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AIBN

Ac

Am

Ar
BINAP
BBEDA
Bn

Bu

cod

COX

Cp

Cp*

CSA

Cy
DABCO
DavePhos
DCE

dba

DMF
DART

EI

eq.

Et
Grubbs 1st
Grubbs 2nd
FAB

FVP

Hoveyda-Grubbs 1st
Hoveyda-Grubbs 2nd

i

2,2'-azodiisobutyronitrile

Tl
juis)

acetyl

amyl

aryl
2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
bisbenzylidene ethylene diamine
benzyl

butyl

1,5-cyclooctadienyl
cyclooxygenase
n°-cyclopentadienyl
n°-pentamethylcyclopentadienyl
camphorsulfonic acid
cyclohexyl
1,4-diazabicyclo[2.2.2]octane
2-dicyclohexylphosphino-2'-(N,N-dimethylamino)biphenyl
1,2-dichloroethane
dibenzylideneacetone

N, N-dimethylformamide

direct analysis in real time
electron ionization

equivalent

ethyl

Grubbs catalyst 1st generation
Grubbs catalyst 2nd generation
fast atom bombardmeny

flash vacuum pyrolysis

Hoveyda-Grubbs catalyst 1st generation
Hoveyda-Grubbs catalyst 2nd generation



HRMS
MALDI

Mes
m.p.
MS 3A
MS 4A
NHC
NMR
Piv

Ph

Pr
quant.
rt
Ru-H
Tf
THF
THP
TIPS
TLC
TMS
TOF
TPPTS

Ts
XPhos

high-resolution mass spectrometer

matrix assisted laser desorption ionization
methyl

mesityl

melting point

molecular sieves 3A
molecular sieves 4A
N-heterocyclic carbene
nuclear magnetic resonance
pivaloyl

phenyl

propyl

quantitative

room temperature
ruthenium hydride
trifluoromethanesulfonyl
tetrahydrofuran
2-tetrahydropyranyl
triisopropylsilyl

thin layer chromatography
trimethylsilyl

time of flight
triphenylphosphine-3,3’,3"-trisulfonic acid trisodium salt
p-toluenesulfonyl

2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl
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RIS - BIE L W o T REME Sy T A2 B D 72D, T2 REBICRE LA T 2 REN H
Do T LT, REROGHMIETIZ, NS0+ DOERKZTERT D IKE-LRFEE G DI K
HHEIEL INTWD L, TFE, BERSEHEAEZ VWAL EERORRICEY | RERLOZ
HRG A ZHR O & IR R R A TS EZRICHI 5 2 L3RRS > TE TR Y %
BEICBWT S, S HRDFHEAD USRI IIAT R b T D,

BALSMEALPOE 3 &13, 2 DU EoRfams &z A9 5880, EBeRMEFET. o
FNRFE-RFEM AT Z O BRILIC LY | MERMEAR L RIS TH 5, BRABRMLEOS
(ZIIRA 2ERADH Y | BROKRE &, BEIRAR EBRRR DMK EREEMEHE XD, S
SIC, BRALICHEWERENBEA SN D RIS, BRBEHENICLH L5, TN b DOMAEDYE
(2 &0 BB B & 5 2 5 BALERMLEOS T, 0 F 2 B AT D BICA e 6 Ak
TR E 525,

SFRICEZEES L ZHEEAEZE enyne (=) {LEWIT. B L AL SICEH S
%o T=VEALEMCRORORBRILEMSITIE, (1) &8t FD FMERZHW e B
2 A ZNAL-TIVR A ZNARIZ K Db 0 3 de (2) n-Lewis FEAREEIC I 0 {EMA L i = A
BICHMEG BRI Db o hedeh 3y DANVEEERE W= A SR
FOS 34638 % (Scheme 1), Z 4L 5 DO USIE, RNEIFGHE A R £ DR FE-RBAESTERL E VN D |
Z OO TTiETIENE R BRLEOS &2 ATREIC LB L e = = ML EM b 2L e & 5
2 Do

(1) Metal-hydride-catalyzed enyne cycloisomerization

= [MIH

~—H
L C ]
= etc.

M = Ni, Ru, Rh, Pd, Ir
(2) m-Lewis-acid-catalyzed enyne cycloisomerization

Q\: EA], CA//[M] N CA/ Q> Q_\\
etc.

M = Fe, Ga, Ru, Pd, Ag, In, Ir, Pt, Au, Hg
(3) Metal-carbene-catalyzed enyne cycloisomerization

QQ [_MF/,R =
\ \G . /_R —>Q—\\ g

M = Mo, Ru, W [M]

Scheme 1. = = > B FM:AL St D5l
1



FBRICEMEEOL TIE, BRIIEEMIZ S HICERENEAINIGE L H D, RFEH L
LT OF(EEMHEICENE FrF U ENEAIR D Fe U BRLEIS 4 OISR T
HDHAZTHA TGS LI K DEATINIS S, @BLEMLIZHEVWE Fr )
IACSEIT T D BUG 67238 % (Scheme 2),

@ Hydroxycyclization

<:j$ ) C:ij Hz0 :;¢>
—_— e
\ %
OH OH

)
OH,
M = Ru, Pd, Pt, Au, Hg
@ Cycloaddition following cycloisomerization

R
& 2|Qy, |7
= R
\ [wwyﬁ R

77
R R
M = Ru, Rh, Pd, Ir

® Hydrosilylation following cycloisimerization

—
—~ H-[M]-SiR;3 —
Q —_— Qi‘l‘\SiRg, — C%_\Siﬂa
\ [M]-H

H
M = Co, Ni, Rh, Pd, Pt

Scheme 2. = = B FLMAL S ts D i FH Bt D 451

Flo~T ol CTEREELENT-A V7 0 b BALEMALEOGICEH &5 > 7 (Scheme
), B LS —EHEAL LTI T I AT v a— =) — =T )L T U LT I
TFIR, TIATTy BT U lRN, BB bEInN=E#EE LI I AT
NFRREPFLN TS, LML, KimTHRIET 2 X 912, B ERMEOSICEH S T
WD HAES L SEEG L OMAGDEIIRERENTH DL Z b ~T v CHAEH
fban /e “ERE OBRILEMECOSIIRTEHRBE LIZHDH EF XD,

R
/-:—R =z — iy
X — s =~R
~—A T
XN X
X = NTs, O, Si R = H, Ar, CO,Me, etc.

Scheme 3. ~7 B il CEBEM L I N7 ~EHES OB EMAL G
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UEDOBE R T, FEET~T i CHRE L SN ZHEESG O~ = BRILEME LS
2 ORWE LT,

1 SHIL, ERFFTERMMELSNE ZHEETHLHT T I N A AR TEREMAELS
NI ZEHMETHDLT I NTINF L OMBE DI L DPORICEEC)STH D 3
(Scheme 4) (5 — ),

R SiR A

=" (10 mol%)
o <~ OTMS

Z N/\r"v (1eq) -
,g Cycloisomerization/ /g |
H™ ~O aromatization H” 0
up to 92%
R = Me, Ph, Bn = Further chemical

. transformations
R =H, Me, COOMe, OMe, Cl are available

Scheme 4. =) I KLU AT T EDBRICEMCRINC L A ERA > R—1LEHK

1 DHDOKIETIX, VT =0 AT 2 v, 5 BRIEGM TH D 2,3- A > F—b
DG H A2 (Scheme 4) (55—, 5/ _Hi, & =H) , £7=, BHELET TO NMR FEERIZ LD |
AP DOIEVEFRITE A% Grubbs il R A F L E= A AF T T U EDRINTED
BTNV T=0 Lt KU RTHDHZ ENREBINZ (Figure 1) (35 MU H),

ELRS SR THWA LT =7 A AR UBEHEDOREER

[\ [\ PC
Mes—N_ N-Mes Mes—N_ N-Mes PCy cl hYs
3
"N\ ci. ] Cls e cr T
CI” > pp clr T ClI” L~ “ph ©
PCys o PCy; \|/

Grubbs 2nd Hoveyda-Grubbs 2nd  Grubbs 1st Hoveyda-Grubbs 1st
(A) (B) (C) (D)



Figure 1. %5 _{HAX Grubbs fitflt, NHC Bdfii 2 H 95/ 7 =v Lt FU FOREEN

Mes=N_ N-Mes Mes—N_ N-Mes
Cl< cl
iRy _ﬂ/ Ph co-RuH
A E

B BN A Y R UKD 2L E =V EE KON 3NL R U ATV U VDAL FE B D
WTTHET L72 (Scheme 5) (55 F.50),

K,0sO

TMS 2 4
NalO, T ™S
2,6-lutidine

I = T

71% H’goo

1) PACHO 1) 1M NaOH agq.
nBuy,NF 2) Cy,BH
2) NaOH 3) H,0,, NaOH

81%
(2 steps, one-pot)

Ph

N

H |

SiMe,Ph  KBr
I NaOAc
N AcOOH N
A — >
H 0 A

47% H Yo

83% (3 steps)

Scheme 5. 2,3- _&#i1 o K—/LDfL2RZ Hh

FL 20T AR THERBELSNEZEFEGTHLT I LT T 2T F & OfAR
AOEICEDZHUDOE FuxUBILEGTH S (Scheme 6) (55 7)), ARG CIEE L~
VLEURELNT B B8 . B R BRI EAWERU Y UL E VDA
BIEA E TR 2, o, REREARTZ VU Aafilit b 35 2= 20wt B
MESISTHY, ST, B ReXx BRI X200 LERAGMSAITLH 5,



Z Pd(dba), (1 mol%)
S AcOH, MS 3A N
l/ Z he'(ane95°C> o l/
/ 5T \F ptane, / Si
R /\ R / \
Substituted Cycloisomerization
R = 4-OMe, 5-OMe, 3-F, 4-F, 1H-benzo[b]silepine y compound

5-F, 4-Me, 5-Me up to 88%

= Cycloisomerization compound is minor product

First example of
= Seven-membered ring construction from enyne catalyzed by Pd

= Hydroxycyclization to give seven-membered ring

Scheme 6. 7V /LT 7% Db Fax bl L AEBR Y L E AR

RHE I ZNOHTEOFEMZ R,



A
FB—E TFIFRELVIATAFUEORICEMBERIGIZE D 2,3- 2B AV F—1&
R DBE%E 8

ZiEHA v F— L OREWZRHLDIZIE, AV RAZ IR T IFTRAFUN KT T~
DUV RRERHY . FE, COX FAEIZLDMRIEEM., F=2—7V vV EAMHEICE
5 AMBEEGENE], e T A AR AT 7 X —BAER EOAYIEYEE T (Figure 2) . Uik,
ZEHA R — )V OFHLE IE OB ITAROBAEN DBO TEETH D ¥,

Figure 2. {UEHILZEHA » F—/L OGN

_ H
Fb%\ OCOCF,4 \N
7==NH
At Br
HNY N
\
N O
I H

N
OH

indomethacin vinblastine dragmacidin D

FUE, BRI NTEA L 7 4 R U BE RSO SN A Lot
AT RBRERISHINTWS, B b S —HEEAL L TUIT I AT v a—, =/
— =T TUALTIV, =FIK, TIATT, BT ENEYT 505,
INFETOZ=VBRIEEMESICHO SN TV D EREME I —EEA XTI AT v
=)L TUINLTIUVREEAETHoTe, ZHUHIFBRICZH OB RE SN TEY , #i
Toiiin 37T b L AT D, KX T, Bk —EiEGL LT/ — >z —F
., =FIR, BTy TIUIAVT UL BB baSnNE=FE/ETHL I ATV
¥ D= VERACEMACRIS DB Z T 5,

T ) =)V —T O = CBRACEMEACSOSIZLLT O 3 Hi23EE S LTV 5 4 (Scheme 7),
02 FICHE BIX, BT AMEEZ T ) — V=T LT AT D= UBR{LR
MALEOSIC L B 7 T VEBERARREZ A L Cvd Y E7-[64E, Firstner & X2 AT
T )= NZ—T TR D= VERGEMALEINZ L DA VR AE LS
LTV M, 2016 4EIZ Lin HI13/V7 =0 MMl A FIVW 72 BRABZ M RISAE 5 771 = % 28Rk
Bz HE LT D e,



Tanaka (2012)

[Rh(cod),]BF,
nBu BINAP
=

—»
O CICqHs
A 90 °C
0™ 88%
Furstner (2012)
Ph
Ph Ph
Ph [Au) o
g \ —> O [Au= o _P-N
N MeOH / e 07| \—
— quant. Phph | PR
Alu
Lin (2016) o]

// [CpRu(PPh3),]CI —
L Me
O/ﬁ CHQCIZ O

MeOH OMe

Scheme 7. =/ —/)L=—7 L& o= = VBV B EOUG
TSI RO =V BRI RISIC L D B EFL6 BER TH D B Y ¥ U ARkiEIE. 2006
HFIZ Lee BIZ XV v o0 Al A2 FHUNTR¥E 4172 15 (Scheme 8), — 5, B =137 % H
WIZBRAL BSOS DOFNE WS, TV vy T v % fnic == U Bb BEAL ST 2017 4
WICAELIZL > THRIESINTWD 16,
Lee (2008)  [RN(C,H,),Cll,
TS*N/\\\ P(4-F-CgHy)y 1S+

"
—_—
é DABCO, DMF N

83%

Arisawa (2017)
P z
- A AN
Si™\Z benzene Si
/7 '\ 96% /7 '\

Scheme 8. =7 I FE/IET7T VAT T o2 AW = BB RO



BRELSNEZT VS v EFRRELENT-A LT 4 v TOxT = VBB R LS IZIE LA
TOX 7261238 % 7 (Scheme 9), 1995 4, Wender HiXT U AT L F b rmrm /L
KefH+27 V=T v r7n7aVROREE L BICRMERISZ #HE LT
W5 178, 2003 4, Gleason HIE=a L Ml ZH W UAT X LT U LT —T L ED
1,6-= = VBALFRMAL S A LTV 5 17, F 722004 45, Miiller 51337 V0 Al &
AT, Y IUATAX T U AT a—d 1,6-= =V BR{LREMELZHE L T b, Bk
BB T IAT ILa— L= AT b a—)L b, BEREZLIVDTLTE R
% e,

Wender (1995)

—
o =—qus

RhCI(PPh); O TMS
\ —_—
toluene
83%

Gleason (2003)

BnO Co(CO)g BnO
— (MeO)sP
O T/TMS ___5
\ toluene e
A\ reflux e
57%
Mdller (2004)
=~ TMS
HCOOH
\ —_—
CH.Cl,
OH 82% 6

Scheme 9. FHEFAL I NT=T L E BB LEINT-F L 7 4 o OBRILEMALE)EL

ZOLXOBRERT, FEEIL INETITHIfIO LW, B bah/c “EFGThHoH T
S REERELENEZFEEATHHVIAT I EOMAE LRI LAY =B
LEMACBOS OB 2 BHE 3 HIC LT,

TF I RIS IR I VOREEMETHY . RRIZIESAFIETDH 8, 4 I 00 )
OB 1890 B L7 P olTxt L, =7 I ROFHLA LT 2000 R0 6
FRL, ERERIERLORIEL S MESND LT o7220, FTE, =53 Fa
WEEB SRS X ABR(LL T b E IR TWA, BIZIE, BifE=F I K m s
vEDEEARHeck G2, = F I R-mVRAZ VARG R HIT NS, £lo, T
oot I FORMKINIZ L D~T B EBEEHE L HE I TV 5, Scheme 8 IZ/RL72 K

8



212, Lee 5132006 FlZxF I PO =V BACEMCEINIC L D, VU P EREHEL
B L TS 14,

F 72, 2010 4EIZ Glorius bl U U A2 W5, =F I RET VX EDOHID 51/
BACS A HE L . BEHES BERTHH e —/L{EEZ AR LT 22 (Scheme 10) , Z4F | Huestis

Glorius (2010)

[Cp*RhClyl,
NG AgSbFs NG Ph
j\ Ph Cu(OAd), /Z’_\S\
" —
INH % DCE, 120 °C N’ ~Ph

/&O Ph 72% PY
0

Huestis (2011)
[Cp*Rh(MeCN)],(SbFe),

J]\ nBu  Cu(OAc), * Ho0 Y\
MeO,C” “NH * Vi > MeO,C™ N
O,, cyclohexanone
0] 71% /&O

Ackermann (2013)
[(p-cymene)RuCl,]»

Ph  Cu(OAc), - H o
NH  + % ( 2 /\
/&O +-AmOH, 120 °c NC /’L
71% 0

NC
Wang (2013)

J\ [(p-cymene)RuCl,], Ph
Ph  Cu(OAc), * H,0 ,4/_\j\
MeO,C” “NH  + % (OAc) " e » MeO,C Ph

N
DCE, 100 °C
o Ph 89% /&o
Liu (2013)
[(p-cymene)RuCl,], Ph
JL o Cu(OAC); - Ho0 /ﬂ\
EO,CTNH  + g KPFq Et0,C— 7 ~Ph
A >
o  Ph DCE, 110 °C /J%
97%
Guan (2014)
CU(OAC) CO.Me
COzEt K,CO,, EtsN — 2
+ 7 >
O,, DCE,

82%

Scheme 10. =) 3 R&ET K & O FRBRILEIGIZ XL 5 e — /L&



5 Y FEERO UG &2 #S LT s 230 2013 421X, Ackermann, Wang, Liu 5D 27 /L— 773
FNEIVLVT = U LEERE O T3 FRBEBUGIC £ 2 B r— LAk 23623423 235 1T
W5, SHIT, 2014 121X, Guan [XFEEREH O 2 2 filllt & 92 43 FRIBRIEROSIC L D B r—
VAR B RE L T b,

2012 4E, Guan BT F =) 3 REDHFBBRILEIGIC L 200 ) ¥ A% #
5 L7z 2% (Scheme 11), F7- 2015 4F, Wang 53V 7 =0 AEERAfREEE L. [FAEEO SRS
LoV DVURGHKAIRE LTS 2,

Guan (2012)
CO,Me
CO,Et
NH y 2 Cul, glycine - C02Me
/g 7 > l -
O EtO,C 1,4-dioxane, 140 °C N
88%
Wang (2015)
[(p—cymene)RuCI2]2
Ph
KOAC, Na2C03 Cl A
NJJ\ / | _
H toluene, 100 °C N
96% £

Scheme 11. =) I R T A XL L O TFRBILEISIZE A E YU VA

F 72, 2002 4F, Javier HlE =z N0 MR E D Pauson-Khand SOUGZ L0, EEEHR R
MALEW E2 AR L TV D P (Scheme 12), RSO L, Bond A R—L1dD 247, 3
ALlZ> 7 a R ) VBRIZIBESND, o, EpIX 1 FIORTH D | LY DOIEH K
AN

Javier (2002)

/

z Cox(CO)g I 5
N ——

N’\\/' MS 4A N

Ac 40% Ac

Scheme 12. &) I K& 7 /L% D Pauson-Khand )i

FliETF I REHWIZA > R—/L&RkEIL EO Pauson-Khand SOt & F VY B 5 iEOAIC
LR D 4 BIAHE S Tnd
2013 4, Suh 53 = AK-Heck S & WA v R— /LA ilE#E LTV 5 2°(Scheme
13), ASUSIE3NEHA > F—= L ARICHE L TWAHR, =F I RO afiCEREEZHT 5
FE AW 2N EHA V F—= L OAERITRBT S TR0,
10



Suh (2013)

Pd(OAc), CO.Me
2
@ f o O
95°/ N
Ts

Scheme 13. HHEHETF I K& 7L O E AR-Heck S

Fo. BEGIZ2002 FIC ) I REFARA X BV RAICHWAS A > R— LAz #HE LT
% 22h(Scheme 14), £ LT =7 LA HANUEEE (A) GEHIEDBNAFL UL FHOT,
TSI RERAZBVAKIET D, AIETIE, 23D EEBRO A > R—ARN G605,

Arisawa (2002)

SOV e w

1 94% |
Ts

Scheme 14. 5 HHET T I ROPARA Z £ AL 54 > F—L G
2004 FEIZAELIT 1,6- = VB LEMALZ WA A VU R UERRZHRE LTV 5D 27, KK
JETIENHC B F2 AT 20T =7 5 R U REHAE2 83 fEMRE L 220 7 U LT 2

DEMAL & Fe< BRALFEMAL DS — 22 1ZH#I T 5, Scheme 14 &Rl —D = I N&HEWE &

L., A2 2 5 2 & TR DIBIUEDELND,
Arisawa (2004)

@F e haild @
E——
~NF N/\"“" N

1 81% 1
Ts Ts

Scheme 15. H&HEBETZ T I FD 1,6-F = U BLBEMALIZ L D A v R— /LB REEE

B2 T 5 T A (A) (TR YAFAT I AL AF XU T e DAL
7=Ob, B R RELICEY LT =0 A R Rt () ~E#INn5 Y,

Mes— NYN Mes ~_OTMS Mes— NYN Mes Mes— NYN Mes
Cl. Cl. > Cl.
o= >~ o= :OTMS ochu "
PCy; Ph | carbene exchange PCy; PCy3
Grubbs 2nd (A) Unstable intermediate in situ generation of Ru-H (E)

