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4Ns 4-nitrobenzenesulfonyl

AcOEt ethyl acetate

aq. aqueous

AZIHY 3-azido-2-hydroxyindoline(s)

AZIN 2-alkoxy-3-azidoindoline(s)

Bs benzenesulfonyl

Bu butyl

COSY correlation spectroscopy

DCE 1,2-dichloroethane

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
decomp. decomposition

DEPT distortionless enhancement by polarization transfer
DiMeOIN 2,3-dimethoxyindoline(s)

DMSO dimethyl sulfoxide

equiv. equivalent

ESI electrospray ionization

Et ethyl

HAT hydrogen atom transfer

HFIP 1,1,1,3,3,3-hexafluoro-2-propanol

HITAB 2-hydroxyindoline-3-triethylammonium bromide(s)
HMBC heteronuclear multiple bond correlation
HMQC heteronuclear multiple quantum coherence
IR infrared

LDA lithium diisopropylamide

Me methyl

mp melting point

MS mass spectrometry

Ms methanesulfonyl

n- normal

NBS N-bromosuccinimide

NHC N-heterocyclic Carbene

NMeOIN N-methoxyindole(s)




NMR nuclear magnetic resonance

NOESY nuclear overhauser effect spectroscopy
rac racemic

ROBIN 2-alkoxy-3-bromoindoline(s)

rt room temperature

sat. saturated

TBAB tetrabutylammonium bromide

TBAI tetrabutylammonium iodide

tert- tertiary

TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin layer chromatography

TMDAI N,N,N-trimethyl-1-decanaminium iodide
Ts p-toluenesulfonyl
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CINTEZRA VY F—ntid, 22004 Y F—rD i 3MinEEEALEZA Y F—LD 28
RKTHY, KREBEETI2RKBMZIA4 DD AL v F=ATAhvaf K 1-4 & (+)-rivularin A(5)
D5ORHEINTHE (KMI-1)E, DE, v x4 v F=AT7rhnf P14 25015 X4
YE=ATAAa A4 FERT 5, KERIE. EFEENSVA Y F—r0 1 fie 3afEa LT
W5 Z e MBEA—BELD A v F—VFERO R T H RO L Witk (F150004F) TH Y|
fh 2,3 I THEA L TWwB ERA v F =ik (C3C3 B4 v F—)v # 35000 ff; C3'C2 v &
A v F—ov #] 62000 ff; C2’C2 &2 4 » F—/L ] 85000 ff) &HilkT 3 &, AMHIE R,
— B AREIE, BERFENLEZEZAL Y F—AE88E (NU'N1T 24 ¥ F—n ) 2400 #F;
C2’N1 2 A4 v F—/L #1600 ff) iZH Tk, BAICHIEIED ONTE L XA v F—LF
LS x5,
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Figure I-1. Structures of alkaloids with C3’N1 bisindole skeleton.

ERECRA Vv F—=ATAha A P 1-4 12, 2005 FFICNES IC X Y EERRE S iz 418
DRYTaEL VY F=ATAAAL FThdl, cnsid, BREREREDRFED OENE Lk
¥LEE%E Y /' ~F Laurencia brongniartii 7> 5t 6 > D BEAUL AR S 1 > ik L&Y & Hic
B, BhERE SN (M12), EREE AL Y F—=ATAhu 4 FoihEix, 'THNMR, *C NMR,
— &7t NMR (DEPT, COSY., NOESY. HMBC. HMQC). X #i#sattafihr,. HE'Eoiz Hwvw T
REINTEY JECEDPOETH 27207 IFELRT o 7B 2R v alRElE2 5 v,

T TOERMAENT. 2026 4 1 HEEEIC 31 5 SciFinder I TR L 7= B30 B8R A (Structure) @k v MME
BrErT,
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Figure I-2. Structures of alkaloids which were isolated from Laurencia brongniartii by Uchio and co-workers.
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AV F=ATAHuA F B-F ., BAMIERICN 3 2 MI0SEFHEEE. PUREENE. PTAAENEH
EHETHZEPmEINT3M, 2015 4E, Denison b, 7uEAf v F—=ATrhef FFQ
HEGRICOKEFEZBEERDO ) v Felksb T, b FFRAMIEKKD CYPIAT X777 4 v
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2D cypla DG ZRET 2 2 L 2WMELLP, $hbb, IhbzffinEs LTHT2ER
B4 v F—AT7Ahuf FicBLCd, REENEZA T3NS E . 28R oERIC X
% BIAGIC X o TEEEH O BIAABIARE I 1157,
fttd CINT B A4 v F—VEtgE AT 2 KRB & LT, (+)-rivularin A (5) 23 41T 50,

(+)-Rivularin A (5) 1%, 1982 fEiC Wells HIC X > TA =R+ 7V THIV T A X v FR—FEICT
B iz> T /32 7V 7 Rivularia firma %> 5 $ift, #EREINLRY) 7rEf Vv V=0T
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3)e TADE, (x)rivularin C ZFRWC, ENEZROZ L2 LM FE2HT L EAA VY F—LT
vhuf FeLTHlGInTnd, $, 2nboiiEid, 'TH NMR, C NMR, X7t NMR
(NOESY K U EKEMED NOESY D), HEOHICL > THRIEIN T3, 1985 EIC
Smallheer L3, 4(LICT 2 b TATE FEFT 24 Vv F—rb 7= F7VvoliRlic k-
T, 7% I{KTH % (2)-rivularin D1, (x)-rivularin Ds D& ZZER L T30, /-, 2017 4EiC
Soderberg 5%, 2-= b v 2F L v DOEA{LIC X > T()-rivularin C DEEKZIEZEM L 720, DLEA
rivularin FHORAMICET 2 lEFITH O, WiAFEZHET AL v F = LVOAFERIT R E
RE N TRy, BRGENC LI 2017 402 Mihn & 1%, (+)-rivularin A(5) 25 < 22D 28 AMIE
Bk (A-549, Hep3B) icif L CHllgdtt2 42 C &2 MG LT3, Fric, MsAMEkcd 3
A-549 IZHF L Tid, BIFETHE L AT IF v ALK T 7F v i bEuililgsgtts a4 2 C
L &R L 7219, (+)-Rivularin A (5) $ERBLZA v F—AT7 A kv 4 FEFEBRIC CINT 2
AV F=VEtgE AT 2EERIINE CHEINTES T, RHMAI#HMAFE2HET 2024 v
F—=AJHICBWT Y, HmBlERy — XL LG ZH TREME 2 RB T 25D TH 3,

" 2 CIREEFH D mRNA ICOWTBRRT W3 20RHED CYPIAL cypla %A%, X v 2HICOWTHRR2
BéricBs v Tit, CYP1AL, Cypla #Hwv 5,
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Figure I-3. Structures of rivularins A, B, C, D1, D> and D3 which were isolated from Rivularia firma by Wells

and co-workers.
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YIHEAZ V. A MMOER RERFETEARIGIC X 57 e ZTREIC X W LaEY G ~¢L
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AT X oI, BEEMRICECTT P e YRR T 2 LAY EEN T T & It oL, K
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Figure I-4. Atropisomeric structure for medicinal chemistry.
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T 5T, 2011 4FIC Liou b, AMIORIEZINGI T 2LEMEL TP YA F A vV F—
VIHERICERH L, ZNODRI7 V) —=v 7 %{To7z (M 150, 20227 Y —=v 7 DfER,
(-)-rivularin B D EI&#H 325 €24 v F— HIZHWT, Combretastatin A-4 & [AEED W F =
— 7V vEACHETIHEEEZET 2L ZHL2IC L2, ZORE, CINT 24 v F—1F
BEATEZAI XA Y F—=A LICBILTYH, BAMIEOFEREEZ T2 L2 MG LT
5, —JIC. TNOLAVILT 2 IRELFMAFZAI LA LTHebhTnE T L
25, EY) R EREEAZHGZT o PEEMEOEMIC XY X 57 2 3ENEED L AR
TIN5,

OMe OMe

OMe MeO MeO
M
€0 X MeO \ MeO \
N N
MeO O
z
OMe N /

\ Me
Me OMe
Combretastatin A-4 H |
The average IC5q value: 21 nM The average ICgq value: 38 nM The average ICsg value: 69 nM
Tubulin ICsy: 1.8 uM Tubulin ICgy: 1.7 uM

Figure I-5. Anticancer activities of 1-substituted trimethoxyindole derivatives reported by Liou.
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OWTEFEZITo L & L7,

BEfED C3N1 €24 v F—=AHHiEERT (AF—2L4 1-1), 2016 T Xiao b iF, Rv VA4 F
YAV Y v ERREE UCHEREESAT. Sl E RIS 2 To 7 & T A, BREZ N
L CHELAH#EITL, CINT EAA v F—AGFEARAHONE L ZMELT0E (AF—L4 I
la) ", KEOGIFEE & LT F v 2z OGO | 26 icEi 2 H 3% CINT v 2 A4
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5ZL%RLTWS, /2, 2018 FICEARSIF, AP FUEFTAZR TP FUEEETIHER
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ERA Y P =B EZENTH 2 DD, KEROHEEIIPIOLTHE (AF—24 1-1b), 5
IC 2019 4 Kang b3, A4 FI—Frrzv i = b IARVEVYOBRILEZEHVE 2-7 2=
AV F=AEHECOWTORELTWE, ZOE, HEZAAL I —FXVy UL v F—~
CEXfZZZEICXoT, CINTI B R4 Vv F—AFEKREZAEK LTS (ZF—L4 1)1, K
FHEERV V=P IAREEE LCHV 2720, 2 HifiREE R 7 - =A% F 35 CIN1 &
AA VY E=N%EL D, £/, 2019 & Novikov HiE, 7YV v e P TV =A% HEEHL LT, v
DL N REREAIGICE D 4 v F—AFERE AR LT3, 2D, 2-7n
E72NEERERETAL )T —icBnT, TV v oBRLE, S 728 7 3 B8R L
KXo TCINIERA VY F=ABB/ONEZLxMELT0DE (AF—L41-1d), KAFEIE, 7
Vv RHEE LT AEE . 2,3 MRS 7 s = A A2 T2 CINT B R4 Y F—A %4
%, $7xbb, CIN1 AL Vv F—LOfEFICE T 5 Hikie LR Vd DD, KAV oL
BRICIIEI RN E R o7z, 2024 FEIC Ren Hld, A+ F v e 2fMIchRF L HEHFT
24V P vERLR —VEET, 50 °C TRIEFHEIMEAT 2 2 L T4 v U v 2 (LDl EE % /i
L7z C3N1 24 ¥V F— L OEREREZRE LTS (RAF—L41-1e) '8, H5h7/z CINT v 24
VE—AHERIZ2MICHNRANEEE T TR R T VIEICEIT S T &I X o THEELD C3INT
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ARGE L UCORRICHERZE NS 00, 4 MEHEICEE T 2 EHE. ShanTuhd o,

LEORIRE, S, 23,20 CEEEAET 224 v F=A%EL 558, T4 v F—r 71
B4 2 EREFLZFAMEICBI T B2 CINT B 2 A ¥ F— VB2 H T 5 KAV DO AR ERK X
NEWERER TRV EE X7, T4 v F—n 60T 2 BRERZFAMEIC D W T ORE I3,
2016 D Xiao b DEVIRT 7 v FHRFICREINTH Y, O FEORZ w7V
TaEMCTHAEOMEGIH 7 <. T D 4 FEHRE D TREEIC X > TEMET § 2 D TldZaw
e TRLZ,



a) Xiao’s reaction
Cul (5 mol %)

box (6 mol %)

iProNEt (2.0 equiv.)
MeOH, 60 °C, 2 h

3

=

R ®—> R
@/Z P NG
,< N then
N "o H' Cs,C04 (2.0 equiv.)
. Ts box
(1.2 equiv.) 75-94% yields
6 examples
b) Tsuchimoto’s reaction
OAc
@—g In(NTf,)3 (5 mol %) N
+
N N PhClI, 100 °C, 4 h Q_§
H H N
10 69% H
(2.5 equiv.)

¢) Kang’s reaction

CuS0Oy4 (2.5 mol %)
tert-BuOK (4.0 equiv.)

@ﬁp

| (5.0 equiv.)

d) Novikov’s reaction

octane, 60 °C, 10 h

LI

H

73-88% vyields
2 examples

v
O
e

1) Rhy(OAc), (5 mol %)

toluene, 110 °C, 3 h

o0
+ \ N
> ) b
N Br

(1.5 equiv.)

e) Ren’s reaction

2) Cul (5 mol %)

L
DMEDA (10 mol %) ®—§

K3POy4 (2.0 equiv.) N
toluene, 75 °C, 3 h |

62% (2 steps) Ts

7N
'R o "R EtOH , _— N / R”
/ + / R-C =
N~ O N~ "COOH 50°C o
iy H

23-91% yields
28 examples

|
R

Scheme I-1. Synthesis of C3’N1 bisindole derivatives.
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TLHE, Li Hid, 3 MY T VERER TS A4 v F =B E AN = iR AR E ik
WEETRIGEEE 210X oT, CINTHEAZHT S N-A4 ¥V F YA =L DOARFEIC
BIHL T3 (RF—Lu12)19 KRR, Ay —Az2HnTn3 b 00, EEvEihiksf
T5CINTEARA VY F=ADRMAFE2ET LI 2EMNITE2D0THY, (+)rivularin A P ERE
EAA VYV F=ATAABL FICBVWTOANFERPBARETHLIL2RRTL2HDTHL, L
L. KHRICEWTH, AV F—A26ic7 2 7 EE2HT 25H84E2E L, T4 v F—r 4 £
EREFLFFAMEICB L CidiEim s LT v,

Cu(OTf), |‘D
_ N, (10 mol %)
"R ) P (12 mol %) N O
N .\N,SO2R + R R
N/

N N dry DCE \ R’
Me H -20°C,1h N~ NH
35-97%, 90-99% ee Me SOzR
36 examples

tBu

Scheme I-2. Li’s chiral synthesis of 5-5-membered atropisomers.

22T, FEEE. IO OREABIRL YR VY F— A ABEORE L LT, FIE S o
TN — 7 CRFE I NI A4 v F A EREH TR 2o Tid v E R (K 1-6) 2
Bl LA L 3, HEE~OBEHRFEOE A, NHC filfi 7z & o il % v 7235 L, L Fy 2 =
filitic X 23EH R EOFIRIC K o C, RTFOMEEZ 77 20 b <4 F 2RI, EE<AFADD
TIRCREEE R B ETH D, UMK/ —FCRAEEOTTORFICEEZESLT Y N EAR YD
W E RO EREROEAZIERA L, HA A v F—AFERE SR L CTE 2, UWfEILV—TF T
BHFE L 72 BARBTHIIGHIE LT.ROBINRPIZ Z L, 3-7 ¥ F 4 v F—A2%{fifkTH 5 AZIN
e AZIHYPA 3-2 + F v 4 v F— L% fififk TH % DiMeOINZL, 3037 vE=v LiETH % A4
YR Y v23-2 8 F Y FEflifAD HITABRAD 5 o 3% F on 3, £7-. 37210 THhR L 1ML0M
PEHRAEASR & L CER IV D BEXAEREOE A P F U EOMELA v F—r 1 fLiciEA Lz
NMeOINPI % BHFE LT 5,
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Figure I-6. Umpolung indole reagents.

FEEOIX, 2023 FFITA v F— v A AIRRIEEREEAEE NMeOIN Z v, A v K=t Dh vy 7
VY ZRIGICE 5 CINT AL v F =B8R0 GHEEZIRE Lz (AF—L413) ), KFEiT
322PLICEHEZ D e A A Vv P -V OREE T BT CHERREL T2 -5 ABIETH
%o BRRBRD O REBIERICIIEE OfHGH & ZEHOBA» OHERE I L TE Y AT, #
OMFFICB T AMEREZET 24 v F— A ~D#EHANEECTH 3 2 L2355 - 7=,

Al(OTf); Yy %
RK\L \ 0, N SR ,Br
R-Z N , | (10mol %) R\ R 4 N
Y\ = ! \ |
N MeCN, rt — ] \
N | N !
H OMe . H | N
NMeOIN 20-89% yields ! 5
e 1
15 exampl '
(1.0 equiv) > examples : trace

Scheme I-3. Synthesis of C3’N1 bisindole derivatives with NMeOIN.

ZOMEDOERNE LT, NMeOIN #HWi=FETiE, 4 (o KEEIC LY sp? DRKINE
HT24 Y F=n3MEPTLI=TLDOENLIC X > THEMAL L 72 NMeOIN @ 1 (7232543
AVIE=NEDhy TV IRIGHET LRV D EEZ NS, £ I TARIFETIE, 4 vV F—
VAT 7R K 3MLOMEREA 4~ F— A5 3K HITAB ICEH L7z, HITAB IX, 3+ U =5 v
TIVOREcEoTA VY F) v23-Z KXV FE2AEL S, TORE, 4 v F— 3D KIGHA
spPIRFEIRT L 2720, A NTEREIC X 2 TRN R EZZ T IC< <, BREESFA o\ L2
HCTEXB HITABIZ. 37 =2/ —ARF A7 =/ —NITMATT =Y v HEARGRETH 5 23,
AV F=AEDRIGICHE TR 1AL TIRR S ML RISHHETT 5 2 L0 >T s (AF—
Ll-4a)PY, Z 2T, FEHEIAVF—AEBETCLEA VY FY VIKERHLZ, AV F ) Vid4 v F—
AND 2, 3MBEITCEINTACEAYTHY, AV F—AFBERTH Y RO T =Y vORRLFER L
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LCOMEREL A NERFTIREEEZET 2, £ 72, 2021 FI1:4HFE 70— 7 DB 5 28,
~u /=t YAt HITAB ODRIGICEWT 4 (L7 v F%2 G T 5 HITAB % F\» 72 FER A AT BT
LTWw3 (AF—L14b)2, D EORIRICE D, HITAB A Y FY v EHW/AEZEXL v F) v
RIS X o CERBEIFAEICE T 2R R CE 20 Tldhwh L HIEEL 72,

a) Reactions of HITAB with nucleophiles

: a3

trans-H ITAB 6

rac T rac T rac s Ts

b) Noda’s reaction

N
F Br c) E N o
NEts N\ CICgHs, 80 °C, 2 h
\\\ \ NH»>
— then, 5% aq. HCI
=N 80°C,0.5h N
Ts

z‘ran&HITAB 6 (1.5 equiv.)
Scheme I-4. Synthesis of 3-substituted indole derivatives with HITAB.

AVvFIvERHWRZ L ICL->T, B, AV F—A2 AV F—AE2fGETE2DOTIERL, W
HEBALTA Vv FY) v N LB EESREE b, Thbb, AEAKICE VT, HITAB
@3uT%rﬁ%%%é%T5 EBRTE, 3OV E CINT S DA K~ L A FIRE TE

"REEEZH T 5 (K1-7).
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._TQ}
p={1{{}
S

Central chirality Axial chirality

Qg@ﬁ @@EQ@

Dearomatization Aromatization

Figure I-7. Strategy of chiral synthesis of C3’N1 bisindole.

L EDOES S, £33 HITAB ZH7z CINT B A4 v F— B8 OREEE & BEREI 72 05 B AL
&2 A Y T= v FERROEY] Pk E Oz BREECEZHEL TEREEY AL v F =17
a4 R & (+)-rivularin A D FEGEZ R T 5 2 L & Lz,

AWFFETIE,

B1% CIN1 ERA Y F—id v 7=y FAKIEDE

F2HE  EREBEAAVIF-ATAAIB A FOREK

S3%  (+)-Rivularin A O AR

IZDOWTIhR 3,
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HITAB (2-hydroxyindorine-3-triethylammonium bromide 6) (X, 4 ' F VU v 2 ffic/KigE%H
Lo 3fLic b Y ZFAT I v AT 28U THY . CnE Rk RFHEED AR H G
INTH2PI, HITABG6 (3, 3fZicfiAa LAY 2FA7 Ivollifficky, fRhcly ) v-
23-THRFUF TERPET 2. AV VY V23R FF Tid, A ¥ V= 3hic@EaskEFH
ET L0 ALZETH VKR T CORFHARETH 5727, ikt L, HITAB 6 121 H K
JEEME EoflifZ ik L, & o &b FIHMRER A v F ) v-23-2K* o F ik e L
THRET 2 2 e AW SN TV 3R, RESICE T 2ERMICERT 2 L. ARk, K% Fo
AV F=nr® IMITKIEFBEAINTE Y, BRI v F—v 37 ORI 2 2R LT
LD, Fi2, TRF Y FOEBMOA v F = 3ML~DREHDOEA X, VI iLd Sn2
FIGTH 570, 2 BIOKEEZFET 3IMOVRIIRFFE NS (RF—L41),

R A
N
B, H aniline 8 R
(NEts N—<:>
s Al O
“'OH : N~ OH

N

| N I
rac Ts rac .'I. rac Ts
s
trans-HITAB 6 cis-indoline-2,3-epoxide 7 trans-indoline hemiaminal

Scheme 1. C3-installation of an aniline via indoline-2,3-epoxide 7.

AWFFETiE HITAB6 O 37 Ic E AR KiLA &L LCTT7 =V v 8ICEHL 7, L OHEH &
b, HITAB 6 3. MEHD 7 =) vicMa <, EBRFET LICRA BT AIVEEZET 27 =0 v
ERIT DT ERMEEINTHE, 2 2C, 7= v EeHUoWEEZET L4 FY v 10 i
BALTH., HITAB 6 & OIGICHATTRETIZ e EX 72 (RF—L2), ZDLE, AV F—
NTIEBRLAVEY) vRKREFRIE LTHWEZ T, AV RV YD1t 4 v F Y vD 3 Ak
HL7ZCINT EAA VY FY v 9 OENRFEL kDb, T/, HIffi T CINT AL Vv F—1D
BREILIFAIEICE T 2R A B R 72, KATFETE AV F— A 1D sp? EHRFTTIEARA YV
F U v 347 sp? IRER ORI AR EIRS 2 232 C & ©, BReEFTFAMIcBIT 2% [
HTE LR H B, T, BESICH AL 5 Z & THITAB6 @ 3 (7D ZIKFLE % C3'NT
EEICHRT 2 A A ~AFIEG CE 2R b fF I 5,
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H
aniline 8 indoline 10
°0 Q
Br NEt
-EtN g}
\ <
"""OH m
rac | rac -i—s ,\ll OH
trans-HITAB 6 cis-indoline-2,3-epoxide 7 trans-indoline hemiaminal 9
oxidation
blsmdole 1

Scheme 2. Novel strategy for construction of the C3’N1 bisindole skeleton.

AV F—=n-23-THKF 2 P&tk HITAB6 DJotEix, 4 ¥ F—-23-2KF & FARTRIG
KCHEEL R, Thbb, 4V F—1 3B 2FER~OZMICDHREINTEY, Thbd
X, EEPITHEZA V) UNIT I F— L OWHEIGERT 3 b D L BRICHEIE X 7228 EER,
FERFRNARE G ZBERFERIC LD, AV F) y~IT7 IF—nid, Zrva—x e CREA
BRWEAET 5 EPMERSI N (AF—2L43)8, 2o, BT 2 #IRAZERER 1213, T
TeFEZHL, chrxipe Lz 2ot LT, TIVvOEALY v 724 v FRIGH
B I 72128, L7223 ->C, HITAB 6 %:ﬁﬁmf% v F—=AFEROERICE VTR, 2 (L TOHE|

Se D ST u%%?%%\y(%@ CHoTIHEDES )G 2 Lo BRI D
EC M ODEREZET 5, —JiT, E&%@@ﬂ?’]ﬁﬂ BT, S E T e ED

ObNTZ oAV F ) v~IT IF— L rHuHBRICORErEgEL R0, £V FY v
~NIT IS AEFEBICAI~E FECTE ZREED 2, F. I NOEEHT S LT (+)-
rivularin A (5) OARFERICINT =87z R E NS, U EOBER2 L. HITAB6 ZFH\w7-
CIN1 B A A v F—=LBEOMED L LT, ~I 7T I F— O RIGHIHZ AR ICE T 2%
HEE LCHEA OREHICET L 72,
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Nu
"*OH OH
N NH N
rac s rac T rac Ts
trans-indoline . cis-indoline
. linear 12 L
hemiaminal hemiaminal

Scheme 3. Ring-chain tautomerism of indoline hemiaminal.

LUTF, Rk OFERICEWTIE, 2hEFhof v F—rEk%E, A v F—n (B4 v Y
V) F#A Y F—n (FE4 ¥ F Y V) LT 5 (12 S-1),

/ upper part of indole
N (upper part of indoline)

lower part of indole
(lower part of indoline)

Figure S-1. Substructures of C3’N1 bisindole.
F72. CINT B R A v F—AFFERICBAL T, EE-TEROIHICHERS 2 (X1S-2), Thbb,

A4V FEY QL) A VFEYV V-4 Y F=n14 (L), 4V F=A-4 v F U 15 (K T).
ERA Y F—=16 (G T) WS 5,

@I @10

lI's Ts

bisindoline 9 indoline-indole 14
200 B0
N N
A\
Ts Ts

indole-indoline 15 bisindole 16
Figure S-2. All types of C3’N1 bisindole derivatives.
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28 HITAB ZH\\ = C3NT B A A > R— LA RO

FAMTIEAYFY Y& HITAB ZFIHI L 72 CIN1 €24 ¥ F—A D4 v T~ v FERIEDG
DWW Tih 7z, 22T, REICIEEBRICA Y F U v & HITAB ORIGIC DWW TRET 21T o 72,
AV FY Y (10) LIEEHD HITAB (6a) 1.2 Y Z FEET F AT M) 2507 I VT,
80°C TIHEAL 2L Z A, ¥AA VY F Y Vv 09aa % 86%DINETH (A¥—2L14),

Br@
[:::§—> . 4:::z_gNE% Et;N (2.0 equiv.) ::i F

N "oy AcOEt "oH
H \ 80 °C, 2 h .
rac Ts rac Ts

10a trans-6.a 86% trans-9aa
(1.2 equiv.)

Scheme 4. Reaction of HITAB 6a with indoline 10a.

—Ji T, (#)-rivularin A P ERBE AL Y F=ATAh oA FRERFET2EBET22L006,
INODOREICENT, EFHEEOLMICL ) KGHEMET T 2855, ZoBlm»b, &
FFRF%FF25- 70 HITAB(6b) & 5- 704 ¥ FU ¥ (10b) #HE & LTHW», ©X4 ¥ F
Y v 9bb DIER % HiE L CEFoREL % T 72,

T HEEOYBICOWTHEIZFEBLZ (F1), PV ZFATIvE 248, 1 YEHTZ
NENRIEET o7 &5, HEOHEHDWNIT L o TPHROE T 517 (entries 1 and
2), BT, BBEDNEICONTRE L 72, 2D, 7o b VA CH B A2 — A RIASLE L
CTH W78, HITAB & A X ) — A DRIGAET L= &b, JE7 T b v MRt AL %t ic
Bt 217 072", BERE=F L (entry 1) Il X, 1,4- 4 F 3%~ (entry 3), XV ¥V (entry4), ¥
yuuILRY (entry6), 7 uFkL (entry7) K7+ =1 U (entry 8) ZH\W7z8E1C,
WIEND EWINECHWY A5, — T, 78V ¥ VyREF T, 60%& ICERET L7~
(entry 5), MALDBET & 0 | B L INEICBI T 2 MHBAIEEE D b0 72 b DD, % OIFBEAAK
FRICHEETH 2 2 0o, RICEER 40 °C ICE T X CHIERT- 2848, K6
B L 72 b 00, ST £ TIc 24 B2 Z L7 (entry 9), TICHIHEIC DL ClE % T o7
ETAH, VAV T LI FAT IV TIE8E%EEWVICRTHIIY RS20, v Y Vv ERH W
FETIHEREO HWY %2152 D A2 572 (entries 10 and 1), T7xb b KICDHETICITILE
RSN 2 o T 2 VBB TH B 2 BN Do Tz, 4V F Y VER%D pKa 2R T
YO YTCIERIGHIZE A LET LA 2720DD, 4V FY Y XD bEw pKa Z2HOFKT 2
VTR SR N T b, HHEEA Y K v A BOBT B b ALFHL T3 L% 2
bid, £z, HWHEOEMEZMWRT 2720, HELZHFNET IR 2{To2E 25, ~IT7 17
— A DI 9% LK E D, 1L A EFREEINT 2 /R & o7 (entry 12),

PO, 2 RO F ) TFAT v, B LCEET F v, 80°C RATFIRICHY 3

15



i
il
H
[\
=

BosEfE e Le,

Table 1. Optimization of the reaction at 5-bromoHITAB 6b with 5-bromoindoline (10b)

@
Br Br Br NEts . Br Br
base (X equiv.) N
+
N~ “OH solv.

” rac L temp., time N ""OH
[S rac 4o
10b frans-6b trans-9bb
(1.2 equiv.)
entry base X (equiv.) solv. time (h) temp. (°C) vyield (%)?
1 Et;N 2 AcOEt 2 80 92
2 Et;N 1 AcOEt 2 80 87
3 EtzN 2 1,4-dioxane 2 80 87
4 Et;N 2 benzene 2 80 85
5 EtzN 2 CICgH5 2 80 60
6 EtsN 2 DCE 2 80 85
7 Et;N 2 CHCI; 2 80 91
8 Et;N 2 MeCN 2 80 89
9 EtzN 2 AcOEt 24 40 85
10 iProNEt 2 AcOEt 2 80 85
11 pyridine 2 AcOEt 2 80 trace
12 - - AcOEt 2 80 9

@ |solated yields.

- | O D 70 AN

Figure 1. pKa values of amines.

LIEomMEhER L 0 E I N KIoHELRT (A¥—245), £9. HITAB(6a) D37tV =
FAT I VBBEEL, A v FY v23-2RFL N7 8RET S, T T, AV FY v 1 ERR
FOur—v_THbA4 V) v23-TKXL N 70D 3MHERMICREKLESFEA L, C3-N1 e
BT 5, F72. AV Vv23-TRKFUFTERELRVES, HITABD 3H7icf v F Y v
1 DEHEF T O ORBEERFEL, FRIC3M Y ZF AT 3 v+ 5 2 & T C3-N1
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WEDPERT 5, 2OLE 1) 4 v FY v X0 QIEEEEOMGIEREZ w25k, 2) %
DML RN TRA VY F) v 1 o7 e b v A9, SEICE>TZRFLF 7
~NRY D RIGDBET LW D EZOLNSE, T/, AV FVvy~IT I+ —18 13, BRHAE
Bc Xy, BURAEERMER 19 2K T 5, COBRREZEERE 213, SHREEZEEFO LD
LA EFmAOHEREICK S e b o 2IREPETL, HWE T 28XV FY v 9 23
Jons,

HN
indoline 10
o® base@
Br NEt,
N OH  mn ELN Q—Né'“o@
Ts HBr - pKa = 13.0
trans-HITAB 6 cis-indoline-2,3-epoxide 7
/ | protonation
base
@ protonation @
Ka 8.5 QN_S’ ' ,OH
TS )
19 Ts

trans-bisindoline 9

0
e rotonation
o p

® base
NEt; ®NH
QY% Ol
ARRS)
", "y
N O EN N pf()a—'ISO
3 =13,
Ts HBr Ts
trans-HITAB 6 18

Scheme 5. Proposed mechanism of the reaction between HITAB 6 and indoline10.
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HITAB Z W72 RGICEBEWT A X ) — v ZiRiE e LCHW2EE, A%/ — & HITAB O KIG
iofébkmMﬁM%%% ILCTWwb, Zo—fle LT, KElFVEF M) VLEHNT

HITAB D= JTICBId 2 EEfE R 2 RICRT (A F—L4 S1),
»@h\@ﬁf%%%ﬁ/—w#*#ﬂkLTHmmkﬁﬁ?%’k’i@ IV NVIVZSN
5t < SR A AR AR R

7 F—n 20 BEKT S, £/, HITAB D 3fice F Y F23ERI L.
CkoTT7ra— 2 PB3ERTEb0LEZLNS, [FAiF JJ’/I/:I—/I/ZZ X, ~3I7 IF—

L 20 DI AEBRMADRITTICE > THELILS,

@
NaBH,4
(5.0 equiv.) Q—g @Z/\/ Q/k/
Q—g ""oH " NH
rac

""OH MeOH
r, 12 h Td rac TS
22

rac -|-
trans-6a trans 20 21

Scheme S1. The reduction of HITAB 6a using NaBHa.
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F3H TERA v RU AT I LV OFRREFAMEICE T 2 /BT

FH2HTIE, A ¥ FY v & HITAB B3 3 JJost 2 sl L 7z, e ARfiCid, mdfbl 7%

FtEEHV, A4 vV F Y VRERIC BT 2 BRERFTAER R L 2, 9. TH4 v F U vIicBiL
TERETFAMZ MR T~ A nEEZH T2 HITAB6 L EEH D4 v V) v (10a) DK

JEEMET L7z (2% —26),

©
Bro (@
(:153'*R*\\ NE BN (20equiv) N
o e

N X ":OH AcOEt I"OH
H N 80°C, 2 h N
rac  Tg rac g
10a trans-6 trans-9
(1.2 equiv.)

of P sz@ &40

'\|l1' N ”'OH
R |

9ca (R=Bs) :97% 9fa (R= CI) 93% Ts

9da (R = 4-Ns): 40% 9ba (R=Br) :97% 9ha : 83%

9ea (R=Ms) :85% 9ga (R= MeO 96%

D o £

'.“ rh N.
Ts Ts
9ia : quant. 9ja : 47%

Scheme 6. Substrate scope of HITABs 6.

T AV F—n PREREICOWTHET 21T o272, Ry E Y AR = LE (9ca), X v Lk
(9ea) ZHTHERA vV Y VITEWICETR LN, 4-/ v Ek (9da) 2FHT 2824V F
UV TRICEDIE F2ED bz, €24 v F U v 9da DARKICE T, Wt REDRIAEY)
DEBAERLTE Y, 7F— 2SR I R oz e b, ERPOLEOK X 25
KETo—KHWEEZOLNS, HITT, HITAB DX v ¥ VB FicB ) 3 B ORELHERL 7,
SfriE#ulk & U<, BTG MEofRE T (9fa), RFEET (9ba) zH T2 A4 v F U vichiz

T, BEFHEEDO X FF o3 9ga) 2ETEE 24V Y VI LT EWINERTCHINY 2 57-,
72, T4 v F Y v oBEIEDOMNEIATHEICE 2 2B MEID 5L, BEE 407 (9ha).
6'fz (9ia) ICFfOERA VY vOAEKEITo/2E 2 A, EELLEWIKRTH Y 21572, &
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i, THRBIRIPEZRRFICEEZ D72 7-THFLE 24 v F U v (9a) KBLTHHET%21T-
e A, AT% ENEDE TR LN, 2hid, 7-THHITAB 24 v F Y volii7 e b v{t%
mANICHELEZD DD EEZ LN S,

PLEDKE 226, KFRITEZRA Vv F ) VERORRICE W T, K4 RiEfikzH 52 HITAB
DARFIEICHEHHAPRETH V. FEEDL O EWIEETHED X4 v F ) v 9 2137,
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FAf LEA SR OFREFAMEICET /M5
FHI3H T, HITAB & 4 v F ) v O RIGICE T % HITAB O ERERTTFARMEZMER L 72, it < AHi

Tt EHA v P Y v OBREFAU Z R T N RA B EREZE T4 v F Y v 10 & EER
D HITAB (6a) DRIE%MET L7 (A F—47),

AN
Qj Qﬁ eonosa) = N
'OH  AcOEt @—g

80 °C, 2 h N~ "OH
rac .
Ts
10 trans-6 trans-9
(1.2 equiv.)
C @ 0
6
gt
N N~ “OH
fs N s
9af (R=Cl) :79% Ts _ )
9ab(R=Br) : quant. 9al (R = Cl): 89% g:%s"gg'%ﬁ
9ak (R = NO,) : quant. 9ah (R = Br): quant. ;
9ag(R = MeO): 84% 9an (R =NO,): 98%
Me
3
s, :
N oM N N N
Ts Ts Ts Ts
9ao0: 73% 9ap: 46% 9aq: 52% 9ar: 56%
(dr=3:2) (dr=5:3) (dr=1:1:0.25) (dr=3:2)

Scheme 7. Substrate scope of indolines 10.

