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acac
BINAP
Bu

Bn

CSA

Cp

Cod

Cy
DABCO
dba
dcype
DMF
DMI
DMSO
dppe

ee

eq.

Et
Grubbs 1
Grubbs 11
Me

Ph

PQ

Pr

rac

rt

SIPr + HCI
Tc
TEMPO
Tf

THF

Ts
TTMPP

S

acetyl

acetylacetone
2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
butyl

benzyl

10-camphorsulfonic acid
cyclopentadienyl

1,5-cyclooctadiene

cyclohexyl
1,4-diazabicyclo[2.2.2]octane
dibenzylideneacetone
1,2-bis(dicyclohexylphosphino)ethane
N,N-dimethyl] formamide
1,3-dimethyl-2-imidazolidinone
dimethyl sulfoxide
1,2-Bis(diphenylphosphino)ethane
enantiomeric excess

equivalent(s)

ethyl

Grubbs catalyst 1 generation

Grubbs catalyst 2™ generation

methyl

phenyl

phenanthrene-9,10-dione

propyl

racemate

room temperature
1,3-Bis(2,6-diisopropylphenyl)imidazolinium Chloride
2-thiophenecarboxylato
2,2,6,6-tetramethylpiperidine 1-oxyl
trifluoromethanesulfonyl
tetrahydrofuran

tosyl
tris(2,4,6-trimethoxyphenyl)phosphine



=16
e

[
p={{10}
=

OO AR FuEE A M HT T2 A

BEIGRT 2 RIGIE, RHEBR - 5 CT?{ - — =
IR & — 2\ T DA MR G _i% C;}% C;;?% :::%
To 2 (Figurel), D AKRISIL, 1#&

& R A RS <0 F DD FUG (F
DANVIE, O BRR &) Lk
12 1980 =D Z NE TIZRE L

HERL T, P CH, HTHICT 2 .
W T AR B = or
(enyne) T I H T ORFOY 2 Het >

T (diene) ZIE L L4 FNES carbocycle heterocycle
ERIERZ < |MESNTEY | Ml
LT LT N R NICE
D7 L > (allenene) X°, T L2 ET T UEOT LA 2 (allenyne) ZIEEE L L
TRIER S5, Z O X5 72 AR fafnfs & MO TIX 2 E T, REFIFES O B AL E 721X
YALIZE TR IEDBEE LIERBR 0, ~7 ri+ (N,0) zHT5EEn I
b T& 72 (Figure2), ZH D DMISITEZL < ODWMENAFY . W< OO TZHRRLIC
FLobNTWVD, D

enyne diene allenene allenyne

Metal, Radical, Heat, etc.
Promoted Cyclization

Figure 1. BRI G T O3 FNERILS

ZTD—) T, REFFEAED o (\LIZ~T
nEFAAT S EEI. BALEIE y AL

X or X
AT aBF2E o0& X825 K , N
NN MO

. XN
MeA T EE L BRDA, BANC LR > o oxamtes
RIS, 2000 FRETEEAL S Ccomn mo s e, 1.2
s ST R T, TIUEBZE D < |
T RSB S LT R AR A A

FALE DB IEDPHENL STV TV RN T Z EDERTH A 9,

Figure 2. ZiLE Tloids SN2 G HE

IAETIR, ~7T R0 G LIRSS OT ThEMIEN L SN, HEEE
== (=) —)z—T)V) RFFHEEFI (=7 I, FEET L=/1=x
—TNRBEEFERET V=T I 27 EORE A IS T 55 FRNERILEIS RN D
DHIE SN TND DT, 2D &SRB TR T 5,



cHBRAZEVA

ERTHEB Lo, ~T vl A LI R Bfngs & 2 R0 5 ERIL A O R afifs &
I CORISIE, 2002 FICHELIZ L s THIDTHE SN D, 2 T74bb, H
R 7T T Al C AT Y AF AT UnBRM LI LT = A R R
fiklflz XD, AV 7 4 VORI E > THEER=FI FE2AK L, i< BEETT
REFLT 4V OMBAZELRZED A v F—LE2BTNE,

Grubbs Il
(10 mol%) Grubbs II
@ Z0SiMes ©\/\ (10 mol%) @ ™)
N7 CH,Cl,, 50 °C N~ X toluene, 110 °C N
Ts Ts 94%, 2 steps Ts

F72. 2019 FEICHESIX, By T U ET ATV DOABRAZ B A KN, =Ly
SULTAFLVDON TN AR AR LE (H2), Y

N Grubbs | | =z Grubbs II
/@\/\ (5 mol%) @ ! (5 mol%) A\ 2)
MeO siTX" toluene a0 Si_| si™X*"  CHCl, Si
/\ reflux, 99% [ /\ reflux, 57% I
- RACERMEALRIS

2004 FIZHELIX, B MR T T T AN ST LV = A YRR
XA, BEHREZF I FEFIZEERS ) — L= —T LD & ki P OB RN
b ARy MOSZEHRE LTS (3), ¥

Grubbs I
(10 mol%)
[::Ij\§ A 0siMes [::Ij§§ Et (3)
X xylene, reflux XX+ | X=NTs, 81% X

= o
X=NTs, O X=0,78%

F72. 2011 FEIZCHF BHIE, vy AiEEAEHWT, HHERT ) — Lo —T VDA &
Ll =V B RN LG E T Ry T To TS (K4), D



Ph  [Rh(cod),BF,] Ph Ph

= (5 mol%) = /
(R)-BINAP @)
o”jf(W£%m% oﬂﬁ/ 69% o
98% ee

2016 AT Fiirstner & (FERAEIZ LD B-AF T 7 VAT AT L ET VX U &FFD
HEO— =V BRLRMEb—RER D v 7Y v 7 U Ry MROSZE#RELTWD (K5), 9

Me Fe(acac)s Me
Z (5 mol%) /~Fe | P
MeMgBr COzMe
Xx_COoM ©)
o XACOMe e 50 oc o  COMe| o3% OH

+ Pauson-Khand (B!) K&

2002 FFIC Castells H 1%, 27V M XD HFHFHELFT I RET VxR OHED 5+
N Pauson-Khand &2 #HE LT 5 (U6), 7 T2, FEBRAFTINEF LT 4 0%
FF o 5YE @ Pauson-Khand [ & [RIRFIZ G LT 5,

— Co,(CO)g i Co,(CO)g
(1.2 eq.) Q | (12eq) N\ ©)
X~ toluene, rt N CHs | / toluene, rt N
N 40% \ ! 15% :
CocH, COCH; ! Ts

I HIT, 2008 FITITEY 7T AN KDHERET Vb —T VE T FET v
I RETE D5 Pauson-Khand RIS @S L Cnvgd (:07,8),

Mo(MeCN)3(CO); P
= (1.2 eq.) D
DMSO - | @

N&- toluene
L goec, 43% n
Ts 3o Ts

_— Mo(CO)g

(jf/' (12 ea) '.(!(; "[’l;
__DMSO
A
0 X toluene, 80 “toluene, 80 °C
25% 38%



« RAL-REAMT Ry bRt

2009 |2 Castells & 1%, &AL LD GHFHR T LTI RETAF U 2ROEE D1
NERILSOLZHRE LTS (309), 2 KIS TIE, BILDOKZRIZ A Z J — )V OREEAHINMN®
Loy, _RUVTEECRELND,

P Au
/
AuCls (5 mol%) = =\ OMe
— | — ©
N CH,Cly/MeOH | 7% N
A N N
! 10 °C Ts Ts OMe

Ts

2012 4E|Z Liu HIE, &ML X2 B-AX T 7 VAT ATV ET X 2Rk
BOHTNERILRISZHE L T0D (KX10), 10 KEISE, X9 AR, EEORL &
< TN a— L ORBMINMZED, XRUXFFEREUDHELND,

Ph PPthUNsz Au*

= (5 mol%) Ph — Ph

nBUOH CO-Me CoMe (10
X AC0Me oyt “H 929 Me {10)
(0] 2Cla, (0) H ° o—".

7

OBu

2016 AFIZ Lin %, V7 =vU AL X5 B E/ R = r2—T ) (= /) —L=—F
W) ETNF U EFFOIBE O FNERILISZREL TS (K1), ™ KRS H R 9-
10 & [AER, BALDORIZA X 7 — v OREM MR Z v, K10 &R UEHEERO~ > X
IR NHELND,

RuCp(PPhs), <
= (10 mol%) - —
KPFg, MeOH
R o, Rl ——— R
oY CH,Cly, 1t 0= R =H, 90% o
R =H. Me ® R = Me, 95% OMe
- fh DB B Al UG

2012 FRICHF BIE, mY T Ml A AW S FRE == —T L E T LR RO
FEONFRNBRILSZHE L TnD (K 12), D ARIGTIE. FEOREFREAMIC
BV AR, fE< RFE—BFEREEUIW & IRFE—BFEEETER LR DLBRLIZED
TN T T URELND,



nBu  [Rh(cod),BF,] nBu N\
= (5 mol%) O -

O rac-BINAP 4 O N (12)

_ > —_—

o CICgHs, 90 °C O 5 88% o

2016 (EICAHTIEDIE, H— 1S T 7 AMBUC £ B HFEIRT LTI RL T %L %4
DI DL TN 2402 B MBS 2 BIR LT D (K 13), D KRR THE, THFE V2
BELINTHUNERDE LTELBND,

@ Grubbs 1 (10 mol%) W .
N/\.\ THF, rt, 76% N

! ~ Ts

Ts

VA UE: UGN

2015 £ 5 2019 4RI T, FHEBRE =L =—T L T IX U RO RE D5y 1N
T OANBEEIED, WL OB I TS (K 14), W EORIES ., KInHIDEE
DEEFIR T DBERBIZT VXN T N EFRESE i 7V IVERILKISIZ I D &
FENT B EREZF TV D,

o=t of. o, -

Li (2015) Kumar (2017) Li (2015)  Sun (2018)
Condltlon A Condition B Condition C Condition D
TEMPO visible light, PQ ~ tBUONO, air  NH,l, air
fBuONO CF3SO,Na H,0, EtOAc DMSO,H,0
a"%;/'\"F CH4CN, H,0 R=NO, R=SO,Me

° X=0,NH, S 80% 75%

76%

Uk, FEBEE=Lr2—TF )b (=) —)Lx—T)b) REFHEFT I (=TI F),
HHERET V=V m—T VR BEFHET U2 R & & V2 REEMiE S CO RS
WT, ZRETICHE SN S O USBNTRRIT Lz,

INETITHE SN ISIE, X 1-14 OB LR Fle~T rliFIZ K> TERE
B SN RS & BRI SN TO R WA A (BHEN 2 KB E TR
F) MOISIZRE ST W, O, AITEBRIED A B KE 7213k FE
IZIRESNDHENL L ALFERPREETH -T2,



T TEEX., IO A~T af RN EEEAS L (BRI RfafiiEs
T T OFT DB OBRBRLE S & BRI AU, RSB DT A sOn &
BRIt C& . S BB FAEBRAlRER B B OIRFER - HRERNE LN DD TE RV
EEZT,

ZORIBEZDOT,. FEHIIELHBICBWC VI AVENEEES LT v (v
VLT NFV) EFEFRT ) —No—7 VBB 5 5B D= = B EZMAV SR
2R L (K1s5), ©

SiMe i
=" Grubbs i (5 mol%) SiMes
/\OSiMeg AN (15)
0 X" poxylene, reflux, 84% o N

AREGZ L > TRLNTER Y 77 T Blzid 2 fie = 53 e Fek o R R
MR VLA FNIIRUXT AT & R & DRF—RFRE ARG R ATRETH Y |
{75 ACHEET B T ERIRETH o1, & BICAMBER I, EHlD/R S
YT F L EHEFHRT T I FREICET 5T = B RILRSIC bl TR Th -
7= (K 16), @

= SiMes  Grubbs 11 (5 mol%) SiMes

2 0SiMes, (+)-CSA N\ (16)
N/\r““I p-xylene, reflux, 92% N\ N\
CHO CHO

Z L TR T, AT el 03 S LB HIREED B 5 Rfafnfg & & v
UAT X ICE TS, BRSOV - Bl E ORISZ G L TWZERIZ (Figure
3). Zo0HHELRE RE L7 (Schemes 1-2),

SiR,

SiR
X/\/C()zMe X/\

SiR; = SiMe;, SiEts, SiMe,tBu, Si(iPr)s, X = O, NTs

Metal (Pd, Ru, Rh, Au, Ir, Pt, Fe, Ni, Co)
orhvorA

Figure 3. #5UG % BAFE S 2 72 0 D ikg



—DOHORINE, B-AFXTT 7 VNVBERAT VL U LT VX RN IBT D50 % 1
9 BALEMEALSE T S (Scheme 1), Nyiﬁf . S Vi A UCHETT L. el
DI B-AF T 7 U NVEET AT )LD R Mﬁ#Aﬂm%&mﬁé&woﬁﬁﬂ%
Do RBUSTIZ, U EET S )JI/EEQIXT/I/%:%?@%& LTHTLR Y 7T 00
AR E L TR DI, S DIZAERPO 2 (KO3 Ao BT, SR LA B FTRE
bole (BF—HE),

COLR'

= SiRs Ni(cod), (10 mol%) }
L1 (10 mol%) sk
|
o\ COR DMF, 75 °C gz

Scheme 1. B-A 7 7 Y MR AT )L L U T F CHIZEBT 5
AN A O B ML BUS

TOHDOINE, BFHEET L= rm—T v E U LT LR USRI DB [2+2]8R
{EAIN-IKDOREAINT AR MG TEH 5 (Scheme2) , A TlE, [2+2]8=1bAHNIC
LR ENT-v 7 aT 27 a X U FRRICKRREMSNT 22 LT v Ukl hsr
INEEETHY I uTT (T U=y ra T ) ndEsE LTELn G
ZE),

R3S| R3S|

SiRs
Q\/ @f? !
toluene (wet /‘\ =0
o™ OH

N reflux

Scheme 2. BHEHET L =/Lo—T )L & L U LT L% CRICE T D EWIR+2] 8 b4
IRORZATIND R b I&
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BB BREBMEICLD pAXTT I INVBIATALE VYT AFVEIZEIT
DI AL S RALEMLRIE (RE—BRES MR DOBE%R

THEFERZED TN D, 1 =y Vi X 5 RF—IRFEE S OUIWRUSIE. 1979
T Wenkert HIZ K> THIH TG SN (KX 17), 1® Wenkert 1%, 7 VU —/L AT L
T—T NVROT VT =) A F N T—T VDR FE—EFEREEUIMN Hi< 7' = v — Lk
& D RF—IRERE B TERUG & BRFE L7z,

Nl PPh3 2C|2
Me

(10 mol%)
PhMgBr
benzene

reflux, 70%

IRFE—PRERES DY A L L oA v ) VT RISE B s Rl L
i
{

Ni(PPh3),Cl,
(10 mol%)

PhMgB
©\ _ ~hMgbr ©\ (17)
oM benzene Ph

€ reflux, 71%

2004 FEIZHEHANOIX, VT =AM AT ) — A AF o —T )l T 2= LR n
VBT ATND I A ANy T TR ERE LTS (X 18), 19 T = Al
HAWDATIE, REICEREEZ -2 ENDH - T,

0]
/
Ph—B, :><
Q ° tBu
RuH,(CO)(PPh3)3
fBu (4 mol%) _ Yo tBu (18)
OMe toluene R(J 70% Ph

reflux OMe

2008 FICERERAOIX, = XML 2T V) — A AF Lo —FT VT 2=
me%ExTw@wy7)y7%%iLTwé(ﬁl% 200) AfIER TIX, FEEIC
Bem L2 Fr7- D MR < FRIAWIEE D ONIEH R TH 5, = v 7 /Ll
X, BGETEMME S FHF BRSNS WD, T OMWE SRR EE L TOREFE—HRHE
WA EZAREIC LIS EZ BN TS

0
/
Ph—B :><
\
0

Ni(cod), (10 mol%)

OMe PCys, CsF _ Ph (19)
toluene, reflux

93%




F7o, 2009 FIZEREXADIT, = I VML LT V= v A TFrm—T Lk
Tz VAR BT AT NANDT T ) 7RO HRE L TWD (G 20), MY Zu &
D, TIVTF =)V AFNT—T VDRFZ—EFZESD . MBIV IE YW AlH T‘%é’k
DIRENT, 2012 FFl2iF, AP SRT V=TV r=Lz—F /L0 B EEETEEC

RE— BRSO RS 2 WA LTS (R12),

e -8, < -

Ni(cod), (10 mol%)

Ph OMe PC CsF Ph
— tol ” SfI — (20)
oluene, retiux
Ph 86% Ph

—J7. 2001 fEIZIIVT =0 AT X D = AT LD IRFB—EFERE S YN SN, K
okt THESNT (R21), 2 BUPURRmMEE LTHx, SEo7 v
IVIRFE—FRZAE SO & e < KB « i VR=icky, F72 Lo Rn 5605,

Ru3(CO)2

(5 mol%)
HCO NH

/\/\) 2NH, d 21)
dloxane

160 °C, 95%

2010 FEIZEA DT, = v AN XD BNV T ) — L D IR B R RE AU,
B T IV EDRFB—ERBECEROLEHRELTND (K 22), 2 EKHEOT U —b
IRFB—FRFAED N = 7 VBRI U725 A0S (ARSI L W HEES T\ 5, B9

)
Ni(cod), (5 mol%) o
©\ IPr-HCI, NaOBu NLO)H< @7,\( > 22)
toluene, 80 °C

74%

2015 4F, LA EFMSIF. TV —AAARUET = =V DRE—EERESTIN . &<
T U =R n U E DRF—IRBIEASTERGSEZRE LTS (G 23), 2 KEEHED
T VIVIRB—RBIER DN = T IVICERILHI NG 5 &, HE(LENLEZ BN TV D

(HO)zs@OMe

0] Ni(OAc), (5 mol%) 0O
P(nBu)s, Na,CO5 _ | pho
“Ni — MeO Me (23
Pho)b\ toluene, 150 °C Ni ° ° (23)
Me Me

89%




iz, RUDARAFLT—F)L B 2T — LT —F )L 2 DRE—BREZHLY)
WIS SN TS, £, LT U — LSt X VT U — LD a Al w7
Vo 7RO bW L OnifiE ST, etk roakicHvsnTng, 17

VLB, R S8 LW RBZ RSB R S U SOSIC W TEHRA Lz, £7z,

DTS E CRITR LT, TV E TIOlE Sz RFE—IEF S OIS IZ DWW T
TEELDDHE, RO LHIT7D (Figured),

O}{ 2 _OR® o)
R R _% )J}i RS
// \\ R4 o}{

Aryl ether Alkenyl ether Ester
R" = Alkyl, Aryl, etc. R? = Alkyl, Aryl R* = Aryl, tBu, NMe,, etc.
RS = Alkyl, Aryl RS = Alkyl, Aryl, etc.

