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A L LT OMSEE 2 L7z,

BAr"
BINAP
BIPHEP
Bn

Boc

BSA

Bu

°C

cat.

CBS

Cbz

cm

cod
COSY

Cp

Cp*
DIAD
DIBAL-H
DMF
DMP
DM-SEGPHOS
DMSO
DPEPHOS
DPPB
DPPBz

: acetyl

: aqueous solution

:aryl

: tetrakis[3,5-bis(trifluoromethyl)phenyl]borate
: 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
: 2,2'-bis(diphenylphosphino)-1,1'-biphenyl

: benzyl

: t-butoxycarbonyl

: N,O-bis(trimethylsilyl)acetamide

: butyl

: degrees Celsius

: catalytic or catalyst

: Corey-Bakshi-Shibata

: carbobenzoxy

: centimeter(s)

: 1,5-cyclooctadiene

: correlation spectroscopy

: cyclopentadienyl

: pentamethylcyclopentadienyl

: diisopropyl azodicarboxylate

: diisobutylaluminium hydride

: N,N-dimethylformamide

: Dess-Martin periodinane

: 5,5"-bis[di(3,5-xylyl)phosphino]-4,4'-bi-1,3-benzodioxole
: dimethyl sulfoxide

: 2,2"-bis(diphenylphosphino)diphenyl ether

: 1,4-bis(diphenylphosphino)butane

: 1,2-bis(diphenylphosphino)benzene



DPPE

DPPF

DPPM

DPPP
DTBM-SEGPHOS

ee
EI

equiv.

ESI

Et

h

HMBC
HMQC
HPLC
HRMS

i

[iPr

IMes
INADEQUATE
iPr

IR
LHMDS
Ln

LRMS

M

m
mCPBA
MOM
Me
Me-DuPHOS

min

: 1,2-bis(diphenylphosphino)ethane

: 1,1'-bis(diphenylphosphino)ferrocene

: 1,1-bis(diphenylphosphino)methane

: 1,3-bis(diphenylphosphino)methane

: 5,5'-bis[di(3,5-di-z-butyl-4-methoxyphenyl)phosphino]-4,4'-

bi-1,3-benzodioxole

: electrophile

: enantiomeric excess

: electron ionization

: equivalent(s)

: electrospray ionization

: ethyl

: hour(s)

: hetero-nuclear multiple-bond connectivity

: hetero-nuclear multiple quantum coherence

: high performance liquid chromatography

: high resolution mass spectroscopy

: 150

: 1,3-bisisopropylimidazole-2-ylidene

: 1,3-bis(2,4,6-trimethylphenyl)imidazole-2-ylidene
: incredible natural abundance double quantum transfer experiment
: isopropyl

: infrared absorption spectrometry

: lithium hexamethyldisilazide

: ligand

: low resolution mass spectroscopy

: metal

: meta

: m-chloroperoxybenzoic acid

: methoxymethyl

: methyl

: 1,2-bis[(2R,5R)-2,5-dimethylphospholano|benzene

: minute(s)



mp : melting point

MS : molecular sieves

MTPA : a-methoxy-a-(trifluoromethyl)phenylacetyl
n : normal

nbd : 2,5-norbornadiene

NBSH : 2-nitrobenzenesulfonylhydrazide
NCS : N-chlorosuccinimide

NHC : N-heterocyclic carbene

NMR : nuclear magnetic resonance

Nu : nucleophile

0 : ortho

p : para

PCC : pyridinium chlorochromate

Ph : phenyl

Piv : pivaloyl

PPTS : pyridinium p-toluenesulfonate
Pr : propyl

quant. : quantitative yield

R : substituent

rt : room temperature

sat. : saturated

SEGPHOS : 5,5"-bis(diphenylphosphino)-4,4'-bi-1,3-benzodioxole
SIPr : 1,3-bis(2,6-diisopropylphenyl)-4,5-dihydroimidazol-2-ylidene
TBAF : tetrabutylammonium fluoride
TBDPS : t-butyldiphenylsilyl

TBS : t-butyldimethylsilyl

t : tertiary

Tf : trifluoromethanesulfonyl
THACI : tetrahexylammonium chloride
THP : tetrahydropyranyl

THF : tetrahydrofuran

TLC : thin-layer chromatography

TMS : trimethylsilyl



Tol : tolyl

Ts : p-toluenesulfonyl
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AT, AEAEoRNE, Mk, Rk, HWEICOW TR ZT72 5 F i Th D, A7
DOFTH, AL EEL-PEREMA R EHx DL ORIV IZH DRk % 726 a1 %
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e, E LT 2010 20D ) — BB TN T L b IBB S BEEIR ORI 2 P52 TR L TR Gl
JRDBIFEDZ BRI TRIN TR Y | ARG FORBIIRE L T L2 LI
EREIS YA
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DO EAEAEDEBITER B LA 5 Z L2 L > T a5, ZOHRIRIISISHES &<
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%o Flo, ZOFRIKICZEREGIMEAT D L. 6 BERILEW 2 G015 Z & bALI TV D,

Scheme 1
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ETAT, AZTHA I NAHRIEROTIIL, BB DU ANR=NEE LT AT A X
TYA I NAFRR LI SN TCND, ZOHRIROERIETIN o2bsnTREY, £D—oE LT
DFRCEERGEATLT VT e R E@BSRIRE DRUGHZET bDd, ZORGTIR TV Tt
RO CHEGDEBICE L, 7 SRR R S D, KT, TN TEERSS
DT D Z LI R TARY AZ THA 7 VHRIEDIERL S LD (Scheme2), Z DHHIANHD
EHERTCHIBIE, & 2VWNIHEHRIC S BICZEREGIMRA L, UK 3, 4 VRS 5 2 & bl s
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ZOLOBREROS &, AREFITHT LB VSUCORTEZ B L. RhDEHAIZ L > TS
BHIZNGZODAZ THA IR, T35 2 DOOZE/BEN LIRSS 0 —4 A 7 L
MR, KO VT e RESEEENLIR S DAY o —2 A 7 VR E I3 2885 1
WNERAEBURIZ DWW T DREZAT72 9 Z £1Z L7 (Scheme 3),

Scheme 3
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rhodacycle
intermediate
0
L rn L _H X
H — RAW —=|  __Rh
S NS H
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intermediate

LA N ICAS R SC O A7~ 5,

Rh(DAENZ & 5 4-77 L — D3 FINAF E R T S /HEEIRZ DWW T, IO = R~ VL3
T -2 2B SRR 2 BT (BB—5), KT, TLuA v ER=
NIEZ P FNICET HEVE & RhDEEAR L ORISERET L, 5 BiRE 7 BEREZBORMEAG AR
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i
F—F RhDMIEC LD 4-7 LI = DFNAFE a7 UGS OB
2DV T OMF%E

F—H WO R

Feim Gk _7= K912, D TICEERAGEAT DT AT b RESEESRE OIS TIE, A% 2
BT A I VAR ERRRT 5 OG0 % < STV D, FTH, ZOHRIER G EEEE )
BBESHETT 2 8 a7 ooUbEUSE, BRIk hr oGk s U TRATHIE S TE T, 197248
PO, BYE 5 228D Wilkinson $5ATAE F CRULEATR D & A% Y rm—x4A 7 LRk 6
DB DIRTTRIMBESEIT L, 5 BERILEWM T 03505 Z & & R L7z (Schemed, eq. 1)%, F7z,
1988 4 Bosnich 134 FA 4L Rh $5&Z WD & ARERISHEANZHE T2 Z L 2 R L7z
(Scheme 4, eq. 2)®, F 7=, JEFEEMR Rh &A% W= AK e Ra 7 2 UBEOE b S Tuns
(Scheme 4, eq. 3)*,

Scheme 4
Sakai (1972)
0 { 0 o
R’ 1 eq. RhCI(PPh R R’
H q ( 3)3‘ R é/ 1
. CHClj, rt M
R2 R2 R2
5 6 7:17-34%
Bosnich (1988)
0 1 mol% { O 0
Rh(dppe)],(CIO [
H [Rh(dppe)]2(ClO4), RE 2
S CH,Cl,, 20 °C {
8 10: 95%

Sakai (1992)

O &

—73.

(0]
5 mol%
H [Rh((S)-binap) ]CIO4
CH,Cly, rt {

SERES L LT, TA DR VICT A 2 HANESTFNE Re 7 S U bS5

tBu
13: 87%, >99% ee



D, Bl 21X 2001 4 Fu, P SIE, 47 V%L 14 & FA AR Rh SR & ORURIZ LY
a7 ) UER 16 DIEVER T DL Z & ZE LTV % (Scheme 5, eq. 1), UL T
ITEDRUL & 132D Rh-H FEENT VX AT BT 2 AINU TRISHHEET L T2 i) Bl

S HIZ, 2002 A 27 V—T1%, Rh~(R)-tol-binap FH{A% V- 14-24 » OIERFMEAFES B ReT
SIUVEOGDS SNSRI T 7975 Z & B R L72 (Scheme 5, eq. 2),

Scheme 5
Fu, Tanaka (2001)
(0]
10 mol%
H [Rh(dppe);](ClO4),
1
é acetone, rt (1)
Ph
14 16: 88%
Fu, Tanaka (2002)
o) (0]
H 10 mol% RA CsHi;
[Rh((R)-tol-binap)]BF,4 .,
= OMe > C5H11 > H /OMe (2)
= CH,Cl,, 10 °C
CsH1y // 2re H | | H
CsHq4 CsHy1 CsH1y
17 18 19: 95%, 92% ee

VIR TEL I, 4 FAE Fa 7 UWbRIRE, 5 BEREREOIEERNIGHIES L TEA
(CHESNTE T, — 05, e Fa 7 ioUbidsz I LTz 6 BEREHIEREUCOBIIFR 5
TW5, BIzIE, Gable HITHEAEATH D 5-T/VrH—L20 V5 L 6 BB b 21 M55
o E&EFH LTS (Scheme 6, eq. 1)%, F7=. Nicolaou & II RV ANTEOUFE T 5-7 /L%
T 22 LA PR ED Wilkinson $5AZSUSSE D L, 6 BERT /) 3 BMEHND Z L 2HE L
TUW% (Scheme 6, eq.2)®, X512, 2004 FHF HIE, 6-7 /L F—/L 24 L T4 Rh $EIRLFHE
TCRIGSED & 25 BEIEETHELND Z L& R L7z (Scheme 6, eq. 3)%, £7-, = < T Stanley
BII. TNWT e RExoF YA LT 4 VIO RuT 2 /UbBURIC LY | ZBREEEY 27 73 RAF72IX
T DOROAFERTEHOLND Z & 23 L= (Scheme 6, eq. 4%,



Scheme 6
Gable (1991)

15 mol% [Rh(C,Hy4)-Cllo
H o H 60 mol% PPh;
= S 0 ethylene

20 60%
Nicolaou (1996)

o
H
PhO OPiv 1 eq. RhCI(PPhy); 5 [P
0
O CH3CN, 25 °C
0

22 23:78%
(based on 50% conversion)

10 mol% H O
Hex Rh(bi BF
S | _RneneeBR N
CH2C|2, rt

25:91%

Stanley (2015
v ) 2.5 mol% [Rh(cod)ClI], 0

0
[ 5 mol% (R)-DTBM-SEGPHOS
5 mol% NaBAr" A
1,4-dioxane, 100 °C , )
26

27: 81%, 98% ee

& AT, UHIZEE T, 4-7 L) —/L 28a % Rh-(R)-dtbm-segphos $EAIEE F. 7% h T
JREATIRD &0 TN Ra T S UEBUEREIT L, 6 BEEAY) (9)-29a 23EICE, Ao\ VREF
PERTHOND Z &2 R LTz (Scheme 7). ABUSNISTFANE Ru 7 LU EBURIZIBWT, 7L
EZEES L L THWNIOEITH A, £, 7B IED 4T LF—128a ZHNWTHDITHE
DO, BRUAE (5)-29a MEIER)DOEWAFIEETHLI TN D Z Lnb, BIED L ZARKIG
DGR IRD X HI1ZEZTCND, TERITHD 6 BB o (5)-29a i, (5)-28a & Rh()sE
KD 5 BEAS Y o—&9A 7 VIR (S)-31a 2SR S, HiVC a7 Uba P AfIETE
(S)-32a ¢ LC 7 BER—Z YA 7 LA (5)-33a &7V, (S)-33a 75 Oz e EE Sl T L
THART D LB NS, —FH, FAESMOT )T A~—Ths (R)-29al34-7 L F—/L (R)-28a



BIFEROSURIZ L0 AT 5%, 22T, 60U SR DEWAFIETH H Z &

Mo, ARG TIERZE LS EEDOT Lo OT 1 ORI E LS, (5)-28a DA72 5T, (R)-28a

t (5)-28a ~& BML LTI, AW (S)-29a ~EHINT LB X BILD, S HIT, ARIMEST

X, 4-7vAn = U AERIIFIE LCHWD & SOCRHINERE S, B EROIE KON

AFEEDM] BB R OID Z LDV TNDH, LU h, EOREM IR, Fro=

U NVOTNBIFIIAATH Tz, £ ZTEEIL, USBEOMAO—ER L LT, = b ULDBSARIR
(CH-2 DRZBITOWTIRRZAT2 D Z &2 Lz,

Scheme 7
o 10 mol% without 4-fluorobenzonitrile:
\H [Rh((R)-dtbm-segphos)|BF 4 BnO._ .. 68%, 75% ee (28 h)
Bno/\/\,\ acetone, 56 °C with 10 mol% 4-fluorobenzonitrile:
28a 78%, 92% ee (5 h)

* N
o 7N P 0 o
|:)\ /P __\_\ *(P\
'1\H rRi HHR p— RN R
R .\\\\\ R ‘;:S\ . R\“ J—
3 Y H H
(S)-28a (S)-3 (S)-33a (S)-29a




O ZEREG L LT LoVt Ra7 Ubsanid, 2R E T2 2 FfE ST, 1999 =i Hid, Rh
iz L5, B UFATATE K BHE 1L1- BT L2 35 O Ra T Lo UbISS ERRNCHEI T4 5 Z L& R
HiL7= (Scheme 8, eq. 1)%, F7=., 2008 4F Willis ©Hi%, HFENMER RaDftEHIZ L 27 /178 R37 L7 L0 38 g1tk
Ra 7 L USOES I T4 5 2 L 285 LTS (Scheme 8, eq. 2)%, ALUGTIE, TEIAKDT LU 2T AT REYE
LAMEH L CUVRWNZ S 200 DT AERIIANEIEE, D> D@ WARFIER TROILD Z E0h, ARINISHE TR L
725FNE RaT7 USSR ERRRIZT Lo DT LA T TL TV D L& 2 B,

Scheme 8
Miura (1999)
10 mol% [Rh(cod)Cl],
OH O
20 mol% DPPF OH O H
H + = :< 10 mol% Na,CO3 A
(1)
pentane, reflux
36: quant.
Willis (2008)
SMe O 10 mol% SMe O H Ph
Et Ph [Rh((R, R)-Me-duphos)]CIO X
Hoe Ny | RO(R RiMe-duphos)ICIO, : @)
. acetone, 45 °C Et
racemic
37 38 39:77%, 88% ee

2T, EEAEMIYE (S)-28b & VT T T VBN - E RO RhDSEATFE T ChUGET 772728 2 A, (SIED
BN E AR OB UK (S)-29b 23 BRI 7R TR DD 2 L A LT % (Scheme 9), ZOFERMD, AMEE
FOSHEI IR T, (RIS SADBLAEIMEHND LB TND, ek, BUADEHEDIK TR R b

DI, 7% Z VIl 12572 RADSEARIFEE FIZBNWTH, FEOT Lo OZ7 2 B TL TS THLH EHE XD
N5,

Scheme 9

9 10 mol% / 0
H)H [Rh(biphep)IBFs _ Ton'
N/\/\ acetone
Ts N 45°C, 20 h
H
(S)-28b (S)-29b
>99% ee 74%, 33% ee

BT LD AR U CEITT DI < D05 SHUT05, 2002 FH A H R OWHE B IR FENEZ: Pd $5(4
THEFR., ZBIRDOT L 40 L~ B o F LVEER 4 ZRUs S5 L, 7 Lo DOT® IbZfh Lizit-Trost Bl
FOEMEI T 5 2 L &2 R LTS (Scheme 10, eq. 1Y%, Z0f%, 2005 42 Trost 53 Trost Bz 1% FAV N TARRIGETT 5
&L TV TR AS BEIFTANER, D3O IR CAERT 5 2 & A HiE LTV % (Scheme 10, eq. 2)™,
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Scheme 10
Imada and Murahashi (2002)

1 mol% Pd(PPh),

4 mol% (R)-MeO-BIPHEP 4 NHPh
OPO(OEt
)\y‘%\/ (OFY2 | (E10,0),cHnHPn 1229 BSA )\/ 2., g‘o’z'é‘t (1)
THF, rt = z
40 41 42: 89%, 80% ee
Trost (2005) 2.5 mol% Pd,(dba)g*CHCls
7.5 mol% Trost Ligand
o 5 mol% THACI /'?'\)C\%Et
_~_OAc 1.1 eq. LHMDS ></./ CO,Et
Bnoxf + (EtO,C),CHMe e Bro” NP 2Et (2)
y 1

43

MeO ‘ PPh,

i MeO PPh, NH N
: ‘ Ph,P

' PPh,

i (R)-MeO-BIPHEP Trost Ligan

oy

45: 91%, 95% ee

d

—77 Widenhoefer 513, JEFTEIE R GSEAAE T TT Lo 46 W=D FIAAE Ru T S MURISE#RE LTV D
(Scheme 11,eq. 1)'% F7=, Cramer Hi, Rh#HARE =7 hA 249 &7 L2 50 Doy 1] BR2IBEAHINBUSIZIs T

b, TLrOTE bR LTI TL TS Z e 2/ LTS (Schemellqu“

1278 IEDT L o ~DT VORISR D= T A ERAI
Cq. 3)120

Scheme 11
Widenhoefer (2007)
NHCbz 2.5 mol% (S)-Au cat.
5 mol% AgCIO,
Ph X lene, 23 °C
. m-xylene,
PH YMG y
46 E 47: 71%, 96% ee

Cramer (2013)

2.5 mol% [Rh(cod)OH],

O\)\ >= "Bu 6 mol% (R)-DM-SEGPHOS
toluene, 100 °C, 12 h
Briet (201
riet (201%) 1) 4.5 mol% [Rh(cod)Cl],
9 mol% (S, S)-Me-DuPHOS
SH 30 mol% TsOH
/©/ H>= npr  EOH, 70°C, 16 h
+ .
F npy H 2)2.5eq. mCPBA
CH,Cly, 0°C, 1 h
52 53
0
JEes
PAr,AuCl _ 'E oM (0] PAr', N E
PAr,AuCI e o PAF, Ar' =
Bu ( O
0

(R)-DM-SEGPHOS

S BT, <Rl Briet H
M35 2 & AA LT\ % (Scheme 11,

m

48: 23%, 76% ee

WNH,
(2)

51:62%, 99:1 er
>20:1 E/IZ

\\ //

OY\ )

54:70%, 92% ee
E/Z = 13/87

by

s

(S, S)-MeDuPHOS

Me



¥ = N JLOPRINZEY & R T o UBRIGAMEE SIS Z S, REBIZE > THHESIUTWD (Scheme 12)B, %
Sl FUFATATE R BHE 1-47 T 55 EDSFRIE Fa 7 UGSV, 78 b=k U LERIEIE L
THWD ERUSAIERINGEEFT L, & Ru T U AR 56 D3EER O IAREBIRG O D Z 2 R L, %
T BIE, KIGRHFT= UL Rh SR L CWD Z EZ2 IRICEVERILCTRBY, = b U /L3 Rh $EKITENIT 5
Z X2k RhBEADIEMDM L L TWD DT )N EEZ TS,

Scheme 12
Suemune (2004)

OH O 20 mol% RhCI(PPh3)3

20 mol% NaOAc
H + /\M?\/ 6 eq. CHsCN
CH,Cly, rt, 8 h
34 55

56: 86% yield (>20/1)
4% yield (in the absence of CH3CN)




FBH 4T LN FNAEFE a7 Uiz 5= kU LOMROKE

AIEI T2 L 912, YRR TR L2 47 L — L OS5 FHNAF E R 7 L UbEIIc i
D= N U VOB EAT L SOOI LA~ Z LI1C LT, SUGOIE T4 HPLC T
T 2720, JFEROERIDREININE D) CTlo 2 178 28b VW TS Z T8 D ZLIT Lz, k3
{ROEVH 28b 2 IV T, Rh-(R)-dtbm-segphos $HAMF/E T, 7& FHi, 45 °C T4-T A w0y
= kU VORI OIERIMOIRAE CRUG &1 172 > 72 & 25, Scheme 7 (IR LT JeDRUis & 138720
BAUIR (5290 DR, RFNERICZUIA SN T2 b DD, = U UFHE FIZRUWTRUGERE
MM E B <72 (Scheme 13), ZOFERND, = N U LVORIBHEITIVEIC L - TH B
% b OO, SUSRFTIOBHH RIS LT D Z L AVRIE S iz, EEICROS OB A L L C b,
= b UJUFE FCIEL D ERo)N I 28b 23H L (Figure 1, [a]). BRIGADAERL L TS 2 & A3
P EHT= (Figure 1, [b]), — 7, FE 28b % H 2B 213011 0 B AR RFER ORI LI 2IX
(T & EEN LB T2 (Figure 1, [d]),

Scheme 13
]
10 mol%
H [Rh((R)-dtbm-segphos)|BF, TsN ~
\N/\A- acetone, 45 °C
Ts 1,3,5-trimethoxybenzene
H pmmmm s , (S)-29b
28b: racemic : | :
! FOCN: without nitrile: 71%, 78% ee (114 h)
! ' with 10 mol% nitrile: 76%, 82% ee (70 h)

________________

10



—y = 4% = product

- = SM with e product
0 . . - ) nitrile 0 4 T T T 1 without
o 50 100 150 200 o 50 100 150 200 nitrile
time (min) time (min)

Z T, IVEEMCARIRICIT 5= b U VOISR E BT~ AR EE (5)-28b A H]
W & R TR L 2B 5 = &1 Liz*, (R)-DTBM-SEGPHOS #Hif71-& L CHW IS
1Tl oteb ZA, ZOHAEE= MY MHE R, IFEE NI b b T RN EEC/NETL, BH
Dt RrT UK (5)-29b BEAVENRLFRIEE, @V AFIIER TS b7z (Scheme 14, eq. 1),
—J7. (S-DTBM-SEGPHOS #Hfii1-& L THWIGZET TR -T2 & T A, FeDRi & 13D
RINTABLE ZFF OB UK (R)-29b 73 BAFRIEE N ORFHIEE TR 72 (Scheme 14, eq. 2), F 72,

D= M UVHE T, IEE PR O, SUSRROIERAMBIZL S 4172, Scheme 9 Tih~7- &
N, FEFIT X TNVRENA AT 5 RuDESRE (5)-28b & DIULT (5)-29b DMESE L TEHHIL
%2 L ZMEER L TE Y | Scheme 14 DR 5  Rh-(R)-dtbm-segphos $E{A% FV Y, (5)-28b 25 (S5)-29b
DMFHALS UG matched pair TV . BULSUSANECNHEIT L2 B2 BD, —T7, (5)-28b
& Rh-(S)-dtbm-segphos A & Dl mismatched pair T&H Y . Scheme 7 THiRk~7= L H 12, HET
D% (SEDT LDy (R E FIE LTI TBILSUG N T3 DR80T 5 70 I D5
P & 70 0 BOSRHRNMER LT b D LB 2 Hivd, (S)-DTBM-SEGPHOS Zfdfii1-& L CTH
WEBRO= N UNAHE R, IEEE FD 2 SORIGNIE LT, SOSHIHIBMEORRIFA L% Figure 2 12
R, = N UJUFE FCIE OV EE0THE D (5)-28b 23 S4U (Figure 2, [a]), BRLIA (R)-29b
DVERR LTS Z Lo Tz (Figure 2, [b]), F£72. SUSBRIAEL I FVE OSEG FEASETRIEEA MK
TLTEY, ZDZ &iF= FUJFE FIZBWT, 30NN SIERDOT L Uhy (RfE~E FMEL T
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WBHZ EERLTWS (Figure 2, [c])y LALZARDNS, FIZHid =X 912, = MUAAFET., EF
TE RO BT, WO S RISOTERIIIFRROR R Z ML Ui, ZDZ &3, Rh(Dfih
BEDTEMEDS B SISO YIIBRETIL, = b U VORI CBIEZ SND H OO, 142 1 Rh(Dfibit:
OIEHEIMET LT LE 272, RUGDTERZEET 2 [ H ORENE Cla o> TLE 72D TR
MEZ R BIND, UEDOFRERNG, BF 5 EIHIE LTHWSND = I U WIBRIMBUSOEFE T
1F72<, F& UTHREORMEAAEL THDOTIIRVINEEZ Bild,

TSN ~ @

)-29b

without nltrlle 88%, 93% ee
with 10 mol% nitrile: 83%, 92% ee

Scheme 14

(0]
H)H
\N/\/\ _
Ts \‘

(S)-28b: >99% ee

10 mol%
[Rh((R)-dtbm-segphos)]BF 4

acetone, 45 °C,6 h
1,3,5-trimethoxybenzene

O
10 mol% / 0
/\/\H [Rh((S)-dtbm-segphos)]BF, TsN 5
"I\'ls \‘\\\ acetone, 45 °C, 96 h )
H 1,3,5- trlmethoxybenzene

(R)-29b
without nitrile: 60%, 76% ee
with 10 mol% nitrile: 68%, 81% ee

(S)-28b: >99% ee

nitrile !
Figure 2
100 100
[a] \ o | ] o
80 H 80 TsN
\N/\A‘ J
N Ts \l
g ® H g 60
£ \.:“*-l—————_L______ -
2 a0 bl FEPEPEF - — % a0 ¥ ===*
sM " = & = product
+withm ) ,/4’—_ prod
20 nitrile 20 [ nitrile
— 8- SM with —t— product
0 . - r nitrile [} T without
o 50 100 150 200 o 50 100 150 200 nitrile
time (min) time (min)
[e] 1 \ o |[d] 0 7 r.* Semm s sgene e ——— oo,
o
e e H /
80 — -;'I'_' """ SN, )H 80 TsN
W LA I
H
-~ 60 T‘ _. 60
& 3
. ¥ ’
—i—SM = 4 = product
without with
20 nitrile 20 nierile
—H=sm _Wi"‘ g product
0 . . . . nitrile o e T T 1 without
[ 50 100 150 200 o 50 100 150 200 nitrile
time {min) time (min)