11



AEGETIEZF I REAT =0t R RRETE e 2 XL < AT Lo ~Dh L
RAZIAICE D BRILT 272D A N U U 2 OEHILIT = F VEIZIRE S 415 (Scheme
15),

2016 £RIZ Valdés HIIAN MIIZI UVREZA T HHEFHE LTI NE FILeE FIV &0
INT VT LEERACEONIC KD A U RV EREHBEL TWD B, {Fond A R D
2ALIFE A FAFEITBRE S, 72 3NMITHEFERICIRE 4D (Scheme 16),

Valdés (2016)  pp—
NNHTs
. [PdCIANyD), Ph
Cl = L
N LioBu N
Ts 72% Ts

Scheme 16. 0-F— R 7 == /L= F I K& hI bk RIVUVOBILICE A A v R—/LAEE

LSRIFEEDTE G E LTz, FHEE T I RE U AT AR L OBR(LEME LS TIX
TAFXF UM FI RV LETEETHAZ L, I RED L RICTAFUDRLT =
At RY RERISLTE R XX EDREITL S TAF BT I RO A /LAR R
B IACIZ E Y | e e BN CO RGP ETT 2 D Tidlenwin b ZEx 7=, 72, Z ORIk
BRATIE AV R VD27 DRFE L N ERDIRFETHRECEIELT D EEBEZ LN, A
VR—= A D2 =V 3L N ATFA VY NIRRT DA R—ABELNLDT
L7\ & 35 2 7= (Figure 3),

Figure 3. E# Oxet L7z 1,6-— = U BRAGEMALIIEL L 1R D 1,6-2 = VBRALBMAV IS

This work: 1,6-enyne cycloisomerization 74 SiR3
Si .
S|R3 RS R3Si N
1
[Ru] % Ts l
N [Ru] —> or
Ts Hydrometallatlon Carbometallation  Ts SiR3
to alkyne to enamide H |
N
t
Ts
Previous work: 1,6-diene cycloisomerization (Scheme 15 1) (Ru]
u
H
[RU]
e —_
/\’,\N /kr N N
' Hydrometallation Carbometallation 'Il's 'Il's
to enamide to alkene

12



F—H RIERMAO RIS SR

FTEFIL, B 1a P E2HNT, FHETT I RET VAT R & ORERE KR
IZOWTHRFT L7, il e LTk, NHCEUNZ F2 B9 507 =7 Ak RV REEE (11 H,
H2) IR L, £9°, S - IBEIZ DWW THET L7z (Table 1), = OfER, #B2% 100 C
BRED M 14-UFFY 2R E L THWEEAITIIARMIGTIE E A EHEIT L)
572 (entries 1,2) 23, ~A 7 Bl G 3EE 2 H W @R - IESMEZERA L, 1,4-O4 59

Table 1. H&EKET T I RET U AT T EOBREEMCEG

TMS A (10 mol%)

. T™S
>

N R solvent N |

. (0.0125 M) Ts

Ts temp., time

1a 2a

entry solvent temp. time yield (%)
(°O) (h) la 2a

12 toluene reflux 4.5 0
28 1,4-dioxane reflux 4.5 0
3 1,4-dioxane 160° 2 36 35
4 1,4-dioxane 200° 2 30 69
5 1,4-dioxane 230° 0.67 0 72

a) No reaction proceeded. b) Performed in a microwave reactor at 5-6 bar.

B I Fla TR D o-3 — R7 =V vnb 4 TRTHR LT,

=—TMS
(1.2eq.)
PdCly(PPhs), ™S ™S
| (2.5 mol%) Z  TsCl(2.0eq) Z
©: Cul (2.5 mol%) pyridine (3.0 eq.)
_——— —_—
NHz  THF-PrNH (1:1) NH; CH,Cl, o
0.1 M, 50 °C 0.1 M Ts
90% quant.
A 8.0 eq.
e 6G00) ™S RUHCI(CO)(PPhy) P
3/3
K»CO3 (2.0 eq.) Z (10 mol°%) z
> —_—
MeCN = toluene X
eC NN 0.1 M, 100 °C '}‘/\"N
0.5 M, reflux Ts . Ts
829% 86%

1a (E/Z = 111)



YRBER 160 CIZ CROGIEZ 2 BERBE L7 & 2 A, BIIDOA > F—/11K 2a 28 35%DILH
TH LN (entry 3), & 5HI2200°C B L N230 °C I TAMIGERGILIZE Z A, 230°C D
RIS A o R =LK 2a DILHRIT 72% 12\ L7 (entries 4, 5),

BN T, K VRO REM, TRbb, v A 7 mERIGEEE & ONT 230 °C LD
i A WL LT LUK T CEIT T D RUSSRF A BRFE LT (Table2), £3°. la % p-
XL U 3 REEINBGENR T 5 &L ST D BRAGEMAUIR 3a 2% 41% DI TH bz
(entry 1), e\ T, HFHEIRT X/ 3 EORFELDNBRIL OB O AR 72 5 ATREMEIC S B L,
ERF T EORERAE M VDD LD SRR EO/NS WAV I VEEE Ls N-RV I L
K 1b 25T 5 & 5T 2 BRAEBYEILIR 3b 28 92% DULR TE L L7 (entry 2), & 51T,
X0 E O 1,4-U A4V KON MV RO INBGETR 2 Fiet L7= (entries 3,4), L7»
L. SOSIREDIR T, OSEENEL 7o o 7272970y, 3b OIERILZEIZE I 66%, 78%
IR F L7z, F2, BRIC MY AFILE=ZLAXR T 0T BN 0EAT, 20%DIRT
3b N E ST (entry 5), 55 ST T Al (A) ZENMRICE VLT =7 A RY RiE
ERDEFENAONTED ¥, ZHNKNEHE & 2> TV D ATREHEDRE Z b d,

Table 2. F&EKET=FT I RETAF U OBRILEMALICE T D ER2RELDONR

TMS o
// A (10 mol%) T™S
OTMS
=/ Y,
N — NN

R solvent \
(0.0125 M) R
1 reflux, time 3
entry  substrate R solvent time yield (%)
(h) 1 3
1 la Ts p-Xylene 3 54 41
2 1b CHO p-xylene 0.5 92
3 1b CHO  1,4-dioxane 4.5 20 66
4 1b CHO toluene 4.5 78
52 1b CHO p-xylene 4.5 20

a) Without trimethyl(vinyloxy)silane

BE UURy FRIGOR%

TUNT 2 4b OEMEIZE 2 F 2 R 1b OAERIZBW T, @IS E Y b hZen
O EALZMEAGIR 3b D ENIAET 2R A FHITBIA L TWe, Eio, BRABEMERAR 3b 13RS HR
FTHEEFL, A2 F—=/K2b BEIET L2F G EZ TR L Cie, FEFIL, ZEFEED
b, 1,6-= = U BRILEMALG & 5 (L% one-pot TITHFHIZED, TUNLT I 4b %
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MREL AV R= UK 2D ~"EHTE LD TIERWNEEZEZXTZ NHC U T REHTHLT
=UALE R REEEROA LT 0 CORMALREZ G T2 202778 4b IZBWT A & MU AF )L
oA R T UMb LA T =T A KU REHAWT, p-F 2 L2 H1100°C T 1
RFRI SR 21T 9 & AV 7 ¢ v O BMACIE D 52857 D AN ARBES A K biv, 7 U LT
> 4b, =) 3 K 1b, BRALEMALIA 3D, A > F—12b DIREWE 5 272 (entry 1), & Z T,
F£ 9 RuHCI(CO)(PPh3)s IZ L » THA A2 R LRI, P AFAE= A FF 0T

> AR Grubbs R (A) ZNA . BRAGEMACEILSZAT O FAMmat Lz, TORR.
TUNT I 4b, E=F 2 R1b T L, 2b & 3b DIREWNSEHT- (entry 2), entry 2
DEOGHE T # . BUNRICERE D 7 7 — AV U g flit N 2 1 B2 95 F .
FEUDPNRLSHEIT L, A 2 F—/LK 2b 28 92% DI T H 17z (entry 3).

Table 3. UV 7R > b DBHZE

P TMS
@\/ ™S
I
CHO CHO

4b \ 2b
T™S

catalyst | = catalyst Il catalyst Il
~Z "TMS
—_— ©\_/C reflux, 1 h
xylene (0.0125 M) N reflux, 0.5 h N~ Z  Aromatization

100 °C, 1h
CHO CHO

Isomerization 4b  Cycloisomerization 3b
etnry catalyst | catalyst 11 catalyst III yield
3b 2b
1 A (10 mol%), - - mixture of 1b, 2b,
OTMS 3b, 4b

2 RuHCI(CO)(PPhs3)3 (10 mol%) A (10 mol%), - 62 13
X-0TMS

3 RuHCI(CO)(PPhs3)3 (10 mol%) A (10 mol%), (+) - CSA - 92
X 0TMS (20 mol%)

AT Ry EJGED 2 BeBE H OSSOV T IR L7- (Table 4), %5 4% Grubbs fif
B (A) % 5mol%IZI D LIZHE TH A R—/L{K 2b 1T 80% DUE TH L AL/ (entry 2),
£/, BEREL lppm U R/ 0 —T Ry 7 22 W5 & 5 4% Grubbs fil
B (A) OEZ 2mol% & LTH, A F— LK 2b 1L 83%DIE T LA/ (entry 3),
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EWNT, BARDNLT =0 DR 3 HIED %ﬁﬁb%ﬁfﬁftﬁf@kft}im 2T
Fat L 72, NHC BN 1% A9 % 5 /X Hoveyda-Grubbs filtilt (B) ZHW 723541213, A >

R— UK 2b 73 80% DU THF 54172 (entry 4), — 7 \NHC BN 1 & Ff 7= 7205 —ﬁiﬁ Grubbs
fitlit (C) <°. % —1{% Hoveyda-Grubbs filtiit (D) . & 5 \WEHikD NHC Bz 1 & Fi7= 72\
NT =k R REEKEZHWTZ5E1213A4 > K=K 2b DILRIIL T L72 (entries 5-8),
VL EOFER DS NHC BN+ % R84 Grubbs il (A) MOV A
Hoveyda-Grubbs fiftfi (B) 2SABRALEMAGICHZI TH D Z & D3 0h o7, ZHE, NHC Eifr
FRN6 BT Lol VT =0 AEREZEAT D 020, VT =0 LAFERII A RS ©
BETORWSFEE 20 | BBILRMCSIEPINET 58 - EZ 2 b5,

Table 4. U 278 > b i TOEAY BAEAL O ARk 5

_ TMS
(:( T™S
|
N/\/ l}l |
CHO

2b
TMS \/OTMS / - CSA

RuHCI(CO) PPh3 Z R equ,v 2 s (20 mol%)
(10 mol%) ©\_/C reflux, 1 h
xylene (0. 0125 M) reﬂux time Aromatization
100 °C, 1h
Isomerization CHO j jzati CHO
1b Cycloisomerization 3b
entry "Ru" time yield
(mol%) (h) 1b 2b
1 A (10) 05 92
2 A (5) 2 80
32 A(Q2) 12 83
4 B (10) 1 80
5 C (10) 3 61
6 D (10) 3 71
7° RuHCI(CO)(PPh;); (10) 3 44 18
8° RuH,(CO)(PPhs); (10) 3 42 16

a) Performed in a glove box. b) Without trimethyl(vinyloxy)silane.
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F I BRALRMAVK)G TIEEDO H DD 4@, PAd(OAc)(PPhs), 312,
Pd(OAc),-BBEDA-AcOH 7% 3'° [IrCl(cod)]z 32, PtCI-MeOH?? RIZOWT b ET L7223, %fii
THA L R—=E 2b B 3b (ZE LN -T2,

F=E BBMEDHR

UL ED it (Table 4, entry 1) Z HWT, —HfHEA EOBEHILHEICOWTRHRE LT
(Table 5), & DFER, REICEMEASINE, 7 A ELOBHRER 7 ==L XUV ORE
4c, 4d CHLER LT L (entries2,3), £/, 7 A RLUNDEBIEEZHGT HIEIZD
WCHIRET LT, -7 FAREEFFORE de DBRALIK 1e DIRITIR T LIZFEND, —EHEA
LOBHILII A FEBILDE L TWODENS -T2 (entry 4), LV /N E W CHOTIPS
EINT NF ATHRE LT EEE M@ﬁ%%@ﬂéié% AT L= (entry 5), F£72. KUl
“HEEG THDLIE 4g H HOIZGAIIIREITSGE O T, ZEBE L L Bbh 28
RIRAEWE S 272 (entry6), Z D F%#% TR DU VTR BV ORI
BWT, 7AF o Of#ERLE LToORELREZL TS ELEZBND,

Table 5. ARERAL BAEALIISICET 5 ZHEEA Lo EBEOKRGT

R A
// (10 mol%) R
RuHCI(CO)(fPh3)3 §/OTMS (+) - CSA |
N/\% (10 mol%) (1 equiv.) (20 mol%) N
> 1 > 3
H,&O xylene (0.0125 M) reflux reflux H’go
4 100 °C, 1h time 1 time 2 9
entry substrate R time 1 (+) - CSA time 2 isolated yield (%)
(h) (mol%) (h) of 2

1 4b TMS 0.5 20 1 92
2 4c SiMe,Ph 0.5 20 1 83
3 4d SiMe;Bn 1 20 1 89
4 4e Bu 1 100 8 70
5 4f CH,OTIPS 2 100 2 24
6 4g H 1 - - 0

VT, HEE LOBEHIDRIZOWTHE L. (Table6), £, 7 vz f I 55
BHONERMERE ZNENEGR L, BILEMECBOSSEMEIA Lc, 7=V D 4L E721E5
(C 7 vn ik A4 58 40, 4§ 13, ST 542 F—A 20, 2j ICFENEREWIRTE
i X472 (entries 3,4), LU, 3fiEIT6ic/ v rika T 5KE 4h, 4k TlE, BR1L
K 2h, 2k OYRIFE T L7z (entries 2,5), ZAUX, 3N EIL 6 fLOEHILN, == Lv
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Table 6. 75 &5 L OEBILN L OGS

A
. 2, // TMS (10 mol%) ™S
| A RUHCI(CO)(PPh3); §/OTMS (+) - CSA z |
] / NN (10 mol%) (1 equiv.) (20 mol%) 7 N
H,&O xylene (0.0125 M) reflux reflux H/&O
4 100 °C, 1h time 1 time 2 2
entry substrate R time 1 (+) - CSA time 2 isolated yield (%)
(h) (mol%) (h) of 2
1 4a H 0.5 20 1 92
2 4h 3-Cl 3 20 12 60
3 4i 4-Cl 3 20 6 73
4 4j 5-Cl 2.5 20 6 85
5 4k 6-Cl 3 40 12 62
6 41 4-CO2Me 3 20 1 64
7 4m 4-OMe 3 20 1 81
8 4n 4-Me 2.5 20 1 75
9 40 5-Me 2 20 1 78

EAR BNEEWERILETHLGE, B Fu X 2 kO ERRMERH E L, b 5 8(b
EMACROIGERRS M E3 2 &2 b b, —H., BE A T & Fe 22 bR R
MECET LS A, BHET 2 AT LU OKERTEDO B B KU RELEES, Z O E TOBR
b WS TERBIRSREITT 5720, BHERIBEMEZ 52T B 26N 5,

Y
“\ __R

R :

O ~CC O
N N ;

H (0] !




=0 Lt R RPRISHEEE R T HBEONREEFICR 206 B2 605", Fi-,

T=UrD4, SHICEFHEGELATLEE 4m, 4n, 401X, ST HA 2 F—/U{K 2m,
2n, 20 ~& 75%005 81%DIVR TEHL I L7= (entries 7,8,9), — 5 T, B RGIMED A F %
SHNKRENIEEGT HEE N TIIOSEEIFE T L, ST 54 > F—/1 21 ORI
T L7z (entry 6), ZAUE, ZEMEOEFHEEDKRTIZEY . @BEAKLE OBENLATH< 7o
A EEZILND,

B3NS EBIENTFET DA, VT =T A RU REEERN ZEES LT 28T
KEENETL D LEZEZBND, £o, ZHFEAICE FrAZ LKL, 7AF 0 EOE
B & 3 CEUL & DEHARERE & 22 ) | BRALT RO AT 5 L EZ2bRD,

6 NLAZEHIENTFET DA 1E, 7 n okl dRu I Vi L N EERREEEZ 72 0 | BRAL P REA
DIEEEGT B EEZHND,

H
Ru]”

A4 T |
Z [Ru] [Ru]
N NS NS

P 59
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AT NMR EBIC K 3 RSEHREOFE & OG#EDE £

feWN T, ARSUG OISR 2 [FE <<, NMR Z# HWCTARKIGZ B L7z, FIRRTO
'H-NMR &, FiRf% 757D 'H-NMR Z T 25 &, %E TRV Y T OKRFERFOE—
7(819.7) DL E ., §-24.8 [TH =72 7T NOARMEBMI L= (Figured4), 3'P-NMR
ETIE, 11 0% OBIE TH A% Grubbs SEEDENIF R Y 7 BTNV RAT 4 D
B —7 (829.8) DIHKNRE I, 832.8 ([ZH7=72y 7TV EBH L= (Figure5), 7725,
B A Grubbs it (A) AR Y AFAE A TR T UKV EHREN, LT =T A
ERU K (E) RERLTWEEEZBND,

6T, JFEIb B 3b OB L, F 78 R Grubbs il A B OV T =10 A
t NU N E OEZ{t%Z 'H-NMR O B — 27 O3 B4 % KO T= (Figure 6), % Difiti 3L,

Figure 4. FEATD '"H-NMR (LX) &, HiEf% 7470 'H-NMR (F[X)

[EEE)

PemM
I ' v v ' | v v v v 1 v v v v I v v v v
0 10 0 10 20

I\ .
Mes—N N-Mes .

CI\
co’ Ru-H ~€—5-24.8 ppm

PCy3

Ruthenium hydride
d H! with NHC ligand (E)
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A DR EHICE OERPHER S L, £721b O & 3b OERDBHR I N, F Dk,
RefElitm & LT L7 =0 Ak R U RIEEA L, ZUSPEOBRIBEMEITEIT L2 <720 | 1b
25 25%. 3b D3 59% DX TH LT,

NMR 8k & B ROBEN S, RE(LEMACSUSOEEZ LT O X H1ITE 2 T2
(Figure 7)., 3. V7= ALt FU RN E BT AF It Fax &bl N T=F IR
SO IR A ZIAGITEE D BALDSEIT T D, VT =0 DI AFILEEOKFEE BB R U N

L. BALBEMEALA 3D 2525 ERIEHC, E RAFAET I EEZOND, SHILELNT3b
IS T A B i TTa bk EN, BFELT D,

Figure 5. FEATD 3P-NMR (LX) | FiEf% 11 53D 3P-NMR (F[X)

8
3
- 0000

Mes— N N-Mes

C|Y
=<

6 29.8 ppm

Grubbs 2nd (A)
- = (I ) ] .

i
Cl<
co’ Il?u-H
PCy3
5 32.8 ppm ol

Ruthenium hydride
with NHC ligand (E)

-2

— 28
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Figure 6. L& 1b

. BRALEMEALIR 3b, filfiE (A & OVE) OFRERHH) 72 B ORI

TMS A (10 mol%)
=

X OTMS (1 eq)) @\_/C/T MS
N/\""" > N =

/g p-xylene-djq /g
H N0 120 °C H N0
1b 3b
Mes—N_ _N-Mes OTMS Mes— NYN Mes Mes— NYN Mes
Cl. Cl. > Cl.
cirRU=\ >~ oI OTMS ochu
PCy; Ph | Carbene exchange PCy3 PCy3
Grubbs 2nd (A) Unstable intermediate in situ generation of Ru-H (E)
100
L o —+—Grubbs 2nd (A) Ruthenium hydride (E) b —3b
5
o
E 60
[
2
S 40
(]
.
20
0 l s 2 . 4 . 4 . 2 . 2 A i
0 50 100 150 200 250

Reaction time (min.) at 120 °C
Figure 7. ARERAVFEMEAV SO DO HEE RS HEAE

A

T™MS \/OTMS T™S

H
7 [Ru] -H

N

Aromatization l

2b

N
' \( 3

B-hydride H Hydrometalatlon
elimination
[RU]

/H ’J“o

\ [Ru]
b (Y

H .
H /&O Carbometalation
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BHEE AL F—A 2=, 3T Y AVEDEE R

BENIEA Y R—AR2 D2 E = VR O3 b U R F L2 U A FR D RER A Iz DU
ThRRT L7,

{59 2b @ 2 /i ¥ =/L 1T Lemieux-Johnson L3428V, 7Tk RAEHTHZ &
7= (Scheme 17),

K50s04 (4 mol%)

TMS
| ™S NalOy4 (4 equiv.) |
N 2,6-lutidine (2 equw.L N I
A | 1 4-dioxane - H,0 (3/1) A O
H”~0 71% H™~0
2b 5

Scheme 17. 1 > R—/L 2b ® Lemieux-Johnson F&{t.

