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Search for new antitumor |ead—compounds originated from plant
alkaloids
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TFZERC R OBEEL (Fn30) - AR L Sk D BTG 3B D72 D Y — M O PR & Al
D=, Gelsemium 7V 1A FIFNZ /L F 7 A ROALFEROTE, AWiEr i 217 -
oo ZORER. Gelsemium B L K RIpHEEE AT 207 Va4 REZ R LT,
Gelsemium 7V A RO—FTdh 5 Sarpagine B 7 /L7 74 KO EEEIAZ &AL
Sz & v &k Lz, —JF. 4/~ %7 4L colchicine i (N 7 iZIZa-hydroxyacetoamide %
9 % 4-chlorocolchicine 2378 ) A bilEEIEIEEZ AT 5 Z L3 o 72, &IEYE colchicine 7
HKDTa 8T v 7bEWE AR L., B SR E 2 36 L 7=,

e B O EEE (33C) : To discover and develop lead-compounds for new antitumor
medicines originated from plant alkaloids, chemical investigation and biological evaluation
of Gelsemium alkaloids and colchicinoids were carried out. As results, several novel
alkaloids were isolated from Gelsemium plants. Key intermediates of sarpagine-type
alkaloids, one of the members of Gelsemium alkaloids, were synthesized utilizing
gold-catalyzed cyclization. 4-Halocolchicines and 4-chlorocolchicine derivatives bearing an
o-hydroxyacetoamide side chain at C-7 were found to show potent antitumor activities.
Pro-drugs of highly-active colchicine derivatives were prepared and their selective toxicity
to the tumor cells was evaluated.
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NS A AR Lo %3 2 BEE e B EER 2 7 9
% gelsedine B 7 V1 v A ROFHEREK &
BERAGEEAT o T2, [FERIC AR i F
A %#H 3 5 yohimban # 7 v h 1A K
sempervirine DFFERG AL E HFT LT,

Colchicine @ 4 (LN 7L T 2 7 FEIZ
T AKFEFHERE G LT,

LRIV BT v e A R,
FHERIZOWT, & MESHIND R
AB549, KAFFEEMIE HT29, HCT116 72 &) (2
* D MR 21T o 72,

5 ) 22 BUIEEHEE 2358 8D B 4172 colchicine
R E VT, AR R O 15 4
BfeL7-7 e R v 7 b&xiTo7,
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~F B Gelsemium elegans £ V) Ff¥ 73
W& %4 5 H M gelsedine B 7 LA K
478 (L-4)=HEEL7- (Fig. 1. Tk 2) .

M-Methylgelsedilam (1), 15-hydroxy-
Mr-methylgelsedilam (2) /X . 18,19-nor-
gelsedine ‘i CTT7 7 ¥ AE&EEHTHT L
hvaA RTohD, MMethylgelsedilam (1)
I%. gelsenicine (5)7H DILFAEHIZ LV %
D&% R L7 (Scheme 1)

Gelsesyringalidine (8) . 14-dehydro-
gelsefuranidine (4)1%, Z <% gelsenicine
(5)D 19 {7l syringaldehyde, furfural H3&

OIS A 35 gelsedine B 7 /L v A KT,

gelsenicine (5)7>H DALFAHIZ LV £ O
WA WE L7~ (Scheme 2) .
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¥7-. G elegans, G. rankinii XV i
humantenine B 7/ b4 K 8 fE (6-13).
koumine % 7w A R 1 f (14),
gelsemine ! 7 /LA K 2 f (15, 16),
sarpagine 7 /Lo A R2FE (17, 18) & H
BEL7- (Fig. 2. CHk 2. 5) .

Humantenoxenine (6) . 15-hydroxy-
humantenoxenine (7)i%, @HE D7 /LI ¥
AT e A RED S I b BERE 23 1T
L. B7 2 /-ap-Afafir b iEEHT5
humantenine 7 v v A4 KTH 5,
Kounaminal (1)L 7 I F— W EE2EHT 5
koumine 7 v oA RTh 5,



Humantenine Type

R
H 15 R=H: Humantenoxenine (6)
Q HONY R=0H: 15-Hydroxy-
N Yo / humantenoxenine (7)
(‘)M Me 21

R1=0H, R2=H, R3=H, R4=H:
14-Hydroxyrankinidine (9)
R'=H, R2=0OH, R3=H, R4=H:
15-Hydroxyrankinidine (10)
R1=H, R2=H, R3=0H, R4=Me:
6-Hydroxyhumantenine (11)
R'=H, R2=H, R3=H, R*=Me, 19(E):
19(E)-Humantenine (12)

