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BT E LA IE, N2 5 N TEMRBLEN SIERICEERAGR Y —F > b &
LCET D, FHIEHAREREENEIINICEA ST TV D 2B ERILADILESE,
JEIE . HSREMEM B2 E OB TICB W TR FIH SN TR Y . WML BT FiRLE
W& R OB 3D TR B R A O,

BT EHEEACAWOARIEE U I FO S EFERICH L CHi- e BHRAEZEAT 2 Tk
IN—EI TR Y | Z DT H RIS HE R E A BN TR b EARBI DD IH DS
ELTESITOND, UL, BAROMNEICRIRICERLEZEAT L2 ENEE LT
WEETH Y | 21X, Friedel-Crafts St D K 5 72 5O TIRBORGREZ g L BIZ, HEO®E
BIEPNEASNTLE 9 7 EORIBEMNBET 57720 (Scheme 1.1)',

Scheme 1.1

1

R R! R! R
AICl,
+ X_O - + + etc.

F7o. BREFRICEMZE D0 I7EE LT, Reppe KGR EDT V¥ o D = BALKIE
Win DS, ARG S B O BRI $Z < AL TLE 9 &0 9 KA D 5 (Scheme 1.2),

Scheme 1.2
R'——R? R? R2 R3
Ni catalyst R! R R! RZ  RY R®
R3 — P\4 L etc.
R* R? RS R! R2 RS
RS——RS® R? R® R
36 isomers

—F . END OEBGFBECEMERIE L TR D FikE U THIREE D HFHRZE D
HLOEERETHT o —FNEZ HDH(Scheme 1.3), ZDOFIETITERLEEZH LN EDOE
HOAEIEAN LSRR E 2 AR DB/ LS 5720, TR _7ZFIETHEE 2> T
W XD TR fniE B R DRI A < fED 7RV RIRBY 2R B IR G DB R FTRE & 72
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Scheme 1.3 Construction of aromatic compounds via cyclization of acyclic compounds.

O'Cb/;—» -

Desired compound
only

WMHRR CIE DT T a—F 2 S& . LT = AR A ¥ &2 2 & HBRKIGIC A
WD BRI A O -2 A FIEDORIICE Y A TX =2,

ZITRAABVAMG, FRCA LT 4 U AZ BV RIZONTIRARTEL, A#EHRIET
IZBWTEIRN R RFE - REMETERIEOBRI TR b HELRREO —D>TH Y | BIEHIE
TR DT IR T WD, £ LT T, IfEF VT 4 U A Z B RIMRBRRER A
ZEFTETWA Y 2005 4E121F Yves Chauvin, Robert H. Grubbs, Richard R. Schrock (Z%f U TA
WA RRIZI T D A X2V ARG E WIZFIEORFE] O¥EFKICL > T/ —VUHEFER S
A Db, AZ BT ADRBRPARERICFAIIH L THERFICRESREBE G LIRS
iz,

IDF VT 4 AXBRAET, FEOF VT 0 UETRE - IRE ERES DA
AV Z VFT oA V7 4 AT DRIGD Z & Th % (Scheme 1.4),

Scheme 1.4 Olefin metathesis reaction.

A M= A

AT gAY ADRIEHERT Scheme 1.5 DX HICEZ BN T WD, T RFTA
Ul i — IRFE_EHEGEFR PR THIAZNANTNAX VT UALFREN, A7 4 1
LUTHMBME L, AZusrn7 22T %, RICETMB L2 #E T A F L
RDTZWEATH, 2T, ALNAT X DT UACFEREAFEA L, ISR T 5,
= DORSHERE I Yves Chauvin 12 L o THEFE 7= 2,



Scheme 1.5 Mechanism of olefin metathesis.
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PA A
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~~C _
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B

—KHNCA LT 4 A Z BRI SN AL L TR, BV T T TR T U8
KT 5 Schrock B L_RUBEE LSOV T =7 AR DU F B A AT 58— Grubbs
fikll 2, F72Z OB OITHEIZK R NN X 725 AR Grubbs il 3 22 CERITFH 2 LR TE
% (Figure 1.1),

Figure 1.1

S ! \ ,"’/,
| Y TS
FsC, N Ph oC! T cl

W

W Ru=y, RES
OI"MQ\ CI/ | Ph CI( |u_\Ph
FsC O PCy,
F3C PCy3
CF3
1 2 3

EHIZINEOMBEDIZMNT G TEFE RS R OMFEIZ L > TEARRT V5% U 7 il
BB S CTETWVD, RENREDE L TIEL Amir H. Hoveyda |2 & % Hoveyda-Grubbs
filifit 4°, Siegfried Blechert |~ J: % Hoveyda-Blechert filtfit 57 72 £ 282%61F & 115 (Figure 1.2), =
B OMBET, Grubbs il TIIHEST LEEWE T REA L 7 o ORI O SUSITH L
THEMITHD Z ENFABLILTVD,



Figure 1.2

FVT 4 AR RIIIARFEA XA CM (Cross Metathesis) <2551 & I &
NTWAHBHBR A Z &2 ZHA ROMP® (Ring Opening Metathesis Polymerization) 72 & DU <
OMDIEBFIET DM, AT OB CIEMEREA L 7 4 o A X2 RCM (Ring
Closing Olefin Metathesis) 23f i HHZEICHW O TS, FlxIX, 1k~ 274 R0
REWRICEMEEKT D HEIXLERED~ 70T 7 N ALIERREN O TH -T2
BN, RCM ZHW5 Z L TR BRDLDT T n—FIC XD RERILEME RN AREL 7o 7
(Scheme 1.6)°, Z DFs, MO ERERDOSMITE Z S, £/2, BIAERDIT=F Lo HZADH
Th O ISRPORDIRE SNEZELY LTI 8 RCM ITREE AR Z1T O B
WCBMEDN W B30 5, £, BEOBIGHETAZ B AZREZ$ 2 L TRIRMEE
Wb — 2R T HZEHAEETH Y, Scheme 1.7 OFITIIHR= A U A X ET R
(RCEM) & DX »F LARUSZFIH LEBEEEZIT->T05 ) ThHOBBRA Xy ARG
2R > TREIILEMOMTEIZINT S, BB OWE R D I IER R LTz,

Scheme 1.6




Scheme 1.7

Grubbs' 2nd catalyst 3

BLED 510, BIBEA 5 o ARSI i R R R STERUIS T o Y o
DRI b, £7o, BT 5T L oA KRS R BB E I LI
LB REE, RO BOBES AT =Y MR SR TSR Y | BRI
BRAL T (A SRV ARRINT S 2 LIRS OREE b, L) SHAREES b
FERLEDOBRE TRICTH O LSS,

MR TILZOARA X B AKX DR E FEBILO FEEZHNT, ZNET
7= /)=, RUBy AF LU b0 ololix R EERIEAMARE ER L TETWD
(Scheme 1.8)"",

Scheme 1.8
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Scheme 1.9

Q 0 OH
elimination or
\ RCM oxidation/deprotection S
PG—N — | | > NI
= PG Z

ZDXIITARFIEIC L o ThEx REWTEIRCEMOERIENRRFE S TETen, BHHE
BB G A OBNIARTER B AL T, R T B CE WA BRTE MY B O
M2 L kR % 223 BB O TR A WS TEY, Fix OEIFIZBWTE L OEE R &E %
RIELTNWDZ EICHEARAT, KFEN KV IRAWERRGTERILEMO G~ L RSN
5T LN EEND, £ I TR TIE, BERIERIEHOPTHLEOREREENHE
KOEHEZEDTNWDA » F—VHHIZER L, PARAZ B AT K HMR &< HEHHE LD
FIEE AW ARIEORFE B LTz,

AR —=NVFEIX, TIVBO—FETHLN T N7 7 MR EWE Thhtrh=" RIWH
KDFE 2 DT NIIaAR | FE FEDAFVES | PIRIERCHUEMIEE A2 E | KW - N Tz
MO TR % 2B R, EDOAFIEVECHEREN DR T - EELELITILD LTS
LDLYEFIZ BV THE R E & - T B (Figure 1.3)°,

Figure 1.3 Useful materials containing indole skeleton.

HO. NH,

g~
N
H

MeO

1y~

MeO l}l H = OAc
Me CO,Me
Serotonin (+)-Vinblastine Reserpine

ZD AR VBB S DO ZNETICEL OB RIENRESTETRBY Y %
DT T a—F LU TUIREL DT HIENTED, TO— DI B UFE R NHE T —
IVERE RS T 5 F{E(Scheme 1.10a), 9 —DIIE B — LiHEARNO R BURAMEE T HFE
T&%(Scheme 1.10b), M FEZ T DL, —#&IZ C-N #EGOZIZHE~ C-C F#H DB
HEL OISR O TR AR E O FEOWE IO TH7a72oT0D By LR,



T —=F OFENIILE TELNEEYOFEESLCE RO RS SITE VR TRLAZEEE 2N
X BEOFENRINETU LIFEB SN TRDIRETHY, ZOT7 7 a—F SN Hii-72 b
RTFEERRTHAILIEEREREL DLV LD,

Scheme 1.10 Two synthetic approaches to indole skeletons.

A a) major approach b) rare approach A
— > / \ - [\
— -
N
H

N
H

[os)

Z 2 CARMZETIL, MEFIN DI oA X B ADEN) IR RFB-IREEAREETE )N Z
ENRTELREDT I —FIHESE, ARAZ BV A E AW RFBEANBEMBEIZL DA
v R VO GRIEZBRRETHZ L & Lz,

IR DENZ BN T B 8 & 55 — 3 CIION BERMEEEIC RCM )b & W e B BIEIZ DUV T
IR LR TN BB SN RCEM RS &2 W =B RiEIC DWW TR~ 5,
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B A P OE R

B R CIR_2 LT, I, VT =T AMMEPABR AL T 4 AZ U ARCM)ZFIH T 505
ﬁ%@%ﬁ%%ﬁmA%Aﬁ%Téﬁ@@Aﬁ%%Hﬂﬁﬁﬂﬂ%TDémw L ESLE
T Z R DT IRV TR TBIICAF 281 T TETEY, ZILETITER 2 e 5 & IR LA Wk
%{ZIW)AE}Z%??O“C% 72o DT, 1,5,7-octatoriene-4-ols 6 {Z%} L RCM/dehydration %1t FH 9%
TRV UK 8 NELNDT LA L TV VA(Scheme 2.1) %%, ZOARIEITITN BB

FICB AR HEL T D IBIRANTE A TE D LV ORIE DD D,

Scheme 2.1 1,5,7-Octatriene-4-ols 6 give benzenes 8 after RCM/dehydration.

' OH
/ RCM dehydration
y — —_— >
=
6 7 8

ZZTIOFE%E Scheme 1.10b DT 70 —F I ZHSAV K= LD ERIE~EFIH 52 L2
x7=(Scheme 2.2), AA FEEMS CIIERALRTBEIA 9 (2% L RCM/dehydration Z3# 352 & TA R
— VISR 11 ELNLHDEE 2 BND,

Scheme 2.2 Precursors 9 give indoles after RCM/dehydration.

R\ \ RCM A\ dehydration 4—©
N N
H H

OH

9 10 11

ZZCEBRALRIBRIA 9 1T HAM 2 Z D DIENL A~ B AT S 15D (Scheme 2.3), T72bH, 2
AL 3P ANR= NV E RO F o EREASNT-Er —/VRER 12 125 L, E=1&
BRI 13 AW v 7Y ORISR OT VL BRI 14 ZHNWET U b EITO 2 &
TEALRIBER 9 BEONH DL EZ OND, EUSITIFRC GO O ZRINL |
flix ORMEEZMAGDOED Z LITL > T, FHROOBIRAIC SR RERLELZEATE LD
DEMIFEIND, Bl Ty 7 U T RISIZIEERENTE ) TR RS I BN 728
K—=EHH 7V ITRISERAO, TV MEIZIEZ ) = v — AR, L RS2 &0
TRIGT AT VR VT AT AR EE WD Z & TR ERREEZEAT S Z &N
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HELRDITTTH D,
Scheme 2.3 Retrosynthetic analysis of substrates 9.

Suzuki-Miyaura
cross coupling

\\\\\\% \ X
" "
ﬂ\r) p— U\‘ . ﬂ P M A
H HO 5 allylation H (\)

X =1, OTf, Br, etc.
9 12 13 14

LTl _R72 BRI (2D & | E T RENC CTERILATB A & 70 2 P =V HE DGR AAT
Of:%%%ﬁl\\\éo
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BEH vo—LENEETAIVUREEDOAR

55— Hii Tl T BRI I IE W BRALATEMA L D B r— iR e AT o Y A 9
DE &R AT,

HIEME L 72 5 B r— L 12 IOV TEES AT e fifR S 727280, F1DIC
12 OERICE Y MATE, BBOEm—/1 12 L7035 EEOEMEIT> T 54 DLk
et L7z R, oD IENFIHFIEE T o - 72 (Schemes 2.4 and 2.5),

—{5] H TlZ Hinsberg 747 = A ! # B0 — LBROMEISH L, 2 fLlIcm 251, 3
fEIC R Y Zud A H 2 AL =V IEPNE A S N B e — VIEE 122 BMELNRB 7
THIETE, VFAELTE3- T e — L ERE R E OMEERN RS X -T2
PLAZ A VAR =V 3L BRFENEA SN r—/L 12b K OY 12 M5 HND 2,

Scheme 2.4 Preparation of 12a.

(0]
TfO OTf
Br\)J\OMe (COOMe),  Tf,0 R
BnNH2 —_— MeOZC COzMe ' : M902C N COZMe
Bn 1
Bn
12a

Scheme 2.5 Preparation of 12b and 12c.

NaOH Br Br

O PhSO,CI @ Br, /\_/(/ { oA N\ &
N CICHZCHZC| ’}1 AcOH ’}1 2) electrophile '}l
SO,Ph SO,Ph _so, ©
Ph
12b: R’ =H
12c : R7 = p-MeO-CgH,
ZOEICLTHELNIIED I B, WIHIZ 12a 2 HFEWE & L CEBRALATERK 9 D&

Z 772, Scheme 2.3 DWAFIZHEY, £7 12a (2% U THEEEE STV D A Rt oA, B
T2 = )VIRAT 4 DAFIE T, THF K DR A TS TEAR - By 7V 7 RO EE A LT
(Table 2.1), 22T, HfliZpr = /LR £k #K 13a 2 AT Pd FREENT - LD =R K OB+ D
TR, MR OFEIA, PUSKEE 2 SN2 DWW THRETZA TS 72/ R L PA(OAC), (XL T 4 % 5D PPhs
Z LR T 2 B reflux SHE 54503 Tdh-o7-(Table 2.1, entry 1), KtV Y CTZDRIESE
T, B =1 RIS EHELANE ASH LoD a3 13b s E 13 2 H b\fﬁ%ﬂ? - B
Vo 7 BOGDE M Z i I 7o, L LR35 13b & W26 TCIEBOS 58RI TE T, et

DL BENREE T, B9 D B EAFHZEMNTEIRD o7 (entry 2), £72, 13¢ ZHWZGAITEA

12



R HIL ., FUBRS L TL RV, BB ERL 2L TEeh o7 (entry 3),

Table 2.1 Application of Suzuki-Miyaura coupling to 12a.

M__R* Pd(0Ac), (10 mol%) R R
PPhs (40 mol%)

TfQ OTf
(4 eq) CSzCO3 (4 eq.)
13

>
MeO,C™ N7 ~COMe  THE / H,0, reflux, time MeOC™ AN mC0Me

|
Bn Bn
12a 15
entry 13 time 17 yield (%)?
L ] 2 days MeO,C /N\ coMe B8
|
13a 135”
a
KF,B
2 3 \"/ 2 days I\ b
MeO,C~ N\~ ~CO,Me
|
13b Bn
15b
MeO OMe

3 BPin OMe o1h .
T A

MeO,C CO,Me
13c = N 2
Bn
15¢

alsolated yield. ?Coupling reaction was not finished. Isolation of target compound was
failed. °Coupling reaction did not occur and substrate was decomposed.

— . 12aD3INLEANTH YTV TP T2 EEFM L, 12a 2 E72 5 “FEHEHOR
VHERIELNAR T » TV 7 SEDH T ET 3L 4D —FICE =V EAMGIZT U —L
HAEA LT 2 AT 5 2 & A 7= (Scheme 2.6), Table 2.1 DFEFNEG ., —EEREH O
T 7V T IRTHEIT LIS WZ ER D28, TEFERIC, X0 USHEA R < 2ol
PEERERNEA ST UV — R UHRIK 13d 25 Z LT, BMOIESH2E n—1

FH 15e & BIFRIERTOORIERM ZRBASETITH/L LN TET,
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Scheme 2.6 Preparation of 15e from 12a by sequential Suzuki-Miyaura coupling.

KF3B.~ 132

TfO  OTf (1.2eq.) TfQ — — —
Pd(OAc), (5 mol%)
7\ PPhs (20 mol%) I\ * [\
MeO,C COMe  MeO,C~ N\~ ~CO,Me
:

MeO,C™ >\~ ~COMe  Cs,CO; (2 eq.) N
| | |
Bn THF / H,0 Bn Bn
12a reflux, 2 days 15d 15a
1:04
MeQ
(HO)zB\CEOMe Pd(OAc), (5 mol%)
PPh; (20 mol%)
MeO
OMe ©€s2C0;(2eq) _
13d (1.3 eq.)
>
THF / H,0, reflux, 1 day MeO,C N COMe
Bn
15e

57% (2 steps)

ZOXIIZR2an bR - Bl Ay TV ROGEE L TR L TET- Y 15a K T 15e
IR L, BT —F DOZAT NV ET VTR~ TUMLEATHZEER AT,

FIDIZ, KIFR72 BV 15a 1Tk L IR TCAZEIC DIBAL-H & v, ROSREE RS L OWEfE &
L C— DT AT IR T )a— VTR SN b D 16a Z F AW & L THTZ, Hith
T b~ o ZHWTERIET 22 L TV /LT & K 17a ~ & ZH L 7= (Scheme 2.7),

Scheme 2.7 Preparation of 17a from ester 15a by reduction with DIBAL-H and oxidation with

MIIOz.

= — DIBAL-H = — MnO, = =

/Y @ cq) /Y (20 a.) BV
—_— —_—
MeO,C N CO,Me THF MeO,C N CH,Cl, MeO,C N

| _ o | |
Bn 407%);/9.5h &, OH rtégsoh gy O
15a ° 16a 17a

ZOTNTE R17a il Liiix T U VA L3 14a, 14b, 18 2 AW TT U b &2 1T - 7=
(Table 2.2), = DFER, WTNOINMIIBWT S B 72U TH O AERSY) 9a-¢ 35 BT

(entries 1-3),
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Table 2.2 Preparation of 9 from 17a by allylation.

cm— /
a e
. ‘142318 B R
MeO,C > MeO,C™ N "

reagents and conditions ElSn OH
17a 9
entry 14o0r18 a reagents and conditions 9 yield (%)?
BPin
1 15 CICH,CH,CI 05
| reflux, 1 day
14a
Br
AlEt,Cl (2.2 eq.)
ob 20 Zn (3 eq.) 80
CuBr (0.1 eq.)
CO,Me THF, -20 °C, 13 h
18
— /
BPin
3 CoMe 17  CICHCH.CI 7\ CO,Me
reflux, 2 days MeO,C N
I
14b Bn OH
9¢c

3solated yield. °A diastereomeric mixture of 9b (0.57/0.43) was obtained.

—JF 12a S5 LN IR FE 15¢ 128V T DIBAL-H 12 X B 27 )L DSy

& TT

Z1T>7-(Scheme 2.8), L ¥ A ERAY2IEITLE HIE L CRUNEEE IS K OWRRE] 2 Mt L7223,
HEO®) 16b % HEET 512X e ot ZOMERERIESWIC L, b~ v
WX DB > TT AT B RSB UIZ%T UL EITH 2 & T, BRALRIBRIAK od & 5

PEIR 21 DIREW 157,

15



Scheme 2.8 Preparation of 9d from 15e by reduction, oxidation, and allylation.

MeQO MeOQO MeQO
MeO MeO MeO
— DIBAL-H — —
—_—
OH + HO, [\
MeO,C N CO,Me MeO,C N N CO,Me
| | |
Bn Bn Bn
15e 16b 19
5:1~6:1

Structures were determined by NOE analysis.

MeQ MeQ,
MnO, (30 eq.) MeO MeO
—> —_— -_—
CH,Cl, T\ * 7\
rt, 1 day MeO,C~ >\~ ~CHO OHC™ N\~ ~CO;Me
] 1
Bn Bn
17b 20
regioisomeric mixture
COOMe MeQ MeO,
BPin/\n/
14b (1.7 eq.) MeO _— MeO
—_— h—
DCE 7\ CO,Me + MeO,C 7\
reflux, 2 days MeOZC N N COQMG
Bn OH OH Bn
9d 21

regioisomeric mixture

5tV T Scheme 2.5 TG H AL 2 HE 12b, ¢ & HBEWE & 3 2 BRALATERA 9 DG A AT,

Z DAt Scheme 2.3 DA RRFENTIZHEV Y, FEE 12b, ¢ (X L TEA - By 7V T
JnEEHL7Z0H 2 VR = VRIS LTV b E4TH 28T H OB LRTER A 9e-j 21552 &M
T&E7=(Table 2.3), 12a 2L~ 12b (385K — BB 7V 7 O SHED ) B> 72728
UHERHK 13¢ ZHVDIENTE RMEA~OBEHILE A3 A[HETH -7 (entries 2 and 6), £/,
T2 DT VIALRIEZ FAVEZE TR, RO ~D EHILE AL FTHE Tdh -7 (entries 3, 4, and 6), &5
(22 MEST VT ER TIEARLA R DR 12¢ 125U Th RO TN ] T BAFRINERT R’
(ZEHIEDN G A SV BRALRTBRA 9i 24552 L D3 TET-(entry 5),
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Table 2.3 Preparation of 9 from 12 by Suzuki-Miyaura coupling and allylation.

M R4 4 R4
Br \n/ Pd(OAC), (b mol%)
PPh; (2b mol%) ,
allylation 5
[Y_ R o cuc0;@ea) TN R reagents B R
N : > N & N
| 0 " | o) s L OH R’
SO THF / Hy0, conditions 1 SO conditions 2 SO
Ph” "2 z Ph 2 Ph > 2
12 17 9
conditions allylation conditions yield (%)2
entry 12 13 a b 1 reagents ° (2 steps)
BPin DCE
1 12b KFB 2 15 5 ’f;':x (12eq) reflux 17
Y | 1 day
Ph/
13a 14a
BPin R MgBr THF
2 12b f 15 5 355ﬁ H 83
: 30
OMe | (1.5eq.) min
13c 14c
reflux " CO:Me
3 12b KRB Z 155 7 CO,Me reflux 79
Y (16eq) 1day
Ph/
13a 14b Qg
- \
Br
DCE
4 12b KRBz 15 5 [T @0ea) oo L) 25
y L 15h N CcO,Me
CO,Me pr 502
13a 18 9h
AICIEt, (2.2 eq.)
Zn (3.0 eq.)
CuBr (0.1 eq.)
MeO
BPin MgBr THF I\ )
5 12¢ \f 2 10 ;e(‘;':;‘s (1.5eq) 0°C N 60
OMe | 30 min Ph/éOZOH
13c 14c 9i OMe
MeO
BPin o MoC THF I\ Me
6 12b \( 155 gshc Me(1-5€d) o'oq N 67
OMe 30 min h/éoz OH
13¢ 14d 9j

3solated yield. °A diastereomeric mixture of 9h (0.68/0.32) was obtained.

17



IBIT 12b DK TV THIZT VT ER B h ~EEHL . FOH% T INALT HEVIRE
TR =Me DHE 9k AL TET-A, ZOBICEHILO/NSSEZFIHALTRY, RS RT O =257
E AL NS A ST R 72 D 91272 (Scheme 2.9),

Scheme 2.9 Preparation of 9k from 12b.

KFsBMe Pd(0Ac), Bmol%)  Me Me
Br PPh3 (10 mol%) MeMgBr
Cs,CO5 (3.0 eq.) (1.5eq.)
13b(1.5 eq. 23
I (oea) = [N\ — [V _m
N7 eHO THF / H,0 N CHO  THF N
SO reflux, 1 day SO 0°C SO OH
PR 2 88% Ph” "2 30min  Ph” 2
12b 17 99%
MgClI
Me (1.5eq.) Me
DMP \
(4 eq.) X Ve
— E— .
CHQC'Z N THF Me
0°C, 1 day Lo, © 0 °C, 30 min SOOH Vie
then ph” " 2 87% Ph”
10 °C, 1 day 17g (dr=0.61/0.39) 9k

32%

WEICIX. UL ETE LN LRIERA 9a-k 12545, HABRAL 7 4 v A Z B ZZ2 N
7oA v R—=ERRIZ DWW TR~ 5,
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B BHBAL 74 AZBEVREAVWAAL Y F—LDOERK

HTET T DL BRALATEEIR 9a-k (2K L CHHERA L 7 4 LV A X B ARCM)IZ L D8 L &
AR X B F/FBEACEITH Z LIk >TA v R— v Bpka kAT,

FIDIT 9a Z I Thll & & OSSR O Rt 21T - 72(Table 2.4), & AR Grubbs fififi
3 % 1 mol%H W GA TIX BIIEE b o 7o (entry 1), il &% 2.5 mol%, 7.5 mol%
Z RS EFRUR T A ZINEN 43%, 89%LL EDILERTHF H AL T & 7 (entries 2 and 3), il
£ 7.5 mol% CIRE & SR I RS 2 12 BERICIE X9 & 10a S RIFEEDOIE THEL L
(entry 4), HiEf L72 10a lZxF LBLKZTT S & 9a 1Tk LT 70%DIRT 11a 35 57z, LA
LFORREEE 2 AR 7.5 mol%., SUSKFRHIAY 12 REfH] D Gefth & Feidisefh & LTz,

Table 2.4 Optimization of RCM conditions for 9a.

p-TsOH-H,O
a mol% (10 mol%) m
toluene MeO,C toluene MeO,C

Bn OH temp., time rt, 1h
9a 10a 11a
entry a temp. (°C) time (h) yield of 10a (%)2 yield of 39a (%)?
1 1 80 2 - ¢
2 2.5 80 2 43
3 7.5 80 2 > 89
4 75 rt 12 > 84 70

aNMR yield by internal standard method. ®Isolated yield. “Complex mixture was obtained. 11a was
not observed.

ZOXIC L TEDI ISR ZHYEL LT, Aiffi CH b= fx OB LRTBEAR 9 (Zxf
L. RCM/MiAKZITWA > R —/L G A& 1T > 7=(Table 2.5),

FIZ 9a 1ZxF LT Table 2.4 @ entry 4 DA T 10a Z HEEE TS EAT 9 & 73%DUL
RTHIET DA > K=/ 1la &S 7= (entry 1),

ROICTZ AT ANEA SNz HE, BIRSMTIIRISIEL | 80 °C TRISEAT 5 & FUEHE
HEL, $HET D4 2 F—IL 11b &SN MIRIT 53% & FRLEIC & EF - /- (entries 2
and 3),

FIZ.RCM THLARZ DR Z 54 L7 1 v EDO RICT AT AREA SN HE TS
IREEZ 100°C & LTHA > R—Jb e B 12% LG S hno To(entry 4), Z 2 C, fillft i
ZAED 15 mol%IiZ T 5 E MR BIRIFERED 2% EA L2 2 &b ZoREE%E -\ RCM T
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iﬁﬂzﬁibiﬁ%“ WCRELTCLEI LD EEZ BN D(entry 5), ©Z T, RCM DIEZ 54 L7 ¢
AR B O B LN E A ST TR qulfpwmiz))ﬁ;ﬁﬁf% 25 AR
Hoveyda-Grubbs filtiit 4 2 FUNCROSEAT - 7208 UERILTAR T 9 B 65 R & 72 > 7= (entry 6),

W%ﬁﬁwﬁﬁkbf\wtI@Kﬁﬂéﬂkixkaﬁv74/b%ﬁk%%mb
(Figure 2.1), SUSZLEL TWDEDTIERWINE EZ TN, RICAL 7 4 o TIRRLS T U —
VS OFIBME 9d 12kt L TS EIT> 1256 CHOIERILFRE Th o 727-O(entry 7). =
DI E SNz, FER., IWERMEWVFR & LTk, R & ROICFARICERILNEA SR
TWBEOEEL R ENEITLICS K 252, R OBBENEILGETH D720

EFRLOBEBFEENEHE D ML KIEIELTRDH LA zn%zm%

—J7. 12b, ¢ 2> B AR L2 BRALRTBERIC RCM/BK O FiEZ 0 LA i3t L Can
FSPEDS B 5 AU 7= (entries 9-12 and 15), NEER EIZ *OMF@%@%#%A%M?Z/( v R—
IV 5% OGS TIE BAF AT mWINER & 72 5 7 (entries 8—11) g OAERIZIERTHE, FU
< R R IXTJWD%J\éﬂtﬁu%HZIK e ZHWTGAIT AR TIEN RIEIZ M ELTE
D (entry 10 vs. 4), ZOFEFRIX, ETil~<7z 11b-d @uw—ﬁ KT 2JRKICH T 25535 X
FFLTW5,

Fm, AERLCCOOEBEEZFETHA 0 F—L 1li, FILIZ @B THDH A F—b
1k b EWILERTH D Z & T 7= (entries 12 and 15), BEHIEDOEIE 2 7212 30 597,
TR UTICREME T3 LA B3 DA 27~ L7z, 243 Thorpe-Ingold #5312
Erb0lEZONY, AFEEZLVHRNRLOICL TN,

RCM D EFETIERA L7 ¢ U BB SN D MED H 5 IE 1j IZEH L7 5HE1T1E,
TAEE D PR KX KT L7zt (entry 13), il &% FiF 5 2 & TULE M L L?i(entry 14),

Table 2.5 Synthesis of indoles 11 by RCM/dehydration.

