol-2-yl)-1H-imidazole-1-carbothioamide 110 (18 mg, 0.084

mmol) at room temperature under argon atmosphere. The solution

o} was heated under reflux for 1 h with stirring. After cooling to room

OMe temperature, 10% NaHSO, ag. was added to the reaction mixture
and the whole mixture was extracted two times with AcOEt. The combined organic layers were
washed with brine, dried over Na,SO,, filtered, and concentrated under reduced pressure. The

residue was purified by silica gel flash column chromatography (CHCI3;/MeOH) to afford compound
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112. (38 mg, 0.071 mmol, 93% yield) as an off-white solid.

[a]%: +28.38 ° (¢ = 0.250, MeOH). CD (MeOH, 18 °C, ¢ = 0.21 mM) Ae (nm): 0 (375), -6.84 (342), 0
(323), 5.1 (311), 0 (296), -44.18 (252), 0 (243), 55.07 (231), 2.89 (210), 12.70 (201). "H-NMR
(400 MHz, DMSO-ds): 6 7.44 (1H, br-s), 7.20-7.01 (4H, m), 4.76-4.69 (1H, m), 3.93 (3H, s), 3.89
(6H, s), 3.64 (3H, s), 3.20-3.13 (1H, m), 2.23-1.98 (3H, m). HR-ESI-MS: calcd for
C24H25>°CIN305S, [M+H]", 534.0924; found, 534.1058; calcd for CosHzs CIN3OsS, [M+H+2]",
536.0895; found, 536.1025.

Synthesis of 4-chloro-N-((4-methylthiazol-2-yl)carbamothioyl)deacetylcolchicine (117)

A Compound 117 was prepared from 4-chloro-7-
7 8 >;N isothiocyanato-7-de(acetamide)colchicine (79) (30 mg, 0.069
NH

~NH mmol) and 2-amino-4-methylthiazole (16 mg, 0.14 mmol) using the

same procedure as that described for compound 121. Yellow solid
o (25 mg, 0.046 mmol, 66% yield).
OMe [a]%: +38.97 ° (¢ = 0.136, MeOH). CD (MeOH, 18 °C, ¢ = 0.21 mM)
Ae (nm): 0 (380), -7.81 (348), 0 (328), 7.33 (315), 0 (301), -47.55 (253), 0 (244), 63.50 (229), 0
(211), -3.28 (209), 0 (206). "H-NMR (400 MHz, DMSO-d): 5§ 7.18 (1H, d, J = 10.5 Hz), 7.08-7.00
(2H, m), 6.69 (1H, br-s), 4.76-4.69 (1H, m), 3.92 (3H, s), 3.89 (6H, s), 3.64 (3H, s), 3.19-3.13 (1H,
m), 2.27-2.00 (3H, m), 2.24 (3H, br-s). HR-ESI-MS: calcd for CasH,7°CIN3OsS, [M+H]", 548.1081;
found, 548.1034; calcd for C,sH,7>'CIN3O5S; [M+H+2]*, 550.1051; found, 550.0988.

Synthesis of 4-chloro-N-(pyrazol-3-ylcarbamothioyl)deacetylcolchicine (118)
gw Compound 118 was prepared from 4-chloro-7-
=N isothiocyanato-7-de(acetamide)colchicine (79) (30 mg, 0.069
mmol) and 3-aminopyrazole (11 mg, 0.14 mmol) using the same
procedure as that described for compound 121. Yellow solid (26
mg, 0.050 mmol, 72% yield).
OMe [a]>: +73.95 ° (¢ = 0.119, MeOH). CD (MeOH, 20 °C, ¢ = 0.19 mM)
Ag (nm): 0 (373), -5.34 (340), 0 (318), 9.72 (287), 0 (273), -28.94 (256), 0 (244), 5.49 (240), O
(235), -6.25 (231), 0 (229), 27.97 (220), 14.75 (208), 19.88 (202). "H-NMR (400 MHz, DMSO-ds): &
12.64 (1H, s), 10.66 (1H, s), 10.39 (1H, br-s), 7.73 (1H, t, J = 2.0 Hz), 7.18 (1H, d, J = 10.7 Hz),
7.05 (1H, d, J = 10.7 Hz), 6.98 (1H, s), 5.96 (1H, s), 4.88-4.81 (1H, m), 3.93 (3H, s), 3.90 (3H, s),
3.89 (3H, s), 3.63 (3H, s), 3.19-3.14 (1H, m), 2.30-2.16 (2H, m), 2.00-1.90 (1H, m). HR-ESI-MS:
calcd for CosH>°CIN4OsS [M+H]", 517.1312; found, 517.1301; calcd for CosHzs® CIN4O5S
[M+H+2]", 519.1283; found, 519.1272.
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Synthesis of 4-chloro-N-((1-methylpyrazol-3-yl)carbamothioyl)deacetylcolchicine (119)

{']‘/ Compound 119 was prepared from 4-chloro-7-
S _

N isothiocyanato-7-de(acetamide)colchicine (79) (30 mg, 0.069

" ---INH h mmol) and 3-amino-1-methylpyrazole (13 mg, 0.14 mmol) using

MeO the same procedure as that described for compound 121. Yellow
o} solid (32 mg, 0.060 mmol, 96% yield).