19,20-Dihydrorankinidine (13)

Koumine Type Gelsemine Type

AC 0
HN 21 NMe Ha R
A\, -N
PN Qs
N’ N o »
OM
° R=H: ¢
Kounaminal (14) Np-Demethylgelsevirine (15)
R=Me, N,-oxide:

Gelsevirine N-oxide (16)

Sarpagine Type

Dehydrokoumidine (17)  3-Hydroxykoumidine (18)

Fig. 2

IEE 5 i B A k3 % B 7 il B B fif’lzﬁﬁé"
A3 5 gelsedine (197 VA Ko4
e O —Eg & LT, ﬁ%ﬁﬁﬁﬁ%ﬂﬁﬁm%ﬂﬁﬁ
L 7= sarpagine B! 7 /L h v A K 20 DAL
gtz TV, mE AL (Fig. 3). £
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Sarpagine Type

Gelsedine Type

Q-

N H
OMe
Gelsedine (19)

19E-Koumidine (20)

Yohimbane type

Sempervirine (21)

Fig. 3

yohimban%! 7 /L1 & 4 K sempervirine (21)
DFBIREEAT ST,

BoneT vl a A REOAYTEMERER
{1277,

(2) a/LeF 2L U bUES
U — NbEWOERE & AR

Colchicine (22) L 0 4 fi~v 7 oAbk % & é.
i¢ colchicine # #H {& 23-31 W V' |
deacetylcolchicine #%E{K 32-34 % A5k Lt

(Scheme 3, 3CH#k 3),

MeO. MeO
A T e
MeO MeO
MeO O MeO O
(¢]

OMe OMe
Colchicine R'=Ac R'=H
(22) 23:R2=F 27:RP=CHO  32: RP=H
24: R2=C| 28: R2=0OH 33: R2=F
25: R2=Br 29: R2=CO,H 34: R2=Cl
26:R2=l 30: R2=NH,
31: R2=NO,

Scheme 3

BoNEHEMERICONT, b b AfEHR
A549, b M RABFEMAE HT29, HCT116 (%}
T2 Mfa s R 21T > 7= (Table 1), O
FER 4~ 7 AL colchicine 75 E A 23-26
23, colchicine (22)% LRI ZIEMHEZHT 52
EDRHLMNE o T,

1Cso value (uUM)
Ab549 HT29 HCT116
Colchicine (22) 0.054 0.008 0.011

Compound

23 0.033 0.007 0.008
24 0.012 0.010 0.009
25 0.014 0.006 0.007
26 0.032 0.006 0.007
27 1.007 0.128 0.054
28 0.225 0.484 NT
30 2.185 1.550 NT
31 0.073 0.031 0.038

IC50 value (LLM)

Compound

Ab549 HT29
Colchicine (22) NT NT
32 0.036 0.025
33 0.101 0.080
34 0.301 0.250

A549, human lung adenocarcinoma; HT29, human
colon adenocarcinoma; HCT116, human colorectal
carcinoma; NT, not tested

Table 1

% Z T . d4-fluorocolchicine (23) .
4-chlorocolchicine @HIZ >\ T~ 2%
W72 in vivoiklik (HCT116 b - KBS Am i
fEENE) %47 7= (Table 2), Colchicine
(22)CiE 1 mg/kg/day CHEESHIL O BEHH %



32.8%AE L= DOEmENRLS ~ T ADIE
RN 25 THoT=DIZK L., 23, 24 1B
T~ AL T H I & W FR RGN
Bm LTz, Lo T 4 (i~ 7 /A4 m ik
(23), 7 rul (249)DHEAIZLY colchicine
QOEFENEEIND Z ENbn, Zh
SILEM O IEN R ST,

Compd Schedule Dose Total dose
on days (mg/kg/day) (mg/kg)
Control 1-5 & 8-12 - -
22 1, 3,5 1 3
23 1-5 & 8-12 0.25 2.5
23 1-5 & 8-12 1 10
24 1-5 & 8-12 5 50
Tumor weight  Inhibition .
Compd (g, mean+S.D.)  rate (%) Mortality
Control 1.61+0.34 - 0/5
22 1.08 £ 0.51 32.8 2/5
23 1.21 +£0.44 25.0 0/5
23 0.71+0.28 55.6 0/5
24 0.51+0.08 68.4 0/5
Table 2

eV T, FEESHAE RN E OS2 B L C.
=& 4 \r~a 47 AL colchicine #EEKRICZ D
W, JEESHIZ W CREIREL L TV 5
FURTF X —F cathepsin B #F|H L7127
0 K7y 7{bxkiTo7, BERIC X - TREk -
YW &2 o_TTF RHEH S0 C OGN
{EEWITHEE S TR X, EEMENIzE
THRICLDVAATF FEHOGIN & i
WL 7T AT = a VUGS LD IEE
{BE W D EBA ISR i S D & v
) FETHD (Scheme 4),

cleavage by cathepsin B

( ) \Aiiﬁj TW/\N .Cbz
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spacer MeO
NH,

%(—/
dipeptide

MeO.