9 5 MICEBEZETEA Y P YW 21T 72, BFWEIETH 3HFE (9af).
B (9ab), =+ vk (9ak) #HT 54 v FY vichz, E7t5HcH 2 2 b F oK (9ag) %
AFT2A4A P ) v EHCZZHEAICECTH SOICECTHNY 257, #itld T, BEEEOIEA
FHRICEZ 2WEREI O L, 4B XU 6 MICERIEZRFOA v F Y v 2B ICHET 21T
o7, Z DR, 4 fLICHERE T (9al), BRETF (9ah) 2 HT 224 v P % 6 fificE®R
J7¢ (9am), HEF T (9ai), = F vi (9an) ZHT LR A4 v P Y v EEHWINECE 2, /2.
2, S OEMRIEOMEICE L COERLZL A, 3MICAFAREHET 4 FU v (9a0) I
BLCEEWINEO Y TATLA~Y—RAYE LTHW RSB -b o0, 2 (LIcEREEZHET 2
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1
H
S
=

2-2F A v Y v (9ap), 2,3-VAF A4 v FY v (9aq). ANV =)L (9ar) TIEHFREDIL
%@V?x%vﬁv~@é%%%koﬁﬁ\:neex4yFuy@y7x%vﬁv—@mNﬁ
REEICOWTIRIEL TRV, T2, PEROETICOWTIE, 4 v FV v 2 io@Eifikic

D, VREERE L0 EEZLND,

Aotk 0, RFEFIAREFICLZNEOKRTIIRONE DD, SikAhEHRELH T
54V Y I LTHEMAIRETH 5 2 & 030 h o 7z,

mgic, B PRI Z N ZnBERT2E3T 2824 v P ) vOEZ{To 72 (RF—2L4 8),
. TEo 5 hiicE N EFNREERFFOE R4 v P Y VIcBI L CIRATENIC CTRET 21T o 72, THB
AV FY v BRICRZZR D, O 4 (LICRRE T (9bh), 6 fiZICRFEH T (9bi) 2T
NWET 224 v FY VICEAL T EWINECTHIY 237, THic, THA Y FY vo 6 f7ic
BEFRTFEFH, LA v FY v 447 (9ih), 547 (9ib), 6 iz (9ii) ICRFERTFE2FKoL x4 v
FUYVICEALTHwIhd SR cHIY %1572,

LEOMET XY, AFRIERORBRFEHETLIEAL v F) vOEICBWTHOHEHTS
5T aghotz,

NB3 7 N
Br{— Br-{= EtN (20equiv) o = N"\_JBr
LY S S
N AcOEt N\ '
H

80°C,2h

10 trans-6 trans-9
(1.2 equiv.)

4 4

N N

o Y o e
6%

R
Br
N~ "OH 9bh (R =4-Br): 8 N~ 'OH 9ih(R = 4-Br): quant.
| 9bb (R =5-Br): 92% | 9ib (R = 5-Br) : quant.
Ts 9bi (R =6-Br): 94% Ts 9ii (R =6-Br): 78%

Scheme 8. Construction of bisindoles with two bromine atoms.
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HHET THA Y RU AT IV ORISTEICET et

B FEA U RY AT I A OBUKICEET 2 Mt
FEIHLEA4MICHEOTHITABS LAY FY Y 10 ODRIEHHA RE AL v F Y v 9 O
ICHBITH B L RMER L, HF T, BB ATTERIICE 2 CANT YR Y F—r Dty T

~V FEREERT 2L, €AV F Y vofKIZOWTHET 2T 72 (36 2).

Table 2. Optimization of dehydration of indoline hemiaminal 9aa

additive N ! Q—g
s on

N solv. \ 2 | N
100 °C, time N" [sp : ‘
| ! I
rac Ts Ts | Ts
trans-9aa 14aa | 23

entry  additive (equiv.)  time (h) solv. yield (%)?

1 pTsOH+H,0 (0.2) 1 DCE 13
2 10% ag. HCI (5.0) 5 DMSO 19
3 BF5°OFEt, (2.0) 2 DMSO 69
4 In(OTf); (0.2) 1 DCE 87
5 tert-BuOK (3.0) 2 DMSO 0

@ |solated yields.

9. HITAB ZH w724 v F—=AFEEOAKESHEIC, 7L v AT v FIRICO W TR 21T
572 HITH 24 v F ) v—4 v F—n 14 BEon=dbo0znFh, MiliED o
it —/KFIY). BifE D 10%EHE CIHMEINETH -7 (entries1and 2), £ 2T, 7LV AT v F
ez 7= KB WEETH 2 LI L, VI RXETH 5 =7 vibdhvRyzFro— T ik %z
EimmAWZE A, 69% KoM EAR LN (entry3), TD L &, TNXNDOREIEKY) &
LCAYFY vl L 72 -7 P A v F Y v 23 #1872, 2O OMEHCX D, A4 XEEE W
=Wk B TH B LWL, Fam Tl ~7z N-MeOIN © X + ¥ v Eolti#to 5tk % 5% 1., il
BOAVIILIN) 75— WAL TR 2ITo72 & 24, BWIETHWY %15
7z (entry4)°l, X 5c, HFEICOWTOME 21T o728 T4, BIRIEAETL. HIIZEoh
a7z (entry 5), Z ORFDAEYNICE L CTid, KIEIC TR 3,

P bEolEtky, Y7oz v Esid, 20 mol %D A v U LAY 7T —ERFML, ME
T &M ERFRICBT 3 HRESEMAE LT,
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=

24V FY VOBKICOWTRICKEIEDE R 21To72 (A¥—24 9), 7LV RT v FEEH
WA, MoEEE Y 3 fICEOA VY R Y vy ~I T I F A b, 2 kS e vk
ANtk KOWEEDHETTT 2, L2L, AV FV Vv IMICETEZA V) vy~ITIF—n
9 ot BRRIIAHER G, A v P v A EREFE e bvfbkadhzzeickh, A v F
Vv (10a) 23 i3 %, Z DRE, 2 ML OKEEEED & 3L~ KK ELFAEL, 4 v F Y v-2,3-T
KX P 7 2BHKT 2, ktld <. 3625 2 iz~ Meinwald #5471C X 5 & VU FEEf7IC X 5T 3-
TRAVEYVV23RERT I DEEZLNLEE), T N R THEA VY TILIN) T T—
FEAGESGA, 4 VYU LR, PO a A I AL AV EROBER T, 2 ik
ROBHEFTFOa — v T LENFES L. KEEOWHEREDS LR35 2 & T, BiKBHETLRZD

DEEZHNBE0
, H
-0-.
O//S In(OTf)
(@ rac \Q
Me
@—X trans-24-1 Q_SN

In(OTHf), \
3 N
o0~ _S
Otl @ T
trans-9aa Me
N 14
0 g In(OTf)
+H*
rac N\ ’
Me
trans-24-2
® H 0]
b N
N~ “OH h |
rac | ot Ts Ts
Ts HN
trans-25 cis-71 23

10
Scheme 9. Proposed mechanism of dehydration reaction.
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DEoKETEY, ©x4 v F Y volKICBET 2&E2 L L2, T T, A vy vabl 7
7 — bk o@EHEH 2 EE L 72 (X% —2410),

I N I N
N 1 R" In(OTf); (20 mol %) _JR
R-L ) R
é;j)tﬂngH DCE, 100 °C, 1 h \\/ \

N
rac Ts
trans-9 14

3

\\ 5
(:izﬂ§ 14ab (R = 5-8r) : 77% Z:izfg

N 14a0 (R =3-Me): 72% 14ba (R =Br) :65%

Ts 14ap (R=2-Me): 69% lTs 14ga (R = MeO): 36%

Br (iZ:j (iz:jL&
4 N Br s N
¢S 00

N
| |
Ts 14ha: 36% Ts  14bb: 35%

Scheme 10. Substrate scope of the dehydration reaction of bisindoline 9.

T3, EBA V) vOBRETFAECOWTHER L2, LA v F Y v o 5 fLIc R T
(14ab), 3 fiic X F 4k (14a0). 2 f7ic A F LA (14ap) AT 24V FV v-f v F—r&Zh
ZENTT%. 72%. 69% DI TR7z, Hit\> T, TE 5 MICRFET (14ba) 2 HT 54 v U v
AV F=LTiE65%., A FFTH 14ga) 2HT A4V F U V-4 vV F=1Tlid 36% & LFE DK
TR I N, O, EERE» DEBIEDORIERYI RO N-Z b, A FFHEICA
VIO LBMER L, MENDKIGHETLZdbDEEZONS, $72. T4 ICERBRT2H
T34 FYv-4 ¥ F—=n (14ha) LU L&, TED 5ALIcE N ENRERF2HT 24
V-4 v F— (14bb) ICBILT 3. HWIZE 57225 35%. 36% L RIKTH - 7=, T DEE,
BIAEEY & LT, @itk R ) v — 2l L7z, BERTICX o COIREZE 2RO RE, KUHE
BORFRTEDOEBFICEOTE, BERTFLA VY Y LCX2RIRKIGDETT2bDLE %
b 5B,

LEDOBETL D, A vy rEHuizex 4 v FY) voliikid, 4 2EEICGE-ARETH %
bDOD, BIAFIC L > TRINEDKTZEILERH 5 2 e pnB I Nz, FICERORERT
AET ARG ORI T AR IN720, BEREECZRAL Y F—ATAHT 4 FP (4)-
rivularin A DERICE W T ER MBI B HETH L LEZ LN,
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2 TESA R U AT I EIER LT ROSBR

HEPHOEBEICB LT, HIE TA30KIGETL A2 >72b0D, AV FY vy~IT7 IS
— N ORLFN IMEDHEIT L, 2-7 27 v Y EEE 26 03 L 7o AFEICOWTH AR B
HEAT 072 E S AV FY Y~ ST SF AR 227 7 =Y Y ABEKOMR s
BERMEL L 72 (A% — 4 11)R2,

ii:z:ij tert-BuOK (3.0 equiv.) N :
(:iZ;SWOH DMSO, 100 °C, 2 h, Ar (:iZ/J

NH

|
rac Ts 85% Td
trans-9aa 26

Scheme 11. The synthesis of 2-aminobenzyl derivative 26 from indoline hemiaminal 9aa.

/2, 2-T 2 RYUNLFBEROLLE AR T ZBEBICBNT, &R TAT VT, SRS
AT, BERANEEHTHTEZILDART, AVFY)v~IT7IF—n1D 2,3 ok iaiRic X
ST 2-T I/ RYVANFER 2T MEV T o3 2 2 RE L7 (R F—2412)6,

iiiZ:i) tert-BuOK (3.0 equiv.) N :
(:inguoH DMSO, rt, 14 h, Air (:iz/<b

N
\ NH
rac
Ts 65% Td
trans-9aa 27

Scheme 12. The synthesis of 2-aminobenzoyl derivative 27 from indoline hemiaminal 9aa.

THIT, 2-T I/ RV UNFERDOERDOEE, W E VA FNVANGF o VL EBT T V7
FOIATNRRIICEERZ2 2T, AVEF YV Yy~ITIF—nb)/) 77— DBRIGL, ft
S B AV R Y vOlBlC X 2T 273 ) 7 2= 014-UF viFiElk 28 BERT 32 &%
FERLZE (AF—2413)B4Y,

O
@ tert-BuOK (3.0 equiv.)
OEt
"OH AcOEt, reflux, 4 h, Ar

N NH 0
‘ Td
rac Ts 49%
trans-9aa 28

Scheme 13. The synthesis of 2-aminophenyl-1,4-dione derivative 28 from indoline hemiaminal 9aa.
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EO R LA v R OEFRCET D85

HIEfiClie x4 v F U v 9 Ofii/KiconTRE 2l ~7, #ilJ T, CINT X[ Y F—1rDAF
VIV FEREIERT 5L, EHA Vv F Y voBic X B4 v F = ~DZEHIGIC DWW T
Bt % To7, 9. AV FY V-4 v F—= 14 OFEBEICO TR % LA % F v gt
Z{To72 (F3),

Table 3. Optimization of oxidation of 14aa

sp?| &
N conditions N
O — O
sp? sp?

\ \
Ts Ts
14aa 16aa
entry oxidant (equiv.) additive (mol %) solv. temp. time (h) yield (%)?
1 MnO, (10) - DCE reflux 24 82
2 DDQ (1) - benzene rt 2 55
3  tert-BuOOH (3) Kl (20) MeCN rt 24 68
4 34% aq. H,0, (10) Na,WO,4 (20) MeOH rt 2 0 (NR)
5 tert-BuOK (2) - DMSO rt 2 0

@ |solated yield.

el L, b~ v v 10 YBH T 21Tz L 25, 82% & EWICRTE 2 4
v F—) 16aa %157 (entry 1), XiC DDQ #H WL %EfTo72 L 2 A, 55% & HFEE DIL
KTHIY %R 7 (entry 2), Z DK;, BIEEY) Ot OfER, E#A v F—r @ 32 DDQ @
FIGHERD bNTz, T HIT, tert-7F b FuaF*x s FEHwEgGA, Ber o KSAET L
72 (entry 3), T DFF, 24 FFEFEKREIC D SISO T AR b F, KX 68%TH -7, F 7z,
WK FK, tert-7 F ¥ h U v L WG EICIIRISOETIZRD bk d o 7 (entries 4
and 5),

Ibowat kv, it~ r v 210 48H W3 FEE2 A4 v F) V-4 v F—1r 14 Dfigtic ks
F RS Lz, fild €, BRA GBI ZH T 282 HV. RFEOERETFAN 2
FFzo Ll Lz (RF—L14),
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/ N
N N J~R"'MnO, (10 equiv.) _ IR
@\’\S DCE, 100 °C, 24 h \ \

N
|

Ts
14 16

3
27 I X\ 5 Z
N—_TJR R.s N
@\’\S 16ab (R = 5-Br) : 93% @\’\S
N” 16ao (R 3 e): 65% N~ 16ba(R=Br) :78%

Ts 16ap (R = 2-Me): 82% s 16ga(R = MeO): 84%
Br 7 74 5 Br
3 N Br s N
@N\3 s
1 N
TS 46ha: 83% Ts  16bb: 72%

Scheme 14. Substrate scope of oxidation of indoline-indole 14.

¥ LA v N ) o BREFAM AR T e Lz, EHA VY v 5 fLIic RFEF
1 (16ab), 3 fiZic X F ¥ (16a0), 2 iz X FLE (16ap) zHT 64 v P v-A v =% H
WTHIET R To72 L 25, ZnZ i, 93%. 65%. 82% DR CHMIM %157z, Z DK 3 fiLic
FNEEF T 2 HE CIEPMET LA FREE, BIERIIE LT3 AF AL v FY) vMEoinrC
b, CINT FEGOUIMIIcE 2dbDeEZOLNDE, RICTHA v F—VicEIEZH T 258
COWT ORI Z2{To72& 2 A, 5ALICEET (16ba), X b ¥ I (16ga) 2 HT R4 v
F—n, KO 4 fLicREFHT (16ha) 2HT 324 Vv F— L1 DZNFNE2EVIETEEZ,
bic, EEB. PHA Vv F—ro 5 itz nZENRAFF2HT 5L R4 v F—) (16bb) ICBHL
TH 72%DINFE TRz,

Plbowgtd v, Zigb~v v EHwie 24 v F =116 OEBE L 72,

T T HBEONEZEZA Y F=AD 1L b A EDBREICOWT IR 2ITo 72 (X F—2415),

LG IN — T OHE b DEMERBHIC, A 27 — VR, 10%KEE(LF b Y v 2K % F v
THE 272728 2 A, 85% & EWIETHIYIAE 7B,
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MeOH, reflux, 0.5 h
l\ll
Ts 85%
16aa 11aa

4 %
@ 10% aqg. NaOH (10 equiv.) N(@
O s
N

Scheme 15. Removal of the 1’-tosyl group.

mEIc, A4 Vv P v (9aa) AW LA v F ) vy oAEEFE RO WTHRE 2T 72 (R
F—L16), XV VAEF, DDQ & 1.1 YEH VTR 21T o7z & 2 A, ERNICSICHHET
LAY F—=n-4 v Vv (15aa) 21570%, ZoFf 4 v FY v-4 v F—) (14aa) zHH L
L 72 B DFRICHERR S W2 RIBOC IZHERR T e b o 72,

. sp?| &
N DDQ (1.1 equiv.) N
""OH benzene, rt, 1 h @ZN—g'//,OH

N
rac Ts quant. rac 'i's

trans-9aa trans-15aa

Scheme 16. Oxidation of bisindoline 9aa.

UEFEoztX v, HITAB £ 4 v FU YOG v iEBELNEE 24 v F U v % BRI iR
bd 24T~y FEREOHBICEINLE (AF—2 A7), ot vF<y FANEIR, &
WL O, (LB IR 3. MUOERETFAELZE T2 2 L 2R L 72, RFEIR, 2,315 &
02, 3 OREKPLEZFIHFEETH L b, 3,2, 20 IC B 2B ET L824 v F—
NOEHICTERATRETH 5, 22T, RFERIEHL, 3, 20icF A AFAEEZH L, 2,4,6,4,
BHICRFEZATIERB AL VY F—=ATAIEL F (1) O&&ERICETTEZLE LT,
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sp?| &
ZF0 = L0

""OH "'OH

N N
| |
rac Ts rac Ts
trans-9 trans-15
l In(OTf)3
(@ 0’ %
N
\
N\ sp’ N~ LSP°
'i's 'i'S
14 16

Scheme 17. On demand synthesis of C3’N1 bisindole.

30

H
il
H
=



2% 5 LH

28 ERBCAAVF—ATAhvf FOLAEK
FTAHI TEFITIUREERBEAAL U R—=AT A ROARK

AEICTIE, AIECHZL7zA v T~y FAKEZEEL LT, v vREICREFEELR 270
TEFIFTREERBEAAL VY F—ATAI B AL FOERICOWTHNE, EREY AL Vv F—
AT AAa A R, 3B L2 FF A F A, 2,4,6,4,60LICRELXHT 5 CINT £ R
AV F=ATH2 (K2)

Br \\o Br

Figure 2. Structure of Kikai-island bisindole alkaloid 1.

T TAhud P OERICELD, EAAL YV F = ~DFF X FAVIEDOEANKICOWTH
Bl AV F—A3M~DF A X FVIDENEIIERDOMREN 25 5 B8, 2023 41 Sperry
HlI. N-e FeFo35- 707 =Y v (29) ZH\w, 2 TET46-7uEf v F—) (30s)
ER LT, v rua~FHVialih, a2z u 4 ) PV ZFAT IV RO DMSO % {EH
XEBTLT, 3MICTFAAFAREPEANRECTHL L EHLIC L, Htd. 2 TREERET
CICIEARA v F—nATrhuf}F 32 OEEKREEKLEZ (AF—218)B, coT7rhafF
32 3, 46 (LICHRFE, 2MICFARAFAEEFET LA Vv F— A% HiokEs 35720, EREY
AA YV F=AT a4 FOfaEEEHUERD Y, FEEOLPVMHL T LA 4 FAKICE
WTHARFEEHARETH 5 & HIMT L 72,

TsCl (1.25 equiv.)

Br Wi Et;N (2.5 equiv.) B
2 steps ﬁ@_):,, DMSO SMe
—_— 6 3
Br
.OH \ cyclohexane Br \
Br N N N

70°C,20 h
29 30s 84% 31s
H
MeS N
Br \AID Br
2 steps
\ Br
N SMe
H

32
Scheme 18. Sperry’s total synthesis of C3’C3 bisindole alkaloid 32.
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Sperry 5OHWTWE 4 v K= 3 fiF A+ A2 Fafbid, HEEMEEATICTDMSO 2522
v 4 FMIHEHT 22T, RIGRHPICKRELZVAFAALT 4 FEFHTE2HDTH D, &
DERLIZZAFVANLT 4 R4 v F=1D 3MAKIGL., fit WA 4 v o2 Fri~o
WBILLEAFALIa T4 FONMEEZFRT 3M~TF A A FNFEOBEADETT 2 LIREI LT
5 (AF—2L 19PN, KFHRORHEIE, R 2D B2 EEIY b3 ic, HEMREREKRTH
b ru74KNE DMSO B ANVF = L33 #RHL T v =L 3H~DF F X
FNREPEAARERETH L, T7abH,. DMSO & b7 uF 4 FRRIGL AvF =7 L 33
BFRETZ, 2odhREECHL, 4 v F—1 (30a) BIEL, YA FALRALT 14 Ptk 34 %
52 %, it PUNBEDOFBEIC L o TA v F Y LAV F =T L3 35 B34 UL INEAGEHRIC X - C
WA A Vv BAFAIEEZREST L2100 3 FAAFALL V= (31a) 25256bDT
»H 5,

\
'l\j TsO Me
cl. 0 H ~ \ @CI
O\S/ Me 30a @S Q0 S-Me
(= O
A @%g
Me”  "Me
Me,  C! Me
SrMé heat S
TsOH N MeCl N
H H
35 31a

Scheme 19. Proposed mechanism of C3-thiomethylation using TsClI.

Floo AV F =N 200~DFFAFNEDEANED, W oroWEHI1H L W, 2D% D
FiFEZ AV F—A 3 ~DFFAFAVEDEAL, BAICK>sT2M~LELILDTHD (R
¥ — 2 20) AFHRICBAL T, TFA R EOMEZEE L LTHW 25808 % 0, L, 15
FHHEIICT, ¥AA v FY vicEsF s B4 v F Y v iBEEA T *fﬂ%ﬁ?‘% EERHERL
W3, COHMRZEEZE A VI V- A Vv F=12HEL LZGEAEICEBNTD, ﬁxlimﬁﬂ“

Tl v P Y v oliaEs & T 2 ATREEE 2 =,

R M /S\f%, R R
¥ = O™ —— gt
N} QST N~ SMe
; N i
36 37 38

Scheme 20. C2-Thiomethylation via 3,2-migration.
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A Y F =3 B 2~ DERfLE A E T T A A F AR AL & LT 1995 41 Denny
bld, A Vv F=n 3ChNAR=NEEFT 54 v F—LiFEk 39 ZRvw, n-Buli icX->TA
Y F—= 2 fi% ) FAEL 72k 40 A LT, YAFAYALT 4 FEENT ST LT 24
0 F A AFAREEHAT B FHEEWE LT D (R F— 4 21)11,

B ] _S._..Me
0 R n-BuLi 0 R Me S 0 R
NH (1.1 equiv.) NH 1 (1.1 equiv.) NH
{ Yo {
N~ H THF N Ce | THR-78°C 1h N~ SMe
. 78°C, 1h 'L .
Bs Bs Bs
39 - 40 - 41

Scheme 21. Denny’s C2-thiomethylation via lithiation.

BEEXETEITAAEA FPERICEALT, 20X % ) FHELEZNTEFEEE T v-VFy
LA 75 EDRISOCHHETT 5 720, AL L LCGEHFNE A 72, 2009 4 Pratt & (%, 1,3-
VTHENVE Y (42) ZHAWVT, THF i, -78°C © LDA Z{EH X ¢ 7=, “B(LREZ T
ML, BRICFAFRT 2L T2MHAMARFLEHOBADRARETH L EEREL TS (AF
—L 22)M, bbb KETICEWGEY)AERZHVW2 2T, REICL > TIRFRET%
RIFFLZ2E TV T AT AL HREETH D LRI N, [FERIC 4,6 fICEREBRTFZHT 5
ERAA Y F—= 2f~DFF A F VDB MR CHETT 2D EF 27,

LDA (1.1 equiv.)

Br THF, -78 °C, 1 h HOOC Br
o) el
THF, -78 °Ctort, 2 h

42 85% 43

Scheme 22. Pratt’s carboxylation via lithiation of 1,3-dibromobenzene 42.

2 fi~DFFAFNEDBEAICE T, BELRZEAA Vv F=id, U FHEETT 2K
JERE LT, B4 v F=1 D 21 T4 v F =10 2o iz H 3% (AF¥—2423), T
bbb, EXA4 v F— 16aa #fHVTTFAAFAEEZEAL A, HWL T2 A v F—
NDFFAXAFNMEIT XY 4daa BEKT 2720 Th, B4 VY F=1D 2 ffoF 4 2 Fribic
XV 45aa 2T B EREMEAS B B (A ¥ —L4 23a), —H T, HEELTA VY FY YA v F—n
14aa * HW 7256, LA v P Y v 20 spP RFBIRFCTH 5720, THA v F—n 20D F
AF LD HZRDET L TEDA v FY v-f v F =)L d6aa %3 oN2D TV e F 27z (R
% — 2. 23b),
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a) Thiomethylation of bisindole 16aa

z
N C2-
Thiomethylation
\
SMe

z MeS-~
N G2 N
Thiomethylation
\
2

: fc |
s Ts Ts

b) Thiomethylation of indoline-indole 14aa

. o
Thiomethylation
\
SMe

Thiomethylation
\ 77 \
2

: ol w
46aa 14aa 47aa

Scheme 23. Two pathways of thiomethylation via lithiation of C3’N1 bisindole derivatives.

T/, EAA Y F = 2 (BRI R B BB L TEZ L 72, 2006 4 1< Joseph-Nathan & i,
VA FAINANA—=EBHTEHA Y F—1 48 ZHE L LT, MWELRBRAG ., 8 YUmo %
ZEMEE 528 T23- 70,V F—VFEK49 BB ONE L 2MEL TS (AF—L4
24)131 EEEE R E L LT, AFERA Y F—AD 356 Tld7a <, 2,3 MEIRIIC RS A5 ST
LTWwa sz onsd, £72. Joseph-Nathan &%, MICHEHEZHIE S C Lic k- T 2,3 fi7ic
MAT 6 MHERNICRFEFEARFETH L Z EHHLLIC LTS, 2D X ICRHFEICE LT
RIS 2B 22 2 2 L X o TRIEMOMEERIEZ HIH T % 2 fiC. RFEIZIFE i Hk
B,

3 Br 3 Br
% Br, (8.0 equiv.) m Brj@"g\
j\ CCly, 1t, 4 h )N\z B 10 days j\z o
0~ 'OMe 07 “OMe 07 ~OMe
48 B 49 B 50

Scheme 24. Joseph-Nathan’s bromination of indole derivative in CCla.
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LLEDHIRZSEIL, RV VR ECRFZEZR LR T P77 702 ERBEERAA VY F—1T
nAaA4F (51) ZEALAYE L (RF—2L 25), WAHKBHOME, €24 v F—1 510
2 ~DEFEDE AL, A DORIEEMEICEH T Joseph-Nathan 5 D52 E5F I, © x4 v F
—52aa #FE L LTITH T e L, CORFNOHIEIA 52aa X, 53aa D 17 b > LoD
BREICE > TR %, 32MMICFAAFAEETT L824 v F—)v 53aa l&, 2f0ICF 4 2 F ¥
HET2ERAA4 Vv F— 44aa D 3 FAAFALICL>T/EZbDET D, T2, EXALVEF
—)\ 44aa X, v T~V FEBEICHE N, 4 v FY v-4 v F—) 46aa DIELIC X > THEERT
228l LT, 20CFAAFAEEEFET L4V FY V-4 v F—)L 46aa DEMIT, 41V F ) v-
A v F—n 14aa T T3 F A A FAFEDEANIC L > T 2MLEIRN A ERIE(LSARETH 2 & F
Ml AvFY)v-AvF=n1d4aa it v T~y FERECHEL, 41 v FY v 10a s HITAB
6a b 2 REDNIGERT, AL VY v 9aahbAKnlRETH %,

SMe SMe
Removal of
Br—~ Bromination Ts group 4
N
< 2 \S \
N~ ~SMe N Me N~ “SMe
H H Ts
53aa
51 52aa

C3-Thiomethylation “

2
‘ .@ sp
C2*- Oxidation ¢
Thlomethylatlon N N
e

O, | gt

N~ |sp? N~ “SMe N~ “SMe
I | |
2
Ts Ts sz Ts |sp
14aa 46aa 44aa

“ Dehydration

©
(s Br @
(@ NEt;
Qs -
N "'OH N
rac 'Il's H
Tsc

trans-9aa trans-6a 10a

Scheme 25. Retrosynthetic analysis of tetradebromo-Kikai-island bisindole alkaloid 51.
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axian

FH2E 1A

WA ICHE N, 4 Y F ) v-A v F—v 14aa #HE L L7z 20D F F A F AR oE A B
LT 21T -7z, £9. Denny 5 0% 5EIC, £ v FY v-4 v F—)L14aa ZFE & LT,
THF &, n-BuLi 23N 2 2 L T2MD Y FHLEIT W, YAFAYALT 4 FEFML -
& 2 A, EDA 54aa ~D 2fi~F A X FAFLDEADET L, 61%DICK T HIY) 46aa %
372 (AF — L4 26), DK, RIEEPI DN 24T o 7o FER. 102D b S VEA R L 72 & H#EE &
NBERY %R L 72,

one-pot synthesis

.eb -S
n-BuLi (D Me™"g-Me
N (1.1 equiv.) N (1.1 equiv.) N
% THF %@ THF Q——g\
i L

N" 5P -10°C, 0.5 h N -10°C, 2h N~ ~SMe
Ts Ts Ts | gp2
14aa 54aa 4623 61%

Scheme 26. C2’-Thiomethylation via lithiation of indoline-indole 14aa.

RIZ, ©AA4 Vv F—=) 16aa #HE L L 72HEICOWTD RIEOME 2T 572 (A ¥ —2L4 27),
Jeak L7280, €24 v F—)L 16aa iZ LB LUV T4 v F—rEfric zhZnbs % H
570 T4 v F =V IGERWN R SOGHHETT S 2 23T H ) RO T & I iz,
L2 L7Zanb, BMatofER, eX4 v F—r16aa zREH L L THWEEAICE W T, 260ER
M7 F AR FANEOEAETT LB o7z, Thbb, 1 L b AER X 2t
frg & LTV F A fbizo ko ZEicE s U, g R o flHic EE ik H 2 Rz L
Wb T DRI M,

one-pot synthesis

2 2
sp°| A -3, sp°| ~
n-BuLi @‘\X Me™ " g-Me
Q——SN (1.1 equiv.) N © Li@ (1.1 equiv.) Q’Xﬁ
J—— |/O‘:;
Y= T S50 THF \ SMe

N™ [SP -10°C, 0.5 h -10°C, 2 h N
Ts Ts sp?
16aa 55aa 44aa: 73%

Scheme 27. C2’-Thiomethylation via lithiation of bisindole 16aa.
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FH2E 1A

EAA v F—) 44aa ZHE L LT, DMSO, n-~* ¥ v ORAAEEF, borzuFfFE b
VIFAT IvEFRAIE, 3M~FAAFAREEBEALZ, ZOK, BilZ L 7a~FHvnb
n-~FFVICEERZTCHMLEDKICHHETT 5 2 L MR L 72, Htlh T, A X — LR,
10%KEE{LF b U 7 KRR B S €2 2L TR o IEERE L2 25, 66%DINET
Hiyo v A4 v F—)L 52aa %157z (A ¥ —2428), O, KIGHETHOMAERY O NMR K
TLC fi#fric B W CTRADEIER Y 2 EBHEEGR L 722 L 26, BIIGDOHETIC X > TIERBME T L
hbotEZ2ZHLNG,

TsCl (1.25 equiv.)
Et3N (2.5 equiv.)

~ DMSO/n-hexane sMe
N (1/1 [viv]) sp?| ~
70°C, 16 h
] N
N~ > SMe then, 10% aq. NaOH @_\S\
I MeOH, reflux, 2 h N SMe

H 2
66% sP
44aa 52aa

Scheme 28. C3-Thiomethylation and removal of tosyl group of bisindole 44aa.

BRIRIC, RbNTz XA v F—)v 52aa ZHE & LT, MHLREREG S, NBS 1 M8z
T2MMERFLZLEZH, 8%DINETHINL T 2T 77 7rEEREE AL VY F—LT L
HaA KRB %EGETEICHNL (AF—L429), 2ok, BEMFEL LTRETIIRL NBS %
T 328, Joseph-Nathan & DL FfkIcA v F—roxRvE VB E~DRFIZR LN
ot Thbb, WEKFZL RRCHZH 725G, CIN1 24 v F—LilBnwTh T
F I VI~ D RBFEHSHEITT B L B L, /20 ATHEIZCINI XA Y F—AD 2,3,
2HEIR 7 RFRCIEHAFTRETH 5 Z L SRR I 7z,

LAEOWMEIFER LY, 777 7 e B8R ECRAA Y F—ATArhuf FOEKFELMELT
IR STz, 22T, RFFERZXRMICH T, VY VR NCRBRTFEAET 2 EEIHEH L,
ERBERA v F=ATAhuf FEERTEZEE LT

SMe SMe

Br
~ NBS (1.0 equiv.) ~

N R N
N~ ~SM N~ SM

e
H 98% H
52aa 51
Scheme 29. C2-Bromination of bisindole 52aa in CCls.

e
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o 2E 2 H

B2 U FAbEN LIS FHA v K= 200 F 4 A F /AL O

IR Cl, V2 VBRICRRE A CEEEMOTT b 77 72 ERBEAL VY F—A T
AATAL FOEEAL— kBT LT, AT T, BEPEOHEA VT, AV F) vV
F— D 26HER e F 4 A FAEOEA F ComaHicowTik3,

WIS R L7 Ar— b 2=y v BRI BB R T 2 E~EH T 210 b 720, (o
DHEIEEIND (AF—L430) £ BREXADERA v F—AiFAcHEY 77 4508
G BEEEZBEH L 2003w b, ~ar v 37 253G BET L. BIKIGIC X 3
IHEDIET % A< WD H 5 (A% — 4 30a), 7. 46-V 7B EA ¥ F—Aiflifk%E 4 Y 7~
v FEABGEICEA L 7201257 <L XA Y F Y Y OMSRIC B L TICESE T3 5 2 & sl S h
5 (A% —21430b), HIC, Sperry bDOFiETIE46-Y7uvEf v F—nEZHWZ3MFA AT
NEDBAZZERLT2d0D, RERFEHTLEAAL Y F— 2B L Lfliddfd s h
THELI, ARICICECTHPEET T 2 AN H 5 (R F — L4 30c). MAT, REKHEEE T
FHE D SRS 2 BRI 92 2 & 720, ROGHE TR OBLEICE T, fafIRHiKIc &
Bk CORRMEIC X o CREFT LHLWA A v OSHRIGAET L, FTE 0 LRSS bR
BCHEE S E NG (R F — L4 30d) LAED SR E 2 BT 0L D FE R U RUES
HrOBEICTHREL oD, BRELAA Y F—AT AN a4 FORRKEEDZ L L LT,
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a) Lithium halogen exchange reaction

Br Br
Br Br
N n-BuLi N
S]
BF/Q’ﬁ Br Br \ L@
N N |
Ts Ts
14ss 56ss
b) Reduced yield in the synthesis of bisindoline 9ss
© Br
Br Br ) Br Br}{
NEt
3 EtsN N
Br + Br - B
N ’I’OH N Br ' r
| H N 'OH
rac Ts i
rac Ts
trans-6s 10s trans-9ss
c) Reduced yield in C3-thiomethylation
Br SMfﬁ;r
Br 4 Br 7
N N
’Tj SMe N SMe
Ts Ts
16ss 53ss
d) Harogen exchange
Br Br
Br 2 Br dl
N XCl N
Br \\ Br Br \\ Cl
N N
Ts Ts
13ss 57

Scheme 30. Problems when using substrates containing bromine.
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2% 26

TF. LRV EF I VOEKRETI N, ZOFKTH L 46- 7T rEA-PAAL YV F—
(58s) % Starks IGIC X W EE L7z (AF—L31)H8, 46-7vEf v F—1 (30s) & o
7074 P& bV vRER 34%KEBILF ) D LKERET P I TFAT vE= VLT R
A FHFET, IGIE7E 25, 89%DIEHETHIID F (v F—)L 58s 2537,

B TsClI (1.1 equiv.) Br
r TBAB (0.05 equiv.)
34% aq. NaOH
Br \ Br \
toluene, rt, 10 h N
H |
0 Ts
30s 89% 58s

Scheme 31. Synthesis of 4,6-dibromo-1-tosylindole (58s).

RIT, 4,6-Y7aEA v F=1 (30s) VT, TFATEF. P AFAT I vRT ViR
XZ2e FYFETIcky, 46-Y78EL v F Y v (10s) ZAKL 72 (R F—L4 32)B7,

Br Br
MesN<BH; (1.5 equiv.)
Br \ TFA (5.0 equiv.) Br
N N
N H,O, rt, 12 h H
30s 80% 10s

Scheme 32. Synthesis of 4,6-dibromoindoline (10s).

AEoiat i v, ©x4 v FY vEKick T 25k 58s & 10s #ii#lCcx /2, 22T, Zhb
W72 CINT A DOIHICB L Tt 21T 572 (AF—2433)s P4 v F—)L 58s %5 H
LT, T b vEETH, KFET, 1.1 48D NBS 2 €72, TLC iIcB T 3 JFE oML %
MR, P FAT IVvEREFML, 1REHEREL 2, 2Ok HITAB6s DI L &2 o 72
729, ROCIROEIEE L x2 TV, REZ BT F VIR ¢ 7, ZDERIC, 45-Y 7T nEf v
FUY (10s), PV ZF AT IVZEZHIMLTB0°CITMELZZLZA, 4V FU ¥ 10s iIZxfL T
89% DK THID AL v F VU v 9ss 21572, REMFICH T, BPIBEEL Tz 46-2 71
EAVF—AFEEEZHNE 2 L AICEDETIZR S Nz d o 72,
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Br
(1.1 equiv.) N
HO o -—10s H Br
r  (10equiv) BrBrg (066 equiv)
acetone NEt, |EtsN Br
r,6h (2.0 equiv.) N
Br \\ —Br ,
N tEhteE N~ OH |AcOEt  Br o Br
' 3 ! 80°C,2h N
s (11equv)l @ T rmc T
58s Th trans-6s 89% from 10s frans-9ss

Scheme 33. The reaction between 4,6-dibromoHITAB 6s and 4,6-dibromoindoline (10s).

