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H1E

BMEREY) (8 A) 13 AARICEBWT, SEROFE L4 5D, £ OIRFRIEIISIEIIRIE, 1k
R, BURRRRIED 3 TH D, A E THRIRIER R ABRO L TH 7203, I
IO FIRIESS B AR AR L 2 A OFRIECEITIRIUC K > TSRO IE 2 LB L
LARWREMATT O TV D, BATRIRO i & #1923 AL FE CTRE S 2 5T AR I,
Z ORERECAE AP L0 7V AH], U ATERUAEE ., REHETUEE, AR A
fiFl, =beyoLT, TIFHLEH, bRA Y AT —VBER, M7 Ve A KL
I EIND, ETFE TR, BHERAE (27 /) —v) CMBRABROFHE S LTe Ml
t hPD-1 £/ 7 v —F AHUREIRRL TH L =R~ 7R - RS 7z, ZOEEMIT,
DA ZFIH L, PD-1 2D Y H REDOEGZILETHZ LT, DAMIBIZED R
I L 7o T PR R R TR &[4 - TEME L S, BUEE 20 R 4 R 38 7o 22 /E T %
LORMAKIE LTEREZED TS, LHLARL, BEFHA SN T BHBAAIDZL
X, EEZRBEMAMEEICEIL, DABEOQOL 2F LK FSEHZ LA rOMES%
TS, LIERoT, BAFRIBECHFBEINTWD Z L1k, LR TELRHL
WIRBEROBE ML EN T 5, D

STCH/ UEIR, 28F /0 1), Erex /X2 (2, PQQ/REDOE X I Y
BREX IV K QOHIERICHE ENTE Y, RN TITE Moz R W biE T OfliiE R
& L CHEREEIZH > TS (Figure. 1), F£72, Figure. 2 (77T HLAY AANL mitomycin C (4),
daunomycin (5) <> mitoxantrone (6) (X, ¥ / U fEiEZ FLEELTH Y BIELBER THW LN
TW5, —F, IEFETIE, Baofiile LT/ U280 LS EERRLE
Wy BB - HESEIRE SILTE TR Y . S DICHUBISTEMED 2 7e 597 HUR RIEME, HUETENE,
Pie 7 0 TiEME e EOEIEEE AT 5 Z ERRE TS S TN D, Y

HOOC

o o
MeO Me j"NH GOOH Me
. A "
e
MeO X [H = N
(o] Me " o 0 N "COOH (o] Me Me Me Me
1: Ubiquinones 2: PQQ 3: Phylloquinone (vitamin K,)

Figure. 1: Naturally occurring quinones that perticipate in biological redox process
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https://ja.wikipedia.org/wiki/%E6%8A%97%E4%BD%93

O OH HOO H

A _m
scconuEllane
MeO O OH §

Me OH O HN._~, ~_OH
HO NH, H
4: Mitomycine C 5: Daunomycin 6: Mitoxantrone

Figure. 2: Naturally occurring quinones with anticancer properties

FEHOFRT DHFEE TIL, Figure. 3 IR T X2/ U HEEZ L SAHIEERARY
murrayaquinone A ¥ (7). carbazomycin G * (8). carquinonstatin A ** (9). carbazoquinocin %8 > (10).
calothrixin 38 © (11) OE&AKMIEEE L T, ARG TIEOBRB Z R 5 &2, #
RTXOER OS2 EEBM ORKIIZEZ BB L TV 2D,

Me
Q  me QA ome Me—\\ )
Ors Su Qs Sou
N o N Ho Me N O
Me
7: Murrayaquinone A 8: Carbazomycin G 9: (¥)-Carquinostatin A

(0] 0 (o) ~x
QS S Qs Sy
N
H R N ©
10a: Carbazoquinocin B; R=(CH,),CHMeCH,Me 11a: Calothrixin A; X=N—>0O
10b: Carbazoquinocin C; R=(CH,),CHMe, 11b: Calothrixin B; X=N
10c: Carbazoquinocin D; R=(CH,)¢Me

10d: Carbazoquinocin E; R=(CH,),CHMeCH,Me
10e: Carbazoquinocin F; R=(CH,)sCHMe,

Figure. 3: Carbazolequinone alkaloids from natural products
ZD 120 &S 72 X - T Drupella fragum X 0 B - 13 0 S 7172 5-methylindole-4,7-
quinone (12a) & = OHFKILAMZ YIFRECIB L7 Loz e~ U =
RUEEY 14 (T D BVE T ERIRSUS 2 #EEUS LT DAL — MK o TREAZ ZER L
W5 L CW5D (Scheme 1), ¥ Z LT, 2 b —#HOLEWIT, 7 /L% /ALHKITH % mitimycin C
(4) DIAREHTH D indole-4,7-quinone & b Lnh, HAMEKRASH (48 Lol
[FAFFEIC L0 . & BAGFE/ NI NCI-H460 35 L OVt M ELos A H il MDA-MB-231 1233
D ARG TE MR B 2 i L. b MR AHSRIIIRIC W T, BEFORRAAITH
% cisplatin (CDDP) & 0 @\ NMEMEZRIALEM THH Z L WL LT 5D (Table 1), ¥
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OMe OMe Me OMe OMe

= t-BUOK | = Me
/ \ — > [\ — \ >
N\ N~ ~CO.Et t-BUOH, THF \ N~ ~COEt NTTCOEt T N\
| | |
Bn 90 °C Bn Bn H
13 14 15 16
1) PhSO,Cl, NaH Me_ PH Me.
DMF CAN NaHCOs
- y —— = \
2) BBrg, CH,Cl, N~ MeCN, H,0 N “MeOH
o %) O  $o
-78 °C to rt, 5h ph "2 Ph” "2 Ph
17 18 12a 23
— — 0, 0
AN I\ t-BuOK \_Q/—\) Me \ Salcomine »Kf
—_— — — .
N N N Me \
MOMO  r_  t-BuOH, THF | MOMO RO DMF, rt N
Ts Ts Ts 0 \
90 °C R
19 20 6 M HCl —21a: R=MOM ag. NaHCOg C 22: R=Ts
(CH,OH),> 21b: R=H MeOH 12b: R=H

Scheme 1

Table 1: Cytotoxic activities of indole-4,7-quinone derivatives

|C50 value (pM)

0O Compd.
R P NCI-H460 MDA-MB-231
R2 \ CDDP 0.483 11.6
N 12a 16.60 17.4
O H
12b 2.93 3.51
18 10.10 7.38
5-methylindole-4,7-quinone: R'=Me, R?=H (12a) 29 8.43 3.08
6-methylindole-4,7-quinone: R'=H, R?>=Me (12b) 23 9.85 1.96

Origin: Druplla fragum

ZOEIITH ) U EBTUMAGERBEEAEMEL. FLWVWEELLED Y — NMuGWE 725w
REMEZ Z IR TWNWD EEZX L ENTED,

Ellipticine (24) 1%, 1959 4F Ochrosia elliptica 7> % Goodwin © ” 12 & 0 BiEf - #ERE Sh
7= PUBR1: pyrido[4,3-b]carbazole 7 /v v A RTH Y | AMiEMEE LT, MWPUESTEM: & i~
FUVTEMEZFETHZ & THER IR, Z< OWEZ L—712 X0 26 K OS5 HEAH B
TR ENE SN TE T2, 0 BT, 2L TV F VR A8 A Uk, 6 (i ~D T VX)L D
AL 9 ALICA MR UED DVIIKERIEZE AT L Z & TEMIEMEN R T 5 2 LN Tk
TIZHE SN TN D, Y ZOHRER ellipticine 75848 Td 5 celiptinium (25), 37245, 9-hydroxy

-N-methyl-elliptinium 23FL23 A O F BRI E L CHKRICH ST\ 5 (Fig 4),



ellipticinium salts
OH or OMe
Origin: Me + Me

=N? Ochrosia elliptica HO, =N Gac
O O Y Bioactivities: O O Y/
Antitumor activities N
H Me

e DNA intercalation
N-6 alkylation . Topms_omerqs_e Il inhibitor
o Antimararial activity
24: Ellipticine 25:Celiptinium

Figure 4: Structure of ellipticine and analogue

Z O ellipticine (24) DG RFIED H, 1984 4= Gribble & ¥ 12 X D ellipticine (24) DA ALH
fffA& & L C ellipticine quinone (26) 734JJ8b T#A Siu7z, 2004 4F Bernardo & ' (%, in vitro 3k
BRI T b ZEE B SR AR RE Hela MAEIZ X9 2 Miia B 3tBR & K L, ellipticine
quinone (26) NEWHUEEIEMZ ~T 2 &4 @E L TW5D, LarL, K72 ellipticine quinone
FER A U7 AIE R R B T 2 A 1T K IRON TV D, W ZoSICEFH L,
EFIVL, N R PUEGIEMAL G OB 2 ET 5% /) R EER RGO RE
L T ellipticine quinone (26) %% E L7,

Ellipticine (24) OIEHIKEF D13, A v Z—hL—a & bRA Y AT —F I OEEM
THDHIENRHLDIZEIN TS, FEEMDIEN LT 5 ellipticine quinone (26) 13, & DL
MHIXHDHDODX ) U HEE G DIEREAIC G X D E/ERIZN R0 Ble s Z LT
b,

% 2T, %O ellipticine quinone (26) (2RI 2 &G HEFABIAFZE & L C. Scheme 2 (2737 i
HE AR L., F-RERBEM ORI 2R T, IFEREZ UL TIZRY, O ellipticine
quinone (26) DRI AKIEDOFE L TOFEEITHA L A BRI (B UB) ~EifRikE
A UT2 3B % A plk LTS TR 2 526 LA 722 b6 % B3, @ ellipticine quinone (26) @

BRMREE OB Z 75 BRI TE U ¥ VB ZTHR S 72 =81 D carbazole-1,4-quinone (27)
ra L. TOFEBKREZGZOTALEMOEENMAZ ER LA Rbawe Lb+, @
carbazole-1,4-quinone (27) 705, & HIZBRE A /D S 72 ZBRMEO indole (29) & 5\ i
indole-4,7-quinone (30) #HEMARZ G L. TEMEFEAN A £k LA N b & a Witd, LLEDOFE!
B %2 T3 52 &T, B LWEEREM OB EAEMERE L, FERIREEL LT, LV
HZREH A T = X L2 LoD, Fal g B & 2 W3 Y — MES o b &M OE K
SNEHER L TWS ZEDRZERETH D LB X T2, ZDTOIZ, S RIEFEE NI HiE X

4



O~QiEEEMT HITHT-> T, KRB EZERT 5729 ellipticine quinone (26) DZH=RH
7o B BIEB & S HAIC B W T ZE OFEAEETH H D carbazole-1,4-quinone (27) O fEAE A D%

KAV G TFIEOWI D EERF 4 ORETH DL LER, RFEICETF LT,

g 10 O11 1\N2 Q =N

7 sN *o ) N ©

26: Ellipticine quinone Ellipticine quinone
derivatives

(0] o 2 1 (0]
6 5 4 4 R R R Me
A1) = LA el
1 N N
8 H (0] H O H O

27: Carbazole-1,4-quinone Carbazole-1,4-quinone  7: Murrayaquinone A: R'=R?=H
derivatives 28a: Koeniginequinone A: R'=H, R%=0Me
U 28b: Koeniginequinone B: R'=R>=0Me

4 (o]
3 5 R2 R2
Y and 2/ s — R? Yo \
7 N R N R1

H or 1” o)

29: Indole 30: Indole-4,7-quinone Indole Indole-4,7-quinone

Scheme 2

%9, indole-4,7-quinone (30) FHEMICEI L Tix, ER L7z X 9 CBEICHUESEIEEE AT 5
ZEEBBEMNT LTS (Scheme 1), &2 T, A ¥ F—AFHERTCOFIESIEH LAY DA
ANTHRY A 72, Indole (29) 1E. Bk & 2R AR BEIER W E OBRFENIIE O HAME & L TR AITH
HAENTWS, 9 20—l % Figure. 5 \IRT &, WERRM T % dragmacidin D 7 (31) 1%,
F A2 AT P388 (ICs: 1.4 pM) B X Ok hAfREAIIEE AS49 (ICs: 4.4 pM) (ZXF3 2
foEtE N s ST 5b, £72. indole-2-carboxylic acid benzylidene hydrazide '¥ (32) 1%, E b
FUIRDS AV KA T47D (ECso: 0.120.06 uM, Glsp: 0.90.2 uM) &, b MERGERDS AR
DLD-1 (ECso: 0.6£0.1 uM, Glsg: 0.47+0.05 pM) (252 7R b — L AFEEARHE ST
W5, % LT, Pinto & ' |3, methyl 6-methoxy-3-(4-methoxyphenyl)indole-2-carboxylate (33) %
A L. b MELRDY AMIIE MCF-7 (Glso: 0.37£0.02 pM), b hEM:EAEMAD A375-C5 (Glsg:
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0.33£0.03 uM), B L Ot FIEANHIREMERG S A MR NCI-460 (Glsp: 0.250.02 uM) (2%} LT,
K GBI EIER 2R3 2 L 2 WE L C\Wb, — T, HREAFEEDES 20|
HilH-AI Td> 5 loperamide (34) I[ZHUEGTEMHIER R ®H 2 Z LB TWZZ &b, £ O
HE—-TE AR BRI SE 2 S0 L . N-(3,3-diphenyl-3-hydropropyl)-4-aryl-4-hydroxypiperidine (35a) 73
MERBUCKLETH D Z L BN LTWD (Figure. 6),

OMe

&
IEQ m_'f”’ (o, e oo

31: Dragmacldm D 32: indole-2-carboxilic acid 33: methyl 6-methoxy-3-
benzylidene hydrazide (4-methoxyphenyl)-
1H-indole-2-carboxylate

Figure. 5: Structures of the antiproliferative indole derivatives

Oelgy O8O,

34: Loperamide N-(3,3-diphenyl-3-hydroxypropyl)
4-aryl-4-hydroxypiperidine
35a: (X=H), 35b: (X=p-Cl)

HN—« OCOCF3
< NH

HO
HN

Figure. 6: Structure of the 4-arylpiperidine derivatives

MeO \\ o
H OMe O
36 MeO \
U OMe

MeO\ —

N ()
H OMe Z

33: methyl 6-methoxy-3- MeO O \ N-(3,3-diphenyl-3-hydroxypropyl)
(4-methoxyphenyl)- N 4-aryl-4-hydroxypiperidine

1H-indole-2-carboxylate . NR 35a: (X=H), 35b: (X=p-Cl)
38
Scheme 3

WHFZEEE TlL. methyl 3-iodo-6-methoxyindole-2-carboxylate (36) % iUkl & L7 KW E L%
17> T& 7z, % Z T, ki L7z methyl 6-methoxy-3-(4-methoxyphenyl)indole-2-carboxylate (33) |
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PUBEBHEER D 2 L & Bt WEILS D IC X VLM SNt/ 35 23, Scheme 3
(R T & D IHEERERINE S ® 5 L E L. 6-methoxy-3-(4-methoxyphenyl)indole (33) ¢ 2 ir
(THf & TR E AR A Z ATV MRS MR AR 2 Fe i L. KV fEH om v Mba
AT 72O A2l Lz, Z OO OWTE 2 FE 1 HiTiEL RS,
Carbazolequinone |%, —EBRMEEFZELZMEELRRY / VHOP CIE, Kb EMAR#ELH TS
HLOD—D>THY, EWIENEE LTI E TISHOER, PUEEIEM. P Em, i
EEM R SR 2 ShvTnd (Figure. 7). IR, REFEL LTRSS T2 500 b
V. TS OHEEFRIE & £ DEYTEME~DBIK)N S 2 < ORFFE T V— 712 & 0 26 RAE5E

R! Q Mme
2ons
R3 H (0]

( )
(0]
6, — ! 3
2
7 O 7: Murrayaquinone A; R'=R?=R3=H
8 H 0 39a:

: Murrayaquinone B; R'=H, R>=0OMe, R3=prenyl
39b: Murrayaquinone C; R'=H, R>=0Me, R3=geranyl
27: Carbazole-1,4-quinone |  39¢: Murrayaquinone D; R'=H, R%=OH, R3=preny!
\ / 39d: Murrayaquinone E; R'=H, R2=0H, R3=geranyl
40a: Koeniginequinone A; R'=H, R%=0Me, R*=H
40b: Koeniginequinone B; R'=R*=OMe, R*=H

— Q Me Q Me Q Me O
e eI}
Me o) § ) el NH
; w20 aer
H O R-CH,N= H O H OMe OMe

41a: Pyrayaquinone A 41b: Pyrayaquinone B; R=H 42: Bikoeniquinone A
41c: Pyrayaquinone C; R=prenyl

Me Q OMe
Wyt
N
H O
43: Bismurrayaquinone 44: Clausenaquinone A

VPR ANAT DN TN D,

Figure.7: Carbazole-1,4-quinone alkaloids
Alal, FHDHIERG E T 5 DIE, carbazole-1,4-quinone (27) % FA & 3 2 HlEBEIEMEL S
YMDOBEZE T 5, Z D carbazole-1,4-quinone (27) #i&E %z b O RKMOHF Tl > Tt O
I% murrayaquinone A (7) CT& %, Murryaquinone A (7) 1. &)l & |2 X > T Murraya
euchrestifolia Hayata 7> & Hifff - #3i& % S 4172 carbazolequinone 7V 72 A R THYH | ZhFE
TEL ORI N—TI L - T, BRERZ B LRGP HE » ST\, ZO carbazole
TR, O1-2 (0 & 3-4 (L TORF-EMETEM,. @1-1afiff] & 4-4a ALE TOKFE
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—IRFAEBTEA, @1a-9 (IR F-EHR & 4a-db (LHRF-IRFBREARIZL D HLONITEALE
To 5 (Figure. 8),

o Cla-N9 bond and C4a-C4b bond C1-C2 bond and C3-C4 bond
- 4 l;/le . O\\_LgMe
2 \
QS QR
8 9N 0O N’ .<\
H N Jo

7: Murrayaquinone A /
C1-Cla bond and C4-C4b bond

Figure. 8: Synthesis of murrayaquinone A (7)

ZHUCK LT, MHF5EE TlX, 2-chloroindole-3-carbaldehyde (45) LY 4 THEZ&E T, 71
IVENT—T )V AT G AT ITHIHAEE T 5 &7 U A 48 Ak L7z e~k N U
T BBV BRI SOG DSET U A LN — L D 2-3 (i ik B IR B B TR AT L R T Ak

ENDHME DS ERICHE - T, murrayaquinone A (7) DEA LA R L TV 5 (Scheme 4), ¥

Hibino et al. BOMO
CHO CHO =
\ —_— \ / E— W
Cl
N H \
|
BOM
45 46 47
BOMO BOMO e
t-BuOK, t-BuOH (ES O O
> \ >
A N N
BOM BOM
43 49
HO o
Na, liq. NH, Me ref 23i) Me
- Oy - Q* ()
N N ©
50a: R=CH,OH 7: Murrayaquinone A
50b: R=H
Scheme 4: Our previous synthesis of murrayaquinone A (7)
Fox ODBEREEZED, ZIVE TOE L murrayaquinone A (7) OAAKIZIEZIE L TV 5 203,

FRERERE 72D & MEEICER N H 5720, FIR L7 FEH OMEBEEE Th 5 ellipticine
quinone (26) ~D R, Z DRV BRI~ DORE & 2R E LA 2y ERRES E < L BT T
f#{# 72 carbazole-1,4-quinone ‘HH& & IEDBR N L ETH 5,

T IZT, FEHEIE, BILOWERBIEOSSL E LT, IEFER LWREL R 72 B4 8 Al
W RBIRBREATIE DR T, LT 4 A X BV AKIGMNIER L, TOIERHES
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Z.7= (Scheme 5),

A C catalyst A B

Scheme 5: Olefin metathesis

FLT 4 U AB VAR 1T ZREORR DA LT ¢ TR OB A Z 2 fil
BRI T d %o 1964 4F Fischer 12 & o TH LR USSR BLEE S 1. HHEA R ~OF| FARFZED
SND LD, ZDWERPARLZE THNIC S WREE S > Tz, 1992 4 Grubbs
BAY, KPR ITK L CHERI R ERNT =0 DI NRUSEERERR LT 2 LT REUED
EHEA A~ OFIANER L 720 | K2 HEBIOMEDS BI%E Sz, £ LT, Grubbs HIZ X -
T, AX BV ARISHEREE I, EOIHRIZ LD 2005 F12 ) — UL FE &5 ST
Do

FV T 4 v AR ARIGIE, KSERIZ LY OREA X&' A (CM: Cross Metathesis), @
T A AHX¥ A (Enyne Metathesis), @7 /L% A Z+¥ A (Alkyne Metathesis), @FHER
A XA (ROM: Ring Opening Metathesis) & @R 2 # & X (RCM: Ring Closing

Metathesis) 23 ¥V . RCM 2y, AHERILFE O3B Clik bHEZEICHOW LTV D

(Scheme 6),
@ Cross Metathesis (CM) @ Enyne Metathesis @ Alkyne Metathesis
” A, ] | [Ru] JTA C;CHZ [Ru] @\/ & [Ru] @
- H,C=CH, B =
@ Ring-Opening Metathesis (ROM) ® Ring-Closing Metathesis (RCM)
[Ru} _CH, C:CHz [Ru]
@ r R SCH, — H,C=CH,

Scheme 6: Types of olefin metathesis
RCM B D JGHERE *1X, Scheme 7 D X 9 IZE X BV TV D, ETRH THA Lo Jd—1k
ROFEEEELOMFETH DL AX LT AX Y T ALFEM (Figure. 9) 3, AL 7 4 ZxtL
THIERIE L, AZus a7 2o 2T 5, WISEMAMBRLBRARTAF L DR
Wa1T9, 22T, AZNATAFV T ACFRENEAE L, MRS EITT 5,
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_CH, catalyst \\/@\P PCys
C FaC | .Cl

2 _HZC CHa Fa?O“/MOQJQ CI’R|UZ\Ph

Fgc)ro PCys
[M]=CH, CFs
51: Schrock catalyst 52: Grubbs catalyst 1st

Y e T Qz@%ﬁ”ﬁ

CH,

H,C=CH, Hy 53: Grubbs catalyst 2nd 54: Grubbs-Hoveyda catalyst 2nd

Scheme 7: Reaction mechanism of RCM Figure. 9: Carbene complex catalyst

VAR [ 38 50 A B IEME R AR D BRI E T A IC . RCM FUSANE I S 561732 < s 29
SNTW5D, L2LARNREG, Scheme 8 IZRT L DI, ERVCMEBELRED~T i 12 G

ARERIEEMDOERIC RCM BUSZHIH L2z £ 0 722 < BHIPRESNTHLDOHTH

)

? o
R\HL Grubbs catalyst
T OMe R\HLOMe

S ©

56: 2,5-dihydropyrrole

~ RJ ~ Grubbs catalyst R
XS - Q0
x> N 2

P

x N
P
57 58: 1,2-dihydroquinoline

Scheme 8: Synthesis of heterocycles using RCM reaction
I T, HEET. HEERILEW TH D carbazole-1,4-quinone ‘F A %IZ, RCM i % $HE
IS & T OB ERERERY ) VHOARBIEOMNL Z B LT,
AREFE & L C, Scheme 9 (2759 & 912 Grubbs flliEfF/E T, 23-EAT7 7 U A LA R
— VBB 59 O RCM ST K B RSB IRFEE A T AIZ X - T carbazole-1,4-quinone (60) @ 2,3

PEAE G 2RS35 Z & C carbazole-1,4-quinone 8 D4 % % F1E L 7=,
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OMme, RCM QA Me
N N

Scheme 9: Synthesis of carbazole-1,4-quinone by RCM reaction

%8 B 3-iodoindole-2-carbaldehyde 61 V) —FR{LIRFEIHA T 0 27 v 7V U S, R
TGrignard SUSIZAT U, 15 B2 20K R L 2 MnO, I K W b3 5 2 & TELAEMTH 5
2,3-bis(acryloyl)indole (59) Z# Ak L7z, ZHUCxt L. GrubbsfiltiEfFfE FRCMI & 4T - 72 &
Z A, HBYE$ Bcarbazole-1,4-quinone (60) Ak 5 Z & AT 72 (Scheme 10),

Me
Z\SnBug
OMe
| CO (1 atm), BHT 7 Z>MgBr
{ PdCl,(dppf) {
CHO > —_—
N DMF N~ CHO THF
MOM 70°C, 24 h MOM 0°C,4h
61 70% 62 66%
QMe, act. MnO, Q_% Grubbs 2nd
e oy O
Q—\& CH,Cl, toluene
l\l}/IIOMOH reflux, 48 h MOM 70°C,1h MOM
48% 2%
63 59 60

Scheme 10: Synthesis of N-MOM-carbazole-1,4-quinone (60)

LU B, 28K 2k L, $#{bAW Cd 52,3-bis(acryloyl)indole 59 % & hkd 5 A
Ty T MERNECTH oI, GV — b ERETLHNT, ZORIBMETHLT U LT IV
2 —/L631Zxf LT, RCMISZAT o7z & 2 APABRKIE & MK FEBOS A3 fe L CTHEAT L,
carbazole-1,4-quinone (60) 23 —28Z/4ET 5 Z & Z R L7= (Scheme 11), ARSI %FE 4
Rt U7- A5 5. murrayaquinone A (7) OGR4 TR TERK TE 72 &2, ¥ 7 ARCM-
i 7K 35 B & 8RO & L 7= carbazole-1,4-quinone B % 0 20 R 1 70 B LA BRIk & e St T & 12

(Scheme 11), Z DRIDORFEIZ DWW THEIEFBIH THEL LB D
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O Me Grubbs 2nd

Y/ O
{ ~ O O — )
N toluene N

vom®™ 70°C, 5 min MOM H O

93% .
63 ° 64 60 7: Murrayaquinone A

Scheme 11: Synthesis of murrayaquinone A (7) by RCM and dehydrogenation reaction

FROZ T 5 RCM—IKERGNIZ X U carbazole-1,4-quinone #1&E D% THE TO AL S
fesrC& 7=, L L. Grignard SUSIC R > TR BN D ARG OEF KA TH LT VLT L2
—/L 63 PEEEIC K o TRIENMES MEE KR Lz, ZORKE LT, 307 7 U rA Ltk
73 Grignard iR L > TREBEHEZZITROT W ERBZ 26N, £2 T, BRn B
M EEED720, ARV — hdGELE BWIZ, JBIC Grignard UG ZEATWT U L7 L aa— L 65
ELTzDL, 202 oKL ) VI LV RFE L, 2-allylindole 66 ARk L7z, Z st
U PAFIEAFAE T E =V A X AW & I —FBLIRBIRAN L 0w 20 v ) U T RS EATV,
ZDINA~DT 7Y 1A VIEE A& FTU 3-acryloyl-2-(1-hydroxyprop-2-enyl)indole 67 D E &
picE R Lo, ZORER., PRI L TR&HIM TH 5 carbazole-1,4-quinone 68 73—
BT 5 2 ERH B E 2572 (Scheme 12),

1) 2 SnBu,
PdCly(dppf)

| TBSCI |
Q—\S\(§ imidazole W CO (1 atm), BHT Q_%
—_— :
N o DMF N oTBs DMF

MOM 50°C,12 h MOM 70 °C, 20 h MOMOH M

65 93% 66 2) 30% KF aq in air

67: Not detected 68: 18%
Scheme 12: Synthesis of 3-acryloylindole
ZDHBITOWTEEMNCKET L2 fE 5. 2-allylindole 66 DAEE T & 5 INSE L= T L7 i
(2% L Cceyclocarbonylation 2347 L, e\ TS U fk, & L TIL AR TH /) VBB S
A% one-pot B S HE T3 5 7= 72 carbazole-1,4-quinone B #s B i IE 2 FEN. T&E 7=, T HDFE
REIZ DWW T3 TR 2MI TRE L <k D
Carbazole-1,4-quinone’F #&(Z%f LT, O 7 ARCM-li/KFE K& & . @cyclocarbonylation
=i U A —>BRE RS D3 E e L CHEETT T Done-pot Ui 2 SR & L7222 > DA AL
1L % NI T E 7= (Scheme 13),
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Tnadem RCM-

O R2 dehydrogenation 0 5 One pot R2
R / reaction R3= R synthesis R I §
N = — ? / Rl TT//——— YA R!
N~ %R N N oTBs
mom°H H O MOM

Carbazole-1,4-quinones

Scheme 13

RIZ, carbazole-1,4-quinone #53E (K % fifi > 7= MIFLIEFEINHNEYERMEAERIZ, 2000 45%4)11 5
2 Z E o T 2-AF B IR AF LAY — LX) UFEEEEZ VTR b OEREE RN
AMIRBERR KB, & B EZJE D Ak SK-MEL-5, #5RMIAaK Colo-205, & M RAGAY A H MR
PR HCT-8 (2% % in vitro 3R 2 320 L | F#(Z 3-methyl-6-methoxycarbazole-1,4-quinone 73 % #1
ZHOMIIZ L. mVEEEZ R T Z EnHE S TWD

FIT, IND 2 ODEREETEM L, carbazole-1,4-quinone 5 EED AR L b k2 AMIEIC
K9 2 AlH e 1 G 0 e T P A R A S L 7

% 9", carbazole-1,4-quinone #FER AR D 1 D & L T, KM T % koeniginequinone A *” (40a)
BELO B (40b) #EEMILEWIZHEL, EEREMRFF L, HEREETH D
6-methoxyindole-2-carbaldehyde 69a 33 X O} 5,6-dimethoxyindole-2-carbaldehyde 69b (=%} L, /$F
DU LEAFAE R T one-pot G & MG & L 7= koeniginequinone A (40a)3 X YB  (40b)

ARk E S TR TEMMKZ, 2o ORI HOWTE 3 E=FH 3HI TiEL <iBX% (Scheme

14),
Rl | BOMCI, R! | «Me TBSCI
K2C03 7 MgBr \\ imidazole
R® \ CHO > R? ) —
CHO DMF THE l}| OH DMF
H rt, 12 h 0°C, 20 min BOM 50 °C, 12 h
69a: R'=H, R>=OMe 70a: R=H, RZ:OMe (92%) 71a: R'=H, R?>=OMe
69b: R'=R*=OMe 70b: R'=R?=OMe (91%) 71b: R'=R2=OMe
1) /\SHBU3
PdCl,(dppf)
R Me  CO (1 atm), BHT Rl Rl Q  Me
|
\ DMF, 70 °C, 20 h ® Na, "q NH;
R2 \ > R2 2
2) TBAF, O, or air .78 °
N" Sres ) 2 78 °C, 30 min H Y
BOM BOM
72a: R'=H, R>=OMe (80% from 70a) 73a: R'=H, R°=0OMe (69%) 40a: Koeniginequinone A
72b:R1=R?=OMe (92% from 70a) 73b: R'=R?=OMe (39%) :R1=H, R?=OMe (78%)

40b:Koeniginequinone B
:R1=R?=0Me (72%)
Scheme 14: Synthesis of koeniginequinones (40a and 40b)
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£, ¥ T A RCM—BiKFE G Z S & LT 4 TF2 T koeniginequinone A (40a) K& Y
B (40b) DEBMIZHE LTz, S HIZ, KEHL— MW BRT5HT, 4 F—/LER
J A IR L 28 AP RIS B A1T 9 Z &2 X Y . carbazole-1,4-quinone #5E(A 77 % 3
TRTAKT D Z N TET- (Scheme 15), % Z T, FH#H I carbazole-1,4-quinone 7&K DTE
PRl 2 a9 2 AT, TOABRTHINVBUVBRAOHA 2ERIGEA L CEBRO 27
E3NEDAFNIEDOLENEZ D T-DIT, 24 FED carbazole-1,4-quinone #5EAK 77 7 A
L. ZOE R EIEMERGIZ B 2 & TEEAEBMIZEICE F LTc, 2o OFFERDO B KL D
PEREAGRBR DFEFAC DWW T 3 W 4 HiCREL < B D

R2
2\ SnBus
CO (1 atm), BHT 0 R2
SN PdCl,(dppf) ; /
\ \ CHO = R
H DMF N\ N CHO
H
74 75
QR Grubbs 2nd Q g2
MgBr Q—& under 02 R3 —
S~ / 1
toluene \ N R
H (0]
76 77: Carbazole-1,4-quinones

Scheme 15: Synthesis of carbazole-1,4-quinone derivatives

WIZ, FIEREAH & LT ellipticine quinone (26) D&k % 71l L7z, RMLAW DG % %
BT B 8L, BAFE L7z 2 DO S IETHEKRIHEZR carbazole-1,4-quinone @ 3 (i ~D B U ¥ Bt
EOFNINY LR DHEBRELE L ALEMOERTH D, £ 2T, FEMRERIEE LT 5
7o DIZH 7 A RCM — K FAL UG 2 8RO ICfE 95 Z & & L7z (Scheme 16),

3-Iodoindole-2-carbaldehyde (74) (=5} L T, Donohoe &M F71E % i L . aminoacetaldehyde
diethylacetal 2> HFRHE L7 AR RFIL L O—(LRFFHEAN 7 2 A v 7V U T RKISIZ XY
HHE 3577V aA VA28 AL, R\ T vinylmagnesium bromide % FV 7= Grignard [
JSIZAE L, $#{EEYToH B 2-allylindole 78 ~LFHE L7=, Z OHEIZXI L. Grubbs filti 4
WX T A RCM-H/K R SOGC £ 0 3ALICE T E L A & O carbazole-1,4-quinone 79 % A%
T& 7, ZRICHEMEIF/E T, Pomeranz-Fritsch i ) (2FF L, BV U UBREAMET L Z &
AT X, 4 TFET ellipticine quinone (26) D& fk/L— N ZFENLTE 72, T H DORREIZOWNT
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R 4 T | BCREL <D

Ts OEt
J/\N\)\oa
BusSn™ ™S EtO EtO
CO (1 atm), BHT T OFt TS
R\/Q_\i PdCla(dppl) Q BfMg
\ —_— —_—
N~ ~CHO \_ \ \
H CHO
74 7 78
Grubbs 2d o s O 1 2
N 6 M HCI o 10 1\ /=N
under O, . R\// ’2 . R= ) \ )3
toluene N\ N OEt o-dichlorobenzene 8\7 N 5 4
H O OEt with MW |-|6 @)
79 80: Ellipticine quinone

Scheme 16: Synthesis of ellipticine quinone (80) by tandem RCM-dehydrogenation

BB ARE RV — b & ellipticine quinone (26) O 8 fif.d 5 WM 9 (LI EHIL & & OFFiE
K (80)E R & Fiht L, LV @bt A BulEs i AL &% DO BEFE % 1T - 7=, Ellipticine quinone (26)
ot 12 FEOFERE G L, & MRS A BRI HCT-116 3 X0t b A ifmEil
B HL-60 Z M 7z in vitro SR A FEE L7, ZOH T, 9 filZ=FrrikZfF T 5 ellipticine
quinone #FE{L (80) 2%, BEFOHLNAHKITH D camptothecin & [F/ZE D EWIEMEZ R Z & %
R U7z, IEMERHIREBR OFERICOWTIEE 4 BE 2 H TR L <D
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H2®E ZEWA 2 FVHEEEK L AYTEEREAR
B1H BEENA Y F—ABEEOER

AV F=nBLIOZOREE(LEWIL, RARYSOAIEEME OMETICERTK LT
DR EEGHOAFEMFRICHENTH A > F—=A a2 e LIEREoREN L L<H 5 1
OIS, A R—=®D 200, F721E 3 MLk A @A AT 514 F— L iFERIL, i
NESHENE 2 R I EMN S < @ ST\ 5 (Figure. 1), HEERRY CTH % dragmacidin D '
(1) X, 2 X AIfFEATR P388 (ICs): 1.4 uM) B L OV i AMIAEEE AS49 (ICs): 4.4 uM) 2
%9 A MM EME AR STV 5, £72. indole-2-carboxylic acid benzylidene hydrazide ' 2 %,
b MFLIR A SEHIRE T47D (ECso: 0.110.06 pM, Glsp: 0.9£02 puM), b bEERGIRAS A A D
DLD-1 (ECsp: 0.6 0.1 uM. Glsg: 0.4F0.05 uM)IZX T2 7R b—3 ZFFENEHA N HE STV
%, = LT, Pinto 5 ' %, methyl 6-methoxy-3-(4-methoxyphenyl)indole-2-carboxylate (3) % f#
L.t FELARDS AFMAE MCF-7 (Glso: 0.3720.02 uM), b kM B AFEMIE A375-C5 (Gls: 0.33
+0.03 uM), B LOE FE/NEAEMER 2 VAL NCI-460 (Glsp: 0.2520.02 pM)IZ X3 2 Hifa g
FEANHIFER A M L Y | (KIRE CHIRB A IIEIE R 2R 2 A A PP L Tn D,
HNE«::Z OCOCF, O OMe

Cl (o] Q
N& 2 MeO O \
S Br N HN-N e
N \\—@Noz H COOMe

1: Dragmacidin D 2: indole-2-carboxilic acid 3: methyl 6-methoxy-3-
benzylidene hydrazide (4-methoxyphenyl)-
1H-indole-2-carboxylate

Figure 1: Structures of the antiproliferative indole derivatives

— 5T, T, pAEA A RZRERTT=A & LTMOHND 4-arylpiperidine 75E K TH
% loperamide (4) 1%, b NS UM A549 (2 5k4 2 AN HI/E R & DNA O W H{LAEH]
EoRTZENESINTWD (Figure. 2), 2013 4, &4, 2T 51X, loperamide (4) % A
& LT EEVEFR BT TR OFE R . PUEBHEMERBLUCIZ, HERTHLERY DD 40T

U— i IAC33-V 7 2= a VA2 b O ERMETHL EHE L TNE 2,
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NMe,

SEoer erpety

4: Loperamide 5: N-(3,3-diphenyl-3-hydroxypropyl)
4-aryl-4-hydroxypiperidine

Figure 2: Structures of the 4-arylpiperidine derivatives
UUED 2 >OWENS ., Wb A OREIZIEF UL & 5 LB 2Tz, 37255, Scheme
112779 & 9 |2 methyl 6-methoxy-3-(4-methoxyphenyl)indole-2-carboxylate (3) @ 3 {7 7 = = /L&,
EAY R=AVBRADONC BV, T LTENLDOTrEN KD AT LM 3 EIC LT, 2
PLEHAFED T VAR = VIR 2 NERFAS MRAIFRF DTN TG L TN D EEXD T &
MNTEX %, %I T, 6-methoxy-3-(4-methoxyphenyl)indole @ 2 {24k 4 ZpiE AL 28 A U= 55

BR6, 7B L, MRS PERE A AR 2 SR 9D T & T2 A v R — VB ER T

DHUEGHEMALE W) OBRFRMIIE A FEhiii L 7=,
— N
‘%” Q@@
Cl

H OMe O

3: methyl 6-methoxy-3- MeO O ) 5: N-(3,3-diphenyl-3-hydroxypropyl)
N
H

(4-methoxyphenyl)-

4-aryl-4-hydroxypiperidine
1H-indole-2-carboxylate y y ypip

N-=-,

. R !
7
Scheme 1

T, EEEME L TRELZ2-T X IS O R— V381K 6 & 2-7 I ) AFNABIA
R—VFFEIR 7 DERRICHOWTIRR S, HREWE CToh %5 methyl 6-methoxyindole-2-carboxylate
(10) 1E. Moody 5 D st % |Z5¢ - T, 4-methoxybenzaldehyde (8) (2%t L methyl azidoacetate
DREE B FE< BABRBIG D 2 TR THB L7Z, 154172 indole-2-carboxylate 10 2 KOH
FAETI URME L, 3-3— A > F—/ 11 #1572, %\ T, 4-methoxyphenylboronic acid

BT U0 AMREAFAE T Suzuki-Miyaura % 7Y U7 ROSIZAT 2 & T REO LA
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¥)C & % methyl 3-(4-methoxyphenyl)indole-2-carboxylate (3) % &% L 7= (Scheme 2),

N3~ ~COOMe
CHO COOMe A
NaOMe A Meo‘%
MeOH N3 toluene N~ COOMe
MeO MeO H
rt, 20 h reflux, 20 h
8 72% 9 99% 10

(HO)ZB@OMe OMe
|
l,, KOH m PdCl,(dppf) Q
_— >
MeO COOMe O
MeO \

DMF N THF
rt, 12 h H 70 OC, 12 h N COOMe
99%
11 71% 3

Scheme 2: Synthesis of indole-2-carboxylate (3)
#5517~ indole-2-carboxylate 3 @ 2 i T AT /L Z . 20%NaOH /KIRiK & MeOH 1B &k
HCAKSIE LIV AR B 12 25706 Fix DT X % 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide (EDC), 1-hydroxybenzotriazole (HOBt), I35 X U\ triethylamine (Et;N) 17-7E FfE & X

JSIZAT L, SO T I RBA » R—/L 358K 6a-e & N ENARK LT (Scheme 3),

amine

EDC, HOBt
20%NaOH Et3N
MeO O \ COOMe MeOH MeO O \ COOH DMF
rt, 12 h rt, 12 h
99%
3 12

indole-2-carboxamide
derivatives (6a-e)

MeO\

6b: 33% 6¢: 95%
MeO O \ O
)
e
6d: 33% 6e: 73% @

Scheme 3: Synthesis of the indole-2-carboxamide derivatives (6a-e)
18




W2, B LIE—EOT I A v R—/L3FEK 6 D EE:, LiAIH, Z W= LR =)L
FKOBISILEATWD., 7T ATFNAAL O R— ) VFEEIRT OAE R Z AT, Scheme 4 (2787
K91z, 6ald. R%THIGHEITTHHDOD, ZOMDILEY 6b-e Tik, BRIDT I /) AF

NFIA v R—)VEHEK Th-e BEF Lo T,

OMe
LiAIH, Q
D ——
THF MeO O \
rt, 15 h N
H X

7a:X= dimethlamino (72%)

7b:X= piperridin-1-yl (Not detected)
7c:X= 4-Ph-piperidin-1-yl (Not detected)
7d:X= piperazin-1-yl (Not detected)
7e:X= 4-Ph-piperadin-1yl (Not detected)

Scheme 4: Synthesis of the 2-aminomethylindole derivatives (7a-e)

OMe OMe .
amine
Q LiAIH4 Q DIAD, PPh3 Q
1l O O
MeO N\ MeO \ CH,OH h MeO \
H

OMe

COOMe t 151 rt, 12 \
68%
3 13 2-aminomethylindole
derivatives (7b-f)
OMe OMe

OH

7d: 29% 7e:69% @ 7f:49%

Scheme 5: Synthesis of the 2-aminomethylindole derivatives (7b-f)
T, A — FEZERE L, Scheme 2 TH % L7z methyl 3-(4-methoxyphenyl)indole-2-
carboxylate (3) % LiAIH,(Z X VETT L. 72— K13 & L7t fEx DT I > & (T diethyl
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azodicarboxylate (DIAD), triphenylphosphine (PPh;) 77E ., MIESNIZATT 2 & T, B9 & T

L5 EOT I ) AFNARA v R —)LFHEIK Th-f G TE 72 (Scheme 5),

Table 1: The antiproliferative effects of indole-2-carboxamide (6) and 2-aminomethylindole (7)
derivatives on HCT-116 and HL-60 cells.

OMe

IC5q values (uM) IC5q values (pM)

Compd Compd
Nno. R No. R
' HCT-116 cells HL-60 cells ' HCT-116 cells HL-60 cells
3 —COOMe > 50 > 50 7a T NMe, 40.45+0.66 22.66 +1.46
12 —COOH > 50 > 50 o
N
o] 12.05+2.13 18.05+1.43
I > 50 > 50 Q S oo xd
6a NMe,
o N
7c N
b — > 50 > 50
6 D O\@ 4.89+0.07 10.95+0.39
0 7d —
6c —- N 17.05+2.16 22.52 +1.29
D\@ 70 750 L_NH B B
N
N
6d 8 > 50 > 50 7e (}1 > 50 > 50
' 1@
L_NH
N
6e _[? > 50 > 50 7f N"N oy 393+0.09 6.6540.27
1@
N

B LIZT X REOT X 7 AF A 2 R— ) UFREARIT R Ul S s M A S
9N LTz, £ ORHMEITIEIZOWTLIFIZRT, AL, b bR f gk HCT-116 Al
fadk L OE b AMFEME HL-60 (2xf LT, MEIAEDZ 100 uM F e i A EEFEZIKIC LD
24 ByEEG 2 L7-1%. B2 50 pg @ MTT A3 T 4 BFREJLEE L 7=, 4Rk L 72 MTT formazan (% 100
ul @ DMSO 1Z & 0 AR b L=, 570 nm (2B AW EEZRETH Z Sk ERL, &
XU KV MR (%) 2R L, S0%MEFIRE (ICs) ZKkD/z, U LIV ELNHEE

Table 1 127779,
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MIRVETER (%) = (RIELAWICE T DUREE - 77 > 7 O x 100
| (BEALEMAREROWIE — 7T 7 OWE)

Table 1 2773 & 912, Pinto HMHE LTV aA > R—L 2L H VR =V i % (LA
WIRE 6 ITHERT 2-7 X 7 AF VA S OEWRE T O3 MRS 58 < 72 D16
MThole, ZORMBIE, A2 F— 2 fLOBEBILL LTHNVR=VEEL D 7 I AFVE
OFMPELTNDHIEERBLTWD, £z kil L7 X 512 loperamide (4) % & T
4-arylpiperidine #FEAR % W - FUBTHE MR OFE 2> & N-{& #i-4-phenylpiperidine 11 H3%
PEFRBICHECTHY , SEAT- CHEBEERRICBNTHA » F—L 2 Il
4-phenylpiperidine & FF (AW Tc, 7f CTHUWEMEDI A B 4L, 51 4-hydroxy-4-phenylpiperidine
bW Tf TbmWIEERSE LT, £72. A F—/L 2 {iZlT piperadine & % DFFE
RZEA LT-b&W 7d, Te TIEMENMET L TWS Z & 7235, 4-phenylpiperidine 138 A3 & 1%
BIHBETHDLZEEZRAOLNIITE, ZOMEEF., AP HRE 2L TS
4-hydroxy-4-phenylpiperidine #3E8(A& D HFUEFHEME (ICs: HCT-116 = 46.73 + 1.27 pM; HL-60 cells
= 46.81 £ 0.36 uM) EHBE L CTHEVEEEL RTZ &b A v F—ABEFIHT 2 2 & Th
JEIGHEPEDS TR T D Z & BN o T,

I, BT ARZ X 912, YAFZE= TlE. 5-methylindole-4,7-quinone & % DHFRFILE WM
b RS AHIBIC S L CEWHIEREE 2 R T 2 L 2 RE LT 5, Y 2 2T AR A R &
B FFICHARSEEIEF OB T X ) A FABA v R— ) VFFEK Toef D 6-2 hF LA v
K=l % A > R—Ib-4.7-F% ) AATEB LT 2-TAFNVT I WA v R—)b4.7-F% ) U iFE
K15 Z 5y at L, AIRLEE R4 T4 2 2 & TR 0 BWIEMEZ R LG O PRREF

%% 1T > 7= (Scheme 6),

0 e OMe
0 0
Mﬁ)G’\ p— 4”\ — g§f§
H N o H N N

O H

7 15 -7 14: indole-4,7-quinone

Scheme 6

£ 9", methyl 4,7-dimethoxyindole-2-carboxylate (17) {22 Ti% Moody 5 D J5 ik %39 (2t~
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T 2,5-dimethoxybenzaldehyde (16) 7>% 2 T.F& CTHAk L 72 (Scheme 7), Methyl indole-2-
carboxylate 17 % KOH f77E [ 3 7 #MLEE L, 3-iodoindole-2-carbaldehyde 18 #15%7-, 3-3— K
A > R—/L 18 |Z 4-methoxypenylboronic acid %/ 7 ¥ 7 AMlEAFTE T, Suzuki-Miyaura 77 7
U > TGS Z & C methyl 3-(4-methoxyphenyl)indole-2-carboxylate 19 Z &% L7z, 1 > K
—)L 19 % LiAIH, IZ K VIR L, 73—k 20 & Licth, 7 2 v & HISRIERRIC A2
ET2RDOT ) AFNAVEA v R—/VFHER 21ab ICFFET H 2 LR TE L, L Lan

5. 21c 1E, MISIFHEIT T2 0D OMBERIAM A 525 DHATH-T-7-20, GkTHZ &

W LT,
(HOhB—<:>HOMe
OMeCHo 2 steps OMe OMe | PACH,(dppf
— I2, KOH 2M Na,CO;
o \ _— \ -
N~ “CO,Me DMF N~ ~CO,Me THF
OMe MeO H rt,1h  MeO H rt, 12 h
33% 83%
16 17 18
OMe
amine
M M M
THF GD \
COOMe CH,OH
MeO ”4;'*54h MeO rt, 12 h Mo N R
19 20 21a: R= piperridin-1-yl (55%)

21b: R= 4-Ph-piperidin-1-yl (41%)
21c: R= 4-Ph-4-OH-piperadin-1yl
(Not detrected)

Scheme 7: Synthesis of the indole-4,7-quinone derivatives (21a-c)

BRICERLIZ 2 DDOT X ) AF A o R—/LFE K 21ab 1ZxF L. cerium ammonium
nitrate (CAN) LELF 5 Z L TT I ) AFNIHA  R—)L-4,7-% /) VU FFER 15a,b 5k LT-
(Scheme 8), Ak L7z T /¥ /N7 I VBIA » R—v-4,7-F ) V8K 15ab 2kt L, & bR
P A IR REAR HCT-116 M0 2 F W 7 AR S S TS MERTA AR & 520 L 72, Z O #& L. Table
2 127”8 F K 9 1T 4-phenylpiperidine % & Db &5%) 15b T, HRREE O KRR FEANHEIVEH 23 7L 5 4L
bon, iR ULET I AF AR o R—/VEBEIK 7¢,7f OTEME & Hled % & 990 s R & 72
272,

PLEDI I, A R=NAD3AAZT V=i, 24027 I FRBIOT I 2 AF R L

R HRE R R EHILAE A LT 2,3,6- —BHLA v F— VR A 13 FEASR L. M)
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JEMERHIEER AT o 1o R, A R—= LD 2 f0IZT 2 ) ATF AR THIERIZERY U2
{p 4-hydroxy-4-phenylpiperidine Z & 2{bAW) 7f NRVEMEZ R4 Z L2 AT 2 &N TE 2,
SIS, A ¥ F=b-4,7-F ) Ak LT HRIBRICE#ERAZ &> a4 158, 15b Z &L,

Z OIEMRHmEER 2 520 L7225, PREOIEEIES D Lo LV 1EHOEWIEbEw & 3 2
LI TE o7,

OMe
OMe Q
CAN
G —
N CH;CN-H,0 N
MeO H R 0°C, 30 min O H R
21a: R= piperridin-1-yl 15a: R= piperridin-1-yl (23%)
21b: R= 4-Ph-piperidin-1-yl 15b: R= 4-Ph-piperidin-1-yl (41%)
Scheme 8

Table 2: The antiproliferative effects of indole-4,7-quinone derivatives (15) on HCT-116

Compd IC5q values (uM)

NO. R

HCT-116 cells

N

15a D > 50

N
15b O\@ 19.4 + 3.40
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B2EELH EROE
Methyl 6-methoxy-3-(4-methoxyphenyl)indole-2-carboxylate (3)
N, &t H. Methyl 3-iodo-6-methoxyindole-2-carboxylate (11) (55 mg, 0.16 mmol) M OVR & g
(36.5 mg, 0.24 mmol) . PdCl(dppf) (16 mg, 0.02 mmol) ¢ THF BR#IEIE (15mL) % 70 °C {2 T
12 h EEVE L7z, BOSHE T #., IR TAKZMA, EtOAc THii L7=, EtOAc JgZ /K LW
BRI R K THERBE L. K Na,SO, THMES . W2 IERE L, W E 7 L7 0~
727 4— (20 mg) IZfF L., EtOAc-hexane (1:4 w/v) i%y & W =271 3 (37 mg, 12%) %1%
72, mp 149-150 °C (EtOAc); IR (ATR) v: 3336, 1670 cm™'; "TH-NMR (300 MHz, CDCl;) &: 8.97 (1H,
brs), 747-7.51 (3H, m), 6.98 (2H, d, J=8.8 Hz), 6.79-6.82 (2H, m), 3.88 (3H, s), 3.88 (3H, s), 3.81 (3H,
s); "C-NMR (75 MHz, CDCl;) 8:162.3, 159.3, 158.9, 136.8, 131.6, 125.7, 124.8, 122.7, 122.4, 121.0,
113.4, 112.3, 93.4, 55.5, 55.2, 51.6. MS m/z: 311 (M"); HR-MS (EI) Calcd for C;gH;7;NO,: 311.1158.
Found: 311.1149.
6-Methoxy-3-(4-methoxyphenyl)indole-2-carboxylic acid (12)
N, &G, A B3 4K 3 (100 mg, 0.32 mmol) @ MeOH A% (20 mL) (Z 20% NaOH (8 mL) %
Mz et TI2h I LT, BUSKE T, 10% EREA A, il L7ckidma AT 22 81Tk
T3 VAR Bk 12 (100 mg, 99%) & 157, mp 225-227 °C (EtOAc-MeOH); IR (ATR) v: 3733, 3398,
1650 cm™; "H-NMR (300 MHz, DMSO) &: 11.5 (1H, s), 7.41 (2H, d, J=8.3 Hz), 7.32 (1H, d, J=8.8
Hz), 6.97 (2H, d, J=8.3 Hz), 6.90 (1H, s), 6.71 (1H, d, J=8.8 Hz), 3.79 (3H, s), 3.78 (3H, s); "C-NMR
(75 MHz, DMSO) &: 163.5, 158.8, 158.7, 137.7, 132.2, 126.7, 123.0, 122.7, 122.3, 122.2, 113.9, 112.4,
94.6, 55.9, 55.8. MS m/z: 297 (M"); HR-MS (EI) Calcd for C;;H;sNO,: 297.1001. Found: 297.0974.
N,N-dimethyl-6-methoxy-3-(4-methoxyphenyl)indole-2-carboxamide (6a)
N, ZAJEH . 20 oC [ZTH/LAREE 12 (50 mg, 0.17 mmol) DMK DMF (7 mL) IRRIZ
dimethylamine hydridrochloride (27 mg, 0.34 mmol), HOBt (28 mg, 0.21 mmol) % /Ji 2. EDC (40
mg, 0.21 mmol) DK DMF (3 mL) ¥k & OMEK Et;N (94 pL, 0.68 mmol) % F L7z, 0°C
(CT2h L. |EICE LTS HIZ 12h#H#E Lz, BUSK THR., ROSKIZ 1M 1Rl % 5512
PEIZ 72 % £ THl 2 EtOAc Tl L. K12 EtOAc J& % NaHCO; fafi/Kisik 2 Mz, KB XU
PR CIARBEA L. K Nap,SO, THalite, WA ER E L., M E TV 5 v n
~ R N7Z 74— (10mg) (Zff L, EtOAc-hexane (1:4 w/v) i3 &V 7 2 FIK 6a (52 mg, 95%)
%15%7-, mp 187-188 °C (EtOAc); IR (ATR) v: 3278, 1592 cm™; '"H-NMR (300 MHz, CDCl;) &: 8.71
(1H, br s), 7.60 (1H, d, J=8.7 Hz), 7.41 (2H, d, J=8.9 Hz), 7.00 (2H, d, J=8.9 Hz), 6.87 (1H, d, J=2.1
Hz), 6.82 (1H, dd, J=8.7, 2.2 Hz), 3.87 (6H, s), 2.95 (3H, br s), 2.57 (3H, br s); C-NMR (75 MHz,
CDCly) &: 165.3, 158.6, 157.9, 136.6, 130.1, 127.3, 127.2, 125.3, 121.1, 120.8, 118.3, 114.3, 111.3,
94.0, 55.6, 55.3; MS m/z: 324 (M"); HR-MS (EI) Calcd for C oH,0N,O5: 324.1474. Found: 324.1485.
[6-Methoxy-3-(4-methoxyphenyl)indol-2-yl](piperidin-1-yl)methanone (6b)
71 VR k12 (100 mg, 0.34 mmol) % VT LG & R O#EMET, 7 X F{K 6b (41 mg, 33%) %
572, IR (ATR) v: 3262, 1624 cm™; '"H-NMR (300 MHz, CDCls) &: 8.88 (1H, brs), 7.40 (1H, d, J=8.7
Hz), 7.29 (2H, d, J=8.7 Hz), 6.92 (2H, d, J=8.7 Hz), 6.80 (1H, d, J=2.2 Hz), 6.82 (1H, dd, J=8.7, 2.2
Hz), 3.78 (3H, s), 3.77 (3H, s), 2.32-2.34 (4H, m), 1.48-1.51 (4H, m), 1.36-1.38 (2H, m); "C-NMR
(75 MHz, CDCl;) &: 157.9, 156.3, 135.9, 130.9, 130.6, 127.4, 122.3, 119.6, 115.2, 113.8, 109.3, 94.4,
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55.7, 55.2, 54.6, 54.5, 26.0, 24.2; MS m/z: 364 (M"); HR-MS (EI) Calcd for Co,H,4N,05: 364.1787.
Found: 364.1773.

