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Ac : acetyl

AcOH : acetic acid

Ac20 : acetic anhydride

AIBN: azobisisobutyronitrile

tAm: tertiary amyl

Ar :aryl

Bn: benzyl

Boc : tert-butoxycarbonyl

n-Bu: normal butyl

tBu: tertiary butyl

cat. : catalyst

Cbz : benzyloxycarbonyl

cod: cyclooctadiene

Cp*: 1,2,3,4,5-pentamethylcyclopentadienyl
DABCO: 1,4-diazabicyclo[2.2.2]octane

dba: dibenzylideneacetone

DDQ: 2,3-dichloro-5,6-dicyano- p-benzoquinone
DFT: density functional theory

DIAD: diisopropyl azodicarboxylate
DIBAL-H: diisobutylaluminium hydride
DMAP: 4-(dimethylamino)pyridine

DMF : N,N-dimethylformamide

DMSO: dimethyl sulfoxide

d.r. : diastereo ratio

dppbenz: 1,2-bis(diphenylphosphino)benzene
DPEphos: Bis[2-(diphenylphosphino)phenyl] ether
dppe: 1,2-bis(diphenylphosphino)ethane
dppf: 1,1-bis(diphenylphosphino)ferrocene

8 : chemical shift in parts per million downfield from tetramethylsilane
ee: enantiomeric excess

eq : equivalent

ESI : electron spray ionization

Et : ethyl

Et20 : diethyl ether



h : hours

HPLC: high performance liquid chromatography
HRMS : high resolution mass spectrum
Hz : hertz

IR : infra red

J: coupling constant (in NMR)
KHMDS: kalium hexamethyldisilazide
L: ligand

LHMDS: lithium bis(trimethylsilyl)amide
M : mol/LL

Me : methyl

mp - melting pont

Ms : methanesulfonyl

NHC: N-heterocyclic carbene

NMP: N-methyl-2-prrrolidone

NMR : nuclear magnetic resonance
n.r. : no reaction

Ns : 2-nitrobenzenesulfonyl

Nu: nucleophile

o ortho

- para

PCC: pyridinium chlorochromate

Ph : phenyl

PMP : p-methoxyphenyl

rPr: iso propyl

n-Pr: normal propyl

Ref. : reference

r.t. - room temperature

TBAF: tetrabutylammonium fluoride
TBAI: tetrabutylammonium iodide
TBS : tert-butyldimethylsilyl

temp. : temperature

TES: triethylsilyl

Tt : trifluoromethanesulfonyl

TFA: trifluoroacetic acid

TFAA: trifluoroacetic anhydride



THF : tetrahydrofuran

TMS : trimethylsilyl

Ts : p-toluenesulfonyl

XPhos: 2-Dicyclohexylphosphino-2’,4’,6’-triisopropylbiphenyl



H—FE PAd-MEIC &L o0 A — FERISZRIM L7 3,4 (AEERA > F—/VEA& OB RIER%E

3,4 AL BERAMEER A o~ R — VBRI & 7o IS YER R R H L 2 & T d v (Figure
1-1) . AR, A L OME TR R EHIERN & 52 5, AEOEIERIE I
RGN IRARIEN 72 SIVTWD A, MiBR A AO@EHHSE AR L Ty 7e — P2 F5
BRIETEE STHRY, KERO LV IAEOESWERIEDRFEZ HRY & LIFEICE
F L7
Figure 1-1. Bioactive compounds with a 3,4-fused tricyclic indole skeleton.
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Dragmacidin E

AEOEIP R ERIEE LTA v R— L A fICEBRLEEZ T LM ERWE L LT
WD HFE BRI ThH o7, Eiffize 4-~v A v R—n %k LTHNWD Loz
FHRE .28 8 - 72 (Scheme 1-1.),

Scheme 1-1. Synthetic method of 3,4-fused indoles using 4-substituted indole derivatives.
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AR CIL & 0 2 S EFER AW 2 HBEWE & LT IEDBRIE PRI Z bt d &
1272 - 7-(Scheme 1-2.), 7l 2 1F 2013 4EIC Jia HIHAGHIC T v F o 2 H T 53— K7 =1
VIHERIZH L Pd A ER S5 2 & T, 4N Larock A > R —/VE RO KRG X
HARFR DA RIEZWE LT D 4, ZOFETIIHMEER L7 BER O A X2 IRV Vi &P
R o TND—H TEBEOENHIRNH L LWV tWER A L TN D, 2014 FI2iE
FE 51 X o T Rh il 2 V72 HEFER O[3+ B AUE & B BALRISIZ X 5 A pkik
DBRFE ST 4o, IZ 431N Fischer A & R—/LEREFIH LTz ik 4t CH 7 7 7 «
N—m CERFIE LT AL et 7g ERkx R EEIER I DTN D,

Scheme 1-2. Recent synthetic method of 3,4-fused indoles

Intramolecular Larock Indole Synthesis
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WHFIER T HAERIZES T DAFFEI21E ST L THE Y (Scheme 1-3.). Pt il 2 v 7245+
Friedel-Crafts % S 2RI L7z G akih sa 0, KEHE 2 758 & 5 KRWE R o ¢ (2B
THHREEITH> TS,

Scheme 1-3. Our recent works about 3,4-fused tricyclic indole synthesis.

Pt catalyzed Friedel-Crafts-Type C-H Coupling-Allylic Amination Cascade
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B L7 C-C _HERICL - TS T L iz =—s a4 5 2 & 753‘%[1 )
NTWD 6, C-Pd A DOFASISIEZE DHFORBICK LETT-72 C-C A E KT 2T
iTL. ﬁmﬁ?)wﬂ7v?A$ﬁ%%%%L\p@&ﬁ%ﬁ*%%%:iofé%ﬁé
HHESEA L rHECd 5 (Scheme 1-4.), Z OMEZFIH Lotk x le~T a O G EkE
DREFEINTET, —flzbFdl, RELIITL=VALEKRCT I REREEE L, Pd
fRBEFE T, I—RT7 L—C 2 ERASEL 2L ICL a7V VroRREEREL TS
(Scheme 1-5.),



Scheme 1-4. Insertion of C-Pd bond to allenes.

B-elimination

Ar R
>
RN~
R Ar-Pd-X Ar R'
- . S
> R T H
R PdX Ar R
Insert to central S R~
carbon of allenes Nu Nu
Scheme 1-5.Example of synthesis of heterocyclic compounds.
Heck insertion and allylic amination
Pd(PPh3), Pd-I Ar
Ar-|
R R~k
\‘/\ K2COs4 WR' . R\W/\\/R'
SO,ArHN A DMF SO,ArHN  Ar N
or |
1,4-dioxane SOAr

FITEHISFNIT V2RI IEHRT =) URVE 2 WS Z & T BB
o T ENT C-PAdESNSTNDOT L IANIEERIICHEA L A LT U ART Y
AR E T =) VERICE ARG ER ZTZ L T, MRA VR B LND D

TIL2 V) & % 7-(Scheme 1-6.)., 7035, AT BMAL-CEA L SIZ L » TEBT 5 =
L THx BRRRBA R~ LTI T D L B RIS,

Scheme 1-6. Reaction design.
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B SR ORIE L

WAt L2 e T VB Z LR O 5 ETAM LT7-(Scheme 1-7.), Hili?d 2-9— K 3-= h v &g
FlE L0 EANZBEAR LAY 19D = b e a2 gE HWZE Lo Ts b5 2 & T2 2457,
T AT VEMLZ DIBAL-H 52012 Appel MUSZATH Z L THEM L7 vEbik 3 &, 5l
WA LT L=bvar— 402 OGS 5 2 L TETVEY ba 2157,

Scheme 1-7. Synthesis of model substrate 5a.

TsCl (1.5 eq)
CO,Me pyridine (1.5 eq) CO,Me
[;:Ii Fe (3 eq) DMAP (10 mol%) [;j:~ DIBAL-H (4 eq)
' ACOH, reflux ~ CHClg, 0 °C to ri. | CH,Cl,, -40 °C
NO, 70% vyield (2 steps) NHTs
1 2
COZMe
CO,Me
4 (1eq)
CO,Me
PPhs (1.2 eq) Br NaH (1 eq) CO,Me
CBry (1.2 €q) TBAI (0.1 eq)
CH,Cl,, 0 °C ! DMF, 0 °C to rt. '
76% yield (2 steps) NHTs 84% yield NHTs
3 5a

KO DOGMEBZICET VY ba % Pd iEAF/E T, DMF H1 70°CICIE L7 & 2 A,
HOBRILIK 6a 2 TREE DIV T2 Z L 103 Li=(Table 1-1.), B4k & LTT Ly
HUD R FITxE L CTHRADHELT L T RN E B 2 b b bam<, o FRIRISICHRT 5 &
EBZONDIREMPHF LN, WEROYGEEIZAT TSR EZ R Lz, T0°CTRIG
EATo T2 & ZANCRIZZE T2 < 110°CE TRV 2 & UG RBEHEA L U BEERSMK T L7z
(entries 1-3), #EE% 0.03 M £ THIRT D Z & TURIZE T OUEN A SiLiz(entry 4),



Table 1-1. Initial trial.

CO,Me Pd(dba), (5 mol%) CO,Me
CO,Me PPh; (12 mol%) CO,Me
K,COj (4 €q) OQ
NHT' DMF (X M)
S .
temp., time TsN
5a 6a

entry conc. (M) temp. (°C) time (h) result (% yield)a)

1 0.05 90 6 55
2 0.05 70 12 53
3 0.05 110 3 48
4 0.03 90 18 64
S 0.01 90 24 63

a) Isolated yield.

WHEOE LR 58EEY HIE L, MF4%1T > 72 (Table 1-2.), & FERKEE A Mat L7223, RIEE
NI LEBLZDMERE G 25 2 L1370 > 7= (entries 1-5.), IREEER & V7= BRI EUREAS
ETDHOHRT, BRI G o2 iz(entry 5), 7 X EIESZOMA U w7 KO
RETZAT o 7208, PEROUGEITITE S 720 > = (entries 6-8), Hel » TASSIZIS T D IR
FAZOWTHFE L7z (entries 9-13), ML= 1,4 VATV &2 fAV & 25 HITE

LT, BB ET 5 DA T > 7-(entries 9,10), DMSO % 7= BRIE
1% 72% F T L7z 7= DMSO % fciisi & 3% Z & & Liz(entry 12), Pd filifit & LT

Pd(0Ac)2 & iV /2 & Z A Pd(dba): [FI% OFER A G H v 7z (entry 13), HUBENL T DG %
1Tol=b 2 A, PQfuryDs e b BUWERZ 7R Liz(entry 15), —JERNL & FHWEES B
7R THBBAG O NI, WEROUWEITITE S o7, £ OMBIIMEOKE S

1Tol=, WRELETDHZ LIXTE o7, & Z T Pd(dba)e-P(2-furyl)s fil i 2 12 TH
B UTREEAD Y U A, DMSO H 90 CIZHIIEN T D &2 Falisetr e 52 L & LT,



CO,Me Pd(dba), (5 mol%) CO,Me

COyMe ligand CO,Me
base (4 eq) X OQ
SO
’ TsN
5a 6a
entry solvent base ligand @ result (% yield) ?

1 DMF Li,CO4 PPh, 31
2 DMF Na,CO3 PPh, 49
3 DMF K,CO4 PPhj 64
4 DMF Cs,CO4 PPh, 42
5 DMF Ag,CO4 PPhj 0
6 DMF NEt, PPhj 45
7 DMF KOAc PPhj 42
8 DMF KOtBu PPhs 58
9 toluene K,CO4 PPhs
10 1,4-dioxane K,CO3 PPh;
1 CH5;CN K,CO;4 PPh; 33
12 DMSO K,COgq PPhj 72
13 NMP K,CO4 PPhy 58
14° DMSO K,CO3 PPh, 68
15 DMSO K,CO4 P(2-furyl)s 78
16 DMSO K,CO4 XPhos 45
17 DMSO K,CO4 AsPhs 59
18 DMSO K,CO3 dppe 63
19 DMSO K,CO4 dppf 75

a) Monodantate ligands: 12 mol%, Bidentate ligands: 6 mol%.
b) Isolated yield.
¢) The reaction was performed with Pd(OAc), instead of Pd(dba),



B EE RO

B o2 AW THRE OBt 2 5 L7-(Table 1-3.), % EOM#ERKIIA LA T
I K Bac 7217 T2 < Chz % 6d TH SUSITHEIT L7122, ERDNRLETH O IIEENMET
L7z, il % 10mol% E THICT Z & CULRDOBGEN R G LTz, HVTT L AT B
HEAENTLHZETTEERSCA Y R—/L 2 WS T AALE IS EHREE T DR EH O

G ERRTZ, 1,3 BB T VAR T HEE berg # VD Z L THERSA V K—L 2

MRS DALEICERE 2 AT MR O GM AR T2 & 2 ABUSIFRIE R T L,
TIFNERHEREHT H{LEW 6e-g & RATRIUETH 2 7=, LU H 1,3,3 =&
BPRILE &2 AT, RONMTES BRSO N0 o7 6m, £72, 1,1-@#E#RT L%
A HHE Bh 7 L = ULICERIEZEA LR 51 b P REOINELRN L HIO TE
B EICEBREEZET 266 6h,61 355N, STV —DO~na VBT AT VN %

NTs X° 4 #k7 X/ ERICEMT 52 & T, RIMIIFET 5 LER HICEREHT 55 6)
R7 I =y M EFFOMEEH 6k OB S ATRETh o 7o, HizIZHEBE LI-hBEROY
A RIZEAT DWET a1 T o7, 7V AIgHA 1 IRFMIT L7 AE Bl CTIHRINERe 2 6 8 B
DOHEEE LTALEY 6l MEH 7=, 10mol% Dfifif: A2 FVW TR & 4T - 72 & Z AURIT 68%
FCWELL, SOICRFAZMITTZ LTI BR 10 BROMER LB OAK bR~
T3 AR DT FRIBEMER LT LE W, BRMIZIZE A EE LN o T2,



Table 1-3. Substrate scope.

Pd(dba), (5 mol%)

X P(2-furyl)s (12 mol%) X Coé'\éeMe
n K2C03 (4 eq) )n OQ 2
| - =
NHR; DMSSO(E)(.:OS M)
RiN TsN

R2 R2 6m

5a-5l 6a-6l not obtained
entry compounds results
COZMe
1 CO,Me 6a (Ry=Ts) 78% yield
2 OQ 6b (Ry= Ms) 67% yield
3 6¢c (R1= 2,4,6-(iPr)3PhSO,) 70% yield
4 R,N 6d (R4= Cbz) 46% yield
1 a

COzMe
7 TsN
R,
CO,Me

COzMe

®
=
o

N

COZMe
CO,Me

©
E&

=

@

N

X
10
1 =
TsN
M602C COzMe
12

ko)

TsN

6e (Ry= Me)
6f (R,= pentyl)
6g (R,= Ph)

6h

6i

6j (Ry= NTs)
6k (R,= C(CO,Me)NHBoc)

6l

(57% vyield)

76% vyield
86% vyield
74% vyield

52% vyield

62% vyield

72% yield
a
94% vyield

42% yield
(68% vyield)

a) Reactions were performed in DMSO(0.01 M), in the 10 mol of Pd(dba), and 24 mol%

of P(2-furyl)s.




FEIUHT AR O ERAL

FEWTHERM DA o R— IV ~DEHIZ OV TRRFT LTz, BRSSO BMEIE SR T HI
BRAE I LM TRIBEZR S EIT L, fST DHEERA v K—/L 2 &INER T4 %z 7~ (Scheme
1-7.), F7=. TFA Z WD &M THENER CTRMEIR Ta DS HNT,

Scheme 1-7. Isomerization of the reaction products under acidic conditions.

CO,Me Nal (1.6 eq) CO,Me
CO,Me TMSCI (1.6 eq CO,Me
OQ H,0 ( 0 8 eq)
94% vyield
TsN CH3CN (0 M) 7e (R Me 98% vyield
R 79 (R = Ph): quant.
6a, 6e, 6g
CO,Me CO,Me

CO2Me COzMe
TFA (30 eq)

CH2CI2 0 03 M)
sN TsN 4% yleld
6a

ge

A ¥ R= e ~DEMACIZ ) LT 7o OB EAS D22 BI LAERMI O S 670 558544

#7272 (Scheme 1-8.), #iBg A1 > N U 12 DDQ BAb D &EICAH4 2 & Th BB Blc &b

BT LAY~ EHARE CTH T2, EHIZPCCELEITH) Z&Tr b &k L
MEBRA o R— NS 67,

Scheme 1-8. Isomerization of the reaction products under oxidative conditions.

