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Ac
(R,R)-ANDEN-phenyl Trost
ligand
Ar

Bn

Boc

BSA
i-Bu
n-Bu
s-Bu
t-Bu

Bz

cod

Cp

Cy
(R,R)-DACH-phenyl Trost
ligand
dba
DBU
DCE
DEAD
DFT
DIBAL-H
DMAP
DME
DMF
DMP
DMSO
DPEphos
dppb
dppe

asymmetric allylic alkylation
acetyl
(+)-(11R,12R)bis[2'~(diphenylphosphino)benzamido]-9,10-dihydr
0-9,10-ethanoanthracene

aryl

benzyl

tert-butoxycarbonyl
N,O-bis(trimethylsilyl)acetamide
isobutyl

normal butyl

secondary butyl

tertiary butyl

benzoyl

cyclooctadiene

cyclopentadienyl

cyclohexyl
(1R,2R)~(+)-1,2-diaminocyclohexane-N,N’-bis(2-
diphenylphosphinobenzoyl)
dibenzylidenacetone
1,8-diazabicyclo[5.4.0Jundec-7-ene
1,2-dichloroethane

diethyl azodicarboxylate

density functional theory
diisobutylaluminum hydride
4-(dimethylamino)pyridine
1,2-dimethoxyethane
N,N-dimethylformamide
Dess—Martin periodinane

dimethyl sulfoxide
Bis[2-(diphenylphosphino)phenyl] ether
1,4-bis(diphenylphosphino)butane
1,2-bis(diphenylphosphino)ethane



dppf
dppm
dppp
dr
EDG

cc

MOM
(R)-MonoPhos

(S)-MOP

Ms

MS 4A
(5)-(-)-9-NapBN

NMO
NMR
NOE

n.r.

1,1°-bis(diphenylphosphino)ferrocene
bis(diphenylphosphino)methane
1,3-bis(diphenylphosphino)propane
diastereomeric ratio
electron-donating group

enantiomeric excess

electron ionization

equivalent

electrospray ionization

ethyl

electron-withdrawing group
6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-octanedionato
hour

cyclohexyl
1,1,1,,3,3,3-hexafluoroisopropanol
hexamethylphosphoric triamide

high performance liquid chromatography
Horner-Wadsworth-Emmons reaction
ligand

lithium diisopropylamide

lithium hexamethyldisilazide

mol/L

meta

methyl

methoxymethyl

(R)-(—)-(3,5-dioxa-4-phosphacyclohepta[2,1-a;3,4-a"|dinaphthalen

-4-yl)dimethylamine
(8)-(-)-2-diphenylphosphino-2'-methoxy-1,1'-binaphthyl
methanesulfonyl

molecular sieves, 4A

(1S,2R,5S,6R)-2,6-dimethyl-9-(1-naphthyl)-9-phosphabicyclo-[3.

3.1]nonane
N-methylmorpholine N-oxide
nuclear magnetic resonance
nuclear overhauser effect

no reaction



0 ortho

P para

Ph phenyl

(S)-PHOX (48)-(-)-4,5-dihydro-2-[2'-(diphenylphosphino)phenyl]-4-isoprop
yloxazole

pin pinacolato

Piv pivaloyl

PMB para-methoxybenzyl

i-Pr isopropyl

py pyridine

quant. quantitative yield

R rectus

RuPhos 2-dicyclohexylphosphino-2',6'-di-isopropoxy-1,1'-biphenyl

rt room temperature

S sinister

SES 2-[(trimethylsilyl)ethyl]sulfonyl

SM starting material

SN1 unimolecular nucleophilic substitution

SN2 bimolecular nucleophilic substitution

TBAC tetrabutylammonium chloride

TBAF tetrabutylammonium fluoride

TBS tert-butyldimethylsilyl

temp. Temperature

Tf trifluoromethanesulfonyl

TFA trifluoroacetic acid

TFE 2,2,2-trifluoroethanol

THF Tetrahydrofuran

TLC thin layer chromatography

TMEDA N,N,N’,N’-tetramethylethylenediamine

TMS Trimethylsilyl

TPS 2,4,6-triisopropylbenzenesulfonyl

Ts para-toluenesulfonyl

uv Ultraviolet

XantPhos 4,5-Bis(diphenylphosphino)-9,9-dimethylxanthene
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Scheme 1-1. Transition metal-catalyzed C-allylation of phenols

R
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Scheme 1-2. Pd-catalyzed C-allylation of phenols via O-allylation—Claisen rearrangement

sequence

OH OH

N
+ = C;tpphz thpjb
\/Y Eu(fod)s

OCOzMe by, (dba),:CHCI;  CHCls, 50°C
CHaCly, 1t

83% yield,
91% ee.
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Scheme 1-3. Transition metal-catalyzed asymmetric C-allylation of indoles

H
H
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88% vyield
Pd,(dba); CHCI3 lecog, ’
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O \—Ph Ar +
©\/\> OCOzMe N
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Ar N 80% yield,
N [Ir(cod)Cl],, Cs,CO3 N 92% Ze.
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Scheme 1-4. Synthesis of spirocyclohexadienones using intramolecular ipso-Friedel-Crafts allylic

alkylation of phenols
Me COzMe
COzMe CO,Me
COMe Pd(dba),, PPhs
HO Z CH,Cl, rt 97.% yie.ld.
OCO,Me dr: 13.4:1
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Scheme 1-5. Pd-cataryzed asymmetric intramolecular ipso-Friedel-Crafts allylic alkylation of

lg%f,

Me Qe o CO,t-Bu
CO,t-Bu N N 2
CO,t-Bu PPh, Ph,P
HO Z , g
Pd(dba),, Li,CO5

phenols

CO,t-Bu

80% vield,
89% ee.
OCO,M o == .9 o
2Me CchN, 10 °C dr: 9.2:1
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Figure 1-1. Natural products with a 10-isopropenyl-9,10-dihydrophenanthren-1-ol skeleton

= Cedrelin A
(R'=H)

Cedrelin B
(R"=CHs)

Paralycolin A
(R?=H, R®= OH)
Paralycolin B Common Structure:
(R*=0H,R®=H)  10-isopropenyl-9,10-
dihydrophenanthren-1-ol

Cytotoxic activity
Cedrelin A: Staphylococcus aureus (209P) and Bacillus subtillis (IAM1213).
Paralycolin A: KB and P388 cells.
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Scheme 1-7. Efficient catalytic synthesis of 9,10-dihydrophenanthrene frameworks

* 67 electrocyclization
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R X R
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/_//'/
™S Ni(cod), X Ni O O

/
X/\/ . PPha, CSF X ‘
D ———— e D —
S TfO MeCN, 50 °C O | O

» S\'-type aromatioc substitution

R B i R
N 0co,Me - Me
| P Pd(allyl)Cp, RuPhos E | P
KOAc, BSA E
—_—
E DMF, 100 °C
E
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Scheme 1-6. Pd-cataryzed intramolecular Friedel-Crafts allylic alkylation of meta-substituted

phenols
= X .
X R2 Pd(0) / ligand R
| = L/\/OCOZMe Pd-catalyzed Asymmetric
Intramolecular Friedel-Crafts Allylic
OH Alkylation of Phenols
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Scheme 1-7. Synthetic plan

Pd-catalyzed

Intramolecular ) biaryl
Friedel-Crafts coupling
Allylic Alkylation

of Phenols
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Scheme 1-8. Substrate synthesis

DMP (1.2 eq)
CH,Cl, (0.1 M)

o
F’hsF\)LOEt (1.5 eq)

CH,Cl, (0.1 M)

Br 4 t,1h i, 1h Br 2
89% (2 steps)
Br BPin
Me\©\ n-BuLi (1.2 eq) (i-PrO)BPin (1.2eq)  Me
THF (0.2 M)
75%
) OTBS  goc 4n b ) oTBS

PdCl,(dppf) (5 mol%)

K3PO, (3.0 eq)

2 + 4 Me

toluene/H,0 = 1/1 (0.1 M)
90°C, 24 h
95%

OH
A CICO,Me (2.5 eq)

CH,Cl, (0.2 M)
-78°C,3h
96%

0OCO,Me
N

O
X~"“ogt DIBAL-H (2.5 eq)

OTBS

TBAF (1.2 eq)

pyridine/CHCI; = 1/5 (0.5 M)

DMAP (20 mol%)
Me 6
O rt,3h
OTBS

THF (0.2 M)
rt, 30 min

95% (2 steps)

Me O 7a
OH

AR LTREE 7a IZxi L, A RBREMRMIGIC TN SN - ok z@A Lzt 2 A,
HHERILIR 8a DILHEITHED 12%ICBE Y . 5 O-7 U LRISICHR T 2 8f DL &
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STEN, WROKEBITIZE S 2o T,



Table 1-1. Initial trial

O 0OCO,Me
X" Pd(dba), (5 mol%)

PPh3 (12 mol%)

Me
O 7a  solvent, time, rt O
OH
entry solvent time (h)  yield® (%) - O

| ~—0
1 CH,Clp 5 12 ' Me :
1 Me :
2 THF 3 trace ! !
' 00— X |
3 toluene 5 11 E :
4 CH3CN 16 trace , dimer :

a) |solated yield.

KEMNIEE D7 = 7 — WK IE IS RSB TN NTIHAELIZA Y R =412
FoThi7a bz, AUET7= /) XY RT7 =40 BNEHEE LTEL L5200
fwél,:@ﬂﬁ%%ii\7::»7:/~wﬂmﬁf’%wf&mﬁﬁﬁTbkﬁl
EUTOXIICEBLE L, HORAERBRAKIZIHLERERKIG TH o7z EICHAEEHAL O
EHZEHMEICEA TS, BERIREICBW AT INARTGT oL hTFF o 7%
VR =F R ESERT L BHICHEERN LGS & TEEND, —FH THEIOKIGT
RNEBREHGTh D RGO ENIEFITRE Th 5720, RISANIESEIZL
< FHBIEHREAE LIzt o L Bbh s,

Figure 1-2. Transition state of the intramolecular Friedel-Crafts allylic alkylation

spirocyclization near
/ x
/@/\ Pd /\/\x @Eﬁ
= ;
®OMe, CO, O ‘/ O S
OCOzMe

dihydrophenanthrene formation

0OCO,Me
N

_*T__’

O OMe co,
OH
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Scheme 1-9. Pd-catalyzed intramolecular Friedel- Crafts allylic alkylation of phenols
CO,Me

Pd(dba),, PPhs COMe
HO CO,Me +  oligomer
CO,Me CH,Cly, rt o
(o]
N-"oco,Me 0o X
CO,Me CO,Me CO-M
HO 2 HO 2 Me
CO,Me Pd(dba),, PPhy COMe CO,Me
= CH,Cly, 1t HO
OCO,Me . 66% 14%

WTRICLTYH, BiET 20 TS 22 2 EIRO S ET RIAD R, £2T
FHREND R LB L, RORRAE LT, BINROFKETH L L BRI, HED
B LI L 0 AE U MEA A HRRD 7 = ) %3 R7T =4 R, b9 —YEOLE
RIS LTELNEZbDE FREND, 2T, AT r h MR IRESED
Z L OARPBEEAEEA S ENIE, O-T AR MERIZ SN 5D TR0 E FHELT,
Z O THUTHRENZ 0 FN C-7 AFMAEBMEE S, fERE L TIEROUEEIZ SRR 5 &
MR L7,

Figure 1-3. Strategy to avoid the intermolecular O-allylation

®
0CO,Me O Rl
AN Pd(0) = CH,CI,
Me o \ Me Intermolecular
OMe, CO, O-allylation
©
OH (6]

Starting material
CH,Cl,-MeOH /
Pd(ll)
Intramolecular L
C-allylation
Me O = Me g

0

© M

OH o Solvation O /\/\\=\ e
O

Target molecule




T 2 CREICREE A MeOH & DIRBVEIE L L TS Z T T2 & 2 A, HWE Y BIRUGIE
Mz b, ICERITBIICHE ST (Table 1-1. entry 1) , F SRRSO RICET L CHAE 72
R 24T o 7R . CHyCL/MeOH = 4/1 DS W TERALIK Z IR 72%I2 TR D 2 LITHK
i L7 (entry 2), 7235, ABELESCT 1 b UJROREIZ X0 BN A IEROM T I, WEFn
DEA NG TNBILDOSUSHEICER T 5 L Bbivd, DF 0 ARBE I E 72 A B A
HETHDLEREEIND,

Table 1-2. Solvent effect

O OCO,Me
X" Pd(dba), (5 mol%)

PPh; (12 mol%)

Me -
O 7a solvent, time, rt
OH

entry solvent time (h)  vyield @ (%)
1 THF/MeOH = 4/1 6 63
2 CH,Cl,/MeOH = 4/1 16 71
3 CH,Cl,/MeOH = 1/1 16 12
4 CH,Cl,/MeOH = 9/1 16 46
5 CH,Cl,/t-BuOH = 4/1 16 30

a) |solated yield.

PLEOKEHE RS . CH)CL/MeOH = 4/1 Z i LTHWA Z & & LT,
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FAE IR AT OGS~ D B

FISOARFALZBHIE L, ¥ TNV ORI V—=2 T % 7o, ETHERAM &L
T 9-NapBN'?, Monophos>, MOP"Ef7F %K L7 b DD, WFNOEMLF 2 AV T-35E
1F & A ETEIRME AR S ROSHE S R 143 T - 7= (entry 1-3), F2\ T, " EERZF- PHOX .,
Trost BUfZ 112 DWW THRET A 1T > 72 & 2 A, DACH-Trost ligand & VN2 BRICHPREEE 7073 & 588
RIENFTHE S 7 (entry 5), B 72 D METORE R, ANDEN-Trost ligand % VY% Z & T 97%MY
. 91%ee 2T 8a 2155 Z LITAEh Lz (entry 7)'%, 7235, T DB S NT-ALAMDOSIIR(L
71X, DACH-Trost ligand & FHW\ZEE & 1T D H D TH -T2,

Table 1-3. Screening of chiral ligands

OCO,Me
X Pd(dba), (5 mol%)
Ligand (6 or 12 mol%)

Me > Me
O CH,Clp/MeOH = 4/1
oH 7a (0.05 M) rt, time oH 8a
entry ligand time (h) vyield @ (%) ee® (%)
1 (S)-9-NapBN (12) 10 trace -
2 (R)-Monophos (12) 6 56 -4
3 (S)-(=)-MOP (12) 16 62 -7
4 (S)-i-Pr-PHOX (6) 16 trace -
5 (R,R)-DACH-Ph-Trost ligand (6) 16 66 -65
6 (R,R)-DACH-nap-Trost ligand (6) 16 88 -10
7 (R,R)-ANDEN-nap-Trost ligand (6) 10 97 91

3) |solated yield. ®) Determined by chiral HPLC analysis.

‘ O OMe g " N  PPh,
PPh, g‘
Me 99 C

(S)-9-NapBN (S)-(-)-MOP R)-MONOPHOS  (S)--Pr-PHOX

%—NH HN—f NH HN N
PPh, PhyP O PPh, Ph,P O Q<\ PPhzPh,P 2:>

(R,R)-DACH-Ph-Trost ligand (R,R)-DACH-nap-Trost ligand (R,R)-ANDEN-Ph-Trost ligand
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FHNToF 7R BRAGIR 8a ZFFE R L L, X BiAE A S AFAT 12 C 2 O kf SEAREL & % TR
E LT, EBROGREZLUTICRT, ETMHO —HEEEZ2KELICIVELL, HWNTH
HFRICRFZLZHEAT D L Ta~Lii& fkIZT7 =/ —AMoKEERR % p-NO,Bz £ TIR#
T5HZ LIk o THARIK 10a #1572, 5517 10a & BfEiEIC X 0 PR 2 S o
&L X MG AT 2 AT o TofE R T ONAREFT R K TH o722 & D 8ald SR TH
gL,

Scheme 1-10. Determination of the absolute configuration

ArCOCI (2.0 eq)
DMAP (20 mol%)

Pd-C/H, Bry (1.2 eq) NEt; (3.0 eq)
MeOH (0.2 M) CHCI3 (0.1 M) CH,ClI, (0.1 M)
rt,4h i, 3h rt,3h

recryst.

10a

99% :\©\N02

DACH %! & ANDEN B OB 1% WG ICE N EN R 538 % 5 2 7B IZES
LTI, &7 oEfofgiIc ijéo‘fb\foﬁb\ BEZ LD L LT, Trost ligand (2
KDRET VAT NF A D A T = X LRIV FET AV EZICH LTcE
BERICERT D 5 AFT VLT VFUEEIGIE, A VETH T B X 7 /UETHi0—
72T U VR Z B & LT L7235 a . B BRI INBERS & SREZATINERE o 2 SiZk
THEAL 23R 57 5,

Scheme 1-11. The possible modes of enantio selection in the asymmetric allylic alkylation using the

Trost ligands
L6/ \/\: LG \/‘\/ Nu
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53 TS DS & 1AL & ﬁii‘%%ﬁ&ﬁlﬂ-%%?ﬁﬂ:ﬁﬁﬁ‘é e, DO ODEREE
E7 Lf:f@%ﬁfoe}if‘“??ﬁﬂ% L7227 6720, ARICSIARRREE I ﬁfﬁ%)f‘ﬁ({&ép U
AR IZHE T & . AR OSSR EFIT—2 @EMI:EI’JH?JDEX $TRET Do — 77,
SREZAT NNV \iz%é\ . cﬁ%ﬁi%n‘\%m Llen=7 U VSRR D BB U, K0 SREZERALAY
D ELTWVELE D B FUSIFEITT 5,

Scheme 1-12. Intramolecular asymmetric allylic alkylation

_I ®
.
. -
) ‘ Mismatched Nu fast
\\’LG
Nu
/ ) 0 . Matched Nu slow

Nu

ANDEN HE(7-13 DACH B & Eb R TR DNANZ E BTN D, £,
W) 2 R N pkTE R LTS HVE Ta id, ANDEN BUEL O ES ZEEIC E T AV A
Wiz Z & TR N A A—RIZHET LT2 & PRETE 5D, KxHZ DACH BUELNL 1- DA T
L, REBEENENL FICZ VEEI N ENBIE LB XD, TOME, KEAL
FEHWEBRIZZENENE OB T 58 8a G o b L b,

Scheme 1-13. Intramolecular asymmetric allylic alkylation

ﬂ C N
LT
OH

ANDEN
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LU RBZIIPUS -7 U A Z A L THEIT L TV D E WO REICHESS H DT
HY, BEIZEI VST AD =AML DS OPEIEMICHEEST D Z SITEE LV, R,
PSSR TIRBLAL 73 R TIE 7R < HLEE THERE L. 0-7 U VERIRHDR TRUS AT %
FTREMEZ BT L TV BB AFrET % 1%,
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FNHT AEE R ORRET

B ONT-FEEIED T, BB ISETE I DUV TRE A 1T - 72 (Table 1-4), 854 =& # A4
L7 ¢k LT TiE. DACH-Trost ligand % IV TEVE )3T 5 Z & TRIBHIZA Y 7'
=NVHEERT DB 8b Z mIE, SNLRIRICE D Z LIl LT, B, 2O
Sl 8b DFEYEEIL, 8a &L D % 7k L7z (entry 1,2),

Table 1-4 (1). Scope and limitations

entry substrate product results @

OCO,Me

(S)-(+)-8a

6h,rt

97% yield

91% ee
(R,R)-ANDEN-Trost ligand
(DACH: -65% ee)

‘/
OH
0OCO,Me O (+).8b
6 h, rt
Cr”
OH

Me Me

~
Y]

(0 ()
g g
/ /

2
99% vyield
90% ee
7b (R,R)-ANDEN-Trost ligand
HO HO (DACH: -70% ee)
OCO,Me
3 N (-)-8¢c
‘ 16 h, 40 °C
Me Me 0, 96% yield
O 7c O ’/ 93% ee
OH OH (R,R)-DACH-Trost ligand
O 0OCO,Me O (-)-8d
4 N 16 h, rt
90% yield
"//[/ 91% ee
7d (R,R)-DACH-Trost ligand
HO OH HO OH (ANDEN: 39% ee)
OCO,Me O
5 NN (+)-8e
‘ 16 h, rt
= 85% vyield
O O 92% ee
TBDPSO oH Te TBDPSO OH (R,R)-ANDEN-Trost ligand

Reaction conditions: Pd(dba), (5 mol %), ligand (6 mol %), CH,Cl,/MeOH = 4/1 (0.05 M)
a) |solated yield. Enantiometric excesses were determined by chiral HPLC analysis.



=y POBEHESERICEA L Thbs 41T o7, LY ALY — A BIOEEIZE N T
FOSIXREZ R <HEAT L MIEHZ @A L7 4 v & LTEGAICL BIF 2R % 5 2 72 (entry
34) o BT, REEMLOWEZIERNHR T = ) — L& LTEHAIZBW T, HERED
SEARBEE AN B AUEAL B IR INAZ SO T T 5 2 & 3o 72 (entry 5,6),

FHoa =y FOREIZOWT SRR 21T o0& 2 A EAFRGIM, kG 00 &
FEOCAF L UAF UVEOEAINZEEICB T, OGNS < 1T L 7= (entry 7-9),

Table 1-4 (2). Scope and limitations

entry substrate product results @
O OCO,Me O e
+)-
° N 16 h, rt
— 83% yield
94% ee
Ph OH 7f Ph OH (R,R)-ANDEN-Trost ligand
OMe OMe
7
O 0CO,Me O e
+)-°o9
x 16 h, rt
Me Me P 96% vyield
94% ee
oH 79 OH (R,R)-ANDEN-Trost ligand
F F
8
O 0CO,Me O -
+)-
X 16 h, rt
Me Me — 83% yield
O O 94% ee
OH 7h OH

(R,R)-ANDEN-Trost ligand

a
(@)
>
(@]

O 0OCO,Me O )-8
9 +)-8i
X ‘ 16 h, rt
82% yield
Me Me
= 87% ee
7i (R,R)-ANDEN-Trost ligand
OH OH

Reaction conditions: Pd(dba), (5 mol %), ligand (6 mol %), CH,Cl,/MeOH = 4/1 (0.05 M)
3) |solated yield. Enantiometric excesses were determined by chiral HPLC analysis.
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— 5T, AR OMBICESIROBHRENEA SN D X0 REEICB W T, KIS
KT & ZEAEOAERMEM S B EERRBREICBE L CHO R+t D Tholz, Eie,
RNRTBEHINT = ) — VB8R EZ T L L CTHWESES, ALk 2155 2 STk
L7Zb DD, SRR 2L FHR IRz,

Scheme 1-14. Scope and limitations.

OCO,Me
e Pd(dba), (5 mol%)
(+)-ANDEN-Trost ligand (6 mol%)

Me CH,Cl,/MeOH = 4/1 (0.05 M)
7j 40°C, 16 h
OH

diastereomeric mixture

OCO,Me
A Pd(dba), (5 mol%)
(+)-ANDEN-Trost ligand (6 mol%)
CH,Cl,/MeOH = 4/1 (0.05 M)
rt, 16 h

OH 75% yield.
0% ee.

2]
-

O‘
(]
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%M Cedrelin A, Paralycolin B D425 Ak

Ve e 7= U b EONREIERFEICRE LTclo, RIRMIEEA~DIGEH %
HiEd 2 & & Lz, 7 Cedrelin A® 244 —47 v F EED, HE 11a # AR Lika %
BLTc, L L, SERMEEHNOTRICEIT o7& 2A, BFINERDE LVME T2 R S
AL7-(Table 1-5. entry 1), & Z T, MEEEESHMAIZEICOWTHERFZITo728 25,
THF/MeOH V8 HERE 7 U U D2 N L TG ZTT 9 2 & Tee NWEHESNDH Z L2 ML
7(entry 8), T DHIZIKIARE L THRETIIH 720D, ZNLL EOUEITRIAD 72>
Tl ORGHEERA L, EORF~BLZ L& L, 7o, MEELZG T & UGIE5ER
B —H B3 K o 7o (entry 10),

Table 1-5. Pd-catalyzed asymmetric intramolecular Friedel-Crafts allylic alkylation of 11a

OTs OTs
O OMe 0CO,Me O OMe
Pd(dba), (10 mol%)
X chiral ligand (12 mol%) ‘
O solvent (0.05 M) O [/

HO on ° fore.12n HO on 122
entry solvent chiral ligand additive yield (%)? ee (%)P
1 CH,Cl,/MeOH = 4/1 (R,R)-DACH-Ph-Trost ligand - 94 29
2 CH3;CN/MeOH = 4/1 (R,R)-DACH-Ph-Trost ligand - 33 36
3 toluene/MeOH = 4/1 (R,R)-DACH-Ph-Trost ligand - 31 38
4 THF/MeOH = 4/1 (R,R)-DACH-Ph-Trost ligand - 88 60
5 THF/MeOH = 4/1 (R,R)-DACH-nap-Trost ligand - n.r. -
6 THF/MeOH = 4/1 (R,R)-ANDEN-Ph-Trost ligand - n.r -
7 THF/MeOH = 4/1 (R,R)-DACH-Ph-Trost ligand LiOAc 83 38
8 THF/MeOH = 4/1 (R,R)-DACH-Ph-Trost ligand KOAc 98 (94)° 66
9 THF/MeOH = 4/1 (R,R)-DACH-Ph-Trost ligand Mg(OAc), 75 65
10¢ THF/MeOH = 4/1 (R,R)-DACH-Ph-Trost ligand KOAc 45 60

a Determind by '"H-NMR analysis of the crude mixture.
b Determined by chiral HPLC analysis.

¢ Isolated vyield.

45 mol% of Pd(dba)2 and 6 mol% of ligand were used.

O )

NH HNb NH HN? C;H ”@
PPh, Ph,P O PPh, Ph,P PPh;Ph,P
(R,R)-DACH-Ph-Trost ligand (R,R)-DACH-nap-Trost ligand (R,R)-ANDEN-Ph-Trost ligand
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BT Lee HOKMEBEBIC/ v AV REKREIT-12 "% Thbb, = FL Y7
THEBRAFAE T, BRABIK 12a (XL 33-VAFAT I u b A VEERSEDLZ LT, KEY
ORFE# & 72 HERMEALAE Y 13a 2GR Lo, ZOFS, iR 13a’ b [AIRFICS STz
Mo YUBTNAT DL VEZHERTRE TH -T2,

Scheme 1-14. Formation of the chromene ring

OTs 0
OMe )\/U\H (1.5 eq)

HoN -~ NH2
O‘ *" . 2acoH (5 mol%)
O ,[/ toluene (0.05 M)
HO

reflux, 6 h

OH 13a: 51% yield
13a": 38% yield

IR\ CHEE LU 7= 13a %, HiAEMES T Ts O MBR#E LT - = & TRAM(-)-Cedrelin A D
BFAARF AR EZER LT, GRMOFEFEANRY MLTF— 2 ICEE & B —F &R L,
BENEEEL CD AT MANHLRREFMU—KTHD Z L EHLMNT LT, 2EB, BROFE
PN T, FRASHEERDOREEILIZ L D ee DELRATZN, B TE o7,

Scheme 1-15. Total synthesis of (—)-cedrelin A

OTs

(-)-Cedrelin A
synthetic sample:
[a]lp —54.9
(c 0.75, ChCl3, 66% ee)
natural product:
[a]lp —20.8
(c 0.25, ChCly)

6 wt% KOH aq.
/EtOH = 1/1 (0.04 M)

reflux, 1 h
74% vyield.

BT Cedrelin A OFEEFARRIR TH 5 Paralycolin B D25k % Bfs LIRS &21T-o72, £
DOFER., 7= /7 —/ 11b ZHE & L7245 1W Friedel-Crafts %7 U WAL T LS AV X e
WSRFFEFICA L —XITHAT L, @WILEREREIC T Rr 7 =) FL v 12b 25 %
D ENMoT,

19



Scheme 1-16. Pd-catalyzed asymmetric intramolecular Friedel-Crafts allylic alkylation of 11b

OMe OMe
MeO MeO
e OCO,Me  Pd(dba), (5 mol%) ©
N (+)-DACH-Ph-Trost (6 mol%)

CH,Cl,/MeOH = 4:1 (0.05 M) , -

YT
O O oH 11b 98% yield, 92% ee. HO oH 120

VLEDORERE D KBUSIE 8 MEHEEDFIENFOGHE, BIRMICRE S HEEL 525 2
EBRB BN E RS T, RIRIZOWT, Bl S8 & B ONRBEEIZ LD b ooy, g
X — T VRS F -8 Pd BN 3 2 2 & CRER Z2BAE L7720 TidZz s EHERI LT
WD, REIZ DD TR,

Figure 1-4. Substituent effect of the methoxy group on the 8 position

OTs OMe

OMe MeO H
'8 l
O "/,’/ O "/,’/
HO on 12a HO oy 12

WU L THRFMEDE W 12b N ONT-7280., i\ T & RO TFIEIC T a1 X
VERIE R T T, B Z OB S OO KERLICERAE ST L 72 13b°2 13b & AR
BoNE=Nn, YUBTFVDT ALV SEERRETH - 72,

O
ool
o

Scheme 1-17. Formation of the chromene ring

OMe o
)\/”\H (1.5 eq)

MeO
H N/\/NHZ
O “" . 2acon (5 mol%)

,{/ toluene (0.05 M)
HO

reflux, 6 h
12b

OH 13b: 55% yield
13b": 28% yield
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BT, A HEREZEHAIZ L Y Paralycolin B D&/ ZAT - 7=, EFLO BB TN, T
T OKERIEZ A FALDE S 4172 methylated Paralycolin B DfLEG#)7 — Z M Fe# ST
ele, ETELLDOHRRE T, T72b6, KL 13b @ 1 fkEERE I — R A X
N XY AF LT %D Z L T methylated Paralycolin B D8R 2 R L7, £/-. K&K
T 5 Paralycolin BHK S, ~ DD A FF V% B(CeFs): o L0 vm o~ L8|
ft< TBAF | X 2ifRi#EEIT O 2L TEM LT, LInL IO, A Y 7 =)L o0&
DET LI LAY, HEECE RV EIERY & L TRIFHIZE 2 72,

Scheme 1-18. Total synthesis of Paralycolin B

OH
HO
O B(CgFs)s (5 mol%)
Et,SiH (3.0 eq) Mel (1.2 eq)
L SHChO.1M).t K,CO; (1.2 eq)
‘ [/ then, TBAF (2.5 eq) DMF (0.1 M)
0 OH 52% yield. 92% yield.
—
(-)-Paralycolin B (+)-methylated

paralycolin B
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% % Friedel-Crafts %! C-H » v 7'V 7 —7 I AR N L 58 3.4
NAEBRA =B A o B — VA RE DB %

A El=g=R

BH o

TV F LI =R F— Mk LT Pd 2 ER S8 5 &, gk O-T L=1/ 7 a s
VR NBERDSEMHIREM AT T 5 Z LM b TWE 2, ZohF A Mg-T7 L=1/7
2oV EVEERIT, T U UAROMEEA LR D b ERE DO EAT R R EEE Lo
TWb7zw, PLRFE~REMMERZ TS 2, £, BICERT D747 077 v hi
i, 70 P AICE D =T U ART D7 AR~ LB EN D,

Scheme 2-1. Reaction mechanism of allenyl / propargyl palladium complexes

R Pd(ll) S Nu
1 Nu
-allenyl
\§\ R)\\ -ateny — R*\§
OCO,Me TL
® ) R ® R ®
Pd(0) A palleny Nu T Pd(l)  H j‘,\/Pd(II)
R Ipropargyl Nu N
1 L palladacyclobutene w-allyl
R @N R
n'-proprgyl . A
Pd(ll) 1

SFEY ., -7 L= T a sV OUEERIT L RE & RERIRED TN E TR EERE LT
BERET 2720, ZAILENDENL KA & SO 2 2 & T RRIR RS TR FIRE & 72 D
Wb B A — R Z ERIZ FRE & T 27 (b P CTh 572D, REERIZEET
DRFFRITITAERRICRE A L 72> TN D B, LinL—F T, BESREA OREEIC K- Tidg'-
T U VEEIRS T B L X VEEER A~ DR ESE S, 7 L R T v oL
MMIESEZ L LTEXD I ERb 5, ZOMBRBIRMEOHIENR LIEUIEREE 25 7-
O, KEISOFERFNIRTZRENTH S,

Scheme 2-2. Palladium-catalyzed cascade reaction of propargyl esters with bis-nucleophiles

__ r ® ® ]

0CO,Me . ay
Pd(0) === \r/ﬁ
—_ > @-) —_— S} T» Nu Nu'
HNu_ NuH Nu__ Nu'H Nu_  Nu' a
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— T AT, T a UL —Rp— ML 2RO/ T BT = ) —)L
TR PA I AEM S5 2 LT -7 LT a2V ABERIT ) LTy pso—
FriedelCrafts B DA G EITT 2 2 L 2 R LIz 25, AL LT VAT D0 L
KIZZ 0%, PAJENMEEZZ T AL O[S, 5|7 unfH oz ) UHE~EEREND, B,
ALOSITIEEE RN AT 5 7 L o BIHEIRO . C-C F5E OB Z £ 5 Pd ikl ~DER LY
FINZREE LTS Z ERUSHEIERIT N BH Ln Lo TnD, bbb, ARIGHRT
TV URAR L -7 L= T a LUK L ORI AR S AL S H 2 L T
P ERPFEZ S LTV D,

Scheme 2-3. Pd-catalyzed intramolecular ipso-Friedel-Crafts alkylation of phenols

E
E E_E
Pd(dba)z, PPh3
HO Z (CH,Cl),/MeOH, 60 °C
95% yield.
OCO,Me vye 9
: E E E '

O)

: E i
: E Pd(0) E :
HO 4 rearomatization-assisted o // '
: o) oxidative addition @ |
' OCO,Me / Pd(ll) (E =COOMe) !

E E ipso- E E '
: Pd(0) —~ 5 E | Friedel-Crafts !
E _co, P(?j o % alkylation !
! — MeOH 8 ) 7/ =Pd(ll) :

Flo, AXEHAL LY ) —)VEFEEREFVE L L T2E 121 Friedel-Crafts % O fF N
IR TN O-T U LR HEIT L., RV 75 Vi8R AT REDOINETEZH 2 LY
HHLTWA,

Scheme 2-4. Pd-catalyzed intramolecular Friedel-Crafts alkylation-O-allylation cascade

HO E Pd(dba), (5 mol%) E
E PPh; (12 mol%) HO E
% toluene/EtOH = 4/1 O-allylation
OH (0.05M)80°C,6h @ isomerization
OH 7 “pyq
OCO,Me n
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B E WHEHAY

A2 R—=® 3.4 (L6 P HEEDHEER L 1AL SR AEMIEER PRI LI L < R
SNLIERETH Y, LD =— 7 lphiil LR R WG S| ITFERHSER 24
HTND,

Figure 2-1. Bioactive compounds with a 3,4-fused tricyclic indole skelton

\
O
N

Rucaparib

Lo L, REEOEMIZIEA » =L 4 fOBHRLETH DR, ZONEITEFHE
MEL BUSHEIZZ LW Z ERMLNTWD, OF EENREMNKHNETH Y . 4002 T
BEHEOBEASNEREEZAVDOLERH D P, 20, @&ffife 4-~m 4 2 F—LR0d5
A ROSHITEAA 2 JFUBE & U 72 BEPER A B RIEN ZNE TO TR ThH - 72 %, £7-, BEHERAR
Gk L U T#FEE 7% (photoinduced electron transfer; PET) (2 & % Witkop Br{b23 iy <
MO BTN DA, ARSUR IR IS I 2% L T D 7,

Scheme 2-5. Synthesis of 3,4-fused indoles from indole derivatives

low
reactivity R X OK\
s
y == ) N — \ m
N N N
H H H H
3,4-fused tricyclic _4-8ubstitut.ed . 4-haloindoles rearrangement
indole frameworks indole derivatives precursor
*Witkop cyclization
N I ] H
40>/N o N
Cl PET 3 H@
—_—
b A\
N N
H - . H
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— . BOETIET = U R U A R e LT e 34 MR o R — LR
ARGEDBRFIIERNEE > TWD, £OREFZLLTITRT, 2012 4, Cho BN
Fischer 1 > R — /L&l #57 < 4> F W Claisen #5710 & 0 A E#sZ Ok T2 2 L1 L=,
FE72. 2013 FFIZ1 Boger © & Jia HIT L - THF N Larock A > R— /L& RZ A L2 2h=
BEIENENERISIICHRE SN Y, EHIT20144F, v T AL I ) AN A ROK
JEPEZ IS Lz [B2]BR0IC X D ARIEDR B S IC X o Tl S 2,

Scheme 2-6. Efficient synthesis of 3,4-fused tricyclic indole frameworks

= Fisher indole synthesis

n o/> n |
n
(\/\M/\f\o X
R

o cat. HCl aq. (0]
ProH DR Ho
N NHz a N N—r
\
| CO,Et N
CO,Et 2 CO,Et
= Larock indole synthesis
R
n 4 n n
Pd(OAc),,
| or Br ligand, base R \
B _ = R
DMF N-Fd N
NH, N N
= [3+2] annulation
N, Rh(Piv)y [Rh]
| N — _ _— A\
N CH,Cl, N‘R N
R R

W E T HET., 7TV EE AT 53— R7 =) Vs I L L4 F Heck
FA—T UNALT I ALERBRIIC L U . 3AMHEREL A o U VOGRS RRICES LT
WA, BoNTEERIBEIIBBICLEVEGICA Y R—IUE~EEHTX A2 LN LT
l/\}:) 330

Scheme 2-7. Synthesis of 3,4-fused indolines; intramolecular Heck insertion-allylic amination

X
M SR Pd(dba)s,

I ligand, base

DMSO

ITIH

Ts L
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Ll ZHHDOROGE
O HER EICEARNES ML ONo s %) 208 ET 5720, SEOFRNEME
@ MEIRVHEER B A A& 7R X — L~ 73 TR

EVo AL TREY . X IAEOEWISEOBRENRD Hs

Tox BURTBASE LTz -7 L =u/ 7 a7 L XOVEEKRIC 69 5 45+ Friedel-Crafts L0
B 23, SR &2 A Z BT =) v L, B RO 34 MEFEERAL > R U U
BHEZDZENTRTESL, BEHTHIRRZ X 51T, Friedel-Crafts B SUG 3B LB FHER
C-H A ZHESENEMTE 270, HER E~OZEREBRILE AL L0 il c& 5,
70, -7 L= T a s LR~ D4y T NBMLRUGIE P BRI R~ Dt 5258 b 174
T 5, 2O RGRICE AL, ASIT ER U7 %2 —ff T 597717 3,4 (B A
v R—VHEOFHARIE L UTHIRRRF- 15,

Scheme 2-8. Reaction design

0OCO,Me

Xw/ NV
n Pd S i -Pd
H — - $ e
Friedel allylic
NH —Crafts NH amination
I}IH I I
PG \ PG PG
i7°-allenyl 7-allyl 3,4-fused indolines
/propargyl
=Direct C-H bond functionalizaton =Medium-sized rings construction

LEOEFOTF., 7 L= a )V NgERORIGTEZE I LTz, 47§ WN Friedel-Crafts
BT VR ARSI X B 3.4 AT =8k A o F— VHEERIEDORBFFRIZET L
77
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F=F Pd Rl A TR

REPLET =) CEEEE LT Oy — MO TR L7z, dilRD 3-7 3/ 5-AF V%
BERE 14 726 3 TRIZTT ATk FE 15 &8/ L, & HIT Knoevenagel A 12 < KFE
Wzl Z & Tvrxr—ME16 & L1, £0%, iR L7z7 e\ r¥La=y &
WMALRE 17 2157, Flo, 7=U U ORER A ZH L7 HE 18a b AR LT,

Scheme 2-9. Substrate synthesis

dimethyl
Me Boc,0 (1.5 eq) Me malonate (1.1 eq)
COOH 2 CHO  piperidine (1.0 eq)
NEt; (1.5 eq) BH5THF (1.1 eq) MnO, (5.0 eq) ACOH (0.1 eq)
‘fig’fj‘?g/;g?ﬂ) THF (0.5M)  CHCl3 (0.5 M) toluene (0.3 M)
P, flux , 3 h
NH, 14 rt, overnight " 6h 50°C,6h NHBoc 15 "X

70% (3 steps)

= OCO,Me
Me Br\/\ (1 .22 eq)

Pd-C/H, COMe  NaH (1.2 eq)
MeOH (0.2 M) CO,Me THF (0.2 M)
rt, 12 h NHB 16 rt, overnight
83% (2 steps) oc 73%

pyridine (1.1 eq)
TFA/CH,Cl, =1/4 TsCI (1.1 eq)

(0.1 M), rt, 30 min  CHxCI, (1.0 M)
rt, 1h

91% (2 steps)

o7z 17 & 18a 2 VT Pd il il N2 31T & BRGSO R 2 Bk L 72 (Table 2-1), %
T Boc K17 2D A RERAKER Y 7T UARENENORESMEIR LI E 2 A,
IVABE Y o = A T VA 72 E DRSS Z 5 D& THBRLIRIZ 2B o R o7
(entry 1,2) . L2 L., Tsfk 18a #LHE & LIZBRIC, TAHLIIRZRLZ DD, 2 Ll A
FIOVFEDOBEA ZT=A » R—/LFFEK 19a 23T 037208 B RS S 417 (entry 4),
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Table 2-1. Initial trial

Me Me E . Me
E Pd(dba), (5 mol%) E E |
E PPh3 (12 mol%) R E
solvent (0.05 M) 5 |
A temp, time . ! / :
& - N—= } TsN 19a |
R 17, 18a OCO,Me (E =COzMe) R s !
entry R solvent temp (°C)  time (h) result @ (%)
1 Boc CH,Cl,/MeOH = 4/1 40 24 solvolysis
2 Boc toluene/EtOH = 4/1 60 16 messy
3 Boc THF/MeOH = 4/1 60 16 n.r
4 Ts toluene/EtOH = 4/1 60 16 23 (7%)
5 Ts toluene/EtOH = 4/1 rt 24 solvolysis

3) |solated yield.

