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Ac
AIBN
An
aqg.
Ar

Bn
Boc
bpy
Chz
DCC
DCM
DDQ
DMSO
DTBP
ee

ent
equiv
Et
HIV
HPV

LED

acetyl
2,2'-azobis(2-methylpropionitrile)
anisyl

aqueous solution

aryl

benzyl

tert-butoxycarbonyl

bipyridyl

benzyloxycarbonyl
N,N'-dicyclohexylcarbodiimide
dichloromethane
2,3-dichloro-5,6-dicyanobenzoquinone
dimethyl sulfoxide
2,6-di-tert-butylpyridine
enantiomeric excess

enantiomer

equivalent

ethyl

human immunodeficiency virus
human papillomavirus

light-emitting diode



mCPBA m-chloroperoxybenzoic acid

Me methyl

Ms methanesulfonyl

NBS N-bromosuccinimide

NIS N-iodosuccinimide

Nu nucleophile

Oct octyl

PG prostaglandin

Ph phenyl

PMB p-methoxybenzyl

Pr propyl

quant. quantitative

Red-AlI® sodium bis(2-methoxyethoxy)aluminum hydride
TBS tert-butyldimethylsilyl
'‘Bu tert-butyl

TCAA trichloroacetic anhydride
Temp. temperature

Tf trifluoromethanesulfonyl
TFAA trifluoroacetic anhydride
THF tetrahydrofuran

TMS trimethylsilyl

Tol tolyl

TTBP 2,4,6-tri-tert-butylpyrimidine

r.t. room temperature
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LEAET USRI R OBEILEDORE L, TNETHE TH TV Ry T

0 B bAEBRLE (B E, o), W

Scheme 2
X
DMSO, Tf,0, DTBP ()\N
X
\©\ ; N
H’ N'H R2
R1
N
Il?1

DMSO, Tf,0, DTBP

WNHR“

N
R3




W EIC, Coxf XTIV ANLARF T REHWT, =F o F A& R A interrupted
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m—E
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A4V F—n 20 LB BEIRIE DR
# 18 ArRSO/TFAAZ AW 20 (i ~DOEBHEE A K s OB %

EHIT ANVE=ULFEE R WAV R—)L 20 L TO5 7 HE fE AL KOG
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FPFN-EEBOTRTERE LAY —)L 260 T 2= )L ALRF RO /0
BAZVEIRIZ TEAA ZIRINL, B O R Z R L% IZ, RERELTAZ

—NEMZ LA, OSTE M7 Bk % 5 % 7= (Table 1, Entry 1),

Table 1

Ph,SO (1.0 equiv)

TFAA (1.0 equiv)
\ DCM, Temp.

N then MeOH (10 equiv)

R

26

. Yield (%) Recovery

Entry 26 R Temp. (°C) o7 ” of 26 (%)

1 26a H -40 27a - 28a - -

2 26b Ac —40tor.t. 27b 9 28b - 87

3 26c CO,Me —40 to r.t. 27c 20 28c - 71

4 26d PMB -40 27d 32 28d 33 -

ZIT.26 DRI TFORERLLL T, TEFIIESLANT DNV R =12

Wi a L B OIS IZEIT T 25600, 20 ALICAMF L EEDE A S E Y
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270, 27¢c O T NMIEENDD B TH-7- (Entries 2 and 3), IZ, & it 5 &
TdhdH PMB HETRELIZILE 26d Z/HWTHRETLIZEZA, B 27d 2L
2% TH2HEELIT, B K 28d 28 33% CRIZE L7 (Entry 4), 728, W20
I KIZONWTIRFTILIZEZA, TFAA Db R W REZ 5252808 booTz,

RIS D AT =X L% Scheme 4 DIHIIELR L=, T72bb, V7 x=/L ALK
FURE TFAA NOAEUTANVFR=T A 29 12 26d L, AR L7-H A 31
IZAZ ) — )V ELTCHWY 27d 2 5 2 I bWl &5, —F, @ik 28d o4&
i, — H 26d 3T X T 31 ~E#EINDHD D, 30 Dt # /L F ~DAZ ) — )LD

W %) (ZXVEAEL, 3L ERIGLIEbDEE X T,

Scheme 4
O TFAA (OCOCF;
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. - Nu = MeOH 27d
thS ths)
+
N MeOH ND N
I I H I
PMB PMB PMB Nu = 26d 28d
26d 30 31 Nu

Lo T, &K 28d O RINHINIZIEZ, 30 DR HE L1 ~AX ) — NV OB EZ
ZERAENTHLEE 2 IZANVBEF U ROTY — L O & 5L 2) A5~ 7z
(Table 2), FTE T RERFLIZLZA BRENE L5 ETHHY p-b
NAN-RY p-T =V NV ANVEF U REH WD E, 30 ORE R DT PEDIK
TUZEY  AZ = VOB Tz 4, HIFF@Y 27d OIS L7 (Entries
2and 3), — 5 EFRGIMEDHEFCLCRFR FTEMLLIZE G, 27d 1T/H6H T,
28d OFHNAEL Tz, ZiuiX, Scheme 4 IZBIFHANLKRFTRE TFAA EO KR

B2 E, 30 & 31 DAL EAINT 26d & 30 EDOB D12 26d (2R H7-
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., 26d DI KITEEL/2D | AZ ) — /L2 IN$HR1NC 26d 78 31 XL T 28d %=
B 27b0E% 265005 (Entries 4 and 5), RIZ, 7U— /L EEDSARBI & FAIZHO0
THLH L7 (Entries 6 and 7), ¥ (2,4-AF L7 =2 =)1)-R0V(2,4,6-RI AF L7
L= ) ANRF VR 0D LIS OEFT NS Z<OFEZFIL LTz, Zh
(X0 B - DA NV MLIZH D AT NV EE PSR ICFE E 705728 Scheme 4 1238
FDANRFETRND TFAA ~DOIE L 26d )5 29 ~OWE NI X HTHE R T

boHLE R LT,

Table 2

Ar SO (1.0 equiv)

TFAA (1.0 equiv)
Q_Q DCM, Temp., Time

l}l then MeOH (10 equiv)
PMB
26d
Yield (%)
Entry Ar Temp. (°C) Time (min.) Recovery

26d 27d  ©f26d (%)

o
1 -40 10 32 33 -
&7
2 -40 10 42 27 -
Me

=
3 -40 10 54 10 -
MeO
Y
4 /@ —40tor.t. 90 - 22 42
Cl
-
5 /O —40 to r.t. 90 - 13 60
Br
e
6 —-40 to r.t. 90 4 8 38
Me Me

Me

7 /@;/ —40 tor.t. 90 - 29 28
Me Me
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WIZ, AVHR= LD B RIZOW TR 2T 72 (Table 3). €OfE R, 2 (p-b
NAINZNHRFTRE TFAA % 3 Y E T OH W A2 93%E V) & I T 27d
DFHITe (Entry 3), 27d OULE 23\ _E LB H X Scheme 4 (288 W T, AX ) —
VORI EVF AR Lz 26d 2GR NI Tl &7 £ T2 AL R=0 A F 29

ERG L, B 31 ~EH L7200 EE BN,

Table 3
Ar,SO, TFAA
\ +
i N
l}l then MeOH (10 equiv) | OMe
PMB PMB
26d 27d
. Ar,SO TFAA Yield (%)
ntry Ar . . _—
(equiv) (equiv) 27d 28d
1 pTol 1.0 1.0 42 27
2 2.0 2.0 79 4
3 3.0 3.0 93 -
4 PAN 1.0 1.0 54 15
5 1.2 1.2 39 11
6 1.5 1.5 24 -

FWNT, ZORIEDIE — I EIC DWW TR FILIZEZA (Table 4), 6 B B 26d
LA Z, 5 BB 7 BEDME LAV RN —)L 26e & 26f ICH A S 1358 A T
7= (Entries 1-3), — 5. IEE IR D 1-PMB-2,3-UAF )L A K —/L 269 (2D T,
P(p-PVAINANVEFURE TFAA % 3 4 BT OH WA TR, JFURHRTIY
REGIED ST, ZENEN L EET O WD TIIHBY 279 2= 50%

THEHZENTE, JF B % 42%EX L7~ (Entries 4 and 5),
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Table 4

pTol ,SO (3.0 equiv)
(CHy)n,  TFAA (3.0 equiv) (CH2)n
\ DCM, —40 °C \
N

N

IIDMB then MeOH (10 equiv) FI’MB OMe
26 27
Entry 26 n Yield(%) F\;efczoz/:/ar)y
(o]
1 26d 2 27d 93 -
2 26e 1 27e 72 -
3 26f 3 27f 57 -
4 269 02 27g 29 12
5% 269 0 27g 50 42

a) 1-PMB-2,3-dimethylindole
b) pTol ;SO (1.0 equiv), TFAA (1.0 equiv)

IHIZ 26d AHF LT, REA O HEHICOWTHF L (Table 5), 7

BRRKEAO@EIICONTHREFLIEEZA B kT Vva— L TlExtic % H
BI% 27Th 73 B1% CTAR L7=3, & =k 7 /v — L TlIfEbi/en -7 (Entries 2
and 3), WICEREREHE THLTVRRHE — R T IVITRF RN THATEE
2% (Entries 4 and 5), Wi & REHI THD n-A 7 X FA—NVEE AT HI LT TE
2o 7c (Entry 6), F/o, IRFEREAIEL TRIATF LTI T =REH WS
IS TR 271 L 2Tm IR 27208 HEBEREH O N-AF /LA
YRV TIEE ERIIC 27n 3E B L7z (Entries 7 and 8),

fe T B 2 DA B @ B AR B2 W TR SR B A BUG Z 7 272 (Table 6), 3
TEAF N~ X T LTI HBY 270 BILER 44% THONTZN, HILATF LV~
XU LTIE 20 ML BRIb SN bk 32a 2, RAGATF L~ XU LTIL 5
NMNRRFBLSNTZ7bAR 32b % 5 %, Grignard SR O a7V JH - OfEEIZK
STHERY BRI DZ LN ->7- (Entries 1-3), £72, NIAF AT NAI=0 2%
WA 270 WETETOIERTRLN (Entry 4), SO ORES.

VAT GV =T VHSh A H WA EB B 270 BE 27p N E M7/ INE T
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B o7z (Entries 6 and 7), 2O LIRS IZH# H TEX5 Ik FREFIZIRED A H

DbDD, JRFE — R FAE OGRS TEL Rt 2R $ 2N TE,

Table 5
pTol,SO (3.0 equiv)
TFAA (3.0 equiv)
N then Nu (10 equiv) N =
PMB PMB
26d 27
Entry Nu 27 R Yield (%) Entry Nu 27 R Yield (%)
1 MeOH 27d OMe 93 6  "OctSH 271  S"Oct -
2 'PrOH 27h  OPr 51 7 TMSCN 27m  CN _
3 ‘BUOH 27i  OBu -
4 TMSN; 27j N 93 8 (TQ 27 [/ 99
N N
5 BnNH, 27k NHBn 75 Me Me
Table 6

pTol»,SO (3.0 equiv)

X
TFAA (3.0 equiv)
\ DCM, 40 °C \ + \
N then Nu (10 equiv) N b N 5
PMB PMB

PMB
26d 27 X =H:32a
X =Br:32b
Yield (%)
Entry Nu R
27 32a 32b
1 MeMgl Me 270 44 - -
2 MeMgCl Me 270 - 37 -
3 MeMgBr Me 270 - - 47
4 MejzAl Me 270 58 - -
5 Me,CulLi Me 270 - 38 -
6 MeyZn Me 270 76 - -
7 Et,Zn Et 27p 76 - -
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LEDISCEEFITAFREG R TI—LVALEKRFTRE TFAA AL DHA
JVIR=0 AfEZ T, interrupted Pummerer i E & 7oA K —)v 2a L TD 4y
T E R G E R U, B ST 5-7T BRMEA AN -0, EBR
KD 2,3-VEHALR—/VICHEHTE, 2 Th 6 ARMERA AR — /1 IZBILT
T, REAIEL TR BHR KK, FERCAEMEREANTLILIIE LT,

BB, BAEEFTICHEINTHDEAR—IL 20 AL TOBEBLIET 2 2OEK
IR ETED, Thbb, 3-aF b Rl =0 2R BT 55 1) L 3-7ahy
fbAV R = 2R BT 55 ¥ Tho, i #H 1X 'BuOCI, 139 NBS-pyridine, 39

N3i3®) 2\ T 3 iz a7 At L. ZD0% 2a N CRZME R ER 2T
DThHD, BFILINMOTaRALDH%  TFAAMD L2 Vilsmeier S Al 140149 (2
£% 20 L TORBETEBLK)IETHD, LL, WTHLOEAED 20 LIZE ATE
DR (L7 B8 70 180 gorhm gL BN R (188 SRR 130) ) 1%
HH IR ESNDTZO, BEHENRL B LI HEIE 1 TR CHE A B RIELE

ATELEVIRTHFICHEERFHNEZ ZEND,
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# 28 DMSO/TFAA ZH WAV R —N 2a (i B R ISICBITBA—BHEOILE

F L EOTTV—= )V ZNVRFIINSE R T D ANVR=Y L2 W25 T
AR AL @ CELREAOFEEICLHIR R HLENI R AR H -
oo ZDT28 | R O — AL ITIZE DA D KR Gt OB FT B3 0B Th o7z,

Swern HOH L 39 T, DMSO & TFAA /A LD AL A= AFE T, 30 °C
T ThHIE o-7a b OBl A5 Pummerer $507 56 2L 289, 2 E ICTF
FETELENITEDNDL, FEFHEIFANVFXFVROT V=NV EATF NVE~AE T LK
IR DO EEIT o712 (Table 7), ALVHRFURE TFAA ZZ N 1 S ETHOH,
ANKRELV RO =TT OBEWEE L AT VEEL b5 —FE2 T ==/b- p-~LA/b-| p-
TV EE LT, TOFE R NEAICE WY 27d DI E R\ EL, &k 28d
OB A LT (Entries 1-3), B &R ICT T OEBIENAF LK THD
DMSO OB GIT, &K 28d #4Ek$T52472< 27d S INE TH 2522 R,
L7z (Entry 4), SHIZ, REAITHEAZ ) — N OY BEERFILIAER . 5 Y &
ETHIH CE, IVFEHABEOE WIS GMHE R 328 TE72 (Entry 5),
Table 7

RMeSO (1.0 equiv)

TFAA (1.0 equiv)
DCM, —-40 °C
PMB

then MeOH
PMB
26d 27d
Yield (%)
Entry R MeOH
(equiv) 27d 28d

1 Ph 10 57 15
2 pTol 10 74 10
3 pAN 10 80 9
4 Me 10 93 -
5 Me 5.0 95 -
6 Me 2.0 72 -
7 Me 1.2 66 -

18



728 . DMSO Z W&k T BB DA RN 25N T-E K X Fig. 2 DXHlc
EEL, Thbb, FA=T AR MK 30 (Scheme 4) (1230 CTHE 85 0 (& #4 5E 3
T VHDIORT - VTR, A= LB R R 33a ORiE T A N KL
EALIIDN, ATV E AR CIEZ EESN T AT TR K 33b &I Ak

L AZ )= VDORER T ~DBENRIM 2z N2 EE 2 TnD,

Fig. 2
B "OCOCF; | i i
3 OCOCF,
Ar\é/Ar Me~g-Me
Q +//(\\/ Q:/D
|
L PMB _ L PMB _
33a 33b

AT E DO —fRPEICHO W TR FT 21T o725 SR (Table 8), 5-7 BB MHHER L7Z
JH 26e, 26f, 26h BLV 26i LIBRIRD 1-PMB-2-=F/L-3-AF /LA R —)L

26j. SHICHEBR L B D H 72D 26k [ZHhiE ] TE Tz,

Table 8

DMSO (1.0 equiv)

RS TFAA (1.0 equiv) X R3
then MeOH (5.0 equiv)

N N

X

R r1 OMe
26 27

Enty 26 R R2? R3 X 27 Yield (%)
1 26e PMB  —(CH,),— H 27¢ 72

2 26f PMB  —(CHj)s— H 27f 90

3 26h PMB  —(CH,)s- MeO 27q 76

4 26i PMB  —(CH,)s— Br 27r 70

5 26f PMB Me Me H 27s 82

6 26k  —(CHy)s- Me H 27t 61

19



RN TL SREEAI OB G 21T 7ok /L & 1 i Tl M TERD-oTeb Db 3 0
ThE &2 I JE O R HI 3l T& 7= (Table 9), lEFE RKBEHI D p-7L Y — L
70%DIL R T, EHRKREHN ORI AF L LILT PRLARU VLTIV T, EHIC
B WL T 20 (L IZE AN TE7z, SHIZ, Grignard iR E A2 H W TAF L E 99% D
= THATE (Entry 5), K3 — R F#A Ml & & i 20 R AYISTE L TE 7721 T2<,
AT AR = VST YN ES E ®EAISE A TE72 (Entries 6 and 7).
Flo, FHEBRRKRER THD N-AF LA R =Lt 97T%ENImWINETHBY %

BHZENTE7 (Entry 8),

Table 9
DMSO (1.0 equiv)
TFAA (1.0 equiv)
N then Nu (5.0 equiv) N
I
PMB PMB
26d 27
Entry Nu 27 R Yield (%) Entry Nu 27 R Yield (%)
1 MeOH 27d  OMe 95 5 MeMgBr 270 Me 99

X 6 < MgBr 2TV X quant.
2 Me OH (0] Me 70

27u

7 A~ MgBr 27w NS quant.
3 TMSN3 27j Nj quant.
g 27n [/ 97
4 BnNH, 27k NHBn 82 N N
Me Me

LI EDEIIz, FH 1L DMSO & TFAA MLAELDZ AL KR=U Al L 2,3-0 & i A
YRV BXUOSRER L2 OGS, 47 F[# interrupted Pummerer SO Z2 i H L
AR =N 20 (LU Ry MERERAC OIS 2B JE LTz, 7236, IT4F 20 {7 & #i A
YR—VEE RO EWTEMEDE B AL O TEBY (Fig. 3), flx X7 =/ F &

PR ITHIH R R TFRY Z BARGEME 1580 3 XU LTI @ #IRIT P HPV
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T M 1200 23 R R B E ML 1P PGDa s A RIS I 109 Al In TR, Zh

SALE Y RE DR R B E RRE OB FEHFZE 235 FE AT b Tnd,

Fig. 3

R? Br
N N Ph N P

ke o@—u H o HN—( MeS(;Aze\\\kAr \%H

R', R? = Heterocyclic R =H, Me R
HEERTFRYSERES HFHPVE®S HPGD ZBAEMH

S

EHELZ 20 (LIZEATELET TR, Ex D
Grignard s Z W THIEIZIRFE —RBM B LB TEDD RRWAEY

EVEWE DG RICA M7 07 ik L7 D A REME 2R D TV D,
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B _E
Interrupted Pummerer RS ZF AL 3afu B oAU RV A R IE DB 3%

3a (LM A RUE R 34 1T AEMIEERARYOIERE I THY, Ik

RAEMIEMENE R Z2E D TS (Fig. 4),0

Fig. 4

N™ 2 =)
H H I H Me
0 © Me
(+)-Psychotriasine (42) (+)-Gliocladin C (35) (+)-Folicanthine (36)
EERERE B mEmEEE MERE®
W NHMe o
HNTN\ N
HN B
H
% HQO
- 3a N: N
H 2
+)-Psychotrimine (41) o H
NEEH (+)-iso-Naseseazine B (37)
MIC 16 ug/mL EERBE
0] o]
NH N
-ul\ 3
\ HN Ph — HN H
0] HN (0]
o N
2 % HP
3a ~ =
N = >/J —N
H H "//< N l’_l >//:Q
(+)-Pestalazine A (40) (+)-Hodgkinsine (39) (+)-Naseseazine B (38)
RHIVIES RIESES EERERE

ED50 47.6 HM |C50 1.67 pg/mL
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RTH, EraA RO 3a (IR FE — RFEM G TARIVENEHR LT
BN Z MO TEY, fl 21X, C3a-C3HE G %A THH K (C3a-C3"HH#) %
A 9% gliocladin C (35).17) C3a-C3a’ . & 1A T& % folicanthine (36).®) C3a-C5’
#5 & &1 iso-naseseazine B (37).1% C3a-C6' CTi& A L7- naseseazine B (38).19
C3a-C7'f& & @ hodgkinsine (39)29) <> pestalazine A (40)2Y) 72X FE Bl TH D,

F 72/ T, psychotrimine (41)?2 <> psychotriasine (42)%®) 72&? C3a-N1'f
BEATOHRBYOME SN TEY, ZHUZEW 3a-A R raAf R E 1
HEGLIE DB R BN BAETE I ZES LTV D,

C3a-C3" B FILOPI EL T N7 M7 7 BB RO RFICLY 3a-7 uE
EaaA R 43 LU SR LAV R — LV E2 OGS E 5715 (EqQ. 19)2%) 00
VR w7 2l 2 - T 2-TR VLA R— L G S5 05 1 (Eq. 20)240) 3%

éo

Eq. 19

o
PhSO, N = >7J
F>hso2 2 O | H

PhSO, O
43
Eq. 20
CO,Me CHO
2 Br2 COzMe N OHC
CO,M
NHBoc NB [Ru(bpy)sCly] o
c':sz oc Blue LEDs N \
720 ' H Boc
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F7- . C3a-N1UB S ELLTiE, 3a-7 aEau s N 44 |28 A7 LT
T CAVR =NV EIGESEDLHEOR (Eq. 21).2%5%) 7=UZ NIS Z/EH S8, Fi<
N)FRZIVFHEREDR ST, 3a-7 =V /v una AR 45 L L7~ . Larock ® 5

ETAVR— VB ~EHT 551 (Eq. 22)%50) NRiESH TS,

Eq. 21

Br QN>\ CO,Me \
COMe H 'BuOK
N ) N
| Boc

Boc I
éOCH Boc

44
64%

Eq. 22

Larock indole NHCO-,Me

©iNH N|S @/ synthesis 2
{  NHCO,Me 2 —_—

H

H COZMe 'H ‘co,Me

45

LML, Bl OWT DK IES, 3a-A > RU e ra A RU L H i ORI T
RE2BET L2, mli e ETm oW ELEM 528, KINKRTH
DIEMRBELL TSN TVD, T, TNLTNOEIEICEWT, 3a fLIZHA
AIREZRE B IL O IIRON TEY . PLHMEO &S WE R ZIE OB R RDL
LTz,
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ZITEHRIT. B -ETRAN23-DVEBAR—LD 20 (LB HE ARG IZ
BWT, EHIZ3NMEHALR—LTHLN T ZI 46 i H 4 HE e rra
RUCEREZT RN THEE TELE T L, 3705, DMSO/TFAA MnHAL
DANVR=D LFEIT 46 DS E  AI=0 L 47T OMEHORAL, FA4 =0 L [ K
48 2B DR AL OE B 238 FE L TR X, 3a L ERErr A RY U F i

34 Z UV Ry NTHEE TEHEWVIHIRER A2 FEITH 98123 F L7 (Scheme 5),

Scheme 5
O  TFAA OCOCF;
T S.  "OCOCF
Me” "~ "Me Me” 1 "Me 3
\ Me,S" Me,S' Nu
Nu
{|  NHRZ.. - NHR2 --> e %
+. \/ N\ N\
N1 N‘) N1 H R? N1 H R?
R R! R R
46 47 48 34
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BLIE AVFA=ULBEEAVWE JaffE#RY AU NIVERELER S OB R

FTEF L ANVKR=ULMEICED 3a L E e an A R R 5 OG5 5
B3R B - EORIGERBEDOR I (DMSO/TFAA) &G &% VT
S &1T 7= (Table 10), XL O, AV R — /L ERNEE D N-Boc N7 X
46a lZxf L, Yruna A% IR 1 -40°C T DMSO & TFAA s S 7% | k%
AIELT N-AF AR —VEFEIRTIZZE, JRE 462 2RI T 5H0OO, ILHE
38% CHM® 3a-(3-A R aa AR 34a #4537 (Entry 1), 1K —/L &
% EOBEBRILORFTZIT o726 £ Boc £ TIISE S EAT 3, JFURHEI I D A
Th-o7= (Entry 2), E T GEMHEOATFT VL TIZIEBNY 34c % T4% TH 2 7=
(Entry 3), Ht\WC, AF VLI E S WU DV ET UV TEBHBR LY 46d
L4be HWEZA, ENEH Y 34d BEO 34e IR R THY, 2 fLl2A
VR—UEHLR 49d & 49e M EA M) E7ro7= (Entries 4 and 5), 7238, AR

DAH =X L% Scheme 6 DIHIZHEE L=,

Table 10

DMSO (1.0 equiv)

TFAA (1.0 equiv)
WNHBOC DCM, —40 °C

N then @—) O + \

| X N \

R \ N 4 Boc FI{ N

Me _
N NHBoc

46 N R Me
Me 34 49
(5.0 equiv)
Yield (%)

Recovery
Entry 16 R 34 49 of 46(%)

1 46a H 34a 38 49a - 34

46b Boc 34b - 49b - 96

46¢c Me 34c 74 49c - -
46d Bn 34d 7 49d 62 -

a A O DN

46e Allyl 34e 11 49e 60 -
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F79. HWW 34 OAFKIZ DWW TIL, DMSO & TFAA 2HAETH AL K= Lfd
DR FE R FICN T ZIVFFERNIKEL ., Hiily FNERBICED T A =7 L [
K 48 BWAEU, ZOH%RKEAELTMAT N-AF LAV R— L EDAF VAL T AR

BT HIETHELTLDTHD, — 7. 2 ML 49 (ZA=U L M 47
SO N-AFNVAR—= VORIV ECTZHEDTHDH, AT VIR v
BO7IVEOE GBS, HHIE 47 O N3 I Sh, 47 & 50
O DM A3 47 ITH W2 EEZbND, 22T, TR 50 o7 mh 2
TAUL 48 ~oEAEESI, B 34 OIEM BITHORNLEE X KL

FNA~OE R ORI E R E LTz,

Scheme 6
pmso | MesS Me,S’ Me,S "
\ NHBoc . WNHBOC= ) -H
N N Y NH N
N i\ i) H Boc N H ‘Boc
R | a7 50 48 R i
46
R =Bn
N
Me
NHBoc
OO
N
poW
Me

HEIC46d B 46e W HE LU CDTBP 2T 5L, TAIEY, Table
10, Entry 4 3L N5 OfE AT~ H YY) 34d & 34e DL 3 W L7 (Scheme