CO,Me CO,Me

COzMe COzMe
()™ merm ]
TsN /

benzene (0.05 M)
93% yleld

TsN reflux
6a

2Me

COzMe
PCC (2 eq)
CH,Cl, (0.1 M)
r.t. TsN

76% yield




FAIHT OSHEREICB T o 5%

ARSI OEREIIRRLAIT N X > TA U= C-PA FEEDN D FHNOT Lo ~EFEAL, AU T
TUNNRTG Dy LR E T =) VERBPOST D 2 E TEERIZ 52 TN D5 EE2X b
% (Scheme 1-9.), —EiREH OBLOME L LCa 7 VAR #RE5257 =V U E5R
I L DR L oK (path a) & o 7 U LVHRYKR I D48 LI ZEHENENL L7214,
WITHINEEZ =3 2 & CTHEMRMZ 5 2 512 (path b) D 280 NEZ LD,

Scheme 1-9. Plausible mechanisms.

COzMe

Nucleophilic attack
COZMe

to m allyl intermediate
(path a)

CO,Me
Heck insertion

PdX
NHTs

x_ l
" PdLn
| I COzMe

l I Q CO,Me

MeOZC TsN ‘

TsN . Reductive elimination
Pd (path b)

FOSEEREIZ BT 5 A %15 5 72 DFT 31 H %217 - 7= (Figure 1-2.), $fi AKJSOTE L= 3
X —1E 9.9 keal/mol TH Y, RISHIFLER 7 UV AHEKREZENKT D & W) fER1 S
b, < BRALBUSIZI W Tid path b 2838179 2 /37 XA 7 ViR D J5 75 path a
Ox 7 VNAHREIEL Y S LETIEH DB ENENDOIEMEL= /L ¥ —|T path a ® 20.1
kcal/mol {ZxF L path b IZ 34.9 kcal/mol & WS FERNE LT T E DD ARKISOMEE L
T a7 VAHBEKICHT 27 =V VEBRORBHBRILE T D EEZ NS, Fiz,
KbHEWART Uy VER LR — 2T HEBIREIIR ARSI 5 EBIRETH - 72
Te ORI DERBPEL T L AT DHARISTH D E W R D,



Figure 1-2. Energy profile calculated at B3LYP/6-31+G* and LANL2DZ level theory.
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Figure 2-1. (-)-Aurantioclavine and communesin F

CnsC
P450)
Trypt
—)-Aurantioclavine (10) ryptamine Core skeleton of
Communesin
alkaloids

(-)-Aurantioclavine(10)/% 1981 42 Kozlovskii HIZ Xk > T7 A4 g o 3 Sk Bk
Penicillium aurantiovirens 7)»© Hiffff, WERTE SN EZAT NV I RO—FThH D
1(Figure 2-1.), & FORRE & LCIEA v R—=D 305 4 (LT TT B /R B O
BRLUICEKEZERE T2 2 LT 65, TALOARF LT 2008 4RI Stoltz 512X 5
AHFAKIZE 5T R OMXSIAEBE TH D Z LB O EeoTe, RRRYBIRD LM
PEITHRE STV WA TEGEM 2 R L, 2 OMEDOHEMES 6L < DALY
FIEHSINTWASA > K= T v A RTohbH Communesin B 12 DAEGKIZEBIT HH
MR TH 2 Z &2 2015 4R1Z Garg, Tang HIZ L DB T IEERICE > THOMNE oo T
18, 10 DAEBHEREICONTHRFESICL > THRESNLTEY, PV T FT7 7R
4-DMATS (DiMethylAllylTryptophan Synthase)(Z X % 7 U /L{t® %% aurantioclavine
synthase (Z £ > THRK I DB NIEE STV % (Scheme 2-1.),

Scheme 2-1. Biosynthesis of (—=)-aurantioclavine.

CO,H
2 | CO,H CnsA
NH, (aurantioclavine
N\ CnsF (4-DMATS) NH; synthase)
N N - 10
H N

H

L-tryptophan AL-DMAT



B N ETOERS

(-)-Aurantioclavine [ZHEE TICEZL DT IABB LI ORF SR HBE SN TWDHD T,
RFEFN DWW TRIHIZFT 5,

e 512 X A EAL Ha
Yudt 55 1% 1985 4EI1Z Aurantioclavine DD 7 ¥ I A% & 2R L 72 (Scheme 2-2.), & #E K%
FNZ K B0 FINREBEBRSEIT ) 2 TTERUVEREE LT,

Scheme 2-2. First synthesis of (x)-aurantioclavine by Somei.

Zn-Hg

2N HCI
A\
N MeOH, reflux
H

(i)-AuranhocIavme

Stoltz 512 & % Apk 14d

2008 4 Stoltz HITREEMLEWY L VB 2 77 V3 — L% Pd il 2 7 FR LAY E EE &R
SENZR Y X T LB~ BB L, JIERISIZ K > TT BEANVEREAHET 52 L THIO
REGREER L, 7O ORI NLRELE 2 B 5 72 & L 72 (Scheme 2-3.),

Scheme 2-3. First asymmetric synthesis of (—)-aurantioclavine by Stoltz.

OH
~OH
CI CI
—)-sparteine N
t- BuOH 40to 70 °C N
Ts
96% ee
NHNs Ns
= DIAD L N
— OH  pph,
- \ B ————
toluene AN
N 0°C
Ts N



Ellman 5|2 X 56k 14

47BERNT R T A V RO ERLIZF T A I AR RRIEL U7 AT L AR
I 1,2 (1T 5 2 & TR T RO RFPLEBA LT, §< 57N SN2 JUSIC L - T
TYSCBREME L, Fix DLRIC L o TR A% # L= (Scheme 2-4),

Scheme 2-4. Asymmetric synthesis of (—)-aurantioclavine by Ellman.

X//O

\Nj
9 4
Br I = B-)
OH ZN \(\ 0
N . OTs .
N N\ [RhOH(cod)],
) N
Ts

dppbenz, NEt;

4-bromotriptophol H,O/DMF, 60 °C

XS//o SOtBu

| \ H
NH N N
= NaH
OTs ——> >
N\ THF N - N
N N N
Ts Ts
97:3 d.r.

IR 612 X 5 Ak 140

23— R-3=hr 7=/ =V IVERLIESFRICE AT I RERT DT VLT —Ax
— MExt L, PA-PHOX AT £ 555 FINRFHT U MET 3 LRI EAT S 2 & TREHIL
RS T- SBMAL T4 BT B AR AR SIC L > THEAK, = hu Lol
BULEUSIC X5 TA o R—/L %44 L =(Scheme 2-5.),



Scheme 2-5. Catalytic asymmetric synthesis of (—)-aurantioclavine by Takemoto.

OCOZMe sz(dba)3 Ts
OH ligand \ N
. .
— Xx—CO,iPr CH,Cl,, 0 °C - CO,iPr
NO, NO
NO, 2
92% ee
\\tBu
Ts \ H \
1) 2-methyl-2-butene || N N SN
Grrubs 2nd, 40 °C _— = Z
— Ph,P
2) P(OEt);, 170 °C N CO,iPr N
N N
H H ligand

Cho B2 & B Ak 14k

Cho BIIHD(9-B-T 2 /-3-F—F_oBrxy ) — L L 0EN T4 —NLE2HT5
T U=t RT Y RICk Ut . 50F W Fischer A & F—/L & A1TH 2 & T
FEHBEME LT, HxDEBIZL > TER LT VT B Rigx L Julia-Kocienski S Z
Lo T3@EHALT 4 VEHBELT,

Scheme 2-6. Asymmetric synthesis of (—=)-aurantioclavine by Cho.

OH o~

o)
NH, NJ\)\ OJ<N
0 HCI, iPrOH
_— O ’
\J

_— -

_NH, 110 °C N
I N
! N
CO,Et \
CO,Et
7
O=s
Ph
Boc \N/\<
\ | N

Boc\
N ~ 7 N
O/ N\N =
—_— E——
A\ LHMDS A\
N N
H H



¥ =H1 (-)-Aurantioclavine O & Rk E]

(-)-Aurantioclavine O A R MENT % LL 1273 (Scheme 2-7.), 7THr0 3 E#iA L7 1 1%
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Pd ffC KD A — FEOSIZ K > TR 2 2 & & Lic, SBRAERTEMA 12 1 3FTEarseE
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Tt RFER 14 OFEHE LTHIRD 2-9— R-3-= huZBEMBERANDHZ L L LT,

Scheme 2-7. Retrosynthetic analysis of (—)-Aurantioclavine.
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! NO,
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12 13
CO,H
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_NHEBoc > |
+ TsO
I NO,
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14 available

AERRICB T 2RO =2 THHLIRET VU P ARIC OV Tt T % (Scheme 2-8.), 4
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Scheme 2-8. Organocatalytic asymmetric aziridination.

Ph
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H
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1° N cho
R X-CHO  150NHBoc (15) N
. g ~ 32-97% yield
X NaOAc X 94-99% ee
X CH,Cl,, -20 °C
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fik BN AT 5,

Figure 2-2. Plausible mechanism.
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2011 4F Cordva HITX B AL INT VU ikt L NHC it 2 E &S5 2 Tcroy
> DALEEIR BB R i % #45 L TV 5 (Scheme 2-9.),

Scheme 2-9. NHC-catalyzed regioselective aziridine opening reaction.
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Figure 2-3. Plausible mechanism.
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FUUET (-)-Aurantioclavine D&k,

2-9— R-3-= FaZRBEFEMOINAX I NEERT Vi e b~ o T omBic k- T
TIVT e R~ 281 L 7-% Horner-Wadsworth-Emmons 2 K> TARAZFI= AT /L 18
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AEEOG DR 14 #4572 (Scheme 2-10.), 14 Z 5k 07 2V O AV DS L= &
ZARWET U FARRETHICT DTV P UonGoiic, L LB oiEoniTy
U ATZEEMES BRI K > TR L, IEEPME TN Lz, £Z2CTTLCIZE->T 14 D
HR 2R LIt  SUSRFUIZ NHCLT & A% ) —AZ2MZ DT Ry UG RARTz & 2
AL PR 96%., 98%ee ICTHMIDF Z T I 2 19 21572,

Scheme 2-10. Synthesis of N-Boc protected amine 19 using organocatalytic asymmetric aziridination.
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OH O0°Ctort. NaH (2.5 eq) -78°C tor.t.
0,
| 2)MnO, (600% wt) THF , rt. | 2) Mggz C§I60(r) tﬁ wt)
NO CHaCla 1t 76% yield NO2 82% y2ie|§ (2 steps)
2 o
(3 steps) 18
Ph 9o
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o o, 1 0,
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Scheme 2-11. Synthesis of a substrate for the Pd-catalyzed cascade cyclization.

CO,Me CO,Me allenyl tosylate
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Scheme 2-12. Formal synthesis of (-)-Aurantioclavine.
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2) TBAF (2 eq) then H,0, (10 eq)
N THF, r.t. N pyridine (2 eq)
Ts 98% (2 steps) Ts CHCI;3;, 0°Ctort.
24 25
\ Ts 1) Na (20 eq) \BOC\ Yang's data
N naphthalene (20 eq) N 93% ee
THF, -78°C,1.5h [a]p= -47 (c = 0.36, CHCl3)
N\ 2)Boc,0 (3 eq) N\ S;/(r;tetlc compound
N pyridine (3 eq) N o &e
Ts DMAP (cat.) Boc [a]p=-50 (c = 0.84, CHCI3)
26 CH,Cl,, r.t. 20 h 27

70% (2 steps)

27 250 Yang HICE DAL — MIZF I AF LU 2L L -%AE LT VT e R
125t U Julia-Kocienski M Z k> T3 @HA L 7 ¢ V2 4EEZE, 2 DD Boc & ifr£Ed 5
Z L CREWITEL D TH 5H(Scheme 2-13.),

Scheme 2-13. Yang's synthesis of (=)-Aurantioclavine.
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KEMDOEERH DS L 26 025 3 EHA L 7 ¢ DS A K77~ (Scheme 2-14.), 26 (2%t
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WNUEFRED Ts BRI KD EEENFRKTH D LB X, BiR#EOH%, EEIE L LKGETT
ST=BEEIR ST 5 DI TH o 7=, Yang HIZ LD HIED RN E DRI G IRMEL |
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Scheme 2-14. Synthetic effort to constraction of trisubstituted olefin.

\'I,\'ls )\/ \Ts

N
Grubbs cat.
N it N
N conditions N
Ts Ts

1) AD-mix-a, t-BuOH-H50, r.t.
2) NalO4, MeOH-H,0, 0 °C

3y Phoo o

, S
T
N—N
LHMDS, -78 °C
low yield



3,4 MICHEREATHNY 7T U BRIZE L OEDIEHALEMICE TN BHK TH D
(Figure 3-1.), F—FE THilk 7= X 51T 3,4 (iffiER A > R— /N OERIEIZET 2 HFEI3E A
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Figure 3-1. Bioactive compounds with a 3,4-fused tricyclic benzofuran skeleton.
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Scheme 3-1. Synthetic method of 3,4-fused tricyclic benzofurans.
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A PAMEEZ L D0 A — RROSEFIN LTz 3,4 (iffBR~ Y 7 T v DA KL

BI%E L7 Pd ilEIC L 5 0 A — FRISZMEERNV Y 7 7 VORIV D Z & & L, Bk
G OET NHE L LT 29 245 L7-(Scheme 3-2.), BEA{LEY) 2822 D7 = / — VIRE
ZTBSAIb L7=%., KFbFA IR T NI DALATT VT e REETLLEZ, ST a—b
% Appel LG CRFICEMR L%, Tlra=y NERSESE-, TLol~vaik—h&
s SR 72BRIZ TBS 23R S baW 29 NG b7,

BT HE 2 A OWUGZEIT - /b5 BIOBRLIR 30 1345 572 & O DOPEEITIK ) - 72,
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Scheme 3-2. Pd catalyzed cascade cyclization reaction.
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OH
28
CO,Me
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COZMe

P(2-furyl); (24 mol%)
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~ |
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I TV L BRI T DA

Snieckus H1% 1985 £, ANV I — K7 = /) — D7 a VLo —T )VE T TNV
W 2T 3MICAF LY ZATAHYE RERUY 7S5 VDEKRICKESLTVD
23(Scheme 3-3.), Z DB IT 2 HEEEFIAT 5 Z &L THIORMERN Y 7 T U BERK
TELOTIERWNEEZ T,

Scheme 3-3. Radical cyclization reaction reported by Snieckus and coworkers.
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Scheme 3-4. Reaction design.
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REr L2 ET VI 2 LT O F1E THRL L 72(Scheme 3-5.), BLA{&4) 28 Z i HME S0 T
BULT m LR RS &/ 2 8T 81 & L=tk DABCO filliit & 7 7 U LEE A F L%
W/ FRH-Baylis-Hillman FUGIZ K> THET ATV AEA LT, 32 OKEEEL T EF L
fbLite, BICHI T B F A IC K-> TETVEE 84 2157,

Scheme 3-5. Synthesis of model substrate 34.
CHO propargyl bromide (1.5 eq) CHO
K2003 (15 eq)
| DMF, r.t. i l
OH 83% yield o_Z

28 31

OH Ac,0 (2 eq)

DABCO (0.65 eq) NEt; (2 eq)

Methylacrylate (20 eq) COMe  pMmAP (10 mol%)
sonication, r.t. I CH,Cl,, 0 °C to r.t.
85% yield o F 88% yield
32

OAc DABCO (1 eq)

CO,Me H,O/THF: 1/3, r.t. CO,Me
| then NaBH4 (2 eq) |/
P r.t. =
o_*Z 82% yield o0_Z
33

34

34 % 10 mol%® AIBN 35 L O HSn(Bws f£7E B U HIIBGETE L7 & 2 A, HRDBR

ik 85 23 85%UN=E T & L7z (entry 1), IR DL % H IS E TIXSUSIREE & IEBEO R
AT o T2 RFTORER, V= RS 5 SIS TE T OUNCROUGEN L H 17 (entry 2),
W TIREDOHF 21T 272, 0.1 M TRIGEIT 272 & ZTAETIEPET L7z (entry 4), ##

FE% 0.03 M T Fif7=& 25 93%ILET 85 gL itiz(entry 5), & 512 0.01 M £ THR

LTI ZIT> TN O L FEITITE L 0o T2 (entry 6), HSn(mBu)s Ot v iz

HSi(TMS)s & H\ 7= & & AUERIME T L= (entry 7).



Table 3-1. Optimization of the reaction conditions.

CO,Me
COMe  AIBN (10 mol%) 2
reagent (1.1 eq) OQ
| >
P solvent
O// reflux, time o)
34 35
entry solvent (M) reagent time result )
1 benzene (0.05) HSn(nBu)3 45 min 85% vyield
2 toluene (0.05) HSn(nBu)3 35 min 89% yield
3 xylene (0.05) HSn(nBu)3 30 min 86% yield
4 toluene (0.1) HSn(nBu); 20 min 86% vyield
b
5 toluene (0.03) HSn(nBu)3 30 min 93% yield )
6 toluene (0.01) HSn(nBu); 1h 93% vyield
7 toluene (0.05) HSi(TMS); 2h 70% vyield

a) Determined by H-NMR of the crude mixture using CHPh3 as internal standard.
b) Isolated yield.