JAVE Y OB T2 Wb 00 IERANTIX 3,4 MAFERA A » R — VO AR D iR
T&El2d, fbEW 19a DIEEM L4 B LR R 24175 2 & & L7z (Table 2-2.), KUY
FOERFRNT Va2 — VR TH o722 End, B—FE2AW TS EITo72E 2 A,
DTN D 19a ODIENRSES N, —HF TV Fax U kK192’ L, o FRIKIGIC
K DEHDLEERDEIET D LV FERBHE LN (entry 1), & DICKFRBEE AR LT &
A, T a N DY A W T2 BRI BOS OB IRME & IR O S » /L 6 4L 7- (entry
3.4), LAEOREREZZT, DMF & iRt & U CRIRL 72,

Table 2-2. Screening of solvent

Me Me Me
E Pd(dba), (5 mol%) E E
E PPh; (12 mol%) E E
solvent (0.05 M) +
N 100°C, 1h J |
NHTs ’ TsN 19a TsN 19a’
18a  oco,Me
U Me :
entry solvent yield of 19a/19a'@ | E |
: E :
o o , .
1 toluene 14% 1 24% | § |
2 dioxane 22% 1 37% . NTs |
3 DMF 37% I <5% N e
4 DMSO 31% / <5% i c |
. : E :
3 |solated yield. 1 Me |
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TN TR DR 21T o 7 (Table 2-3.), £ T HERL AT DOV THEA RET 21T o 7203,
M) 7 2=V RA 7 4 X0 S RWLEERZ 5 2 DB X725 7o (entry 1-6), L 2>
L. —J#® Xantphos BN 1% HWZERICA £ TTRD BWINEIZTHIY A 5 % 7 (entry
12), £72. KEHEOERWT v hUMIEBTHL Y Tt a T ) — LV ERTICRESE
THRORZEAT S T &, THTUERNUE S (entry 13),

Table 2-3. Screening of ligand

Me Me
= E
E Pd(dba), (5 mol%)
ligand (6 or 12 mol%) E
A DMF (0.05 M) )
NHTs 100°C, 1 h TsN 19a
18a OCO,Me

entry ligand (mol%) yield (%)? -Pr |
1 PPhs (12) 37 5 O 5
v j-Pr i-Pr ,

2 P(OPh); (12) 38 resa, |
3 P(p-Cl); (12) trace ; O |
: Pevs (12) n E t-Bu-Xphos |
5 P(t-Bu)Ph; (12) n.r ! |
6 t-Bu-Xphos (12) n.r i i
1 O :

7 dppp (6) 28 | Lo, bon, |
° dopb (6) 29 5 DPEphos i
9 dppf (6) 30 ! E
10 (R)-BINAP (6) 33 ; i
11 DPEphos (6) 35 i O o O i
12 Xantphos (6) 64 . Pen, PPR, |
13° Xantphos (6) 75 : Xantphos

@ |solated yield.
b DMF/CF3;CH,0OH (4/1) was used as the solvent.

Z OMAFE Pd fIME-CHE LB IZOW TR 21T o 7208, NEROBEIT R b o T,
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FEIUET  EVE MO

HFONToRESEGEDO T, WE—BIEOMFT 21T o 7o, NI OE WL 2T 4« 258 L7 K
B RO NTs TG L2 HE CIXZ EROAERSEIL L, IERIFME T Lz (entry 2-4), —=#kD
—ARA— FERE L LA EROAERZEMZADNTZbOD, Ve Fuax )/ v
R0 BAKFEDBEEDHEIT LT v A EADEIE LTz, B, 2D OEEIZB W TR b B
7efE R B 2 7= O1X dppb Bl - Tod - 72, (entry 5,6), Z3 T[St O] 2 HFF L O PR
ML 2 O ST bR AT o 720, SERZED B 7o To(entry 7), SREGHINLE 7 =/ —
N LI TRAY Y 7 T VRERAE DI (entry 8), R & LT, BT XD ILRIC
RELIANATODENRM, KEE L TEZEESLVE FuXx /2 U ARKORIERZE T bivd,

Table 2-4. Scope and limitations

entry  product results? entry  product results?
1 Me E 5 Me
EE Pd(dba),, | EE
Xantphos ! Pd(dba),,
DMF/TFE ! dppb
/ = 4/1 | / DMF
TsN 19a  75%yield. | TsN 19 40% yield.
2 OMe E E 6 Me E
£ Pd(dba), E B Pd(dba)y,
) Xantphos ' ) dppb
DMF : 19f DMF
TsN 19b  28%yield. | TsN By 27% yield.
3 i £ L7 Me E
. ; £ Pd(dba),
Pd(dba)s, ! Xantphos
) Xantphos ! ) DMF/TFE
DMF ! = 4/1
TsN 19¢  24%yield. | TPSN 19¢  75% yield.
4 Me 8 Me E
NTS  pg(dba)y, ; B Pd(dba)y,
Xantphos ! Xantphos
/ DMF : S DMF
TsN 19d 29% vield. ! 19d 32% yield.

@ Reaction proceeded at 100 °C for 1 h. Isolated yield.
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BT SOSHEREDE 5

A v K=V 19a % 5 % 2 8Bt O SO 2 i+ <<, RFtziTo7, £7
WO BB 2 3R 7 723, 18a & FE & L7238 OB E I IIE T (I B o 72 72 3D SO SRF
RIREORE TIIE LNl —F . BLFIORTHEEFRA /N MLO UG R &8 LT
B8 VTS ETo7o L 2 A, NI TRISDHEIT LT L AR 19a” 135 B vz,

Scheme 2-10. Pd-catalyzed cyclization of 18a’

E Pd(dba), (5 mol%) E
E Xantphos (6 mol%) E
Me DMF (0,05 M)
NHTs 100°C, 1 h Me 19a":64%

182" OCO,Me (E =CO,Me) NHTs

FThbb, RRSET LV oRHREREZRBE LTS EPHEEND, LLEORER) S HER
SN D FOHEREZ DN T IR T, ETRAEORIAIMI LY, I —Ax— h OB
ELENT L= 7 a oL SOV R TEEHE S MA-IID SR S5, ASETHIVTESA I 12
%1325 43 1N Friedel-Crafts B OIS Z IR L7223, EEEIXBZ O <A T Z2#8Hm LT
FOSHHEIT LT b o L Bbih s, 77205, $8KT O PdEF RIZHFFERERNENML L, £ETT
TEBRNT XY A 7 VIVIETHIBEEZ =T 5 2 LT L URIRRIAV S L E N b O
ETRTED, HBICHEIRV OT7 =V VEBRENT LU PDRB~REMMEZRZZ 92 &
T19a %52 %,

Scheme 2-11. Proposed reaction mechanism of the formation of 19a

Me B Me E Me
E E
E E
E  Pd()
—_— —_—
a—
SN P X
NHTs NHTs NHTs -
18a  5co,Me I Pd
n'-allenyl n°-allenyl/propargy! n'-propargyl
Me l Me

E
E
—
Pd Pd(0
NHTs v () TsN J 19a
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ZOnp-T L= VR GEA T I L CiE, AT TH D A B B ERARICE W T B
INTHRY, EEHER FICBT D EAERMIIARERBE RO T L ARTH D Z & D3R
NTW5, £72. —BILREFHSIICBODTRIGZITo 28A1ICE. —8n'-7 L=/
KHSEDOIRASIEPHEITT D 2 L bbb TR Y | AREENUSTENRIZ 20 155 Z &
FoCTHEEND X,

Scheme 2-12. Spirocyclization and CO insertion via 7'-allenyl palladium complexes

E E E E
Pd(dba),, PPhj
HO =7 CH,Cly, rt " Npa
= o)
OCO,Me HO
Pd(dba),, PPh E
25 3
LiCO,, CO EP?dO E oo
MeOH, rt HO "OMe HO 2

F7o. COHDOBRILEME THD T L U HILRBA~OREZBRIZE L T, WO G
DB TWD, FEEEICFEEEDO FIEICT 2 fLE#aR A o F— /L8R EZ AR L TV 56 %
LIRS,

Scheme 2-13. Synthesis of 2-substituted indoles from allene derivatives

oTBS
I OTBS  pg,(dba)s, TFP OTBS
©i , BusSn Cul, TBAC N
—_—
NH DMF, rt N
Boc NH L 8a%
Boc Boc
| | [Rh(cod),]OTf
dppp N\
HFIP, reflux
N NH N 93%
Bn Bn Bn
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Fr.o Ve Fux U R192 oW TiE 7T LU BIHFRIRY o7 u BNk < onE
FEREISIC L VAR LIt D B LTV

Scheme 2-14. Possible reaction mechanism of the formation of 19a’

Me

TsN | 19a’
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EAE -7 V=T oL GERIC BT D B

BRI 72 3,4 (MBI A o R —AFFEUR D BRI L2 b DD G Hi7z 19a i3
K=/ 2 fLZATFNIEER L TWATEDFERAMEICKR T, ZORIG BE SRR — i
CZLWbDThoTo, £ 2 TYHYOFERED . 17-7 L =/1/7 L F LK HSEDOBRAL
KEFHRERDOMFEITO 2L & Lz,

-7 L =7 a s R LGER DM IZ OV TIE, 9 0ERTEN D 0 0 ERFTEITHT
T, BIRSICE > TBNBICHIE STV D 7, BT 51335 O AR & 485k
B L TRERREEZIToTEBY ., Z2OWEDTTH-7 L=/W/7 u UL [ e ERIT <
TV BEERIC AR TREA & ORISHER RV ERRTW S, EERICEEE L -2 Eho
BEMRIZ MeOH Z IR LT7=5a . MASSETORSISHETT S 2 L 2R LTV 5 77,

Scheme 2-15. The reactivity of 77-allenyl/propargyl platinum/palladium complexes

OMe ! OMe

= © o | R )
®~ | N BF, MeOH ®)_|\ BF,4 : @(i*\\ BF,4 MeOH @)_l\ @BF4

PhsP~ O~PPh, d

PheP~ " ' ~PPh,

/Pt\ /P ~
PhgP PPh, PhsP PPh;

B, THHEAICZEI LTI Wojcicki 512 & - THFEM O X Mk dbis & i@t 23 <
W5 B ENENOITRER AT B L -7 L= a oL E LR bR FE I,
HESERD TR T U0 AEERID LA THDE I ERbND, BEHL, ZOH
PFARKISIEOBENEBXEZ LTV b0 LSS,

Figure 2-2. The structure of allenyl/propalgyl metal complexes

///—1522° ///,15470
) = ©
@ i NN OTf ® (l-\\\ BF,
Pt\ - CH2C|2 P
PhsP~ PPh; PhsP~ d\PPh3

SOSHEDBENIZNEN DR OMWENS LR TE 5, PtE 1L Pd R IZHERTER
PEMEEE DS WD BAL OB FBEEN TR0 RER & ORISEN ERD B2 65,
72 PAFTOREEFREILA THLDICK L, PR TFOREE FREIL S Ths o
ENRHBNTWD, DF V., PdJETFI 0 MiDREEA 4FTe DIz L, PR TIT 2 flidiRfEA
e, TD=, -7 L= W7 a S AR~ DINER CH I AL T raTT
BIE, NTEFAINEN ST T EFTHA I NDHRNEEICHFETED, BELL, ZD
BRI OB ) FRIR L ENE S | RIGTEDZRICEE L 5.2 TnWb b s,
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Fo, TasoorX s a ) RO PYHO)SDEREAIFING X - TH B AL ol EEm A L.
7-7 Lo SR TIE e BT Lo T a VRS ETH D Lk b T g T, &5
2y T L= a oL LEER O BV 1T, p-r7-allenyl/propargyl SR DIEEIZ LY
RT VY MR DT BERICRENZ E LWL LTS, DED, AeRII T
U LBHRIC AT L= R TR LI D E TR TE S T

Scheme 2-16. The reactivity of 77°-allenyl/propargyl platinum/palladium complexes

! cl [
N4 el pnyp~"'~ppn, PhyP~ 1~PPh, PhsP—Pd—Pd—PPhg pen>-alleny!

i cl /propargyl
Ph o Ph _
Phyp == Ph—=""¢ Py == Ph—=" PP

a-Peeh, ks PhsP”" “PPh, c1-7%pph, — PhP”  Cl
Pd
n'-allenyl cis-n'-propargyl

Kp<<kpq n'-allenyl trans-7'-propargyl
UEOHRLEY , -7 Lo 7 a SR LI RIERE MRS 20 CchiE, <7

DU LTI < M E W5 O0E S Th 5 LW Lz, £ 2T 0l Bl A
fi & L7z 18a DAL D FRFHIE F LT,
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FLE Pt RS A TR

KRG ANTFAHEZ O i A& filfit & LT P(PPhy), 238K L, SHERBDO R ) —= T %
{T > 7=(Table 2-5.), toluene X° dioxane 72 & DIEMIEIAIE A2 AV 7235551213 2 E THEE 19a
WERT 2 DB T >7273, DMF P CTRIS 21T - 72BRITIRINE Tldd 5 28 B BR{bIR
20a 235 7z (entry 3), 72 2 ptOfEF . DMSO IR A V5 & 88%IN R IZ TERILIA 20a
Zh x5 Z L& L L7 (entry 4),

Table 2-5. Pt(0)-catalyzed intramolecular Friedel-Crafts type cyclization

Me
E Me E Me E
S solvent (0.05 M) + OQ
NHT N 100 °C, 16 h /
S - TsN 19a TsN 20a
182 oco,me (B =COMe)
entry solvent yield of 19a (%) yield of 20a (%)
1 toluene <5 -
2 dioxane 30 -
3 DMF 13 31
4 DMSO 5 90 (88)2

Yields were determined by crude "H-NMR.
@ |solated yield.

Z DEEE RIS ROV T, BUSRTIZRBT 28R OR 0 ICERT 550 L5
FZLTWD, A, BROIIERCHEERETICRIT 27 V=17 v 7w R LEHEOFE
b NMR I CTHIE L TE Y AP ICB O CEp ROERAARI TH D Z L 2D
MZLTWD T BESL, FEROE VIS S F A MR 2 LB ST 5720
ERbND, Fio. BPERENC X0 REEENL O T =4 v e & H LI Sh, SREETED )
ELEZEWIRGTHTE S,

Scheme 2-17. Solvent effect on the ratio of allenyl/propargyl complexes

t-Bu—=~_-Me Phy +Bu e solvent I
o o — N
Pd c — Pd__ CDCl; 75/25
Ph,2” “PPh
AR Ph, O DMF-d, 99/1
n°-allenyl/propalgy! n'-allenyl CsDs 0/100
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W CEAL - DORRFT 21T - 72, OB, LV B 1RO 5, 72 Pt(dba); & Morken & D
FIEICHESWCRERELL, filfte LCTHEALE Y,

Scheme 2-18. Preparation of Pt(dba);

dba (7.0 eq)
BnsNCI (3.0 eq)

K,PtCl NaOAc (18 eq) Pt(dba)
2 MeOH/H,O °

reflux, 3 h

Pt(dba); f77E PRI DAY V) —= 2 7 24T o TofiE 5 RN+ dppp W& 113K
JEMEDMET L, dppf X Xantphos Z V% & FUGIFEAEME(L L7z, —77C DPEphos % IV /2 BR
(21X PPhs & RIFEE D EMEZE 7R LTz | PPhy TIXHFRREDINERTH - 7=/LA 9 20b 1 ILE
B 5 %27, DLEDORER LY, DPEphos & i@l & LTHWS Z & & L, B+ D
BHEICEI L TIEBENEE LV, 3T V0 AOBA 1T — AN BN D5 2N i bl 42
EETE D EEND, Al BB DOILWENF &2 AVD Z & T, R EREOKR
EVASMIETH PiAE LR ZEREELNZOTIRRVNEEZ TS T,

Table 2-6. Screening of ligand

R £ Pt(dba)s (5 mol%) R R E
E ligand (6 or 12 mol%) . EE E
DMSO (0.05 M) + OQ
e X 100 °C, 16 h )
TsN 19a,b TsN 20a,b

18a,b  OCO,Me (E = COzMe)

entry substraate R ligand (mol%) yield of 19 (%)  vield of 20 (%)
1 18a Me PPh; (12) <5 89

2 18a Me dppp (6) <5 7

3 18a Me dppf (6) <5 45

4 18a Me DPEphos (6) <5 90

5 18a Me Xantphos (6) <5 21

6 18b F PPh3 (12) <5 47

7 18b F DPEphos (6) <5 91

Yields were determined by crude TH-NMR.
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VAN

=

HHE Mt O R

#

RSO T, W RO 21T > 7= (Table 2-7.), 7T (L EHILANE A GME ok
SIMEITH > THBEZR  SUNTHEIT L, IRiEREIT Ms JEX° SES K&, FHHEER BT~ B
HOBEAINTZANB = NVEADEHE L HETH -T2,

Table 2-7 (1). Scope and limitations

R R R
E Pt(dba)s (5 mol%) E E
E DPEphos (6 mol%) E  TFA (30 eq) E
“ DMSO (0.05 M) CH,Cl, (0.05 M)
NH N 100 °C, 16 h 3 i, 12 h C
PG~ | ! _ / 21a-h
19a-h  5co,Me pG  20a-h PG a
Me E Me E Me E Me E
.8} E .G E
N N—/ N N /
TS’ 20a:90% T8 21a: 99% SES”  20e:83%7  SES 21e:74%

Me

m
<
©

m

=)
m
m
-
NS
m
m
Zi
m
m

5 N
N L TPS’  20f:85% TPS” 21 94%
TS 20b: 91% TS 21b: 77% !
E Me E Me E
: E E
OMe g OMe g :
E E 5
‘Q E Ar\ /N Ar\ /N /
/ ; S 20g: 88% S 219: 97%
N N N o’ "o
4 . o/a 4 . o |
Ts 20c: 83% Ts 21c: 87% : Ar = (3,5-CHg)CoHs
5 Me Me g
/ © O Arg N Ar_ N
Ms ' 20d: 84% we T 21d:79% | /S, 20h:78% Sy 2h75%
S . (] S . (] ! o) e 0 o)
E Ar = (4-CF3)CeHy
210 mol% of Pt(dba)s, 12 mol% of DPEphos. i
o (dba)s o P SES = o\\S//o TPS= Q0 | Pr
O TGS S
i-Pr i-Pr
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P ORIEENL 2 HRERESL L LIEEE THRRE S USEEIT L, 7 a LAz
B Z AL THMETE, -7, £z, —RKFBWRENTT I FTRIGSHCIEEIS
BOTH, MEEZNELITTLLOONBROEENATETH > 7, KL RO
7=V UEEARTHIUL, AN TALEBRIENE S THROSIIRhRE AT Lz,

B, INHERAEKITNTNG MY T A afifE UL S Z L TRAIZA U F—LUK
~NEES ZERHETH D,

Table 2-7 (2). Scope and limitations

/N . 0
Ts 201: 93%

/N - [
Ts 211: 91%

R n Pt(dba); (5 mol%)
|\ BN X DPEphos (6 mol%) TFA (30 eq)
Z DMSO (0.05 M) Y CH,CI, (0.05 M)
NH X 100°C, 16 h rt,12h
Ts” ;
S 190 5co,Me
Me Me : Me Me
NT !
@Ts @ s | NTs NTs
N N | = )
TS’ 20i:86% Ts 21:92% N Ph N Ph
! Ts 20m: 82% s 21m: 85%
OBn OBn 1
NTs NTs Me 0 Me 0
— / E NBn NBn
N /N . '
Ts’ 20j: 87% Ts 21i:71% )
! N N
; T 20n: 42%P TS 21n: 76%
OBn OBn !
NSES NSES ;
— / E TsHN NTs TsHN NTs
N N :
TS 20k: 92%2 Ts 21k: 86% ! —
! N N—/
: TS TS
Me Me 5 200: 71% 210: 76%
NTs NTs E
Me Me :
/ i

@10 mol% of Pt(dba)s, 12 mol% of DPEphos. ® 20 mol% of Pt(dba)s, 24 mol% of DPEphos.
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FTo. REEMLEZIESRE LI EEOSEIZIX, AT =0 RONRTALTHERILIE
TLIALEY 20p° M 5 iz, —, %?ﬁ%@fﬁbfm\ﬁé’%ﬁf‘ AL T L, B
AF L —H _EBRORMAENHR SN, —EEROMEIIH LN TRVWA, 826 T=1
¥ DN TR LT U712 o - B RS A AT Lf:%@):%sz\é nE, 7=V
v ORERL A Ns J6° Boc £, N 7 A a7 T ik e L2GEaITiE, side<#iTL
7o T, Ns BOLGAITIHFEROEFEE MK T L, Friedel-Crafts B G037 LIZ< <
RolttZBEZbND, o, = bu A Al LTHEL, AefEs sz en
9 ATREME AT E CTE 72\, Boc 250 TFA B LTI, 7=V RAKFEOEMEE N +4r Tl
RN, BB CTH D I —RF— ML o T a M ALE N> =D TIE RO,
EBEZTND,

Scheme 2-19. Scope and limitations

o BocHN
NTs Pt(PPhs), (20 mol%) BocN
% DMSO (0.05 M)
NHTs 100°C, 16 h

BocHN

20p: 48% 20p"; 37%
19 5co,Me p-a8%% P 37%
Pt(dba)z (10 mol%)
NTs P(OPh), (24 mol%)
T DMSO (0.05 M)
0 T N
NHTs 10 100°C, 16 h N 20q: 32%
9 oco,Me NHTs

Me E
Pt(dba)s (5 mol%) E
NTs DPEphos (6 mol%) OQ
X DMSO (0.05 M)
NHR 1ot 100°C, 16 h RN (R = Ns, Boc, CF;CO)
r-

OCO,Me

-7 L= a s VR VEE R B iR IERE & U RS, R B IR Y 3T P Al
X 2WE LEEE T, A2 ZRERAOFEE R~ LIEH LI OIEARFIRHRY TH
%o —MEAIC 2 M HASERIT IR T 58T DU A= o FOVEEIRIC AR 13D MICREIC
FHETHZERMONTND, O, A RITIIEREEERA Y &GO iR T
MaEnT&i, A, KEOfBALIZARE L2 ERE LT, ALK T I KOFLERID
LoD HEZTWDETFTHEL TS, BFFSCREMIZAH TE T\ Wy, 4%~
RIEEZANZHREHC LY ZOA D =X L ZH LT L, Ol E &l s o Js i 4 4 1
RLLTNEZNEEZTWND
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HILET ISR

AR LTALEMERCEI LT, A HL60, ke BRI AGS, KGN RKO 12
M BIEMERE 21T~ 72, A > KU 24K 20d 13 AGS IZH T BTEMER RSN DA TH -7
25, 20f I3 HL60 XY AGS IZHT 258 VHIEIGIER 2632 Z LM bn b otz F
7oy A ¥ R— URIZBI LT 21d (2T 21f ©J55% HL60 A NS AGS FlAE I x4 2 1k
NEWZ ENHLME o7, LEOFRR LD, ANEUT 2 R EOBEBENMT SO
PEFEEUICEI S LT D alREMEAS R S iz, £72. 21d 1B L TIE RKO (254 DM B R
S,

XDHIT, ZNOEAMEHCE L CIEF I WI38 & T IMROO (249 % Rt & 17 - 7=
EZA WTNOEEE RSN EBA LN E o T, REERIX 34 (fEERE A > RV >
KO v R—ViFERNBHUREA S — RIZRD 152 FIREMEZ R & i, BAXE L 72 IS 5Al
HIFEICBWCTHATH D Z L ENGETH2HDOTH D,

Table 2-8. Antiproliferative activities of reaction products

Me E Me E Me E Me E
E E E E
TPS= Q0 FPr
Do
i-Pr i-Pr MsN 20d TPSN 20f MsN / 21d TPSN / 21f

Cell line IC3° Value (uM)

HL60 (Leukemia) >10 1.02 4.98 1.41
AGS (Stomach) 7.92 1.45 >10 1.77
RKO (colon) >10 >10 8.47 >10
WI38 (normal) >10 >10 >10 >10
IMR90 (normal) >10 >10 >10 >10
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B BRICKVIRESND D A — NBRACEISZRIH LT 4,5 (fgBRB
U VU EREARNERA R E O B %

Bfi R

Bl L 2RI ARTUICB W T O RS AONAKISTH Y | KIS SO T HI 23 A #E 72
| CBEMEANERIAE S 29 B Y MR ORITRE, FRICRT 7 m L7 L a—
WL T 57T = — ViK% i CABES 5 & | Friedel-Crafts i % F:i & U 72 (%
W72 0 2/ — REOEHEFTT 5 2 L &2 R L2 Y KRB 7 1 L3 7 U — (8
WCEDIEMESNTEY, Z2ZICMIZ XK 5 SN2 B D531 ipso-Friedel-Crafts 7 /L /L L3
AT 5 2 & TR T 5,

Scheme 3-1. Construction of divergent fused heterocycles via an acid-promoted cascade cyclization

Ts
Ts. N
N
| | H TFA _ rearomatization
=
intramolecular RO@ XH iminium
RO HO ipso-Friedel Crafts cation
alkylation formation

—_—
aza-Prins

RO ©/XH reaction RO

—J7. 3ANKEERA A R— VGBI 2 FEAROEE, RU X227 2= 3T
EME b ST m ¥ la=y NERT 5 A X ERNOT =) SR E TFA OB L
el ZA, FHICRTHEERS 2 U U REZINERRE L 5272, BF 5 < KRG S 591 Friedel-
Crafts 7 /L& /WAt Z B H#2» 0 ISEREERE S EIT Lo b D & b %,

6-membered
ring formation

Scheme 3-2. Acid-promoted cascade cyclization of an aniline derivative

Me
Me e
E E EE
E TFA
_—
CH,CI
Xx__Ph 22 X__Ph NI |
NHBoc NH 68%
OCO,Me CO,Me Ph
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X U UBRITESE < OEMIEERROTIREEMICEENLIMETH Y . LITUIRTENE
RHUCHEARRE 2> TVD ¥ Z OEFRFERICHIEEOREE S, X/ ) VROZR
HIE RIEIZ RS L CITELE T HIRRICHBM R T T\ 5, A EIfG b7z 4,5 (g BR i %
U BRI, EWTEYE R SR Kuanoniamine B 20 Exatecan™ ., [ 3K 5l &4 BI
224436° ([CIEB L CHENLMETH Y | EEE L — RIS 155 ATREMEZ B T D,

Figure 3-1. Examples of bioactive compounds which contain 4,5-fused quinolines

NHAc

Exatecan Kuanoniamine B Bl 224436
(Topoisomerase | inhibitor) (Cytotoxic activity) (HIV integrase inhibitor)

FThebb, ARSI L THRME (LT 5 2 & TREME~OFERHFE N D,
LEDOHEFOT, BRICE D 45 (DB / U U FHEEROMRENIEORFEZ BIE L, Rz
Bkh L7,
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B SR ORIE L

BB 2 X 0 Btk L2 LAY 24a 2V TRIGERIEORRF 2175 2 & & L, EEELU
TOXINCER LTz, TIRSINLTWAET VX 22 DXKNE ) F AL LR AT LT B Ko~
M E T4, R/ A & ) — VGRS 52 L T THP OB & A b % T H~DZ
ZRIFFZAT o 7o, VTR D ALe 23 OKEEIL A Appel FUGIZ TRF{LL, v % — | 16
BEATHZETETFNEE 24a L LT,

Scheme 3-3. Substrate synthesis

n-BuLi (1.0 eq)

4 THF©2M) 2N HCI OMe  CBr, (2.0 eq)
-78°C , 30 min in MeOH (0.2 M _
THPO/ _ (02M) Ho/Ph PPhs (2.0 eq)
then, CH,Cl, (0.3 M)
22 benzaldehyde (1.0 eq) 43% (2 steps) 23 r,3h
78°C,2h
16 ( ) Ve
1.0 eq
NaH (1.0 eq) COzMe
—_—
THF (0.2 M) COMe
rt, 4 h
' NHB
83% (2 steps) 24a OMe  '_______. 0 C16 ______

AR LTz 24a & AV, RO FG#ELE 1T 5 72(Table 3-1), £ CH,CL, 1 TFA % 3 Y& M
WTHIRZEAToTe & 2A, BILZZ AL —XZHEIT L7 b DD, Boce 35k - T-{b5 ¥ 26a
EAERME L TH X Z(entry 1), £ Z T TFA OYEZHRAITHESLL T o722 A, 15
YEHWZERIZ Boc K 262 2 75 2ITF /U R 25a ~ L B X5 2 LITH) LT (entry 2),
BWNT, BIAELTWD LD DL EERZIHT A~ BEREICE L TR E21T > 72,
LL, 0.05M XD HIE< T2 EPERIZACT Lentry 5), # < L THIEFTSEEINT KE
R NER SND DA TH o7z (entry 6), F£72. TsOH Zfe L L CTHWD & RUNITHEHEL L
F(entry 7). BZHL ., BT LA —T =AU RBAF AL BT 5 2 & BRSO
WAL TS LD, UEOFERID ., 0.05M CHClL 1 TFA % 15 Y &AWV D &M%
BRI LT,
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Table 3-1. Optimization of the reaction conditions

M
Me e e Me .
E
E acid E
CH,Cl,
X Ph  under air Nx | BocN. _—
NHBoc ;
24 Me oUme pn  2%@ 26a
a  OMe  g-co,Me) Ph
entry acid (eq) concd (M) time (h) yield (%)?
1 TFA (3) 0.05 16 12 (50)°
2 TFA (8) 0.05 16 60
3 TFA (15) 0.05 3 76
4 TFA (25) 0.05 3 75
5 TFA (15) 0.1 3 67
6 TFA (15) 0.025 12 74
7 TsOH=-H50 (3) 0.05 3 messy

a Determined be "H-NMR analysis of the crude sample.
b |solated yield of byproduct.
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B EE RO

O EESREO T, EE —BMEORFTZ1T - 72(Table 3-2), MISHOT U —/Lix 4L b
Ny AZNL, NRIPLNTIONLEIZE BRI EA ST H S EEIT L7 (entry 2-8), L7
L., RIia 7 CEBINZEEICE L IS EEROBIAENEIN L2720, REE
JE R ED TN EAT O BN BH > T=(entry 4,5), £, KL THHT =V O/NTALN
T4 B SN HREICE LT, Bt E oS AIIMER S SR EIT L2 b 00, K
SR DG AL T ROSEDIS T A3 FERR S U7z (entry 9,10), F 72, HISHAS NTs TL4E S -4
BCIERE SIS T Liz(entry 11), ZHUTEZ 5L, sp2 IRENEAIND Z & THI
BHOFHMEN Kbz L Bbh b,

Table 3-2. Scope and limitations

R R
X TFA (15 eq) X
CH,Cl, (0.05 M)
X Ar under air N < |
NHBoc t, time
24a-k OMe Ar 25a-k
entry product R X Ar yield (%)?
1 25a Me C(CO,Me), CeHs 75
2 25b Me C(CO,Me), 4-MeCgH, 53
3 25¢ Me C(CO,Me), 4-OMeCgH,4 62
4> 25d Me C(CO,Me), 4-CICgH,4 60
5P 25e Me C(CO,Me), 4-BrCgH, 69
6 25f Me C(CO,Me), 3-OMeCgH,4 84
7 25g Me C(CO,Me), 3-MeCgH,4 79
8 25h Me C(CO,Me), 2-MeCgH,4 82
9 25i OMe C(CO,Me), CeHs 75
10 25j F C(CO,Me), CgHs 53
11P 25k Me NTs CgHs 31

2 |solated yield.

b Reaction concentration = 0.025 M.
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SHIUET  SUSEERE O AT

FEAR 72 OS2 RT3~ <. FEERDRIEZ R AT, KR T, KG% 15 5 Tlhdiz &
ZAH, THEPMKTHLT LR 27a ZHEEL7-, S 512 27a % 3 2 &EO TFA [T TS
% &, B DBRLEDHETT L Boe fK 26a # 52 7=, £7- 26a, 27a (TR & TFA IZ
BT &, ¥/ U UK 25a ~EENND T E bR LT, el HEET S 2 LIxTE R
TebDOD, TN AUTTHISEITSTZBRICIZ Y e KaXk 2 U AROAER A B L7z,

Scheme 3-3. Experiments for elucidating the reaction pathway

Me Me

Me £ E E

E TFA (8 eq) E TFA (3 eq) E

— v . _ W E —
% CH,Cl, CH,Cl,
Ph 0°C, 15 min rt,3h BocN._~
NHBoc ” under air BocHN 27a under air 26a
OMe Ph Ph CH,Cl,
TFA t. 3 h
(E = CO,Me) " TFA (15 eq) (15e9) | ynder air
e CHJCl,, rt, 3 h
TFA (15 eq)

CH,Cl,
rt,3h
under Ar

Me
under air EE
silica gel, air N |
25a
Ph
U EOFEFRFERLY . RISHEEZUTO X OIHER L7z, EFTA MR ENT v F vk
T IEE L B U7 7w VL T F A ATk LT oy f- W Friedel—Crafts SUS AN EITT 5 2
ETTVUR2Tan 525, ZD%, TV UENIBHET e FALeZ T 5 ETT U
FAUBAET, BRI OO5TNERILDETT 5 Z & TBoclk%27akb- 2 5, BT
R, FR b ERAICHE T L, /7 U R28an Bk L7cb o L Bbivs,

Scheme 3-4. Proposed reaction mechanism

Me Me Me E
E E E
E CF3;COOH E CF;COOH
:, Friedel
riede
X__Ph O j
NHBoc MeOH NHBoc \\C> Ph  -Crafts  BocHN
OMe CF5CO0 Ph
Me Me Me
E E E
E CF4CO0H E i E
- 5 i =
N- deprotection oxidation
alkylation goeN | HN | N |
CF3CO0  ph Ph Ph Ph
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KRB 2 X D58 & LT Lewis B8 & HV 7255 W Friedel-Crafts S inlZ X 2[R fl
DFEBRT L U BRSNS, FHES & Zhou HIZ & » TEA LM HE ShTWn %,

Scheme 3-5. Intramolecular Friedel-Crafts allenylation

MeO
(o) MeO o : NTs NTs
TMSOTF : FeCly-6H,0
TMSO. _ZZ  CHyCly, -78°C . HO__#Z  CHyNOatt
Ph . Ppn
Ph Ph” “Ph

TEBEHOBLICE LT, T Bl HICL o CRIBORIGA#HE SN TS Y, 7=
VB ISN -7 L URVE 2 7 o a R )L AP BULRG 5 2 L T, AEIERIN R 6-endo B
EREITL, e Fax /) K252 5,

Scheme 3-6. Selective 6-endo cyclization of allenes

(o]
NHTs CHCIj3, 40 °C N Ph

Ts

AEBA% L= MOGS IR, BEOREF L FE T 72 OV AALNRT U — LRI L - TEf X
NIHEBIZBWCTOREN ThHoTo, 2FED ., BFFUPHAE LT WVERERE BLEEAR
AR THY, TNEZBE LEET VA URRAEL D, R, Bl 7 o XL —
Ap— MNEA TFA TOEE L72356121%, B Boc (RO AN ERIICHE LI TE T2,

Scheme 3-7. Control experiment.

Me Me
E E
E TFA (30 eq) E
CH,Cl, (0.1 M uant.
N 2Cl2 ( ) N q
NHBoc NH»
OCO,Me OCO,Me
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DL b, 235134551 W Friedel-Crafts Ui 2 Hifls & U 72 BB SO ORISR L, A4
WTEVE IR O IR SR SR & E N D EMEREER 70 T DFT IR A E B LTz, &G0
ERIALLTICEE T,

@ 9.10-VE Ru7xF v b L SEAORMBERIR 7 A RRIEBISE & AT E KR &k * >

WIFFEEIZ B TRA%E S V72 Pd il X % 431N Friedel-Crafts 7 U /UL 77 L 2 LAk
JEZIEHA L, A X ERMUT 2=V T = ) — Vi8R E A L L2 9,10-¥E e T oF b
VUVEHOFBAFTEMIE~E A LT, KOS TIERA X ) —/ & DIRGEESRM TIZ TR
JISEAT S 2 & THAET 20 FHEBISHEHE sS4, BRRILEZ SIRICTE 252 L&A
H U7z, BOEDOARFALIZ BRI L TER Y | Trost B & VD Z & T 10 AL AR A O il <
Nieve Fe7=F 0 P EHZEFRICHRRLS G222/ L, E6IT, RS
% FN T2 KSR Cedrelin A B2 OF Paralycolin B O HHIAF 26 b 2K L7,

Pd(dba), (5 mol%)
Trost ligand (6 mol%)

CH,Cl, /MeOH = 4:1 (0.05 M)

9 examples
Pd-catalyzed Asymmetric 82-97% yield,
Intramolecular Friedel-Crafts 87-94% ee.

(R =H or Me) Allylic Alkylation of Phenols

. R

! NH HN
d;th th:b
E Yy

., methylated
Paralycolin B
OMe 10 steps
35.2% yield,
92% ee.

Cedrelin A
12 steps
16.5% vyield,
66% ee.

