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Study on the Synthesis and Cytotoxic
Activity of the Derivatives of Evodiamine

Student : Chien-Pang Chan Advisor : Dr. T. M. Juang

Institute of Applied Chemistry

National Chiao Tung University

Abstract

Evodiamine is the main quinazoline alkaloids isolated from Evodia
rutaecarpa. Previous studies have shown that evodiamine have many
pharmacological activities. Recently, it has been reported that evodiamine
exerts an antiproliferative effect on several cancers.

We have synthesized a series of 1,10-substitued and D ring modified
evodiamine derivatives, which were tested for in vitro anticancer activity
on three cancer cell lines. The SAR studies of this series of compounds.
We found some conclusions of SAR observations. First, at N-1 position
without any substituent showed better activity than the ones that have

substituent. Second, the ester linkages derivatives at C-10 position was



found to be potent. Third, the alkylation compounds have more cytotoxic
acitivty of HT-29 cell lines, the substituted group couldn’t have more than
three carbon. Fourth, we used sulfur substituted for N-methyl group was

show more potent than evodiamine.
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H Eh R A

NMR Nuclear magnetic resonance & + =

FAB-MS Fast-atom bombardment mass spectroscopy % & & + & #
¥

EI-MS Electron impact mass spectroscopy © + % & ¥

HPLC High-performance liguid chromatography % »x % i% 48 & 17 &
LC-MASS % 4p & 47 T 3% &

FT-IR Fourier transform infrared & 4 3.4 ¢+ & 2%

HelLa Human cervical epithelioid carcinoma -+ #g+ 7 52 (1 A )%
HT-29 human colon cancer cells %5 &

Colon26-L5 cells & B %% BJ’]U%m L

Colon SW620 %% a;]zf%m e

RAW 264.7 cells % & E ¥ m ¥z

AGS % J& w2tk

THP-1 % #7 ¢ 5 5wtk

A375-S2 * #FENE ¢ F K inrE tk

MCF-7 human breast cancer cells 37

INOS inducible isoform of nitric oxide synthase
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Evo evodiamine £ X @ik

EA ethyl acetate ¢ f&z fg

THF tetrahydrofuran = 3 % v

MeOH methanol ? p%

Ac acetyl ¢ figsk

Me methyl = £

Ph phenyl ¥ &

R alkyl = &

TEA triethylamine = z #3%

TFA trifluoroacetic acid = 4 fis it

BnBr benzyl bromide ;4. 1t°8 A3

DIBOC di-tert-butyl dicarbonate = s f& = ¥~ fia
DMAP dmethylaminopyridine =  fL3ef 1t ex_
LDA lithium diisopropylamide = £ 5 #=eit 42
MTT 3- (4, 5-dimethylthiazol-2-yl ) -2,5-diphenyltetrazolium bromide

ICs, The concentration of 50% inhibition  Fr#4150% %1 Z &k &
SAR structure and activity relationship

Glso & 3% M fw #e cell-linedr 135 1%

Bcl2 B-cell CLL/lymphoma 2
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1-2 £ ¥ % (Wu-Chu-Yu)

&% X W (Wu-Chu-Yu) 3 =4 # (Rutaceae) £+ % X % Lvodia
rutaecarpa (Juss.) Benth. 2 A ¥ 3iz% &9 » 2 ARV ¥ [N
P W B AT SR KR LT £ B TF L
ROGEFRBRB S R TR TRBRLES G LSRR LR E
Fied R CEER R A AL BEEAR-RY LG E
1 E M ehd 44k 3 rutaecarpine ~ evodiamine ~ dehydroevodiamine

> Evodiamine 4 =+ ;%: CI9HI7N30 &= ¢ %: 8,13, 13b, 14~
Tetrahydro-14-methylindolof2", 3" 3,4 |pyrido[ 2, 1-b]
quinazolin-5(7H)-one & 3% & 303>mp 278°C [a]o +352° (acetone)
PRt i KWk E A AP (alkaloids) - 1915# d

Asahina ##7 A4S K7 H4pd % > £ 4o Ohta 46 30
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1-3 % %“%L%)]%‘Mﬁ

1-3-1 & X Wdk & =
Synthesis of evodiamine

1928 # Asahina &#HEJ|* t & 4RV &5 &= - e P
£ 6 & R ? Eic fy(ethyl orthoformate) &g ™ & = !
evodiamine’ -

ST i HG/N

N
H

4

o}
\ N
HC(OC,Hs), K

reflux ,y

1976 # Kametani #c#:41* retro Mass-Spectral synthesis:=
3k & Fevodiamine © § £ 45¢ Mass Spectrum ¥ 3|5 & = £ A B
B oz 4% v £ 7T I #ifie#% (thionyl chloride){® - B % 4§
T_ehiv & % 8 (sulfinamide anhydride) » & ¥ & i+ &£ +# 9

(3, 4-dihydro- B -carboline)i& 7 -  iminoketene cycloaddition



3] evodiamine® e

SHhe oo

0]
OH SOCl, (l)
? + N
NH benzene N /S§O \ Vi
| N
H
8

Synthetic
Plan

Y

N
benzene H N

1978 # Kamikado #c#~ f1#* a.retroDiels-Alder Type Fragment
Ions 9= 3% > @& * it £4 9 (3, 4-dihydro- 8-carboline)frit & 4~
5(N-methylisatoic anhydride)i& 7=cycloaddition® ¥

. . 9
evodiamine’ °

O
0) O
@o WN benzene N
| N H N
H /S

5 9 2

»
7

1978 # Danieli #&#f1* it &4 TR &4 4 i&{7codensation
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218 #aintramolecular amidomethylationi® 3| i £ 4 6 A it ¥

L@ 5% & Fevodiamine” o

Shr

(@]
OH CBI‘4 PPh3
+ \ NH,
NH toluene reflux
N
H
4

O
36% CH,0 ,HCI WN Hg(OACc),(2 equiv)
- . (
N
/
10

MeOH reflux ACOH-H.O (9:1 >
3hr r.t(.: 24hr 06D
o)
\ N
N
2 /N
g].:

S EA T Danieli &> 1982 #8471 % - BE G KFFEPE

1(+)-evodiamine ° %’ﬁé (S)-tryptophan methyl ester z 42424 11
BB e F I g4 4T &4 150 f Aefiyfh(aceticacid)
SHEFRT > @3- BRAFASFCES 14 BRI B

decarboxylation=# 3 » = 3 £ & 11 (+)-evodiamine (18) » & A&

;‘—_?“, 28%11 o
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CO,Me
diphenylphosphoryl
\ NH, OH azide
N N-methylmorpholine
H NH DMF r.t. 20hr
11 7
H ,Cco,Me

N,N-dimethylmethyleneammonium 0
chloride
> Hg(OAc),-Na,(edta)
THF 40  15min N ( -
H N AcOH-H,0 (9:1)
/ 90  2hr
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AcOH
100

chlorosulphonyl
isocyanate
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'

CHyCly, 20, lhr CH,Cl,, DMF, 0 , 2hr

0
NaBH,
N - N H
H : diglyme, 60 , 20hr N
N 7
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1985 # Bergman ##:i# * it £ 4521 £ 4 5 BN H T i £

2 . . . 12
e & X deyodiamine  °

(@)
O
HN
N N o diglyme reflux H H
A |

lhr

s
4 5 6
O
acetic formic anhydride \ HN
_ TFAA
- N \ -
3hr H /N dioxane r.t. 2hr
OHC
19

O
\ HN o)
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N \ »
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2004 # Yeleswarapu ##:7@ * aniline 5 42404 21 ¥ &5
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@\ NaNo2 /HCI @\
HOOC
AcOH, 0 8-10hr

21 22 23
90% formic acid NH
= NH _— \
N—N 100 , 1hr
H N
o) H o)
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POCl, \ N
toluene, reflux, 1hr H N
/
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F%‘] =i
1-3-2 Chemistry of evodiamine
(1) acid-prmoted rearrangemeént'’
O
\ N
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HoOON
/
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H N CH2C12
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(3) oxided"

O @]
N N
\ ()TI(OAc);,CH,Cl, \
: !
H /N (2)DDQ, CCl, N
(4) reduction™
© N
N
\ LiAlH, \
N N H N
/ /
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= gl RN F T X Wk v 5 d cholinergic#s#]:c L KCN#7351 42
Gt o A X RO E S I Xk § I Pl E e A 2
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W B Frdl A R n e 9% A5 1C50 i 5 1.25 mM°® o 2 15 5 T 4
A6 o e RTHP-1 4 815 3 Sk dn % phHelafr A S B 122 4
% ‘e g m e FRA375-S2 £ 7 g ime cnime 4 (e p 0.5 3
320uM™® - Yeleswarapu #3244 1 &4= 5 %MCF-7 ~ &% 7% Colon
SW620 % 6 & w7 it fn e & EGlefic 15| 10uM™ -

i Ty Y o T RmE T AN s A - L e i
(necrosis) » = % im¥ &= (apoptosis)’ o ‘w7 H_F e & P T
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26 37