L ZAT, RAFELNZ D7 Lo DT I(bOBREIZ OV TIE, Cramer B

12
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B ST, 7L DT IS Rh-H FEARES- L TA L8 LT 5 (Scheme 15), 77205,
Rh-H $5RIZT L O ZEREGHRA L, FRHAST L7200 (-7 U h-m 0 AR 58 Af%HT L
BIKFEMBEZ LD, TLoBTEUELIZbDEB L LN, BWEETRE LT LDy N
B Ra7 Y UERIGIZBN TS, WEO 7 /L7 | R 28 O C-H #5473 Rh SEARIZE LRI 2B
Rh-H F# 60 2MERL SV TH Y | Cramer B & [FEEOEETT L2 DT U HOWTHAT 5 Z £
T& % (Scheme 16), F7z, Tl ~_7== MU IAFET, FEFE FORBEEALO TS, =RV
JIT Lo DT MEEEEL THD D EB X BiILD, T OIS, 3% 5 < Scheme 15
(R T OB T, = b U L2 RADESAICAEINL L, it 512 K> T RhDEEA -0
TEEZRTSEHZ LT, ENEHC LS Re-HFEE T L ORI EIEEL T D b0 &
ZTCND*,

Scheme 15
H 1
R>: _ & R R H R R HR R H R'
TN — L= Ru N\ Re = — .
H | IR H N Ry | Rh™ > H /_:<
' H H rpH H Ri i H
H—Rh B}
(S)-28 57 58 59 (R)-28
Scheme 16
O Rh(l) o)
Jo — Ly
R™ 'H R” "Rh~
28 60

PlbX Y, EFPRUHTEE TR L Rl 2 2% 4-7 L — 1o 7INAEFE Rr7 iUk
BURIZBT D, BIHEITH LD = b U NVOBUSOST G2 D58V T, MigtatTo7, JEAEE
T VAT DIEE 2O TRISORRFZLZ2HE LToER. = b UUIIEE DT L DBl
ORREEAEL TND Z EAVRBR I N,

13



* FUE (S)28b 1 FLL FD X S I L THM LT (Scheme 17), SGHREENOD T LT B K614 &2 T /X 6285 L o7 7L,
AR LT=T7 v —/1 63 % DMP ¥t %i< CBSIRIITIZL Y (5)-63 & 90% ee THFT=, Hi Tk, BARLOIES |2k
STOT AT LA=— (866 & L, UHA 7 /VRSEHEET >99%de D (S)-66 2157, HW T, AT /LONIKIET
TINAZILT a—)b (563 Z4F=DH, Myers DIFETIZE>TT L (S67 ~EEHLLT-, (S)67 D TBS HDOMifri#
Z LI=0b, A U727 /ba—/L0 Dess-Martin FR{LIZ L 0 (5)-28b ZAR% LT,

Scheme 17 Ph
< M O”kph
Ts
o
oTBs __LHMDS /\/\/\ /\/J\/\
HJ\/\/ OTBS 2 OTBS "ol vews

61 CH,Cl, s BH3 MeZS
63: 71% 64: quant. THF

(0]

(S) O O
OH Ph Cl

/\/k/\ o H "
Z(9) TsHN H recyclic THN H
= S
Y OTRs _FYridine, DMAP Pyridine, DMAP m HPLC )
Ts OTBS OTBS

(S)-63: 85%, 90% ee

(S) -66: 89%, 90% de S)-66: >99% de
OH PPhs, DIAD )
40% KOH aq NBSH SN TBAF
EtOH N Z ) dras e Ts N""otes
T H THF
(S)-63: 86%, >99% ee (S)-67: 82%

o)
(S)
N/\/\ DMP, NaHCO SN
T \\ \/\O 3 _[I\_ls %‘"‘\)J\H

! CH,Cl,

(S)-68: 91%, >99% ee (S)-28b: 91%, >99% ee

72385, Myers DIFEIZET, HEEGMAT L a— KRG & UGG, BONIGERdR & il > 7~ ko B s
(L0 SRR T35 7200, ARG THIRERZ (563 D ORI ()67 DG DIz HEN L=, F7=, 71
BB DMEILE & Z OFEH BT 5 R8H] & LT Lowe-Brewster AN HI TS, ZO¥ERITIXT L ofE-—idil
D 2 DOOEHIEOSIGHEONET & | BENEEDIERD S ORI IARLE A HEE T2 Z &3 TE D, BRI (567 DLH72
TEH L ORI, TEEOENEOR S AR, FOM AR ENL S, ADTF S A REIER 7D, LR
T (867 DHEEEFIEDORF %R LT-Z £ 735, Lowe-Brewster HIIZ#H L ChZ OB IARLEL S FliE CTdh 5
EHEETE, EORUERED LHEH L7 (563 OffEkifidiE & —Ecd 5, F£72. (567 LIBEDISIZIB TR A 23 59
HZEFEZLNIRNT & EHIT (568, BLR (5)-28b DIENENNTING EDFF42 R LIZZ &b, S BETH
HEHEELT,

(9)-63 DESHETECEIL, (S)63 ZZALEI0D MTPA TAT /L 69, 70 ~LiE X U E Mosher 1 8 2@ LT, i
7oA S HERIRLE 2 S i & VRE L7 (Scheme 18),
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Scheme 18
O
QN Ph OH J\J\
74 idi gz
~N OTBS pyridine Y Z4 OTBS pyridine ~ =

Ts rt, 1h Ts rt, 1h ¥S OTBS
69: 98% (S)-63: 88% ee 70: 85%
(S)-MTPA-ester (R)-MTPA-ester

+0.019 é)/ MTPA

H.,.

+0.013 +0.025 -0.007

Ts  +0.037 ' Si

A3 = 3(5)-MTPA ester = O(R)-MTPA ester

2 = MU ADMBEBSEN TN L, W5 Ko TRIEESA OB TEEAR T SE261TH E D MBIV TOZR0, LvL,
HFEE TR, 47 LD e Re 7 L UEOSOPIRETT= F U L OBGETE TR o T2BR. = kUL Lo
DRSO EAE 52 5 Z L2 /AL TS 7, 37bb, IIFlE LT 4704y = NI VERNZE 2 A,
KEAVBOEH BAFRNER, Dy o IR T T 2 DI L, 42 RS R0y = B LAIRIN % &, BOil3ssss
B, BRI DGR & 257 (Table Lruns 1and 2), ZAUTRE S L, 5EER B HLGEAZGT 5720, =RV
JVH3 Rh SEARICEAL LTS, W5 K2 Rh EOEAEEDRTRANTEZ ST, 7 LoD T b T L
otz EEZ LD,

Table 1. Effect of Nitrile

Q 10 mol% (0]
H [Rh((R)-dtbm-segphos)]BF4 BnO._ -,
BnOM-\ acetone, 56 °C
28a

(S)-29a

run additive (3 eq.) time (h) yield (%) ee (%)

1 FOCN 13 79 90
22 MeOOCN 43 30 80

@ 4-allenal 28a was recovered in 24% yield.

72383, Table 1, run 1 [ LISV T= B U LVOEITES 3 Y& I8 s Lz & 2 A, BAUKROIERR Y
AFIERR I T, SOSRTEANERE T2 Z £ 2300>> T (Table2), SURITROEREN R ON-DIL, = hU v
@D RhDSERA~DWEFZ BN TR T2 o T2 l2 D TH D EBEZ Hid,

15



Table 2. Effect of the Amount of 4-Fluorobenzonitrile

10 mol% 0

o]
H [Rh((R)-dtbm-segphos)|BF, BnO._ -,
N 10 mol% 4-fluorobenzonitrile
Bno/\/\,
N
28a

acetone, 56 °C

(S)-29a
run nitrile time (h) yield (%) ee (%)
1 3eq 13 79 90
2 30 mol% 6 79 89
3 10 mol% 5 78 92

16



F R RhOMEEHC L7 Lo, Tx s VR =UREIO S NE EEUS O BH%E

F—t v =&Y A 7 NPRURASD VR =)V EEOR A AR D B EBUG ¥

F—IH RO R

VFFEEECIE, IMes ZBUL RO Rh SRR EAIBHIC T LT & REARFOT LA U Tla UGS
oL, [6RIBIUAIBUEEIT L, 8 BERZ G _BRAULEY 12a IR IS FOND 2 & &,
HLAE LTS (Scheme 197, ZOISTIEET, WEHOT /LT RO C-H 5SS Rh $5ARIE
LI L, AR L7Z Rh-H AEG~DOT Lo O " EfEGOMAZR T, 5 BEn—4 1 7 Lk
73a AT D, F T a7 U bm 0 AHRHAZRRH LT 7 BB n—& 1 7 VK 74a & 72
V. ZOFRHIK T4a (TABHDO T /L UDMEA L, “ERAIA) 24 RS D LEZ BV,

Scheme 19
P 10 mol% ?
MeOZC><:\// o [Rh(IMes)(cod)]CIO, MeO,C
Me0,C” N, CICH,CH:Cl  Meo.C
WJ\H 65°C, 2 h ?
71a 72a: 76%
Rh(l) T
Rh_ O
74
75a

Z ORI I Mes DRV 12 dppe Z B ZFFD Rh $5{AZ W TRUGZT T2 272 & &
A, ZEREEAEY T2a 1 3TEAGFOINT, BRI A ADHER D 6 BERE 7 BEROMER L BT L=
—/L 76a VT D Z L3 -T2 (Scheme 20, eq.2), = DERAUIADAERLE, Scheme 19 (7~ L7z
[6R21 BRSNS K A CIIERI CTE 3, RO L HIZBZ HILD (Scheme 21),
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Scheme 20

10 mol% P
[Rh(IMes)(cod)ICIO, MeO,C 1)
CICH,CH,CI MeO,C
Z

65°C,2h
72a: 76%

10 mol% OH
MeO,C
Ma [Rh(dppe)]CIO, 2
> MeO,C 2)
CICH,CH,ClI

65°C,1h
76a: 27%

FTHRE Tla OT L2 distal (70 HfEA* & 7L L8 Rh SERICE LB LA L, v—%
YA 7 NVHIER 782 AR T D, IRICZ DOHREIRD C(sp?)-Rh FEEIZANVR = VEEDMRANT 5 Z &
[C& D A=A VR 792 ZTERC L, fev N CR-KEMAE, IR CRIBEEA R CRUGS
EITL TV EEZ D L, ZlRAIEY 76a DARAZTIT 5 Z L3 T&E 5, AMEERICHEEIZE
W, 77 Lo O distal 700 HRGA 7S Rh Al SEERAOI LB LAIN L, 5 BB —& 41 7
JVHIER 78a MR T D, Eio, m—F A Z VR 18a I VA= VDAL, FEFIZEA
AT Yo=Y A 7 VPR T9a ZTORT 5 LV O RHEE o, LUNIS, ZORUSHEEOFEL 72
5 1) 7L EEERES, SRR DI S ILD A X T A 7 VR A RRE T S BRLBIE R Y
2) AZTHA 7 VHREUE~D T VIR =)V EEDFRAZ AL D SOV TR 5,
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Scheme 21

T Lt ZERES
HWhHEXNTWAS, 7L >0

8a

E ~F E OH
E \ 9 E
o,

X
71a 76a
Rh(l) reductive
elimination
/ —
K/Rh {f /> o
=
E =
D)
77a
o E = CO,Me ﬁhydride
oxidative elimination
cycloaddition
H
E
E
E
H

/nsert/on

. ABEEEADDIER SN D A Z T YA 7 VPR AR D BB 38 <

THAANER LIALETHY . 7 L LEEREE D RIRIEA

(I VAIBRALAIN LTI S A 2 54 7 VIR, 7 Lo D oD HEREAD 85 BT
JTDINZL S T2 ODAL THA 7 NHEZ G- 25, §70b, 7 L2 ® proximal i _Hif
A L ZEEEPEIEIEA L PUST UL, Scheme 22, Type IRz A X THA 7 ADVERKT D, —
77, distal AL _EFEA & BT AUL, Scheme 22, Type IR LIzBRH A RDEIR D A X T A 7

IR Z 52 %,

Scheme 22

I,—~\ = ,——\/// ',"\ i
| MM M (4I:N
N_ - \\h"%. N

Type |
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BRI, Wender HITHTHICT Lo, V2T 558 81 & Rhfillle OFISE TR ) &, 5
BERE 6 BERDWEER LT —B=YbEW 82 3R 5 Z L & R LT % (Scheme 23, eq. 1), —77,
[Fl—DHE & Ni il & OIS T, 250 6 BEAMiEER LIz SR {ba 84 2525 Z & b I
LR TS LT % (Scheme 23,eq.2), ZOFEFRIE, WD BBEESADHIHIC L > T, 7L 7n
OIFRSILD A X TV A 7 VHRIRZRRE L T D 2 EZBERL WD, 725, Rhfilllt & D
JETIET L@ proximal 2D "G & O K WA UTm e —2 Y1 7 ARk 83 2% LK
JEASEAT L. Ni iz V354121, 7 Lo distal 20D - FREA LB AN L C= v &
T A 7 VR85 ZTERL L CTD Z & AR LT D,

Scheme 23
Wender (1995) B ]

5 mol% [Rh(cod)Cl],
48 mol% P(O-0-BiPh)3

THF, 45 °C

TBSO

82: 90% - 83 -

10 mol% Ni(cod),
30 mol% P(O-0-BiPh);

(2)

THF, 25 °C

o B H

: ' TBSO

P o@ | 84:97% - 85 B
i PH 3 !

' P(0-0-BiPh),

__________________

£z, HBE=ETIE, F—0ORE, [F—0 Ru iz VT, WA ZEX 27200 T, 7Lynb
BT DAL T A T NERRIT 5 Z LICFIL TS, bbb, ML HTT LA 86
& Rufilif & OFISEATIR D & 5 BRE 4 BIRAZ GUHERE(EY 87 H34ERT % (Scheme 24, eq.
1Y%, —Jh. A% 7 —nNHTRISELTR D L. 6 BERE 4 BEDWRER LI _BLEY 89 135G Hi
52 EEENENRHE LTS (Scheme24,eq. 2, ZOfERNDL, ML HTIVT A7
b 88 At L CRUGAMEAT L, AR LT BRIMEEID _B{HIC L > T 8T 52, — ALK /—)L
I, VT F A 7V 90 DIERZE R CERIVBUGEI T 5 b D LE X HiLd,
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Scheme 24
Sato (2009) B t 7
5 mol% Bu/
Cp*RuCl(cod)
MeOZC 1
toluene, 50 °C, 1 h __Ru |
/ tBU M902C
MeO,C / B 88 B
2 — 87: 93%
MeO,C —
86 5 mol% By Bu
Cp*RuCl(cod)
- 2
MeOH, t, 3 h MeO,C MeO,C Ru @
Me0,C MeO,C
89: quant. L _

90

& AT, T L &7 /0% U3 Rh SEIRICEMERIB LA 2 BRICIT—RIZ, 77 Lo distal 70D
THRADULS L TR =2 A JVHRRHRE TS D 2 L I HIVTUWN D (Scheme 22, Type IT), {31
ZIE, 2002 4F Bummond HIE, 3 FHICT Lk T LG HRE 91 & R Z IS S
DL, 5SEBRR—TA J VA9 Ak L, B/KEMEE. e SETEEC L0 . BRERIHE
FOSHMERF L, RV T2 93 AEHID Z L &8 L7- (Scheme 25, eq. 13, £72, MIbHiE, T Lo,
TN TN w5 FNICET HHE 94 % Rh il FE FCRURZEITR D & /0 FN[R+2+2]
BAUBOEDNHRONTHEST L 3 BERA BT LB UEH% 96 DML S 1D 2 & 2 HUH L7z (Scheme 25, eq.
2% F o, Bl i, Rtz ka7 LA 297 LTV 98 DAy R[22 2BV, fi
SAVT7 4 VORI LY | FERZ L TIERA LAY 100 PITEEANGOND Z & bl
LCW% (Scheme 25, eq.3)%,
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Scheme 25
Brummond (2002) £
E
2 mol% Z “H
E \'V\CsH11 toluene L l
90°C,1h H- T CsH14
Y CsHyq

91 (E = CO,Me) 92 93: 80% (E:Z = 3:1)

Mukai (2015) )

E
— Bu 10 mol%
E [RhCI(CO),l,
o= toluene
80°C, 1 h

Bu

PhO,S l\

PhO,S
94 (E = CO,Me) ) ) 96: 99%
Mukai (2016) )
E — = E 10 mol% [Rh(cod),]BF, E E E £
e 10 mol% BINAP c — | E
+ | Rh |||||| |I| (3)
.: CICH,CH,CI | E
PhO,S F 60°C,0.5h PhO,S E SO,Ph
- 99 - 100: 99%

97 (E = CO,Me) 98

WIZ, AZTHA T NHRUEASD T VAR = VDN Z D SO OV TR T D, 2 DD
IRFEZ GG L IBEBIRIEIR & DRIS TR EID A X THA 7 NVHRIER~TI VR = VEEOR AN
BT 5L, TERAFYAZ TV A 7 VPR EZ AT % LB 2 HiD (Scheme 26), LA L7e7h3
5. ZORROBRESIEOBE 3D TIRHI TN D,

Scheme 26
,I’—‘\\%/ j]\ M ,I,—‘\\\CM O ,I,—‘\\‘ /// M\O
I‘ R + _— |‘ - " —_— l‘ N
\\_”,\\ R R. \\_"// R}kR' \\_"/z Qo R|
R
oxametallacycle
intermediate

Bl 213, 1988 FHREH M O =AHIT N MAFE R, A 101 LN XTATE R (102) %2506 S
HoHe, VT UREGL EAEEY 103 AT D 2 L AR LT (Scheme 27,eq. 1), %
7o, 2007 FFEERE BIX, 21 106 & ELE TR ATV (107) & & Rh A FE N Chab S5 &,
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vT U e T RAILAEW 108 MELND Z & AHE LTV D (Scheme 27, eq. 27, ZILHDIX
JETIE, PA 101, 106 & EJEFERIND A X THA 7 /VHRIE 104, 109 ZTERK L, S HIZHLR
SIVHEDMEA L, AXH A X TH4 7 ViR 105, 110 &7 0 ZOH 005 OIETTHINEE T
L. BiRE 52 %,

Scheme 27
Tsuda and Saegusa (1988)

— 5 mol% Ni(cod),
. j\ 10 mol% P'Bus, o
_ H” ~Ph THF, 135°C, 5 h Zpn (1)

101 102 103: 52%
reductive
; elimination
= Ni 7 N\I and
SN I—Ii;//(o - A 0o isomerization
Ph Ph
104 105

Shibata ( 2007)

Ph 5 mol% [Rh(cod),]BF,4
>< )J\ 5 mol% (S)-BINAP R
CO,Me CICH,CH,CI, rt, 3 h
OzMe
107

106 (E = CO,Bn) 108: 48%, 97% ee

0 Ph
Ph Rh reductive
E _— E Z2RN elimination
Rh, — @]
CO,Me CO,Me |
- 109 110

F7-. 2008 £F Louis HiZ, Ni flifFE T, == 111 & XTAFE B 1) AR ESE5 &,
T M PBEOND T EEHE L, ZORIGE, L FRRICAER LA =v I A 70
HRRA 114 225 OB-KEMEEDHEIT L TS E B 2 5315 (Scheme 28)%,
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Scheme 28
Louis (2008) c
Y/
E o 5 mol% Ni(cod), E 0
E o E
E + J\ 10 mol% SIPr N = N Ph
E — H Ph toluene, rt
111 (E = CO,Et) 102 112: 87%
P-hydride
E [ elimination
E ) y
E =~
E
L 113

—J5. AZTHA T NVHRHERASD F73 VAR = VDR AN Z T 250 TNBRILUGZ DWW TR, X
I MD T D720y, 1998 4 Vollhardt 5. 38 KON Gleiter HIZEIVEFURNIIZ, A v &ELR=
NIEEERT HE NS LT ERED Codik & A S S D & 3 FINR2P21BRI LB ET L,
v'7 UBRA T BRI LA A BN TR O CodlA 116 35 B D Z & Z#Ri L7- (Scheme 29, eq.
1Y%, F£7=. 2011 FBICEHFISIE, TAry, TAF Y, BARSAEESTRICETHEE 119 &
JCAEMEZR Rh 8 & ORIRNIZ LY . BT UBREAGTEEAILEW 120 78 RAFRIEE, /o VR
FUCRTARRT D = & & R L7z (Scheme 29, eq. 2),
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W E R W

Scheme 29
Vollhardt, Gleiter (1989)

reductive
elimination

= 117 118 i
Tanaka (2011)

10 mol% [Rh(cod),]BF,4
10 mol% (S)-SEGPHOS TsN

CICH,CH,CI
80°C, 16 h

(2)
0 ¥ TO,Et
120: 94%, 86% ee

reductive
CO,Et elimination
TsN
—_— p— |
CO,Et
_0
Rh i
122

T, UHEETIE, o FNICT Ly, TASr, TUTE REAT HAE 123 & Rhfilgt s o
BORZ &0 3 BEYLAY) 124 DEIFRNEE, I OmV WRBIRIE G L5 Z &2 R LT
(Scheme 30y, ASUGE, D THRR2BRILSIGIZIBVT, 7 Lo EZEEED DR S IIZA X
FTHA 7 NVHRURIZ VIR = VDR AT D HIOHITH 5,
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Scheme 30
Sato (2013)
/ <
74 10 mol% o)
MeO,C [Rh(cod)]BF, MeO,C et
MeO,C — 0 CICH,CH,CI MeO,C
nt,2h 124: 83%
syn/anti > 20/1
Rh
— . o
i<y N\__{=H
E
~ 125 (E = CO,Me) 126 -

ZIETRRTELRA L TYA JNVHRIEASD NV AR = VIO Z BT 2B LIS Z £ & 6
D&, Scheme3l DX HITEKT ZENTED, J7bbh, “HODRB-RELEN G LIEBSIBSEA
NHIERR ST A X T YA 7 VFEIR128 D a TR LTz RF—SIERE S T /LR = VEEORRA SIS
D&, 7TERASXTYAZ T A 7 RIE129 DR ED, BT O H O HIETTHIEE
DTS 5 & BT VRABURIMEA 130 2 5-2, £72 129 7D OB-/KEMBEN I T2 & BHER
K131 23ERET D (Scheme 31, eq. 1),

—7J7. Scheme 20 @ eq. 2 T/ LI BIZEEE TR L7 SOS TR, BUSERFTIER S LD A Z T4
A 7 R 128 D b TRIIRE-SBIESICH ARV RA L, BATST YA XS0 A 7L
PPRIA 132 VERR L7 2 E 2 BHLD (Scheme 21, Scheme 31, eq. 2), L2>L72v ., ZHETIDOX

INTEPEIZBATEA B T A 7 NHRRERRH LT B2 DNDRIERED A X Z VA 7 VRO
FHEA N T DTG SN TRV, £ 2T, ARRUCORUHBIC IR A RS | BEta1772 9
Z &l
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Scheme 31 .
l/ ) ’// O
'\ <
B insertion  .-~. ) '. 5
Mo T into(@ _ + [ 0 130 -~
! .M 0 LR H (1)
N @) g l LN ST
e Lo L 1
Ly O 128 129 Ty
SN 131 -7
o -- b N\ _ insertion . e OH
127 A0 N el ST
M | == M ! into (b) , 3 //O N ' N\
l\ - 3= ’ll I‘\\ ’// \\\ \IVI \‘I l\\__f’/ \\\ /" (2)
128 132 133: no example
OH
=

76a

71a (X = C(CO,Me)s,)

ARREEATIR OB, Y T1 2 V=354 Scheme 32, eq. 1 1R L7ZBRIVSUGTZV CTldZa <, Sl
WAR=T VT RET Lo & ORIGTHEITT 5 [6R21BA UG B & 7e > T L E 5 alReMEN

& 2 BT (Scheme 19, Scheme 32, eq. 2),
Scheme 32 B _
OH
ey
/
76

x/\/
O - —_
\/\WJ\ H 0)
— X

72

27
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ZITEERIL TAF T Lo molp SREHE 2 R LT AVE 134 287721236 L. Rh
SEIRE ORISERRRT 2 Z L2 Uiz, ZOREZAWTS HINORIGHETT 572 HIE, 5 BERE 7
BEROMEER LT BT v a— 137 VT 2 O E IR S LD (Scheme 33,eq.1), —H. 2D
FE T Scheme 33, eq. 2 (7R LTE[6R21BRAVATINBUREL T L7285 3, BULOIEH T 4 BERZ & 109E
FIEATE R —2 A 7 VR 139 ZIERT 5 2 L1572, ZORISRIRIFAFNZ /8D &7
BEND, LIzh-TC, Scheme33,eq. 1 {I/R LTZSUSSERIRINCHEITT 2 LB 2 i, AX THA

7 VHIEA 136 DOIERSIEESU S EORGEECE L T D & B X, WEEF LTS,
Scheme 33

H R R
R OH
Lo
— = N3 —_— —
X__| Rh x/ X 1)
=— R
X Rh()| | 135 136 ] 137
\=o— ] — R 7
=
/E O
0 g
134 1 -l X >
H
N
H

28



*HOREERSCTIL, T LoD 2 DOTEERD OB, RERFEZEEGIO " HERES A proximal 7, 9 —% distal
PLETEFRT D (Figure 3),

Figure 3
R
=
X .
AN R
proximal ' distal
site site

29



W IH vy n[53.0]7 0 b B OMESE

T TF Y R ATFNVEEE T DR 134a 2 LU IR AL TR L, STIRBERO T L
1412 %, LHMDS CRPRLT-M%, 7 ma XA T /v, 1-9— R2-7F 2 1428 LNER T » 7'V 7
W, vRUBT AT VR 143a 215972, K\ T, THP EOlifRiE, A LC7T7/va—Lo
Dess-Martin b2 LV | 5 134a 25K L7, (Scheme 34),

Scheme 34
LHMDS

then CICOzMe
h —
E_ then \ E 1. TSOH-H,0 E><
_-:\1 MeOH E \—.—
THF
OTHP K 20MP

OTHP CH.Cl, o
H

141 (E = CO,Me) 143a: 70% 134a: 94% in 2 steps

AR LT HYE 134a VT, flix O Rh §5(A & OBRIVSOGZ AR L72 (Table 3), £3. 10 mol%
[Rh(dppe)|CIOs $5RTAE T, 7 mux& i 50 °CICCUGE TR ~T2, TR, THEY K
ISP TL, BRIE T2 5 BERE 7 BEROMER LTz BT /L a—)L 137a 13 80%DUERT
Boz (mun 1)*, &IZ, DPPM, DPPB ZEN W TRULNE T2~ 720, Wi BROE
BHT, FEEMZ RIS 55EF L 72> 7 (uns2and 3), F7-. DPPF, DPEPHOS, BINAP, BIPHEP
ZRWTRISEATIR S Te . 2O ORM-2 W T S OSITTERS L7ed > 72 (tuns 4-7), —
[Rh(dppbz)]ClOs {72 AW TRUGZAT72 9 &0 B 137a DIERDS 91%E Tl B35 Z L 037)»
o7 (un 82, Fi-, PHEEEATH 2 Wilkinson $HA%E W TRIGES 772> Ch, BEMEEIT 5
fik o7z (un9), LALEORERI Y | ABUSIE S U T[Rh(dppbz)]Cl0s Z VD & b B
PERTHIOB B 137a 2 5.2 5 Z LB BN E 7e o7z,
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Table 3. Examination of Rh(l) Catalysts
MeOzC: < — 10 mol% RA(1)  pe0,C
MeO,C = CICH,CH,Cl  \e0,C
50 °C
134a 0 137a

OH

H
yields (%)°
run Rh(I) time (h)
137a  134a
12 [Rh(dppe)]CIO, 1 80¢ -
2b [Rh(dppm)]CIO,4 19 - 55
34 [Rh(dppb)]CIO,4 24 - 75
4b [Rh(dppf)]CIO,4 18 15 21
59 [Rh(dpephos)]CIO,4 26 - 56
67 [Rh(binap)]CIO,4 22 11 45
7P [Rh(biphep)]CIO,4 24 15 31
8@ [Rh(dppbz)]CIO4 1 919 -
9 Rh(PPh3)sCl 18 5 66

@ [Rh(ligand)]CIO, was generated in situ from [Rh(ligand)(nbd)]CIO,

under an atmosphere of hydrogen.

b [Rh(ligand)]CIO4 was generated in situ from [Rh(nbd),]CIO4 and

ligand under an atmosphere of hydrogen.