N N
1 H H
! PPh, Ph,P

Trost ligand

_____________________
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@ 3.4 (AEERI SR A v R — VAR A RRIED BI%E & AMTE R *

T L=y a sV VEER O SN E S A L7250 W FriedelCrafts B C-H 7 v 7'V 7
—7 UNALT I ARSI £ 0 | 3,4 MEEERIL = BR A R U VKON, BRI K D HE07
I LTcA v R— )V OFHZNEE UL LTz, ARG T, MEAHRE K TIX
BE VRS20 0l A Z2 W35G 04, DRI EERIKE 52D L%
R LTz, 7 L=/ 7 mrOr)Lr AR 2 IEMERE & U7 AiERORIE, fR~15 28R 0 A4
BRI THY . T L= T asOLE N I A N —OF R REEAY D VW E S
Do Flo. NT T LB E FWTZIGEITIE R e DHRERAERD 3.4 (IR A o R — L5
KrhznZ b RML, ZORISHEEDIRA HITo7-, S HIC, AR LIALAWEEOTE
PEREMi 24T 5 2 & T, ZOAIBE— R E LTORBEMELH LT LT,

R n
NN X Pt(dba),
| Y DPEphos TFA
= H > R
// DMSO, 100 °C CH,Cl,, rt
NHPG
16 examples , 16 examples
MeO,CO 61-99% yield PG 42-93% yield PG
(E=COyMe) r-------=---m-mmmmmmsmmoooooooooos !
Pd(dba), R . Me E :
Xantphos ! E  HL60: :
DMF, 100 °C : OQ ICs0=1.02 uM
7 examples | AGS: :
24-75% yield PG Me ; TPSN Ce0 = 1.45 uM

© 4,5 (THEERR BRIEY /U BARARRIE OB % 7

TUV—NEBRINE T a LR — T VISR L, @mEEO MY 7 v o FEg & R
SH 5 Z & TH 1N Friedel-Crafts [Jis & 6-endo BeAb 3@ IZ T35 Z L 2 LI L, 4,5
FAEERAL S 2 U VRPN DRNCE LN D Z 2 M LT, £, RIGGRHEEZME T 5
T THATRMAZ BHEE L, SRR SOSEEREZ B 582 LTz,

K " R R
» TFA P\ 0 P\ 0
= I —— = _ > =
. // CH,Cl,
oc under air BocNH NS 11 examples
31-84% yield
MeO Ar L Ar | Ar 4
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Experimental Section

General

Infrared (IR) spectra were recorded on a JASCO FT/IR 230 Fourier transform infrared spectrophotometer,
equipped with ATR (Smiths Detection, DuraSample IR II). NMR spectra were recorded on a JEOL ecp 400
spectrometer, operating at 400 MHz for 'H NMR, and 100 MHz for *C NMR. Chemical shifts in CDCls, 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. JEOL ecp 600 spectrometer was used for
the determination of the absolute configuration. EI mass spectra were measured on JEOL GCmate MS-BU20. ESI
mass spectra were measured on JEOL AccuTOF LC-plus JMS-T100LP. The enantiomeric excess (ee) was
determined by HPLC analysis. HPLC was performed on JASCO HPLC systems consisting of the following: pump,
PU-980; detector, UV-970, measured at 254 nm; column, DAICEL CHIRALCEL OD-H, DAICEL CHIRALPAK
AS-H, DAICEL CHIRALPAK AD-H, DAICEL CHIRALPAK OJ-H; mobile phase: hexane—2-propanol. Reactions
were carried out in dry solvent under argon atmosphere. Other reagents were purified by the usual methods.

Analytical thin layer chromatography was performed on Merck Art. 5715, Kieselgel 60F254/0.25 mm thickness
plates. Visualization was accomplished with UV light, phosphomolybdic acid, cerium-phosphomolybdic acid,
ninhydrin, and anisaldehyde solution followed by heating. Column chromatography was performed with silica gel

60 N (spherical, neutral 40-50 pum).
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1. Synthesis of 9,10-dihydrophenanthrenes

1-1. General Procedure for the Pd-catalyzed Intramolecular Friedel-Crafts Allylic Alkylation of

Phenols and Product Characterizations

O 0OCOMe 54 dba), (5 mol%)
X (R,R)-ANDEN

Trost ligand (6 mol%)

Me
O CH,Cl,/MeOH = 4/1
0.05 M) rt, time
oH 2 ( )

om0

(R,R)-ANDEN Trost ligand

General Procedure: 8a (27.1 mg, 0.0868 mmol), Pd(dba), (2.5 mg, 0.00434 mmol), and (R,R)-ANDEN-phenyl
Trost Ligand (4.2 mg, 0.00521 mmol) were dissolved in CH,CI, (1.40 mL) and MeOH (0.35 mL) under argon
atmosphere, and the resulting solution was stirred at room temperature. After 16 h, the reaction was quenched with
sat. ag. NH4Cl, and the mixture was extracted with AcOEt. 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 = 20/1) to give 15a (20.0 mg, 97% yield) as a colorless oil. IR (ATR) v 3417,
2930, 1464, 1448, 1290, 1264, 1192, 1125, 1076, 913, 890, 807, 782, 757, 735 cm™; "H NMR (CDCls): & 2.57 (s,
3H), 2.84 (dd, J=2.0 Hz, 14.4 Hz, 1H), 3.07 (dd, /= 5.6 Hz, 14.4 Hz, 1H), 3.89-3.93 (m, 1H), 4.64 (s, 1H), 4.85—
4.93 (m, 2H), 5.68 (ddd, J = 2.8 Hz, 10.4 Hz, 16.8 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H), 7.09 (d, J = 8.4 Hz, 1H),
7.21-7.29 (m, 3H), 7.63 (d, J = 7.6 Hz, 1H); °C NMR (CDCls): & 22.5, 35.1, 36.3, 114.6, 115.3, 125.9, 126.2,
126.9, 127.1, 127.9, 128.5, 131.0, 134.5, 135.0, 136.4, 137.9, 150.5; (+)-ESI-LRMS m/z 257 (M+Na');
(+)-ESI-HRMS. Calcd for Ci7H,4NaO (M+Na"): 257.0942. Found: 257.0900; [a]p'* +200.9 (¢ 1.17, CHCLs, 91%
ee). The enantiomeric excess was determined by chiral HPLC analysis (DAICEL CHIRALCEL OD-H,
hexane/2-propanol = 95/5, flow rate: 0.5 mL/min, #gx 24.0 min [(R)-(-)-isomer] and 27.8 min [(S)-(+)-isomer],
detection at 254 nm).

HO oH 8b

Compound 8b: pale yellow oil; IR (ATR) v 3347, 1690, 1573, 1446, 1340, 1259, 1160, 1121, 1072, 1005, 758
em; 'H NMR (CDCls): §2.89 (dd, J = 2.4 Hz, 15.2 Hz, 1H), 3.13 (dd, J = 6.4 Hz, 15.2 Hz, 1H), 3.76-3.85 (m,
1H), 4.88-4.93 (m, 2H), 5.12 (s, 1H), 5.14 (s, 1H), 5.76 (ddd, J = 7.2 Hz, 10.0 Hz, 16.8 Hz, 1H), 6.35 (d, J=2.4
Hz, 1H), 6.90 (d, J = 2.4 Hz, 1H), 7.20-7.28 (m, 3H), 7.61-7.63 (m, 1H); C NMR (CDCl;): & 35.4, 34.9, 102.6,
103.8, 114.9, 116.9, 123.8, 126.9, 127.9, 128.8, 133.5, 134.7, 136.3, 138.9, 153.9, 155.2; (+)-ESI-LRMS m/z 261
(M+Na"); (+)-ESI-HRMS. Calcd for C;¢HsNaO, (M+Na®): 261.0891. Found: 261.0884; [a]p" +130.6 (¢ 1.35,
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CHCIs, 90% ee). The enantiomeric excess was determined by chiral HPLC analysis (DAICEL CHIRALPAK AD-H,
hexane/2-propanol = 90/10, flow rate: 1.0 mL/min, fz 17.5 min [(-)-isomer] and 41.0 min [(+)-isomer], detection at

254 nm).

Me "//’/
OH 8c

Compound 8c: colorless oil; IR (ATR) v 3420, 2948, 1588, 1569, 1465, 1447, 1291, 1265, 1190, 1124, 1079, 896,
809, 789, 755, 736 cm™; 'H NMR (CDCls): 8 1.66 (s, 3H), 2.57 (s, 3H), 2.99 (d, J = 4.0 Hz, 2H), 3.78 (t, J = 4.0 Hz,
1H), 4.36 (s, 1H), 4.64 (s, 1H), 4.72 (s, 1H), 6.74 (d, J = 8.4 Hz, 1H), 7.10 (d, J = 8.4 Hz, 1H), 7.19-7.28 (m, 2H),
7.61 (d, J = 7.2 Hz, 1H); °C NMR (CD;OD): & 21.0, 22.4, 33.7, 39.7, 112.8, 114.7, 126.0, 126.7, 126.9, 127.0,
127.8, 128.2, 131.0, 134.7, 135.5, 136.4, 144.4, 150.7; EI-LRMS m/z 250 (M"); EI-HRMS. Calcd for CsH;30
(M"): 250.1358. Found: 250.1356; [a]p"” —140.8 (¢ 0.62, CHCls, 93% ee). The enantiomeric excess was
determined by chiral HPLC analysis (DAICEL CHIRALCEL OD-H, hexane/2-propanol = 95/5, flow rate: 0.5

mL/min, fg 17.6 min [(-)-isomer] and 25.1 min [(+)-isomer], detection at 254 nm).

0,
HO oH 8

Compound 8d: colorless oil; IR (ATR) v 3339, 2941, 1608, 1573, 1445, 1338, 1266, 1213, 1158, 1120, 1074, 1004,
777,745 cm™; "TH NMR (CDCLy): & 1.66 (s, 3H), 3.02 (dd, J = 2.0 Hz, 15.6 Hz, 1H), 3.12 (dd, J = 6.8 Hz, 15.6 Hz,
1H), 3.70-3.75 (m, 1H), 4.49 (s, 1H), 4.69 (s, 1H), 4.83 (s, 1H), 5.00 (s, 1H), 6.35-6.36 (d, /=2.4 Hz, 1H), 6.91 (d,
J=2.4Hz, 1H), 7.18-7.29 (m, 3H), 7.63 (d, J = 7.6 Hz, 1H); *C NMR (CDCls): & 20.9, 33.2, 38.3, 102.7, 103.7,
112.4, 117.2, 123.7, 126.9, 127.8, 128.4, 133.7, 134.9, 136.7, 145.9, 154.1, 155.2; (+)-ESI-LRMS m/z 275
(M+Na"); (+)-ESI-HRMS. Calcd for C,7H;¢NaO, (M+Na"): 275.1048. Found: 275.1009; [o]p'* ~133.6 (¢ 1.34,
CHCl;, 91% ee). The enantiomeric excess was determined by chiral HPLC analysis (DAICEL CHIRALPAK AD-H,

d

hexane/2-propanol = 80/20, flow rate: 0.5 mL/min, #z 14.4 min [(+)-isomer] and 26.3 min [(—)-isomer], detection at

254 nm).
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Compound 8e: colorless oil; IR (ATR) v 3545, 2930, 1613, 1570, 1426, 1342, 1178, 1114, 1022, 753, 701 cm'l; 'H
NMR (CDCl;): & 1.12 (s, 9H), 2.83 (dd, J= 1.8 Hz, 15.4 Hz, 1H), 3.12 (dd, J= 5.6 Hz, 15.4 Hz, 1H), 3.76-3.79 (m,
1H), 4.66 (s, 1H), 4.82-4.87 (m, 2H), 5.69-5.78 (m, 1H), 6.22 (d, J = 2.4 Hz, 1H), 6.83 (d, /=2.4 Hz, 1H), 7.12—
7.26 (m, 5H), 7.36-7.46 (m, 6H), 7.74-7.78 (m, 4H); °C NMR (CDCls): & 19.5, 26.5, 34.4, 34.9, 106.7, 108.4,
114.6,117.1, 123.8, 126.7, 127.5, 127.8 (4C), 128.6, 129.9 (2C), 133.0, 133.8, 134.6, 135.5 (2C), 135.6 (4C), 139.0,
153.3, 155.3; (-)-ESI-LRMS m/z 475 (IM-H]); (—-)-ESI-HRMS. Calcd for Cs,H;,0,Si ([M-H]): 475.2093.
Found: 475.2056; [a]p"’ +84.4 (¢ 1.24, CHCls, 92% ee). The enantiomeric excess was determined by chiral HPLC
analysis (DAICEL CHIRALCEL OD-H, hexane/2-propanol = 95/5, flow rate: 0.5 mL/min, g 11.2 min [(+)-isomer]

and 12.2 min [(-)-isomer], detection at 254 nm).

Ph oH 8f

Compound 8f: colorless oil; IR (ATR) v 3530, 1567, 1405, 1260, 1186, 1074, 910, 781, 761, 729, 697 cm'l; 'H
NMR (CDCl;): 6 2.94 (dd, J= 1.8 Hz, 15.2 Hz, 1H), 3.20 (dd, J = 6.2 Hz, 15.2 Hz, 1H), 3.95-3.98 (m, 1H), 4.92—
5.01 (m, 3H), 5.84 (ddd, /= 6.8 Hz, 10.2 Hz, 17.0 Hz, 1H), 7.00 (d, /= 0.8 Hz, 1H), 7.22-7.37 (m, 4H), 7.45 (t, J =
8.0 Hz, 2H), 7.61-7.64 (m, 3H), 7.80 (d, J = 8.0 Hz, 1H); >C NMR (CDCly):  34.3, 35.2, 113.8, 115.2, 115.9,
123.3, 123.9, 127.0 (2C), 127.4, 127.8, 128.8 (2C), 128.9, 133.9, 134.6, 135.7, 138.4, 140.9, 141.2, 153.2;
(-)-ESI-LRMS m/z 297 (IM-H]); (-)-EI-HRMS. Calcd for C»,H ;70 ([M-H]): 297.1279. Found: 297.1266; [at]p'
+205.0 (¢ 0.53, CHCI;, 94% ee). The enantiomeric excess was determined by chiral HPLC analysis (DAICEL
CHIRALCEL OD-H, hexane/2-propanol = 95/5, flow rate: 0.5 mL/min, fzx 27.2 min [(—)-isomer] and 37.9 min

[(+)-isomer], detection at 254 nm).

oH 89

Compound 8g: colorless oil; IR (ATR) v 3419, 2935, 1463, 1288, 1244, 1159, 1072, 1039, 912, 889, 804, 735
em’'; "H NMR (CDCly): 2.53 (s, 3H), 2.77 (dd, J = 1.8, 14.8 Hz, 1H), 3.05 (dd, J = 5.4, 14.8 Hz, 1H), 3.83 (s,
3H), 3.87-3.94 (m, 1H), 4.84-4.95 (m, 3H), 5.68 (ddd, J = 6.6, 10.2, 17.0 Hz, 1H), 6.66 (d, J = 8.0 Hz, 1H), 6.77-
6.83 (m, 2H), 7.01-7.06 (m, 1H), 7.54-7.59 (m, 1H); >C NMR (CDCls):  22.5, 35.5, 36.2, 55.1, 110.9, 113.8,
114.1, 115.2, 125.5, 126.4, 127.4, 129.1, 130.9, 134.8, 138.0, 138.3, 150.6, 158.3; (-)-ESI-LRMS m/z 265 ([M—
H]); (-)-ESI-HRMS. Caled for CigH;0, ([M—H]): 265.1229. Found: 265.1233; [a]p>> +138.7 (¢ 2.08, CHCl;,
94% ee). The enantiomeric excess was determined by chiral HPLC analysis (DAICEL CHIRALCEL OD-H,
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hexane/2-propanol = 95/5, flow rate: 0.5 mL/min, f 26.5 min [(-)-isomer] and 40.0 min [(+)-isomer], detection at

254 nm).

oH 8h

Compound 8h: colorless oil; IR (ATR) v 3422, 2947, 1464, 1283, 1243, 1226, 1148, 917, 868, 806 cm'l; 'H NMR
(CDCl;): 6 2.53 (s, 3H), 2.80 (dd, J = 2.4, 14.8 Hz, 1H), 3.04 (dd, J = 5.6, 14.8 Hz, 1H), 3.90-3.95 (m, 1H), 4.75
(br-s, 1H), 4.83-4.94 (m, 2H), 5.66 (ddd, J = 6.4, 10.4, 16.8 Hz, 1H), 6.68-6.73 (m, 1H), 6.91-6.99 (m, 2H), 7.04—
7.10 (m, 1H), 7.54-7.62 (m, 1H); °C NMR (CDCl,): & 22.4, 35.2, 36.0, 112.6 (d, J = 21.0 Hz), 114.5, 115.3 (d, J =
20.9 Hz), 115.5, 125.8, 126.7, 129.4 (d, J = 8.6 Hz), 130.6 (d, J = 2.9 Hz), 131.1, 134.3, 137.5, 139.1 (d, J = 7.6
Hz), 150.5, 161.5 (d, J = 246.0 Hz); (-)-ESI-LRMS m/z 253 ([M-H]"); (-)-ESI-HRMS. Calcd for C;7H4FO ([M—
H]): 253.1029. Found: 253.1044; [a]p>> +148.6 (¢ 1.31, CHCls, 94% ee). The enantiomeric excess was determined
by chiral HPLC analysis (DAICEL CHIRALCEL OD-H, hexane/2-propanol = 95/5, flow rate: 0.5 mL/min, g 20.8

min [(+)-isomer] and 22.2 min [(—)-isomer], detection at 254 nm).

OH
Compound 15i: colorless oil; IR (ATR) v 3502, 2895, 1503, 1468, 1244, 1218, 1038, 935, 808, 759 cm'l; "H NMR
(CDCls): 6 2.53 (s, 3H), 2.73 (dd, J = 2.2 Hz, 14.8 Hz, 1H), 2.98 (dd, J = 5.6 Hz, 14.8 Hz, 1H), 3.83-3.87 (m, 1H),
4.70 (br-s, 1H), 4.88-4.94 (m, 2H), 5.70 (ddd, J = 2.8 Hz, 10.4 Hz, 16.8 Hz, 1H), 5.96 (s, 2H), 6.68 (d, J = 8.4 Hz,
1H), 6.73 (s, 1H), 7.05 (d, J = 8.4 Hz, 1H), 7.15 (s, 1H); °C NMR (CDCl,): & 22.6, 35.2, 36.3, 100.9, 108.6, 109.0,
114.1, 115.3, 125.6, 126.4, 128.0, 130.7, 131.1, 135.1, 137.8, 145.7, 146.1, 150.5; ESI-LRMS m/z 279 ((M-H]);
ESI-HRMS. Caled for CisH;505 ((M=H]): 279.1021. Found: 279.1016; [a]p>' +69.7 (¢ 1.015, CHCls, 87% ee).
The enantiomeric excess was determined by chiral HPLC analysis (DAICEL CHIRALCEL OD-H,
hexane/2-propanol = 90/10, flow rate: 0.5 mL/min, #z 17.9 min [(-)-isomer] and 24.6 min [(+)-isomer], detection at

254 nm).
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1-2. Substrate Syntheses and Compound Characterizations

1-2-1. General Procedure for the Synthesis of the Northern Fragment.

0
Ph,P. 0
DMP 3 vJ\OEt

N
OH  CH,cl, CH,CL, OFt

Br 1 Br 2

To a stirred solution of Dess-Martin periodinane (13.2 g, 31.0 mmol) in CH,Cl, (200 mL) at room temperature was
added a CH,Cl, solution of commercially available alcohol 8 (5.2g, 25.9 mmol in 60 mL of CH,Cl,), and the
resulting solution was kept stirring for 1 h at the same temperature. The reaction mixture was diluted with Et,0,
and quenched with 1N aq. NaOH. After separation of the aqueous layer, the organic layer was washed with brine,
and dried over Na,SOy,, and then evaporated in vacuo. The obtained crude residue was used for the next reaction
without purification because of instability of the product. To a stirred solution of the crude residue in CH,Cl, (500
mL) at room temperature was added a Wittig reagent (13.0 g, 37.3 mmol), and the resulting mixture was stirred for
2 h at the same temperature. After evaporation of the solvent, the obtained residue was purified by flash column
chromatography (SiO,, hexane/AcOEt = 20/1) to give 9 (5.66 g, 81% yield) as a colorless oil. IR (ATR) v 2980,
1713, 1653, 1266, 1194, 1155, 1024, 981, 750 cm™; "H NMR (CDCl;): & 1.28 (t, J = 7.2 Hz, 3H), 3.66 (dd, J = 1.8
Hz, 6.4 Hz, 2H), 4.18 (q, J = 7.2 Hz, 2H), 5.77 (dt, J = 15.6 Hz, 1.8 Hz, 1H), 7.07 (dt, J = 15.6 Hz, 5.4 Hz, 1H),
7.09-7.14 (m, 1H), 7.19-7.21 (m, 1H), 7.25-7.29 (m, 1H), 7.57 (d, J = 8.0 Hz, 1H); C NMR (CDCl;): & 14.2,
38.5, 60.3, 122.8, 124.5, 127.7, 128.4, 130.7, 132.9, 137.3, 145.4, 166.3; (+)-ESI-LRMS m/z 291 (M+Na"), 293
(M+2+Na+); (+)-ESI-HRMS. Calcd for C,H;3BrNaO, (M+Na+): 290.9997. Found: 290.9996.

Reference for Compound SI-1: J. Org. Chem. 2010, 75, 5289.

N OEt
Br si1

Compound SI-1: This compound was prepared from 1. Colorless oil; IR (ATR) v 2980, 1704, 1469, 1440, 1248,
1178, 1126, 1068, 1024, 745 cm™; "H NMR (CDCl3): & 1.28 (t, J = 7.0 Hz, 3H), 1.97 (d, J = 1.2 Hz, 3H), 3.63 (d, J
= 7.6 Hz, 2H), 4.19 (q, J = 7.0 Hz, 2H), 6.84 (tq, J = 7.6 Hz, 1.2 Hz, 1H), 7.07-7.11 (m, 1H), 7.19-7.27 (m, 2H),
7.54-7.56 (m, 1H); °C NMR (CDCls): & 12.7, 14.2, 35.3, 60.5, 124.4, 127.6, 128.1, 129.1, 130.2, 132.8, 138.3,
138.4, 167.8; EI-LRMS m/z 282 (M"), 284 (M'+2); EI-HRMS. Calcd for C;3H;sBrO, (M"): 282.0255. Found:
282.0213.
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CHO THF acetone CH,ClI, OEt
Br si2 Br  si3

Compound SI-2: Commercially Available.

Compound SI-3: To a stirred solution of (methoxymethyl)triphenyl phosphonium chloride (2.23 g, 6.5 mmol) in
THF (25 mL) was added n-BuLi (3.7 mL, 1.56 M solution in hexane, 5.75 mmol) at 0 °C. The resulting mixture
was stirred at the same temperature for 1 h. A solution of 2-bromopiperonal SI-2 (1.15 g, 5.0 mmol) in THF (5 mL)
was added to the reaction, and then the resulting mixture was stirred at room temperature. After 30 min, the
reaction was quenched with water, and diluted with AcOEt. After separation of the aqueous layer, the organic layer
was washed with brine, dried over Na,SO,, and then evaporated in vacuo. The obtained crude methyl vinyl ether
derivative was used for the next step without purification.

To a stirred solution of the crude methyl vinyl ether derivative in acetone (10 mL) was added an aqueous
solution of IN aq. HCI (10 mL) at room temperature. The resulting solution was refluxed for 3 h. After evaporation
of the organic solvent in vacuo, water was added to the mixture, and the resulting slurry was extracted with AcOEt.
The combined organic layers were washed with brine, dried over Na2S04, filtered and concentrated in vacuo. The
obtained crude aldehyde was used for the next reaction without purification because of instability of this product.

To a stirred solution of crude aldehyde in CH,Cl, (5 mL) at room temperature was added a Wittig reagent (2.6 g,
7.5 mmol), and the resulting mixture was stirred for 2 h at the same temperature. After evaporation of the solvent,
the obtained residue was purified by flash column chromatography (SiO,, hexane/AcOEt = 30/1) to give SI-5 (1.02
g, 65% yield over 3 steps) as a colorless oil. IR (ATR) v 2980, 1712, 1475, 1268, 1228, 1157, 1113, 1034, 982, 929,
858 cm™; 'H NMR (CDCls): & 1.28 (t, J = 7.0 Hz, 3H), 3.55 (dd, J = 1.8 Hz, 6.4 Hz, 2H), 4.18 (q, J = 7.0 Hz, 2H),
5.75 (td, J = 1.8 Hz, 15.6 Hz, 1H), 5.96 (s, 2H), 6.67 (s, 1H), 7.00 (s, 1H), 7.01 (td, J = 6.4 Hz, 15.6 Hz, 1H); °C
NMR (CDCl;): 8 14.2, 384, 60.3, 101.7, 110.2, 112.8, 114.6, 122.6, 130.1, 145.5, 147.3, 147.5, 166.3;
(+)-ESI-LRMS m/z 335 (M+Na"), 337 (M+2+Na"); (+)-ESI-HRMS. Calcd for C;3H3BrNaO, (M+Na"): 334.9895.
Found: 334.9926.

R R
General procedure
described above O
CHO X OEt
Br Br
SI-4 (R = MeO) SI-5 (R = MeO)
SI-6 (R=F) SI-7 (R=F)

Compound SI-4: Commercially Available.

Compound SI-5: Colorless oil; IR (ATR) v 2979, 1713, 1472, 1267, 1239, 1199, 1131, 1040, 1016, 983, 803 cm’';
'H NMR (CDCls): 8 1.27 (t, J= 7.2 Hz, 3H), 3.60 (dd, J = 2.0 Hz, 6.4 Hz, 2H), 3.77 (s, 3H), 4.18 (q, J= 7.2 Hz,
2H), 5.78 (dt, J=15.6 Hz, 2.0 Hz, 1H), 6.68 (dd, J = 3.2 Hz, 8.8 Hz, 1H), 6.72—6.76 (m, 1H), 7.05 (dt, /= 15.6 Hz,
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6.4 Hz, 1H), 7.41-7.46 (m, 1H); °C NMR (CDCL): & 14.2, 38.7, 55.4, 60.3, 113.9, 114.9, 116.4, 122.9, 133 .4,
138.2, 145.2, 159.1, 166.3; (+)-ESI-LRMS m/z 321 (M+Na"), 323 (M+2+Na"); (+)-ESI-HRMS. Calcd for
C3HsBrNaO; (M+Na+): 321.0102. Found: 321.0114.

Compound SI-6: Commercially Available.

Compound SI-7: Colorless oil; IR (ATR) v 2981, 1715, 1469, 1268, 1234, 1198, 1155, 1031, 810 cm™; '"H NMR
(CDCl;): 0 1.28 (t,J = 7.2 Hz, 3H), 3.62 (dd, J= 1.6 Hz, 6.4 Hz, 2H), 4.19 (q, J = 7.2 Hz, 2H), 5.79 (dd, /= 1.6 Hz,
15.6 Hz, 1H), 6.82-6.90 (m, 1H), 6.91-6.97 (m, 1H), 7.04 (dt, J = 15.6 Hz, 6.4 Hz, 1H), 7.50-7.54 (m, 1H); °C
NMR (CDCl;): 6 14.2, 38.5, 60.4, 115.6 (d, J=22.9 Hz), 117.6 (d, J=22.9 Hz), 118.6 (d, J = 3.8 Hz), 123.4, 134.1
(d, J=8.6 Hz), 139.4 (d, J = 7.6 Hz), 144.3, 162.0 (d, J = 246.0 Hz), 166.1; EI-LRMS m/z 286 (M"), 288 (M +2);
EI-HRMS. Calcd for C,,H,BrFO, (M"): 286.0005. Found: 286.0004.

1-2-2. General Procedure for the Synthesis of the Southern Fragment.

Southern fragments were prepared from the corresponding aryl bromides.

Br TBSCI n-BuLi BPin
Me imidazole  THF Me
DMF then,
OH i-PrO—BPin OTBS
SI-8 4

Compound 4: To a stirred solution of phenol derivative SI-8 (4.58 g, 24.5 mmol) and imidazole (3.34 g, 49.0
mmol) in DMF (24.5 mL) at 0 °C was added TBSCI (5.54 g, 36.8 mmol), and the resulting mixture was stirred for
2 h at room temperature. After dilution with Et,O, the mixture was washed with water (2 times), brine, and then
dried over Na,SO,. After concentration in vacuo, the obtained residue was purified by flash column
chromatography (SiO,, hexane/AcOEt = 200/1) to give silylated phenol (5.63 g, 76% yield) as a colorless oil.

To a stirred solution of silylated phenol (5.63 g, 18.7 mmol) in THF (93.5 mL) at —78 °C was added a hexane
solution of #n-BuLi (14.4 mL, 1.56 M solution in hexane, 22.4 mmol). After the reaction mixture was stirred for 30
min at the same temperature, 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4.60 mL, 22.4 mmol) was
added to the reaction. After being stirred for 4 h at —78 °C, the reaction was quenched with water, and diluted with
AcOEt. The mixture was washed with brine, dried over Na,SO,, and then concentrated under reduced pressure. The
obtained residue was purified by flash column chromatography (SiO,, hexane/AcOEt = 100/1) to give 4 (4.89 g,
75% yield) as white solids. Mp: 29-30 °C; IR (ATR) v 2954, 2925, 2853, 1405, 1334, 1301, 1233, 1144, 944, 838,
778 cm™; 'TH NMR (CDCly): 8 0.18 (s, 6H), 0.98 (s, 9H), 1.33 (s, 12H), 2.45 (s, 3H), 6.78 (dd, J = 2.8 Hz, 8.0 Hz,
1H), 7.01 (d, J= 8.0 Hz, 1H), 7.21 (d, J= 2.8 Hz, 1H); °C NMR (CDCls): 8 —4.4 (2C), 18.2, 21.3, 24.8 (4C), 25.7
(3C), 83.4 (2C), 122.1, 126.9, 130.7, 137.2, 152.7; EI-LRMS m/z 348 (M"); EI-HRMS. Calcd for C,oH33BOsSi
(M"): 348.2292. Found: 348.2293.

Compound SI-8: Commercially Available
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BPin

TBSO OTBS
SI-9

Compound SI-9 was prepared from the corresponding phenol derivative (Synthesis 2010, 1512.) according to the
general procedure described above. White solid; Mp: 139-140 °C; IR (ATR) v 2931, 2859, 1577, 1429, 1368, 1174,
1144, 973, 833,779 cm™; "H NMR (CDCls): 8 0.19 (s, 12 H), 0.98 (s, 18 H), 1.32 (s, 12 H), 6.42 (t, J = 2.0 Hz, 1H),
6.89 (d, J= 2.0 Hz, 2H); °C NMR (CDCl;): 8 —4.4 (4C), 18.2 (2C), 24.8 (4C), 25.7 (6C), 83.7 (2C), 114.8, 119.3
(20), 119.3, 156.0 (2C); (+)-ESI-LRMS m/z 465 (M+H"); (+)-ESI-HRMS. Calcd for CasHssBO4Si, (M+H"):
465.3028. Found: 465.2989.

BPin

Ph OTBS
S1-10

Compound SI-10 was prepared from the corresponding phenol derivative (J. Med. Chem. 2009, 52, 2036.)
according to the general procedure described above. White solid; Mp. 75-75.5 °C; IR (ATR) v 2930, 1556, 1370,
1345, 1142, 973, 835, 701 em™'; "H NMR (CDCls): 8 0.23 (s, 6 H), 1.01 (s, 9 H), 1.35 (s, 12 H), 7.15 (t, J = 2.2 Hz,
1H), 7.25 (d, J = 2.2 Hz, 1H), 7.32 (t, J = 7.2 Hz, 1H), 7.41 (t, J = 7.2 Hz, 2H), 7.59 (d, J = 7.2 Hz, 2H), 7.64 (s,
1H); ®C NMR (CDCly): & —4.3 (2C), 18.2, 24.87 (4C), 25.6 (3C), 83.8 (4C), 121.6, 125.0, 126.6, 127.2 (3C), 128.6
(3C), 140.9, 142.1, 155.5; (+)-ESI-LRMS m/z 411 (M+H"); (+)-ESI-HRMS. Calcd for C,,H3¢BO;Si (M+H"):
411.2527. Found: 411.2535.

1-2-3. General Procedure for the Suzuki-Miyaura Cross Coupling.

e PACly(dpp) O i
2 NN
(@] Me K3PO4 OEt
X Me
OEt * toluene/H,0O 5
oTBS
Br 2 4 =1/ OTBS

A mixture of 2 (270 mg, 1.00 mmol), 4 (453 mg, 1.30 mmol), PdCl,(dppf) (29.5 mg, 0.05 mmol), and K;PO, (637
mg, 3.00 mmol) in toluene (5 mL) and H,O (5 mL) was stirred for 24 h at 90 °C. After the reaction was quenched
with water, AcOEt was added to the mixture. The aqueous layer was separated and the resulting organic layer was
washed with brine, dried over Na,SO,, and then evaporated in vacuo. The obtained residue was purified by flash
column chromatography (SiO,, hexane/AcOEt = 30/1) to give 5 (390 mg, 95% yield) as a colorless oil. IR (ATR) v
2929, 1719, 1482, 1305, 1261, 1212, 1155, 936, 840, 780 cm™'; "H NMR (CDCls): 8 0.17 (s, 6H), 0.96 (s, 9H), 1.25
(t,J=7.2 Hz, 3H), 1.94 (s, 3H), 3.23 (ddd, /= 1.8 Hz, 6.4 Hz, 16.0 Hz, 1H), 3.33 (ddd, /= 1.8 Hz, 7.2 Hz, 16.0 Hz,
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1H), 4.14 (q, J = 7.2 Hz, 2H), 5.59 (ddd, J = 1.8 Hz, 1.8 Hz, 15.6 Hz, 1H), 6.60 (d, J = 2.0 Hz, 1H), 6.75 (dd, J =
2.4 Hz, 8.4 Hz, 1H), 6.91 (ddd, J = 6.4 Hz, 7.2 Hz, 15.6 Hz, 1H), 7.08-71.4 (m, 2H), 7.22-7.34 (m, 3H); °C NMR
(CDCl;): 6 4.5 (20), 14.2,18.2, 19.1, 25.6 (3C), 35.7, 60.1, 119.2, 121.0, 122.1, 126.6, 127.5, 128.5, 129.5, 129.7,
130.7, 135.4, 141.4, 141.5, 147.2, 153.2, 166.4; (+)-ESI-LRMS m/z 433 (M+Na"); (+)-ESI-HRMS. Calcd for
C,5H34NaO5Si (M+Na+): 433.2175. Found: 433.2147.

“lii o)
N0t
:!Il SI-11
TBSO oTBS

Compound SI-11 was prepared from 2 and SI-9 according to the general procedure described above. Colorless oil;
IR (ATR) v 2930, 1720, 1584, 1425, 1348, 1254, 1160, 1027, 928, 829, 780 cm™; 'H NMR (CDCls): 8 0.19 (s,
12H), 0.97 (s, 18H), 1.25 (t, J = 6.8 Hz, 3H), 3.49 (dd, J= 1.6 Hz, 6.4 Hz, 2H), 4.14 (q, J = 6.8 Hz, 2H), 5.65 (td, J
=1.6 Hz, 15.6 Hz, 1H), 6.34 (t, /=2.4 Hz, 1H), 6.38 (d, /=2.4 Hz, 2H), 7.03 (td, /= 6.4 Hz, 15.6 Hz, 1H), 7.20-
7.33 (m, 4H); °C NMR (CDCls): 8 —4.4 (4C), 14.2, 18.2, 25.6 (6C), 35.8, 60.1, 111.1, 114.4, 122.3, 126.6, 127.6,
129.9, 130.0, 134.9, 142.0, 142.8, 148.0, 156.2 (2C), 166.4; (+)-ESI-LRMS m/z 549 (M+Na"); (+)-ESI-HRMS.
Calcd for C;3gH4cNaO,Si, (M+Na+): 549.2832. Found: 549.2786.

PSP
Xy~ OEt
Me
EIIM SI-12
OTBS

Compound SI-12 was prepared from SI-1 and 4 according to the general procedure described above. Colorless oil;
IR (ATR) v 2929, 1709, 1481, 1250, 1211, 1120, 932, 837, 779, 740 cm™; '"H NMR (CDCl;): 8 0.18 (d, J = 1.4 Hz,
6H), 0.97 (d, J= 1.4 Hz, 9H), 1.25 (t, /= 7.0 Hz, 3H), 1.65 (s, 3H), 1.95 (s, 3H), 3.24 (dd, /= 7.6 Hz, 15.6 Hz, 1H),
3.33 (dd, J=17.6 Hz, 15.6 Hz, 1H), 4.14 (q, J = 7.0 Hz, 2H), 6.63 (d, J=2.6 Hz, 1H), 6.70-6.77 (m, 2H), 7.11 (t, J
= 8.0 Hz, 2H), 7.24-7.33 (m, 3H); >C NMR (CDCly): 8 -4.5 (2C), 12.1, 14.2, 18.1, 19.1, 25.6 (3C), 32.5, 60.3,
119.0, 121.0, 126.3, 127.6, 127.9, 128.6, 129.1, 129.6, 130.7, 136.8, 140.0, 141.3, 141.7, 153.2, 167.9;
(+)-ESI-LRMS m/z 447 (M+Na"); (+)-ESI-HRMS. Calcd for C,sH3¢NaO5Si (M+Na"): 447.2331. Found: 447.2354.

At
N OEt
O SI-13
TBSO OTBS

Compound SI-13 was prepared from SI-1 and SI-9 according to the general procedure described above. Colorless
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oil; IR (ATR) v 2929, 1712, 1583, 1424, 1348, 1251, 1160, 1026, 924, 828, 779, 739 cm™; 'H NMR (CDCl;)
§0.20 (s, 12H), 0.98 (s, 18H), 1.26 (t, J = 7.2 Hz, 3H), 1.78 (s, 3H), 3.48 (d, J = 7.6 Hz, 2H), 4.15 (q, J = 7.2 Hz,
2H), 6.34-6.35 (m, 1H), 6.40 (m, 1H), 6.81 (t, J= 7.6 Hz, 1H), 7.21-7.32 (m, 4H); *C NMR (CDCls): 5 —4.4 (4C),
12.4, 14.2, 18.2, 25.6 (6C), 32.6, 60.4, 110.9, 114.5 (2C), 126.3, 127.6, 128.0, 129.3, 129.8, 136.6, 140.6, 141.8,
143.0, 156.2 (2C), 167.9; (+)-ESI-LRMS m/z 563 (M+Na"); (+)-ESI-HRMS. Caled for Cs;H;sNaO,Si, (M+Na®):
563.2989. Found: 563.2951.

“'ii o)
N0kt
liln Sl-14

Ph OTBS

Compound SI-14 was prepared from 2 and SI-10 according to the general procedure described above. Colorless
oil; IR (ATR) v 2929, 1717, 1588, 1414, 1344, 1260, 1200, 956, 830, 781, 761, 697 cm™; "H NMR (CDCl;): & 0.23
(s, 6H), 1.01 (s, 9H), 1.24 (t, J=7.2 Hz, 3H), 3.53 (dd, /= 1.8 Hz, 6.4 Hz, 2H), 4.14 (q, J= 7.2 Hz, 2H), 5.66 (td, J
=1.8 Hz, 15.6 Hz, 1H), 6.75 (t, /= 1.2 Hz, 1H), 7.04 (td, /= 6.4 Hz, 15.6 Hz, 1H), 7.07 (t, /= 1.2 Hz, 1H), 7.11 (t,
J =12 Hz, 1H), 7.24-7.36 (m, 5H), 7.40-7.44 (m, 2H), 7.57-7.59 (m, 2H); *C NMR (CDCls): § —4.4 (2C), 14.2,
18.2, 25.7 (3C), 36.0, 60.2, 117.7, 119.6, 121.2, 122.3, 126.7, 127.1 (2C), 127.5, 127.8, 128.7 (2C), 130.0, 130.1,
135.0, 140.6, 142.0, 142.4, 142.8, 147.8, 155.7, 166.4; (+)-ESI-LRMS m/z 495 (M+Na"); (+)-EI-HRMS. Calcd for
C30H3Na0;Si (M+Na"): 495.2331. Found: 495.2293.

