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Ac acetyl

AcOEt ethyl acetate

aq, aqueous

Ar aryl

AZIN 2-alkoxy-3-azidoindoline(s)
AZIHY 3-azido-2-hydroxyindoline(s)
BHT 2,6-di-tert-butyl-4-hydroxytoluene
Bn benzyl

Boc tert-butoxycarbonyl

Bs benzenesulfonyl

Bu butyl

Bz benzoyl

°C degrees Celsius

CCDC Cambridge Crystallographic Data Center
decomp. decomposition

DCE 1,2-dichloroethane

DCM dichloromethane

DiMeOIN 2,3-dimethoxyindoline(s)

DMA N,N-dimethylacetamide

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

E electrophile

EDG electron donating group

ESI electrospray ionization

Et ethyl

eq equivalent

HFIP 1,1,1,3,3,3-hexafluoro-2-propanol
HITAB 2-hydroxyindoline-3-triethylammonium bromide(s)

HRMS high resolution mass spectrometry
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ARIEZF ORI OO RZ = AT SN DD, T OEARTEF O & LTH
fRESITND, & DEEM & RISHINFTZ GG 2 BT BRI, —HITEFEE, b )
—HFITEFRIMEMEEZ R L, 2O OWEOMIHN L > T, {LFOSITETT 2, 20
& 9 e TH#AT S DA RS A ARMERUS & FES i OS2 38T ALB I D BUSHET
ZOEAWRME LEICEE L TR Y . RICAIREOMAE ORI 25055 BROIRSE
(&0 AR ETOABMEFAICRT 2 ROGBECHIEEMOERITER SN TE 1,

ZD XD YERISICBT DRUSHIO BB TIX, EFEE THYIET B %

k) Ted s 1Al % [REZA] (Nu:nucleophile)], & RAITHY [FET % R o
DO Tl % [RE A (E: electrophile)] & FESS, KEEANL, £ FHICRAET 5E
FaDILEMEIFT L LT, B Z T 2SR Th D, —ixizix, Ik
HEAIXMNEFFoTo~T aJF BN FELTEY, T4 Z2RELTED T 50 70BREME L
TR END D, EFEERFEFCEW L RER L 2D 2 LA THDH, —FH T, K
WAL, MO TR OEFE8ED 2 LT, it a2k 268 Th 5, D
PEPREAI L B THD Z Lnb, BB ZFfolo~T B JFMFELTZD . A TF A
AL T 2010, WU XV IEBR 2 FF O VR = /LG D K 5 7 b5 Flinsk
BAHE LTELFIHEND (Figure 1),

Nucleophile

R-NH, R-OH R-SH R—[M]X Q_> O EDG

amine alcohol thiol organometalic
compounds mdole benzene
R = alkyl, aryl, H, etc. [M] = Mg, Al, Zn, etc. X =ClI, Br, etc.
Electrophile
(0] (0] o
R-BH, R-X RJLX RJ\H RJ\R'
borane halocarbon acyl halide aldehyde ketone
(acid halide)

R, R' = alkyl, aryl, etc. X = ClI, Br, etc.
Figure 1. Common nucleophiles and electrophiles
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DX D REREENSFEOIGOMWHE & Wilin S, @I G 2 L7 WSRO/
HEDOECHISEEITAREE L, RIS RS & KR RE A & RETHL &
DRz 32832 Fikns ThatEis#s (umpolung)] T 5,

1900 4, Grignard [I\2 7 AT NFNEBB~ T X T LG, A~ 7207 AR
@@ 7 =y — il 2AK L, ZRSKRETAITH D IR =L G & RORT
5 EEWE LT (Scheme 1) Y, B2l _7= X 912, ~a i ALT X UEIREHITH
L7, KEUSH [ 720 M XD a 7 AT v F L Offtisf (ER72sKE
FRLEOIR) ) THDHERRTIENTED,

(0]
Mg Rl)J\RII OH
electrophile ~ umpolung nucleophile work-up

Scheme 1. Umpolung of alkylhalide via Grignard reagent
F72. 1965 1T Corey & Seebach B, 7/LT & RIZxd 50T AT X — /AR L

REARHA LT, RKETFAHITHLT AT E NI L, S HITKREFHIZEANT L FiELH
L7 (Scheme 2) 2,

o QTIH (Aj BuLi (Aj

A > T <
R H umpolung R><H R><Li
electrophile nucleophile

+
E m o
R><E deprotection R E

Scheme 2. Umpolung of aldehyde via thioacetal

1% B13, 1975 45 ARBEDKE W72 T VR = AL B O IREBIR 281 D TR |
Thod ik~ < 1979 4, Seebach [T Ziva—M b L., KIcHEEZ WIS 5 FEE L
To Thptkisii) OBEEEEE L 9,

Z ORRPERRET . AP IZ I TR ATRE 22 BUS A ORI o 2 BRI I S,
HEMEEOEGRUTER U L0 kR pOSRGE 2 R 258 ) 7Pk L e D72, AL
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IZBWCIFFICEERE L HD TV D,

L AN, MBI T BREFA 206 DREA ~ZE#d 2 FEHZ < B
FEINTEY, REA 2 [RETH & UTRHAT 2 FETREER DR, 22T,
UAFFEE TR, Z OHRERAYZR2AFFERREOIER & LT, A F—/UZE B LT 5,



N T AV NV T e

AV F=UTETFEERGHHRERRTHY, 7I /B THL N7 b7 7 RAEE
T I Thote h=r W o2 AMEN TR SN D /Ny F DR BT, EEMLTH
HA Y RRAZD ORI NWANAZTF o AER R CThHT /TR N RS
VDT HE S DILEMNTHAT L L TEENLIEERBEREDO—>TH L (Figure 2),
DD, A v F=NEFIH LT USIFERFHER S TR I ThI T\ 5,

s 4 COOH HO
3
2
7 N N N
H' H H
idnole tryptophan serotonin

F
MeO COOH
T ¥
e
N Qiy\ =
N
o OH OH O
)\©\CI Me)\Me

indomethacin fluvastatin

OH

O Me
z N/k/OH MeO
HN H
H
\
Me
ergometrine reserpine

Figure 2. Indole and its derivatives

BrEERMEEFFOA » F—Ud, BISREEAIE UCTHBRET 5720, RETAI L 0
EEREFEISOSNBED I EIT L, A R—iFEkE 525, —T, A F—Lt
REZH & DROSITEGITETET ., KR E 0D X5 b WnsE#R Lo A » F—L5%
BIROERIIKNEETH S Z LA BHILD (Scheme 3),



g E E E
Qs — | |— O
N N N

H H H
indole
(nucleophilic)
3 Nu Nu
g - (L3
N N
H H

Scheme 3. Reactivity of indole

Z T, FEBRETIE, REAEEGAOEL, A v F—VF8kE2 525 X9
PRRBMERR R A o R— L aBE DR 21TV, 2B 2 W RUSBh & A o R —/L 358K
BEIT>TE Tz, LATIZ, 2OH1%RT,

2017 #, Abe HIZ XL > TR ENT: rans-2-8 Kaxv A KU V3-h U =F LT E
=y h7ua~A R (G@EFRHITAB) X, 7& bt 10 Y|mEOKGEET, 1-hiA v

R—=/UZX L N-7BERAZ A I RENZHT LT 3-7TrE2-E Fr¥ i l-hibA
YR—=NVEEEX W NI ZFATIVERNT A L CERAKMAE L TELND
(Scheme4A)®, Z D HITAB (X, 7=V 7 =/ —/b, A > R—/LEFEER Lo T RIZHA
ERBIFIE L, A R L 3frEHR, F72i3A v F—L 23 @A Z 52 5,

FEWNT, rans-2-7 /v aX¥ - 3-7aEA R 2 ((@FRROBIN) Z~d 9, ZOARKANC
BILTIE, &< hodfESN T2 DD, UWEE TIEEDISE~DISHIZE L., #iz
7RHRE R LTS (SchemedB), Zdfi & LT, ROBIN O 2 i |2 PV AF v f ik
A L7z BnOBIN 2 L7z, U DNV G, R DOERCTHDHA Y 7 1 A
J[34-b11 > KU OREFEARE L TND 7,

BIZ. ROBIN % A % ) — )WIREER CINEGEI T 25 Z & THOLILD trans-2,3-V A M
A v KU Y (@FRDIMeOIN) T 5 (SchemedC)®, DiMeOIN %, FFREEHINA o~ K
— /L 3NLIC B LI BEARSe SREFHINA o~ R—/L 2L @ L 7-i5i8k % 52 5120,
DA 2 R—=/Vi3kiD 2,3 MO Z SE Rl S W72, Bl o F— /L33
WE L B W2 HFEETH D,



A) HITAB (2-Hydroxylndoline-3-TriethylAmmonium Bromide)

+ - +
NEt;Br + NEt Br
OH N5 OH

\ |
Ts Ts
HITAB Nu = anlllne, phenol, mdole, etc.
+ -
NEt;Br Me
., == ()

N OH

A N

Ts N .

cryptolepine
B) ROBIN (2-Alkoxy(= RQ)-3-Bromo[Ndoline) I
5+ Br base heat
—_—
reflux
,;l (0]
ROBIN s R=Bn Ts
OH
[Ag]
MeOH
A
|sochromeno[3,4 blindoline

v voacalgine A

C) DiMeOIN (2,3-DiMethOxyINdoline)

OMe 8+OMe
e, Q1 (fg Cn
NS~ OMe

D|Me0IN Nu = anllme alcohol, indole
E = 4-methylpent-3-en-2-one
: OMe (:/[/
N OMe
DiMeOIN

indole-fused blcyclo[2.2.2]octanone

Scheme 4. Development and application of umpoled indole reagents
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B AT VAL E=AT VR

TR, ER 3 0l o MR OREE A L, KIRO 2 DOEFRF 1A HE
LT, ZHUCERT DIERENEL TH D, GET IAmicRESN LT ¥ ML
EYOIERIEIBE TH D0, AT Y MEAWIZRB W T ZOEBMIIFET 5,

Bl %1%, 1864 4F, Griess I L > THRSINIHOARET ¥ RTHDH 7 = =/L7 ¥ ROk
FEPEICRE U CL AR B ER OB L DB OBZNDI/ RSN TN D 10, Z0HHEL LT,
80°C Z 2 HMEAELTIHO72 2 &R, SmmHg LA FORIESMIC B TUI I8 iham N T
M DT OFRBEEICET Z E G ST D,

ZOT Y MEAYMOARLE ST, BIEIEEOWISEIC b 220130 L E 25, BT, A4
FONCAZET XL 9 0F S LORIGRA N Db RSN TE T,

1890 4, Curtius 1%, 7 Ab/KFERE AT VLD RIS X D, 1 RFEDI
REFESTZT 2 OARRE#E L7- (Scheme 5A) 'V, Z FUIHITE, Curtius 507 & FEXIL,
I BN NARIETH D, D%, 1919 FZ1, Staudinger 723, HHET ¥ NMLEW
ENYT2mVIRAT 4 A 2 ) RART U EAEKR L. THONKSRIZ X - Tk
7 X U EFFDHE (Staudinger L) A ¥REE L7- (SchemeSB) 2, 7pds, ZAUZEDGLA
LA KRART AL, VA Y RTHDHI, #i< aza-Wittig SIS ~DISHMNAIHETH
%, EHIT, 1961 4, Huisgen I%, AT ¥ MEEMIZ L D 1,3- MG (IINBRALEOE %
L7z (Scheme5C) Y, ABSIET V3 2 & FPRBITHEITT 580 6. 2001 412 Sharpless
OBREELIEZ Y w7 I AN —IZBIF5LIREISE LTIRY EFsiTng M9,

A) Curtius rearrangement (1890)

o [N-] o
— )I\ —_— [R—N:C:Ol —>» R-NH,
R” X R” N,

B) Staudinger reaction (1919)
R-N; + [P] —» R-N=[P] —>» R-NH,

C) Huisgen cycloaddition (1961)
RN N=N
—N; + =—=——R' —>» {
R’N\)\RI

Scheme 5. Representative named reaction using azide groups




ZDOT Y RIEET N RS LTcEZ RO E =17 Y Ri&, 1910 4, Newman 5 (Z
Lo THID THRMPHE S (Scheme 6A) 19, = D%, 1961 4, Smolinsky 23 = DA,
EOWR E LI, BORRICL AT V) 00T oA 2 U OAERE T (Scheme 6B) 193
D e WEIZZE OGRS, BREOSOSMEIC BT 258 S 3m L, BIfE, HH Eh5
{LFFED—> & L TEDOHNL ZHENr LTV D,

A) Newman (1910)

HO PBrj B Nal | KOH-EtOH
\/\N3 —_— r\/\N3 e \/\N3 > /\N:),

vinyl azide
B) Smolinsky (1961)
N3 A N
= — R<| + R-N=C=CH,
R ketenimine

vinyl azide 2H-azirine

Scheme 6. Synthesis and decomposition of vinyl azide

1984 4, Kobayashi 51X, B =/ 7Y K& A& 7 —EEA 2 F TR = 8%
ZTCHEEET 52 & C, ke =1F A b A REA YT R—FERRHA L, 7 I FR
BONDLRISZ#RE LT % (Scheme 7A) 17, ¥KUNT, 2011 45, Chiba HiX, E=1T
REJEMEAF L Adi A MV U CMEMR RS 2 2 L2k . 72 FERED 2 5D
ERFEFPHTAL UTHBEL, 7YV 2R L TERET 22 L TEr—ARNGLN LK
JGEHAE LTS (Scheme 7B) ¥, ZHHIXWTIE T Y REERGGD 2 DOEEF 1Y
A& LTS AR08 THY . 7Y RO—RIOKSHEICAILIERSETH L E R D, £ I2H
23, 2020 £, Szpilman HiE, A VU ABICEAIGNEITH) ZEICLY, BE=AT VRO
ipso NATSREERIDNBEAN SN T Vo CRBEEARNE R SN D SOGZ i LT 5 (Scheme
70) Y, E=AT Y RNGT Y RENRZEOE MBS 2 KISOHEFIIMmOTE L, Bl
RN D TH D, A, Szpilman HIX, FEEOE =17 ¥ RITkt L, BIEAI= v FER
HWERAWCT Y R/ u=y AERASE, cine MATREAIZEA LI, A 2 2KIC
L0 L, INVR=bEWE 5 2 26 b#HAE L Cv5 (Scheme 7D) 20, X 512, 2022
. Wang 513 Staudinger i &t < LA-FMIINIES, aza-Wittig SOSIZ L0 7 ¥ REHR
DEFIFRFEZFIH LI ZEHR L) O VB RO G Z#AE LT\ 5 (Scheme 7TE) 2, Z D
92, BE=AT Y REHWEZRROE~ORAHRERIL, BFIIW &£, EE
IEF IR TD D,



A) Kobayashi (1984): nitrenoid

(0]

Fey(CO)y [ .. .Fe(CO), I
—_— ) — /—\F 4(CO)
A /& 3

A /& Ar
r Ar&
_0
-C”
—

B) Chiba (2011): precursor of azirine

b o™
oH oH
Ar/Q A\ H

Me Ar
(o) (o)
Ar Me _Hzo Ar Me
— — —_
Me / \ M
N e
H OH

C) Szpilman (2020): N5 as leaving group

InCl; cl- | -InCl; Ar\(
/i/{ 3 )\/I"mz > /l\/InCIZ —>
Ar

Nu
lpso
D) Szpilman (2020): azido-enolonium
Ph-l” ,OH I?h o
—7 OT1s N H,0
—_— OH —_— | —_— Ar
Ar& /Q cine Ar
Ar Nu Nu Nu
) Wang (2022):Staudinger/aza-Wittig reaction
o
PPh, fPhs O CFs
/& Staudinger reaction /& | |
(0] CF;
1,4-addition | PHaR, \<CFs J
™ | aza-Wittig reaction> N |
Ar Ar' Ar Ar'

Scheme 7. Attractive reactivity of vinyl azide
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EUET A FIAVTYRETY RS R~

A RUNAT YV RIE, A2 R=UZx LT ¥ REDPES LTALE ORI TH DM, i
PERRHAR A o R —L3R3E L U CHERET 2 Z L3I S LD, A R— L 3(0CT ¥ K%
FF2 3-7 YV KA v R=/UZHOWNWTIkR%, M T, 4 F—=1LD 23 (8B LETHLA
RUNZKI LT Y REDFESE LTV KA R AZBEELTH, FRIETD D720 [RY | 3-
TV RA Y R VBHERIZOW TR D ET 5 (Figure 3),

indolyl azide

G L

-aZIdomdoIe -aZIdomdoIe

azidoindoline

O, O, Orf

-aZ|d0|ndoI|ne -aZ|domdoI|ne 2,3- d|a2|domdollne

Figure 3. Azide functionality found in the structure of indolyl azides and azidoindolines

3NACT Y REAE A FUAT Y Rk, FofEERce =172 RS EAT 5T~
D, BT Y ROMFFORSEZ ML, BRIAWA 7 R—)/VEFER DA R~ 23145
SINHILFFETH S (Figure 4),

:\ 1 vinyl azide
N<_.
H

indolyl azide

Figure 4. Structure of indolyl azide

BEZ, =T U R ERBARIOKIGNIBIT D2HAND, A v B—IL 3 (LI REZADS &
Ui v Rk 525 = L S FRS NS00, IR F— L3k s LT
HERET 5 Z E 3 HIFFSHLD (Scheme 8),
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Nu

-InCl
QO Yo~ O
InCI2 InCl,

N” IncCls

Iz

mdolyl azide

Scheme 8. Hypothesis that indolyl azide functions as a umpoled indole reagent

LU, AMEEORIEVEIZET 2FHIIZE A EHmESNTE 6T, ZORAIZOW
T, 7V w7 I A M) =KL E D Huisgen BRALA~DWEH A3 K2 56D
TEY., ZOEENAERMEIC OO TUIEH LENTHRWONRBURTH D (Scheme 9) 22,
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Indolyl azide
A) Suna (2012): 3-azido-1-methylindole
[Cu]

@i—»
NR

) Sudalai (2016): 3-azidoindole
[Cu]

@1_,@

Azidoindoline

C) Ikeda (1978): 2,3-diazidoindoline R R
Crd., ===
\
Ts R =CO,Me '
R R
D) Ji (2019): 2- aZ|do 3-hydroxyindoline
[Cu] OH
Ph
N
I —
Bz rac Bz ph rac

) Liu (2022): (S)-1-acetyl-3-azidoindoline

Scheme 9. Application to Huisgen cycloaddition of indolyl azides and azidoindolines

ZOHMRELT AV RIAT Y RPARLETHD Z ENFETHD, 2012 4F, Suna H
Ik AR T 7 HEREE WA v F—=A DT Y MMl & 9 SRR I BT, A
v RULT O RITHEERAER IR 5 S ST s 29, Huisgen BRAE~OwE A X,
HfniaA o RUNT ¥ N S bR DAEFEBA~FIRT 2720, L0 RO WIS 25
LT TRV L HEER T 5,

RUNT, 2016 4F, Sudalai HIXHAARD I UL T VT M) U LEZNWISIZE DA
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RUNLT Y ROERE BEEZBE L TWDR 2 o 0 R—/L 2 (iR 4 L, SALICE LA
FfoA L FUAT Y ROWFTIUCTEBNT S, TORRIZOWT 60 °CIZTHfETS L LT
WAT2D, MORIE~OFIRITEAR E L THREETH 5 LT s,

EZAN, ZOXIRAREEMIIT Y KA v R TS S TIvnien, iRl
23-VTVRA VR 22TV RA R U 3TV RA U RO, ARk H
HEZ B W T S ORE SRR SN TR ST, oA FUAT Y RO X 9 2Bz L 575>
fROWE S 72, FHTH, 23-U7 Y FA ¥ KU AZBWTEZE ORLED trans (KTIE 13-
114°C, cis R TIX 95-96°C & MEGRMICITZ 5 Z EARINTEY, 7YV KA RY >
INZETH D Z L PR S LT 29,

EHIL ZOXITA LV FINAT Y RPREZETHDFRRE LT, ZhnISHICET
12-= U7 I UMIEERD, A v PV E8E LOFIFE TN OETIGEZT, 7
RIERIGD 2 DOERIFR AN HA L LTHEELLT W2 TH H & AL 72 (Scheme 10),

1,2-endiamine
o~

indolyl azide

Scheme 10. Predicted decomposition mechanism of indolyl azide

ZIZT, AV RIAT Y ROLEMHRICET 2HEEZ R L, Z ORIS~OISH A EB
HRL, AV RINANT Y RERISHRFTHRAEL, DOLEICEK « BEEDSFEERA > R
VTV REMARE LT, BT Y RA U RU U OB E, ZnERAWERIGEnE TR L
7o

LUF . AGHENZ X D FIAD G E . Z ORI DWW TGRS L7 ROFEM & Flik 3 5,
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A

w2 A2 FINLT Y REHE AZIN OBIF

B ER

AVRINT O RET Y RA Y R UDBRISHRFTCRETHFEL LT, AR
2 NE~DOBEEROEAN L ZNOBBEHZ XL DA > KU COBFFFEIZ L DA v R—L D4
RRABREN ) & LTRIFT 22 & & Lz,

FZHIT TN E T, trans-DiMeOIN 1a Z WHHER 1 o R—/ ViR & U TR 3 2 SOk
REATHOCE, EOBE, AV YULRNITZ7T— WD E, AV R 2/DA M
VHEEMA L )= UTREGICHBET 5 2 & T 3- A ¥ A 2 R—/VaFEK 2a AT
56 R LT 5 (Scheme 1-1) Y,

in situ
OMe OMe OMe
Q—S\ In(OTf), Qj\ -MeOH Q—§
N” ~OMe - N OMe — N
Ts Ts [In] Ts
1a: DiMeOIN 2a

Scheme 1-1. Reactivity of DiMeOIN 1a

FIT, AV RU U BAUCT Y REE, 202 A M REAFOFHER 3 OB IGE
AL, ZHIUCKT LA P AEE AV AD Z & T DiMeOIN 1a & [FREO ST L. X
JGRHFTA > RUAT Y RERAETDHOTIERV)EE X T (Scheme 1-2),

in situ
ULV E 0y
N~ ~OMe N~ “OMe N
I ! \ I
PG PG [In] PG
3 4: indolyl azide

Scheme 1-2. Working hypothesis of indolyl azide formation from compound 3
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DX, 4 RINAT Y REEFEMROE Mt E LT LIZA v R >
FHEIR3 B, FOEML THD 3-TYP R2-A XA RU Vb, AZIN g L
(Figure 1-1),

\
PG

3: AZIN
(3-AZido-2-methoxylNdoline)

Figure 1-1. Structure of compound 3 named AZIN
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B AZIN OB, SR

AZIN 3a DA EHEZ LI FI2~3 (Scheme 1-3)

Br N,
—_— —_—
';l MeOH ';l OMe ';l OMe
Ts Ts Ts
5a 6a 3a: AZIN

Scheme 1-3. Synthetic strategy for AZIN 3a

AT Y MEAWE GRT 2 FEICBWT, 7V RIEDOBROIGIREE, fikliof /e
EOBRMOERIZH DL DD, — 2T AXNAT ¥ ROGHIE, FE7 v b oAt
. TIFRANTA RICKH LT Y NEREZERASE2 28T, 7Y RORBEIEISIZEY
WA DIATVMED Z L DNHbLD D, ZO—MIRBNIM N, 7TAFAANT A REL
T trans-ROBIN 6a Z v, ZHUT L7 UfbF U U A& s S5 2 & T AZIN 3a 23
BRTEDEEZT-, 725, ROBING6a [T A ¥ / —/LIREH . 1- F LA > K—/L (5a) (T
LT 11 HEDNBS ZHWRIET 5D Z & T, RSB BT 2 EEAEE S LTHE
HiLD 3V, TDORIITRENOKEEGHA FTREZ: ROBIN 6a I%, AZIN 3a DA LD
HFHTHD LWL Y,

R 1 FHFIXZNET, fhxeled v R—L I (B FRORERA RO ROBIN 6 O& kA F0i L T
X7z (Figure S1) Y, ZDHIFENG . AZIN 3a DERMRFHIIE, A > F—L 1 (irfr#{& 5 <° ROBIN 6
DEROEHES, e Ea2EZE L, PR L VE# L7 ROBING6a Z N5 L & Lz,

FEMZRBE 2 LU FICRE T, FE OB LIZRY TiE, 1- ATV K= 1-7 BT A v R—
Jv. 1-Boc £ ¥ R—/UT=ER MRIK TH D720, OBNEMTH D, F T, 1-X2 Y 1 /L ROBIN
o I, JFEICTH D - A A > R—=/L b EDERIGEI MO ROBIN £ 0D HIKV, H&&ZIZ, 1-
7 £ F/L-ROBIN (6m) X° 1-Boc-ROBIN (6r) (ZBI L TlL, TN OB REE TH U | FERERERIZ o
DHETLCLEYOHBENRECH D, D)2, TVIVEBR TTHHRGFLIZELTH, 2 B
(2R LbheD , — A IR ClRE W IR OBEHMERIREM & 72 570 &\ ZEVEDRENHE Ch o7z,

: Br : Br : Br : Br : Br
';l OMe ';l OMe ’;l OMe ';l OMe ’;‘ OMe
Ts Ms Bz Ac Boc
6a 6j 6l 6m 6r

Figure S1. Structures of ROBINs 6
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1-hivA v F—)b (5a) % SCHERBEAEI D FEIZ L W ROBIN 6a ~ &3\ 72 3 Z 1% N N-
CAFNIRNVLAT I REEEFR, 7T MY U AN TR 52 L THIO
AZIN3a #1585 5 & L7=2%, FEHITEEIC, ROBIN 6 ZHILAET, MM+ 22 LT
RBOHBEZ LY 2-2 A 0 R=VGFEER 7T BAEKT D62 AH L T D728 ),
AREOS TIERAEAKBEEN R E LGS E TR L, —RIZ, 7Y MEaWRBEIZ L - Tofig
ENbZ LSl BIKFEBOFMOANE LR THL N =FLT I
ZSUBINZTTY MEETT5 2 & & Lz, ROBIN 6a & NN- A F/LA/L AT 2 Ria
o MV ZTFAT I & S MEMZ, MBS THFRLIZE 24, BIO cis-AZIN 3a %
T4% DTS Z LT LT (Scheme 1-4),

Br NaN; (5 eq)
m Et;N (5 eq)
OMe >

ﬂ DMF
Ts 100°C,1h
6a
N3 \NS
<::1Ti§‘OMe * <::1TiX-0Me + <::ITT§\OMe
N N N
Ts Ts Ts
cis-3a: 74% trans-3a: 4% 7a: 9%

Scheme 1-4. Synthesis of cis-AZIN 3a, frans-AZIN 3a and occurrence of byproduct 7a

ZORINZEBNT, BERME LT2-A FF-1-hIbA o R—)L Ta 23 9% DILHET
Rk LTz, 7o, AREOSTHL, cis-AZIN 3a & [FIRFIC trans-AZIN 3a 73 4% & O D RIERT
AT 5D Z & bR Lz, AZIN 3 ONLAMEFIE, cis-AZIN 3a & frans-AZIN 3a @ 'H NMR
IZBITDA L FY 200 E 3D T 1 b RO i TR DOE N HHEE LT,

AR cis BIRANZT ¥ A > RY URERSNTZ LT, ZNETICHESNTHDLT
U RA YR VBEROL LD rans BINPNTESILTND Z END HEFET & G2 L
SA5 Y, 1975 40D Tkeda 5 YDOHESC, 2019 4£D Vincent H POHETIEL, 41> KU D
23 MLZy 7 a Ry 2 ROV asF URMEER LTAEE A FED . O A TR < [H
ELTA Y R VFHEERERANTT Y KA v KUV OBREIT T2 8 cis (RO T Y KA
¥ RU UPBRIRENZAGHD IR TW % (Scheme 1-5), ZiLLISMZ, cis KD T Y KA >
RU B0 TR LN LH & LTE, 1978 45, Tkeda HHRE Lz, KGR TTT
A UFEERETHZLICEY, £ R=1OT Y MENEITTAHI08ET b b %),
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L2rL., ZOBITIE Syl SULDIEITIZEZ O 7Y KA 2 KU UM cisltrans (ROIREY) & LT
HONTEY, SRR E R TIE 720,

cis-Azidoindoline

A) Ikeda (1975)
ICI (2 eq) N
Q—Q NaN. (3 eq) -
MeCN rt N H
Bz cis
B) Vincent (2019)

C(+) I Pt(-)

TMSN; (5 eq) N
Q—Q n-Bu,NBF, (1 eq) Q—Q
> -

N MeCN, rt, 2 h N"=
Ts Ts
5t cis-8b

C) Ikeda (1978)

ICI (2 eq)
N MeCN,0°C,2h
Ts then, rt,3 h
5a trans- 80 49% cis- 8c 38%

cisl/trans mixture

Scheme 1-5. Syntheses of cis-azidoindolines 8

Z U5 AZIN 3a DNARMEZFEOREESC, AR 2 RET 2R 2155 << | cis-AZIN 3a
D HFESLOVERI ATV X B ES S ESE IR 21T o 72, Z OREIZ O\ TIE, AFSE SHI
BRI NI,
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cis-AZIN 3a DB L7=D T, RO X 57 5m a2 Hig L, WHSoHE L7 E ROk
G ORFEAT 572 (Table 1-1),

Table 1-1. Optimization of substitution reaction conditions for synthesis of cis-AZIN 3a

Br NaN;
OMe > OoMe * OMe

N solvent N N
Ts 100°C,1h Ts Ts
6a 3a 7a
yield (%)
entry base (eq) NaN; (eq) solv.
3a T7a
1 Et3;N (5) 5 DMF 74 9
2 Et;N (5) 5 DMSO 85 6
3 Et3;N (5) 5 DMA 90 2
4 — 5 DMA 75 8
5 K,CO;(5) 5 DMA 96 1
6 Ky,CO;(1) 5 DMA 95 2
7 K,CO;(0.5) 5 DMA 92 3
8 K,CO;(5) 2 DMA 85 7

FOSEIEE LT, PAFNVANLEF TR (entry 2), NNN-VAF AT ERT IR (entry 3)
WY cis-AZIN 3a % E T 85%., 0%DINETHELH Z LN TE -, 2D L)
5 NN-CAFNTE RT I RBARRISMIBO T BEFRIRIETH D &l LT,

VT, I MO B DWW THER T 5~ <, HEZMZ 720 (entry 4) <0,
MY ZF T I TRRIED U U LETRINT 5544 (entry 5) IS CRISEIToT2E A,
WHEZ M Z 72 WG SRR TR H b, KDY U L& VD LIRS HIZm BT
DR & e olz, ZHUCK YD . HOREELSISHTHEORIMZ L gt s hTng 2
LT,

WIZ,IREEATY) T 0, 7V RIRTH D7 VAT R U U7 ADOEEIZ OV TRFT (entries 6-
8) Licl Z A REEN Y 7 MIED Y EE 1 YR L CHIEERHERF SN DORER & /e
STeDIZH L, T R U LD EZD LG AITIE, TEROK SR S 7z,
TNHDORERMND, cis-AZIN3a DEFRIT, NN-PAF LT b7 2 REEEh, REes ) v
LA1YEET T N U LS BEZIMZINBIREET D OD 5 Thd D &fllr Lz,
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B, TV RROMEHIEM L2 o7z, RKERIOT oAb MY v LEZHN500E, K
FUSDAr—NT v T aWhiT 28R & 72 0155703, AZIN3 ZUSBO# S & LTHWS
AFEOHFTIL, +oR@EESD 2 ERARETH o727, o7 ¥ RIFA AW BT
Fhifi L TR,

THORERIIINA T, JOSIREA 100°C LV IR TS5 & RIGIEMETT5 2 &
EHER LTS, ZOL X, trans-AZIN 3a X° 2-A FF¥T-1- b bA > R—/L (Ta) 73,
100°C LA EDIRE CTRIGEFT> TWDHBAE LV LI LIS ER L TWD Z & Z G L
7=

AZIN 3a O EMSCIMEIZ BT D atD 7= D12, cis-AZIN 3a & trans-AZIN 3a TiLF
NERGITEUTEHZENEEND, LML, BHB=T V~FH 2 =1/51281F 5 RefE
MENZEI 046, 0.50 EBEL L TRV, BT 2% AW ol RIIREEChH - 72, & 2T,
FRRESRIC L0 ERREE DK E W cis-AZIN 3a ORERNFRETH H LB 2, Sa, 6a DSBS
[ZAZ ) =)V T Bt dn ORET A 32 L 7z,

FIBPED AKX ) — /XKD AZIN3a D cis/trans IREWERZ VMR L IWIHEE L
TBBLZDORAZ )=V E2RELIE, §HE - AL THMRZIT 7. TORET TR
DD cis-AZIN 3a OFRRFESEHTH U, PEBICEIRAR 2 O ER 2O R < L
TWolo, M L7ofbibiE, WREHEIIRWNS DDA & ) — WSS D728, kin L7z
AB ) =MLY AEBEE Uiz, ZOBMEZ L > C, HIFHER Y | Mk cis-AZIN 3a Ot
D Z LI LT,

L2rL, AIRIZH cis-AZIN 3a OIRAEMPHER S NIZD T, Pl L 20Eom & H
fBL. B OMFI AT o7c, ZO/ME., Bile=T LV E1L7 v a kL bg BRIEE, ~F
ERAEIEE L THWOHENIFRICRIFTH D Z L ibiroT,

TIT P U T LOEREND, HOHREDIRFUITH D6 DD, cis-AZIN3a DERLE VT
7 LA =)L 30mmol) ([ TITo72& 24, R < FUOSITET LTc, 2 ORUSEIK %4y
KL, 77 5EANT7aadRL AL O REEIC K 2 B R ED 2 CHEER 5
Lic& ZA, cis-AZIN3a % 8.81 g, 85%DIRTERNAIIIGDH Z LN TE, cis-AZIN3a D
REAIZAE) L2 (Figure 1-3), Z OfEfIIREAHZE, D 2F OFtED 97-100 °C & |
MRS B2 D 2 ENHIBA LTz, 728, trans-AZIN IX PSR EDBE D Al % 71 7 A
42 2 LT oo R&a AF LT,
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Figure 1-3. The colorless solid of cis-AZIN 3a
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BoH SHEBHEEZFEFO AZIN OAR

A 2 R=)V 4 (D T NI FEE I AR 1- LA » R—/L 5b-5g % ROBIN 6b—
6g ~LEX T EFEEHE ULTHWERA 72 cis-AZIN #5584k 3b-3g DAk Z1T>7- (Table
1-2),

Table 1-2. Synthesis of cis-AZIN 3b-3g with various substituents
4

R15/4 ¢Br NaN3 (5 eq) R1 5/
=~ \ K,CO; (1 eq) ~
6\ / > 6\ ]
OMe OMe

7 N DMA 7 N1
Ts 100 °C, time Ts
6 3
entry R!' time (h) yiel: ()"

3b 5-OMe 0.3 85

3c 5-Cl 0.3 99 (83)°

3d 5-Br 0.3 79

3e 4-Cl 0.5 95

3f 6-Cl 0.2 91

3g 7-Cl 0.5 98

a|solated yield. ? Yield after recrystallization.

A v R—=)USHLo@EIL L LT, EGHETHD A Fx ik BrRIMERETHD
7uankk, BXOT rEREFFO ROBIN 6b-6d % 5UEHE LT cis-AZIN 3b-3d DA% %
ALz E 2 A, WIS B 2INERIZT cis-AZIN 3b-3d 2135 Z LN T&E Tz,

BT, A2 =L 4L, 6L, 7H0IC2 1 rHiF> ROBIN 6e-6g % JFUELE L, [Alkk
(2 cis-AZIN 3e-3g DA R Lz & 2 A, 25 bl UL Ceis-AZIN 3e-3g & 5- 277,

UEDE ST, A2 R=_B U8R RICEBILZ R OMRIAV cis-AZIN 3b-3g DE I
R Lz, 728, I D ERILEEFD AZIN F5E(K 3b-3g DA URGT OB, BIZAERY Th
52-A XA F—=LTIE, TLCIZBWTIHEFICHER AR Y b & L THERESND DA
Tholz,
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B FREREEZEHO AZIN DAL
A2 R— 1 (EBFEOHFHEILL LT, AR N ROFHEILST LV RORH#L L,
K FE(RE L 2D A(  F—/L 5h-5m % ROBIN 6h—6m ~* & X — 5 &R E L THW,

BR# 7R I 2 15O cis-AZIN 355K 3h-3m DB RLATT -7 (Table 1-3),

Table 1-3. Synthesis of cis-AZIN 3h—3m with various protecting groups

Br NaN; (5 eq)
OMe > OMe

N1 DMA N1
PG 100 °C, time PG
6 3

time  Yyield (%)?

entry PG (h) 3
3h Bs 0.5 88 (77)°
3i Mbs 0.5 91%
3 Ms 0.5 86
3k Ns 0.2 8
] Bz 0.2 75
3m Ac 0.2 73

4 |solated yield. ? Yield after Recrystallized.

N N N~ OMe
0,S 0,S .
0,S.
M 3j
3h 3i OMe )
0,S
O O A
OzN 3m
3k 3l
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NN ERBRD ANV TR = VR R E LT, NUB U AR R 4- A oy
Yo 2R =V A VR FFO ROBIN 6h—6k % J5UEHE L C cis-AZIN 3h-3k D& %%
BatL7cl 2A, Wb BIFRIERICTENRT 2 Z L RETH -7,

2-= f R B U A VR =V () 2V E) D ROBIN 6k % VY cis-AZIN 3k DA%
EATo TG A, TS N U AEMATZES, KSEERME~E 2L, TLC IZ
BWTIFREB O R T 2 L BON D ZED AR v PSS, BHERIREHO
T, YU BTNAT s a~x N7 T 7 4 =280 BHRD cis-AZIN 3k % 8% DI T
720 DIROBHICOWTITARBAIEN, cis-AZIN 3 DERRITBWT, SV EZFIHT 50
IIREETH D Z LAV L T,

EWNT, TINREERL L LT, XY A NS T 2 F /1% R ROBIN 61, 6m % it
BRe U, [FERIC cis-AZIN3L, 3m OERERR L7 2 A, BAFRIERT cis-AZIN 3L, 3m
ERAHZENTE,

UED IS, #MxZoA v R—=v 1 NEFRDOUGELZFFO cis-AZIN 3h-3m 25T 5
Z LT Ls, 2 AZIN #5350 3h-3m DOARRIZEBW T L, BIERH TH D 2- 2 b
VAV R TIE, IZEAEAERL TWRNWT & & TLC fRITIC L 0 HERR L 7=,
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BHE BARATNVaXZIEREO AZIN DA

AZIN O 2 i 7 /v VR & U CRERET 2 2 & 248 E L T\ 5% (Scheme 1-2
HR) 7o, T aXx VOB & S ROGEIZ B 2 D BB OV TR 5 <,
I-FIbA > R—)b (5a) MOAFET L2 % v 5% F7O ROBIN 6n-6q ~ L X “hb%
JEEE U CHWEHE cis-AZIN #5544 3n-3q DA kAT > 72 (Table1-4), 7235, ROBIN 6n—
6qZZZFETDROBIN 6 & #7720, - A 2 R—/L (5a) 27 1 A X PR
104807 NV a—NAFHEF, N-T 0T A7 A 2 Rz TRIRTHEET 5 2 & Tl
L7z ),

Table 1-4. Synthesis of cis-AZIN 3n—3q with various alkoxy-groups

NBS (1.1 eq) Br NaN; (5 eq)
% R20H (10 eq) \ K,CO3 (1 eq) Q—g‘
' N ORZ ORZ
Ts

N DCM, rt \ DMF N

Ts 100 °C, time Ts
5a 6 3

i ield (%)?
entry R time Yield (%)

(min) 3
3n Et 20 67
30 iPr 30 97
3p tBu 30 63
3q Bn 30 83

2|solated yield.

Qs Qg
N Oﬁme OJ\MG
i

N
Ts
3n 30
Me
< Me /\@
M
oo N0
Ts Ts
3p 3q

QAT AL LT, = bV ERso-T B RF VI, tert-T PRV, XU
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¥ 2% FF ROBIN 6n-6q % J5UEHE LT cis-AZIN 3n-3q DEREMFI LTZ L 2 5,
tert-7 N X THD X S N EE N T L3 U E AR ROBIN 6p & FVT 6 ARSI RTE
72 AT U, MR BAF RIS THEAE T L a3 32 H 5 cis-AZIN 3n-3q DA RIS L
7=
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FAET  AZIN O X BREFE B ERRIT & 07N O-NpiEE DRR.