° Yields were determined by '"H NMR yields using 1,3,5-
trimethoxybenzene as an internal standard.

9 Isolated yields were given.

__________________________________________________________

Ligand
Ph,Pt hPPh, ©l/PPh2 OO
n=1: DPPM Fe EE:2
n = 2: DPPE PPh, OO 2
n = 4: DPPB DPPE
BINAP

! PPh O

- 2 PPh, PPh;
: Q PPh

| PPh, O ’ PPh,
i



*BRIA 137a OFEEIL, AFE 2 RoC NMR A7 [ L (COSY, HMQC, HMBC)DFE7Z T L W PE LT,

2 ARBAVBOSIZIB T, MEEOE HEE L 2 mol%? [Rh(dppbz)]Cl0s & VW CEIG A, T7e» 72 2 A, BUGIREOIE
BRSO, BEWIChH 5 137a % BAFRIEFETEH-2 5 Z £ 03377572 (Scheme 35),

Scheme 35
_ OH
MeOZCT [Rh(dppbz)ICI0s 1.
—_—
M602C ——e— C|CH20H2C| MeO,C
50 °C 2 10 mol% [Rh(dppbz)]CIO,: 91% (1 h)
134a fo) 137a 2 mol% [Rh(dppbz)]CIO,4: 80% (2 h)

H

B Table3 R L= & 912, ABURSIIEN T & LT DPPE 35V L DPPBz 2% Rh $&(K% F D & | BEeN T T
TAZEDSDoTe, TRHOFRIEL LY 5 BEOFL— MEZER L TEY .. 20O L ARISOETA{EEL T
WHEBZBNDM, FOENEE < D> TUVRL Y (Figure 4),

Figure 4
Ph, Ph,
/P /P
“)  w )
P P
Ph, Ph,
Rh-dppe Rh-dppbz
complex complex
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e — 1

N~

% TREHSL A D 5 & Ty

AP OHAGPAZ D L | Flix OB E WIS E TR0z, £, 7% v EoiEik
2OV TR L72 (Table 4y, 2 R332 A FLHRC TMS 55469 5 5YE 134b 5 L OV 134e VT
FOSEAT2 D & RO TR T L BAF72EE CERIVIA137b 38 L UM37e & 5-2 72 (tuns 1 and 2),
o, 7N BRI AT VAL L WS TCE R IRE AT 2HE 134d B LUV 134e 2V TH, B

AT /32— 137d 3 L N37e DR KL < HEHILD 2 L3570 72 (tuns 3 and 4),

Table 4. Examination of Substrates Having Substituents on the Alkyne Moiety

MeO-C 10 mol% R
2 >< [Rh(dppbz)]CIO,? OH
MeO,C CICH,CH,Cl . 1Me0:C
50 °C MeO,C
137
run substrate time (h) product yield (%)
MeO,C TBSO
; X OTBS ) OH
MeO,C MeO,C 2
4\_>: MeO,C
134b 137b
MeO,C ——TMS ™S OH
2b X 1 MeO,C
MeO,C~ e\ 2 o1
MeOZC
134c o) 137c
H
_ cl
MeO,C —Cl OH
3 1 MeO,C
MeOZC: C.— 2 75
MeOZC
134d o) 137d
H
Me020><77C02Me MeO  on
MeO,C
4 MeO,C — 1 2 88
M602C

137e

@ [Rh(dppbz)]CIO4 was generated in situ from [Rh(dppbz)(nbd)]CIO4 under an
atmosphere of hydrogen.? in the presence of MS4A
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BT, TAX Y B EREAT OB OV TS E T2 o7 (Table 52, ZOREE. H&
B EOBEHILOFIAIC X 59, BRI CTRET 5 “ BT /L a—/L 137£137h 235 54172 (runs
1-3),

Table 5. Examination of Substrates Having Aromatic Groups on the Alkyne Moiety
MeOZC 10 mol% Ar OH
[Rh(dppbz)]Cl0,4?
Me020: C ICOC Meo,c
CICH,CH,CI
50 °C MeO,C

run substrate time (h) product yield (%)

MeOQC OH

MeOZC: C T Meo,c ’ 83
1>: MeO,C

134f 137f

MeO,C OH
X : MeO,C
MeO,C 2 g‘ 82

&

137

O

MeOzC
1 3 g 1) 137¢g
H
MeO,C

MeO,C CO,Me OH
MeOZC

MeO,C Q 76
MeOZC

O 137h
H

@ [Rh(dppbz)]CIO4 was generated in situ from [Rh(dppbz)(nbd)]CIO, under an atmosphere
of hydrogen.

IBIT, AT N AFFORYE 1341 ASUNTHEHFTRETH Y | RAFRINER CHERBERR
Zate “BRAYLAW 13T 25272 (Scheme 36)*, ZDFERIL. ARISHMERBRERROBEU B
HMEETH D Z L2/ BT 5 HDTHDHH,
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?Uﬁ
i
i
2
il
j

ZA
A

Scheme 36
TsN————Bu 10 mol% Bu
[Rh(dppbz)]CIO, LS OH
== CICH,CH,CI
50 °C, 1 h =
o}
134i H 137i: 71%

WIZ, T L DEFIICOWTRET LT, 6 (A TFNIEEETHHE 134) T, BT L=
—/L 137 DEIFAER TR OIS 2 EMyD o7 (Scheme 37,eq. 1), — 7. 40T A TIVIEEHT
5HE 134k DYE, BROBLIAR 137k & & HIT, 220 5 BERANHER: LibAW 144 L [FIFED
EHETEHOND Z E¥3h -7z (Scheme 37, eq. 2)*3, BRIUIK 144 D35 LV HMEEITIRD X 9125 %
b, F9. KE 134k DT L2 & 703 273 Rh SRR RISRIEATIN L, m—201 7 L]
K145 2T %, iV CHRIR 145 O X T LIS OB-/KEMiAE, = orliiE 20 CERILIR 147
5.2, RhSERISEAT S, I, BUKR 147 OT LT & RELO C-H A A Rh S5~k
AL, AR L72 Re-H FEEICA L7 ¢ AL, 6 BB —4 A 7 LR 149 L7200 149
DHOETTHINEEC LV . BEIR 144 DVERK L TD B2 B,

Scheme 37
— 10 mol%
MeO,C [Rh(dppbz)jClo, MeO2C
4
MeO,C = CICH,CH,ClI  MeO,C
50 °C, 1 h
MS4A
134 137j: 87%
10 mol%
M9020:< [Rh(dppbz)]CIO, MeO,C MeO,C Z
MeO,C” = CICH,CHACl  Me0,C MeO,C @)
50 °C, 1 h
137k: 44% 144:47%
= “H H
Rh(l) X%Rh(l) ¥
0 H o) Rh O
145 149
L (X = C(CO,Me)y) -
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1 HUET 134 |3LL PRI AECAM L2 (Scheme 38), 7 1> 141 % LHMDS CUBE L7=f%, 7 onX@ATL, 3

FA150% LNER T > ) 7S, T LA 2 143b 1570, FD%, THP EOFBIWNiRGE, A7 /La—L1o
Dess-Martin bl L ¥ 134b Z5H LT,

Scheme 38

LHMDS
then CICO,Me

E —— E =
E then/——=——\ X OTBS 1. MgBr,-OEt, e OTBS
14\_\> TBSO 150 | E \—.— Et,0 E ., —
THF 4\_\> 2. DMP
OTHP OTHP

CH,Cl, 0

143b: 43% 134b; H

62% in 2 steps

141 (E = CO,Me)

FE 134 | IUA PR HIETAR L7 (Scheme 39), 7 L 141 % LHMDS THBLL7=1%, 7 oo XEeAF/L, 93

B 151 LNER A » 7)) o 7 &8, T LA o 143¢ 2157, F D%, THP OB, 4 Uiz 7 /v 2—/L® Dess-Martin
FAKIZ LY 134c ZARELT

Scheme 39

LHMDS
then CICO,Me
then

E ——TMS E ——TMS
E TMS——=—\ X 1. TSOH-H,0 X
i — 151 1 B == MeOH E ==
e —_—
H THF
OTHP o]
H

OTHP 2-DMP

CH,Cl,
141 (E = CO,Me) 143c: 67% 134c:

70% in 2 steps
FE134d B L O 134e 1A TR HIETAR L7 (Scheme 40), 7 LA > 143¢ O TMS JEA i L ORI /L%
NS FART- 5T 152 2 LHMDS CRBER L7 N-Z A7 oA 2 RbhAUWNEY B a e A F/LA KOG SHC 143d

HHNT 143 ~E BN FO%. THP FEONHF#E, £ U7 7 /L 2—/L0 Dess-Martin {12 L ¥ 134d 35 N 134e 25
B LT~

H . THF .
OTHP H HOTHP

OTHP
143c (E = CO,Me)

Scheme 40
LHMDS
E =TMS K,CO. E — then NCS — R
X 2403 >< or CICO,Me E; <
E — MeOH E — [

143d (R = Cl): 35%
143e (R = CO,Me): 70%
1. TsOH-H,0

134d (R = Cl): 75% in 2 steps
134e (R = CO,Me): 74% in 2 steps

#2 FUE 1346-134h [ZLLF O X H I L THM L7 (Scheme 41), A7 /L 152 & I (b7 V—/L L OEERD » 7V 7
W2k 0T U — VA AT, THP RO, 4 U 7-7 /1 a—/L 0 Dess-Martin FR{LZ & 0 134£-134h 2558 L7,
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Scheme 41
Ar-l

— Pd(PPhs),Cl, _ 1. TsOH-H,0 —
; < — cul E/ — R MeOH B/ R
—— EtN S — 2. DMP S ——
j_L H CH,Cl,
OTHP OTHP

152 (E = CO,Me) 143f (R = H) H
143g (R = OMe) 134f (R = H): 86% in 3 steps
143h (R = CO,Me) 1349 (R = OMe): 61% in 3 steps
134h (R = CO,Me): 72 % in 3 steps

E
E

# FE 1341 1ILLT DO L HIC L THEA LTS (Scheme 42), STEREERND T /L 1—/L 1532 ZHFESISIZ L D FvT 2 R 154
~ETEHT% . Boc FEOMHFEEFT 77, CuSO4Z LD N-TLF=/MUT L0 AT R157 & L, 7R Z—LOi#C &
D 134i Z ARk LT,

Scheme 42
Boc,
OH NTs NHTs
TsNHBoc & AcCl <
— PPh3 DIAD —.— HC(OMe)s —.=
MeOH
OMe OMe
MeO MeO
154 155: 79% in 2 steps
CuS04*5H,0 _ 2,6-lutidine —
1,10-phenanthroline 1SN ——=—=—Bu TMSOTf — Bu
Br————~Bu —— CH2C|2 e
156
KsPO, OMe 0
toluene MeO H
157: 56% 134i: 43%

# [Rh(dppbz)]ClOs $i{A% FV T, Scheme 20 T/~ L7=HE Tla & ORUSZE FERGT LT, TOFER, [Rh(dppe)]ClOs $A%
FAW3A & Holge LT BT L i—L T6a DRI 3R BAU7= (Scheme 43),

Scheme 43

MeO,C. /~F MeO:G on
e 0
2 o 10 mol% Rh(l) cat. MeO,C
MeO,C X CICH,CH,CI, 1 h
MH

T1a 76a

[Rh(dppe)ICIO, (65 °C): 27%
[Rh(dppbz)ICIO, (50 °C): 40%

# 1345 1IZLLFO L HIZ L TARK L2 (Scheme 44), STHREERO T LT & R 1580 % -7 07 a0 b -7 L) F
T ANSFRLL =T VR =L ) F o B RO S A LT T b =L T L a2 — 10D Johnson-Claisen 8202 2 0 7 L2 159
ZER LTS, HEONTT L1589 % LHMDS CRUR U712, 7 uaXgAT L, SR 142 LIRRD » 7' o 7 S48
T LA U 143) w15, Dk, THP EOBif#, 4 U7-7 /L 21—/L0 Dess-Martin FR{LIZ L 0 134j A1k LT-,
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Scheme 44
. LHMDS
C X Br then CICO,Me c _
O n-BuLi E then —
HJ<_L THF 3:.— 142 N
_— —> e
2. CHyC(OMe)s H THF H
OTHP " Etco,H OTHP THP
158 159 (E = CO,Me): 143j: 69%

75% in 2 steps

1. TsOH *H,0 _
MeOH E

2. DMP E -

CH20|2 4\—>:
O

H
134j: 85% in 2 steps

FEE 134k (I T DO L S LU TAEC LT (Scheme 45), STAEEAID 7 /L% =/L 7 /L-1—)L 160% % Johnson-Claisen #&{171Z
L7161 &L, WRIZT L 161 % LHMDS CUUWR 7=, 7 aa XA T/, IRt 142 Lakh » 7' o7
S, T LA 2143k B1GT, ED%, THP ZEONR#E, 4= U7=7 /12— 0 Dess-Martin {2 & 0 134k 25K L7z,

Scheme 45 LHMDS
then CICO,Me

E p—
OH then = ><
\ E —
CH C(OMe)
OTHP 3C(OMe); OTHP OTHP

160 161 (E = CO,Me): 31% 143k: 82%

1. TsOH*H,0 E =
MeOH X
2. DMP E =
CH20|2
(0]
H
134k: 87% in 2 steps

6 BHUIA 144 OREEIT, 55 2 GTNMR A7 kL (COSY, HMQC, HMBC)DEEIZfRHTIC L 0 e L=,

*TDPPBz & [A] U AR T-Cdh % DPPE ZBN TR O RhEHAKIZ L D7 VT ET7 VT e RO4FRE Rur iUk
X, Scheme 4 THIR~/Z L 912, Bosnich HIZL - TI TIZHE SAUTWS (Scheme 46)®, 7233, Rh-dppbz $fA %
T2 EREDBUSNIIRIED & Z A S TU7ary,

Scheme 46
Bosnich (1988)

o 1 mol% 0]
H [Rh(dppe)]2(ClO4)2
-
_ CHyClp,20°C

8 10: 95%
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HUIE  RUSHERSDOEER

HIADRRHEFR. 5, Rh-dppbz S5 & FYE 134 & ONIGIZ L Y BAFRINER TR 72 8T 1=
—/V 13T HVERRT D Z LA Uie, B EmE i —TH T hib s, 2O ERAT L a—/1 137
DR D ROGHEREI IR D X 9 1ZE 2 H1v5 (Scheme 47), £7°, 134 DT L2 & 7L 53 Rh §
RIS BRLAEIN L, v—4 A 7 VPR T 2T 5, . LR =/1H8 C(sp?)-Rh
FEAIHRA L, AT a—&4 o ZUHRIRIL L7200 | B-/KFEBEE, SRolisEa &< AT L
a—/L 137 BERRLIZE B 2 B,

Scheme 47
Y — R1
Rh(l)
oxidative reductive
cycloaddition elimination
P-hydride
insertion elimination

R® o
I

Z 2 CEEIBUSHSEC R D R AR S TS, SEHEER T L AN AT D (R)-134a
(81% ee) & W CBMLSUG A T o 7o*, ZORER, B TONFMEDK TR R oNIZb DD, 71
> OSSR G SIVTBIEIR (S)-137a 23 BIF720E TR 572 (Scheme 48), Z DfER:
I3 ARBUSHNARFRRANTEI T L TS Z e AR L TWD, T7bh, MEOT LA L Rh
SR L DERLABREATIN, #i< Csp)-Rh FEA~DAVR= A FEDIEADNS AR RANZHEAT L,
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MR ISR S D, e N TR/KSBMBED A TT 5728, (S)-137a DINFIEMEAR L L TERLTZ &
Bz OD, 708, BUSHIE CHFMEDIK T ROILTEY . RUSRHF T AR T Lo DF
T ER—IRET L CND EB X BD*,

Scheme 48

MeO,C 10 mol% oH,
Me0,C & <_ ) [Rh(dppbz)]CIO,  MeO,C
CICH,CH,CI
__fﬁzo 50 °C, 1 h Me0,C

H
(R)-134a: 81% ee (S)-137a: 86% 76% ee

H Oo- Rh H
AO
MeOZC = MeOZC o~ MeOZC
Rh —> 5 -
MeO,C MeO,C K MeO,C
H
H

H

RIS EOFERFHR L 25 2 b A A —2 YA 7 VR T OAREHEST 5720, 7
/w%/vﬁwﬁu \KFIRT-ZFF 72V 162a A 01&EA AL L, Rh-dppbz S84 & DFUSEAT72 o7
o TORER, YrunxZ o IS8R FRONETT O & R TR SNMEL G5
BUIR 163a 3 AR TR LIV D Z E DV o T7- (Scheme49, eq. 1)*, F7-. AM&H%E LR
FEFR T TI1729 &, 163a L L b, 77 bra2ate2iibad 164 NFERM & UTAR L
7= (Scheme 49, eq. 2), Rh-dppbz $5{A L K& 162a & OFULTIL, AV —F A 7 LHREAR I
FERK S D, ZOHRIA IPIBAATKBIR T DA E LR, BRKFENBENSE Z 537, 060
[EERN) 7RI T IR, & DU N E— I LA S 2t TR 163a & L<Id 164 & 5-2 71L& %
HiILD, TNHORERIE, At un— 4o 7 VIR Z#%H 7% Scheme 47 1277 L7 SOt
ILSHFT 200 THD, 72k, BUAE 164 OMEIL. X SMESAEEITIC LV HER L T0D
(Figure 5),
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Scheme 49

MeO,C .
}—%

162a

MeOZC
MeOZC

Figure 5

H

&)

10 mol%
[Rh(dppbz)]ICIO4

CICH,CH,CI
reflux, 3 h

10 mol%
[Rh(dppbz)]CIO,4

CICH,CH,CI
50 °C,2h
CO (1 atm)

41

B
=

M602C

M602C
163a: 84%

MeOZC
MeOZC
164: 62%

<Crystal Data>

Crystal System
Space Group
Lattice Parameters

) o
’@ +163a (2)

24%

monoclinic

le/C

a=13.3277 (13) A
b=9.557(2) A
c=13.5981 (12) A
B=102.477(8)°
V =1690.5 (5) A3
0.0460

0.1444

1.047



*| Y (R)-134a [FLLFDO L D12 L TARLLTZ (Scheme 50), STGEREERIO T LT & R 1658 27 V%2 1660 & 17 ) 7
L. Bk L7=7 va—1% PCC L., %< CBSIEITIZL Y (R)-167 % 96% ee TH57=, #5¢v \C Myers DL T2k > T
LY (R)-168 ~LZEHA LT, (R)-168 D Piv FDifstia L= b A U7 7 /b =2—)L % Dess-Martin B#{l. %5¢ < Lindgren-Kraus
FRIEIC L0 VAR~ EIEE . S DI AT IUEETTAR (R)-170 ZERK LT, VT L (R)170 Z LHMDS T
FRL7=%, ZoaXAFi, auE i LIERD » 7 ) o 7SE, TLoA Y (RATL % 81% ee TH=, D4,
TBDPS Jfiffat, £ U7 7 /L =1—/L0 Dess-Martin FR{LIZ L V) (R)y-134a AT LT-,
7235, Myers DIFEIZINT, HAFHRT Vv a— UKEEVE L LTcra, BURIOERERR L i &7~ b B —iiRir
(&0 SRR T35 7200, ARG THIRERIZ (R)-167 7 HAASERIIC (R)-168 25 Hi7- EHERIL 7=, F7-.
T U ERERORERITCE & OFEEE B 28R & LT Lowe-Brewster AlI2MNSN TN, ZOHERITCIET Lo DfF
— D 2 SOFEHELD FEEDNET & | BENEEDIEAD D O ABIE A HEE T D Z L3 TE D, FlZIE (R)-168 DL
7R TIET LU DAL, TELEDEN EORF S AR, E O AEOEIL S, AD/EEREIER Lrd, L
72735T (R)168 DFENEEZAD 547 LT-Z £ )75, Lowe-Brewster HIJZ- M LT & 2 OEESGHERSTARIE L R FiliE <
B EHEETE, TORIHEENDHEII L 72 (R)-168 DREIFLE & —Ed 5, £7o, (R)-168 LISEDIIGIZFU N THIAA
KHET 5 Z EIIB A DIV &, IHIT (R)-169-172 BEON (Ry-134a DFENENNT IV IEDOFF527R LTo Z L b,
RENETHD EHEE LT,
R®)-171 D=F o FF~<—iEEE, HPLC oHT1Z XY 81%ee EPE L7z, F72. (R-171 725 (R)-134a ~DZEHEEFE T
X7 L DT BRI VIS W EBZLNDT2D, (R-134a DAFIEL FERIC 81%ee EHEE L7,

Scheme 50
o] LHMDS Pz 1.PCC
Z . PivO OH
H PivO/\/ PivO OH MS4A _ s
166 CH,Cl, T
B — e
OTBDPS THF 2. (R)-Methyl-CBS catalyst OTBDPS
165 167: 51% OTBDPS ¥§§S'BH3 (R)-167: 51% in 2 steps
PPh; 96% ee
DIAD HO E H
PivO

NBSH PV 9y DIBAL-H H 1. DMP ¥£
— DBAT ; CH,Cl, TMSCHN,

THF = Et,0 =, H N

H 2 H /4\> 2. 2-methyl-2-butene  MeOH OTBDPS
L oTBDPs NaHPO,
OTBDPS ) (R)-170 (E = CO,Me):
(R)-168: 77% (R)-169: 94% NaCiOs 84% in 2
+-BuOH b in 2 steps

LHMDS

then CICO,Me E = /j: =

then —\:2 H —>TBAF - H o Eﬁ

142 | E 7.:{ THF E 7.:, CHCl, E \—=.=/
THF ~ \_o7BDPS ~ \_oH ¥o
(R)-171: 58% (R)-172: 84%
81% ee H

(R)-134a: 76%

(R}167 DT FA~—iERIE, HPLC /OWTIC LV 96% ee EVRIE LT, 7. ZTOESGHELEIL, (R)-167 2%
ZHUD MTPA = A7 /L 173, 174 ~LiEx 2R Mosher 14 B Z23#H LT, 15 HIU7ZASED HESGHERIELE A R Bl &k
7E L7z (Scheme 51),
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Scheme 51

PivO 0

173: 90%
(S)-MTPA-ester

O

Aim H_E FE M FEUE
O
CF4 (R)-(-»-MTPACI (S)-(+)-MTPACI PivO 00X cF,
Ciiph (R)-167 _— sy
MM pyridine pyridine o €
OTBDPS OTBDPS

174: 83%

-0.035
-0.003

MTPA -0

o 7} +0.093 Ofsi%o.oog
*1\0'0'030 & +0.054 +0.059 i

-0.034

A3 = 3(s)-MTPA ester = O(R)-MTPA ester

(R)-MTPA-ester

(S)-137a DTF L FA~—imfERIL, HPLC M2 &V 76%ee LVE LTZ, F£7-. TOEIGHoECEIL. (S)-137a &%
FVEND MTPA = AT /L 175, 176 ~LiE X R Mosher 1541 LT, 153 DA7-ASMED HESGHERILE 2 S i &%

7E L7z (Scheme 52),

Scheme 52
0 0
0 0
MeO,C —CF3  (R)-(-)-MTPACI (S)-(+)-MTPACI ~ MeO,C —CF
“oh (5)-137a PH HMe
MeO,C MeO pyridine pyridine MeO,C e
175: quant. 176: 68%
(S)-MTPA-ester (R)-MTPA-ester
+0.146 -0.007
H

+0.008 H -0.052

OH
0 H

.0.069 -0-118

A3 = 8(5)-MTPA ester = O(R)-MTPA ester

2T LT T DRI OV T, ARURICBW T BB OR L9 e T T L Qb E B bLD, T
PG, WEOT VT e RO CH GG Rh $ERITEMEANIITT 52 Z L THEL D Rh-b RU RS- LTS &2
1% (Scheme 53)", Z Rh-H$EAICT Lo D "HFRESAFEA L, HEIK177 L7220 m-7 Y b-m 20 LA 178 A%
L., BATMEECL Y, TLoBTEMELIZbDEEZBND,

Scheme 53

R H R R H ,

N R H HR R H R’
P R > R R' ~ I -

i — R R —

Ho | iR H)ﬁ)\Rh | RhMH ﬁ:<
P Y H L H Ry & H
H-Rh Rh-t

(S)-134a 177 178 179 (R)-134a

B FE162a (LA NI HFETEA LT (Scheme 54), STHRVEAIOD 7 L2 180°2 % LHMDS TP L, 7 o 2 X A F L
IAUFEW 142 LER G T o7&, T A2 181 487~ FD%. TBDPS Hofiff#, £ U7 /La—Lo
Dess-Martin B2 L ¥ 162a 28R LT=,
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Scheme 54
E—\_
q—\—OTBDPS
180 (E = CO,Me)
—_—
CH,Cl, E =