OMe

Ill: o)
N0kt
Me :ill SI-15
oTBS

Compound SI-15 was prepared from SI-5 and 4 according to the general procedure described above. Colorless oil;
IR (ATR) v 2929, 1718, 1606, 1485, 1296, 1260, 1211, 1157, 1044, 943, 836, 780 cm™'; "H NMR (CDCl;): & 0.17
(s, 6H), 0.96 (s, 9H), 1.25 (t, J= 7.0 Hz, 3H), 1.95 (s, 3H), 3.21 (ddd, /= 1.6 Hz, 6.6 Hz, 16.0 Hz, 1H), 3.30 (ddd, J
=1.2 Hz, 6.6 Hz, 16.0 Hz, 1H), 3.83 (s, 3H), 4.14 (q, J= 7.0 Hz, 2H), 5.61 (dt, /= 15.6 Hz, 1.6 Hz, 1H), 6.57-6.61
(m, 1H), 6.71-6.85 (m, 3H), 6.91 (dt, J = 15.6 Hz, 6.6 Hz, 1H), 6.85-6.94 (m, 2H); *C NMR (CDCl;): § -4.5 (2C),
14.2, 18.2, 19.1, 25.6 (2C), 35.9, 55.2, 60.1, 111.8, 114.9, 119.1, 121.5, 122.2, 129.0, 130.6, 130.7, 133.9, 136.7,
141.2, 147.0, 153.2, 158.8, 166.3; (+)-ESI-LRMS m/z 463 (M+Na"); (+)-ESI-HRMS. Calcd for CasH3sNaO,Si
(M+Na"): 463.2281. Found: 463.2257.
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O o)
N0Et
Me ‘ sl-16
OTBS

Compound SI-16 was prepared from SI-7 and 4 according to the general procedure described above. Colorless oil;
IR (ATR) v 2929, 1719, 1484, 1303, 1260, 1227, 1191, 1155, 932, 836, 780, 688 cm™; 'H NMR (CDCl;): 8 0.17 (s,
6H), 0.97 (s, 9H), 1.26 (t, J=7.2 Hz, 3H), 1.93 (s, 3H), 3.17-3.26 (m, 1H), 3.26-3.34 (m, 1H), 4.16 (q, /= 7.2 Hz,
2H), 5.62 (dt, J=15.6 Hz, 1.2 Hz, 1H), 6.55-6.59 (m, 1H), 6.76 (dd, J= 2.8 Hz, 8.4 Hz, 1H), 6.89 (dt, /= 15.6 Hz,
6.8 Hz, 1H), 6.93-7.01 (m, 2H), 7.06-7.12 (m, 2H); C NMR (CDCls): § —4.5 (2C), 14.2, 18.2, 19.0, 25.6 (3C),
35.6,60.2, 113.6 (d, J = 21.0 Hz), 116.0 (d, /= 21.0 Hz), 119.4, 121.2, 122.7, 128.6, 130.9, 131.2 (d, J = 7.7 Hz),
137.2 (d, J=3.8 Hz), 137.7 (d, J = 7.6 Hz), 140.5, 146.2, 153.3, 162.0 (d, J = 245.0 Hz), 166.2; ESI-LRMS m/z
451 (M+Na+); ESI-HRMS. Calcd for C,sH33FNaO5Si (M+Na+): 451.2081. Found: 451.2047.

/=0

9
O o)
N0Et
Me O SI-17
oTBS

Compound SI-17 was prepared from SI-3 and 4 according to the general procedure described above. Colorless oil;
IR (ATR) v 2929, 1718, 1501, 1480, 1292, 1246, 1184, 1039, 925, 840, 781 cm™; "H NMR (CDCls): & 0.16 (s, 6H),
0.96 (s, 9H), 1.26 (t, J = 7.2 Hz, 3H), 1.96 (s, 3H), 3.12 (ddd, J = 1.6 Hz, 6.4 Hz, 16.4 Hz, 1H), 3.22 (ddd, J= 1.6
Hz, 6.4 Hz, 16.4 Hz, 1H), 4.14 (q, /= 7.2 Hz, 2H), 5.60 (ddd, /= 1.6 Hz, 1.6 Hz, 15.4 Hz, 1H), 5.97 (d, J = 1.4 Hz,
1H), 5.98 (d, /= 1.4 Hz, 1H), 6.57 (d, /= 2.8 Hz, 1H), 6.60 (s, 1H), 6.71 (s, 1H), 6.74 (dd, J=2.8 Hz, 8.4 Hz, 1H),
6.88 (ddd, J = 6.4 Hz, 6.4 Hz, 15.4 Hz, 1H), 7.07 (d, J = 8.4 Hz, 1H); °C NMR (CDCLy): 8 4.5 (2C), 14.2, 18.2,
19.0,25.6 (3C), 35.5, 60.1, 101.1, 109.4, 109.7, 119.2, 121.3, 122.0, 128.5, 128.8, 130.8, 134.6, 141.2, 146.1, 146.9,
147.4, 1532, 166.4; (+)-ESI-LRMS m/z 477 (M+Na'); (+)-ESI-HRMS. Calcd for C,sH3,NaOsSi (M+Na'):
477.2073. Found: 477.2037.

1-2-4. Experimental Procedure for the Preparation of Substrates 14a-14i.

C_J SUN TN S UL
PAUIS
~"NOEt DIBAL-H X DMAP TBAF X

—_—

Me 5 CH,Cl, Me 6 pyridine/ THE Me 7a
CHCl; = 1/5
OoTBS OTBS OH

Compound 6: To a stirred solution of 5 (235 mg, 0.572 mmol) in CH,CI, (5.7 mL) at =78 °C was added DIBAL-H
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(1.43 mL, 1M solution in hexane, 1.43 mmol). After the solution was stirred for 2.5 h at —78 °C, and 30 min at
room temperature, the reaction was quenched by the addition of aq. 1M Rochelle salt. After being stirred for 1 h,
the mixture was extracted with AcOEt. 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 = 10/1) to give 6 (202 mg, 96% yield) as a colorless oil. IR (ATR) v 2929, 1481, 1257, 1210, 969,
933, 837, 779, 737, 689 cm™; "H NMR (CDCL3): 8 0.17 (s, 6H), 0.97 (s, 9H), 1.16 (t, J = 6.0 Hz, 1H), 1.95 (s, 3H),
3.10 (dd, J= 6.4 Hz, 15.2 Hz, 1H), 3.19 (dd, /= 6.4 Hz, 15.2 Hz, 1H), 4.02 (dd, J= 6.0 Hz, 6.0 Hz, 1H), 5.42 (dd,
J=06.0 Hz, 15.2 Hz, 1H), 5.64 (dd, J= 6.4 Hz, 15.2 Hz, 1H), 6.62 (d, /= 2.8 Hz, 1H), 6.75 (dd, J=2.8 Hz, 8.0 Hz,
1H), 7.08-7.11 (m, 2H), 7.22-7.32 (m, 3H); °C NMR (CDCl;): 8 —4.5, 18.1, 19.1, 25.6 (3C), 35.9, 63.4, 118.9,
121.2, 126.0, 127.3, 128.5, 129.2, 129.5, 130.1, 130.5, 131.1, 137.5, 141.1, 141.9, 153.0; (+)-ESI-LRMS m/z 391
(M+Na"); (+)-ESI-HRMS. Calcd for C,3H3,Na0,Si (M+Na"): 391.2069. Found: 391.2066.

Compound 7a: To a stirred solution of 6 (227 mg, 0.616 mmol) and DMAP (15.0 mg, 0.123 mmol) in CHCI; (1
mL) and pyridine (0.2 mL) at 0 °C was added methyl chloroformate (0.120 mL, 1.54 mmol), and the resulting
mixture was kept stirring for 3 h at room temperature. The reaction was quenched with 1N HCl at 0 °C, and then
the resulting mixture was extracted with AcOEt. The combined organic layers were washed with brine, dried over
Na,SO4 and then concentrated in vacuo. The obtained residue was used for the next reaction without further
purification. To a stirred solution of the crude sample in THF (3.0 mL) at 0 °C was added TBAF (0.73 mL, 1M
solution in THF, 0.73 mmol). After being stirred for 1 h at room temperature, the reaction mixture was diluted with
AcOEt. The obtained mixture was washed with water and brine, dried over Na,SO,4 and concentrated in vacuo. The
obtained residue was purified by flash column chromatography (SiO,, hexane/AcOEt = 3/1) to give 7a (180 mg,
95% vyield) as a colorless oil. IR (ATR) v 3416, 3021, 2955, 1745, 1720, 1442, 1258, 935, 746 cm'l; 'H NMR
(CDCl5): 6 1.95 (s, 3H), 3.07 (dd, J=2.8 Hz, 15.6 Hz, 1H), 3.18 (dd, J = 1.6 Hz, 16.0 Hz, 1H), 3.78 (s, 3H), 4.49—
4.57 (m, 2H), 5.21 (d, J=4.0 Hz, 1H), 5.24-5.31 (m, 1H), 5.76-5.83 (m, 1H), 6.57 (d, /= 2.8 Hz, 1H), 6.77 (dd, J
= 2.8 Hz, 8.0 Hz, 1H), 7.10-7.13 (m, 2H), 7.24-7.33 (m, 3H); °C NMR (CDCl;): 5 19.0, 36.0, 54.9, 68.4, 114.4,
116.8, 124.4, 126.2, 127.4, 127.5, 129.5, 129.6, 130.8, 135.4, 136.7, 141.2, 141.6, 153.1, 153.8; (+)-ESI-LRMS m/z
335 (M+Na"); (+)-ESI-HRMS. Calcd for C19HNaO, (M+Na"): 335.1259. Found: 335.1263.

Compound 7b-7d, 7f-7i were prepared from SI-11-SI-17 according to the general procedure described above.

Compound 7e was prepared from 7b.

OCO,Me
N
.
HO OH

Compound 7b: White solid. IR (ATR) v 3377, 1718, 1596, 1442, 1272, 1151, 998, 933, 752 cm’; 'H NMR
(CDCls): §3.30 (d, J = 5.6 Hz, 2H), 3.78 (s, 3H), 4.60 (dd, J = 0.8 Hz, 6.0 Hz, 2H), 5.31-5.38 (m, 1H), 5.52 (br-s,
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2H), 5.98 (dt, J = 15.6 Hz, 5.6 Hz, 1H), 6.35-6.39 (m, 3H), 7.21-7.33 (m, 4H); >C NMR (CD;0OD): & 36.9, 55.2,
69.3, 102.2, 108.9 (2C), 125.8, 127.1, 128.4, 130.7 (2C), 130.7, 136.7, 137.8, 143.6, 145.0, 157.2, 159.2;
(+)-ESI-LRMS m/z 337 (M+Na"); (+)-ESI-HRMS. Calcd for C,sH,sNaOs (M+Na"): 337.1052. Found: 337.1008.

O 0OCO,Me
X
Me
Sl
OH

Compound 7¢: Colorless oil; IR (ATR) v 3419, 2955, 1720, 1442, 1264, 938, 749 cm'l; 'H NMR (CDCl3): 6 1.38
(s, 3H), 1.94 (s, 3H), 3.11 (d, J= 7.0 Hz, 1H), 3.12 (d, /= 7.0 Hz, 1H), 3.77 (s, 3H), 4.43 (d, /= 11.8 Hz, 1H), 4.47
(d, J=11.8 Hz, 1H), 5.46 (t, /= 7.0 Hz, 1H), 5.63 (br-s, 1H), 6.56 (d, /= 2.8 Hz, 1H), 6.75 (dd, /= 2.8 Hz, 8.0 Hz,
1H), 7.06-7.10 (m, 2H), 7.21-7.31 (m, 3H); *C NMR (CDCls): & 13.5, 19.0, 32.1, 54.9, 73.5, 114.3, 116.9, 126.0,
127.5, 127.7, 129.0, 129.2, 129.5, 129.6, 130.8, 137.9, 141.2, 141.7, 153.3, 155.8; (-)-ESI-LRMS m/z 325 ([M—

H]); (-)-ESI-HRMS. Caled for CyoHa 04 ([M—H] ): 325.1440. Found: 325.1484.

O OCO,Me
X
iy

HO OH

Compound 7d: White solid; IR (ATR) v 3383, 1718, 1595, 1442, 1281, 1153, 999, 846, 762 cm'l; 'H NMR
(CDCl3): 6 1.54 (s, 3H), 3.27 (d, J= 6.0 Hz, 2H), 3.79 (s, 3H), 4.52 (s, 2H), 5.34 (br-s, 2H), 5.59 (t, /= 6.0 Hz, 1H),
6.33-6.36 (m, 3H), 7.20-7.32 (m, 4H); °C NMR (CD;OD): & 13.8, 32.7, 55.2, 74.4, 102.1, 109.0 (2C), 126.9,
128.4, 130.2 (2C), 130.2, 130.6, 131.3, 139.0, 143.6, 145.1, 157.3, 159.3; (-)-ESI-LRMS m/z 327 ((M-H]);

(-)-ESI-HRMS. Calcd for C1oH,005 ([M—H]): 327.1233. Found: 327.1232.

OCO,Me
N
.
TBDPSO OH

Compound 7e: To a stirred solution of phenol derivative 7b (737 mg, 2.34 mmol) and imidazole (319 mg, 4.69
mmol) in DMF (2.3 mL) at 0 °C was added TBDPSCI (0.9 mL, 3.52 mmol), and the resulting mixture was stirred
for 1 h at room temperature. After dilution with Et,0O, the mixture was washed with water (2 times), brine, and then
dried over Na,SO,. After concentration in vacuo, the obtained residue was purified by flash column
chromatography (SiO,, hexane/AcOEt = 5/1) to give 7e (351 mg, 27% yield) as a colorless oil; IR (ATR) v 3416,

1

2956, 1722, 1589, 1427, 1265, 1153, 1112, 1020, 906, 730, 699 cm™'; "H NMR (CDCl;): & 1.09 (s, 9H), 3.08 (d, J =

68



6.0 Hz, 2H), 3.76 (s, 3H), 4.60 (d, J = 6.0 Hz, 2H), 5.25-5.31 (m, 1H), 5.43 (br-s, 1H), 5.76 (dt,J=15.2 Hz, 6.0 Hz,
1H), 6.22 (dd, J = 1.4 Hz, 2.2 Hz, 1H), 6.99 (dd, J = 1.4 Hz, 7.8 Hz, 1H), 7.12-7.24 (m, 3H), 7.33-7.43 (m, 6H),
7.70-7.73 (m, 4H); >C NMR (CDCls): & 19.4, 26.4, 35.8, 54.9, 68.6, 105.9, 109.7 , 113.3, 124.5, 126.2, 127.3,
127.8 (4C), 129.8 (2C), 129.8 (2C), 129.9, 132.7, 135.5 (4C), 136.2, 136.3, 141.6, 142.9, 155.9, 156.0, 156.4;
(+)-ESI-LRMS m/z 575 (M+Na"); (+)-ESI-HRMS. Calcd for Cs5,H3¢NaOsSi (M+Na"): 575.2230. Found: 575.2220.

0OCO,Me
X
Q"
Ph OH

Compound 7f: Colorless oil; IR (ATR) v 3404, 1719, 1592, 1442, 1262, 1186, 906, 759, 728, 698 cm'l; 'H NMR
(CDCLy): 8 3.36 (dd, J = 1.0 Hz, 6.0 Hz, 2H), 3.77 (s, 3H), 4.58 (dd, J = 1.0 Hz, 6.0 Hz, 2H), 5.40 (dt, J = 6.4 Hz,
15.6 Hz, 1H), 5.92-5.99 (m, 2H), 6.82 (t, J = 1.6 Hz, 1H), 7.09 (d, J = 1.6 Hz, 2H), 7.24-7.36 (m, 5H), 7.39-7.43
(m, 2H), 7.58-7.60 (m, 2H); *C NMR (CDCLy): 8 36.1, 54.9, 68.6, 112.8, 115.2, 120.3, 124.7, 126.4, 127.1 (2C),
127.5, 127.6, 128.7 (2C), 130.0, 130.1, 136.3, 136.4, 140.6, 141.8, 142.7, 143.1, 155.7, 156.0; (+)-ESI-LRMS m/z
397 (M+Na"); (+)-ESI-HRMS. Calcd for C,4H»,NaO, (M+Na"): 397.1416. Found: 397.1378.

OMe

OCO,Me
N
S
HO OH

Compound 7g: Colorless oil; IR (ATR) v 3417, 2955, 1745, 1721, 1607, 1488, 1442, 1259, 1157, 1045, 973, 935,
814, 792 cm™’; "H NMR (CDCls): § 1.94 (s, 3H), 3.04 (dd, J = 6.8 Hz, 15.2 Hz, 1H), 3.14 (dd, J= 5.8 Hz, 15.2 Hz,
1H), 3.77 (s, 3H), 3.83 (s, 3H), 4.52 (d, J = 6.4 Hz, 2H), 5.26-5.37 (m, 1H), 5.66 (br-s, 1H), 5.73-5.83 (m, 1H),
6.54-6.58 (m, 1H), 6.75 (dd, J = 2.8 Hz, 8.4 Hz, 1H), 6.77-6.83 (m, 2H), 7.00-7.05 (m, 1H), 7.06-7.11 (m, 1H);
13C NMR (CDCls): & 19.0, 36.3, 54.8, 55.2, 68.4, 111.4, 114.2, 115.0, 117.3, 124.5, 128.0, 130.6, 130.8, 133.7,

135.2, 138.2, 141.4, 153.1, 155.8, 158.7; (-)-ESI-LRMS m/z 341 ([M-H]); (-)-ESI-HRMS. Calcd for CyoH, 05
(IM-H]): 341.1389. Found: 341.1433.

F

OCO,Me
N
Q"
HO OH
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Compound 7h: Yellow oil; IR (ATR) v 3424, 2956, 1721, 1487, 1442, 1260, 1225, 937, 868, 821, 792 cm™; 'H
NMR (CDCl3): 6 1.93 (s, 3H), 3.05 (dd, J= 6.8 Hz, 15.6 Hz, 1H), 3.15 (dd, J= 5.2 Hz, 15.6 Hz, 1H), 3.78 (s, 3H),
4.54 (d, J = 6.4 Hz, 2H), 5.27-5.37 (m, 1H), 5.45 (br-s, 1H), 5.72-5.81 (m, 1H), 6.53-6.66 (m, 1H), 6.77 (dd, J =
2.8 Hz, 8.0 Hz, 1H), 6.93-6.99 (m, 2H), 7.03—7.13 (m, 2H); *C NMR (CDCl;): & 19.0, 36.0, 54.9, 68.2, 113.1 (d, J
=21.0 Hz), 114.6, 116.1 (d,J=21.0 Hz), 117.0, 125.1, 127.8, 130.9, 131.1 (d, /= 7.6 Hz), 134.5, 137.0 (d, /= 3.8
Hz), 139.2 (d, J = 6.7 Hz), 140.6, 153.2, 155.8, 162.0 (d, J = 245.1 Hz); (-)-ESI-LRMS m/z 329 ([M-H]);
(-)-ESI-HRMS. Calcd for C19H gFO4 ([M—H]): 329.1189. Found: 329.1215.

/=0
o

OCO,Me
N
LT
HO OH

Compound 14i: Colorless oil, IR (ATR) v 3420, 2957, 1732, 1480, 1263, 1038, 906, 726 cm'l; 'H NMR (CDCly):
8 1.96 (s, 3H), 2.95 (dd, J= 1.2 Hz, 15.6 Hz, 1H), 3.06 (dd, J = 2.0 Hz, 15.6 Hz, 1H), 3.78 (s, 3H), 4.54 (d, /= 6.4
Hz, 1H), 5.27-5.34 (m, 1H), 5.52 (br-s, 1H), 5.75 (dt, J= 6.4 Hz, 15.2 Hz, 1H), 5.96 (s, 1H), 5.97 (s, 1H), 6.55 (d, J
= 6.4 Hz, 1H), 6.58 (s, 1H), 6.72 (s, 1H), 6.75 (dd, J = 2.8 Hz, 8.4 Hz, 1H), 7.08 (d, J = 8.4 Hz, 1H); °C NMR
(CDCl;): 6 19.0, 35.8, 54.9, 68.4, 101.0, 109.5, 109.7, 114.4, 117.1, 124.3, 127.9, 130.1, 130.9, 134.3, 135.6, 141 .4,
145.8, 146.8, 153.1, 155.8; (+)-ESI-LRMS m/z 379 (M+Na"); (+)-ESI-HRMS. Calcd for C,0HNaOg (M+Na"):
379.1158. Found: 379.1119.
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1-4. Determination of the Absolute Configuration of 10a

O ArCOCI
DMAP
Me
Pd-C, Hz‘ Br2 Me ‘ NEt3
MeOH CHC|3 O CH2C|2
OH

OH
Br
8a (91% ee) 9a

Br
O

10a NO,

Compound 9a: A suspension of 8a (188 mg, 0.80 mmol) and Pd-C (5%, 35 mg) in MeOH (5 mL) was stirred for 4
h under H, atmosphere. The mixture was filtered through a short pad of celite, and the obtained solution was
evaporated in vacuo. The obtained residue was utilized for the next reaction. To a stirred solution of the obtained
product in CHCI; (8 mL) was added Br;, (49 pL, 0.96 mmol) at 0 °C, and the resulting mixture was stirred for 30
min at room temperature. The reaction was quenched by the addition of aq. Na,S,0; solution, and the mixture was
extracted with AcOEt. The combined organic layers were washed with brine, and dried over Na,SO,4. After
concentration in vacuo, the obtained crude residue was purified by flash column chromatography (SiO,,
hexane/AcOEt = 40/1) to give 9a [218.4 mg, 86% yield (2 steps)] as white amorphous solids. IR (ATR) v 2927,
1746, 1527, 1346, 1256, 1216, 1080, 1061, 847, 750, 715 cm™; "H NMR (CDCl;): & 0.83—1.36 (m, 5H), 2.53 (s,
3H), 2.79 (dd, J=2.0 Hz, 14.8 Hz, 1H), 2.87 (dd, J=4.8 Hz, 14.8 Hz, 1H), 3.27-3.32 (m, 1H), 5.39 (s, 1H), 7.20—
7.28 (m, 4H), 7.60 (d, J= 7.2 Hz, 1H); °C NMR (CDCls): & 12.1, 22.3, 23.3, 33.0, 34.2, 108.8, 125.8, 127.2, 127.8,
128.1, 128.8, 130.8, 132.2, 133.8, 134.4, 137.1, 146.9; (-)-ESI-LRMS m/z 315 ([M-H]"); (-)-ESI-HRMS. Calcd
for C1,H,4BrO ([M—H]): 315.0385. Found: 315.0382; [a]p"® +122.8 [¢ 0.73, CHCl3, 91% ee (R)].

Compound 10a: To a stirred solution of 9a (110 mg, 0.347 mmol), DMAP (8.5 mg, 0.0694 mmol), and NEt; (0.14
mL, 1.04 mmol) in CH,Cl, (3.5 mL) at 0 °C was added p-nitrobenzoyl chloride (129 mg, 0.694 mmol), and the
reaction was kept stirring for 3 h at room temperature. The reaction was quenched by the addition of water and the
resulting mixture was extracted with ether. The combined organic layers were washed with brine, dried over
Na,SO,, and evaporated in vacuo. The obtained crude residue was purified by flash column chromatography (SiO,,
hexane/AcOEt = 50/1) to give 10a (161 mg, 99% yield) as white solids. Single recrystallization of the product from
hexane-ethyl acetate gave compound 10a with 99% ee (colorless needle). Mp. 148—149 °C; IR (ATR) v 2960, 1745,
1526, 1346, 1256, 1216, 1079, 1061, 847, 732, 715 cm'l; 'H NMR (CDCl;, mixture of rotational isomers): 6 0.60—
0.85 (m, 3H), 1.13-1.28 (m, 2H), 2.62 (s, 3H), 2.70-3.08 (m, 3H), 7.24-7.33 (m, 3H), 7.50 (s, 1H), 7.64 (d, J=17.2
Hz, 1H), 8.39-8.46 (m, 4H); °C NMR (CDCl3): 6 12.3, 22.7, 24.0, 33.3, 36.0, 114.2, 123.9 (2C), 123.9, 126.1,
127.6, 127.9, 128.9, 131.5 (2C), 133.1, 134.1, 134.3, 134.6, 134.8, 136.7, 137.0, 151.1, 162.5; EI-LRMS m/z 465
(M%) 467 (M'+2); EI-HRMS. Calcd for CoH)BrNO, (M'): 465.0576. Found: 465.0536; [a]p' | +36.5 [c 0.40,
CHCl;, 99% ee (R)]. The enantiomeric excess was determined by chiral HPLC analysis (DAICEL CHIRALPAK
AD-H, hexane/2-propanol = 90/10, flow rate: 0.5 mL/min, #g 11.6 min [(R)-isomer] and 16.0 min [(S)-isomer],
detection at 254 nm).
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X-ray Analysis:
A single crystal (ca. 0.30 x 0.30 x 0.12 mm) suitable for X-ray analysis was obtained from hexane-AcOEt solution.

The representative data are summarized in Table S-1.

G
o
Cn cs
o

Table S-1.

Identification code nemo017p2(1)2(1)2(1)

Empirical formula C24 H20 Br N O4

Formula weight 466.32

Temperature 173 K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group P2(1)2(1)2(1)

Unit cell dimensions a=7.7671(9) A (a.= 90°).
b =13.4242(16) A (B = 90°)
c=19.6592) A (y=90"°)

Volume 2049.8(4) A3

4 4

Density (calculated) 1.511 Mg/m3

Absorption coefficient 2.037 mm-1

F(000) 952

Crystal size 0.3 x 0.3 x 0.12 mm3

Theta range for data collection 1.84 to 28.61°.

Index ranges -10<=h<=9, -15<=k<=17, -24<=1<=26

Reflections collected 11754

Independent reflections 4706 [R(int) = 0.0325]

Completeness to theta = 28.61° 92.9 %

Absorption correction None

Refinement method Full-matrix least-squares on F2
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Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

4706/0/271

0.756
R1=0.0466, wR2 = 0.1363
R1=0.0668, wR2 = 0.1621
~0.019 (17)

65.686 and -15.732 e.A-3
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1-5. Enantioselective Total Synthesis of Cedrelin A and Paralycolin B.

1-5-1. Experimental Procedure for the Preparation of 11a and 11b

cl
T PhaPOM '
OMe TBSCI 3P~ OMe OMe
imidazole n-BuLi 1N HCI aq
CHO DMF THF acetone CHO
Br si1s Br si19

Compound SI-19: To a stirred solution of SI-18 (7.44 g, 32.2 mmol) and imidazole (2.85 g, 41.9 mmol) in DMF
(32.2 mL) at 0 °C was added TBSCI (7.28 g, 48.3 mmol), and the resulting mixture was stirred for 1 h at room
temperature. After dilution with Et,O, the mixture was washed with water (2 times), brine, and then dried over
Na,S0O,. After concentration in vacuo, the obtained crude silylated product was used for the next step without
purification.

To a stirred solution of (methoxymethyl)triphenyl phosphonium chloride (16.8 g, 48.9 mmol) in THF (120 mL) at
0 °C was added KO#Bu (12.8 g, 114.0 mmol). The resulting mixture was stirred at the same temperature for 30
min. A solution of the crude silylated product in THF (40 mL) was added to the reaction, and then the resulting
mixture was stirred at room temperature. After 2 h, the reaction was quenched with 1 N aq HCI, and the mixture
was diluted with AcOEt. After separation of the aqueous layer, the organic layer was washed with brine, dried over
Na,S0,, and then evaporated in vacuo. The obtained crude methyl vinyl ether derivative was used for the next step
without purification.

To a stirred solution of the crude product in THF (72 mL) at room temperature was added 1 N aq HCI (10 mL).
The resulting solution was refluxed for 3 h. After evaporation of the organic solvent in vacuo, water was added to
the mixture, and the resulting slurry was extracted with AcOEt. The combined organic layers were washed with
brine, dried over Na,SOy,, filtered, and concentrated in vacuo. The obtained residue was purified by flash column
chromatography (SiO,, hexane/AcOEt = 3/1) to give SI-18 (7.10 g, 90% yield over three steps) as white solid. Mp
74-75 °C; IR (ATR) v 3379, 2943, 2836, 1713, 1466, 1427, 1287, 1179, 1030, 998, 807 cm '; "H NMR (CDCl3): &
3.71 (s, 3H), 3.91 (d, /= 1.2 Hz, 2H), 6.24 (br-s, 1H), 6.80 (d, J=9.0 Hz, 1H), 7.23 (d, /J=9.0 Hz, 1H), 9.75 (t, ] =
1.2 Hz, 1H); >C NMR (CDCly): & 44.8, 61.3, 114.8, 116.8, 126.9, 128.6, 146.8, 148.5, 199.0; (+)-ESI-LRMS m/z
267 (M+Na"), 269 (M+2+Na"); (+)-ESI-HRMS. Calcd for CoHsBrNaO;" (M+Na"): 266.9627. Found: 266.9628.
Compound SI-18: Commercially Available.

OH Q OH OTs
OMe PhsP OEt OMe TsCl OMe
O NEt, 0
CHO  cH,cl, N~"Nogt CHCl Xy~ “OEt
Br si19 Br S1-20 Br  si-21

Compound SI-20: To a stirred solution of aldehyde SI-19 (980 mg, 4.00 mmol) in CH,Cl, (20 mL) at room

temperature was added a Wittig reagent (1.66 g, 13.5 mmol), and the resulting mixture was stirred for 1 h at the
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same temperature. After evaporation of the solvent, the obtained residue was purified by flash column
chromatography (SiO,, hexane/AcOEt = 4/1) to give SI-20 (1.09 g, 83% yield) as colorless oil. IR (ATR) v 3370,
2981, 1685, 1467, 1293, 1257, 1176, 1001, 907, 808, 728 cm '; "H NMR (CDCls): & 1.27 (t, J = 7.2 Hz, 3H), 2.02
(d, J=1.6 Hz, 3H), 3.66 (d, J= 7.0 Hz, 2H), 3.77 (s, 3H), 4.18 (q, /= 7.2 Hz, 2H), 5.69 (br-s, 1H), 6.71 (td, J=1.6
Hz, 7.0 Hz, 1H), 6.77 (d, J = 8.4 Hz, 1H), 7.23 (d, J = 8.4 Hz, 1H); °C NMR (CDCL): & 12.7, 14.1, 29.9, 60.7,
61.2, 114.3, 115.8, 128.2, 128.5, 132.4, 139.2, 146.4, 148.7, 168.4; (+)-ESI-LRMS m/z 351 (M+Na"), 353
(M+2+Na"); (+)-ESI-HRMS. Calcd for C 4H;;BrNaO," (M+Na"): 351.0202. Found: 351.0184.

Compound SI-21: To a stirred solution of 5 (1.09 g, 3.30 mmol) and triethylamine (0.55 mL, 3.96 mmol) in
CH,Cl, (6.6 mL) at 0 °C was added p-toluenesulfonyl chloride (1.66 g, 13.5 mmol), and the resulting mixture was
stirred at room temperature. After 1 h, the reaction was quenched with water, and the mixture was diluted with
AcOEt. After separation of the aqueous layer, the organic layer was washed with brine, dried over Na,SO,, and
then evaporated in vacuo. The obtained residue was purified by flash column chromatography (SiO,,
hexane/AcOEt = 4/1) to give SI-21 (1.42 g, 90% yield) as white solid. Mp 70-71 °C; IR (ATR) v 2980, 1707, 1466,
1378, 1254, 1178, 1007, 818 cm '; 'H NMR (CDCls): & 1.28 (t, J = 7.2 Hz, 3H), 1.94 (d, J = 1.2 Hz, 3H), 2.46 (s,
3H), 3.59 (d, /= 6.8 Hz, 2H), 3.71 (s, 3H), 4.18 (q, J/ = 7.2 Hz, 2H), 6.55 (td, /= 1.2 Hz, 6.8 Hz, 1H), 6.95 (d, J =
8.8 Hz, 1H), 7.27 (d, J = 8.8 Hz, 1H), 7.32 (d, J = 8.6 Hz, 2H), 7.73 (d, J = 8.6 Hz, 2H); C NMR (CDCLy): 5 12.7,
143, 21.7, 302, 60.6, 61.5, 123.1, 1233, 128.0, 1284 (2C), 128.7, 129.7 (2C), 1325,
134.4,137.7,145.7,151.7,167.9; (+)-ESI-LRMS m/z 505 (M+Na"), 507 (M+2+Na"); (+)-ESI-HRMS. Calcd for
C,1Hx;BrNaOgS™ (M+Na'): 505.0291. Found: 505.0313.

OMe ® O o OMe
n-BulLi 1N HCl aq O
CHO  THF acetone  CH,Cl, Xy~ OEt
Br si22 Br si23

Compound SI-23 was prepared from SI-22 according to the experimental procedure described above (82% yield,
three steps). White solid. Mp 35-36 °C; IR (ATR) v 2934, 1707, 1507, 1440, 1381, 1255, 1219, 1164, 1116, 1071,
1032, 800 cm™'; '"H NMR (CDCls): & 1.29 (t, J = 7.2 Hz, 3H), 1.98 (s, 3H), 3.56 (d, J = 7.2 Hz, 2H), 3.85 (s, 3H),
3.86 (s, 3H), 4.19 (q, J = 7.2 Hz, 2H), 6.69 (s, 1H), 6.79 (t, J = 7.2 Hz, 1H), 7.02 (s, 1H); >C NMR (CDCls): & 12.7,
14.2, 35.0, 56.1, 56.2, 60.6, 113.0, 114.2, 115.7, 128.8, 130.5, 138.9, 148.3, 148.6, 167.9; (+)-ESI-LRMS m/z 365
(M+Na"), 367 (M+2+Na"); (+)-ESI-HRMS. Calcd for C;sH;oBrNaO4 (M+Na"): 365.0359. Found: 365.0365.
Compound SI-22: Commercially Available.

75



OTs

BPin
OMe PdCl,(dppf)
K3PO,
N + >
OEt TBSO OTBS tquene/HZO
Br =11
St-21 slI-9 TBSO

Compound SI-24: A mixture of SI-21 (2.78 g, 5.76 mmol), SI-9 (3.21 g, 6.91 mmol), PdCl,(dppf) (170 mg, 0.29
mmol), and K5PO4 (3.67 g, 17.3 mmol) in toluene (5 mL) and H,O (5 mL) was stirred for 24 h at 90 °C. After the
reaction was quenched with water, AcOEt was added to the mixture. The aqueous layer was separated and the
resulting organic layer was washed with brine, dried over Na,SOy, and then evaporated in vacuo. The obtained
residue was purified by flash column chromatography (SiO,, hexane/AcOEt = 30/1) to give SI-24 (4.18 g, 98%
yield) as white solid. Mp 107108 °C; IR (ATR) v 2931, 1714, 1585, 1379, 1255, 1166, 1029, 831, 781 cm'; 'H
NMR (CDCl;): 6 0.18 (s, 12H), 0.97 (s, 18H), 1.26 (t, J = 6.8 Hz, 3H), 1.67 (d, J=1.2 Hz, 3H), 2.47 (s, 3H), 3.38
(d, J= 6.8 Hz, 2H), 3.73 (s, 3H), 4.14 (q, J = 6.8 Hz, 2H), 6.32 (s, 2H), 6.32 (s, 1H), 6.53 (dt, /= 1.2 Hz, 6.8 Hz,
1H), 6.90 (d, J = 8.2 Hz, 1H), 7.04 (d, J = 8.2 Hz, 1H), 7.35 (d, J = 8.4 Hz, 2H), 7.82 (d, J = 8.4 Hz, 2H); °C NMR
(CDCl;): 6 4.5 (40), 12.3,14.3, 18.1 (2C), 21.7, 25.6 (6C), 27.6, 60.3, 61.1, 111.1, 114.4 (2C), 121.7, 125.1, 127.5,
128.4 (2C), 129.7 (2C), 132.3, 133.1, 140.2, 141.7, 141.9, 142.2, 145.4, 150.8, 156.3 (2C), 167.8; (+)-ESI-LRMS
m/z 763 (M+Na"); (+)-ESI-HRMS. Calcd for C3oHssNaOgSSi,  (M+Na"): 763.3127. Found: 763.3166.

OMe

MeO
S
X OoEt
O SI-25
TBSO oTBS

Compound SI-25 was prepared from SI-23 and SI-9 according to the experimental procedure described above
(92% yield). White solid. Mp 70-71 °C; IR (ATR) v 2930, 1711, 1584, 1516, 1432, 1256, 1164, 1028, 832, 781 cm_
' 'TH NMR (CDCls): 6 0.20 (s, 12H), 0.98 (s, 18H), 1.27 (t, J = 7.2 Hz, 3H), 1.78 (d, J= Hz, 3H) 3.42 (d, J = 7.2
Hz, 2H), 3.87 (s, 3H), 3.90 (s, 3H), 4.16 (q, J = 7.2 Hz, 2H), 6.33 (t, J = 2.4 Hz, 1H), 6.39 (d, J= 2.4 Hz, 2H), 6.72
(s, 1H), 6.74 (s, 1H), 6.79 (td, J = 1.2 Hz, 7.2 Hz, 1H); "C NMR (CDCl;): § -4.4 (4C), 12.4, 14.2, 18.2 (2C), 25.6
(6C), 32.3, 56.0, 56.0, 60.4, 110.7, 112.3, 113.1, 114.7 (2C), 127.7, 128.7, 134.2, 141.0, 142.9, 147.2, 148.4, 156.2
(20), 167.9; (+)-ESI-LRMS m/z 623 (M+Na"); (+)-ESI-HRMS. Calcd for C33Hs;NaO4Si,” (M+Na'): 623.3195.
Found: 623.3222.
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OEt DIBAL-H DMAP TBAF N

CH,Cl, Ppyridine/  THF
CHCl, = 1/5 O 11a
HO OH

Compound 11a: To a stirred solution of SI-24 (4.08 g, 6.95 mmol) in CH2CI2 (35 mL) at —78 °C was added
DIBAL-H (17.4 mL, 1 M solution in hexane, 17.4 mmol). After the solution was stirred for 2.5 h at —78 °C, and 30

min at room temperature, the reaction was quenched by the addition of aq 1M Rochelle salt. After being stirred for
1 h, the mixture was extracted with AcOEt. The combined organic layers were washed with brine, dried over
Na,S0,4, and then concentrated in vacuo. The obtained crude alcohol was used for the next step without
purification.

To a stirred solution of crude alcohol and DMAP (170 mg, 1.39 mmol) in CHCI; (11.6 mL) and pyridine (2.3 mL)
at 0 °C was added methyl chloroformate (1.34 mL, 17.4 mmol), and the resulting mixture was kept stirring for 3 h
at room temperature. The reaction was quenched with 1 N HCI at 0 °C, and then the resulting mixture was
extracted with AcOEt. The combined organic layers were washed with brine, dried over Na,SO,, and then
concentrated in vacuo. The obtained residue was used for the next reaction without further purification.