[6-Methoxy-3-(4-methoxyphenyl)indol-2-yl](4-phenylpiperidin-1-yl)methanone (6c)

1 VAR k12 (50 mg, 0.17 mmol) % AW T LR & REROEMET, 7 2 N{K 6¢ (70 mg, 95%) %
572, mp 239-240 °C (EtOAc); IR (ATR) v: 3737, 1736 cm™; '"H-NMR (300 MHz, CDCl;) &: 8.82
(1H, brs), 7.59 (1H, d, J=8.7 Hz), 7.46 (2H, d, J=8.9 Hz), 7.18-7.36 (3H, m), 6.99-7.05 (4H, m), 6.89
(1H, d, J=2.1 Hz), 6.83 (1H, dd, J=8.7, 2.1 Hz), 3.88 (3H, s), 3.87 (3H, s), 4.45-4.93 (1H, m),
2.43-2.70 (3H, m), 0.60-1.95 (5H, m); “C-NMR (75 MHz, CDCl;) &: 164.2, 159.0, 157.9, 145.3,
136.7, 130.8, 128.4, 126.8, 126.7, 126.4, 125.4, 121.1, 120.9, 117.9, 114.4, 111.4, 94.1, 55.6, 55.3,
42.5,32.4; MS m/z: 440 (M"); HR-MS (EI) Caled for C,gH,5N,05: 440.2030. Found: 440.2012.
[6-Methoxy-3-(4-methoxyphenyl)indol-2-yl](piperazin-1-yl)methanone (6d)

1 VAR 12 (50 mg, 0.17 mmol) % VT ERE & REROEAET, 7 I N 6d (18 mg, 33%)%
#5372, mp 211-212 °C (EtOAc); IR (ATR) v: 3737, 3313, 1736 cm™; "H-NMR (300 MHz, CDCl;) &:
8.54 (1H, br s), 7.56 (1H, d, J=8.8 Hz), 7.39 (2H, d, J=8.7 Hz), 6.99 (2H, d, J=8.7 Hz), 6.87 (1H, d,
J=1.8 Hz), 6.83 (1H, dd, J=8.8, 1.8 Hz), 3.88 (3H, s), 3.87 (3H, s), 3.39 (4H, br s), 2.52 (4H, br s).
BC-NMR (75 MHz, CDCl;) &: 164.4, 158.9, 157.9, 136.5, 130.5, 126.8, 124.9, 121.1, 120.8, 118.0,
114.4, 111.4, 94.1, 55.6, 55.3, 45.5; MS m/z: 364 (M"); HR-MS (EI) Calcd for C5;H,,N;305: 364.1661.
Found: 364.1648.

[6-Methoxy-3-(4-methoxyphenyl)indol-2-yl](4-phenylpiperazin-1-yl)methanone (6e)

71 VR Uk 12 (60 mg, 0.20 mmol) % T LR & REROEMET, 7 I N{K 6e (65 mg, 73%) %
572, mp 205-207 °C (CHCl5); IR (ATR) v: 3297 cm™; 'TH-NMR (300 MHz, CDCl3) &: 9.20 (1H, br
s), 7.58 (1H, d, J=8.8 Hz), 7.43 (2H, d, J=8.8 Hz), 7.19-7.25 (2H, m), 7.00 (2H, d, J=8.8 Hz), 6.89 (1H,
d, J=2.0 Hz), 6.80-6.86 (1H, m), 6.82 (1H, dd, J=8.8, 2.0 Hz), 6.77 (2H, d, J=8.8 Hz), 3.85 (3H, s),
3.82 (3H, s), 3.54 (4H, br s), 2.78 (4H, br s); *C-NMR (75 MHz, CDCl;) 8: 164.2, 159.0, 158.0, 150.9,
136.8, 130.6, 129.1, 126.7, 124.7, 121.1, 120.8, 120.5, 118.3, 116.7, 114.5, 111.5, 94.0, 55.6, 55.3,
49.1; MS m/z: 441 (M+); HR-MS (EI) Caled for Cy7H»7N305: 441.2052. Found: 441.2038.
[6-Methoxy-3-(4-methoxyphenyl)indol-2-ylJmethanol (13)

N, &t LiAlH, (19 mg, 0. 5 mmol) O /K THF (10 mL) ¥R K& K, = A7 /L 3 (86 mg,
0.25 mmol) O HE/K THF (10 mL) A F L, |IR T 12h i Lo, ISK TR, €74 b
ZHAWTAIE L, A% EtOAc THiHH L7z, EtOAc &% /KIS X OMEFn &K CIER PGS L.
HE/K Na,SO, THIMESS . I ZER £ L, WA W7 57 a~ N7 T 7 4 — (20 mg) (ZfF
L. EtOAc-hexane (3:7 w/v) #it53 &0 7/b22—/ 13 (58 mg, 68%) % 1%7-, mp 175-176 °C
(EtOAc-MeOH); IR (ATR) v: 3733, 3398 cm™'; "H-NMR (300 MHz, CDCls) &: 8.30 (1H, br s), 7.53
(1H, d, J=8.7 Hz), 7.38 (2H, d, J=8.8 Hz), 7.00 (2H, d, J=8.8 Hz), 6.89 (1H, d, J=2.2 Hz), 6.80 (1H,
dd, J=8.7, 2.2 Hz), 4.87 (2H, d, J=5.7 Hz), 3.87 (6H, s), 1.74 (1H, br s); "C-NMR (75 MHz, CDCls)
5: 157.4, 155.6, 136.3, 133.9, 129.8, 127.5, 120.9, 119.2, 114.1, 112.7, 109.1, 94.5, 55.2, 55.1, 55.1;
MS m/z: 283 (M"); HR-MS (EI) Calcd for C,;H;;NOs: 283.1208. Found: 283.1222.
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2-(N,N-dimethylaminomethyl)-6-methoxy-3-(4-methoxyphenyl)indole (7a)

N, &t LiAlH, (13 mg, 0.32 mmol) O ME/K THF (10 mL) BRI, KB T, 7 2 FIK 6a (52
mg, 0.16 mmol) DEK THF (10 mL) ER A F L, |IR T 2h i Lo, RIGK T, K%z
Mz, 74 bZ2HWTAIE L, A% EtOAc THiH L7z, EtOAc J& % /K L OMafn ik
THER Y L. K Na,SOs THIRE . WA ERE L, M EL VW rnra~x 77
74— (10 mg) IZfF L, EtOAc-hexane (3:7 w/v) i3 L 0.7 X AF LK 7a (37 mg, 12%) %
#5372, IR (ATR) v: 3737 cm™; "TH-NMR (300 MHz, CDCl;) 8: 8.90 (1H, brs), 7.47 (1H, d, J=8.7 Hz),
7.36 (2H, d, J=8.7 Hz), 6.99 (2H, d, J=8.7 Hz), 6.87 (1H, d, J=2.2 Hz), 6.77 (1H, dd, J=8.7, 2.2 Hz),
3.87 (3H, s), 3.86 (3H, s), 3.68 (2H, s), 2.26 (6H, s); *C-NMR (75 MHz, CDCLy) §: 157.9, 156.4,
136.1, 130.9, 130.6, 127.3, 122.3, 119.7, 115.3, 113.9, 109.3, 94.4, 55.7, 55.3, 55.0, 45.3. MS m/z: 310
(M"). HR-MS (EI) Calcd for C15H,N,05: 310.1681. Found: 310.1667.
6-Methoxy-3-(4-methoxyphenyl)-2-(piperidin-1-ylmethyl)indole (7b)

N, 5. 7 /b2 —/1 13 (70 mg, 0.25 mmol), PPh; (79 mg, 0.3 mmol), piperidine (26 mg, 0.3
mmol) @ THF (2.5 mL) ¥R |Z DIAD (1.9 M in Toluene 0.16 mL, 0.30 mmol) ¢ THF ¥
(1.5mL) Zi F L, ERICTI2h R L7, RS TH#., EtOAc THiHH L. EtOAc & % /K¥
ORI K THAR PG L. MK Na,SO, THIERER . W2 IERE L., KMz V07
Nra~< K777 4— (20 mg) IZfF L, EtOAc-hexane (3:7 w/v) i3 &0 7 X AF /AR Th
(28 mg, 40%) %4372, IR (ATR) v: 3737 cm™; "H-NMR (300 MHz, CDCl;) &: 8.81 (1H, br s), 7.48
(1H, d, J=8.6 Hz), 7.37 (2H, d, J=8.8 Hz), 6.99 (2H, d, J=8.8 Hz), 6.85 (1H, d, J=2.1 Hz), 6.76 (1H,
dd, J=8.6, 2.1 Hz), 3.84 (3H, s), 3.83 (3H, s), 3.65 (2H, s), 2.36-2.38 (4H, m), 1.52-1.59 (4H, m),
1.41-1.44 (2H, m). “C-NMR (75 MHz, CDCl;) &: 157.9, 156.3, 135.9, 130.9, 130.6, 127.4, 122.3,
119.6, 115.2, 113.8, 109.3, 94.4, 55.7, 55.2, 54.6, 54.5, 26.0, 24.2. MS m/z: 350 (M"). HR-MS (EI)
Calcd for Cy,Hy6N>O,: 350.1994. Found: 350.1984.
6-Methoxy-3-(4-methoxyphenyl)-2-(4-phenylpiperidin-1-ylmethyl)indole (7c)

7 ba—/L 13 (30 mg, 0.11 mmol) % AT EFL & REROEIET, 7 /7 AF /LK 7c (16 mg,
53%) %1572, IR (ATR) v: 3521 cm™; "H-NMR (300 MHz, CDCl;) &: 8.75 (1H, br s), 7.48 (1H, d,
J=8.6 Hz), 7.38 (2H, d, J=8.5 Hz), 7.20-7.33 (5H, m), 7.01 (2H, d, J=8.5 Hz), 6.90 (1H, d, J=2.1 Hz),
6.77 (1H, dd, J=8.6, 2.1 Hz), 3.87 (3H, s), 3.86 (3H, s), 3.75 (2H, s), 2.98-3.04 (2H, m), 2.43-2.57 (1H,
m), 2.10-2.15 (2H, m), 1.73-1.85 (4H, m); *C-NMR (75 MHz, CDCl;) &: 158.0, 156.4, 146.1, 136.0,
130.7, 128.4,127.4, 126.8, 126.2, 122.4, 119.8, 115.5, 114.0, 109.4, 94.5, 60.4, 55.8, 55.3, 54.4, 54.2,
42.5,33.4. MS m/z: 426 (M"). HR-MS (EI) Calcd for C,5H3N,0,: 426.2307. Found: 426.2316.
6-Methoxy-3-(4-methoxyphenyl)-2-(piperazin-1-ylmethyl)indole (7d)

7LV a—/1 13 (50 mg, 0.18 mmol) Z MW T Lt & RROEMET, 7 I/ A F /LK 7d (44 mg,
69%) %137, IR (ATR) v: 3733, 3648 cm™; "H-NMR (300 MHz, CDCl3)  : 8.64 (1H, br s), 7.48
(1H, d, J=8.8 Hz), 7.36 (2H, d, J=8.8 Hz), 6.99 (2H, d, J=8.8 Hz), 6.89 (1H, d, J=2.2 Hz), 6.77 (1H,
dd, J=8.8, 2.2 Hz), 3.87 (3H, s), 3.86 (3H, s), 3.69 (2H, s), 2.85-2.92 (4H, m), 2.37-2.48 (4H, m).
BC-NMR (75 MHz, CDCls) &: 158.0, 156.3, 135.9, 130.6, 130.4, 127.3, 122.4, 119.7, 114.0, 113.9,
109.4, 94.4, 55.7, 55.3, 54.7, 54.5, 46.2; MS m/z: 351 (M"); HR-MS (EI) Calcd for C,;H,sN;0;:
351.1947. Found: 351.1963.
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6-Methoxy-3-(4-methoxyphenyl)-2-(4-phenylpiperazin-1-ylmethyl)indole (7€)

7 ba—/L 13 (50 mg, 0.18 mmol) Z AT i & RIEROEIET, 7 I 7 A F /LK Te (23 mg,
46%) #%F7-, IR (ATR) v: 3421 cm™'; '"H-NMR (300 MHz, CDCl3) &: 8.59 (1H, br s), 7.42 (1H, d,
J=8.6 Hz), 7.30 (2H, d, J=8.4 Hz), 7.17 (2H, t, J=8.4 Hz), 6.91 (2H, d, J=8.4 Hz), 6.74-6.83 (4H, m),
6.70 (1H, dd, J=8.6, 2.2 Hz), 3.77 (3H, s), 3.76 (3H, s), 3.67 (2H, s), 3.15-3.17 (4H, m), 2.49-2.58 (4H,
m). PC-NMR (75 MHz, CDCL;) &: 158.0, 156.4, 151.1, 136.0, 130.6, 130.0, 129.1, 127.1, 122.3, 119.8,
119.7, 116.0, 115.7, 113.9, 109.5, 94.4, 55.7, 55.3, 53.8, 53.1, 49.1. MS m/z: 427 (M"). HR-MS (EI)
Calcd for Cy7H,9N30,: 427.2260. Found: 427.2251.
6-Methoxy-3-(4-methoxyphenyl)-2-(4-hydroxy-4-phenylpiperidin-1-ylmethyl)indole (7f)

7 ba— L 13 (50 mg, 0.18 mmol) % AT EFL & [FEOEMET, 7 /7 AF /K 7f (23 mg,
29%) %41%37-, IR (ATR) v: 3737, 3613 cm’; 'H-NMR (300 MHz, CDCl3) &: 8.82 (1H, br s),
7.47-7.51 (3H, m), 7.34-7.39 (5H, m), 7.00 (2H, d, J=8.7 Hz), 6.91 (1H, d, J=2.2 Hz), 6.77 (1H, dd,
J=8.6, 2.2 Hz), 3.87 (3H, s), 3.86 (3H, s), 3.82 (2H, s), 2.79-2.84 (2H, m), 2.50-2.59 (2H, m),
2.11-2.22 (2H, m), 1.73-1.79 (2H, m). “C-NMR (75 MHz, CDCL) &: 157.6, 156.1, 147.5, 135.8,
135.7,130.3, 128.0, 126.8, 124.1, 121.8, 119.5, 119.4, 115.6, 113.6, 109.1, 94.1, 70.6, 55.4, 54.9, 53.3,
49.0,37.7. MS m/z: 442 (M"). HR-MS (EI) Calcd for CosH3oN,O;5: 442.2256. Found: 442.2244.
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% 3E =IRME Carbazole-1,4-quinone &R DAL &
RSB S B T 1 A4

HIEPE 1H RCM KiEHEFIA L7z carbazole-1,4-quinone F# 7
FHAEBRIEORR L ZDIGH

Murrayaquinone A (1) (X, 1985 &)1 I LV HEFT ¥ 72 H AT % Murraya euclestifolia
HAYATA 7 5 Hifff - #&E R E 2 Sh - carbazole-1,4-quinone 7/ h A RThH 5D,
Murrayaquinone A (1) 1%, AE#iErEE LT, SOER *2 & P-388 MR 32 Ml AL E
TER ™ BHE SN TEY . TOEYIEER X OWSENRHR O E 25 % < OFFE 7 V—712

K o TERAFIENRBEANTITIOIL TN D (Scheme 1),
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Scheme 1: Total synthesis of murrayaquinone A (1)

Kapil 5 #* %, #E L7= 1-0xo0-1,2,3,4-tetrahydro-3-methylcarbazole (2) 1Z%f L DDQ F&fk4
% J7 1412 & - T, murrayaquinone A (1) DORFIOEEMERE L TWD, TDOH%, K5 29|
ZuA v K= 3 &7 7 YLEEAFLED Diels-Alder SUSIZ L0 FAEM S 2V %, 1 v~
R—/L 4 DY =)V Z)VIR CFHFEARAD~ A T IATINS . Hit < BALBOGRIZ KV carbazole B
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EWRSE D HEEERICE L 2GKkEER LTS, S6I1C, BEL 29X,
4-0x0-1,2,3 4-tetrahydro-3-methylcarbazole (5) # kL. 7=/ — /WK% 155/ — . Moody
BENI ZT AURURFIE T, A ¥ R—VFFEAEK 6 O 3 fLoREMZFIH L0 T NiiE
FOSZEAT 9 v— Mz X 0 2AICKZ LT\ 5, Murphy 5 2V 1%, _u % )8 & N
VTSI T L OFEE S carbazole BASHEEOBELIE &+ 5 ik, M EDL PV T
Koot~k /)10 L0605 2-8E RTY /) 7= /) —)/) b Fischer DA &~
F—=VERIEZ AN TEGREER L TS, HHEEICE T, i TRz X 912,
HFEJEFD 2-chloroindole-3-carbaldehyde 725, Z OER/L— h OEFIBATH 57w L%
NT—FT V1l ZER L, UK L THREZEH S, BN TAF Y MY = R R 2 %
M L7EBLRIS 2T ) 2 & Ty 3-AF A B ARV — L&A L. murrayaquinone A (1) DA
R PVEER LTS, L L b, BEfFOARUL— M, murrayaquinone A (1) GRIC L
ST, Wb RERTERTIIH L0, FEP B E TS carbazole-1,4-quinone DFEL
ARIZBWNTIE, —RMEICRERH D & B s, £2 T e RSB EEROGKICHE LT
—MMEDN 5 < FATFE TONRB I 72 72 GV — S OBAFE 2 31 L 72,

FEFX, ARV — N ORF E G 5 HEE & L C murrayaquinone A (1) ZFXE L, £ D
FEREH Th % carbazole-1,4-quinone MEEEIZxf L T, Scheme 2 [Z" T HIEL MR LTc, D)
EDOFRHEUL, carbazole-1,4-quinone D F /) U EHEEIZ L > THEEKEZITO O THDH, T4
Db, AEED 23D KA ZEEATEHIZ RCM RISHFATE 2 B2 £ O8]
BRRL L TC23-EATZ7 U BANA Y =L 12 2R E LT, BIZ23-EAT 7 Va Ao

Nﬂvmm\ummmm¢mmmmwum)ﬂ%%ﬁ#é:&%%z@ﬁ%ﬁoko

.% RCM Qmeg, |
|:> \
N~ “CHO

R
1: Murrayaquinone A 12 13

Scheme 2: Retrosynthesis of murrayaquinone A (1)

Scheme 3 (TR T & 91T, HIFEJFE} 3-iodoindole-2-carbaldehyde (13) D 3 iz ~D7 7 VU v A )L
FOEANL, @IS OEMNED 12ho> T, —BLRFERT T /ST V0 AMlEAFE T, 77 =
NARRIRENSEDLZET3- 770V aA Ay R=V14 %2552 ENTEIZ, ROT,
14a D 2 LD RN I )VFEIZRE L, vinylmagnesium bromide (& K % Grignard G 21TV, 554
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72 2 HoklEEE 2 MnO, gk 2 Z & T HRBREDOINRR N SELEWMD 23-EAT 7 ) a A )L
K 12a ~LFBETE-, LoLAaRnb, 158b 251, L OEERAY A 52 5D THRY

ETHIALEGEIRD 12b 2155 Z LIXTE o T,

R
2\ SnBu;
I CO (1 atm), BHT OR, -~
CHO > >
l?nom DMF N~ CHO THF
70°C,24 h MOM 0°C,4h
13 14a: R= Me (70%)
14b:R=H (51%)
OR OR
7 act. MnO, 7
\ = > \ —
N CH,Cl, N
mom N reflux, 48 h vom®

12a:R= Me (48%)
12b:R=H ( - %)

15a: R= Me (66%)
15b: R=H (26%)

Scheme 3: Synthesis of 2,3-bisacryroylindole (12)
WRIT, Table 1LIZART X 91T, 23-BEAT7 7 U v A V12all % F H2RCM XIS IZ K 5

carbazole-1,4-quinone 162D & A it L7z, 9. Grubbsi )iz T L < il S 4 5B DO CH,Cl,
B SR, F KO AR Grubbsfit i 4 FH WV ERCMEUR 24T 72 & 2 A, 20%. 33%
EARINER 2223 5 & HBY & 3 5 carbazole-1,4-quinone 16a% 155 Z & N T& 7=, ZOFEENS UL
FITERNZ2 23 5 S AFLE T2 AR Grubbs il 23E L TV 2 & 0 & bl fitl T, i
Vit A toluenel T #2 %  FE2HEARGrubbsb BEAFAE . SUREAT 72 L 2 A, IEEIT72% F Tl b
L7z, 2D X2, HHID HEIIZHE > T=carbazole-1,4-quinone 16aD H & AL & ML T 5 2 &

NTET,
Table 1: Synthesis of carbazole-1,4-quinone (16a) by RCM reaction

OMe (0]
7 Grubbs catalyst Me

§ o~ -

N N

mom® mom®

12a 16a
Run  Catalyst” Solvent Temp (°C) Time (h)  Yield (%)
1 1st CH,CI, rt 1 20
2 2nd CH,ClI, rt 2 33
3 2nd toluene 70 1 72

110 mol% of Grubbs catalyst was used



L2 L7Z2723 5 indole-2-carbaldehyde 14(Z%f3 2% GrignardS s, #t< 7 U /b7 /b= — 115~
DELIEDNT VD AT v FIZB N TS, FEIZ K > TUIERTE RWAMERIGE & R E A
BTz, 2T, ARV— FOUWEICERY MirZ & & LTz,

ZDOWEFED IO DEAGETE A Scheme 412777, £, ¥/ #501E, carbazole-1,4-diol 177>
B OBALSIGIZ L VIS TE 5 LB 272, Carbazole-1,4-diol 171X, carbazole 18 & A RR&EAi {4
ThHhHLBEZDIENTE, TO23AEEEH A FIHEN LIZRCMEUSIC L VR TE S &
Exle, LT, ZORIBAL LTScheme 3T~ 7=7 VLT L a—VISBFHTE5Z &
12725, TORMHE, 1 2OMERTHLT VLT Va— Lot )SZBEETE 5720, LIF

gﬂ%gﬁ%?‘?/)j‘:o
0 & HO g 0 R, QR
= - O = Qi ~
N N N N
mom® mom mom°H mom®H
16 17 18 15

Scheme 4: Retrosynthetic analysis of carbazole-1,4-quinone (16)

Scheme 3 (27 L 7= 3-iodoindole-2-carbaldehyde 13 & ¥ 3 TFETH7~7 VL7 /L 2—)L 15a|C
XL, JelHESE L7 RCM UG DS 2RI L. carbazole-1,4-diol 17a & z1T > 72, BURIE
HEAT L7223 FAR L 72 carbazole-1,4-diol 17a 1315 50T A& H W) Td % carbazole-1,4-quinone
16a 73 78% D LI THF H 4172 (Scheme 5), Z OfERIE. RCM ST L, 17a 23R
L7-%. Grubbs filt itz KX ZBiAKFILEICHBEZ > TWDH Z &b, ZD L HIZ, RCM i
& HITBKRELIR NS T DANCH#ITT 20N E 0 S TiY., FHELOEEICH
FEkOBEGENEZ s TWndeExbhl, ZO/ENPLAREALERAL &

carbazole-1,4-quinone H & & R D RN ZRA) 72 BT LA BIEIZ 70 D & B 2 T2,

oM HO (0]
% Grubbs 2™ Me Me
{ ~—— O § — (I O Oal
N OH toluene N %
} }
MOM 70°C, 30 min MOM MOM MOM
15a 18a 17a: Not detected 16a: 78%

Scheme 5: Synthesis of carbazole-1,4-quinone (16a) by RCM and dehydrogenation

DfERZ S LT, TIY AT )Va—)b 15a & KGHEE & L7z carbazole-1,4-quinone 16a ~
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DL T I RCM-BKFE LS A ST 5 AT, Rl SR O 217 > 72, Grubbs filtlit, 5
JEIREE . 36 KON A 4 fRat L 76 2R & Table 2 127777, 4 0D Grubbs filt it (55— it
R KOG X Grubbs filtfit, 25— 3 L O —1it{X Hoveyda-Grubbs filtii) 2 F\ 7= Bj 1L
FOSIE, W otz AL T RCM i, Bk F AL KOS 23 8 1912 4T L
carbazole-1,4-quinone 16a #1525 Z & 23 T& 72, FFIT, 5 2 HAX Grubbs i3 A 2 o 7 LS
IZHE L TWD 2 ERgmoTo, BUSREX, Wtz s b iR L 0 B T
SRR LTe, 51T, IO B AT 7 U v A UK 128 OFER & [AER. toluene FEIEH 70
°C MBS TORUEH I b BRAFRFER ETe o T2,

Table 2: Synthesis of carbazole-1,4-quinone (16a) by RCM reaction.

OMe/ HO  Me Q Me
o
N N N

H H
mom® mom® mom°
15a 17a 16a

Run Catalyst 7 Gas Solvent Temp (°C) Mw Time (h) Yield (%)

1 1st N, CH,ClI, rt - 2 27
2 1st N, CH,CI, reflux - 2 25
3 1st N, CH,ClI, reflux + 2 38
4 2nd N2 CH2C|2 rt - 1 64
5 2nd N, CH,ClI, reflux - 0.5 70
6 2nd N, CH,CI, reflux + 0.5 55
7 Hoveyda 1st N, CH,ClI, rt - 12 -
8 Hoveyda 2nd N, CH,CI, rt - 2 51
9 2nd N, toluene 70 - 0.5 78
10 2nd N, > 02 CHzclz rt - 1.5 80
1 1st 0, CH,CI, rt - 1 45
12 1st 02 CHzclz reflux - 1 67
13 2nd 0, CH,ClI, rt - 2 920
14 2nd 0, CH,ClI, reflux - 15 min 75
15 2nd 0, toluene 70 - 5 min 93

110 mol% of Grubbs catalyst was used., ? The reaction proceeded in gas atmosphere.
3) Complex compound

7o, ARG ZBH L T BR T, Y 15a USSR THA L TLC RIZH LWV 2 20
ARy FONHBTHZ L EHERL TS, ZDOAKR Y b2 carbazole-1,4-quinone 16a &
carbazole-1,4-diol 17a D ARy hTHDHELEZR, AT LI u~x NI T7T7 4 —% M 2ODA
R s DGR T 35 DI A LA carbazole-1,4-quinone 16a DA Toh -7, Ziuidk

carbazole-1,4-diol 17a & & 2 TW (LA W 3 RO LB O B BE T2 KR % & % 1T,
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carbazole-1,4-quinone 16a (22 L CTW\WAHZ &L Tlea DABRHFELNTNWDH EZ 2T, £ T,

run 10 (/R T R DI, ZNE TORISEMHFTRISZITV, BHE 15a DK EZHER L%, &
NEERLZFE TP OBREL[FTICEZ 728 25, CHCL . |BEOHKMHFIZH2b 5T, I
R 80%IZ A b LTz, £ 2Tl BEEFR K TO RCM UG Al 4 BiEt L7245 5R, run 15
O toluene H', 70 °C THMEAT 2 ST, RG] Smin & BLIRFRTTULE 93% F CTRUG &M 4 i
B 52 ENTEE, BBICRELTH D MOM AL & 0 J71k 2 1IZHEV, 6 M R T
4 25%E T, LAY TH 5 murrayaquinone A (1) OEAKE 4 TR, ¥UUR 43% TR

952 LN TE 7 (Scheme 6),

Me sMH Me

Y

MeOH
MOoM 60°C, 1 h
16a 99% 1: Murrayaqyuinone A

Scheme 6: Total synthesis of murrayaqyuinone A (1)

Table 3: Synthesis of carbazole-1,4-quinone (16b) by RCM reaction.

(0] HO (0]
Y
(e o
N N N
OH OH (0]
MOM MOM MOM
15b 17b 16b
Run catalyst " Gas Solvent Temp (°C) Time (h) Yield (%)
1 1st N, CH,Cl, rt 0.5 29
2 1st N, CH,Cl, reflux 0.5 28
3 2nd N, CH,Cl, rt 2 38
4 2nd N, CH,CI, reflux 45 min 28
e 2nd . Na tolueme . 70 05 .3
6 1st 0, CH,Cl, rt 0.5 56
7 1st 0, CH,CI, reflux 1 34
8 2nd 0, CH,Cl, rt 2 79
9 2nd 0, CH,Cl, reflux 2 79
10 2nd 0, toluene 70 10 min 90

110 mol% of Grubbs catalyst was used., ? The reaction proceeded in gas atmosphere.

fFEWNT, 7T LA RCM— KB IEO— ka2 A5 Z L2 BT, EiR L= TERKT S
ZEMTERDNS TNV —)L 16b DE A i ATz (Table 3), FE & L T Scheme 3 DH AL
N—RNTEMR LT VT v a—/b 15b IZxt L, RO KIS Z1T o7, EROEFRK I T
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DRIGTIE, I 29-38% T carbazole-1,4-quinone 16b #4525 DA TH > 7= (run 1~5), KIZ,
MBFEXICT TOZ 7 b RCM-KFBIS AT o ok R, 1ERIEICH R, ZOREEOLES
BRETRINR DBEEN I B LTz, FFIT, toluene H1 70°C TMET 5 SefhiE, SRS 10 min &
FEIEE T H I & % carbazole-1,4-quinone 16b & 90% & IR TG Z £ A TE 72 (run 10),
PLED X 912, RCM UG E 8RS & Lz carbazole-1,4-quinone ‘M HESEIE D BRASE 2 i L
TR H. Grubbs DA E DAL 7 4 v A Z B VARG & & BITARMED & 5 —>DHkRE
&L THEBIHRE SN TV DOBAKFCRERAAREICHET 2 2 L2 /AT LR TE, 22
4 I RCM-Bi /K 32 SO % $ i & L 72 carbazole-1,4-quinone ‘B SR 56H 3 5 Zh RN 72 &
RRIEZ ST 5 2 LT & =, £ LT, AJEICTBW T 3-iodoindole-2-carbaldehyde 13 & ¥ 4 T

F, #ULE 43% T murrayaquinone A (1) OEEKE ER T H 2 ENTE 7=,
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EIEE2H SFHNCOBAIIZublAR=L—Y 3 U Fix
DWEL. L F DA

RIHEIC BT, Z 7 A RCM-/K S BOG & 85 & L 72 murrayaquinone A (1) O2A L &
1T carbazole-1,4-quinone ‘H ¥ O Gk iE AL CEX - L AR 7=, LML,
3-acryloylindole-2-carbaldehyde 14b 7> H 8RR TH 5 2-7 U )b A o F—/L 15b BT 2l
BRIZBWNT, A R=b 2 DRV I VHEATKT 5 Grignard sAEED SOG AN HEIZ K- TR
Flledb ) —DOOMEREKL T\, ZOJRK L LT, 3-acryloylindole-2-carbaldehyde 14b
(TR T DS E TH DR =VHEN 2 BFTH Y . BEIC K - TRERAI S
LRNWZ EBREZEZ b, ZOMEROSELHE L, 3-7 27 Ve A 2T VA F—
/L 15b DERL A UL T QWG BTIC S EMFT 5 2 & & Lie, 9725, Scheme 1 17”7
Lol miffioA > F—/v 1312kt4 5 2 i & 3 AL OEHILE ADNAST 2 K53 20— b T
oD, Tbb, 42 R—=N 2MOKRNINIKIZKT 5 Grignard KSIZE D 7V LT L= —
NI E/TZDOL, ZDIMA~T 7Y aA VEEEANTDHZ L CIERBEN IR D & & %2 Fh

AT 71,
(o]
Y
Low yield \
CHO
(0] N
J ‘é’ R N : |
\ — 14b ) CHO

N OH N

MOM ﬁ MOM

15b % 13

MOM
19
Scheme 1: Retrosynthesis of 3-acryloylindole (15b)
1) 2 SnBu,
PdClx(dppf) o
|
BrMg CO (1 atm), BHT Y
CHo ————> = Y > { ~
HF N  OH DMF N
om °c, 20 min MOM 70°C, 20 h 1iom©H
13 92% 19 2) 30% KF aq in air 15b

Scheme 2: Synthesis of 3-acryloylindole (15b)
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Scheme 2 {2753 & 912, 3-iodoindole-2-carbaldehyde 13 (Z%f L. vinylmagnesium bromide (=

£ % Grignard BUOSEATV, EICET2-7 VLA > K=V 19 5L LT, Ziucxt L, —@Mb
TN ARy TV TS ERNTA v K=V 3M~DT 7 U v A VHOEN % i A
e, WEAHYZ 52 50HTHY . BEY 15b 3G o2 o7z, TOJRKE LT, K
B P OKBEIENIGEDOEITE I TN D 2 EREZ LK,

I TBSCI I
% imidazole g Q—\X\}/§
N N
© _ OH DMF T OTBS
":g"" 50 °C, 12 h MZ%M
93%

1) /\SnBu:;

PdCl(dppf) Q .
> \ S
DMF N
70°C, 20 h MOM mom©TBS
2) 30% KF aq in air 16b: 18% 15c: Not detected

Scheme 3: Synthesis of 3-acryloylindole (16b)

T, 19 O HKIESE A TBS 2 CRHE L7ctk, M, —MbRFEXIET PACL(dpph) 7
7EF. tributyl(vinyltin & &% 4T - 7= (Scheme 3), ZDFEHE., FHELTW=3-T727Va AL
A2 K= 16c 3G 6T, KB TH D carbazole-1,4-quinone 16b 73 18% D S{JHILEE T
oo, i, BB 5 I —BLIREN A SN HZ, AR THNITHEA ZLEMTH
% tributyl(vinyl)tin 235G 2133 CTdb D 23, B 20 O 2 (LIHFAET 5 T U VIR O R T v

VESREOGT S Z & TERALBIS NI Z Y . AEA XMLEW 2R -7 D KF LFIZ XL - T
TBS EDFrE, Hi< F / ~DOBEBEFE L TEZ > T DD TIERW N EB X b, £
Z T, ARISOBRG A BEET % & 41T, carbazole-1,4-quinone DFHLARLIE L 720 9 % ) ke
FF O & — kM ERFIT 2 2L & LT,

Scheme 3 DfERZ G &I2, HE L LT2-7 VA F—L 20 ZFE L, 1ZLDITHR
HKThDAHA XKD HIZ O TRFT L7z, Table 1 IZRT L D10, BEESMHFE LT/
{LRFEGFEF (1 atm), DMF # (0.01 M), PdCL(dppf)fiift (20 mol%). BHT (1.2 equiv) EAF F
TG E R LT-, AR XREETH 5 tributyl(vinytin D&% run 2-5 1R T L 9 I2B{L &8
FOGZAT>72& 24, run 2 TR AETE T, rund O 3 BENAKSUSITR bIE L TS Z
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EWGroTo, TO un2 OFERN S | RSN EHEA RGRIEFAE FTHIT LTV D Z & 23
Bl L7z, RIZ, tributyl(vinyltin & 3 M &EIZMEE L, BHT ZIEFE F CRIGEITo72 L 2 A,
36% EWRMME T L2 (run 6), Z DOFEFIE, BHT (347 L HLETIH AW, LA IEIC
AT T H1-OICITIMETH DL EFE 2T, VT, IGRE (run 7-8), KUSKH (run 9) 122
WTHBRETZIT 2722, WIS MUSIERIZEE S N2> Tc, S HIT, BOSERIZAEH
% KF #IRIL. TBS ZOBLRFEIZ HBIE- LT\ D Z by U kAl & LT TBAF % .,
Z L CTRMLBOS 2R L TS D 7dIc, BRERIH CRISUERZ (T 72 & 2 AULERDS
60%FE Tl L35 Z &R ->72 (run 10),

Table 1: Optimization of reaction conditions for the synthesis of carbazole-1,4-quinone.

1) /\SnBu3
| PdCl,(dppf) HO o]
% CO (1 atm), BHT 2) 30% KF aq
> —_

N ..

y oTBS DMF N in air N

MOM Mom©TBS 1oM©

20 21 16b

Run BHT Vinyltin (equiv.)  Temp (°C) Time (h) Yield (%) of 16b

1 + 1.5 70 20 18  (18)P
2 + 0 70 20 - (52)°
3 + 0.5 70 20 15 (-)P
4 + 3 70 20 51 (20)°
5 ¥ 5 0 20 . 40___(17)°
6 - 3 70 20 36 (-)P
7 + 3 50 20 20 (20)°
8 + 3 100 20 34 (34
9 + 3 70 48 34 (340
10 + 3 70 20 60 (10)°

aworkup: TBAF, Oy, rt, 1 h, b SM recovered (%)

KIZ, Table 1 DRAZ2 S EIT/NT D0 Ll & ROSTRBED i b & Table 2 (2739 & 5 ITHR
Sl LLAaRs, Winh BRI carbazole-1,4-quinone 16b 2375 53125 6 O DI D [A]
FIZIEESL o7 (run 1-7), Ko T, flEEIZ1X PACL(dppf). SUSIEBLIZ X DMF 73 i C
DL EWoT,

WIZHA A XREOREBICE L THRET %217 o7 (Table 3), Tributyl(isopropenyl)tin ,
allyl(tributyl)tin, tributyl(phenyl)tin, tributyltin hydride ZH W TRISEITSToR/EHR. 3 B ED
BusSnH Z W72 RAFIZEB VT, 53% DI T carbazole-1,4-quinone 16b 2345% 54172 (run 2),
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Table 2: Effect of Pd-catalists and solvents

I 1) 2 SnBu;(3 eq.)

% €O (1 atm), BHT 2) 30% KF aq ._*
N OTBS in air

MOM MOMOTBS MOM

20 21 16b
Run Pd-catalyst Solvents Yield (%) of 16b

1 Pd(OAc),+dppf (1:2) DMF 26 (62)°

2 Pd(OAc),+PPh3 (1:2) DMF 41 (16)°

3 PdCl,(dppe) DMF 23 (16)°

4 PdCl,(dppf) DMA - (-)P

5 PdCl,(dppf) toluene - (20)°

6 PdCl,(dppf) THF Trace (33)°

7 PdCl,(dppf) CH;CN Trace (34)P

Reaction conditions: 1) tributyl(vinyl)tin, BHT (1.2 eq), CO (1 atm), Pd-catalysts (20
mol%), solvents (0.01M), 70 °C, 20 h 2) TBAF, O,, rt,1 h
b SM recovered (%)

Table 3: Effect of Pd-catalists and solvents

- AT,
atm),
L~

mom©TBS MOMOTBS MOM
20 21 16b

Run Reagents equivalet Yield (%) of 16b
1 Tributyl(isopropenyl)tin 3 36 (17)°
2 Allyl(tributyl)tin 3 26 (21)°
3 Tributyl(phenyl)tin 3 15 (21)P
4 Bu;SnH 3 53 (8)°
5 Bu;SnH 1.5 16 (10)°

L8 BusSnH S Tl (12°

7 Vinylboronic acid pinacol ester 3 - (-)P
8 AlMe, 3 - (10)°
9 Et;N 1.1 - (20)®
10 i-Pr,NEt 1.1 - (20)®

Reaction conditions: 1) tributyl(vinyl)tin, BHT (1.2 eq), CO (1 atm), PdCl,(dppf) (20
mol%), solvents (0.01M), 70 °C, 20 h 2) TBAF, O,, rt,1 h
b SM recovered (%)

Flo, AEAXTINCE D DMOTMNY 2 D CRUGZ Mt L7z 2y, —#EEA R &b
DHThoTz, LAEDORERD O —BALKFIFAE T, DMF H1 PACly(dppf) filifif, A% A2 XFkTE
(tributyl(vinyl)tin), BHT 177E T C cyclocarbonylation SZJ&a 1TV, SUSHE T RE, FRFE K.
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TBAF QLB 2 B i 5k & L CRESE T& 72,

BRICERALSIRIZH D, TAr v OBEBMBEOZE L A F—/VERFFIIX T D RHEE
IZ DWW THERT L 72, 3-Todoindole-2-carbaldehyde 13,22 (2%} L, 3 ff > Grignard 33 alkenyl (vinyl,
propenyl, isopropenyl) magnesium bromide % V)T 2-7 U /LA > F—/L 23 ~ L 35E% . koK
fedia TBS M TRE L=, ZHUTH L, ERL7EFHFEZRHOCTRIGEITo72E 2 A, BRILK
S FEST U2 f2d DT 3 (LIS A TV EE % B carbazole-1,4-quinone 25¢,d % & %925 Z &
TElh, BCAV F—VERFAFICHREZZEALRVE AT, HR 46% T
carbazole-1,4-quinone 25a 235 HAVIZ, N B U A VKR = VI CRRGE U7V 24b 1, #EE

RAYBRFONDRER E IR o1,

R2
3 R3 TBSCI
\ _ ., imidazole
N~ ~CHO > \ R >
) THF N DMF
R1 . ! 1 OH o
0 °C, 20 min R 50°C,12h
22a:R'=H 23a: R'=R%=R3=H 597%)
22b: R'=S0,Ph 23b: R'=S0,Ph, R*=R3=H (71%)
13:R'=MOM 23c: R;=MOM, R?>=Me, R3=H (90%)
23d: R;=MOM, R?=H, R3=Me (92%)
1) /\SnBug,
;| R PdCl(dppf) Q R
CO (1 atm), BHT
Qg S LN e
N DMF N
R' OTBS 70°C, 20 h R’ (o] Z>SnBu; BuzSnH
242: R'=RE=RY=H (71%) 2)30% KFaqinair 55,. R1-R2=R3=H 46% -
24b: R'=S0,Ph, R*=R3=H (87%) 25b:R'=S0,Ph, R%=R*=H - -
24c: R'=MOM, R?=Me, R3=H (45%) 25c:R'=MOM, R>=Me, R3=H  52% 46%
24d: R'=MOM, R?=H, R*=Me (72%) . —25d: R'=MOM, R?=H, R®=Me __59% 46%
ref. 23|)|—_> 1:Murrayaquinone A: R'=R?=H, R3=Me

Scheme 4

YL EDRER%Z & & 12, one-pot BUSMIEET D BUG A 1 = X L% E%2 LTz (Scheme 5), 18 13,
IZUDIT3-3— A F—/120 & 0ffid Pd fiiEDS B LRIINT 5 2 LIk T U — N7
VLR 26 T D, IRWT, T VT MM BRBIRFEDSENLE, FEANRB D T v
PEIR 27 2T D IRICHEA XMLEME D N T U A A X ALBHEIT L, ERTHIUE, &
TEHIBENHEIT L, 3-7 27 U A LA v R—/b 15c WERKT 513 Thb, LirL, (LAY
28 1M PICE £ B T L Tk LT cyclocarbonylation SEAGANHETT L, W T p-hiffi AN k2
Z o THNNY =)L 30 BERTE, TBAF ICE DM U Ak, BbRS 2 ERE L T2, H
1 & 3% carbazole-1,4-quinone 16b 3 ERL L7c b D EFZ 2TV 5DH, TIZHEA XL G ORE
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T, FEMZRRERIZHI O TETWARNS, NI VT A ERIZ T AR Z T H 2 & Tt
RDIETCHIHEL Y cyclocarbonylation St 2 AFNCHELT S, /NT V0 AOMBEY 1 7 V%
FFICEHESETNDHHDEE X TND

PdClx(dppf) I
> BHTl %
OTBS MOM Pd(0) MOMOTBS
MOM 16b *&
31 \\\\ o hL oxidative

~_/ (u)
F/,d(i)% addition dl
@ { ) H N\ =
N OTBS
| OTBS
MOM p-elimination ZéVIOM
30 co
(0]
(m
N\ Pd\_____ 0 |_ L

d (D)
MOM OTBS y
29 \ =
alkene N
insertion L/‘\ Bu;Snl M oMOTBS
0 o . L 27
/ reductive elimination Pd® ~

\ [ \ = = SnBu;

N — N transmetalation

momCTBS mom© TBS

15¢ 28
Scheme 5: Our plausible mechenism for this reaction

PLED L ST, ¥HIDF T 5 RCM-TKFEIGIZ X 5 carbazole-1,4-quinone 7 D& Al /L —
N OIS EE L ET 5 BTN EIT o 1o/ R, TN E TICHEB DR WISL L7 v
(2%t % cyclocarbonylation, it < i VU /bAfb, ¥ X OERL23NERE LTI Z 5 one-pot ST
X % carbazole-1,4-quinone O H & kiE & HENL T 7=, AEICHENL L7 5iEEIRHA L, & 3 Hi
TR ERIIGHT 52 & & Lz,
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% 3EHE 3 Carbazole-1,4-quinone alkaloids, koeniginequinone A, B @

=N

ATE Tk ~7z & 512, cyclocarbonylation, itV Abds X Ok OS2 Re L CHEITT 2
one-pot St &8 G & L 7= carbazole-1,4-quinone A ik & WL CT& 7=, WRIT. ABKIED—
2 A % H HJC. murrayaquinone A (7) OHifx K% Té % koeniginequinone A (32a) 35 LY
B (32b) DG A G L7z,

Koeniginequinone A (32a) 5 L U'B (32b) (Z.,1998 4= Chowdhury & *” {Z £ » Murraya koenigii
Speng 7> & B - #EEVLE S U7z carbazole-1,4-quinone TV A RTHDH, ZNETICER
FRAZ DWW TITEBIR S S TWD 2, EMIEEICET 2 @& 137220, £ 2T, Scheme 1
|2 koeniginequinone A (32a) 3 LK U8B (32b) DA kA AR,

Koeniginequinone A (32a) 33 X T'B (32b) DA AM & Td 5 carbazole-1,4-quinone H A EEIZ
F5 SHENT. L 7= cyclocarbonylation % & ¢ one-pot )iz & #ER e & LT % (Scheme 1),
LoT, ZORHEALE LTCT U AT Va— 33 0"EZ 55, £ LT, koeniginequinone %H
AT D7D, R LTEALE 6 ALIC A XA S DA R—/LFFEIK 34 3L HE
THY, ZOEKNLER LT,

R? O Me R! I \JMe R1 |
NG, = ) = 71
N N N~ CHO
le) ! OR )
H R R
32a: Koeniginequinone A 33a: R'=H, R>=OMe 34a:R'=H, R>=OMe
;R'=H, R?=OMe 33b:R'=R?=OMe 34b:R'=R?=OMe
32b: Koeniginequinone B
;R'=R?=0Me

Scheme 1: Retrosynthesis of koeniginequinone A (32a) and B (32b)
HEOE T 5 A ¥ A > R—) L8R 34 1%, Dierk ©O#HE 2 ITEWEKRTHZ L &L

(Scheme 2), 725 4-methoxybenzaldehyde (35a) & %\ id 3,4-dimethyoxybenzaldehyde (35b)
XV 2 THET ethyl 6-methoxyindole-2-carboxylate (36a) 35 & OV ethyl 5,6-dimethoxyindole-2-
carboxylate (36b) Z &k L7=, bz ATV 36 % LIAIH X viEt L, 72— /L 37
L%, IEYE MNO I X b3 52 T2/ IbA v R—)L 38 ~EFELT-, KRIT,
SURNLL3-I— A F=n 34 2[Db, A R—VERFTZ MOM A TR#ET 5 2
& T HFEFED N-MOM A > R —/L 40 &L LTz,
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1 1
Rl CHO 2steps R LiAIH, R act. MnO,
A o SRR SRt
N~ ~COOMe  THF N~ ~CHzOH

R2 CH2C|2
H rt,5h H rt, 12 h
35a: R!=H, R?>=OMe 36a: R'=H, R°=OMe 37a: R1=H, R?=OMe (76%)
35b:R=R?=0OMe 36b: R1=R>=OMe 37b: R1=R?=0OMe (70%)
Rl Rl Rl
‘O—L l,, KOH ’Q—Sl MOMCI, NaH |
R2 \ — > 2 \ — R \
N TCHO  pwE R N~ ~CHO DMF N ~CHO
H rt, 4 h H re,2h MOM
38a: R=H, R>=0OMe (51%) 39a: R'=H, R?>=OMe (81%) 40a: R'=H, R°=OMe (83%)
38b:R1=R?=0OMe (62%) 39b: R'=R?=0OMe (93%) 40b: R'=R?>=OMe (94%)