R—O,
O
- Q¢
N
H N /N

33

HO BnO HO,
O
jes ke s IRes®
N
33 4

HO

LR
O-alkylation:i& {7 — B2k " & i » #F3pldlenE ©11 2 f - B2

tefoch i £ T ¢ HEUREIET ok o

HO &,
0
N N
H N H N
N /

32 R=CH,

38 R=Bn

39 R=CH,CH,

42 R=CH,CHCH,
43 R=CH,CHC(CHj;),

B =

-

N-alkylation: 1345 — & ¥ gredp 277 § & & F= 3 47 02600

=
w

4

- E

8
W

@i 447 indoled R 2 E 3t FLB AL TR T - Bz
B #HF5RF P AuEF FTAARERL 7 - BERRAET T

feck ARG E L ARG AT LI RARA( S
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33

45 Rl :CH2CH3 R2:CH2CH3
51 Rl =H RZZCH2CH3
52 Rl =H RZZCH2CHCH2

?]..L =
O-acylation:i& (7 — B it & & » A= — B fig 85 e % > %’%\z’ C=0% 3
PR T RIF oS S e T F IR RSB o 9
P B PR S e R0 AP R - R LG 2 el

GEENPRATAA] 0 R LE BRI

2

R,/
40 R;=COCH; Ry=H
41 R;=COCH; R,=COCH;
46 RIZ(DNI_IPh RZZH
47 R1=(DCH2CHZ(DOH RZZH
48 RIZCH:HCI_ICH3 RZZH
49 R;=COCHC(CHs), R=H
50 R;=COCHCHPh R=H
53 R;=CONHPh R,~=CONHPh
]Tﬁ;] L X

A

S S - AL I A B C 2 R g e

o F AT R E R HHD Bk L - LA ROTE Y
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£=% L3 EERHD
& = evo
2 * Kamikado #&c42en= 27> & * it & 4 A(tryptamine) % ¥ fé
L fg¥ e r =2 AR 5 EETIME 250 A S5 90% -

4 % :¢ (7 Bischler-NapieralskiZk it & &*> @3]t &4 95 & F % 90% o

T 18 H-1L g,f?a g'fr'f'- é‘,;}n Hh—Az4e A ¥ Eg £ e )x\:kb\:iég'éfg}; B+

R A 20 A5 T0%

CH2C12

N Et;N reflux Shr N
H 90% 90% H
4 D5 9
0
N 0 pytidine
Y Pobwgr T
N o' - toluene 55
N | 70%
9 5
B- -

£ = 10-hydroxyevodiamine
FAPRFPE DL 28 AN PERT YL 26(serotonin)
aAded o A A F FiF- BBOCHIREL  BF ALY HIF- B A

ik AP F R AT D &P 29(5-methoxytryptamine) o 2

W

K EaT mﬁ},%—i XL L4 320 BthiH Z il miad v i%i“ E
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B R Hi @R L5 33T LA RSB RDEE > T A
PRFA Pend T AR BT A
HO HO e
\ NH; \ NHBOC \ NHBOC
(BOC),0 dimethyl sulfate
N CH,Cl, ,Et;N N NaOH ,MeOH N
H r.t. 95% H 40 80% H
26 27 28
—0 —0 o)
\ NHBOC \ NH, \ NHCHO
TFA EtOCHO
N CH,Cl,,r.t. N Et;N reflux 5h N
H 98% H } r%o})l/i)( ' H
28 29 30
¥e) _0
NHCHO N
\ POCI, \ v
N CH,Cl, 0 N
30 8% 31
0 7 —©
N o . { U \ 0
pyridine N
>/ T /j\ toluene 55 \
N oluene N
N—0
H | 70% H /N
31 5 32
_0
HO,
wed
o)
. BBr, \ N
H /N CH,Cl, 0 x N \
32 /-
33
g]: L _
4 —
Entry Reagent | Solvent |Condition Time result
1 BBr3 CH,Cl, 0°C bhr X
2 TMSI CDCl, 0°C bhr X

20




3 KOH diethyl 210°C reflux X
glycol 12hr

4 HBr CH;COOH 110°C 2hr X

FI AL e Rk 0 E - B O frie ¥ T A (Bn ) 0 i

* PA/C I s 7 g R R FHE E B @R 4

¥ 33
HO HO BnO.
\ NH, \ NHBOC \ NHBOC
(BOC),0 dimethyl sulfate N
_WBULRY N dimethy” surate
N CH,Cl, ,Et;N H NaOH ,MeOH H
H
r.t. 95% 40 70%
26 27 34
BnO BnO BnO.
\ NHBOC \ NH2 \ NHCHO
TFA EtOCHO
H CH,Cl,,r.t. H EtsN reflux Shr N
98% 80% H
34 B 36
BnO BnO
NHCHO N
\ POCI, \ /
N N
H CH,Cl, 0 H
36 60% 37
(0] BnO,
BnO. o
\ N 0o pyridine \ N
M LA,
N N o t01u6e;1[)e/ 55 H ¥
H | ° /
37 5 38
BnO HO,
O O
\ N H, Pd/C \ N
H CH;0H 40 H
N 98% N
38 33
Bl- -+ =
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BIivLp 33218 APTREBRANERBREI AP o A2
2 o @ RS AT Y BEB R e R ek o 2 F

BrAapugstEait EFopfEit 2 e oo r 22 0 FRTE R

T @G PR R &
HO R _0
O O
\ N R—X \ N
N N
K,CO;
H /N MEK reflux H /N
33
39 R=CH,CH;
42 R=CH,CHCH,
43 R:CH2CHC(CH3)2
Bl- L=

O
\ acetic anhydride
Et3N DMAP CH2C12 r.t.

40R,=COCH; R,—H
41 Rlz(I)CH3 Rf(I)CH3

s : %

33

33 7

46 ph N=C=O

o <§o 46 R=CONHPh
47 R=COCH,CH,COOH
48 R=COCHCHCH;

8 ~AMg 49 R=COCHC(CHs),

o
49 X al
Bl +tw



TP AP —H A RELF WG B A AP S f AR
o B AR AEFRAME o @A LB S RIG it & 45
BEAPTHREREINE 0 R LREF B AREIET F L1
B chit &4 510 BRFE RS SRR O £ B 0 T AR

FAL %o e A TBRBLERFRET R L -

HO.
o \/o
\ N o
N CH;CH,I \ N
H N LDA,THF, 0 N
/ N
P
33 45
HO HO
O 0
N oo
CH;CH,I
N
H N LDATHE 20 N \
% P
33 51
N
HQO Ph— >//o
o} o} \ O
\ N PhNCO \
N N
N \ LDA, THF -78 /K /N
4 HITI o)
Ph
33 53
]
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A TR 2 B R BT PR
(1)Merk : CDCIs ~ BnBr ~ Dimethyl sulfate ~ Phenyl isocyanate
(2) Acros : Ethyl formate ~ LDA ~ Cinnamoyl chloride

Crotonoyl chloride - 3,3-Dimethylacryloyl chloride ~ Palladium on

activated carbon, unreduced , 10%,Pd

(3)TCI - Serotonin hydrochlonide

(4)Lacaster :TFA ~ Allyl bromide

(5) Adrich: POCl; ~ Ethyl iodine

(6) TEDIA : EA ~ hexane ~ acetone ~ DCM ~ ether ~ toluene ~ TEA ~ acetic
anhydride

(7)SHOWA : Potassium carbonate ~ Potassium iodide

(8)Fluka : DIBOC
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4-1-2 & E
()FT-IR ‘= *h s %2 % (FT-730)
(2)HPLC % »xie i 40 & 7 & (Waters 600 controller)
(3)PC/'"HNMR # % & & B % 4& %3 % (Varian Unity Inova-500)
(4) ¢ B & 772 (silica gel 60 / 0.063mm-0.200mm/Merk)
(5) 3 & & 47i2 (silica gel 60 Fs4)

(6)HR-Mass % f#{7 F ¥k (77~ §F &7 <)
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42 K IR HHTH

4-2-1 £ 3% X%k (evodiamine)

N-formyl-tryptamine (25)2. & =

W EtOCHO QS\H\N\(

Et3N reflux Shr
90%

#-tryptamine 4(2.5g, 15. 6mmole)id » ¥ e fiz (12. 6ml, 156
mmole) » £ e » = ¢ A (1,.57g, 15.6Mmole) 4v e jR g5 ] pF > &
Lo N ED S EER A R SRR S TR R R R
FRRdETC 0 Wik~ RIS AT P L A A riE e (o

e fg:it e te=2:1) ¥ @3 ¢ FA $25(2. 64g) > 90% -

it g 25k G AL AT

'"H NMR (500MHz, CDCls) 63.01 (t, J = 3.5Hz, 2H), 3.65 (q, J = 6.5Hz,
2H), 5.61 (s, 1H), 7.04 (s, 1H), 7.13 (t, J = 7.5Hz, 1H), 7.21 (t, J = 7.5Hz,
1H), 7.37 (d, J = 8.0Hz, 1H), 7.59 (d, J = 7.5Hz, 1H), 8.18(s, 1H), 8.51 (s,
1H)
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3, 4-dihydro-B-carboline(9)2 & %%