7)o
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Scheme 7

DMSO (1.0 equiv)
TFAA (1.0 equiv)

DTBP (2.0 equiv) NHBoc
DCM, —40 °C
\ NHBoc ’ > +
then \\
N
. ) AN, N
R N Y H Boc R N,
I\I/l R Me
e
R = Bn: 46d (5.0 equiv) R = Bn: 34d (43%) R = Bn: 49d (9%)
R = Allyl: 46e R = Allyl: 34e (18%) R = Allyl: 49e (not detected)

ReWNT, SHRDPUG SR O E b Z B L. 46e ZEEIZHWT, BREKY
IZDOWTHR 21T o748 ] (Table 11), —78 °C T Tf20 TA/LAR=D LFE 23 A
EHDHEULED 65%~[[ L L7 (Entry 2), /2. REA 2Nz 7-% . shin%
0°C ~FIESEHZLET 34e DR FEHIZHESN (Entry 3), SRE A% 5 Y4 &
26 1Y EICHIRL ThE WINR T 34e 2 525203 bh-o7= (Entry 4), 725,
REMIIREMIZEZAONDA R —VEFR EOKENAT VI TEBLI NI
FE 46¢ IZHi#E H TX (Entry 5), TIVE R EAMNT VAN AR= VI TRELE

46 (2B TIL 95% &) i W ER T H By 34f Z24537- (Entry 6),

Table 11

DMSO (1.0 equiv)
Acid Anhydride (1.0 equiv)

5 DTBP (2.0 equiv)
\\ NHR DCM, Temp. A~
l}l thenCZj
R? \
‘B2
46 N N R

I
Me Temp. B 34

Acid Temp. A Temp. B N-Me indole 34 Yield (%)

Anhydride  (°C) (°C) (equiv)
1 46e Allyl Boc TFAA —40 —40 5.0 34e 48
2 46e Alyl Boc  Tf,O 78 -78 5.0 34e 65
3 46e Allyl Boc Tf,0 78 0 5.0 34e 73
4 46e Allyl Boc  Tf,O -78 0 1.0 34e 72
5 46c Me Boc Tf,O -78 0 1.0 34c 71
6 46f Me CO,Me Tf,O -78 0 1.0 34f 95




KRIZ, Table 11 Theid b L7z SO G2 AW T, il 2 O KEZF 08 A % 1 5
L7z (Fig. 5)o £9 . BR REAELTHEFRTIVTHLT =V EHWHE, %
FIR TN 3afICEBRLIZALEY 349 %2 91% Tz, 72UV @8R IZ OV TH
FORER NTAICE RGN E R 7ZF G R CIEE IR T35 H 1
Yy 34h-K & 5 2 7= DIZKE L, T i 5 2 28 & H L7235 8 K 341, 34m TIXUL A
KT L7, FloN-AF LT =V 2 HWTY, SEEFRBROE F R 123 3a {7 1T & H#h
L2 L& W 34n DWAERKLTEZHDD  EDOE W N-AY 7 e’ /L7 =V Cldx 75
2RI EHE 340 LIRFBFFVEMLIAEW 34p BELT, SHIT B
RTIVELTRUDAT IRV T AT IV ERIGSE LA RN E NS H
F% 34q. 34r 5 272, L EXV, 73U DEZIF A E DO E S, RN

A7 &R VECI RIS B2 5 2 5 ENH LN ER- T,

Fig. 5
:R 'PrHN
HN Me\N iPI’\N O
()
N\ N\ N\ N\
N H co,Me N H Cco,Me N H Cco,Me N H coMe
Me Me Me Me
R = H: 349 (91%) 34n (83%) 340 (33%) 34p (40%)
NO,:  34h (91%)
CN: 34i (96%) -
CO,Me: 34 (93%) un”Eh Et—N’
Br: 34k (89%)
Me: 341 (74%) N N
OMe: 34m (38%) l}l H \Cone l\ll H \COZMe
Me Me
34q (30%) 34r (9%)
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Flo BERBAEL TRV FHEEERZ A, C3a-N1H k& O ARG L
7= (Table 12), £7°, & 46f ITxf L., R DS TRISEZITV, REAIEL TA
YRV 5la Z Wi, LT 3a-(1-( > L= Ern Ry 52 (IR % E T
HY ., HEEN ¥ Th o772 EHICONIR AT DDQ 2N A, BRLLT72ETA,
C3a-N1"B#4H 72 34s ZULHE 47% TH 7o, FRIFEIZ, Bl JLELT 5la OFF&

BRENAL TS LT EB 2 Doy BN 7o fr & MR OIREM 2 HE T, £ DT
W, B ERORERBIORISEOIE T4 HRIZ, 5la DR DVIC5 AL R 51b
EHWEEZA, IR @V IS T2 6 34t ZEIE (91%) TH 272, SHIC
TN — )Vl R DAL RIS Ble ZREEANTH WS R AR I IS 23 EITL
34u & 60% DI R TH 27z, UL EXY, AKBJSIE C3a-N1F ks &2 7R b TR £E

TEHMD TR D EH WG ThHhHIEZ BN LTZ,

Table 12
X
DMSO (1.0 equiv)
Tf,0 (1.0 equiv) R
NHCO.Me DTBP (2.0 equiv) AR DDQ
\ 2 DCM, -78 °C N (1.0 equiv)
N
,\Il then Indoline 25 0°C N"H \COZMe
Me (1.0 equiv) N, I\I/Ie
o N R
46f 0°C 1 H 34
L 52 Me -
R = CO,Me
Entry Indoline 51 Yield @ (%)
1 W\NHCOZMG WNHCOzMe 47 b)
N
H 51a
Br.
N
H 51b
3 Q_/CNcozl\Ae Q_/C NCO,Me g0
N
H 51¢

a) The yield after DDQ oxidation. b) Inseparable regioisomers were obtained.
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Table 12 O F1 LA ¥ 12, C3a-N1"B &% 75 KXW psychotriasine (42) @
FEIAAIZHE H L7 (Scheme 8), T72bb TiRiE rTRER TV TREL
469 ZJFURHC, 51b Z R ZANCH W TG S, IE 52 DDQ THRIE 95L& 34v 3
UL 2 74% THEUZ, it W T, T UNAABIZED 53 ~EHi % | LIAIH ZH W THF &
BREANT U AN AR= VI DIEITLEITV, (2)-psychotriasine (42) & kL., & &

ARV T =R I REKDOLDE—F LT, 22

Scheme 8

Q—f\\ NHCO,Me
WNHCOW'G DMSO, Tf,0, DTBP, DCM  DDQ, DCM
,}1 then 74%
Allyl Br
N
51 H

469 AIIyI
34v

NHCO,Me
NHMe

RNClg+3H,0, EOH, H,0 LiAIHq, THF

H COzMe

H
(x)-Psychotriasine (42)

53

LLEDXIC 3N EH AL R — L ThDHN T ZILZFEHT A, 55 F [
interrupted Pummerer S 872 3a (L @ OO A RY L H K DU LRy MM 5L
BOSZBHH LTc, 20 T MEDIMMBINFEITE 2 5 R0, TIV REA
DY FENE L& @ S KT TLE RAIRVE LR A~DRBLP L)L, SHIC
ARV R A OB AN <AL BSOS IZXD C3a-N1F A FLIT P L, (2)-

psychotriasine (42) % TG pi Iz H L7-,



28 TARurAVRIVERBENIGSOBRBELERARM AR ~DRH

EAERRA R B TORRMIZZEAAFMLEL, EICry A BRT 7
IR OREY T ANV F RGO E NG R ISR ESTWD, fl2IX E
noA R DRE K THD folicanthine (36) °~T 1 - &EIKTHD
calycanthidine (54)?%) <° chimonanthidine (55)?") 72235 TEY (Fig. 6).
L —EHOLEW R ) TIE Vb o0 FLEEIE MRS, S IEHE, A7 =
VIR HINE RS SR EMTE AR TIE BED 2 2O rRA R U
75 C3a, C3af CRERBAFFHMEMP LICIVER SN RBELA T

HILIMBIEREZED R ARERIENRE SN TE,

Fig. 6
H Me
Me, H N HoH O
N H Me NH Me N H Me
Me Me Me
(+)-Folicanthine (36) (+)-Calycanthidine (54) (+)-Chimonanthidine (55)
nEREMN EEET AZ =R RANHE T

BN, Ay TV T ROSIZEOAR B2 E T H08EL T AT ZBBIZEE
U7 776k RIS BRI Al ZEH S, 1 TR TR Z&E21T9 714
(Eq. 23)18d:282d) O WY RTrUnBEEE LT 3a-8L = /1-288) F72 0% 3a-7 mE-
vrnAf R 8 T8 T Bk (Egs. 24 and 25), 1-ERaX R F XD

—#fb (Eq. 26)%9 NP INTWD,
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Eq. 23

CO,R3
\ NHR?
N
R1
Eq. 24
PhSe
CO,Me
N\
’\Il H Boc
Boc
Eq. 25
Br.
g CO,Me
- N\
N H COMe
SO,Ph
Eq. 26

MeO,

WN HAc

N

OH

(”BU)SSnz, hv

R']
|
RZ H
N
Oxidants 3
o, R0OC Z
8-41% @;@wzow
Oxidants: N = N, 9
MeMgl/FeCls ', H R
hV, 02 R
TI(OCOCF3),
PhI(OCOCF3),
V205

MeO,C
15%

PhSO,
MeO,C_ H
[CoCI(PPh3)s] 3
~ MeO,C
0% 2 CO,Me
B N\
N H co,Me
PhSO,
CHO
Ac, H N
N
HCO,H
MeO z

—N
RN
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— . ~7a " B{hEL Tk, LR Egs. 23-26 IR LI FIETIZFE LI RN
BV, ZhiE, BN T 7 7 Ui BARE ROG R FICRESEDE, AE &1k
ENTR BN A T2 THS, 289 BIEETCICHBINT-~Tr &1k
FIaE LT, NI T T 7o B BN ~T AV T 7 IR ERI=hy TV T RS 29
DHWHBIN, 2RO TRREETLIENHEE THD (Eq. 27),

Eq. 27

COQBn

CO,Me
M902C\ H [{l QOZMe
{ NHCO:Me N— MeO,C_ H g

N :
| BnO,C -
CO,Me ? HN._ 1.NCS  Bno,C
S0z CO,Me
8 st HN 2. hv 2
steps - CO,Me
CO,Me 2 —N,
—N, N {4 co,Me
\  NHCOMe EOHM CO,Me CO,Me
N o
CO,Me

FIT,EHITRICHFE L 3a (MEHBRE oAU R A BIEICBW T, R
AEL TR T ZIFE 8RR Z WL, P A 48 ~DRNI T X DBE | 56 D4y
TNEBRALOHEF S IZED, BAE A U R B R 57 2V Ry TR TED
EFERT, SHICAKFHEOFRBRICIY, FELFECN 72 FFEEEZ WD LRE
CEARNEL, REERRON T AIVFERTIEAT e D RIRPER T HEE

Z. WEt %47 -7 (Scheme 9),

Scheme 9
DMSO Me,S
N
é1
46
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9. NI T HIUFHEE R 46f (2 DMSO/TF0 Z Kt S JFUBK Y 2k % 12 SR A A
ELTLHED 46f 2 DE BHOKRE ZEARISBEITL, 78K 57a %
76%., AV/{K 58a % 21% C4#+7= (Scheme 10), i\ T 57a D AT T VR =L Ik
% Red-Al® (ZXViE st L., (x)-folicanthine (36) =& L7,

WIZ, Vo Rybh~7Ta " BlbE et L7z (Scheme 11), 46f (Z[RAE D K )i S 4
Zoo S EEHE R % L SREAIELTEE 46f CRQRDN) T ZI 558K 46h
EMATILZA BfF@EY~7 e ZR(b A&, Z &K 57b & 63%., 2DV T AT
LA~ —58b & 22% TH37=, fit W\ T Ak 57b DARR U AL =L M % Red-Al®
IZEDiE T L, (2)-calycanthidine (54) ~&E o, F/2, BIOREAIEL TR
HIv 46c L SEDE AT R IEIR 57c LEDOVT AT LA~ —32¢ BAEL,
— &K 58c D Boc {kEIE L AEFTV, (2)-chimonanthidine (55) Z& L7z, 72
. (2)-folicanthine (36). (x)-calycanthidine (54). (£)-chimonanthidine (55) X

FNENEFART VT — 2R & — L7z, 18:26.27)

Scheme 10

@—ngHCOZMe DMSO, Tf,0, DTBP, DCM
N then 46f
Me
46f

Red-A|®, toluene |: R= COzMe: 57a (76%) 58a (21%)
88% R = Me: (t)-Folicanthine (36)
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Scheme 11

DMSO, Tf,0, DTBP, DCM

then
NHCOzMe

\
N
M

Red-Al®, toluene E R = CO,Me: 57b (63%) 58b (18%)

92% R = Me: (1)-Calycanthidine (54)
WNHCOzMe

DMSO, Tf,0, DTBP, DCM

then

\ NHBoc

N
46¢c Me

1. TMSOTY, 2,6-Lutidine, DCM E R' = Boc, R? = CO,Me: 57c¢ (82%) 58¢ (16%)

2. Red-Al®, toluene R' = H, R? = Me: ()-Chimonanthidine (55)
83% (2 steps)

LLEDISIC, H " ETEHIIATEY TLAi72 DMSO & Tf,0 »bELDHA
JVR=T DFEICN) T H I LR A & KOS S interrupted Pummerer 5CS Z #%
ML7Z3afil @R oo, NI BRY VR MERE RIS ZB R LT, T T,
REHELTAURY U FFEAREZ VT, C3a-N1"B & DM ZEIZR I LTz, EBHIZ,
KFVEE AT (+)-psychotriasine (42) 0% TRARZEMRL. A L FED
AHMEEZRLUIZ, o, REAEL TR ZIFF 85K Z2 HWT, i i 5 MUk
R#AZHATHEAERRARYF R (C3a-C3aH #5) DU Ry M 4L SOE ~
JEBAL . AT E{K T /L ha AR (+)-folicanthine (36) & L7272 T/l Zh
EFCHEETCHoTe~Tr BBV Ry NTEBLEHE, (2)-calycanthidine (54)

B L O(z)-chimonanthidine (55) O & K& 1T>7-,
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ARSI Z DR EZ A OFEF %38 522 T, C3a-C3’, C3a-N1', C3a-C3a"F %
ZBIRAITHEF TEHE ARG RIETHY ., BE AW AL S D OGS
PEAR BAAE JE ~DE B K WICHI P S,
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E=E
XINANBXVREFHAVWEDF U F B ROR IS ~DREBH

FTNVANVRF R, Tl & DR FE IR FE G TS 21T D 7 i B FE 0
& B DO R FBAL FELTASAEBR G RICH WL TNS 3 ik, —FH o
TS FF = BIRWIIEV S T DT EPHLSNTNDLZE =BTV
Ne& B ~ORALREZ A L TWNDHIE, ANVARF I REALITIRE 5 IR E RE7e
ZENBEHRELTHEITOND, T, AFMBELL T, Eq. 288K U29IZ/RL72ED
(2. TVR — VRS 3 o Diels-Alder 5t TO R <0310 A2~ Rk A+
INRE3 (i H L7=Blbd2 (Eq. 30), FARFEANL LT, 23TV 0 Al
[ZE DT VAL & SOE3 LT VLT w R EANC AW T U AR R T
ORI AN S TS (Egs. 31 and 32), W 700D KGR H R FE 25 i WO AT R 3
WM THEE 215G TWD,

Eq. 28

Ar\ ,O OTMS Ar\ ,O

79%, 76% de

Eq. 29
o CO,Me 2+H S s
* < Me
S - 2
Ph” % + |‘| . ) \@[
heat
X CO,Me CO,Me
60%, 60% de
Eq. 30
o o
Y. PhMgBr é+ /PC
By S N7 Et Bu” >N YH
H H

100%, 92% de
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Eq. 31

. No el :
Pd(n3-C3Hs)Cll ! Sl -
MeO,C _CO,Me [ 5 MeO,C_ _CO,Me ! 1 * S
~ Chiral Ligand J 2 pTolTS STeTol
OAc NaOAc Ph X Ph E
/\)\ DCM '
Ph Ph 40%, 64% ee Chiral Ligand
Eq. 32
o
= _NHB
N/NHBZ /S*\' HN z
! + SiCl —»pTOI Me X
P s 3
=~ DCM

80%, 98% ee

IHIT FT AR REZ AW Pummerer S IZ DWW THER % 722 0F 22 23T
P TODEIN, AR O LEMEOELNME THAMETHS (Eq. 33).%2 Zn
1T B EE A DR E TAHELDFTNRALR=T LAFBK 59 25, Kb % FITAE

ETHET T — T =F L ERIELTTFIARALTIHK 60 252, i
WD =578t TH720THHEEZLNL TS,

Eq. 33
- B "OAc ]
0] Ac,0 (:)AC S CN
z, —_— 57 _CN S — pTol” Y~
e
pToI/S\/CN pTol 59 NG QAc OAc
87% ee pToI—§ N 29% ee
° OAc “OAc / OAc CN °
& N 60
pTol 7~ "
- ent-59
*

TXINVRANT TV DR EMZAAT-S  TET— T =4 DAy —EL LT DCC
IL

DEIN 3D A B (AR B FPE DX 7 =A L L7 DB KM O 300 R BIELLTH
RSN TODN, LY O FME DK T RBLN, LHR T EOXFTV T —2 LKW
TEICEETOHIEITEARELL TR ETDHD,

Ac,0, DCC S.__CO,Et
0] OAc
N Et
pTol S CO ] JJ\ 5
R'0” TOR S._CO,Et
>909% ce RO ORY o~ YT 70-86% ee
R' = Ac, R? = Et OR’
R'=TBS, R?=Me
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L, SEITB S L2y F M interrupted Pummerer 5 i % AR 75 B i~ & B 9
572 DMSOD R OVITE M BIKIZKF TV T 4 — %R Coxf ¥ 7 /L ALK
XN B EI L7 (Scheme 12), 77206 | Coft MF T /L ZA)LRF TR LR
KW ED I TAVR= A R6LNAE LD, AT T H R Lo A i
F0, 7ouX O RN EE LAV A=Y AR R62L 4TS, LsL, R
Wit R 2 FF DA VARF VR LT R R B NCo ML A 35720 SR K
A L7c ANVAR =D MMITE DAV =T M6LERI UL F R E70D  oy TR EL TP

M 2R FF TELEVIRFI R THD,

Scheme 12
RCO, OCOR
+
RVS\‘\\R
L (RCO),0 61 ROCO_ OCOR
—_—
R~ \,“‘R I RVS\.\\R
RCO; R =
Co-Symmetric Q?O / 62
chiral sulfoxide R\/S\‘\\R

AREZERB L5, 3EDCt T T /L ALKRRTR62a-cDB K AT, %
I BT T FARCH B R T AL RF U R62alt, (R)-BINOLDS BE 20 Coxf #1 5%
FNVALT 4R63a%) B AL, Hi WV TMCPBABA{L 2179 2L TANLKRF VR ~E
V7= (Scheme 13), 3,3°-Y7 == L-(R)-BINOL® [l K& 0> J7 1:340) % F T Cokf i
XTNANT 4R63b~F X S LFEROBILEITV., 62b~ZHiL 7= (Scheme 13),
o, ThTeRuF A7 2B AR THDH62¢F, FTAANF I UF — b E N

T2 Cof ¥ T /L AL 7 4 R63¢%9) ZfRib 352 L TH7= (Scheme 14),
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Scheme 13

OHHO
1. Tf,0, 2,6-Lutidine, DCM Q O NBS, AIBN
2. MeMgBr, Ni(PPh3),Cl, Cyclohexane
R =Hor Ph
Na28 9H,0 mCPBA, NaHCO3 aq.
R = H: 63a (23%, 4 steps) R = H: 62a (95%, >99.9% ee)
R = Ph: 63b (29%, 4 steps) R = Ph: 62b (95%, >99.9% ee)
Scheme 14
OH 1. MsCl, EtzN, DCM s mCPBA, NaHCOj aq. (S.)+
/-\/\/ o o
: 2. Na,S+9H,0, EtOH \Q DCM \Q
OH 0, o,
60% (2 steps) 63c 76% 62¢
> 99.9% ee
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FAZE R LT-Coxt FRFE TV AL ARF U R62a-ca W T, £THE N 72461
ERBEANIN-AF VAR — b2 v, RO et L7z (Table 13), B 77 F L8
D6a% AW =EZA, B 34ws® 7341%, 61% ee T H AL, 62bTH [Al B D fh
RERV ARSI BNTTHIBOCo FEF TNV ANVRE L RBRF R THLILND
o7z (Entries 1 and 2), — . 7h7eRkaF 47 =M o62c Tl I 4%
WML DR T 42500, &R T34wx 5 2 7- (94%. 35% ee; Entry 3), £7-.
Wi IR TV T 4 — %25 262d B L V622 L7 A, 3MWITALDZHL DD |

TRLEY=F o F A RRMEIT B L) -7 (Entries 4 and 5),

Sulfoxide 62 (1.0 equiv) Me\N
Tf,0 (1.0 equiv)
DTBP (2.0 equiv) ~/
\ NHCO,Me DCM, —-78 °C B
N

N then N-Me indole (1.0 equiv)

Table 13

| ERERRN
Bn 0°C N co,Me
34i Bn
(+)-34w
Entry Sulfoxide Yield (%) % ee® Rotation o o
SN v,
62a 41 61 (+) R R - S

1
2 62 40 58 +) Q O L 624
3 62¢ 94 35 ) =~ ) ]
4

)
62d 35 2 (+) O O 62c é+
5 62e 5 0 (2) Ph”" ~Bu
R = H: 62a 62e
a) % Ee was determined by chiral HPLC analysis. R = Ph: 62b

BT, Cott RF T L ALARF U R62c% F W TR G R 0K E1T -7
(Table 14), 7 IEBLIZOWTRFI LG R, V7uarF e hH MV CE
Ll =S UFABEIREN KIE I FL, THFETIiX44% ee~b T M icm ELT
(Entries 1 and 2), 7=, 7Er=FILE W TEEE AL ED-40 °CTRILEIT -
72LZAH, 66% eellmF U FARIRMED " E-72 (Entry 3), 2T, 7oA =K
NZEEH L, —78°CTRIGZATo7ofi R, =T U FABERMEITE T LIZLDOD | L

FIEKE GBS I (Entry 4),
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Table 14

62c (1.0 equiv)
Acid Anhydride (1.0 equiv)

DTBP (2.0 equiv)
2
W\NHR Solvent, -78 °C

N then N-Me indole (1.0 equiv)
% " 0e r34 R
Entry 46 R!' R? Acid Solvent 34 Yield (%) % ee
Anhydride
1 46i Bn CO,Me Tf,0 Toluene 34w 55 6
2 46i Bn CO,Me Tf,0 THF 34w 45 44
3@  46i Bn CO,Me T,0 MeCN 34w 65 66
4 46i Bn CO,Me Tf,0 EtCN 34w 91 45
5 46i Bn CO,Me  CF4CO,Tf EtCN 34w 80 81
6 46i Bn CO,Me TFAA EtCN 34w 73 92
7 46i Bn CO,Me TCAA EtCN 34w 57 94
8 46i Bn CO,Me Ac,0 EtCN 34w  n.d.? -
9 46d Bn  Boc TFAA EtCN 34d° 73 93
10 46g Allyl CO,Me TFAA EtCN 34x° 78 91
1 46f Me CO,Me TFAA EtCN 34f°) 81 82
a) Reaction was performed at —40 °C. b) Not detected.

c) The tentative absolute configuration was estimated from 34w.

RN e K W) D F 2 AT o Tl R L TR A R B K4 O CF3COLTFTIL81% ee,
TFAATIE92% ee, TCAATIL94% eel, KM DRE T DK TITHE-Tx
FoF AR N\ E L7 (Entries 5-7), L22L, IVE WK E M2 o 8ok
Hefg CId, BOSIEEST Lo 7= (Entry 8), UL EOfE R LV, Entry 6D )i 51
RS EL, WICHREDOBEHRIEICOW TR LIZEZA, ST/ D AR
AN R= NI EBoc KK ICE B LI246d0, AN —VER LOEBRILEZ TV
IZEZ 72469 TH, WR L F U F A B LHIT461% FH W2 FR LR AR OfG J &7
-7 (Entries 9 and 10), L/ L., AV F— 1V ERIIAF VI E2H 3 546F TILER
PE2ME T L (Entry 11), R EOEBRIERIO & @ IR INEICE BT L En b
272,
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T, INHORE R & A ITHE E IS H#EZE 23 L7 (Scheme 15), 7, N7
B ABIINF T IV AILIRF U R NS A UTe A LR = LA FE ISR BRI A I K B LTz
%, ADMEHDERALICEY | FA =T AP EAR6E1 AL D, IRIC, N-AF VAR —
IS DR B R T ICHEBE L, ANV T TU66% k14 fit <#EMERSS) ko T h
IALDN-AF NV AR = VEBAE BT IR T AL B L, 67T ~E#Si, AV T ¢

ROBLEEEF R lce A RUVEALEN-ATF LA R— LV E L NS T 528 T

AW E LT DO ThH D,
Scheme 15
"OCOCF,
CF4CO,
& é 2CF4CO, é+ CF5CO,
ot + S
—_—_—
N —CF4CO,H D
N
46i Bn NHCOzMe én CO2Me

N-Me indole \—CFscOZH

WA REHI ORI IOV THRFTA21T -7 (Table 15), 5 F R ZAILL T
ERIRTWEBBLOALR =L NN-UAF AT =V 0be, @mICE, &)
F AR IR IS TS Ba L E e m AR 34y L34z 2457~ (Enties
1and 2), /2. BFZREAI THDLN-AF AT =) oREBHOT =) ThH, B H

¥ 34aa BELON 34ab BAEL, O FHE L 90% ee LL ETHH-7= (Entries 3

44



and 4), SHI2, JFELEFRICN) 72V B8R 2R EZANCH W TERE &b E21T-
LA RIS N S B OE A ra A R 57d 23 91% ee CAERK L., 38

fot o DUk BR 58 A - F AR ITHE 88 T&TZ,

Table 15
62c (1.0 equiv)
TFAA (1.0 equiv) R
DTBP (2.0 equiv)
\ NHCOzMe EtCN, -78 °C - N
N then RH (1.0 equiv), 0 °C N} ‘co,Me
Bn
46i (-)-34%
Entry 34 Yield (%) % ee

34y 81 88

Iz A
A

y < z \)
N
H

2 MezNO MezN@§— 34z 72 91

2

O
O O
S
NHCO,Me

5 W ? W 57d 19° 91

N

[ I

Bn

34aa 80 90

T

34ab 79 91

CO,Me

a) The tentative absolute configuration was estimated from 34w.
b) Meso compound was also obtained in 8%.