SRR D TFA 12 X 2 BMAVIZRIEZ < &7 L. 3,4 (IMEERX Y 7T L~ & @RIz
TEWATRE T dH - 7~ (Scheme 3-6.).

Scheme 3-6. Isomerization of the reaction product.
COzMe COZMG
OQ TFA (30 eq)
CH2C|2, r.t. /
0] 92% yield (o)
35 36

BAEIIARKIGOFE O HEFHICE T M 21T o T\ D, xR k& SOFEEROMEER
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Figure 3-2. Energy profile of the reaction.
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Pd-catalyzed intramolecular Heck insertion-aminocyclization cascade

N Pd(dba), X
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NHTs DMSO, 90 °C TsN up to 94%yie|d
R R
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3,4-fused tricyclic indole derivatives
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1. General

Infrared (IR) spectra were recorded on a Fourier transform infrared spectrophotometer,
equipped with ATR. NMR spectra were recorded with a 400 MHz spectrometer. Chemical shifts
in CDCl; were reported downfield from TMS (= 0 ppm) for *"H NMR. For *C NMR, chemical
shifts were reported in the scale relative to the solvent signal [CHCI; (77.0 ppm)] as an internal
reference. Positive-ion mass spectra were recorded by electrospray ionization (ESI-TOF).
Column chromatography was performed with 63-230 mesh spherical neutral silica gel.
Reactions were carried out in dry solvent. Other reagents were purified by the usual methods.



2. General Procedure for the Pd-catalyzed Cascade Cyclization and Product
Characterizations

CO,Me Pd(dba), (5 mol%)
(2302|v|e P(2-furyl); (12 mol%) CO,Me

K,COj4 (4 €q) OQ CO,Me
' DMSO (0.03 M)
NHT: 90 °C, 18 h
S TsN
5a 6a

General Procedure: A solution of 5a (46.4 mg, 0.0815 mmol), Pd(dba), (2.34 mg, 0.00407
mmol), P(2-furyl); (2.27 mg, 0.00978 mmol), K,CO; (45.0 mg, 0.326 mmol) in DMSO (2.7
mL) was heated at 90 °C for 18 h. The reaction mixture was cooled down to room temperature

and then quenched with sat. ag. NH4CI. The obtained mixture was extracted with AcOEt and the
combined organic layers were washed with brine, dried over Na,SOy,, and then concentrated in
vacuo. The obtained residue was purified by flash column chromatography (SiO,,
hexane/AcOEt = 4/1 to 3/1) to give 6a (28.0 mg, 78% vyield) as white solid. Mp. 157-158 °C
(decomp.); IR (ATR) v 880, 937, 1062, 1090, 1167, 1245, 1354, 1441, 1591, 1733 cm™; 'H
NMR (CDCly): & 2.37 (s, 3H), 2.88 (dd, J = 3.2, 7.6 Hz, 2H), 3.33 (s, 2H), 3.56 (s, 6H), 4.51 (dd,
J=3.2,5.6 Hz, 2H), 5.57-5.61 (m, 1H), 6.80 (d, J = 8.0 Hz, 1H), 7.13 (dd, J = 8.0, 8.0 Hz, 1H),
7.23 (d, J = 8.0 Hz, 2H), 7.54 (d, J = 8.0 Hz, 1H), 7.66 (d, J = 8.0 Hz, 2H); *C NMR (CDCls):
8 21.5, 36.2, 40.3, 52.7 (2C), 54.8, 55.2, 112.8, 117.0, 124.9, 127.2, 127.2 (2C), 129.4, 129.7
(2C), 132.0, 1339, 134.4, 144.1, 144.6, 170.8 (2C); (+)-ESI-HRMS. Caled for
C23H23NNaOgS (M+Nat): 464.1144. Found: 464.1158.

CO,Me

MsN
6b

Compound 6b: colorless oil; IR (ATR) v 633, 653, 779, 964, 1090, 1160, 1228, 1351, 1438,
1733 cm™; *H NMR (CDCl5): & 2.84 (s, 3H), 2.98 (dd, J = 4.0, 8.0 Hz, 2H), 3.43 (s, 2H), 3.63 (s,
6H), 4.58 (dd, J = 2.8, 5.6 Hz, 2H), 5.71-5.74 (m, 1H), 6.88 (d, J = 7.6 Hz, 1H), 7.15 (dd, J =
7.6, 7.6 Hz, 1H), 7.31 (d, J = 7.6 Hz, 1H); *C NMR (CDCl,): & 34.9, 36.2, 40.3, 52.8 (2C), 54.9,
55.6, 112.3, 117.7, 125.2, 127.2, 129.7, 132.0, 134.7, 144.5, 170.8 (2C); (+)-ESI-HRMS.
Calcd for C17H19NNaOsS (M+Na*): 388.0831. Found: 388.0846.



6¢Cc

Compound 6c: white amorphous solid; IR (ATR) v 633, 660, 940, 1085, 1166, 1246, 1436,
1599, 1737, 2957 cm™; *H NMR (CDCl5): & 1.15 (d, J = 6.8 Hz, 12 H), 1.26 (d, J = 6.8 Hz, 6H),
2.90 (sep, J = 6.8 Hz, 1H), 2.93 (d, J = 4.4 Hz, 2H), 3.40 (s, 2H), 3.60 (s, 6H), 4.12 (sep, J = 6.8
Hz, 2H), 4.43 (dd, J = 2.8, 5.6 Hz, 2H), 5.59-5.63 (m, 1H), 6.76 (d, J = 7.6 Hz, 1H), 7.04 (dd, J
= 7.6, 7.6 Hz, 1H), 7.14 (d, J = 7.6 Hz, 1H), 7.17 (s, 2H); *C NMR (CDCls):  23.5 (2C), 24.5
(4C), 29.3, 34.1, 36.3, 40.4 (2C), 41.1, 52.7, 54.1 (2C), 111.6, 116.9, 123.8, 124.0 (2C), 124.0,
126.1, 129.3, 131.9, 132.2, 134.3, 151.2 (2C), 153.5, 170.9 (2C); (+)-ESI-HRMS. Calcd for
C31H3sNNaOgS (M+Na*): 576.2396. Found: 576.2392.

COzMe

OQ CO,Me

CbzN
6d

Compound 6d: yellow oil; IR (ATR) v 620, 637, 698, 757, 1033, 1101, 1245, 1399, 1437, 1733
cm™: 'H NMR (CDCly): 5 2.95 (s, 2H), 3.42 (s, 2H), 3.62 (s, 6H), 4.62 (d, J = 2.8 Hz, 2H), 5.24
(br-s, 2H), 5.64 (br-s, 1H), 6.80 (d, J = 7.6 Hz, 1H), 7.14 (dd, J = 7.6, 7.6 Hz, 1H), 7.34-7.40 (m,
5H), 7.82 (d, J = 7.6 Hz, 1H): ®C NMR (CDCls): & 29.7, 36.3, 40.5, 52.7 (2C), 55.0, 57.2, 113.9,
124.0, 154.1, 125.2, 128.0, 128.5, 128.6 (2C), 128.8 (2C), 128.8, 129.5, 130.3, 135.0, 151.9,
171.1 (2C); ()-ESI-HRMS. Calcd for C24H23NNaOs (M+Nat): 444.1423. Found:
444.1436.

CO,Me

O Q CO,Me

TsN

6e

Compound 6e: white amorphous solid; IR (ATR) v 907, 1062, 1090, 1170, 1247, 1352, 1444,



1550, 1589, 1737 cm™; *H NMR (CDCl,): & 1.52 (d, J = 6.4 Hz, 3H), 2.33 (s, 3H), 2.82 (ddd, J
=1.6, 4.4, 18.4 Hz, 1H), 2.94 (ddd, J = 1.6, 4.4, 18.4 Hz, 1H), 3.35 (s, 2H), 3.37 (s, 3H), 3.65 (s,
3H), 4.57-4.62 (m, 1H), 4.57 (dt, J = 1.6, 5.2 Hz, 1H), 6.84 (d, J = 7.2 Hz, 1H), 7.14 (dd, J =
7.2, 7.2 Hz, 1H), 7.17 (d, J = 8.4 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 7.2 Hz, 1H); **C
NMR (CDCl,): § 21.5, 24.8, 36.1, 40.6, 52.2, 52.8, 54.8, 63.0, 104.0, 114.6, 117.7, 125.6, 126.8,
127.0 (2C), 129.4, 129.5 (2C), 134.6, 138.8, 143.3, 143.7, 170.4, 171.2; (+)-ESI-HRMS.
Caled for C24H25NNaOsS (M+Nat): 478.1300. Found: 478.1295.

COzMe

TsN
CsHyq
6f

Compound 6f: yellow oil; IR (ATR) v 935, 1013, 1062, 1090, 1169, 1245, 1354, 1444, 1590,
1736 cm™; *H NMR (CDCls): § 0.85 (t, J = 6.4 Hz, 3H), 1.25-1.39 (m, 6H), 1.65-1.73 (m, 1H),
1.92-2.00 (m, 1H), 2.32 (s, 3H), 2.82 (dd, J = 4.4, 17.6 Hz, 1H), 2.94 (dd, J = 4.4, 17.6 Hz,
1H), 3.33 (s, 2H), 3.36 (s, 3H), 3.64 (s, 3H), 4.60-4.63 (m, 1H), 5.48 (dt, J = 2.0, 4.4 Hz,
1H), 6.84 (d, J = 8.0 Hz, 1H), 7.14 (dd, J = 8.0, 8.0 Hz, 1H), 7.15 (d, J = 8.0 Hz, 2H), 7.50 (d, J
= 8.0 Hz, 2H), 7.55 (d, J = 8.0 Hz, 1H); *C NMR (CDCl,): § 14.0, 21.4, 22.5 (2C), 31.8, 36.0,
37.9, 40.4, 52.1, 52.7, 54.7, 66.9, 114.9, 114.8, 125.7, 127.0 (2C), 127.9, 129.1, 129.4 (2C),
134.2, 134.6, 137.2, 143.6, 143.9, 170.2, 171.1; (+)-ESI-HRMS. Calcd for C2sH3sNNaOeS
(M+Na*): 534.1926. Found: 534.1926.

CO,Me
TsN
Ph
6g

Compound 6g: white amorphous solid; IR (ATR) v 911, 937, 1059, 1090, 1168, 1245, 1355,
1443, 1589, 1734 cm™; 'H NMR (CDCls): & 2.34 (s, 3H), 2.75 (ddd, J = 2.0, 5.2, 18.4 Hz, 1H),
2.91 (ddd, J =2.0, 5.2, 18.4 Hz, 1H), 3.36 (d J = 2.0 Hz, 2H), 3.46 (s, 3H), 3.53 (s, 3H), 5.41 (dt,
J=12.4,5.2 Hz, 1H), 5.59 (dd, J = 2.0, 2.0 Hz, 1H), 6.87 (d, J = 7.2 Hz, 1H), 7.14 (d, J = 8.0 Hz,
2H), 7.19 (t, J = 8.0 Hz, 1H), 7.23-7.31 (m, 5H), 7.48 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 8.0 Hz,
1H); *C NMR (CDCls): & 21.5, 53.9, 40.6, 52.4, 52.6, 54.7, 69.9, 113.5, 120.3, 125.4, 126.7,



127.1 (2C), 127.2 (2C), 127.9, 128.5 (2C), 129.4 (2C), 1295, 134.6, 135.1, 138.4, 142.1, 143.7,
144.0, 170.6, 170.9; (+)-ESI-HRMS. Caled for C29H27:NNaOsS (M+Na*): 540.1457.
Found: 540.1465.

COZMe

OQ COsMe

TsN
6h

Compound 6h: white amorphous solid; IR (ATR) v 664, 736, 814, 1092, 1170, 1247, 1356,
1437, 1597, 1734 cm™; "H NMR (CDCl,): 8 1.77 (s, 3H), 2.37 (s, 3H), 2.83 (s, 2H), 3.31 (s, 2H),
3.56 (s, 6H), 4.47 (s, 2H), 6.76 (d, J = 8.0 Hz, 1H), 7.06 (dd, J = 8.0, 8.0 Hz, 1H), 7.24 (d, J =
8.0 Hz, 2H), 7.53 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.0 Hz, 2H); **C NMR (CDCly): § 21.5, 22.6,
40.0, 42.6, 52.6 (2C), 54.6, 54.8, 102.8, 112.5, 124.4, 124.9, 125.8, 126.3, 127.1 (2C), 128.3,
129.7 (2C), 133.6, 134.1, 144.1, 170.9 (2C); (+)-ESI-HRMS. Calcd for C2:H2sNNaOgS
(M+Na*): 478.1300. Found: 478.1305.

COZMe

TsN
6i

Compound 6i: colorless oil; IR (ATR) v 662, 705, 735, 813, 945, 1092, 1164, 1355, 1436, 1734
cm™; 'H NMR (CDCly): & 0.98 (d, J = 7.2 Hz, 3H), 2.36 (s, 3H), 3.14 (d, J = 16.0 Hz, 1H),
3.28-3.34 (m, 1H), 3.34 (5, 3H), 3.46 (dd, J = 1.2, 16.0 Hz, 1H), 3.71 (s, 3H), 4.45 (dt, J = 2.4,
14.8 Hz, 1H), 4.59 (dt, J = 2.4, 14.8 Hz, 1H), 5.63 (dt, J = 2.4, 6.0 Hz, 1H), 6.83 (d, J = 8.0 Hz,
1H), 7.11 (dd, J = 8.0, 8.0 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 8.0 Hz, 1H), 7.66 (d, J
= 8.0 Hz, 2H); 3C NMR (CDCly): 6 18.3, 21.5, 34.8, 38.5, 52.2, 52.9, 55.3, 59.0, 112.7, 123.4,
124.9, 127.2 (2C), 127.4, 129.2, 129.7 (2C), 129.8, 133.9, 134.4, 144.1, 1445, 169.5, 177.9;
(+)-ESI-HRMS. Calcd for C24H2sNNaOeS (M+Na*): 478.1300. Found: 478.1292.

NTs

—

TsN
6j

Compound 6j: white solid; Mp. 84-85 °C; IR (ATR) v 605, 659, 741, 814, 907, 1090, 1158,



1336, 1443, 1596 cm™; 'H NMR (CDCls): & 2.34 (s, 3H), 2.37 (s, 3H), 4.19 (dd, J = 2.8, 5.6 Hz,
2H), 4.27 (dd, J = 3.6, 6.8 Hz, 2H), 4.56 (s, 2H), 5.33-5.36 (m, 1H), 6.78 (d, J = 7.2 Hz, 1H),
6.97 (d, J = 8.0 Hz, 2H), 7.15 (dd, J = 7.2, 7.2 Hz, 1H), 7.24 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.0
Hz, 2H), 7.46 (d, J = 7.2 Hz, 1H), 7.65 (d, J = 8.4 Hz, 2H); *C NMR (CDCls): & 21.4, 21.5,
50.8, 53.7, 54.6, 113.0, 117.2, 122.0, 126.6, 127.1 (2C), 127.2 (2C), 128.5 (2C), 129.8 (2C),
130.1, 133.1, 133.7, 134.9, 136.3, 143.4, 1444, 145.1; (+)-ESI-HRMS. Caled for
C25H24sN2Na04S2 (M+Nat): 503.1075. Found: 503.1068.

NHBoc

OQ CO,Me

TsN
6k

Compound 6k: white solid; Mp. 177-178 °C (decomp.); IR (ATR) v 664, 726, 812, 906, 1091,
1163, 1235, 1365, 1492, 1706 cm™; *H NMR (CDCls): & 1.27 (s, 9H), 2.38 (s, 3H), 2.71-2.84
(m, 2H), 3.12 (d, J = 15.6 Hz, 1H), 3.67 (d, J = 15.6 Hz, 1H), 3.76 (s, 3H), 4.44-4.66 (m, 3H),
5.42 (br-s, 1H), 6.78 (d, J = 7.6 Hz, 1H), 7.16 (dd, J = 7.6, 7.6 Hz, 1H), 7.26 (d, J = 8.0 Hz, 2H),
7.60 (d, J = 7.6 Hz, 1H), 7.70 (d, J = 8.0 Hz, 2H); *C NMR (CDCl5): & 21.6, 28.0 (3C), 38.8,
40.7, 52.7, 55.2, 56.8, 79.8, 112.9, 114.3, 125.8, 127.2 (2C), 127.4, 129.8 (2C), 130.0, 133.4,
133.7, 133.8, 144.3 144.7, 154.4, 174.4; (+)-ESI-HRMS. Calcd for C2sH30N2NaOgS
(M+Na*): 535.1509. Found: 535.1526.

