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Boc tert-butoxycarbonyl

BTK Bruton’s tyrosine kinase

CDiCN acetonitrile-d3

CD;0D methanol-ds

(CD3)2S0O dimethyl sulfoxide-ds

CFA a-chlorofluoroacetamide

CHxCly dichloromethane

CHCl; chloroform

CH;CN acetonitrile

CRM1 chromosomal maintenance 1

Cys cysteine

DMAP N, N-dimethyl-4-aminopyridine
DMEM Dulbecco's modified eagle medium
DMSO dimethyl sulfoxide

DO deuterium oxide

EDCI-HCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
EGFR epidermal growth factor receptor
EGTA ethylene glycol tetraacetic acid
ERK extracellular signal-regulated kinase
ESI electrospray ionization

Et;N triethylamine

Et,O diethyl ether

EtOAc ethyl acetate

EtOH ethanol

FAB fast atom bombardment

GLA glaucocalyxin A

GTP guanosine 5'-triphosphate

HCI hydrochloric acid

HPLC high performance liquid chromatography
HR high resolution

Hsp heat shock protein



ICso half maximal inhibitory concentration

IT-TOF ion trap - time of flight

KOH potassium hydroxide

Lys lysine

MeCN acetonitrile

MeOH methanol

MgCl, magnesium chloride

MHz megahertz

MLR mixed lymphocyte reaction

MS mass spectrometry

NaHCO3 sodium bicarbonate

NaOAc sodium acetate

NaOMe sodium methoxide

NazSO4 sodium sulfate

NMR nuclear magnetic resonance
ONPG 2-nitrophenyl-p-D-galactopyranoside
PBS phosphate-buffered saline

PDSS precursor-directed in situ synthesis
Pd-C palladium on carbon

pH potential of hydrogen

PhI(OAc), (diacetoxyiodo)benzene

PIPES piperazine-1,4-bis(2-ethanesulfonic acid)
pKa acid dissociation constant

t room temperature

SD standard deviation

STL saccharothriolide

Ser serine

TCI targeted covalent inhibitor
TEMPO 2,2,6,6-tetramethylpiperidine 1-oxyl free radical
TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin-layer chromatography

Tris tris(hydroxymethyl)aminomethane
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1. RIAERILAED & op-AEIFT A VR = Vi

HARRICIFIE S 2 RINEBILAY 2 513, 2hE TS O EYETEYE s A H X
N, —HIEFEELE LCHY O TE 2L, ZN623E T 2R oL EfEo i, HE
DRIEICBIG 3 RN & A EERTEA L. EWiEEE2 T 2 < & cEIMEE R
THoNH 5, HlziX, PUEWE penicilin G @ B-7 7 2 1B, FULPIAEYMETH 3
fosfomycin 233 % TH ¥ 2B IE. M OMALEES RIS & AR R G & 2 TR T
% (Figure 1a)%, % Dt MEMEINHIIEH 2R L, BEEREE L L THeohTw 3,

[ U<, RAEBICAY OWEERBLC B G L LT, op- T8I 7 VR = VG0 %
F o d (Figure 1b), R X v 78 EOKRKEAL (Nu) 25, —HEESGZEKT 2 B ik
FHWEEL T Michael 152 C Lic XY HARAZBRL. FRX Vo7 EOBKRE XA
ALSANIC PR & ERBR AR S 5, XX, BB Hypomyces subiculosus 23 E4: 3 %
hypothemycin 1%, AHAEEIDHESTICBIS 3 2 extracellular signal-regulated kinase (ERK) @
ATP FEEEML 2T 5 & AT 4 v (Cys) BRI L. THREE Streptomyces sp. ATS1287 H3JEE
49 2% leptomycinB X, & v ¥ 7 EZAMEERFTH 5 chromosomal maintenance 1 (CRM1)
Eo cys B e 2N NoLEMHET S ap-ARIFIH LR = TR ARG &
L CEEFEBLICET 53 % (Figure 1c)34,



(@)

Q. H
N s
H, 2 H
o N ~.,, ~OH HO\pA\

Hl) HO™

penicillin G fosfomycin

(b)
o N Michael {510 & i 0 Nu
%L)K/ABR > EMR

a
a,B-TEARN H1 LR =L
(c)
MeO

hypothemycin leptomycin B
(ERK FEEH) (CRM1 BEEH)

Figure 1. RABFBILEYHE T 2 EWEERBT LA ARG DOPH. (a) Penicillin G ©
B-7 7 X LERB LU fosfomycin DK F S ER. O DR Ix, M O MIIEEE & RS &
NS R G EEZTR T 5. (0) ap-FER ANV R = AEEZ G T 2 LAY L END T
& @ Michael fHIBIG. AREIGIC & 0 EERY> T DORKEAT (Nu) & B Lo & oflicdtf
AR ENE, ZOME, EHOFoAMEREICGHELY 525 2 L2 HEL R 5, (C)
o,B-EIR A VR = S 7 3 2 KINERLAY) D . Hypothemycin, leptomycinB @ a,B-
REUFN A VR = UGS RN X v o8 7o Cys FRILICE T 2 F A — ik e ke %
B L. 2ozl ET 2,



2. o B BRI LA = A O PE S SR & % o

AT AR/ L 72 penicillin G % fosfomycin @ X 5 ic, 2% v 28 L HERE ZTEK
L. ZOkRe# BHE T 2 35 covalentdrug & PRI 55, FTH, EN X VY X7 B LD
AR 25D 55 7% E X 7z covalentdrug 1. targeted covalent inhibitor (TCI) &
MEIZI, B A SOGHEAHE S T\ 3 (Figure 2a,b)8, il 21X pyrazole urea %, &V
(Ser) RIL & DIARE AR HIAERL & L CTHRAEL . N-RAS %258 o IS RS IR 70 FH &
#| ABD 957 D& & L CHlAR TN T3 (Figure 2a)’, % 7-. sulfonyl fluoride (%%
Yav RV IE Hp 90 @ Uy (Lys) BRI LRS- 7 v BREIIE (SUFEX) 12 X -
THEHEL. ZOHBEFHOR RICHFS T2 2 & AME I T3 (Figure 2b)s,

o B-AREIRI A VR = ARG D T 72RFEM R TClI JGETH Y | ERGOFEEELZ S0
5 HCTEA TN TS (Figure 2¢), Bl 21X, FHFEIE/ IMlAEAiifERESE afatinib N T 27 Y
AT I N EEEE, B RIEEEN T2 B4R (epidermal growth factor receptor: EGFR) @ Cys797 &
AR R H GG PR L. MREIEZ 06 20 £, BIEY v o ERIRGEEEE D
ibrutinib ICHHAAFENZT 2 VAT I FEHEDS [ U < MAEEEICEE G532 70 b v Bl m
vV FF—F (BTK) © Cys48l & A HMEE %I 519,

DX, ap- AR AR = ARG IZPUES A O G2 1 E X2 2 HRYcEA X
N5 )<, EEMIEO & v 28R ET 57 37 BRI LCb AasiickEa L, El
ER%Z b 7203 HAL H 52, 2ok, EeISHEZIERL 2O, FEH~OEREL &
025 EDAIBEFRICE T ZHEL mo T, flEREE LT, ap-TEIRI A VR = i
KR RISHEZ R D A e EG S G OIS LT, XY @WERRGER 2 78 3 B RE
#E: a-chlorofluoroacetamide (CFA) %% cyanoacrylamide # W 7-fffZE it T 3
(Figure 3)13.14,



@ A (b) \

y j\ HO o HoN"

~ Serine O\ /O lySIne \ 7/

\ '\\'}'R — ;\NJ\O}z .S R oSL
o N acylation e ROF SuFEXx N

pyrazole urea sulfonyl fluoride

CH3
/—O
\Q\/ (\N ° i !\
O’S j\ \\ /,
- NG
ch CH3 N~ O /\©/

N
HOQC) HaN
ABD957 Hsp90 inhibitor

()

GHs

Hae” VX
afatinib ibrutinib
(EGFR FEEHA!) (BTK [EEA)
BRIE N MR AR 1B /R MmRETA R

Figure 2. TCl ICAWVW LN 3 KIGEDHIEB X U of-FEIFI A L F = A S B EYIEMERBIC
F5F 3 EHEM. (a) Pyrazole urea. Pyrazole urea 1%, 7 ¥ A AbIC X o T Ser JRik & HEHA
BT %, ShriEiEIC pyrazoleurea % HHAAA L&Y ABDI57 1%, i I kA4 fk
5k ABHD17 ZERIVICEHE L. N-RASZ AL RS i< 5t 9 2 B AEmlzh R 2 7 3,
(b) Sulfonyl fluoride. Sulfonyl fluoride 1. -7 v FBRMESIE (SUFEX) 12X D, Lys FEHEk &
AR R B #G 2T 5. KR L7 LY IdFEEF O sulfonyl fluoride 735 Hsp90 @
Lys 58 SHLFHEAG L. ZDHER & L CTHEET 5, (C) aB-NEIFI A LR = VRS E A3 ZERITG
TERBUCH G5 2 RS DI, Afatinib (EGFR IKH%%'J)\ ibrutinib (BTK FHEFA) (24 nl#i
GG EN L CEN S FoEEEZE L, SIS %2R 3
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oS ) s?)kN/ inhibitor
FA
Cys i_ FooH
Cl

off-target protein
H,O
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HO N inhibitor

e
on H Cys sQLH/ inhibitor

sulfonium cation

il |
Cys target protein H
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SH
N8 inhibitor " T 1 |inhibitor
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cn H H

CN
cyanoacrylamide stable adduct
' Cys ' off-target protein H
Cys
SH -
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cn M cn M

unstable adduct

Figure 3. CFA & ¥ X U cyanoacrylamide & Cys fll$§ F4—nr#H & o KIHH. (a) CFA
FE CFA Bk 2 v o328 Eo Cys lIfHF A — B e oG 1T, SN TH 5, )
257y ROBEEIC X o CAVK =T Lh F A VIR EZTK L 722, MK RIC X 5T
FA—NEPFHOEET 2 L E 2 51 TWw5, (b) Cyanoacrylamide. Cyanoacrylamide (%, 1%
DT LB Eol s 2 & EVREWMERE T 2 ) 47 v P&z 5% 2 T ZE Rk
MRS 5. —77. ZNLSN DT L IZALYR RS AIC X0 PR R R 3T C & CIRRR
7 SOGEIZ TW 5,



3. 7u N7y bic k3 ap-AREIAIAH LR =g KACF@@%‘I‘%?FUTEI]

BEHE BT 2 461 L 72 o, B-PEIFI S AR = AL AW o SEEEMERIfE I 12, AR ot R X
N-EREZHV M, 7 F 7 v 7w FEDBGI SN TS, 7a b7 v 7 eid,
SRR EYE % R G ~E R IC X2 3 % Drug Delivery System (DDS) o —fi<H 5, %
DOREIE T, SREIE M E <xf U CIERi 2 N 2 723G R BRA T H v | (AN coRE# 2RI L <
EWAREE T 5, EEVEER RO REWCERESR VA& TD, 7 F 2y /flick
% I e RS ZSHC . FRfetE e 2 ek, WINEO A LA & 2, 2070, ThET
ICER A e RBICN S 2 7 a Ty AT, EliEnTw g, Fil 2, JUEAl irinotecan (X
EHEEARKTH 2 PR Y AT —KHEA SN-38 D7 = /7 — VEKEER % BRI
ECREL G200, i XY, Bz L X272 irinotecan 13 HEKIETE
fLEMTH 2 SN-38 D7'm T v 7 LTEMT %2, 375, irinotecan ZANICIRE 5
LANKEX NIRRT T — O RIRIERBIEE 2 MUK R L WETEARIRD SN-38 23t &
AN I % Fe4# 3~ % (Figure 4),

BRI AN R = EEICENTh, 7 F 7y MU fTbhTcns, flzid, &H
Penicillium decumbens 23PE4:3 2 brefeldin A X2, #¥ Tanacetum parthenium \Z&F i
% parthenolide ICDWT, ZNENANT 4 =KL T I FEEZEA L 2380 MET &
. VNG o E-CARE O M E AR S LT % (Figure 5a,b)1 718, HARFICEWTH
T BAC o, B-ANBUFN A7 L R = VRS DR E & N IR ERTE A O TFERIRE S T wv 5, fil 2 1F
H¥REE Verrucosispora sp. MS100128 23E4E 3 % abyssomicin FigiAo—>, AT —T 1
WERIFEEMAR D abyssomicinJ 2SEEL UG Z#EH L. atrop-abyssomicin C ~ & Z2ffa X i,
MHEICNT 2HEERZRT EE 25T\ 5 (Figure 50)19,

%

CoHs carboxylesterase CoHs

S iccase B linetate!

HO' “C,Hs HO” “C,Hs
irinotecan (7’8 K Z v ) SN-38 (EIEEHEYE)
S AR 1EUVRAE M
{56 U A BB 1 1 ®WEEEIEFA

Figure 4. EZ & irinotecan DFEWALA W =X L. Fu ¥ 7 v 7 TH % irinotecan 1%
carboxylesterase 1 X 2 MIZK 73 fi# CIETEARML SN-38 ZiHIT 5,



7arkZ7v s SEMEARLE

: 0o P Lo
(a) HO! H" YsR > HO" <
Pz =
H H
brefeldin A

WH H
Y, 7 ..\\\ —- , e
(b) °5% NHR ° 5
6] o
amino-derivatives parthenolide

oxidative activation ©
> ©
(0]
(c)
OH
abyssomicin J atrop-abyssomicin C

Figure 5. a,p-FEEMI A VR = VIEE L FroEVTEHYE (GH) L REEICXY R F Ty
L L =& FHEAE (M), (@) Brefeldin A & 2L 7 4 = V2B A L 723584, (b)
Parthenolide & 7 X /A B AL ZFEK. ) AT —T A6 %HT 5 KAY
abyssomicinJ & atrop-abyssomicin C. AbyssomicinJ % 15® & 4 2 FiFEKIL, op-REUFIH
VAR ZALEY & iR L C— o BSOS 3 2 m AR & BEEom EERRT,
bl abyssomicin J 2R & F 2 KBRS, ap- AN R = V2 R#EST L LT
blzbINTWELEZLNTW S,



4. RINERALED) saccharothriolide B (STL B)

Saccharothriolide 8 (STLs) (ZFT@IFEE IC BT, FDVHBRE Saccharothrix sp. A1506
OHEEI N 10 B~/ 0 74 FThH 508, STLs ld~v27m 727 b VB 2 71T (RIS)
AFNEED L CRKREF. 7 ALic T =Y vEBEERD L < I3KEEEZF:> (Figure 6a), 7 iz
FANK= D B ARFETDH DY FHRADOFEAIC Michael HIMKIEHAEES LT3 &
I NTH220, bbb, ALER op-NEMA NV E = NEEEH S 2 BIEIRDIFEDR
e X 4L, T o-aminophenol FOREIELIINT 5 & L T, HEEREIEAK I NS, FE
BRIC tryptophan FETFTE F ORTEWR CTHET 5 2 & TLap- M A VR = ii&E % H 3 2 Hi
BX{4& presaccharothriolide X (preSTL X, 1) 2353 5 1722, & 51, K& IC &R %2 U
32z et NBRICERA 7 STL HiRAS G T 7222, TN precursor-directed in
situ synthesis (PDSS) & FRi4L, fififiic HI OB AP HUS ARER Tk CTH 5, KiEx
VT, BA R REFI L 72 STL BHE G L. RE M A AS M & 72202,

R % F O 72 T DA% 5L, saccharothriolide B (STL B, 2) (3. /Ki&#  CcIERES
fIC preSTL X (1) ~& ZHaI . af-FEIFIA VK ARG BT 2 2 & AHAL 72
(Figure 6b) 2, BHBRZ W Z &ic, STL B (2) o> 2 oME X, preSTL X (1) @ 7 fi7ic
anthranilic acid. o-anisidine, m-aminophenol & > 7-fthd 7 =V v ¥ %3 5 HHigkik STLA,
STLG. B XU STLK (Figure 6¢) IC IR oNAah o7z, AT, —EHDOFHFEARDHF T STL
B(2) & preSTLX (1) @ 2 {L&EWD A, v HHERIEMAL HT1080 (<xf L T\ HfEE
FEINEID S %2 R L7228, F 72, preSTL X (1) (3/KEHH T o B-ASHEFI 77 v R = AR IS K Sy
FHIM L 7z saccharothriolide C ~ ¢ BHI NI A LELREE CTHLZ L HHL LD,
—H#H D STL LAV DEWTEMEARMIZ, preSTLX (1) TH B H[HEMEDRB I NIz, Thab b,
STL B (2) 1 o-aminophenol 12 X 5T preSTL X (1) @ aB-AAZMI 7 LR = i % (15 L
T % —J7C, KIERH TIE retro-Michael BUGIC X0 . FEREZRIIC preSTL X (1) % Wi 3
5 EHERl X Tz,

LEX Y. 2o “o-aminophenol i€ X 3 o B-FEIMI A VE = A REEDRHE" 23, fhd op-
KRG A N R = AWEE R BT 2 AP E IGEF T hE, AiEEoE RIS v
AR 27200, Firzhf@ikike VB2 EEx LN,
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(@)

R!=CH;or H
7
HO . 2 2 _ .. . .
“ N0 OH R? = aniline derivatives or OH
O &
OH
saccharothriolides
(b)
. o]
aqueous condition )
R
HO \v HO
\© \© ol OH
OH
OH @E OH
NH,
saccharothriolide B o-aminophenol presaccharothriolide X
cytotoxicity to HT1080: ICg, = 13.9 uM cytotoxicity: 1C5, = 12.3 uM
(c)

HO
OH

saccharothriolide A saccharothriolide C

Cytotoxicity: ICg, > 100uM Cytotoxicity: 1C5, > 100uM
OH
HO HO
OH OH

saccharothriolide G saccharothriolide K

Cytotoxicity: IC5, > 100puM Cytotoxicity: IC5, = 82.7 uM

Figure 6. RABHILAEY STLs o/MEERME & EVNEHE. () STLs DEARFH. STLs (X
10 BRRo~27u0 77 FvEtgasAaEL, 2 L (=RY) & 7 {7 (FR?) K&KAEREEZET S,
(b) /KIFHEFTD STLB (2) DMiEE. Kix#H < o-aminophenol D itift25EfT L. STLB(2)
IZ preSTL X (1) ~ZH#axn 3, (c) STL HHigkik & z o 4Pt STL Hxis (STLA, C, G,
K) ® HT1080 #MIAZICXI3 % ICs fEHIZ. STLB(2) XU preSTLX (1) £ D &V,
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KL T, FDBRRE RO RAERILAY) STLB(2) R BIR b EHMZG7 “o-
aminophenol 1Z X % o,B-FREIFI A VR = AEEDRGE” ICOWT D o p-AEII A VR =
MEE R T 2 EPNEEE ~0@A % Hig L7z, 8 1 T Cld§MiiE 2 fFo &6 % 4l
& LT, ABRROFAME, KICHE O, B X CREICER O BEL % at Lz, 5 2 =
TIIMNEREAEA D colchicine ~ & I L. BREDICEBIMHE, PG tEFIR 2 85T L.
X LI RARERILED oridonin % FV> 72 retro-Michael SISl & #e5t L 72, LA o FEBk
&% X b . o-aminophenol % 72 o B-AEAFI A VR = AREIE D LRGE & 5 FE 03 E S B
RICEH T BHHHREY — v & LTHHAMREEL 72 (Figure 7).