E72, 2b DAV IV B IEMKIRH CHRE LR, A P2 A v T vy
Ja~FIOVRT ALK D e RurvHE S & 2 < BILROSIf &, v U v s
729 F2< B R K6 1T 83%DINR TEM S 7= (Scheme 18),

1) 1M NaOH ag. (1.5 equiv.)
THF - H,O (1/1)

TMS 2) Cy,BH (2.5 equiv.) ™S
THF, 50 °C I
N 3) 30% H,0,, 1M NaOH ag. N
JY I 50 °C H
H” S0 > OH

83% (3 steps)

2b 6

Scheme 18. 1 > K—/L 2b Dt Rk v FZVe/E{L

FEVNT, 3ALD b U X F ALV VFEDEHIC OV THF L7z, 2b, DT b7 7 F )L
TUREULINAD R NUXTATER BYE) | ELF 2T —T X 4A & DMF
TOMEAS 2 & 2 D AVEEDRREG LIZIRBEDN ZT AT b B ERFB-REBERHOEZTER L,
e < SR RIERALER 28 T 81% DR TILE W) T 235 L4172 (Scheme 19),

™S 1) benzaldehyde (3 equiv.) Ph
| nBuyNF (10 mol%), MS 4A
DMF, 80 °C I OH
N | 2) 1M NaOH agq. (1 equiv.) N
/& > H |
H O 81% (2 steps, one-pot)
2b 7

Scheme 19. nBwuNF FAE T TOA > R—L2b LRV XTIV F b R DRB-IREFESTERK
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A BEBIEN D ATV T = =)V O 2¢ TlE, ERB-Fleming FR{L 37 2347 L |

X AR 8 M 47%DUILHE T H L7 (Scheme 20),

. KBr (2.5 equiv.)
I SiMe2Ph  NaOAc (3 equiv.) OAc
1M AcOOH (6 equiv.) |

/J§| AcOH = /gl
H™ ~0 H”~0

16°Cto25°C

o
2¢ 47%

Scheme 20. > K—/L 2¢ ® EJE-Fleming 21t

7k b

FEmrElwdl FHEFIZTINEERT LI LOMAGDOEIZL WD 1,6-==
VEBALBMACEOG & BR%E UTo, ARRUSIE T L% B LT- 7 A FOBHILN R AR,
FER LICEBRENFET 256 CTHEITL, MrRRZEBRA L F—L i 527, EHIT,
BoNTA v R—=D 2L =V 300 U LVEIIEBRMR A RE Ch o 7o, NIEITZE A

L R LB BRSe, £ OFHERAHA~OFIBHIHTE 5.
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BIE TIANITUETAF O FuxiBRIERIGICLPBHR SV LVE VS
RiEDBA% °

TAFITRFE LR L TETEESLAR G PR ENRR > TR Y | MO S M 38
MME N BT, IR, TUATT ATV U NNED BRI E Y . VA ABRIFE T, B
IWIRZIUALE) & IRFB-IRFBAE G ZTORT 5 2 (I R-AEH T U U bl), £z, {bEwmt o

IRFHE T A RITEZMZ D CSi AA v F LAY O FERHEC BRI 2 BRI 1L
SH5,

C-Si A1 vFlE Barcza 5D T AT 0 A RIZHOWTDOIEERRZRFZE 212 L 0 K< 3BE &
D E DT ZD% EEEMLAY S R aH 4 ERA S OFRICEH S TWD
Flo. BUA R EMEL. TOYELIERIND, ZhbHbDZ b, B4 R LEMDK
JEPEDAFFER G AL DB I T AR by LHRERBETH 5,

ZZI0MFEIFET, BUARSBERY, 6 BRYOGHIEIRELL, —FH. 574K
BEOGHIZ, LTO6HNMONTNEDATHD, TEE LV ZIGHDETHE~T BJRT
TERIIEFRMT FEBERER THD “B, BT AR TBREOEMIEITZ LWAIZ, £0OWY
PEIZOWTOMZEIIRBIECTH D, ZOFENDL L, B7 A F 7 BRFBABIEDRIEN KD
HTWVWD

1971 4 Bichlmeir 537 21 v T U ~ORESNZ L D, WP G pkiE 2 #is Uiz 4
(Scheme 21),

Bichlmeir (1971)

nBuLi
Me28|CI2
Et20 S|
Br reflux

48%

Scheme 21. 7 2 0 LT U ~DOREINMNI LD E 7 A3 T BEROARK

1994 4F Tsuchiya & % flash vacuum pyrolysis (FVP £) % FV72[3,2,0]fE & B DER LRI
D EMAGICE D R U L E U A157- 0 (Scheme 22),
Tsuchiya (1994)

A FVP ~
—>

‘DSi 500 °C /
I\ 1.5 x 10 Torr _Si

84%

Scheme 22. FVP V£ % W2 [3,2,0fE S B DBRILKIC L A&7 A

H
3
i
i
N,
o
=
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2000 4, [UARBIZT T oD FHNE Frv U fbziia LTEsY, XUy LEros
U b TE 5 Z L2 WmE LT % 3 (Scheme 23),

Yamamoto (2000)

S
54% - I\ T™MS

Scheme 23. 73 7Nt Fa v U I KD E 74 F T BEOEK

2001 45, Ahmad Hl%, VRETINATTUDHRAZ B AZL XY VL ELCDE
Bz #E LTV 5 52 (Scheme 24),
Ahmad (2001)

—_—
OMe
Grubbs 1st
Br/\/\sliw O

Si
K/\ benzene, 50 °C MeO \_\_
Br

60%

Scheme 24. [ABB A XL A2 LB E AT BBEOARK

2002 4£, Ding 513 Scheme 25 OIEICEB W T T P HBRILABE L, Ll O—o L L
T, BTAFTERZ/{ETND 3,

Ding (2002)
BuszSnH
(\ AIBN @(}
benzene
i A
| reflux S\I\/

25%
Scheme 25. 7 U WV LIC X B &7 A % 7 BEROAR

2003 4, Li HIEv 77 a7 ¥ OBRILKICHES B (kic Ly, Efmo—>o & LT,
RV UVEURELND Z EEHE L TS ™ (Scheme 26),
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Li (2003)

- €D
. e
SD MeOH Si

Ph” .
24% Ph™ OMe
Scheme 26. > 77 07 X U OBRILKICHE S BMALIC L DG4 AFE T BEEOEK

LML, ZHHRY UL EVERRIEX FVP 2 AW FEUS, IERME & v 9 [
REALTWD,

— 5 == ORI MRS LG D EMER BRI AW E G TE DA
M2 GETHL, L, LT-m= DOB(ERMEIICKY 7 BEREZ 5 2 2613 n-/L A AWEf
& D 2 6 55 (Scheme 27) &, BV 7T U INNUKE AW ZD =0 A X B AR
Jis 3¢ (Scheme 28) DFEF 3 FICRHENTIRY . /T VT LEERZ FIWTZBIIAFAE L7220,

Hanna (2008)

tBU~ 'tBU
P<
L
MeO = MeO
> S oy
=z
MeO CHoCly, rt MeO
OMe OAc 90%
Chan (2012)
+
tBU~ 'tBU

P~ -
©: Au~NCMe SbF
= Ph Ph

-~ =
Ph )_(t>=<
TSNMPh CHCls, 45 °C N Ph

66% Te

Scheme 27. t-/V A A2 W5 1,7-m = OBILIC L 5 7T BERA
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Hoveyda & Schrock (2009)

Pr

||
I\/IIo'N
FsC O
Z e
CF3 Ts\
'}l/\/ Benzene rt /
Ts

80%
Scheme 28. EV 7 F U EARZ WD 1,]-m=0 DA RV ARISIZ L D 7 BRES

F VT =y LA D 1,6-= = U BRAGEMEIC S 57 (Scheme 29), B4 % W5 1,6-
T = VBRALEMEIL SO 58 (Scheme 30), & filiE 2 5 1,8-— = BRALFLMALEL * (Scheme
3) ICk2m=0 0 7 BEREMEEELRESNTOVDEN, AR NT VT A d - 7 BERE
FOBFNIAFE L 7RV,

Trost & Toste (2002)

-0
TBS — CO,Et [CsHsRUMeCN)gJPFs  TBS-Os/ /~CO,Et
A acetone
rt

67%

Scheme 29. V7 = U ABEAZ WD 1,6-— = BRILEMLIZ L D 7 BREG

Echavarren (2007)
P\ %
£ Pt~NCMe
// ’ ©/\/ NCMe - |
O > 0 o}
7/(0> 20%

Ph Ph

Scheme 30. H&dHAz HW S 1,6-— = BLEMAIC L S 7T BREG
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Inagaki & Mukai (2015)

~ -1 2SbFg
Q‘T”‘? Ph,P
I
Ph_B'AIU'O—Alu-B—Ph
OPiv
= @’Pphz th—@
PivO
\ ) -
86% OPiv
PivO

Scheme 31. &451K% H\ 2 1,8-7 =V BYLRILIZ X2 7 BBRAHK

—J7 . BRALEMELICEWEREPEAINLSE FeX U RIEICBN T, 1,7-=m=1bh
Yok Ro 2 S BARITRERZAE 5 fi] 4 &2 5 5] 42 D 2 BIIIZIR 53TV 5 (Scheme 32),
F. 1,7-m= UANOE R B RiTkd L 512, Priididk pgifisdh  Aydedd  Ryfe

CEDBIHHD, L LFEERICT BREZEET 2 X 0 RGEITRE S THRnolz

(Scheme 33),
Nishizawa (2003)
Z Hg(OTf), (1 mol%)
/@ H,0 (5 eq.)
—»
MeOOC Z " CHyNO, - CHiCN
COOMe (9:1)

rt

Echavarren (2007)

@
PhO,S Z

SO,Ph

XphosAuCl (5 mol%)
AgSbFg¢ (5 mol%)
H,0 (2 eq.)
Acetone
rt

(Hd]

MeOOC

COOMe

LN

MeOOC

COOMe

OH

MeOOC

PhO,S

Scheme 32.1,7-==> MOt RN X% BN
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69%

SO,Ph

56%

OH
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Echavarren (2000)

=
PtCl, (5 mol%)
PhO,S = > PhO.S OH
SO,Ph Acetone - H,O 2
70% SO,Ph
Genet (1997) Echavarren (2003)
= PdCl, (10 mol%)
o (m-NaO3SCgH4)3P  CO,Me
CO,Me = __BOmo%e) - co,me Ph
CO,Me 1,4-dioxane - H,O
OH
60%
Genet & Michelet (2007)
// AuCl; (10 mol%)
AgSbFg (30 mol%) MeO.C
MeO,C ~_Ph  PPhy (10 mol%) '©-2 -
—»
MeO,C 1,4-dioxane - H,0 MeO-C
99% OH
Faller (2006)
Z
Z [Ru] (10 mol%)
MeO,C AgSbFg (20 mol%) MeO,C
~~ _—
MeOZC THF MeOQC
82% OH

Scheme 33. == DOt Ko X B{bL)

ko, EHFERAMESNEZEFEEE LTINS T U EZHWD 1,]-m=0 D
BRALEMALSOSIZER Lic, 7V VST o= UBRIBEME IS E LT, 2017 FOF
EOIZL A= A2 AN O S Tu 7z (7 B, Scheme 8), F& (X, 7 ULy
7O ZHEEA D BRMBICEN LB T A RO BINRIZE D T A FD BALIRFED T F A
VHRBANZEN S ID DO TIIRW D EARGER AN T, FiTe RIS 2 BRR LTz,

F—8 POLFRERE

F9, HE9aZHNT, TINY T ET XU EDRISITOWTHGH L7 (Table 7),
9a, Pdx(dba)s (5 mol%). HEfE (2 M &) O ML= iR (0.05M) % 60 °CT 2 KFffR#E L7z
A BRERMAL LT 6 EBR(EAW 10a L b Fax Bt L- 7 BBRIEEY 1la NENF
N 32%. 27%DINERTHE LN (entry 1) o HtW\ T, HHROEA 30 4& L L7225, 10a
& 1a BENEI 16%. . 51% DR THE G, b e U BERKRDINER S M E L7 (entry 2) .
OSSR DOIREZ 001 M & L& ZA, 10a, 11a DYIRIT S HICM E L7 (entry3) o L
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L. (o-tolyl)sP /37 U0 AOEMI & LTMAT=E 2 A, b Fax U s{b B bikII5
T, BRALEMELR 10a DAD 2% DINE TR LI (entry 4) . VT, /N7 V0 Afd
% Pd(dba), (10 mol%) (2 L, EHIZ DWW THET L7z (entries 5-9), = DGR, n-~7 %
R0 bbb o T ARKRPE IR 2 O 72 BRI 11a DS EIICR TE b AR B & -, KU
FE 95 CL LIt BILEOIGRIZEALIZR D o123, SISO MEN A b7z 7-o, L
%13 95°C THATL7Z (entry 10), EL X =27 U —T7 A& MA =54 (entry 11), S EN

Table7. 22EH9a DT VLT T T XDt Nuax BRSO

Z
Z AcOH ©\)‘Y @3}7
OH
Siv solvent Sl
/ \

temp
9a 10a 11a

entry "Pd" AcOH solvent temp. additive yields

(mol%) (equiv.) C 9a 10a 11a
1 Pdx(dba)s  (5) 2 toluene (0.05) 60 32 27
2 Pdx(dba)s  (5) 30 toluene (0.05) 60 16 51
3 Pdx(dba);  (5) 30 toluene (0.01) 60 20 62
4 Pdy(dba);  (5) 30 toluene (0.01) 60 (o-tolyl);P 72 0

(20 mol%)

5 Pd(dba),  (10) 30 toluene (0.01) 60 11 67
6 Pd(dba),  (10) 30 CF3CsHs (0.01) 60 57 trace 23
7 Pd(dba),  (10) 30 AcOEt (0.01) 60 60 trace 16
8 Pd(dba), (10) 30 THF (0.01) 60 82 trace trace
9 Pd(dba), (10) 30 heptane (0.01) 60 8 77
10 Pd(dba), (10) 30 heptane (0.01) 95 8 77
11 Pd(dba),  (10) 30 heptane (0.01) 95 MS 3A 9 83
12 Pd(dba), (2) 30 heptane (0.01) 95 MS 3A 6 85
13 Pd(dba), (1) 30 heptane (0.01) 95 MS 3A 6 88
14 Pd(dba), (1) 30 heptane (0.02) 95 MS 3A 6 75
15 Pd(dba), (1) 10 heptane (0.01) 95 MS 3A 11 73
16 Pd(dba), (1) 2 heptane (0.01) 95 MS 3A 11 6 66
17 Pd(dba), (1) 1 heptane (0.01) 95 MS 3A 39 7 24
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B, NMaDWRFTHT A b E L KT, MBI OV TR LI L 24, fil
A RIS D & 1adCRIL M E L7z (entries 12, 13), F 72, VASE B O £ 2 (K08 L 7=
BIIINaDERPME T L7 (entries 14-17), & B2, MAEREIC OV THRE L7, /87
U LADODRDVIZVT =T Ak FY K 2 RyHCI(CO)(PPhs);, RuH2(CO)(PPhs)s, & 2\
— BT S LT W R Grubbs filifit (A) & FU ATFAE=AF X T 0
TOREGFRE MNTZGEITE, < BUSITET Lo o T,

VLEDMA T, BEEO b N U BAUUSRIFIZOW T BT L 72 (Table 8), Hafb4:
(1) *(entry 1), HifbE4 (D% (entry 2) . XPhosZBLfLF & 3 2 H(L4 (1) *“(entry 3) . KR
NU A a AE RV VR (D) ®(entry 4) | b/ T 207 A1) 44 (entry 5), DavePhos
ZRALT- LT DT =0 L (D) *(entry 6)F HWTRRF L7y, WTNOFEMFIZB N THE
e U BRbA1aziG5 2 LI TE 2o T,

Table 8. BEEISHTOT VN T T AF D Fa o BRIIEORKG

d// g

conditions

e OH
siTN\F .

VA A
9a 11a
entry  conditions 11a
1 AuCl; (10 mol%), AgSbFs (30 mol%), PPhs (10 mol%) N.R.
1,4-dioxane - H>O (1:1, 0.57M) RT, 4.5 h
2 PtCl; (5 mol%), H20O (2 equiv.), acetone (0.1 M), RT, 16 h N.R.
3 XphosAuCl (5 mol%), AgSbFe (5 mol%), H>O (2 equiv.), acetone (0.1 M), RT, 0?2
24 h
4 Hg(OTf)2 (10 mol%), H20 (5 equiv.), CH3NO; - CH3CN (9:1, 0.1M), RT, 3 h 0P
5 PdCI (10 mol%), TPPTS (30 mol%), 1,4-dioxane - H>O (6:1,0.5M) 80 °C,2h N.R.
6 [DavephosRu]Cl2 (10 mol%), AgSbFs (20 mol%), THF (0.03 M), RT, 16 h N.R.

a) Unidentified compounds were obtained. b) Complex mixture

BOOKGFBFIET DG RNT VU LRI T R G RETRT 2N D 5. 2T,
[Pdy( 2 >-OH)(OAC)s] O BTV D, Fio, ZDOX I REBAERPFET D7D, KT
DRI NRT VT Lt RY ROBRGEMALORISHEIZHE L 5 2 50,
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_E BEHMmER

T, R EOBEHILIEIT OV T, Table 7, entry 13 D544 W This L 7= (Table
Ne 4TEFILSMICEFHEGMED A FF UM AF VAL 9¢. 9d, 9. 9k 72D F
AVEI 47%. 72%. 73%. 69% DR THIn T D ERIbI 11c, 11d, 11.]\ 11k 2345 H 4072 (entries
3,4,10,11), —J. 3{0iZ fb%x%%ﬁ#é% 9b, 6 (\lZT7 v FEERLCA M TVELAT S
H'H 9e. 9i TIISUGHHEIT L2 o 7= (entries 2,5,9), LML, 307 v REEFFOIRE
Of TILSIEAHELT Lk(mm%):k#% SARBEEORENRKENEEZZONDT, BT
KEIEZATLHE . 9g. 9h, 91 DA, XIS DB 11f, 11g. 11h, 111 DU
K F L7 (entries 6,7,8,12), AT ="FER/ADOETEBEENMET L. A&E & ORNLATTL 720D |
FOSHMET Li2AEEz2bN5, T2 T, ARoIuRm L2 HIE L, 9a, 9¢. 9f, 9g.
9h, 91 Dt Nk UBRILKIGEZ, LD EIAREBEETH L p-F L2 T, 2 FRREINZEGE
L= E Z A, 1la OYERIIE T L7223, e, 11f, 11g, 11h, 111 OULEE|XA L L72 (entries
1,3,6,7,8, 12),

Table 9 t Fu X UEBRAVLUNMIBIT 5, BHEER EOBEBILNE

Pd(dba), (1 mol%)

4 | 2 AcOH (30 eq.) A o
e e AN
R® /Y 0.01 M oA
9 95°C,2h 11
entry substrate R isolated yield (%) of 11
1 9a H 88 (59)
2 9b 3-OMe 0 (0)?
3 9¢ 4-OMe 47 (58)*
4 9d 5-OMe 72
5 9e 6-OMe 0 (0)?
6 of 3-F 35 (54)?
7 9¢ 4-F 39 (57)
8 9h 5-F 12 (56)*
9 9i 6-F 0 (0)?
10 9j 4-Me 73
11 9k 5-Me 69
12 91 4-CHO trace (40)*

a) A similar reaction using p-xylene was used as a solvent at reflux for 2 hours was also

conducted and the isolated yield is shown in the parentheses.
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BEWNT, ZHES, 7A %, TINAY T OERIEHRICOWNTRF L7 (Table 10),
F9. ZHEES RICEBRESFET S 9m, 9n TIEOTNICERLDNETT 5. &5V I3FE
[FUY & WD FERIZZ2 572 (entries 1,2), FEWVT, T UNLT T AT AT IVENEBR L T\ DI
B 90 WL Z A, BALIK 110 ITMRIRIZIEE 7288 (entry 3), ¥ A FE L2277 ==
IVHEDNERL U2 EVE 9p O5E TlE, TRREOIGER TERALAEIT L2 (entry 4),

Table 10 —FEfia. ¥4 F. T UL T OBEBBEGRIZOWNTOMKRE

R’ R
// Pd(dba), (1 mol%) \
AcOH (30 eq.) OH
>
Si heptane _ R?
R3 ‘F:s\f MS 3A Si
R 95°C, 2 h R® s
9 1
entry substrate R! R? R3 yield (%)
1 9m Me H Me trace
2 9n T™™S H Me N.R.
3 90 H Me Me 22
4 9p H H Ph 60