To a stirred solution of the crude sample in THF (35 mL) at 0 °C was added TBAF (17.4 mL, 1 M solution in THEF,
0.73 mmol). After being stirred for 1 h at room temperature, the reaction mixture was diluted with AcOEt. The
obtained mixture was washed with water and brine, dried over Na,SO,, and concentrated in vacuo. The obtained
residue was purified by flash column chromatography (SiO,, hexane/AcOEt = 2/1) to give 11a (3.10 g, 85% yield
over three steps) as amorphous solid. IR (ATR) v 3420, 2955, 1721, 1598, 1472, 1442, 1370, 1254, 1189, 1174,
1154, 983,749, 668 cm '; "H NMR (CDCl3): & 1.47 (s, 3H), 2.46 (s, 3H), 3.18 (d, J¥5.6 Hz, 2H), 3.73 (s, 3H) 3.78
(s, 3H), 4.47 (s, 2H), 5.32 (t, J¥45.6 Hz, 1H), 6.16¢6.25 (m, 4H), 6.36 (d, J= 2.0 Hz, 1H), 6.86 (d, /= 8.4 Hz, 1H),
7.00 (d, J = 8.4 Hz, 1H), 7.33 (d, J = 7.6 Hz, 2H), 7.79 (d, J = 7.6 Hz, 2H); °*C NMR (CDCl3): & 13.7, 21.7, 26.7,
55.1,61.2,73.6, 101.7, 108.8 (2C), 121.3, 125.1, 128.4 (2C), 129.2, 129.6, 129.7, 129.7 (2C), 132.9, 133.4, 141.6,
142.2, 1454, 150.6, 1562, 156.7 (2C); (+)-ESI-LRMS m/z 551 (M+Na'); (+)-ESI-HRMS. Calcd for
C,7H2sNa0,S" (M+Na"): 551.1346. Found: 551.1369.

OMe

MeO
© 0CO,Me
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o
HO
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Compound 11b was prepared from SI-25 according to the experimental procedure described above (94% yield).
Amorphous solid; IR (ATR) v 3418, 2959, 1724, 1600, 1507, 1442, 1255, 1156, 1059, 1000, 776 cm'; '"H NMR
(CDCl): & 1.56 (s, 3H), 3.22 (d, J = 6.4 Hz, 2H), 3.79 (s, 3H), 3.84 (s, 3H), 3.90 (s, 3H), 4.53 (s, 2H), 5.59 (t, J =
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6.4 Hz, 2H), 6.00 (br-s, 2H), 6.33 (d, J = 2.0 Hz, 2H), 6.36 (t, J = 2.0 Hz, 1H), 6.72 (s, 1H), 6.73 (s, 1H); °C NMR
(CDCly): & 13.8, 32.0, 55.0, 55.9, 55.9, 73.7, 101.2, 109.1 (2C), 112.6, 112.8, 129.1, 130.0, 130.6, 133.9, 143.5,
146.9, 148.1, 156.1, 156.6 (2C); (+)-ESI-LRMS m/z 411 (M+Na'); (+)-ESI-HRMS. Calcd for C,H,4NaO;"
(M+Na"): 411.1414. Found: 411.1430.

1-5-2. Experimental Procedure for the Pd-catalyzed Intramolecular Friedel-Crafts Allylic Alkylation of
Phenols.

OTs OTs

oM
®  oco,Me OMe
Pd(dba),
N (R,R)-DACH Trost ligand ‘
O 11 CH,Cly/MeOH = 4/1 O 0 P PPh,Ph,P
a
HO OH HO

oH 122 | (R R)-DACH Trost ligand

Compound 12a: Compound 11a (123 mg, 0.233 mmol), Pd(dba), (13.4 mg, 0.0233 mmol), (R,R)-DACH Trost
ligand (19.3 mg, 0.0279 mmol), and KOAc (34.2 mg, 0.349 mmol) were dissolved in THF (3.7 mL) and MeOH
(0.93 mL) under argon atmosphere, and the resulting solution was stirred at 40 °C. After 12 h, the reaction was
quenched with water, and the mixture was extracted with AcOEt. 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,, CHCl;/MeOH = 30/1) to give 12a (99.0 mg, 94% yield) as amorphous solid. IR (ATR) v
3461, 1616, 1465, 1362, 1254, 1174, 1011, 967, 830, 754, 668 cm '; "H NMR (CDCls): & 1.58 (s, 3H), 2.44 (s, 3H),
2.56-2.62 (m, 1H), 3.28 (d, J=16.0 Hz, 1H), 3.69 (s, 3H), 3.73 (d, /= 6.0 Hz, 1H), 4.29 (s, 1H), 4.59 (s, 1H), 5.53
(br-s, 1H), 5.80 (br-s, 1H), 6.38 (d, J= 2.4 Hz, 1H), 6.76 (d, J = 8.0 Hz, 1H), 7.04 (d, /= 8.0 Hz, 1H), 7.25 (d, J =
2.4 Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H); >C NMR (CDCly): & 21.0, 21.7, 25.6, 37.1,
61.2,103.1,103.8,112.2,117.0,119.8,121.3,128.4 (2C),129.6 (2C), 130.2, 132.6, 134.4, 135.5, 141.8, 145.2, 145.3,
149.6, 154.1, 155.4; (+)-ESI-LRMS m/z 475 (M+Na'); (+)-ESI-HRMS. Calcd for CpsH,sNaOeS™ (M+Na'):
475.1186. Found: 475.1199; [a], —71.8 (¢ 1.27, CHCls;, 66% ee). The enantiomeric excess was determined by
chiral HPLC analysis (DAICEL CHIRALCEL OD-H, hexane/2-propanol = 80/20, flow rate: 1.0 mL/min, tR 9.3
min [(R)-(-)-isomer] and 13.1 min [(S)-(+)-isomer], detection at 254 nm).

""/
HO oH 12b

Compound 12b was prepared from 11b according to the experimental procedure described above (98% yield, 92%
ee). White solid. Mp 139-140 °C; IR (ATR) v 3409, 2938, 1606, 1578, 1515, 1464, 1257, 1205,1139,1012, 756
cm—1; 1TH NMR (CDCl;): 6 1.67 (s, 3H), 2.93 (dd, J = 2.8 Hz, 15.2 Hz, 1H), 3.09 (dd, J= 7.2 Hz, 15.2 Hz, 1H),
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3.72 (dd, J =2.8 Hz, 7.2 Hz, 1H), 3.91 (s, 3H), 3.94 (s, 3H), 4.53 (s, 1H), 4.72 (s, 1H), 4.78 (s, 1H), 4.98 (s, 1H),
6.31 (d, J=2.6 Hz, 1H), 6.69 (s, 1H), 6.83 (d, J=2.6 Hz, 1H), 7.15 (s, 1H); °C NMR (CDCl;): & 21.9, 33.8, 38.5,
56.4, 56.8, 102.2, 102.5, 109.2, 111.6, 113.4, 117.7, 128.8, 130.0, 137.4, 147.0, 149.0, 150.0, 156.6, 157.8
(+)-ESI-LRMS m/z 313 (M+H+); (+)-ESI-HRMS. Caled for C;oH,,;0," (M+H"): 313.1434. Found: 313.1454; [a]’
—105.5 (¢ 0.52, MeOH, 92% ee). The enantiomeric excess was determined by chiral HPLC analysis (DAICEL
CHIRALCEL OD-H, hexane/2-propanol = 80/20, flow rate: 1.0 mL/min, tR 13.5 min [(S)-(+)-isomer] and 24.0

min [(R)-(—)-isomer], detection at 254 nm).

1-5-3. Experimental Procedure for the Formation of the Chromene Ring
OTs

OTs
OMe )\/CHO
NH
O HNT > 2
‘ ‘2AcOH
O "’/[/ toluene
HO oH 12a

To a stirred solution of 12a (25.3 mg, 0.081 mmol) and ethylendiamine diacetate (0.7 mg, 0.0041 mmol) in

toluene (1.60 mL), was added 3-methyl crotonaldehyde (12.4 mL, 0.121 mmol), and the resulting mixture was
refluxed for 6 h. Then, the solvent was removed in vacuo, and the obtained residue was purified by flash column
chromatography (SiO,, hexane/AcOEt = 4/1 to 3/1) to give 13a (15.6 mg, 51% yield) and as a brown oil, and 13a’
(11.6 mg, 38% yield) as a brown oil.

Compound 13a: IR (ATR) v 3528, 2925, 1470, 1373, 1255, 1175, 1122, 827, 771, 734 cm '; "H NMR (CDCLy): &
1.42 (s, 3H), 1.48 (s, 3H), 1.54 (s, 3H), 2.44 (s, 3H), 2.72 (dd, J = 7.2 Hz, 16.0 Hz, 1H), 3.29 (dd, J=2.4 Hz, 16.0
Hz, 1H), 3.64 (dd, J=2.4 Hz, 7.2 Hz, 1H), 3.70 (s, 3H), 4.54 (s, 1H), 4.69 (s, 1H), 4.99 (br-s, 1H), 5.64 (d, /= 10.0
Hz, 1H), 6.65 (d, /= 10.0 Hz, 1H), 6.86 (s, 1H), 7.05 (d, J = 8.6 Hz, 1H), 7.28 (d, J = 8.4 Hz, 2H), 7.33 (d, /= 8.6
Hz, 1H), 7.74 (d, J = 8.4 Hz, 2H); >C NMR (CDCls): 6 20.4, 21.7, 25.7, 27.5, 28.0, 38.5, 61.2, 75.9, 105.1, 110.0,
112.8, 116.1, 116.4, 119.7, 121.5, 128.5 (2C), 129.4, 129.5 (2C), 129.9, 132.8, 134.2, 134.3, 141.8, 145.2, 145.9,
148.9, 149.6, 152.7; (+)-ESI-LRMS m/z 541 (M+Na'); (+)-ESI-HRMS. Calcd for CsH30NaOeS"™ (M+Na'):
541.1655. Found: 541.1635; [a]s —68.8 (c 1.93, CHCl3, 66% ee).

Compound 13a’: IR (ATR) v 3464, 2973, 1474, 1409, 1371, 1255, 1190, 1175, 1120, 1060, 967, 829, 775, 731
ecm'; "H NMR (CDCls): 8 1.30 (s, 3H), 1.45 (s, 3H), 1.57 (s, 3H), 2.43 (s, 3H), 2.51 (dd, J = 6.4 Hz, 15.6 Hz, 1H),
3.26 (d, J=16.0 Hz, 1H), 3.67 (s, 3H), 3.80 (d, /= 6.4 Hz, 1H), 4.14 (s, 1H), 4.49 (s, 1H), 5.26 (br-s, 1H), 5.62 (d,
J=10.0 Hz, 1H), 6.62 (s, 1H), 6.66 (d, /= 10.0 Hz, 1H), 7.07 (d, /= 8.2 Hz, 1H), 7.22 (d, /= 8.2 Hz, 1H), 7.27 (d,
J=8.4Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H); *C NMR (CDCLy): 5 21.5, 21.7, 25.5, 27.1, 28.1, 35.9, 61.2, 75.9, 103.0,
109.5, 111.4, 116.7, 119.1, 119.3, 121.2, 128.5 (2C), 129.5, 129.5 (2C), 130.7, 132.7, 133.9, 134.5, 141.7, 145.1,
145.2, 149.7, 150.2, 150.8; (+)-ESI-LRMS m/z 541 (M+Na"); (+)-ESI-HRMS. Calcd for C30H30NaO¢S" (M+Na"):
541.1655. Found: 541.1635; [a]y —62.3 (¢ 1.64, CHCl;, 66% ee).
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Compound 13b was prepared from 12b according to the experimental procedure described above (13b: 55% yield.
13b’: 28% yield).

Compound 13b: Pale brown amorphous solid; IR (ATR) v 3431, 2970, 2926, 1606, 1552, 1515, 1433, 1258, 1216,
1126 cm™'; 'TH NMR (CDCL): & 1.44 (s, 3H), 1.50 (s, 3H), 1.63 (s, 3H), 2.91 (dd, J = 2.4 Hz, 15.6 Hz, 1H), 3.11
(dd, J= 7.0 Hz, 15.6 Hz, 1H), 3.65 (dd, J = 2.4 Hz, 7.0 Hz, 1H), 3.89 (s, 3H), 3.91 (s, 3H), 4.67 (s, 1H), 4.75 (s,
1H), 5.06 (br-s, 1H), 5.61 (d, J = 9.6 Hz, 1H), 6.66 (s, 1H), 6.67 (d, J = 9.6 Hz, 1H), 6.86 (s, 1H), 7.17 (s, 1H); °C
NMR (CDCl3): 6 20.3, 27.6, 28.1, 33.1, 394, 55.9, 55.9, 75.9, 104.0, 107.1, 108.9, 111.1, 112.6, 115.3, 116.6,
126.3, 127.0, 128.9, 135.3, 146.9, 147.8, 148.7, 149.2, 152.6; (+)-ESI-LRMS m/z 379 (M+H+); (+)-ESI-HRMS.
Caled for Co4H,70," (M+H"): 379.1904. Found: 379.1918; [a]} —94.0 (c 0.44, CHCI3, 92% ee).

Compound 13b’: White solid Mp 160-161 °C; IR (ATR) v 3441, 2962, 1514, 1431, 1264, 1206, 1114, 1067, 1036
ecm'; 'H NMR (CDCls): & 1.31 (s, 3H), 1.47 (s, 3H), 1.68 (s, 3H), 2.89 (dd, J = 0 Hz, 15.6 Hz, 1H) 3.03 (dd, J =
6.8 Hz, 15.6 Hz, 1H), 3.84 (dd, J = 2.0 Hz, 6.8 Hz, 1H), 3.90 (s, 3H), 3.92 (s, 3H), 4.30 (s, 1H), 4.58 (s, 1H), 4.78
(br=s, 1H), 5.62 (d, J = 10.0 Hz, 1H), 6.65 (d, J = 10.0 Hz, 1H), 6.68 (s, 1H), 6.70 (s, 1H), 7.12 (s, 1H); C NMR
(CDCl,): & 21.6, 27.1, 28.2, 32.7, 36.8, 55.8, 56.0, 75.8, 102.1, 106.8, 108.4, 111.3, 111.7, 116.6, 118.7, 126.3,
128.5, 129.0, 135.1, 146.0, 147.6, 148.7, 150.0, 151.0; (+)-ESI-LRMS m/z 379 (M+H"); (+)-ESI-HRMS. Calcd for
C,4H»,0," (M+H"): 379.1904. Found: 379.1919; [a]* —27.2 (¢ 1.18, CHCl3, 92% ee).

1-5-4. Synthesis of Cedrelin A and Methylated Pralycolin B
OTs

KOH
EtOH/H,0

(-)-Cedrelin A: Solution of potassium hydroxide (3.0 g) in water (50 mL) and ethanol (50 mL) was prepared. 13a
(38.6 mg, 0.074 mmol) was dissolved in 2.0 mL of the alkaline solution, and the resulting mixture was stirred at
80 °C. After 1 h, the solution was cooled, and neutralized with acetic acid. The mixture was extracted with ether,
washed with aqueous NaHCOj; and brine, dried over Na,SO,, and concentrated in vacuo. The obtained residue was
purified by flash column chromatography (SiO,, hexane/AcOEt = 7/1) to give cedrelin A (20.0 mg, 74% yield) as
pale yellow oil; IR (ATR) v 3441, 2973, 1604, 1558, 1474, 1291, 1167, 1121, 1027, 899, 753 cm '; 'H NMR
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(CDCl;): d 1.43 (s, 3H), 1.48 (s, 3H), 1.62 (s, 3H), 2.89 (dd, /= 7.2 Hz, 15.6 Hz, 1H), 3.32 (dd, /= 2.8 Hz,15.6 Hz,
1H), 3.96-3.71 (m, 1H), 3.78 (s, 3H), 4.64 (s, 1H), 4.73 (s, 1H), 4.98 (s, 1H), 5.62 (d, J = 10.0 Hz, 1H), 5.64 (s,
1H), 6.65 (d, J = 10.0 Hz, 1H), 6.86 (s, 1H), 6.86 (d, J = 8.4 Hz, 1H), 7.35 (d, J = 8.4 Hz, 1H); >C NMR (CDCls):
5204,26.4,27.5,28.0,38.7,61.2,75.8,104.3, 109.0, 112.8, 113.6, 115.1, 116.5, 120.9, 127.6, 127.7, 129.2, 135.2,
144.3, 146.4, 148 .4, 148.9, 152.7; (+)-ESI-LRMS n/z 365 (M+H"); (+)-ESI-HRMS. Calcd for C,3H,504" (M+H"):
365.1747. Found: 365.1761; [a], —54.9 (¢ 0.75, CHCl;, 66% ee). The enantiomeric excess was determined by
chiral HPLC analysis (DAICEL CHIRALCEL OD-H, hexane/2-propanol = 90/10, flow rate: 0.75 mL/min, tR 14.7
min [(S)-(+)-isomer] and 17.4 min [(R)-(-)-isomer], detection at 254 nm).

(+)-methylated
Paralycolin B

(+)-methylated Paralycolon B: To a stirred mixture of 13b (10.0 mg, 0.0264 mmol) and K,COj3 (11.0 mg, 0.0793
mmol) in DMF (0.5 mL) at 0 °C was added iodomethane (5.0 mL), and the resulting mixture was kept stirring for 5
h. After dilution of the reaction mixture with Et,O, the mixture was washed with water and brine, and then dried
over Na,SO,4. After concentration under reduced pressure, the obtained residue was purified by flash column
chromatography (SiO,, hexane/AcOEt = 6/1) to give methylated Paralycolon B (9.5 mg, 92% yield) as white
solid. Mp 157-158 °C IR (ATR) v 2958, 1604, 1550, 1514, 1469, 1455, 1261, 1224, 1080, 849 cm'; 'H NMR
(CDCls): 6 1.45 (s, 3H), 1.50 (s, 3H), 1.74 (s, 3H), 2.89 (dd, J= 2.0 Hz, 15.6 Hz, 1H), 3.03 (d, /= 6.4 Hz, 15.6 Hz,
1H), 3.76 (s, 3H), 3.81 (dd, J = 2.0 Hz, 6.4 Hz, 1H), 3.89 (s, 3H), 3.92 (s, 3H), 4.26 (s, 1H), 4.64 (s, 1H), 5.65 (d, J
=10.0 Hz, 1H), 6.60 (d, J = 10.0 Hz, 1H), 6.66 (s, 1H), 6.98 (s, 1H), 7.18 (s, 1H); *C NMR (CDCly): 6 21.7, 27.7,
28.0, 32.8, 37.9, 55.8, 55.9, 62.3, 75.9, 106.8, 107.0, 111.5, 112.9, 113.4, 117.4, 123.5, 126.5, 127.7, 129.8, 135.8,
146.1, 147.7, 148.6, 152.6, 153.6; (+)-ESI-LRMS m/z 393 (M+H"); (+)-ESI-HRMS. Calcd for C,sH,004 (M+H"):
393.2060. Found: 393.2075; [a]y +15.5 (¢ 0.36, CHCls, 92% ee¢).

(-)-Paralycolin B

(+)-methylated Paralycolon B: 13b (82 mg, 0.217 mmol), B(CsFs); (5.5 mg, 0.018 mmol) and triethylsilane (76

uL, 0.477 mmol) were dissolved in CH,Cl, (2.2 mL) under argon atmosphere, and the resulting solution was stirred
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at room temperature. After 12 h, the reaction was added TBAF (0.18 mL, 0.184 mmol) and the mixture was stirred
for another 30 min at same temperature. Then, the reaction quenched with water, extracted with AcOEt, and the
combined organic layers were washed with brine, dried over Na,SO,, and concentrated in vacuo. The obtained
residue was purified by flash column chromatography (SiO,, CHCI;/MaOH = 30/1) to give Paralycolon B (39.5
mg, 52% yield) as colorless oil. 'H NMR (CDCls): & 1.43 (s, 3H), 1.49 (s, 3H), 1.61 (s, 3H), 2.85 (dd, J = 2.0 Hz,
15.2 Hz, 1H), 3.03 (d, J = 6.8 Hz, 15.2 Hz, 1H), 3.62 (dd, J = 2.0 Hz, 6.8 Hz, 1H), 4.62 (s, 1H), 4.72 (s, 1H), 5.41
(br-s, 3H), 5.61 (d, /= 10.0 Hz, 1H), 6.66 (d, /= 10.0 Hz, 1H), 6.67 (s, 1H), 6.76 (s, 1H), 7.12 (s, 1H)
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2. Synthesis of 3,4-Fused Indoles

2-1. General Procedure for the Pd-Catalyzed Cascade Cyclization and Characterization of the Reaction

Products

2-1-1. General Procedure for the Pd-Catalyzed Cascade Cyclization

Me
Pd(dba), (5 mol%) CO,Me
PPh3 (12 mol%) CO,Me
DMF (0.05 M) )
100°C,1h TsN 19a
18a OCOZMe Me

General Procedure: 18a (51.2 mg, 0.0963 mmol), Pd(dba), (2.8 mg, 0.00482 mmol), and PPh; (3.0 mg, 0.0116
mmol) were dissolved in DMF (1.9 mL), and the resulting solution was stirred at 100 °C. After 1 h, the reaction
was quenched with water, and the mixture was extracted with AcOEt/Hexane. 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 = 4/1) to give 19a (16.1 mg, 37% yield) as white solid.; Mp 121—
122 °C; IR (ATR) v 1733, 1436, 1353, 1240, 1174, 1158, 1089, 1060, 817 cm™; "H NMR (CDCls): & 2.33 (s, 3H),
2.33 (s, 3H), 2.48 (s, 3H), 3.18 (s, 2H), 3.33 (s, 2H), 3.61 (s, 6H), 7.03 (d, J = 8.4 Hz, 1H), 7.17 (d, J = 8.4 Hz, 2H),
7.59 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 8.4 Hz, 1H); "C NMR (CDCls): § 12.8, 17.5, 21.5, 27.7, 31.4, 52.9 (2C), 55.6,
112.4, 114.7, 125.1, 126.2 (2C), 126.6, 127.3, 129.3, 129.7 (2C), 130.5, 133.3, 136.4, 144.3, 171.1 (2C);
(+)-ESI-HRMS. Calcd for C4H,sNNaOgS™ (M+Na"): 478.1295. Found: 478.1290.

2-1-2. Characterization of the Reaction Products

Me
CO,Me
COzMe
TsN I 10a

Compound 192’: White solid; Mp 123-124 °C; IR (ATR) v 1733, 1341, 1256, 1217, 1160, 1090, 1063, 817 cm;
"H NMR (CDCls): § 2.27 (s, 3H), 2.36 (s, 3H), 2.39 (d, J = 1.2 Hz, 2H), 3.07 (s, 2H), 3.66 (s, 6H), 4.33 (d, J= 4.0
Hz, 2H), 5.31-5.34 (m, 1H), 7.08 (d, J = 8.2 Hz, 2H), 7.10 (d, J = 8.0 Hz, 1H), 7.26 (d, J = 8.2 Hz, 2H), 7.45 (d, J
= 8.0 Hz, 1H); °C NMR (CDCls): § 19.4, 21.5, 32.2, 35.4, 45.2, 52.9 (2C), 53.8, 119.7, 124.5, 125.6, 127.4 (2C),
128.9 (2C), 129.3, 129.5, 130.2, 132.3, 134.4, 136.2, 143.3, 170.9 (2C); (+)-ESI-HRMS. Calcd for C5,H,sNNaOgS ™
(M+Na'): 478.1295. Found: 478.1290.
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CO,Me
COzMe

Me 19a"
NHTs

Compound 19a”: Colorless oil; IR (ATR) v 1731, 1318, 1256, 1216, 1158, 1092, 877, 814 cm'l; 'H NMR
(CDCl3): 6 1.95 (s, 3H), 2.41 (s, 3H), 3.00 (t, J = 2.8 Hz, 2H), 3.09 (s, 2H), 3.71 (s, 6H), 5.11 (t, J = 2.8 Hz, 2H),
6.28 (br-s, 1H), 6.99 (d, J = 8.8 Hz, 1H), 7.21 (d, J = 8.8 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz,
2H); *C NMR (CDCls): § 13.5, 21.6, 32.8, 32.9, 52.9 (2C), 53.6, 78.9, 97.8, 124.1, 124.7, 127.2 (2C), 128.6, 129.6
(20), 131.6, 132.1, 132.7, 136.7, 143.7, 170.9 (2C), 207.6; (+)-ESI-HRMS. Calcd for C,4H,sNNaOgS" (M+Na"):
478.1295. Found: 478.1300.
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2-2. General Procedure for the Pt-Catalyzed Cascade Cyclization and Characterization of the Reaction

Products

2-2-1. General Procedure for the Pt-Catalyzed Cascade Cyclization
Me

Pt(dba)s (5 mol%) Me  CO,Me
DPEphos (6 mol%) COsMe
DMSO (0.05 M) O
100 °C, 12 h

TsN 20a

182 5co,Me
General Procedure: 18a (31.1 mg, 0.0585 mmol), Pt(dba); (2.6 mg, 0.00207 mmol), and DPEphos (1.9 mg,
0.00248 mmol) were dissolved in DMSO (1.2 mL), and the resulting solution was stirred at 100 °C. After 6 h, the
reaction was quenched with water, and the mixture was extracted with AcOEt/Hexane. 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 = 4/1) to give 20a (24.0 mg, 90% yield) as white
solid.; Mp 138-139 °C; IR (ATR) v 1730, 1436, 1348, 1233, 1166, 1046, 809, 681 cm™'; 'H NMR (CDCl): & 2.27
(s, 3H), 2.36 (s, 3H), 2.86 (d, J = 3.6 Hz, 2H), 3.28 (s, 2H), 3.55 (s, 3H), 3.55 (s, 3H), 4.48 (d, J = 2.4 Hz, 2H),
5.56-5.59 (m, 1H), 7.01 (d, J = 8.6 Hz, 1H), 7.22 (d, J= 7.6 Hz, 2H), 7.43 (d, /= 8.6 Hz, 1H), 7.64 (d, /= 7.6 Hz,
2H); "C NMR (CDCly): & 19.6, 21.5, 35.4, 36.3, 52.6 (2C), 55.1, 55.6, 112.7, 117.1, 127.3 (2C), 127.6, 129.7 (2C),
131.3, 131.7, 132.3, 132.7, 133.8, 143.0, 144.0, 171.0 (2C); (+)-ESI-HRMS. Calcd for Co4H,sNNaO4S™ (M+Na):
478.1295. Found: 478.1294.

2-2-2. Characterization of the Reaction Products

F COzMe
OQ COzMe
TsN 20b

Compound 20b: Colorless oil; IR (ATR) v 1732, 1444, 1354, 1235, 1164, 1140, 1090, 1058, 814 cm™; '"H NMR
(CDCL3): § 2.37 (s, 3H), 2.89 (d, J = 2.0 Hz, 2H), 3.34 (s, 2H), 3.58 (s, 6H), 4.51 (d, J = 2.0 Hz, 2H), 5.61-5.62 (m,
1H), 6.90 (t, J= 8.8 Hz, 1H), 7.24 (d, J = 8.6 Hz, 2H), 7.50 (dd, J = 4.2 Hz, 8.8 Hz, 1H), 7.62 (d, J = 8.6 Hz, 2H);
3C NMR (CDCLy): § 21.5, 31.5 (d, J = 19.2 Hz), 36.0, 52.8 (2C), 54.6, 55.6, 113.8 (d, J = 38.0 Hz), 115.6 (d, J =
102.8 Hz), 118.4, 121.6 (d, J = 68.4 Hz), 127.2 (2C), 129.2, 129.7 (2C), 132.0, 133.5, 140.5, 144.3, 157.1 (d, J =
961.2 Hz), 170.6 (2C); (+)-ESI-HRMS. Calcd for C»3H,,FNNaOgS © (M+Na'): 482.1044. Found: 482.1050.

OMe CO,Me
OQ CO,Me
TsN 20c

Compound 20c: Colorless oil; IR (ATR) v 1723, 1438, 1351, 1255, 1162, 1090, 1062, 1019, 812 cm™; "H NMR
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(CDCls): 8 2.36 (s, 3H), 2.86 (d, J = 3.6 Hz, 2H), 3.36 (s, 2H), 3.55 (s, 6H), 3.81 (s, 3H), 4.46 (d, J = 2.0 Hz, 2H),
5.57-5.59 (m, 1H), 6.74 (d, J = 8.6 Hz, 1H), 7.22 (d, J = 8.2 Hz, 2H), 7.50 (d, J = 8.6 Hz, 1H), 7.61 (d, J= 8.2 Hz,
2H); *C NMR (CDCly): & 21.5, 32.2, 35.9, 52.6 (2C), 54.9, 55.5, 56.4, 111.4, 113.4, 117.8, 123.3, 127.3 (2C),
128.9, 129.6 (2C), 132.5, 133.6, 138.1, 143.9, 153.8, 171.0 (2C); (+)-ESI-HRMS. Calcd for C,4H,sNNaO-S *
(M+Na"): 494.1244. Found: 494.1225.

Me CO,Me
OQ CO,Me
MsN 20d

Compound 20d: Colorless oil; IR (ATR) v 1731, 1436, 1347, 1233, 1158, 1086, 961, 813, 755 cm™'; '"H NMR
(CDCLy): & 2.32 (s, 3H), 2.79 (s, 3H), 2.95-2.97 (m, 2H), 3.39 (s, 2H), 3.62 (s, 6H), 4.54 (dd, J = 2.8 Hz, 5.6Hz,
2H), 5.71-5.73 (m, 1H), 7.04 (d, J = 8.2 Hz, 1H), 7.21 (d, J = 8.2 Hz, 1H); °*C NMR (CDCls): & 19.5, 34.4, 35.5,
36.4, 52.7 (2C), 55.2, 56.1, 112.5, 117.8, 127.8, 131.4, 132.2, 132.3, 133.0, 142.9, 171.0 (2C); (+)-ESI-HRMS.
Calcd for C1sH, NNaOgS ~ (M+Na"): 402.0982. Found: 402.0988.

Me COzMe
COsMe
‘ SES= QP
\/\
SESN 20e %{ T™MS

Compound 20e: Colorless oil; IR (ATR) v 1733, 1436, 1347, 1251, 1144, 1086, 842, 750, 699 cm'l; 'H NMR
(CDClLy): 8 0.01 (s, 9H), 0.96-1.01 (m, 2H), 2.31 (s, 3H), 2.90-2.96 (m, 4H), 2.96 (s, 2H), 3.61 (s, 6H), 4.60 (dd, J
= 2.8 Hz, 5.6 Hz, 2H), 5.67-5.70 (m, 1H), 7.01 (d, J = 8.2 Hz, 1H), 7.15 (d, J = 8.2 Hz, 1H); "C NMR (CDCls):
§-2.13 (3C), 9.46, 19.5, 35.5, 36.4, 45.5, 52.6 (2C), 55.3, 56.4, 112.0, 117.4, 127.6, 131.3, 131.4, 132.6, 132.9,
143.2, 171.0 (2C); (+)-ESI-HRMS. Calcd for C»,H3 NNaO¢SSi " (M+Na"): 488.1534. Found: 488.1540.

Me COzMe

OQ coMe [rps= Q0 ™
’X{S

TPSN 20f i-Pr i-Pr

Compound 20f: White solid; Mp 146-147 °C; IR (ATR) v 1736, 1436, 1326, 1234, 1164, 1086, 755, 666; 'H
NMR (CDCly): 8 1.15 (s, 6H), 1.17 (s, 6H), 1.25 (s, 3H), 1.27 (s, 3H), 2.28 (s, 3H), 2.87-2.93 (m, 3H), 3.35 (s, 1H),
3.59 (s, 6H), 4.14 (sept, J = 6.8 Hz, 2H), 4.42 (dd, J = 2.8 Hz, 5.6 Hz, 2H), 5.59-5.61 (m, 1H), 6.92 (d, J = 8.2 Hz,
2H), 7.00 (d, J = 8.2 Hz, 1H), 7.16 (s, 2H); "C NMR (CDCly): 5 19.5, 23.5 (2C), 24.6 (4C), 29.3 (2C), 34.1, 35.6,
36.4, 52.6 (2C), 54.4, 552, 111.4, 116.9, 123.9 (2C), 126.6, 130.5, 131.1, 132.1, 132.5, 132.7, 144.0, 151.2 (2C),
153.4, 171.0 (2C); (+)-ESI-HRMS. Calcd for C3,HyNNaOgS" (M+Na'): 590.2547. Found: 590.2535.
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Me  CO,Me

COzMe
w

N

/

S

N 209
/
O/ @)

Me
Compound 20g: White solid; Mp 139-140 °C; IR (ATR) v 1733, 1437, 1353, 1234, 1162, 1087, 753, 687; 'H
NMR (CDCl,): 6 2.27 (s, 3H), 2.31 (s, 6H), 2.88 (d, J = 3.6 Hz, 2H), 3.29 (s, 2H), 3.56 (s, 6H), 4.49 (d, J= 2.8 Hz,
2H), 5.58-5.60 (m, 1H), 7.01 (d, J = 8.4 Hz, 1H), 7.15 (s, 1H), 7.38 (s, 2H), 7.41 (d, J = 8.4 Hz, 1H); °C NMR
(CDCl3): 6 19.5, 21.2 (2C), 35.5, 36.3, 52.6 (2C), 55.1, 55.6, 112.4, 117.0, 124.8 (2C), 127.4, 131.2, 131.7, 132.2,
132.7, 134.9, 136.6, 139.0 (2C), 143.0, 171.0 (2C); (+)-ESI-HRMS. Calcd for C»sH,7NNaOgS™ (M+Na"): 492.1451.
Found: 492.1455.

Me COzMe

OQ CO,Me
F30\©\ N

SN 20h

/

O/ (@]

Compound 20h: Colorless oil; IR (ATR) v 1733, 1320, 1234, 1168, 1131, 1108, 1091, 1061, 754, 716; 'H NMR
(CDCLy): & 2.28 (s, 3H), 2.87 (dd, J = 3.2 Hz, 7.2 Hz, 2H), 3.29 (s, 2H), 3.53 (s, 6H), 4.53 (d, J = 2.4 Hz, 5.2 Hz,
2H), 5.60-5.63 (m, 1H), 7.04 (d, J = 8.6 Hz, 1H), 7.43 (d, J = 8.6 Hz, 1H), 7.70 (d, J = 8.2 Hz, 2H), 7.87 (d, J= 8.2
Hz, 2H); "C NMR (CDCLy): & 19.6, 35.4, 36.3, 52.6 (2C), 55.0, 55.8, 112.9, 117.8, 125.9 (q, J = 1097 Hz), 126.2
(q, J=15.2 Hz, 2C), 127.7 (2C), 127.9, 131.4 (2C), 131.8, 132.5, 133.1, 134.7 (q, J = 131 Hz), 140.3, 142.2, 170.9
(2C); (+)-ESI-HRMS. Calcd for Co4H»,F3NNaOgS* (M+Na'): 532.1012. Found: 532.1024.

Me
NTs
—
TsN 20i

Compound 20i: Colorless oil; IR (ATR) v 1597, 1459, 1331, 1154, 1088, 928, 812, 752, 715; '"H NMR (CDCl): &
2.31 (s, 3H), 2.35 (s, 3H), 2.36 (s, 3H), 4.17 (dd, J = 2.6 Hz, 5.8 Hz, 2H), 4.26 (d, J = 3.6 Hz, 2H), 4.54 (s, 2H),
5.34-5.35 (m, 1H), 6.97 (d, J = 8.4 Hz, 2H), 6.99 (d, J = 8.8 Hz, 1H), 7.22-7.27 (m, 4H), 7.36 (d, J = 8.8 Hz, 1H),
7.63 (d, J = 8.4 Hz, 2H); °C NMR (CDCl;): § 18.7, 21.4, 21.5, 49.7, 50.8, 54.9, 112.9, 117.4, 126.9 (2C), 127.0,
127.2 (2C), 128.6 (2C), 129.8 (2C), 129.9, 131.9, 133.0, 133.3, 133.5, 136.3, 143.3, 143.4, 144.3; (+)-ESI-HRMS.
Caled for CogHaN2NaO,4S, " (M+Na"): 517.1226. Found: 517.1230.
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_
TsN 20j

Compound 20j: White solid; Mp 178179 °C; IR (ATR) v 1596, 1440, 1351, 1332, 1255, 1155, 1119, 1090, 1033,
760, 662; "H NMR (CDCls): § 2.34 (s, 3H), 2.37 (s, 3H), 4.21 (s, 4H), 4.68 (s, 2H), 5.08 (s, 2H), 5.41-5.43 (m, 1H),
6.78 (d, J = 8.8 Hz, 1H), 6.97 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 7.6 Hz, 2H), 7.34-7.44 (m, 6H), 7.49 (d, J= 7.8 Hz,
2H), 7.61 (d, J = 8.4 Hz, 2H); *C NMR (CDCL): & 21.4, 21.5, 47.4, 50.4, 54.9, 71.3, 113.5, 114.1, 118.2, 124.2,
127.1 (2C), 127.2 (2C), 127.5 (2C), 128.1, 128.3, 128.6 (2C), 128.7 (2C), 129.8 (2C), 133.5, 133.6, 136.5, 136.8,
138.9, 143.3, 144.3, 151.5; (+)-ESI-HRMS. Calcd for C3,H30N,NaOsS, " (M+Na"): 609.1488. Found: 609.1475.

OBn
NSES

—

TsN 20k

Compound 20k: White solid; Mp 152153 °C; IR (ATR) v 1596, 1444, 1331, 1251, 1166, 1142, 1091, 843, 743;
'H NMR (CDCls): 6 —0.16 (s, 9H), 0.76-0.81 (m, 2H), 2.38 (s, 3H), 2.62-2.67 (m, 2H), 4.23 (d, J = 3.2 Hz, 2H),
4.48 (dd, J=12.6 Hz, 5.4 Hz, 2H), 4.71 (s, 2H), 5.07 (s, 2H), 5.63-5.66 (m, 1H), 6.84 (d, J= 9.0 Hz, 1H), 7.24 (d, J
= 8.4 Hz, 2H), 7.31-7.44 (m, 5H), 7.54 (d, J = 9.0 Hz, 1H), 7.66 (d, J = 8.0 Hz, 2H); °C NMR (CDCls): § -2.3
(3C), 10.0, 21.6, 46.7, 49.0, 50.1, 55.1, 71.2, 114.0, 114.5, 120.0, 125.5, 127.3 (2C), 127.4 (2C), 128.0, 128.3,
128.6 (2C), 129.8 (2C), 133.3, 133.4, 136.6, 139.1, 144.4, 151.2; (+)-ESI-HRMS. Calcd for C30H36N,NaOsS,Si*
(M+Na"): 619.1727. Found: 619.1718.

Me

NTs
Me

_—
TsN 201

Compound 201: Colorless oil; IR (ATR) v 1597, 1461, 1335, 1155, 1099, 813, 754, 679; "H NMR (CDCl;): & 1.28
(d, J = 6.8 Hz, 3H), 2.33 (s, 3H), 2.36 (s, 6H), 4.00 (d, J = 17.2 Hz, 1H), 4.10-4.19 (m, 2H), 4.82 (t, J = 6.0 Hz,
1H), 5.00 (d, J = 17.2 Hz, 1H), 5.37-5.40 (m, 1H), 6.91 (d, J = 8.0 Hz, 2H), 6.99 (d, J = 8.4 Hz, 1H), 7.16 (d, J =
8.4 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.4 Hz, 1H), 7.64 (d, J = 8.0 Hz, 2H); °C NMR (CDCl;): § 18.7,
21.4,21.6,21.7,42.3,53.9,55.0, 112.4, 122.8, 126.8 (2C), 127.1, 127.3 (2C), 128.4 (2C), 129.7 (2C), 129.9, 131.2,
131.6, 133.5, 134.0, 136.5, 143.2, 143.4, 144.2; (+)-ESI-HRMS. Calcd for C,7H,sN,NaO,S," (M+Na"): 531.1383.
Found: 531.1413.
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NTs

—

TsN—/ 20m Ph

Compound 20m: Colorless oil; IR (ATR) v 1597, 1440, 1334, 1154, 1091, 812, 749, 680, 653; 'H NMR (CDCl5):
8 1.75-1.91 (m, 2H), 2.32 (s, 3H), 2.34 (s, 3H), 2.37 (s, 3H), 2.68-2.83 (m, 2H), 3.97 (d, J = 17.4 Hz, 1H), 4.05—
4.13 (m, 2H), 4.70 (br-s, 1H), 5.03 (d, J = 17.4 Hz, 1H), 5.35-5.38 (m, 1H), 6.87 (d, J = 8.4 Hz, 2H), 6.99 (d, J =
8.0 Hz, 1H), 7.11 (d, J = 8.8 Hz, 2H), 7.18-7.26 (m, 5H), 7.27-7.33 (m, 3H), 7.64 (d, J = 8.0 Hz, 2H); °C NMR
(CDCLy): & 18.7, 21.3, 21.5, 31.6, 36.9, 42.6, 55.0, 58.2, 112.4, 121.5, 126.0, 126.8 (2C), 127.0, 127.2 (2C), 128.2
(20), 128.4 (2C), 128.4 (2C), 129.7 (2C), 130.0, 131.7, 131.7, 133.6, 133.6, 136.4, 141.2, 143.2, 143.5, 144.2;
(+)-ESI-HRMS. Calcd for C34,H3,N,NaO,4S," (M+Na'): 621.1852. Found: 621.1852.