(SCiTHIZR)
a,B-EIF 7 LR Z L1 &1 presaccharothriolide X (ZX39 %
o-aminophenol D{R:&/ A T D B

l

(B—%)
B #EE % 21t 5% T o-aminophenol Bkt % BIR
(EEEAHE., RIOEEOHT)

|

b i

(BE

EIBEUYBEA~OBEA (A KTy 7)) 2#REFICANT
BN R Bt R DR ET
L
retro-Michael it &I D 1% 5F

Figure7. AXTFZEOBEE. STLB (2) TRl S NW/A-HR %, 5 1 BECHMAEE L2 FoLLEY
CCHE, BLUORICHEEOHEZ1To7%. 2D LT, 5 2 BT X 0 EEBIRRN 7
Bt % L 72, EVEEE~olbH (7 e F 7 v 21b) 2#EETL 72,
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Vavire S

g1 =
Retro-Michael XIGIC X %
o-aminophenol D AiBESEH: DT

1. &

FPETIE, L 7R d 2 v o B EHARA R L. % OEFERE % §ilfHl 5 2 targeted
covalent inhibitor (TCI) %#A/ L 7= (Figure 2), A&7 TCl TH 23 ap-FEIMIALEF =
WIS L BRI 1 & A ARSI e BB i G o TR RIC X 2 RS IR GI i R o m Ex B, &
EEFEEICHMAATNTH 7T, BRI X 2 EFHEE~oFEREEI LT
[AR-IN

FrEITFE 2 Cld. FVBORE Saccharothrix sp. A1506 2SEA T 2 RAREEILAY & L <,
10 B¥~27 v 74 FL&EY saccharothriolide #H (STLs) 2 HABERESEE X 4172 (Figure 6a),
Z ® 5 b saccharothriolide B (STL B, 2) 1. ME—/KEHH CIEEESRHYIC 0-aminophenol % it
BEL. op-AEIFIA LR = A HE%ZH T % presaccharothriolide X (preSTL X, 1) IC&fax 11 %
TEBHL T, ALEY 1 & 2 BFRBREOMEFENMEE T LZ, 2o erb,
STLB (2) oiffifaaEtt oI %, KEHEH TD o-aminophenol DI X 2 o,B-AAUHIH
LR NEEDFE A5 T2 H O L I iz (Figure 6b) 2, Z ORI, o,p-AHIFI A
AR UEEDEWKIEEIC X 247 2 =7y PRI L w9 EEFE I LT, —2D
fRriki e e 032 REMEZ "R L T, $hbb, af- RO VR A EEE AT 23K
SIS % . —IRFAYIC o-aminophenol 1T X 0 {3 L . QB IEEAYTRALIC BE L 72 B sk TR
X e TENL ERED M I X 2 RIMEH O [EEe, FEERN~ 0 Y EER
DE LR TE 3,

ARETIE, FPBEREHRO KREHILAEY STL B (2) TRIBI N7z, KB ICEH T
% JEMEFE ) 72 0-aminophenol D EEIIR 2, STL B LA LAY © b FHEITRED 2 BEE
2720, 5% G %D ap- AR VR = AL EY & FEE L CEBRE T 72, A T,
T 2 I B 1T 2 B R o SOCE EEREAT . 0-aminophenol @ 7 = 7 — WPHKIER: D 44
TMED i35 & & b, RICHHEEE L 72,

il

13



2. 7 M X7 T I FEULEYI % H\v 72 o-aminophenol @ fit
21.HPLC ZHW/EE=2Y) v 7

KIREHALEY) STL B (2) ICBWTHEIZE I /- o-aminophenol DEERIGA. LAY 2
ICRPR R DG 2t~ <, fiFaHED o-aminophenol 114 (3, 4, 5) % &K
L. FEBRICH W7z, L&Y 3 137 RO oAU 7 VR =LAV dodec-1-en-3-one (6)
iZxf L, CH3CN #1C o-aminophenol % Michael fHin& &3 2 & CHSL 7=, L&Y 4,5
T = X7 VAID benzyl acrylate (7). & L 87 I FAID N-benzylacrylamide (8) iC2\>T, SiO;
77 F. CH3CN HT o-aminophenol % Michael ffhl& & CT&BK L 7z (Figure 8),

B o n-fHnfA% MeOH/M,0 (4:1) ICiAfiE L. 37°C T 48 BfIC)EY HPLC it X 3%
=2V v 7 %1{To7 (Figure 9), Z DfEF. &+ o-aminophenol 1Nk (3) DA, &
% o-aminophenol & dodec-1-en-3-one (6) D AEM MR S Nz, MR, =X 7 MlE X
U7 I FRIAHINR (4,5) iIc2W»Tlid, o-aminophenol & o B-AEIFI 7 v F = ALEYT (7, 8)
D UV ¥—72 i3I nar o/, BAEX D, MeOH/H0 (4:1) ZtFT (37°C, 48 KffH) I
F\>C, o-aminophenol D& o p-AFEIHH LK = AALAVOEBBIE I NDIZ, 7
I o-aminophenol f/{R (3) DA TH 57z,

KIT, caffeine % WNEEEEYE & LCHW S 2 LT, ARISZERIHE L 7 (Figure 9).
Z DOfER. 77 M o-aminophenol AR (3) . FRRFAVICIRAE MK T L, 48 Kt 0K
EH 1T 58% TH o7z, KIIT o-aminophenol, dodec-1-en-3-one (6) (ZFRERFAICHEIN L, 48
IRFfEI 2 1 13 SUTHARIR O LAY 3 OIRELICH LT 51%, 58% DRI Wiz, T
& X, 7 M o-aminophenol A (3) IZEIKICHEZ 5 & & 72 o-aminophenol 73
Wi L. op-AEIFI A VR = AfbEMB R L2 Ex2 by —J7, ZXATAE o
aminophenol & (4) 3 X 7 I FA&! o-aminophenol AR (5) 1. 48 Weftilfg D AFH
BENFN 81% & 77% TH Y. o-aminophenol DL o f-AEIHI A LA = ALEY D
IR D o o7z, TbH, EREiHliICH VTS STL B (2) & [F UHENFH#EE
B3 57 FRSHINE (3) @ A, o-aminophenol Dk & o B-AEELHI A VKR = AALEY DI
PRS2 &2V HEHL 72,
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N\/\/\j\/ HO /\/\/\/\)?\AHO:Q

N
H
6 HZND 3 (67%)

i (6) CH.C o
H,CN
7:X=0 4:X=0 (57%)
8:X=NH 5:X=NH  (13%)

Figure 8. o-Aminophenol & (3,4,5) DA AF — 4.
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Figure9. % o-aminophenol I/l (3-5) ® MeOH/H,0 (4:1) ¥AFIcEH1F 3 HPLC F %
—F (). BXOEERFE (). (a) 7 P o-aminophenol 1A (3) 7—%. 7 b o-
aminophenol filf& (3, AL v ) @ UV v— 2%, 48 KfEZREA L. REEITH 50%
TH o7z, KXC dodec-1-en-3-one (6, ). ¥ X U8 o-aminophenol (¥ 7) @ UV v — 7§
Mz LD 7z, ERFHMIC I T, WE TR ML, RICFEROLEY) 3 1T 3 3
EAGEIIH 50% TH o7z, (b,c) TAT AR XTI FA o-aminophenol Nk (4,
5) 7 —&. WJFICH T, o-aminophenol, benzylacrylate (7). ¥ X U% N-benzylacrylamide (8)
DUV ¥ — 7 3R I N D o7z, 48 FEZOERAFR I AT AR 4) 12 81%, 7 I M
(5) ¥ 77% TH o7, (mean = SD, n=3), NEEEHEYHE & L C caffeine(*) Z{EMH L7z, (a)
Cosmosil MS 11, @ 4.6 x 250 mm, 0.8 mL/min, 5-100% MeOH in aq., 210nm. (b,c) Cosmosil PBr, @
4.6 x 250 mm, 0.8 mL/min, 5-100% MeOH in aq., 210 nm.

17



2.2. 'HNMR HI5E 1 X % o-aminophenol i 50t D #ELE

MeOH E/KDESEBEFICEHEIT S HPLC €= Y v 7 OfEHR, 7 F D o-aminophenol
ik (3) £ Y o-aminophenol @ Bi#fEicff 5 dodec-1-en-3-one (6) D LHI A3 ERD X 7z
(Figure9), Z DFE% Iz, KINEHILAY) STLB(2) & [[IEEIC, o-aminophenol O fiiffic X %
retro-Michael JGDHETEZRBT %, 2 Z T ALFEEDB SO o p-AEIFI A VR =1t
AVOMHE AT <L, "THNMR ICX 3 =21 V7 %fTWw, 7 IHLs 7 b OiEl%
A L 7= (Figure 10)

EIIRDIC, HPLC Ick 2= Y v 7 LA UIEHHLAL & L T, CDsOD/D,O (4:1) % %%
L. 7 F% o-aminophenol fflnfk (3) @ 37 °C i<k J 2 Hidft%E NMR F 2 — 7 HCTfiu,
EWIICE=2Y v 7 L7 (Figure 10a), i&fiEte 2 Rl WRERiC.  dodec-1-en-3-one (6) i
ko ZHEES, BLXOANVEZL o BLU B HKDT I ALY 7 P HBHERI N, T
b OENMEIX. 24 BERRICH T THIML Two Tz, CORE XY, HPLC itk 2E=4)
v 7RER (Figure 9) & [EIERIC, '"HNMR HIEIC X 27 I Ay 7 MEDEED L b, Wik
RIGDSET LT3 2 EDEEHE nLrz,

K, TAFAH B X7 2 FAL o-aminophenol filfA (4,5) iIcoWTd ., FfED LM
TE=XY) v %4> 7 (Figure 10b,c)e % DFER, MIET 2 o, p-AEF A LR =1 LEY)
(7,8) &, FTHELAN DL 7 F NGTHER I NG D o7, TDZ Lid, 7 FAIICTHl
FEINTz retro-Michael G205, T AT ALY I FRITIIETL TWARnwZ & ZRKBL T
W5, 7277, RIGDOETICHEL 5 2 72/ KN E LT, o MOJRTDEW: (C, O, N) Ltic
TZATARE T I FRIAHINfE (4, 5) AT A EROGFIEDE A bz, £ 2T, 7 M
A (3) FIRRICEIRD T v ¥ A FEH 2 = 27 A% o-aminophenol fHi{k (9) % Fw»
T37°C F. HNMR KX 3 RIEE=2 Y v 7 %07, Z DR, 48 Bifzics T
octyl acrylate (10) iR D ¥ 7 F VL FER S T, HHREZFFOLEY 4) & RKICRICIT
HEAT L 2o 72 (Figure 11), 2k b, —HEOAIE (3-5,9) Z 72 retro-Michael )i
DHETOEMICIE, o MO TFOFELRKE NI LREBE N7,
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/\/\/\/\MH /\/\/WN/@
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48h i dh : _ 7 ’ fﬂw . J L{ : JJ , | S
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Figure 10.'HNMR (500 MHz) ZF\w7z 7 PR, 2 25748 8 X U7 I F& o-aminophenol
D KICHERER. () 7 M, (b)) =27 AR XU (c) 7 I F&L o-aminophenol {11l
& (3-5) ® 37°C, CDsOD/D;0O (4:1) FicHIF 52 ' HNMR Z~=27 b, 7 MR (3) Hizko =
X7 P (FLy Y H) BREENICHY T 2T ap- NI LR = LEY) (6) H
KDARZ PV (v o fF) BEIML 7z, 7 ML 2 X7 ALK (4,5) 12IEEE 48
IEEFGE L ChHH Y 7 F Lo HBUIEERD Sk - 72,
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CD,0D : D,0

10— i
NN NN N =
© N 37°C °
9 octyl acrylate (10)
6h M
h ky J l l
7.0 6.0 5.0 4.'0 3.0 2.0 1.0 O.'O

6 (ppm)
Figure 11. R = X 7 v & o-aminophenol fIl4& (9) ® 'H NMR (500 MHz) fR#T.

CD;0D/D:0 (4:1) &f##% D 'H NMR A =7 bov, §8ik= 2 7 L o-aminophenol {4
(9) [ ZAML 48 FEEIRGE L T FHls 7 F Lo HBLIEZRS b vk o 72,
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2.3. & oB-AEIR A VAR = MEEM DR L 72 RGTE D %

RIEE CORE LY, =274, 73 FHElicEs T2 o-aminophenol DB, o p-ABLHI A
VAR ZAALEY ORI, BBESICDHE B CTH 2 LR = a fzD 7w b D5 &K
20, HEEOKTICLVHlEnA7z0eE2LNE, 7 MO, Ari=L o i
D7v b v RHEIIC K o TH &R NI U 2 R 13, FRIBLEM/ICX Y Figure
12a WOR TG Z IS C & T, KEEI N2,

—J. TRATAR BXUT I FRlogAICE, R, ERETIET IEREETD
bDEFMEIC LY HIBLZEWIMET T2, 207D, AVE=r o ffO7m b VORI
HEIME N L, BOSHEME T 52 6 HE2 615, & ap-AEIFIA LR = LSV T 2 o-
aminophenol @ Michael fIHIIGICEWTH, FHIEOIER T F 8 (3) IF=ERmSF T T
67%., TATAR (4) &7 I FR (5) IMNEAL T4 57, 13% & X VRWIETH o 7z
(Figure 8).

TZATN, T I FRTIE a fZ O N RFOI AR XD AR =V DRFIF A~ L
LihE i, 22K T3 5% (Figure 12b), 3 bbb, 7 A VKR AVRFRITZ AT AR
7 I FREHRL CRDIEY 0 2D, 2O, B ALARKEE % 2T 72 i T
APOEFEZZTIY LT MIICHROMEICETTELEER LN,

HERAEOHEANICH VT, AIEFEMETIME I NI LA BRI RATAELOT I FIC
H5H, SEOFERT, md GO E T PIZ DWW TARESEATE 5 2 LB L,
SR I AMNE Y E 2 I T 2 2 (R TR L 7 V152 WREMEDUR T Tz,
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Base L a
&R, BRETLEOFREETH
R=NH, O D oDBEFHEIZLDRREL
(b)
0 +/\ Nu
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\R)éjﬁ/\ I \
B ERETHOOBFHECLY.

HILKRZILREZED &+ HET

R=CH,, NH, O

Figure 12. Retro-Michael/ Michael RIGicE 57 + A7 7 I FEALR= VLS
YD KIS IC DN T DEE. (a) retro-Michael SGIC B WT, T AT AR E 7 3 PRI BEE
CEREF LOFLEEFNB IR VB~ LT, REEES A LER I NS,
(b) Michael SIGIZIBWTH, (a) FIKRIC A VAR = VEFE~EF 2 L H S 4, R0MET 5
52 LT, JIGDMEMET T 5,
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T X7 V8 o-aminophenol ffN{A& (4) X, Figure 9b T/R L7z HPLC Ik 3 E=%Y v
7 BT, o-aminophenol Dl benzyl acrylate (7) DR AHER S N> o 72, T 72,
IHNMR HIEic X 2€=% 1Y v 7 (Figure 10b) Ti. BB DL LR Sind - 7=,
oB-AERI AN R = L&D 7 S nhrozFHKAE LT, = X7 ALHD retro-
Michael FJGIZAIMAEDECLEMEIC X 0. Wil L T bl ik z 28 L, WiiEos ]
b c& e o 22 A[REMERE 2 72, % T T, diethanolamine % ARFEERICE T % o p-A LM A
VAR ZALEY (7) OffifEAlE LTREML %,

Figure 9 & [Al U IGSFT HPLC I X 20041 - BB %2 1T o 245, 48 K[tz Ic ik
diethanolamine 1% (11) DR EZR & 7= (Figure 13a), JREICTH 2{LAEY 4 DT
F % diethanolamine fE L D413 80%., Y TliE 30% &#HFED L Y% WA L7 (Figure
13b), Z DHRIZ, FHCHMEBICHKH E /2 7 % diethanolamine 2532 Icflife L < 11 %
O L 72455, FHMREEZ RO 72010 4 226 7 ~OZHBsEMT 2L Thib I
A[REMEDSE 2 %, il A T, diethanolamine 23fEFE e L@ &, (LEW 3 KB F 2 AR
=D o fip 7w b v EGERL L Tl RES R D E A b NS, T
bbb, A7 A o-aminophenol 1A (4) T ap-FEIFIA AV E = ALEY (7) DI
DHETTT 2 2 L BMIRIITRB X iz, L L7ads o, IEHIFEAAE N coBisEsh= 137 b
A4 o-aminophenol {1l (4) & b HIKL | ap-AEEHI AV E = ALEY) (7) OBHEEIESE
BEOFMIZcE R b, AT ¥ 7 v Muikoitciz s M 3) 2V,
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o o diethanolamine

_ Hmyon
@OMHJ% — ©A0)V — @ ¢

OH
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4
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=
11
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~ 100 H
<
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0 T t T |

0 24 48
time (h)

Figure 13. Diethanolamine #F\>7z = 2 F A BN (4) ORigie=%) v 7
Diethanolamine f#7E N iC 31 5 = X 7 AVBIMHIEA (4) OEREFETZ 37 °C T, MeOH/H0
(4:1) IRAEEF T HPLC Z#HWTfTo7, (d) HPLC UV F % — b 04 &, NBEEHEYE
& LT caffeine (*) AL, s AE{LEE=2 ) v 7 LR, =27 AR (4,
L vY) o—fBi, 48 Wi ¥ <IC, diethanolamine 1) (11, v v 7)) &I (&
Mr4efFix Figure9b IC#:3°3), (b) Diethanolamine JETFHE F (FH). B L UOEETF (FL v )
TOE R, 48 KO SUGHK T, (LA 11 FFE T IcEs T, (i (4) oEfFEIE
30% 727z, (mean=+SD,n=3).
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3. 7 PRI L 7 4 v &2\ 72 o0-aminophenol DN & i

ATIEHIC 3\ CHERZ X 7z o-aminophenol DBEEEICHE S 7 + 8 o B-A BRI A LR = L&
VORISR 2, STLBR) &R UWEAL 7 4 VLAY THMETT 2 2MET L 72, FEE
7 b v TH % chalcone ZH\>, Figure 8 & [FIERDITIEIC XL T, % ® o-aminophenol {1l
k (12) 2B L7z, LAY 12 Z HNMR ICTE=X ) v L7z 25, KiiAL 74
v ERIBRIC o, B-ABEFI 7 VR = AALEY DI A HER T 4172 (Figure14), 2D Z &5, o-
aminophenol DIHEICHE S o p-AEIFI A LR = ALEY O HEIRR I, WAL 74 v %2
T2 MEULAYNCH L CHEMARETH 5 T L AR I T,

OH
(0]
©[NH o CD;0D CEOH .
+
37°C NH, O O
12

chalcone

| |
.

L e

‘ ”l JL chalcone

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
& (ppm)

.

Figure 14. R AL 7 4 Y& F A chalcone @ o-aminophenol £k (12) ZH w7 H
NMR (500 MHz) i€ =% U »/ 2. CD;OD #f#f%. NMR F = — 7T 19 K] (37 °C)
fHE S % &, chalcone HIZkD v 7" F sk X 7z,

25



4. PO D RET
41, 7a b vEBEELIET 0 b v A

X0 BRI 7 SOCHSRE 2 F0 2 By BBEDSHERZ X 7z + AL o-aminophenol fifin{k (3) % F
WL OMET 21T o 720 T THI D ICKICHIE DS % | CD;OD. CDsCN, XU
DMSO-ds DEFIE 3 i L T, NMR F2—7%T 2 HfE 37°C) 4 vF 2~xX—}
L. HNMR HIE %177,

Z DFER, Michael Z7&ARD dodec-1-en-3-one (6) DR S =D X, 7' v b VA
D CD;OD DA TH - 7= (Figure 158), % DfhdIET & b v AR T3 dodec-1-en-3-one
(6) HiZkD > 7" F IV IFHER T & 3 (Figure 15bc). o,B-ABZMI A7 VR = AL G DT 23 AT
T3IE T e b RS SETH B T EAIRREI T,
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Figure 15. "H NMR (500 MHz) I X 32 HEAHEH TD retro-Michael KIGE=% Y v 7. 7

24 o-aminophenol A& (3) % F\>T retro-Michael JXIGD#EST % FFffi L 7z, (a) CD;0D,
(b)CDisCN, H X T (c)DMSO-ds ® 9 H. CD;0OD D & T dodec-1-en-3-one (6) D it A3HfERE
Iz,
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4.2. JKiT X 2 BEBEROG D etk

INET, 7'u b YHAES Michael RIGZEHICHED 5 2 L IFHEI N TR 5208 5,
HIHEHIC 35T retro-Michael SUGICEHE W TH FIBRICHAITH 5 Z L 25RB I N7z, SefTii%E
Tl STLB(2) ©@ o-aminophenol WS (X MeOH 100% V&K CIEHEZR X 3, MeOH &
PBS DRABREFCORBHIE N T2, COMELL, 7u b vIHEAERICOWTD,
FOCIRHEICEDL B 5 T BRI N, £ T, 7 M o-aminophenol flI{& (3). o-
aminophenol % X O° dodec-1-en-3-one (6) IZ DWW THEMZEM L. MeOH & MeOH/H,0
(4:1) WA oM O BtEEE % L L 72 (Figure 9a, 16),

Z D%, MeOH Tid o-aminophenol fIf& (3) (ZIGHAIRIFD 50% F THA L 72,
¥ 72 ROCHIRREIC B 1T 2LEY 3 L KL 72 o-aminophenol. dodec-1-en-3-one (6) @ €L
IEBFHE L 72 & 25, 50% ICET 5 E THI 48 R 2 L7z, —77, K& DRABET
FH DK 24 B CTH o7z, 2D, Fu b VHEABENICE VLTS, KiZ MeOH XV
RE eBHSEFR 2632 2 LARB I N7z,

A 3
100 & o
A % -©— 6
S P =B~ o-aminophenol
©
c
>
g
S 50 +
o
o
25 1
[OR* T t T |
0 24 48

time (h)

Figure 16. 7~ F &l o-aminophenol fil{& (3) ® MeOH HiC 351} % o-aminophenol FiHEE
BFE. fHn{k (3). o-aminophenol, ¥ X U8 dodec-1-en-3-one (6) DTFFEZR L 48 HEfEIFL 1%
L o7, (EEEMEIT Figure 9a #4925  mean+ SD, n =3).
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4.3. HEIKZRAHAIC X B IR E O FRf