Q’@N% b/
CH,Cl, 0

90%

Iz

25 9

£

WEF T &% & 4 g5(6.45ml, 69mmole) hiE oKk = F T kR e R
(6m1) BB 4 » 0°C ™ 2 i+ & ##25(2. 6g, 13. 8mmole) e -k = & 7 *=
A (3.0ml)  HELL R w I F R 0 R ARELL R e BRIET 0 4
roRBEE o g kP ePHERTIE Mo e fsBzx 7 #
kg moKrrpedt ik o bl JRMRSAE AL 0 Y LR fr T AR S

B¢ A A2 1g) » AN

g 49k T AT

'H NMR (500MHz, CDCl3) 6 2.91 (t, J = 9.0Hz, 2H), 3.94 (m, 2H), 7.15
(t, J=7.5Hz, 1H), 7.29 (t, J= 7.0Hz, 1H), 7.38 (d, J = 8.5Hz, 1H), 7.60
(d,J=8.0Hz, 1H), 8.38 (s, 1H),
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Evodiamine(2)2 & =

0
0 { 7\’—j \
N . pyridine
m Qi\li tolueneSS
N | 70%

#-1v £ $5(2.29¢g,12. 9mole) 4e » v &£ $9(2g, 11. Tmmole) s ¥ F
A (8ml) o e »eeg (0. 92g, 11, Tmmole ) 4e 4 $E 32| P o 347 %
i}éf{'ﬁ#ﬂv Fefe oM F P mE B A 5 R SRR W
E 1,519'}?}3 PromirhL o fRT ¢ FAF2(2.482) 0 A 5

70% -

B 2R T AT

"H NMR (500MHz, DMSO) § 2.50 (s, 3H), 2.91 (t, J = 3.5Hz, 2H), 3.20
(m, 1H), 4.63 (m, 1H), 6.12 (s, 1H), 6.96 (t, J= 7.5Hz, 1H), 7.01 (t, J =
8.0Hz, 1H), 7.05 (d, J= 8.0Hz, 1H), 7.10 (t, J = 7.5Hz, 1H), 7.36 (d, J =
8.0Hz, 1H), 7.47 (m, 2H), 7.80 (d, J = 7.5Hz, 1H), 11.04 (s, 1H),
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4-2-2 & =+ X X%k 74 $ (evodiamine derivatives)

tert-butyl 2-(5-hydroxy-1H-indol-3-y1)ethylcarbamate(27)2

.24
£ =

NHBOC

CH,ClL, ,EGN.
r.t. 95%
26 27

#-Z piE - #7 fa (11 31gy5]. 8mmole)fr= 2 2 3=(4. Thg,
AT, lmmole)4e » iv & 3 26(10g, 47 Tmmole )& -k = & ¥ =293
(20m1) » tF F T2 PF OB AR - F T R E B A
HEKRFETE B R A PR AL K A TE ST

(e e fig: e ==1:2) 7 #35 ¢ FAMAF27(12. 36g)° & 5 95%-

£ 2T T AT
"H NMR (500MHz, CDCl;) & 1.48 (s, 9H), 2.92 (t, J = 6.5Hz, 2H), 3.46

(t, J=7.5Hz, 1H), 4.65 (bs, 1H), 6.81 (d, J= 2Hz, 1H), 6.82 (s,1H), 7.05
(d, J=8.0Hz 1H), 7.26 (d, J = 8.5Hz, 1H), 7.91 (s, 1H),
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tert-butyl 2-(5-methoxy-1H-indol-3-y1)ethylcarbamate(28)z2.

£ &

NHBOC NHBOC
dlmethyl sulfate

NaOH ,MeOH
40 80%

27 28

#-30%3 ¥ U 4h-RB R (13, 3ml) AR 4 ~ i & $#27(12. 36g, 44. 7
mmole) ™ f%i% % (20ml) » #8241/ FFis s BB 4 » AR = ¥ fn (9. 31m
1,98. 33mmole) - e # AL FR © & MR > KT ERIESEN §T 0 4o~
K fePHEFIT » 1o G BB A b ot A S KRR R I
Wi~ RAFEARA S R R A4 S (2 e figil e %

=1:2) > ¥ #3% ¢ HWA+28(10.37g) > A F80% °

£ 2B T LT
"H NMR (500MHz, CDCls) & 1.50 (s, 9H), 2.95 (t, J = 6.5Hz, 2H), 3.49

(s, 1H), 3.89 (s,3H), 4.81 (bs, 1H), 6.91 (m, 1H), 6.98 (d, J = 8.5Hz, 1H),
7.08 (d, J=9.0Hz, 1H), 7.26 (m, 1H), 8.48 (s, 1H),
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b-methoxytryptamine(29)2 & =

NHBOC
_ TFA CF3COOH

T CHClyrt.

98%
28 29

#-= 4 prpe (7. 95ml, 107. Immole) B B #e » i+ & 28(10. 37g, 35. Tmm
ole)sham k= & " %=37%(16ml) » 30~ 4831 pF o L H- F °
i i Apanz & frpc RSt A 0 W IR ¢ sk A 4 29(10. 63g)

98% -

& 429k 3 F AL AT

"H NMR (500MHz, CD;0D) §2.94 (t, J = 7.0Hz, 2H), 3.08 (d, J = 6.5Hz,
2H), 3.67 (s, 3H), 6.66 (s, 1H), 6.96 (s, 1H), 7.07 (d, J = 8.5Hz, 1H), 7.14
(d, J= 8.0Hz, 1H), 7.75 (s, 1H), 10.12 (s, 1H),

5-methoxy-N-formyl-tryptamine (30)2. & =

—0 CF,cooH O
\ NH; \ NHCHO
EtOCHO
N
H

Et;N reflux Shr N
90% H
29 30
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#-= v #922(3. 48g, 34. bmmole) 4 » it & #29(10. bg, 34. bmmole)
¥ FE T figia o (27, 8ml, 34bmmole) o 4v ik SRS pE 0 AT R
o gk TS 0 ok R Fa FTB2 S0 f R G R AR 4
Fo 0 B RS AS IF B E RS K ARSI (e e g

L R=2:1) ¥ EFIESE ¢ HA S 3006.7g) 0 A F90% -

b g 4 30ehk 3 TR AT

"H NMR (500MHz, CDCl;)'6 2,99 (t,.J=7.0Hz, 2H), 3.66 (g, J = 6.5Hz,
2H), 3.89 (s, 3H), 5.78 (bs,-1H), 6.90 (dd, J =7.0Hz, 1H), 7.06 (s, 1H),
7.07 (s, 1H), 7.28 (d, J = 8.5Hz, 1H), 8.12(s, 1H), 8.28 (s, 1H)

3, 4-dihydro-6-methoxy-B-carboline(31)2 & =

NHCHO N
\ POCI, \ v/
N N

H CH,Cl, 0 H

0
30 8% 31

¥ f T K3 & 9. Timl, 104. Immole) s -k = & ¥ *= 3

# (10mD) B 4e » 0°C ™ 2 ¢ & 42 30(4. 5g, 20. 8mole)h#E -k = & ¥
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i oml) o L w I FE o E D] PF o BRIET 0 S
kb F ol e 11 g ok ® foPHEF|T £ e fiL fa ¥ Bz = o 7 18
RS R-KAPREIE  EiR o kMR AR P L RO TR L

#Iw ¢ F A 31(3.53g) » 85% -

g1k AT

'"H NMR (500MHz, CDCly) 52.96 (t, J = 9.0Hz, 2H), 3.90 (s, 3H), 3.97
(t,J=8.0Hz, 2H), 7.01 (d, J = 7.5Hz, 1H), 7.34 (d, J = 9.0Hz, 1H), 8.52
(s, 1H), 8.72 (s, 1H),

10-methoxyevodiamine(32)2. & =

(0] (@)
_0 -
N o e O
\ / pyridine N
+ P \
N N o toluene 55 N
H | 70% H N
31 5 32

#-iv £ $5(2.92g, 16. bmmole)4e » i & $31(3g, 15mmole) 1 ® F

A% (10ml) » fde » ez (1. 69ml, 15mmole) 4e #1432 ] pF o 47 F
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HRR AT D F T REIZ G4 P R KRR T Bk

Rigidm AL P EATR g > RIS ¢ T A 32(3.49g) > T0% -

g 4 32enk g Tl AT

"H NMR (500MHz, CDCls) §2.50 (s, 3H), 2.92 (t, J = 9.0Hz, 2H), 3.26
(m, 1H), 3.85 (s, 3H), 4.85 (d, J = 13.5Hz, 1H), 5.89 (s, 1H), 6.90 (d, J=
8.5Hz, 1H), 7.00 (s, 1H), 7.14 (d, J = 7.5Hz, 1H), 7.19 (t, J = 7.5Hz, 1H),
7.28 (d, J = 9.0Hz, 1H), 7.47 (t, J = 7.5Hz, 1H), 8.10 (d, J = 2.5Hz, 1H),

tert-butyl 2-(5-(benzyloxy)-1H-indol-3yl)ethylcarbamate(34)