Figure 4. 21U E TIZUIWr S V7o IRF—R TG

BSOS Z BT DD FEIP-A XS T 7 UNAMBTATNVE L YT VR %
STPICRF OB Z AR L, FFEEBSBA & OIS Z G Lz, ZORER., SEflo
R BAF VT I VIR T AT IV DIRFE—BEFEAG L | I AT AT ED
IRFB—IBFAEATERBOE 2 BT 5 Z &3 K72 (Scheme 3), 27 ALUSOFHMAIZ DU
T, LATFa4 5%,

COLR'

= SiRs Ni(cod), (10 mol%) N
L1 (10 mol%) \_sr
1 I
o COR DM, 75°C, 3 o ’

Scheme 3. B-4 % 7 7 U JVEET A T )L D [k 32 —R FekE B EIWT-T2 B SO

10



B RSEE ok
DI, I— R T ) — VeI VALTEFLCOEEAT Yy S I T AF =)L

7 x ) —VEST, i< DABCO il W=7 v F =17 = /) — D7 a4 —)L
et AT )L ~D~ A 7 AN L0, HE 1aa 8K L7- (Scheme 4),

=——SiMe,fBu

PACI,(PPha), (1 mol%) — SiMe,Bu =CO,Me _ SiMe,Bu
©i' Cul (2 mol%), iPrNH DABCO (11 mol%) o
THF, tt, 2 h
OH toluene, rt, 3 h OH O/\)J\OMe

72%, 2 steps

1aa

Scheme 4. FE 1aa DAL

HNWT B-AFTT 7 UNERT AT IVE Y LT VX Z 0y FNICR DS 1aa &5
FEER A B AL & ORUSIZOWTHET L7z (Table1), % OfER, DMF 8L+ | Ni(cod),
& PCy; Z W T UL Zfat L72BRIZ, BB 2aa 13 6% DI T L (entry 1),

Table 1. R4 8 AL & O KOSRES

CO,Me
= SiMe,fBu Catalyst (10 mol%) ~
e} PCy; (10 mol%) N\
A DMF, 75°C,3h SiMefBu
0 OMe ‘ ‘ 0
1aa 2aa
Entry Catalyst Yield (%)?
1 Ni(cod), 6
2 FeClj 0
3 [Ir(cod)Cl], 0
4 PtCl, 0
5 Rh(cod)BF, 0

2 Yields were determined by NMR using 1,3,5-trimethoxy-benzene as internal standard.

11



AISZNRE L ETIE D720, USSR Z KA L7z (Table2), V > R4 PCys
726 dppe, deype REDKRAT 4 VI R, N-ERBEAIN_ VTR, BV Y
VIO Y FT Y RIZAETR U THRET L7223, B ORI E L7~ 7= (entries 2-5),
—J, Z—EV T (L) VHY REAWTKISERTF LIzE 2 A, 2aa % 92% & @I
KTHDHZ LN (entry6), F/2, EAAXHY Y UMDY o FL2 26 L7
BaIiT 13% DR THAMY) 2aa 2350, o7 =F v el B Y 7 N L3,
L4, L5 2 L7258, EW 2aa BRENTI 17%., 52%. 38% DR T L1
7= (entries 7-10) , DMF O D (2 MV U Z ¥ L7235 (entry 11) <2, Ni(cod),
DAV 12 NiBr, % 7213 Ni(acac), Z i H L7234 (entries 13-14) (Zi%, M IZET L7
Mole, —J . THF 2B AW HE1TIE, RIS IER SHEIT L (entry 12), &
72.910-t Fr 7 IR UAHE T CTOARRISVDIEIT LT Z &b ZORIGHT ¥
ANFEZIT U CTHEAT LW Z RSN D (entry 15), BLEDFERNG | entry6 £7¢
1312 O RERMA L LT,

Table 2. )54 O it

CO,Me
SiMe,tBu —
// Catalyst (10 mol%)
e} Ligand (10 mol%) N\
SiMe,tBu
Solvent, 75 °C, 3 h
O/\)J\OMe 0
1aa 2aa
Entry Catalyst Ligand Solvent Yield (%)?2
1 Ni(cod), PCy; DMF 6
2 Ni(cod), dppe DMF 0
3 Ni(cod), dcype DMF 7
4 Ni(cod), SIPr -HCI DMF 6d
5 Ni(cod), 2,2'-bipyridyl DMF 1"
6 Ni(cod), L1 DMF 92° (84)°
Niteod L L3:R'=R?=H
7 i(cod), DMF 13 L4:R'=Me, R2= H
8 Ni(cod), L3 DMF 17 L5: R'= Me, R2 = Ph
9 Ni(cod), L4 DMF 52 R3
. |
10 Ni(cod), L5 DMF 38 R3S P<
. \P/\/ RS
11 Ni(cod), L1 PhMe <1 Il?s
12 Ni(cod), L1 THF 92 dppe, R3 = Ph
13 NiBrysglyme L1 DMF <1 dcype, R® = Cy
14 Ni(acac), L1 DMF <1
15 Ni(cod), L1 DMF 87¢ | +
NVN
2Yields were determined by NMR using 1,3,5-trimethoxy-benzene as an internal standard. CI
b |solated yields. ° [Ni(cod)y] (5 mol%), 6 h.
4 With NaOtBu (20 mol%). © With 9,10-dihydro anthracene (40 mol%).
SIPr .HCI

12



I T AR AT = =R AT D M Lag (T U CR ARG & OB A Bt
LTWeZ A, ARRORISHANTZ 0 MEEFTTHIEIT T2 Z L 2 L2 (Scheme
5)e TNETIZ, NI VT LMBUZ LD B-AF T 7 VBT ATV ET VX URICE
F DEEAL 2 O BRAGEMALBOS 23S S 72 BliZ 2wy, L., N7 U0 Ll A v
Te%E, TAX AT Y NVENES LT HE 1aa TIIRISDEIT LR o T,

COzMe
P R Pd(dba), (10 mol%) —
~ 5 PCys (20 mol%) N
R
OMOMG DMF, 110 °C, 6 h o
1a R = Ph, 2ag, 95%

SiMe,Bu, 2aa, 0%
Scheme 5. /N7 20 Az K B R B —IE AR G UIW-TEZ RSO

KoT, =it 2 —v ) DU WA RABLADIIN, B-FF 7T 7 UL
o AT N YNT X MORISEAREE LTc, B, ARISIZE > THLNT
AR 2ab OREEIE, X RS EAATIC L D PE L7z (Figure 5),

g,
\'
COzMe ~\.'/"’_.
\ ‘l \~
\/..'\w—_‘/
Sosme, = L TN
o A NSRS
\’ J

Figure 5. ZE ) 2ab D X #hk bk 20

13



B BHBREDHROBR

laa & [AERD AL (Scheme 4) (2L Y FVE 1ab-1aj 2GR L. 7/ > OEHLILS)
FIZOWTHET L2 (Table 3A), 7% N2 hY ATV U LA RFOIE 1ab TH
FL7cE 2 A 67%DIE TGS DAY 1ab 235 Hiv7c (entry2), 72, MU x=F
WY NERCTATF N T 2= U VR AT AR U NV EREFORE lac-
lae THERTL72& 2 A, 84%. 71%. 65% & BAFRIGRTHIST 5N 7 T 2 2ac-2ae
NG HNT- (entries3-6), LL, TIAFUINC NI A YTy U VEERT 58
laf % AW54A . B 2af OUEIL 34% LK -7z, fiicd, TAF 7 ==)b
R T TINE n- T TFNVERA TN AEFFORE 1ag-laj Z W TIHRGT LT & 24,
7 = VEETIE91%, -7 FAEETIE 95%, n-7 T IVEETIL 75%, A FVEETIT 3% &
BAF 72 RT3 5 E ) 2ag-2aj 235 HAL7c (entries 7-10), L2>L723 5, K7
IR EAT HEE THRE LS EIX. BRORIGHEITE T, SRRSO
Too S EDFRERNG IWENEL, YIUNAKEEZATHRX Y T T 2aa %52 5 entry |

BHEeRkihe L, W THRET2Z2 81Tl

WIZ., laa E[RIEEDAR%TE (Scheme4) (2 XV HE 1ak-1ae. 1ba-1be Z &k L., 7 /b
r =T —T )V OBEEFIN ROV TG L7 (Table 3B), =F /LT AT LR Y
VT AT NVERT HIEE 1ak-1al & FWTZREZIE, 88%. 91% & BAFARINE TRHGT 5
R 7T 2 2ak-2al R LIV (entries 11-12), F/o, -7 F LT AT LR T = =/)L=
AT NEAT HIE lam-1an TiX, 67%. 64% & FFEEDOIRTHIGT 5 LY 2am-
2an M55 L72 (entries 13-14), X B2, VAT AT I RBFES L72HE 1ao THRIR
BLSRIGBET LT (entry 15), LALLM, TAT = A= —TF VI N RS L
723'E 1ba-1bb THEI L7 & Z A, JIEMEOEY & GHMRIEEMMRG O (entry
16-17), E£7-. EEOT V=)L =—F )L Eh %)‘%/I/IXT/I/%%IJW‘_% 1be <2,
AF IR A VAR = )V EEIZ & o - 72 5E 1bd-1be ﬂﬁaﬂ‘u‘: AlTiE, s e<
HEAT U727 o 72 (entries 18-20), LA ED Z Enn | ARIGOEITIZIZ, TV Fr=/)L=—
TN DI NR= VN EE R E R LT 2 b 75>§3\75>o 7

TN T, BEERLED 3456 MICEFHGIED A TFIE « X MU, ERFIMED
7 uw G4 5HEE 1lap-lax Z PV TG 28772 (Table 3C), 5L RICEBUE
EHTHIE X 1ap-lax (X, VUV TF AT AT E ROX R AT LH< a—U—7
VI AR E D U AT AR ZEAL, RIZA DX AFVIEROMBEE &<
DABCO Z fitfiEiC AN =T v F =)L 7 = /) — )b D7 1 B F— L A F )V ~D~ A 7 )L
Iz & v ARk L7z (Scheme 6),
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o)
R CICH,0OCH; CBry, PPh,
&H _ PrNEt @ _ BN
CH Cl CH,CI
OH 2v12 /\ ~ 2vi2 /\ -

rt, 12 h rt,1h
nBuLi R / SiMeztBU R / SiMeztBU
(tBu)Me,SiCl @\/ 6 M HCl @\/
—_— >
THF THF, rt, 6 h
78 °Curt o o~ OH
4h
SiMe,tBu
DABCO (11 mol%) R = 2
=—CO,Me
THF, 1t, 2 h o X\ CO:Me
1ap-1ax

Scheme 6. 5 75 FICEHAIEL A T 5 HE 1ap-lax DG AE

BETOFER, HER LD INMNICELRLZ AT 5 E 1lap, lau TIESN 2T L
7o 7o (entries 21, 26) . B EERD 4,5,6 MIZEHLIL AT 5 H'E 1ag-1at, lav-lax

TIIZhR & < BOBRILRIS AT L7z,

ZZETORERNG KKIGOHEITIZIZ, WEDOT V=L —TF )L ED IR =)L
HOFENEETHDL Z ENTMND ., i?ij?;&f'm@:%{i EREZ AT 5HE T X

JEDEIT L7222 &3 yinoiz,
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Table 3. E #1550 RO MET

RZ
;
RS, y R Ni(cod), (10 mol%)  R® N
. L1 (10 mol%)
) N_Rt
5 O/\/R DMF, 75°C, 3 h o
¢ 2
A. Effect of Alkyne Substituent (R")
1 CO,Me 2 CO,Me 3 CO,Me 4 CO,Me 5 COyMe
N N N N N
N\ o
N—siMe,Bu N—siMe, N—sikt, N—siMe,Ph SiMe,Bn
o o o o} 0
2aa, 92% 2ab, 67%° 2ac, 84%° 2ad, 71%°? 2ae, 65%°
6 CO,Me 7 CO,Me 8 CO,Me 9 CO,Me 10 CO,Me
N N N N\ N\
N—si(iPr); N—ph N—Bu N sy N e
(@] (@] (@] o) 0
2af, 34% 2ag, 91%” 2ah, 95%° 2ai, 75%” 2aj, 73%°
B. Effect of Alkene Substituent (R?)
11 CO,Et 12 CO,Bn 13 CO,tBu 14 CO,Ph 15 CONMe,
N N N N N
N—siMe,Bu N—SsiMe,Bu N—siMe,Bu N —siMe,Bu N—siMe,Bu
o o o o o
2ak, 88% 2al, 91% 2am, 67% 2an, 64% 2a0, 59%
o p-tolyl
16 COMe 17 COPh 18 H 19  Me 20 “s\\o
N N N N N
N SiMe,tBu N SiMe,tBu N SiMe,tBu N SiMe,fBu N SiMe,tBu
o] o o o o
2ba, trace 2bb, trace 2bc, 0% 2bd, 0% 2be, 0%
C. Effect of Aryl Ring Substituent (R3)
21 CO,Me 22 CO,Me 23 CO,Me 24 CO,Me 25 CO,Me
Me N\ N N N N
Me MeO
N—siMe,Bu N—siMe,Bu N—siMe,Bu N—siMe,Bu N—siMe,Bu
o o Me o o o

2ap, trace 2aq, 78% 2ar, 77%
26 CO,Me 27 CO,Me 28 CO,Me
Cl N\ N N
Cl
N SiMe,tBu N SiMe,tBu N SiMe,tBu
(¢} (o} (¢}

2au, 0% 2av, 65%

Cl

2aw, 36%

Me
2as, 77%

N

9  CO,Me
N

N SiMe,tBu
(o}

Q

2ax, 76%

2at, 80%

30 COMe

tBu

(@] /i //

1ay
Calculation
Model, 81%

@ Reactions were run in THF. ® Reactions were run at 120 °C



BEE R L ZOREDOT-DDER

AREJED A TI = X BFHRD 12002, T 7 UNMBERT AT VRO FER EOBEBBBENZ
FER 5V 1al & HVE 1lax ZRE U TARKISZ MG L7z (Scheme 7), & DOf5HE,
FEEOT 7 VNBEAT VAR Z LT ke, <Blllsnienrosle, LoT,
ABOST 7 FHNTHEITLTWD Z BTz,

CO,Bn CO,Me
SlMeztBu SlMeztBu Ni(cod), (20 mol%) — =
Terpyridine (20 mol%) N\ N\
TBS + TBS
/\)J\ /\)J\ DMF, 75°C, 3 h (o) o)
1al 1ax 2al, 92% Cl 2ax, 69%

(1 equiv) (1 equiv)
no crossover

Scheme 7. 7 1 A A —/\—5ERk

T S HAAL U 72 50 1ay & AR 2ay (23T 2 Bl 5515 217 - 7=, Figure
6 ICFA N TR LTEEZOND 3OO EL | £ DA =X LNTH L 2 A [H
K AB,C,D D, WK A ZHAEL LI AT vy L p L —% R LT,

R OREEN D = T NVEERE B DORINEBEZ D L 20D/ — MR RETE 5,
—oHIE, BEDORBZB—MBHEAN= v 7 VITEEHIMIN L TR A Z2EKT 51
— hT, ZoHIF, END 2 S OZEMA L= 7 VB TRILRERIENEZ D F
BA B 2T 50— FTh b, ZNHDL— FPIAELLHRE A &R B O
SR EN A T D L. A B O J5 AN 8.5kcal/mol ZE TH -T2, NN TEZD
b, FEIEA OTLF o ~D O-NiFFAIZL VRS LD HRIE C & kA D
TF L A~D C-NiffA, EFHHIE B O B ERRBEEZ X > TR IS FFIAED O

LEMEEES D L, PR D DJ5A 9.8keal/mol ZE TH 7=, ZiHDOFERIT,
FIAB & FRIAD 20 L7z A B = X AN BN FECHERITH D Z L 2R LT\ 5,

0 o}
Me Me
Oxidative O-Ni S Reductive
addmon /\)\ lnsertlon NiL4 elimination A
' ©\/\th11 N H—su
(¢} o
A C 2
0.0 kcal/mol c Ni -2.6 kcal/mol +
Insertion
= N—Nl—N N COMe NN
\ = /N L
\' / NiL, Bu
Oxidative COMe AB-Oxygen NiL Reductive
NiL, cyclization elimination o’ 1 elimination N'L1
+26.6 kcal/mol B D -13.6 kcal/mol
-8.5 kcal/mol -12.4 kcal/mol

Figure 6. St HALFZIC LV RDTERT Vv ¥ VXNV X =LA T 7T A
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AGHREIL, AEE KPR AT - B INEREEZ O3 Y Lz, EBIREORT
VU LI RAX—ICB L CIE, BERHE S Th B,

7 a A — N—EE L
A LR R O RN, K
It D A J1 = X A,
Scheme 8 (Z/R L72H D Tl
RN EBZTND, £7,
=y e E 1 BB
BRALIZ K o> THRAB & 72
V. FWTHIFIEB O B g
FWEEZ X > CTHEAD &
2%, ®&IC, PRED O
EICHEE IS X > CTHID
R 2 RGOS, BBE
(21X O S 4L D ATREME DS A

R’ R’
o
O/\)J\ O
1 OR?
B

Oxidative

Cyclization
p-Oxygen
0
[Ni®] Elimination
CO,R?
N

\ R1

0 Reductive
2 Elimination

Scheme 8. 18/E S 41 5 SRS

%5400 C-OFREENAY., BELLRWEGOUIMNEZ b0, B LI LER
=TV A7)V B EDPEREINDZETHHIESNTZOTIZZR O NEEZ TN D,
Fio, HERLEOIMICEMREN S D5 & ZITRISHET Lenolk, HEEB O 7 F
N AT YL 3N OBEBIEDONAREENRIKNZ E B2 TV D,
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B BNV 75D FEER

AREIZ E > THLNTZRU Y 7T 2aa D 2 fir,
(Scheme 9), 2aa % 4-72E7 =Y —/L L ® Hiyama 7 =2 A 71 > 7"V

3 NLOAL A A T L7z

27 D&

9L 41%DUERT 2-7 V= VFEKR I NGz, £z, 30T 7 U AgATF L
T AT UE, MeMgBr 7213 LiAlHy & ORISIZE D . ST 27 U7 v —)LikiE

K4 F-1L512HINERTEB I N,

CO,Me
COgMe
/ N
{ DL~ Crom
5 o
Pda(dba); (3 mol%)
6, 99% TBAF (1.1 eq.) TTMPP (12 mol%) 3.41%
THF, 1t 4 h CuF; (15 mol%)
CsF (1.5 eq.)
4-Br-anisole (1.2 eq.)
DMI, 100 °C, 18 h
COzMe
N siMe,tBu
. o
LiAIH4 (1.1 eq.) 2aa MeMgBr (2.0 eq.)
AICl3 (1.5 eq.) Et,O, rt,1h
Et,0,rt, 2 h o
Me Me
on OH
D—siMe,tBu D—siMe,tBu
) (o)
5. 87% 4,97%

Scheme 9. 55172 XV 7 T DAL FZE M
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BB ERET VAT —TNE Y ATIVECBITEIT 388221 Rk -k
DR Ry DRSO

B L D22 NS T SOGAI DS R CTEEZEY) D /D 70 WER BTG TH 1 |
FRFBER - EFERE PRI ETIIHFHALRKGSTH S, O LT, ZhETCicHES
Ni=7 vor—7 % I B T 5 B2+ B LA B S DWW TR T 5,

T L r—T X IR D BWIRD2BRILAINEOR I, EHE O TZRY . 1988 4
Pasto HIZ X > THIO THlAE Sz (3024), 3D F72, Pasto HiE, 7/F 2 LlliRF %
457 V2T, BRI IS & et L7l R, B o= v F A4~
—REEPEELIVIR T LS D RRISR T PANEBTEITL TWD Z L &fE
BLTWn5, ?