Scheme 2: Synthesis of N-MOM indole-2-carboxylate (40)
A2, Scheme 3 12779 & 912, N-MOM - > F—/L 40 % propenylmagnesium bromide % >
72 Grignard FUGICAT L, 2-7 VLA v R—)v 41 #4572, AMbEaW 4113, RLETh o127

WfEH-4 5 Z L7 < | imiadazole f£(E T TBSCl L4 2% = & T 2 ke iz > U VL Cf#

p={{

L7z, v U v=—F )1 33 & (IR FTFIE T PdCly(dppf). BHT & 3£(Z tributyl(vinyl)tin 2 DMF
W 70 °C TS EH 5 & one-pot BUSANEST L. HEIOD carbazole-1,4-quinone 42 7% 30%. 41%
SRR BAF LT, fV T, 6 MEERRIF/E F. MOM S D ifRi# 21T - 7275, #E A
W% 5z % O T koeniginequinone A (32a) B3 X U'B (32b) #1550 Z &N TE R ol, TD

At 5 carbazole-1,4-quinone DERFERL & LT MOM 530 L TN e W Z ERH BN E 7o T2,

R? R! Me TBSCI
I Me%/\MQB" I \J imidazole
R® Yo T~ R ) — >
N THF N o DMF
MOM 0 °C, 20 min MOM 50 °C,12 h
40a: R'=H, R?=OMe 41a:R'=H, R>=OMe
40b: R'=R?=0Me 41b:R'=R?=OMe
1) SnBu3
R Me PdCl,(dppf) Me 1 Q
R\ CO (1 atm), BHT 6MHCI R Me
N OTBS DMF MeOH
MOM 70°C,20 h MOM 60°C,1h H (0]
2) 30% KF aq in air
33a: R'=H, R2=0Me (97%) 42a: R'=H, R%=0Me (30%) 32a: R'=H, R>=OMe
33b: R'=R?=OMe (87%) 42b: R'=R?=OMe (41%) 32b: R'=R?=0OMe

Scheme 3: Synthesis of N-MOM carbazole-1,4-quinone (42)
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% Z . koeniginequinone A (32a) 3 LB (32b) A A EM T, A R—LEH
JRF O & LT benzoyloxymethyl (BOM & i%97) Fk & 2-(trimethylsilyl)ethoxymethyl (SEM
EWET) FABIRL, HESKAZMET L7z (Scheme 4),

3-lodoindole-2-carbaldehyde 39 @1 > K —/LZE F#JFH 112 BOMCI & SEMCI % FV CTHE
MATHZET, N-BOM A & F—/L 43 & N-SEM 1 > F—/L 44 Z @R CHERTE 7, &
AZxF L., propenylmagnesium bromide % FV 7= Grignard i, RNT 2 kiR EL A TBS 2T
RIEL. 2 TRT2-7 VA v R—/L 47, 88 ~LFFE LTz, GRLLTZ 4 DD NIk 47, 48
(2%t L. one-pot cyclocarbonylation 5z 1TV, carbazole-1,4-quinone % Z #1Z 41 49a (69%).
49b (39%). 50a (59%) 33 L F50b (37%) DULHETENENEZ A TE /o, TOREHR, A bF
K 49a, 50a DICRITHRETH o728, T A FF AR 49b, 50b TIIRREIGEE TH - 72,

R BOMCI, K,CO;  R! R! | Me
' DMF, rt, 12h 7 MgBr \

R2 \ H —_—_— R2 \

N~ ~CHO CHO N

H SEMC' NaH o°c 2o min re oM

DMF, rt, 12 h

39a: R'=H, R?=0OMe 43a:R'=H, R%=0Me, R3>=BOM (92%) 45a: R'=H, R%=0Me, R*=BOM
39b:R'=R?=0OMe 43b:R'=R?>=OMe, R3=BOM (91%)  45b: R'=R?=OMe, R*=BOM

44a:R'=H, R%=0Me, R®*=SEM (94%) 46a: R'=H, R2=0Me, R3>=SEM
44b:R'=R?=0Me, R3=SEM (98%) 46b: R'=R?>=0Me, R*=SEM

1) /\SHBU:;
PdCl,(dppf)
TBSCI R! | Me CO (1 atm), BHT QO Me
imidazole \ DMF, 70 °C, 20 h
mile o L0 LIS Rz
DMF N STBS 2) TBAF, O, or air
50°C,12h RS
47a:R'=H, R%=0Me, R®>=BOM (80% from 43a ) 49a: R'=H, R2=0Me, R3=BOM (69%)
47b:R'=R?=0Me, R*=BOM (92% from 44a) 49b: R'=R?=0OMe, R3>=BOM (39%)
48a:R'=H, R%=0Me, R3>=SEM (85% from 43b) 50a: R'=H, R?=0OMe, R*=SEM (59%)
48b:R'=R?>=0Me, R3=SEM (61% from 44b) 50b: R'=R?=0OMe, R3=SEM (37%)

Scheme 4: Synthesis of N-BOM and N-SEM carbazole-1,4-quinones (49 and 50)

Bz, &k L7- carbazole-1,4-quinone 49, 50 O ERFHEFL O A7 2 /5t L 7= (Scheme 5), &
9 .N-BOM carbazole-1,4-quinone 49a, 49b % {14 NH; H14J& Na |2 & % Birch iZ5ci2fF L .BOM
ROBREE1T - 72 & Z A koeniginequinone (32a) VB (32b) % BAF72 K THL Z LT
=72, F72. N-BOM carbazole-1,4-quinone 49a (Zxf L T H, ZRBH& T 10% Pd-C % FV 7= #fil
IKFAVSIZ £ 5 BOM D i &2 77 7= 53, koeniginequinone A (32a) 1X&Hh7=b DD
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20% & RINRTH o7z, —77,

N-SEM carbazole-1,4-quinone 49b, 50b % EtOH ' 6 M iz TAL

B9~ 2% & koeniginequinone A (32a) 3L U'B (32b) NHEEDOIRTHEOLNDMER L2 -7,

Koeniginequinone A (32a) 35 X (VB (32b) Akl

W SEM A2k ~<T BOM

3O AT LR, MOM R &
ENRERLL L TRETHDLIZENRN Mo, oL

koeniginequinone (32a) 5 X T'B (32b) OFLGEE L OKFEART MT—H (L, KERHDOT —

ZVLFRT—HLEEZLITED,

T D DG & s L7,

Q Me . 3 Me
Na, liq. NH;
. O (S e O 8
0 -78 °C, 30 min
BOM

49a: R'=H, R2=OMe
50a: R'=R2=0Me

49a

H,, 10% Pd-C
— >

32a: Koeniginequinone A
;R'=H, R?>=0Me (78%)

32b: Koeniginequinone B
;R'=R?=0Me (72%)

32a: Koeniginequinone A

rt,12 h
20%
1 0] Me 1 Q Me
Tgf e
2 T 2
R EtOH R
SEM 50°C,1h
49b:R"'=H, R>=OMe 32a: Koeniginequinone A
50b:R'=R?=OMe ;R'=H, R?=OMe (48%)
32b: Koeniginequinone B
;R'=R?=0Me (52%)
Scheme 5

LED X oIz

. one-pot cyclocarbonylation )it % FI|H L 7= carbazole-1,4-quinone alkaloid T &

% koeniginequinone A (32a) 3 X OB (32b) 4% % indole-2-carboxylate (36) 75 8 TF2 T
T DO ENTE T, £, ARGBE THM L7 carbazole-1,4-quinone O it 72 PR H 1T
BOM i Tdh -7, Ak L7 koeniginequinone A (32a). B (32b). 38 L O OFEE MK Z FVTHI

fen e i AR 2 IR E TS D,
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EIEFEAF LEH carbazole-1,4-quinone FEED AL &
A WTE MR BABR

%3 181 Tk _7= X 51T murrayaquinone A (1) 1%, FUIEBHE M2 A3 5 Z &3 Bernardo
5MZEVHESINTWD, £7-. KA X, carbazole-1,4-quinone 1% & & T e KR FE D
AR & A Rk L GO E M O R SR 2 FEHE L . 6-methoxy-3-methylcarbazole-1,4-quinone
(koeniginequinone A) MIEMENFRWNZ & AR TWD, UL, R U2 AMIEZ - 7= 35 MERF
AT TRV, % Z T, carbazole-1,4-quinone BH D F /) D EHILLE ABRTH H N
YR VBRI ORR & B 2 A LTS EAR S 21TV 15 DALz carbazole-1,4-quinone 7
BARAE BEETEMEMEBITEZAT O Z & T, B LWHR AR L 720 5 5 EHRFEM OBER
WFSE (RS —TE AR BIRIE) ZAT © 72 DI, Al S A B0 TS PR S AT AR 2 S L 72,

HiTEC cyclocarbonylation % & ¢ one-pot )iz ## )i & L 7= koeniginequinone A (32a). B
(32b) D44 % 3-iodoindole-2-carbaldehyde 39 75 5 TR (AU 40%, 24%) Trpk L. AR
|Z carbazole-1,4-quinone D EFRJFFOR#EIL L L CBOM ENKE THDH Z & wilkx7=, Lo
L. koeniginequinone A (32a) (Z kX, koeniginequinone B (32b) %, #&5tCTdH 5 one-pot )i
X DF ) AEEED AT v TPMRIR EEEZ KR LTz, £2T, AHEHiTIE, 912507
ETH DY T 5 RCM-I/KFE S 2 885t & L7z koeniginequinone A (32a) 35 X U'B (32b)
DEEEbELE THRFAT L& L L,

Scheme 1 (2789 K 9512, £9° N-BOM indole 43 (25} L, —BLIRFEXI T /8T ¥ 0 Ll
171E T isopropenyltributyltin 2 s X E5 2 & T, 3-7 7 U aA A 2 R—/L 51 #4537, KW
T, ZOD 2 fLDOFRN I VEEITHK L, vinylmagnesium bromide {2 X % Grignard &G &E 1TV, 2-
T UNT NI —=)UAK B2 ZAFT25, WL HINER 39%, 30% & RINE TH o7z, VT, HEAl
BATHD 227 U A =)L B2 IZx L, # T & RCM—KARIGE &2 To12& 25,
N-BOM carbazole-1,4-quinone (49) Z AT 5 Z &N TE 7, L LA 5, Grignard St D
ATy TMEERTH Y | ICROWFITITE LR -T2, ZOJKLE LT, BOM HEIZ LS
SEARBEE DY Grignard FEED RV I VIRITKET HRERBICHEL TWDH Z ENEX DL,
T KIATRROFEMC b 72 5 L BEXREL L LT A F—/LaF8R 39 2 H L Tin
ALTHDZEE L,

45



Me

Bu3Sn)\
R! CO (1 atm), BHT R OMe, -~
! PdCl,(dppf) MgBr
R2 \ > RZ \ —
N~ CHO DMF N~ CHO THF
BOM 70 °C BOM 0°C
43a: R'=H, R>=OMe 51a: R'=H, R?>=OMe (84%)
43b: R'=R?=0Me 51b: R'=R?>=0Me (91%)
R! QMe, Grubbs 2™ R Q Me
under O,
RZ \ = = RZ
N toluene N
som 70 °C som®
52a:R'=H, R>=OMe (39%) 49a: R'=H, R2=OMe (82%)
52b:R'=R?=0Me (30%) 49b: R'=R?=OMe (60%)

Scheme 1: Synthesis of N-BOM carbazole-1,4-quinones (49)
by tandem RCM-dehydrogenation reaction

3-lodoindole-2-carbaldehyde 39 £V 3-7 27 U m A /LA F—/L 53 ZHRREE DI TH, 53
(Z%F L C Grignard )G Z T 272 & ZARMBER T o 2R NBEFEIZSGE L 2-7 U VT v a—
IARB4 2155 Z LN TE Tz, IRWT, # 27 A RCM—I/KSE G 2470 koeniginequinone A
(32a) BLUB (32b) #1525 Z LN TE-, ZDOfEHE, 3-iodoindole-2-carbaldehyde 39 7>5 3
T2 T, koeniginequinone A (32a) IZ#AUN =R 42%. koeniginequinone B (32b) ILHAUIN K 39% THA

T E, WA ISR O S & TRBOREHMCHZ) L7z (Scheme 2),

Me
BU3sn)\
R1 CO (1 atm), BHT R1 QMe,
‘O_Sl PdCl,(dppf) W
2 \ > 2 \
R N~ CHO DMF R N~ CHO
H 70 °C H
39a: R'=H, R*=OMe 53a: R1=H, R2=OMe (74%)
39b: R'=R?>=OMe 53b: R1=R?=0OMe (78%)
2nd
2 MgBr R1 QMe, Grubbs R1 Q  Me
under O,
—_ R2 \ — = R2
THF N toluene N
0°C H OH 70°C H O
54a: R'=H, R>=OMe (85%) 32a: Koeniginequinone A
54b: R'=R?=0OMe (63%) :R1=H, R>=OMe (67%)

32b: Koeniginequinone B
:R1=R?=0OMe (79%)
Scheme 2: Synthesis of koeniginequinone A (32a) and B (32b)
by tandem RCM-dehydrogenation reaction
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ZZ T, A B EICE#ILA S carbazole-1,4-quinone FE A Z AL — MLV ARTDHZ &
& L7z, F9°. HEIEEE 72 5 methyl indole-2-carboxylate 55 @ 4 7., 547, 6 fiz3 L OV 7ALiC
B ECE T RS IREZ L OFEERO O LRI L LTAFTE RN DIZ DWW TIL Dierk
B D IFHE NZHE - T benzaldehyde 875 2 TRETHRL L7z, Methyl indole-2-carboxylate 55 ¢
T AT VER% LIAIHGEITCIZ KW 7 v —)0 56 & L=tk 1&ME MnO, I X W g{k3 52 & T
indole-2-carbaldehyde 57 #157-, ¥iZ, I vFE{k L. fHx ? 3-iodoindole-2-carbaldehyde 58 %

ARk L7z (Table 1),

Table 1: Yields of indole derivatives 56, 57 and 58

R LiAlH, RL
N Scome ——= S cp,om
THF
H rt, 5 h H
55 56
_— 5s_3 5|
act. MnO, R\; P I, KOH_RC 3
B —— CHo————> Y cho
DMF H DMF 7 4N°2

rt, 12 h rt,3 h H

57 58
56 57 58

Entry R Yield (%) Yield (%) Yield (%)

1 a  5-MeO 72 70 63
2 b 45-diMeO 68 44 40
3 ¢ 47-diMeO 70 60 51
4 d  46-diMeO 71 81 83
5 e  57-diMeO 54 40 62
6 f  5Me 76 63 72
7 g 6-Me 96 90 86
8 h 5l 80 76 80
9 i 6-Cl 50 79 74
10 5-NO, 71 98 56
1 k  6-NO, 65 62 48
12 | 5.-CF, 87 98 85
13 m  6-CF, 83 78 56
14 n 5 F 76 84 54
15 o  6-F 77 99 87
16 p 4,5-fused benzene 81 28 61
17 q 5,6-fused benzene 99 67 85

AREiCHESL L7= koeniginequinone D& k/L— MR- T, 3-iodoindole-2-carbaldehyde 58
FVA LV F—AVEBRERRFAIRELLEAT L L, —BILRFETFAI A7) 7
RIS &Y 3-7 7 VuaA A K= 59 & Lct%, Grignard fUSZATV, 2 TRET 2-7 UL
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T a—)L60 ZE, F LT 227 U ATAa—L 60 2%t L CERTET., &4 2 4t Grubbs
fEAFAE T, # 7 5 RCM— KB GZE21T9 Z E THIME T AR EICHE ~ OE#HRIELY L

> carbazole-1,4-quinone 7&K 61 % 19 FlEA K TE 7= (Table 2),

Table 2: Synthesis of poly-substituted carbazole-1,4-quinones
by tandem RCM-dehydrogenation reaction

Me
BuSSn)\
CO (1 atm), BHT O R2
REEN ! baChapp s ) P vger
A CHO > NV —
H DMF N CHO THF
70°C H 0°c
58 59
Q R% Grubbs 2nd Q0 R2
RLZ under O, RL=
N A N = > N

N Toluene N

H OH 70°C H

60 61

59 60 61
Entry Rl R2
Time (h) Yield (%) Time (h) Yield (%) Time (min) Yield (%)

1 a 5-MeO Me 6 61 1 70 30 67
2 b 45-diMeO Me 13 70 1 56 30 82
3 ¢ 4,7-diMeO Me 13 75 1 79 10 78
4 d 4,6-diMeO Me 13 83 1 53 30 78
5 e 5,7-diMeO Me 13 90 2 37 30 92
6 f 5-Me Me 7 79 2 43 30 93
7 g 6-Me Me 7 65 2 44 30 80
8 h 5-Cl Me 7 75 1 74 30 74
9 i 6-Cl Me 13 62 1 70 30 70
10 j 5-NO, Me 13 55 2 50 30 67
11 k 6-NO, Me 13 70 2 43 30 72
12 | 5-CF3 Me 13 67 2 44 30 74
13 m 6-CF; Me 13 75 2 40 30 77
14 n 5-F Me 13 75 1 60 30 78
15 o 6-F Me 13 71 1 57 30 72
16 p 4,5-fused benzene Me 13 60 1 52 20 60
17 q 5,6-fused benzene Me 13 84 1 67 20 72
18 r H Me 13 64 1 90 30 70
19 s H H 13 23 1 36 30 53

AENCBWTAR L7z 19 FE D carbazole-1,4-quinone F5E A IS N T, 3 =5 1 i, &2
i CAR L= KW % &te 5 FREE O carbazole-1,4-quinone 353544 2 55 F L C BB B 5l 0l vk
FEAT AR 2 Sl L7z, 2 FED B b AS AKBRIZ R T 2 Al A e A N TS R O 5 SR % Table 3 (2
AT, FT. XU EOATFRIT 2L Y 30T D 7GR KRS SN EEE A s
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i CThH o7 (runl, 3,5), I HIZ, ATFNAVEEZLTZRVMEEYMTE Y BVWIEEEZ RTHRER L
olz (run3,4), £7o. ANV —)VERFF RICEHEL LG AT D LIEMENME T 26
NIBHITE (run 2, 4,5), RIZ, carbazole-1,4-quinone @ A B b EH#IL L iE Mo BE M 2D
THEE9 5 & run 7 @ koeniginequinone A (32a) 1% run 1 ® murrayaquinone A (1) (2 tb~_A Al
H L7z 2 5O AMIRIZEE LTk, sRVWEME 27~ 3 2 & 20343 2> 7=, Run 8 @ koeniginequinone
B (32b) 1 & Lz KRR DO T, EMEMENZ 83 0otz EHIZ, A FFUEBLIW
DA N VIO E RMER TOEMEMRER T, AT S OO koeniginquinone A (32a)
X 0ERWEMEZ R T H O o 72 (run 6-12), #iV T, carbazole-1,4-quinone @ 6 fi.& 5\
X7 LR OEHIE (AT, srok =tk N TAFeATFARK Tagdn
B) &b OB EERIZ OV TR 2 520 L 7R R, — RIS 7 AL~FE G H0mE T
DIXH7p < BEHELZE A4 5 L& koeniginquinone A (32a) & [RIFEEDIEMZ S Z &30 -
7o Flo. EOBRMEITA SRV run 17 @ 6 fZi2= b 1 £ % > carbazole-1,4-quinone
61j 23 b IRV EM NG 2 R 2 L3 ot, EHI, A VX —HL—va D
TERZ IR U OREIE IO PEEZ 728 2 B TE HICR U B U BRDMEER L7z 2 O BT
benzocarbazole-1,4-quinone 61p,61q % &k LIEMERHI 41T > 7oy, B&<EEEZ RS 2o T
(run 23, 24), ZDORAE LT, fEmERE BEHREMETLTWHZ EN 1 2DREKE LT
EZ2 b= (Table 3),

PLED X 9z, KRR %G 24 T carbazole-1,4-quinone &k Z A L. 2 DO RN A
FMAELZ 63 2 A B HE A ) TS PE R R BR A FE i L 7=, T DOFE . carabzole-1,4-quinone @ 7 fif
~EHEGIECEFWRIIEO XK  EHIEEZEAT 5 & EENERLS R D TH o 72,
F 72, JRUNEM: A 7~ 3 3-methyl-6-nitrocarbazole-1,4-quinone (61j) % R4 2 LA TX 72, K
DAT v 7L LT, AMEEWEE - IZfE 72 BRI A 0 = X L Oz R 5 TETH D,
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Table 3: Evaluation of cell growth inhibitory activity by MTT assay against HCT-116 and HL-60

RUN Compd Rl R2 R3 R4 HCT-116 HL-60
NO. ICs0 (HM) ICs0 (LM)
1 61r Me H H H 3.72+£0.23 3.02 £ 0.07
2 62 Me H H MOM 0.76 £ 0.03 1.00 £ 0.03
3 61s H H H H 6.49 £ 0.55 3.92+£0.14
4 63 H H H MOM 1.31+£0.11 1.38£0.05
5 64 H Me H MOM > 10 > 10
6 6la Me H 6-MeO H 1.60 £ 0.06 3.41+£0.93
7 32a Me H 7-MeO H 0.99 +0.19 1.75+£0.12
8 61b Me H 6,7-diMeO H 4.09 £0.70 8.95+0.72
9 32b Me H 5,6-diMeO H > 10 > 10
10 61c Me H 5,8-diMeO H 1.84 +0.05 2.27 £ 0.66
11 61d Me H 5,7-diMeO H >10 7.26 £ 0.62
12 6le Me H 6,8-diMeO H 3.60 £0.23 3.82+£0.63
13 61f Me H 6-Me H 2.03+0.11 > 10
14 61g Me H 7-Me H 1.01 £0.05 6.93+0.31
15 61h Me H 6-Cl H 2.21+£0.18 1.28 £ 0.10
16 61i Me H 7-Cl H 0.90£0.12 1.03+0.03
17 61 Me H 6-NO, H 0.57 +0.04 1.56 + 0.31
18 61k Me H 7-NO, H 1.37£0.04 1.13+0.03
19 61l Me H 6-CF3 H 0.92+0.14 > 10
20 61m Me H 7-CF3 H > 10 4.40+0.32
21 61n Me H 6-F H 2.70+0.11 > 10
22 610 Me H 7-F H 1.00 £ 0.08 1.47 £ 0.07
23 61p Me H 5,6-fused H > 10 > 10
benzene
24 61q Me H 6,7-fused H > 10 > 10
benzene
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BIEE LHDEROE

N-(Methoxymethyl)-3-(2-methylpropenoyl)indole-2-carbaldehyde (14a)

Ny &, 3-3—R AR —/L 13 (200 mg, 635 mmol), 2,6-di-t-butyl-4-methylphenol (BHT) (210 mg,
953 mmol), PdCl,(dppf) (777 mg, 9.5 mmol) @ DMF #&#&ifZ|Z isopropenyltributyltin (315 mg, 953
mmol) &Mz 72, CO % 5 53/ "7V 7 L7470 °C T 24 h INEMEFE LTz, A% 30% KF K¥%
EMZ, 1 h LT, BUSTRE BT N AW TAIRL, A% EtOAc Tt L7=, EtOAc JE% 7k
BLOEIFIRIE /K CIARBEF L, MK NaSO, TRz | INIEA IR £ LT, FRiE&ET VAT v
TLIa< T T7 40— (20 g) 1L, EtOAc-hexane (2:8 v/v) Jii53 k07 Z7UmA /LK 14a (114 mg,
70%) %4537, IR (ATR) v: 2827, 1670 cm™. 'H-NMR (CDCl;) &: 10.08 (1H, s), 7.80 (1H, d, J=8.3
Hz), 7.61 (1H, d, J=8.6 Hz), 7.47 (1H, dt, J=7.1, 1.1 Hz), 7.28 (1H, dt, J= 7.3, 1.1 Hz), 6.07 (1H, s),
6.04 (2H, s), 5.83 (1H, s), 3.34 (3H, s), 2.17 (3H, s); "C-NMR (CDCls) &: 193.3, 183.7, 147.0, 138.7,
134.7, 129.9, 127.8, 127.7, 125.9, 123.1, 123.0, 111.7, 75.2, 56.2, 17.7. MS m/z: 257 (M"). HR-MS
(EI) Calcd for C;sH;sNOs: 257.1052. Found: 257.1053.
N-(Methoxymethyl)-3-propenoylindole-2-carbaldehyde (14b)

FRLEFBRDOBAIETT Z7UaA AR 14b (I35 51%) %157=, mp 62-63 °C (EtOAc). IR (ATR) v:
2827, 1697 cm™. 'H-NMR (CDCl;) &: 10.30 (1H, s), 7.92 (1H, d, J=8.4 Hz), 7.65 (1H, d, J=8.4 Hz),
7.51 (1H, dt, J= 7.0, 1.1 Hz), 7.35 (1H, dt, J=7.0, 1.1 Hz), 7.12 (1H, dd, J=17.2, 10.3 Hz), 6.45 (1H,
dd, J=17.2, 1.5 Hz), 6.07 (1H, dd, J=10.3, 1.5 Hz), 6.06 (2H, s), 3.33 (3H, s); *C-NMR (CDCL;) &:
188.8, 184.9, 138.8, 136.9, 135.3, 130.8, 127.6, 127.0, 125.0, 123.5, 122.7, 112.1, 75.2, 56.3. MS m/z:
243 (M"). HR-MS (EI) Calcd for C4H3NO5: 243.0895. Found: 243.0914.
2-(1-Hydroxyprop-2-en-1-yl)-N-(methoxymethyl)-3-(2-methylpropenoyl)indole (15a)

N, &, K T 727UaA 0K 14a (300 mg, 1.17 mmol) O ME/K THF AL (20 mL) I
vinylmagnesium bromide (1 M in THF, 1.17 mL, 1.17 mmol) % FL7=, [F{E T 4 h #m#Etc . fufn
NH,Cl Kz %, EtOAc THiI L7z, EtOAc /KIS L UMM A H /K TIAR YL . K NaSO, T
WLIRTE WA BER B LT, BREE VAT N AT L Ia~v T 7 40— (20 g) ITfFL,
EtOAc-hexane {5y JOIHRB DT VLT )L 2—)L 15a (220 mg, 66%) %157-, IR (ATR) v: 3394,
1608 cm™. "TH-NMR (CDCl;) &: 7.79 (1H, d, J=8.1 Hz), 7.51 (1H, d, J=8.1 Hz), 7.30 (1H, dt, J=7.0,
1.1 Hz), 7.21 (1H, dt, J=7.0, 1.1 Hz), 6.11 (1H, ddd, 17.2, 10.3, 4.8 Hz), 5.81 (1H, t, J=1.1 Hz), 5.71
(2H, s), 5.70 (1H, d, J=21.6 Hz), 5.57 (1H, d, J=11.4 Hz), 5.31 (1H, dt, J=17.2, 1.5 Hz), 5.17 (1H, dt,
J=10.3, 1.5 Hz), 3.33 (3H, s), 2.14 (3H, t, J=1.1 Hz). "C-NMR (CDCl;) &: 196.3, 147.8, 146.1, 137.3,
126.7, 125.2,123.4, 122.2, 121.5, 115.4, 114.8, 110.3, 77.2, 74.4, 67.0, 56.3, 18.3. MS m/z: 285 (M").
HR-MS (EI) Calcd for C;7H;9NO3: 285.1365. Found: 285.1369.
2-(1-Hydroxyprop-2-en-1-yl)-N-(methoxymethyl)-3-propenoylindole (15b)

ERREFEREOEET, MR DT UL T La— 1 15b (26%) %1572, IR (ATR) v: 3347, 1635 cm™.
'H-NMR (300 MHz, CDCLy) &: 7.87 (1H, dd, J=7.0, 1.5 Hz), 7.54 (1H, dd, J=7.2, 1.5 Hz), 7.30 (3H,
m), 6.49 (1H, dd, J=17.1, 1.5 Hz), 6.42 (1H, d, J=10.8 Hz), 6.11 (1H, ddd, J=17.2, 10.5, 5.1 Hz), 5.94
(1H, dd, J=10.5, 1.7 Hz), 5.68 (1H, d, J=11.4 Hz), 5.57 (1H, d, J=11.6 Hz), 5.57 (1H, td, J=17.2, 1.3
Hz), 5.16 (1H, td, J=10.3, 1.3 Hz), 3.32 (3H, s). "C-NMR (CDCl;) &: 189.5, 149.7, 136.8, 136.7,
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136.3, 128.9, 125.9, 123.5, 122.8, 121.1, 115.6, 110.6, 77.2, 74.4, 67.3, 56.3. MS m/z: 271 (M").
HR-MS (EI) Calcd for Ci¢H;,NO: 271.1208. Found: 271.1192.
2-Acryloyl-N-(methoxymethyl)-3-(2-methylpropenoyl)indole (12a)

N, B H . MnO, (692 mg, 7 mmol) @ CH,Cl, #&¥#Z (30 mL) (27 VL7 /Lba—/L{K 15a (200
mg, 0.7 mmol) Z{# FL. 48 BRI INEGEFE L 7=, BUNRZ BT AN W TAIBL . AR AT 5
LTz, BRIEZE VTN AT 8a~<h 7 T7 04— (30 g) 2L, EtOAc-hexane 5y (1:9) L0k
YMDOT 7V aA UK 12a (95mg, 48%) %437-, IR (ATR) v: 1647, 1608cm™. 'TH-NMR (CDCl;) &: 7.91
(1H, dd, J=8.1, 1.1 Hz), 7.58 (1H, dd, J=8.1, 1.1 Hz), 7.42 (1H, dt, J=7.0, 1.1 Hz), 7.30 (1H, dt, J=8.0,
1.1 Hz), 6.60 (1H, dd, J=17.2, 10.6 Hz), 6.06 (1H, dd, J=17.6, 0.7 Hz), 5.96 (1H, dd, J=10.6, 0.7 Hz),
5.83 (1H, t, J=1.1 Hz), 5.69 (2H, s), 5.60 (1H, t, J=1.1 Hz), 3.23 (1H, s), 2.04 (3H, t, J=1.1 Hz).
BC-NMR (CDCls) &: 194.0, 188.3, 147.9, 138.3, 137.8, 136.8, 130.9, 128.6, 126.0, 125.9, 123.1,
122.3,120.9, 111.2, 75.0, 56.3, 17.9. MS m/z: 283 (M"). HR-MS (EI) Calcd for C,;H;;NO;: 283.1208.
Found: 283.1221.

N-(Methoxymethyl)-3-methylcarbazole-1,4-quinone (16a)

Method A: N, &3, 55 — 4K Grubbs il DML EETEH (10 mL) ([ZE AT YLK 12a (54
mg, 0.189 mmol) Z7i#H FL, 70 °C T 1 h INEAL | I A IRER £ LTS, FREZ VAT VAT L0
~hT74— (20 g) IZfFL. EtOAc-hexane Jit53 (3:7) JV#EdkDF /1K 16a (35 mg, 72%) %15
77

Method B: O, it/ (1 atm) | &5 X Grubbs it (24 mg, 0.028 mmol) DL = REE I H
(20 mL) {ZE AT U/LIK 12a (54 mg, 0.189 mmol) Zi# FL. 70 °C T 5 min JIZEAL | ¥ EEA 8T
KT, BREZ VAT N AT L0~z T77 10— (20 g) 2L, EtOAc-hexane #ii%y (3:7) LV
FaDF /4K 16a (45 mg, 93%) %1572, mp 114-115 °C (EtOAc). IR (ATR) v: 1645, 1616 cm™.
'H-NMR (CDCl3) &: 8.31 (1H, d, J=7.7 Hz), 7.61 (1H, d, J=7.3 Hz), 7.46 (1H, dt, J=8.4, 1.1 Hz), 7.39
(1H, dt, J=8.0, 1.1 Hz), 6.48 (1H, q, J=1.5 Hz), 6.02 (2H, s), 3.33 (3H, s), 2.16 (3H, d, J=1.5 Hz).
BC-NMR (CDCl;) 8: 184.0, 181.3, 147.2, 139.0, 133.9, 132.9, 127.2, 124.8, 123.8, 123.1, 118.1, 111.9,
75.0, 56.4, 15.7. MS m/z: 255 (M"). HR-MS (EI) Calcd for C;sH,3NOs: 255.0893. Found: 255.0893.
N-(Methoxymethyl)carbazole-1,4-quinone (16b)

FL0 Method B LRIERDEET, & /21K 16b (90%) %457, mp 136-137 °C (EtOAc). IR (ATR)
v: 1739, 1647 cm™. '"H-NMR (CDCl;) &: 8.31 (1H, dd, J=7.7, 1.1 Hz), 7.62 (1H, dd, J=7.7, 1.1 Hz),
7.48 (2H, dt, J=7.8, 1.0 Hz), 7.40 (2H, dt, J=7.8, 1.0 Hz), 6.71 (1H, d, J=10.3 Hz), 6.64(1H, d, J=10.3
Hz), 6.03 (2H, s), 3.35 (3H, s); "C-NMR (CDCl;) &: 183.8, 180.9, 139.0, 137.7, 136.3, 133.3, 127.6,
125.0, 123.5, 123.2, 118.1, 111.9, 75.0, 56.5. MS m/z: 241 (M"). HR-MS (EI) Calcd for C4H;;NO;:
241.0739. Found: 241.0729.

Murrayaquinone A (1)

N, R, /21 16a (23 mg, 0.086 mmol) DAX /— LIAME (5 mL) 12 6 M ¥fE (5 mL) %7
TL. 60°C THIZA, 1 h$HFRLIZ, MEIH . JREE Na /KIEIE CLELL | EtOAc T 72, EtOAc %
KBLOEFI R K CIERYEA L. #EK NaSO, TR | IS IIER £ LI, FRiEE A7 v
BT Lo T7 4— (30 g) 1AL, EtOAc-hexane iii%y (3:7) LV murrayaquinone A (1)
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(22 mg, 99%) % %7, mp 240-241 °C (EtOAc); IR (ATR) v: 3209, 1662, 1633 cm’.
'H-NMR(CDCls) &: 9.01 (1H, brs), 8.26 (1H, d, J=7.3, 0.7 Hz), 7.50-7.33 (3H, m), 6.52 (1H, g, J=1.5
Hz), 2.19 (3H, d, J=1.6 Hz); *C-NMR(CDCl;+DMSO-dy) 5: 182.4, 179.4, 147.3, 136.8, 135.1, 130.7,
125.1, 123.1, 122.7, 121.1, 115.1, 112.8, 15.1. MS m/z: 211 (M"). HR-MS (EI) Calcd for C;3HoNO:
211.0633. Found: 211.0619.

55 3 FE 2 HiDEBRDE

2-(1-Hydroxyprop-2-en-1-yl)-3-iodo-N-(methoxymethyl)indole (19)

Ny &I oK . 3-9— R-2-75 /b 2 LA > K— 113 (500 mg, 1.58 mmol) /K THF (50 mL)
TA L Z vinylmagnesium bromide (1.58 mL, 1.58 mmol) % F L7, [FE T 30 min fE#%%, afn
NH,Cl /KI&iE Iz, EtOAc THitH L7=, EtOAc Z /KIS X O /K CIERZES L, MK
NaSO, THEH, WA WIEREE LTz, REE VDTN DT hra~ NTT77 40— (20 g)
IZfF L. EtOAc-hexane (1:9 v/v) Jiisr XV MR O T UV AT 02—/ {K 19 (463 mg, 92%) %
#5372, IR (ATR) v: 3401 cm™. "H-NMR (CDCl;) &: 7.45 (1H, dd, J=7.7, 1.1 Hz), 7.39 (1H, dd, J=7.7,
1.1 Hz), 7.30 (1H, dt, J=7.0, 1.1 Hz), 7.22 (1H, dt, J=7.0, 1.1 Hz), 6.13 (1H, d, J=20.9, 10.3, 3.7 Hz),
5.79-5.74 (1H,m), 5.69 (1H, d, J=11.0 Hz), 5.52-5.42 (2H,m), 5.29 (1H, td, J=10.3, 1.1 Hz), 3.44 (1H,
d, J=7.0 Hz), 3.27 (3H, s); "C-NMR (CDCl;) &: 138.9, 138.4, 137.7, 129.8, 123.9, 121.9, 121.3, 115.5,
109.7, 74.7, 69.7, 63.3, 56.0. MS m/z: 343 (M"). HR-MS (EI) Calcd for C3H,4INO,: 343.0069. Found:
343.0051.

2-(1-Hydroxyprop-2-en-1-yl)-3-iodoindole (23a)

3-3— R2-" V2 bA > K—/L 22a (400 mg, 1.48 mmol) % FH\ T L5 & REEDOBIET, Ik
WyDT U VT L a— Uk 23a (429 mg, 97%) %FH7-, IR (ATR) v: 3401, 3313 cm™. 'H-NMR
(CDCl3) &: 8.63 (1H, brs), 7.43 (1H, d, J=7.7 Hz), 7.43 (1H, d, J=7.7 Hz), 7.24- 7.15 (2H, m), 6.05
(1H, ddd, J=17.2, 10.6, 5.5 Hz), 5.59 (1H, br s), 5.50(1H, d, J=17.2 Hz), 5.31 (1H, d, J=10.6 Hz), 2.19
(1H, d, J=2.7 Hz); C-NMR (CDCL;) 8:138.5, 136.7, 135.6, 130.5, 123.4, 120.9, 120.8, 116.6, 111.4,
69.6, 57.6. MS m/z: 298(M"). HR-MS (EI) Calcd for C,;H;INO: 298.9807. Found: 298.9821.
N-Benzenesulfonyl-2-(1-hydroxyprop-2-en-1-yl)-3-iodoindole (23b)

3-=— R2-" V2 bA > K=/ 22b (500 mg, 1.12 mmol) % F\ T EFE & RIEEDEIET, Ik
MoT VT v a— K 23b (379 mg, 71%) % 1572, mp 98.6-98.9 °C (EtOAc). IR (ATR) v: 1645,
1616 cm™. "TH-NMR (CDCl;) 8: 7.96 (1H, dd, J=7.0, 1.5 Hz), 7.87-7.84 (2H, m), 7.56-7.50 (1H, m),
7.44-7.29 (5H, m), 6.34 (1H, ddd, J=17.2, 10.3, 5.1 Hz), 5.99 (1H, ddd, J=11.0, 5.1, 1.8 Hz), 5.37 (1H,
td, J=17.2, 1.8 Hz), 5.26 (1H, td, J=10.3, 1.8 Hz) , 4.12 (1H, d, J=11.0 Hz). "C-NMR (CDCl;) &:
182.9, 134.1, 132.4, 129.7, 129.4, 128.4, 126.8, 125.7, 124.0, 122.1, 122.0, 113.3. MS m/z: 255 (M").
HR-MS (EI) Calcd for C7H4INO;S:438.9739. Found: 438.9736.
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2-(1-Hydroxy-2-methylprop-2-en-1-yl)-3-iodo-N-(methoxymethyl)indole (23c)

3-3— R2-7" /b I A > R—/L 13 (365 mg, 1.16 mmol) % VT _EFE & RIEROBEAE T, Rk
DT VLT v a—u4K 23¢ (322 mg, 90%) Z157=, IR (ATR) v: 3421 cm™. 'H-NMR (CDCl;) &:
7.46 (1H, d, J=7.7, 1.1 Hz), 7.40 (1H, d, J=7.7, 1.1 Hz), 7.31 (1H, dt, J=7.0, 1.3 Hz), 7.23(1H, dt,
J=7.0, 1.3 Hz), 5.73 (1H, d, J=11.0 Hz), 5.60 (1H, d, J=1.1 Hz), 5.37 (1H, br s), 5.10 (1H, d, J=1.5
Hz), 3.65 (1H, d, J=7.9 Hz), 3.28 (3H, s), 1.64 (3H, s). "C-NMR (CDCl;) &: 144.8, 138.6, 138.5,
129.8, 124.0, 122.0, 121.3, 110.7, 109.6, 74.3, 71.8, 65.2, 56.0, 19.6. MS m/z: 357 (M"). HR-MS (EI)
Calcd for C4HsINO,: 357.0226. Found: 357.0229.
2-(1-Hydroxybut-2-en-1-yl)-3-iodo-N-(methoxymethyl)indole (23d)

3-3— R2-7m/b I LA > K—/L 13 (500 mg, 1.59 mmol) % VT _EFE & RIEROBEAE T, IR
DT YT )La— AR 23d (526 mg, 93%) %4572, IR (ATR) v: 3398 cm™. "H-NMR (CDCl;) &:
7.29 (2H, dt, J=7.7, 1.1 Hz), 7.30 (1H, dt, J=7.0, 1.3 Hz), 7.22 (1H, dt, J=7.0, 1.3 Hz), 6.02 (1H, d, J=
Hz), 5.98-5.90 (1H, m), 5.74-5.63 (1H, m), 5.69 (2H, d, J=0.9 Hz), 3.31 (3H, s), 1.75 (3H, dd, J=7.2,
1.3 Hz). "C-NMR (CDCl;) &: 140.1, 138.4, 130.2, 130.0, 128.3, 123.9, 121.9, 121.2, 109.9, 66.2, 62.9,
56.1, 14.1. MS m/z: 357 (M"). HR-MS (EI) Calcd for C;4H;6INO,: 357.0226. Found: 357.0234.
2-[1-(tert-Butyldimethylsilyloxy)prop-2-en-1-yl]-3-iodo-N-(methoxymethyl)indole (20)

N, &, 7 /b 22—k 19 (891 mg, 2.60 mmol), imidazole (881mg, 13.0 mmol) DK DMF
(30mL) ¥ tert-butyldimethylsilylchloride (1.17g, 7.77 mmol) % i F L 50 °C T 12 hr JNEL L
BFR L7c, BOSHE THRKZMA ., EtOAc THIH L7, EtOAc % /Kkds X UMIAI &I /K TIERE
L, MK NaSO, CHAGE%, WA ZIER E LTz, BREE VIV DTN AT LI a~ NI T 7
4 — (30 g) IZfF L. EtOAc-hexane (1:9) Jii4r £ 0 MR D U 4K 20 (1.09 g, 93%) Z157-,
'H-NMR (CDCl;) &: 7.48 (1H, dd, J=7.9, 1.1 Hz), 7.42 (1H, dd, J=7.9, 1.1 Hz), 7.27 (1H, dt, J=7.9,
1.1 Hz), 7.21 (1H, dt, J=7.9, 1.1 Hz), 6.08 (1H, ddd, J=17.1, 10.3, 3.9 Hz), 5.77(1H, m), 5.73 (1H, d,
J=10.3 Hz), 5.54(1H, d, J=10.3 Hz), 5.44 (1H, td, J=17.1, 1.8 Hz), 5.21 (1H, td, J=10.3, 1.8 Hz), 3.27
(3H, s) , 0.91 (9H, s) , 0.17 (3H, s) , -0.05 (3H, s); >C-NMR (CDCl;) &: 139.3, 138.9, 138.2, 130.0,
123.5, 121.5, 121.1, 114.4, 111.1, 75.6, 70.8, 61.4, 55.8, 25.8, 18.2, -4.8, -4.9. MS m/z: 457(M").
HR-MS (EI) Calcd for C;9HysINO,Si1:457.0934. Found: 457.0912.
2-[1-(tert-Butyldimethylsilyloxy)prop-2-en-1-yl]-3-iodoindole (24a)

7 VLT L3 —/UK 17a (400 mg, 1.34 mmol) % VT LD & [FEROEAET, Wik Vv
& 18a ( 395 mg, 71%) %437=, IR (ATR) v: 3463 cm”. '"H-NMR (CDCls) &: 8.56 (1H, brs), 7.42
(1H, dd, J=7.7, 1.1 Hz), 7.32 (1H, dd, J=7.0, 1.1 Hz), 7.24-7.14 (2H, m), 5.93 (1H, ddd, J=16.9, 10.3,
4.8 Hz), 5.48 (1H, td, J=4.8, 1.5 Hz), 5.40 (1H, td, J=16.9, 1.5 Hz), 5.15 (1H, td, J=10.3, 1.5 Hz), 0.91
(9H, s) , 0.14 (3H, s) , 0.02 (3H, s); "C-NMR (CDCl;) &: 139.7, 138.0, 135.6, 130.4, 123.0, 120.8,
120.5, 114.5, 111.2, 70.3, 25.8, -4.8, -5.0. MS m/z: 413(M"). HR-MS (EI) Calcd for C,H;;NO;:
241.0739. Found: 413.0684.
N-Benzenesulfonyl-2-[1-(tert-butyldimethylsilyloxy)prop-2-en-1-yl]-3-iodoindole (24b)

7 U LT L3 — K (571 mg, 1.30 mmol) Z VT RS & FREDOFRIET, T U LK 24b
(626 mg, 87%) % 71$7-. IR (ATR) v: 1645, 1616 cm™. "H-NMR (CDCl3) &: 8.13 (1H, dd, J=7.7, 1.1
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Hz), 7.75 (2H, d, J=7.3 Hz), 7.55-7.50 (1H, m), 7.45-7.27 (5H, m), 6.27 (1H, d, J=6.1 Hz), 6.22 (1H,
brs), 5.37 (1H, dd, J=16.0, 1.1 Hz), 5.16 (1H, dd, J=8.8, 1.1 Hz), 0.90 (9H, s), 0.12 (3H, s), -0.02 (3H,
s). "C-NMR (CDCl;) &: 140.0, 138.8, 138.8, 137.6, 136.4, 133.9, 132.5, 129.2, 126.5, 126.0, 124.3,
122.3, 116.0, 115.2, 26.0, 18.3, 1.02, -0.02, -4.63, -4.84. MS m/z: 255 (M"). HR-MS (EI) Calcd for
C,3HasINO;SSi: 553.0604. Found: 553.0602.
2-[1-(tert-Butyldimethylsilyloxy)-2-methylprop-2-en-1-yl]-3-iodo-N-(methoxymethyl)indole (24c)
7 VLT L3 — UK 17¢ (200 mg, 0.56 mmol) % FV T LR & FEROEAET, fEfho v U LR
24c¢ (120 mg, 45%) %1372, 'H-NMR (CDCl;) 8: 7.48 (1H, dd, J=7.2, 1.1 Hz), 7.43 (1H, dd, J=7.2,
1.1 Hz), 7.27 (1H, dt, J=7.0, 1.1 Hz), 7.21 (1H, dt, J=7.0, 1.1 Hz), 5.67 (1H, d, J=10.3 Hz), 5.56 (1H,
s), 5.51 (1H, d, J=10.3 Hz), 5.01 (1H, g, J=1.7 Hz), 1.61 (3H, s), 0.90 (9H, s), 0.16 (3H, s) , -0.13 (3H,
s). C-NMR (CDCLy) &: 145.6, 138.7, 138.2, 130.0, 123.5, 121.5, 121.0, 111.3, 110.2, 76.6, 75.5, 72.4,
63.2, 55.4,25.8,19.5, 18.2, 1.0, -4.9, -5.1. MS m/z: 471 (M"). HR-MS (EI) Calcd for Cy0H30INO,Si:
471.1090. Found: 471.1100.
2-[1-(tert-Butyldimethylsilyloxy)but-2-en-1-yl]-3-iodo-N-(methoxymethyl)indole (24d)

7 VLT L3 — UK 17d (168 mg, 0.47 mmol) % VT LR & FEROEAET, #Efho v U LR
24d (159 mg, 72%) % 437=, 'H-NMR (CDCly) &: 7.47 (1H, dd, J=7.7, 1.1 Hz), 7.41 (1H, dd, J=7.7,
1.1 Hz), 7.27 (1H, dt, J=7.0, 1.5 Hz), 7.20 (1H, dt, J=7.0, 1.5 Hz), 5.99 (1H, d, J=8.4 Hz), 5.95-5.87
(1H, m), 5.92 (1H, d, J=10.3 Hz), 5.57-5.51(1H, m), 5.54 (1H, d, J=10.3 Hz), 3.38 (3H, s), 1.79 (3H,
dd, J=7.3, 1.5 Hz), 0.88 (9H, s) , 0.17 (3H, s) , -0.03 (3H, s) . *C-NMR (CDCl;) &: 140.1, 138.3, 131.8,
130.1, 126.0, 123.5, 121.5, 121.0, 110.7, 75.7, 67.0, 60.9, 55.9, 25.8, 18.1, 14.4, -4.7, -4.7. MS m/z:
471 (M"). HR-MS (EI) Caled for Cy0H3INO,Si: 471.1090. Found: 471.1062.
N-(Methoxymethyl)carbazole-1,4-quinone (16b)

CO &, ¥ U LK (100mg, 0.22mmol), BHT (58 mg, 0.26 mmol), PdCly(dppf) (36 mg,
0.044mmol) D #&7K DMF (22 mL) %% (2 tributyl(vinyl)tin (210mg, 0.66mmol) % Jll z., 70 °C T
20 hr #i#E L7, W H#%. TBAF (1 M in THF, 0.33 mL, 0.33 mmol)% iz, FMAFERET ., EIET
ThiEFE L7 eV T RZMA T BT 4 AW T AR L, A% EtOAc Tl L 7=, EtOAc
KB L O AR CIAERYES L. K NaSO, CTHEt: . Al A WIER £ Lz, kit v
VATNITNra~< 7T 74— (30g) IZf L, EtOAc-hexane (1:9) Jiisr & D ffdbd B v
RV — )UK 16b (32mg, 60%)% £F7=, mp 136-137 °C (EtOAc). IR (ATR) v: 1739, 1647 cm™.
'H-NMR (CDCl;) &: 8.31 (1H, dd, J=7.7, 1.1 Hz), 7.62 (1H, dd, J=7.7, 1.1 Hz), 7.48 (1H, dt, J=7.8,
1.0 Hz), 7.40 (1H, dt, J=7.8, 1.0 Hz), 6.71 (1H, d, J=10.3 Hz), 6.64(1H, d, J=10.3 Hz), 6.03 (2H, s),
3.35 (3H, s); "C-NMR (CDCl;) 8: 183.8, 180.9, 139.0, 137.7, 136.3, 133.3, 127.6, 125.0, 123.5, 123 .2,
118.1, 111.9, 75.0, 56.5. MS m/z: 241 (M"). HR-MS (EI) Caled for C4H;;NO;: 241.0739. Found:
241.0729.

Carbazole-1,4-quinone (25a)

> U LK 18a (100 mg, 0.24 mmol) % F\V T RS & REOBEIE T, fEdh D B /3y — Lk 25a
(22 mg, 46%) % 157=, mp 220-221 °C (EtOAc). IR (ATR) v: 3181, 1812 cm™. 'H-NMR (DMSO-ds)
5: 8.04 (1H, d, J=7.9 Hz), 7.56 (1H, d, J=8.3 Hz), 7.37 (2H, dt, J=24.4, 7.7 Hz), 6.76 (2H, d, J=2.6
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Hz), 6.71 (1H, d, J=10.3 Hz), 6.64(1H, d, J=10.3 Hz), 6.03 (2H, s), 3.35 (3H, s); "C-NMR
(DMSO-dg) 5:183.2, 179.9, 138.8, 137.4, 135.4, 126.5, 123.9, 123.3, 121.7, 113.8, 59.8, 14.1. MS m/z:
197(M"). HR-MS (EI) Caled for C;,H;NO5: 197.0477. Found: 197.0481.

N-(methoxymethyl)- 2-methylcarbazole-1,4-quinone (25c)

U AR (50 mg, 0.11 mmol) % VT EFC & FIEROEAE T G GL D 71 /173 — 14K 25¢ (14 mg,
52%) %1572 IR (ATR) v: 1731, 1643 cm™. '"H-NMR (CDCl5) &: 8.31 (1H, dd, J=7.9, 1.1 Hz), 7.60
(1H, dd, J=8.3, 1.1 Hz), 7.46 (1H, dt, J=7.0, 1.3 Hz), 7.39 (1H, dt, J=7.0, 1.3 Hz), 6.48 (1H, q, J=1.7
Hz), 6.01 (2H, s), 3.33 (3H, s), 2.16 (3H, d, J=1.7 Hz). "C-NMR (CDCl;) 8:144.8, 138.6, 138.5, 129.8,
124.0, 122.0, 121.3, 110.7, 109.6, 74.3, 71.8, 65., 56.0, 19.6. MS m/z: 255 (M"). HR-MS (EI) Calcd
for C;sH3NO3: 255.0895. Found: 255.0880.