OMe [a]>: +139.62 ° (¢ = 0.106, MeOH). CD (MeOH, 20 °C, ¢ = 0.20

mM) Ae (nm): 0 (371), -4.89 (341), 0 (324), 14.52 (290), 0 (276), -32.53 (257), 0 (247), 5.20 (245),
0 (242), -30.14 (234), 0 (229), 38.33 (222), 12.38 (209), 20.67 (203). 'H-NMR (400 MHz,
DMSO-dg): 6§ 10.61 (1H, s), 10.20 (1H, br-s), 7.66 (1H, d, J = 2.2 Hz), 7.18 (1H, d, J = 10.7 Hz),
7.05 (1H, d, J = 10.7 Hz), 6.98 (1H, s), 5.92 (1H, s), 4.83-4.76 (1H, m), 3.92 (3H, s), 3.90 (6H, s),
3.82 (3H, s), 3.63 (3H, s), 3.19-3.14 (1H, m), 2.29-2.16 (2H, m), 2.05-1.98 (1H, m). HR-ESI-MS:
calcd for 025H28350IN4058 [M+H]", 531.1469; found, 531.1487; calcd for C25H2837CIN4O5S
[M+H+2]", 533.1439; found, 533.1485.

Synthesis of 4-chloro-N-((5-methylpyrazol-3-yl)carbamothioyl)deacetylcolchicine (120)
Compound 120 was prepared from 4-chlorodeacetylcolchicine (19)
(62 mg, 0.16 mmol) and 3-amino-5-methylpyrazole (23 mg, 0.24
mmol) using the same procedure as that described for compound
101. Yellow solid (73 mg, 0.14 mmol, 86% yield).
[o]%: +78.89 ° (¢ = 0.199, MeOH). CD (MeOH, 20 °C, ¢ = 0.18 mM)
OMe Ag (nm): 0 (371), -6.00 (342), 0 (320), 10.07 (289), 0 (274), -30.60
(255), 0 (242), 1.21 (241), 0 (238), -2.86 (232), 0 (230), 31.21 (221), 14.06 (208), 20.70 (203).
'H-NMR (400 MHz, DMSO-de): 512.36 (1H, s), 10.59 (1H, br-s), 10.46 (1H, br-s), 7.18 (1H, d, J =
10.7 Hz), 7.06 (1H, d, J=10.7 Hz), 6.96 (1H, s), 5.73 (1H, s), 4.86-4.80 (1H, m), 3.92 (3H, s), 3.89
(6H, s), 3.62 (3H, s), 3.18-3.08 (1H, m), 2.27-2.16 (5H, m), 1.96-1.90 (1H, m). HR-ESI-MS: calcd
for CosHps>°CIN4OsS [M+H]*, 531.1469; found, 531.1613; calcd for CasHag> CIN4OsS [M+H+2]",
533.1439; found, 533.1595.

Synthesis of 4-chloro-N-((1,2,4-triazol-3-yl)carbamothioyl)deacetylcolchicine (121)

Né\/NH To a stired solution of  4-chloro-7-isothiocyanato-7-
\>_N>H;N de(acetamide)colchicine (79) (72 mg, 0.17 mmol) in DMF (1 mL)
was added 3-amino-1,2,4-triazole (17 mg, 0.20 mmol) at ambient
temperature under argon atmosphere. The mixture was stirred for 2

h at 80 °C. After cooling to room temperature, CHCIl; was added.

The whole mixture was washed with NaHCO; aq., dried over
MgSQ,, filtered, and concentrated under reduced pressure. The residue purified by silica gel flash
column chromatography (CHCI3/MeOH) to afford compound 121 (27 mg, 0.053 mmol, 31% vyield)
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as a yellow solid.

[a]%: -77.02 ° (¢ = 0.082, MeOH). '"H-NMR (400 MHz, DMSO-dg): 5 10.49 (1H, br-s), 8.10 (2H,
br-s), 7.72 (1H, br-s), 7.19 (1H, d, J = 10.7 Hz), 7.09 (1H, s), 7.06 (1H, d, J = 10.7 Hz), 4.80-4.78
(1H, m), 3.92 (3H, s), 3.89 (6H, s), 3.65 (3H, s), 3.17-3.13 (1H, m), 2.55-2.53 (1H, m), 2.21-2.03
(2H, m). HR-ESI-MS: calcd for Ca3H25>°CINsOsS [M+H]*, 518.1265; found, 518.1307; calcd for
CasHas° CIN5OsS [M+H+2]", 520.1235; found, 520.1282.