—f%HIIC Michael SUGIZFEIIGTH 3 2 &0 6, HREH COEKE L DI
v b v =7 HESRY S5, % 2 THEAKRLZEZ 'H NMR ICCRHfi L. &BEHR T
SCHE D i 2 il 7o, FAM xR, FHINBOGIC B\ C AP o BEKFR L I e
— ZHREBHP T2 AR = o i 7 m v, g plioso b ve—2
IS % HBE 4 2 2 & TfT o 72, CDsOD & CD3OD/D20 (4:1) DiAHERMCHELR % 1T - 72 K558,
CD;OD i fhnfk (3) & dodec-1-en-3-one (6) DEKKRAZI N TR VA LKR=IL o
fii7 o b Vi ZFNEFN 64, 84% THo7=DICH LT, KB TIE 34, 52% &K%
mL7zo ThX 0, L&Y 3 55 D o-aminophenol D Wif, & X T{LEY 6 & o-
aminophenol D fIAIRIGIZ, KIERF O ALY RELHEECHET LT LFEZI LML
(Figure 17),
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(a) CD,0D 100%
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(b) CD,0D/D,0 (4:1)
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Figure 17. 'TH NMR (500 MHz) iC X 3 W AR = o fKBOEKELBRIGE=2Y v 7.
(a) CD;0D (b) CD;0D/D,0 (4:1) ICTHIE.3 @ B i (AL ), dodec-1-en-3-one (6) ® B
7 (#%). 3 @ a fiZ (F). dodec-1-en-3-one(6) D o fif (¥~ 7).(c) ikM.a fi2& B H27
o by — 27 OifEIZ. CD;0D/D0 (4:1) ERF O F 3L D /NS | FHRKFER ML L b &
CHEFTLTWB Z AR INT,
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5. ¥Ak pH 2% o-aminophenol D WitHfE S GH L~ KT 3522

KIT, IKREEFRCTO pH OFED L L 72, BMESMEE LT, MeOH/ NaOAc (pH 4.0)
D 41 BEVEEE, EEMEIE L LT, MeOH/Tris-HCI (pH 8.8) @ 4:1 IBAREE% Fvs, HPLC
IC X BEBIIT AT 70

Z DB, 7 A o-aminophenol fHN{A (3) D Midfkic B4 2 R ix, BEME & MR o
ZthE b RE L ZED ST (Figure 18), pH4.0 & pHB8.8 iCFHWTiE. o-aminophenol O itk
& dodec-1-en-3-one (6) DIHIHEICH KE B3 bW E 2 bNT,

(&) MeOH : NaOAc (pH4.0)=4:1 (b) MeOH : Tris-HCI (pH 8.8) =4 : 1
100 100 A & &
-- 6
S ISR % i —8- o-aminophenol
g 2 S
g 50 g 50+
25 25 1
0 + 4 0 + !
0 24 48 0 24 48
time (h) time (h)

Figure 18. Btk 3 X HEEM /KA ICB1F %5 o-aminophenol Fii B E B FF4fi. (a) MeOH/
NaOAc (pH 4.0) ® 4:1 IRE&VALH TORER. (b) MeOH: Tris-HCI (pH 8.8) @ 4:1 RATRIEH
TORER. (@), (b) & i, K 24 FEfEZICS P AL o-aminophenol fTAI{E (3) 13FEAFHE 50%
R L7z, (EBEML Figure 9a IC#3° % mean + SD, n =3).
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6. 7 =/ —AYEKEEFLD o-aminophenol B S Foas EE ~ o 5 2

ZKIT, o-aminophenol IZ DWW THH LG, ftho7 =V VEFEMAR L IR L T, op- A EIH
NN R ZAMCEY D IUH SRR G L 720 RKIVERILEY STL Ex B w7256 Tld.
T =V VENLD 7 = — APOKBERE DS X b o B S e STL G D W TR BHEA
B HhdrolB, 22T, STLG IKMIET % o-anisidine A (13) &K L. THNMR
Wk dE=£2Yv7E HPLC ZH Wz Emilffiz. 7 8 o-aminophenol fIfE (3) &I[A
BDOZ&M<fT - 7= (Figure 19).

Z OfEFR. H NMR HlIiE & HPLC ERDOMJTICE VT, LEY) 13 2> 5 D dodec-1-en-3-
one (6) & o-anisidine OHIIMER S NF, BBV OEKDBD N d o7z, —JT T,
HPLC E&E DfEH, o-anisidine £k (13) DEFRIZHK 90% &b FTHhRBLBYBRL
. BSOS OHEFTAIRE X Tz,

Z 2T, T s Michael ZAEKDKAELED, HPLC HIE I E %2 5 2 5 AlREME 2 &
L., £ 7 AFAAIEOME Y oct-1-en-3-one % JFEHT o-anisidine fFil{k (14) % &L
720 SR (14) % CDsOD/D:O (4:1) ICIEfEL . HNMR =X VU v 7% T o 72555, 24 W
fl#1C oct-1-en-3-one Z MU L T3 Z & 23R S U7z (Figure20), Tk b, 7=/ — v
PEKIERE T retro-Michael SOG % RHEX & 2 AT DO—2>TH % L L bIC, o-anisidine N4
LD WWT S RHEPRICSEMIC X o T, Bl T35 2 LRI i,
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Figure 19. o-Anisidine fin{& (13) @ o-anisidine i€ =% Y ¥ 7. (a) 'H NMR (500 MHz)
HIE 7 — £.CD;0D/D,0 (4:1) ICFHWT, 37°C T, 24 Ffil#¥# L <3 dodec-1-en-3-one (6)
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7. 0-Aminophenol D itEfE % A~ L 7= retro-Michael SICHEHE D & %%

7'u b BB TICE T 5 o-anisidine DIEEEFRM R MIEES )G IZ. ELeB RGBT 3
Mannich 260 7 VAEREEML T 8, KICOETICHERURT vE=
LG IZ T A FMAEBLETH O EMHHc s CIEESSE L 7 5 Fi TR o
T3 (Figure2la), —EDFER2 6, AKIGIE Figure 21b ISR I CHEET T2 E 2 5
N3, $abb, GOH R L LT 7 a b v A S LaPotE4 4 v ok (B)
NEZWIN D, KT, AR = DEESRIR T A IE D&M & O e BRI EoKERET
DRI &K EEITV (C). HEPIEDOBMAH U2 (D). KIC7 =/ —APoKEER D B ICHE
L7BRIE T2 o MOKBRTOFIZIRZ 2TV, AVKZANEEFRHLEINS C
LG, L) —AAEHEING (), —HWb Ao BETOM LAR LRI o fi~o
HKER I AR, B L I FHEREECHOWEA A v olgiEr & b BETEERF T2
ZI\JHLS Z & T, o-aminophenol & dodec-1-en-3-one (6) DAL 3 EE 2 b5, fthd
FOCHERE L L Cld, WAV FRABERT L 7 =/ —VHKIBEE, 53X 07 3 v L offfick#E
EBEC, =/ —AEBET 2B b AlREE L L THE X biLd (Figure 21c),
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8. o-Aminophenol @ 7 = / — VR KEERAE fiffi

DI Eof#tr X v, STLB(2) Ti#® 5472 o-aminophenol (£ 5 o p-AEIMI A LK = Al
BV ORISR, LG 3 ® 12 © X 5 & HiffiZe o-aminophenol fII{LEPIICEHE NTH
HHAEETH B Z R ENZ YT, 2 2T, KD E o,B-AEIH /7 VR = AL &P
WC, FRISEFMA L7 v F 7y 7Bl 0BT iR L, 3PnkErE @2 m L ¢
2 —Be LT, BFEEIIRRWN 2 BiERE O fH 5 2 BET L 72,

Thbb, BEEORERTFTH 25 & HHEHL 7 o-aminophenol L7 = /7 — L PE/KEERE X}
L. PREERMEMI 21T o 72 (Figure 22a), fRF#ESLERICIE, 1) BRI X s RELDOYINIT7 =

J —nMoKERFE % FEH X % 2) retro-Michael SIS X % o-aminophenol D REEfE, &9 =
B SOE % #8 7 o B-REURI A VR = ALEY ORI 2 BRI L 7= 7’0 ¥ 7 v 7L 2 MG L 72,
REE L o B-ABIM A VR = ALEY DEICE{ET % o-aminophenol DTF{EIE, JFHER I
~OEELE AT, Figure 21b ISR 7 = 7 — VKRR D pKa % %8 U 7= ROGHEFE D]
H 28, X OBERORBRER LICEED 2 L& 2722, BfRricix, fR#ER L L T B-galactose
B L 7z, B-galactose 1 fizd 7Y 2 & P& XL MK RSO XV UIMTd 2 B-
galactosidase (. Z 3 F CHEEMIALLEE COFRIEMAIH S 2107 5 T % 0, Z DFpED
5 SRS 2 B 2> O TEME I H I 3 2 BOBERRRGEE & L CillAA T 7z 0 3L JEsHH fgE
R AR ERE 2R L7279 F 7y ZH7Cd v S5 Twv 3 32 (Figure 22b),
Z DIERIC X Y BB T 2R~ DISEEZ M5 L A0SR 7 A S
PV DEFEB 2 RF L 72,

INLOWEESHFIC, 7 M o - A VR = LAY dodec-1-en-3-one (6) ICXT L
T, o-aminophenyl-B-galactoside (15) % /N & & 7z ¥ f Ntk 71 (16) &KL (Figure
22¢). B-galactosidase 1253 2 G H: % 7l L 7= (Figure 23), fEEEH . FEfHNAE 7 v (16)
IZXF LT B-galactosidase % iiN14.37°C ICTEHE L HPLC ICXk 2 =2 ) v %117z,

Z DR, NGBS 2 K1 o-aminophenol 1A (3) ot 2sEZR I, & I
WEfEI#2 12 12, B-galactosidase WLERIC X Y it & 7= {L &Y 3 135 L 7= (Figure 23), L 2
L7236, MeOH/H,0 (4:1) iRIE T C#I%E & 117z dodec-1-en-3-one (6) D (Figure 9a) 1%
BEmI NGB o7, 2T ALEY 3 BRI D W T Z MeOH/H,0 (4:1) 205 (1:9)

W L. P-galactosidase WLEE (Figure 23) D4efF & [FIEE, /KX 0 BEICTFET 2 BB
Tz TiL&Y) 3 25 D o-aminophenol D & & % A& 7=,

Z DFEE., MeOH/H20 (4:1) TOEEAER (Figure 9a) IZ 5\ THIZL X #1172 0-aminophenol
D it & dodec-1-en-3-one (6) DA ITEIZE X ixdr o 7z (Figure 24), — 77T, LAY 3 1
DWTIEZ DRI R 3B D b7z, KEEARSEETTIE, HPLC 12X 3 o
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aminophenol <% dodec-1-en-3-one (6) OMHIIHNEECTH 2 Z L IRB I N, Tz, KED
WA 72 3 25, BUNVEEATHLERA colchicine IC oW T{LAY 16 & [EIKDHEK %2 FHH - 4y
ML 72450 Clid, HPLC =% ) v 7T X o T, op-REUFI 7 v R = AL &Y O 25529
bz Z &5 (Figure 27). BEFTINA (16) (X B-galactosidase 777t T C dodec-1-en-3-one (6)
~NeEWINLEZ LN,
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() 72 A BRL PEV R CHE  R % — 2a. o-Aminophenol DIUKFEEHE b fR#RL % A5 L, BT
FRELH) 7o BESRAAE T Co R AEMEMEME 2 3 %, (b) B-galactosidase % F|H L 7z BREEIG
ERIEE D, FEF DAY TG-pGal 1 p-galactosidase 777E . HE%EFT 2 2-Me-4-
OMe TokyoGreen ~ & Z&ff1x 3 31, (c) p-Galactosidase k77 7x dodec-1-en-3-one (6) DX
HiZ%5t. o-Aminophenol @ 7 = 7 — A MK % B-galactose 1< TIEffi L 72 o-aminophenyl-B-
galactoside (15). ¥ X U' dodec-1-en-3-one (6) ICXf L T o-aminophenyl-B-galactoside (15) % {5
MU 728 b &9 (16) oG,
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9. /&

AKEDF DL LT, HidBREERORAARILAEY STLB(2) TRItINA Fu b

VBT D o-aminophenol DX, STLB ICHRABHRTII AL, BEAMKED T

k# o-aminophenol L& CHh BB SN Z EBHBHL 72, 72, K7 PHD op-
FEIFI ANV F = LEPIC BT, e b YEBRES X7 2 7 —VEKBEROFE T T
FOCHMERLICHEST T 5 S L AR &, TH DRSS b R RICHERE OHEE %17 - 72, Il

% C. o-aminophenol DfEfiiIC X v FEEFOFFRN 2 AMEEYEORE R Y, 7a FJ
v 7T~ & BB T ¥ B ATREME DS RIR X Tz,
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10. Experimental section

General procedures

All commercially available reagents were purchased from Nacalai, Fujifilm-Wako, or Tokyo-Kasei
unless described. Benzyl acrylate (7) was purchased from Tokyo-Kasei. B-Galactosidase (molecular
weight 540,000) was purchased from Fujifilm-Wako. Silica gel column was performed using Kanto
Silica Gel 60N (63-210 mm) (Kanto Chemical). TLC was performed using glass-backed silica gel
60F254 (Merck). NMR spectra were recorded on a JOEL 500 MHz instrument (JEOL). 'H and *C
chemical shifts are shown relative to the residual solvent: oy 7.26 and dc 77.16 for CDCls, dy 2.50 for
(CD3)2S0, 0u 1.94 for CD3CN, on 3.31 and dc 49.00 for CD30OD. Chemical shifts (d) are shown in
parts per million (ppm) and coupling constants (J) are in hertz (Hz). High-resolution mass spectra
were recorded on an ESI-ITTOF-MS (Shimadzu) or a FAB-MS JEOL JMS-700 double-focusing mass
spectrometer (JEOL).

Chemical synthesis procedures

Dodec-1-en-3-one (6). To a stirred solution of decanal (0.83 g, 5.3 mmol) in THF (10.6 mL) was
added vinylmagnesium bromide (1.0 M in THF, 6.4 mL, 6.4 mmol) at 0 °C. After being stirred for 1
h, the mixture was warmed up to rt and stirred for an additional five days. The reaction was quenched
with 3 M HCI aqueous solution and the layers were separated. The aqueous layer was extracted six
times with Et,O, and the combined organic layers were washed with sat. NaHCOs3, dried over NaxSOq,
and evaporated. The residue was subjected to silica gel column chromatography (n-hexane/EtOAc) to
afford a fraction containing 1-dodecen-3-ol (1.17 g). To a stirred solution of oxalyl chloride (0.75 mL,
9.5 mmol) in CH>Cl, (34 mL) was added DMSO (0.90 mL, 12.7 mmol) at -78 °C. The resulting
solution was stirred at -78 °C for 30 minutes, and then a solution containing dodec-1-en-3-o0l (1.17 g
in 2.5 mL CHCl,) was added. After being stirred at -78 °C for 45 min, triethylamine (4.4 mL, 31.8
mmol) was added to the mixture. After 10 minutes the reaction mixture was warmed up to rt. The
reaction mixture was diluted with CH,Cl,, washed with water and brine, dried over Na;SO4, and
evaporated. The residue was purified by silica gel open column chromatography (n-hexane/EtOAc) to
afford compound 6 as colorless oil (557.9 mg, 58% over two steps): 'H NMR (CDsOD, 500 MHz) ¢
6.38 (dd, J=17.8,10.3 Hz, 1H), 6.27 (dd, J=17.8, 1.3 Hz, 1H), 5.88 (dd, J=10.3, 1.3 Hz, 1H), 2.63
(t,J=7.5Hz, 2H), 1.54-1.64 (m, 2H), 1.36-1.24 (overlapped, 12H), 0.90 (t, J= 7.0 Hz, 3H); *C NMR
(CDs0OD, 125 MHz) ¢ 203.4, 137.7, 129.2, 40.3, 33.1, 30.61, 30,59, 30.4, 30.3, 25.2, 23.7, 14.4; HR-
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MS (FAB) [M+H]" m/z 183.1746 (caled. for C1oH:0, 183.1749).

1-((2-Hydroxyphenyl) amino) dodecan-3-one (3). Compound 6 (10.4 mg, 0.057 mmol) and o-
aminophenol (31.1 mg, 0.28 mmol) were dissolved in CH3CN (57.0 pL) and stirred at rt for 17 h. The
mixture was subjected to silica gel column chromatography (n-hexane/EtOAc) to afford compound 3
as an orange solid (11.2 mg, 67%): '"H NMR (CDCls;, 500 MHz) 6 6.87-6.80 (m, 1H), 6.78-6.66
(overlapped, 3H), 3.39 (t, /= 6.0 Hz, 2H), 2.73 (t, /= 6.0 Hz, 2H), 2.42 (t, J= 7.5 Hz, 2H), 1.62-1.52
(m, 2H), 1.34-1.18 (overlapped, 12H), 0.88 (t, J = 6.8 Hz, 3H); '3C NMR (CDCls, 125 MHz) § 211.1,
145.3,136.2,121.4,119.3, 114.8, 114.2,43.5,42.0, 39.8, 32.0, 29.6, 29.5, 29.4, 29.3, 23.9, 22.8, 14.3;
HR-MS (ESI) [M+H]" m/z 292.2278 (calcd. for C1sH30NO2, 292.2271).

Benzyl 3-((2-hydroxyphenyl) amino) propanoate (4). Benzyl acrylate (7) (210.8 mg, 1.3 mmol), o-
aminophenol (709.3 mg, 6.5 mmol) and silica gel (700.8 mg) were dissolved in CH3CN (1.3 mL) and
stirred at 86 °C for 15.5 h. The mixture was subjected to silica gel column chromatography (n-
hexane/EtOAc) to afford compound 4 as dark brown oil (202.5 mg, 57%): 'H NMR (CDsOD, 500
MHz) ¢ 7.37-7.28 (overlapped, SH), 6.73-6.62 (overlapped, 3H), 6.57-6.51 (m, 1H), 5.14 (s, 2H), 3.44
(t, J= 6.5 Hz, 2H), 2.67 (t, J = 6.3 Hz, 2H); 1*C NMR (CD3;O0D, 125 MHz) § 173.9, 146.4, 137.8,
137.5,129.5, 129.18, 129.16, 121.2, 118.9, 114.8, 112.7, 67.4, 40.8, 35.0; HR-MS (ESI) [M+H]" m/z
272.1283 (calcd. for CisHisNO3, 272.1281).

N-Benzylacrylamide (8). To a stirred solution of benzylamine (0.22 mL, 2.0 mmol) in CH>Cl, (5 mL)
were added Et3N (0.31 mL, 2.2 mmol) and acryloyl chloride (0.18 mL, 2.2 mmol) at 0 °C. After being
stirred at rt for 1 h, the reaction was quenched with sat. NaHCO; and extracted with CH»Cl, three
times. The combined organic layers were dried over Na;SO4 and concentrated in vacuo. The residue
was purified by silica gel column chromatography (n-hexane/EtOAc) to afford N-benzylacrylamide
(8) as a white solid (221.1 mg, 69%): HR-MS (ESI) [M+H]" m/z 162.0916 (calcd. for CioH2NO,

162.0913). NMR spectrum was in agreement with the literature data.

N-Benzyl-3-((2-hydroxyphenyl)amino) propanamide (5). N-Benzylacrylamide (8) (209.6 mg, 1.3
mmol), o-aminophenol (709.3 mg, 6.5 mmol) and silica gel (700.8 mg) were dissolved in CH3CN (1.3
mL) and stirred at 85 °C for 36 h. The mixture was purified by silica gel column chromatography (7-
hexane/EtOAc) to afford compound 5 as dark brown oil (46.5 mg, 13%): '"H NMR (CDsOD, 500 MHz)
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0 7.31-7.24 (overlapped, 4H), 7.24-7.19 (m, 1H), 6.74-6.66 (overlapped, 3H), 6.56-6.50 (m, 1H), 4.37
(s,2H), 3.45 (t,J= 6.5 Hz, 2H), 2.55 (t,J = 6.8 Hz, 2H); *C NMR (CD30D, 125 MHz) § 174.4, 146.3,
139.8, 138.0, 129.5, 128.5 (2C), 128.1, 121.2, 118.7, 114.7, 112.6, 44.1, 41.5, 36.7 ; HR-MS (ESI)
[M+H]* m/z 271.1440 (calcd. for C16H19N202, 271.1441).

Octyl 3-((2-hydroxyphenyl)amino)propanoate (9). Octyl acrylate (10) (300 mg, 1.63 mmol) and o-
aminophenol (888 mg, 8.14 mmol) were dissolved in CH>CN (1.63 mL) and stirred at 80 °C for 3 h.
The mixture was purified by silica gel column chromatography (n-hexane/EtOAc) to afford compound
9 as dark brown oil (8.8 mg, 2.0 %): 'H NMR (CD30D, 500 MHz) 6 6.74-6.63 (overlapped, 3H), 6.56-
6.51 (m, 1H), 4.09 (t, J= 6.5 Hz, 2H), 3.42 (t, J= 6.3 Hz, 2H), 2.62 (t, J = 6.5 Hz, 2H), 1.63 (quin, J
=7.0 Hz, 2H), 1.39-1.24 (overlapped, 10H), 0.90 (t, /= 7.0 Hz, 3H); *C NMR (CDsOD, 125 MHz) ¢
174.3,146.4,137.8,121.2,118.9, 114.8, 112.7, 65.8, 40.9, 35.0, 33.0, 30.4 (2C), 29.7,27.1, 23.7, 14.4;
HR-MS (ESI) [M+H]" m/z 294.2066 (calcd. for C17H2sNO3, 294.2064).