O-NpfEATE, MBBFFOIEIAE L, TV KD 3 SOERFFDH b, hF 4
PETh D BERR T L OMICAELLMEFEHTHY | ITREZOMFERER I N, FFFIC
Freud DR FRIMAEFERN TH 2,

2017 4, Keinan O3, BERIFEFOIFLGERIE NF—L L, 7Y FEOIT FA M B
BRIFTFET 78T H—b LR FRIMAEEROFELZ O TG Lz 9 #6113, 77
B Y MOIT U NERANyfL L, HLIBERD NN-EA(T Y R=F /NPT E=T L
fKA%*@%/fX Nyt & LTV IAERTEE, WTNOHED YT =0 AFFERZ Y
AERTEHAEICBWTH, 7270y MN6]Y U VOB D EICAAAET D EXRME/ R I VR
SNVHEOMBRIFF L, DT =T LAFFERICEW LT Y FEO B BHRIF A & DOJFEFH]
HREEN — B> TND 2 E&F R LT,

RUNT, 2020 4, Werz B, BF AL THLHT Y NP ERFT- L, ITHICHET D
FIHFE R EFFONT R L OISR Z 2MAEMERE 7Y R 15k, (7Y
R-55 16 e, [7 Y R 17 IRoc3R ] I8 L. CCDC 23 i3 2 b db i i AT s AR
DT —=Z_X=2 B LT, ZNTHORT R SICHOW RIS L 7, Zh

XY, Bia TV NEEETHIEEMICBW T, HUOHAEERNFET S Z L 2H5
T LTz, eV T, 2021 A, Sureshan &3, #EfnfiE 2 REF L7c £ @O AASEIME TR
FRICDEATT D MR I BARINZEBNT, 7Y REO =R ITHIRE O [EEIC Z OFE A
TERDBEE LA Z EEHEL, 2O TIiEg TO-Npinteraction| L FRELL7Z ¥,

FEHIVEL. AZIN 3a 78 cis BRI, P OLEICELNCER E LT, 20 O-Np interaction
WEE LTS E P L, £ 2T, cis-AZIN 3a OEfEL A ERL U, X BRELRS Shis i fiehr
Ze IR,

HfSanld, 7 a— oo —T UREE a7 SRR R & A BRI A IV TR
LT, 7 eai iz g 2 & CTHERAZEI B o @y RS O AR R S a7z
T2, TAVE I CRESS AT 2 S0 L 7=,

ZORER. AZIN 3a DHIFFIE Y OEEZF D, cs KATHLNATND Z LR L
(Figure 1-4),
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013-N16: 2.76 A

Intramolecular

O-Ng Bonding
donor: O
acceptor: N*

Figure 1-4. X-ray crystallography of cis-AZIN 3a and indication of intramolecular O—Ng bonding

S BT, cis-AZIN3a |32 DOHFEEHIZIBNT, 3T Y RENA R VEBRIZH - TEE
AL LD RIET, TRV TINMNIAFIEL TR Y, BT 5 2L A b ¥ U IEROBMER 1L
7Y R BERIRFORTFHEHL276A & ENENDOT 7 T VT — L 2RO L
D HJFEFFEEREEL LT 9, 2 225N ON A NE L TN D &l L7,

Z OPMEFIRAEA ORBIZ LY | cis-AZIN 3a |3 ELELE 2T, RRPRESRFERE L
TR ENTELEZZXTND,
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BE AV R— 3BT A RIEBERK)G

B Ex

AV RUT Y REMR L UCRREELT2 AZIN 3 OARTIE AT T DICE S T27280,
WIZZNE WIS ZITO 2 & & Lz,

AV RUAT Y RRE=AT O REFEBORIEEEFT O ThiuL, SREFITEET. A
VU LNEEER TS 2 LT REERINA v RV 3L ER L RER 9 2 52 D b
EZoND Y, ZORISEMIZT, AZIN3I )PH A RUAT ¥ RERET L& IET S
7DD AZIN3 EREFIZEEFICERAE L, 22 A P ULEEZMA 52T, AR
— L 3NCEHARE SIS O L HIFF L7 (Scheme 2-1),

in situ
N3 Ipso ., Nu
[In] - -N
Q_g‘ \ NuH 3’ \
NTTOMe \ N
Ts MeOH Ts Ts
3 4: indolyl azide 9

Scheme 2-1. Working hypothesis that indolyl azide 4 functions as a umpoled indole reagent

L AT, WEDOWMHERRHR A o N — /LK DR AFNC N T, R B B2 REZH &
L CHW D BSOS T LER N 2 LAV LT 5, 61 21E, HITAB 10a <° DiMeOIN 1a
IZTRUBUER 11 OENFHURETLL TWO720, ROBIN 6 (ZBWTIE, NurontFy
#:%F#2 BnOBIN 6q % W= RO FHRS (V7 1 A /[34-b]A > KU ViFHEK12) O
T T D, RUB VBRI B REA L LIESOSISEE LTSS, Ziuds TRk
LREBEHRSOETH Y . 5T CORMIRIZFER SN TR ORBIRTH S (Scheme
2-2),
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=
Et3Br 4R
NS
|
Q‘L (}R ---------- ~ L

N
Ts
10a. HlTAB 9
OMe g
. - O3 ~
N OMe * N TR ---------- > N\
Ts 11 I
1a: DiMeOIN 9
\Br / l_R
., . ¢ >
+ R -eeeeeees »
N~ ~OMe ) N\
Ts " Ts
6a: ROBIN 9
N (o}
Ts 'i's
6q: BnOBIN 12

Scheme 2-2. Reactivity of umpoled indole reagent with benzene reagent

% Z T, AZIN 3a Z VA > R—)L 3BT B SREEHEIS ORI BW T, BT
DRI DOV T H R ART 5~ <, SKEEHI & L TRUEB U FERO T TS Hig
HOREZMED N 1,3,5- R U A RF 2 _UP o (1la) 2HVWAZ &L L7z (Scheme 2-3),

OMe
N3 OMe -N; MeO
+
';l OMe O \ OMe
Ts MeO OMe MeOH N
3a 11a +s
9aa

Scheme 2-3. Expected reaction and compound
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ABIEEAT LT85 a8 121, LURIZ/R T asterresin A (13a),  asterriquinol D dimethyl ether
(13b), petromurin A (13¢), petromurin B (13d), petromurin C (13e), petromurin D (13f), kumbicin
A (13g). kumbicin B (13h) O/ FIREE 72 V455 (Figure 2-1) 9 FH23),

13b: asterriquinol D dimethyl ether (R' = R2 = H)

Me
13c: petromurin A (R'=H, Rz-_/=(Me )

13a: asterresin A

13d: petromurinB  (R'=OH,R%?= w )
13e: petromurin C  (R' = OH, R? = H)
13f: petromurin D (R' = OH, R? = OMe)
13g: kumbicin A (R' = OH, R2 = OH)
13h: kumbicin B (R'=H, R? = OMe)

Figure 2-1. Structures of asterresin A 13a and 1,4-bisindolyl benzenoid 13b—13h

TEIR 2: 2000 4, Gloer 51X, asterriquinol D dimethyl ether (13b) % Aspergillus sclerotiorum D Ef% &
O OHREE L7225, 24U 1981 -, Yamamoto HIZ LD A. terreus & T HTHU LS ERBEMIZEIZ BN T
WE SN TOEEM LR —THoZ b BEMEEMTH L L HE LTz, & 2 A%, Yamamoto
5 OHAIZIWT, asterriquinol D dimethyl ether (13b) 1% A. terreus & Y H#fE L 7250 E¥ &L FE
L, HhEZ MR T LR THRONZTRETH D Lib X TnD, AMEEMIZZ DR, Ziub st
\ZHBERE 232 S TWVRW e, EETT Gloer H OS2 asterriquinol D dimethyl ether (13b) D]
OHBERE THD LHWEIL, 2D L9 205, asterriquinol D dimethyl ether (13b) (2B L T 2 #
DX A5 Lz,

HIR3: ORI 13 13, WITNHEEMDPFER SN TE LT, ZORSEH OSSR
Ehb, T, petromurin C (13e) <° kumbicin B (13g) Tld, HepG2 %13 U &9 5% < OfEEHIN
T M EEA AT O 2 EAVRIILTVND Y, & HIT 2020 4, Diederich & DEEIZLY |
petromurin C (13€) ﬁ§%‘f$”3’%iﬁ’f$ AMFOIGHEETHLXNT U F =7 EFHBEREZRT 2 & PR
SN2 DX, KAWL D ZNHEHOESIL, SBOEKLBRAEOT T, & OiFHn
AFIBRTE DI ;%’5@“67 EMED B D,

34



BE 1,35-FU A FFIRUPUEDORIG

AZIN 3a (2L, REEHIE LT 1,35- U A RF "By (1a) AW TRIGHET
T5 2L EMERT HITHTEY | MEORINIZBZEIZ, YIHIRE ORINERRA P L
WAEARRT L L,

Szpilman HIZ X%, B =T ¥ RO ipso MAZREAIDNGEN ST T V7 o 2558 T
BONTIE ), BAREE LT 7 ma 2 Z U RNHNSRTWSA, 2283
bb, W, TV NMEMERRTARIGTIEL, RISRHFTY 7o X207 Y R
JEL. EWERMEEZGETEOT Y RAX Y (14) 2 RETHBENLNHHT-20, WL L
TYrrR AR RN ERHERSS D, ZOBEENG, [FEO T SRR
ThHY., 7YV MEMZ GO W T L U TR L7ZBROBI WA 23 720 1,2-2
sanx XA LI, STz 12-Yr7anx LT Y RORIG LTZBICRAET S
ETRIND 122V TV RZ L (15) 1AL TH, 2R SR L— g VHRITERT
HHEGIDNHE SN TNDZD O KEUSICBWTH 7 Y MEAW AR % AR 7 faki
PEASBAI, MOOIER Z > TRtz 5 Z & & L7z (Scheme 2-4),

evaporatlon evaporation
N3VN3 explosmn B ——— N /\/NB
14 15

Scheme 2-4. Explosivity of diazidomethane 14 and 1,2-diazidoethane 15

AV LEIE, AT Y ROKISFIZBNTIEA YT L0 7 v T4 RBFHE
IWTWIER, AUETIXAZINZa 3 H A V RUAT Y RERAETHTRLEENTND D
G, EFTIXZ OB  HETTHMENRH D L E X, DiMeOIN 1a OIGH%
ZFEIT, 10mol% DA 7 AR 77— eHWHZ &b L 2,
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ZDX D BRBUSEMET. AZIN3a lZxf L, KEZHIE LT LI HED 1,35-F U A FF X
P (11a) 280 °C IS THEMEE L= & 24, HIOBEHSISHEIT L, A v F—
IV 3NCEHUA 9aa & 18%DINHETHFD Z LITHKREN LI2721F T2 <, 24510 AZIN 3a 231
Y R—=L3NATT13,5-F U A RFI_UE L (11a) LB L7ZFHER 16aa 7Y 8%DILER
THRT 52 L& R L7z (Scheme 2-5),

N3 OMe In(OTH); N;
+ >
N OMe
Ts MeO oM

DCE N
" e under Ar then H,0 Ts
a 80°C,2h
3a (1.1 eq) 4a
OMe

S
Ts 16aa: 8%
9aa: 18%

Scheme 2-5. AZIN works as an indolyl azide surrogate

B ABULORE, 3-T Y KA 2 R—/L da AT D Z & il (FEIIAZE S U
IZCREIR) LTEY, TLC ETCINBERT 202K TRER E LTW\W5D, ZORERT
X BEILSMIEENZ ARy RSB S DS, T TIOKEIRI LR 2 &L Zh
/NS ARy RHI L, BRI 9aa & EHYA 16aa [ZIURT 5 Z & DR S LT
%o FEAIIARBITZDS, SREAIOEIAMNTET L, MO PRIEEZRE TV SRR TRIGIE—
s L TR T BRD 3 (CEHA 9aa ~ L M I N D BPECRBEEGETHH D &
TRLU, TOFME, AL THIRT 5,

ZHAUZERY, AZINI SHIFRED . A RUAT Y REffA L LTRIHFRETH D | finfk
HRHA o R— LakdE & U THERET 5 2 & 2/ 5772 LTz (Scheme 2-6),

N3 N, +
O, = O = O
OMe - N

; v '
Ts Ts Ts
3 4: indolyl azide 17

Scheme 2-6. AZIN 3 as surrogate of indolyl azide and umpoled indole reagent
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F—IH A ABRORRE

ARBOEDOULR b2 BHE L. ka7 A AR Z S L 72 (Table 2-1),

Table 2-1. Optimization of substitution reaction conditions at the indole 3 position with respect to

catalyst
OMe catalyst

Q—g‘ (10 mol%)

N~ ~OMe * >

\ DCE

Ts MeO OMe under Ar then H,0

3a 11a 80 °C, time

(1.1 eq)
OMe

\
Ts
9aa
entry catalyst time (h) yield (%)”
9aa 16aa
1 In(OTf); 2 18 8
2 InF33H,0 2 trace 0
3 InCl;°4H,0 1 77 17
4 InBr; 1 74 15
5 FeCl; 1 73 20
6 AICl; 2 42 3
7 ZnCl, 2 4 0
8 LaCl3*7H,0 2 trace 0
9 NiCl, 2 no reaction
10 CuCl, 2 no reaction

?Isolated yield.

AT L) T NATA R3KFW) (entry2) Tidk, ASUNMIBELHICITHET L o7z
N, A PULANZ 0T A K 4K (entry 3) ZHWEIGT D Z & T, 77%& i Bif
7R C HABYOD 3 AEHA 9aa 2155 Z LITAEN LT, MoD/L A ARRRMELZ DU T & fEt
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LIz ZA AV AT r~A K (entry4) LS (entry 5) & W24, 70%
w2 5 BRI/ C 3 NLEHAAR 9aa 2455 2 E N TE 0, PERIFM E Loz, Z
NHLANTIE, BRI N5 EIEUEEIT L WiER & 72 572 (entries

6-10).
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B RUSEEORE

W T, ABRUSO I B 2R M E4 BIE L., RONEEZRE L7 (Table 2-2),

Table 2-2. Optimization of substitution reaction conditions at the indole 3 position with respect to

solvent
OMe |nC|3'4H20

Q—g‘ (10 mol%)

N ~OMe * ol

| solvent

Ts MeO OMe under Ar then H,0

3a 11a 80 °C, time

(1.1 eq)
OMe

\
Ts
9aa
entry solvent time (h) yield (%)”
9aa 16aa
1 DCE 1 77 17
2 HFIP 1 72 8
3 toluene 2 48 0
4 CF3CgH;5 2 67 13
5 CICgH; 2 54 3
6 Et,0 2 12 0
7 MeCN 2 15 trace

?|solated yield.

1,1,1,333-~F Y7 A4 m2-7a X ) — vk WA (entry2) TH IO 3 (LEHA
9aa | 72% & BAFRANRTH LN, 12-Y 7 nnx X &2 WG (entry 1) OISR
BRIl LSO SOSEEET S, BORISITET L, Frx 2 (entry 3) <o
Y RUTZAAY R (entry 4), 7 mRASIEY (entry 5) & HWZHEITITTRRE DI,
VI TF T —T )b (entry 6) X°T7 & b=k U/ (entry 7) & W2 AITIHRINERIZ T 3 AL
BN ONDFERE o2, L2 -> T, AZIN3a ZHWizA v K= 3fnickif b
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RIFEHLEOLTIL, 12- 7 vax X AR A P AN 7 2T A R 4 K % filit
ELTHWAZ EREETH D LT,
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H=IE AZIN O 27N axEokst

AZIN3 D2 (LT V3 HS B & U THRET 5 2 L h | Tba s B Ol e
EL TNMBUSHEZ G Z D5 OWTRHEI L, ED K 9 727 b =3 & Ri5 AZIN3 73
KRBT IB N TRl T do 2 D igad s 2~ < 2 MEEHILO 572 2478 AZIN 75544 3n, 3o,
3q Z W CRBROEHLE Z1T > 7= (Table 2-3),

Table 2-3. Optimization of substitution reaction conditions at the indole 3 position with respect to

alkoxy group
OMe
N3 OMe |nC|3°4H20 MeO
<::Zf§~ (10 mol%)
OR? * >
N DCE O \\ OMe
Ts MeO OMe under Ar then H,0 N
11a 80 °C, time :
3 ’ Ts
(1.1 eq) 9aa
ield (%)
using R? time (h) yield (%)
9aa
3a Me 1 77
3n Et 3 74
30 iPr 1 76
3q Bn 8 73

2|solated yield.

QNEERIEL LT PR VAR DA R VA FRO AZIN 3N, 3q 12 K D UG TIL,
FOGHER DIERAFED HALZS, A Y FaRE LA AZIN3o T, A bF Ui
DIEF O AZIN 3a & [FIEEORER] CRUSAHEIT Uiz, MG EIIR O b o0, W
NOT I ax v HERD AZIN3n, 30, 3q ZHW-HGH, A XA FFO AZIN3a &
MW LR OIERIZ T 3 MLEHR 9aa 2 5-27-, TN HOFERITIMNA T, AZIN
3n. 3o0. 3qlE. TOFEEE 722 ROBINGN, 60, 6q TNy 7 o XK AR, 7
NaxHEICHNET D 10 YEOT LV a—nLEHAWTCKIGET 52 & TERTHIMLERDH D
729, AZIN3a LV b Z OB EEROBIENFHETH D, ZDT Linb, AZINI Z N
7oA ¥ R—=/L 3ALZIT D REZEBERN TlX, 7/ a ¥ VOB EIC L 5 RGN REOUE
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IREETHY . A P EEFO AZIN3a ZH V20058 TH D &M LT,
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BoE ROSE RO

A > R—=/V 3NLTIIT 5 KELBEHASOE DM FEIIC DOV T, AR 2R BRI IR I 2 £y
2 AZIN #HER 3 % VG L7 (Scheme 2-7),

OMe
1 N3 OMe |nC|3'4H20 Meo
R (10 mol%)
N\ / + » R'/[—
N~ OMe DCE N / \ OMe
PG MeO OMe  ynder Ar then H,0 N
3 11a 80 °C, time I!-‘
(1.1 eq) G
9
OMe OMe OMe
MeO Q MeO MeO Q
R1
R1\/
O \ OMe N / \ OMe O \ OMe
N y y
Ts Ts PG

9aa(R'=H): 1h,77% 9ea (R'=4-Cl): 1.5h,77% 9ha (PG=Bs): 1h, 80%
9ba (R' = OMe): 1 h, 84% 9fa (R'=6-Cl): 1.5h,73% 9ka(PG=Ns): 1h, 80%
9ca(R'=Cl): 4h,79% 9ga (R'=7-Cl): 24 h, 35% 9la (PG =Ac): 24 h, 61%
9da (R'=Br): 4h,76% 9ma (PG = Bz): 24 h, 15%

Scheme 2-7. Substrate scope with respect to AZINs

W BAFZR2NERT 3 (LEBUYR 9 NEONTZ, A > F—/L 7 iy m o N E# L 7=
AZIN3g R0, A ¥ F—=/V INEHRE T VVRIRGERIC L 0 ki L7z AZIN3L, 3m Ve
EIZIE, RORIFOIER & IEROIKTFRA LNz, ZHUTDON T, A ABESEHEL
RRFERER 778 E DNV A ZIEENEABNLT D 2 LT, JUSOEITRES N TN D SO
EEZTND,
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ey VT, AFESREZAI O IOV TRET L7z (Scheme 2-8),

N3 |nC|3'4H20 Nu
(10 mol%) \
OMe + NuH >

\ 11 DCE \
Ts (11 eq) under Ar th_en H,O Ts
3a 80 °C, time 9a
OMe MeQ  ome
(T S
Cf o Qg o O
) N
Ts Ts
9ab (R=CI): 4h, 69% 9ae: 2 h, 62% 9af: 1 h, 61% 9ag: 2 h, 53%
9ac (R=Br): 6 h, 53% (C6:C2=2:1) (C6:C2=8:3)

9ad (R = Ph): 1.5 h, 76%

9ah (R=H): 6h, 74% 9am:2h,71% 9an: 48 h, 52% 9ao (X = O): 16 h, 0%
9ai (R = OMe): 4h, 60% 9ap (X =S): 16 h, 0%
9aj (R=Me): 4h, 81%
9ak (R=Cl): 2h, 64%
9al (R=Br): 2.5 h, 55%

Scheme 2-8. Substrate scope with respect to nucleophiles

REHE LT, "alr o7 ooV EOBRLEZFFO N A RF B (11b-
11d) . 124-bU 2 FFI_XUEY (), VT aF B VB8R (101, 11g) & H
WGBTS, PREEN G BAFZRINERT 3 (LEHUK 9 MG HND 2 L3bhoTz, 1,3,5- b
UARFIREY (a) EHERL T, REMEDEADT S L9 @B L F>7 v axs
NUR FEIRICRB W TR, BRSBTS A iz,

WIT, A v R—=/VZ R & U THWZGE  fEx e S AEE#HUEL A2 F551 » F—/L (11h-
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1) <0, 24L, 1L A FNVEEEFFOA > R—/L (11m, 11n) 232 BAF7RUE T 3 7 &R
hahbz iz P — T, R T TR0 F AT = B TE, BRI
THT, 3ALEHA 9a0, 9ap (ZEL DN -T-T20, B EEREEFRERRICB
T, Tz s &P OIS & LT,

W4 A v RV 3(CEBRSOEOBEAZHE LT, A > R— A EHRRETH D 2 VM L=
ZEmh, REITH 5 2,2°,5,5,6,6'-hexabromo-3,3’-bi-1H-indole 18 'O B & LI ZpH) L 7= (Figure
S2), 728, 2,2°,5,5°,6,6’-hexabromo-3,3’-bi-1H-indole 18 XA LA ERK DENTNDHDD, A K
—NVERERE ST THET DMER DY | BRI E TOIRICREL A TV D 2 &h
5, AZIN3 Z O ARFR O, A% 2O K D RO BB R~ EFIH SN D FTREMER 55,

Figure S2. Structure of 2,2°,5,5,6,6’-hexabromo-3,3’-bi-1H-indole 18
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BBIZ, ARG, ST A7 = ) — B THHEIT L, 3 ALE#IR 9 B3ERKT S 2
& &R L7 (Table2-4) ™9, 7ok, KFEF A7 =/ — & ORIGOBRIZIE, Winh
BIAERME LTI1- A v R—v (5a) DVERKLTZ, A > R—)L 3 (LT A — /LN E
L7=3REkiT, FA— 0% W SOGIC L 0 3 (B B L= (> F— L& B2
D2 ENMESHTNDD ), ASIZBWTYH, 3MLEBRAL 9a 3Rt 52 LT I-
RA Y R—)b (5a) &RETDHEEZTND

Table 2-4. Substrate scope with respect to thiophenols

|nC|3'4H20
(10 mol%) @—)
OMe + NuH '

\ 1 DCE
Ts (1.1 eq) under Ar then H,0
80 °C, time 9a 5a
9aq 9ar (R = OMe) 9at
9as (R=Br)
ield (%)?
entry time (h) y (%)
9a 5a
6aq 4 50 19
6ar 24 20 28
6as 6 70 13
6at 2 53 25

?|solated yield.

ER S A > BV 3ALCT A —/VNERR U7CFERICIE, AREVEE 19 1D, 20 272 BT

L5 (Figure S3),
(o)
o - s A
S
N\ ¥ N N,
N N
R

20

Figure S3. Structures of bioactive agents 19 and 20
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BT RICHEEBOHEE L B8R

AZIN 3 W oA v R—=/V 3NAZIS T 2 sREZEHLSE O OS2 0 5823 5 <<
FREIEER & SOSOBIER, BIERMOREEIT T2,

Alal, BHL7Z AZIN 3 OSSP, AZIN3 231 > RU LT ¥ RE&EMiR L LCTHRET 5
ZETREND LD EMIFF LT, EBRC AZIN 3 354 2 RUAT VR 4 334 L T
L0, AEIGOFERTZT TIIARHATH o7z, £ T, AZIN 3a T3t L TREFIZMZ T,
oA AREFMEAFAE FIMEERET 2 2 & T, UMTIEARLETH D LHESNTVWDHA U K
UILT Y K 4a 7% AZIN 3a 02 BI3AET 503 % 15 L72 (Scheme 2-9),

N3 |nC|3°4H20 N3
S, —tomn, 0§
OMe >

'ﬂ DCE, under Ar ';l
Ts 80°C,0.5h Ts
3a 4a: 8%

Scheme 2-9. Synthesis of indolyl azide 4a

INEMEFE . 0.5 FFRIDBRE T, JFEHIZRFE L T2 DD, TLC M HIEFITEL L D4
FSHER SNz, TSRO 5 b, SRR B A K b & B L
A B LI AV RUAT VR da ZHEET 2 2 LITRY L, ARFHZED
T YUATNAT Ly~ 7T 74— kD HEEREIERER b, A2 R AT Y K 4a
TR 2R L CLEW, THNMR OBIEIC TS L7z b Do, PC NMR HIE I HHER
BAWERD 2 LHBILT, SO D, RTRESNDIEY . AV FIAT VK
PSEDLIEMEI R H 2 2% Wl LRV DSOS BRI C o 5 = & 2R LT,
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A2 RULT YR d4a OHEBECHEIY L7272, ZAMA > R—/L 3 (Lickit %Kiz E
FOSOHEEE UTHEIEL TWD Z & 2T o<  HEEE#% DA FULT VU Rda %
12-V7uax X AZEM L, 1,3,5-8Y A RF By (1la) FEF, fillftE&Eo»1 v
v A7 @ Z A R 4 KF¥ % Il 2 e L7= (Scheme 2-10),

OMe
N3 OMe InCl3+4H,0 MeO
(10 mol%)
\ N >
[;j DCE \ OMe
Ts MeO OMe  under Ar then H,0 N
4a 11a 80°C,0.5h .I.s
(11 eq) 9aa: 48%

Scheme 2-10. Substitution reaction at the indole 3 position using indolyl azide

FOFER WRITK T 5600, HEGD 3 (B 9aa )Y 48%DINVRTHRR LT-, =
DZEMH, AV RUALT YR d4a BN A R—=)LOMMEIRHA S U THSREL TWA Z L &
FEN DT,
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WEVN T, A 2 F—b 3ALSI T B RIZEHRBI G O SUOSHE 2 B BT 5~ A REA
T = A LFER ARG LT,

KEJEDT P AN Zfbl L THEAT T 20328 3 2 ~< . BUSRIIUT T P AT
H 5 2,6-T-tert-7 F)v-4-8 Rux bl 21) ML TKIG%ETT>7- (Scheme 2-11),

N OMe OH InCl3+4H,0
tBu tBu (10 mol%)
OMe + +
MeO OMe

| DCE
Ts M under Ar then H,0
3a 11a € 80°C,1h
(1.1 eq) 21
(1.0 eq)
OMe

S
Ts 16aa: 17%
9aa: 77%

Scheme 2-11. Mechanism study of substitution reaction at the indole 3 position: radical trapping

ZORER, WE OSIG & RT3 NLEHA 9aa 23 77%., EHUA 16aa 13 17%DILERT
BN, 2,6--tert-7 F/-4-t Fux hlomy (21) DNEH L 7-FSEITa L S5 nmn
ST Z LN 2,6-U-tert-7 F/L-4-£ Ry by (21) 1 IARGITHEZ KT S 720
ZEMHA LT, ZAUSEY | ABRUSIZEBWT, 7V IAOFAEITHE TWRNT &R
M Shuie RO,

HER 6: 7eds. 3NEHSUSZ O FITTT 7256 b 8 OSME & FREOIERTHIDOIG
AT L7272, KIS KD PUE~DBEEIIRR STz,
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AZIN 3 [ ZZDEHIBFEIZIBN T, cis IEIRMICHRTE D X O it HATH 7228,
A RUAT Y REifRE LTHWDICHTZ ) 73k VERHBEST 208030 2729,
cis R & trans R & T Z OBERE D 20U E~D BN EORREBN DD, T 52 &
& L7z (Scheme 2-12),

OMe
N3 OMe InCl3*4H,0 MeO
<::zi§~ (10 mol%)
ome * >
N DCE O \\ OMe
Ts MeO 1 OMe under Ar then H,0 N
i- a 80°C,1h !
cis-3a (1.1 eq) Ts
9aa: 77%
OMe
N, OMe InCl;+4H,0 MeO
<:iZ—3‘ (10 mol%)
ome * >
N DCE O \\ OMe
Ts MeO 1 OMe under Ar then H,0 N
R a 80°C,1h !
trans-3a (1.1 eq) Ts
9aa: 57%

Scheme 2-12. Mechanism study of substitution reaction at the indole 3 position: cis- vs trans-AZIN

cis-AZIN 3a & trans-AZIN 3a ZNZE % HWT 3NCRIZERS)S T2 8 2 A, Kk

IFfHET 1 RERIC T, cis-AZIN 3a & WA 13REIOTERA RO Hiv, BRO 3 (rEHk
9aa | 77% DR TEHDLILIZA, trans-AZIN 3a & WA 3R EEAE L. BHRYD 347
EHLAR 9aa 13 57% DI THERRT DGR &R o7,
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ZD X D7 cis-AZIN 3a & trans-AZIN 3a (BT A ISR OZEN A U AJRFIZ- OV T
(3 SEAEEEDENZ L DA ABROBENTEADENNZ LD bDOTHDH EEX TN D, T
b, ATV T LD cis-AZIN 3a & trans-AZIN 3a TAVEIUTKT L, cis-22 & trans-22
DEHIZENLT 5 Z & T! cis-AZIN3a ([T WL 2 L7 /v 3 OB BEMEE S h, —
Ji trans-AZIN 3a (2B TIXE D L5 IR LNRNTEDIENE L H O TR0
& E54 75 (Figure 2-4) ™),

_ ) I\llle -
< M
6/\e O----[In]
N /o
N H N
H
/ H Ts/
- cis-22 - - trans-22

Figure 2-4. Hypothesis that indolyl azide functions as a umpoled indole reagent

R 7: trans-AZIN 3a (B L €, X MR EEEMINTE, ZOMAEOFEMEZ TR CE Tz
B, AHERICEIT 5 LLEOEZITHIT LR,
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F7o. 3MEHIEOREIRE LSBT H L, 1,2-V7 X U OELL FORE
TRIGEAITH> TWBITH b b, IR SIBOFENRD b, ZDOZLhb, 7
U NEORIRD 2 SOBEHRIF L NEHZ N A L U THEET 2028 T, ARBUSHHEIT LTV
HETFEL,

ZOTFEDOE & AZIN 3a & V2 3 (BSOSO SUSERS BN T 2 E 2t L, X
R TCHAT D RURDOK EEBUEC X D 23772 (Figure 2-5),

WORK@WORK

Figure 2-5. Mechanism study of substitution reaction at the indole 3 position: trapping of N, gas
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1 mmol @ AZIN 3a % VT 3 (RZEHSIGCZAT 272 & T A, RO TIREAIZ TR S
NTZKIROEFEIL 387 mL ThoTo, SISICE VIAET DR T ADOEREITRK 224 mL
ThHD I END USSR DOIEN &V FOSKHRRNOZELPA I LS T D b D EE R,
12-v 7 mux2 D 80°C I TMEMEE LT-, £OfER, 15672 KURDKFEIL 20.0
mL ThHoto, TOZ LMD, ARISTIE 18.7mL OXAERIAEL THD LWLz, Zh
BEFZBHAHET DL, BLZ 083 mmol THDZ LMD, ARIGTIE, 7Y RERNM
D2 ODERFTNERHT AL U THEET 2182 CTHEIT L TV D AIReER En e B 1
7=

S HIZ, KA 11b 2 W RINCEB T DRI OREEN G, A > R—/L 3 (0ICEFR
JRAAY 1 DB L, I VEEDERAL L2 3-7 2/ A ¥ R—/LiEE R 23 % 2%DINE TH7-
(Scheme 2-13),

N, OMe INCl3*4H,0
Q—S~ ol (10 mol%)
ome * >
MeO

l;l DCE
Ts OMe under Ar then H,0
3a 11b 80°C,4h
(1.1 eq)
OMe

MeO cl

MeO Q Ts,
Cl
O ' Q_XN o
OMe
\ \ MeO

N N

|

Ts

23: 2%
9ab: 69% ’

Scheme 2-13. Synthesis of 9ab and occurrence of 23

N ARREIR 23 DA Z BET 5 L. ZHUX3-T I /A2 F—ViBER 24 005 b
SVEOENPEZ 52 ETERT D LB B 25, OB DV TIE AR
THHHLDOD, N INVIEOENIGEDOHREFNIN OOMFET D W, 3-T /A > F—)L
K 24 13, A Lo 25 OREZH 11b 1255 C-H #ABUSEITT 5 = & THERR
TLHETPHREND, AV RIAT Y RAPEERT Y MM THL Z &b, —ikIZER
LTV REDHIRETTA NV ZELDLZENMBNTEY, 4 ML O—H)
REOEMEE L TRUBVIFEERICRIT 2 CHFAKIGDZET b b7, 20 XK 5 7eElA
) 23 DAERRICED LB 2 HD (Scheme 2-14),
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OMe

Cl
= NuH
Ts, HN=Nu | meo OMe
N=Nu Ts migration 11b
g My ’
\ 7 7

N C-H
N | ) ’
H Ts insertion
23 24
_ L
. N
!N @ ON N,
\ :A> Q—\S p— P ~ome
N N I
Ts ] s
Ts 3a
25 - =
4a

Scheme 2-14. Retrosynthetic analysis for the formation of 3-aminoindole 23

2L, TY R TA ML aEL, MLNOAERME G2 9 D OSHIT, RI&
DEDEFEIRBNTTHA S LU DBRAET L0, b LA b L2818 EO
BOGHHET LTV DDA, FEMICOWTHIE bR e STV DAN, £ OFERIIA#EEZ
WD %, ARISIZBNTIE, BT LbAr FUAT Y ROGREETA Lo O3Ex2FIC
EZLHOTIHRLS, BIO 3 NLEHYL 9aa 2 5.2 5 1 9 USRI 2 AR E B 2, 34 &
LT 1 »OERF TR LGP MET 5 & LT,
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INGEEE X, ARISOTERISHEZ LT O Y 757 (Scheme 2-15),

TR [ meck] @
N, ) /Nz [|n]\NC/ 2
[In] N\[In] y i»
N~ OMe 0/ {\\
Ts ']l Me MeOH '}l
3a TS TS
- - 4a
Ipso’ In] [In] [In] Nu
H—Nu -\ Nu Nu
N | . |
Nay | H No X[ H0 \
P y YU H ';l
N7 N+ N+ Ts
Tts Ts Ts [In] 9
- 26 27 NH,X
OMe
[ [n] | . cl MeQ ¢
path b \-) ‘N
N”| path b MeO OMe 11b HN OMe
p) \ > {
'? ; N J C—H insertion MeO
+ | N
)
Ts [In] Ts 'i's
26 24
” * Ts migration
UT OMe path b MeOQ
N ‘—\ CI Ts‘
8 N OMe
)" MeO OMe 11b \
l;l+ [In] N MeO
L Ts ] H
26 23

Scheme 2-15. Possible mechanism of substitution reaction at the indole 3 position

A VT LIS cis-AZIN 3a DT Y REEE A MFVEOWHFIZENL L, A SRR A X

= E LTHBELA > RUALT YR

TS D, EDHR. A v F—VER EOIHLAE

FRPDEFMEELZIT, TV RERRD 2 DOERFFNERIT AL LTHEBEL, 1 2

- >

VAV RL=TA2 LD, T,

S)AV L= A 2T BAEKL, X
TC, D 1 DOBREFFINEES S

E¥ patha DREICTRIRER|IOKEIZ LY, 3-7
JERHICAFET A HD T =4 L flin bR E 4
Z & T 3NEREEESR 9 BNMELND ETFRL T
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Ho —HT AIVAL RL=17 126700 FE pathb ORHITTRTE - OBEINE Z 72
e lciE, A b L r 28 AU T CHIRARIGIZ KV FER 24 KT 5, & L<IEA
IUA Y RL=T 026 DA I ERIFFSRKEFINKE LS 24 BER LR, B
NIEOBENNE Z VEERY E LT I NEBER 23 2525 L EZ2TW5D,
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BRE 3ACREBEBRBISOH & EE

KT NT, KEHIE LTHRY A RFI_UBr (11a) ZHWEHE. 3 (CEHYA
9aa & & LI EHAAK 16aa NGO Z EnD, SREFIOUELZZBLIEDLZ LT, E
R 16aa MBEE L TART D EE 272, 2T, U A RFIRUEY (1la) 205 Y&
[ZHD L CROGEIT T8 A, HiffiE Y ZEHYA 16aa 725 58% & FREDIETH LN
72 (Scheme 2-16),

N, OMe In(OTf)3
<::Ziﬁ~ (10 mol%)
N OMe * -
\ DCE
Ts MeO OMe under Ar then air
3a 11a 80°C,1h

S
Ts 16aa: 58%
9aa: 21%

Scheme 2-16. Synthesis of 1,3-bisindolyl benzenoid 16aa

ZHIZEY, REIE AL RUNARE ) A ROBEHEBULEM OEEIZERS LT
(Figure 2-5), —f%iZ, REMIBE LV &, 2062/ L7ZFFERDO LN LD @AY
EARTHAERHHZ LN, KRNI LY BEAL L RYARE ) A K13
DOREEEELUE AN BRI ICARTE D Z LT, FEETREEATHDL LS 2D,

13: 1,4-bisindolyl benzenoid 16aa

Figure 2-5. Structures of 1,4-bisindolyl benzenoid 13 and 1,3-bisindolyl benzenoid 16
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ZD XN, BEEOMmIEIR R A L R — LRI I AR CH 72, KfliA  F—
)L 3 NLEHAA 9aa, 16aa OFEE/LR BN AIRETH D AZIN 3 1%, 5%, o aff L=
K& 72 KR A PR . 7213 N0 OFBIRDO S~ ARG SN D,
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FTB=E A F—N2LICBT B REBH S
B T
AZIN3 2 X DA 2 RV 3ALCEIT B REFE S S O FHI W T, SRR E LTA >

R— L 11h ZHWZES, BIERM E LT, A > R 3-4 U 3HEIK 28ah D EA ST
(Scheme 3-1),

InCI3-4H20 Ipso

Qo 0 EF Qg
cine N

H

DCE

under Ar then air

11h 11h
° h
3a (1.1 eq) 80 °C, 6
O s O ._ﬁ ,
\
28ah 9%
9ah. 74%

Scheme 3-1. Synthesis of 9ah and occurrence of 28ah

ZDA Y RY 3 F U FRER 28ah 13FEFICARLETH Y . TH NMR LG &5 OHIE
LWFERMTE TWRWNWEDD, ZHOHEEHCEID, A RIAT Y RIcBW TIN5
H ) —ODETH D, cine EHASULIEITTHZ LA RH L7 (Scheme 3-2) 1,

in situ
LS e - (K28 CIr O
—_—
Me “~
';l © NuH
Ts MeOH Ts cine ts
3 4: indolyl azide 28ah: 9%

Scheme 3-2. Substrate scope with respect to nucleophiles

ZDXIRA L RY 3 AU FFER 281X, FU A RFIARUBURT A — LB KA
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&L THWEERISDOBRIZITE b2 o Tz,

IRAT, AR 28 D 3N VAR = )VEEDBEFRIFF D HIRIZOUWT, 3 ARZEHASIE D
THRESHEN D, A I AV RL=U 826 2B LT, REFINA I A RL=D A
26 D2 (BT 5 2 &L TRRISHEITT 2O THIUE, A~ FU 2314 229 DK
IR ED A > R U 234V 3FER 28 MERK L T D & & 27 (Scheme 3-3),

nl. ¢ [Ll\\]
QL 2 O S s
OMe \
N
| rﬂ‘ N/ H—-Nu
Ts MeOH \ N+
3a Ts Ts (0)
- 4a - 26
[LA] (o)
— | = T
N Nu 'i's
ts [LA]NH, 28
29

Scheme 3-3. Possible mechanism of substitution reaction at the indole 2 position

IO END, ARISTIE 1 YEOKEMZ TR EITO) 2 & & L,

ED XD 1RBEBINBA > R—)b 2 NAZEBT D BSOS LTV D0 iR T 5 <,
FRERIE AR EA O TR 21T o 72, =7 bR v E =T Lo —T VR, K
Hl& HIOEBRIEE VRS L-E 2 A, HARVEERLT L a—/L o - BRdERIEH 30
WAV RV 2 ML CRIIISE L, A2 RY o 3-F V38R 31 2525 2 LoV L
Teo ZOHIE LT, ZEAER 30a 2o, A2 R U 3-4 355K 31aa DA A RT
(Scheme 3-4),

BF3;°OEt; (5 eq) 0
H 3 2

| DCE, under Ar N

Ts 80°C,0.1h Ts

3a 30a 31aa: 85%
(5eq)

Scheme 3-4. Substrate scope with respect to nucleophiles
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AREOSZ LD BRREND A > FU 3 A FFEK 3113, REMICHE <G ENLEE
72 HHCTodH Y | halichrome A (32a), baphicacanthcusine E (32b), isatisine A(32¢), matemone
(32d). cephalinone B (32e). isatidifoliumindolinone (32f) (Z& £415 (Figure 3-1) 2 H79,

Me C:)H
32a: halichrome A 32b: baphicacanthcusine E 32c: isatisine A

fo) (0]
OMe
o) OMe Oy -OMe O OMe
H N
Br OMe H N H OH
N OH (o) Me
H OMe

32d: matemone 32e: cephalinone B 32f: isatidifoliumindolinone

Figure 3-1. Structures of natural products 32a—32f

TNHRIRMDLLIE, A2 KU D222 >OBEMIELEA T HERAEL, 0k
I 7t B 32 DERTEX I NE TICHOEL SN TWND Y, ZO—F T, 2 RIS
HEdE % 1| DFFOFE(R 33 OARITREECH D Z LD LI, ZDOERKENT D720 (Scheme
3_5) 4~7)O

RS A > KU V34U iFERTH D RAW 32 O— L, FEFICAREECTHD Z L mbh
Do ZO—FIE LT, 2000 4, Amade HIZ X VIBREMWI TdH D Itrochota purpurea 7> BB S 7
matemone (32d) 23T IS, AMEAEWIT— R L THMAEEICAZ T OND 0D, ZOAERKI
WEECH D | BEEZ 20 FELL ERGR L7-BE DL ZORARITER SN TE LT, A1 R 1 Aite~
VUVEETTIRGE LT FRER 32g DARIZE EF 5T D (Figure S4),

fo) (0]
N OH N OH
H

|
Bn

32d: matemone 32g: N-benzylmatemone
Figure S4. Structures of matemone 32d and N-benzylmatemone 32g
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(0] : (0]
: t f; R OR
N ' N
H R H
32 33
well-established one of the most challenging

A) Oxidation of indoles "¢

y

'}l or metal cat.

PG oxidant ref.4b

5 34 33a

B) Oxidatibe cyclization of anilines "
o PhI(OAc),
Bu,NI o 0
' o —
. OAc
NH 1,4-dioxane N N
'I' H H
35 33b

C) Hypervalent iodine-mediated oxidation of indoles ref.6

N AcOH

5 1 330
D) Oxidation of indoxyls "7

o Kl (0 (O
EEEE— + | —>»
N N OAc

';l AcOH \
Ac EtOAc c
36 33d

Scheme 3-5. State-of-the-art of access to 2-oxygenated indolin-3-one 32 and 33

ARISZE Y. ZOERKE A > R »3-A 2 2 (B8R 33 2 1 TIRTETX 3
R, REICHBRVNVER TH D EE 2D, £ 2T, BEEREEZFOFHEIA 31 Ok
HESICED, REFE L TLBEER: 30a 2 TV, Sl nS ok aiTo 2L & L
7=
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EOH REERL ORISR

B—IH VA ABRORRGE

AZIN3 Z oA o R—=/V 2 (A2 31T 2 KBS T, ROSDOERIZ AZIN 3 7538
BT DAL ) =R EEFEREHIE LTER L, BRIORER 30a EHEGT 5 2 L3 PAES
Niz, T2 T, BRFEREAICH DB 30a DY E4E 5 YRICHEE L, 3 (REE#RK
G & BB EDA U A)Z 7T A R 4 KFE AW TR 51T~ 72 (Scheme 3-
6).