R4

3 5
R 3 p - TSOH-H,0 R3 R
7\ R __ (@5mo%) _  (10mol%) R "
2
R N R6 toluene toluene R2 N
R1 HO R? temp., 12 h rt,1h F.{1 R7
9 1
entry 9 temp. (°C) 1 yield (%)?
» n m 73
1 MQOQC '}l MeOZC 'Tj
Bn OH Bn
9a 11a
/
2 \ rt b
I\ CO,Me
3 MeOCTNy come Me0,C™ Sy 53
Bn OH Bn
9b 11b
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Table 2.5 (continued)

entry 9 temp. (°C) 1 yield (%)@
CO,Me
4 = = 100 = 12
50 [\ CoMe 0 [\ 22
MeOZC N MeOZC N
d ~
6 Bn  OH 100 B 7
9c 11c
Meo, ~ OMe MeO  OMe
_ O CO,Me
MeO,C™ Ny MeO,C™ ™\
| |
Bn OH Bn
od 11d
- \
8 / \ rt K_Q 98
\ \
prr 502 O SO,Ph
9e 11e
OMe
MeO
9 ]\ 80 I\ 93
\ \
pre 502 SO,Ph
of 1f
_ CO,Me
10 / \ COMe g9 K_Q 70
\ \
prr 502 O SO,Ph
9g 119
- \
11 I\ 80 </_©\C02Me 81
N CO,Me N
p SO, SO,Ph
9h 11h
OMe
. a0 ) o9
N
SO
e 2
OMe Ph Q
OMe
9i i
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Table 2.5 (continued)

entry 9 temp. (°C) 11 yield (%)@
OMe
MeO Me
13 100 36
[\ Me [\
14f N 100 N 66
pr 502 pr 502
9j 11j
Me, Me
15 i\ 80 /\ Me 93
Y e Me M
e e
Ph/SOZOH P02
9k 11k

2 |solated yield. ® RCM reaction was very slow. ¢ Catalyst 3 (15 mol%) was used. ¢ Hoveyda-Grubbs'
catalyst 4 (7.5 mol%) was used. ¢ A mixture of regioisomers (9d : 21 = 2.00 : 0.35) was used. ’ The
dehydration was carried out at 80 °C for 1.5 h.

Figure 2.1

Rli]\_ —
COOMe
C|40 /\
N
_0 |\ OH

22
plausible complex
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BUE

KRBT, HEB D720 Scheme 1.10b D7 7' —F |23 FE I N5 . RCM/iK Z FHV =
IRFENBEMER RO E T D4 F—AEGMIELZBRR LTz, BILABRAE 225 Er—1
BEATLHYZUEEIISA-EHD v 7Y LD ek E RS RREE AT
UMUIZE > THRTE, Fx ORBREZ SR TE 72, £ LT, 5 bA7HiBRAIC RCMW/
iAKDFEZfT Z & TEHERRBHIEDELOEAN S NI A v R — L iF 8 R & BRI Gk
THZENARBTHD Z & 2RET,

RCM/BAKEETlE, ZAVE CTOMERA & [ U< B RIMEOBHILN AL 7 0 DI
HLIECNBELAL 7 4 VBRI NDMNEOS DG TIHNEME T L, £72, WE
DR' 75 R OEMILDE G HBEIREX Mo T2, —FH T, MRS 2 K88 L CE# L
EAMNATREAR U NFTD 5 B =TI BHRENEA S NIF SR EZ BNE AR T2 4D
TX57E, TRIVAFEPDRENRGELH T,
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E—E A F—VEE{LEY

BETIEH, WSOV NnWT T —FThDH, HERAX BV AE AW RFENERME
BIZES>TAV F=VDOEREIT) ZENRTE e, THUTEY ZOFENRA > F—L LHE
FRICEFR L ER RICRFANBEDHEER LIS 6T 2 5 ERLEMOEH~ LRI TE
LD EHFIND,

AFFRTIIZDOL ) LB E LT, IRV =)L 7-E Fafx A v R—L RV F
I 7 2 AT HOWTHRET L72(Scheme 3.1), WTNWOEFBRGTEBRILEMH A > K—/LIRER,
PERITERBREZMET 2 E5EDN K TH YV A FEZICHATENE N E T LT -
TeRRRIZ R DA MR ERFELZR R TEDITT TH D,

UBOE LD, B _EHTONLAY =L F=HT 7-8 FrXx A F—b, FUEH T
VIFFHT 2 AT ONTHE LB LSRR S

Scheme 3.1

[ ®©

carbazole benzothiophene

/ \
N
H OH

7-hydroxyindole
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BE AN —IVERK

TN =T — VB FIZ ZODOR B URMBHER LIEEO(EwTHY | Hx
DRET NV IaA RIS & & BITHEEMEHC L WSS 7 ESAR e 2 &
HHL 9 BRI FREWO—2>TH D *,

TN = VERREAT D 1o DIZiE, B TA R LB OEEE L THW 3 FRe
B —/L 12a # HFEWE & L. Scheme 3.2 DA IR T X 5 Rt 2 -7 27 7 A
By TV 7T VDR R T, Z OO B UVBREZFRRFICHEETNXIVWEEZD
ns,

Scheme 3.2 Retrosynthetic analysis of carbazoles 23.

/ \ dehydratlon allylation
MeOZC N COQMe
Bn
23 12a

F T, FEROAREKDO Y & WIDIZ AN — L OBRIGHTIERK L 25T T =M
B 24a DEFLEAT o 7= (Scheme 3.3), A > R—/LERROEE & FFRIC 12a O AR-EH A >
TV UL 5 THETZ 15a 12K LT oD AT VDl )7 2% 0/ kic L > THL I L
FENEEHL, HENTT VL EIT) Z LI X TEMOT T = 5E 24a 21552 &
NTEI, 1212 L, AL 28a 05 7 — /L 26a ~DERLIZ IV T, Bkl & L TlE MnO,
PI#MZ # Dess-Martin Periodinane, TPAP, TEMPO %% 3K L. Swern FR{L L L7223 W31
b HHMDF SN2 0D EBMEDHR L6 R o,

Scheme 3.3 Preparation of 24a from 12a by coupling, reduction, oxidation and Allylation.

KF3B Pd(OAc), (10 mol%)

TfO_  OTf 13a | Ezhé (()40(;n:l‘%);) = — DIBAL.H
M (heq) T B (8 ea)
—_—
MeO,C~ N~ ~CO,Me P Me0,C™ N~ ~CO,Me

\ THF / H,0 \ THF, —40 °C
Bn reflux, 2 days Bn 1.5 days
12a 88 % 15a 95%
(40 eq.) 14e (4 eq.)
HO_ J/ V. OH — I\ —_— [\
N CHyCl,  OHC™N\” ~CHO THF N
) rt, 40 h I 0 °C, 30 min ]
Bn 42% Bn 92%, OH Bn OH
25a 26a (dr = 0.53/0.47) 24a
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2D XU TR AN A — )L DEALATEEAR 242 125 L CRCM/MiK 2R3 2 L1 KD
7 LR y°~/vAEJz%ﬁftiff:(Table 3.1), IR TIESISOHEITNED - 7272 D(entry 1),
JSIREEA 80 °C IZ RIF 72 & 2 A RCM KU AUSHE < HERY R AKNFE R HEIT L, 81%D
EWGRTHB D B L3 —)L 23a DERLEIZERRT H Z & DT & 7 (entry 2),

Table 3.1 Synthesis of carbazole 23a by RCM/dehydration.

(7. 5 mol%
/ \
toluene
temp., time

OH Bn
24a 23a
entry temp. time yield (%)?
1 rt 20 h b
2 80 °C 2h 81%

a |solated yield. ® RCM was not finished and substrate was
recovered.
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E=H 7-B Faxi A R—ERK

RCM IZ L5 A & F—= BB WT, BILAlA L LT r—AENEs /G T 007

CVEE 28 MWD L RCM I K D BEDORICAERMAIC X 2 5E/E R ESEZ Y, A F
— )V EICKBENBEAINTZ 7-t FrX A F—L 27 BELNLG LD LEHIfFSLD
(Scheme 3.4), &R RITEANSNVKEEEIZ, TSN T L a—)L L 38 e 5O M
HEaFEHoLLBIZ NI 7T —METAZ IV r7axBy ) o TICHWS Z EHTE
5708, BATLHZENTENTERDOGHAMENRES GELIEREETH D,

ZIZT, ¥u— N EAT DY A HE 28131 R— L AROEBRACRIERKR 9 & R
kT2 LItk THELNLIBDEEZ LD,

Scheme 3.4 Retrosynthetic analysis of 7-hydroxyindoles 30.

. . /
Tautomerization RCM Oxidation \

/\ -— /\ /\ :}/\
27 9

T, ARFEE HICTAHK LTz 24a WO FEH Hi A L7 9a, 9f LN 9g (2K L
Tl &7k 7= (Table 3.2), = DFEH, 9f, g & DMP |12 K » TRk 95 Z & Tt 5 32¢,d
2145 Z & DT & 72 (entries 4 and 5),

Table 3.2 Preparation of 28 from 24 or 9 by oxidation.

R4
R3
oxidation 5
R Y A R
reagents and R N
R1 conditions Il?1 o)
24 or 9 28
reagents and .
entry alcohol conditions ketone yield (%)@
DMP?
CH2C|2 ~ - 0°
0°C,15h
[\
MnO,? N
OH 8n CH,Cl, O gn O e
24a rt, overnight 28a
= -
MnO, (20 eq.) / \
CH,Cl, of
MeO,C rt, 19 days MeO,C N
Bn OH Bn O
28b

29



Table 3.2 (continued)

reagents and

entry alcohol conditions ketone yield (%)
MeO MeO
7\ DMP (4 eq.) o\
4 N CH,Cl, N 59
| rt, 1 day |
P S02 P02
of 28c
- -
DMP (4 eq.) CO,Me
5 /N\ CH,Cl, /N\ 70
) 0°C,16h ]
ph 502 ph 502
9g 28d

@ |solated yield. ® DMP (4 eq.) was used, and DMP (2 eq.) was added after 3 h. ¢ Almost
substrate was decomposed. ¢ MnO, (50 eq.) was used, and MnO, (20 eq.) and MnO, (10
eq.) were added after 1 h and 3.5 h, respectively. ¢ Reaction was very slow and substrate

was decomposed. f No reaction.

ZOLIITLTHL 28Ik L TRCM/BAKEZ T Z & T7-E Re¥xi A v R—L2T %R
IR CHERT 5 Z L3 TE 7=(Scheme 3.5), 7272 L 28¢ # W\ =5E1CIX, RIZERM &
LT 28 DT VI ORIGA L7 4 Y RNERA L 7 4 o~ B LT 29 G TE
7= (Figure 3.1), RCM UM TIEES X Grubbs filtllt 3 706 BIIAEF Db FfEIZ K - TR
PAL DRSS DS Z IR RE S TR0, FH 28¢ TIX RCM O SUSHEN T35 720

WCZDEIRBIKIGREEZ DB D EEZ LD,

Scheme 3.5 Synthesis of 7-hydroxyindoles 27 by RCM/tautomerization.

—_—

3

(7.5 mol%)

toluene

80°C,12h

60%

3

(7.5 mol%)

toluene

80°C,12h

95%

30

OMe

COZMe



Figure 3.1

By-products 29 derived from 28c¢ by Ru catalyst 3.
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UG RV FFT7 = EBR

NS FFT 2 AFA RV OERDPIEICE Do s L EMm T, fix DK
KL FPEMALEWIZ R S, EEHOLLR S THMERF~DISH bIThN b7 L H
LR RERGTFRLEMDO—D>TH D,

ORI FEFT 2 OEKIT, B E TR A v R— LA\ TEer— Lg%
FAT 2 VBRI A D Z & TEMRTE 5 LB X 5L 5H(Scheme 3.6),

Scheme 3.6 Precursors 30 give benzothiophenes 31 after RCM/dehydration.

/S\ \ RCM /S\ dehydration 4—©

OH S
30 31

2T, BRILAIBMAR L 25 F 47 = VEML AR T 5 VU HE 30 DA ERA T, AV
F— LA RRDYE & FRRIC, BRALRTBRA 30 12 =S D45y~ & Wi & AT T & 5 (Scheme 3.7).

Scheme 3.7 Retrosynthesis of thiophene-containing dienes 30.

Suzuki-Miyaura
cross coupling

“\\/ \ X
~ M
[$W>> — [ﬁ;wo + ﬂ b M A
S HO 5 allylation s
X =1, OTf, Br, etc.

30 32 13 14

EEIAT T B R4 Scheme 3.8 (1”7, HBEWE & 72 5 HH 32a lIHRS N TB VA
G ANFR[RETH o7, £ LT, Scheme 3.7 DA FIZHEVY, F 9" 32a (2% L CTHERE T
U, REEE LTI N T 2= VIRAT 4 DIFAE T . THEZK DR A EIESETE = LR o
27V 13¢ ZRWTZER - By 7V TS EE AL, HiT7 ) = —/L il 14e 2z
TIVWACEAT T, ZOFER, & BOGIERAF 7RI THETTL , BRALETBMAL 70D HO v o 3
'H 30a 2155 ENTET,
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Scheme 3.8 Preparation of 30a from 32a by Suzuki-Miyaura coupling and allylation.

BPi Me
m\n/\OMe Pd(OAc), (5 mol%) BrMo
Br PPhs (10 mol%) (1.5eq.)
U\ 13c(15€q.)  Cs,COs (3 eq. ) M
s ~CHo THF / H,0

55°C,3h °C 40 min
32a 33a
94% 88%
DX O TZBRALRTERA 30a (2xF L. RCM/ KOG Z A LY T4 7 =

EHA T - 72 (Scheme 3.9), RCM S, BUKSIGIIC T L. O~ FA47
= URBELR 31a & RAFIRUR TR 2 L TE T,

Scheme 3.9 Synthesis of benzothiophene 31a by RCM/dehydration.

OMe
OMe
3 p-TsOH-H,O
\ (7.5 mol%) (10 mol%)
[\ > > [\
S toluene toluene
OH 80°C,2h rt, 1 h S
30a 31a
0%
=L, RUBUER EIC EHILAE SO A v R— L 1If DA KOS R (Table 2.5, entry 9,

wwmmkm&?%&E$W¢#ﬁ<@ofméo_miJn IBWTITERRTF LI
%&%ﬁ@ﬁ@%ﬁ%kéhfvémmﬁb\Nyf%ﬁ7iyma%%ENM®mﬁﬁ
F RIZITEHREITES . Z OO EFEENR R 72> T DR EOIMNLE
FREDARENZ BN LRod < 20 | D RIEDN R E 5720 TIERVW N EEZHND,
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BLE R

ARETIIHE _ETA v RV ARICAWEFEEZ I —)L 7-BE KX A F—)b,
NS FFHT =2 DR ERFEREGHIISATEDL 2R T 2N TE,

TN = VERRTIERREEFA LT, 7 T = U EEZBRLRRA L L, B r—b
BRI O DIRFABEREZWETHZ L THRO DAY —)LiFEKk % 57-, 7-& K
XA v F—LBRTIE, NEBREREIZEWV T RCM/KD FiE%E RCM/HEZ BMICT 5
ZETAV R=1ND T ALUIKBEPEAISNT-BOMAE AR TE T, 7272, HEITk-
TIPSR E D, 7T U NVORMLE W) RIBOSR bz, A F—VDERIZHT=D
AT RFEFBIRE LR X FAT7 2 VERTIE, HEBEE L TEr—LDORDY
WCTF A7 2 OFERER NS Z LICEY, WIFRFLI-BEWMERDL Z ENTE T,
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HIE

VT = AR TV A VA Z VARV
4-B=)v A v R—VDEEK



B—H 4-V=)L A R—ILOERERK

PAER= VA v A X & A(RCEM)i T RCM Bt & 7 U < ARAFRAZ2FABR A ¥ & v A&
Tdh b, RCEM LTI FINOT IV v & T 0 U RIIZEV T Scheme 4.1 O X 9 7afiéd
TIFHFOFRORIENEZ 5 Y bbb, EEA & ZHEESH CHRABZ ARV B
T LI oD “HEE N IN D, ZOR, FLT7 4 AZBIRAETRRYIE
K bExF L ootz vy, RCEM UG Grubbs i IC BT HHETT 5 Z LN A &R
THEY., ZOOFRBIC X 2D RCM RSFEEL, B2 B BRSSPI O N & 72
EOREEAETS P, o THBEAMARARCICBIT 2 A MLTEL VG, EE 207
LRI & D EHER UGS DB RBH AR A~DISH 22 £ bIThh T

Scheme 4.1 Ring-closing enyne metathesis (RCEM) reaction.

metathesis
catalyst

—
=z | | RCEM

WHFFER TIEZ O RCEM FUSEZFIH LI AF Lo Aia s LTk ¥, & = f
RF—/VE R THIA L7z RCM BOSORD VI WU BAER & [RIFRFIC B = VN S L, 4-
=AY R=ARGHNDHDEHE X L5 (Scheme 4.2), AFIETEINLTWS EHIFFS
DR E LTIE, INEERIELHTHDH Z & X°, RCEM (3H G 20553 100% T k
LAxa ) I—ThiHILRENETOND,

Scheme 4.2  Synthesis of 35 and 37 from 34 and 36, respectively.

@ RCEM dehydration
/
A\

A A
34 35
7
Vi 4
I\ \ RCEM 7\ dehydration X
Nl N OH N
36 37

36



RCEM (2L > TEHEAIND E=VEITZRY Ve Kk v#k, e Kaxiqbi

EhEx BB R A MR ERETH Y | 5O DILEMITZEERA v F—AFEERE
ROFRERE 720150 LHFSNDE, 20D, BIRAICEBRLZEA L 4-E =11

R—=VERIEZRTT 2 2 LITAHAR FEELRBERE L OLE 2D, B, Bt L
2 4B =) A v R VB A BRI ART 5 IR FIETR L7 < P ZosIcE
TH4-E=/LA v F=LERIEDREOERP & D,

ZOARTHWONAERILRIBRIKIZI A VB L7508, ZOEKRIE. 41> R—1LE&
B OBALATEA AR TRV AR 7V o ANk BT A v OEANEZFEED v ) 7
LD T NF L DEANRZ D T & THEBLTX % (Scheme 4.3),

Scheme 4.3 Retrosynthesis of pyrrole-containing enynes 36.

Sonogashira
Cross- coupllng

X M
b — U\‘ s ”l . H
N\ aIIyIatlon ” \ H |

o

12 38 14

COEMEIEICESE . ETRENC TRALABMA & 22D = v o VB OB AT - T2k
RELBRD,
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BH vo—LBNEETAI A UVEEDOER

B TR AT B RIS ISRV BRAGRTER AR L 72D B o — e BT om0 A UK
'E 36 DA AR, BRALATEMA 41 1% Scheme 4.3 D X 9 (2 = DD ERy~ & Wi BT &
No, o TA LV R—=AERERLEr—AFEER 12 ZFATLENRTE L7720, H
BEOA L F=LERTHHWEE 12b 2 HBEWHE & U TERIEATEMA 36 DE R a7z,
Z DFER % Table 4.1 12737, FE 12b (2%t L CHEED Y7V 7 K E#B AL CT L3 38 &
WMALIZOL, TUNALEITHIZETH O BRLRTBER 36a-h 1552 LN CTX7z, WAy 7V
FOGOEAIZBELTIE, 1ZEAE DB TEBLRRBIFIIEDEITL, Hi< 7V IZB N T
LB RBHRIEECERMN GO, 72720, 36f ICBELTIE, #7467 ua~ 777
4=V A 7L GPC IZ X DRI L > THERIT oWV EMK 41 DEISIRA LIME D
FFRD KIS (Figure 4.1),

728, FEL <IZEI TR 2 23, In & HV 7= 36d, 36e DA f¥(entries 4 and 5) Tl o FHINK
DHOPFPCEAEL TS EHEISN 525, 'HNMR TR T& edo Tz,

Table 4.1 Preparation of 36 from 12b by Sonogashira coupling and allylation.

R4 R4
=—R* (13equi
. o (13equiv) V4 VA
\ PdClIy(PPhs), (5 mol %) A\ allylation A\ R%
CcHo  Cul (5 mol %), NEt3 (3 equiv) CHO reagents
\ - T ——— W T
Ph,802 THF, rt, overnight Ph/Soz conditions Ph/802 OH
12b 39 36
entry 38 yield of allylation conditions 36 yield of
39 (%)a reagents 36 (%)a
Ph
BF;K //
(2 equiv)
CH,Cl, / H,0 \
1 =——FPh >99 2v2i 2 97
14f t,~1h I\
38a "Bu,NI (0.1 equiv) N L
SO
Ph”> 2
36a
BF3K
2 equiv
5 _ 8 95 ( ) CH,Cl, / H,0 93
=\ | 14f rt,~1h
38b

"BuyNI (0.1 equiv)
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Table 4.2 (continued)

ield of Ilylation i yield of
entr 38 yie allyl 36
y 39 (%)? reagents conditions 36 (%)°
OBn
. BF;K / / \
3 ; \OBn 57 (2 equiv) Et:Hfﬂf / H,0 I\
c | 141 N
"Bu,NI (0.1 equiv) pr 502 OH
36¢
BT 1.5 equiv)
A =—Ph ) K’ “ DME "
38a J\ ., 2h (2 steps)
In (1.5 equiv
(1.5 equiv) Ph,
BT (1.5 equiv)
= (¢]]
\ K’ DMF
° 38d 94 J\ 40 i, 2h
In (1.5 equiv) Ph/
Br
(2 equiv)
6 :—< >—OEt 209 1—|2_|0F°C
38 18 'CO,Me 18h
AICIEt; 2.2 equiv)
Zn (3.0 equiv) CO,Me
CuBr (0.1 eqquiv) Ph/
THF
MgCl -80°C / /
=—TMS Me 25h
7 97 \W then [\ b
38f | K,CO,3 N
(1.5 equiv) ﬁ.%ﬁquw) Ph/SOZ OH
14d e
i, 1h 369
Br
. n-CsH11 (2 equiv) T2HOF°C
38g - 18 "CO,Me ;4 h 2 steps)
AICIEt; (2.2 equiv) COOMe
Zn (3.0 equiv)
CuBr (0.1 equiv) 36h

2 |solated yield. ® The existence of a trace amount of regioisomer was estimated, but it was not observed by 'H

NMR analysis (see the next section).
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OEt : OEt OEt

/ Vi Vi
\ + or
[\ [\ [\
N CO,Me N CO,Me N CO,Me
ph- 02 ph~ 02 pr~ 02
36f : M

........................................................

Fig. 4.1 Information about an isomer of 36f.

RICEHILINE A SN B U BTBRA 361 DBRIE—E39a DT LT RaEhr b~ L 2
L7217 U b3 5 Z & TEERk C X 72 (Scheme 4.4),

Scheme 4.4 Preparation of 36i from 12b.

=—Ph (1.3 equiv)

38a Ph Ph
Br PACI,(PPhs), (5 mol %) // _ //
U\ Cul (5 mol %), NEt5 (3 equiv) MeMgBr (1.5 equiv)
> >
M
’}‘ CHO THF, rt, overnight /N\ CHO THF /N\ ©
SO,Ph >99% ) -80°C,1h ) OH
Ph,302 86% F)h/SOZ
12b 39a
Ph MgBr Ph
MnO, // H (1.5 equiv) //
(40 equiv) | 14c \
S E— _
50 °C, 3 h N N -80°C, 1.4 h WA
0,
89% Ph/802 95% Ph/soz e
39h 36i

— 7, ¥R e — L 12a ZHEWE & L THWZBRILRIEMA S L b #7472 (Scheme 4.5),
TATE ROT U ALOBRICIS VTR Y FREO Y BAFGHT L LIcL W RARUICT v
TEREROTAF U2/ LIEE=A » R=AHBMA L 720G = T A ALEWY 36) %
HBHZENTET,
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Scheme 4.5 Preparation of 36j from 12a

:—\/—u
38d (2.6 equiv)
Pd(PPhs), (10 mol %)
TfO, OoTf Cul (10 mol %)
NEts (6 equiv)
/\ -~
MeOOC~ >\~ ~COOMe

A CH5CN
Bn reflux, overnight
12a 36%
Cl Cl Cl Cl
DIBAL-H (3 equiv) \\ // MnO, (40 equiv) \\ //
—_—  ——
Ho_ J/ \\ oH I\
THF CH.Cl,
0°C,25h N rt, 1 day oHc N CHO
2% Bn 58% Bn
39i
Cl Cl
/\/BFSK
14f (1.1 equiv) \\ //
nBuyNI (0.1 equiv) \
> I\
CH,Cl, / H,0 OHC N
rt, 1h Bn OH

WEITTIE, UL ETE S BALRTERA 36a-j ISk L, BT A L A XL 2 & ANT 4-
B =LA v K= VG RREAT > TS RIZ OV TR R 5,
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BoH FBILALAFEVARAVD 4= L F—LDE
1579

AT T 5 L 7= BRI AR 36 (2% L C RCEM (2 BRAb & ki FEAEZAT
LickoT4av = A v =LA Ei AT,

FOSEMIE, DRRE SN TV D AT L UEMICB W TERFHAA TLIV b T L UR
ST DF 75 RCEM BT W E W) RERE%ZT P = F LU BERHKA T ORISEITH
LL L. TOMOEMITA > F—NEMTEL WSR2 L,

DI LB E L 0D /0 720~ 36a |2 RCEM/BK DO FEZMH L1z & ZALEHBOD 4-v =)L
A2 R—/V37a % 99%INETHH Z LN TX7=(Table 4.2, entry 1), & 2 C, EHRFEHK T T
FOGSEAT 9 SR 59% & K& <K T L7z(entry 2), E7=. &% 1 mol% £ T FIF 7284 1%
IR N AL T L 7 (entry 3; 86%),

T, entry | OO E £, 36a & [A] UALEICH R D EHELZ FE 36b KT 36¢ (2% L
THICEAT 9 & ENENRAF72IEZR TS 5 AR 035 5 U7 (entries 4 and 5),

ROE/II R OALEICELIES b 5 — DA S % OBERATERAICSR LT HARTIEI
AT, T B8 A v R—/VIFEK 36d-g & TR D BIFRIECTARTE 72
(entries 6-9), 7272 L. entry 11 OXE TITHFRE DI T H B 36i 0)1%}35275 R TED D
DODDOHEETE o7, ZHTEFRSINEO = 2T VEBILN B 5 7~ D12 RCEM 23 EL 72
STEDGTHLRVRIKISPEERLT 2D, itqynk%&bfim%uﬁiﬁﬁ
DYl FDORNT LR ETOREENES Rololod LRSS, EEE, VERND
42 O XD RREIERMIE OGN, ZHUTBRLETEMAD 7 1% L __miﬁﬂu L7=&9
REEETHY , WEHOT VX AL E Rufiiitz L ToF LU BRIS L TEREND D L
& Z B X(Scheme 4.6; 36i—[A or B|>42), Rufli b 7 U L DA L7 4 L & TT AR U T 85K
N TEZHBOBRILDOEED—E, Co3T)NEL o TWAHZ ENEZ D,

F£72. 37d, 37e DAL TIENEN RN A FILIETIEIRLS KFZDOE =11 R
—/V 37a, 3T DBEICIRA L TE 7o, ZHUIBRILATBIA S BRIRED In 2 W=7 U Ak B
BEIZEBWT, BifFsLd y e LB aftib TN I D, NMR TiEfER TE 220
ST b DO, ZHIUZ K HEIERY 36d°, 36’ F I E IR EIZERILATRIAICIRALTLE -
T2 & B % 5115 (Schemes 4.7 and 4.8),

—J7. RNLIZAF VA ES 36h TiE4< RCEM 232 2 B 2 U B & 72 - 7= (entry 10),
ZAUE, RRICIUERA L T ¢ U S IV D K D T A X ' U ARG HETT LIT < W MEA)
NhdHEZEZLND, ok, DENCHRE SN TVSD RCEM Z HWe AT L AT
36h & [A UEH#HL 2 — o OIEIZ B W TRIGEZR D b b RIS T DI BHF LT D,
R: ROICHAERE AR OB IR LTHEMA L Thi(entry 12), L2ZLARSIENETHY |
BB iRFE LT, FRE LTI — 8 FOT_RTOMBICEHRILSE A ST
DIZDNARNCIRAG 5 Z L0, BILGEMREBRENFE A L2 ER LOB T OB ~0

¥
(Y
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L RCEM & D B 22 WVEREEEDBLNLIC K D AEEMEAR T O v etk E3 T b b,

Table 4.2 Synthesis of 4-vinylindoles 37 by RCEM/dehydration.