H
162a: 80%

LHMDS
then CICO,Me

then ———\
142 | EF
.
THF E ==
%OTBDPS

181: 82%

182: 80%

# BIR 1632 OIS, SFE 2 I NMR A7 kL (HMBC, INADEQUATE) DR EIZMETIZ L 0 IRGE LT,
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BHE 7Ly, TARY, o R UHOSFRBMEES~ORERM : 8-AF e
1321147 Z L BREOESE

AE E TIOIRRTE 2B ERUG TR, IR VEE LTT VT e REAT 5B A2 VT,
2T, ARICOEEOEMFPFHOIERZ BHE L, 7478 RORDVITT b 2 MBHITRORE
TRISEAT 9 Z 1T LT2 (Scheme 55), & DfER, H/E 1341 & Rh it & OIS TR, BRYET D
BYUIR 13T T AR, BRIR B U =2 183 OBIVERT 5 Z L 0NVyoT=¥, ARERIT, v—
YA 7 VWA 184 12T, DAVR= VDA LY b B-KBEEAMES T T L, BRAbIR
183 #5272 bDEBFZ B, 7 hURTATE RED G 5 BIRu—4 4o 7 LR 184 [THA

LIZK W EZ/RL TN DH2,
Scheme 55

MeO,C — 10 mol% OH MeO,C =
X [Rh(dppbz)]CIO;  MeO,C
— > M
MeOC = CICH,CH,CI MeO.C + MeO,C o
o 50°C1h 2
1341 137I1: not obtained 183: 91%

/ ‘
X Rh

184 185
(X = C(COyMe),)

Z 2T, FIEHAS 184 725 OB-KEEEZ I~ < . FED 4 (71T 2 DOBEHEEAEA L7Z 162b
Z TR EAT72 572 (Scheme 56)*3, ZDRER, TARIEY & ko DA VR = )VEEOIRAZ &4
HEAVSUSHEI T 5D Z LWV oTe, SISHRIZ 162b BRI Sl o7- 2 L, BRI 163b
DOPEEIPMEIHEZ2DIL, SOSRIREIAHEL T AKIZE Y Rh-H FEDVER L, 162b, HHN
(IS ERDEEDNEITL T LE S22 ThDH EB R T, 2T, KEBRS HIYTMS4A ZH
MU CRIRZES T o7- 8 2 A, BRIDBREIAR 163b OUEN 87%|ZM E L=,
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Scheme 56
MeOzC><7% 10 mol%
Rh(dppbz)]CIO MeO,C

Me0,C N [Rh(dppbz)] 4 2 g

4 3 CICH,CH,CI MeO,C

reflux, 1 h
2>—0
162b 163b

without MS4A: 23%
with MS4A: 87%

RIS TR IS 8-AFH BT 7 m[32114 7 & ERIE, Bl AAB e LR PR TEM:
%Y englerin JE/2 E D DEAFT NARURZRIRNAONDER THY . ABLISIZZ O
EREOFT- 72k L 72D Z MRS LD (Figure 6)%4, &2 C, ABMURIGIZOWT, &5HIC
MtaAT709 Z &I LT,

Figure 6
@)

A/ pn

QP

o)
OR H

R = COCH5O0H: (-)-englerin A oxyphyllol pubinernoid B hedyosumin A
R = H: (-)-englerin B

Waiolr b AT OREE R MWT, ARISERET LT (Table 6)*, AF/L7 b ZxFur b
ANRZTHE 162 VTS ET Teo72 L 2 A, BIIE T 2BREIR 163¢ 3 AR T 5
Nz (un 1), — 5T, L0NSENA VT H ) ANEEET HEE 162d TIERIGNTSERET, it
Bl [ai 3 2555 & 22 o7 (un 2),
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Table 6. Examination of Substrates Having Aliphatic Ketone

MeO,C 10 mol%
[Rh(dppr)]C|O4a MeOZC

MeO,C :—'_ CICH,CH,CI “
MS4A MeO,C
0
162 ¢

A

fl
reflux 163
run substrate time (h) product yield (%)
MeO,C. /= Et
MeO,C
MeOZC =P 24 g
1 MeO,C 90
o]
162c gy 163c
— Pr

M902C

M902C

2b MeO,C C_.— 24 g 22
MeO,C

o)

162d  ip, 163d

@ [Rh(dppbz)]CIO, was generated in situ from [Rh(dppbz)(nbd)]CIO4 under an
atmosphere of hydrogen.? 162d was recovered in 10% yield.

I, BEET N AMIEAT DB OV TRRGETE T8> 72 (Table 7%, XY A VA2 HT
%I 162e TIIBRUAAR 163e DUCRITHRREIZ L EE 720D (un 1), KEER BICE7R5 1R
A9 5 FE 162f TIIBUAR 163f DILRPRE <AL L7 (run 2), —75, BFHEGHAIFRER LT
AT 5HE162g THUGEAT2 D &, B 163g & B cME R G % 52 7= (un3), L2>L7ans
5, HEER EOEMEDIASIN G2 D5V TR, TOREMIT 732 TUHRL e,
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Table 7. Examination of Substrates Having Aromatic Ketone

MeO,C \_/—: 10 mol% Ar
a
&2 = CICH,CH,ClI g
MS4A MeO,C
0] reflux
162 ), 163
run substrate time (h) product yield (%)
MeO,C —
1 MeOZC: C — 24 Q 42
MeO2C
0 &
MGOZC
162e 163e
MeO,C —
X CO,Me
R D
2 O 2 90
MeOZC g
MeO2C
M602C
162f 163f
Me02C><7% OMe
MeO,C . Q
b 0]
3 24 M602C g -
MeOZC
MeO
162g 163g

@ [Rh(dppbz)]CIO4 was generated in situ from [Rh(dppbz)(nbd)]CIO4 under an atmosphere
of hydrogen.” A complex mixture including the desired compound was obtained

DI, T R ET vy T NI R T FYE 162h W TG E] T2 572 (Scheme
57T, ZORER, FOMTERNCHEIT L, v U VEEETEREA 163h 28 BIRINERTE LN T
7o 70d5. BRIKIA163h 1T, X #fbseEfimc LD | ZOMEEMER L T\ % (Figure 7)
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Scheme 57
— SiMe,Ph
MeO,C — 10 mol% MeO.C 2
Rh(dppbz)]CIO els
Meo2c><_.— [Rh(dppbz)ICIO, g
CICH,CH,CI MeO,C
o MS4A
flux, 1 h
PhMe,Si retiux,
162h 163h: 81%
Figure 7
<Crystal Data>
Crystal System triclinic
Space Group P-1
Lattice Parameters a=11.065 (4) A
b=12.052 (4) A
c=10.146 (6) A
B=108.94 (4)°
V=1190.8 (9) A3
R 0.0402
Rw 0.1655
GOF 1.018

163h o

VIS B —CIR, ERET Lo, TAFR B IO VRSV E S FNICE T 5 L Rh
PR & DRI ERR LT, TR, m—2 YA 7 VRSO J1 VR = VIO AL C(sp?)-Rh
FEECHAT L A — 2o 7 VR AR 3 2 87 e B & L LTz, S ORI T,
5 BERL 7 BEREGUBRIMEAYDIEE L AoND Z &2 R LT
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sesksk sesksk

#1341 1ILL RIS HIETAR LT (Scheme 58), 7/V7 b RK13da & 7' =% —/Vildka s S8, AU T 1=
—/L® Dess-Martin FE{KIZ L V) 1341 255 L7,

Scheme 58
/j MeMgBr E L—: DMP E /j:
—.— CH20|2 E ——
j—% K}OH 1}0
134a (E = COgMe 186: 46% 1341: 90%

R m— A T VRS BOKEIEET DI OBR LM LSO X, Scheme 25 T/~ L7z Brummond & D 2 DIEH»
W2, LFOBIE ST S (Scheme 59)%,

Scheme 59
Shibata (2003) - _

Ph 2 mol% Ph Fh
— °
o/\/ Rh(PPhs)sCl | o~ — . 0 H
== toluene _ Rh Z
90°C,5h H

187 - 188 - 189: 73%
Mukai (2016) - o - Ph
——Ph 2.5 mol% _
[Rh(CO),Cl], e
—_————— —
toluene =
reflux H
SO,Ph SO,Ph SO,Ph
190 - 191 - 192: 65%

B BB 162b |3 FIORTHIETARL LTZ (Scheme 60), 7/t RK162a & 7)) = — /LA fUs S, A LT L2
—/L® Dess-Martin B2{IZ 5 0 162b 2 EHE LTz,

Scheme 60

162a (E = COzMe) 193b: 64% 162b: 94%

# U 162¢, 162d 1[IV PR HETER LT (Scheme 61), 7/L7 & K162a & 7'V =% — VA A fOnSw, AU
7 /b 2—)L Dess-Martin FR{LiZ L 0 162¢, 162d &A1k L7,

Scheme 6
/P—i _RMgBr E P/—: DMP E =
—_—
E \—.— CH,Cl, E :77
h %OH ho
R R
162a (E = COZMe 193c (R = Et): 60% 162c (R = Et): 82%

193d (R = 'Pr): 38% 162d (R = 'Pr): 83%



# I 162e-162g 17U FIORIIAETAMK L= (Scheme 62), 7/L7 & K162a & 7'V =v— /it A Ut s, AUET
JL=—/L 0 Dess-Martin B{KIZ K V) 162e-162g 5% L7z,

Scheme 62
: ArMgBr EF DMP E><%
— —— CH,Cl, E \—.—
h OH o

R R
162a (E = CO,Me) 193e (R = H) 162e (R = H): 49% in 2 steps
193f (R = CO,Me): 90% 162f (R = CO,Me): 97%
193g (R = OMe): 76% 162g (R = OMe): 88%

# JE162g ZHWTRILEATo TG, HEER LD A M OB THEREIC L - T, VR =V o “Efs A MK
TLTWDHEBEZHID (Scheme 63), ZD7=8, BHIOBHEIGCHEITHT, EHNRAYE 521~ LB 2 bivb,

Scheme 63

MeO,C /T: Meozcﬁ
Me0,C —=.= Me0,C" \—=.—

-0 —

1629 162g’'

¥ FET162h [ ZLL FIORTETARR LTZ (Scheme 64), 7/L7 & K162a &3 VLY F o Lk A UL &8, EUZT7 v
1—/L¢ Dess-Martin (b2 & 162h Z 555 L7=,

Scheme 64

E>< -  PhMesSiLi >< ><
E == T pyridine —
CHZCIZ
(e} o

H PhMe,Si PhMe,Si
162a (E = CO,Me) 193h 162h: 22% in 2 steps

m
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FE B nae3.0]V T VT U BROBHIREEEOBR
F—IH 8 BERILEMDAR

RIEIDSUSORERE b, BRI IS ST, $7eb b, UH 162b % Rh-dppbz $5A7FE T,
Vrunx g CRTRIGEATR D & T BRAZGUEZEACEY 163b 3550 DITKT L, Flitz
DMF (XX CRUGEAT2 D & JeoB{biR 163b 135517, 5 BERE 8 BEROMEER L= —BR=\tk
A1) 194b HNEIRENTISHITL B 2 L0V o572 (Scheme 65, eq.2), 723, —EAYLA4)194b (12
DNVTIE, X B RARERRTIC L 0 2 OEEZ R LT 5 (Figure 8),

Scheme 65
10 mol%

[Rh(dppbz)BF,  E ’ (1)
CICH,CH,CI E
. — MS4A
E><j reflux, 3 h 163b: 87%
}_>:o 10 mol%
Rh(dppb2)IBF,  E ©

162b (E = CO,Me)

DMF E (2)
MS4A

90 °C,5h
194b: 52%

Figure 8
<Crystal Data>

Crystal system triclinic

Space Group P-1

Lattice Parameters a=9.446 (2) A
b=10.625(4) A
c=8.741 (2) A
$=93.102 (19)°
V =835.0 (4) A}

R 0.0429
Rw 0.1753
GOF 1.016

194b

SEMIARBTH A, IBIEE L2 A1 CR—ORED S R AR UAIE LA 2 & I THEE
VN, FEo. ZORUGTERT S 5 BB E 8 BEMiEER L7 _BRA(LEY 194b b, BT AFT I
AR L BN B THY (Figure 94, AKEIG%E 2 S KR OFTT- 72 BRAEEEEE L
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THAT T | EBITHETAZ &lc LT~

Figure 9

Ophiobolin A Dactylol Poitediol

cytotoxicity and
apoptosis inducing effect
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e O OHf B

I USSR & BUCHE

£, HEH 162b T, flix O RhDEEA & OBR{bUGZ4ET L7z (Table 8), DPPBz &[] U
JEBUNL - Cdr D DPPE & W TG E T2 -T2 & 2 A, IFEHIEKT 200, HigE 325 “ER
EEY) 194b OEEIME T L, 7 BERZ TR 163b 2SRIVERM) & L THRELIZ (un 2), —F
DPPP ZRf & LTHWZ&E 2 A, HRIDARH) 194b 75 63% THFHAZ (run 3), KIZ, U VI
FDIKFESE A & HITHHE L7z DPPB BN AW TERISET TR 51228, Z OBAIIBUG AN ek
L72o 72 (tun 4), F7o, o “JERMT -T2 DPPF, BIPHEP % HWCRISEIT/R 72238, Ji
BB DfEF & 72572 (runs Sand 6), & BT, HJEEN %7 5 Rh(DEEAS, Rh(I)-NHC &
KW TRUNET T2 > Th, BRONEREE E L7203 7= (tuns 7 and 8), DL EODFER 1 W . DPPP
A& LTV, RICSOSRE O 21772 5 Z LT Lz,

Table 8. Examination of Rh(l) Catalysts

E p—
E>< 10 mol% Rh(l) E O g
e ——, ’ +

}—>: MS4A, DMF, 90 °C E E
o)

162b (E = CO,Me) 194b 163b
run Rh(l) catalyst time (h) yields (%)”
194b 163b 162b

1 [Rh(dppbz)]BF4 5 52

2 [Rh(dppe)IBF4 19 43 5

3 [Rh(dppp)IBF4 1 63

4 [Rh(dppb)]BF,4 19 8 6 33
5 [Rh(dppf)]BF4 19 4 4 53
6 [Rh(biphep)]BF 4 22 - - 47
7 [Rh(PPh;),]BF4 19 5 12 23
8P [Rh(liPr)(cod)]BF 4 21 . - 41

@ TH NMR yields.
b The reaction was carried out at 90 °C for 9 h and 120 °C for 12 h.
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__________________________________________________________

__________________________________________________________

PO E LTy mnx 2 U WTRUSE TR o7 & 24, “BA(EY 194b 1345 DT
e LAY 163b BRI TEOLNTE 72 (Table9,run2), 7 b=k U /L& HW5E120T
FOGMIEE A EHEITET, RS DR & 72572 (run3), F 7= THF X° DMSO H1 CRUL AT
729 &, BHIDBMIAK 194b 23 EAER) & L TIRDND OO, PERON HITR 5720357 (runs
4and5), = TRIZ, BOAEEEE LTDME ZHWTC, A2 —T =4 Ofita 452 &icL
Teo AV H—=T =A% ClOs & LTRISZEATIR -T2 & T4, BHUIR 194b DR EAT B
72 (un6), — ST TSbFs°BAr 2 7 H—T =4 LTHWD &, IR T LT (uns 7
and8), LALDFER LV | F b BRIk R4 52 72 [Rh(dppp)]ClOs 1A% IV T, RiZ, ABUSICE
FHENFIONRZ 7D Z LiZ L,
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Table 9. Examination of Various Solvents and Counter Anions
E — 10 mol% £ o
c [Rh(dppp)IX . © g
— MS4A, 90 °C E E
(0]

162b (E = CO,Me) 194b 163b
run solvent X time (h) yields (%)”
194b 163b 162b

1 DMF BF, 1 63

2b CICH,CH,CI BF, 20 - 87

3b CH43CN BF, 17 4 - 72
4° THF BF, 19 60 5

5 DMSO BF, 2 41

R DMF co, 1 66 - -
7 DMF SbFg 1 59

8 DMF BArf 1 56

a4 NMR yields. ® The reactions were carried out under reflux condition.
BArF™ = [B[3,5-(CF3)2C5H3]4]-

£ MS4A IHHE T CRUGEA T/ o128 2 A, ZOBAITTBRUANI RS, [FEZEIT 5
FEFL L 2p 72 (Table 10, run 2), MS3A ZFRNEIE L CRUGETTZ2 D & BRAKIAK 194b DULERMN 72%
FCHELZ un3), —J., MSSA ZHW=AITiE. BIUE T28(IEINTIE< BT, £t
LA 163b DSERANAERT D Z L3 b)yo7- (und), ZOFEFIE. L ¥ o2 T7——T O
ISR R E B L QWD Z LR LTS, 22T, BLFaT7——70NBE 3
R LUTINTWD Z EAMEL, S OICINIFIERET LTz, EORER, HRMEE T CIXEMOBR
{EIRDMGFHID Z Lo Teid, EOIERIHELS . MS3A ZHE 2 HREHRIIF LIV -T2 (tuns
5-10), L EDOFERD G b BVEEE 5.2 72 MS3A 2RI & U CTHW DS E gl & Lz,
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Table 10. Examination of Various Additives
E = 10 mol% £ o
A [Rh(dppp)ICIO, ) ga
o DMF, 90 °C E E
(e

162b (E = CO,Me) 194b 163b
yields (%)@

run additive time (h) 194b 163b 162b
1 MS4A 1T 66 - -
2 - 19 - 46
3 MS3A 1 726 - -

4 MS5A 9 - 55 -
5¢ PhCO,H 18 - -2
6° EtCO,H 18 - - 22
7° Na,CO; 18 7 4 42
8¢ K,CO4 18 17 5 28
9° Cs,CO4 18 9 - 35
10¢ CaCO, 18 - 6 64

aTH NMR yields. ? Isolated yields.
€1 eq. of additive were used.

ABISORICHEFEITHED & ZARD K 125 2T D (Scheme 66), F3°7 L O distal {70
Hiie & 7/0F D Rh SR EANBR AN L, 5 BER e —& YA Z VPRHA LV 2R %, it
W, ZOHRRDIER 5 & 4L LT, HIVR=/L A FILEED C-H A ORI T L, 45
-7 Va Ty AHRRIRV ZTERT 5, Bl TR TTHIEE A R CRUGHEE T L T D L BIED & 2
AZEZTND,
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e O OHf B

Scheme 66

o E
162b © 194b

Rh(l)
oxidative reductive
cycloaddition elimination
E= COzM e
\ .-

cleavage of
C-H bond

EZAT, ZOEIBRAZTHA I NVHFRUEDZ 5| &4 L Uiz C-H IEMLEUSIET T2 4hF
RETHRELCQND, T7ebb, 7LV R T FNVIEEFT DT LA 2 195 % Rh(I)-NHC (4
FHEF CRIGEATR D L. 3 BRASTEUA 196 7M55N05 2 & 2 RH LTV (Scheme 67, eq.
), ZORIGTIE, 7L rd distal (20 _FfEE & TR e Uy RIS LB LA L,
5 BERu—&YA 7 VHPRHA 197 TR 2, i VTl 7 FIVEED A FVEED C-H A TEME A
B0, BB T L TV D EEBEX BID, FEENRE LIERUS TS, CHAEG OB D
BNEIHDHOD, ZIVE[FARRORIE CRIGHEETTL TWDH LB X b, 7286, 1D HITITFRE
BT, U L [FRROISZ S LTV D (Scheme 67, eq. 2)%042,
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Scheme 67
Sato (2012)

E — 10 mol% E
[Rh(I'Pr)(cod)CIO, E ZH
E H g (1)
\ CICH,CH,CI, 65 °C, 1 h
\\_@

196: 90%
H
Z>Rh”
197 198 199
Mukai (2012)
E E
E 10 mol% RhCI(dppp),  E ~H
- 2
. toluene, reflux @
PhO,S ?@ PhO,S

H

200 (E = CO,Me) 201: 81%
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L RIFE L CE L 2 T — U — T DR EHRRERE 5 2 2B I DUV TR BIED & Z A0 >TUORLy, LI LR G,
MS3A, 4A [ IFUCHEDEHIEL L T D DI L, MSSA 1372 D RUGMEZ 7R 2 LA HALTW D, FilZIE, 2011 FELES
%, 202 & MSSA {HE N7 m i BN RS CRUGAEA T2 9 & KOG T L, == 203 ¥F 54
5HZEHRRBHLTOS (Scheme 68)7, ZDRIGTIL, MS5A DRIV IZ MSAA ZVRIIFIE LTHWT b, ROtEa< T
L7820,

Scheme 68
Yamada (2011)

MS (1 0 g/mmol)
CICHZCHZCI

reflux, 1 h
203

MS5A: 92%
MS4A: No Reaction

F7o, 2015 4F0], ABEDIE, o-7 Y T ATV 24 BT X ) —)V L ONMSSA TE T Cu filila AV CRds & 729 &, =
4 ) =D O-HFEEDFFEADEZ Y | 205 DSEIERD DEOAFIER TR Z & & R L C% (Table 11, run 1)%,
BN L1, TRIIFIO MSSA % MS4A, HDUWNEMS3A IR Z CTRIGEIT729 &, 205 13RINERTELNLD L OO,
ZOARFINRITE LR TFTDZ 00> TS (runs2and3), ZHHDRIGNIEIT HE L ¥ 27— —7 OffE 0
WNZDWT, ZOFBMIACH D, LLERRTE/ZL 91, FLFa 7 ——TDRRINEE 52 5 LWV ) didsian
<ODVHEHIBILTND,

Table 11.

Mukai (2015)
5 mol% Cu(OTf), H OEt
N 6 mol% NaBArF §

CO;Me EtOH M, COMe
5eq. CH,Cl,, 40 °C

204 205
run additive time (h) vyield (%)? ee
1 MS5A 1.5 86 76
2 MS4A 3.5 83 5
3 MS3A 2 89 7

3 L MS3A:

P D | KaNap[(AI02)15(SI0)rolxH0
P MS4A: .

0N 1 Napo[(AlO2)12(SiO2)12]°xH20

N P
~ O I MS5A:

1 CanNa12.20[(Al02)12(S102)12]xH20 |

N
D T
OPh

ligand

#2 7 LA 2 162b & VSR TIE, Scheme 67 (R LIZSONTHEI TR, 3 BEREZSTIRILAA 196b 1315 51 7eh ~ 7
(Scheme 69), ZAUTIE DL L, IIVAR=IV afiiD A FNIED CHFEEN L SIS LT UW2dTHD EEZ HILD,
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Scheme 69
E — 10 mol%
X [Rh(dppp)CIO,  E O B ~~TH
B == DMF, MS3A  E E o
o 90°C.1h
162b (E = CO,Me) 194b: 72% 196b: not obtained
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FHIH BRx RESES AT O B e TR

ARIISOFEOREHEH AR D~ | flx OFEE AW TRIGNE T eoTe, £3, 74X kD
EHAEL OV TG L= (Table 12)*, /KFgkL% MOM 5O L7 162¢ 2 AW CRUG AT T72
9 &, BRIDBALIK 194¢ 73 43%DIEETE L (unl), 7235, 162¢ & AV =35E121%, THF H
THRUGZEATR D & WP EL7Z (un 2), Fio, =F AL FT2HE 162d 2 VT
FOGEAT72 9 & Bk 194d OUERAMKT L7 (runs 3 and 4), F72, K7 % o 2HT5HE
162e Z FH AT, NIFEIEZ MS4A &5 & ARIERZ2 B “BRA(LAY) 194e 315005
EDVG3NroT2 (runsSand 6), MS4AA 23 BUVER A 5-2 T2 IOV T, 5T AT CH 5,

Table 12. Examination of Substrates Having Substituents on Alkyne Moiety

MeOzC 10 1%
mol7o
MeO,C C [Rh(dppp)ICIO, - Me02C
}—>: DMF, MS3A MeO,C

run substrate temperature (° time ( product yield (%)
L OMOM
MeOzC i
OMOM
1 MeO,C — 90 19 MeO,C
22 }_\f o reflux 40 MeO,C
162c 194c
MeO,C \_/—\:
3 MeO,C — 90 72 MeO,C
42 }_>: o reflux 64 MeOC
162d 194d

T

M602C

S Meo2 90 24 MeO,C o -
6> 90 24 MeO,C 34
162e 194e

2 THF was used as a solvent instead of DMF. ®» MS4A was used as an additive instead of MS3A.

@)

62



FHENT, A& BB W TR, T2 o 7= (Table 13)*2, ZOFER, 7 L2 EOE#HIEL L TR
FNIEZHTHIE162f Tld, FOITECMNTEITLZ (unl), £72. 78 b= FENEAT D5
B 162g TH, ANIETL. (un2), — i UV —T VSN A AT DA 162h T, B
B4R 194h DYLEEDMKT L7223, MS4A ZUSiAl & L THWS Exbind™ 2 “E81bE49 194h OISR
A L7 (uns 3and4), VAR TEL L 9IZ, OSERHEZHEUIERIRT 5 Z L2k - T, BAT
TRERT HIIDBUARD G HID T & 03537 T,

Table 13. Examination of Various Substrates

10 mol% 0]
>:.— [Rh(dppp)ICIO,
—
R DMF, MS3A
O R
194

7

162
run substrate temperature (°C) time (h) product yield (%)
MeO,C —
MeO,C O
1 MeO,C o— 2 65
%0 MeOZC
O
162f 194f
0 —
>< N 0 o
2 (0] —e— 50 24 >< 50
0]
O
1629 1949
BnO —
3 >< 50 18 B0 © 31
BnO —.= BnO
48 50 18 58
@]
162h 194h

a8 MS4A was used as an additive instead of MS3A.
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Scheme 70
I, PPhg
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MOMO OH™ _ _ ~ MOMO |
206 THF 207
LHMDS
then CICO,Me
then
/ - \
MOMO 297 | R R

— E = E =
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== 208 O E \—u— TBAF £\,
% Nal h THF
OTBDPS OTBDPS

180 (E = CO,Me) THF
209¢ (R = OMOM): 70%
209d (R = Me): 58%

210c (R = OMOM): 82%
210d (R = Me): 79%

211c (R = OMOM): 90% 212c (R = OMOM): 60% 162c (R = OMOM): 81%
211d (R = Me): 90% 212d (R = Me): 52% 162d (R = Me): 92%

FE 162e 1T FIORTHETAR L7Z (Scheme 71), 7 L2 A > 211e® % Grignard 58382 & 57 /L% Uk, Dess-Martin
I I D 162e 2GR L=,

Scheme71
E - MeMgl E>< — DMP E>< —
E = T~ E —
E = == CH,Cl, ==
OH 0

211e (E= COZMe 212e: 68% 162e: 92%

HE 1626 1ILLF DL ST L THR L7 (Scheme 72), SCEREEAIOT LT & R213° % -7 BE-1-7 X & -7 FL Y
F I LNOIHEL U= T V=) F o b EsSE, AR L7ZT /L 2—/1 214 % Johnson-Claisen #&(712 5 0 7 L0 215 ~
EIER LT, T L 215 & LHMDS TR L7214, 7 n XA F /L, KO\ 2216 & 3 k) R U o 2nbFil L
oA vFEENER S 7Y TS, T LuA v 209 w157, i T, TBDPS HEONiff#, A U727 L a—L1o
Dess-Martin F#{IZ 0 7 /L7 8 R210f & L7z, ZDf%, Grignard s3EIZ K A7 /0% /b, Dess-Martin F{LIZ &V 162f %
B LT,
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Scheme 72
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OTBDPS  n-Buli OTBDPS EtCOH
H _ &

213 THF

OH
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212f: 31%
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Scheme 73
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.
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Scheme 74

1) NaH then BnBr
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o OMe o
H 17 MeO N
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THF
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Scheme 75

Eﬁ 10 mol% Et
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Et

213: ined. 163c: 99
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Experimental Section

General

All manipulations were performed under an argon atmosphere unless stated otherwise. Solvents were purified under
argon using The Ultimate Solvent System (Glass Counter Inc.) (THF, Et,O, CH3CN, DMF), and were distilled under an
argon atmosphere from CaH, (CICH,CHCI). All other solvents and reagents were purified when necessary by standard
procedures. Column chromatography was performed on silica gel 60 N (spherical, neutral; Kanto Kagaku, 45-50 pm),
silica gel 60 N (spherical, neutral; Kanto Kagaku, 63-210 pm), or Wakogel® (spherical, neutral; Wako, 20-40 pm) with
the indicated solvent as eluent. TLC and PTLC were performed on Silica gel 60 PFissa (Merck). IR spectra were
obtained on a JASCO FT/IR 460Plus spectrometer. 'H NMR spectroscopy was recorded on JEOL ECX400P (400
MHz), JEOL ECS400 (400 MHz), and JEOL ECA500 (500 MHz) NMR spectrometer. Chemical shifts are reported in
ppm from the solvent as the internal standard (CDCls: 6 = 7.26 ppm, C¢Ds: 6 = 7.16 ppm, DMSO: & = 2.54 ppm). Data
are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, br = broad, m = multiplet),
coupling constants (Hz) and integration. '*C NMR spectroscopy was recorded on JEOL ECX400P (100 MHz), JEOL
ECS400 (100 MHz), and JEOL ECAS00 (125 MHz) NMR spectrometer. Chemical shifts are reported in ppm from the
solvent as the internal standard (CDCls: & = 77.00 ppm, CsDs: 6 = 128.06 ppm). Mass spectra were obtained on JEOL
JMS-T100LP and IMS-T100GCV and JEOL JMS-FAB mate mass spectrometer, and Thermo Scientific Exactive mass
spectrometer. Optical rotations were measured on a JASCO P-1030 digital polarimeter at the sodium D line (589 nm).