B3I A RRTHEFIANT VU AL R RO=ZFEEE~OE R X X L OBRIC L KES &
2%, FIZ6NMLA FFVERLT VA RIEL, RFE-T ARG ORERRERE & 72 5,

Pd]\’H [Pd]\’H
A Y ‘\ / /
OMe :;?/ F ;\/ 7 =z
Z S
| | | | : :Si/\/ siIN"
. Z ) s
/S':\/ /S':\/ OMg‘Sj F—g/_ >
B8 FHRE LT, TUNASTUHERT HAF L
Hb oA OB L O REER KX < 7 Z Pl
52 EnD, BAEFREERDIZE A REEIZ 72 > T .
e Pl .
5L RERLIS, i A
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B RISEEOEZEE

FBENT, TIF L ENT Dy ML OFOGHEZBLE TN TAF U RICATFVEER
T 5EE 9m & AW C i E % 50 mol% & L TARKGZMiEt L7z (Scheme 34), % DR,
AF & T = =)VI8 cis BHAO 11m PIBIRITHE SN, ZOZEnb, 0flinT VT AL

FEfR & OFUSIZ KV AL "T YU L FY R, ZEHESICyn ML TWD EEZ BN
Do

Mo Me NOE H3C
@Z Pd(dba), (50 mol%) S g
AcOH (30 eq. )
SN\F heptane S| E E& >
/\ MS 3A
9m 11m, 30% 11m’, 0%

Scheme 34. 7 /L3 BIZ A FIVE A FFOE TOMES

Fo, B R UERNEAINHIEFEE B \ﬁlﬁ?2ﬁﬁ®£%%£%bko

9. KRBT TS THLHLEY 12 %ﬁﬁb\ﬁ o AR TIIRIGT A Rr U8R
{bARIIS S 72> > 7= (Scheme 35), Z D Z <E75>% TAFRDBERIZE D _HEHEGDE
BEOECR, TINT T o L EBRER L ORI EL 5 2 KEEOEBEAN, LERHE
IZFHEGLTWbEEZLND,

Pd(dba), (1 mol%)

AcOH (30 eq.)
» N.R.
/\/ heptane

MS 3A
0.01 M

12 95°C2h

Scheme 35. [RETF 7 12 Db R X B0

WIZ, BEfg & A % 7 —VORARICTE Fa XU BREIG%EiRA7- (Scheme 36), & D

BB RFoXxff11a & A PR 13 ENZFNEI25%., 23%DIRTH HiL7Z, Scheme
35 .36 OFEFRNSL, Kb RaxUBRLKINEIT LV F o ~O b Fa X X biZEi< . 714 F
DBMNA~DREHEICLYE FedUvEREAINL TS EEZLND,

= Pd(dba), (10 mol%)
AcOH (30 eq.)
5%  MeOH (30 e MeOH (30 eq) @8}‘ d}’
/\ heptane Sl Sl
MS 3A
9a 11a, 25% 13, 23%

Scheme 36. A % / — /L&A L 7= %f fd 32 BR
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RS DIE'EEHE %2 (Figure 8) (27”7,

FF. 0 NT DT LA EEEEN S/ RT Y A RY RENERT AT, o5 Ak
NU FFENEE DO =HEHFESICE R X Z b LoD, T UL T BT 5, __ﬁ%ja
VIR A Z AL T 7 A RO BIIFIT L0 I T4 L RN L EAL ST RSB I FERE 3
ﬁ&&%#éo%G%\N?V?Aﬁﬁﬁ%%%b\OﬁﬂﬁyﬁA#ﬁéﬁéoik\%
BOT7vFUARITIAGHES L, £ e B Lo ba®miioind,

Figure8. 7 U /LT Z LTV F v LD Fua X U BALOHEE S HEE

Pd (0)
reductive
OAc  elimination P
i =z
Si
/\
AcOH —> s ANF
l AW
AcO-Pd-H Hydromete_zllation
(reversible)
H H
OH |
i Rd .OAc
/S\I R [Pd]
11a Si OAc

1 \ B position
to Si
H
\
nucleophilic addition [Rd] [Pd]
(intermolecular or intramolecular) |
\

BORZ Uy At R NEA AR & 92 BRI RIS O IEfE 72 BRI 3R T2 & i 72

S TWRVY, ZXE Pd(dba), & ik & DR TIENMR OB BER TEX NS5 Th D,
Trost & | LFEM 70 K BRI FER ATV, BONEHREN T P e RY R Th D L HRE S
LTW5%,

Amaotre, Jutand HIX DMFEEF, T T LE M) T 2= VR AT 40 BLOFEER
FIITEEED, TV UL R REEEREIERT 52 E2WmE 4 LTS,

. Anderson H 723, BALBMALORUSTEMFEIZNT YU A KU RThH &, FHAKHE
Tk IR R REL T AR LT\ D o
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O EAEFELEDDL L EFEHIERB L ENT EEATHLITINT T ET AT D
1,7-m=2 b FrX BRI LD, XUV LEVOBBRARIELZHRE L-, ANGT
T INTToDTAFED BN FrF IS, TIUEWNT BEPHEEIND, 1,7-
TV ENRNTVTLAEDORISEE LTUINIO T BRBEOH THY & RrF T BILIc X 54
D TERBEOHTLH D,

KIET, WERREBDOZ Lo T2 LB XY U L EVDOERIETH Y . T OWHEeAY)
IEYEDFE DI, X L E OGN AR TH D, £, 7T I NAT T ORUGHEEF]
M L7 H B A D BRACSUGBRFE ~DICH b HIfF S 41 5,
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FEBIT AT RIS L EREME S U ERS ORI RIS L e vz
BT R BREMIEORAEZ BIF LIRHAR, BT 2 2ORISERFE LT, T7hbb,

) =FIFEIUATAF D L6-T =V BRALEMEISIZ X DA R—/VERUEDBR%
WZEE LTz, ARRONTIFEFR LICEBRE A G T8I0 EITL, BFohleA > R—Lrd2
PR O3 NALFEB L AIRE CH T2 e D kA REHA  R— Va2 BT D2 &N TE

Do
A

_ R? (10 mol%)
7 ™ z R2
@\/ o U]
equiv. §
// N/\JJ“ > o N |
R1 /& p-xylene, reflux HAO
H™ ~0 up to 92%

R' = H, Me, COOMe, OMe, Cl
R2 = SiMes, SiMe,Ph, SiMe,Bn, Bu

) TUNANY T ETAX LD, 1,]-m=0 8 FaxvB{bnz R L, 2haefHnTE
FAFZLERXV YV LE VORI Lz, Tex OFMBRY | KKGFm=0 8850
U ADPIOCEREBENSTHY . Tl FaexURILICK 200 LERARAITLH 5,

= Pd(dba), (1 mol%)
R N
| AcOH |l 7 —OH
// Si/\% heptane, 95 °C // Si
/\ /\

R up to 88% R
R =H, Me, OMe, F
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i

AWFFEIC R U CRAGIEIZRES 70 2 FR 5 L HEEHEZ ) 0 £ L7 R R B R A TE R
FEMSLE B, WONIAEDLIL  HEERIT D I 0 EHEL £,

T2 R Z M- CTHHE £ Uiz, A LIRSl £,
AW W T H2TEHE £ Lz, &ihE 5, REEE 15 SeE i
B9, £/2. HA 2 THE £ L7 RIRRF R TER 0B Bk 5257 B 0

T3 2 IR L £

AWFFEICEAT D E & AT MV ZRIE L TIHE £ LI KRB RF B 788
THRAEF K RUEF K IR RISE#HE L £,

LR D 3 FER], BFRISHEZIH Y £ Lo B AR SR IS L £7,

RN FAELEE 2 5 W D7 GBS S LTSV FE B KNTD L0 B# L £,
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EBR DER

AWFTETITLLT O, AL MEEmZ Hv T,

Melting Point Yanaco MP-J3
Mass Spectrometer JEOL JMS-3000 (MALDI)

JEOL JMS-700 MStation (EI)

JEOL JMS-T100LP4G (DART)
'H NMR JEOL JNM-LA 500 (500 MHz)

JEOL JMN-ECS 400 (400 MHz)

JEOL JMN-AL-300 (300 MHz)
3C NMR JEOL JNM-LA 500 (125 MHz)

JEOL JMN-ECS 400 (100 MHz)
"F NMR JEOL JNM-LA 500 (470 MHz)

JEOL JMN-ECS 400 (376 MHz)
S'P NMR JEOL INM-ECS 400 (162 MHz)
Glove box DBO-1NKP-TA (MIWA MFG CO., LTD)
Microwave Biotage initiator*
Column Merck Kieselgel 60 Mesh (40-63;m)
Chromatography Kanto silica gel 60N (spherical, neutral, 40 - 50 ym)
PTLC Plate Merck PLC silica gel 60 Fys, (0.5 mm)
TLC Plate Merck DC Kieselgel 60 F,sq
Celite Kishida Celite 545

SOSABLI I 72T L X 2 7 0 —T ATHAK, KRNI a0 —T Ry 7 ANTEEN A ZK
ZIATHETHA L., A L=,
ZOMORIEITEMEOTHIRMABA L, T L72<FIH LT,
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Preparation of 4

Preparation of 4a

=
N/\%

Ts
4a

To a stirring solution of 2-iodoaniline (664 mg, 3.03 mmol, 1.0 eq.) in a mixture of THF (15 ml)
and iPr,NH (15 ml) were added trimethylsilylacetylene (0.50 ml, 3.6 mmol 1.2 eq.), PdCI,(PPh;), (53
mg, 0.076 mmol 2.5 mol%), Cul (14 mg, 0.076 mmol 2.5 mol%), and the mixture was stirred at
50 °C for 1 h. The mixture was filtered through a celite pad and the filtrate was concentrated to
remove the solvent. The residue was purified by column chromatography (n-hexane:AcOEt = 12:1)
to give 2-[(trimethylsilyl)ethynyl]aniline. (516 mg, 2.73 mmol, 90%)

To a stirring solution of 2-[(trimethylsilyl)ethynyl]aniline (516 mg, 2.73 mmol 1.0 eq.) in CH,Cl,
(27 ml, 0.1 M), were added pyridine (0.66 ml 8.2 mmol 3.0 eq.) and TsCI (1.04 g, 5.46 mmol, 2.0
eq.). The mixture was stirred for 8 h. at room temperature. The reaction was quenched by the
addition of sat. NaHCO; aq. and the organic compounds were extracted with CH,Cl,. The organic
layers were dried over Na,SO, and the solvent was evaporated under reduced pressure. The obtained
residue was subjected to column chromatography (n-hexane:AcOEt = 8:1) to give
N-tosyl-2-[(trimethylsilyl)ethynyl]aniline (938 mg, 2.73 mmol, quant.).

To a stirring solution of N-tosyl-2-[(trimethylsilyl)ethynyl]aniline (938 mg, 2.73 mmol, 1.0 eq.) in
MeCN (5.5 ml, 0.50 M), were added K,CO; (755 mg, 5.46 mmol 2.0 eq.) and allyl bromide (1.9 ml
22 mmol, 8.0 eq.) and the mixture was refluxed for 9 h. After the mixture was cooled to room
temperature, the reaction was quenched by the addition of H,O and the organic compounds were
extracted with Et,O. The organic layers were washed with brine, dried over Na,SO, and the solvent
was evaporated under reduced pressure. The obtained residue was subjected to column
chromatography (n-hexane:AcOEt = 10:1) to give 4a (860 mg, 2.24 mmol, 82%)

Pale yellow oil; 'H-NMR (CDCl;, 500 MHz): 6 7.63 (2H, d, J= 8.0 Hz),7.45 (1H,d, J= 7.5 Hz),
7.32-7.24 (5H, m),5.86 (1H, ddt,J=17.2,10.3,6.3 Hz),5.08 (1H,d,J=17.2 Hz),5.05 (1H,d,J =
10.3 Hz),4.33 (2H, d,J= 6.3 Hz), 2.43 (3H, s), 0.17 (9H, s) ppm; *C-NMR (CDCl;, 125 MHz): 6:
143.1, 140.1, 137.1, 1339, 133.3, 1320, 1294, 1289, 127.8, 127.7,123.6, 118.5, 101.7,99.7,52 9,
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21.6,-0.3.; HRMS (MALDI-TOF) calcd for C,;H,sNO,NaSiS [M+Na]* 406.1267, found 406.1267 .;
Anal calcd for C,;H,sNO,SiS: C, 65.76; H, 6.57; N, 3.65, found: C, 65.69; H, 6.68; N, 3.73.

General procedure A; for preparation of 4b-4e, 4h-40

A mixture of formic acid (3.0 eq.) and acetic anhydride (3.6 eq.) was stirred at 60 °C for 3 h. To
the resulting mixture was added a solution of 2-iodoaniline compound (1.0 eq.) in THF (0.1 M) at
room temperature and the mixture was stirred for 1 h. Then the solvent was removed in reduced
pressure. To the residue, toluene was added and removed in reduced pressure to give
N-formyl-2-iodoaniline compound.

To a stirred solution of above N-formyl-2-iodoaniline compound (1.0 eq.) in a mixture of THF and
iPr,NH (1:1) were added acetylene compound (1.2 eq.), Cul (5 mol%) and PdCI,(PPh;), (2 mol%).
The mixture was stirred at 50 °C for 1 h. The mixture was filtered through a celite pad and
concentrated to remove the solvent. The residue was purified by column chromatography to give
N-formyl-2-[(trialkylsilyl)ethynyl]aniline.

To a stirred solution of N-formyl-2-[(trialkylsilyl)ethynyl]aniline (1.0 eq.) in THF were added
NaH (1.3 eq.) and allyl bromide (2.0 eq.). The mixture was stirred at 50 °C for 1.5 h. To the mixture,
was added of sat. NH,Cl aq. The organic compounds were extracted with Et,O. The organic layers
were dried over Na,SO, and the solvent was evaporated under reduced pressure. The residue was

purified by silica gel column chromatography to give 4.
TMS

4b

Following the general procedure A, 4b (1.08 g, 4.18 mmol 46%) was prepared from 2-iodoaniline
(2.00 g, 9.10 mmol) and trimethylsilylacetylene (1.5 ml, 11 mmol) after column chromatography on
silica gel (n-hexane/AcOEt = 8:1).

Colorless oil; '"H-NMR (130 °C, DMSO-d¢, 500 MHz): 6 8.26 (1H, s), 7.53 (1H, d, J = 7.4 Hz),
746 (1H,dd,J=7.4,74Hz),7.34 (2H, m), 5.81 (1H, br m), 5.17 (1H, d, J =17 Hz), 508 (1H, d, J
=5Hz),4,37 (2H,d, J=5.5 Hz), 0.24 (9H, s) ppm; *C-NMR (70 °C, DMSO-d¢, 125 MHz): 6 161.7,
1419, 132.63, 132.57, 1298, 127.3, 127.2, 1203, 117.2 101.6, 99.5, 47.0, -0.7 ppm; HRMS
(MALDI-TOF) caled for C;sH,NOSi [M+H]* 258.1309, found 258.1307.; Anal calcd for
CisHsNOSi: C, 69.99; H, 7.44; N, 5.44, found: C,70.29; H, 7.46; N, 5.44.
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SiMe,Ph
=

Following the general procedure A, 4¢ (176 mg, 0.551 mmol 27%) was prepared from
2-iodoaniline (442 mg, 2.02mmol) and dimethylphenylsilylacethlene (0.43 ml, 2.42 mmol) after
column chromatography on silica gel (n-hexane/AcOEt = 8:1).

Pale yellow oil; '"TH-NMR (130 °C, DMSO-d¢, 500 MHz) &: 8.13 (1H, s), 7.50-7.20 (9H, m), 5.62
(1H, br m),4.99 (1H,d,J=17.2Hz) 490 (1H,d,J = 8.6 Hz),4.21 (2H, br m), 0.32 (6H, s).;
BC-NMR (115 °C, DMSO-ds, 125 MHz) 6: 161.4,141.7,135.5,132.9,132.7,132.3,129.6, 128.9,
127.3,127.2,127.0,120.1,117.0,102.9,97 4,46.8, -1.8. HRMS (MALDI-TOF) calcd for
C,0H, NONaSi [M+Na]*+ 342.1285, found 342.1272.; Anal calcd for C,0H, NOSi: C, 75.19; H, 6.63;

N, 438, found: C, 7545; H, 6.76; N, 4.58.
SiMe,Bn

4d
Following the general procedure A, 4d (1.55 g, 4.64 mmol 70%) was prepared from 2-iodoaniline
(1.44 g, 6.59 mmol) and benzyldimethylsilylacetylene® (1.38 g, 7.91 mmol) after column
chromatography on silica gel (n-hexane/AcOEt =7:1).

Pale yellow oil; 'H-NMR (CDCl;, 500 MHz): 6 8.43 (1H, s), 7.68 (1H,dd,J=8.0, 1.7 Hz), 7.53
(1H,ddd,J=7.7,7.7,1.7Hz),743 (1H,ddd,J=7.7,7.7,1.7 Hz) 741-7.37 (3H, m), 7.33 (1H, d, J
=8.0),7.25(2H,d,J=8.0),593 (1H,ddd, J = 168, 10.3,6.3 Hz),5.31 (1H,dd,J = 16.8, 1.3 Hz),
525(1H,dd,J =10.3,1.3 Hz),4.55 (2H,d, J= 6.3 Hz),2.43 (2H, 5),0.36 (6H, s) ppm; *C-NMR
(CDCl;, 125 MHz) 6: 162.6, 142.1,138.6, 133.7,132.4,129.6, 128.3, 128.2, 127.5,127.5, 124 4,
121.6,118.2,102.2,99.1,48.2,25.9, -2.3. HRMS (MALDI-TOF) calcd for C,;H,,NOSi [M+H]*
334.1622, found 334.1621.
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Following the general procedure A, 4e (460 mg, 1.91 mmol 94%) was prepared from 2-iodoaniline
(442 mg, 2.02 mmol) and 3,3-Dimethyl-1-butyne (0.30 ml, 2.4 mmol) after column chromatography
on silica gel (n-hexane/AcOEt = 8:1).

Pale yellow oil; 'H-NMR (110 °C, DMSO-ds, 500 MHz) 6: 8.17 (1H, s), 7.40-7.25 (4H, m), 5.73
(1H, ddt,J=16.6,10.3,5.7 Hz), 5.12 (1H, d, J= 16.6 Hz), 5.02 (1H, d, /= 103 Hz),4.31 (2H, d,J
=5.7Hz), 1.24 (9H, s).; BC-NMR (110 °C, DMSO-ds, 125 MHz) &: 1614, 141.1, 132.5,1320,
128.3,127.0,126.9,121.3,116.8,103.2,754,46.8,29.9,27.2.; HRMS (MALDI-TOF) calcd for

Ci6H20NO [M+H]* 242.1539, found 242.1539.
Cl TMS

4h
Following the general procedure A, 4h (483 mg, 1.66 mmol 42%) was prepared from

3-chloro-2-iodoaniline (1.00 g, 3.95 mmol) trimethylsilylacetylene (0.65 ml, 4.7 mmol) after column
chromatography on silica gel (n-hexane/AcOEt = 8:1).

Pale yellow oil ; "H-NMR (130 °C, DMSO-d¢, 500 MHz) 6: 8.28 (1H, s), 7.51 (1H,d,J=8.0 Hz),
744 (1H,dd, J=8.0,4.0 Hz), 7.34-7.32 (1H, br m), 5.81-5.79 (1H, br m), 5.19 (1H,d, J=17.2 Hz),
5.10 (1H,d,J=10.3 Hz),4.36 (2H, d, J= 5.7 Hz),0.26 (9H, s). C-NMR (DMSO-d, 125 MHz) &:
162.3, 1439, 135.6,132.6, 130.6, 128.2, 126.3,120.6, 1179, 105.6,98.3,47.2,-0.5.; HRMS
(MALDI-TOF) calcd for C;sH ;sCINONaSi [M+Na]* 314.0738, found 314.0730.; Anal calcd for
CisHsCINOSi: C, 61.73; H, 6.22; N, 4.80, found: C, 61.79; H, 6.26; N, 4.80.

_ TMS
Cl z

4i

Following the general procedure A, 4i (112 mg, 0.384 mmol 17%) was prepared from
4-chloro-2-iodoaniline (573 mg, 2.26 mmol) trimethylsilylacetylene (0.38 ml, 2.7 mmol) after
column chromatography on silica gel (n-hexane/AcOEt = 8:1).

Colorless oil; '"H-NMR (130 °C, DMSO-ds, 500 MHz): 6 8.26 (1H, s), 7.54 (1H, s), 749 (1H,d, J =
8.5 Hz), 7.36 (1H, br m), 5.79 (1H, br m), 5.18 (1H,d, J =17 Hz), 5.10 (1H, d, J = 9.5 Hz), 4,35 (2H,
d,J=6.0Hz),0.25 (9H, s) ppm; *C-NMR (70 °C DMSO-ds, 125 MHz): § 161.6, 140.8, 132.3,
131.8,131.5,129.8,1290, 122.1,117.5, 101.1, 100.1,46.9, -0.9 ppm; HRMS (MALDI-TOF) calcd
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for C;sH,oCINOSi [M+H]* 292.0919, found 292.0921.; Anal caled for C,sH,sCINOSi: C, 61.73; H,
6.22: N, 4.80, found: C, 61.95;: H, 6.33: N, 4.78.
TMS
=

Cl N
1o
4]
Following the general procedure A, 4j (112 mg, 0.384 mmol 17%) was prepared from
5-chloro-2-iodoaniline (573 mg, 2.26 mmol) trimethylsilylacetylene (0.38 ml, 2.7 mmol) after
column chromatography on silica gel (n-hexane/AcOEt = 8:1).