4
R R4 R4
RS // R5 R5
\ 3 R p-TSOH-H,O  R3
A\ R5 (7.5 mol %) (10 mol %)
R2 — |\ 86— /I \ RS
N R6 toluene R2 N , rt, 1h R2 N
Rt OH R 80°C, 12h 5y OHR MR
36 under CyHy 37
entry substrate product yield (%)@
Ph Ph
1 // \ 99
: (3 ;\b -
3° N N 86
o502 ©OH SO,Ph
36a 37a
S
S _ STN
4
4 \ 98
/ \ / \
VT )
pr 02 SO,Ph
36b 37b
/ OBn 0OBn
5 \ 74
/ \ / \
\ \
pp 502 OH SO,Ph
36¢c 37c
Ph Ph
Vi \
6d
/ \ I\ Me 8
'}l Me ’}‘
o502 OH SO,Ph
36d 37d
Cl
Cl
V4
7° \ 82
I\ / N\ Me
! Me $0,Ph
Ph/so2 OH 2
36e 37e
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Table 4.2 (continued)

entry substrate product yield (%)?

OEt

()
8f / 67

I\ ) / \ CO,Me

N
N CO,Me )
_S0, OH SO,Ph
36f 37f
Ph Ph
M '}l M
| e e
Ph/SOZOH ph-S02
36g 37g
// — Me
109 /\ Me I\ 0
N N
|
prr 502 OH SO,Ph
36h 37h
n-Csfhs n-CsHy
1 1h \ ~50
N L., coxMe N
pr 502 SO,Ph
36i 37i
cl cl cl al
I\ I\
OHC N OHC N
| 1
Bn OH Bn
36j 37j

2 isolated yield. ? The reaction was carried out under N,
atmosphere. ¢ The reaction was carried out wih 1 mol % of
3.9 37a was also obtained in 2% yield. ¢ 37e" was probably
also obtained in 3% yield. © A mixture of 36f and its

Cl n-CsH11

~
Z
~
P4
—

regioisomer (1 / 0.014) was used as the starting material. \
9 36h was recovered in 35% vyield. " A mixture of 36i and )
o, o, - | SO, OH Cone
unknown compounds, 5% of 42, and 2% of 36i were SO,Ph ph” "2
obtained. / 72% of substrate was recovered. 37¢’ 42
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Scheme 4.6

n-CsHq4
/\
N CO,Me
P02 .
substrate 36i
4 Y Y renoti
reaction
CH| L A
Y Ryl [Ru] n-CsHyy
u '
n-CeHi; n- CsH11 n- CsH11 CaHy
——i i
4 Ry PN
. |
J\ ph/SOZOH CO,Me 3020H CO,Me :ph/SOZOH CO,Me
N H
CO,Me H
80, OH 2 A B : 42
Ph” yne-then-ene | [ temmmmmmemmeeeeeeeeeoees ’
D mechanism
(disfavored) "
ene-then-yne
slow mechanism [Ru]= 4—/ [Ru]
(favored)
A A
C,oHy
" RCM
Ru] n-CsHy4 n-CsHy4 n-CsHy4
[Ru]
J\ COyMe J > U COMe ¢ \ B,
'}l OH / '?l OH slow 'Tl
Ph/302 Ph/SOZ Ph/soon CO,Me
CoH,
E product 37i Cc
Scheme 4.7
Ph
Ph
J Ef% / Ph
RCEM/
+ |
X 40 J\ " i ) dehydration
N~ ~CHO > Ny . > /\ Me
) y-addition ) e N
SO S0, OH
P2 P2 $0,Ph
39a 36d ~37d
desired product
Ph s .
H Ph
-a-addmon- / / ;
----------- RCEM/ ; :
J\ dehydration H
N — i\ :
] ' N '
SO, OH H ) H
Ph7 2 i SOPh i
36d" i 37a_ !
a trace amount of by-product

regioisomer with 36d
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Scheme 4.8

Cl

Br
:nj\ + In {
I\
I i '}l
ia-addition: ppS02 OH
36e'

a trace amount of

Cl

RCEM/
dehydration

—_— E

regioisomer with 36e
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BUE

ARETIL, 5 FHEDA L F—=ALERTHWZ RCM GOV IZ RCEM % AV 5
ZLICEY 4= A U RV DEREIT o7, BRALRIBRE & 72 b= A EE AT A
¥ R VHIBRA G R CRWAR-B D » 7 ) Vo FRHED v 7 ) o 72D 2 L TF
HT&, ZHRBHRLELBIRICEATLIZENTE, ZTLT, BohizZzh b0y
(2%t L C RCEM/BKDOFIEEZ WD Z LIk 0, BRBITHEH 4= 1 > F—/LHE
KEBRTDHZENTE, 4B =01 v F—)b BIZIZ SR BRI 2 BINICEATE 5
Tl ERE, £, B VI A OBWBINIZST I ENTE LT OARFIEIIINET
WX RRDE A TOHERIRA v R AT R E 5255 LI SN D, THT bk
THIRARTZ L DI 4-E =1 A R—= L DO— KRG RIEITIA L 2. A~ R—=/VEHAKIZ
B AHI PR R TEEE 2D,

RCEM//K S D BOGHE DA A & LTk, k& 2 EHE O 7B CFEE I L CiEda BLAT
Tholoh, BEENEBEFRKGMETHS720, WEBRA LT 4 VOB LETH 72D
vn—/Li EOBBENZNGEITIR T T ol N H o7z, £lo, =F L OHRITHD
WTIE, BRI AT L o EROBEN ORI S mY . EFFHEKFED bF Lok
NN &N =AY T S/AY C T2y gyl

WETIX 4-E = A v R NWEEEZET D L DG EFRILEDERRA~DARTFIED R
Bl &k~ 5,
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B—E 4-v=/A 2 F—LEE{LED

WNETIIPART A VA X B RAEZFMTHZ LT, U=V EOEMREMED RFERNE
BRHRAHLUSE T D 4-E = A =Bl EEK LT, ZhIZE>T 4= A F
—IBEE AT D KO RO BEEIRLED DEHA~DRBEDPHIRFEN D,

KETIETZEDL I 4-v =14 v =AM ERA~DREE & LT, % _fHi<Tl3E
BD 4-v=1 A1 F=VEME AT AWM, EoHTlIe= 1Ay — FHUHT
X 7-E FEF v 4B U R=LDENENDOEKIZONTHRE LR ZR RS
(Scheme 5.1), WINDERREEFLEDD 4-¥ =LA > R—/VEER. — R 7eE Tk
IR SN TR LT, AFEZICHTENEINETHEVIER SN TIAD o7l
A7 BN ERTE 2 AlREM A R 2 &N TE 5,

Scheme 5.1

I\
/ H n=2or3

linked 4-vinylindoles

vinylcarbazole

/ \
N
H OH

7-hydroxy-4-vinylindole
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B BEO4-v=Ar R—NVEBNEET HIEEMDOERR
BRALRTBRAR B R OEEEY » 7 ) > T OBICEEORG T VX o 2 BT 0G50 v 7Y
VIONR— =T IE, TAFRY FICEBEO e — AR EA SN EERE LN, IR
Z7 VAL L RCEM/Bi/KDFEEEA T 5 2 & T—FNOEEOEFT CRIFFZ 4-v =1
A2 R=ADBEHRINTZ2=—7 IMEEMNRERRTE 5 &5 2 535 (Scheme 5.2),

Scheme 5.2  Synthesis of linked 4-vinylindoles.

allylation and
RCEM / dehydration

|
SO,Ph

|
SO,Ph

ZDOFEHIHEN, NP VB EIC T OBWIE 0K LR AT HRIE 38h KO
iz hy TV rEELE L THWNTENENAETT > 72(Schemes 5.3 and 5.4),

Scheme 5.3 Synthesis of 37k.

— /T \_ — SO,Ph
= N7 — OHC_ _N
38h (0.7 equiv) | ) PR
PdClz(PPh3)2 (5 mol 0/0) .
Br Cul (5 mol %) Y 4 14f (3.5 equiv)
NEt; (3 equiv) nBuyNI (0.1 equiv)
I .
N~ ~CHO —_—
, THF, rt, 16 h y CH,Cl, / H,0
SO,Ph 74 2 h
12b 31% 74 \ 87%
N™ “cHo )
PhO,S 39j

SO,Ph

N
Grubbs'2nd  p-TsOH-H,O I /

(15 mol %) (10 mol %)
= >

toluene rt, 1h
80 °C,12h

under CoHy
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Scheme 5.4 Synthesis of 371

Br I PdCI,(PPh3), (0.05 equiv)

Cul (0.02 equiv)
[\ . NEt; (3 equiv)
N CHO -~
SO,Ph 4 A rt, 23 h
12b 38i
(2.9 equiv) (1 equiv)

/\/BF3K (5.5 equiv)
14f

nBu,NI (0.3 equiv)

-
CH,Cl,/ H,0, rt, 145 h

Grubbs' 2nd p-TsOH-H,O
(15 mol %) (10 mol %)

' '
toluene rt, 1h
80°C,12h then 50 °C, 1 h
under CyH, then 80 °C, 1.5 h

‘ i/ N-SO2Ph

SOph 371

78%

VIO v 7V T DML, RO KRED v 7V U IR ~—(b7e EORIKG
KO T DL OREHOEEL SR LIk PRENGERVRIZE EE o> TLESTNR,
7 U AL DB ET BAFRIGRTHEFT LTz, £ LT, G o7 EIZ RCEM/IK DO F-1E % i
MUTRER, BUSIZMEICETT L HOILEW 2 BIFRIERTHE S Z LN TE T,

LA SNTALEWIIEED 4-B =LA v R ARG INT-MiEE L TRBY ., ATE
137R ) ~ — DAUEAIR 2 IREREMEM B D B~ L IS TE 2 W REMEDR & 5,
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BEE =LA — VAR

/’1‘/‘:‘

—fiTA v R— A BEROJEEE L TRHW R r—L 12b ZH3EWE &3
Er—VEBRIZ T ODATF L UERMPHES LTZ 4,5-C B =)L LN — L 43 DA D AIREIC
% &3 % B 5 (Scheme 5.5),

Scheme 5.5 Retrosynthetic analysis of 4,5-divinylcarbazoles 43.

RCEM/ \\ // coupling/ o OTf
dehydrat|on \ allylation /z_g\
/ \ / N\ "> Me0,C~ N\~ ~CO,Me
I
o " on Bn
43 44 12a

FZ T, FERoOAREIKDOE L WIDIZ 4,5-P E =L Y — L OBEAVRIBRA L 72 5 =
A HE 44 DB EAT o 72 (Scheme 5.6), 4-E =LA > F—/LARKIZE T 36j Ak H
e LTHWEZ39 2T UV kT 52 L THROXM M A VB 44a a2 155 2 L3 T
7.

Scheme 5.6 Preparation of 44a from 39i by allylation.

cl Gl -BFK (4equiv)
14f
\\ // nBuygNI (0.1 equw \\ //
OHC /N\ CHO CH,Cl, / H,O
1

rt,1h
98% OH Bn HO

39i 44a

ZD XL THIBRILATERA 44a 2% LT RCEM/BLAKO FIEEEH T 5 2 L1028 D
45-CE =NV NN — )V E R B A T2 (Scheme 5.7), L L723 6, BBIOILEWIZE OGN
mhole, UL, BBEIOEBYOSAERIEFITRAG T THLZ L&, RIS L7
DFDEEDOT NV o R OT N F AL UEEE LTOIRRECIEE L. MR RIEOG N Z 5
el EZX NS, THUTHEERE LT ONRWnEDTHY | ZOFETOE=LT
SV — VA R EE L &fllRT LT
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Scheme 5.7 Synthesis of 4,5-divinylcarbazole 43a by RCEM/dehydration.

Grubbs'2nd  p-TsOH-H,O
\\ // (15 mol %) (10 mol %)
toluene rt, 1h / \
80°C,12h

OH Bn HO under CyHy
4a 43a

F T, B VER—DODOHDIEN L 4-B =)L Lo — L2 BIE AR ATRE Tl A vy
MEEZT T, A= AN =V BT DITIEA v F—AFRER 47 BSHTEWE & e
% (Scheme 5.8),

Scheme 5.8 Retrosynthetic analysis of 4-vinylcarbazoles 45.
RCEM/ // coupling/
dehydratlon \ aIIyIatlon Q—S\
I\
/3 .

H  on
46 a7

ZDOEREIE eV, AR LA v F—LEEEK 47a (XL, WEA v T e T
IEZEATV, BRALATERR & 72 25 46a % 1572 (Scheme 5.9),

Scheme 5.9 Preparation of 46a from 47a by Sonogashira coupling and allylation.

— BF;K Ph
=—Ph (1.3 equiv) s
38a (2 equiv) //
' PdCI,(PPhs), (5 mol %) \
1\ Cul (5 mol %) I\
N cHo NEt3 (3 equiv) CHO "BuyNI (0.1 equiv) N
—>
| I |
Ts THF, rt, overnight CH,Cl, / H,0 Ts OH
rt, ~1h
47a 48a 46a

Z LT, ZD46alZx% L RCEM/B/KDOFEZHEA LT EZ A, EWIERTHRYO 4-v=
IV S — )VEREIR DG B AU T2 (Scheme 5.10),
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Scheme 5.10 Synthesis of 4-vinylcarbazole 45a by RCEM/dehydration.

'

Ph

p-TsOH-H,O
(10 mol %)
'

Ph
/ Grubbs' 2nd
\ (7.5 mol %)
[\

N toluene
-I-s OH 80°C,12h
under CoHy

46a

rt, 1h

Crs)

99% 45a

CES NI AN =V ERR ST IR R L e o T BRI & LTI, Ao B = L
IM—DDH TR RBEF R D72 & BRALATBMAD SIS RAR OGN TND Z & EHR
FOBEILNE RO DEF EOBE L NT =7 MMl & ORIKIEHEZ 0 I12< <
BHFTTHDHZ LR EEHOERNBZZ DL, ZOBICIERFITMIEBIZHAO RCEM A3

TLIZbDLHEI S D,
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HWIUE 7-t Rufi4-v=Af v F—1AR

WO M LA, BRALRIBRA L LT A a— L TR IVR =A% 0k
B 50 /05 & RCEM I K28 ke AAERMAIZ L 5 BFEFRICE > TT7-8 Fr¥% i 4-
= A R=L 49 BNELND H O & BIfF S 45 (Scheme 5.11), 7-t Fr ¥ 4-E' =11
VR WM E = AV A CTHERMEKBEZHET 5720, Lo AaRRERTEEE 2D

o BRALRIBRR L 20 D N RNV BT Do A VHE 50 13 4-E =11 > R— LBk
@fﬁﬂﬁﬁu,%[ﬁg 36 ZERLT A LICL - THELNLILDEEZOND,

Scheme 5.11 Retrosynthetic analysis of 7-hydroxy-4-vinylindoles 49.

¢ ¢ / Y.

Tautomerization RCEM \ Oxidation \
[\ - I\ :> / \ :> [\
N N N
H OH H O o) H oH
49 50 36

Z 2T, FBUEE _HITHMK L 36a 1l LTI bR, L L7225, MnO, Tl
A SOS S ETTE T . DMP 2 W2 b TIRRIBOS 3 Z % & & B I workup FHUTHAE R
DIEN TV o7, £ 2T, BRERRCHERE 2 B4 L7e\ IBX 2B LA & L TRV & 2 A%%
DEMAENR T 2 b OOMIITFRIIE &k Z S TITRISHHEST Lz, 7238, IBX MEBEZFA
EWTTIZRBAE R THLANRWVERE 5272, TD%, BUEEROREZHARLTZN
HOWINARLZE TCH T ORBRITERR Y DSV E2BT T E LZD0EERD
RCEM BUSMZ W=,

Z DX 91T LTI BRILATERIA 50a (2% L RCEM/EZERMALO FEEZEA LI Z AR
IFRNERTHIMD 7-8 Ra X v4-E =)L 1 v R—/L 49a 2155 Z & M TX 7=(Scheme 5.12),

Scheme 5.12  Synthesis of 7-hydroxy-4-vinylindole 57a by oxidation and RCEM/tautomerization.

Ph Ph

Ph
Vi IBX i Vi 3
\ (5 equiv) \ (7.5 mol %)
" . _
/ THF [\ toluene /\
N g reflux, 4 h N 80°C,12h N,
SO, so, O under C,H, SO,
Ph” Ph” 69% (2 steps) Ph”
36a 50a 49a
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BLE R

ARETIE, BUET 4-E =LA F=LEBMRICHWEFEZCH L, O 4-v =11
v R— B BT AEW ., 4-E =L AN — L T-k RaF¥ i 4. =LA R—LD
BACBMNBR TEDL LA RTZENTE R, 1217, iR 4,5-P B =)L L8 — )L
DERIZIRETH > 7,

BED4-E =)V A v F—=VENE BT 26 OE R CIEr B ERMEFUIREE 2 < HEfT L.
FOEEMD L =—7 IND, KU~ —OLUEHICBERENEM B O & T IE~O R 23857
ENb, 4-E =LA — L ERTIE, RCM/BLAK O BN IES IZ BAFICHEIT L2 2 &)
5. ZOFEDIEN—MYER >0 bivd, £z, 7-t Frf4-B=/LA » F—/L &/
TlZ RCEM/AK D U IZ RCEM/ B ZBMAL O FEA B2 2 & CHIMZ 57, &Rk
ATBRIAR 2 15 D B LSO IR A METHH DD, 2R E L UIRFRINETERT S 2
EMTE, ZHCE > THOLNAEEMITE = VIR 2 THERMEKBENEA I
DAk AR REIC R0 55 LIRS D, B, RCEM » BAERME(LE 12501
BEOEN W= DT bz ) I—DBE»L BB FIEES X5,
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AMFFETIEL, BAFFEETINETITHARE L TEMRA 2 B 22 AW 28BS ikt
EWERRIECESE, ANBRBERREERILEW TH LA = VHEDOERIEDRFE 1T

277,

F—E TR LS, BERPETH 2 ERGEHICAEMOERITIBNT, T4, M
BRAXE VAW EBIEORIEREAL /o TETWDHR, BIFEETIELATL Y =
DX RFIEDORFEICMVAHLATETEY, AFRICBWTIZ, ZRETHBLTEEF
Bk, BEBREFERILEYOT THAEREOE WA > F—=VEICER LEAT5 2 & 2K
AtL7e, RFEX, A0 F—VEOBEEZMET 22 OFEL TR, REASNEER
BALZBVRIZESTERT 27 7o —F 28 H L TV D RICFHITEFE 2 ® 5 (Scheme 6.1),
ZOT e —FIlESE, FEUENOFELE CTERICAEMIEDORE 21T o7,

Scheme 6.1 Two synthetic approaches to indole and benzothiophene skeletons.

A major approach rare approach A
]@ —= L[V ) <= [}

Y v~ B

B

B W TILRCM Z WA A o R— VAR A R Lo, BRALRTBRA S BIIE MO @8
KA TV 7 EAEBERREICLST Vb E WD 2 & TRENOBRNWICHE . O
RESL A AT 5 Z L ATHE & 72 5 72(Scheme 6.2),

Scheme 6.2 Retrosynthetic analysis of subsrates 9.

Suzuki-Miyaura
cross coupling

“\\/ \ X
Ny M
o) = gk ) e
H HO 5 allylation H é)

X =1, OTf, Br, etc.
9 12 13 14

RCM/fi/K DEXBEIZ UV TIE, 12a 22568 L 72 B AL ETBRAAIZES U ClI SOt nME - 72
HOD, 12b, e NHER LT2FE 2 HW 2568 I B U EmWOICR TGN EIT LT, FF
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(BRI EBALIC B L D 2\ EE T Thorpe—Ingold 2012 &K » TPAUC S L WOUER THbG
THEHNEO N, ATFEOFAMNEE- 72, L, MERAL L7 0 UK SR

5 X9 7B TIE RCM O — XY 72l A 2 S HERI S 208 0 SOSSEST LI o 7=
(Scheme 6.3),

Scheme 6.3 Synthesis of indoles by RCM/dehydration.

R4 4
3 R R5
R 3 p-TsOH-H,0 R3
R® (7.5 mol%) (10 mol%)
oAl N > = T\ _p-r
N 6 toluene toluene R¥Ny
R1HO R’ temp., 12 h rt,1h g R
9 1
OMe
CO,Me CO,Me
QQ 55 [ Deome (39 (5
MeO,C N N N
| | |
Ph/Sog SOZPh SO,Ph SO,Ph SO,Ph
11c 11j 11g 11h
12% 36% 70% 81%
s Y . ¢
| 1] ) | R
fow 1] | ] Iy
,’I """""" yield /
e ¢
OMe l i '
COzMe e p——y
i}§:>m%m i/ \
/ \ MeO,C MeO,C~
MeO,C |
I n Bn
11d 11b 11a
13% 53%

BRI, BB TR LA v NG AE oS EW AR~ IEHT 5 2 &
kBT, MHRT NI VB ZBRACATR S 32 2 L THANRY — VDGR~ B
BRI RCMAK ORI 0 IZ RCM/EZE RO FEEZ VWD Z LIck > T7-E Fe¥
V4VF~W®AﬁA\EK%%7¢V%%ﬁ¢6%mﬁww%%wézk?%i@ﬁb

G2 GO EBLTFR CTHOLIN Y T A 72 OER~EBHTE 2R LT
(Scheme 6.4),
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Scheme 6.4
(a) Synthesis of carbazole by RCM/dehydration.

\/ \/ (15r:ol%) -
N

l}l toluene
OH pBn OH 80°C,2h Bn
24a 81% 23a

(b) Synthesis of 7-hydroxyindole by RCM/tautomerization.

- — 3 COzMe
/ \ CO-Me DMP (4 eq ) / \ COzMe (75 mol%) / \
N CH,Cl, N toluene N
! °C, 16 h ] ° )
S0, OH 0°C, 16 L, 0 80°C, 12 h Lo,
Fh 70%  Ph 95%
99 28d 27d

(c) Synthesis of benzothiophene by RCM/dehydration.

OMe
OMe
3 p-TsOH-H,O
i \ (7.5 mol%)> (10 mol%)>
S toluene toluene / \
oH 80°C,2h rt, 1 h S
30a 31a

80%

HIETIL, BERNGE LT RCM 1282 T RCEM ZHWA Z L T4-E =LA v R—)L
DERRIEDRSE kA Tz, BALFIBMR S IZA o F— VA RICB I D8AKR-EH A~ 7 v
THREHI TV T E LTI AR U AEAT 5H T L TAHE & 72 5 72 (Scheme 6.5),

Scheme 6.5 Retrosynthetic analysis of subsrates 36.

Sonogashira

Cross- coupllng /

"
b — A_S\‘ + ||| . H
N\ aIIyIatlon \ H |

12 38 14
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Scheme 6.6 Synthesis of 4-vinylindoles by RCEM/dehydration.
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(b) Synthesis of vinylcarbazole by RCEM/dehydration.
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Scheme 6.7 (continued)

(c) Synthesis of 7-hydroxy-4-vinylindole by RCEM/tautomerization.
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General. All anaerobic and moisture-sensitive manipulations were carried out with standard
Schlenk techniques under predried nitrogen or glove box techniques under prepurified argon.
NMR spectra were recorded on a JEOL JNM LA-500 spectrometer (500 MHz for 'H and 125 MHz
for °C), ECA-500 spectrometer (500 MHz for 'H and 125 MHz for °C), LA-400 spectrometer (400
MHz for 'H and 100 MHz for "*C) and ECS-400 spectrometer (400 MHz for 'H and 100 MHz for
C) at Chemical Analysis Center, Chiba University. Chemical shifts are reported in & ppm
referenced to an internal SiMe, standard for '"H NMR and chloroform-d (8 77.0) for *C NMR.
High-resolution mass spectra were recorded on Thermo Fisher Scientific Exactive Orbitrap mass

spectrometers at Chemical Analysis Center, Chiba University.

Materials. THF and Et,0 were distilled from sodium benzophenone-ketyl under nitrogen
prior to use. Dichloromethane and 1,2-dichloroethane were distilled from CaH, under nitrogen and
stored in a glass flask with a Teflon stopcock under nitrogen. Toluene was distilled from sodium
benzophenone-ketyl under nitrogen and stored in a glass flask with a Teflon stopcock under nitrogen.
Ruthenium complex (PCys)(Imes)CLRu=C(H)Ph (3) **** was prepared according to the reported
procedures. Pyrroles 12a,”> 12b,” and 12¢> were prepared according to the reported procedures.
Potassium vinyl trifluoroborate 13a,>> potassium isopropenyltrifluoroborate 13b,*® and vinylboronic
acid pinacol ester 13¢’’ were prepared according to the reported procedures. MnO, was prepared
according to the reported procedure.” Allylic metal reagents 14a,>’ 14b,*" 14¢,*' 14d,* and 14"
were prepared according to the reported procedures. Dess-Martin periodinane were prepared
according to the reported procedures.” Pd(OAc),, PPhs, Cs,COs, 3,4-dimethoxyphenylboronic acid
13d, diisobutylaluminium hydride solution, methyl 4-bromocrotonate 18, diethylaluminum chloride
solution, zinc dust, copper bromide, methylmagnesium bromide (3.0 M solution in Et,O), and

p-toluenesulfonic acid monohydrate were used as received.
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Summary of the Preparation of Substrates
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General Procedures.

General procedure A: DIBAL-H reduction. Diisobutylaluminium hydride (ca. 1 M solution
in hexane) was added dropwise to a solution of ester 15 in THF (0.1 M) at —78 °C. The mixture was
warmed up to a certain temperature and stirred for several hours. Then the mixture was treated with
saturated potassium sodium tartrate (Rochelle salt) solution at the same temperature. The mixture
was warmed up to 0 °C and stirred for 30 min. After extraction with EtOAc three or four times, the
combined organic layers were washed with brine, dried over Na,SO,4, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography to give alcohol 16

or 25a.

General procedure B: MnQO, oxidation. MnO, was added in one portion to a solution of
alcohol 16 or 25a in CH,Cl, at room temperature under air. The mixture was stirred at the same
temperature and then was filtered through Celite. The residual solid was washed thoroughly with

CH,Cl,; and the filtrate was concentrated under reduced pressure to give aldehyde 17 or 26a.

BPin

R3 — RS R3 —
5
- I\ H 14a-b - ]\ R
N > N
R1 O ClCHzCHzCI R'I OH
reflux, time
17 9

General procedure C: Allylation with allylboronic acid ester. To a stirred solution of
aldehyde 17a-c¢ in 1,2-dichloroethane was added allylboronic acid pinacol ester 14a-b at room
temperature. The reaction mixture was refluxed for 1 day. After cooling to room temperature, the
mixture was quenched by addition of saturated aqueous NH4Cl solution and stirred for 10 min. The
mixture was quenched again by addition of saturated aqueous NaHCO; solution, extracted with
CH,CI, three times. The organic layers were combined and dried over Na,SO,. After filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by silica-gel column

chromatography to give 9.

R4
Br M__R* cat. Pd(OAc),
cat. PPh3

/ N H  43ac Cs2COs / N\ H

N N

r

I I

_S0, o THF / H,O _S0, o
Ph temp., time Ph
12b-c 17c-d, f

General procedure D: Suzuki-Miyaura coupling. A mixture of 13a-c (1.5 eq.), Pd(OAc), (5
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mol%), PPh; (10 mol%), Cs,CO; (3 eq.), and 3-bromopyrrole 12b-¢ (1 eq.) in THF (0.05 M for
12b-c¢) and water (1/5 (v/v) for THF) was heated and stirred. After cooling to room temperature, the
mixture was diluted with water and extracted with EtOAc three times. The organic layers were
combined, washed with brine, and dried over Na,SO,. After filtration, the filtrate was evaporated
under reduced pressure. The residue was purified by silica-gel column chromatography to give

3-vinylpyrrole 17¢-d, f.

MgX

R* R4
R3 R® R3
5
I\ R’ [\ R
R2 N 14c-e RS R2 R
EEEEE— .
Rt O THF R OHR’
17 or 26a 0°C, 30 min 9 or 24a

General procedure E: Allylation with allyl Grignard reagent. To a stirred solution of 17 or
26a in THF (0.1 M) was added allyl Grignard reagent 14c-e at 0 °C (salt-ice bath) and the reaction
mixture was stirred for 30 min. The mixture was then quenched by addition of saturated aqueous
NH4CI solution at 0 °C, warmed to room temperature, extracted with EtOAc three times, and washed
with brine. The organic layer was dried over Na,SO,. After filtration, the filtrate was concentrated
under reduced pressure. The residue was purified by silica-gel column chromatography to give 9 or

24a.

Procedures for the Preparation of Dimethyl 1-benzyl-4-vinyl-1H-pyrrole-2,5-dicarboxylates 15.

KF3B Pd(OAc), (10 mol%)
|| PPhs (40 mol%)

TfO OTf — —
(4 eq.) Cs2C0;5(4eq.)
I\ 13a - / \
MeOZC N COzMe

MeO,C N COMe  THF / H,0, reflux, time \
Bn Bn

12a 15a

Dimethyl 1-benzyl-3,4-divinyl-1H-pyrrole-2,5-dicarboxylate (15a); A mixture of 13a (3.76
g, 28.1 mmol, 4.0 eq.), Pd(OAc), (157.7 mg, 0.702 mmol, 0.10 eq.), PPh; (736.7 mg, 2.81 mmol,
0.40 eq.), Cs,CO; (9.15 g, 28.1 mmol, 4.0 eq.), and pyrrole 12a (3.99 g, 7.01 mmol, 1 eq.) in THF
(141 ml, 0.05 M for 12a) and water (28 ml, 1/5 (v/v) for THF) was refluxed for 2 days. After cooling
to room temperature, the mixture was diluted with water and extracted with EtOAc four times. The
organic layers were combined, washed with brine, and dried over Na,SO,. After filtration, the filtrate
was evaporated under reduced pressure. The residue was purified by silica-gel column

chromatography (hexane/EtOAc = 4.5/1) to give 15a (2.01 g, 88% yield). m.p. 63-67 °C. '"H NMR
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(400 MHz, CDCls) & 3.77 (s, 6H), 5.35 (dd, J = 11.5, 1.9 Hz, 2H), 5.41 (dd, J = 18.1, 1.9 Hz, 2H),
5.87 (s, 2H), 6.84 (dd, J = 18.1, 11.5 Hz, 2H), 6.95-6.99 (m, 2H), 7.16-7.29 (m, 3H). '°C NMR (100
MHz, CDCly) § 49.71, 51.78, 118.93, 124.77, 126.13, 126.96, 127.06, 128.46, 129.22, 138.44,
162.07. HRMS (ESI) caled for CjoH;oNNaO, (M'+Na) 348.1206, found 348.1197.