Synthesis of 1-methyl-3-nitro-1H-1,2,4-triazole (113) and 1-methyl-5-nitro-1H-1,2,4-triazole
(114)

/ NaOMe (1.45 g, 26.8 mmol) and Mel (1.67 mL, 26.8 mmol) were added
\“/N\ to a solution of 3-nitro-1,2,4-triazole (1.02 g, 8.93 mmol) in MeOH (20
mL), and then the mixture was stirred overnight at ambient temperature.
After evaporating under reduced pressure, CHCI; was added to the
residue. The organic solution was washed with brine, dried over MgSQy,, filtered, and concentrated
in vacuo. The residue was purified by silica gel flash column chromatography (CHCI3/AcOEt) to
afford compound 113 (598 mg, 4.68 mmol, 52% yield) as a white solid and compound 114 (80 mg,
0.63 mmol, 7% yield) as a white solid.

113: "H-NMR (400 MHz, DMSO-de): §8.80 (1H, s), 4.02 (3H, s). ESI-MS m/z: 129 [M+H]".
114: "H-NMR (400 MHz, DMSO-de): §8.21 (1H, s), 4.16 (3H, s). ESI-MS m/z: 129 [M+H]".

Synthesis of 3-amino-1-methyl-1H-1,2,4-triazole (115)
To a solution of compound 113 (97 mg, 0.76 mmol) in EtOH (5 mL) was added 10%

N
EN_ Pd/C (10 mg), and then the mixture was vigorously stirred for 3 h at room

HoN

temperature under hydrogen atmosphere. The insoluble material was removed with
a pad of Celirte. The filtrate was concentrated and dried under reduced pressure to afford
compound 115 (69 mg, 0.70 mmol, 93%) as an yellow solid.
'H-NMR (400 MHz, CDCl3): §7.63 (1H, s), 4.18 (2H, br-s), 3.73 (3H, s). ESI-MS m/z: 99 [M+H]".

Synthesis of 4-chloro-N-((1-methyl-1H-1,2,4-triazol-3-yl)carbamothioyl)deacetylcolchicine

(122)

-~ Compound 122 was prepared from 4-chloro-7-
isothiocyanato-7-de(acetamide)colchicine (79) (54 mg, 0.12
mmol) and 3-amino-1-methyl-1H-1,2 4-triazole (115) (15 mg, 0.14
mmol) using the same procedure as that described for compound
121. Yellow solid (42 mg, 0.079 mmol, 66% yield).

OMe [a]%: +53.60 ° (c = 0.216, MeOH). CD (MeOH, 20 °C, ¢ = 0.17

mM) Ae (nm): 0 (372), -7.10 (339), 0 (313), 11.60 (280), 0 (270), -46.76 (257), 0 (245), 24.80 (237),

21.88 (231), 30.10 (222), 11.23 (209)."H-NMR (400 MHz, DMSO-dg): 511.17 (1H, s), 10.42 (1H, d,
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J = 6.6 Hz), 8.50 (1H, s), 7.19 (1H, d, J = 10.7 Hz), 7.06 (1H, d, J = 10.7 Hz), 6.95 (1H, s),
4.85-4.79 (1H, m), 3.92 (3H, s), 3.89 (6H, s), 3.85 (3H, s), 3.63 (3H, s), 3.17-3.15 (1H, m),
2.26-2.19 (2H, m), 2.05-2.00 (1H, m). HR-ESI-MS: calcd for CasHp7°°CINsOsS [M+H]*, 532.1421;
found, 532.1516; calcd for CosHa7> CINsOsS [M+H+2]*, 534.1392; found, 534.1474.

Synthesis of 3-amino-1-methyl-1H-1,2,4-triazole (116)
To a solution of compound 114 (40 mg, 0.31 mmol) in EtOH (2 mL) was added 10%
HzNTN\N Pd/C (4 mg), and then the mixture was vigorously stirred for 3.5 h at room temperature
N~ under hydrogen atmosphere. The insoluble material was removed with a pad of Celirte.
The filtrate was concentrated and dried under reduced pressure to afford compound 116 (26 mg,
0.27 mmol, 86%) as an yellow solid.

"H-NMR (400 MHz, CDCl): §7.47 (1H, s), 4.39 (2H, br-s), 3.64 (3H, s). ESI-MS m/z: 99 [M+H]".

Synthesis of 4-chloro-N-((1-methyl-1H-1,2,4-triazol-5-yl)carbamothioyl)deacetylcolchicine
(123)
Compound 123 was prepared from 4-chloro-7-isothiocyanato-
7-de(acetamide)colchicine (79) (81 mg, 0.18 mmol) and
5-amino-1-methyl-1H-1,2,4-triazole (116) (22 mg, 0.22 mmol) using
the same procedure as that described for compound 121. Yellow
solid (42 mg, 0.079 mmol, 66% yield).