BT AR F RIS DG AL FB A A EZB ST~ 8 ZE Tk~
psychotriasine (42) O7EIAEEZEH L, RS ~EB L7 (Scheme 16),
FTbH, N T ZIFEHEIT Co i HF TV ALBFUR ent-62¢ & TFAA &K
JRSH L REAELTAURY SR 51b 2N 2 7% . B HIC DDQ THe{kL . H

D 1-A R rRA L RY 2 (+)-34v & 91% ee DY Al E TR 7=, iV T it
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TV LR TTELT U, (+)-psychotriasine (42) DA REEMR LTZ, 7B, TDLt

JiE e FE T R AR LRI Bk DfE 2R LTz,

Scheme 16
ent-62c, TFAA

WNHCOZMe DTBP, ECN DDQ, DCM
N then 63%
| Br (2 steps)
Allyl
NHCO,Me
469

51b N

Br
NHMe
\ NHCOzMe \
N 1. RhCI3*3H,0, EtOH, H,0, 81% N

-

2. LiAlHg4, THF, 94%

N N,
- N H Me
—N, ?

N % coyMe H R

Allyl (+)-Psychotriasine (42)
(+)-34v [a]p?*° +101.0 (¢ 0.1, MeOH)
91% ee 1it.2%) [o]p "% +104.2 (c 0.1, MeOH)
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& o

EEIL, ANVEFXFY REBEADNOALDANLKT=TLFEE A v K—

JVFE & @ interrupted Pummerer SSIZ DO W THFZE L, IROH R %2157,

1. 7V = ALFEFY RFE TFAA DO A LD ANV EF = AflE W T
57 F[# interrupted Pummerer S 24TV, A & R— /b 20 (L ~ D & #L HH
ARG & R L, £7-. DMSO/TFAA # AW T, REEOHIR, AE

D — M d K OSKEZAI O 36 A #EUH O JEsRICHER ) L. — 89 72 & ik & fife

NL T,
OCOCF3;
S
- L Me”> Me OCOCF3; :
N Vo
N then Nu N

| | R

PMB PMB

Nu = MeOH OOH TMSN;  BnNH, %

N
MeMgBr  VinylMgBr  AllyIMgBr '

Me
2. NV HIVFHERZEEL, DMSO/THR0 LREZAI LD A A DEIZLD
interrupted Pummerer S 2 H L7 3a i B U RUL/F KT Ry ME
RSB FE Uiz, Fio, 2 REFNEMEH T 2722 T A RU KAl 2 H
W2 C3a-NI'E U U ARy MEFLIEL L L (£)-psychotriasine D4 A A IZ 1
A L7, SHIC, SRR EL TR 7 ZIU3F B R %2 v 8 e 27 D0tk o 56 %
BT HEAERRA LRI EEOT Ry MEFRIZE I LT, £72, @ H T 28
THAIVREA @ BEIEIRTLIET A O~Tr ZBIKU Ry MG L Z A
HL7c, K EALEEZIISTA2EAErRA U NIV KRR G R~ H L, KK
Y& A B8 APEE I BT,
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oTf R

T, -
§* OoTf
WNHRZ Me”“Me
. AN

N then Nu " R2

N, NN N, N,
H H Me I H Me N'H Me N"H H
Me Me Me
(x)-Psychotriasine (x)-Folicanthine (x)-Calycanthidine (x)-Chimonanthidine

3. FiBLICER LTz Co R FRF TV AN ARF U REHWWT, 3a &t rr A R
B DT T A RIRWIFE L L ZBA L., (+)-psychotriasine D& iz =2 L .

B bR A HEE R LT,

R
C,-Symmetric chiral sulfoxide
WNHRZ TFAA, DTBP, EtCN
- N
,\Il then Nu r\II H 'R2
R' R’

up to 94% ee

- Br
Nu % W NHCO,Me
N QNRQ N NHCO,Me
| | N
R Bn H

9 - i
n o Qg e
O O O |
=Y
E E E hoHMe E
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AMFFEIX ., interrupted Pummerer iz 32 A O @ WS ~EILRE LTS DO T
B, ANVKR=T LD FITH oM B ablebLc, £, RARMZ S DT AEWIE
PEWE OAREREICL, SHiceaaA/RIVT A IaARORF A KRS Al HE I

L7cZeinh, B2 L &I O & IE MEAH B e IC B Mk TED LS D,
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W

K LOERICHT=0, HBELRD TG T2 £ LR
BR% BHREHRILIVHEEZELET,

Flo, ERO®R ETHAxORRARCHEBIOBU R ZHREEZBHY £ L
IR R R @R R, MIIERBARICESHILEZH L LT £,

S5, FREOETICBWTEER IS, 2RRBHRZEH L
T IR HERE R Al O R ZZ 5 AN IS 7 A TREGH W T2 L £ 7,

HEEZIEREZBEMETID I, xR TIXHE., TWHHITE
WE LR ER R EL R E AR E O R R D IR EADHERIC
HALBH L EFET, 2ORPTH, ANFEOZITIC—HIH AL SN E
LEEmERREL aAME ¥t AR FELICESELEZHA L LT F
R

FHEERT — A EZWELTFI o BB ER KPR ¥ — DR
(LREXHER., PMEKE T, EHEFT) CESEHEL £,

RELNDS, FAFRNOBHEICED T T BMLLBELWIfRE,
THifEAG Y MR BE L L TOLEAPCHRICHEETDE >NITE2ENT

KTESHOoTHBEBRE JIFMEAEZERICLEIVEILEZH L LT ET,

Fpk 28 4 3 H

H %5 [E1%
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Experimental Section

I. General

All melting points were measured on a Yanagimoto micro melting point
apparatus, and are uncorrected. IR spectra were recorded on a Shimadzu IR
Prestige-21 spectrophotometer. *H and *C NMR spectra were measured on a
JEOL JNM-AL300 (300 MHz), a JEOL JNM-AL400 (400 MHz), a JEOL JNM-
ECS400 (400 MHz), or a JEOL JNM-LA500 (500 MHz) spectrometer with
tetramethylsilane as an internal standard. J-Values are given in Hertz. Mass
spectra were recorded on a JEOL JMS 700 instrument with a direct inlet system.
Elemental analyses were obtained using a Yanaco MT-6 elemental analyzer.
Optical rotations were obtained using a JASCO P-2200 polarimeter. Optical
purities were determined on a JASCO HPLC (PU-2089 plus, MD-2015 plus)
instrument equipped with Daicel Chemical chiral columns. Column
chromatography was carried out on a silica gel [Kanto Chemical Co. Inc. (Silica
Gel 60N, Spherical, neutral 40-100 um) or Fuji Silysia Co. Inc. (Silica Gel PSQ
60B)]. PTLC was performed Merck silica gel plates (60F254, 1 mm).

The following compounds have been prepared previously and characterized:
26¢,37® 26k,%7) 46b,3%) 46¢,%8") 46d,%8) 46e,%89 46f,38D 46,38 46h,%8Y 46i,380

51a,28" 51b,3%) 51¢,39%) 573,40 583,49 63a,3*®) 63b,34") and 63c.34%)
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I1. Experimental Procedures and Characterization Data

General procedure for synthesis of 26

Under a nitrogen atmosphere, to a suspension of NaH in dry DMF was added
starting material at 0 °C. After stirring for time-1, tetrabutylammonium iodide
and 4-methoxybenzyl chloride were added to the above reaction mixture, and
stirred at room temperature for time-2. After the neutralization with saturated
aqueous NH4CI, the mixture was extracted with DCM three times. The combined
organic layer was washed with brine, dried over MgSO4 and concentrated. The
residue was chromatographed on a column with n-hexane/AcOEt as an eluent to

provide 26.

9-(4-Methoxybenzyl)-1,2,3,4-tetrahydro-9H-carbazole (26d)

NaH (0.36 g, 60%, 9.0 mmol); DMF (30 mL); 1,2,3,4-Tetrahydrocarbazole (1.0
g, 5.8 mmol); Time-1 = 20 min; Tetrabutylammonium iodide (41 mg, 0.58 mmol);
4-Methoxybenzyl chloride (0.95 mL, 7.0 mmol); Time-2 = 2.5 h; 26d (4.6 g, 90%).
Colorless oil.

IR (CHCI3): 3007, 2934, 1512, 1466, 1246, 1223 cm™L.

IH NMR (400 MHz, CDCls): 5 1.82-1.94 (4H, m), 2.63 (2H, t, J = 6.0 Hz), 2.75
(2H, t, J = 6.0 Hz), 3.74 (3H, s), 5.17 (2H, s), 6.78 (2H, d, J = 8.6 Hz), 6.93 (2H,
d, J = 8.6 Hz), 7.04-7.12 (2H, m), 7.22 (1H, m), 7.49 (1H, dd, J = 7.1, 2.2 Hz).
13C NMR (100 MHz, CDCl3): § 21.2, 22.3, 23.3, 23.4, 45.7, 55.2, 108.9, 109.7,

113.9, 117.6, 118.6, 120.5, 127.2, 127.3, 130.2, 135.3, 136.3, 158.5.
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MS (E1): m/z (%) 291 (M*, 58), 121 (100).

HRMS (EI): m/z Calcd for C20H2:NO: 291.1623; Found: 291.1623.

4-(4-Methoxybenzyl)-1,2,3,4-tetrahydrocyclopenta[b]indole (26€)

NaH (0.39 g, 60%, 9.6 mmol); DMF (32 mL); 1,2,3,4-Tetrahydrocyclopenta-
[b]indole (1.0 g, 6.4 mmol). Time-1 = 15 min; Tetrabutylammonium iodide (45
mg, 0.64 mmol): 4-Methoxybenzyl chloride (1.0 mL, 7.7 mmol); Time-2 = 15
min; 26e (1.5 g, 84%).

White powder.

Mp 62-64 °C.

IR (CHCI3): 3007, 2955, 2936, 1512, 1458, 1246 cm™.

'H NMR (400 MHz, CDCls): § 2.49 (2H, quint, J = 6.6 Hz), 2.73 (2H, t, J = 6.6
Hz), 2.85 (2H, t, J = 6.6 Hz), 3.72 (3H, s), 5.12 (2H, s), 6.66-6.83 (2H, m), 6.91-
7.03 (2H, m), 7.03-7.12 (2H, m), 7.19 (1H, m), 7.42 (1H, m).

13C NMR (100 MHz, CDCls): & 24.7, 25.3, 28.5, 47.8, 55.2, 109.7, 113.9, 118.0,
118.4, 118.9, 119.9, 124.4, 127.8, 129.9, 140.9, 145.9, 158.7.

Anal Calcd for C19H19NO: C, 82.28; H, 6.90; N, 5.05; Found: C, 82.17; H, 7.04;

N, 5.03.

5-(4-Methoxybenzyl)-5,6,7,8,9,10-hexahydrocyclohepta[b]indole (26f)

NaH (0.34 g, 60%, 8.6 mmol); DMF (28 mL); 5,6,7,8,9,10-Hexahydro-
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cyclohepta[b]indole (1.1 g, 5.7 mmol); Time-1 = 10 min; Tetrabutylammonium
iodide (42 mg, 0.57 mmol); 4-Methoxybenzyl chloride (0.80 mL, 5.7 mmol);
Time-2 = 15 min; 26f (1.4 g, 80%).

White needles.

Mp 70-72 °C.

IR (CHCI3): 3007, 2924, 1512, 1466, 1246 cm™.

IH NMR (400 MHz, CDCls): § 1.65 (2H, quint, J = 5.4 Hz), 1.74 (2H, quint, J

5.4 Hz), 1.83 (2H, quint, J = 5.4 Hz), 2.71 (2H, t, J = 5.6 Hz), 2.84 (2H, t, J

5.6 Hz), 3.63 (3H, s), 5.13 (2H, s), 6.66-6.76 (2H, m), 6.76-6.86 (2H, m), 7.05
(2H, dd, J = 6.0, 3.2 Hz), 7.15 (1H, dt, J = 3.2, 6.0 Hz), 7.49 (1H, dt, J = 3.2, 6.0
Hz).

13C NMR (100 MHz, CDCls3): & 24.5, 26.5, 27.2, 28.5, 31.7, 45.7, 55.1, 108.9,
113.8, 113.9, 117.4, 118.6, 120.3, 126.8, 127.8, 130.3, 135.5, 138.6, 158.4.

Anal Calcd for C21H23NO: C, 82.58; H, 7.59; N, 4.59; Found: C, 82.58; H, 7.74;

N, 4.56.

1-(4-Methoxybenzyl)-2,3-dimethyl-1H-indole (269)

NaH (0.62 g, 60%, 15 mmol); DMF (50 mL); 2,3-Dimethylindole (1.5 g, 10
mmol); Time-1 = 10 min; Tetrabutylammonium iodide (0.37 g, 1.0 mmol); 4-
Methoxybenzyl chloride (1.7 mL, 12 mmol); Time-2 = 10 min; 26g (1.2 g, 44%).
Yellowish oil.

IR (CHCI3): 3007, 2916, 1612, 1512, 1468, 1246, 1175 cm™,

IH NMR (300 MHz, CDCls): & 2.260 (3H, s), 2.264 (3H, s), 3.71 (3H, s), 5.19
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(2H, s), 6.64-6.80 (2H, m), 6.80-6.97 (2H, m), 7.02-7.13 (2H, m), 7.19 (1H, m),
7.51 (1H, m).

13C NMR (100 MHz, CDCls): 8 9.0, 10.3, 46.0, 55.2, 106.8, 108.7, 114.0, 117.8,
118.6, 120.6, 127.0, 128.5, 130.2, 132.2, 136.2, 158.5.

MS (EI): m/z (%) 265 (M*, 48), 121 (100).

HRMS (EI): m/z Calcd for C1sH19NO: 265.1467; Found: 265.1464.

6-Methoxy-9-(4-methoxybenzyl)-1,2,3,4-tetrahydro-9H-carbazole (26h)

NaH (0.24 g, 60%, 4.8 mmol); DMF (20 mL); 6-Methoxy-1,2,3,4-tetrahydro-9H-
carbazole (0.80 g, 4.0 mmol); Time-1 = 15 min; Tetrabutylammonium iodide (0.15
g, 0.40 mmol); 4-Methoxybenzyl chloride (0.65 mL, 4.8 mmol); Time-2 =5 min,;
26h (1.2 g, 90%).

Colorless oil.

IR (CHCI3): 3005, 2936, 1512, 1481, 1207 cm™’.

'H NMR (300 MHz, CDCl3): § 1.74-2.02 (4H, m), 2.62 (2H, t, J = 5.9 Hz), 2.71
(2H, t, J = 5.9 Hz), 3.74 (3H, s), 3.84 (3H, s), 5.13 (2H, s), 6.73 (1H, dd, J = 8.8,
2.4 Hz), 6.74-6.84 (2H, m), 6.84-6.94 (2H, m), 6.96 (1H, d, J = 2.4 Hz), 7.08 (1H,
d, J = 8.8 Hz).

13C NMR (75 MHz, CDCls): & 21.1, 22.3, 23.2, 45.8, 55.2, 56.0, 100.2, 109.4,
109.6, 110.2, 114.0, 127.3, 127.7, 129.4, 130.4, 131.7, 136.3, 153.7, 158.7.

MS (El): m/z (%) 321 (M*, 83), 121 (100).

HRMS (EI): m/z Calcd for C21H23NO2: 321.1729; Found: 321.1730.
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6-Bromo-9-(4-methoxybenzyl)-1,2,3,4-tetrahydro-9H-carbazole (26i)

NaH (0.32 g, 60%, 8.1 mmol); DMF (27 mL); 6-Bromo-1,2,3,4-tetrahydro-9H-
carbazole (2.0 g, 5.4 mmol); Time-1 = 30 min; Tetrabutylammonium iodide (0.20
mg, 0.54 mmol); 4-Methoxybenzyl chloride (0.86 mL, 6.5 mmol); Time-2 = 65
min; 261 (2.5 g, 92%).

Yellowish oil.

IR (CHCI3): 3009, 2938, 2839, 1512, 1466, 1246, 1207 cm™.

'H NMR (400 MHz, CDCls): 5 1.69-2.08 (4H, m), 2.62 (2H, t, J = 4.8 Hz), 2.69
(2H, t, J = 4.8 Hz), 3.75 (3H, s), 5.14 (2H, s), 6.70-6.84 (2H, m), 6.84-6.89 (2H,
m), 7.05 (1H, d, J = 6.6 Hz), 7.15 (1H, dd, J = 6.6, 1.4 Hz), 7.59 (1H, d, J = 1.4
Hz).

13C NMR (100 MHz, CDCl3): § 21.1, 22.3, 23.16, 23.21, 45.9, 55.3, 109.5, 110.3,
112.0, 114.0, 120.3, 123.2, 127.2, 129.0, 129.6, 135.0, 136.8, 158.6.

MS (EI): m/z (%) 371 ([M*+2], 30), 369 (M™, 30), 121 (100).

HRMS (EI): m/z Calcd for C20H20BrNO: 369.0728; Found: 369.0732.

2-Ethyl-1-(4-methoxybenzyl)-3-methyl-1H-indole (26j)

NaH (0.72 g, 60%, 18 mmol); DMF (60 mL); 2-Ethyl-3-methyl-1H-indole (1.9 g,
12 mmol); Time-1 = 10 min; Tetrabutylammonium iodide (0.44 g, 1.2 mmol); 4-

Methoxybenzyl chloride (1.9 mL, 14 mmol); Time-2 = 5 min; 26j (2.5 g, 76%).
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Colorless oil.

IR (CHCI3): 3005, 2968, 2934, 1512, 1468, 1246 cm™?,

'H NMR (300 MHz, CDCl3): 5 1.09 (3H, t, J = 7.5 Hz), 2.29 (3H, s), 2.72 (2H, q,
J = 7.5 Hz), 3.73 (3H, s), 5.25 (2H, s), 6.63-6.80 (2H, m), 6.80-6.96 (2H, m),
7.00-7.20 (3H, m), 7.50 (1H, m).

13C NMR (75 MHz, CDCls): § 8.7, 14.5, 17.8, 45.9, 55.2, 106.3, 109.1, 114.0,
118.0, 118.8, 120.8, 127.1, 128.7, 130.5, 136.3, 138.3, 158.7.

MS (EI): m/z (%) 279 (M*, 45), 121 (100).

HRMS (EI): m/z Calcd for C19H2:NO: 279.1623; Found: 279.1621.
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General procedure for 2a-functionalization induced by sulfonium species
generated from diaryl sulfoxide (1.0 equiv)/TFAA (1.0 equiv)

Under an argon atmosphere, to a solution of 26 and sulfoxide (1.0 equiv) in
DCM (0.20 M) was added TFAA (1.0 equiv). After stirring for 10 or 90 min at —
40 °C or r.t.,, MeOH (10 equiv) was added to the above reaction mixture, and the
reaction mixture was stirred for 10 min at the same temperature. The reaction
mixture was neutralized with saturated aqueous NaHCO3s, then extracted with
DCM. The organic layer was washed with brine, dried over MgSQO4, and
concentrated under reduced pressure. The residue was purified by column

chromatography with n-hexane/AcOEt as an eluent to give 27 and 28.

For Table 1
9-Acetyl-1-methoxy-1,2,3,4-tetrahydro-9H-carbazole (27b)

ety

Ac OMe
Entry 2: 26b (0.10 g, 0.47 mmol); Diphenyl sulfoxide (95 mg, 0.47 mmol); DCM
(2.3 mL); TFAA (65 uL, 0.47 mmol); 90 min; MeOH (0.19 mL, 4.7 mmol); 27b
(10 mg, 9 %). (Recovery of 26b, 87 mg, 87%)
Colorless oil.
IR (CHCI3): 3007, 2943, 2824, 1730, 1456, 1443, 1375, 1364 cm™*,
IH NMR (300 MHz, CDCl3): & 1.71 (1H, tt, J = 13.2, 3.3 Hz), 1.80-2.20 (2H, m),
2.32 (1H, m), 2.57 (1H, ddd, J = 16.8, 10.8, 6.2 Hz), 2.83 (1H, m), 2.77 (3H, s),
3.46 (3H, s), 4.87 (1H, t, J = 3.3 Hz), 7.24 (1H, t, J = 7.5 Hz), 7.32 (1H, t, J =

7.5 Hz), 7.46 (1H, d, J = 7.5 Hz), 8.03 (1H, d, J = 7.5 Hz).

13C NMR (75 MHz, CDCls): § 17.1, 21.1, 26.9, 53.4, 56.6, 70.9, 115.8, 118.6,
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120.6, 122.7, 124.9, 129.0, 133.8, 136.2, 152.1.
MS (E1): m/z (%) 243 (M*, 1), 211 (43), 170 (12), 169 (70), 168 (100), 167 (47).

HRMS (EI): m/z Calcd for C1sH17NO3s: 243.1259; Found: 243.1263.

9-Methoxycarbonyl-1-methoxy-1,2,3,4-tetrahydro-9H-carbazole (27c¢)

o)

co,meMe

Entry 3: 26¢ (97 mg, 0.42 mmol); Diphenyl sulfoxide (86 mg, 0.42 mmol); DCM
(2.1 mL); TFAA (59 pL, 0.42 mmol); 90 min; MeOH (0.17 mL, 4.2 mmol); 27c
(22 mg, 20 %). (Recovery of 26¢, 69 mg, 71%)

Yellowish oil.

IR (CHCI3): 3007, 2943, 1695, 1371, 1308 cm™?,

'H NMR (300 MHz, CDCl3): & 1.72 (1H, tt, J = 13.9, 3.3 Hz), 1.78-2.20 (2H, m),
2.32 (1H, ddt, J = 13.9, 4.8, 3.3 Hz), 2.57 (1H, ddd, J = 17.4, 12.1, 6.0 Hz), 2.81
(1H, ddd, J = 17.4, 5.3, 1.6 Hz), 3.48 (3H, s), 4.05 (3H, s), 4.90 (1H, t, J = 3.3
Hz), 7.24 (1H, dt, J = 1.0, 7.2 Hz), 7.30 (1H, ddd, J = 8.4, 7.2, 1.3 Hz), 7.46 (1H,
ddd, J = 7.2, 1.3, 0.8 Hz), 8.03 (1H, dt, J = 8.4, 0.8 Hz).

13C NMR (100 MHz, CDCl3): § 17.1, 21.4, 26.5, 26.9, 60.0, 71.2, 115.6, 118.8,
121.4,122.8, 125.1, 129.2, 133.8, 136.3, 169.6.

MS (EI): m/z (%) 259 (M*, 2), 228 (23), 227 (100), 266 (15), 194 (16), 168 (37),
167 (56), 106 (27).

HRMS (EI): m/z Calcd for C1sH17NO2: 259.1208; Found: 259.1212.
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1-Methoxy-9-(4-methoxybenzyl)-1,2,3,4-tetrahydro-9H-carbazole (27d) and

Dimer 28d

Entry 4: 26d (0.12 g, 0.42 mmol); Diphenyl sulfoxide (85 mg, 0.42 mmol); DCM
(2.1 mL); TFAA (58 pL, 0.42 mmol); 10 min; MeOH (0.17 mL, 4.2 mmol); 27d
(44 mg, 32 %); 28d (40 mg, 33 %).

27d: Colorless oil.

IR (CHCI3): 3007, 2940, 1512, 1464, 1246 cm™.

'H NMR (400 MHz, CDCls): & 1.70-1.82 (2H, m), 1.95 (1H, m), 2.17 (1H, m),
2.61 (1H, ddd, J = 15.6, 10.1, 5.1 Hz), 2.84 (1H, dt, J = 3.8, 15.6 Hz), 3.33 (3H,
s), 3.65 (3H, s), 4.34 (1H, t, J = 3.8 Hz), 5.24 (2H, s), 6.66-6.80 (2H, m), 6.89-
7.00 (2H, m), 7.01-7.11 (2H, m), 7.17 (1H, d, J = 8.0 Hz), 7.51 (1H, d, J = 8.0
Hz).

13C NMR (100 MHz, CDCls): § 19.1, 21.3, 27.2, 46.2, 55.0, 55.6, 70.7, 109.4,
112.7, 113.7, 118.61, 118.62, 121.8, 126.4, 127.3, 130.3, 133.6, 136.9, 158.3.
MS (El): m/z (%) 321 (M*, 3), 290 (10), 289 (42), 287 (13), 121 (100).

HRMS (El): m/z Calcd for C21H23NO2: 321.1729; Found: 321.1730.

28d: Yellowish amorphous.
IR (CHCI3): 3003, 2936, 2837, 1512, 1462, 1246 cm™?,
'H NMR (400 MHz, CDCl3): & 1.12-1.34 (2H, m), 1.48 (1H, m), 1.70-1.97 (5H,

m), 2.10 (1H, m), 2.45-2.77 (5H, m), 3.70 (3H, s), 3.72 (3H, s), 4.50 (1H, d, J =

60



16.1 Hz), 4.63 (1H, d, J = 16.1 Hz), 4.75 (1H, t, J = 3.8 Hz), 4.96 (1H, d, J = 16.1
Hz), 5.10 (1H, d, J = 16.1 Hz), 6.39 (1H, d, J = 7.8 Hz), 6.66 (1H, d, J = 7.8 Hz),
6.68-6.72 (2H, m), 6.72-6.82 (2H, m), 6.82-6.93 (2H, m), 6.94 (1H, t, J = 7.8 Hz),
7.10-7.25 (2H, m), 7.25-7.32 (2H, m), 7.35 (1H, d, J = 7.8 Hz), 7.39 (1H, d, J =
7.8 Hz).

13C NMR (100 MHz, CDCls): § 17.6, 21.3, 22.3, 22.5, 23.3, 23.4, 33.5, 45.9, 46.7,
51.5, 55.3, 93.0, 105.6, 107.9, 109.4, 113.8, 113.9, 117.30, 117.33, 118.1, 122.6,
125.2, 127.1, 127.75, 127.83, 130.1, 130.4, 135.2, 136.3, 136.9, 137.7, 147.0,
150.1, 158.4, 158.48, 158.49.

MS (E1): m/z (%) 580 (M*, 42), 461 (13), 460 (37), 289 (23), 121 (100).