KF;B._~ 13a
TfO  OTf (1.2eq.) TfQ — — —
Pd(OAC); (5 mol%)

7\ PPhs (20 mol%) I\ + I\
MeO,C~ N\~ ~COMe  Cs,CO; (2 eq.) MeO,C N\~ ~COMe  MeO,C~ N\~ ~CO,Me
1 > ) I
Bn THF / H,0 Bn Bn
12a reflux, 2 days 15d 15a

1:04
MeQ
(HO)zB\@[OMe Pd(OAc), (5 mol%)
PPh; (20 mol%)
MeO
OMe Cs2CO3(2eq.) —
13d (1.3 eq.
( q.) -
THF / H,0, reflux, 1 day MeOL™ N CO,Me
Bn
15e

Dimethyl 1-benzyl-3-(3,4-dimethoxyphenyl)-4-vinyl-1H-pyrrole-2,5-dicarboxylate (15e);
A mixture of 13a (28.2 mg, 0.211 mmol, 1.2 eq.), Pd(OAc), (1.98 mg, 0.0088 mmol, 0.050 eq.),
PPh; (9.3 mg, 0.035 mmol, 0.20 eq.), Cs,CO; (115.4 mg, 0.354 mmol, 2.0 eq.), and pyrrole 12a
(100.6 mg, 0.177 mmol, 1 eq.) in THF (3.5 ml, 0.05 M for 12a) and water (0.7 ml, 1/5 (v/v) for
THF) was refluxed for 2 days. After cooling to room temperature, the mixture was diluted with water
and extracted with EtOAc three times. The organic layers were combined, washed with water
followed by brine, and dried over Na,SOy. After filtration, the filtrate was evaporated under reduced
pressure. The residue was purified by silica-gel column chromatography (hexane/EtOAc = 4.5/1) to
give a mixture of 15d and 15a.

A mixture of 13d (41.6 mg, 0.229 mmol, 1.3 eq. for 12a), Pd(OAc), (2.00 mg, 0.0089 mmol,
0.050 eq. for 12a), PPh; (9.36 mg, 0.0357 mmol, 0.20 eq. for 12a), Cs,CO; (115.5 mg, 0.354 mmol,
2 eq. for 12a), and 15d (+ 15a ) in THF (3.5 ml 0.05 M for 12a) and water (0.7 ml, 1/5 (v/v) for
THF) was refluxed for 1 day. After cooling to room temperature, the mixture was diluted with water
and extracted with EtOAc three times. The organic layers were combined, washed with water
followed by brine, and dried over Na,SO,. After filtration, the filtrate was evaporated under reduced
pressure. The residue was purified by silica-gel column chromatography (hexane/EtOAc = 4.5/1 to
2/1) to give 15e (44.2 mg, 57% yield; 2 steps). m.p. 119-121 °C. "H NMR (500 MHz, CDCl5) & 3.48
(s, 3H), 3.81 (s, 3H), 3.85 (s, 3H), 3.91 (s, 3H), 4.87 (dd, J=18.0, 1.8 Hz, 1H), 5.05 (dd, J = 11.6,
1.8 Hz, 1H), 5.97 (s, 2H), 6.75-6.80 (m, 2H), 6.82-6.90 (m, 2H), 7.04 (d, J=7.7 Hz, 2H), 7.21 (t, J =
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7.4 Hz, 1H), 7.28 (t, J = 7.9 Hz, 2H). °C NMR (125 MHz, CDCls) § 49.67, 51.45, 51.74, 55.70,
55.84, 110.50, 113.45, 11831, 122.44, 124.26, 125.65, 126.16, 127.01, 127.20, 127.55, 128.12,
128.42, 130.03, 138.55, 147.96, 148.28, 161.87, 161.91. HRMS (ESI) caled for C,sH,sNNaOj
(M"+Na) 458.1574, found 458.1564.

Procedure for the Preparation of Methyl 1-benzyl-5-formyl-3,4-divinyl-1H-pyrrole-2-

carboxylate (17a).
= — DIBAL-H = —= MnO, = —=
4 eq. 20 eq.
7\ _ (ed) o 7\ _20ea) I\ H
MeO,C N COo,Me THF MeO,C N CH,Cl, MeO,C N
| —40°C,9.5h ! OH rt, 18 h ! e}
Bn 78% Bn 80% Bn
15a 16a 17a

Methyl 1-benzyl-5-formyl-3,4-divinyl-1H-pyrrole-2-carboxylate (17a); The reduction was
carried out according to the general procedure A: Diisobutylaluminium hydride (1.04 M, 18.4 mL,
19.1 mmol, 4 eq.) and 15a (1.55 g, 4.77 mmol, 1 eq.) were used and the reaction was performed at
—40 °C for 9.5 h; The crude product was purified by silica-gel column chromatography
(hexane/EtOAc = 3/1) to give 16a (1.11 g, 78% yield).

The oxidation was carried out according to the general procedure B; MnO, (234.1 mg, 2.69
mmol, 20 eq.), 16a (39.7 mg, 0.134 mmol, 1 eq.) and CH,Cl, (2.0 mL, 0.067 M for 16a) were used
and the reaction mixture was stirred for 18 h; The crude product of 17a was used for next step
without purification (31.7 mg, 80% yield). 'H NMR (500 MHz, CDCls) 6 3.82 (s, 3H), 5.42 (dd, J =
11.6, 1.9 Hz, 1H), 5.42 (dd, J=17.6, 1.5 Hz, 1H), 5.48 (dd, J = 18.0, 1.5 Hz, 1H), 5.56 (dd, J=11.0,
1.8 Hz, 1H), 6.07 (s, 2H), 6.77 (dd, J = 17.4, 11.3 Hz, 1H), 6.97 (dd, J = 17.7, 11.3 Hz, 1H),
7.00-7.04 (m, 2H), 7.16-7.31 (m, 3H), 9.85 (s, 1H). °C NMR (125 MHz, CDCl;) & 49.48, 51.98,
119.35, 122.14, 126.09, 126.36, 127.06, 127.11, 127.97, 128.42, 128.64, 130.18, 133.82, 138.14,
161.64, 182.04. HRMS (ESI) calcd for C sH;;NNaO; (M'+Na) 318.1101, found 318.1093.

Procedures for the Preparation of Methyl 1-benzyl-5-(1-hydroxybut-3-enyl)-4-vinyl-1H-
pyrrole-2-carboxylates 9a-d.
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Methyl 1-benzyl-5-(1-hydroxybut-3-enyl)-3,4-divinyl-1H-pyrrole-2-carboxylate (9a); The
reaction was carried out according to the general procedure C; 17a (549.8 mg, 1.86 mmol, 1 eq.),
1,2-dichloroethane (9.5 mL, 0.2 M for 17a), and 14a (471.9 mg, 2.81 mmol, 1.5 eq.) were used; The
crude product was purified by silica-gel column chromatography (hexane/EtOAc = 3/1) and
remaining pinacol was removed under reduced pressure at 120 °C to give 9a (596.9 mg, 95% yield).
'H NMR (400 MHz, CDCl3) & 2.11-2.15 (m, 1H), 2.36 (dddt, J = 14.1, 6.5, 5.1, 1.2 Hz, 1H),
2.47-2.58 (m, 1H), 3.68 (s, 3H), 4.98-5.09 (m, 2H), 5.11 (ddd, J=9.5, 5.1, 3.2 Hz, 1H), 5.25 (dd, J =
18.0, 1.9 Hz, 1H), 5.35 (dd, J=11.4, 2.0 Hz, 1H), 5.35 (dd, J=11.7, 2.0 Hz, 1H), 5.47 (dd, J= 18.1,
2.0 Hz, 1H), 5.71 (dddd, J = 17.6, 10.4, 8.0, 6.8 Hz, 1H), 5.85 (s, 2H), 6.68 (dd, J = 18.1, 11.5 Hz,
1H), 6.89 (d, J=7.1 Hz, 2H), 7.08 (dd, J = 18.0, 11.7 Hz, 1H), 7.15-7.21 (m, 1H), 7.21-7.29 (m, 2H).
C NMR (100 MHz, CDCl3) & 41.11, 49.60, 51.11, 66.21, 117.79, 118.15, 118.22, 120.20, 120.24,
125.24, 126.73, 128.28, 128.47, 130.08, 130.50, 134.11, 137.05, 139.37, 161.80. HRMS (ESI) calcd
for C,;H,3NNaO5 (M +Na) 360.1570, found 360.1559.

i (2.0 eq.)
cCo,M
MeO,C 28 o MeO,C

AIEt,CI (2.2 eq.) én OH
Zn (3 eq.)
17a CuBr (O 1eq.) 9%

THF, =20 °C, 13 h

Methyl 1-benzyl-5-(1-hydroxy-2-(methoxycarbonyl)but-3-enyl)-3,4-divinyl-1H-pyrrole-2-
carboxylate (9b)44; Diethylaluminum chloride (0.95 M solution in hexane, 1.57 mL, 1.49 mmol, 2.2
eq.) was added to a slurry of zinc dust (133.3 mg, 2.04 mmol, 3.0 eq.) and copper bromide (9.72 mg,
0.0678 mmol, 0.10 eq.) in THF (27 mL) with stirring at 0 °C. The resulting mixture was cooled to
—20 °C. A solution of methyl 4-bromocrotonate 18 (245 mg, 1.37 mmol, 2.0 eq.) and aldehyde 17a
(200.1 mg, 0.678 mmol, 1 eq.) in THF (5 mL) was added slowly to the mixture over 15 min at
—20 °C. After stirring for 13 h at the same temperature, the reaction mixture was quenched by
addition of pyridine (0.3 mL), well stirred, and poured into 1N hydrochloric acid. The mixture was
warmed up to room temperature and filtered to remove remaining zinc dust. After extraction three
times with ethyl acetate, the combined organic layers were washed with brine, dried over Na,SO,,

and concentrated under reduced pressure. The residue was purified by silica-gel column
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chromatography (hexane/EtOAc = 3/1) to give a diastereomeric mixture of 9b (0.57/0.43) (213.2 mg,
80% yield). Data for the major diastereomer; 'H NMR (500 MHz, CDCl3) & 2.24 (d, J= 3.1 Hz, 1H),
3.51 (s, 3H), 3.67-3.74 (m, 4H), 5.18-5.27 (m, 2H), 5.30 (d, /= 10.1 Hz, 1H), 5.34 (dd, J=11.6, 1.8
Hz, 1H), 5.37 (dd, J=11.3, 1.9 Hz, 1H), 5.46 (dd, /= 17.7, 1.8 Hz, 1H), 5.50 (dd, J = 18.0, 1.9 Hz,
1H), 5.61 (d, J = 16.5 Hz, 1H), 5.82-6.02 (m, 2H), 6.69 (dd, J = 17.7, 11.3 Hz, 1H), 6.95-7.07 (m,
3H), 7.20 (t, J = 7.3 Hz, 1H), 7.28 (t, J = 7.3 Hz, 2H). °*C NMR (125 MHz, CDCl;) & 49.46, 51.15,
51.95,55.49, 66.64, 118.32, 118.56, 120.56, 120.93, 121.18, 125.64, 126.91, 128.37, 128.52, 129.94,
130.19, 132.78, 134.23, 138.92, 161.88, 171.47. Data for the minor diastercomer; 'H NMR (500
MHz, CDCl;) 6 2.76 (dd, J = 8.3, 1.9 Hz, 1H), 3.68-3.77 (m, 7H), 4.80 (dd, J = 17.1, 0.9 Hz, 1H),
4.92 (d, J=10.4 Hz, 1H), 5.20-5.41 (m, 4H), 5.47 (dd, J= 18.0, 1.9 Hz, 1H), 5.48 (dd, /= 18.0, 2.2
Hz, 1H), 5.72 (d, /= 16.5 Hz, 1H), 5.85 (d, J = 16.8 Hz, 1H), 6.65 (dd, /= 18.0, 11.6 Hz, 1H), 6.97
(d, J = 8.3 Hz, 2H), 7.04 (dd, J = 18.0, 11.6 Hz, 1H), 7.17-7.23 (m, 1H), 7.23-7.31 (m, 2H). °C
NMR (125 MHz, CDCly) & 49.40, 51.18, 52.19, 54.54, 67.00, 118.31, 118.88, 119.79, 120.55,
121.76, 125.73, 127.01, 128.22, 128.51, 129.94, 130.22, 130.80, 133.98, 138.59, 161.88, 173.13.
HRMS (ESI) calcd for Cp3H,sNNaOs (M +Na) 418.1625, found 418.1612.

7\ CO,Me
MeO,C N
Bn OH
9c
Methyl 1-benzyl-5-(1-hydroxy-3-(methoxycarbonyl)but-3-enyl)-3,4-divinyl-1H-pyrrole-2-
carboxylate (9¢); The reaction was carried out according to the general procedure C; 17a (450.2 mg,
1.52 mmol, 1 eq.), 1,2-dichloroethane (3.8 mL, 0.4 M for 17a), and 14b (591.1 mg, 2.61 mmol, 1.7
eq.) were used and the reaction mixture was refluxed for 2 days; The crude product was purified by
silica-gel column chromatography (hexane/EtOAc = 2.5/1) and remaining pinacol was removed
under reduced pressure at 150 °C to give 9¢ (592.6 mg, 98% yield). '"H NMR (500 MHz, CDCl;) &
2.60 (dd, J=14.1, 3.7 Hz, 1H), 2.68 (d, /= 3.4 Hz, 1H), 2.77 (dd, J = 14.0, 9.8 Hz, 1H), 3.70 (s, 3H),
3.72 (s, 3H), 5.22 (dt, J=9.5, 3.7 Hz, 1H), 5.32-5.41 (m, 3H), 5.44-5.52 (m, 2H), 5.84 (d, J = 16.8
Hz, 1H), 5.90 (d, J = 16.5 Hz, 1H), 6.17 (s, 1H), 6.65-6.76 (m, 1H), 6.92 (d, J = 7.7 Hz, 2H), 7.07
(dd, J=17.7, 11.6 Hz, 1H), 7.18 (t, J = 7.3 Hz, 1H), 7.26 (t, J = 7.3 Hz, 2H). °*C NMR (125 MHz,
CDCl;) 6 39.76, 49.41, 51.09, 52.05, 65.93, 117.97, 118.17, 120.21, 120.29, 125.36, 126.76, 128.31,
128.51, 128.61, 130.10, 130.43, 136.59, 137.05, 139.33, 161.85, 167.79. HRMS (ESI) calcd for
C,3H,sNNaOs (M +Na) 418.1625, found 418.1625.
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MeO

MeO MeO
MeO MeO MeO
— DIBAL-H — =
—_—
/ \ / N\ OH + Ho_ 4/ \
M602C COzMe M602C N N COzMe

N
1 1 1
Bn
15e 16b 19
5:1~6:1
Structures were determined by NOE analysis.
MeQ,
MnO, (30 eq.) MeO
_—
CH,Cl,
t, 1 day MeO,C~ N\~ ~CHO OHC™ N~ ~CO,Me
] 1
Bn
17b 20

regioisomeric mixture

, COOMe MeQ,
BPm/\"/
14b (1.7 eq.) MeO
—_— >
DCE CO,Me + MeO,C
reflux, 2 days M602C COZMG
Bn

OH Bn

reg|0|somer|c mixture

Methyl 1-benzyl-3-(3,4-dimethoxyphenyl)-5-(1-hydroxy-3-(methoxycarbonyl)but-3-enyl)-
4-vinyl-1H-pyrrole-2-carboxylate (9d); The reduction step was carried out according to the general
procedure A; Diisobutylaluminium hydride (1.02 M, 8.31 mL, 8.47 mmol, 6 eq.) and 15e (614.9 mg,
1.41 mmol, 1 eq.) were used and the reaction was performed at —50 °C for 4 h; The crude product
was purified by silica-gel column chromatography (hexane/EtOAc = 2.5/1 to 1/1) to give a mixture
of 16b and 19 (1 : 0.17) (246 mg, 43% yield).

The oxidation step was carried out according to the general procedure B; MnO, (2.28 g, 26.2
mmol, 30 eq.), a mixture of 16b and 19 (1 : 0.18) (355.4 mg, 0.872 mmol, 1 eq.) and CH,Cl, (8.7
mL, 0.1 M for a mixture of 16b and 19) were used and the reaction mixture was stirred for 1 day; A
mixture of 17b and 20 (1 : 0.16) (265 mg, 75% yield) was given; The crude product was used
without further purification.

The allylation was carried out according to the general procedure C; the mixture of 17b and 20
(1:0.16) (131.6 mg, 0.325 mmol, 1 eq.), 1,2-dichloroethane (0.81 mL, 0.4 M for the mixture of 17b
and 20), and 14b (127.0 mg, 0.562 mmol, 1.7 eq.) were used and the reaction mixture was stirred for
2 days. The crude product was purified by silica-gel column chromatography (hexane/EtOAc = 1/1)
to give a mixture of 9d and 21 (1 : 0.18) (145 mg, 88% yield). 'H NMR (400 MHz, CDCl;) 6 2.63

76



(dd, J=14.4,3.4 Hz, 1H), 2.71 (br s, 1H), 2.81 (dd, J = 14.4, 9.8 Hz, 1H), 3.4 (s, 3H), 3.74 (s, 3H),
3.86 (s, 3H), 3.92 (s, 3H), 4.96 (dd, J = 18.1, 1.8 Hz, 1H), 5.05 (dd, J= 10.9, 1.8 Hz, 1H), 5.20 (dd, J
=9.6, 3.0 Hz, 1H), 5.50 (s, 1H), 5.80 (d, J= 16.9 Hz, 1H), 5.91 (d, J= 16.9 Hz, 1H), 6.19 (d, J= 1.4
Hz, 1H), 6.64 (dd, J = 18.1, 11.7 Hz, 1H), 6.79-6.91 (m, 3H), 7.02 (d, J = 7.3 Hz, 2H), 7.22 (t, J =
7.5 Hz, 1H), 7.31 (1, J = 7.6 Hz, 2H). °C NMR (100 MHz, CDCls) 5 39.93, 49.02, 50.87, 52.14,
55.69, 55.81, 66.24, 110.26, 113.52, 116.21, 120.40, 122.40, 125.50, 125.53, 126.91, 128.47, 128.53,
128.60, 128.86, 131.57, 136.48, 136.68, 139.12, 147.65, 148.01, 162.05, 167.88. HRMS (ESI) caled
for CaoH3NNaO; (M+Na) 528.1993, found 528.1988.

Procedures for the Preparation of 1-Benzenesulfonyl-2-(1-hydroxybut-3-enyl)-3-vinyl-1H-
pyrroles 9e-k.

/\

N
|

pr~ 02 on

9e

1-(1-(Phenylsulfonyl)-3-vinyl-1H-pyrrol-2-yl)but-3-en-1-ol (9e); The coupling reaction was
carried out according to the general procedure D; 12b (200.3 mg, 0.638 mmol) and 13a were used
and the reaction mixture was refluxed for 1 day; The crude product was purified by silica-gel column
chromatography (hexane/toluene = 1/2 to toluene only) to give corresponding 3-vinylpyrrole 17c.
Then, the allylation was carried out according to the general procedure C; 17¢, 1,2-dichloroethane
(3.2 mL, 0.2 M for 12b), and 14a (130.2 mg, 0.775 mmol, 1.2 eq. for 12b) were used; The crude
product was purified twice by silica-gel column chromatography (first: hexane/toluene/EtOAc =
1/10/0.4, second: hexane/toluene/EtOAc = 1/10/0.3) to give 9e (34.4 mg, 17% yield; 2 steps). 9e was
found to be somewhat unstable. Therefore, 9e was used immediately to next reaction. "H NMR (400
MHz, CDCl;) & 2.38-2.46 (m, 1H), 2.43 (d, J = 5.3 Hz, 1H), 2.61 (dddt, J = 14.2, 8.9, 7.8, 0.9 Hz,
1H), 5.02-5.09 (m, 2H), 5.16 (dd, J=11.0, 1.4 Hz, 1H), 5.20 (dt, J = 8.9, 5.3 Hz, 1H), 5.46 (dd, J =
17.8, 1.4 Hz, 1H), 5.68 (dddd, /= 17.2, 10.6, 7.6, 6.9 Hz, 1H), 6.48 (d, /= 3.4 Hz, 1H), 6.90 (dd, J =
17.6, 11.0 Hz, 1H), 7.25-7.27 (m, 1H), 7.49-7.54 (m, 2H), 7.62 (tt, J= 7.6, 1.8 Hz, 1H), 7.77-7.81 (m,
2H). °C NMR (100 MHz, CDCl;) & 42.21, 66.39, 109.79, 114.34, 118.18, 123.56, 126.57, 126.90,
128.15, 129.50, 132.51, 133.96, 134.08, 139.31. HRMS (ESI) calcd for C,¢H;;NNaOsS (M +Na)
326.0821, found 326.0813.
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1-(3-(3-Methoxyprop-1-en-2-yl)-1-(phenylperoxythio)-1H-pyrrol-2-yl)but-3-en-1-0l  (9);
The coupling reaction was carried out according to the general procedure D; 12b (99.4 mg, 0.316
mmol) and 13¢ were used and the reaction mixture was stirred at 65 °C for 4.5 h; The crude product
was purified by silica-gel column chromatography (hexane/EtOAc = 3/1) to give corresponding
3-vinylpyrrole 17d. Then, the allylation was carried out according to the general procedure E; 17d
and 14c¢ (0.52 M solution in Et,0, 0.913 mL, 0.475 mmol, 1.5 eq. for 12b) were used; The crude
product was purified by silica-gel column chromatography (hexane/EtOAc = 2.5/1) to give 9f (91.5
mg, 83% yield; 2 steps). 'H NMR (500 MHz, CDCls) & 2.55 (dt, J = 14.2, 6.9 Hz, 1H), 2.71 (ddd, J
=14.2,8.2,7.3 Hz, 1H), 3.32 (s, 3H), 3.33 (d, /= 8.2 Hz, 1H), 3.98-4.09 (m, 2H), 4.91-5.00 (m, 2H),
5.06 (td, J= 8.2, 6.4 Hz, 1H), 5.21 (t, J= 0.9 Hz, 1H), 5.41 (q, /= 1.8 Hz, 1H), 5.58 (ddt, J=17.4,
10.1, 6.9 Hz, 1H), 6.19 (d, J= 3.6 Hz, 1H), 7.23 (d, J = 3.2 Hz, 1H), 7.50 (t, J= 8.2 Hz, 2H), 7.61 (tt,
J=1.8, 1.8 Hz, 1H), 7.78-7.85 (m, 2H). °C NMR (125 MHz, CDCl3) & 41.55, 58.16, 66.41, 75.78,
113.29, 117.23, 117.72, 123.23, 126.60, 127.86, 129.34, 133.29, 133.86, 134.44, 139.25, 139.39.
HRMS (ESI) caled for C;sH, NNaO,S (M +Na) 370.1084, found 370.1071.

7\ CO,Me

N
]

pp~ 02 o

9g

Methyl 4-hydroxy-2-methylene-4-(1-(phenylperoxythio)-3-vinyl-1H-pyrrol-2-yl)
butanoate (9g); The coupling reaction was carried out according to the general procedure D; 12b
(200.3 mg, 0.638 mmol) and 13a were used and the reaction mixture was refluxed for 1 day; The
crude product was purified by silica-gel column chromatography (hexane/toluene = 1/1.5 to toluene
only) to give corresponding 3-vinylpyrrole 17¢. Then, the allylation was carried out according to the
general procedure C; 17¢, 1,2-dichloroethane (0.64 mL, 1.0 M for 12b), and 14b (231.7 mg, 1.02
mmol, 1.6 eq. for 12b) were used; After quenching by saturated aqueous NH4Cl solution, the
mixture was stirred for 1 h; The crude product was purified by silica-gel column chromatography
(hexane/EtOAc = 2/1) and remaining pinacol was removed under reduced pressure at over 100 °C
for 1 min to give 9g (181.3 mg, 79% yield; 2 steps). 9g was found to be somewhat unstable.

Therefore, 9g was used immediately to next reaction. When 9g was used to the preparation of 28d,
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remaining pinacol was not removed. 'H NMR (400 MHz, CDCl;) & 2.74 (dd, J = 14.2, 5.0 Hz, 1H),
2.97 (dd, J = 14.2, 9.0 Hz, 1H), 3.31 (d, J = 6.16 Hz, 1H), 3.76 (s, 3H), 5.15 (dd, /= 11.0, 0.9 Hz,
1H), 5.37 (dt, J= 8.7, 5.7 Hz, 1H), 5.44 (dd, /= 17.6, 1.2 Hz, 1H), 5.63 (s, 1H), 6.20 (d, /= 0.9 Hz,
1H), 6.46 (d, J= 3.7 Hz, 1H), 6.88 (dd, /= 17.6, 11.0 Hz, 1H), 7.22 (d, J= 3.6 Hz, 1H), 7.48 (t, J =
7.8 Hz, 2H), 7.58 (t, J = 7.3 Hz, 1H), 7.77-7.83 (m, 2H). C NMR (100 MHz, CDCl;) & 40.65,
52.04, 66.39, 109.82, 114.36, 123.63, 126.46, 126.92, 127.92, 128.56, 129.37, 132.58, 133.83,
136.42, 139.15, 168.01. HRMS (ESI) calcd for C 5H;9NNaOsS (M +Na) 384.0876, found 384.0869.

/ \

N CO,Me
OH

ph 502

9h

Methyl 2-(hydroxy(1-(phenylsulfonyl)-3-vinyl-1H-pyrrol-2-yl)methyl)but-3-enoate (9h);
The coupling reaction was carried out according to the general procedure D; 12b (200.2 mg, 0.637
mmol) and 13a were used and the reaction mixture was refluxed for 1 day; The crude product was
purified by silica-gel column chromatography (hexane/toluene = 1/2 to toluene only) to give
corresponding 3-vinylpyrrole 17¢. Then, allylation was carried out as follows." Diethylaluminum
chloride (0.95 M solution in hexane, 1.48 mL, 1.40 mmol, 2.2 eq. for 12b) was added to a slurry of
zinc dust (125.4 mg, 1.92 mmol, 3.0 eq. for 12b) and copper bromide (9.14 mg, 0.0637 mmol, 0.10
eq. for 12b) in THF (25.5 mL) with stirring at 0 °C. The resulting mixture was cooled to —20 °C. A
solution of methyl 4-bromocrotonate 18 (229 mg, 1.28 mmol, 2.0 eq. for 12b) and aldehyde 17¢ in
THF (5 mL) was added slowly to the mixture over 40 min at —20 °C. After stirring for 15 h at the
same temperature, the reaction mixture was quenched by addition of pyridine (0.3 mL), well stirred,
and poured into 1N hydrochloric acid. The mixture was warmed up to room temperature and filtered
to remove remaining zinc dust. After extraction three times with ethyl acetate, the combined organic
layers were washed with brine, dried over Na,SO,, and concentrated under reduced pressure. The
residue was purified by silica-gel column chromatography (hexane/EtOAc = 2.5/1) to give a
diastereomeric mixture of 9h (0.68/0.32) (56.6 mg, 25% yield; 2 steps). 9h was used immediately to
next reaction. Data for the major diastereomer; 'H NMR (500 MHz, CDCls) 6 3.34 (d, J = 6.0 Hz,
1H), 3.59 (s, 3H), 3.79 (dd, /= 9.2, 6.9 Hz, 1H), 5.16 (dd, /= 10.9, 1.4 Hz, 1H), 5.19 (dt, J=17.2,
1.2 Hz, 1H), 5.28 (dd, J=10.4, 0.9 Hz, 1H), 5.44 (dd, J=17.5, 1.4 Hz, 1H), 5.46 (t, J= 6.3 Hz, 1H),
5.98 (ddd, J=17.2, 10.4, 9.2 Hz, 1H), 6.46 (d, J = 3.8 Hz, 1H), 6.88 (dd, J = 17.5, 11.2 Hz, 1H),
7.24 (dd, J = 3.8, 0.6 Hz, 1H), 7.48-7.52 (m, 2H), 7.60 (tt, J = 7.4, 1.7 Hz, 1H), 7.76-7.80 (m, 2H).
C NMR (125 MHz, CDCl;) § 52.11, 56.48, 67.66, 110.09, 114.53, 120.91, 124.46, 126.51, 128.40,
128.54, 129.45, 129.59, 131.74, 133.95, 139.14, 172.59. Data for the minor diastereomer; 'H NMR
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(500 MHz, CDCls) 8 3.19 (br s, 1H), 3.76 (s, 3H), 3.80 (t, J= 9.8 Hz, 1H), 4.86 (dd, J=10.3, 1.2 Hz,
1H), 4.88 (dt, J=17.2, 1.2 Hz, 1H), 5.21 (dd, J = 10.9, 1.2 Hz, 1H), 5.33 (ddd, J= 17.2, 10.3, 9.2 Hz,
1H), 5.47 (dd, J = 17.5, 1.2 Hz, 1H), 5.53 (dd, J = 9.8, 6.6 Hz, 1H), 6.45 (d, J = 3.5 Hz, 1H), 6.81
(dd, J = 17.5, 10.9 Hz, 1H), 7.23 (d, J = 3.5 Hz, 1H), 7.48-7.53 (m, 2H), 7.58-7.63 (m, 1H),
7.81-7.85 (m, 2H). '°C NMR (125 MHz, CDCls) § 52.29, 57.00, 67.23, 109.93, 115.32, 119.58,
124.13, 126.76, 127.75, 128.34, 129.45, 129.79, 130.86, 134.01, 139.19, 173.03. HRMS (ESI) caled
for C,sH;sNNaOsS (M'+Na) 384.0876, found 384.0867.