Benzyl 3-(bis(2-hydroxyethyl)amino)propanoate (11). Benzyl acrylate (7) (0.45 g, 2.77 mmol) and
diethanolamine (0.429 g, 4.08 mmol) were dissolved in MeOH (10 mL) and stirred at rt for 25 h. The
mixture was evaporated and the residue was extracted with EtOAc (15 mL) and brine (5 mL). The
combined organic layers were dried over Na;SO4 and concentrated in vacuo. Compound 11 was
obtained as colorless oil (496.5 mg, 63%); HR-MS (ESI) [M+H]* m/z 268.1504 (calcd. for C14H2oNO4,

268.1543). NMR spectrum was in agreement with the literature data.>*

3-((2-Hydroxyphenyl)amino)-1,3-diphenylpropan-1-one (12). Chalcone (100 mg, 0.48 mmol), o-
aminophenol (52.4 mg, 0.48 mmol) and KOH (13.4 mg, 0.24 mmol) were dissolved in EtOH (1 mL)
and stirred at rt for 6 h. The mixture was purified by silica gel column chromatography (n-
hexane/EtOAc) to afford compound 12 as an orange solid (5.4 mg, 4%): HR-MS (ESI) [M+H]" m/z
318.1485 (caled. for C2HxNO,, 318.1489): [a]d’= -2.6 (¢ 0.1, CHCl;). NMR spectrum was in

agreement with the literature data.’

1-((2-Methoxyphenyl) amino) dodecan-3-one (13). Dodec-1-en-3-one (6) (10.4 mg, 0.057 mmol) and
o-anisidine (35.0 mg, 0.28 mmol) were dissolved in CH3CN (57.0 pL) and stirred at rt overnight. The
mixture was purified by silica gel column chromatography (n-hexane/EtOAc) to afford compound 13

as a white solid (10.0 mg, 57%): 'H NMR (CD;OD, 500 MHz) ¢ 6.84-6.79 (m, 2H), 6.69-6.63 (m,
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2H), 3.81 (s, 3H), 3.38 (t, J= 6.8 Hz, 2H), 2.76 (t, J = 6.3 Hz, 2H), 2.45 (t, J= 7.3 Hz, 2H), 1.57-1.50
(m, 2H), 1.35-1.21 (overlapped, 12H), 0.90 (t, /= 7.0 Hz, 3H); '3C NMR (CD;OD, 125 MHz) § 212.9,
149.2, 138.3, 122.3, 119.1, 112.5, 111.0, 56.0, 43.8, 42.3, 40.0, 33.1, 30.60, 30.58, 30.4, 30.2, 24.8,
23.7, 14.5; HR-MS (ESI) [M+H]" m/z 306.2435 (caled. for C1oH3;NO,, 306.2428).

1-((2-Methoxyphenyl)amino)octan-3-one (14). 1-Octen-3-one (50 pL, 0.334 mmol) and o-anisidine
(56.2 puL, 0.5 mmol) were dissolved in MeOH (2.67 mL) and water (668 pL). The mixture was stirred
at rt overnight and was purified by silica gel column chromatography (r-hexane/EtOAc) to afford
compound 14 as a white solid (56.5 mg, 68%): "H NMR (CDsOD, 500 MHz) ¢ 6.83-6.77 (overlapped,
2H), 6.67-6.62 (overlapped, 2H), 3.81 (s, 3H), 3.38 (t, J = 6.3 Hz, 2H), 2.75 (t, /= 6.5 Hz, 2H), 2.45
(t, J=17.0 Hz, 2H), 1.54 (quin, J = 7.5 Hz, 2H), 1.36-1.20 (overlapped, 4H), 0.89 (t, /= 7.3 Hz, 3H);
BC NMR (CDsOD, 125 MHz) 6 213.1, 148.9, 138.9, 122.3, 118.3, 111.8, 110.9, 56.0, 43.8, 42.5, 39.6,
32.5,24.5,23.5, 14.3; HR-MS (ESI) [M+H]" m/z 250.1794 (calcd. for CisH23NO>, 250.1802).

o-Aminophenyl-p-galactoside (15). o-Nitrophenyl f-galactoside (ONPG) (200 mg, 0.664 mmol) was
added to methanol (19.0 mL) and the solution was stirred until the solid was dissolved. 5% Pd-C (39.8
mg) was added to the solution. Hydrogen gas was introduced into the mixed solution for 3.5 h at rt
under a nitrogen atmosphere. The reaction mixture was filtered to remove Pd-C and the filtrate was
evaporated in vacuo. Compound 15 was obtained as a white powder (quant., 184 mg): HR-MS (ESI)
[M+H]" m/z 272.1116 (caled. for Ci12Hi1sNOg, 272.1129): [a]3’= -57.0 (c 0.07, MeOH). NMR

spectrum was in agreement with the literature data.3¢

1-((2-(((2S,3R,4S,5R, 6R)-3,4, 5- Trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)phenyl)amino)dodecan-3-one (16). Dodec-1-en-3-one (6) (6.0 mg, 0.033mmol) and 15 (17.9
mg, 0.066 mmol) were dissolved in CH3CN (329 uL) and stirred at rt overnight. The mixture was
purified by silica gel column chromatography (CHCI3/MeOH) to afford compound 16 as a white solid
(1.7 mg, 11%):'"H NMR (CDs0D, 500 MHz) 6 7.10 (dd, J= 7.5, 1.5 Hz, 1H), 6.93 (td,J=7.8, 1.2 Hz,
1H), 6.68 (dd, J = 8.0, 1.5 Hz, 1H), 6.59 (td, /J="7.5, 1.3 Hz, 1H), 4.62 (d, /J="7.5 Hz, 1H), 3.89 (d, J
=3.0 Hz, 1H), 3.82-3.71 (overlapped, 3H), 3.61-3.56 (brt, 1H), 3.55 (dd, J=10.0, 3.5 Hz, 1H), 3.38
(t, J= 6.8 Hz, 2H), 2.77 (t, J = 7.0 Hz, 2H), 2.48 (t, J = 7.5 Hz, 2H), 1.58-1.50 (m, 2H), 1.36-1.22
(overlapped, 12H), 0.90 (t, J = 7.0 Hz, 3H); '*C NMR (CDsOD, 125 MHz) ¢ 213.0, 146.9, 140.9,
125.1, 118.8, 118.0, 112.4, 105.4, 77.0, 74.9, 72.4, 70.2, 62.4, 44.0, 42.8, 39.7, 33.1, 30.6 (2C), 30.4,
30.3,24.8,23.7. 14.4; HR-MS (ESI) [M+H]" m/z 454.2783 (calcd. for C24H4NO7, 454.2799): [a]30=
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-62.4 (c 0.03, MeOH).

Monitoring of the conversions of o-aminophenol/o-anisidine Michael adducts
Compounds (3, 4, 5 and 13) (1.0 mM) and caffeine (internal standard, 100 uM) were dissolved in
MeOH, MeOH/milliQ water (4:1), MeOH/0.1 M NaOAc (pH 4.0) (4:1) or MeOH/50 mM Tris-HCI
(pH 8.8) (4:1) and incubated at 37 °C. A portion of the reaction mixture and the authentic samples
were analyzed by HPLC. HPLC conditions for compounds 3: Cosmosil MS II (@ 4.6 x 250 mm), a
linear gradient of 5-100% MeOH in aq. at a flow rate of 0.8 mL/min; HPLC conditions for compounds
4 and S: Cosmosil PBr (@ 4.6 x 250 mm), at the same conditions above. Keto-type: Chromatograms
at 210 nm (3, 6, 13, o-aminophenol, o-anisidine and caffeine) were used for measuring the amount of
the compounds. Ester and amide-type: Chromatograms at 210 nm (4, 5, 7, 8 and o-aminophenol) and
270 nm (caffeine) were used for measuring the amount of the compounds. Observed peak areas (3-8,
o-aminophenol, o-anisidine, and caffeine) were calculated and quantified using Labsolution ver. 5.90

(Shimadzu) and excel.

'H NMR based monitoring
Compound 3 or 9 (3.7-4.6 mM) were dissolved into CD30D or CD30D/D-0 (4:1). The mixtures in
NMR tubes were incubated at 37 °C sealing with parafilm. The chemical shifts of 'H NMR were

recorded at 1 day, and 2 days after incubation started.

Monitoring of the releasing of 3 from 16 in the presence of B-galactosidase
Compound 16 (0.2 mM), B-galactosidase (2.8 U/mL) and 1.3 mM MgCl, were dissolved into 90
mM phosphate buffer (pH 7.3). The mixture was incubated at 37 °C for 2 or 4 h. Reaction was
quenched with ice cold MeOH (300 pL) and centrifuged at 15,000 rpm, 10 min, 4 °C. The supernatant
was analyzed by HPLC. HPLC conditions were follows: Cosmosil MS II (@ 4.6 x 250 mm), a linear
gradient of 5-100% MeOH in aq. at a flow rate of 0.8 mL/min. Chromatograms observed at 254 nm.
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11. NMR spectroscopic data

"H NMR (500 MHz, CDsOD), *C NMR (125 MHz, CD3OD)
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'H NMR (500 MHz, CDCl3), *C NMR (125 MHz, CDCl5)
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"H NMR (500 MHz, CDsOD), *C NMR (125 MHz, CD3OD)
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'H NMR (500 MHz, CDCL), 13C NMR (125 MHz, CDCl)
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"H NMR (500 MHz, CDsOD), *C NMR (125 MHz, CD3OD)
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"H NMR (500 MHz, CDsOD), *C NMR (125 MHz, CD3OD)

1H NMR spectrum of 9

o HO]@
/\/\/\/\OJJ\/\H

9

3.0
|

20
1
10.74

1.0
297
101

203
—_—

193

200

205

314

abundance
)
L
—_—
=

60 50 0 30 20 1

a

343\_\;
==
T
o
—=

0~ _
(7
=
T
=
~_°

0897
0883

091

13C NMR spectrum of 9

/\/\/\/\O)J\/\H

9

100 1L0 120 130 140 150
L I ! i L L

9.0
[

50 6.0 70 8.0

4.0
i

0

3.
I

2.0
i

(]
i

(thousandths)

0

)]

P - . .
2100 2000 190.0 180.0 1700 160.0 1500 1400 1300

1200 1100 1000 90.0 800 700 300

| L |

5 2 2 2% g
: s: i

X : parts per Million : 13C

51



'H NMR (500 MHz, CD;0D), '*C NMR (125 MHz, CD;0D)
IH NMR spectrum of 13
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"H NMR (500 MHz, CDsOD), *C NMR (125 MHz, CD3OD)

'H NMR spectrum of 16
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F2
o-Aminophenol {Effi Z Bz & L 72
RINEWALEY D 7w V7 v Z74LIcBd3 5 it

1. 55

F 1 Eolk, SEREREEYTH ST A o-aminophenol IR (3) ICDWT, 7' nm
b U MEBEERIC B T 5 o-aminophenol DL o B-AEUHI A7 VR = {L-EY) dodec-1-en-3-
one (6) DA HER I Nz, 2D ehb, 7a b v HEETICET 2IERENL o
aminophenol DMt & o,B-AELH] 77 VK = ALEW) DIHNE. FVTGERE Saccharothrix sp.
A1506 2> & Hiff X 7= RIREBIL AP saccharothriolide B (STL B, 2) ICRF R AR Tldn\»
EEZ b7z, o T, o-aminophenol IC X % —Wiffi#E CLEM % 1M L X272 o p-AAIHI A
VR =L EY % | TR RG TR B ERALESY I SO HIEE © 2 UE, SRS CIEFRF R it &
2R TAEYEEE ICO W, BWEH ORISR TZ 5,

AREFECTI, [FRIGZ EYRETEWE IS S 2 2 &, BREEA KRN 72 B YRS % B
fBL7. £9°. WA X3 7 7 VRO RARERLAY <. WMEAFEEEERSE L L <K T
WHITW 3 colchicine ICDWT, af-FRIAIA VR = AFEEZEA L, o-aminophenol it
HE I S PR BB R R 2 AR PSR O T 2 BT L 720 MR CL o B-ANEERT A7 VR = U
&2 NS 2 K%Y Rabdosia rubescens Hi2E D KA ELAEY) oridonin ICEHH L. o-
aminophenol Z4H® &3 27 =V VEHOMMFERICH L. Z D BiiE o ReEERE O etk 2 &
L7z,

ﬂﬁﬂ
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KINAREILEY) colchicine FHEMR% F V7= Wi, BP0 M a A

ARXY7 7 VDEET LT LA AR colchicine &, UNEDBEAHEFEHEZE L. VY
< F ORI & L TR CTHWwS T3 (Figure 25a)%, iz T, fifi. fGHEIC a4 3
SRN T BUBBER & I S T v 2 28, FERRER A 7o AR RRAR IO 3~ 2 K A ic X 2 |IfE A 23
B h, YZHERCOBRICHIZERL T, % 2T, colchicine 1T o,p-AAIfl A L
R AEE R B A L 7258k % & L. o-aminophenol il FIF L 7= IEE Ml I &R AY 7
BaEGEINEI e D AT 5 2 RET L 72,

Colchicine 1ZDVW>Tld, B4 ZaFEMARIC X 2 3G C@ R B2 fgm L 23T b <
W3 B KIESEHT S af-REafI LR = fEid, Cys ko L LzkiktET 2/
MR IL e O CHARAGZEKT 2, ChUoDRIGHET I 7 BEEZE T 20T L D

EHBEATEBILIEETH 5 720, SAIMIEC U 72 FEEREE 103 2 BRI G0 o FEBIc
HE LT3 9, Zo7-%, colchicine IZXf L ap-AIM A AR = ARG DEA L | o-
aminophenol f&#iIC X 2R3 <, BREICE I G MERIRFE 23 TR I Ze Ui IEJA W IESRA
e it 3 2 SR GIZh R D R fiE & v 5 R &2 G2 LoD, B OfV#E % gk < % 2 WHE
TAH Y D EYREEYE SN T 2 RMREEDOICH~D B2 ) L R V152,

2.1. o,B-AEAFI A7 VR = K& % 3 5 colchicine 584K DA K

Colchicine ¥ X "% DFHIRIAR~D o B-FEIFI A VR = AEEEEAH 1T DR S 1
T, flziE, B BRED C-7 fLICHEET 2 N-T & F AN 22541 L 72 thiocolchicine 7%
Bk (Figure 25b) 1. FF Michael ZZEALEY XL Y H . mixed lymphocyte reaction (MLR) 7
YA LB TEWAEYEEZ R L7z 9, £72.C-7 L7 3 7 ok 3 2 HEE AL D |
AF LV ENLUTEALZFHERD WG ST 5, il z12, allocolchicing 1 X F L ¥ &4
LT op-AEIRI A VR = S % M 2O0A A 72L& YIHE (Figure 25¢) 13, X v 87 B LoD
Cys W&H7x & ORMMEMIBE & KIG T 5 Z & TR IEESHEENH R 2R3 e HE I T
% 4,

b %5 IC, N-deacetylcolchicine @ B g C-7 fizod 7 I / Ficxt L T, 5-0x0-6-
heptenoic acid Zifiey . 7 M o B-AEIFI A7 VR = VRS 2 EA L 2 FilaE R (17)
A L 7= (Figure 26), {L&%) 17 © o-aminophenol ffiN{& (18) & o-anisidine {1k (19)
IZ 2T L. o-aminophenol ¥ X ' o-anisidine DFFANIIC X % Michael NG TELL 72,
¥ 72, AR VR RS G 2 B IR~ O E R Gl 3 L BARIRNERE R (20) %
N-deacetylcolchicine 12513 % 5-oxoheptanoic acid DA IC L W A L7z, 2 b LAY
ZRHWT, 58 1 <oy P o-aminophenol fHNfE (3) O EEHEFR % S% T retro-Michael
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VY S s A

(@)
OMe
colchicine
(b) o MLR assay
R ICs (NM)
R= r‘fa 67
B M\ 702
( ) BxPC-3
c
0 ICsp (NM)
Me© O. Lo _r
TN _ .
MeO H \c[)r R= W= 16
MeO O
CO,Me W 16

Figure 25. Colchicine 3 X ' a,p-FEIFI A L F = L8 ARIFEADOREER. (a) Colchicine @
fE3. (b) Thiocolchicine T a,B-TEIFIA LR = A fiE | KA L 7 4 v 2 EA L 72 5E
K. MLR 7 v 24 2B VWT, af-TEIFIA VA= ARG 28 A L 23801, JEtk o+ L
74 vEREBALLFEARLY DK 10 FEmuiEtExzand 49  (c) Allocolchicine (ICXf L o,B-
REIFI A VAR VRS ZEA L2358, 2 b i3 BEEMIE BxPC-3 123 L T v s
FEANHIN R &2 7R 3 4,
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Figure 26. Colchicine ® B 38 C-7 {LZ{EHf L 7= BiRFHEEMR D & RREEE. Colchicine % H¥
WEELT, 3 27Ty 7 TlT ®F it E L7z N-deacetylcolchicine #1537z, % D%, N-
deacetylcolchicine ZXf L 5-oxo-6-heptenoic acid % ffiifs L. Michael Z&A%ZEA L 71L&
Y17 2R 22% THKL 72, {LEP) 17 16 LT, o-aminophenol, o-anisidine 35 X O
o-aminophenyl-B-galactoside (15) % Michael /il X4, 18 (46%). 19 (35%). 21 (45%) %1%
7z. BUAITUEEE(R (20) 1X. N-deacetylcolchicine (¥} L 5-oxoheptanoic acid % #fEér & ¢ %

T, K 61% TE7-,
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2.2. Colchicine #E{A % I\ 7= retro-Michael SIG D i€ & 2l

F W ® I o-aminophenol ffil{A (18). o-anisidine fIhl{A& (19) IC2WT,PBS Ny 7 7
— iz 1T % retro-Michael KJG% HPLC i X W ®EZHME L 72 (Figure 27), % DFEHE. o-
aminophenol f{& (18) & o-anisidine ffhlfk (19) ® W5 IC BT, FRFEH 7 retro-
Michael SIGDMEFTIC X % o p-REIFI A LR = ALEY) (17) OBHPBIE X vz, KIGH
m o 4 KR E T 2 ko RERIE. LEY 18 (13%). (L&Y 19(78%) TH V.
%1 mECOHOAMIAE (3, 13) L IFERIC retro-Michael St % o-aminophenol Iz X b
R HITHET L 72,

o-Aminophenol flfE (18) X Vit s 2 {L&EY 17 OoREHER %, ICHIBF RICE
F2EY 18 et FaEApEL UCHHEIT 2 & RIGHG 4 FEE# K 30% 1S L,
PARE I EHIRBBIC R o 72, o-Anisidine fFI& (19) 225 o B-AEIR A VA= ALEY (17)
DRI RIGHIG X 0 4 RERILARE D EFT L. 24 FERIRICEH T (LAY 19 i3 20
THEIIK) 50% THotz, TDI LD b, 5 1 & (Figure 93,19) TEA L 725 b BNk
(3,13) & Lb# L T, colchicine #5E(A (18,19) %\ 7z retro-Michael St %, 822> 1T
143z LRI N, {LEW 3 ITOoOWTERTOKIEEE F1F3 & o-aminophenol @
WidE I & 0l ICHEfT L /2 2 & (Figure 24). oct-1-en-3-one @ o-anisidine ik (14) <
b retro-Michael SG 3T L7 (Figure20) Z & 205, &AHIMA (3,13,18,19) Dbz
DIECTIERAK DENIC X o TELZEEZ LT,
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Figure 27. Colchicine &k (18, 19) @ PBS WKt icB 3 hilie=%Y v 7. (a) o-
Aminophenol & (18) @ HPLC F + — + 3 X O & &Ffli. o-Aminophenol & (18, #+
L vY) i PBS ., 37 °C Ik T, (L&YW 17 (F) 2t L7z, NEEEYE L L
T caffeine (*) ZH V72 EROKERE. (LAY 18 FICHBR R, S 4 Kl TRARD
80% LA EHA L. EHIKAEICE - 72, (b)o-Anisidine ffl{A (19) ® HPLC 7+ — b B X
Emali. (a) & [F—DKIBEETICE T, o-anisidine Ik (19, v~ 7)) L&Y 17
(F) 2B L7z (LAY 19 ZSOCHIRKR R 2> & 24 iR S K 42% 2357 L. 18 X b %
I REEDSHEST L 72, (Cosmosil MS I, @ 4.6 x 250 mm, 0.8 mL/min, 10-60% CH;CN in aq.,

210 nm. n = 3, mean + SD).
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2.3. Colchicine #FEAA D tubulin & FHE S

ATECEBK L 72— O FFHEER (17-20) 12D T, colchicine & Rk AW EM: %R 3
PRETT 2 720, BUNEEAEMNR 2 HI L 72 4%,