2 &%
HO
\ NHBOC NHBOC
BnBr
N
H K,CO; ,MEK,
KI ,reflux

27 70% 34

#pd e 4 (10. 99g, 79. 64mmole) £ 4e ~ it & 3+ 27(10g, 36. 2mmole)
97 fk A R (20ml) o fede > AL i 49 (cat. )Feis it ¥ (9. 52ml, 79. 64
mnole) » e i B R 0 F R AP BERED 0 T

KRR GCIE o ek e f R B 0 K SRR AR
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o B kMR A U R EAd K At (e pit fgi L @

#=1:2) V@I E ¢ B A #3409, 27g) > A F70% -

Ok YETEOE 3 S e

"H NMR (500MHz, CDCls) & 1.48 (s, 9H), 2.95 (t, J = 7.0Hz, 2H), 3.49
(s, 2H), 4.66 (bs, 1H), 5.15 (s, 2H), 6.99 (dd, J = 7.0Hz, 1H), 7.05 (s, 1H),

7.18 (d, J=2.0Hz, 1H), 7.31 (d, J = 4.0Hz, 1H), 7.36 (t, J = 7.5Hz, 1H),
7.44 (t, J=7.0Hz, 1H), 7.53 (d, J = 7.0Hz, 1H), 8.01 (bs, 1H),

5-benzyloxytryptamine(35)z- & =

Ug\\NHBOC

CH2C12 r.t.

Ug\\ CF3;COOH
98%

34 35

#-= 4 prpe (5. 4Tml, 73. TTmmole ) By i *e » i & 4~ 34(9g, 24. 6
mmole) s -k = & ¥ *22%(20ml) » #3045 431 FF - & #- &
gz ’f\-" 5 A= A, ﬁtﬁ’ﬁ./k ‘fﬁifd? g 0 =3 ’ﬁ ¢ /FB;P‘}% «1””35(9 16g) }g

5 98Y% -
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b g 435k g Tl AT

"H NMR (500MHz, CDCl;) §2.97 (t, J = 7.0Hz, 2H), 3.02 (s, 2H), 4.61
(bs, 1H), 5.13 (s, 2H), 7.01 (dd, J = 7.0Hz, 1H), 7.05 (s, 1H), 7.18 (d, J =
2.0Hz, 1H), 7.31 (d, J = 4.0Hz, 1H), 7.32 (t, J= 7.5Hz, 1H), 7.40 (t, J =
7.5Hz, 1H), 7.56 (d, J = 7.5Hz, 1H), 8.01 (s, 1H),

5-benzyloxyoxy-N-formyl-tryptamine (36)z2

CF3COOH BnO
NHCHO
EtOCHO
Et3N reflux Shr

80%
35 36

#-= o (2. 39g, 23. 68mmole) 4e » i+ & $35(9g, 23. 68mmole)
% fe e figia i (19, 11ml, 236. 8mmole) » 4cftiw jRg 35| pF > L -
9T kAR AT 0 b r ke e M E Bz % K SR kA
Fedfio 0 R RIS AP P LS K AR (o o

ol e ==2:1) ¥ #F 55 ¢ FMA36(5.57g) > & F80% -
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g 436k T AT

"H NMR (500MHz, CDCl;) §2.99 (t, J = 6.5Hz, 2H), 3.66 (q, J = 7.0Hz,
2H), 5.16 (s, 2H), 5.60 (bs, 1H), 7.00 (m, 1H), 7.05 (s, 1H), 7.15 (d, J =
1.5Hz, 1H), 7.31 (s, 1H), 7.35 (t, J = 7.5Hz, 1H), 7.42 (t, J= 7.5Hz, 1H),
7.52 (d, J=7.0Hz, 1H), 8.07 (s, 1H), 8.11 (s, 1H),

3,4-dihydro-6-benzyloxy-p-carboline(37)2 & =%

BnO
NHCHO N
POCl3 UQ
% N
H

CH,C, 0
36 Pl 37
BF F T3 & 1 &E(T7.93ml, 85. Ommole) shE Rk = F T YA R

(8ml )Mt 4e »0CT™ 2 v £436(5g, 17. Ommole) @ -k = % ¥ *=/3
R (Oml) > ML PF > w R FE 0 L o AkET 0 e r ok

B E o g kP frPHERT M e pmEB== > 5 k5

ﬂn—
UJ

T3
=)

EORFLAE T o Eip kMR AL 0 L L T AR

+ ¢ FH A 37(2.8g) > 60% -
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g BTk T A 4T

1H NMR (500MHz, CDCI3) §2.99 (t, J = 8.5Hz, 2H), 3.91 (t, J = 9.0Hz,
2H), 5.08 (s, 2H), 6.99 (s, 1H), 7.10 (d, J = 7.0Hz, 1H), 7.32 (d, J = 10Hz,
1H), 7.37 (t, J = 7.5Hz, 1H), 7.4 (t, J= 7.0Hz, 1H), 8.79 (s, 1H),

10-benzyloxyevodiamine(38)2 & =

0O
nO.
N o pyrldlne
U\Q T /K
N N o toluene 55
H | 65%

37 5 38
#-iv & 4 5(1. T6g, 9. 96mmole) ¥ > 1 £ 37(2. 5g, Immole) e ® ¥
% (5ml) > e » ete (0. T3ml, 9mmole) e #4IF4L2-| PF o -7 ¥k
Zﬁ;}é —é/{»%é y 1]~ %‘ 12 J»;E_’;_"’“Bx}_ :’( ’ ”ﬁ ’E"&-/%] l‘g‘_ﬁ 7}\57.“&;43;‘%-/5‘)# ’ 3@/}'@ N
AR A F EATT AR S WIS 4 FMA £ 38(2.39g) > A 5

65% -
g 438k T AT

'"H NMR (500MHz, CDCI3) §2.49 (s, 3H), 2.92 (m, 2H), 3.25 (m, 1H),
4.84 (m, 1H), 5.11(s, 1H), 5.87 (s, 1H), 6.97 (dd, J = 8.5Hz, 1H), 7.10 (m,
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1H), 7.17 (t, J = 7.5Hz, 1H), 7.30 (m, 1H), 7.37 (t, J = 7.5Hz, 1H), 7.46
(m, 1H), 8.10 (m, 1H), 8.13 (s, 1H),

C NMR (125MHz, CDCl;) 620.20, 37.26, 39.61, 68.97, 71.03, 102.46,
112.09, 113.50, 113.95, 122.27, 123.70, 124.01, 126.73, 127.56, 127.87,
128.58, 129.02, 129.19, 132.01, 133.07, 137.56, 150.66, 153.69, 164.77,

10-hydroxyevodiamine(33)2. & =

BnO HO.
0
\ N H, ,Pd/C \ N
N CH,0H 40 N
N 98% H N
/S o /
38 33

#-Pd/C(200mg, 10%w/w)f§ 4-4c » i & 4 38(2g, 4. 88mmole) =17 f%
B 0ml) B r & F BT A0CHIE—% o & ¥ celiteiBip @ 47

Ak dec > WIIA R ¢ FMA 4+ 33(1.52g) » A 5 98% -

g 43305 3 e

1H NMR (500MHz, CD;0D) §2.65 (s, 3H), 2.88 (q, J = 7.0Hz, 2H),
3.25 (m, 1H), 4.75 (m, 1H), 5.94 (s, 1H), 6.73 (dd, J = 7.5Hz, 1H), 6.89
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(d,J=2Hz, 1H), 7.10 (t, J = 7.5Hz, 1H), 7.16 (d, J = 8.0Hz, 1H), 7.21 (d,
J=8.5Hz, 1H), 7.50 (t, J = 8.0Hz, 1H), 7.94 (d, J = 7.5Hz, 1H),

C NMR (125MHz, CD;0D) §19.83, 35.42, 40.17, 69.45, 102.33,
111.50, 111.69, 112.22, 120.14, 121.53, 122.09, 128.13, 129.23, 132.19,
133.39, 150.47, 150.7, 165.76,

10-acetylevodiamine(40) and 1,10-diacetylevodiamine(41)2. & =

O
\ N acetic anhydride W\
\ Et;N, DMAP, CH,Clyr.t.