Me

/Eo: + %\C H > (24)
Mé 6''5 Toluene-d8, 160 °C, 26%

CeHs

— . TV E TR BT DIEE OSN[RRSR, B O~
FRY . 1995 4EIZ Gillmann HIZ K-> THIOH THE L (H25), P T L=l AT/
EVUATIIR U TORIGINZE Y . R TR FEERNES NS,

CO,Me COZMe

< — () =
N 1,4-cyclohexadiene Q
AN

CICgHs, 70 °C, 629
SiMe; 65 , 62%

SiMe3

F2, X225 ZBR< INFETITWME ST L v & TS v 045N [2+2] B LA+
MEEGZDOWT, Figure 712F L7, ¥ T EOREWEESC~YA/ /0y =—T %
FAWTWDE, BERARIGIZOWTIZRRIN L, B2E CERICO AR LT, 330

20



P Ph PhO,S tBu
\ji%% N ) —— —
Substrate TsN 0 MeO
\—=——pn o) X e¥ﬁ
— SiMe3
\\ MeO \\
SiMes3 SiMej;
SO,Ph tBu
X
TsN
SiMe; SiMe; Meo/_ SiMe;
OMe
Ohno (2005) Ma (2007) Mukai (2007) Malacria (2008)
Condition A Condition B Condition C Condition D
dioxane, reflux toluene, 110°C xylene, reflux xylene, reflux
70% 74% X=0, 62% 98%
X =NTs, 91%

Figure 7. 1 E TS SNT=T Lo & T Iv S o 0o +NEMI 2218 AL A I s

%ﬁﬁﬁ%%%?ét 2 BT EET Lo —T )L e U AT xR BT

CHTHEEEZ AL, SRS EZRE UTRER, JeB 072 DBV 2218 b A In-7k
@*&HMU/$y%ﬁm%ﬁmﬁ_&#&%%_@mmmw%3ﬂﬁﬁmf 1%, [2+42]
BALAINC Z VB SNy 7 a7 2 7 a A U hEURICK BN REM N 52 L T 2
NEERNVINEEZGT D I7aTd7Try (TV—nvrardTr—n) BAERME LT
Bonsd,

R,Si R;Si
SiR; ©
o - 5
toluene (wet) N\ O =0
N —
O/\-§ reflux 8 H,0 OH

Scheme 10. 5 HFET L =L —TF )L & 2 U LTV RIS 5 B[ 2+2] B LA IN-
IKORESTIND R > SRS
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TU—ATraTTF M, BB 0T 2 U EEOREY Y AT DO
FIEAR S LCRIACE 280G 208, ZOEMIEE—FloATH o7z (R26), £
DERIE L R TEHE OB LIZGRIEIL. BEBSR L Of /e UORH % B b
HY, B KOBTHEITT D &0 ) BREERFIIFLS N & 5.,

gz
o7 aycuTe (10 mol%) g Aryl
Aryl AgOTf (10 mol%) (26)
b) aluminium oxide O 0
H

LR, R L2 BWIRR21 BRI K OSREZATIND A b ROSIZOW TR %,

B—H RS SREORE

DI, I— R 7= /) — LU NNTEF L oOEED Y XY 2L 7 Ld=)L
Tz )= NVEBT HLERICEAT A=V T = ) — DT a VKb E T a L
FNEOEMAVIZE Y, HE 6a Z5K L7= (Scheme 11),

= Si(iPr); oo Br »
— Si(iPr
PdCly(PPhs), (1 mol%) y SiPr)s =/ K,C04 = i(Pr)s
©i' Cul (2 mol%), iPrNH DMF, rt, 6h
THF, rt, 2 h 2) tBUOK A,
OH OH THF, rt, 1 h SN
75%, 3 steps 6a

Scheme 11. F£E 6a DAk

FLT, BEHET LA —T Ve U AT X B0 FHICE ST Ta & K FEE
BB & OIS BET Lz, £ OBEHE ROV D03 % Table 4 [2R"$, =z
RIEETIZB W TR Z2 e L TV A ER. NiBr 2 VW72 84% & IR TT U —Ly
a7 7= Ta BELITE (entry 4), 7235, Ta OREEIL X G B ERATIC L -
TRELTWD, LZAN, ZOHOXRIEFRICLY | FEREITBAO L CTARRISHIETT L
TWAHZERHLMNETRoT2 (entry 5),
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Table 4. SGHRT & AR D X MfE RS 0

(iPr)3Si
Si(iPr); ‘
= . [ L2
Catalyst (10 mol%) O~F»
=0 A
Solvent (wet) O & A
ON reflux, 12 h OH ?,H-p; })7_3
—rt = ¢ . o
6a 7a 0—6/\,1_ o5 S <3
Entry Catalyst Solvent Yield (%) ({ L ' Iy ¢
O g
1 Pd(OAC), DMF 0 ‘\Ci
3,
2 [Ir(cod)Cl], THF 0 N/ 1\ =
. y A% ¢
3 NiBry toluene 84 P ‘o
4 none toluene 92 X-ray structure of 7a

FEVNT, Table 4 TRHLIZRIEZZRE SHETS TSI, RISKRMFEZRA L
(Table5), ZDfER, HH 6a D ML K% 2 RFRINBGRGE L7255, ARk Ta
2592% L h BWIERTHE L (entry 1), 7o, WHEZ N B ATER TS & 80%
DIFET Ta G o7 (entry 2), LirL, FT L ZEEE UTHER LEGAITIE,
Ta N EAETGONR o7 (entry3), AX ) —/NVEZIZTZ ) —NaiEEe LTH

Table 5. )54 D it

(iPr)3Si
@\/SI(IP% g
- 00 N\
T R St
6a 7a
Entry Solvent Time (h) Yield (%)@

1 toluene 2 92
2 benzene 24 80
3 p-xylene 24 trace
4 MeOH 24 59
5 EtOH 24 63
6 CH3CN 12 84
7 1,4-dioxane 12 81

2 |solated yield (after column chromatography)
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WA, 59%F 721% 63% DILERT T7a 557~ (entries 4-5), 7k b= KU /L F
721X A U NRBEOGE . ERWY) Ta 1Y 84%. 81% & IR THE Hiv7~ (entries 6-
7o IEDORERMNS ., entry | OFMZ RGN E LT,

WU, Fole U7 A2 W CRG 2 #5t L7z (Table 6), SUGE T ISR 2 BRr 2%
L. DO 'HNMR A7 M EMEGERLIZE Z A, AW Ta lZiZ L A EHBLN TV
Mol Rz a7y 7 m ok 8a RISz, FThH, NBr,
AL ) =), TH =)L T b=, UFXFFHFTIE, FREIEK 8a BUCERE <
BFHITHEN (entries 3-7), bz FU L UHTIRFREIA 8a DULER K -T2
(entries 1-2), Z DOFERIX., Tk 8a N B AX /) —)L, =X ) —)L TEh=
U, PVEAFY R TLEETHY, ML ROF U LU TEIARLETHD L%
ALTWD, ZORREIE, BF L HHME 8a LIEOHAEHTHL EBEZXTND,
DFEY | REBEO PNV CEET TR, ANLEZRTHE 8a ITKPHER AN, &
IR TR Ta 2 5 2 7=,

Table 6. WIS 2 VN2 Mt

(/Pr)3Si (/Pr)3Si
Q\/SI(IP% 0 g
Ivent (dr O T O =0
07N S?JnZetr (rjzy) 0 | '/EO OH
6a reflux 8a 7a
Entry Solvent Time (h) Yield [8a, 7a] (%)?
1 toluene 2 [15%, 5%]
2 p-xylene 24 [9%), 3%]
3 benzene 24 [69%, 3%]
4 MeOH 24 [65%, 0%]
5 EtOH 24 [73%, 7%]
6 CH;CN 12 [68%, 9%]
7 1,4-dioxane 12 [62%, 4%]

2 Yields were determined by NMR using 1,3,5-trimethoxy-benzene as an internal standard.
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e T, BEIRE CARKNEMET L72 (Scheme 12), h/LxHCIIH K 8a 23R
BERDOT, RbVICEVAIV 2V, MR LE AT od, HE 6a & 3
IRFFEINEN U | SOUSH D 'THNMR A7 R LKV BCNMR AT MLV EFER L&A,
R 8a BB ENT-, ZORGNKEI T LT a~ NI T 7 4—Ilff Lzt 2 A, &
B Ta 3EIER TR O, TORRIL. ABUSHEBIR22]EEAINC K % 8a DIF
plc& . < AKRORBAIMZEVEZ > TnDH 2L ER LTV D,

. [ Prssi (iPr)sSi

= SPn Addition [
[2+2] O of H,0
> =0

o X, 1#4-Dioxane-dg (dry) O | after column oH

X reflux, 3 h ) chromatography

6a intermediate 8a 7a, 82%
was observed

Scheme 12. A F % o COMEH

BRI RIS DOEATIZNE KD B a7 (Table 7). §ilE L7z M= K
TRIGERFT LT HAERD Ta X1 & A EHLNROD (entry 1), H2fEL7- Mz 8
WK E 1 EBNZ CRIGERETT S & 92%E @R TAERY 7a B3 572 (entry
2), Fio, 2%%U\L3Dif%$)ﬂz%@ﬂi$ AL D> 7= (entries 3-4), VA EDfE
B n . REISOEITICE | 8B EOKBMETHD Z EBnhoiz,

Table 7. SSHEATICHME KD B OB

(iPr) 3SI (iPr)3Si
Si(iPr)3
= H,0 (X eq.) g
P toluene (dry) f\ =0
(e} ~ reflux, 2 h OH
6a 7a
Entry H,O (X eq.) Yield of 7a (%)?
1 0 5
2 1 92
3 2 92
4 3 92

2 Yields were determined by NMR using 1,3,5-trimethoxy-benzene as an internal standard.

B ARG DE B FEN T K OV E R DAL FE B DOV TIE, HFE=E D Avena
Ramon BT L CW5, UTF, 2&E57—% 1, 2&757—H IR EZ R~ LT,
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BET—H1 BHREHEOKRST (Avena Ramon DT —#)

WA, ABOE O HE 8 FH i PH 2 58272 (Table 8), 7 /L% N h Y = F v U LS
ETTFNVNDATFNT YN T FNVEEETHERE TS ERF LIzE 2 A, ST
HRDOER 135G 7z (entries2-4), LvL. 7K EIZKESLI UHE, 7T LFL
HEATHIETIE. BOKISDHEIT L) o7z (entries5-7), —J7, 7 /AF A7

= VAR T LREE WIS, 2+ 2]BRIINBRITKOREMAINTHRAE T, R
BER /a7 X 7a R /Eljf'aﬁﬁiﬁéﬁé’”—?éﬂf:o Fo, FERICERL T LEE %
HAWTHIGE G LIERER, 7 e a B4 2 E CIRICER DTN T LR, £
DOME B AT 2R IR TR AR S iz,

P EDOFER NG, 7%y BICy VAV -7 F VA AT 25 HE CIlEshE L < MG
DHEITT D23, %hu%@ﬁé T CIIOAEIT LN Z EDN o Tz, BEHL, v
NEDEFMHGIZIVIEE 6 OT7 VT U NEMH LS TV Z &0, VU VED a R
28D k8 @T:ﬁ/#iﬁfﬁftéi’bfb\f:_ ER KIEDOHEITICEE Ch o7 &5
Z T3,

Table 8. A D HE i F 65

R
R
=7
- . .
toluene (wet) ~ /\
o X, reflux, 2 h H,0 OH

1 (iPr)3Si 2 Et;Si 3 tBuMe,Si

o
OH OH OH OH
7a, 92% 7b, 83% 7c, 73% 7, 62%
5 H 6 8 Ph
I o
OH OH OH o
7h, 0% 7d, 0% 7e, 0% unstable, 52%
9 (Pr)3Si 10 (iPr)3Si lPr)3S| iPr);Si
Me ! MeO ! O
(= O O
OH OH
7i, 74% 7i, 70% 7k, 45% 71, 76%
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BEF—F U BohT V—Av 7 uTFF— AR5
(Avena Ramon D7 — 4 )

ARBICE > THONET Y — L7 a7 T —)b Ta OLFEEBRAEKREF LT
(Scheme 12) , 15| % 13, nBusNF > DMF FHRICHE 7a 21 % 80°C THIEMR 2 & |
TEH a7 TS L 8 13 4% DINHE TR BT, £, ME O FRL VLT, Wittig
RIRZE D, B2 a7 T 0 912 76%DIHETERTE 72, bz, KEDY
07T EDTATE R, Uow 7 BREICE Y BRI~ BT 5 L < T

B NEEE L CREZ Y . 7~ U VEEEM 10 28 74% DINE TR LT,

(iPr)3Si (iPr)3Si
g NaClO, (5.0 eq.)
NaH,PO, (5.0 eq.) A
—0O 2-Me-2-butene (30 eq.)
OH H,O/tBUuOH, rt, 1 h o o
ra 10, 74%
PPhsMeBr (2.2 eq.)
tBuOK (2.2 eq.)
nBuyNF (3.0 eq.) THF, rt, 12 h
DMF, 80 °C, 4 h
(iPr)3Si

. L

L, = L, =
OH OH

8,94% 9, 76%

Scheme 12. 7 U —/L> 7 v 75— )L DL HA
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EFL, ~T RN EEES LA S RS 2 BRI AR, BT
Tl EZE A3 2 &R TE | SO bFA T RE B IL 2 AT HIRFEER - ~T 1
EXEONDDOTIERWNEZE X, xR LIofER, LRI RT 2 208 &% B
LT,

(1) B-AFTT 7 UNABT AT L E Y AT K NI DI & £ 5 Bk Bk

ROSEBAFE Uiz, 2 RRISIE=y 7 VfliE (10 mol%) & &#—r' Uy (10 mol%) 1+
ETF., KBloRn B-AF T 7 VAT AT IVORE—BFEE UK 2B 5 L0
IR AR LTS, ARG TIE, 2002y Uk, 300CT 7 VIVER™ AT )L % B
KELTHTLORU Y 77 VFEERBPEOND, o, RO 2 O3 (LD E L
X, KL FEERAEETH o7,

R" = SiRs Ni(cod), (10 mol%)
X | L1 (10 mol%)
XN X COR DMF, 75 °C

up to 95%

SiR3; = SiMes, SiEts, SiMe,tBu, Si(iPr);, SiMe,Bn, SiMe,Ph, etc.
R' = Me, Et, tBu, Ph, Bn, etc., R" = Me, OMe, CI

(2) BFHEBET L= —T L L 2 U LT LT RSB 5 B[22 LA -k o sk
AT Ry FROGEBRZE LTz, 37 ABRIS TR, BN XV EREnzy 7 m
TH 7 a A FRERICKPREMINT 22TV UARERAVINEEZETET Y —
a7 rry (TUV—Nvrad Tl Mg e LTELTE,

(iPr)3Si (iPr)3Si
Si(iPr) o
gz
A P B
toluene (wet) Ar~ | 92% =0
07 reflux e OH

28



e
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The following machines, equipments and chemicals were used for experiments of this study.

Melting Point 'Yanaco MP-J3

Mass Spectrometer JEOL JMS-3000 (MALDI-TOF)

Elemental analysis J-SCIENCE LAB Co, MICRO CORDER JM10
"H NMR JEOL JNM-LA 500 (500 MHz)

JMN-ECS 400 (400 MHz)

JEOL JMN-AL-300 (300 MHz)

13C NMR JEOL JNM-LA 500 (125 MHz)
JMN-ECS 400 (100 MHz)

JEOL JMN-AL-300 (75 MHz)

Glove box DBO-1NKP-TA (MIWA MFG CO., LTD)

Column Chromatography | Kanto silica gel 60N (spherical, neutral, 40 - 50 um)
Kanto silica gel 60N (spherical, neutral, 63 - 210 um)

PTLC Plate Merck PLC silica gel 60 Fas4 (0.5 mm)
TLC Plate Merck DC Kieselgel 60 Fass
Celite Kanto Celite 545

General considerations

+ All reagents were purchased from Wako Pure Chemical Industries, Tokyo Chemical Industry,
Aldrich Chemical, Kishida Chemical, Kanto Chemical and Nacalai Tesque.

+ Anhydrous THF was purchased from Kanto Chemicals. Other dry solvents were prepared using
activated molecular sieves.

* Ni(cod), was purchased from Aldrich Chemical and used after recrystallization from 1,5-
cyclooctadiene toluene solution.

+ 2.76 M solution of n-BuLi in hexane was purchased from Kanto Chemical.

+ All other reagents were used without further purification.
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* Typical procedure A for the preparation of compounds 1aa-1ao, 1ay, 1ba-1bc
——R (1.05eq.) R

| PdCl,(PPhs), (1 mol%) = =—COR'(1.05¢q.)
©i Cul (2 mol%) DABCO (0.1 eq.)
OH iProNH (3 eq.) OH THF 0 1 M) /\)J\

toluene (0.2 M) 1a, 1b
rt,3h

To a round-bottom flask containing 2-iodophenol (1.0 equiv) and mono-substituted acetylene
(1.05 equiv) and diisopropylamine (3.0 equiv) in toluene (0.2 M) under nitrogen were added
copper(I) iodide (2 mol%) and bis(triphenylphosphine) palladium(ll) dichloride (1 mol%). The
mixture was stirred at ambient temperature for 3 h. The mixture was diluted with ethyl acetate
and the organic layer was washed with water and brine, dried over Na>SQs, and filtered. The
filtrate was concentrated, and the residue was purified by short column chromatography (n-
hexane/AcOEt = 10:1) to give 2-substituted-ethynylphenol.

To a stirred solution of the above obtained clude 2-substituted-ethynylphenol in THF (0.1 M) was
added DABCO (10 mol%) and propiolic acid derivative (1.05 equiv). The mixture was stirred at
ambient temperature for 2 h. The mixture was diluted with AcOEt and washed with water and
brine. The combined organic layer was dried over Na,SOs, filtered, and concentrated. The residue
was purified by flash column chromatography on silica gel to give compounds 1aa-1ao, 1ay, 1ba-
1bc.

Compound laa
SiMe,tBu  Following the typical procedure A shown above, 2-iodophenol (550
= mg, 2.50 mmol) was converted to 1aa (570 mg, 72%), flash column
o X CO,Me chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless oil.;
"HNMR (400 MHz, CDCl5) &: 7.77 (1H, d, J = 12.4 Hz), 7.50 (1H, dd,
J=17.7,1.6 Hz), 7.33 (1H, ddd, J = 8.0, 7.7, 1.6 Hz), 7.15 (1H, ddd, ] = 7.7, 7.7, 1.1 Hz), 7.06
(1H, dd, J = 8.0, 1.1 Hz), 5.48 (1H, d, J = 12.4 Hz), 3.71 (3H, s), 0.97 (9H, s), 0.16 (6H, s); 1*C
NMR (100 MHz, CDCls) 6: 167.5, 159.8, 156.4, 134.1, 130.0, 125.1, 118.8, 115.5, 101.4, 99.7,
99.4,51.3,26.0,16.7,-4.8; HRMS (MALDI-TOF) calcd for CisH»503Si (M+H): 317.1573, found:

317.1567.

Compound 1ab

SiMe Following the typical procedure A shown above, 2-iodophenol (550
3

= mg, 2.50 mmol) was converted to 1ab (480 mg, 70%), flash column

_\_COMe chromatography on silica gel (n-hexane/AcOEt = 20:1). Pale orange
o
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oil.; "TH NMR (400 MHz, CDCls) 8: 7.78 (1H, d, ] = 12.4 Hz), 7.49 (1H, dd, J = 7.7, 1.6 Hz), 7.33
(1H, ddd, J=8.1,7.8, 1.6 Hz), 7.15 (1H, ddd, J = 7.8, 7.7, 1.3 Hz), 7.06 (1H, dd, ] = 8.1, 1.3 Hz),
5.52 (1H,d, J=12.4 Hz), 3.72 (3H, s), 0.23 (9H, s); *C NMR (100 MHz, CDCls) &: 167.6, 159.9,
156.4, 134.0, 130.0, 125.1, 118.9, 115.3, 101.3, 101.1, 99.1, 51.3, -0.3; HRMS (MALDI-TOF)
calcd for CisHisO3NaSi (M+Na): 297.0916, found: 297.0917.