HRMS (EIl): m/z Calcd for Cs0H40N202: 580.3090; Found: 580.3089.
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General procedure for indole 2a-functionalization induced by sulfonium
species generated from di(p-tolyl) sulfoxide (3.0 equiv)/TFAA (3.0 equiv)
Under an argon atmosphere, to a solution of 26 and di(p-tolyl) sulfoxide (3.0
equiv) in DCM (0.20 M) was added TFAA (3.0 equiv). After stirring at —40 °C
for 10 min, MeOH (10 equiv) was added to the above reaction mixture, and the
mixture was stirred at the same temperature for 10 min. The resulting mixture
was neutralized with saturated aqueous NaHCOs3, then extracted with DCM. The
organic layer was washed with brine, dried over MgSQO4, and concentrated under
reduced pressure. The residue was purified by column chromatography with n-

hexane/AcOEt as an eluent to give 27.

For Table 4

3-Methoxy-4-(4-methoxybenzyl)-1,2,3,4-tetrahydrocyclopenta[b]indole (27¢)

Entry 2: 26e (65 mg, 0.23 mmol); Di(p-tolyl) sulfoxide (0.16 g, 0.70 mmol); DCM
(1.2 mL); TFAA (98 uL, 0.70 mmol); MeOH (95 pL, 2.3 mmol); 27e (52 mg,
72%).

Purplish oil.

IR (CHCIs): 3007, 2936, 1512, 1462, 1246 cm™.

H NMR (400 MHz, CDCls): 6 2.44 (1H, m), 2.63-2.85 (2H, m), 2.99 (1H, m),
3.23 (3H, s), 3.71 (3H, s), 4.93 (1H, t, J = 3.9 Hz), 5.17 (1H, d, J = 15.6 Hz),
5,27 (1H, d, J = 15.6 Hz), 6.70-6.85 (2H, m), 7.00-7.17 (4H, m), 7.22 (1H, d, J =
7.6 Hz), 7.49 (1H, d, J = 7.6 Hz).

13C NMR (100 MHz, CDCls): § 23.0, 35.1, 47.4, 54.5, 55.2, 110.2, 113.8, 113.9,
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119.0, 119.5, 121.3, 121.5, 123.7, 128.0, 130.0, 141.7, 143.0, 158.6.
MS (E1): m/z (%) 307 (M*, 3), 276 (11), 275(50), 121 (100).

HRMS (El): m/z Calcd for C20H21NO2: 307.1572; Found: 307.1575.

6-Methoxy-5-(4-methoxybenzyl)-5,6,7,8,9,10-hexahydrocyclohepta[b]indole

(27f)

\

N
PMB OMe

Entry 3: 26f (74 mg, 0.24 mmol); Di(p-tolyl) sulfoxide (0.17 mg, 0.72 mmol);
DCM (1.2 mL); TFAA (0.10 mL, 0.72 mmol); MeOH (98 uL, 2.4 mmol); 27f (46
mg, 57%).

Colorless oil.

IR (CHCI3): 3005, 2930, 1512, 1466, 1248 cm™.

IH NMR (300 MHz, CDCl3): § 1.56-1.80 (3H, m), 1.98-2.10 (2H, m), 2.28 (1H,
m), 2.81-3.02 (2H, m), 3.22 (3H, s), 3.74 (3H, s), 4.55 (1H, dd, J = 6.0, 2.1 Hz),
5.30 (1H, d, J = 17.0 Hz), 5.37 (1H, d, J = 17.0 Hz), 6.66-6.84 (2H, m), 6.84-7.00
(2H, m), 7.08 (1H, dt, J = 1.3. 7.0 Hz), 7.14 (1H, dt, J = 1.3, 7.0 Hz), 7.22 (1H,
d, J = 7.0 Hz), 7.56 (1H, d, J = 7.0 Hz).

13C NMR (100 MHz, CDCl3): & 23.4, 23.6, 28.3, 29.8, 46.1, 55.3, 55.8, 73.5,
109.4, 113.9, 116.2, 118.6, 118.9, 121.6, 127.0, 127.4, 130.3, 136.0, 136.2, 158.5.

HRMS (FAB): m/z Calcd for C22H2sNO2: 335.1885; Found: 335.1885.
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1-(4-Methoxybenzyl)-2-(methoxymethyl)-3-methyl-1H-indole (279)

Entry 4: 26g (0.11 g, 0.41 mmol); Di(p-tolyl) sulfoxide (0.28 g, 1.2 mmol); DCM
(2.1 mL); TFAA (0.17 mL, 1.2 mmol); MeOH (0.17 mL, 4.1 mmol); 27g (35 mg,
29%). (Recovery of 269 13 mg, 12%)

Yellowish oil.

IR (CHCI3): 3007, 2930, 1512, 1466, 1246 cm™?,

'H NMR (400 MHz, CDCl3): § 2.36 (3H, s), 3.28 (3H, s), 3.72 (3H, s), 4.52 (2H,
s), 5.34 (2H, s), 6.60-6.84 (2H, m), 6.84-7.00 (2H, m), 7.09 (1H, dt, J = 1.0, 7.8
Hz), 7.15 (1H, dt, J = 1.0, 7.8 Hz), 7.23 (1H, m), 7.57 (1H, m).

13C NMR (100 MHz, CDCl3): & 8.8, 46.3, 55.2, 57.1, 63.6, 109.5, 111.2, 114.0,
118.8, 118.9, 122.3, 127.3, 128.0, 130.5, 131.3, 137.0, 158.7.

MS (EI1): m/z (%) 295 (M*, 50), 264 (11), 121 (100).

HRMS (EI): m/z Calcd for C19H21NO2: 295.1572; Found: 295.1569.

For Table 5
1-1sopropoxy-9-(4-methoxybenzyl)-1,2,3,4-tetrahydro-9H-carbazole (27h)
iy )

\ O'Pr
Entry 2: 26d (0.12 g, 0.40 mmol); Di(p-tolyl) sulfoxide (0.27 g, 1.2mmol); DCM
(2.0 mL); TFAA (0.17 mL, 1.2 mmol); 'PrOH (0.30 mL, 4.0 mmol); 27h (67 mg,
51 %).
Colorless oil.

IR (CHCIs): 3005, 2970, 2936, 1612, 1512, 1464, 1246 cm™.
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'H NMR (300 MHz, CDCl3): § 1.16 (3H, d, J = 6.2 Hz), 1.18 (3H, d, J = 6.2 Hz),
1.64-1.92 (2H, m), 1.93-2.32 (2H, m), 2.64 (1H, ddd, J = 15.7, 10.2, 5.5 Hz), 2.88
(1H, ddd, J = 15.7, 5.3, 3.1 Hz), 3.71 (3H, s), 3.81 (1H, sept, J = 6.2 Hz), 4.59
(1H, t, J = 3.3 Hz), 5.29 (1H, d, J = 16.7 Hz), 5.36 (1H, d, J = 16.7 Hz), 6.65-
6.86 (2H, m), 6.86-7.00 (2H, m), 7.00-7.18 (3H, m), 7.51 (1H, dt, J = 8.0, 0.9
Hz).

13C NMR (75 MHz, CDCl3): § 18.5,21.2, 21.7, 24.1, 28.6, 45.7, 55.1, 66.5, 68.7,
109.5, 112.9, 113.9, 118.70, 118.74, 121.9, 16.7, 127.2, 130.5, 134.1, 137.1, 158.5.
MS (EI): m/z (%) 349 (M*, 5), 290 (13), 289 (48), 121(100).

HRMS (EIl): m/z Calcd for C23H27NO2: 349.2042; Found: 349.2040.

1-Azido-9-(4-methoxybenzyl)-1,2,3,4-tetrahydro-9H-carbazole (27j)
Cry )

NN
Entry 4: 26d (0.13 g, 0.45 mmol); Di(p-tolyl) sulfoxide (0.31 g, 1.4 mmol); DCM
(2.2 mL); TFAA (0.19 mL, 1.4 mmol); Trimethylsilyl azide (0.60 mL, 4.5 mmol);
27j (0.14 mg, 93%).
Yellowish oil.
IR (CHCI3): 3007, 2940, 2097, 1512, 1464, 1246 cm™?,
H NMR (300 MHz, CDCls): & 1.87-2.13 (3H, m), 2.15 (1H, m), 2.68 (1H, m),
2.92 (1H, m), 3.73 (3H, s), 4.43 (1H, t, J = 3.1 Hz), 5.27 (1H, d, J = 16.8 Hz),
5.37 (1H, d, J = 16.8 Hz), 6.72-6.82 (2H, m), 6.82-7.00 (2H, m), 7.06-7.26 (3H,
m), 7.55 (1H, d, J = 7.5 Hz).
13C NMR (75 MHz, CDCl3): § 19.2, 20.9, 30.4, 46.2, 53.1, 55.2, 109.7, 113.9,

114.1, 119.0, 119.3, 122.6, 126.3, 127.3, 129.8, 130.8, 137.3, 158.8.
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MS (E1): m/z (%) 332 (M*, 1), 290 (14), 289 (47), 121 (100).

HRMS (EIl): m/z Calcd for C20H20N4O: 332.1637; Found: 332.1641.

N-Benzylamino-9-(4-methoxybenzyl)-1,2,3,4-tetrahydro-9H-carbazole (27k)

L)

g NHBN
Entry 5: 26d (83 mg, 0.29 mmol); Di(p-tolyl) sulfoxide (0.12 g, 0.86 mmol);
DCM (1.4 mL); TFAA (0.12 mL, 0.86 mmol); Benzylamine (0.31 mL, 2.9 mmol);
27k (85 mg, 75%).
Colorless oil.
IR (CHCI3): 3007, 2936, 2839, 1612, 1512, 1464, 1454, 1246, 1223, 1175 cm™,
'H NMR (300 MHz, CDCl3): § 1.65-2.05 (3H, m), 2.23 (1H, m), 2.64 (1H, dt, J
= 15.4, 8.0 Hz), 2.85 (1H, dt, J = 15.4, 3.8 Hz), 3.72 (3H, s), 3.73 (1H, d, J =
13.0 Hz), 3.86 (1H, t, J = 3.5 Hz), 3.93 (1H, d, J = 13.0 Hz), 5.44 (1H, d, J = 16.5
Hz), 5.22 (1H, d, J = 16.5 Hz), 6.62-6.79 (2H, m), 6.79-6.90 (2H, m), 7.05 (1H,
dt, J = 1.3, 6.9 Hz), 7.11 (1H, dt, J = 1.3, 6.9Hz), 7.15-7.34 (6H, m), 7.51 (1H,
dt, J = 7.9, 0.7 Hz).
13C NMR (75 MHz, CDCl3): & 18.4, 21.2, 27.1, 45.7, 48.8, 50.9, 55.2, 109.4,
111.5, 113.9, 118.4, 118.7, 121.5, 126.76, 126.84, 127.3, 128.2, 130.8, 136.2,
137.0, 140.5, 158.5.

HRMS (FAB): m/z Calcd for C27H29N20 [M+H]*: 397.2280; Found: 397.2273.
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9-(4-Methoxybenzyl)-1-(1-methyl-1H-indol-3-yl)-1,2,3,4-tetrahydro-9H-

carbazole (27n)

Entry 8: 26d (50 mg, 0.17 mmol); Di(p-tolyl) sulfoxide (0.12 g, 0.51 mmol);
DCM (0.90 mL); TFAA (72 uL, 0.51 mmol); N-Methylindole (0.22 mL, 1.7
mmol); 27n (71 mg, 99%).

Yellowish amorphous.

IR (CHCI3): 3007, 2936, 1512, 1466, 1246 cm™.

IH NMR (300 MHz, CDCl3): § 1.73-1.88 (2H, m), 2.03-2.20 (2H, m), 2.75 (1H,
dt, J = 15.0, 7.7 Hz), 2.92 (1H, dt, J = 15.0, 4.1 Hz), 3.58 (3H, s), 3.72 (3H, s),
4.40 (1H, t, J = 4.1 Hz), 4.87 (1H, d, J = 16.5 Hz), 4.99 (1H, d, J = 16.5 Hz), 6.35
(1H, s), 6.58-6.70 (2H, m), 6.70-6.78 (2H, m), 7.06-7.17 (3H, m), 7.18-7.30 (3H,
m), 7.52-7.63 (2H, m).

13C NMR (100 MHz, CDCls): & 19.2, 21.3, 29.8, 31.2, 32.5, 45.9, 55.1, 109.1,
109.2, 110.6, 113.5, 117.0, 117.9, 118.56, 118.63, 118.7, 120.8, 121.3, 126.5,
127.15, 127.16, 127.9, 130.4, 136.7, 136.9, 137.0, 158.2.

MS (EI): m/z (%) 420 (M*, 100), 299 (13), 289 (39), 288 (29), 271 (18), 258 (16),
255 (11), 251 (16), 250 (13), 121 (68).

HRMS (EI): m/z Calcd for C29H28N20: 420.2202; Found: 420.2204.
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For Table 6
9-(4-Methoxybenzyl)-1-methyl-1,2,3,4-tetrahydro-9H-carbazole (270)
g )

1 Me
Entry 1: 26d (0.12 g, 0.41 mmol); Di(p-tolyl) sulfoxide (0.29 g, 1.2 mmol); TFAA
(0.18 mL, 1.2 mmol); DCM (2.1 mL); Methylmagnesium iodide (0.93 M solution
in Et20, 4.4 mL, 4.1 mmol); 270 (56 mg, 44 %).
White crystals.
Mp 106-108 °C.
IR (CHCI3): 3005, 2963, 2934, 1512, 1466, 1246 cm™.
'H NMR (400 MHz, CDCl3): 6 1.20 (3H, d, J = 7.1 Hz), 1.76 (1H, m), 1.82-2.00
(3H, m), 2.66 (1H, m), 2.84 (1H, m), 2.99 (1H, m), 3.73 (3H, s), 5.18 (1H, d, J =
16.6 Hz), 5.28 (1H, d, J = 16.6 Hz), 6.70-6.82 (2H, m), 6.82-6.98 (2H, m), 7.03-
7.13 (3H, m), 7.49 (1H, m).
13C NMR (100 MHz, CDCls): & 18.8, 21.0, 21.4, 26.5, 31.5, 45.9, 55.2, 109.0,
109.3, 113.9, 117.8, 118.7, 120.8, 126.9, 127.3, 130.2, 136.6, 139.8, 158.4.
Anal Calcd for C21H23NO: C, 82.58; H, 7.59; N, 4.59; Found: C, 82.72; H, 7.75;

N, 4.52.

1-Ethyl-9-(4-methoxybenzyl)-1,2,3,4-tetrahydro-9H-carbazole (27p)

Entry 7: 26d (0.10 g, 0.35 mmol); di(p-tolyl)sulfoxide (0.24 g, 1.1 mmol);
CH2Cl2 (1.8 mL); TFAA (0.15 mL, 1.1 mmol); Diethylzinc (1.0 M solution in n-

hexane, 3.5 mL, 3.5 mmol); 27p (85 mg, 76 %).
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Colorless oil.

IR (CHCI3): 3005, 2959, 2936, 1512, 1466, 1246, 1223 cm™,

H NMR (300 MHz, CDCl3): 8 0.95 (3H, t, J = 7.5 Hz), 1.30-1.70 (2H, m),
1.70-2.18 (4H, m), 2.66 (2H, dq, J = 15.4, 7.5 Hz), 2.81 (1H, dt, J = 15.4, 4.0
Hz), 3.72 (3H, s), 5.14 (1H, d, J = 16.7 Hz), 5.25 (1H, d, J = 16.7 Hz), 6.67-
6.80 (2H, m), 6.80-6.96 (2H, m), 6.97-7.15 (3H, m), 7.48 (1H, dt, J = 8.9, 3.5
Hz).

13C NMR (75 MHz, CDCls): § 12.4, 18.6, 21.1, 26.1, 33.5, 45.9, 55.2, 109.4,
109.5, 114.0, 117.9, 118.8, 120.8, 127.1, 127.5, 130.3, 136.8, 139.6, 158.6.
MS (EI): m/z (%) 319 (M*, 56), 290 (29), 121 (100).

HRMS (EIl): m/z Calcd for C22H2sNO: 319.1936; Found: 319.1936.

9-(4-Methoxybenzyl)-1-o0x0-1,2,3,4-tetrahydro-9H-carbazole (32a)

Entry 2: 26d (0.13 g, 0.43 mmol); Di(p-tolyl) sulfoxide (0.30 g, 1.3 mmol); TFAA

(0.18 mL, 1.3 mmol); DCM (2.1 mL); Methylmagnesium chloride (3.0 M solution

in THF, 1.4 mL, 4.3 mmol); 32a (49 mg, 37%).
Yellowish oil.

IR (CHCI3): 3009, 2934, 1653, 1512, 1462, 1246 cm™.

'H NMR (300 MHz, CDCl3): § 2.23 (2H, quint, J = 6.3 Hz), 2.65 (2H,t, J = 6.3

Hz), 3.04 (2H, t, J = 6.3 Hz), 3.74 (3H, s), 5.75 (2H, s), 6.70-6.88 (2H, m), 7.04-

7.13 (2H, m), 7.16 (1H, m), 7.34-7.38 (2H, m), 7.67 (1H, d, J = 8.1 Hz).

13C NMR (100 MHz, CDCls): § 22.0, 24.9, 29.8, 40.1, 47.4, 55.3, 110.9, 113.8,

120.1, 121.3, 124.9, 126.7, 128.0, 129.8, 130.5, 139.2, 158.5, 191.7.
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MS (E1): m/z (%) 305 (M*, 49), 121 (100).

HRMS (EIl): m/z Calcd for C20H19NO2: 305.1416; Found: 305.1420.

6-Bromo-9-(4-methoxybenzyl)-1-oxo0-1,2,3,4-tetrahydro-9H-carbazole (32b)

Entry 3: 26d (0.16 g, 0.56 mmol); Di(p-tolyl) sulfoxide (0.39 g, 1.7 mmol); TFAA
(0.23 mL, 1.7 mmol); DCM (2.8 mL); Methylmagnesium bromide (1.06 M
solution in THF, 5.2 mL, 5.6 mmol); 32b (0.10 g, 47 %).

Yellowish amorphous.

IR (CHCI3): 3011, 2949, 2936, 1659, 1512, 1464, 1275, 1246 cm™,

'H NMR (400 MHz, CDCls): § 2.20 (2H, quint, J = 6.2 Hz), 2.63 (2H, t, J = 6.2
Hz), 2.96 (2H, t, J = 6.2 Hz), 3.71 (3H, s), 5.70 (2H, s), 6.70-6.85 (2H, m), 6.98-
7.12 (2H, m), 7.21 (1H, m), 7.38 (1H, dt, J = 8.8, 1.5 Hz), 7.78 (1H, brs).

13C NMR (100 MHz, CDCls): § 21.8, 24.6, 40.0, 47.5, 55.2, 112.4, 113.2, 113.8,
123.6, 126.5, 127.9, 128.6, 129.4, 129.9, 130.4, 137.6, 158.6, 191.6.

MS (EI): m/z (%) 385 ([M*+2], 21), 383 (M*, 21), 121 (100).

HRMS (EI): m/z Calcd for C20H18N4O2Br: 383.0521; Found: 383.0522.
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General procedure for 2a-functionalization induced by sulfonium species
generated from DMSO (1.0 equiv)/TFAA (1.0 equiv)

Under an argon atmosphere, to a solution of 2 (1.0 equiv) and DMSO (1.0 equiv)
in DCM (0.20 M) was added TFAA (1.0 equiv). After stirring at —40 °C for 30
min, MeOH (5.0 equiv) was added to the above reaction mixture, and the mixture
was stirred at the same temperature for 10 min. The resulting mixture was
neutralized with saturated aqueous NaHCO3, then extracted with DCM. The
organic layer was washed with brine, dried over MgSO4, and concentrated under
reduced pressure. The residue was purified by column chromatography with n-

hexane/AcOEt as an eluent to give 27.

For Table 8

1,6-Dimethoxy-9-(4-methoxybenzyl)-1,2,3,4-tetrahydro-9H-carbazole (27Qq)

Entry 3: 26h (96 mg, 0.30 mmol); DMSO (21 uL, 0.30 mmol); DCM (1.5 mL);
TFAA (42 pL, 0.30 mmol); MeOH (61 uL, 1.5 mmol); 27q (80 mg, 76 %).
Colorless oil.

IR (CHCI3): 3005, 2940, 1512, 1483, 1246, 1207 cm™?,

IH NMR (300 MHz, CDCl3): § 1.65-2.10 (3H, m), 2.21 (1H, ddt, J = 13.7, 5.5,
2.8 Hz), 2.60 (1H, ddd, J = 15.5, 9.9, 5.5 Hz), 2.82 (1H, dt, J = 15.5, 5.5), 3.38
(3H, s), 3.74 (3H, s), 3.83 (3H, s), 4.37 (1H, t, J = 3.7 Hz), 5.25 (2H, s), 6.73-
6.84 (2H, m), 6.79 (1H, d, J = 8.6 Hz), 6.94-7.03 (2H, m), 6.98 (1H, s), 7.07 (1H,

d, J =8.6 Hz).
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13C NMR (75 MHz, CDCls): § 19.0, 21.3, 27.2, 46.4, 55.2, 55.7, 55.9, 70.8, 100.8,
110.3, 112.0, 112.5, 113.9, 126.8, 127.5, 130.6, 132.5, 134.5, 153.6, 158.6.
MS (E1): m/z (%) 351 (M*, 4), 321 (14), 320 (14), 319 (53), 317 (14), 121 (100).

HRMS (EIl): m/z Calcd for C22H25NO3: 351.1834; Found: 351.1837.

6-Bromo-1-methoxy-9-(4-methoxybenzyl)-1,2,3,4-tetrahydro-9H-carbazole

(27r)

Entry 4: 26i (0.13 g, 0.35 mmol); DMSO (25 pL, 0.35 mmol); DCM (1.8 mL);
TFAA (49 uL, 0.35 mmol); MeOH (71 uL, 1.8 mmol); 27r (98 mg, 70%).
Colorless oil.

IR (CHCI3): 3007, 2938, 1512, 1464, 1246 cm™’.

H NMR (300 MHz, CDCl3): § 1.66-2.04 (3H, m), 2.21 (1H, ddt, J = 13.5, 5.5,
2.9 Hz), 2.57 (1H, ddd, J = 15.2, 9.5, 5.5 Hz), 2.79 (1H, dt, J = 15.2, 5.5 Hz),
3.38 (3H, s), 3.73 (3H, s), 4.35 (1H, t, J = 3.5 Hz), 5.25 (2H, s), 6.72-6.87 (2H,
m), 6.87-7.02 (2H, m), 7.04 (1H, d, J = 8.6 Hz), 7.18 (1H, dd, J = 8.6, 1.8 Hz),
7.64 (1H, d, J = 1.8 Hz).

13C NMR (75 MHz, CDCl3): § 18.8, 21.1, 27.0, 46.4, 55.2, 55.8, 70.6, 111.1,
112.1, 112.6, 114.0, 121.5, 124.7, 127.5, 128.3, 130.0, 135.1, 135.8, 158.8.

MS (El): m/z (%) 401 ([M*+2], 7), 399 (M*, 7), 369 (20), 367 (21), 121 (100).

HRMS (EIl): m/z Calcd for C21H22BrNO2: 399.0834; Found: 399.0831.
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1-(4-Methoxybenzyl)-2-(1-methoxyethyl)-3-methyl-1H-indole (27s)

Entry 5: 26j (85 mg, 0.30 mmol); DMSO (22 uL, 0.30 mmol); DCM (1.5 mL);
TFAA (42 uL, 0.30 mmol); MeOH (62 uL, 1.5 mmol); 27s (77 mg, 82%).
Colorless oil.

IR (CHCI3): 3005, 2986, 2932, 1512, 1466, 1246 cm™.

IH NMR (300 MHz, CDCl3): & 1.43 (3H, d, J = 6.8 Hz), 2.36 (3H, s), 3.12 (3H,
s), 3.74 (3H, s), 4.74 (1H, q, J = 6.8 Hz), 5.36 (1H, d, J = 17.0 Hz), 5.54 (1H, d,
J=17.0 Hz), 6.70-6.82 (2H, m), 6.82-6.98 (2H, m), 7.00-7.19 (3H, m), 7.57 (1H,
m).

13C NMR (75 MHz, CDCl3): & 8.7, 21.7, 46.7, 55.2, 56.3, 72.0, 109.3, 109.6,
113.9, 118.6, 119.0, 121.8, 127.1, 128.4, 130.5, 134.8, 137.2, 158.5.

MS (EI): m/z (%) 309 (M*, 31), 277 (11), 121 (100).

HRMS (EI): m/z Calcd for C20H23NO2: 309.1729; Found: 309.1726.

9-Methoxy-10-methyl-6,7,8,9-tetrahydropyrido[1,2-a]indole (27t)

OMe

Entry 6: 26k (50 mg, 0.27 mmol); DMSO (19 uL, 0.27 mmol); DCM (1.4 mL);
TFAA (38 uL, 0.27 mmol); MeOH (55 uL, 1.4 mmol); 27t (40 mg, 61%).
Colorless oil.

IR (CHCI3): 3007, 2953, 2932, 2920, 1460, 1325, 1082 cm™.

IH NMR (300 MHz, CDCls): § 1.79 (1H, tt, J = 13.0, 3.3 Hz), 1.95 (1H, m), 2.18-
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2.60 (2H, m), 2.36 (3H, s), 3.37 (3H, s), 3.73 (1H, dt, J = 5.0, 11.5 Hz), 4.25 (1H,
ddd, J = 11.5, 5.9, 2.6 Hz), 4.66 (1H, t, J = 3.3 Hz), 7.11 (1H, ddd, J = 8.0, 7.4,
1.1 Hz), 7.20 (1H, ddd, J = 8.0, 7.4, 1.3 Hz), 7.26 (1H, dt, J = 7.4, 1.1Hz), 7.65
(1H, ddd, J = 7.4, 1.3, 1.1 Hz).

13C NMR (75 MHz, CDCl3): & 8.8, 17.9, 27.0, 42.3, 55.8, 69.2, 109.1, 109.2,
118.8, 119.1, 121.6, 128.3, 131.3, 136.4.

MS (EI): m/z (%) 215 (M*, 30), 185 (16), 184 (100), 183 (79), 182 (73), 180 (21),
169 (12), 168 (27), 167 (36).

HRMS (EI): m/z Calcd for C14H17NO: 215.1310; Found: 215.1311.