OMe [a]%: -49.09 ° (c = 0.265, MeOH). 'H-NMR (400 MHz, DMSO-dg): 5
10.96 (1H, s), 10.74 (1H, d, J = 6.8 Hz), 7.91 (1H, s), 7.19 (1H, d, J = 10.7 Hz), 7.06 (1H, d, J =
10.7 Hz), 6.99 (1H, s), 4.82-4.75 (1H, m), 3.92 (3H, s), 3.89 (6H, s), 3.77 (3H, s), 3.63 (3H, s),
3.20-3.17 (1H, m), 2.24-2.19 (2H, m), 2.08-2.01 (1H, m). HR-ESI-MS: calcd for Cz4H27>°CIN5O5S
[M+H]", 532.1421; found, 532.1477; calcd for CasH27° CINsOsS [M+H+2]*, 534.1392; found,
534.1448.

Synthesis of N-(5-methyl-1,2,4-triazol-3-yl)-1H-imidazole-1-carbothioamide (111)

N S>—N/§N To a stirred solution of 3-amino-5-methyl-1,2,4-triazole (265 mg, 2.7 mmol) in
HN™ \>_NH \% MeCN (2.7 mL) was added 1,1’-thiocarbonyldiimidazole (481 mg, 2.7 mmol)
N

)Q

precipitate was collected by filtration, washed with cold MeCN, and dried under reduced pressure

at ambient temperature under argon atmosphere. After stirring for 2 h, the
to afford the desired material 111 (377 mg, 1.8 mmol, 67% yield) as a yellow solid.

"H-NMR (400 MHz, DMSO-dp): 58.41 (1H, t, J = 1.1 Hz), 8.26 (2H, br-s), 7.83 (1H, t, J = 1.5 Hz),
7.05 (1H, dd, J = 1.5, 1.1 Hz), 2.12 (3H, s). ESI-MS m/z: 209 [M+H]".
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Synthesis of 4-chloro-N-((5-methyl-1,2,4-triazol-3-yl)carbamothioyl)deacetylcolchicine (124)
H

N To a stirred solution of 4-chlorodeacetylcolchicine (19) (61 mg,

cl s N>\,WN/ 0.16 mmol) in DMF (2 mL) was added

MeO _.”NE_NH N-(5-methyl-1,2,4-triazol-3-yl)-1H-imidazole-1-carbothioamide (36
MeO mg, 0.17 mmol) at room temperature under argon atmosphere.
o The solution was stirred for 2 h a 60 °C. After cooling to room

OMe temperature, Water was added to the reaction mixture and the

whole mixture was extracted two times with AcOEt. The combined organic layers were washed
with brine, dried over MgSQy, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel flash column chromatography (CHCIl3/MeOH) to afford compound 124. (46 mg,
0.088 mmol, 55% yield) as a yellow solid.

[a]%: -64.44 ° (¢ = 0.225, MeOH). "H-NMR (400 MHz, DMSO-de): §10.32 (1H, d, J = 7.3 Hz), 8.06
(2H, br-s), 7.19 (1H, d, J = 10.7 Hz), 7.07-7.04 (2H, m), 4.82-4.76 (1H, m), 3.92 (3H, s), 3.89 (6H,
s), 3.64 (3H, s), 3.15 (1H, dd, J = 12.9, 5.4 Hz), 2.60-2.53 (1H, m), 2.20 (3H, s), 2.18-1.99 (2H, m).
HR-ESI-MS: calcd for Cg4H273SCIN5O5S [M+H]", 532.1421; found, 532.1414; calcd for
C24H27>"CIN5O5S [M+H+2]*, 534.1392; found, 534.1376.

Synthesis of 3-isothiocyanato-5-methylisoxazole (125)

o A solution of 3-amino-5-methylisoxazole (326 mg, 3.3 mmol), thiophosgene (278
y ! pL, 3.6 mmol) and Na,COs3 aq. (769 mg in 4 mL, 7.3 mmol) in CH,Cl, (6.5 mL) was
S=C=N stirred for 3h at room temperature. Brine was added to the reaction mixture and the
whole mixture was extracted two times with CHCI;. The combined organic layers were dried over
MgSO,, filtered, and concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (CHCI3/MeOH) to afford the title compound 125 (255 mg, 1.8 mmol, 55% vyield)
as a yellow oil.

'H-NMR (400 MHz, CDCls): §5.97 (1H, t, J = 0.9 Hz), 2.43 (3H, t, J = 0.9 Hz). ESI-MS m/z: 141

[M+H]" .