Chiral HPLC analyses were carried out using a JASCO PU-980 and using indicated chiral column.
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General Procedure for Monitoring Cyclization Using [Rh(dtbm-segphos)]|BF4

A solution of [Rh(cod),]BF4 (0.100 mmol, 10 mol% to a substrate) and (S)- or (R)-DTBM-SEGPHOS (0.100 mmol, 10
mol% to a substrate) in dehydrated acetone (3.8 mL: 0.026 M to Rh) was stirred under H, atmosphere at room
temperature for 1 h. Then the reaction mixture was degassed, and the reaction vessel was flushed with Ar gas. To the
mixture was added a solution of substrate 28b (1.00 mmol) and 1,3,5-trimethoxybenzene (0.250 mmol, 2.5 eq. to a
substrate) as an internal standard with or without 4-fluorobenzonitrile (0.100 mmol, 10 mol% to a substrate) in
dehydrated acetone (6.2 mL) and the reaction mixture was stirred at 45 °C. The reaction was monitored by poured
reaction solution, removed the Rh complex by short silica gel colomn chlomatograpy to give mixture of substrate and
product. The yields of 28b and 29b were determined by 'H NMR. The enantiomeric excesses of 28b and 29b were
determined by HPLC analysis with a DAICEL CHIRALPAK AS-H [eluent: n-hexane/2-propanol = 9/1, flow rate: 1.0
mL/min, detector: UV (220 nm)]: tr = 25.4 min for (S)-enantiomer of 29b: fr = 32.9 min for (R)-enantiomer of 29b: trr =
39.2 min for (S)-enantiomer of 28b: r = 58.8 min for (R)-enantiomer of 28b.

<Scheme 9>
A solution of [Rh(cod),]|BF4 (8.1 mg, 0.020 mmol) and BIPHEP (10.6 mg, 0.0203 mmol) in dehydrated acetone (0.80
mL: 0.026 M to Rh) was stirred under H, atmosphere at room temperature for 1 h. Then the reaction mixture was
degassed, and the reaction vessel was flushed with Ar gas. To the mixture was added a solution of (5)-28b (61.0 mg,
0.198 mmol) in dehydrated acetone (1.20 mL) and the reaction mixture was stirred at 45 °C until the substrate
disappeared on TLC. After removal of the solvent, the residue was purified by column chromatography on silica gel
(n-hexane/EtOAc = 10/1, 3/1) to give (S)-29b (5.86 g, 74% yield) as a pale yellow oil, whose spectral were consistent
to those reported literature’. Spectral data of (5)-29b: [a]p!® +9.94 (¢ 0.90, CHCI;). The enantiomeric excess was
determined to be 33% ee by HPLC analysis with a DAICEL CHIRALPAK AS-H [eluent: n-hexane/2-propanol = 9/1,
flow rate: 1.0 mL/min, detector: UV (230 nm)]: fr (major) = 25.4 min for (S)-enantiomer: fr (minor) = 32.9 min for

(R)-enantiomer.

<Scheme 13>
<without nitrile>
According to the general procedure, monitoring of cyclization which was reacted from 28b (307 mg, 1.00 mmol),
[Rh(cod),]BF4 (40.6 mg, 0.100 mmol), (R)-DTBM-SEGPHOS (118 mg, 0.100 mmol) and 1,3,5-trimethoxybenzene
(42.7 mg, 0.254 mmol) in acetone (10 mL) at 45 °C, was conducted. The yields and ee’s were shown in Table 14.

<with nitrile>

According to the general procedure, monitoring of cyclization which was reacted from 28b (369 mg, 1.20 mmol),
[Rh(cod),]BF4 (48.8 mg, 0.120 mmol), (R)-DTBM-SEGPHOS (142 mg, 0.120 mmol) and 1,3,5-trimethoxybenzene
(51.4 mg, 0.306 mmol) with 4-fluorobenzonitrile (14.5 mg, 0.120 mmol) in acetone (12 mL) at 45 °C, was conducted.

The yields and ee’s were shown in Table 15.
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Table 14
Time | yield of | ec 0of29b | (5)-29b | (R)-29b | yield of | ec of 28b | (5)-28b | (R)-28b
(min) |[ 29b (%) | (% ee) (%) (%) 28b (%) | (% ee) (%) (%)
0 0 0 0 0 100 0 50 50
5 12 97 12 0 75 19 30 45
10 29 95 28 1 57 44 16 41
20 51 94 49 2 34 86 2 32
30 59 92 57 2 34 95 1 33
60 56 94 54 2 30 96 1 29
120 56 94 54 2 29 93 1 28
240 57 91 54 3 27 93 1 26
480 63 83 58 5 27 93 1 26
900 66 83 60 6 26 93 1 25
1440 65 80 59 7 22 90 1 21
4080 69 79 62 7 6 0 3 3
5580 69 78 61 8 2 0 1 1
6840 71 78 63 8 0 0 0 0
Table 15
Time | yield of | ee 0of29b | (5)-29b | (R)-29b | yield of | ee of 28b | (5)-28b | (R)-28b
(min) [ 29b (%) | (% ee) (%) (%) 28b (%) | (% ee) (%) (%)
0 0 0 0 0 100 0 50 50
10 31 95 30 1 60 33 20 40
20 58 98 57 1 28 86 2 26
30 63 98 62 1 21 92 1 20
60 67 97 66 1 19 94 1 18
120 68 96 67 1 18 95 0 18
240 70 93 68 2 16 97 0 16
480 71 90 67 4 15 98 0 15
1320 72 84 66 6 11 95 0 11
1800 76 81 69 7 10 75 1 9
2880 73 82 66 7 4 1 2 2
4200 76 83 70 6 0 0 0 0
7080 76 82 69 7 0 0 0 0
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<Scheme 14>
<eq. 1, without 4-fluorobenzonitrile>
According to the general procedure, monitoring of cyclization which was reacted from (S)-28b (295 mg, 0.960 mmol),
[Rh(cod),]BF4 (39.6 mg, 0.0974 mmol), (R)-DTBM-SEGPHOS (113 mg, 0.0958 mmol) and 1,3,5-trimethoxybenzene
(40.9 mg, 0.243 mmol) in acetone (9.6 mL) at 45 °C, was conducted. The yields and ee’s were shown in Table 16.

<eq. 1, with 4-fluorobenzonitrile>

According to the general procedure, monitoring of cyclization which was reacted from (S5)-28b (301 mg, 0.979 mmol),
[Rh(cod),]BF4 (40.0 mg, 0.0984 mmol), (R)-DTBM-SEGPHOS (117 mg, 0.0992 mmol) and 1,3,5-trimethoxybenzene
(42.8 mg, 0.254 mmol) with 4-fluorobenzonitrile (12.1 mg, 0.0999 mmol) in acetone (9.8 mL) at 45 °C, was conducted.

The yields and ee’s were shown in Table 17.

<eq. 2, without 4-fluorobenzonitrile>

According to the general procedure, monitoring of cyclization which was reacted from (S)-28b (292 mg, 0.950 mmol),
[Rh(cod),]BF4 (38.6 mg, 0.0950 mmol), (S)-DTBM-SEGPHOS (113 mg, 0.0955 mmol) and 1,3,5-trimethoxybenzene
(40.1 mg, 0.238 mmol) in acetone (9.5 mL) at 45 °C, was conducted. The yields and ee’s were shown in Table 18.

<eq. 2, with 4-fluorobenzonitrile>

According to the general procedure, monitoring of cyclization which was reacted from (S)-28b (300 mg, 0.976 mmol),
[Rh(cod),]BF4 (40.0 mg, 0.0984 mmol), (S)-DTBM-SEGPHOS (116 mg, 0.0982 mmol) and 1,3,5-trimethoxybenzene
(42.8 mg, 0.244 mmol) with 4-fluorobenzonitrile (11.7 mg, 0.0966 mmol) in acetone (9.8 mL) at 45 °C, was conducted.

The yields and ee’s were shown in Table 19.

Table 16

Time | yield of | ee of 29b | (S)-29b | (R)-29b | yield of | ee of 28b | (5)-28b | (R)-28b

(min) || 29b (%) | (% ee) (%) (%) 28b (%) | (% ee) (%) (%)
0 0 0 0 0 100 99 100 1
5 19 95 18 1 70 72 60 10
10 44 99 44 0 45 41 32 13
20 83 99 83 0 7 -89 0 7
30 86 99 86 0 3 -84 0 3
40 76 94 74 2 0 0 0 0
50 82 99 82 0 0 0 0 0
60 82 99 81 1 0 0 0 0
120 87 97 86 1 0 0 0 0
240 86 96 84 2 0 0 0 0
480 88 93 85 3 0 0 0 0
960 86 93 83 3 0 0 0 0
1440 85 91 81 4 0 0 0 0
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Table 17
Time | yield of | ee of 29b | (S)-29b | (R)-29b | yield of | ec of 28b | (S)-28b | (R)-28b
(min) |[ 29b (%) | (% ee) (%) (%) 28b (%) | (% ee) (%) (%)
0 0 0 0 0 100 99 100 1
5 16 98 16 0 73 54 56 17
10 41 99 41 0 50 21 30 20
20 76 99 76 0 15 =78 2 13
30 80 99 80 0 9 -94 0 9
40 80 99 80 0 7 -94 0 7
50 80 99 79 1 6 -95 0 6
60 82 99 82 0 7 -96 0 7
120 83 98 82 1 5 91 0 5
240 83 97 82 1 3 -79 0 3
480 83 92 80 3 0 0 0 0
960 83 91 79 4 0 0 0 0
1440 87 90 83 4 0 0 0 0
Table 18
Time || yield of | ee of 29b | (S)-29b | (R)-29b | yield of | ee of 28b | (S)-28b | (R)-28b
(min) || 29b (%) | (% ece) (%) (%) 28b (%) | (% ee) (%) (%)
0 0 0 0 0 100 99 100 1
10 12 100 0 12 74 65 61 13
20 20 99 0 20 65 69 55 10
30 22 98 0 22 63 72 54 9
60 30 97 0 30 56 76 49 7
120 34 94 1 33 55 77 49 6
240 36 91 2 34 49 80 44 5
480 40 86 3 37 45 82 41 4
960 44 80 4 40 40 76 35 5
1440 48 74 6 42 37 64 30 7
2880 59 76 7 52 26 5 14 12
4320 60 76 7 53 16 0 8 8
5760 60 76 7 53 10 0 5 5
7200 53 76 6 47 5 0 3 2
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Table 19

Time || yield of | ee of 29b | (S)-29b | (R)-29b | yield of | eec of 28b | (S)-28b | (R)-28b

(min) || 29b (%) | (% ce) (%) (%) 28b (%) | (% ee) (%) (%)
0 0 0 0 0 100 99 100 1
10 17 99 0 17 72 56 56 16
20 30 99 0 30 60 61 48 12
30 38 99 0 38 50 70 43 7
60 46 98 0 46 42 85 39 3
120 49 96 1 48 41 82 37 4
240 49 94 2 47 37 85 34 3
480 54 89 3 51 33 67 28 5
960 59 85 5 54 31 86 29 2
1440 59 83 5 54 28 68 24 4
2880 64 83 5 59 17 -2 8 9
4320 68 82 6 62 12 1 6 6
5760 68 81 6 62 10 1 5 5
7200 61 80 6 55 7 1 4 3

<Scheme 17>

N-(8-((tert-Butyldimethylsilyl)oxy)-5-hydroxyoct-3-yn-1-yl)-V,4-dimethylbenzenesulfonamide (63)

To a solution of 62 (6.64 g, 28.0 mmol) in THF (17 mL) was added LHMDS (1.30 M in THF, 21.5 mL, 28.0 mmol) at
-78 °C, and the mixture was stirred at the same temperature for 1.5 h. To the mixture was added a solution of 61 (3.78 g,
18.7 mmol) in THF (20 mL) at -78 °C, and the mixture was stirred at -78 °C for 2 h. To the mixture was added saturated
NH4Cl aqueous solution at 0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with
brine, dried over Na>SOs, and concentrated. The residue was roughly purified by column chromatography on silica gel
(n-hexane/EtOAc = 3/1) to give 63 (5.86 g, 71% yield) as a yellow oil. Spectral data of 63: IR (neat) 3512, 1598, 1342,
1162, 836 cm™'; 'H NMR (500 MHz, CDCl3) 8 7.67 (d, J = 8.1 Hz, 2 H), 7.32 (d, J = 8.1 Hz, 2 H), 4.44-4.33 (m, 1 H),
3.75-3.60 (m, 2 H), 3.20 (d, /= 5.8 Hz, 1 H), 3.18 (t, J=7.6 Hz, 2 H), 2.80 (s, 3 H), 2.48 (dt, J=7.6, 1.8 Hz, 2 H), 2.43
(s, 3 H), 1.85-1.58 (m, 4 H), 0.89 (s, 9 H), 0.07 (s, 6 H); 3C NMR (125 MHz, CDCls) & 143.4, 134.8, 129.7 (2 C),
127.3 (2 C), 83.3, 81.2, 63.2, 62.1, 49.2, 35.5, 35.4, 28.5,25.9 (3 C), 21.5, 19.0, 18.3, -5.4 (2 C); LRMS (EI) m/z 382
[(M-C4Hy)™], 364, 155, 91; HRMS (EI) calcd for C1gH2sNO4SSi [(M-C4Ho)™] 382.1508, found 382.1497.

N-(8-((tert-Butyldimethylsilyl)oxy)-5-oxooct-3-yn-1-yl)- NV, 4-dimethylbenzenesulfonamide (64)

To a solution of 63 (16.4 g, 37.3 mmol) in CH,Cl, (190 mL) was added Dess-Martin Periodinane (19.0 g, 44.8 mmol) at
0 °C, and the mixture was stirred at room temperature for 30 min. To the mixture were added saturated NaHCO3
aqueous solution and 10 % Na,S;03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH>Cl,. The
organic layer was washed with brine, dried over Na;SOs, and concentrated. The residue was purified by column
chromatography on silica gel (n-hexane/EtOAc = 8/1, 5/1, 4/1) to give 64 (15.1 g, 92% yield) as a pale yellow oil.
Spectral data of 64: IR (neat) 2214, 1675, 1598, 1344, 1162, 838 cm™'; '"H NMR (500 MHz, CDCl3) § 7.67 (d, J = 8.0
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Hz, 2 H), 7.32 (d, J= 8.0 Hz, 2 H), 3.61 (t, J= 5.7 Hz, 2 H), 3.23 (t, J = 7.4 Hz, 2 H), 2.81 (s, 3 H), 2.65 (t, /= 6.8 Hz,
2 H), 2.60 (t, J= 7.4 Hz, 2 H), 2.43 (s, 3 H), 1.85 (tt, J = 6.8, 5.7 Hz, 2 H), 0.87 (s, 9 H), 0.03 (s, 6 H); '*C NMR (125
MHz, CDCls) § 187.6, 143.6, 134.5, 129.8 (2 C), 127.3 (2 C), 89.4, 82.0, 61.8, 48.4, 42.0, 35.7, 26.9, 25.9 (3 C), 21.5,
19.5, 18.2, -5.4 (2 C); LRMS (EI) m/z 380 [(M-C4Ho)'], 225, 155, 91; HRMS (EI) calcd for CsH2eNO4SSi [(M-C4Ho)']
380.1352, found 380.1352.

(S)-N-(8-((tert-Butyldimethylsilyl)oxy)-5-hydroxyoct-3-yn-1-yl)-/V,4-dimethylbenzenesulfonamide ((.5)-63)

To a solution of (S)-CBS-catalyst (11.6 g, 41.9 mmol) in THF (160 mL) was added a solution of 64 (9.19 g, 21.0 mmol)
in THF (50 mL) at room temperature. To the mixture was added a BH3-Me,S complex at -30 °C for 20 min and the
reaction mixture was stirred at the same temperature for 30 min. To the mixture was added MeOH at -30 °C and diluted
with Et;,O at room temperature. The organic layer was washed with saturated NH4Cl aqueous solution, saturated
NaHCOj; aqueous solution, H,O, and brine. The organic layer was dried over Na,SQO4, and concentrated. The residue
was purified by column chromatography on silica gel (n-hexane/EtOAc = 2.5/1, 2/1, 1.5/1) to give (5)-63 (7.85 g, 85%
yield, 90% ee) as a pale yellow oil. Spectral data of (5)-63: [a]p** -3.2 (c 1.38, CHCl;). The enantiomeric excess was
determined to be 90% ee by HPLC analysis with a DAICEL CHIRALPAK OD-H [eluent: n-hexane/2-propanol = 95/5,
flow rate: 1.0 mL/min, detector: UV (240 nm)]: & (minor) = 13.3 min for (R)-enantiomer: fz (major) = 19.8 min for

(S)-enantiomer.

(S)-1-((tert-Butyldimethylsilyl)oxy)-8-((/V,4-dimethylphenyl)sulfonamido)oct-5-yn-4-yl  tosyl-L-phenylalaninate
((5)-66)
To a solution of (5)-63 (2.50 g, 5.69 mmol) in THF (30 mL) were added DMAP (73.0 mg, 0.598 mmol), pyridine (600
pL, 7.43 mmol) and 65 (2.30 g, 6.81 mmol) at 0 °C, and the mixture was stirred at room temperature for 1.5 h. To the
mixture was added H>O at 0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with 1
N HCI aqueous solution, saturated NaHCOj3 aqueous solution and brine. The organic layer was dried over Na,SOs, and
concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 3/1) to give (S)-66
(3.77 g, 89% yield, 90% de) as a yellow oil. Further purification was performed by recycling HPLC [column: SIL-P,
eluent: n-hexane/EtOAc = 3/1, flow rate: 3.5 mL/min, detector: UV (254 nm)] to give (5)-66 (>99% de) as a pale
yellow oil. Spectral data of (5)-66: IR (neat) 3290, 3029, 2928, 2856, 1745 cm’'; 'H NMR (500 MHz, CDCl;) 8 7.66 (d,
J=8.5Hz 2 H),7.63 (d,J=8.5Hz, 2 H), 7.30 (d, /= 8.5 Hz, 2 H), 7.24-7.19 (m, 5 H), 7.12 (dd, J= 6.8, 2.8 Hz, 2 H),
5.11 (tt, J=6.8, 2.0 Hz, 1 H), 5.01 (d, J=9.0 Hz, 1 H), 4.19 (dt, J=9.0, 5.5 Hz, 1 H), 3.57 (td, J = 6.8, 2.0 Hz, 2 H),
3.15(t,J=7.5Hz 2 H),3.04 (d, J=5.5Hz, 2 H), 2.78 (s, 3 H), 2.49 (td, /= 7.5, 2.0 Hz, 2 H), 2.42 (s, 3 H), 2.39 (s, 3
H), 1.68-1.63 (m, 2 H), 1.50-1.44 (m, 2 H), 0.90 (s, 9 H), 0.05 (s, 6 H); '*C NMR (125 MHz, CDCl;) 6 169.8, 143.54,
143.50, 136.7, 134.7, 129.8 (4 C), 129.6 (2 C), 128.5 (2 C), 127.3 (2 C), 127.2 (4 C), 83.4, 78.6, 65.8, 62.3, 56.2, 49.0,
39.1, 35.6, 31.3, 28.1,25.9 (3 C), 21.53, 21.51, 19.2, 18.3, -5.3 (2 C); LRMS (EI) m/z 683 [(M-C4Ho)"], 585, 422, 364,
198, 155, 91; HRMS (EI) calcd for C34H43N207S,Si [(M-C4Ho)'] 683.2281, found 683.2312; [a]p® -40.7 (¢ 1.17,
CHCIl;). The diastereomeric excess was determined to be >99% ee by HPLC analysis with a DAICEL CHIRALPAK
AD-H [eluent: n-hexane/2-propanol = 8/2, flow rate: 1.0 mL/min, detector: UV (254 nm)]: #r (minor) = 9.2 min for (S,

R)-diastereomer: fr (major) = 12.9 min for (S, S)-diastereomer.

(S)-V-(8-((tert-Butyldimethylsilyl)oxy)-5-hydroxyoct-3-yn-1-yl)-V,4-dimethylbenzenesulfonamide ((:5)-63)
To a solution of (5)-66 (5.18 g, 6.99 mmol, >99% de) in EtOH (15 mL) was added a solution of 40% KOH aqueous
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solution (5.0 mL, 35.7 mmol), at 0 °C, and the mixture was stirred at room temperature for 1 h. To the mixture was
added saturated NH4Cl aqueous solution at 0 °C, and the aqueous layer was extracted with EtOAc. The organic layer
was washed with brine, dried over Na,SOs, and concentrated. The residue was purified by column chromatography on
silica gel (n-hexane/EtOAc = 3/1, 2/1, 1/1, EtOAc) to give (5)-63 (2.65 g, 86% yield) as a pale yellow oil. Spectral data
of (5)-63: [a]p? -3.6 (¢ 1.00, CHCI;). The enantiomeric excess was determined to be 99% ee by HPLC analysis with a
DAICEL CHIRALPAK OD-H.

(S)-IV-(8-((tert-Butyldimethylsilyl)oxy)octa-3,4-dien-1-yl)-/V,4-dimethylbenzenesulfonamide ((S)-67)

To a solution of PPhs (586 mg, 2.23 mmol) in THF (6.0 mL) was added DIAD (450 pL, 2.29 mmol) at -15 °C, and the
mixture was stirred at the same temperature for 15 min. To the mixture was added a solution of (S)-63 (655 mg, 1.49
mmol) in THF (4.5 mL) at — 15 °C, and the mixture was stirred at the same temperature for 15 min. To the mixture was
added a solution of NBSH (490 mg, 2.26 mmol) in THF (4.5 mL) at -15 °C, and the mixture was stirred at the same
temperature for 1 h and warm to room temperature for 20 h. To the mixture was concentrated and the residue was
purified by column chromatography on silica gel (n-hexane/EtOAc = 8/1) to give (5)-67 (518 mg, 82% yield) as a pale
yellow oil. Spectral data of (5)-67: IR (neat) 2928, 1962, 1739, 1599, 1344, 1163, 836 cm’!; 'H NMR (400 MHz,
CDCl3) 6 7.65 (d, J= 8.1 Hz, 2 H), 7.30 (d, /= 8.1 Hz, 2 H), 5.17-5.08 (m, 1 H), 5.08-4.98 (m, 1 H), 3.62 (t, /= 6.3 Hz,
2 H),3.05 (td, J=7.5,1.3 Hz, 2 H), 2.72 (s, 3 H), 2.42 (s, 3 H), 2.27-2.15 (m, 2 H), 2.09-1.96 (m, 2 H), 1.60 (tt, J= 7.2
6.3 Hz, 2 H), 0.88 (s, 9 H), 0.03 (s, 6 H); 3C NMR (100 MHz, CDCl;) § 204.4, 143.2, 134.7, 129.6 (2 C), 127.3 (2 C),
91.4, 87.5, 62.4,49.7, 34.8, 32.1, 27.6, 25.9 (3 C), 25.0, 21.5, 18.3, -5.3 (2 C); LRMS (EI) m/z 408 [(M-CH3)"], 366,
268, 198, 155, 91; HRMS (EI) caled for C21H34NO5SSi [(M-CH;)*] 408.2029, found 408.2024; [a]p®* +46.9 (¢ 1.06,
CHCls).