For Table 9
9-(4-Methoxybenzyl)-1-(4-methylphenyl)-1,2,3,4-tetrahydro-9H-carbazole

(27u)

Entry 2: 26d (0.14 g, 0.47 mmol); DMSO (33 pL, 0.47 mmol); DCM (2.3 mL);
TFAA (65 pL, 0.47 mmol); p-Cresol (0.25 g, 2.3 mmol); 27u (0.13 g, 70%).
Colorless amorphous.

IR (CHCI3): 3007, 2936, 1612, 1508, 1464, 1246, 1225 cm™..

H NMR (300 MHz, CDCls): & 1.74-1.94 (2H, m), 2.00 (1H, m), 2.29 (3H, s),
2.50-2.83 (2H, m), 2.95 (1H, ddd, J = 15.9, 4.7, 2.7 Hz), 3.73 (3H, s), 5.16 (1H,
d, J = 16.5 Hz), 5.26 (1H, d, J = 16.5 Hz), 5.35 (1H, t, J = 2.9 Hz), 6.65-6.77 (2H,
m), 6.77-6.85 (2H, m), 6.85-6.98 (2H, m), 7.00-7.10 (2H, m), 7.10-7.30 (3H, m),

7.57 (1H, d, J = 7.7 Hz).
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13C NMR (75 MHz, CDCl3): & 18.7, 20.4, 21.1, 28.2, 46.2, 55.1, 67.4, 109.6,
113.9, 114.0, 115.7, 119.0, 122.4, 126.5, 127.3, 127.6, 130.0, 130.2, 130.3, 132.5,
137.3, 155.1, 158.7.

MS (EI): m/z (%) 397 (M*, 1), 290 (16), 289 (55), 121 (100), 108 (10), 107 (11).

HRMS (EIl): m/z Calcd for C27H27NO2: 397.2042; Found: 397.2038.

9-(4-Methoxybenzyl)-1-vinyl-1,2,3,4-tetrahydro-9H-carbazole (27v)

Entry 6: 26d (0.11 g, 0.38 mmol); DMSO (27 uL, 0.38 mmol); DCM (1.9 mL);
TFAA (53 uL, 0.38 mmol); Vinylmagnesium bromide (1.0 M solution in THF, 1.9
mL, 1.9 mmol); 27v (0.12 g, quant.).

Colorless oil.

IR (CHCI3s): 3007, 2936, 1512, 1466, 1246, 1223 cm™.

IH NMR (300 MHz, CDCl3): § 1.72-2.10 (4H, m), 2.46-2.95 (2H, m), 3.45 (1H,
m), 3.70 (3H, s), 4.87 (1H, dt, J = 17.2, 1.5 Hz), 5.07 (1H, ddd, J = 10.3, 1.5, 1.1
Hz), 5.13 (1H, d, J = 16.7 Hz), 5.22 (1H, d, J = 16.7 Hz), 5.95 (1H, ddd, J = 17.2,
10.3, 6.9 Hz), 6.65-6.80 (2H, m), 6.80-6.92 (2H, m), 6.98-7.28 (3H, m), 7.50 (1H,
m).

13C NMR (75 MHz, CDCls): § 18.9, 21.1, 30.3, 36.7, 45.7, 55.1, 109.3, 110.7,
113.9, 115.9, 118.0, 118.7, 121.0, 127.1, 127.2, 130.5, 135.6, 136.9, 140.6, 158.6.
MS (EI): m/z (%) 317 (M*, 14), 121 (100).

HRMS (EIl): m/z Calcd for C22H23NO: 317.1780; Found: 317.1781.
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1-Allyl-9-(4-methoxybenzyl)-1,2,3,4-tetrahydro-9H-carbazole (27w)

Entry 7: 26d (95 mg, 0.33 mmol); DMSO (23 uL, 0.33 mmol); DCM (1.6 mL);
TFAA (45 pL, 0.33 mmol); Allylmagnesium bromide (0.70 M solution in THF,
2.3 mL, 1.6 mmol); 27w (0.11 g, quant.).

Colorless oil.

IR (CHCI3): 3005, 2936, 1612, 1512, 1466, 1246 cm™?,

IH NMR (300 MHz, CDCl3): § 1.57-2.10 (4H, m), 2.10-2.50 (2H, m), 2.50-3.00
(3H, m), 3.73 (3H, s), 5.01 (2H, m), 5.19 (1H, d, J = 15.0 Hz), 5.28 (1H, d, J =
15.0 Hz), 5.80 (1H, m), 6.69-6.83 (2H, m), 6.83-6.98 (2H, m), 7.00-7.40 (3H, m),
7.53 (1H, m).

13C NMR (75 MHz, CDCls): & 18.2, 21.0, 26.5, 31.4, 38.4, 45.9, 55.2, 109.5,
109.9, 114.0, 116.4, 118.0, 118.9, 121.0, 127.1, 127.4, 130.2, 136.8, 136.9, 138.5,
158.7.

MS (EI): m/z (%) 331 (M*, 30), 291 (29), 290 (100), 121 (78).

HRMS (EI): m/z Calcd for C23H2sNO: 331.1936; Found: 331.1941.
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General procedure for the synthesis of 3a-(3-indolyl)pyrroloindolines 34
(Table 10)

Under an argon atmosphere, to a solution of 46 (1.0 equiv) and DMSO (1.0
equiv) in DCM (0.20 M) was added Tf,O (1.0 equiv) at —40 °C. After stirring for
10 min at the same temperature, N-methylindole (5.0 equiv) was added to the
above reaction mixture, which was stirred additionally for 10 min at —40 °C. The
reaction mixture was neutralized with saturated aqueous NaHCO3, then extracted
with DCM (6 mL) three times. The organic layers were combined and washed
with brine (20 mL), dried over MgSO4, and concentrated under reduced pressure.
The residue was purified by column chromatography with n-hexane/AcOEt (2:1

to 1:2) as an eluent to give 34 and 49.

tert-Butyl 3a-(1-methyl-1H-indol-3-yl)-3,3a,8,8a-tetrahydropyrrolo[2,3-b]-

indole-1(2H)-carboxylate (34a)

'\,' H Boc
H

Entry 1: 46a (0.10 g, 0.40 mmol); DMSO (28 uL, 0.40 mmol); DCM (2.0 mL);
TFAA (56 pL, 0.40 mmol); N-Methylindole (0.25 mL, 2.0 mmol); 34a (60 mg,
38%); 46a (35 mg, 34%).

White amorphous.

IR (CHCI3): 3420, 1678, 1410 cm™?,

'H NMR (500 MHz, DMSO-ds, 80 °C): & 1.44 (9H, s), 2.41 (1H, ddd, J = 12.5,

6.0, 2.0 Hz), 2.74 (1H, ddd, J = 12.0, 10.0, 7.5 Hz), 2.86-3.28 (1H, m), 3.69 (3H,
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s), 3.75 (1H, dd, J = 9.0, 9.0 Hz), 5.52 (1H, s), 6.16 (1H, brs), 6.59 (1H, dd, J =
7.5, 7.5 Hz), 6.67 (1H, d, 8.0 Hz), 6.77 (1H, ddd, J = 7.5, 7.5, 0.5 Hz), 6.96-7.04
(2H, m), 7.07 (1H, s), 7.10 (1H, ddd, J = 7.0, 7.0, 1.0 Hz), 7.34 (1H, d, J = 7.5
Hz), 7.36 (1H, d, J = 7.5 Hz).

13C NMR (125 MHz, DMSO-ds, 80 °C): & 27.8, 31.8, 36.4, 44.8, 55.6, 78.6, 81.1,
108.3, 109.4, 117.0, 117.3, 118.2, 119.2, 120.8, 123.1, 125.3, 126.1, 127.5, 132.0,
137.3, 149.1, 152.9.

MS (EI): m/z (%) 389 (M*, 75), 334 (19), 333 (87), 316 (10), 289 (22), 261 (13),
260 (41), 259 (100), 257 (10), 246 (16), 245 (11).

HRMS (El): m/z Calcd for C24H2702N3: 389.2103; Found: 389.2105.

tert-Butyl 8-methyl-3a-(1-methyl-1H-indol-3-yl)-3,3a,8,8a-tetrahydro-

pyrrolo[2,3-b]indole-1(2H)-carboxylate (34c)

'\,‘ H Boc

Entry 3: 46¢ (97 mg, 0.35 mmol); DMSO (25 puL, 0.35 mmol); DCM (1.8 mL);
TFAA (50 pL, 0.35 mmol); N-Methylindole (0.22 mL, 1.8 mmol); 34c (0.10 g,
74%).

White amorphous.

IR (CHCI3): 1686, 1605, 1396 cm™?,

'H NMR (400 MHz, DMSO-ds, 80 °C): & 1.43 (9H, s), 2.29 (1H, ddd, J = 12.8,
6.4, 3.2 Hz), 2.69 (1H, ddd, J = 12.8, 9.2, 7.2 Hz), 2.96 (3H, s), 2.98-3.05 (1H,

m), 3.70 (3H, s), 3.91 (1H, m), 5.59 (1H, s), 6.50 (1H, d, J = 7.5 Hz), 6.59 (1H,
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d, J = 7.5 Hz), 6.90 (1H, d, J = 7.5 Hz), 6.94 (1H, d, J = 7.5 Hz), 7.03-7.12 (2H,
m), 7.13 (1H, s), 7.17 (1H, d, J = 7.5 Hz), 7.35 (1H, d, J = 7.5 Hz)

13C NMR (100 MHz, DMSO-ds, 80 °C): § 27.7, 31.8, 31.9, 37.4, 45.1, 55.0, 78.9,
87.3, 105.5, 109.5, 116.5, 116.9, 118.2, 118.9, 120.8, 122.9, 125.3, 126.3, 127.8,
132.5, 137.4, 150.0, 153.4.

MS (EI): m/z (%) 403 (M*, 78), 348 (22), 347 (100), 274 (29), 273 (77), 259 (16),
144 (12).

HRMS (EI): m/z Calcd for C2sH2002N3: 403.2260; Found: 403.2258.

tert-Butyl 8-benzyl-3a-(1-methyl-1H-indol-3-yl)-3,3a,8,8a-tetrahydro-
pyrrolo[2,3-b]indole-1(2H)-carboxylate (34d)

tert-Butyl (2-(1-benzyl-1'-methyl-1H,1'H-[2,3"-biindol]-3-yl)ethyl)carbamate

(49d)
BocHN
YaPe
N, N
N H Boc B N,
Bn 34d Me 49d

Entry 4: 46d (97 mg, 0.28 mmol); DMSO (20 pL, 0.28 mmol); DCM (1.4 mL);
TFAA (40 pL, 0.28 mmol); N-Methylindole (0.18 mL, 1.4 mmol); 34d (10 mg,
7%); 49d (83 mg, 62%).

34d: White amorphous.

IR (CHCI3): 1686, 1493, 1406, 1395 cm™:,

IH NMR (500 MHz, DMSO-ds, 80 °C): & 1.28 (9H, s), 2.35 (1H, ddd, J = 12.5,
6.5, 3.0 Hz), 2.76 (1H, ddd, J = 12.5, 9.5, 7.5 Hz), 3.16 (1H, dd, J = 16.0, 9.5

Hz), 3.70 (3H, s), 3.83-4.10 (1H, m), 4.61 (1H, d, J = 16.5 Hz), 4.72 (1H, d, J =
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16.5 Hz), 5.84 (1H, s), 6.35 (1H, d, J =7.0 Hz), 6.57 (1H, dd, J = 7.5, 7.5 Hz),
6.87 (1H, dd, J = 7.5, 7.5 Hz), 6.92-7.02 (2H, m), 7.02-7.15 (3H, m), 7.18 (1H,
dd, J = 7.0, 7.0 Hz), 7.22-7.32 (4H, m), 7.35 (1H, d, 8.5 Hz).

13C NMR (125 MHz, DMSO-ds, 80 °C): & 27.5, 27.9, 31.8, 37.9, 44.7, 49.3, 55.3,
79.0, 86.7, 105.4, 109.5, 116.8, 116.9, 118.2, 118.9, 120.9, 123.2, 125.2, 126.1,
126.40, 126.43, 127.8, 132.4, 137.4, 138.8, 149.2, 153.2.

MS (EI): m/z (%) 479 (M*, 56), 350 (15), 349 (48), 336 (27), 335 (100), 259 (18),
258 (11), 257 (19), 91 (13).

HRMS (EI): m/z Calcd for C31H3302N3: 479.2573; Found: 479.2575.

49d: White amorphous.

IR (CHCI3): 1703, 1600, 1506, 1462 cm™:,

'H NMR (500 MHz, DMSO-ds, 80 °C): & 1.31 (9H, s), 2.82 (2H, t, J = 7.5 Hz),
3.14 (1H, t, J = 7.5 Hz), 3.16 (1H, t, J = 7.5 Hz), 3.82 (3H, s), 5.23 (2H, s), 6.35
(1H, brs), 6.85 (2H, d, 7.0 Hz), 6.98-7.16 (6H, m), 7.20 (1H, dd, J = 7.0, 7.0 Hz),
7.25 (1H, dd, J = 4.5, 2.5 Hz), 7.32 (1H, d, J = 7.5 Hz), 7.39 (1H, s), 7.47 (1H,
d, J = 8.5 Hz), 7.67 (1H, dd, J = 6.5, 4.5 Hz).

13C NMR (125 MHz, DMSO-dg, 80 °C): § 25.5, 27.8, 32.1, 41.1, 46.5, 77.0, 104.0,
109.6, 109.9, 111.3, 118.1, 118.4, 118.8, 119.4, 120.6, 121.3, 125.8, 126.3, 127.5,
127.7,127.9, 130.1, 131.5, 136.2, 136.4, 138.2, 155.1.

MS (EI): m/z (%) 479 (M*, 29), 350 (27), 349 (100), 258 (14), 257 (30).

HRMS (EI): m/z Calcd for C31H3302N3: 479.2573; Found: 479.2580.
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tert-Butyl 8-allyl-3a-(1-methyl-1H-indol-3-yl)-3,3a,8,8a-tetrahydro-
pyrrolo[2,3-b]indole-1(2H)-carboxylate (34e)
tert-Butyl (2-(1-allyl-1'-methyl-1H,1'H-[2,3"-biindol]-3-yl)ethyl)carbamate

(49e)

BocHN
R O \ O
. N
" H Boc Allyl \ N,
Allyl 34e y Me 49e

Entry 5: 20e (0.12 g, 0.40 mmol); DMSO (28 nuL, 0.40 mmol); DCM (2.0 mL);
TFAA (56 puL, 0.40 mmol); N-Methylindole (0.25 mL, 2.0 mmol); 34e (25 mg,

11%); 49e (0.10 g, 60%).

34e: White amorphous.

IR (CHCI3): 1686, 1491, 1402 cm™?,

IH NMR (500 MHz, DMSO-ds, 80 °C): & 1.41 (9H, s), 2.29 (1H, ddd, J = 12.0,
6.0, 3.0 Hz), 2.72 (1H, ddd, J = 12.0, 9.0, 7.5 Hz), 3.00-3.15 (1H, m), 3.71 (3H,
s), 3.80-3.96 (1H, m), 4.01 (1H, dd, J = 17.0, 5.5 Hz), 4.09 (1H, dd, J = 17.0, 5.5
Hz), 5.08 (1H, dd, J = 10.5, 1.5 Hz), 5.21 (1H, dd, J = 17.0, 1.5 Hz), 5.74 (1H,
s), 5.86 (1H, dddd, J = 17.0, 10.5, 5.5, 5.5 Hz), 6.46 (1H, d, J = 7.5 Hz), 6.58
(1H, dd, J = 7.5, 7.5 Hz), 6.91 (1H, dd, J = 7.5, 7.5 Hz), 6.95 (1H, d, J = 6.5 Hz),
7.04 (1H, ddd, J = 7.5, 7.5, 1.5 Hz), 7.0-7.20 (3H, m), 7.36 (1H, d, J = 7.5 Hz).
13C NMR (125 MHz, DMSO-ds, 80 °C): & 27.7, 31.8, 37.9, 44.7, 47.5, 55.1, 78.9,
86.1, 105.5, 109.5, 115.2, 116.7, 118.2, 118.9, 120.9, 123.1, 125.2, 126.41, 126.44,
127.7, 132.4, 134.2, 137.5, 148.9, 153.2.

MS (E1): m/z (%) 429 (M*, 94), 374 (47), 373 (56), 329 (10), 300 (19), 299 (47),
81



286 (28), 285 (100), 259 (22), 258 (16), 257 (19), 245 (14), 170 (12).

HRMS (EI): m/z Calcd for C27H3102N3: 429.2416; Found: 429.2410.

49e: White amorphous.

IR (CHCI3): 1703, 1506, 1462 cm™.

'H NMR (500 MHz, DMSO-dg, 80 °C): & 1.30 (9H, s), 2.76 (2H, t, J = 7.5 Hz),
3.11 (2H, t, J = 7.5 Hz), 3.88 (3H, s), 4.48-4.66 (2H, m), 4.79 (1H, dd, J = 17.0,
1.5 Hz), 4.95 (1H, dd, J = 10.0, 1.5 Hz), 5.75 (1H, dddd, J = 17.0, 10.0, 5.0, 5.0
Hz), 6.32 (1H, s), 7.05 (1H, d, J = 8.0 Hz), 7.08 (1H, d, J = 8.0 Hz), 7.12 (1H,
dd, J = 8.0, 8.0 Hz), 7.22 (1H, dd, J = 8.0, 8.0 Hz), 7.30 (1H, d, J = 8.0 Hz), 7.35
(1H, d, J = 8.0 Hz), 7.44 (1H, s), 7.50 (1H, d, J = 8.0 Hz), 7.64 (1H, d, J = 8.0
Hz).

13C NMR (100 MHz, DMSO-ds, 80 °C): § 25.5, 27.8, 32.2,41.1, 45.4, 77.0, 103.9,
109.6, 109.7, 111.0, 115.4, 118.0, 118.3, 118.8, 119.3, 120.5, 121.2, 127.5, 127.7,
130.0, 131.1, 134.2, 136.2, 136.4. 155.0.

MS (El): m/z (%) 429 (M*, 22), 300 (23), 299 (100), 258 (14), 257 (34).

HRMS (EIl): m/z Calcd for C27H3102N3: 429.2416; Found: 429.2415.

Methyl 8-methyl-3a-(1-methyl-1H-indol-3-yl)-3,3a,8,8a-tetrahydropyrrolo-

[2,3-b]indole-1(2H)-carboxylate (34f)

N} co,Me

Entry 6: 46f (93 mg, 0.40 mmol); DMSO (28 uL, 0.40 mmol); DCM (2.0 mL);
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TFAA (56 uL, 0.40 mmol); N-Methylindole (50 pL, 0.40 mmol); 34f (0.14 g,
95%).

White amorphous.

IR (CHCI3): 1694, 1449, 1387 cm™,

'H NMR (300 MHz, DMSO-ds, 80 °C): § 2.32 (1H, ddd, J = 12.6, 6.6, 3.8 Hz),
2.73 (1H, ddd, J = 12.6, 10.0, 8.0 Hz), 2.95 (3H, s), 3.10 (1H, ddd, J = 11.7, 10.0,
6.6 Hz), 3.64 (3H, s), 3.72 (3H, s), 3.91 (1H, ddd, J = 11.7, 8.0, 3.8 Hz), 5.60
(1H, s), 6.52 (1H, d, J = 7.9 Hz), 6.58 (1H, ddd, J = 7.3, 7.3, 1.0 Hz), 6.89 (1H,
dd, J=7.1, 1.0 Hz), 6.92 (1H, ddd, J = 7.3, 1.0, 1.0 Hz), 7.02-7.21 (3H, m), 7.17
(1H, s), 7.36 (1H, ddd, J = 7.9, 1.0, 1.0 Hz).

13C NMR (125 MHz, DMSO-ds, 80 °C): § 31.8, 32.1, 37.1, 45.4, 51.7, 54.8, 87.8,
105.7, 109.5, 116.1, 117.1, 118.3, 118.9, 120.8, 122.8, 125.3, 126.4, 127.9, 132.7,
137.4, 149.8, 154.8.

HRMS (FAB): m/z Calcd for C22H2302N3: 361.1790; Found: 361.1798.
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General procedure for the synthesis of 3a-substituted pyrroloindolines 34
(Fig. 5)

Under an argon atmosphere, to a solution of 46 (0.40 mmol, 1.0 equiv) and
DMSO (28 uL, 0.40 mmol, 1.0 equiv) in DCM (2.0 mL, 0.20 M) was added Tf.0
(67 puL, 0.40 mmol, 1.0 equiv) at —78 °C. After stirring for 10 min at the same
temperature, DTBP (0.18 mL, 0.80 mmol, 2.0 equiv) was added. Subsequently,
nucleophile was added to the above reaction mixture, and the reaction mixture
was stirred for 10 min at —78 °C or 0 °C. The reaction mixture was neutralized
with saturated aqueous NaHCOs, then extracted with DCM three times. The
organic layers were combined, washed with brine, dried over MgSOs4, and
concentrated under reduced pressure. The residue was purified by column

chromatography with n-hexane/AcOEt (2:1 to 1:2) as an eluent to give 34.

Methyl 8-methyl-3a-phenylamino-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-

1(2H)-carboxylate (349)

£

HN

N\
N co,Me
Me

Entry 1: Aniline (37 pL); 349 (0.12 g, 91%).
White amorphous.

IR (CHCIl3): 3586, 1695, 1603, 1450 cm™?.

IH NMR (300 MHz, DMSO-ds, 80 °C): & 2.11 (1H, ddd, J = 13.0, 7.5, 5.5 Hz),
2.39-2.55 (1H, m), 2.93 (3H, s), 3.00-3.20 (1H, m), 3.65 (3H, s), 3.82 (1H, ddd,

J =11.0, 7.8, 5.4 Hz), 5.53 (1H, s), 5.94 (1H, s), 6.31-6.41 (2H, m), 6.46-6.56
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(2H, m), 6.61 (1H, ddd, J = 7.4, 7.4, 1.0 Hz), 6.88-6.98 (2H, m), 7.00 (1H, dd, J
=7.4,1.0 Hz), 7.11 (1H, ddd, J = 7.4, 7.4, 1.0 Hz).

13C NMR (125 MHz, DMSO-dg, 80 °C): & 32.6, 44.0, 51.82, 51.84, 70.8, 84.3,
106.2, 114.0, 116.3, 117.3, 122.0, 128.1, 128.6, 130.0, 145.9, 150.1, 155.1.

MS (El): m/z (%) 323 (M*, 41), 232 (14), 231 (100), 230 (13), 171 (11), 144 (21).

HRMS (EI): m/z Calcd for C19H21N302: 323.1634; Found: 323.1632.

Methyl 8-methyl-3a-((4-nitrophenyl)amino)-3,3a,8,8a-tetrahydropyrrolo-

[2,3-b]indole-1(2H)-carboxylate (34h)

NO,

8

HN

N\
N 4 co,Me
Me

Entry 2: p-Nitroaniline (55 mg); 34h (0.13 g, 91%).

Yellow powder.

Mp 215-216 °C.

IR (CHCI3): 1713, 1697, 1599, 1506, 1454, 1327, 1314 cm™L,

'H NMR (500 MHz, DMSO-ds, 80 °C): § 2.21 (1H, ddd, J = 12.5, 7.0, 5.5 Hz),
2.54 (1H, ddd, J = 12.5, 7.0, 7.0 Hz), 2.98 (3H, s), 3.04-3.22 (1H, m), 3.67 (3H,
s), 3.85 (1H, ddd, J = 12.0, 8.0, 5.5 Hz), 5.56 (1H, s), 6.42-6.51 (2H, m), 6.59
(1H, d, J = 7.6 Hz), 6.64 (1H, ddd, J = 7.6, 7.6, 1.0 Hz), 7.01 (1H, dd, J = 7.6,
1.0 Hz), 7.16 (1H, ddd, J = 7.6, 7.6, 1.0 Hz), 7.48 (1H, s), 7.82-7.92 (2H, m).
13C NMR (125 MHz, DMSO-dg, 80 °C): § 32.3, 44.0, 51.9, 52.0, 70.7, 84.3, 106.5,
112.6, 117.5, 122.0, 125.0, 128.3, 129.2, 136.8, 150.1, 151.9, 154.9.

MS (El): m/z (%) 368 (M™, 54), 232 (14), 231 (100), 171 (10), 144 (21).
HRMS (EIl): m/z Calcd for C19H20N40O4: 368.1485; Found: 368.1479.
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Methyl  3a-((4-cyanophenyl)amino)-8-methyl-3,3a,8,8a-tetrahydropyrrolo-
[2,3-b]indole-1(2H)-carboxylate (34i)

CN

8/
L

N}y Cco,Me
Me

Entry 3: p-Cyanoaniline (47 mg); 34i (0.13 g, 96%).

White amorphous.

IR (CHCI3): 2218, 1697, 1607, 1518 cm™?,

'H NMR (500 MHz, DMSO-ds, 80 °C): & 2.17 (1H, ddd, J = 13.0, 7.5, 5.5 Hz),
2.43-2.57 (1H, m), 2.96 (3H, s), 3.05-3.22 (1H, m), 3.66 (3H, s), 3.77-3.92 (1H,
m), 5.53 (1H, s), 6.38-6.50 (2H, m), 6.57 (1H, d, J = 7.6 Hz), 6.63 (1H, dd, J =
7.6, 7.6 Hz), 7.00 (1H, d, J = 7.6 Hz), 7.02 (1H, brs), 7.14 (1H, ddd, J = 7.6, 7.6,
1.2 Hz), 7.26-7.39 (2H, m).

13C NMR (125 MHz, DMSO-ds, 80 °C): § 32.3, 39.6, 44.0, 51.9, 70.5, 84.2, 97.2,
106.4, 113.6, 117.5, 119.5, 122.0, 128.6, 129.0, 132.5, 149.6, 150.0, 154.9.

MS (El): m/z (%) 348 (M*, 42), 232 (16), 231 (100), 171 (12), 144 (22).

HRMS (EI): m/z Calcd for C20H20N402: 348.1586; Found: 348.1587.
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Methyl  3a-((4-(methoxycarbonyl)phenyl)amino)-8-methyl-3,3a,8,8a-tetra-

hydropyrrolo[2,3-b]indole-1(2H)-carboxylate (34j)

CO,Me
HN
N\
N co,Me
Me

Entry 4: p-Methoxycarbonylaniline (60 mg); 34j (0.14 g, 93%).

White amorphous.