Z DFEHR. FRIAK L 72558k (17-20) 1X. negative control @ DMSO (60 min) & HEX L
256, TR HEOURE O T AHE I N 17:48% FHE, 18:36% FHE, 19: 78% [,
20:30% PFHE, Figure 28), LA - X U . &2 TOFFEIRIC T tubulin HEHFEFERZED bz,

300000 +
250000 + DMSO
>
& -
& 200000 colchicine
E . 17
(O]
© 150000 T+
<] —-— 18
(8}
3
5 100000 1 . 19
=
- —-— 20
50000
0 ; ; ; ; ; ]
0 10 20 30 40 50 60

time (min)

R =H (18) 20
R = CH, (19)

Figure 28. DMSO, colchicine, 35 X U' colchicine FHEF (17-20) OH/NEEATHERBR. i
FeIREE AME T R in vitro BUNEBEAHEFEH 2R3, A S 172 colchicine 7%
B (17-20) (10 pM) (T IFNDHUNEESAFZFEEZ R Lz, (HAEHESME, Excitation:

380 nm, Emission: 460 nm).
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2.4. b bAEIGIEMAE HT29 1X3 2 colchicine F5E(A& D LG RFiff

FTHLD colchicine FHEAMR (17-20) (X, BUNEEAHEIEHZ/R L7 (Figure28), £ & TX
i IEBARNE % F o 72 2B S MR % 17 5 72, & MEIGEYEMECH 2 HT29 Mgt L.,
colchicine ¥ X O&FFEM (17-20) 2RI L., 72 WEZIC 1Cs fEZ B L 72 (Figure 29),

Z DFEHR, o-anisidine A (19) 2% colchicine (5.4 nM) T\ TR AT ARG FEIN S 151
%7~ L7z (10.1 nM, Figure 29), —77 C. ap-FEIMIA VR = UALEY (17) D 1CsofiEi i 400
M U ETHo7z, UEX Y, BFEFER 17-19) ZRTHOMU/NEEAHERR (in vitro)
TIXFRREE D&MW 2 /R L 72 (Figure 28) 25, HEEHEIAMIGIZN R I SALEM TR E (B o T
WBZEDHLNIT 5 T,

O E LT, £lalo B sl o, Bitrhic g T h s v o RRmES 7 2/
WO, ALEY 17 AT 5 af-AERI A VR = UiiE & JERFERIIC RUG L 72 WTHE
M EZ o, ERE MEFEROFHEIEAYRmM» o 72 g TH o727z, v
VIRIRIMEICEEND X v 0 BHL9T 7 B L O+ KGR b 5 2 & el & vz,
72, ALEY 17 © o B-FEIRIA VR = &G Z  0-aminophenol IC X o TLRF#E L 72{LEY
18 oW Td, 17 X0 b JEEHGEINHIIRIZ B2 3 DD (126.1 nM), KIEKH T retro-
Michael ISIC X VL&Y 17 ~L ZE# I N 5728 (Figure 27). FBaFIBUEEER (20) (20.5
nM) & FBE U T RSB R 2 n d L il X h iz, —#HOER I 0, (LAY 17 ©
ST R O T 13, RE D o p-AEMIA LR ZAMEEIC X 5T 726 SN A
REMEDS R X iz, % 2T, PBS &4 EoakERCHliuki & L CTHIv»7z Dulbecco's modified
eagle's medium (DMEM) HiZ B 266 17 OLEM %, HPLC £=% V) v 7 CiHfi L 7=,

Z DR, LA 17 13 PBS Ny 7 7 —HiCE T 24 KK 89% 235fFE L Tw
7= DICxt L (Figure 30a),DMEM i Cid 24 IRl O A7 13720 b iz v> - 72 (Figure 30b),
ZOREY ALEY 17 I ZEEREGENHIEAEE T ld. DMEM |0 X v o8 78RSy L KOG L.
HUNE IS 2 A MK T 3 2 AREE SR S 7z,
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150 +

125 +

ICsp (NM)

=
o
o

< B~ colchicine 5.4
> —%— 17 >400
377 —— 18 126.1
>
B —A— 19 10.1
© 50

-=— 20 20.5

25 +

0.1 1 10 100
compound (nM)

Figure29. t F 5N HT29 1I<X9 3 colchicine K N8k (17-20) DOREFEMHIZN
R SFERBINE 72 KA coMIIEFEREEZ B L 2, FilEEL 2F KD S5 5. o
anisidine fHi0fA (19) SPAIFIAIGEE(A (20) (X colchicine [AIRE, &\ HEASHEHETHIR0 R % 7R
L7zo — . o p-AEEM A LR = A LEY) (17) 12 400nM T 54% OMIfEETFREZRL.
o-aminophenol fl{& (18) & ICso filiAY 6 LA EHEAL 72,

(a) PBS (b) medium (DMEM)
Oh 254 nm Oh 254 nm
24 h 24 h
A‘Jﬁ /_Jb\d———A‘
0 10 20 30 0 10 20 30
time (min) time (min)

Figure 30. Colchicine #&4f& (17) @ PBS ¥ XU’ DMEM Hic ¥} 3 HPLC Fv— 1. {b
A 17 13 (a) PBS HRICH T, AfiEE 24 BB L <o fLEPI Y — 27 (16.5 min) 2
RTED (BKIFE 89%), —J T, (b)DMEM H CIRAMER B S hilbEdhv—2 (7
min) (2% 24 IERE T % Lt S e < 75 72, (HPLC methods: (a) 5-100%, (b) 40-
60% CH3CN in aq., Cosmosil MS 11, @ 4.6 x 250 mm, 0.8 mL/min, 254 nm).
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2.5. 7 =/ = AMPOKERIL O FEHERIIC X 2 BHEERTE O [ L
AIE X O o - A VR = AALEY (17) 1F in vitro THUNE I LGt 2R 325,

HT29 MifE x5 2 Ml#ENE L H & OFf D - AR A VR = RS O S RIGTEIC X -
T. colchicine & HHL KIRIAE T L7z, 2 2 C, SEFMICH T 28 Mz m L3¢ 57
O, ALEY 17 © o p-AEIHI A VB = UREEICH L T, o-aminophenyl-B-galactoside (15) i
L2 REZIRRI L 72, fthd colchicine FHE(K (18, 19) DA TTiE & [FIERIC (Figure 26). b
A 17 1ITX L T o-aminophenyl-B-galactoside (15) % Michael ff il & ¥ % Z & T, B-
galactose AR (21) Z& K L 72 (Figure 26), MEEAMAEE TIE B-galactosidase D FEHLA
BML w370 30 L&Y 21 IZESMAEESS C© B-galactosidase 1C & % o-aminophenol
g (18) B XV ap-AEIM A VA = AALEY 17 2 L ISR 72 AP 1
YE OFRFEHICE D 5 L WFF & L7z (Figure 31a).

2.5.1. Retro-Michael JZ i@ 7€ &7l

WA L 72 B-galactose {1 (21) ICD W T, IKIEWEHF CTOLREM & B-galactosidase
JOE % E BIICEEM L 72 (Figure 31b), % D, B-galactosidase f77E I (1.5U/mL) ICF
WAL EY 21 OBRERIIIGHEE > S 4 BERITH 20% FTETLZ, —H. B-
galactosidase JLFHIC X - TH: U7z o-aminophenol fflIfE (18) X 4 <K 30% (SSHH
IRRF I BT 266 21 o' AREL) ML, 2% L, (LEY 21 © 18
DRI 738 & 13 . ap- BRI 7 AR = L& (17) BRI L. 72 BRI 11
60% D LEY) 21 2 17 ~e BRI N, RKEBYITH 25 ap-AEEMA AR =1L
Y1 a7 3 LAY 21 % 18 DI TN L, 72 WEERITHT 60% (OGRS RiIC
B 2LEY 21 o ARE) & ol AT, BEEAREE (0.015 UmL) & X OIEFF
TET T, LAY 18 i (LAY 17 b ISHER 72 RO R T, RISHE
KI5 1 2 LAY 21 OEMRE L IR L T 20% LAERRCE o7, 2O Off
RoH. ALEW 21 13 B-galactosidase FEFFTE T Tld. PBS M CRIEICHIET 5 53, B-
galactosidase 1T X & /K53 C B-galactose HFAZ2SUIMT X 41, o-aminophenol AN (18) 2%
B o N7z, retro-Michael IGHIC X % o-aminophenol @ fiiff % #C o,p-AEEFI A7 VK =1
L&Y (17) 2 S 2 2 LRSI N,
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OH
HO. CH,OH

retro-Michael
HO.

HO" 2
0 -galactosidase reaction
oyt IO wos e S AT oy I B
Ve H H MeO' H H MeO H
MeO O MeO O HO MeO O
o P o 0
HoN

OMe HO. CH,OH OMe

0
OMe

21 Ho N ° 18 17

—~
(=)}
~

compound 21 (%)
compound 18 (%)

ZBM
o#-e—a— 6 7 B&—

t U t t ! +
0 20 40 60 80 0 20 40 60 80
time (h) time (h)

100 +
£ pB-galactosidase (-)
-©— [-galactosidase (0.015 U/mL)

compound 17 (%)

—— B-galactosidase (1.5 U/mL)

0 20 40 60 80
time (h)

Figure 31. B-Galactosidase FFZE D L { IZFFHFET TOLEY 21, 18 L XU 17 E RV
(a) p-galactosidase f#7E FiC 3517 2 BEATINE (21) 226 ap-AEIRIA VK= ALEY A7) D
FCHE A % — 2 BEGHINR (21) 13 p-galactosidase 7#7E . MIZKZ RS IC X Y 0-aminophenol
fHnfE (18) ~&t Efax ., X 51T retro-Michael K)GIC X 3 o-aminophenol @ fiii#fic X -
T, ap-PEIfIA VR = ALEY 17) ZH T 5. (b) B-galactosidase FA7ED L < IZFEHFTE
TiesF2taEY 21 I N 2{LEY 18 B LW 17 OJE&EFFli. p-Galactosidase 77-7E
T (1.5 U/mL, #%). BEMHINMR (21) (ZSOCHE 24 FEE#2ICIHS L. o-aminophenol i fil{A
(18) D —WEHY BN, 3 X O o p-REHI AR = AALEY (17) OINAED bz, —H.
fRIRAE B-galactosidase 7#7E T (0.015U/mL, F). » L < i B-galactosidase FEIRME (AL v
V) ik LAY 21 oA & 17 OEEIEEC D TH o 7o, (ERSEMFIE Figure 27 ICHET
%.n =3, mean = SD).
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2.5.2. Tubulin & FHE M

WA 21 13 B-galactosidase fF7E FEERAVIC o p-AEIHI A VK= ALEY) 17) %
W32 2 LRI NIz, 2 2T, RGP CRUE X N LEY 17 23, BG4
LA UNEEAEEN R AR T 2>, Figure 28 L [A U/7EICCEHiL 72, (L&Y 21 Hfho
EAEEDR G 17 X9 ${EKw—F T, B-galactosidase fA7E [ Tl BT DIE
DRI, LAY 17 LRFOEAGHEMR %R L7 (Figure32), Hizio HPLC I X 3
EEAER (Figure 31) &ff&CTHE Z % L., B-galactosidase DIRMIC L b fLEW) 21 > HHK
M 17 BPUNEEAHEERZ B L 2 LI 7,

300000 T
/\
250000 +
> —e— control
G
200000 + B-galactosidase
c
§ 150000 + 21
3 21 + B-galactosidase
(4]
5 100000 + —— 17
50000
0 +4 } } t t t {
0 10 20 30 40 50 60
time (min)

Figure 32. B-Galactosidase JEFFTES K UEE T ICEB T 5. B-galactose BEFTANME (21) DY)
BEAHZERR. LAY 216uM) 13 LEY 175 pM) X Y BUNEEASHESRIZME N C
&R I NTz, B-Galactosidase HMITIE, MEHE S X MUEWIFEFEET (control) & HEL L
THNBEIHEL S 200 LAY 21 THiNdT 2 EHNEBEMEF S22 L2006, 1L
&Y 17 ot X 2 EEHERE DM EAR® X L7z, (HOER S, Excitation: 380 nm,

Emission: 460 nm).
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2.5.3. HT29 AR 3 2 A= PGtk

TEISHINEER ) 72 o B-AEUFI 2 VR = ALEY) 17) DRI % fa1A L CExaEr L 72 B0
R 21) 3. B oMUNEEGHER XK\ \—75 T, B-galactosidase fA7E N CTiXLEY 17
L, oMU/ NEELAESREZRT Z EBHL TR > 72 (Figure 32), £ Z T, p-
galactosidase 777E FIC BT LAWY 21 225 17 ORUHIRRA, EREEINHIHRICE 2 %
w8 e HT29 Ml % v CRHi L 72,

¥ FHR® 1T, B-galactosidase FETFLE FICF T 21L& 21 OEEREFEINTH R0 E % 37 L 72
LTAH, 2D ICso & LAY 17 FERIC 4000M LA ETH 0| SREIGH L 728 ko T
IIEPEDME D o 72 (Figure 33), RIC. P-galactosidase f27E P I BT 2{LEY 21 o EYRENE
ZEHME L 7z, 2% &, B-galactosidase 7% 0.42U/mL 777E Fic BT ICs fHIZ 232nM, 2.1
U/mL 7#7E T Tl ICs fEIZ 138nM %7Kk L7z (Figure33), $7xb b, L&YW 21 DNEEHE
JEHNI NS 1L B-galactosidase DIREITHAFEL Tl L L., LAY 17 & H~_TEWAEYEN
EINT T EDRHLPIC TR0 T,

PLED#ER X 0| B-galactose fAIIf& (21) 1 o-aminophenol Nk (18) %7z op-Afidl
MANE=nALEY) (A7) D% B-galactosidase T77E FCiT\, UNE EABHLERNE & E
BYEREISI R OEIR MR M L& 2 2 Z L SHL 2k o 72, (LEY 21 B H OiEMESMK
\WZ & 25, o-aminophenol & P-galactose ® " EE{RF# L S HERIZ, EAIGHED op-AAE
fMANFE=ALEY A7) o7 v F 7 v Z{LICGHE L TWw5 Z EAREB I NI,
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100 +
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©
S 50+ i)
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0 t t t {
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compound (nM)

IC5o (NM)
—o— 21 >400
B— 21 (B-Galactosidase 0.42 U/ml) 232
A— 21 (B-Galactosidase 2.1 U/ml) 138

Figure 33. B-Galactosidase 7€ T iC 31 2 BEMTINEE (21) o EEMACEEIIGISIER. (L&Y
21 1% HT29 ML icx 3 2 lifut: (72 REEILER) 23 B-galactosidase #=EEMKAFRYICIA L
770
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3. 7= vIEEEE AW RAAERILAY) oridonin DfRFE

o B-AEIFI /1 VR = A iE % 5 L 72 colchicine A& % 728 HIE)ICX D, o-
aminophenol @ 7 = / — VPEKIEEL BT B-galactose % #ifi & & & 72 BEAT IR (21) 2. B-
galactosidase T#7E N IC THIK %% 32 \F . o-aminophenol fffllfA (18) ~& & rxns &
Z LA L7z, PBS Ny 7 7 —HUC B VT, LAY 18 DIRAFFRIISUCHIMGIN & ik L
TR 4 REEZICH 20% £ TIRT L, EHeh IS ap-AiafAa VR = LEY 17) %
i L 7= (Figure 27)o

—HDFEE D 5| B-galactose f15-1C X 2HE~DFER oM LIZAfF I s b D, A
FMFTIcB VTl B-galactosidase DMK EFEY) 2> o-aminophenol D Wi, TG TEALT
H %5 op-AEAA VR = AACEY O IZIER ICHE S 2 L PIRR I NIz, £ T T, o
aminophenol O WtHE#E % HllfHl 32 & & 53T Z N, B-galactose 51T X 2 BN~ D
FRem B Bbe T, X0 BREIAR R 2 EYREEYE D IUHERET A3 ATRE & & 2 72,

% ZC. o-aminophenol #BAZICDWT, BRA EMEAZEAL 27 =V vEHOTIEZ &
L. BiBBEE & HT29 Mo 3 2 BIEIMHEIRNIR O 2175 2 & & L7z, &b, HiHE
¥ O L T\ 72 colchicine #HEATIX, /LAY (18, 19) 205 ap-AEIFI A L F =it E
Y (17) OfHE PBS Ny 7 7 — IS Tl 2 ICHETT T 2 07 e E I oI 3 H
EWOHMZET 2 s, XV EPeICHiltEN: 2R 2 YIS E ~ oM %
BEL 7. 22 ¢ 7=V VEFE ko BHERRE & e MEA 3R 2 513 2 g o 4 PiE ey
HE LT, KHETIE op-AEMANVE=AfEEZE L 7RECHEES W, ofp- ALK
=G Z TG L 72 colchicine A (17) L Y dREM L HEI N5, WY Rabdosia
rubescens HFKDRKIAAHELAEY) oridonin ZfEH L 72,

3.1. RINERILEY) oridonin & GLA o7 va k7 v

DD EECIE, {6 Rabdosia rubescens \C& 4T\ 5 ent-kaurane 7 v~= /7 4 F
oridonin (Figure 34a) % Ff\>7z, Oridonin %% OHEM: & L CHIE, PIRIE. B L Uil
BEM R E b Te Y B4, BIE £ CHRIGIEN ORIEIC X 2 (BB o bt gt 4
YiiE e D HY5R &2 45 17 U 7= R i MERH B DT FE 28RS T T va B 4546, & 7z oridonin @ D Bi
FICHET 2 af-AERI A VR = ARG, % DM TRIIL T 2 G KT signal
transducer and activator of transcription 3 (STAT3) @ Cys542 & HHKEG 2 A L C RS 5Ein
TR DOREHA~TFE ST 2 L EZONT WS Y, EEA L 7 4 VER L & fdfIfL L 72L& 13
EHETEINSISN R MR T 372 2 E AL 2T > TEH Y B a, B-AHIHI A7V K = ARG O RGE
2, 7u R Ty MLl BRA RIENEERT oridonin D X b 7 5 FHEAIAMAE O [ E i Bt
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5 LHRFL 72,

[ U ent-kaurane 7N~ 4 FEI&E LD o-AEIFI A VB = ARG % RGE L 7261,
§i%¥) Rabdosia japonica HIK D RKINEWILEDY) glaucocalyxin A (GLA) 23% % (Figure 34b)¥,
GLA @ o,B-AEIFI A VR = VERAZIC p-toluidine % £ L 72 #5358 4K (a GLA derivative) (3.
MAFEFICT GLA X0 b EWERFEREZ R L7z, ZO8EIZ, p-toluidine 25, GLA ® o,p-1
FARI A VR = VRS % (R L 2RI X 2 L EHRIN TS, AT, 2D p-toluidine fif
ki e S feEE BRI CH 2 AS49 Mt L, GLA & [FIFREE o SE5EH R0 5
ZRLT72Z Db, ptoluidine (RERIZT B F 7 v ZVNAaBiEA BT 5 LEZ LN TV 5,

AIETIZ oridonin @ o,B-AEAFI A VAR ZAEALIC LCTT =V vEHZAINL 72 FllahE
Rz G L 72, 130 W BB RO BN 5 X YRRl Z @ L <. 7=V YHIC X
270 87y 7L EERICHEEL 72,

(@
- (e
]

o

ent-kaurane oridonin
(b)

p-toluidine

glaucocalyxin A GLA derivative
(GLA)
(© q N fter 24 h (% Cytotoxicity
compound remaining after (%) (ICso, UM)
PBS buffer 80% rat plasma A549
GLA 1094 = 21 242 £ 0.2 7.50 £ 0.59
GLA derivative 104.2 = 0.6 86.4 £1.0 10.61 + 0.35

Figure 34. Oridonin #iER & &k glaucocalyxin A (GLA) @ 7' v F J v 7'{t. (a) Ent-
kaurane ‘H#%. 3 X ' oridonin &=, (b) Glaucocalyxin A (GLA) & p-toluidine % i/l & &
= 5ER (GLA derivative) &= () (b) OFERHICH T 25RFHE, B XU A549 flifdic
3% 1Cs fH4 7 v M TIE GLA FHEAD GLA DF) 36 B ERFEL T35,
T O SIS RS R L AR < H B,
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3.2. o-Aminophenol 3 X U o-anisidine 23/ L 7z oridonin #5E4R D %7€ M

T3 Ic, L&Y (3, 14) < colchicine #HE{K (18, 19) [k, o-aminophenol & o-
anisidine D Bt IG2 oridonin AIANIATHHETS 52>, 'HNMR I X B iiffE =2 ) v
I X D RREE L 72, Oridonin @ o,B-ABLFIH L F = A& i 5 L T o-aminophenol & o-
anisidine % %4 & A L 7285 ER (22, 23) #& R L. HPLC I X Y 8% 1T\ (Figure
35a). CDsOD H', 37°C ICHF 27 'THNMR A~=7 M VO ZBIHRL 72, % Dff
3. o-aminophenol A (22) &, B~ —27 & LCH{ACOEDLLT, ==Y v 7Bk
I 5> 'HNMR HI5E C BRI i A5EAT L, oridonin & DEAW L L THFEIEL T/, E=
2V v kG 16 WERIRRICIXATINARAEA L, oridonin ICZEHAL T3 Z & MR I N7z
(Figure 35b), —J7. o-anisidine fHhIfE (23) 13 CD;OD ICARERL IZHE LAY & L CTHHE
LTWwi, LA L, 5 K ICIE oridonin DRI AHERE X 41, 2 HIZRIC LAY 22 [FIER,
VEIEFHIARIZIEAE L. oridonin ~A X 4172 (Figure 35¢),