Compound lac

SiEt, Following the typical procedure A on page 31, 2-iodophenol (550 mg,
Z 2.50 mmol) was converted to lac (570 mg, 72%), flash column
o A COMe chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless oil.;

"HNMR (400 MHz, CDCl5) &: 7.77 (1H, d, J = 12.2 Hz), 7.50 (1H, dd,
J=7.7,1.6 Hz), 7.32 (1H, ddd, ] = 8.0, 7.7, 1.6 Hz), 7.15 (1H, dd, J = 7.7, 7.7 Hz), 7.06 (1H, d,
J=8.0 Hz), 5.48 (1H, d, J = 12.2 Hz), 3.71 (3H, s), 1.03 (9H, t, ] = 7.9 Hz), 0.66 (6H, q,J =7.9
Hz); ®C NMR (100 MHz, CDCl5) 8: 167.5, 159.8, 156.4, 134.1,129.9, 125.1, 118.8, 115.6, 101.3,
100.2, 98.6, 51.2, 7.4, 4.2; HRMS (MALDI-TOF) calcd for CisH240sNaSi (M+Na): 339.1389,
found: 339.1386.

Compound 1ad

SiMe,Ph Following the typical procedure A on page 31, 2-iodophenol (550 mg,
= 2.50 mmol) was converted to lad (412 mg, 49%), flash column
chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless oil.;
"H NMR (500 MHz, CDCl3) &: 7.80 (1H, d, J = 12.2 Hz), 7.69-7.67
(2H, m), 7.53 (1H, dd, J = 7.6, 1.6 Hz), 7.40-7.38 (3H, m), 7.35 (1H, ddd, J = 8.0, 7.7, 1.6 Hz),
7.16 (1H, ddd,J=7.7,7.6, 1.0 Hz), 7.08 (1H, dd, ] = 8.0, 1.0 Hz), 5.53 (1H, d, J = 12.2 Hz), 3.72
(3H, s), 0.48 (6H, s); *C NMR (125 MHz, CDCl;) &: 167.4, 159.7, 156.5, 136.6, 134.1, 133.7,
130.3, 129.5, 127.9, 125.1, 118.8, 115.2, 101.5, 100.8, 98.8, 51.3, -1.0; HRMS (MALDI-TOF)

calcd for C0H2003NaSi (M+Na): 359.1074, found: 359.1073.

oy COMe

Compound 1ae
SiMe,Bn Following the typical procedure A on page 31, 2-iodophenol (550 mg,
Z 2.50 mmol) was converted to lae (429 mg, 45%), flash column
chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless oil.;
"HNMR (500 MHz, CDCl5) &: 7.78 (1H, d, J = 12.2 Hz), 7.48 (1H, dd,
J=17.6,1.5Hz),7.35(1H, ddd,J=8.0,7.7, 1.5 Hz), 7.23 (1H, dd, J =7.6, 7.6 Hz), 7.16 (1H, ddd,
J=17.7,7.6,1.1Hz),7.11 (3H,d,J=7.3 Hz), 7.07 (1H, dd, J = 8.0, 1.1 Hz), 5.53 (1H, d, ] = 12.2
Hz), 3.72 (3H, s), 2.27 (2H, s), 0.19 (6H, s); '*C NMR (125 MHz, CDCl;) &: 167.5, 159.8, 156.4,

o0 Xy COMe
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138.8,134.1, 130.2, 128.4, 128.2, 125.1, 124.4, 118.8, 115.1, 101.5, 100.3, 99.4, 51.3, 26.0, -2.3;
HRMS (MALDI-TOF) calcd for C21H2,03NaSi (M+Na): 373.1224, found: 373.1230.

Compound 1af
Si(iPr)s Following the typical procedure A on page 31, 2-iodophenol (550 mg,
Z 2.50 mmol) was converted to laf (708 mg, 79%), flash column
chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless oil.;
"HNMR (400 MHz, CDCl3) é: 7.77 (1H, d, J = 12.4 Hz), 7.51 (1H, dd,
J=7.6,1.6 Hz), 7.33 (1H, ddd, ] = 8.0, 7.8, 1.6 Hz), 7.15 (1H, dd, J = 7.8, 7.6 Hz), 7.06 (1H, d,
J=8.0 Hz), 5.46 (1H, d, ] = 12.4 Hz), 3.71 (3H, s), 1.11 (21H, s); *C NMR (100 MHz, CDCl;)
d: 167.5, 159.8, 156.3, 134.2, 129.8, 125.1, 118.8, 115.8, 101.3, 100.9, 97.4, 51.2, 18.6, 11.2;
HRMS (MALDI-TOF) calcd for C»1H3003Si: 358.1956, found: 358.1958.

O/\/COﬂVle

Compound lag

Ph Following the typical procedure A on page 31, 2-iodophenol (550 mg,
Z 2.50 mmol) was converted to lag (598 mg, 86%), flash column
o __CO;Me chromatography on silica gel (n-hexane/AcOEt = 10:1). Yellow oil.;

'H NMR (300 MHz, CDCI3) &: 7.86 (1H, d, J = 12.2 Hz), 7.57 (1H,
dd, J =7.8, 1.7 Hz), 7.53-7.49 (2H, m), 7.36-7.32 (4H, m), 7.20 (1H, ddd, J = 7.8, 7.6, 1.1 Hz),
7.11 (1H,dd,J=8.1,1.1 Hz),5.57 (1H, d, J = 12.2 Hz), 3.72 (3H, s); *C NMR (125 MHz, CDCI;)
8:167.6,159.9, 155.9,133.6, 131.6, 129.8, 128.6, 128.3, 125.3, 122.8, 118.9, 115.5, 101.5, 95.1,
83.9, 51.3; HRMS (MALDI-TOF) calcd for CisHi403Na (M+Na): 301.0836, found: 301.0835.

Compound 1ah
fBu Following the typical procedure A on page 31, 2-iodophenol (550 mg,
Z 2.50 mmol) was converted to lah (458 mg, 71%), flash column
chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless oil.;
"HNMR (400 MHz, CDCl3) 8: 7.78 (1H, d, J = 12.2 Hz), 7.41 (1H, dd,
J =728, 1.6 Hz), 7.27 (1H, ddd, J = 8.0, 7.8, 1.6 Hz), 7.13 (1H, ddd, J = 7.8, 7.8, 1.3 Hz), 7.04
(1H, dd, J = 8.0, 1.3 Hz), 5.48 (1H, d, J = 12.2 Hz), 3.72 (3H, s), 1.29 (9H, s); *C NMR (100
MHz, CDCl;) 8: 167.7, 160.6, 156.0, 133.6, 128.9, 125.2, 119.2, 116.2, 104.9, 100.7, 73.6, 51.2,
30.7, 28.2; HRMS (MALDI-TOF) calcd for Ci6H1903 (M+H): 259.1326, found: 259.1328.

o0 COMe
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Compound 1ai

nBu Following the typical procedure A on page 31, 2-iodophenol (550 mg,
Z 2.50 mmol) was converted to lai (432 mg, 67%), flash column
chromatography on silica gel (n-hexane/AcOEt = 20:1). Yellow oil.;
"HNMR (400 MHz, CDCl5) &: 7.77 (1H, d, J = 12.2 Hz), 7.42 (1H, dd,
J=7.7,1.6 Hz), 7.27 (1H, ddd, J = 7.8, 7.7, 1.6 Hz), 7.13 (1H, ddd, J = 7.7, 7.7, 1.1 Hz), 7.03
(1H, d, J = 7.8 Hz), 5.47 (1H, d, J = 12.2 Hz), 3.71 (3H, s), 2.41 (3H, t, J = 7.1 Hz), 1.56 (2H,
quin, J =7.1 Hz), 1.46 (2H, sext, J = 7.3 Hz), 0.93 (3H, t, J = 7.3); 3C NMR (100 MHz, CDCl;)
8:167.7,160.2, 155.9, 133.7, 128.9, 125.2, 118.9, 116.2, 101.0, 96.7, 75.0, 51.2, 30.5, 21.9, 19.2,
13.6; HRMS (MALDI-TOF) calcd for CisHi9O3 (M+H): 259.1324, found: 259.1328.

0/\/C02Me

Compound 1aj

Me Following the typical procedure A on page 31, 2-iodophenol (550 mg,
Z 2.50 mmol) was converted to laj (346 mg, 64%), flash column
o _~_CO,Me chromatography on silica gel (n-hexane/AcOEt = 15:1). Colorless oil.;

"HNMR (300 MHz, CDCl5) &: 7.79 (1H, d, J = 12.2 Hz), 7.44 (1H, dd,
J=17.6,1.5Hz), 7.29 (1H, ddd, J = 8.0, 7.6, 1.5 Hz), 7.14 (1H, ddd, J = 7.6, 7.6, 1.1 Hz), 7.04
(IH, dd, J = 8.0, 1.1 Hz), 5.50 (1H, d, J = 12.2 Hz), 3.73 (3H, s), 2.07 (3H, s); *C NMR (100
MHz, CDCl3) &: 167.6, 160.0, 155.9, 133.8, 129.0, 125.1, 118.8, 116.1, 101.3, 92.0, 74.2, 51.3,
4.6; HRMS (MALDI-TOF) calcd for C13H1203Na (M+Na): 239.0679, found: 239.0678.

Compound 1ak

SiMe,tBu Following the typical procedure A on page 31, 2-iodophenol (550 mg,
4 2.50 mmol) was converted to lak (554 mg, 67%), flash column
o _CO,Et chromatography on silica gel (n-hexane/AcOEt = 30:1). Colorless oil.;
"HNMR (400 MHz, CDCls) 8: 7.76 (1H, d, J = 12.2 Hz), 7.49 (1H, dd,
J=17.6,1.5Hz),7.33 (1H, ddd, ] = 8.0, 7.7, 1.5 Hz), 7.15 (1H, dd, J = 7.7, 7.6 Hz), 7.06 (1H, d,
J=8.0 Hz), 5.46 (1H, d, J = 12.2 Hz), 4.18 (2H, q, J = 7.3), 1.27 (3H, t, ] = 7.3), 0.97 (9H, s),
0.16 (6H, s); '*C NMR (100 MHz, CDCl;) &: 167.1, 159.7, 156.4, 134.0, 130.0, 125.1, 118.9,
115.6,101.7,99.7,99.3, 60.0, 26.0, 16.7, 14.3, -4.8; HRMS (MALDI-TOF) calcd for Ci9H»703Si

(M+H): 331.1727, found: 331.1724.

Compound 1al
SiMe,tBu Following the typical procedure A on page 31, 2-iodophenol (550 mg,
= 2.50 mmol) was converted to lal (687 mg, 70%), flash column
o COBn chromatography on silica gel (n-hexane/AcOEt = 30:1). Colorless oil.;
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'H NMR (400 MHz, CDCL3) &: 7.82 (1H, d, J = 12.4 Hz), 7.50 (1H, dd, J = 7.8, 1.4 Hz), 7.37-
7.30 (6H, m), 7.15 (1H, ddd, J = 7.8, 7.8, 1.1 Hz), 7.05 (1H, d,J = 8.2 Hz), 5.51 (1H, d, ] = 12.4
Hz), 5.17 (2H, s), 0.97 (9H, s), 0.16 (6H, s); *C NMR (100 MHz, CDCIs) 8: 166.9, 160.1, 156.3,
136.1, 134.0, 130.0, 128.5, 128.2, 128.1, 125.2, 118.9, 115.6, 101.3, 99.6, 99.4, 65.9, 26.0, 16.7,
-4.8; HRMS (MALDI-TOF) calcd for C24H2303NaSi (M+Na): 415.1696, found: 415.1699.

Compound 1am
SiMe,Bu Following the typical procedure A on page 31, 2-iodophenol (550 mg,
= 2.50 mmol) was converted to lam (457 mg, 51%), flash column
chromatography on silica gel (n-hexane/AcOEt =40:1). Colorless oil.;
'HNMR (400 MHz, CDCls) 8: 7.65 (1H, d, J = 12.4 Hz), 7.49 (1H, dd,
J=7.7,18 Hz), 7.32 (1H, ddd, J = 8.1, 7.8, 1.8 Hz), 7.14 (1H, ddd, J = 7.8, 7.7, 1.0 Hz), 7.05
(IH, dd, J = 8.1, 1.0 Hz), 5.35 (1H, d, J = 12.4 Hz), 1.47 (9H, s), 0.98 (9H, s), 0.17 (6H, s); 1*C
NMR (100 MHz, CDCls) 6: 166.4, 158.9, 156.4, 134.0, 129.9, 125.0, 119.0, 115.7, 103.4, 99.8,
99.1, 80.1, 28.2, 26.1, 16.7, -4.8; HRMS (MALDI-TOF) calcd for C»1H3003Si: 358.1954, found:
358.1958.

O/\/COZtBU

Compound lan
SiMe,tBu Following the typical procedure A on page 31, 2-iodophenol (550 mg,
Z4 2.50 mmol) was converted to lan (738 mg, 74%), flash column
chromatography on silica gel (n-hexane/AcOEt = 30:1). Colorless oil.;
"HNMR (400 MHz, CDCl3) 8: 7.95 (1H, d,J = 12.2 Hz), 7.53 (1H, dd,
J=728,1.4Hz),7.39 (2H, d,J="7.8 Hz), 7.35 (2H, d, J = 7.8 Hz), 7.24-7.17 (2H, m), 7.13-7.09
(3H, m), 5.63 (1H, d, J = 12.2 Hz), 1.00 (9H, s), 0.19 (6H, s); *C NMR (100 MHz, CDCls) 3:
165.5, 161.4, 156.2, 150.6, 134.1, 130.0, 129.4, 125.6, 125.5, 121.7, 119.1, 115.7, 100.8, 99.6,
99.6, 26.1, 16.7, -4.8; HRMS (MALDI-TOF) calcd for C23H2603NaSi (M+Na): 401.1544, found:
401.1543.

Compound 1ao

SiMe,Bu Following the typical procedure A on page 31, 2-iodophenol (550 mg,
= 2.50 mmol) was converted to 1lao (387 mg, 47%), flash column
chromatography on silica gel (n-hexane/AcOEt = 2:1). Colorless oil.;
"H NMR (300 MHz, CDCI5) é: 7.75 (1H, d, J = 11.5 Hz), 7.48 (1H,
dd,J=7.6,1.6 Hz), 7.32 (1H, ddd, J = 8.2, 7.9, 1.6 Hz), 7.11 (1H, dd, J = 7.9, 7.6 Hz), 7.06 (1H,

d,J =82 Hz), 6.05 (1H, d, J = 11.5 Hz), 3.02 (6H, s), 0.99 (9H, s), 0.17 (6H, s); 13C NMR (100

o~ X\ CONMe,
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MHz, CDCl;) ¢: 166.5, 157.3, 157.0, 133.9, 130.0, 124.3, 117.5, 114.9, 101.6, 100.1, 98.6, 26.1,
16.7, -4.8; HRMS (MALDI-TOF) calcd for Ci9H»70,NaSi (M+Na): 352.1702, found: 352.1703.

Compound lay

By Following the typical procedure A on page 31, 2-iodophenol (550 mg,
Z 2.50 mmol) was converted to lay (210 mg, 32%), flash column
chromatography on silica gel (n-hexane/AcOEt = 15:1). Yellow oil.; 'H
0w NMR (500 MHz, CDCL3) 8: 7.69 (1H, d, J = 12.3 Hz), 7.42 (1H, dd, ] =
7.6, 1.7 Hz), 7.27 (1H, ddd, J = 8.0, 7.6, 1.7 Hz), 7.14 (1H, ddd, ] = 7.6, 7.6, 1.2 Hz), 7.05 (1H,
dd, J=8.0, 1.2 Hz), 5.82 (1H, d, J = 12.3 Hz), 2.21 (3H, s), 1.28 (9H, s); *C NMR (125 MHz,
CDCl) o: 197.1, 160.7, 155.9, 133.7, 129.0, 125.4, 119.5, 116.4, 111.0, 105.0, 73.6, 30.7, 28.2,

27.9; HRMS (MALDI-TOF) calcd for CisHi30,Na (M+Na): 265.1197, found: 265.1199.

Compound 1ba
SiMe,Bu Following the typical procedure A on page 31, 2-iodophenol (550 mg,
Z 2.50 mmol) was converted to 1ba (593 mg, 79%), flash column
chromatography on silica gel (n-hexane/AcOEt = 10:1). Colorless oil.;
'H NMR (400 MHz, CDCls) 8: 7.70 (1H, d, J = 12.4 Hz), 7.51 (1H, dd,
J=17.6,1.6 Hz), 7.34 (1H, ddd, J = 8.0, 7.7, 1.6 Hz), 7.17 (1H, ddd, ] = 7.7, 7.6, 1.1 Hz), 7.07
(1H, dd, J = 8.0, 1.1 Hz), 5.81 (1H, d, J = 12.4 Hz), 2.22 (3H, s), 0.97 (9H, s), 0.16 (6H, s); 1*C
NMR (100 MHz, CDCl;3) &: 197.1, 160.0, 156.3, 134.1, 130.0, 125.4, 119.1, 115.7, 111.4, 99.6,
99.4, 28.0, 26.0, 16.7, -4.8; HRMS (MALDI-TOF) calcd for CisH240,NaSi (M+Na): 323.1439,

found: 323.1437.

o Xy COMe

Compound 1bb

SiMe,tBu Following the typical procedure A on page 31, 2-iodophenol (550 mg,
4 2.50 mmol) was converted to 1bb (716 mg, 79%), flash column
o _COPh chromatography on silica gel (n-hexane/AcOEt = 10:1). Colorless oil.;
"H NMR (400 MHz, CDCl;) 6: 7.94 (1H, d, J = 11.5 Hz), 7.90 (2H, d,
J=7.8Hz),7.53 (2H, d, ] =8.2 Hz), 7.46 (2H, dd, J = 7.8, 7.8 Hz), 7.35 (1H, dd, J = 8.2, 8.0 Hz),
7.17 (1H,dd, J=7.8,7.8),7.11 (1H, d, ] =8.0), 6.64 (1H, d, J= 11.5 Hz), 0.97 (9H, s), 0.16 (6H,
s); BC NMR (100 MHz, CDCls) 8: 190.2, 160.8, 156.6, 138.3, 134.1, 132.5, 130.0, 128.5, 128.0,
125.2, 118.7, 115.5, 106.4, 99.7, 99.4, 26.0, 16.7, -4.8; HRMS (MALDI-TOF) calcd for

C23H»70,Si1 (M+H): 363.1774, found: 363.1774.
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Compound 1bc
SiMe,tBu Following the previously reported procedure ¢, 2-iodophenol (550 mg,
2 2.50 mmol) was converted to 1be (136 mg, 21%), flash column
chromatography on silica gel (n-hexane/AcOEt = 40:1). Colorless oil.;
'"HNMR (300 MHz, CDCl;) 8: 7.46 (1H, dd, J = 7.6, 1.6 Hz), 7.28 (1H,
ddd, J=8.2,7.8,1.6 Hz), 7.03 (1H, ddd, ] = 7.8, 7.6, 1.0 Hz), 6.98 (1H, d, J = 8.2 Hz), 6.65 (1H,
dd,J=13.7,6.0 Hz), 4.71 (1H, dd, J = 13.7, 1.8 Hz), 4.41 (1H, dd, J = 6.0, 1.8 Hz), 1.00 (9H, s),
0.19 (6H, s); '*C NMR (100 MHz, CDCls) &: 157.5, 148.4, 133.9, 129.7, 123.1, 117.0, 114.6,
100.9,97.9,94.7,26.1, 16.8, -4.7, HRMS (MALDI-TOF) calcd for CisH230Si (M+H): 259.1515,

found: 259.1512.

o

Compound 1bd
SiMe,Bu Following the previously reported procedure '°, 2-iodophenol (550 mg,
4 2.50 mmol) was converted to 1bd (497 mg, 73%), flash column
chromatography on silica gel (n-hexane/AcOEt=100:1). Colorless oil.;
'"HNMR (500 MHz, CDCls) 8: 7.46 (1H, dd, J =7.6, 1.7 Hz), 7.27 (1H,
ddd,J=8.3,7.6,1.7 Hz), 6.97 (1H, ddd, ] = 7.6, 7.6, 1.1 Hz), 6.94 (1H, dd, ] = 8.3, 1.1 Hz), 6.43
(1H, dq,J = 6.0, 1.8 Hz), 4.89 (1H, dq, ] = 6.9, 6.0 Hz), 1.75 (3H, dd, ] = 6.9, 1.8 Hz), 1.02 (9H,
s), 0.20 (6H, s); *C NMR (125 MHz, CDCls) &: 158.4, 140.7, 133.8, 129.7, 122.0, 114.6, 113.5,
107.4, 101.2, 974, 26.1, 16.7, 9.4, -4.6, HRMS (MALDI-TOF) calcd for Ci7H,s0Si (M+H):
273.1664, found: 273.1669.