RIZ, R4V F Y v 09ss DFKICOWTHE 21To7 (£4), B 1EESHCThRFiE%
Fio, vruounz X EEh A vV LAM) 7T EHOWTERAL VR Y v 9ss DK E
ol A, BREXFEBED ALV F ) vERE L LR EFAKICHREQICECHNY %
72 (entry 1), E 7z, 2025 F U I N — 7 DRI S 25, WPEEREA 4 v F— 338 AZIHY
(3-azido-2-hydroxyindoline) ®fii/kic X % AZIND (3-azidoindole) ®&ICEI LT, b Y = F
TIvBIUAYALIZB T4 FEHWCTWBRE, 22T, KFEEESHFIC, itz {Tho b C
A, THEBEh, YV ZFAT I VHFET, Avnrzu 74 FEEREE-E 25, 78%DINEK
TA VNI v-4 v F—14ss #1537z (entry 2),

a W

N
m

Table 4. Optimization of dehydration reaction of 9ss

Br . Br
Br (@ B(@
N conditions N

Br Br
N~ _OH N~ |sp?
|
rac 'Il's Ts
trans-9ss 14ss
entry reagents (equiv.) solv. temp. time (h) vyield (%)?
1 In(OTf)5 (0.2) DCE reflux 1 58
2 MsCI (1.1) and EtsN (2.0) THF rt 0.5 78

@ |solated yield.

AN 7a 74 ROV ZFAT IVERWEA V) Y~IT IF—LDiKICET 5K
JCHEREICBI L CHEE L7z, I&HDLIZ, Avrrued 4, PIZFAT IVvOARTIEZNZNM
K GDSESTE S, DABCO 2 EDEE VT 2 v EHAWEGA, IEAE T T2 2L 2ME L Tw
B8 F 7 RFEHRICEBOTEERY IR I NS, Ao ra T4 FofRk, BTG
ETL, THF ICEia Rz KT 5,
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2% 26

DEOMAARKICA v F ) vy ~IT IF—rofikics T 2 HEMCHEEDO—D> %2 RT (R F
— 2L 34) B F | HEEMRETICBWT A L T4 F L 2 KBRS TS 5, #i
FC. ANFZNHEOFEF IS L, P ZFAT I V25 OREBEIHET L, EoAF
VT =AY 60ss XTEKT B, FDORE, XAV FEY VI Iy RERRELELCEONRS -0, &
DR ETE A NEOBBIRTF LAV F Y Y~IT7 35— 3OKERFBELT S L
T, A v F Y v 3ol 7w b v ALDET S 5, RIRFIC, 2 (A d =7 LA MIEEL . T35
AV EY) vOFEBPETT2E2x OS5, CORBEEL ZALV =Ty L-TvE=Y LT
7MYV ZFAT I VORI X > TSP AET 2 EEESI NS, B, TRAOHEES
ARSI A N =X LB T 572010, RFECET2H R 2HMABBLETDH 5,

N N
| I Et;N IN_ .
rac Ts ClyS—Me + rac Ts Ok' NEt;
trans-9ss o HCI trans-59ss

N —~0
/.H T'
Br / O Me Br \ Br

\
0+ST
N UNEts  EtsN N
rac Ts © + Ts
trans-60ss MsOH 14ss

Scheme 34. Proposed mechanism of dehydration of bisindoline 9 using MsCI.

T, A v FY) v v F=A 260 FF XA F MU L CHRET 2 fTo 72, 9 7777
HREEREA Y F—AT AN B FORKKOFiEESHEIC, 464 6MLICRELHT 24V )Y
V-A v F—=n14ss EFHOTY) FAHLENLZFAAFAKOEARITo72 L 25, HWYIIS
LN ol (A¥—L435), 20K, TLCITICE W TERYDO ARy b7 -V v 7 BR LN
722 kb RIGET TRRBFEF DG 2 0 EHETT LT 3 ATREESS IR X Tz, & 2 B8,
BIRE O KIS OB IC O WTHBON 2T o72 & 25, AR RZEZRFEL WL 2 L
fER I, PR LD RIBFTORLRLMBIEL TR EBHL 2L o7z,



One-pot synthesis

Br ] Br

Br Br
N n-BuLi (1.0 equiv.) N
Br \ Br THF, -10°C,20 min | Br \ Br

N~ |sp? N © o
| ) Li
Ts Ts
14ss — S54ss -

s. M Br
Me/ \S/ © Br
(1.0 equiv.) N

46ss: decomp.

Scheme 35. Attempted C2’-thiomethylation via lithiation of indoline-indole 14ss.

INLDORREZT T, MED Y FAHEBETL T2 b0 FRL, EKE M ER
{107 (AF—L4L36)y AV FIVV-£ v F—=114ss DY FAH LDk, BHKEZHRML, FoN
ARPID 'H NMR Z T L7- L 25, 14ss DA v F—n 20753 34% D HI & cEHKRIL I L
TWB I L®ERL (R3) Thbb, AFECEALTHWE 35 260 F 4 X F AL EST
LARWERIZ, ~a 7 V- F 7RIS L 2D DTl AW E 50 o7z, JEEID B 2MEK N
JFRNE, RIS DOETICE 2 DTHY, Tzl 2720, 140 E w5k CHEFRRC
VFA%IT o720, DALKRD 34%ICHE £ o 2 E/IZ, MO ) FA{Lick 3D EEZT
Wb,

Br Br

Br n-BuLi (1.0 equiv.) Br
N THF, -10 °C, 1 min N
Br \ Br then D,O Br \ Br

N" |sp? N~ H/D
|

Ts 46% Ts |sp?
14ss 14ss (34% D)

Scheme 36. Deuterium labeling experiment of indoline-indole 14ss.
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Figure 3. "H NMR spectrum of deuterium labeling experiment.
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ZAF =535 36ICHENTY FAERETLTHRICHELLT, FAAFAEBEA I LT
BTl b, A4V F) v 0ss #REE L2~ T I F =D 20 FF A FLic O THR
L7z (R¥—L37), ©RA VK Vv 9ss % tert-7 2 ) —VREEHR . b U AVE—KFIWITFIE T .
15% A FNANATRZYF F YT LIKEREZRML, 70 °CICMBLZE 25, HNDOERDY 61
RO NELoTmbDD, 5HAICTFAAFAREBELEL A4V FY V-4 v F—=1 62 2K T
B72, OB, FAEEPZ. NMR ORI X Y 2-7 2 7 v /4 Lk 2Tss LHEES NS D

D, IAME R EHERE ICIEE > TRy,

Br 15% aq. NaSMe
(2.0 equiv.)
Br TsOH+H,0
N (2.0 equiv.)
Br ,

7 OH B tert-BuOH
Ts

70°C, 24 h
9ss

Estimated structure
Br

Br
(@ Br (@iSMe Br
+ N N Br
Br 2
""SMe H Br 0]

N
@ H [ e
S

61: 0% 62: 4% 27ss

Scheme 37. C2’-Thiomethylation of bisindoline 9ss using 15% aq. NaSMe.

Bonz/lERMA v P v A vy F—n 62 OEBRBEMEEIUTOL IcEZLNE (AF—L4
38), £ v AA VKV v 9ss DKIEHED T b vfbEh, BIKSETL, AV F) v-f v F—
N 14ss DERT 5, fid P NEDRERAZ Vv F AT =PI KXo TEITT 5, 2O MU LED
I X o CAE U2 bAY) 64 13 F A A F LAl LTlGINTEHY, Bl EHA Vv F) v 5
ISR LTERT 2 28Ik oTAH v FU V-4 v F—=r62035oNnzd DL FE 2z b 56000 5
OB AV VAV F—NLDAMRITEMORRDOEFRKIMEIC I > TEHA Y FY v 57
DIIGHEDR EF L, HE T3 T4 v F—n 260 Y F ALK % DD G DETT A5 &
T3 AHEMEARIB S Tz,
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Br Br
Br B
N TsOH N
Br ’ Br Br \ Br
N~ ""OH o sp?
! sa O
s S0
9ss k,@
SMe
Me 14ss
Br Br
Br MeS_. O Br H
N XY Me ®N= SMe
O//) - .
Br \ Br Br \ Br
N 64
N
H H
63 65
Br
Br (@/SMe
J—— N
Br \ Br
N
H
62

Scheme 38. Proposed mechanism of synthesis of indoline-indole 62.

Eowatky, FEA4 v FY v 5 (kEREFRATT v, $HIKET AL LTk
L 0REEICH 2 S L ARBEN, 22T, A Y FY v o 5 iz B 2 i1 IcERT 2
ZLTTIHA v =0 260E R Y FABET T 20T R b HEERBL. AV VY v-A
Y E—n14ss O LAV R Y v 5O RFENETo7 (AF—£439), AV FYv-A v F—n
14ss IZ THF A%, HFIP 777 . NBS Z{Efl €7 25, HND EEA ¥ F Y v @ 5 iz
BENINZA VP Y VA v F— 14st %1570,

Br Br
Br NBS (1.0 equiv.) Br
N HFIP (1.0 equiv.) N Br
Br \ Br  THF,rt, 1h Br \ Br

N N

I 68%

Ts ° Ts

14ss 14st

Scheme 39. Bromination of indoline-indole 14ss using HFIP.
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2% 28

LIF, BFEick T3 HFIP ofEHICOWTEET 3 (RF¥—L4 40), HFIP i3, 712 —AT
HHHOD, 62007 vFERIFFOBEBFRIMECLY ., FolEe LCHiEST 2P, /2, TE, 7
v FKFREFHEOHAFEHICOWTHOIME TN TV 2P, o EEOIERICX Y., HFIP OF
ix. NBS D ANV R = VEDEWALZ N L2 BFEA T A Vv OREZRET 2 L &b, 7 vFHEIK
RIFTHEOMHAFHIC X o TEEA v FY v 57w b ozl TnwddboEZIHN
%,

CF3
O HFIP - F
pKa 9.3
F OH
Br //F F F
H
N‘ Br
Br \ Br
N
Ts
14ss 66
Br
Br 5
N r
Br \ Br
N
Ts
14st

Scheme 40. Proposed mechanism of bromination of indoline-indole 14ss.
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2% 26

5MERFNMLZA VY V-4 v F— 14st VT, HETHA v F—n 2f0cF 4 2 F
NEEDBAZRB T (AF—L2 41), ZOFER, BN L T2 L8 46st 125N 072 d DD,
LAY P v S RBIRFOENEEL 724 v FY v-f v F—=14ss &, L4 v F U v 5 R
FIRTFHBWHEL THA v F—=n 2B F A AFAALL7zA v F Y V-4 vV F—)L 46ss & Z1LZ 1L
29%. M%DIKR TRz, T7abb, LA v V) v 5 izl s vETcHETL L
ICE D 26D FF A FNHA~DEA L 5 AEFEIE O BEEASEGRICHEI T35 Z & 033D o T

One-pot synthesis

Br B Br |

Me__.S.
Br 5 MBuLl Br 5 55 Ve
N (1.0 equiv.) N (1.0 equiv.)
Br \ Br \

Br THF Br | THF

N |sp? 210 °C, 20 min N @L@ -10°C, 0.5 h
| |
Ts "I's

14st L 54st _
Br Br Br
Br Br Br 5 H Br 5 H
N N N

+ +
Br \ Br  Br \ Br B \ 2 Br
N SMe N sz N SMe

|

'll's S Ts 'Il's S

p2 p
46st: 0% 14ss: 29% 46ss: 11%

2

Scheme 41. C2’-Thiomethylation via lithiation of indoline-indole 14st.

RIT, S ZERLTWiERWnA Y F Y V-4 v F— 14ss & AV, 5 i EHELDE A2 ~D F
F A FNIDEN/S (HHEE O & 7 5 56 % 1 Ky F THEITTE 20 Tldk v L BT %
RATz (KB AV F D v-A Vv F—14ss 2 HE L LT, 1 YED v 7 VLAlZHNE, 24
B nBuli ZHWTTEA v F= 2% Y FAHIL, 21 BEDIAF LY ANV T 4 F M
L7ze T3, ~u 7 VfLAlE LTNBS ZH TG 21To72 & 25, HWOAESIIE S ik
>7- (entry 2), Tl EFELTEHA VY Y v 5 BRRFELAEZA VY FY V-4 v F—0
14st %157z, T7abbH NBS ZHRI L =& BT 5o BFE & Z DRt D A 273 %
TEDBRBINTz, RIC, FURERMLCRIEEITo72L T A, 36%DINETTHEA v F—r
2MBFAAFELT2A v B Y v-A v F—)L 46ss %157 (entry 3), & 6, U FA{LDRFRH
L CTHE 21To72 & 24, 30 97T 46%. 60 47 T 21%D IR T HIY) 46ss % 157- (entries
4and 5), KJGHREZHIE3 2 LI X W ICRA EXR Sz b 0D, RIS DM b iR X L7z
Zepb, HYIRKHTO Y FAUABIETH 5 T L0357 h > T,

EoWatk v, 14B0IvELRME. 2 42D n-Buli #HWT30 7MY FAIL. 2.1
BEROVAFNVNIANT 4 FERIFINT 2 FEERFIECE T R0 5&Fe L,
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Table 5. Optimization of reagent using 5-halogenation

One-pot synthesis

Br B Br ]
Br additive Br x |n-Buli
N (1.0 equiv.) N (2.0 equiv.)
Br \ Br THF, rt, 1 h | Br \ Br |THF
N~ |sp? N -10 °C, time
| |
Ts Ts
14ss L 14 _
— Br ]
Me
Br X
N (2.1 eqU|v
Br Vo Br | THF
N L_@ -10°C,0.5h
Ts I p2
L 54 _ 46ss

entry additive time (min) vyield (%)?

1 - 20 decomp.
2 NBS 20 0

3 I 20 36

4 I, 30 46

5 I 60 21

@ |solated yields.

Slal, 3 O L L7z U F A Lo gtFix, 5 E#ERIC ) FA LRI O boTh D, b H—
OORHEMEE LCY FHbBIc I v ER ANBLIEERE 2 bILd, 22T, n-Buli % 2 Y EIcHE
MUT, 2K 5 M FFFICY) FA L, avROFIMITL B LA v PV v o 5 iEHo%

WA v F = 2 (@R 2 F 4 A FAROBEALTRETIE A2 EE L (RF—2L4 42)
B3I, f Y FY VAV F—14ss DY FHLRIC, 1 YHOIA TR, YAFLYANVT 4 FiH
BTN L 7225, REH T TIRENO KIGITETE, EERE OEBO LI H»E S iz,
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pr w'
N
Br%

o Br

N" @

Ts
54su

One-pot synthesis

Br B Br
n-BuLi Br
(2.0 equiv.) N © ®
Li
Br THF Bf”<::fjf—7g Br
N |sp -10 °C, 30 min N O e
Li
Ts
14ss L 67 _

Me. _S.
eS Me

Br
(2.1 equiv.) N(@
—H—
-10°C,0.5h N SMe

46ss: decomp.

i
\]
il
#
[\
=

I, (1.0 equiv.)

THF
-10 °C, 1 min

Scheme 42. Attempted C2’-thiomethylation by changing the order of adding reagents.

LLED Y FHEDNEF % AN 2 - ICofEREZ I, 2 vREH VL F4 2 FALRIGOMF
Mafro &, 5 MaEe L CHEHT 2 2 L CRICHTIBICET L2281k b, FL®H»HHEH
e oREEHCZ RIS RS 2 & GBRERm L L, Ehe 32 200F 4 A2 F ik 46%
FEERE LTRONTWS (RAFX—L41vs K5), 2O EHH LY ROIHHED 3 v R
TIERFF T L HANTHBEE L LTRICDOIRICEE LW E 2 52 Tnw 2 2 e 030 h o7,
72, SV 46 MLICRFEATIHEICETIE, FATICEAT S (-Br) /[FFhTEAT S
I) DAUTICE D & F, B E TOBIRICE T, BRMICHEBEABEET 2 2 L2305 - 7,
Thbb, IVERTE-RNREHELE LQEHTE 20802882 ) FAHLRICZRFE T
&7, b, RETABRINKRLEIE AR VD, 2AKREED 2 ICEHoTh s HBIL, Hid K
JGEITH 2 Lk Lz,
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2% 26

UIbEowstk v, VFHENLETERA v F—n 2608IRE 7R F 4 2 F AT T 3 SOoH
WarER L (AF—2043), £ AV NV v- A v F—r14ssica vEMEAL, L4 v F
Vv 53 v B HETT L, it <, ELZAVYEEY V- A Y F—14su D 2o 7 a b v
IC n-BuLi 2MEA L. )V F A HETT 2, COW, 2MDh T v Z—hFH Vv TH B Y F LA
Frvid bV EoBRICksTRENNINS, 20Kk, VFHLINIEAVFY V-4V =0
54su O A vV F— 2MDB bV AFATANLT 4 F~DORBEBEEIC L ) F4 X FAEHE A
INd, REICSMLDOIVHRDLT P ANMERCTHREL, KEZ VAL dIGIC X > THIYH
o LHEM X 504,

Br

Br
Br e Br |
N iodination N
Br \ Br Br/Qf\S\ Br
2
NN
Ts o

N |SP

Ts
®
14ss 14su  p-Bu Li

Br | Br
N
Br \
. S

Me 54su 46su

N N

| ! 2

Ts Ts | sp
68 46ss

Scheme 43. Proposed mechanism of C2’-thiomethylation of indoline-indole 14ss.
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H3HET EEA v R 3T A A F AL DK
#1I1H TsCl Z AW 7=4k

AIffiE CC2MDF A A TFNIEOEANEEMT LTz, RICKHTIIERL v F—=1 3i~DF
AAFMCERR L7z £ HEBRICL DI ERA Y F =LV DOEREITo 7 (RAF— L4 44), &
1% 6 fiofFrsFE I Bty A Vvic X 2@ zfTo/z 25, ERBMNICHNOE R A v F
— v 44ss w1577, B NE 2 L, BIMOG & LTHE XN BIRILEMFE T o F 4 2 F AR olig{t
FELETLRNWT B0 Do 7z,

Br sp? Br

Br Br z
N MnO, (10 equiv.) N
Br \ Br DCE,reflux,24 h  Br \ Br
SMe

N uant N Sife
Ts | sp? quan. Ts | sp?
46ss 44ss

Scheme 44. Oxidation of indoline-indole 46ss.

BT, H2EFEA1MCTHLLZT F 77 7uxEREBEEAA VY F= LT Aha 4 Foikik
R BEIC, 3 FARAFAIDEAR KL (AF — L 45), Lo L. FEEDRIECTT A 2 F b %
ATz DD, HDE A4 v F—) 53ss 3G LNmh o7z, F 2 EE 1 Hicili~72 X 51T 4,6-
P7uEA VY F A EBHRECATFEPEHAAEETH o722 b, E24 Y F—n 3 ok
PDHEEDA Y F =L 3MIDELS BT BR IR RBEING, T2, BEHOL AL Vv F—
MK LCTIERIGDET L 22 b, 4 (RFRIFFOVAKEE LG LTWws Z e rExz b
%, HHORIGHHET L e o JREE LT, b 200ERBE T HLND,

sp? Br sp2 SMe Br
Br TsCl (1.25 equiv.) Br ¢
N Et3N (2.5 equiv.) N
Br \ Br  DMSO/n-hexane Brm Br
N SMe (wlwwp N~ SMe
Ts | sp? 70°C, 24 h _II_S o2
o)
44ss 0% B3ss

Scheme 45. Attempted C3-thoimethylation of bisindole 44s.
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5 2F 53 H

Z 2T, 3fi~ostEom Ex Hi L, xR EH . BE 3 F A X F bl H 7z
(A ¥ — L1 46), ZOK;, X FAEOBEERICOETL T o TldZawnr e PR L, 10 8]0
HALF PV DA ERRML 7, 2 DR, 1AL b ool T L, BE 32 3 fricF4 2
FMEHHEST L 72 2B ) 52ss & 6 fRFE TR~ L 1E b o 72 LW 52sv Do HEARE R
EVESTz, U EOMETL Y, Porzu T4 FERAGERGIX, BNOEEDZEon2 b0
O, HFA A OFRICE Y 6 ficour vBKIGDETT 2720, BREEHET XA
Y= 3T A X FAAUITITE S 72\ T 0330 T,

sp? Br
Br z TsCI (10 equiv.)
N Et3N (20 equiv.)
NaCl (10 equiv.)
eat =,

N~ SMe DMSO/n-hexane

| > (1/1 [viv])

Ts [P 150 °C, 24 h

44ss (7.5 mg)

sp?| SMe Br sp?2| SMe Br
Br ¢ Br ¢
N N
6 * 6
Br \ Br Br \ o]
N SMe N SMe
H H
sp? sp?
52ss 52sv

51 mg
(52ss:52sv = 1:2)*

*determined by 'H NMR analysis

Scheme 46. Attempted to increase the equivalent weight of reagents.
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¥ 2T TsBr W T-HHK

RAIHDIREHIC BT, ~u 7 VAR EABlE N2 b, Poarruo 74 FOHHRE T

i
FRFFFICEERZZ AT oA FEHOCTRE2T-72 (R F—L247), ZOF, o
7u~<A4 F% DMSO & ~* % v ORABBICHMI ¢/ 25, BEBICHFEST 22 Lh0h -

7o X 2T, DRRIGOMET LIC S WIREEE LT, DMSO & 7 v a kL L ORAERZH W, ©
AAVEY v 44ss ZHE L LT, 10 LEDO MV ZFAT IVEFEET, 10 4ED P AT r~ A4
FEFR S &7, 2R, HWE 3245 53ss % 15%DINETHzb DD, 3o REL
DEITL AL VY F =169 Z F 4RI E LT, JUGK THRDRIGHD pH il L7z &
5. B TWaZ b, 3 FAATF AR, BHEFICEVETT 20 T

L7,

sp? Br
Br ¢ TsBr (10 equiv.)
N Et3N (10 equiv.)
Br \ Br DMSO/CHClI;4
N SMe (1/1 [viv])
"I's sp? 130 °C,12h
44ss
sp? SMe Br sp? Br Br
Br d Br z
N N
+
N SMe N SMe
| |
Ts |sp? Ts | sp?
53ss: 15% 69: 58%

Scheme 47. Attempted C3-thiomethylation of bisindole 44ss using TsBr.

FAMF A REDOBREICL5T46- 7L, vV F—N%2HE E LTHWES L FRFRIC 3
MORZEERA LT 20Tk FRL, POAEERWAZERA v P =L IcB LT R
DFETHET 21T o7z (A¥— 2L 48), F 1 HE 6 HiOKME2SEHFIC A &7 — AIEEHKEEL T +
U LKIRREER ST b A ZRE L2, P T ¥ 24 Y F— L 44ss D b o7
<A Ve 3T A XA F AL L FERROSMICA L2825 BRI T2 EEIIEO T 3
fPRFLINZEZL v F—=A T1 ZE0ICRTH T,

lEo®ET LY, Py Tda~A FEREREH 256G, BRRUSETT 2 2 L0900 o7,
T2, INLFFICHEL T, MCEEEEITT> 72 0D, ARPcBE L CHREZS S ik
272720, byaTua~f VERHWE IMNFAAF UL EZRI L, UEX D, B2 F4HAF
NIEDOEAAEEFH TR T3 2 FAATALLT L & L,
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2
SP Br sp Br
Br (¢ Br ¢ TsBr (10 equiv.)
N 10% aq. NaOH N Et;N (10 equiv.)
Br \ Br MeOH, reflux, 1 h Br \ Br DMSO/CHCI;
N~ _~SMe N~ “SMe (171 [viv])
Ts | sp2 quant. H sp? 110 °C, 24 h
44ss 70ss
sp? SMe Br sp? Br Br
Br ¢ Br
N + N
Br \ Br Br \ Br
N~ ~SMe N~ ~SMe
H H
sp? sp?
52ss: 0% 71: 83%

Scheme 48. Attempted C3-thiomethylation of bisindole 70ss using TsBr.
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HR3E N-FFAFNALATI A I RERAWELSK

B3 FARAFAEDOYARIEL LC NFAAFARI vV A TF (12) v, A4V F
— BT AR FACOBE 1T o 72 (K O)EM, EF AL Y F - dlss & 3URDORS
VAR T2R 7 muR L LB, ML 72 8 2B, RIGIA GEFL A2 57 (entry 1), 2
TVHIECERMESRF TICCTREBEIT LTz 2 b b, 2 48D TFA 23 L CRICE 1T - 72,
Z DR, B2 I IEAET L. 54%DIETHIY) 53ss %1372 (entry 2). #217 T, WAl
vr/mur R ICEBRLTRE E{To72 8 25, 61%DIETHIY) 53ss 2137 (entry 3), &
7o WIS LT TFA ZH W56, BIWIIEO T, 2, 3fLIcFARAFAREEGET 8R4 v
F—=A 73 2R & LT (entry 4),

Table 6. Optimization of C3-thiomethylation of bisindole 44ss using succinimide 72

; SWie
sp Br o N
o ¢ =0
N 72 (X equiv.)
Br \ gr TFA(Y equiv.)
SMe
’1\1 2 solv., reflux, time
Ts [sp
44ss
sp?| $Me Br MeS SMe g
e
Br z Br 7
N N
+
Br \ Br Br \ Br
N~ __SMe N~ “SMe
-IrS sz 'Il's
53ss 73

entry 45 (equiv.) TFA (equiv.) solv. time (h) vyield of 53ss (%)2

1 3 0 CHCl3 48 0
2 3 2 CHCI; 48 54
3 1 2 DCE 6 61
4 3 - TFA 48 0

@ |solated yields.

AE IV BOLNEZAREZSEIC, 3MFAA L FREOEBAICET 3 MCHEELZEZRL- (X
F—1.49), ¥9, HE 44ss K TFAMEHL, A v F—=A 5037w F v{td b & CTIEDRE
Mz f3 2 60L TFA DEFEETHREEST 2P, —J. torrmJ4 FEMwkEFicB LT
X, 50278 b vk e x4 v F =1 74 O 6 (LICHLA A v MER L, »~u s Va6
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PHEITT 5, bbb, VY AT oA A VICK o T 6 ZHHLZEZL Y F—1 75 240
T3l T u T RS EIHILTCwE3bDELZONSE, L ZAT, A7 V43
FOALR=ZAFICHLTD TFAXMEH L, FARXAFAEONHZRIET 5, 2oLl 22
7Y VAIPFEERA VY F=1D 3MBKIGEL, 3MICFARAFAEPBEAIN 76 BEF LN
2.8 CAVYIEI = L»L4 vV F—= A~ BRINDIBRIC IO 7 b LR HETTT 5,

BRRIC. 6Lk Y 7 A uFERROLEEE 5 (ot 7w b ALic X b HIY) 53ss e b0 % LRIK
énéo

Br
0
Br H
H Br (¢
Br Br
o sie Br@i R
|
Ts

SMe \\<3/ﬂ\

44ss Tb
74
(0]
©
O/H\CF3
£>:o +TFA OH
o~ N o” N
SMe SMe
2 Br
Br HH
N
O
Br \ Br %CF\%
N SMe
| (@)
Ts
75
-TFA
}’CFS /Qj\
l
76 53ss

Scheme 49. Proposed mechanism of C3-thiomethylation using succinimide 72.
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FH2E HAH

Hafd LA F—nr2fBribtofmsiét ERECAAL VY F—=ATvhuaq F
DA

BERECAA Vv F=ATArhu Al FORERZERT AN AV EOBREEZITo 72 (A
¥ —2L450), FH1EGHOFEESEZEIC, A X7 —VIEET | 10%KEEL T + U 7 ZoKIER % 1EH
TEL T A, 0%DIETHHDE XA v F— L 52ss 237z,

SMe Br SMe B
Br (¢ . Br ¢
N 10% aq. NaOH N
B,—/Q;\S\ Br MeOH, reflux, 1 h Br/Q_\j\ Br
N~ SMe N~ ~SMe
' H
90%
53ss b2ss

Scheme 50. Removal of Ts group of bisindole 53ss.

SONFZE AL v F—)L 52ss ZHE L LTEHA v F = 2 (o BB EHETL 72 (RF—
A 51) PG LR RS, 1 48D NBS # W CTRF(L 2707 & T A, TLC IT THED AL
VIOAKRy F BRI NIz £ 2T 10%EFEZHM L CTX HIC 30 Lz L 2 5, £
DAEY M1 DICINEK L 72, 55N 7= RIGER % . {5’6{%&\ BIEAEEL, VAT D
FLu= b T 74—l Ko THEILZ, ZOE, ERBEAL VY F—ATAAIBLF 1L
6 P RICEE LD 572 XA v F = 7T DIRAVZS 72, Thid, BUER O 10%HE#ED
AN X 5T, 6 MO RFOELICHHET L2720 L Bbid,
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Do
gl
H
N
o

SMe
Br

Br z NBS (1.0 equiv.)

N CCly, rt,2h
Br \ gr then, 10% aq. HCI
0.5h
N SMe
H

52ss (32.2 mg)

SMe B SMe B
r r
Br Br
Br @ Br @
N + N
6 6
N SMe N SMe
H H
1 77
25.2mg
(1:77 = 1:1)*

*determined by "H NMR analysis

Scheme 51. Bromination of bisindole 52ss using 10% aq. HCI.

Z T EBAa b Liwouy G % BT % 720, BRELER OB % G5 & 5% 21
IKFIKIBH A~ EAH L, HERG 21772 (RF¥F—L452), ZOfER, ~u 7 v ZIBRIEEMZ 3
TENBTE, 2L FHWINEKTERBE AL v F=ArThuef N 1 257,

0.5h

SMe SMe
Br Br
Br & NBS (1.0 equiv.) B'[Br _
CCly, rt, 2h
N N
Br/Q_\X\ gy then, 5% aq. HBr Br/Q—\j\ Br
N~ “SMe N~ ~SMe
H H
82%

52ss 1
Scheme 52. Bromination of bisindole 52ss using 5% aq. HBr.

B E RO S IR T — 2 2 i L= 25, BiFa—E%E R L7 (£ 7). U Lokt
LV, CIN1 ARV F—VEBIRKEETHERAYD 1 OTHLIERBEAL v F—=ArTrhu g

N1 WA ERL 7P,
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Table 7. Comparison of NMR data for synthetic 1 and the natural Kikai-island bisindole alkaloid

SMe

Pavaxd

&+

28 4

Natural 1 (CDCls) Synthetic 1 (CDCls) delta*
H NMR 13C NMR H NMR 13C NMR
position (500 MHz) (125 MHz) (600 MHz) (151 MHz) | 'TH NMR | 3C NMR

1 - - - - - -
2 - 128.7 - 128.9 - -0.02
3 - 110.9 - 110.9 - 0.00
3a - 125.8 - 125.9 - -0.01
- 114.4 - 114.6 - -0.02
753(d,J=18Hz)| 1289 |7.53(d,J=12Hz)| 129.0 0.00 | -0.01
- 116.3 - 116.5 - -0.02
6.95(d,J=18Hz)| 1134 |6.94(d,J=12Hz)| 1136 | -001 | -0.02
7a - 141.1 - 141.2 - -0.01

1 8.63 (br s) ; 8.62 (br s) - +0.01 -
2 - 133.0 - 133.1 - -0.01
3 - 1155 - 115.6 - -0.01
3a’ - 122.7 - 122.8 - -0.01
- 111.9 - 112.0 - -0.01
5 |744(d,J=12Hz)| 1283 |745(d,J=12Hz)| 1284 | -0.01 | -0.01
6 - 117.3 - 117.4 - -0.01
7 |755(,J=12Hz)| 1137 |756(d, J=18Hz)| 1137 | -001 | 0.00
7a’ - 136.2 - 136.2 - 0.00
3-SMe 2.41 (s) 21.9 2.41 (s) 22.1 0.00 | -0.02
2'-SMe 2.30 (s) 18.1 2.30 (s) 18.3 0.00 | -0.02

* delta = Natural - Synthetic

60

axian

Hp



i
\]
il
#
(&3]
=

F 58 CINTMEADEEERMIC X 57 b r 7 Bkl

RETROEF 1 BEHOKISICE T TLC AL L 7= EK DT % 1T - 7= (A F — L4 53),
Z T, BE, ¥AA ¥ F— 52ss ICPUEACERAB Y, NBS ZEH 2 ¢ 7, Zof, RALK
FKBWIC X 2B 2T, KGR EZEE Y VAT VA TLsa~ 7T 74— XD
L7ze ZDFER, ERECAA Vv F=ATAHu 4 F 1 LIF—HNMR 7T —2D8ALZ 24 v
F—= 78 2157, Fric, 7Hi7a b v & 200 F A A FAID v — 7 5% NZ KRGS > 7
FLTWEZ Db, BFN. 2T EL L DA IFAHRD DD, ¥RX[ Y F—1D 7
fire 2P CRBRAZIBEL T D Z LA RBINT, JBONEMHAFERAZET 224 v F—
iz, OFES YV ATZAhTLrza< 7T 7 4 —=%{TH, Tz, QRAKFKER CUIET 2
ZeT, BERECAAVE—ATAAUAL FABBLNE L ZMHEREL T,

(AcOEt:n-hexane = 1/3)

L X
NBS (1.0 equiv.)
,4<:§T’X\ . CCly,t, 2h ’4<:§T‘X\

Hg.gs Br

(d J=12Hz) | @@
5zss 78 273 N
(s) I
(AcOEt:n-hexane = 1/3) o52ss
SMe N
Br r
Br
5% aq. HBr N
6.94
N™ Ng  (dJ=12Hz) }o
H “Me
1 2.30 T
() ||

52ss

Scheme 53. The possibility for formation and cleavage of hydrogen bonds.

D EoaHER» b, RABVIIARHEZEC) D EB LD F v IFA~—L LTHFEET DD
DD, ZOFEBRICENTCY I ATAATLIa~ 7T 7 4 =10k ) T+ I{LL ZA[HEMERS
MBINT (RAF—L54), bbb, RACHFET 2ERBGEAAL VY F=ATArhm g Pl &
HBINTWEEIIR T IRTR ALKV ATAATLIa~ 7T 7 4 = EIC X 5 AEELERE
ICBVWT T ML D TH o T, KK, RAMI(HRE 7212 (-)RTH 5 aJRetE233E L L 7=,

Z T HEHIZCINI R A v F =i CTHE—l A F % 3 % (+)-rivularin A 23 Z O EE D fif
RADARAL 2D TiE e FREL, BERBEAA VY F—ATAA A FD T & IDFHITD
WTHIRZS LS o7,
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SMe
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Br \ Br Br \ Br
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Scheme 54. The hypothesis for racemization due to experimental manipulation.
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% 3% (+)-Rivularin A DGR
#18 (#)-Rivularin A DA R

H2EECTTAHY TV PARERZEHALZERECAAL Vv F—AT v f FOEEKZE
L7z, e AT, BIARFE2ET 3 CINT R4 v F—AT A a4 F(+)rivularin A D L4
AEZERT L, 7% IRTH D (2)-rivularin A DERIT DO W TR 5,

KRRV O EEKITHT D, BGOSR 7 — X 2T L7 25, 'H NMR BT
AKRAETLY PR V=L 6, Tio7a b vRL v 7Ly b LTREBINTN
(K 4)®l, 51, 4,5-7aEA v F—LOEIHEEZH T 5 KD (+)-rivularin A Dfth i >
Hp o, REABICKILD 7% IEKROEKIC X > CTCHEEE DR 1T 5 LEA D 5 L H L 7=,

Br

Br

Ird

.

Figure 4. Structure of (+)-rivularin A (5).

* v T~ v FEKEZER L 72 (&)-rivularin A (5) D& RNT 21T > 72 (A F — L4 55), (#)-
rivularin A (5) 1. 56 2 TS 1 Hii L UV 2 TSR 4 HiCiEiH L 72 Joseph-Nathan & O FiE%2 & (T,
EZA Y F=n11wb D 3, 2, &R RBLIC L > THRONZ b DL FRELZ, EXA VF
— N Mwb 35 1 Bod v T~ v FEREEZSEIC, 45-2 7 0% HITAB (6w) & 5-7 0 €A1 v
FUY (10b) 22624 v FYv9wb, 4 v FU v-4 v F—r14wb, F oV EE2HT 824
v F—=n 16wb, 24 v F—1 1Mwb # AL T4 TERTAKARETH 5, 4,5-2 7 1% HITAB
(6w) 1Z. 2 THET45-Y7aEL4 VY F—L 30w) 2HE8KTE 3,

—J7. 45-Y7uE A v F—= (30wW) ODEHIEICOWTETAEZITo7-L 2 A, 45-¥ 71
AV F—AVFEEROERHIEH 2 S DD, 23 IEEILD 4,5- 70 €A v F =N IIE G 75
WZ b o T,

IEDHED2 S, 45-7rE4 v F—=1L (30w) DERICOWTHET#ITH 2 & & L7z,
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Br 2
Br /
N
Bromination Removal of
\ o inatio Ts group 5
N~ “Br sp
H Ts
s 1Mwb 16wb
M Oxidation
NEt3 Br (D/Br Br r @/Br
Dehydration
—— —— \
N[
trans-6w 10b
trans-9wb 14wb
“ 2 steps
Br Br
\
N
H
30w

Scheme 55. Retrosynthetic analysis of (+)-rivularin A (5).