MeO,C
eY2% co,Me

TsN
6l

Compound 6l: white amorphous solid; IR (ATR) v 813, 1092, 1111, 1167, 1254, 1294, 1356,
1437, 1597, 1733 cm™; 'H NMR (CDCly): & 1.99 (t, J = 5.2 Hz, 2H), 2.21 (br-s, 2H), 2.38 (s,
3H), 3.22 (br-s, 2H), 3.73 (s, 6H), 4.36 (br-s, 2H), 5.54 (m, 1H), 6.60 (d, J = 7.6 Hz, 1H), 7.13
(dd, J = 7.6, 7.6 Hz, 1H), 7.22 (d, J = 7.6 Hz, 2H), 7.55 (d, J = 7.6 Hz, 1H), 7.61 (d, J = 7.6 Hz,
2H); *C NMR (CDCly): & 21.5, 23.6, 27.2, 35.8, 52.7, 58.3, 58.5 (2C), 114.6, 123.6, 125.8,
127.6 (2C), 129.6, 129.6 (2C), 129.9, 131.7, 132.4, 133.3, 144.2, 1453, 173.3 (2C);
(+)-ESI-HRMS. Calcd for C24H2sNNaOsS (M+Na*): 478.1300. Found: 478.1282.

3. Derivatizations of the Reaction Adducts



CO,Me TMSCI (1.6 eq) CO,Me

CO,Me Nal (1.6 eq) CO,Me
O H,0 (0.8 eq) _
CH4CN (0.1 M)

TN n8h TeN—7
6a 7a

To a stirred solution of 6a (14.0 mg, 0.0317 mmol), Nal (7.6 mg, 0.0507 mmol) and
H:0 (0.5 uL, 0.0277 mmol) in CHsCN (0.32 mL) (Note: A CHsCN solution of H20
was prepared and utilized as a solvent.) was added TMSCI (6.5 pL, 0.0512 mmol) at
room temperature, and the resulting mixture was stirred at the same temperature.
After 8 h, the reaction was poured into water and extracted with AcOEt. The
combined organic layers were washed with 10% aq. Na2S20s and brine, dried over
Na2S04, and then evaporated under vacuum. The obtained residue was purified by flash
column chromatography (SiO,, hexane/AcOEt = 3/1) to give 7a (13.2 mg, 94% yield) as white
amorphous solid; IR (ATR) v 605, 665, 1090, 1132, 1175, 1219, 1288, 1360, 1433, 1733 cm™;
'H NMR (CDCly): & 2.35 (s, 3H), 2.43 (t, J = 5.6 Hz, 2H), 2.93 (t, J = 5.6 Hz, 2H), 3.52 (s, 2H),
3.67 (s, 6H), 6.99 (d, J = 8.0 Hz, 1H), 7.17 (dd, J = 8.0, 8.0 Hz, 1H), 7.21 (s, 1H), 7.22 (d, J =
8.0 Hz, 2H), 7.74 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.0 Hz, 1H); *C NMR (CDCl,): 5 21.6, 21.8,
33.1, 36.7, 52.7 (2C), 58.6, 112.3, 120.8, 123.8, 124.2, 125.0, 126.8 (2C), 129.8 (2C), 130.5,
131.1, 135.0, 135.4, 1447, 172.1 (2C); (H)-ESI-HRMS. Calcd for CssH2sNNaOeS
(M+Na*): 464.1144. Found: 464.1141.

COZMe
CO,Me

/

Me
Te

TsN

Compound 7e: white amorphous solid; IR (ATR) v 621, 664, 735, 812, 1092, 1180, 1230, 1359,
1438, 1733 cm™; 'H NMR (CDCls): § 2.25 (t, J = 5.2 Hz, 3H), 2.30 (s, 3H), 2.69 (t, J = 5.2 Hz,
2H), 3.52 (s, 2H), 3.64 (s, 3H), 7.05 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 1H), 7.21-7.26 (m,
3H), 7.33-7.36 (m, 2H), 7.42-7.44 (m, 3H), 7.11 (d, J = 8.0 Hz, 1H); *C NMR (CDCls): § 12.5,
21.0, 21.6, 33.0, 36.6, 52.7 (2C), 58.6, 113.3, 121.8, 124.1, 124.3, 126.3 (2C), 129.6, 129.8 (2C),
130.0, 130.4, 136.1, 136.4, 144.5, 172.2 (2C); (+)-ESI-HRMS. Calcd for CaosH2:NNaOeS
(M+Na*): 478.1300. Found: 478.1280.



COZMe
CO,Me

TsN /
Ph

79

Compound 7g: white solid; Mp. 69-70 °C; IR (ATR) v 664, 702, 733, 783, 1083, 1176, 1223,
1364, 1437, 1732 cm™; *H NMR (CDCls): & 2.25 (t, J = 5.2 Hz, 2H), 2.30 (s, 3H), 2.69 (t, J =
5.2 Hz, 2H), 3.52 (s, 2H), 3.64 (s, 6H), 7.05 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 1H), 7.21-
7.26 (m, 3H), 7.33-7.36 (m, 2H), 7.42-7.44 (m, 3H), 7.11 (d, J = 8.0 Hz, 1H); *C NMR
(CDCly): 8 21.4, 21.5, 32.9, 36.1, 52.7 (2C), 58.6, 115.2, 125.1, 125.2, 125.8, 126.7 (2C), 127.4
(2C), 128.5, 129.2 (2C), 130.4, 13.9, 131.1, 131.4 (2C), 134.7, 135.4, 137.2, 144.3, 172.1 (2C);
(+)-ESI-HRMS. Calcd for C20H27NNaOsS (M+Na*): 540.1457. Found: 540.1466.

CO,Me CO,Me
COzMe COZMe
OQ TFA (30 eq)
CH,Cl, (0.03 M)
TsN rt., 18 h TsN /
6a 7a

Isomerization by TFA: To a solution of 6a (37.2 mg, 0.08 mmol) in CH,CI, (2.8 mL) at 0 °C
was added TFA (0.19 mL, 2.53 mmol), and the resulting mixture was stirred at room
temperature for 18 h. The resulting mixture was diluted with EtOAc and washed with saturated
aqueous NaHCOj solution, brine, and then dried over Na,SO,. After concentration in vacuo, the
obtained residue was purified by flash column chromatography (SiO,, hexane/AcOEt =
3/1) to give 7a (34.9 mg, 94% vyield).

COzMe COzMe
OQ CO,Me DDQ (2.5 eq) OO COyMe
benzene (0.05 M
TN reflux, 2.5 h TSN Y,

6a 8a

Compound 6a (15.4 mg, 0.0349 mmol) and DDQ (19.8 mg, 0.0872 mmol) were dissolved in
benzene (0.7 mL), and the resulting solution was refluxed for 2.5 h. The reaction mixture was
cooled down to room temperature and then concentrated in vacuo. The obtained residue was
purified by flash column chromatography (SiO,, hexane/ AcOEt = 3/1) to give 8a (14.3 mg, 93%
yield) as colorless oil. IR (ATR) v 664, 731, 813, 911, 1076, 1177, 1229, 1367, 1435, 1737 cm™;



'H NMR (CDCl,): & 2.35 (s, 3H), 3.55 (s, 2H), 3.62 (s, 6H), 6.07 (d, J = 11.6 Hz, 1H), 6.72 (d, J
=11.6 Hz, 1H), 7.08 (d, J = 7.6 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.26 (dd, J = 7.6, 7.6 Hz, 1H),
7.53 (s, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.82 (d, J = 7.6 Hz, 1H); *C NMR (CDCl,): & 21.6, 39.8,
53.0 (2C), 60.3, 111.9, 120.0, 124.2, 124.3, 124.9, 125.4, 126.9 (2C), 126.9, 127.0, 129.9 (2C),
131.5, 135.0, 135.1, 145.1, 172.3 (2C); (+)-ESI-HRMS. Caled for C23H21NNaOesS
(M+Na*): 462.0987. Found: 462.0972.

COzMe COzMe
CH,CI, (0.1 M)
TsN 48 h -/ o
6a 9a

Compound 6a (9.6 mg, 0.0217 mmol) and PCC (9.4 mg, 0.0435 mmol) were dissolved in
CH,CI; (0.22 mL), and the resulting solution was stirred at room temperature. After 48 h, the
reaction was concentrated in vacuo, and the obtained residue was purified by flash column
chromatography (SiO,, hexane/AcOEt = 3/1) to give 9a (7.5 mg, 76% yield) as colorless oil; IR
(ATR) v 664, 939, 1092, 1151, 1177, 1378, 1436, 1529, 1667, 1733 cm™; 'H NMR (CDCls): &
2.37 (s, 3H), 3.32 (s, 2H), 3.59 (s, 6H), 3.72 (s, 2H), 7.15 (dd, J = 1.2, 7.6 Hz, 1H), 7.29 (dd, J =
7.6, 7.6 Hz, 1H), 7.30 (d, J = 8.8 Hz, 2H), 7.84 (dd, J = 1.2, 7.6 Hz, 1H), 7.86 (d, J = 8.8 Hz,
2H), 8.40 (s, 1H); *C NMR (CDCls): & 21.6, 40.7, 50.0, 53.1 (2C), 54.7, 112.1, 120.8, 124.1,
125.3, 125.4, 127.3 (2C), 130.1, 130.2 (2C), 131.8, 134.4, 1350, 146.0, 170.5 (2C), 191.5;
(+)-ESI-HRMS. Calcd for C2sH21NNaO7S (M+Na*): 478.0936. Found: 478.0950.

4. Substrate Syntheses and Compound Characterizations
4-1. General Procedure for the Synthesis of Benzyl Bromide Derivatives.

TsCl (1.5 eq)
CO,Me CO;Me  pyridine (1.5 eq) COzMe
Fe (3 eq) DMAP (0.1 eq)
I AcOH (0.3 M) I CHCl; (0.2 M) '
NO, reflux, 1 h NH, O0°Ctort, 16 h NHTs
1 Si-1 2

A solution of methyl 2-iodo-3-nitrobenzoate (277.9 mg, 0.905 mmol) in glacial acetic acid (2.7
mL) was heated to 110 °C. Iron powder (151.6 mg, 2.72 mmol) was added portion-wise to the
reaction and the mixture was reflux for 1 h with vigorous stirring. The reaction mixture was
cooled down to room temperature, poured into water, and then extracted with CH,Cl, The
combined organic layers were washed with sat. ag. NaHCO3, dried over Na,SO, and the solvent



was evaporated in vacuo. The residue was purified by flash column chromatography (SiO,
hexane/AcOEt = 4/1) to give SI-1 (207.8 mg, 83% yield) as pale yellow oil. To a stirred solution
of SI-1 (207.8 mg, 0.750 mmol), pyridine (0.11 mL, 1.13 mmol), DMAP (9.16 mg, 0.0750
mmol) in CHClI; (3.8 mL) at 0 °C was added TsCI (214.5 mg, 1.13 mmol) and the reaction was
stirred at room temperature. After 16 h, the reaction mixture was concentrated in vacuo. The
obtained residue was purified by flash column chromatography (SiO,, hexane/AcOEt = 2/1) to
give 2 (272.9 mg, 84% vyield) as white solid. Mp. 101-102 °C; IR (ATR) v 662, 760, 813, 996,
1091, 1164, 1291, 1327, 1445, 1730 cm™; *H NMR (CDCl,): & 2.38 (s, 3H), 3.89 (s, 3H), 7.22
(d, J=8.0 Hz, 2H), 7.28 (br-s, 1H), 7.34 (dd, J = 8.0, 8.0 Hz, 1H), 7.45 (dd, J = 1.6, 8.0 Hz, 1H),
7.64 (d, 8.0 Hz, 2H), 7.82 (dd, J = 1.6, 8.0 Hz, 1H); **C NMR (CDCls): & 21.6, 52.8, 92.5, 124.4,
127.1, 127.4 (2C), 129.1, 129.7 (2C), 135.6, 137.1, 138.9, 144.5, 167.1; (+)-ESI-HRMS.
Calcd for C1sH14INNaO4S (M+Na*): 453.9586. Found: 453.9570.

Reference for Compound 1: Tetrahedron 2006, 62, 4829.

Reference for Compound SI-1: Angew. Chem. Int. Ed. 2014, 53, 3650.

COzMe

I
NHMs
Si-2

Compound SI-2: White solid; Mp. 119-120 °C; IR (ATR) v 605, 614, 753, 965, 995, 1156,
1323, 1377, 1443, 1728 cm™; *H NMR (CDCls): & 3.02 (s, 3H), 3.96 (s, 3H), 7.05 (br-s, 1H),
7.43 (dd, J = 8.0, 8.0 Hz, 1H), 7.55 (dd, J = 1.6, 8.0 Hz, 1H), 7.81 (dd, J = 1.6, 8.0 Hz, 1H); *C
NMR (CDCl,): §40.3, 52.9, 92.7, 124.9, 127.5, 129.5, 137.7, 138.9, 167.1; (+)-ESI-HRMS.
Caled for CoH10INNaO4S (M+Na*): 377.9273. Found: 377.9287.

CO,Me

sI-3
Compound SI-3: White solid; Mp. 96-97 °C; IR (ATR) v 657, 756, 849, 1015, 1165, 1196,
1294, 1382, 1449, 1733 cm™; *H NMR (CDCl): 5 1.23 (d, J = 6.8 Hz, 12H), 1.24 (d, J = 6.8 Hz,
6H), 2.89 (sep, J = 6.8 Hz, 1H), 3.91 (s, 3H), 4.09 (sep, J = 6.8 Hz, 2H), 7.16 (s, 2H), 7.26 (dd,



J=8.0, 8.0 Hz, 1H), 7.36 (br-s, 1H), 7.41 (dd, J = 1.2, 8.0 Hz, 1H), 7.42 (dd, J = 1.2, 8.0 Hz,
1H); 3C NMR (CDCl,): §23.5 (2C), 24.9 (4C), 30.1 (2C), 34.1, 52.8, 91.7, 122.9, 124.2 (2C),
126.2, 128.8, 132.6, 137.5, 139.5, 150.6 (2C), 153.7, 167.3; (+)-ESI-HRMS. Caled for
C23H30INNaO4S (M+Na*): 566.0838. Found: 566.0833.

COZMe

I
NHCbz

Sl-4

Compound SI-4: colorless oil; IR (ATR) v 698, 755, 984, 1146, 1204, 1304, 1373, 1457, 1519,
1732 cm™; *H NMR (CDCl3): & 3.93 (s, 3H), 5.23 (s, 2H), 7.25-7.45 (m, 8H), 8.21 (dd, J = 1.6,
8.0 Hz, 1H); *C NMR (CDCls): 6 52.7, 67.4, 89.1, 122.8, 125.3, 128.4, 128.4 (2C), 128.6 (2C),
128.8, 135.6, 137.1, 139.5, 153.2, 167.6; (+)-ESI-HRMS. Calcd for CisH14INNaOs
(M+Na*): 433.9865. Found: 433.9853.

1) DIBAL-H (4 eq)
CO,Me THF (0.3 M)

-30°C, 2 h Br
| |
2) PPhj3 (1.2 eq)
NHTs CBI’4 (1_2 eq) NHTs
2 CH,CI, (0.1 M) 3
0 °C, 30 min

To a stirred solution of 2 (272.9 mg, 0.633 mmol) in THF (2.1 mL) was added DIBAL-H (2.5
mL, 2.55 mmol, 1.02 M in hexane), and the resulting solution was kept stirring at the same
temperature for 2 h. The reaction was quenched with 2 M ag. Rochelle salt solution and
extracted with AcCOEt. The combine organic layers were washed with brine, dried over Na,SO,.
After concentration in vacuo, the obtained residue was directly utilized for the next reaction. To
a stirred solution of the crude product and PPh; (199.2 mg, 0.759 mmol) in CH,Cl, (6.3 mL) at
0 °C was added CBr,4 (251.6 mg, 0.759 mmol) portion-wise and the solution was stirred at the
same temperature. After 30 min, the reaction mixture was concentrated in vacuo, and the residue
was purified by flash column chromatography (SiO,, hexane/AcOEt = 9/1) to give 3 (224.2 mg,
74% yield) as white solid. Mp. 120-121 °C; IR (ATR) v 813, 852, 1016, 1091, 1163, 1211, 1329,
1381, 1455, 1597 cm™; *H NMR (CDCl5): & 2.38 (s, 3H), 4.51 (s, 2H), 7.02 (br-s, 1H), 7.21 (d,
J=8.0 Hz, 2H), 7.21 (dd, J = 1.6, 8.0 Hz, 1H), 7.27 (dd, J = 8.0, 8.0 Hz, 1H), 7.57 (dd, J = 1.6,
8.0 Hz, 1H), 7.61 (d, J = 8.0 Hz, 2H); *C NMR (CDCl5):  21.6, 39.5, 98.8, 122.1, 127.1, 127.4
(2C), 129.4, 129.7 (2C), 135.7, 138.7, 1415, 144.4; (+)-ESI-HRMS. Caled for



C14H13BrINNaO2S (M+Na*): 487.8793. Found: 487.8793.