O/\/Me

Compound 1be
SiMe,Bu Following the typical procedure A on page 31, 2-iodophenol

= o (550 mg, 2.50 mmol) was converted to 1be (505 mg, 49%), flash

S g column chromatography on silica gel (n-hexane/AcOEt=10:1).
o X7 . 1
o) Colorless prism. m.p. 92-93 °C (from CHCl;); 'H NMR (500

MHz, CDCls) &: 7.77 (1H, d, J = 11.7 Hz), 7.76 (2H, d, T = 7.7 Hz), 7.49 (1H, dd, T = 7.6, 1.7 Hz),
7.35 (1H, dd, = 7.7, 1.7 Hz), 7.31 (2H, d, ] = 8.6 Hz), 5.90 (1H, d, J = 11.7 Hz), 2.42 (3H, s),
0.94 (9H, s), 0.14 (6H, s); 3C NMR (100 MHz, CDCLs) &: 158.0, 155.7, 143.9, 139.0, 134.2,
130.1, 129.8, 127.1, 125.8, 119.1, 115.8, 111.8, 99.6, 99.2, 26.0, 21.6, 16.6, -4.8; HRMS
(MALDI-TOF) calcd for C23Has0:NaSiS (M+Na): 435.1419, found: 435.1420.
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Typical procedure B for the preparation of 1-(methoxymethoxy)-2-(2-tert-
butyldimethylsilylethynyl)-benzene (precursors of 1ap-1ax)

CH30CH,CI o CBry (4 eq.) n-BuLi (2 eq.) SiMe- B
(25eq) R PPh; (4 eq.) (BuMe,SiCl R A
&H iPr,NEt (4 eq.) H _ EtN(8eq) _ (15eq)
CH,Cl, (0.3 M) o~ CH20I2 (0.1 M) oo~ THF (0.3 M) o~
OH i, 12 h S t,1h 78°C-rt, 4 h SRS
precursors of 1ap-1ax

To a round-bottom flask containing salicylaldehyde (1.0 equiv) in CH»Cl, (0.3 M) were added
N, N-diisopropyl ethylamine (4.0 equiv) and chloromethyl methyl ether (2.5 equiv). The mixture
was stirred at ambient temperature for 12 h. The mixture was diluted with CH»Cl, and washed
with water and brine. The combined organic layer was dried over Na,SOs, filtered, and
concentrated to give 2-(methoxymethoxy)-benzaldehyde.

To a flame dried round-bottom flask containing triphenylphosphine (4.0 equiv) and anhydrous
dichloromethane (0.1 M) at 0 °C was added carbon tetrabromide (4.0 equiv) and triethylamine
(8.0 equiv). After stirring at 0 °C for 10 min, the above obtained clude 2-
(methoxymethoxy)benzaldehyde (1.0 equiv) in dichloromethane (2.0 M) was added to this
solution. The mixture was stirred at 0 °C for 10 min, then warmed to ambient temperature and
stirred until TLC showed complete consumption of the starting material. The filtrate was
concentrated, and the residue was purified by short column chromatography to give 1-(2,2-
dibromoethenyl)-2-(methoxymethoxy)-benzene.

To a stirred solution of the above obtained clude 1-(2,2-dibromoethenyl)-2-
(methoxymethoxy)benzene (1.0 equiv) in anhydrous THF (0.3 M) under nitrogen at —78 °C was
added n-butyllithium (2.0 equiv, 2.76 M in hexanes). The mixture was stirred at —78 °C for 1 h,
and then fert-butyldimethylchlorosilane (1.5 equiv) was added. The reaction mixture was allowed
to warm to ambient temperature, and stirred for 3 h. The mixture was quenched with water, and
concentrated to remove the solvent. The residue was diluted with ethyl acetate and the organic
layer was washed with water and brine, dried over Na,SQs, filtered, and concentrated. The residue
was purified by flash column chromatography to give 1-(methoxymethoxy)-2-(2-tert-
butyldimethylsilylethynyl)benzene (precursors of 1ap-1ax).

Precursor of 1ap

Me SiMe,tBu Following the typical procedure B shown above, 6-methyl-
4 salicylaldehyde (680 mg, 5.0 mmol) was converted to precursor of 1ap
o~ (886 mg, 61%), flash column chromatography on silica gel (n-
o O

hexane/Et,O = 40:1). Yellow oil.; 'H NMR (500 MHz, CDCls) &: 7.13
(1H, dd,J =8.2,7.8 Hz), 6.89 (1H, d, J = 8.2 Hz), 6.87 (1H, d, J = 7.8 Hz), 5.23 (2H, s), 3.52 (3H,
s), 2.44 (3H, s), 1.02 (9H, s), 0.20 (6H, s); '*C NMR (125 MHz, CDCls) 3: 158.3, 142.6, 128.8,
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123.1, 114.1, 112.5, 101.3, 100.4, 95.0, 56.2, 26.1, 20.9, 16.7, -4.5; HRMS (MALDI-TOF) calcd
for C17H260,NaSi (M+Na): 313.1591, found: 313.1594.

Precursor of 1aq

SiMe,tBu Following the typical procedure B on page 38, S5-methyl-
Me = salicylaldehyde (680 mg, 5.0 mmol) was converted to precursor
of 1aq (842 mg, 58%), flash column chromatography on silica gel
(n-hexane/Et;O = 40:1). Colorless oil.; 'H NMR (400 MHz,
CDCl) 6: 7.25 (1H, d, ] = 2.0 Hz), 7.05 (1H, dd, J = 8.5, 2.0 Hz), 6.95 (1H, d, J = 8.5 Hz), 5.20
(2H, s), 3.51 (3H, s), 2.26 (3H, s), 1.01 (9H, s), 0.19 (6H, s); 3*C NMR (100 MHz, CDCI;) &:
156.0, 134.1, 131.3, 130.4, 115.7, 113.9, 102.0, 96.4, 95.2, 56.2, 26.1, 20.3, 16.8, -4.6; HRMS
(MALDI-TOF) calcd for Ci7H260,NaSi (M+Na): 313.1591, found: 313.1594.

O/\O/

Precursor of lar
SiMe,tBu Following the typical procedure B on page 38, 4-methyl-
= salicylaldehyde (680 mg, 5.0 mmol) was converted to precursor
of 1lar (1016 mg, 70%), flash column chromatography on silica
gel (n-hexane/Et;O = 40:1). Yellow oil.; 'H NMR (500 MHz,
CDCl) o: 7.32 (1H, d, J=7.8 Hz), 6.88 (1H, s), 6.76 (1H, d, ] = 7.8 Hz), 5.22 (2H, s), 3.52 (3H,
s), 2.33 (3H, s), 1.01 (9H, s), 0.18 (6H, s); '*C NMR (125 MHz, CDCl;) &: 158.1, 140.3, 133.5,
122.7, 116.1, 111.1, 102.0, 95.9, 94.9, 56.2, 26.1, 21.8, 16.8, -4.6; HRMS (MALDI-TOF) calcd
for Ci7H2602NaSi (M+Na): 313.1594, found: 313.1594.

Me o O

Precursor of 1as
SiMe,tBu Following the typical procedure B on page 38, 3-methyl-
Z salicylaldehyde (680 mg, 5.0 mmol) was converted to precursor of 1as
o o~ (813 mg, 56%), flash column chromatography on silica gel (n-
Me hexane/Et,O = 40:1). Yellow oil.; '"H NMR (500 MHz, CDCl;) &: 7.30
(1H,d,J=7.2Hz),7.14 (1H, d, J = 7.5 Hz), 6.95 (1H, dd, ] = 7.5, 7.2
Hz), 5.26 (2H, s), 3.61 (3H, s), 2.31 (3H, s), 1.00 (9H, s), 0.18 (6H, s); *C NMR (125 MHz,
CDCl) 8: 157.6, 131.9,131.7, 131.6, 123.6, 116.6, 102.5, 99.4, 96.8, 57.5, 26.1, 16.7, 16.7, -4.6;

HRMS (MALDI-TOF) caled for Ci7H260,NaSi (M+Na): 313.1592, found: 313.1594.
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Precursor of 1at

SiMe,tBu Following the typical procedure B on page 38, 5-methoxy-
MeO 4 salicylaldehyde (760 mg, 5.0 mmol) was converted to precursor
oo~ of 1at (582 mg, 38%), flash column chromatography on silica
gel (n-hexane/Et,O = 30:1). Colorless oil.; 'H NMR (400 MHz,
CDCl) 6: 6.99 (1H, d, ] =9.1 Hz), 6.95 (1H, d, ] = 3.1 Hz), 6.81 (1H, dd, J =9.1, 3.1 Hz), 5.16
(2H, s), 3.76 (3H, s), 3.52 (3H, s), 1.01 (9H, s), 0.19 (6H, s); *C NMR (100 MHz, CDCI;) &:
154.3, 152.4, 117.8, 117.8, 116.1, 115.0, 101.7, 96.9, 95.9, 56.2, 55.7, 26.1, 16.8, -4.6; HRMS

(MALDI-TOF) calcd for Ci7H2603NaSi (M+Na): 329.1542, found: 329.1543.

Precursor of 1au

cl SiMe,tBu Following the typical procedure B on page 38, 6-chloro-
4 salicylaldehyde (783 mg, 5.0 mmol) was converted to precursor of 1au
o~ (933 mg, 60%), flash column chromatography on silica gel (n-
o O

hexane/Et,O = 50:1). Yellow oil.; 'H NMR (500 MHz, CDCls) &: 7.15
(1H, dd, J = 8.2, 8.2 Hz), 7.05 (1H, dd, J = 8.2, 0.8 Hz), 6.98 (1H, dd, J = 8.2, 0.8 Hz), 5.23 (2H,
s), 3.51 (3H, s), 1.03 (9H, s), 0.21 (6H, s); *C NMR (125 MHz, CDCl;) &: 159.3, 137.4, 129.3,
122.7, 114.4, 113.1, 103.2, 97.8, 95.0, 56.3, 26.1, 16.8, -4.7, HRMS (MALDI-TOF) calcd for
Ci6H230,NaSiCl (M+Na): 333.1044, found: 333.1048.

Precursor of 1av

SiMe,tBu Following the typical procedure B on page 38, 5-chloro-
Cl = salicylaldehyde (783 mg, 5.0 mmol) was converted to precursor
o o~ of 1av (870 mg, 56%), flash column chromatography on silica gel
(n-hexane/Et,O = 50:1). Yellow oil.; '"H NMR (500 MHz, CDCl;)
0:7.39 (1H, d, ] =2.7 Hz), 7.20 (1H, dd, ] = 8.8, 2.7 Hz), 7.00 (1H, d, ] = 8.8 Hz), 5.20 (2H, s),
3.50 (3H, s), 1.00 (9H, s), 0.18 (6H, s); *C NMR (125 MHz, CDCl;) &: 156.8, 133.2, 129.6, 126.6,
116.5, 115.6, 100.2, 98.4, 95.1, 56.3, 26.1, 16.8, -4.7; HRMS (FAB) calcd for CicH240,SiCl

(M+H): 333.1234, found: 333.1234.

Precursor of 1aw
SiMe,tBu Following the typical procedure B on page 38, 4-chloro-
= salicylaldehyde (783 mg, 5.0 mmol) was converted to precursor
of 1law (1041 mg, 67%), flash column chromatography on silica
gel (n-hexane/Et,O = 50:1). Yellow oil.; '"H NMR (400 MHz,
CDCl) 6: 7.34 (1H, d, J = 8.2 Hz), 7.09 (1H, d, J = 2.1 Hz), 6.93 (1H, dd, ] = 8.2, 2.1 Hz), 5.21

cl o o~
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(2H, ), 3.51 (3H, ), 1.00 (9H, ), 0.18 (6H, s); '*C NMR (125 MHz, CDCL3) §: 158.7, 135.1,
134.3, 122.0, 115.7, 112.5, 100.6, 97.9, 94.9, 56.3, 26.1, 16.8, -4.7; HRMS (FAB) calcd for
C16H240,SiCl (M+H): 333.1234, found: 333.1234.

Precursor of 1ax
SiMe,tBu Following the typical procedure B on page 38, 3-chloro-
= salicylaldehyde (783 mg, 5.0 mmol) was converted to precursor of 1ax
(777 mg, 50%), flash column chromatography on silica gel (n-
hexane/Et,O = 50:1). Yellow oil.; 'H NMR (500 MHz, CDCls) &: 7.35
(2H, d, ] = 6.5 Hz), 6.98 (1H, dd, J = 7.8, 7.8 Hz), 5.32 (2H, s), 3.68
(3H, s), 0.99 (9H, s), 0.18 (6H, s); *C NMR (125 MHz, CDCls) &: 154.6, 132.7, 130.8, 128.2,
124.4, 119,0, 101.1, 99.2, 98.5, 58.0, 26.1, 16.7, -4.7, HRMS (MALDI-TOF) calcd for
Ci6H230,NaSiCl (M+Na): 333.1049, found: 333.1048.

O/\O/

Cl

* Typical procedure C for the preparation of compounds 1ap-lax

R 4 SiMe,tBu R 4 SiMe,tBu =— CO,Me (1.05eq.) R 4 SiMe,tBu
6 M HCI (0.3 M) DABCO (0.1 eq.)
THF (0.3 M) THF (0.1 M) . _CO,Me
o o” t, 6 h OH i, 2 h o2
precursors of 1ap-1ax 1ap-1ax

To a round-bottom flask containing 1-(methoxymethoxy)-2-(2-tert-butyldimethyl
silylethynyl)benzene (precursors of 1ap-1ax) (1.0 equiv) in THF (0.3 M) was slowly added 6 M
HCI (0.3 M). The mixture was vigorously stirred at ambient temperature for 6 h. The mixture was
diluted with ethyl acetate and the organic layer was washed with water and brine, dried over
Na,SOq, filtered and concentrated to give 2-tert-butyldimethylsilylethynylphenol.

To a stirred solution of the above obtained clude 2-fert-butyldimethylsilylethynylphenol in THF
(0.1 M) was added DABCO (10 mol%) and methyl propiolate (1.05 equiv). The mixture was
stirred at ambient temperature for 2 h. The mixture was diluted with AcOEt and washed with
water and brine. The combined organic layer was dried over Na,SOq, filtered, and concentrated.

The residue was purified by flash column chromatography on silica gel to give compounds 1ap-

lax.
Compound lap
Me SiMe,Bu Following the typical procedure C shown above, precursor of 1ap (581
= o mg, 2.0 mmol) was converted to lap (291 mg, 44%), flash column

/\)J\ _ chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless oil.;
o
"HNMR (300 MHz, CDCls) 8: 7.76 (1H, d, J = 12.4 Hz), 7.20 (1H, dd,
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J=7.8,7.8 Hz), 7.05 (1H, d, = 7.8 Hz), 6.89 (1H, d, ] = 7.8 Hz), 5.47 (1H, d, ] = 12.4 Hz), 3.71
(3H, s), 2.45 (3H, 5), 0.98 (9H, s), 0.17 (6H, s); '*C NMR (75 MHz, CDCls) §: 167.6, 160.1, 156.6,
143.2, 129.0, 1262, 115.9, 115.5, 103.6, 101.0, 98.4, 51.2, 26.0, 20.8, 16.6, -4.7; HRMS
(MALDI-TOF) calcd for C1oH,705Si (M+H): 331.1724, found: 331.1724.

Compound laq

SiMe,tBu  Following the typical procedure C on page 41, precursor of 1aq
Me = 0 (581 mg, 2.0 mmol) was converted to 1laq (370 mg, 56%), flash
o /\)J\O _ column chromatography on silica gel (n-hexane/AcOEt = 20:1).
Colorless oil.; 'TH NMR (300 MHz, CDCl3) 6: 7.74 (1H,d, J=12.2
Hz), 7.30 (1H, d, J = 2.3 Hz), 7.11 (1H, dd, J = 8.3, 2.3 Hz), 6.93 (1H, d, J = 8.3 Hz), 5.44 (1H,
d,J=12.2 Hz),3.71 (3H, s), 2.30 (3H, s), 0.97 (9H, s), 0.15 (6H, s); *C NMR (100 MHz, CDCl;)
8:167.6,160.3,154.3, 134.9, 134.3, 130.6, 118.8, 115.1, 100.9, 99.9, 98.9, 52.0, 26.0, 20.5, 16.7,

-4.8; HRMS (MALDI-TOF) calcd for Ci9H2703S1 (M+H): 331.1729, found: 331.1724.

Compound lar

SiMe,tBu  Following the typical procedure C on page 41, precursor of 1ar
4 (581 mg, 2.0 mmol) was converted to lar (291 mg, 44%), flash
o /\)J\O _ column chromatography on silica gel (n-hexane/AcOEt = 20:1).
Colorless oil.; 'TH NMR (500 MHz, CDCl3) 6: 7.76 (1H,d, J =12.2
Hz), 7.37 (1H, d, ] = 7.9 Hz), 6.95 (1H, d, ] = 7.9 Hz), 6.86 (1H, s), 5.47 (1H, d, J = 12.2 Hz),
3.72 (3H, s), 2.35 (3H, s), 0.97 (9H, s), 0.15 (6H, s); *C NMR (125 MHz, CDCl;) é: 167.6, 159.9,
156.3, 140.8, 133.7, 125.9, 119.4, 112.4, 101.2, 99.9, 98.4, 51.2, 26.0, 21.5, 16.7, -4.8; HRMS

(MALDI-TOF) calcd for Ci9H2703S1 (M+H): 331.1722, found: 331.1724.

Me

Compound 1as
SiMe,Bu Following the typical procedure C on page 41, precursor of las (581
= mg, 2.0 mmol) was converted to las (218 mg, 33%), flash column
o MO _ chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless oil.;
"H NMR (400 MHz, CDCl5) 6: 7.72 (1H, d, J = 12.4 Hz), 7.34 (1H, d,
J=7.8Hz),7.18 (1H,d,J=7.6 Hz), 7.07 (1H, dd, ] = 7.8, 7.6 Hz), 5.21
(1H, d, J = 12.4 Hz), 3.68 (3H, s), 2.20 (3H, s), 0.95 (9H, s), 0.14 (6H, s); *C NMR (125 MHz,
CDCl) ¢: 167.6, 160.9, 154.0, 131.7, 131.6, 130.4, 125.6, 116.5, 100.0, 99.5, 99.0, 51.1, 26.0,
16.6, 15.9, -4.9; HRMS (MALDI-TOF) calcd for Ci9H»703Si (M+H): 331.1722, found: 331.1724.