Synthesis of 4-chloro-N-((5-methylisoxazol-3-yl)carbamothioyl)deacetylcolchicine (126)
Compound 126 was prepared from 4-chlorodeacetylcolchicine (19)
(75 mg, 0.19 mmol) and 3-isothiocyanato-5-methylisoxazole (125)
(32 mg, 0.23 mmol) using the same procedure as that described
for compound 95. Yellow solid (98 mg, 0.15 mmol, 80% yield).
[a]%: -108.11 © (¢ = 0.244, MeOH). "H-NMR (400 MHz, DMSO-dp):
OMe 09.20 (1H,s), 7.17 (1H, d, J=10.5Hz), 7.13 (1H, s), 7.05 (1H, d, J
=10.5 Hz), 4.25-4.14 (1H, m), 3.93 (3H, s), 3.88 (6H, s), 3.54 (3H, s), 3.15 (1H, dd, J = 12.8, 4.8
Hz), 2.28-2.12 (2H, m), 1.93 (3H, s), 1.91-1.83 (1H, m). HR-ESI-MS: calcd for C,sH27>°CIN3O6S
[M+H]*, 532.1309; found, 532.1328; calcd for CasHz7>'CIN3OsS [M+H+2]*, 534.1280; found,
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534.1323.

In vitro assay

Cell culture

Human lung cancer cell line A549 and human colorectal cancer cell lines, HT-29 and HCT116,
were obtained from American Type Culture Collection (ATCC, USA). The cancer cell lines were
continuously cultured at 37 °C under 5% CO, atmosphere in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 U/mL penicillin,
and 100 pg/mL streptomycin (10% FBS/DMEM).

Cytotoxicity evaluation

A 50 pL volume (1000 cells) of an exponentially growing cell suspension was seeded into a
96-well microtiter plate and 50 pL of each drug at various concentrations was added 24 h after the
seeding of the tumor cells. After incubation for 96 h at 37 °C, 10 uL of TetraColor ONE (Seikagaku
Biobusiness Corporation, Tokyo, Japan) was added to each well and the plates were incubated
further for 1 h at 37 °C. After incubation, optical density was measured at 450 nm with a microplate
reader (Spectramax 384 Plus, Molecular Devices, CA), and the concentration causing 50%
inhibition of cell proliferation (ICsp) was calculated by linear regression analysis of the linear

portion of the growth curves.

Metabolic stability in mouse microsomes

BALB/c mouse hepatic microsomes were purchased from XenoTech, LLC (Lenexa, KS). The
reaction mixture (0.5 mL) containing 0.25 mg/mL microsomal protein and 1 ymol/L test compound
in 100 mmol/L phosphate buffer (pH 7.4) was preincubated for 5 min at 37 °C, and the reaction
was started by adding 30 uL of NADPH-regenerating system solution (BD Gentest, Woburn, MA).
The reaction mixture (50 yL) was sampled and the reaction was terminated by adding 150 L of
1% formic acid at 0, 5, 10, 15, 30, and 60 min. All incubations were done in triplicate. The test
compound in the reaction mixture was measured by LC-MS/MS using a Scherzo SM-C18 column
(150 x 2.0 mm ID., Imtakt, Japan). The column temperature and the flow rate were 40 °C and 0.35
mL/min, respectively. Mobile phases A and B were acetonitrile and 2 mmol/L ammonium formate
(pH 3.3), respectively. The gradient elution was as follows: mobile phase A was linearly increased
from 15% to 95% over a period of 4 minutes, kept at 95% for the next 2 minutes, and then
equilibrated at 15% for 5 minutes. Metabolic stability was calculated by the following formula (A).
Metabolic stability (mL/min/mg) = slope of a semi-logarithmic plot of test compound concentration /

microsomal protein concentration (0.25 mg/mL) (A).

Tubulin polymerization assay
In vitro tubulin polymerization assays were done using a Tubulin Polymerization Assay Kit
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(Cytoskeleton, inc.). Lyophilized porcine microtubule protein was resuspended in G-PEM buffer
(80 mM PIPES, pH 6.9, 0.5 mM EGTA, 2 mM MgCl,, 1 mM GTP, 10% glycerol) to a final
concentration of 4 mg/mL. Tubulin polymerization was monitored spectrophotometrically by the
change in absorbance at 340 nm. The absorbance was measured at 1-min intervals for 45 min
using SpectraMax (Molecuar device). The ICsy for tubulin polymerization was defined as the
concentration of compound that inhibited tubulin assembly by 50% compared to solvent-treated

control at 5 min.

In vivo assay

Animals

Inbred specific-pathogen-free 5-week-old male BALB/C nude mice were purchased from Japan
SLC, Inc. (Hamamatsu, Japan). The mice were kept in plastic cages and allowed free access to
water and a standard diet (MF, Oriental Yeast Industry Co., Tokyo, Japan). Temperature and
humidity were kept at 24+1 °C and 55+10%, respectively. In vivo antitumor experiments were

performed according to our internal and ethics committee regulations.