MeO

9i OMe

1-(4-Methoxyphenyl)-1-(3-(3-methoxyprop-1-en-2-yl)-1-(phenylperoxythio)-1 H-pyrrol-2-y
I)but-3-en-1-o0l (9i); A mixture of 13¢ (96.8 mg, 0.489 mmol, 2.0 eq.), Pd(OAc), (5.53 mg, 0.0246
mmol, 10 mol%), PPh; (13.0 mg, 0.0495 mmol, 20 mol%), Cs,CO; (248.5 mg, 0.763 mmol, 3.1 eq.),
and 12¢ (102.9 mg, 0.245 mmol, 1 eq.) in THF (4.9 mL, 0.05 M for 12¢) and water (0.98 mL, 1/5
(v/v) for THF) was refluxed for 2 days. After cooling to room temperature, the mixture was diluted
with water and extracted with EtOAc three times. The organic layers were combined, washed with
brine, and dried over Na,SO,. After filtration, the filtrate was evaporated under reduced pressure.
The residue was dissolved in ether and treated with aqueous NH4Cl solution. After stirring for over 1
h, saturated aqueous NaHCO; solution was added to the mixture. Then the mixture was extracted
with ether three times. The organic layers were combined, washed with brine, and dried over Na,SO,.
After filtration, the filtrate was concentrated under reduced pressure and the crude product was
purified by silica-gel column chromatography (hexane/EtOAc = 3/1) to give corresponding
3-vinylpyrrole 17e. Then, the allylation was carried out according to the general procedure E; 17e
and 14c¢ (0.52 M solution in Et,0, 0.508 mL, 0.264 mmol, 1.1 eq. for 12¢) were used; The crude
product was purified by silica-gel column chromatography (hexane/EtOAc = 3/1) to give 9i (67.1
mg, 60% yield; 2 steps). 'H NMR (500 MHz, CDCls) & 2.84 (ddd, J = 13.7, 7.5, 0.9 Hz, 1H),
3.27-3.35 (m, 1H), 3.35 (s, 3H), 3.75 (s, 3H), 3.94 (d, /= 13.3 Hz, 1H), 4.01 (d, J= 13.5 Hz, 1H),
4.57 (s, 1H), 4.87-5.00 (m, 2H), 5.11 (d, J= 0.7 Hz, 1H), 5.36 (q, /= 1.8 Hz, 1H), 5.58 (ddt, J=17.2,
10.5, 7.6 Hz, 1H), 6.15 (d, J = 3.4 Hz, 1H), 6.54 (dt, J = 9.0, 3.0 Hz, 2H), 7.02 (dt, /= 8.9, 3.2 Hz,
2H), 7.12 (dq, J= 8.5, 1.1 Hz, 2H), 7.22-7.29 (m, 2H), 7.44 (tt, J= 7.6, 1.2 Hz, 1H), 7.46, (d, /=34
Hz, 1H). "C NMR (100 MHz, CDCl;) & 46.38, 55.05, 58.35, 76.09, 76.29, 112.80, 114.27, 116.15,
118.27, 125.16, 126.09, 127.88, 128.19, 128.72, 132.74, 133.67, 136.07, 136.52, 139.51, 141.82,
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158.48. HRMS (ESI) calcd for C,sH,sNNaOsS (M +Na) 476.1502, found 476.1497.

MeO

/\ Me

\
pr- 502 M
9j
1-(3-(3-Methoxyprop-1-en-2-yl)-1-(phenylsulfonyl)-1 H-pyrrol-2-yl)-3-methylbut-3-en-1-o0
1 (9j); The coupling reaction was carried out according to the general procedure D; 12b (100.0 mg,
0.318 mmol) and 13¢ were used and the reaction mixture was stirred at 65 °C for 5 h; The crude
product was purified by silica-gel column chromatography (hexane/EtOAc = 2.5/1) to give
corresponding 3-vinylpyrrole 17d. Then, the allylation was carried out according to the general
procedure E; 17d and 14d (0.67 M solution in THF, 0.713 mL, 0.477 mmol, 1.5 eq. for 12b) were
used; The crude product was purified by silica-gel column chromatography (hexane/EtOAc = 2.5/1)
to give 9j (77.4 mg, 67% yield; 2 steps). 'H NMR (400 MHz, CDCls) 6 1.68 (s, 3H), 2.44 (dd, J =
14.2, 5.0 Hz, 1H), 2.77 (dd, J = 14.2, 9.6 Hz, 1H), 3.19 (d, J = 8.2 Hz, 1H), 3.34 (s, 3H), 3.99-4.09
(m, 2H), 4.71 (s, 1H), 4.78 (s, 1H), 5.19 (ddd, J= 9.6, 7.8, 5.0 Hz, 1H), 5.20-5.22 (m, 1H), 5.42 (q, J
= 1.8 Hz, 1H), 6.20 (d, J= 3.7 Hz, 1H), 7.23 (d, /= 3.2 Hz, 1H), 7.48-7.54 (m, 2H), 7.61 (tt, J= 7.8,
1.8 Hz, 1H), 7.81-7.84 (m, 2H). °C NMR (100 MHz, CDCl;) & 22.09, 45.54, 58.15, 64.79, 75.68,
113.22, 113.38, 117.38, 123.25, 126.56, 127.65, 129.33, 133.67, 133.84, 139.24, 139.41, 142.18.

HRMS (ESI) caled for C1oH»;NNaO,S (M +Na) 384.1240, found 384.1229.

KF3B\“/M9 Pd(OAC), (5 mol%)
Br PPh3 (10 mol%) MeMgBr
13b(1.5 eq.) Cs,CO3 (3.0 eq (1.5 eq
N CHO THF / H,0 THF |
reflux, 1 da
pr 502 y ph/ 0z 30 min 02
12b 17f 16c
MgCl
(1.5eq.) Me
DMP \
4e
( q.) N Mo " o
CHzCIz N THF Me
0°C, 1 day 0 °C, 30 min OH Me
th _S SO
en Ph Ph”
10 °C, 1 day 179 9k

3-methyl-2-(1-(phenylsulfonyl)-3-(prop-1-en-2-yl)-1H-pyrrol-2-yl)pent-4-en-2-0l (9k); The
coupling reaction was carried out according to the general procedure D; 12b (150.5 mg, 0.479

mmol) and 13b were used and the reaction mixture was refluxed for 1 day; The crude product was
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purified by silica-gel column chromatography (hexane/toluene = 1/5 to toluene only) to give
corresponding 3-vinylpyrrole 17f (116.5 mg, 88% yield).

To a stirred solution of 17f (112.7 mg, 0.409 mmol) in THF (8.19 mL, 0.05 M) was added
methylmagnesium bromide (3.0 M solution in Et,O) at 0 °C (salt-ice bath) and the reaction mixture
was stirred for 30 min. The mixture was then quenched by addition of saturated aqueous NH4CI
solution at the same temperature, warmed to room temperature, extracted with EtOAc three times,
and washed with brine. The organic layer was dried over Na,SO,. After filtration, the filtrate was
concentrated under reduced pressure. The residue was purified by silica-gel column chromatography
(hexane/EtOAc = 4/1) to give 16¢ (118.4 mg, 99% yield).

Dess-Martin periodinane (685.6 mg, 1.62 mmol, 4.0 eq.) was added to a solution of 16¢ (117.6
mg, 0.403 mmol, 1 eq.) in dichloromethane (12.1 mL, 0.033 M) at 0 °C. The mixture was stirred for
1 day at 0 °C, then warmed up to 10 °C and stirred for additional 1 day. The mixture was diluted
with ether, warmed up to room temperature, stirred for 5 min, and treated with 10%
Na,S,0s/saturated aqueous NaHCO; (1/1) solution. After extraction with ether three times, the
combined organic layers were washed with saturated aqueous NaHCO; solution and dried over
Na,S0O,. After filtration, the filtrate was evaporated under reduced pressure. The crude product was
purified twice by silica-gel column chromatography (first: hexane/EtOAc = 4.5/1, second:
hexane/EtOAc = 5/1) to give 17g (37.2 mg, 32% yield).

The allylation was carried out according to the general procedure E; 17g (29.3 mg, 0.101 mmol)
in THF (2.03 mL, 0.05 M) and 14e (0.45 M solution in THF, 0.338 mL, 0.152 mmol, 1.5 eq.) were
used; The crude product was purified by silica-gel column chromatography (hexane/EtOAc = 4.5/1)
to give a diastereomeric mixture of 9k (0.61/0.39) (29.1 mg, 87% yield). Data for the diastereomeric
mixture; 'H NMR (500 MHz, CDCl3) & 0.79 (d, J = 6.9 Hz, 3H (major)), 0.84 (d, J = 6.9 Hz, 3H
(minor)), 1.44 (s, 3H (minor)), 1.47 (s, 3H (major)), 1.96-1.99 (m, 3H (major) and 3H (minor)), 3.04
(quint, J = 7.2 Hz, 1H (major)), 3.23 (quint, J = 6.9 Hz, 1H (minor)), 3.56 (s, 1H (minor)), 3.68 (s,
1H (major)), 4.83 (q, J = 1.1 Hz, 1H (minor)), 4.85 (q, J = 1.1 Hz, 1H (major)), 4.87-4.95 (m, 2H
(major)), 5.06-5.13 (m, 1H (major) and 3H (minor)), 5.63 (ddd, J=17.1, 10.3, 8.0 Hz, 1H (major)),
5.77 (ddd, J=17.4, 10.6, 7.1 Hz, 1H (minor)), 6.04 (d, J= 3.4 Hz, 1H (minor)), 6.05 (d, J = 3.5 Hz,
1H (major)), 7.37 (d, J = 3.4 Hz, 1H (major)), 7.38 (d, J = 2.9 Hz, 1H (minor)), 7.44-7.50 (m, 2H
(major) and 2H (minor)), 7.53-7.59 (m, 1H (major) and 1H (minor)), 7.67-7.71 (m, 2H (major) and
2H (minor)). °C NMR (125 MHz, CDCl3) & 14.33, 14.67, 24.07, 25.35, 25.68, 26.74, 46.28, 47.08,
75.20, 75.53, 113.67, 113.86, 115.36, 116.24, 116.36, 116.64, 124.99, 125.55, 125.95, 126.02,
128.98, 130.82, 131.80, 133.21, 136.13, 136.43, 139.32, 139.85, 140.87, 141.44, 141.50. HRMS
(ESI) calcd for C19H,3NNaO;S (M '+Na) 368.1291, found 368.1284.
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Procedure for the Preparation of 1,1'-(1-Benzyl-3,4-divinyl-1H-pyrrole-2,5-diyl)bis(3-
methylbut-3-en-1-o0l) (24a).

— — DIBAL-H = ==
M (8eq.) HO. /R o4 MnO; (40 eq.) R
MeO,C N CO,Me THF, —40 °C l}j CH,Cl, OHC N CHO
I|3n 1.5 days Bn rt, 40 h |
95% 42% Bn
15a 25a 26a
CIMg\/K S —
14d (4 eq.) T\
—_—
THF N
0 °C, 30 min OH gn OH
92%
24a

1,1'-(1-Benzyl-3,4-divinyl-1H-pyrrole-2,5-diyl)bis(3-methylbut-3-en-1-0l)  (24a); The
reduction step was carried out according to the general procedure A; Diisobutylaluminium hydride
(1.04 M, 17.7 mL, 18.4 mmol, 4 eq.) and 15a (1.50 g, 4.61 mmol, 1 eq.) were used and the reaction
mixture was stirred at —40 °C for 12 h. Due to incompletion of the reaction, additional
diisobutylaluminium hydride (1.04 M, 17.7 mL, 18.4 mmol, 4 eq.) was added to the mixture. The
resulting mixture was stirred for 1 day; After extraction with EtOAc, the organic layer was dried and
concentrated without washing with brine; The residue was purified by silica-gel column
chromatography (hexane/EtOAc = 1.5/1) to give 25a (1.18 g, 95% yield).

The oxidation step was carried out according to the general procedure B; MnO, (1.29 g, 14.9
mmol, 40 eq.), 25a (100.5 mg, 0.371 mmol, 1 eq.), and CH,Cl, (7.4 mL, 0.05 M for 25a) were used
and the reaction mixture was stirred for 40 h; The crude product was purified by silica-gel column
chromatography (hexane/EtOAc = 4/1) to give 26a (41.4 mg, 42% yield).

The allylation was carried out according to the general procedure E; 14d (0.67 M solution in
THF, 2.66 mL, 1.78 mmol, 4 eq.) and 26a (118.0 mg, 0.445 mmol, 1 eq.) were used; After the
extraction with EtOAc, the organic layer was dried and concentrated without washing with brine;
The residue was purified by silica-gel column chromatography (hexane/EtOAc = 3/1) to give a
diastereomeric mixture of 24a (0.53/0.47) (155 mg, 92% yield). 25a; 'H NMR (500 MHz, CDCls) 6
1.24 (br s, 2H), 4.56 (s, 4H), 5.25 (dd, /= 11.3, 1.9 Hz, 2H), 5.38 (dd, /= 17.4, 1.9 Hz, 2H), 5.40 (s,
2H), 6.73 (dd, J = 17.7, 11.3 Hz, 2H), 6.96 (d, J = 7.4 Hz, 2H), 7.23-7.33 (m, 3H). >C NMR (125
MHz, CDCl;) & 47.02, 53.90, 115.08, 120.20, 125.48, 127.31, 128.82, 129.32, 129.92, 138.26.
HRMS (ESI) caled for C;7;H;oNNaO, (M++Na) 292.1308, found 292.1299. 24a-meso; 'H NMR (500
MHz, CDCl3) 6 1.62 (s, 6H), 1.99 (s, 2H), 2.15 (dd, J = 14.1, 3.7 Hz, 2H), 2.49 (dd, J = 14.1, 10.4
Hz, 2H), 4.70 (s, 2H), 4.81 (t, /= 1.6 Hz, 2H), 5.03 (dd, /= 10.4, 3.7 Hz, 2H), 5.23 (dd, J=11.3,2.2
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Hz, 2H), 5.29 (dd, J = 17.7, 2.2 Hz, 2H), 5.55 (s, 2H), 6.83 (dd, J = 17.7, 11.3 Hz, 2H), 6.97 (d, J =
7.4 Hz, 2H), 7.17-7.33 (m, 3H). °C NMR (125 MHz, CDCLy) § 21.93, 45.44, 48.57, 64.56, 113.67,
115.31, 119.28, 125.56, 127.11, 128.69, 130.46, 131.40, 139.36, 142.39. HRMS (ESI) calcd for
C,sH;3,NNaO, (M*+Na) 400.2247, found 400.2234. 24a-dl; 'H NMR (500 MHz, CDCL3) & 1.57 (s,
6H), 2.03 (s, 2H), 2.17 (dd, J = 14.0, 3.4 Hz, 2H), 2.55 (dd, J = 14.1, 10.4 Hz, 2H), 4.70 (s, 2H), 4.80
(t, J = 1.6 Hz, 2H), 5.00 (dd, J = 10.4, 3.4 Hz, 2H), 5.24 (dd, J = 11.3, 2.2 Hz, 2H), 5.27 (dd, J =
18.0, 1.9 Hz, 2H), 5.36 (d, J = 17.7 Hz, 1H), 5.75 (d, J = 17.4 Hz, 1H), 6.85 (dd, J = 17.7, 11.3 Hz,
2H), 6.95 (d, J=7.1 Hz, 2H), 7.18-7.32 (m, 3H). '°C NMR (125 MHz, CDCls) § 21.79, 45.35, 48.47,
64.33, 113.63, 115.24, 119.37, 125.52, 127.10, 128.68, 130.56, 131.40, 139.31, 142.45.

Procedure for the Preparation of 1-(3-(3-Methoxyprop-1-en-2-yl)-1-(phenylsulfonyl)-1H-
pyrrol-2-yl)but-3-en-1-one (28¢).

MeO MeO
\ DMP (4 eq.) \
[\ —_— [\
N CH20|2 N
| rt, 1 day |
NG or pr 502 ©
of 28¢c

1-(3-(3-Methoxyprop-1-en-2-yl)-1-(phenylsulfonyl)-1 H-pyrrol-2-yl)but-3-en-1-one (28c);
Dess-Martin periodinane (398.4 mg, 0.939 mmol) was added to a solution of 9f (81.2 mg, 0.234
mmol) in dichloromethane at 0 °C. After 10 min of stirring, the mixture was warmed up to room
temperature and stirred for 1 day. The mixture was then diluted with ether, stirred for 5 min, and
treated with 10% Na,S,0s/saturated aqueous NaHCO; (1/1) solution. After extraction with ether
three times, the combined organic layers were washed with saturated aqueous NaHCO; solution and
dried over Na,SO,. After filtration, the filtrate was evaporated under reduced pressure. The crude
product was purified by silica-gel column chromatography (hexane/EtOAc = 3/1) to give 28c (47.7
mg, 59% yield). "H NMR (400 MHz, CDCls) & 3.35 (s, 3H), 3.59 (dt, J = 6.9, 1.4 Hz, 2H), 4.06 (s,
2H), 5.13 (d, J= 0.7 Hz, 1H), 5.13 (dq, /= 17.4, 1.6 Hz, 1H), 5.19 (dq, J = 10.5, 1.4 Hz, 1H), 5.37
(q,J=1.4 Hz, 1H), 5.96 (ddt, /= 17.0, 10.3, 6.8 Hz, 1H), 6.28 (d, J=3.24 Hz, 1H), 7.37 (d, J=3.2
Hz, 1H), 7.54 (tt, J = 8.2, 1.6 Hz, 2H), 7.63 (tt, J = 7.6, 2.0 Hz, 1H), 7.99-7.94 (m, 2H). °C NMR
(100 MHz, CDCl3) & 47.82, 58.25, 74.95, 112.20, 117.91, 118.83, 124.82, 127.81, 128.99, 130.30,
130.64, 130.74, 133.96, 137.96, 138.71, 194.95. HRMS (ESI) calcd for C,sH;¢NNaO,S (M +Na)
368.0927, found 368.0918.
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Procedure for the Preparation of Methyl 2-methylene-4-0xo0-4-(1-(phenylsulfonyl)-3-vinyl-1H-
pyrrol-2-yl)butanoate (28d).

- s
A\ CO,Me DMP (4 eq.) 1\ CO,Me
—_—
! OH ok ! 0
o502 0°C, 16 h o502
9g 28d

Methyl 2-methylene-4-0x0-4-(1-(phenylsulfonyl)-3-vinyl-1H-pyrrol-2-yl)butanoate (28d);
Dess-Martin periodinane (324.4 mg, 0.765 mmol, 4.0 eq.) was added to a solution of 9g (69.1 mg,
0.191 mmol, 1 eq.) in dichloromethane (5.7 mL, 0.033 M for 9g) at 0 °C and stirred for 16 h. The
mixture was then diluted with ether, warmed up to room temperature, stirred for 5 min, and treated
with 10% Na,S,0s/saturated aqueous NaHCOj; (1/1) solution. After extraction with ether three times,
the combined organic layers were washed with saturated aqueous NaHCOj; solution and dried over
Na,S0O,. After filtration, the filtrate was evaporated under reduced pressure. The crude product was
purified by silica-gel column chromatography (hexane/EtOAc = 3/1) to give 28d (48.3 mg, 70%
yield). 28d was found to be somewhat unstable. Therefore, 28d was used immediately to next
reaction. 'H NMR (400 MHz, CDCl3)  3.71 (s, 3H), 3.90 (d, J = 0.7 Hz, 2H), 5.34 (dd, J=11.0, 1.2
Hz, 1H), 5.59 (dd, J=17.6, 1.2 Hz, 1H), 5.78 (d, /= 1.2 Hz, 1H), 6.40 (d, /= 0.7 Hz, 1H), 6.46 (d, J
=3.4 Hz, 1H), 6.74 (dd, J = 17.6, 11.0 Hz, 1H), 7.32 (dd, J = 3.4, 0.7 Hz, 1H), 7.46-7.52 (m, 2H),
7.59 (tt, J = 7.6, 1.8 Hz, 1H), 7.83-7.87 (m, 2H). C NMR (100 MHz, CDCl3) & 47.03, 52.10,
110.94, 118.24, 126.65, 127.31, 127.37, 129.04, 129.56, 130.80, 131.92, 133.73, 133.94, 138.30,
166.67, 192.18. HRMS (ESI) calcd for C,5H;;NNaOsS (M '+Na) 382.0720, found 382.0707.

Procedure for the Preparation of 1-(3-(3-Methoxyprop-1-en-2-yl)thiophen-2-yl)but-3-en-1-ol
(30a).

Me

Lo ﬁa;?z%zmia;f'% w
U\ 13c(1'5eq') Cs,CO3 (3 eq.) 14cq
s” ~CHO THF / H,0 o
30a

o 0 °C, 40 min
32a 55°C,3h
94% 88%

1-(3-(3-Methoxyprop-1-en-2-yl)thiophen-2-yl)but-3-en-1-0l (30a); The coupling reaction

was carried out according to the general procedure D; 32a (40.5 mg, 0.212 mmol) and 13¢ were used
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and the reaction mixture was stirred at 55 °C for 3 h; The crude product was purified by silica-gel
column chromatography (hexane/toluene = 1/2 to toluene only) to give 33a (36.2 mg, 94% yield).
Then, the allylation was carried out according to the general procedure E; 33a (36.2 mg, 0.199
mmol) and 14¢ (0.74 M) were used and the reaction mixture was stirred for 40 min; The crude
product was purified by silica-gel column chromatography (hexane/EtOAc = 3/1) to give 30a (39.4
mg, 88% yield). "H NMR (500 MHz, CDCl3) & 2.56-2.70 (m, 2H), 2.90 (s, 1H), 3.33 (s, 3H), 4.08 (d,
J=13.2 Hz, 1H), 4.15 (d, /= 12.6 Hz, 1H), 5.06 (t, J = 6.3 Hz, 1H), 5.12 (dq, /= 10.3, 1.5 Hz, 1H),
5.17 (dq, J=17.2, 1.8 Hz, 1H), 5.20 (d, /= 1.8 Hz, 1H), 5.44 (d, J= 1.7 Hz, 1H), 5.84 (ddt, J=17.2,
10.3, 6.9 Hz, 1H), 6.89 (d, J = 5.15 Hz, 1H), 7.21 (d, J = 5.2 Hz, 1H). °C NMR (125 MHz, CDCl5)
8 43.17, 58.14, 67.02, 76.05, 117.23, 118.09, 123.63, 127.59, 134.34, 137.57, 140.59, 143.89.
HRMS (ESI) caled for C1,HsNaO,S (M +Na) 247.0763, found 247.0759.

Procedures for the Preparation of Indoles 11.

R? R* 5
3 3 R
R 3 p-TsOH-H,0 R
5 7. 19 10 mol%
AN RO __(omot) ,  (OMM T\ =
RN RS toluene toluene RN
R HO R7 80 °C, 12 h rt, 1h R K
9 1

General procedure F: RCM/dehydration. To a solution of 9 (0.100 mmol, 1 eq.) in toluene
(10 mL, 0.01 M) was added catalyst 3 (0.0075 mmol, 7.5 mol%) in one portion under nitrogen and
the reaction mixture was stirred for 12 h at 80 °C. The reaction mixture was treated with
p-toluenesulfonic acid (0.010 mmol, 10 mol%) and stirred for 1 h at room temperature. The mixture
was concentrated under reduced pressure and purified by silica-gel column chromatography or

PTLC on silica gel to give indole 11.

/ \

MeO,C™ N
I
Bn
11a
Methyl 1-benzyl-3-vinyl-1H-indole-2-carboxylate (11a); The reaction was carried out
according to the general procedure F. 9a (60.3 mg, 0.179 mmol) was used. The reaction was
performed at room temperature and the crude product was purified by silica-gel column
chromatography (hexane/EtOAc = 4/1) to give 11a (37.9 mg, 73% yield). '"H NMR (500 MHz,
CDCl;) 6 3.86 (s, 3H), 5.50 (dd, J = 18.0, 1.6 Hz, 1H), 5.75 (s, 2H), 5.87 (dd, J = 18.0, 1.6 Hz, 1H),
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7.02 (d, J = 7.3 Hz, 2H), 7.15-7.27 (m, 4H), 7.27-7.35 (m, 2H), 7.39 (dd, J = 18.0, 11.6 Hz, 1H),
8.03 (d, J = 8.4 Hz, 1H). °C NMR (125 MHz, CDCl3) & 48.19, 51.72, 110.84, 116.80, 121.25,
122.11, 122.30, 124.81, 124.92, 125.67, 126.10, 127.09, 128.54, 130.07, 138.10, 139.08, 162.70.
HRMS (ESI) caled for CoH;;NNaO, (M'+Na) 314.1152, found 314.1147.

[\ CO,Me
MGOQC N

én
11b
Dimethyl 1-benzyl-3-vinyl-1H-indole-2,6-dicarboxylate (11b); The reaction was carried out
according to the general procedure F. 9b (46.9 mg, 0.119 mmol) was used. The crude product was
purified by PTLC (hexane/EtOAc/Et;N = 32/8/1) twice to give 11b (21.9 mg, 53% yield). m.p.
130-133 °C. 'H NMR (500 MHz, CDCls) & 3.89 (s, 3H), 3.92 (s, 3H), 5.54 (dd, J = 11.6, 1.6 Hz, 1H),
5.82 (s, 2H), 5.87 (dd, J = 18.0, 1.5 Hz, 1H), 6.99-7.04 (m, 2H), 7.19-7.20 (m, 3H), 7.34 (dd, J =
18.0, 11.6 Hz, 1H), 7.87 (dd, J = 8.6, 1.6 Hz, 1H), 8.05 (d, J = 8.6 Hz, 1H), 8.14 (s, 1H). °C NMR
(125 MHz, CDCl;) & 48.31, 51.98, 52.15, 113.10, 117.41, 121.83, 122.05, 126.08, 127.14, 127.33,
127.37, 128.13, 128.66, 129.54, 137.70, 138.34, 162.32, 167.39. HRMS (ESI) caled for
C,1H;0NNaO, (M +Na) 372.1206, found 372.1194.

COzMe

/ \

MeO,C N
I
Bn
11c
Dimethyl 1-benzyl-3-vinyl-1H-indole-2,5-dicarboxylate (11¢); The reaction was carried out
according to the general procedure F. 9¢ (39.5 mg, 0.100 mmol) was used. The reaction was
performed at 100 °C and the crude product was purified by PTLC (hexane/EtOAc = 3/1) to give 11c¢
(4.1 mg, 12% yield). "H NMR (500 MHz, CDCl3) & 3.90 (s, 3H), 3.94 (s, 3H), 5.58 (dd, J=11.6, 1.2
Hz, 1H), 5.79 (s, 2H), 5.94 (dd, J = 18.0, 1.2 Hz, 1H), 7.02 (d, J = 7.0 Hz, 2H), 7.19-7.29 (m, 3H),
7.31-7.39 (m, 2H), 8.01 (dd, J = 8.9, 1.8 Hz, 1H), 8.77 (d, J = 1.6 Hz, 1H). >C NMR (125 MHz,
CDCl;) o 48.47, 51.94, 52.03, 110.60, 118.22, 123.37, 123.47, 124.53, 125.46, 126.00, 126.10,
126.59, 127.37, 128.68, 129.32, 137.52, 141.25, 162.38, 167.54. HRMS (APCI) calcd for

C1HyoNO, (M'+H) 350.1387, found 350.1377.
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MeO OMe

O CO,Me
)

MeO,C™ N

I

Bn

11d

Dimethyl 1-benzyl-3-(3,4-dimethoxyphenyl)-1H-indole-2,5-dicarboxylate (11d); The

reaction was carried out according to the general procedure F. The reaction was performed with a
mixture of 9d and 21 (1:0.18) (9d: 34.18 mg, 0.0676 mmol) at 100 °C and the crude product was
purified by PTLC (hexane/EtOAc = 3/1) to give a mixture of 11d (4.0 mg, 13% yield) and 21. 'H
NMR (400 MHz, CDCl;) & 3.66 (s, 3H) 3.89 (s, 3H), 3.91 (s, 3H), 3.98 (s, 3H), 5.82 (s, 2H),
6.97-7.07 (m, 3H), 7.08-7.13 (m, 2H), 7.21-7.34 (m, 3H), 7.41 (d, J = 8.8 Hz, 1H), 8.02 (dd, /= 8.8,
1.6 Hz, 1H), 8.36 (d, J = 1.2 Hz, 1H). >C NMR (100 MHz, CDCl;) & 48.48, 51.68, 51.98, 55.89,
55.97, 110.30, 110.45, 110.76, 113.60, 122.44, 122.66, 123.18, 125.01, 125.49, 126.07, 126.30,
126.53, 126.58, 127.44, 128.72, 137.58, 140.49, 148.39, 162.63, 167.51. HRMS (ESI) caled for
C,7H,sNNaOg (M +Na) 482.1574, found 482.1570.

e

\

SO,Ph

11e

1-(Phenylsulfonyl)-1H-indole (11e); The reaction was carried out according to the general

procedure F. 9e (33.5 mg, 0.110 mmol) was used. The reaction was performed at room temperature
and the crude product was purified by PTLC (hexane/EtOAc = 3/1) to give 11e (28.0 mg, 98% yield).
m.p. 81-83 °C. "H NMR (400 MHz, CDCl3) § 6.66 (dd, J=3.9, 0.7 Hz, 1H), 7.22 (td, J= 7.3, 1.2 Hz,
1H), 7.31 (td, J = 8.5, 1.4 Hz, 1H), 7.38-7.44 (m, 2H), 7.48-7.54 (m, 2H), 7.56 (d, J = 3.6 Hz, 1H),
7.85-7.89 (m, 2H), 8.00 (dd, J = 8.4, 0.7 Hz, 1H). °C NMR (100 MHz, CDCl;) & 109.21, 113.48,
121.39, 123.34, 124.61, 126.26, 126.70, 129.21, 130.71, 133.76, 134.80, 138.21. HRMS (ESI) calcd
for C,4H,;;NNaO,S (M +Na) 280.0403, found 280.0397.