¥4, 4-7u4 V)Y (10b) ZHE L L-BEICOWTIHRET L7 (£ 8), 5 2 %5 2 fii
THW7Z 5 i RE I DEEESEIC, 4-7uEA4 Y FY Y (10b) IZ7 & F =+ U AREH, HFIP
fFET. NBS Z{EH S #7z, ZOFE 0.5 %&EH, 1 ¥YEDONBS W 35&FIcBWTiE, fTED
45-27ux4 v FY) v (10w) SERKL7ZD DD, 457-F ) 7uaxf v F Y (10x) DEKD
B L. 50%LL LRI Z BN L 72 (entries 1 and 2), £7z. 2 4 ED NBS w325k »
Tl JERHEIE 15% EIE TR ROz b DD, 457-F ) 7axf v F I v (10x) DERHE
HL,

AEDOBEIHR L, 4 v P v o BRFE(LIZRAMA DY ECOREHISHNETDH 2 2 &30
o277, —JFTL457-FY) 7uEL VY v (10x) ODERBPMELL 72720, TR0 BRELEHC T
s cENE, HE$5 45- 704 v F— A FHEKEZBERWICAKTE 2D TRV AL
EESZ, Thbb, THBHED 10 F 72013 6 fichiftr g Bk s BT 24 v Y v &H
W5 LT, VAREEIC X DHENIC 45-Y 7 0L v F-AFEREEONLDTIE R VAL
¥z 7,
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Table 8. Bromination of 4-bromoindoline (10h) using HFIP

Br NBS (X equiv.) Br Br Br Br
HFIP (1.0 equiv.)
+
MeCN, rt, 0.5 h
N N
H H Br H
10h 10w 10x

entry  NBS (equiv.) vyield of 10w (%)?  vyield of 10x(%)? yield of 10h (%)?@

1 0.5 5 7 64
2 1.0 13 18 56
3 2.0 16 35 15

@ |solated yields.

ZZTC APIC PV EEZEHEITIA VP ) vaREEE LCRELZITO T E LT, £ 52
B2 CH Wz Starks KIBIC L O ik L s b4 v R D v T9EAKL 72 (A F —L56),
ZORER. A VY vA0h 2HE & LEA BT KISHET L. 94%DINE ¢ Y 79h

2157,

Br TsCl (1.1 equiv.) Br
TBAB (0.05 equiv.)
34% aq. NaOH Q_)
N toluene, rt, 8 h N
H 94% Ts
10h 79h

Scheme 56. Introduction of a tosyl group at the N1 position.

Bonzri A v FY v 79 ZHV, HFIP 2724 v F— 5 i8R A RF/LL %27 -
7z (AF—L457), 1 YED NBS KU HFIP # W CRHFEEITo 7 & 25, FTEDIGHHEST
L. 45-Y7aE b A v Yy (T9W) % T4%DINE Tz, ZDORf, 457-F ) 7uE b v
NAVEY Y (T9X) DEKIFEO b oz, Thbb, AV PV V1LIC b AHEZEAT
5Lk oT, TH~DRFEINAZ, SMBERMICERIRTF2EAT S LICHYIL T,

Br NBS (1.0 equiv.)  Br. B Br. PF
@j HFIP (1.0 equiv.) @f)
+
MeCN, rt, 2 h
N N B
Ts Ts r Ts
79h 79w: 74% 79x: 0%

Scheme 57. Bromination of 4-bromo-1-tosylindoline (79h) using HFIP.
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¥/, 457 0Ef v F—LHEEARTIW D 'THNMR @M 2#1To72 8 2 A, 6, 7o 7w b v
BABRIDH y 7)) v 7 %Rnd Z xR L7 (B15), 2NH D — 228 NMR ICFH W THR®D TE
WFEL75E. 6,7/ o 7a vy v Ly X IRz 30[RetERB X N7z,
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0.98

N
—

0.9
|

0.8

0.6
I

0.5

0.4
Ll

(Thousands)
0.1 0.2

0
m

A I I I L I S S S I I L I I I I R R R SN RN AR AR
7.56 7.55 7.54 7.53 7.52 751 7.5 749 748 747 746 745 744 743 742 741 74 739 738 737 736 7.35 7.34

7.435
7.420

7.475
7.461

X : parts per Million : 1H

Figure 5. "H NMR spectrum of 4,5-dibromo-1-tosylindoline (79w).

RIS P A VY E) vV F=~EBEL X UK P o oBREICE L Cigt %
fTo72 (F9), 9. BlLicOWTHE 217072, F1EE 6 ficofkFrsEic, —#l~v
7Y, RO DDQ ZH TG Z2{To7zb DD, HIWYIZE Nk h o7 (entries 1and 2), £ 7z,
MEHD P VAV F Y vERHWE B~y Fvic k 2BLITIREF2H 2H» 5, SH0DK
JEHHETT U 72 s o 72 SR IRIE 4,5 (LR BT OBHEINEL L E 2 b5,
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Table 9. Attempted oxidation of 4,5-dibromo-1-tosylindoline (79w)

Br Br Br Br
conditions
— \
N N
Ts Ts
79w 58w
entry  oxidant (equiv.) solv. temp. (°C) time (h) vyield (%)?
1 MnO, (10) DCE reflux 24 NR
2 DDQ (1) benzene rt 2 NR

@ |solated yields.

B Do RIEBELET L o220, AV F Y VORI X 524 v F—r~D%Hh
FOGIC D COERIE DT % —R R & L, B 147 b v B ofrEIcow a2 1T- 72
(A ¥ —2L 58), Buden b D52 5EI1c, DMSO A, 3UED tert-7' F F o H ) v A%
T 2 {To7/z L 2A, PHACH PV EDOREDALL T, A v V) v oL HETL, FTE
D452 7uEf v F— (30w) & 44% DK THEH-ET, 2ol ElEEE LTI v F ) v
DE2WiBEIC X o THE L= AT =) VEFES 80w & 1572158,

Br Br Br

Br Br Br
tert-BuOK (3.0 equiv.)
: o+ N
'Tl DMSO, 60 °C, 0.5 h N NH
Ts H TS
79w 30w: 44% 80w: 35%

Scheme 58. Removal of tosyl group of 4,5-dibromoindoline (79w) using tert-BuOK.

o7 45- 7 uEf v F—r 2w, BERIT O FEICE->T 4, 5, 5 ICRREEZHT
ZERA YV F—=A1Mwb D& EITo72 (AF—2459), 135 6 HikUH 2 HiE 2 fitosk
tFeZFIC, 1AL VAR DB A, HITAB DA, EAA4 v P voRE, BREZEEEDER
AVFEYVvORK AV EF) VA v F—=rOE, F O AEOREZICBE L TRET2fTo7 L 25,
FNFNRIFRINECHICHETL, 45-Y 70 Y F—A05 6 TR 79%TEA{ v F—1
1Mwb %1572,
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— @ —
Br TsCl (1.1equiv) . Br NBS (1.1 equiv.) BrBr g
Br TBAB (0.05 equiv.) H20 (10 equiv.) Br NEt,
34% aq. NaOH ) acetone, rt, 24 h
N\ toluene, rt, 4 h l}l then, EtsN (1.1 equiv.) N~ 'OH
H 65 Ts  acetone, rt, 1h rac 'Il's
0
- trans-6w
30w 58w (2.0 equiv.)

O ¢ B
N Br r Br
100§ @/ MsCI (1.1 equiv.) B N Br
Et3N (2.0 equiv.)

Et3N (2.0 equiv.)
\

AcOEt, 80 °C, 2 h ""OH
rac ? THF, rt, 0.5 h N sp?
quant. from 10b S ‘@ 97% Ts
trans-9wb 14wb
sp?
7
MnO, (10 equiv.) N 10% aq. NaOH N
DCE, reflux, 48 h N\ o MeOH, reflux, 15 min \
N
quant. 'Il's 96% H
16wb 11wb

Scheme 59. Synthesis of tridebromo-(+)-rivularin A 11wb.

H2EE MK OE Ao 2S#IC 3,2, 2MDERN R BELIC O VTR 2{To 72 (X%
— 2 60), XAV F—1Mwb Z v, PE(LRRERES, 3 48D NBS v TRHE N EZIT
2728 A, 28%DINETHII D (£)-rivularin A(5) % 1572, Dk, EEYE LT EHA v F—
N 23D RFBAHETLZE AL v F— 81 % 57%DINEK Tz, 7. ARG IFEE
A EAT o 72 A, BHMEICHIER S 5 T LB h o7z,

Br Br
Br ¢ NBS Br Br
Br z 72
@Br (3.0equiv.) Br_ Br gr Br. Pr Br
N . N
\ CCly, 1t, 1h
N \ \
N N~ Br N~ H
H H
11wb 5: 28% 81: 57%

Scheme 60. Bromination of bisindole 11wb in CCls.
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I3 1A

(2)-Rivularin A (5) ZFAEEY & LT O N d o 2B R ZHED D 5 <<, (£)-rivularin A (5) D
VEEHER L (A F—2461), ZOMER, (2)-rivularinA(5) 1. Qv VYV ATZrrhIsnra~t 7
774—, QFYVZFAT IVvREDHM, @ELATICE T L —ERMOBIEIC X > THET 5
e hotz, TNOLDOHR XY, HGEL 72 (#)-rivularin A (5) D F 7L HPLC % F 72 45
HC X 2 EiE RO, ERonErBHcE v omo L Lwe Bbi s,

silica gel column chromatography
or
Br EtsN Br
Br VY or Br
Br Br

N Br stand N Br
z (2 \§ { /2 \i
N Br N H
H H
5

Scheme 61. Instability of ()-rivularin A (5).

Fon/- BT — X IR L CRR L DI 2T 572 (£ 10), Z DGR, 13LAEDT —
ZABRRO—HER LTz, . BN TH -7 ML 7LD 'H NMR 1E, 45- 70 oL
AV Y veFkkic ABREoAYy 7)) v 7 %2RL, 756 & 759 DX 7Ly & LTHEEIE T
(X 6), KAYID 'HNMR 28 100 MHz THUfS & iz Z L2 FEET 5 L. CNOLPREE->TY VS
Ly POXIICHRXZDOTIR RV, LHET 2, 2720, NMR DE{RT —XICDOWT, FR—7
AV TAVY T F A= a Y TORMBRVIZD, GEllIZAHTH 5,

s
=3

L19

0.5

0.4

0.1 0.2

abundance
0
[

7.594
7579
7571

X : parts per Million : Proton

Figure 6. "H NMR spectrum of (+)-rivularin A at 6’,7’-position.

69



MELD A v F—AFERICBNT, 6. THIZAARID A v 7Y v 7R3, SRIEKL 72
45-v7uxf v F—=LFEEKRIIETCABRO Ay 7Y v 7%k R L7 (K7),

B
Br r Br Br (@/
H < 6
7 N H \
H N
Ts H H

79w 30w 58w trans-9wb
Br 4
Br Br

o Py s )

6
H \ H- \

7 N 7 N

Ts & Ts
14wb 16wb The C6 and C7 protons

apeared as an AB system
in the '"H NMR spectrum.

Br
Br Br
Br Y
@/Br Br Br Br
6 N
H \ o 6
7 N \ \
H H N~ TBr
11wb H H

Figure 7. Compounds exhibiting an AB coupling between the C6 and C7 protons of indole.

DLl X 0. rivularin A DS X, IEERE EHER W L2300 o 7,
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Table 10. 'H and "*C NMR data of synthetic (x)-rivularin A and natural (+)-rivularin A

Br
Br
B Br =
r Br
N
N Br
H
5

"H NMR (acetone dp)

Natural product (100 MHz) | Synthetic structure (600 MHz) | delta*
10.80 (br s, 1H) 12.06 (br s, 1H) -1.74
7.68 (d, J=2Hz, 1H) 7.72 (d, J = 1.8 MHz, 1H) -0.04
7.52 (s, 2H) 7.59 (d, J=8.4 Hz, 1H) -0.07

7.56 (d, J=9.0 Hz, 1H) -0.04
7.30 (dd, J=9, 2 Hz, 1H) 7.37 (dd, J=9.0, 1.8 Hz, 1H) -0.07
6.92 (d, J=9 Hz, 1H) 7.01(d, J=9.0 Hz, 1H) -0.09

* delta = Natural - Synthetic

13C NMR (acetone dg)

Natural product (15 MHz) Synthetic structure (151 MHz) delta*
138.5 138.7 -0.2
135.6 135.8 -0.2
129.5 129.7 -0.2
128.3 128.5 -0.2
127.4 127.6 -0.2
125.9 126.1 -0.2
121.6 121.7 -0.1
120.3 120.4 -0.1
118.5 118.7 -0.2
115.4 115.6 -0.2
115.4 115.5 -0.1
114.0 114.2 -0.2
113.7 113.9 -0.2
112.8 112.9 -0.1
112.7 112.9 -0.2
94.2 94.3 -0.1

* delta = Natural - Synthetic

71



i
w
il
#
[\
=

H2H ARFEARICIETTHH CINT B2 A o R— L& kiE D B%
1 HITAB 2 W= A ka2

AffT % < T, rivularin A OFHIFEE S RIB S NG LHER W & RERL 72, ki REiT
iZ. rivularin A DARAF L EZER TR, ODLDAPFAL— VR LTz, THHDEITHINL
Ht. RR2EOCE AL ¥ F =0 X BRETRREMNTIC XY . MO SZARCE 2 RET 5 2 & A3
T% 5,

Fd VT~ v FEBEEZIEH LAV — b & LT, HITAB &FHCAF RR{LAIE % A5 3 %
Tk oTA v F—=n 3o F 7 VBRI HE, SN2 KIGIC X 2 TEKIEZFETF I e x4
VED vESD, il RO L2 ERGEE IR L. BEMICHEELT 5 2 & T, 3Mo
ViR % CINT G IC K DA F A~ AFLECTE 20TV FEX (AF—L4 62), TOD
Ri. 3 MZOVRICBIL T, 4 v F— 3 fRFLE., 3EOVARMIEZRTE XAV Y vHfE
LNBEA, HITAB 134 v F VY v23-TRF 2 FENLTRIGCHETT 225, 2 OV IKKIEA
BTEe2A v FY vy ELn385E, = FF Y FRRBTcRAL, B 3 MoBRKICAETT S
bolElEng, Thbb, FTALBREAALVFY vOREEIR, HITAB % H w728 R ERIC
B LICHEEZ L VHfEICT 2D ThHELEEZLND,

— @ —
Br TsCl (1.1 equiv.) . Br NBS (1.1 equiv.) BrBr g
Br TBAB (0.05 equiv.) H20 (10 equiv.) Br NEt,
@j 34% aq. NaOH ) acetone, rt, 24 h
N\ toluene, rt, 4 h N" | then, Et;N (1.1 equiv.) N~ ‘OH
H Ts | acetone, rt, 1 h rac '
85% L TZ
rans-6w
30w 40w @ (2.0 equiv.)
Br chenged to chiral bromination.

Br

: Z ) Br
100 N Br @/Br B B N7
EtsN (2.0 equiv.) 4 steps N Br
Crf Cit.
N
H
5

AcOEt, 80 °C, 2 h N~ 'OH
rac |
Ts Br

trans-9wb

quant. from 10b

Scheme 62. Design of chiral bromination of HITAB 6.
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DRFZITRNT 2 ARBEENRERNCTHREL T L 720, RKBEICE T 2852 FLick >TH
MR LN B DTIEARVe EHEI LT3 (ZF—L463), 2O, BERELZR[f Y F—ATrL
Hu 4 FORERICEWOEHLZFA A F AR AEEL L GERHREETR AL AL EEL T
W3, bbb, M F A A FAEEH T 3 rivularin A D BECRTEREZ G L 7215, Al
FHWERFELOK, 2z BE~LEEHZ 22 L CHWOEMAF2HE T % rivularin A % 5
TELZDTRRVPEEZTNHD,

Br Br
Br Br. Br
4 steps @/ 2’-Thoimetylation
\ \
|
Ts

Sp

30w 14wb

Br B 7
Br Br r
@/ 2 steps Br @/Br
\ —_— \
[}] SMe N SMe
Ts H

2

sp
46wb 81
Br Br
Br Br
Chiral bromination. BPr N Br r N Br
G \§ { 2 \S
N SMe N Br
H H
83 5

Scheme 63. Design of chiral bromination of (+)-rivularin A (5).

AEMEE A O WA FEHEECBELTD, AV — P ETELE (AF—L464), AV T <V
FEBGEICEWT, 2 fLIchOARFEZET A VR v 2EEE L, 2hiRAVEZERA4 VY
v OIEENARE R GG, BA v P Y v 2fioh.0rhF 2z A 2 H 3% CINT v R4 v
F— L DEKRAARETIE R d LB L7z, 22T, 2 friciltn e B2 63254 v F Y
VLT, 2N EF L EERET LAV F Y VICEHRL 72
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Br NBS (1.1 equiv.) Br Br 1 L
Br H,0 (10 equiv.) Br NEt, N“ ~COOH
) acetone, rt, 24 h 10y
N ry
|

N~ then, EtsN (1.1 equiv.) ‘OH Et3N (2.0 equiv.)
AcOEt, 80 °C, 2 h

'Il's acetone, rt, 1 h

rac Ts
- trans-6w -
58w (2.0 equiv.)
BI’ Br
Br
Br
Br Br
N decarboxylation) °' N / Br / Br
e} Br. N
N (0] \ sz \ Br
| chirality transfer N
Ts Ts N~ TBr
cis-84 16wb 5H

Scheme 64. Design of synthesis of (+)-rivularin A or (-)-rivularin A (5) with 5-bromoindoline-2-

carboxylic acid (10y).

KRFPEDIA VT~V FAEBGRICHEATRETH 2 0 %P0 5L, 2 MK AARF L HEFT
2AVF) VDT kBT 2To72 (RF¥—2L465), ZORF, 2fiarRx o iErF+
24V ) v OBEBERED 5D, BiETF V. XX —VOREERZH, HITAB & 2
PICANRF L EAFETE2A v F) v 102 %2 PV 2 F AT I VAFER, MBL 72, AV F Y v~
ITIF—NDFKEFL, A A7 T4 FZRMLTE I 1TREMEL 72 & & A, C3NT
ALV E=VEEEGL, EEA Vv F Y v 200 A RF L H L A v F Y v oKD K
Jo L 72K 84 % 37%DUGE TR/, Thbb.3MICFINGBA VYV FY VOEAIARETH 5
eV oTze REEEHCIZAFTEREZERT 2L, BE, 4 VY F ) v 2 [ffoliREICD
WTHIETRED TV 5,

o Et3N (2.0 equiv.)

Brgy  ACOEUMeOH

NEt; (5/1 [vv])

80°C,4h N
+ , 0]
N COOH N~ “OH then, MsCl (1.5 equiv.) o

rac H rac 1I's AcOEt/MeOH N
5/1 [vIv :

10z frans-6a §30 é 1])h e

(1.2 equiv.) ' cis-84: 37%

Scheme 65. The reaction of HITAB 6a and indoline-2-carboxylic acid (10z).
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v TF=v FEBREHCROAFTABREICOWT LR EED T3, KA — + DT
BizoT, 45-V 704 v F—LAEBRORIEEY E LCEbe=rT =) VICEHL %,
AT =) VA R EESEEEROASRICHVLONTEY, A VY FY) v [ v F— 1 ~H
CHIDE TN TV B, 2018 41 Wang ik, =47 =V v e 7=V vZHw, /KEEF,
TvE=vLOIAVYIERET . @BRBLKEZRMT 2T . 3MIc7T=) v%HT254 v F
VY ORERFRETH 5 T L EWHE LT D (R F—L66)°

30%. ag. H,O5 (3.0 equiv.) Q
AN TMDAI (20 mol %) NH
+
NH NH, H20,45°C,12h
Ts

93% 'T‘T
s
80a 8 85
(2.0 equiv.)

Scheme 66. \WWang'’s reaction between 2-vinylaniline 80a and aniline using TMDAI.

2T, KFEESEZEC, T2V v A Vv F) v~EEMZ 2L T, FitheAAL v P v
EREERELCE R EELZ (RF—2L4 67), MAMSILZMER, 34-Y7ux2-t =1
7=V 80w & 5704 Y FU v (10b) % DMSO i, 5+ 7 7F L7 vE= v L3 —
XA FIEAE T, 34% @ LKEKZEHE® 3 2 & C 87T%DINETHYED L 24 v FV v 86 %
7,

Br
Br Br
34%. aq. HyO, (3.0 equiv.) pr.  Bf Br
N TBAI (20 mol %) @_SN
+
NH N~ DMSO,70°C, 24 h
Ts H N
rac Ts
80w 10b 87% 86

(2.0 equiv.)

Scheme 67. The reaction between 2-vinylaniline 80w and indoline 10b using TBAI.

75



3 E 2

e <, fFonexf v ¥ v 86 DL E {To7 (A¥—2468), FH1EF6HOKNES
Bt 2fTo72 L 2 A, B2 IS EIT L, (2)-rivularin A &G B O 1A 16wb % 57%
DR TRz, Thbb, BT =) vk e L7z (2)-rivularin A O 5 2 A K D Bl F
WK L7z E 25,

AKFEZ, FOAA VYR VvERREYEE LA VY F—L 16 OF v T =V FEKiEEH
WL F | RN E 36% 025 17%ITIE T L72d oD, TREEZ 6 TiEH 5 3 TR OFEHEIC
R LTw3

DCE, reflux, 48 h

@_{@ MnO; (20 equiv. @_{D

57%
86 16wb

1st generation: total 36% from 79w (6 steps)

s

2nd generation: total 17% from 79w (3 steps)

Scheme 68. Oxidation of bisindoline 86.

AKFEEH O (+#)-rivlarin A DEEEEZBLE L 72 (A F—2469), ©AA Vv F—L~DEfuk
DG LTt AifficHWEFEREHT L E Lz, ©X4 Y FY vOBEICE W T,
TBAIl Z HLfil it 7 LD X T AT v = v L S 7213 F 7 AV RERLSE 2 VT 3ol
RFHED DWAF~DOAFIEIC X > CEAT 2 2 L THRDBAIRETIE R\ & F 2 T 501,
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Chiral catalyst

Br Br 5 (ammonium salt)
r + Br Br Br
N 34%. ag. H,0, (3.0 equiv.) :z:jiz—ng
+
NH N
Ts H

DMSO, 70 °C, 24 h

N
Ts
80w 10b 86
2.0 iv.
(2.0 equiv.) Br
Br
Br 2 B 74
Br Br r
\ \
N N Br
MnO, (20 equiv.) -'|-s 2 steps H
or or

DCE, reflux, 48 h Br 2 Br
Br Br
N BBr /
) Br r Br

16wb

Scheme 69. Design of chiral synthesis of (+)-rivularin A (5) with 2-vinylaniline 80w.

UEo®ET LY., AR F2HET S CINI ERAL v F—ADEBIEICEL T, w204
Ma2BEL7Z, 5. IO TERZEHALZ CINT1 24 VY F—ALDF IAEEICL D, (+)-
rivularin A NUOEFREEZAL VY F—ATA A FORFEEWINERINE Z L2 WFLTY
5o
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EEHIZ, A4V F—A-23-TK*x L FEMiA HITAB 35X U4 v F Y v AR L+ 2585 C3INT
ERA VY F—VEOF v Ty FERIEZRIEL 2. AFEEZ KL LT, @Y % EReR ik
Mgz flAGbEsLickh, ERECAA VY F=AThu 4 ¥ H I (+)-rivularin
A D7t IRTH B (2)rivularin A DEEREER L 72, 130 N2 Z LT ICRIET %,

1. HITAB L 4 v F U v Z2H W7 C3IN1 € 24 v F— ki, s uERZraEs2 L.
TAY F=nd 23 (kT 2MCIREPEL 24 24 v F = VEROE % AHE &
L7,

2. C3IN1 v AA v F=AFEEERD ) FAH LI WT A LD AN F = VBRI mE & LCERT
52 RHLPIC LTz, KFEZ 4B ICRIREAT2HEE~EHAL 2 & 2 A, MEERMIC
ZAEBRD bNTze THICHT L, FUREZEELL LCEHT 2 2 & © fEERMEIT 4P 0
R R E 7o 7,

3. INLOFEEZRAEMCHWSEZ T, EREEAA VY F=ATAha i FoeemEiERK
L7z KEBGERICE T, KRAVD 5 TWND 5 Wi FEckER-EGERKL, 7%
T3 A[REME R R L 7,

4. F72, HFIP W/ 45-Y 704 v F =L OPFHAEEEZHE L, Son-E2H w7
FvF~ v FEREZER L T(@#)-rivularin A D25 IS L7z, AT, 45-Y78E4 v/
F— AV ARIFICRONZRERMICER L, v =T =) vEHWEFHE AL Vv FY) v &
piEE R L 72,

LEDKRIZ, ~7 o7 ) —MLEVOERICH =25 ikim e Mzt o L e bic, 4

SR DA E S XU TlRICE T 2 2 RO 2R TH 5, Sk, o TRz
L L7zERA DD 72 5 FeR 2 WFF3 5,
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General methods. Column chromatography was carried out using silica gel (WAKO Gel 75—
150 mesh, FUJIFILM WAKO Pure Chemical Co., Osaka, Japan). Preparative tin-layer
chromatography was performed with silica gel plates (0.25 mm, silica gel, 60F 254, Merck & Co.,
Inc., Keniworth, NJ, USA). Melting points (mp) were recorded with a Yamato melting point
apparatus model MP-21 (Yamato Scietific Co., Ltd., Tokyo, Japan) and are uncorrected. IR
spectra were measured with a HORIBA fourier transform infrared spectrometer FT-720
(HORIBA Ltd., Kyoto, Japan), and absorbance frequencies are reported in reciprocal
centimeters (cm™'). NMR experiments were performed with JEOL JNM-ECZ600R (JEOL Ltd.,
Tokyo, Japan) ("H NMR: 600 MHz, *C NMR: 151 MHz) spectrometer, Varian NMR system
400b (Agilent Technologies Japan, Ltd., Tokyo, Japan) ('"H NMR: 400 MHz, *C NMR: 101
MHz) spectrometer and Varian NMR system 600 (Agilent Technologies Japan, Ltd., Tokyo,
Japan) ("H NMR: 600 MHz, *C NMR: 151 MHz) spectrometer. Chemical shifts are expressed
in & [parts per million, ppm] values and coupling constants are expressed in herts [Hz]. "H NMR
spectra were referenced to a solvent signal (CDCls: 7.26 ppm, acetone-ds: 2.05 ppm). *C NMR
spectra were referenced to a solvent signal (CDCls: 77.1 ppm, acetone-ds: 29.8 ppm). Signal
multiplicities are abbreviated as follows: singlet (s), doublet (d), triplet (t), multiplet (m), doublet
of doublets (dd), doublet of doublet of doublets (ddd), broad (br). High-resolution MS spectra
were recorded with a Bruker microTOF mass spectrometers (ESI-TOF-MS) (Bruker Co.,
Billerica, MA, USA). Reactions were monitored by thin layer chromatography (TLC) and carried
out on a silica gel plates (60F2s4) and visualized under UV illumination at 254 or 365 nm,
depending on the compounds. All substrates were used as received from commercial suppliers
[Sigma-Aldrich (Merch & Co., Inc., Keniworth, NJ, USA), Kanto Chemical (Kanto Chemical Co.
Int., Tokyo, Japan), TCI (Tokyo Chemical Industry Co. Ltd., Tokyo, Japan), Wako (FUJIFILM
WAKO Pure Chemical Co., Osaka, Japan), Ambeed (Ambeed, Inc., IL, USA) and Nacalai
Tesque (Nacalai Tesque, Inc., Kyoto, Japan)] and all reagents were weighed and handled in

air at room temperature.

79



5
>
S
Umkl'
"
5

FT1EICEHT 2 ER

The reduction of HITAB 6a using NaBH4

O
Br®

NEt3 NaBH4
Qg (5.0 equiv.)
"oH
rac

N~ 'OH MeOH NH
rac 'll's rt, 12 h Ts

trans-6a trans—20 21
NaBH. (189 mg, 5.0 equiv., 5.0 mmol) was added to 6a (469 mg, 1.0 mmol) in MeOH under
air. The mixture was stirred at room temperature for 12 h. After the addition of H.O (20 mL),

rac Ts

the whole was extracted by AcOEt (3 x 20 mL). The combined organic layer was washed with
brine (20 mL), dried over Na,SOy, filtered, and concentrated in vacuo. The residue was purified
by silica gel column chromatography using hexane/AcOEt (2:1-1:1 [v/v]) to give 20, 21 and 22.

trans-3-Methoxy-1-tosylindolin-2-ol (20)

rac Ts
trans-20

'H NMR (600 MHz, CDCls) 5 7.65 (d, J = 7.8 Hz, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7.37 (t, J= 7.8
Hz, 1H), 7.31 (d, J = 7.2 Hz, 1H), 7.18 (d, J = 7.8 Hz, 2H), 7.1 (t, J = 7.8 Hz, 1H), 5.26 (s, 1H),
4.63 (d, J = 7.2 Hz, 1H), 3.58 (s, 3H), 2.33 (s, 3H), 0.96 (d, J = 7.8 Hz, 1H).

3C{'H} NMR (151 MHz, CDCls) 6 144.5, 141.5, 135.0, 132.7, 130.9, 129.8, 127.5, 126.3, 125 4,
117.8, 99.6, 75.9, 56.2, 21.7.

HRMS (ESI) m/z: [M+Na]* Calcd for C16H:7NO4sSNa, 342.0778; found, 342.0772.

N-(2-(2-Hydroxyethyl)phenyl)-4-methylbenzenesulfonamide (21)

@Z/»OH

/NH
Ts

21

'H NMR (600 MHz, CDCl3) 6 8.79 (br s, 1H), 7.60 (d, J = 8.4 Hz, 2H), 7.43 (dd, J= 7.8, 1.8 Hz,
1H), 7.19 (d, J = 8.4 Hz, 2H), 7.18 (t, J = 7.8 Hz, 1H), 7.09 (td, J = 7.2, 1.2 Hz, 1H), 7.03 (dd,
J=7.8,1.8Hz, 1H), 3.80 (t, J = 6.0 Hz, 2H), 2.74 (br s, 1H), 2.43 (t, J = 3.0 Hz, 2H), 2.37 (s,
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3H).

3C{'H} NMR (151 MHz, CDCls) & 143.6, 137.4, 135.9, 134.0, 130.9, 129.7, 127.7, 127.1, 126.2,
124.9, 64.6, 34.7, 21.7.

HRMS (ESI) m/z: [M+Na]* Calcd for C1sH:7NO4sSNa, 314.0827; found, 314.0830.

N-(2-(2-Hydroxy-1-methoxyethyl)phenyl)-4-methylbenzenesulfonamide (22)
OMe

ol

NH
rac Ts/

'H NMR (600 MHz, CDCl3) & 8.44 (br s, 1H), 7.72 (d, J = 7.8 Hz, 2H), 7.53 (d, J = 7.8 Hz, 1H),
7.24 (d, J = 7.8 Hz, 2H), 7.23 (t, J = 7.8 Hz, 1H), 7.09 (d, J = 7.8 Hz, 1H), 7.06 (t, J = 7.8 Hz,
1H), 4.29 (dd, J = 8.4, 4.8 Hz, 1H), 3.57 (dd, J = 12.0, 8.4 Hz, 1H), 3.40 (dd, J = 12.0, 5.4 Hz,
1H), 3.20 (s, 3H), 2.37 (s, 3H), 2.18 (br s, 1H).

HRMS (ESI) m/z: [M+Na]* Calcd for C16H1sNO4SNa, 344.0932; found, 344.0933.
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Synthesis of bisindoline 9
General procedure A

S
Br @ / \
\\ / N R'\// N EtsN (2.0 equiv.) R\// N 7R

N KX/ "/OH ACOEt x/ '//OH
H 80°C,2h N

I'aC R" raC Rll

10 trans-6 frans-9
(1.2 equiv.)

A solution of triethylamine (2.0 equiv.) in AcOEt (0.1 M) was added to HITAB 6 (1.2 equiv.) and
indoline 10 under air. The mixture was stirred at 80 °C in oil bath for 1.5 hours. After the whole
was cooled to room temperature, H.O (20 mL) was added to the mixture. Then, the whole was
extracted with AcOEt (3 x 20 mL). The combined organic layer was washed with brine (20 mL),
dried over Na>SOy, filtered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography using hexane/AcOEt solvent mixture as the eluent.

General procedure B

NBS R/
(2.2 equiv.) N
H,O N
(20 equiv.)
R~ acetone Et3N
k [\ 24hrt Q—S (2.0 equiv) R/~ N
X —_— N
N then, Et3N "OH  AcOEt kx N~ ‘OH
(2.2 equiv.) 80°C,2h l
rac  R»
58 trans-6 trans-9
(2.0 euqiv.)

A solution of NBS (1.1 mmol, 2.2 equiv.) in acetone (10 mmol, 0.1 M) was added to 58 (1.0
mmol, 2.0 equiv.) and H20 (10 mmol, 20 equiv.) under air. The mixture was stirred at room
temperature for 24 h. Then triethylamine was added to the mixture and stirred further 1 h. The
mixture was concentrated in vacuo. The residue was dissolved in AcOEt (0.5 mL, 0.1 M) and
added indoline 10 (0.5 mmol) and triethylamine (1.0 mmol, 2.0 equiv.). The mixture was stirred
at 80 °C in oil bath for 1.5 hours. After the whole was cooled to room temperature, H.0 (20
mL) was added to the mixture. Then, the whole was extracted with AcOEt (3 x 20 mL). The
combined organic layer was washed with brine (20 mL), dried over Na;SOu, filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography using
hexane/AcOEt solvent mixture as the eluent.
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trans-1'-Tosyl-[1,3'-biindolin]-2'-ol (9aa)

~ ;@
"""OH

'?
rac Ts

trans-9aa

The reaction was performed according to the general procedure A using 563 mg (1.2 mmol,
1.2 equiv.) of 6a and 118 mg (1.0 mmol) of 10a. The residue was purified by silica gel column
chromatograph using hexane/AcOEt (4/1 [v/v]) to give 9aa as a white solid (350 mg, 0.86 mmol,
86% vyield).

Mp 148-150 °C.

IR (KBr) v: 3068, 3043, 2956, 2923, 2850, 2811 cm™".

'"H NMR (600 MHz, CDCl3) & 7.75 (d, J = 7.8 Hz, 2H), 7.59 (d, J = 8.4 Hz, 1H), 7.34 (dd, J =
8.4,8.4 Hz, 1H), 7.24 (d, J = 7.8 Hz, 2H), 7.20 (d, J = 7.8 Hz, 1H), 7.07 (d, J = 7.8 Hz, 1H),
7.04 (dd, J=7.8, 7.8 Hz, 1H), 6.97 (dd, J = 7.8, 7.8 Hz, 1H), 6.78 (dd, J = 7.8, 7.8 Hz, 1H),
6.53 (br s, 1H), 5.73 (s, 1H), 5.03 (d, J= 1.8 Hz, 1H), 3.79 (br s, 1H), 2.85-2.82 (m, 1H), 2.75—
2.69 (m, 1H), 2.65-2.60 (m, 1H), 2.41 (br s, 1H), 2.39 (s, 3H).

BC{'H} NMR (151 MHz, CDCIl;) & 149.8, 144.8, 140.8, 135.3, 130.6, 130.02, 130.02, 127.4,
127.3,127.2, 126.5, 124.9, 124.2, 118.6, 114.1, 108.3, 88.5, 64.8, 49.1, 28.2, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C23H22N203SNa, 429.1249; found, 429.1246.

trans-1’-(Phenylsulfonyl)-[1,3’-biindolin]-2’-ol (9ca)

O
Qﬁ/"OH

\
rac Bs

trans-9ca
The reaction was performed according to the general procedure A using 273 mg (0.6 mmol,
1.2 equiv.) of 6c and 60 mg (0.5 mmol) of 2a. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (2/1 [v/v]) to give 9ca as a white solid (190
mg, 0.49 mmol, 97% yield).
Mp 171 °C.
IR (KBr) v: 3064, 3043, 3014, 2956, 2913, 2836, 1334, 1162 cm™".
'"H NMR (600 MHz, CDCl;) & 7.86 (d, J = 7.8 Hz, 2H), 7.63 (d, J = 8.4 Hz, 1H), 7.58 (dd, J =
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7.8, 7.8 Hz, 1H), 7.45 (dd, J = 8.4, 8.4 Hz, 2H), 7.35 (dd, J = 7.8, 7.8 Hz, 1H), 7.22 (d, J = 8.4
Hz, 1H), 7.06 (dd, J = 8.4, 7.8 Hz, 1H), 7.04 (d, J = 7.2 Hz, 1H), 6.96 (dd, J = 7.8, 7.8 Hz, 1H),
6.70 (dd, J = 7.2, 7.2 Hz, 1H), 6.48 (br s, 1H), 5.68 (d, J = 2.4 Hz, 1H), 5.02 (s, 1H), 3.80 (br s,
1H), 2.73-2.67 (m, 2H), 2.58-2.57 (m, 1H), 2.17 (br s, 1H).