Me o
NBn
TsN 20n

Compound 20n: Colorless oil; IR (ATR) v 1643, 1454, 1352, 1160, 1091, 812, 748, 658; "H NMR (CDCl3): 6 2.39
(s, 3H), 2.49 (s, 3H), 3.94 (br-s, 2H), 4.02 (br-s, 2H), 4.35 (d, J = 2.0 Hz, 2H), 4.45 (br-s, 2H), 5.43-5.46 (m, 1H),
7.14-7.16 (m, 3H), 7.22-2.25 (m, 5H), 7.52 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 8.4 Hz, 2H); °C NMR (CDCl;):
5 19.7,21.6, 35.4, 46.2, 50.0, 57.3, 113.7, 117.2, 127.0, 127.4 (2C), 127.5, 128.2 (2C), 128.5 (2C), 129.7 (2C),
132.7, 132.9, 133.4, 133.5, 137.3, 137.4, 144.3, 1444, 171.9; (+)-ESI-HRMS. Calcd for Cy;HN,NaOsS,"
(M+Na"): 481.1556. Found: 481.1556.

TsHN NTs

—

TsN 200

Compound 4o: White solid; Mp 169-170 °C; IR (ATR) v 1596, 1458, 1338, 1152, 1090, 1039, 1016, 899, 814
em™; "H NMR (DMSO-dy): § 2.21 (s, 3H), 2.34 (s, 3H), 2.34 (s, 3H), 4.14 (br-s, 2H), 4.16 (s, 2H), 4.41 (s, 2H),
5.35 (br-s, 1H), 6.54 (s, 1H), 6.81 (d, J = 8.4 Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 7.21 (s, 1H), 7.32 (d, J = 8.0 Hz,
2H), 7.44 (d, J = 8.0 Hz, 2H)7.57 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.0 Hz, 2H), 10.57 (br-s, 1H); °C NMR
(DMSO-dy): § 20.7, 21.0, 21.0, 50.2, 52.9, 54.7, 102.6, 112.2, 116.8, 121.8, 126.8 (2C), 126.9 (2C), 127.0 (2C),
128.3 (2C), 129.9 (2C), 130.0 (2C), 131.0, 132.9, 135.8, 136.0, 136.5, 139.3, 142.7, 143.6, 144.7, 144.8;
(+)-ESI-HRMS. Caled for C3,H3N3NaOgS;™ (M+Na'): 672.1267. Found: 672.1283.

BocHN NTs

TsN 20p
89



Compound 20p: White solid; Mp 133-134 °C; IR (ATR) v 3353, 2978, 1725, 1538, 1494, 1424, 1226, 1056, 904,
814 cm™; "H NMR (CDCls): & 1.55 (s, 9H), 2.35 (s, 3H), 2.37 (s, 3H), 4.16 (d, J = 2.8 Hz, 2H), 4.22 (d, J= 2.8 Hz,
2H), 4.51 (s, 2H), 5.20-5.24 (m, 1H), 6.73 (d, J = 1.6 Hz, 1H), 7.01 (d, J = 8.2 Hz, 2H), 7.12 (s, 1H), 7.25 (d, J =
8.4 Hz, 2H), 7.34 (d, J= 1.6 Hz, 1H), 7.36 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 8.2 Hz, 2H); °C NMR (CDCL):  21.3,
21.5, 28.3 (3C), 50.6, 53.9, 54.9, 81.1, 102.6, 111.7, 115.0, 121.4, 127.2 (2C), 127.3 (2C), 128.5 (2C), 129.8 (2C),
132.6, 133.6, 135.7, 136.3, 140.4, 143.3, 144.4, 1457, 152.2; (+)-ESI-HRMS. Calcd for C3)H33N3;NaOgS,"
(M+Na"): 618.1703. Found: 618.1703.

TsHN NTs

—

BocN 20p’

Compound 20p’: White solid; Mp 117-118 °C; IR (ATR) v 3253, 2979, 1703, 1599, 1470, 1047, 1017, 950, 902,
814 cm™; "H NMR (CDCly): & 1.53 (s, 9H), 2.20 (s, 3H), 2.35 (s, 3H), 4.11 (d, J = 2.4 Hz, 2H), 4.29 (d, J = 2.4 Hz,
2H), 4.55 (s, 2H), 5.23-5.27 (m, 1H), 6.62 (br-s, 1H), 6.74 (d, J = 8.4 Hz, 2H), 6.80 (br-s, 1H), 7.16 (d, J= 7.8 Hz,
2H), 7.29 (s, 1H), 7.30 (d, J = 7.8 Hz, 2H), 7.82 (d, J = 8.4 Hz, 2H); °*C NMR (CDCl;): 6 21.1, 21.4, 28.4 (3C),
50.9, 53.8, 54.1, 83.2, 105.7, 112.3, 112.3, 115.6, 127.6 (2C), 127.6 (2C), 128.2 (2C), 128.2 (2C), 129.9, 135.4,
136.4, 137.0, 138.5, 138.5, 142.6, 144.2, 151.0; (+)-ESI-HRMS. Calcd for C30H33N3NaOS," (M+Na"): 618.1703.
Found: 618.1688.
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2-3. General Procedure for the Acid-Promoted Isomerization of 3,4-Fused Tricyclic 3-Alkylidene

Indoline Derivatives and Characterization of the Reaction Products

2-3-1. General Procedure for the Acid-Promoted Isomerization of 3,4-Fused Tricyclic 3-Alkylidene

Indoline Derivatives

Me COzMe Me COzMe
O COMe  1ra (30 equiv) CO,Me
CH,Cl, (0.05 M)
i, 12 h /
TsN 20a TsN 21a

General Procedure: To a stirred solution of 20a (45.6 mg, 0.100 mmol) in CH,Cl, (3.3 mL) was added
trifluoroacetic acid (TFA, 0.22 mL), and the resulting solution was stirred at room temperature. After 12 h, the
reaction mixture was evaporated and the obtained residue was purified by flash column chromatography (SiO,,
hexane/AcOEt = 5/1) to give 21a (45.0 mg, 99% yield) as white solid.; Mp 146-147 °C; IR (ATR) v 1731, 1432,
1369, 1282, 1218, 1172, 1133, 1091, 664; 'H NMR (CDCLy): § 2.33 (s, 3H), 2.38 (s, 3H), 2.41-2.44 (m, 2H), 2.90—
2.91 (m, 2H), 3.53 (s, 2H), 3.66 (s, 6H), 7.03 (d, J= 8.6 Hz, 1H), 7.16 (s, 1H), 7.20 (d, J = 8.2 Hz, 2H), 7.64 (d, J =
8.6 Hz, 1H), 7.71 (d, J = 8.2 Hz, 2H); °C NMR (CDCLy): & 18.8, 21.5, 21.8, 31.6, 33.0, 52.7 (2C), 58.6, 112.0,
120.9, 124.5, 126.7 (2C), 127.8, 128.6, 129.8 (2C), 130.9, 131.2, 133.7, 135.4, 144.5, 172.2 (2C); (+)-ESI-HRMS.
Calcd for Cp4H,sNNaOgS™ (M+Na"): 478.1295. Found: 478.1300.

2-3-2. Characterization of the Reaction Products

F COzMe
COQMe
TsN—/  21b

Compound 21b: White solid; Mp 125-126 °C; IR (ATR) v 1731, 1433, 1360, 1221, 1172, 1134, 1088, 750, 664;
"H NMR (CDCly): § 2.36 (s, 3H), 2.43-2.45 (m, 2H), 2.88-2.91 (m, 2H), 3.54 (s, 2H), 3.68 (s, 6H), 6.94 (t, J=9.2
Hz, 1H), 7.23 (d, J = 8.2 Hz, 2H), 7.24 (s, 1H), 7.70 (d, J = 9.2 Hz, 1H), 7.72 (d, J = 8.2 Hz, 2H); "C NMR
(CDCLy): 6 21.6, 21.7, 28.5, 32.9, 52.8 (2C), 58.2, 112.9 (d, J=49.6 Hz), 113.8 (d, J=19.2 Hz), 116.5 (d, J=72.4
Hz), 122.5, 124.2, 126.7 (2C), 129.9 (2C), 131.1, 131.7 (d, J = 23.2 Hz), 135.1, 144.9, 156.8 (d, J = 957.2 Hz),
171.9 (2C); (+)-ESI-HRMS. Calcd for C,3H»,FNNaOgS * (M+Na'): 482.1044. Found: 482.1025.

OMe CO,Me
COzMe
TsN / 21c

Compound 21¢: White solid; Mp 107-108 °C; IR (ATR) v 1731, 1430, 1356, 1255, 1218, 1169, 1134, 1087, 748,
663; "H NMR (CDCLy): & 2.34 (s, 3H), 2.42-2.45 (m, 2H), 2.86-2.88 (m, 2H), 3.57 (s, 2H), 3.64 (s, 6H), 3.83 (s,
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3H), 6.88 (d, J = 9.0 Hz, 1H), 7.17 (s, 1H), 7.21 (d, J = 8.6 Hz, 2H), 7.70 (d, J = 8.6 Hz, 2H), 7.71 (d, J = 9.0 Hz,
1H); C NMR (CDCL): § 21.5, 21.9, 28.8, 32.8, 52.6 (2C), 57.0, 58.5, 110.3, 112.5, 118.2, 122.1, 124.3, 126.7
(2C), 129.7 (2C), 129.7, 130.0, 135.3, 144.5, 153.4, 172.2 (2C); (+)-ESI-HRMS. Calcd for C;H,sNNaO;S"
(M+Na"): 494.1244. Found: 494.1237.

Me  CO,Me
COzMe
MsN / 21d

Compound 21d: White solid; Mp 144—145 °C; IR (ATR) v 1730, 1433, 1365, 1281, 1220, 1171, 1130, 1080, 960,
771; '"H NMR (CDCLy): & 2.44 (s, 3H), 2.48-2.51 (m, 2H), 2.94-2.96 (m, 2H), 3.00 (s, 3H), 3.61 (s, 2H), 3.71 (s,
6H), 7.06 (s, 1H), 7.11 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H); °C NMR (CDCl;): & 18.8, 21.8, 31.7, 33.0,
40.1, 52.8 (2C), 58.6, 111.5, 120.9, 124.6, 128.1, 128.9, 131.2, 131.3, 133.8, 172.3 (2C); (+)-ESI-HRMS. Calcd for
C5H2 NNaOgS ™ (M+Na'): 402.0982. Found: 402.0979.

Me COQMB
CO,Me
SESN / 21e

Compound 21e: White solid; Mp 122-123 °C; IR (ATR) v 1732, 1425, 1365, 1219, 1173, 1130, 1078, 843; 'H
NMR (CDCLy): 5-0.04 (s, 9H), 0.82-0.87 (m, 2H), 2.4 (s, 3H), 2.47-2.51 (m, 2H), 2.94-2.97 (m, 2H), 3.07-3.12
(m, 2H), 3.63 (s, 2H), 3.68 (s, 6H), 7.07 (s, 1H), 7.08 (d, J = 8.4 Hz, 1H), 7.55 (d, J = 8.4 Hz, 1H); °C NMR
(CDCLy): & -2.13 (3C), 9.88, 18.8, 21.9, 31.6, 33.1, 50.3, 52.7 (2C), 58.6, 111.5, 121.7, 123.1, 127.8, 128.8, 130.8,
131.0, 134.0, 172.3 (2C); (+)-ESI-HRMS. Calcd for C»,Hy NNaOgSSi * (M+Na"): 488.1534. Found: 488.1542.

Me COzMe
CO,Me
TN/ 21f

Compound 21f: White solid; Mp 121-122 °C; IR (ATR) v 1733, 1431, 1343, 1281, 1219, 1169, 1129, 1079, 661;
"H NMR (CDCLy): & 1.08 (s, 6H), 1.10 (s, 6H), 1.23 (s, 3H), 1.24 (s, 3H), 2.37 (s, 3H), 2.44-2.47 (m, 2H), 2.85~
2.94 (m, 3H), 3.58 (s, 2H), 3.68 (s, 6H), 4.16 (sept, J = 6.8 Hz, 2H), 6.93 (d, J = 8.4 Hz, 1H), 7.10 (s, 1H), 7.11 (d,
J=8.4 Hz, 1H), 7.26 (s, 2H); °C NMR (CDCly): § 18.7, 21.9, 23.5 (2C), 24.5 (4C), 29.3 (2C), 31.7, 33.3, 34.2,
52.7 (2C), 58.7, 110.9, 120.2, 122.6, 124.1 (2C), 127.4, 128.4, 130.0, 130.3, 131.9, 133.8, 151.2 (2C), 154.1, 172.3
(2C); (+)-ESI-HRMS. Caled for C3,H; NNaOgS'™ (M+Na'): 590.2547. Found: 590.2547.
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Me

Me

Compound 21g: White solid; Mp 144145 °C; IR (ATR) v 1731, 1431, 1368, 1269, 1218, 1170, 1079, 755, 633;
'"H NMR (CDCls): 82.31 (s, 6H), 2.39 (s, 3H), 2.42-2.25 (m, 2H), 2.90-2.93 (m, 2H), 3.54 (s, 2H), 3.66 (s, 6H),
7.05 (d, J = 8.4 Hz, 1H), 7.13 (s, 1H), 7.17 (s, 1H), 7.44 (s, 2H), 7.63 (d, J = 8.4 Hz, 1H); °C NMR (CDCL): &
18.8,21.2 (2C), 21.9, 31.6, 33.0, 52.7 (2C), 58.6, 111.9, 120.9, 124.2 (2C), 124.3, 127.7, 128.5, 130.8, 131.1, 133.6,
135.4, 138.1, 139.2 (2C), 172.3 (2C); (+)-ESI-HRMS. Caled for CsH,sNNaOgS™ (M+Na'): 492.1451. Found:
492.1453.

Me  CO,Me
COZMe

Ss 21h
/
g o)

Compound 21h: Colorless oil; IR (ATR) v 1731, 1320, 1219, 1172, 1130, 1061, 909, 841, 731, 715; 'H NMR
(CDCLy): 8 2.39 (s, 3H), 2.42-2.44 (m, 2H), 2.90-2.92 (m, 2H), 3.54 (s, 2H), 3.64 (s, 6H), 7.07 (d, J = 8.6 Hz, 1H),
7.16 (s, 1H), 7.64 (d, J = 8.6 Hz, 1H), 7.68 (d, J = 8.4 Hz, 2H), 7.92 (d, J = 8.4 Hz, 2H); °C NMR (CDCl;): & 18.8,
21.6, 31.4, 32.8, 52.7 (2C), 58.5, 111.9, 120.7, 122.9 (q, J = 1091 Hz), 125.7, 126.3 (q, J = 14.0 Hz, 2C), 127.2
(20), 128.2, 129.0, 131.4, 131.7, 133.7, 135.0 (q, J = 134 Hz), 141.5, 172.1 (2C); (+)-ESI-HRMS. Calcd for
C,4H2,F3NNaOgS " (M+Na"): 532.1012. Found: 532.1019.

Me
NTs

TN—/  21i

Compound 21i: White solid; Mp 138-139 °C; IR (ATR) v 1365, 1335, 1173, 1153, 1090, 810, 739, 664; 'H NMR
(CDCly): 6 2.33 (s, 3H), 2.34 (s, 3H), 2.37 (s, 3H), 3.08 (t, J = 4.8 Hz, 2H), 3.64 (t, J = 4.8 Hz, 2H), 4.65 (s, 2H),
7.04 (d, J = 8.4 Hz, 1H), 7.13 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.6 Hz, 2H), 7.30 (s, 1H), 7.48 (d, J = 8.4 Hz, 2H),
7.71 (d, J = 8.6 Hz, 2H), 7.72 (d, J = 8.4 Hz, 1H); BC NMR (CDCl5): & 19.1, 21.4, 21.6, 27.9, 49.0, 49.6, 112.1,
120.1, 122.8, 126.6 (2C), 126.7 (2C), 127.1, 129.0, 129.2, 129.4 (2C), 129.6, 129.9 (2C), 134.3, 135.1, 136.3, 143.2,
144.8; (+)-ESI-HRMS. Calcd for CZ(,H%T\IzNaO482+ (M+Na+): 517.1226. Found: 517.1212.
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OBn
NTs

TN/ 2]

Compound 21j: White solid; Mp 106-107 °C; IR (ATR) v 1374, 1331, 1173, 1153, 1134, 1091, 748, 660; 'H NMR
(CDCl3): 6 2.35 (s, 3H), 2.38 (s, 3H), 3.11 (t, J = 5.8 Hz, 2H), 3.58 (t, J = 5.8 Hz, 2H), 4.69 (s, 2H), 5.10 (s, 2H),
6.92 (d, J=8.8 Hz, 1H), 7.19 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.30 (s, 1H), 7.34-7.45 (m, 5H), 7.62 (d,
J=28.4Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.80 (d, J = 8.8 Hz, 1H); °C NMR (CDCls): § 21.5, 21.6, 28.9, 48.9, 49.4,
71.4, 110.5, 112.6, 119.8, 120.5, 124.1, 126.7 (2C), 126.9 (2C), 127.2 (2C), 127.9, 128.6 (2C), 129.6 (2C), 129.9
(2C), 130.0, 130.7, 135.0, 136.3, 137.2, 143.2, 144.6, 151.1; (+)-ESI-HRMS. Calcd for C;,H;3N,NaOsS,"
(M+Na"): 609.1488. Found: 609.1475.

OBn
NSES

TsN—/ 21k

Compound 21k: White solid; Mp 178-179 °C; IR (ATR) v 1367, 1330, 1251, 1172, 1140, 1092, 838, 750, 665; 'H
NMR (CDCly): 8 —0.13 (s, 9H), 0.82-0.87 (m, 2H), 2.35 (s, 3H), 2.77-2.81 (m, 2H), 3.12 (t, J = 5.6 Hz, 2H), 3.73
(t,J = 5.6 Hz, 2H), 4.82 (s, 2H), 5.11 (s, 2H), 6.96 (d, J = 8.8 Hz, 1H), 7.22 (d, J = 8.4 Hz, 2H), 7.32-7.43 (m, 6H),
7.73 (d, J = 8.4 Hz, 2H), 7.84 (d, J = 8.8 Hz, 1H); °C NMR (CDCl): §-2.25 (3C), 10.1, 21.5, 28.9, 48.0, 48.4,
49.4,71.3, 110.6, 112.7, 120.3, 120.5, 124.2, 126.7 (2C), 127.2 (2C), 127.9, 128.6 (2C), 129.9 (2C), 130.0, 130.7,
135.0, 137.0, 144.9, 150.9; (+)-ESI-HRMS. Calcd for C30H36N2N305828i+ (M+Na+): 619.1727. Found: 619.1718.

Me

NTs
Me

TsN /2

Compound 211: White solid; Mp 157158 °C; IR (ATR) v 1368, 1334, 1276, 1156, 1136, 1087, 671, 659; 'H NMR
(CDCly): 8 1.39 (d, J = 6.4 Hz, 3H), 2.28 (s, 3H), 2.33 (s, 3H), 2.40 (s, 3H), 2.80 (ddd, J = 1.6 Hz, 10.4 Hz, 15.6 Hz,
1H), 2.86 (dd, J = 6.0 Hz, 15.6 Hz, 1H), 4.29-4.39 (m, 1H), 4.47 (d, J = 16.8 Hz, 1H), 4.99 (d, J = 16.8 Hz, 1H),
6.71 (d, J = 8.2 Hz, 2H), 6.85 (d, J = 8.2 Hz, 2H), 6.94 (s, 1H), 6.95 (d, J = 8.0 Hz, 1H), 7.20 (d, J = 8.4 Hz, 2H),
7.48 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.4 Hz, 2H); °C NMR (CDCLy): § 18.2, 21.2, 21.5, 22.4, 33.0, 41.0, 55.1,
112.2, 119.3, 121.7, 125.6 (2C), 126.7 (2C), 127.1, 128.3 (2C), 129.6, 129.8, 129.8 (2C), 130.2, 133.5, 135.4, 136.5,
142.5, 144.8; (+)-ESI-HRMS. Calcd for Co7HysN,NaO,S, " (M+Na"): 531.1383. Found: 531.1395.
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NTs

TsN / 21mPh

Compound 21m: White solid; Mp 149-150 °C; IR (ATR) v 1370, 1333, 1173, 1153, 1134, 1090, 749, 671; 'H
NMR (CDCl3): 8 1.91-1.99 (m, 1H), 2.02-2.11 (m, 1H), 2.29 (s, 3H), 2.32 (s, 3H), 2.41 (s, 3H), 2.77-2.86 (m, 3H),
2.96 (dd, J=5.8 Hz, 15.4 Hz, 1H), 4.25-4.31 (m, 1H), 4.46 (d, /= 17.0 Hz, 1H), 5.04 (d, /= 17.0 Hz, 1H), 6.70 (d,
J=128.4Hz, 2H), 6.81 (d, /= 8.4 Hz, 2H), 6.92 (s, 1H), 6.95 (d, /= 8.0 Hz, 1H), 7.18-7.34 (m, 7TH), 7.46 (d, /= 8.8
Hz, 1H), 7.67 (d, J = 8.8 Hz, 2H); C NMR (CDCly): 5 18.2, 21.3, 21.5, 31.3, 32.5, 38.1, 41.9, 58.7, 112.2, 119.0,
121.9, 125.5 (2C), 126.0, 126.6 (2C), 127.1, 128.2 (2C), 128.4 (2C), 128.5 (2C), 129.3, 129.8 (2C), 129.9, 130.2,
133.6, 135.4, 136.5, 141.5, 142.5, 144.8; (+)-ESI-HRMS. Calcd for C3,H34N,NaO,S," (M+Na'): 621.1852. Found:
621.1844.

Me O
NBn
TsN / 21n

Compound 21n: White amorphous; IR (ATR) v 1643, 1453, 1367, 1174, 1092, 811, 730, 702, 664; '"H NMR
(CDCl3): 6 2.36 (s, 3H), 2.57 (s, 3H), 3.17 (t, J = 6.8 Hz, 2H), 3.75 (t, J = 6.8 Hz, 2H), 4.08 (s, 2H), 4.46 (s, 2H),
6.99 (d, J = 7.2 Hz, 2H), 7.11-7.24 (m, 7H), 7.74 (d, J = 8.8 Hz, 2H), 7.75 (d, J = 8.0 Hz, 1H); °C NMR (CDCl;):
5 19.8, 21.5, 26.6, 35.7, 47.5, 51.0, 111.9, 118.6, 124.5, 126.8 (2C), 127.3, 127.7, 127.9, 128.0 (2C), 128.4 (2C),
129.4, 129.9 (2C), 131.5, 134.0, 135.2, 137.2, 144.9, 172.5; (+)-ESI-HRMS. Calcd for C»;H,sN,NaO;S" (M+Na"):
481.1556. Found: 481.1543.

TsHN NTs

TeN—/ 210

Compound 210: White solid; Mp 193-194 °C; IR (ATR) v 3261, 1597, 1446, 1368, 1336, 1091, 1066, 1016, 929,
910, 823 em™; "H NMR (CDCls): & 2.37 (s, 3H), 2.38 (s, 3H), 2.38 (s, 3H), 3.04 (t, J= 5.2 Hz, 2 H), 3.55 (t, J= 5.2
Hz, 2H), 4.54 (s, 2H), 6.70 (d, J = 2.0 Hz, 1H), 6.78 (d, J = 2.0 Hz, 1H), 7.17 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.4
Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 7.24 (s, 1H), 7.56 (d, J = 8.4 Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H), 7.68 (s, 1H), 7.69
(d, J = 8.4 Hz, 2H); '°C NMR (CDCLy): § 21.5, 21.6, 21.6, 28.4, 49.7, 53.7, 104.9, 114.7, 119.9, 123.0, 126.0, 126.8
(2C), 126.9 (2C), 127.3(2C), 129.6 (2C), 129.8 (2C), 130.0 (2C), 133.0, 133.4, 134.7, 135.9, 135.9, 136.2, 143 4,
144.0, 145.1; (+)-ESI-HRMS. Calcd for C5,H3N3NaOgS; ™ (M+Na"): 672.1267. Found: 672.1282.
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H,oN NTs

TsN / 21p

Compound 21p: White solid; Mp 115-116 °C; IR (ATR) v 2926, 1674, 1428, 1369, 1338, 1156, 1015, 908 cm;
'H NMR (CDCls): 8 2.29 (s, 3H), 2.35 (s, 3H), 3.02 (t, J = 5.6 Hz, 2H), 3.55 (t, J = 5.6 Hz, 2H), 4.56 (s, 2H), 5.91
(br=s, 2H), 6.63 (s, 1H), 7.14 (s, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 7.45 (s, 1H), 7.58 (d, J =
8.4 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H); °C NMR (CDCly): § 21.4, 21.5, 28.3, 49.7, 53.6, 101.3, 112.0, 120.3, 121.7,
123.8, 126.7 (2C), 126.8 (2C), 129.6 (2C), 129.9 (2C), 133.2, 1349, 136.3, 136.3, 136.7, 143.3, 145.0;
(+)-ESI-HRMS. Calcd for C»sH,sN3NaO,4S," (M+Na'): 518.1179. Found: 518.1179.
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2-4. Substrate Syntheses and Compound Characterizations

2-4-1. Synthesis of 18a—18i.

Ve Boc,0, NEt Me
0C50), 3y
COOH " gioxane/H,0, 1t DIBALH  MnO, CHO
4o then TMSCHN,, CHCl78°C  CHCIy, i .5
MeOH/ELO, rt
NH, NHBoc

Compound 15: To a stirred solution of 3-amino-5-methyl-benzoic acid (14: 1.51 g, 10.0 mmol) and triethylamine
(2.1 mL 15.0 mmol) in dioxane (27 mL) and water (13 mL) at room temperature was added di-fert-butyl
dicarbonate (3.27 g, 15.0 mmol). The reaction mixture was stirred for 18 h at room temperature. After the solvent
was evaporated under reduced pressure, 1N aq. HCl was added dropwise to the residue. The obtained precipitate
was collected, washed with water, and dried in vacuo to give white solid, which was used for the next reaction. The
obtained white solid was dissolved in diethyl ether (25 mL) and methanol (25 mL), and trimethylsilyl diazomethane
(10 mL, 2M in Et,0, 20 mmol) was added dropwise to the reaction at 0 °C. The resulting solution was stirred for 10
min at the same temperature, and then the solvent was evaporated under reduced pressure. The obtained crude
material was used for the next reaction without purification.

The crude ester was dissolved in CH,Cl, (50 mL), and DIBAL-H (25 mL, 1M solution in hexane, 25 mmol)
was added to the solution at —78 °C. After the solution was stirred for 2.5 h at same temperature, and 30 min at 0 °C,
the reaction was quenched by the addition of aq. 1M Rochelle salt. After being stirred for 1 h, the mixture was
extracted with AcOEt. The organic layer was washed with brine, dried over Na,SO,4 and then concentrated in vacuo.
The obtained residue was utilized for the next reaction without purification.

The crude alcohol was dissolved in CHCl; (20 mL), and MnO, (4.35 g, 50 mmol) was added to the solution.
After being stirred for 24 h at room temperature, the reaction mixture was filtered through a short pad of celite, and
the filtrate was concentrated in vacuo. The obtained residue was purified by recrystallization from hexane/AcOEt to
provide benzaldehyde derivative 15 (1.53 g, 65% yield over 4 steps) as white solid. Mp 131 °C; IR (ATR) v 3333,
2978, 1685, 1586, 1523, 1366, 1236, 1157, 1055 cm™. "H NMR (CDCls): & 1.53 (s, 9H), 2.61 (s, 3H), 6.54 (s, 1H),
7.19 (d, J = 8.0 Hz, 1H), 7.52 (dd, J = 2.4 Hz, 8.0 Hz, 1H), 7.78 (d, J = 2.4 Hz, 1H), 10.23 (s, 1H); "C NMR
(CDCls): 6 18.8, 28.3 (3C), 80.9, 121.5, 123.7, 132.4, 134.4, 135.0, 136.9, 152.7, 192.4.

Me Me
CHO dimethyl malonate, CO,Me
piperidine, AcOH Pd-C/H,
126 ouene, MeOH COMe
NHBoc reflux (Dean-Stark) NHBoc SI-27

Compound 16: Benzaldehyde 15 (1.53 g, 6.50 mmol), dimethyl malonate (0.82 mL, 7.15 mmol), piperidine (0.64
mL, 6.50 mmol), and acetic acid (35 pL, 0.65 mmol) were dissolved in toluene (22 mL) in a reaction vessel
equipped with a Dean-Stark apparatus, and the solution was refluxed for 3 h. After cooling down to room

temperature, the reaction mixture was evaporated in vacuo, and the obtained mixture was passed through a short
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pad of silica to remove polar compounds (eluting with hexane/AcOEt = 4/1). The obtained crude residue was
utilized for the next reaction. A suspension of the crude product and 5% Pd-C (188 mg) in MeOH (27 mL) was
stirred at room temperature under a hydrogen atmosphere. After 5 h, the reaction mixture was filtered through a
short pad of celite, and the filtrate was evaporated under reduced pressure. The obtained residue was purified by
flash column chromatography (hexane/AcOEt = 10/1) to give 16 (1.88 g, 83% yield) as white solid. Mp 88 °C; IR
(ATR) v 3372, 2954, 1722, 1523, 1231, 1153, 1055, 1024 cm™'; "H NMR (CDCls): & 1.50 (s, 9H), 2.27 (s, 3H), 3.19
(d, J = 8.0 Hz, 2H), 3.66 (t, J = 8.0 Hz, 1H), 3.71 (s, 6H), 6.43 (s, 1H), 7.06-7.08 (m, 2H), 7.18-7.20 (m, 1H); "*C
NMR (CDCl;): 6 18.5, 28.3 (3C), 32.0, 52.1, 52.6 (2C), 80.3, 117.2, 119.3, 130.7, 130.9, 136.3, 136.4, 152.7, 169.3
(2C); (+)-ESI-HRMS. Calcd for C15sH,sNNaOg' 374.1574 (M+Na") found 374.1589.

Compounds SI-28 and SI-29 were also prepared according to the experimental procedures described above.

F
CO,Me
CO,Me
NHBoc SI-26

Compound SI-26: Amorphous; IR (ATR) v 3368, 2955, 1722, 1540, 1505, 1234, 1153, 1109 cm'l; 'H NMR
(CDCLy): 8 1.50 (s, 9H), 3.21 (d, J = 8.0 Hz, 2H), 3.72 (s, 6H), 3.73 (t, J = 8.0 Hz, 1H), 6.39 (s, 1H), 6.92-6.96 (m,
1H), 7.14-7.16 (m, 1H), 7.24-7.26 (m, 1H); >C NMR (CDCl5): § 28.3 (3C), 28.6, 51.8, 52.6 (2C), 80.6, 115.6 (d, J
=229 Hz), 118.9, 121.3, 124.9 (d, J = 17.2 Hz), 134.3, 152.7, 157.0 (d, J = 244 Hz), 169.0 (2C); (+)-ESI-HRMS.
Calcd for C,7H,,FNNaO;" 378.1323 (M+Na") found 378.1334.

OMe
CO,Me
CO,Me
NHBoc SI-27

Compound SI-27: White solid; Mp 108 °C; IR (ATR) v 3372, 2954, 1718, 1565, 1223, 1153, 1122, 1023 cm™; 'H
NMR (CDClLy): & 1.50 (s, 9H), 3.16 (d, J = 8.0 Hz, 2H), 3.69 (s, 6H), 3.79 (s, 3H), 3.83 (t, J = 8.0 Hz, 1H), 6.30 (s,
1H), 6.76 (d, J = 8.4 Hz, 1H), 7.00 (d, J = 2.8 Hz, 1H), 7.31 (dd, J = 2.8 Hz, 8.0 Hz, 1H); >C NMR (CDCl5): & 28.3
(3C), 30.2, 31.3, 52.4 (2C), 55.5, 80.2, 110.6, 118.8, 122.1, 126.3, 131.1, 153.0, 153.6, 169.5 (2C); (+)-ESI-HRMS.
Calcd for C1sH,sNNaO; 390.1523 (M+Na") found 390.1478.

Me Me
CHO NH,Ts, _Ts
TiCly, NEt;  Pd-C/H, ”
15  CH,Cl,, it  MeOH
NHBoc NHBoc SlI-28

Compound SI-28: To a stirred solution of 15, p-TsNH, (1.88 g, 11 mmol), and NEt; (4.18 mL, 30 mmol) in
CH,CI, (25 mL) at 0 °C was added TiCly (0.55 mL, 5 mmol), and the resulting suspension was stirred at room
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temperature. After 16 h, ethyl acetate was added to the reaction, and the resulting suspension was filtered through a
short pad of celite. After evaporation in vacuo, the obtained crude residue was utilized for the next reaction. A
suspension of the crude product and 5% Pd-C (188 mg) in MeOH (27 mL) was stirred at room temperature under a
hydrogen atmosphere. After 5 h, the reaction mixture was filtered through a short pad of celite, and the filtrate was
concentrated in vacuo. The obtained residue was purified by flash column chromatography (hexane/AcOEt = 10/1)
to give SI-30 (1.88 g, 83% yield) as white solid. Mp 117 °C; IR (ATR) v 3349, 2978, 1699, 1521, 1319, 1238, 1153,
1092, 1056 cm™; 'H NMR (CDCls): & 1.49 (s, 9H), 2.20 (s, 3H), 2.44 (s, 3H), 4.03 (d, J = 5.6 Hz, 2H), 4.60 (t, J =
5.6 Hz, 1H), 6.41 (s, 1H), 7.02 (d, J = 8.0 Hz, 1H), 7.09-7.16 (m, 2H), 7.29-7.32 (m, 2H), 7.74-7.76 (m, 2H); "*C
NMR (CDCl;): 6 18.1, 21.5, 28.3 (3C), 45.5, 80.5, 118.2, 119.0, 127.2 (2C), 129.7 (2C), 131.0, 131.2, 134.5, 136 .4,
136.6, 143.5, 152.8; (+)-ESI-HRMS. Calcd for C,0H,¢N,NaO,S" 413.1505 (M+Na") found 413.1491.

Me
Me CO,Me
CO,Me CO,Me
NaH
COzMe + Br\/\OC02Me -
THF NHBoc
NHBoc 16 SI-29

17 OCO,Me

Compound 17: To a stirred solution of 16 (596 mg, 1.77 mmol) in THF (6 mL) at 0 °C was added NaH (60% oil.
85 mg, 2.12 mmol), and the resulting mixture was kept stirring at the same temperature. After 15 min, a THF
solution of SI-29 (439 mg, 6 mmol in 3 mL of THF) was added to the reaction, and the reaction was stirred for 16 h
at room temperature. After dilution with AcOEt, the reaction was quenched with 1 M aq. HCI solution, washed with
brine, dried over Na,SOy, and then evaporated in vacuo. The obtained crude residue was purified by flash column
chromatography (SiO,, hexane/AcOEt = 5/1) to give 17 (659 mg, 80% yield) as white solid.; Mp 106-107 °C; IR
(ATR) v 1729, 1524, 1443, 1261, 1231, 1200, 1154, 1045, 950; "H NMR (CDCl3): & 1.50 (s, 9H), 2.21 (s, 3H), 2.74
(t, J=2.0 Hz, 2H), 3.39 (s, 2H), 3.76 (s, 6H), 3.83 (s, 3H), 4.73 (t, J=2.0 Hz, 2H), 6.60 (s, 1H), 7.04 (d, /= 8.0 Hz,
1H), 7.13 (s, 1H), 7.27 (d, J= 8.0 Hz, 1H); °C NMR (CDClLy): 5 18.8, 22.8, 28.3 (3C), 34.1, 52.9 (2C), 55.2, 55.9,
58.0,77.5, 80.1, 83.6, 117.3, 120.2, 131.1, 131.7, 134.1, 136.3, 152.7, 155.3, 170.4 (2C); (+)-ESI-HRMS. Calcd for
C,4H31NNaO,S™ (M+Na"): 500.1891. Found: 500.1892.
Reference for Compound SI-29: Org. Biomol. Chem. 2012, 10, 2164.

COZMe

NHBoc
SI-30  5co,Me

SI-30 was prepared from SI-26 and SI-29 according to the general procedure. White solid; Mp 107-108 °C; IR
(ATR) v 1725, 1536, 1505, 1443, 1263, 1205, 1155, 1112, 1048, 951; '"H NMR (CDCLy):  1.50 (s, 9H), 2.70 (t, J =
2.4 Hz, 2H), 3.39 (s, 2H), 3.77 (s, 6H), 3.86 (s, 3H), 4.75 (t, J = 2.4 Hz, 2H), 6.91 (t,J = 9.2 Hz, 1H), 6.96 (s, 1H),
7.24 (dd, J = 2.8 Hz, 6.4 Hz, 1H) 7.54 (br-s, 1H); °C NMR (CDCls): § 22.7, 28.3 (3C), 31.6, 53.0 (2C), 55.2, 55.9,
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56.9, 777, 80.3, 83.1, 115.3, 115.6, 119.0 (d, J = 22.8 Hz), 122.2 (d, J = 72.4 Hz), 134.6, (d, J = 76.0 Hz), 152.8,
155.5, 157.1 (d, J = 961 Hz), 170.0 (2C); (+)-ESI-HRMS. Calcd for Co;HysFNNaOoS™ (M+Na"): 504.1640. Found:
504.1642.

OMe

CO,Me

NHBoc
SI-31 5co,Me

SI-31 was prepared from SI-27 and SI-29 according to the general procedure. White solid; Mp 107-108 °C; IR
(ATR) v 1737, 1507, 1443, 1368, 1269, 1160, 1131, 1025, 951; '"H NMR (CDCls): & 1.50 (s, 9H), 2.66 (s, 2H), 3.38
(s, 2H), 3.70 (s, 3H), 3.75 (s, 6H), 3.86 (s, 2H), 4.75 (s, 2H), 6.74 (d, J = 8.8 Hz, 1H), 6.81 (br-s, 1H), 7.06 (br-s,
1H), 7.15 (s, 1H) 7.51 (br-s, 1H); °C NMR (CDCls): § 22.9, 28.3 (3C), 32.3, 52.7 (2C), 55.2, 55.5, 56.0, 57.0, 77.1,
79.9, 83.7, 110.6, 118.7, 122.9, 123.9, 131.4, 153.0, 153.8, 155.5, 170.4 (2C); (+)-ESI-HRMS. Calcd for
C,4H3NNaOS™ (M+Na"): 516.1840. Found: 516.1847.