Me
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Compound 1at

SiMe,tBu  Following the typical procedure C on page 41, precursor of 1at
MeO Z (613 mg, 2.0 mmol) was converted to 1at (388 mg, 56%), flash
o /\)J\O _ column chromatography on silica gel (n-hexane/AcOEt = 15:1).
Colorless oil.; '"H NMR (300 MHz, CDCls) 6: 7.71 (1H, d, J =
12.2 Hz), 6.97 (1H, d, J = 3.1 Hz), 6.95 (1H, s), 6.85 (1H, dd, J = 9.0, 3.1 Hz), 5.38 (1H, d,J =
12.2 Hz), 3.79 (3H, s), 3.69 (3H, s), 0.96 (9H, s), 0.16 (6H, s); *C NMR (125 MHz, CDCl5) &:
167.6, 161.0, 156.5, 150.3, 120.5, 117.7, 116.3, 100.5, 99.6, 99.3, 55.7, 51.2, 26.0, 16.6, -4.9;

HRMS (MALDI-TOF) calcd for Ci9H2704Si (M+H): 347.1677, found: 347.1673.

Compound lau
Cl SiMe,tBu  Following the typical procedure C on page 41, precursor of 1au (622
= o mg, 2.0 mmol) was converted to lau (309 mg, 44%), flash column
o /\)J\O _ chromatography on silica gel (n-hexane/AcOEt = 25:1). Colorless oil.;
'"HNMR (400 MHz, CDCl3) 6: 7.73 (1H, d,J = 12.4 Hz), 7.28-7.25 (1H,
m), 7.23 (1H, d, J = 7.4 Hz), 6.98 (1H, dd, J = 7.4, 1.0 Hz), 5.52 (1H, d, J = 12.4, 1.0 Hz), 3.72
(3H, s), 0.99 (9H, s), 0.18 (6H, s); *C NMR (100 MHz, CDCls) &: 167.3, 159.1, 157.4, 137.8,
129.5,126.0,116.8, 116.1,105.8, 102.1, 96.0, 51.3,26.0, 16.7, -4.9; HRMS (MALDI-TOF) calcd

for Ci1sH2403SiCl (M+H): 351.1178, found: 351.1177.

Compound lav

SiMe,tBu Following the typical procedure C on page 41, precursor of lav
Cl z o (622 mg, 2.0 mmol) was converted to 1av (329 mg, 47%), flash
o /\)J\O _ column chr.omatography on silica gel (n-hexane/AcOEt = 25:1).
Colorless oil.; 'H NMR (300 MHz, CDCl;) &: 7.71 (1H,d, J=11.9
Hz), 7.47 (1H, d, ] = 2.6 Hz), 7.28 (1H, dd, ] = 8.7, 2.6 Hz), 6.99 (1H, d, J = 8.7 Hz), 5.48 (1H,
d, J =119 Hz), 3.71 (3H, s), 0.96 (9H, s), 0.16 (6H, s); *C NMR (75 MHz, CDCl;) &: 167.3,
159.3, 154.9, 133.5, 130.3, 129.9, 120.0, 117.1, 101.9, 101.1, 98.2, 51.3, 26.0, 16.6, -4.9; HRMS

(MALDI-TOF) calcd for CisH2403SiCl (M+H): 351.1169, found: 351.1177.

Compound law
SiMe,tBu Following the typical procedure C on page 41, precursor of 1law
= o (622 mg, 2.0 mmol) was converted to 1law (295 mg, 42%), flash
/\)J\ _ column chromatography on silica gel (n-hexane/AcOEt = 25:1).
Cl (@)
Colorless oil.; 'H NMR (300 MHz, CDCl3) 6: 7.72 (1H,d, ] = 12.4
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Hz), 7.42 (1H, d, ] = 8.4 Hz), 7.13 (1H, dd, J = 8.4, 2.0 Hz), 7.08 (1H, d, J = 2.0 Hz), 5.53 (1H,
d,J=12.4 Hz), 3.73 3H, s), 0.97 (9H, s), 0.16 (6H, s); 3C NMR (125 MHz, CDCls) &: 167.2,
158.8, 156.7, 135.2, 134.7, 125.4, 119.3, 114.0, 102.4, 100.6, 98.6, 51.4, 26.0, 16.7, -4.9; HRMS
(MALDI-TOF) calcd for C1sH>405SiCl (M+H): 351.1181, found: 351.1177.

Compound 1ax

SiMe,tBu Following the typical procedure C on page 41, precursor of lax (622
= mg, 2.0 mmol) was converted to lax (316 mg, 45%), flash column
o /\)J\O _ chromatography on silica gel (n-hexane/AcOEt = 25:1). Colorless oil.;
'H NMR (300 MHz, CDCl;) &: 7.67 (1H, d, J = 12.4 Hz), 7.40 (2H, d,
J=8.0 Hz), 7.12 (1H, dd, J = 8.0, 8.0 Hz), 5.29 (1H, d, J = 12.4 Hz),
3.69 (3H, s), 0.95 (9H, s), 0.15 (6H, s); *C NMR (125 MHz, CDCls) &: 167.2, 160.0, 151.8, 132.2,
130.8,127.1,126.4, 118.7, 101.0, 100.6, 98.6, 51.3, 26.0, 16.6, -4.9; HRMS (MALDI-TOF) calcd

for CigH2403SiCl (M+H): 351.1179, found: 351.1177.

Cl

* Typical procedure D for the preparation of compounds 2aa-2ay

CO,Me
R! R . R! N
// Ni(cod), (10 mol%)
terpyridine (10 mol%) N\ R
O/\/COZME DMF (0.1 M) o

70-75°C, 2-4 h
2a

1a
In glove box, to a round-bottom flask containing compound 1a (1.0 equiv) in degassed DMF (or
THF) was added Ni(cod), (10 mol%) and terpyridine (10 mol%). The mixture was stirred for 2-4
h at 70-75 °C and removed from glove box, and concentrated in vacuo to remove the solvent. The

obtained residue was purified by flash column chromatography to give compound 2a.

Compound 2aa
0 OMe Following the typical procedure D shown above, 1aa (50 mg, 0.158
_— mmol) was converted to 2aa (46 mg, 92%), flash column
chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless
(; SiMextBU  peedle. m.p. 93-94 °C (from n-hexane); 'H NMR (400 MHz, CDCls) §:
7.99 (1H, d,J =16.0 Hz), 7.86 (1H, dd, J = 7.3, 1.0 Hz), 7.53 (1H, d,J
=7.4Hz),7.36 (1H,ddd,J=7.5,7.3, 1.7 Hz), 7.31 (1H, ddd, J = 7.5, 7.4, 1.0 Hz), 6.60 (1H, d, J
=16.0 Hz), 3.83 (3H, s), 0.97 (9H, s), 0.46 (6H, s); *C NMR (125 MHz, CDCls) 8: 167.8, 166.6,
158.4, 136.9, 127.3, 125.5, 125.3, 123.3, 121.1, 117.6, 111.8, 51.7, 26.4, 17.6, -5.4; HRMS

(MALDI-TOF) calcd for CisH»503S1 (M+H): 317.1566, found: 317.1567.
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Compound 2ab (Solvent is THF)
0 OMe Following the typical procedure D shown above, 1ab (50 mg, 0.182
_— mmol) was converted to 2ab (33.5 mg, 67%), flash column
chromatography on silica gel (n-hexane/AcOEt =20:1). Colorless needle.
(; SiMe3  m p. 62-64 °C (from n-hexane); 'H NMR (400 MHz, CDCLs) 5: 7.98 (1H,
d, J=16.0 Hz), 7.84 (1H, d, J = 7.4 Hz), 7.52 (1H, d, ] = 7.8 Hz), 7.35
(1H,ddd,J=7.8,7.6, 1.5 Hz), 7.30 (1H, ddd, J=7.6, 7.4, 1.1 Hz), 6.58 (1H, d, ] = 16.0 Hz), 3.83
(3H, s), 0.46 (9H, s); *C NMR (100 MHz, CDCl;) &: 167.8, 167.7, 158.3, 136.4, 126.2, 125.6,
125.3,123.4,121.1, 117.6, 111.7, 51.7, -1.0; HRMS (MALDI-TOF) calcd for CisH1903Si (M+H):

275.1098, found: 275.1098.

Compound 2ac (Solvent is THF)
0 OMe Following the typical procedure D on page 44, 1ac (50 mg, 0.158 mmol)
— was converted to 2ac (42 mg, 84%), flash column chromatography on
silica gel (n-hexane/AcOEt = 20:1). Colorless oil.; 'H NMR (500 MHz,
(; SiEts  CDCL) 8: 7.96 (1H, d, J = 16.0 Hz), 7.86 (1H, d, J = 7.4 Hz), 7.53 (1H,
d,J=79Hz),7.35(1H,ddd,J=7.9,7.6,1.2 Hz), 7.31 (1H, ddd, ] = 7.6,
7.4, 1.2 Hz), 6.60 (1H, d, J = 16.0 Hz), 3.84 (3H, s), 1.06-0.95 (15H, m); *C NMR (125 MHz,
CDCl) 6: 167.8, 166.7, 158.6, 136.6, 127.1, 125.5, 125.2, 123.3, 121.1, 117.5, 111.7, 51.6, 7.2,

3.5; HRMS (MALDI-TOF) caled for C1sHas05Si (M+H): 317.1561, found: 317.1567.

Compound 2ad (Solvent is THF)
0 OMe Following the typical procedure D on page 44, 1ad (50 mg, 0.149 mmol)
— was converted to 2ad (35.5 mg, 71%), flash column chromatography on
silica gel (n-hexane/AcOEt = 20:1). Colorless needle. m.p. 85-86 °C
(; SiMezPh  (from n-hexane); '"H NMR (300 MHz, CDCls) &: 7.84 (1H, d, ] = 6.9
Hz), 7.75 (1H,d, J=16.0 Hz), 7.63 (2H,d, J = 7.4 Hz), 7.54 (1H, d, J =
7.4 Hz), 7.47-7.28 (4H, m), 7.31 (1H, ddd, J = 7.5, 7.4, 1.3 Hz), 6.52 (1H, d, J = 16.0 Hz), 3.77
(3H, s), 0.75 (6H, s); *C NMR (125 MHz, CDCl;) &: 167.5, 165.4, 158.4, 136.4, 135.3, 134.1,
129.9, 128.2, 127.0, 125.6, 125.5, 123.4, 121.2, 118.0, 111.8, 51.5, -2.4; HRMS (MALDI-TOF)

calcd for C0H,103Si (M+H): 337.1230, found: 337.1254.
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Compound 2ae (Solvent is THF)
0 OMe Following the typical procedure D on page 44, 1ae (50 mg, 0.143 mmol)
— was converted to 2ae (32.5 mg, 65%), flash column chromatography on
silica gel (n-hexane/AcOEt = 20:1). Colorless needle. m.p. 79-80 °C
(; SiMe2Bn  (from n-hexane); '"H NMR (500 MHz, CDCLs) &: 7.84 (1H, d, ] = 7.4
Hz), 7.80 (1H, d, ] = 16.0 Hz), 7.53 (1H, dd, ] = 8.1, 1.1 Hz), 7.37 (1H,
ddd,J=7.6,7.5,13 Hz),7.32 (1H,ddd,J =7.6, 7.4, 1.1 Hz), 7.18 (1H, dd, J = 7.6, 7.4 Hz), 7.08
(1H, dd, J =7.5, 7.4 Hz), 6.99 (2H, d, J = 8.1 Hz), 6.55 (1H, d, J = 16.0 Hz), 3.82 (3H, s), 2.48
(2H, s), 0.43 (6H, s); *C NMR (125 MHz, CDCl;) &: 167.6, 165.8, 158.3, 138.1, 136.1, 128 .4,
128.3, 127.0, 125.6, 125.5, 124.6, 123.4, 121.2, 118.0, 111.8, 51.7, 25.2, -3.1; HRMS (MALDI-

TOF) calcd for C21H2303S1 (M+H): 351.1420, found: 351.1411.

Compound 2af
0 OMe Following the typical procedure D on page 44, 1af (50 mg, 0.139 mmol)
— was converted to 2af (17 mg, 34%), flash column chromatography on

silica gel (n-hexane/AcOEt = 20:1). Colorless oil.; 'H NMR (300 MHz,

(; Si(iPr)s  cDCls) 8: 7.94 (1H, d, J = 15.8 Hz), 7.88 (1H, dd, J = 6.5, 1.8 Hz), 7.54

(1H, dd, J=6.5, 1.8 Hz), 7.36 (1H, ddd, J = 6.5, 6.4, 1.8 Hz), 7.31 (1H,

ddd, J =6.5, 6.4, 1.8 Hz), 6.61 (1H, d, J = 15.8 Hz), 3.83 (3H, s), 1.57 (3H, sep, ] = 7.6), 1.15

(18H, d,J =7.6); *C NMR (125 MHz, CDCls) 8: 167.9, 165.9, 158.6, 137.3, 127.6, 125.6, 125.1,

123.3, 121.1, 117.5, 111.7, 51.7, 18.6, 11.6; HRMS (MALDI-TOF) calcd for C,H300;3Si :
358.1956, found: 358.1958.

Compound 2ag
0 OMe Following the typical procedure D on page 44, 1ag (50 mg, 0.179 mmol)
— was converted to 2ag (45.5 mg, 91%), flash column chromatography on
silica gel (n-hexane/AcOEt = 20:1). Colorless needle. m.p. 125-126 °C
(; Ph (from n-hexane/AcOEt = 4:1); 'TH NMR (500 MHz, CDCls) §: 8.03 (1H,

d,J=16.0 Hz), 7.88 (1H, d, ] = 7.5 Hz), 7.78 (2H, d, ] = 6.9 Hz), 7.57-
7.47 (4H, m), 7.39 (1H, ddd, J = 7.6, 7.5, 1.6 Hz), 7.36 (1H, ddd, ] = 7.6, 7.5, 1.4 Hz), 6.69 (1H,
d, J =16.0 Hz), 3.84 (3H, s); *C NMR (125 MHz, CDCl;) &: 167.7, 157.7, 154.5, 136.1, 129.8,
129.7, 128.9, 128.6, 126.7, 125.3, 123.8, 121.0, 118.8, 112.6, 111.6, 51.7; HRMS (MALDI-TOF)
calcd for CisH1405: 278.0931, found: 278.0937.
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Compound 2ah

0 OMe Following the typical procedure D on page 44, 1ah (50 mg, 0.194 mmol)
— was converted to 2ah (47.5 mg, 95%), flash column chromatography on
silica gel (n-hexane/AcOEt = 20:1). Colorless oil.; 'H NMR (500 MHz,

> fBu CDCls) &: 8.18 (1H, d, J =16.0 Hz), 7.76 (1H, dd, J = 6.3, 2.6 Hz), 7.45

(0]
(1H, dd, J = 6.0, 1.7 Hz), 7.31-7.27 (2H, m), 6.50 (1H, d, J = 16.0 Hz),

3.83 (3H, s), 1.52 (9H, s); '*C NMR (100 MHz, CDCls) &: 167.8, 167.0, 153.4, 136.6, 127.1,
124.3, 123.3, 120.6, 117.5, 111.1, 110.6, 51.6, 35.3, 30.0; HRMS (MALDI-TOF) calcd for
Ci6H1505: 258.1252, found: 258.1250.

Compound 2ai
0 OMe Following the typical procedure D on page 44, 1ai (50 mg, 0.158 mmol)
— was converted to 2ai (37.5 mg, 75%), flash column chromatography on
silica gel (n-hexane/AcOEt = 20:1). Colorless oil.; 'H NMR (300 MHz,
nBu CDCls) &: 7.81 (1H, d, J = 15.8 Hz), 7.78 (1H, dd, J = 6.0, 3.3 Hz), 7.46
(1H, dd, J = 6.0, 3.3 Hz), 7.30 (1H, dd, ] = 6.0, 3.3 Hz), 6.53 (1H, d, J =
15.8 Hz), 3.83 (3H, s), 2.92 (2H, t, J = 7.6 Hz), 1.75 (2H, quin, ] = 7.6 Hz), 1.41 (2H, sext, ] =
7.4 Hz), 0.95 (3H, t, J = 7.4 Hz); *C NMR (125 MHz, CDCls) &: 168.0, 163.0, 154.4, 135.3,
126.0, 124.4, 123.5, 120.4, 116.2, 112.2, 111.2, 51.6, 30.4, 26.5, 22.3, 13.7; HRMS (MALDI-

TOF) caled for CisHi303: 258.1246, found: 258.1250.

Compound 2aj
0 OMe Following the typical procedure D on page 44, 1aj (50 mg, 0.231 mmol)
— was converted to 2aj (36.5 mg, 73%), flash column chromatography on
silica gel (n-hexane/AcOEt = 20:1). Colorless oil.; 'H NMR (500 MHz,
(; Me CDCl) 6: 7.80 (1H, d, J = 15.9 Hz), 7.76 (1H, dd, ] = 5.9, 3.3 Hz), 7.44

(1H, dd, J = 5.9, 3.3 Hz), 7.30 (1H, dd, J = 5.9, 3.3 Hz), 6.51 (1H, d, ] =
15.9 Hz), 3.83 (3H, s), 2.59 (3H, s); 13C NMR (125 MHz, CDCL3) &: 167.9, 158.9, 154.3, 135.4,
126.1, 124.4, 123.5, 120.3, 116.3, 112.6, 111.1, 51.6, 12.7; HRMS (MALDI-TOF) calcd for
C13H130s: 217.0860, found: 217.0859.

Compound 2ak

OEt Following the typical procedure D on page 44, lak (50 mg, 0.151
mmol) was converted to 2ak (44 mg, 88%), flash column
chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless oil.;

H—SiMetBu 'H NMR (500 MHz, CDCls) &: 7.99 (1H, d, J = 16.0 Hz), 7.88 (1H, d,

Q\\L(o
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J=7.3Hz), 7.53 (1H, d, ] = 8.0 Hz), 7.35 (1H, ddd, = 7.7, 7.6, 1.2 Hz), 7.31 (1H, ddd, J = 7.6,
7.3,1.2 Hz), 6.59 (1H, d, J = 16.0 Hz), 4.29 (2H, q, = 7.2 Hz), 1.36 (3H, t, ] = 7.2 Hz), 0.98 (9H,
s), 0.47 (6H, s); 13C NMR (125 MHz, CDCL) §: 167.3, 166.5, 158.4, 136.7, 127.3, 125.6, 125.3,
1233, 121.2, 118.1, 111.7, 60.4, 26.4, 17.6, 14.3, -5.4; HRMS (MALDI-TOF) calcd for
C19Ha705Si (M+H): 331.1727, found: 331.1724.

Compound 2al
0 OBn Following the typical procedure D on page 44, 1al (50 mg, 0.127 mmol)
— was converted to 2al (45.5 mg, 91%), flash column chromatography on

silica gel (n-hexane/AcOEt = 20:1). Colorless oil.; 'H NMR (400 MHz,

; SiMextBu - cp(ly) §: 8.05 (1H, d, J = 15.8 Hz), 7.87 (1H, d, ] = 7.6 Hz), 7.54 (1H,

dd, J =7.4,0.9 Hz), 7.44 (2H, dd, ] = 7.6, 7.4, 1.5 Hz), 7.41-7.36 (3H,

m), 7.33 (1H, dd, J = 5.3, 1.5 Hz), 7.30 (1H, d, ] = 7.4 Hz), 6.64 (1H, d, J = 15.8 Hz), 5.29 (2H,

s), 0.97 (9H, s), 0.46 (6H, s); °C NMR (100 MHz, CDCls) &: 167.1, 166.9, 158.4, 137.3, 136.2,

128.6, 128.2, 128.2, 127.3,125.5,125.3, 123.3, 121.2, 117.6, 111.7, 66.3, 26.4, 17.6, -5.4; HRMS
(MALDI-TOF) calcd for C24Has03NaSi (M+Na): 415.1697, found: 415.1699.