COOH InC|3'4H20 (10 mOl%)
ome * >

';‘ DCE, under Ar
Ts 80°C,16 h
. 30a
cis-3a
(5eq)
s, Ot QLS
+ " +
ymome + S drowe - S
Ts Ts Ts
cis-3a: 29% trans-3a: 36% 31aa: 20%

Scheme 3-6. Substitution reaction at the indole 2 position using AZIN 3a

HED 2 (EHA 31aa 1355720 DD ZDURIT 20% E KL JFEFCTH D cis-AZIN
3a S 29%DIER TEIL 41, cis-AZIN 3a DSINESC /LA AFRO BB CTHEMAL LI- L E 2 D
N5 trans-AZIN 3a 73 36% DN R TELNDLFER & 7p o7,
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R D LA AR TIIARBIEDNFERNIEIT L CTORN T L b, A Ak% 1 &
W, BFEVA ARRORET AT > 72 (Table 3-1),

Table 3-1. Optimization of substitution reaction conditions at the indole 2 position with respect to

Lewis acid
COOH Lewis acid (X eq)
N~ ~OMe * -
| DCE, under Ar
Ts 80 °C, time
. 30a
cis-3a
(5 eq)
" + +
I}l 'OMe ,}l O»\© ,}l OMe
Ts Ts Ts
trans-3a 31aa 37a

. . . yield (%)?
entry Lewis acid (Xeq) time (h)
trans-3a 31aa 37a

1 InCl;+4H,0 (1) 2 0 36 41
2 In(OTf); (1) 0.1 0 37 32
3 Cu(OTf), (1) 0.1 0 17 40
4 Zn(OTH), (1) 16 0 49 8
5 BF;+OEt, (1) 0.1 34 38 15
6 Zn(0TH), (2) 16 0 72 8

BF;°OEt, (2) 0.1 0 74 16

BF;+OEt, (5) 0.1 0 85 8

2|solated yield.

AT LAY BT A R 4K (entry 1) ZHWVERGT L2 & 2 A, FRIOH KT
TE2bDOD, BHO 2 (LEHYA 31aa DI 36%I1C 8 EF 0| BIAERDLE LT2-A F
F-l-bIA v R 34 (37a) BN A%DOIETHELNZ, A YT A NY 75
— b (entry 2) ZHWV 5 & RISFEE OB & & HIZ, BIZAERKY 37a OIEEN 32% KT
THRERLE oz, WIT, KN 77— EHWTHRMNTH I EE Lz, AN NY 75
— b (entry3) ZHWIZISTIE, BRO 2 MLEHA 31aa OUCEEIMEK T L7243, #HERAD) k
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U7 Z—Nh (entry 4) 5 Z & T 2 (LEHUA 31aa 7% 49%DICHETH L v, BIZERKY
37a ODAEREMZ D Z LN TEE, Fo, 27 bR UE Y F LT —T LK (entry 5)
WZBW T, JFEHZHE ST 2 trans-AZIN 3a 73 34%FE1F L2 B b BHD 2 A7 EHAA 31aa
D 38%DILR TR LT, ZORERMNG, HghI) N 7T — & =7 vk v FE VT F )L
T—TUERIZONT, ZHODOYEEAEOL TCE LR IMFEIT o7, TOME. 2 4
BEONA A NS Z LT BIO 2 (ZEHYA 31aa 13 70% 22 DIERTHS Z L8
T&72 (entries 6and 7), S BT, =7 v bR UFEI=F L —T7 VEERZYIHIBRET & [F T
SUEFE T LRIG LTI & 2 A 2LEHA 31aa Z BAFRIETH 272 (entry 8) 72,
W ROV A APV TH D70 ERREITIR DD, ZOFMIC TR ORG 2175 2 & &
L7,
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B RUSEEORE

AREISZBT 5 & bR L ISHROUGEER 15 L, FUNERZ BEs L7Z (Table 3-2),

Table 3-2. Optimization of substitution reaction conditions at the indole 2 position with respect to

solvent

COOH BF;*OEt; (5 eq)
N~ ~OMe * -
| solvent, under Ar
Ts 80 °C, time

30a
3a

(5 eq)

) N
Ts Ts
31aa 37a
. yield (%)?
entry solvent time (h)
31aa 37a
1 DCE 0.1 85 8
2 HFIP 0.1 77 7
3 toluene 0.1 62 6
4 MeCN 0.1 73 7
5 AcOEt 0.1 74 7
6 1,4-dioxane 0.5 complex mixture

?Isolated yield.

1,1,1333-~F %7 /LA m-2-7 a8 ) —)L (entry2) X° /Lt (entry3), 7 h=FhU
/U (entry 4), BEFE=F /L (entry5) W26 TH HIIONTEIT L, 2 (LEHLA 31aa
IR BT RER T LA, 12-Y 7 ma X L& FWES (entry 1) OIUEAHEZ
oz, B, WINOEA Y., BIARKY 37a BAFREOICERCAR LT, 1,4-U4F 5
¥ (entry 6) & MW EITITEMEREE WA 52 DR L IroTle, LA > T, AZIN3a
WA v R—=/b 2 (AT D REEHLOSICRB W TE, 1,2-07 ma & R,
=7 MR YR ZTF NN —T R E I OEIGT 5 O RES Th D &Il LT,
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BIH OREH LA ZABRO Y B ORGE

REH, A A& bICEEIEZ T 2ARISIZEBW T, K 0EEO LWRISSHE%
BETDHR, TNOHDOYEREY 1 ¥YEhD 5 YEo#H T bt TRi2ITo72
(Table 3-3),

Table 3-3. Optimization of substitution reaction conditions at the indole 3 position with respect to

equivalent of nucleophile and Lewis acid

COOH BF3‘OEt2 (Y eq)
ome * -

N DCE, under Ar
Ts 80°C,0.1h
30a
3a
(X eq)

N "OMe + N 0)\\© + N OMe

I ) I

Ts Ts Ts

trans-3a 31aa 37a

try 30a(Xeq) BF4OEt, (Y eq) yield (%)”
en a(Xe J e
v d 3 2 q trans-3a 31aa 37a

1 1 5 0 54 20
2 2 5 0 59 20
3 3 5 65 12
4 5 5 85 8
5 5 3 80 11
6 5 2 74 16
7 5 1 34 38 15
8 5 10 0 87 5

2|solated yield.

RAIZAN 30a DY EATHS L72HE (entries 1-3). 3 HEDEPETHROD 2 (LEHAK 31aa
DIFRIT 65%~ER T LTz, £, Z7 bR U RV F AT —T RO EZTHD L
723558 (entries 5-7). HHEIY) 31aa DIRITR 4 WA Lotz B, =7 vk v
VTN —T VEEREZ 10 YEHAW TS, IEROR RXIFE A ERLNRD ST (entry
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8), ZAHDFERNG ., AZIN3a ZH\=A > K=/ 2 (LTI 2 SREGEHASOEL TiE, 1,2-
Vrunx XUyt 1 B EOK, 5 YBOREAIZOGFET. =7 bR THETS T L
T—T VR E S M ERWIGEIT O O EE CTh 5 LIl L7,
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BoE ROSE RO

A ¥ R/ 2 (2361 B SR EHARS ORI OV T, ffex 2 BRI IL 2 Ff
> AZIN #FHER 3 % FVRE L7 (Scheme 3-7),

COOH BF3'OEt2 (5 eq)

(0]
R\.— H.O (1 R1\/ o
OMe N 0
PG
31

N DCE, under Ar

! 80°C,0.1h

P ’

3G 30a

(5eq)
R1
2 o R/~ 2 o 0 o
Y/

N~ O N~ O N~ O

| | |

Ts Ts PG
31aa(R'=H): 85% 31ea (R' = 4-Cl): 86% 31ha (PG = Bs): 89%
31ba (R! = OMe): 82% 31fa (R' = 6-Cl): 88% 31ia (PG = MBs): 90%
31ca(R'=Cl): 81% 31ga (R' = 7-Cl): 74% 31ja (PG = Ms): 92%

31da (R'=Br): 86%

Scheme 3-7. Substrate scope with respect to AZINs

A2 R=IV 4 Ni D T LIS EHAIE A £ AZIN 3a-3g & W= ROGTlE, A BAE72 I
T 2NLEHR 31 2155 Z ENTE, A2 RV TALZY v a3 & L 7= AZIN 3g
13, B TORAT 3 AR BB BV TR O LUVME TS0, ARG
T 74% & BAFRINR T 2 (LB HUR 31ga 2 5272, A > R—)L | (LZEROHERKIZ O
Tt WITHDOANVKR = VR R AR OHEATH, @OIERIZ T 2 (CEHA 31ha-31ja
BH 2D ENbhol,
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LT A RRAZA O FAFETHIC SV TRRE L7Z (Table 3-4),

Table 3-4. Substrate scope with respect to carboxylic acids

BF3°OEt, (5 eq) (0] (0]
+ NuH ? +
OMe f;l Nu l;l OMe
Ts Ts

';‘ 30 DCE, under Ar
Ts (1.1 eq) 80 °C, time
3a 31a 37a
0 (0] 0o (0]
2R )LR
,;l (0] \ y l;l (0]
Ts Ts
. yield (%)? . yield (%)?
entry R time (h) entry R time (h)
31a 37a 31a 37a
31aa H 0.1 85 8 31af Me 0.1 93
31ab 4-OMe 0.1 85 7 31ag Et 0.1 92
31ac  4-Br 0.1 58 27 31ah tBu 0.2 80 12

31ad  3-Br 0.1 86 7
31ae  2-Br 0.1 83

2|solated yield.

REEFIE LT, Hhx 2RI A PO BEBOFER 30b-30e <, HiiE 30f), Vot
IV (30g), E/VLER (30h) A WA T, HREED O m\WIEE T 2 (7 [E A 31aa—
3lah 56N D Z LR oTz, 47 aTLZEERE (30c) =AW =54 TIZERY 3lac
DOIERDAK T BB BT, BIER 37a DU 27% &AM ORERZ VIR L D b
L7, ZOFKE LT, 4 A7 2EHFIZ LD REFIOREER D L TWDHH0 &
AT L7z,
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WIT, T a—LaREAIE LTHWESA, PR S BAFRINEET 2 (LEHA 31a
% H-Z 7= (Table 3-5),

Table 3-5. Substrate scope with respect to alcohols

BF4+OEt, (5 eq) o o
ome * NuH > Nu ¥ OMe

';l 30 DCE, under Ar r;l ,;l
Ts (1.1 eq) 80 °C, time I 1
3a 31a 37a
0]
C : § LR

N 0]

|

Ts

yield (%)?

entr R time (h
y M) 312 372

31ai H 0.3 32 35
31aj®* Me 03 48 b
31ak Et 0.3 60 12

31al jPr 0.3 62 6
31am tBu 0.3 0 trace
31an Bn 0.3 59 8

|solated yield. ” 31aj is the same compound as 37a

TN KA E LTRWESEAE LY . ROSRHEOIERSCUEROIR T2 /L S 703,
WG, REBIOREMEIC L DHETHD EEZTWD, 2B, tert-7 % /—/L (30m)
WD & HO 2 ALEHUA 31am (T2 GONT, BMRIEEMEZ 5272, ZOREW

DOHFIZIE 2-A FFT-1-F A U R 3- 40 37a02-BE Raef i - bl R >
3-A 2 31ai (i) WEMMETEENTWDH Z & 2R LT,
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BT RICHEEBOHEE L B8R

AZIN 3 W oA v F—=/b 2 (LI 2 sSKZEHG O SR, BIAERMA) 37a O
AR A B O N2 T DR BREFEREIT 57,

KRN FBNT, B 37a DAERGRREE & LT 2 DORENIE SN D, AZIN 3a D
TV RENDETHZLITE Y, AZIN 3a O EHEAKT 588K a L. AZIN 3a 5O BB
LT v a— A3k #l & UCER LAERKRT 5825 b TH 5 (Scheme 3-8),

LAl C
s
| LS [N
2
o ry
L . H,O~ |
38 2 \V
OIS 2
N N~ OR?
Ts )
Ts _
39

LA
3 [ \1 L
R20H @_g s /

y
N+RIOH | [ Hz/‘
Qs
2

l;l OR

Ts

37
Scheme 3-8. Hypothesis that byproduct 37a was occurred from AZIN 3

BEORKETHHBIE, 2T v axs EORp D AZIN FHEIK 3 2 v 2 (rE#s
JAEATH Z & T, 5 AZIN 8K 3 ([CHET D7V a— /L OREMEOZEZ LY . BIAERK
W) 37 OIWRIZEALNAE L B & TRTE 5,
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ZZ T, arbr—NEREToTLEZA, TRIZKLWTIOT L ax s KrfEo
AZIN 8K 3 Z WA S, 2 ALE#R 31 L FEIERY 37 BSEREEOILR TR LD
fE gL & 72> 7= (Table 3-6),

Table 3-6. Mechanism study of substitution reaction at the indole 2 position: alkoxy group

COOH BF3'OEt2 (5 eq)
2 +
o ()
Ts
3

DCE, under Ar

80°C,0.1h
30a
(5 eq)
(0] 0 (o]
+ 2
,}l (o) ,}l OR
Ts Ts
31aa 37
ield (%)@
entry R? yield (%)
31aa 37

33 Me 85 8
30 Pr 8 5
3p tBu 79 6°
3g Bn 8 7

a|solated yield. ? 31ai was produced.

af.
l;l OH

Ts
31ai
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TN A=)V ORBENED DRI KBRS TR D, AZIN3 Z VoA > F—1 2
PRI B R ERSOS OB, B 37 13 AZIN3 DT 2 REEOSMEN B B34 LT
% &M L7 (Scheme 3-9)

_ N -
N3 _ N2
[LA] N, slow
N /
. N7 Q
Ts | R2
3 L Ts _
[LAl ] o
e e Qg
—>> —_— 2
OR
ORZ N
N |
| Ts
L g . 37

Scheme 3-9. Possible mechanism of occurrence of byproduct 37 from AZIN 3

BB 2T aF UL LT tert-7 bR VAR AZIN 58K 3p 2V IG LT

BE. 2-tert-7 hF¥-1- F oA v KU 3-4 2 37p 1< ELNT, DIl 2-E ReX

Tl-bIbA R 34 3lai Y 6%DIRTHER LTz, AMEEIE, A2 R -3-
A FRER 3Tp N HARR LTt 2 NEBRENE D IR T D Z EIlIc kD AT 5 LB

Z BiL5 (Scheme 3-10) Y,

(o)
g Qﬁ
,;l (o)
Ts
37p 31a|

Scheme 3-10. Possible mechanism of occurrence of byproduct 31ai from indoline-3-one 37p

Flo. REAIL LT tert-7 % 7 —/1 30m Z VT 2 (REZEHSOG 21T o T2 BR. B4
MG E G222 L3, 2O XD RAERMOZEMICET HRE G EROD LS TH-

BT D,
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FOGTH BT 2 ALk 31 CRIZERM) 37 128\ T, 2 MEE B M O R FERA%H &
RS B OEDHETT 572 51X, RIGHT AZIN 3 0 ORAETLHT IV a— L zRETHZ
& T, BRI 31 DIERRM LT 5 BRI, £2T, ZOX I RN D05, ZEA
fit 30a NEHLLToA > KU 234 U FFEIK 3laa & A %/ —)L 30 OflAEDE, 7250
[ZAHZ ) =)L 30j DEHLT-A > KU 3-4 B8R 37a & ZEEWE 30a OMAEHE
T, 12-U7 v R 2 MBO =7 bR RV = F L —T U RIFAE TIZ T
JNEME#E L7= (Scheme 3-11),

O o
BF3°OEt, (2 eq)
o + MeOH =

l;l 30j DCE, under Ar
Ts (1 eq) 80°C,3h
31aa
+
N~ ~OMe N d»\(::)
) )
Ts Ts
37a: 8% 31aa: 88%
o COOH
BF;°OEt, (2 eq)
+ e
';1 OMe © DCE, under Ar
Ts 80°C,3h
37a 30a
(1eq) (0] 0 (0]
QA O
N d»\(::) N~ ~OMe
| |
Ts Ts
31aa: 7% 37a: 75%

Scheme 3-11. Scrambling experiments of 31aa or 37a
TORR, WIS BORISHEIT L, A > B D -3-A 358K 31aa DO~ A )0

FREEN A N BTN 37a DS 8%, A v RV L3- 4 U EBELR 37a D A
R VRN A VA RN B TR 31aa Y 7% DINERTH LT,
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ZDOTENG, 2NCEHA 31 O 2 fArEEIE, 2 ACEBSISOSRMET CA TR SR SREZH
R DD, ZORISDOEITITELS | 2 MREZEBEISA~DTFHIT/NS N LA L
7o LTERo T, BHTOT VT — IV ORREIC L DEIVERYOARIHITRECTH D = &
D3RIE X472 (Scheme 3-12),

0 0
or ¥ ROH =< or * ROH

N 30 slow N 30
Ts Ts
31 37

Scheme 3-12. Reversible reaction of 31 and 37
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INOREREESE 2. RSO TRRICH#EMEZ LT O Y 759 (Scheme 3-13),

_ R _ -
N [LA]
N - 2 | (0]
’ [LA] N Hzo\r 5
[LA] —
—> ; —
N OMe / slow N OMe
A N (o] N OMe |
A Ts
3Ts 'i's Me +5 37
a — - — = a
[ Al A » A
[ ]\N(NZ
$
N MeOH -----mmmmmmeeeeea oo » NuH = MeOH / slow slow
N
Lk e
4a
(0]
[ [LQ] | H o[LQ] '§'°)LR HO (LA
. V%o | )
cineo | Q—g\ )\\ —_— “ “H
R Nu
N HO)LR N~ O \
L Ts 30 Ts Ts
I ¥ N~
0]
LR . [LA] H [LAINH, m
A
"I ipso N o N N
(o] )—R Ts
J ™ 2~ 31
N: HO R l;l+
i Ts 30 i Ts Nu = alcohol, carboxylic acid
26 (0]
- $o-r, +0—
R

Scheme 3-13. Possible mechanism of substitution reaction at the indole 2 position

X, A 26 F5 KOV 29 1BV CiE, R FSREEAIE LTl VR VR E Vi
BB a2 L TCND, A AFED cis-AZIN 3a DT ¥ REEE A RIS L, 22 CTT
U RERIGD 2 DOBRIF T NERT AL U THBET DA R 34039 L7200
KIZEDA I DR D Z & TRIERM) 37a 24K T D, — T, A FFTENA
Z )=k UCHBE LIBT3 RUAT YO RERAEL, (2 R—VER EoIEg
BIFRNOETFIELEZT, 7Y FERRO 2 > ORRIFFNEZST AL LTHBEL., 1

UM RLE=TL26 LT0D, T2 BESESRIZR 30 25 cine NoA~DBENET LY
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Bl FEORKIZTA Y RY 34 20029 AL, KIZEDA I OIS 2 4L
EHAR 31 WEOND LB X TS, ZOE &, 3AEHRRIS & RIS, BEREEH 30 A3
ipso NENBIRT DA BEZ DD, ZO8%EIE, FEORKKO L 5 IBHRERER A FIH
U CREAIDSEEAL L, A 29 2R L7, [ARRIC L T cine E#UAZ 5 56D LT
BLTND, B, AV R 3-AI39DEMRS, 1 I A L= 826 ~DAK
J =)V 30j OBCEE 2 NLEHA 31 L EIAERY 37a O OVHESIGIE, WT L H E OEITH
B, BMOIE~GZ DB NS WEFE X D,
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BRE 2 ACREZRBEBRBISOH & EE

RESEO BRI A FEZ 3 RSO & SR EEA & L TRV, 1 v
R—/L 2 (LI 361T B SREZ BSOS 5 AT 5 72,

NEMifE Cdo DA LA 1 (300) SABHEME R TH D -2 F— 30p), 7 /8
ThHhH -7V 1-aA Y OFER (30q. 30r) ZREZRIE LTHWEZ A, HIID
FOGRHEAT U, HRREE NS RAFZRINEET 2 (EHUA 3lao-3lar #1525 Z LTI LTz
(Table 3-7),

Table 3-7. Substrate scope with respect to natural products and bioactive agents

BF,°OEt, (5 eq) o o
N~ ~OMe * NuH > Nu ¥ OMe

| 30 DCE, under Ar l;l l;l
Ts (1.1 eq) 80 °C, time Ts Ts
3a 31a 37a
QA
f}l (0]
Ts 31a0

Ts Me
31ap (dr=3:1) 31aq 31ar(dr=1:1)

yield (%)?

entry time (h
y M) 312 372

31a0 0.1 39
31ap 0.3 32
31aq 0.1 62 13
31ar 0.1 72 13

2|solated yield.
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BRIz, 3R 30s-30u 2 KA L L CHW 2 (B 21T 7= (Table 3-8),

Table 3-8. Substrate scope with respect to pharmaceuticals

Method A: BF;°OEt, (5 eq),

H,O (1 eq), DCE,
under Ar, 80 °C, 0.1 h
ome * NuH o

';l 30 Method B: Zn(OTf), (2 eq),
Ts (1_1 eq) HZO (1 eq)!oDCE’
3a under Ar, 80 °C, 16 h
oA, - L
+
';l Nu ';l OMe
Ts Ts
31a 37a
M
o o OMe €
(0]

N (0]

| r}l H Me

Ts Ts

3as 31at (dr=1: 1)
(o
o
Me N
,}l (0]
Ts OMe
31au
. : aspirin : ibuprofen iindomethacin
yield (%)? I i
! 31as 37a | 31at 37a | 31au 37a
[} | |
Method A i 31 4 E 78 7 i decomp.
MethodB | 28 4 | 43 3 | 290 2

?|solated yield.

TAEY v (30s) oA T T a7 (30t) Tk, MR ISHETL, BRO 2 &
ik 31as, 3lat 2 5 2 7278, SREEAIE LTA V RAZ TV (30u) Z2HWT=86. MR
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EME bz, BOFFER 3lau T2 HBONR1oT, =7 kAR vHERIZF LT —F
JVBERZ WD 5 (Method A) Tl £ FAZ TV B0u) HIFEAEHMLTEY,
ZORUAKHEECTH 7o Z & D ., SAHRTT OB LRI BAT 723 T 2 (L EHSUS A3
1TL7e, #ShaAD R Y 77— b & 2 Y EHW AR (Method B) IZTRINLTZEZ A, HBY
D 2 (W EHA 31au % 29%DILR TS Z LTI LT,

INHDOFRERNG AZINI DA F—=VE WL A NAT =V T 7003 aF 748
—vary ) TROLLEMME TOEEDOFEMUITHATE L Z L 2HLMNT L, &
HIZ, A ¥ R—VEBENREKGLOERKE LTEHIN, A R 3-F 0 kg b 48
TEEE OERE L THRESNTNDZ EnD, IHHEWE OB L ERLOBRICL D,
TaT N7y —~vaT 4T OHE~AZIN 3 ZFHTHZ LI LY, 2095 2, K
ERINEIA R 2 (AR BREEE | OHT 54 R U 34 B Of{E 2 Ee % v
FEE LCWDIm0 4D, A, D EFIH Lifkix 2 KRS AEBISMEWE ., 7213
b OFEEROERHA~LICHNHIRF S D,
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BUE 4 RYNATY REHE AZIHY OBRZ

B Ex

H—EmNLHE I T, A2 RUAT Y REESMEDE M & L TR - ARk
L7- AZIN3 &, ZhvaE AW RISBRIC W TR~ 7,
AZIN 3 % Z U E TOMMEIREALL > F—/LakdE L 4% &, ROBIN 6 <° DiMeOIN 1
& BOEDIA T 5 K3 5315 (Scheme 4-1) 1,

N NuH 7 AR}
OMe \

&
1Y,

N
) ' I
Ts ' N ROBIN: . N DlMeOIN
3a 5 Ts  like . Ts  like 5
' _9aa-9ag | . 9ah—9an !
’: j ’: j 'O i j 'O R AZIN
original!

9aq—9at 31a|—31an 31ap 31aa-31ah, 310 31ag-31au

Scheme 4-1. Reactivity of AZIN 3
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Iholdngng, AL TS Y R U207 v 2 v e R o8k ch s 2 L)
5. ZORICEMNEBET 56D EEZEZbND, £DH XA T, AZIN3|TA » R 3T
Y KEEZFFS7= 912, ROBIN 6 X° DiMeOIN1 & F72 2 AZIN 3 Jilt H O BUZROSUGTED $
Eba3ND ETFRIND, T2, AZIN3 (X2 OB £ o R— L3384 /A L
THERTHD EE XD (Figured-1),

o m
6
) > OMe

OMe N
OlMe 3a: AZIN

|
Ts
1a _J

Figure 4-1. AZIN 3a has reactivity of ROBIN 6a and DiMeOIN 1a

SR TR UL T, 2 LT Fr ¥ S SR R MR » F— L33 TH
% HITAB 10 HBA%E 2L, T &AW RIGBI bREAIIT> T %, IT4E, HITAB 10 (%
TOLMIHFET Db Fa U EATEN L, ~IT7 IO BRI XY BIBEIRAE 40
THIHAHETH D Z &3 L7 (Scheme 4-2) 2%,

+ - + - + -
NEt;Br NEt;Br NEt;Br
Q. — O =0
OH 0 N "IOH

h \H .
Ts Ts Ts
trans-HITAB 10a 40 cis-HITAB 10a

open-form!!

Scheme 4-2. Tautomerization of HITAB 10a
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H L, AR 3MLCT Y R, 2 ffice Rex  EaRolEk 41 28T
X, AZIN3 DL 724 » RUNLT P REEFMADE "Ml & 720 . HITAB 10 D X 5 I
AT IV ORERMC X DB L BWROW S AR TE S 2, Thbb, kil
RO A R —VEBRIKIC 72 D EWIFF LT, ZOFHT ¥ KA R ViFER 4 %,
ZOEWSLTHDH 3-TY R2-E Faxv Ay RUUhh, AZIHY 41 &4 L7 (Figure

4-2),

C B Y
,;l OMe
Ts C: ; ™
6a
\\OMe >' ,;l OMe

s s
yome VR ¢
] N OH

+ -
Ts NEt;Br \
1a J @—>‘ PG New generation
OH 41: AZIHY

(3-AZldo-2-HYdroxyindoline)

|
Ts
10a /

Figure 4-2. AZIHY 41 as new generation umpoled indole reagent
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BT AZIHY OARR. &MRE

AZIHY 41 D& R%GEHE 2 LA T2~ (Scheme 4-3),

NBS Br NaN,
) H,0 \ K,CO;
> OH > OH

';l acetone 'ﬂ DMA ’;‘
Ts Ts Ts
5a 42 41: AZIHY

Scheme 4-3. Synthetic method for AZIHY 41

AZIHY 41 1, AZIN3 OA > R—/L 2 (L2 HEHEN e Raf v~ b B shr-
FEARTHDHEEZOLND, T T, AZIN3 DAKEFRE, TAF AT A KELT3-T
VR2-BE KXl al-hibA U R Y @2) RV, UK LT Y RMEEITH 2 & T,
AZIHY 41 NERTE D EEZTZ, 0B, 7rEA L R > 2 2=\ T 24 FEERTFT 5
L. ERICHREL 3-7 0 E-l- b A U R—)L @3) LB RSN TWS B, F
DIz, TrEA 2 R 42 O, EHICTY MezfTo 2L & L,

HITAB10 Z &8T5 FiEkEBEIZ, 1-F A2 R—/L (5a) 27 & hod, 10 B&ED
KEEBIIN-TOERT A I REAWTER NIGLIZEZ A, 20k Fr 3k
ERfOTHREA L R 2 42 % 93%DIERTHE7- (Scheme 4-4),

NBS (1.1 eq) Br Br
Qpp BE3_ Ol O
N . on *

A acetone N N
Ts rt, 1 h Ts Ts
5a 42: 93% 43: 4%

Scheme 4-4. Preparation of 3-bromo-2-hydroxyindoline 42

CORINZERBNT, 3-7aEA 2 R—/b 43 23 4%DIRTHAERK LTz, 3-7aEA 2 R—
V43 1%, RISOFHERETO TLC fTICB W T HERIND Z b, 7uEAf R
VA3 DSRIZT TR - R YA R—)L (Ba) E N-TOERT A I FEDRIGIT
FoThAERLTWDEEEZLND,
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TOTHEAL R 422K L, AZIN 3 DEEEHEEBEIC, NN-UAFALTE T
IR S MEOT T MY U LRLNT 1 YEOREEN VU LEIZ, INEGA T
TR L-, TOfEE. BIOO AZIHY 41 132 < AR, 2202 3-7 aE-1- bAoA
¥ K=/ (43) 73 87% DU TH b7z (Scheme 4-5),

Br NaN; (5 eq) Br N;
>
N~ ~OH

. DMA N o
Ts 100 °C, 0.1 h Ts Ts
42 43: 87% 41: 0%

Scheme 4-5. Azidation of 3-bromo-2-hydroxyindoline 42 at 100 °C

AT, 7aEA 2 R UNREETH DO, INEBGAE T ICB W CAEIC R

L. 3-7 a0 R=1 43 252 7- ¥ LT=, 2T, [REEOIGE =R FITo 7205,

ZOHAYL -7 uEA L KL 43 ) 4% DINETHELNDH DA THY . HID AZIHY 41
3N Z LT TE o7 (Scheme 4-6),

Br NaN; (5 eq) Br N3
>
N~ TOH

. DMA ) o
Ts rt, 0.3 h Ts Ts
42 43: 84% 41: 0%

Scheme 4-6. Azidation of 3-bromo-2-hydroxyindoline 42 at room temperature

AT Y FMEAMOBRRICIEN T, JIGhEEEDHFLEE LT, 7V M v Ak
WIRETAR L, ZNEZELICAEHE AT A ROWR~EMZ T FIERET LD ), =
DIFETIE, ARIRE 72 IXRR FICTRISEAT ) 720, REMCHEERSH S 7 aEA v Y
V42 D5 RE B HDFEERIHIT 5 Z N TE D, EBIT, TREA VRV 242 OF3fiR% A

REZRIR D B 72D, HEERHRE S, FOSARICTOEET Y FEZMATT Y ME$ 52
&L L,
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-~ A v R—/b (5a) & 10 Y&DOKE L BT, 7' NAREH, -7 rERT v
AIFEAVIETAHZETTrEASA Y Ry 2~ L8N, 2 HERERNE, 2o
BORERRIZ LT DR U727 o k) MU o KSR Z N2 TR LI 2 A,
HEDO ST L, AZIHY 41 % 93% & @\ UIERIC TR T2 Z &1 Eh L= (Scheme
4-7),

NBS (1.1 eq) Br NaN; (2 eq) Ns
\ H:O(10eq) % in H,0 S
E——- —_—
']‘ acetone f;l OH rt,1h l;l OH
Ts rt, 0.5h Ts Ts
5a 42 41: AZIHY (93%)

Scheme 4-7. Synthesis of AZIHY 41 from 1-tosylindole (5a) at room temperature

AZIHY 41 DERIZENTIE, AZIN3 DERLE R LT, K0P nbE&o7T kT k
U0 LEAWCTRIGHETT 5D Z E0vD, AZIN3 OERICEIT DiEO— D> TH 7T ¥
{EF U U LAOEHEOMEL Wk L TWD, £ZT, AZIN3a LD b RERAT—/L
(100 mmol) 2T AZIHY 41 ODARREIT- 728 2 A, R SOSITEIT L, trans-AZIHY
41 % 31.1 g, 4% DI THL Z LA TE 72 (Figure 4-3),

Figure 4-3. The pale-yellow solid of trans-AZIHY 41
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BT AZIHY & 1,35- U X pFIRB, BEFBROKL

AZIHY 41 OFENEZ M D 5 X< AZIHY 41 Z VT, AZIN3 IZBIF 51> K—/1 3
NLREZEHASUR, 72 DN 2 MRIZEHSOS 2k A 5 2 & & LTz,

FT. A2 R 30T D REZEBC AR Lz, AZIHY 41 IZxf L, 1,2- 7 1
oo R REERIE LT 11 MED 135-FU A FF 0B (1a) 2z, 10
mol%DA ¥ L) b Y 7 F— R 80 °C IZ T L= & 2 A, BIOA K
— /b 3ALEHUAR 9aa & T7% DR TR D Z L TE 72 (Scheme 4-8),

OMe

\N3 OMe |nCI3°4H20 MeO
N (10 mol%)
+
OH DCE \ OMe
MeO OMe
N

N
'i's 1 under Ar then air
. a 80°C,1h
41: AZIHY (1.1 eq) Ts
9aa: 77%

Scheme 4-8. Substitution reaction at the indole 3 position using AZIHY 41

REWNT, A > R/ 2 (ISR D RIZEMASOS A aT Lz, AZIHY 41 1S L, 1,2-27
BRSO SRR E LTS HEOLEFR (30a) A, 5 HEO =T bR Y
R TTF N —T VEEREZ IV 80 °CIZTMEMEHE L7 & 2 A, BBDA » KU »-3-F
2 (EHA 31aa 75 85% DU T HAL/Z (Scheme 4-9),

\\\NS COOH BF3'OEt2 (5 eq) (0] o
H20 (1 eq)
+ '
OH DCE, under Ar N ON\@

N
Ts 80 °C, 0.1 h Ts
41: AZIHY 30a 31aa: 85%
(5 eq)

Scheme 4-9. Substitution reaction at the indole 2 position using AZIHY 41
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WS, BT ARUSNEIT L. AZIN 3a & [RIRREOICR TENEH H O 3 (7 E
1K 9aa, 2 (EHAK 3laa NS HNT-Z LD, AZIHY 41 231 > R U LT Y REAMA 4a &
L CHERET % Z & Zfifgad L 7= (Figure 4-4),

N N,
. s
OH

h N
Ts Ts
41 4a: indolyl azide

Figure 4-4. AZIHY 41 as surrogate of indolyl azide 4a and umpoled indole reagent

TS DOBEHIED trans-AZIHY 41 12330V T cis-AZIN 3 & [FEEO SOSH M T4 % =
&, cis-AZIN3 & trans-AZIN 3 O IEEEBR OFER & X JET 5, Z ORI R TH 273,
trans-AZIHY 41 (37 & b=k U L 24 IRETIGE S5 2 & TEDO—HDS cis-AZIHY 41 ~&
FNALT 2 Z &0 TN D T2, FOGH CIIEIZAAET 5 cis-AZIHY 41 MBS LT
JELTWAHDTIERV N E TREND,
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B AZIHY & 7)) =% — LVERED K

AZIHY 41 &REAIDIGZ & HITBRT R 2O E LT, AT Y Muam s
7 = — ViR A W ROSIZE R Lz,

1903 4F, Dimroth [, 7== L7V R4 L7 2= N7 ) =% — )il 45 25T 5 2
LT, BHBEFTINZ oMLY | FOMERIC T = S VENER U EE RO N T B U
K 46 DERT D Z & ZHE L= (Schemed-10A)Y, =D, b U7X U iFERE Az
FOS~OISHIZBE LT, W O OWEN /e STz, BIZIE, 1983 4, Pearson %, A%
TR 41 TR ) = — ViR K 48 I K DS E T VLAY 49 1FAE I
TITHZ LT, NITEVHREAER 50 2B LT IR 51 BAERT L2 EE2HELTWD
(Scheme4-10B)Y, F7-, 19974, Li bix, 7UVAT VUV NMLEMS2 LTV — N7 ) =% —
JVEREK 83 DN N U T UREER 54 TR L, BRE WA T ) & T 2
GRREL, TV—=AT IS BELND Z LA LT (Scheme 4-10C) 9,

ATV NMEEME 7Y =y —VRIRIC K D RIEDIEHIE, X525 EERIT T,
1999 %, Yadav H1%, 7 ==/ T Y K56 LT NFNT ) =y —/Likdk 48 & i L7235 A
ZiE, R T BUBEANELNT. 2T I 5T 5L 2 L AWIE L7- (Scheme 4-
10D) 7, SUSSMEE, ZOWRELIETIO U 7B U BEROA G S TS 0D, 7=
STV RS6 ET XN Y = — Lik3K 48 OFAEDOHEIZB W GRIIZ 2857 2 >
5725 S AERRIZE L COEEIIR R B Tunieny B 2o )5 722020 4F, Knochel
BIZXY, AT Y MEAW S8 &L X —AR 7Y = — Vi 59 Z$RAEAFIE FAOST 5 2
& T, MR 2 RIFICHER U, ZFEZER7R 2 k7 X2 60 Z B FTRE & T 2 | H3
723372 (Scheme 4-10E) ¥, Z D X512, AT ¥ NMeam e 7Y = v —/Vik3Ea Hviz
BOSE. %72 SO E 2 R T 7 DI AR R S T B,

HER9: ZIE TOMEIZEBWT, AT Y MEeWmE 7 ) = — Vil3RIC X560 B, Y
TEYUBERNE LD Z Lo TN 9,
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A) Dimroth (1903)
H,O0 N H
O v O — (YO
44 4
5 46
B) Pearson (1983)

N8 s
O/ + R-MgBr + I _— R‘N’N\N/\S
47

Cc
R'7X -78 °C A
48
49 0” "R’
50
R = alkyl R' = alkyl, aryl
X =0Ac, Cl
n'Bu4N+HC02'
DMF, 45 °C o
= r.
or KOH NOR
Me,SO, 0 °C 51
C) Li (1997)
H
— R_
52 X Et,0 X
53 -78°C tort 54
+
H,0 A~ NH;
NS
55
D) Yadav (1999)
N N
/ 3 SEy
R-L ] + R'—MgBr > RrC r F
56 rt, 0.5-1 h 57
R' = alkyl
E) Knochel (2020)
.- ZnCIMgCleLiCl FeCl; (50 mol%) ,H
R-N; + p—C | » R | N g
58 N THF, 50 °C, 1 h =
59 then, aq. NH,CI 60

R, R' = alkyl, aryl, heteroaryl

Scheme 4-10. Representative reaction of organic azide with Grignard reagent
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T TEHT, TAAXALT Y RELTAZIHY 4 Z WV, 7V =v— il 61 & Usd
LT, 3-MITE=AA L RY UFFER 62 X° 3-7X /A R UFFER 63 DA
TEX5DOTIHARVINEEXTZ, AZIN 3 &AW REBHRSOSOFEMIC OV TIE, 55 %,
FEBICBWCIRATZ@Y . WIS T Y RESBEELE L CO#iEL., 7Y REICHKT
DEFRIFFIFERDITEZ N TRV, RREHT LY 7Y FERROERF 125 13
LT EMTENUL. TV FA v R COARBAEFNRA AL R ZENTE D LER D,

AIETIEES BIZ, ~IT7 IFT—VORERMEICL T, AZIHY 41 OERILA (cyclic-
form) & PHERM (open-form: 64) O T ZFIHTX D AEMERH D, 720 H, MIGSHD
BEHIE Y, A & R=VERZFFOFELLINI S 7Y FEOERIF 125 LT

FRFERBG SN DO TRV EHIFF L72 (Scheme 4-11),

N3
N; hemiaminal
Q—B‘ tautomerism @
— — 0
Ts + Ts
41 64
(cyclic-form) R-MgX (open-form)
61
solv.
Ns N N
R \\N e sR o R
Q@
,}l OH ,}l OH
Ts Ts
62 63

Scheme 4-11. Expected reaction of AZIHY 41 with Grignard reagent 61
nE. BRLFRIR A REDOBLEN G F—AR 7Y = ¢ — LB RARE & v o T

7RI AZ VT, AZIHY 41 & 7Y = —/L3R3K 61 DL L W Bl 725 TR E1T 9
ZEELT,
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F9°. Knochel 512X ARIGSDOEMEABEIZ L, AZIHY4 OF FT b K7 J URikE
50 °C [ZTHEMBHE L7236, HilRD 7 ==/ 7 =% — /L3 6la #MZ TVE LS
iz, TORER, WFLIE3-F U 7TE= A > FU UFER 62a 32 EbNT, 3-73
J A v R VHER 63a DVEMME CTHERR SN2, 7 X RFEEIR 65a 73 77% DI T 5
U7 (Scheme 4-12),

+ >
e QO
|
Ts

50°C,8h
41 61a
(0.3 mmol of 41 (2 M, THF solution)
in 3 mL of THF) (3 eq)
H H H
Ns _N N 3
R ‘N’ \R 3‘\ \© 2 N
+ + (o)
| ) 1
Ts Ts Ts
62a: 0% 63a: trace 65a: 77%

Scheme 4-12. Reaction of AZIHY 41 with phenyl Grignard reagent 61a
7 3 NFER 652 13, AZIHY 41 OBABRE. A2 RU Y 30T Y FREICHKT %%

JFA-OENIZ LV AERT D EBZ NG, ZOZ NG, TUVRA Y R rO7 Y R
HORS 2 R 2 MM L2 SRS AU Eh L7 (Scheme 4-13),

C N NI
OH — :jil‘mi

) )
Ts Ts
35

Scheme 4-13. Using azide group of AZIHY 41 as nitrogen source
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AREMZEBWT, BIERD 3-7 2 A > RV ViFEIK 63a 2VEMME CHER I N-Z &
Oy SUSSAFEOBFHNZ LV, 3-7 2 ) A > R U EFEIR 63a MBS L CTERT 2D Tid
W EIIRE L. SONBBEOA 0, IBESMT O 21T > 72 (Table 4-1),

Table 4-1. Optimization of reaction conditions of AZIHY 41 with Grignard reagent 61a

3~ MgCl
- Q0 -

'}‘ 2 temp., 8 h
Ts
41 61a
(0.3 mmol of 41 (2 M, THF solution)
in X mL of THF) (3 eq)
3
vauPNee
+
F)
i iy
Ts Ts
63a 65a
yield (%)?
ent X (mL temp. (°C
ry (mL) p. (°C) 632 65a
1 0 rt 66 15
2 3 rt 59 1
3 0 50 trace 48
4 3 50 trace 77

?|solated yield.