Me
©/\NTS
NHBoc \
SI-32  Oco,Me

SI-32 was prepared from SI-28 and SI-2 according to the general procedure. White solid; Mp 90-91 °C; IR (ATR)
v 1751, 1723, 1524, 1445, 1347, 1263, 1157, 1092, 956, 903; 'H NMR (CDCls): & 1.49 (s, 9H), 2.33 (s, 3H), 2.46 (s,
3H), 3.82 (s, 3H), 3.90 (t, J= 2.0 Hz, 2H), 4.28 (s, 2H), 4.43 (t, /= 2.0 Hz, 2H), 6.62 (s, 1H), 7.08 (s, 1H), 7.11 (d,
J=172Hz, 1H), 7.35 (d, J = 8.2 Hz, 2H), 7.44 (d, J= 7.2 Hz, 1H), 7.78 (d, ] = 8.2 Hz, 2H); °C NMR (CDCl;): &
18.3, 21.5, 28.3 (3C), 35.8, 48.5, 55.2, 55.2, 79.8, 80.0, 80.3, 118.5, 120.4, 128.0 (2C), 129.5 (2C), 131.2, 132.3,

132.4, 135.1, 136.4, 143.8, 152.7, 155.3; (+)-ESI-HRMS. Calcd for C,sH3,N,NaO;S™ (M+Na"): 539.1822. Found:
539.1812.

Me

TsCl
TFA Pyridine

CH,Cl,  CH,Cl,

17 OCOzMe 18a OCO,Me
To a stirred solution of 17 (659 mg, 1.42 mmol) in CH,Cl, (11.4 mL) at room temperature was added
trifluoroacetic acid (TFA, 2.89 mL), and the resulting solution was stirred at the same temperature. After 30 min,
the reaction was quenched with saturated aq. NaHCOj; at 0 °C and the mixture was extracted with AcOEt. The

organic layer was washed with brine, dried over Na,SO,, and then concentrated in vacuo. The obtained residue was
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used for the next reaction without further purification. To a stirred solution of crude aniline and pyridine (0.13 mL,
1.56 mmol) in CH,Cl, was added TsCl (298 mg, 1.56 mmol) at 0 °C. After the solution was stirred for 1 h at the
same temperature, the reaction was quenched by the addition of 1N aq. HCI and diluted with AcOEt. The organic
layer was separated and then washed with brine, dried over Na,SO,, and concentrated in vacuo. The obtained crude
residue was purified by flash column chromatography (SiO,, hexane/AcOEt = 4/1) to give 18a (669 mg, 91%
yield) as white solid.; Mp 93-94 °C; IR (ATR) v 1752, 1710, 1266, 1203, 1155, 816, 661 em’; '"H NMR (CDCly): 6
2.12 (s, 3H), 2.38 (s, 3H), 2.47 (t, J= 2.0 Hz, 2H), 3.30 (s, 2H), 3.73 (s, 6H), 3.91 (s, 3H), 4.70 (t, J = 2.0 Hz, 2H),
6.96-7.09 (m, 4H), 7.21 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H); C NMR (CDCl;): § 18.6, 21.5, 22.5, 34.1,
52.9 (2C), 55.6, 55.9, 57.3, 78.0, 83.4, 120.7, 124.3, 127.2 (2C), 129.5 (2C), 131.5, 134.3, 134.4, 134.5, 135.9,
143.6, 155.7, 170.2 (2C); (+)-ESI-HRMS. Calcd for CsH,o0NNaOoS™ (M+Na"): 554.1455. Found: 554.1446.

CO,Me
CO,Me

182"  oco,Me

Compound 18a’: White solid; Mp 110-111 °C; IR (ATR) v 1735, 1261, 1206, 1160, 1092, 949, 911 cm'l; 'H NMR
(CDCLy): & 1.93 (s, 3H), 2.40 (s, 3H), 2.57 (t, J = 2.0 Hz, 2H), 3.37 (s, 2H), 3.70 (s, 6H), 3.82 (s, 3H), 4.69 (t, J =
2.0 Hz, 2H), 6.35 (br-s, 1H), 6.96 (d, J = 7.6 Hz, 1H), 7.05 (t, J= 7.6 Hz, 1H), 7.19 (d, J = 7.6 Hz, 1H), 7.22 (d, J =
8.6 Hz, 2H), 7.55 (d, J = 8.6 Hz, 2H); °C NMR (CDCls): § 13.8, 21.5, 22.6, 34.4, 52.8 (2C), 55.1, 55.7, 58.2, 77.3,
83.1, 124.5, 1262, 127.1 (2C), 129.0, 129.6 (2C), 132.0, 135.0, 135.1, 136.5, 143.8, 155.1, 170.0 (2C);
(+)-ESI-HRMS. Calcd for CosH,0NNaOoS™ (M+Na"): 554.1455. Found: 554.1452.

18b

OCO,Me

Compound 18b: Colorless oil; IR (ATR) v 1732, 1442, 1262, 1202, 1161, 1091, 948, 791, 753, 664 cm™; 'H NMR
(CDCLy): & 2.39 (s, 3H), 2.44 (t, J = 2.4 Hz, 2H), 3.29 (s, 2H), 3.75 (s, 6H), 3.94 (s, 3H), 4.70 (t, J = 2.4 Hz, 2H),
6.89 (t, J= 9.2 Hz, 1H), 7.09 (dd, J = 2.8 Hz, 6.4 Hz, 1H) 7.22 (d, J = 8.0 Hz, 2H), 7.25-7.32 (m, 2H) 7.59 (d, J =
8.0 Hz, 2H); *C NMR (CDCls): § 21.5, 22.4, 31.5, 53.0 (2C), 55.7, 55.9, 56.5, 78.1, 82.9, 116.0 (d, J = 95.2 Hz,)
122.8 (d, J = 34.2 Hz), 122.9, 126.3 (d, J = 20.0 Hz), 127.2 (2C), 129.6 (2C), 132.8 (d, J = 11.6 Hz), 135.6, 143 8,
155.9, 158.9 (d, J = 973 Hz), 170.2 (2C); (+)-ESI-HRMS. Caled for CosHysFNNaOoS™ (M+Na"): 558.1205. Found:
558.1207.
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18c

OCO,Me
Compound 18c: White amorphous; IR (ATR) v 1732, 1260, 1208, 1183, 1157, 1130, 948, 751, 665 cm'l; 'H NMR
(CDCLy): 6 2.38 (s, 3H), 2.39 (t, J = 2.2 Hz, 2H), 3.26 (s, 2H), 3.68 (s, 3H), 3.73 (s, 6H), 3.92 (d, J = 1.6 Hz, 3H),
4.68 (t,J=2.2 Hz, 2H), 6.69 (dd, J = 1.6 Hz, 8.8 Hz, 1H), 6.94 (d, J = 2.4 Hz, 1H), 7.06 (br-s, 1H) 7.21 (d, J = 8.8
Hz, 2H), 7.23-7.25 (m, 1H) 7.56 (d, J = 8.8 Hz, 2H); °C NMR (CDCly): & 21.5, 22.6, 32.1, 52.7 (2C), 55.4, 55.6,
56.0, 56.5, 77.4, 83.5, 110.7, 123.3, 123.3, 124.1, 127.2 (2C), 129.2, 129.5 (2C), 135.8, 143.4, 155.7, 155.8, 170.3
(2C); ESI-HRMS. Calcd for CosH2oNNaO;S™ (M+Na"): 570.1404. Found: 570.1409.

Me

COZMe

18d  5co,Me

Compound 18d: White solid; Mp 96-97 °C; IR (ATR) v 1732, 1442, 1324, 1260, 1201, 1149, 1046, 949, 792, 752
em'; 'H NMR (CDCly): § 2.22 (s, 3H), 2.71 (t, J = 2.2 Hz, 2H), 2.98 (s, 3H), 3.42 (s, 2H), 3.77 (s, 6H), 3.86 (s,
3H), 4.73 (t, J= 2.2 Hz, 2H), 6.91 (s, 1H), 7.08-7.13 (m, 2H), 7.17 (d, J = 2.0 Hz, 1H); °C NMR (CDCl;): § 18.7,
22.8,34.2,39.0, 53.0 (2C), 55.5, 55.9, 57.6, 78.0, 83.4, 119.5, 122.8, 131.8, 134.4, 134.8, 135.0, 155.6, 170.3 (2C);
(+)-ESI-HRMS. Calcd for CoH,sNNaOoS™ (M+Na"): 478.1142. Found: 478.1153.

8e

OCO,Me
Compound 18e: Colorless oil; IR (ATR) v 1736, 1262, 1216, 1146, 948, 842, 791, 751, 697 cm'l; 'H NMR
(CDCl3): 8 —0.15 (s, 9H), 0.97-1.02 (m, 2H), 2.22 (s, 3H), 2.69 (t, J = 2.4 Hz, 2H), 2.98 (s, 2H), 3.41 (s, 2H), 3.77
(s, 6H), 3.86 (s, 3H), 4.73 (t, J = 2.4 Hz, 2H), 6.96 (s, 1H), 7.06-7.13 (m, 3H); >C NMR (CDCLy): § -2.1 (3C), 10.4,
18.7,22.7, 34.1, 47.1, 53.0 (2C), 55.4, 55.8, 57.6, 78.0, 83.4, 118.8, 122.1, 131.8, 133.8, 134.9, 135.0, 155.5, 170.2
(2C); (+)-ESI-HRMS. Calcd for Co4H3sNNaQoSSi™ (M+Na'): 564.1694. Found: 564.1700
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18 oco,Me

Compound 18f: Colorless oil; IR (ATR) v 1738, 1443, 1262, 1216, 1151, 950, 755, 661 cm'l; 'H NMR (CDCl;5): 6
1.19 (d, J=3.2 Hz, 12H), 1.23 (d, J = 3.2 Hz, 6H), 2.15 (s, 3H), 2.71 (t, J = 2.4 Hz, 2H), 2.87 (q, J = 3.2 Hz, 2H),
3.33 (s, 2H), 3.71 (s, 6H), 3.87 (s, 3H), 4.08 (q, J = 3.2 Hz, 1H), 4.70 (t, J = 2.2 Hz, 2H), 6.83-6.86 (m, 2H), 6.94—
6.97 (m, 2H), 7.12 (s, 2H); °C NMR (CDCLy): & 18.8, 22.7, 23.5 (2C), 24.7 (4C), 29.8 (2C), 34.0, 34.1, 52.9 (2C),
55.4,55.8, 57.6, 77.7, 83.4, 120.6, 123.7, 124.9 (2C), 131.3, 132.4, 134.4, 134.4, 134.7, 150.5 (2C), 152.8, 155.5,
170.2 (2C); (+)-ESI-HRMS. Calcd for C34H4sNNaOoS™ (M+Na'): 666.2707. Found: 666.2723.

Me Me

Compound 18g: White amorphous; IR (ATR) v 1735, 1270, 1214, 1154, 746, 665 cm'l; 'H NMR (CDCl3): 6 2.13
(s, 3H), 2.31 (s, 6H), 2.47 (t, J = 2.0 Hz, 2H), 3.30 (s, 2H), 3.73 (s, 6H), 3.91 (s, 2H), 4.70 (t, J = 2.0 Hz, 2H), 6.96
(d, J=2.4 Hz, 1H), 6.98 (s, 1H), 7.02 (d, J = 8.4 Hz, 1H), 7.08 (dd, J = 2.4 Hz, 8.4 Hz, 2H), 7.13 (s, 1H), 7.32 (s,
2H); C NMR (CDCLy): & 18.5, 21.1 (2C), 22.5, 34.0, 52.9 (2C), 55.6, 55.8, 57.3, 78.0, 83.4, 121.0, 124.4, 124.7
(2C), 131.4, 134.3, 134.3, 134.5, 134.5, 138.5, 139.0 (2C), 155.7, 170.1 (2C); (+)-ESI-HRMS. Calcd for
C,7H31NNaO,S™ (M+Na"): 568.1612. Found: 568.1614.

CF3

Compound 18h: Colorless oil; IR (ATR) v 1733, 1321, 1263, 1163, 1131, 1061, 755, 714 cm™'; "H NMR (CDCLs):
§2.13 (s, 3H), 2.44 (t, J= 2.4 Hz, 2H), 3.30 (s, 2H), 3.73 (s, 6H), 3.91 (s, 2H), 4.69 (t, J = 2.4 Hz, 2H), 6.99 (d, J =
2.4 Hz, 1H), 7.04 (d, J = 8.4 Hz, 1H), 7.12 (dd, J = 2.4 Hz, 8.4 Hz, 2H), 7.29 (s, 1H), 7.70 (d, J = 8.4 Hz, 2H), 7.85
(d, J = 8.4 Hz, 2H); >C NMR (CDCls): § 18.5, 22.6, 34.1, 53.0 (2C), 55.6, 55.9, 57.1, 78.1, 83.4, 120.8 (q, J = 805
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Hz), 121.0, 124.6, 126.1 (q, J = 15.6 Hz, 2C), 127.7 (2C), 131.7, 133.8, 134.4 (q, J = 134 Hz), 134.7, 135.0, 142.4,
155.8, 170.1 (2C); (+)-ESI-HRMS. Calcd for CogHagFsNNaOoS*™ (M+Na'): 608.1173. Found: 608.1181.

Me
NTs
X
NHTs
18i

OCO,Me

Compound 18i: Colorless oil; IR (ATR) v 1753, 1445, 1328, 1266, 1160, 1092, 904, 816 cm'l; "H NMR (CDCly):
5 2.30 (s, 3H), 2.35 (s, 3H), 2.45 (s, 3H), 3.69 (s, 2H), 3.86 (s, 3H), 4.18 (s, 2H), 4.40 (s, 2H), 6.91 (d, J = 2.4 Hz,
1H), 7.04 (br-s, 1H), 7.05 (d, J = 8.4 Hz, 1H), 7.11 (dd, J = 2.4 Hz, 8.4 Hz, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.34 (d, J
= 8.4 Hz, 2H), 7.60 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H); °C NMR (CDCl;): & 18.3, 21.5, 21.5, 35.6, 48.2,
55.1, 55.4, 79.7, 80.0, 121.6, 123.6, 127.2 (2C), 128.0 (2C), 129.5 (2C), 129.5 (2C), 131.6, 132.8, 134.5, 134.8,
135.1, 135.9, 143.7, 143.9, 155.3; (+)-ESI-HRMS. Calcd for CasH3N,NaO;S,” (M+Na'): 593.1387. Found:
593.1372.

2-4-2. Synthesis of 18j—m, 180, and 18p.
Ts.  .Boc
” TFA
M
HO\/oCOZMe e . —e g TsHN\/OCOZ e
S1-33 ¥ 2~2 SI-34
THF

Compound SI-33: To a stirred solution of  SI-34 (148 mg, 1.03 mmol),
N-(tert-butoxycarbonyl)-p-toluenesulfonamide (334 mg, 1.23 mmol) and PPh; (278 mg, 1.23 mmol) in THF (3.4
mL) at 0 °C was added diethyl azodicarboxylate (DEAD, 2.2 M solution in toluene, 0.56 mL, 1.23 mmol), and the
resulting mixture was stirred at room temperature for 1 h. After evaporation, the crude mixture was filtered through
a short pad of silica gel and the obtained residue was used for the next reaction without further purification. To a
stirred solution of the crude sample in CH,Cl, (8.0 mL) at room tenperature was added trifluoroacetic acid (2.0 mL),
and the resulting solution was stirred at the same temperature. After 1 h, the reaction mixture was evaporated in
vacuo and the obtained residue was purified by flash column chromatography (SiO,, CHCI;/AcOEt = 30/1) to give
SI-33 (252 mg, 85% yield) as white solid.; Mp 50-51 °C; IR (ATR) v 1749, 1444, 1329, 1262, 1156, 1092, 1059,
949, 814; "H NMR (CDCls): & 2.43 (s, 3H), 3.80 (s, 3H), 3.87 (dt, J = 2.0 Hz, 6.0 Hz, 2H), 4.50 (t, J = 2.0 Hz, 2H),
4.85 (br-s, 1H), 7.32 (d, J = 8.6 Hz, 2H), 7.77 (d, J = 8.6 Hz, 2H); °C NMR (CDCls): § 21.5, 33.0, 55.1, 55.1, 78.1,
81.7, 127.4 (2C), 129.6 (2C), 136.5, 143.8, 155.0; (+)-ESI-HRMS. Calcd for C;3H;sNNaOsS" (M'Na"): 320.0563.
Found: 320.0565.

Reference for Compound SI-33: J. Am. Chem. Soc. 2003, 125, 4874.

M
SESHN\/OCO2 ©

SI-35
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SI-35 was prepared from the corresponding sulfonamide derivative (J. Org. Chem. 1993, 58, 2900.). White solid,;
Mp 99-100 °C; IR (ATR) v 3304, 2983, 1613, 1593, 1493, 1382, 1018, 932, 825 cm-1; 'H NMR (CDCl): 5 0.07 (s,
9H), 1.05-1.09 (m, 2H), 3.03-3.07 (m, 2H), 3.82 (s, 3H), 4.01 (dt, /= 2.0 Hz, 6.0 Hz, 2H), 4.53 (br-s, 1H), 4.74 (t,
J = 2.0 Hz, 2H); >C NMR (CDCl3): § —2.06 (3C), 10.4, 32.9, 49.8, 55.2, 55.3, 78.0, 82.8, 155.1; (+)-ESI-HRMS.
Calcd for C;;H,NNaOsSSi™ (M"Na"): 330.0802. Found: 330.0809.

=~ ~0CO;Me
SI-36

TsHN
Me

SI-36 was prepared from the corresponding alcohol derivative (Helv. Chim. Acta. 1997, 80, 623.). White solid; Mp
91-92 °C; IR (ATR) v 1750, 1444, 1332, 1262, 1155, 1089, 1022, 938, 815; '"H NMR (CDCl;): & 1.41 (d, J = 6.8
Hz, 3H), 2.43 (s, 3H), 3.80 (s, 3H), 4.19-4.27 (m, 1H), 4.43 (d, /= 1.2 Hz, 2H), 4.56-4.67 (m, 1H), 7.31 (d, /= 8.6
Hz, 2H), 7.77 (d, J = 8.6 Hz, 2H); °C NMR (CDCly): & 21.5, 23.0, 41.3, 55.1, 55.1, 77.2, 86.2, 127.4 (2C), 129.5
(2C), 137.1, 143.7, 155.0; (+)-ESI-HRMS. Calcd for C4H;;NNaOsS" (M+Na"): 334.0720. Found: 334.0732.

M
TsHN. FZ  OCOMe

SI-37
Ph

SI-37 was prepared from the corresponding alcohol derivative (J. Am. Chem. Soc. 2010, 132, 11926.). White solid;
Mp 97-98 °C; IR (ATR) v 1753, 1444, 1374, 1334, 1264, 1159, 1068, 952, 814; '"H NMR (CDCl;): & 1.91-2.01 (m,
2H), 2.42 (s, 3H), 2.72 (t, J="7.6 Hz, 2H), 3.79 (s, 3H), 4.06-4.13 (m, 1H), 4.43 (d, J = 1.8 Hz, 2H), 4.80 (br-s, 1H),
7.13 (d, J=8.0 Hz, 2H), 7.19 (t, J = 7.6 Hz, 1H), 7.25-7.30 (m, 4H), 7.77 (d, J = 8.4 Hz, 2H); °C NMR (CDCl;): &
21.5,31.4,37.7,45.1, 55.1, 55.1, 78.2, 85.1, 126.2, 127.4 (2C), 128.5 (2C), 128.5 (2C), 129.5 (2C), 137.0, 140.3,
143.6, 155.0; (+)-ESI-HRMS. Calcd for C,Hy3NNaOsS™ (M+Na+): 424.1189. Found: 424.1190.

OBn OBn
NTs
OH
PPh,, DEAD
OCO,M 3 »
TSHN/ e THF A
2 SI-38 SI.34 NO,
SI-39  oco,Me

Compound SI-39: To a stirred solution of SI-38 (297 mg, 0.774 mmol), SI-34 (230 mg, 0.774 mmol) and PPh;
(175 mg, 0.774 mmol) in THF (3.9 mL) at 0 °C was added diethyl azodicarboxylate (DEAD, 2.2 M solution in
toluene, 0.35 mL, 0.774 mmol), and the resulting mixture was stirred at room temperature for 1 h. After
evaporation, the crude mixture was filtered through a short pad of silica gel (Hexane/AcOEt = 2/1) and the obtained
residue was purified by flash column chromatography (SiO,, CHCIl;/AcOEt = 50/1) to give SI-13 (241 mg, 58%
yield) as white solid.; Mp 121122 °C; IR (ATR) v 1752, 1594, 1518, 1494, 1444, 1341, 1263, 1161, 1091, 954; 'H
NMR (CDCl,): 6 2.44 (s, 3H), 3.78 (s, 3H), 4.08 (t, J = 2.0 Hz, 2H), 4.39 (t, J = 2.0 Hz, 2H), 4.48 (s, 2H), 5.21 (s,
2H), 6.97 (d, J=9.2 Hz, 1H), 7.32 (d, J = 8.4 Hz, 2H), 7.36-7.41 (m, 5SH), 7.77 (d, J = 8.4 Hz, 2H), 8.15 (dd, J =
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2.4 Hz, 8.4 Hz, 1H), 8.25 (d, J = 2.4 Hz, 1H); °C NMR (CDCly): & 21.5, 37.5, 45.1, 55.1, 55.1, 70.9, 79.4, 80.4,
111.5,125.4,125.5, 125.7, 127.3 (2C), 127.8 (2C), 128.5, 128.8 (2C), 129.6 (2C), 135.3, 135.6, 141.5, 144.0, 155.7,
161.4; (+)-ESI-HRMS. Calcd for Co7HN>NaOgS™ (M+Na"): 561.1302. Found: 561.1318.

Reference for Compound SI-38: J. Org. Chem. 1995, 60, 601.

OBn

NSES

NO, %
SI-40  Oco,Me
SI-40 was prepared from SI-38 and SI-35 according to the general procedure. White solid; Mp 82-83 °C; IR (ATR)
v 1753, 1593, 1518, 1444, 1340, 1258, 1142, 1093, 954, 897, 832 cm™'; 'H NMR (CDCL): & 0.06 (s, 9H), 1.08—
1.13 (m, 2H), 3.03-3.07 (m, 2H), 3.78 (s, 3H), 4.08 (t, /= 1.6 Hz, 2H), 4.63 (s, 2H), 4.67 (t, /= 1.6 Hz, 2H), 5.24
(s, 2H), 7.01 (d, J = 8.8 Hz, 1H), 7.37-7.45 (m, 5H), 8.17 (dd, J = 2.8 Hz, 8.6 Hz, 1H), 8.32 (d, /= 2.8 Hz, 1H); °C
NMR (CDCly): 6 -2.12, 9.94, 37.0, 45.1, 48.7, 55.1, 55.1, 71.0, 79.4, 81.6, 111.5, 125.2, 125.4, 125.9, 127.4 (2C),
128.5, 128.8 (2C), 135.2, 141.6, 155.0, 161.3; (+)-ESI-HRMS. Calcd for C,5H3,N,NaOgSSi™ (M+Na"): 571.1541.
Found: 571.1537.

Me
NTs

Me
NO,

X

SI-41  oco,Me

SI-41 was prepared from the corresponding benzyl alcohol derivative (ACS Med. Chem. Lett. 2014, 5, 527.) and
SI-36 according to the general procedure. White solid; Mp 118-119 °C; IR (ATR) v 1751, 1520, 1444, 1343, 1260,
1157, 1089, 951, 918, 814; 'H NMR (CDCls): 6 1.17 (d, J = 7.2 Hz, 3H), 2.44 (s, 3H), 2.49 (s, 3H), 3.80 (s, 3H),
4.28 (d, J=16.0 Hz, 1H), 4.46-4.57 (m, 2H), 4.59 (d, J= 16.0 Hz, 1H), 5.05 (q, J= 7.2 Hz, 1H), 7.28 (d, J = 8.4
Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H), 8.01 (dd, J = 2.2 Hz, 8.4 Hz, 1H), 8.31 (d, /= 2.2 Hz,
1H); °C NMR (CDCL): § 19.6, 21.5, 22.0, 46.0, 46.7, 55.1, 55.1, 79.7, 84.3, 122.3, 123.7, 127.6 (2C), 129.6 (2C),
131.0, 135.4, 137.4, 143.7, 144.0, 146.5, 155.0; (+)-ESI-HRMS. Calcd for C,,H4N,NaO;S"™ (M+Na"): 483.1196.
Found: 483.1201.

NTs
Sli-42

A

NO
2 >ph

OCO,Me
SI-42 was prepared from the corresponding benzyl alcohol derivative (ACS Med. Chem. Lett. 2014, 5, 527.) and
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SI-37 according to the general procedure. White solid; Mp 108-109 °C; IR (ATR) v 1753, 1521, 1444, 1344, 1262,
1162, 1091, 954, 814; '"H NMR (CDCly): 8 1.59-1.70 (m, 2H), 2.44 (s, 3H), 2.50 (s, 3H), 2.55-2.68 (m, 2H), 3.80
(s, 3H), 4.31 (d, /= 16.0 Hz, 1H), 4.49-4.61 (m, 2H), 4.62 (d, /= 16.0 Hz, 1H), 4.80 (t, /= 7.6 Hz, 1H), 6.97 (d, J
=17.6 Hz, 2H), 7.14-7.31 (m, 6H), 7.66 (d, J = 8.4 Hz, 2H), 8.00 (dd, /= 2.4 Hz, 8.2 Hz, 1H), 8.31 (d, /= 2.4 Hz,
1H); >C NMR (CDCl;): § 19.6, 21.5, 32.2, 36.7, 46.5, 51.1, 55.0, 55.1, 80.9, 83.2, 122.4, 124.1, 126.2, 127.6 (2C),
128.2 (2C), 128.4 (2C), 129.6 (2C), 131.1, 135.2, 137.0, 140.0, 144.0, 144.0, 146.4, 155.0; (+)-ESI-HRMS. Calcd
for C2oH30N,NaO-S"™ (M+Na'): 573.1666. Found: 573.1655.

O,N
2 NTs

X
NO,
SI-43  oco,Me

SI-43 was prepared from the corresponding benzyl alcohol derivative (commercially available) and SI-34
according to the general procedure. White solid; Mp 108-109 °C; IR (ATR) v 3099, 1750, 1597, 1443, 1091, 1017,
949, 923, 903, 809 cm™'; 'H NMR (CDCly): & 2.47 (s, 3H), 3.81 (s, 3H), 4.08 (t, J = 2.0 Hz, 2H), 4.46 (t, J = 2.0 Hz,
2H), 4.55 (s, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.77 (d, J = 8.4 Hz, 2H), 8.57 (d, J = 2.4 Hz, 2H), 8.99 (t, J = 2.4 Hz,
1H); "C NMR (CDCly): 8 21.5, 37.5, 49.6, 54.8, 55.2, 79.3, 80.7, 118.5, 127.7 (2C), 128.4 (2C), 129.9 (2C), 134.8,
140.6, 144.6, 148.7 (2C), 155.0; (+)-ESI-HRMS. Caled for C,H;sN3NaOoS™ (M+Na"): 500.0734. Found:
500.0737.

OBn OBn
NTs TsClI
Zn, AcOH Pyridine NTs
X CH,Cl, CH,Cl, SN
NO, NHTs
SI-39 OCOzMe 18] OCOzMe

Compound 18j: To a solution of SI-39 (222 mg, 0.412 mmol) and zinc powder (1.62 g, 24.7 mmol) in CH,Cl, (5.2
mL) was added AcOH (0.62 mL) at 0 °C, and the mixture was stirred at room temperature. After 1 h, the reaction
mixture was filtered through a short pad of celite, and the filtrate was added aq. NaHCO; and diluted with AcOEt.
The organic layer was separated and then washed with brine, dried over Na,SO,, and concentrated in vacuo. The
obtained residue was used for the next reaction without further purification. To a stirred solution of crude aniline
(0.412 mmol), pyridine (37 puL, 0.453mmol) in CH,ClI, (0.41 mL) at 0 °C was added TsCl (137 mg, 0.453 mmol)
and the reaction was stirred at room temperature. After 1 h, the reaction mixture was concentrated in vacuo. The
obtained residue was purified by flash column chromatography (SiO,, hexane/AcOEt = 3/1) to give 18] (231 mg,
85% yield, 2 steps) as colorless oil.; IR (ATR) v 1751, 1499, 1445, 1328, 1261, 1155, 1091, 951, 907, 814 cem’; 'H
NMR (CDCls): 6 2.38 (s, 3H), 2.42 (s, 3H), 3.78 (t, J = 1.8 Hz, 2H), 3.81 (s, 3H), 4.28 (s, 2H), 4.35 (t, /= 1.8 Hz,
2H), 5.02 (s, 2H), 6.72 (br-s, 1H), 6.82 (d, /= 9.2 Hz, 1H), 6.91 (d, J= 2.8 Hz, 1H), 7.16-7.22 (m, 3H), 7.27-7.39
(m, 7H), 7.58 (d, J = 8.4 Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H); °*C NMR (CDCly): 6 21.5, 21.5, 36.6, 44.8, 55.1, 55.3,
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79.1, 80.6, 112.7, 124.4, 124.5, 125.3, 127.2 (2C), 127.3 (2C), 127.8 (2C), 128.0, 128.5 (2C), 129.4 (2C), 129.5,
129.5 (2C), 135.6, 135.9, 136.5, 143.6, 143.6, 143.7, 154.8, 155.2; (+)-ESI-HRMS. Calcd for C33H34N,NaOgS,"
(M+Na"): 685.1649. Found: 685.1650.

OBn
NSES
A
NHTs
18k

OCO,Me

Compound 18k: Colorless oil; IR (ATR) v 1753, 1324, 1261, 1217, 1157, 1091, 896, 834 cm'l; "H NMR (CDCl;):
6 0.03 (s, 9H), 1.02—1.06 (m, 2H), 2.38 (s, 3H), 2.95-3.00 (m, 2H), 3.77 (t, J = 2.0 Hz, 2H), 3.80 (s, 3H), 4.44 (s,
2H), 4.64 (t, J= 1.8 Hz, 2H), 5.06 (s, 2H), 6.66 (br-s, 1H), 6.85 (d, J= 8.8 Hz, 1H), 6.90 (d, J=2.8 Hz, 1H), 7.18-
7.22 (m, 3H), 7.33-7.42 (m, 5H), 7.58 (d, J = 8.4 Hz, 2H); >C NMR (CDCL): 8 —2.1 (3C), 9.9, 21.5, 36.2, 44.9,
48.5,55.2,55.3,70.4, 79.0, 81.8, 112.7, 124.5, 124.8, 124.9, 127.3 (2C), 127.3 (2C), 128.1, 128.6 (2C), 129.5 (20),
129.6, 135.9, 136.4, 143.7, 154.7, 155.2; (+)-ESI-HRMS. Caled for C;,H4N,NaOgS,Si” (M+Na"): 695.1888.
Found: 695.1883.

Me
NTs
Me %
NHTs
18I

OCO,Me

Compound 18I: Colorless amorphous; IR (ATR) v 1752, 1263, 1155, 1091, 900, 748, 660 cm'l; 'H NMR (CDCly):
6 0.83 (d, J = 6.6 Hz, 3H), 2.29 (s, 3H), 2.34 (s, 3H), 2.44 (s, 3H), 3.85 (t, J = 2.0 Hz, 3H), 3.97 (d, /= 15.4 Hz,
1H), 4.48 (d, /= 2.0 Hz, 2H), 4.52 (d, /= 15.4 Hz, 1H), 4.88 (q, J = 6.6 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 7.10—
7.18 (m, 5H), 7.31 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.0 Hz, 2H); °*C NMR (CDCl;): & 18.6,
21.4,21.5,21.8, 46.3, 46.8, 55.2, 55.3, 79.4, 84.3, 120.5, 122.4, 127.2 (2C), 127.6 (2C), 129.5 (2C), 129.5 (2C),
131.0, 133.3, 134.6, 135.2, 135.9, 136.0, 143.6, 143.7, 155.1; (+)-ESI-HRMS. Calcd for CaoH3N,NaO;S,"
(M+Na"): 607.1543. Found: 607.1549.

Me

NTs
18m

NHTs
OCO,Me

Compound 18m: Colorless amorphous; IR (ATR) v 1749, 1263, 1157, 1091, 747, 700, 661 em’; '"H NMR
(CDCl): 6 1.44-1.31 (m, 2H), 2.22 (s, 3H), 2.38 (s, 3H), 2.43 (t, J = 7.8 Hz, 2H), 2.44 (s, 3H), 3.86 (s, 3H), 3.95 (d,
J=14.6 Hz, 1H), 4.55 (d, J = 0.8 Hz, 2H), 4.65 (d, J = 14.6 Hz, 1H), 4.69-4.73 (m, 1H), 6.83 (d, J= 6.4 Hz, 2H),
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6.98 (d, J=17.6 Hz, 2H), 7.05 (d, /= 8.4 Hz, 1H), 7.13-7.21 (m, 6H), 7.30 (d, J= 8.4 Hz, 2H), 7.57 (d, /= 8.4 Hz,
2H), 7.66 (d, J = 8.4 Hz, 2H); °C NMR (CDCls): & 18.7, 21.4, 21.5, 32.3, 36.9, 47.5, 50.8, 55.3, 55.5, 80.7, 83.3,
120.5, 123.3, 125.6, 127.1 (2C), 127.6 (2C), 128.2 (2C), 128.3 (2C), 129.5 (2C), 129.5 (2C), 131.4, 134.0, 134.7,
135.0, 135.4, 136.0, 140.5, 143.5, 143.8, 155.2; (+)-ESI-HRMS. Calcd for C3cH3sN,NaO,S,” (M+Na"): 697.2013.
Found: 697.2021.

TsHN
NTs

A
NHTs

180 5co,Me

Compound 180: Colorless amorphous; IR (ATR) v 3262, 1753, 1605, 1445, 1327, 1266, 1091, 1030, 954, 907, 814
em’; '"H NMR (CDCls): 8 2.35 (s, 6H), 2.43 (s, 3H), 3.68 (t, J = 2.0 Hz, 2H), 3.83 (s. 3H), 4.08 (s, 2H), 4.43 (t, J =
2.0 Hz, 2H), 6.73 (d, J = 2.0 Hz, 2H), 7.06 (t, J = 2.0 Hz, 1H), 7.18 (d, J = 8.0 Hz, 4H), 7.31 (d, J = 8.0 Hz, 2H),
7.35 (br-s, 2H), 7.64 (d, J = 8.0 Hz, 4H), 7.70 (d, J = 8.0 Hz, 2H); >C NMR (CDCls): § 21.5, 21.5 (2C), 36.0, 49.6,
55.1,55.4,79.7,79.8, 111.2, 116.3, 127.4 (4C), 127.7 (2C), 129.6 (2C), 129.7 (4C), 135.2, 135.6 (2C), 137.3, 138.3
(2C), 144.0 (2C), 144.0 (2C), 155.2; (+)-ESI-HRMS. Calcd for C34H3sN3;NaOoS;™ (M+Na'): 748.1428. Found:
748.1441.

BocHN
O-5N
2 NTs NTs

Zn, AcOH Boc,0, NEt;
X

N
NO, N CH,Cl, dioxane/H,0O NH2

Sl-43  Oco,Me Si44  Oco,Me

SI-44: To a solution of SI-43 (955 mg, 2.00 mmol) and zinc powder (1.96 g, 30.0 mmol) in CH,Cl, (25 mL) was
added AcOH (3.0 mL) at 0 °C, and the mixture was stirred at room temperature. After 1 h, the reaction mixture was
filtered through a short pad of celite, and the filtrate was added aq. NaHCO; and diluted with AcOEt. The organic
layer was separated and then washed with brine, dried over Na,SO,4, and concentrated in vacuo. The obtained
residue was used for the next reaction without further purification. To a stirred solution of crude aniline (2.00
mmol), NEt; (0.31 mL, 2.20 mmol) in dioxane (6.67 mL) and water (3.33 mL) at 0 °C was added Boc,0O (437 mg,
2.00 mmol) and the reaction was stirred at room temperature. After 16 h, the reaction was quenched with HCI aq.
and diluted with AcOEt. The organic layer was separated and then washed with brine, dried over Na,SO,, and
concentrated in vacuo. The obtained residue was purified by flash column chromatography (SiO,, hexane/AcOEt =
3/1) to give SI-44 (284 mg, 27% yield, 2 steps) as white amorphous.; IR (ATR) v 2980, 1720, 1608, 1535, 1368,
1346, 1018, 954, 875, 815 cm™'; '"H NMR (CDCLy): & 1.50 (s, 9H), 2.44 (s, 3H), 3.73 (br-s, 2H), 3.82 (s, 3H), 3.98 (t,
J=2.0 Hz, 2H), 4.15 (s, 2H), 4.44 (t, J = 2.0 Hz, 2H), 6.35 (t, /= 2.0 Hz, 1H), 6.45 (t, /= 2.0 Hz, 1H), 6.54 (br-s,
1H), 7.00 (br-s, 1H), 7.33 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H); >C NMR (CDCl;): & 21.5, 28.3 (3C), 35.9,
50.0, 55.1, 55.2, 79.3, 80.2, 80.4, 104.5, 108.8, 109.7, 127.8 (2C), 129.4 (2C), 135.7, 136.5, 139.7, 143.6, 147.7,
152.6, 155.1; (+)-ESI-HRMS. Calcd for C,5H3;N3NaO,S™ (M+Na"): 540.1775. Found: 540.1764.
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BocHN
NTs

X
NHTs
18P oco,Me

Compound 18p: Colorless amorphous; IR (ATR) v 3268, 2980, 1729, 1607, 1540, 1495, 1444, 1367, 1329, 1018,
950, 904, 814 cm™; 'H NMR (CDCls): & 1.48 (s, 9H), 2.36 (s, 3H), 2.44 (s, 3H), 3.82 (t, J = 2.0 Hz, 2H), 3.83 (s,
3H), 4.16 (s, 2H), 4.45 (t, J= 2.0 Hz, 2H), 6.75 (s, 2H), 6.75 (br-s, 1H), 7.07 (s, 1H), 7.20 (d, J = 8.4 Hz, 2H), 7.24
(s, 1H), 7.33 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H); >C NMR (CDCls): § 21.5, 21.5,
28.2 (3C), 36.0, 49.8, 55.1, 55.3, 79.6, 79.8, 80.8, 110.0, 114.7, 114.7, 127.3 (2C), 127.8 (2C), 129.5 (2C), 129.6
(2C), 135.3, 135.7, 136.8, 137.8, 139.8, 143.8, 134.9, 152.4, 155.1; (+)-ESI-HRMS. Calcd for C3,H3,N3NaOoS,"
(M+Na"): 694.1863. Found: 694.1872.

2-4-3. Synthesis of 18n.

M M
3 EDC-HCI 3 ) OH
COOH ;
+ i~ /OTBDPS HOBt-H,O0 TBAF o /
SI-45 DMF THF
NO, Si-46 NO, SI-47

Compound SI-47: To a stirred solution of SI-45 (195 mg, 1.00 mmol), SI-46 (414 mg, 1.00 mmol) and
1-hydroxybenzotriazole monohydrate (149 mg, 1.10 mmol) in DMF (5.0 mL) was added EDC hydrochloride (211
mg, 1.10 mmol), and the resulting mixture was stirred at room temperature for 6 h. The reaction was quenched with
water and the mixture was extracted with AcOEt. The combined organic layers were washed with brine and dried
over Na,SO,. After concentration in vacuo, the obtained crude residue was purified by flash column
chromatography (SiO,, hexane/AcOEt = 7/1) to give the amido compound. To a stirred solution of the amido
compound (555 mg, 0.939 mmol) in DMF (4.7 mL) at 0 °C was added TBAF (1.13 mL, 1M solution in THF, 0.73
mmol). After being stirred for 1 h at room temperature, the reaction mixture was diluted with AcOEt. The obtained
mixture was washed with water and brine, dried over Na,SO,, and concentrated in vacuo. The obtained residue was
purified by flash column chromatography (SiO,, hexane/AcOEt = 1/1) to give SI-47 (180 mg, 86% yield, 2 steps)
as white solid.; Mp 104-105 °C; IR (ATR) v 1643, 1517, 1441, 1345, 1214, 1127, 1026, 816; "H NMR (DMSO-ds,
140 °C): 8 2.31 (s, 3H), 3.96 (s, 2H), 4.09 (s, 2H), 4.25 (s, 2H), 4.71 (s, 2H), 7.27-7.37 (m, 5H), 7.42 (d, J= 8.0 Hz,
1H), 7.97 (d, J = 8.0 Hz, 1H), 7.99 (s, 1H); *C NMR (DMSO-dq, 140 °C): & 18.5, 35.9, 36.7, 48.5, 49.1, 78.5, 83.8,
120.7, 123.9, 126.5, 126.8, 127.8 (2C), 130.2 (2C), 136.0, 136.6, 144.9, 145.5, 168.9; (+)-ESI-HRMS. Calcd for
C20H2N>NaO4" (M+Na"): 375.1315. Found: 375.294.