N-(methoxymethyl)- 3-methylcarbazole-1,4-quinone (25d)

2 U AR (50 mg, 0.11 mmol) % VT EEC & FIEROHEAE T 5L D A1 /173 — 14K 25d (16 mg,
59%) %1572, mp 114-115 °C (EtOAc). IR (ATR) v: 1645, 1616 cm™'. '"H-NMR (CDCls) &: 8.31 (1H,
d, J=7.7 Hz), 7.61 (1H, d, J=7.3 Hz), 7.46 (1H, dt, J=8.4, 1.1 Hz), 7.39 (1H, dt, J=8.0, 1.1 Hz), 6.48
(1H, q, J=1.5 Hz), 6.02 (2H, s), 3.33 (3H, s), 2.16 (3H, d, J=1.5 Hz). "C-NMR (CDCl;) &: 184.0,
181.3, 147.2, 139.0, 133.9, 132.9, 127.2, 124.8, 123.8, 123.1, 118.1, 111.9, 75.0, 56.4, 15.7. MS m/z:
255 (M"). HR-MS (EI) Calcd for C;sH;3NO;: 255.0893. Found: 255.0893.

2 3 EE IFEHDEROE

6-Methoxyindol-2-ylmethanol (37a)

N, &, LiAlH, (139 mg, 3.66 mmol) D ME/K THF (20 mL) #&EHKIZ, K B, = A7 LK
36a (500 mg, 2.44 mmol) O ME/K THF (10 mL) &K% ML, |IR T 12h i Lz, SKT
%, B4 FEHAWTAIB L, A% EtOAc T L7z, EtOAc JE % /K X Oafn&Eik ¢
NEV GG L. K Na,SO, CHzMZ . WA ER E L, BEEZ VWSV T L u< N7
7 74— (20 g) IZff L. EtOAc-hexane (3:7 v/v) 73 &V 7 /L2 —/L{k 37a (330 mg, 76%) %
572, mp 104105 °C (EtOAc); 'H-NMR (CDCl;) &: 8.21 (1H, br s), 7.44 (1H, d, J=8.6 Hz), 6.81 (1H,
d, J=2.1 Hz), 6.77 (1H, dd, J=8.6, 2.1 Hz), 6.33 (1H, s), 4.77 (2H, s), 3.83 (3H, s), 1.85 (1H, br s);
PC-NMR (CDCls) &: 156.5, 137.2, 136.4, 122.2, 121.2, 109.9, 100.6, 94.5, 58.7, 55.6. MS m/z: 177
(M"); HR-MS (EI) Calcd for C1oH;;NO,: 177.0790. Found: 177.0810.
5,6-Dimethoxyindol-2-ylmethanol (37b)

T A7 LA 36b (600 mg, 2.55 mmol) % FVNT LF0 & RERO#ERIET, 7L 22— /11K 37b (370 mg,
70%) % 157=, mp 134-135 °C (EtOAc); 'H-NMR (CDCl;) 8: 8.22 (1H, brs), 7.02 (1H, s), 6.81 (1H, s),
6.30 (1H, s), 4.76 (2H, d, J=4.2 Hz), 3.90 (3H, s), 3.89 (3H, s), 2.00 (1H, br s); *C-NMR (CDCl;) &:
147.1, 145.1, 136.1, 130.8, 120.6, 102.3, 100.6, 94.4, 58.6, 56.3, 56.1. MS m/z: 207 (M"); HR-MS (EI)
Calcd for C;H3NOs: 207.0895. Found: 207. 0879.
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6-Methoxyindole-2-carbaldehyde (38a)

N, &Kt H . MnO, (486 mg, 28.2 mmol) @ CH,Cl, %% (30 mL) (7 VL7 /La—/L{K 37a (500
mg, 2.82 mmol) % FL. 12 h IMEGEF L=, RINKRZETA MW TAIBL , AR AT 5
Uz, BRiEHE VT N7 8500~ 57 4— (30g) IZfFL, EtOAc-hexane iy (3:7 v/v) LD
W7 7VaA 4k 38a (252 mg, 51%) %1372, mp 123-124 °C (EtOAc); IR (ATR) v: 1612 cm™.
'H-NMR (CDCL3) &: 9.72 (1H, s), 9.06 (1H, br s), 7.60 (1H, dd, J=8.6, 2.1 Hz), 7.21 (1H, d, J=2.1 Hz),
6.84 (1H, dd, J=8.6, 2.2 Hz), 6.83 (1H, s), 3.88 (3H, s); *C-NMR (CDCls) &: 181.0, 160.4, 139.5,
135.5, 124.3, 121.8, 115.6, 113.3, 93.6, 55.5. MS m/z: 175 (M"); HR-MS (EI) Calcd for C;;HoNO,:
175.0633. Found: 175.0617.

5,6-Dimethoxyindole-2-carbaldehyde (38b)

7 )b — LK 37b (500 mg, 2.42 mmol) % VT ERE & REEDEE T, AL 2 11K 38b (307 mg,
62%) %157, mp 162-164 °C (EtOAc); IR (ATR) v: 1619 cm™. '"H-NMR (CDCls) &: 9.69 (1H, s),
9.43 (1H, brs), 7.17 (1H, m), 7.07 (1H, s), 6.87 (1H, s), 3.96 (3H, s), 3.93 (3H, s); *C-NMR (CDCl;)
5:180.7, 151.7, 146.5, 135.0, 134.6, 120.4, 115.6, 102.5, 93.9, 56.0, 55.9. MS m/z: 205 (M"); HR-MS
(EI) Calcd for C;;H;;NO;: 205.0739. Found: 205.0769.

3-lodo-6-methoxyindole-2-carbaldehyde (39a)

N, &t H. KOH (1.3 g, 23.8 mmol) ¢ DMF %% (30 mL) (Z4/LUL{K 38a (0.96 g, 6.6
mmol) D HE/K DMF (10 mL) ¥&#EZ KM FCHE L. 30 min fii#RL7c, D%, IV FE (1.67 g,
6.6 mmol)D MK DMF (10 mL) &% F L. 4 h i L7z, UG RZ 7K, NH; (50 mL), NaHSOs;
(500 mg, 4.8 mmol) DIRATEHRITHE LiAFA DI ia AL, I 5EAK 39a (1.45 g, 81%) %
1572, mp 166168 °C (EtOAc); IR (ATR) v: 1620 cm™. 'TH-NMR (CDCl;) &: 9.70 (1H, s), 9.27 (1H,
br s), 7.46 (1H, d, J=8.8 Hz), 6.90 (1H, dd, J=8.8, 2.1 Hz), 6.79 (1H, d, J=2.1 Hz), 3.88 (3H, s);
BC-NMR (CDCly) 6: 181.9, 161.3, 138.6, 133.1, 125.3, 124.4, 114.3, 93.6, 73.6, 55.7. MS m/z: 300
(M"); HR-MS (EI) Calcd for C;oHsINO,: 300.9600. Found: 300.9575.
3-lodo-5,6-dimethoxyindole-2-carbaldehyde (39b)

AL 2 LA 38b (800 mg, 3.90 mmol) % HWNT LFL & RIERO#ERIET, 3 7 %K 39b (1.20 g, 93%)
%1572, mp 187-188 °C (EtOAc); IR (ATR) v: 1628 cm™". "H-NMR (CDCl5) &: 9.67 (1H, s), 9.65 (1H,
brs), 6.87 (1H, s), 6.83 (1H, s), 3.98 (3H, s), 3.97 (3H, s); >*C-NMR (CDCl;) &: 181.6, 152.7, 147.5,
133.1, 132.7, 124.2, 102.4, 93.8, 72.9, 56.3, 56.2. MS m/z: 330 (M"); HR-MS (EI) Calcd for
C11H0(INOs: 330.9705. Found: 330.9705
3-lodo-6-methoxy-N-(methoxymethyl)indole-2-carbaldehyde (40a)

N, i, NaH (89 mg, 2.21 mmol) @ DMF ¥ (30 mL) (237K 39a (500 mg, 1.84
mmol) DfE/K DMF (10 mL) K%K FCild FL. 30 min fE#:L7Z, ZD1% . chrolomethyl
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methyl ether (0.28 mL, 2.21 mmol) % FL., EiE T2 h L7, IISHKRIZAKZINZ , BtOAc J& %
KE L OB RHK CIER e L, /K NapSO, THME% , W2t E L, EE > U0
TNHTLrwa~x NTT 74— (20 g) IZfF L, EtOAc-hexane (3:7 v/v) §iit53 & Y N-MOM A >
R—/L 40a (632 mg, 83%) % 4572, mp 96-97 °C (EtOAc); IR (ATR) v: 1651 cm™. 'H-NMR (CDCl;)
§:9.87 (1H, s), 7.47 (1H, d, J=9.0 Hz), 6.94 (1H, dd, J=9.0, 2.2 Hz), 6.88 (1H, d, J=2.2 Hz), 5.95 (2H,
s); 3.91 (3H, s), 3.31 (3H, s); PC-NMR (CDCl) 8: 183.5, 161.5, 141.8, 131.0, 124.8, 124.6, 114.7,
92.8, 79.8, 74.5, 56.0, 55.7. MS m/z: 344 (M"); HR-MS (EI) Calcd for C;,H,INO;: 344.9862. Found:
344.9879.

3-lodo-5,6-dimethoxy-N-(methoxymethyl)indole-2-carbaldehyde (40b)

= 7 31K 39b (900 mg, 2.72 mmol) Z T EGL & FIERDOEAE T N-MOM 1 > R —/1 40b (966
mg, 94%) %137, mp 156157 °C (EtOAc); IR (ATR) v: 1651 cm™. "H-NMR (CDCl;) &: 9.84 (1H,
s), 6.90 (1H, s), 6.89 (1H, s), 5.97 (2H, s), 4.00 (3H, s), 3.99 (3H, s), 3.31 (3H, s); *C-NMR (CDCL)
o: 183.0, 152.8, 147.9, 135.8, 130.5, 123.7, 102.8, 92.9, 78.8, 74.6, 56.4, 56.3, 55.9. MS m/z: 374
(M"); HR-MS (EI) Calcd for C;3H4INOy: 374.9968. Found: 374.9983.
N-(Benzyloxymethyl)-3-iodo-6-methoxyindole-2-carbaldehyde (43a)

N, 5. K,COs (794 mg, 5.75 mmol) ¢ DMF ¥k (5 mL) (233K 39a (350 mg, 1.15
mmol) D MK DMF (10 mL) &% K%M T T T L. 30 min ¥ L7, £ D% . benzyl
chloromethyl ether (0.79 mL, 5.75 mmol) % FL, =R T 12 h IE#RL7z, ROSHKIZAKRZINZ
EtOAc J& Z /K K O Rk THERBEA L. K Na,SO, THIER® I A IER E L, 7%
WE VTNV T h57a~ 777 40— (20 g) IZff L, EtOAc-hexane (3:7 v/v) Jitsr £ 0
N-BOM A > R—/L 43a (445 mg, 92%) % #37-, mp 88-89 °C (EtOAc); IR (ATR) v: 1662 cm™.
'H-NMR (CDCl5) 8: 9.85 (1H, s), 7.45 (1H, d, J=8.8 Hz), 7.21-7.38 (5H, m), 6.93 (1H, dd, J=8.8, 2.2
Hz), 6.86 (1H, d, J=2.2 Hz), 6.08 (2H, s), 4.54 (2H, s), 3.87 (3H, s); *C-NMR (CDCl;) &: 183.5, 161.5,
141.8,128.4,128.3, 127.9, 127.8, 127.7 124.8, 124.7, 114.8, 92.9, 73.1, 70.4, 69.5, 55.8. MS m/z: 421
(M"); HR-MS (EI) Calcd for C3HsNO;: 421.0175. Found: 421.0171.
N-(Benzyloxymethyl)-3-iodo-5,6-dimethoxyindole-2-carbaldehyde (43b)

= 7 #&{K 39b (200 mg, 0.60 mmol) % VT _EFE & FIERO#EAE T, N-BOM 1 > R—/L 43b (246
mg, 91%) %157, mp 109-111 °C (EtOAc); IR (ATR) v: 1651 cm™. '"H-NMR (CDCl;) &: 9.82 (1H,
s), 7.19-7.38 (5H, m), 6.87 (2H, s), 6.08 (2H, s), 4.52 (2H, s), 3.99 (3H, s), 3.95 (3H, s); “C-NMR
(CDCl;) 6: 183.0, 152.7, 147.8, 137.3, 135.8, 130.3, 128.3, 127.8, 127.7, 123.6, 102.7, 93.1, 78.9, 73.1,
70.3, 56.4, 56.2. MS m/z: 451 (M"); HR-MS (EI) Calcd for C oHsNO,: 451.0281. Found: 451.0281.
3-lodo-6-methoxy-N-(trimethylsilylethoxymethyl)indole-2-carbaldehyde (44a)
N, &, 60% NaH (32 mg, 0.80 mmol) ¢ DMF #% (5 mL) (237K 39a (200 mg, 0.66
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mmol) @ /K DMF (10 mL) ®#& A K%M F T FL., 30 mn Lz, D%,
trimethylsilylethoxymethyl chloride (0.14 mL, 0.80 mmol) %3 FL. =i C 30 min £ L7, &i&
RIZKRZ A EtOAc J& Z/Kds K O s /K TIAER P L, MK Na,SO, THIRE, Wit4
BEEEL, BEEZ VDTN T LI u~ 87T 7 40— (20g) (2fF L. EtOAc-hexane (3:7
VIV) 153 &V N-SEM A > F—/L 44a (269 mg, 94%) % 457=, mp 52-54 °C (EtOAc); IR (ATR) v:
1616 cm™. 'H-NMR (CDCly) &: 9.86 (1H, s), 7.45 (1H, d, J=8.6 Hz), 6.93 (1H, dd, J=8.6, 2.2 Hz),
6.89 (1H, d, J=2.2 Hz), 5.97 (2H, s), 3.90 (3H, s), 3.57 (2H, t, J=8.1 Hz), 0.89 (2H, t, J=8.1 Hz), -0.07
(9H, s); *C-NMR (CDCls) &: 183.4, 161.3, 141.8, 130.9, 124.7, 124.6, 114.6, 93.0, 79.5, 72.9, 65.8,
55.7, 17.8, -1.44. MS m/z: 431 (M"); HR-MS (EI) Calcd for C;¢H»INO;Si: 431.0414. Found:
431.0444.

3-lodo-5,6-dimethoxy-N-(trimethylsilylethoxymethyl)indole-2-carbaldehyde (44b)

= 7 31K 39b (200 mg, 0.60 mmol) % AT L5 & FERO#EIET, N-SEM A > R —/L 44b (246
mg, 98%) %137, mp 6365 °C (EtOAc); IR (ATR) v: 1651 cm™. "H-NMR (CDCls) 8: 9.83 (1H, s),
6.92 (1H, s), 6.88 (1H, s), 5.98 (2H, s), 3.99 (6H, s), 3.56 (2H, t, J=7.9 Hz), 0.88 (2H, t, J=7.9 Hz),
-0.07 (9H, s); *C-NMR (CDCls) &: 183.0, 152.6, 147.8, 135.9, 130.3, 123.7, 102.7, 93.2, 78.9, 73.0,
65.8, 56.4, 56.2, 17.8, -1.4. MS m/z: 461 (M"); HR-MS (EI) Calcd for C;;H,4INO,Si: 461.0519.
Found: 461.0523.
2-[1-(tert-Butyldimethylsilyloxy)but-2-en-1-yl]-3-iodo-6-methoxy-N-methoxymethylindole (33a)
N, &, K . N-MOM A > K—/L 40a (105 mg, 0.3 mmol) ?%E/k THF (5 mL) &I
propenylmagnesium bromide (0.5 M in THF, 0.92 mL, 0.46 mmol) %7 F L 7=, [Fl{E C 30 min 7 ##
. B3 NHLCl KIEHE 2N % . BtOAc Thi L7z, EtOAc % /KkIs K O fnf K TIAR e
L. #K NaSO, THzMEM% ., WHEARERE L, kMO 7 Vo — UK E/RJTz, Tva—ik
4la % imidazole (228 mg, 1.52 mmol) DO HE/K CH,Cl, (10 mL) LT tert-butyldimethylsilyl
chloride (137 mg, 0.91 mmol) % F L 50 °C T 12 h BV LR L7z, SIS THRKEI A,
EtOAc THiiHH L7z, EtOAc Z /K35 L UMEFI AR K CTIERBEA L. #E/K NaSO, THIMRL ., BRI
EWIEHE L, wRiEE VDTNV T L a~ 7T 70— (30g) IZfF L, EtOAc-hexane
(1:9) ¥4 & v kRO 2 U Lk 33a (148 mg, 97%) %437-. 'H-NMR (CDCls) &: 7.12 (1H, d,
J=8.7 Hz), 6.82 (1H, d, J=2.4 Hz), 6.71 (1H, dd, J=8.7, 2.4 Hz), 5.32-5.79 (5H, m), 3.72 (3H, s), 3.19
(9H/5, ), 3.13 (6H/5, ), 1.61 (9H/5, dd, J=6.7, 0.7 Hz), 1.55 (6H/5, dd, J=5.3, 1.4 Hz), 0.75 (27H/5,
s), 0.73 (18H/5, s), 0.02 (9H/5, s), 0.01 (6H/5, s), -0.18 (9H/5, s), -0.22 (6H/5, s). MS m/z: 501 (M");
HR-MS (EI) Calcd for C,1H3,INO;Si: 501.1196. Found: 501.1187.
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2-[1-(tert-Butyldimethylsilyloxy)but-2-en-1-yl]-3-iodo-5,6-dimethoxy-N-methoxymethylindole
(33b)

N-MOM 1 > K—/L 40b (100 mg, 0.27 mmol) Z T Ll & FEkDEAE T, 2 U /11K 33b (125
mg, 87%) % 1%7=, 'TH-NMR (CDCls) &: 7.00 (2H/5, s), 6.99 (3H/5, s), 6.82 (1H, s), 5.48-5.92 (5H, m),
3.96 (3H, s), 3.94 (3H, s), 3.32 (9H/5, s), 3.27 (6H/5, s), 1.75 (9H/5, dd, J=6.8, 1.2 Hz), 1.70 (6H/5, dd,
J=5.0, 1.0 Hz), 0.90 (27H/5, s), 0.88 (18H/5, s), 0.17 (9H/5, s), 0.15(6H/5, s), -0.03 (9H/5, s),
-0.07(6H/5, s). MS m/z: 531 (M"); HR-MS (EI) Caled for C»H34INO,Si: 531.1302. Found: 531.1277.
N-Benzyloxymethyl-2-[1-(tert-butyldimethylsilyloxy)but-2-en-1-yl]-3-iodo-6-methoxyindole (47a)
N-BOM 1 > K—/L 43a (238 mg, 0.57 mmol) % AT LiE & FEEOBIET, + U LK 47a (264
mg, 80%)% #37-, 'H-NMR (CDCls) §: 7.25-7.34 (6H, m), 6.83-6.95 (2H, m), 5.49-5.99 (5H, m), 4.57
(3H/5, d, J=11.7 Hz), 4.51 (3H/5, d, J=11.7 Hz), 4.49 (2H/5, d, J=11.7 Hz), 4.44 (2H/5, d, J=11.7 Hz),
3.81 (3H, s), 1.77 (9H/5, dd, J=7.1, 1.5 Hz), 1.69 (6H/5, dd, J=4.8, 1.8 Hz), 0.89 (27H/5, s), 0.87
(18H/5, s), 0.16 (9H/5, s), 0.15 (6H/5, s), -0.03 (9H/3, ), -0.06 (6/5H, s). MS m/z: 577 (M"); HR-MS
(EI) Calcd for C,7H36INO;Si: 577.1509. Found: 577.1495.
N-Benzyloxymethyl-2-[1-(tert-butyldimethylsilyloxy)but-2-en-1-yl]-3-iodo-5,6-dimethoxyindole
(47b)

N-BOM 1 > K—/L 43b (248 mg, 0.55 mmol) % FA\ T it & REEOEAIET, VLK 47b (307
mg, 92%) % 1%7=, 'H-NMR (CDCl;) &: 7.26-7.34 (5H, m), 6.97 (3H/5, s), 6.92 (2H/5, s), 6.83 (1H, s),
5.47-5.96 (5H, m), 4.54 (3H/5, d, J=11.7 Hz), 4.48 (3H/5, d, J=11.7 Hz), 4.46 (2H/5, d, J=11.3 Hz),
4.41 (2H/5, d, J=11.3 Hz), 3.97 (3H, s), 3.86 (3H, s), 1.77 (9H/5, dd, J=7.1, 1.5 Hz), 1.70 (6H/5, dd,
J=5.3, 1.7 Hz), 0.90 (27/5H, s), 0.88 (18/5H, s), 0.17 (9/5H, s), 0.16 (6/5H, s), -0.02 (9/5H, s), -0.06
(6/5H, s). MS m/z: 607 (M"); HR-MS (EI) Caled for C,gH35INO,Si: 607.1615. Found: 607.1590.
2-[1-(tert-Butyldimethylsilyloxy)but-2-en-1-yl]-3-iodo-6-methoxy-N-(trimethylsilylethoxymethyl)
indole (48a)

N-SEM - > F—/L 44a (190 mg, 0.44 mmol) % AT E5E & RERDO#RIET, U Lk 48a (85
mg, 85%) % 1%7=, 'H-NMR (CDCly) &: 7.26 (1H, d, J=8.8 Hz), 7.01 (3H/5, d, J=2.2 Hz), 6.99 (2H/5,
J=2.2 Hz), 6.84 (1H, dd, J=8.8, 2.3 Hz), 5.46-5.92 (5H, m), 3.86 (3H, s), 3.48-3.67 (3H, m), 1.76
(9/5H, dd, J=7.1, 1.5 Hz), 1.70 (6/5H, J=4.8, 1.5 Hz), 0.88-0.98 (12H, m), 0.15 (9/5H, s), 0.14 (6/5H,
s), 0.08 (18/5H, s), -0.03 (9/5H, s), -0.05 (9/5H, s), -0.08 (6/5H, s). MS m/z: 587 (M"); HR-MS (EI)
Calcd for C,5sH4,INO;Si,: 587.1748. Found: 587.1755.
2-[1-(tert-Butyldimethylsilyloxy)but-2-en-1-yl]-3-iodo-5,6-methoxy-N-(trimethylsilylethoxymethy
l)indole (48b)

N-SEM A > R —/L 44b (169 mg, 0.37 mmol) % F\ T L2 & [FEEOEIET, VU LK 48b (60
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mg, 61%) % f37=, '"H-NMR (CDCl;) &: 7.04 (3H/5, s), 7.03 (2H/5, s), 6.83 (1H, s), 5.47-5.90 (SH, m),
3.96 (3H, s), 3.93 (3H, s), 3.47-3.67 (3H, m), 1.75 (9H/5, dd, J=7.2, 1.0 Hz), 1.70 (6H/5, dd, J=5.1,
1.2 Hz), 0.88-0.98 (12H, m), 0.16 (9/5H, s), 0.14 (6/5H, s), 0.02 (27/5H, s), 0.00 (18/5H, s), -0.05
(9/5H, s), -0.09 (6/5H, s). MS m/z: 617 (M"); HR-MS (EI) Calcd for C,H44INO,Si,: 617.1854. Found:
617.1853.

6-Methoxy-3-methyl-N-(methoxymethyl)carbazole-1,4-quinone (42a)

N, &, T UL 33a (100 mg, 0.20 mmol), 2,6-di-t-butyl-4-methylphenole (BHT) (54 mg, 0.24
mmol), PdCl,(dppf) (33 mg, 0.040 mmol) @ DMF #&##Z(Z tributyl(vinyl)tin (190 mg, 0.60 mmol)
ZINZ Tz, COEBIRINTI T LT, CO K+ 70°C T 20 h MEMEERL 72, HHI% ., TBAF (1
M in THF, 0.3 mL, 0.30 mmol) ZAl1x, O, &yt H 1 h FEFE LT, BUSIKIZ/KZENZ  EtOAc Tl
L7z, EtOAc JE & /KB L OB R /K THER P L /K NaSO, TR | I A TER B LT,
Pt VAN HTra~ T T7 40— (20 g) ([ZAFL. EtOAc-hexane (2:8 v/v)ifisy L0 /1K
42a (17 mg, 30%) %7157-, mp 145-146 °C (EtOAc); IR (ATR) v: 1647, 1654 cm™. '"H-NMR (CDCls)
3: 8.15 (1H, d, J=8.8 Hz), 7.02 (1H, dd, J=8.8, 2.2 Hz), 6.96 (1H, d, J=2.2 Hz), 6.43 (1H, q, J=1.6 Hz),
5.98 (2H, s), 3.90 (3H, s), 3.44 (3H, s), 2.13 (3H, d, J=1.6 Hz); C-NMR (CDCls) &: 184.3, 180.6,
160.1, 146.4, 140.5, 133.1, 133.1, 123.9, 118.5, 118.0, 116.1, 93.8, 75.0, 56.3, 55.6, 15.5 MS m/z: 285
(M"); HR-MS (EI) Calcd for C1¢H;sNO,: 285.1001. Found: 285.1002.
5,6-Dimethoxy-3-methyl-N-(methoxymethyl)carbazole-1,4-quinone (42b)

> U LK 33b (100 mg, 0.17 mmol) % AWT EFL & RIEROEIET, F /7 21K 42b (22 mg, 41%)
Z157-, mp 228-230 °C (EtOAc); IR (ATR) v: 1635, 1624 cm™. "H-NMR (CDCls) &: 7.65 (1H, s),
6.96 (1H, s), 6.42 (1H, g, J=1.6 Hz), 5.99 (2H, s), 3.99 (3H, s), 3.98 (3H, s), 3.33 (3H, s), 2.13 (3H, d,
J=1.6 Hz); "C-NMR (CDCl;) &: 184.5, 180.1, 151.2, 149.4, 146.2, 134.5, 133.4, 132.3, 118.1, 117.5,
102.3, 93.5, 75.2, 56.3, 56.2, 56.2, 15.5. MS m/z: 315 (M"); HR-MS (EI) Calcd for C,;H;;NOs:
315.1107. Found: 315.1123.

N-(Benzyloxymethyl)-6-methoxy-3-methylcarbazole-1,4-quinone (49a)

> U UK 47a (100 mg, 0.17 mmol) % HWT LEC & FIERDOEIET, F /7 1K 49a (43 mg, 69%)
%1372, mp 117-118 °C (EtOAc); IR (ATR) v: 1639, 1624 cm™. '"H-NMR (CDCl;) &: 8.13 (1H, d,
J=8.8 Hz), 7.20-7.28 (4H, m), 7.02 (1H, dd, J=8.8, 2.2 Hz), 6.96 (1H, d, J=2.2 Hz), 6.42 (1H, q, J=1.6
Hz), 6.11 (2H, s), 4.57 (2H, s), 3.87 (3H, s), 2.13 (3H, d, J=1.6 Hz); "C-NMR (CDCl;) &: 184.3, 180.6,
160.1, 146.4, 140.6, 137.1, 133.0, 132.9, 128.4, 127.9, 127.7, 123.9, 118.6, 118.0, 116.1, 93.8, 73.6,
70.8, 55.7, 15.5. MS m/z: 361 (M"); HR-MS (EI) Calcd for C5,H;oNO,: 361.1314. Found: 361.1299.
N-(Benzyloxymethyl)-5,6-dimethoxy-3-methylcarbazole-1,4-quinone (49b)

> U LR 47b (100 mg, 0.17 mmol) % W T L0 & [FAERDOIRIET, 7 1K 49b (26 mg, 39%)
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Z157=. mp 143-145 °C (EtOAc); IR (ATR) v: 1635, 1612 cm™. 'H-NMR (CDCl;) &: 7.64 (1H, s),
7.30-7.20 (5H, m), 6.95 (1H, s), 6.42 (1H, q, J=1.6 Hz), 6.12 (2H, s), 4.55 (2H, s), 4.00 (3H, s), 3.94
(3H, s), 2.13 (3H, d, J=1.6 Hz); "C-NMR (CDCl;) &: 184.5, 180.1, 151.1, 149.4, 146.2, 137.0, 134.5,
133.4, 132.1, 128.4, 128.0, 127.9, 127.8, 118.2, 117.5, 102.3, 93.7, 73.8, 70.8, 56.3, 15.5. MS m/z: 391
(M"); HR-MS (EI) Calcd for C53Hy NOs: 391.1420. Found: 371.1546.
6-Methoxy-3-methyl-N-(trimethylsilylethoxymethyl)carbazole-1,4-quinone (50a)

> U JUAK 48a (50 mg, 0.09 mmol) % VT L0 & [RABEDHEMET, & / 1K 50a (20 mg, 59%) %
572, mp 95-96 °C (EtOAc); IR (ATR) v: 1635, 1612 cm™. 'H-NMR (CDCls) 8: 8.15 (1H, d, J=8.8
Hz), 7.01 (1H, dd, J=8.8, 2.2 Hz), 6.97 (1H, d, J=2.2 Hz), 6.41 (1H, q, J=1.6 Hz), 6.00 (2H, s), 3.90
(3H, s) 3.58 (2H, t, J=8.0 Hz), 2.12 (3H, d, J=1.6 Hz), 0.91 (2H, t, J=8.0 Hz), -0.06 (9H, s); *C-NMR
(CDCl5) 8:184.3, 180.6, 160.0, 146.4, 140.6, 133.0, 133.0, 123.8, 118.4, 118.0, 116.1, 93.9, 73.3, 66.2,
55.6, 17.8, 15.6, -1.4 MS m/z: 371 (M"); HR-MS (EI) Calcd for CyH,sNO,Si: 371.1553. Found:
371.1546.

5,6-Dimethoxy-3-methyl-N-(trimethylsilylethoxymethyl)carbazole-1,4-quinone (50b)

3 U JLAK 48b (50 mg, 0.08 mmol) % AV T 70 & FRED#EIET, 3/ LK 500 (12 mg, 37%) %
572, mp 139-141 °C (EtOAc); IR (ATR) v: 1639, 1616 cm™. '"H-NMR (CDCl3) &: 7.65 (1H, s), 6.98
(1H, s), 6.41 (1H, q, J=1.6 Hz), 6.01 (2H, s), 3.99 (3H, s), 3.98 (3H, s), 3.58 (2H, t, J=8.1 Hz), 2.13
(3H, d, J=1.6 Hz), 0.90 (2H, t, J=8.1 Hz), -0.07 (9H, s); "C-NMR (CDCl;) 8:184.5, 180.1, 151.0,
149.3, 146.2, 134.5, 133.3, 132.1, 117.9, 117.5, 102.2, 93.8, 73.5, 66.2, 56.2, 56.1, 17.7, 15.5, -1.4. MS
m/z: 401 (M"); HR-MS (EI) Caled for C,H,;NOsSi: 401.1658. Found: 401.1632.

Koeniginequinone A 32a from 49a by the Birch conditions

N, &, -78 °C THEIA NH; (2 N-BOM /L3 — /L3 ) LAk 49a (10 mg, 0.028 mmol) O
THF &% (3 mL) % F L7z, [FIET4JE Na (6.4 mg, 0.28 mmol) % MlZ . 30 min %, fil
1 NH4Cl K¥E#EZ M %, EtOAc THiIH L7z, EtOAc % /K3 L ORI A K THAERBEA L |
HE7K NaSO, THLMEEE WA JER E L REEZ S VDTNV Tha~v N7 T 74— (20
g) 1T L. EtOAc-hexane (1:9 v/v) Jiiiy & U f&dii D koeniginequinone A (32a) (5 mg, 78 %) %15
72. mp 241-242 °C (EtOAc) (mp 241 °C, Lit.""); IR (ATR) v: 3221, 1651, 1631 cm™. '"H-NMR
(DMSO-dg) 8: 12.63 (1H, br s), 7.90 (1H, d, J=8.9 Hz), 6.96 (1H, dd, J=8.9, 2.2 Hz), 6.92 (1H, d,
J=2.2 Hz), 6.56 (1H, q, J=1.6 Hz), 3.82 (3H, s), 2.04 (3H, d, J=1.6 Hz); "C-NMR (DMSO-d¢) &:
183.3, 179.4, 158.7, 147.1, 138.8, 135.0, 131.6, 122.4, 117.7, 115.9, 115.1, 95.0, 55.3, 15.5. MS m/z:
241 (M"); HR-MS (EI) Calcd for C14H;;NO5: 241.0739. Found: 241.0721.

Koeniginequinone B 32b from 49b by the Birch conditions

N-BOM /1)L 3> — L% ) LK 49b (50 mg, 0.13 mmol) % H\ T L5 & REED#HIE T,
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koeniginequinone B (32b) (25mg, 72%)% 37, mp 245-246 °C (EtOAc) (mp 246-247 °C, Lit.""); IR
(ATR) v: 3286, 1631, 1619 cm™. "H-NMR (DMSO-ds) 8: 12.60 (1H, br s), 7.40 (1H, s), 6.92 (1H, s),
6.54 (1H, g, J=1.6 Hz), 3.83 (6H, s), 2.04 (3H, d, J=1.6 Hz); *C-NMR (DMSO-d) &: 183.3, 178.8,
150.2, 148.5, 147.0, 134.0, 132.8, 131.9, 117.1, 115.8, 101.3, 95.2, 79.1, 55.6, 15.4. MS m/z: 241
(M"); HR-MS (EI) Calcd for C;sH;3NO,: 271.0845. Found: 271.0873.

Koeniginequinone A 32a from 49a by Pd-C catalyzed hydrogenation

N, & H, 10% Pd-C (10 mg, 0.042 mmol) @ MeOH (20 mL) &#&ikIZ. K% K. N-BOM 7
JLoRY — L% ) K 49a (15 mg, 0.042 mmol) @ MeOH (10 mL) #&Fik AT F L., ==iE T 12h
L, RSKTH, BI04 P2V TAB L, A% EtOAc THilN L7z, EtOAc J§ & /KE
S ORI K THAER Y L. MK Na,SO, THIERER . Wit Z2 TR E L, ke U 7L
BT hrma< T 7 40— (20 g) 1ZfF L. EtOAc-hexane (3:7 v/v) 1ii%y & ¥ koeniginequinone
A (32a) (2 mg, 20%) % 157-,

Koeniginequinone A 32a from 49b

N, K. N-SEM A1 /L 3y — )L 7 LK 49b (60 mg, 0.16 mmol) DT /—/LERIEE (5 mL)
6 MHEEE (5 mL) Zi# FL. 60 °C THNEL, 1 h iUz, HmEL ., fREE Na KIEHR CALEEL . EtOAc
THIH L7z, EtOAc Z /KB JOEFN K THARBEAL . #E/K NaSO, THIMRER | W2 T8 %=
Uz, BIEAE VTN IT 500~ 757 40— (30 g) I\ZfFL., EtOAc-hexane (3:7 v/v) Jits7&D#E
il D koeniginequinone A (32a) (22 mg, 48%) Z157-,

Koeniginequinone B 32b from 49b

N-SEM H L 3 — L3 ) K 49b (20 mg, 0.05 mmol) % T kit & Rk D#EIE T,
koeniginequinone B (32b) (7 mg, 52%) % 157,

BIEFALE FERO
N-(Benzyloxymethyl)-6-methoxy-3-(2-methylpropenoyl)indole-2-carbaldehyde (51a)
N, K, 3-2—R AR —/L 43a (200 mg, 514 mmol). 2,6-di-t-butyl-4-methylphenol (BHT) (210
mg, 617 mmol)., PdCl,(dppf) (777 mg, 26 mmol) ¢ DMF &7 Z isopropenyltributyltin (315 mg,
617 mmol)Z Nz 7=, CO % 5 min /X7 V7 Lizt%, 70 [17C 12 h JIBMEFEL 7=, % E1t% . 30% KF
KB A, 1 h R LT, RONKEZ BT A M2 IV TAIRL, Aifk% EtOAc THilHi L7z, EtOAc &
ZRBL ORI B K CIAERVES L . /K NaSO, THIMEZ | IRIEA = £ LT, RiEE2 VB 5
NHTLIa< T T7 40— (20 g) (2L, EtOAc-hexane (2:8 v/v) ity £V 7 Z7UraA L4k 51a (330
mg, 84%) Z157-,
mp 66-67 °C (EtOAc); IR (ATR) v: 1662, 1616 cm™’; '"H-NMR (300 MHz, CDCl;) 6: 9.94 (1H, s),
7.63 (1H, d, J=9.6 Hz), 7.26-7.27 (5H, m), 6.90-6.93 (2H, m), 6.15 (2H, s), 6.05 (1H, s), 5.79 (1H, s),
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4.59 (2H, s), 3.87 (3H, s), 2.15 (3H, s); "C-NMR (75 MHz, CDCl;) &: 182.7, 160.5, 147.0, 140.4,
137.3, 133.7, 129.9, 128.4, 128.4, 127.9, 127.7, 123.8, 120.2, 115.1, 93.0, 73.8, 70.6, 55.7, 17.7; MS
m/z: 363 (M"); HR-MS (EI) Caled for C»,H, NOy: 363.1471, Found: 363.1452.
N-(Benzyloxymethyl)-5,6-dimethoxy-3-(2-methylpropenoyl)indole-2-carbaldehyde (51b)

FREE RO EAETT 2V aA K 51b (I 91%) %1537, IR (ATR) v: 1658, 1619 cm™; "H-NMR
(300 MHz, CDCl;) &: 9.92 (1H, s), 7.22-7.32 (5H, m), 7.14 (1H, s), 6.93 (1H, s), 6.15 (2H, s), 6.04
(1H, s), 5.79 (1H, s), 4.56 (2H, s), 3.95 (3H, s), 3.91 (3H, ), 2.16 (3H, s5); "C-NMR (75 MHz, CDCl;)
8: 193.5, 182.2, 151.9, 147.9, 147.4, 137.2, 134.7, 133.2, 129.5, 128.4, 127.9, 127.7, 127.4, 119.3,
102.1, 93.0, 74.0, 70.5, 56.2, 56.1, 17.7; MS m/z: 393 (M"); HR-MS (EI) Calcd for C,;H,;NOs:
393.1576, Found: 393.1597.
N-(Benzyloxymethyl)-2-(1-hydroxyprop-2-en-1-yl)-6-methoxy-3-(2-methylpropenoyl)indole (52a)
N, &, ki B, 727VrA /14K 5la (90 mg, 0.23 mmol) O M/ THF A (20 mL) (2
vinylmagnesium bromide (1 M in THF, 0.35 mL, 0.35 mmol) % FL7=, [F{E T 4 h #m#Etk . fufn
NH,Cl Kz %, EtOAc THiI L7z, EtOAc /KIS L UMM B HE /K TIAR YL . K NaSO, T
WLIRE IR ABER B LT, BREE VAT N AT L Ia<v T 7 40— (20 g) ITfFL,
EtOAc-hexane {5y JOIHRB DT VLT )L =—)L 52a (32 mg, 39%) %41537-, Yellow oil; IR (ATR)
v: 1620 cm™'; "H-NMR (300 MHz, CDCl5) &: 9.94 (1H, s), 7.63 (1H, d, J=9.6 Hz), 7.26-7.27 (5H, m),
6.90-6.93 (2H, m), 6.15 (2H, s), 6.05 (1H, s), 5.79 (1H, s), 4.59 (2H, s), 3.87 (3H, s), 2.15 (3H, s);
BC-NMR (75 MHz, CDCl3) &: 182.7, 160.5, 147.0, 140.4, 137.3, 133.7, 129.9, 128.4, 128.4, 127.9,
127.7, 123.8, 120.2, 115.1, 93.0, 73.8, 70.6, 55.7, 17.7; MS m/z: 363 (M"); HR-MS (EI) Calcd for
CyH,1NOy: 363.1471, Found: 363.1452.
N-(Benzyloxymethyl)-2-(1-hydroxyprop-2-en-1-yl)-5,6-dimethoxy-3-(2-methylpropenoyl)indole
(52b) EREEFRIBEOEMETT UL T La— K 52b (IR 30%) %1572, IR (ATR) v: 1633cm .
'H-NMR (300 MHz, CDCl;) &: 7.24-7.39 (5H, m), 6.77 (1H, s), 6.10 (1H, ddd, J = 17.2, 10.3, 4.1 Hz),
5.53-5.81 (6H, m), 5.28 (1H, d, J = 17.0 Hz), 6.14 (1H, d, J = 10.3 Hz), 4.55 (1H, d, J = 12.4 Hz),
4.47 (1H, d, J = 12.4 Hz), 3.89 (3H, s), 3.86 (3H, s), 2.14 (3H, s). >C-NMR (75 MHz, CDCl;) &: 184.5,
180.1, 151.1, 149.4, 146.2, 137.0, 134.5, 133.4, 132.1, 128.4, 128.0, 127.9, 127.8, 118.2, 117.5, 102.3,
93.7, 73.8, 70.8, 56.3, 56.2 15.5. MS m/z: 421 (M"). HR-MS (EI) Calcd for CysH»;NOs: 421.1889.
Found: 421.1877.

N-(Benzyloxymethyl)-6-methoxy-3-methylcarbazole-1,4-quinone (49a)

O, i (1 atm) | 2 14X Grubbs fill i (13 mg, 0.015 mmol) DML RREHEH (20 mL) 2
E 27 UL 52a (53 mg, 0.15 mmol) %3 FL. 70 °C TS5 min INEAL | IEEE2 00 E /R KL LUT-, k%
SIRTNATETawNTTT7 41— (20 g) (L, EtOAc-hexane {iii5y (3:7) LVfEEDF /4K
49a (40 mg, 82%) %457-, red solid; mp 117-118 °C (EtOAc); IR (ATR) v: 1639, 1624 cm’;
'H-NMR (300 MHz, CDCl;) &: 8.13 (1H, d, J=8.8 Hz), 7.20-7.28 (5H, m), 7.02 (1H, dd, J=8.8, 2.2
Hz), 6.96 (1H, d, J=2.2 Hz), 6.42 (1H, q, J=1.6 Hz), 6.11 (2H, s), 4.57 (2H, s), 3.87 (3H, s), 2.13 (3H,
d, J=1.6 Hz); "C-NMR (75 MHz, CDCl;) &: 184.3, 180.6, 160.1, 146.4, 140.6, 137.1, 133.0, 132.9,
128.4, 127.9, 127.7, 123.9, 118.6, 118.0, 116.1, 93.8, 73.6, 70.8, 55.7, 15.5; MS m/z: 361 (M");
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HR-MS (EI) Calcd for Cp,H oNO,: 361.1314, Found: 361.1299.
N-(Benzyloxymethyl)-6,7-dimethoxy-3-methylcarbazole-1,4-quinone (49b)
FREEFIERDEAETH /4K 49b (ULER 60%) #4572, mp 143-145 °C (EtOAc); IR (ATR) v: 1635,
1612 em™; "TH-NMR (300 MHz, CDCl;) &: 7.64 (1H, s), 7.30-7.20 (5H, m), 6.95 (1H, s), 6.42 (1H, q,
J=1.6 Hz), 6.12 (2H, s), 4.55 (2H, s), 4.00 (3H, s), 3.94 (3H, s), 2.13 (3H, d, J=1.6 Hz); "C-NMR (75
MHz, CDCl;) &: 184.5, 180.1, 151.1, 149.4, 146.2, 137.0, 134.5, 133.4, 132.1, 128.4, 128.0, 127.9,
127.8, 118.2, 117.5, 102.3, 93.7, 73.8, 70.8, 56.3, 15.5; MS m/z: 391 (M"); HR-MS (EI) Calcd for
Cy3H,1NOs: 391.1420, Found: 391.1546.

6-Methoxy-3-(2-methylpropenoyl)indole-2-carbaldehyde (53a)

ERLO{bA Y 5la & [REEOEETT Z7UaA L4k 53a (IR 74%) Z4537-, mp 126-128 °C (EtOAc);
IR (ATR) v: 3273, 2360, 1620 cm™'; "H-NMR (300 MHz, CDCl;) &: 9.99 (1H, s), 9.43 (1H, brs), 7.78
(1H, d, J=9.2 Hz), 6.91 (1H, dd, J=9.2, 2.3 Hz), 6.85 (1H, d, J=2.3 Hz), 6.03 (1H, s), 5.85 (1H, s),
3.89 (3H, s), 2.17 (3H, s); C-NMR (75 MHz, CDCl;) v: 192.8, 182.3, 160.3, 147.1, 137.5, 135.3,
128.6, 124.3, 123.5, 121.1, 114.8, 93.4, 55.6, 18.0; MS m/z: 243 (M"); HR-MS (EI) Calcd for
C14H3NO5: 243.0895, Found: 243.0907.
5,6-Dimethoxy-3-(2-methylpropenoyl)indole-2-carbaldehyde (53b)

RO e 52a L RIEROEIETT 7V aA AR 53b (IR 78%) %157, mp 182-183 °C (EtOAc);
IR (ATR) v: 3297, 2341, 1620 cm™'; 'TH-NMR (300 MHz, CDCl;) &: 9.96 (1H, s), 9.64 (1H, brs), 7.32
(1H, s), 6.88 (1H, s), 6.01 (1H, s), 5.85 (1H, s), 3.97 (3H, s), 3.93 (3H, s), 2.19 (3H, 5); "C-NMR (75
MHz, CDCl;) &: 192.9, 181.6, 151.8, 147.9, 147.8, 134.8, 131.9, 128.1, 122.6, 120.4, 102.6, 93.4, 56.2,
18.2; MS m/z: 273 (M"); HR-MS (EI) Calcd for C,sH;sNO4: 273.1001, Found: 273.1011.
2-(1-Hydroxyprop-2-en-1-yl)-6-methoxy-3-(2-methylpropenoyl)indole (54a)

FEROEY 5la L REEOEAETT YL T La— L1k 5da (IR 85%) %457, IR (ATR) v: 3294,
1620 cm™; "H-NMR (300 MHz, CDCl5) &: 9.38 (1H, brs), 7.66 (1H, d, J=9.5 Hz), 6.79-6.82 (2H, m),
6.12 (1H, ddd, J=17.3, 10.3, 5.3 Hz), 5.75 (1H, s), 5.69 (1H, s), 5.59 (1H, br s), 5.45 (1H, d, J=17.3
Hz), 5.27 (1H, br s), 5.26 (1H, d, J=10.3 Hz), 3.79 (3H, s), 2.11 (3H, s); "C-NMR (75 MHz, CDCl;)
3: 195.5, 156.7, 146.3, 146.1, 136.1, 135.3, 123.9, 121.9, 121.1, 116.9, 112.9, 111.7, 94.8, 68.1, 55.6,
18.5; MS m/z: 271 (M"); HR-MS (EI) Calcd for C¢H;7NOs: 271.1208, Found: 271.1194.
2-(1-Hydroxyprop-2-en-1-yl)-5,6-dimethoxy-3-(2-methylpropenoyl)indole (54b)

FEROEY 5la L REEOEAETT YL T La— L1k 5da (INK 63%) %457, IR (ATR) v: 3297,
1597 cm™; '"H-NMR (300 MHz, CDCl;) &: 8.81 (1H, br s), 7.29 (1H, s), 6.86 (1H, s), 6.16 (1H, ddd,
J=17.2,10.4, 5.3 Hz), 5.77 (1H, m), 5.74 (1H, m), 5.60 (1H, br s), 5.65 (1H, td, J=17.2, 1.4 Hz), 5.38
(1H, td, J=10.4, 1.4 Hz), 4.68 (1H, br s), 3.89 (3H, s), 3.88 (3H, s), 2.14 (3H, s); "C-NMR (75 MHz,
CDCl,) &: 195.1, 147.6, 146.3, 146.3, 145.3, 136.1, 128.6, 123.5, 120.1, 117.3, 113.3, 103.2, 94.5, 67.8,
56.3, 56.1, 18.6; MS m/z: 271 (M"); HR-MS (EI) Caled for C;;H;9NOy: 301.1314, Found: 301.1304.
Koniginequinone A (32a)

LR ofbEY 49a & [RIEEDEAE T koeniginequinone A (32a) (IR 67%) Z157-, mp 241-242 °C
(EtOAc) (mp 241 °C); IR (ATR) v: 3221, 1651, 1631 cm™. '"H-NMR (300 MHz, DMSO-dg) &: 12.63
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(1H, br s), 7.90 (1H, d, J=8.9 Hz), 6.96 (1H, dd, J=8.9, 2.2 Hz), 6.92 (1H, d, J=2.2 Hz), 6.56 (1H, q,
J=1.6 Hz), 3.82 (3H, s), 2.04 (3H, d, J=1.6 Hz); *C-NMR (75 MHz, DMSO-ds) &: 183.3, 179.4, 158.7,
147.1, 138.8, 135.0, 131.6, 122.4, 117.7, 115.9, 115.1, 95.0, 55.3, 15.5. MS m/z: 241 (M"); HR-MS
(EI) Calcd for C4H;;NOj3: 241.0739. Found: 241.0721.

Koniginequinone B (32b)

ErofbEY 49a & [RIEEDEAE T koeniginequinone B (32b) (UN3K 79%) % 157-, mp 245-246 °C
(EtOAc) (mp 246-247 °C); IR (ATR) v: 3286, 1631, 1619 cm™; 'H-NMR (300 MHz, DMSO-d;) &:
12.60 (1H, br s), 7.40 (1H, s), 6.92 (1H, s), 6.54 (1H, q, J=1.6 Hz), 3.83 (6H, s), 2.04 (3H, d, J=1.6
Hz); "C-NMR (75 MHz, DMSO-ds) &: 183.3, 178.8, 150.2, 148.5, 147.0, 134.0, 132.8, 131.9, 117.1,
115.8, 101.3, 95.2, 79.1, 55.6, 15.4; MS m/z: 241 (M"); HR-MS (EI) Caled for C;sH;3NOg4: 271.0845,
Found: 271.0873.

Indol-2-yImethanol 3§D — %X E9 & Rk

N, &, LiAIH O K THF BBHEIZ, JKm T = AT VRO MK THF W47 T L, =
BCTS hiffE LT, SO TR, KEMZ, 74 FEHWTAIE L, A% EtOAc Tl
L7z, EtOAc J& & /KE K OB &K TIRR Y L. K Na,SO, TR . it 24 8 &=
L. Wz ) hornvrua~ 757 4 —IZfF L. EtOAc-hexane (3:7 w/v) ity LV, 7L
a— R ZER T,

5-Methoxyindol-2-yImethanol (56a)

Yield 72%; mp 67-69 °C (EtOAc-hexane). IR (ATR) v: 3347, 3194 cm™'. "H-NMR (300 MHz, CDCl5)
§: 8.24 (1H, brs), 7.24 (1H, d, J = 8.8 Hz), 7.04 (1H, d, J = 2.5 Hz), 6.77 (1H, dd, J = 8.8, 2.5 Hz),
6.34 (1H, s), 4.81 (2H, s), 3.84 (3H, s), 1.79 (1H, br s). *C-NMR (75 MHz, CDCl;) &: 154.2, 138.3,
131.4, 128.5, 112.3, 111.6, 102.4, 100.3, 58.8, 55.8. MS m/z: 177 (M"). HR-MS (EI) Calcd for
C1oH11NO,: 177.0790. Found: 177.0810.

4,5-Dimethoxyindol-2-ylmethanol (56b)

Yield 68%; mp 7678 °C (EtOAc-hexane). IR (ATR) v: 3363, 3289 cm™'. "H-NMR (300 MHz, CDCls)
§: 8.34 (1H, br s), 6.98 (1H, d, J = 8.9 Hz), 6.90 (1H, d, J = 8.9 Hz), 6.47 (1H, s), 4.77 (2H, s), 4.03
(3H, s), 3.89 (3H, s), 2.14 (1H, br s). "C-NMR (75 MHz, CDCL;) 8: 144.6, 141.7, 138.2, 133.7, 122.4,
111.5, 105.8, 97.7, 60.7, 58.6, 58.2. MS m/z: 207 (M"). HR-MS (EI) Calcd for C;;H;3NOs: 207.0895.
Found: 207.0877.

4,7-Dimethoxyindol-2-ylmethanol (56c)

Yield 70%. mp 78—80 °C (EtOAc-hexane). IR (ATR) v: 3401, 3228 cm™'. "H-NMR (300 MHz, CDCls)
§:8.73 (1H, brs), 6.50 (1H, d, J = 8.3 Hz), 6.48 (1H, d, J = 2.4 Hz), 6.37 (1H, d, J = 8.3 Hz), 4.76 (2H,
d, J=5.0 Hz), 3.90 (3H, s), 3.89 (3H, s), 2.06 (1H, br s). *C-NMR (75 MHz, CDCl;) 8: 147.6, 140.9,
136.1, 128.0, 120.0, 101.8, 98.9, 98.4, 58.6, 55.7, 55.7. MS m/z: 207 (M"). HR-MS (EI) Calcd for
C11H;3NO;: 207.0895. Found: 207.0890.