3C{'H} NMR (151 MHz, CDCls) & 140.8, 138.3, 133.7, 130.7, 130.2, 129.5, 127.6, 127.2, 127.0,
126.6, 124.9, 124.3,119.2, 114.1, 108.7, 88.4, 65.1, 48.9, 28.2.

HRMS (ESI) m/z: [M+Na]* Calcd for C22H20N20sSNa, 415.1092; found, 415.1094.

trans-1’-((4-Nitrophenyl)sulfonyl)-[1,3’-biindolin]-2’-ol (9da)

g
Qﬁ/"OH

N
2 4N
trans-9da
The reaction was performed according to the general procedure B using 303 mg (1.0 mmol,
2.0 equiv) of 58d and 60 mg (0.5 mmol) of 10a. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (4/1 [v/v]) to give 9da as a brown oil (87 mg,
0.2 mmol, 40% yield).
IR (KBr) v: 3112, 3037, 2979, 2948, 2848, 1349, 1160 cm™".
'"H NMR (600 MHz, CDCl3) 6 8.26 (d, J = 9.0 Hz, 2H), 8.06 (d, J = 9.0 Hz, 2H), 7.55 (d, /= 8.4
Hz, 1H), 7.37 (dd, J=8.4, 8.4 Hz, 1H), 7.30 (d, J= 7.8 Hz, 1H), 7.12 (ddd, J=7.8, 7.8, 0.6 Hz,
1H), 7.05 (dd, J = 7.2, 0.6 Hz, 1H), 6.87 (dd, J = 7.8, 7.8 Hz, 1H), 6.68 (dd, J = 7.8, 7.8 Hz,
1H), 6.30 (br s, 1H), 5.74 (d, J = 1.8 Hz, 1H), 4.99 (d, J = 1.8 Hz, 1H), 3.84 (br s, 1H), 2.90-
2.88 (m, 1H), 2.80-2.75 (m, 1H), 2.64—-2.59 (m, 1H), 2.42-2.39 (m, 1H).
BC{'H} NMR (151 MHz, CDCl3) 6 150.7, 149.7, 144.1, 140.0, 130.6, 130.3, 128.5, 127.5, 127 .4,
127.0, 125.1, 124.9, 124.6, 119.0, 113.9, 108.2, 88.8, 65.2, 49.6, 28.2.
HRMS (ESI) m/z: [M+Na]" Calcd for C22H1sN3OsSNa, 460.0943; found, 460.0943.
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trans-1’- (Methylsulfonyl)-[1,3’-biindolin]-2’-ol (9ea)

trans-9ea

The reaction was performed according to the general procedure B using 195 mg of 58e (1.0
mmol, 2.0 equiv.) and 60 mg of 10a. The residue was purified by column chromatography on
silica gel using hexane/AcOEt (4/1 [v/v]) to give 9ea as a red oil (140 mg, 0.43 mmol, 85%
yield).

IR (KBr) v: 3023, 2956, 2927, 2846, 1348, 1159 cm™".

'"H NMR (600 MHz, CDCl3) 6 7.40-7.35 (m, 3H), 7.13—-7.10 (m, 2H), 7.06 (dd, J = 8.4, 8.4 Hz,
1H), 6.73 (dd, J=7.8, 7.8 Hz, 1H), 6.59 (d, J = 7.2 Hz, 1H), 5.79 (s, 1H), 5.09 (s, 1H), 3.83 (d,
J=3.6 Hz, 1H), 3.12 (t, J= 8.4 Hz, 2H), 3.04 (s, 3H), 2.90 (t, J = 8.4 Hz, 2H).

BC{'H} NMR (151 MHz, CDCl3) 6 150.1, 141.0, 130.9, 130.3, 127.5, 127.1, 126.9, 125.1, 124 1,
119.1, 112.9, 108.4, 88.4, 65.2, 49.7, 39.6, 28.3.

HRMS (ESI) m/z: [M+Na]" Calcd for C17H1sN20O3SNa, 353.0936; found, 353.0938.

trans-5’-Chloro-1'-tosyl-[1,3'-biindolin]-2'-ol (9fa)

trans-9fa

The reaction was performed according to the general procedure A using 302 mg (0.6 mmol,
1.2 equiv.) of 6f and 60mg (0.5 mmol) of 10a. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (2/1 [v/v]) to give 9fa as a gray solid (206
mg, 0.47 mmol, 93% yield).

Mp 144-145 °C.

IR (KBr) v: 3114, 3048, 2948, 2925, 2840, 1332, 1162 cm™".

'"H NMR (600 MHz, CDCI3) 6 7.70 (d, J = 9.0 Hz, 2H), 7.55 (d, J = 9.0 Hz, 1H), 7.30 (ddd, J =
9.0, 1.8,0.6 Hz, 1H), 7.24 (d, J = 7.8 Hz, 2H), 7.21 (dd, J=1.2, 0.6 Hz, 1H), 7.04 (d, J= 7.2
Hz, 1H), 6.88 (br s, 1H), 6.68 (dd, J=7.2, 7.2 Hz, 1H), 6.28 (br s, 1H), 5.65 (d, J = 2.4 Hz, 1H),
497 (d, J = 2.4 Hz, 1H), 3.73 (br s, 1H), 2.82-2.73 (m, 2H), 2.63-2.58 (m, 1H), 2.40 (s, 3H),

85



5
>
S
Umkl'
"
5

2.24 (brs, 1H).

3C{'"H} NMR (151 MHz, CDCls) & 149.4, 145.1, 139.4, 135.0, 130.5, 130.15, 130.15, 129.6,
129.4, 127.4,127.2, 126.5, 125.0, 118.8, 115.2, 108.2, 88.7, 64.6, 49.3, 28.2, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C2sH21CIN,0sSNa, 463.0859, 465.0830; found, 463.0859,
465.0831.

trans-5’-Bromo-1'-tosyl-[1,3"'-biindolin]-2'-ol (9ba)

CU :
"""OH

"\
rac Ts

trans-9ba
The reaction was performed according to the general procedure A using 329 mg (0.6 mmol,
1.2 equiv.) of 6b and 60 mg (0.5 mmol) of 10a. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (2/1 [v/v]) to give 9fa as a pale-orange solid
(234 mg, 0.49 mmol, 97% yield).
Mp 152-154 °C.
IR (KBr) v: 3029, 2991, 2954, 2911, 2848, 1342, 1162 cm™".
'"H NMR (600 MHz, CDCl;) 6 7.70 (d, J = 9.0 Hz, 2H), 7.50 (d, J = 8.4 Hz, 1H), 7.44 (dd, J =
8.4,1.8Hz, 1H), 7.36 (s, 1H), 7.24 (d, J=7.2 Hz, 2H), 7.04 (d, J= 7.2 Hz, 1H), 6.88 (br s, 1H),
6.68 (dd, J=7.2, 7.2 Hz, 1H), 6.28 (br s, 1H), 5.64 (dd, J = 3.0, 3.0 Hz, 1H), 4.97 (d, J= 1.8
Hz, 1H), 3.77 (d, J = 3.0 Hz, 1H), 2.83-2.73 (m, 2H), 2.63-2.58 (m, 1H), 2.41 (s, 3H), 2.24 (br
s, 1H).
BC{'H} NMR (151 MHz, CDCl3) 6 149.4, 145.1, 139.9, 135.0, 133.0, 130.5, 130.2, 129.7, 129.4,
127.4,127.2,125.0, 118.8, 116.9, 115.6, 108.2, 88.5, 65.6, 49.3, 28.2, 21.7.
HRMS (ESI) m/z: [M+Na]" Calcd for C23H21BrN.O3SNa, 507.0354, 509.0334; found, 507.0355,
509.0334.

trans-5’-Methoxy-1'-tosyl-[1,3'-biindolin]-2'-ol (9ga)

ey 0
'\ll ""OH
rac Ts

trans-9ga

86



5
>
S
Umkl'
"
5

The reaction was performed according to the general procedure A using 300 mg (0.5 mmol) of
6g and 59 mg (0.5 mmol) of 10a. The residue was purified by column chromatography on silica
gel using hexane/AcOEt (2/1 [v/v]) to give 9ga as a white solid (210 mg, 0.46 mmol, 96% yield).
Mp 148-149 °C.

IR (KBr) v: 3046, 3012, 2944, 2921, 2840, 1334, 1166 cm™".

'"H NMR (400 MHz, CDCl3) 6 7.68 (d, J = 8.4 Hz, 2H), 7.55 (d, J= 8.4 Hz, 1H), 7.21 (d, J= 8.4
Hz, 2H), 7.04 (d, J=7.2 Hz, 1H), 6.89 (dd, J = 9.0, 3.0 Hz, 2H), 6.78 (s, 1H), 6.69 (dd, J=7.2,
7.2 Hz, 1H), 6.38 (br s, 1H), 5.60 (d, J = 2.4 Hz, 1H), 4.96 (s, 1H), 3.73 (s, 3H), 2.82 (br s, 1H),
2.76-2.71 (m, 1H), 2.59-2.54 (m, 1H), 2.39 (s, 3H), 2.17 (br s, 1H) (OH proton was
disappeared.).

BC{'H} NMR (151 MHz, CDCl3) 6 157.0, 149.1, 144.6, 135.0, 134.3, 130.8, 130.0, 128.5, 127.5,
127.3,124.9, 119.2, 116.1, 115.3, 111.3, 108.8, 88.7, 65.4, 55.8, 49.0, 28.2, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C24H24N204SNa, 459.1355; found, 459.1354.

trans-4’-Bromo-1'-tosyl-[1,3"'-biindolin]-2'-ol (9ha)

Br
QKN
"""OH

'?
rac Ts

trans-9ha
The reaction was performed according to the general procedure B using 1.57 g (4.5 mmol, 1.1
equiv.) of 58h and 477 mg (4.0 mmol) of 10a. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (2/1 [v/v]) to give 9ha as a blue solid (1.30
g, 2.68 mmol, 67% yield).
Mp 137-138 °C
IR (KBr) v: 3041, 2921, 2865, 1336, 1170 cm™".
'"H NMR (400 MHz, CDCl3) 6 7.73 (d, J = 8.0 Hz, 2H), 7.59-7.56 (m, 1H), 7.26-7.22 (m, 4H),
7.03-7.00 (m, 1H), 7.02 (d, J = 7.2 Hz, 1H), 6.66 (dd, J=7.2, 7.2 Hz, 1H), 6.47 (br s, 1H), 5.63
(d, J=1.6 Hz, 1H), 4.92 (d, J = 1.2 Hz, 1H), 3.54 (br s, 1H), 2.78-2.74 (m, 2H), 2.54-2.51 (m,
1H), 2.40 (s, 3H), 2.04 (br s, 1H).
BC{'"H} NMR (151 MHz, CDCl3) 6 149.4, 145.0, 142.2, 135.6, 131.7, 130.1, 129.8, 127.7, 127 .5,
127.1,127.0, 124.7, 121.6, 117.9, 113.1, 107.0, 88.9, 64.7, 47.9, 28.2, 21.7.
HRMS (ESI) m/z: [M+Na]" Calcd for C23H21BrN.O3SNa, 507.0354, 509.0334; found, 507.0354,
509.0334.
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trans-6’-Bromo-1'-tosyl-[1,3'-biindolin]-2'-ol (3ia)

trans-9ia

The reaction was performed according to the general procedure A using 328 mg (0.6 mmol) of
6i and 60 mg (0.5 mmol) of 10a. The residue was purified by column chromatography on silica
gel using hexane/AcOEt (3/1 [v/v]) to give 9ia as a white solid (201 mg, 0.42 mmol, 83% vyield).
Mp 162-164 °C.

IR (KBr) v: 3104, 3046, 2960, 2923, 2834, 1334, 1157 cm™".

'"H NMR (600 MHz, CDCl3) 6 7.78 (d, J= 1.2 Hz, 1H), 7.73 (d, J= 8.4 Hz, 2H), 7.27 (d, J= 7.2
Hz, 2H), 7.18 (dd, J = 8.4, 1.8 Hz, 1H), 7.08 (d, J = 7.8 Hz, 1H), 7.04 (d, J = 7.2 Hz, 1H), 6.91
(dd, J=7.2,7.2 Hz, 1H), 6.70 (dd, J = 7.2, 7.2 Hz, 1H), 6.36 (br s, 1H), 5.66 (d, J = 2.4 Hz,
1H), 4.94 (s, 1H), 3.85 (br s, 1H), 2.78-2.72 (m, 2H), 2.62-2.57 (m, 1H), 2.41 (s, 3H), 2.25 (br
s, 1H).

BC{'H} NMR (151 MHz, CDCl3) 6 149.5. 145.1, 142.0, 135.1, 130.5, 130.2, 127.6, 127.5, 127.3,
127.2,126.4, 125.0, 123.7, 118.8, 117.2, 108.3, 88.7, 64.5, 49.2, 28.2, 21.8.

HRMS (ESI) m/z: [M+Na]" Calcd for C23H21BrN.O3SNa, 507.0354, 509.0334; found, 507.0353,
509.0333.

trans-3-(Indolin-1-yl)-1-tosyl-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-2-ol (3ja)

/\N:

—

N '\ll ""OH
rac  Tg
trans-9ja

The reaction was performed according to the general procedure B using 273 mg (1.0 mmol,
2.0 equiv.) of 58j and 60 mg (0.5 mmol) of 10a. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (1/1 [v/v]) to give 9ja as a brown solid (96
mg, 0.28 mmol, 47% yield).

Mp 159-160 °C.

IR (KBr) v: 3056, 2962, 2925, 2846, 1421, 1353, 1168 cm™".

'"H NMR (600 MHz, CDCls) & 8.28 (ddd, J = 4.8, 2.8, 0.6 Hz, 1H), 7.98 (d, J = 8.4 Hz, 2H), 7.54
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(ddd, J=7.2,1.2, 1.2 Hz, 1H), 7.27 (d, J = 9.6 Hz, 2H), 7.08 (d, J = 7.2 Hz, 1H), 6.93-6.90 (m,
2H), 6.70 (ddd, J = 7.2, 7.2 0.6 Hz, 1H), 6.33 (d, J = 6.0 Hz, 1H), 5.95 (d, J = 2.4 Hz, 1H), 5.03
(d, J = 2.4 Hz, 1H), 4.09 (br s, 1H), 2.97-2.94 (m, 1H), 2.88-2.81 (m, 3H), 2.40 (s, 3H).
3C{'H} NMR (151 MHz, CDCls) 6 154.5, 149.5, 149.4, 144.7, 136.2, 134.8, 130.8, 129.7, 128.1,
127.4,125.1, 120.5, 119.1, 118.8, 108.5, 87.0, 62.9, 49.7, 28.3, 21.8.

HRMS (ESI) m/z: [M+Na]* Calcd for C22H21NsOsSNa, 430.1201; found, 430.1203.

trans-5-Chloro-1'-tosyl-[1,3'-biindolin]-2'-ol (9af)

CI
N /o

rac 'i's

trans-9af

The reaction was performed according to the general procedure A using 281 mg (0.6 mmol,
1.2 equiv.) of 6a and 77 mg (0.5 mmol) of 10f. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (3/1 [v/v]) to give 9af as a pale-pink solid
(175 mg, 0.40 mmol, 79% yield).

Mp 160 °C.

IR (KBr) v: 3068, 2959, 2921, 2819 cm™".

'"H NMR (400 MHz, CDCl;3) 6 7.72 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.0 Hz, 1H), 7.35 (dd, J =
7.6, 7.6 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 7.2 Hz, 1H), 7.06 (ddd, J=7.6, 7.6, 0.8
Hz, 1H), 6.97 (s, 1H), 6.76 (d, J = 7.6 Hz, 1H), 6.12 (br s, 1H), 5.61 (d, J = 2.8 Hz, 1H), 4.92
(d, J=2.4Hz, 1H), 3.71 (br s, 1H), 2.91-2.84 (m, 1H), 2.77-2.69 (m, 1H), 2.62-2.54 (m, 1H),
2.40 (s, 3H), 2.37 (br s, 1H).

BC{'H} NMR (151 MHz, CDCl3) 6 148.1, 145.0, 140.9, 135.3, 132.7, 130.3, 130.1, 127.3, 127.2,
126.8, 126.5, 125.1, 124.3, 123.5, 114.2, 109.2, 88.3, 65.4, 49.7, 28.1, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C23H21CIN2.O3SNa, 463.0859, 465.0830; found, 463.0859,
465.0830.

89



5
>
S
Umkl'
"
5

trans-5-Bromo-1'-tosyl-[1,3"'-biindolin]-2'-ol (9ab)

Br
Q gN
N ""OH

rac T
trans-9ab

The reaction was performed according to the general procedure A using 282 mg (0.6 mmol,
1.2 equiv.) of 6a and 99 mg (0.5 mmol) of 10c. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (2/1 [v/v]) to give 9ac as a pale-orange solid
(244 mg, 0.50 mmol, quant.).
Mp 145 °C.
IR (KBr) v: 3102, 3073, 3031, 2989, 2948, 2919, 2850 cm™".
'"H NMR (400 MHz, CDCl;3) 6 7.71 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.4 Hz, 1H), 7.34 (dd, J =
8.0, 8.0 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 7.6 Hz, 1H), 7.10 (s, 1H), 7.06 (ddd, J =
8.0, 8.0, 1.2 Hz, 1H), 6.87 (br d, J = 8.0 Hz, 1H), 6.04 (br s, 1H), 5.60 (dd, J = 2.8, 2.8 Hz, 1H),
491 (d, J=2.4Hz, 1H), 3.79 (d, J = 2.8 Hz, 1H), 2.87-2.83 (m, 1H), 2.77-2.69 (m, 1H), 2.62—
2.54 (m, 1H), 2.40 (s, 3H), 2.33 (br s, 1H).
BC{'H} NMR (151 MHz, CDCl3) & 148.9, 144.9, 140.8, 135.2, 133.0, 130.2, 130.1, 130.0, 127.8,
127.2, 126.9, 126.4, 124.3, 114.2, 110.1, 109.4, 88.4, 65.1, 49.6, 28.0, 21.7.
HRMS (ESI) m/z: [M+Na]" Calcd for C23H21BrN.O3SNa, 507.0354, 509.0334; found, 507.0354,
509.0334.

trans-5-Nitro-1'-tosyl-[1,3'-biindolin]-2'-ol (9ak)

\//\ZNS '/O |

rac T
trans-9ak

The reaction was performed according to the general procedure A using 282 mg (0.6 mmol,
1.2 equiv.) of 6a and 82 mg (0.5 mmol) of 10k. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (3/1 [v/v]) to give 9ak as a yellow solid (240
mg, 0.50 mmol, quant.).
Mp 156-159 °C.
IR (KBr) v: 3050, 2960, 2923, 2873, 1504, 1353, 1319, 1166 cm™".
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'H NMR (400 MHz, CDCl3) & 7.85 (s, 1H), 7.76 (br s, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.66 (d, J
= 8.4 Hz, 1H), 7.39 (dd, J = 8.0, 8.0 Hz, 1H), 7.25 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 7.6 Hz, 1H),
7.09 (ddd, J = 7.6, 7.6, 0.8 Hz, 1H), 5.99 (br s, 1H), 5.59 (d, J = 2.4 Hz, 1H), 5.01 (d, J = 2.8
Hz, 1H), 3.76 (br s, 1H), 3.15 (br s, 1H), 2.92-2.84 (m, 1H), 2.77-2.69 (m, 1H), 2.57 (br s, 1H),
2.42 (s, 3H).

BC{'H} NMR (151 MHz, CDCls) & 155.1, 145.3, 141.1, 139.6, 135.4, 130.79, 130.75, 130.2,
127.4,126.3, 126.0, 125.8, 124.6, 121.0, 114.6, 105.5, 89.3, 64.8, 50.1, 27.2, 21.7.

HRMS (ESI) m/z: [M+Na]* Calcd for C2sH21NsOsSNa, 474.1100; found, 474.1103.

trans-5-Methoxy-1'-tosyl-[1,3"'-biindolin]-2'-ol (9ag)

OMe
Q SN
N~ ‘OH

rac T
trans-9ag

The reaction was performed according to the general procedure A using 282 mg (0.6 mmol,
1.2 equiv.) of 6a and 74 mg (0.5 mmol) of 10g. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (2/1 [v/v]) to give 9ag as a white solid (183
mg, 0.42 mmol, 84% yield).
Mp 153-154 °C.
IR (KBr) v: 3075, 3008, 2958, 2884, 2848, 2829, 1349, 1241, 1162, 1031 cm™".
'"H NMR (400 MHz, CDCl;) 6 7.72 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 8.0 Hz, 1H), 7.32 (dd, J =
8.0, 8.0 Hz, 1H), 7.24 (d, J = 7.6 Hz, 1H), 7.22 (d, J = 8.4 Hz, 2H), 7.05 (ddd, J=7.2,7.2, 0.8
Hz, 1H), 6.68 (d, J = 2.4 Hz, 1H), 6.46 (dd, J = 8.4, 2.0 Hz, 1H), 6.27 (d, J = 8.4 Hz, 1H), 5.65
(dd, J=2.8, 2.8 Hz, 1H), 4.93 (d, J = 2.0 Hz, 1H), 3.73 (s, 3H), 3.72 (br s, 1H), 2.74-2.65 (m,
2H), 2.58-2.50 (m, 1H), 2.39 (s, 3H), 2.18-2.16 (m, 1H).
BC{'H} NMR (151 MHz, CDCl3) 6 153.4, 144.7, 143.8, 140.8, 135.4, 132.3, 129.99, 129.97,
127.5,127.2, 126.5, 124.2, 114.0, 112.3, 111.7, 108.9, 88.1, 65.5, 56.0, 49.5, 28.5, 21.7.
HRMS (ESI) m/z: [M+Na]" Calcd for C24H24N204SNa, 459.1355; found, 459.1356.
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trans-4-Chloro-1'-tosyl-[1,3"'-biindolin]-2'-ol (9al)
Cl

O
Q—g"’OH

\
rac Ts

trans-9al
The reaction was performed according to the general procedure A using 281 mg (0.6 mmol,
1.2 equiv.) of 6a and 77 mg (0.5 mmol) of 10l. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (4/1 [v/v]) to give 10al as a white solid (197
mg, 0.45 mmol, 89% yield).
Mp 163—-164 °C.
IR (KBr) v: 3064, 3050, 2956, 2921, 2857, 1338, 1160 cm™".
'"H NMR (600 MHz, CDCl;3) § 7.72 (d, J = 7.8 Hz, 2H), 7.62 (d, J = 8.4 Hz, 1H), 7.35 (dd, J =
8.4,8.4 Hz, 1H), 7.24 (d, J = 7.8 Hz, 2H), 7.22 (d, J = 7.2 Hz, 1H), 7.06 (dd, J = 7.8, 7.8 Hz,
1H), 6.84 (dd, J = 7.8, 7.8 Hz, 1H), 6.66 (d, J = 7.8 Hz, 1H), 6.25 (br s, 1H), 5.62 (d, J =24
Hz, 1H), 4.96 (d, J = 1.8 Hz, 1H), 3.65 (br s, 1H), 2.86-2.85 (m, 1H), 2.78-2.73 (m, 1H), 2.64—
2.59 (m, 1H), 2.40 (s, 3H), 2.27 (br s, 1H).
BC{'H} NMR (151 MHz, CDCl3) 6 150.7, 144.9, 140.9, 135.3, 130.9, 130.3, 130.1, 129.0, 128.8,
127.2, 126.5, 124.3, 119.0, 114.3, 106.7, 88.5, 65.1, 48.7, 27.5, 21.7.
HRMS (ESI) m/z: [M+Na]" Calcd for C23H21CIN2.O3SNa, 463.0859, 465.0830; found, 463.0859,
465.0830.

trans-4-Bromo-1'-tosyl-[1,3"'-biindolin]-2'-ol (9ah)

trans-9ah
The reaction was performed according to the general procedure A using 283 mg (0.6 mmol,
1.2 equiv.) of 6a and 99 mg (0.5 mmol) of 10h. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (4/1 [v/v]) to give 9ah as a white solid (248
mg, 0.50 mmol, quant.).
Mp 161-162 °C.
IR (KBr) v: 3046, 2952, 2921, 2857, 1361, 1157 cm™".
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'H NMR (600 MHz, CDCls) 6 7.72 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 8.4 Hz, 1H), 7.35 (dd, J =
7.8, 7.8 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 7.2 Hz, 1H), 7.06 (dd, J = 7.8, 7.8 Hz,
1H), 6.80—6.78 (m, 2H), 6.27 (br s, 1H), 5.62 (d, J = 2.4 Hz, 1H), 4.94 (s, 1H), 3.79 (br s, 1H),
2.82 (br's, 1H), 2.75-2.70 (m, 1H), 2.60-2.57 (m, 1H), 2.40 (s, 3H), 2.23 (br s, 1H).

3C{'H} NMR (151 MHz, CDCls) & 150.8, 144.9, 140.8, 135.2, 130.8, 130.2, 130.1, 129.2, 127.2,
126.7, 126.5, 124.3, 121.4, 119.9, 114.3, 106.8, 88.5, 65.0, 48.2, 29.4, 21.7.

HRMS (ESI) m/z: [M+Na]* Calcd for C2sH21BrN2OsSNa, 507.0354, 509.0334; found, 507.0353,
509.0333.

trans-6-Chloro-1'-tosyl-[1,3'-biindolin]-2'-ol (9am)

o0

, Cl
""OH
rac g
trans-9am

The reaction was performed according to the general procedure A using 282 mg (0.6 mmol,
1.2 equiv.) of 6a and 77 mg (0.5 mmol) of 10m. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (4/1 [v/v]) to give 9am as a white solid (218
mg, 0.48 mmol, 96% yield).
Mp 170-171 °C.
IR (KBr) v: 3070, 3050, 2954, 2846, 2821, 1319, 1149 cm™".
'"H NMR (600 MHz, CDCl3) 6 7.73 (d, J = 7.8 Hz, 2H), 7.59 (d, J = 8.4 Hz, 1H), 7.34 (dd, J =
7.8, 7.8 Hz, 1H), 7.23 (d, J = 7.8 Hz, 2H), 7.21 (d, J = 7.8 Hz, 1H), 7.07 (ddd, J=7.2, 7.2, 0.6
Hz, 1H), 6.90 (d, J = 7.8 Hz, 1H), 6.62 (dd, J = 7.8 Hz, 1.8 Hz, 1H), 6.45 (br s, 1H), 5.61 (dd, J
=2.4,24Hz 1H),4.94 (d, J=1.8 Hz, 1H), 3.76 (d, J = 3.0 Hz, 1H), 2.78-2.74 (m, 1H), 2.71—
2.65 (m, 1H), 2.54-2.48 (m, 1H), 2.38 (s, 3H), 2.14-2.13 (m, 1H).
BC{'H} NMR (151 MHz, CDCl3) 6 151.2, 144.9, 140.9, 135.3, 133.2, 130.2, 130.1, 128.9, 127.2,
126.6, 126.5, 125.4, 124.3, 118.3, 114.2, 108.3, 88.7, 64.5, 49.0, 27.6, 21.7.
HRMS (ESI) m/z: [M+Na]" Calcd for C23H21CIN2.O3SNa, 463.0859, 465.0830; found, 463.0858,
465.0830.
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trans-6-Bromo-1'-tosyl-[1,3'-biindolin]-2'-ol (9al)

e

, Cl
""OH
rac g
trans-9al

The reaction was performed according to the general procedure A using 282 mg (0.6 mmol,
1.2 equiv.) of 6a and 99 mg (0.5 mmol) of 10l. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (4/1 [v/v]) to give 9al.as a white solid (194
mg, 0.40 mmol, 80% yield).
Mp 158 °C.
IR (KBr) v: 3066, 3050, 2954, 2925, 2869, 2823, 1332, 1159 cm™".
'"H NMR (600 MHz, CDCl3) & 7.73 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 7.8 Hz, 1H), 7.34 (dd, J =
7.8, 7.8 Hz, 1H), 7.24 (d, J = 7.8 Hz, 2H), 7.21 (d, J = 7.2 Hz, 1H), 7.07 (dd, J = 7.8, 7.8 Hz,
1H), 6.85 (d, J = 7.8 Hz, 1H), 6.78 (dd, J = 7.8, 1.8 Hz, 1H), 6.67 (br s, 1H), 5.61 (dd, J = 3.0,
3.0 Hz, 1H), 4.94 (s, 1H), 3.76 (d, J = 2.4 Hz, 1H), 2.72-2.63 (m, 2H), 2.50-2.45 (m, 1H), 2.38
(s, 3H), 2.07-2.05 (m, 1H).
BC{'H} NMR (151 MHz, CDCl3) 6 151.4, 144.8, 140.9, 135.3, 130.3, 130.1, 129.4, 127.2, 126.6,
126.5, 125.9, 124.2, 121.22, 121.17, 114.2, 111.1, 88.7, 64.3, 48.7, 27.6, 21.7.
HRMS (ESI) m/z: [M+Na]" Calcd for C23H21BrN.O3SNa, 507.0354, 509.0334; found, 507.0354,
509.0334.

trans-6-Nitro-1'-tosyl-[1,3'-biindolin]-2'-ol (9an)

o5

"""OH

NO,

rac T
trans-9an

The reaction was performed according to the general procedure A using 57 mg (0.12 mmol,
1.2 equiv.) of 6a and 17 mg (0.1 mmol) of 10n. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (3/1 [v/v]) to give 9an as a yellow solid (44
mg, 0.49 mmol, 98% yield).
Mp 175-176 °C.
IR (KBr) v: 3070, 2946, 2925, 2871, 1336, 1155 cm™".
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'H NMR (400 MHz, CDCls) 6 7.73 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 8.0 Hz, 1H), 7.54 (dd, J =
8.4, 2.0 Hz, 1H), 7.37 (dd, J = 8.0, 8.0 Hz, 1H), 7.24-7.21 (m, 3H), 7.10-7.06 (m, 3H), 5.64
(dd, J = 2.8, 2.8 Hz, 1H), 5.03 (d, J = 2.0 Hz, 1H), 3.74 (d, J = 3.2 Hz, 1H), 2.97-2.93 (m, 1H),
2.89-2.80 (m, 1H), 2.73-2.69 (m, 1H), 2.43-2.42 (m, 1H), 2.37 (s, 3H).

3C{'H} NMR (151 MHz, CDCls) 6 150.9, 148.5, 145.0, 140.9, 138.1, 135.3, 130.5, 130.0, 127.2,
126.4, 126.0, 124.5, 124.4, 114.5, 114.3, 102.0, 88.7, 64.6, 49.2, 28.1, 21.7.

HRMS (ESI) m/z: [M+Na]* Calcd for CosH21NsOsSNa, 474.1100; found, 474.1104.

trans-3-Methyl-1'-tosyl-[1,3'-biindolin]-2'-ol (9ao0)
Me

o
N~ ‘OH

|
rac  Tg
trans-9ao (dr = 3:2)

The reaction was performed according to the general procedure A using 282 mg (0.6 mmol,
1.2 equiv.) of 6a and 67 mg (0.5 mmol) of 100. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (2/1 [v/v]) to give 9ao as a white solid (153
mg, 0.37 mmol, 73% yield).

Mp 166-168 °C.

IR (KBr) v: 3066, 3041, 2960, 2923, 2867, 2813 cm™".

'"H NMR (600 MHz, CDCl3) 6 7.74, 7.71 (2d, J = 8.4 Hz, 2H), 7.69, 7.62 (2d, J = 8.4 Hz, 1H),
7.37,7.33 (2dd, J=7.8, 7.8 Hz, 1H), 7.29-7.16 (m, 3H), 7.10, 6.88 (2dd, J = 7.8, 7.8 Hz, 1H),
7.03 (dd, J=7.8, 7.8 Hz, 1H), 7.00 (d, J = 7.2 Hz, 1H), 6.73, 6.68 (2dd, J = 7.8, 7.8 Hz, 1H),
6.60, 6.31 (2brd, J=7.2 Hz, 1H), 5.68, 5.51 (2dd, J = 2.4, 2.4 Hz, 1H), 5.06, 4.96 (2s, 1H),
3.73, 3.66 (d, J = 3.0 Hz, 1H), 3.04-2.91 (m, 1H), 2.73-2.32 (m, 2H), 2.39, 2.36 (2s, 3H), 1.10,
0.95 (2d, J = 6.6 Hz, 3H). "*C{"H} NMR (151 MHz, CDCl3) & 149.5, 149.4, 144.8, 144.7, 140.9,
140.8, 135.50, 135.47, 135.35, 135.26, 130.13, 130.07, 130.0, 127.6, 127.5, 127.4, 127.3,
127.0, 126.6, 126.5, 124.3, 124.2, 123.5, 123.4, 118.8, 118.5, 114.2, 114.1, 108.3, 108.0, 89.1,
87.8,64.8, 64.2, 57.0, 56.4, 34.9, 34.6, 21.7, 18.5, 17.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C24H24N203SNa, 443.1405; found, 443.1407.
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trans-2-Methyl-1'-tosyl-[1,3'-biindolin]-2'-ol (9ap).

Me
O
N~ /'OH

|
rac  1g
trans-9ap (dr = 5:3)

The reaction was performed according to the general procedure A using 281 mg (0.6 mmol,
1.2 equiv.) of 6a and 66 mg (0.5 mmol) of 10p. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (4/1 [v/v]) to give 9ap as a pale-brown solid
(97 mg, 0.37 mmol, 73% yield).

Mp 115-119 °C.

IR (KBr) v: 3048, 3025, 2965, 2925, 2842, 1338, 1166 cm™".

'"H NMR (400 MHz, CDCl3) 6 7.82, 7.76 (2d, J = 8.4 Hz, 2H), 7.63, 7.60 (d, J = 8.0 Hz, 1H),
7.35-7.26 (m, 1H), 7.28, 7.22 (2d, J = 8.0 Hz, 2H), 7.14 (br s, 1H), 7.04-6.96 (m, 2H), 6.53 (br
dd, J=7.2,7.2 Hz, 1H), 6.30 (br s, 1H), 5.86, 5.71 (2d, J = 4.0 Hz, 1H), 5.25 (br s, 1H), 4.95,
4.88 (2d, J = 4.0 Hz, 1H), 4.00-3.92 (m, 1H), 3.80, 3.56 (2br s, 1H), 3.14-3.08 (m, 1H), 2.61-
2.51 (m, 1H), 2.42, 2.41 (2s, 3H), 1.17, 1.02 (s, 3H).

BC{'"H} NMR (151 MHz, CDCl3) 6 148.8, 148.2, 144.9, 144.8, 140.6, 140.3, 134.9, 134.7, 130.3,
130.2, 130.1, 130.0, 129.9, 129.82, 129.78, 129.2, 127.6, 127.4, 127.3, 127.1, 126.9, 126.3,
125.8, 124.8, 124.7, 124.02, 123.99, 118.1, 113.8, 113.5, 108.5, 108.2, 88.9, 88.7, 65.3, 65.2,
60.4, 60.1, 58.8, 37.6, 37.1, 21.7, 21.6, 20.3.

HRMS (ESI) m/z: [M+Na]" Calcd for C24H24N203SNa, 443.1405; found, 474.1407.

trans-2,3-Dimethyl-1'-tosyl-[1,3'-biindolin]-2'-ol (9aq)
Me

Me
O
N~ 'OH

rac T4
trans-9aq (dr = 1:1:0.25)
The reaction was performed according to the general procedure A using 283 mg (0.6 mmol,
1.2 equiv.) of 6a and 74 mg (0.5 mmol) of 10q. The residue was purified by column

chromatography on silica gel using hexane/AcOEt (4/1 [v/v]) to give 9aq as a pale-brown oil
(113 mg, 0.26 mmol, 52% vyield).
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IR (KBr) v: 3046, 3025, 2960, 2925, 2869 cm™".

'H NMR (600 MHz, CDCls) & 7.84—7.75 (m, 2H), 7.69-7.59 (m, 1H), 7.34-7.19 (m, 4H), 7.05—
6.96 (m, 2H), 6.60-6.54 (m, 1H), 6.27 (br s, 1H), 5.89-5.67 (m, 1H), 5.01-4.88 (m, 1H), 4.02—
3.85 (m, 1H), 3.40-3.20 (m, 1H), 2.79-2.39 (m, 2H), 2.44—2.42 (m, 3H), 1.33—1.03 (m, 6H).
3C{'"H} NMR (151 MHz, CDCl3) 5 148.8, 144.9, 144.8, 140.7, 140.1, 134.9. 134.6, 134.5, 134.0,
130.2, 130.1, 129.8, 129.6, 127.6, 127.5, 127.4, 127.3, 127.1, 125.8, 125.7, 124.01, 123.97,
123.8, 123.5, 123.2, 123.1, 117.9, 113.8, 113.5, 108.2, 88.9, 88.5, 67.2, 65.0, 64.7, 64.2, 61.1,
43.8,43.3,39.3,38.9,21.7, 20.1, 18.5, 17.3, 14.8, 14.6, 13.9, 13.7.