(S)-N-(8-Hydroxyocta-3,4-dien-1-yl)-V,4-dimethylbenzenesulfonamide ((S)-68)

To a solution of (S)-67 (2.00 g, 4.72 mmol) in THF (30 mL) was added TBAF (1.0 M in THF, 6.3 mL, 6.3 mmol) at
0 °C, and the mixture was stirred at room temperature for 2 h. To the mixture was added saturated NH4Cl aqueous
solution at 0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over
Na,SOy4, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 2/1,
1/1) to give (S)-68 (1.33 g, 91% yield) as a pale yellow oil. Spectral data of (5)-68: IR (neat) 3408, 1962, 1337, 1160,
817 cm’!; "TH NMR (400 MHz, CDCls) 8 7.66 (d, J = 8.5 Hz, 2 H), 7.31 (d, J = 8.5 Hz, 2 H), 5.20-5.01 (m, 2 H), 3.67 (t,
J=6.7Hz, 2 H), 3.16-2.97 (m, 2 H), 2.72 (s, 3 H), 2.42 (s, 3 H), 2.21 (ddt, J="7.2, 7.2, 3.1 Hz, 2 H), 2.07 (ddt, J = 7.2,
7.2,2.7 Hz, 2 H), 1.75-1.53 (m, 3 H); '3C NMR (100 MHz, CDCl;) § 204.6, 143.3, 134.6, 129.6 (2 C), 127.3 (2 C), 91.1,
87.7, 62.1,49.7, 34.8, 31.7, 27.6, 24.8, 21.5; LRMS (EI) m/z 264 [(M-CH.CH,OH)"], 198, 155, 154, 91; HRMS (EI)
caled for Ci4HsNO2S [(M-CH,CH,OH)"] 264.1058, found 264.1055; [a]p®® +35.8 (¢ 1.03, CHCl3). The enantiomeric
excess was determined to be 99% ee by HPLC analysis with a DAICEL CHIRALPAK AD-H [eluent:
n-hexane/2-propanol = 95/5, flow rate: 1.0 mL/min, detector: UV (240 nm)]: #r (minor) = 41.1 min for (R)-enantiomer:

tr (major) = 45.3 min for (S)-enantiomer.

(S)-N,4-Dimethyl-/V-(8-oxoocta-3,4-dien-1-yl)benzenesulfonamide ((S)-28b)
To a solution of (S)-68 (765 mg, 2.47 mmol) in CH,Cl, (24 mL) were added NaHCO; (451 mg, 5.37 mmol) and
Dess-Martin Periodinane (1.59 g, 3.75 mmol) at 0 °C, and the mixture was stirred at room temperature for 1.5 h. To the

mixture were added saturated NaHCO3 aqueous solution and 10 % Na»S,03 aqueous solution at 0 °C, and the aqueous
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layer was extracted with CH>Cl,. The organic layer was washed with brine, dried over Na>SOs, and concentrated. The
residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 3/1, 2/1) to give (S)-28b (692 mg,
91% yield) as a colorless oil, whose spectral were consistent to those reported literature’. Spectral data of (S)-28b:
[a]p!® +55.0 (c 1.14, CHCI3). The enantiomeric excess was determined to be 99% ee by HPLC analysis with a DAICEL
CHIRALPAK AS-H [eluent: n-hexane/2-propanol = 9/1, flow rate: 1.0 mL/min, detector: UV (220 nm)]: & (major) =

39.2 min for (S)-enantiomer: fr (minor) = 58.8 min for (R)-enantiomer.

<Scheme 18>
(S)-1-((tert-Butyldimethylsilyl)oxy)-8-((/V,4-dimethylphenyl)sulfonamido)oct-5-yn-4-yl
(8)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (69)
To a solution of (R)-MTPACI (70.9 mg, 0.28 mmol) in pyridine (0.3 mL) was added a solution of (S)-63 (22.0 mg,
0.0500 mmol) in pyridine (0.7 mL) at room temperature, and the mixture was stirred at the same temperature for 1 h. To
the mixture was added 10% HCI aqueous solution at 0 °C, and the aqueous layer was extracted with Et,O. The organic
layer was washed with brine, dried over Na,SO4, and concentrated. The residue was purified by column
chromatography on silica gel (n-hexane/EtOAc = 2/1) to give (S)-MTPA ester 69 (32.3 mg, 98% yield) as a colorless
oil. Spectral data of 69: IR (neat) 1752, 1254, 1163, 836 cm™'; '"H NMR (500 MHz, CDCls) 6 7.60 (d, J = 8.0 Hz, 2 H),
7.57-7.49 (m, 2 H), 7.43-7.35 (m, 3 H), 7.31 (d, J = 8.0 Hz, 2 H), 5.55 (tt, J= 6.6, 1.7 Hz, 1 H), 3.57 (s, 3 H), 3.57 (t, J
=6.0 Hz, 2 H), 3.15 (t, /= 7.2 Hz, 2 H), 2.78 (s, 3 H), 2.51 (dt, J="7.2, 1.7 Hz, 2 H), 2.43 (s, 3 H), 1.83 (tt, /= 7.2, 6.6
Hz, 2 H), 1.60-1.46 (m, 2 H), 0.87 (s, 9 H), 0.02 (s, 6 H); *C NMR (125 MHz, CDCl;5) & 165.7, 143.5, 134.7, 132.3,
129.7 (3 C), 129.6 (2 C), 128.3 (2 C), 127.3 (2 C), 123.2, (J'cr = 290.3 Hz), 84.3 (J*cr = 27.6 Hz), 83.8, 78.3, 66.3,
62.1, 55.4,49.0, 35.6, 31.3, 27.9, 25.9 (3 C), 21.5, 19.2, 18.2, -5.4 (2 C); LRMS (EI) m/z 598 [(M-CsHo)*], 198, 155,
91; HRMS (EI) caled for CogH3sF3NO6SSi [(M-CsHo)*] 598.1906, found 598.1892; [a]p?¢ -32.7 (¢ 1.02, CHCl5).

(S)-1-((tert-Butyldimethylsilyl)oxy)-8-((V,4-dimethylphenyl)sulfonamido)oct-5-yn-4-yl
(R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (70)

To a solution of (S)-MTPACI (73.1 mg, 0.29 mmol) in pyridine (0.3 mL) was added a solution of (S)-63 (22.0 mg,
0.0500 mmol) in pyridine (0.7 mL) at room temperature, and the mixture was stirred at the same temperature for 1 h. To
the mixture was added 10% HCI aqueous solution at 0 °C, and the aqueous layer was extracted with Et;O. The organic
layer was washed with brine, dried over Na,SOi, and concentrated. The residue was purified by column
chromatography on silica gel (rn-hexane/EtOAc = 2/1) to give (R)-MTPA ester 70 (27.9 mg, 85% yield) as a colorless
oil. Spectral data of 70: IR (neat) 1751, 1599, 1345, 1164, 836 cm™!; 'H NMR (500 MHz, CDCl3) 8 7.65 (d, J = 8.3 Hz,
2 H), 7.56-7.45 (m, 2 H), 7.44-7.35 (m, 3 H), 7.32 (d, /= 8.3 Hz, 2 H), 5.53 (tt, /= 6.6, 1.7 Hz, 1 H), 3.62 (t, /= 6.0 Hz,
2 H), 3.54 (s, 3 H), 3.19-3.07 (m, 2 H), 2.77 (s, 3 H), 2.47 (dt, J = 7.3, 1.7 Hz, 2 H), 2.43 (s, 3 H), 1.94-1.79 (m, 2 H),
1.71-1.56 (m, 2 H), 0.88 (s, 9 H), 0.03 (s, 6 H); '*C NMR (125 MHz, CDCls) § 165.6, 143.5, 134.7, 131.9, 129.7 (3 C),
129.6 (2 C), 128.3 (2 C), 127.4,127,3 (2 C), 123.2 (J'c.r = 289.1 Hz), 84.6 (S*c.r = 27.6 Hz), 83.7, 78.1, 66.6, 62.2, 55.5,
49.0, 35.7, 31.3, 28.1, 259 (3 C), 21.5, 19.2, -5.4 (2 C); LRMS (EI) m/z 598 [(M-C4Ho)"], 198, 155, 91; HRMS (EI)
caled for CogH3s5F3sNO6SSi [(M-C4Hg)*] 598.1906, found 598.1890; [a]p?* +8.3 (c 0.94, CHCl3).
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General Procedure for Cyclization Using [Rh(phosphine)]ClO4.

A solution of [Rh(ligand)(nbd)]C1O4 (0.0150 mmol, 10 mol% to a substrate) or [Rh(nbd),]ClO4 (0.0150 mmol, 10
mol% to a substrate) and ligand (0.0150 mmol, 10 mol% to a substrate) in degassed (Freeze-Pump up-Thaw cycle was
conducted) CICH>CH,Cl (0.58 mL: 0.026 M to Rh) was stirred under H, atmosphere at room temperature for 1 h. Then
the reaction mixture was degassed, and the reaction vessel was flushed with Ar gas. To the mixture was added a solution
of substrate (0.150 mmol) in degassed CICH,CH>Cl (0.92 mL) and the reaction mixture was stirred at 50 °C or reflux
until the substrate disappeared on TLC. After removal of the solvent, the residue was purified by column

chromatography on silica gel to give product.

<Scheme 34>

Methyl 8-((tetrahydro-2H-pyran-2-yl)oxy)octa-3,4-dienoate (143a)

To a solution of 141 (1.27 g, 4.99 mmol) in THF (5.0 mL) was added LHMDS (1.3 M in THF, 8.5 mL, 11 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the solution was added methyl
chloroformate (400 pL, 5.18 mmol), and the mixture was stirred at the same temperature for 10 min. Then, to the
solution was added a solution of 142 (1.39 g, 7.72 mmol) in THF (2.0 mL) at -78 °C, and the mixture was stirred and
warmed to room temperature for 21 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the
aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na,SOs4, and
concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 7/1) to give 143a
(1.28 g, 70% yield) as a pale yellow oil. Spectral data of 143a: IR (neat) 2951, 2869, 1968, 1740 cm™!; '"H NMR (500
MHz, CDCls) 6 5.73 (dt, J=17.0, 3.1 Hz, 1 H), 5.43 (dt, /= 7.0, 6.7 Hz, 1 H), 4.60-4.55 (m, 1 H), 3.85 (ddd, J = 11.0,
8.0, 3.0 Hz, 1 H), 3.78-3.73 (m, 7 H), 3.53-3.46 (m, 1 H), 3.44-3.37 (m, 1 H), 2.85 (q, J=2.5 Hz, 2 H), 2.20-2.07 (m, 2
H), 1.88-1.47 (m, 11 H); 3C NMR (125 MHz, CDCls) § 203.2, 169.7, 169.6, 98.7*!, 95.4, 90.3, 78.3, 73.6, 66.7%, 62.2%*,
57.7,52.8 (2 C), 30.6, 28.9, 25.4, 25.1, 24.9, 19.5*, 3.4; LRMS (EI) m/z 364 [M'], 203, 177, 145, 85.

Dimethyl 2-(but-2-yn-1-yl)-2-(6-((tetrahydro-2 H-pyran-2-yl)oxy)hexa-1,2-dien-1-yl)malonate (134a)

To a solution of 143a (770 mg, 2.11 mmol) in MeOH (21 mL) was added TsOH-H,O (40.3 mg, 0.212 mmol) at 0 °C,
and the mixture was stirred at room temperature for 16.5 h. To the mixture was added saturated NaHCO3 aqueous
solution at 0 °C. After removal of MeOH, the aqueous layer was extracted with EtOAc. The organic layer was washed
with brine, dried over Na>SOs, and concentrated to give a crude alcohol. To a solution of the crude alcohol in CH»Cl»
(25 mL) was added Dess-Martin Periodinane (1.55 g, 3.65 mmol) at 0 °C, and the mixture was stirred at room
temperature for 1.5 h. To the mixture were added saturated NaHCOs3 aqueous solution and 10% Na,S,0s3 aqueous
solution at 0 °C, and the aqueous layer was extracted with CH,Cl,. The organic layer was washed with brine, dried over
NayS0s4, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 5/1,
4/1) to give 134a (554 mg, 94% yield in 2 steps) as a colorless oil. Spectral data of 134a: IR (neat) 3003, 2955, 2923,
2843, 2729, 1969, 1737 cm’!; 'H NMR (500 MHz, CDCls) 8 9.77 (t, J = 1.3 Hz, 1 H), 5.77 (dt, J = 6.5, 3.3 Hz, 1 H),

' The * at '*C NMR data points indicates two peaks due to the presence of the diastereomers associated with the stereocenter of THP group.
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5.47 (dt, J= 6.5, 6.2 Hz, 1 H), 3.75 (s, 3 H), 3.73 (s, 3 H), 2.84 (dq, J = 17.0, 2.5 Hz, 1 H), 2.80 (dq, J = 17.0, 2.5 Hz, 1
H), 2.66-2.54 (m, 2 H), 2.34 (tdd, J = 6.4, 6.2, 3.3 Hz, 2 H), 1.72 (t, J =2.5 Hz, 3 H); '°*C NMR (125 MHz, CDCls)
§203.1, 201.5, 169.5, 169.5, 94.4, 91.8, 78.5, 73.6, 57.7, 52.9 (2 C), 42.2, 24.8, 20.6, 3.5; LRMS (EI) m/z 225
[(M-MeC=CCH,)"], 193, 161, 115, 91; HRMS (EI) calcd for C1H 305 [(M-MeC=CCH,)"] 225.0763, found 225.0764.

<Table 3>
<run 1>
Dimethyl (17, 5Z, 7Z)-3-hydroxy-2-methylbicyclo[5.3.0]deca-1,5,7-triene-9,9-dicarboxylate (137a)
According to the general procedure for cyclization, a crude product, which was prepared from 134a (41.6 mg, 0.149
mmol) and [Rh(dppe)(nbd)]ClO4 (10.4 mg, 0.0150 mmol) in CICH,CH>CI (1.50 mL) at 50 °C for 1 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 3/1) to give 137a (33.2 mg, 80% yield) as a colorless oil. The
structure of 137a was determined by 2D-NMR (COSY, HMQC, HMBC). Spectral data of 137a: IR (neat) 3433, 3029,
3006, 2953, 2925, 2849, 1731 cm™'; '"H NMR (400 MHz, CDCl5) & 6.34 (dd, J=10.8, 1.6 Hz, 1 H), 5.97 (s, 1 H), 5.76
(ddd, J=10.8,7.2,4.8 Hz, 1 H), 4.21 (ddd, /=9.6, 5.8, 3.0 Hz, 1 H), 3.75 (s, 6 H), 3.22 (d, /= 17.2 Hz, 1 H), 3.17 (d,
J=172Hz, 1 H), 2.71-2.57 (m, 2 H), 1.93 (s, 3 H), 1.69 (d, J = 9.6 Hz, 1 H); 3C NMR (100 MHz, CDCl;) § 171.0,
170.9, 143.7, 136.3, 133.5, 132.9, 128.3, 126.5, 72.2, 62.6, 53.0 (2 C), 38.6, 35.8, 21.3; LRMS (EI) m/z 278 [M'], 219,
159, 131, 115, 91; HRMS (EI) calcd for CisHisOs [M*] 278.1154, found 278.1148.

<run 2>

According to the general procedure for cyclization, a crude product, which was prepared from 134a (41.8 mg, 0.150
mmol), [Rh(nbd),]C104 (5.8 mg, 0.015 mmol) and DPPM (5.8 mg, 0.015 mmol) in CICH,CH,Cl (1.50 mL) at 50 °C for
19 h, was obtained. Yield of 134a was determined to be 55% by 'H NMR using 1,3,5-trimethoxybenzene as an internal

standard.

<run 3>

According to the general procedure for cyclization, a crude product, which was prepared from 134a (41.5 mg, 0.149
mmol) and [Rh(dppb)(nbd)]ClO4 (10.8 mg, 0.0150 mmol) in CICH>CH,Cl (1.50 mL) at 50 °C for 24 h, was obtained.
Yield of 134a was determined to be 75% by 'H NMR using 1,3,5-trimethoxybenzene as an internal standard.

<run 4>

According to the general procedure for cyclization, a crude product, which was prepared from 134a (41.8 mg, 0.150
mmol), [Rh(nbd),]ClO4 (5.8 mg, 0.015 mmol) and DPPF (8.3 mg, 0.015 mmol) in CICH,CH,Cl (1.50 mL) at 50 °C for
18 h, was obtained. Yields of 134a and 137a were determined to be 21% and 15% by 'H NMR using

1,3,5-trimethoxybenzene as an internal standard, respectively.

<run 5>

According to the general procedure for cyclization, a crude product, which was prepared from 134a (41.5 mg, 0.149
mmol) and [Rh(dpephos)(nbd)]ClO4 (12.5 mg, 0.0150 mmol) in CICH>CH,CI (1.50 mL) at 50 °C for 26 h, was

obtained. Yield of 134a was determined to be 56% by '"H NMR using 1,3,5-trimethoxybenzene as an internal standard.

<run 6>
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According to the general procedure for cyclization, a crude product, which was prepared from 134a (41.8 mg, 0.150
mmol) and [Rh(binap)(nbd)]ClO4 (13.8 mg, 0.0150 mmol) in CICH,CH>CI (1.50 mL) at 50 °C for 22 h, was obtained.
Yields of 134a and 137a were determined to be 45% and 11% by 'H NMR using 1,3,5-trimethoxybenzene as an

internal standard, respectively.

<run 7>

According to the general procedure for cyclization, a crude product, which was prepared from 134a (41.8 mg, 0.150
mmol), [Rh(nbd),]ClO4 (5.8 mg, 0.015 mmol) and BIPHEP (7.8 mg, 0.015 mmol) in CICH,CH,Cl (1.50 mL) at 50 °C
for 24 h, was obtained. Yields of 134a and 137a were determined to be 31% and 15% by 'H NMR using

1,3,5-trimethoxybenzene as an internal standard, respectively.

<run &>

According to the general procedure for cyclization, a crude product, which was prepared from 134a (41.8 mg, 0.150
mmol) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0150 mmol) in CICH,CHCI (1.50 mL) at 50 °C for 1 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 2/1) to give 137a (38.2 mg, 91% yield) as a colorless oil.

<run 9>

A solution of Rh(PPh3);Cl1 (13.7 mg, 0.0148 mmol) in CICH,CH,Cl (0.58 mL) was stirred at room temperature for 10
min. Then to the solution was added a solution of 134a (41.5 mg, 0.149 mmol) in CICH,CH,Cl (0.92 mL) and the
reaction mixture was stirred at 50 °C for 18 h. After removal of the solvent, the residue was obtained. Yields of 134a
and 137a were determined to be 66% and 5% by 'H NMR using 1,3,5-trimethoxybenzene as an internal standard,

respectively.

<Scheme 35>
According to the general procedure for cyclization, a crude product, which was prepared from 134a (104 mg, 0.374
mmol) and [Rh(dppbz)(nbd)]ClO4 (5.6 mg, 0.0075 mmol) in CICH,CH>CI (0.75 mL) at 50 °C for 2 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 3/1) to give 137a (83.0 mg, 80% yield) as a colorless oil.

<Table 4>
<run 1>
Dimethyl (17, 5Z, 7Z)-2-(tert-butyl-dimethylsilyl)methyl
-3-hydroxybicyclo[S.3.0]deca-1,5,7-triene-9,9-dicarboxylate (137b)
According to the general procedure for cyclization, a crude product, which was prepared from 134b (61.3 mg, 0.150
mmol) and [Rh(dppbz)(nbd)]C104 (11.2 mg, 0.0150 mmol) in CICH,CH»CI (1.50 mL) at 50 °C for 2 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 3/1) to give 137b (44.0 mg, 72% yield) as a colorless oil.
Spectral data of 137b: IR (neat) 3479, 3030, 3000, 2953, 2926, 2893, 2856, 1737 cm’'; 'H NMR (500 MHz,
CDCl3) 6 6.29 (d,J=11.5Hz, 1 H), 6.05 (s, 1 H), 5.84 (ddd, J=11.5,5.8,5.8 Hz, 1 H), 4.55 (dd, /= 5.5, 5.5 Hz, 1 H),
441(d,J=12.5Hz, 1 H),429(d,J=12.5Hz, 1 H),3.74 (s,3 H),3.74 (s,3 H),3.26 (d, J=17.0 Hz, 1 H),3.21 (d, J =
17.0 Hz, 1 H), 3.04 (d, J= 5.5 Hz, 1 H), 2.66 (ddd, J=16.0, 5.8, 5.5 Hz, 1 H), 2.61-2.53 (m, 1 H), 0.90 (s, 9 H), 0.11 (s,
3 H), 0.11 (s, 3 H); ®*C NMR (125 MHz, CDCls) § 170.7, 170.6, 144.1, 136.7, 134.94, 134.85, 129.5, 125.6, 69.1, 64.6,
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62.8, 53.1, 53.0, 37.5, 35.8,25.8 (3 C), 18.1, -5.4 (2 C); LRMS (EI) m/z 351 [(M~(CH3);C)'], 259, 227, 199, 75; HRMS
(EI) caled for C17H2306Si [(M-(CH3);C)'] 351.1264, found 351.1264.

<run 2>

Dimethyl (1E, 5Z, 77)-3-hydroxy-2-trimethylsilylbicyclo[5.3.0]deca-1,5,7-triene-9,9-dicarboxylate (137¢)
According to the general procedure for cyclization, a crude product, which was prepared from 134¢ (50.5 mg, 0.150
mmol), MS4A (100 mg) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0149 mmol) in CICH,CH,Cl (1.50 mL) at 50 °C for 1
h, was purified by column chromatography on silica gel (n-hexane/EtOAc = 3/1, 1/1) to give 137¢ (46.1 mg, 91% yield)
as a colorless oil. Spectral data of 137¢: IR (neat) 3454, 3029, 3003, 2953, 2896, 2843, 1737 cm™'; 'H NMR (500 MHz,
CDCl3) 6 6.32 (dd, J=11.5,3.0 Hz, 1 H), 6.02 (s, 1 H), 5.75 (ddd, J=11.5, 6.5, 3.0 Hz, 1 H), 4.50 (dd, J = 6.8, 6.5 Hz,
1 H),3.75(s,3 H), 3.73 (s, 3 H), 3.34 (d, /J=16.5 Hz, 1 H), 3.17 (d, /J=16.5 Hz, 1 H), 2.70 (ddd, J = 16.5, 6.8, 6.5 Hz,
1 H), 2.58-2.49 (m, 1 H), 1.67 (d, J = 6.5 Hz, 1 H), 0.23 (s, 9 H); 3*C NMR (125 MHz, CDCl;) § 170.7, 170.3, 151.0,
145.8, 137.4, 136.1, 129.1, 125.6, 67.9, 63.0, 53.0 (2 C), 40.8, 36.3, -0.09 (3 C); LRMS (EI) m/z 336 [M*], 277, 187,
173, 73; HRMS (EI) caled for C17H2405Si [M*] 336.1393, found 336.1381.

<run 3>

Dimethyl (1E, 5Z, 7Z)-2-chloro-3-hydroxybicyclo[5.3.0]deca-1,5,7-triene-9,9-dicarboxylate (137d)

According to the general procedure for cyclization, a crude product, which was prepared from 134d (44.8 mg, 0.150
mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0149 mmol) in CICH>CH,Cl (1.50 mL) at 50 °C for 1 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 3/1, 2/1) to give 137d (33.6 mg, 75% yield) as a pale yellow
oil. Spectral data of 137d: IR (neat) 3478, 3075, 3032, 3006, 2954, 2900, 1733 cm™'; '"H NMR (500 MHz, CDCI;) &
6.34 (d,J=11.5Hz, 1 H), 6.12 (s, 1 H), 5.81 (ddd, J=11.5,7.4,4.4 Hz, 1 H), 4.53-4.48 (m, 1 H), 3.76 (s, 6 H), 3.38 (d,
J=18.5Hz, 1 H), 3.33 (d, J=18.5 Hz, 1 H), 2.77-2.70 (m, 1 H), 2.66 (ddd, J=16.0, 7.4, 7.4 Hz, 1 H), 2.38-2.08 (brs,
1 H); 3C NMR (125 MHz, CDCl;) § 170.2, 170.1, 141.3, 139.6, 136.5, 129.6, 128.1, 126.0, 73.2, 62.5, 53.20, 53.18,
40.3, 34.7, LRMS (EI) m/z 298 [M"], 239, 203, 115, 59; HRMS (EI) calcd for Ci4HisCl10s [M*] 298.0608, found
298.0608.

<run 4>

Trimethyl (1Z, 5Z, 7Z)-3-hydroxybicyclo[5.3.0]deca-1,5,7-triene-2,9,9-tricarboxylate (137¢)

According to the general procedure for cyclization, a crude product, which was prepared from 134e (48.3 mg, 0.150
mmol) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0150 mmol) in CICH,CHCI (1.50 mL) at 50 °C for 1 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 4/1, 2/1) to give 137e (42.6 mg, 88% yield) as a pale yellow
oil. Spectral data of 137e: IR (neat) 3508, 3074, 3033, 3004, 2954, 2846, 1732 cm™'; 'H NMR (500 MHz, CDCl;) 6 6.41
(s, 1 H), 6.39 (dd, J=11.5,2.0 Hz, 1 H), 5.86 (ddd, J=11.5,7.9, 3.4 Hz, 1 H), 5.01 (d, /J=7.9 Hz, 1 H), 3.81 (s, 3 H),
3.76 (s, 3 H), 3.74 (s, 3 H), 3.65 (s, 2 H), 2.75 (ddd, J=16.5, 7.9, 7.2 Hz, 1 H), 2.63-2.55 (m, 1 H), 2.40-2.20 (brs, 1 H);
3C NMR (125 MHz, CDCl;) 5 170.0, 169.8, 168.4, 153.8, 144.0, 142.0, 129.2, 128.2, 125.2, 66.3, 63.3, 53.2 (2 C),
52.0, 41.2, 34.8; LRMS (EI) m/z 322 [M'], 290, 231, 203, 115, 59; HRMS (EI) calcd for CisH307 [M*] 322.1053,
found 322.1045.