4,6-Dimethoxyindol-2-ylmethanol (56d)

Yield 71%. mp 74-76 °C (EtOAc-hexane). IR (ATR) v: 3344, 3298 cm'. '"H-NMR (300 MHz, CDCls)
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§: 8.31 (1H, brs), 6.40 (1H, d, J = 1.6 Hz), 6.26-6.43 (1H, m), 6.20 (1H, d, J = 1.6 Hz), 4.68 (2H, s),
3.88 (3H, s), 3.80 (3H, s), 2.29 (1H, br s). *C-NMR (75 MHz, CDCls) &: 157.6, 153.6, 137.8, 134.6,
112.9, 98.1, 91.7, 86.8, 58.5, 55.6, 55.3. MS m/z: 207 (M"). HR-MS (EI) Calcd for C;;H;3NOs:
207.0895. Found: 207.0903.

5,7-Dimethoxyindol-2-ylmethanol (56e)

Yield 54%. mp 68—69 °C (EtOAc-hexane). IR (ATR) v: 3382, 3290 cm'. "H-NMR (300 MHz, CDCl5)
3:8.63 (1H, brs), 6.61 (1H, d, J=2.2 Hz), 6.33 (1H, d, J = 2.2 Hz), 6.28 (1H, d, J = 2.2 Hz), 4.72 (2H,
s), 3.88 (3H, s), 3.82 (3H, s), 2.25 (1H, br s). *C-NMR (75 MHz, CDCly) §: 154.9, 146.3, 137.5, 128.6,
122.1, 100.8, 94.2, 93.7, 58.6, 55.8, 55.3. MS m/z: 207 (M"). HR-MS (EI) Calcd for C;;H;3NOs:
207.0895. Found: 207.0913.

5-Methylindol-2-yImethanol (56f)

Yield 76%. mp 82—84 °C (EtOAc-hexane). IR (ATR) v: 3413, 3278 cm'. '"H-NMR (300 MHz, CDCls)
§:8.24 (1H, br's), 7.36 (1H, s), 7.22 (1H, d, J = 8.3 Hz), 7.00 (1H, d, J = 8.3 Hz), 6.32 (1H, s), 4.78
(2H, d, J = 5.8 Hz), 2.43 (3H, s), 1.89 (1H, t, J = 5.8 Hz). "C-NMR (75 MHz, CDCl;) &: 137.6, 134.6,
129.1, 128.2, 123.7, 120.2, 110.6, 100.1, 58.6, 21.4. MS m/z: 161 (M"). HR-MS (EI) Calcd for
CioH1NO: 161.0841. Found: 161.0833.

6-Methylindol-2-ylmethanol (569)

Yield 96%. mp 74—76 °C (EtOAc-hexane). IR (ATR) v: 3371, 3263 cm™'. "H-NMR (300 MHz, CDCl5)
§:8.22 (1H, br's), 7.45 (1H, d, J = 8.1 Hz), 7.08 (1H, s), 6.93 (1H, d, J = 8.1 Hz), 6.34 (1H, s), 4.75
(2H, s), 2.44 (3H, s), 2.04 (1H, br s). *C-NMR (300 MHz, CDCl5) &: 136.9, 136.8, 132.0, 125.6, 121.7,
120.2, 111.0, 100.5, 58.4, 21.7. MS m/z: 161 (M"). HR-MS (EI) Caled for C;oH;;NO: 161.0841.
Found: 161.0825.

5-Chloroindol-2-ylmethanol (56h)

Yield 80%. mp 110-111 °C (EtOAc-hexane). IR (ATR) v: 3398, 3305 cm'. 'H-NMR (300 MHz,
CDCls) &: 8.41 (1H, brs), 7.54 (1H, s), 7.24-7.28 (1H, m), 7.13 (1H, dd, J = 8.6, 2.0 Hz), 6.34 (1H, s),
4.84 (2H, d, J = 5.3 Hz), 1.86 (1H, br s). *C-NMR (75 MHz, CDCl;) 8: 139.0, 134.6, 129.2, 125.5,
122.4, 120.0, 111.9, 100.0, 58.6. MS m/z: 181 (M"), 183 (M"+2). HR-MS (EI) Calcd for CoHsCINO:
181.0294. Found: 181. 0288.

6-Chloroindol-2-ylmethanol (56i)

Yield 50%. mp 108-109 °C (EtOAc-hexane). IR (ATR) v: 3386, 3294 cm'. '"H-NMR (300 MHz,
CDCly) &: 8.37 (1H, br s), 7.46 (1H, d, J = 8.3 Hz), 7.34 (1H, d, J= 1.8 Hz), 7.07 (1H, dd, J=8.3, 1.8
Hz), 6.37 (1H, s), 4.83 (2H, s), 1.83 (1H, br s). *C-NMR (75 MHz, CDCL) 8: 138.2, 136.7, 127.9,
126.6, 121.4, 120.6, 110.9, 100.5, 58.6. MS m/z: 181 (M"), 183 (M'+2). HR-MS (EI) Caled for
CyHgCINO: 181.0294. Found: 181.0279.

5-Nitroindol-2-ylmethanol (56j)

Yield 71%. mp 125-127 °C (EtOAc-hexane). IR (ATR) v: 3282, 3197, 1518, 1362 cm '. '"H-NMR
(300 MHz, DMSO-dg) 8: 11.81 (1H, br s), 8.50 (1H, d, J =2.3 Hz), 7.96 (1H, dd, J = 8.8, 2.3 Hz), 7.49
(1H, d, J = 8.8 Hz), 6.57 (1H, s), 5.44-5.48 (1H, m), 4.66 (2H, d, J = 5.5 Hz). >*C-NMR (75 MHz,
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DMSO-dg) &: 144.4, 140.5, 139.5, 127.3, 116.8, 116.2, 111.4, 100.8, 56.7. MS m/z: 192 (M"). HR-MS
(EI) Calcd for CoHgN,Oj3: 192.0535. Found: 192.0552.

6-Nitroindol-2-ylmethanol (56k)

Yield 65%. mp 121-123 °C (EtOAc-hexane). IR (ATR) v: 3251, 1677, 1585, 1304 cm'. '"H-NMR
(300 MHz, DMSO-dg) &: 11.85 (1H, br s), 8.27 (1H, d, J =2.6 Hz), 7.86 (1H, dd, J =8.8, 2.6 Hz), 7.63
(1H, d, J = 8.8 Hz), 6.50 (1H, s), 5.56 (1H, t, J = 6.0 Hz), 4.70 (2H, d, J = 6.0 Hz). "C-NMR (75 MHz,
DMSO-dg) 8: 147.8, 141.3, 134.4, 133.2, 119.6, 114.2, 107.7, 99.3, 56.8. MS m/z: 192 (M"). HR-MS
(EI) Calcd for CoHgN,Oj5: 192.0535. Found: 192.0543.

5-Trifluoromethylindol-2-ylmethanol (561)

Yield 87%. mp 96-98 °C (EtOAc-hexane). IR (ATR) v: 3421, 3217 cm™'. "H-NMR (300 MHz, CDCl5)
3: 8.60 (1H, br s), 7.87 (1H, s), 7.41 (2H, m), 6.48 (1H, s), 4.88 (2H, s), 1.88 (1H, br s). *C-NMR (75
MHz, CDCl3) &: 139.3, 137.5, 127.5, 123.8 (q, Jer = 271.2 Hz), 122.4 (q, Jcr = 32.2 Hz), 118.8 (q,
Jer=3.7Hz), 118.3 (q, Jer = 3.7 Hz), 111.1, 101.0, 58.6. MS m/z: 215 (M"). HR-MS (EI) Calcd for
C1oHgF3NO: 215.0558. Found: 215.0546.

6-Trifluoromethylindol-2-ylmethanol (56m)

Yield 83%. mp 100-101 °C (EtOAc-hexane). IR (ATR) v: 3390, 3290 cm'. '"H-NMR (300 MHz,
CDCl,) 6: 8.71 (1H, br s), 7.63 (1H, d, J = 8.3 Hz), 7.61 (1H, s), 7.33 (1H, d, J = 8.3 Hz), 6.37 (1H, s),
6.44 (1H, s), 4.87 (2H, s), 2.13 (1H, br s). *C-NMR (75 MHz, CDCl) &: 140.2, 135.1, 130.5, 124.1 (q,
Jor =32.5 Hz), 121.6 (q, Jcr = 271.2 Hz), 120.9, 116.7 (q, Jc_r = 3.7 Hz), 105.5 (q, Jc_r = 5.0 Hz),
100.4, 58.6. MS m/z: 215 (M"). HR-MS (EI) Calcd for C;oHgF3NO: 215.0558. Found: 215.0568.
5-Fluoroindol-2-ylmethanol (56n)

Yield 76%. mp 113-115 °C (EtOAc-hexane). IR (ATR) v: 3490, 3390 cm'. 'H-NMR (300 MHz,
CDCl;) 8: 8.41 (1H, br s), 7.13-7.25 (2H, m), 6.85-6.95 (1H, m), 6.34 (1H, s), 4.75 (2H, s), 2.12 (1H,
br s). *C-NMR (75 MHz, CDCls) &: 158.0 (d, Jc_r = 234.2 Hz), 139.2, 132.8, 128.4 (d, Jc_r = 11.1 Hz),
111.5 (d, Jcr = 10.0 Hz), 110.5 (d, Jc_r = 26.2 Hz), 105.4 (d, Jc_r = 23.7 Hz), 100.5 (d, Jc_r = 4.8 Hz),
58.6. MS m/z: 165 (M"). HR-MS (EI) Calcd for CoHsFNO: 165.0590. Found: 165.0610.
6-Fluoroindol-2-yImethanol (560)

Yield 77%. mp 119-120 °C (EtOAc-hexane). IR (ATR) v: 3390, 3310 cm™'. '"H-NMR (300 MHz,
CDCl;) 6: 8.45 (1H, br s), 7.47 (1H, dd, J = 8.7, 5.5 Hz), 6.97-7.01 (1H, m), 6.86 (1H, ddd, J = 8.7,
2.3,0.9 Hz), 6.36 (1H, s), 4.77 (2H, s), 2.11 (1H, br s). *C-NMR (75 MHz, CDCl;) &: 159.9 (d, Jc_r =
238.2 Hz), 137.8 (d, Jcr = 3.7 Hz), 136.3 (d, Jc ¢ = 12.6 Hz), 124.5, 121.3 (d, Jc.r = 10.0 Hz), 108.7
(d, Je_r = 24.8 Hz), 100.6 (d, Jc_r = 2.7 Hz), 97.3 (d, Jc_¢ = 26.2 Hz), 58.6. MS m/z: 165 (M"). HR-MS
(EI) Calcd for CoHgFNO: 165.0590. Found: 165.0601.

benzo[e]indol-2-yImethanol (56p)

Yield 81%. mp 118-119 °C (EtOAc-hexane). IR (ATR) v: 3460, 3263 cm'. '"H-NMR (300 MHz,
CDCl;) &: 8.70 (1H, br s), 8.17 (1H, d, J = 8.2 Hz), 7.79 (1H, d, J = 8.2 Hz), 7.51-7.59 (2H, m), 7.47
(1H, d, J = 8.7 Hz), 7.41 (1H, dt, J = 8.2, 1.1 Hz), 6.93 (1H, s), 4.89 (2H, s), 1.68 (1H, br s). "C-NMR
(75 MHz, CDCl;) &: 135.6, 132.7, 129.1, 128.6, 128.1, 125.8, 123.3, 123.2, 122.9, 122.8, 112.6, 100.0,
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58.8. MS m/z: 197 (M"). HR-MS (EI) Caled C;3H;;NO: 197.0841. Found: 197.0841.
benzo[f]indol-2-yImethanol (56q)

Yield 99%. mp 123-125 °C (EtOAc-hexane). IR (ATR) v: 3525, 3236 cm'. 'H-NMR (300 MHz,
CDCl;) 8: 9.25 (1H, br s), 7.98 (1H, d, J = 8.1 Hz), 7.92 (1H, d, J = 8.1 Hz), 7.65 (1H, d, J = 8.6 Hz),
7.48-7.54 (2H, m), 7.39-7.45 (1H, m), 6.54 (1H, d, J = 2.2 Hz), 4.90 (2H, s), 1.97 (1H, br s).
BC-NMR (75 MHz, CDCl3) &: 135.5, 131.1, 130.5, 128.9, 125.5, 123.9, 123.9, 121.6, 120.8, 120.6,
119.4, 102.4, 58.8. MS m/z: 197 (M"). HR-MS (EI) Calcd for C;3H;;NO: 197.0841. Found: 197.0857.
Indol-2- carbaldehyde %8 D —f%H A& ik

N, & s . MnO, ® DMF SEKIZ 7 UL T L a— K% FL. 12 h L=, ]KSEEET AN
ZHWTABL, AIRETBIERE E LT, BRIEZ VDTN T LI~ T F7 40— L,
EtOAc-hexane iit7y (1:9) ZWHRNLIVIKETGT-,

5-Methoxyindole-2-carbaldehyde (57a)

Yield 70%. mp 178-179 °C (EtOAc-hexane). IR (ATR) v: 3188, 1639 cm'. '"H-NMR (300 MHz,
CDCl;) 6: 9.80 (1H, s), 9.25 (1H, br s), 7.36 (1H, d, J = 8.8 Hz), 7.19 (1H, d, J = 2.2 Hz), 7.11 (1H, s),
7.08 (1H, dd, J = 8.8, 2.2 Hz), 3.86 (3H, s). "C-NMR (75 MHz, CDCl;) &: 181.9, 155.1, 136.3, 133.6,
127.7,119.4, 114.3, 113.5, 102.8, 55.7. MS m/z: 175 (M"). HR-MS (EI) Calcd for C;,HoNO, 175.0633.
Found: 175.0656.

4,5-Dimethoxyindole-2-carbaldehyde (57b)

Yield 44%. mp 142—144 °C (EtOAc-hexane). IR (ATR) v: 3186, 1662 cm'. '"H-NMR (300 MHz,
CDCl;) 8: 9.80 (1H, s), 9.02 (1H, br s), 7.36-7.37 (1H, m), 7.17 (1H, d, J = 9.0 Hz), 7.09 (1H, d, J =
9.0 Hz), 4.10 (3H, s), 3.91 (3H, s). "C-NMR (75 MHz, CDCL;) &: 182.1, 144.7, 143.3, 136.2, 135.3,
122.4, 118.3, 112.4, 107.2, 60.9, 58.4. MS m/z: 205 (M"). HR-MS (EI) Calcd for C;;H;;NO5: 205.0739.
Found: 205.0756.

4,7-Dimethoxyindole-2-carbaldehyde (57c)

Yield 60%. mp 137-138 °C (EtOAc-hexane). IR (ATR) v: 3313, 1670 cm'. '"H-NMR (300 MHz,
CDCl;) 4: 9.78 (1H, s), 9.23 (1H, br s), 7.33 (1H, m), 6.66 (1H, d, J = 8.2 Hz), 6.36 (1H, d, J = 8.2 Hz),
3.92 (3H, s), 3.91 (3H, s). "C-NMR (CDCl;) 8: 181.5, 149.0, 141.1, 134.9, 130.3, 120.2, 112.6, 106.2,
99.0, 55.8, 55.5. MS m/z: 205 (M"). HR-MS (EI) Calcd for C;;H;;NOs: 205.0739. Found: 205.0744.
4,6-Dimethoxyindole-2-carbaldehyde (57d)

Yield 81%. mp 148-149 °C (EtOAc-hexane). IR (ATR) v: 3282, 1639cm'. 'H-NMR (300 MHz,
CDCl;) 8: 9.80 (1H, s), 8.91 (1H, br s), 7.36 (1H, dd, J = 2.2, 0.9 Hz), 7.16 (1H, d, J = 8.8 Hz), 7.09
(1H, d, J = 8.8, 0.9 Hz), 4.10 (3H, s), 3.91 (3H, s). "C-NMR (75 MHz, CDCl;) 8: 182.0, 144.7, 143.3,
136.2, 135.3, 122.4, 118.3, 112.4, 107.1, 60.9, 58.4. MS m/z: 205 (M"). HR-MS (EI) Caled for
C1iH;1NO;: 205.0739. Found: 205.0714.

5,7-Dimethoxyindole-2-carbaldehyde (57¢)

Yield 40%. mp 143146 °C (EtOAc-hexane). IR (ATR) v: 3321, 1651 cm'. '"H-NMR (300 MHz,
CDCl;) 8: 9.78 (1H, s), 9.11 (1H, br s), 7.14 (1H, d, J = 2.1 Hz), 6.67 (1H, d, J= 1.7 Hz), 6.48 (1H, d,
J = 2.1 Hz), 3.93 (3H, s), 3.84 (3H, s). "C-NMR (75 MHz, CDCl;) &: 181.6, 155.8, 147.2, 135.7,
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127.8, 125.3, 114.1, 99.1, 93.9, 55.7, 55.6. MS m/z: 205 (M"). HR-MS (EI) Calcd for C;;H;;NOs:
205.0739. Found: 205.0727.

5-Methylindole-2-carbaldehyde (57f)

Yield 63%. mp 123-125 °C (EtOAc-hexane). IR (ATR) v: 3233, 1641 cm'. 'H-NMR (300 MHz,
CDCl;) 6: 9.82 (1H, s), 9.21 (1H, br s), 7.51 (1H, d, J = 0.7 Hz), 7.36 (1H, d, J = 8.5 Hz), 7.23 (1H, dd,
J=8.5, 1.6 Hz), 7.19 (1H, dd, J = 1.6, 0.7 Hz), 2.45 (3H, s). "C-NMR (75 MHz, CDCl;) &: 182.0,
136.4, 136.0, 130.6, 129.4, 127.6, 122.5, 114.3, 112.0, 21.4. MS m/z: 159 (M"). HR-MS (EI) Calcd for
C10HoNO: 159.0684. Found: 159.0671.

6-Methylindole-2-carbaldehyde (579)

Yield 90%. mp 133-137 °C (EtOAc-hexane). IR (ATR) v: 3178, 1643 cm'. '"H-NMR (300 MHz,
CDCl;) 8: 9.79 (1H, s), 9.06 (1H, br s), 7.62 (1H, dd, J = 8.4, 2.4 Hz), 7.23-7.26 (2H, m), 7.02 (1H, d,
J = 8.4 Hz), 2.48 (3H, s). "C-NMR (75 MHz, CDCl;) &: 182.0, 138.9, 137.9, 135.6, 125.2, 123.4,
122.9, 115.4, 112.1, 22.1. MS m/z: 159 (M"). HR-MS (EI) Caled for C;oHoNO 159.0684. Found:
159.0669.

5-Chloroindole-2-carbaldehyde (57h)

Yield 76%. mp 139-142 °C (EtOAc-hexane). IR (ATR) v: 3290, 1655 cm'. 'H-NMR (300 MHz,
DMSO-ds) 8: 9.85 (1H, s), 9.12 (1H, br s), 7.73 (1H, d, J = 9.0 Hz), 7.40 (1H, d, J = 8.8 Hz), 7.36 (1H,
dd, J= 8.8, 1.9 Hz), 7.21 (1H, d, J = 1.9 Hz). "C-NMR (75 MHz, DMSO-ds) &: 183.3, 137.4, 136.7,
127.7, 126.4, 124.9, 122.0, 114.6, 113.2. MS m/z: 179 (M"), 181 (M'+2). HR-MS (EI) Calcd for
CoH¢CINO: 179.0138. Found: 179.0125.

6-Chloroindole-2-carbaldehyde (57i)

Yield 79%. mp 144—147 °C (EtOAc-hexane). IR (ATR) v: 3205, 1635 cm'. '"H-NMR (300 MHz,
CDCl;) &: 9.84 (1H, s), 9.16 (1H, br s), 7.67 (1H, d, J=8.5 Hz), 7.47 (1H, s), 7.25-7.26 (1H, m), 7.16
(1H, dd, J=8.5, 1.7 Hz). "C-NMR (75 MHz, CDCl;) &: 182.0, 138.3, 136.5, 133.3, 125.8, 124.4, 122 4,
114.7, 112.3. MS m/z: 179 (M"), 181 (M'+2). HR-MS (EI) Calcd for CoHsCINO: 179.0138. Found:
179.0149.

5-Nitroindole-2-carbaldehyde (57j)

Yield 98%. mp 162-164 °C (EtOAc-hexane). IR (ATR) v: 3316, 1678, 1521, 1338 cm . '"H-NMR
(300 MHz, DMSO-dg) 8: 12.66 (1H, br s), 9.96 (1H, s), 8.84 (1H, s), 8.19 (1H, dd, J = 9.0 Hz), 7.69
(1H, s), 7.62 (1H, d, J = 9.0 Hz). "C-NMR (75 MHz, DMSO-ds) &: 183.8, 141.7, 140.8, 139.0, 126.0,
120.8, 120.7, 116.0, 113.6. MS m/z: 190 (M"). HR-MS (EI) Calcd for CoHgN,O;3: 190.0378. Found:
190.0362.

6-Nitroindole-2-carbaldehyde (57Kk)

Yield 62%. mp 155-157 °C (EtOAc-hexane). IR (ATR) v: 3305, 1651 1508, 1338 cm '. "H-NMR (300
MHz, DMSO-ds) &: 12.66 (1H, br s), 10.00 (1H, s), 8.33 (1H, s), 7.92-8.01 (2H, m), 7.56 (1H, s).
PC-NMR (75 MHz, DMSO-ds) &: 183.9, 145.2, 140.3, 136.4, 131.1, 124.0, 114.9, 113.0, 109.5. MS
m/z: 190 (M"). HR-MS (EI) Caled for CoH¢N,O5: 190.0378. Found: 190.0374.
5-Trifluoromethylindole-2-carbaldehyde (571)
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Yield 98%. mp 132—135 °C. IR (ATR) v: 3282, 1651 cm . "H-NMR (300 MHz, CDCl;) &: 9.92 (1H,
s), 9.55 (1H, br s), 8.08 (1H, s), 7.56-7.64 (2H, m), 7.37 (1H, s). *C-NMR (75 MHz, CDCl;) &: 182.3,
138.9, 137.1, 124.7 (q, Jcr = 271.5 Hz), 126.5, 123.8 (q, Jcr = 32.5 Hz), 123.7 (q, Jcr = 2.5 Hz),
121.4 (q, Jer = 3.9 Hz), 115.1, 113.1. MS m/z: 213 (M"). HR-MS (EI) Calcd for C,,H¢FsNO:
213.0401. Found: 213.0411.

6-Trifluoromethylindole-2-carbaldehyde (57m)

Yield 78%. mp 138-140 °C (EtOAc-hexane). IR (ATR) v: 3294, 1666 cm . '"HNMR (300 MHz,
CDCl;) 8: 9.92 (1H, s), 9.22 (1H, br s), 7.87 (1H, d, J = 8.7 Hz), 7.76 (1H, s), 7.42 (1H, d, J= 8.7 Hz),
7.33 (1H, s). "C-NMR (75 MHz, CDCl;) &: 182.6, 137.6, 136.8, 129.2, 128.9 (q, Jcr = 32.4 Hz),
124.4 (q, Jer = 272.6 Hz), 124.1, 117.6 (q, Jcr = 3.7 Hz), 114.3, 110.4 (q, Jc_r = 4.7 Hz). MS m/z:
213 (M"). HR-MS (EI) Calcd for C;oHgF3NO: 213.0401. Found: 213.0423.
5-Fluorolindole-2-carbaldehyde (57n)

Yield 84%. mp 122-123 °C (EtOAc-hexane). IR (ATR) v: 3302, 1670 cm'. 'H-NMR (300 MHz,
CDCl;) &: 9.85 (1H, s), 9.36 (1H, br s), 7.36-7.44 (2H, m), 7.24-7.25 (1H, m), 7.17 (1H, dt, J = 9.2,
2.5 Hz). "C-NMR (75 MHz, CDCl;) &: 182.2, 158.3 (d, Jcr = 237.8 Hz), 137.1, 134.6, 127.5 (d, Jc_r
=10.0 Hz), 116.6 (d, Jc r =27.3 Hz), 114.4 (d, Jc = 5.0 Hz), 113.5 (d, Jc r = 8.9 Hz), 107.5 (d, Jc ¢ =
22.4 Hz). MS m/z: 163 (M"). HR-MS (EI) Caled for CoHsFNO: 163.0433. Found: 163.0412.
6-Fluorolindole-2-carbaldehyde (570)

Yield 99%. mp 132-135 °C. IR (ATR) v: 3298, 1651cm '. "H-NMR (300 MHz, CDCl;) &: 9.81 (1H, s),
9.50 (1H, br s), 7.70 (1H, dd, J = 8.9, 5.4 Hz), 7.26-7.28 (1H, m), 7.14 (1H, dd, J = 9.4, 2.2 Hz), 6.96
(1H, dt, J = 9.4, 2.2 Hz). C-NMR (75 MHz, CDCl;) &: 181.7, 162.9 (d, Jcr = 245.4 Hz), 138.4, (d,
Jcr=12.6 Hz), 136.7 (d, Jcr = 3.9 Hz), 124.9, 124.4 (d, Jc r = 57.0 Hz), 115.1, 111.2 (d, Jc.r = 26.2
Hz), 98.3 (d, Jc_¢ = 26.5 Hz). MS m/z: 163 (M"). HR-MS (EI) Calcd for CoHsFNO: 163.0433. Found:
163.0439.

Benzo[e]indole-2-carbaldehyde (57p)

Yield 28%. mp 163-165 °C (EtOAc-hexane). IR (ATR) v: 3313, 1639 cm'. 'H-NMR (300 MHz,
CDCl;) 8: 9.86 (1H, s), 9.43 (1H, br s), 8.26 (1H, d, J = 8.2 Hz), 7.91 (1H, d, J = 8.2 Hz), 7.77-7.80
(2H, m), 7.63 (1H, dt, J = 7.0, 1.2 Hz), 7.47-7.53 (2H, m). >C-NMR (75 MHz, CDCl;) &: 181.0,
135.7, 134.5, 130.3, 129.4, 129.3, 129.0, 127.5, 127.3, 124.8, 122.8, 113.4, 113.1. MS m/z: 195 (M").
HR-MS (EI) Calcd for C;3HoNO: 195.0684. Found: 195.0692.

Benzo[f]indole-2-carbaldehyde (57Qq)

Yield 67%. mp 158-160 °C (EtOAc-hexane). IR (ATR) v: 3298, 1651 cm'. 'H-NMR (300 MHz,
CDCl;) 8: 10.44 (1H, br s), 9.87 (1H, s), 8.27 (1H, d, J = 7.6, 1.3 Hz), 7.90-7.93 (1H, m), 7.68 (1H, d,
J=8.7 Hz), 7.53-7.64 (3H, m), 7.39 (1H, d, J = 2.2 Hz). *C-NMR (75 MHz, CDCl;) &: 181.4, 134.9,
134.7,132.9, 128.9, 126.6, 126.4, 123.9, 122.7, 121.9, 121.3, 121.2, 116.3. MS m/z: 195 (M"). HR-MS
(EI) Calcd for C;3HoNO: 195.0684. Found: 195.0682.
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3-lodoindole-2-carbaldehyde 38D — & # & BL

N, KUt 4. KOH @ DMF BRI AL VIR O #E7K DMF KA K T Tl FL. 30 min fiEEEL
720 TD%, AV O K DMF W Z FL., 4 h iR L7o, RIS 7K, NH;, NaHSO; OIRA
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3-lodo-5-methoxyindole-2-carbaldehyde (58a)

Yield 63%. mp 174-177 °C (EtOAc-hexane). IR (ATR) v: 3209, 1793 cm'. '"H-NMR (300 MHz,
DMSO-dg) 8: 12.31 (1H, br s), 9.76 (1H, s), 7.39 (1H, d, J = 8.9 Hz), 7.07 (1H, dd, J = 8.9, 2.4 Hz),
6.87 (1H, d, J = 2.4 Hz), 3.84 (3H, s). "C-NMR (75 MHz, DMSO-dg) &: 182.7, 155.0, 133.9, 133.3,
130.3, 119.7, 114.7, 101.6, 71.6, 55.4. MS m/z: 301 (M"). HR-MS (EI) Calcd for C,,HsINO,: 300.9600.
Found: 300.9616.

4,5-Dimethoxyl-3-iodoindole-2-carbaldehyde (58b)

Yield 40%. mp 167-170 °C (EtOAc-hexane). IR (ATR) v: 3290, 1778 cm'. 'H-NMR (300 MHz,
DMSO-dg) 8: 12.32 (1H, br s), 9.81 (1H, s), 7.33 (1H, d, J = 9.1 Hz), 7.24 (1H, d, J = 9.1 Hz), 3.92
(3H, s), 3.89 (3H, s). >C-NMR (75 MHz, DMSO-dg) &: 183.5, 145.6, 142.6, 134.8, 134.2, 122.8, 117.8,
108.8, 65.6, 61.3, 57.7. MS m/z: 331 (M"). HR-MS (EI) Calcd for C;H;oINO;: 330.9705. Found:
330.9727.

4,7-Dimethoxyl-3-iodoindole-2-carbaldehyde (58c)

Yield 51%. mp 160-163 °C (EtOAc-hexane). IR (ATR) v: 3259, 1666 cm '.'"H-NMR (300 MHz,
DMSO-dg) 8: 12.15 (1H, br s), 9.48 (1H, s), 6.77 (1H, d, J = 8.4 Hz), 6.38 (1H, d, J = 8.4 Hz), 3.90
(3H, s), 3.50 (3H, s). "C-NMR (75 MHz, DMSO-dg) &: 181.8, 149.2, 141.3, 133.3, 129.2, 119.3, 117.4,
105.9, 99.6, 55.8, 55.1. MS m/z: 331 (M"). HR-MS (EI) Calcd for C;H;oINO;: 330.9705. Found:
330.9703.

4,6-Dimethoxyl-3-iodoindole-2-carbaldehyde (58d)

Yield 83%. mp 166170 °C (EtOAc-hexane). IR (ATR) v: 3271, 1612 cm'. 'H-NMR (300 MHz,
DMSO-dg) &: 12.14 (1H, br s), 9.57 (1H, s), 6.42 (1H, d, J = 2.0 Hz), 6.20 (1H, d, J = 2.0 Hz), 3.84
(3H, s), 3.77 (3H, s). ®*C-NMR (75 MHz, DMSO-d) &: 181.8, 160.8, 155.6, 140.7, 132.4, 114.2, 93.6,
86.5, 68.6, 55.4, 55.4. MS m/z: 331 (M"). HR-MS (EI) Calcd for C;;H;oINO;: 330.9705. Found:
330.9711.

5,7-Dimethoxyl-3-iodoindole-2-carbaldehyde (58e)

Yield 62%. mp 154-157 °C (EtOAc-hexane). IR (ATR) v: 3367, 1628 cm'. 'H-NMR (300 MHz,
CDCl3) 8: 9.77 (1H, s), 9.33 (1H, br s), 6.50 (1H, d, J = 2.0 Hz), 6.48 (1H, d, J = 2.0 Hz), 3.93 (3H, s),
3.89 (3H, s). "C-NMR (75 MHz, CDCl;) 8: 182.4, 156.5, 147.2, 133.2, 131.3, 124.6, 100.1, 93.7, 71.6,
55.8, 55.8. MS m/z: 331 (M"). HR-MS (EI) Calcd for C;;H;INOs: 330.9705. Found: 330.9729.
3-lodo-5-methylindole-2-carbaldehyde (58f)

Yield 72%. mp 169-171 °C (EtOAc-hexane). IR (ATR) v: 3294, 1647 cm'. '"H-NMR (300 MHz,
DMSO-dg) 8: 12.30 (1H, brs), 9.77 (1H, s), 7.36 (1H, d, J = 8.3 Hz), 7.28 (1H, s), 7.24 (1H, d, J = 8.3
Hz), 2.42 (3H, s). "C-NMR (75 MHz, DMSO-dg) &: 182.9, 136.5, 133.7, 130.6, 130.1, 129.7, 121.5,
113.2,72.1,21.0. MS m/z: 285 (M"). HR-MS (EI) Calcd forC,,HsINO: 284.9651. Found: 284.9663.

72



3-lodo-6-methylindole-2-carbaldehyde (58g)

Yield 86%. mp 154-157 °C (EtOAc-hexane). IR (ATR) v: 3275, 1643 cm'. 'H-NMR (300 MHz,
CDCl;) 8: 9.78 (1H, s), 9.10 (1H, br s), 7.47 (1H, d, J = 8.3 Hz), 7.19-7.23 (1H, m), 7.09 (1H, d, J =
8.0 Hz), 2.50 (3H, s). "C-NMR (75 MHz, CDCl;) &: 182.8, 139.3, 137.9, 133.2, 128.8, 124.4, 123.0,
112.2,73.2,22.1. MS m/z: 285 (M"). HR-MS (EI) Calcd for C,,HgINO: 284.9651. Found: 284.9653.
5-Chloro-3-iodoindole-2-carbaldehyde (58h)

Yield 80%. mp 132-135 °C (EtOAc-hexane). IR (ATR) v: 3275, 1643 cm'. '"H-NMR (300 MHz,
DMSO-dg) &: 12.58 (1H, br s), 9.81 (1H, s), 7.46-7.52 (2H, m), 7.39-7.43 (1H, m). "C-NMR (75
MHz, DMSO-dg) &: 183.2, 136.4, 135.0, 131.0, 127.7, 126.1, 121.4, 115.4, 71.3. MS m/z: 304 (M"),
306 (M™+2). HR-MS (EI) Calcd for CoHsCIINO: 304.9104. Found: 304.9126.
6-Chloro-3-iodoindole-2-carbaldehyde (57i)

Yield 74%. mp 137-139 °C (EtOAc-hexane). IR (ATR) v: 3267, 1651 cm'. '"H-NMR (300 MHz,
DMSO-dg) 8: 12.58 (1H, br s), 9.80 (1H, s), 7.36-7.52 (3H, m). *C-NMR (75 MHz, DMSO-dg) &:
183.3, 136.4, 135.0, 131.0, 127.7, 126.1, 121.4, 115.4, 71.3. MS m/z: 304 (M"), 306 (M"+2). HR-MS
(EI) Calcd for CoHsCINO: 304.9104. Found: 304.9116.

3-lodo-5-nitroindole-2-carbaldehyde (58j)

Yield 56%. mp 171-173 °C (EtOAc-hexane). IR (ATR) v: 3310, 1687, 1561, 1357 cm . '"H-NMR
(300 MHz, DMSO-dg) 6: 13.05 (1H, br s), 9.85 (1H, s), 8.40 (1H, d, J = 1.7 Hz), 8.23 (1H, dd, J =9.1,
1.7 Hz), 7.22 (1H, d, J = 9.1 Hz). C-NMR (75 MHz, DMSO-ds) &: 183.6, 142.3, 140.7, 137.0, 129.4,
121.9, 119.7, 114.5, 74.8. MS m/z: 316 (M"). HR-MS (EI) Calcd for CoHsIN,O5: 315.9345. Found:
315.9369

3-lodo-6-nitroindole-2-carbaldehyde (58k)

Yield 48%. mp 184—186 °C (EtOAc-hexane). IR (ATR) v: 3359, 1658, 1508, 1331 cm'. '"H-NMR
(300 MHz, DMSO-dg) 8: 12.51 (1H, br s), 9.80 (1H, s), 7.50 (1H, dd, J = 8.9, 4.6 Hz), 7.23-7.33 (2H,
m). PC-NMR (75 MHz, DMSO-dg) 8: 183.2, 159.5, 156.4, 134.7, 130.4, 116.9, 115.3, 106.8, 71.6. MS
m/z: 316 (M"). HR-MS (EI) Calcd for CoHsIN,O5: 315.9345. Found: 315.9349.
3-lodo-5-trifluromethylindole-2-carbaldehyde (58I)

Yield 85%. mp 176-178 °C (EtOAc-hexane). IR (ATR) v: 3286, 1651 cm'. '"H-NMR (300 MHz,
DMSO-dg) 8: 12.79 (1H, br s), 9.83 (1H, s), 7.64—7.80 (3H, m). *C-NMR (75 MHz, DMSO-dg) &:
183.5, 139.3, 135.7, 129.3, 124.6 (q, Jc_r = 270.9 Hz), 123.4 (q, Jc_r = 2.5 Hz), 122.2 (q, Jcr = 31.5
Hz), 120.3 (q, Jcr = 3.9 Hz), 114.8, 73.2. MS m/z: 339 (M"). HR-MS (EI) Calcd for C,HsF;INO:
338.9368. Found: 338.9376.

3-lodo-6-trifluromethylindole-2-carbaldehyde (58m)

Yield 56%. mp 168-170 °C (EtOAc-hexane). IR (ATR) v: 3278, 1658 cm'. '"H-NMR (300 MHz,
DMSO-dg) &: 12.83 (1H, br s), 9.87 (1H, s), 7.75-7.78 (2H, m), 7.49 (1H, d, J = 8.6 Hz). "C-NMR
(75 MHz, DMSO-dg) 8: 183.7, 136.6, 136.1, 132.3, 127.2 (q, Jcr = 31.6 Hz), 124.4 (q, Jc ¢ = 271.9
Hz), 124.1, 117.3 (q, Jcr = 3.6 Hz), 110.9 (q, Jcr = 4.8 Hz), 71.9. MS m/z: 339 (M"). HR-MS (EI)
Calcd for C;(HsF;INO: 338.9368. Found: 338.9348.
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5-Fluoro-3-iodoindole-2-carbaldehyde (58n)

Yield 54%. mp 148149 °C (EtOAc-hexane). IR (ATR) v: 3297, 1639 cm'. '"H-NMR (300 MHz,
DMSO-dg) &: 12.50 (1H, br s), 9.78 (1H, s), 7.46-7.50 (1H, m), 7.22-7.30 (2H, m). "C-NMR (75
MHz, DMSO-dg) &: 183.2, 159.5 (d, Jcr = 235.3 Hz), 135.0 (d, Jcr = 37.7 Hz), 130.3 (d, Jc r = 9.5
Hz), 121.8, 116.8 (d, Jc ¢ = 27.6 Hz), 115.3 (d, Jc_r = 10.0 Hz), 106.5 (d, Jc_r = 26.5 Hz), 71.6. MS
m/z: 289 (M"). HR-MS (EI) Calcd for CoHsFINO: 288.9400. Found: 288.9411.
6-Fluoro-3-iodoindole-2-carbaldehyde (580)

Yield 87%. mp 140-142 °C (EtOAc-hexane). IR (ATR) v: 3286, 1651 cm'. '"H-NMR (300 MHz,
CDCl) &: 9.77 (1H, s), 9.60 (1H, br s), 7.57 (1H, dd, J = 9.0, 5.4 Hz), 7.12 (1H, d, J = 9.0 Hz),
6.99-7.05 (1H, m). "C-NMR (75 MHz, CDCl;) &: 182.6, 165.2, 137.6 (d, Jcr = 13.4 Hz), 134.4 (d,
Jer = 3.4 Hz), 127.4, 125.1 (d, Jc¢ = 11.2 Hz), 98.7, 98.3, 72.9. MS m/z: 289 (M"); HR-MS (EI)
Calcd for CoHsFINO: 288.9400. Found: 288.9411.

3-lodo-benzo[e]indole-2-carbaldehyde (58p)

Yield 61%. mp 170172 °C (EtOAc-hexane). IR (ATR) v: 3244, 1627 cm'. 'H-NMR (300 MHz,
DMSO-ds) 8: 12.94 (1H, br s), 9.84 (1H, s), 9.41 (1H, d, J = 8.6 Hz), 8.01 (1H, d, J = 7.9 Hz), 7.86
(1H, d, J = 8.6 Hz), 7.72 (1H, t, J = 7.9 Hz), 7.52-7.61 (2H, m). *C-NMR (75 MHz, DMSO-ds) :
182.7, 136.5, 132.5, 129.8, 129.5, 129.1, 128.8, 126.5, 124.8, 120.6, 120.4, 114.1, 70.0. MS m/z: 320
(M"). HR-MS (EI) Calcd for Cj3HgINO: 320.9651. Found: 320.9667.
3-lodo-benzo[flindole-2-carbaldehyde (58q)

Yield 85%. mp 161-162 °C (EtOAc-hexane). IR (ATR) v: 3267, 1612 cm'. '"H-NMR (300 MHz,
DMSO-ds) &: 13.34 (1H, br s), 9.79 (1H, s), 8.75 (1H, d, J = 7.9 Hz), 7.97 (1H, d, J = 7.9 Hz),
7.5-7.64 (3H, m), 7.47 (1H, d, J = 8.7 Hz). "C-NMR (75 MHz, DMSO-ds) &: 182.0, 134.8, 132.8,
132.8, 128.8, 126.8, 126.6, 126.6, 123.1, 122.5, 122.0, 120.6, 74.9. MS m/z: 320 (M"). HR-MS (EI)
Calcd for C3HgINO: 320.9651. Found: 320.9651.

3-Acryloylindole-2-carbaldehyde 38D —f&RHI & B

N, K 3-2—R AR —/L. 2,6-di-t-butyl-4-methylphenol (BHT). PdCl,(dppf)?> DMF R (1
isopropenyltributyltin Z /1272, CO % 5 min fi]/X7 V7 L7, 70 °C T 12 h INEGREEL7=, A
. 30% KF /K¥EiRAEM A, 1 h HEEELTZ, SOGSIRE BT A M IV TAIEL , AifiZ EtOAc THlHL
720 BtOAc JEZ /KIS L ORI BRI K CIEREIFL . K NaSO, THzfg#% | WA IER ELT,
Ptz VTN I1T7 000~ 87T 74— L, EtOAc-hexane Jiit 53 Z0 7 7V A VARG ARz,
5-Methoxy-3-(2-methylpropenoyl)indole-2-carbaldehyde (59a)

Yield 61%. mp 152—153 °C (EtOAc-hexane). IR (ATR) v: 3305, 1655, 1620 cm'. "H-NMR (300 MHz,
CDCl;) &: 10.07 (1H, s), 9.62 (1H, br s), 7.38 (1H, d, J = 9.0 Hz), 7.35 (1H, d, J = 2.4 Hz), 7.10 (1H,
dd, J=9.0, 2.4 Hz), 6.01 (1H, s), 5.84 (1H, s), 3.85 (3H, 5), 2.19 (3H, 5). "C-NMR (75 MHz, CDCl;)
5: 1929, 182.8, 156.3, 147.7, 136.3, 131.5, 127.9, 127.5, 122.0, 119.7, 113.5, 102.9, 55.7, 18.2. MS
m/z: 243 (M"). HR-MS (EI) Calcd for C4H;3NOs: 243.0895. Found: 243.0908.
4,5-Dimethoxy-3-(2-methylpropenoyl)indole-2-carbaldehyde (59b)
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Yield 70%. mp 166—168 °C (EtOAc-hexane). IR (ATR) v: 3263, 1658, 1647 cm™'. "H-NMR (300 MHz,
CDCl;) &: 9.75 (1H, s), 9.30 (1H, br s), 7.19 (1H, d, J = 8.9 Hz), 7.13 (1H, d, J = 8.9 Hz), 5.86-6.06
(1H, m), 5.53-5.72 (1H, m), 3.89 (3H, s), 3.86 (3H, s), 2.15 (3H, s). "C-NMR (75 MHz, CDCL) &:
194.8, 181.8, 146.9, 146.3, 143.0, 134.4, 133.1, 129.1, 124.6, 122.2, 118.5, 107.6, 60.5, 58.0, 17.5. MS
m/z: 273 (M"). HR-MS (EI) Calcd for C;sH;sNO,: 273.1001. Found: 273.1019.
4,7-Dimethoxy-3-(2-methylpropenoyl)indole-2-carbaldehyde (59c)

Yield 75%. mp 157158 °C (EtOAc-hexane). IR (ATR) v: 3263, 1646, 1620 cm . '"H-NMR (300 MHz,
CDCl) 8: 9.73 (1H, s), 9.37 (1H, br s), 6.69 (1H, d, J = 8.5 Hz), 6.39 (1H, d, J = 8.5 Hz), 5.80-5.98
(1H, m), 5.47-5.66 (1H, m), 3.93 (3H, s), 3.79 (3H, s), 2.12 (3H, s). "C-NMR (75 MHz, CDCl;) &:
194.6, 181.2, 148.7, 147.0, 146.9, 140.8, 133.1, 128.7, 125.4, 118.6, 106.5, 100.5, 55.8, 55.7, 17.5. MS
m/z: 273 (M"). HR-MS (EI) Calcd for C;sH;sNOy: 273.1001. Found: 273.1008.
4,6-Dimethoxy-3-(2-methylpropenoyl)indole-2-carbaldehyde (59d)

Yield 83%. mp 149-151 °C (EtOAc-hexane). IR (ATR) v: 3263, 1658, 1647 cm . "H-NMR (300 MHz,
CDCl;) 8: 9.60 (1H, s), 9.13 (1H, br s), 6.42 (1H, d, J = 1.8 Hz), 6.19 (1H, d, J = 1.8 Hz), 5.81-5.98
(1H, m), 5.51-5.70 (1H, m), 3.86 (3H, s), 3.81 (3H, s), 2.11 (3H, s). "C-NMR (75 MHz, CDCL) &:
194.8, 180.4, 162.2, 155.5, 146.9, 138.7, 132.6, 128.9, 126.4, 112.9, 94.3, 86.0, 55.7, 55.4, 17.2. MS
m/z: 273 (M"). HR-MS (EI) Calcd for C;sH;sNO,: 273.1001. Found: 273.1022.
5,7-Dimethoxy-3-(2-methylpropenoyl)indole-2-carbaldehyde (59¢)

Yield 90%. mp 155-157 °C (EtOAc-hexane). IR (ATR) v: 3263, 1662, 1647 cm™'. "H-NMR (300 MHz,
CDCl;) &: 10.04 (1H, s), 9.49 (1H, br s), 6.90 (1H, d, J = 1.8 Hz), 6.49 (1H, d, J = 1.8 Hz), 5.88-6.08
(1H, m), 5.72-5.92 (1H, m), 3.95 (3H, s), 3.84 (3H, s), 2.18 (3H, s). "C-NMR (75 MHz, CDCL) &:
193.0, 182.5, 157.2, 147.4, 147.0, 135.7, 127.8, 127.7, 123.4, 122.0, 99.3, 94.0, 55.8, 55.7, 18.1. MS
m/z: 273 (M"). HR-MS (EI) Calcd for C;sH;sNOy: 273.1001. Found: 273.1003
5-Methyl-3-(2-methylpropenoyl)indole-2-carbaldehyde (59f)

Yield 79%. mp 137-139 °C (EtOAc-hexane). IR (ATR) v: 3294, 1651, 1620 cm'. "H-NMR (300 MHz,
CDCl;) &: 10.07 (1H, s), 9.45 (1H, br s), 7.37 (1H, d, J = 8.6 Hz), 7.24-7.26 (2H, m), 6.02 (1H, s),
5.85 (1H, s), 2.45 (3H, s), 2.19 (3H, s). PC-NMR (75 MHz, CDCl;) &: 193.1, 183.3, 147.2, 136.0,
134.8, 132.5, 129.6, 128.4, 126.9, 122.6, 122.4, 112.3, 21.6, 18.0. MS m/z: 227 (M"). HR-MS (EI)
Calcd for C14H3NO;: 227.0946. Found: 227.0962.
6-Methyl-3-(2-methylpropenoyl)indole-2-carbaldehyde (599)

Yield 65%. mp 124-126 °C (EtOAc-hexane). IR (ATR) v: 3298, 1651 cm'. 'H-NMR (300 MHz,
CDCl;) &: 10.06 (1H, s), 9.42 (1H, brs), 7.79 (1H, d, J = 8.3 Hz), 7.13-7.33 (1H, m), 7.09 (1H, dd, J =
8.3, 1.2 Hz), 5.91-6.11 (1H, m), 5.71-5.94 (1H, m), 2.49 (3H, s), 2.18 (3H, s). "C-NMR (75 MHz,
CDCl;) &: 192.9, 183.0, 147.1, 138.2, 136.6, 135.7, 128.3, 125.1, 124.7, 123.1, 123.0, 112.0, 22.0, 18.0.
MS m/z: 227 (M"). HR-MS (EI) Calcd for C;4H,3sNO,: 227.0946. Found: 227.0924.
5-Chloro-3-(2-methylpropenoyl)indole-2-carbaldehyde (59h)

Yield 75%. mp 142—144 °C (EtOAc-hexane). IR (ATR) v: 3290, 1658, 1631 cm™'. "H-NMR (300 MHz,
CDCl;) &: 10.10 (1H, s), 9.64 (1H, br s), 7.90 (1H, d, J = 1.9 Hz), 7.44 (1H, dd, J = 8.9, 0.6 Hz), 7.38
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(1H, dd, J = 8.9, 1.9 Hz), 5.95-6.06 (1H, m), 5.71-5.91 (1H, m), 2.19 (3H, s). *C-NMR (75 MHz,
CDCl;) 8: 192.2, 183.0, 147.1, 136.9, 134.3, 128.8, 128.6, 128.1, 127.5, 122.6, 122.1, 113.7, 18.0. MS
m/z: 247 (M), 249 (M™+2). HR-MS (EI) Calcd for C;3H,(CINO,: 247.0400. Found: 247.0382.
6-Chloro-3-(2-methylpropenoyl)indole-2-carbaldehyde (59i)

Yield 62%. mp 149-151 °C (EtOAc-hexane). IR (ATR) v: 3278, 1651, 1612 cm™'. '"H-NMR (300 MHz,
CDCl;) &: 10.11 (1H, s), 9.84 (1H, br s), 7.90 (1H, d, J = 1.8 Hz), 7.46 (1H, d, J = 8.8 Hz), 7.38 (1H,
dd, J= 8.8, 1.8 Hz), 5.91-6.04 (1H, m), 5.74-5.91 (1H, m), 2.19 (3H, s). "C-NMR (75 MHz, CDCl;)
8:192.3, 183.1, 147.1, 136.9, 134.4, 128.7, 128.6, 128.1, 127.5, 122.2, 113.8, 30.9, 18.0. MS m/z: 247
(M), 249 (M"+2). HR-MS (EI) Calcd for C;3H;(CINO,: 247.0400. Found: 247.0411.
5-Nitro-3-(2-methylpropenoyl)indole-2-carbaldehyde (59j)

Yield 55%. mp 156-158 °C (EtOAc-hexane). IR (ATR) v: 3261, 1663, 1620, 1553, 1330 cm .
'H-NMR (300 MHz, CDCl;) &: 10.15 (1H, s), 9.93 (1H, br s), 8.88 (1H, d, J = 2.2 Hz), 8.32 (1H, dd, J
=8.9,2.2 Hz), 7.62 (1H, d, J = 8.9 Hz), 6.05-6.21 (1H, m), 5.76-5.92 (1H, m), 2.23 (3H, s). "C-NMR
(75 MHz, CDCl;) &: 191.4, 182.7, 147.2, 143.9, 138.3, 138.2, 129.5, 125.9, 124.2, 122.3, 120.7, 113.1,
17.9. MS m/z: 258 (M"). HR-MS (EI) Calcd for C;3H,oN,O4: 258.0641. Found: 258.0638.
6-Nitro-3-(2-methylpropenoyl)indole-2-carbaldehyde (59k)

Yield 70%. mp 164-166 °C (EtOAc-hexane). IR (ATR) v: 3282, 1662, 1620, 1512, 1342
cm '.'"H-NMR (300 MHz, CDCl;) &: 10.22 (1H, brs), 10.19 (1H, s), 8.50 (1H, d, J = 1.9 Hz), 8.32 (1H,
dd, J=9.2, 1.9 Hz), 8.16 (1H, d, J = 9.2 Hz), 6.08-6.23 (1H, m), 5.72-5.96 (1H, m), 2.22 (3H, s).
BC-NMR (75 MHz, CDCl;) &: 191.8, 183.0, 147.1, 146.7, 139.3, 134.5, 130.6, 129.2, 124.1, 122.3,
117.5, 109.5, 17.9. MS m/z: 258 (M"). HR-MS (EI) Calcd for C;3H;(N,O,: 258.0641. Found:
258.0615.