Antitumor experiments

After transplanting HCT116 cells (2 x 108 cells/mouse) subcutaneously to the inguinal region of
nude mice, the mice were grouped (3~5 mice/group) on the day when the estimated tumor volume
calculated by the following formula (B) reached approximately 300 mm?® (Day 1). The derivatives
were administered intravenously three times on days 1, 5, and 9. As negative control, 5%
glucose/Tween 80/propylene glycol (85/10/5) was administered following the same administration
schedule as that of the derivatives. The tumors were excised on Day 22 and tumor growth
inhibition rate (IR (%), formula (C)) was calculated from the tumor weights.

Estimated tumor volume (mm?®) = 1/2 x long diameter x short diameter x short diameter (B).

IR (%) = (1 — mean tumor weight in the tested group / mean tumor weight in the control group) x
100 (C).

Insilico simulation

The modules in Maestro (the unified interface for all Schrodinger software) were used by default
settings to search stable conformations of 4-chlorocolchicines in the colchicine binding site of
tubulin. Firstly, to prepare the docking receptor, the a,B-tubulin complex merged with the
DAMA-colchicine and GTPs (PDB code 1SAQ, chain A and B) was processed using the Protein
Preparation module in Maestro. The module assigned ionization states and hydrogens in the
complex structure, and energy-minimized the hydrogens in the OPLS 2005 force field.*® Secondly,
the Receptor Grid Generation module was used to create the receptor grid where
4-chlorocolchicines were docked. The grid box and center were set to default by using the

DAMA-colchicine molecule in the B-tubulin. The van der Waals scaling of the receptor was 1.0.
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Thirdly, the 3D structure of each 4-chlorocolchicine derivative was generated by the Ligprep 2.4
module, which produced a single low-energy and geometrically reasonable conformer using the
OPLS 2005 force field. Finally, the Glide 5.6 module was used to dock the derivative (ligand) to the
colchicine binding pocket.”” As a first step in the Glide SP docking mode, many new ligand
conformations were generated through torsional variations of the each ligand 3D structure. For
each conformer with default 0.8 van der Waals scaling, the Glide module performed an exhaustive
search of possible positions and orientations over the receptor grid previously defined, and the
energetically stable poses were taken through minimization in the OPLS 2005 force field. They
were further evaluated and re-ranked using the Glide score, and top 25 poses for each ligand

were outputted.
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Synthesis of 1-methylpiperazine-4-carbonylchloride hydrochloride (130)

~n A solution of 1-methylpiperazine (0.50 mL, 4.54 mmol) and triphosgene (1.35 g,
K/N\”/C' 4.54 mmol) in MeCN (9 mL) was stirred overnight at ambient temperature. After
Hel o concentration under reduced pressure, Et,;O was added to the residue. The

mixture was sonicated and then the solid was collected by filtration. The solid material was

washed with Et,O then hexane, and dried in vacuo to afford compound 130 (0.90 g, 4.54 mmol,

quant.) as a white solid.

'H-NMR (400 MHz, CDCls): 6 13.7 (1H, br-s), 4.45 (2H, d, J = 15.1 Hz), 4.12 (1H, t, J = 12.6 Hz),

3.88 (1H, t, J= 12.6 Hz), 3.60-3.52 (2H, m), 2.98-2.89 (2H, m), 2.87 (3H, d, J = 4.6 Hz).

Synthesis of 4-chloro-N-((4-methylpiperazine-1-carbonyloxy)acetyl)deacetylcolchicine
(131)

N/ To a stirred solution of compound 56 (32 mg, 0.071 mmol) in
N_) CH.CI; (3 mL) were added Et3N (47 pL, 0.33 mmol), DMAP (3
mg, 0.028 mmol) and compound 130 (31 mg, 0.16 mmol), and
the mixture was stirred overnight at room temperature. Et;N (47
pL, 0.33 mmol) and 130 (31 mg, 0.16 mmol) were added to the
mixture. After stirring overnight at ambient temperature, EtsN
OMe (87 L, 0.61 mmol) and 130 (62 mg, 0.32 mmol) were added to

the mixture. The resulting mixture was further stirred overnight at room temperature. The reaction

was quenched with saturated NaHCO3; aqueous solution, and the whole mixture was extracted
with AcOEt. The organic layer was washed with NaHCOj3 solution then brine, dried over Na;SOy,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel flash
column chromatography (CHCIl3/MeOH) to afford compound 131 (25 mg, 0.043 mmol, 61% yield)
as an off-white solid.