<Table 5>

<run 1>
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Dimethyl (17, 5Z, 7Z)-3-hydroxy-2-phenylbicyclo[5.3.0]deca-1,5,7-triene-9,9-dicarboxylate (137f)

According to the general procedure for cyclization, a crude product, which was prepared from 134f (51.1 mg, 0.150
mmol) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0150 mmol) in CICH,CHCI (1.50 mL) at 50 °C for 1 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 3/1) to give 137f (42.5 mg, 83% yield) as a pale yellow oil.
Spectral data of 137f: IR (neat) 3472, 3056, 3028, 2953, 2844, 2250, 1731 cm; 'H NMR (500 MHz, CDCl;) §
7.41-7.27 (m, 5 H), 6.42 (d, J=11.0 Hz, 1 H), 6.12 (s, 1 H), 5.86 (dt, /J=11.0, 5.6 Hz, 1 H), 4.56-4.50 (m, 1 H), 3.73 (s,
3 H), 3.69 (s, 3 H),3.20(d, J=17.5Hz, 1 H),3.03 (d,/J=17.5Hz, 1 H), 2.77 (t, J=5.6 Hz,2 H), 1.98 (d, /=8.5 Hz, |
H); ¥C NMR (125 MHz, CDCl;) & 170.6, 170.4, 143.9, 142.5, 138.6, 138.4, 135.3, 128.7, 128.5 (2 C), 127.7 (2 C),
127.0, 125.8, 71.9, 62.7, 52.97, 52.95, 39.7, 36.2; LRMS (EI) m/z 340 [M"], 281, 252, 221, 178, 91; HRMS (EI) calcd
for C20H2005 [M*] 340.1311, found 340.1319.

<run 2>

Dimethyl (17, 5Z, 7Z)-3-hydroxy-2-(4-methoxyphenyl)bicyclo[5.3.0]deca-1,5,7-triene-9,9-dicarboxylate (137g)
According to the general procedure for cyclization, a crude product, which was prepared from 134g (55.3 mg, 0.149
mmol) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0150 mmol) in CICH,CHCI (1.50 mL) at 50 °C for 2 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 2/1) to give 137g (45.2 mg, 82% yield) as a pale yellow oil.
Spectral data of 137g: IR (neat) 3501, 3031, 3003, 2953, 2839, 1732 cm™'; 'H NMR (500 MHz, CDCls) § 7.27-7.24 (m,
2 H), 6.92-6.89 (m, 2 H), 6.40 (d, /= 11.0 Hz, 1 H), 6.10 (s, 1 H), 5.84 (dt, /= 11.0, 5.8 Hz, 1 H), 4.56-4.49 (m, 1 H),
3.82(s,3H),3.73 (s,3 H),3.69 (s, 3 H),3.21 (d, /J=17.5Hz, 1 H), 3.04 (d, J=17.5 Hz, 1 H), 2.75 (t, J=5.8 Hz, 2 H),
1.98 (d, J = 8.5 Hz, 1 H); *C NMR (125 MHz, CDCls) & 170.7, 170.5, 158.5, 144.0, 138.3, 138.1, 135.0, 134.8, 129.0
(2 0), 128.7, 125.9, 113.9 (2 C), 72.1, 62.6, 55.2, 52.98, 52.95, 39.8, 36.2; LRMS (EI) m/z 370 [M], 311, 203, 135,
121; HRMS (EI) calcd for C21H206 [M*] 370.1416, found 370.1416.

<run 3>

Dimethyl (17, 5Z, 7Z)-3-hydroxy-2-(4-methoxycarbonylphenyl)bicyclo[5.3.0]deca-1,5,7-triene-9,9-dicarboxylate
(137h)

According to the general procedure for cyclization, a crude product, which was prepared from 134h (59.8 mg, 0.150
mmol) and [Rh(dppbz)(nbd)]C1O4 (11.2 mg, 0.0150 mmol) in CICH,CH>CI (1.50 mL) at 50 °C for 1 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 2/1) to give 137h (45.6 mg, 76% yield) as a pale yellow oil.
Spectral data of 137h: IR (neat) 3500, 3030, 3002, 2953, 2846, 1731, 1606 cm™'; 'H NMR (500 MHz, CDCl;) §
8.06-8.03 (m, 2 H), 7.43-7.40 (m, 2 H), 6.43 (d, J = 11.5 Hz, 1 H), 6.17 (s, 1 H), 5.86 (dt, J = 11.5, 5.6 Hz, 1 H),
4.55-4.49 (m, 1 H), 3.93 (s, 3 H), 3.74 (s, 3 H), 3.69 (s, 3 H), 3.20 (d, /= 17.0 Hz, 1 H), 2.98 (d, J=17.0 Hz, 1 H), 2.78
(t,J = 5.6 Hz, 2 H), 2.01 (d, J= 9.0 Hz, 1 H); '*C NMR (125 MHz, CDCls) § 170.5, 170.2, 166.8, 147.3, 143.7, 139.7,
137.5,136.1, 129.8 (2 C), 128.7, 128.6, 127.8 (2 C), 125.9, 71.6, 62.7, 53.1, 53.0, 52.1, 39.6, 36.2; LRMS (EI) m/z 398
[M*], 339, 307, 279, 191, 59; HRMS (EI) caled for C2,H»,07 [M*] 398.1366, found 398.1363.

<Scheme 36>
Dimethyl (1E, 5Z, 7Z)-2-butyl-3-hydroxy-/N-tosyl-10-azabicyclo[5.3.0]deca-1,5,7-triene (137i)
According to the general procedure for cyclization, a crude product, which was prepared from 134i (55.1 mg, 0.153
mmol) and [Rh(dppbz)(nbd)]ClO4 (10.8 mg, 0.0145 mmol) in CICH>CH,CI (1.50 mL) at 50 °C for 1 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 4/1) to give 137i (39.0 mg, 71% yield) as a pale yellow oil.
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Spectral data of 137i: IR (neat) 3408, 3030, 2956, 2928, 2871, 1597 cm™'; 'H NMR (500 MHz, CDCls) § 7.56 (d, J =
8.0 Hz, 2 H), 7.18 (d, J = 8.0 Hz, 2 H), 5.98 (dd, /= 11.0, 2.3 Hz, 1 H), 5.62 (ddd, J=11.0, 7.4, 3.9 Hz, 1 H), 5.42 (s, |
H), 4.50 (dd, J = 7.0, 7.0 Hz, 1 H), 4.18 (d, J= 17.5 Hz, 1 H), 4.06 (d, J= 17.5 Hz, 1 H), 2.87 (ddd, J = 14.0, 9.8, 5.8
Hz, 1 H), 2.74 (ddd, J = 16.5, 7.4, 7.0 Hz, 1 H), 2.70-2.63 (m, 1 H), 2.58 (ddd, J = 14.0, 9.6, 4.6 Hz, 1 H), 1.94 (s, 3 H),
1.93 (d, J=7.0 Hz, 1 H), 1.70-1.61 (m, 1 H), 1.56-1.46 (m, 1 H), 1.39 (tq, J= 7.5, 7.5 Hz, 2 H), 0.94 (t, J = 7.5 Hz, 3
H); 3C NMR (125 MHz, CDCL3) & 143.8, 138.9, 138.8, 138.7, 133.3, 129.1 (2 C), 127.9 (2 C), 127.8, 126.9, 123.,
69.7, 54.4,35.4, 35.1, 30.1, 22.9, 21.5, 14.1; LRMS (ESI) m/z 382 [(M+Na)'], 358, 340, 293, 218; HRMS (ESI) calcd
for CaoHas03NNaS [(M+Na)'] 382.1447, found 382.1450.

<Scheme 37>
<eq. 1>
Dimethyl (17, 5Z, 77)-3-hydroxy-2,8-dimethylbicyclo[5.3.0]deca-1,5,7-triene-9,9-dicarboxylate (137j)
According to the general procedure for cyclization, a crude product, which was prepared from 134j (43.8 mg, 0.150
mmol), MS4A (87.4 mg) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 50 °C for 1
h, was purified by column chromatography on silica gel (n-hexane/EtOAc = 3/1, 1/1) to give 137j (38.1 mg, 87% yield).
Spectral data of 137j: IR (neat) 3409, 3034, 2998, 2952, 2916, 2848, 1732 cm™!; 'H NMR (500 MHz, CDCl3) & 6.37 (d,
J=12.0 Hz, 1 H), 5.79 (ddd, J = 12.0, 7.0, 4.8 Hz, 1 H), 4.22-4.13 (m, 1 H), 3.74 (s, 3 H), 3.73 (s, 3 H), 3.12 (d, J =
16.5Hz, 1 H), 3.06 (d, J=16.5 Hz, 1 H), 2.66-2.53 (m, 2 H), 1.96 (s, 3 H), 1.88 (s, 3 H), 1.84-1.71 (brs, 1 H); *C NMR
(125 MHz, CDCl3) 6 171.1, 171.0, 141.0, 138.5, 136.7, 129.8, 127.5, 124.9, 72.1, 65.7, 52.7 (2 C), 38.7, 35.5, 21.2,
13.3; LRMS (EI) m/z 292 [M*'], 274, 215, 156, 115, 59; HRMS (EI) calcd for CisH200s [M*] 292.1311, found
292.1310.

<eq. 2>

Dimethyl (17, 5Z, 7Z)-3-hydroxy-2,6-dimethylbicyclo[5.3.0]deca-1,5,7-triene-9,9-dicarboxylate (137k)

Dimethyl (E)-5-ethylidene-2'-oxo0-[1,1'-bi(cyclopentan)]-1-ene-3,3-dicarboxylate (144)

According to the general procedure for cyclization, a crude product, which was prepared from 134k (43.8 mg, 0.150
mmol) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0150 mmol) in CICH,CH»CI (1.50 mL) at 50 °C for 1 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 7/1, 5/1, 1/1) to give 137k (19.1 mg, 44% yield) and 144
(20.8 mg, 47% yield). Spectral data of 137k: IR (neat) 3515, 3002, 2953, 2922, 2852, 1735 cm™!; '"H NMR (500 MHz,
CDCl3) 6 6.10 (s, 1 H), 5.66 (t, J= 6.0 Hz, 1 H), 4.15-4.05 (m, 1 H), 3.76 (s, 3 H), 3.75 (s, 3 H), 3.20 (d, /= 17.0 Hz, 1
H), 3.14 (d, J=17.0 Hz, 1 H), 2.60-2.49 (m, 2 H), 1.97 (s, 3 H), 1.90 (s, 3 H), 1.75-1.60 (brs, 1 H); *C NMR (125 MHz,
CDCl3) 6 171.1, 171.0, 145.6, 136.4, 133.0, 132.5, 131.7, 125.5, 72.6, 62.1, 53.04, 53.01, 38.6, 34.7, 23.1, 21.2; LRMS
(EX) m/z 292 [M"], 233, 204, 173, 145, 129, 59; HRMS (EI) calcd for C1¢H200s [M*] 292.1311, found 292.1304.

Spectral data of 144: IR (neat) 3078, 3029, 2954, 2920, 2857, 1739 cm’'; '"H NMR (400 MHz, CDCls) § 5.78 (s, 1 H),
547 (qt, J = 7.2, 2.5 Hz, 1 H), 3.73 (s, 6 H), 3.13 (s, 2 H), 3.09-2.99 (m, 1 H), 2.52 (dd, J = 18.4, 7.4 Hz, 1 H),
2.39-2.13 (m, 4 H), 1.96-1.85 (m, 1 H), 1.72 (t, J = 7.2 Hz, 3 H); 3C NMR (100 MHz, CDCl3) § 218.2, 171.2, 171.1,
149.8, 142.1, 126.1, 115.6, 63.1, 52.9 (2 C), 44.1, 37.7, 35.7, 34.1, 28.2, 14.7; LRMS (EI) m/z 292 [M*], 233, 201, 173,
117,91, 59; HRMS (EI) calcd for Ci6Ha00s [M*] 292.1311, found 292.1303.

<Scheme 38>
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Dimethyl 2-(4-((tert-butyldimethylsilyl)oxy)but-2-yn-1-yl)
-2-(6-((tetrahydro-2H-pyran-2-yl)oxy)hexa-1,2-dien-1-yl)malonate (143b)

To a solution of 141 (1.00 g, 3.93 mmol) in THF (2.0 mL) was added LHMDS (1.6 M in THF, 5.5 mL, 8.8 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the solution was added methyl
chloroformate (310 pL, 4.01 mmol), and the mixture was stirred at the same temperature for 15 min. Then, to the
solution was added a solution of 150 (2.25 g, 7.25 mmol) in THF (2.0 mL) at -78 °C, and the mixture was stirred and
warmed to room temperature for 34 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the
aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na,SOs4, and
concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 7/1) to give 143b
(842 mg, 43% yield) as a pale yellow oil. Spectral data of 143b: IR (neat) 2952, 2857, 1969, 1742 cm™!; 'H NMR (500
MHz, CDCl3) & 5.74 (dt, J = 6.5, 3.3 Hz, 1 H), 5.43 (dt, J=6.5, 6.2 Hz, 1 H), 4.60-4.55 (m, 1 H), 4.25 (t, /= 2.0 Hz, 2
H), 3.85(ddd, J=11.0,7.9, 3.1 Hz, 1 H), 3.78-3.72 (m, 7 H), 3.53-3.47 (m, 1 H), 3.43-3.37 (m, 1 H), 2.94 (t, /= 2.0 Hz,
2 H), 2.20-2.05 (m, 2 H), 1.85-1.48 (m, 8 H), 0.89 (s, 9 H), 0.09 (s, 6 H); '3C NMR (125 MHz, CDCls) § 203.2, 169.5,
169.4, 98.8*!,95.6, 90.3, 81.4, 79.7, 66.7*, 62.2*,57.5,52.9 (2 C), 51.7, 30.7, 28.9, 25.8 (3 C), 25.4, 25.1, 25.0, 19.6*,
18.2,-5.2 (2 C); LRMS (EI) m/z 437 [(M-(CH3)3C)*], 201, 85.

Dimethyl 2-(4-((tert-butyldimethylsilyl)oxy)but-2-yn-1-yl)-2-(6-oxohexa-1,2-dien-1-yl)malonate (134b)

To a solution of 143b (184 mg, 0.372 mmol) in Et,O (1.3 mL) was added MgBr,-OEt; (290 mg, 1.12 mmol) at 0 °C,
and the mixture was stirred at room temperature for 1 h. To the mixture was added saturated NH4Cl aqueous solution at
0 °C and the aqueous layer was extracted with Et,O. The organic layer was washed with brine, dried over Na,SOs, and
concentrated to give a crude alcohol. To a solution of the crude alcohol in CH»Cl, (4.0 mL) was added Dess-Martin
Periodinane (239 mg, 0.563 mmol) at 0 °C, and the mixture was stirred at room temperature for 1.5 h. To the mixture
were added saturated NaHCO; aqueous solution and 10% Na»S,03 aqueous solution at 0 °C, and the aqueous layer was
extracted with CH,Cl,. The organic layer was washed with brine, dried over Na,SO4, and concentrated. The residue was
purified by column chromatography on silica gel (n-hexane/EtOAc = 7/1, 5/1) to give 134b (93.7 mg, 62% yield in 2
steps) as a colorless oil. Spectral data of 134b: IR (neat) 2954, 2930, 2897, 2857, 2723, 1969, 1740 cm™'; 'H NMR (500
MHz, CDCl3) 6 9.77 (s, 1 H), 5.78 (dt, J = 6.5, 3.4 Hz, 1 H), 5.47 (dt, J=6.5, 6.2 Hz, 1 H), 4.23 (t, J = 2.0 Hz, 2 H),
3.74 (s, 3 H), 3.73 (s, 3 H), 2.93 (dt, J = 17.0, 2.0 Hz, 1 H), 2.90 (dt, J = 17.0, 2.0 Hz, 1 H), 2.64-2.52 (m, 2 H),
2.38-2.31 (m, 2 H), 0.87 (s, 9 H), 0.07 (s, 6 H); 3*C NMR (125 MHz, CDCl3) 5 203.1, 201.4, 169.3, 169.2, 94.6, 91.7,
81.5,79.5,57.5,53.0(2C), 51.7,42.2,25.7 (3 C), 24.9, 20.6, 18.2, -5.3 (2 C); LRMS (EI) m/z 408 [M'], 351, 213, 143,
115, 89; HRMS (EI) caled for C2;H,06Si [M*] 408.1968, found 408.1968.

<Scheme 39>

Dimethyl 2-(6-((tetrahydro-2H-pyran-2-yl)oxy)hexa-1,2-dien-1-yl)-2-(3-(trimethylsilyl)prop-2-yn-1-yl)malonate
(143¢)

To a solution of 141 (590 mg, 2.32 mmol) in THF (0.60 mL) was added LHMDS (1.6 M in THF, 3.1 mL, 5.0 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the solution was added methyl
chloroformate (200 pL, 2.59 mmol), and the mixture was stirred at the same temperature for 20 min. Then, to the
solution was added a solution of 151 (806 mg, 3.38 mmol) in THF (1.8 mL) at -78 °C, and the mixture was stirred and
warmed to room temperature for 15.5 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the

aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na,SOs, and
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concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 15/1) to give 143¢
(653 mg, 67% yield) as a pale yellow oil. Spectral data of 143¢: IR (neat) 2952, 2871, 2180, 1969, 1742 cm™'; '"H NMR
(500 MHz, CDCl3) 6 5.72 (dt, J = 6.5, 3.0 Hz, 1 H), 5.41 (dt, J = 6.5, 6.5 Hz, 1 H), 4.59-4.54 (m, 1 H), 3.84 (ddd, J =
11.5, 8.1, 3.1 Hz, 1 H), 3.78-3.73 (m, 7 H), 3.53-3.47 (m, 1 H), 3.43-3.37 (m, 1 H), 2.91 (s, 2 H), 2.21-2.05 (m, 2 H),
1.90-1.43 (m, 8 H), 0.11 (s, 9 H); 3C NMR (125 MHz, CDCl;) & 203.1, 169.4 (2 C), 101.5, 98.8*!, 95.7, 90.3*, 87.6,
66.7*,62.2* 57.8,52.9 (2 C), 30.7%, 29.0, 25.9, 25.4, 25.2, 19.6*, -0.06 (3 C); LRMS (EI) m/z 422 [M"], 263, 157, 131,
85.

Dimethyl 2-(6-oxohexa-1,2-dien-1-yl)-2-(3-(trimethylsilyl)prop-2-yn-1-yl)malonate (134c)

To a solution of 143¢ (390 mg, 0.923 mmol) in MeOH (9.3 mL) was added TsOH-H,O (18.2 mg, 0.0957 mmol) at 0 °C,
and the mixture was stirred at room temperature for 4 h. To the mixture was added saturated NaHCO3 aqueous solution
at 0 °C. After removal of MeOH, the aqueous layer was extracted with EtOAc. The organic layer was washed with
brine, dried over Na,SOs, and concentrated to give a crude alcohol. To a solution of the crude alcohol in CH,Cl, (9.3
mL) was added Dess-Martin Periodinane (622 mg, 1.47 mmol) at 0 °C, and the mixture was stirred at room temperature
for 1 h. To the mixture were added saturated NaHCO; aqueous solution and 10% Na»S,03 aqueous solution at 0 °C, and
the aqueous layer was extracted with CH,Cl,. The organic layer was washed with brine, dried over Na>SOs, and
concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 5/1) to give 134¢
(216 mg, 70% yield in 2 steps) as a colorless oil. Spectral data of 134¢: IR (neat) 2956, 2842, 2726, 2180, 1970, 1740
cm™'; 'TH NMR (500 MHz, CDCl3) § 9.78 (t, J= 1.0 Hz, 1 H), 5.78 (dt, J= 7.0, 3.3 Hz, 1 H), 5.46 (dt, J= 7.0, 6.2 Hz, 1
H), 3.74 (s, 3 H), 3.73 (s, 3 H), 2.92 (d, /= 17.0 Hz, 1 H), 2.87 (d, /= 17.0 Hz, 1 H), 2.66-2.53 (m, 2 H), 2.39-2.32 (m,
2 H), 0.10 (s, 9 H); '*C NMR (125 MHz, CDCl3) & 203.1, 201.4, 169.2 (2 C), 101.4, 94.7, 91.7, 87.8, 57.7, 53.0, 52.9,
42.2, 25.8, 20.7, -0.1 (3 C); LRMS (EI) m/z 277 [(M-CO:Me)*], 225, 193, 161, 89, 73; HRMS (EI) caled for
Ci5H2103Si [(M-CO2Me)*™] 277.1260, found 277.1255.

<Scheme 40>

Dimethyl 2-(prop-2-yn-1-yl)-2-(6-((tetrahydro-2 H-pyran-2-yl)oxy)hexa-1,2-dien-1-yl)malonate (152)

To a solution of 143¢ (3.86 g, 9.13 mmol) in MeOH (91 mL) was added K>CO3 (1.94 g, 14.0 mmol) at 0 °C, and the
mixture was stirred at room temperature for 1.5 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C.
After removal of MeOH, the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried
over Na,SOs, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc =
10/1, 3/1) to give 152 (2.61 g, 82% yield) as a pale yellow oil. Spectral data of 152: IR (neat) 3288, 2951, 2869, 1968,
1739 cm!; 'H NMR (500 MHz, CDCl3) 6 5.72 (dt, J = 6.5, 3.0 Hz, 1 H), 5.43 (dt, J= 6.5, 6.5 Hz, 1 H), 4.57-4.53 (m, 1
H), 3.83 (ddd, /= 11.5, 7.9, 3.4 Hz, 1 H), 3.77-3.70 (m, 7 H), 3.51-3.44 (m, 1 H), 3.41-3.35 (m, 1 H), 2.89 (d, /= 3.0
Hz, 2 H), 2.20-2.05 (m, 2 H), 1.97 (t, J = 3.0 Hz, 1 H), 1.86-1.43 (m, 8 H); 1*C NMR (125 MHz, CDCls) § 203.3, 169.4,
169.3, 98.8*!, 95.8, 90.0, 79.1, 70.9, 66.7*, 62.2*, 57.3, 53.0 (2 C), 30.6, 28.9, 25.4, 25.1, 24.4, 19.5%; LRMS (EI) m/z
350 [M™], 190, 129, 85.

Dimethyl 2-(3-chloroprop-2-yn-1-yl)-2-(6-((tetrahydro-2 H-pyran-2-yl)oxy)hexa-1,2-dien-1-yl)malonate (143d)
To a solution of 152 (359 mg, 1.02 mmol) in THF (5.0 mL) was added LHMDS (1.6 M in THF, 0.80 mL, 1.3 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the solution was added

N-chlorosuccinimide (299 mg, 2.24 mmol), and the mixture was stirred and warmed to room temperature for 15 h. To
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the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the aqueous layer was extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SO4, and concentrated. The residue was purified by column
chromatography on silica gel (n-hexane/EtOAc = 10/1) to give 143d (138 mg, 35% yield) as a pale yellow oil. Spectral
data of 143d: IR (neat) 2952, 2871, 1968, 1741 cm’!; '"H NMR (500 MHz, CDCls) § 5.70 (dt, J = 7.0, 3.1 Hz, 1 H), 5.45
(dt,J=7.0, 6.5 Hz, 1 H), 4.59-4.55 (m, 1 H), 3.84 (ddd, J=10.5, 8.3, 3.0 Hz, 1 H), 3.78-3.73 (m, 7 H), 3.52-3.46 (m, 1
H), 3.44-3.37 (m, 1 H), 2.89 (s, 2 H), 2.18-2.10 (m, 2 H), 1.86-1.46 (m, 8 H); '*C NMR (125 MHz, CDCls) & 203.3,
169.32, 169.26, 98.8*!1, 96.0%*, 90.0, 66.7*, 64.6, 62.2*, 60.0, 57.2, 53.1 (2 C), 30.6, 28.9, 25.4, 25.2, 24.6, 19.6*; LRMS
(EX) m/z 384 [M], 349, 207, 129, 115, 85.

Dimethyl 2-(3-chloroprop-2-yn-1-yl)-2-(6-oxohexa-1,2-dien-1-yl)malonate (134d)

To a solution of 143d (138 mg, 0.358 mmol) in MeOH (3.6 mL) was added TsOH-H,0O (12.4 mg, 0.0652 mmol) at 0 °C,
and the mixture was stirred at room temperature for 2 h. To the mixture was added saturated NaHCO3 aqueous solution
at 0 °C. After removal of MeOH, the aqueous layer was extracted with EtOAc. The organic layer was washed with
brine, dried over Na,SOs, and concentrated to give a crude alcohol. To a solution of the crude alcohol in CH,Cl, (3.6
mL) was added Dess-Martin Periodinane (233 mg, 0.549 mmol) at 0 °C, and the mixture was stirred at room
temperature for 2 h. To the mixture were added saturated NaHCO3 aqueous solution and 10% Na»S>03 aqueous solution
at 0 °C, and the aqueous layer was extracted with CH,Cl,. The organic layer was dried over Na,SO4, and concentrated.
The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 4/1) to give 134d (80.4 mg, 75%
yield in 2 steps) as a colorless oil. Spectral data of 134d: IR (neat) 3013, 2955, 2844, 2727, 2247, 1969, 1739 cm’!; 'H
NMR (500 MHz, CDCl3) 6 9.78 (t, J= 1.5 Hz, 1 H), 5.75 (dt, J= 6.5, 3.4 Hz, 1 H), 5.54 (dt, /= 6.5, 6.2 Hz, 1 H), 3.77
(s,3 H),3.75 (s, 3 H),2.90 (d, J=16.5 Hz, 1 H), 2.86 (d, J=16.5 Hz, 1 H), 2.63-2.57 (m, 2 H), 2.40-2.33 (m, 2 H); 13C
NMR (125 MHz, CDCls) 6 203.2, 201.4, 169.2, 169.1, 94.9, 91.4, 64.6, 60.2, 57.2, 53.2 (2 C), 42.2, 24.5, 20.6; LRMS
(EI) m/z 239 [(M-CO:Me)'], 225, 193, 161, 115, 59; HRMS (EI) calcd for Ci2H;503 [(M-CO,Me)*] 239.0475, found
239.0475.