IR (CHCI3): 1705, 1697, 1607, 1520, 1452 cm™?,

'H NMR (400 MHz, DMSO-ds, 80 °C): & 2.17 (1H, ddd, J = 12.8, 7.6, 5.6 Hz),
2.42-2.58 (1H, m), 2.97 (3H, s), 3.03-3.22 (1H, m), 3.66 (3H, s), 3.71 (3H, s),
3.84 (1H, ddd, J = 12.0, 7.6, 5.6 Hz), 5.55 (1H, s), 6.33-6.48 (2H, m), 6.56 (1H,
d, J = 7.6 Hz), 6.62 (1H, dd, J = 7.6, 7.6 Hz), 6.82 (1H, br s), 7.00 (1H, dd, J =
7.6, 1.2 Hz), 7.13 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 7.48-7.67 (2H, m).

13C NMR (100 MHz, DMSO-ds, 80 °C): § 32.4, 39.6, 44.0, 50.6, 51.9, 70.6, 84.4,
106.3, 112.9, 117.1, 117.4, 122.0, 128.9, 129.0, 130.0, 150.09, 150.11, 154.9,
165.8.

MS (E1): m/z (%) 381 (M*, 32), 232 (15), 231 (100), 230 (12), 171 (11), 144 (18).

HRMS (EI): m/z Calcd for C2:H23N304: 381.1689; Found: 381.1689.
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Methyl 3a-((4-bromophenyl)amino)-8-methyl-3,3a,8,8a-tetrahydropyrrolo-
[2,3-b]indole-1(2H)-carboxylate (34k)

Br

8

HN

ot

N}y CO,Me
Me

Entry 5: p-Bromoaniline (69 mg); 34k (0.14 g, 89%).

Yellowish solid.

Mp 173-174 °C.

IR (CHCl3): 1697, 1493, 1450 cm™.

'H NMR (500 MHz, DMSO-ds, 80 °C): & 2.12 (1H, ddd, J = 13.0, 7.5, 5.5 Hz),
2.44 (1H, ddd, J = 15.0, 5.5, 5.5 Hz), 2.93 (3H, s), 3.03-3.20 (1H, m), 3.65 (3H,
s), 3.81 (1H, ddd, J = 13.0, 7.5, 4.5 Hz), 5.50 (1H, s), 6.25 (1H, s), 6.27-6.34 (2H,
m), 6.54 (1H, d, J = 7.6 Hz), 6.62 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 6.98 (1H, dd, J
= 7.6, 1.2 Hz), 7.03-7.09 (2H, m), 7.12 (1H, ddd, J = 7.6, 7.6, 1.2 Hz).

13C NMR (125 MHz, DMSO-dg, 80 °C): 5 32.4, 32.5, 44.0, 51.9, 71.0, 84.3, 106.3,
107.5, 115.9, 117.3, 122.0, 128.8, 129.3, 130.7, 145.2, 150.1, 155.0.

Anal Calcd for C19H20N302Br: C, 56.73; H, 5.01; N, 10.45; Found: C, 56.94; H,

5.13; N, 10.22.
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Methyl 8-methyl-3a-((4-methylphenyl)amino)-3,3a,8,8a-tetrahydropyrrolo-

[2,3-b]indole-1(2H)-carboxylate (34l)

o

HN

N\
N 4 co,Me
Me

Entry 6: p-Toluidine (43 mg); 341 (0.10 g, 74%).

Yellowish solid.

Mp 125-126 °C.

IR (CHCI3): 1694, 1612, 1518, 1450, 1387 cm™’.

'H NMR (500 MHz, DMSO-ds, 80 °C): § 2.07 (3H, s), 2.10 (1H, ddd, J = 13.0,
7.5, 5.5 Hz), 2.43 (1H, ddd, J = 13.0, 7.5, 7.5 Hz), 2.92 (3H, s), 3.01-3.20 (1H,
m), 3.65 (3H, s), 3.81 (1H, ddd, J = 11.5, 7.5, 5.5 Hz), 5.51 (1H, s), 5.74 (1H, s),
6.23-6.31 (2H, m), 6.52 (1H, d, J = 7.6 Hz), 6.60 (1H, ddd, J = 7.6, 7.6, 1.2 Hz),
6.71-6.78 (2H, m), 6.99 (1H, dd, J = 7.6, 1.2 Hz), 7.10 (1H, ddd, J = 7.6, 7.6, 1.2
Hz).

13C NMR (125 MHz, DMSO-dg, 80 °C): § 19.41, 19.43, 32.6, 44.0, 51.8, 71.0,
84.3, 106.2, 114.4, 117.2, 122.0, 124.9, 128.5, 128.6, 130.3, 143.5, 150.1, 155.0.
Anal Calcd for C20H23N302: C, 71.19; H, 6.87; N, 12.45; Found: C, 71.03; H,

6.90; N, 12.23.
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Methyl 3a-((4-methoxyphenyl)amino)-8-methyl-3,3a,8,8a-tetrahydropyrrolo-
[2,3-b]indole-1(2H)-carboxylate (34m)

OMe

o/

HN

et

N}y Co,Me
Me

Entry 7: p-Anisidine (49 mg); 34m (54 mg, 38%).

Brown amorphous.

IR (CHCI3): 1697, 1609, 1510, 1450, 1387 cm™?,

'H NMR (500 MHz, DMSO-ds, 80 °C): & 2.09 (1H, ddd, J = 13.0, 7.5, 5.5 Hz),
2.40 (1H, ddd, J = 13.0, 7.5, 7.5 Hz), 2.90 (3H, s), 3.01-3.20 (1H, m), 3.58 (3H,
s), 3.65 (3H, s), 3.80 (1H, ddd, J = 11.0, 7.5, 5.0 Hz), 5.47 (1H, s), 5.56 (1H, s),
6.28-6.36 (2H, m), 6.51 (1H, d, J = 7.6 Hz), 6.55-6.59 (2H, m), 6.61 (1H, ddd, J
=7.6,7.6, 1.2 Hz), 7.00 (1H, dd, J = 7.6, 1.2 Hz), 7.10 (1H, ddd, J = 7.6, 7.6, 1.2
Hz).

13C NMR (125 MHz, DMSO-ds, 80 °C): § 32.6, 44.0, 51.8, 55.0, 59.9, 71.2, 84.3,
106.2, 114.1, 115.8, 117.2, 122.1, 128.5, 130.3, 139.8, 150.2, 151.3, 155.1.

MS (E1): m/z (%) 353 (M*, 35), 232 (14), 231 (100), 230 (43), 171 (12), 144 (19).

HRMS (EI): m/z Calcd for C20H23N303: 353.1739; Found: 353.1738.
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Methyl 8-methyl-3a-(methyl(phenyl)amino)-3,3a,8,8a-tetrahydropyrrolo-

[2,3-b]indole-1(2H)-carboxylate (34n)

Me-nN

N\
N 4 co,Me
Me

Entry 8: N-Methylaniline (44 uL); 34n (0.11 g, 83%).

Colorless oil.

IR (CHCI3): 1694, 1491, 1450, 1391 cm™?,

'H NMR (300 MHz, DMSO-ds, 80 °C): & 2.11 (1H, ddd, J = 12.5, 6.0, 2.5 Hz),
2.38-2.51 (1H, m), 2.68 (3H, s), 2.77 (3H, s), 2.82 (1H, ddd, J = 10.5, 10.5, 6.0
Hz), 3.51-3.68 (1H, m), 3.63 (3H, s), 5.47 (1H, s), 6.43 (1H, d, J = 7.9 Hz), 6.66
(1H, ddd, J = 7.4, 7.4, 1.0 Hz), 6.90-6.98 (2H, m), 6.98-7.06 (1H, m), 7.07-7.14
(2H, m), 7.14-7.24 (2H, m).

13C NMR (125 MHz, DMSO-ds, 80 °C): 5 32.1, 36.5, 38.5, 44.7, 51.7, 77.1, 83.0,
106.1, 116.9, 123.40, 123.42, 125.2, 127.9, 128.3, 128.9, 149.6, 150.9, 154.5.
MS (E1): m/z (%) 337 (M*, 25), 249 (12), 232 (15), 231 (100), 230 (37), 171 (23),
144 (24).

HRMS (EI): m/z Calcd for C20H23N302: 337.1790; Found: 337.1789.
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Methyl 3a-(isopropyl(phenyl)amino)-8-methyl-3,3a,8,8a-tetrahydropyrrolo-
[2,3-b]indole-1(2H)-carboxylate (340)
Methyl 3a-(4-(isopropylamino)phenyl)-8-methyl-3,3a,8,8a-tetrahydro-

pyrrolo[2,3-b]indole-1(2H)-carboxylate (34p)

£

'PrN

iPI’\N
N\ N\
N co,Me N | co,Me
Me 340 Me 34p

Entry 9: N-Isopropylaniline (58 uL); 340 (48 mg, 33%); 34p (58 mg, 40%).

340; Colorless oil.

IR (CHCI3): 1692, 1605, 1491, 1450, 1387 cm™?,

'H NMR (500 MHz, DMSO-ds, 80 °C): § 0.84 (3H, d, J = 6.7 Hz), 0.90 (3H, d, J
= 6.7 Hz), 1.97 (1H, ddd, J = 13.0, 6.3, 2.6 Hz), 2.18 (1H, ddd, J = 15.0, 6.3, 5.6
Hz), 2.67-2.79 (1H, m), 2.83 (3H, s), 3.40 (1H, ddd, J = 13.0, 6.5, 6.5 Hz), 3.48-
3.59 (1H, m), 3.65 (3H, s), 5.44 (1H, s), 6.47 (1H, d, J = 7.6 Hz), 6.68 (1H, dd, J
= 7.6, 7.6 Hz), 6.95-7.05 (2H, m), 7.08-7.14 (1H, m), 7.14-7.20 (1H, m), 7.21-
7.34 (3H, m).

13C NMR (100 MHz, DMSO-ds, 80 °C): § 22.0, 23.4, 32.3, 37.2, 44.2, 48.2, 51.8,
77.7, 85.1, 106.2, 117.1, 123.3, 125.0, 127.7, 128.7, 130.6, 131.4, 143.3, 150.8,
154.7.

MS (EI): m/z (%) 365 (M*, 25), 232 (15), 231 (100), 230 (17), 171 (12), 144 (15).

HRMS (EI): m/z Calcd for C22H27N302: 365.2103; Found: 365.2101.
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34p; Colorless oil.

IR (CHCI3): 1694, 1605, 1518, 1491, 1449, 1385 cm™?,

'H NMR (500 MHz, DMSO-ds, 80 °C): 6 1.11 (6H, d, J = 6.4 Hz), 2.26-2.38 (1H,
m), 2.41-2.57 (1H, m), 2.83-3.02 (1H, m), 2.90 (3H, s), 3.48 (1H, ddd, J = 13.0,
6.5, 6.5 Hz), 3.64 (3H, s), 3.83 (1H, ddd, J = 10.5, 7.0, 2.5 Hz), 5.01 (1H, br s),
5.40 (1H, s), 6.46 (1H, d, J = 7.6 Hz), 6.47-6.54 (2H, m), 6.60 (1H, ddd, J = 7.6,
7.6, 1.2 Hz), 6.90 (1H, d, J = 7.6 Hz), 6.95-7.02 (2H, m), 7.04 (1H, ddd, J = 7.6,
7.6, 1.2 Hz).

13C NMR (125 MHz, DMSO-ds, 80 °C): 5 22.1, 31.9, 36.9, 42.9, 45.8, 51.7, 59.0,
88.5, 105.8, 112.2, 117.1, 122.8, 126.0, 127.6, 130.4, 133.5, 146.5, 149.9, 154.7.
MS (El): m/z (%) 365 (M*, 100), 350 (10), 278 (16), 277 (68), 263 (20).

HRMS (EI): m/z Calcd for C22H27N302: 365.2103; Found: 365.2102.

Methyl 3a-benzylamino-8-methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-

1(2H)-carboxylate (34q)

O

N\
N 4 co,Me
Me

Entry 11: Benzylamine (44 uL); 34q (40 mg, 30%).

Colorless oil.

IR (CHCI3): 1694, 1609, 1495, 1450, 1389 cm™.

IH NMR (300 MHz, DMSO-ds, 80 °C): § 2.00-2.29 (2H, m), 2.73-3.03 (2H, m),
2.86 (3H, s), 3.38 (1H, d, J = 13.4 Hz), 3.50 (1H, d, J = 13.4 Hz), 3.65 (3H, s),
3.76 (1H, ddd, J = 11.4, 7.5, 3.9 Hz), 5.25 (1H, s), 6.46 (1H, d, J = 7.9 Hz), 6.68

(IH,t, J =7.3 Hz), 7.10 (1H, td, J = 7.7, 1.3 Hz), 7.14-7.32 (6H, m).
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13C NMR (75 MHz, DMSO-ds, 80 °C): & 32.5, 38.2, 44.5, 47.5, 51.6, 73.7, 84.9,
106.0, 117.0, 122.7, 125.9, 127.4, 127.5, 128.5, 129.7, 140.7, 150.9, 153.2.

MS (EI): m/z (%) 337 (M*, 100), 249 (10), 246 (39), 235 (14), 234 (18), 232 (40),
231 (15), 230 (12), 214 (20), 203 (11), 186 (20), 171 (14), 159 (19), 145 (21),
144 (35), 91 (22).

HRMS (EIl): m/z Calcd for C20H23N302: 337.1790; Found: 337.1788.

Methyl 3a-diethylamino-8-methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-
1(2H)-carboxylate (34r)
NEt,

N\
N} co,Mme
Me

Entry 12: Diethylamine (41 uL); 34r (11 mg, 9%).

Colorless oil.

IR (CHCI3): 1694, 1605, 1491, 1450, 1393 cm™?,

'H NMR (300 MHz, DMSO-ds, 80 °C): 6 0.94 (6H, t, J = 7.1 Hz), 2.12 (1H, ddd,
J=11.0, 6.0, 1.9 Hz), 2.26 (1H, ddd, J = 11.0, 11.0, 8.0 Hz), 2.43-2.59 (4H, m),
2.76 (1H, ddd, J = 11.0, 11.0, 6.0 Hz), 2.87 (3H, s), 3.66 (3H, s), 3.75 (1H, ddd,
J=11.0, 8.0, 1.9 Hz), 5.21 (1H, s), 6.43 (1H, d, J = 7.6 Hz), 6.63 (1H, ddd, J =
7.6, 7.6, 1.2 Hz), 7.07-7.17 (1H, m), 7.07 (1H, dd, J = 7.6, 1.2 Hz).

13C NMR (125 MHz, DMSO-ds, 80 °C): § 15.2, 31.8, 36.9, 43.6, 44.4, 51.7, 78.4,
83.5, 105.7, 116.8, 123.3, 128.6, 129.1, 151.1, 154.5.

MS (EI): m/z (%) 303 (M*, 80), 288 (12), 232 (21), 231 (100), 202 (10), 201 (15),
171 (14), 144 (30).

HRMS (EIl): m/z Calcd for C17H25N302: 303.1947; Found: 303.1946.
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General procedure for the synthesis of 3a-(1-indolyl)pyrroloindolines 34
(Table 12)

Tf,0 (1.0 equiv) was added to a solution of 34f (1.0 equiv) and DMSO (1.0
equiv) in DCM (0.20 M) at —78 °C under an argon atmosphere. After stirring for
10 min, DTBP (2.0 equiv) was added and the reaction mixture was stirred for
further 10 min. Indoline 51 (1.0 equiv) was added and then the reaction mixture
was warmed to 0 °C and stirred for 10 min. Subsequently DDQ (1.0 equiv) was
added to the solution and stirred for 15 min under the same temperature. The
reaction mixture was filtrated through Celite pad, and the filtrate was washed
with 10% aqueous NaHCO3. The organic layer were washed with brine, dried over
MgSOa4, and concentrated under reduced pressure. The residue was purified by
column chromatography with n-hexane/AcOEt (2:1 to 1:1) as an eluent to give

34.

Methyl 3a-(3-(2-((methoxycarbonyl)amino)ethyl)-1H-indol-1-yl)-8-methyl-

3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (34s)

W NHCO,Me
N
N

N} co,Me
Me

Entry 1; 46f (93 mg, 0.40 mmol), DMSO (28 uL, 0.40 mmol), Tf.O (67 uL, 0.40
mmol), DTBP (0.18 mL, 0.80 mmol), DCM (2.0 mL), 51a (88 mg, 0.40 mmol);
34s (84 mg, 47%).
White amorphous.

IR (CHCIs): 1703, 1609, 1518, 1450, 1387 cm™L,
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IH NMR (500 MHz, DMSO-ds, 80 °C): § 2.58 (1H, ddd, J = 9.0, 4.5, 4.5 Hz),
2.78-2.87 (2H, m), 3.01 (3H, s), 3.10-3.22 (2H, m), 3.24-3.34 (2H, m), 3.53 (3H,
s), 3.66 (3H, s), 3.95-4.06 (1H, m), 5.80 (1H, s), 6.59-6.67 (2H, m), 6.88 (1H, br
s), 6.93-7.04 (4H, m), 7.19 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 7.34 (1H, s), 7.50-
7.57 (1H, m).

13C NMR (100 MHz, DMSO-ds, 80 °C): & 24.9, 31.8, 36.9, 40.6, 44.8, 50.7, 52.0,
73.9, 85.3, 106.6, 111.1, 111.8, 117.5, 118.55, 118.62, 121.0, 122.9, 123.7, 127.6,
129.2, 129.7, 134.9, 149.9, 154.7, 156.3.

MS (EI): m/z (%) 448 (M*, 21), 232 (14), 231 (100), 230 (29), 171 (11), 144 (18).

HRMS (EIl): m/z Calcd for C25H28N404: 448.2111; Found: 448.2110.

Methyl 3a-(5-bromo-3-(2-((methoxycarbonyl)amino)ethyl)-1H-indol-1-yl)-8-

methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (34t)

WNHCOQMe
N
N

N} ‘co,Me
Me

Br

Entry 2; 46f (93 mg, 0.40 mmol), DMSO (28 uL, 0.40 mmol), Tf,O (67 uL, 0.40
mmol), DTBP (0.18 mL, 0.80 mmol), DCM (2.0 mL), 51b (0.12 g, 0.40 mmol);
34t (0.19 g, 91%).

White amorphous.

IR (CHCI3): 1715, 1699, 1609, 1520, 1454, 1387 cm™?,

'H NMR (500 MHz, DMSO-dg, 80 °C): § 2.54-2.65 (1H, m), 2.80 (2H,t, J=7.2
Hz), 3.00 (3H, s), 3.06-3.19 (2H, m), 3.26 (2H, td, J = 7.2, 7.2 Hz), 3.53 (3H, s),

3.66 (3H, s), 3.94-4.06 (1H, m), 5.76 (1H, s), 6.59-6.69 (2H, m), 6.87 (1H, br s),
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6.91 (1H, d, J = 8.6 Hz), 6.96 (1H, d, J = 7.6 Hz), 7.11 (1H, dd, J = 8.6, 2.1 Hz),
7.20 (1H, ddd, J = 7.6, 7.6, 1.0 Hz), 7.42 (1H, s), 7.70 (1H, d, J = 2.1 Hz).

13C NMR (125 MHz, DMSO-de, 80 °C): § 24.7, 31.7, 36.9, 40.6, 44.8, 50.7, 52.0,
74.0, 85.3, 106.7, 111.6, 111.7, 113.0, 117.6, 120.9, 122.9, 123.5, 125.5, 127.3,
129.9, 131.1, 133.6, 149.9, 154.6, 156.3.

MS (El): m/z (%) 528 (M*+2, 7), 526 (M*, 6), 232 (14), 231 (100), 230 (14), 171
(10), 144 (16).

HRMS (EI): m/z Calcd for C2sH27N4O4Br: 526.1216; Found: 526.1211.

Methyl 9-(1-(methoxycarbonyl)-8-methyl-2,3,8,8a-tetrahydropyrrolo[2,3-b]-
indol-3a(1H)-yl)-1,3,4,9-tetrahydro-2H-pyrido[3,4-b]indole-2-carboxylate
(34u)

Q_\/CNcone

N

N\
N 4 co,Me
Me

Entry 3; 20f (46 mg, 0.20 mmol), DMSO (14 uL, 0.20 mmol), Tf20 (34 uL, 0.20
mmol), DTBP (90 uL, 0.40 mmol), DCM (1.0 mL), 25c (46 mg, 0.20 mmol); 34u
(55 mg, 60%).

White amorphous.

IR (CHCI3): 1694, 1609, 1449, 1381 cm™’.

IH NMR (500 MHz, DMSO-ds, 80 °C): § 2.61-2.86 (3H, m), 2.92-3.07 (1H, m),
3.03 (3H, s), 3.18 (1H, ddd, J = 11.5, 11.5, 8.0 Hz), 3.54 (1H, ddd, J = 13.5, 8.0,
5.5 Hz), 3.62 (3H, s), 3.67 (3H, s), 3.81 (1H, ddd, J = 13.0, 5.5, 5.5 Hz), 4.07

(1H, dd, J = 9.8, 8.0 Hz), 4.52 (1H, d, J = 16.0 Hz), 4.70 (1H, d, J = 16.0 Hz),
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6.00 (1H, s), 6.60 (1H, d, J = 7.6 Hz), 6.62 (1H, d, J = 7.6 Hz), 7.00 (1H, dd, J =
7.6, 7.6 Hz), 7.02-7.10 (2H, m), 7.18 (1H, dd, J = 7.6, 7.6 Hz), 7.29 (1H, d, J =
7.6 Hz), 7.39 (1H, d, J = 7.6 Hz).

13C NMR (125 MHz, DMSO-ds, 80 °C): § 20.5, 30.8, 38.6, 40.7, 43.6, 44.5, 52.0,
52.1, 75.7, 84.8, 105.9, 109.8, 111.3, 117.4, 117.6, 118.9, 121.5, 123.4, 127.4,
130.0, 132.8, 136.05, 136.11, 150.0, 154.3, 155.2.

MS (EI): m/z (%) 460 (M*, 18), 232 (16), 231 (100), 230 (45), 171 (13), 144 (23).

HRMS (EI): m/z Calcd for C26H28N40O4: 460.2111; Found: 460.2103.

Total synthesis of (x)-psychotriasine (42) (Scheme 8)

Methyl 8-allyl-3a-(5-bromo-3-(2-((methoxycarbonyl)amino)ethyl)-1H-indol-

1-yl)-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (34v)

WNHCOZMe
N
N

N"H co,Me
Allyl

Br

Under an argon atmosphere, to a solution of 46g (0.16 g, 0.64 mmol, 1.0 equiv)
and DMSO (45 uL, 0.64 mmol, 1.0 equiv) in DCM (3.2 mL, 0.20 M) was added
Tf,0 (0.11 mL, 0.64 mmol, 1.0 equiv). After being stirred for 10 min at -78 °C,
DTBP (0.29 mL, 1.3 mmol, 2.0 equiv) was added and the reaction mixture was
stirred for 10 min additionally at the same temperature. Subsequently, 51b (0.19
g, 0.64 mmol, 1.0 equiv) was added to the above reaction mixture, and the mixture

was stirred for 10 min at 0 °C. DDQ was added to the solutions and stirred 15
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min under the same temperature. The reaction mixture was filtrated through
Celite pad, and the filtrate was washed with 10% aqueous NaHCO3. The organic
layer was washed with brine, dried over MgSOg4, and concentrated under reduced
pressure. The residue was purified by column chromatography with n-
hexane/AcOEt (2:1 to 1:1) as an eluent to give 34v (0.26 g, 74%).

White amorphous.

IR (CHCI3): 1705, 1520, 1452, 1389 cm™t,

'H NMR (500 MHz, DMSO-ds, 80 °C): & 2.54-2.60 (1H, m), 2.79 (2H, dd, J =
7.0, 7.0 Hz), 3.11-3.22 (2H, m), 3.25 (2H, dd, J = 14.0, 7.0 Hz), 3.53 (3H, s),
3.63 (3H, s), 3.93-4.08 (2H, m), 4.13 (1H, dd, J = 16.6, 5.0 Hz), 5.11 (1H, dd, J
=10.5, 1.5 Hz), 5.20 (1H, dd, J = 15.0, 1.5 Hz), 5.80-5.94 (1H, m), 5.86 (1H, s),
6.59-6.67 (2H, m), 6.87 (1H, brs), 6.88 (1H, d, J = 8.9 Hz), 6.97 (1H, dd, J = 7.8,
1.0 Hz), 7.09 (1H, dd, J = 8.9, 1.8 Hz), 7.18 (1H, ddd, J = 7.8, 7.8, 1.0 Hz), 7.40
(1H, s), 7.70 (1H, d, J = 1.8 Hz).

13C NMR (125 MHz, DMSO-ds, 80 °C):  24.7, 37.0, 40.6, 44.6, 47.5, 50.7, 52.0,
74.2,84.1, 107.0, 111.67, 111.70, 113.1, 116.2, 117.6, 121.0, 123.1, 123.4, 125 .4,
127.2, 129.8, 131.2, 133.5, 133.6, 148.7, 154.4, 156.3.

MS (El): m/z (%) 554 (M*+2, 7), 552 (M*, 7), 258 (16), 257 (100), 256 (14), 216
(23).

HRMS (El): m/z Calcd for C27H29N4O4Br: 552.1372; Found: 552.1371.
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Methyl  3a-(5-bromo-3-(2-((methoxycarbonyl)amino)ethyl)-1H-indol-1-yl)-

3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate (53)

WNHCOZMe
N
N

N H CO,Me

Br

A solution of 34v (0.26 g, 0.47 mmol) and RhCl3-3H20 (40 mg, 0.15 mmol) in
EtOH (5.0 mL) and H2O (3.8 mL) was stirred at 90 °C. After stirring for 2 h, the
reaction mixture was filtrated through Celite pad, and the filtrate was diluted with
water and extracted three times with AcOEt. The organic layers were combined,
washed with brine, dried over MgSQ4, and concentrated under reduced pressure.
The residue was purified by column chromatography with n-hexane/AcOEt (2:1
to 1:2) as an eluent to give 53 (0.20 g, 87%).

White amorphous.