HO,

N
H
/ A
33 40 40%
41 50%

#-= o 2 52(6. 3mg, 0. 062mmole){~ DMAP(cat. ) frpy ik 0. 01ml,

a\i
1:»

s

/ ¥ 7

0.111mmole)*c » i* & #33(20mg, 0. 062mmole) e -k = & ¥ %

(2ml) » BB THRE S PP o e MR B F o &% foihpl il d 4

em'

ki AePHiE o 1202 & P % 5Pz =0 § 8k SR ORARAEICE

Bk~ RAFEAR A I E RS AT (L e i e



=1:2)> ¥ @35 ¢ A A$4008.9mg) > & F40% > fr¥ ¢ FHA S

41(12.5mg) > A F50% -

& 440k T AT

'"H NMR (500MHz, CDCl;) 52.31 (s, 3H), 2.49 (s, 1H), 2.88 (m, 2H),
3.25 (m, 1H), 4.82 (m, 1H), 5.87 (s, 1H), 6.94 (dd, J = 8.5Hz, 1H), 7.11
(d, J=8.0Hz, 1H), 7.20 (m, 1H), 7.26 (d, J = 2.0Hz, 1H), 7.46 (m, 1H),
8.09 (m, 1H), 8.29 (s, 1H)

C NMR (125MHz, CDCl;) §20.12, 21.20, 37.32, 39.58, 68.87, 111.24,
111.85, 113.90, 117.16, 122.32, 123.65.,124.14, 126.64, 129.01, 129.81,
133.17, 134.59, 144.55, 150.57:164-76,-170.51

g ALk T AT

"H NMR (500MHz, CDCly) §2.33 (s, 3H), 2.35 (s, 1H), 2.77 (s, 3H),
2.82 (m, 1H), 2.93 (t, J = 9.5Hz, 1H), 3.18 (dt, J = 9.0Hz, 1H), 4.93 (dd, J
=7.5Hz, 1H), 6.17 (s, 1H), 7.11 (m, 1H), 7.20 (t, J = 8.0Hz, 1H), 7.27 (d,
J=2.5Hz, 1H), 7.47 (t, J = 7.0Hz, 1H), 8.10 (d, /= 7.5Hz, 1H), 8.29 (d, J
=9.0Hz, 1H)

PC NMR (125MHz, CDCly) §20.72, 21.17, 26.14, 36.24, 37.80, 68.79,
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111.25, 111.56, 115.03, 117.37, 120.06, 122.16, 123.56, 124.26, 128.33,
129.06, 133.40, 135.02,

10-ethoxyevodiamine(39)2. & =

o O
\ N 0
N CH;CH,I \ N
H N
. K,CO;3 N ¥
/

HO.

MEK reflux
70%

33 39

#rd e 47 (9. 52mg, 0. 068mmole) 4 » i+ & +33(10mg, 0. 031mmole)
07 B A R (2ml) 0 fede 8 gkl (0.0044ml, 0. 056mmole) » 4e vz i
2401 P o F s R RRR LA EigTE 2 T MRS e 0 e~ ke
Fie fa 5Pz 0 R SRR B R AP 1

BORELE kAR (e e fiyi e %=1:2) 0 VRIS ¢ AR

A4+ 39(7.5mg) » A FT70%

& 439k T AT

"H NMR (500MHz, CDCls) & 1.43 (m, 3H), 2.49 (s, 3H), 2.89 (t, J =
4.5Hz, 2H), 3.25 (m, 1H), 4.07 (m, 2H), 4.83 (m, 1H), 5.87 (s, 1H), 6.88
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(m, 1H), 6.99 (s, 1H), 7.11 (d, J = 8.0Hz, 1H), 7.17 (t, J = 7.5Hz, 1H),
7.27 (d, J = 9.0Hz, 1H), 7.46 (t, ] = 7.0Hz, 1H), 8.09 (d, J = 7.5Hz, 1H),

C NMR (125MHz, CDCl;) 6 15.06, 20.19, 37.23, 39.62, 64.30, 68.97,
101.92, 112.03, 113.42, 113.83, 122.25, 124.01, 126.73, 129.00, 131.82,
133.06, 150.65, 153.71, 164.76,

10-allyloxyevodiamine(42)2_ & =&

(@) /\/O
\ N 0
N CH,CHCH,Br \ N
H N
K,CO N
/ 2 3 H N
/
4

HO,

MEK reflux
75%

33

#pt e 47 (9. 52mg, 0. 068mmole) 4 » i+ & 4 33(10mg, 0. 031mmole)
7 ki3 (2ml) o fede » [ %080, 0048ml, 0. 056mmole) » 4e it
2] P e F e R BRSSO MRS G 0 ek

CfEe fa ¥ Bz 0 G K TR KRR B RS A S
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MR pAd R adriE At (e e g e w=1:2)  VEIR I H

A £ 42(8. 34mg) » A F 15% -

O EER A Rk

'"H NMR (500MHz, CDCly) 52.49 (s, 3H), 2.90 (m, 2H), 3.26 (m, 1H),
4.58 (d, ] = 5.5Hz, 2H), 4.84 (m, 1H), 5.27 (dd, J = 10Hz, 1H), 5.43 (dd,
J=18Hz, 1H), 5.86 (s, 1H), 6.10 (m, 1H), 6.92 (dd, J = 8.0Hz, 1H), 7.01
(s, 1H), 7.10 (d, J = 8.0Hz, 1H), 7.17 (t, J = 7.5Hz, 1H), 7.26 (d, J =
6.5Hz, 1H), 7.44 (m, 1H), 8.08 (d, J = 7.0Hz, 1H), 8.13 (s, 1H),

C NMR (125MHz, CDCl3) 620.19,37.25,39.62, 68.97, 69.85, 102.33,
112.05, 113.45, 113.90, 117.42, 122.25, 123,68, 124.01, 126.69, 129.01,
129.14, 131.95, 133.07, 133.86,.150.64, 153.42, 164.76,

10-isopentenyloxyevodiamine(43)2. & =

HO

0
\ N
N (CH3)2CCHCH2Br
H N K,CO;

MEK reflux
66%

33 43

#rd e 47 (9. 52mg, 0. 068mmole)4e » i+ & #33(10mg, 0. 031mmole)
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7 k% R (2ml) o e » 47827 427 5 (0. 0066ml, 0. 056mmole)
SeAhiw R4 PF oo K Z@%%—ﬁﬁ‘\ﬁ;@@,}@“f—i » LT AR ?}éﬁﬁﬁiﬂ’ ¥z 0 te
ST TF % A Y B Y TOE R T
A PR ES K afrE b (e e fig: e %=1:3) ¥ {73

3¢ FHE A $43(7.9mg) > A F66% o
v E A3k T AL 4T

"H NMR (500MHz, CDCl;) §1.74 (s, 3H), 1.84 (s, 3H), 2.48 (s, 3H),
3.11 (d, J= 5.0Hz, 2H), 3.25 (m, 1H),3.71 (d, J= 5.5Hz, 2H), 4.79 (t, J =
10Hz, 1H), 5.28 (s, 1H), 5.86(s, LH);6:79 (d, J = 8.5Hz, 1H), 7.11 (d, J =
9.0z, 1H), 7.18 (t, J = 7.5Hz, TH), 7.46 (t, J =7.0Hz, 1H), 8.09 (d, J =
7.5Hz, 1H),

C NMR (125MHz, CDCly) §18.22, 20.19, 25.86, 37.24, 39.71, 65.62,
69.07, 101.86, 112.06, 112.78, 113.38, 114.77, 117.81, 120.17, 122.07,
123.85, 124.66, 128.98, 129.97, 133.08, 134.96, 152.40, 153.74, 165.72,

1-ethyl-10-ethyloxyevodiamine(45)2. & =

N2
o) o)
\ N CH;CH,I W\N
N N
H LDA, THF 0 N
P

HO

J/ 80%

33 45

45



B0C% 7 > - Bpreic42(0.0186ml, 2M in THF )M i 4c ~ i
£ $33(10mg, 0. 031mmole) & -k & % w3 ;% (2ml) » $F L | pF »
ate ~ o A7 (0.0044ml1, 0. 056mmole) » & BL [ FF o de AR A E
o ? frPHER T e e fa 5 P2 0 5 8k SR KmpesEicsk -
il RAFEARAS PR AR S (2 e gl e R

=1:2)» ¥ #3F ¢ FHWA++45(9. 3mg) > A F80% °

O FVLE R A Rk

"H NMR (500MHz, CDCly) 6.1.45 (t, J= 7.0Hz, 3H), 1.49 (t, J = 6.5Hz,
3H), 2.46 (s, 3H), 2.85 (dt, 7= 5.5Hz,.1H), 3.00 (d, J = 12.5Hz, 1H), 3.22
(dt, J = 13.5Hz, 1H), 4.15 (q, J=7.0Hz;2H), 4.22 (m, 1H), 4.40 (m, 1H),
4.93 (m, 1H), 5.98 (s, 1H), 6.99 (d, J= 6.0Hz, 1H), 7.00 (s, 1H), 7.23 (d,
J=8.0Hz, 1H), 7.25 (t, J = 7.0Hz, 1H), 7.32 (d, J = 7.0Hz, 1H), 7.53 (¢, J
= 8.0Hz, 1H), 8.18 (d, J = 7.5Hz, 1H),

C NMR (125MHz, CDCl;) §15.09, 15.44, 19.45, 36.46, 37.90, 38.66,
67.05, 68.73, 101.95, 111.31, 112.21, 113.50, 117.22, 124.14, 125.68,
128.99, 129.89, 132.82, 133.21, 133.79, 150.97, 152.82, 164.66,
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1-ethyl-10-hydroxyevodiamine(51)2. &