Br

I
NHMs

SI-5
Compound SI-5: white solid; Mp. 130-131 °C; IR (ATR) v 855, 966, 1016, 1155, 1211, 1268,
1324, 1378, 1456, 1573 cm™; 'H NMR (CDCl,): & 3.03 (s, 3H), 4.64 (s, 2H), 6.88 (br-s, 1H),
7.32 (dd, J = 2.4, 8.0 Hz, 1H), 7.36 (dd, J = 8.0, 8.0 Hz, 1H), 7.58 (dd, 2.4, 8.0 Hz, 1H); **C
NMR (CDCls): & 39.5, 40.3, 98.5, 121.9, 127.5, 129.8, 138.7, 142.0; (+)-ESI-HRMS. Calcd
for CsHoBrINNaO:S (M+Na+): 411.8480. Found: 411.8481.

Br

\ _NH
s

\

SI-6
Compound SI-6: white solid; Mp. 141-142 °C; IR (ATR) v 604, 633, 658, 850, 1165, 1216,
1380, 1457, 1738, 2959 cm™; *H NMR (CDCls): § 1.22 (d, J = 7.2 Hz, 12H), 1.25 (d, J = 6.8 Hz,
6H), 2.90 (sep, J = 6.8 Jz, 1H), 4.09 (sep, J = 7.2 Hz, 2H), 4.58 (s, 2H), 7.11 (br-s, 1H), 7.16—
7.20 (m, 5H); *C NMR (CDCl,): & 23.5 (2C), 24.8 (4C), 30.1 (2C), 34.1, 39.7, 98.1, 120.6,
124.1 (2C), 126.4, 129.2, 132.6, 139.2, 141.6, 150.6 (2C), 153.6; (+)-ESI-HRMS. Calcd for
C22H2oBrINNaO2S (M+Na*): 600.0045. Found: 600.0063.

Br

NHCbz
SI-7

Compound SI-7: white solid; Mp. 127-128 °C; IR (ATR) v 605, 615, 631, 656, 675, 1217,
1365, 1454, 1507, 1739 cm™; *H NMR (CDCl,): & 4.62 (s, 2H), 5.23 (s, 2H), 7.19 (dd, J = 2.0,
8.0 Hz, 1H), 7.22 (br-s, 1H), 7.33-7.44 (m, 6H), 7.98 (d, J = 8.0 Hz, 1H); *C NMR (CDCly):
540.0, 67.4, 95.6, 120.4, 125.6, 128.4 (2C), 128.4, 128.6 (2C), 129.3, 135.7, 139.3, 141.0,
153.2; (+)-ESI-HRMS. Calcd for Ci5HisBrINNaO: (M+Na*): 467.9072. Found:
467.9054.



4-2. Synthesis of Allenyl Substrates
General Procedure

MeO,C CO,Me
Br co,Me  NaH (1eq) CO,Me
| TBAL(0.1eq)
DMF (0.5 M) '
NHTs 0°Ctort, 8h NHTs
3 4 5a

(1eq)

To a stirred solution of 4 (88.6 mg, 0.481 mmol) in DMF (0.96 mL) at 0 °C was added NaH
(60% oil. 19.2 mg, 0.481 mmol), and the resulting mixture was kept stirring for 30 min. 3
(224.2 mg, 0.481 mmol) and tetrabutylammonium iodide (17.8 mg, 0.0481 mmol) was added to
the reaction, and the mixture was stirred for 8 h at room temperature. The reaction was
quenched with water, and extracted with AcOEt. The combined organic layers were washed
with brine, dried over Na,SO,, and then evaporated under vacuum. The obtained residue was
purified by flash column chromatography (SiO,, hexane/AcOEt = 4/1) to give 5a (230.1 mg,
84% yield) as white solid; Mp. 130-131 °C; IR (ATR) v 660, 713, 762, 814, 850, 972, 1091,
1157, 1338, 1456 cm™; *H NMR (CDCly): & 2.37 (s, 3H), 2.47 (dt, J = 8.0, 2.4 Hz, 2H), 3.49 (s,
2H), 3.63 (s, 6H), 4.65 (dt, J = 6.4, 2.4 Hz, 2H), 5.01 (tt, J = 6.4, 8.0 Hz, 1H), 6.95 (dd, J = 1.2,
7.6 Hz, 1H), 7.01 (br-s, 1H), 7.20 (dd, J = 7.6, 7.6 Hz, 1H), 7.20 (d, J = 7.6 Hz, 2H), 7.56 (dd, J
= 1.2, 7.6 Hz, 1H), 7.60 (d, J = 7.6 Hz, 2H); *C NMR (CDCl,): & 21.5, 32.6, 43.4, 52.5 (2C),
59.1, 74.9, 84.8, 102.3, 121.5, 126.9, 127.4 (2C), 128.7, 129.6 (2C), 135.8, 138.0, 141.1, 144.2,
170.7 (2C), 209.8; (+)-ESI-HRMS. Calcd for C23H21INNaOsS (M+Nat): 592.0267.
Found: 592.0240.

Reference for Compound 4: Org. Lett. 2008, 10, 2079.

MeO,C CO,Me
General procedure CO,Me

CO,Me described above
+ -

| I
NHTs NHMs

SI-5 4 5b

Br

Compound 5b: pale yellow oil; IR (ATR) v 853, 965, 1074, 1156, 1204, 1325, 1380, 1439,
1729, 1955 cm™; 'H NMR (CDCl5): & 2.65 (dt, J = 8.0, 2.8 Hz, 2H), 2.99 (s, 3H), 3.61 (s, 2H),
3.71 (s, 6H), 4.71 (dt, J = 6.4, 2.8 Hz, 2H), .5.08 (tt, J = 6.4, 8.0 Hz, 1H), 6.89 (br-s, 1H), 7.10
(dd, J = 1.6, 8.0 Hz, 1H), 7.27 (dd, J = 8.0, 8.0 Hz, 1H), 7.53 (dd, J = 1.6, 8.0 Hz, 1H); **C
NMR (CDCl,): & 32.9, 40.0, 43.5, 52.6 (2C), 58.9, 75.1, 84.6, 102.0, 121.2, 127.4, 129.0, 138.0,



141.7,170.7 (2C), 210.0; (+)-ESI-HRMS. Calcd for C17H20INNaOsS (M+Na*): 515.9954.
Found: 515.9942.

CO,Me
MeO,C General procedure 2

CO,Me described above

Sl-6 +

y
@)

Compound 5c: colorless oil; IR (ATR) v 656, 717, 849, 1073, 1168, 1202, 1384, 1437, 1600,
1732 cm™; *H NMR (CDCl5): 8 1.22 (d, J = 7.2 Hz, 12H), 1.24 (d, J = 7.2 Hz, 6H), 2.61 (dt, J =
8.4, 2.0 Hz, 2H), 2.89 (sep, J = 7.2 Hz, 1H), 3.56 (s, 2H), 3.64 (s, 6H), 4.10 (sep, J = 7.2 Hz,
2H), 4.66 (dt, 7.2, 2.0 Hz, 2H), 5.05 (tt, J = 7.2, 8.4 Hz, 1H), 6.95-6.97 (m, 1H), 7.08-7.12 (m,
3H), 7.16 (s, 2H); *C NMR (CDCl5): & 23.5, 24.8 (4C), 30.0 (2C), 33.0, 33.0, 34.1, 43.5, 52.5
(2C), 58.9, 74.9, 84.7, 101.6, 120.0, 124.1 (2C), 126.2, 128.4, 132.8, 138.6, 141.4, 150.6 (2C),
153.5, 170.7 (2C), 209.9; (+)-ESI-HRMS. Calcd for C31H40INNaOsS (M+Na*): 704.1519.
Found: 704.1518.

MeO,C General procedure COnglzeMe

Br CO,Me described above
! I
NHCbz NHCbz
SI-7 4 5d

Compound 5d: yellow oil; IR (ATR) v 613, 639, 699, 755, 1065, 1203, 1437, 1519, 1588, 1733
cm™; *H NMR (CDCl,): 8 2.64 (dt, J = 8.0, 2.4 Hz, 2H), 3.61 (s, 2H), 3.69 (s, 6H), 4.67 (dt, J =
7.2, 2.4 Hz, 2H), .5.09 (tt, J = 7.2, 8.0 Hz, 1H), 5.22 (s, 2H), 6.95 (d, J = 8.0 Hz, 1H), 7.21 (br-s,
1H), 7.22 (dd, J = 8.0, 8.0 Hz, 1H), 7.35-7.44 (m, 5H), 7.91 (d, J = 8.0 Hz, 1H); *C NMR
(CDCls): §32.8, 43.5, 52.6 (2C), 59.1, 67.3, 74.9, 84.8, 108.5, 119.5, 125.3, 128.4 (2C), 128.4,
128.5, 128.6 (2C), 135.9, 138.8, 140.6, 153.3, 170.9 (2C), 209.9; (+)-ESI-HRMS. Calcd for
C24H24INNaOs (M+Na*): 572.0546. Found: 572.0538.



MeO,C COyMe
Br General procedure COsMe

COzMe described above

+ —_— I

NHTs NHTs
3 SlI-8 5e

Compound 5e: pale yellow oil; IR (ATR) v 914, 962, 1063, 1089, 1159, 1246, 1347, 1443,
1591, 1732 cm™; *H NMR (CDCls): & 1.62 (dd, J = 3.2, 7.2 Hz, 3H), 2.37 (s, 3H), 2.47 (dd, J
=1.2, 2.8 Hz, 1H), 2.49 (dd, J = 1.2, 2.8 Hz, 1H), 3.49 (s, 2H), 3.61, (s, 3H), 3.62 (s, 3H), 4.90-
4.98 (m, 1H), 5.02-5.10 (m, 1H), 6.98 (dd, J = 2.0, 8.0 Hz, 1H), 7.02 (br-s, 1H), 7.20 (dd, J =
8.0, 8.0 Hz, 1H), 7.21 (d, J = 8.0 Hz, 2H), 7.55 (dd, J = 2.0, 8.0 Hz, 1H), 7.60 (d, J = 8.0 Hz,
2H); *C NMR (CDCly): & 14.3, 21.5, 33.1, 43.2, 52.4, 52.5, 59.0, 84.8, 86.0, 102.2, 121.4,
127.0, 127.4 (2C), 128.6, 129.6 (2C), 135.8, 137.9, 141.3, 144.1, 170.7 (2C), 206.4;
(+)-ESI-HRMS. Calcd for C2sHa2sINNaOsS (M+Na*): 606.0423. Found: 606.0428.
Reference for Compound SI-8: Org. Lett. 2012, 14, 6350.

MeO,C
oM CO,Me
e
Br 2" General procedure CO,Me
described above |
+ —_—m
|
NHTs NHTs
CsHyq
CsHyq
3 SI-9 5f

Compound 5f: pale yellow oil; IR (ATR) v 812, 849, 1011, 1091, 1163, 1238, 1329, 1383,
1438, 1731 cm™; *H NMR (CDCl,): 8 0.88 (t, J = 6.8 Hz, 3H), 1.24-1.41 (m, 6H), 1.96 (ddd, J
=2.4,6.8,16.0 Hz, 2H), 2.36 (s, 3H), 2.50 (dd, J = 2.4, 7.6 Hz, 2H), 3.49 (s, 2H), 3.60, (s, 3H),
3.61 (s, 3H), 4.93-4.98 (m, 1H), 5.05-5.10 (m, 1H), 7.00 (dd, J = 2.0, 8.0 Hz, 1H), 7.04 (br-s,
1H), 7.19 (dd, J = 8.0, 8.0 Hz, 1H), 7.20 (d, J = 8.0 Hz, 2H), 7.55 (dd, J = 2.0, 8.0 Hz, 1H), 7.61
(d, J = 8.0 Hz, 2H); *C NMR (CDCl5): § 14.0, 21.5, 22.4, 28.7, 28.8, 31.2, 33.3, 43.1, 52.4,
52.4,58.9, 85.1, 91.3, 102.1, 121.3, 127.0, 127.4 (2C), 128.6m 129.5 (2C), 135.8, 137.9, 141.3,
144.1, 170.6 (2C), 205.6; (+)-ESI-HRMS. Calcd for C2sHs4INNaOsS (M+Na*): 662.1049.
Found: 662.1037.

Reference for Compound SI-9: J. Am. Chem. Soc. 2006, 128, 9066.



MGOQC

CO,Me

Br COMe ;e neral procedure CO,Me

N described above |
—_—
|
NHTs NHTs
Ph
Ph
3 SI-10 59

Compound 5g: colorless oil; IR (ATR) v 664, 717, 814, 1091, 1164, 1328, 1383, 1438, 1731,
2952 cm™; *H NMR (CDCly): & 2.35 (s 3H), 2.63 (dd, J = 2.4, 7.6 Hz, 2H), 3.54 (s, 2H), 3.60 (s,
3H), 3.61 (s, 3H), 5.46 (dt, J = 8.0, 7.6 Hz, 1H), 6.14 (dt, J = 8.0, 2.4 Hz, 1H), 6.98 (dd, J = 2.0,
8.0 Hz, 1H), 7.03 (br-s, 1H), 7.16-7.31 (m, 8H), 7.55 (dd, J = 2.0, 8.0 Hz, 1H), 7.61 (d, J = 8.0
Hz, 2H); *C NMR (CDCls): § 21.5, 32.9, 43.5, 52.6, 52.6, 58.9, 89.5, 95.0, 102.2, 121.4, 126.8
(2C), 127.0, 127.1, 127.4 (2C), 128.6 (2C), 128.7, 129.6 (2C), 133.8, 135.8, 138.0, 141.1, 144.2,
170.6 (2C), 206.7; (+)-ESI-HRMS. Caled for C20H2sINNaOsS (M+Na*): 668.0580.
Found: 668.0609.

Reference for Compound SI-10: Angew. Chem. Int. Ed. 2000, 39, 1042.

MeO,C CO,Me
General procedure CO,Me
Br COMe yescribed above

+ _ =

NHTs NHTs
3 SI-11 5h

Compound 5h: colorless oil; IR (ATR) v 665, 815, 856, 1089, 1164, 1213, 1232, 1330, 1442,
1733 cm™; 'H NMR (CDCls): 8 1.61 (t, J = 3.2 Hz, 3H), 2.37 (s, 3H), 2.50 (t, J = 3.2 Hz, 2H),
3.55 (s, 2H), 3.59 (s, 6H), 4.62 (tq, J = 3.2, 3.2 Hz, 2H), 6.98 (dd, J = 1.6, 8.0 Hz, 1H), 7.04
(br-s, 1H), 7.20 (dd, J = 8.0, 8.0 Hz, 1H), 7.21 (d, J = 8.0 Hz, 2H), 7.55 (dd, J = 1.6, 8.0 Hz, 1H),
7.62 (d, 8.0 Hz, 2H); *C NMR (CDCls,): 5 20.3, 21.6, 35.6, 42.7, 52.5 (2C), 57.8, 76.1, 94.1,
101.8, 121.0, 127.1, 127.5 (2C), 128.6, 129.6 (2C), 136.0, 137.9, 141.6, 144.1, 170.7 (2C),
206.4; (+)-ESI-HRMS. Caled for C21H26INNaOsS (M+Na*): 606.0423. Found:
606.0420
Reference for Compound SI-11: Tetrahedron 1987, 43, 3441.

M902C G | g COzMe
eneral procedure CO-Me
Br CO2Me yoscribed above 2

+ _

NHTs NHTs
3 S1-12 5i



Compound 5i: colorless oil; IR (ATR) v 660, 715, 735, 813, 848, 1091, 1161, 1239, 1435, 1725
cm™: *H NMR (CDCl5): & 1.11 (d, J = 7.2 Hz, 3H), 2.36 (s, 3H), 2.97-3.05 (m, 1H), 3.41 (d, J =
15.2 Hz, 1H), 3.43 (s, 3H), 3.49 (d, J = 15.2 Hz, 1H), 3.53 (s, 3H), 4.71 (dd, J = 2.0, 5.6 Hz, 2H),
5.30 (dd, J = 5.6, 14.0 Hz, 1H), 7.09 (br-s, 1H), 7.11 (dd, J = 2.0, 8.0 Hz, 1H), 7.16 (dd, J = 8.0
Hz, 1H), 7.22 (d, J = 8.0 Hz, 2H), 7.51 (dd, J = 2.0, 8.0 Hz, 1H), 7.67 (d, J = 8.0 Hz, 2H); °C
NMR (CDCl,): 8 16.3, 21.5, 35.9, 43.8, 52.1, 52.2, 62.6, 75.9, 91.5, 101.7, 120.0, 126.8, 127.5
(2C), 128.5, 129.6 (2C), 136.0, 137.5, 142.2, 144.1, 170.1, 170.2, 208.8; (+)-ESI-HRMS.
Caled for C24H26INNaOesS (M+Na*): 606.0423. Found: 606.0416.

Reference for Compound SI-12: Tetrahedron 1987, 43, 3441.