Reference for Compound SI1-45: J. Chem. Soc., Perkin Trans. 1, 2000, 1601.

Reference for Compound S1-46: Chem. Eur. J. 2012, 18, 15578.
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Me o4 CICOMe Me

o) pyridine TsCl o ©COMe
DMAP Zn, AcOH Pyridine
BAN. > - - BnN. F
siag  CHCl CH,Cl, CH,Cl,
NO, ) NHTs 18n

Compound 18n: To a stirred solution of SI-48 (302 mg, 0.857 mmol) and DMAP (21 mg, 0.171 mmol) in CHCl;
(1.4 mL) and pyridine (0.29 mL) at 0 °C was added methyl chloroformate (0.17 mL, 2.14 mmol), and the resulting
mixture was kept stirring for 3 h at room temperature. The reaction was quenched with 1N HCI at 0 °C, and then
the resulting mixture was extracted with AcOEt. The combined organic layers were washed with brine, dried over
Na,SO,, and then concentrated in vacuo. The obtained residue was used for the next reaction without further
purification. To a solution of crude sample (0.841 mmol) in CH,Cl, (5.2 mL) was added Zinc powder (3.30 g, 50.4
mmol) at 0 °C, and the mixture was stirred at room temperature. After 1 h, the reaction mixture was filtered through
a short pad of celite, and the obtained residue was added aq. NaHCOj; and diluted with AcOEt. The organic layer
was separated and then washed with brine, dried over Na,SO,, and concentrated in vacuo. The obtained residue
was used for the next reaction without further purification. To a stirred solution of crude aniline (0.841 mmol),
pyridine (68 pL, 0.841mmol) in CH,Cl, (0.84 mL) at 0 °C was added TsCl (255 mg, 0.841 mmol) and the reaction
was stirred at room temperature. After 1 h, the reaction mixture was concentrated in vacuo. The obtained residue
was purified by flash column chromatography (SiO,, hexane/AcOEt = 2/1) to give 18n (382 mg, 85% yield, 2
steps) as colorless oil.; IR (ATR) v 1754, 1641, 1443, 1262, 1215, 1156, 747, 699, 664 cm'l; "H NMR (DMSO-d,
140 °C): 6 2.08 (s, 3H), 2.33 (s, 3H), 3.67 (s, 2H), 3.75 (s, 3H), 4.20 (s, 2H), 4.63 (s, 2H), 4.73 (s, 2H), 6.87 (dd, J =
8.4 Hz, 2.0 Hz, 1H), 6.92 (d, J = 2.0 Hz, 1H), 6.97 (d, J = 8.4 Hz, 1H), 7.25-7.35 (m, 7H), 7.63 (d, J= 8.4 Hz, 2H),
9.49 (br-s, 1H); *C NMR (DMSO-ds, 140 °C): & 17.5, 20.0, 35.7, 37.2, 49.2, 54.2, 54.7, 77.5, 82.4, 118.7, 122.1,
126.0 (2C), 126.5, 126.7 (2C), 127.7 (2C), 128.7 (2C), 129.6, 132.0, 134.3, 134.9, 136.5, 137.2, 142.1, 153.8,
169.4; (+)-ESI-HRMS. Calcd for CaoH30N,NaOS " (M+Na+): 557.1717. Found: 557.1723.
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2-5. Evaluation of Antiproliferative Activities against Cancer Cells and Normal Cells

AGS, MKN74, Huh7, WI38 and IMR90 cells were obtained from the JCRB. RKO cells were obtained from the
ATCC. HL-60 cells were maintained in RPMI-1640 medium containing 100 U/mL penicillin, 100 pg/mL
streptomycin, and 5% heat-inactivated fetal bovine serum (FBS). AGS and MKN74 cells were maintained in
RPMI-1640 medium containing 100 U/mL penicillin, 100 pg/mL streptomycin, and 10% heat-inactivated FBS.
RKO cells were maintained in Eagle’s minimum essential medium (MEM) containing 100 U/mL penicillin, 100
pg/mL streptomycin, and 10% heat-inactivated FBS. WI38 and IMR90 cells were maintained in Eagle’s MEM
containing 100 U/mL penicillin, 100 pg/mL streptomycin, 100 pM non-essential amino acids and 10%
heat-inactivated FBS. Huh7 cells were maintained in Dulbecco's modified Eagle’s MEM containing 100 U/mL
penicillin, 100 pg/mL streptomycin and 10% heat-inactivated FBS. Cells were grown in a humidified incubator at
37 °C under 5% C0O,/95% air.

In the case of HL-60 cells, antiproliferative activities of compounds were examined based on the cell
viabilities determined by using alamarBlue assay. HL-60 cells (3 x 10* cells/mL) were suspended in fresh medium
in a 96-well plate (100 pL/well) and treated with test compounds (DMSO solution, final DMSO concentration:
0.5%). After 3 days, alamarBlue reagent (Invitrogen) was added to each well (10 pL/well). The cell viability was
determined based on the increase of fluorescence (excitation 560 nm/emission 590 nm) during 1-2 h incubation
measured with SpectraMax M5 microplate reader (Molecular Devices). Data are presented as mean = S.D. (n =4).
The dose-response curves and ICsy values were calculated by Origin 9.0 software.

In the cases of RKO, AGS, MKN74, Huh7, WI38 and IMR90 cells, cells were plated at 2000 cells/well in
each wells on 96-well plates with 50 pL of culture medium. One day later, the medium was changed to 100 pL of
fresh medium containing various concentrations of the compounds. In all experiments, the final DMSO
concentration was the same (0.1%). After treatment with the compounds for 72 h, 10 uL of WST-8 reagent
(Dojindo) was added into each well followed by incubation for 2 h at 37 °C. Absorbance was then measured at 450
nm using SpectraMax PLUS 384 microplate reader (Molecular Devices). The absorbance of the control well (C),
the treated wells (T) and the treated wells at time 0 (TO) were measured. The growth ICs, was calculated as 100 x

[(T — TO)/(C — T0)] = 50.
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Figure S1. Antiproliferative activities of compounds in HL-60 cells.

HL-60 cells were treated with 1 or 10 uM of the compound (final DMSO concentration: 0.5%). After 3 days, cell

viability was determined by alamarBlue assay with DMSO-treated control as 100%. Red and blue blocks indicate

cell viability at 1.0 and 10 uM Data are presented as mean + S.D. (n = 4).
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Figure S3. Antiproliferative activities of compounds in AGS, RKO, MKN, Huh7, WI38, and IMR90 cells.

AGS (A), RKO (B), MKN74 (C), Huh7 (D), WI38 (E) and IMR90 (F) cells were treated with 10 uM of the
compound (final DMSO concentration: 0.1%) for 72 h. After treatment, cell viability was determined by
colorimetric assay using WST-8 and estimated by comparison with DMSO-treated control as 100%. Error bars,

standard deviation of the means of triplicate samples.
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Figure S4. Dose-dependent antiproliferative activities of compounds in AGS, RKO, MKN, Huh7, WI38, and
IMR90 cells.
AGS (A), RKO (B), WI38 (C) and IMR90 (D) cells were treated with three doses of the compounds (final DMSO

concentration: 0.1%). After treatment, cell viability was determined by colorimetric assay using WST-8 and
estimated by comparison with DMSO-treated control as 100%. Red, gray and blue blocks indicate cell viability at

1.0, 5.0 and 10 uM, respectively. Error bars, standard deviation of the means of triplicate samples.
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3. Syntehsis of 4,5-fused tricyclic quinolines.

3-1. General Procedure for the Synthesis of 4,5-Fused Quinoline Derivatives and Product

Characterizations
Me
CcO,Me
TFA (15 equiv.) CO,Me
CH,Cl, (0.2 M)
under air ! |
h ~
3 25a
Ph

Compound 25a: To a stirred solution of 24a (48.5 mg, 0.0952 mmol) in CH,Cl, (1.90 mL) at room tenperature
was added trifluoroacetic acid (0.106 mL, 1.43 mmol), and the resulting solution was stirred under air at the same
temperature. After 3 h, the reaction was quenched with sat. ag. NaHCOj; at 0 °C and the mixture was extracted with
AcOEt. The organic layer was 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 25a (27.5 mg, 77%
yield) as white solid.; Mp 144 °C; IR (ATR) v 1732, 1600, 1435, 1245, 1197, 1094, 1065 cm™'; "H NMR (400 MHz,
CDCly) 6 2.49 (s, 3H), 3.56 (s, 2H), 3.65 (s, 2H), 3.68 (s, 6H), 7.44 (t, J = 7.2 Hz, 1H), 7.49-7.54 (m, 3H), 7.66 (s,
7.66), 7.92 (d, J= 8.8 Hz, 1H), 8.13 (d, J = 6.8 Hz, 2H); *C NMR (100 MHz, CDCl3) & 19.4, 32.8, 35.5, 53.0 (2C),
53.9, 117.3, 123.0, 127.4 (20), 127.5, 128.7 (2C), 128.8, 129.1, 132.5, 132.9, 139.7, 141.9, 146.7, 156.2, 170.9
(2C); (+)-ESI-HRMS. Calcd for Co3H»,NO, " 376.1543 (M+H") found 376.1540.

COZMe
CO,Me

_N
Boc 26a
Ph

Compound 26a: Colorless oil; IR (ATR) v 1735, 1690, 1477, 1320, 1250, 1161, 1070, 1053 cm'l; "H NMR (400
MHz, CDCl;) 6 1.53 (s, 9H), 2.24 (s, 3H), 2.91 (d, J = 16.8 Hz, 1H), 2.94-3.00 (m, 1H), 3.14 (dd, J=2.0 Hz, 14.0
Hz, 1H), 3.53 (dd, J = 2.0 Hz, 16.8 Hz, 1H), 3.54 (s, 3H), 3.80 (s, 3H), 5.97 (dd, J=2.0 Hz, 6.0 Hz, 1H), 6.02 (d, J
= 6.0 Hz, 1H), 6.97 (d, J = 8.8 Hz, 1H), 7.13-7.20 (m, 6H); °C NMR (100 MHz, CDCl;) & 19.2, 28.4 (3C), 32.6,
35.1, 52.7, 53.0, 54.3, 81.4, 122.5, 123.3, 125.0, 125.0, 127.2, 127.6 (2C), 128.3, 128.4 (2C), 129.1, 130.1, 131.2,
132.4, 140.1, 153.4, 170.6, 171.1; (+)-ESI-HRMS. Calcd for C,3H3;NNaOg" 500.2044 (M+Na") found 500.2032.
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Me
CO,Me

COzMe

BocHN 27a
Ph

Compound 27a: Colorless oil; IR (ATR) v 1728, 1512, 1440, 1366, 1235, 1153, 1065, 1045 cm'l; 'H NMR (400
MHz, CDCl3) & 1.19 (s, 9H), 2.26 (s, 3H), 3.11 (d, J = 2.4 Hz, 2H), 3.18 (d, J = 16.8 Hz, 1H), 3.27 (d, J = 16.8 Hz,
1H), 3.72 (s, 3H), 3.75 (s, 3H), 6.51 (t, J = 2.4 Hz, 1H), 7.07 (d, J = 8.4 Hz, 1H), 7.22-7.36 (m, 5H), 7.50 (s, 1H),
7.67 (d, J = 8.4 Hz, 1H); °C NMR (100 MHz, CDCl;) & 19.7, 27.9 (3C), 33.0, 35.8, 52.9, 53.0, 53.7, 79.7, 96.9,
100.2, 119.5, 127.3 (2C), 127.6, 128.3, 128.8 (2C), 129.7, 131.3, 132.5, 133.7, 134.4, 153.0, 170.9, 171.1, 204.4;
(+)-ESI-HRMS. Calcd for CosH3NNaOg'™ 500.2044 (M+Na") found 500.2027.

Me

Compound 25b: White solid; Mp 138 °C; IR (ATR) v 1733, 1601, 1556, 1436, 1245, 1197, 1092, 1066 cm'l; 'H
NMR (400 MHz, CDCls) 6 2.42 (s, 3H), 2.49 (s, 3H), 3.56 (s, 2H), 3.64 (s, 2H), 3.68 (s, 6H), 7.31 (d, /= 8.0 Hz,
2H), 7.52 (d, J = 8.4 Hz, 1H), 7.64 (s, 1H), 7.91 (d, J = 8.4 Hz, 1H), 8.03 (d, J = 8.0 Hz, 2H); °C NMR (100 MHz,
CDCl;) 6 19.4, 21.3, 32.8, 35.5, 53.0 (2C), 54.0, 117.1, 122.9, 127.3 (2C), 127.4, 128.8, 129.5 (2C), 132.3, 132.8,
136.8, 139.1, 141.8, 146.7, 156.2, 170.9 (2C); (+)-ESI-HRMS. Calcd for Co;H,,NO4™ 390.1700 (M+H") found
390.1717.

OMe

Compound 25¢: White solid; Mp 153-154 °C; IR (ATR) v 1736, 1603, 1557, 1517, 1437, 1253, 1176 em’; 'H
NMR (400 MHz, CDCL3) & 2.48 (s, 3H), 3.55 (s, 2H), 3.66 (s, 2H), 3.68 (s, 6H), 3.88 (s, 3H), 7.00-7.05 (m, 2H),
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7.51(d, J = 8.8 Hz, 1H), 7.62 (s, 1H), 7.89 (d, J = 8.8 Hz, 1H), 8.08-8.12 (m, 2H); '°C NMR (100 MHz, CDCl;) &
19.4, 32.8, 35.5, 53.0 (2C), 54.0, 55.4, 114.1, 116.8, 122.7, 127.2, 128.8, 128.8, 132.1, 132.2, 132.9, 141.8, 146.7,
155.7, 160.6, 171.0 (2C); (+)-ESI-HRMS. Calcd for C5;H2NOs" 406.1649 (M+H") found 406.1671.

Cl

Compound 25d: White solid; Mp 157 °C; IR (ATR) v 1734, 1600, 1490, 1436, 1255, 1092, 1066 cm'l; 'H NMR
(400 MHz, CDCls) 6 2.50 (s, 3H), 3.57 (s, 2H), 3.65 (s, 2H), 3.68 (s, 6H), 7.47 (d, J= 8.0 Hz, 2H), 7.54 (d, J= 8.8
Hz, 1H), 7.63 (s, 1H), 7.90 (d, J = 8.8 Hz, 1H), 8.09 (d, J = 8.0 Hz, 2H); >C NMR (100 MHz, CDCl;) & 19.5, 32.8,
35.5,53.1(20), 53.9, 116.8, 123.0, 127.5, 128.7 (2C), 128.8, 128.9, 132.8, 133.1, 135.3, 138.1, 142.3, 146.7, 154.9,
170.9 (2C); (+)-ESI-HRMS. Calcd for Co3H, CINO," 410.1154 (M+H") found 410.1124.

Br

Compound 25e: White solid; Mp 149-150 °C; IR (ATR) v 1736, 1603, 1557, 1517, 1437, 1253, 1176 cm'l; 'H
NMR (400 MHz, CDCls) 6 2.50 (s, 3H), 3.57 (s, 2H), 3.65 (s, 2H), 3.68 (s, 6H), 3.88 (s, 3H), 7.54 (d, /= 8.4 Hz,
1H), 7.64 (s, 1H), 7.62-7.65 (m, 2H), 7.90 (d, J = 8.4 Hz, 1H), 8.01-8.04 (m, 2H); °C NMR (100 MHz, CDCl;) &
19.5, 32.8, 35.5, 53.1 (2C), 53.9, 116.8, 123.1, 123.7, 127.5, 128.9, 129.0 (2C), 131.9 (2C), 132.9, 133.2, 138.5,
142.3, 146.7, 154.9, 170.9 (2C); (+)-ESI-HRMS. Calcd for Co3H, BiNO, ™ 454.0648 (M+H") found 454.0642.
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25f

OMe

Compound 25f: White solid; Mp 139-140 °C; IR (ATR) v 1733, 1599, 1434, 1243, 1200, 1177, 1051 cm™; 'H
NMR (400 MHz, CDCl;) & 2.50 (s, 3H), 3.57 (s, 2H), 3.65 (s, 2H), 3.68 (s, 6H), 3.93 (s, 3H), 7.00 (dd, J = 2.4 Hz,
8.0 Hz, 1H), 7.41 (dd, /= 7.6 Hz, 8.0 Hz, 1H), 7.54 (d, J= 8.8 Hz, 1H), 7.65 (s, 1H), 7.68 (d, /= 7.6 Hz, 1H), 7.72
(d, J=2.4 Hz, 1H), 7.93 (d, J = 8.8 Hz, 1H); >C NMR (100 MHz, CDCl;) & 19.5, 32.8, 35.5, 53.1 (2C), 54.0, 55.4,
112.5, 115.3, 117.4, 119.9, 123.1, 127.5, 128.8, 129.7, 132.6, 133.0, 141.2, 142.0, 146.6, 156.0, 160.1, 170.9 (2C);
(+)-ESI-HRMS. Calcd for Co4H24NOs" 406.1649 (M+H") found 406.1647.

Compound 25g: White solid; Mp 177-178 °C; IR (ATR) v 1734, 1600, 1559, 1436, 1312, 1255, 1199 cm'l; 'H
NMR (400 MHz, CDCl3) & 2.47 (s, 3H), 2.49 (s, 3H), 3.56 (s, 2H), 3.65 (s, 2H), 3.68 (s, 6H), 7.25 (d, J = 8.0 Hz,
1H), 7.39 (dd, J = 7.6 Hz, 8.0 Hz, 1H), 7.53 (d, J = 8.8 Hz, 1H), 7.65 (s, 1H), 7.89 (d, J= 7.6 Hz, 1H), 7.93 (d, J =
8.8 Hz, 1H), 7.97 (s, 1H); °C NMR (100 MHz, CDCl) & 19.4, 21.6, 32.8, 35.5, 53.0 (2C), 54.0, 117.4, 123.0,
124.6, 127.4, 128.2, 128.6, 128.8, 129.9, 132.5, 132.9, 138.4, 139.6, 1419, 146.7, 156.4, 1709 (2C);
(+)-ESI-HRMS. Calcd for Co4sH,sNO," 390.1700 (M+H") found 390.1707.

Compound 25h: White solid; Mp 145-148 °C; '"H NMR (400 MHz, CDCl3) § 2.50 (s, 3H), 3.56 (s, 2H), 3.64 (s,
2H), 3.68 (s, 6H), 3.85 (s, 3H), 7.01 (dd, J = 0.8 Hz, 8.4 Hz, 1H), 7.10 (ddd, J = 0.8 Hz, 7.6 Hz, 8.0 Hz, 1H), 7.39
(ddd, J= 1.6 Hz, 7.6 Hz, 8.4 Hz, 1H), 7.51 (d, J= 8.8 Hz, 1H), 7.69 (s, 1H), 7.81 (dd, J = 1.6 Hz, 8.0 Hz, 1H), 7.92
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(d, J = 8.8 Hz, 1H); °C NMR (100 MHz, CDCl;) & 19.4, 32.8, 35.4, 53.0 (2C), 53.9, 55.7, 111.4, 121.2, 121.6,
122.8, 127.4, 128.7, 129.7, 130.1, 131.5, 132.3, 132.5, 140.2, 146.7, 155.8, 157.7, 171.0 (2C); IR (ATR) v 1734,
1600, 1493, 1436, 1239, 1055, 1024 cm’; (+)-ESI-HRMS. Caled for CpgH,NOs™ 406.1649 (M+H') found
406.1653.

OMe
CO,Me
CO,Me
N |
25i
Ph

Compound 25i: White solid; Mp 130 °C; IR (ATR) v 1733, 1557, 1494, 1442, 1255, 1101, 1057 cm™; 'H NMR
(400 MHz, CDCl;) 8 3.61 (s, 2H), 3.63 (s, 2H), 3.68 (s, 6H), 4.00 (s, 3H), 7.43-7.53 (m, 4H), 7.65 (s, 1H), 8.03 (d,
J=9.2Hz, 1H), 8.10-8.12 (m, 2H); C NMR (100 MHz, CDCl3) & 29.4, 35.4, 53.0 (2C), 53.4, 56.4, 116.5, 116.5,
117.5, 123.7, 127.3 (2C), 128.7 (2C), 128.9, 129.0, 139.8, 141.5, 143.1, 153.2, 155.2, 171.0 (2C); (+)-ESI-HRMS.
Calcd for Cp3sH»oNOs™ 392.1492 (M+H") found 392.1480.

CO2Me
COzMe
N |
25
Ph

Compound 25j: White solid; Mp 126 °C; IR (ATR) v 1737, 1561, 1443, 1370, 1255, 1065 cm'l; 'H NMR (400
MHz, CDCl;) 6 3.66 (s, 2H), 3.66 (s, 2H), 3.70 (s, 6H), 7.44-7.56 (m, 4H), 7.72 (s, 1H), 7.99-8.03 (m, 1H), 8.11—
8.13 (m, 2H); °C NMR (100 MHz, CDCls) & 28.4 (d, J = 2.8 Hz), 35.2, 53.2 (2C), 115.5 (d, J = 18.2 Hz), 117.9,
119.7 (d, J = 25.7 Hz), 123.6 (d, J = 7.6 Hz), 127.4 (2C), 128.8 (2C), 129.3, 129.7 (d, J = 8.6 Hz), 139.4, 142.1,
143.5 (d, J = 265.0 Hz), 153.3, 156.6, 157.8, 170.5 (2C); (+)-ESI-HRMS. Calcd for C,,H;sFNO," 380.1293
(M+H") found 380.1305.

Compound 25k: White solid; Mp 152 °C; IR (ATR) v 1605, 1451, 1383, 1342, 1319, 1165, 1115 cm™; 'H NMR
(400 MHz, CDCL3) & 2.26 (s, 3H), 2.43 (s, 3H), 4.67 (s, 2H), 4.70 (s, 2H), 7.03 (d, J = 8.0 Hz, 2H), 7.46-7.56 (m,
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7H), 7.86 (d, J= 8.8 Hz, 1H), 8.07 (d, J = 8.0 Hz, 2H); *C NMR (100 MHz, CDCL;) & 18.6, 21.3, 46.5, 48.0, 115.0,
121.5, 126.4, 127.4 (2C), 127.4 (2C), 127.8, 128.9 (2C), 129.2 (2C), 129.4, 131.0, 132.7, 133.5, 139.0, 139.4, 143.8,
146.3, 156.3; (+)-ESI-HRMS. Caled for CsH3N,0,S ™ 415.1475 (M+Na') found 415.1465.
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3-2. General Procedures for the Synthesis of Substrates and Product Characterizations

n-Buli 2N HCI OMe
o o/ THF,-78°C _ in MeOH /\
then = Ph
Shaly- -
S1-49 benzaldehyde SI.50

Compound SI-50: To a stirred solution of tetrahydro-2-(2-propynyloxy)-2H-pyran (SI-49: 1.40 g, 10.0 mmol) in
THF (50 mL) at —78 °C was added n-BuLi (6.5 mL, 1.56 M solution in hexane, 10.0 mmol) dropwise, and the
reaction mixture was stirred at the same temperature. After 30 min, benzaldehyde (1.0 mL, 10.0 mmol) was added
to the reaction. After being stirred for 2 h at —78 °C, the reaction was quenched with sat. aq. NH4Cl, and diluted
with AcOEt. The mixture was washed with brine, dried over Na,SOy,, and then concentrated under reduced pressure.
The obtained mixture was passed through a short pad of silica to remove less polar compounds (eluting with
hexane/AcOEt = 1/1), affording the corresponding propargyl alcohol derivative as an almost pure compound.

The propargyl alcohol was dissolved in 2N HCI/MeOH (12mL, 24.0 mmol) and the resulting mixture was stirred
for 16 h at 40 °C. After concentration in vacuo, the obtained residue was purified by flash column chromatography
(hexane/AcOEt = 5/1) to give SI-50 (756 mg, 43% yield over 2 steps) as yellow oil. IR (ATR) v 3398, 1452, 1280,
1187, 1119, 1070, 1016 cm™; '"H NMR (CDCls): & 3.42 (s, 3H), 4.36 (d, J = 2.0 Hz, 2H), 5.11 (t, J = 2.0 Hz, 1H),
7.31-7.40 (m, 3H), 7.47-7.50 (m, 2H); “C NMR (CDCls): 8 51.1, 56.0, 127.3 (2C), 127.5, 128.5 (2C), 138.1;
(-)-ESI-HRMS. Calcd for Cy1H;,0,” 175.0765 ([M—-H]") found 175.0778.

Me

COzMe

OMe

o CBry, PPh; 16, NaH
Ho. FZ CH,Cly, it THF, it

S1-50

OMe
Compound 24a: To a stirred solution of SI-50 (257 mg, 1.46 mmol) and PPh; (766 mg, 2.92 mmol) in CH,Cl, (4.7
mL) at 0 °C was added carbon tetrabromide (968 mg, 2.92 mmol), and the resulting mixture was kept stirring for 3
h at room temperature. After concentration in vacuo, the obtained mixture was passed through a short pad of silica
to remove triphenylphosphine oxide (eluting with hexane/AcOEt = 1/1). The obtained residue was purified by flash
column chromatography (Si0,, hexane/AcOEt = 100/1) to give the corresponding propargyl bromide derivative.

To a stirred solution of 16 (120 mg, 0.34 mmol) in THF (1.7 mL) at 0 °C was added NaH (20 mg, 0.51 mmol),
and the reaction mixture was stirred at the same temperature. After 15 min, propargyl bromide (122 mg, 0.51
mmol) was added to the reaction. After being stirred for 4 h at room temperature, the reaction was quenched with
sat. aq. NH4Cl, and diluted with AcOEt. The resulting mixture was washed with brine, dried over Na,SO,, and then
concentrated under reduced pressure. The obtained residue was purified by flash column chromatography (SiO,,
hexane/AcOEt = 7/1) to give 24a (144 mg, 83% yield) as colorless oil. IR (ATR) v 1724, 1524, 1283, 1231, 1157,
1065 cm™; "H NMR (400 MHz, CDCl3) & 1.50 (s, 9H), 2.21 (s, 3H), 2.81 (d, J = 1.2 Hz, 2H), 3.41 (s, 3H), 3.43 (s,
2H), 3.73 (s, 6H), 5.10 (t, J= 1.2 Hz, 1H), 6.29 (s, 1H), 7.01 (d, J = 8.8 Hz, 1H), 7.07 (s, 1H), 7.15 (dd, J= 5.6 Hz,
8.4 Hz, 1H), 7.32-7.40 (m, 3H), 7.48-7.51 (m, 2H); °C NMR (100 MHz, CDCl3) & 19.0, 23.0, 28.3 (3C), 34.2,
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52.8 (2C), 55.8, 58.4, 73.0, 80.2, 81.6, 83.6, 117.4, 120.2, 127.3 (2C), 128.4, 128.4 (2C), 131.1, 131.9, 134.3, 136.1,
138.7, 152.6, 170.5 (2C); (+)-ESI-HRMS. Calcd for C0H3sNNaO;" 532.2306 (M+Na') found 546.2318.

Other substrates were also prepared according to the experimental procedures described above.

24b O\
Compound 24b: Amorphous; IR (ATR) v 1724, 1522, 1283, 1231, 1156, 1045 cm™; 'H NMR (400 MHz, CDCl5) &
1.50 (s, 9H), 2.21 (s, 3H), 2.35 (s, 3H), 2.81 (d, J = 1.2 Hz, 2H), 3.40 (s, 3H), 3.42 (s, 2H), 3.72 (s, 6H), 5.06 (t, J =
1.2 Hz, 1H), 6.30 (s, 1H), 7.02 (d, J = 8.0 Hz, 1H), 7.07 (s, 1H), 7.15-7.19 (m, 3H), 7.37 (d, J = 7.6 Hz, 2H); °C
NMR (100 MHz, CDCl3) & 19.0, 21.2, 23.1, 28.3 (3C), 34.2, 52.8 (2C), 55.6, 58.4, 72.9, 80.2, 81.7, 83.4, 117.4,
120.2, 127.3 (2C), 129.1 (2C), 131.1, 132.0, 134.4, 135.7, 136.1, 138.1, 152.6, 170.5 (2C); (+)-ESI-HRMS. Calcd
for C30H3,NNaO;" 546.2462 (M+Na") found 546.2449.

Me

OMe

24c OMe
Compound 24¢: Pale yellow oil; IR (ATR) v 1726, 1510, 1366, 1284, 1243, 1157, 1031 cm'l; 'H NMR (400 MHz,
CDCl;) 6 1.49 (s, 9H), 2.22 (s, 3H), 2.82 (d, J = 2.0 Hz, 2H), 3.39 (s, 3H), 3.42 (s, 2H), 3.73 (s, 3H), 3.74 (s, 3H),
3.80 (s, 3H), 5.05 (t, J=2.0 Hz, 1H), 6.38 (s, 1H), 6.88—6.92 (m, 2H), 7.02 (d, J = 8.0 Hz, 1H), 7.12-7.15 (m, 2H),
7.40-7.43 (m, 2H); °C NMR (100 MHz, CDCl5) & 19.0, 23.0, 28.3 (3C), 34.2, 52.8 (2C), 55.3, 55.5, 58.4, 72.6,
80.2, 81.7, 83.3, 113.7 (2C), 117.3, 120.2, 128.8 (2C), 130.8, 131.0, 131.9, 134.3, 136.1, 152.6, 159.6, 170.5 (2C);
(+)-ESI-HRMS. Calcd for C30H37NNaOyg 562.2411 (M+Na+) found 562.2409.

24d  OMe
Compound 24d: White solid; Mp 105-106 °C; IR (ATR) v 1724, 1521, 1284, 1231, 1158, 1089 cm™; '"H NMR
(400 MHz, CDCls) § 1.50 (s, 9H), 2.21 (s, 3H), 2.82 (d, J = 1.6 Hz, 2H), 3.41 (s, 2H), 3.42 (s, 3H), 3.73 (s, 6H),
5.07 (t, J= 1.6 Hz, 1H), 6.32 (s, 1H), 7.03-7.14 (m, 3H), 7.34-7.36 (m, 2H), 7.42-7.44 (m, 2H); '°C NMR (100
MHz, CDCl;) § 19.0, 23.0, 28.3 (3C), 34.2, 52.8 (2C), 55.8, 58.4, 72.3, 80.3, 81.0, 84.0, 117.4, 120.2, 128.6 (2C),
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128.7 (2C), 131.1, 131.9, 1342, 1343, 136.1, 1372, 152.5, 1704 (2C); (+)-ESI-HRMS. Calcd for
C,oH3,CINNaO;" 566.1916 (M+Na") found 566.1917.

24e OMe
Compound 24e: Pale yellow oil; IR (ATR) v 1732, 1520, 1286, 1228, 1158, 1069 cm'l; 'H NMR (400 MHz,
CDCl;) 6 1.49 (s, 9H), 2.21 (s, 3H), 2.82 (d, J = 2.0 Hz, 2H), 3.41 (s, 2H), 3.42 (s, 3H), 3.73 (s, 3H), 3.73 (s, 3H),
5.06 (t, J = 2.0 Hz, 1H), 6.42 (s, 1H), 7.01-7.10 (m, 2H), 7.17 (s, 1H), 7.36-7.38 (m, 2H), 7.48-7.52 (m, 2H); "°C
NMR (100 MHz, CDCl;) 6 18.9, 23.0, 28.3 (3C), 34.2, 52.8 (2C), 55.7, 58.3, 72.2, 80.1, 80.9, 84.0, 117.4, 120.1,
122.3, 128.9 (2C), 131.0, 131.5 (2C), 131.8, 134.2, 136.1, 137.7, 152.5, 170.4 (2C); (+)-ESI-HRMS. Calcd for
C,oH3,BrNNaO;" 610.1411 (M+Na") found 610.1386.

OMe

Compound 24f: Pale yellow oil; IR (ATR) v 1724, 1591, 1523, 1435, 1283, 1231, 1156, 1044 cm'l; "H NMR (400
MHz, CDCl;) 6 1.49 (s, 9H), 2.21 (s, 3H), 2.81 (d, J= 1.6 Hz, 2H), 3.42 (s, 2H), 3.42 (s, 3H), 3.73 (s, 3H), 3.73 (s,
3H), 3.83 (s, 3H), 5.07 (t, J= 1.6 Hz, 1H), 6.42 (s, 1H), 6.84-6.88 (m, 1H), 7.01-7.16 (m, 4H), 7.28-7.31 (m, 1H);
C NMR (100 MHz, CDCl;) 6 18.9, 22.9, 28.3 (2C), 34.2, 52.8 (2C), 55.2, 55.7, 58.4, 72.9, 80.1, 81.4, 83.5, 112.5,
114.1, 117.4, 119.6, 120.2, 129.4, 131.0, 131.9, 134.3, 136.1, 140.1, 152.6, 159.7, 170.4 (2C); (+)-ESI-HRMS.
Calcd for C3oH3;NNaOg' 562.2411 (M+Na") found 562.2402.

Compound 24g: Colorless oil; IR (ATR) v 1725, 1523, 1284, 1231, 1156, 1119, 1045 cm™; '"H NMR (400 MHz,
CDCl3) & 1.49 (s, 9H), 2.22 (s, 3H), 2.37 (s, 3H), 2.81 (d, J = 2.0 Hz, 2H), 3.42 (s, 2H), 3.42 (s, 3H), 3.73 (s, 3H),
3.73 (s, 3H), 5.06 (t, J= 2.0 Hz, 1H), 6.35 (s, 1H), 7.02 (d, ] = 8.0 Hz, 1H), 7.09-7.16 (m, 3H), 7.23-7.31 (m, 3H);
C NMR (100 MHz, CDCl;) 6 18.9, 21.3,22.9, 28.2 (3C), 34.1, 52.7 (2C), 55.7, 58.3, 73.0, 80.1, 81.6, 83.4, 117.3,
120.1, 124.3, 127.9, 128.2, 129.0, 131.0, 131.8, 134.2, 136.1, 138.0, 138.5, 152.5, 170.4 (2C); (+)-ESI-HRMS.
Calced for C30H3;NNaO;" 546.2462 (M+Na") found 546.2470.
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24h  OMe OMe
Compound 24h: White solid; Mp 109—110 °C; IR (ATR) v 1733, 1519, 1492, 1437, 1286, 1246, 1159, 1065 cm’';
'"H NMR (400 MHz, CDCl5) & 1.50 (s, 9H), 2.20 (s, 3H), 2.78 (d, J = 2.0 Hz, 2H), 3.40 (s, 2H), 3.4 (s, 3H), 3.71 (s,
3H), 3.73 (s, 3H), 3.85 (s, 3H), 5.48 (t, J = 2.0 Hz, 1H), 6.35 (s, 1H), 6.89 (d, J = 8.0 Hz, 1H), 6.98-7.02 (m, 3H),
7.18-7.32 (m, 2H), 7.59-7.62 (m, 1H); >C NMR (100 MHz, CDCl;) 5 18.8, 22.9, 28.3(3C), 34.1, 52.7, 52.7, 55.6,
56.0, 58.3, 66.9, 80.1, 82.0, 82.2, 110.6, 117.3, 120.2, 120.5, 127.0, 128.2, 129.6, 131.0, 131.8, 134.3, 136.0, 152.6,
156.4, 170.4, 170.5; (+)-ESI-HRMS. Calcd for C30H3;NNaOg~ 562.2411 (M+Na") found 562.2435.

OMe

Compound 24i: Amorphous; IR (ATR) v 1719, 1507, 1211, 1157, 1126, 1065, 1026 cm'l; 'H NMR (400 MHz,
CDCl3) & 1.51 (s, 9H), 2.73 (d, J = 2.0 Hz, 2H), 3.40 (s, 2H), 3.44 (s, 3H), 3.67 (s, 3H), 3.72 (s, 3H), 3.73 (s, 3H),
5.11 (t, J = 2.0 Hz, 1H), 6.15 (s, 1H), 6.72 (d, J = 8.8 Hz, 1H), 6.94 (d, J = 2.4 Hz, 1H), 7.31-7.42 (m, 4H), 7.52—
7.54 (m, 2H); >C NMR (100 MHz, CDCl3) & 23.2, 28.3 (3C), 32.3, 52.6, 52.6, 55.5, 55.8, 57.5, 73.0, 80.0, 81.1,
83.8, 110.6, 119.0, 123.0, 124.2, 127.3 (2C), 128.3, 128.5 (2C), 131.1, 139.0, 152.9, 154.0, 170.5, 170.5;
(+)-ESI-HRMS. Calcd for CooH3sNNaOg'™ 548.2255 (M+Na") found 548.2228.

Compound 24j: Amorphous; IR (ATR) v 1725, 1528, 1504, 1295, 1203, 1154, 1113, 1047 cm™; "H NMR (400
MHz, CDCls) § 1.51 (s, 9H), 2.77 (d, J = 2.0 Hz, 2H), 3.40 (s, 2H), 3.4 (s, 3H), 3.74 (s, 6H), 5.12 (t, J = 2.0 Hz,
1H), 6.26 (s, 1H), 6.90 (dd, J= 8.8 Hz, 8.8 Hz, 1H), 7.01-7.04 (m, 1H), 7.32-7.42 (m, 4H), 7.51-7.53 (m, 2H); *C
NMR (100 MHz, CDCls) § 23.0, 28.3 (3C), 31.6, 52.9, 52.9, 55.8, 57.4, 73.0, 80.5, 81.7, 83.1, 115.5 (d, J = 23.8
Hz), 119.2, 122.3, 122.6 (d, J = 17.1 Hz), 127.3 (2C), 128.4, 128.5 (2C), 134.3, 138.9, 152.6, 157.3 (d, J = 241.2
Hz), 170.1, 170.1; (+)-ESI-HRMS. Calcd for CosH3,FNNaO;™ 536.2055 (M+Na") found 536.2027.
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NTs
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24k OMe

Compound 24k: Yellow oil; IR (ATR) v 1722, 1520, 1347, 1231, 1156, 1091 cm™; "H NMR (400 MHz, CDCl3) &
1.50 (s, 9H), 2.28 (s, 3H), 2.38 (s, 3H), 3.23 (s, 3H), 3.96 (d, J = 18.4 Hz, 1H), 4.04 (d, J = 18.4 Hz, 1H), 4.24 (d, J
= 17.6 Hz, 1H), 4.31 (d, J = 17.6 Hz, 1H), 4.78 (s, 1H), 6.30 (s, 1H), 6.92 (d, J = 2.4 Hz, 1H), 7.07 (d, J = 8.0 Hz,
1H), 7.22-7.40 (m, 8H), 7.78 (d, J = 8.4 Hz, 2H); *C NMR (100 MHz, CDCl3) § 18.3, 21.5, 28.3 (3C), 35.9, 48.4,
55.9, 72.8, 80.3, 80.3, 84.1, 118.4, 120.1, 127.1 (2C), 127.9 (2C), 128.5 (2C), 128.5, 129.6 (2C), 131.3, 132.3,
132.6, 135.4, 1363, 138.3, 143.6, 152.7; (+)-ESI-HRMS. Calcd for CsH;N,NaOsS™ 571.2237 (M+Na") found

571.2173.
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