HRMS (ESI) m/z: [M+Na]" Calcd for CzsHzsN20sSNa, 457.1562; found, 457.1561.

trans-3-(1,2,3,4,4a,9a-Hexahydro-9H-carbazol-9-yl)-1-tosylindolin-2-ol (9ar)

rac T
trans-9ar (dr = 3:2)

The reaction was performed according to the general procedure A using 282 mg (0.6 mmol,
1.2 equiv.) of 6a and 87 mg (0.5 mmol) of 10r. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (4/1 [v/v]) to give 10ar as a pale-brown oil
(171 mg, 0.37 mmol, 74% yield).
IR (KBr) v: 3066, 3046, 3023, 2927, 2854, 1353, 1166 cm™"
'"H NMR (400 MHz, CDCls) 6 7.84, 7.78 (2d, J = 7.6 Hz, 2H), 7.63, 7.62 (2d, J = 8.0 Hz, 1H),
7.36—7.18 (m, 4H), 7.07-6.96 (m, 2H), 6.62—-6.42 (m, 2H), 5.81 (d, J = 2.8 Hz, 1H), 5.53 (br s,
1H), 5.01 (d, J = 3.2 Hz, 1H), 4.05, 3.92 (2br s, 1H), 3.61-3.44 (m, 1H), 3.04-3.01 (m, 1H),
2.44,2.42 (2s, 3H), 1.80-1.01 (m, 8H).
BC{'H} NMR (151 MHz, CDCl3) 6 148.0, 144.8, 144.7, 140.2, 135.02, 134.96, 134.8, 134.1,
130.3, 130.14, 130.06, 129.7, 127.5, 127.6, 127.5, 127.4, 126.9, 126.6, 126.1, 125.9, 123.90,
123.87, 123.1, 122.9, 118.2, 117.9, 113.5, 117.9, 113.5, 113.4, 109.1, 108.5, 88.6, 88.3, 64.8,
63.9, 62.2, 40.9, 40.5, 27.9, 27.0, 26.7, 25.9, 22.9, 22.3, 21.7, 21.2, 21.0.
HRMS (ESI) m/z: [M+Na]" Calcd for C27H28N2O3SNa, 483.1718; found, 483.1719.
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trans-4,5’-Dibromo-1’-tosyl-[1,3’-biindolin]-2’-ol (9bh)
Br

Br

laet :
N~ OH

rac g

trans-9bh
The reaction was performed according to the general procedure A using 197 mg (0.36 mmol,
1.2 equiv.) of 6b and 59 mg (0.3 mmol) of 10h. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (3/1 [v/v]) to give 9bh as a pale-orange solid
(169 mg, 0.50 mmol, quant.).
Mp 165-166 °C.
IR (KBr) v: 3108, 2944, 2921, 2846, 1357, 1162 cm™".
'"H NMR (600 MHz, CDCl;) & 7.70 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 9.0 Hz, 1H), 7.46 (dd, J =
8.4,1.8 Hz, 1H), 7.34 (d, J = 0.6 Hz, 1H), 7.26 (d, J = 8.4 Hz, 2H), 6.79 (d, J = 7.8 Hz, 1H),
6.74 (br s, 1H), 6.18 (br s, 1H), 5.60 (d, J = 2.4 Hz, 1H), 4.91 (d, J = 1.8 Hz, 1H), 3.74 (br s,
1H), 2.86 (br s, 1H), 2.78-2.73 (m, 1H), 2.62-2.57 (m, 1H), 2.42 (s, 3H), 2.25 (br s, 1H).
BC{"H} NMR (151 MHz, CDCl3) 6 150.6, 145.2, 139.9, 134.9, 133.2, 130.7, 130.2, 129.3, 129.2,
129.1,127.2, 121.6, 120.0, 117.1, 115.8, 106.7, 88.6, 64.6, 48.4, 29.5, 21.8.
HRMS (ESI) m/z: [M+Na]" Calcd for C23H20Br.N.O3SNa, 586.9439, 584,9459, 588.9418; found,
586.9439, 584.9460, 588.9418.

trans-5,5’-Dibromo-1’-tosyl-[1,3’-biindolin]-2’-ol (9bb)

N

rac +s

trans-9bb

The reaction was performed according to the general procedure A using 329 mg (0.6 mmol,
1.2 equiv.) of 6b and 99 mg (0.5 mmol) of 10b. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (2/1 [v/v]) to give 9bb as a brown solid (258
mg, 0.46 mmol, 92% yield).

Mp 167 °C.

IR (KBr) v: 3099, 2952, 2919, 2884, 2850, 1344, 1160 cm™".

'"H NMR (400 MHz, CDCl3) 6 7.79 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.8 Hz, 1H), 7.46 (ddd, J =
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8.8, 2.0, 0.8 Hz, 1H), 7.34 (ddd, J = 1.6, 0.4, 0.4 Hz, 1H), 7.26 (d, J = 8.0 Hz, 2H), 7.12 (dd, J
=0.8, 0.8 Hz, 1H), 6.88 (d, J = 6.8 Hz, 1H), 6.02 (br s, 1H), 5.60 (d, J = 2.8 Hz, 1H), 4.89 (d, J
= 2.8 Hz, 1H), 2.92-2.90 (m, 1H), 2.79-2.72 (m, 1H), 2.66—2.58 (m, 1H), 2.45-2.39 (m, 1H),
2.42 (s, 3H) (OH proton was disappeared.).

BC{'"H} NMR (151 MHz, CDCl3) 6 148.4, 145.2, 139.8, 134.8, 133.1, 132.9, 130.2, 130.0, 129.3,
129.2,127.9, 127.2, 117.0, 115.6, 110.4, 109.4, 88.4, 64.7, 49.8, 28.0, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C23H20Br.N.O3SNa, 586.9439, 584,9459, 588.9418; found,
586.9438, 584.9457, 588.9419.

trans-6,5’-Dibromo-1’-tosyl-[1,3’-biindolin]-2’-ol (9bi)
R a
N~ 'OH
rac T4

Br

trans-9bi

The reaction was performed according to the general procedure A using 197 mg (0.36 mmol,
1.2 equiv.) of 6b and 60 mg (0.3 mmol) of 10i. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (3/1 [v/v]) to give 9bi as a pale-orange solid
(160 mg, 94% yield).

Mp 161-163 °C.

IR (KBr) v: 3104, 3062, 2956, 2923, 2850, 1330, 1159 cm™.

'"H NMR (600 MHz, CDCl3) & 7.71 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 8.4 Hz, 1H), 7.45 (dd, J =
9.0, 1.8 Hz, 1H), 7.34 (s, 1H), 7.26 (d, J = 7.8 Hz, 2H), 6.87 (d, J = 7.8 Hz, 1H), 6.81 (dd, J =
7.8, 1.8 Hz, 1H), 6.65 (br s, 1H), 5.59 (dd, J = 3.0, 3.0 Hz, 1H), 4.92 (d, J = 2.4 Hz, 1H), 3.72
(d, J=3.0 Hz, 1H), 2.74-2.65 (m, 2H), 2.51-2.46 (m, 1H), 2.39 (s, 3H), 2.05 (br s, 1H).
BC{'"H} NMR (151 MHz, CDCl3) 6 151.1, 145.2, 140.0, 135.1, 133.3, 130.2, 129.4, 129.3, 128.9,
127.2,126.0, 121.6, 121.2, 117.0, 115.7, 111.1, 88.7, 64.0, 48.8, 27.7, 21.8.

HRMS (ESI) m/z: [M+Na]" Calcd for C23H20Br.N.O3SNa, 586.9439, 584,9459, 588.9418; found,
586.9439, 584.9459, 588.9418.

99



5
>
S
Umkl'
"
5

trans-4,6’-Dibromo-1’-tosyl-[1,3’-biindolin]-2’-ol (9ih)
Br

@
Br/Q—g,,,
N~ 'OH

rac  1¢
trans-9ih

The reaction was performed according to the general procedure A using 197 mg (0.36 mmol,
1.2 equiv.) of 3i and 59 mg (0.3 mmol) of 10h. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (3/1 [v/v]) to give 9ih as a white solid (168
mg, 0.50 mmol, 99% yield).
Mp 164 °C.
IR (KBr) v: 3056, 2948, 2921, 2846, 1334, 1153 cm™".
'"H NMR (600 MHz, CDCl3) 6 7.79 (d, J= 1.8 Hz, 1H), 7.74 (d, J = 8.4 Hz, 2H), 7.28 (d, J=7.8
Hz, 2H), 7.19 (dd, J= 8.4, 1.8 Hz, 1H), 7.07 (dd, J=7.8, 0.6 Hz, 1H), 6.80 (dd, J=8.4, 1.2 Hz,
1H), 6.76 (dd, J=7.8, 7.8 Hz, 1H), 6.22 (d, J= 7.2 Hz, 1H), 5.62 (dd, J = 3.0, 3.0 Hz, 1H), 4.86
(d, J=2.4 Hz, 1H), 3.63 (d, J = 3.0 Hz, 1H), 2.85-2.82 (m, 1H), 2.78-2.72 (m, 1H), 2.63-2.57
(m, 1H), 2.42 (s, 3H), 2.31-2.30 (m, 1H).
BC{'H} NMR (151 MHz, CDCl3) 6 150.8, 145.3, 142.3, 135.5, 130.8, 130.3, 129.2, 127.6, 127 .4,
127.3, 126.0, 124.0, 121.7, 120.1, 117.5, 106.8, 89.0, 64.7, 48.4, 29.6, 21.7.
HRMS (ESI) m/z: [M+Na]" Calcd for C23H20Br.N.O3SNa, 586.9439, 584,9459, 588.9418; found,
586.9440, 584.9460, 588.9416.

trans-5,6’-Dibromo-1’-tosyl-[1,3’-biindolin]-2’-ol (9bi)

Br
N
Br/CZ—g,,
'OH

N
rac Ts

trans-9ib
The reaction was performed according to the general procedure A using 197 mg (0.36 mmol,
1.2 equiv.) of 6i and 60 mg (0.3 mmol) of 10b. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (3/1 [v/v]) to give 9ib as a pale-orange solid
(172 mg, 0.5 mmol, quant.).
Mp 145-148 °C.
IR (KBr) v: 3056, 2958, 2925, 2842, 1346, 1162 cm™".
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'H NMR (600 MHz, CDCls) 5 7.79 (d, J = 1.8 Hz, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.27 (d, J= 7.8
Hz, 2H), 7.19 (dd, J = 8.4, 1.8 Hz, 1H), 7.11 (s, 1H), 7.07 (d, J = 7.8 Hz, 1H), 6.90 (d, J = 8.4
Hz, 1H), 6.03 (d, J = 8.4 Hz, 1H), 5.61 (d, J = 2.4 Hz, 1H), 4.84 (d, J = 2.4 Hz, 1H), 3.66 (br s,
1H), 2.88-2.85 (m, 1H), 2.77-2.72 (m, 1H), 2.64—2.60 (m, 1H), 2.43 (s, 3H), 2.44-2.40 (m,
1H).

3C{'H} NMR (151 MHz, CDCls) 6 148.5, 145.2, 141.9, 134.9, 132.9, 130.2, 130.0, 127.8, 127.5,
127.3,127.1,125.9, 123.8, 117.2, 110.4, 109.5, 88.6, 64.6, 49.4, 27.9, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C2sH20Br2N.0sSNa, 586.9439, 584,9459, 588.9418; found,
586.9440, 584.9458, 588.9418.

trans-6,6’-Dibromo-1’-tosyl-[1,3’-biindolin]-2’-ol (9ii)

trans-9ii

The reaction was performed according to the general procedure A using 198 mg (0.36 mmol,
1.2 eqiuv.) of 6i and 60 mg (0.3 mmol) of 10i. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (3/1 [v/v]) to give 9ii as a pale-pink solid
(132 mg, 0.39 mmol, 78% yield).

Mp 177-178 °C.

IR (KBr) v: 3106, 3056, 2942, 2859, 1338, 1164 cm™".

'"H NMR (600 MHz, CDCl3) 6 7.76 (d, J = 1.8 Hz, 1H), 7.74 (d, J = 8.4 Hz, 2H), 7.28 (d, J=8.4
Hz, 2H), 7.20 (dd, J=7.8, 1.8 Hz, 1H), 7.07 (d, J=7.8 Hz, 1H), 6.86 (d, J = 7.2 Hz, 1H), 6.80
(dd, J = 8.4, 1.8 Hz, 1H), 6.66 (br s, 1H), 5.60 (dd, J = 3.0, 3.0 Hz, 1H), 4.88 (d, J = 1.2 Hz,
1H), 3.72 (d, J = 3.0 Hz, 1H), 2.70-2.63 (m, 2H), 2.51-2.46 (m, 1H), 2.40 (s, 3H), 2.08-2.06
(m, 1H).

BC{'H} NMR (151 MHz, CDCl3) 6 150.8, 145.3, 142.3, 135.5, 130.8, 130.3, 129.2, 127.6, 127 .4,
127.3, 125.9, 124.0, 121.7, 120.1, 117.5, 106.8, 89.0, 64.7, 48.4, 29.6, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C23H20Br.N.O3SNa, 586.9439, 584,9459, 588.9418; found,
586.9438, 584.9461, 588.9420.
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The synthesis of 2-aminobenzyl derivative 26

@ tert-BuOK (3.0 equiv.) N :
@’g,,m DMSO, 100 °C, 2 h, Ar @)

'_\lll_ NH
rac s 85% T S/
trans-9aa 26

To a solution of 9aa (406 mg, 1 mmol) in DMSO (5.0 mL, 0.2 M) was added tert-BuOK (336
mg, 3.0 mmol, 3.0 equiv.) under Ar atmosphere. The mixture was stirred at 100 °C in oil bath
for 2 h. After the whole was cooled to room temperature, H2O (20 mL) was added to the mixture.
Then, the whole was extracted with AcOEt (3 x 20 mL). The combined organic layer was
washed with brine (5 x 20 mL), dried over Na,SO4, filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography using hexane/AcOEt (3/1 [v/v]) to
give 26 as a pale-brown solid (322 mg, 0.85mmol, 85% yield).

Mp 152 °C.

IR (KBr) v: 3099, 3050, 2985, 2913, 2886, 2846, 1334, 1153, 759 cm™".

'"H NMR (600 MHz, CDCI3) 6 8.96 (br s, 1H), 7.61 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 8.4 Hz, 2H),
7.32 (ddd, J=7.8,7.2, 2.4 Hz, 1H), 7.22 (dd, J = 7.8, 0.6 Hz, 2H), 7.16 (d, J = 7.2 Hz, 1H),
7.11-7.06 (m, 3H), 6.85 (ddd, J=7.2, 7.2, 0.6 Hz, 1H), 6.37 (d, J = 7.8 Hz, 1H), 3.75 (s, 2H),
3.00 (td, J=7.8, 1.2 Hz, 2H), 2.94 (t, J = 7.8 Hz, 2H), 2.41 (s, 3H).

BC{'"H} NMR (151 MHz, CDCl3) 6 151.3, 143.8, 137.5, 137.3, 131.5, 129.8, 129.7, 129.1, 127.9,
127.4,127.0, 125.1, 125.0, 122.7, 120.7, 110.0, 54.8, 54.6, 28.7, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C22H22N20-SNa 401.1300; Found 401.1298.

The synthesis of 2-aminobenzoyl derivative 27

@ tert-BuOK (3.0 equiv.) N :
QSNIOH DMSO, rt, 14 h, Air @O

N
! NH
rac
Ts 65% Td
trans-9aa 27

To a solution of 9aa (203 mg, 0.5 mmol) in DMSO (2.5 mL, 0.2 M) was added tert-BuOK (168
mg, 1.5 mmol, 3.0 equiv.) under air. The mixture was stirred at room temperature for 14 h. After
H20 (20 mL) was added to the mixture, the whole was extracted with AcOEt (3 x 20 mL). The
combined organic layer was and washed with brine (5 x 20 mL), dried over Na>SOy, filtered,
and concentrated in vacuo. The residue was purified by silica gel column chromatography
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using hexane/AcOEt (2/1 [v/v]) to give 27 as a colorless oil (128 mg, 0.33 mmol, 65% vyield).
IR (KBr) v: 3251, 3064, 3031, 2958, 2923, 2857, 1625, 1589, 1482, 1338, 1164, 759, 563 cm™".
'"H NMR (600 MHz, CDCl3) 6 8.67 (s, 1H), 8.16 (br s, 1H), 7.73 (d, J = 7.2 Hz, 1H), 7.54 (d, J
=7.8Hz, 2H), 7.42 (dd, J=7.8, 7.8 Hz, 1H), 7.26—-7.08 (m, 5H), 6.90 (d, J = 7.8 Hz, 2H), 3.43
(brs, 2H), 2.87 (br s, 2H), 2.19 (br s, 3H).

BC{'H} NMR (151 MHz, CDCls) & 167.0, 143.6, 141.9, 136.6, 135.7, 131.9, 131.6, 129.44,
129.44,127.1, 126.9, 125.6, 124.83, 124.83, 118.2, 115.5, 50.8, 28.1, 21.5.

HRMS (ESI) m/z: [M+Na]* Calcd for C22H20N203SNa 415.1092; Found 415.1095.

The synthesis of 2-aminophenyl-1,4-dione derivative 28

@]
@ tert-BuOK (3.0 equiv.)
OEt
"OH AcOEt, reflux, 4 h, Ar

N NH 0
‘ Td
rac Ts 49%
trans-9aa 28

To a solution of 9aa (406 mg, 1 mmol) in AcOEt (2.5 mL, 0.2 M) was added tert-BuOK (3.0
equiv.) under argon atmosphere. The mixture was stirred at 100 °C for 4 h. Then the mixture
was cooled to 60 °C, 10% aq. HCI (5 mL) was added to the mixture and stirred further 2 h.
After the whole was cooled to room temperature, the mixture was extracted with AcOEt (3 x
10 mL). The combined organic layer was washed with brine (10 mL) dried over Na>SO, filtered,
and concentrated in vacuo. The residue was purified by silica gel column chromatography
using hexane/AcOEt (2/1 [v/v]) to give 28 as a white solid (183 mg, 0.49 mmol, 49% vyield).
Mp 120-122 °C.

IR (KBr) v: 3064, 3012, 2981, 2931, 1680, 1492, 1338, 1157, 771 cm™".

'"H NMR (600 MHz, CDCl3) 6 11.31 (br's, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.71 (d, J = 9.0 Hz, 2H),
7.66 (d, J=8.4 Hz, 1H), 7.44 (t, J=8.4 Hz, 1H), 7.21 (d, J = 7.8 Hz, 2H), 7.06 (t, J = 7.8 Hz,
1H), 4.17 (q, J = 7.2 Hz, 2H), 3.24 (t, J = 6.6 Hz, 2H), 2.66 (t, J = 6.6 Hz, 2H), 2.35 (s, 3H),
1.28 (t, J=7.2 Hz, 3H).

BC{'"H} NMR (151 MHz, CDCl3) 6202.1, 172.7, 144.1, 140.1, 136.6, 135.0, 131.0, 129.8, 127 .4,
122.8, 122.1, 119.3, 61.0, 34.4, 28.2, 21.7, 14.3.

HRMS (ESI) m/z: [M+Na]" Calcd for C1gH21NOsSNa 398.1038; Found 398.1036.
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General Procedure C

I AR
_ N 7 R" In(OTf); (20 mol %) N _JR
R-L R
@’g,,m DCE, 100 °C, 1 h @\’\S
N

) N
rac Ts Te

trans-9 14

In(OTf)s (0.2 equiv.) was added to a solution of 9 in DCE. The mixture was stirred at 100 °C in
oil bath for 1 h. After the whole was cooled to room temperature, H>O (20 mL) was added to
the mixture. Then, the whole was extracted with CHCIs (3 x 20 mL). The combined organic
layer was washed with brine (20 mL), dried over Na>SOy, filtered, and concentrated in vacuo.
The residue was purified by silica gel column chromatography using hexane/AcOEt solvent
mixture as the eluent.

3-(Indolin-1-yl)-1-tosyl-1H-indole (14aa)

14aa

The reaction was performed according to the general procedure C using 407 mg (1.0 mmol)
of 9aa. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(8/1 [v/v]) to give 14aa as a colorless oil (242 mg, 0.62 mmol, 62% yield).

IR (KBr) v: 3118, 3048, 2956, 2921, 2848, 1367, 1174 cm™".

'"H NMR (400 MHz, CDCI3) 6 8.09 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.54 (d, J=8.0
Hz, 1H), 7.46 (s, 1H), 7.37 (ddd, J= 8.8, 8.8, 1.2 Hz, 1H), 7.26-7.19 (m, 4H), 7.04 (dd, J=7.2,
7.2 Hz, 1H), 6.78 (ddd, J=7.6, 7.6, 0.8 Hz, 1H), 6.63 (d, J = 8.0 Hz, 1H), 3.92 (t, J = 8.4 Hz,
2H), 3.18 (t, J = 8.4 Hz, 2H), 2.35 (s, 3H).

BC{"H} NMR (101 MHz, CDCl3) 6 149.2, 145.0, 135.0, 134.7, 130.5, 129.9, 129.4, 127.3, 127.3,
126.9, 125.2, 124.9, 123.0, 120.9, 119.2, 115.0, 114.3, 109.3, 54.5, 28.9, 21.7.

HRMS (ESI) m/z: [M+H]" Calcd for C23H21N20,S, 389.1324; found, 389.1323.
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3-(5-Bromoindolin-1-yl)-1-tosyl-1H-indole (14ab)

14ab

The reaction was performed according to the general procedure C using 486 mg (1.0 mmol)
of 9ab. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [viv]) to give 14ab as a colorless oil (360 mg, 0.77 mmol, 77% vyield).

IR (KBr) v: 3122, 3054, 2956, 2921, 2846, 1367, 1174 cm™".

'"H NMR (600 MHz, CDCl3) 6 8.07 (d, J=8.4 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.46 (d, J= 7.8
Hz, 1H), 7.43 (s, 1H), 7.36 (ddd, J= 8.4, 8.4, 1.2 Hz, 1H), 7.26 (s, 1H), 7.23-7.22 (m, 3H), 7.10
(dd, J=9.0, 2.4 Hz, 1H), 6.42 (d, J = 7.8 Hz, 1H), 3.91 (t, J = 9.0 Hz, 2H), 3.14 (t, J = 8.4 Hz,
2H), 2.34 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 148.4, 145.1, 134.9, 134.6, 132.8, 129.97, 129.97, 128.6,
127.9, 126.95, 126.88, 125.4, 123.1, 120.7, 115.5, 114.3, 110.7, 110.3, 54.7, 28.6, 21.7.
HRMS (ESI) m/z: [M+Na]" Calcd for C23H19BrN.O,SNa, 489.0248, 491.0228; found, 489.0247,
491.0228.

3-(3-Methyl-1-yl)-1-tosyl-1H-indole (4a0)

14a0

The reaction was performed according to the general procedure C using 211 mg (0.5 mmol) of
9ao. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [v/v]) to give 14a0 as a colorless oil (138 mg, 0.35 mmol, 69% vyield).

IR (KBr) v: 3066, 3048, 3027, 2960, 2923, 2867, 1367, 1174 cm™".

'"H NMR (600 MHz, CDCI3) 6 8.08 (d, J=7.8 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.54 (d, J=8.4
Hz, 1H), 7.42 (s, 1H), 7.36 (ddd, J=7.8, 7.8, 0.6 Hz, 1H), 7.24 (d, J = 7.8 Hz, 1H), 7.22 (d, J
=9.0 Hz, 2H), 7.17 (d, J = 7.2 Hz, 1H), 7.05 (dd, J= 7.8, 7.8 Hz, 1H), 6.81 (ddd, J=7.2, 7.2,
0.6 Hz, 1H), 6.62 (d, J = 7.8 Hz, 1H), 4.01 (m, 1H), 3.51-3.49 (m, 2H), 2.35 (s, 3H), 14.2 (d, J
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= 6.6 Hz, 3H).

3C{'"H} NMR (151 MHz, CDCls) 5 148.8, 145.0, 135.6, 135.0, 134.8, 129.9, 129.4, 127.5, 127.4,
126.9, 125.3, 123.7, 123.0, 120.9, 119.3, 114.8, 114.3, 109.3, 62.3, 35.6, 21.7, 18.8.

HRMS (ESI) m/z: [M+Na]* Calcd for C24H22N20,SNa, 425.1300; found, 425.1303.

3-(2-Methyl-1-yl)-1-tosyl-1H-indole (14ap)

14ap

The reaction was performed according to the general procedure C using 210 mg (0.5 mmol)
of 9ap. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [v/v]) to give 14ap as a colorless oil (144 mg, 0.36 mmol, 72% vyield).

IR (KBr) v: 3064, 3048, 3027, 2964, 2923, 2894, 2842, 1369, 1174 cm™.

'"H NMR (600 MHz, CDCIl3) 6 8.07 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 9.0 Hz, 2H), 7.49 (s, 1H),
7.40(d, J=7.8Hz, 1H), 7.35 (ddd, J=7.8,7.8 0.6 Hz, 1H), 7.24 (d, J = 8.4 Hz, 2H), 7.20 (ddd,
J=7.8,7.8,12Hz 1H), 7.15 (d, J= 7.2 Hz, 1H), 6.96 (dd, J=7.8, 7.8 Hz, 1H), 6.74 (ddd, J
=7.2,7.2,1.2Hz, 1H), 6.23 (d, J=7.8 Hz, 1H), 4.30-4.26 (m, 1H), 3.34, 3.31 (2d, J = 7.8 Hz,
1H), 2.86, 2.84 (2d, J = 9.6 Hz, 1H), 2.36 (s, 3H), 1.27 (d, J = 6.0 Hz, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 150.4, 145.1, 134.94, 134.91, 130.0, 128.9, 128.2, 127.4,
127.2,126.9, 125.2, 124.7, 123.1, 120.6, 119.7, 118.9, 114.3, 108.7, 61.5, 37.4, 21.7, 19.7.
HRMS (ESI) m/z: [M+Na]* Calcd for C24H22N202SNa, 425.1300; found, 425.1306.

5-Bromo-3-(indolin-1-yl)-1-tosyl-1H-indole (14ba).

@,\g@

\
Ts
14ba
The reaction was performed according to the general procedure C using 486 mg (1.0 mmol)
of 9fa. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [viv]) to give 14ba as a colorless oil (302 mg, 0.65 mmol, 65% vyield).
IR (KBr) v: 3120, 3027, 2954, 2921, 2848, 1373, 1172 cm™".
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'H NMR (600 MHz, CDCl3) 5 7.94 (d, J = 8.4 Hz, 1H), 7.74 (d, J = 9.0 Hz, 2H), 7.67 (d, J= 1.8
Hz, 1H), 7.46-7.44 (m, 2H), 7.24 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.4 Hz, 1H), 7.06 (dd, J = 7.2,
7.2 Hz, 1H), 6.79 (ddd, J = 7.2, 7.2, 0.6 Hz, 1H), 6.57 (d, J = 7.8 Hz, 1H), 3.88 (t, J = 8.4 Hz,
2H), 3.17 (t, J = 8.4 Hz, 2H), 2.36 (s, 3H).

3C{'H} NMR (151 MHz, CDCls) & 149.0, 145.3, 134.6, 133.4, 130.5, 130.1, 129.2, 128.7, 128.2,
127.5,126.9, 125.1, 123.4, 119.4, 116.6, 116.3, 115.7, 109.1, 54.6, 28.9, 21.7.

HRMS (ESI) m/z: [M+Na]* Calcd for CosH1sBrN2O,SNa, 489.0248, 491.0228; found, 489.0248,
491.0229.

3-(Indolin-1-yl)-5-methoxy-1-tosyl-1H-indole (14ga)

Ts
14ga

The reaction was performed according to the general procedure C using 437 mg (1.0 mmol)
of 9ga. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [viv]) to give 14ga as a colorless solid (204 mg, 0.49 mmol, 49% yield).
Mp 169-170 °C.
IR (KBr) v: 3112, 3016, 2962, 2937, 2888, 2834, 1365, 1170 cm™".
'"H NMR (600 MHz, CDCl3) 6 7.97 (d, J = 9.0 Hz, 1H), 7.73 (d, J = 9.0 Hz, 2H), 7.39 (s, 1H),
7.22-7.19 (m, 3H), 7.03 (dd, J= 7.8, 7.8 Hz, 1H), 6.98 (dd, J = 9.6, 3.0 Hz, 1H), 6.93 (d, J =
1.8 Hz, 1H), 6.77 (dd, J=7.2, 7.2 Hz, 1H), 6.58 (d, J = 7.8 Hz, 1H), 3.88 (t, J = 8.4 Hz, 2H),
3.77 (s, 3H), 3.17 (t, J = 8.4 Hz, 2H), 2.34 (s, 3H).
BC{'"H} NMR (151 MHz, CDCl3) 6 156.2, 149.3, 144.9, 134.8, 130.5, 129.9, 129.6, 129.4, 128.5,
127.4,126.8, 125.0, 119.1, 116.0, 115.3, 114.5, 109.2, 103.0, 55.8, 54.6, 28.9, 21.7.
HRMS (ESI) m/z: [M+H]" Calcd for C24H23N202S, 419.1429; found, 419.1430.

4-Bromo-3-(indolin-1-yl)-1-tosyl-1H-indole (14ha)
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The reaction was performed according to the general procedure C using 486 mg (1.0 mmol)
of 9ha. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [v/v]) to give 14ha as a colorless oil (241 mg, 0.52 mmol, 52% vyield).

IR (KBr) v: 3112, 3025, 2956, 2921, 2846, 1371, 1174 cm™".

'"H NMR (600 MHz, CDCIl3) 6 8.07 (d, J = 7.8 Hz, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.74 (s, 1H),
7.42 (d, J=7.8Hz, 1H), 7.29 (d, J = 7.8 Hz, 2H), 7.22-7.18 (m, 2H), 7.02 (dd, J= 7.8, 7.8 Hz,
1H), 6.74 (dd, J = 7.8, 7.8 Hz, 1H), 6.25 (d, J = 8.4 Hz, 1H), 4.18 (br s, 1H), 3.66 (br s, 1H),
3.20 (br's, 2H), 2.39 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 151.8, 145.6, 135.8, 134.6, 130.2, 130.1, 129.7, 128.3, 127 4,
127.3, 126.9, 126.1, 124.7, 123.1, 118.2, 113.2, 113.0, 108.1, 57.1, 28.8, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C23H19BrN.O,SNa, 489.0248, 491.0228; found, 489.0248,
491.0229.

5-Bromo-3-(5-bromoindolin-1-yl)-1-tosyl-1H-indole (4bb).

(D/Br
Br N
oy

N

|

Ts

14bb
The reaction was performed according to the general procedure C using 282 mg (0.5 mmol)
of 9bb. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [viv]) to give 14bb as a colorless oil (96 mg, 0.18 mmol, 35% vyield).
IR (KBr) v: 3122, 3064, 2956, 2921, 2850, 1373, 1174 cm™".
'"H NMR (600 MHz, CDCl3) 6 7.93 (d, J = 8.4 Hz, 1H), 7.74 (d, J= 8.4 Hz, 2H), 7.59 (d, J= 1.8
Hz, 1H), 7.45-7.43 (m, 2H), 7.24 (d, J = 8.4 Hz, 2H), 7.12 (dd, J = 8.4, 1.8 Hz, 1H), 6.37 (d, J
=7.8 Hz, 1H), 3.88 (t, J = 8.4 Hz, 2H), 3.14 (t, J = 8.4 Hz, 2H), 2.36 (s, 3H).
BC{'H} NMR (151 MHz, CDCl3) 6 148.2, 145.5, 134.6, 133.3, 132.8, 130.11, 130.11, 128.8,
128.3, 128.0, 127.9, 126.9, 123.2, 116.9, 116.7, 115.7, 111.0, 110.1, 54.7, 28.6, 21.7.
HRMS (ESI) m/z: [M+Na]" Calcd for C23H1sBr.N2O-SNa, 568.9333, 566.9353, 570.9313; found,
568.9333, 566.9356, 570.9316.
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General Procedure D

R g
_ N 1 R"'MnO, (10 equiv.) R N IR
R-L A
N N
1 Ts
14 16

A solution of 4 in DCE (0.05 M) was added to MnO- (10 equiv.). The mixture was stirred at
100 °C in oil bath for 24 h. After the whole was cooled to room temperature, the whole was
filtered through celite pad. The resulting mixture concentrated in vacuo. and the residue was
purified by silica gel column chromatography using hexane/AcOEt solvent mixture as the
eluent.

1’-Tosyl-1’H-1,3’-biindole (5aa)

16aa

The reaction was performed according to the general procedure D using 777 mg (2.0 mmol)
of 14aa. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [v/v]) to give 16aa as a colorless oil (645 mg, 1.66 mmol, 83% yield).

IR (KBr) v: 3124, 3050, 3029, 2921, 1371, 1174 cm™".

'"H NMR (600 MHz, CDCls) 6 8.18 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 9.0 Hz, 2H), .7.82 (s, 1H),
7.75(d, J=7.2Hz, 1H), 7.49 (d, J = 8.4 Hz, 1H), 7.46 (ddd, J=7.8, 7.2, 1.2 Hz, 1H), 7.37—-
7.36 (m, 2H), 7.30 (d, J = 7.2 Hz, 2H), 7.29-7.23 (m, 3H), 6.76 (dd, J = 3.0, 0.6 Hz, 1H), 2.39
(s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 145.5, 136.7, 134.9, 134.3, 130.2, 128.9, 128.5, 127.0, 126.8,
125.9, 123.8, 123.1, 122.6, 121.2, 120.7, 120.0, 119.7, 114.2, 110.7, 103.9, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C,3H1sN20.SNa, 409.0987; found, 409.0987.
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5-Bromo-1’-tosyl-1’H-1,3’-biindole (5ab)

16ab

The reaction was performed according to the general procedure D using 234 mg (0.5 mmol)
of 14ab. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(3/1 [v/v]) to give 16ab as a colorless oil (216 mg, 0.47 mmol, 93% vyield).

IR (KBr) v: 3122, 3064, 2921, 1373, 1176 cm™".

'"H NMR (400 MHz, CDCl3) 6 8.13 (d, J=8.4 Hz, 1H), 7.86 (d, J = 8.4 Hz, 2H), 7.82 (d, J=1.6
Hz, 1H), 7.77 (s, 1H), 7.44 (dd, J = 8.0, 8.0 Hz, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.32-7.25 (m,
5H), 7.15 (d, J = 8.8 Hz, 1H), 6.65 (d, J = 3.6 Hz, 1H), 2.38 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 145.7, 135.5, 135.0, 134.3, 130.6, 130.3, 129.8, 127.1, 126.6,
126.1, 125.5, 124.0, 123.7, 122.6, 120.3, 119.5, 114.2, 113.9, 112.3, 103.4, 21.8.

HRMS (ESI) m/z: [M+Na]" Calcd for C23H17BrN.O,SNa, 487.0092, 489.0071; found, 487.0093,
489.0072.

3-Methyl-1’-tosyl-1’H-1,3-biindole (16a0)

16ao0

The reaction was performed according to the general procedure D using 100 mg (0.25 mmol)
of 14a0. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(3/1 [v/v]) to give 16a0 as a colorless oil (65 mg, 0.16 mmol, 65% yield).

IR (KBr) v: 3124, 3050, 2915, 2859, 1373, 1176 cm™".

'"H NMR (600 MHz, CDCl3) & 8.12 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 7.8 Hz, 2H), 7.73 (s, 1H),
7.65 (dd, J = 6.6, 1.8 Hz, 1H), 7.49 (d, J = 7.8 Hz, 1H), 7.42 (ddd, J = 7.8, 7.8, 1.8 Hz, 1H),
7.31 (d, J =6.6 Hz, 1H), 7.29-7.26 (m, 3H), 7.23-7.12 (m, 2H), 7.12 (d, J = 0.6 Hz, 1H), 2.41
(d, J=1.2 Hz, 3H), 2.38 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 145.5, 137.0, 135.0, 134.4, 130.2, 129.5, 127.1, 126.9, 125.9,
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125.8, 123.8, 123.4, 122.6, 120.1, 119.8, 119.5, 119.3, 114.2, 113.1, 110.7, 21.8, 9.7.
HRMS (ESI) m/z: [M-H] Calcd for C24H19N20-.S, 399.1167; found, 399.1165.

2-Methyl-1’-tosyl-1’H-1,3’-biindole (16ap)

16ap

The reaction was paformed according to the general procedure D using 100 mg (0.5 mmol) of
14ap. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(3/1 [v/v]) to give 16ap as a pale-pink oil (82 mg, 0.41 mmol, 82% yield).