NHTs General procedure NTs
described above

+ _— > |
I

NHTS NHTs
3 SI-13 5§

Compound 5j: colorless oil; IR (ATR) v 633, 661, 713, 762, 815, 854, 1092, 1161, 1340, 1456
cm™; 'H NMR (CDCls): 8 2.37 (s, 3H), 2.44 (s, 3H), 3.74 (dt, J = 7.2, 2.4 Hz, 2H), 4.31 (s, 2H),
4.52 (dt, J = 6.4, 2.4 Hz, 2H), 4.69 (tt, J = 6.4, 7.2 Hz, 1H), 7.02 (br-s, 1H), 7.20-7.34 (m, 6H),
7.57 (dd, J = 3.2, 8.0 Hz, 1H), 7.64 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H); *C NMR
(CDCly): 6 21.5, 21.5, 46.8, 56.1, 76.3, 84.8, 96.6, 121.4, 125.9, 127.2 (2C), 127.4 (2C), 129.2,
129.6 (2C), 129.8 (2C), 135.8, 136.8, 137.6, 139.6, 143.7, 144.2, 209.5; (+)-ESI-HRMS.
Calcd for C2sH25IN2NaQ4S: (M+Nat): 631.0198. Found: 631.02086.

Reference for Compound 13: J. Org. Chem. 2007, 72, 4378.

Br

Ph Ph
)\ General procedure 7
Br N™ "Ph  gescribed above N COZPI\?Ie
| + cCoOoMe —— >
NHTs '
NHTs
3 Sl-14 SI-15

Compound SI-15: white solid; Mp. 73-75 °C; IR (ATR) v 664, 703, 813, 849, 911, 1091, 1163,
1381, 1444, 1730 cm™; *H NMR (CDCls): & 2.35 (s, 3H), 2.56 (dt, J = 5.2, 2.4 Hz, 2H), 3.24 (s,
3H), 3.36 (d, J = 15.2 Hz, 1H), 3.48 (d, J = 15.2 Hz, 1H), 4.58 (dt, J = 7.2, 2.4 Hz, 2H), 5.06 (tt,
J=5.2,7.2 Hz, 1H), 6.97 (d, J = 7.2 Hz, 2H), 7.04 (s, 1H), 7.17 (dd, J = 7.6, 7.6 Hz, 2H), 7.28—
7.40 (m, 10H), 7.52 (dd, J = 6.0, 6.0 Hz, 2H), 7.62 (d, J = 8.4 Hz, 2H); *C NMR (CDCl):
521.5, 37.8, 49.8, 51.6, 69.7, 74.4, 85.3, 102.6, 120.4, 127.5 (2C), 127.8 (2C), 127.9 (2C),
127.9, 128.0 (2C), 128.1, 128.2 (2C), 128.5, 128.5 (2C), 130.2, 136.0, 137.0, 137.5, 140.6,



142.0, 144.0, 166.9, 173.4, 210.0; (+)-ESI-HRMS. Calcd for CsaHs2IN204S (M+H*):
691.1122 Found: 691.1112.
Reference for Compound SI-14: Synthesis 1988, 12, 983.

X
NZ >Ph NHBoc
COMe 1) 10% Hcl, Et,0 CO.Me
rt,2h _
! 2) Boc,O, THF !
NHTs 0 °C to reflux, 12 h NHTs
SI-15 5k

To a solution of SI-15 (198.9 mg, 0.288 mmol) in Et,O (3 mL) was added 10% HCI (1.5 mL),
and the resulting mixture was stirred vigorously for 2 h. After dilution with Et,0, the resulting
mixture was washed with sat. ag. NaHCO; and brine, dried over Na,SO,. After concentration in
vacuo, and the residue was directly utilized for the next reaction. To a stirred solution of crude
product in THF (1.2 mL) at 0 °C was added Boc,O (155 mg, 0.710 mmol) and the mixture was
refluxed for 12 h. The reaction mixture was cooled down to room temperature, and then
concentrated in vacuo. The obtained residue was purified by flash column chromatography
(SiO,, hexane/AcOEt = 5/1 to 4/1) to give 5k (134.5 mg, 75% vyield) as white solid; Mp. 61—
62 °C: IR (ATR) v 660, 713, 762, 814, 850, 972, 1091, 1157, 1338, 1456 cm™ 'H NMR
(CDCly): 8 1.45 (s, 9H), 2.37 (s, 3H), 2.56 (dd, J = 7.2, 13.6 Hz, 1H), 3.05 (dd, J = 7.2, 13.6 Hz,
1H), 3.38 (d, J = 14.4 Hz, 1H), 3.56 (s, 3H), 3.64 (d, J = 14.4 Hz, 1H), 4.64 (br-s, 2H), 4.83-
4.90 (m, 1H), 5.11 (br-s, 1H), 6.95 (d, J = 7.6 Hz, 1H), 7.04 (br-s, 1H), 7.19 (dd, J =7.6, 7.6 Hz,
1H), 7.20 (d, J = 8.0 Hz, 2H), 7.54 (d, 7 J = 7.6 Hz, 1H), 7.60 (d, J = 8.0 Hz, 2H); **C NMR
(CDCly): 6215, 28.4 (3C), 34.8, 45.6, 52.4, 64.0, 74.6, 79.6, 83.8, 101.4, 121.2, 127.4 (2C),
127.5, 128.5, 129.6 (2C), 135.9, 137.8, 141.1, 144.1, 153.9, 172.3, 210.0; (+)-ESI-HRMS.
Caled for C26H31IN2NaOeS (M+Na*): 649.0840. Found: 649.0861.

MeOZC
Br CO,Me

General procedure C%Zgﬂjwe

described above

+ _—

|
NHTs | NHTs
3 SI-16 51
Compound 5I: white amorphous solid; IR (ATR) v 848, 1012, 1075, 1202, 1286, 1434, 1459,
1571, 1729, 1955 cm™; "H NMR (CDCl5): & 1.84-1.89 (m, 2H), 1.91-1.97 (m, 2H), 2.37 (s, 3H),
2.46 (s, 2H), 3.63 (s, 6H), 4.67 (dt, J = 7.2, 3.2 Hz, 2H), 4.94-5.03 (m, 1H), 6.89 (dd, J = 1.2,



8.0 Hz, 1H), 7.03 (br-s, 1H), 7.17-7.22 (m, 3H), 7.55 (dd, J = 1.2, 8.0 Hz, 1 H), 7.61 (d, J = 8.4
Hz, 2H); *C NMR (CDCls): & 21.5, 23.7, 32.3, 43.8, 52.5 (2C), 58.7, 75.8, 88.9, 102.1, 121.3,
126.8, 127.4 (2C), 128.7, 129.6 (2C), 135.9, 137.9, 141.3, 144.2, 171.1 (2C), 208.2;
(+)-ESI-HRMS. Calcd for C2sH26INNaOsS (M+Na*): 606.0423. Found: 606.0405.
Reference for Compound SI-16: Tetrahedron Lett. 2013, 54, 365.

5. Experimental Procedures of Formal Synthesis of (-)-Aurantioclavine

o 1) BH3*THF (2 eq) 0 Horner-Emmons
THF reagent (1.5 eq)
OH 0°Ctort,2h H NaH (2.5 eq) Xx_-CO,Me
| 2) MnO,, (600% wt) I THF ,rt., 3 h Q:\/
NO2 CH20|2, r.t., 12 h N02 N02
S1-17 18

General Procedure: A solution of 2-iodo-3-nitrobenzoic acid 5 (4.5 g, 15.4 mmol) in THF (31
mL) was purged with Ar(g) and maintained under an inert atmosphere. A solution of borane
(33.5 mL, 30.8 mmol, 0.92 M in THF ) was added dropwise with stirring over 10 min at 0°C.
The resulting mixture was stirred for 2 h at room temperature. The solvent was concentrated in
vacuo and the residue was partitioned between EtOAc and NaHCO3 (sat). The aqueous layer
was extracted with EtOAc and the combined organic layers were washed with brine, dried over
Na,SO, and concentrated in vacuo. The obtained crude product was directly utilized for the next
reaction without further purification. To a stirred solution of the crude product in CH,ClI, (60
mL) at room temperature was added MnO, (30 g). After 12 h, the reaction mixture was filtered
through a pad of Celite and concentrated in vacuo. 2-iodo-3-nitrobenzaldehyde SI-17 as a
yellow solid, which was directly used in the next step. To a stirred solution of the crude product
and trimethyl phosphonoacetate (3.7 mL, 23.1 mmol) in THF (60 mL) was added NaH (1.54 g,
60% in oil, 38.5 mmol) at 0°C, and the resulting solution was stirred at room temperature for 3 h.
The resulting mixture was diluted with EtOAc and washed with saturated aqueous NaHCO;
solution, brine, and then dried over Na,SO,. After concentration under vacuum, the resulting
mixture was purified by flash column chromatography (hexane/EtOAc= 6/1) to give 18 (3.90 g,
76%) as a yellow solid:. Mp. 152-153 °C; IR (ATR) v 605, 626, 650, 967, 1300, 1443, 1524,
1698 cm™; "H NMR (CDClI,): & 3.86 (s, 3H), 6.32 (d, 16.0 Hz, 1H), 7.49 (dd, 8.0, 8.0 Hz, 1H),
7.62 (dd, 1.2, 8.0 Hz, 1H), 7.66 (dd, 1.2, 8.0 Hz, 1H), 7.97 (d, 16.0 Hz, 1H); *C NMR (CDClI):
& 52.1, 123.5, 125.0 (2C), 129.3, 130.1 (2C), 141.8, 147.3, 166.0; (+)-ESI-HRMS. Calcd for
C20H29INO4 (M+H"): 333.9576. Found: 333.9587.



1) DIBAL-H (3 eq)

X C02:Me toluene, -78°C to r.t., 2 h XxCHO
| 2) MnO,, (600% wt) |

NO, CH,Cly, r.t., 14 h NO,
18 14

Compound 14: To a stirred solution of 18 (3.90 g, 11.7 mmol) in THF (39 mL) was added
DIBAL-H (34 mL, 35.1 mmol, 1.02 M in hexane), and the resulting solution was stirring at
room temperature for 2 h. The reaction was quenched with 2 M ag. Rochelle salt solution and
extracted with AcOEt. The combine organic layers were washed with brine, dried over Na,SO,.
After concentration in vacuo, the obtained residue was directly utilized for the next reaction. To
a stirred solution of the crude product in CH,Cl, (60 mL) at room temperature was added MnO,
(24.0 g). After 14 h, the reaction mixture was filtered through a pad of Celite and concentrated
in vacuo. The residue was purified by silica gel column chromatography (SiO2,
n-hexane/EtOAc = 6/1) to give 14 (2.91 g, 82%) as a yellow solid.: Mp. 158-159 °C (decomp.);
IR (ATR) v 822, 919, 977, 1011, 1126, 1353, 1523, 1582, 1624, 1655 cm™; *H NMR (CDCls): &
6.60 (dd, J = 7.2, 16.0 Hz, 1H), 7.56 (dd, J = 8.0, 8.0 Hz, 1H), 7.68 (dd, J = 1.6, 8.0 Hz, 1H),
7.73 (dd, J = 1.6, 8.0 Hz, 1H), 7.83 (d, J = 16.0 Hz, 1H), 9.84 (d, J = 7.2 Hz, 1H); *C NMR
(CDCls): §92.5, 125.7 (2C), 129.6, 130.2, 132.9, 140.9, 154.1, 192.6; (+)-ESI-HRMS. Calcd
for CoH7INO3s (M+H"): 303.9471. Found: 303.9477.

Ph S
O--ueph N BF4

N  OTES Cl// ® N—CgFs CO,Me
«__CHO H N
Qi\/ 16 (10 mol%) 17 (10 mol%) NHBoc
|
NG, TsONHBoc (1.2 eq) MeOH (3 eq) '
NaOAc (3 eq) rt, 20 h NO,
CH,Cl,, -10 °C, 24 h
14 19

Compound 19: To a stirred solution of 14 (243.0 mg, 1.03 mmol), 16 (2.0 g, 6.60 mmol), and
sodium acetate (1.62 g, 19.8 mmol) in methylene chloride (33 mL) at —10 ° C was added
tert-butyl p-toluenesulfonyloxycarbamate (2.28 g, 7.92 mmol). After stirring the mixture at —
10 ¢ C for 24 h, MeOH (0.80 mL, 1.96 mmol) and
2-(perfluorophenyl)-6,7-dihydro-5H-pyrrolo[2,1-c,1,2 4]triazol-2-ium  tetrafluoroborate 17
(239.6 mg, 1.96 mol) were added to the reaction mixture. The resulting solution was stirred for
20 h at room temperature. After that, the solvent was evaporated and purified by silica gel
column chromatography (n-hexane/ethyl acetate = 3/1 to 2/1) to give 19 (2.85 g, 96%, 97% ee)
as a white solid: Mp. 148-149 °C; [0]%% = -66 ( ¢ = 0.60, CHCI5) ; (HPLC conditions:



OD-H, n-Hexane/2-Propanol = 90:10, flow rate 1.0 mL/min, A=254 nm); IR (ATR) v
1019, 1042, 1161, 1247, 1365, 1379, 1438, 1530, 1699, 2977 cm™; *H NMR (CDCly): & 1.41
(br-s, 9H), 2.86 (br-s, 2H), 3.64 (s, 3H), 5.37 (br-s, 1H), 6.11 (br-s, 1H), 7.43 (dd, J = 7.6, 7.6
Hz, 1H), 7.50 (dd, J = 2.8, 7.6 Hz, 1H), 7.56 (d, J = 7.6 Hz, 1H),; °C NMR (CDCl;): & 28.3
(3C), 38.2, 52.0, 55.9, 89.9, 123.5, 129.1, 129.6, 146.7, 154.7, 155.5, 171.0; (+)-ESI-HRMS.
Calcd for C15H19IN2NaOs (M+Na*): 473.0185. Found: 473.0177.

CO,Me CO,Me
1) CH,Cl,:TFA (10/1)

rt., 5h

NHBoc NHTs

! 2) TsCl (1.2 eq) '
NO, TEA (3 eq) NO,
CH2C|2, r.t., 16 h

19 20

Compound 20: To a stirred solution of 19 (2.85 g, 6.33 mmol) in CH,Cl, (60 mL) at room
temperature was added TFA (0.60 mL), and the resulting solution was stirring at the same
temperature for 5 h.. The resulting mixture was diluted with EtOAc and washed with saturated
aqueous NaHCO; solution, brine, and then dried over Na,SO,. After concentration in vacuo, the
obtained residue was directly utilized for the next reaction. To a stirred solution of the crude
product, pyridine (2.80 mL, 19.8 mmol), DMAP (80.6 mg, 0.66 mmol) in CH,Cl, (66 mL) at
0 °C was added TsCI (1.50 g, 7.87 mmol) and the reaction was stirred at room temperature.
After 16 h, the reaction mixture was concentrated in vacuo. The obtained residue was purified
by flash column chromatography (SiO,, hexane/AcOEt = 2/1) to give 20 (2.97 g, 84% yield) as
white amorphous solid; [a]*p= 29 ( ¢ = 0.93, CHCI3); IR (ATR) v 813, 1088, 1158, 1302,
1340, 1362, 1436, 1531, 1736, 3274 cm™; *H NMR (CDCl5): 8 2.37 (s, 3H), 2.71 (dd, J = 4.4,
11.6 Hz, 1H), 2.78 (dd, J = 4.4, 11.6 Hz, 1H), 3.59 (s, 3H), 5.11 (ddd, J =4.4, 4.4, 7.6 Hz, 1H),
6.37 (d, J = 7.6 Hz, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.29 (dd, J = 8.0, 8.0 Hz, 1H), 7.42 (dd, J =
1.2, 8.0 Hz, 1H), 7.53 (dd, J = 1.2, 8.0 Hz, 1H), 7.61 (d, J = 8.4 Hz, 2H); *C NMR (CDCly):
8 21.5, 39.1, 52.2, 58.6, 89.9, 123.5, 127.2 (2C), 129.0, 129.6 (2C), 130.9, 136.2, 143.9, 144.8,
155.1, 170.5; (+)-ESI-HRMS. Calcd for Ci7H17IN2NaOsS (M+Na*): 526.9750. Found:
526.9747.



allenyltosylate (1.5 eq)
KHMDS (1.05 eq)
NHTs
| DMF, 0 °C, 18 h K”

20
Compound 21: To a stirred solution of 20 (2.48 g, 4.92 mmol) in DMF (4.9 mL) was slowly
added KHMDS (10.3 mL, 0.5 M in toluene, 5.16 mmol) at =78 °C in a dry ice—acetone bath.
The resulting solution was then stirred for 30 min at the same temperature. Allenyltosylate (2.9

NO,

mL, 14.7 mmol) was added slowly. The resulting mixture was stirred for 30 min at the same
temperature, then stirred for an additional 18 h at 0 °C. The reaction mixture was diluted with
saturated aq. NH,4CI solution and AcOEt. The organic layer was separated and the aqueous layer
was extracted with AcOEt. The organic extracts were washed with water, brine, dried over
Na,SO,, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/AcOEt = 6/1 to 3/1 to 2/1) to give 21 (1.92 g, 70% yield) as pale
yellow oil; [a]?°5 = -5 ( ¢ = 0.70, CHCls); IR (ATR) v 814, 849, 949, 962, 1090, 1154, 1337,
1436, 1531, 1735 cm™; *H NMR (CDCls): & 2.38 (s, 3H), 3.36 (dd, J = 2.0, 7.6 Hz, 2H), 3.56 (s,
3H), 4.07-4.19 (m, 2H), 4.76-4.80 (m, 2H), 5.21 (tt, J = 6.4, 6.4 Hz, 1H), 5.46 (t, J = 7.6 Hz,
1H), 7.15 (d, J = 8.0 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 7.6 Hz, 1H), 7.47 (dd, J =
7.6, 7.6 Hz, 1H), 7.77 (dd, J = 2.0, 7.6 Hz, 1H); *C NMR (CDCl;): & 21.4, 38.6, 49.4, 52.0,
64.0, 76.8, 88.0, 93.0, 123.5, 126.8 (2C), 128.9, 129.3 (2C), 131.8, 137.5, 143.6, 143.6, 155.8,
170.1, 208.9; (+)-ESI-HRMS. Calcd for C21H21IN2NaOsS (M+Na*): 579.0063. Found:
579.0056.