HO
0 0
\ N \ N
CH3CH,I
N \ LDA.THF -20 N \
P
51

HQ

/S 60%

33

#-20C% #§ * » #= Bt 42(0.0186ml, 2M in THF ) B f& 4r »
it & $33(10mg, 0. 031mmole) s -k e & % rm ;3% (2ml) » g 2L |
BE o> fde » ¢ Ha (0.0044ml, 0. 056mmole) » & BE ] BF o e x k3
b F o ¢ fePHE DT > 148 fee fig ¥ P2 =% 0 A SR RALpLAE

S Wi RARIS R AR PR d R ATk ST (e e iy

J

A

JF e

=1:2) » ¥ #3|% ¢ HWA4HI(6. 45mg) - A F60% °

£ 51k T AT

'H NMR (500MHz, CDCl;) 51.38 (t, J = 7.0Hz, 3H), 2.40 (s, 3H), 2.81
(m, 1H), 2.91 (d, J= 12.5Hz, 1H), 3.16 (dt, J= 11.5Hz, 1H), 4.16 (m,
1H), 4.33 (m, 1H), 4.72 (bs, 1H), 4.87 (dd, J = 7.0Hz, 1H), 5.90 (s, 1H),
6.84 (d, J = 8.5Hz, 1H), 6.98 (d, J= 1.5Hz, 1H), 7.16 (d, J = 8.0Hz, 1H),
7.22 (m, 1H), 7.47 (t, J = 7.5Hz, 1H), 8.11 (d, J = 8.0Hz, 1H),

C NMR (125MHz, CDCl;) 6 15.40, 20.42, 36.46, 38.67, 39.37, 68.00,
103.56, 110.31, 112.13, 112.38, 123.07, 124.18, 126.38, 129.01, 132.23,
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132.87, 149.66, 150.95, 164,63,

1-allyl-10-hydroxyevodiamine(52)2. & =

HO HO
o) O
\ N CH,CHCH,Br W\N
N LDA, THF -20 N \
N %
/ 64% H
33 32

2-20C% #§ © » %= B At 42(0.0186ml, 2M in THF )B B 4e »
it £ 4 33(10mg, 0. 031mmole) e Ko & 5% 7% (2ml) » 4L 0]
o fede » [ % IE(0. 0048ml0. 056mmoTe) » & 2 o) P oo e~ ok
bR o ¢ AePHERIT > rre phe fafi32 =0 A R KA

S Bl RS RAS U R ELE K AT S (2 e fin:

e 2%=1:2)> ¥ {#% ¢ HHAFDH2(7. 12mg) > & F64% -

g B2enk T AT

"H NMR (500MHz, CDCl) 52.40 (s, 3H), 2.83 (d, J= 11.5Hz, 1H), 2.91
(d, J= 14.5Hz, 1H), 3.14 (m, 1H), 4.76 (d, J = 17.0Hz, 2H), 4.87 (m, 1H),
4.93 (d, J= 16.5Hz, 2H), 5.09 (d, J = 10.0Hz, 1H), 5.87 (s, 1H), 5.92 (m,
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1H), 6.83 (d, J = 8.5Hz, 1H), 6.99 (s, 1H), 7.15 (d, J = 7.5Hz, 1H), 7.19 (¢,
J=8.0Hz, 1H), 7.46 (t, ] = 7.5Hz, 1H), 8.11 (d, J = 7.5Hz, 1H),

C NMR (125MHz, CDCl;) §20.39, 36.58, 39.41, 46.27, 68.59, 103.53,
110.68, 111.48, 112.53, 116.64, 118.81, 123.06, 124.20, 126.36, 127.32,
128.98, 131.46, 132.91, 133.56, 150.89, 153.62, 164.66,

1-phenylcarbamoyl-10-phenylcarbamoyloxyevodiamine(53)2. &

h/N
0
\ N PANCO
N LDA, THE. -78

HO

/ 57%

Ph
33 53

G-T8CH 7 » %= B 5wt 4200, 0186ml, 2 in THF)M 4 » 1
£ 4 33(10mg, 0. 031mmole) i -k w & % v 3% (2ml) » 3L -] p&F >
Bde » F AR F A, (0.0041ml, 0. 03Tmmole) » & B | P o 4e 2ok
Bk F o ¥ JePHERIT e phe fa 582 = o § 8K S RORAE
Gk B RMFEARAL U R p AL R ATz (e fig:

e

A

=1:1) > ¥ @35 ¢ F8 A $53(9. 84mg) > A F5T% -
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£ - 53chk 3 T Ao

"H NMR (500MHz, CDCls) §2.57 (s, 3H), 2.82 (m, 1H), 2.95 (d, J =
13.0Hz, 1H), 3.16 (m, 1H), 4.95 (dd, J= 13.0Hz, 1H), 5.36 (s, 1H), 6.09
(s, 1H), 6.91 (d, J=9.0Hz, 1H), 6.95 (s, 1H), 7.09 (t, J = 7.5Hz, 1H),
7.30 (s, 1H), 7.35 (m, 2H), 7.47 (m, 8H), 7.58 (d, J= 7.0Hz, 1H), 8.17 (d,
J=8.0Hz, 1H), 8.23 (d, J=9.0Hz, 2H), 11.13 (s, 1H),

C NMR (125MHz, CDCl;) §20.51, 36.66, 38.86, 68.82, 103.44, 114.89
117.96, 120.44, 120.82, 123.20, 124.43, 126.18, 126.33, 128.11, 128.44,
129.11, 129.39, 129.68, 133.59, 133.63, 137.66, 148.32, 148.74, 149.94,
151.95, 163.59,

10-phenylcarbamoyloxyevodiamine(46)2. & =

H

HO Ph/NW/O
0 0 \ O
\ N PhNCO \
N
N \ Et;N, THF r.t. H \
/ 80% /
33 46

#-= v A e(3.13mg, 0. 031mmole) =¥ A £ § & pq (0. 0041ml,
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0. 037mmole)4c » i+ &£ $33(10mg, 0. 031mmole) & -k = & * rm i3 %
(Zml) » ZETHIE=Z P PF o de AR B F o R Y e L d 4
ki fePHE o 112 fee fa B B2 =0 0 5 A SR ORALFRAE 5T
Wi ~ RIS A A P R p A a2 (o pRe il &z

=1:3) > ¥ #3le ¢ R A 4 46(10. 86mg) » A F80% -

£ g Ak 4T

"H NMR (500MHz, CDCl;) §2.54 (s, 3H), 2.96 (d, J = 4.5Hz, 2H), 3.31
(m, 1H), 4.90 (d, J = 9.5Hz, 1H), 5.95 (s, 1H), 6.67 (s, 1H), 7.03 (s, 1H),
7.13 (m, 2H), 7.40 (m, 6H);7.52 (m, 1H), 8.16 (d, J = 7.5Hz, 1H), 8.35 (s,
1H),

PC NMR (125MHz, CDCl;) §20.19, 34.66, 37.33, 69.56, 103.89,
110.70, 111.51, 116.71, 118.64, 123.69, 124.92, 129.19, 130.27, 133.17,
134.24, 139.11, 144.51, 145.34, 153.84, 166.16,

10-succinylevodiamine(47)2. & =
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H
HO
O
\ N succinic anhydrlde
N
H N Et;N ,THF r.t.
/ 75%
33

#-= ¢ A 9e(3. 13mg, 0. 031mmole) =~ = F& 3. Tmg, 0. 03Tmmole)
der v £ 42 33(10mg, 0. 031mmole) v@E ke & X w27 (2ml) > T H T
W ) PE e G kB F 0 i G foaimi R d 4ok 7B Y foPH
fEOJ‘JCﬁﬁLﬁa:’}TE" B F ’b&/%] g ]\Hﬁ&é&—#c"ﬁ" ’@/ﬁ@, )k ‘fﬁw
A EF R E ke iAoy w=1:1) > ¥ #31]

+ ¢ FHE A 4709, 74mg ) <75% o
L E P AT F Ao
'H NMR (500MHz, CDCl;) .52 (s, 3H), 2.70 (d, ] = 12Hz, 2H), 2.96
(m, 6H), 3.31 (m, 1H), 4.82 (d, J = 8.5Hz, 1H), 5.88 (s, 1H), 6.87 (d, J =

7.0Hz, 1H), 7.14 (d, J = 5Hz, 1H), 7.30 (s, 1H), 7.49 (s, 1H), 8.11 (s, 1H),
9.00 (s, 1H),

C NMR (125MHz, CDCl;) &
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10-crotonylevodiamine(48)2. & =°°

o)
N \
H \ Et;N ,THF r.t.