Dodec-1-en-3-one (6) “° colchicine FEE(R (17) & HL#L L 72854, oridonin O Rt 1358 -2 2>
ICHETT L 720 2K E LT, oridonin & o,B-AEEAI A KR = AAHEDVAREES K E <,
EHES 5 o-fLDEBEHENIC XY AR D LEWDMET L 22 AlRetEns & 2 btz Mz T,
oridonin @ o fZRFEIT=HRTH V| HIE DD iR & IR L TRCEE2EE T Tn 5,
% D 7%, o-aminophenol DKIEFD o MOKFBRTF %5 ZKE LT oz rlmEEDd &
Abd, TNDLDEFLE GLA VAT LY ¥ 7=) vOFEER pfi~Di&E
HuERE NIT X 2 WBEROS o TN 2 3l 72
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16 h

oridonin l

o—athenol JL
AW

7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
& (ppm)
(©)

ﬁ i MJJUWN

5h

M L JU me
i

oridonin l

2

7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
6 (ppm)

Figure35.'HNMR iZ X % oridonin FEEM (22,23) OfikfEE =% Y ~ 7 (a) o-Aminophenol
F X O o-anisidine fHN{k (22, 23) #:&E3X. (b) o-Aminophenol ffl{A (22) @ H NMR (500
MHz) £ =% Y v 7. o-Aminophenol flif& (22, v~ 7) (3 CDsOD Af#E# 2> 5 oridonin
(AL ve) L, 37°C TICT 16 FfE#RICIZIEA L 72, (c) o-Anisidine & (23) @
IHNMR =%V v 7. (b) &RIUSMET. o-anisidine fHhl{& (23) & 2 H#&ICIX oridonin
~e I NI,
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33. &7 =V VEREEROZEM & AYiE ki

BAT 2EEIE, 1 BTERL OO (Figure 21b) 2ZF IGEINL 72, $74b
b AKRIGIET =) YOIEICHEL 72 N R EoKEFERTFZ, ALK VBRETH5] %
K& (formC), KIGDRMEBETHHPEICHEL 2 N AT~ HEIc X VB2 LT
INBZETHBEENTET T5 (formF) £EZHbNE, £Z T, N iS4 AvELicw»
ZE. Tb b pKa HAMEL A FREZTY T =V YEEOE A X ) | BRG]
IR L 72,

% T T, o-anisidine (pKa=4.54) £k (23) ichnz <, EEEO T =Y v (pKa=4.61) ff
ik (24). BT K51EAH 32 p-nitroaniline (pKa = 1.01) HII{E (25). p-(methylsulfonyl)
aniline (pKa = 1.36) fHhl{k (26). F X U p-[(trifluoromethyl)sulfonyl] aniline (pKa =-0.01) /N
& (27) ZHHL 72 (Figure 36),

Figure 36. 7=V V% op-FEIRA VR AREE ML 7 oridonin gtk 7=V v~
(pKa = 4.61) ffff& (24). p-nitroaniline (pKa = 1.01) fHl{E (25). p-(methylsulfonyl) aniline
(pKa = 1.36) fHhifk (26). p-[(trifluoromethyl)sulfonyl] aniline (pKa = -0.01) ik (27) #&
B L7z,
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oAtk (23-27) @ oridonin JEHIZNE % Ll 3 % 72 % \MeOH/H,0 (4:1) IR L .
37°C . HPLC ICX 2 ERE=X ) v 7 %{T>7 (Figure 37), % Dfiid. 48 KifHlficE
iF % oridonin DL 23 (79%). 24 (99%). 25(98%). 26 (67%). 27 (18%) TH o7z, Mi
WS 27 =) YIFERD pKa DMKV EWEERIGNE < 72 B EANIZ. & C ORI TIEE
BINaho7205, /NI W pKa ZRT 7=V VIFEROMIMY) 27 25, %D KW EE
REZ R L7250 13, pKa DEERE 2 RET 2 HRDO D2 THh 2 H[ReE 2 RE L 72, ¥ 72,
L&Y 23 13, EBCHL 72 23 OREEZREAEL L28E. 79% D oridonin ZBH L 72—
JiT B 1 BTHWZ $IRD o-anisidine A& (13) £, [F URIGSEMAT T dodec-1-en-
3-one (6) #HHI L 722> 7= (Figure 19), &£ - T, o-aminophenol fhl{A& (22) 72T <,
o-anisidine AR (23) IC2W T oridonin 1T H L 72 554 13 retro-Michael G 23&E < i
132D IHNMR #55% (Figure 35) & & b ICERMNICR E N7z,

100 +

;\g 75 T —rr— 23
£ —— 24

2 50+
© 8- 25
25 | —— 26
—— 27

time (h)

Figure 37. Oridonin FEE4% D BBERIE. MecOH/H,O (4:1) 1, 37 °C IZ 5T, oridonin #E
& (23-27) 13, (LEY 27 DUMIFRRE DO X)ZT oridonin ZHHI L 72,
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RIT, —E D oridonin BLHERNZE A, EVNEWEFRILIC G 2 2508 2 MGt L 72, L&Y 23-27
C2oWT, b MEEEIR TS 2 HT29 Ml cx 3 2 Ml mssiR 2 . {L&wEsm
% 15, 24, B XU 48 Wil CHHAM L 7=

Z DFEH, oridonin % & ® 72 22T DILEY) THRERFHYIC 1Cso EDSA L 7= (Figure 38), A5E
BRcid, AR E B 23 AEYNEE 2 R alRetE . 7= U vEOMINIC X 2 {LEY) D IEEE
~DOFEE, SRS SR TIED 2 5, % DAL oridonin X D b E\ ICs fiE%
L7z $b b AT B0 TEYEE I & 0T 2 MRS R R E e, T2 T
Figure 37 T/r L7z HPLC E&EiBRICHE VT, D oridonin BHFK DK > L&Y 27
1Z. HT29 #MAZICH32 1Cso fiE DAEREHY 72 & $#id> o 72, Oridonin @ o, B-AEIHI A7 LK
SRS RS T L AR AR T 5 < & CHBIEIHISIRICHF S T 5720 748 &%
FEATINAR X 0 X 7z oridonin DA A3 AEYIE R D 72 IS8 & 5 2 72 v RETE2S
RN,

FEHE. [ U < ent-kaurane T 7 v~ 4 FEIEZH T2 glaucocalyxin A (GLA) IZH\»
Tb, 7=V voIFHFRE pi~EHEGHEZEAL 2AHfkiE, EFKIEZ2EAL %
e & 0 o ESEIEIIHII R 2 78 U 72 4, & OfE R, RO B CRBEEE 2 1230 |

LY%< D GLA 2 E g 2 & CAYRIED G5 L 72 nJREME 2 R L T %,

FERITEH L 7= S IMA D 5 B o-anisidine (pKa=4.54) 7 =Y v (pKa=4.61) £V
pKa /N X\ ponitroaniline (pKa = 1.01) Z L 72 b D (25) &, FHERHICH VT
oridonin & XIEFZFED ICs %R L7z, MlENICE T, = P fidEcHE=Tt oL X
72— XY, B HEGNETHET IVv~ZHIND 2 HBRAONT WS O RERRT
b RICEITCKIGIC L 0, LAY 25 2 1,4-benzenediamine (pKa=6.17) D oridonin A~
LA I L BBEE L DA R U 745 R oo ANt X 0 FE IR Ci At & S L 72 nlREME
BEZLND,
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ICs, (UM) 15 h 24 h 48 h

oridonin 25.6 = 0.36 20.1 * 0.26 9.7 £ 0.10
23 30.2 £ 0.35 24.8 + 0.22 9.8 + 0.21
24 30.3 * 0.47 20.3 + 0.29 10.0 £ 0.23
25 18.8 + 1.26 18.4 + 1.78 9.9 + 0.12
26 49.8 * 0.41 30.4 + 0.37 20.1 + 0.36
27 50.6 = 0.47 49.4 £ 0.42 25.1 + 0.52

Figure 38. Oridonin 5& & D SIS REINHIRIR. HT29 #MiAd% Fv> 7 oridonin, oridonin
TR (23-27) D 15, 24, 48 BiRIC BT 3 1Cso il W FHDLAY D FERFAICIETE 1Z
¥58 L. Figure 37 Tl d BLHEIER MR ULAY) 27 (3. EYVNEHEO RIS EIE L 72,
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4. /NE

KRETIE, UNEBEAHEER 2R T RAERILAEY) colchicine 122 \»T, o-aminophenol
HEME L UMM X0 REEOIR R 7 o B- BRI A VAR = VB AEYIE Y E DK
&G 72, 3968 1C, colchicine 1T o B-EIHI A7 VR = U iiiE % 15 L 72{L&Y (17) %
HHL. Z oYt MlaaEE 2 5l L 72, 2 ofEH. (LEY 17 IRNEEAHEEFER 2R
FT—7, BRI s CREMEAMK L HT29 MAZIC R 3 2 BFEIHIZNE S AL R = v DR
BRI % fORL L 72L& (20) X VKT 32 2 L AL 2178 572, HPLC 73#i7e &0
R LB 17 OIRCAEYEE L. BB & OIFREN A ABRR e FE 2 b, %
2T, LA 17 ZRLER ap-REMANF ARG 2GS 5 EWEEYE & LA
L., ZOERMEZ M EX 2 vwolzT v N7y ZFN L HEMiEE 2 Retd 22 & & L
726

T3 LAY 17 Lo ap-AEFIA VR = LT, 5 1 E[FERIC o-aminophenol
TR L 721k (18) &AM L 7z, HPLC i DfR, (L&Y 18 1X, PBS Nv 7 7 —th
C o-aminophenol % i, L&Y 17 32 2 & 298 X av, HHAEIETEINEIRhE & m b L
oo ZORERDPL. MORIGHEZ TR T o,B- BRI A VR = AERALICH L T, o-aminophenol
DRI L L CICANg 2 2 & T 2 ORISR A UNE & oSS & m o 72 Al HE
MR T, MPBEREBRRAARILEY) STLB 2) TEIRINZHRZIGHALAES 1
OIS, EFEOTEHEWHICO AR TH o7z,

Z 2T, BRI T X VBRI ap-ARMAALR =V LEY O ZREICT 5 7B
N7 ZERiZ ATz, ThbB. BB 1 EOKETL 2. o-aminophenol @ 7 = / — sk
fEEL1C p-galactose Z 115 L 72 #kB% %2 EhE L. op-FEIMA N R AHEER “HEHIC A F v
7rENREMINE 1) #&K L 72, HPLC I X 2 E B Mo R, L&Y 21 13 B-
galactosidase 777E FC. L&Y 18 #RHE L TLAY 17 ~e A3t 2 L HHL 72,
T LAY 21 IBUNE o EAHEEEE. B X OCEERENHEIRIC oW B
galactosidase 7#7E F CI{E L 72, & DAEYNETED R IX, (LAY 21 12D T B-galactosidase
I K B HAKRIMEICHE S retro-Michael SUGZ T, SN S h7={LaW 17 1k 2
DEEZOLND, bbb, B-galactosidase KA e ARMEE 1L, ALE e EVIEIEYE DR
HLEREAED 2 7u N7y ZNEMIEEE LTETH 5,

BT, & 57 23R L0720 of-AEHR A VK = AALEY) D BHEEE D FIfHNIC X
> T, AWNETESE B D W FE A 23 nTE 2>, HEV) R RIRE LG oridonin 1xf L T, kR4
GEMEEE ST =) VEOMNIMEEZ GRS 5 2 & THRETL 72,

¥ 94R¥ I, o-aminophenol, o-anisidine % Il L 7= oridonin FHE(K (22, 23) # &KL,
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IHNMR i X 2D E=2 Y v 7 %2iT o7, ZORR, BRLERLED., LUV
colchicine &R & B L T, oridonin 584K (22, 23) IEFRF-AMifES 2 2 30 o h,
B AT X B EEEE OMEMLEM & LCGEL TW3 2 e BRI N, T, XY
L E N TR O 2 2 I IR G K Z SRR 2720, 8 1 ETERL 2 RICHEN % 2]
L. 737D pKa 28 X VIR Laypsfhi#Ef e L THM EE 272, 2 2T, p-hLic&il
BB A L 72, pKa 25 001 225 461 o7 =Y vHZF#EILL LCTEAL oridonin
FHEAR (24-27) ZERGEE - AL 72,

AL 72Nk (23-27) @ oridonin SIHIZNEE, 3 XKUY HT29 Alid D KGN HI%) 5 % 3
U 72455, ik B & o st e BOEE M, B X ORI oL b o &% Z K3 2
HEIZH 5 b DD, oridonin JEHIRNE & AYRETEFEIICE S 2 IefElic 3B 5 5 2 & AR
BI Nz, UEDOHRLIY, pKa WEH LT =Y vHE~OBEHRIEEA X, ks, 50
o, B- AU 77 VR = AALEY) D RS & GG L . A P0if i oo FEBRIRE RS % FAEf < % 2 ¥z 7
Effikch 5 2 & BRI NTz,
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5. Experimental section

General procedures

All commercially available reagents were purchased from Nacalai, Fujifilm-Wako, or Tokyo-Kasei
unless described. Colchicine was purchased from Tokyo-Kasei. Silica gel column was performed using
Kanto Silica Gel 60N (63-210 mm) (Kanto Chemical). TLC was performed using glass-backed silica
gel 60F254 (Merck). NMR spectra were recorded on a JOEL 500 MHz instrument (JEOL) or Briiker
Advance 1 600 MHz instrument (Briiker). 'H and *C chemical shifts are shown relative to the residual
solvent: o 7.26 and dc 77.16 for CDCls, du 2.50 for (CD3)2S0O, du 1.94 for CD3;CN, du 8.74 and oc
149.3 for CsDsN, ou 3.31 and dc 49.00 for CD30D. Chemical shifts (J) are shown in parts per million
(ppm) and coupling constants (J) are in hertz (Hz). High-resolution mass spectra were recorded on an

ESI-ITTOF-MS (Shimadzu).

~ Colchicine section ~
Chemical synthesis procedures

N-Deacetylcolchicine. To a stirred solution of colchicine (2.4 g, 6.0 mmol) in CH3CN (50 mL) was
added EtsN (1.7 mL, 12 mmol) and DMAP (0.73 g, 6.0 mmol). (Boc).0 (6.0 g, 28.2 mmol) was added
to the mixture at 0 °C and it was stirred for 5 h at 100 °C. The reaction was quenched by the addition
of CHCl; and was washed with sat. citric acid. The organic layer was washed with saturated brine
and evaporated. NaOMe in MeOH (2.86 mL, 14.9 mmol) was added to the crude (2.57 g) at 0 °C and
stirred at rt for 2 h. The solution was neutralized by the addition of sat. NHClI (30 mL), extracted with
CHCI; and evaporated. The residue was purified by silica gel open column chromatography
(CHCIs/MeOH) to afford N-(tert-Butoxycarbonyl)deacetylcolchicine (2.54 ¢, 93%). To a stirred
solution of N-(tert-Butoxycarbonyl)deacetylcolchicine in CHsCN (48 mL) was added TFA (4.8 mL)
and stirred for 4 h. The solution was added TFA (1mL) and stirred for 30 min. The residue was purified
by silica gel open column chromatography (CHCIs/MeOH) to afford N-deacetylcolchicine as a pale
orange solid (quant., 2.26 g): *H NMR (CDCls, 500 MHz) ¢ 9.38 (brs, 2H), 7.67 (s,1H), 7.35 (d, J =
11 Hz, 1H), 6.89 (d, J = 11.5 Hz, 1H), 6.57 (s, 1H), 4.20-4.10 (m, 1H), 3.93 (s, 3H), 3.91 (s, 6H), 3.59
(s, 3H), 2.74-2.58 (overlapped, 2H), 2.52-2.40 (m, 1H), 2.40-2.30 (m, 1H); ¥*C NMR (CDCls, 125
MHz) 6 179.0, 164.2, 154.2, 151.0, 147.0, 141.7, 136.8, 136.7, 133.8, 131.5, 124.5, 113.9, 107.8, 61.3
(2C), 56.7, 56.2, 54.0, 35.9, 29.7; HR-MS (ESI) [M+H]* m/z 358.1677 (calcd. for CaoH24NOs,
358.1649).
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6-Heptene-1,5-diol. 2,3-Dihydropyran (2.0 g, 23.8 mmol) was added 0.2 M HCI (5 mL) at 0 °C for
15 min and stirred at rt for 1 h. The solution was extracted with CH2Cl,, washed with sat. NaHCOs3,
dried over Na;SOs, and evaporated. The residue was purified by silica gel column chromatography (7-
hexane/EtOAc) to afford a fraction containing 2-hydroxytetrahydropyran (2.55 g). To a stirred solution
of the crude in THF (20 mL) were added vinylmagnesium bromide (1.0 M in THF, 48 mL, 47.6 mmol)
at 0 °C and stirred at rt for 14 h. The reaction was quenched with 2 M HCI aqueous solution, washed
with sat. NaHCOs and brine, dried over Na,SOa4, and evaporated. The residue was purified by silica
gel column chromatography (n-hexane/EtOACc) to afford 6-heptene-1,5-diol as colorless oil (1.48 g,
48%, over two steps): *H NMR (CDCls, 500 MHz) 6 5.92-5.82 (m, 1H), 5.22 (d, J = 17.0 Hz, 1H),
5.11 (d, J = 10.0 Hz, 1H), 4.12 (g, J = 6.4 Hz, 1H), 3.65 (t, J = 6.3 Hz, 2H), 1.63-1.38 (overlapped,
7H); 3C NMR (CDCls, 125 MHz) 6 141.2, 114.9, 73.3, 62.9, 36.7, 32.6, 21.6; HR-MS (ESI) [M+Na]*
m/z 153.0880 (calcd. for C7H14NaO-, 153.0886).

5-Ox0-6-heptenoic acid. To a stirred solution of 6-heptene-1,5-diol (0.7 g, 5.38 mmol) in H2O (10
mL) and 1,4-dioxane (15 mL) was added TEMPO (168 mg, 1.08 mmol) and Phl(OAc). (5.2 g, 16.1
mmol) at rt for 14 h. The solution was extracted with 1 M HCI and CHCls. The organic layer was
evaporated. The residue was purified by silica gel open column chromatography (CHCls/MeOH) to
afford 5-0x0-6-heptenoic acid as a pale yellow solid (672.7mg, 88%): *H NMR (CDCls, 500 MHz) §
6.38-6.32 (m, 1H), 6.24 (dd, J = 17.8, 1.3 Hz, 1H), 5.85 (dd, J = 10.3, 1.8 Hz, 1H), 2.70 (t, J = 7.0 Hz,
2H), 2.43 (t, J=7.3 Hz, 2H), 1.97 (quin, J = 7.1 Hz, 2H); **C NMR (CDCls, 125 MHz) § 200.0, 177.6,
136.5, 128.6, 38.4, 32.9, 18.9; HR-MS (ESI) [M-H]  m/z 141.0547 (calcd. for C7HgO3, 141.0557).

(S)-5-Ox0-N-(1,2,3,10-tetramethoxy-9-0x0-5,6,7,9-tetrahydrobenzo[a]heptalen-7-yl) hept-6-
enamide (17). To a stirred solution of 5-0x0-6-heptenoic acid (98.2 mg, 0.69 mmol) in CH.Cl, (1 mL)
was added EDC - HCI (132.4 mg, 0.69 mmol), DMAP (21.1 mg, 0.173 mmol) and N-
deacetylcolchicine (123.4 mg, 0.345 mmol) at 0 °C for 1 h, then for 17 h at rt. The solution was
evaporated and purified by silica gel open column chromatography (CHCIl3/MeOH) to afford 17 as a
pale yellow solid (36.9 mg, 22%): *H NMR (CDCls, 500 MHz) § 7.35 (s, 1H), 7.29 (d, J = 10.5 Hz,
1H), 6.81 (d, J = 11.0 Hz, 1H), 6.53 (s, 1H), 6.39-6.31 (m, 1H), 6.30 (brd, J = 7.0 Hz, 1H), 6.23 (dd,
J =178, 1.3 Hz, 1H), 5.84 (dd, J = 10.0, 1.0 Hz, 1H), 4.62 (quin, J = 6.5 Hz, 1H), 3.99 (s, 3H), 3.94
(s, 3H), 3.90 (s, 3H), 3.65 (s, 3H), 2.64 (td, J = 7.0, 1.0 Hz, 2H), 2.57-2.47 (m, 1H), 2.42 (td, J = 13.3,
7.0 Hz, 1H), 2.33-2.18 (overlapped, 3H), 1.96-1.85 (m, 2H), 1.81 (td, J = 12.0, 6.0 Hz, 1H); *C NMR
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(CDCls, 125 MHz) 6 200.5, 179.6, 172.0, 164.2, 153.6, 151.4, 150.9, 141.8, 136.5, 136.2, 135.3, 134.2,
130.9, 128.8, 125.8, 112.3, 107.5, 61.7, 61.6, 56.5, 56.2, 52.2, 38.5, 37.1, 35.3, 30.0, 19.6; HR-MS
(ESI) [M+H]* m/z 482.2177 (calcd. for C27H3NO7, 482.2173): [a]3’=-249.8 (c 0.03, MeOH).