5-Trifluoromethyl-3-(2-methylpropenoyl)indole-2-carbaldehyde (591)

Yield 67%. mp 145-146 °C (EtOAc-hexane). IR (ATR) v: 3290, 1620 cm'. 'H-NMR (300 MHz,
CDCl;) 6: 10.13 (1H, s), 9.78 (1H, s), 8.24 (1H, d, J = 0.8 Hz), 7.65 (1H, dd, J = 8.9, 1.8 Hz), 7.60
(1H, d, J = 8.8 Hz), 6.01-6.22 (1H, m), 5.73-5.91 (1H, m), 2.21 (3H, s). "C-NMR (75 MHz, CDCls)
8:192.0, 182.9, 147.3, 137.2, 137.1, 134.4 (q, Jc.r = 272.8 Hz), 129.1, 125.9, 125.3 (q, Jc_r = 32.7 Hz),
124.0 (q, Jer = 3.6 Hz), 123.3, 121.4 (q, Jor = 4.2 Hz), 113.2, 18.0. MS m/z: 281 (M"). HR-MS (EI)
Calcd for C4H(F5sNO,: 281.0664. Found: 281.0673.
6-Trifluoromethyl-3-(2-methylpropenoyl)indole-2-carbaldehyde (59m)

Yield 75%. mp 152—153 °C (EtOAc-hexane). IR (ATR) v: 3290, 1666, 1616 cm™'. "H-NMR (300 MHz,
CDClL;) &: 10.15 (1H, s), 9.83 (1H, br s), 8.04 (1H, d, J = 8.6 Hz), 7.72-7.94 (1H, m), 7.48 (1H, dd, J =
8.6, 1.1 Hz), 6.01-6.13 (1H, m), 5.74-5.96 (1H, m), 2.20 (3H, s). *C-NMR (75 MHz, CDCl;) &: 192.2,
183.0, 147.1, 137.7, 134.8, 129.1, 128.9, 128.6, 124.3, 123.9 (q, Jc.r = 272.9 Hz), 122.4, 119.2 (q, Jc
=3.9 Hz), 119.2 (q, Jcr = 4.1 Hz), 18.0. MS m/z: 281 (M"). HR-MS (EI) Calcd for Ci,HoFsNO,:
281.0664. Found: 281.0688.

5-Fluoro-3-(2-methylpropenoyl)indole-2-carbaldehyde (59n)

Yield 75%. mp 141-143 °C (EtOAc-hexane). IR (ATR) v: 3298, 1658, 1620 cm'. "H-NMR (300 MHz,
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CDCl;) 8: 10.12 (1H, s), 9.71 (1H, br s), 7.58 (1H, dd, J = 9.4, 2.4 Hz), 7.47 (1H, dd, J = 8.9, 4.3 Hz),
7.20 (1H, dt, J = 8.9, 2.4 Hz), 5.98-6.17 (1H, m), 5.72-5.97 (1H, m), 2.19 (3H, s). "C-NMR (75 MHz,
CDCl;) 6: 192.4, 183.1, 159.2 (d, Jc r = 239.6 Hz), 147.1, 137.3, 132.7, 128.3, 127.1 (d, Jc r = 4.2 Hz),
122.7,116.9 (d, Jcr = 27.6 Hz), 113.8 (d, Jc_r = 8.9 Hz), 108.0 (d, Jc_r = 24.1 Hz), 18.0. MS m/z: 231
(M"). HR-MS (EI) Calcd for Cj3H;oFNO,: 231.0696. Found: 231.0682.
6-Fluoro-3-(2-methylpropenoyl)indole-2-carbaldehyde (590)

Yield 71%. mp 149-151 °C (EtOAc-hexane). IR (ATR) v: 3301, 1655, 1620 cm™'. '"H-NMR (300 MHz,
CDCl;) 8: 10.06 (1H, s), 9.74 (1H, br s), 7.89 (1H, dd, J =9.2, 5.3 Hz), 7.17 (1H, dd, J = 9.0, 2.2 Hz),
7.04 (1H, dt, J = 9.1, 2.2 Hz), 6.01 (1H, s), 5.87 (1H, s), 2.19 (3H, s). "C-NMR (75 MHz, CDCl;) &:
192.5, 182.6, 162.6 (d, Jcr = 247.7 Hz), 147.3, 136.6 (d, Jcr = 4.7 Hz), 136.5 (d, Jcr = 5.0 Hz),
128.7,125.0 (d, Jc r = 10.0 Hz), 123.4, 123.1, 112.7 (d, Jc_r = 24.9 Hz), 98.4 (d, Jc r = 26.0 Hz), 18.0.
MS m/z: 231 (M"). HR-MS (EI) Calcd for C;3H,(FNO,: 231.0696. Found: 231.0692.
3-(2-Methylpropenoyl)benzo[e]indole-2-carbaldehyde (59p)

Yield 60%. mp 166—168 °C (EtOAc-hexane). IR (ATR) v: 3267, 1651, 1635 cm™'. "H-NMR (300 MHz,
CDCl;) &: 11.14 (1H, brs), 10.10 (1H, s), 8.39 (1H, d, J=7.3 Hz), 7.88-7.91 (1H, m), 7.80 (1H, d, J =
8.9 Hz), 7.54-7.65 (3H, m), 6.07 (1H, s), 5.90 (1H, s), 2.22 (3H, s). "C-NMR (75 MHz, CDCL) &:
193.1, 182.7, 140.0, 134.5, 133.2, 132.7, 129.1, 128.9, 127.0, 126.8, 125.0, 124.2, 123.4, 121.5, 121.4,
120.7, 18.0. MS m/z: 263 (M"). HR-MS (EI) Calcd for C;7H;3NO,: 263.0946. Found: 263.0933.
3-(2-Methylpropenoyl)benzo[f]indole-2-carbaldehyde (59q)

Yield 84%. mp 173—174 °C (EtOAc-hexane). IR (ATR) v: 3270, 1658, 1628 cm'. "H-NMR (300 MHz,
CDCl;) &: 10.04 (1H, br s), 9.74 (1H, s), 7.88-7.91 (2H, m), 7.82 (1H, d, J = 8.9 Hz), 7.45-7.56 (3H,
m), 6.10 (1H, s), 5.85 (1H, s), 2.27 (3H, s). "C-NMR (75 MHz, CDCl;) &: 197.3, 183.1, 147.0, 138.0,
134.2, 132.7, 129.5, 128.9, 127.0, 126.8, 125.3, 124.2, 123.4, 121.5, 121.4, 120.7, 18.0. MS m/z:
263(M"). HR-MS (EI) Calcd for C;;H;3NO,: 263.0946. Found: 263.0941.
3-(2-Methylpropenoyl)indole-2-carbaldehyde (59r)

Yield 64%. mp 118119 °C (EtOAc-hexane). IR (ATR) v: 3289, 1651 c¢cm'. '"H-NMR (300 MHz,
CDCl;) &: 10.11 (1H, s), 9.63 (1H, br s), 7.93 (1H, d, J = 8.3 Hz), 7.51 (1H, d, J = 8.3 Hz), 7.44 (1H,
dt, J=6.8, 1.1 Hz), 7.26 (1H, dt, J = 6.8, 1.1 Hz), 6.04 (1H, s), 5.86 (1H, s), 2.19 (3H, s5). "C-NMR
(75 MHz, CDCl;) &: 192.8, 183.2, 147.1, 136.0, 136.0, 128.6, 127.5, 126.7, 123.4, 123.0, 122.8, 112.5,
18.0. MS m/z: 243 (M"). HR-MS (EI) Calcd for C;3H;;NO,: 213.0790. Found: 213.0812.
3-propenoylindole-2-carbaldehyde (59s)

Yield 23%. mp 113—-115 °C (EtOAc-hexane). IR (ATR) v: 3298, 1658 cm'. 'H-NMR (300 MHz,
CDCl;) &: 10.35 (1H, s), 9.62 (1H, br s), 7.53 (1H, d, J = 8.3 Hz), 7.46 (1H, dt, J= 6.8, 1.1 Hz), 7.33
(1H, dt, J=6.8, 1.1 Hz), 7.19 (1H, dd, J = 17.2, 10.5 Hz), 6.48 (1H, dd, J = 17.2, 1.3 Hz), 6.04 (1H,
dd, J=10.5, 1.3 Hz). "C-NMR (75 MHz, CDCl;) &: 188.1, 184.0, 136.5, 136.5, 136.2, 130.2, 127.4,
125.8, 123.3, 123.0, 122.8, 112.9. MS m/z: 199 (M"). HR-MS (EI) Calcd for C;,HoNO,: 199.0633.
Found: 199.0658.
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3-Acryloyl-2-alkenylindole $8 D —f&HI & Rk

No &G oK T, 727U A /RO 7K THF #4512 vinylmagnesium bromide -3 L7z, FIR T
4 h fii#Rf% . B3R NH4CLKZ A EtOAc THitHI L7z, EtOAc Z 7K 36 K UM RN R HE K TR BRI L .
K NaSO, THzIR#E | WIKZRIER BT, REZ S IN TN AT LIa<x T T7 40— L,
EtOAc-hexane Jit 73 KDMRM DO T IV T Va3 — 24572,
2-(1-Hydroxyprop-2-en-1-yl)-5-methoxy-3-(2-methylpropenoyl)indole (60a)

Yield 70%. IR (ATR) v: 3194, 1651 cm . "H-NMR (300 MHz, CDCl5) &: 8.91 (1H, brs), 7.30 (1H, d,
J=2.4Hz), 7.24-7.27 (1H, m), 6,87 (1H, dd, J = 8.8, 2.4 Hz), 6.16 (1H, ddd, J = 17.2, 10.5, 5.3 Hz),
5.66-5.87 (1H, m), 5.61-5.84 (1H, m), 5.54-5.73 (1H, m), 5.54 (1H, td, J=17.2, 1.5 Hz), 5.37 (1H, td,
J=10.5, 1.5 Hz), 4.81 (1H, d, J = 4.6 Hz), 3.82 (3H, s), 2.14 (3H, s). "C-NMR (75 MHz, CDCl;) &:
195.3, 155.5, 147.7, 146.2, 135.9, 129.3, 127.9, 123.5, 117.5, 113.0, 112.7, 112.3, 103.7, 68.0, 55.8,
18.6. MS m/z: 271 (M"). HR-MS (EI) Calcd for C;sH;7NO5: 271.1208. Found: 271.1223.
2-(1-Hydroxyprop-2-en-1-yl)- 4,5-dimethoxy-3-(2-methylpropenoyl)indole (60b)

Yield 56%. IR (ATR) v: 3267, 1620 cm . "H-NMR (300 MHz, CDCls) &: 8.59 (1H, brs), 7.05 (1H, d,
J=9.0 Hz), 6.95 (1H, d, J = 9.0 Hz), 6.11 (1H, ddd, J = 17.1, 10.2, 5.0 Hz), 5.70-5.73 (1H, m),
5.33-5.57 (4H, m), 4.01-4.13 (1H, m), 3.88 (3H, s), 3.77 (3H, s), 2.10 (3H, s). "C-NMR (75 MHz,
CDCl;) &: 197.4, 158.2, 153.8, 147.1, 141.2, 136.3, 135.7, 124.2, 116.8, 113.7, 93.5, 86.8, 67.3, 55.6,
54.9,29.7, 17.9. MS m/z: 301 (M"). HR-MS (EI) Calcd for C,7H;oNO,: 301.1314. Found: 301.1322.
2-(1-Hydroxyprop-2-en-1-yl)- 4,7-dimethoxy-3-(2-methylpropenoyl)indole (60c)

Yield 79%. IR (ATR) v: 3259, 1647 cm . "H-NMR (300 MHz, CDCls) 8: 8.76 (1H, brs), 6.56 (1H, d,
J=8.5Hz), 6.44 (1H, d, J = 8.5 Hz), 6.13 (1H, ddd, J = 17.3, 10.5, 5.2 Hz), 5.62 (1H, s), 5.53 (1H, d,
J=17.3 Hz), 5.40-5.48 (2H, m), 5.34 (1H, d, J = 10.5 Hz), 4.01-4.20 (1H, m), 3.91 (3H, s), 377 (3H,
s), 2.08 (3H, s). "C-NMR (75 MHz, CDCL;) &: 197.4, 147.5, 147.2, 142.3, 140.7, 136.1, 125.8, 124.3,
118.7, 117.1, 114.1, 102.7, 101.4, 67.4, 55.7, 55.3, 17.9. MS m/z: 301 (M"). HR-MS (EI) Calcd for
C17H9NOy: 301.1314. Found: 301.1346.

2-(1-Hydroxyprop-2-en-1-yl)- 4,6-dimethoxy-3-(2-methylpropenoyl)indole (60d)

Yield 53%. IR (ATR) v: 3259, 1646 cm . "H-NMR (300 MHz, CDCl5) &: 8.50 (1H, brs), 6.46 (1H, d,
J=2.0 Hz), 6.24 (1H, d, J=2.0 Hz), 6.11 (1H, ddd, J = 17.2, 10.5, 5.2 Hz), 5.62 (1H, t, J = 1.4 Hz),
5.52 (1H, td, J=17.2, 1.4 Hz), 5.40-5.43 (2H, m), 5.33 (1H, td, J = 10.5, 1.4 Hz), 3.92-3.98 (1H, m),
3.82 (3H, s), 3.78 (3H, s), 2.07 (3H, s). "C-NMR (75 MHz, CDCl;) &: 197.4, 158.2, 153.8, 147.1,
141.2, 136.3, 135.7, 124.2, 116.8, 113.7, 93.5, 86.8, 67.3, 55.6, 54.9, 29.7, 17.9. MS m/z: 301 (M").
HR-MS (EI) Calcd for C17H;9NO,: 301.1314. Found: 301.1310.

2-(1-Hydroxyprop-2-en-1-yl)- 5,7-dimethoxy-3-(2-methylpropenoyl)indole (60e)

Yield 37%. IR (ATR) v: 3209, 1597 cm™'. '"H-NMR (300 MHz, CDCl;) &: 8.87 (1H, br s), 6.86 (1H, d,
J =2.0 Hz), 6.36 (1H, d, J = 2.0 Hz), 6.17 (1H, ddd, J = 17.3, 10.6, 5.2 Hz), 5.73-5.76 (2H, m),
5.53-5.59 (2H, m), 5.39 (1H, td, J=10.6, 1.4 Hz), 4.74 (1H, br d), 3.92 (3H, s), 3.81 (3H, s), 2.13 (3H,
s). "C-NMR (75 MHz, CDCl;) 8: 195.4, 156.3, 146.5, 146.1, 135.8, 128.1, 123.4, 120.0, 117.5, 113.6,
94.9, 94.8, 67.9, 55.8, 55.5, 29.7, 18.6. MS m/z: 301 (M"). HR-MS (EI) Calcd for C;;H;sNOy:
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301.1314. Found: 301.1318.

2-(1-Hydroxyprop-2-en-1-yl)-5-methyl-3-(2-methylpropenoyl)indole (60f)

Yield 43%. IR (ATR) v: 3235, 1619 cm™'. "H-NMR (300 MHz, CDCl5) &: 9.38 (1H, brs), 7.57 (1H, s),
7.23 (1H, d, J=8.1 Hz), 7.01 (1H, d, J=8.1 Hz), 6.12 (1H, ddd, J=17.2, 10.7, 5.5 Hz), 5.75 (1H, t, J
= 1.5 Hz), 5.70 (1H, s), 5.57-5.59 (1H, m), 5.45 (1H, dd, J=17.2, 1.5 Hz), 5.31 (1H, br s), 5.27 (1H,
dd, J = 10.7, 1.5 Hz), 2.42 (3H, s), 2.13 (3H, s). "C-NMR (75 MHz, CDCl;) &: 195.7, 147.4, 146.0,
136.0, 132.7, 131.2, 127.3, 124.5, 123.9, 120.8, 117.0, 112.5, 111.4, 68.1, 21.7, 18.6. MS m/z: 255
(M"). HR-MS (EI) Calcd for Ci¢H,,NO,: 255.1259. Found: 255.1272.
2-(1-Hydroxyprop-2-en-1-yl)-6-methyl-3-(2-methylpropenoyl)indole (60g)

Yield 44%. IR (ATR) v: 3274, 1597 cm . "H-NMR (300 MHz, CDCl5) &: 8.94 (1H, brs), 7.68 (1H, d,
J=8.2Hz),7.14 (1H, s), 7.00 (1H, d, J = 8.2 Hz), 6.16 (1H, ddd, J = 17.2, 10.4, 5.1 Hz), 5.77 (1H, m),
5.59-5.62 (1H, m), 5.52 (1H, d, J = 17.2 Hz), 5.35 (1H, d, J = 10.4 Hz), 4.82-4.99 (1H, m), 5.52 (1H,
d, J=17.2 Hz), 2.43 (3H, s), 2.13 (3H, s). "C-NMR (75 MHz, CDCl;) &: 195.4, 146.7, 146.0, 135.9,
134.6, 133.0, 124.9, 123.9, 123.6, 120.9, 117.3, 113.0, 111.5, 68.0, 21.5, 18.6. MS m/z: 255 (M").
HR-MS (EI) Calcd for C,H;7NO;: 255.1259. Found: 255.1266.
5-Chloro-2-(1-hydroxyprop-2-en-1-yl)-3-(2-methylpropenoyl)indole (60h)

Yield 74%. IR (ATR) v: 3169, 1701 cm . "H-NMR (300 MHz, CDCls) 8: 9.12 (1H, brs), 7.75 (1H, d,
J=1.8 Hz), 7.29 (1H, d, J = 8.6 Hz), 7.17 (1H, dd, J = 8.6, 1.9 Hz), 6.15 (1H, ddd, J=17.2, 10.5, 5.0
Hz), 5.83 (1H, t,J=1.4 Hz), 5.71 (1H, s), 5.60-5.71 (1H, m), 5.52 (1H, td, J=17.2, 1.4 Hz), 5.37 (1H,
td, J = 10.5, 1.4 Hz), 4.62 (1H, brs), 2.13 (3H, s). "C-NMR (75 MHz, CDCl;) &: 194.9, 148.1, 145.9,
135.7,132.6, 128.2, 127.7, 124.7, 123.4, 120.7, 120.6, 117.6, 112.7, 67.8, 18.4. MS m/z: 275 (M"), 277
(M"+2). HR-MS (EI) Calcd for C,sH,4CINO,: 275.0713. Found: 275.0727.
6-Chloro-2-(1-hydroxyprop-2-en-1-yl)-3-(2-methylpropenoyl)indole (60i)

Yield 70%. IR (ATR) v: 3163, 1651 cm . "H-NMR (300 MHz, CDCls) &: 8.97 (1H, brs), 7.76 (1H, d,
J=1.8 Hz), 7.31 (1H, d, J = 8.6 Hz), 7.18 (1H, dd, J = 8.6, 1.8 Hz), 6.16 (1H, ddd, J=17.0, 10.3, 4.9
Hz), 5.84-5.86 (1H, m), 5.71 (1H, br s), 5.64-5.69 (1H, m), 5.56 (1H, td, J = 17.0, 1.5 Hz), 5.40 (1H,
td, J = 10.3, 1.5 Hz), 4.45 (1H, d, J = 3.3 Hz), 2.14 (3H, s). "C-NMR (75 MHz, CDCl;) &: 194.8,
148.0, 145.9, 145.1, 135.7, 132.6, 129.7, 124.6, 123.5, 122.7, 124.8, 117.7, 112.6, 67.7, 18.4. MS m/z:
275 (M"), 277 (M™+2). HR-MS (EI) Calcd for C,sH4CINO,: 275.0713. Found: 275.0717.
2-(1-Hydroxyprop-2-en-1-yl)-3-(2-methylpropenoyl)-5-nitroindole (60j)

Yield 50%. IR (ATR) v: 3263, 1619, 1531, 1335 cm'. "H-NMR (300 MHz, CDCl;) &: 9.29 (1H, br s),
8.73 (1H, d, J = 2.2 Hz), 8.14 (1H, dd, J = 8.9, 2.2 Hz), 7.47 (1H, d, J = 8.9 Hz), 6.18 (1H, ddd, J =
17.1, 10.4, 5.0 Hz), 5.85 (1H, br s), 5.84-5.96 (1H, m), 5.71-5.78 (2H, m), 5.58 (1H, d, J = 17.1 Hz),
5.42 (1H, d, J = 10.4 Hz), 2.17 (3H, s). "C-NMR (75 MHz, CDCl;) &: 193.8, 149.3, 145.9, 143.5,
137.1,135.5, 126.7, 126.0, 118.5, 118.1, 111.9, 98.7, 67.8, 29.6, 18.3. MS m/z: 286 (M"). HR-MS (EI)
Calcd for C;sH4N>O4: 286.0954. Found: 286.0954.
2-(1-Hydroxyprop-2-en-1-yl)-3-(2-methylpropenoyl)-6-nitroindole (60k)

Yield 43%. IR (ATR) v: 3253, 1697, 1574, 1330cm . '"H-NMR (300 MHz, CDCl;) &: 9.33 (1H, br s),
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7.45 (1H, dd, J=10.4, 5.5 Hz), 7.28 (1H, dd, J = 8.9, 4.6 Hz), 6.95 (1H, dt, J = 8.9, 2.4 Hz), 6.13 (1H,
ddd, J=17.2, 10.5, 5.0 Hz), 5.79-5.83 (1H, m), 5.59-5.68 (1H, m), 5.63 (1H, br s), 5.52 (1H, td, J =
17.2, 1.4 Hz), 5.32 (1H, td, J = 10.5, 1.4 Hz), 5.02 (1H, br d), 2.12 (3H, s). *C-NMR (75 MHz,
CDCl) &: 194.1, 151.3, 145.9, 143.7, 135.4, 132.8, 131.7, 125.4, 121.3, 118.0, 117.0, 113.4, 108.4,
67.8, 18.2. MS m/z: 275 (M"). HR-MS (EI) Caled for C;5H,4CINO,: 275.0713. Found: 275.0733.
2-(1-Hydroxyprop-2-en-1-yl)-3-(2-methylpropenoyl)-5-trifluoromethylindole (60I)

Yield 44%. IR (ATR) v: 3217, 1593 cm™'. "H-NMR (300 MHz, CDCl3) &: 9.24 (1H, br s), 8.07 (1H, s),
7.46-7.48 (2H, m), 6.15 (1H, ddd, J=17.2, 10.5, 5.3 Hz), 5.78-5.89 (1H, m), 5.63-5.73 (2H, m), 5.55
(1H, td, J = 17.2, 1.1 Hz), 5.37 (1H, td, J = 10.5, 1.1 Hz), 4.38 (1H, br s), 2.15 (3H, 5). "C-NMR (75
MHz, CDCL,) &: 194.7, 148.2, 146.0, 135.7, 135.6, 126.5, 125.2, 124.9 (q, Jcr = 272.4 Hz), 124.2 (q,
Jcr=32.5Hz), 119.8 (q, Jcr = 3.7 Hz), 118.9 (q, Jcr = 4.1 Hz), 117.6, 113.5, 112.0, 67.7, 18.3. MS
m/z: 281 (M"). HR-MS (EI) Calcd for C;¢H,4F3NO,: 309.0977. Found: 309.0990.
2-(1-Hydroxyprop-2-en-1-yl)-3-(2-methylpropenoyl)-6-trifluoromethylindole (60m)

Yield 40%. IR (ATR) v: 3217, 1593 cm . "H-NMR (300 MHz, CDCls) 8: 9.44 (1H, brs), 7.86 (1H, d,
J=8.6 Hz), 7.65 (1H, s), 7.38 (1H, d, J = 8.6 Hz), 6.15 (1H, ddd, J = 17.3, 10.5, 5.4 Hz), 5.78-5.84
(1H, m), 5.68-5.74 (2H, m), 5.54 (1H, dd, J=17.3, 1.2 Hz), 5.37 (1H, dd, J = 10.5, 1.2 Hz), 4.62 (1H,
br s), 2.15 (3H, s). "C-NMR (75 MHz, CDCl;) &: 194.9, 149.1, 145.9, 135.7, 133.2, 129.4, 125.1 (q,
Jor=32.4Hz), 1243 (q, Jer =271.0 Hz), 121.6, 118.4 (q, Jc.r = 2.7 Hz), 117.6, 113.0, 109.2 (q, Jc ¢
= 3.9 Hz), 67.9, 18.3. MS m/z: 281 (M"). HR-MS (EI) Caled for C;sH;4sF3NO,: 309.0977. Found:
309.0963.

5-Fluoro-2-(1-hydroxyprop-2-en-1-yl)-3-(2-methylpropenoyl)indole (60n)

Yield 60%. IR (ATR) v: 3178, 1589 cm™'. '"H-NMR (300 MHz, CDCl;) &: 9.03 (1H, brs), 7.46 (1H, d,
J=10.2 Hz), 7.30 (1H, dd, J = 8.8, 4.6 Hz), 6.97 (1H, d, J = 8.8 Hz), 6.16 (1H, ddd, J=17.2, 10.4, 5.3
Hz), 5.78-5.82 (1H, m), 5.70-5.72 (1H, m), 5.60-5.68 (1H, m), 5.52-5.54 (1H, m), 5.36-5.41 (1H, m),
4.65 (1H, br s), 2.13 (3H, s). "C-NMR (75 MHz, CDCl;) &: 195.1, 158.8 (q, Jc_r = 236.4 Hz), 148.7,
145.8, 135.7, 130.7, 127.8 (d, Jcr = 9.8 Hz), 124.0, 117.5, 113.1 (d, Jcr = 4.2 Hz), 112.5 (d, Jc.F =
10.0 Hz), 111.5 (d, Jc_¢ = 26.2 Hz), 106.6 (d, Jc_r = 25.1 Hz), 68.0, 18.5. MS m/z: 259 (M"). HR-MS
(EI) Calcd for C;sH 4FNO,: 259.1009. Found: 259.1021.
6-Fluoro-2-(1-hydroxyprop-2-en-1-yl)-3-(2-methylpropenoyl)indole (600)

Yield 57%. IR (ATR) IR (ATR) v: 3305, 1651 cm'. '"H-NMR (300 MHz, CDCl;) &: 8.90 (1H, br s),
7.70-7.75 (1H, m), 7.07 (1H, dd, J = 9.0, 2.4 Hz), 6.90-6.97 (1H, m), 6.15 (1H, ddd, J = 17.0, 10.4,
5.1 Hz), 5.81 (1H, s), 5.71 (1H, s), 5.64 (1H, br s), 5.57 (1H, d, J = 17.0 Hz), 5.39 (1H, d, J = 10.4 Hz),
4.45 (1H, br s), 2.13 (3H, s). "C-NMR (75 MHz, CDCl;) &: 194.9, 159.9 (d, Jc_r = 239.2 Hz), 147.1,
146.1, 135.8, 132.5, 124.4, 123.5, 122.3 (d, Jc r = 10.4 Hz), 117.5, 112.9 (d, Jc_r = 36.6 Hz), 110.6 (d,
Jer = 25.1 Hz), 98.0 (d, Jcr = 26.0 Hz), 67.7, 18.4. MS m/z: 259 (M"). HR-MS (EI) Calcd for
C15H14FNO,: 259.1009. Found: 259.1003.
2-(1-Hydroxyprop-2-en-1-yl)-3-(2-methylpropenoyl)benzo[e]indole (60p)

Yield 52%. IR (ATR) v: 3275, 1608 cm . "H-NMR (300 MHz, CDCl;) 8: 8.92 (1H, br s), 7.89 (1H, t,
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J=7.9 Hz), 7.63 (1H, d, J = 8.9 Hz), 7.37-7.50 (3H, m), 6.11 (1H, ddd, J=17.4, 10.4, 5.2 Hz), 5.85
(1H, s), 5.78 (1H, s), 5.48-5.54 (2H, m), 5.35 (1H, d, J = 10.4 Hz), 3.32 (1H, br d), 2.21 (3H, s).
BC-NMR (75 MHz, CDCL;) &: 197.6, 146.0, 139.7, 136.6, 131.3, 130.3, 129.3, 128.9, 127.4, 125.6,
125.4, 124.9, 123.7, 121.0, 116.9, 115.9, 112.5, 67.5, 17.5. MS m/z: 291 (M"). HR-MS (EI) Calcd for
C1oH;7NO;: 291.1259. Found: 291.1269.
2-(1-Hydroxyprop-2-en-1-yl)-3-(2-methylpropenoyl)benzo[f]indole (60q)

Yield 67%. IR (ATR) v: 3213, 1593 cm . "H-NMR (300 MHz, CDCl5) 8: 9.85 (1H, brs), 8.03 (1H, d,
J=28.1Hz), 791 (1H, d, J = 7.9 Hz), 7.82 (1H, d, J = 8.8 Hz), 7.44-7.57 (3H, m), 6.21 (1H, ddd, J =
17.1, 10.4, 5.1 Hz), 5.73-5.81 (1H, m), 5.77 (1H, s), 5.72 (1H, br s), 5.53 (1H, td, J = 17.1, 1.4 Hz),
535 (1H, td, J = 10.4, 1.4 Hz), 4.92 (1H, br d), 2.17 (3H, s). >C-NMR (75 MHz, CDCl;) &: 195.7,
146.1, 144.4, 136.3, 130.4, 129.1, 128.7, 126.1, 125.2, 124.7, 123.3, 122.4, 121.3, 120.3, 119.7, 117.0,
114.8, 68.2, 18.4. MS m/z: 291 (M"). HR-MS (EI) Calcd for C19H;;NO,: 291.1259. Found: 291.1273.
2-(1-Hydroxyprop-2-en-1-yl)-3-(2-methylpropenoyl)indole (60r)

Yield 90%. IR (ATR) v: 3251, 1735 cm . "H-NMR (300 MHz, CDCls) 8: 9.07 (1H, br's), 7.81 (1H, d,
J =8.6 Hz), 7.37 (1H, d, J = 7.3 Hz), 7.14-7.24 (2H, m), 6.17 (1H, ddd, J = 17.2, 10.4, 5.3 Hz),
5.66-5.81 (1H, m), 5.69-5.74 (1H, m), 5.65 (1H, br d), 5.54 (1H, td, J = 17.2, 1.4 Hz), 5.36 (1H, td, J
= 10.4, 1.4 Hz), 4.84 (1H, br s), 2.14 (3H, s). "C-NMR (75 MHz, CDCls) &: 195.4, 147.2, 146.1,
135.9, 134.2, 127.1, 124.0, 123.0, 121.8, 121.2, 117.4, 113.1, 111.7, 67.9, 18.5. MS m/z: 241 (M").
HR-MS (EI) Calcd for C;sH;sNO,: 241.1103. Found: 241.1119.
2-(1-Hydroxyprop-2-en-1-yl)-3-propenoylindole (60s)

Yield 36%. IR (ATR) v: 3220, 1635 cm . "H-NMR (300 MHz, CDCls) 8: 9.52 (1H, br's), 7.85 (1H, d,
J=18.3 Hz), 7.23-7.40 (4H, m), 6.47 (1H, dd, J=17.1, 1.5 Hz), 6.16 (1H, ddd, J = 17.1, 10.5, 5.5 Hz),
5.89 (1H, dd, J=10.5, 1.5 Hz), 5.68 (1H, br s), 5.52 (1H, br s), 5.47 (1H, d, J=17.1 Hz), 5.36 (1H, d,
J = 10.5 Hz). "C-NMR (75 MHz, CDCl;) &: 188.5, 148.9, 136.0, 135.8, 134.5, 128.3, 126.4, 123.2,
122.4, 120.8, 117.4, 114.1, 112.1, 68.6. MS m/z: 227 (M"). HR-MS (EI) Calcd for Ci4H;3NO,:
227.0946. Found: 227.0942.

Carbazole-1,4-quinone 3§D —#X A A AR

O, &L, 55 AR Grubbs oD L o= B IS E AT U VR AR R L., 70 °C T 5 min JNEL
L, EIEZ RS £ LT, BREZ VSN NT L0~ T 74— L, EtOAc-hexane i 57 &Y
fhidh DX ) AR AT,

6-Methoxy-3-methylcarbazole-1,4-quinone (61a)

Yield 80%. mp 246247 °C (EtOAc-hexane). IR (ATR) v: 3233, 1661, 1641 cm™'. "H-NMR (300 MHz,
DMSO-ds) 8: 12.75 (1H, br s), 7.45 (1H, s), 7.43 (1H, d, J = 9.4 Hz), 7.03 (1H, d, J = 9.4 Hz), 6.59
(1H, g, J = 1.5 Hz), 3.82 (3H, s), 2.06 (3H, d, J = 1.5 Hz). *C-NMR (75 MHz, DMSO-ds) &: 182.9,
179.7, 156.9, 148.0, 135.8, 132.6, 131.8, 124.5, 117.5, 115.1, 115.0, 101.6, 55.3, 15.6. MS m/z: 241
(M"). HR-MS (EI) Calcd for Ci4H;;NO;: 241.0739. Found: 241.0744.
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5,6-Dimethoxy-3-methylcarbazole-1,4-quinone (61b)

Yield 82%. mp 242-243 °C (EtOAc-hexane). IR (ATR) v: 3321, 1641, 1623 cm'. "H-NMR (300 MHz,
DMSO-d) 6: 12.79 (1H, br s), 7.23-7.27 (2H, m), 6.63 (1H, q, J = 2.3 Hz), 3.85 (3H, s), 3.79 (3H, s),
2.08 (3H, d, J = 2.3 Hz). ®C-NMR (75 MHz, DMSO-d) 8: 180.5, 180.0, 149.3, 145.6, 142.6, 137.2,
134.2, 130.5, 119.5, 115.4, 114.9, 109.4, 61.5, 57.2, 16.5. MS m/z: 225 (M"). HR-MS (EI) Calcd for
CisHi3NOy4: 271.0845. Found: 271.0863.

5,8-Dimethoxy-3-methylcarbazole-1,4-quinone (61c)

Yield 78%. mp 245-246 °C (EtOAc-hexane). IR (ATR) v: 3351, 1676, 1646 cm™'. "H-NMR (300 MHz,
DMSO-ds) 8: 12.93 (1H, br s), 6.81 (1H, d, J = 8.5 Hz), 6.50-6.64 (2H, m), 3.87 (3H, s), 3.81 (3H, s),
2.05 (3H, d, J = 1.4 Hz). ®C-NMR (75 MHz, DMSO-d) 8: 180.7, 179.6, 148.6, 148.5, 141.6, 135.9,
130.7, 129.8, 116.7, 115.9, 106.6, 103.8, 56.1, 55.9, 16.4. MS m/z: 271 (M"). HR-MS (EI) Calcd for
CisHi3NOy: 271.0845. Found: 271.0833.

5,7-Dimethoxy-3-methylcarbazole-1,4-quinone (61d)

Yield 78%. mp 241-243 °C (EtOAc-hexane). IR (ATR) v: 3229, 1661, 1623 cm™'. '"H-NMR (300 MHz,
DMSO-ds) 8: 12.60 (1H, br s), 6.50-6.60 (1H, m), 6.45-6.55 (1H, m), 6.34 (1H, q, J = 1.4 Hz), 3.83
(3H, s), 3.78 (3H, s), 2.02 (3H, d, J = 1.4 Hz). >C-NMR (75 MHz, DMSO-d;) &: 182.2, 179.3, 160.1,
155.5, 140.1, 134.9, 130.4, 109.0, 100.1, 95.4, 87.2, 86.1, 55.5, 55.4, 16.5. MS m/z: 271 (M"). HR-MS
(EI) Calcd for C;sH3NOy: 271.0845. Found: 271.0827.
6,8-Dimethoxy-3-methylcarbazole-1,4-quinone (61e)

Yield 92%. mp 249-250 °C (EtOAc-hexane). IR (ATR) v: 3216, 1659, 1630 cm'. "H-NMR (300 MHz,
DMSO-ds) 6: 12.93 (1H, br s), 7.01 (1H, s), 6.50-6.60 (2H, m), 3.90 (3H, s), 3.81 (3H, s), 2.03 (3H, d,
J = 1.8 Hz). "C-NMR (75 MHz, DMSO-dg) &: 183.0, 179.3, 158.5, 148.1, 147.5, 135.3, 132.0, 125.2,
123.9, 115.7, 98.4, 93.1, 55.7, 55.4, 15.5. MS m/z: 271 (M"). HR-MS (EI) Calcd for C;sH;3NO,:
271.0845. Found: 271.0849.

3,6-Dimethylcarbazole-1,4-quinone (61f)

Yield 93%. mp 232-233 °C (EtOAc-hexane). IR (ATR) v: 3331, 1636, 1621cm . "H-NMR (300 MHz,
DMSO-ds) 8: 12.73 (1H, br s), 7.82 (1H, s), 7.42 (1H, d, J = 8.4 Hz), 7.20 (1H, d, J = 8.4 Hz), 6.59
(1H, g, J = 1.5 Hz), 2.42 (3H, s), 2.05 (3H, d, J = 1.5 Hz). ®C-NMR (75 MHz, DMSO-ds) &: 183.0,
180.0, 147.9, 135.9, 135.8, 133.2, 131.6, 128.1, 123.9, 120.9, 114.9, 113.5, 21.3, 15.7. MS m/z: 225
(M+). HR-MS (EI) Caled for C4H;;NO,: 225.0790. Found: 225.0788.
3,7-Dimethylcarbazole-1,4-quinone (619)

Yield 80%. mp 225-226 °C (EtOAc-hexane). IR (ATR) v: 3259, 1658, 1631cm . '"H-NMR (300 MHz,
DMSO-ds) 8: 12.67 (1H, br s), 7.92 (1H, d, J = 8.3 Hz), 7.31 (1H, s), 7.14 (1H, d, J = 8.3 Hz), 6.58
(1H, g, J = 1.7 Hz), 2.42 (3H, s), 2.05 (3H, d, J = 1.7 Hz). ®C-NMR (75 MHz, DMSO-ds) &: 183.1,
179.9, 147.7, 137.9, 136.0, 135.5, 131.6, 125.8, 121.5, 121.2, 115.5, 113.2, 21.5, 15.6. MS m/z: 225
(M+). HR-MS (EI) Caled for C4H;;NO,: 225.0790. Found: 225.0776.
6-Chloro-3-methylcarbazole-1,4-quinone (61h)

Yield 74%. mp 251-252 °C (EtOAc-hexane). IR (ATR) v: 3228, 1635, 1608 cm™'. '"H-NMR (300 MHz,
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DMSO-ds) 6: 13.06 (1H, brs), 8.00 (1H, d, J=2.1 Hz), 7.57 (1H, d, J = 8.8 Hz), 7.41 (1H, dd, J = 8.8,
2.1 Hz), 6.67 (1H, q, J = 1.7 Hz), 2.08 (3H, d, J = 1.7 Hz). *C-NMR (75 MHz, DMSO-dg) &: 182.8,
179.9, 148.1, 137.0, 135.9, 131.8, 128.4, 126.4, 124.4, 120.5, 115.7, 114.8, 15.6. MS m/z: 245 (M"),
247 (M'+2). HR-MS (EI) Calcd for C3HsCINO,: 245.0244. Found: 245.0272.
7-Chloro-3-methylcarbazole-1,4-quinone (61i)

Yield 70%. mp 257-258 °C (EtOAc-hexane). IR (ATR) v: 3213, 1662, 1635 cm™'. "H-NMR (300 MHz,
DMSO-d) 8: 12.65 (1H, br s), 8.03 (1H, d, J = 8.6 Hz), 7.54 (1H, d, J= 1.9 Hz), 7.34 (1H, dd, J = 8.6,
1.9 Hz), 6.65 (1H, q, J = 1.7 Hz), 2.07 (3H, d, J = 1.7 Hz). "C-NMR (75 MHz, DMSO-d¢) &: 183.0,
180.0, 148.0, 137.9, 136.8, 131.8, 130.6, 124.3, 123.1, 122.3, 115.4, 113.4, 15.6. MS m/z: 245 (M"),
247 (M'+2). HR-MS (EI) Calcd for C3HsCINO,: 245.0244. Found: 245.0248.
3-Methyl-6-nitrocarbazole-1,4-quinone (61j)

Yield 67%. mp 246247 °C (EtOAc-hexane). 'H-NMR (300 MHz, DMSO-dg) 8: 13.46 (1H, br s), 8.86
(1H, d, J= 2.1 Hz), 8.23 (1H, dd J = 9.0, 2.1 Hz), 7.73 (1H, d, J = 9.0 Hz), 6.74 (1H, q, J = 1.5 Hz),
2.06 (3H, d, J = 1.5 Hz). ®C-NMR (75 MHz, DMSO-d) 8: 183.1, 178.3, 161.1, 148.4, 137.1, 135.2,
131.8, 124.0, 115.7, 114.9, 106.1, 15.6. MS m/z: 256 (M"). HR-MS (EI) Calcd for C;3HgN,Oy:
256.0484. Found: 256.0472.

3-Methyl-7-nitrocarbazole-1,4-quinone (61Kk)

Yield 72%. mp 239-240 °C (EtOAc-hexane). IR (ATR) v: 3326, 1653, 1626, 1553, 1343 cm .
'H-NMR (300 MHz, DMSO-dg) 8: 12.98 (1H, brs), 7.67 (1H, dd, J =9.2, 2.5 Hz), 7.53-7.57 (1H, m),
7.27 (1H, dt, J =9.2, 2.5 Hz), 6.63 (1H, q, J = 1.5 Hz), 2.06 (3H, d, J = 1.5 Hz). "C-NMR (75 MHz,
DMSO-ds) 8: 182.8, 179.9, 161.1, 157.9, 148.1, 137.2, 134.2, 131.8, 124.0, 115.7, 114.9, 106.1, 15.6.
MS m/z: 256 (M"). HR-MS (EI) Calcd for C;3HsN,O4: 256.0484. Found: 256.0496.
3-Methyl-6-trifluoromethylcarbazole-1,4-quinone (611)

Yield 74%. mp 221-222 °C (EtOAc-hexane). IR (ATR) v: 3251, 1635, 1608 cm™'. '"H-NMR (300 MHz,
DMSO-dg) 8: 13.15 (1H, br s), 8.17 (1H, d, J = 8.3 Hz), 7.78 (1H, s), 7.57 (1H, d, J = 8.3 Hz), 6.66
(1H, g, J = 1.5 Hz), 2.06 (3H, d, J = 1.5 Hz). "C-NMR (75 MHz, DMSO-d) &: 182.7, 179.9, 148 .4,
138.1, 136.2, 131.8, 127.6 (q, Jc_r = 271.6 Hz), 126.1 (q, Jc_r = 32.4 Hz), 125.9, 122.8, 119.7 (q, Jc ¢
= 2.8 Hz), 115.0, 111.2 (q, Jer = 42 Hz), 15.6. MS m/z: 279 (M"). HR-MS (EI) Calcd for
C14HgF3NO,: 279.0507. Found: 279.0523.

3-Methyl-7-trifluoromethylcarbazole-1,4-quinone (61m)

Yield 77%. mp 233-234 °C (EtOAc-hexane). IR (ATR) v: 3228, 1639, 1539 cm™'. "H-NMR (300 MHz,
DMSO-ds) 8: 13.25 (1H, br s), 8.23 (1H, d, J = 8.5 Hz), 7.81 (1H, s), 7.60 (1H, d, J = 8.5 Hz), 6.69
(1H, q, J = 1.5 Hz), 2.08 (3H, d, J = 1.5 Hz). "C-NMR (75 MHz, DMSO-dq) &: 182.8, 180.0, 148 .4,
138.1, 136.2, 131.9, 126.1 (q, Je_r = 31.0 Hz), 125.9, 124.2 (q, Jcr = 271.1 Hz), 122.8, 119.7 (q, Jc_r
= 3.0 Hz), 115.1, 111.2 (q, Jcr = 5.0 Hz), 15.6. MS m/z: 279 (M"). HR-MS (EI) Calcd for
C14HgF3NO,: 279.0507. Found: 279.0513.

6-Fluoro-3-methylcarbazole-1,4-quinone (61n)

Yield 78%. mp 237-238 °C (EtOAc-hexane). IR (ATR) v: 3217, 1635, 1601 cm™'. "H-NMR (300 MHz,
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DMSO-dg) 6: 12.97 (1H, br s), 7.67 (1H, dd, J=9.1, 2.6 Hz), 7.56 (1H, dd, J=9.1, 4.6 Hz), 7.56 (1H,
dt, J=9.1,2.6 Hz), 6.64 (1H, q, J = 1.7 Hz), 2.07 (3H, d, J = 1.7 Hz). >C-NMR (75 MHz, DMSO-ds)
5:182.9, 180.1, 160.1 (d, Jc r = 237.4 Hz), 148.3, 137.4, 134.3, 131.9, 124.0 (d, Jc r = 11.1 Hz), 115.9
(d, Jcr=10.1 Hz), 115.5 (d, Jcr = 5.6 Hz), 115.2 (d, Jcr = 26.7 Hz), 106.0 (d, Jc r = 24.0 Hz), 15.7.
MS m/z: 229 (M"). HR-MS (EI) Calcd for C;3HsFNO,: 229.0539. Found: 229.0541.
7-Fluoro-3-methylcarbazole-1,4-quinone (610)

Yield 72%. mp 233-235 °C (EtOAc-hexane). IR (ATR) v: 3244, 1624, 1581 cm™'. "H-NMR (300 MHz,
DMSO-ds) 8: 12.97 (1H, br s), 8.01 (1H, dd, J=9.1, 6.1 Hz), 7.15-7.26 (2H, m), 6.60 (1H, q, J=1.5
Hz), 2.04 (3H, d, J = 1.5 Hz). "C-NMR (75 MHz, DMSO-dg) &: 184.71, 181.3, 149.3, 139.4 (d, Jc_r =
12.0 Hz), 138.3 (d, Jer = 3.7 Hz), 133.2, 124.9 (d, Jc_r = 9.7 Hz), 121.9, 117.1, 114.7, 114.4, 101.2,
17.1 (d, Je_r = 26.3 Hz). MS m/z: 229 (M"). HR-MS (EI) Calcd for C;3;HsFNO,: 229.0539. Found:
229.0554.

3-Methylbenzo[g]carbazole-1,4-quinone (61p)

Yield 60%. mp 253-254 °C (EtOAc-hexane).'H-NMR (300 MHz, DMSO-dg) 8: 13.31 (1H, brs), 9.72
(1H, d, J=8.3 Hz), 7.99 (1H, d, J = 7.8 Hz), 7.87 (1H, d, J = 8.3 Hz), 7.51-7.68 (3H, m), 6.69 (1H, q,
J= 1.5 Hz), 2.15 (3H, d, J = 1.5 Hz). ®C-NMR (75 MHz, DMSO-d;) &: 182.8, 179.3, 148.9, 135.7,
135.0, 131.3, 130.7, 128.9, 128.6, 128.2, 126.8, 126.7, 125.6, 120.0, 118.2, 114.0, 16.5. MS m/z: 261
(M+). HR-MS (EI) Caled for C7H;;NO,: 261.0790. Found: 261.0772.
3-Methylbenzo[h]carbazole-1,4-quinone (61q)

Yield 72%. mp 261-262 °C (EtOAc-hexane). 'H-NMR (300 MHz, DMSO-dg) 8: 13.58 (1H, br s), 8.66
(1H, d, J = 7.7 Hz), 7.97-8.05 (2H, m), 7.71-7.75 (1H, m), 7.54-7.65 (2H, m), 6.58 (1H, q, J = 1.5
Hz), 2.03 (3H, d, J = 1.5 Hz). "C-NMR (75 MHz, DMSO-d) &: 183.6, 179.2, 147.3, 134.2, 133.7,
132.3, 131.8, 128.7, 126.8, 126.4, 125.2, 122.2, 120.5, 119.8, 119.7, 116.9, 15.5. MS m/z: 261 (M").
HR-MS (EI) Calcd for C7H;;NO;: 261.0790. Found: 261.0781.

3-Methylcarbazole-1,4-quinone (murrayaquinone A) (61r)

LRk &¥ 51a & FIEEDERE T carbazole-1,4-quinone (61r) (IR 70%) %4%, 5 3 =5 1 Hid
murrayaquinone A (1)D7 —# L —EH L 7=,

Carbazole-1,4-quinone (61s)

ERRofbE¥ 5la & [FIEEDERE T carbazole-1,4-quinone (61s) (U8 53%) & 15, &5 3 =& 2 HiD
carbazole-1,4-quinone (25a) DT — % & —FH L 7=,
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B A4E  JUBRME ellipticine quinone FFEME DAL & AAREEFEINHIFABR

% 18 Ellipticine quinone D&

B3EE 1EB IO 2 /il T, carbazole-1,4-quinone ‘B A& (2 %13 5 2 ORI 7287
A RkiE % BA%E L murrayaquinone A (1), koeniginequinones A (2a), B (2b), BL U Zh b D
HRARRICOW TR TE =, &I, Ry L& 325 ellipticine quinine (3) 1%, #is T2k 9
\CEE DR B &4 % MUBR M pyrido[4,3-b]carbazole T Y | ellipticine (4) DA T EATH
% (Fig. 1), Ellipticine® (4) OFFEMKIL, UKD Z RN L SN TV HEERLTHD Z &
MHBAFEDEIE T < OFEERENRGHR IS, EELFAFEICET 2B/ Thh Tnd, =
AUk LT, ellipticine quinone  (3) b HUESEEMEA AT 562 L &, TOMHE LOREN L2
BRAFZE D BMTDI TS, L, BEEARIT, 13 A ST THRN D Lo il
—EMEFRBARFZE D HAE X STV RV, £ 2T, ellipticine quinone (3) (2 B9~ 2 & -5 AR
BINFE 2 Efi 9 5720, A BREA~OBEHILEAZHEF IV, ERREOD I — bt
@ @ W ellipticine quinone A Bk A O Bl 8 4 B T H DH . A Hi T L.

pyrido[4,3-b]carbazole-5,11-dione ‘H# % A3 5 ellipticine quinone (3) ZIRAIIZZ DA RS

EATo 7,
o 1 Me
R! o Me o 1 <N2 <N
e LI s~
RZ 8 4 N
N © 7 N o H Me
1: Murrayaquinone A 3: Ellipticine quinone 4: Ellipticine
2a: Koeniginequinone A  (pyrido[4,3-b]carbazole-5,11-quinone)
:R'=H, R%=0OMe
2b: Koeniginequinone B
:R'=R2=0Me ]
Figure. 1

Ellipticine quinine (3) 13,1984 4 Gribble 5 ' |2 J % ellipticine (4) D44 HAFSE DA B H
RELTHID THESNTWD, TDOHEIL, Scheme 1IR3 T X )12, A > R—/LiFEEKS
LV VA NR= s m ) RiFEK 62K D Friedel-Crafts SUGIC LY . 3-(4-E U YL
WIRZIN) AV R= T 2{I2D b AT, BIEKIE 21T 9 2 & T, ellipticine quinine
Q) ZAR L TWD, IKWT, MeLi & HWex / RO TNV = VIO RTINS, i
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< NaBH,ZLEEIZ LV ellipticine (4) O&ERAZENK L TV TS, S 5T, 2013 4 Nagarajan
5ONE AV R 22 VR VBB ATV 8 L Y V2 -3- L 3L T B R 9 % Friedel-Crafts
BOSIZAT Ly A > R—=/L BALICHERER 2 H A%, 15547 10 OKERIEZ ML L, LITMP f77£
T A b A ZIAEEOSICAT L, ellipticine quinine (3) DA A #HiE L CW\5, £72 2004 4F
Bernardo & ¥ . Gribble & D& ik %z 15 L. ellipticine quinone #5 S KD A Z1TH & & b
2 AEWIETE R AR ER 2 3206 L. ellipticine quinine (3) 2SFRWHUEBHEM 2 /R4 2 &L 2 L

TW5,
Gribble, G. W. and Kecha, D. M. et al.