SEIE T, EED AZIHY 41 125 L7 = =27 Y = — /LK 61a % SUG SET-84. 3-
TR A KU U 63a 53 66%DIE TR bIL, 73 RTEE 65a 13 15% IR TS
LTz (entry 1), — 5 C. SUGREIZZOEEIC, AZIHY41 OF b7 & Fr 7 J RIS
L7V = — Vi3 6la ZMZ T-5AE1E, 3-7 2/ A R U FFEK 63a 53 59% DI
CROAL, T FFEEIK 65a 11 1% OIRFETRBIE (entry2). HEV T, S0°C IZIIAL
NG ERD AZIHY 41 125 L7 = =027 ) = —/Lit3E 6la 2 FUG SET-5E, 3-73
A2 R Y FE 63a IHRB TR AL T I TR 65a 13 48% IR T BT (entry
3), 72d. entry 4 [TYED Knochel & DRISEMEZZBIZ LTIZHFHERTHY . 7 I NifE
& 65a 73 BAF/RULR TS Bz,
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BT Y MM e 7)) = — VRO KINTEB W T, 77U = — L3l N7 U —L i
BFRFOINT NI NIEEFF O PRI E L RITT 2 ENHEINTWD D72, KK
JERT VXL T = —/ Lk 3K 61b (2350 T &3 A A RED M Et L 7= (Table 4-2),

Table 4-2. Substrate scope with respect to Grignard reagent

on * =

l;l temp., 4 h
Ts 61b
41 (1 M, THF solution)

(0.3 mmol of 41 (3 eq)

in X mL of THF)

Q. -y T
N OH I;IH
Ts Ts

63b 65b
ent X(mL) temp.(c) Yield (k"
e .
v P 63b  65b
1 0 rt 6 9
2 3 50 22 60

2 Isolated yield.

A Y TN =% —/akd 61b IV, JeLARRIC, SR T CTOREIK AZIHY41 (2
KT o, BEOT T b a7 7 A AW IIEGE: T CORISE ZNET-
el ZA WG RER S BUNTET L, B(ERD 3-7 X/ A R U UFFER 63b 13k
5 66% DI (entry 1) C,BABRID T I RFHER 65b 1355 60%DIHE TH LI (entry
2),

INBHORERMNS, AZIHY 41 £ 7' ) = v —)Lik3K 61 2 VT s, iR miRE
DFIEEME T TIX3-T X /A 2 R U UFHEK 63 AMEE L CAR L, IRIREEIZ T 50°C (2
BARHE T 250 T X RRBEUR 65 MW L TAEMT 5 2 Ldbnnotz, T78bb,
AZIHY 41 232 =R 7 U = ¢ — Vil B2 W2 &89 RUSRIFEOZ Iz LY A
Y R CHHERRST I RFERE W T AR ORFIEN T D [2A v F o VUG
~EIEHABETHL Z 2 R LT,
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ARSI LD AR SN DEERA > RV 63 13, catellatolactam C (66a) <° juanlimycin A
(66b), juanlimycin B (66¢) & W72 RIMNCZEND B THLTIZD, T O DR,
T DOFHERERA~DISHPHIFRFZ % (Figure 4-5) 19,

66b: juanlimycin A 66c¢: juanlimycin B

Figure 4-5. Structures of natural products 66

—J5C, TV REICHET 2B E O 2o 7-, BIERET I K65 Tld., 2D E
WL ThHHY /a7 2T 7 61 DERLERAZEND, V/uaTd2FrO7a KT w7 68
DEA~EFIFATE D [REMNDN B 2 (Figure 4-6) 'V,

OH N
R
(o) o
NH CI NH CI
67: diclofenac 68

(prodrug of diclofenac)

Figure 4-6. Structures of diclofenac 67 and prodrug of diclofenac 68
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B RICHERBOHEE L B8R

AZIHY 41 £ 7'V = — L33k 61 ORI D, 3-7 2 /A 2 KU UFFEIR 63 BLUT
2 RFEIK 65 2 52 D SUSHEZ I G M T 5 <, BOEREREZITHI 2L L L, K
FOSSIEE@E Y AZIHY 41 D~ T 27— VO EERMEC L0 2 FEOAERM A 52 57
5. B0 DIFEDMER SN D b D LB X T2,

£9°. PO 72 AZIHY B0-41 2 A% L 7= (Scheme 4-14),

NBS (1.1 eq) Br NaN; (2 eq) R
Q_\> H,'80 (5 eq) S in H,0 S
o e

N acetone f;l '°OH rt,1h f;l '°OH
Ts rt, 0.5 h Ts Ts
5a 180.42 180-41: 86%

("0 = 75%)

Scheme 4-14. Synthesis of '*0-AZIHY 41

I-h A v R—=)b (Ba) 27 & b B 5 48D B0KE EBIIN-TBERT
AIREHNTRISSEDZE T, BOFLZ3-7 2E-2-E Re¥xi 1 N 8042
LN, ZORIGER~T AT N U U SRR E A TR LTI L 2 A, B0 ik
L7z AZIHY B0-41 % 86%DILHETHFSH Z LN TE = HHI0,

VIR 10 BO-AZIY 41 Ol B e B L U . 150 « 0 = 25% : 75%Cib % & i
L7z, 7835, HITAB 10 O O FFsiT, SRR OFKEPEL (50 3 F5) 235 L TE
D, FOFEMITELRRSUIFE LY,
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VT, 2O AZIHY 8041 # V., Rifi T2/ ) =% —/Likdk 6la (2L D A A v
F U T RISEATV, T2 A4 KU UK 80-63a & 7 X FifE(R 180-65a 21 INAIC
AR L72 (Table4-3),

Table 4-3. Switching reaction with Grignard reagent using AZIHY *0-41

3 N3 MgCl
Q) -

N 2 temp., 8 h
Ts
180-41 61a
(80 = 75%) (2 M, THF solution)
(0.1 mmol of 80-41 (3 eq)

in X mL of THF)

3‘\“\© 2 “
st ' m \©
[;1 2 180H f;lH
Ts Ts

180.-63a 180.-65a
("®0 = 75%) ("®0 = 75%)
t X(mL) temp. (c) .. Yield (%)
entr m emp.
y P 180-63a 180-65b
1 0 rt 69 5
2 1 50 trace 72

2|solated yield.

INBT A R—/L3EER 80-63a &7 X RiFE(R 180-65a D 'S0 1EikE % iR
REE BONTIEE I CHER LT & A, AZIHY B0-41 L [FIREOIEGERTH - 72, AFEROL
T, 27 L HERIER AZIHY 41 L BRERAY AZIHY 64 73~ 7 X — VO HEERMEC XD
AT TS LT CE 20 b DD, AZIHY B0-41 kD 80 el s o8
WECAROGHEITT 5 2 &M bhroi,
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VL EDFERMNG | RGO TS S 2 7~ T,

BRACEL AZIHY 41 ICH3KT 5 3-7 2/ A o R—/LiEEIK 63 DKL, Yadav H 70
Knochel & YDA LFETHH B2 BND, T70bb, AZIHY 4 O7 Y R a EFHER
TZBITF D7) =v— V3K 61 DG & | RN ADMEE R L TR Z 0 . S Ekk
K2 N2 2 FIC K> TT I UaFk 63 #5220 & PR L TS (Scheme 4-15),

R
XMg—R
| [Mgl\\,
(L, = Q1 Q1
N OMgX
Ts
41 69
(cyclic-form)
[Mgl
OMgX ,}l OH
Ts
70 63

Scheme 4-15. Possible mechanism of synthesis of 3-aminoindole 63 from AZIHY 41
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—JiC, 7 X NEHER 65 ORI, DM A RR T HRERIZZ LV, EHREF
DELZPED Z b, 7YY D UFHEREZRE L TRISHNET T2 & PRSI D 12, B
B AZIHY 41 & 7' =% —/LildE 61 DSUGOIT, R AT A DB > THRHIA 70
R LR, TV 2T D, i, BB AZIHY 41 28~ 7 X F— )L DA

FMEC LV BHRT AZIHY 64 £ 720, 22~ ) = —/Likdk 61 NG LT=HE, 74T

Rzt 27 ) = v —Lik3E 61 OSUNMI LY T va— L 2 BWERT D EE b
D03, BIREETIXZ O L 5 BB Z R L TNz, BHERAL AZIHY 64 Z % H
LRSI ORIUCZ LV, 7V U D0 THIEZF D%, B R RN 2PN T DY D

BRMBHER T 52 & T 2 Rk 65 2522 & LTS (Scheme 4-16),

XMg—R B R - R .
Mg} I—[Mg]
., —|On |2~ Q.
. 0
OH OMgX
s
41 - Ts - - 70 B
(cyclic-form) 69 A +
hemiaminal [ (\ ,R i
tautomerism W Mgx
(0]
H
XMg—R g L Ts |

X .0 61 ~ OH .
oL o e
NH H;0* NH
Ts Ts m R
64 72 NH

(open-form) )
65
Scheme 4-16. Possible mechanism of synthesis of amide 65 from AZIHY 41
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HEAE AZIHY 2 W24 % O A vTREM:

AZIN 3 & HITAB 10 Ol OME % FpoflEisti il 4 o F— gl e L TRGEF LT
AZIHY 41 X, FRE Y OROGHEEZ /R L2721 TR, 7Y RIBICHERT 2 ERF 12 F
M UTEBERO B B IER L2 Z &b, 5, A R—/L 3SR 2R OFEA
DAEFAFIHTE 5 AlREMEDNH D (Scheme 4-13 ),

51T, 2t Refk s 80 CE#R L7c AZIHY B0-41 2 vy, PO kR A HERF L
TT /Ay F—/LaFEk 80-63a &7 I RiFEK 180-65a NEKTE L7280, ZILHEE
WAL E T U7 3B REo R AT ~ DI 23 IR S D
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>

A
PLb, EHIZ, A2 RUAT ¥ REEGMEROEG B L OEKREITV. Zhvad Aniix
JABRFRIZ OW TR LT, 15 DAL R 2 LA IS 9 5,

1. 3-7VR2T7haxvAr R Y GBFRAZIN) OGRS Uiz, 20 X A
MEIEMRATIZ LD . 7Y R B BHRIF & A M VEBER O AERTH L0
O-Np FE - DIFAEZ L L, AZIN H3ZEE 2 B rTRE 72 R 2 Bl L7,

2. AU L7 aTA RIUKFPIFEFTO AZIN & RFER DR RIEZA O SO
IZE D AZIN 231 RULT ¥ REMRD ORI » R—L 388 & L ChgRE
INEEHA » R ViBiEkE 525 2 L vbio Tz, &BIC, GOBER L RIERM O
FAIC L 0. RRISHT Y FENDTA b Lo 234 LS D CHE 79 % ATRerER
FWZ EERLT,

3. ARMAHREEE SN TER2-TAaF U/ TIINNAXTA L R 34 U aBEks, AZIN
EBRFEREHN D =7 bR VR = F N —T VR E W RIC L W SRS 2
ERFER LT, REUSTIE, ABEEESSRRY), EIRGO late-stage TOERERE
fifil A v R—/AKICEI LTz,

4, 3-TYR2-B Fuaxi A2 RV @@ AZIHY) OERICEKI LTz, ZihssRiZAl L
A ABRAFAE FCORINMIIBNT, A > RUAT ¥ REflifA & UTHRE L, 3L E 721
2NEHAPEOND Z EE R Lz, 51T, AZIHY &7V =+ — V3RO KIGIZ
BT, KIESRHOEIC L B, 3-T 2 /A > R B8R E T I RFEROBERE
RIS LTz, ARBUSTIE, AZIHY 70567 ¥ RERSROEHEF 12 LIzahE8An
BRTEDZEERLT,

PLEOFERIZ, A RUAT I RO E T A v R oA EZR~RTHOTH

By AN T S RA L RY R bNIA > RU AT Y ROWE 2B+ 5 L To—ih L
20 SHBOIGEECA v RV EIRARICEBNT 5 = & 25T 5,
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FZERDER (Experimental Section)

General Experimental

Melting points were recorded with a METTLER TOLEDO MP50 and are uncorrected. High-
resolution MS spectra were recorded with a Brucker micrOTOF mass spectrometers (ESI-TOF-MS).
IR spectra were measured with a Shimadzu IR Affinity-1 spectrometer. The NMR experiments were
performed with JEOL JNM-ECZ600R (‘H NMR: 600 MHz, *C NMR: 151 MHz) spectrometer,
Varian 600-MR ASW ('"H NMR: 400 MHz, *C NMR: 100 MHz) spectrometer and Varian 400-MR
ASW (‘HNMR: 400 MHz, C NMR: 100 MHz), and chemical shifts are expressed in ppm (3) using
residual undeuterated solvent as an internal reference (CDCls, 'H NMR: § 7.25, *C NMR: & 77.1).
The following abbreviations were used to explain NMR peak multiplicities: s = singlet, d = doublet, t
= triplet, q = quartet, sep = septet, m = multiplet, dd = doublet of doublets, ddd = doublet of doublet
of doublets, dq = doublet of quartets, tt = triplet of triplets, br = broad; coupling constants in Hz;
integration.

The crystal structure of 2107262 was determined by the singlecrystal X-ray diffraction method at T =
103 K. The diffraction data was collected using Rigaku XtalL AB Synergy-i diffractometer (Cu—Ka
radiation). The structure was solved using the SHELXT 5" and refined with SHELXL-2018/3 52 via
OLEX2.5Y All non-hydrogen atoms were refined anisotropically. All the hydrogen atoms were put on
calculated geometrically, and were refined by applying riding models. Crystallographic data have
been deposited with the Cambridge Crystallographic Data Centre: Deposition code CCDC 2107262
(cis-AZIN 3a).

Reactions were monitored by thin layer chromatography (TLC) carried out on a silica gel plates (60F-
254) and visualized under UV illumination at 254 or 365 nm depending on the compounds. Flash
column chromatography was performed on silica gel (WAKO Gel 75-150 mesh, WAKO Co., Ltd.).
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mSynthesis of N-protected indoles 5

The N-protected indoles 5 as N-tosylindoles 35a-5g, N-benzenesulfonylindole Sh, N-(4-
methoxybenzenesulfonyl)indole 5i, N-mesylindole 5j, N-(2-nitrobenzenesulfonyl)indole Sk, N-
benzoylindole 51 and N-acetylindole Sm were prepared by reported methods. 5+

All substrates were used as received from commercial suppliers (Sigma-Aldrich, Kanto Chemical,
TCI and Wako) and all reagents were weighed and handled in air at room temperature. Analytical data

are in accordance with the literature values.5*'?

N-protected indoles
s 4 5a: (R = H) 5h: (PG = Bs)
RI— 5b: (R = 5-MeO) 5i: (PG = MBs)
s/ \  5c (R=5-Cl) \ 5 (PG=Ms)
7 N 5d: (R = 5-Br) N 5k: (PG = Ns)
Ts 5e: (R =4-Cl) PG 5. (PG =Bz)
5f. (R =6-Cl) 5m: (PG =Ac)
5g: (R = 7-Cl)
0]
LNy o) NI
S<o0 ;\él‘o S0 20
< /
Ts = Bs = MBs = Ms= ¢ Szq
Me
Me OMe
(0]
rg’S\élto O— rj o
Ns = Nz Bz = Ac = ‘}Yo
i "o a C Me
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1-Tosylindole (5a) 5

o

N
I

Ts
5s

100 mmol scale: 24.1 g, 89% yield. colorless solid; 'H NMR (600 MHz, CDCls) &: 8.06 (d, J = 7.8
Hz, 1H), 7.83 (d, J = 8.4 Hz, 2H), 7.63 (d, J= 3.6 Hz, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.37 (ddd, J =
8.4,7.2,1.2 Hz, 1H), 7.30-7.27 (m, 3H), 6.72 (d, J= 3.6 Hz, 1H), 2.40 (s, 3H); *C NMR (151 MHz,
CDCl) 6: 145.1, 135.4, 135.0, 130.9, 130.0, 127.0, 126.5, 124.7, 123.4, 121.5, 113.7, 109.2, 21.7.

5-Methoxy-1-tosylindole (5b) 57

5b
10 mmol scale: 2.44 g, 81% yield. colorless solid; "H NMR (600 MHz, CDCls) &: 7.87 (d, J= 8.4 Hz,
1H), 7.72 (ddd, J= 8.4, 1.8, 1.8 Hz, 2H), 7.50 (d, /= 3.6 Hz, 1H), 7.18 (d, /= 8.4 Hz, 2H), 6.95 (d, J
=2.4Hz, 1H), 6.91 (dd, J= 8.4, 2.4 Hz, 1H), 6.56 (d, J= 3.6 Hz, 1H), 3.79 (s, 3H), 2.31 (s, 3H); 1*C
NMR (151 MHz, CDCl3) &: 156.5, 144.9,135.3,131.8,129.9, 129.6, 127.2,126.8, 114.5, 113.8, 109.3,
103.7,55.7,21.7.

5-Chloro-1-tosylindole (5¢) 57

5¢c
10 mmol scale: 2.51 g, 82% yield. colorless solid; "H NMR (600 MHz, CDCl3) &: 7.90 (d, J = 8.4 Hz,
1H), 7.73 (ddd, J= 8.4, 1.8, 1.8 Hz, 2H), 7.57 (d, /= 3.6 Hz, 1H), 7.47 (d, /= 1.8 Hz, 1H), 7.25 (dd,
J=284,18Hz, 1H), 7.21 (d, J= 8.4 Hz, 2H), 6.58 (d, J = 3.6 Hz, 1H), 2.33 (s, 3H); *C NMR (151
MHz, CDCl;) 6: 145.4, 135.0, 133.2, 132.0, 130.0, 129.2, 127.8, 126.9, 124.9, 121.1, 114.6, 108.5,
21.7.
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5-Bromo-1-tosylindole (5d) 5®

5d
10 mmol scale: 2.77 g, 79% yield. colorless solid; '"H NMR (600 MHz, CDCl3) &: 7.85 (d, J= 8.4 Hz,
1H), 7.73 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H), 7.64 (d, /= 1.8 Hz, 1H), 7.55 (d, /= 3.6 Hz, 1H), 7.38 (dd,
J=84, 1.8 Hz, 1H), 7.21 (d, J= 8.4 Hz, 2H), 6.57 (d, J = 3.6 Hz, 1H), 2.33 (s, 3H); *C NMR (151
MHz, CDCl3) é: 145.4, 135.0, 133.6, 132.6, 130.1, 127.6, 127.5, 126.9, 124.1, 116.9, 115.0, 108.4,
21.7.

4-Chloro-1-tosylindole (5¢) 5"

10 mmol scale: 2.78 g, 91% yield. colorless solid; 'H NMR (600 MHz, CDCl5) &: 7.89 (dd, J = 6.6,
2.4 Hz, 1H), 7.75 (ddd, J= 8.4, 1.8, 1.8 Hz, 2H), 7.60 (d, /= 3.6 Hz, 1H), 7.23-7.20 (m, 4H), 6.76 (d,
J=3.6 Hz, 1H),2.33 (s, 3H); *C NMR (151 MHz, CDCl;) &: 145.4,135.5,135.0, 130.1, 129.6, 126.9,
126.6,125.4,123.2, 112.1, 107.2, 21.7.

6-Chloro-1-tosylindole (5f) 57

ey

N
I

Ts
5f

10 mmol scale: 2.94 g, 96% yield. colorless solid; "H NMR (600 MHz, CDCls) &: 8.00 (d, J= 1.2 Hz,
1H), 7.75 (ddd, J= 8.4, 1.8, 1.8 Hz, 2H), 7.54 (d, /= 3.6 Hz, 1H), 7.41 (d,J=8.4 Hz, 1H), 7.23 (d, J
= 8.4 Hz, 2H), 7.18 (dd, J = 8.4, 1.8 Hz, 1H), 6.61 (d, J = 3.6 Hz, 1H), 2.34 (s, 3H); *C NMR (151
MHz, CDCl) &: 145.4, 135.2, 135.1, 130.6, 130.1, 129.3, 127.0, 126.9, 124.1, 122.2, 113.8, 108.8,
21.7.
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7-Chloro-1-tosylindole (5g) 57

oo

o 4

59
5 mmol scale: 780 mg, 51% yield. colorless solid; 'H NMR (600 MHz, CDCl3) 6: 7.91 (d, J= 4.2
Hz, 1H), 7.69 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H), 7.47 (dd, /= 7.8, 1.2 Hz, 1H), 7.26 (d, /= 8.4 Hz, 2H),
7.21 (dd, J=17.8, 1.2 Hz, 1H), 7.12 (t, J = 7.8 Hz, 1H), 6.71 (d, J = 3.6 Hz, 1H), 2.40 (s, 3H); °C
NMR (151 MHz, CDCl;) é: 144.8,137.2,134.8,131.8,130.4, 129.8, 127.2,126.9, 124.2, 120.2, 119.0,
107.5,21.7.

1-Benzenesulfonylindole (5h) 5¥

o

N
I

Bs
5h

10 mmol scale: 1.75 g, 68% yield. colorless solid; 'H NMR (600 MHz, CDCl3) &: 8.01 (d, J= 8.4 Hz,
1H), 7.88 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H), 7.57 (d, J = 3.6 Hz, 1H), 7.53-7.49 (m, 2H), 7.42 (t, /= 7.8
Hz, 2H), 7.31 (ddd, /= 8.4, 6.6, 1.8 Hz, 1H), 7.23 (ddd, /= 8.4, 6.6, 1.8 Hz, 1H), 6.66 (d, J=3.6 Hz,
1H); C NMR (151 MHz, CDCl) &: 138.3, 134.9, 133.9, 130.8, 129.4, 126.8, 126.4, 124.8, 123.5,
121.5, 113.6, 109.4.

1-(4-Methoxybenzeneesulfonyl)indole (5i) %

10 mmol scale: 2.15 g, 75% yield. colorless solid; "H NMR (600 MHz, CDCl) &: 7.98 (d, J = 8.4 Hz,
1H), 7.81 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H), 7.55 (d, /= 3.6 Hz, 1H), 7.52 (d, /= 7.8 Hz, 1H), 7.30 (ddd,
J=8.4,7.8,0.6 Hz, 1H), 7.21 (ddd, /= 8.4, 7.8, 0.6 Hz, 1H), 6.85 (ddd, /= 8.4, 1.8, 1.8 Hz, 1H), 6.64
(d,J= 3.6 Hz, 1H), 3.76 (s, 3H); *C NMR (151 MHz, CDCl5) 8: 163.8, 134.9, 130.8, 129.8, 129.1,
126.4, 124.6,123.3,121.5, 114.5, 113.6, 109.0, 55.7.
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1-Methanesulfonylindole (5j)5”

Cn

N
|

Ms
5j
10 mmol scale: 1.56 g, 80% yield. orange oil; '"H NMR (600 MHz, CDCls) &: 7.91 (d, J = 8.4 Hz,
1H), 7.62 (d, J=8.4 Hz, 1H), 7.44 (d,J=3.6 Hz, 1H), 7.37 (ddd, /= 8.4, 7.2, 1.2 Hz, 1H), 7.30 (ddd,
J=84,72,1.2Hz, 1H),6.71 (d,J= 3.6 Hz, 1H), 3.09 (s, 3H); *C NMR (151 MHz, CDCIl;) é: 134.9,

130.8, 126.2, 125.0, 123.6, 121.7, 113.9, 109.0, 40.8.

1-(2-Nitrobenzenesulfonyl)indole (5k) 5

Cnh

N
|

Ns
5k

10 mmol scale: 2.09 g, 69% yield. pale yellow solid; '"H NMR (600 MHz, CDCl;) 8: 7.84 (d,J=7.8
Hz, 1H), 7.75-7.67 (m, 3H), 7.61-7.58 (m, 3H), 7.32-7.25 (m, 2H), 6.73 (d, J = 3.6 Hz, 1H); '*C
NMR (151 MHz, CDCl;) 6: 148.0, 134.9, 134.7,132.6, 132.0, 130.8, 129.8, 127.4, 125.1, 125.0, 124.0,
121.8, 113.4, 109.0.

1-Benzoylindole (51) 57

o

\
Bz
S15li

10 mmol scale: 3.10 g, 72% yield. colorless crystal; "H NMR (600 MHz, CDCls) 6: 8.41 (d, J= 8.4
Hz, 1H), 7.74-7.73 (m, 2H), 7.62-7.59 (m, 2H), 7.53 (t, /= 7.8 Hz, 2H), 7.39 (ddd, /= 8.4, 7.2, 1.2
Hz, 1H), 7.32 (ddd, J= 8.4, 7.2, 1.2 Hz, 1H), 7.30 (d, J = 3.6 Hz, 1H), 6.61 (d, J = 3.6 Hz, 1H); '*C
NMR (151 MHz, CDCl3) é: 168.8, 136.1, 134.7,132.0,130.9, 129.3, 128.7, 127.7, 125.0, 124.1, 121.0,
116.5, 108.7.
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1-Acetylindole (Sm)5”

o

N
I

Ac
5m
40 mmol scale: 5.27 g, 83% yield. yellow oil; 'H NMR (600 MHz, CDCl5) 6: 8.44 (d, J = 6.6 Hz,
1H), 7.56 (d, J="7.8 Hz, 2H), 7.41 (d,J=3.0 Hz, 2H), 7.35 (ddd, /=8.4, 7.2, 1.2 Hz, 1H), 7.27 (ddd,
J=84,72,12Hz, 1H), 6.64 (d,J=3.6 Hz, IH); *CNMR (151 MHz, CDCl3) 8: 163.7, 135.6, 130.5,
125.3,125.2,123.8, 120.9, 116.6, 109.3, 24.1.
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mBromoalkoxylation of 6 5V

To a solution of N-protected indoles 5 (2.0 mmol) in MeOH (20 mL, 0.1 M) was added N-
bromosuccinimide (NBS) (2.2 mmol, 1.1 eq). The mixture was stirred at room temperature until the
complete disappearance of starting material indicated by TLC. After addition of H,O, the whole was
extracted with AcOEt (3 x 25 mL), washed with brine (25 mL). The organic layer was dried over
NaSOy, filtered and concentrated in vacuo. The residue was purified by recrystallization to give 6a—
6m.

The other 6 compounds (6n—6q) were prepared by reported method.5'? Analytical data are in

accordance with the literature values.S!'"13

3-Bromo-2-alkoxy-N-protected indolines
B 6h: (PG =Bs)
r .
4 6a: (R=H) N 6i: (PG = MBs)
5 HY —
R1\/ \\Br 6b: (R = 5-MeO) OMe 6j: (PG = Ms)
6\ / 6¢c: (R =5-Cl) ';l 6k: (PG = Ns)
7 N7 "OMe 6d: (R =5.Br) PG 6l: (PG = Bz)
Ts 6e: (R =4-Cl) 6m: (PG = Ac)
6f: (R =6-Cl)
Br =
6g: (R = 7-Cl) S 6n: (R=EY)
6o: (R =iPr)
N~ TOR?  6p: (R = tBu)
Ts 69: (R =Bn)
o
N b
= /
Ts = Bs = o MBs = Ms = é’s\?lto
Me
Me OMe
o
N “20 o éj o
— ﬁ"' B _ A _ ;Yo
NS - \\o Z= C = M
e
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trans-3-Bromo-2-methoxy-1-tosylindoline (6a) 'V

\Br
: 7\- )‘OMe

N
I

Ts
6a

696 mg, 91% yield. colorless solid; 'H NMR (600 MHz, CDCl;) : 7.68 (d, J = 8.4 Hz, 2H), 7.65 (d,
J=17.8Hz, 1H), 7.32 (ddd, /=8.4,7.2, 1.2 Hz, 1H), 7.09 (d,/=7.8 Hz, 1H), 7.18 (d, /= 8.4 Hz, 2H),
7.09 (ddd, /=84, 7.2, 1.2 Hz, 1H), 5.58 (s, 1H), 4.93 (s, 1H), 3.59 (s, 3H), 2.32 (s, 3H); “C NMR
(151 MHz, CDCls) 6: 144.6, 140.6, 135.2,131.4, 130.7, 129.6, 127.8, 126.2, 125.4,117.1,99.9, 56.4,
47.3,21.7.

trans-3-Bromo-2,5-dimethoxy-1-tosylindoline (6b) 5!V
MeO

2: \Br
OMe

N
I

Ts
6b
733 mg, 89% yield. colorless solid; 'H NMR (600 MHz, CDCl;) &: 7.63 (d, J = 8.4 Hz, 2H), 7.60 (d,
J=8.4Hz, 1H),7.17 (d,J= 8.4 Hz, 2H), 6.88 (dd, /= 8.4, 2.4 Hz, 1H), 6.76 (d, /= 2.4 Hz, 1H), 5.51
(s, 1H), 4.85 (s, 1H), 3.74 (s, 3H), 3.58 (s, 3H), 2.32 (s, 3H); *C NMR (151 MHz, CDCls) &: 157.7,

144.5,135.2,134.1, 132.8, 129.6, 127.8, 118.5, 117.0, 110.7, 100.2, 56.4, 55.8, 47 .4, 21.6.

trans-3-Bromo-5-chloro-2-methoxy-1-tosylindoline (6¢) 'V

2: \Br
OMe

N
]

Ts
6¢c
552 mg, 66% yield. colorless solid; 'H NMR (600 MHz, CDCl;) 8: 7.66 (d, J = 8.4 Hz, 2H), 7.59 (d,
J=8.4Hz, 1H),7.27 (d,J= 8.4 Hz, 2H), 6.88 (dd, /= 8.4, 2.4 Hz, 1H), 6.76 (d, /= 2.4 Hz, 1H), 5.54
(s, 1H), 4.85 (s, 1H), 3.58 (s, 3H), 2.33 (s, 3H); *C NMR (151 MHz, CDCl) &: 144.9, 139.2, 134.9,

133.2, 130.7, 130.6, 129.7, 127.8, 126.3, 118.2, 100.2, 56.5, 46.1, 21.7.
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trans-3,5-Dibromo-2-methoxy-1-tosylindoline (6d) 'V

Ts
6d
718 mg, 78% yield. colorless solid; "H NMR (600 MHz, CDCl;) &: 7.66 (d, J = 8.4 Hz, 2H), 7.53 (d,
J=9.0Hz, 1H), 7.42 (dd, /=9.0, 1.8 Hz, 1H), 7.37 (d, /= 1.8 Hz, 1H), 7.20 (d, /= 8.4 Hz, 2H), 5.53
(s, 1H), 4.85 (s, 1H), 3.58 (s, 3H), 2.34 (s, 3H); *C NMR (151 MHz, CDCl;) &: 144.9, 139.7, 134.9,
133.6, 129.8,129.3, 127.8, 118.5, 118.0, 100.1, 56.5, 46.0, 21.7.

trans-3-Bromo-4-chloro-2-methoxy-1-tosylindoline (6¢) 'V

Cl

j \Br
OMe

N
I

Ts
6e

709 mg, 85% yield. colorless solid; 'H NMR (600 MHz, CDCl;) &: 7.70 (d, J = 8.4 Hz, 2H), 7.56 (d,
J=71.8 Hz, 1H), 7.27 (t,J = 7.8 Hz, 1H), 7.20 (d, J = 8.4 Hz, 2H), 7.05 (d, /= 7.8 Hz, 1H), 5.60 (s,
1H), 4.94 (s, 1H), 3.59 (s, 3H), 2.33 (s, 3H); *C NMR (151 MHz, CDCls) &: 144.9, 141.9, 135.0,
132.1, 132.0, 129.7, 129.4, 127.8, 125.6, 115.2, 99.8, 56.5,45.9, 21.7.

trans-3-Bromo-6-chloro-2-methoxy-1-tosylindoline (6f) 5!V

Br
gt
OMe

N
!

Ts
6f

698 mg, 84% yield. colorless solid; 'H NMR (600 MHz, CDCls) &: 7.70 (d, J = 8.4 Hz, 2H), 7.66 (d,
J=1.8Hz, 1H),7.22 (d,/J=8.4 Hz, 2H), 7.17 (d, /= 7.8 Hz, 1H), 7.06 (dd, /= 7.8, 1.8 Hz, 1H), 5.56
(s, 1H), 4.88 (s, 1H), 3.58 (s, 3H), 2.34 (s, 3H); *C NMR (151 MHz, CDCls) 8: 145.0, 141.7, 136.6,
135.0, 130.0, 129.8, 127.8, 127.0, 125.6, 117.3, 100.4, 56.5, 46.4, 21.7.
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trans-3-Bromo-7-chloro-2-methoxy-1-tosylindoline (6g)

Br

of i,
6g

753 mg, 89% yield. colorless solid; mp 126-128 °C; IR (KBr) v: 1464, 1364, 1163, 1034, 991 cm™!;
'H NMR (600 MHz, CDCl;) &: 7.66 (d, J= 7.8 Hz, 2H), 7.62 (dd, J= 7.8, 1.2 Hz, 1H), 7.26-7.24 (m,
3H), 7.09 (t, J = 7.8 Hz, 1H), 5.90 (s, 1H), 4.87 (s, 1H), 3.49 (s, 3H), 2.38 (s, 3H); '>*C NMR (151
MHz, CDCl) &: 144.5, 138.8, 136.5, 136.1, 132.6, 129.5, 128.2, 127.2, 125.0, 124.7, 101.0, 56.4,
459, 21.7; HRMS (ESI) m/z: 437.9544, 4399516, 439.9522, 441.9492 (Caled for
C16HisBrCINO:;SNa [M+Na]": 437.9542, 439.9513, 439.9522, 441.9492).

trans-1-Benzenesulfonyl-3-bromo-2-methoxyindoline (6h)

\Br
: 7\- )‘OMe

N

Bs

6h
671 mg, 91% yield. colorless solid; mp 108-110 °C; IR (KBr) v: 1468, 1354, 1169, 991 cm™'; 'H
NMR (600 MHz, CDCls) 5: 7.80-7.78 (m, 2H), 7.68 (d, J = 7.8 Hz, 1H), 7.50 (t, J = 7.8 Hz, 1H),
7.40-7.38 (m, 2H), 7.33 (t, J= 7.8 Hz, 1H), 7.26 (d, /= 8.4 Hz, 1H), 7.10 (t, J= 7.2 Hz, 1H), 5.56 (s,
1H), 4.92 (s, 1H), 3.60 (s, 3H); °C NMR (151 MHz, CDCls) 5: 140.5, 138.1, 133.7, 131.5, 130.7,
129.0, 127.7, 126.3, 125.6, 117.2,99.9, 56.4, 47.1; HRMS (ESI) m/z: 389.9776, 391.9757 (Calcd for

C1sH14BrNO3;SNa [M+Na]": 389.9776, 391.9755).

trans-1-(4-Methoxybenzenesulfonyl)-3-bromo-2-methoxyindoline (6i)

\Br
: 7\- )‘OMe

N

Mbs

6i
708 mg, 89% yield. colorless solid; mp 121-123 °C; IR (KBr) v: 1499, 1352, 1155, 974 cm™'; 'H
NMR (600 MHz, CDCLs) 8: 7.73 (ddd, J = 8.4, 1.8, 1.8 Hz, 2H), 7.64 (d, J = 7.8 Hz, 1H), 7.31 (ddd,

J=284,7.8,0.6 Hz, 1H), 7.27 (d, J= 6.6 Hz, 1H), 7.09 (ddd, /= 8.4, 7.8, 0.6 Hz, 1H), 6.84 (ddd, J=
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8.4, 1.8, 1.8 Hz, 2H), 5.57 (s, 1H), 4.93 (s, 1H), 3.78 (s, 3H), 3.59 (s, 3H); 3C NMR (151 MHz,
CDCL) §: 163.7, 140.7, 131.5, 130.6, 130.0, 129.9, 126.2, 125.4, 117.1, 114.1,99.9, 56.4, 55.6, 47.3;
HRMS (ESI) m/z: 419.9882, 421.9860 (Caled for C16H sBrNOsSNa [M+Na]': 419.9881, 421.9861).

trans-3-Bromo-2-methoxy-1-methanesulfonylindoline (6j)

\Br
: 7\- )‘OMe

N

Ms

6j
557 mg, 79% yield. colorless solid; mp 114115 °C; IR (KBr) v: 1462, 1342, 1155, 995 cm™'; 'H
NMR (600 MHz, CDCl3) 8: 7.50 (d, J = 8.4 Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H), 7.36 (t, J = 8.4 Hz,
1H), 7.18 (t, J = 8.4 Hz, 1H), 5.59 (s, 1H), 5.10 (s, 1H), 3.52 (s, 3H), 3.05 (s, 3H); '3C NMR (151
MHz, CDCls) &: 140.5, 131.4, 131.1, 126.6, 125.7, 116.2, 100.1, 56.3, 47.9, 39.0; HRMS (ESI) m/z:
327.9619, 329.9599 (Caled for CioH2BrNOs;SNa [M+Na]*: 327.9619, 329.9599).

trans-1-(2-Nitrobenzenesulfonyl)-3-bromo-2-methoxy-indoline (6k) 5V

\Br
: 7\- )‘OMe

\

Ns

6k
520 mg, 63% yield. colorless solid; 'H NMR (600 MHz, CDCl;) &: 7.77 (d, J = 8.4 Hz, 1H), 7.69—
7.64 (m, 2H), 7.56 (d, J=7.8 Hz, 1H), 7.50 (ddd, /= 8.4, 7.2, 1.2 Hz, 1H), 7.41-7.35 (m, 2H), 7.20
(t, J = 7.8 Hz, 1H), 5.84 (s, 1H), 5.00 (s, 1H), 3.57 (s, 3H); *C NMR (151 MHz, CDCl;) &: 148.6,

140.1,134.7,131.8, 131.7, 131.3, 131.0, 129.9, 126.5, 126.3, 124.1, 117.5, 99.0, 57.0, 47.1.

trans-1-Benzoyl-3-bromo-2-methoxyindoline (61) 51V

\Br
: 7\- j'OMe

\
Bz
6l
465 mg, 70% yield. colorless solid; '"H NMR (600 MHz, CDCls) &: 7.65-7.64 (m, 2H), 7.54-7.42 (m,

S5H), 7.27 (br's, 1H), 7.14-7.11 (m, 1H), 5.54 (br s, 1H), 5.14 (s, 1H), 3.27 (br s, 3H); 3C NMR (151
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MHz, CDCl) 6: 170.0, 141.9, 135.5, , 131.0, 130.7, 130.4, 128.7, 127.7, 126.0, 125.1, 117.9, 98.3,
55.6,46.9.

trans-1-Acetyl-3-bromo-2-methoxyindoline (6m) 5!V

\Br
: 7\- )‘OMe

\
Ac
6m

10 mmol scale: 622 mg, 23% yield. colorless oil. This compound was unstable and decomposed

quickly, thus it was used as is in the next reaction without any analysis.

trans-3-Bromo-2-ethoxy-1-tosylindoline (6n) %'

\Br
Q L /~Me
,;l (o)
Ts

6n
626 mg, 79% yield. colorless solid; 'H NMR (600 MHz, CDCls) 8: 7.67 (d, J = 8.4 Hz, 2H), 7.43 (d,
J=8.4Hz, 1H), 7.62 (d,/J=8.4 Hz, 1H), 7.30 (ddd, /=8.4, 7.2, 1.2 Hz, 1H), 7.25 (d, /= 8.4 Hz, 1H),
7.16 (d, J=8.4 Hz, 1H), 7.07 (t,J= 8.4 Hz, 1H), 5.65 (s, 1H), 4.94 (s, 1H), 4.00 (dq, /=9.6, 7.2 Hz,
1H), 3.77 (dg,J=9.6, 7.2 Hz, 1H), 2.31 (s, 3H), 1.20 (t,J= 7.2 Hz, 3H); *C NMR (151 MHz, CDCls)
0:144.5, 140.6, 135.3, 131.5, 130.6, 129.6, 127.8, 126.3, 125.3, 116.9, 98.8, 64.7, 21.6, 15.0.

trans-3-Bromo-2-(iso-propoxy)-1-tosylindoline (60) 5'2

Br
O)\Me

N
|

Ts
60

671 mg, 82% yield. colorless solid; '"H NMR (600 MHz, CDCls) &: 7.69 (ddd, J = 8.4, 1.8, 1.8 Hz,
2H), 7.60 (d, J=7.8 Hz, 1H), 7.30 (ddd, /= 8.4, 7.2, 1.2 Hz, 1H), 7.26 (d, /= 8.4 Hz, 1H), 7.17 (d, J
= 8.4 Hz, 2H), 7.08 (ddd, /= 8.4, 7.2, 1.2 Hz, 1H), 5.71 (s, 1H), 4.90 (s, 1H), 4.36 (sep, J = 6.0 Hz,
1H), 2.32 (s, 3H), 1.28 (d, J = 6.0, 3H), 1.18 (d, /= 6.0, 3H); *C NMR (151 MHz, CDCl5) &: 144.5,
140.7, 135.5, 131.4, 130.5, 129.6, 127.7, 126.4, 125.1, 116.7, 97.0, 70.5, 48.6, 23.0, 21.7, 21.6.
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trans-3-Bromo-2-(tert-butyl)-1-tosylindoline (6p) 5!
Br

N Me

Lwe
N (o) Me

Ts

6p

432 mg, 51% yield. colorless solid; 'H NMR (600 MHz, CDCl;) &: 7.77 (ddd, J = 8.4, 1.8, 1.8 Hz,
2H), 7.45 (d, J= 8.4 Hz, 1H), 7.28-7.24 (m, 2H), 7.21 (d, /= 8.4 Hz, 2H), 7.05 (ddd, /=8.4,7.2,1.2
Hz, 1H), 5.86 (s, 1H), 4.91 (s, 1H), 2.35 (s, 3H), 1.37 (s, 9H); *C NMR (151 MHz, CDCl5) &: 144.2,

141.3,136.2, 130.5, 130.3, 129.6, 127.6, 126.5, 124.6, 115.6, 94.1, 51.1, 28.8, 21.6.

trans-3-Bromo-2-benzyloxy-1-tosylindoline (6q) 5'®

N
I

Ts
6q
715 mg, 78% yield. colorless solid; 'H NMR (600 MHz, CDCl5) 8: 7.69-7.66 (m, 3H), 7.37-7.25 (m,
7H), 7.17 (d,J= 8.4 Hz, 2H), 7.10 (t,J= 7.8 Hz, 1H), 5.77 (s, 1H), 5.00 (d, /= 12.0 Hz, 1H), 5.00 (s,
1H), 4.83 (d, J = 12.0 Hz, 1H), 2.32 (s, 3H); *C NMR (151 MHz, CDCl;) &: 140.5, 131.4, 131.1,

126.6, 125.7, 116.2, 100.1, 56.3, 47.9, 39.0.
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mSynthesis of 3-azido-2-alkoxyindolines 3

Synthesis of cis-AZIN 3a and occurrence of trans-AZIN 3a and 7a (Scheme 1-4)

Br NaN; (5 eq)
m Et;N (5 eq)
OMe -

N DMF
Ts 100°C,1h
6a
N3 N
Q_S~0Me + Q_)*OMe + mOMe
N N N
Ts Ts Ts
cis-3a: 74% trans-3a: 4% 7a: 9%

The solution of triethylamine (Et;N) (5 mmol, 5 eq) and sodiumazide (NaN3) (5 mmol, 5 eq) in N,N-
dimethylformamide (DMF) (10 mL, 0.1 M) was stirred at 100 °C in oil bath. To the mixture was
added 3-bromo-2-methoxy-1-tosylindole (6a) (382 mg, 1 mmol) and the mixture was stirred until the
complete disappearance of starting material indicated by TLC. After addition of H,O, the whole was
extracted with AcOEt/hexane = 1/5 (3 x 25 mL), washed with H>O (25 mL) and brine (25 mL). The
organic layer was dried over Na,SOy, filtered and concentrated in vacuo. The residue was purified by
silica gel column chromatography (AcOEt/hexane = 1/10—-1/2) to give cis-3a (244 mg, 74% yield),
trans-3a (13.4 mg, 4% yield) and 7a 5! (27.0 mg, 9% yield).

cis-3-Azido-2-methoxy-1-tosylindoline (cis-3a)

cis-3a
244 mg, 74% yield. colorless solid; mp 97-100 °C; IR (KBr) v: 2106, 1464, 1348, 1167 cm™'; 'H
NMR (600 MHz, CDCls) &: 7.57 (d, J = 7.8 Hz, 1H), 7.56 (d, J = 8.4 Hz, 2H), 7.32 (t, J = 8.4 Hz,
1H), 7.21 (d, /= 7.2 Hz, 1H), 7.18 (d, /= 7.8 Hz, 2H), 7.15 (t, /= 7.8 Hz, 1H), 5.40 (d, J = 6.0 Hz,
1H), 4.07 (d,J= 5.4 Hz, 1H), 3.62 (s, 3H), 2.34 (s, 3H); *C NMR (151 MHz, CDCl5) &: 144.6, 139.8,
135.8, 130.0, 130.0, 129.6, 126.9, 125.6, 124.4, 118.0, 95.6, 62.9, 56.8, 21.7; HRMS (ESI) m/z:
367.0839 (Caled for C1HigN4O3SNa [M+Na]*: 367.0841).
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trans-3-Azido-2-methoxy-1-tosylindoline (trans-3a)

\,:\ N3
OMe

N
I

Ts
trans-3a

13.4 mg, 4% yield. colorless solid; mp 78-80 °C; IR (KBr) v: 2102, 1477, 1354, 1171 cm™!; 'TH NMR
(600 MHz, CDCls) &: 7.72 (d, J = 7.8 Hz, 1H), 7.60 (ddd, J= 9.0, 1.8, 1.8 Hz, 2H), 7.41 (ddd, J = 8.4,
7.2, 1.2 Hz, 1H), 7.24 (d, J = 8.4 Hz, 1H), 7.17 (d, J = 7.8 Hz, 2H), 7.14 (ddd, J = 7.8, 7.2, 0.6 Hz,
1H), 5.18 (s, 1H), 4.45 (s, 1H), 3.57 (s, 3H), 2.32 (s, 3H); 3C NMR (151 MHz, CDCl;) &: 144.6,
141.5,134.8,131.1,129.7,127.6, 127.4,126.1, 125.2,117.9, 97.6, 65.2, 56.1, 21.6; HRMS (ESI) m/z:
367.0841 (Calcd for C16HiN4OsSNa [M+Na]*: 367.0841).