HO

. 71%
33 48
#-= o A 9=(3. 13mg, 0. 031mmole)f=~ i fg4 (0. 0035ml, 0. 037
mmole)4e » i & $33(10mg, 0. 031mmole)s& ke & * v 7% ;% (2ml)
s IR THIE - PPF e de r kB R R Y AP foapl i T 4 KIA R
P AePHiE o M2 fae fa 5B S| F RS B R ARRRAERC% > Wi
SRS de A B R fad K AR TG R g e ==1:2)

B F 4 FHE A 5 48(8. bmg) v A T1% -

& 448k T AT

"H NMR (500MHz, CDCls) 5 1.96 (d, J = 6.5Hz, 3H), 2.48 (s, 3H), 2.88
(s, 2H), 3.24 (m, 1H), 4.82 (d, J = 12.5Hz, 1H), 5.25 (d, J = 11.5Hz, 1H),
5.85 (s, 1H), 6.05 (d, J= 15Hz, 1H), 6.91 (t, J= 11.0Hz, 1H), 7.10 (d, J
=8.0Hz, 1H), 7.17 (t, J = 7.0Hz, 1H), 7.26 (d, J = 8.0Hz, 1H), 7.33 (d, J
= 8.5Hz, 1H), 7.45 (t, J = 7.0Hz, 1H), 8.08 (d, J= 7.5Hz, 1H), 8.46 (d, J
= 10.5Hz, 1H),
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C NMR (125MHz, CDCl;) & 18.24, 21.07, 37.32, 39.66, 68.86, 111.20,
111.85,113.93,117.10, 117.32, 119.14, 122.30, 123.68, 124.17, 126.63,
129.03, 129.90, 133.17, 134.61, 144.53, 146.68, 164.75, 165.86,

10-(3-methylcrotonoyl)-evodiamine(49)2. & =°°

o}
\ N
N
N \ Et;N ,THE r.t.

HO,

/ 68%
33

#-= v 2 0(3. 13mg, 0. 031mmote)d=3, 3-27 A 5 A& (0. 0041
ml, 0. 037mmole)4c » it & #33(10mg, 0. 031mmole) =@ -k = & % w23
R2ml) > FRT I PP e de xR B 50 O e frapt B d
ghokini foPHE » 11e fhe fa¥ Bz = 0 3 8k S E - KamphiEic
ool RN ARAF IR E S K a2 (e e fgi @

m=1:1)> ¥ {#3F ¢ FHA+49(8. 45mg) © A F68% °

& 449k T AT
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"H NMR (500MHz, CDCls) & 1.84 (s, 3H),1.92 (s, 3H), 2.47 (s, 3H), 2.89
(d, J= 4.0Hz, 2H), 3.24 (m, 1H), 4.83 (d, /= 9.5Hz, 1H), 5.00 (d, J =
6.0Hz, 1H), 5.87 (s, 1H), 6.94 (s, 1H), 7.11 (d, ] = 8.0Hz, 1H), 7.18 (t, T =
7.5Hz, 1H), 7.26 (d, J = 7.0Hz, 1H), 7.34 (d, ] = 8.0Hz, 1H), 7.46 (t, ] =
7.5Hz, 1H), 8.09 (d, J = 7.0Hz, 1H), 8.36 (s, 1H),

PC NMR (125MHz, CDCly) §20.15, 22.61, 27.68, 37.30, 39.58, 68.88,
111.14, 111.41, 111.83, 113.89, 115.16, 115.43, 117.06, 117.51, 122.27,
124.08, 126.62, 129.01, 129.59, 133.13, 134.58, 150.61, 164.75, 170.75,

10-cinnamoylevodiamine(50)2 & &

HO o Wo
O o)
\ N Ph/\)J\CI \ N

K,COs3, Acetone rt

J/ 65% e
33 50

Iz

#rd e 47 (9. 52mg, 0. 068mmole)4r » i+ & #33(10mg, 0. 031mmole)
07 A AR (2ml) 0 fde » f HFARF (6. Img, 0. 037Tmmole) » % 8 T #¥
FE o e F %’%%ﬁ@-ﬁéﬁiﬁwiﬁiﬁ%—i £ B[ R R S FC 0 e xR Y

e et Fa Sz 0 WA SR KRGS Bk kR AR
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MR pAd R adriE At (e e g e w=1:2)  VEIR I H

% 2 #5009. 04mg) > & 5 65% -
& 506015 3§ F 4T

"H NMR (500MHz, CDCls) §2.49 (s, 3H), 2.90 (d, J = 7.0Hz, 2H), 3.26
(m, 1H), 4.84 (d, J = 13.0Hz, 1H), 5.89 (s, 1H), 6.66 (d, J = 16Hz, 1H),
7.03 (d, J = 8.5Hz, 1H), 7.12 (d,J = 7.5Hz, 1H), 7.19 (¢, ] = 7.5Hz, 1H),
7.36 (d, ] = 11.5Hz, 1H), 7.40 (d, J = 8.5Hz, 2H), 7.47 (t, ] = 7.0Hz, 1H),
7.58 (s, 2H), 7.88 (d, J = 16.5Hz, 1H), 8.09 (d, J = 7.0Hz, 1H), 8.30 (s,
1H),

PC NMR (125MHz, CDCly) 620.14, 36.82, 40.65, 69.06, 111.26,
111.84, 114.58, 115.29, 117.194117.63,-120.03, 122.10, 123.49, 126.69,
128.30, 129.01, 130.38, 131.80, 133.16;135.55, 139.12, 139.60, 146.33,
159.92, 164.70

6,6a-dihydrothiochromeno|2,3-aJcarbazol-7(5SH,12aH,13H)-one(44) 2.

£ &

O
OH pyrldme
A,
% t l
SH oluene 55
N
H

75%

#-1v & #9(50mg, 0. 294mmole) 4 » i+ & #56(54mg, 0. 353mmole) =
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B OEA R (Oml) 0 fde »eeg(23. 221, 0. 294mmol e ) 4e I L2 PF o
BT OFREERICE 0 M F T REBZ S WK SRR
oo kMR AF Y PERITERL > W9 ¢ FMA T4

(67. 4mg) » 5% -

O FPVEER A Rk

"H NMR (500MHz, CDCl;) §2.93 (s, 3H), 3.37 (q, ] = 5.5Hz, 1H), 4.74
(d, J = 12.5Hz, 1H), 6.23 (s, 1H), 7.08 (t, ] = 7.0Hz, 2H), 7.16 (t, ] =
7.5Hz, 2H), 7.23 (d, ] = 6.0Hz, 1H).730,(d, ] = 7.0Hz, 2H), 7.49 (d, J =
7.5Hz, 1H), 8.12 (s, 1H),

PC NMR (125MHz, CDCl;) 6 20.48.40.13,57.08, 111.41, 112.31,
118.96, 120.27, 123.32, 126.20, 126160, 126.97, 127.10, 129.50, 131.35,
131.90, 135.99, 136.84, 165.43,
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5

IR FRFERRE S E
5-1 w*2 3 3% -MTT assay
MTT #4572 32
FI* MIT A e g end & pr 428 7 & formazon & §

o B MIAVERBEE S BF AR TRBCER R

Nwmbie B o MTT R iz idmbe ¥ 2(7 0 d 3t me B R MTT
5=
At

PR R R AR 0 TN IR G e g ehdg ik o

5-2 wre 3 LRER %

5-2-1 evodiamine %* ZF 005 £
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PR 5

MTT assay
100
80 |
60 | EHelLa
20 | W AGS
COOHT-29
20 H
O Ll
2 9 54 6 55
compound number
‘ g]: 2Ly
E ¥
HeLa AGS HT-29
2 86.36 ‘ 93.78 67.08
9 88.59 90.98 57.98
54 36.49 37.46 24.25
6 77.16 59.27 75.78
55 41.01 64.75 27.99
100uM/48hr

WE XDk (2) BT UFIRI £F a3 (4 A Hela~ AGS
%@%ﬂ%ﬂﬁ%&iw&ﬂﬂ9&@%d%mwi%%%éiﬁ%wa
CEFDAPROARINFEMET I c HFEPH 6 drdF % s

PR i & e B4 KR S 0 i £ 55 AE R L9016 s
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Vo Fl 5 A AU ennd o
B ihig s o AP RE R d (2)foit £ 0 iha Book i3k

- 0 FlUt AN RE R R - B RRE o

Pl &
MTT assay
60
50 |
40 O HelLa
30 | W AGS
20 ¢ CIHT-29
10
X _ mm
2 9
compound number
Eg]: L
% =
HeLa AGS HT-29
2 26.07 32.64 51.51
9 0.00 12.34 7.75
50uM/48hr
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B R R BRI RO AP T U R N R () 1
by 92 LB oF LA 100uM Pk R T A E 1 LS ARF F A
L BARRE YD - R RERTI f 5 O AuE ik ai g o BT
HPESIEE R ARE RE SR S B A e

PP e T RoaEA A5 9 Rkt o

&g 9B AR B 50uM ARG F By e Aok d o 3 B bk R

=%
9~

[}
@
b
H\
7
~zh
=
ol
[
3
=1
>
Ji
=
=2
i
a
ﬂ—“\
i
ﬂm
ol
=N

L& 544

B~Cz®&Hkna it &4 54fjﬁiﬁfl‘1{C‘D‘EI§ o Flpt A dem A~ B
CzRAZEIXORI By EFEETE > d - FNDEA Bk
SRy s il G SR L R TE Y 6 55 s B A R T o (E