Colorless oil; "TH-NMR (130 °C, DMSO-ds, 500 MHz): 6 9.32 (1H, s), 8.31 (1H, d, J= 8.5 Hz),
7.38 (1H,d,J=1.5Hz),7.30 (1H,dd, J=8.5,1.5 Hz),6.78 (1H, dd, J= 18.0, 12.0 Hz), 5.66 (1H, d,
J=120Hz),5.53 (1H,d,J=18.0 Hz), 2.16 (2H, s), 0.05 (9H, s) ppm; *C-NMR (70 °C, DMSO-dg,
125 MHz): 6 161.7,143.2, 13394, 133.92,132.4,127.3,127.1,119.1, 117.4, 100.7, 100.6, 46 .8, -0.8
ppm; HRMS (MALDI-TOF) caled for C;sH;oCINOSi [M+H]* 292.0919, found 292.0919.; Anal
calcd for C;sHsCINOSi: C,61.73; H, 6.22; N, 4.80, found: C,61.86; H,6.27; N, 4.91.

TMS

=Z
N ANF
b,
4k
Following the general procedure A, 4k (377 mg, 1.29 mmol 33%) was prepared from
6-chloro-2-iodoaniline (1.00 g, 3.95 mmol) trimethylsilylacetylene (0.65 ml, 4.7 mmol) after column
chromatography on silica gel (n-hexane/AcOEt = 8:1).

Colorless oil; "TH-NMR (DMSO-d, 500 MHz) &: 8.38 (0.3H, s), 8.09 (0.7H, s), 7.65 (0.7H, dd, J =
8.0, 1.1 Hz),7.59 (0.3H,dd,J=8.0, 1.1 Hz),7.55(0.7H, dd, J = 8.0, 1.1 Hz), 7.50 (0.3H, dd, J =80,
1.1 Hz), 743 (0.7H, dd, J=8.0,8.0 Hz), 7.38 (0.3H, dd, J = 8.0, 8.0 Hz), 594 (0.3H, ddt, J = 169,
9.7,6.8 Hz),5.84-5.76 (0.7H, ddt, J = 17.2, 10.3, 6.8 m), 5.18-5.04 (2H,m), 4 .44 (0.7H, dd, J = 149,
6.8 Hz),4.37 (0.3H,dd,J=15.1,6.8 Hz),4.30 (0.3H, dd, J = 15.1, 6.8 Hz), 4.164 (0.7H, dd, J =
149, 6.8 Hz),,0.24 (3H, s), 0.23 (6H, s).

BC-NMR (DMSO-dg, 125 MHz) 6: 1619 161.5,138.7, 138.3,133.1, 1329, 132.8, 132.0, 131.3,
131.2,130.6, 130.2,129.6, 129.1, 124.8, 1242, 118.6, 118.5, 100.90, 100.87, 100.5,99.9, 51.1,47.0,
-0.8,-0.9.; HRMS (MALDI-TOF) calcd for C;sH;sCINOSi [M+H]* 292.0919, found 292.0918.; Anal
calcd for C;sHsCINOSi: C,61.73; H, 6.22; N, 4.80, found: C, 62.03; H, 6.39; N, 4.83.
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Following the general procedure A, 41 (90 mg, 0.29 mmol 17%) was prepared from Methyl
4-amino-3-iodobenzoate (460 mg, 1.66 mmol) trimethylsilylacetylene (0.28 ml, 2.0 mmol) after
column chromatography on silica gel (n-hexane/AcOEt = 8:1).

Colorless plates; m.p.: 56-58 °C; (from n-hexane) 'H-NMR (65 °C, DMSO-ds, 500 MHz) 6: 8.37
(1H,s),8.02 (1H, s), 798 (1H,d,J=8.6 Hz), 7.55 (1H,d,J = 8.6 Hz) 5.75 (1H, ddt, J = 169, 10.6,
52 Hz),5.18 (1H,d,J=169 Hz),5.08 (1H,d, J=10.6 Hz),4.43 (2H,d,J =52 Hz), 3.88 (3H, s),
0.23 (9H, s).; *C-NMR (65 °C, DMSO-ds, 125 MHz) 0: 1640, 161.2,145.2,133.0,131.8, 129.7,
127.7,126.5,1194,1169, 100.14, 100.07, 51.6, 46 2, -1.3.; HRMS (MALDI-TOF) calcd for
Ci7H»NO;5Si [M+H]*316.1363 found 316.1363.

MeO //

4m

Following the general procedure A, 4m (251 mg, 0.872 mmol 30%) was prepared from
2-i0odo-4-methoxyaniline (735 mg, 2.95 mmol) trimethylsilylacetylene (0.49 ml, 3.5 mmol) after
column chromatography on silica gel (n-hexane/AcOEt = 8:1).

Pale yellow oil; '"H-NMR (130 °C, DMSO-ds, 500 MHz): &: 8.15 (1H,s), 7.25 (1H, d, J = 8.0 Hz),
7.04-7.01 (2H, br m), 5.79 (1H, br m), 5.16 (1H, d,J=17.2 Hz), 508 (1H, d, J=9.7 Hz), 4.29 (2H,
d,J=5.7Hz),3.81 (3H,s),0.24 (9H, s).; *C-NMR (120 °C, DMSO-ds) &: 161.9, 1579, 1349,
132.7,1290, 121.8,117.3,116.6,116.2,101.5,99.3,554,47.2,-0.7; HRMS (MALDI-TOF) calcd
for C,sH»,NO,Si[M+H]* 288.1414, found 288.1415.; Anal calcd for C,sH,,NO,Si: C, 66.86; H, 7.36;
N, 4.87, found: C, 66.85; H, 7.49; N, 4.85.

Me //
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Following the general procedure A, 4n (611 mg, 2.25 mmol 55%) was prepared from
4-methyl-2-iodoaniline (1.00 g, 4.29 mmol) trimethylsilylacetylene (0.71 ml, 5.2 mmol) after column
chromatography on silica gel (n-hexane/AcOEt = 8:1).

Pale yellow oil ; 'H-NMR (110 °C, DMSO-dg, 500 MHz) &: 8.20 (1H, s), 7.35 (1H, s), 7.24 (2H, m),
5.77 (1H, br m),5.16 (1H,d,J =172 Hz),5.06 (1H,d,J=9.7 Hz),4.33 (2H,d, J = 5.2 Hz), 2.31
(3H, s),0.23 (9H, s).; 3*C-NMR (110 °C, DMSO-ds, 125 MHz) 6: 1614, 139.2,136.7, 132.7,132.5,
130.1, 1270, 120.2,116.9, 101.5,98.9, 46 .8, 19.5,-1.0.; HRMS (MALDI-TOF) calcd for
Ci6H»NOSi [M+H]* 272.1465 found 272.1464.

Me NTNF

Following the general procedure A, 40 (421 mg, 1.55 mmol 36%) was prepared
4-methyl-2-iodoaniline (1.00 g, 4.29 mmol) trimethylsilylacetylene (0.71 ml, 5.2 mmol) after column
chromatography on silica gel (n-hexane/AcOEt = 8:1).

Pale yellow oil ; '"H-NMR (110 °C, DMSO-dg, 500 MHz) 6: 8.23 (1H, s), 741 (1H, d,J = 8.2 Hz),
7.16 (2H, m), 5.78 (1H, br m), 5.18 (1H,d,J =172 Hz),5.07 (1H,d,J =103 Hz),4.36 2H,d,J =
5.2 Hz),2.35 (3H, s),0.22 (9H, s).; 3*C-NMR (110 °C, DMSO-ds, 125 MHz) &: 161.3, 141.6, 139.8,
132.5,132.2,127.6,127.5,117.3,116.8, 101.6,98.5,46.8, 20.2,-1.0. HRMS (MALDI-TOF) calcd
for C;sH,,NOSi [M+H]* 272.1465 found 272.1465.

Preparation of 4f

// OIPr3

N ANF
o

4f

A mixture of formic acid (0.23 ml, 6.1 mmol, 3.0 eq.) and acetic anhydride (0.69 ml, 7.3 mmol,
3.6 eq.) was stirred at 60 °C for 3 h. To the resulting mixture was added a solution of 2-iodoaniline
(442 mg, 2.02 mmol, 1.0 eq.) in THF (20 ml, 0.1 M) at room temperature and the mixture was stirred
for 1 h. Then the solvent was removed in reduced pressure. To the residue, toluene was added and
removed in reduced pressure to give N-formyl-2-iodoaniline (500 mg, 2.02 mmol, quant.)

To a stirred solution of above N-formyl-2-iodoaniline (500 mg, 2.02 mmol 1.0 eq.) in a mixture of

THF-iPr,NH (1:1) (20 ml, 0.1 M) were added 3-propyn-1-ol (0.14 ml, 2.4 mmol, 1.2 eq.), Cul (19
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mg, 0.10 mmol, 5 mol%) and PdCl,(PPh;), (28 mg, 0.040 mmol, 2 mol%). The mixture was stirred
at 50 °C for 1 h. The mixture was filtered on celite pad and concentrated to remove the solvent.

To a stirred solution of above residue (2.02 mmol, 1.0 eq.) in CH,Cl, were added Et;N (0.42 ml,
3.0 mmol, 1.5 eq.) and triisopropylsilyl chloride (0.52 ml, 2.4 mmol, 1.2 eq.). The mixture was
refluxed for 6 h. To the resulting mixture were added additional Et;N (0.42 ml, 3.0 mmol, 1.5 eq.)
and triisopropylsilyl chloride (0.52 ml, 2.43 mmol, 1.2 eq.). The mixture was refluxed for 12 h. To
the mixture, was added of sat. NaHCO; aq. The organic compounds were extracted with CH,Cl,. The
organic layers were dried over Na,SO, and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography (n-hexane/AcOEt = 1:2) to give (329 mg,
0.992 mmol, 49% (2 steps)). To a stirred solution of
N-(2-(3-((triisopropylsilyl)oxy)prop-1-yn-1-yl)phenyl)formamide (329 mg, 0.992 mmol, 1.0 eq.) in
THF (10 ml, 0.1 M) were added NaH (52 mg, 1.3 mmol, 1.3 eq.) and allyl bromide (0.17 ml, 2.0
mmol, 2.0 eq.). The mixture was stirred at 50 °C for 1.5 h. To the mixture, was added of sat. NH,Cl
aqg. The organic compounds were extracted with Et;O. The organic layers were dried over Na,SO,
and the solvent was evaporated under reduced pressure. The residue was purified by silica gel
column chromatography (n-hexane/AcOEt = 4:1) to give 4f (315 mg, 0.846 mmol 42%).

Pale yellow oil 'H-NMR (115 °C, DMSO-ds, 500 MHz) 6: 8.24 (1H, s), 7.55-7.30 (4H, m) 5.77
(1H, br m), 5.14 (1H,d,J =172 Hz),5.06 (1H,d,J = 9.7 Hz), 4.64 (2H, s), 4.38 (2H, br m),
1.11-1.06 (21H, m).; BC-NMR (115 °C, DMSO-ds, 125 MHz) 6: 161.2, 141.1, 132.6, 1324, 129.1,
127.3,127.0,120.2 1169,929,80.4,51.5,46.7,17.1, 11.1.; HRMS (MALDI-TOF) calcd for
C,,H33NO,NaSi [M+Na]* 394.2173, found 394.2172.

Preparation of 4g

4g

To a stirred solution of 4b (91 mg, 0.35 mmol) in THF (3.5 mL) was added n-Bu,NF (0.42 ml, 0.42
mmol, 1.0 M in THF). The mixture was stirred at 0 °C for 0.5 h. To the mixture, was added of sat.
NH,CI aq. The organic compounds were extracted with Et,O. The organic layers were dried over
Na,SO, and the solvent was evaporated under reduced pressure. The residue was purified by silica
gel column chromatography (n-hexane/AcOEt = 4:1) to give 4g (63 mg, 0.85 mmol 96%).

Pale yellow oil 'H-NMR (CDCl;, 500 MHz) 6: 8.31 (1H, s), 7.59 (1H,dd,J =74, 1.7 Hz), 7.40
(1H,dddJ=7.7,74,1.7Hz),7.31 (1H,ddd,J=74,74,1.1 Hz),7.21 (1H,dd,J=7.7,1.1 Hz),
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5.86-5.79 (1H, ddt, /=169, 10.3,39Hz), 5.15 (1H,dd, /=169, 14 Hz),5.10 (1H,dd,/J=103,14
Hz),4.43 (2H,d,J=3.9 Hz),3.30 (1H, s).; *C-NMR (CDCl;, 125 MHz) 6: 162.6, 1422, 1340,
132.3,129.8,127.6,127.6,120.7,118.3, 82.8,79.8, 48.2.; HRMS (MALDI-TOF) calcd for
Ci.H,NO [M+H]* 186.0913, found 186.0914.

General procedure B: One-pot isomerization/cycloisomerization/aromatization of 4 to 2

To a stirred solution of 4 (1.0 eq.) in degassed p-xylene (0.0125 M) was added RuHCI(CO)(PPh;);
(10 mol%) under an Ar atmosphere and the mixture was stirred at 100 °C for 1 h. The reaction
mixture was added vinyloxytrimethylsilane (1.0 eq.) and Grubbs II (10 mol%) at room temperature.
The mixture was refluxed until TLC showed complete consumption of the isomerization product, or
for 3 h. Then to the reaction mixture was added (+)-CSA (20 mol%) and the mixture was refluxed
until TLC showed complete consumption of the cycloisomerization product. The reaction mixture
was concentrated in vacuo to remove the solvent, and the obtained residue was purified by flash
column chromatography on silica gel to give 2.

TMS

Following the general procedure B, 2a (7.4 mg, 0.019 mmol 41%) was obtained from 4a (18 mg
0.047 mmol), RuHCI(CO)(PPhs); (4.5 mg, 0.0047 mmol), Grubbs 2nd catalyst (4.0 mg, 0.0047
mmol), trimethyl(vinyloxy)silane (7 ul, 0.05 mmol), (+)-10-canphorsulfonic acid (0.9 mg, 0.004
mmol).
reaction time in cyclization = 3 h. and in aromatization = 1 h. after column chromatography on silica
gel (n-hexane/AcOEt =20:1).

Colorless needles; m.p.:77-81 °C (from n-hexane); 'H-NMR (CDCl;, 500 MHz): 6 8.20 (1H,d, J =
8.6 Hz), 7.51(2H, d, J = 8.1 Hz), 7.32-7.06 (6H, m), 5.53 (1H,dd,J=11.7,1.7 Hz),5.37 (1H, dd, J
=179,1.7Hz),2.27 (3H, s), 2.18 (2H, s),-0.13 (9H, s) ppm; *C-NMR (CDCl;, 125 MHz): 6 144 .3,
136.8,134.6,132.2,132.0,129.2 128.6, 126.6, 125.1,123.6,1234,119.7,117.8,1159,21.4, 145,

-0.8 ppm; HRMS (MALDI-TOF) calcd for C,;H»sNO,NaSiS [M+Na]+ 406.1267, found 406.1253.
TMS

I
N

A

2b
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Following the general procedure B, 2b (14 mg, 0.055 mmol 92%) was obtained from 4b (16 mg
0.060 mmol), RuHCI(CO)(PPh;); (5.7 mg, 0.0060 mmol), Grubbs 2nd catalyst (5.1 mg, 0.0060
mmol), trimethyl(vinyloxy)silane (9 ul, 0.06 mmol), (+)-10-canphorsulfonic acid (2.8 mg, 0.012
mmol).
reaction time in cyclization = 0.5 h. and in aromatization = 1 h. after column chromatography on
silica gel (n-hexane/AcOEt = 25:1).

Pale yellow oil; 'H-NMR (55 °C, CDCl;, 500 MHz): 6 9.37 (1H, s), 8.37 (1H,d,J = 8.0 Hz), 7.43
(1H,d,J=7.5Hz),7.35(1H,dd,J=8.0,7.5Hz),7.29 (1H,dd, J=8.0,7.5 Hz), 6.82 (1H,dd, J =
175,115 Hz),5.62 (1H,d,J=11.5 Hz),5.51 (1H,d, J =17.5 Hz),2.22 (2H, 5), 0.05 (9H, s) ppm;
BC-NMR (55 °C, CDCl;, 125 MHz): 6 159.4,1354,131.0,130.2, 125.6,125.5,124.1,121.7, 120.2,
1196, 115.7, 14.3,-0.6 ppm; HRMS (MALDI-TOF) calcd for C;sH,0NOSi [M+H]* 258.1309, found

258.1307.; Anal calcd for C;sH,,NOSi: C, 69.99; H, 7.44; N, 544, found: C, 70.31; H, 7.55; N, 5 40.
SiMe,Ph
I
N

A
2c

Following the general procedure B, 2¢ (171 mg, 0.535 mmol 83%) was obtained from 4¢ (206 mg
0.646 mmol), RuHCI(CO)(PPh;); (62 mg, 0.065 mmol), Grubbs 2nd catalyst (55 mg, 0.065 mmol),
trimethyl(vinyloxy)silane (96 pl, 0.65 mmol), (+)-10-canphorsulfonic acid (30 mg, 0.13 mmol).
reaction time in cyclization = 0.5 h. and in aromatization = 1 h. after column chromatography on
silica gel (n-hexane/AcOEt =25:1).

Pale yellow oil; 'H-NMR (55 °C, CDCl;, 400 MHz) 6: 9.25 (1H, s), 8.31 (1H, d,J = 8.2 Hz),
7.40-7.14 (8H, m),6.54 (1H,dd,J=179,119 Hz),543 (1H,d,/=119 Hz),5.29 (1H,d,J =179
Hz),2.35 (2H, s), 0.25 (6H, s).; *C-NMR (55 °C, CDCl;, 100 MHz) 6: 159.3, 138.3, 135.3, 133.6,
1309, 130.6, 129.3, 1279, 125.5,125.2, 124.0,120.7, 1204, 119.7,115.6, 14.0, -2.4.; HRMS
(MALDI-TOF) calcd for C,0H, NONaSi [M+Na]* 342.1285, found 342.1289.; Anal calcd for
CyH,NOSi: C, 75.19; H, 6.63; N, 4.38, found: C,75.24; H, 6.59; N, 4.49.

SiMe,Bn
I
N

|
1o
2d
Following the general procedure B, 2d (29 mg, 0.085 mmol 89%) was obtained from 4d (32 mg
0.97 mmol), RuHCI(CO)(PPh;); (9.2 mg, 0.0097 mmol), Grubbs 2nd catalyst (8.2 mg, 0.0097 mmol),

trimethyl(vinyloxy)silane (14 pl, 0.097 mmol), (+)-10-canphorsulfonic acid (4.5 mg, 0.019 mmol).
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reaction time in cyclization = 3 h. and in aromatization = 1 h. after column chromatography on silica
gel (n-hexane/AcOEt = 25:1).

Pale yellow oil; 'H-NMR (CDCl;, 500 MHz) 6: 9.37 (1H, s), 841 (1H, d, J= 7.2 Hz), 7.40-7.01
(8H, m), 6.76 (1H,dd, J=17.8,11.8 Hz), 5.60 (1H,dd,J=11.8,1.0 Hz), 545 (1H,dd,/J=17.8,1.0
Hz),2.26 (2H, s), 2.20 (2H, s), 0.00 (6H, s).; 3C-NMR (70 °C, DMSO-ds, 125 MHz) &: 159.7, 139.1,
134.2,130.2,130.1, 127.75, 127.66, 1250, 124.8,123.7,123.5,119.8, 1196, 119.3, 114 4, 25 .1,

11.6,-3.0. HRMS (MALDI-TOF) calcd for C,H,,NOSi [M+H]* 334.1622, found 334.1622.

Bu

I
N

Ao
2e

Following the general procedure B, 2e (38 mg, 0.16 mmol 70%) was obtained from 4e (54 mg 0.22
mmol), RuHCI(CO)(PPh;); (21 mg, 0.022 mmol), Grubbs 2nd catalyst (19 mg, 0.022 mmol),
trimethyl(vinyloxy)silane (33 pl, 0.22 mmol), (+)-10-canphorsulfonic acid (52 mg, 0.22 mmol).
reaction time in cyclization = 3 h. and in aromatization = 4 h. after column chromatography on silica
gel (n-hexane/AcOEt = 25:1).

Pale yellow oil; 'H-NMR (CDCl;, 500 MHz) 6: 9.39 (1H, s), 8.44 (1H,d,J= 7.7 Hz), 7.55 (1H, dd,
J=7.7Hz,1.1Hz),7.33 (1H,ddd,J=7.7,7.4,1.1 Hz),7.31 (1H,ddd,J=7.7,74,1.1 Hz) 6.84 (1H,
dd,J=17.6,122 Hz),5.70 (1H,d,J=12.2 Hz), 549 (1H,d, J = 17.6 Hz), 2.67 (2H, s), 0.99 (9H,
s).; PC-NMR (55 °C, CDCls, 125 MHz) 6:160.0, 135.3, 1339, 131.7, 126.1, 125.3, 124.1, 122.1,
1210, 1204, 115.8,37.3, 34.1,30.4. HRMS (MALDI-TOF) calcd for C;sH,NO [M+H]* 242.1539,
found 242.1530.