OMe

|
SO,Ph
11f
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4-(Methoxymethyl)-1-(phenylsulfonyl)-1H-indole (11f); The reaction was carried out
according to the general procedure F. 9f (34.7 mg, 0.0999 mmol) was used and the crude product
was purified by PTLC (hexane/EtOAc = 2/1) to give 11f (27.9 mg, 93% yield). m.p. 119-121 °C. 'H
NMR (500 MHz, CDCl3) 6 3.38 (s, 3H), 4.64 (s, 2H), 6.80 (dd, J = 3.7, 0.9 Hz, 1H), 7.19 (dd, J =
7.2,0.9 Hz, 1H), 7.28 (t, J = 8.1 Hz, 1H), 7.42 (tt, /= 8.0, 1.7 Hz, 2H), 7.51 (tt, J= 7.5, 1.7 Hz, 1H),
7.59 (d, J = 3.7 Hz, 1H), 7.88 (dq, J = 7.8, 1.4 Hz, 2H), 7.96 (d, J = 8.3 Hz, 1H). °C NMR (125
MHz, CDCl;) 6 58.26, 72.74, 107.51, 113.11, 122.88, 124.48, 126.24, 126.73, 129.22, 129.58,
130.81, 133.80, 134.94, 138.18. HRMS (ESI) calcd for C;¢H;sNNaO;S (M +Na) 324.0665, found
324.0658.

CO,Me

e

\
SO,Ph
119
Methyl 1-(phenylsulfonyl)-1H-indole-5-carboxylate (11g); The reaction was carried out

according to the general procedure F. 9g (48.0 mg, 0.133 mmol) was used and the crude product was
purified by PTLC (hexane/EtOAc = 2/1) to give 11g (29.2 mg, 70% yield). m.p. 161-163 °C. 'H
NMR (500 MHz, CDCl;) 6 3.91 (s, 3H), 6.37 (d, J=3.7 Hz, 1H), 7.45 (t, J= 7.5 Hz, 2H), 7.55 (t, J
=17.5Hz, 1H), 7.63 (d, J= 3.7 Hz, 1H), 7.89 (d, J= 7.5 Hz, 2H), 8.01 (dd, /= 8.6, 1.5 Hz, 1H), 8.03
(d, J = 8.6 Hz, 1H), 8.26 (s, 1H). °C NMR (125 MHz, CDCl;) & 52.11, 109.54, 113.15, 123.74,
125.47, 125.84, 126.73, 127.48, 129.37, 130.46, 134.12, 137.27, 137.92, 167.07. HRMS (ESI) calcd
for CsH,;3NNaO,4S (M'+Na) 338.0457, found 338.0454.

[Q\COZMe

\

SO,Ph

11h

1-(Phenylsulfonyl)-1H-indole-6-carboxylate (11h); The reaction was carried out according

to the general procedure F. 9h (35.8 mg, 0.0991 mmol) was used and the crude product was purified
by PTLC (hexane/EtOAc = 2/1) to give 11h (25.5 mg, 81% yield). 'H NMR (500 MHz, CDCls) &
3.96 (s, 3H), 6.70 (dd, J=3.5, 0.9 Hz, 1H), 7.43-7.48 (m, 2H), 7.55 (tt, J= 7.5, 1.7 Hz, 1H), 7.56 (d,
J =18.0 Hz, 1H), 7.71 (d, J = 3.7 Hz, 1H), 7.89-7.95 (m, 3H), 8.69-8.71 (m, 1H). *C NMR (125
MHz, CDCl;) & 52.24, 108.98, 115.20, 121.12, 124.51, 126.54, 126.79, 129.17, 129.39, 134.07,
134.28, 134.36, 137.97, 167.15. HRMS (ESI) calcd for C;sH;3NNaO,S (M +Na) 338.0457, found
338.0447.
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11i

4-(Methoxymethyl)-7-(4-methoxyphenyl)-1-(phenylsulfonyl)-1H-indole (11i); The reaction
was carried out according to the general procedure F. 9i (34.7 mg, 0.0766 mmol) was used. The
dehydration was carried out at 80 °C for 1.5 h and the crude product was purified by PTLC
(hexane/EtOAc = 2.5/1) to give 11i (31.2 mg, >99% yield). 'H NMR (400 MHz, CDCl;) & 3.39 (s,
3H), 3.85 (s, 3H), 4.67 (s, 2H), 6.73 (d, J= 9.0 Hz, 2H), 6.89 (d, /= 3.9 Hz, 1H), 6.99 (d, /= 7.6 Hz,
1H), 7.05 (d, J = 8.7 Hz, 2H), 7.19 (d, J = 7.6 Hz, 1H), 7.22-7.32 (m, 4H), 7.44 (tt, J= 6.9, 2.5 Hz,
1H), 7.76 (d, J = 3.7 Hz, 1H). °C NMR (100 MHz, CDCl3) & 55.18, 58.17, 72.45, 107.95, 112.73,
123.40, 126.28, 128.62, 129.36, 130.10, 130.57, 130.68, 132.06, 132.76, 133.04, 133.89, 138.30,
158.66. HRMS (ESI) calcd for Co3H, NNaO,S (M +Na) 430.1084, found 430.1079.

OMe
Me

/ \

\
SO,Ph
1]

4-(Methoxymethyl)-5-methyl-1-(phenylsulfonyl)-1H-indole (11j); The reaction was carried
out according to the general procedure F. 9§ (39.0 mg, 0.108 mmol) was used. The reaction was
performed at 100 °C and the crude product was purified by PTLC (hexane/EtOAc = 2.5/1) to give
11j (12.1 mg, 36% yield). "H NMR (400 MHz, CDCl3) & 2.42 (s, 3H), 3.38 (s, 3H), 4.64 (s, 2H),
6.80 (dd, J=3.9, 0.7 Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 7.38-7.44 (m, 2H), 7.51 (tt, J= 7.6, 1.8 Hz,
1H), 7.54 (d, J = 3.9 Hz, 1H), 7.82-7.88 (m, 3H). °C NMR (100 MHz, CDCl;) & 18.53, 58.31, 69.29,
107.79, 113.04, 126.32, 126.71, 127.37, 127.90, 129.18, 131.21, 132.14, 133.41, 133.73, 138.21.
HRMS (ESI) calcd for C;7H;;NNaO;S (M '+Na) 338.0821, found 338.0810.
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/\ Me

SO,
11k

Ph”

4,6,7-trimethyl-1-(phenylsulfonyl)-1H-indole (11k); The reaction was carried out according
to the general procedure F. 9k (29.1 mg, 0.0877 mmol) was used and the crude product was purified
by PTLC (hexane/EtOAc = 5/1) to give 11k (24.5 mg, 93% yield). 'H NMR (500 MHz, CDCl;) 6
2.28 (s, 3H), 2.38 (s, 3H), 2.40 (s, 3H), 6.65 (d, J = 3.7 Hz, 1H), 6.89 (s, 1H), 7.40 (t, J = 8.0 Hz,
2H), 7.51 (tt, J = 7.4, 0.8 Hz, 1H), 7.63 (dd, J = 8.6, 0.8 Hz, 2H), 7.67 (d, J = 4.0 Hz, 1H). "C NMR
(125 MHz, CDCl;) & 16.71, 17.98, 20.78, 107.90, 121.17, 126.39, 127.30, 127.33, 129.03, 129.32,
130.77, 133.30, 134.11, 136.17, 139.60. HRMS (ESI) calcd for C;;H;;NNaO,S (M +Na) 322.0872,
found 322.0870.

Procedure for the Preparation of 9-Benzyl-3,6-dimethyl-9H-carbazole (23a).

(15 mol%
/ \
toluene
80°C,2h

OH Bn
24a 23a

9-Benzyl-3,6-dimethyl-9H-carbazole (23a); To a solution of 24a (29.7 mg, 0.0787 mmol) in
toluene (8.0 mL, 0.01 M) was added 15 mol% catalyst 3 (10.0 mg, 0.0118 mmol) in one portion
under nitrogen and the reaction mixture was stirred for 2 h at 80 °C. The reaction mixture was
concentrated under reduced pressure and purified by silica-gel column chromatography
(hexane/EtOAc = 5/1) to give carbazole 23a (18.3 mg, 81% yield). m.p. 110-114 °C. '"H NMR (500
MHz, CDCl;) 6 2.52 (s, 6H), 5.44 (s, 2H), 7.07-7.12 (m, 2H), 7.15-7.32 (m, 7H), 7.88 (d, /= 0.7 Hz,
2H). >C NMR (125 MHz, CDCl;) & 21.36, 46.54, 108.48, 120.28, 122.94, 126.34, 126.94, 127.29,
128.18, 128.69, 137.46, 139.19. HRMS (ESI) calcd for C5;H,oN (M '+H) 286.1590, found 286.1586.
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Procedure for the Preparation of 4-(Methoxymethyl)-1-(phenylsulfonyl)-1H-indol-7-o0l (27¢).

OMe
MeO
\ 3
7.5 mol%)
Y\ —(75molh) o Y
N toluene N
) 80°C,12h I OH
so, O SO,Ph
Ph”" 2 2
60%
28c 27c

4-(Methoxymethyl)-1-(phenylsulfonyl)-1H-indol-7-0l (27¢); To a solution of 28¢ (43.2 mg,
0.124 mmol) in toluene (12 mL, 0.01 M) was added 7.5 mol% catalyst 3 (7.90 mg, 0.0093 mmol) in
one portion under nitrogen and the reaction mixture was stirred for 12 h at 80 °C. The reaction
mixture was concentrated under reduced pressure and purified by PTLC on silica gel (hexane/EtOAc
= 2/1) to give 7-hydroxyindole 27¢ (23.3 mg, 60% yield). 'H NMR (400 MHz, CDCl3) o 3.33 (s,
3H), 4.53 (s, 2H), 6.82 (d, J= 3.9 Hz, 1H), 6.88 (d, /= 8.2 Hz, 1H), 7.11 (d, J = 8.2 Hz, 1H), 7.45 (tt,
J=17.3, 1.7 Hz, 2H), 7.48 (d, J = 3.6 Hz, 1H), 7.55 (tt, J="7.6, 2.0 Hz, 1H), 7.81 (dq, /= 8.5, 1.2 Hz,
2H), 8.73 (s, 1H). °C NMR (100 MHz, CDCl3) & 57.96, 72.39, 110.19, 113.19, 122.26, 126.12,
126.88, 127.86, 129.52, 133.56, 134.18, 137.05, 144.31. HRMS (ES]I) calcd for C;sH4NO,4S (M —H)
316.0649, found 316.0652.

Procedure for the Preparation of Methyl 7-hydroxy-1-(phenylsulfonyl)-1H-indole-5-
carboxylate (27d).

— 3 CO2Me
/\ CO.Me (7.5 mol%)
2
N toluene /N\
| 80°C,12h A OH
so, O
Ph/ 2 Ph/SOZ
28d 27d

Methyl 7-hydroxy-1-(phenylsulfonyl)-1H-indole-5-carboxylate (27d); To a solution of 28d
(38.3 mg, 0.107 mmol) in toluene (10.7 mL, 0.01 M) was added 7.5 mol% catalyst 3 (6.80 mg,
0.00801 mmol) in one portion under nitrogen and the reaction mixture was stirred for 12 h at 80 °C.
The reaction mixture was concentrated under reduced pressure and purified by PTLC on silica gel
(hexane/EtOAc = 2/1) to give 7-hydroxyindole 27d (33.7 mg, 95% yield). m.p. 148-151 °C. 'H
NMR (500 MHz, CDCls) 6 3.90 (s, 3H), 6.73 (d, J= 3.7 Hz, 1H), 7.44-7.48 (m, 2H), 7.52 (d, J=3.8
Hz, 1H), 7.56 (tt, J= 7.5, 1.5 Hz, 1H), 7.60 (d, J = 1.4 Hz, 1H), 7.76 (d, J = 1.7 Hz, 1H), 7.79-7.83
(m, 2H), 8.75 (s, IH). °C NMR (125 MHz, CDCl;) & 52.18, 112.08, 114.55, 115.31, 125.53, 126.83,
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127.90, 128.83, 129.61, 134.21, 134.41, 136.83, 114.07, 166.72. HRMS (ES]I) calcd for C,¢H;2NOsS
(M —H) 330.0442, found 330.0442.

Procedure for the Preparation of 4-(Methoxymethyl)benzo[b]thiophene (31a).

OMe

OMe
3 p-TsOH-H,O
\ (7.5 mol%) (10 mol%)
[ - [
S toluene toluene
OH 80°C,2h . 1h S
30a 31a

80%

4-(Methoxymethyl)benzo[b]thiophene (31a); The reaction was carried out according to the
general procedure F; 30a (27.0 mg, 0.120 mmol) was used and the reaction mixture was stirred for 2
h; The crude product was purified by PTLC (hexane/EtOAc = 4/1) to give 31a (17.2 mg, 80% yield).
'H NMR (400 MHz, CDCL3) & 3.41 (s, 3H), 4.78 (s, 2H), 7.32 (d, J = 6.2 Hz, 1H), 7.32 (d, J=2.7
Hz, 1H), 7.48 (d, /= 5.5 Hz, 1H), 7.52 (dd, J= 5.5, 0.7 Hz, 1H), 7.84 (ddd, /= 6.2, 2.8, 0.7 Hz, 1H).
C NMR (100 MHz, CDCl;) & 58.08, 73.44, 121.82, 122.20, 123.97, 126.58, 132.61, 138.23, 140.26.
HRMS (ESI) caled for C;oH;(NaOS (M '+Na) 201.0345, found 201.0345.
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General. All anaerobic and moisture-sensitive manipulations were carried out with standard
Schlenk techniques under predried nitrogen or glove box techniques under prepurified argon.
NMR spectra were recorded on a JEOL JNM ECA-500 spectrometer (500 MHz for 'H and 125 MHz
for °C) and ECS-400 spectrometer (400 MHz for 'H and 100 MHz for °C) at Chemical Analysis
Center, Chiba University. Chemical shifts are reported in 6 ppm referenced to an internal SiMey
standard for '"H NMR and chloroform-d (8 77.0) for >C NMR. High-resolution mass spectra were
recorded on Thermo Fisher Scientific Exactive Orbitrap mass spectrometers at Chemical Analysis

Center, Chiba University.

Materials. THF was distilled from sodium benzophenone-ketyl under nitrogen prior to use.
Dichloromethane was distilled from CaH, under nitrogen and stored in a glass flask with a Teflon
stopcock under nitrogen. Toluene was distilled from sodium benzophenone-ketyl under nitrogen and
stored in a glass flask with a Teflon stopcock under nitrogen. Ruthenium complex
(PCy3)(HzImes)CL,Ru=C(H)Ph (3)33’ * was prepared according to the reported procedures. Pyrrole
12a”* and 12b*> were prepared according to the reported procedure. Terminal acetylenes 38b* and
38¢*® were prepared according to the reported procedures. Terminal acetylenes 38a and 38d-h were
used as received. Allylic metal reagents 14¢,"' 14d,” and 14f" were prepared according to the
reported procedures. MnO, was prepared according to the reported procedure.” IBX was prepared
according to the reported procedures.”® Dichlorobis(triphenylphosphine)palladium, triethyl amine,
copper iodide, tetrabutylammonium iodide, indium powder, 1-bromo-2-butene 40, methyl
4-bromocrotonate 18, diethylaluminum chloride solution, zinc dust, copper bromide,
methylmagnesium bromide (3.0 M solution in Et,0), potassium carbonate, pyridine, and

p-toluenesulfonic acid monohydrate were used as received.
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Summary of the Preparation of Substrates

Br

U\CHO

N
SO,Ph
12b

12b

12b

12b

12b

12b

12b

Ph
38a > 14f
General Procedure (G. P.) G N~ >CHO G.P.H
|
P02
39a
I
38b - Y 14f
G.P.G N CHO G.P.H
]
P02
39b
OBn
38¢ - 14f
G.P.G N CHO G.P.H
]
P02
39¢
38a - 392 40 + In
G.P.G G.P.I
Cl
38d A\ 40 + In
= .
G.P.G N~ CHO G.P.I
1
pr 502
39d
OEt
38e / 18 + Cu, Al, Zn
> _—
G.P.G I\
N~ CHO
|
pr 502
3%
38f A\ 14d K2CO4
G.P.G N~ ~CHO MeOH
1
ph 502
39f
n-CsHy1
38g (/_( 18 + Cu, Al, Zn
> e
G.P.G N7 CHO

)
SO,
39g

Ph”
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V4
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SO, OH
36a

Ph”

)
=
\

SO, OH
h
36d

T
\

Cl

V4
B

O
I

SO,
36e
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=
\

V4

\
SO, OH
36f

V4

CO,Me
Ph”

SO, OH
36g
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Nn-CsHy4
V4
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SO, OH
36h

-

COOMe
Ph”



// 39a:R= §—CHO //
12b 38a M :I MeMgBr 14¢ \
G.P.G / \ / \
N" R MnO N
o 39h:R = S\«Me :| -2 $o0f e
ph” "2 ph” 2
36i
cl cl cl cl
TfO oTf
7 38d N\ 7 14f N\ 7
Me0,C™ N~ ~CO,Me 7 st R
1
Bn R N R OHC N
12a i &n OH
36j
R= §-CO,Me cl d al
]DIBAL—H
R = §=CH,0H
MnO.
39i: R = §—CHO :I 2
_Ph
0,S
;
OHC. N
\
38h
12b - 14f
G.P.G G.P.H
12b 38i 14
G.P.G G.P.H
CHO
XN~s0,Ph
|
\cHo G P.G G.P.H
! |
Ts Ts OH
47a 46a
Ph
IBX \
36a > I\
N
prS02
50a
terminal acetylenes allylation reagents
= ph — \SJ — BF;K MgBr MgCl  Br  Br
=—p! =
\OBn Me
38a 38b 38c | | J\ J'11
= < > OBt =—TMS =—n-CsHy 14f  14c  14d 40 18 ‘CO,Me
38e 38f 38g +In  + Cu, Al Zn
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General Procedures.

4 R4
=—R" (1.3 equiv)
R3 X 38 R3 //
1\ Cul (5 mol %), NEt; (3 equiv) 1\
R\~ ~CHO » RN\~ CHO
II?1 THF, rt, overnight |'Q1
12 or 47 39 0r 48

General procedure G: Sonogashira coupling. To a mixture of PdCIl,(PPhs), (5 mol %) and
12 or 47 in THF (1/7 M for 12 or 47) was added NEt; (3 equiv). After being stirred for 10 min at
room temperature, terminal acetylene 38 (1.3 equiv) and Cul (5 mol %) were added to the mixture.
The resulting mixture was stirred overnight (ca. 16 h). The reaction mixture was diluted with
saturated aqueous NH,4CI solution and extracted with EtOAc three times. The organic layers were
combined, washed with brine, and dried over Na,SO,. After filtration, the filtrate was evaporated
under reduced pressure. The residue was purified by silica-gel column chromatography to give 39 or
48.

R* _~_-BF3K R*
= (2 equi
quiv)
o A 14f o N
"Bu,NI (0.1 equiv) \
ALY > I\
RN\ “CHO  CH,CI, / H0 RZ7NN
R rt, time R1 OH
39 or 48 36 or 46

General procedure H: Allylation with allyltrifluoroborate.”’ To a solution of aldehyde 39
or 48 and "BuyNI (0.1 equiv) in CH,Cl, (1/3 M for 39 or 48) were added 14f (2 equiv) and water (2/3
M for 14f). The biphasic reaction mixture was vigorously stirred at room temperature until the
starting material disappeared (ca. 1 h). The reaction mixture was then diluted with CH,Cl, and
extracted with CH,Cl, three times. The organic layers were combined and dried over Na,SO,. After
filtration, the filtrate was evaporated under reduced pressure. The residue was purified by silica-gel

column chromatography to give 36 or 46.

4 R4
R
Br
// \/4‘0\/ (1.5 equiv) //
I\ oo In (1.5 equiv) - I\
N DMF ) oy Me
Ph/soz i, 2h Ph,SOZ
39 36
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General procedure I: Allylation with indium and 1-bromo-2-butene.” To a suspension of
an indium powder (1.5 equiv) in DMF (1 M for indium) was added a mixture of 4-bromo-2-butene
40 (1.5 equiv) and aldehyde 39 in DMF (2 M for 39). The mixture was stirred at room temperature
for 2 h. The reaction mixture was quenched by diluted hydrochloric acid and extracted with Et,O
three times. The organic layers were combined, washed with brine, and dried over Na,SO,. After
filtration, the filtrate was evaporated under reduced pressure. The residue was purified by silica-gel

column chromatography to give 36.

Procedures for the Preparation of 1,3,5-Triethynylbenzene (38i).

T™MS
= TMS (3.6 equiv) Il Il
Br
PdCly(PPh3), (5 mol %) K,CO4
Cul (2 mol %) (3.6 equiv)
> e
Eto,NH, 70 °C, 7 h MeOH
Br Br 4 \\ 4 ah // \\
T™MS ™S '~

38i

1,3,5-Triethynylbenzene (38i); The Sonogashira coupling was performed according to the
reported procedure.’’

To a solution of 1,3,5-tris((trimethylsilyl)ethynyl)benzene (2.56 g, 6.99 mmol) in degassed
methanol (40 mL) and THF (40 mL) was added K,CO; (3.48 g, 25.2 mmol, 3.6 equiv). After stirring
3 h at room temperature, the mixture was diluted with water at 0 °C, concentrated under reduced
pressure to decrease the solvents, and extracted with Et,O three times. The organic layers were
combined, washed with brine, and dried over Na,SO,. After filtration, the filtrate was concentrated
under reduced pressure to give 38i (933 mg, 6.21 mmol, 89% yield). The analytical data were

identical to previously reported data.>

Procedures for the Preparation of 3-lodo-1-tosyl-1H-indole-2-carbaldehyde (47a).

1) LIAIH,, THF, 0 °C |2 KOH I
[\ > [\
N

N COH  2) MnO,, CH,Cly, rt CHO Towrnt DMF, rt N~ ~CHO
R
R'=H NaH, TsCl
47a:R'=Ts DMF, 0 °C

3-lodo-1-tosyl-1H-indole-2-carbaldehyde (47a); The sequential reduction and oxidation of

the carboxylic group were performed according to the reported procedure.”
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The iodination step was performed according to the reported procedure;™ The crude product
was purified by silica-gel column chromatography (CH,Cl,).

The tosylation step was performed according to the reported procedure,” where TsCl was
employed instead of MOMCI; 3-lodo-1H-indole-2-carbaldehyde (110 mg, 0.405 mmol) was used;
The crude product was purified by silica-gel column chromatography (hexane/toluene = 1/4) to give
47a (131 mg, 0.307 mmol, 76% yield). The analytical data were identical to previously reported

data.”

Procedures for the Preparation of 1-(3-Ethynyl-1-1H-pyrrol-2-yl)but-3-en-1-ols 36.

Ph
V4
/ \ )

ph~ 02 o

36a

1-(3-(Phenylethynyl)-1-(phenylsulfonyl)-1H-pyrrol-2-yl)but-3-en-1-ol (36a); The coupling
reaction was carried out according to the general procedure G; 12b (200 mg, 0.636 mmol) and 38a
were used; The crude product was purified by silica-gel column chromatography (hexane/toluene =
1/3 ~ toluene) to give corresponding 3-ethynylpyrrole-2-carbaldehyde 39a (213 mg, 0.634 mmol,
>99% yield). The allylation step was carried out according to the general procedure H; 39a (90.5 mg,
0.270 mmol) was used; The crude product was purified by silica-gel column chromatography
(hexane/EtOAc = 3/1) to give 36a (99.1 mg, 0.263 mmol, 97% yield). 'H NMR (400 MHz, CDCl3) o
2.73-2.90 (m, 3H), 5.01-5.12 (m, 2H), 5.25 (td, J= 8.2, 6.2 Hz, 1H), 5.76 (ddt, J=17.4, 10.3, 7.1 Hz,
1H), 6.39 (d, J= 3.4 Hz, 1H), 7.25 (d, /= 3.4 Hz, 1H), 7.30-7.35 (m, 3H), 7.42-7.46 (m, 2H), 7.53 (t,
J= 8.1 Hz, 2H), 7.64 (tt, J= 7.6, 1.2 Hz, 1H), 7.84 (dd, J = 8.2, 1.4 Hz, 2H). >C NMR (100 MHz,
CDCl;) 6 41.26, 66.82, 82.28, 94.08, 109.20, 115.04, 118.05, 122.77, 122.87, 126.77, 128.37, 128.41,
129.56, 131.20, 133.85, 134.23, 138.88, 139.21. HRMS (ESI) calcd for Co,H;oNNaO;S (M +Na)
400.0978, found 400.0971.
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36b

1-(1-(Phenylsulfonyl)-3-(thiophen-2-ylethynyl)-1H-pyrrol-2-yl)but-3-en-1-01 (36b); The
coupling reaction was carried out according to the general procedure G; 12b (200 mg, 0.637 mmol)
and 38b were used; The crude product was purified by silica-gel column chromatography
(hexane/EtOAc = 1/4) to give corresponding 3-ethynylpyrrole-2-carbaldehyde 39b (208 mg, 0.608
mmol, 95% yield). The allylation step was carried out according to the general procedure H; 39b
(208 mg, 0.608 mmol) was used; The crude product was purified by silica-gel column
chromatography (hexane/EtOAc = 3/1) to give 36b (217 mg, 0.569 mmol, 93% yield). '"H NMR
(500 MHz, CDCls) 6 2.74 (dddt, J = 14.1, 7.2, 6.0, 1.1 Hz, 1H), 2.79 (d, J = 8.3 Hz, 1H), 2.83 (dddt,
J=143,8.1,6.9, 1.1 Hz, 1H), 5.03-5.06 (m, 1H), 5.09 (dq, /= 17.2, 1.5 Hz, 1H), 5.22 (td, J = 8.1,
6.9 Hz, 1H), 5.74 (ddt, J=17.2, 10.0, 7.2 Hz, 1H), 6.38 (d, /= 3.5 Hz, 1H), 6.99 (dd, J=5.2, 3.7 Hz,
1H), 7.20 (dd, J = 3.7, 1.1 Hz, 1H), 7.24 (d, J = 3.4 Hz, 1H), 7.28 (dd, J = 5.1, 1.1 Hz, 1H),
7.51-7.56 (m, 2H), 7.64 (tt, J = 7.4, 1.2 Hz, 1H), 7.81-7.85 (m, 2H). °C NMR (125 MHz, CDCl;) &
41.20, 66.72, 85.94, 87.21, 108.97, 114.92, 118.22, 122.86, 126.80, 127.11, 127.44, 129.59, 131.75,
133.75, 134.29, 138.85, 139.30. HRMS (ESI) calcd for CH;;NNaOsS, (M '+Na) 406.0542, found
406.0533.

OBn

V4
B

N
|

S0, OH

\

Ph”
36¢

1-(3-(3-(Benzyloxy)prop-1-yn-1-yl)-1-(phenylsulfonyl)-1 H-pyrrol-2-yl)but-3-en-1-o0l (36¢);

The coupling reaction was carried out according to the general procedure G; 12b (150 mg, 0.478
mmol) and 38c¢ were used; The crude product was purified twice by silica-gel column
chromatography (first: hexane/EtOAc = 1/3, second: hexane/toluene = 10/1 ~ toluene ~ toluene/Et,O
= 15/1) to give corresponding 3-ethynylpyrrole-2-calbaldehyde 39¢ (103 mg, 0.271 mmol, 57%
yield). The allylation step was carried out according to the general procedure H; 39¢ (103 mg, 0.271

mmol) was used; The crude product was purified by silica-gel column chromatography
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(hexane/EtOAc = 2/1) to give 36¢ (104 mg, 0.248 mmol, 92% yield). '"H NMR (500 MHz, CDCl;) &
2.69 (quint, J = 6.9 Hz, 1H), 2.75-2.84 (m, 2H), 4.35 (s, 2H), 4.62 (s, 2H), 5.00-5.08 (m, 2H), 5.19
(g, J= 6.6 Hz, 1H), 7.52 (ddt, J=17.2, 10.4, 6.8 Hz, 1H), 6.32 (d, /= 3.5 Hz, 1H), 7.21 (d, J= 3.4
Hz, 1H), 7.27-7.36 (m, 5H), 7.52 (t, J = 7.8 Hz, 2H), 7.63 (t, J= 7.7 Hz, 1H), 7.81 (d, J = 8.0 Hz,
2H). *C NMR (125 MHz, CDCl;) & 41.26, 57.81, 66.76, 71.62, 79.47, 90.21, 108.56, 115.21, 118.05,
122.65, 126.76, 127.89, 128.05, 128.43, 129.57, 133.79, 134.26, 137.28, 138.84, 139.65. HRMS
(ESI) calcd for C,4H,3NNaO,S (M +Na) 444.1240, found 444.1233.