Compound 2am
OfBu Following the typical procedure D on page 44, lam (50 mg, 0.139
_— mmol) was converted to 2am (33.5 mg, 67%), flash column
chromatography on silica gel (rn-hexane/AcOEt = 20:1). Colorless oil.;
(; SiMezfBu 1 NMR (500 MHz, CDCls) &: 7.89 (1H, d, J = 16.1 Hz), 7.88 (1H, d,
J=75Hz),7.52 (1H,d, J=7.9 Hz), 7.35 (1H, ddd, ] = 7.9, 7.6, 1.2
Hz),7.30 (1H, ddd,J =7.6, 7.5, 0.9 Hz), 6.50 (1H, d, J = 16.1 Hz), 1.56 (9H, s), 0.97 (9H, s), 0.46
(6H, s); *C NMR (125 MHz, CDCl;) &: 166.6, 166.1, 158.4, 135.6, 127.4, 125.6, 125.2, 123.2,
121.3, 120.0, 111.7, 80.3, 28.3, 26.4, 17.6, -5.4; HRMS (MALDI-TOF) calcd for C,1H3005Si:

358.1953, found: 358.1958.

Compound 2an
0 OPh Following the typical procedure D on page 44, lan (50 mg, 0.132
— mmol) was converted to 2an (32 mg, 64%), flash column
chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless oil.;
(; SiMexfBu 1y NMR (300 MHz, CDCls) &: 8.18 (1H, d, J = 16.0 Hz), 7.93 (1H, dd,
J=6.0,1.9 Hz), 7.56 (1H, dd, ] = 7.7, 1.5 Hz), 7.45-7.35 (SH, m), 7.21
(2H, d, J = 8.4 Hz), 6.78 (1H, d, J = 16.0 Hz), 0.99 (9H, s), 0.48 (6H, s); 3*C NMR (125 MHz,
CDCl3) 6:167.7,165.8,158.5,150.9, 138.7,129.4,127.3, 125.7,125.4,125.4,123.5,121.7,121.2,
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116.8,111.8,26.4, 17.6, -5.3; HRMS (MALDI-TOF) calcd for C23H2603NaSi (M+Na): 401.1544,
found: 401.1543.

Compound 2ao0

NMe, Following the typical procedure D on page 44, 1ao (50 mg, 0.152
_— mmol) was converted to 2ao (29.3 mg, 59%), flash column
chromatography on silica gel (n-hexane/AcOEt=3:1). Colorless needle.
(; SiMextBu 1 b 107-109 °C (from CHCls); 'H NMR (500 MHz, CDCls) &: 7.99
(1H, d,J=15.5Hz), 7.81 (1H, d, J = 7.5 Hz), 7.53 (1H, d, ] = 8.0 Hz),
7.35(1H, ddd, J=8.0, 7.6, 1.4 Hz), 7.30 (1H, ddd, J = 7.6, 7.5, 1.1 Hz), 7.04 (1H, d, J = 15.5 Hz),
3.22 (3H, s), 3.10 (3H, s), 0.97 (9H, s), 0.46 (6H, s); *C NMR (125 MHz, CDCl;) &: 166.9, 165.6,
158.4, 134.6, 127.8, 1259, 123.0, 120.8, 117.3, 111.8, 37.4, 35.9, 26.5, 17.6, -5.3; HRMS

(MALDI-TOF) calcd for Ci9H23NO,Si (M+H): 330.1881, found: 318.1883.

Compound 2aq
Q OMe Following the typical procedure D on page 44, 1aq (50 mg, 0.151
_— mmol) was converted to 2aq (39 mg, 78%), flash column
Me chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless

(; SiMextBu  peedle. m.p. 94-95 °C (from n-hexane); 'H NMR (500 MHz,

CDCLy) 5: 7.97 (1H, d, ] = 16.1 Hz), 7.64 (1H, s), 7.40 (1H, d, J =
8.4 Hz), 7.16 (1H, d, J = 8.4 Hz), 6.58 (1H, d, J = 16.1 Hz), 3.84 (3H, 5), 2.49 (3H, s), 0.96 (9H,
s), 0.45 (6H, s); *C NMR (125 MHz, CDCls) &: 167.8, 166.9, 156.9, 137.2, 132.9, 127.0, 126.5,
125.6, 121.0, 117.3, 111.2, 51.6, 26.4, 21.4, 17.6, -5.4; HRMS (MALDI-TOF) calcd for
Ci9H2703S1 (M+H): 331.1719, found: 331.1724.

Compound 2ar
Q OMe Following the typical procedure D on page 44, 1ar (50 mg, 0.151
_— mmol) was converted to 2ar (38.6 mg, 77%), flash column
chromatography on silica gel (n-hexane/AcOEt = 20:1). Colorless
e ; SiMextBU  peedle. m.p. 88-89 °C (from n-hexane); 'H NMR (400 MHz,
CDCl3) 6: 7.97 (1H,d,J=15.8 Hz), 7.72 (1H, d, ] = 8.5 Hz), 7.34
(1H, s), 7.14 (1H, d, J = 8.5 Hz), 6.57 (1H, d, J = 15.8 Hz), 3.83 (3H, s), 2.48 (3H, s), 0.97 (9H,
s), 0.45 (6H, s); 3*C NMR (100 MHz, CDCls) 8: 167.8, 166.1, 158.9, 137.1, 135.7, 127.2, 124.7,
123.0, 120.6, 117.4, 111.9, 51.6, 26.4, 21.5, 17.6, -5.4; HRMS (MALDI-TOF) calcd for

Ci9H2703S81 (M+H): 331.1727, found: 331.1724.
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Compound 2as
O OMe Following the typical procedure D on page 44, 1as (50 mg, 0.151 mmol)
_— was converted to 2as (38.4 mg, 77%), flash column chromatography on
silica gel (n-hexane/AcOEt = 20:1). Colorless needle. m.p. 61-63 °C
o\ SiMextBU  (from n-hexane); 'H NMR (500 MHz, CDCls) : 7.99 (1H, d, J = 16.1
Me Hz), 7.68 (1H, d, J = 7.6 Hz), 7.22 (1H, dd, ] = 7.6, 7.4 Hz), 7.15 (1H,
d,J=7.4Hz),6.58 (1H, d,J =16.1 Hz), 3.83 (3H, s), 2.54 (3H, s), 0.99
(9H, s), 0.47 (6H, s); *C NMR (125 MHz, CDCl;) 8: 167.8, 166.2, 165.8, 157.4, 137.1, 127.5,
126.1,125.0,123.4, 122.0, 118.6, 117.5, 51.6,26.4, 17.5, 14.9, -5.3; HRMS (MALDI-TOF) calcd

for C19H2703S1 (M+H): 331.1719, found: 331.1724.

Compound 2at
0 OMe Following the typical procedure D on page 44, 1at (50 mg, 0.144
_— mmol) was converted to 2at (40 mg, 80%), flash column
MeO chromatography on silica gel (n-hexane/AcOEt = 15:1).

(; SiMeztBu  Colorless needle. m.p. 88-90 °C (from n-hexane); 'H NMR (500

MHz, CDCl3) 8: 7.97 (1H, d, J = 16.1 Hz), 7.42 (1H, d, ] = 9.1
Hz), 7.26 (1H, 5), 6.96 (1H, dd, ] =9.1, 2.5 Hz), 6.51 (1H, d, J = 16.1 Hz), 3.89 (3H, 5), 3.83 (3H,
5), 0.96 (9H, s), 0.45 (6H, s); *C NMR (125 MHz, CDCly) 5: 167.8, 167.7, 156.4, 153.5, 137.1,
127.2,126.0,117.1,114.0, 112.1, 103.7, 56.1, 51.6, 26.4, 17.6, -5.4; HRMS (MALDI-TOF) calcd
for C19H2704S1 (M+H): 347.1674, found: 347.1673.

Compound 2av

Q OMe Following the typical procedure D on page 44, 1av (50 mg, 0.142
_— mmol) was converted to 2av (32.5 mg, 65%), flash column
Cl chromatography on silica gel (n-hexane/AcOEt = 25:1). Colorless

; SiMexfBu  peedle. m.p. 142-143 °C (from n-hexane); 'H NMR (500 MHz,

CDCL:) 5: 7.93 (1H, d, J = 16.1 Hz), 7.81 (1H, d, J = 1.9 Hz), 7.44
(1H, d, ] = 8.6 Hz), 7.30 (1H, dd, J = 8.6, 1.9 Hz), 6.51 (1H, d, ] = 16.1 Hz), 3.84 (3H, s), 0.96
(9H, s), 0.45 (6H, s); 13C NMR (125 MHz, CDCL;) 5: 168.2, 167.5, 156.8, 136.2, 129.0, 126.9,
126.8, 125.5, 120.7, 118.1, 112.6, 51.7, 26.4, 17.6, -5.5; HRMS (MALDI-TOF) calcd for
Ci3H2403SiCI (M+H): 351.1180, found: 351.1177.
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Compound 2aw
O OMe Following the typical procedure D on page 44, 1aw (50 mg, 0.142
_— mmol) was converted to 2aw (18 mg, 36%), flash column
chromatography on silica gel (n-hexane/AcOEt = 25:1). Colorless
N (; SiMextBu  peedle. m.p. 89-90 °C (from n-hexane); 'H NMR (400 MHz,
CDCl) 6: 7.93 (1H, d, J = 16.0 Hz), 7.74 (1H, d, J = 8.4 Hz), 7.54
(1H, d,J =1.5Hz), 7.29 (1H, dd, J = 8.4, 1.5 Hz), 6.53 (1H, d, J = 16.0 Hz), 3.83 (3H, s), 0.96
(9H, s), 0.45 (6H, s); *C NMR (100 MHz, CDCl;) é: 167.5, 167.4, 158.5, 136.3, 131.3, 127.0,
124.3, 124.0, 121.5, 118.2, 112.3, 51.7, 26.4, 17.6, -5.5; HRMS (MALDI-TOF) calcd for

CisH2403S1Cl (M+H): 351.1171, found: 351.1177.

Compound 2ax
Q OMe Following the typical procedure D on page 44, lax (50 mg, 0.142
_ mmol) was converted to 2ax (38 mg, 76%), flash column
chromatography on silica gel (n-hexane/AcOEt = 25:1). Colorless
O\ SiMextBU  peedle. m.p. 100-101 °C (from n-hexane); 'H NMR (500 MHz, CDCls)
6:7.95(1H,d,J=16.1 Hz), 7.73 (1H,d,J=7.9, 1.1 Hz), 7.35 (1H, dd,
J=18, 1.1 Hz), 7.24 (1H, dd, J = 7.9, 7.8 Hz), 6.56 (1H, d, J = 16.1
Hz), 3.83 (3H, s), 1.00 (9H, s), 0.48 (6H, s); *C NMR (125 MHz, CDCls) 8: 167.5, 167.5, 154.1,
136.3, 127.7, 127.3, 125.4, 124.2, 119.5, 118.4, 117.4, 51.7, 26.4, 17.5, -5.4; HRMS (MALDI-

TOF) calcd for CisH2403SiCl (M+H): 351.1175, found: 351.1177.

Cl

Compound 2ay

Q Me Following the typical procedure D on page 44, 1ay (50 mg, 0.206 mmol)
— was converted to 2ay (40.6 mg, 81%), flash column chromatography on
silica gel (n-hexane/AcOEt = 15:1). Yellow oil.; 'H NMR (500 MHz,
(; tBu CDCl) 6: 8.01 (1H, d, J = 16.2 Hz), 7.74 (1H, dd, J = 6.0, 2.2 Hz), 7.42
(1H,dd,J=6.4,2.2 Hz), 7.29-7.23 (2H, m), 6.77 (1H, d, ] = 16.2 Hz), 2.34
(3H, s), 1.49 (9H, s); 3C NMR (125 MHz, CDCl;) &: 198.12, 167.61, 153.42, 135.16, 126.95,
126.92,124.39, 123.34,120.71, 111.17, 110.69, 35.36,30.07, 27.67; HRMS (MALDI-TOF) calcd

for Ci6H190> (M+H): 243.1377, found: 243.1379.
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Compound 3

Following the previously reported procedure %, 2aa (50 mg, 0.158 mmol) was converted to 3
O OMe (20.1 mg, 41%), flash column chromatography on silica gel (n-
— hexane/AcOEt = 15:1). Colorless powder. m.p. 99-100 °C (from
\ n-hexane/AcOEt = 4:1); '"H NMR (500 MHz, CDCl5) 8: 8.01 (1H,
O O OMe 4 J=16.0 Hz), 7.85 (1H, dd, J = 6.5, 2.0 Hz), 7.72 (2H, dd, J =
6.7,2.0 Hz), 7.54 (1H, ddd, J = 8.0, 6.5, 2.0 Hz), 7.36 (1H, ddd, J
=9.3,9.1,3.2 Hz), 7.33 (1H, ddd, ] = 9.1, 8.0, 3.2 Hz), 7.06 (1H, d, ] = 9.3 Hz), 7.06 (1H, d, ] =
6.7 Hz), 6.66 (1H, d, J = 16.0 Hz), 3.89 (3H, s), 3.83 (3H, s); '°C NMR (125 MHz, CDCl;) &:
167.9, 160.9, 158.0, 136.4, 130.1, 126.9, 125.0, 123.7, 122.2, 120.8, 118.1, 114.5, 111.6, 111.5,

55.4,51.7; HRMS (MALDI-TOF) calcd for Ci9H1604: 308.1040, found: 308.1043.

Compound 4
To a round-bottom flask containing 2aa (50 mg, 0.158 mmol) in Et,O
Me Meo|.| (0.3 M) was slowly added methylmagnesium bromide (105 uL, 3.0 M
— in Et,0) at 0 °C. The mixture was stirred at ambient temperature for 2
A SiMle, B h. Tl.let obtained residue was purified by ﬂa.sh column chromatography
o on silica gel (n-hexane/AcOEt = 8:1) to give compound 4 (48.6 mg,

97%). Colorless powder. m.p. 83-84 °C (from CHCI;); 'H NMR (500
MHz, CDCls) é: 7.84 (1H, d, J = 7.4 Hz), 7.49 (1H, d, ] = 8.0 Hz), 7.31 (1H, ddd, ] = 8.0, 7.5, 1.3
Hz), 7.25 (1H, ddd, J=7.5,7.4, 1.1 Hz), 6.84 (1H, d, J = 16.2 Hz), 6.50 (1H, d, ] = 16.2 Hz), 1.48
(6H, s), 0.97 (9H, s), 0.41 (6H, s); *C NMR (125 MHz, CDCl;) &: 160.0, 158.2, 138.9, 128.5,
126.6, 124.6, 122.4,120.9, 118.5,111.5, 71.2,29.9, 26.5, 17.8, -5.4; HRMS (MALDI-TOF) calcd
for C19H230,Si: 316.1829, found: 316.1853.

Compound 5
To a round-bottom flask containing 2aa (50 mg, 0.158 mmol) in Et;O
(0.1 M) was added lithium aluminium hydride (6.5 mg, 0.171 mmol)

OH

and aluminium chloride (32 mg, 0.240 mmol) at 0 °C. The mixture was

N SiMe,tBu  stirred at ambient temperature for 2 h. The mixture was diluted with

° CHCl, and washed with water and brine. The combined organic layer

was dried over Na,SQs, filtered, and concentrated. The obtained residue was purified by flash
column chromatography on silica gel (n-hexane/AcOEt = 12:1) to give compound 5 (39.6 mg,
87%). Yellow oil.; '"H NMR (500 MHz, CDCl5) &: 7.85 (1H, d, J = 7.4 Hz), 7.49 (1H, d, ] = 8.0
Hz), 7.31 (1H, ddd, J = 8.0, 7.6, 1.4 Hz), 7.25 (1H, ddd, J = 7.6, 7.4, 1.1 Hz), 6.85 (1H, dt, J =
16.0, 1.4 Hz), 6.52 (1H, dt, J = 16.0, 5.7 Hz), 4.37 (2H, dd, J = 5.7, 1.4 Hz), 1.26 (1H, s), 0.97
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(9H, s), 0.41 (6H, s); '*C NMR (125 MHz, CDCls) &: 160.4, 158.2, 129.8, 128.4, 126.5, 124.7,
123.1, 122.5, 121.0, 111.5, 64.4, 26.5, 17.7, -5.4; HRMS (MALDI-TOF) calcd for Ci7Ha50,Si
(M+H): 289.1620, found: 289.1618.

Compound 6
To a round-bottom flask containing 2aa (50 mg, 0.158 mmol) in THF
° OMe (0.1 M) was added tetrabutylammonium fluoride (0.18 mL, 1.0 M in
— THF) at 0 °C. The mixture was stirred at ambient temperature for 4 h.
N\ The obtained residue was purified by flash column chromatography on
0 silica gel (n-hexane/AcOEt = 15:1) to give compound 6 (31.9 mg, 99%).

Colorless powder. m.p. 86-87 °C (from CHCls); 'H NMR (400 MHz, CDCI5) : 7.88 (1H, s), 7.84
(1H, dd,J=7.8, 1.4 Hz), 7.80 (1H, d, J = 16.0 Hz), 7.54 (1H, dd, J = 7.8, 1.4 Hz), 7.39 (1H, ddd,
J=28.2,7.8,1.4Hz),7.39 (1H, ddd, J =8.2, 7.8, 1.4 Hz), 6.57 (1H, d, J = 16.0 Hz), 3.83 (3H, s);
BC NMR (125 MHz, CDCls) &: 167.5, 156.1, 147.8, 134.7, 125.4, 124.8, 123.8, 121.0, 118.0,
117.8, 112.0, 51.7, MS m/z (%): 202 (M", 90), 171 (100), 115 (80).

Computational Details

Both geometry optimizations and single-point energy calculations were performed using DFT at
the B3LYP functional level.*'**> We employed the Stuttgart/Dresden basis set with effective core
potential for Ni atom.* The 6-31G(d) basis sets** were used for the other atoms. The polarizable
continuum model ¥ was adopted to incorporate the solvation effect of tetrahydrofuran. All
calculations were carried out using the Gaussian 16 program package.*® The spin multiplicity of

each structure which contains Ni atom was calculated to be triplet state.