Friedel-Crafts
@ CIOC_ COOMe  Acyiation
N + - E——
S0 \_\/
PH 2 N
5 6

Strong-base
-madiated

cycIlzatlon =N 1) CH3L| =N
O Q / O O /
2) NaBH,
3: Ellipticine quinone 4: Ellipticine
Nagarajan, R. et al.
Friedel-Crafts HO N
j 74
Q—\)\ OHC._~ Acylation \
+ —
N~ COEt | — > N\ cOm
: H
9 10
Q o]
/N =N
— oo, LIS s
CO,Et
N 2 N
H H O
11 12

Scheme 1: Synthesis of ellipticine quinone and ellipticine
ZIZT, AEIBER L 2 DORKIED S B H T A RCM-BKFELIS &S5 & LTz
ellipticine quinine & EIE DB # MFt L7, £ O&RkErE % Scheme 2 12779, £7. DEROD
B U BN, ellipticine (4) AL TR &L TV % Pomeranz-Fritsch 586 22 #FIH L, %
D 4 fii-da N DRF-RFAECTERIT L - T, REAITHEE T 2, 2L T, 2RR<ZDD
BRISEL 21T 5 72 121%, diethoxyethylaminomethyl 5% carbazole-1,4-quinone @ 3 726> 14
DEWRNVETH D & E %7, & D carbazole-1,4-quinone 14 A kIZ 1%, Z DA RRATERIAD A Rk
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DLRTEInb, FRLE 2 5OFED S B, Z 7 5 RCM-KFECBUS 2 TE R4 20—
MRAEYITHD LB R, LoT, TORBE 3-7 7 U nA A > F—/LiFEK 15 |
3-iodoindole-2-carbaldehyde (16) & tributyl[3-(diethoxyethylamino)propen-2-yl]tin (17) 7> 5 FEE T
&L EBFR, LITBRTERMm L7z,

R Pomerantz-Fritsch

Q =N 9 Reaction
O — Qi3 ‘
N N w4 OEt
H O H o OEt

3: Ellipticine quinone 13 14
R EtO
Tandem o ‘N\)‘OEt
RCM-Dehydroganation
- Reaction 7 I E\)O\Et
' D> \ S5 — \ cho L OEt
N

N OH H BusSn” X
15 16 17

Scheme 2: Retrosynthesis of ellipticine quinone (3)

F 7", ellipticine quinone DG Z =T HIZi%, FHHE L7z tributyl[3-(diethoxyethylamino)-
propen-2-ylltin (17) MHLETH D, ZOHEAXLEW 171X, N E TIZARIZBET 2 HE
1725 72 < Scheme 3 IZ/RT/L— h TAKEZRA A7, Thompson & D JF5 ik DIcHEvy,
aminoacetaldehyde diethyl acetal (18) % HHIZJFEHI, EtsN fFE T p-TsCl Z S & E 25 2 & TR
VAR T 2R 19 2R 76% TH72, #i T, DMF H1 K,CO3 f74E | propargyl bromide % it
/D N-TILF AR L VLAY 20 Z IR T4% CTHE T E 72, HEIC Tanner & Y O Fik%
2312, Pd(PPhs),Cl, f77E T tributyltin hydride % H\ 7= hydrostannylation (2L W B L35 6F
A XREETH 5 tributyl[3-(diethoxyethylamino)propen-2-ylltin (17) & &k 3% Z LN T&E 7=,

Br N

OEt TsCl, Et;N H OEt K,CO;
e

—_—
HaN Aokt CH,Cl, Ts*N\)\OEt DMF

0°C,1h rt, 12 h
18 76% 19 74%

s OEt Pd?lglgin)l-l cl s OEt
N\)\ 312>°2 N\)\OEt

OEt _— J/\
|ﬂ THF BusSn™

0°C,1h

Scheme 3:Synthesis of tributyl[3-(diethoxyethylamino)propen-2-yl]tin (17)
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B LT A RFEK 17 %4 - 7= ellipticine quinine (3)D A %22 T Scheme 4 (2777,
3-iodoindole-2-carbaldehyde (16) % fA A X3k 17 L iz —@fbiRFELIR T, Pd fillfrE
FinESE5Z 8T, HET D 3727 VA bAoA > K=/ 21 IR 64% TH7=, &I, 21
% Grignard FUSIZAT 2 & THRBTBRIED T VLT )L a—)1 15 2R 19% CHE TX 7=, 7 VU
VTV — b 15 & FEFRKUE 5 2 TR Grubbs it/ 7E T toluene H 70 °C T# 7 . RCM
Wi AKERG AT o 72 & Z AL Te carbazole-1,4-quinone (14) % 50%DILR TEKTE 72, L

Uy WRBHRRETH - 772, BALBIRI W Tl S 2 it L7z,

Ts EtO
\_/~OEt
o]
| Ts OFt PdCl,(dppf), BHT, y
Q_& llk)\ CO (1 atm)
) + OEt > \
CHO CHO
H Bus;Sn™ Y DMF H
ta 80°C,17 h
16 17 64% 21
Ts EtO
A OEt Grubbs 2nd o] s
BrMg” > under O, N
_ :
r;n;Fh toluene NS OpeEt
9% 70°C,5h H
° 50%
14

Scheme 4: Synthesis of carbazole-1,4-quinone (14) by tandem RCM-dehydrogenation

Table 1: Synthesis of carbazole-1,4-quinone (14) by tandem RCM-dehydrogenation

Ts EtO
NjOEt Grubbs catalyst o N,Ts
0] ., under O,
- OEt
\ = N OEt
N H O
H OH
15 14
Run Grubbs Catalyst ? Solvent Temp Time Yield (%)
1 1st CH,ClI, reflux 24 h —b
2 2nd CH,Cl, reflux 24h __b)
3 1st toluene 70°C 24 h — b
4 2nd toluene 70 °C 5h 50
5 Hoveyda 1st toluene 70 °C 12 h —b
6 Hoveyda 2nd toluene 70 °C 5 min 58

a) 10 mol% of Grubbs catalyst was used, b) Not reaction.
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Table 112779 X 9 (2, Grubbs it & SOSEAEEZ DU CTRRG L 725 3R A FEE O 54 14 toluene
Hh 5 2 X Hoveyda-Grubbs fil B 2 FI N 7= S50 SO ERERE) 5 min & Kl 72 B 4800E & U =R 58%
CETTIEH DA NINENLEINDERE LB, ZOENS, HE 15 0 I EHLTH D

Pr

diethoxyethylaminomethyl J£ O AKREE DK & S BILEOSIZRE L TWH oD, Zhll EoI
RYBIPFFCTERNEB T,

Table 2: Synthesis of ellipticine quinone (3) using Pomerantz-Fritsch Reaction

Y

14 3
Run Solvent Temp (°C) Time (h) MW Yield (%)
1 1,4-dioxane 70 1 - -2
2 1,4-dioxane 70 24 - 35
3 o-dichlorobenzene 150 0.5 + 81
4 1,4-dioxane 150 0.5 + 67

a) Not reaction.

%12, 15547 carbazole-1,4-quinone 14 % Chern & DMt *) 12t > T, 6 M HERETEIE T
1,4-dioxane H 70 °C TH#EAL 7= & Z A, Pomeranz-Fritsch SO 2RV THE(LAHEIT L. 35%
EARIER 72228 5 ellipticine quinine )& 155 Z LN T& 7=,

T, VU UVRBRORESM Z R Lz, Table2 1IR3 X512, ~A 7 o lBE T
TOBRLEE ) ZRlkAdz, Je LG C~A 27 aiBAE T, 30 min IIET 5 Z L2k v X
I ER 1L, 81% % Tl kL7,

PLE®D X 91z, ellipticine quinine (3)D &Y ¥ U ERIZEL D 7= HIZ 7 diethoxyethylamino-
methyl 2£% 3 fiZ1Z % - carbazole-1,4-quinone 14 AR ZE1T 5 T2 D53 Fa%EtE1TV . HRkL—
k& ket L7455, 3-iodoindole-2-carbaldehyde (16) 75 4 TfE, #RULR 15% & . ZhERA7R

ellipticine quinine (3) DFTHLERL— M ZFENLT H 2 LN TE I,
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#AEE 2H  Ellipticine quinone F5E (K oD A4 WiE A

AT BV T, # 7 5 RCM — il /K 35 5O & 8 i & L 72 ellipticine quinone (3;
pyrido[4,3-b]carbazole-5,11-dione) DN 72 A AIE D BAFEREAEIC DUV T~ T2, WIT, AE Rk
BEERL, RIFEOBBHO—2>ThHHREBREF OO0 A BRI A~EHRILEA L7
ellipticine quinone F5ERG AL ATV, AARHE AN HITE MEREAR U 2 3269~ %5 Z & T ellipticine
quinine (3) DOHMAREEFEAMBITENE(CBE 4 2 M — IHPEARBINITE &2 Rl 9~ % & TRl K Al
A= D123 DYRFRBIIE 2 it L7,

F9°. A B EICE#RILE o ellipticine quinone #FEMAOARKICERL T, HEFETH D
3-iodoindole-2-carbaldehyde 23 1%, 5 3 &5 4 i THA Ak L 72 methyl indole-2-carboxylate 22 @ 5
MBI 6 (LICEREZLSDFEKRNLSL 3 TRTEKRLE, &K LE
3-iodoindole-2-carbaldehyde 23 & tributyl[3-(diethoxyethylamino)propen-2-yl]tin % —fE&{l. % i
ATV TSI L, 377 VaA A R 24 L LDOL, Grignard SSERRT 2
TRERTY IATVa—L 25 I8 LTz, £ LT, 26 ZfBAbih. 55 2 #X Grubbs filtfifr
7E T toluene H1 70 °C T# 7 & RCM-i/KFE %447 9 Z & T carbazole-1,4-quinone 26 %45
D EINTE L, BRI, ~A 7 n RS T 54T Pomeranz—Fritsch FUSIZAF L, B Y P
Br A 4945 Z & T, 3-iodoindole-2-carbaldehyde 23 7> % 4 T#2 T ellipticine quinone #%53& /A& 27

%4k L7z (Scheme 1, Table 1),

1 1
R 3 steps R I Ts OEt CO (1 atm), BHT
Rzm —> R? m . N\)\oa PdCl(dppf)
CO,Me —> N~ ~CHO j\ >

N
H H BU3sn X 7[())'\/!)';
22 23
Ts EtO Ts EIQ
o N/ ~OEt ~ . o N_/~OEt  Grubbs 21
R! 7 ﬂ» R 7 under O,
toluene
R? \ THF R2 Vo~
N~ “CHO 0°C N on 70°C
H
25
9 10 11 \N
Rz L v
OEOtEt o-dichlorobenzene
H with MW
27

Scheme 1: Synthesis of ellipticine quinone derivatives (27)
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Table 1: Yields of 24, 25, 26, and 27

Ent Compd. R R?2 Yield (%) Yield (%) Yield (%) Yield (%)
No. of 24 of 25 of 26 of 27
1 a MeO MeO 43 57 65 65
2 b MeO H 54 63 64 71
3 c Me H 52 56 61 65
4 d Cl H 45 60 58 63
5 e F H 60 66 62 80
6 f NO, H 41 64 66 62
7 g CF; H 54 65 61 72
8 h H MeO 66 60 60 72
9 i H Me 40 53 53 72
10 i H Cl 58 48 52 68
11 k H F 32 64 60 70
12 | H NO, 46 70 72 66
13 m H CF; 48 53 53 60

AR L7z 14 FEE O ellipticine quinone F5E A4 VT, b bR BB aRE HCT-116 #ifd s
LU0 b~ EMmEHIE HL-60 (259~ 2 M ia g FEm il v A At sk 4 92hi L 7=, Table 2 [27R"9 &k
912, ellipticine quinone (3) %, T CIZHE STV D X I ITHRVIEMEZ R TRERD G LT,
R
B (AFdE sunfk =beik N TAGda AT g el b oERIC

R

. ellipticine quinone M EH#IE & MO BIHEMEIZ DWW TR, 8 L& D WM X 9 MLICFE % D& H

R

DWW TIRRRER 2 520 L 7o R, 9 MEA~EHIEE AT L L EMR ST Ha A b iz, o
FERIT, 2R E TICls ST ellipticine DA —EMEAHBIRFIE O RITHHBI L T 5,
L L7235 ellipticine D354, 9 i~ XE TG TH 2 KIRES A b OB ANE
PEOFRICHMIETH D LIBRILNTWND, TSk L, A EEEE DI SIZ Lz ellipticine
quinone |X, | GIMED TRV = v H 2% - 9-nitroellipticine quinone (27f) 3, HCT-116 #jd
IZB W CEF O PR IE MEE IR 5L T & 5 camptotecin & [7]45 O M FEINHITE M 274 2 & %
HOENIT L ENTET,
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Table 2: Evaluation of Cell Growth Inhibitory activity by MTT assay
against HCT-116 and HL-60 cell lines

NS
Compd. 1 2 HCT-116 HL-60
Entry No. R R ICs0 (kM) ICs0 (kM)
1 1 H H 0.88 +0.09 3.29+0.05
2 27a MeO MeO 3.72+0.11 7.49 +0.21
3 27b MeO H 5.43 +0.44 > 10
4 27c Me H 0.849 £ 0.16 4.27 +0.15
5 27d Cl H 1.38+£0.12 3.88+£0.42
6 27e F H 1.13+0.11 4.50 +0.20
7 27f NO, H 0.187 + 0.008 1.35+0.06
8 279 CF3 H 1.64 +0.01 5.08 + 0.40
9 27h H MeO 3.14+0.39 9.01 £0.62
10 27i H Me 5.79+0.24 >10
11 27] H Cl 4.07 £0.18 > 10
12 27k H F 1.60 +0.11 4.50+0.34
13 271 H NO, 1.25+0.12 443 £0.10
14 27m H CF3 4.62 +0.51 >10
Camptothecin 0.16 £ 0.02 0.019 £ 0.001
Etoposide >10 0.73+£0.08

LLEo X 512, 14 FEo ellipticine quinone A2 G L. 2FED b k23 AMITEIZ 332
e FEFE I IVE PR AN ARER 4 FEhE U 7=, 2 OfE R, TEPEAFRY Y 9-nitroellipticine quinone (27f) %
RAWEFTZENTE, LLARb, TOEMA I =X LIZHONTIE, SRR TIIAHT
HY., ALEW 27f B LIEROAT =P TOMREERF LI EB X TV D,
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BAEBLE EROLE
N-(2,2-Diethoxyethyl)-4-methylbenzenesulfonamide (19)
N, &, K% ¢ aminoacetaldehyde diethyl acetal (1 g, 7.52 mmol) @ CH,Cl, ¥ & Et;N (2.2 mL,
15.0 mmol) % p-toluenesulfonyl chloride (1.57 g, 8.27 mmol) ¢ CH,Cl, 8##Z 2% F L. rt T1 h L=,
BOSHE T %, AKZENNA ., EtOAc THiIH L 72, EtOAC &4 /K d6 JUMEA A HE /K TR Paifr L . 7K NaSO,4
THLRL  IWEEAITEE B LT, RIEEL BTSNV ITLra~< T 57— (20 g) (ZfFL., EtOAc-hexane
(2:8 VIV) sk AL R TIN 19 (2.8 g, 76%) %7537-, "H-NMR (300 MHz, CDCl;) &: 9.94 (1H, s), 7.63
(1H, d, J=9.6 Hz), 7.26-7.27 (5H, m), 6.90-6.93 (2H, m), 6.15 (2H, s), 6.05 (1H, s), 5.79 (1H, s), 4.59 (2H, s),
3.87 (3H, ), 2.15 (3H, s); *C-NMR (300 MHz, CDCl;) &: 182.7, 160.5, 147.0, 140.4, 137.3, 133.7, 129.9,
128.4, 128.4,127.9, 127.7, 123.8, 120.2, 115.1, 93.0, 73.8, 70.6, 55.7, 17.7; MS m/z: 363 (M"); HR-MS (EI)
Calcd for C,,H21NO,: 363.1471, found: 363.1452.
N-(2,2-Diethoxyethyl)-N-{[2-(2-formylindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (21)
N, &t H ., 3-2—RA>RF—/1 16 (200 mg, 7.38 mmol), 2,6-di-t-butyl-4-methylphenole (BHT) (195 mg,
8.86 mmol), PdCly(dppf) (30 mg, 0.035 mmol) & DMF %&#i% (2 tributyl[3-(2,2-diethoxyethylamino)-
propen-2-yl]tin 17 (757mg, 8.86 mmol) %fllx 7=, CO gas % 5 min [f]/X7 V> 7 L7=#% ., 80°C T 12 h /L
PR LT, mE#L . 30% KF KIsiEa N, 1 h i LT, RIS Z BT AN AW TAIEL , A% EtOAC
THiH L7z, EtOAC JE A /K3 L ORI A K THRR VL . 7K NapSO, THIMER | Wik 2 8T/ B L7z,
Wl a VH PNV HTLa< b7 Z7 04— (20 g) (2fFL., EtOAc-hexane (2:8 viv) sk 7 70aA 4k
21 (235 mg, 64%)%137-, IR (ATR) v: 3361, 1642 cm™. *H-NMR (300 MHz, CDCls) &: 10.08 (1H, s), 9.49
(1H, br s), 7.94 (1H, d, J=8.1 Hz), 7.76 (2H, d, J=8.0 Hz), 7.40-7.51 (2H, m), 7.24-7.31 (3H, m), 6.29 (1H,
m), 6.08 (1H, m), 4.64 (1H, t, J= 6.0 Hz), 4.43 (2H, s), 3.63-3.73 (2H, m), 3.43-3.53 (2H, m), 3.40 (1H, 2, J=
6.0 Hz), 2.41 (3H, s), 1.16 (6H, t, J= 6.5 Hz); *C-NMR (CDCl5) &: 191.4, 183.3, 146.3, 143.6, 136.6, 136.3,
135.9, 129.8, 129.7, 127.5, 127.3, 126.6, 123.6, 123.1, 122.2, 112.4, 63.0, 51.3, 49.6, 21.5, 15.3. MS m/z:
498 (M*). HR-MS (EI) Calcd for CasHsoN,06S: 498.1825. Found: 498.1833.
N-(2,2-diethoxyethyl)-N-((2-(2-(1-hydroxyprop2-en-1-yl)indol-3-yl)carbonyl)prop-2-en-1-yl)-
4-methylbenzenesulfonamide (15)
N, K. KE . 727VaA LA K—/L 21 (140 mg, 0.270 mmol) DK THF AL (20 mL) 12
vinylmagnesium bromide (1 M in THF, 0.3 mL, 0.3 mmol) %3 FL7z, rt T5 h fi#R% ., faFn NH,Cl K%
hnz., EtOAc THliHI L7z, EtOAC Z /K I8 L UMIFN A HE K TR BEI L | /K NapSO, THIMRM | T 25k
FEREL, BiEZ VTN AT L0~ 7 T7 40— (20 g) (2L, EtOAc-hexane it 5> Kk DT
LT v—)L 15 (111 mg, 79%) %7537, IR (ATR) v: 3342, 1621 cm™. 'H-NMR (300 MHz, CDCls) &:
9.19 (LH, br s), 7.79 (1H, d, J=7.9 Hz), 7.73 (2H, d, J=8.3 Hz), 7.36 (1H, d, J=8.1 Hz), 7.23 (2H, d, J=8.3
Hz), 7.12-7.23 (2H, m), 6.13 (1H, ddd, J=17.1, 10.5, 5.0 Hz), 6.02 (1H, s), 5.95 (1H, s), 564 (1H, m), 5.50
(1H, d, J=17.1 Hz), 5.32 (1H, d, J=10.5 Hz), 4.69 (1H, br s), 4.65 (1H, t, J=5.5 Hz), 4.40 (2H, s), 3.62-3.72
(2H, m), 3.42-3.51 (2H, m), 3.41 (2H, d, J= 5.5 Hz), 2.37 (3H, s), 1.15 (6H, t, J= 7.2 Hz).*C-NMR (CDCls)
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0: 193.1, 147.5, 144.8, 143.4, 136.9, 136.1, 134.3, 129.6, 127.2, 126.9, 126.1, 123.0, 122.0, 121.3, 117.1,
112.8, 111.6, 101.7, 67.8, 63.0, 50.6, 49.6, 21.4, 15.2. MS m/z: 526 (M’). HR-MS (EI) Calcd for
CagH34N206S: 526.2138. Found: 526.2142.
N-(2,2-diethoxyethyl)-N-(1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide (14)

O, &JfH (1 atm). 2 X Hoveyda i (7 mg, 0.008 mmol) @ toluene #&#Z+H (20 mL) (27 U/v
7 bz—/L 15 (80 mg, 0.161 mmol) %3 FL. 70 °C T 30 min JNEAL , VASEA T £ LT, FRila Y
HIENTITBIa<w T T7 0— (20 g) I[ZfFL., EtOAc-hexane %) (3:7 viv) K0fESDOF /1K 14 (44
mg, 58%) %737, IR (ATR) v: 3251, 1662, 1616 cm™. *H-NMR (300 MHz, CDCl,) &: 9.51 (1H, br s), 8.17
(1H, d, J=7.6 Hz), 7.73 (2H, d, J=8.4 Hz), 7.52 (1H, d, J=7.6 Hz), 7.42 (1H, t, J=7.6 Hz), 7.37 (1H, t, J=7.6
Hz), 7.29 (2H, d, J=8.4 Hz), 6.71 (1H, t, J=5.0 Hz), 4.62 (1H, t, J=5.0 Hz), 4.42 (2H, d, J=5.0 Hz), 3.61-3.71
(2H, m), 3.41-3.51 (2H, m), 3.36 (1H, d, J= 5.0 Hz), 2.36 (3H, s), 1.13 (6H, t, J= 7.0 Hz); “*C-NMR (CDCl5)
o: 182.7, 179.9, 146.7, 143.8, 137.1, 136.3, 135.2, 131.4, 129.8, 127.3, 127.2, 124.4, 124.0, 122.8, 116.8,
113.0, 101.9, 63.1, 52.3, 48.5, 21.4, 15.2. MS m/z: 496 (M"). HR-MS (EI) Calcd for CpsH,sN,06S: 496.1668.
Found: 496.1674.

ellipticine quinone (3)

N, &5, & /21K 14 (17 mg, 0.034 mmol) @ o-dichlorobenzene ¥A#: (5 mL) (2 6 M 2 (5 mL) %
il FL. A7 HT 180 °C T 30 min FINEME#RL 72, i HI#Z, NapCOs K¥AHE TALEEL | EtOAC T
i L72, EtOAC Z /KB L UE R HE K TR BEH L, 8K NapSO, THURE | I BEARIE R R LTz, 7%
a2V TNATLIa~<v 77— (309) 1ZfFL., EtOAc-hexane Jiit5r (3:7 viv) LV D ellipticine
quinone 3 (8 mg, 81%) %757=, mp 316-320 °C (EtOAc); IR (ATR) v: 3259, 1651, 1623 cm™. *H-NMR(300
MHz, DMSO-dg) &: 13.2 (1H, brs), 9.24 (1H, s), 9.07 (1H, d, J=4.8 Hz), 8.21 (1H, d, J=8.0 Hz), 7.93 (1H, d,
J=4.8 Hz), 7.61 (1H, d, J=8.0 Hz), 7.48 (1H, t, J=8.0 Hz), 7.39 (1H, t, J=8.0 Hz) ; *C-NMR (CDCl,) &:
180.2, 186.8, 155.2, 147.4, 138.4, 136.9, 127.5, 126.5, 124.4, 123.7, 122.5, 118.4, 118.3, 117.4, 113.9. MS
m/z: 248 (M"). HR-MS (EI) Calcd for Cy5HgN,O,: 248.0586. Found: 248.0573.

55 4 Z5 2 HiEROW

3-acryloylindole-2-carbaldehyde ¥8 (24) ®—&HI& RkEE

N, &, 3-3—RF A K—/1 2,6-di-t-butyl-4-methylphenole (BHT). PdCl,(dppf) ® DMF %&#i%IC

tributyl[3-(2,2-diethoxyethylamino)propen-2-yl]tin Z i1 . 7=, CO gas % 5 min fi}/x7 V7 L7-%# . 80 °C C

12 h B L7, AR, 30% KF KIsIRZINA ., 1 h iR LTz, SOSIRE BT A M W TAIL , AR

Z EtOAc THH L7z, EtOAC g4 /KB LU &K THAR BEAL . HE/K Na,SO, THzft% | YA 18

JERE BT, FREZ VAT N AT 0a< T F7 1— (20 g) I2fFL, EtOAc-hexane (2:8 viv) Jiisr k07T

7VaA VAR 24 157,

N-(2,2-diethoxyethyl)-N-{[2-(2-formyl-5,6-dimethoxyindol-3-yl)carbonyl]prop-2-en-1-yl}-

4-methylbenzenesulfonamide (24a)

Yield 43%; "H-NMR (300 MHz, CDCls) &: 9.97 (1H, s), 9.72 (1H, brs), 7.75 (2H, d, J=7.5 Hz), 7.43 (1H, s),
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7.30 (2H, d, J=7.5 Hz), 6.86 (1H, s), 6.29 (1H, s), 6.06 (1H, s), 4.60 (1H, t, J=5.1 Hz), 4.39 (2H, s), 3.97 (3H,
s), 3.93 (3H, s), 3.60-3.71 (2H, m), 3.42-3.49 (2H, m), 3.38 (2H, d, J= 5.1 Hz), 2.42 (3H, s), 1.14 (6H, t, J=
6.9 Hz). *C-NMR (75 MHz, CDCls) &: 191.9, 182.2, 151.8, 148.0, 146.6, 143.7, 136.4, 135.1, 131.8, 129.7,

128.9, 127.3, 122.3, 120.5, 102.9, 101.4, 93.4, 62.9, 56.3, 56.2, 51.4, 49.8, 21.5. MS m/z: 558 (M"). HR-MS
(El) Calcd for CzsH34N20gS: 558.2036. Found: 558.2023.
N-(2,2-diethoxyethyl)-N-{[2-(2-formyl-5-methoxyindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (24b)

Yield 54%; *H-NMR (300 MHz, CDCl5) &: 10.06 (1H, s), 9.41 (1H, br s), 7.75 (2H, d, J=8.4 Hz), 7.45 (1H,
d, J=2.6 Hz), 7.37 (1H, d, J=9.2 Hz), 7.30 (2H, d, J=8.4 Hz), 7.09 (1H, dd, J=9.2, 2.6 Hz), 6.29 (1H, s), 6.06
(1H, s), 4.61 (1H, t, J=5.1 Hz), 4.40 (2H, s), 3.86 (3H, s), 3.61-3.69 (2H, m), 3.42-3.50 (2H, m), 3.39 (2H, d,
J= 5.5 Hz), 2.41 (3H, s), 1.15 (6H, t, J= 7.0 Hz). *C-NMR (75 MHz, CDCls) &: 191.5, 182.8, 146.6, 143.8,
136.3, 135.2, 132.3, 131.6, 129.3, 129.6, 129.6, 127.3, 126.9, 122.6, 112.1, 101.6, 63.2, 52.2, 48.4, 21.4, 15.3.
MS m/z: 528 (M*). HR-MS (EI) Calcd for C,;H3,N,0,S: 528.1930. Found: 528.1953.
N-(2,2-diethoxyethyl)-N-{[2-(2-formyl-5-methylindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (24c¢)

Yield 52%; *H-NMR (300 MHz, CDCly) §: 10.51 (1H, s), 9.39 (1H, br s), 7.74-7.77 (3H, m), 7.37 (1H, d,
J=8.6 Hz), 7.37-7.45 (3H, m), 7.31 (2H, d, J=7.9 Hz), 6.28 (1H, s), 6.04 (1H, ), 4.65 (1H, t, J=4.9 Hz), 4.41

(2H, s), 3.64-3.74 (2H, m), 3.44-3.54 (2H, m), 3.39 (2H, d, J= 5.5 Hz), 2.41 (3H, s), 1.17 (6H, t, J= 6.9 Hz).
B3C-NMR (75 MHz, CDCls) &: 191.5, 183.2, 146.4, 143.6, 136.6, 136.3, 134.4, 132.9, 129.7, 129.6, 129.6,
127.3, 126.9, 122.6, 112.1, 101.6, 62.9, 51.3, 49.6, 21.6, 21.5, 15.3. MS m/z: 512 (M"). HR-MS (EI) Calcd
for C,7H3,N,06S: 512.1981. Found: 512.1996.
N-(2,2-diethoxyethyl)-N-{[2-(5-chloro-2-formylindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (24d)

Yield 45%; *H-NMR (300 MHz, CDCls) &: 10.10 (1H, s), 9.58 (1H, br s), 7.95 (1H, s), 7.76 (2H, d, J=8.2

Hz), 7.24-7.31 (3H, m), 6.27 (1H, s), 6.07 (1H, s), 4.64 (1H, t, J=5.4 Hz), 4.42 (2H, s), 3.63-3.73 (2H, m),
3.42-3.53 (2H, m), 3.40 (2H, d, J= 5.4 Hz), 2.45 (3H, s), 2.41 (3H, s), 1.16 (6H, t, J= 7.1 Hz).*C-NMR (75
MHz, CDCl;) &: 190.8, 183.0, 147.2, 144.1, 143.8, 138.4, 130.2, 129.8, 129.0, 128.2, 127.5, 127.3, 122.8,
121.2, 113.7, 101.6, 62.9, 51.4, 49.6, 21.5, 15.3. MS m/z: 532 (M%), 534 (M*+2). HR-MS (EI) Calcd for
C6H29CIN,06S: 532.1435. Found: 532.1421.
N-(2,2-diethoxyethyl)-N-{[2-(5-fluoro-2-formylindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (24e)

Yield 60%; *H-NMR (300 MHz, CDCls) &: 10.10 (1H, s), 9.58 (1H, br s), 7.75 (2H, d, J=8.4 Hz), 7.63 (1H,
dd, J=9.1, 2.6 Hz), 7.44 (1H, dd, J=9.1, 4.2 Hz), 7.31 (2H, d, J=8.4 Hz), 7.16-7.23 (1H, m), 6.27 (1H, s),
6.04 (1H, s), 4.65 (1H, t, J=5.2 Hz), 4.40 (2H, s), 3.64-3.74 (2H, m), 3.44-3.54 (2H, m), 3.39 (2H, d, J= 5.2

Hz), 2.41 (3H, s), 1.17 (6H, t, J= 6.6 Hz). *C-NMR (75 MHz, CDCls) &: 192.6, 183.2, 149.4, 144.3, 136.2,

130.1, 132.3, 131.6, 129.7, 129.6, 127.5, 127.1, 116.7, 116.6, 112.7, 112.1, 101.7, 67.0, 50.6, 49.6, 21.4,
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15.3.MS m/z: 516 (M"). HR-MS (EI) Calcd for CyH29FN,06S: 516.1730. Found: 516.1718.
N-(2,2-diethoxyethyl)-N-{[2-(2-formyl-5-nitroindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (24f)
Yield 41%;*H-NMR (300 MHz, CDCly) &: 10.16 (1H, s), 9.84 (1H, br s), 8.95 (1H, d, J=2.2 Hz), 8.32 (1H,
dd, J=9.0, 2.1 Hz), 7.77 (1H, d, J=8.5 Hz), 7.59 (1H, d, J=9.0 Hz), 7.32 (1H, d, J=8.2 Hz), 6.37 (1H, s), 6.05
(1H, s), 4.66 (1H, t, J=5.3 Hz), 4.41 (2H, s), 3.65-3.75 (2H, m), 3.45-3.55 (2H, m), 3.41 (1H, d, J= 5.6 Hz),
2.42 (3H, s), 1.16 (6H, t, J= 7.1 Hz).®*C-NMR (75 MHz, CDCls) &: 190.1, 183.0, 147.2, 144.1, 143.8, 138.4,
130.2, 129.8, 127.4, 126.0, 123.0, 122.4, 120.9, 113.0, 101.6, 62.9, 51.4, 49.6, 21.5, 15.3. MS m/z: 543 (M").
HR-MS (EI) Calcd for C,sH29N30sS: 543.1675. Found: 543.1687.
N-(2,2-diethoxyethyl)-N-{[2-(2-formyl-5-trifluoromethylindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (24g)
Yield 54%; *H-NMR (300 MHz, CDCl5) &: 10.14 (1H, s), 9.83 (1H, br s), 7.75 (2H, d, J=8.4 Hz), 7.58-7.67
(2H, m), 7.31 (2H, d, J=8.4 Hz), 6.33 (1H, s), 6.04 (1H, s), 4.65 (1H, t, J=5.5 Hz), 4.41 (2H, s), 3.63-3.73
(2H, m), 3.43-3.53 (2H, m), 3.40 (2H, d, J= 5.5 Hz), 2.41 (3H, s), 1.16 (6H, t, J= 7.2 Hz). *C-NMR (CDCl5)
0: 190.8, 183.5, 146.9, 143.8, 137.4, 137.2, 136.3, 130.0, 129.8, 127.3, 125.8, 123.9, 122.4, 121.5, 1214,
113.4, 1015, 62.8, 51.3, 49.6, 21.4, 15.2. MS m/z: 566 (M"). HR-MS (EI) Calcd for Cp7HzoFsN,O6S:
566.1698. Found: 566.1674.
N-(2,2-diethoxyethyl)-N-{[2-(2-formyl-6-methoxyindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (24h)
Yield 66%; *H-NMR (300 MHz, CDCls) &: 9.97 (1H, s), 9.57 (1H, br s), 7.74-7.79 (3H, m), 7.30 (2H, d,
J=8.0 Hz), 6.91 (1H, dd, J=9.0, 2.3 Hz), 6.86 (LH, d, J=2.3 Hz), 6.28 (1H, s), 6.08 (1H, s), 4.63 (1H, t, J=5.5
Hz), 4.41 (2H, s), 3.88 (3H, s), 3.63-3.73 (2H, m), 3.42-3.52 (2H, m), 3.39 (2H, d, J= 5.5 Hz), 2.42 (3H, s),
1.16 (6H, t, J= 6.8 Hz)."*C-NMR (75 MHz, CDCls) §:191.7, 183.1, 146.9, 141.5, 137.3, 133.2, 132.3, 131.6,
129.3, 129.6, 129.2, 127.3, 126.9, 123.1, 112.1, 101.6, 63.2, 52.2, 48.4, 21.4, 15.3. MS m/z: 528 (M").
HR-MS (EI) Calcd for C,7H3,N,0-S: 528.1930. Found: 528.1942.
N-(2,2-diethoxyethyl)-N-{[2-(2-formyl-6-methylindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (24i)
Yield 40%; *H-NMR (300 MHz, CDCly) §: 10.04 (1H, s), 9.55 (1H, br s), 7.75-7.81 (3H, m), 7.30 (2H, d,
J=8.3 Hz), 7.09 (1H, d, J=8.3 Hz), 6.27 (1H, s), 6.07 (1H, s), 4.64 (1H, t, J=5.3 Hz), 4.42 (2H, s), 3.63-3.73
(2H, m), 3.42-3.52 (2H, m), 3.40 (2H, d, J= 5.3 Hz), 2.49 (3H, s), 2.41 (3H, s), 1.16 (6H, t, J= 6.8 Hz).
B3C-NMR (75 MHz, CDCls) &: 191.5, 1883.4, 146.1, 143.6, 138.2, 130.7, 136.6, 135.9, 129.7, 129.6, 127.3,
125.3, 124.5, 123.0, 122.4, 112.1, 101.6, 65.0, 51.2, 49.6, 22.0, 21.6, 15.2. MS m/z: 512 (M"). HR-MS (EI)
Calcd for Cy;H3,N,06S: 512.1981. Found: 512.1986.
N-(2,2-diethoxyethyl)-N-{[2-(6-chloro-2-formylindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (24j)
Yield 58%; *H-NMR (300 MHz, CDCls) &: 9.19 (1H, br s), 7.79 (1H, d, J=7.9 Hz), 7.73 (2H, d, J=8.3 Hz),
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7.36 (1H, d, J=8.1 Hz), 7.23 (2H, d, J=8.3 Hz), 7.12-7.23 (2H, m), 6.13 (1H, ddd, 17.1, 10.5, 5.0 Hz), 6.02
(1H, s), 5.95 (1H, s), 564 (1H, m), 5.50 (1H, d, J=17.1 Hz), 5.32 (1H, d, J=10.5 Hz), 4.69 (1H, br s), 4.65
(1H, t, J=5.5 Hz), 4.40 (2H, s), 3.62-3.72 (2H, m), 3.42-3.51 (2H, m), 3.41 (1H, d, J= 5.5 Hz), 2.37 (3H, s),
1.15 (6H, t, J= 7.2 Hz)."*C-NMR (75 MHz, CDCls) §:191.8, 183.4, 151.2, 147.1, 146.8, 140.4, 130.2, 129.8,
129.0, 128.8, 127.8, 127.3, 124.8, 120.2, 113.7, 101.6, 62.9, 51.4, 49.6, 21.5, 15.3. MS m/z: 532 (M"), 534
(M*+2). HR-MS (EI) Calcd for CysH,9CIN;O6S: 532.1435. Found: 532.1447.
N-(2,2-diethoxyethyl)-N-{[2-(6-fluoro-2-formylindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (24k)

Yield 32%; *H-NMR (300 MHz, CDCls) &: 10.05 (1H, s), 9.77 (1H, br s), 7.92 (1H, dd, J=9.1, 5.4 Hz), 7.76
(2H, d, J=8.2 Hz), 7.31 (1H, d, J=8.2 Hz), 7.18 (1H, dd, J=8.9, 2.1 Hz), 7.18 (1H, dt, J=9.1, 2.1 Hz), 6.32
(1H, s), 6.06 (1H, s), 4.63 (1H, t, J=5.4 Hz), 4.40 (2H, s), 3.63-3.73 (2H, m), 3.42-3.52 (2H, m), 3.39 (2H, d,
J= 5.1 Hz), 2.42 (3H, s), 1.16 (6H, t, J= 7.0 Hz).”*C-NMR (75 MHz, CDCl3) &: 191.1, 182.9, 164.2, 161.1,
146.5, 143.7, 136.9, 136.8, 136.5, 136.4, 136.3, 129.8, 127.3, 125.3, 125.1, 123.2, 122.3, 113.0, 112.7, 101.6,
98.5, 98.2, 63.0, 51.4, 49.6, 21.5, 15.2 MS m/z: 516 (M"). HR-MS (EI) Calcd for C,sH29FN,06S: 516.1730.
Found: 516.1736.

N-(2,2-diethoxyethyl)-N-{[2-(2-formyl-6-nitroindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (241)

Yield 46%; *H-NMR (300 MHz, CDCls) &: 9.19 (1H, br s), 7.79 (1H, d, J=7.9 Hz), 7.73 (2H, d, J=8.3 Hz),
7.36 (1H, d, J=8.1 Hz), 7.23 (2H, d, J=8.3 Hz), 7.12-7.23 (2H, m), 6.13 (1H, ddd, 17.1, 10.5, 5.0 Hz), 6.02
(1H, s), 5.95 (1H, s), 564 (1H, m), 5.50 (1H, d, J=17.1 Hz), 5.32 (1H, d, J=10.5 Hz), 4.69 (1H, br s), 4.65
(1H, t, J=5.5 Hz), 4.40 (2H, s), 3.62-3.72 (2H, m), 3.42-3.51 (2H, m), 3.41 (1H, d, J= 5.5 Hz), 2.37 (3H, s),
1.15 (6H, t, J= 7.2 Hz). *C-NMR (75 MHz, CDCls) &: 189.1, 185.0, 151.2, 147.1, 143.8, 138.4, 131.2, 129.8,
127.4, 126.0, 125.0, 124.4, 120.9, 113.0, 103.6, 68.2, 54.4, 48.3, 24.5, 15.0. MS m/z: 543 (M"). HR-MS (EI)
Calcd for CysHp9N304S: 543.1675. Found: 543.1693.
N-(2,2-diethoxyethyl)-N-{[2-(2-formyl-6-trifluoromethylindol-3-yl)carbonyl]prop-2-en-1-yl}-
4-methylbenzenesulfonamide (24m)