I OSiIPr3

Ao
2f

Following the general procedure B, 2f (16 mg, 0.043 mmol 24%) was obtained from 4f (66 mg 0.18
mmol), RuHCI(CO)(PPh;); (17 mg, 0.018 mmol), Grubbs 2nd catalyst (15 mg, 0.018 mmol),
trimethyl(vinyloxy)silane (27 pl, 0.18 mmol), (+)-10-canphorsulfonic acid (42 mg, 0.18 mmol).
reaction time in cyclization = 2 h. and in aromatization = 4 h. after column chromatography on silica
gel (n-hexane/AcOEt =20:1).

Colorless oil; m.p.:53 °C; 'H-NMR (40 °C, CDCl;, 500 MHz)4: 9.33 (1H, s), 8.34 (1H, d, /=7 Hz),
7.55(1H,d,J=7Hz), 7.34 (1H, t,J=7 Hz), 7.30 (1H, t, J= 7 Hz), 6.85 (1H, dd, /=17, 12 Hz),
5.68 (1H, d, /=12 Hz), 5.67 (1H, d, J= 17 Hz), 3.95 (2H, t, /=7 Hz), 3.02 (2H, t, /=7 Hz).,
1.09-0.98 (21H, m); *C-NMR (75 °C, DMSO-ds, 500 MHz) 6: 159.7, 134.0, 133.6, 130.1, 124.8,
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124.6, 123.6, 121.4,119.0, 118.1, 114.3, 62.3, 27.3, 17.3, 11.1.; HRMS (MALDI-TOF) calcd for
C»H33NOLS1 [M]F 371.2275, found 371.2274.

Cl
TMS

I
L
H”>0

2h

Following the general procedure B, 2h (35 mg, 0.12 mmol 60%) was obtained from 4h (58 mg 0.20
mmol), RuHCI(CO)(PPh;); (19 mg, 0.020 mmol), Grubbs 2nd catalyst (17 mg, 0.020 mmol),
trimethyl(vinyloxy)silane (30 ul, 0.20 mmol), (+)-10-canphorsulfonic acid (9.2 mg, 0.040 mmol).
reaction time in cyclization = 3 h. and in aromatization = 12 h. after column chromatography on
silica gel (n-hexane/AcOEt = 25:1).

Colorless plates; m.p.: 52-54 °C (from n-hexane); 'H-NMR (55 °C, CDCl;, 500 MHz) 6: 9.37 (1H,
s), 841 (1H,d,J =69 Hz),7.28-7.24 (2H, m), 6.79 (1H,dd,J=17.8,12.0 Hz),5.73 (1H, d, J =
12.0 Hz), 5.54 (1H,d, J=17.8 Hz), 2.62 (2H, s), 0.07 (9H, s).; *C-NMR (55 °C, CDCl;, 500 MHz)
0: 1596, 1369,131.2,127.3,1269, 126.1,1259,125.3, 1219, 121.6,114.6, 149, -0.7.; HRMS
(MALDI-TOF) calcd for C;sH,;,CINOSi [M+H]* 292.0919, found 292.0917.; Anal calcd for

CisHsCINOSi: C, 61.73; H, 6.22; N, 4.80, found: C, 61.75; H, 6.41; N, 4.90.
Cl TMS

Ao
2i

Following the general procedure B, 2i (40 mg, 0.14 mmol 73%) was obtained from 4i (55 mg 0.19
mmol), RuHCI(CO)(PPh;); (18 mg, 0.019 mmol), Grubbs 2nd catalyst (16 mg, 0.019 mmol),
trimethyl(vinyloxy)silane (28 pl, 0.19 mmol), (+)-10-canphorsulfonic acid (8.7 mg, 0.037 mmol).
reaction time in cyclization = 3 h. and in aromatization = 6 h. after column chromatography on silica
gel (n-hexane/AcOEt = 40:1).

Colorless needles; m.p.: 75-76 °C (from n-hexane); 'H-NMR (55 °C, CDCl;, 500 MHz): 6 9.32 (1H,
s), 831 (1H,d,/J=85Hz),738 (1H,d,J=1.5 Hz),7.30 (1H,dd, J=8.5,1.5 Hz),6.78 (1H,dd, J =
18.0,12.0 Hz),5.66 (1H,d,J=12.0 Hz), 5.53 (1H, d, J=18.0 Hz), 2.16 (2H, s), 0.05 (9H, s) ppm;
BC-NMR (55 °C, CDCls, 125 MHz): 6 159.3,133.7,132.6, 131.6, 130.0, 125.8, 125.2, 1214, 1210,
119.5,117.0, 144, -0.5 ppm; HRMS (MALDI-TOF) calcd for C;sH,;yCINOSi [M+H]* 292.0919,
found 292.0916.; Anal calcd for C;sH;sCINOSi: C, 61.73; H, 6.22; N, 4.80, found: C, 62.08; H, 6.43;
N, 4.65.
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Following the general procedure B, 2j (34 mg, 0.12 mmol 85%) was obtained from 4j (40 mg 0.14
mmol), RuHCI(CO)(PPh;); (13 mg, 0.014 mmol), Grubbs 2nd catalyst (12 mg, 0.014 mmol),
trimethyl(vinyloxy)silane (22 pl, 0.14 mmol), (+)-10-canphorsulfonic acid (6.3 mg, 0.027 mmol).
reaction time in cyclization = 2.5 h. and in aromatization = 6 h. after column chromatography on
silica gel (n-hexane/AcOEt =40:1).

Colorless needles; m.p.: 65-67 °C; 'H-NMR (55 °C, CDCl;, 500 MHz): 6 9.32 (1H, s), 8.48 (1H, s),
732 (1H,d,J=83Hz),7.27 (1H,dd,J=8.3,20Hz),6.77 (1H,dd,J=17.5, 11.8 Hz), 5.64 (1H, d,
J=11.8Hz),5.51 (1H,d,J=17.5 Hz), 2.18 (2H, s), 0.04 (9H, s) ppm; *C-NMR (55 °C, CDCl;, 125
MHz): 6 1594, 135.7,131.7, 1309, 129.7, 1253, 1248, 1214, 1209, 1204, 116.3, 14.5, -0.5 ppm;
HRMS (MALDI-TOF) calcd for C;sH;,CINOSi [M+H]* 292.0919, found 292.0917.; Anal calcd for
CisHsCINOSi: C, 61.73; H, 6.22; N, 4.80, found: C, 61.92; H, 6.49; N, 4.73.

TMS

|
&
2k

Following the general procedure B, 2k (23 mg, 0.078 mmol 62%) was obtained from 4k (37 mg
0.13 mmol), RuHCI(CO)(PPh;); (12 mg, 0.013 mmol), Grubbs 2nd catalyst (11 mg, 0.013 mmol),
trimethyl(vinyloxy)silane (19 pl, 0.13 mmol), (+)-10-canphorsulfonic acid (12 mg, 0.050 mmol)
reaction time in cyclization = 3 h. and in aromatization = 12 h. after column chromatography on

silica gel (n-hexane/AcOEt =25:1).

Colorless plates; m.p.: 56-57 °C(from n-hexane); 'H-NMR (55 °C, CDCl;, 500 MHz): 10.44 (1H, s),
7.37 (1H,d,J=8.0Hz),7.32 (1H,d,J=8.0 Hz),7.19 (1H, dd, J=8.0,8.0 Hz), 7.15 (1H, dd, J =
178,112 Hz),5.52 (1H,d, /=112 Hz),549 (1H,d, J=17.8 Hz),2.27 (2H, s),0.03 (9H, s);
BC-NMR (55 °C, CDCls, 125 MHz) &: 159.9, 134.5,133.0, 131.6, 129.0, 127.1, 124.0, 121.6, 119.2,
118.1,1179, 14.1 ,-0.3. HRMS (MALDI-TOF) calcd for C;sH;,CINOSi [M+H]* 292.0919, found
292.0918.; Anal calcd for C;sH,;sCINOSi: C, 61.73; H, 6.22; N, 4.80, found: C, 61.85; H, 6.44; N,
4.74.
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Following the general procedure B, 21 (8.3 mg, 0.026 mmol 64%) was obtained from 41 (13 mg
0.041 mmol), RuHCI(CO)(PPhs); (3.9 mg, 0.0041 mmol), Grubbs 2nd catalyst (3.5 mg, 0.0041
mmol), trimethyl(vinyloxy)silane (6 ul, 0.04 mmol), (+)-10-canphorsulfonic acid (1.9 mg 0.0082
mmol)
reaction time in cyclization = 3 h. and in aromatization = 1 h. after column chromatography on silica
gel (n-hexane/AcOEt = 25:1).
Yellow oil; "H-NMR (50 °C, CDCl;, 400 MHz) &: 9.37 (1H, s), 8.40 (1H,d,J =84 Hz),8.16 (1H, s),
8.04 (1H,dd,J=84,1.1 Hz),6.81 (1H,dd,J=179,11.7 Hz),5.67 (1H,d,J = 11.7 Hz), 5.55 (1H,
d,J =179 Hz),3.96 (3H,s), 2.25 (2H, s), 0.05 (9H, s).; *C-NMR (50 °C, CDCl;, 100 MHz) 6:
167.5,159.7,138.2,131.6, 131.2,127.2, 1265, 1254, 122.13, 122,05, 1214, 115.6,52.4, 14.6,-04 ;

HRMS (MALDI-TOF) calcd for C;;H»NO;Si [M+H]*316.1363 found 316.1363.
MeO TMS

!
2m
Following the general procedure B, 2m (37 mg, 0.13 mmol 81%) was obtained from 4m (45 mg
0.16 mmol), RuHCI(CO)(PPh;); (15 mg, 0.016 mmol), Grubbs 2nd catalyst (13 mg, 0.016 mmol),
trimethyl(vinyloxy)silane (24 pl, 0.16 mmol), (+)-10-canphorsulfonic acid (7.3 mg, 0.032 mmol).
reaction time in cyclization = 2.5 h. and in aromatization = 1 h. after column chromatography on
silica gel (n-hexane/AcOEt =25:1).

Colorless needles; m.p.: 50-52 °C (from n-hexane); 'H-NMR (CDCl;, 500 MHz) 6: 9.31 (1H, s),
8.33 (1H, br s),6.97 (1H, dd, J=8.9,2.3 Hz),6.89 (1H, d, J = 2.3 Hz), 6.80 (1H, br m), 5.64 (1H, d,
J=115Hz),551 (1H,d,J =17.8 Hz), 3.89 (3H, s), 2.19 (2H, s), 0.07 (9H, s).; *C-NMR (CDCls;,
125 MHz) 8: 159.5,157.0, 132.2,131.1,130.0, 125.3,125.3, 121.7,120.6, 113.5,103.2, 559, 145,
-0.4.; HRMS (MALDI-TOF) calcd for C;sH,,NO,Si[M+H]* 288.1414, found 288.1413.; Anal calcd

for C;sH,1NO,Si: C, 66.86; H, 7.36; N, 4.87, found: C, 67.06; H, 7.57; N, 4.80.
Me TMS

A

2n
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Following the general procedure B, 2n (50 mg, 0.18 mmol 75%) was obtained from 4n (66 mg 0.24
mmol), RuHCI(CO)(PPh;); (23 mg, 0.024 mmol), Grubbs 2nd catalyst (20 mg, 0.024 mmol),
trimethyl(vinyloxy)silane (36 pl, 0.24 mmol), (+)-10-canphorsulfonic acid (11 mg, 0.048 mmol).
reaction time in cyclization = 3 h. and in aromatization = 1 h. after column chromatography on silica
gel (n-hexane/AcOEt = 25:1).

Colorless needles; m.p.: 63-65 °C (from n-hexane); 'H-NMR (55 °C, CDCl;, 500 MHz) 6: 9.33 (1H,
s),8.24 (1H,d,J=8.0Hz),7.21 (1H,s), 7.16 (1H,d,J = 8.0 Hz), 6.80 (1H,dd, J=17.8, 11.8 Hz),
559 (1H,d,J=11.8 Hz),5.49 (1H,d,J=17.8 Hz), 2.46 (3H, s), 2.19 (2H, 5),0.06 (9H, s).;
BC-NMR (55 °C, CDCls, 125 MHz) &: 159.1, 133.6, 133.5, 131.2, 130.3, 126.7, 125.5, 121.5, 119.8,
119.6, 115.3, 21.5, 14.3, -0.7. HRMS (MALDI-TOF) calcd for CisH22NOSi [M+H]" 272.1465 found

272.1464.
TMS

Me N |
HAO
20

Following the general procedure B, 20 (53 mg, 0.19 mmol 78%) was obtained from 40 (68 mg 0.25
mmol), RuHCI(CO)(PPhs;); (24 mg, 0.025 mmol), Grubbs 2nd catalyst (21 mg, 0.025 mmol),
trimethyl(vinyloxy)silane (37 pl, 0.25 mmol), (+)-10-canphorsulfonic acid (12 mg, 0.050 mmol).
reaction time in cyclization = 3 h. and in aromatization = 1 h. after column chromatography on silica
gel (n-hexane/AcOEt =25:1).

Pale yellow oil ; 'TH-NMR (55 °C, CDCl;, 500 MHz): &: 9.35 (1H, s), 8.22 (1H,s),7.30 (1H,d, J =
8.0 Hz),7.12 (1H,d,J=8.0 Hz), 6.80 (1H,dd, J=17.8, 120 Hz), 5.58 (1H, d, J=12.0 Hz), 547
(1H,d,J=17.8 Hz),2.49 (3H, s), 2.19 (2H, s), 0.05 (9H, s).; *C-NMR (55 °C, CDCl;, 125 MHz) &:
1594,135.8,135.7,129.6, 128.8,125.5,1254,121.7,1194,119.2, 1160, 21.8, 14 4, -0.7. HRMS
(MALDI-TOF) calcd for C;sH»,NOSi [M+H]* 272.1465 found 272.1460.

Preparation of 5

™S
|
N

|
Ao

5

To a solution of 2b (16 mg, 0.063 mmol) and 2,6-lutidine (14 mg, 0.13 mmol) in a mixture of H,O
(0.30 ml) and 1,4-dioxane (0.90 mL) was added potassium osmate(VI) dihydrate (1 mg, 0.003 mmol)
and sodium periodate (54 mg, 0.25 mmol) at 0 °C. The mixture was stirred at 0 °C for 1 h. The
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mixture was diluted with EtOAc and the organic layer was washed with sat. Na,S,0; aq. and brine,
dried over Na,SQy, filtered, and concentrated. The obtained residue was purified by column
chromatography on silica gel n-hexane/AcOEt = 8:1) to give 5 (12 mg, 0.045 mmol, 71%).
Colorless crystal; m.p. 102-103 °C (from CH,Cly/n-hexane); 'H-NMR (CDCl;, 500 MHz) 6: 10.26
(1H,s), 10.05 (1H, s), 8.53 (1H,d,J =79 Hz),7.62 (1H,d,J =79 Hz),7.57 (1H,ddd,J=79,7.9,
1.1 Hz), 737 (1H,ddd,J=7.9,79, 1.1,Hz),2.60 (2H, s), 0.08 (9H, s); *C-NMR (CDCl;, 125
MHz) &: 1804, 161.8, 141.1,137.2, 131.1,129.1, 128.8, 124.8, 1219, 117.7, 15.7,-1.1.; HRMS
(MALDI-TOF) calcd for C,,H;;NO,NaSi [M+Na]* 282.0921, found 282.0920.; Anal calcd for
Ci4H;NO,Si: C, 64.83; H, 6.61; N, 5.40, found: C, 64.62; H, 6.86; N, 5.27.

Preparation of 6

T™S
I

N
OH
6

To a stirred solution of 2b (28 mg, 0.11 mmol) in a mixture of THF (0.55 ml) and H,O (0.55 mL)
was added dropwise a solution of 1M NaOH aq. (0.16 mL, 0.16 mmol,) at O °C. The mixture was
stirred at ambient temperature for 2 h, and then sat. NH,Cl aq. was added. The mixture was diluted
with AcOEt and washed with water and brine. The combined organic layer was dried over Na,SO,,
filtered, and concentrated. To the residue, toluene was added and removed in reduced pressure to
give 2-vinyl-3-[(trimethylsilyl)methyl]indole.

To a stirred solution of above 2-vinyl-3-[(trimethylsilyl)methyl]indole in anhydrous THF (1.1 ml,
0.1 M) was added Cy,BH (48 mg, 0.27 mmol, 2.5 eq.) at room temperature. The mixture stirred at
50 °C for 2 h. After cooling, H,O (1.1 ml), IM NaOH (1.1 ml), 30% H,O, (1.1 ml) was added at
0 °C. After stirred at room temperature for 0.5 h., to the mixture was added sat. Na,S,0; aq. The
mixture was diluted with AcOEt and washed with water and brine. The combined organic layer was
dried over Na,SQy, filtered, and concentrated. The obtained residue was purified by column
chromatography on silica gel n-hexane/AcOEt = 2:1) to give 6 (22 mg, 0.089 mmol, 83%).

Colorless oil ; 'TH-NMR (DMSO-ds, 400 MHz) &: 1047 (1H, br s), 7.29 (1H, d, J = 7.8 Hz), 7.20
(1H,d,J=7.8 Hz),6.94 (1H,dd,J=7.8,7.8 Hz),6.87 (1H,dd, J= 7.8, 7.8 Hz), 4.77 (1H, br m),
3.66 (2H, dt,J=124,7.3 Hz),2.78 (2H,t,J =7.3 Hz),2.02 (2H, s), -0.04 (9H, s).

.; BC-NMR (DMSO-d¢, 100 MHz) &: 1354,131.3,128.2,119.8,118.1,117.5,110.3, 107.7, 60.5,
299,128, -1.0.; HRMS (MALDI-TOF) calcd for C;;H,NOSi [M]* 247.1387, found 247.1387.
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Preparation of 7

Ph

To a stirred solution of 2b (27 mg, 0.11 mmol) in anhydrous DMF (0.43 mL) was added MS 4A
(55 mg 200 w%), benzaldehyde (34 mg, 0.32 mmol) and n-Bu,NF (11ul,0.011 mmol, 1.0 M in
THF). The resulting mixture was stirred at 80 °C for 6 h, and then 1M NaOH (0.16 mL) was added
at room temperature. After stirred for 0.5 h, the mixture was added sat. NH,Cl aq. The organic
compounds were extracted with Et,O. The organic layers were dried over Na,SO, and the solvent
was evaporated under reduced pressure. The residue was purified by silica gel column
chromatography (n-hexane/AcOEt = 4:1) to give 7 (23 mg, 0.086 mmol 81%).

Pale yellow oil; 'H-NMR (CDCl;, 500 MHz) 6: 8.13 (1H, brs), 7.57 (1H, d,J = 9.8 Hz), 7.43-7.27
(6H, m), 7.20(1H, ddd, J = 10.3, 8.6, 1.2 Hz), 7.10 (1H, ddd, J = 10.3, 8.6, 1.2 Hz), 6.76 (1H, dd, J =
17.8,11.5,Hz),548 (1H,d,J =17.8 Hz),5.24 (1H,d,J = 11.5 Hz) 4.96 (1H, dd, J = 8.6, 4.6 Hz)
3.17 (2H, ddd, 14.3, 8.6, 4.6).; 3*C-NMR (CDCls, 125 MHz) &: 143.9, 136.2, 133.8,128.9, 128 4, 127.5,
125.7,125.3,123.3,119.8,119.1,111.7,111.6, 110.7,74.4,34.9.; HRMS (MALDI-TOF) calcd for
CisH;NONa[M+Na]* 286.1202, found 286.1201.

Preparation of 8

OAc

Ao
8

To a stirred solution of 2¢ (12 mg, 0.039 mmol) in AcOH (0.40 ml, 0.1 M) was added KBr (6 mg
0.05 mmol, 1.2 eq.), NaOAc (10 mg, 0.12 mmol), and 1IN AcOOH (0.24 ml, 0.24 mmol 6 eq. ) at
16 °C. The mixture was stirred at 25 °C for 3 h, and then sat. Na,S,0; aq. was added. The mixture
was diluted with Et,O and washed with water and brine. The combined organic layer was dried over
Na,SOy, filtered, and concentrated. The obtained residue was purified by column chromatography on
silica gel n-hexane/AcOEt = 6:1) to give 8 (4.4 mg, 0.018 mmol, 47%).