,'-' ’ N _4;»‘
- N\ Al P ¥ . .
5 PN I e A4 P
by 2o Oxidative $ e NI Nt O Reductive -~ .
. A "l{ addition . Vd A insertion ;f,"‘ elimination t b—s
A ) i, 2 ar - :_ L/ § S )
(s~ HRe 2005 LI
& G an L e ’\,rj.{‘ 2o G | S
A \ c
0.0 kcal/mol -2.!
+ ki 2.6 kcal/mol +
Insertion
"
\ 5 R
2 o | ] ‘ : & ,",». A
I T e, D 7 »—1—¢
S Lo A 3 « ) ) W
1 ~ 1 \~¥dw 1 —a v Ay 3
I 15T e I
ok Py F e ———» " {3y
Y \ > "'\4‘_‘ ~ / "'.)'& Y
’ Oxidative e, R SR B-oxygen X ,&vt‘ N Reductive :
cyclization b ‘ elimination N vt elimination
1+ Ni(L1), B D 2+ Ni(L1),
+26.6 kcalimol -8.5 kcalimol -12.4 kcal/mol -13.6 kcal/mol
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Cartesian Coordinates

I I T T T T O O O O O IT T T OO0 OIT OIT O OO IT T I IT O OO OoOOoOo =

4.489968
3.354182
2.115161
1.975882
3.140044
4.379720
5.454242
3.410462
3.049109
5.259504
0.717905
1.042925
-0.088483
-0.067358
-1.177320
-1.169294
—2.386564
-2.481112
-3.536970
—-3.852350
-3.221668
—-4.380231
-0.354814
-1.676309
—-2.433093
-2.472786
-1.497070
—-1.890580
—-2.560384
—-3.425312
-1.964793
—-3.469694
—-2.587612

-0.759199
-1.471872
-0.837793
0.526523
1.219876
0.588380
-1.257631
—-2.519536
2.268503
1.148101
1.197378
-1.597959
-1.664636
—-1.194850
-2.317140
—-2.791524
—-2.392859
-1.832019
—-3.208407
—-2.804834
—-4.244936
—-3.193866
1.764807
2.414941
1.944859
2.009832
3.950653
2.225333
0.857393
2.409746
2.354162
2.465555
0.922728

54

0.104354
-0.279225
-0.310180

0.026846

0.419754

0.459659

0.130053
-0.556517

0.684517

0.762395
-0.042937
-0.764572
-0.029065

0.949230
-0.478234
—-1.455001

0.355501

1.448788
-0.207773
-1.178160
-0.381168

0.485653
-0.086233
—-0.125543
-1.391007

1.139535
-0.163000
—-2.300113
-1.388869
-1.423730

2.046802

1.110148

1.202836



Ni(L1),
C
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Z

-2.478757
-0.959191
-0.937316

2.320733
3.671300
4.672332
4.308204
2.962570
1.966108
5.717005
3.924130
5.055016
2.642405
-1.197786
-1.221341
0.000073
1.221851
1.197548
0.000128
0.000152
-2.157656
2.158209
-2.962331
-4.307880
-4.672142
-3.671324
-2.320419
-1.965689
-5.716857
—-2.642152
—-5.054658
—-3.924200
—-0.000484

4437835
4.305252
4.260334

0.380765
0.765279
-0.193073
-1.553930
-1.879214
-0.963333
0.102390
1.820765
—-2.340725
-2.917210
1.315133
2.710176
3.404495
2.709850
1.315148
0.671594
4.489980
3.259511
3.259046
-1.879144
-1.554002
-0.192866
0.765424
0.381164
-0.963346
0.102489
-2.917160
—-2.340825
1.820927
-1.233029
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-0.187168
0.722662
-1.052005

—-0.000438
—-0.000553
0.000582
0.001757
0.001615
0.000570
0.000604
-0.001515
0.002677
0.002439
-0.001260
0.000784
0.001134
0.000730
-0.001134
—-0.003953
0.002325
0.002963
0.003112
0.000413
0.001154
0.001287
0.000505
—-0.000397
—-0.000249
0.002022
0.000157
0.001754
0.000522
-0.001025
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2.164183
1.296130
1.682328
3.017525
3.876668
3.465273
1.825855
0.287744
4.883702
4.146223
3.487633
0.854072
—-0.089451
0.719779
-0.553174
-1.363088
-0.028528
0.907223
-0.715327
-0.630701
-1.787329
-0.264209
3.919546
4.467048
3.671406
4.356969
5.954083
3.737937
2.614763
4.074867
4.883491
4.809291
3.311276
6.376271
6.541551

-4.011893
—-2.926402
-1.689011
-1.595466
-2.711284
-3.913791
-4.942312
—-3.000207
-2.613030
—-4.758826
-0.377461
-0.663140
0.972163
0.613761
2.189328
2.674673
2.960133
2.581221
4.289032
4.956772
4.136801
4.767500
0.642609
1.880509
3.098012
1.826689
2.018517
3.166403
3.021189
4.023615
0.952544
2.726374
1.781334
2.937762
1.169784
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—-2.263035
-2.198760
—-1.624344
-1.106924
-1.183911
-1.752152
—-2.714473
-2.600133
-0.785829
—-1.800894
-0.525107
-1.600717
1.139885
1.792712
1.506101
0.955077
2.658298
3.364686
2.947065
2.080022
3.125756
3.819368
-0.022537
0.564331
0.036509
2.107795
0.157317
—-1.054847
0.313099
0.465286
2.506817
2.543615
2.429362
0.581310
0.524427
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Z

6.060158
—-2.761756
-3.415814
-2.678280
-1.312908
-0.730989
—-1.434727
-3.168044
-4.479103
-0.707854

0.323836
—-3.098340
—-4.458207
-5.313763
-4.813725
—-3.445056
—-2.634188
—-6.372053
—-4.848237
-5.478681

0.183979
-0.015336
-1.302257
-2.340115
-2.062616
-0.809030
—-1.499975

1.165903

0.821100
—-3.345884
-0.608075

6.257107
5.120535

2.061235
1.429606
2.429592
3.207837
2.966725
1.954467
1.212601
3.989111
2.601027
3.545411
1.709222
-1.286757
-1.325423
-0.398079
0.536925
0.520159
-0.373804
-0.407174
—-2.056505
1.253717
—-2.792688
—-3.802484
—-4.004424
—-3.195532
—-2.203657
—-2.014290
—-4.778494
—-2.597348
—-4.408634
-3.337023
-0.229734

-0.038921
0.158729
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-0.932167
-1.605896
—-2.331945
-3.223369
—-3.372042
-2.608912
—-1.748093
—-3.796243
-2.210987
-4.061446
—-2.679669
0.810146
1.139042
0.546081
-0.359360
-0.648274
-0.057685
0.786348
1.836637
-0.826068
1.325139
2.266493
2.760557
2.300493
1.355177
0.877969
3.495459
0.906895
2.596771
2.678180
-0.369808

1.460414
2.253511
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3.878408
3.719348
4.877636
6.137660
7.238369
5.191625
4.821077
7.026351
2.259178
2.714467
1.657929
1.542970
0.344075
0.400699
-0.557052
—-0.540495
-1.628984
—-1.739838
-1.353118
-2.593177
1.384082
1.751994
0.465706
2491717
2.599996
-0.114116
-0.178718
0.705684
3.409492
2.754530
1.849616
2.881276
3.515845
2.026615
-2.619794
—-3.237048

0.195497
0.026653
-0.165743
-0.193277
-0.063392
0.287600
-0.287854
-0.334637
0.052535
0.382349
0.589053
1.681682
—-0.017000
-1.085886
0.723112
1.960104
-0.078823
-1.100731
-0.135129
0.438389
-0.298178
—-0.748939
—-1.052235
0.383079
—-2.043885
-1.857114
-0.165353
-1.361644
0.692175
0.068471
1.268873
—-2.326705
-1.945162
-2.877091
—-2.272423
-3.510382
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1.624744
0.226976
-0.537523
0.076684
1.927793
3.329669
-1.612645
-0.532740
-0.036240
2.296514
1.267358
1.223214
1.642818
1.857236
2.498445
2.649920
3.245119
2.869703
4.306330
3.187889
-1.015749
—-2.439360
—-3.243253
—-3.193671
—-2.437431
—-2.776976
—-3.304467
-4.269820
—-2.687588
-4.213114
—-3.275221
—-3.461258
-1.850955
-2.013369
0.083778
0.296078
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—-2.454777
-1.078072
-0.539545
-1.286201
-2.916708
-4.307327
-0.432720
0.524958
-3.126874
-4.497648
—-5.300655
—-4.733923
—-3.355734
—-2.590592
—-6.366540
-4.935229
-5.356300
0.054392
-0.230172
—-1.548255
—-2.528678
-2.161938
-0.882800
-1.813679
1.059541
0.562899
—-3.557547
-0.511602

2.779323
4.074267
5.248478
5111638
3.838790

-4.663716
—-4.554049
-3.285174
—-2.175894
—-5.632475
-3.580794
—-95.425724
-3.135780
1.335845
1.529331
0.417295
-0.855533
-0.980758
0.102635
0.541614
2.519607
—-1.722900
2.933062
4.290930
4711436
3.768241
2424112
2.024795
5.759366
2.541147
4.993000
4.080875
-0.104074

-0.761607
-0.361992
-0.959359
—-2.024638
—2.458025
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0.310267
0.117443
-0.091610
-0.114432
0.473182
0.450275
0.127319
-0.244523
-0.206534
-0.001334
0.242897
0.274889
0.070121
-0.155599
0.404863
-0.031365
0.457842
-0.973992
-1.111232
—-0.939581
-0.637680
-0.511775
-0.683397
-1.038946
—-1.097526
-1.344799
-0.503750
-0.326471

0.521193
0.127255
0.573871
1.468430
1.882768
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2.676174
1.809764
2.604393
6.222307
6.000451
3.761918
1.698700
3.988555
2.369341
3.022009
0.867246
3.009879
4.097282
25757717
2.874591
0.362380
0.724378
0.376967
2.875685
2.546661
4.082618
-0.720836
-0.418716
-1.378023
—-1.724323
-1.717764
—-2.336232
-1.301217
-0.212872
—-1.737232
—-1.639458
-1.859087
—-2.268375
—-1.345462
-0.039418
0.291959

-1.839387
0.103105
0.934334

-0.612751

—-2.524311

-3.292606

—-2.189253
0.676779
2.079310
1.748727
2.322190
3.371439
1.577078
0.847158
2.577085
2.580626
3.154835
1.438971
4.204887
3.650539
3.236985

-1.283835

-1.011885

—-2.464947

-2.837120

—-3.386441

-4.431587

—-3.043717

—-2.942470

—-2.091051

-3.838605
2.266329
3.288998
3.830976
3.342675
2.323674
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1.418836
-0.157347
-0.901172

0.239655

1.845222

2.575809

1.737635
—-0.744391
-1.866820
-3.231774
—-2.085309
-1.302362
-3.125393
-3.668405
—-3.936056
-1.148789
—-2.785371
—-2.508994
—-2.003407
—-0.348401
-1.132159

1.454518

2.476746

1.359078

0.391103

2.460267

2.240589

3.886960

3.967359

4.208428

4.555511

1.314642

2.177386

3.070448

3.079688

2.187011
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-0.590990
-1.645364
—-3.286342
0.708902
1.293764
-2.868074
-4.220239
-4.837107
-4.107112
—-2.758844
-2.179501
-5.885018
—-4.784384
—-4.582956
0.001315
-0.447579
-1.774971
-2.602579
—-2.078476
-0.790124
—-2.164566
1.024868
0.228562
—-3.635646
-0.225347

-1.119883
-1.964327
-0.712306
—-4.060494
—-3.099769
—-0.710552
-1.853741
-3.071474

1.798317
4.624666
3.660388
3.738537
1.907097
-0.003984
0.275027
1.261233
1.947480
1.618855
0.661481
1.495570
-0.259131
2.716974
-2.027162
—-2.842493
—-2.721505
-1.798272
-1.019220
—-1.142942
-3.336066
-2.068293
—-3.548408
-1.692045
0.048088

-0.053074
-0.648442
-0.600216
-1.086776
-1.051145
-0.948670
-1.341045
-1.397655

61

1.331178
3.747663
2.158510
3.757792
2.139916
-1.364525
-1.593682
-0.826295
0.142605
0.323356
-0.421197
-0.983766
—-2.348587
0.738304
—-2.336380
-3.374812
—-3.784516
-3.147617
—-2.110493
—-1.720528
-4.590126
-1.976233
—-3.844834
—-3.457295
0.029685

-0.752862
1.583049
2.297790
1.820858
2.324246
3.676269
4.357746
3.673513
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0.249141
-1.796014
-3.985918

0.444457
-1.320640
-2.221560
-1.875636

0.057119
-1.893012
—-3.271452
-2.172247
-1.222364
-1.930835
-2.876787
-0.039132

0.763405

0.500735
-2.132132
—-3.570694
-3.969214
—-4.409201
—-4.065185
-5.825921
—-6.505677
—-6.439780
-5.913883
—-6.380843
—-7.487295

0.761583

2.873635

3.625776

3.433452

5.022881

2.859489

2.469047

4.824886

-0.893039
-1.599099
-1.699700
-0.242128
0.188507
-0.862286
1.605448
0.102859
-1.881118
-0.768957
-0.744774
2.374061
1.784578
1.740910
0.315132
0.837445
-0.893839
-0.316424
-0.363775
-1.343120
0.689758
1.678339
0.643032
1.668483
-0.676423
—-1.082591
—-1.428774
-0.509073
0.028779
0.213595
-0.886585
1.423589
-0.804180
—-2.151458
2.543014
1.575610
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4.185845
5.413645
4177719
1.782016
—-2.277458
-2.972295
—-2.562695
—-2.982725
—-2.731844
—-2.685390
-4.063408
—-2.133473
—-3.645673
-2.147829
—-4.055968
—-2.570656
—-2.878139
0.128422
-0.305695
-0.578029
-0.343093
—-0.043591
-0.754899
-0.735177
—-1.200418
—-2.072540
—-0.405433
—-1.459217
-0.106710
-0.116826
-0.289430
0.048031
-0.301855
-0.463004
0.230939
0.043565
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5.618302
5.637635
3.462037
1.516285
2.859920
1.165778
5.285037
6.699746
2.652984
4.540346
0.743768
1.878200
3.907326
0.228116
1.267614
3.103114
-0.326016
0.535644
2.162582
-0.798127
0.604167
-0.258574

0.985838
2.248115
3.457216
3.381246
2.136497
0.937749
0.022648
0.774334
4.403869
4.295405
2.107353
-0.001993

0.444127
-1.684618
-3.406104
—-2.013436

3.859024

2.201802

2.547862

0.535198
-4.532693
-3.512358
—-3.094914

4832127

4.126378

3.135549
—-4.380569
-5.514923
—-2.907294

4.468249

5.858219

2.789684
-95.232118

5.192559

-1.162393
-0.551458
—-1.234090
—-2.626351
—-3.278434
—-2.566150
-0.064601
1.100074
-0.705253
—-3.212443
—-4.363536
-3.101847
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-0.132918
-0.443099
-0.600834
-0.474372
0.498969
0.138184
0.169570
-0.141167
-0.745161
-0.590960
-0.611718
0.682336
0.574727
0.322851
-0.748789
-0.850419
-0.610713
0.598197
0.893886
0.246460
-0.854286
0.742931

0.027113
-0.017180
—-0.028379

0.013435

0.071313

0.080679

0.031406
-0.002148
-0.063913

0.006118

0.111829

0.141918
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2.111640
0.427193
-0.463674
-0.305894
1.711838
0.050355
-1.413883
-0.688031
0.321183
-0.531050
—-1.249988
1.435019
2.377512
2.269329
—-1.422722
-1.926590
—-2.200599
—-1.776589
-3.672209
-4.291354
-4.419174
—-4.149401
-4.183260
—-5.491943

0.813188
2.580125
2.902780
2.964410
3.431262
2.647743
2.362013
3.975354
2.754536
4.036971
2.426743
4.490779
3.261540
3.213942
-0.126895
0.820544
—-1.224298
—-2.203550
-1.219117
—-2.269348
0.080322
0.500607
0.835116
-0.121096
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-0.037353
-0.018725
—-1.244390
1.291561
—-0.119469
-2.177478
-1.225152
-1.261186
2.164806
1.283570
1.418119
-0.131003
0.732088
—-1.035726
0.060691
0.221894
—-0.095949
-0.289756
—-0.047487
-0.218604
0.215321
1.191196
-0.543863
0.197447
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Typical Procedure E for the synthesis of compounds 6a-1

= R'(1.1eq.)
Br
PdCly(PPhs); R — /7 (15eq) R' R'
R | (1 mol%) R Z = R = R y
\CE Cul (2 mol%) K,CO3 (2.0 eq.) tBuOK (0.5 eq.)
OH  iPrNH (3eq)) DMF (0.5 M) THF(0.2 M) PN
THF (0.2 M), 1t, 2 h OH 1,6 h N i, 1h SN

To a round-bottom flask containing 2-iodophenol (1.0 equiv), mono-substituted acetylene (1.15
equiv), and diisopropylamine (3.0 equiv) in THF (0.2 M) were added copper (I) iodide (2 mol%)
and bis(triphenylphosphine) palladium(ll) dichloride (1 mol%). The mixture was stirred under
nitrogen at ambient temperature for 2 h. The mixture was quenched with saturated NH4Cl solution
and the organic compounds were then extracted with AcOEt. The combined organic layer was
washed with brine, dried over Na,SOs, and concentrated in vacuo. The obtained residue was then
subjected to short column chromatography (neutral silica gel, hexane/AcOEt= 20:1).

To a stirred solution of the obtained 2-substituted-ethynylphenol in DMF (0.5 M) was added
propargyl bromide (1.5 equiv) and K»CO3 (2.0 equiv). The mixture was stirred under nitrogen at
ambient temperature for 6 h. The mixture was quenched with water and the organic compounds
were then extracted with AcOEt. The combined organic layer was washed with brine, dried over
Na»S0Os, and concentrated in vacuo. The obtained residue was then subjected to short column
chromatography (neutral silica gel, hexane/AcOEt = 50:1).

To a stirred solution of the obtained O-propargyl-2-(substituted-ethynyl)phenol in THF (0.2 M)
was added ‘BuOK (0.5 equiv). The mixture was stirred under nitrogen at ambient temperature for
1 h. The mixture was quenched with water and the organic compounds were then extracted with
AcOEt. The combined organic layer was washed with brine, dried over Na,SOs, and concentrated
in vacuo. The obtained residue was then subjected to column chromatography (neutral flash silica

gel, n-hexane/AcOEt = 150:1) to give compounds 6a-1.

Compound 6a

Following typical procedure E shown above, 2-iodophenol (550 mg, 2.50

Si(iPr)3
Z mmol) was converted to 6a (586 mg, 75%). Colorless oil.; '"H NMR (400
O&-\ MHz, CDCls) é: 7.45 (1H, d, J = 7.8 Hz), 7.28-7.24 (1H, m), 7.07 (1H, d, J
o =8.3Hz), 7.00 (1H, dd, J=7.8, 7.6 Hz), 6.91 (1H, t,J = 6.0 Hz), 5.40 (2H,

d,J = 6.0 Hz), 1.13 (21H, s); *C NMR (100 MHz, CDCls)  202.2, 157.7, 133.7, 129.2, 122.7,
119.0, 116.9, 115.0, 102.0, 95.7, 89.8, 18.5, 11.5; HRMS (MALDI-TOF) caled for CzH200Si
(M+H): 313.1982, found: 313.1974.
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Typical Procedure F for the synthesis of compounds 7a-1

R

RI
CK o
=0
toluene (0.03 M) O
o™ OH

x> reflux, 2 h
6a-l 7a-l

A solution of compound 6a (50 mg, 0.16 mmol) in toluene (0.03 M) was placed in a test tube,
purged with nitrogen and sealed. After refluxing for 2 h, the solution was cooled to room
temperature and concentrated in vacuo. The obtained residue was then subjected to column

chromatography (neutral silica gel, n-hexane/AcOEt=10:1).

Compound 7a

(iPr);Si Following typical procedure F shown above, compound 6a (50 mg, 0.16
g mmol) was converted to 7a (49 mg, 92%). Yellow prism. m.p. 126-128 °C
O —o (from CHCls); '"H NMR (400 MHz, CDCl5) 6 9.19 (1H, s), 8.88 (1H, s), 7.37-
OH 7.32 (1H, m), 7.27 (1H, d, J = 1.8 Hz), 7.02 (1H, dd, J = 8.2, 1.4 Hz), 6.94-

6.90 (1H, m), 3.29 (1H, dd, J = 5.0, 1.8 Hz), 3.07 (1H, dd, J = 13.6, 5.0 Hz), 2.85 (1H, dd, J =
13.6, 1.8 Hz), 1.07 (18H, s), 0.97 (3H, s); '3C NMR (100 MHz, CDCls) 5 189.4, 165.1, 156.7,
133.1, 132.4, 130.5, 124.4, 120.5, 120.3, 32.5, 27.8, 19.2, 12.2; HRMS (MALDI-TOF) calcd for
CaoH90,Si (M-H)": 329.1931, found: 329.1930.
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