Ph

V4
I\ )
'}‘ Me

pr 502 or

36d

2-Methyl-1-(3-(phenylethynyl)-1-(phenylsulfonyl)-1H-pyrrol-2-yl)but-3-en-1-ol (36d);
The coupling reaction was carried out according to the general procedure G; 12b (199 mg, 0.634
mmol) and 38a were used; The crude product was purified by silica-gel column chromatography
(hexane/toluene = 1/3 ~ toluene) to give corresponding 3-ethynylpyrrole-2-carbaldehyde 39a. The
allylation step was then carried out according to the general procedure I; The crude product was
purified by silica-gel column chromatography (hexane/EtOAc = 4/1) to give a diastereomeric
mixture of 36d (0.58/0.42) (205 mg, 0.525 mmol, 83% yield; 2 steps). Data for the diastereomeric
mixture; 'H NMR (500 MHz, CDCl3) & 0.88 (d, J = 6.9 Hz, 3H (minor)), 1.23 (d, J = 6.9 Hz, 3H
(major)), 2.69 (d, J= 8.0 Hz, 1H (minor)), 2.82 (d, /= 9.4 Hz, 1H (major)), 3.09 (sextet, /= 7.7 Hz,
1H (major)), 3.15 (sextet, J = 8.0 Hz, 1H (minor)), 4.80 (ddd, J = 10.4, 1.7, 0.9 Hz, 1H (major)),
490 (ddd, J = 17.2, 1.7, 1.1 Hz, 1H (major)), 4.98 (t, J = 8.8 Hz, 1H (major) and 1H (minor)),
5.17-5.23 (m, 2H (minor)), 5.51 (ddd, J=17.2, 10.3, 8.0 Hz, 1H (major)), 5.92 (ddd, J=17.2, 10.4,
8.1 Hz, 1H (minor)), 6.37 (d, J = 6.8 Hz, 1H (major)), 6.40 (d, J = 3.5 Hz, 1H (minor)), 7.20 (d, J =
3.4 Hz, 1H (major)), 7.25 (d, J = 3.4 Hz, 1H (minor)), 7.30-7.35 (m, 3H (major) and 3H (minor)),
7.41-7.46 (m, 2H (major) and 2H (minor)), 7.50-7.55 (m, 2H (major) and 2H (minor)), 7.59-7.65 (m,
1H (major) and 1H (minor)), 7.82-7.87 (m, 2H (major) and 2H (minor)). *C NMR (125 MHz,
CDCl;) 6 16.66, 16.69, 44.46, 44.58, 70.75, 71.52, 82.43, 82.48, 93.97, 94.08, 109.54, 109.82,
115.02, 115.06, 116.73, 122.77, 122.87, 122.95, 123.05, 126.77, 126.82, 128.39, 128.42, 129.49,
129.53, 131.18, 131.22, 134.15, 134.19, 138.90, 138.98, 139.58, 140.53. HRMS (ESI) caled for
C,3H, NNaO;S (M '+Na) 414.1134, found 414.1134.
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36e
1-(3-(5-Chloropent-1-yn-1-yl)-1-(phenylsulfonyl)-1H-pyrrol-2-yl)-2-methylbut-3-en-1-o0l

(36e); The coupling reaction was carried out according to the general procedure G; 12b (200 mg,
0.636 mmol) and 38d were used; The crude product was purified by silica-gel column
chromatography (hexane/EtOAc = 3/1) to give corresponding 3-ethynylpyrrole-2-carbaldehyde 39d
(200 mg, 0.596 mmol, 94% yield). The allylation step was then carried out according to the general
procedure I; 39d (200 mg, 0.596 mmol) in DMF (0.41 mL) was used; The crude product was
purified by silica-gel column chromatography (hexane/EtOAc = 3/1) to give a diastereomeric
mixture of 36e (0.56/0.44) (219 mg, 0.560 mmol, 92% yield). Data for the diastereomeric mixture;
'H NMR (500 MHz, CDCl;) & 0.82 (d, J = 6.9 Hz, 3H (minor)), 1.19 (d, J = 6.9 Hz, 3H (major)),
2.00 (quintet, J = 6.6 Hz, 2H (minor)), 2.01 (quintet, J = 6.6 Hz, 2H (major)), 2.58 (t, /= 6.6 Hz, 2H
(minor)), 2.58 (t, /= 6.8 Hz, 2H (major)), 2.65 (d, J = 8.0 Hz, 1H (minor)), 2.80 (d, /= 9.5 Hz, 1H
(major)), 2.99 (sextet, J = 7.4 Hz, 1H (major)), 3.05 (sextet, /= 7.8 Hz, 1H (minor)), 3.67 (t, J = 6.3
Hz, 2H (minor)), 3.67 (t, J = 6.3 Hz, 2H (major)), 4.78 (ddd, /= 10.3, 1.7, 0.5 Hz, 1H (major)), 4.86
(ddd, J=17.2, 1.7, 1.1 Hz, 1H (major)), 4.89 (t, J = 8.9 Hz, 1H (major) and 1H (minor)), 5.15-5.21
(m, 2H (minor)), 5.46 (ddd, J = 17.2, 10.3, 8.0 Hz, 1H (major)), 5.88 (ddd, J = 17.2, 10.4, 7.7 Hz,
1H (minor)), 6.24 (d, J = 3.4 Hz, 1H (major)) 6.27 (d, J = 3.4 Hz,.1H (minor)), 7.14 (d, J = 3.5 Hz,
1H (major)), 7.19 (d, J = 3.4 Hz, 1H (minor)), 7.49-7.54 (m, 2H (major) and 2H (minor)), 7.59-7.64
(m, 1H (major) and 1H (minor)), 7.78-7.84 (m, 2H (major) and 2H (minor)). °C NMR (125 MHz,
CDCl;) 8 16.51, 16.57, 16.94, 31.14, 43.57, 44.30, 44.42, 70.72, 71.46, 74.53, 74.63, 92.92, 93.11,
109.75, 110.08, 114.89, 115.19, 115.22, 116.53, 122.55, 122.83, 126.70, 126.76, 129.45, 129.50,
134.09, 134.13, 138.47, 138.99, 139.02, 139.20, 139.60, 140.56. HRMS (ESI) calcd for
C0H,,CINNaO;S (M +Na) 414.0901, found 414.0899.
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CcHo General Procedure G ]\ AIEt,Cl (2.2 equiv) A\

N N7 ~CHO Zn (3 equiv)
SO,Ph I CuBr (0.1 equiv) N CO,Me

S0, THF, —20 °C, 18 h SO, OH

Ph Ph”
12b
39 36f

Methyl 2-((3-((4-ethoxyphenyl)ethynyl)-1-(phenylsulfonyl)-1H-pyrrol-2-
yl)(hydroxy)methyl)but-3-enoate (36f); The coupling reaction was carried out according to the
general procedure G; 12b (264 mg, 0.840 mmol) and 38e were used; The crude product was purified
by silica-gel column chromatography (hexane/EtOAc = 3/1; Substantial amount of CH,Cl, was used
for loading the crude product on silica gel) to give corresponding 3-ethynylpyrrole-2-carbaldehyde
39e (321 mg, 0.845 mmol, >99% yield). The allylation step was then carried out as follows;
Diethylaluminum chloride (0.95 M solution in hexane, 1.96 mL, 1.86 mmol, 2.2 equiv) was added to
a slurry of zinc dust (165.9 mg, 2.54 mmol, 3.0 equiv) and copper bromide (12.20 mg, 0.0850 mmol,
0.10 equiv) in THF (34 mL) with stirring at 0 °C. The resulting mixture was cooled to —20 °C. A
solution of methyl 4-bromocrotonate 18 (3.03 mg, 1.69 mmol, 2.0 equiv) and aldehyde 39e (321 mg,
0.845 mmol) in THF (8.5 mL) was added slowly to the mixture over 30 min at —20 °C. After stirring
for 18 h at the same temperature, the reaction mixture was quenched by addition of pyridine (0.4
mL), well stirred, and poured into 1N hydrochloric acid. The mixture was warmed up to room
temperature and filtered to remove remaining zinc dust. After extraction three times with ethyl
acetate, the combined organic layers were washed with brine, dried over Na,SO,, and concentrated
under reduced pressure. The residue was purified by silica-gel column chromatography (CH,CI, ~
CH,CI/EtOAc = 100/1 ~ 50/1 ~ 30/1 ~ 15/1) to give a diastereomeric mixture of 36f (0.64/0.36)
with trace of inseparable by-products such as isomerized product or a-adduct, which are tentatively
assigned by '"H NMR (379 mg, 0.790 mmol, 93% yield; ca. 95% purity estimated by '"H NMR
analysis). Further purification was performed by recycling gel permeation chromatography before
use for the next step. Data for the diastereomeric mixture; 'H NMR (500 MHz, CDCl3) 6 1.41 (t, J =
6.9 Hz, 3H (major) and 3H (minor)), 3.19 (d, J = 8.3 Hz, 1H (major)), 3.20 (d, J = 8.3 Hz, 1H
(minor)), 3.57 (s, 3H (major)), 3.76 (s, 3H (minor)), 4.03 (q, /= 7.1 Hz, 2H (major)), 4.03 (q, /= 6.9
Hz, 2H (minor)), 4.08 (t, J = 8.6 Hz, 1H (major)), 4.22 (t,J = 9.4 Hz, 1H (minor)), 4.91 (dd, J=10.3,
1.1 Hz, 1H (minor)), 5.03 (dt, /= 16.8, 1.2 Hz, 1H (minor)), 5.24 (dt, /= 17.1, 0.9 Hz, 1H (major)),
5.32 (dd, J=10.0, 1.2 Hz, 1H (major)), 5.46-5.62 (m, 1H (major) and 2H (minor)), 6.09 (ddd, J =
17.2, 10.1, 9.2 Hz, 1H (major)), 6.34 (d, J = 3.4 Hz, 1H (major)), 6.35 (d, J = 3.4 Hz, 1H (minor)),
6.82-6.87 (m, 2H (major) and 2H (minor)), 7.22 (d, J = 3.4 Hz, 1H (major)), 7.24 (d, J= 3.4 Hz, 1H
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(minor)), 7.37-7.44 (m, 2H (major) and 2H (minor)), 7.52 (t, J = 8.3 Hz, 2H (major) and 2H (minor)),
7.60-7.64 (m, 1H (major) and 1H (minor)), 7.84-7.89 (m, 2H (major) and 2H (minor)). °C NMR
(125 MHz, CDCls) & 14.68, 51.96, 52.20, 55.85, 56.34, 63.48, 67.59, 67.84, 80.53, 94.22, 94.72,
110.86, 114.32, 114.51, 114.54, 114.60, 114.70, 114.85, 115.15, 119.48, 120.62, 123.06, 123.40,
126.84, 126.97, 129.49, 131.21, 132.38, 132.70, 132.73, 134.19, 134.22, 135.92, 136.40, 138.73,
138.80, 159.13, 159.17, 171.31, 172.73. HRMS (ESI) calcd for C,sHsNNaOgS (M++Na) 502.1295,
found 502.1296.

MgCl
‘\WMe //
Br —TMS 14d K,COs
1.5 equw) (2.5 equiv) Me
L/_g\CHO —_— > »
N General THF MeOH N
SO,Ph Procedure -80°C,25h rt,1h S0, OH
2 P Ph/ ph” "2
12b 39f 36g

1-(3-Ethynyl-1-(phenylsulfonyl)-1 H-pyrrol-2-yl)-3-methylbut-3-en-1-ol ~ (36g);  The
coupling reaction was carried out according to the general procedure G; 12b (200 mg, 0.637 mmol)
and 38f were used; The crude product was purified by silica-gel column chromatography
(hexane/EtOAc = 4.5/1) to give corresponding 3-ethynylpyrrole-2-carbaldehyde 39f (205 mg, 0.617
mmol, 97% yield). To a stirred solution of the aldehyde 39f (99.4 mg, 0.0300 mmol) in THF (6.0 mL,
0.05 M) was added allyl Grignard reagent 14d (0.67 M solution in THF, 0.671 mL, 0.450 mmol, 1.5
equiv) at —80 °C and the reaction mixture was stirred for 2.5 h. The mixture was then quenched by
addition of saturated aqueous NH4Cl solution at the same temperature, warmed to room temperature,
and extracted with EtOAc three times. The organic layers were dried over Na,SO,4. After filtration,
the filtrate was concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography (hexane/EtOAc = 4/1) to give corresponding alcohol (113 mg, 0.290 mmol, 97%
yield). To a solution of the alcohol (113 mg, 0.290 mmol) in degassed methanol (5.8 mL, 0.05 M)
was added K,COj; (100 mg, 0.726 mmol, 2.5 equiv). After stirring for 1 h at room temperature, the
mixture was cooled to 0 °C, diluted with water, warmed to room temperature, and extracted with
CH,CI, three times. The organic layers were dried over Na,SO,. After filtration, the filtrate was
concentrated under reduced pressure. The residue was purified by silica-gel column chromatography
(hexane/EtOAc = 4/1) followed by further purification performed by recycling gel permeation
chromatography to give 36g (61.6 mg, 0.195 mmol, 67% yield). '"H NMR (400 MHz, CDCl5) & 1.76
(s, 3H), 2.56 (dd, J = 13.9, 4.8 Hz, 1H), 2.68 (d, /= 7.9 Hz, 1H), 2.78 (ddd, J = 14.1, 9.2, 0.7 Hz,
1H), 3.24 (s, 1H), 4.76 (d, J= 0.9 Hz, 1H), 4.84 (t, J = 1.3 Hz, 1H), 5.31 (ddd, /=9.3, 7.9, 4.9 Hz,
1H), 6.34 (d, /= 3.4 Hz, 1H), 7.20 (d, /= 3.4 Hz, 1H), 7.53 (t, /= 8.2 Hz, 2H), 7.64 (tt, J=7.5, 1.2
Hz, 1H), 7.81-7.85 (m, 2H). °C NMR (125 MHz, CDCls) & 22.08, 45.14, 65.10, 76.84, 82.41,
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107.85, 113.89, 115.23, 122.47, 126.80, 129.59, 134.29, 138.80, 140.98, 141.69. HRMS (ESI) calcd
for C;7H;7NNaO;S (M "+Na) 338.0821, found 338.0817.

n-CsHq4
v

I\ )
N

\ COOMe
H

pr~S02

36h

Methyl 2-((3-(hept-1-yn-1-yl)-1-(phenylsulfonyl)-1H-pyrrol-2-yl)(hydroxy)methyl)but-3-
enoate (36h); The coupling reaction was carried out according to the general procedure G; 12b (200
mg, 0.636 mmol) and 38g were used; The crude product was purified by silica-gel column
chromatography (hexane/EtOAc = 4/1) to give corresponding 3-ethynylpyrrole-2-carbaldehyde 39g.
The allylation step was then carried out as follows; Diethylaluminum chloride (0.95 M solution in
hexane, 1.48 mL, 1.40 mmol, 2.2 equiv) was added to a slurry of zinc dust (125.3 mg, 1.92 mmol,
3.0 equiv) and copper bromide (9.17 mg, 0.0639 mmol, 0.10 equiv) in THF (26 mL) with stirring at
0 °C. The resulting mixture was cooled to —20 °C. A solution of methyl 4-bromocrotonate 18 (228.4
mg, 1.28 mmol, 2.0 equiv) and aldehyde 39g in THF (6.4 mL) was added slowly to the mixture over
55 min at —20 °C. After stirring for 14 h at the same temperature, the reaction mixture was quenched
by addition of pyridine (0.3 mL), well stirred, and poured into 1N hydrochloric acid. The mixture
was warmed up to room temperature and filtered to remove remaining zinc dust. After extraction
three times with ethyl acetate, the combined organic layers were washed with brine, dried over
Na,S0O,4, and concentrated under reduced pressure. The residue was purified twice by silica-gel
column chromatography (first: hexane/EtOAc = 2/1, second: hexane/EtOAc = 3/1) to give a
diastereomeric mixture of 36h (0.81/0.19) with trace of inseparable by-products (145 mg, 0.337
mmol, 53% yield). Further purification was performed by recycling gel permeation chromatography
before use for the next step. Data for the diastereomeric mixture; 'H NMR (400 MHz, CDCI;) 6 0.90
(t, J=7.3 Hz, 3H (major) and 3H (minor)), 1.25-1.45 (m, 4H (major) and 4H (minor)), 1.53-1.64 (m,
2H (major) and 2H (minor)), 2.36 (t, J= 7.1 Hz, 2H (minor)), 2.39 (t, J = 6.4 Hz, 2H (major)), 3.12
(d, J = 8.5 Hz, 1H (major)), 3.20 (d, J = 8.7 Hz, 1H (minor)), 3.60 (s, 3H (minor)), 3.75 (s, 3H
(major)), 4.00 (t, J= 8.7 Hz, 1H (minor)), 4.14 (t, /= 9.6 Hz, 1H (major)), 4.89 (dd, /= 10.3, 1.4 Hz,
1H (major)), 4.98 (dt, J=17.4, 1.2 Hz, 1H (major)), 5.19 (d, J = 17.4 Hz, 1H (minor)), 5.30 (dd, J =
10.3, 1.4 Hz, 1H (minor)), 5.41-5.56 (m, 2H (major) and 1H (minor)), 6.06 (ddd, J=17.4, 10.3, 9.4
Hz, 1H (minor)), 6.23 (d, J= 3.4 Hz, 1H (minor)), 6.25 (d, J = 3.4 Hz, 1H (major)), 7.16 (d, J=3.4
Hz, 1H (minor)), 7.18 (d, J = 3.4 Hz, 1H (major)), 7.49-7.55 (m, 2H (major) and 2H (minor)), 7.62
(tt, J = 7.8, 1.2 Hz, 1H (major) and 1H (minor)), 7.82-7.87 (m, 2H (major) and 2H (minor)). *C
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NMR (100 MHz, CDCl;) 6 13.89, 19.50, 22.15, 28.19, 31.10, 51.95, 52.13, 55.89, 56.40, 67.72,
67.80, 73.02, 95.84, 96.18, 111.20, 115.14, 115.45, 119.31, 120.48, 122.79, 123.10, 126.83, 126.95,
129.47, 131.26, 132.28, 134.15, 135.79, 138.89, 171.31, 172.73. HRMS (ESI) caled for
C,3H,;NNaOsS (M +Na) 452.1502, found 452.1493.

Ph Ph

Br / /
38a / MeMgBr (1.5 equiv) /
_— >
| CHO General / \ CHO THF / \ Me
SO,Ph Procedure '}‘ —80°C,1h '}‘ OH
G Ph/SOZ Ph/soz
12b 39a

Ph MgBr Ph

MnO, // H (1.5 equiv) /) )

(40 equiv) 14c¢ \

CH,Cl, /N\ THF /\
50°C,3h -80°C,14h
|
Ph Ph
39h 36i

2-(3-(Phenylethynyl)-1-(phenylsulfonyl)-1H-pyrrol-2-yl)pent-4-en-2-ol (36i); The coupling
reaction was carried out in the same manner in the synthesis of 36a. To a stirred solution of 39a (107
mg, 0.318 mmol) in THF (9.62 mL, 0.033 M) was added methylmagnesium bromide (3.0 M solution
in Et,0, 0.156 mL, 0.476 mmol, 1.5 equiv) at —80°C and the reaction mixture was stirred for 3 h.
The mixture was then quenched by addition of saturated aqueous NH4Cl solution at the same
temperature, warmed to room temperature, extracted with EtOAc three times, and washed with brine.
The organic layers were dried over Na,SO,. After filtration, the filtrate was concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography (hexane/EtOAc =
3/1) to give corresponding alcohol (96.2 mg, 0.274 mmol, 86% yield). MnO, (230 mg, 2.65 mmol,
40 equiv) was added to a solution of the alcohol (23.2 mg, 0.0660 mmol) in dichloromethane (1.3
mL, 0.05 M) at room temperature under air. The reaction mixture was stirred at 50 °C with a cold
finger condenser for 3 h. The mixture was cooled to room temperature and then was filtered through
Celite. The residual solid was washed thoroughly with CH,Cl, and the filtrate was concentrated
under reduced pressure. The crude product was purified by silica-gel column chromatography
(hexane/EtOAc = 4/1) to give corresponding ketone 39h (20.5 mg, 0.0587 mmol, 89% yield). To a
stirred solution of the ketone 39h (24.2 mg, 0.0691 mmol) in THF (0.033 M) was added allyl
Grignard reagent 14¢ (0.52 M solution in Et,O, 0.199 mL, 0.104 mmol, 1.5 equiv) at —80 °C and the
reaction mixture was stirred for 1.4 h. The mixture was then quenched by addition of saturated
aqueous NH,4CI solution at the same temperature, warmed to room temperature, extracted with

EtOAc three times, and washed with brine. The organic layers were dried over Na,SO,4. After
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filtration, the filtrate was concentrated under reduced pressure. The residue was purified by silica-gel
column chromatography (hexane/EtOAc = 4/1) to give 36i (22.6 mg, 0.0654 mmol, 95% yield). 'H
NMR (500 MHz, CDCls) 6 1.63 (s, 3H), 2.53 (dd, J = 13.8, 8.0 Hz, 1H), 3.21 (dd, /= 13.8, 6.5 Hz,
1H), 3.56 (s, 1H), 5.00-5.09 (m, 2H), 5.55 (dddd, J=17.2, 10.1, 8.1, 6.6 Hz, 1H), 6.41 (d, /= 3.7 Hz,
1H), 7.29-7.35 (m, 3H), 7.41-7.46 (m, 3H), 7.49 (t, J = 7.5 Hz, 2H), 7.59 (&, J = 7.5, 1.1 Hz, 1H),
7.72 (dd, J = 8.3, 0.9 Hz, 2H). >C NMR (125 MHz, CDCl;) & 28.83, 47.17, 73.09, 83.86, 94.09,
108.16, 114.40, 119.30, 123.23, 124.34, 126.43, 128.27, 128.38, 128.96, 131.00, 133.14, 133.46,
140.49, 143.36. HRMS (ESI) calcd for C,3H; NNaO;S (M '+Na) 414.1134, found 414.1131.

=—_C
38d (2.6 equiv)
Pd(PPhs) (10 mol %)
TfO OTf Cul (10 mol %)
NEts (6 equiv)
MeOOC [ ) COOM >
© N © CH5CN
Bn reflux, overnight
12a 36%
Cl Cl Cl Cl
DIBAL-H (3 equiv) \\ // MnO, (40 equiv) \\ //
—_— ———
Ho_ J/ \\ OH I\
THF CH:Cl,
0°C,25h N rt, 1 day oHc N CHO
2% Bn 58% Bn
39i
Cl Cl
/\/BFSK
14f (1.1 equiv) \\ //
nBuyNI (0.1 equiv) \
> [\
CH,Cl, / H,0 OHC N
rt, 1h Bn OH

1-Benzyl-3,4-bis(5-chloropent-1-yn-1-yl)-5-(1-hydroxybut-3-en-1-yl)-1H-pyrrole-2-carbal
dehyde (36j); To a mixture of Pd(PPh;), (73.1 mg, 0.0633 mmol, 10 mol %) and 12a (360.2 mg,
0.633 mmol) in CH3;CN (6.3 mL, 0.1 M for 12a) was added NEt; (529 pL, 3.80 mmol, 6.0 equiv).
After being stirred for 10 min at room temperature, terminal acetylene 38 (169 mg, 1.64 mmol, 2.6
equiv) and Cul (12.1 mg, 0.0634 mmol, 10 mol %) were added to the mixture. The resulting mixture
was refluxed for 13 h. The reaction mixture was diluted with saturated aqueous NH,4Cl solution and
extracted with EtOAc three times. The organic layers were combined, washed with brine, and dried
over Na,SO,. After filtration, the filtrate was evaporated under reduced pressure. The residue was
purified by silica-gel column chromatography (hexane/EtOAc = 4/1) to give corresponding diyne
(108 mg, 0.227 mmol, 36% yield).
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To a solution of the diyne (108 mg, 0.227 mmol) in THF (4.5 mL, 0.05 M) at 0°C, LiAlH,
(25.8 mg, 0.680 mmol) in THF (0.68 mL, 1 M) was added dropwise. The mixture was stirred at the
same temperature for 2.5 h. Then MeOH and a mixture of saturated aqueous solution of potassium
sodium tartrate (Rochelle salt)-EtOAc 1:1 were added to the reaction mixture. After extraction with
EtOAc three times, the combined organic layers were dried over Na,SO,4 and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography (hexane/EtOAc =
1/1) to give corresponding alcohol (68.5 mg, 0.164 mmol, 72% yield).

MnO,; (582 mg, 6.69 mmol, 41 equiv) was added in one portion to a solution of the alcohol
(68.5 mg, 0.164 mmol) in CH,Cl, (3.3 mL, 0.05 M) at room temperature under air. The mixture was
stirred at the same temperature for 24 h and then was filtered through Celite. The residual solid was
washed thoroughly with CH,Cl, and the filtrate was concentrated under reduced pressure. The crude
product was purified by silica-gel column chromatography (hexane/EtOAc = 4/1) to give
corresponding aldehyde 39i (39.7 mg, 0.0958 mmol, 58% yield).

To a solution of aldehyde 39i (39.7 mg, 0.0958 mmol) and "BuyNI (3.57 mg, 0.00967 mmol,
0.1 equiv) in CH,Cl, (0.96 mL, 0.1 M for 39i) were added 14f (15.6 mg, 0.105 mmol, 1.1 equiv) and
water (0.1 M for 39i). The biphasic reaction mixture was vigorously stirred at room temperature for
1 h. The reaction mixture was then diluted with CH,Cl, and extracted with CH,Cl, three times. The
organic layers were combined and dried over Na,SO,. After filtration, the filtrate was evaporated
under reduced pressure. The residue was purified by silica-gel column chromatography
(hexane/EtOAc = 3.5/1 ~ 2.5/1 ~ EtOAc) to give 36j (31.8 mg, 0.0698 mmol, 73% yield). "H NMR
(500 MHz, CDCls) & 2.06 (quint, J = 6.6 Hz, 2H), 2.08 (quint, J = 6.6 Hz, 2H), 2.36-2.43 (m, 2H),
2.52-2.60 (m, 1H), 2.68 (t, J= 6.9 Hz, 2H), 2.71 (t, J= 6.6 Hz, 2H), 3.76 (t, J= 6.3 Hz, 2H), 3.76 (4,
J=6.3 Hz, 2H), 4.85 (dt, J= 8.3, 6.1 Hz, 1H), 5.01 (ddt, 17.2, 1.8, 1.4 Hz, 1H), 5.05-5.08 (m, 1H),
5.64 (ddt,J=17.2,10.3, 7.2 Hz, 1H), 5.70 (d, /= 16.3 Hz, 1H), 5.77 (d, /= 16.0 Hz, 1H), 6.96 (d, J
= 7.2 Hz, 2H), 7.21-7.30 (m, 3H), 9.74 (s, IH). C NMR (125 MHz, CDCl;) & 17.03, 17.14, 31.17,
40.82, 43.49, 43.53, 49.01, 66.50, 77.12, 72.94, 94.32, 96.20, 108.19, 119.01, 122.69, 125.90, 127.53,
128.74, 130.75, 132.99, 137.08, 144.66, 178.91. HRMS (ESI) calcd for CpsHysCLNO, (M'+H)
456.1492, found 456.1488.
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Ph”

36k

1,1'-(3,3'-(1,4-Phenylenebis(ethyne-2,1-diyl))bis(1-(phenylsulfonyl)-1 H-pyrrole-3,2-diyl))

bis(but-3-en-1-0l) (36k); The coupling reaction was carried out according to the general procedure
G; 12b (200 mg, 0.637 mmol) and 38h (0.7 equiv) were used; The crude product was purified by
silica-gel column chromatography (CH,Cl/EtOAc = 99/1 ~ 50/1) to give corresponding
3-ethynylpyrrole-2-carbaldehyde 39j (117 mg, 0.197 mmol, 62% yield). The allylation step was
carried out according to the general procedure H; 39j (48.0 mg, 0.0811 mmol) and 14f (3.5 equiv)
were used; The crude product was purified by silica-gel column chromatography (CH,Cl,/EtOAc =
80/1 ~ 35/1 ~ 10/1) to give a diastereomeric mixture of 36k (47.5 mg, 0.0702 mmol, 87% yield). 'H
NMR (500 MHz, CDCls) & 2.73-2.88 (m, 6H), 5.02-5.05 (m, 2H), 5.07 (dd, J = 17.2, 1.7 Hz, 2H),
5.24 (t,J=6.9 Hz, 2H), 5.73 (ddt, J=17.2, 10.1, 6.9 Hz, 2H), 6.39 (d, /= 3.4 Hz, 2H), 7.25 (d, J =
3.4 Hz, 2H), 7.38 (s, 4H), 7.54 (t, J = 8.3 Hz, 4H), 7.64 (tt, J= 7.5, 1.1 Hz, 2H), 7.84 (dd, J = 8.3,
1.1 Hz, 4H). ”C NMR (125 MHz, CDCl;) & 41.19, 66.75, 84.34, 93.60, 108.98, 114.98, 118.18,
122.84, 126.78, 129.58, 131.12, 133.74, 134.31, 138.76, 139.30. HRMS (ESI) caled for
C35H3,N;NaOgS, (M'+Na) 699.1594, found 699.1585.