Active drug ome

dipeptide J

) ( Prodrug |

fragmentation

Scheme 4

EHEEmE L Cid b7 T 7 AT
—a UV CTHRHATRETH 0, IEER R S
T W %  deacetylcolchicine (32) &
4-fluorodeacetylcolchicine (38)% A 7z, L
Tx= VT 7= 35)E LUy (86) 8D

FHE L= YT F F Phe-Lys 37 LifMALA
¥ % self-immolative ( H & % %)
praminobenzyloxycarbonyl (PABC) spacer
ENLCHEEIE7e KT v 88, 89 %
/\5}6 L7- (Scheme 5),

Ph

o
1 HaN
WLWW .o L,

o)
R1=H, R2=H: H/
< L-Phenylalanine (35) R=H: L-Lysine (36)

o} NHR \ R=Alloc
R'=Cbz, R2= —N

NHAlloc
l Deacetylcolchicine (32)
or

4-Fluorodeacetylcolchicine (33)

WIZER L= e RZ > 7 38, 89 (2D
T U VRl & D cathepsin B (2 L % Fﬂﬂﬂ}i
& (pH 5.0, 837°C) %17 > 7=, HPLC /3#7iZ
DR BT =X — LT RE R, }iﬂSH#F’ﬁ@
Rime Ebicre R v 7OoEREAD L, 1§
PEALAY) 82, 88 DENHIIMLIZZ LD,
EHE LA O 2R Tz, £, &M%
e E L BT RTF ROERK b TR
N7=Z &6, cathepsin BIZXLAXTF K
BHLOBAZL L i< spacer WD T T T A LT —
Va Y RISHEfFRVEIT L2 LS
MmEiroTe,

7a K7 v 7 38, 89 & deacetylcolchicine
PR 82, 33 DIESAILENMEA HT29 b
MRBEME, ES e biflE N KR
(HUVEC) (& %t 3 % il i Mk 1 0 34 L 7=
(Table 3), Z=D#ER, IHHELEY 82, 33 D
BN ZENEN 1.4, 0.9 THoTDITHF
L. e K7 v 7 88, 89 CTiZxn<Ei 1.7
Tholz, Br&ERMEoOmLEEZHEL,
O7a Ry 7Lz oW TRETTH 5,

Compound 1Cso value (JM) Selectivity
HT29 HUVEC (HUVEC/HT29)
38 0.044 0.075 1.7
39 0.091 0.151 1.7
32 0.025 0.034 1.4
33 0.080 0.075 0.9

Table 3



F. MDA EMEEAE T S
4-chlorocolchicine (2422 T 7 (LIEHD
acylamide D& fHFHEA (MN-alkanoyl 758
K, Naroyl #FEK) =& L7- (CCEk 1),
15 PEFEAN & F . 7 LI a-hydroxyalkyl
amide %75 40, 41 B~ A% T
in vivo R (HCT116 t b KGEMaE, #

IRAI$BE5) 123\ THR A Ze FUBBIE TR 27 L

JRWE A B & B R EtEE A
T5Z Enbrolz (Fig. 4, Table4),

Cytotoxicities
1Cso value (uM)
Compound A549  HT29 HCTI16
40 0.0163 0.0080 0.0082
41 0.0194 0.0078 0.0081
Antitumor activities
Total
Dose IRa .
Compd (mg/kg/day) dose ©%) Mortality
(mg/kg)
40 20.0 60.0 43.6 0/3
40 40.00 120.0 66.7 0/3
41 50.0 150.0 58.5 0/4
41 100.0% 300.0 67.3 0/4
2 Inhibition rate. » Half of maximum dose.
Table 4

—7J7. = U B} Sandersonia JEREY) D R 57
RAEITVN, S, aurantiaca LV FHlaLvF
/ A K metacolchicine (42)% WL L 7= (Fig.
5. 3k 4) . AMeAEwiTEsoare s /A
RFEHR—RFEZL VR ELZ AL T
2,

CH,0H
Metacolchicine (42)

Fig. 5
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