FIEAD EREB AL B D ek o
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5-2-2 evodimaine and
6,6a-dihydrothiochromeno|[2,3-a]carbazol-7(5SH,12aH,13H)-one
O
A .
\ N
N
H N
H S
2 44
RN
PR 5
MTT assay
80
60 [0 HelLa
40 B AGS
20 1 COHT-29
0
2 44
compound number
?]E. € _
%
HeLa AGS HT-29
2 26.07 32.64 51.51
44 44 .40 59.36 64.09

50.M/48hr
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Ed F- X nERGFERERABLE AP EST - BRI S
P44 o TG B 100 oM # 3l endg & Friks > Tl R R R 2 5 50 oM
KE LD P F A ARG e AP E-14 =% 9 N-methyl group #
NELR S 0 BRSNS X0k (2) o W95 P * Ogasawara #
BRHEAENG - BT A kg s FIPRBRIZTEMBT A

AR AT R G T A E TR Z e ) - Wi

@)
\ N
N
H HN
57
B="+=
MTT assay
70
60 —
28 i [ HeLa
30 | W AGS
20 F OHT-29
ol !_f
0
2 57 44
compound number

i

Ju
Ju
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%

(%]

HeLa AGS HT-29
2 26.07 32.64 51.51
57 9.72 17.77 22.47
44 44 .40 59.36 64.09

504M/48hr
d P REAT AP At iR SR AR gk N L
Sv e o

5-2-3 evodiamine, 10-hydroxyevodiamine, 10-alkyloxyevodiamine
HO
o)
N
H /N H /N
2 33

R/O
o 32 R=CH,
\ N 38 R=Bn
39 R:CH2CH3
H 42 R:CH2CHCH2
N
/

43 R=CH,CHC(CHj),

Bl=z-tw
Bl %
MTT assay
100
80
0 M [ H Hela

20 _ B AGS
O HT-29
- ﬁE jiiL jI

2 33 32 38 39 42 43
compound number

+ 3

i

Jui

64




»
X

HeLa AGS HT-29
2 26.07 32.64 51.51
33 74.91 61.04 81.50
32 0.00 34.60 43.26
38 5.20 11.62 14.48
39 45.20 46.97 70.67
42 0.00 44 .46 74.08
43 0.00 36.77 19.66

50.M/48hr

A s AT AR R awsaiTA o SR B MPIER 0 7T
et RA SRR F AFIE - B3 7 ke (Hela) % chi & {4
ok FTHR A £ i i L R s 4 AR R e T £ s

R R LR P

~h
Sk

sk o R G S LG rdlaeck > 2
Pt £ e 33 Bdi 0 B AR ICRAR 30,88 % § F Mk 0 3 BRI
A 50% T 0 A R SR A PR A A S
Bk o

BEAP G K (ACS)frE % bmie (HT-29) e 438 2 - §
B lcd 1 @A 4] 3 4ot £ 4 32,39,42 307 v+ £ KWk (2) &k i
cha Mgl o A H 43 Bokock XA o 7 A4 R group ®¥ =
1sopentenyl group % riifhé?é Zb iy GhE 0 F A% Bn group EHE

(A Fri IR o AT g A BRERE RATIE 3 B F - BTG Y
T $ e m e i A A dFen e
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5-2-4 evodiamine, 10-hydroxyevodiamine,
1-alkyl-10-alkyloxyevodiamine, 1-alkyl-10-hydroxyevodiamine,

HO
O
O
N
N
< J \Q; { Iﬁ\ \
N
N
H N H N
4 /
2 33
Rl/o
O
\ N 39 R,=CH,CH; R,=H
45 R1:CH2CH3 R2:CH2CH3
’\|| /N 51 R1:H R2:CH2CH3
R2
g}:.l.

52 R1:H RZZCHchCHZ

Pl
MTT assay
100
80 ]
60 [] O HeLa
B AGS
40 i I O HT-29
20
0 41_-:_1_._1;
2 33 39 45 51 52
compound number
g]_:_ L =
2=
Hela AGS HT-29
2 26.07 32.64 51.51
33 74.91 61.04 81.50
39 45.20 46.97 70.67
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45 0.00 4.82 4.07

51 0.00 17.61 0.00
52 42.00 42.57 6.53
504M/48hr

AP 447 indole group #1 B BATA P o L 4FEHE Y RS A

indole # % sc gdcho d it &4 39 frit £4 45

|
N
;33
=
At
ol
-
v

MARM L EF ALV R AL FET o @ R OH group F ¢
indole group F &% &> - %R F EHEFT 5 o &4 52 A5 40%
SEENEY A B A BRI & F & A indole
group } T4 F R B kA gde S o #r 2 AP F 0 de 4, indole

group &% ¥ 1§ gt B oo

5-2-5 evodiamine, 10-hydroxyevodiamine, 10-acrylevodiamine,
1,10-diacrylevodiamine

I 98g

RO 40 R,=COCH, R,=H
o 41 R,=COCH, R,=COCHj,

- 46 R,=CONHPh R,=H

47 R,=COCH,CH,COOH R,=H

N 48 RIZCOCHCHCH3 R2:H

I N 49 R,=COCHC(CH;),  R,=H

R, / 50 R,=COCHCHPh R,=H
53 R,=CONHPh R,=CONHPh

]g] = L A
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Bl *

MTT assay

100

80 |

60 - @ Hela

0 b B AGS

O HT-29
20 ]
0
2 33 40 41 46 47 48 49 50 53
compound number
Bl=-+1
RIS
HeLa AGS: HT-29
2 26.07 132.64 51.51
33 74.91 61.04 81.50
40 55.97 74.35 71.54
41 36.50 53.82 61.78
46 71.60 34.31 89.00
47 53.10 79.04 70.28
48 68.70 25.34 79.52
49 85.36 70.20 82.48
50 87.96 54.55 83.96
53 46.30 72.38 5741
504M/48hr

AT - krlend C=0 F A AShTA B G Rl T
i S PET ey R Rk R A SR L N

40, 41 4= 46, 53 iz it &4 > AP F L g IR A 8% indole group
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B A LEBH L 40,41 L7 Feno i &4 46,53 ¢ 5 B0

LA e B HY R T g% 0 F oA A & 4 53

TSR > HON IR R S D]e BeS A FRILIERIF o 2N & 4
47,48,49,50 2 B B 72 F o+ 7 5% (HeLa)fr 2 %5 & (HT-29) en
B AR AR AR o Frdn kARt S KW (2)F s s R 0 &

— # 77 C=04cC=Cgroup iz & F & 472 $ ¥ 3 B o

A=
e L sk 3B AT R R % G F AL B ffi
£ 4 46, 48 e Tx B Rrprglock T AL £ 490 48 5 - BT A
Y e )’I‘b”ﬁ #IT3 B2 L o At B3 50— #4F Phgroup »c% £
- BT A P FRIREIBE AAE R L ATRFR
REIHT b Famck R FRBERA 73 5 ¢ 5 Hwe

o gk o 2B R 5B
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)
e
it
T
3

A A Bt BE RO AT P KSR IRER - F T
BB EAMRERLEE I RTRE N LS (R4) B A
# 33 o 49 B Frglrek o Hapnit LG L LB A B0 G

P F AR A - BoplmE R 2k o

%1

HeLa AGS HT-29
2 26.07 32.64 51.51
33 74.91 61.04 81.50
39 45.20 4697 70.67
40 55.97 74.35 71.54
41 36.50 53.82 61.78
42 0.00 44 .46 74.08
44 44 .40 59.36 64.09
46 71.60 34.31 89.00
47 53.10 79.04 70.28
48 68.70 25.34 79.52
49 85.36 70.20 82.48
50 87.96 54.55 83.96
53 46.30 72.38 57.41

504M/48hr

REA PR 2] 0 A 5 BB ARR

1. 2108 =% 2 OH Atz A i g% EAPF IR &4 39
42 ~ > HT-29 Jgplm?e B_vt g Frdiscsk > o $HH & 3 3w
iz ig s Bid AP 5 V& F 33 gmik e gl § X k()
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Bl ELEE A NH AR i cee 0 B0 3mm 2 E 3] E Ok

410 B ¢ en OH A GAfEt cn8E 1 » ipsFenit £ 5925 4] ~ 53
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Fralid s o RABEZ L T (=072 A SE o 0 N EUR S 1T
B2 e 2 U £ 4 48249550 £ 427 A befrin C=C B4
%D 80%x % o

f© &4 41 ~53 A alwll =¥ 3% 7 acetyl = 4 phenyl

isocyanate group ° F} i Y C=07F i A > “T0 A &2

!
=

&4 41@*%@”’5‘%‘@“? BRSO RO £ 4 40

>

RE 7§ L. @7 phenyl isocyanate it & 4 46 ~ 53 ¢

m”é'ﬁ#%@]g/f@oj%jé rﬁfﬁ;?“hﬁ_&mzh A;}»,, 53 '$7 LL Lé\.#.,,,

-1%3

46 k@45 > 7 L &4 B3 H T R HEFE -
Rt &4 44 JAPF 40> B 14 =8 0 N-methyl group #% =
Rl o GRS -k o F R Ao 10 R Ak &

SREVE B (R TETE

IS

El
Z
.

@rRlmic &4 3349 L L5 % R
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