Optimization of reaction conditions for synthesis of AZIN 3a (Table 1-1)

\\Br NaN; (X eq) N,
Q. =0 O, Q0
OMe - ome * OMe

'}‘ solvent ';1 r;l
Ts 100°C,1h Ts Ts
6a 3a 7a

The suspension of NaN3 (X mmol, X eq) and base (Y mmol, Y eq) in DMA (10 mL, 0.1 M) was
stirred at 100 °C in oil bath. To the mixture was added 3-bromo-2-methoxy-1-tosylindoline (6a) (1
mmol) and the mixture was stirred until the complete disappearance of starting material indicated by
TLC. After addition of H,O, the whole was extracted with AcOEt/hexane = 1/5 (3 x 25 mL), washed
with H,O (25 mL) and brine (25 mL). The organic layer was dried over Na,SOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (AcOEt/hexane

=1/10-1/3) to give 3a and 7a.
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General procedure for the synthesis of AZINs 3

R = Br NaN; (5 eq) R1 = N;
= / \ K2CO3 (1 eq) e /
N\ 2 > N\ )
OR OR

l;l DMA (0.1 M) l;l
PG 100 °C PG
6 cis-3

The suspension of K>CO; (1 mmol, 1 eq) and NaN3 (5 mmol, 5 eq) in DMA (10 mL, 0.1 M) was

stirred at 100 °C in oil bath. To the mixture was added 3-bromo-2-alkoxyindolines 6 (1 mmol) and

the mixture was stirred until the complete disappearance of starting material indicated by TLC. After

addition of H,O, the whole was extracted with AcOEt/hexane = 1/5 (3 x 25 mL), washed with H,O

(25 mL) then brine (25 mL). The organic layer was dried over Na SOy, filtered and concentrated in

vacuo. The residue was purified by recrystallization and/or silica gel column chromatography

(AcOEt/hexane = 1/10-1/1) to give cis-3.

3-Azido-2-alkoxy-N-protected indolines = AZINs
N 3h: (PG =Bs)
. 3a: (R = H) 3 3i: (PG = MBs)
5 ™ —
R\.— Ns 3b: (R = 5-MeO) 3: (PG=M
N N~ “OMe 3k (PG =N
6 \\ 3c: (R=5-Cl) A : -
TN OMe 34. R =s5.48n) PG 3. (PG=B
Ts 3e: (R = 4-Cl) 3m: (PG =A
3f. (R=6-Cl)
N - (R =

3g: (R = 7-Cl) 3 3n: (R=Ef)

30: (R=iPr
N~ TOR?  3p: (R =tBu)

Ts 3q: (R=Bn)

[o] 0
;\ u 0 é’s\ I
S=0 j\s,,: S=0 £.9
Ts = Bs = MBs = Ms= ¢ Ssq
Me
Me OMe
[o]
~ II:O o éé fo)
Ns = f!l+ Bz = Ac = f\‘fo
"o Me
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cis-3-Azido-2,5-dimethoxy-1-tosylindoline (3b)
MeO

s
OMe

N
I

Ts
3b

321 mg, 85% yield. colorless solid; mp 132-134 °C; IR (KBr) v: 2118, 1489, 1350, 1167 cm™!; 'H
NMR (600 MHz, CDCl3) 8: 7.53 (d, J = 9.0 Hz, 1H), 7.48 (d, J = 7.8 Hz, 2H), 7.16 (d, J= 7.8 Hz,
2H), 6.86 (ddd, J= 8.4, 2.4, 0.6 Hz, 1H), 6.72 (dd,J= 2.4, 0.6 Hz, 1H), 5.33 (d,.J = 5.4 Hz, 1H), 3.87
(d,J = 5.4 Hz, 1H), 3.78 (s, 3H), 3.61 (s, 3H), 2.35 (s, 3H); '°C NMR (151 MHz, CDCl3) &: 158.3,
144.5, 135.6, 132.8, 131.8, 130.0, 126.8, 120.0, 115.1, 110.1, 95.1, 63.0, 56.4, 55.8, 21.7; HRMS
(ESI) m/z: 397.0948 (Caled for C17H;sN;O4SNa [M+Na]*: 397.0947).

cis-3-Azido-5-chloro-2-methoxy-1-tosylindoline (3c)
Cl

o
OMe

N
Ts
3c
377 mg, 99% yield. colorless solid; mp 101-103 °C; IR (KBr) v: 2118, 1468, 1360, 1167, 1105 cm™;
"H NMR (600 MHz, CDCls) &: 7.55 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.4 Hz, 1H), 7.29 (dd, J = 8.4,
0.6 Hz, 1H), 7.21 (d,J=8.4 Hz, 2H), 7.17 (d,J= 1.2 Hz, 1H), 539 (d, /= 5.4 Hz, 1H),4.02 (d, /=
5.4 Hz, 1H), 3.62 (s, 3H), 2.37 (s, 3H); *C NMR (151 MHz, CDCl;) : 144.9, 138.4, 135.6, 131.7,
131.1,130.1, 126.8, 124.7,119.1,94.8, 62.6, 56.8, 21.7, HRMS (ESI) m/z: 401.0451,403.0422 (Calcd

for C16H1sCIN4O;SNa [M+Na]*: 401.0451, 403.0422).

cis-3-Azido-5-bromo-2-methoxy-1-tosylindoline (3d)
Br

ot
OMe

\
Ts
3d
333 mg, 79% yield. colorless solid; mp 111-112 °C; IR (KBr) v: 2116, 1466, 1364, 1167, 999 cm™;
"H NMR (600 MHz, CDCl3) &: 7.56 (d, J = 8.4 Hz, 2H), 7.44 (d, J= 0.6 Hz, 1H), 7.44 (d,J= 0.6 Hz,

1H), 7.32 (dd, J = 2.4, 1.2 Hz, 1H), 7.21 (d, J = 7.2 Hz, 2H), 5.39 (d, J = 6.0 Hz, 1H), 4.05 (dd, J =
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6.0, 1.2 Hz, 1H), 3.62 (s, 3H), 2.37 (s, 3H); '3C NMR (151 MHz, CDCL) 3: 144.9, 138.9, 135.6, 133.1,
1312, 130.1, 127.6, 126.8, 119.4, 118.5,94.7, 62.5, 56.8, 21.7; HRMS (ESI) m/z: 444.9946, 446.9925
(Caled for C1H,;sBrN4O;SNa [M+Na]": 444.9946, 446.9926).

cis-3-Azido-4-chloro-2-methoxy-1-tosylindoline (3e)

Ts

3e
360 mg, 95% yield. colorless oil; IR (KBr) v: 2112, 1466, 1362, 1171, 1005 cm™'; '"H NMR (600 MHz,
CDCl) 6: 7.66 (d, J= 8.4 Hz, 2H), 7.62 (d, /= 8.4 Hz, 1H), 7.27-7.23 (m, 3H), 7.09 (dd, /= 8.4, 1.2
Hz, 1H), 5.45 (d, J= 6.0 Hz, 1H), 4.30 (d, J = 6.0 Hz, 1H), 3.67 (s, 3H), 2.39 (s, 3H); *C NMR (151
MHz, CDCls) 6: 144.9, 141.9, 135.6, 131.7, 131.4, 130.1, 127.0, 126.1, 115.2, 94.0, 63.2, 57.3, 21.7;
HRMS (ESI) m/z: 401.0450, 403.0422 (Calcd for Ci6HisCINsO3SNa [M+Na]": 401.0451, 403.0422).

cis-3-Azido-6-chloro-2-methoxy-1-tosylindoline (3f)

345 mg, 91% yield. colorless solid; mp 129128 °C; IR (KBr) v: 2114, 1474, 1350, 1169, 995 cm™;
'HNMR (600 MHz, CDCl3) 8: 7.60 (d, /= 8.4 Hz, 2H), 7.56 (d, J= 1.2 Hz, 1H), 7.23 (d, /= 8.4 Hz,
2H), 7.12-7.12 (m, 2H), 5.40 (d, J= 6.0 Hz, 1H), 4.06 (d, /= 5.4 Hz, 1H), 3.62 (s, 3H), 2.37 (s, 3H);
BCNMR (151 MHz, CDCls) &: 144.9, 141.0, 135.8, 135.7, 130.1, 128.0, 126.9, 125.6, 125.2, 118.1,
94.8,62.4,56.9,21.7; HRMS (ESI) m/z: 401.0451, 403.0422 (Calcd for Ci6HisCIN4O3SNa [M+Na]":
401.0451, 403.0422).
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cis-3-Azido-7-chloro-2-methoxy-1-tosylindoline (3g)

3¢9
371 mg, 98% yield. colorless solid; mp 120-122 °C; IR (KBr) v: 2112, 1464, 1364, 1173, 959 cm™;
'H NMR (600 MHz, CDCl3) &: 7.67 (ddd, J = 9.0, 1.8, 1.8 Hz, 2H), 7.40 (dd, /= 7.8, 1.2 Hz, 1H),
7.27 (ddd, J=9.0, 1.2, 1.2 Hz, 2H), 7.22 (t,J=7.2 Hz, 1H), 7.15 (dd, J=7.8, 1.2 Hz, 1H), 5.42 (d, J
= 5.4 Hz, 1H), 4.07 (d, J = 5.4 Hz, 1H), 3.38 (s, 3H), 2.42 (s, 3H); *C NMR (151 MHz, CDCl5) &:
145.1, 138.0, 136.0, 135.5, 131.7, 130.0, 128.5, 128.4, 127.6, 122.6, 97.6, 63.3, 56.2, 21.8; HRMS
(ESI) m/z: 401.0451, 403.0422 (Calcd for Ci6H;sCIN4O3SNa [M+Na]™: 401.0451, 403.0422).

cis-3-Azido-2-methoxy-1-benzenesulfonylindoline (3h)

5

3h
290 mg, 88% yield. colorless solid; mp 129-131 °C; IR (KBr) v: 2120, 1464, 1354, 1169 cm™!; 'H
NMR (600 MHz, CDCl3) 6: 7.70 (ddd, J = 8.4, 1.8, 1.8 Hz, 2H), 7.57 (d, J = 8.4 Hz, 1H), 7.53 (ddd,
J=1728,6.6,1.2 Hz, 1H), 7.40 (ddd, /=17.8, 6.0, 1.8 Hz, 2H), 7.33 (tt,J= 7.8, 1.2 Hz, 1H), 7.21 (d, J
=7.2Hz, 1H), 7.15 (ddd, J=7.8, 1.2, 1.2 Hz, 1H), 5.42 (d, J= 5.4 Hz, 1H), 4.07 (d, /= 5.4 Hz, 1H),
3.63 (s, 3H); *C NMR (151 MHz, CDCl;) &: 139.7, 138.8, 133.6, 130.1, 129.5, 129.4, 126.8, 125.6,
124.5, 117.8, 94.6, 62.9, 56.8; HRMS (ESI) m/z: 353.0684 (Calcd for CisH1sN4O3SNa [M+Na]":
353.0684).

cis-3-Azido-2-methoxy-1-(4-methoxybenzenesulfonyl)indoline (3i)

|
Mbs
3i

320 mg, 89% yield. colorless solid; mp 109-111 °C; IR (KBr) v: 2114, 1462, 1356, 1167 cm™'; 'H
NMR (600 MHz, CDCl3) 6: 7.61 (ddd, J=9.0, 2.4, 2.4 Hz, 2H), 7.55 (d, /= 7.8 Hz, 1H), 7.32 (ddd,
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J=9.0,7.8,1.2 Hz, 1H), 7.21 (d,J= 7.2 Hz, 1H), 7.15 (ddd, J=7.2, 6.0, 1.2 Hz, 1H), 6.84 (ddd, J =
9.0,2.4,2.4 Hz, 2H), 5.39 (d, J= 5.4 Hz, 1H), 4.09 (d, J= 5.4 Hz, 1H), 3.80 (s, 3H), 3.63 (s, 3H); 13C
NMR (151 MHz, CDCl3) 8: 163.6, 139.9, 130.3, 130.0, 129.6, 129.1, 125.5, 124.4, 118.0, 114.5, 94.5,
63.0, 56.8, 55.7; HRMS (ESI) m/z: 383.0790 (Caled for C:6HieN4OsSNa [M+Na]": 383.0790).

cis-3-Azido-1-methanesulhonyl-2-methoxyindoline (3j)

Ms

3j
231 mg, 86% yield. colorless solid; mp 91-93 °C; IR (KBr) v: 2110, 1460, 1348, 1161 cm™'; 'TH NMR
(600 MHz, CDCl;) 6: 7.39 (d, J= 8.4 Hz, 1H), 7.37 (d, /J=8.4 Hz, 1H), 7.35 (t, /=8.4 Hz, 1H), 7.16
(t,J=8.4 Hz, 1H), 543 (d, J = 6.0 Hz, 1H), 4.61 (d, J = 6.0 Hz, 1H), 3.69 (s, 3H), 3.08 (s, 3H); 1*C
NMR (151 MHz, CDCl;) o: 140.2, 130.4, 126.5, 125.2, 124.2, 113.4, 95.2, 62.4, 58.8, 40.2; HRMS
(ESI) m/z: 291.0527 (Calcd for C1oH12N4O3SNa [M+Na]*: 291.0528).

cis-3-Azido-2-methoxy-1-(2-nitrobenzenesulfonyl)indoline (3k)

s

3k
30.6 mg, 8% yield. pale yellow solid; mp 116-117 °C; IR (KBr) v: 2116, 1474, 1346, 1167 cm™'; 'H
NMR (600 MHz, CDCls) &: 8.08 (dd, /= 8.4, 1.8 Hz, 1H), 7.53 (ddd, /=8.4,7.2, 1.2 Hz, 1H), 7.28—
7.27 (m, 2H), 7.22-7.17 (m, 3H), 7.07 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 5.8 (d, J = 6.0 Hz, 1H), 4.68
(d,J= 6.0 Hz, 1H), 3.67 (s, 3H); C NMR (151 MHz, CDCl;) 8: 138.9, 138.1, 134.9, 132.8, 129.9,
128.7, 128.6, 124.8, 124.8, 124.6, 120.0, 115.5, 95.4, 62.9, 56.9; HRMS (ESI) m/z: 398.0537 (Calcd
for C1sH13N505SNa [M+Na]*: 398.0535).
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cis-3-Azido-2-methoxy-1-benzoylindoline (31)

Qs
OMe

\

Bz

3l
220 mg, 75% yield. colorless crystalline; mp 98-99 °C; 0.44; IR (KBr) v: 2104, 1649, 1479, 1383
cm'; "TH NMR (600 MHz, CDCls) 8: 7.61 (d, J = 7.2 Hz, 2H), 7.56 (tt, J = 7.2, 1.8 Hz, 1H), 7.52—
7.49 (m, 3H), 7.43 (d, /= 7.8 Hz, 1H), 7.30 (br s, 1H), 7.21 (t, /= 7.2 Hz, 1H), 5.49 (br s, 1H), 4.75
(d,J=5.4Hz, 1H), 3.42 (s, 3H); *C NMR (151 MHz, CDCL) &: 170.0, 141.3, 135.9, 131.0, 129.7,
128.8, 128.0, 127.6, 124.9, 124.3, 117.7, 93.3, 62.6, 57.7, HRMS (ESI) m/z: 317.1015 (Calcd for
C16H14N4O,SNa [M+Na]™: 317.1015).

cis-1-Acetyl-3-azido-2-methoxyindoline (3m)

Ac

3m
341 mg, 73% yield. yellow oil; IR (KBr) v: 2108, 1683, 1479, 1389 cm™'; 'TH NMR (600 MHz, CDCl5)
8: 8.13 (d, J= 6.0 Hz, 1H), 7.41-7.27 (m, 2H), 7.10 (t, J/ = 7.2 Hz, 1H), 5.39 (s, 1H), 4.74 (s, 1H),
3.50 (s, 3H), 2.30 (s, 3H); *C NMR (151 MHz, CDCl;) 8: 169.6, 141.6, 130.1, 126.4, 124.6, 124.1,
117.1, 91.5, 62.6, 56.4, 23.5; HRMS (ESI) m/z: 225.0858 (Calcd for Ci1Hi2N4O,SNa [M+Na]":
225.0858).

cis-3-Azido-2-ethoxy-1-tosylindoline (3n)

QL.
/~Me
l;l (o)

Ts

3n
240 mg, 67% yield. colorless solid; mp 89-90 °C; IR (KBr) v: 2118, 1466, 1350, 1165 cm™!; 'H NMR
(600 MHz, CDCl5) &: 7.58 (ddd, J=9.0, 1.8, 1.8 Hz, 2H), 7.53 (d, /= 7.8 Hz, 1H), 7.32 (ddd, J= 7.8,
6.6, 1.2 Hz, 1H), 7.22 (d, /= 7.2 Hz, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.14 (ddd, J = 8.4, 7.8, 0.6 Hz,
1H), 5.50 (d, J = 6.0 Hz, 1H), 4.06 (d, J = 6.0 Hz, 1H), 4.30 (dq, J = 8.4, 7.2 Hz, 1H), 3.77 (dg, J =
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8.4,7.2 Hz, 1H), 2.35 (s, 3H), 1.25 (t, J = 7.2 Hz, 3H); ®C NMR (151 MHz, CDCls) 5: 144.5, 139.9,
136.0, 130.0, 129.9, 129.6, 126.9, 125.4, 124.4, 117.7,93.2, 65.3, 62.8, 21.3, 15.0; HRMS (ESI) m/z:
381.0997 (Caled for C17H;sN4O3SNa [M+Na]': 381.0997).

cis-3-Azido-2-isopropoxy-1-tosylindoline (30)

362 mg, 97% yield. colorless solid; mp 107109 °C; IR (KBr) v: 2118, 1466, 1350, 1165 cm™!; 'H
NMR (600 MHz, CDCls) &: 7.55 (ddd, J = 8.4, 1.8, 1.8 Hz, 2H), 7.53 (d, J= 9.0 Hz, 1H), 7.31 (ddd,
J=178,6.0,1.8 Hz, 1H), 7.21 (d,/=7.8 Hz, 1H), 7.17 (d, /= 8.4 Hz, 2H), 7.15 (ddd, /=8.4,7.2, 1.2
Hz, 1H), 5.59 (d, J= 6.0 Hz, 1H), 431 (sep, J = 6.0 Hz, 1H), 3.97 (d, J = 5.4 Hz, 1H), 2.35 (s, 3H),
1.30 (d,J = 6.0 Hz, 3H), 1.20 (d,J= 6.0 Hz, 3H); ®C NMR (151 MHz, CDCl3) &: 144.4, 139.9, 136.1,
130.0, 129.9, 129.9, 126.8, 125.5, 124.4, 118.1, 91.5, 71.1, 62.7, 23.0, 21.6, 21.4; HRMS (ESI) m/z:
395.1154 (Caled for CisHaN;OsSNa [M+Na]*: 395.1154).

cis-3-Azido-2-tert-butoxy-1-tosylindoline (3p)

N
3 Me
e
N (o] Me

)
Ts

3p
308 mg, 80% yield. colorless solid; mp 149-150 °C; IR (KBr) v: 2110, 1460, 1348, 1169 cm™'; 'H
NMR (600 MHz, CDCl3) é: 7.56 (d, J = 8.4 Hz, 1H), 7.45 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H), 7.35-7.32
(m, 1H), 7.19-7.16 (m, 2H), 7.13 (d, J = 8.4 Hz, 2H), 5.77 (d, /= 5.4 Hz, 1H), 3.69 (d, /= 5.4 Hz,
1H), 2.34 (s, 3H), 1.41 (s, 9H); °C NMR (151 MHz, CDCl;) &: 144.4, 140.4, 135.9, 131.3, 129.8,
129.7,126.8,126.1, 124.2, 119.9, 89.7, 78.1, 63.2, 28.6, 21.6; HRMS (ESI) m/z: 409.1310 (Calcd for
C19H22N403SNa [M+Na]': 409.1310).
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cis-3-Azido-2-benzyloxy-1-tosylindoline (3q)

3q

348 mg, 83% yield. colorless solid; mp 110-111 °C; IR (KBr) v: 2104, 1462, 1364, 1173 cm™}; 'H
NMR (600 MHz, CDCls) &: 7.59 (d, J = 7.8 Hz, 1H), 7.51 (ddd, J = 7.8, 1.8, 1.8 Hz, 2H), 7.40 (d, J
= 7.2 Hz, 2H), 7.35-7.32 (m, 3H), 7.29 (tt, J= 7.2, 1.2 Hz, 1H), 7.22 (d,J = 7.8 Hz, 1H), 7.16 (t, J =
7.8 Hz, 1H), 7.13 (d, /= 7.8 Hz, 2H), 5.57 (d, J = 5.4 Hz, 1H), 5.00 (d, /= 12.0 Hz, 1H), 4.86 (d, /=
12.0 Hz, 1H), 4.03 (d, J = 5.4 Hz, 1H), 2.33 (s, 3H); °C NMR (151 MHz, CDCls) &: 144.6, 139.9,
137.0, 135.8, 130.1, 130.0, 129.7, 128.5, 128.0, 127.9, 126.8, 125.7, 124.4, 118.2, 92.6, 70.7, 63.0,
21.6; HRMS (ESI) m/z: 443.1154 (Caled for CsHaoN;O3SNa [M+Na]*: 443.1154).

Gram-scale synthesis of AZIN 3a

Br NaN; (5 eq) N,
OMe > OMe

l;l DMA (0.1 M) l;l

Ts 100 °C Ts

6a 3a
(11.5 g, 30 mmol) (8.81 g, 85%)

The suspension of K,COj3 (4.16 g, 30 mmol) and NaNj3 (9.75 g, 150 mmol) in DMA (300 mL, 0.1 M)
was stirred at 100 °C. To the mixture was added 3-bromo-2-mathoxy-1-tosylindoline (6a) (11.5 g, 30
mmol) and the mixture was stirred for 1 h. After addition of H>O, the whole was extracted with
AcOEt/hexane = 1/5 (3 x 100 mL), washed with H,O (100 mL) and brine (100 mL). The organic layer
was dried over Na»SQs, filtered and concentrated in vacuo. The residue was purified by

recrystallization from CHCls/hexane to give 3a (8.81 g, 85% yield).
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mX-ray crystallographic Analysis

The structure of cis-AZIN 3a was also elucidated by X-ray crystallographic analysis. The single
crystal for the analysis was grown by vapor diffusion of hexane to CHCl; solution of cis-AZIN 3a.
The data can be obtained free of charge from the Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif. CCDC 2107262 contains the supplementary crystallographic

data.

011 O

C14

CCDC 2107262
ORTEP drawing of cis-AZIN 3a

Figure S1-1. ORTEP drawing of cis-AZIN 3a and indication of O—Njg bonding

The dashed line in the figure indicates O—Ng bonding. Nitrogen is depicted in blue, oxygen in red,
sulfur in yellow, carbon in black. The interatomic distances between Ng of azide (labeled as N16) and
the closest oxygen atom (labeled as O13) are given in figure S1-1.

X-ray structure, crystal data and thermal ellipsoid plots of cis-AZIN 3a (at the 50% probability level

unless otherwise stated).
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Table S1-1. Crystal data of cis-AZIN 3a

Empirical formula
Formula weight
Crystal system
Space sroup [No.]
Crystal color, habit
Crystal size

Unit cell parameters

Temperature
Wavelength
Volume

z

F(100)

h, k, I, max

R1 (I > 2.000(i))
R (all reflection)

GOF

C16H16N403S
344.39
Orthorhombic
Pbcal61]
Colorless, block
0.90%x0.29%0.11 mm
a=18.1042(1) A
b = 8.5594(1) A
c =21.0097(1) A
a=90°

B=090°

y =90°

103 K

1.54184 A
3255.69(4) A3

8

1440.0

21, 8, 25

0.0287

0.0294

1.049

Numbers in parentheses are estimated standard deviations in the least significant digits.
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Table S1-2. Bond distance in angstroms of cis-AZIN 3a

atom 1 atom 2 distance atom 1 atom 2 distance
S10 N1 1.649(1) C4 C5 1.381(2)
S10 o1 1.4349(9) C4 C9 1.389(2)
S10 012 1.431(1) C5 C6 1.392(2)
S10 C18 1.759(1) C6 Cc7 1.386(2)
013 c2 1.393(2) Cc7 C8 1.394(2)
013 C14 1.433(2) C8 C9 1.386(2)
N1 c2 1.493(2) c18 Cc19 1.393(2)
N1 C9 1.435(2) C18 Cc23 1.392(2)
N15 N16 1.246(2) C19 C20 1.384(2)
N15 C3 1.478(2) C20 C21 1.395(2)
N16 N17 1.132(2) C21 C22 1.393(2)
c2 C3 1.549(2) C21 C24 1.505(2)
C3 C4 1.509(2) C22 C23 1.384(2)

Numbers in parentheses are estimated standard deviations in the least significant digits.
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Table S1-3. Bond angle in degrees of cis-AZIN 3a

atom1 atom2 atom3  angle atom1 atom2 atom3  angle

o1 S10 N1 105.48(5) C3 C4 C9 109.8(1)
o1 S10 012 119.81(6) C5 C4 C9 120.6(1)
o1 S10 Cc18 109.67(6) Cc4 C5 C6 118.6(1)
012 S10 N1 107.29(6) C5 Cé Cc7 120.3(1)
012 S10 Cc18 107.39(6) C6 C7 Cs8 121.7(1)
N1 S10 Cc18 106.45(6) Cc7 C8 C9 117.0(1)
c2 013 C14 112.6(1) N1 C9 C4 109.9(1)
S10 N1 C2 121.38(8) N1 C9 Ccs8 128.2(1)
S10 N1 C9 119.92(9) C4 C9 Ccs8 121.8(1)
c2 N1 C9 108.4(1) S10 Cc18 C19 119.3(1)
N16 N15 C3 113.5(1) S10 Cc18 Cc23 119.8(1)
N15  N16 N17  172.4(2) C19 C18 €23  120.8(1)
013 c2 N1 110.2(1) c18 C19 C20 119.1(1)
013 c2 C3 108.9(1) C19 C20 C21 121.2(1)
N1 Cc2 C3 103.6(1) C20 C21 C22 118.4(1)
N15 C3 Cc2 114.5(1) C20 C21 C24 120.2(1)
N15 C3 C4 115.6(1) C22 C21 C24 121.3(1)
c2 C3 C4 103.5(1) C21 C22 C23 121.4(1)
C3 C4 C5 129.6(1) c18 C23 C22 119.0(1)

Numbers in parentheses are estimated standard deviations in the least significant digits.
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Table S1-4. Torsion angles in degrees of cis-AZIN 3a

atom 1 atom 2 atom 3 atom4  angle atom 1 atom 2 atom 3 atom4  angle

O11 S10 N1 C2 -27.2(1) N1 C2 C3 N15  -147.4(1)
O11 S10 N1 C9 -168.11(9) N1 Cc2 C3 C4 -20.7(1)
012  S10 N1 C2 -155.97(9) N15  C3 C4 C5 -41.6(2)
012  S10 N1 C9 63.1(1) N15  C3 C4 C9 139.9(1)
c18 810 N1 C2 89.3(1) C2 C3 C4 C5 -167.7(1)
C18  S10 N1 C9 -51.6(1) C2 C3 C4 C9 13.8(1)
O11 S10 C18 C19 -152.2(1) C3 C4 C5 C6 -178.1(1)
O11 S10 C18 C23 29.5(1) C9 C4 C5 C6 0.2(2)
012 S10 C18 C19 -20.5(1) C3 C4 C9 N1 -0.8(1)
012 S10 C18 C23 161.2(1) C3 C4 C9 Cs8 179.0(1)
N1 S10 C18 C19 94.2(1) C5 C4 C9 N1 -179.5(1)
N1 S10 C18 C23 -84.1(1) C5 C4 C9 Cs8 0.3(2)
C14 013 C2 N1 -71.3(1) C4 C5 C6 Cc7 -0.4(2)
C14 013 C2 C3 175.7(1) C5 C6 C7 Cs8 0.0(2)
S10 N1 C2 013  119.9(1) C6 c7 C8 C9 0.5(2)
S10 N1 C2 C3 -123.7(1) Cc7 Cs8 C9 N1 179.1(1)
C9 N1 Cc2 013 -95.2(1) C7 C8 C9 C4 -0.6(2)
C9 N1 C2 C3 21.2(1) S10 C18 C19 C20 -178.7(1)
S10 N1 C9 C4 132.1(1) C23 C18 C19 cC20 -0.4(2)
S10 N1 C9 C8 -47.7(2) S10 C18 C23 C22 179.2(1)
C2 N1 C9 C4 -13.3(1) c19 C18 C23 C22 0.9(2)
C2 N1 C9 Cs8 166.9(1) c18 C19 C20 cC21 -1.0(2)
N16 N15 C3 C2 78.9(1) c19 C20 cC21 C22 1.8(2)
N16 N15 C3 C4 -41.3(2) c19 C20 cC21 C24  -177.7(1)
C3 N15 N16 N17  171(1) C20 C21 C22 Cz23 -1.3(2)
013 C2 C3 N15 -30.1(1) C24 C21 C22 C23 178.2(1)
013 C2 C3 C4 96.6(1) C21 C22 C23 C18 -0.1(2)

Numbers in parentheses are estimated standard deviations in the least significant digits.
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Table S1-5. Atomic coordinates for cis-AZIN 3a

atom Xfrac + ESD Yfrac + ESD Zfrac + ESD atom Xfrac + ESD Yfrac + ESD Zfrac + ESD
S10  0.37962(2) 0.50891(3) 0.41332(2) C21  0.25745(7) 0.25218(15) 0.57062(6)
011 0.33091(5) 0.61732(10) 0.38247(4) C22 0.21984(7) 0.30742(16) 0.51731(6)
012  0.44807(5) 0.56268(11) 0.43936(4) C23  0.25623(7) 0.38641(15) 0.46917(6)
013  0.38095(5) 0.36995(12) 0.24750(4) C24  0.21742(8) 0.17045(18) 0.62384(7)
N1 0.39947(6) 0.37621(12) 0.35903(5) H2 0.300215  0.400206 0.310459
N15  0.32149(6) 0.08024(15) 0.25151(6) H3 0.289005 0.147356 0.339299
N16  0.37939(7) 0.05352(16) 0.22135(6) H5 0.399701 -0.130523 0.343578
N17  0.42728(8) 0.0196(2) 0.18962(7) H6 0.503388 -0.166578 0.409247
C2 0.34736(7) 0.34035(16) 0.30594(6) H7 0.563367  0.047355 0.45334
C3 0.33407(7) 0.16228(16) 0.31245(6) H8 0.522288  0.303637 0.433464
C4 0.39963(7) 0.10689(15) 0.35059(6) H14A 0.410884  0.548609 0.192848
C5 0.42424(8) -0.04332(16) 0.36189(7) H14B 0.424108 0.577923 0.267209
C6 0.48577(8) -0.06416(17) 0.40071(7) H14C 0.342348 0.586195 0.238452
c7 0.52147(8) 0.06384(17) 0.42696(6) H19  0.422915 0.37181 0.529965
Cc8 0.49747(7) 0.21614(16) 0.41567(6) H20 0.360229 0.235869 0.609555
C9 0.43576(7) 0.23410(15) 0.37729(6) H22  0.168127  0.290495 0.513959
C14  0.39031(9) 0.53361(19) 0.23556(7) H23  0.229897 0.423338 0.433065
C18 0.33199(7) 0.41096(14) 0.47442(6) H24A 0.164067 0.185251 0.618732
C19 0.37116(7) 0.35527(15) 0.52677(6) H24B 0.233173  0.21426 0.664735
C20 0.33363(7) 0.27549(16) 0.57408(6) H24C 0.228936  0.058613 0.622691

Numbers in parentheses are estimated standard deviations in the least significant digits.
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B_RICET HHEER

Synthesis of 1-Tosyl-3-(2,4,6-trimethoxyphenyl)indole (9aa) and 3,3’-(2,4,6-trimethoxy-1,3-
phenylene)bis-1-tosylindole (16aa) (Scheme 2-5)

N, OMe In(OTf);
@—S‘ (10 mol%)
OMe * -

l}l DCE
Ts MeO OMe under Ar then H,0
3a 11a 80°C,2h
(1.1 eq)
OMe

Ts 16aa: 8%
9aa: 18%

To a solution of AZIN 3a (103 mg, 0.3 mmol) and 1,3,5-trimethoxybenzene (11a) (55.5 mg, 0.33
mmol) in DCE (3 mL, 0.1 M) was added In(OTf); (16.9 mg, 0.03 mmol) under Ar. The mixture was
stirred at 80 °C in oil bath for 2 h. After H>O (0.1 mL) was added to the mixture at 80 °C, the mixture
was stirred at 80 °C for 0.5 h. The whole was cooled to room temperature, quenched with H,O,
extracted with CHCl; (3 x 50 mL) and washed with brine (50 mL). The organic layer was dried over
NaxSOy, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane = 1/10-1/2) to give 9aa (23.7 mg, 18% yield) and 16aa (8.3 mg, 8%
yield).

1-Tosyl-3-(2,4,6-trimethoxyphenyl)indole (9aa)
OMe

23.7 mg, 18% yield. colorless solid; mp 122-123 °C; IR (KBr) v: 1454, 1364, 1179, 1125 cm™!; 'H
NMR (600 MHz, CDCls) 6: 7.97 (d,J=8.4 Hz, 1H), 7.62 (ddd, /= 8.4, 1.2, 1.2 Hz, 2H), 7.59 (s, 1H),
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7.24 (ddd, J=8.4,7.2, 1.2 Hz, 1H), 7.23 (d, J= 7.8 Hz, 1H), 7.20 (d, J = 8.4 Hz, 2H), 7.14 (ddd, J =
7.8, 7.2, 0.6 Hz, 1H), 623 (s, 2H), 3.89 (s, 3H), 3.69 (s, 6H), 2.32 (s, 3H); *C NMR (151 MHz,
CDCL) §: 161.2, 159.2, 144.7, 135.6, 134.9, 131.5, 129.8, 1267.0, 126.5, 124.0, 122.9, 121.7, 115.3,
113.5,102.7,91.0, 55.8, 55.5, 21.7; HRMS (ESI) m/z: 460.1195 (Caled for C2sHysNOsSNa [M+Na]*:
460.1195).

3,3’-(2,4,6-trimethoxy-1,3-phenylene)bis-1-tosylindole (16aa)

16aa

8.3 mg, 8% yield. colorless solid; mp 229-231 °C; IR (KBr) v: 1445, 1366, 1175, 1109 cm™!; 'TH NMR
(600 MHz, CDCls) 6: 8.00 (d, /= 7.8 Hz, 2H), 7.77 (ddd, /= 8.4, 1.8, 1.8 Hz, 4H), 7.64 (s, 2H), 7.36
(d, J=17.8 Hz, 2H), 7.29 (ddd, /= 7.8, 6.6, 1.2 Hz, 2H), 7.20 (ddd, /= 7.8, 7.2, 0.6 Hz, 2H), 7.17 (d,
J=17.8 Hz, 4H), 6.46 (s, 1H), 3.77 (s, 6H), 2.72 (s, 3H), 2.30 (s, 6H); *C NMR (151 MHz, CDCl5) &:
159.0, 158.8, 144.8, 135.5, 135.0, 131.3, 129.8, 126.9, 126.1, 124.4,123.2, 121.6, 115.7, 113.6, 107.9,
91.9, 60.5, 55.9, 21.6; HRMS (ESI) m/z: 729.1706 (Calcd for C30H34N207S:Na [M+Na]*: 729.1705).
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mOptimization of reaction conditions at the indole 3 position of AZIN

Optimization of reaction conditions at the indole 3 position with respect to catalyst (Table 2-1)

N3 OMe catalyst
Qi (10 mol%)
OMe * -

l;l DCE
Ts MeO OMe under Ar then H,0
3a 11a 80 °C, time
(1.1 eq)
OMe

To a solution of AZIN 3a (0.3 mmol) and 1,3,5-trimethoxybenzene (11a) (0.33 mmol, 1.1 eq) in DCE
(3 mL, 0.1 M) was added catalyst (0.03 mmol, 10 mol%) under Ar. The mixture was stirred at 80 °C
in oil bath until the complete disappearance of starting material and 3-azidoindole 4 indicated by TLC
or for 2 h. After H,O (0.1 mL) was added to the mixture at 80 °C, the mixture was stirred at 80 °C for
0.5 h. The whole was cooled to room temperature, quenched with H,O, extracted with CHCl; (3 x 20
mL) and washed with brine (20 mL). The organic layer was dried over Na;SQs, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (AcOEt/hexane

=1/10-1/2) to give 9aa and 16aa.
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Optimization of reaction conditions at the indole 3 position with respect to solvent (Table 2-2)

N3 OMe |nC|3'4H20
Q—S‘ (10 mol%)
OMe * -

N solvent
Ts MeO OMe under Ar then H,0
3a 1a 80 °C, time
(1.1 eq)
OMe

To a solution of AZIN 3a (0.3 mmol) and 1,3,5-trimethoxybenzene (11a) (0.33 mmol, 1.1 eq) in
solvent (3 mL, 0.1 M) was added InCl3+4H,O (0.03 mmol, 10 mol%) under Ar. The mixture was
stirred at 80 °C in oil bath until the complete disappearance of starting material and 3-azidoindole 4
indicated by TLC or for 2 h. After H,O (0.1 mL) was added to the mixture at 80 °C, the mixture was
stirred at 80 °C for 0.5 h. The whole was cooled to room temperature, quenched with H,O, extracted
with CHCl; (3 x 20 mL) and washed with brine (20 mL). The organic layer was dried over Na;SOs,
filtered and concentrated in vacuo. The residue was purified by silica gel column chromatography

(AcOEt/hexane = 1/10-1/2) to give 9aa and 16aa.
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Optimization of reaction conditions at the indole 3 position with respect to alkoxy group (Table

2-3)

N; OMe InClz+4H,0 MeO
Q—S‘ (10 mol%)
2 + '
S .
'I's MeO OMe

OMe

DCE \ OMe
under Ar then H,0 N
3 11a 80 °C, time 1
(11 eq)
2 . 9aa
R“ = Et, iPr, Bn

To a solution of AZIN 3 (0.3 mmol) and 1,3,5-trimethoxybenzene (11a) (0.33 mmol, 1.1 eq) in DCE
(1.5 mL, 0.2 M) was added InCl3+4H,O (0.03 mmol, 10 mol%) under Ar. The mixture was stirred at
80 °C in oil bath until the complete disappearance of starting material and 3-azidoindole 4 indicated
by TLC or for 2 h. After H>O (0.1 mL) was added to the mixture at 80 °C, the mixture was stirred at
80 °C for 0.5 h. The whole was cooled to room temperature, quenched with H,O, extracted with
CHCI; (3 x 20 mL) and washed with brine (20 mL). The organic layer was dried over Na,SOs, filtered
and concentrated in vacuo. The residue was purified by silica gel column chromatography

(AcOEt/hexane = 1/10-1/2) to give 9aa.
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mGeneral procedure for the substitution reaction at the indole 3 position of AZINs (3) with 1,3,5-

trimethoxybenzene (11a) (Scheme 2-7)

OMe

R2 = Nj OMe InCl3+4H,0 MeO

\\Q_S‘ (10 mol%)
3 * > Rz\/
N~ “OR DCE (0.2 M) N [\ OMe
[}

R! MeO OMe under Ar then H,0 N

3 1a 80 °C b

(1.1 eq) 9

To a solution of AZINs 3 (0.3 mmol) and 1,3,5-trimethoxybenzene (11a) (0.33 mmol, 1.1 eq) in DCE
(1.5 mL, 0.2 M) was added InCl3+4H,O (0.03 mmol, 10 mol%) under Ar. The mixture was stirred at
80 °C in oil bath until the complete disappearance of starting material and 3-azidoindole 4 indicated
by TLC or for 24 h. After H>O (0.1 mL) was added to the mixture at 80 °C, the mixture was stirred at
80 °C for 0.5 h. The whole was cooled to room temperature, quenched with H,O, extracted with
CHCI; (3 x 20 mL) and washed with brine (20 mL). The organic layer was dried over Na,SOs, filtered
and concentrated in vacuo. The residue was purified by silica gel column chromatography

(AcOEt/hexane = 1/10-1/3) to give 9.