(S)-7-((2-Hydroxyphenyl)amino)-5-oxo-N-(1,2,3,10-tetramethoxy-9-0x0-5,6,7,9-
tetrahydrobenzo[a]heptalen-7-yl)heptanamide (18). Compound 17 (6.4 mg, 0.013 mmol) and o-
aminophenol (7.3 mg, 0.067 mmol) were dissolved in CH3CN (67 pL) and stirred at 60 °C for 13.5 h.
The mixture was purified by HPLC (CH3CN/H0) to afford compound 18 as an orange solid (3.6 mg,
46%): *H NMR (CDs0D, 500 MHz) ¢ 7.42 (d, J = 11.0 Hz, 1H), 7.38 (s, 1H), 7.20 (d, J = 11.0 Hz,
1H), 6.74 (s, 1H), 6.73-6.63 (m, 3H), 6.55 (td, J = 8.0, 2.0 Hz, 1H), 4.48 (g, J = 5.5 Hz, 1H), 4.00 (s,
3H), 3.90 (s, 3H), 3.88 (s, 3H), 3.59 (s, 3H), 3.36 (t, J = 6.3 Hz, 2H), 2.75 (m, 2H), 2.63 (dd, J = 13.8,
6.3 Hz, 1H), 2.48 (t, J = 7.3 Hz, 2H), 2.40-2.30 (m, 1H), 2.28 (td, J = 7.1, 3.5 Hz, 2H), 2.24-2.14 (m,
1H), 1.92 (td, J = 12.0, 7.0 Hz, 1H), 1.82 (quin, J = 7.0 Hz, 2H); 3C NMR (CD30D, 125 MHz) ¢
211.8,180.8, 175.0, 165.5, 155.2, 154.4, 152.2, 146.6, 142.7, 138.6, 137.7, 136.0, 131.2, 126.8, 121.2,
119.2,115.1, 114.9, 113.3, 108.8, 61.9, 61.7, 57.0, 56.6, 53.7, 42.6 (2C), 40.2, 37.2, 35.6, 30.5, 20.6 ;
HR-MS (ESI) [M+H]* m/z 591.2694 (calcd. for CssHagN20s, 591.2701): [a]3’= -103.2 (c 0.03,
MeOH).

(S)-7-((2-Methoxyphenyl)amino)-5-oxo-N-(1,2,3,10-tetramethoxy-9-0x0-5,6,7,9-
tetrahydrobenzo[a]heptalen-7-yl)heptanamide (19). Compound 17 (7.9 mg, 0.017 mmol) and o-
anisidine (10.2 mg, 0.082 mmol) were dissolved in CH3CN (83 uL), stirred at rt overnight and 60 °C
for 18 h. The mixture was purified by HPLC (CH3CN/H;O) to afford compound 19 as a pale yellow
solid (3.5 mg, 35%): *H NMR (CDClIs, 500 MHz) 6 7.33 (s, 1H), 7.28 (d, J = 11.0 Hz, 1H), 6.85 (td,
J=175,12Hz 1H), 6.81 (d, J=11.0 Hz, 1H), 6.75 (dd, J = 8.0, 1.0 Hz, 1H), 6.68-6.60 (m, 2H), 6.52
(s, 1H), 6.29 (br, 1H), 4.59 (quin, J = 6.5 Hz, 1H), 3.98 (s, 3H), 3.93 (s, 3H), 3.89 (s, 3H), 3.80 (s, 3H),
3.64 (s, 3H), 3.44 (t, J = 6.3 Hz, 2H), 2.86-2.67 (m, 2H), 2.54-2.49 (m, 1H), 2.47 (t, J = 6.8 Hz, 2H),
2.39 (td, J = 13.3, 7.0 Hz, 1H), 2.22 (t, J = 7.0 Hz, 2H), 2.19-2.14 (m, 1H), 1.90-1.82 (m, 2H), 1.74
(td, J = 11.9, 6.8 Hz, 1H); *C NMR (CDCls, 125 MHz) 6 210.0, 179.5, 172.0, 164.1, 153.6, 151.4,
150.9,147.2,141.8,137.9, 136.3, 135.3, 134.2, 130.9, 125.8, 121.4, 116.9, 112.3, 110.1, 109.7, 107.4,
61.7, 61.5, 56.5, 56.2, 55.5, 52.2, 42.2, 41.8, 38.4, 37.0, 35.1, 30.0, 19.4; HR-MS (ESI) [M+H]* m/z
605.2832 (calcd. for C34H41N20g, 605.2857): [a]Z’=-157.8 (c 0.03, MeOH).
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(S)-5-Ox0-N-(1,2,3,10-tetramethoxy-9-0x0-5,6,7,9-tetrahydrobenzo[a]heptalen-7-yl)heptanamide
(20). To a stirred solution of 5-oxoheptanoic acid (28.8 mg, 0.2 mmol) in CH,Cl, (290 uL) was added
EDC - HCI (38.3 mg, 0.2 mmol), DMAP (6.1 mg, 0.05 mmol) and N-deacetylcolchicine (35.7 mg, 0.1
mmol) at 0 °C for 1 h, then for 26 h at rt. The solution was evaporated and purified by silica gel open
column chromatography (CHCIls/MeOH) to afford 20 as a pale yellow solid (29.5 mg, 61%): *H NMR
(CD30D, 500 MHz) 6 7.42 (d, J = 10.5 Hz, 1H), 7.38 (s, 1H), 7.20 (d, J = 11.5 Hz, 1H), 6.75 (s, 1H),
4.48 (q, J = 6.7 Hz, 1H), 4.00 (s, 1H), 3.90 (s, 1H), 3.88 (s, 1H), 3.60 (s, 1H), 2.64 (dd, J = 14.0, 6.5
Hz, 1H), 2.50-2.42 (overlapped, 4H), 2.40-2.30 (m, 1H), 2.28 (td, J = 7.3, 2.5 Hz, 1H), 2.24-2.14 (m,
1H), 1.93 (td, J = 12.0, 6.0 Hz, 1H), 1.86-1.76 (m, 2H), 0.99 (t, J = 7.3 Hz, 3H); 13C NMR (CDs0D,
125 MHz) § 213.4, 180.8, 175.0, 165.4, 155.2, 154.4, 152.2, 142.7, 138.6, 137.7, 136.0, 131.2, 126.8,
115.0, 108.8, 61.9, 61.7, 57.0, 56.6, 53.7, 41.9, 37.3, 36.5, 35.7, 30.5, 20.8, 8.0; HR-MS (ESI) [M+H]*
m/z 484.2373 (calcd. for C27H3sNO7, 484.2330): [a]3°=-227.7 (c 0.03, MeOH).

5-Ox0-N-((S)-1,2,3,10-tetramethoxy-9-oxo-5,6,7,9-tetrahydrobenzo[a]heptalen-7-yl)-7-((2-

(((2S,3R,4S,5R,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
yhoxy)phenyl)amino)heptanamide (21). Compound 17 (6.2 mg, 0.013 mmol) and 15 (17.4 mg, 0.064
mmol) were dissolved in CH3CN (128 pL) and stirred at 60 °C overnight. The mixture was purified
by HPLC (CH3CN/H,0) to afford compound 21 as a pale yellow solid (4.4 mg, 45%): *H NMR
(CDs0D, 500 MHz ) 6 7.42 (d, J = 10.5 Hz, 1H), 7.39 (s, 1H), 7.20 (d, J = 11.5 Hz, 1H), 7.10 (dd, J
=8.0, 1.0 Hz, 1H), 6.91 (td, J = 7.8, 1.2 Hz, 1H), 6.74 (s, 1H), 6.66 (dd, J = 8.0, 1.5 Hz, 1H), 6.58 (td,
J=17.6,1.7 Hz, 1H), 4.61 (d, J = 8.0 Hz, 1H), 4.48 (dd, J = 12.0, 7.0 Hz, 1H), 4.00 (s, 3H), 3.90 (s,
3H), 3.89-3.86 (overlapped, 4H), 3.82-3.71 (overlapped, 3H), 3.62-3.57 (overlapped, 4H), 3.55 (dd, J
=9.8,2.8 Hz, 1H), 3.35 (td, J = 6.6, 2.7 Hz, 2H), 2.76 (g, J = 6.0 Hz, 2H), 2.63 (dd, J = 13.5, 6.0 Hz,
1H), 2.50 (t, J = 7.3 Hz, 2H), 2.39-2.31 (m, 1H), 2.28 (td, J = 7.3, 3.0 Hz, 2H), 2.23-2.13 (m, 1H),
1.94 (td, J = 12.1, 6.3 Hz, 1H), 1.83 (quin, J = 7.3 Hz, 2H); *C NMR (CD30D, 125 MHz) § 211.7,
180.8, 175.1, 165.5, 155.2, 154.4, 152.2, 146.8, 142.7, 140.9, 138.6, 137.8, 136.1, 131.2, 126.8, 125.1,
118.8,117.9,115.1,112.4,108.8, 105.3, 77.0, 74.8, 72.4,70.2, 62.4, 61.9, 61.7, 57.0, 56.6, 53.7, 42.9,
42.7, 39.7, 37.3, 35.6, 30.6, 20.6; HR-MS (ESI) [M+H]* m/z 753.3216 (calcd. for CsgHagN2013,
753.3229): [a]3’=-164.5 (c 0.03, MeOH).

Monitoring of the conversions of colchicine derivatives (17-19)

Compounds (17-19) (100 uM) and caffeine (internal standard, 50 uM) were dissolved in phosphate
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buffer and incubated at 37 °C. A portion of the reaction mixture and the authentic samples were
analyzed by HPLC. HPLC conditions for compounds 17-19: Cosmosil MS II (@ 4.6 x 250 mm), a
linear gradient of 10-60% CH3CN in aq. at a flow rate of 0.8 mL/min. Chromatograms were visualized
an absorbance at 210 nm. Observed peak areas (17-19 and caffeine) were calculated and quantified

using Labsolution ver. 5.90 (Shimadzu) and excel.

Tubulin polymerization assay

The fluorescence-based in vitro tubulin polymerization assay was performed using the Tubulin
Polymerization Assay Kit (BKO11P, Cytoskeleton). The conditions were 2 mg/mL tubulin in 80 mM
PIPES Sesquisodium pH 6.9, 2.0 mM MgCl,, 0.5 mM EGTA and 1.0 mM GTP. The tubulin reaction
mixure (45 pL) and compound 17-21 (100 uM, 5 ulL) were charged on a 96-well plate on ice. The
increase in fluorescence was monitored at rt by excitation at 380 nm and emission at 460 nm with the

2103 EnVision™ Multilabel Plate Reader (Perkin-Elmer).

Cytotoxicity assays

HT29 cell line is maintained in DMEM medium with 10% fetal bovine serum in a humidified
incubator at 37 °C with 5% CO-. The tumor cells were plated into 96 well plates in the density of 2000
cells per well in 100 puL of medium. The cells were allowed to adhere overnight. Stock solutions of
the colchicine and colchicine analogues (17-21) were dissolved in DMSO to a concentration of 10
mM. Dilutions of the compounds ranging from 12.8 nM to 40 puM were prepared in DMSO. One
microliter of each dilution was added to the wells containing cells in duplicates. After 72 h, the plates
were cooled to rt, and 20 uL of CellTiter-Glo luminescent reagent (Promega) was added to each well.
The solution of each well (90 uL) was moved to white 96 well plates. The luminescence of each well
was measured by using the 2103 EnVision™ Multilabel Plate Reader (Perkin-Elmer). GraphPad Prism

(5.01, GraphPad Software, Inc.) was used to calculate the ICsp values of all tested compounds.

Stability test of compound 17 in medium

Stock solutions of compound 17 was prepared in DMSO and each sample was dissolved in 100 pL
of DMEM medium to a final concentration of 100 uM at 37 °C. After 0 and 24 h, solutions were
extracted with 100 uL of EtOAc and lipophilic layers were concentrated. The residue was dissolved
in 100 pL CH3CN and analyzed by HPLC. HPLC conditions for compounds 17: Cosmosil MS II (&
4.6 x 250 mm), a linear gradient of 40-60% CH3;CN in aq. at a flow rate of 0.8 mL/min.
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Chromatograms were visualized an absorbance at 254 nm.

Monitoring of the conversion of compound 21 with -galactosidase

Compound 21 (5 pM), caffeine (internal standard, 2.5 uM), MgCl, (1.2 mM) and B-galactosidase
were dissolved in 0.1 x PBS and incubated at 37 °C. Reaction was quenched with ice cold MeOH (100
pL) and centrifuged at 15,000 rpm for 15 min (4 °C). The supernatant was analyzed by HPLC. HPLC
conditions for compounds 17, 18, and 21: Cosmosil MS II (@ 4.6 x 250 mm), a linear gradient of 10-
60% CH3CN in aq. at a flow rate of 0.8 mL/min. Chromatograms were visualized an absorbance at
210 nm. Observed peak areas (17, 18, 21, and caffeine) were calculated and quantified using

Labsolution ver. 5.90 (Shimadzu) and excel.

Tubulin polymerization assays of 21 in the presence of B-galactosidase

Compound 21 (200 uM) and B-galactosidase (5.0 U/mL) were incubated at 37 °C for 24 h. The
tubulin mixture (previously explained, 45 pL) and compounds (5 pL) were charged on a 96-well plate
on ice. The increase in fluorescence was monitored at rt by excitation at 380 nm and emission at 460

nm with the 2103 EnVision™ Multilabel Plate Reader (Perkin-Elmer).

Cytotoxicity assays of 21 in the presence of -galactosidase

HT29 cell line is maintained in DMEM medium with 10% fetal bovine serum in a humidified
incubator at 37 °C with 5% CO-. The tumor cells were plated into 96 well plates in the density of 2000
cells per well in 100 pL of medium. The cells were allowed to adhere overnight. Stock solutions of 21
were dissolved in DMSO to a concentration of 10 mM. Dilutions of the compounds ranging from 10
uM to 7.5 mM were prepared in DMSO. Each dilution (1 pL) and B-galactosidase (44.6 or 8.9 U/mL,
5 uL) were added to the wells containing cells in duplicates. After 72 h, the plates were cooled to rt,
and 20 pL of CellTiter-Glo luminescent reagent (Promega) was added to each well. The solution of
each well (90 pL) was moved to white 96 well plates. The luminescence of each well was measured

by using the 2103 EnVision™ Multilabel Plate Reader (Perkin-Elmer).

~ Oridonin section ~

Chemical synthesis procedures
(18,5S,6S,6aR,8R,9S,11bS,14R)-1,5,6,14-tetrahydroxy-8-(((2-hydroxyphenyl)amino)methyl)-4,4-

dimethyldecahydro-1H-6, 11b-(epoxymethano)-6a,9-methanocycloheptafanaphthalen-7(8H)-one
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(22). Oridonin (9.2 mg, 0.025 mmol), o-aminophenol (8.2 mg, 0.075 mmol) and silica gel (24 mg)
were dissolved in MeOH (322 pL) and stirred at 60 °C for 23 h. The crude was purified by HPLC
(CH3CN/H0) to afford compound 22 and oridonin mixture (22: oridonin: o-aminophenol = 1:0.9:0.9)
as a pale yellow solid (6.8 mg): *H NMR (CsDsN, 600 MHz) ¢ 11.56 (br, 1H), 9.46 (br, 1H), 7.17-
7.13 (m, 1H), 7.03 (d, J = 4.8 Hz, 2H), 6.82-6.75 (m, 1H), 6.72 (d, J = 10.2 Hz, 1H), 5.98-5.92 (m,
1H), 5.90-5.84 (m, 1H), 5.27 (s, 1H), 4.78 (d, J = 9.0 Hz, 1H), 4.38 (d, J = 10.2 Hz, 1H), 4.32-4.22
(m, 1H), 4.10-4.04 (m, 1H), 4.02-3.92 (m, 1H), 3.74-3.62 (overlapped, 2H), 3.00-2.92 (m, 1H), 2.70
(d, J=8.4 Hz, 1H), 2.36-2.28 (m, 1H), 2.06-1.76 (overlapped, 6H), 1.51-1.48 (m, 1H), 1.44-1.36 (m,
2H), 1.33 (s, 3H), 1.14 (s, 3H); *C NMR (CsDsN, 150 MHz) ¢ 222.7, 145.6, 137.8, 120.1, 116.5,
114.0,110.2,97.7,74.9,74.4,72.6, 63.3, 59.4, 55.6, 52.8, 46.6, 41.1, 40.5, 39.1, 38.9, 33.4, 33.0, 30.2,
21.8,19.7, 18.8; HR-MS (ESI) [M+H]* m/z 474.2404 (calcd. for CosH3sNO7, 474.2486): [a]30=-58.6

(c 0.1, pyridine).

(1S,5S,6S,6aR,8R,9S,11bS,14R)-1,5,6,14-tetrahydroxy-8-(((2-methoxyphenyl)amino)methyl)-4,4-
dimethyldecahydro-1H-6,11b-(epoxymethano)-6a,9-methanocyclohepta[a]naphthalen-7(8H)-one
(23). To a stirred solution of oridonin (10.5 mg, 0.0288 mmol) in DMSO (288 uL) was added o-
anisidine (17.8 mg, 0.144 mmol) and stirred at rt for 2 days. The crude was purified by HPLC
(CH3CN/H0) to afford compound 23 as a white solid (6.7 mg, 48%): *H NMR (CsDsN, 500 MHz) ¢
7.05-7.00 (m, 1H), 6.94-6.90 (m, 1H), 6.88-6.84 (m, 1H), 6.82-6.77 (m, 1H), 6.55 (d, J = 10.5 Hz,
1H), 5.98 (d, J = 4.5 Hz, 1H), 5.43 (s, 1H), 5.36-5.30 (m, 1H), 4.77 (d, J = 10.0 Hz, 1H), 4.42 (d, J =
10.0 Hz, 1H), 4.22 (dd, J =11.0, 6.5 Hz, 1H), 3.98-3.84 (overlapped, 2H), 3.72-3.60 (overlapped, 5H),
291 (t, J = 8.5 Hz, 1H), 2.58-2.50 (m, 1H), 2.08-1.99 (m, 1H), 1.99-1.91 (m, 1H), 1.91-1.80
(overlapped, 3H), 1.80-1.70 (m, 1H), 1.50 (d, J = 6.5 Hz, 1H), 1.45-1.31 (m, 2H), 1.28 (s, 3H), 1.15
(s, 3H); 13C NMR (CsDsN, 125 MHz) 6 223.6, 147.0, 138.0, 121.3, 116.3, 109.63, 109.56, 97.4, 74.0,
73.5,72.2,63.5, 62.5, 60.7, 54.7, 53.1, 50.4, 40.8, 40.2, 38.7, 37.0, 33.5, 32.5, 29.9, 21.3, 19.9, 18.8;
HR-MS (ESI) [M+H]* m/z 488.2549 (calcd. for Co7H3sNO7, 488.2643): [a]30=24.5 (¢ 0.03, pyridine).

(1S,5S,6S,6aR,8R,9S,11bS,14R)-1,5,6,14-tetrahydroxy-4,4-dimethyl-8-
((phenylamino)methyl)decahydro-1H-6,11b-(epoxymethano)-6a,9-
methanocyclohepta[a]naphthalen-7(8H)-one (24). Oridonin (12.3 mg, 0.034 mmol), aniline (9.4 mg,
0.101 mmol) and silica gel (32.9 mg) were dissolved in MeOH (439 pL) and stirred at 65 °C for 16 h.
The crude was purified by HPLC (CH3CN/H20) to afford compound 24 as a white solid (7.6 mg,
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49%): *H NMR (CsDsN, 500 MHz) 6 8.70 (br, 1H), 7.75 (br, 1H), 7.30 (t, J = 8.0 Hz, 2H), 6.96 (d, J
= 8.5 Hz, 2H), 6.81 (t, J = 7.5 Hz, 1H), 6.57 (d, J = 11.5 Hz, 1H), 6.06 (t, J = 5.5 Hz, 1H), 5.98 (d, J
= 4.5 Hz, 1H), 5.43 (s, 1H), 4.77 (d, J = 10.0 Hz, 1H), 4.43 (d, J = 9.5 Hz, 1H), 4.22 (dd, J = 11.0, 6.5
Hz, 1H), 3.96-3.86 (overlapped, 2H), 3.72-3.65 (m, 1H), 3.65-3.56 (m, 1H), 2.96 (t, J = 8.3 Hz, 1H),
2.60-2.48 (m, 1H), 2.08-1.70 (overlapped, 6H), 1.50 (d, J = 6.0 Hz, 1H), 1.46-1.30 (m, 2H), 1.28 (s,
3H), 1.15 (s, 3H); 3C NMR (CsDsN, 125 MHz) & 223.4, 129.2, 116.6, 112.5, 97.4, 74.0, 73.5, 72.2,
63.5, 62.5, 60.8, 53.2, 50.5, 40.9, 33.5, 32.5, 29.9, 21.3, 19.8, 18.8; HR-MS (ESI) [M+H]* m/z
458.2519 (calcd. for CasHasNOs, 458.2537): [a]2°=25.4 (c 0.03, pyridine).