COzMe CO2Me
1) Fe (3 eq)
AcOH, reflux, 20 min

NTs

I 2) TsCl (1.5 eq)
NO, pyridine (1.5 eq) NHTs

DMAP (10 mol%)
CHCl3, rt., 12 h

21
Compound 12: A solution of methyl 21 (1.59 g, 2.86 mmol) in glacial acetic acid (9.5 mL)
was heated to 110 °C. Iron powder (479.4 mg, 8.58 mmol) was added portion-wise to the
reaction and the mixture was reflux for 20 min with vigorous stirring. The reaction mixture was
cooled down to room temperature, poured into water, and then extracted with CH,Cl, The
combined organic layers were washed with sat. ag. NaHCO3, dried over Na,SO, and the solvent
was evaporated in vacuo. The obtained crude product was directly utilized for the next reaction



without further purification. To a stirred solution of the crude product, pyridine (0.35 mL, 4.29
mmol), DMAP (35.0 mg, 0.29 mmol) in CHClI; (15 mL) at 0 °C was added TsClI (818.2mg, 4.29
mmol) and the reaction was stirred at room temperature. After 12 h, the reaction mixture was
concentrated in vacuo. The obtained residue was purified by flash column chromatography
(SiO,, hexane/AcOEt = 2/1) to give 12 (1.83 g, 94% yield) as white amorphous solid; [a]*°5=
-7 (¢ =0.72, CHCI); IR (ATR) v 812, 847, 912, 935, 989, 1090, 1158, 1324, 1439, 1736 cm™;
'H NMR (CDCly): § 2.36 (s, 3H), 2.41 (s, 3H), 3.09 (dd, J = 8.8, 17.2 Hz, 1H), 3.16 (dd, J = 7.2,
17.2 Hz, 1H), 3.50 (s, 3H), 3.75 (ddt, J = 2.4, 6.8, 16.0 Hz, 1H), 3.82 (ddt, J = 2.4, 6.8, 16.0
Hz, 1H), 4.60-4.67 (m, 2H), 4.87 (ddt, J = 6.8, 6.8, 6.8 Hz, 1H), 5.46 (dd, J = 7.2, 8.8 Hz,
1H), 6.98 (s, 1H), 7.18 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 7.6 Hz, 1H), 7.19 (d, J = 8.0, 2H),
7.26 (dd, J = 7.6, 7.6 Hz, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.55 (dd, J = 1.2, 7.6 Hz, 1H), 7.61 (d, J
= 8.0 Hz, 2H); *C NMR (CDCl5): & 21.5, 21.5, 38.3, 46.7, 51.8, 63.5, 76.7, 88.0, 100.4, 121.8,
125.6, 127.4 (2C), 127.4 (2C), 128.9, 129.3 (2C), 129.6 (2C), 135.8, 137.5, 138.4, 141.3, 143.5,
144.3, 170.0, 208.5; (+)-ESI-HRMS. Calcd for CasH2oIN2NaOeSz (M+Na*): 703.0409.
Found: 703.0396.

CO,Me

I
NHTs 22

Compound 22: white amorphous solid; IR (ATR) v 813, 1092, 1111, 1167, 1254, 1294, 1356,
1437, 1597, 1733 cm™; 'H NMR (CDCl,): & 2.38 (s, 3H), 3.81 (s, 3H), 6.23 (d, 15.6 Hz, 1H),
7.04 (br-s, 1H), 7.21 (d, 8.4 Hz, 2H), 7.27 (dd, 2.4, 8.0, 1H), 7.31 (dd, 8.0, 8.0 Hz, 1H), 7.64 (d,
8.4 Hz, 2H), 7.67 (dd, 2.4, 8.0 Hz, 1H), 7.76 (d, 15.6 Hz, 1H); *C NMR (CDCl,): & 21.6, 51.9,
99.3, 121.7, 123.1, 124.36, 127.4 (2C), 129.3, 129.7 (2C), 135.8, 138.4, 139.5, 144.4, 148.1,
166.4; (+)-ESI-HRMS. Caled for C24H2sNNaOsS (M+Na*): 479.9742. Found:
479.9736.

COz;Me 1) DIBAL-H (3.3 eq) OTBS
CH,Cl,
NTs -78°Ctort., 1h NTs

| 2) TBSCI (1.5 eq) |
imidazole (2 eq)
NHTs DMF, rt., 5h NHTs

12 23

Compound 23: To a stirred solution of 12 (325.9 mg, 0.48 mmol) in CH,Cl, (2.4 mL) was



added DIBAL-H (1.9 mL, 1.92 mmol, 1.03 M in hexane), and the resulting solution was stirring
at room temperature for 1 h. The reaction was quenched with 2 M ag. Rochelle salt solution and
extracted with AcOEt. The combine organic layers were washed with brine, dried over Na,SO,.
After concentration in vacuo, the obtained residue was directly utilized for the next reaction. To
a stirred solution of the crude product, imidazole (65.2 mg, 0.96 mmol) in DMF (1.0 mL) at
room temperature was added TBSCI (108.3 mg, 0.72 mmol), and the resulting solution was
stirred at room temperature for 5 h. The reaction mixture was diluted with water and AcOEt.
The organic layer was separated and the aqueous layer was extracted with AcOEt. The organic
extracts were washed with water, brine, dried over Na,SO,, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (n-hexane/AcOEt = 6/1) to give 23
(304.8 mg, 83% yield) as colorless oil; [a]*°p = -31 ( ¢ = 1.02, CHCI5); IR (ATR) v 812, 835,
876, 1083, 1159, 1255, 1326, 1347, 1447, 2927 cm™; *H NMR (CDCl5): & -0.15 (s, 3H), -0.09 (s,
3H), 0.82 (s, 9H), 2.17 (d, J = 6.8 Hz, 1H), 2.21 (d J = 6.4 Hz, 1H), 2.34 (s, 3H), 2.37 (s, 3H),
3.33 (dt, J = 6.8, 10.0 Hz, 1H), 3.51 (dt, J = 6.4, 10.0 Hz, 1H), 3.83 (dt, J = 2.8, 6.8 Hz, 1H),
4.60-4.65 (m, 2H), 4.90 (ddt, J = 6.8, 6.8, 6.8 Hz, 1H), 5.21 (t, J = 7.6 Hz, 1H), 7.05 (br-s, 1H),
7.09 (dd, J = 2.4, 8.4 Hz, 1H), 7.12 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 7.19 (dd, J =
8.4, 8.4 Hz, 1H), 7.49 (d, J = 8.4 Hz, 2H), 7.56 (dd, J = 2.4, 8.4 Hz, 1H), 7.62 (d, J = 8.4 Hz,
2H); C NMR (CDCls): §-5.2, -5.2, 18.4, 21.8, 21.9, 26.2 (3C), 36.6, 46.1, 59.9, 64.2, 77.0,
88.8, 101.3, 121.7, 126.2, 127.7 (2C), 127.8 (2C), 128.9, 129.5 (2C), 129.9 (2C), 136.1, 137.9,
138.5, 142.3, 143.5, 1445, 208.6; (+)-ESI-HRMS. Calcd for CssHisIN2NaOsS2Si
(M+Na*): 789.1325. Found: 789.1335.

OTBS Pd(dba), (10 mol%) OTE.IS.?
P(2-furyl)s (24 mol%) N
NTs K,COj3 (4 eq) /
I DMSO, 90 °C, 13 h
NHTs N
Ts
23 24

Compound 24: A solution of 23 (245.8 mg, 0.32 mmol), Pd(dba)2 (18.1 mg, 0.031
mmol), P(2-furyD)3 (17.6 mg, 0.076 mmol), K2COs (174.0 mg, 1.26 mmol) in DMSO
(10.5 mL) was heated at 90 °C for 13 h. The reaction mixture was cooled down to
room temperature and then quenched with sat. aq. NH4Cl. The obtained mixture
was extracted with AcOEt and the combined organic layers were washed with water,
brine, dried over Na2S0s4, and then concentrated in vacuo. The obtained residue was
purified by flash column chromatography (Si02, hexane/AcOEt = 6/1 to 4/1) to give
24 (155.7 mg, 77% yield) as white amorphous solid; [0]* %5 = 14 ( ¢ = 1.05, CHCl5); IR



(ATR) v 812, 834, 1002, 1032, 1090, 1156, 1249, 1334, 1442, 2927 cm™; *H NMR (CDCls): &
1.77 (s, 3H), 2.37 (s, 3H), 2.83 (s, 2H), 3.31 (s, 2H), 3.56 (s, 6H), 4.47 (s, 2H), 6.76 (d, J = 8.0
Hz, 1H), 7.06 (dd, J = 8.0, 8.0 Hz, 1H), 7.24 (d, J = 8.0 Hz, 2H), 7.53 (d, J = 8.0 Hz, 1H), 7.68
(d, J = 8.0 Hz, 2H); *C NMR (CDCly): § 21.5, 22.6, 40.0, 42.6, 52.6 (2C), 54.6, 54.8, 102.8,
112.5, 124.4, 124.9, 125.8, 126.3, 127.1 (2C), 128.3, 129.7 (2C), 133.6, 134.1, 144.1, 170.9
(2C); (H)-ESI-HRMS. Calcd for C24H25NNaOsS (M+Na*): 478.1300. Found: 478.1305.

OTBS OH
I 1) TFA (30 eq) &
/ CH20|2, r.t., 12 h
2) TBAF (2 eq) A\
" THF, rt. 3 h N
Ts Ts
24 25

Compound 25: To a solution of 24 (83.7 mg, 0.13 mmol) in CH:Clz (4.4 mL) at 0 °C
was added TFA (0.30 mL, 3.93 mmol), and the resulting mixture was stirred at room
temperature for 12 h. The resulting mixture was diluted with EtOAc and washed with
saturated aqueous NaHCO; solution, brine, and then dried over Na,SO,. After concentration in
vacuo, the obtained residue was directly utilized for the next reaction. To a stirred solution of
the crude product, in THF (0.66 mL) was added TBAF (0.26 mL, 1M in THF, 0.26 mmol) and
the resulting solution was stirred at room temperature for 3 h. The reaction mixture was
concentrated, and the obtained crude residue was purified by flash column chromatography
(hexane/EtOAc=5/1 to 1/1) to give 25 (67.3 mg, 98%) as a colorless oil; [a]* 5= -9 (¢ = 0.75,
CHCIy); IR (ATR) v 812, 912, 942, 1052, 1090, 1098, 1149, 1161, 1366, 1598 cm™: 'H NMR
(CDCly): & 1.94-1.98 (m, 2H), 2.23 (s, 3H), 2.37 (s, 3H), 2.69 (br-s, 1H), 2.95 (dt, J = 2.8, 16.8
Hz, 1H), 3.09 (dddd, J = 2.0, 4.0, 12.4, 16.8 Hz, 1H), 3.50 (ddd, J = 2.8, 12.4, 15.2 Hz, 1H),
3.69-3.76 (m, 2H), 4.19 (dt, J = 4.0, 15.2 Hz, 1H), 5.49 (t, J = 8.0 Hz, 1H), 6.93 (d, J = 8.4 Hz,
2H), 6.93 (d, J = 8.4 Hz, 1H), 7.17 (dd, J = 8.4, 8.4 Hz, 1H), 7.24 (d, J = 8.4 Hz, 1H), 7.26 (s,
1H), 7.48 (d, J = 8.4 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H), 7.79 (d, J = 8.4 Hz, 1H); *C NMR
(CDCly): 6 21.3,21.6, 27.3, 39.1, 41.9, 58.2, 58.5, 111.8, 119.2, 121.7, 122.9, 124.3, 126.7 (2C),
126.9 (2C), 127.4, 129.3 (2 C), 129.9 (2C), 135.1, 135.8, 136.0, 137.4, 143.2, 144.9;
(+)-ESI-HRMS. Calcd for Co7H2sN2NaOsSe (M+Na*): 547.1337. Found: 547.1324.



OH (2-nitrophenyl)-

Ts selenocyanate (2 eq) Ts
N PBus3 (2 eq) \ N
THF, rt, 1h
N\ then H,0O, (10 eq) N\
pyridine (2 eq)
N CHCl; 0°Ctort, 24 h N
25 26

Compound 26: To a stirred solution of the 25 (65.6 mg, 0.12 mmol) and
o-nitrophenylselenocyanate (56.8 mg, 0.24 mmol) in dry THF (1.3 mL)
tri-n-butylphosphine (63 pL, 0.24 mmol) was added over 5 min at room temperature
under nitrogen. Stirring was continued for a further 1 hr. The solvent was removed
in vacuo and the crude selenoxide redissolved in CHCl; (1.3 mL) containing pyridine
(20 pL, 0.24 mmol). Hydrogen peroxide (0.28 mL, 1.25 mmol, 30% vol) was added
over 10 min at 0 °C and after allowing the solution to warm to room temperature
stirring was continued for 24 hr. Water was added and the organic layer washed
with sodium hydrogencarbonate solution, copper sulphate solution, brine, dried
over Na2SO4 and then concentrated in vacuo. The obtained residue was purified by
flash column chromatography (Si02, hexane/AcOEt = 9/1 to 4/1) to give 26 (48.8 mg,
77%) as a white amorphous solid; [0]%p = -13 ( ¢ = 1.46, CHCI5); IR (ATR) v 814, 872, 939,
1008, 1092, 1152, 1216, 1341, 1368, 1738 cm™; 'H NMR (CDCly): 5 2.36 (s, 3H), 2.36 (s, 3H),
2.97-3.15 (m, 1H), 3.48 (ddd, J = 3.2, 12.0, 14.8 Hz, 1H), 3.93 (dt, J = 4.0, 14.8, 1H), 4.50 (d, J
= 16.8 Hz, 1H), 5.08 (dd, J = 0.8, 8.0 Hz, 1H), 5.68 (ddd, J = 4.4, 8.0, 16.8 Hz, 1H), 5.64 (dd, J
= 0.8, 4.4 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 7.15 (d, J = 8.0 Hz, 2H), 7.18-7.29 (m, 6H), 7.61 (d,
J=8.0Hz, 2H), 7.74 (d, = 8.8 Hz, 2H), 7.87 (d, J = 8.0, 1H); *C NMR (CDCl,): 5 21.4, 21.6,
28.7,43.3,63.4,112.3, 119.5, 120.0, 123.0, 123.1, 123.9, 125.3, 126.8, 126.8 (2C), 128.2, 128.5,
129.0, 129.5, 129.9, 132.9, 135.1, 136.1, 137.2, 137..8, 143.2, 145.0; (+)-ESI-HRMS. Calcd
for CorH26N2NaQ4Se (M+Nat): 529.1232. Found: 529.1238.

| T 1) Na (20 eq) | Boc
N naphthalene (20 eq) N
THF, -78°C, 1.5 h

A\ 2)Boc,0 (3 eq) A\

N pyridine (3 eq) N
Ts DMAP (cat.) Boc
26 CH,Cly, r.t.,, 20 h 27

Compound 20: To a solution of naphthalene (111.3 mg, 0.87 mmol) in THF (0.7 mL)

was added sodium metal (20.0 mg, 0.87 mmol), and the resulting mixture was



stirred at room temperature for 2 h. The obtained solution was added dropwise to a
solution of 7 (22.0 mg, 0.043 mmol) in THF (1.0 mL) at -78 °C until dark blue color
persisted. After 1.5 h, the reaction was quenched with water. The resulting mixture
was extracted with AcOEt and the combined organic layers were washed with brine,
dried over Na2SO4, and concentrated in vacuo. The obtained crude product was directly
utilized for the next reaction without further purification. To a stirred solution of the crude
product, pyridine (11 uL, 0.13 mmol), DMAP in CH,Cl, (0.10 mL) at 0 °C was added Boc,0O
(28.5 mg, 0.13 mmol) and the reaction was stirred at room temperature. After 20 h, the reaction
mixture was concentrated in vacuo. The obtained residue was purified by flash column
chromatography (SiO,, hexane/AcOEt = 20/1) to give 20 (12.1 mg, 70% vyield) as a colorless
oil; [oa]ZOD: -50 (¢ = 0.84, CHCI5); IR (ATR) v 1199, 1217, 1364, 1412, 1491, 1541, 1737,
2212, 2364, 2999 cm™; *H NMR (CDCls): & 1.43-1.48 (m, 9H), 1.65 (s, 9H), 2.91-2.97 (m, 1H),
3.08-3.23 (m, 1H), 3.34-3.46 (m, 1H), 3.88-4.10 (m, 1H), 4.69 (dd, J = 1.2, 17.2 Hz, 1H), 5.18
(dd, J = 1.2, 14.4 Hz, 1H), 5.98-6.06 (m, 1H), 6.15-6.39 (m, 1H), 6.98-7.05 (m, 1H), 7.23-7.28
(m, 1H), 7.36 (s, 1H), 8.08-8.14 (m, 1H); **C NMR (CDCl,): & 42.3, 28.5, 26.8 27.4, 28.2, 28.4,
421, 61.1, 62.4, 79.9, 80.1, 83.4, 113.5, 113.6, 117.6, 117.9, 118.8, 119.1, 122.4, 122.7, 123.1,
123.5, 123.7, 128.1, 133.4, 139.1, 139.3, 149.5, 154.8, 155.2; (+)-ESI-HRMS. Calcd for
C23H30N2NaOs (M+Na): 421.2103. Found: 421.2105.