5-Methoxy-1-tosyl-3-(2,4,6-trimethoxyphenyl)indole (9ba)
OMe

118 mg, 84% yield. colorless solid; mp 107-109 °C; IR (KBr) v: 1472, 1364, 1173, 1126 cm™!; 'H
NMR (600 MHz, CDCl) 6: 7.85 (d,J=9.0 Hz, 1H), 7.75 (ddd, J= 8.4, 1.8, 1.8 Hz, 2H), 7.55 (s, 1H),
7.19 (d,J=8.4 Hz, 2H), 6.86 (dd, /=9.0, 2.4 Hz, 1H), 6.66 (d, /= 3.0 Hz, 1H), 6.23 (s, 2H), 3.87 (s,
3H), 3.71 (s, 3H), 3.70 (s, 6H), 2.32 (s, 3H); *C NMR (151 MHz, CDCl) &: 161.2, 159.2, 156.2,
144.5,135.6,132.6,129.7,127.4,126.9, 115.5,114.4,113.2,104.1,102.8,91.0, 55.8,55.7, 55.5, 21.6;
HRMS (ESI) m/z: 490.1300 (Calcd for C2sH2sNOsSNa [M+Na]': 490.1300).
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5-Chloro-1-tosyl-3-(2,4,6-trimethoxyphenyl)indole (9ca)
OMe

111 mg, 79% yield. colorless solid; mp 142-143 °C; IR (KBr) v: 1468, 1371, 1175, 1126, 1009 cm™*;
'H NMR (600 MHz, CDCl;) &: 7.88 (dd, J = 7.8, 1.8 Hz, 1H), 7.50 (ddd, J = 8.4, 1.8, 1.8 Hz, 2H),
7.59 (s, 1H), 7.22-7.19 (m, 4H), 6.22 (s, 2H), 3.87 (s, 3H), 3.70 (s, 6H), 2.34 (s, 3H); *C NMR (151
MHz, CDCL) &: 161.5, 159.1, 144.9, 135.3, 133.3, 132.9, 129.9, 128.8, 127.8, 126.9, 124.2, 121.4,
114.9, 114.6, 102.0, 91.0, 55.8, 55.5, 21.7; HRMS (ESI) m/z: 494.0806, 496.0775 (Calcd for

C24H2CINOsSNa [M+Na]": 494.0805, 496.0775).

5-Bromo-1-tosyl-3-(2,4,6-trimethoxyphenyl)indole (9da)
OMe

118 mg, 76% yield. colorless solid; mp 153—154 °C; IR (KBr) v: 1456, 1371, 1175, 1125, 1009 cm™*;
'HNMR (600 MHz, CDCl5) &: 7.83 (d, J= 8.4 Hz, 1H), 7.75 (d, J= 9.0 Hz, 2H), 7.57 (s, 1H), 7.35~
7.32 (m, 2H), 7.21 (d, J = 8.4 Hz, 2H), 6.22 (s, 2H), 3.87 (s, 3H), 3.70 (s, 6H), 2.34 (s, 3H); *C NMR
(151 MHz, CDCl) &: 161.5, 159.1, 145.0, 135.3, 133.7, 133.3, 129.9, 127.6, 126.9, 126.8, 124.5,
116.6, 115.0, 114.8, 102.0, 91.0, 55.8, 55.5, 21.7; HRMS (ESI) m/z: 538.0300, 540.0279 (Calcd for
C24H2,BrNOsSNa [M+Na]": 538.0300. 540.0279).
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4-Chloro-1-tosyl-3-(2,4,6-trimethoxyphenyl)indole (9ea)
OMe

MeO
Cl

109 mg, 77% yield. colorless solid; mp 166-168°C; IR (KBr) v: 1456, 1377, 1175, 1132, 1024 cm™;
'H NMR (600 MHz, CDCl) &: 7.88 (dd, J = 8.4, 1.2 Hz, 1H), 7.75 (ddd, J = 6.6, 1.8, 1.8 Hz, 2H),
749 (s, 1H), 7.22 (d, J="7.8 Hz, 2H), 7.14 (t, /=3.6 Hz, 1H), 7.09 (dd, /=7.8, 1.2 Hz, 1H), 6.17 (s,
2H), 3.86 (s, 3H), 3.66 (s, 6H), 2.35 (s, 3H); *C NMR (151 MHz, CDCls) &: 161.5, 159.7, 145.0,
136.4, 135.3, 129.9, 128.6, 127.4, 127.2, 127.0, 124.6, 124.4, 114.9, 112.3, 103.2, 90.5, 55.8, 55.4,
21.7; HRMS (ESI) m/z: 494.0805, 496.0776 (Calcd for CosH»CINOsSNa [M+Na]": 494.0805,
496.0775).

6-Chloro-1-tosyl-3-(2,4,6-trimethoxyphenyl)indole (9fa)
OMe

te

9fa
103 mg, 73% yield. colorless oil; IR (KBr) v: 1456, 1371, 1177,1128, 1011 cm™!; "TH NMR (600 MHz,
CDCL) 6: 7.99 (d,J= 1.2 Hz, 1H), 7.62 (ddd, J = 8.4, 1.8, 1.8 Hz, 2H), 7.57 (s, 1H), 7.23 (d,J= 7.8
Hz, 2H), 7.15 (d, J= 7.8 Hz, 1H), 7.12 (dd, J = 8.4, 1.8 Hz, 1H), 6.22 (s, 2H), 3.86 (s, 3H), 3.69 (s,
6H), 2.34 (s, 3H); *C NMR (151 MHz, CDCl3) &: 161.4, 159.1, 145.0, 135.4, 135.2, 130.0, 129.9,
127.0, 126.9, 123.5, 122.6, 115.1, 113.7, 102.2, 91.0, 55.8, 55.5, 21.7; HRMS (ESI) m/z: 494.0804,
496.0776 (Calcd for C24H»CINOsSNa [M+Na]*: 494.0805, 496.0775).
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7-Chloro-1-tosyl-3-(2,4,6-trimethoxyphenyl)indole (9ga)
OMe

49.0 mg, 35% yield. colorless solid; mp 173—175 °C; IR (KBr) v: 1458, 1362, 1177, 1128, 1003 cm™;
'H NMR (600 MHz, CDCl5) &: 7.86 (s, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 7.8 Hz, 2H), 7.16
(dd,J=17.8, 1.2 Hz, 1H), 7.13 (dd, J=17.8, 0.6 Hz, 1H), 7.03 (t, /= 1.8 Hz, 1H), 6.24 (s, 2H), 3.88 (s,
3H), 3.72 (s, 6H), 2.38 (s, 3H); *C NMR (151 MHz, CDCls) &: 161.5, 159.4, 144.4, 137.4, 135.4,
131.9, 130.3, 129.7, 127.3, 126.3, 123.7, 120.1, 118.9, 113.8, 102.1, 90.9, 55.9, 55.5, 21.7; HRMS
(ESI) m/z: 494.0806, 496.0774 (Calcd for C24H2CINOsSNa [M+Na]": 494.0805, 496.0775).

1-Bezenesulfonyl-3-(2,4,6-trimethoxyphenyl)indole (9ha)
OMe

101 mg, 80% yield. colorless solid; mp 96-98 °C; IR (KBr) v: 1447, 1364, 1182, 1128 cm™!; "TH NMR
(600 MHz, CDCls) o: 8.01 (d, /= 8.4 Hz, 1H), 7.90 (ddd, /= 7.2, 1.8, 1.8 Hz, 2H), 7.46 (t,J="7.2
Hz, 1H), 7.40 (s, 1H), 7.38 (ddd, /= 7.2, 1.8, 1.8 Hz, 2H), 7.27 (ddd, J= 7.8, 6.6, 0.6 Hz, 1H), 7.26
(d,J=7.8 Hz, 1H), 7.17 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 6.25 (s, 2H), 3.87 (s, 3H), 3.68 (s, 6H); °C
NMR (151 MHz, CDCl;) 8: 161.3,159.2, 138.5, 135.0, 133.6, 131.6, 129.2, 126.9, 126.4, 124.1, 123.0,
121.8, 115.7, 113.6, 102.7, 91.1, 55.8, 55.5; HRMS (ESI) m/z: 446.1037 (Calcd for C»3H2:1NOsSNa
[M+Na]*: 446.1038).
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1-(2-Nitrobenzenesulfonyl)-3-(2,4,6-trimethoxyphenyl)indole (9ka)
OMe

MeO O
O \ OMe
N

Ns
9ka

0.05 mmol scale: 18.8 mg, 80% yield. colorless solid; mp 171-173 °C; IR (KBr) v: 1466, 1371, 1180,
1016 cm™!; 'TH NMR (600 MHz, CDCl;) 6: 8.14 (d, J= 8.4 Hz, 1H), 7.77 (s, 1H), 7.67 (d,J= 7.8 Hz,
1H), 7.55 (t,J= 8.4 Hz, 1H), 7.27-7.24 (m, 2H), 7.19-7.13 (m, 3H), 6.25 (s, 2H), 3.88 (s, 3H), 3.72
(s, 6H); "*C NMR (151 MHz, CDCls) 8: 161.2, 159.4, 139.2, 135.0, 134.3, 131.4, 131.0, 129.1, 127.8,
124.6, 123.6, 122.7, 121.6, 120.2, 113.3, 112.8, 102.7, 90.9, 55.9, 55.5; HRMS (ESI) m/z: 491.0892
(Calcd for C23H20N207SNa [M+Na]": 491.0889).

1-Benzoyl-3-(2,4,6-trimethoxyphenyl)indole (91a)
OMe

71.0 mg, 61% yield. colorless solid; mp 138-139 °C; IR (KBr) v: 1678, 1126 cm™'; 'H NMR (600
MHz, CDCls) &: 8.45 (d,J = 8.4 Hz, 1H), 7.80 (d,J= 7.2 Hz, 2H), 7.57 (t, /= 7.8 Hz, 1H), 7.51 (d,J
— 7.8 Hz, 1H), 7.50 (t, /= 7.8 Hz, 1H), 7.37 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 7.33 (s, 1H), 7.33 (d, J =
6.0 Hz, 1H), 7.27 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 6.24 (s, 2H), 3.87 (s, 3H), 3.72 (s, 6H); *C NMR
(151 MHz, CDCls) &: 168.6, 161.2, 159.3, 136.1, 135.1, 131.7, 131.4, 129.4, 128.5, 127.5, 124.5,
123.6, 121.1, 116.4, 114.7, 103.0, 91.0, 55.9, 55.5; HRMS (ESI) m/z: 410.1368 (Calcd for
CsH2INO,SNa [M-+Na]": 410.1368).
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1-Acetyl-3-(2,4,6-trimethoxyphenyl)indole (9ma)
OMe

14.5 mg, 15% yield. colorless solid; mp 142-144 °C; IR (KBr) v: 1717, 1125 cm™'; 'TH NMR (600
MHz, CDCl) 6: 8.45 (d, J= 8.4 Hz, 1H), 7.41 (s, 1H), 7.31 (ddd, /= 8.4, 7.8, 0.6 Hz, 1H), 7.25 (d, J
=7.8 Hz, 1H), 7.20 (t,J=7.2 Hz, 1H), 6.27 (s, 2H), 3.88 (s, 3H), 3.72 (s, 6H), 2.63 (s, 3H); '*C NMR
(151 MHz, CDCls) &: 168.4, 161.3, 159.5, 135.7, 131.2, 125.0, 124.6, 123.2, 120.9, 116.5, 115.4,
103.3, 91.4, 55.9, 55.5, 24.0; HRMS (ESI) m/z: 348.1212 (Calcd for Ci9H19NO4SNa [M+Na]":

348.1212).
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mGeneral procedure for the substitution reaction at the indole 3 position of AZIN 3a with

nucleophiles as alkoxybenzenes or indoles (Scheme 2-8)

N3 |nC|3°4H20 Nu
(10 mol%)
OMe ¥ NuH o \

';1 1 DCE (0.2 M) ';l
Ts (1.1 eq) under Ar then H,O Ts
3a 80°C 9a

To a solution of AZIN 3a (1 mmol) and nucleophiles 11 (1.1 mmol, 1.1 eq) in DCE (0.2 M) was added
InCl3+4H,0 (0.1 mmol, 10 mol%) under Ar. The mixture was stirred at 80 °C in oil bath until the
complete disappearance of starting material and 3-azidoindole 4 indicated by TLC or for 24 h. After
H>0 (0.1 mL) was added to the mixture at 80 °C, the mixture was stirred at 80 °C for 0.5 h. The whole
was cooled to room temperature, quenched with H»O, extracted with CHCI; (3 x 25 mL) and washed
with brine (25 mL). The organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The
residue was purified by silica gel column chromatography (AcOEthexane = 1/10-1/1, and/or
toluene/hexane = 1/2—1/1) to give 9a.

Nucleophiles 11b 519, 11¢ 5 and 11d 5'® were prepared by reported methods. The other 11
compounds were used as received from commercial suppliers (Sigma-Aldrich, Kanto Chemical, TCI

and Wako).

1-Tosyl-3-(3-chloro-2,4,6-trimethoxyphenyl)indole (9ab)

324 mg, 69% yield. colorless solid; mp 158-160 °C; IR (KBr) v: 1450, 1379, 1177, 1119, 1018 cm™;
'H NMR (600 MHz, CDCl) &: 8.03 (d, /= 7.8 Hz, 1H), 7.78 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H), 7.63 (s,
1H), 7.29 (ddd, /=9.0, 7.2, 1.8 Hz, 1H), 7.29 (d, /= 7.8 Hz, 1H), 7.20 (d, /= 8.4 Hz, 2H), 7.18 (ddd,
J=178,7.2,0.6 Hz, 1H), 6.42 (s, 1H), 3.96 (s, 3H), 3.72 (s, 3H), 3.23 (s, 3H), 2.32 (s, 3H); *C NMR
(151 MHz, CDCl) &: 157.4, 156.3, 156.1, 144.9, 135.5, 135.0, 130.9, 129.8, 126.9, 126.3, 124.5,
123.2,121.5,115.0, 113.7, 109.0, 92.9, 60.5, 56.5, 56.1, 21.6; HRMS (ESI) m/z: 494.0805, 496.0774
(Calcd for CosH22CINOsSNa [M+Na]*: 494.0805, 496.0775).
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1-Tosyl-3-(3-bromo-2,4,6-trimethoxyphenyl)indole (9ac)

275 mg, 53% yield. colorless solid; mp 145-146 °C; IR (KBr) v: 1449, 1369, 1177, 1115, 1016 cm™;
'H NMR (600 MHz, CDCls) &: 8.03 (d, /= 8.4 Hz, 1H), 7.78 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H), 7.64 (s,
1H), 7.30 (ddd, J= 8.4, 7.2, 1.2 Hz, 1H), 7.29 (d, J = 7.8 Hz, 1H), 7.21-7.17 (m, 3H), 6.42 (s, 1H),
3.96 (s, 3H), 3.72 (s, 3H), 3.23 (s, 3H), 2.32 (s, 3H); *C NMR (151 MHz, CDCl3) 8: 1584, 157.2,
157.1, 144.9, 135.5, 135.0, 130.9, 129.8, 126.9, 126.3, 124.5, 123.2, 121.5, 115.2, 113.7, 109.1, 98.7,
92.8, 60.4, 56.6, 56.1, 21.6; HRMS (ESI) m/z: 538.0301, 540.0280 (Calcd for C2sH2BrNOsSNa
[M+Na]": 538.0300. 540.0279).

1-Tosyl-3-(3-phenyl-2.,4,6-trimethoxyphenyl)indole (9ad)

9ad

0.3 mmol scale: 117 mg, 76% yield. colorless solid; mp 174-175 °C; IR (KBr) v: 1456, 1383, 1172,
1109 em™'; 'TH NMR (600 MHz, CDCls) &: 8.02 (d, J = 8.4 Hz, 1H), 7.77 (ddd, J = 8.4, 1.8, 1.8 Hz,
2H), 7.66 (s, 1H), 7.40-7.39 (m, 4H), 7.37 (d, /= 7.8 Hz, 1H), 7.33-7.27 (m, 2H), 7.19 (ddd, J=7.8,
7.2,0.6 Hz, 1H), 7.16 (d, J = 7.8 Hz, 2H), 6.46 (s, 1H), 3.80 (s, 3H), 3.76 (s, 3H), 2.84 (s, 3H), 2.29
(s, 3H); *CNMR (151 MHz, CDCl5) &: 158.4, 158.1, 157.9, 144.7, 135.6, 135.0, 134.2, 131.3, 131.0,
129.8, 127.9, 126.9, 126.8, 126.1, 124.3, 123.1, 121.7, 117.8, 116.0, 113.6, 107.7, 92.0, 60.4, 56.1,
55.9, 21.6; HRMS (ESI) m/z: 536.1508 (Calcd for C30H27NOsSNa [M+Na]': 536.1508).
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1-Tosyl-3-(2,4,5-trimethoxyphenyl)indole (9ae)

270 mg, 62% yield. colorless solid; mp 133-135 °C; IR (KBr) v: 1447, 1364, 1211, 1169, 1125 cm™;
'HNMR (600 MHz, CDCls) &: 8.02 (d, /= 8.4 Hz, 1H), 7.80 (ddd, J=7.8, 1.8, 1.8 Hz, 2H), 7.75 (s,
1H), 7.58 (d, J= 7.8 Hz, 1H), 7.32 (ddd, J= 7.8, 7.2, 0.6 Hz, 1H), 7.25-7.21 (m, 3H), 7.02 (s, 1H),
6.65 (s, 1H), 3.95 (s, 3H), 3.86 (s, 3H), 3.76 (s, 3H), 2.33 (s, 3H); *C NMR (151 MHz, CDCl;) &:
151.5,149.3,144.9,143.2,135.4,135.1,130.4, 129.9, 127.0, 125.0, 124.5,123.3,121.0, 119.4, 114 4,
113.8, 113.3, 98.4, 56.8, 56.6, 56.3, 21.7; HRMS (ESI) m/z: 460.1195 (Caled for C,4H23sNOsSNa
[M+Na]": 460.1195).

Mixture of  1-tosyl-3-(2,4-dimethoxyphenyl)indole @ and  isomer  (1-Tosyl-3-(2,6-
dimethoxyphenyl)indole) (9af)

Q MeO Q
Qg o Qg o

|
Ts Ts

9af

OMe

249 mg, 61% yield. colorless oil; IR (KBr) v: 1447, 1369, 1175, 1128 cm™!; major product: 'H NMR
(600 MHz, CDCls) 6: 8.02 (d, J=8.4 Hz, 1H), 7.78 (d, J= 7.8 Hz, 2H), 7.72 (s, 1H), 7.56 (d, J= 7.8
Hz, 1H), 7.30 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 7.23-7.20 (m, 3H), 6.66 (d, J= 8.4 Hz, 1H), 6.59 (d, J
=24 Hz, 1H), 6.57 (dd, J= 8.4, 2.4 Hz, 1H), 3.85 (s, 3H), 3.80 (s, 3H), 2.32 (s, 3H); minor product:
'H NMR (600 MHz, CDCls) &: 7.98 (d, J= 7.2 Hz, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.65 (s, 1H), 7.39
(d,J=7.8 Hz, 2H), 7.32-7.20 (m, 5H), 7.15 (ddd, /= 8.4, 7.8, 0.6 Hz, 1H), 3.71 (s, 6H), 2.32 (s, 3H);
mixture: B*CNMR (151 MHz, CDCl) 8: 160.5, 158.5, 158.1, 144.8, 144.7,135.6, 135.5, 135.1, 134.9,
131.3,131.2,130.6, 129.9, 129.8,129.4,127.2,127.0, 126.7, 124.8, 124.4, 124.0, 123.2,122.9, 121.7,
121.2,119.5,115.2,114.5, 113.7,113.5, 110.1, 104.5, 104.2, 99.2, 55.9, 55.6, 55.6, 21.6, 21.6; HRMS
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(ESI) m/z: 430.1090 (Calcd for C23H21NO4SNa [M+Na]': 430.1089).

Mixture of 1-tosyl-3-(2,4-diethoxyphenyl)indole and isomer (1-Tosyl-3-(2,6-
diethoxyphenyl)indole) (9ag)

OEt

Q EtO
e aNivaa®
N N

Ts Ts
9ag

230 mg, 53% yield. colorless oil; IR (KBr) v: 1447, 1369, 1175, 1132 cm™'; major product: 'H NMR
(600 MHz, CDCls) ¢: 8.05 (d, J=8.4 Hz, 1H), 7.80 (d, J= 7.8 Hz, 2H), 7.79 (s, 1H), 7.43 (d, /= 7.8
Hz, 1H), 7.31 (t, /= 6.6 Hz, 1H), 7.26-7.14 (m, 3H), 6.63 (d, J = 7.8 Hz, 1H), 6.58 (d, J = 2.4 Hz,
1H), 6.56 (dd, J = 8.4, 2.4 Hz, 1H), 4.08 (q, J = 6.6 Hz, 2H), 4.03 (q, J = 6.6 Hz, 2H), 2.31 (s, 3H),
1.44 (t,J=7.2 Hz, 3H), 1.36 (t, J = 7.2 Hz, 3H); minor product: 'H NMR (600 MHz, CDCl5) &: 8.00
(d,J=8.4Hz, 1H), 7.79 (d, J= 7.8 Hz, 2H), 7.68 (s, 1H), 7.43 (d, /= 7.8 Hz, 2H), 7.30 (d, /= 7.2
Hz, 1H), 7.26-7.14 (m, 5H), 3.95 (q, J = 6.6 Hz, 4H), 2.31 (s, 3H), 1.17 (t, J= 7.2 Hz, 6H); mixture:
BCNMR (151 MHz, CDCl3) 8: 159.7, 157.8, 157.3, 144.8, 144.6, 135.7, 135.5, 135.1, 134.8, 131.2,
130.9, 130.6, 129.9, 129.8, 129.2, 126.9, 126.9, 126.6, 125.0, 124.4,123.9, 123.1,122.5,122.2, 121.1,
119.3, 115.5, 114.4, 113.7, 113.3, 110.5, 105.2, 105.1, 100.5, 64.1, 63.9, 63.7, 21.6, 21.6, 15.0, 14.9,
14.8; HRMS (ESI) m/z: 458.1403 (Calcd for C2sHosNOsSNa [M+Na]": 458.1402).

3-(Indol-3-yl)-1-tosylindole (9ah)

287 mg, 74% yield. colorless oil; IR (KBr) v: 3422, 1447, 1364 cm™'; 'TH NMR (600 MHz, CDCl;) &:
8.31 (brs, 1H), 8.08 (d, /= 8.4 Hz, 1H), 7.82-7.80 (m, 3H), 7.78 (d, /= 7.8 Hz, 1H), 7.71 (d, J= 7.8
Hz, 1H), 7.47 (d,J = 2.4 Hz, 1H), 7.45 (d, J= 8.4 Hz, 1H), 7.36 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 7.29—
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7.25 (m, 2H), 7.21-7.20 (m, 3H), 2.31 (s, 3H); *C NMR (151 MHz, CDCls) 5: 144.9, 136.4, 135.5,
135.3,130.5, 130.0, 126.9, 126.3, 124.9, 123.4, 122.9, 122.6, 122.5, 120.9, 120.5, 120.0, 117.4, 114.0,
111.5, 108.9, 21.6; HRMS (ESI) m/z: 409.0987 (Calcd for C23HisN>0,SNa [M+Na]': 409.0987).

3-(5-Methoxyindol-3-yl)-1-tosylindole (9ai)

250 mg, 60% yield. colorless oil; IR (KBr) v: 3422, 1447, 1364, 1173 cm™'; '"H NMR (600 MHz,
CDCl) &: 8.24 (br s, 1H), 8.09 (d, /= 7.8 Hz, 1H), 7.81 (ddd, /= 9.0, 1.8, 1.8 Hz, 2H), 7.76 (s, 1H),
7.69 (d,/=8.4Hz, 1H), 741 (d,/J=2.4 Hz, 1H), 7.36 (ddd, /=84, 7.2, 1.2 Hz, 1H), 7.33 (d, /=9.0
Hz, 1H), 7.26 (ddd, J= 8.4, 6.6, 1.8 Hz, 1H), 7.20 (d, /= 7.8 Hz, 2H), 7.18 (d, /= 2.4 Hz, 1H), 6.93
(dd, J=9.0, 3.0 Hz, 1H), 3.84 (s, 3H), 2.31 (s, 3H); *C NMR (151 MHz, CDCls) 8: 154.8, 145.0,
135.5,135.4,131.5,130.5, 130.0, 126.9, 126.9, 124.9, 123.4, 122.4,120.9, 117.5, 114.0, 113.0, 112.2,
108.6, 101.9, 56.1, 21.6; HRMS (ESI) m/z: 439.1093 (Calcd for C24H20N203SNa [M+Na]*: 439.1092).

3-(5-Methylindol-3-yl)-1-tosylindole (9aj)

323 mg, 81% yield. colorless oil; IR (KBr) v: 3420, 1447, 1364 cm™!; 'TH NMR (600 MHz, CDCl5) &:
8.23 (brs, 1H), 8.10 (d, J = 8.4 Hz, 1H), 7.82-7.81 (m, 3H), 7.71 (d, J= 7.8 Hz, 1H), 7.57 (s, 1H),
7.40-7.39 (m, 2H), 7.32 (d, J= 8.4 Hz, 1H), 7.27 (ddd, /= 7.8, 7.2, 0.6 Hz, 1H), 7.18 (d, /= 7.8 Hz,
2H), 7.10 (dd, J = 8.4, 1.2 Hz, 1H), 3.67 (s, 3H), 2.39 (s, 3H); *C NMR (151 MHz, CDCl5) §: 145.0,
135.5,135.3,134.7,130.6, 130.0, 129.8, 126.9, 126.5, 124.9, 124.5, 123.5, 122.8, 122.4,121.0, 119.5,
117.7, 114.0, 111.2, 108.2, 21.7, 21.6; HRMS (ESI) m/z: 423.1143 (Calcd for Cy4H20N>O,SNa
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[M+Na]': 423.1143).

3-(5-Chloroindol-3-yl)-1-tosylindole (9ak)

270 mg, 64% yield. colorless solid; mp 149150 °C; IR (KBr) v: 3435, 1449, 1368, 1086 cm'; 'H
NMR (600 MHz, CDCl3) 5: 8.40 (br s, 1H), 8.09 (d, J = 8.4 Hz, 1H), 7.82 (ddd, /= 8.4, 1.8, 1.8 Hz,
2H), 7.75 (s, 1H), 7.68 (d, J = 1.8 Hz, 1H), 7.64 (d, J= 7.8 Hz, 1H), 7.43 (d, J = 3.0 Hz, 1H), 7.37
(ddd, J=8.4,7.2, 1.2 Hz, 1H), 733 (d, J = 9.0 Hz, 1H), 7.27 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 7.21—
7.20 (m, 3H), 2.31 (s, 3H); *C NMR (151 MHz, CDCl;) &: 145.1, 135.5, 135.2, 134.7, 130.3, 130.0,
127.5,126.9, 126.2,125.1, 124.0, 123.6, 123.2, 122.6, 120.7, 119.4, 116.8, 114.0, 112.6, 108.6, 21.7,
HRMS (ESI) m/z: 443.0596, 445.0568 (Calcd for C23H;7CIN,O,SNa [M+Na]": 443.0597, 445.0568).

3-(5-Bromoindol-3-yl)-1-tosylindole (9al)

256 mg, 55% yield. colorless solid; mp 154-156 °C; IR (KBr) v: 3433, 1447, 1368, 1094 cm™!; 'H
NMR (600 MHz, CDCls) &: 8.38 (br's, 1H), 8.08 (d, /= 8.4 Hz, 1H), 7.83-7.81 (m, 3H), 7.73 (s, 1H),
7.64 (d, J=17.8 Hz, 1H), 7.44 (d, J=2.4 Hz, 1H), 7.37 (ddd, /= 8.4, 7.2, 1.2 Hz, 1H), 7.34 (dd, J =
8.4, 1.8 Hz, 1H), 7.31 (d, /= 7.8 Hz, 1H), 7.27 (ddd, J = 7.8, 7.2, 0.6 Hz, 1H), 7.22 (d, /= 7.8 Hz,
2H), 2.33 (s, 3H); *C NMR (151 MHz, CDCl5) &: 145.1, 135.5, 135.2, 135.0, 130.3, 130.0, 128.2,
126.9,125.7,125.1, 123.8, 123.6, 122.7, 122.5,120.7, 116.8, 114.0, 113.7, 113.0, 108.5, 21.7; HRMS
(ESI) m/z: 487.0091, 489.0070 (Calcd for C23H;7BrN,O>SNa [M+Na]*: 487.0092, 489.0071).
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3-(2-Methylindol-3-yl)-1-tosylindole (9am)

9am

287 mg, 71% yield. colorless solid; mp 103—105 °C; IR (KBr) v: 3399, 1458, 1364 cm™'; 'TH NMR
(600 MHz, CDCl;) 6: 8.10 (br s, 1H), 8.09 (d, /= 8.4 Hz, 1H), 7.83 (ddd, /=9.0, 1.8, 1.8 Hz, 2H),
7.58 (s, 1H), 7.45 (d, /= 7.8 Hz, 1H), 7.39 (d, /= 7.8 Hz, 1H), 7.36 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H),
7.34 (d,J=8.4 Hz, 1H), 7.23 (d, /= 8.4 Hz, 2H), 7.22 (ddd, /=7.8, 7.2, 0.6 Hz, 1H), 7.17 (ddd, J =
8.4,7.2,12 Hz, 1H), 7.07 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 2.42 (s, 3H), 2.34 (s, 3H); *C NMR (151
MHz, CDCl) 6: 145.0, 135.5, 135.4, 135.3, 132.9, 131.3, 130.0, 128.4, 127.0, 124.8, 124.0, 123.2,
121.7,121.6,119.9, 119.3,117.3, 113.9, 110.5, 105.0, 21.7, 12.7; HRMS (ESI) m/z: 423.1142 (Calcd
for C24H20N20-SNa [M+Na]'": 423.1143).

3-(1-Methylindol-3-yl)-1-tosylindole (9an)

208 mg, 52% yield. red oil; IR (KBr) v: 1447, 1368 cm™!; '"H NMR (600 MHz, CDCl5) 6: 8.09 (d, J
=8.4 Hz, 1H), 7.82 (ddd, J= 8.4, 1.8, 1.8 Hz, 2H), 7.80-7.79 (m, 2H), 7.74 (d, J= 7.8 Hz, 1H), 7.39
(d,J=8.4 Hz, 1H), 7.37 (ddd, J = 8.4, 6.6, 1.8 Hz, 1H), 7.34 (s, 1H), 7.32 (ddd, /=7.8, 7.2, 0.6 Hz,
1H), 7.27 (ddd, J=8.4,7.8,0.6 Hz, 1H), 7.21 (ddd, /=8.4,7.2, 1.2 Hz, 1H), 7.20 (d, /= 7.8 Hz, 2H),
3.86 (s, 3H), 2.31 (s, 3H); *C NMR (151 MHz, CDCl5) &: 144.9, 137.2, 135.5, 135.4, 130.5, 129.9,
127.2,126.9, 126.8, 124.9, 123.4, 122.4,122.2, 120.9, 120.2, 120.0, 117.6, 114.0, 109.7, 107.2, 33.1,
21.6; HRMS (ESI) m/z: 423.1144 (Calcd for C24H20N202SNa [M+Na]": 423.1143).
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mGeneral procedure for the substitution reaction at the indole 3 position of AZIN 3a with

nucleophiles as thiophenols 8 (Scheme 2-8)

N3 |nC|3'4H20 Nu
(10 mol%)
OMe + NuH > \ + \
N N
| |
Ts Ts

f;l 1 DCE (0.2 M)
Ts (1.1 eq) under Ar then H,0

3a 80 °C 9a 5a
To a solution of AZIN 3a (1 mmol) and thiophenols 11 (1.1 mmol, 1.1 eq) in DCE (5 mL, 0.2 M) was
added InCl3+4H,0 (0.1 mmol, 10 mol%) under Ar. The mixture was stirred at 80 °C in oil bath until
the complete disappearance of starting material and 3-azidoindole 4 indicated by TLC or for 24 h.
After H,O (0.1 mL) was added to the mixture at 80 °C, the mixture was stirred at 80 °C for 0.5 h. The
whole was cooled to room temperature, quenched with H»O, extracted with CHCl; (3 x 25 mL) and
washed with brine (25 mL). The organic layer was dried over Na,SOs, filtered and concentrated in
vacuo. The residue was purified by silica gel column chromatography (AcOEt/hexane = 1/10-1/1,

and/or toluene/hexane = 1/2—1/1) to give 9a and Sa.

3-Phenylthio-1-tosylindole (9aq)

)

g

\

Ts

9aq

190 mg, 50% yield. colorless oil; IR (KBr) v: 1445, 1373, 1265 cm™!; 'H NMR (600 MHz, CDCl5) &:
8.00 (d, J = 8.4 Hz, 1H), 7.82 (s, 1H), 7.79 (ddd, J=9.0, 1.8, 1.8 Hz, 2H), 7.42 (d, J= 7.8 Hz, 1H),
7.34 (ddd, J=8.4, 7.2, 1.2 Hz, 1H), 7.25 (d, J = 8.4 Hz, 2H), 7.20 (ddd, /= 7.8, 7.2, 0.6 Hz, 1H),
7.18-7.15 (m, 2H), 7.12-7.08 (m, 3H), 2.36 (s, 3H); *C NMR (151 MHz, CDCls) &: 145.5, 136.3,
135.5,135.0, 131.1, 130.9, 130.1, 129.0, 127.3, 127.1, 125.9, 125.5, 123.9, 120.5, 113.9, 111.9, 21.7;

HRMS (ESI) m/z: 402.0598 (Caled for C21H;7NO2S;Na [M+Na]*: 402.0598).
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3-(4-Methoxyphenylthio)-1-tosylindole (9ar)

N
]

Ts
9ar
82.6 mg, 20% yield. colorless oil; IR (KBr) v: 1493, 1373, 1265, 1175 cm™'; '"H NMR (600 MHz,
CDCl) 6: 8.02 (d, /= 8.4 Hz, 1H), 7.81 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H), 7.75 (s, 1H), 7.48 (d, /= 7.8
Hz, 1H), 7.36 (ddd, /= 8.4, 7.2, 1.2 Hz, 1H), 7.26-7.21 (m, 5H), 6.80 (ddd, /=9.6,2.4,2.4 Hz, 2H),
3.78 (s, 3H), 2.37 (s, 3H); *C NMR (151 MHz, CDCls) &: 158.8, 145.4, 135.5, 135.0, 131.0, 130.9,
130.1, 129.3, 127.0, 125.9, 125.4, 123.8, 120.4, 114.8, 114.4, 113.8, 55.4, 21.7; HRMS (ESI) m/z:
432.0704 (Calcd for C22H19NO3S,Na [M+Na]": 432.0704).

3-(4-Bromophenylthio)-1-tosylindole (9as)

N
I

Ts

321 mg, 70% yield. colorless solid; mp 149-151 °C; IR (KBr) v: 1474, 1369, 1260, 1005 cm™'; 'H
NMR (600 MHz, CDCl;) é: 8.00 (d, /= 8.4 Hz, 1H), 7.83 (s, 1H), 7.80 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H),
7.38 (d,J=7.8 Hz, 1H), 7.35 (ddd, J=8.4, 7.2, 1.2 Hz, 1H), 7.28-7.25 (m, 4H), 7.21 (ddd, J = 8.4,
7.2,1.2 Hz, 1H), 7.20 (ddd, /= 7.8, 7.2, 0.6 Hz, 1H), 6.93 (ddd, J = 8.4, 1.8, 1.8 Hz, 1H), 2.37 (s,
3H); *C NMR (151 MHz, CDCls) &: 145.6, 135.7, 135.5, 134.9, 132.0, 131.2, 130.8, 130.2, 128.7,
127.1, 125.7, 124.0, 120.4, 119.6, 113.9, 111.0, 21.7; HRMS (ESI) m/z: 479.9704, 481.9682 (Calcd
for C,1Hi6BrNO>S;Na [M+Na]*: 479.9704, 481.9683).
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3-(2-Naphthalenylthio)-1-tosylindole (9at)

9at

228 mg, 53% yield. colorless oil; IR (KBr) v: 1445, 1375, 1263 cm™'; 'TH NMR (600 MHz, CDCl5) &:
8.02 (d, /=9.0 Hz, 1H), 7.87 (s, 1H), 7.81 (ddd, /= 9.0, 1.8, 1.8 Hz, 2H), 7.73 (dd, /= 7.8, 1.8 Hz,
1H), 7.65 (d, J= 8.4 Hz, 1H), 7.53 (d, J=9.0 Hz, 1H), 7.48 (d, /= 1.8 Hz, 1H), 7.42—7.37 (m, 3H),
7.34 (ddd,J=8.4,0.6,0.6 Hz, 1H), 7.26 (d, J= 8.4 Hz, 2H), 7.22 (dd, J=9.0, 1.8 Hz, 1H), 7.17 (ddd,
J=17238,7.2,0.6 Hz, 1H), 2.38 (s, 3H); *C NMR (151 MHz, CDCls) &: 145.5, 135.5, 135.0, 133.7,
133.7,131.8,131.1, 131.0, 130.2, 128.7, 127.8, 127.1, 127.1, 126.6, 125.7, 125.6, 125.4, 124.0, 120.5,
113.9, 111.9, 21.7; HRMS (ESI) m/z: 452.0755 (Caled for C,sHi19NO»S;Na [M+Na]*: 452.0755).
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mMechanism Studies of nucleophilic substitution at the indole 3 position

Synthesis of 3-Azido-1-tosylindole (4a) (Scheme 2-9)

N3 |nC|3°4H20 N3
OMe >

’;‘ DCE, under Ar ';l
Ts 80°C,0.5h Ts
3a 4a: 8%

To a solution of 3a (344 mg, 1 mmol) in DCE (5 mL, 0.2 M) was added InCl3*4H,O (29.3 mg, 0.1
mmol) under Ar. The mixture was stirred at 80 °C for 0.5 h. The whole was cooled to room
temperature, quenched with H,O, extracted with CHCl; (3 x 25 mL) and washed with brine (25 mL).
The organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (AcOEt/hexane = 1/10—-1/1) to give 4a (25.9 mg, 8% yield). The
structure of this product was determined by 'TH NMR (400 MHz) and HRMS (ESI-TOF-MS) analyses.
This compound was unstable and decomposed quickly. Therefore, *C NMR chart, melting point and

IR data were unavailable.

3-Azido-1-tosylindole (4a)

N;
g

N
]

Ts
4a

25.9 mg, 8% yield. orange solid; '"H NMR (400 MHz, CDCl5) &: 8.10 (d, J= 8.4 Hz, 1H), 7.76 (d, J
=8.4 Hz, 2H), 7.54 (d,J=7.6 Hz, 1H), 7.38 (t,J=7.6 Hz, 1H), 7.34 (s, 1H), 7.28-7.23 (m, 3H), 2.23
(s, 3H); HRMS (ESI) m/z: 335.0579 (Calcd for CisH12N4O,SNa [M+Na]": 335.0579).

Substitution reaction at the indole 3 position using 3-azido-1-tosylindole (4a) (Scheme 2-10)

OMe

N; OMe InCl;3*4H,0 MeO Q
(10 mol%)
Crs . .
[;] DCE O \ OMe
Ts MeO OMe N
)

under Ar then H,0

4a 11a 80°C,0.5h
(1.1 eq) Ts
9aa: 48%

To a solution of 3-azido-1-tosylindole (4a) (15.4 mg, 0.05 mmol) and 1,3,5-trimethoxybenzene (11a)
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(9.3 mg, 0.055 mmol) in DCE (0.25 mL, 0.2 M) was added InCl3*4H,O (1.5 mg, 0.005 mmol) under
Ar. The mixture was stirred at 80 °C in oil bath until the complete disappearance of starting material
indicated by TLC. After H>O (0.1 mL) was added to the mixture at 80 °C, the mixture was stirred at
80 °C for 0.5 h. The whole was cooled to room temperature, quenched with H,O, extracted with
CHCI; (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

(AcOEt/hexane = 1/10-1/2) to give 9aa (10.4 mg, 48% yield).

Substitution reaction of AZIN 3a with 2,6-di-tert-butyl-4-hydroxytoluene (BHT, 21) as radical
inhibitor (Scheme 2-11)

N3 OMe OH InCl3*4H,0
tBu tBu (10 mol%)
ome * * -

N DCE
Ts MeO M OMe Me under Ar then H,0
a o
3a () by 80°C,1h
(1 eq)
OMe

S
Ts 16aa: 17%
9aa: 77%

To a solution of AZIN 3a (104 mg, 0.3 mmol), 1,3,5-trimethoxybenzene (11a) (55.5 mg, 0.33 mmol)
and BHT (21) (66.1 mg, 0.3 mmol) in DCE (1.5 mL, 0.2 M) was added InCl3*4H,0O (8.8 mg, 0.03
mmol) under Ar. The mixture was stirred at 80 °C for 1 h. After H,O (0.1 mL) was added to the
mixture at 80 °C, the mixture was stirred at 80 °C for 0.5 h. The whole was cooled to room temperature,
quenched with H,O, extracted with CHCI3 (3 x 20 mL) and washed with brine (20 mL). The organic
layer was dried over Na,SOs, filtered and concentrated in vacuo. The residue was purified by silica
gel column chromatography (AcOEt/hexane = 1/10-1/2) to give 9aa (101 mg, 77% yield) and 16aa
(18.0 mg, 17% yield).
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Substitution reaction at the indole 3 position with frans-AZIN 3a (Scheme 2-12)

\N3 OMe |nC|3'4H20
% (10 mol%)
+ o
OMe

N DCE (0.2 M)
Ts MeO OMe under Ar then H,0
trans-AZIN 3a 11a 80°C,1h
(1.1 eq) oMo
\,:\ Ns MeO O
+
';l OMe O OMe
Ts N
trans-AZIN 3a: 19% 'i's
9aa: 57%

To a solution of trans-AZIN 3a (17.2 mg, 0.05 mmol) and 1,3,5-trimethoxybenzene (11a) (9.3 mg,
0.055 mmol) in DCE (0.25 mL, 0.2 M) was added InCl3*4H,O (1.5 mg, 0.005 mmol) under Ar. The
mixture was stirred at 80 °C for 1 h. After H>O (0.1 mL) was added to the mixture at 80 °C, the mixture
was stirred at 80 °C for 0.5 h. The whole was cooled to room temperature, quenched with H,O,
extracted with CHCl; (3 x 10 mL) and washed with brine (10 mL). The organic layer was dried over
NaySO, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane = 1/10-1/2) to give trans-AZIN 3a (3.3 mg, 19% yield) and 9aa
(12.5 mg, 57% yield).