IR (CHCI3): 1715, 1697, 1454 cm™?,

'H NMR (500 MHz, DMSO-ds, 80 °C): § 2.66-2.75 (1H, m), 2.78 (2H,t, J=7.2
Hz), 3.08-3.18 (2H, m), 3.24 (2H, dt, J = 7.2, 7.2 Hz), 3.53 (3H, s), 3.66 (3H, s),
3.83-3.91 (1H, m), 5.73 (1H, s), 6.63 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 6.68-6.74
(1H, m), 6.81 (1H, d, J = 1.5 Hz), 6.88 (1H, brs), 7.04 (1H, ddd, J = 7.6, 1.2, 1.2
Hz), 7.08-7.15 (2H, m), 7.22 (1H, d, J = 7.6 Hz), 7.36 (1H, s), 7.68 (1H, d, J =
1.8 Hz).

13C NMR (125 MHz, DMSO-ds, 80 °C): § 24.7, 36.1, 40.6, 44.4, 50.7, 51.8, 75.1,
79.1, 109.4, 111.53, 111.55, 113.2, 117.9, 120.8, 123.3, 123.4, 125.5, 126.7, 129.7,

131.0, 133.6, 149.4, 153.9, 156.2.
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MS (E1): m/z (%) 514 (M*+2, 8), 512 (M*, 7), 218 (13), 217 (100), 216 (29), 157
(11), 130 (12).

HRMS (El): m/z Calcd for C24H2sN4O4Br: 512.1059; Found: 512.1057.

(£)-Psychotriasine (42)

WNHMe

N
N HN‘Me

To a solution of LiAIH4 (1.0 M in THF) was added 53 at 0 °C and the reaction
mixture was heated at reflux. After 3 h, the reaction mixture was cooled back to
room temperature and carefully quenched by dropwise addition of saturated
aqueous Rochelle’s salt. The solution was extracted three times with DCM. The
organic layers were combined, washed with brine, dried over MgSOs4, and
concentrated under reduced pressure. The residue was purified by column
chromatography with AcOEt/MeOH (10:1 to 5:1) as an eluent to give 42 (53 mg,
98%) as a colorless amorphous.

IR (CHCIs): 3428, 1485, 1458 cm™’.
'H NMR (500 MHz, CD3OD): & 2.42 (3H, s), 2.47 (3H, s), 2.47-2.51 (1H, m),
2.57-2.66 (1H, m), 2.82-3.04 (5H, m), 3.15-3.25 (1H, m), 5.22 (1H, s), 6.58 (1H,
ddd, J=7.7,7.7, 1.2 Hz), 6.69 (1H, d, J = 7.7 Hz), 6.86 (1H, dd, J = 7.7, 1.2 Hz),
6.94 (1H, ddd, J = 7.7, 7.7, 1.2 Hz), 6.97 (1H, ddd, J = 7.7, 7.7, 1.2 Hz), 7.07

(1H, ddd, J = 7.7, 7.7, 1.2 Hz), 7.14 (1H, dd, J = 7.7, 1.2 Hz), 7.40 (1H, s), 7.52

(1H, dd, J = 7.7, 1.2 Hz).
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13C NMR (125 MHz, CD3;0D): § 25.8, 35.9, 36.4, 40.0, 52.2, 52.9, 77.5, 87.1,
110.1, 113.0, 113.1, 119.5, 119.7, 120.2, 122.5, 124.8, 125.1, 130.6, 130.9, 131.5,

137.8, 152.5.

HRMS (FAB): m/z Calcd for C22H27Ns [M+H]": 347.2236; Found: 347.2239.
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General procedure for the synthesis of bispyrroloindolines 57 and 58

Tf,0 (1.0 equiv) was added to a solution of 46f (1.0 equiv) and DMSO (1.0
equiv) in DCM (0.20 M) at —78 °C under an argon atmosphere. After stirring for
10 min, DTBP (2.0 equiv) was added and the reaction mixture was stirred for
further 10 min. The nucleophile (1.0 equiv) was added and then the reaction
mixture was warmed to 0 °C over 10 min with stirring. The reaction mixture was
neutralized with saturated aqueous NaHCOs3s at 0 °C, and then extracted with DCM
three times. The organic layers were washed with brine, dried over MgSOs4, and
concentrated under reduced pressure. The residue was purified by silica gel
column chromatography with n-hexane/AcOEt as the eluent to afford the

corresponding bispyrroloindoline 57 and 58.

For Scheme 10

rac-Dimethyl  8,8'-dimethyl-2,2",3,3",8,8a,8",8'a-octahydro-1H,1'H-[3a,3"a-
bipyrrolo[2,3-b]indole]-1,1"-dicarboxylate (57a)

meso-Dimethyl 8,8'-dimethyl-2,2',3,3",8,8a,8",8"a-octahydro-1H,1'H-[3a,3'a-

bipyrrolo[2,3-b]indole]-1,1"-dicarboxylate (58a)

MeO,C_ H § N Ho coMe
N

N} ‘co,Me N} ‘co,Me
Me 57a Me 58a

Starting material 46f (0.14 g, 0.60 mmol); DMSO (43 uL, 0.60 mmol); Tf.O (0.10
mL, 0.60 mmol); DCM (3.0 mL); DTBP (0.27 mL, 1.2 mmol); Nucleophile 46f

(0.14 g, 0.60 mmol); 57a (0.21 g, 76%); 58a (58 mg, 21%).
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For Scheme 11

Dimethyl (3aSR,3'aSR,8aSR,8'aSR)-8-methyl-2,2*,3,3",8,8a,8",8'a-octahydro-
1H,1'H-[3a,3"a-bipyrrolo-[2,3-b]indole]-1,1'-dicarboxylate (57b)

Dimethyl (3aSR,3'aRS,8aSR,8'aRS)-8-methyl-2,2",3,3",8,8a,8",8'a-octahydro-

1H,1'H-[3a,3"a-bipyrrolo-[2,3-b]indole]-1,1"-dicarboxylate (58b)

H H
MeO,C_ H § N COMe
N

N} ‘co,Me N} co,Me
Me 57b Me 58b

Starting material 46f (0.23 g, 1.0 mmol); DMSO (71 pL, 1.0 mmol); Tf.O (0.17
mL, 1.0 mmol); DCM (5.0 mL); DTBP (0.45 mL, 2.0 mmol); Nucleophile 46h

(0.22 g, 1.0 mmol); 57b (0.28 g, 63%); 58b (97 mg, 18%).

57b: White amorphous.

IR (CHCI3): 1692, 1452, 1387 cm™?,

'H NMR (500 MHz, DMSO-ds, 80 °C): & 2.06 (1H, dd, J = 12.5, 5.8 Hz), 2.14
(1H, dd, J = 12.5, 5.8 Hz), 2.38-2.53 (2H, m), 2.65 (1H, ddd, J = 12.5, 12.5, 5.8
Hz), 2.74 (1H, ddd, J = 12.5, 12.5, 5.8 Hz), 2.84 (3H, s), 3.51 (3H, s), 3.53-3.60
(1H, m), 3.55 (3H, s), 3.71 (1H, dd, J = 11.0, 5.8 Hz), 4.80 (1H, s), 5.00 (1H, s),
6.20 (1H, s), 6.39 (1H, d, J = 7.6 Hz), 6.57 (1H, d, J = 7.6 Hz), 6.58-6.65 (2H,
m), 7.00 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 7.07 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 7.18
(1H, d, J = 7.6 Hz), 7.22 (1H, d, J = 7.6 Hz).

13C NMR (125 MHz, DMSO-dg, 80 °C): & 31.7, 31.8, 33.0, 44.35, 44.40, 51.5,
51.6, 59.2, 60.6, 77.6, 83.1, 105.3, 108.5, 116.5, 117.1, 123.7, 123.8, 128.0, 128.2,

128.5, 128.7, 150.4, 151.2, 153.5, 154.1.
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MS (EI): m/z (%) 448 (M*, 78), 232 (20), 231 (100), 230 (50), 217 (26), 216 (28),
171 (13), 157 (10), 144 (31), 130 (18).

HRMS (El): m/z Calcd for C2sH2804N4: 448.2111; Found: 448.2107.

58b: White amorphous.

IR (CHCIs3): 3451, 1697, 1449, 1385 cm™*.

'H NMR (500 MHz, DMSO-ds, 80 °C): § 2.07-2.16 (1H, m), 2.16-2.23 (2H, m),
2.23-2.36 (1H, m), 2.71-2.88 (2H, m), 3.06 (3H, s), 3.58-3.70 (1H, m), 3.63 (3H,
s), 3.64 (3H, s), 3.70-3.81 (1H, m), 5.17 (1H, s), 5.25 (1H, s), 6.14 (1H, d, J =
7.6 Hz), 6.21 (1H, s), 6.32 (1H, d, J = 7.6 Hz), 6.37 (1H, dd, J = 7.6, 7.6 Hz),
6.51 (1H, d, J = 7.6 Hz), 6.59 (1H, dd, J = 7.6, 7.6 Hz), 6.82 (1H, d, J = 7.6 Hz),
6.93 (1H, dd, J = 7.6, 7.6 Hz), 7.08 (1H, dd, J = 7.6, 7.6 Hz).

13C NMR (125 MHz, DMSO-ds, 80 °C): & 32.8, 33.3, 33.4, 44.4, 44,5, 51.59,
51.64, 59.2, 61.2, 76.6, 82.6, 106.4, 107.9, 116.6, 116.9, 123.2, 123.3, 128.1,
128.2, 128.5, 129.5, 150.2, 151.9, 153.6, 154.1.

MS (EI): m/z (%) 448 (M*, 100), 416 (14), 361 (18), 360 (73), 328 (13), 286 (21),
285 (90), 272 (12), 271 (28), 270 (16), 259 (11), 258 (10), 257 (20), 231 (44),
230 (17), 144 (11).

HRMS (EI): m/z Calcd for C2sH2804N4: 448.2111; Found: 448.2115.
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1-(tert-Butyl) 1'-methyl (3aSR,3'aSR,8aSR,8'aSR)-8,8'-dimethyl-
2,2',3,3',8,8a,8",8'a-octahydro-1H,1'H-[3a,3"a-bipyrrolo[2,3-b]indole]-1,1"-
dicarboxylate (57¢)

1-(tert-Butyl) 1'-methyl (3aRS,3'aSR,8aRS,8'aSR)-8,8"-dimethyl-
2,2',3,3',8,8a,8",8'a-octahydro-1H,1'H-[3a,3"a-bipyrrolo[2,3-b]indole]-1,1"-

dicarboxylate (58¢)

N} ‘co,Me N} co,Me
Me 57c¢ Me 58c

Starting material 46f (0.28 g, 1.2 mmol); DMSO (85 pL, 1.2 mmol); Tf.O (0.20
mL, 1.2 mmol); DCM (6.0 mL); DTBP (0.54 mL, 2.4 mmol); Nucleophile 46¢

(0.33 g, 1.2 mmol); 57c (0.50 g, 82%); 58c (0.10 g, 16%).

57c: Colorless amorphous.

IR (CHCI3): 1688, 1602, 1495, 1450, 1395 cm™?,

'H NMR (400 MHz, DMSO-ds, 80 °C) &: 1.30 (9H, s), 1.96-2.25 (2H, m), 2.26-
2.62 (3H, m), 2.69 (1H, td, J = 11.2, 5.9 Hz), 2.82 (3H, s), 2.85 (3H, s), 3.51 (3H,
s), 3.61-3.94 (2H, m), 4.83 (1H, s), 4.87 (1H, s), 6.31-6.51 (2H, m), 6.52-6.71
(2H, m), 7.00-7.14 (2H, m), 7.14-7.31 (2H, m).

13C NMR (100 MHz, DMSO-ds, 80 °C): § 24.5, 31.2, 31.9, 32.5, 33.1, 44.1, 44.5,
51.5, 60.6, 60.7, 78.6, 83.1, 83.3, 105.1, 105.4, 116.5, 116.6, 123.4, 123.5, 128.5,
128.6, 128.69, 128.74, 151.2, 151.3, 152.7, 154.1.

MS (EI): m/z (%) 504 (M*, 100), 448 (25), 232 (17), 231 (93), 230 (38), 218 (10),
217 (46), 216 (23), 173 (19), 171 (15), 144 (35).

HRMS (EI): m/z Calcd for C29H3604N4: 504.2737; Found: 504.2739.
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58c: Colorless amorphous.

IR (CHCI3): 1692, 1605, 1493, 1450, 1395 cm™.

'H NMR (400 MHz, DMSO-ds, 80 °C) &: 1.44 (9H, s), 1.99-2.27 (4H, m), 2.59
(3H, s), 2.63-2.88 (2H, m), 2.66 (3H, s), 3.55-3.68 (3H, m), 3.72-3.89 (2H, m),
5.07 (1H, s), 5.11 (1H, s), 6.28-6.41 (2H, m), 6.41-6.66 (4H, m), 6.97-7.13 (2H,
m).

13C NMR (100 MHz, DMSO-ds, 80 °C): § 27.7, 32.3, 32.4, 33.9, 34.0, 44.1, 44.4,
51.7, 61.3, 61.6, 79.0, 82.7, 82.9, 105.77, 105.81, 116.5, 116.6, 123.17, 123.21,
128.47, 128.51, 129.19, 129.22, 151.5, 151.7, 152.7, 154.1.

MS (EI): m/z (%) 504 (M*, 100), 449 (13), 448 (45), 232 (16), 231 (89), 230 (37),
217 (32), 216 (22), 173 (18), 171 (17), 144 (34).

HRMS (EIl): m/z Calcd for C290H3604N4: 504.2737; Found: 504.2733.

Conversion to each natural products

Folicanthine (36)

'\,‘ H Me
57a (93 mg, 0.20 mmol, 1.0 equiv) was dissolved in toluene (8.9 mL) under an
atmosphere of argon. Red-Al® (3.6 M solution in toluene, 1.1 mL, 4.0 mmol, 20
equiv) was added dropwise at room temperature and the reaction mixture was
heated at reflux. After 60 min the reaction mixture was cooled back to room

temperature and quenched by dropwise addition of saturated aqueous Rochelle’s

salt (50 mL). The solution was extracted with DCM (10 mL) three times. The
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organic layers were combined,washed with brine (20 mL), dried over Na>SOg,
and concentrated under reduced pressure. The residue was purified by column
chromatography with AcOEt/MeOH (10:1 to 7:1) as an eluent to give 36 (66 mg,
88%).

Colorless needle.

Mp 170-171 °C.

IR (CHCI3): 1603, 1493, 1155 cm™™.

'H NMR (400 MHz, CDCls, 50 °C): § 1.90-2.00 (2H, m), 2.30-2.54 (10H, m),
2.56-2.74 (2H, m), 2.99 (6H, s), 4.35 (2H, s), 6.26 (2H, d, J = 8.0 Hz), 6.50 (2H,
dd, J = 7.2, 7.2 Hz), 6.82-7.02 (4H, m).

13C NMR (125 MHz, CDCl3, 50 °C): § 35.2, 35.3, 37.9, 52.7, 62.7, 92.1, 105.9,
116.8, 123.8, 128.2, 132.6, 152.9.

MS (El): m/z (%) 374 (M*, 6), 187 (37), 186 (100), 185 (11), 145 (10), 144 (33).
HRMS (El): m/z Calcd for C24H30N4: 374.2470; Found: 374.2467.

Anal Calcd for C24H30N4: C, 76.97; H, 8.07; N, 14.96; Found: C, 77.22; H, 8.03;

N, 14.91.

Calycanthidine (54)

'\,‘ H Me
(£)-Calycanthidine (54) was synthesized by the same procedure as (%)-

folicanthine (36) using 57b (45 mg, 0.10 mmol), toluene (4.4 mL), and Red-Al®

(3.6 M solution in toluene, 0.56 mL, 2.0 mmol) in 92% (33 mg) yield.

108



Colorless oil.

IR (CHCI3): 1603, 1466, 1155 cm™?,

IH NMR (500 MHz, CDCls, 50 °C): 5 1.93-2.01 (2H, m), 2.34 (3H, s), 2.39 (3H,
s), 2.41-2.65 (6H, m), 2.98 (3H, s), 4.37 (1H, s), 4.46 (1H, s), 6.27 (1H, d, J =
7.3 Hz), 6.48 (1H, d, J = 7.3 Hz), 6.52 (1H, t, J = 7.3 Hz), 6.59 (1H, t, J = 7.3
Hz), 6.92 (1H, t, J = 7.3 Hz), 6.98 (1H, t, J = 7.3 Hz), 7.01 (1H, d, J = 7.3 Hz),
7.07 (1H, d, J = 7.3 Hz).

13C NMR (125 MHz, CDCls, 50 °C) &: 35.6, 35.7, 36.0, 37.3, 38.1, 52.8, 52.9,
63.2, 63.7, 85.4, 92.3, 106.1, 109.2, 117.0, 118.5, 123.9, 124.6, 128.1, 128.3,
133.1, 133.7, 151.2, 153.2.

MS (EI): m/z (%) 360 (M*, 15), 188 (12), 187 (29), 186 (82), 185 (12), 173 (27),
172 (100), 171 (15), 145 (15), 144 (31), 130 (20).

HRMS (EI): m/z Calcd for C23H2sN4: 360.2314; Found: 360.2313.

Chimonanthidine (55)

|
H H N

N'H Me
A solution of 57¢ (0.21 g, 0.40 mmol) and 2,6-lutidine (0.23 mL, 2.0 mmol) in
DCM (2.0 mL) was added to trimethylsilyl trifluoromethanesulfonate (0.29 mL,
1.6 mmol) at 0 °C, and stirring for 10 min at the same temperature. After diluted
with water (30 mL), the mixture was extracted with DCM (15 mL) three times.
The combined organic layer was washed with brine (30 mL), dried over MgSOg4

and concentrated. The residue was purified by column chromatography with n-
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hexane/AcOEt (1:20 to 1:30) as an eluent to provide a secondary amine (0.15 g,
92%). The amine (40 mg, 0.10 mmol, 1.0 equiv) was dissolved in toluene (0.44
mL) under an atmosphere of argon. Red-Al® (3.6 M solution in toluene, 0.56 mL,
2.0 mmol, 20 equiv) was added dropwise at room temperature and the reaction
mixture was heated at reflux. After 60 min the reaction mixture was cooled back
to room temperature and quenched by dropwise addition of saturated aqueous
Rochelle’s salt (50 mL). The solution was extracted with DCM (10 mL) three
times, washed with brine (20 mL), dried over Na>SO4, and concentrated under
reduced pressure. The residue was purified by column chromatography with
AcOEt/MeOH (10:1 to 7:1) as an eluent to give 55 (32 mg, 89%).

Colorless amorphous.

IR (CHCI3): 1603, 1495, 1300 cm™?,

'H NMR (CDCl3) &: 2.01-2.08 (2H, m), 2.23-2.32 (1H, m), 2.36 (3H, s), 2.44-
2.53 (3H, m), 2.61-2.70 (1H, m), 2.85 (3H, s), 2.93-3.04 (1H, m), 2.98 (3H, s),
4.21 (1H, s), 4.60 (1H, s), 6.24 (1H, d, J = 7.6 Hz), 6.34 (1H, d, J = 7.6 Hz), 6.53
(1H, dd, J = 7.6, 7.6 Hz), 6.57 (1H, dd, J = 7.6, 7.6 Hz), 6.97-7.15 (4H, m).

13C NMR (100 MHz, CDCls3) &: 31.2, 35.1, 35.2, 38.1, 38.2, 45.6, 52.9, 62.3, 62.4,
87.1,92.3,104.6, 106.1, 116.1, 116.9, 123.9, 124.2, 128.31, 128.32, 131.6, 132.5,
152.4, 152.7.

MS (E1): m/z (%) 360 (M*, 12), 188 (12), 187 (20), 186 (31), 173 (30), 172 (100),
171 (10), 145 (13), 144 (30).

HRMS (El): m/z Calcd for C23H2sN4: 360.2314; Found: 360.2313.
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General procedure for enantioselective synthesis of C3a-(3-indolyl)-
pyrroloindolines (Table 14)

Acid anhydride (0.20 mmol, 1.0 equiv) was added to a solution of 46 (0.20 mmol,
1.0 equiv) and sulfoxide 62c (26 pL, 0.20 mmol, 1.0 equiv) in EtCN (1.0 mL,
0.20 M) at indicated temperature under an argon atmosphere. After stirring for 10
min, DTBP (90 pL, 0.40 mmol, 2.0 equiv) was added and the reaction mixture
was stirred for further 10 min. N-Methylindole (25 pL, 0.20 mmol, 1.0 equiv) was
added and then the reaction mixture was warmed to 0 °C over 10 min with stirring.
The reaction mixture was neutralized with saturated aqueous NaHCO3 at 0 °C,
and then extracted three times with DCM. The organic layers were combined,
washed with brine, dried over MgSQ4, and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography with

hexane/AcOEt as the eluent to afford the corresponding pyrroloindoline 34.

Methyl (3aR,8aS)-8-benzyl-3a-(1-methyl-1H-indol-3-yl)-3,3a,8,8a-tetra-

hydropyrrolo[2,3-b]indole-1(2H)-carboxylate ((—)-34w)

N} co,Me

Entry 7; 461 (62 mg, 0.20 mmol), 62c¢ (26 pL, 0.20 mmol), TCAA (37 uL, 0.20
mmol), DTBP (90 pL, 0.40 mol), EtCN (1.0 mL), N-methylindole (25 pL, 0.20
mmol); (—)-34w (50 mg, 57%).

Colorless oil.

IR (CHCIs): 1692, 1493, 1452 cm'L.
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[a]?"®p = —155.7 (¢ = 0.07, CHCIs).

94% ee by HPLC analysis (CHIRALPAK IA column eluted with hexane:2-
propanol (95:5), flow rate 0.5 mL/min, A = 254 nm; Rt = 19 min for (+) and Rt =
27 min for (-)).

'H NMR (500 MHz, DMSO-ds, 80 °C): § 2.36 (1H, ddd, J = 12.5, 6.3, 3.5 Hz),
2.78 (1H, ddd, J = 12.5, 9.0, 9.0 Hz), 3.15-3.28 (1H, m), 3.50 (3H, s), 3.70 (3H,
s), 3.94 (1H, ddd, J = 10.5, 7.5, 3.0 Hz), 4.58 (1H, d, J = 16.2 Hz), 4.69 (1H, d,
J = 16.2 Hz), 5.84 (1H, s), 6.45 (1H, d, J = 7.6 Hz), 6.57 (1H, dd, J = 7.6, 7.6
Hz), 6.83 (1H, dd, J = 7.6, 7.6 Hz), 6.93 (1H, d, J = 7.6 Hz), 6.97-7.07 (2H, m),
7.09 (1H, dd, J = 7.6, 7.6 Hz), 7.11 (1H, s), 7.16-7.22 (1H, m), 7.22-7.28 (2H,
m), 7.28-7.32 (2H, m), 7.34 (1H, d, J = 7.6 Hz).

13C NMR (125 MHz, DMSO-dg, 80 °C): & 31.8, 37.6, 45.0, 49.1, 51.6, 55.1, 86.6,
105.7, 109.4, 116.3, 117.0, 118.2, 119.0, 120.8, 123.0, 125.3, 126.2, 126.48,
126.52, 126.6, 127.7, 132.6, 137.4, 138.7, 148.9, 154.6.

MS (El): m/z (%) 437 (M*, 32), 405 (22), 350 (17), 349 (100), 335 (22), 258 (20),
257 (41), 91 (10).

HRMS (EIl): m/z Calcd for C2sH27N302: 437.2103; Found: 437.2102.

tert-Butyl (3aRS,8aSR)-8-benzyl-3a-(1-methyl-1H-indol-3-yl)-3,3a,8,8a-

tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate ((—)-34d)

. H Boc

Entry 9; 46d (70 mg, 0.20 mmol), 62c (26 pL, 0.20 mmol), TFAA (28 pL, 0.20

mmol), DTBP (90 pL, 0.40 mol), EtCN (1.0 mL), N-methylindole (25 pL, 0.20
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mmol); (—)-34d (70 mg, 73%).

[a]?®'p = —185.0 (¢ = 0.10, CHCIs).

93% ee by HPLC analysis (CHIRALPAK IC column eluted with hexane:ethanol
(99:1), flow rate 0.5 mL/min, A = 254 nm; Rt = 14 min for (+) and Rt = 18 min

for (-)).

Methyl (3aRS,8aSR)-8-allyl-3a-(1-methyl-1H-indol-3-yl)-3,3a,8,8a-tetrahy-

dropyrrolo[2,3-b]indole-1(2H)-carboxylate ((—)-34x)

N} co,Me
Allyl

Entry 10; 469 (52 mg, 0.20 mmol), 62c¢ (26 pL, 0.20 mmol), TFAA (28 uL, 0.20
mmol), DTBP (90 uL, 0.40 mol), EtCN (1.0 mL), N-methylindole (25 uL, 0.20
mmol); (—)-34x (60 mg, 78%).

Colorless oil.

IR (CHCI3): 1694, 1452 cm™?.

[a]3%% = —154.5 (¢ = 0.20, CHCIs5).

91% ee by HPLC analysis (CHIRALPAK IA column eluted with hexane:2-
propanol (95:5), flow rate 0.5 mL/min, A = 254 nm; Rt = 15 min for (+) and Rt =
18 min for (-)).

H NMR (500 MHz, DMSO-ds, 80 °C) &: 2.31 (1H, ddd, J = 12.0, 6.5, 3.5 Hz),
2.76 (1H, ddd, J = 15.0, 7.5, 5.0 Hz), 3.06-3.26 (1H, m), 3.61 (3H, s), 3.69 (3H,
s), 3.92 (1H, ddd, J = 11.0, 7.5, 3.5 Hz), 3.96-4.14 (2H, m), 5.09 (1H, dd, J =
11.0, 2.0 Hz), 5.21 (1H, dd, J = 16.0, 2.0 Hz), 5.78 (1H, s), 5.80-5.94 (1H, m),

6.51 (1H, d, J = 8.0 Hz), 6.57 (1H, ddd, J = 7.0, 7.0, 1.0 Hz), 6.90 (1H, dd, J =
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7.0, 1.0 Hz), 6.92 (1H, ddd, J = 8.0, 7.0, 1.0 Hz), 7.05 (1H, ddd, J = 8.0, 8.0, 1.0
Hz), 7.10 (1H, ddd, J = 8.0, 7.0, 1.0 Hz), 7.14 (1H, d, J = 8.0 Hz), 7.16 (1H, s),
7.35 (1H, d, J = 8.0 Hz).

13C NMR (125 MHz, DMSO-dg, 80 °C): & 31.8, 37.6, 45.0, 47.6, 51.7, 54.9, 86.4,
105.8, 109.5, 115.6, 116.3, 116.9, 118.3, 119.0, 120.9, 123.0, 125.3, 126.5, 127.7,
132.6, 134.0, 137.5, 148.7, 154.6.