IR (KBr) v: 3118, 3052, 3029, 2979, 2917, 1373, 1176 cm™".

'"H NMR (600 MHz, CDCl3) & 8.13 (d, J = 8.4 Hz, 1H), 7.86 (d, J = 7.8 Hz, 2H), 7.73 (s, 1H),
7.59(d, J=7.8Hz, 1H), 7.42 (ddd, J=7.8, 7.8, 0.6 Hz, 1H), 7.31 (d, J = 7.8 Hz, 2H), 7.22 (dd,
J=7.8,7.8Hz, 1H), 7.16 (d, J = 7.8 Hz, 1H), 7.13 (ddd, J= 7.8, 7.8, 1.2 Hz, 1H), 7.06 (ddd, J
= 8.4, 8.4, 0.6 Hz, 1H), 6.89 (dd, J = 8.4, 1.2 Hz, 1H), 6.46 (d, J = 1.2 Hz, 1H), 2.41 (s, 3H),
2.26 (d, J = 0.6 Hz, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 145.6, 138.5, 137.6, 134.9, 134.4, 130.2, 128.6, 128.0, 127 .1,
125.8, 123.9, 123.4, 121.3, 121.1, 120.4, 119.8, 119.7, 114.2, 110.2, 102.0, 21.8, 13.1.

HRMS (ESI) m/z: [M-H] Calcd for C24H19N20.S 399.1167; found, 399.1163.

5’-Bromo-1’-tosyl-1’H-1,3’-biindole (16ba)

16ba

The reaction was performed according to the general procedure D using 234 mg (0.5 mmol)
of 14ba. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [v/v]) to give 16ba as a colorless oil (183 mg, 0.39 mmol, 78% vyield).

IR (KBr) v: 3122, 3050, 3029, 2921, 1376, 1176 cm™".

'"H NMR (600 MHz, CDCl3) 6 8.02 (d, J = 9.0 Hz, 1H), 7.85 (d, J = 8.4 Hz, 2H), 7.80 (s, 1H),
7.73(d, J=7.2 Hz, 1H), 7.60 (d, J = 1.8 Hz, 1H), 7.53 (dd, J = 9.0, 1.8 Hz, 1H), 7.32-7.29 (m,
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4H), 7.26-7.21 (m, 2H), 6.75 (dd, J = 3.6, 1.2 Hz, 1H), 2.40 (s, 3H).
BC{"H} NMR (151 MHz, CDCls) 6 145.9, 136.7, 134.7, 133.0, 130.3, 128.96, 128.96, 128.6,
128.3,127.1, 122.8, 122.34, 122.30, 121.4, 120.9, 117.6, 115.7, 110.5, 104.3, 21.8.

HRMS (ESI) m/z: [M+Na]" Calcd for C23H17BrN2O2SNa, 487.0092, 489.0071; found, 487.0091,
489.0071.

5-Methoxy-1’-tosyl-1’H-1,3’-biindole (16ga)

16ga

The reaction was performed according to the general procedure D using 210 mg (0.5 mmol)
of 14ga. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [v/v]) to give 16ga as a pale-pink solid (174 mg, 0.42 mmol, 84% vyield).

Mp 124-128 °C.

IR (KBr) v: 3118, 3050, 2956, 2937, 2832, 1371, 1170 cm™".

'"H NMR (600 MHz, CDCI3) 6 8.03 (d, J = 9.0 Hz, 1H), 7.83 (d, J = 8.4 Hz, 2H), 7.73-7.72 (m,
2H), 7.32-7.28 (m, 4H), 7.23-7.20 (m, 2H), 7.05 (dd, J = 9.6, 3.0 Hz, 1H), 6.84 (d, J = 2.4 Hz,
1H), 6.74 (dd, J = 3.6, 1.2 Hz, 1H), 3.72 (s, 3H), 2.38 (s, 3H).

BC{'"H} NMR (151 MHz, CDCl3) 6 156.9, 145.4, 136.8, 134.9, 130.1, 129.0, 128.9, 128.5, 127.9,
127.0, 123.2, 122.6, 121.2, 121.0, 120.7, 115.5, 115.3, 110.8, 103.9, 101.4, 55.8, 21.7.
HRMS (ESI) m/z: [M+Na]" Calcd for C24H20N203SNa, 439.1092; found, 439.1092.

4’-Bromo-1’-tosyl-1’H-1,3’-biindole (16ha)

16ha

The reaction was performed according to the general procedure D using 467 mg (1 mmol) of
14ha. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [viv]) to give 16ha as a colorless oil (388 mg, 0.83 mmol, 83% vyield).

IR (KBr) v: 3122, 3052, 3031, 2921, 1598, 1456, 1375, 1178 cm™.
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'H NMR (600 MHz, CDCl3) 5 8.17 (dd, J = 8.4, 0.6 Hz, 1H), 7.914 (s, 1H), 7.911 (d, J = 8.4 Hz,
2H), 7.76-7.74 (m, 1H), 7.42 (dd, J = 7.8, 1.2 Hz, 1H), 7.36 (dd, J = 8.4, 0.6 Hz, 2H), 7.28 (dd,
J=8.4,8.4 Hz, 1H), 7.23-7.21 (m, 3H), 7.00-6.99 (m, 1H), 6.76 (dd, J = 3.0, 1.2 Hz, 1H).
3C{'H} NMR (151 MHz, CDCl3) 5 146.1, 139.6, 135.1, 134.6, 130.7, 130.4, 128.6, 128.5, 127.2,
126.6, 126.2, 125.7, 122.4, 121.9, 120.9, 120.3, 113.1, 113.0, 110.7, 103.2, 21.9.

HRMS (ESI) m/z: [M+Na]* Calcd for Co3H:7BrN0.SNa, 487.0092, 489.0071; found, 487.0090,
489.0072.

5,5’-Dibromo-1’-tosyl-1’H-1,3’-biindole (16bb)

16bb

The reaction was performed according to the general procedure D using 257 mg (0.47 mmol)
of 14bb. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [v/v]) to give 16bb as a colorless oil (257 mg, 0.34 mmol, 72% vyield).

IR (KBr) v: 3122, 3064, 2921, 1459, 1440, 1373, 1176 cm™".

'"H NMR (600 MHz, CDCl3) 6 7.99 (dd, J = 8.4, 1.2 Hz, 1H), 7.83 (d, J = 8.4 Hz, 2H), 7.82 (d,
J=1.8Hz, 1H), 7.76 (s, 1H), 7.53-7.51 (m, 2H), 7.31 (d, J = 9.0 Hz, 2H), 7.29 (dd, /= 9.0, 1.8
Hz, 1H), 7.26 (d, J = 3.6 Hz, 1H), 7.10 (d, J = 8.4 Hz, 1H), 6.66 (d, J = 2.4 Hz, 1H), 2.40 (s,
3H).

BC{'H} NMR (151 MHz, CDCl3) 6 146.0, 135.5, 134.6, 132.9, 130.6, 130.4, 129.6, 129.1, 128.3,
127.1,125.7,123.8, 122.1, 121.7, 121.5, 117.7, 115.7, 114.1, 112.0, 103.7, 21.8.

HRMS (ESI) m/z: [M+Na]" Calcd for C23H16Br.N.O.SNa, 566.9177, 564.9197, 568.9156; found,
566.9177, 564.9199, 568.9157.

~ z
N 10% aq. NaOH (10 equiv.) N
@Z—\g MeOH, reflux, 0.5 h Q_§
N

N
|

Ts 85% H
16aa 11aa

To a solution of 5 (386 mg, 1.0 mmol) in MeOH (2.5 x 10 M) was added 10% aqg. NaOH (10
equiv.). The mixture was stirred at reflux in oil bath for 0.5 h. After the whole was cooled to
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room temperature, H-O (10 mL) was added to the mixture. Then, the whole was extracted with
AcOEt (3 x 10 mL). The combined organic layer was washed with brine (10 mL), dried over
Na;SO., filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography using hexane/AcOEt (3/1 [v/v]) to give 11aa as a colorless solid (197 mg, 0.85
mmol, 85% yield).

Data for 11aa.

Mp 79-82 °C.

IR (KBr) v: 3399, 3106, 3050, 3019, 1459 cm™.

'"H NMR (600 MHz, CDCl3) 6 8.13 (br s, 1H), 7.77-7.76 (m, 1H), 7.50 (dd, J = 7.8, 0.6 Hz, 1H),
7.45(d, J=8.4 Hz, 1H), 7.39 (d, J = 3.0 Hz, 1H), 7.39-7.37 (m, 1H), 7.34 (d, J = 2.4 Hz, 1H),
7.32 (ddd, J=7.8, 7.2, 1.2 Hz, 1H), 7.23-7.20 (m, 2H), 7.17 (ddd, J =7.8, 7.2, 1.2 Hz, 1H),
6.74 (dd, J = 3.0, 1..2 Hz, 1H).

BC{'"H} NMR (151 MHz, CDCl3) 6 137.5, 134.7, 129.8, 128.6, 123.7, 123.1, 122.1, 121.0, 120.5,
120.1, 119.3, 118.6, 117.3, 111.8, 111.0, 102.5.

HRMS (ESI) m/z: [M+Na]" Calcd for C1sH12N2Na, 255.0898; found, 255.0897.

. sp?| ¢
N DDQ (1.1 equiv.) N
""OH benzene, rt, 1 h @ZN—g'//,OH

N
rac Ts quant. rac 'i's

trans-9aa trans-15aa

A solution of DDQ (227 mg, 1 mmol , 1.0 equiv.) in benzene (5 mL, 0.2 M) was added to 9aa
(582 mg, 1 mmol). The mixture was stirred at room temperature for 2 h. After the whole was
quenched with sat. NaHCO3; (5 mL), the mixture was extracted with AcOEt (3 x 20 mL). The
combined organic layer was washed with brine (20 mL), dried over Na,SOQs, filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography using
hexane/AcOEt (3/1 [v/v]) to give 15aa as a pale-brown oil (406 mg, 1.0 mmol, quant).

Data for 15aa.

IR (KBr) v: 3048, 2923, 1596, 1457, 1353, 1166, 742, 576 cm™".

'"H NMR (600 MHz, CDCl3) 6 7.76 (d, J = 8.4 Hz, 1H), 7.622-7.608 (m, 1H), 7.615 (d, J = 8.4
Hz, 2H), 7.44 (dd, J= 7.8, 7.8 Hz, 1H), 7.16—7.07 (m, 7H), 6.25 (d, J = 3.0 Hz, 1H), 6.08 (br s,
1H), 5.77 (d, J = 1.8 Hz, 1H), 5.65 (s, 1H), 4.03 (d, J = 2.4 Hz, 1H), 2.42 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) & 144.8, 141.3, 135.9, 134.8, 130.8, 130.1, 129.5, 127.1, 126.7,
126.6, 125.1, 124.7, 122.0, 121.2, 120.3, 115.0, 109.9, 102.4, 91.9, 64.1, 21.5.

HRMS (ESI) m/z: [M+Na]" Calcd for Ca3H20N203sSNa 427.1092; Found 427.1088.
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3-(Indolin-1-yl)-2-(methylthio)-1-tosyl-1H-indole (46aa)
one-pot synthesis

‘eb -S
n-BuLi (@ Me™"g-Me
N (1.1 equiv.) Q”SN (1.1 equiv.) N
% 2 THF \ @L_@ THF m
i

SM

N" [SP -10°C, 0.5 h N -10°C, 2 h N ©
Ts Ts Ts sp?
14aa 54aa 46aa: 61%

2.3 M nBulLi in cyclohexane (0.45 mL, 1.1 mmol, 1.1 equiv.) was added to a solution of 14aa
(388 mg, 1.0 mmol) in THF (10 mL, 0.1 M) at -10 °C. The mixture was stirred for 0.5 h at -
10 °C. Then, dimethyl disulfide (93 uL, 1.1 mmol, 1.1 equiv.) was added to the mixture and
stirred for further 2 h. After the addition of sat. Na>S203 (5 mL), the whole was extracted with
AcOEt (3 x 10 mL). The organic layer was washed with brine (10 mL) dried over NaxSOu,
filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography using hexane/AcOEt (40/1 [v/v]) to give 46aa (265 mg, 0.161 mmol, 61%
yield) as a colorless oil.

'"H NMR (600 MHz, CDCl3) 6 8.36 (d, J=8.4 Hz, 1H), 7.79 (d, J= 7.8 Hz, 2H), 7.37 (t, J= 7.8
Hz, 1H), 7.24 (d, J=7.8 Hz, 1H), 7.22 (d, J= 7.8 Hz, 2H), 7.17 (t, J=7.8 Hz, 1H), 7.16 (d, J =
7.2 Hz, 1H), 6.90 (t, J = 7.2 Hz, 1H), 5.96 (d, J = 7.8 Hz, 1H), 4.20-4.16 (m, 1H), 3.78-3.73
(m, 1H), 3.26-3.16 (m, 2H), 2.37 (s, 3H), 2.33 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 149.7, 144.9, 137.8, 135.7, 132.8, 129.7, 129.3, 128.8, 127.3,
127.2,126.6, 125.9, 124.8, 123.4, 119.7, 118.2, 116.1, 108.1, 53.2, 29.1, 21.8, 20.9.

HRMS (ESI) m/z: [M+Na]" Calcd for C24H22N202S2Na 457.1020; Found 457.1017.

2'-(Methylthio)-1'-tosyl-1'H-1,3"-biindole (44aa)

one-pot synthesis

2 2
sp*| ~ -S. sp?| &~
n-BuLi @'—\S Me™ " g-Me
@—SN (1.1 equiv.) N © Li@ (1.1 equiv.) Q’ﬁi
—— |/O‘:;
Y= T SSof THF \ SMe

N" [SP -10°C,0.5h -10°C, 2h N
Ts Ts sp?
16aa 55aa 44aa: 73%

2.3 M nBulLi in cyclohexane (0.45 mL, 1.1 mmol, 1.1 equiv.) was added to a solution of 16aa
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(386 mg, 1.0 mmol) in THF (10 mL, 0.1 M) at -10 °C. The mixture was stirred for 0.5 h at -
10 °C. Then, dimethyl disulfide (93 uL, 1.1 mmol, 1.1 equiv.) was added to the mixture and
stirred for further 2 h. After the addition of sat. Na>S203 (5 mL), the whole was extracted with
AcOEt (3 x 10 mL). The organic layer was washed with brine (10 mL) dried over NaxSOg,
filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography using hexane/AcOEt (40/1 [v/v]) to give 44aa (315 mg, 0.73 mmol, 73% yield)
as a colorless oil.

'"H NMR (600 MHz, CDCl3) 6 8.43 (d, J=8.4 Hz, 1H), 7.88 (d, J= 7.8 Hz, 2H), 7.69 (d, J= 7.2
Hz, 1H), 7.45 (t, J=7.8 Hz, 1H), 7.27 (d, J= 7.8 Hz, 2H), 7.25 (t, J= 7.2 Hz, 1H), 7.21 (d, J =
6.0 Hz, 1H), 7.18-7.11 (m, 3H), 6.88 (d, J= 7.8 Hz, 1H), 6.73 (d, J = 6.0 Hz, 1H), 2.40 (s, 3H),
2.05 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 145.4, 136.9, 136.8, 135.6, 130.0, 129.0, 128.7, 127.7, 127 4,
126.9, 126.4, 124.2, 122.4, 121.2, 120.6, 118.7, 115.8, 110.9, 104.0, 21.8, 20.1.

HRMS (ESI) m/z: [M+Na]" Calcd for C24H20N20,S,Na 455.0864; Found 455.0861.

2',3-Bis(methylthio)-1'H-1,3"-biindole (52aa)

TsCl (1.25 equiv.)
Et3N (2.5 equiv.)

= DMSO/n-hexane sMe
| (11 [viv]) sp?| ~
70°C, 16 h
{ N
N~ SMe then, 10% ag. NaOH @_\L
I MeOH, reflux, 2 h N SMe

H

2
66% sP
44aa 52aa

To a solution of 44aa (216 mg, 0.50 mmol) and EtsN (0.19 mL, 1.25 mmol, 2.5 equiv.) in DMSO
and n-hexane was added TsClI (119 mg, 0.625 mmol, 1.25 equiv.). The mixture was heated to
70 °C in an oil bath for 16 h. After the whole was cooled to room temperature, H.O was added
to the mixture. The whole was extracted with AcOEt (3 x 10 mL) and washed with brine (10
mL). The organic layer was dried over Na>SOys, filtered and concentrated in vacuo. The residue
was dissolved in MeOH. 10% aq. NaOH was added to the mixture. The mixture was stirred at
reflux in oil bath for 2 h. After the whole was cooled to room temperature, H.O (10 mL) was
added to the mixture. Then, the whole was extracted with AcOEt (3 x 10 mL). The combined
organic layer was washed with brine (10 mL), dried over Na,;SOs, filtered, and concentrated in
vacuo. The residue was purified by silica gel column chromatography using hexane/AcOEt
(3/1 [v/v]) to give 52aa as a colorless oil (107 mg, 0.33 mmol, 66% yield).

'H NMR (600 MHz, CDCl3) & 8.28 (br s, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.46 (s, 1H), 7.39 (d, J
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= 8.4 Hz, 1H), 7.31-7.28 (m, 3H), 7.24 (t, J = 7.8 Hz, 1H), 7.20 (d, J = 7.2 Hz, 1H), 7.13 (t, J =
7.2 Hz, 1H), 2.51 (s, 3H), 2.17 (s, 3H).

3C{'H} NMR (151 MHz, CDCls) 6 138.1, 134.7, 132.8, 129.3, 126.7, 124.9, 123.7, 122.8, 121.0,
120.6, 119.4, 118.8, 118.2, 111.6, 111.2, 108.5, 20.3, 18.9.

HRMS (ESI) m/z: [M-H]' Calcd for C1sH1sN2S, 323.0677; Found 323.0677.

2-Bromo-2',3-bis(methylthio)-1'H-1,3"'-biindole (51)
SMe SMe

Br
~ NBS (1.0 equiv.) ~

N N
N~ SM N~ ~SMe
H

e
H 98%
52aa 51
To a solution of 52aa (81 mg, 0.25 mmol) in CCls (1 mL) was added to NBS (44.5 mg, 0.25

mmol, 1.0 equiv.). The mixture was stirred at room temparature for 1 h. The reaction mixture
was purified directly by silica gel column chromatography using hexane/AcOEt (3/1 [v/v]) to
give 51 as a colorless oil (99 mg, 0.25 mmol, 98% vyield).

'"H NMR (600 MHz, CDCl3) 6 8.41 (br's, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H),
7.31(t, J=7.2Hz, 1H), 7.26 (d, J= 7.8 Hz, 1H), 7.19-7.11 (m, 3H), 7.00 (d, J = 8.4 Hz), 2.46
(s, 3H), 2.22 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 138.8, 134.9, 129.5, 129.3, 125.7, 123.8, 123.1, 122.8, 121.3,
121.2, 119.0, 118.1, 116.8, 111.31, 111.27, 109.2, 19.4, 18.6.

HRMS (ESI) m/z: [M-H] Calcd for C4gH14BrN2S, 400.9782, 402.9761; Found 400.9779,
402.9758.

4,6-Dibromo-1-tosyl-1H-indole (58s)

B TsCl (1.1 equiv.) Br
r TBAB (0.05 equiv.)
34% aq. NaOH
Br \ Br \
toluene, rt, 10 h N
N .
o, Ts
30s 89% 58s

To a solution of 30s (2.75 g, 10.0 mmol) in toluene (10 mL, 1.0 M) were added TBAB (160 mg,
0.5 mmol, 0.05 equiv.), 34% aq. NaOH (12 mL) and tosyl chloride (2.09 g, 11.0 mmol, 1.1
equiv.). The mixture was stirred at room temperature for 10 h. After the addition of H,O (50
mL), the whole was extracted with AcOEt (3 x 50 mL). The organic layer was washed with
brine (50 mL) dried over Na>SOsu, filtered and concentrated in vacuo. The residue was purified
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by recrystallization using MeOH to give 58s as a white solid (3.82 g, 8.9 mmol, 89% yield).
Mp 147-149 °C.

IR (KBr) v: 3116, 3081, 2979, 2950, 2917, 1594, 1392, 1168, 769 cm™".

'"H NMR (600 MHz, CDCl3) 6 8.12 (d, J = 0.6 Hz, 1H), 7.76 (d, J = 9.0 Hz, 2H), 7.58 (d, J = 3.6
Hz, 1H), 7.54 (d, J= 1.2 Hz, 1H), 7.27 (d, J = 8.4 Hz, 2H), 6.68 (dd, J = 3.6, 0.6 Hz, 1H), 2.37
(s, 3H).

BC{'H} NMR (151 MHz, CDCls) 6 145.8, 135.4, 134.9, 130.6, 130.3, 129.1, 127.4, 127.0, 118.2,
115.8, 115.5, 108.8, 21.8.

HRMS (ESI) m/z: [M+Na]" Calcd for C1sH11Bro.NO-SNa 451.8749, 449.8770, 453.8728; Found
451.8750, 449.8766, 453.8723.

4,6-Dibromoindoline (10s)

Br Br
Me3zN<BH; (1.5 equiv.)
Br \ TFA (5.0 equiv.) Br
N N
H H,O, rt, 12 h H
30s 80% 10s

MesN<BH3 (1.09 g, 15.0 mmol, 1.5 equiv.) was added to a solution of 4,6-dibromoindole 30s
(2.75 g. 10.0 mmol) and TFA (3.83 mL, 50.0 mmol, 5.0 equiv.) in H20 (50 mL, 0.20 M). The
mixture was stirred at room temperature for 12 h. The whole was extracted with AcOEt (3 x 30
mL). The organic layer was washed with brine (30 mL), dried over Na;SOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography using
hexane/AcOEt (6/1 [v/v]) to give 10s as a pale-brown solid (2.22 g, 8.0 mmol, 80% yield).

Mp 67-70 °C.

IR (KBr) v: 3392, 3056, 2973, 2948, 2884, 1288, 761 cm™".

'"H NMR (600 MHz, CDCl3) 6 6.96 (d, J = 1.8 Hz, 1H), 6.66 (d, J = 1.8 Hz, 1H), 3.63 (t, /= 8.4
Hz, 2H), 2.99 (t, J = 8.4 Hz. 2H).

BC{"H} NMR (151 MHz, CDCl3) & 153.7, 129.1, 123.2, 121.3, 119.9, 110.8, 46.7, 30.7.
HRMS (ESI) m/z: [M+H]" Calcd for CsHsBroN 277.8998, 275.9019, 279.8978; Found 277.9001,
275.9020, 279.8981.
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trans-4,4',6,6'-Tetrabromo-1'-tosyl-[1,3'-biindolin]-2'-ol (9ss)
Br

(1.1 equiv.) N

HO o ~10s H
Br (10 equiv.) Br Br ® (0.66 equiv.)

acetone
NEt. |EtsN Br
rt, 6 h * (2.0 equiv.) N
Br \\ —Br
then " Br Br

N ELN N~ "OH |AcOEt " OH
! 3 ! 80°C,2h NT
Ts (11equivyL ™ Ts - rac  Ts

58s Th trans-6s 89% from 10s trans-9ss

The reaction was performed according to the general procedure B using 257 mg (0.60 mmol,
1.5 equiv.) of 58s and 111 mg (0.40 mmol) of 10s. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (4/1 [v/v]) to give 9ss as a pale-blue solid
(257 mg, 0.36 mmol, 89% yield).

Mp 175 °C.

IR (KBr) v: 3471, 3114, 3077, 2921, 2840, 1361, 1170, 763 cm™".

'"H NMR (600 MHz, CDCl3) 6 7.75 (s, 1H), 7.74 (d, J = 6.6 Hz, 2H), 7.40 (d, J = 1.2 Hz, 1H),
7.30 (d, J =7.2 Hz, 2H), 6.93 (s, 1H), 6.55 (br s, 1H), 5.55 (s, 1H), 4.73 (s, 1H), 3.61 (s, 1H),
2.77 (brs, 1H), 2.73-2.67 (m, 1H), 2.46 (br s, 1H), 2.43 (s, 3H), 2.04 (br s, 1H).

BC{'H} NMR (151 MHz, CDCl3) 6 151.3, 145.6, 143.2, 135.5, 130.4, 130.2, 129.1, 127.1, 125.2,
125.0, 123.1, 122.05, 122.02, 120.1, 116.6, 108.8, 89.5, 64.4, 47.3, 29.0, 21.8.

HRMS (ESI) m/z: [M+Na]* Calcd for Co3H1sBraN2-O3SNa 744.7623, 742.7644, 746.7603; Found
7447625, 742.7641, 746.7598.

4,6-Dibromo-3-(4,6-dibromoindolin-1-yl)-1-tosyl-1H-indole (9ss)

Br Br

Br MsCI (1.1 equiv.) Br
N Et3N (2.0 equiv.) N
Br Br \

) Br THF, rt,0.5h Br
Vo . N[
trans-9ss 14ss

MsCI (0.42 mL, 5.5 mmol, 1.1 equiv.) was added to a solution of 9ss (3.61 g, 5.0 mmol) and
EtsN (1.39 mL, 2.0 equiv., 10.0 mmol, 2.0 equiv.) in THF (50 mL, 0.1 M). The mixture was stirred
at room temperature for 0.5 h. After the addition of H.O (5 mL), the whole was extracted with
AcOEt (3 x 30 mL). The organic layer was washed with brine (30 mL) dried over NaxSOg,
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filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography using hexane/AcOEt (10/1 [v/v]) to give 14ss as a white solid (2.76 g, 3.8
mmol, 76% yield).

Mp 177-178 °C.

IR (KBr) v: 3097, 2954, 2856, 1380, 1151, 750 cm™".

'"H NMR (600 MHz, CDCl3) 6 8.22 (d, J = 1.2 Hz, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.66 (s, 1H),
7.55(d, J=1.2Hz, 1H), 7.34 (d, J = 7.8 Hz, 2H), 6.92 (d, J = 1.8 Hz, 1H), 5.98 (d, J = 1.8 Hz,
1H), 4.14 (q, J = 8.4 Hz, 1H), 3.74 (q, J = 8.4 Hz, 1H), 3.12 (t, J = 9.0 Hz, 2H), 2.41 (s, 3H).
BC{'"H} NMR (151 MHz, CDCl;) 6 153.8, 146.2, 136.1, 134.2, 131.0, 130.5, 129.1, 127.0,
125.85, 125.80, 125.3, 122.9, 121.6, 120.0, 119.2, 116.3, 113.4, 109.2, 56.2, 29.6, 21.9.
HRMS (ESI) m/z: [M+Na]* Calcd for C23H16BrsN2-O.SNa 726.7518, 724.7538, 728.7497; Found
726.7520, 724.7532, 728.7490.

4,6-Dibromo-3-(4,6-dibromo-5-(methylthio)indolin-1-yl)-1H-indole (62)

Br  15% aq. NaSMe

(2.0 equiv.)
Br TsOH+H,0
N (2.0 equiv.)
Br

"OH Br tert-BuOH
N 70°C, 24 h
Ts
9ss

Estimated structure

Br
(@ Br (@ELSMe Br
+ N N Br
Br 2
"'SMe H Br (@]

N
b @ " L2 M

Ts
61: 0% 62: 4% 27ss

To a solution of 9ss (361 mg, 0.5 mmol) and TsOH+H,0 (190 mg, 1.0 mmol, 2.0 equiv.) in tert-
BuOH was added to 15% aq. NaSMe (0.47 mL). The mixture was heated to 70 °C in an oil
bath for 24 h. After the whole was cooled to room temperature, H.O was added to the mixture.
The whole was extracted with ACOEt (3 x 10 mL) and washed with brine (10 mL). The organic
layer was dried over Na>SOQsu, filtered and concentrated in vacuo. The residue was purified by
silica gel column chromatography using hexane/AcOEt (4/1 [v/v]) to give 62 as a pale-yellow
oil (11.9 mg, 0.002 mmol, 4% yield).

'H NMR (600 MHz, CDCl3) 6 8.29 (br s, 1H), 7.52 (d, J = 1.2 Hz, 1H), 7.45 (d, J = 1.2 Hz, 1H),
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7.28 (d, J=9.0 Hz, 1H), 6.28 (s, 1H), 4.21 (q, J = 7.2 Hz, 1H), 3.83 (q, J = 8.4 Hz, 1H), 3.20—
3.14 (m, 2H), 2.33 (s, 3H).

BC{"H} NMR (151 MHz, CDCl3) § 154.7, 136.8, 131.2, 131.0, 128.2, 127.5, 124.1,122.6, 122.2,
119.6, 116.4, 115.4, 114.0, 113.0, 110.2, 56.6, 31.2, 19.7.

4,6-Dibromo-2-(methylthio)-1-tosyl-3-(4,5,6-tribromoindolin-1-yl)-71H-indole (14st)
Br Br

Br NBS (1.0 equiv.) Br
N HFIP (1.0 equiv.) N Br
Br \ Br THF,rt,1h Br \ Br
N . N
Tsl 68% Tsl,
14ss 14st

NBS (356 mg, 2.0 mmol, 1.0 equiv.,) was added to a solution of 14ss (1.50 g, 2.0 mmol) and
HFIP (0.21 mL, 2.0 mmol, 1.0 equiv.) in THF (20 mL, 0.1 M). The mixture was stirred at room
temperature for 1 h. After the addition of HO (10 mL), the whole was extracted with AcOEt (3

x 10 mL) and washed with brine (10 mL). The organic layer was dried over Na;SOys, filtered

and concentrated in vacuo. The residue was purified by silica gel column chromatography
using hexane/AcOEt (10/1 [v/v]) to give 14st as a white solid (1.12 g, 1.35 mmol, 68% yield).
Mp 173-174 °C.

IR (KBr) v: 3072, 2954, 2879, 1375, 1176, 752 cm™".

'"H NMR (600 MHz, CDCl3) & 8.21 (d, J = 1.8 Hz, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.65 (s ,1H),
7.56 (d, J=1.8 Hz. 1H), 7.34 (d, J = 8.4 Hz, 2H), 6.13 (s, 1H), 4.14 (q, J = 8.4 Hz, 1H), 3.76
(g, J=9.0 Hz, 1H), 3.17 (t, J = 8.4 Hz, 2H), 2.41 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 152.0, 146.3, 136.1, 134.2, 131.8, 131.0, 130.6, 127.1, 125.7,
125.4,125.3, 124.2, 122.6, 119.3, 116.3, 113.5, 113.3, 110.9, 56.2, 31.5, 21.9.

HRMS (ESI) m/z: [M+Na]" Calcd for Ca3H1sBrsN.O.SNa 804.6623, 806.6602, 802.6643,
808.6582; Found 804.6625, 806.6601, 802.6650, 808.6588.
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SEROH - 5 2 3
One-pot synthesis
G Br - B | e s
Br 5 MBuLl Br 5 ® 5" Me
N (1.0 equiv.) N r (1.0 equiv.)
Br \ Br  THF Br Vo Br | THF
N~ |sp? -10 °C, 20 min N -10°C, 0.5 h
| |
Ts "I's
14st L 54st _
Br Br Br
Br Br Br 5 H Br 5 H
N N N
+ +
Br \ Br Br \ Br  pBr \ Br
N~ ~SMe N~ |sp? N~ “SMe
|
Ts |sp’ Ts Ts | sp?
46st: 0% 14ss: 29% 46ss: 11%

2.3 M nBulLi in cyclohexane (0.22 mL, 0.5 mmol, 1.0 equiv.) was added to a solution of 14st
(391 mg, 0.5 mmol) in THF (10 mL, 0.05 M) at -10 °C. The mixture was stirred for 20 mins at -
10 °C. Then, dimethyl disulfide (47 uL, 1.1 equiv., 0.5 mmol) was added to the mixture and
stirred for further 0.5 h. After the addition of sat. Na>S203 (5 mL), the whole was extracted with
AcOEt (3 x 10 mL). The organic layer was washed with brine (10 mL) dried over NaxSOu,

filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography using hexane/AcOEt (40/1 [v/v]) to give 15 (111 mg, 0.146 mmol, 29% yield)

and 7 (38 mg, 0.054 mmol, 11% yield).
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SEROH - 5 2 3
4,6-Dibromo-3-(4,6-dibromoindolin-1-yl)-2-(methylthio)-1-tosyl-71H-indole (46ss)
One-pot synthesis
Br B Br ]
Br I Br | |n-BuLi
N (1.0 equiv.) N (2.0 equiv.)
Br \ Br THF, rt, 1 h | Br \ Br | THF
N” |sp? N -10 °C, 30 min
| |
Ts Ts
14ss L 14 _
— Br ]
Me
Br [
@/ (2.1 equw) (@
Br Vo Br | THF
I}l L_@ -10°C,0.5h
Ts - p2
L 54 - 46ss: 46%

A solution of 14ss (2.46 g, 3.50 mmol) in THF (70 mL, 0.05 M) was added to iodine (889 mg,
3.50 mmol, 1.0 equiv.). After the whole was cooled to -10 °C, 2.3 M nBulLi in cyclohexane (3.04
mL, 7.00 mmol, 2.0 equiv.) was added to the mixture. The mixture was stirred for 30 mins at -
10 °C. Then, dimethyl disulfide (0.65 mL, 7.35 mmol, 2.1 equiv.) was added to the mixture and
stirred for further 0.5 h. After the addition of sat. Na>S»03 (5 mL), the whole was extracted with
AcOEt (3 x 10 mL). The organic layer was washed with brine (10 mL) dried over Na;SOu,
filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography using hexane/AcOEt (40/1 [v/v]) to give 15 as a pale-brown oil (1.24 g, 1.61
mmol, 46% yield).

IR (KBr) v: 2927, 2863, 1373, 1180, 754 cm™

'"H NMR (600 MHz, CDCl3) 6 8.59 (d, J=1.2 Hz, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.59 (d, J= 1.2
Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 1.2 Hz, 1H), 5.53 (d, J = 1.8 Hz, 1H), 4.00 (q, J
= 8.4 Hz, 1H), 3.89 (q, J = 9.0 Hz, 1H), 3.15 (1, J = 9.0 Hz, 2H), 2.41 (s, 3H), 2.40 (s, 3H).
BC{"H} NMR (151 MHz, CDCl3) 6 153.6, 146.1, 139.1, 135.3, 134.8, 131.5, 130.11, 130.05,
128.6, 127.3, 125.0, 122.3, 121.6, 120.00, 120.00, 118.1, 112.6, 107.9, 53.8, 29.6, 22.0, 20.9.
HRMS (ESI) m/z: [M+Na]* Calcd for Cz4H1sBrsN.O,S;Na 772.7395, 770.7415, 774.7374;
Found 772.7396, 770.7419, 774.7368.
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Br sp’ Br
Br Br
N MnO, (10 equiv.) N
Br \ Br DCE, reflux, 24 h Br \ Br
N~ ~“SMe N SMe
Ts' sp2 quant. Tsl sp?
46ss 44ss

The reaction was performed according to the general procedure D using 37.5 mg (0.050 mmol)
of 46ss. The residue was purified by column chromatography on silica gel using hexane/AcOEt
(4/1 [v/v]) to give 44ss as a pale-brown oil (37.4 mg, 0.050 mmol, quant.).

IR (KBr) v: 3112, 3072, 2952, 2923, 2854, 1375, 1180, 759 cm™".

'H NMR (600 MHz, CDCl3) 6 8.67 (d, J= 1.2 Hz, 1H), 7.88 (d, J = 8.4 Hz, 2H), 7.58 (d, J= 1.8
Hz, 1H), 7.43 (d, J = 1.2 Hz, 1H), 7.35 (d, J = 7.8 Hz, 2H), 7.06 (d, J = 3.0 Hz, 1H), 6.71 (d, J
= 3.0 Hz, 1H), 6.67 (d, J = 1.2 Hz, 1H), 2.45 (s, 3H), 2.17 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 146.5, 139.6, 138.0, 135.5, 134.8, 131.7, 131.3, 130.3, 128.3,
127.6, 126.2, 125.7, 123.9, 120.3, 117.9, 115.8, 115.4, 112.5, 112.4, 104.2, 22.0, 20.7.

HRMS (ESI) m/z: [M+Na]* Calcd for CzsH1sBrsN.O,S;Na 770.7238, 768.7259, 772.7218;
Found 770.7241, 768.7256, 772.7225.

3,4,4',6,6'-Pentabromo-2'-(methylthio)-1'-tosyl-1'H-1,3"-biindole (69)

sp’ Br
Br TsBr (10 equiv.)
N Et3N (10 equiv.)
Br \ Br DMSO/CHCl,
N SMe (1/1 [viv])
T [sp? 130 °C, 12 h
44ss
2| SM 2| B
sP © Br SP ' Br
Br ¢ Br ¢
N + N
Br \ Br Br \ Br
N SMe N~ ~SMe
| |
Ts sp2 Ts sp2
53ss: 15% 69: 58%

To a solution of 44ss (74.8mg, 0.10 mmol) and EtsN (0.15 mL, 1.0 mmol, 10 equiv.) in DMSO
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and CHCI3; was added TsBr (235.1 mg, 1.0 mmol, 10 equiv.). The mixture was heated to 130 °C
in an oil bath for 12 h. After the whole was cooled to room temperature, H.O was added to the
mixture. The whole was extracted with AcOEt (3 x 10 mL) and washed with brine (10 mL). The
organic layer was dried over Na;SOs, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography using hexane/AcOEt (20/1 [v/Vv]) to give 53ss
(11.9 mg, 0.015 mmol, 15% yield) and 69 (48.0 mg, 0.058 mmol, 58% yield).