Isolation of 3-[/V-(3-chloro-2,4,6-trimethoxyphenyl)-V-tosylamino]indole (16) (Scheme 2-13)

N3 OMe |nC|3°4H20
Q—§~ cl (10 mol%)
ome * >

l;l DCE
Ts MeO OMe under Ar then H,0
3a 11b 80°C,4h
(1.1 eq)
OMe

MeO Q Ts,
Cl
OMe
\ \ MeO
N N
|

H
Ts 23: 2%
9ab: 69%

To a solution of AZIN 3a (345 mg, 1 mmol) and 1-chloro-2,4,6-trimethoxybenzene (11b) (224 mg,
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1.1 mmol) in DCE (5 mL, 0.2 M) was added InCl3*4H,0O (29.5 mg, 0.1 mmol) under Ar. The mixture
was stirred at 80 °C in oil bath until the complete disappearance of starting material and 3-azidoindole
4 indicated by TLC or for 24 h. After H,O (0.1 mL) was added to the mixture at 80 °C, and the mixture
was stirred at 80 °C for 0.5 h. The whole was cooled to room temperature, quenched with H>O,
extracted with CHCl; (3 x 25 mL) and washed with brine (25 mL). The organic layer was dried over
NaySOy, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane = 1/10-1/1) to give 9ab (324 mg, 69% yield) and 23 (9.2 mg, 2%
yield). This structure was determined by 2D NMR (H-H COSY, HMQC, HMBC) analyses.

3-[ V-(3-chloro-2,4,6-trimethoxyphenyl)-NV-tosylamino]indole (23)

MeO cl
Ts

\

N\ MeO
H

23

9.2 mg, 2% yield. dark purple oil; IR (KBr) v: 3379, 1456, 1341, 1161, 1107 cm™!; "H NMR (600
MHz, CDCl;) &: 8.35 (brs, 1H), 7.92 (d, /="7.8 Hz, 1H), 7.29 (d, /= 7.8 Hz, 1H), 7.26 (ddd, /= 8.4,
1.8, 1.8 Hz, 2H), 7.22 (ddd, J=7.8, 6.6, 1.2 Hz, 1H), 7.19 (ddd, /= 7.8, 6.6, 1.2 Hz, 1H), 7.13 (s, 1H),
6.80 (d, /= 8.4 Hz, 2H), 6.20 (s, 1H), 3.95 (s, 3H), 3.71 (s, 3H), 3.25 (s, 3H), 2.24 (s, 3H); *C NMR
(151 MHz, CDCl3) 6: 156.7, 155.7, 154.4, 142.0, 136.4, 134.8, 128.6, 127.1, 126.1, 125.0, 123.1,
120.5, 119.9, 111.7, 110.7, 109.8, 107.4, 92.8, 61.1, 56.6, 56.4, 21.6; HRMS (ESI) m/z: 509.0912,
511.0884 (Calcd for C24H23CIN,OsSNa [M+Na]*: 509.0914, 511.0884).

The NH moiety of the indole was disclosed by HMBC correlations between H-1 and C-3a, and H-1

and C-7a; then the structure of 23 was elucidated to be shown in figure S2-4.
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Isolation of 2-(indol-3-yl)-1-tosylindolin-3-one (28ah) (Scheme 3-1)

N3 |nC|3°4H20
+
';l OMe N
Ts H

DCE
11h under Ar then H,0
80°C,6h
3a (1.1 eq)

N
N I .
Ts S
28ah: 9%
9ah: 74%

To a solution of AZIN 3a (345 mg, 1 mmol) and indole (11h) (129 mg, 1.1 mmol) in DCE (5 mL, 0.2
M) was added InCl3*4H,0 (29.3 mg, 0.1 mmol) under Ar. The mixture was stirred at 80 °C in oil bath
until the complete disappearance of starting material and 3-azidoindole 4 indicated by TLC. After
H>0 (0.1 mL) was added to the mixture at 80 °C, the mixture was stirred at 80 °C for 0.5 h. The whole
was cooled to room temperature, quenched with H>O, extracted with CHCI; (3 x 25 mL), washed with
brine (25 mL). The organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The
residue was purified by silica gel column chromatography (AcOEt/hexane = 1/10-1/1 and
toluene/hexane = 1/2—1/1) to give 9ah (287 mg, 74% yield) and 28ah (36.8 mg, 9% yield). The
structure of this product was determined by 'H NMR (600 MHz) and HRMS (ESI-TOF-MS) analyses.
This compound was unstable and decomposed quickly. Therefore, '*C NMR chart, melting point and

IR data were unavailable.

2-(indol-3-yl)-1-tosylindolin-3-one (28ah)
(0]

LI L)

N- A
Ts
28ah

NH

36.8 mg, 9% yield. brown oil; 'H NMR (600 MHz, CDCls) 8: 8.47 (br s, 1H), 8.36 (d, J = 8.4 Hz,
1H), 7.50-7.50 (m, 1H) 7.46-7.41 (m, 3H), 7.34 (t, /= 7.8 Hz, 1H), 7.27 (t,J="7.8 Hz, 1H), 7.22 (4,
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J=17.8Hz, 1H), 7.14 (d, J = 7.8 Hz, 2H), 7.09 (t, J = 7.8 Hz, 1H), 6.83 (d, J = 8.4 Hz, 2H), 6.67 (s,
1H), 2.18 (s, 3H); HRMS (ESI) m/z: 425.0936 (Caled for Ca3HisN,OsSNa [M+Na]': 425.0936).

Synthesis of 1-Tosylindolin-3-on-2-yl benzoate (31aa) (Scheme 3-4)

N3 BF3’OEt2 (5 eq) o
+ ?
';l OMe @ DCE, under Ar Ok@
Ts
3a

N
80 °C, 0.1 h Ts

(5303) 31aa: 85%
eq

To a solution of AZIN 3a (103 mg, 0.3 mmol), benzoic acid (30a) (183 mg, 1.5 mmol) and H,O (5.4
pL, 0.3 mmol) in DCE (1.5 mL, 0.2 M) was added BF3;*OEt; (0.19 mL, 1.5 mmol) under Ar. The
mixture was stirred at 80 °C in oil bath until the complete disappearance of starting material and 3-
azidoindole 4 indicated by TLC. The reaction mixture was quenched with H,O (3 mL) and cooled to
room temperature. Then, the whole was extracted with CHCl3 (3 x 20 mL) and washed with brine (20
mL). The organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (AcOEt/hexane = 1/10-1/5) to give 31aa (104 mg, 85%
yield).

1-Tosylindolin-3-on-2-yl benzoate (31aa)

31aa
104 mg, 85% yield. colorless solid; mp 138-140 °C; IR (KBr) v: 1740, 1462, 1375, 1177 cm™'; 'H
NMR (600 MHz, CDCls) 6: 8.02-7.99 (m, 3H), 7.78 (d, /= 7.8 Hz, 2H), 7.70 (ddd, /= 8.4, 7.2, 1.2
Hz, 1H), 7.70 (d, J= 7.8 Hz, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.43 (t,J= 8.4 Hz, 2H), 7.22 (t, /= 8.4
Hz, 1H), 7.19 (d, J = 7.8 Hz, 2H), 6.38 (s, 1H), 2.31 (s, 3H); *C NMR (151 MHz, CDCls) &: 191.3,
164.7,152.1,145.5, 138.1, 134.3,134.0, 130.4, 130.2, 128.5, 128.4, 127.5,125.2, 124.8, 122.5, 115.8,
80.5, 21.7; HRMS (ESI) m/z: 430.0725 (Calcd for C2;H17NOsSNa [M+Na]': 430.0725).
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mOptimization of reaction conditions at the indole 2 position of AZIN

Synthesis of 1-Tosylindolin-3-on-2-yl benzoate (31aa) (Scheme 3-6)

N, COOH InCl;4H,0 (10 mol%)
+ ’
'}l OMe
Ts

DCE, under Ar
80°C,16 h
30a

cis-AZIN 3a
(5 eq)

Nj N, o 4
+ " +
iwj ome :'.‘: RN tr.«f ‘°»\©
Ts Ts Ts

cis-AZIN 3a: 29% trans-AZIN 3a: 36%

To a solution of cis-AZIN 3a (103 mg, 0.3 mmol), benzoic acid (30a) (183 mg, 1.5 mmol) and H,O
(5.4 uL, 0.3 mmol) in DCE (1.5 mL, 0.2 M) was added InCl3*4H,0 (8.9 mg, 0.03 mmol) under Ar.

The mixture was stirred at 80 °C in oil bath until the complete disappearance of starting material and

3-azidoindole 4 indicated by TLC. The reaction mixture was quenched with H>O (3 mL) and cooled

to room temperature. Then, the whole was extracted with CHCl; (3 x 20 mL) and washed with brine

(20 mL). The organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The residue

was purified by silica gel column chromatography (AcOEt/hexane = 1/10-1/5) to give cis-AZIN 3a
(30.0 mg, 29% yield), trans-AZIN 3a (37.2 mg, 36 % yield) and 31aa (104 mg, 85% yield).

Optimization of reaction conditions at the indole 2 position with respect to Lewis acid (Table 3-

1y

N, COOH Lewis acid (X eq)
H,0 (1 eq)
+
'}l OMe
Ts

DCE, under Ar
80 °C, time
30a

cis-AZIN 3a
(5 eq)

N, o 4 o
" + +
Q'ﬂglom apﬂ&k@ < zrﬂi oM
Ts Ts Ts

trans-AZIN 3a 31aa

To a solution of cis-AZIN 3a (0.3 mmol), benzoic acid (30a) (1.5 mmol, 5 eq) and H,O (0.3 mmol, 1
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eq) in DCE (1.5 mL, 0.2 M) was added Lewis acid (X eq) under Ar. The mixture was stirred at 80 °C
in oil bath until the complete disappearance of starting material and 3-azidoindole 4 indicated by TLC
or for 16 h. The reaction mixture was quenched with H,O (3 mL) and cooled to room temperature.
Then, the whole was extracted with CHCl; (3 x 20 mL) and washed with brine (20 mL). The organic
layer was dried over Na,SOs, filtered and concentrated in vacuo. The residue was purified by silica

gel column chromatography (AcOEt/hexane = 1/10-1/5) to give trans-AZIN 3a, 31aa and 37a.

2-Methoxy-1-tosylindolin-3-one (37a)

37a
colorless solid; mp 131-133 °C; IR (KBr) v: 1726, 1460, 1357, 1173 cm™!; '"H NMR (600 MHz,
CDCls) 5: 7.82 (d,J= 7.8 Hz, 1H), 7.75 (d, J = 7.8 Hz, 2H), 7.64 (ddd, J= 8.4, 1.2, 1.2 Hz, 1H), 7.61
(d,J=7.8 Hz, 1H), 7.25 (d,J = 7.8 Hz, 2H), 7.15 (t, J = 7.8 Hz, 1H) 5.12 (s, 1H), 3.51 (s, 3H), 2.37
(s, 3H); B*CNMR (151 MHz, CDCl;) 6: 194.4,152.5,145.2,138.1,134.9, 130.1, 127.4, 125.1, 124.6,
122.9, 116.2, 88.9, 55.7, 21.7; HRMS (ESI) m/z: 340.0620 (Calcd for CsH;sNOsSNa [M+Na]':
340.0620).

Optimization of reaction conditions at the indole 2 position with respect to solvent (Table 3-2)

N3 COOH BF3'OEt2 (5 eq)
+ '
']l OMe
Ts
3a

solvent, under Ar
80 °C, time
30a

(Seq)

N !
Ts Ts
31aa 37a

To a solution of AZIN 3a (0.3 mmol), benzoic acid (30a) (1.5 mmol, 5 eq) and H>O (0.3 mmol, 1 eq)
in DCE (1.5 mL, 0.2 M) was added Lewis acid (X eq) under Ar. The mixture was stirred at 80 °C in

oil bath until the complete disappearance of starting material and 3-azidoindole 4 indicated by TLC.
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The reaction mixture was quenched with H>O (3 mL) and cooled to room temperature. Then, the
whole was extracted with CHCI; (3 x 20 mL) and washed with brine (20 mL). The organic layer was
dried over Na,SOQs, filtered and concentrated in vacuo. The residue was purified by silica gel column

chromatography (AcOEt/hexane = 1/10-1/5) to give 31aa and 37a.

Optimization of substitution reaction conditions at the indole 2 position with respect to

equivalent of nucleophile and Lewis acid (Table 3-3)

N3 COOH BF3'OEt2 (Y eq)
+
,}l OMe
Ts

DCE, under Ar

80 °C, time
, 30a
cis-AZIN 3a
(X eq)
N, (0] 0 (0]
:) N ;.:IOMe + : : N ;/. O)\\© + ( : \ i OMe
1 | 1
Ts Ts Ts
trans-AZIN 3a 31aa 37a

To a solution of cis-AZIN 3a (0.3 mmol), benzoic acid (30a) (X eq) and H,O (0.3 mmol, 1 eq) in
DCE (1.5 mL, 0.2 M) was added BF3*OEt, (Y eq) under Ar. The mixture was stirred at 80 °C in oil
bath until the complete disappearance of starting material and 3-azidoindole 4 indicated by TLC. The
reaction mixture was quenched with H,O (3 mL) and cooled to room temperature. Then, the whole
was extracted with CHCls (3 x 20 mL) and washed with brine (20 mL). The organic layer was dried
over Na,SQys, filtered and concentrated in vacuo. The residue was purified by silica gel column

chromatography (AcOEt/hexane = 1/10-1/5) to give trans-AZIN 3a, 31aa and 37a.
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mGeneral procedure for the substitution reaction at the indole 2 position of AZINs (3) with
benzoic acid (24a) (Scheme 3-7)

BF3'OEt2 (5 eq)

N3 COOH 1= O o
+ >
N~ OMe DCE, under Ar N o
PG PG
31

80 °C,0.1h
30a

3 (5 eq)

To a solution of AZINs 3 (0.3 mmol), benzoic acid (30a) (1.5 mmol, 5 eq) and H,O (0.3 mmol, 1 eq)
in DCE (1.5 mL, 0.2 M) was added BF3*OEt; (1.5 mmol, 5 eq) under Ar. The mixture was stirred at
80 °C in oil bath until the complete disappearance of starting material and 3-azidoindole 4 indicated
by TLC. The reaction mixture was quenched with H,O (3 mL) and cooled to room temperature. Then,
the whole was extracted with CHCl; (3 x 20 mL) and washed with brine (20 mL). The organic layer
was dried over Na,SOs, filtered and concentrated in vacuo. The residue was purified by silica gel

column chromatography (AcOEt/hexane = 1/10-1/5) to give 31.

5-Methoxy-1-tosylindolin-3-on-2-yl benzoate (31ba)

MeO o o
iwj °»\©

Ts

31ba
108 mg, 82% yield. colorless solid; mp 154-156 °C; IR (KBr) v: 1743, 1732, 1498, 1366, 1171 cm™!;
'H NMR (600 MHz, CDCl5) &: 8.03 (dd, J= 8.4, 1.2 Hz, 2H), 7.94 (d, /= 9.0 Hz, 1H), 7.75 (ddd, J
=84,1.2,1.2 Hz, 2H), 7.59 (tt, /= 8.4, 1.2 Hz, 1H), 7.43 (t, /= 7.8 Hz, 2H), 7.30 (dd, /= 8.4, 2.4
Hz, 1H), 7.21 (d, J= 7.8 Hz, 2H), 7.10 (d, J = 2.4 Hz, 1H), 6.30 (s, 1H), 3.80 (s, 3H), 2.33 (s, 3H);
BCNMR (151 MHz, CDCls) 8: 191.4, 164.8, 157.3, 146.6, 145.4, 134.0, 133.8, 130.4, 130.2, 128.6,
128.4, 127.6, 126.9, 123.5, 117.5, 106.0, 81.1, 55.9, 21.7; HRMS (ESI) m/z: 460.0830 (Calcd for
C23H19NOgSNa [M+Na]": 460.0831).
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5-Chloro-1-tosylindolin-3-on-2-yl benzoate (31ca)

QLo

Ts
31ca
107 mg, 81% yield. colorless solid; mp 165-167 °C; IR (KBr) v: 1753, 1736, 1460, 1369, 1179, 1024
cm'; 'TH NMR (600 MHz, CDCls) 8: 7.98 (dd, J = 8.4, 1.2 Hz, 2H), 7.95 (d, J = 8.4 Hz, 1H), 7.75
(ddd, J=8.4, 1.8, 1.8 Hz, 2H), 7.66-7.63 (m, 2H), 7.60 (tt, /= 7.8, 1.2 Hz, 1H), 7.43 (t, J="7.8 Hz,
2H), 7.20 (d, J= 7.8 Hz, 2H), 6.26 (s, 1H), 2.32 (s, 3H); *C NMR (151 MHz, CDCl;) 6: 190.2, 164.6,
150.3, 145.7, 137.6, 134.1, 134.1, 130.7, 130.4, 130.3, 128.6, 128.1, 127.5, 124.6, 123.9, 117.1, 81.0,
21.7;, HRMS (ESI) m/z: 464.0333, 466.0307 (Calcd for C2HisCINOsSNa [M+Na]": 464.0335,
466.0306).

5-Bromo-1-tosylindolin-3-on-2-yl benzoate (31da)

31da

126 mg, 86% yield. colorless solid; mp 158—160 °C; IR (KBr) v: 1751, 1736, 1452, 1369, 1179, 955
cm'; "TH NMR (600 MHz, CDCls) &: 7.98 (dd, J=7.8, 1.2 Hz, 2H), 7.90 (d, /= 8.4 Hz, 1H), 7.81 (d,
J=1.8 Hz, 1H), 7.78 (dd, /= 8.4, 1.8 Hz, 1H), 7.75 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H), 7.60 (tt, J= 8.4,
1.2 Hz, 1H), 7.43 (t, J = 7.8 Hz, 2H), 7.20 (d, J = 7.8 Hz, 2H), 6.26 (s, 1H), 2.32 (s, 3H); *C NMR
(151 MHz, CDCl) &: 190.0, 164.6, 150.8, 145.7, 140.4, 134.1, 134.1, 130.4, 130.3, 128.6, 128.1,
127.7, 127.5, 124.2, 118.0, 117.4, 80.8, 21.7;, HRMS (ESI) m/z: 507.9832, 509.9810 (Calcd for
C2H¢BrNOsSNa [M+Na]": 507.9830, 509.9810).
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4-Chloro-1-tosylindolin-3-on-2-yl benzoate (31ea)

Cl
oO

'.‘°)\\©

Ts
31ea

114 mg, 86% yield. colorless solid; mp 168—170 °C; IR (KBr) v: 1749, 1724, 1470, 1375, 1177, 1024
cm'; 'TH NMR (600 MHz, CDCls) 6: 8.00 (dd, J = 8.4, 1.2 Hz, 2H), 7.91 (d, J = 7.8 Hz, 1H), 7.76
(ddd, J=17.8, 1.8, 1.8 Hz, 2H), 7.61-7.57 (m, 2H), 7.43 (t,J= 7.8 Hz, 2H), 7.20 (d, /= 8.4 Hz, 2H),
7.16 (d, J = 7.8 Hz, 1H), 6.34 (s, 1H), 2.33 (s, 3H); *C NMR (151 MHz, CDCl;) &: 188.4, 164.6,
153.3,145.8,137.9, 134.1, 134.0, 133.3, 130.4, 130.3, 128.6, 128.3, 127.5, 126.1, 119.4, 113.8, 80.5,
21.7;, HRMS (ESI) m/z: 464.0335, 466.0306 (Calcd for C2HisCINOsSNa [M+Na]": 464.0335,
466.0306).

6-Chloro-1-tosylindolin-3-on-2-yl benzoate (31fa)

Ts
31fa

117 mg, 88% yield. colorless solid; mp 177-179 °C; IR (KBr) v: 1749, 1740, 1452, 1371, 1171, 1026
cm'; 'TH NMR (600 MHz, CDCL3) &: 8.02 (d, J = 1.2 Hz, 1H), 7.97 (dd, J = 8.4, 1.2 Hz, 2H), 7.77
(ddd,J=7.8, 1.8, 1.8 Hz, 2H), 7.63 (d, J= 8.4 Hz, 1H), 7.59 (tt, /= 8.4, 1.2 Hz, 1H), 7.43 (t, /= 7.8
Hz, 2H), 7.21-7.19 (m, 3H), 6.34 (s, 1H), 2.33 (s, 3H); *C NMR (151 MHz, CDCl5) &: 190.0, 164.6,
152.6,145.7,144.7, 134.3, 134.1, 130.4, 130.3, 128.6, 128.2, 127.5, 125.9, 125.4, 121.0, 116.0, 80.9,
21.7; HRMS (ESI) m/z: 464.0335, 466.0306 (Calcd for CHisCINOsSNa [M+Na]": 464.0335,
466.03006).
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7-Chloro-1-tosylindolin-3-on-2-yl benzoate (31ga)

Q{3
o N °»\©
Ts
31ga
98.3 mg, 74% yield. purple solid; mp 156-158 °C; IR (KBr) v: 1748, 1726, 1470, 1356, 1169, 1018
cm'; "H NMR (600 MHz, CDCl;) 8: 8.05 (dd, J = 8.4, 1.2 Hz, 2H), 7.79 (ddd, /= 8.4, 1.8, 1.8 Hz,
2H), 7.71 (dd, J= 7.8, 1.2 Hz, 1H), 7.64-7.60 (m, 2H), 7.46 (t, /= 7.8 Hz, 2H), 7.25 (t, /= 7.8 Hz,
1H), 7.18 (d, J= 8.4 Hz, 2H), 6.93 (s, 1H), 2.35 (s, 3H); *C NMR (151 MHz, CDCl5) 8: 191.5, 164.6,
149.6, 144.6, 139.3, 137.2, 134.2, 130.3, 129.6, 128.8, 128.1, 127.9, 127.4, 126.8, 124.1, 123.4, 82.2,
21.7; HRMS (ESI) m/z: 464.0335, 466.0308 (Calcd for CH;sCINOsSNa [M+Na]": 464.0335,

466.0306).

1-Benzenesulfonylindolin-3-on-2-yl benzoate (31ha)

A

Bs
31ha

108 mg, 92% yield. colorless solid; mp 155-157; IR (KBr) v: 1744, 1732, 1464, 1371, 1175 cm™'; '"H
NMR (600 MHz, CDCl;) &: 8.02-7.99 (m, 3H), 7.91 (d,J=7.2 Hz, 2H), 7.72 (t, /= 7.8 Hz, 1H), 7.71
(d,J=7.8 Hz, 1H), 7.59 (t,J=7.2 Hz, 1H), 7.54 (t,J= 7.2 Hz, 1H), 7.44-7.40 (m, 4H), 7.23 (d, J =
6.6 Hz, 1H), 6.41 (s, 1H); *C NMR (151 MHz, CDCL) &: 191.2, 164.7, 152.0, 138.1, 137.3, 134.3,
134.0,130.4, 129.6, 128.6, 128.4, 127.5,125.2,124.9,122.5, 115.7, 80.5; HRMS (ESI) m/z: 416.0569
(Calcd for C21H1sNOsSNa [M+Na]": 416.0569).

1-(4-Methoxybenzenesulfonyl)indolin-3-on-2-yl benzoate (31ia)
QL)
av
I\III bs
31ia

114 mg, 90% yield. colorless solid; mp 158-160 °C; IR (KBr) v: 1726, 1460, 1358, 1173 cm™!; 'H
NMR (600 MHz, CDCl;) &: 8.02 (dd, J = 7.8, 1.2 Hz, 2H), 7.99 (d, J = 8.4 Hz, 1H), 7.83 (ddd, J =
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8.4, 1.8, 1.8 Hz, 2H), 7.72-7.69 (m, 2H), 7.59 (t, J= 7.8 Hz, 1H), 7.43 (t, /= 7.8 Hz, 2H), 7.23 (t, J =
7.8 Hz, 1H), 6.85 (ddd, J = 8.4, 1.8, 1.8 Hz, 2H), 6.38 (s, 1H), 3.77 (s, 3H); °C NMR (151 MHz,
CDCL) &: 1914, 164.8, 164.2, 152.2, 138.1, 134.0, 130.4, 129.8, 128.7, 128.6, 128.5, 125.2, 124.7,
122.5, 115.8, 114.8, 80.5, 55.7; HRMS (ESI) m/z: 446.0675 (Caled for CoH;sNOsSNa [M+Na]":
446.0674).

1-Mesylindolin-3-on-2-yl benzoate (31ja)

31ja
88.2 mg, 89% yield. colorless solid; mp 161-163 °C; IR (KBr) v: 1746, 1466, 1356, 1163 cm™'; 'H
NMR (600 MHz, CDCI;) o: 8.06 (dd, J= 7.8, 1.2 Hz, 2H), 7.81 (d, /= 7.8 Hz, 1H), 7.73-7.70 (m,
2H), 7.60 (tt, J="7.8, 1.2 Hz, 1H), 7.45 (t, /= 7.8 Hz, 2H), 7.28 (ddd, /= 7.8, 6.6, 1.2 Hz, 1H), 6.50
(s, 1H), 3.11 (s, 3H); "C NMR (151 MHz, CDCl;) &: 191.0, 164.5, 151.6, 138.2, 134.2, 130.3, 128.8,
128.2,125.5, 124.8, 122.3, 114.8, 80.8, 40.2; HRMS (ESI) m/z: 354.0412 (Calcd for CisH13NOsSNa
[M+Na]": 354.0412).
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mGeneral procedure for the substitution reaction at the indole 2 position of AZIN 3a with

carboxylic acids 24 (Table 3-4)

N3 BFs'OEtz (5 eq) (0] (0]
ome * NuH > Nu ¥ OMe

'ﬂ 30 DCE, under Ar l;l f;l
Ts (1.1 eq) 80 °C, time Ts Ts
3a 31a 37a

To a solution of AZIN 3a (1 mmol), carboxylic acid 30 (5 mmol, 5 eq) and H>O (1 mmol, 1 eq) in
DCE (5 mL, 0.2 M) was added BF3*OEt, (5 mmol, 5 eq) under Ar. The mixture was stirred at 80 °C
in oil bath until the complete disappearance of starting material and 3-azidoindole 4 indicated by TLC.
The reaction mixture was quenched with H>O (10 mL) and cooled to room temperature. Then, the
whole was extracted with CHCI3 (3 x 25 mL) and washed with brine (25 mL). The organic layer was
dried over Na,SOs, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane = 1/10-1/5 and/or CHCls/hexane = 1/3—1/1) and/or to give 31a and
37a.

1-Tosylindolin-3-on-2-yl 4-methoxybenzoate (31ab)

31ab
371 mg, 85% yield. colorless solid; mp 178-180 °C; IR (KBr) v: 1736, 1719, 1458, 1368, 1175 cm™;
"HNMR (600 MHz, CDCl5) &: 7.98 (d,J= 9.0 Hz, 1H), 7.96 (d, J=9.0 Hz, 2H), 7.78 (d, J= 7.8 Hz,
2H), 7.71-7.68 (m, 2H), 7.22 (t, J = 7.8 Hz, 1H), 7.20 (d, J = 7.8 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H),
6.32 (s, 1H), 3.86 (s, 3H), 2.33 (s, 3H); *C NMR (151 MHz, CDCl3) &: 191.6, 164.4, 164.2, 152.0,
145.4, 138.0, 134.3, 132.6, 130.2, 127.5, 125.1, 124.7, 122.6, 120.6, 115.7, 113.8, 80.5, 55.6, 21.7;
HRMS (ESI) m/z: 460.0830 (Caled for C23H19NOsSNa [M+Na]™: 460.0831).
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1-Tosylindolin-3-on-2-yl 4-bromobenzoate (31ac)

QS
(o)
’]‘ »\©\Br
Ts
31ac

282 mg, 58% yield. colorless solid; mp 165-167 °C; IR (KBr) v: 1736, 1724, 1464, 1364, 1173, 1036
cm'; "H NMR (600 MHz, CDCls) 8: 8.00 (d, J=9.0 Hz, 1H), 7.87 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H),
7.77 (d, J= 8.4 Hz, 2H), 7.73-7.69 (m, 2H), 7.58 (ddd, /= 8.4, 1.8, 1.8 Hz, 2H), 7.24-7.21 (m, 3H),
6.36 (s, 1H), 2.34 (s, 3H); BC NMR (151 MHz, CDCl5) &: 191.1, 164.1, 152.1, 145.6, 138.2, 134.1,
132.0, 131.8, 130.3, 129.3, 127.5, 127.3, 125.2, 124.9, 122.4, 115.8, 80.5, 21.7; HRMS (ESI) m/z:
507.9831, 509.9809 (Calcd for C2;HsBrNOsSNa [M+Na]": 507.9830, 509.9810).

1-Tosylindolin-3-on-2-yl 3-bromobenzoate (31ad)

(o]
¥°)ﬁ

Ts
31ad

418 mg, 86% yield. colorless solid; mp 140-142 °C; IR (KBr) v: 1739, 1728, 1460, 1375, 1175, 1049
cm'; "H NMR (600 MHz, CDCl3) &: 8.09 (t, J= 1.2 Hz, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.96 (d, J =
7.8 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.73-7.69 (m, 3H), 7.32 (t, /= 8.4 Hz, 1H), 7.24-7.21 (m, 3H),
6.41 (s, 1H), 2.34 (s, 3H); C NMR (151 MHz, CDCl5) 8: 191.0, 163.5, 152.2, 145.7, 138.3, 136.9,
134.2,133.2,130.3, 130.3, 130.2, 129.0, 127.5, 125.3, 124.9, 122.6, 122.3, 115.8, 80.5, 21.7; HRMS
(ESI) m/z: 507.9832, 509.9810 (Calcd for C2,HsBrNOsSNa [M+Na]*: 507.9830, 509.9810).

1-Tosylindolin-3-on-2-yl 2-bromobenzoate (31ae)

(0] o Br
:'.‘j °»\©

Ts
31ae
404 mg, 83% yield. colorless solid; mp 170-172 °C; IR (KBr) v: 1749, 1462, 1362, 1175, 1022 cm™;
'HNMR (600 MHz, CDCl5) 8: 8.01 (d, /= 8.4 Hz, 1H), 7.96-7.94 (m, 1H), 7.80 (d, J = 8.4 Hz, 2H),
7.72-7.67 (m, 3H), 7.38-7.36 (m, 2H), 7.25 (d, /= 8.4 Hz, 2H), 7.22 (t,J= 7.8 Hz, 1H), 6.39 (s, 1H),
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2.35 (s, 3H); *C NMR (151 MHz, CDCl5) &: 190.9, 163.7, 152.1, 145.7, 138.2, 134.7, 133.8, 133.6,
132.5, 130.3, 129.7, 127.6, 127.3, 125.3, 124.9, 122.9, 122.3, 115.8, 80.3, 21.7; HRMS (ESI) m/z:
507.9830, 509.9811 (Calcd for C22HisBrNOsSNa [M+Na]": 507.9830, 509.9810).

1-Tosylindolin-3-on-2-yl acetate (31af)

ot S

Ts
31af

321 mg, 93% yield. colorless solid; mp 159-161 °C; IR (KBr) v: 1761, 1742, 1462, 1373, 1175 cm™;
'H NMR (600 MHz, CDCl;) 8: 7.97 (d, J= 8.4 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.68 (ddd, J=7.8,
6.6, 1.2 Hz, 1H), 7.64 (d, J=7.8 Hz, 1H), 7.28 (d, J = 8.4 Hz, 2H), 7.20 (t, /= 7.8 Hz, 1H), 6.19 (s,
1H), 2.38 (s, 3H), 2.18 (s, 3H); *C NMR (151 MHz, CDCl;) &: 191.4, 169.2, 152.1, 145.7, 138.2,
133.8,130.3, 127.6, 125.2, 124.9, 122.3, 115.9, 79.6, 21.7, 20.7; HRMS (ESI) m/z: 368.0567 (Calcd
for C17HisNOsSNa [M+Na]": 368.0569).

1-Tosylindolin-3-on-2-yl propionate (31ag)

0 0]
)\\/Me
N (o)
Ts
31ag
331 mg, 92% yield. colorless solid; mp 129-130 °C; IR (KBr) v: 1736, 1462, 1371, 1173 cm™'; 'H
NMR (600 MHz, CDCls) : 7.97 (d,J= 7.8 Hz, 1H), 7.77 (d, J= 8.4 Hz, 2H), 7.68 (ddd, J= 8.4, 6.6,
1.8 Hz, 1H), 7.64 (d, J= 8.4 Hz, 1H), 7.28 (d, J= 8.4 Hz, 2H), 7.19 (t, J = 8.4 Hz, 1H), 6.16 (s, 1H),
2.52-2.40 (m, 2H), 2.38 (s, 3H), 1.17 (t, /= 7.2 Hz, 3H); *C NMR (151 MHz, CDCl;) &: 191.5, 172.7,

152.1, 145.6, 138.1, 133.8, 130.3, 127.6, 125.1, 124.9, 122.3, 115.9, 79.7, 27.3, 21.7, 8.7; HRMS
(ESI) m/z: 382.0725 (Calcd for C1sHi7NOsSNa [M+Na]": 382.0725).
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1-Tosylindolin-3-on-2-yl pivalate (31ah)
Ot S
o
(o)
r]l mMe Me
Ts
31ah
311 mg, 80% yield. colorless oil; IR (KBr) v: 1740, 1462, 1371, 1175 cm™!; 'H NMR (600 MHz,
CDCls) &: 7.98 (d, J = 7.8 Hz, 1H), 7.77 (ddd, J = 8.4, 1.8, 1.8 Hz, 2H), 7.68 (ddd, J = 8.4, 7.2, 1.2
Hz, 1H), 7.64 (d,J=7.8 Hz, 1H), 7.27 (d, J = 8.4 Hz, 2H), 7.20 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 6.11
(s, 1H), 2.37 (s, 3H), 1.27 (s, 9H); *C NMR (151 MHz, CDCL) 3: 191.5, 176.7, 152.1, 145.6, 138.0,

133.7, 130.3, 127.6, 125.0, 124.9, 122.5, 116.0, 79.9, 38.9, 27.0, 21.7, HRMS (ESI) m/z: 410.1039
(Calcd for C20H2:NOsSNa [M+Na]*: 410.1038).
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mGeneral procedure for the substitution reaction at the indole 2 position of AZIN 3a with

alcohols 24 (Table 3-5)

N3 BFs'OEtz (5 eq) (0] (0]
ome * NuH > Nu ¥ OMe

'ﬂ 30 DCE, under Ar l;l f;l
Ts (1.1 eq) 80 °C, time Ts Ts
3a 31a 37a

To a solution of AZIN 3a (1 mmol), alcohol 30 (5 mmol, 5 eq) and H,O (1 mmol, 1 eq) in DCE (5
mL, 0.2 M) was added BF3*OEt; (5 mmol, 5 eq) under Ar. The mixture was stirred at 80 °C in oil bath
until the complete disappearance of starting material and 3-azidoindole 4 indicated by TLC. The
reaction mixture was quenched with H>O (10 mL) and cooled to room temperature. Then, the whole
was extracted with CHCl; (3 x 25 mL) and washed with brine (25 mL). The organic layer was dried
over Na;SQOys, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane = 1/10-1/5 and/or CHCls/hexane = 1/3—1/1) and/or to give 31a and
37a.

2-Hydroxy-1-tosylindolin-3-one (31ai)

Q.
,;l OH

Ts
31ai

107 mg, 32% yield. colorless needle; mp 165-167 °C; IR (KBr) v: 3480, 1724, 1462, 1358, 1161
cm ' 'TH NMR (600 MHz, CDCl3) &: 7.81 (ddd, J = 7.8, 1.8, 1.8 Hz, 2H), 7.72 (d, J= 8.4 Hz, 1H),
7.67 (d,J=8.4 Hz, 1H), 7.64 (ddd, J=8.4,7.2, 1.2 Hz, 1H), 7.29 (d, /= 7.8 Hz, 2H), 7.81 (t, /= 8.4
Hz, 1H), 5.36 (s, 1H), 3.94 (s, 1H), 2.39 (s, 3H); >*C NMR (151 MHz, CDClL) 8: 192.9, 151.3, 145.5,
138.3,134.4,130.3, 127.5, 125.5, 124.5, 122.1, 115.0, 82.7, 21.7; HRMS (ESI) m/z: 326.0462 (Calcd
for C13Hi3NO4sSNa [M+Na]': 326.0463).
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2-Ethoxy-1-tosylindolin-3-one (31ak)

@_{
/~Me
,}l (o)

Ts

31ak

199 mg, 60% yield. colorless solid; mp 94-96 °C; IR (KBr) v: 1734, 1460, 1364, 1173 cm™!; 'TH NMR
(600 MHz, CDCls) &: 7.78 (d, J = 8.4 Hz, 1H), 7.75 (ddd, J= 8.4, 1.8, 1.8 Hz, 2H), 7.62 (ddd, J= 7.8,
6.6, 1.2 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.24 (d, J = 7.8 Hz, 2H), 7.14 (ddd, J = 8.4, 7.8, 0.6 Hz,
1H), 5.17 (s, 1H), 3.86-3.81 (m, 2H), 2.36 (s, 3H), 1.23 (¢, J = 6.6 Hz, 3H); *C NMR (151 MHz,
CDCl) 8: 194.6,152.4,145.1, 138.0, 135.1, 130.0, 127.4, 125.1, 124.5,122.9, 116.1, 88.2, 64.8, 21.7,
15.1; HRMS (ESI) m/z: 354.0776 (Calcd for C17H;7NO,SNa [M+Na]*: 354.0776).

2-iso-Propoxy-1-tosylindolin-3-one (31al)

Q.

Ts
31al

214 mg, 62% yield. colorless oil; IR (KBr) v: 1734, 1464, 1362, 1173 cm™'; 'H NMR (600 MHz,
CDCLs) 8: 7.75 (ddd, J = 7.8, 1.8, 1.8 Hz, 2H), 7.69 (d, /= 7.8 Hz, 1H), 7.61-7.58 (m, 2H), 7.24 (d, J
— 7.8 Hz, 2H), 7.13 (ddd, J = 7.8, 6.6, 1.2 Hz, 1H), 5.20 (s, 1H), 4.36 (sep, J = 6.0 Hz, 1H), 2.37 (s,
3H), 1.33 (d, = 6.0 Hz, 3H), 1.38 (d, /= 6.0 Hz, 3H); *C NMR (151 MHz, CDCl3) 5: 194.8, 152.2,
144.9, 137.8, 135.3, 130.0, 127.4, 125.2, 1244, 122.8, 116.1, 87.0, 73.3, 23.0, 22.7, 21.7; HRMS
(ESI) m/z: 368.0933 (Caled for CisHisNO;SNa [M+Na]": 368.0933).

2-Benzyloxy-1-tosylindolin-3-one (31an)

Spe

Ts
31an

237 mg, 59% vyield. colorless oil; IR (KBr) v: 1732, 1462, 1364, 1173 cm™'; 'H NMR (600 MHz,
CDCls) &: 7.81 (d, J= 8.4 Hz, 1H), 7.69 (d, J = 8.4 Hz, 2H), 7.65-7.62 (m, 2H), 7.41-7.40 (m, 2H),
7.36-7.31 (m, 3H), 7.18-7.15 (m, 3H), 5.28 (s, 1H), 4.90 (d, /= 10.2 Hz, 1H), 4.84 (d, /= 10.2 Hz,
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1H), 2.34 (s, 3H); *C NMR (151 MHz, CDCls) &: 194.3, 152.4, 145.1, 138.0, 136.5, 134.9, 130.0,
128.6, 128.5, 128.2, 127.5, 125.2, 124.6, 122.9, 116.3, 87.6, 71.0, 21.7; HRMS (ESI) m/z: 416.0933
(Calcd for C2oH19NO4SNa [M+Na]*: 416.0933).
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mMechanism Studies of nucleophilic substitution at the indole 2 position

Mechanism study of substitution reaction at the indole 2 position: alkoxy group (Table 3-6)

N3 COOH BF3'0Et2 (5 eq)
H20 (1 eq)
2 + >
l}l OR
Ts
3

DCE, under Ar
80°C,0.1h
30a

5e
R2 = jPr, tBu, Bn (5 eq)

ot s Ot

) )
Ts Ts
31aa 37

To a solution of AZINs 3 (0.3 mmol), benzoic acid (30a) (1.5 mmol, 5 eq) and H,O (0.3 mmol, 1 eq)
in DCE (1.5 mL, 0.2 M) was added BF3*OEt; (1.5 mmol, 5 eq) under Ar. The mixture was stirred at
80 °C in oil bath until the complete disappearance of starting material and 3-azidoindole 4 indicated
by TLC. The reaction mixture was quenched with H,O (3 mL) and cooled to room temperature. Then,
the whole was extracted with CHCl; (3 x 20 mL), washed with brine (20 mL). The organic layer was
dried over Na,SOy, filtered and concentrated in vacuo. The residue was purified by silica gel column

chromatography (AcOEt/hexane = 1/10-1/2) to give 31aa and 37 (370 = 31al, 37p = 31ai, 37q =
31an).

Scrambling experiments of 1-tosylindolin-3-on-2-yl benzoate (31aa) with methanol (30j)
(Scheme 3-11)

O o
BF3°OEt; (2 eq)
o + MeOH

f;l 30j DCE, under Ar
Ts (1 eq) 80°C,3h
31aa
+
) )
Ts Ts
37a: 8% 31aa: 88%

To a solution of 1-tosylindolin-3-on-2-yl benzoate 31aa (40.7 mg, 0.1 mmol) and methanol 30j (8 uL,
0.2 mmol) in DCE (0.5 mL, 0.2 M) was added BF3;*OEt; (25 pL, 0.2 mmol) under Ar. The reaction
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mixture was quenched with H,O (2 mL) and cooled to room temperature. Then, the whole was
extracted with CHCl; (3 x 10 mL), 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 (AcOEt/hexane = 1/10-1/5) to give 37a (2.5 mg, 8% yield) and 31aa (35.8 mg, 88%
yield).

Scrambling experiments of 2-methoxy-1-tosylindolin-3-one (37a) with benzoic acid (30a)

(Scheme 3-11)

o COOH
BF3'OEt2 (2 eq)
N~ ~OMe © >

| DCE, under Ar

Ts 80°C,3h
37a 30a
(1eq) (0] o (0]
+
Ts Ts
31aa: 7% 37a: 75%

To a solution of 2-methoxy-1-tosylindolin-3-one 37a (31.7 mg, 0.1 mmol) and benzoic acid 30a (24.4
mg, 0.2 mmol) in DCE (0.5 mL, 0.2 M) was added BF3*OEt, (25 puL, 0.2 mmol) under Ar. The reaction
mixture was quenched with HO (2 mL) and cooled to room temperature. Then, the whole was
extracted with CHCls (3 x 10 mL), washed with brine (10 mL). The organic layer was dried over
NaxSOs, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane = 1/10-1/5) to give 31aa (2.7 mg, 7% yield) and 37a (23.7 mg, 75%
yield).
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mSubstitution reaction at the indole 2 position of AZIN 3a with natural products and bioactive

agents 30 (Table 3-7) and pharmaceuticals 24 (Table 3-8)

N3 BFs'OEtz (5 eq) (0] (0]
ome * NuH > Nu ¥ OMe

'ﬂ 30 DCE, under Ar l;l f;l
Ts (1.1 eq) 80 °C, time Ts Ts
3a 31a 37a

Nucleophiles 30q 5'” and 30r 5'® were prepared by reported methods. 5!” The other nucleophiles were

used as received from commercial suppliers (Sigma-Aldrich, Kanto Chemical, TCI and Wako).