Colorless needles; m.p.: 81-84 °C (from n-hexane); 'H-NMR (40 °C, DMSO-d¢, 400 MHz) 6: 9.44
(1H,s),8.27 (1H,d,J=7.8 Hz),7.71 (1H,d,J=7.3 Hz), 741-7.33 (2H, m), 7.13 (1H,dd, J = 17.6,
11.6 Hz),5.79 (1H,dd,J=11.6,1.3 Hz),5.72 (1H, dd, J = 17.6, 1.3 Hz), 5.25 (2H, s), 2.04 (3H, 5).;
3C-NMR (40 °C, DMSO-ds, 100 MHz) &: 170.1, 1604, 136.7,133.9, 129.1, 1254, 1242, 124 1,
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1239,1195,1150, 114.6, 56 .4,20.5.; HRMS (MALDI-TOF) calcd for C,,H;;NO; [M]*+ 243.0890,
found 243.0890.

o EOEER

Preparation of known compounds 9a. 9¢. 9d. 9¢. 9h. 9m. 90 and 12

Please see reference [16]

Preparation of known compounds 91

Please see reference [66]

Preparation of 9

Preparation of 9b, 9e, 91, 91, 9j, 9k

General procedure C; for preparation of 9b, 9f, 9j, 9k

——TMS (1.2 eq.) ™S
| PdC'z(PPh:;)z (2 mol%) // . AIIyIMeZS|CI
» culsmoie) [, mBuli(-2eq) ' (13eq) KOH
// Br i . > // Br > M o:
R THF-iProNH (1:1) R THF €
$1 0.1M, 50 °C S2 0.5M, -78°C -78°Cto RT RT

To a solution of compound S1, PdCl>(PPh3) (2 mol %) and Cul (5 mol%) in a mixture of THF and
iProNH (1:1, 0.1 M) was added trimethylsilylacetylene (1.2 eq.) at room temperature. After the
mixture was stirred at 50 °C for 2 h, the mixture was filtered through a celite pad and the solvent was
evaporated under reduced pressure. The residue was subjected to column chromatography on silica
gel to give above compound S2.

To a solution of compound S2 in THF (0.5 M) was dropwosely added n-BuLi (1.2 eq.) at -78 °C,
After the mixture was stirred at -78 °C for 1 h, allylchlorodimethylsilane (1.3 eq.) was dropwisely
added to the mixture. The reaction mixture was stirred at -78 °C for 1 h, and warmed to room
temperature. After then, saturated KOH in MeOH (0.5 M) was added to the reaction mixture and the
whole was stirred at room temperature for 10 min. The mixture was diluted with H>O and organic
compounds were extracted with Et;O. The organic layer was dried over Na;SOs4, and the solvent was
evaporated. The residue was subjected to column chromatography on silica gel to give
allyl(2-ethynylphenyl)dimethylsilane compound 9.

General procedure D; for preparation of 9e, 91

=—TMS (1.1 eq.) T™MS
N PdC(PPha), Bmol%) Z BuLi (1.1 eq AlYIMeaSICI
Cul (3 mol% neuLitl.1eq.) (1.2 eq. KOH
|// ul (3 mol%) - |// g ( QL > 9
g Br THF-EtN3 (1:1) g Br THF MeOH
S1 0.25 M S2 0.5M, -78 °C  -78 °C to RT
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To a solution of above compound S1, PdCI>(PPh3)2 (3 mol %) and Cul (3 mol%) in a mixture of
EtsN and THF (1:1, 0.25 M) was added trimethylsilylacetylene (1.1 eq.) at room temperature. After
the mixture was stirred for 2 h, the mixture was filtered through a celite pad and the solvent was
evaporated under reduced pressure. The residue was subjected to column chromatography on silica
gel to give above compound S2.

To a solution of above compound S2 in THF (0.5 M) was dropwisely added n-BuLi (1.1 eq.) at
-78 °C, After the mixture was stirred at -78 °C for 1 h, allylchlorodimethylsilane (1.2 eq.) was
dropwisely added to the mixture. The reaction mixture was stirred at -78 °C for 1 h, and warmed to
room temperature. After then, saturated KOH in MeOH (0.5 M) was added to the reaction mixture
and the whole was stirred at room temperature for 10 min. The mixture was diluted with H,O and
organic compounds were extracted with CH2Cl,. The organic layer was dried over Na>xSQOs, and the
solvent was evaporated. The residue was subjected to column chromatography on silica gel to give
allyl(2-ethynylphenyl)dimethylsilane compound 9.

9b (46 mg, 0.20 mmol, 15%) was prepared from 1-bromo-2-iodo-3-methoxybenzene®’ (418 mg,
1.34 mmol) by general procedure C.

Pale yellow oil; "TH-NMR (CDCls, 500 MHz) &: 7.30 (1H, dd, J = 8.0, 7.7 Hz), 7.06 (1H, d, J = 7.7
Hz), 6.91 (1H, d, J= 8.0 Hz), 5.82-5.74 (1H, brm), 4.88 (1H, dt, J=18.5, 1.4 Hz), 4.82 (1H, dt, /=
10.3, 1.4 Hz), 3.90 (3H, s), 3.52 (1H, s), 1.98 (2H, d, J = 8.0 Hz), 0.38 (6H, s) ppm; *C-NMR
(CDCls, 125 MHz) &: 161.2, 143.9, 135.0, 129.4, 126.6, 116.0, 113.5, 111.5, 85.3, 81.3, 55.9, 22.9,

-3.1 ppm; HRMS (MALDI-TOF) calcd for Ci4H90Si [M+H]* 231.1200, found 231.1200.
Z
Z

5N

ome’

9e
9¢ (171 mg, 0.741 mmol, 80%) was prepared from 2-bromo-1-iodo-3-methoxybenzene®® (289 mg,

0.922 mmol) by general procedure D.

Pale yellow oil; 'H-NMR (CDCls, 400 MHz) &: 7.24 (1H, dd, J = 8.2, 7.8 Hz), 7.14 (1H, dd, J = 7.8,
1.0 Hz), 6.80 (1H, dd, /= 8.2, 1.0 Hz), 5.81 (1H, ddt, /= 17.0, 10.1, 8.1 Hz), 4.85 (1H, ddd, J = 17.0,
1.1, 0.9 Hz), 4.80 (1H, ddd, /= 10.1, 1.1, 0.9 Hz), 3.75 (3H, s), 3.15 (1H, s), 1.95 (2H, ddd, J = 8.1,
1.1,0.9 Hz), 0.39 (6H, s) ppm;
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3C-NMR (CDCls, 100 MHz) &: 164.4, 135.9, 130.3, 128.8, 128.6, 127.5, 113.0, 110.7, 85.5, 80.5,
55.2,24.9, -0.5 ppm; HRMS (EI) calcd for C14H30Si1: 230.1121, found 230.1114

o
57

/\
of

9f (443 mg, 2.03 mmol, 71%) was prepared from 1-bromo-3-fluoro-2-iodobenzene ® (861 mg,
2.86 mmol) by general procedure C.

Pale yellow oil; "TH-NMR (CDCls, 300 MHz) &: 7.30-7.27 (2H, m), 7.13-7.07 (1H, m), 5.85-5.71
(1H, brm), 4.88 (1H, dd, J=14.8, 1.2 Hz), 4.85 (1H, dd, J=9.3, 1.2 Hz), 3.52 (1H, s), 1.98 (2H, dd,
J=1.9, 1.2 Hz), 0.40 (6H, s) ppm; 3C-NMR (CDCls, 125 MHz) 6: 164.2 (d, J = 254.3 Hz), 144.7 (d,
J=2.4Hz), 134.6, 130.0 (d,J=3.6 Hz), 129.8 (d,/=8.4 Hz), 116.2 (d, J=21.6 Hz), 115.2, 113.8,
86.2 (d, J=4.8 Hz), 78.4, 22.8, -3.1 ppm; '’F-NMR (CDCl3, 376 MHz) 6: -113.1 ppm.; HRMS
(DART) calced for Ci3Hi6FSi [M+H]* 219.1000, found 219.1003.

=

Si/\/
F / \

9l

91 (845 mg, 3.87 mmol, 54%) was prepared from 2-bromo-1-fluoro-3-iodobenzene ”° (2.16 g, 7.18
mmol) by general procedure D.

Pale yellow oil; 'H-NMR (CDCls, 400 MHz) &: 7.32 (1H, dd, J= 7.3, 0.9 Hz), 7.27 (1H, ddd, J =
7.8,7.3,5.9 Hz), 6.97 (1H, ddd, J=9.6, 7.8, 0.9 Hz), 5.79 (1H, ddt, J = 18.4, 10.1, 7.8 Hz), 4.88 (1H,
dd, J=18.4,0.9 Hz), 4.84 (1H, dd, /= 10.1, 0.9 Hz), 3.24 (1H, s), 1.99 (2H, dd, J=7.8, 0.9 Hz),
0.44 (6H, d, J = 2.4 Hz) ppm; *C-NMR (CDCl3, 100 MHz) : 167.0 (J = 240.3 Hz), 134.6, 130.8 (J
=9.53 Hz), 130.3 (J=2.9 Hz), 128.9 (J=12.6 Hz), 126.7 (J=30.5 Hz), 115.9 (J=27.7), 113.6,

84.4 (J=3.8Hz), 81.3, 23.9 (/= 3.8 Hz), -1.5 (/= 4.8 Hz) ppm; ’F-NMR (CDCls, 470 MHz) §:
-100.4 ppm; HRMS (EI) calcd for Ci3Hi5FSi: 218.0922, found 218.0906

Si/\%

/\
9

9j (163 mg, 0.762 mmol, 80%) was prepared from commercially available
1-bromo-2-iodo-4-methylbenzene (297 mg, 1.00 mmol) by general procedure C.
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Pale yellow oil; "TH-NMR (CDCls, 300 MHz) &: 7.37-7.34 (2H, m), 7.14 (1H, dd, J = 7.6, 1.0 Hz),
5.77 (1H, ddt, J=17.2, 8.1, 5.5 Hz), 4.87 (1H, dd, /= 17.2, 1.6 Hz), 4.81 (1H, dd, /= 5.5, 1.6 Hz),
3.21 (1H, s), 2.32 (3H, s), 1.95 (2H, dt, J= 8.1, 1.2 Hz), 0.36 (6H, s) ppm; *C-NMR (CDCl;, 125
MHz) §: 139.0, 137.8, 135.1, 134.6, 134.2, 129.1, 127.4, 113.4, 85.4, 80.1, 23.1, 21.2, -3.0 ppm;
HRMS (DART) caled for C14H19S1: 215.1251, found 215.1250

jod
Me Si/\/

/\

9k

9k (533 mg, 2.49 mmol, 80%) was prepared from commercially available
2-bromo-1-iodo-4-methylbenzene (1.00 g, 3.37 mmol) by general procedure C.

Pale yellow oil; "TH-NMR (CDCls, 500 MHz) 6: 7.43 (1H, d, J= 8.0 Hz), 7.26 (1H, m), 7.13 (1H, d,
J=8.0Hz),5.79 (1H,J=17.2,9.7, 8.0 Hz), 4.88 (2H, dt, J=17.2, 1.4 Hz), 4.83 (2H, dd, J=9.7,
1.4 Hz), 3.20 (1H, s), 2.35 (3H, s), 1.97 (2H, d, J = 8.0 Hz), 0.38 (6H, s); 3*C-NMR (CDCls, 125
MHz) &: 141.2, 137.9, 135.2, 135.1, 133.5, 129.8, 124.4, 113.4, 85.4, 79.8, 23.0, 21.7, -3.1 ppm,;
HRMS (DART) caled for C14H19S1: 215.1251, found 215.1253

Preparation of 91

OHC@\///
Si/\%

/\

9l
To a solution of 4-bromo-3-iodobenzoic acid’' (139 mg, 0.425 mmol) in THF (4.3 mL) at 0 °C, THF
solution of BH3-THF complex (1.0 M, 2.60 ml, 2.56 mmol) was dropwisely added. The reaction
mixture was allowed to warm to room temperature and left stirring for 3 h. The reaction was
quenched by the addition of sat.NH4ClI and the organic compounds were extracted with Et,O. The
organic layers were dried over NaxSOj4 and the solvent was removed under reduced pressure. The
mixture was filtered on silica pad to give the desired product (4-bromo-3-iodophenyl)methanol
which was used without further purification.

To a solution of above (4-bromo-3-iodophenyl)methanol, PACl(PPhs), (6 mg, 0.0085 mmol) and
Cul (4 mg, 0.0213 mmol) in THF/iProNH = 1/1 (4.3 ml) was added trimethylsilylacetylene (73 pl,
0.510 mmol) at room temperature. After the mixture was stirred at 45 °C for 6 h, the mixture was
filtered through Celite cake and the solvent was evaporated under reduced pressure. The residue was

subjected to column chromatography on silica gel (n-Hexane/AcOEt = 4:1) to give the desired
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product (4-bromo-3-((trimethylsilyl)ethynyl)phenyl)methanol. (120 mg, 0.424 mmol, quant. (2
steps))

To a solution of above (4-bromo-3-((trimethylsilyl)ethynyl)phenyl)methanol (117 mg) in THF (4.1
ml) was dropwisely added n-BuLi (2.65 M THF solution, 1.0 ml, 0.991 mmol) at -78 °C, After the
mixture was stirred at -78 °C for 1 h, allylchlorodimethylsilane (160 pl, 1.07 mmol) was dropwisely
added to the mixture. The reaction mixture was stirred at -78 °C for 1 h, and warmed to room
temperature. After then, saturated KOH in MeOH (0.5 M) was added to the reaction mixture and the
whole was stirred at room temperature for 10 min. The mixture was diluted with H>O and organic
compounds were extracted with Et;O. The organic layer was dried over Na;SOs4, and the solvent was
evaporated. The residue was subjected to column chromatography on silica gel (n-Hexane/AcOEt =
4:1) to give (4-(allyldimethylsilyl)-3-ethynylphenyl)methanol (51 mg, 0.219 mmol, 53%).

To a solution of (4-(allyldimethylsilyl)-3-ethynylphenyl)methanol (51 mg, 0.219 mmol) and pyridine
(53 pl, 0.657 mmol) in 1,2-dichloroethane (2.2 ml) at 0 “C, Dess-Martin periodinane (139 mg, 0.329
mmol) was added. After the mixture was stirred at room temperature for 8 h, the reaction was
quenched by the addition of sat.Na,S,0Os3 and the organic compounds were extracted with CHCl:.
The organic layers were dried over Na>SO4 and the solvent was removed under reduced pressure.
The residue was subjected to column chromatography on silica gel (n-Hexane/AcOEt = 25:1) to give
1r (38 mg, 0.166 mmol, 76%).

Pale yellow oil; "TH-NMR (CDCls, 300 MHz) &: 9.99 (1H, s), 7.98 (1H, s), 7.79 (1H, d, J = 7.6 Hz),
7.64 (1H, d, J=17.6 Hz), 5.74 (1H, ddt, J=17.7, 9.0, 7.9 Hz), 4.86 (2H, m), 3.34 (1H, s), 1.98 (2H, d,
J=7.9Hz), 0.41 (6H, s) ppm; 3C-NMR (CDCls, 125 MHz) &: 191.8, 149.4, 136.6, 135.2, 134.4,
134.2, 128.5, 128.2, 114.0, 83.9, 82.0, 22.6, -3.3 ppm; HRMS (FAB) calcd for C14H170Si [M+H]
229.1049, found 229.1045

Preparation of 90

o

XY
90

To a suspension of 3-chloro-2-methyl-1-propene (0.10 ml, 1.0 mmol), I (5 mg) and magnesium

turnings (486 mg, 20.0 mmol) in THF (15 ml) was stirred at 50 °C until disappearing color of the 1>

solution. After then, additional 3-chloro-2-methyl-1-propene (0.40 ml, 4.1 mmol) was dropwisely

added to the mixture and stirred for 2 h to give corresponding Grignard reagent.

To a solution of ((2-bromophenyl)ethynyl)trimethylsilane!*3! (500 mg, 1.97 mmol) in THF (20.0 ml,
0.1 M) was added dropwise n-BuLi (0.90 ml, 2.4 mmol, 1.2 eq.) at -78 °C. After the mixture was
stirred at -78 °C for 1 h, Me>SiCl> (0.30 ml, 2.6 mmol, 1.3 eq.) was dropwisely added to the mixture
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and stirred for 1.5 h, After then, prepared Grignard reagent was dropwisely added to the mixture at
-78 °C, and warmed to room temperature. Saturated KOH in MeOH (0.5 M) was added to the
reaction mixture. The mixture was diluted with H>O, and the organic compounds were extracted with
Et>0O. The organic layer was dried over Na;SOs, and the solvent was evaporated. The residue was
subjected to column chromatography on silica gel (n-hexane) to give compound 90 (303 mg, 1.42
mmol, 71%).

Pale yellow oil; 'H-NMR (CDCls, 300 MHz) &: 7.53 (1H, dd, J= 5.7, 3.4 Hz), 7.48 (1H, dd, J= 5.7,
3.1 Hz), 7.32 (1H, d, J= 3.4 Hz), 7.30 (1H, d, J = 3.1 Hz), 4.58 (1H, br s), 4.49 (1H, br s), 3.25 (1H,
s), 2.00 (2H, d, J = 1.0 Hz), 1.63 (3H, s), 0.40 (6H, s) ppm; '*C-NMR (CDCls, 125 MHz) &: 143.6,
141.8, 134.4, 133.6, 129.0, 128.1, 127.5, 109.0, 85.4, 80.6, 26.8, 25.2, -2.6 ppm; HRMS (DART)
caled for Ci4HsSi[M+H]" 215.1251, found 215.1253.

Preparation of 10

Preparation of 10a

Si
/\

10a

To a stirred solution of 9a (24 mg, 0.12 mmol, 1.0 eq.), AcOH (0.20 ml, 2.3 mmol, 30 eq.),
(o-tolyl)3P (7.2 mg, 0.024 mmol, 20 mol%), in toluene (11.8 ml, 0.01 M) was added Pd>(dba); (5.4
mg, 0.0059 mmol, 10 mol%). The mixture was stirred at 60 “C for 2 h. The mixture was concentrated
to remove the solvent. The residue was purified by column chromatography (n-hexane) to give 10a
(17 mg, 0.086 mmol, 72%).

Colorless oil; 'H-NMR (CDCls, 500 MHz) &: 7.68 (1H, d, J= 7.9 Hz), 7.44 (1H, dd, J="7.1, 1.1
Hz), 7.34 (1H, ddd, /=7.9, 7.1, 1.7 Hz), 7.26 (1H, ddd, J="7.9, 7.1, 1.1 Hz), 5.54 (1H, d, J= 1.1
Hz), 5.26 (1H, d, J= 1.1 Hz), 4.96 (1H, d, /= 2.3 Hz), 4.74 (1H, dd, J= 1.1, 1.1 Hz), 1.97 (2H, s),
0.29 (6H, s) ppm; *C-NMR (CDCl3, 125 MHz) 6: 150.6, 148.7, 143.6, 135.5, 133.9, 129.6, 127.2,
124.3, 111.2, 109.1, 25.4, -2.1 ppm; HRMS (DART) calcd for Ci13H7Si[M+H]* 201.1094, found
201.1095.

Preparation of 11

Preparation of 11a, 11¢, 11d, 11f, 11g, 11h, 11j, 11k, 111, 110 and 11p.

General procedure E
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To a stirred solution of allyl(2-ethynylphenyl)dimethylsilane compound 9 (1.0 eq.), AcOH (30 eq.),
MS 3A (300 w/w%) in heptane (0.01 M) was added Pd(dba), (1 mol%). The mixture was stirred at
95 °C for 2 h. The mixture was filtered on cotton to remove MS 3A and concentrated to remove the
solvent. The residue was purified by column chromatography to give
1,1-dimethyl-5-methylene-2,3,4,5-tetrahydro-1H-benzo[ b]silepin-3-ol compound 11.

General procedure F

To a stirred solution of allyl(2-ethynylphenyl)dimethylsilane compound 9 (1.0 eq.), AcOH (30 eq.),
MS 3A (300 w/w%) in p-xylene (0.01 M) was added Pd(dba), (1 mol%). The mixture was refluxed
for 2 h. The mixture was filtered on cotton to remove MS 3A and concentrated to remove the solvent.
The residue was purified by column chromatography to give
1,1-dimethyl-5-methylene-2,3,4,5-tetrahydro-1H-benzo[ b]silepin-3-ol compound 11.

OH

Following the general procedure E, 11a (20 mg, 0.093 mmol 88%) was obtained from 9a (21 mg
0.111 mmol), Pd(dba), (0.6 mg, 0.001 mmol), AcOH (0.18 ml, 3.2 mmol), MS 3A (64 mg) and
heptane (10.6 ml) after column chromatography on silica gel (n-Hexane/AcOEt =6:1).

Following the general procedure F, 11a (13 mg, 0.060 mmol 59%) was obtained from 9a (21 mg
0.10 mmol), Pd(dba), (0.6 mg, 0.001 mmol), AcOH (0.18 ml, 3.1 mmol), MS 3A (62 mg) and
p-xylene (10.2 ml) after column chromatography on silica gel (n-Hexane/AcOEt =6:1).