MS (El): m/z (%) 387 (M*, 60), 355 (15), 300 (23), 299 (100), 286 (11), 285 (36),
259 (11), 258 (21), 257 (41).

HRMS (El): m/z Calcd for C24H25N302: 387.1947; Found: 387.1943.

Methyl (3aRS,8aSR)-8-methyl-3a-(1-methyl-1H-indol-3-yl)-3,3a,8,8a-tetra-

hydropyrrolo[2,3-b]indole-1(2H)-carboxylate ((—)-34f)

N" 1 co,Me

Entry 11; 46f (46 mg, 0.20 mmol), 62c¢ (26 pL, 0.20 mmol), TFAA (28 uL, 0.20
mmol), DTBP (90 pL, 0.40 mol), DCM (1.0 mL), N-methylindole (25 pL, 0.20
mmol); (—)-34f (58 mg, 81%).

[a]?®°p = —150.0 (c = 0.20, CHCl3).

82% ee by HPLC analysis (CHIRALPAK IC column eluted with hexane:ethanol

(95:5), flow rate 0.5 mL/min, A = 254 nm; Rt = 21 min for (+) and Rt = 31 min

for (-)).
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General procedure for enantioselective synthesis of C3a-substituted
pyrroloindolines (Table 15)

TFAA (0.20 mmol, 1.0 equiv) was added to a solution of 46i (0.20 mmol, 1.0
equiv) and sulfoxide 62c¢ (26 pL, 0.20 mmol, 1.0 equiv) in EtCN (1.0 mL, 0.20
M) at indicated temperature under an argon atmosphere. After stirring for 10 min,
DTBP (90 pL, 0.40 mol, 2.0 equiv) was added and the reaction mixture was stirred
for further 10 min. Nucleophile (0.20 mmol, 1.0 equiv) was added and then the
reaction mixture was warmed to 0 °C over 10 min with stirring. The reaction
mixture was neutralized with saturated agueous NaHCOs; at 0 °C, and then
extracted three times with DCM. The organic layers were combined, washed with
brine, dried over MgSQOg, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography with hexane/AcOEt as the

eluent to afford the corresponding pyrroloindoline 34.

Methyl (3aRS,8aSR)-8-benzyl-3a-(1H-indol-3-yl)-3,3a,8,8a-tetrahydro-

pyrrolo[2,3-b]indole-1(2H)-carboxylate ((—)-34y)

Entry 1: 461 (31 mg, 0.10 mmol), 62c (13 pL, 0.10 mmol), TFAA (14 uL, 0.10
mmol), DTBP (45 pL, 0.20 mol), EtCN (0.50 mL), indole (12 mg, 0.10 mmol);
(—)-34y (34 mg, 81%).
Colorless amorphous.

IR (CHCI3): 1692, 1493, 1452, 1389 cm ™.

115



[a]???p = —250.0 (¢ = 0.05, CHCIs).

88% ee by HPLC analysis (CHIRALPAK IA column eluted with hexane:ethanol
(95:5), flow rate 0.5 mL/min, A = 254 nm; Rt = 33 min for (+) and Rt = 38 min
for (-)).

'H NMR (400 MHz, DMSO-ds, 80 °C): § 2.36 (1H, ddd, J = 14.4, 7.2, 3.6 Hz),
2.82 (1H, ddd, J = 12.0, 8.8, 8.8 Hz), 3.13-3.31 (1H, m), 3.50 (3H, s), 3.93 (1H,
ddd, J = 12.0, 8.8, 3.6 Hz), 4.59 (1H, d, J = 16.0 Hz), 4.69 (1H, d, J = 16.0 Hz),
5.85 (1H, s), 6.44 (1H, d, J = 7.6 Hz), 6.57 (1H, dd, J = 7.6, 7.6 Hz), 6.79 (1H,
dd, J = 7.6, 7.6 Hz), 6.92 (1H, d, J = 7.6 Hz), 6.97-7.10 (3H, m), 7.11-7.52 (7H,
m), 10.77 (1H, s).

13C NMR (100 MHz, DMSO-ds, 80 °C): § 37.6, 45.0,49.0, 51.6, 55.0, 86.7, 105.6,
111.3, 116.9, 117.0, 118.1, 118.8, 120.7, 122.1, 123.0, 125.0, 126.2, 126.5, 127.67,
127.74, 132.7, 137.0, 138.8, 149.0, 154.6.

MS (El): m/z (%) 423 (M*, 28), 391 (16), 336 (26), 335 (100), 244 (17), 243 (38),
91 (12).

HRMS (EI): m/z Calcd for C27H25N302: 423.1947; Found: 423.1945.

Methyl (3aRS,8aSR)-8-benzyl-3a-(4-(dimethylamino)phenyl)-3,3a,8,8a-tetra-
hydropyrrolo[2,3-b]indole-1(2H)-carboxylate ((—)-342)

MezN

N} co,Me

Entry 2: 46i (62 mg, 0.20 mmol), 62c (26 pL, 0.20 mmol), TFAA (28 uL, 0.20

mmol), DTBP (90 pL, 0.40 mol), EtCN (1.0 mL), N,N-dimethylaniline (25 pL,
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0.20 mmol); (—)-34z (64 mg, 72%).

Colorless oil.

IR (CHCI3): 1692, 1517, 1493, 1452, 1385 cm_.

[a]?%°p = —=260.0 (c = 0.10, CHCl3).

91% ee by HPLC analysis (CHIRALPAK IB column eluted with hexane:ethanol
(90:10), flow rate 0.5 mL/min, A = 254 nm; Rt = 15 min for (+) and Rt = 18 min
for (-)).

'H NMR (500 MHz, DMSO-dg, 80 °C): § 2.39 (1H, ddd, J = 12.5, 6.1, 2.4 Hz),
2.51-2.62 (1H, m), 2.83 (6H, s), 2.99-3.15 (1H, m), 3.52 (3H, s), 3.87 (1H, ddd,
J=10.5, 7.8, 2.5 Hz), 4.60 (1H, d, J = 16.0 Hz), 4.64 (1H, d, J = 16.0 Hz), 5.63
(1H, s), 6.37 (1H, d, J = 7.6 Hz), 6.59 (1H, dd, J = 7.6, 7.6 Hz), 6.60-6.67 (2H,
m), 6.92 (1H, d, J = 7.6 Hz), 6.97 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 7.00-7.08 (2H,
m), 7.16-7.23 (1H, m), 7.23-7.32 (4H, m).

13C NMR (125 MHz, DMSO-dg, 80 °C): § 37.3, 39.7, 45.4, 48.9, 51.6, 59.1, 87.3,
105.8, 112.1, 117.1, 123.2, 126.0, 126.2, 126.4, 127.6, 127.8, 131.5, 133.1, 138.7,
148.9, 149.0, 154.4.

MS (El): m/z (%) 427 (M*, 57), 339 (26), 326 (25), 325 (100), 248 (10).

HRMS (EI): m/z Calcd for C27H20N302: 427.2260; Found: 427.2261.
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Methyl (3aRS,8aSR)-8-benzyl-3a-(methyl(phenyl)amino)-3,3a,8,8a-tetra-

hydropyrrolo[2,3-b]indole-1(2H)-carboxylate ((-)-34aa)

Entry 3: 461 (31 mg, 0.10 mmol), 62c (13 pL, 0.10 mmol), TFAA (14 pL, 0.10
mmol), DTBP (45 pL, 0.20 mol), EtCN (0.50 mL), N-methylaniline (11 pL, 0.10
mmol); (—)-34aa (33 mg, 80%).

Colorless oil.

IR (CHCI3): 1692, 1493, 1452, 1391 cm™?,

[a]?*1p = —271.3 (¢ = 0.02, CHCIs).

90% ee by HPLC analysis (CHIRALPAK OJ-H column eluted with
hexane:ethanol (99:1), flow rate 1.0 mL/min, A = 254 nm; Rt = 17 min for (+) and
Rt = 24 min for (-)).

'H NMR (400 MHz, DMSO-dg, 80 °C): § 2.14 (1H, ddd, J = 14.0, 5.5, 2.8 Hz),
2.41-2.57 (1H, m), 2.66 (3H, s), 2.92 (1H, ddd, J = 15.0, 5.5, 5.5 Hz), 3.49 (3H,
s), 3.56-3.73 (1H, m), 4.40 (1H, d, J = 16.0 Hz), 4.53 (1H, d, J = 16.0 Hz), 5.75
(1H, s), 6.31 (1H, d, J = 7.6 Hz), 6.65 (1H, dd, J = 7.6, 7.6 Hz), 6.90-6.99 (2H,
m), 6.99-7.11 (2H, m), 7.11-7.23 (6H, m), 7.23-7.37 (2H, m).

13C NMR (100 MHz, DMSO-dg, 80 °C): & 37.4, 38.9, 44.7,49.2, 51.9, 77.7, 81.2,
106.1, 117.1, 123.5, 123.8, 125.2, 126.4, 126.6, 128.0, 128.2, 128.7, 129.0, 138.8,
149.8, 150.2, 154.7.

MS (El): m/z (%) 413 (M*, 24), 326 (10), 325 (41), 307 (43), 306 (100), 247 (13),
234 (16), 233 (25), 215 (18), 106 (11), 91 (36).

HRMS (EI): m/z Calcd for C26H27N302: 413.2103; Found: 413.2105.
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Methyl (3aRS,8aSR)-8-benzyl-3a-(phenylamino)-3,3a,8,8a-tetrahydro-

pyrrolo[2,3-b]indole-1(2H)-carboxylate ((—)-34ab)

£

HN

N\
N | Cco,Me
Bn

Entry 4: 461 (62 mg, 0.20 mmol), 62c (26 pL, 0.20 mmol), TFAA (27 pL, 0.20
mmol), DTBP (90 puL, 0.40 mol), EtCN (1.0 mL), aniline (25 pL, 0.20 mmol);
(-)-34ab (70 mg, 79%).

Colorless oil.

IR (CHCI3): 1694, 1495, 1452, 1391 cm™?,

[a]265p = —204.2 (¢ = 0.24, CHCls3).

91% ee by HPLC analysis (CHIRALPAK IB column eluted with hexane:ethanol
(90:10), flow rate 0.5 mL/min, A = 254 nm; Rt = 12 min for (-) and Rt = 16 min
for (+)).

'H NMR (500 MHz, DMSO-dg, 80 °C): § 2.17 (1H, ddd, J = 12.5, 7.5, 5.0 Hz),
2.43-2.56 (1H, m), 3.11-3.26 (1H, m), 3.53 (3H, s), 3.84 (1H, ddd, J = 11.0, 8.0,

5.5 Hz), 4.50 (1H, d, J = 16.2 Hz), 4.68 (1H, d, J = 16.2 Hz), 5.80 (1H, s), 5.98

(1H, s), 6.29 (2H, d, J = 7.6 Hz), 6.44-6.52 (2H, m), 6.59 (1H, dd, J = 7.6, 7.6

Hz), 6.80-6.89 (2H, m), 7.01 (1H, dd, J = 7.6, 1.0 Hz), 7.04 (1H, ddd, J = 7.6,
7.6, 1.0 Hz), 7.13-7.25 (1H, m), 7.25-7.41 (4H, m).

13C NMR (125 MHz, DMSO-ds, 80 °C): § 40.5, 43.7,49.0, 51.8, 71.1, 82.6, 106.0,
114.1, 116.3, 117.1, 122.2, 126.4, 126.8, 127.8, 128.0, 128.5, 129.8, 138.6, 145.8,
149.1, 154.9.

MS (E1): m/z (%) 399 (M*, 53), 308 (24), 307 (100), 306 (22), 233 (11), 216 (17),
91 (41).

HRMS (EIl): m/z Calcd for C2sH25N302: 399.1947; Found: 399.1949.
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Dimethyl (3aSR,3'aSR,8aSR,8'aSR)-8,8'-dibenzyl-2,2",3,3",8,8a,8",8"a-octa-

hydro-1H,1'H-[3a,3'a-bipyrrolo[2,3-b]indole]-1,1'-dicarboxylate ((—)-57d)

MeO,C. H |

N} ‘co,Me

Entry 5: 46i (62 mg, 0.20 mmol), 62c (26 pL, 0.20 mmol), TFAA (37 pL, 0.20
mmol), DTBP (90 pL, 0.40 mol), EtCN (1.0 mL), 46i (62 mg, 0.20 mmol); (-)-
57d (50 mg, 19%).

Colorless amorphous.

IR (CHCI3): 1694, 1493, 1452, 1395 cm™?,

[a]?"?p = —360.0 (c 0.05, CHCIs3).

91% ee by HPLC analysis (CHIRALPAK IB column eluted with hexane:ethanol
(90:10), flow rate 0.5 mL/min, A = 254 nm; Rt = 13 min for (+) and Rt = 16 min
for (-)).

'H NMR (400 MHz, DMSO-ds, 80 °C): & 1.90 (2H, dd, J = 12.4, 6.1 Hz), 2.09-
2.30 (2H, m), 2.67 (2H, ddd, J = 11.2, 11.2, 6.0 Hz), 3.25 (6H, s), 3.63 (2H, dd,
J=10.2, 8.8 Hz), 4.25 (2H, d, J = 16.0 Hz), 4.35 (2H, d, J = 16.0 Hz), 5.25 (2H,
s), 6.11 (2H, d, J = 7.3 Hz), 6.36 (2H, dd, J = 7.3, 7.3 Hz), 6.79 (2H, dd, J = 7.3,
7.3 Hz), 6.95 (2H, d, J = 7.3 Hz), 7.02-7.32 (10H, m).

13C NMR (100 MHz, DMSO-ds, 80 °C): § 34.3, 43.9, 48.6, 51.5, 61.4, 82.5, 105.1,
116.5, 123.3, 126.2, 126.4, 127.8, 128.2, 128.7, 138.6, 150.2, 153.8.

MS (El): m/z (%) 614 (M*, 73), 308 (22), 307 (100), 306 (26), 216 (12), 91 (41).

HRMS (EIl): m/z Calcd for C3gH3sN4O4: 614.2893; Found: 614.2894.
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Enantioselective total synthesis of (+)-psychotriasine (42) (Scheme 16)

Methyl (3aS,8aR)-8-allyl-3a-(5-bromo-3-(2-((methoxycarbonyl)amino)ethyl)-
1H-indol-1-yl)-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-1(2H)-carboxylate

((+)-34v)

Br

WNHCOZMe
N
S

N =
| H COzMe
Allyl

Under argon atmosphere, to a solution of 46g (0.35 g, 1.4 mmol, 1.0 equiv) and
ent-62c¢ (0.18 mL, 1.4 mmol, 1.0 equiv) in EtCN (7.0 mL, 0.20 M) was added
TFAA (0.19 mL, 1.4 mmol, 1.0 equiv). After being stirred for 10 min at -78 °C,
DTBP (0.61 mL, 2.7 mmol, 2.0 equiv) was added and the reaction mixture was
stirred for 10 min additionally at the same temperature. Subsequently, 51b (0.40
g, 1.4 mmol, 1.0 equiv) was added to the above reaction mixture, and the mixture
was stirred for 10 min at 0 °C. DDQ was added to the solution and stirred for 15
min under the same temperature. The reaction mixture was filtrated through
Celite pad, and the filtrate was washed with 10% aqueous NaHCO3. The organic
layer was washed with brine, dried over MgSOg, and concentrated under reduced
pressure. The residue was purified by column chromatography with
hexane/AcOEt (2:1 to 1:1) as an eluent to give (+)-34v (0.48 g, 63%).

[0]2605 = +156.7 (c = 0.27, CHCls3).
91% ee by HPLC analysis (CHIRALPAK AD column eluted with hexane:ethanol

(90:10), flow rate 0.5 mL/min, A = 254 nm; Rt = 23 min for (+) and Rt = 26 min

for (-)).
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(+)-Psychotriasine (42)

WNHMe
N

N H Me

A solution of (+)-34v (0.31 g, 0.56 mmol) and RhCI3-3H20 (74 mg, 0.28 mmol)
in EtOH (5.6 mL) and H20 (4.5 mL) was stirred at 90 °C. After stirring for 7 h,
the reaction mixture was filtrated through Celite pad, and the filtrate was diluted
with water and extracted three times with AcOEt. The organic layers were
combined, washed with brine, dried over MgSOs4, and concentrated under reduced
pressure. The residue was purified by column chromatography with
hexane/AcOEt (2:1 to 1:2) as an eluent to give deallylated product (0.24 g, 81%)
as a white amorphous. To a solution of LiAIH4 (2.0 mL, 1.0 M in THF) was added
the deallylated product (50 mg, 0.10 mmol) at 0 °C and the reaction mixture was
heated at reflux. After 2 h, the reaction mixture was cooled back to room
temperature and carefully quenched by dropwise addition of saturated agueous
Rochelle’s salt. The solution was extracted three times with DCM. The extracts
were combined, washed with brine, dried over MgSQOg4, and concentrated under
reduced pressure. The residue was purified by column chromatography with
AcOEt/MeOH (10:1 to 5:1) as an eluent to give (+)-42 (32 mg, 94%).
Colorless amorphous.

IR (CHCI3): 3428, 1485, 1458 cm™’.

[a]?*2p = +101.0 (c = 0.10, MeOH).
IH NMR (500 MHz, CD3OD): § 2.44-2.51 (1H, m), 2.47 (3H, s), 2.56-2.65 (1H,
m), 2.58 (3H, s), 2.99 (1H, ddd, J = 9.0, 7.0, 2.0 Hz), 3.02-3.10 (2H, m), 3.10-

3.16 (2H, m), 3.21 (1H, ddd, J = 12.0, 10.5, 6.0 Hz), 5.22 (1H, s), 6.58 (1H, ddd,
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J=7.6,7.6,1.0 Hz), 6.70 (1H, d, J = 7.6 Hz), 6.87 (1H, d, J = 7.6 Hz), 6.96 (1H,
ddd, J = 7.6, 7.6, 1.0 Hz), 7.00 (1H, ddd, J = 7.6, 7.6, 1.0 Hz), 7.07 (1H, ddd, J
=7.6,7.6, 1.0 Hz), 7.16 (1H, d, J = 7.6 Hz), 7.47 (1H, s), 7.54 (1H,d, J = 7.6
Hz).

13C NMR (125 MHz, CD30D): § 24.2, 34.6, 36.3, 40.0, 51.6, 52.2, 77.6, 87.1,
110.2, 111.0, 113.2, 119.5 (2C), 120.4, 122.7, 124.8, 125.6, 130.5, 130.7, 131.3,
137.8, 152.6.

MS (El): m/z (%) 346 (M*, 8), 303 (25), 174 (39), 173 (100), 172 (18), 131 (13),
130 (29).

HRMS (El): m/z Calcd for C22H26N4: 346.2157; Found: 346.2152.
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Synthesis of (R)-BINOL-derived C2-symmteric chiral sulfoxides 62a and 62b.

(Scheme 13)

+

R R

R = H: 62a
R = Ph: 62b

?
S

mCPBA (0.53 g, purity 77%, 2.4 mmol) was added to mixture of a solution of
63a (0.74 g, 2.4 mmol) in DCM (24 mL) and 10% NaHCO3s aq. (12 mL) at 0 °C.
After stirring for 50 min, saturated aqueous Na>SOsz was added to the reaction
mixture at 0 °C, and then extracted three times with DCM. The organic layers
were combined, washed with brine, dried over MgSQOg4, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
with hexane/AcOEt as the eluent to afford 62a (0.74 g, 95%). Sulfoxide 62b was
synthesized by similar procedure for the preparation of 62a (62b, 0.37 g, 0.80
mmol; mCPBA, 0.15 g, purity 77%, 0.88 mmol; 10% NaHCO3z ag., 4.0 mL; DCM,
8 mL; 62b, 0.36 g, 95%). The chiral sulfides 63a%? and 63b%*®) were prepared

by reported procedures, respectively.

62a

White powder.

Mp 197-198 °C

IR (CHCl3): 2997, 1506, 1039 cm™.
[a]??'p =—16.7 (¢ = 1.2, CHCls3).

> 99% ee by HPLC analysis (CHIRALPAK IC column eluted with hexane:ethanol
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(95:5), flow rate 0.5 mL/min, A = 254 nm; Rt

24 min for (=) and Rt = 36 min

for (+)).

IH NMR (400 MHz, CDCls): § 3.24 (1H, d, J = 11.7 Hz), 3.48 (1H, d, J = 14.0
Hz), 3.89 (1H, d, J = 14.0 Hz), 4.33 (1H, d, J = 11.7 Hz), 7.24-7.33 (2H, m), 7.35
(1H, d, J = 8.0 Hz), 7.39 (1H, d, J = 8.0 Hz), 7.46-7.54 (2H, m), 7.56 (1H, d, J =
8.0 Hz), 7.62 (1H, d, J = 8.0 Hz), 7.87-7.97 (2H, m), 7.99 (1H, d, J = 8.0 Hz),
8.02 (1H, d, J = 8.0 Hz).

13C NMR (100 MHz, CDCls): & 54.2, 56.7, 126.1, 126.4, 126.5, 126.7, 126.8,
126.9, 127.2, 127.6, 128.4, 128.5, 128.58, 128.64, 128.8, 128.9, 131.6, 132.1,

133.5, 133.7, 134.60, 134.63.

Anal Calcd for C22H160S: C, 80.46; H, 4.91; Found: C, 80.65; H, 5.07.

62b

White powder.

Mp >300 °C.

IR (CHCI3): 1504, 1495, 1314 cm™?,

[0]?%8p = —26.7 (¢ = 0.15, CHCl3).

> 99% ee by HPLC analysis (CHIRALPAK IB column eluted with hexane:ethanol
(90:10), flow rate 0.5 mL/min, A = 254 nm; Rt = 23 min for (-) and Rt = 28 min
for (+)).

'H NMR (CDCl3) &: 3.30 (1H, d, J = 14.3 Hz), 3.36 (1H, d, J = 11.5 Hz), 4.35
(1H, d, J = 14.3 Hz), 4.41 (1H, d, J = 11.5 Hz), 7.07-7.35 (4H, m), 7.35-7.58
(10H, m), 7.58-7.84 (2H, m), 7.84-8.07 (4H, m).

13C NMR (125 MHz, CDCls): & 49.3, 53.4, 126.2, 126.4, 126.5, 126.6, 126.77,

126.83, 127.0, 127.2, 127.4, 127.9, 128.2, 128.3, 128.4, 128.6 (2C), 129.5 (2C),
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129.6, 129.9, 130.3, 130.5, 130.8, 131.1, 131.5, 132.8, 133.0, 135.7, 135.9, 139.8,
140.18, 140.19, 141.5.

HRMS (FAB): m/z Calcd for C3sH250S [M+H]": 481.1627; Found: 481.1623.

Synthesis of tetrahydrothiophene-derived Cz2-symmteric chiral sulfoxide 62c

(Scheme 14)

O_
|

mCPBA (2.2 g, purity 77%, 10 mmol) was added to mixture of a solution of
63c (1.2 g, 10 mmol) in DCM (0.10 L) and 10% NaHCO3 aq. (50 mL) at 0 °C.
After stirring for 10 min, saturated aqueous Na>SO3z was added to the reaction
mixture at 0 °C, and then extracted three times with DCM. The organic layers
were combined, washed with brine, dried over MgSQOg4, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
with hexane/AcOEt as the eluent to afford 62c (1.0 g, 76%). The chiral sulfide
63c was prepared according to the reported procedure.34¢
Colorless oil.

IR (CHCl3): 2984, 1452, 1020 cm™.
[a]?“4p = +140.0 (c = 1.1, CHClIs3).
> 99% ee by HPLC analysis (CHIRALPAK AS column eluted with
hexanes:ethanol (90:10), flow rate 0.5 mL/min, A = 220 nm; Rt = 25 min for (-)
and Rt = 38 min for (+)).
'H NMR (300 MHz, CDCl3): & 1.37 (3H, d, J = 7.1 Hz), 1.40 (3H, d, J = 7.1 Hz),
1.42-1.59 (1H, m), 2.00-2.32 (2H, m), 2.49 (1H, dddd, J = 14.1, 7.5, 7.5, 3.0 Hz),
2.81 (1H, dddd, J = 13.5, 11.4, 6.9, 6.9 Hz), 3.09 (1H, ddd, J = 15.0, 15.0, 7.5

Hz).
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13C NMR (125 MHz, CDCls): § 11.5, 16.6, 32.2, 33.6, 56.6, 66.3.
MS (E1): m/z (%) 132 (M*, 100), 101 (10), 83 (51), 77 (96), 67 (12), 59 (12), 55
(74), 41 (34), 39 (13).

HRMS (EIl): m/z Calcd for CeH120S: 132.0609; Found: 132.0609.

Determination of absolute configuration of (+)-34w

Me Me
N N
~ 1. Na, liq. NHy, 'BUOH, THF, 78 °C ~
Q—‘Q 2. LiAIH,, THF, reflux Q—Q
——N N

'\,‘ H \COZMe ” H Me
Bn
(+)-34w (+)-A4M

Small portion of Na (90 mg) was added to a liquid ammonia (5.0 mL) at —78 °C.
After 5 min, a solution of 'BuOH (0.18 mL) in THF (1.5 mL) was added to the
ammonia solution, followed by a solution of (+)-34w (44 mg, 0.10 mmol, 61%
ee) in THF (3.0 mL). The reaction mixture was stirred at —78 °C for 40 min. The
reaction was quenched with addition of solid NH4Cl (1.0 g), and ammonia was
evaporated by the replace the cooling bath with a water bath. The residue was
dissolved in DCM and filtered through a cotton plug. After concentration of the
filtrate, the residue was purified by column chromatography with hexane/AcOEt
(2:1 to 1:2) as an eluent to give a debenzylated product (19 mg, 54%). To a
solution of LiAIH4 (1.0 mL, 1.0 M in THF) was added the above product (19 mg)
at room temperature and the reaction mixture was heated at reflux. After 2.5 h,
the reaction mixture was cooled back to room temperature and carefully quenched
by dropwise addition of saturated aqueous Rochelle’s salt. The solution was
extracted three times with AcOEt, washed with brine, dried over MgSQO4, and

concentrated under reduced pressure. The residue was purified by column
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chromatography with DCM/MeOH (10:1 to 5:1) as an eluent to give a white
amorphous A (10 mg, 59%), which specific rotation showed [0]?*%> = +11.5 (¢ =
0.10, CHCI3). The absolute configuration of this product was determined

according to the reported (+)-A.*V
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