[a]®: -100.28 ° (¢ = 0.215, MeOH). "H-NMR (400 MHz, DMSO-de): §8.74 (1H, d, J = 7.3 Hz), 7.13
(1H, d, J=10.8 Hz), 7.11 (1H, s), 7.03 (1H, d, J = 10.8 Hz), 4.48 (2H, s), 4.28-4.21 (1H, m), 3.91
(3H, s), 3.89 (3H, s), 3.88 (3H, s), 3.54 (3H, s), 3.43-3.28 (4H, m), 3.14-3.07 (1H, m), 2.28-2.22
(4H, m), 2.19-2.07 (1H, m), 2.16 (3H, s), 2.00-1.83 (2H, m). HR-ESI-MS: calcd for C,gH35>"CIN3Og
[M+H]", 576.2113; found, 576.1971; calcd for CaHas> CIN3Og [M+H+2]", 578.2083; found,
578.1928.
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Synthesis of 4-chloro-N-((4-methylpiperazine-1-carbonyloxy)acetyl)deacetylcolchicine
hydrochloride (132)

N/ To a stirred solution of AcClI (9.4 pL, 0.13 mmol) in MeOH (0.3

N_} mL) was added compound 131 (51 mg), and the mixture was

cl o) o—< Hel  stirred for 5 min at ambient temperature. Et,0 was added to the
(6]

- INH resulting solution, and the precipitate was collected by filtration.
The solid was washed with Et,O, and dried under reduced

o pressure to afford compound 132 (42 mg, 0.069 mmol, 78%

OMe yield) as an off-white solid.

"H-NMR (400 MHz, DMSO-de): §10.52 (1H, s), 8.82 (1H, d, J = 7.3 Hz), 7.14 (1H, d, J = 10.7 Hz),

7.11 (1H, s), 7.05 (1H, d, J = 10.7 Hz), 4.54 (2H, s), 4.30-4.23 (1H, m), 4.14-3.98 (2H, m), 3.91 (3H,

s), 3.89 (3H, s), 3.88 (3H, s), 3.54 (3H, s), 3.41-3.09 (4H, m), 3.12 (1H, dd, J = 13.6, 4.9 Hz),

3.04-2.90 (2H, m), 2.76 (3H, s), 2.17-2.07 (1H, m), 2.01-1.84 (2H, m).

Synthesis of 4-chloro-N-(4-(4-methylpiperazin-1-yl)-4-oxobutanoyl)deacetylcolchicine (133)

N/ To a stirred solution of 4-(4-methylpiperazin-1-yl)-4-oxobutyric
N_) acid (28 mg, 0.14 mmol) in DMF (1 mL) were added EDCI (27
mg, 0.14 mmol) and HOBt (22 mg, 0.14 mmol) under argon
atmosphere at 0 °C. After stirring for 15 min at 0 °C, compound
19 (50 mg, 0.13 mmol) was added to the mixture. The resulting

mixture was further stirred overnight at ambient temperature.

OMe The reaction was quenched by adding saturated aqueous
NaHCOs;, and the whole mixture was extracted with AcOEt. The organic layer was washed with
brine, dried over anhydrous Na,SO,, filtered, and evaporated under reduced pressure. The
residue was purified by DIOL silica gel flash column chromatography (CHCIls/MeOH) to afford
compound 133 (46 mg, 0.081 mmol, 63% yield) as an off-white solid.
[a]®: -145.03 ° (¢ = 0.214, MeOH). "H-NMR (400 MHz, DMSO-de): §8.62 (1H, d, J = 7.3 Hz), 7.12
(1H, s), 7.12 (1H, d, J = 10.3 Hz), 7.02 (1H, d, J = 11.2 Hz), 4.26-4.19 (1H, m), 3.91 (3H, s), 3.88
(3H, s), 3.88 (3H, s), 3.52 (3H, s), 3.40-3.34 (4H, m), 3.10 (1H, dd, J = 12.9, 5.2 Hz), 2.48-2.32 (4H,
m), 2.22 (2H, t, J=4.6 Hz), 2.18 (2H, t, J = 4.6 Hz), 2.15-2.06 (1H, m), 2.13 (3H, s), 1.98-1.79 (2H,
m). HR-ESI-MS: calcd for CyoH3;*°CIN3O; [M+H]", 574.2320; found, 574.2317; calcd for
CaoH37°"CIN3O7 [M+H+2]", 576.2291; found, 576.2303.