Colorless oil; "H-NMR (CsDe, 500 MHz) &: 7.43 (1H, d, J = 6.9 Hz), 7.09-7.06 (3H, m), 5.50 (1H,
d, J=2.6 Hz), 5.03 (1H, d, J = 2.6 Hz), 3.02-2.98 (2H, m), 2.54 (1H, dd, J = 10.6, 2.6 Hz), 1.06 (1H,
dd, J=14.9, 3.4 Hz), 0.70 (1H, ddd, J = 14.9, 10.6, 3.2 Hz), 0.04 (3H, s), 0.03 (3H, s) ppm;
3C-NMR (CeDs, 125 MHz) &: 157.2, 144.9, 141.0, 128.5, 126.7, 125.2, 121.0, 101.8, 39.5, 39.4,
23.9, 0.7, 0.4 ppm; HRMS (MALDI-TOF) calcd for Ci3H;70Si [M-H]* 217.1043, found 217.1047.

MeO
OH

Following the general procedure E, 11¢ (10 mg, 0.041 mmol 47%) was obtained from 9¢ (20 mg
0.087 mmol), Pd(dba), (0.5 mg, 0.0009 mmol), AcOH (0.15 ml, 2.6 mmol), MS 3A (60 mg) and
heptane (8.7 ml) after column chromatography on silica gel (n-Hexane/AcOEt =5:1).
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Following the general procedure F, 11¢ (15 mg, 0.061 mmol 58%) was obtained from 9¢ (24 mg
0.11 mmol), Pd(dba), (0.6 mg, 0.001 mmol), AcOH (0.18 ml, 3.2 mmol), MS 3A (73 mg) and
p-xylene (10.6 ml) after column chromatography on silica gel (n-Hexane/AcOEt =4:1).

Colorless oil ; "TH-NMR (CsDs, 500 HMz) 6: 7.10 (1H, d, J= 2.5 Hz), 7.00 (1H, d, J = 8.2 Hz), 6.84
(1H, dd, J=8.2, 2.5 Hz), 5.49 (1H, d, J= 2.0 Hz), 5.04 (1H, d, J= 2.0 Hz), 3.36 (3H, s), 3.01 (2H,
m), 2.52 (1H, dd, J=14.3, 4.6 Hz), 1.09 (1H, dd, /= 14.9, 3.4 Hz), 0.75 (1H, dd, J = 14.9, 10.9 Hz),
0.06 (3H, s), 0.05 (3H, s) ppm; 3*C-NMR (CsDs, 125 MHz) &: 159.8, 157.8, 142.4, 137.4, 126.2,
116.4, 105.4, 102.0, 55.0, 40.3, 39.0, 24.3, 1.0, 0.7 ppm; HRMS (MALDI-TOF) calcd for
Ci14H210,Si [M+H]" 249.1306, found 249.1304.

OH
MeO Si

11d

Following the general procedure E, 11d (14 mg, 0.056 mmol 72%) was obtained from 9d (18 mg
0.077 mmol), Pd(dba), (0.4 mg, 0.0008 mmol), AcOH (0.13 ml, 2.3 mmol), MS 3A (53 mg) and
heptane (7.7 ml) after column chromatography on silica gel (n-Hexane/AcOEt =4:1).

Colorless oil; '"H-NMR (CsDs, 500 MHz) &: 7.36 (1H, d, J = 8.5 Hz), 6.77 (1H, dd, J = 8.5, 2.5 Hz),
6.69 (1H, d, /=2.5 Hz), 5.43 (1H, d, J= 2.0 Hz), 4.98 (1H, d, J= 2.0 Hz), 3.34 (3H, s), 3.02 (2H,
m), 2.56 (1H, dd, J=14.9, 4.6 Hz), 1.10 (1H, dd, /= 14.9, 3.4 Hz), 0.76 (1H, dd, J = 14.9, 10.9 Hz),
0.07 (3H, s), 0.06 (3H, s) ppm; 3*C-NMR (CsDs, 125 MHz) &: 161.2, 157.0, 147.0, 134.1, 122.3,
113.9, 110.0, 99.8, 55.0, 40.0, 39.9, 24.3, 1.0, 0.7 ppm; HRMS (MALDI-TOF) calcd for C14H200,Si
[M]* 248.1227, found 248.1225.

F

OH
_si

11f

Following the general procedure E, 11f (9.1 mg, 0.039 mmol 35%) was obtained from 9f (24 mg
0.11 mmol), Pd(dba), (0.6 mg, 0.001 mmol), AcOH (0.19 ul, 3.3 mmol), MS 3A (73 mg) and
heptane (11.1 ml) after column chromatography on silica gel (n-Hexane/AcOEt =4:1).

Following the general procedure F, 11f (13 mg, 0.054 mmol 54%) was obtained from 9f (22 mg
0.099 mmol), Pd(dba), (0.6 mg, 0.001 mmol), AcOH (0.17 pl, 3.0 mmol), MS 3A (65 mg) and
p-xylene (9.9 ml) after column chromatography on silica gel (n-Hexane/AcOEt =4:1).
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Colorless oil; '"H-NMR (Acetone-ds, 400 MHz) &: 7.23 (1H, dd, J=7.8, 5.5 Hz), 7.08 (1H, d, J =
7.8 Hz), 6.93 (1H, dd, J=10.5, 8.7 Hz), 5.65 (1H, d, /=2.3 Hz), 5.24 (1H, d, /= 2.3 Hz), 4.48 (1H,
brs), 3.27 (1H, dd, /= 16.3, 8.5 Hz), 3.10 (1H, dddd, J=11.4, 8.5, 6.2, 3.2 Hz), 2.73 (1H, dd, J =
16.3, 6.2 Hz), 1.17 (1H, dd, J=14.7, 3.2 Hz), 0.78 (1H, dd, J = 14.7, 11.4 Hz), 0.16 (3H, s), 0.14
(3H, s) ppm; 3C-NMR (Acetone-ds, 100 MHz) &: 160.4 (J = 250.6 Hz), 154.9 (J=4.3 Hz), 149.4 (J
=4.8 Hz), 130.6 (J="7.7 Hz), 128.3 (/=129 Hz), 121.9 (/= 3.4 Hz), 114.1 (J=20.6 Hz), 107.9 (J
=9.1 Hz), 40.6, 40.2 (/= 1.4 Hz), 24.8, 1.1, 0.7 ppm; '"F-NMR (Acetone-ds, 470 MHz) &: -120.7
ppm; HRMS (MALDI-TOF) caled for C13Hi1sOFSi[M-H]"235.0949 found 235.0958.

F
OH
S|
11g

Following the general procedure E, 11g (7.8 mg, 0.0330 mmol 39%) was obtained from 9g (19 mg
0.086 mmol), Pd(dba), (0.5 mg, 0.0009 mmol), AcOH (0.15 ml, 2.6 mmol), MS 3A (56 mg) and
heptane (8.6 ml) after column chromatography on silica gel (n-Hexane/AcOEt =4:1).

Following the general procedure F, 11g (14 mg, 0.060 mmol 57%) was obtained from 9g (23 mg
0.11 mmol), Pd(dba), (0.6 mg, 0.001 mmol), AcOH (0.18 ml, 3.2 mmol), MS 3A (69 mg) and
p-xylene (10.5 ml) after column chromatography on silica gel (n-Hexane/AcOEt =4:1).

Colorless oil; '"H-NMR (Acetone-ds, 500 MHz) &: 7.27-7.23 (2H, m), 6.98 (1H, dt, J= 8.7, 2.3 Hz),
5.54 (1H, d, J=2.5 Hz), 5.08 (1H, d, J= 2.5 Hz), 4.48 (1H, br s), 3.20 (1H, dd, /= 15.6, 8.2 Hz),
3.12 (1H, dddd, J=11.0, 8.2, 5.5, 3.4 Hz), 2.64 (1H, dd, /= 15.6, 5.5 Hz), 1.17 (1H, dd, J= 14.8,
3.4 Hz), 0.78 (1H, dd, J= 14.8, 11.0 Hz), 0.15 (3H, s), 0.14 (3H, s) ppm; '3C-NMR (Acetone-de, 125
MHz) &: 163.1 (J=241.1 Hz), 157.6 (J=2.9 Hz), 143.7 (J=8.1 Hz), 141.3 (/=19 Hz), 1273 (J=
8.6 Hz), 116.1 (J=23.0 Hz), 107.9 (J=22.0 Hz), 103.8 (/= 1.0 Hz), 40.7, 39.3, 24.8, 1.0, 0.7 ppm;
YF-NMR (Acetone-ds, 470 MHz) &: -118.9 ppm; HRMS (MALDI-TOF) calcd for Ci3H;sOFSi

[M+H]" 237.1106, found 237.1102.

OH
F _Si
11h
Following the general procedure E, 11h (3.0 mg, 0.013 mmol 12%) was obtained from 9h (24 mg
0.11 mmol), Pd(dba), (0.6 mg, 0.001 mmol), AcOH (0.19 ml, 3.2 mmol), MS 3A (71 mg) and

heptane (10.8 ml) after column chromatography on silica gel (n-Hexane/AcOEt =4:1).
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Following the general procedure F, 11h (15 mg, 0.064 mmol 56%) was obtained from 9h (25 mg
0.12 mmol), Pd(dba), (0.7 mg, 0.001 mmol), AcOH (0.20 ml, 3.5 mmol), MS 3A (76 mg) and
heptane (11.5 ml) after column chromatography on silica gel (n-Hexane/AcOEt =4:1).

Colorless oil; '"H-NMR (Acetone-ds, 500 MHz) &: 7.53 (1H, dd, J = 8.3, 5.4 Hz), 7.01 (1H, dd, J =
8.9,2.6 Hz), 6.95 (1H, dt, J=8.9, 2.1 Hz), 5.43 (1H, d, J=2.3 Hz), 4.99 (1H, d, J= 2.3 Hz), 4.43
(1H, brs), 3.23 (1H, dd, J=16.5, 8.6 Hz), 3.11 (1H, dddd, J=11.5, 8.6, 6.0, 3.4 Hz), 2.68 (1H, dd, J
=16.5,6.0 Hz), 1.17 (1H, dd, J=14.9, 3.4 Hz), 0.78 (1H, dd, /= 14.9, 11.5 Hz), 0.15 (3H, s), 0.14
(3H, s) ppm; 3C-NMR (Acetone-ds, 125 MHz) 8: 164.9 (J=243.5 Hz), 157.8, 149.0 (J = 8.4 Hz),
138.6 (J=2.4 Hz), 123.9 (J=9.6 Hz), 115.2 (J=22.8 Hz), 113.3 (J=21.6 Hz), 102.7, 41.2, 40.7,
25.7, 1.9, 1.5 ppm; ’F-NMR (Acetone-de, 376 MHz) §: -115.9 ppm; HRMS (MALDI-TOF) calcd
for Ci13HisOFSi [M+H]" 237.1106, found 237.1100.

Me
OH
_Si
11j

Following the general procedure E, 11j (20 mg, 0.087 mmol 73%) was obtained from 9j (26 mg
0.12 mmol), Pd(dba)> (0.7 mg, 0.001 mmol), AcOH (0.21 ml, 3.6 mmol), MS 3A (77 mg) and
heptane (12.0 ml) after column chromatography on silica gel (n-Hexane/AcOEt =6:1).

Colorless oil; '"H-NMR (CsDs, 300 MHz) &: 7.36 (1H, d, J = 8.6 Hz), 6.76 (1H, dd, J = 8.6, 2.3 Hz),
6.68 (1H, d, J=2.3 Hz), 5.42 (1H, d, J= 2.1 Hz), 4.98 (1H, d, /= 2.1 Hz), 3.34 (3H, s), 3.02 (2H,m),
2.55(1H, dd, J=13.9, 3.6 Hz), 1.10 (1H, dd, /= 14.9, 3.6 Hz), 0.75 (1H, dd, J = 14.9, 10.3 Hz),

0.06 (3H, s), 0.05 (3H, s) ppm; 3*C-NMR (CsDs, 125 MHz) &: 157.7, 142.4, 141.3, 136.2, 129.9,
125.2,121.8, 101.7, 40.0, 39.4, 24.3, 21.4, 1.0, 0.7 ppm; HRMS (MALDI-TOF) calcd for Ci4H200Si

[M]* 232.1278, found 232.1273.

OH
Me /Si\
11k

Following the general procedure E, 11k (41 mg, 0.18 mmol 69%) was obtained from 9k (55 mg
0.26 mmol), Pd(dba), (1.5 mg, 0.0026 mmol), AcOH (0.44 ml, 7.7 mmol), MS 3A (164 mg) and
heptane (25.5 ml) after column chromatography on silica gel (n-Hexane/AcOEt =6:1).

Colorless oil; 'H-NMR (CsDs, 300 MHz) &: 7.39 (1H, d, J = 7.6 Hz), 6.91 (2H,m), 5.51 (1H, d, J=
1.9 Hz), 5.02 (1H, d, J= 1.9 Hz), 3.03 (2H, m), 2.56 (1H, dd, J = 18.9, 8.6 Hz), 2.16 (3H, s), 1.08
(1H, dd, J=14.8, 3.4 Hz), 0.74 (1H, dd, J = 14.8, 10.3 Hz), 0.05 (3H, s), 0.04 (3H, s) ppm;
BC-NMR (C¢Ds, 125 MHz) &: 157.4, 145.4, 138.7, 138.5, 127.9, 126.1, 121.1, 101.1, 39.8, 39.7,
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24.3,21.6, 1.0, 0.7 ppm; HRMS (MALDI-TOF) calcd for C14H200Si [M]* 232.1278, found
232.1271.

OHC
OH

P

11

Following the general procedure D, 3r (7 mg, 0.0264 mmol 40%) was obtained from 1r (15 mg
0.061 mmol), Pd(dba); (0.4 mg, 0.000661 mmol), AcOH (110 pl, 1.98 mmol), MS 3A (45 mg) and
heptane (6.6 ml) after column chromatography on silica gel (n-Hexane/AcOEt =3:1).

Colorless oil; 'H-NMR (CsDs, 300 MHz) 8: 9.73 (1H, s), 7.85 (1H, d, J= 1.3 Hz), 7.51 (1H, dd, J =
7.7, 1.3 Hz), 6.89 (1H, d, J= 7.7 Hz), 5.43 (1H, d, J=2.3 Hz), 4.99 (1H, d, J = 2.3 Hz), 2.90-2.82
(2H, m), 2.41 (1H, d, J=11.0 Hz), 0.97 (1H, dd, J= 14.9, 3.6 Hz), 0.60 (1H, dd, /= 14.9, 10.7 Hz),
0.015 (3H, s), 0.006 (3H, s) ppm; *C-NMR (C¢Ds, 125 MHz) &: 191.2, 155.8, 151.6, 142.0, 136.4,
130.0, 125.8, 122.5, 104.0, 39.7, 39.6, 23.9, 0.9, 0.6 ppm; HRMS (MALDI-TOF) calcd for
Ci14H1902Si [M+H]" 247.1149, found 247.1148.

OH

Following the general procedure E, 110 (5.2 mg, 0.022 mmol 22%) was obtained from 90 (22 mg
0.10 mmol), Pd(dba), (0.6 mg, 0.001 mmol), AcOH (0.18 ml, 3.1 mmol), MS 3A (67 mg) and
heptane (10.4 ml) after column chromatography on silica gel (Toluene/n-hexane/Et,O = 15:4:1).

Colorless oil ; 'H-NMR (CsDs, 500 MHz) &: 7.38 (1H, d, J = 7.4 Hz), 7.10-7.05 (3H, m), 5.43 (1H,
brs), 4.91 (1H, brs), 2.96 (1H, d, J=16.6 Hz), 2.69 (1H, d, J=16.6 Hz), 1.23 (3H, s), 1.00 (1H, d, J
=14.6 Hz), 0.92 (1H, d, J = 14.6 Hz), 0.01 (3H, s), -0.01 (3H, s) ppm; '3C-NMR (C¢Ds, 125 MHz) §:
161.5, 144.0, 140.6, 129.1, 127.1, 125.7, 121.6, 101.4, 46.9, 44.8, 32.8, 31.8, 2.1, 2.0 ppm; HRMS
(MALDI-TOF) calcd for C14H210Si [M+H]* 233.1356 found 233.1355.

OH

Ph Ph

11p
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Following the general procedure E, 11p (24 mg, 0.074 mmol 60%) was obtained from 9p (15 mg
0.044 mmol), Pd(dba), (0.4 mg, 0.0007 mmol), AcOH (0.13 ml, 2.2 mmol), MS 3A (72 mg) and
heptane (7.4 ml) after preparative thin layer chromatography (n-Hexane/Toluene/AcOEt = 20:4:1).

Colorless oil; '"H-NMR (Acetone-ds 500 MHz, 48°C) §: 7.74-7.69 (4H, m), 7.48 (1H, d, J = 5.7 Hz),
7.42-7.35 (6H, m), 7.19-7.13 (3H, m), 5.47 (1H, d, J= 2.6 Hz), 5.45 (1H, br s), 5.07 (1H, d, J=2.6
Hz), 3.14 (1H, dddd, 11.2, 8.3, 5.7, 3.2), 3.04 (1H, dd, /= 16.3, 8.3 Hz), 2.65 (1H, dd, /= 16.3, 5.7
Hz), 1.76 (1H, dd, J=15.2, 3.2 Hz), 1.32 (1H, dd, J = 15.2, 11.2 Hz) ppm; '3C-NMR (Acetone-ds,
125 MHz, 48°C) &: 158.3, 145.8, 141.5, 139.2, 138.7, 135.1, 135.0, 130.38, 130.37, 129.3, 128.70,
128.66, 127.4, 126.0, 121.7, 102.3, 40.2, 40.2, 22.8 ppm; HRMS (MALDI-TOF) calcd for
C23H2,0ONaSi [M+Na]" 365.1332, found 365.1338.

Preparation of 11m: hydroxycyclization of methyl-substituted alkyne 9m (Scheme 34).

OH

Si
“\

11m
To a stirred solution of 9m (20 mg, 0.095 mmol, 1.0 eq.), AcOH (0.16 ml, 2.8 mmol, 30 eq.), MS
3A (60 mg, 300 w/w%) in heptane (9.5 ml, 0.01 M) was added Pd(dba), (27 mg, 0.048 mmol 10
mol%). The mixture was stirred at 95 “C for 6 h. The mixture was filtered on cotton to remove MS
3A and concentrated to remove the solvent. The residue was purified by column chromatography on
silica gel (n-Hexane/AcOEt =4:1) to give 11m (6.6 mg, 0.29 mmol, 30%).

Colorless oil; 'H-NMR (C¢Ds, 300 MHz) &: 7.60 (1H, d, J= 6.2 Hz), 7.14-7.10 (3H, m), 5.55 (1H,
dq, /J=7.3, 1.7 Hz), 3.03 (2H, m), 2.53 (1H, dd, J= 14.8, 4.8 Hz), 1.92 (3H, dd, /=7.3, 1.5 Hz),
0.95 (1H, dd, J=14.7, 3.8 Hz), 0.69 (1H, dd, J= 14.7, 10.1 Hz), 0.05 (3H, s), 0.04 (3H, s) ppm;
BC-NMR (C¢Ds, 100 MHz) &: 148.3, 146.1, 141.1, 127.6, 126.6, 125.5, 125.4, 116.2, 41.4, 39.9,

24.5,14.5, 1.0, 0.7 ppm; HRMS (MALDI-TOF) calcd for C14H200Si [M-H]* 232.1278, found
232.1270.

Preparation of 13: hydroxycyclization in the presence of MeOH (Scheme 36).

OMe
Si
\

13
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To a stirred solution of 9a (15 mg, 0.076 mmol, 1.0 eq.), AcOH (0.13 ml, 2.3 mmol, 30 eq.),
MeOH (0.09 ml, 2 mmol, 30 eq.), MS 3A (45 mg, 300 w/w%) in heptane (7.6 ml 0.01 M) was added
Pd(dba), (4.4 mg, 0.0076 mmol, 10 mol%). The mixture was stirred at 95 “C for 2 h. The mixture
was concentrated to remove the solvent. The residue was purified by column chromatography to give
11a (4.2 mg, 0.019 mmol, 25%) and 13 (4.2 mg, 0.017 mmol, 23%).

Pale yellow oil; "TH-NMR (CsDs, 500 MHz) &: 7.44 (1H, dd, J = 8.3, 1.4 Hz), 7.10-7.08 (3H, m),
5.53 (1H, d, /=2.0 Hz), 5.05 (1H, d, J= 2.0 Hz), 3.23 (3H, s), 3.09-3.05 (2H, m), 2.58 (1H, dd, J =
15.1,4.9 Hz), 1.14 (1H, dd, J=15.0, 3.4 Hz), 0.78 (1H, dd, J = 15.0, 10.9 Hz), 0.07 (3H, s), 0.06
(3H, s) ppm; *C-NMR (C¢Ds, 125 MHz) &: 157.5, 145.1, 141.2, 128.8, 126.9, 125.5, 121.3, 102.0,
50.0, 39.7, 39.5, 22.4, -1.6, -1.7 ppm; HRMS (MALDI-TOF) calcd for C14H200Si[M]" 232.1278,
found 232.1278.
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