6. Substrate Syntheses and Compound Characterizations of the
Pd-Catalyzed Cascade Cyclization.

CHO TBSCI (1.2 eq) PPh3 (1.5 eq)
imdazole (2 eq) NaBH4 (1.5 eq) CBrs (1.5 eq)
l DMF, rt, 2.5h  MeOH, 0 °C, 30 min CH,Cl,, 0 °C, 30 min
OH
28

CO,Me

CO,Me
CO,Me

4 (3 eq) CO2Me
Br NaH (3 eq)

| TBAI (10 mol%) OH
OTBS DMF, 0 °C to rt.,

SI-18 29
Compound 29: To a stirred solution of 28 (744.1 mg,3.00 mmol), imidazole (408.5 mg, 6.00
mmol) in DMF (6.0 mL) at room temperature was added TBSCI (542.6 mg, 3.60 mmol), and
the resulting solution was stirred at room temperature for 5 h. The reaction mixture was diluted



with water and AcOEt. The organic layer was separated and the aqueous layer was extracted
with AcOEt. The organic extracts were washed with water, brine, dried over Na,SO,, and
concentrated in vacuo. The obtained crude product was directly utilized for the next reaction
without further purification. To a stirred solution of the crude product in MeOH (15 mL) at 0 °C
was added NaBH, (170.2 mg, 4.50 mmol) and the reaction was stirred at same temperature.
The reaction was quenched with water, and extracted with AcOEt. The combined
organic layers were dried over Na2S0O4, and then evaporated under vacuum, the
obtained residue was directly utilized for the next reaction. To a stirred solution of the crude
product and PPh; (1.18 g, 4.50 mmol) in CH,Cl, (15 mL) at 0 °C was added CBr, (1.49 g, 4.50
mmol) portion-wise and the solution was stirred at the same temperature. After 30 min, the
reaction mixture was concentrated in vacuo, and the residue was filtered through a short pat of
silica gel and concentrated in vacuo. Benzylbromide SI-18 as a white solid, which was
directly used in the next step. To a stirred solution of 4 (1.66 g, 9.00 mmol) in DMF (6.0 mL) at
0 °C was added NaH (60% oil. 360 mg, 9.00 mmol), and the resulting mixture was kept stirring
for 30 min. SI-18 and tetrabutylammonium iodide (332.4 mg, 0.90 mmol) was added to the
reaction, and the mixture was stirred for 8 h at room temperature. The reaction was quenched
with water, and extracted with AcOEt. The combined organic layers were washed with brine,
dried over Na,SO,, and then evaporated under vacuum. The obtained residue was purified by
flash column chromatography (SiO,, hexane/AcOEt = 5/1 to 2/1) to give 29 (165.7 mg, 40%
yield in 4 steps) as white solid.; '"H NMR (CDCls): & 2.65, (dt, J = 8.0, 2.8 Hz, 2H), 3.57 (s, 2H),
3.72 (s, 6H), 4.68 (dt, J = 6.8, 2.8 Hz, 2H), 5.11 (tt, J = 2.8, 2.8 Hz, 1H), 5.91 (br-s, 1H), 6.75
(dd, J = 1.2, 8.0 Hz, 1H), 6.85 (dd, J = 1.2, 8.0 Hz, 1H), 7.11 (dd, J = 8.0, 8.0 Hz); *C NMR
(CDCly): 8 32.5,425,52.8 (2C), 59.0, 74.9, 84.8, 95.0, 113.4, 122.0, 129.1, 140.4, 155.0, 170.9
(2C), 209.8; (+)-ESI-HRMS. Calcd for CysH17INaOs (M+Na®): 439.0018. Found 439.0025.

7. Experimantal Procedure for the Pd-catalyzed Cascade Cyclization
Pd(dba), (10 mol%) MeO-C
CO,M 2
éO‘ZMe P(2-furyl)s (24 mol%) CO,Me
KoCOs (4 eq) OQ
| -

DMSO (0.01 M)
OH 90 °C, 24 h o)

29 30

Compound 30: A solution of 29 (75.0 mg, 0.180 mmol), Pd(dba), (10.3 mg, 0.0180 mmol),
P(2-furyl); (10.1 mg, 0.0435 mmol), K,COs3 (99.6 mg, 0.721 mmol) in DMSO (18 mL) was
heated at 90 °C for 24 h. The reaction mixture was cooled down to room temperature and then
guenched with sat. ag. NH,CI. The obtained mixture was extracted with AcOEt and the



combined organic layers were washed with brine, dried over Na,SO,, and then concentrated in
vacuo. The obtained residue was purified by flash column chromatography (SiO,,
hexane/AcOEt = 5/1) to give 30 (22.3 mg, 43% vyield) as white solid. ; *H NMR (CDCl,): & 2.97
(dd, J = 2.4, 8.0 Hz, 2H), 3.44 (s, 3H), 3.65 (s, 6H), 5.06 (dd, J = 2.4, 6.4 Hz, 2H), 5.55-5.59 (m,
1H), 6.66 (d, J = 8.0 Hz, 1H), 6.69 (d, J = 8.0 Hz, 1H), 7.06 (dd, J = 8.0, 8.0 Hz, 1H); *C NMR
(CDCly): 6 36.0, 40.3, 52.7 (2C), 55.0, 74.9, 108.0, 108.0, 113.4, 121.4, 123.6, 129.9, 134.5,
136.0, 163.7, 171.2; (+)-ESI-HRMS. Calcd for CisHisNaOs(M;Na) 311.0895 Found
311.0908

8. Substrate Syntheses for the Radical Cascade Cyclization.
propargyl bromide (1.5 eq) CHO
©1CHO K,COs (1.5 eq) ©i
I I
DMF, rt., 4 h =
OH N

28 31

Compound 31: To a mixture of the 28 (345 mg, 1.39 mmol), K,CO;(289 mg, 2.09 mmol) in
DMF (1.4 mL) was added propargyl bromide (160 pL, 2.09 mmol) at 0°C and the reaction
was stirred at room temperature. After 4 h, the reaction mixture was diluted with Et,0, washed
with water, brine. The combined organic layers were dried over Na,SO,, and then evaporated
under vacuum. The obtained residue was purified by flash column chromatography (SiO,,
hexane/AcOEt = 5/1) to give 31 (330 mg, 83% yield) as white solid; IR (ATR) v 631, 682, 780,
914, 1013, 1042, 1232, 1265, 1292, 1455, 1562, 1682, 3297 cm™; 'H NMR (CDCly): & 2.55 (s,
1H), 4.81 (s, 2), 7.20 (d, 8.4 Hz, 1H), 7.37 (t, 8.0 Hz, 1H), 7.51 (d, 8.0 Hz, 1H), 10.15 (s, 1H);
C NMR (CDCl,): & 57.3, 76.6, 77.37, 94.46, 118.0, 123.2, 129.3, 136.8, 156.39, 196.32;
(+)-ESI-HRMS. Caled for C1oHsIO2(M+H"): 285.9491. Found: 285.9482.

OH
DABCO (0.65 eq)

CHO
©i Methylacrylate (20 eq) COMe
l/ sonication, r.t., 36 h

|
31 32

Compound 32: To a mixture of the 31 (301 mg, 1.05 mmol) in methyl acrylate (1.9 mL, 21.05
mmol) was added 1,4-diazabicyclo[2.2.2.]octane, DABCO (77 mg, 0.68 mmol). The reaction
mixture was sonicated at 40 °C. After 36 h, the mixture was concentrated in vacuo to remove
the excess of acrylate. The residue was diluted with ethyl acetate. The organic layer was washed



with 1 N aqg. HCI, water, brine, dried over Na,SO, and the solvent was evaporated in vacuo. The
residue was purified by flash column chromatography (SiO,, hexane/AcOEt = 5/1 to 3/1) to
give 32 (330 mg, 85% yield) as colorless oil.; IR (ATR) v 637, 649, 670, 677, 684, 723, 927,
961, 1193, 1566, 1630, 2951, 3289 cm™; *H NMR (CDCls): & 2.54 (t, 2.4 Hz, 1H), 3.16 (d, 3.6
Hz, 1H), 3.78 (s, 3H), 4.78 (d. 2.4 Hz, 2H), 5.55 (s, 1H), 5.92 (s, 1H), 6.34 (d, 3.6 Hz, 1H), 6.95
(dd, 7.6, 0.8 Hz, 1H), 7.18 (dd, 8.0, 0.8 Hz, 1H), 7.34 (t, 8.0 Hz, 1H); *C NMR (CDCls): § 52.1,
57.1, 76.0, 76.1, 77.9, 92.1, 112.2, 121.3, 127.3, 129.2, 140.6, 144.9, 156.1, 167.0:
(+)-ESI-HRMS. Calcd for C1sH13INaO4 (M+Na*):394.9756. Found: 394.9771.
Reference for Baylis—Hillman reaction: Medicinal Chemistry Research 2013, 22,
548.

OH OAc
CO,Me Ac0 (2eq) CO,Me
NEt; (2 eq)
DMAP (10 mol%)

| |

/ /

o_Z CH,Cly, 0 °C to r.t. o_#
32

15 h 33

Compound 33: To a mixture of the 32 (243mg, 0.65 mmol) in CH2Cl: (2.6 mL) at 0 °C
was added triethylamine (182 nL, 1.31 mmol), acetic anhydride (123 pL, 1.31 mmol),
DMAP (8 mg, 0.07 mmol) and the reaction was stirred at room temperature. After
15 h, the mixture was concentrated in vacuo. The residue was purified by flash
column chromatography (SiO2, hexane/AcOEt = 5/1 to 3/1) to give 33 (237 mg, 88%
yield) as colorless oil.; IR (ATR) v 602, 630, 657, 676, 684, 705, 774, 1024, 1229, 1458, 1732
cm™; *H NMR (CDCls): 8 2.12 (s, 3H), 2.54 (t, 2.4 Hz, 1H), 3.76 (s, 3H), 4.77 (d, 2.0 Hz, 2H),
5.55 (s, 1H), 6.47 (s, 1H), 6.95 (d, 8.0 Hz, 2H), 6.98 (s, 1H), 7.31 (t, 8.0 Hz, 1H); *C NMR
(CDCly): 6 20.8, 52.1, 57.0, 76.2, 76.8, 77.8, 92.4, 112.5, 121.2, 128.2, 129.0, 138.1, 142.1,
156.4, 165.3, 169.1; (+)-ESI-HRMS. Calcd for C1sH15INaOs (M+Na*): 436.9862. Found:
436.9871.

OAc DABCO (1 eq)
CO,Me H,O/THF: 1/3, r.t., 15 min CO,Me
| then NaBH, (2 eq) |/
P r.t., 15 min o =
3 34

Compound 34: To a mixture of the 33 (237 mg, 0.57 mmol) in THF (0.9 mL), water
(0.3 mL) was added 1,4-diazabicyclo[2.2.2.]octane, DABCO (128 mg, 1.14 mmol) at

room temperature. After 15 min, NaBH4 (43 mg, 1.14 mmol) was added portion-wise



to the reaction, and the mixture was stirred for 15 min at room temperature. The
reaction was quenched with water, and extracted with CH2Clz. The combined
organic layers were dried over Naz2SO4, and then evaporated under vacuum. The
obtained residue was purified by flash column chromatography (SiOs,
hexane/AcOEt = 5/1) to give 34 (167 mg, 82% yield) as colorless oil.; IR (ATR) v 603,
656, 676, 684, 720, 761, 851, 956, 1014, 1190, 1566, 1633, 2916, 3290 cm™; *H NMR (CDCly):
§ 2.52 (t, 2.4 Hz, 1H), 3.7 (s, 3H), 3.80 (s, 2H), 4.75 (d, 2.4 Hz, 2H), 5.26 (s, 1H), 6.27 (d, 0.8
Hz, 1H), 6.84-6.88 (m, 2H), 7.23 (t, 8.0 Hz, 1H); C NMR (CDCly): & 42.9, 51.9, 57.0, 76.0,
78.0, 94.0, 110.7, 123.5, 126.7, 128.8, 138.0, 143.6, 156.5, 167.2; (+)-ESI-HRMS. Calcd for
C14H13INaOs (M+Na*): 378.9807. Found: 378.9821.

9. Experimantal Procedure for the Radical Cascade Cyclization
CO-M
CO,Me AIBN (10 mol%) 2Me
HSn(nBu)s (1.1 eq) O.
|

= toluene
O// reflux, 30 min o]
34

35

A solution of 34 (41.9 mg, 0.12 mmol) in toluene (3.9 mL) was heated to 110 °C.
Tributyltin hydride (35 pL, 0.13 mmol) and 2,2'-Azobis(2-methylpropionitrile), AIBN
(2 mg, 0.01 mmol) was added to the reaction and the mixture was reflux for 30 min. The
reaction mixture was cooled down to room temperature, and then the solvent was
concentrated in vacuo. The obtained residue was purified by flash column
chromatography (10% w/w anhydrous K,COs-SiO,, hexane/AcOEt = 20/1) to give 35
(24.9 mg, 92% vyield) as white amorphous solid; IR (ATR) v 622, 678, 759, 1059, 1138,
1260, 1435, 1566, 1715, 2363 cm™; *H NMR (CDCl3): & 2.44 (dd, 7.2, 2.8 Hz, 1H), 2.62 (dd,
16.8, 8.0 Hz, 1H), 2.97 (dd, 16.8, 7.6 Hz, 1H), 3.18-3.13 (m, 1H), 3.69 (s, 3H), 5.11 (t, 2.8 Hz,
2H), 5.41 (dd, 4.0, 2.8 Hz, 1H), 6.63-6.66 (m, 2H), 7.06 (t, 7.2 Hz, 1H); **C NMR (CDCls): § ;
36.0, 40.3, 52.7, 55.0, 74.9, 108.0, 108.0, 113.4, 121.4, 123.6, 129.9, 134.5, 136.0, 171.2;
(+)-ESI-HRMS. Calcd for C1sH150s (M+Na*): 253.0841. Found: 253.0848

COzMe COzMe
OQ TFA (30 eq)
CH2C|2Y r.t. /
0] 18 h 0]
35 36

. Compound 36: To a solution of 35 (24.9 mg, 0.11 mmol) in CH2Cl: (3.6 mL) at 0 °C



was added TFA (0.25 mL, 3.24 mmol), and the resulting mixture was stirred at room
temperature for 12 h. The resulting mixture was diluted with EtOAc and washed with
saturated aqueous NaHCO; solution, brine, and then dried over Na,SO,. After concentration in
vacuo, the obtained residue was purified by flash column chromatography
(SiOz, hexane/AcOEt = 10/1) to give 35 (23.0 mg, 92% yield) as white
amorphous solid; IR (ATR) v 622, 678, 759, 1059, 1138, 1260, 1435, 1566, 1715, 2363
cm™: 'H NMR (CDCly): & 1.93-2.02 (m, 1H), 2.40-2.45 (m, 1H), 2.72-2.92 (m, 2H), 3.08-3.15
(m, 1H), 3.28 (dd, J = 11.2, 16.4 Hz, 1H), 3.43 (dd, J = 2.8, 16.4 Hz, 1H), 3.74 (s, 3H), 7.04 (d,
J =7.2 Hz, 1H), 7.19 (dd, 7.2, 8.0 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.41 (s, 1H); *C NMR
(CDCly): 6 ; 36.0, 40.3, 52.7, 55.0, 74.9, 108.0, 108.0, 113.4, 121.4, 123.6, 129.9, 134.5, 136.0,
171.2; (+)-ESI-HRMS. Caled for C1aH1503 (M+Na*): 253.0041. Found: 253.0832.
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