Materials

Octreotide-poly(ethylene glycol)ssoo-distearoylphosphatidylethanolamine (Oct-PEG-DSPE) was
purchased from KNC Laboratories Co., Ltd. (Kobe, Japan). Methoxy-PEG00-DSPE (PEG-DSPE)
and COATSOME EL-01-A were purchased from NOF Corporation (Tokyo, Japan).
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Preparation of Oct-PEG-DSPE (or PEG200o-DSPE) liposomes loaded with compound 132 (L2
orL3)

A solution of 132 (1 mg) in water (Milli-Q: 1 mL) was added to COATSOME EL-01-A (liposome: 10
mg) at ambient temperature. After shaking several times, a solution of Oct-PEG-DSPE (or
PEG-DSPE: 1.6 ~ 6.0 mol% with total lipid) in water (Milli-Q: 10 mL) was added to the liposome
suspension (L1). The resulting mixture was incubated at 45 °C for 30 min, and then the free
Oct-PEG-DSPE (or PEG-DSPE) and free 132 existing outside the liposomes in the aqueous
media were removed by centrifugal filtration (Millipore: Ultracel-30K, 4 °C, 3200 rpm). Water
(Milli-Q) was added to the residue, and then the aqueous media was removed by centrifugal
filtration (4 °C, 3200 rpm). This procedure (addition of water then removal of water) was done one
more time. By adding water (Milli-Q: 1 mL) to the residue, the Oct-PEG-DSPE (or PEG-DSPE)
liposomes loaded with 132 was obtained (L2 or L3). Empty liposome (L2-0) was prepared using
the same protocol but without loading 132. The final concentration of 132 inside the liposomes (L2
or L3) was determined by comparing to absorption intensity of a given concentration of 132 at
wavelength 340 nm using a UV-visible spectrometer (Cary 50 Bio, Varian, USA) after disruption of
the liposomes with EtOH. The final Octreotide concentration on the liposomes (L2 or L2-0) was
determined using an Octreotide-EIA kit (Peninsula Laboratories, LLC, USA) after disruption of the
liposomes by dilution in 10% Triton. The final concentration of the phospholipid in the liposomes
(L2, L3, and L2-0) was determined using a phospholipid C Test Wako (Wako Pure Chemical
Industries, Ltd., Japan). The mean diameter and zeta-potential of the resulting liposomes (L2, L3,
and L2-0) were determined using a particle characterization system (Zetasizer Nano-ZS, Malvern,
UK).

Temporal stability of Oct-PEG-DSPE (or PEG30-DSPE) liposomes loaded with compound
132 (L2 or L3) at 5 °C in the dark

Aqueous media from the liposome suspension (L2 or L3) was collected by centrifugal filtration
(Millipore: Ultracel-30K, 4 °C, 3200 rpm). The concentration of 132 in the aqueous media was
determined by comparing to absorption intensity of a given concentration of 132 at wavelength
340 nm using a UV-visible spectrometer (Cary 50 Bio, Varian, USA) after disruption of the
liposomes with EtOH.

In vitro assay

Cell culture

Human lung cancer cell line A549, human colorectal cancer cell lines, HT-29 and HCT116, human
medullary thyroid cancer cell line TT, human non-small cell lung cancer cell line NCI-H460, human
triple-negative breast cancer cell line HCC1806 and human pancreatic cancer cell line MIA
PaCa-2 were obtained from American Type Culture Collection (ATCC, USA). The cancer cell lines

were continuously cultured at 37 °C under 5% CO, atmosphere in RPMI1640 medium
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supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 U/mL penicillin, and 100
pug/mL streptomycin (10% FBS/DMEM).

Relative expression level of SSTR2 and SSTR5 (Real-time RT-PCR)

Total RNA from each cancer cell line was extracted using RNAspin Mini Kit (GE Healthcare, NJ).
Reverse transcription was performed with random hexamer primers using GoScript Reverse
Transcription System (Promega, WI). Quantitative real-time PCR was carried out on the ABI 7500
Fast Real-Time PCR system (Applied Biosystems, Life Technologies, CA). The standard curve
method was used to determine fold change in expression using ACTB as an internal standard
gene. Each sample was in triplicate. The following primers were used for the quantitative real-time
PCR. SSTR2: 5-AAGGTGAGCGGCACAGATG-3, 5-GGTCTCATTCAGCCGGGATT-3’; SSTRS5:
5-GAAGGTGACGCGCATGGT-3, 5-GACGATGTTGACGGTGAAGAAG-3’; ACTB:
5-CCTGGCACCCAGCACAAT-3’, 5-GCCGATCCACACGGAGTACT-3..

Cytotoxicity evaluation

A 50 pL volume (500 cells for A549 and HCT116, 1000 cells for HT-29, NCI-H460,and HCC1806,
2500 cells for TT) of an exponentially growing cell suspension was seeded into a 96-well microtiter
plate and 50 pL of each drug at various concentrations was added 24 h after the seeding of the
tumor cells. After incubation for 96 h at 37 °C, 10 uL of WST-8 Kit (Kishida Chemical Co., Ltd.,
Osaka, Japan) was added to each well and the plates were incubated further for 1 h at 37 °C. After
incubation, optical density was measured at 450 nm with a microplate reader (Spectramax 384
Plus, Molecular Devices, CA), and the concentration causing 50% inhibition of cell proliferation

(ICs0) was calculated by linear regression analysis of the linear portion of the growth curves.
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