Data for 69.

Colorless oil.

'"H NMR (600 MHz, CDCI3) 6 8.66 (d, J = 1.2 Hz, 1H), 7.87 (d, J = 8.4 Hz, 2H), 7.58 (d, J= 1.2
Hz, 1H), 7.47 (s, 1H), 7.34 (d, J = 8.4 Hz, 2H), 7.11 (s, 1H), 6.67 (d, J = 1.2 Hz, 1H), 2.44 (s,
3H), 2.23 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 146.6, 139.8, 138.0, 135.6, 134.7, 131.8, 131.6, 130.3, 128.7,
127.6, 124.8, 123.5, 122.9, 120.6, 117.9, 116.8, 114.9, 113.1, 112.3, 92.3, 22.0, 21.0.

4,4' 6,6'-Tetrabromo-2'-(methylthio)-1'H-1,3'-biindole (70ss)

2

P Br sp? Br
Br = Br =z
N 10% aqg. NaOH N
Br \ Br MeOH, reflux, 1 h Br/Q—\S\ Br
’|\l SMe N SMe
Ts |sp? quant. H sp?
44ss 70ss

To a solution of 44ss (74.8mg, 0.10 mmol) in MeOH (2.5 x 10 M) was added 10% aq. NaOH
(10 equiv.). The mixture was stirred at reflux in oil bath for 1 h. After the whole was cooled to
room temperature, H-O (10 mL) was added to the mixture. Then, the whole was extracted with
AcOEt (3 x 10 mL). The combined organic layer was washed with brine (10 mL), dried over
Na,SO;., filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography using hexane/AcOEt (5/1 [v/v]) to give 70ss as a colorless oil (196.5 mg, 0.85
mmol, 85% yield).

'"H NMR (600 MHz, CDCI3) 6 8.48 (br's, 1H), 7.52 (d, J = 1.2 Hz, 1H), 7.45 (d, J = 1.8 Hz, 1H),
743 (d, J=1.2Hz, 1H), 7.18 (d, J = 9.0 Hz, 1H), 7.04 (d, J = 2.4 Hz, 1H), 6.73 (d, J = 3.0 Hz,
1H), 2.18 (s, 3H).

BC{"H} NMR (151 MHz, CDCl3) 6 140.3, 135.9, 132.3, 132.1, 128.3, 25.8, 123.0, 117.7, 117 .1,
115.6, 115.2, 113.4, 113.1, 112.3, 103.5, 18.5.
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3,4,4',6,6'-Pentabromo-2'-(methylthio)-1'H-1,3"-biindole (71)

sp? Br sp?| Br Br
Br z TsBr (10 equiv.) =
N(@ EtsN (10 equiv.) Br f
Br \ Br DMSO/CHCls Br,Q—\X\ .
N SMe (1/1 [viv]) SMe
H 5 110 °C, 24 h N
sp 2
sp
70ss 83%
71

To a solution of 70ss (59.4 mg, 0.10 mmol) and EtsN (0.15 mL, 1.0 mmol, 10 equiv.) in DMSO
and CHCIs; was added TsBr (235.1 mg, 1.0 mmol, 10 equiv.). The mixture was heated to 130 °C
in an oil bath for 12 h. After the whole was cooled to room temperature, H.O was added to the
mixture. The whole was extracted with AcOEt (3 x 10 mL) and washed with brine (10 mL). The
organic layer was dried over Na;SO., filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography using hexane/AcOEt (20/1 [v/v]) to give 71 as a
colorless oil (55.8 mg, 0.083 mmol, 83% vyield).

Data for 71.

'H NMR (600 MHz, CDCl3) 6 8.52 (br s, 1H), 7.53 (d, J = 1.2 Hz, 1H), 7.50 (d, J = 1.8 Hz, 1H),
7.44 (d, J=1.2Hz, 1H), 7.24 (s, 1H), 7.02 (d, J = 1.8 Hz, 1H), 2,23 (s, 3H).

BC{'H} NMR (151 MHz, CDCl;) 6 140.6, 135.9, 132.6, 132.3, 128.4, 122.9, 122.8,117.3, 116.7,
116.5, 114.7, 113.8, 113.5, 112.2, 91.5, 18.6.

4,4'6,6'-Tetrabromo-2',3-bis(methylthio)-1'-tosyl-1'H-1,3'-biindole (53ss)

§Me
O N
sp? Br \I\/\):o sp? SMe Br
Br z 72 (1 equiv.) Br z
N TFA (2 equiv.) N
Br/Q—\&\ Br DCE Br/Qf\S\ Br
N SMe reflux, 6 h N SMe
|
Ts |sp? Ts | sp?
0,
44ss 61% 53ss

To a solution of 44ss (112.2 mg, 0.15 mmol) and 1-(methylthio)pyrrolidine-2,5-dione (21.8 mg,
0.15 mmol, 1.0 equiv.) in DCE (0.1 M, 1.25 mL) was added TFA (30 pL, 0.30 mmol, 2.0 equiv.).
The mixture was stirred at 120 °C in an oil bath for 6 h. After the whole was cooled to room
temperature, H.O was added to the mixture. The whole was extracted with AcOEt (3 x 10 mL)
and washed with brine (10 mL). The organic layer was dried over Na>SOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography using
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hexane/AcOEt (20/1 [v/v]) to give 53ss as a colorless oil (72.7 mg, 0.092 mmol, 61% yield).
IR (KBr) v: 2956, 2927, 2856, 1373, 1180 cm™".

'"H NMR (600 MHz, CDCI3) & 8.66 (s, 1H), 7.87 (d, J = 7.8 Hz, 2H), 7.58 (s, 1H), 7.46 (s, 1H),
7.34 (d, J= 8.4 Hz, 2H), 7.02 (s, 1H), 6.62 (s, 1H), 2.45 (s, 6H), 2.20 (s, 3H).

BC{'"H} NMR (151 MHz, CDCl3) 6 146.5, 141.1, 138.1, 135.5, 134.8, 133.3, 131.8, 130.3, 128.1,
127.6, 125.5, 125.0, 123.7, 120.7, 117.9, 116.5, 115.3, 113.0, 112.3, 112.1, 22.0, 21.5, 20.8.
HRMS (ESI) m/z: [M+Na]" Calcd for CasH1sBraN2O,SsNa 816.7116, 814.7136, 818.7095;
Found 816.7122, 814.7103, 818.7087.

Data for 73.

'"H NMR (600 MHz, CDCl;) & 8.67 (s, 1H), 7.79 (d, J = 7.8 Hz, 2H), 7.58 (s, 1H), 7.48 (d, J =
1.8 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 6.49 (s, 1H), 2.43 (s, 3H), 2.41 (s, 3H), 2.37 (s, 3H), 2.18
(s, 3H).

BC{'"H} NMR (151 MHz, CDCl3) 6 146.4, 142.9, 141.0, 138.7, 136.7, 134.5, 132.0, 130.1, 129.0,
127.3, 126.1, 124.8, 124.3, 120.5, 118.6, 117.1, 116.7, 115.1, 112.8, 112.2, 23.1, 22.0, 20.6,
19.4.

4,4' 6,6'-Tetrabromo-2',3-bis(methylthio)-1'H-1,3"-biindole (52ss)

SMe Br SMe Br
Br d -
@ 10% aq. NaOH d N(b
Br@’& Br MeOH, reflux, 1 h BrQ_\j\ B
N~ SMe N~ ~SMe
Ts H

|
90%
53ss 52ss
10% aq. NaOH (1 mL) was added to a solution of 53ss (7.9 mg, 0.0100 mmol) in MeOH (5
mL). The mixture was stirred and heated to reflux for 2 h. After the whole was cooled to room
temperature, H-O (10 mL) was added to the mixture. The whole was extracted with AcOEt (3

x 10 mL) and washed with brine (10 mL). The organic layer was dried over Na>SOQsu, filtered
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and concentrated in vacuo. The residue was purified by silica gel column chromatography
using hexane/AcOEt (4/1 [v/v]) to give 52ss as a colorless oil (5.8 mg, 0.0090 mmol, 90%
yield).

IR (KBr) v: 3419, 2927, 2854, 1455, 744 cm™".

'H NMR (600 MHz, CDCl3) & 8.48 (br s, 1H), 7.53 (d, J = 1.8 Hz, 1H), 7.49 (s, 1H), 7.43 (d, J
=1.8 Hz, 1H), 7.18 (s, 1H), 6.99 (d, J = 1.8 Hz, 1H), 2.48 (s, 3H), 2.22 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 141.8, 136.0, 134.9, 132.1, 128.3, 127.8, 125.5, 122.8, 117.2,
116.8, 116.3, 115.0, 113.6, 113.5, 112.1, 111.0, 21.8, 18.5.

HRMS (ESI) m/z: [M-H] Calcd for C1gH11BraN2S2 638.7061, 636.7082, 640.7041; Found
638.7060, 636.7085, 640.7039.

2,4,4',6,6'-Pentabromo-2',3-bis(methylthio)-1,3'-bi-1H-indole (1)

Br
Br z NBS (1.0 equiv.)
N CCly, rt,2h
Br \ ¢ then, 5% aq. HBr Br/Q_j\
N SMe

05h

o]
52ss 82% 1

NBS (1.1 mg, 0.0060 mmol, 1.0 equiv.) was added to a solution of 52ss (4.1 mg, 0.0060 mmol)
in CCl4 (0.5 mL, 0.1 M). The mixture was stirred at room temperature for 2 h. After the addition
of sat. Na>S,03, the mixture was extracted with ACOEt (3 x 5 mL). The combined organic layer
was washed with 5% aq. HBr and sat. NaHCOs;, dried over Na>SOy, filtered and concentrated
in vacuo. The residue was purified by silica gel column chromatography using hexane/AcOEt
(4/1 [v/v]) to give 1 as a white solid (3.5 mg, 0.0049 mmol, 82% yield).

Mp 241-243 °C.

IR (KBr) v: 3419, 1606, 1538, 1423, 1386, 1313, 1172, 943, 836 cm™".

'H NMR (600 MHz, CDCl3) 6 8.62 (br s, 1H), 7.56 (d, J = 1.8 Hz, 1H), 7.53 (d, J = 1.2 Hz, 1H),
7.45(d, J=1.2Hz, 1H), 6.94 (d, J = 1.2 Hz, 1H), 2.41 (s, 3H), 2.30 (s, 3H).

BC{'"H} NMR (151 MHz, CDCl3) 6 141.2, 136.2, 133.1, 129.0, 128.9, 128.4, 125.9, 122.8, 1174,
116.5, 115.6, 114.6, 113.7, 113.6, 112.0, 110.9, 22.1, 18.3.

HRMS (ESI) m/z: [M-H] Calcd for C1gH10BrsN2.S, 716.6166, 718.6146, 714.6187, 720.6125;
Found 716.6158, 718.6148, 714.6178, 720.6131.
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Data for 78.

'H NMR (600 MHz, CDCls) 5 8.95 (d, J = 1.2 Hz, 1H), 7.61 (d, J= 1.2 Hz, 1H), 7.59 (d, J= 1.2
Hz, 1H), 7.47 (d, J = 1.8 Hz, 1H), 2.73 (s, 3H), 1.90 (s, 3H).
3C{'H} NMR (151 MHz, CDCls) & 153.0, 140.8, 139.3, 134.8, 131.5, 130.0, 125.2, 124.3, 123.1,

118.6, 117.9, 117.2, 114.8, 107.2, 18.9, 14.2.
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4-Bromo-1-tosyl-indoline (79h)

Br TsClI (1.1 equiv.) Br
TBAB (0.05 equiv.)
Q_) 34% aq. NaOH
N toluene, rt, 8 h 'Tl
H 94% Ts
10h 79h

To a solution of 10h (991 mg, 5 mmol) in toluene (5 mL, 1.0 M) were added TBAB (79.8 mg,
0.25 mmol, 0.05 equiv.), 34% ag. NaOH (4 mL) and tosyl chloride (1.05 g, 5.5 mmol, 1.1 equiv.).
The mixture was stirred at room temperature for 10 h. After the addition of H,O (50 mL), the
whole was extracted with AcOEt (3 x 50 mL). The organic layer was washed with brine (50 mL)
dried over Na;SOQ., filtered and concentrated in vacuo. The residue was purified by
recrystallization using MeOH to give 79h as a white solid (1.65 g, 4.7 mmol, 94% vyield).

Mp 127 °C.

IR (KBr) v: 3066, 3010, 2950, 2881, 1355, 1157 cm™".

'"H NMR (600 MHz, CDCl3) 6 7.68 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 7.8 Hz, 1H), 7.25 (d, /= 9.6
Hz, 2H), 7.11 (dd, J = 8.4, 1.2 Hz, 1H), 7.06 (dd, J = 8.4, 7.8 Hz, 1H), 3.93 (t, J = 8.4 Hz, 2H),
2.92 (t, J = 9.0 Hz, 2H), 2.39 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 144.6, 143.1, 133.8, 132.3, 129.9, 129.5, 127.4, 126.6, 119.9,
113.5, 49.3, 294, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C1sH14BrNO,SNa, 373.9826, 375.9806; found, 373.9825,
375.9806.

4,5-Dibromo-1-tosyl-indole (79w)

Br NBS (1.0 equiv.)  Br. Br
@_} HFIP (1.0 equiv.) @’)
MeCN, rt, 2 h

N N
Ts Ts
79h 79w: 74%

NBS (3.38 g, 19 mmol, 1.0 equiv.) was added to a solution of 79h (6.69 g, 19 mmol) and HFIP
(2.0 mL, 19 mmol, 1.0 equiv.) in MeCN (300 mL, 0.063 M). The mixture was stirred at room
temperature for 2 h. After addition of H.O (100 mL), the whole was extracted with AcOEt (3 x
100 mL). The combined organic layer was washed with brine (100 mL) dried over Na;SOs,
filtered and concentrated in vacuo. The residue was purified by recrystallization to give 79w as
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a white solid (443.6 mg, 19 mmol, quant.).

Mp 163-168 °C.

IR (KBr) v: 3070, 2996, 2921, 1355, 1166 cm™".

'"H NMR (600 MHz, CDCl3) 6 7.67 (d, J = 8.4 Hz, 2H), 7.47 (d, J= 8.4 Hz, 1H), 7.43 (d, J= 9.0
Hz, 1H), 7.27 (d, J = 8.4 Hz, 2H), 3.94 (t, J = 9.0 Hz, 2H), 2.96 (t, J = 9.0 Hz, 2H), 2.40 (s, 3H).
BC{"H} NMR (151 MHz, CDCl3) & 144.8, 142.0, 134.8, 133.5, 132.8, 130.1, 127.4, 122.3, 118.5,
114.6, 49.6, 30.9, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C1sH13BroNO2SNa, 453.8911, 451.8931, 455.8891; found,
453.8911, 451.8928, 455.8892.

4,5-Dibromo-1H-indole (30w) and N-(3,4-dibromo-2-vinylphenyl)-4-
methylbenzenesulfonamide (80w)
Br, ' Br bBr Br, '
tert-BuOK (3.0 equiv.)
. ) ¢ N
N DMSO, 60 °C, 0.5 h N NH
Ts H TS
79w 30w: 44% 80w: 35%

To a solution of 79w (863 mg, 2.0 mmol) in DMSO (20 mL, 0.1 M) was added tert-BuOK (680
mg, 6.0 mmol, 3.0 equiv.). The mixture was stirred at 60 °C for 0.5 h. After the whole was
cooled to room temperature, H>O (20 mL) was added to the mixture. Then, the whole was
extracted with AcOEt (3 x 20 mL). The combined organic layer was washed with brine (20 mL)
dried over Na>SOys, filtered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography using hexane/AcOEt (4/1 v/v) to give 30w (244 mg, 0.88 mmol, 44%
yield) and 80w (302 mg, 0.70 mmol, 35% vyield).

Data for 30w.

Pale-brown solid.

Mp 129-132 °C.

IR (KBr) v: 3421, 3066, 2923, 1496, 752, 723 cm™".

'"H NMR (600 MHz, CDCl3) 6 8.32 (br's, 1H), 7.39 (d, J = 9.0 Hz, 1H), 7.24 (dd, J= 3.0, 3.0 Hz,
1H), 7.21 (dd, J = 8.4, 1.2 Hz, 1H), 6.60 (ddd, J = 3.0, 2.4, 0.6 Hz, 1H).

BC{"H} NMR (151 MHz, CDCl3) & 134.4, 130.7, 126.5, 125.8, 116.7, 115.6, 111.6, 104.5.
HRMS (ESI) m/z: [M-H] Calcd for CsH4Br2N, 273.8690, 271.8711, 275.8670; found, 273.8693,
271.8712, 275.8672.

Data for 80w.
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White solid.

Mp 116-118 °C.

IR (KBr) v: 3343, 3085, 3062, 2989, 2958, 2921, 1324, 1162, 707 cm™"; "H NMR (600 MHz,
CDCl3) 6 7.62 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 9.0 Hz, 1H), 7.49 (d, J= 9.0 Hz, 1H), 7.26 (d, J
=7.8 Hz, 2H), 7.01 (br s, 1H), 6.27 (dd, J = 18.6, 11.4 Hz, 1H), 5.60 (dd, J = 11.4, 1.2 Hz, 1H),
5.06 (dd, J = 18.0, 1.2 Hz, 1H), 2.40 (s, 3H).

BC{'"H} NMR (151 MHz, CDCl3) 6 144.7, 135.8, 134.1, 133.8, 132.8, 132.5, 130.1, 127.3, 126.0,
123.1,121.1, 120.5, 21.7.

HRMS (ESI) m/z: [M-H]" Calcd for C1sH12Br.NO.S 429.8935, 427.8956, 431.8915; Found
429.8934, 427.8955, 431.8918.

4,5-Dibromo-1-tosyl-indole (58w)

TsCl(1.1equiv) . Br

Br, ' TBAB (0.05 equiv.)
34% aqg. NaOH \
\
N
H

toluene, rt, 4 h N

85%

30w 58w
To a solution of 30w (275 mg, 1 mmol) in toluene (5 mL, 1.0 M) were added TBAB (16 mg,
0.05 mmol, 0.05 equiv.), 34% aq. NaOH (4 mL) and TsCI (209 mg, 1.1 mmol, 1.1 equiv.). The
mixture was stirred at room temperature for 10 h. After the addition of H,O (50 mL), the whole
was extracted with ACOEt (3 x 50 mL). The organic layer was washed with brine (50 mL) dried
over NaxSOys, filtered and concentrated in vacuo. The residue was purified by recrystallization
using MeOH to give 58w as a white solid (354 mg, 0.85 mmol, 85% vyield).
Mp 198 °C.
IR (KBr) v: 3137, 3120, 2919, 1367, 1166 cm™".
'"H NMR (600 MHz, CDCl3) 6 7.82 (d, J=9.0 Hz, 1H), 7.74 (d, J= 8.4 Hz, 2H), 7.61 (d, J= 3.6
Hz, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.25 (d, J = 8.4 Hz, 2H), 6.72 (d, J = 3.6 Hz, 1H), 2.36 (s,
3H).
BC{"H} NMR (151 MHz, CDCl3) 6 145.7, 134.9, 133.5, 133.4, 130.2, 129.1, 127.9, 127.0, 119.5,
117.4, 113.8, 109.9, 21.8.
HRMS (ESI) m/z: [M+Na]" Calcd for C1sH11Br.NO>,SNa, 451.8755, 449.8775, 453.8734; found,
451.8758, 449.8774, 453.8736.
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trans-4’,5,5’-Tribromo-1’-tosyl-[1,3’-biindolin]-2’-ol (9wb)
Br

(1.1 equiv.) N

HO0 o ~10b H
Br (10 equiv.) Br Br ® (0.66 equiv.)

Br
aoetone | Br NEt; [Et,N g Br Br
) ’ (2.0 equiv.) N
then "

N ELN N~ "“OH | AcOEt OH
' 3 ! 80°C,2h NT
Ts  (11equivyL ™ T - rac T

58w Th trans-6w quant. from 10b trans-9wb

The reaction was performed according to the general procedure B using 321 mg (0.75 mmol,
1.5 equiv.) of 58w and 99.0 mg (0.5 mmol) of 10b. The residue was purified by column
chromatography on silica gel using hexane/AcOEt (3/1 [v/v]) to give 9wb as a blue oil (352.9
mg, quant.).

IR (KBr) v: 3064, 2950, 2911, 2848 cm™".

'"H NMR (600 MHz, CDCl3) 6 7.71 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 9.0 Hz, 1H), 7.49 (d, J=8.4
Hz, 1H), 7.27 (d, J = 9.6 Hz, 2H), 7.08 (s, 1H), 6.50 (br s, 2H), 5.55 (s, 1H), 4.83 (s, 1H), 3.62
(s, 1H), 2.76-2.42 (m, 7H).

BC{'H} NMR (151 MHz, CDCl3) 6 148.3, 145.4, 141.0, 135.3, 135.1, 132.0, 130.3, 130.1, 129.0,
127.8,127.1, 123.9, 120.0, 114.3, 109.6, 108.0, 89.1, 65.7, 47.6, 27.9, 21.7.

HRMS (ESI) m/z: [M+Na]" Calcd for Ca3H19BrsN.OsSNa, 664.8544, 666.8523, 662.8564,
668.8503; found, 664.8545, 666.8521, 662.8560, 668.8506.

4,5-Dibromo-3-(5-bromoindolin-1-yl)-1-tosyl-1H-indole (14wb)

Br Br
@/ MsCl (1.1 equiv.) Br @/Br
EtsN (2.0 equiv.) O’S
\

N~ OH THF, 1t, 0.5 h 2
rac | P N™ [SP
Ts 97% 'Il's

trans-9wb 14wb

MsCI (42 pL, 0.55 mmol, 1.1 equiv.) was added to a solution of 9wb (321.6 mg, 0.5 mmol) and
EtsN (0.14 mL, 1.0 mmol, 2.0 equiv.) in THF (10 mL, 0.1 M). The mixture was stirred at room
temperature for 0.5 h. After the addition of H>O (5 mL), the whole was extracted with AcOEt (3
x 10 mL). The organic layer was washed with brine (10 mL) dried over Na>SO., filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography using
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hexane/AcOEt (10/1 [v/v]) to give 14wb as a pale-yellow oil (303 mg, 0.49 mmol, 97% yield).
IR (KBr) v: 2956, 2923, 2852, 1373, 1176 cm™".

'"H NMR (600 MHz, CDCl3) 6 7.89 (d, J = 9.0 Hz, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.68 (s, 1H),
7.58 (d, J=8.4 Hz, 1H), 7.29 (d, J = 8.4 Hz, 2H), 7.22 (s, 1H), 7.03 (dd, J = 8.4, 2.4 Hz, 1H),
591 (d, J = 8.4 Hz, 1H), 4.11-4.07 (m, 1H), 3.70-3.66 (m, 1H), 3.20-3.14 (m, 2H), 2.40 (s,
3H).

BC{'"H} NMR (151 MHz, CDCl3) 6 151.1, 146.0, 134.5, 134.2, 131.8, 130.3, 130.1, 129.9, 129.2,
127.7,127.2,127.0, 124.9, 121.8, 115.4, 114.1, 109.8, 109.0, 57.0, 28.5, 21.8.

HRMS (ESI) m/z: [M-H] Calcd for C23H16BrsN2O2S, 622.8462, 624.8442, 620.8483, 626.8421;
found, 622.8462, 624.8444, 620.8480, 626.8422.

4'5,5'-Tribromo-1'-tosyl-1'H-1,3'-biindole (16wb)

Br
B 72
Br @/ r . Br Br Br
MnO, (10 equiv.) N
) {

N DCE, reflux, 48 h
| N
Ts quant. I
14wb Ts
16wb

The reaction was paformed according to the general procedure D using 66.8 mg (0.11 mmol)
of 14wb. The residue was purified by column chromatography on silica gel using
hexane/AcOEt (2/1 [v/v]) to give 16wb as a colorless oil (50.0 mg, 0.088 mmol, 80% vyield).
IR (KBr) v: 3124, 2923, 2852 cm™.

'"H NMR (600 MHz, CDCl3) & 7.96 (d, J = 9.0 Hz, 1H), 7.86 (s, 1H), 7.83 (d, J = 7.8 Hz, 2H),
7.79 (d, J=1.8 Hz, 1H), 7.63 (d, J = 9.0 Hz, 1H), 7.34 (d, J = 7.8 Hz, 2H), 7.22 (dd, J = 9.0,
2.4 Hz,1H),7.10 (d, J =2.4 Hz, 1H), 6.71 (d, J = 9.0 Hz, 1H), 6.62 (d, J = 2.4 Hz, 1H), 2.43 (s,
3H).

BC{'H} NMR (151 MHz, CDCl3) 6 146.5, 138.3, 134.3, 133.4, 131.8, 130.5, 130.4, 130.2, 127.8,
127.2,126.6, 125.4, 123.5, 122.1, 121.3, 115.3, 114.1, 113.8, 112.1, 103.0, 21.9.

HRMS (ESI) m/z: [M+Na]" Calcd for Ca3H1sBrsN.O-SNa, 644.8282, 646.8261, 642.8302,
648.8241; found, 644.8287, 646.8261, 642.8302, 648.8239.

Br Br

~ %
Br. Br Br Br
N 10% aq. NaOH N
\ \
N
H

MeOH, reflux, 15 min
! 96%
16wb 11wb
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10% aq. NaOH (0.4 mL, 1.0 mmol, 10 equiv.) was added to a solution of 16wb (49.5 mg, 0.08
mmol) in MeOH (10 mL, 0.01 M). The mixture was stirred at reflux for 15 min. After the whole
was cooled to room temperature, H.O (10 mL) was added to the mixture. Then, the whole was
extracted with AcOEt (3 x 10 mL). The combined organic layer was washed with brine (10 mL)
dried over Na>SOy, filtered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography using hexane/AcOEt (1/1 [v/v]) to give 11wb as a (28.9 mg, 0.062
mmol, 77% yield).

Mp 180-182 °C.

IR (KBr) v: 3419, 3133, 3106, 3077, 1455 cm™".

'"H NMR (600 MHz, CDCl3) 6 8.44 (br's, 1H), 7.80 (d, J = 1.8 Hz, 1H), 7.51 (d, J = 8.4 Hz, 1H),
7.46 (d, J=2.4Hz, 1H), 7.32 (d, J = 9.0 Hz, 1H), 7.21 (dd, J = 9.0, 1.8 Hz, 1H), 7.17 (d, J =
3.6 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 6.61 (d, J = 3.6 Hz, 1H).

BC{'H} NMR (151 MHz, CDCl3) 6 139.1, 134.2, 132.8, 130.1, 128.0, 125.0, 124.7, 123.2, 118 4,
116.8, 114.6, 113.4, 112.5, 112.3, 102.0.

HRMS (ESI) m/z: [M-H]" Calcd for C16HsBrsN2, 466.8217, 468.8197, 464.8238, 470.8176;
found, 466.8217, 468.8196, 464.8238, 470.8176.

(*)-Rivularin A (5) and 2,3,4',5,5'-Pentabromo-1'H-1,3"-biindole (81)

Br Br
Br - NBS Br. Br
Br z =z
@/Br (3.0equiv) Br, B g Br. Pr Br
\ N + N
y \ \
H N Br N H

CCly, rt, 1h

H H
11wb 5: 28% 81: 57%

NBS (26.7 mg, 0.15 mmol, 3.0 equiv.) was added to a solution of 11wb (23.4 mg, 0.05 mmol)
in CCls (0.5 mL, 0.1 M). The mixture was stirred at room temperature for 1 h. H,O was added
to the mixture. Then, the whole was extracted with CHCI3 (3 x 10 mL). The combined organic
layer was washed with brine (10 mL) dried over Na>SOy, filtered, and concentrated in vacuo.
The residue was purified by silica gel column chromatography using hexane/AcOEt (1/1 [v/v])
to give (x)-rivularin A (5) (9.9 mg, 0.014 mmol, 28% yield) and 81 (17.9 mg, 0.029 mmol,
57%).

Data for (£)-rivularin A (5)

Yellow solid

IR (KBr) v: 1697, 1558, 1455, 1361, 1313, 1207 cm™".

'"H NMR (600 MHz, acetone-ds) & 12.06 (br s, 1H), 7.72 (d, J = 1.8 Hz, 1H), 7.59 (d, J = 8.4
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Hz, 1H), 7.56 (d, J = 9.0 Hz, 1H), 7.37 (dd, J = 9.0, 1.8 Hz, 1H), 7.01 (d, J = 9.0 Hz, 1H).
3C{'"H} NMR (151 MHz, acetone-ds) & 138.7, 135.8, 129.7, 128.5, 127.6, 126.1, 121.7, 120.4,
118.7, 115.6, 115.5, 114.2, 113.9, 112.92, 112.92, 94.3.

HRMS (ESI) m/z: [M-H]' Calcd for CisHsBrsN2, 704.5692, 702.5512, 706.5471, 700.5533,
708.5451; found, 704.5492, 702.5512, 706.5472, 700.5533, 708.5450.

Data for 81.

Colorless oil.

IR (KBr) v: 3010, 2923 cm™".

'"H NMR (600 MHz, acetone-ds) 6 11.34 (br s, 1H), 7.96 (d, J = 3.0 Hz, 1H), 7.67 (d, J = 1.8 Hz,
1H), 7.62 (d, J = 8.4 Hz, 1H), 7.55 (d, J = 8.4 Hz, 1H), 7.32 (dd, J = 9.0, 2.4 Hz, 1H), 6.95 (d,
J=9.0 Hz, 1H).

BC{"H} NMR (151 MHz, acetone-ds) & 138.9, 135.1, 128.5, 128.2, 127.3, 126.3, 124.7, 120.7,
120.5, 117.0, 114.3, 113.7, 113.6, 112.7, 112.5, 92.6.

HRMS (ESI) m/z: [M-H]" Calcd for C1eHeBrsN2, 624.6407, 626.6387, 622.6427, 628.6366;
found, 624.6408, 626.6387, 622.6425, 626.6366.

cis-5-Tosyl-5a,7a,8,13a-tetrahydro-5H,7H-[1,4]oxazino[4,5-a:2,3-b"]diindol-7-one (84)

Et3N (2.0 equiv.)
Br@@ ACOEt/MeOH
NEt; (5/1[VIV])
80°C, 4 h N
o - O 0
N~ ~COOH N~ “OH then, MsCl (1.5 equiv.) o
rac H rac 'll's AcOEt/MeOH N
|
102 trans-6a §B50/1°C[:\f/\1l])h rac  Ts .@
(1.2 equiv.) cis-84: 37%

A solution of triethylamine (2.0 equiv.) in AcCOEt/MeOH (5/1 [v/v]) was added to HITAB 6a (563
mg, 1.2 mmol, 1.2 equiv.) and indoline-2-carboxy acid 10z (161 mg, 1 mmol) under air. The
mixture was stirred at 80 °C in oil bath for 4 hours. Then, MsCI (0.12 mL, 1.5 mmol, 1.5 equiv.)
was added to the mixture. After the whole was cooled to room temperature, H>O (20 mL) was
added to the mixture. Then, the whole was extracted with AcOEt (3 x 20 mL). The combined
organic layer was washed with brine (20 mL), dried over Na,SOs, filtered, and concentrated in
vacuo. The residue was purified by silica gel column chromatography using hexane/AcOEt
(1/1 [v/v]) to give 84 as a colorless oil (160 mg, 0.37 mmol, 37% yield).

'"H NMR (600 MHz, CDCI3) 6 8.00 (d, J = 9.6 Hz, 2H), 7.39 (d, J = 7.2 Hz, 1H), 7.36-7.30 (m,
4H),7.23 (t, J=7.2 Hz, 1H), 7.17 (d, J=7.2 Hz, 1H), 7.11 (t, J=7.8 Hz, 1H), 6.89 (t, /= 7.2
Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 6.63 (d, J = 6.6 Hz, 1H), 5.53 (d, J = 6.0 Hz, 1H), 4.13 (dd, J
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=10.2, 2.4 Hz, 1H), 3.38 (dd, J = 16.2, 2.4 Hz), 3.31 (dd, J = 16.2, 9.0 Hz, 1H), 2.41 (s, 3H).
BC{'H} NMR (151 MHz, CDCl3) 6 169.5, 148.5, 145.0, 139.7, 135.8, 130.6, 129.9, 128.4, 128.3,
127.8, 125.6, 125.4, 124.5, 121.2, 113.9, 108.2, 88.6, 58.5, 54.7, 33.4, 33.4, 21.8.
4'5,5'-Tribromo-1'-tosyl-1,3'-biindoline (86)

Br
Br Br
34%. aq. Hy0, (3.0 equiv.) pBr.  Br Br
N\ TBAI (20 mol %) @_gN
+
,NH N~ DMSO, 70 °C, 24 h
Ts H '}‘
rac Ts
80w 10b 87% 86

(2.0 equiv.)

To a solution of 80w (431 mg, 1.0 mmol), 10b (396 mg, 2.0 mmol, 2.0 equiv.) and TBAI (74 mg,
0.2 mmol, 20 mol %) in DMSO was added to 34% aq. H202 (0.3 mL). The mixture was stirred
at 70 °C in oil bath for 4 hours. After the whole was cooled to room temperature, H.O (20 mL)
was added to the mixture. Then, the whole was extracted with AcOEt (3 x 20 mL). The
combined organic layer was washed with brine (20 mL), dried over Na;SOs, filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography using
hexane/AcOEt (10/1 [v/v]) to give 86 as a white solid (546 mg, 0.87 mmol, 87% vyield).

'"H NMR (600 MHz, CDCl3) 6 7.70 (d, J =7.8 Hz, 2H), 7.61 (d, J = 9.0 Hz, 1H), 7.57 (d, J= 8.4
Hz, 1H), 7.28 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 1.8 Hz, 1H), 7.07 (d, J = 7.8 Hz, 1H), 6.19 (d, J
= 7.8 Hz, 1H), 5.07-5.05 (m, 1H), 3.93-3.84 (m, 2H), 2.84-2.75 (m, 4H), 2.41 (s, 3H).

BC{'H} NMR (151 MHz, CDCl3) 6 148.7, 145.1, 142.8,134.9, 133.2, 132.3, 131.2, 130.2, 130.0,
127.9, 127.5, 123.6, 119.3, 114.4, 109.4, 107.5, 56.9, 52.8, 47 .4, 27.9, 21.7.

Oxidation of 4',5,5'-Tribromo-1'-tosyl-1,3'-biindoline (86)

@_{@ MnO; (20 equiv.) @_{@

DCE, reflux, 48 h

57%
85 16wb
A solution of 86 (627 mg, 1.0 mmol) in DCE (20 mL) was added to MnO- (1.73 g, 20 mmol, 20
equiv.). The mixture was stirred at reflux in oil bath for 48 h. After the whole was cooled to room
temperature, the whole was filtered through celite pad. The resulting mixture concentrated in
vacuo. and the residue was purified by silica gel column chromatography hexane/AcOEt (2/1
[v/V]) to give 16wb (355 mg, 0.57 mmol, 57% vyield).
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AW DZEIT, F X DIE IS L CWERRICH 720, #inlad v THRE, JHHEZIG Y |
WFEE & L Cofiat & 7n L IH G 72 W IR E AT FE BEPs thy 35548 Il Bifiliic .0 &
JEHER L B E T,

AWFFEOBIT U < BT Y Wiz 72 & FHSEL LT s F5EZ2H Y £ L 72[H
IR SAAIRTIT FE B A2k A efd . B <L L BT £ 9,

KL DOBREICKEL, kA GBRPOBELOAE R IERZH Y £ L 72 WILKEAITE
Feleleph R AR 2%, MRS deds, MpE s fEgdicE CatLP L
xS,

7o, MROZFETICBWT, ARG IFMAL NICL KD IEZH Y. T 5ICEREREME
CBIL TR 7272 & £ L 72 FRFIAEE IR GHAlc sl L BT x5

MR zED 21CH72 Y, HREZTOPLTVCERERMIC IR W2, AR IERZY
> 72 K B A BEA AV FE R TS 7 0 — 7 DRk, W NS AR5 4 D MR IR E L &
ER

T2, BERBRICBLTRFENZEZH Y, MRICESTE 2REL2EZ T iz72 Wiz
LR 2R A FE B PRI ZE 7 0 279 4 (OU-SPRING) 123 E#HELL £9°,

BRRICH % FAEAE 2R < BT Y BRI AR TS A T 7 720 b 7 G IEGH
BMLET,
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