Yield 48%; *H-NMR (300 MHz, CDCls) &: 9.19 (1H, br s), 7.79 (1H, d, J=7.9 Hz), 7.73 (2H, d, J=8.3 Hz),
7.36 (1H, d, J=8.1 Hz), 7.23 (2H, d, J=8.3 Hz), 7.12-7.23 (2H, m), 6.13 (1H, ddd, 17.1, 10.5, 5.0 Hz), 6.02
(1H, s), 5.95 (1H, s), 564 (1H, m), 5.50 (1H, d, J=17.1 Hz), 5.32 (1H, d, J=10.5 Hz), 4.69 (1H, br s), 4.65
(1H, t, J=5.5 Hz), 4.40 (2H, s), 3.62-3.72 (2H, m), 3.42-3.51 (2H, m), 3.41 (1H, d, J= 5.5 Hz), 2.37 (3H, s),
1.15 (6H, t, J= 7.2 Hz). ®*C-NMR (75 MHz, CDCls) 8:192.7, 149.6, 145.0, 143.6, 136.6, 135.9, 133.3, 129.7,
129.3,127.2, 126.5, 126.4, 125.3, 124.9, 124.4, 122.8, 121.7, 118.5, 118.5, 117.3, 112.7, 109.3, 109.2, 101.6,
67.7, 63.1, 50.8, 49.7, 21.4, 15.2. MS m/z: 566 (M"). HR-MS (EI) Calcd for Cy;Hz0F3N,0¢S: 566.1698.
Found: 566.1688.
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3-Allylindole 3 (25) D—f&HIA R
Ny &, K Ty 727VaA A R—) L O K THE #8E (20 mL) (2 vinylmagnesium bromide %
L7z, 1t T 5 h#i{#R% . fafn NH,Cl KA 2., EtOAC ThilH L 7=, EtOAC A 7/K 36 L O Fn A /K CIER I
L. 7K Na,SO, CTHzIRR | W AIER B LT, BIEE S I N ITboa~ 57 1— (20 g) (fF
L. EtOAc-hexane {73 KO DT VAT Vv=—)1 25 245372,
N-(2,2-diethoxyethyl)-N-((2-(2-(1-hydroxyprop2-en-1-yl)-5,6-dimethoxyindol-3-yl)carbonyl)prop-2-en-
1-yl)-4-methylbenzenesulfonamide (25a)
Yield 57%; IR (ATR) v: 3363, 1661 cm. *H-NMR (300 MHz, CDCl5) &: 9.05 (1H, brs), 7.73 (2H, d, J=8.2
Hz), 7.47 (1H, s), 7.26 (2H, d, J=8.2 Hz), 6.84 (1H, s), 6.13 (1H, ddd, J=17.0, 10.0, 5.0 Hz), 6.10 (1H, s),
5.97 (1H, s), 5.60 (1H, d, J=5.3 Hz), 5.50 (1H, d, J=17.0 Hz), 5.32 (1H, d, J=10.0 Hz), 4.84 (1H, br s), 4.59
(1H, t, J=5.0 Hz), 4.35 (2H, s), 3.91 (3H, s), 3.87 (3H, s), 3.59-3.68 (2H, m), 3.39-3.47 (2H, m), 3.39 (2H, d,
J=5.0 Hz), 2.39 (3H, s), 1.12 (6H, t, J= 7.5 Hz). **C-NMR (75 MHz, CDCly) §: &: 193.3, 147.5, 146.4, 145.6,
145.3, 1435, 136.6, 136.2, 129.6, 128.5, 127.2, 125.2, 120.2, 117.0, 113.3, 103.2, 101.3, 94.3, 67.7, 62.8,
56.4, 56.1, 50.9, 50.1, 21.4, 15.2. MS m/z: 586 (M"). HR-MS (EI) Calcd for C3)H3sN,0sS: 586.2349. Found:
586.2336.
N-(2,2-diethoxyethyl)-N-((2-(2-(1-hydroxyprop2-en-1-yl)-5-methoxyindol-3-yl)carbonyl)prop-2-en-1-yl
)-4-methylbenzenesulfonamide (25b)
Yield 63%; IR (ATR) v: 3334, 1650 cm™. *H-NMR (300 MHz, CDCls) &: 9.03 (1H, br s), 7.73 (2H, d, J=8.0
Hz), 7.43 (1H, d, J=1.5 Hz), 7.22-7.26 (3H, m), 6.85 (1H, dd, J=8.2, 1.5 Hz), 6.13 (1H, ddd, J=17.2, 10.0,
5.0 Hz), 6.07 (1H, s), 5.97 (1H, s), 5.61 (1H, br s), 5.52 (1H, d, J=17.2 Hz), 5.34 (1H, d, J=10.0 Hz), 4.78
(1H, d, J=5.0 Hz), 4.60 (1H, t, J=5.0 Hz), 4.36 (2H, s), 3.83 (3H, 5), 3.60-3.70 (2H, m), 3.42-3.49 (2H, m),
3.40 (2H, d, J= 5.0 Hz), 2.38 (3H, s), 1.13 (3H, t, J= 7.5 Hz), 1.13 (3H, t, J= 7.5 Hz). *C-NMR (75 MHz,
CDClj) &: 193.3, 155.7, 147.7, 145.1, 1435, 136.7, 136.0, 129.6, 129.1, 127.9, 127.3, 125.3, 117.3, 113.5,
113.1, 112.3, 103.3, 101.4, 67.8, 62.9, 55.9, 50.8, 50.0, 21.5, 15.2. MS m/z: 556 (M"). HR-MS (EI) Calcd for
Ca9H3sN,07S: 556.2243. Found: 556.2258.
N-(2,2-diethoxyethyl)-N-((2-(2-(1-hydroxyprop2-en-1-yl)-5-methylindol-3-yl)carbonyl)prop-2-en-1-yl)-
4-methylbenzenesulfonamide (25¢)
BT D RMEO BN EREECh o772 NMR 7 —#Z5E#i L TV el Yield 56%; MS m/z: 540
(M"). HR-MS (EI) Calcd for C,gH3sN,06S: 540.2294. Found: 540.2278.
N-(2,2-diethoxyethyl)-N-((2-(2-(5-chloro-1-hydroxyprop2-en-1-yl)indol-3-yl)carbonyl)prop-2-en-1-yl)-
4-methylbenzenesulfonamide (25d)
Yield 60%; IR (ATR) v: 3321, 1631 cm®. *H-NMR (300 MHz, CDCl5) &: 9.17 (1H, brs), 7.77 (1H, d, J=2.0
Hz), 7.73 (2H, d, J=8.2 Hz), 7.28 (1H, d, J=8.5 Hz), 7.25 (2H, d, J=8.2 Hz), 7.16 (1H, dd, J=8.5, 2.0 Hz),
6.12 (1H, ddd, J=17.0, 10.5, 5.0 Hz), 5.99 (1H, s), 5.91 (1H, s), 5.68 (1H, d, J=5.0 Hz), 5.52 (1H, d, J=17.0
Hz), 5.34 (1H, d, J=10.5 Hz), 4.65 (1H, t, J=5.0 Hz), 4.38 (2H, s), 3.63-3.73 (2H, m), 3.45-3.53 (2H, m),
3.39 (2H, d, J= 5.0 Hz), 2.37 (3H, s), 1.16 (6H, t, J= 7.5 Hz). *C-NMR (75 MHz, CDCl,) &: 192.6, 148.3,
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1449, 143.5, 136.8, 135.9, 132.7, 129.7, 128.0, 127.8, 127.2, 126.4, 123.6, 120.8, 117.4, 112.6, 101.6, 67.5,
62.9, 62.8, 50.6, 49.7, 21.4, 15.2. MS m/z: 560 (M"), 560 (M*+2). HR-MS (EI) Calcd for C,sH33CIN,OgS:
560.1748. Found: 560.1762.
N-(2,2-diethoxyethyl)-N-((2-(2-(5-fluoro-1-hydroxyprop2-en-1-yl)indol-3-yl)carbonyl)prop-2-en-1-yl)-
4-methylbenzenesulfonamide (25¢)
Yield 66%; IR (ATR) v: 3345, 1631 cm™. *H-NMR (300 MHz, CDCly) &: 9.09 (1H, br s), 7.74 (2H, d, J=8.2
Hz), 7.43-7.47 (1H, m), 7.26-7.31 (1H, m), 7.26 (2H, d, J=8.2 Hz), 6.92-6.98 (1H, m), 6.12 (1H, ddd, J=17.1,
10.5, 5.0 Hz), 5.99 (1H, s), 5.91 (1H, s), 5.66 (1H, d, J=5.0 Hz), 5.53 (1H, d, J=17.1 Hz), 5.35 (1H, d, J=10.5
Hz), 4.66 (1H, t, J=5.0 Hz), 4.52 (1H, br s), 4.39 (2H, s), 3.63-3.74 (2H, m), 3.45-3.53 (2H, m), 3.40 (2H, d,
J=5.0 Hz), 2.38 (3H, s), 1.16 (6H, t, J= 7.5 Hz). *C-NMR (75 MHz, CDCl,) &: 192.7, 160.4, 157.2, 149.4,
144.6, 143.6, 136.6, 136.1, 130.9, 129.7, 127.5, 127.3, 127.0, 116.8, 112.8, 112.4, 111.4, 106.4, 101.5, 63.0,
50.5, 49.6, 21.3, 15.2. MS m/z: 544 (M"). HR-MS (EI) Calcd for CysHs3FN,06S: 544.2043. Found: 544.2056.
N-(2,2-diethoxyethyl)-N-((2-(2-(1-hydroxyprop2-en-1-yl)-5-nitroindol-3-yl)carbonyl)prop-2-en-1-yl)-
4-methylbenzenesulfonamide (25f)
Yield 64%; IR (ATR) v: 3332, 1662 cm™. *H-NMR (300 MHz, CDCl;) &: 9.68 (1H, br s), 8.70 (1H, d, J=1.5
Hz), 8.06 (1H, dd, J=8.5, 1.5 Hz), 7.74 (2H, d, J=8.3 Hz), 7.43 (1H, d, J=8.5 Hz), 7.25 (2H, d, J=8.3 Hz),
6.10 (1H, ddd, J=17.0, 10.3, 5.0 Hz), 6.05 (1H, s), 5.88 (1H, s), 5.82 (1H, d, J=5.0 Hz), 5.52 (1H, d, J=17.0
Hz), 5.32 (1H, d, J=10.3 Hz), 4.65 (1H, t, J=5.5 Hz), 4.40 (2H, s), 4.25 (1H, br s), 4.04 (1H, br s), 3.63-3.73
(2H, m), 3.45-3.53 (2H, m), 3.44 (2H, d, J= 5.5 Hz), 2.37 (3H, s), 1.15 (3H, t, J= 7.5 Hz), 1.14 (3H, t, J=7.5
Hz). *C-NMR (75 MHz, CDCl,) &: 192.0, 149.9, 145.4, 043.6, 143.2, 137.4, 136.5, 135.9, 129.8, 129.7,
127.3,126.9, 126.4, 118.5, 118.1, 117.4, 113.9, 111.8, 101.6, 67.4, 63.0, 62.9, 50.6, 49.7, 21.4, 15.2. MS m/z:
571 (M"). HR-MS (EI) Calcd for CsH33N30gS: 571.1988. Found: 571.1982.
N-(2,2-diethoxyethyl)-N-((2-(2-(1-hydroxyprop2-en-1-yl)-5-trifluoromethylindol-3-yl)carbonyl)prop-2-
en-1-yl)-4-methylbenzenesulfonamide (25g)
Yield 65%; IR (ATR) v: 3353, 1621 cm™. *H-NMR (300 MHz, CDCl5) &: 9.08 (1H, br s), 8.13 (1H, s), 7.72
(1H, d, J=7.9 Hz), 7.73 (2H, d, J=8.3 Hz), 7.36 (1H, d, J=8.1 Hz), 7.23 (2H, d, J=8.3 Hz), 7.12-7.23 (2H, m),
6.13 (1H, d, J=8.5 Hz), 7.46 (2H, d, J=2.0 Hz), 7.23 (1H, d, J=8.5 Hz), 6.15 (1H, ddd, J=17.2, 10.5, 5.0 Hz),
6.07 (1H, s), 5.93 (1H, s), 5.76 (1H, m), 5.58 (1H, d, J=17.2 Hz), 5.40 (1H, d, J=10.5 Hz), 4.65 (1H, t, J=5.5
Hz), 4.40 (1H, d, J=5.0 Hz), 4.39 (2H, s), 4.04 (1H, br s), 3.62-3.70 (2H, m), 3.44-3.52 (2H, m), 3.40 (2H, d,
J=5.5 Hz), 2.35 (3H, s), 1.16 (6H, t, J= 7.2 Hz). *C-NMR (75 MHz, CDCl,) &: 192.4, 148.2, 145.3, 143.5,
136.7, 135.9, 135.7, 129.6, 127.3, 126.7, 126.4, 124.6, 120.0, 119.1, 117.6, 111.9, 101.6, 67.3, 62.9, 50.5,
49.6, 29.7, 21.4, 15.2. MS m/z: 594 (M"). HR-MS (El) Calcd for C,gH33F3N,06S: 594.2011. Found:
594.2023.
N-(2,2-diethoxyethyl)-N-((2-(2-(1-hydroxyprop2-en-1-yl)-6-methoxyindol-3-yl)carbonyl)prop-2-en-1-yl
)-4-methylbenzenesulfonamide (25h)
Yield 60%:; IR (ATR) v: 3385, 1676 cm™. *H-NMR (300 MHz, CDCl;) &: 8.86 (1H, br s), 7.66-7.74 (3H, m),
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7.23-7.26 (1H, m), 6.80-6.84 (2H, m), 6.13 (1H, ddd, J=16.9, 10.7, 5.0 Hz), 6.03 (1H, s), 5.96 (1H, s), 5.61
(1H, brs), 5.54 (1H, d, J=16.9 Hz), 5.35 (1H, d, J=10.7 Hz), 4.64 (1H, t, J=5.1 Hz), 4.54-4.57 (1H, m), 4.36
(2H, s), 3.82 (3H, s), 3.64-3.82 (2H, m), 3.43-3.49 (2H, m), 3.40 (2H, d, J= 5.1 Hz), 2.38 (3H, s), 1.15 (3H, 1,
J=8.1 Hz), 1.13 (3H, t, J= 7.5 Hz). *C-NMR (75 MHz, CDCl5) &: 192.3, 156.7, 145.5, 143.1, 139.4, 136.7,
134.0, 129.6, 129.4, 128.9, 127.3, 125.3, 119.3, 116.5, 116.1, 114.3, 103.3, 101.4, 67.8, 62.9, 55.9, 50.8, 50.3,
21.5, 15.4. MS m/z: 556 (M"). HR-MS (EI) Calcd for C,gH3sN,0;S: 556.2243. Found: 556.2248.
N-(2,2-diethoxyethyl)-N-((2-(2-(1-hydroxyprop2-en-1-yl)-6-methylindol-3-yl)carbonyl)prop-2-en-1-yl)-
4-methylbenzenesulfonamide (25i)
Yield 53%; IR (ATR) v: 3392, 1636 cm™. *H-NMR (CDCls) &: 8.67 (1H, br s), 7.73 (2H, d, J=8.6 Hz), 7.68
(1H, d, J=8.3 Hz), 7.25 (2H, d, J=8.6 Hz), 7.15 (1H, s), 7.00 (1H, d, J=8.3 Hz), 6.15 (1H, ddd, J=17.2, 10.4,
5.0 Hz), 6.04 (1H, s), 5.97 (1H, s), 5.61 (1H, m), 5.56 (1H, d, J=17.2 Hz), 5.39 (1H, d, J=10.4 Hz), 4.65 (1H,
t, J=5.5 Hz), 4.42 (1H, br s), 4.39 (2H, s), 3.62-3.70 (2H, m), 3.43-3.52 (2H, m), 3.40 (2H, d, J= 5.5 Hz),
2.44 (3H, s), 2.38 (3H, s), 1.16 (3H, t, J= 7.2 Hz), 1.15 (3H, t, J= 7.2 Hz). **C-NMR (CDCls) §: 193.0, 147.0,
144.8, 143.4,136.9, 136.1, 134.7, 133.0, 129.6, 127.2, 126.0, 124.7, 123.7, 121.0, 117.0, 112.8, 111.5, 101.6,
67.8, 63.0, 50.6, 49.6, 21.5, 21.4, 15.2. MS m/z: 540 (M"). HR-MS (EI) Calcd for CygH3sN,0¢S: 540.2294.
Found: 540.2286.
N-(2,2-diethoxyethyl)-N-((2-(2-(6-chloro-1-hydroxyprop2-en-1-yl)indol-3-yl)carbonyl)prop-2-en-1-yl)-
4-methylbenzenesulfonamide (25j)
Yield 48%; IR (ATR) v: 3364, 1664 cm™. *H-NMR (300 MHz, CDCls) &: 9.17 (1H, br s), 7.77 (1H, d, J=2.0
Hz), 7.73 (2H, d, J=8.2 Hz), 7.28 (1H, d, J=8.5 Hz), 7.25 (2H, d, J=8.2 Hz), 7.16 (1H, dd, J=8.5, 2.0 Hz),
6.12 (1H, ddd, J=17.0, 10.5, 5.0 Hz), 5.99 (1H, s), 5.91 (1H, s), 5.68 (1H, d, J=5.0 Hz), 5.52 (1H, d, J=17.0
Hz), 5.34 (1H, d, J=10.5 Hz), 4.65 (1H, t, J=5.0 Hz), 4.38 (2H, s), 3.63-3.73 (2H, m), 3.45-3.53 (2H, m),
3.39 (2H, d, J= 5.0 Hz), 2.37 (3H, s), 1.16 (6H, t, J= 7.5 Hz). *C-NMR (75 MHz, CDCl,) &: 192.6, 148.3,
144.9, 143.5, 136.8, 135.9, 132.7, 129.7, 128.0, 127.8, 127.2, 126.4, 123.6, 120.8, 117.4, 112.6, 101.6, 67.5,
62.9, 62.8, 50.6, 49.7, 21.4, 15.2. MS m/z: 560 (M"). HR-MS (EI) Calcd for C,3H33CIN,O4S: 560.1748.
Found: 560.1753.
N-(2,2-diethoxyethyl)-N-((2-(2-(6-fluoro-1-hydroxyprop2-en-1-yl)indol-3-yl)carbonyl)prop-2-en-1-yl)-
4-methylbenzenesulfonamide (25k)
Yield 48%; IR (ATR) v: 3402, 1611 cm™. *H-NMR (300 MHz, CDCl3) &: 9.08 (1H, br s), 8.13 (1H, s), 7.72
(1H, d, J=7.9 Hz), 7.73 (2H, d, J=8.3 Hz), 7.36 (1H, d, J=8.1 Hz), 7.23 (2H, d, J=8.3 Hz), 7.12-7.23 (2H, m),
6.13 (1H, d, J=8.5 Hz), 7.46 (2H, d, J=2.0 Hz), 7.23 (1H, d, J=8.5 Hz), 6.15 (1H, ddd, J=17.2, 10.5, 5.0 Hz),
6.07 (1H, s), 5.93 (1H, s), 5.76 (1H, m), 5.58 (1H, d, J=17.2 Hz), 5.40 (1H, d, J=10.5 Hz), 4.65 (1H, t, J=5.5
Hz), 4.40 (1H, d, J=5.0 Hz), 4.39 (2H, s), 4.04 (1H, br s), 3.62-3.70 (2H, m), 3.44-3.52 (2H, m), 3.40 (2H, d,
J=5.5 Hz), 2.35 (3H, s), 1.16 (6H, t, J= 7.2 Hz). *C-NMR (75 MHz, CDCl,) &: 192.4, 148.2, 145.3, 143.5,
136.7, 135.9, 135.7, 129.6, 127.3, 126.7, 126.4, 124.6, 120.0, 119.1, 117.6, 111.9, 101.6, 67.3, 62.9, 50.5,
49.6, 29.7, 21.4, 15.2. MS m/z: 544 (M"). HR-MS (EI) Calcd for CysH33FN,06S: 544.2043. Found: 544.2048.
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N-(2,2-diethoxyethyl)-N-((2-(2-(1-hydroxyprop2-en-1-yl)-6-nitroindol-3-yl)carbonyl)prop-2-en-1-yl)-
4-methylbenzenesulfonamide (25I)
Yield 72%; IR (ATR) v: 3336, 1624 cm™. *H-NMR (300 MHz, CDCl,) &: 9.68 (1H, br s), 8.70 (1H, d, J=1.5
Hz), 8.06 (1H, dd, J=8.5, 1.5 Hz), 7.74 (2H, d, J=8.3 Hz), 7.43 (1H, d, J=8.5 Hz), 7.25 (2H, d, J=8.3 Hz),
6.10 (1H, ddd, J=17.0, 10.3, 5.0 Hz), 6.05 (1H, s), 5.88 (1H, s), 5.82 (1H, d, J=5.0 Hz), 5.52 (1H, d, J=17.0
Hz), 5.32 (1H, d, J=10.3 Hz), 4.65 (1H, t, J=5.5 Hz), 4.40 (2H, s), 4.25 (1H, br s), 4.04 (1H, brs), 3.63-3.73
(2H, m), 3.45-3.53 (2H, m), 3.44 (2H, d, J= 5.5 Hz), 2.37 (3H, s), 1.15 (3H, t, J= 7.5 Hz), 1.14 (3H, t, J=7.5
Hz). *C-NMR (75 MHz, CDCl;) &: 192.0, 149.9, 145.4, 043.6, 143.2, 137.4, 136.5, 135.9, 129.8, 129.7,
127.3,126.9, 126.4, 118.5, 118.1, 117.4, 113.9, 111.8, 101.6, 67.4, 63.0, 62.9, 50.6, 49.7, 21.4, 15.2. MS m/z:
571 (M"). HR-MS (EI) Calcd for CsH33N30gS: 571.1988. Found: 571.1998.
N-(2,2-diethoxyethyl)-N-((2-(2-(1-hydroxyprop2-en-1-yl)-6-trifluoromethylindol-3-yl)carbonyl)prop-2-
en-1-yl)-4-methylbenzenesulfonamide (25m)
Yield 53%; IR (ATR) v: 3394, 1608 cm™. *H-NMR (CDCls) &: 9.63 (1H, br s), 7.86 (1H, d, J=8.5 Hz), 7.73
(2H, d, J=8.3 Hz), 7.64 (1H, s), 7.36 (1H, d, J=8.5 Hz), 7.25 (2H, d, J=8.3 Hz), 6.11 (1H, ddd, J=17.0, 10.4,
4.8 Hz), 6.07 (1H, s), 5.91 (1H, s), 5.74 (1H, d, J=4.8 Hz), 5.49 (1H, d, J=17.0 Hz), 5.30 (1H, d, J=10.4 Hz),
4.63 (1H, t, J=5.2 Hz), 4.58 (1H, br s), 4.39 (2H, s), 3.62-3.72 (2H, m), 3.43-3.51 (2H, m), 3.40 (2H, d, J=
5.2 Hz), 2.38 (3H, s), 1.15 (6H, t, J= 7.2 Hz). MS m/z; 594 (M*). HR-MS (EI) Calcd for CgHssFsN,OgS:
594.2011. Found: 594.2032.
Carbazole-1,4-quinone 38 (26) D —fRAIE L
O, %t (1 atm), &5 AL Grubbs filt i toluene &K HIZ T VLT /La—/ L% FL, 70 °C T 30
min BV WA TR E LT, BEEZ VAN DT AIa~ T T 7 40— (20 g) [ZfFL.
EtOAc-hexane 7y (3:7 vIiv) JVAERDF /1K 26 2457,
N-(2,2-diethoxyethyl)-N-(6,7-dimethoxyl-1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide
(26a)
Yield 65%; mp 210-212 °C (EtOAC); *H-NMR(300 MHz, CDCls) &: 9.62 (1H, br s), 7.73 (2H, d, J=8.5 Hz),
7.54 (1H, d, J=2.0 Hz), 7.40 (1H, d, J=8.2 Hz), 7.29 (2H, d, J=8.5 Hz), 7.05 (1H, dd, J=8.2, 2.0 Hz), 6.67
(1H, t, J=2.0 Hz), 4.62 (1H, t, J=5.5 Hz), 4.42 (1H, d, J=2.0 Hz), 3.89 (3H, s), 3.61-3.71 (2H, m), 3.43-3.51
(2H, m), 3.35 (2H, d J=5.5 Hz), 2.50 (3H, s), 2.37 (3H, s), 1.14 (6H, t, J=7.2 Hz); *C-NMR(75 MHz,
CDClj) &: 182.8, 179.6, 157.7, 146.6, 143.8, 136.3, 135.2, 132.3, 131.6, 129.8, 127.3, 125.1, 119.0, 116.5,
114.0, 102.3, 102.0, 63.2, 55.7, 52.2, 48.4, 21.4, 15.2. IR (ATR) v: 3234, 1649, 1623 cm™. MS m/z: 556
(M"). HR-MS (EI) Calcd for C,gH3,N,04S: 556.1879. Found: 556.1887.
N-(2,2-diethoxyethyl)-N-(6-methoxy-1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide (26b)
Yield 64%; mp 209-213 °C (EtOAc); IR (ATR) v: 3211, 1631, 1616 cm™. *H-NMR(300 MHz, CDCl5) &:
9.62 (1H, br s), 7.73 (2H, d, J=8.5 Hz), 7.54 (1H, d, J=2.0 Hz), 7.40 (1H, d, J=8.2 Hz), 7.29 (2H, d, J=8.5
Hz), 7.05 (1H, dd, J=8.2, 2.0 Hz), 6.67 (1H, t, J=2.0 Hz), 4.62 (1H, t, J=5.5 Hz), 4.42 (1H, d, J=2.0 Hz),
3.89 (3H, s), 3.61-3.71 (2H, m), 3.43-3.51 (2H, m), 3.35 (2H, d J=5.5 Hz), 2.50 (3H, s), 2.37 (3H, s), 1.14
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(6H, t, J=7.2 Hz); ®*C-NMR(75 MHz, CDCls) &: 182.8, 179.6, 157.7, 146.6, 143.8, 136.3, 135.2, 132.3,
131.6, 129.8, 127.3, 125.1, 119.0, 116.5, 114.0, 102.3, 102.0, 63.2, 55.7, 52.2, 48.4, 21.4, 15.2. MS m/z: 526
(M"). HR-MS (EI) Calcd for C,;H3oN,0;S: 526.1774. Found: 526.1782.
N-(2,2-diethoxyethyl)-N-(6-methyl-1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide (26c¢)
BT AP E D BENNEE T o772 NMR 7 —ZZ 50 L TR\, Yield 61%; MS m/z: 510
(M"). HR-MS (EI) Calcd for C,7H3oN,06S: 510.1825. Found: 510.1849.
N-(2,2-diethoxyethyl)-N-(6-chloro-1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide (26d)
Yield 58%; mp 206-209 °C (EtOAc); IR (ATR) v: 3321, 1659, 1641 cm™. *H-NMR(300 MHz, CDCls) &:
9.72 (1H, br s), 8.14 (1H, d, J=1.5 Hz), 7.74 (2H, d, J=8.4 Hz), 7.47 (2H, d, J=8.3 Hz), 7.37 (1H, dd, J=8.3,
1.5 Hz), 7.31 (2H, d, J=8.4 Hz), 6.76 (1H, t, J=2.0 Hz), 4.60 (1H, t, J=5.6 Hz), 4.41 (2H, d, J=2.0 Hz),
3.61-3.71 (2H, m), 3.40-3.50 (2H, m), 3.35 (2H, d J=5.6 Hz), 2.39 (3H, s), 1.13 (6H, t, J=7.7 Hz);
BC-NMR(75 MHz, CDCls) &: 182.3, 179.8, 147.1, 143.9, 136.1, 136.0, 135.4, 131.6, 130.4, 129.9, 127.8,
127.3, 124.8, 122.2, 116.2, 114.2, 101.8, 63.1, 52.2, 48.5, 21.5, 15.2. MS m/z: 530 (M%), 532 (M*+2).
HR-MS (EI) Calcd for CyH,7CIN,O6S: 530.1278. Found: 530.1296.
N-(2,2-diethoxyethyl)-N-(6-fluoro-1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide (26e)
Yield 62%; mp 201-203 °C (EtOAC); IR (ATR) v: 3332, 1641, 1628 cm™. H-NMR (CDCls) §: 9.44 (1H, br s),
8.10-8.15 (1H, m), 7.73 (2H, d, J=8.5 Hz), 7.29 (2H, d, J=8.5 Hz), 7.08-7.19 (2H, m), 6.71 (1H, t, J=2.0 Hz),
4.61 (1H, t, J=5.0 Hz), 4.41 (1H, d, J=2.0 Hz), 3.61-3.69 (2H, m), 3.43-3.51 (2H, m), 3.34 (2H, d J=5.0 Hz),
2.38 (3H, s), 1.13 (6H, t, J=7.1 Hz). &: 182.8, 179.6, 157.7, 146.6, 143.8, 136.3, 135.2, 132.3, 131.6, 129.8,
127.3,125.1, 119.0, 116.5, 114.0, 102.3, 102.0, 63.2, 55.7, 52.2, 48.4, 21.4, 15.2. MS m/z: 514 (M"). HR-MS
(EI) Calcd for CysH,7FN206S: 514.1574. Found: 514.1566.
N-(2,2-diethoxyethyl)-N-(6-nitro-1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide (26f)
Yield 66%; mp 213-215 °C (EtOAc); IR (ATR) v: 3362, 1621, 1611 cm™. *H-NMR(300 MHz, CDCl5) &:
10.47 (1H, br s), 9.00 (1H, d, J=1.5 Hz), 8.29 (1H, dd, J=8.4, 1.5 Hz), 7.79 (2H, d, J=8.8 Hz), 7.67 (1H, d,
J=8.4 Hz), 7.36 (2H, d, J=8.8 Hz), 6.88 (1H, t, J=2.0 Hz), 4.61 (1H, t, J=5.4 Hz), 4.41 (1H, d, J=2.0 Hz),
3.61-3.71 (2H, m), 3.40-3.48 (2H, m), 3.36 (2H, d J=5.4 Hz), 2.43 (3H, s), 1.12 (6H, t, J=7.5 Hz);
BC-NMR(75 MHz, CDCls) &: 181.9, 179.6, 147.4, 144.9, 144.2, 139.6, 137.8, 135.7, 131.6, 130.0, 127.3,
123.1, 122.0, 119.6, 117.9, 113.7, 101.6, 63.1, 52.2, 48.4, 21.5, 15.2. MS m/z: 541 (M"). HR-MS (EI) Calcd
for CpsH27N306S: 541.1519. Found: 541.1531.
N-(2,2-diethoxyethyl)-N-(1,4-dioxo-6-trifluoromethylcarbazol-3-ylmethyl)-
4-methylbenzenesulfonamide (269)
Yield 61%; mp 202-206 °C (EtOAc); IR (ATR) v: 3321, 1685, 1616 cm™. *H-NMR (300 MHz, CDCls) &:
9.08 (1H, br s), 8.13 (1H, s), 7.72 (1H, d, J=7.9 Hz), 7.73 (2H, d, J=8.3 Hz), 7.36 (1H, d, J=8.1 Hz), 7.23
(2H, d, J=8.3 Hz), 7.12-7.23 (2H, m), 6.13 (1H, d, J=8.5 Hz), 7.46 (2H, d, J=2.0 Hz), 7.23 (1H, d, J=8.5 Hz),
6.15 (1H, ddd, J=17.2, 10.5, 5.0 Hz), 6.07 (1H, s), 5.93 (1H, s), 5.76 (1H, m), 5.58 (1H, d, J=17.2 Hz), 5.40
(1H, d, J=10.5 Hz), 4.65 (1H, t, J=5.5 Hz), 4.40 (1H, d, J=5.0 Hz), 4.39 (2H, s), 4.04 (1H, br s), 3.62-3.70
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(2H, m), 3.44-3.52 (2H, m), 3.40 (2H, d, J= 5.5 Hz), 2.35 (3H, s), 1.16 (6H, t, J= 7.2 Hz). *C-NMR (75
MHz, CDCl3) 6: 192.4, 148.2, 145.3, 143.5, 136.7, 135.9, 135.7, 129.6, 127.3, 126.7, 126.4, 124.6, 120.0,
119.1, 117.6, 111.9, 101.6, 67.3, 62.9, 50.5, 49.6, 29.7, 21.4, 15.2. *MS m/z: 564 (M"). HR-MS (EI) Calcd for
Ca7H7F3N,O6S: 564.1542. Found: 564.1536.
N-(2,2-diethoxyethyl)-N-(7-methoxy-1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide (26h)
Yield 60%; mp 201-203 °C (EtOAC); IR (ATR) v: 3221, 1645, 1622 cm™. *H-NMR(300 MHz, CDCl5) &:
9.18 (1H, br's), 8.02 (1H, d, J=8.5 Hz), 7.72 (2H, d, J=8.5 Hz), 7.28 (2H, d, J=8.5 Hz), 6.99 (1H, dd, J=8.5,
2.0 Hz), 6.87 (1H, d, J=2.0 Hz), 6.64 (1H, t, J=2.0 Hz), 4.61 (1H, t, J=5.5 Hz), 4.39 (1H, d, J=2.0 Hz), 3.89
(3H, s), 3.61-3.71 (2H, m), 3.41-3.51 (2H, m), 3.34 (2H, d J=5.5 Hz), 2.37 (3H, s), 1.13 (6H, t, J=6.8 Hz);
BC-NMR(75 MHz, CDCls) &: 183.0, 179.3, 160.0, 145.9, 143.8, 138.7, 136.2, 134.4, 131.6, 129.8, 127.3,
1235, 118.3, 117.3, 115.8, 101.9, 94.5, 63.1, 55.6, 52.2, 48.4, 21.4, 15.2. MS m/z: 526 (M"). HR-MS (EI)
Calcd for Cy;H30N,0;S: 526.1774. Found: 526.1778.
N-(2,2-diethoxyethyl)-N-(7-methyl-1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide (26i)
Yield 53%; mp 208-210 °C (EtOAc); IR (ATR) v: 3321, 1621, 1609cm™. *H-NMR(300 MHz, DMSO-dg) 5:
9.40 (1H, br s), 8.03 (1H, d, J=8.6 Hz), 7.73 (2H, d, J=8.4 Hz), 7.26-7.30 (3H, m), 7.18 (1H, d, J=8.6 Hz),
6.68 (1H, t, J=2.0 Hz), 4.61 (1H, t, J=5.5 Hz), 4.41 (1H, d, J=2.0 Hz), 3.61-3.71 (2H, m), 3.41-3.48 (2H, m),
3.35 (2H, d J=5.5 Hz), 2.50 (3H, s), 2.36 (3H, s), 1.13 (6H, t, J=7.0 Hz); **C-NMR(75 MHz, DMSO-ds) &:
182.1, 179.9, 146.4, 1443.8, 137.8, 136.2, 134.8, 131.5, 129.8, 127.3, 126.5, 122.3, 121.9, 116.9, 112.7,
101.9, 63.1, 52.2, 48.4, 22.0, 15.2. MS m/z: 510 (M"). HR-MS (El) Calcd for C,;H3N,06S: 510.1825.
Found: 510.1833.
N-(2,2-diethoxyethyl)-N-(7-chloro-1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide (26j)
Yield 52%; mp 204-206 °C (EtOAC); IR (ATR) v: 3263, 1634, 1616 cm™. *H-NMR(300 MHz, CDCl5) &:
9.72 (1H, br's), 8.14 (1H, d, J=1.5 Hz), 7.74 (2H, d, J=8.4 Hz), 7.47 (2H, d, J=8.3 Hz), 7.37 (1H, dd, J=8.3,
1.5 Hz), 7.31 (2H, d, J=8.4 Hz), 6.76 (1H, t, J=2.0 Hz), 4.60 (1H, t, J=5.6 Hz), 4.41 (2H, d, J=2.0 Hz),
3.61-3.71 (2H, m), 3.40-3.50 (2H, m), 3.35 (2H, d J=5.6 Hz), 2.39 (3H, s), 1.13 (6H, t, J=7.7 Hz);
B3C-NMR(75 MHz, CDCls) &: 182.3, 179.8, 147.1, 143.9, 136.1, 136.0, 135.4, 131.6, 130.4, 129.9, 127.8,
127.3, 124.8, 122.2, 116.2, 114.2, 101.8, 63.1, 52.2, 48.5, 21.5, 15.2. MS m/z: 530 (M), 532 (M*+2).
HR-MS (EI) Calcd for C,sH27;CIN,OS: 530.1278. Found: 530.1263.
N-(2,2-diethoxyethyl)-N-(7-fluoro-1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide (26k)
Yield 52%; IR (ATR) v: 3293, 1664, 1593 cm™. H-NMR (CDCls) &: 9.44 (1H, br s), 8.10-8.15 (1H, m), 7.73
(2H, d, J=8.5 Hz), 7.29 (2H, d, J=8.5 Hz), 7.08-7.19 (2H, m), 6.71 (1H, t, J=2.0 Hz), 4.61 (1H, t, J=5.0 Hz),
4.41 (1H, d, J=2.0 Hz), 3.61-3.69 (2H, m), 3.43-3.51 (2H, m), 3.34 (2H, d J=5.0 Hz), 2.38 (3H, s), 1.13 (6H,
t, J=7.1 Hz). MS m/z: 514 (M"). HR-MS (EI) Calcd for C,sH27FN,O¢S: 514.1574. Found: 514.1568.
N-(2,2-diethoxyethyl)-N-(7-nitro-1,4-dioxocarbazol-3-ylmethyl)-4-methylbenzenesulfonamide (261)
Yield 60%; mp 198-201 °C (EtOAc); IR (ATR) v: 3364, 1643, 1616 cm™. *H-NMR(300 MHz, CDCls) &:
10.47 (1H, br s), 9.00 (1H, d, J=1.5 Hz), 8.29 (1H, dd, J=8.4, 1.5 Hz), 7.79 (2H, d, J=8.8 Hz), 7.67 (1H, d,
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J=8.4 Hz), 7.36 (2H, d, J=8.8 Hz), 6.88 (1H, t, J=2.0 Hz), 4.61 (1H, t, J=5.4 Hz), 4.41 (1H, d, J=2.0 Hz),
3.61-3.71 (2H, m), 3.40-3.48 (2H, m), 3.36 (2H, d J=5.4 Hz), 2.43 (3H, s), 1.12 (6H, t, J=7.5 Hz);
BC-NMR(75 MHz, CDCls) &: 181.9, 179.6, 147.4, 144.9, 144.2, 139.6, 137.8, 135.7, 131.6, 130.0, 127.3,
123.1, 122.0, 119.6, 117.9, 113.7, 101.6, 63.1, 52.2, 48.4, 21.5, 15.2. MS m/z: 541 (M"). HR-MS (EI) Calcd
for CpsH27N306S: 541.1519. Found: 541.1526.
N-(2,2-diethoxyethyl)-N-(1,4-dioxo-7-trifluoromethylcarbazol-3-ylmethyl)-
4-methylbenzenesulfonamide (26m)

Yield 72%; mp 207-210 °C (EtOAc); IR (ATR) v: 3310, 1653, 1612 cm™. 'H-NMR(300 MHz, DMSO-dg) 5:
9.85 (1H, br s), 8.28 (1H, d, J=9.0 Hz), 7.82 (1H, s), 7.54 (2H, d, J=8.3 Hz), 7.58 (1H, d, J=9.0 Hz), 7.31
(2H, d, J=8.3 Hz), 6.81 (1H, t, J=2.0 Hz), 4.61 (1H, t, J=5.4 Hz), 4.42 (1H, d, J=2.0 Hz), 3.61-3.71 (2H, m),
3.41-3.49 (2H, m), 3.35 (2H, d, J=5.4 Hz), 2.39 (3H, s), 1.13 (6H, t, J=6.9 Hz); *C-NMR(75 MHz,
DMSO-ds) 4: 182.4, 179.7, 147.3, 144.0, 137.1, 136.0, 135.9, 131.6, 129.9, 127.3, 126.0, 123.6, 120.8, 120.7,
116.4, 110.8, 110.7, 101.9, 63.2, 52.3, 48.5, 21.5, 15.2. MS m/z: 564 (M"). HR-MS (El) Calcd for
C,o7H27F3N,06S: 564.1542. Found: 564.1548.

Ellipticine quinone 38 (27) O—&EIE KE
N, &, & /> KD o-dichlorobenzene ¥&iRIZ 6 M A L, ~A 7z 4~ 180 °C T 30 min
FUMBMR R LT, 1A% | Nap,CO3 /KA CALEEL | EtOAC THlitH L7z, EtOAC Z /KB L UMKk T
NEVK G L . 27K Na,SO, THzMEMR | WA IER B LT, BRIEE S U W TN ITboa~ 77 1— (30
) (ZfFL. EtOAc-hexane %y (3:7 viv) X0iEdk D ellipticine quinine 27 Z157-,
8,9-dimethoxyellipticine quinone (27a)
Yield 65%; mp 310-312 °C (EtOAc); IR (ATR) v: 3235, 1641, 1620 cm™. *H-NMR (300 MHz, DMSO-d¢) &:
11.55 (1H, br s), 9.55 (1H, d, J=4.8 Hz), 8.57 (1H, d, J=4.8 Hz), 8.17 (1H, s Hz), 7.03 (1H, s), 6.91 (1H, d,
J=8.0 Hz), 6.31 (1H, t, J=8.0 Hz), 3.76 (3H, s), 3.75 (3H, 5). *C-NMR (75 MHz, DMSO-d¢) &: 182.1, 170.9,
158.1, 152.6, 149.8, 146.1, 140.6, 137.2, 135.2, 126.8, 122.7, 120.9, 119.8, 103.0, 94.6, 56.1, 56.0. MS m/z:
308 (M*). HR-MS (El) Calcd for C17H1,N»04: 308.0797. Found: 308.0788.
9-methoxyellipticine quinone (27b)
Yield 71%; mp 323-325 °C (EtOAc); IR (ATR) v: 3231, 1651, 1620 cm™. *H-NMR (300 MHz, DMSO-d¢) &:
11.08 (1H, br s), 9.35 (1H, d, J=5.0 Hz), 8.48 (1H, d, J=5.0 Hz), 8.02 (1H, s), 7.99 (1H, d, J=4.8 Hz), 7.59
(1H, s Hz), 6.79 (1H, s), 6.91 (1H, d, J=8.0 Hz), 6.31 (1H, t, J=8.0 Hz), 3.81 (3H, s). *C-NMR (75 MHz,
DMSO-ds) o: 182.0, 170.2, 158.2, 154.3, 152.6, 140.6, 137.2, 133.8, 130.4, 126.8, 120.9, 119.8, 112.2, 104.8,
101.2, 55.8. MS m/z: 278 (M"). HR-MS (EI) Calcd for C16H19N203: 278.0691. Found: 278.0672.
9-methylellipticine quinone (27¢)
Yield 65%; mp 317-319 °C (EtOAc); IR (ATR) v: 3241, 1630, 1619 cm™. *H-NMR (300 MHz, DMSO-d¢) &:
11.26 (1H, br s), 9.42 (1H, d, J=5.0 Hz), 9.35 (1H, s), 7.99 (1H, d, J=5.0 Hz), 7.5 (1H, d, J=4.8 Hz), 7.48
(1H, s Hz), 6.93 (1H, s), 2.57 (3H, s). *C-NMR (75 MHz, DMSO-ds) &: 182.1, 170.9, 158.1, 152.4, 140.8,
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138.5, 137.2, 129.3, 128.9, 126.8, 120.9, 120.8, 120.1, 119.8, 112.2, 111.2, 21.7. MS m/z: 262 (M"). HR-MS

(EI) Calcd for C16H10N205: 262.0742. Found: 262.0751.

9-chloroellipticine quinone (27d)

Yield 63%; mp 325-328 °C (EtOAC); IR (ATR) v: 3266, 1623, 1612 cm™. *H-NMR (300 MHz, DMSO-d¢) &:

12.01 (1H, br s), 9.35 (1H, d, J=0.5 Hz), 8.48 (1H, dd, J=7.5, 0.5 Hz), 8.06 (1H, d, J=7.5 Hz), 7.99 (1H, d,

J=7.5 Hz), 7.68 (1H, dd, J=7.5, 1.5 Hz), 6.89 (1H, d, J=1.5 Hz). *C-NMR (75 MHz, DMSO-d;) 5:182.2,

170.9, 158.1, 152.6, 140.6, 139.6, 137.2, 130.8, 126.5, 125.6, 122.1, 121.7, 120.9, 119.6, 114.2. MS m/z: 282

(M), 284 (M*+2). HR-MS (EI) Calcd for C15H;CIN,O,: 282.0196. Found: 282.0183.

9-fluoroellipticine quinone (27¢)

Yield 80%; mp 320-323 °C (EtOAc); IR (ATR) v: 3236, 1659, 1639 cm™. *H-NMR (300 MHz, DMSO-d¢) &:

11.32 (1H, brs), 9.41 (1H, s), 8,51 (1H, d, J=6.9 Hz), 7.99 (1H, d, J=6.9 Hz), 7.58 (1H, d, J=7.2 Hz), 7.53

(1H, d, J=7.2 Hz), 7.08-7.12 (1H, m). *C-NMR (75 MHz, DMSO-ds) &: 182.1, 170.6, 158.1, 157.6, 152.3,

140.6, 137.8, 137.2, 131.0, 126.8, 120.9, 119.8, 115.4, 115.0, 109.8. MS m/z: 266 (M"). HR-MS (EI) Calcd

for C15H7FN20,: 266.0492. Found: 266.0486.

9-nitroellipticine quinone (27f)

Yield 62%; mp 322-325 °C (EtOAC); IR (ATR) v: 3244, 1613, 1605 cm™. *H-NMR (300 MHz, DMSO-d¢) &:

11.55 (1H, br s), 9.55 (1H, d, J=4.8 Hz), 8.57 (1H, d, J=4.8 Hz), 8.17 (1H, s), 7.03 (1H, s), 6.91 (1H, d,

J=8.0 Hz), 6.31 (1H, t, J=8.0 Hz). *C-NMR (75 MHz, DMSO-ds) &: 182.1, 170.9, 158.1, 152.4, 140.8,

138.5, 137.2, 129.3, 128.9, 126.8, 120.9, 120.8, 120.1, 119.8, 112.2, 111.2. MS m/z: 293 (M"). HR-MS (EI)

Calcd for C15H7N304: 293.0437. Found: 293.0449.

9-trifluoromethylellipticine quinone (27g)

Yield 72%; mp 310-313 °C (EtOAC); IR (ATR) v: 3259, 1667, 1619 cm™. H-NMR (300 MHz, DMSO-ds) &:

11.45 (1H, br s), 9.35 (1H, s), 8.48 (1H, d, J=7.0 Hz), 8.06 (1H, s), 7.99 (1H, d, J=7.0 Hz), 7.47-7.50 (1H, m).

BC-NMR (75 MHz, DMSO-dg) &: 183.3, 170.9, 158.4, 152.6, 144.8, 140.8, 137.6, 131.0, 129.7, 126.9, 137.2,

125.4, 124.0, 120.8, 119.6, 112.3. MS m/z: 316 (M"). HR-MS (EIl) Calcd for C16H7F3N,O,: 316.0460.

Found: 316.0472.

8-methoxyellipticine quinone (27h)

Yield 72%; mp 319-321 °C (EtOAC); IR (ATR) v: 3243, 1636, 1621 cm™. H-NMR (300 MHz, DMSO-d) &:

11.56 (1H, br s), 9.42 (1H, s), 8.50 (1H, d, J=6.8 Hz), 7.49-7.94 (2H, m), 7.23 (1H, s), 6.72 (1H, d, J=1.8 Hz),

3.82 (3H, s). *C-NMR (75 MHz, DMSO-de) &: 182.1, 170.2, 158.1, 156.7, 152.3, 142.9, 140.6, 137.3, 126.4,

122.9, 121.4, 120.9, 119.7, 109.4, 95.2, 55.8. MS m/z: 278 (M"). HR-MS (EIl) Calcd for Ci6H1oN2O3:

278.0691. Found: 278.0682.

8-methylellipticine quinone (27i)

Yield 72%; mp 317-320 °C (EtOAC); IR (ATR) v: 3321, 1621, 1606 cm™. H-NMR (300 MHz, DMSO-ds) &:

12.03 (1H, brs), 9.36 (1H, s), 8.43 (1H, d, J=6.5 Hz), 7.99 (1H, d, J=6.5 Hz), 7.92 (1H, d, J=7.0 Hz), 7.16

(1H, s), 6.83 (1H, d, J=7.0 Hz), 2.24 (3H, s). *C-NMR (75 MHz, DMSO-dg) &: 183.0, 171.5, 159.3, 158.7,
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156.4, 144.9, 141.3, 137.2, 131.2, 126.8, 126.2, 121.9, 119.8, 113.5, 111.2, 21.3. MS m/z: 262 (M"). HR-MS
(EI) Calcd for C16H10N205: 262.0742. Found: 262.0766.

8-chloroellipticine quinone (27j)

Yield 68%; mp 323-325 °C (EtOAC); IR (ATR) v: 3230, 1642, 1621 cm™. *H-NMR (300 MHz, DMSO-d¢) &:
11.51 (1H, br s), 9.45 (1H, s), 8.44 (1H, d, J=7.5 Hz), 7.99 (1H, d, J=7.5 Hz), 7.88 (1H, s), 7.58 (1H, d,
J=7.5Hz), 6.81 (1H, d, J=7.5 Hz). *C-NMR (75 MHz, DMSO-d,) 8:182.5, 171.3, 158.8, 153.6, 145.7, 140.6,
137.4, 1275, 126.6, 122.1, 121.3, 120.9, 119.8, 111.2. MS m/z: 282 (M"), 284 (M*+2). HR-MS (EI) Calcd
for C15H7CIN,O,: 282.0196. Found: 282.0193.

8-fluoroellipticine quinone (27k)

Yield 70%; mp 320-322 °C (EtOAc); IR (ATR) v: 3226, 1635, 1618 cm™. *H-NMR (300 MHz, DMSO-d¢) &:
11.32 (1H, brs), 9.41 (1H, s), 8,51 (1H, d, J=7.2 Hz), 7.99 (1H, d, J=7.2 Hz), 7.58 (1H, d, J=6.5 Hz), 7.53
(1H, d, J=6.5 Hz), 7.08-7.12 (1H, m). **C-NMR (75 MHz, DMSO-ds) &: 182.1, 175.2, 160.1, 157.6, 152.3,
140.6, 138.2, 137.2, 130.5, 126.8, 120.9, 119.8, 111.3. MS m/z: 266 (M"). HR-MS (El) Calcd for
C15H7FN202: 266.0492. Found: 266.0488.

8-nitroellipticine quinone (271)

Yield 66%; mp 320-322 °C (EtOAC); IR (ATR) v: 3260, 1683, 1652 cm. *H-NMR (300 MHz, DMSO-d¢) &:
11.63 (1H, br s), 9.65 (1H, d, J=5.2 Hz), 8.63 (1H, d, J=5.2 Hz), 8.17 (1H, s), 7.03 (1H, s), 6.91 (1H, d,
J=8.0 Hz), 6.34 (1H, t, J=8.0 Hz). *C-NMR (75 MHz, DMSO-ds) &: 183.1, 172.3, 160.1, 153.4, 140.8,
138.5, 135.2, 129.3, 128.0, 126.8, 120.9, 120.8, 120.0, 115.2, 111.2. MS m/z: 293 (M"). HR-MS (EI) Calcd
for C15H7N304: 293.0437. Found: 293.0421.

8-trifluoromethylellipticine quinone (27m)

Yield 60%; mp 313-315 °C (EtOAC); IR (ATR) v: 3230, 1649, 1620 cm™. H-NMR (300 MHz, DMSO-ds) &:
12.03 (1H, br s), 9.45 (1H, s), 8.43 (1H, d, J=7.0 Hz), 8.46 (1H, s), 7.92 (1H, d, J=7.0 Hz), 7.47-7.50 (1H,
m). ¥*C-NMR (75 MHz, DMSO-dg) &: 183.1, 171.0, 159.4, 152.6, 144.8, 140.8, 137.6, 131.0, 129.7, 126.9,
137.2, 126.4, 123.0, 120.8, 119.6, 112.3. MS m/z: 316 (M"). HR-MS (El) Calcd for CisH7F3N2O,:
316.0460. Found: 316.0448.
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X UL, 2R v Puerx /U rf /2 (PQQ) REX IV K 2o X I v
BYESE Y IV olERIcEEN TR Y . ARANTILE HEERCBILBE TOMBER L L
THEREE ZH->TWD, £o, BERK THOY LA TSN AAID mitomycin C,
daunomycin > mitoxantrone {26, ¥/ UHEEN G ENTWDH, —F, EETIE, HafEiz
BIRE LT/ IS L2 T 0H LS EER LA DR 2 IZHEE - SR ESh TE T
B, EMIEEE U THIESHEIEO 22 6 FURHRENE, FIEEE, i~ T U 7R L
EHTHZERIFETHRESNTVD, ? 2O XIICK /) Y EGDRAEBRLAYIX. B
LWEEKGHROZDY — MEEMERDFREE Z IO TND EBEZXDH I ENTE D,

Ellipticine /%, 1959 4F Goodwin & 9 (2 J ¥ Ochrosia elliptica 7> & B « & E S 7=
ER 1 pyrido[4,3-b]carbazole 7 v i v A RTH Y | AWML LT, mWHUEGEEEEFI~F Y
TIEEEATHZ & THER SN, £< ORI AV —712 L0 25 X OGS IG P BIRF7E
WERESNTE, DI, 20 2 fi~T R UIEEA LU, 6 fL~D7 LF LD
BA, BEOINLUTA FFRVEDH D WVITAKIEEZTAT 25 Z & TEMIEERHRT 5 2 &3
INETITWE SN TWD, Y Z OfEEEIFFE D 25 ellipticine 758K T&H % celiptinium,
725, N-methyl-9-hydroxyelliptinium 23323 A OB BEERE TR & U CRIZR S v, BRI
A EnTw5, PENipticine quinone (1) 1%, 1984 4E Gribble & 1 {2 X 1 ellipticine DAk H
RE LTI Tl Sz ) i % 5 Te pyrido[4,3-b]carbazole-5,11-dione T 5, & D%,
Bernardo & ¥ (X, in vitro FERICIH VTR 7= 28 B AR Hela fAR 2%t L. ellipticine
quinone (1) 23mEWHUESEMEZ R Z L 2 8E L TWD, LaL, K72 ellipticine quinone &%
EARE G U7 TR R RRBR I BT 2 M 13 R < R BTz,

CORICER L, FH I, O RPUEGEE S W OIRFBEN e 2 i 5 %/ o Rifi a8
FKERILEWOIEE L LT ellipticine quinone (1) Z & L7z, AWFEiREIL, ellipticine quinone
(1) OHEEAEPEMAHBNIIEE LT, T2 OMNRMEEED LI EZ 22 AT, BEZED S
72 —ER 1 carbazole-1,4-quinone (2). & HIZ ZERIED indole (3) 5 L T indole-4,7-quinone (4)
HRETECOIEMED IR & & g4 %, % L C. ellipticine quinone (1). carbazole-1,4-quinone (2) & .
indole (3) ® 3 MDD FI &AM & Lok z Ak L. b FRIED A HKMIakk HCT-116 %5
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KOt kB HIEER HL-60 (&6 2 i S 8 0 ) 5 PRl R 2 St 9~ 2 2 & TRz 2R [E3EE
MOBIEZR AT, &5I2, R E ERT 5729 ellipticine quinone (1) OREAEETH H D
carbazole-1,4-quinone (2) DFEAEIDNRIVIHTH G FIEOMNL bAFEREE L TRE LT

(Scheme 1),

65043
\s:7ﬁz:%a"d fQ

1: Ellipticine quinone 2: Carbazole-1,4-quinone 3: Indole 4: Indole-4,7-quinone

Scheme 1

%5 2 2 Cld. indole (3) K UX indole-4,7-quinone (4) #HiEARD AR & FUIEEEMEAL AW DR D

EAEIZ DUV TR _ 7z, 6-Methoxy-3-(4-methoxyphenyl)indole % J&IZ, & D 2 fLITHE~ 7o H
RZEAL 183 FHOA & N VB ERZ AT 5 &S, b bR BEAER HCT-116
Mt L Oe b AR HL-60 (25 U Tl iass SE s 1 AP Al ek 2 32k L 72 (Scheme 2),
ZORER, A R—= 2 LOEBILL LTT I FEL6 X0 7 I/ AF AT OFFHRROTEME
AT B LNIITERL, I, mWIEHEZ R LD & LT
4-hydroxy-4-phenylpiperid-1-yl Z 42 & (LA 7 (1ICso: 3.930.09 uM) % L7 Z &3 T
&7, 5|2, indole-4,7-quinone @ 2 (7 LN 3ZICx LT H RO EHEESXZ L S(LAEY 8
AL, EOEMEFMIRERZ L L7z, Lo Lans, PREDCIEHES 20D, XV
TER OB e a2 R Z LT TE oz,

COOMe

Scheme 2
%5 3 B ClX, carbazole-1,4-quinone ‘B A& DT HLA FIEDBRYE & £ OFFEARE AR L, Pl
TGRSR & S5l U 7oA IZ DWW Tk~ 7=, £9°, #7- 72 carbazole-1,4-quinone D4 Akik
DFESL % B S L RCM SUE % #EE & L 7= murrayaquinone A D44k & st L 7= (Scheme 3),
Z O, 3-acryloyl-2-(1-hydroxyprop-2-enyl)indole 10 (2%} L. FeF5& G+ RCM ST 5 &
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BRALSOS & BiAKSE SOS23He L CdEfT L. carbazole-1,4-quinone 23 &R CARKR T 5 Z & & A
H L. %7 5 RCM-WiAKSE s & ROt & L 7= murrayaquinone A (13) D2 A% 4 TRERRIY

AW TR T 7=,

0 Me Grubbs 2d o]

| Me
2 steps under O,
§ . § ~ g
N CHO N toluene
MOM |\'/|0M0H 70 °C, 5 min MOM
9 10 11
dehydrogenatlon 6 M HCI
O O
MOM
12 13: Murrayaquinone A

Scheme 3: Synthesis of murrayaquinone A (13) by RCM and dehydrogenation reaction

Lo L, KAERV— b OBERIERA TH % 3-acryloyl-2-(1-hydroxyprop-2-enyl)indole 10 & Ak i35
I o TR L R DBBAR K- T2, £ 2T KOIHEDOmWERSL— N &L
LI A R=L 2L & IMLDOEBRILEADFNEL WITTHZ & TIERR ETEHEER,
KB E R EBE L7z (Scheme 4), = D#ER, JElz 2 fr~EHHE A L 7= 2-allylindole 16 (Z%f

—MACIRFTEA T 0 2T o TV T RISIC R A R—=/L 3AL~DT U VEEA%AT -
TENAKKRDICHETE T, ZRETHEFHODLRNINZ LT VT okt + 2%
cyclocarbonylation, #HEVNTHET U b b, BR(LEOS 2S8R L TR Z D, F 7 U —Z2EITER S
AL 5 one-pot ST % 8T 7- 7 carbazole-1,4-quinone ‘B A& G AkiE Z NI 95 Z LN TE T2,

TBSCI
MgBr ' imidazole '
\ = \ =S
N DMF N
14 15 16
1) ZSnBus

PdCl,(dppf)

CO (1 atm), BHT: 2) 30% KF ag in a|r

DMF
70°C,20h MOMOTBS MOM

17 18

Scheme 4: Synthesis of carbazole-1,4-quinone by one-pot reaction
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Scheme 5 (27" & 912, RiE%E S BITHIE SE R TH 5 koeniginequinone (24a) 35 LY
B (b)) &2fpkz 3hE L., HZJFECodh % 6-methoxyindole-2-carbaldehyde 19a 35 L OF
5,6-dimethoxyindole-2-carbaldehyde 19b 7>% koeniginequinone A (24a) 5 X TY B (24b) DAk
%5 TRACHEM TX 7 (RILE 40%F L 08 24%)

R! BOMCI, R

Me
' K,CO4 ! 2 >MgBr
R? ) "o F dcHo >
N~ CHO DMF N THF
H I’t, 12 h BOM 0 OC, 20 min
19a: R'=H, R?>=OMe 20a: R'=H, R>=OMe
pl_-p2— pl_p2—
19b: R'=R?=OMe 20b: R'=R?>=OMe 1) 2> SnBus
PdCl,(dppf)
R | Me  TBsc R! | Me  CO(1atm), BHT
\ imidazole \ DMF, 70 °C, 20 h
R2 \ —> R2 \ o
N oH DMF N" S1es 2) TBAF, O, or air
BOM 50 °C, 12 h BOM
21a: R'=H, R>=OMe 22a: R1=H, R?=OMe
21b: R'=R?>=OMe 22b:R1=R?=0OMe
Q R! (@]
Me Na, lig. NHs Me
R2 O O > R2 O O
-78 °C, 30 min
BOM
23a: R'=H, R°=OMe 24a: Koeniginequinone A
23b: R'=R>=OMe :R1=H, R?>=OMe
24b: Koeniginequinone B

:R=R?>=0OMe
Scheme 5: Synthesis of Koeniginequinones (24a and 24b) by one-pot reaction

F b O —ODHETH DX T L RCM-HKSE G 2§ )i & L 72 koeniginequinone 8
DERNZ DV T HIRE L, AR EI O A o R—= VB RIFFIREREZBEANT 52 L7 <,
3TLRERETORAMEZER LT (FIR 42%3 L1V 39%), 728, 2 DOARMRKOBFRIZ LY
carbazole-1,4-quinone HED A BB TH DI N U P U B~ HEx REWHREE A LT 24 BEO
carbazole-1,4-quinone #5381k 28 &k L7= (Scheme 6), = LT, ZiLb &4l - 7= HIfuEE 5
e PR RN 2 S0t L 72 SR, T PE D58V ME S 6-nitrocarbazole-1,4-quinone & R T2 & 3T
72, bk X oo, KW Z & T D carbazole-1,4-quinone SRS Z T 5 Z &N

. RERAERICHTHAEMR 2 DOEMIEERBETHZENTE T,
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RZ

Z\SnBug ,
| CO (1 atm), BHT QR
R3m PdCl,(dppf) RL= P ZMgBr
N\ > N\ —_—
N~ CHO DMF N~ CHO THF
H H
25 26
2 2nd
QR Grubbs Q g2
R3= under O, _ R3.~
A NS > A R!
N R toluene N
H OH H O
27 28: Carbazole-1,4-quinones

Scheme 6: Synthesis of Carbazole-1,4-quinone derivatives
by tandem RCM-dehydrogenation

15 EtO
N/ ~OEt
o
R I Ts OEt C% 310:;\“2), BHT R / ~
- ~ BrM
N
H BusSn™ DMF H
29 30
TsEtO
OEt
o 1 .2
Grubbs 2nd 6 M HCI o 10 .\ /=N
underOz R = - Rs\\ / \ /3
4
toluene OEt o-dichlorobenzene 7 Hs 05
MW, 180 °C
31 32 33: Ellipticine quinones

Scheme 7: Synthesis of ellipticine quinone (33) by tandem RCM-dehydrogenation

Scheme 7 127" K 912, 3 4 BETIEL, AMFEOEMKERLEY TH 5 ellipticine quinone (1)
DA 2B RIEDBFE & K0 SiEPERPUESTEM LAY OIRBRIZ OV TR~ T, Bl L7
carbazole-1,4-quinone M Ak T4 %2 1% H L ellipticine quinone (1) OBV ¥ VBRI AT 57
DIZ, 3/ZIZ diethoxyethylaminomethyl %5 % ¢ 72 7= carbazole-1,4-quinone 32 % 7> f#xXst L.
g7 5 RCM-i K FRIS @IS E LIcalR ez Rt L, £ o R,
3-iodoindole-2-carbaldehyde 29 7> 4 T2 T#)=AY72 ellipticine quinone (1) OFTHLE /L — b
HWENLT H Z ENTE L (RN 15%), = L T AR A AUV— R &S H L Cellipticine quinone (1)
D 8N LN NLICTE A DEMRILAZEA LTz 14 FOFHEIR 2 ARk U, HI s i i s e R
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kiR A FEhi L 725 8. HCT-116 AR 3 CTREAF O PG M = 3,4 Cd 5 camptotecin & [F]
SEDIEME: % 7k 9-nitroellipticine quinone Z H\N/29Z E N TE 7=,

3RINDF /B LOBE LAY ORE-TEMMBIC W T, 2,36- & F—LiFE
RiZ, 3ALICT U —/LHk, 2 7iZ(4-hydroxy-4-phenylpiperid-1-yl)methyl % & >{LA&HA, U
EHZRTZEEZHLNITHIENTER,

IZ. carbazole-1,4-quinone FHEATIL, D TNICEBRELBATL L, SR LERKARY
ZDOHD XY BVERZ R T TH o7z, ZOMM & ITRRL28, 6 (Lil= ez bo
6-nitrocarbazole-1,4-quinone 723, FEFIZIRWEMHRILAH THL Z L2 AT N TE T,

Ellipticine quinone #%3EAK T, £ D LI EHIL A EAT 2 LIEMEN RS 2 2B TH Y |
9-nitroellipticine quinone 23BEAFDEFES & RIRREOTEREZ R ITILEW TH D Z L 2B LT
THZEMWTER,

b X oz, AR T3 RINDOEFEES / AW, 725 ellipticine quinone &
Z OFBELL, carbazole-1,4-quinone & KIKW) & OB EAE LY 2,3,6- —&H#iA( o K—/LifiE
KEA 2y R=F ) UFEERZ T RERTFIEIC X VER L SISV BNIIE 2 F2h L
7z, 2 Ot FBAMBOFER T, TNEThERMEEME RET 2 LA TE2n, kR
PEA#1E O ellipticine quinone 2> B BRI T 51206 > T, EHEOIR T E2RT Z L30T,
ZORER, TUERMEREE O ellipticine quinone ‘& 25 B FEINHI A A TH D L B2 T\ 5,

WO L LTE, ZnbEMEMECGERRIEM A = XL OB ZER L, S HICE
FE LG & L CORGE A I L TIT< 2L CEELRDH D WITED Y — MMEEH Ok
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