PhO,S,
HO N

36l
1,1',1"-(3,3',3""-(Benzene-1,3,5-triyltris(ethyne-2,1-diyl) )tris(1-(phenylsulfonyl)-1 H-pyrro
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le-3,2-diyl))tris(but-3-en-1-0l) (361); The coupling reaction was carried out according to the general
procedure G; 12b (400 mg, 1.27 mmol, 2.9 equiv) and 38i were used and the reaction was performed
for 23 h; A mixture of EtOAc, Et,0, and CH,Cl, was used for the extraction; The crude product was
purified three times by silica-gel column chromatography (first: CHCIl; ~ CHCIl3/EtOAc = 100/1,
second: CHCI;, third: CH,Cl, ~ CH,CI/EtOAc = 100/1) to give corresponding
3-ethynylpyrrole-2-carbaldehyde 39k (164 mg, 0.193 mmol, 44% yield). The allylation step was
carried out according to the general procedure H; 39k (164 mg, 0.193 mmol), 14f (5.5 equiv), and
"BuyNI (0.3 equiv) were used; The crude product was purified by silica-gel column chromatography
(CH,CI/EtOAc = 20/1) to give a diastereomeric mixture of 361 (130 mg, 0.133 mmol, 69% yield).
'H NMR (500 MHz, CDCls) & 2.72-2.86 (m, 9H), 5.00-5.04 (m, 3H), 5.06 (dq, J = 17.2, 1.7 Hz, 3H),
5.23 (q,J=6.6 Hz, 3H), 5.71 (ddt, J = 17.2, 10.3, 7.2 Hz, 3H), 6.38 (d, J= 3.4 Hz, 3H), 7.25 (d, J=
3.5 Hz, 3H), 7.42 (s, 3H), 7.53 (tt, J= 7.4, 1.7 Hz, 6H), 7.64 (tt, J =7.4, 1.1 Hz, 3H), 7.81-7.85 (m,
6H). °C NMR (125 MHz, CDCl;) & 41.16, 66.71, 83.87, 92.11, 108.71, 115.02, 118.22, 122.91,
123.87, 126.80, 129.59, 133.22, 133.64, 134.32, 138.81, 139.57. HRMS (ESI) calcd for
Cs4H4sN3NaOoS5 (M'+Na) 998.2210, found 998.2228.

cl Cl /\/BFaK (4 equiv) Cl Cl
14f
\\ // nBuyNI (0.1 equiv) \\ //
B > o)
CH,Cl, / H,O
OHC l}l CHO 2rt,21 h 2 l}l
Bn 98% OH Bpn HO
39i 44a

1,1'-(1-Benzyl-3,4-bis(5-chloropent-1-yn-1-yl)-1H-pyrrole-2,5-diyl)bis(but-3-en-1-ol)
(44a); The allylation step was carried out according to the general procedure H; 39j (28.9 mg,
0.0698 mmol), CH,Cl, (0.70 mL, 0.1 M for 39i), H,O (0.70 mL, 0.1 M for 39i), and 14f (41.1 mg,
0.278 mmol, 4.0 equiv) were used; The crude product was purified by silica-gel column
chromatography (hexane/EtOAc = 1.5/1) to give a diastereomeric mixture of 44a (0.50/0.50) (34.1
mg, 0.0684 mmol, 98% yield). "H NMR (500 MHz, CDCl;) & 2.05 (quint, J = 6.3 Hz, 4H (dl) and
4H (meso)), 2.20-2.23 (br m, 2H (dl) and 2H (meso)), 2.45-2.53 (m, 2H (dl) and 2H (meso)),
2.60-2.66 (m, 2H (dl) and 2H (meso)), 2.66 (t, J = 6.9 Hz, 4H (dl) and 4H (meso)), 3.77 (t, J = 6.3
Hz, 4H (dl) and 4H (meso)), 4.69-4.76 (m, 2H (dl) amd 2H (meso)), 4.99-5.06 (m, 4H (dl) and 4H
(meso)), 5.29 (d, J=17.2 Hz, 1H (dl)), 5.35 (s, 2H (meso)), 5.42 (d, /= 17.5 Hz, 1H (dl)), 5.64-5.73
(m, 2H (dl) and 2H (meso)), 6.89-6.93 (m, 2H (dl) and 2H (meso)), 7.22-7.32 (m, 3H (dl) and 3H
(meso)). °C NMR (125 MHz, CDCl3) & 17.13, 31.45, 40.95, 41.12, 43.68, 47.95, 48.00, 66.87,
66.89, 74.36, 74.38, 92.74, 105.84, 105.90, 118.17, 118.22, 125.42, 125.44, 127.52, 128.84, 134.06,
136.47, 137.68. HRMS (ESI) calcd for CyoH3,CILNO, (M —H) 496.1816, found 496.1830.
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46a

1-(3-(Phenylethynyl)-1-tosyl-1 H-indol-2-yl)but-3-en-1-0l (46a); The coupling reaction was
carried out according to the general procedure G; 47a (131 mg, 0.307 mmol) and 38a were used;
The crude product was purified by silica-gel column chromatography (hexane/toluene = 1/4 ~ 1/6) to
give corresponding 3-ethynylindole-2-carbaldehyde 48a (111 mg, 0.277 mmol, 90% yield). The
allylation step was carried out according to the general procedure H; 48a (111 mg, 0.277 mmol) was
used; The crude product was purified by silica-gel column chromatography (hexane/EtOAc = 4/1) to
give 46a (110 mg, 0.249 mmol, 90% yield). 'H NMR (500 MHz, CDCL3) & 2.32 (s, 3H), 2.93-3.06
(m, 2H), 3.63 (d, /= 10.3 Hz, 1H), 5.08-5.12 (m, 1H), 5.19 (dq, J=17.2, 1.7 Hz, 1H), 5.64 (ddd, J =
10.3, 7.4, 6.3 Hz, 1H), 5.87 (ddt, J=17.2, 10.0, 6.8 Hz, 1H), 7.19 (d, /= 8.0 Hz, 2H), 7.28-7.40 (m,
5H), 7.52-7.57 (m, 2H), 7.64-7.68 (m, 1H), 7.74 (dt, J = 8.6, 1.8 Hz, 2H), 8.10 (d, J = 8.0 Hz, 1H).
PC NMR (125 MHz, CDCl;) & 21.55, 41.85, 68.35, 80.26, 97.82, 106.42, 114.98, 118.27, 120.20,
122.77, 124.26, 125.86, 126.59, 128.45, 128.65, 129.69, 129.94, 131.43, 133.77, 135.01, 136.06,
144.85, 145.34. HRMS (ESI) calcd for C,7H,3NNaO;S (M '+Na) 464.1291, found 464.1284.

Procedures for the Preparation of 4-Vinylindoles 37.

R4 R?
3 p-TsOH-H,O 5
s (7.5mol %) (10 mol %) R3 R
) \
5
i/ \ R toluene toluene 5 [\ R®
RN\ . 80°C, 12 h rt,1h RN ,
Rt OHR? R under C,H, rt R
36 37

General procedure J: RCEM/dehydration. To a solution of 36 in toluene (0.01 M) was
added catalyst 3 (7.5 mol %) in one portion under nitrogen and then the system was evacuated
carefully and filled with ethylene gas in three cycles. The reaction mixture was stirred for 12 h at
80 °C. After cooling to room temperature, the reaction mixture was treated with p-toluenesulfonic
acid (10 mol %) and stirred for 1 h at room temperature. The mixture was concentrated under

reduced pressure and purified by PTLC on silica gel to give 4-vinylindoles 37.
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37a

1-(Phenylsulfonyl)-4-(1-phenylvinyl)-1H-indole (37a); The reaction was carried out
according to the general procedure J; 36a (40.5 mg, 0.107 mmol) was used and the crude product
was purified by PTLC (hexane/EtOAc = 3.5/1) to give 37a (38.1 mg, 0.106 mmol, 99% yield). 'H
NMR (400 MHz, CDCl3) 6 5.39 (d, J = 1.1 Hz, 1H), 5.68 (d, J= 1.4 Hz, 1H), 6.28 (d, J = 3.6 Hz,
1H), 7.19 (dd, J = 7.6, 0.7 Hz, 1H), 7.22-7.32 (m, 6H), 7.40-7.46 (m, 3H), 7.52 (t, J = 7.3 Hz, 1H),
7.86-7.91 (m, 2H), 7.97 (d, J = 8.5 Hz, 1H). °C NMR (100 MHz, CDCl;) 5 108.85, 112.83, 116.09,
123.97, 124.51, 125.85, 126.80, 127.49, 127.82, 128.26, 129.24, 129.62, 133.79, 134.89, 135.19,
138.24, 141.03, 147.95. HRMS (ESI) calcd for C»,H;,NNaO,S (M +Na) 382.0872, found 382.0870.

STN

—

/ \

N
SO,Ph
37b

1-(Phenylsulfonyl)-4-(1-(thiophen-2-yl)vinyl)-1H-indole (37b); The reaction was carried out
according to the general procedure J; 36b (38.4 mg, 0.100 mmol) was used and the crude product
was purified by PTLC (hexane/EtOAc = 4/1) to give 37b (36.1 mg, 0.987 mmol, 98% yield). 'H
NMR (500 MHz, CDCl;) & 5.20 (s, 1H), 5.75 (d, J = 0.5 Hz, 1H), 6.49 (dd, J = 3.7, 0.8 Hz, 1H),
6.69 (dd, J=3.7, 1.1 Hz, 1H), 6.89 (dd, J=5.2, 3.7 Hz, 1H), 7.20 (dd, J= 5.1, 1.1 Hz, 1H), 7.25 (dd,
J=17.5,1.1Hz, 1H), 7.32 (t, /= 7.4 Hz, 1H), 7.43-7.48 (m, 2H), 7.51 (d, J= 3.7 Hz, 1H), 7.55 (tt, J
=7.4, 1.5 Hz, 1H), 7.88-7.92 (m, 2H), 7.99 (dt, J = 8.3, 0.8 Hz, 1H). °C NMR (125 MHz, CDCl;) &
108.71, 113.09, 114.77, 123.66, 124.45, 125.09, 126.01, 126.49, 126.82, 127.34, 129.29, 129.62,
133.84, 134.43, 134.88, 138.25, 141.09, 144.53. HRMS (ESI) calcd for C,0H;sNNaO,S, (M+Na)
388.0436, found 388.0430.

OBn

/ \

)
SO,Ph
37c
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4-(3-(Benzyloxy)prop-1-en-2-yl)-1-(phenylsulfonyl)-1H-indole (37c¢); The reaction was
carried out according to the general procedure J; 36¢ (36.8 mg, 0.873 mmol) was used and the crude
product was purified twice by PTLC (first: hexane/EtOAc = 3/1, second: toluene) to give 37¢ (26.1
mg, 0.0647 mmol, 74% yield). '"H NMR (500 MHz, CDCl;) & 4.36 (t, J = 1.2 Hz, 2H), 4.55 (s, 2H),
5.40-5.42 (m, 1H), 5.60 (q, J= 1.4 Hz, 1H), 6.81 (dd, /= 3.8, 0.9 Hz, 1H), 7.17 (dd, J=7.7, 0.9 Hz,
1H), 7.24-7.32 (m, 6H), 7.44 (tt, J = 8.0, 1.5 Hz, 2H), 7.54 (tt, J= 7.5, 1.1 Hz, 1H), 7.58 (d, J=3.8
Hz, 1H), 7.88-7.91 (m, 2H), 7.93 (dt, J = 8.3, 0.9 Hz, 1H). °*C NMR (125 MHz, CDCl;) & 72.28,
72.59, 108.62, 112.78, 116.93, 122.00, 124.56, 126.28, 126.94, 127.75, 127.83, 128.47, 129.09,
129.41, 133.58, 133.97, 135.17, 138.12, 138.33, 143.70. HRMS (ESI) calcd for CyyH,)NO;S
(M—H) 402.1169, found 402.1180.

Ph
[\ Me
\
SO,Ph
37d
Ph
Ph
// Br // Ph
+In RCEM./
1\ 40 7\ dehydration T
CHO —mM8M8M8M8M8M8m™» — .
EO EO OH N
-additi ]
ph” 02 a-addition P2 SO,Ph
39a 36d’ 37a
a trace amount of by-product

regioisomer with 36d

6-Methyl-1-(phenylsulfonyl)-4-(1-phenylvinyl)-1H-indole (37d); The reaction was carried
out according to the general procedure J; 36d (38.6 mg, 0.0985 mmol) was used and the crude
product was purified by PTLC (hexane/EtOAc = 4/1) to give a mixture of 37d (31.4 mg, 0.0840
mmol, 85% yield) and 37a (0.81 mg, 0.00226 mmol, 2% yield). The by-product 37a which was
assigned by '"H NMR might be derived from trace of impurity 36d’ with 36d. The impurity 36d’
might be obtained by a-addition of allylic indium reagent to aldehyde 39a during the preparation of
36d. '"H NMR (400 MHz, CDCl;) & 2.47 (s, 3H), 5.37 (d, J = 1.4 Hz, 1H), 5.66 (d, J = 1.4 Hz, 1H),
6.21 (d, J=3.9 Hz, 1H), 7.03 (s, 1H), 7.23-7.30 (m, 5H), 7.37 (d, J= 3.6 Hz, 1H), 7.44 (t, /= 8.0 Hz,
2H), 7.54 (tt, J = 7.6, 1.8 Hz, 1H), 7.79 (s, 1H), 7.85-7.90 (m, 2H). °C NMR (100 MHz, CDCl;) &
21.87, 108.80, 112.99, 115.90, 125.25, 125.48, 126.76, 127.43, 127.52, 127.79, 128.25, 129.24,
133.72, 134.65, 134.74, 135.34, 138.42, 141.11, 148.05. HRMS (ESI) calcd for C,3H;9NNaO,S
(M'+Na) 396.1029, found 396.1028.
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39d 36e’ 37¢'
a trace amount of by-product

regioisomer with 36e

4-(5-Chloropent-1-en-2-yl)-6-methyl-1-(phenylsulfonyl)-1H-indole (37¢); The reaction was
carried out according to the general procedure J; 36e (38.1 mg, 0.0971 mmol) was used and the
crude product was purified by PTLC (hexane/EtOAc = 3/1) to give a mixture of 37e (29.9 mg,
0.0800 mmol, 82% yield) and 4-(5-chloropent-1-en-2-yl)-1-(phenylsulfonyl)-1H-indole 37e¢’ (0.98
mg, 0.00273 mmol, 3% yield). The by-product 37e’ which was assigned by '"H NMR and analogy of
the case of 37d might be derived from trace of impurity 36e’ with 36e. The impurity 36e’ might be
obtained by a-addition of allylic indium reagent to aldehyde 39d during the preparation of 36e. 'H
NMR (500 MHz, CDCls) 6 1.81 (quint, J = 7.1 Hz, 2H), 2.46 (s, 3H), 2.66 (t, J = 7.1 Hz, 2H), 3.49
(t, J=6.6 Hz, 2H), 5.17 (d, /= 1.7 Hz, 1H), 5.29 (d, /= 1.7 Hz, 1H), 6.71 (dd, /= 3.7, 0.6 Hz, 1H),
6.94 (s, 1H), 7.45 (t, J= 8.0 Hz, 2H), 7.50 (d, /= 3.7 Hz, 1H), 7.54 (tt, /= 7.8, 1.1 Hz, 1H), 7.73 (s,
1H), 7.89 (dd, J = 8.3, 1.5 Hz, 2H). °C NMR (125 MHz, CDCl3) & 21.93, 30.70, 33.86, 44.38,
108.31, 112.53, 115.76, 123.11, 125.47, 126.60, 126.76, 129.27, 133.76, 134.58, 134.95, 135.42,
138.31, 145.88. HRMS (ESI) calcd for CoyH,0CINNaO,S (M +Na) 396.0795, found 396.0793.
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Methyl 4-(1-(4-ethoxyphenyl)vinyl)-1-(phenylsulfonyl)-1H-indole-6-carboxylate (37f);
The reaction was carried out according to the general procedure J; The reaction was performed with
a mixture of 36f and its regio isomer 41 (1/0.014) (36f: 71.4 mg, 0.149 mmol, dr = 0.65/0.35); The
crude product was purified by PTLC (CH,Cl,) to give 37f (45.9 mg, 0.0994 mmol, 67% yield). mp
141-144 °C. "H NMR (500 MHz, CDCl;) & 1.40 (t, J = 6.9 Hz, 3H), 3.95 (s, 3H), 4.02 (q, J= 6.9 Hz,
2H), 5.31 (d, J= 1.2 Hz, 1H), 5.64 (d, J= 1.2 Hz, 1H), 6.29 (dd, J= 3.7, 0.8 Hz, 1H), 6.79 (dt, J =
8.6, 2.0 Hz, 2H), 7.15 (dt, J= 8.9, 2.3 Hz, 2H), 7.47 (t, J= 8.3 Hz, 2H), 7.54-7.59 (m, 2H), 7.91-7.94
(m, 3H), 8.67 (t,J= 1.1 Hz, 1H). °C NMR (125 MHz, CDCl;) & 14.78, 52.26, 63.41, 108.89, 114.23,
114.37, 114.98, 124.81, 126.57, 126.90, 128.57, 128.59, 129.42, 132.93, 133.33, 134.08, 134.42,
135.47, 138.02, 146.73, 158.89, 167.16. HRMS (ESI) calcd for C,6H,3NNaOsS (M'+Na) 484.1189,
found 484.1188.

n-CsHq4
[\ CO,Me
\
SO,Ph
37h

Methyl 4-(hept-1-en-2-yl)-1-(phenylsulfonyl)-1H-indole-6-carboxylate (37h); The reaction
was carried out according to the general procedure J; 36j (31.2 mg, 0.0726 mmol) was used. The
dehydration step was followed by additional stirring for 1 h at 80 °C. The crude product was purified
by PTLC (hexane/EtOAc = 2.5/1) to give 37h with trace of inseparable by-products (15.7 mg, ca.
0.07 mmol, ca. 50% yield). '"H NMR (400 MHz, CDCl;) & 0.78-0.84 (m, 3H), 1.20-1.39 (m, 6H),
2.50 (t, J="7.3 Hz, 2H), 3.96 (s, 3H), 5.12 (d, /= 1.6 Hz, 1H), 5.28 (d, /= 1.6 Hz, 1H), 6.81, (dd, J
=3.7,0.7 Hz, 1H), 7.45-7.50 (m, 2H), 7.57 (tt, J= 7.3, 1.4 Hz, 1H), 7.70 (d, /= 3.7 Hz, 1H), 7.81 (d,
J =14 1H), 7.91-7.96 (m, 2H), 8.59 (s, 1H). °C NMR (100 MHz, CDCl3) & 13.97, 22.36, 27.67,
31.35,36.77,52.27,108.61, 113.71, 115.30, 122.61, 126.37, 126.90, 128.71, 129.42, 132.66, 134.07,
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134.54, 136.39, 138.06, 147.17, 167.26. HRMS (ESI) calcd for C»3H,sNNaO,S (M +Na) 434.1397,
found 434.1393.

Ph

Ph”

7-Methyl-1-(phenylsulfonyl)-4-(1-phenylvinyl)-1H-indole (37i); The reaction was carried
out according to the general procedure J; 36i (27.5 mg, 0.0702 mmol) was used and the crude
product was purified by PTLC (hexane/EtOAc = 4/1) to give 37i (25.3 mg, 0.0678 mmol, 97%
yield). '"H NMR (500 MHz, CDCl3) & 2.54 (s, 3H), 5.37 (d, J= 1.4 Hz, 1H), 5.72 (d, J= 1.1 Hz, 1H),
6.34 (d, J = 4.0 Hz, 1H), 7.02 (d, J = 7.5 Hz, 1H), 7.09 (d, J = 7.4 Hz, 1H), 7.23-7.30 (m, SH),
7.42-7.47 (m, 2H), 7.56 (tt, /= 7.4, 1.1 Hz, 1H), 7.64 (d, /= 3.7 Hz, 1H), 7.67 (dd, J = 8.6, 1.1 Hz,
2H). "C NMR (125 MHz, CDCl3) & 21.66, 108.75, 115.82, 124.36, 124.61, 126.39, 127.35, 127.78,
128.13, 128.27, 129.22, 129.42, 131.78, 133.00, 133.47, 134.92, 139.84, 141.13, 147.82. HRMS
(ESI) caled for Co3H,0NO,S (M '+H) 374.1209, found 374.1208.

Cl cl
N\
I\
OHC N
Bn
37

1-Benzyl-4-(5-chloropent-1-en-2-yl)-3-(5-chloropent-1-yn-1-yl)-1H-indole-2-carbaldehyde
(37j); The reaction was carried out according to the general procedure J; 36j (31.8 mg, 0.0697
mmol) was used and the crude product was purified by PTLC (hexane/EtOAc = 4/1) to give 37j (4.0
mg, 0.00912 mmol, 13% yield). '"H NMR (500 MHz, CDCl;) & 1.84-1.91 (m, 2H), 2.10 (quint, J =
6.6 Hz, 2H), 2.72 (t, J = 6.6 Hz, 2H), 2.77 (t, J = 7.2 Hz, 2H), 3.59 (t, J = 6.6 Hz, 2H), 3.73 (t, J =
6.3 Hz, 2H), 5.15 (d, /= 1.7 Hz, 1H), 5.36 (q, J= 1.5 Hz, 1H), 5.82 (s, 2H), 6.95 (dd, /= 6.6, 1.5 Hz,
1H), 7.09-7.13 (m, 2H), 7.20-7.34 (m, 5H), 10.21 (s, 1H). °C NMR (125 MHz, CDCl3) & 17.32,
30.76, 31.27, 35.64, 43.74, 44.57, 47.95, 73.43, 97.28, 110.16, 112.54, 115.99, 121.81, 124.24,
126.66, 127.39, 127.48, 128.65, 135.83, 137.14, 138.84, 139.57, 146.01, 182.62. HRMS (ESI) calcd
for CsHaCLNO (M '+H) 438.1386, found 438.1384.
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1,4-Bis(1-(1-(phenylsulfonyl)-1H-indol-4-yl)vinyl)benzene (37k); The reaction was carried
out according to the general procedure J; 36k (24.9 mg, 0.0368 mmol) and 3 (15 mol %) were used
and the crude product was purified twice by PTLC (first: hexane/EtOAc = 2/1, second:
CH,CL/EtOAc = 100/1) to give 37k (22.1 mg, 0.0346 mmol, 94% yield). mp 219-222 °C. 'H NMR
(500 MHz, CDCl3) 6 5.39 (d, J = 1.1 Hz, 2H), 5.72 (d, J = 1.1 Hz, 2H), 6.31 (dd, J = 3.7, 0.6 Hz,
2H), 7.18 (s, 4H), 7.19 (dd, J = 7.8, 0.9 Hz, 2H), 7.31 (t, J = 8.3 Hz, 2H), 7.46 (t, J = 7.5 Hz, 4H),
7.47 (d, J = 3.7 Hz, 2H), 7.55 (tt, J= 7.4, 1.2 Hz, 2H), 7.88-7.92 (m, 4H), 7.97 (d, J = 8.3 Hz, 2H).
C NMR (125 MHz, CDCL3) & 108.80, 112.85, 116.15, 123.95, 124.53, 125.85, 126.83, 127.40,
129.29, 129.58, 133.86, 134.84, 134.99, 138.18, 140.41, 147.38. HRMS (ESI) calcd for
C3sH,5N;Na0,S, (M'+Na) 663.1383, found 663.1378.

PhO,S,
N

\

‘ ‘/ N-SO,Ph
40
N

PhO,S
371

1,3,5-Tris(1-(1-(phenylsulfonyl)-1H-indol-4-yl)vinyl)benzene (371); The reaction was
carried out according to the general procedure J; 361 (39.9 mg, 0.409 mmol) and 3 (15 mol %) were
used and the crude product was purified by PTLC (hexane/EtOAc = 1.5/1) to give 371 (29.5 mg,
0.0319 mmol, 78% yield). mp 101-104 °C. "H NMR (400 MHz, CDCl3) & 5.30 (d, J = 0.9 Hz, 3H),
5.39(d, J=0.9 Hz, 3H), 6.23 (dd, J = 3.6, 0.7 Hz, 3H), 7.05 (s, 3H), 7.10 (dd, /= 7.5, 0.7 Hz, 3H),
7.21 (t, J= 8.2 Hz, 3H), 7.40 (t, J = 8.2 Hz, 6H), 7.47 (d, J = 3.8 Hz, 3H), 7.51 (tt, J= 7.3, 1.2 Hz,
3H), 7.84-7.88 (m, 6H), 7.92 (d, J = 8.4 Hz, 3H). °C NMR (100 MHz, CDCl;) & 108.96, 113.04,
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116.53, 123.90, 124.53, 125.82, 126.55, 126.73, 129.27, 129.34, 133.83, 134.64, 134.95, 138.17,
141.39, 147.58. HRMS (APCI) calcd for CsyH4N304S; (M'+H) 922.2074, found 922.2083.

Ph

Crs

\

Ts

45a

4-(1-Phenylvinyl)-9-tosyl-9H-carbazole (45a); The reaction was carried out according to the
general procedure J; 46a (37.0 mg, 0.0837 mmol) was used and the crude product was purified by
PTLC (hexane/EtOAc = 4/1) to give 45a (35.3 mg, 0.0833 mmol, 99% yield). 'H NMR (500 MHz,
CDCl) 6 2.28 (s, 3H), 5.37 (d, /= 0.8 Hz, 1H), 6.02 (d, /= 0.8 Hz, 1H), 7.06-7.11 (m, 1H), 7.11 (d,
J=28.0 Hz, 2H), 7.19-7.23 (m, 4H), 7.26-7.30 (m, 2H), 7.36 (ddd, /= 8.6, 7.2, 1.4 Hz, 1H), 7.49 (dd,
J =83, 7.4 Hz, 1H), 7.69-7.74 (m, 3H), 8.31 (d, J = 8.6 Hz, 1H), 8.38 (dd, J = 8.3, 0.6 Hz, 1H). °C
NMR (125 MHz, CDCl;) 6 21.51, 114.14, 114.65, 115.37, 122.89, 123.52, 124.05, 125.76, 125.94,
126.31, 126.54, 126.91, 127.99, 128.49, 129.64, 135.02, 136.70, 138.47, 138.55, 138.97, 144.84,
147.35. HRMS (ESI) calcd for C,7H,,NO,S (M +H) 424.1366, found 424.1360.

Procedure for the Preparation of 1-(Phenylsulfonyl)-4-(1-phenylvinyl)-1H-indol-7-0l (49a).

Ph Ph Ph
\ IBX (5 equiv) \ (7.5 mol %)
—>
/N THF / \ toluene /\
N reflux, 4 h N 80 °C, 12 h N
S0, OH _S0, O under C,H, _S0, OH
Ph” Ph 69% (2 steps) ~ Ph
36a 50a 49a

1-(Phenylsulfonyl)-4-(1-phenylvinyl)-1H-indol-7-0l (49a); IBX (155 mg, 0.554 mmol, 5.0
equiv) was added to a solution of 36a (41.8 mg, 0.111 mmol) in THF (2.2 mL, 0.05 M). The
resulting suspension was refluxed for 4 h. The mixture was cooled to room temperature and then was
filtered through Celite. The residual solid was washed thoroughly with EtOAc and the filtrate was
concentrated under reduced pressure to give 50a. The product was used for the next step without
further purification. To a solution of 50a in toluene (0.01 M) was added catalyst 3 (7.5 mol %) in one
portion under nitrogen and then the system was evacuated carefully and filled with ethylene gas in
three cycles. The reaction mixture was stirred for 12 h at 80 °C. After cooling to room temperature,

the mixture was concentrated under reduced pressure and purified by PTLC on silica gel
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(hexane/toluene = 1/3) to give 49a (28.9 mg, 0.0769 mmol, 69% yield; 2 steps). 'H NMR (500 MHz,
CDCl;) 6 5.30 (d, /= 1.5 Hz, 1H), 5.61 (d, J= 1.4 Hz, 1H), 6.29 (d, /= 3.7 Hz, 1H), 6.92 (d, /= 8.0
Hz, 1H), 7.12 (d, J= 8.0 Hz, 1H), 7.18-7.29 (m, 5H), 7.32 (d, J = 3.7 Hz, 1H), 7.46 (tt, J=7.4, 1.7
Hz, 2H), 7.56 (tt, J= 7.5, 1.2 Hz, 1H), 7.78-7.82 (m, 2H), 8.75 (s, 1H). °*C NMR (125 MHz, CDCl5)
8 111.75, 113.55, 115.34, 122.81, 126.70, 126.89, 127.17, 127.43, 127.49, 127.77, 128.24, 129.47,
133.17, 134.12, 136.97, 141.36, 144.15, 147.56. HRMS (ESI) calcd for C,H;sNO;S (M —H)
374.0856, found 374.0865.
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