1-Tosylindolin-3-on-2-yl oleate (31a0)

31a0

To a solution of AZIN 3a (103 mg, 0.3 mmol), oleic acid (300) (423 mg, 1.5 mmol) and H,O (5.4 pL,
0.3 mmol) in DCE (1.5 mL, 0.2 M) was added BF3*OEt; (0.19 mL, 1.5 mmol) under Ar. The mixture
was stirred at 80 °C in oil bath until the complete disappearance of starting material and 3-azidoindole
4 indicated by TLC. The reaction mixture was quenched with H,O (10 mL) and cooled to room
temperature. Then, the whole was extracted with CHCI; (3 x 25 mL) and washed with brine (25 mL).
The organic layer was dried over Na;SOs, filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (AcOEt/hexane = 1/10-1/5 and CHCls/hexane = 1/3—1/1) to
give 31a0 (66.9 mg, 39% yield) and 37a (8.5 mg, 9% yield).

0.3 mmol scale: 66.9 mg, 39% yield. colorless oil; IR (KBr) v: 1740, 1462, 1373, 1177 cm™'; 'H
NMR (600 MHz, CDCls) 6: 7.97 (d, J= 8.4 Hz, 1H), 7.77 (d, J= 8.4 Hz, 2H), 7.68 (ddd, /= 8.4, 7.2,
1.2 Hz, 1H), 7.64 (d, J=7.8 Hz, 1H), 7.28 (d, /= 8.4 Hz, 2H), 7.21 (t, /= 7.8 Hz, 1H), 6.16 (s, 1H),
5.37-5.32 (m, 2H), 2.43-2.37 (m, 2H), 2.38 (s, 3H), 2.01-1.94 (m, 4H), 1.69-1.62 (m, 2H), 1.35—
1.25 (m, 20H), 0.86 (t, J = 7.2 Hz, 3H); *C NMR (151 MHz, CDCl3) &: 191.5, 172.0, 152.1, 145.6,
138.0, 133.9, 130.3, 130.1, 129.9, 127.6, 125.1, 124.8, 122.4, 115.9, 79.7, 33.9, 32.0, 29.9, 29.8, 29.6,
29.4, 29.2, 29.2, 29.0, 27.3, 27.3, 24.6, 22.8, 21.7, 14.2; HRMS (ESI) m/z: 590.2916 (Calcd for
C33HisNOsSNa [M+Na]": 590.2916).
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2-(2-Isopropyl-5-methylcyclohexan-1-yl)oxy-1-tosylindolin-3-one (31ap, mixture of

diastereomer)

. H Me
31ap: mixture of diastereomer (dr =3 : 1)

To a solution of AZIN 3a (343 mg, 1 mmol), I-menthol (30p) (782 mg, 5 mmol) and H,O (18 pL, 1
mmol) in DCE (5 mL, 0.2 M) was added BF3*OEt, (0.63 mL, 5 mmol) under Ar. The mixture was
stirred at 80 °C in oil bath until the complete disappearance of starting material and 3-azidoindole 4
indicated by TLC. The reaction mixture was quenched with H>O (20 mL) and cooled to room
temperature. Then, the whole was extracted with CHCI3 (3 x 50 mL) and washed with brine (50 mL).
The organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (AcOEt/hexane = 1/10-1/5) to give 31ap (142 mg, 32% yield)
and 37a (25.5 mg, 8% yield).

1 mmol scale: 142 mg, 32% yield. colorless oil; IR (KBr) v: 1736, 1464, 1369, 1173 cm™'; 'TH NMR
(600 MHz, CDCl3) &: 7.80-7.55 (m, 5H), 7.23-7.13 (m, 3H), 5.25 and 5.23 (s, 1H), 4.03-3.95 (m,
1H), 2.36 and 2.34 (s, 3H), 2.29-2.25 (m, 1H), 2.14-2.08 (m, 1H), 1.68-1.61 (m, 2H), 1.55-1.45 (m,
2H), 1.28-1.23 (m, 1H), 1.09-0.74 (m, 11H); *C NMR (151 MHz, CDCl;) &: 195.1, 194.6, 152.5,
152.4,145.0,144.8,137.7,137.6,135.4,134.4,130.0, 129.9, 127.6, 127.3, 125.3,125.2,124.5, 124.1,
123.1, 118.1, 116.54, 86.2, 85.6, 78.6, 78.3, 48.8, 48.1, 40.8, 40.4, 34.4, 31.7, 31.5, 25.3, 25.0, 23.2,
225,224, 21.6, 21.2, 21.1, 16.0, 16.0; HRMS (ESI) m/z: 464.1872 (Calcd for C,sH3NOsSNa
[M+Na]": 464.1872).

1-Tosylindolin-3-on-2-yl 2-(N,N-phthaloylamino)acetate (31aq)

31aq

To a solution of AZIN 3a (103 mg, 0.3 mmol), 2-(N,N-phthaloylamino)acetic acid (30q) (307 mg, 1.5

185



mmol) and H,O (5.4 uL, 0.3 mmol) in DCE (1.5 mL, 0.2 M) was added BF;*OEt; (0.19 mL, 1.5
mmol) under Ar. The mixture was stirred at 80 °C in oil bath until the complete disappearance of
starting material and 3-azidoindole 4 indicated by TLC. The reaction mixture was quenched with H,O
(10 mL) and cooled to room temperature. Then, the whole was extracted with CHCIs (3 x 25 mL) and
washed with brine (25 mL). The organic layer was dried over Na,SOs, filtered and concentrated in
vacuo. The residue was purified by silica gel column chromatography (AcOEt/hexane = 1/10-1/5) to
give 31aq (91.0 mg, 62% yield) and 37a (12.3 mg, 13% yield).

0.3 mmol scale: 91.0 mg, 62% yield. colorless oil; IR (KBr) v: 1771, 1724, 1464, 1369, 1175 cm™;
'H NMR (600 MHz, CDCl3) &: 7.91 (d, J = 8.4 Hz, 1H), 7.89-7.88 (m, 2H), 7.78 (ddd, /= 8.4, 1.8,
1.8 Hz, 2H), 7.74-7.73 (m, 2H), 7.67 (ddd, J=8.4, 7.2, 1.2 Hz, 1H), 7.64 (d, J= 8.4 Hz, 1H), 7.30 (d,
J=8.4Hz, 2H), 7.19 (ddd, J=8.4,7.2, 1.2 Hz, 1H), 6.23 (s, 1H), 4.57 (d, /= 18.0 Hz, 1H), 4.52 (d,
J=18.0 Hz, 1H), 2.39 (s, 3H); *C NMR (151 MHz, CDCls) &: 190.2, 167.1, 166.1, 152.1, 145.8,
138.2, 1344, 134.0, 132.0, 130.4, 127.6, 125.3, 124.9, 123.8, 122.1, 115.8, 80.3, 38.7, 21.7, HRMS
(ESI) m/z: 513.0732 (Calcd for CsH1sN2O7SNa [M+Na]™: 513.0732).

1-Tosylindolin-3-on-2-yl (25)-2-(V,N-phthaloylamino)-4-methylpentanoate (31ar, mixture of

diastereomer)
Me
Me
g 3
o»\\‘\
NhHT NO
Ts O

31ar: mixture of diastereomer (dr=1:1)

To a solution of AZIN 3a (104 mg, 0.3 mmol), 2-(N,N-phthaloylamino)-4-methylpentanoic acid (30r)
(391 mg, 1.5 mmol) and H>O (5.4 pL, 0.3 mmol) in DCE (1.5 mL, 0.2 M) was added BF3*OEt, (0.19
mL, 1.5 mmol) under Ar. The mixture was stirred at 80 °C in oil bath until the complete disappearance
of starting material and 3-azidoindole 4 indicated by TLC. The reaction mixture was quenched with
H,O (10 mL) and cooled to room temperature. Then, the whole was extracted with CHCI; (3 x 25
mL) and washed with brine (25 mL). The organic layer was dried over Na;SQs, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (AcOEt/hexane
=1/10-1/5) to give 31ar (118 mg, 72% yield) and 37a (12.1 mg, 13% yield).

0.3 mmol scale: 118 mg, 72% yield. colorless oil; IR (KBr) v: 1763, 1740, 1717, 1464, 1387, 1175
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cm™’; 'H NMR (600 MHz, CDCls) &: 7.89-7.88 (m, 1H), 7.86-7.82 (m, 2H), 7.77-7.73 (m, 2H),
7.72-7.68 (m, 2H), 7.66-7.58 (m, 2H), 7.28-7.26 (m, 2H), 7.19-7.13 (m, 1H), 6.19 and 6.16 (s, 1H),
5.04-5.00 (m, 1H), 2.46-2.40 (m, 1H), 2.36 (s, 3H), 1.96-1.81 (m, 1H), 1.50-1.43 (m, 1H), 0.93—
0.85 (m, 6H); 13C NMR (151 MHz, CDCls) &: 190.4, 190.3, 168.4, 167.4, 167.3, 152.0, 145.7, 145.7,
138.1, 134.3, 134.3, 134.1, 134.0, 131.8, 130.4, 130.4, 127.6, 127.5, 125.2, 125.2, 124.9, 123.7, 123.7,

122.3,122.2,115.8, 80.6, 80.4, 50.7, 50.5, 37.0, 36.8, 25.1, 23.2,23.2,21.7,21.1, 21.0; HRMS (ESI)
m/z: 569.1358 (Calcd for Co0H26N207,SNa [M+Na]™: 569.1358).
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mSubstitution reaction at the indole 2 position of AZIN 3a with pharmaceuticals 30 (Table 3-8)

N, BF3°OEt, (5 eq) o 0
ome * NuH > Nu ¥ OMe

'ﬂ 30 DCE, under Ar l;l f}l
Ts (1.1 eq) 80 °C, time Ts Ts
3a 31a 37a

To a solution of AZIN 3a (1 mmol), pharmaceuticals 30 (5 mmol, 5 eq) and H,O (1 mmol, 1 eq) in
DCE (5 mL, 0.2 M) was added BF3*OEt, (5 mmol, 5 eq) or Zn(OTf), (2 mmol, 2 eq) under Ar. The
mixture was stirred at 80 °C in oil bath until the complete disappearance of starting material and 3-
azidoindole 4 indicated by TLC. The reaction mixture was quenched with H>O (10 mL) and cooled
to room temperature. Then, the whole was extracted with CHCI; (3 x 25 mL) and washed with brine
(25 mL). The organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The residue
was purified by silica gel column chromatography (AcOEt/hexane = 1/10-1/5 and/or CHCls/hexane
= 1/3-1/1) and/or to give 31a and 37a.

1-Tosylindolin-3-on-2-yl 2-acetoxybenzoate (31as)

o OMe

31as

To a solution of AZIN 3a (344 mg, 1 mmol), aspirin (30s) (901 mg, 5 mmol) and H>O (18 uL, 1
mmol) in DCE (5 mL, 0.2 M) was added BF3*OEt, (0.63 mL, 5 mmol) under Ar. The mixture was
stirred at 80 °C in oil bath until the complete disappearance of starting material and 3-azidoindole 4
indicated by TLC. The reaction mixture was quenched with H-O (20 mL) and cooled to room
temperature. Then, the whole was extracted with CHCIs (3 x 50 mL) and washed with brine (50 mL).
The organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (AcOEt/hexane = 1/10-1/2 and CHCls/hexane = 1/3—1/1) to
give 31as (146 mg, 31% yield) and 37a (12.7 mg, 4% yield).

1 mmol scale: 146 mg, 31% yield. colorless solid; mp 137-139 °C; IR (KBr) v: 1771, 1744, 1736,
1464, 1369, 1175 cm™'; 'TH NMR (600 MHz, CDCl5) 8: 7.96 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.4 Hz,
1H), 7.77 (d, J= 8.4 Hz, 2H), 7.69 (ddd, /= 8.4, 7.2, 1.2 Hz, 1H), 7.68 (d, J= 8.4 Hz, 1H), 7.58 (t,J
=7.8 Hz, 1H), 7.28 (t, /="7.8 Hz, 1H), 7.22 (d, /= 7.8 Hz, 2H), 7.21 (t, /= 7.2 Hz, 1H), 7.13 (d, J=
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7.8 Hz, 1H), 6.41 (s, 1H), 2.33 (s, 3H), 2.30 (s, 3H); *C NMR (151 MHz, CDCls) 8: 190.9, 169.5,
162.6,152.2, 151.1, 145.6, 138.1, 134.6, 134.1, 132.3, 130.3, 127.5, 126.1, 125.2, 124.9, 124.2, 122.4,
122.0, 115.8, 80.1, 21.7, 21.0; HRMS (ESI) m/z: 488.0781 (Caled for CoHioNO;SNa [M+Na]™:
488.0780).

1-Tosylindolin-3-on-2-yl 2-(4-isobutylphenyl)propanoate (31at, mixture of diastereomer)
Me

(o)
'}lH Me

Ts
31at: mixture of diastereomer (dr=1: 1)

To a solution of AZIN 3a (103 mg, 0.3 mmol), ibuprofen (30t) (536 mg, 1.5 mmol) and H,O (5.4 pL,
0.3 mmol) in DCE (1.5 mL, 0.2 M) was added BF3*OEt; (0.19 mL, 1.5 mmol) under Ar. The mixture
was stirred at 80 °C in oil bath until the complete disappearance of starting material and 3-azidoindole
4 indicated by TLC. The reaction mixture was quenched with H,O (10 mL) and cooled to room
temperature. Then, the whole was extracted with CHCI; (3 x 25 mL) and washed with brine (25 mL).
The organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (AcOEt/hexane = 1/10-1/5 and/or CHCls/hexane = 1/3—1/1) to
give 31at (116 mg, 78% yield) and 37a (6.6 mg, 7% yield).

0.3 mmol scale: 116 mg, 78% yield. colorless oil; IR (KBr) v: 1757, 1740, 1464, 1373, 1175 cm™';
"HNMR (600 MHz, CDCl3) 8: 7.91-7.85 (m, 1H), 7.74-7.59 (m, 4H), 7.25-7.10 (m, 7H), 6.21-6.12
(s, 1H), 3.86-3.78 (m, 1H), 2.44-2.36 (m, 6H), 1.86-1.81 (m, 1H), 1.59—1.50 (m, 2H), 0.89—0.87 (m,
6H); *C NMR (151 MHz, CDClL) &: 191.2, 191.1, 173.2, 172.9, 152.1, 152.0, 145.5, 145.4, 140.8,
140.8, 138.0, 137.9, 136.7, 134.0, 133.8, 130.32, 130.2, 129.5, 129.5, 127.6, 127.5, 127.5, 125.1,
125.0, 124.8, 124.7, 122.5, 122.4, 115.9, 115.8, 80.2, 79.8, 45.2, 44.9, 44.8, 30.2, 22.5, 21.7, 19.0,
18.8; HRMS (ESI) m/z: 514.1665 (Calcd for C2sH20NOsSNa [M+Na]": 514.1664).
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1-Tosylindolin-3-on-2-yl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methylindol-3-yl)acetate (31au)

Cl
(o)
Me N
Q{3
'}l (o)
Ts OMe
31au

To a solution of AZIN 3a (104 mg, 0.3 mmol), indomethacin (30u) (536 mg, 1.5 mmol) and H,O (5.4
uL, 0.3 mmol) in DCE (1.5 mL, 0.2 M) was added Zn(OTf), (218 mg, 0.6 mmol) under Ar. The
mixture was stirred at 80 °C in oil bath until the complete disappearance of starting material and 3-
azidoindole 4 indicated by TLC. The reaction mixture was quenched with H>O (10 mL) and cooled
to room temperature. Then, the whole was extracted with CHCI; (3 x 25 mL) and washed with brine
(25 mL). The organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The residue
was purified by silica gel column chromatography (AcOEt/hexane = 1/10-1/5 and CHCls/hexane =
1/3-1/1) to give 31au (55.4 mg, 29% yield) and 37a (1.9 mg, 2% yield).

0.3 mmol scale, reaction with Zn(OTf),: 55.4 mg, 29% yield. colorless oil; IR (KBr) v: 1761, 1738,
1462, 1364, 1175, 1089 cm™'; 'TH NMR (600 MHz, CDCl5) 8: 7.93 (d, J= 8.4 Hz, 1H), 7.73 (d, J =
8.4 Hz, 2H), 7.69-7.64 (m, 4H), 7.45 (d, /= 8.4 Hz, 2H), 7.23-7.19 (m, 3H), 6.99 (d, /= 2.4 Hz, 1H),
6.95 (d, J=8.4 Hz, 1H), 6.68 (dd, J= 8.4, 2.4 Hz, 1H), 6.24 (s, 1H), 3.85 (d, /= 17.4 Hz, 1H), 3.85
(s, 3H), 3.83 (d, /= 17.4 Hz, 1H), 2.36 (s, 3H), 2.35 (s, 3H); *C NMR (151 MHz, CDCl;5) &: 191.1,
169.3,168.4,156.3,152.1, 145.7,139.3, 138 .2, 136.2, 134.0, 133.6, 131.4, 130.9, 130.6, 130.4, 129.2,
127.6,125.2,125.0,122.2,115.8,115.1,112.5,111.6, 100.8, 79.9, 55.8, 29.8, 21.7, 13.6; HRMS (ESI)
m/z: 665.1124, 667.1097 (Calcd for C34H»,CIN,O7SNa [M+Na]*: 665.1125, 667.1096).
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mSynthesis of 3-azido-2-hydroxy-1-tosylindoline (41)
Preparation of 3-bromo-2-hydroxy-1-tosylindoline (42) 5! (Scheme 4-4)

NBS (1.1 eq) Br Br
H,O (10 eq) \
Cy - Ny
N N OH N
Ts Ts

A acetone
Ts rt,1h
5a 42: 93% 43: 4%

To a solution of 1-tosylindole (5a) (542 mg, 2 mmol) and H,O (0.36 mL, 20 mmol) in acetone (20
mL, 0.1 M) was added NBS (392 mg, 2.2 mmol). The mixture was stirred at room temperature until
the complete disappearance of starting material indicated by TLC. After addition of H>O (50 mL), the
whole was extracted with AcOEt (3 x 50 mL) and washed with brine (50 mL). The organic layer was
dried over Na,SOys, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt/hexane = 1/10-1/5) to give 42 5'” (684 mg, 93% yield) and 43 5! (28.2 mg,
4% yield).

Azidation of 3-bromo-2-hydroxyindoline 42 at 100 °C (Scheme 4-5)

Br NaN; (5 eq) Br N3
N K2CO3 (1 eq)
CI. s Ol
N OH DMA N N OH
Ts 100 °C, 0.1 h Ts Ts
42 43: 87% 41: 0%

The solution of K,COj3 (138 mg, 1 mmol) and NaN; (325 mg, 5 mmol) in DMA (10 mL, 0.1 M) was
stirred at 100 °C in oil bath. The mixture was added 3-bromo-2-hydroxy-1-tosylindoline (42) (368
mg, 1 mmol) and stirred until the complete disappearance of starting material indicated by TLC. After
addition of H,O, the whole was extracted with AcOEt/hexane = 1/5 (3 x 25 mL), washed with H,O
(25 mL) and then with brine (25 mL). The organic layer was dried over Na,SOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (AcOEt/hexane

= 1/10-1/3) to give 43 5! (304 mg, 87% yield).
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Azidation of 3-bromo-2-hydroxyindoline 42 at room temperature (Scheme 4-6)

Br NaN; (5 eq) Br N3
> \
N OH DMA N N OH
Ts r, 0.3 h Ts Ts
42 43: 84% 41: 0%

The solution of K,COj3 (138 mg, 1 mmol) and NaN; (326 mg, 5 mmol) in DMA (10 mL, 0.1 M) was
stirred at room temperature. The mixture was added 3-bromo-2-hydroxy-1-tosylindoline (42) (368
mg, 1 mmol) and stirred until the complete disappearance of starting material indicated by TLC. After
addition of H,O, the whole was extracted with AcOEt/hexane = 1/5 (3 x 25 mL), washed with H,O
(25 mL) and then with brine (25 mL). The organic layer was dried over Na,SOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (AcOEt/hexane

=1/10-1/3) to give 43 5 (293 mg, 84% yield).

Synthesis of AZIHY 41 from 1-tosylindole (5a) at room temperature (Scheme 4-7)

NBS (1.1 eq) Br NaN; (2 eq) N3
\ H,0 (10 eq) @Z—j‘ in H,0 R
_— —.
N acetone l;l OH rt,1h l;l L
Ts rt,0.5h Ts Ts
5a 42 41: AZIHY (93%)

To a solution of 1-tosylindole (5a) (542 mg, 2 mmol) and H,O (0.36 mL, 20 mmol) in acetone (20
mL, 0.1 M) was added NBS (392 mg, 2.2 mmol). The mixture was stirred at room temperature until
the complete disappearance of starting material indicated by TLC. Then, NaNs (261 mg, 4 mmol) was
dissolved in 10 mL of H>O and added to the reaction mixture. The mixture was stirred at room
temperature until the complete disappearance of 3-bromo-2-hydroxy-1-tosylindoline (42) indicated
by TLC. After addition of H,O (50 mL), the whole was extracted with AcOEt (3 x 50 mL) and washed
with brine (50 mL). The organic layer was dried over Na,SOs, filtered and concentrated in vacuo. The
residue was purified by silica gel column chromatography (AcOEt/hexane = 1/10-1/5) to give 41 (614
mg, 93% yield).
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trans-3-Azido-2-hydroxy-1-tosylindoline (41)

\,:\ N3
OH

N
I

Ts
41

614 mg, 93% yield. colorless solid; mp 94-96 °C; IR (KBr) v: 3468, 2102, 1477, 1354, 1161 cm;
'H NMR (400 MHz, CDCl5) &: 7.71 (d, J= 8.4 Hz, 2H), 7.60 (d, /= 8.4 Hz, 1H), 7.38 (t,/=7.2 Hz,
1H), 7.30 (d,J=7.6 Hz, 1H), 7.25 (d, J= 8.4 Hz, 2H), 7.12 (t,J= 7.6 Hz, 1H), 5.59 (s, 1H), 4.59 (s,
1H), 2.36 (s, 3H); “C NMR (151 MHz, CDCl;) &: 145.0, 140.7, 134.8, 131.2, 130.1, 127.0, 126.1,
125.8, 124.6, 115.0, 91.2, 66.4, 21.7, HRMS (ESI) m/z: 367.0841 (Caled for CicHisN4O3SNa
[M+Na]™: 367.0841).

Gram-scale synthesis of 3-azido-2-hydroxy-1-tosylindoline (41)

NBS (1.1 eq) Br NaN;3; (2 eq) N;
| H:0(10eq) % in H,0 s
—_— —_—
N acetone l;l OH rt,1h l;l OH
Ts rt, 0.5 h Ts Ts
5a 42 41
(271 g, 100 mmol) (31.1 g, 94%)

To a solution of 1-tosylindole (5a) (27.1 g, 100 mmol) and H,O (18 mL, 1000 mmol) in acetone (500
mL, 0.2 M) was added NBS (19.6 g, 110 mmol). The mixture was stirred at room temperature until
the complete disappearance of starting material indicated by TLC. Then, NaN; (13.0 g, 200 mmol)
was dissolved in 250 mL of H,O and added to the reaction mixture. The mixture was stirred at room
temperature until the complete disappearance of 3-bromo-2-hydroxy-1-tosylindoline (42) indicated
by TLC. After addition of H>O (250 mL), the whole was extracted with AcOEt (3 x 250 mL) and
washed with brine (250 mL). The organic layer was dried over Na>SOs, filtered and concentrated in

vacuo. The residue was purified by recrystallization from CHCls/hexane to give 41 (31.1 g, 94% yield).

193



mSubstitution reaction using AZIHY 35
Substitution reaction at the indole 3 position using AZIHY 41 (Scheme 4-8)

OMe
N; OMe InCl3*4H,0 MeO
Q—S‘ (10 mol%)
+ >
N~ TOH DCE O \ OMe

Ts MeO OMe under Ar then H,0 N
41 11a 80°C,1h 1

(11 eq) ;aa 77%

. (1)

To a solution of AZIHY 41 (100 mg, 0.3 mmol) and 1,3,5-trimethoxybenzene (11a) (55.5 mg, 0.33
mmol) in DCE (1.5 mL, 0.2 M) was added InCl3*4H,O (8.9 mg, 0.03 mmol) under Ar. The mixture
was stirred at 80 °C in oil bath until the complete disappearance of starting material indicated by TLC.
After H>O (0.1 mL) was added to the mixture at 80 °C, the mixture was stirred at 80 °C for 0.5 h. The
whole was cooled to room temperature, quenched with H»O, extracted with CHCls (3 x 20 mL) and
washed with brine (20 mL). The organic layer was dried over Na,SOs, filtered and concentrated in
vacuo. The residue was purified by silica gel column chromatography (AcOEt/hexane = 1/10-1/2) to
give 9aa (101 mg, 77% yield).

Substitution reaction at the indole 2 position using AZIHY 41 (Scheme 4-9)

N3 COOH BF3*OEt, (5 eq) o 4
\ H20 (1 eq)
+
N~ TOH © > N 0»\©
| |
Ts Ts
41

DCE, under Ar
80°C,0.1h

(5303) 31aa: 85%
eq

To a solution of AZIHY 41 (99.6 mg, 0.3 mmol), benzoic acid (30a) (183 mg, 1.5 mmol) and H,O
(5.4 uL, 0.3 mmol) in DCE (1.5 mL, 0.2 M) was added BF3°OEt, (0.19 mL, 1.5 mmol) under Ar. The
mixture was stirred at 80 °C in oil bath until the complete disappearance of starting material indicated
by TLC. The reaction mixture was quenched with H,O (3 mL) and cooled to room temperature. Then,
the whole was extracted with CHCl; (3 x 20 mL) and washed with brine (20 mL). The organic layer
was dried over Na,SQs, filtered and concentrated in vacuo. The residue was purified by silica gel

column chromatography (AcOEt/hexane = 1/10-1/5) to give 31aa (104 mg, 85% yield).

194



mReaction of AZIHY 35 with Grignard reagent
Reaction of AZIHY 35 with phenyl Grignard reagent 61a (Scheme 4-12)

+ ’
e Q)
|
Ts

50 °C,8h
41 61a
(0.3 mmol of 41 (2 M, THF solution)
in 3 mL of THF) (3 eq)

Ts Ts
63a: trace 65a: 77%

The solution of AZIHY 41 (99.2 mg, 0.3 mmol) in THF (3 mL, 0.1 M) was stirred at 50 °C in oil bath.
To the mixture was added phenylmagnesium chloride 61a (2 M, THF solution) (0.45 mL, 0.9 mmol)
and the mixture was stirred until the complete disappearance of starting material indicated by TLC.
The whole was cooled to room temperature, quenched with sat. aqueous NH4Cl, extracted with AcOEt
(3 x 20 mL) and washed with brine (20 mL). The organic layer was dried over Na,SOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (AcOEt/hexane

= 1/10-1/1) to give 63a (trace) ' and 65a (87.8 mg, 77% yield).

N-Phenyl-2-[(2-tosylamino)phenyl]acetamide (65a)

N

LYy O

I;lH

Ts

65a

87.8 mg, 77% yield. colorless oil; IR (KBr) v: 3310, 3210, 1504, 1356, 1163 cm™'; 'H NMR (600
MHz, CDCl;) 6: 9.12 (br s, 1H), 8.31 (br s, 1H), 7.66 (d, J= 7.8 Hz, 2H), 7.46 (d, J= 7.8 Hz, 2H),
7.24-7.19 (m, 5H), 7.16-7.11 (m, 2H), 7.08-7.05 (m, 2), 3.47 (s, 2H), 2.36 (s, 3H); *C NMR (151
MHz, CDCl;) &: 170.5, 143.9, 137.6, 137.3, 135.7, 131.0, 130.0, 129.8, 129.0, 128.5, 127.2, 126.6,
125.5, 124.8, 121.3, 41.2, 21.7; HRMS (ESI) m/z: 403.1092 (Calcd for C,1HzoN,O3SNa [M+Na]":

403.1092).
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Optimization of reaction conditions of AZIHY 41 with Grignard reagent 61a (Table 4-1)

+ >
O @
|

temp., 8 h
41 61a
(0.3 mmol of 41 (2 M, THF solution)
in X mL of THF) (3 eq)
H
Q1© 8
FO
2 OH NH
)
63a 65a

The solution of AZIHY 41 (0.3 mmol) in THF (X mL) was stirred at room temperature or 50 °C in
oil bath. To the mixture was added phenylmagnesium chloride 61a (2 M, THF solution) (0.45 mL,
0.9 mmol) and the mixture was stirred until the complete disappearance of starting material indicated
by TLC. The whole was cooled to room temperature, quenched with sat. aqueous NH4Cl, extracted
with AcOEt (3 x 20 mL) and washed with brine (20 mL). The organic layer was dried over Na;SOs,
filtered and concentrated in vacuo. The residue was purified by silica gel column chromatography

(AcOEt/hexane = 1/10-1/1) to give 63a and 65a.

196



Reaction of AZIHY 41 with alkyl Grignard reagent 61b (Table 4-2)

N3
oH * A >

l;l temp., 4 h
Ts 61b
41 (1 M, THF solution)

(0.3 mmol of 41 (3 eq)

in X mL of THF)

ZI

T

HN‘<

L, -0y
N OH NH
)
Ts

Ts
63b 65b
t X(mL) temp.(c) Yield (k"
en .
i P 63b  65b
rt 66 9
2 3 50 22 60

2 |solated yield.

The solution of AZIHY 41 (0.3 mmol) in THF (X mL) was stirred at room temperature or 50 °C in
oil bath. To the mixture was added isopropylmagnesium bromide 61b (1 M, THF solution) (0.9 mL,
0.9 mmol) and the mixture was stirred until the complete disappearance of starting material indicated
by TLC. The whole was cooled to room temperature, quenched with sat. aqueous NH4Cl, extracted
with AcOEt (3 x 20 mL) and washed with brine (20 mL). The organic layer was dried over Na;SOs,
filtered and concentrated in vacuo. The residue was purified by silica gel column chromatography

(AcOEt/hexane = 1/10-1/1) to give 63b and 65b.

trans-3-1sopropylamino-2-hydroxy-1-tosylindoline (63b)

- N
OH

N
Ts

63b

Table 4-2, entry 1: 68.4 mg, 66% yield. colorless solid; mp 127—128°C; IR (KBr) v: 3449, 3298,
1464, 1360, 1159 cm™'; "H NMR (600 MHz, CDCI5) &: 9.12 (br s, 1H), 8.31 (br s, 1H), 7.66 (d, J =
7.8 Hz, 2H), 7.46 (d, J = 7.8 Hz, 2H), 7.24-7.19 (m, 5H), 7.16-7.11 (m, 2H), 7.08-7.05 (m, 2), 3.47
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(s, 2H), 2.36 (s, 3H); *C NMR (151 MHz, CDCl5) 8: 143.8, 140.1, 138.5, 129.8, 129.5, 127.8, 124.3,
123.2, 117.5, 113.6, 84.3, 59.2, 49.3, 23.2, 21.5; HRMS (ESI) m/z: 403.1092 (Calcd for
C1H20N>0O3SNa [M+Na]*: 403.1092).

N-Isopropyl-2-[(2-tosylamino)phenyl]acetamide (65b)

H
N
<o ns
l;lH
Ts
65b
Table 4-2, entry 2: 62.1 mg, 60% yield. colorless solid; mp 161-163°C; IR (KBr) v: 3294, 3096,
1566, 1337, 1159 cm™"; 'TH NMR (600 MHz, CDCl5) 6: 9.12 (br s, 1H), 8.31 (br s, 1H), 7.66 (d, J =
7.8 Hz, 2H), 7.46 (d, J = 7.8 Hz, 2H), 7.24-7.19 (m, 5H), 7.16-7.11 (m, 2H), 7.08-7.05 (m, 2), 3.47
(s, 2H), 2.36 (s, 3H); *C NMR (100 MHz, CDCl3) &: 171.0, 143.3, 138.6, 130.5, 129.6, 128 .4, 128 4,

126.9, 125.4, 124.2, 42.0, 41.2, 22.4, 21.5; HRMS (ESI) m/z: 403.1092 (Caled for Co1HyN,03SNa
[M+Na]': 403.1092).

m80-Incorporation experiment

Synthesis of AZIHY *0-41 (Scheme 4-14)

NBS (1.1 eq) Br NaN; (2 eq) N;
% H,'80 (5 eq) N in H,0 N
r —_—

18 18
'}‘ acetone f;l OH rt,1h f;l OH
Ts rt, 0.5 h Ts Ts
5a 180.42 180.41: 86%

(%0 = 75%)

To a solution of 1-tosylindole (5a) (542 mg, 2 mmol) and H,'*O (0.18 mL, 10 mmol) in acetone (20
mL, 0.1 M) was added NBS (393 mg, 2.2 mmol). The mixture was stirred at room temperature until
the complete disappearance of starting material indicated by TLC. Then, NaNs (260 mg, 4 mmol) was
dissolved in 10 mL of H>O and added to the reaction mixture. The mixture was stirred at room
temperature until the complete disappearance of 3-bromo-2-hydroxy-1-tosylindoline (**0Q-42)
indicated by TLC. After addition of H,O (50 mL), the whole was extracted with AcOEt (3 x 50 mL)
and washed with brine (50 mL). The organic layer was dried over Na;SQOs, filtered and concentrated
in vacuo. The residue was purified by silica gel column chromatography (AcOEt/hexane = 1/10-1/5)
to give 30-41 (570 mg, 86% yield).
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180-41: 570 mg, 86% yield. HRMS (ESI) m/z: 353.0684 ('%0), 355.0727 ("SO) (Caled for
C1sH14N:03SNa [M+Na]': 353.0684, C1sH1aN40,'*OSNa [M+Na]*: 355.0727).

Switching reaction using AZIHY '*0-41 (Table 4-3)

3. N3 MgCl
e -

N 2 temp., 8 h
Ts
180.41 61a
(80 = 75%) (2 M, THF solution)
(0.1 mmol of '80-41 (3 eq)

in X mL of THF)

3‘\“\© 2 , B
@_>~ ’ m \©
,;1 2 180H r;lH
Ts Ts

180-63a 180-65a
(80 = 75%) (80 = 75%)
ent X(mL) temp. (C) .. Yield (%)
r .
y P 180.63a 180-65b
1 0 rt 69 5
2 1 50 trace 72

?|solated yield.

The solution of AZIHY '30-41 (0.1 mmol) in THF (X mL) was stirred at room temperature or 50 °C
in oil bath. To the mixture was added phenylmagnesium chloride 61a (2 M, THF solution) (0.45 mL,
0.9 mmol) and the mixture was stirred until the complete disappearance of starting material indicated
by TLC. The whole was cooled to room temperature, quenched with sat. aqueous NH4Cl, extracted
with AcOEt (3 x 20 mL) and washed with brine (20 mL). The organic layer was dried over Na,SOs,
filtered and concentrated in vacuo. The residue was purified by silica gel column chromatography

(AcOEt/hexane = 1/10-1/1) to give ¥0-63a and *0-65a.

180-63a (Table 4-3, entry 1): 26.3 mg, 69% yield. HRMS (ESI) m/z: 403.1092 (*°0), 405.1135 (*0)
(Calcd for C1H20N>O3SNa [M+Na]*: 403.1092, C2|H20N2021808Na [M+Na]*: 405.1 135).

180-65a (Table 4-3, entry 2): 27.5 mg, 72% yield. HRMS (ESI) m/z: 403.1092 (1°0), 405.1135 ('*O)
(Calcd for C21HaoN,05SNa [M+Na]*: 403.1092, C21HaoN20,'30SNa [M+Na]*: 405.1135).

199



2 BN

S1) Sheldrick, G. M. Acta Cryst. 2015, A71, 3.

S2) Sheldrick, G. M. Acta Cryst. 2015, C71, 3.

S3) Dolomanov, O. V.; Bourish, L. J.; Gildea, R. J.; Howard, J. A. K.; Puschmann, H. J. Appl. Cryst.
2009, 42, 339-341.

S4) N-Tosylation, N-benzenesulfonylation, N-(4-methoxybenzene)sulfonylation and N-
benzoylation and S5a: (a) Hodson, H. F.; Madge, D. J.; Slawin, A. N. Z.; Widdowson, D. A;
Williams, D. J. Tetrahedron 1994, 50, 1899—-1906. (b) Rivinoja, D. J.; Gee, Y. S.; Gardiner, M.
G.; Ryan, J. H.; Hyland, C. J. T. ACS Catal. 2017, 7, 1053—1056.

S5) N-Mesylation: Laha, J. K.; Dayal, N. Org. Lett. 2015, 17,4742-4745.

S6) N-Acetylation: Medina-Mercado, 1.; Asomoza-Solis, E. O.; Martinez-Gonzalez, E.; Ugalde-
Saldivar, V. M.; Ledesma-Olvera, L. G.; Barquera-Lozada, J. E.; Gémez-Vidales, V.; Barroso-
Flores, J.; Frontana-Uribe, B. A.; Porcel, S. Chem. Eur. J. 2020, 26, 634-642.

S7) 5b, 5¢, 5e-5bg, 5j, 5I, 5m: Arisawa, M.; Terada, Y.; Takahashi, K.; Nakagawa, M.; Nishida, A.
J. Org. Chem. 2006, 71, 4255-4261.

S8) 5d, 5h: Jayaraman, A.; Misal Castro, L. C.; Fontaine, F.-G. Org. Process Res. Dev. 2018, 22,
1489-1499.

S9) 5i: Ramalingan, C.; Leg, I.-S.; Kwak, Y.-W. Chem. Pharm. Bull. 2009, 57, 591-596.

S10) 5k: Heredia, M. D.; Guerra, W. D.; Barolo, S. M.; Fornasier, S. J.; Rossi, R. A.; Budén, M. E. J.
Org. Chem. 2020, 85, 13481-13494.

S11) Synthesis of 3-bromo-2-alkoxyindolines and 6a—6f, 6k—6m: Hirao, S.; Yamashiro T.; Kohira,
K.; Mishima, N.; Abe, T. Chem. Commun. 2020, 56, 5139-5142.

S12) 6n—6p: Abe, T.; Kosaka, Y.; Kawasaki, T.; Ohata, Y.; Yamashiro, T.; Yamada, K. Chem. Pharm.
Bull. 2020, 68, 555-558.

S13) 6q: Abe, T.; Kosaka, Y.; Asano, M.; Harasawa, N.; Mishina, A.; Nagasue, M.; Sugimoto, Y.;
Katakawa, K.; Sueki, S.; Anada, M.; Yamada, K. Org. Lett. 2019, 21, 826-829.

S14) Synthesis of 1-chloro-2,4,6-trimethoxybenzene (11b) and 11b: Tang, R.-J.; Milcent, T,
Crousse, B. J. Org. Chem. 2018, 83, 930-938.

S15) Synthesis of 1-bromo-2,4,6-trimethoxybenzene (11c) and 11c: Mondal, M.; Puranik, V. G.;
Argade, N. P. J. Org. Chem. 2006, 71, 4992—4995.

S16) Synthesis of 1-phenyl-2,4,6-trimethoxybenzene (11d) and 11d: Wang, X.; Huang, D.; Wang,
X.; Zeng, X.; Wang, X.; Huhn, Y. Tetrahedron Lett. 2016, 57, 4235-4238.

200



S17) N-Phthaloylation of amino acids and 30q: Kanyiva, K. S.; Makino, S.; Shibata, T. Chem.
Asian J. 2018, 13, 496-499.

S18) 30r: Vincent, A.; Deschamps, D.; Martzel, T.; Lohier, J.-F.; Richards, C. J.; Gaumont, A.-C.;
Perrio, S. J. Org. Chem. 2016, 81, 3961-3966.

S19) 42, 43, 63a: Abe, T.; Suzuki, T.; Anada, M.; Matsunaga, S.; Yamada, K. Org. Lett. 2017, 19,
4275-4278.

201



T

ABFTEDZATIS L OGHSCOVERL, WFEIER 7 & WAAHIAREE 72 RS L EIEZ 15 0 |
FIRITITHIAD LA 5 2 T IE SV FE L7z IRk sebe i s K7k 5
KA BRI D L VEERLET,

AWFFEDEITI L UGS OVER, BHERFITIN A, —HFEE & L TOLERIZE D LT,
MAAARG) TR AR L ERE, 2 DONCHEAREI S BRI & 2R B A %
10 F U7l ISR AT R FE e e i Bl SRS A CRGH A L B 9,

AWFEDZA T RSPV IAE | < OMEEELHBIZE 2B Y £ Ui, MR e
PR LR BaRIC LK VOB ER LET,

K L OBFEIZHIZ Y T L U THe OF{RHBoR L HFEEZ 15 ) £ L7zl
FATHTFESEE AR A2 FaIE R L BT, £, Bl L LTARREE
RS 2050 & U7 LR A S ele e i Rl AR 2%, H AT e
BIEH R L BT £,

ABFFEZ VN T X B HAE SR D S & | A HT — & DFEIRICOW T TS0l =
20 E Uiz, BAFHERTEAES Al —RR Zdw, Ais Bh# G S IIRFEHEEE
B0 (CERSHELR L B ET,

EERRER 1 AR D 2 AFIRICSHNT . RAATIERES 72 D RS L IMEEREZ R Y . [MIILRZER
SRR AR BT TER A~ DO E DR 2 5 2 T IS W E LIz B ER R
VEIIFS B, LIHFEE] RIS L BT £

H x| IGR7EERR, HBE 2 W72 < T, fRa B TSR, #iI<ESnE
LT ASE A A AL FIITER OB, 72 O NI A A DOERRIZEILE L B £

HERFRICB W TRERANL TH - TR FIABEZER L, I COMFZEATEICH ST
DR LSRR Z 5 A TSRS W E LIZMILRFERFEHAN A/ = 2 VAT = v —
Vo7 AAFERRIFFLUSI AN FELER SR S IR G L 7

B, FAEARZSR LTI SWE L, L, RO, £ LTRIGZAE
2RI BV, B BAFY | BRI L TR SWE L72E IIEED D X0 JE6H
BLET

202