(1S,5S,6S,6aR,8R,9S,11bS,14R)-1,5,6,14-tetrahydroxy-4,4-dimethyl-8-(((4-
nitrophenyl)amino)methyl)decahydro-1H-6,11b-(epoxymethano)-6a,9-
methanocyclohepta[a]naphthalen-7(8H)-one (25). Oridonin (5.5 mg, 0.015 mmol), 4-nitroaniline (6.3
mg, 0.045 mmol) and silica gel (15.0 mg) were dissolved in MeOH (200 pL) and stirred at 60 °C for
25 h. The crude was purified by HPLC (CH3CN/H;0) to afford compound 25 as a yellow solid (3.1
mg, 41%): 'H NMR (CsDsN, 500 MHz) ¢ 8.80 (br, 1H), 8.24 (d, J = 9.0 Hz, 2H), 7.96 (t, J = 5.0 Hz,
1H), 7.75 (br, 1H), 6.81 (d, J = 9.5 Hz, 2H), 6.45 (d, J = 11.5 Hz, 1H), 6.00 (d, J = 4.5 Hz, 1H), 5.43
(br, 1H), 4.76 (d, J = 10.5 Hz, 1H), 4.42 (d, J = 11.5 Hz, 1H), 4.22 (dd, J = 11.3, 6.3 Hz, 1H), 3.98-
3.84 (overlapped, 2H), 3.70-3.62 (overlapped, 2H), 2.94 (t, J = 8.3 Hz, 1H), 2.60-2.48 (m, 1H), 2.06-
1.98 (m, 1H), 1.96-1.79 (overlapped, 4H), 1.69 (td, J = 14.5, 6.5 Hz, 1H), 1.48 (d, J = 5.5 Hz, 1H),
1.46-1.39 (m, 1H), 1.38-1.32 (m, 1H), 1.28 (s, 3H), 1.14 (s, 3H); 3C NMR (CsDsN, 125 MHz) § 222.7,
154.2, 137.0, 126.2, 110.7, 97.4, 74.0, 73.3, 72.2, 63.5, 62.3, 60.8, 53.3, 50.4, 40.8, 39.6, 38.7, 36.9,
33.5, 32,5, 29.8, 21.2, 19.9, 18.8; HR-MS (ESI) [M+H]" m/z 503.2314 (calcd. for C2sHssN2Os,
503.2388): [a]30=-49.7 (c 0.03, pyridine).

(1S,5S,6S,6aR,8R,9S,11bS,14R)-1,5,6,14-tetrahydroxy-4,4-dimethyl-8-(((4-
(methylsulfonyl)phenyl)amino)methyl)decahydro-1H-6,11b-(epoxymethano)-6a,9-
methanocyclohepta[a]naphthalen-7(8H)-one  (26). Oridonin (5.6 mg, 0.016 mmol), 4-
(methylsulfonyl)aniline (7.9 mg, 0.046 mmol) and silica gel (15.0 mg) were dissolved in MeOH (200
uL) and stirred at 60 °C for 25 h. The crude was purified by HPLC (CH3CN/H:0) to afford compound
26 as a white solid (5.6 mg, 67%): *H NMR (CsDsN, 500 MHz) 6 8.77 (br, 1H), 7.97 (d, J = 8.5 Hz,
2H), 7.75 (br, 1H), 7.37 (br, 1H), 6.93 (d, J = 9.0 Hz, 2H), 6.49 (d, J = 11.5 Hz, 1H), 6.00 (d, J = 4.5
Hz, 1H), 5.43 (s, 1H), 4.77 (d, J = 9.5 Hz, 1H), 4.43 (d, J = 10.0 Hz, 1H), 4.22 (dd, J = 11.0, 6.0 Hz,
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1H), 3.93-3.87 (overlapped, 2H), 3.70-3.60 (overlapped, 2H), 3.21 (s, 3H), 2.95 (t, J = 8.5 Hz, 1H),
2.60-2.48 (m, 1H), 2.07-1.80 (overlapped, 5H), 1.71 (td, J = 14.1, 6.8 Hz, 1H), 1.49 (d, J = 5.5 Hz,
1H), 1.46-1.32 (m, 2H), 1.28 (s, 3H), 1.15 (s, 3H); 1*C NMR (CsDsN, 125 MHz) §; 222.9, 152.8, 129.3,
127.2,111.3,97.4,74.0,73.4,72.2,63.5, 62.4, 60.8, 53.2,50.4, 44.4, 40.8, 39.5, 38.7, 36.9, 33.5, 32.5,
29.8, 21.2, 19.9, 18.8; HR-MS (ESI) [M+H]* m/z 536.2358 (calcd. for C27H3sNOsS, 536.2313):
[a]3°=36.0 (c 0.03, pyridine).

(1S,5S,6S,6aR,8R,9S,11bS,14R)-1,5,6,14-tetrahydroxy-4,4-dimethyl-8-(((4-
((trifluoromethyl)sulfonyl)phenyl)amino)methyl)decahydro-1H-6,11b-(epoxymethano)-6a,9-
methanocyclohepta[a]naphthalen-7(8H)-one (27). Oridonin (11.5 mg, 0.032 mmol), 4-
(trifluoromethylsulfonyl)aniline (21.3 mg, 0.095 mmol) and silica gel (30.4 mg) were dissolved in
MeOH (406 pL) and stirred at 60 °C for 21 h. The crude was purified by HPLC (CH3CN/H-O) to
afford compound 27 as a white solid (3.9 mg, 21%): *H NMR (CDsOD, 500 MHz) 6 7.70 (d, J=9.0
Hz, 2H), 6.83 (d, J = 9.5 Hz, 2H), 5.00 (d, J = 1.5 Hz, 1H), 4.62 (br, 1H), 4.24 (d, J = 10.5 Hz, 1H),
4.04 (dd, J=10.3, 1.3 Hz, 1H), 3.68-3.59 (overlapped, 2H), 3.50-3.34 (overlapped, 3H), 2.70-2.63 (m,
1H), 2.22-2.02 (overlapped, 2H), 1.83 (dd, J = 12.3, 4.3 Hz, 1H), 1.69-1.55 (overlapped, 2H), 1.46 (dt,
J=17.0, 3.4 Hz, 1H), 1.32 (td, J = 13.1, 4.3 Hz, 1H), 1.26 (d, J = 6.0 Hz, 1H), 1.11 (s, 3H), 1.06 (s,
3H) ; 3C NMR (CD30D, 125 MHz) § 223.7, 156.8, 134.0, 115.2, 97.9, 74.89, 74.86, 73.7, 64.6, 63.1,
61.7,54.8,51.3,42.2,40.2, 39.8, 38.2, 34.6, 33.0, 30.4, 21.9, 21.0, 19.8; HR-MS (ESI) [M+Na]* m/z
612.1840 (calcd. for Co7H3aFsNNaOsS, 612.1849): [a]3°= -27.0 (c 0.03, pyridine).

Monitoring of the conversions of oridonin derivatives (23-27)

Compounds (23-27) (50 uM) and caffeine (internal standard, 10 pM) were dissolved in
MeOH/milliQ water (4:1) and incubated at 37 °C. A portion of the reaction mixture and the authentic
samples were analyzed by HPLC. HPLC conditions: PEGASIL ODS SP100 (@ 4.6 x 250 mm), a
linear gradient of 25-70% CH3CN in aq. at a flow rate of 0.8 mL/min. Chromatograms were visualized
an absorbance at 210 nm (for oridonin) and 270 nm (for caffeine). Observed peak areas (oridonin and

caffeine) were calculated and quantified using Labsolution ver. 5.90 (Shimadzu) and excel.

Cytotoxicity assays
HT29 cell line is maintained in DMEM medium with 10% fetal bovine serum in a humidified

incubator at 37 °C with 5% CO-. The tumor cells were plated into 96 well plates in the density of 2000
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cells per well in 100 pL of medium. The cells were allowed to adhere overnight. Stock solutions of
the oridonin analogues were dissolved in DMSO to a concentration of 10 mM. Dilutions of the
compounds ranging from 10 uM to 7.5 mM were prepared in DMSO. One microliter of each dilution
was added to the wells containing cells in duplicates. After 15, 24, and 48 h, the plates were cooled to
rt, and 20 uL of CellTiter-Glo luminescent reagent (Promega) was added to each well. The solution of
each well (90 pL) was moved to white 96 well plates. The luminescence of each well was measured

by using the 2103 EnVision™ Multilabel Plate Reader (Perkin-Elmer).
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6. NMR spectroscopic data

'H NMR (500 MHz, CDCL), 13C NMR (125 MHz, CDCl)
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'H NMR (500 MHz, CDCL), 13C NMR (125 MHz, CDCl)
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'H NMR (500 MHz, CDCL), 13C NMR (125 MHz, CDCl)

'H NMR spectrum of 5-oxo-6-heptenoic acid
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'H NMR (500 MHz, CDCL), 13C NMR (125 MHz, CDCl)
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"H NMR (500 MHz, CDsOD), *C NMR (125 MHz, CD3OD)
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'H NMR (500 MHz, CDCL), 13C NMR (125 MHz, CDCl)

'H NMR spectrum of 19
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"H NMR (500 MHz, CDsOD), *C NMR (125 MHz, CD3OD)
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"H NMR (500 MHz, CDsOD), *C NMR (125 MHz, CD3OD)
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'H NMR (600 MHz, CsDsN), 13C NMR (150 MHz, CsDsN)
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13C NMR spectrum of 22
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'H NMR (500 MHz, CsDsN), 13C NMR (125 MHz, CsDsN)

13C NMR spectrum of 23
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'H NMR (500 MHz, CsDsN), 13C NMR (125 MHz, CsDsN)

1 'H NMR spectrum of 24
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'H NMR (500 MHz, CsDsN), 13C NMR (125 MHz, CsDsN)
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'H NMR (500 MHz, CsDsN), 3C NMR (125 MHz, CsDsN)
'H NMR spectrum of 26
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"H NMR (500 MHz, CDsOD), *C NMR (125 MHz, CD3OD)
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o

AKAFgE i, & DR Saccharothrix sp. A1506 23PEA 3 2 RARA WL EY
saccharothriolide B (STL B, 2) 23/Ki&#H C o-aminophenol % [i#fE L. o, p-AEIFI A LR = v
b &%) presaccharothriolide X (preSTL X, 1) #MH+ 2R ICEH L <, R aEs o
LA PtE % F o 72 ROGHERE O WGIE. BREEIKEER 2 U TR 0BGt 2 L CAEIE Y E ~ o
B &A=, (LAY 1 1T o-anisidine *° anthranilicacid 25l L 72t &492> 5 13 preSTL
X (1) oIz R S n72% . o-aminophenol %% & & TRIGTED B o - B A
VR =G —FRICRE L, RSN T ap-AEERI A VR =V 2GS 5 3 % 3
% DDS DBHFICIGHTE 2 LHIfFL 72,

1. o-Aminophenol 2Bt 3 2 S o fRET

% 1 T3, STL B (2) TEIZ X 7= o-aminophenol D fiidft, F X O ap-AELMI A LR
AMEEOBHIC oW, BiliaEEZ G T 2 LEME AT, Z oL HERAL -, %
DAL, 0-aminophenol DEEEN)GIZ STLB(2) DX 97 10 Bli~2 v 74 FLULDESH
R TTOHETT 5 2 L PRSI NIz,

LI P ZRATA BXUT I VRO ofp-AEIH A VR = LEY %2 VT HNMR
HIE S HPLC T X 2 ERMENT 21T o 7ofb S, ARIGIE 7 FALD o-aminophenol fHiNfE (3)
TOAKBUNE 7z, ROCEBEZ RS L /G580, 71 b VPEEBLEER I SO I3 ET L 72, &
7o WL 7 a b yPEABICOWTh K MeOH X W @IS Z b 7263 2 L 235
DT T o 72, RIT, o-aminophenol @ 7 = 7 — A PEKEEREIZ, A B F oI KL T op-F
BRI A VR = AL AV O 2 BT EEST 2 2 L L IR o e, —HORERD B K
JORERE % 28 L 720650, SOSMENLICHEFT L 72 )R K 1%, o-aminophenol @ & & fnf % N7z 7
x = VHIKIBEIEDS, AR =L a o7 e b rvag ikl etk ThizbINie
FEZ bz,

T 5T, o,f-AEIF A AR = LIS DT o-aminophenyl-B-galactoside (15) TR L 7=
fb&Y 16 ZE L, L0 BRBICERN e B4 72, 35 &, PB-galactosidase 7#7E [MiC 3
T o-aminophenol & B-galactose D 7Y 2 PG MK SEINTT = 7 — K
MEXL 382 H L. o-aminophenol fiHANfR (3) 234ER. % #LiC#iEV> T o-aminophenol 23fitHfE L |
dodec-1-en-3-one (6) ~ L 28I N2 Z LR I NIz,
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2. EWEHYIE ~ D
%2 Emok, EEMcN L CElEZ RN T RAE(LAEDY) colchicine & oridonin % \»
Ty o B-AAIAI A LR = it o — IR LR & BEBEDS b 72 & T AEVIEE~ D2 % -l L 72,

2.1 Colchicine

BYC, UNEBEAHERE LT EHIhTw34 X977 vlkRRAGHRILEY D
colchicine ZXfR & L7z, 3. ap-A IR A VR oG 28 A L 2B ER 17) 26
L. 17 @ o-aminophenol fHlfk (18) # X O° o-anisidine ik (19) b AEAK L 72,
HPLC ic X 2 & EillEDfE R, o-aminophenol fFil{& (18) X PBS v 7 7 —h L &d)
17 L. 2 ORISRAINE 19 X 0 #7252 & 2R L 72,

KA ARG O W TRUNE B A P E U & MR I X D BREE L 72, ADT5E
TEHRL HH o p-AEEM A VK= LAY TH 2 17 13 colchicine [FFRICHU/NEHEAFH
FEMZR L7, L2, HT29 #Hfgicnt 3 2 B5Eiilzh® i colchicine (ICso = 5.4 nM) &
HRTEL KT L2 (ICs>400nM), HPLC % fv27-= PBS Ny 7 7 — &b ¢
LOEVE % R L 724551 (LAY 17 OMIfgmE KT i3, Hiltih CoWLEtE, 3742bb
Bk D 2 v X 2B GrTe &L OIFFFRI RS G IR 3 2 IRt R T e, EEEL
{EEY 17 O ap-REIFI A LR = AL~ o-aminophenol % 3E A L 7= {1k 18 1. L&
Y17 X0 b E IR REI R (1Cs0 = 153.1nM) %7R L7z, PBS »¥v 7 7 —F Tl
& 18 23L& 17 A L 72455 & ffF2 T, o-aminophenol (3 flifaRs &b cliBE+ 2 %
T BB A VR = UG 2 R L T 2 a[BEMED R IR & L7z,

e T, REEAISEN 7 o p- AR A LR = LAY 17) o ziER L, & 1 =
TH 7z o-aminophenyl-B-galactoside (15) I X % fR#& # (L&Y 17 I L 72 B-galactose-o-
aminophenol ik (21) Z&M L 7z, HPLC 1c X 3 BB &5 5, FEfHiE 21 13 PBS
R CRIEICHFIET 5 — /7. p-galactosidase 1F7E I TIIERIEEMKFICIRD L, o-
aminophenol ik (18) ZBETlLAW 17 ~e EBfax iz, Th kv BEINE 21 13 p-
galactosidase JLEMICILEY 17 2T 2 Z L 3L 20T o 7z, EPIEEICBIL T
FERERFEAE T CIIBERTINAE 21 © HT29 MIAZIC T3 2 HEHEIIHIZ)E (3K V> (ICs0 > 400 nM)
23, B-galactosidase #RANIC X 0 iGPEIZIA E (ICs = 137 nM) L. fUNEEATHERE b FiH 4
52 EHBHL 72, ZDRES S, B-galactosidase FRINIC X o THUH S 7L &Y 17 259
PEARGRE U TS 2 S/ L BN 21 132 ok, $hbb 7 m ¥ 7y 7KkiLs
e LTHREL TV EEZ b,
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2.2 Oridonin

Dodec-1-en-3-one (6) & colchicine #5E(A%Z H 7292882 &, o-aminophenol (% o-anisidine
L OELS T 2 2 LS E o7z, TORREDL S, RHEREL L THW 2 FEFER~DE
HELE AT X o TS E D Fil{Hl 25 v RE 2 MRET L. [FIRRIC ZE WS TR S B~ D R 8 b Gl L
7m0 RFEERTIX, BWTH1E D FBIEM2S colchicine X W 5 L, 222 ap-REFIH VA = L
R EEE D FEBUCE 5 L T 2 RIVEWILAY) oridonin % Fv 72,

=#)iC o-aminophenol {1k (22) ¥ X OF o-anisidine f1l{k (23) # A L7zE 2 A, 22
AL O 1H NMR HIERFIC 1ZBEIC o-aminophenol 23HEEfE L Tuvs7z, Zhic X b, dodec-
1-en-3-one (6) =% colchicine FAEMR & Hlg L T, oridonin 12 MiHERIEAS & 0 HEfTT 2
EDHO IR0, £22 T B 1 ETERLAEOEE? O, RERICEENET I/
o pKa BMEWETFIRGIFEDEAIC X 2 BiHERE QKT Z 5 L 7,

#r7z1c 7 =Y v p-nitroaniline, p-(methylsulfonyl) aniline ¥ X % p-[(trifluoromethyl)sulfonyl]
aniline % oridonin ICE A U 7= £HEFHER (24-27) 2 AL, KB <o BiRERh % %
HPLC TEHR L7z, ZDORER. fhoFHEMARA 2 HECHRAMIIC 30-50% oridonin % i3
% —J7C. Atk 27 2>5 @ oridonin DHEHEA) 10% TH o7z, 15-48 Fifd] 0 & FEH <
A L 7= HT29 M 3 2 A iEimdzh iR & . ik 27 ot EidthohE Mk &
WU CGRBIEL 72, T2 7 =) vHHD pKa A5, 43 L b BsEEE Mgt o5 &
ICRBLENZERTIE b0 7223, 7=V vIFHER E~OEHERE A X, YRS E o i
BT &GV % 5 2 2 WRetE 0 R R S T,
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3. £L¥

KWFGECix, &VIHRE  Saccharothrix sp. A1506 2 FEA T 5 RINEERALEY
saccharothriolide B (STL B, 2) iC3\»T o-aminophenol 23783 o B-ANBHl A4 v R = L AE D
RIS 23, dodec-1-en-3-one (6), 1B o B-IAIFI A7 VR = L% E AL 7= colchicine #5854,
B XV oridonin IC CHIRAMGETH DL Z L ERLT, TDH B, oridonin ICXF 2% o-
aminophenol DR X, EWIBEEE 2R L7225, 7=V v ER~OKHE IS A 1C X
% SOGHFE DIMHNIC K L 72,

IS DFEHES 5. 0-aminophenol ED 7 = 7 — AMOKEEHE IR L, GBI IC G U
TREREAFE T 5 2 L T, ap- AR A AR =GO m ORISR 2, o RS
~OERI 2 FEAN OIS AFFC & 2, 72, FFHER E~DEIEEAIC X 5 retro-Michael
OGO DI <. AYNETEFBIRF O ET A AR T % 5 (Figure 39), 5%, AFiE% X
DHEIEZZLT, INTTHWRIGHEY 2 ICZ OFEIEMEZ E L L GHiicE T
o7z aB-AEURI A VR = AL EY & BT 2 T L L CORBAIARECE 2, MATIE
AN 3 2 Bt~ D& & . TSI S 25 R A R L A3 5 b BRI
FRILTE b o7 ap-AEMALE=MEPICONTH, RFEERF T VT v 7Mbx
FRT2HMTFRE LR VG EEZLND,

ReE
rotecting grou R +
P 99 p—oﬁ T L 1))
0 HNTY l
drug TOESy S

eI OBBENRIEVEERFARAD
IRRATHGIND

Figure. 39 AMEDO X L O RUWFH 70 F 7 v FMLoRBE. 7 = /7 — VHKERIL TN 5
PISERO AT R 7 SOCTE B RERL 1T X 2 (R (Rkiflr) CliEERIEoRm b, 7=Y v 5k
B b~ o@EHEE A (REEAL) CHEERE ORI 2 e Lz, 2o OEfild. op-Fid
AN+ =NALEY D IRE L BEICER O ZfER L7 n F 7 v 7MLk LT, K&
P> D TBIFNR O TSR S BHFE~ D B 2SI C ¥ 5,
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