Trimethyl 10-((tetrahydro-2H-pyran-2-yl)oxy)deca-5,6-dien-1-yne-1,4,4-tricarboxylate (143e)

To a solution of 152 (350 mg, 0.999 mmol) in THF (5.0 mL) was added LHMDS (1.6 M in THF, 1.3 mL, 1.9 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 1 h. To the solution was added methyl
chloroformate (150 puL, 1.94 mmol), and the mixture was stirred and warmed to room temperature for 19 h. To the
mixture was added saturated NH4Cl aqueous solution at 0 °C, and the aqueous layer was extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SO4, and concentrated. The residue was purified by column
chromatography on silica gel (n-hexane/EtOAc = 7/1, 3/1) to give 143e (284 mg, 70% yield) as a pale yellow oil.
Spectral data of 143e: IR (neat) 2952, 2871, 2242, 1968, 1740, 1714 cm™'; 'TH NMR (500 MHz, CDCl3) 6 5.71 (dt, J =
6.5,3.1 Hz, 1 H), 5.45 (dt, J=6.5, 6.5 Hz, 1 H), 4.57-4.54 (m, 1 H), 3.84 (ddd, J=11.5, 7.8, 3.3 Hz, 1 H), 3.79-3.70 (m,
10 H), 3.52-3.45 (m, 1 H), 3.41-3.36 (m, 1 H), 3.04 (s, 2 H), 2.19-2.10 (m, 2 H), 1.86-1.46 (m, 8 H); '3C NMR (125
MHz, CDCl3) § 203.3, 168.9 (2 C), 153.6, 98.8*!, 96.5, 89.8%, 84.1, 74.8, 66.6*, 62.2*, 56.8, 53.2 (2 C), 52.6, 30.6,
28.9,25.4,25.1, 24.4, 19.6%; LRMS (EI) m/z 277 [(M-2CO,Me-Me)*], 199, 183, 77.

Trimethyl 10-oxodeca-5,6-dien-1-yne-1,4,4-tricarboxylate (134e)

To a solution of 143e (155 mg, 0.379 mmol) in MeOH (3.8 mL) was added TsOH-H,O (7.9 mg, 0.042 mmol) at 0 °C,

and the mixture was stirred at room temperature for 14 h. To the mixture was added saturated NaHCO3 aqueous
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solution at 0 °C. After removal of MeOH, the aqueous layer was extracted with EtOAc. The organic layer was washed
with brine, dried over Na>SOs, and concentrated to give a crude alcohol. To a solution of the crude alcohol in CH>Cl»
(3.8 mL) was added Dess-Martin Periodinane (254 mg, 0.599 mmol) at 0 °C, and the mixture was stirred at room
temperature for 2.5 h. To the mixture were added saturated NaHCO3 aqueous solution and 10% Na»S>03 aqueous
solution at 0 °C, and the aqueous layer was extracted with CH,Cl,. The organic layer was washed with brine, dried over
NaSOj4, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 4/1)
to give 134e (90.1 mg, 74% yield in 2 steps) as a colorless oil. Spectral data of 134e: IR (neat) 3010, 2956, 2844, 2729,
2243, 1969, 1739, 1714 cm™'; 'TH NMR (400 MHz, CDCl3) 6 9.77 (t, J = 1.2 Hz, 1 H), 5.76 (dt, J = 6.4, 3.2 Hz, 1 H),
5.54 (dt,J=6.4,6.3 Hz, 1 H), 3.78 (s, 3 H), 3.76 (s, 3 H), 3.72 (s, 3 H), 3.06 (d, /= 17.6 Hz, 1 H), 3.00 (d, J=17.6 Hz,
1 H), 2.65-2.57 (m, 2 H), 2.41-2.33 (m, 2 H); *C NMR (100 MHz, CDCls) 5 203.2, 201.4, 168.8, 168.7, 153.6, 95.4,
91.1, 83.9, 74.9, 56.8, 53.3 (2 C), 52.7, 42.2, 24.1, 20.5; LRMS (EI) m/z 263 [(M-CO:Me)"], 225, 193, 161, 115, 59;
HRMS (EI) caled for Ci4H505 [(M-CO2Me)*] 263.0920, found 263.0921.

<Scheme 41>

Dimethyl 2-(6-oxohexa-1,2-dien-1-yl)-2-(3-phenylprop-2-yn-1-yl)malonate (134f)

To a solution of 152 (170 mg, 0.485 mmol) in Et;N (5.0 mL) were added iodobenzene (100 pL, 0.894 mmol),
PdCly(PPhs), (13.8 mg, 0.0197 mmol) and Cul (31.0 mg, 0.163 mmol) at 0 °C, and the mixture was stirred at 40 °C for
1.5 h. To the mixture were added EtOAc and saturated NH4Cl aqueous solution at 0 °C and the aqueous layer was
extracted with EtOAc. The organic layer was washed with brine, dried over Na,SOs, and concentrated to give a crude
aromatic alkyne 143f. To a solution of 143f in MeOH (5.0 mL) was added TsOH-H»O (18.3 mg, 0.0962 mmol) at 0 °C,
and the mixture was stirred at room temperature for 1 h. To the mixture was added saturated NaHCOs3 aqueous solution
at 0 °C. After removal of MeOH, the aqueous layer was extracted with EtOAc. The organic layer was washed with
brine, dried over Na,SOs, and concentrated to give a crude alcohol. To a solution of the crude alcohol in CH,Cl, (5.0
mL) was added Dess-Martin Periodinane (344 mg, 0.811 mmol) at 0 °C, and the mixture was stirred at room
temperature for 3 h. To the mixture were added saturated NaHCO3 aqueous solution and 10% Na,S>03 aqueous solution
at 0 °C, and the aqueous layer was extracted with CH,Cl,. The organic layer was washed with brine, dried over Na,;SOs,
and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 5/1) to give
134f (142 mg, 86% yield in 3 steps) as a colorless oil. Spectral data of 134f: IR (neat) 2954, 2841, 2727, 1969, 1739
cm’!; 'TH NMR (500 MHz, CDCls) & 9.66 (t, J = 1.3 Hz, 1 H), 7.34-7.22 (m, 5 H), 5.84 (dt, J = 6.5, 3.3 Hz, 1 H), 5.51
(dt, J=6.5,6.0 Hz, 1 H), 3.78 (s, 3 H), 3.76 (s, 3 H), 3.13 (d, /= 17.0 Hz, 1 H), 3.09 (d, /= 17.0 Hz, 1 H), 2.60-2.56
(m, 2 H), 2.34 (tdd, J = 6.8, 6.0, 3.3 Hz, 2 H); '3*C NMR (125 MHz, CDCI3) & 203.2, 201.4, 169.4, 169.3, 131.5 (2 C),
128.2 (2 C), 128.0, 123.0, 94.7, 91.8, 84.6, 83.2, 57.7, 53.1 (2 C), 42.1, 25.3, 20.6; LRMS (EI) m/z 340 [M"], 281, 253,
193, 178, 115, 91 ; HRMS (EI) calcd for CisH1703 [(M-CO:Me)*] 281.1178, found 281.1174.

Dimethyl 2-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-2-(6-oxohexa-1,2-dien-1-yl)malonate (134g)

To a solution of 152 (511 mg, 1.46 mmol) in Et;N (15 mL) were added p-iodoanisole (440 mg, 1.88 mmol),
PdCl,(PPhs), (45.8 mg, 0.0653 mmol) and Cul (44.5 mg, 0.234 mmol) at 0 °C, and the mixture was stirred at 40 °C for
2 h. To the mixture was added EtOAc and saturated NH4Cl aqueous solution at 0 °C and the aqueous layer was
extracted with EtOAc. The organic layer was washed with brine, dried over Na>;SOs, and concentrated to give a crude
aromatic alkyne 143g. To a solution of 143g in MeOH (15 mL) was added TsOH-H»O (26.5 mg, 0.139 mmol) at 0 °C,

and the mixture was stirred at room temperature for 3 h. To the mixture were added saturated NaHCO3 aqueous solution
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at 0 °C. After removal of MeOH, the aqueous layer was extracted with EtOAc. The organic layer was washed with
brine, dried over Na,SO4, and concentrated to give a crude alcohol. To a solution of the crude alcohol in CH,Cl, (15
mL) was added Dess-Martin Periodinane (980 mg, 2.31 mmol) at 0 °C, and the mixture was stirred at room temperature
for 2 h. To the mixture were added saturated NaHCO; aqueous solution and 10% Na»S,03 aqueous solution at 0 °C, and
the aqueous layer was extracted with CH,Clo. The organic layer was washed with brine, dried over Na>SOs, and
concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 7/1, 3/1) to give
134g (329 mg, 61% yield in 3 steps) as a colorless oil. Spectral data of 134g: IR (neat) 3005, 2954, 2839, 2727, 1970,
1739, 1738 cm'; 'TH NMR (400 MHz, CDCl3) 8 9.78 (t, J = 1.5 Hz, 1 H), 7.29-7.23 (m, 2 H), 6.82-6.74 (m, 2 H), 5.84
(dt,J=6.4,3.3 Hz, 1 H), 5.51 (dt, J=6.4, 6.0 Hz, 1 H), 3.78 (s, 6 H), 3.77 (s, 3 H), 3.12 (d, J=16.8 Hz, 1 H), 3.06 (d,
J=16.8 Hz, 1 H), 2.63-2.55 (m, 2 H), 2.40-2.30 (m, 2 H); 3C NMR (100 MHz, CDCls) § 203.2, 201.5, 169.5, 169.4,
159.3, 132.9 (2 C), 115.2, 113.8 (2 C), 94.6, 91.8, 83.0 (2 C), 57.8, 55.2, 53.1, 53.0, 42.2, 25.3, 20.6; LRM S (EI) m/z
370 [M™], 311, 251, 223, 145, 135, 121, 91; HRMS (EI) calcd for C21H»06 [M*] 370.1416, found 370.1412.

Dimethyl 2-(3-(4-(methoxycarbonyl)phenyl)prop-2-yn-1-yl)-2-(6-oxohexa-1,2-dien-1-yl)malonate (134h)

To a solution of 152 (346 mg, 0.987 mmol) in EtsN (10 mL) were added methyl 4-iodobenzoate (384 mg, 1.47 mmol),
PdCly(PPhs), (26.8 mg, 0.0382 mmol) and Cul (39.3 mg, 0.206 mmol) at 0 °C, and the mixture was stirred at 40 °C for
1 h. To the mixture were added EtOAc and saturated NH4Cl aqueous solution at 0 °C and the aqueous layer was
extracted with EtOAc. The organic layer was washed with brine, dried over Na,SOs, and concentrated to give a crude
aromatic alkyne 143h. To a solution of 143h in MeOH (10 mL) was added TsOH-H,O (22.3 mg, 0.117 mmol) at 0 °C,
and the mixture was stirred at room temperature for 1 h. To the mixture was added saturated NaHCO3 aqueous solution
at 0 °C. After removal of MeOH, the aqueous layer was extracted with EtOAc. The organic layer was washed with
brine, dried over Na,SOj4, and concentrated to give a crude alcohol. To a solution of the crude alcohol in CH»Cl, (10
mL) was added Dess-Martin Periodinane (699 mg, 1.65 mmol) at 0 °C, and the mixture was stirred at room temperature
for 2 h. To the mixture were added saturated NaHCOj; aqueous solution and 10% Na»S,03 aqueous solution at 0 °C, and
the aqueous layer was extracted with CH,Cl,. The organic layer was washed with brine, dried over Na,SOs, and
concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 4/1) to give 134h
(282 mg, 72% yield in 3 steps) as a colorless oil. Spectral data of 134h: IR (neat) 3005, 2954, 2844, 2727, 2226, 1969,
1731 cm’!; '"H NMR (400 MHz, CDCls3) § 9.68 (s, 1 H), 8.00-7.87 (m, 2 H), 7.44-7.32 (m, 2 H), 5.83 (dt, J = 6.4, 3.5 Hz,
1 H), 5.52 (dt, J= 6.4, 6.1 Hz, 1 H), 3.90 (s, 3 H), 3.79 (s, 3 H), 3.77 (s, 3 H), 3.16 (d, /= 17.2 Hz, 1 H), 3.10 (d, J =
17.2 Hz, 1 H), 2.62-2.56 (m, 2 H), 2.40-2.29 (m, 2 H); '3C NMR (100 MHz, CDCI3) § 203.2, 201.2, 169.3, 169.2, 166.5,
131.4 (2 C), 129.4 (2 C), 129.3, 127.7, 94.6, 91.7, 88.0, 82.6, 57.6, 53.1 (2 C), 52.2, 42.2, 25.3, 20.6; LRMS (EI) m/z
398 [M™], 339, 307, 191, 173, 163, 149, 91; HRMS (EI) calcd for C»H»07 [M*] 398.1366, found 398.1360.

<Scheme 42>

N-(7,7-Dimethoxyhepta-2,3-dien-1-yl)-4-methylbenzenesulfonamide (155)

To a solution of TsNHBoc (1.64 g, 6.04 mmol) in THF (6.0 mL) were added PPh; (1.60 g, 6.10 mmol), a solution of
153 (693 mg, 4.02 mmol) in THF (2.0 mL) and DIAD (1.20 mL, 5.82 mmol) at 0 °C. The mixture was stirred at room
temperature for 16 h, and the mixture was concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 7/1, 4/1) to give a mixture of 154 and TsNHBoc (2.03 g, ca. 154/TsNHBoc = 2/1) as a colorless
oil. To a solution of a part of this mixture (951 mg, ca. 1.92 mmol of 154) in MeOH (10 mL) were added trimethyl
orthoformate (6.00 mL, 54.8 mmol) and acetyl chloride (2.50 mL, 35.2 mmol) at 0 °C. The mixture was stirred under
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reflux for 22 h, and the mixture was added acetyl chloride (2.50 mL, 35.2 mmol) at 0 °C. The mixture was stirred under
reflux for 1 h, and the mixture was added trimethyl orthoformate (6.00 mL, 54.8 mmol) at 0 °C. The mixture was stirred
under reflux for 1 h. To the mixture were added NaHCO; and then added H,O at 0 °C, and the aqueous layer was
extracted with CH»Cl,. The organic layer was washed with brine, dried over Na,SO4, and concentrated. The residue was
purified by column chromatography on silica gel (n-hexane/EtOAc = 6/1, 2/1) to give 155 (493 mg, 79% yield in 2
steps) as a colorless oil. Spectral data of 155: IR (neat) 3276, 2984, 2935, 2832, 1965, 1736, 1599 cm™'; 'H NMR (500
MHz, CDCl3) & 7.76 (d, J= 8.0 Hz, 2 H), 7.32 (d, J = 8.0 Hz, 2 H), 5.23 (dtt, J= 6.5, 6.3, 3.1 Hz, 1 H), 5.10 (dtt, J =
6.5,5.8,3.0 Hz, 1 H), 4.96-4.90 (m, 1 H), 4.42 (t, J=5.8 Hz, 1 H), 3.55 (ddd, /=9.0, 6.3, 3.0 Hz, 2 H), 3.34 (s, 3 H),
3.32 (s, 3 H), 2.44 (s, 3 H), 2.26 (tdd, J = 7.3, 5.8, 3.1 Hz, 2 H), 1.72-1.66 (m, 2 H); 3C NMR (125 MHz, CDCl;)
5203.4,143.3,137.0, 129.6 (2 C), 127.1 (2 C), 103.5, 93.9, 88.4, 53.2, 52.2, 41.8, 31.0, 23.6, 21.5; LRMS (EI) m/z 294
[(M-OMe)*], 222, 155, 138, 91.

N-(7,7-Dimethoxyhepta-2,3-dien-1-yl)-/V-(hex-1-yn-1-yl)-4-methylbenzenesulfonamide (157)

To a solution of 156 (399 mg, 2.48 mmol) in toluene (1.5 mL) were added 1,10-phenanethroline (76.2 mg, 0.384 mmol),
CuS04-5H,0 (94.5 mg, 0.378 mmol), K3PO4 (483 mg, 2.23 mmol) and a solution of 155 (492 mg, 1.51 mmol) in
toluene (1.5 mL) at 0 °C. The mixture was stirred at 60 °C for 18 h. The mixture was filtered through Celite® with Et,O
and the filtrate was concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc =
3/1) to give 157 (343 mg, 56% yield) as a colorless oil. Spectral data of 157: IR (neat) 2955, 2931, 2872, 2828, 2254,
1966 cm’!; 'H NMR (500 MHz, CDCl3) 8 7.77 (d, J = 8.0 Hz, 2 H), 7.32 (d, J= 8.0 Hz, 2 H), 5.19 (dtt, J= 6.5, 6.5, 2.3
Hz, 1 H), 5.04 (dtt, J=6.5, 6.5, 3.3 Hz, 1 H), 4.36 (t, /= 5.9 Hz, 1 H), 3.96-3.87 (m, 2 H), 3.30 (s, 6 H), 2.44 (s, 3 H),
2.26 (t, J= 6.8 Hz, 2 H), 2.06-1.98 (m, 2 H), 1.71-1.64 (m, 2 H), 1.49-1.41 (m, 2 H), 1.40-1.32 (m, 2 H), 0.89 (t,J=17.3
Hz, 3 H); 3C NMR (125 MHz, CDCls) & 205.4, 144.3, 134.8, 129.5 (2 C), 127.7 (2 C), 103.9, 92.3, 86.4, 72.8, 70.7,
5292 C),51.4,31.6,30.9,23.4,21.8,21.6, 18.1, 13.6; LRMS (EI) m/z 374 [(M-OMe)*], 302, 218, 91.

N-(Hex-1-yn-1-yl)-4-methyl-V-(7-oxohepta-2,3-dien-1-yl)benzenesulfonamide (134i)

To a solution of 157 (278 mg, 0.685 mmol) in CH>CL (7.0 mL) were added 2,6-lutidine (250 pL, 2.16 mmol) and
TMSOTT (250 pL, 1.38 mmol) at 0 °C and the reaction mixture was stirred at the same temperature for 2 h. To the
mixture was added H,O at 0 °C, and the mixture was stirred at the same temperature for 1 h. Then aqueous layer was
extracted with CHxCl,, dried over NaxSOs, and concentrated. The residue was purified by column chromatography on
silica gel (n-hexane/EtOAc = 7/1, 4/1) to give 134i (106 mg, 43% yield) as a colorless oil. Spectral data of 134i: IR
(neat) 2957, 2930, 2871, 2724, 2253, 1967, 1725 cm’!; 'TH NMR (500 MHz, CDCl3) § 9.40 (t, J = 1.5 Hz, 1 H), 7.76 (d,
J=28.0Hz, 2 H), 7.32 (d, /= 8.0 Hz, 2 H), 5.25 (dtt, /= 7.0, 7.0, 2.5 Hz, 1 H), 5.11 (dtt, /= 7.0, 7.0, 3.5 Hz, 1 H), 3.92
(ddd, J=14.0, 7.0, 2.5 Hz, 1 H), 3.88 (ddd, J = 14.0, 7.0, 2.5 Hz, 1 H), 2.57-2.53 (m, 2 H), 2.44 (s, 3 H), 2.29 (dtd, J =
7.0, 6.7, 3.5 Hz, 2 H), 2.24 (t, J = 6.8 Hz, 2 H), 1.48-1.41 (m, 2 H), 1.39-1.31 (m, 2 H), 0.88 (t, J = 7.5 Hz, 3 H); 13C
NMR (125 MHz, CDCl3) 6 205.3, 201.5, 144.4, 134.7, 129.6 (2 C), 127.6 (2 C), 91.7, 87.7, 72.9, 70.6, 51.1, 42.2, 30.9,
21.8, 21.6, 20.7, 18.1, 13.6; LRMS (EI) m/z 359 [M*], 204, 91; HRMS (EI) calcd for C20H2sNOsS [M'] 359.1555,
found 359.1556.

<Scheme 43>
According to the general procedure for cyclization, a crude product, which was prepared from 71a (43.8 mg, 0.150
mmol), [Rh(dppbz)(cod)]ClO4 (11.2 mg, 0.0150 mmol) in CICH,CH,CI (1.50 mL) at 50 °C for 1 h, was purified by
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column chromatography on silica gel (n-hexane/EtOAc = 4/1) to give 76a (17.4 mg, 40% yield) as a pale yellow oil,

whose spectral were consistent to those reported literature?.

<Scheme 44>

Methyl 3-methyl-8-((tetrahydro-2 H-pyran-2-yl)oxy)octa-3,4-dienoate (159)

To a solution of 1-bromo-1-propene (3.80 mL, 44.6 mmol) in THF (140 mL) was added »-BuLi (1.65 M in hexane,
45.0 mL, 74.3 mmol) at -78 °C, and the reaction mixture was stirred at the same temperature for 1 h. To the solution
was added a solution of 158 (5.17 g, 30.0 mmol) in THF (10 mL), and the mixture was stirred and warmed to room
temperature for 14 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the aqueous layer was
extracted with EtOAc. The organic layer was washed with brine, dried over Na,SO4 and concentrated to give a crude
alkynyl alcohol. To a solution of the crude alcohol (5.58 g, 26.3 mmol) in trimethylorthoacetate (20.0 mL, 160 mmol)
was added propionic acid (400 pL, 5.36 mmol) at 0 °C, and the mixture was stirred at 115 °C for 14 h and 130 °C for 21
h with azeotropic removal of methanol. After concentration of the reaction mixture by vaccum distillation, the redisue
was purified by column chromatography on silica gel (n-hexane/EtOAc = 7/1) to give 159 (6.06 g, 75% yield in 2 steps)
as a colorless oil. Spectral data of 159: IR (neat) 2943, 2870, 1741 cm™!; 'H NMR (500 MHz, CDCls) & 5.14-5.08 (m, 1
H), 4.56 (t, J=3.8 Hz, 1 H), 3.84 (ddd, J=10.5, 8.0, 3.0 Hz, 1 H), 3.78-3.70 (m, 1 H), 3.67 (s, 3 H), 3.51-3.44 (m, 1 H),
3.43-3.35 (m, 1 H), 2.96 (d, J = 2.5 Hz, 2 H), 2.10-1.96 (m, 2 H), 1.85-1.43 (m, 11 H); 3*C NMR (125 MHz, CDCls)
5202.8, 171.7, 98.8*%!,93.5, 90.4, 66.8*, 62.2%, 51.7, 40.2, 30.7, 28.9%, 26.5, 25.4*, 19.6%, 19.0 ; LRMS (EI) m/z 183
[(M-(CH)s0)], 85.

Dimethyl 2-(but-2-yn-1-yl)-2-(7-((tetrahydro-2 H-pyran-2-yl)oxy)hepta-2,3-dien-2-yl)malonate (143j)

To a solution of 159 (1.34 g, 4.99 mmol) in THF (5 mL) was added LHMDS (1.3 M in THF, 8.0 mL, 10 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the solution was added methyl
chloroformate (400 pL, 5.18 mmol), and the mixture was stirred at the same temperature for 10 min. Then, to the
solution was added a solution of 142 (1.29 g, 7.17 mmol) in THF (2 mL) at -78 °C, and the mixture was stirred and
warmed to room temperature for 12 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the
aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na,SOs4, and
concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1) to give 143j
(1.31 g, 69% yield) as a colorless oil. Spectral data of 143j: IR (neat) 2950, 2869, 1737 cm’!; 'H NMR (500 MHz,
CDCls) 6 5.30 (tq, J=6.3,3.0 Hz, 1 H), 4.56 (t, J=3.5 Hz, 1 H), 3.84 (ddd, /=11.0, 7.9,2.9 Hz, 1 H), 3.78-3.71 (m, 7
H), 3.52-3.45 (m, 1 H), 3.43-3.36 (m, 1 H), 2.82-2.79 (m, 2 H), 2.16-2.02 (m, 2 H), 1.87-1.46 (m, 14 H); 3*C NMR (125
MHz, CDCI3) 6 203.0*%!, 169.7 (2 C), 98.8, 98.4, 93.7*, 78.0, 74.4, 66.9%, 62.2, 60.9, 52.6 (2 C), 30.7, 28.8*, 25.5,
25.44,25.40%*, 19.6, 16.9, 3.6; LRMS (EI) m/z 378 [M], 85.

Dimethyl 2-(but-2-yn-1-yl)-2-(7-oxohepta-2,3-dien-2-yl)malonate (134j)

To a solution of 143j (1.31 g, 3.46 mmol) in MeOH (34 mL) was added TsOH-H,O (66.0 mg, 0.347 mmol) at 0 °C, and
the mixture was stirred at room temperature for 2 h. To the mixture was added TsOH-H,O (60.0 mg, 0.315 mmol) at
0 °C, and the mixture was stirred at room temperature for 1 h. To the mixture was added saturated NaHCO3 aqueous
solution at 0 °C. After removal of MeOH, the aqueous layer was extracted with EtOAc. The organic layer was washed
with brine, dried over Na>SOs, and concentrated to give a crude alcohol. To a solution of the crude alcohol in CH>Cl»

(34 mL) was added Dess-Martin Periodinane (2.24 g, 5.28 mmol) at 0 °C, and the mixture was stirred at room
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temperature for 2 h. To the mixture was added Dess-Martin Periodinane (1.95 g, 4.60 mmol) at 0 °C, and the mixture
was stirred at room temperature for 3 h. To the mixture was added Dess-Martin Periodinane (1.83 g, 4.31 mmol) at 0 °C,
and the mixture was stirred at room temperature for 1 h. To the mixture were added saturated NaHCO3 aqueous solution
and 10% Na»S203 aqueous solution at 0 °C, and the aqueous layer was extracted with CH,Cl,. The organic layer was
washed with brine, dried over Na,SO4, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 5/1) to give 134j (857 mg, 85% yield in 2 steps) as a colorless oil. Spectral data of 134j: IR
(neat) 2953, 2923, 2844, 2731, 2359, 2341, 1733 cm™!; 'H NMR (500 MHz, CDCls) & 9.76 (s, 1 H), 5.35 (tq, J = 5.8,
2.5Hz, 1 H),3.74 (s, 3 H), 3.73 (s, 3 H), 2.79 (q, J = 2.5 Hz, 2 H), 2.65-2.51 (m, 2 H), 2.39-2.26 (m, 2 H), 1.80 (d, J =
2.5Hz, 3 H), 1.71 (t, J= 2.5 Hz, 3 H); *C NMR (125 MHz, CDCls) 6 203.0, 201.9, 169.5 (2 C), 100.0, 92.5, 78.1, 74.3,
60.9, 52.6 (2 C), 41.8, 25.3, 21.0, 16.7, 3.5; LRMS (EI) m/z 292 [M'], 233, 173, 145; HRMS (EI) calcd for CicH200s
[M*"]292.1311, found 292.1311.

<Scheme 45>

Methyl 5-methyl-8-((tetrahydro-2 H-pyran-2-yl)oxy)octa-3,4-dienoate (161)

To a solution of 160 (2.53 g, 11.9 mmol) in trimethylorthoacetate (9.00 mL, 71.9 mmol) was added propionic acid (200
pL, 2.68 mmol) at 0 °C, and the mixture was stirred at 130 °C for 24 h with azeotropic removal of methanol. After
concentration of the reaction mixture by vaccum distillation, the redisue was purified by column chromatography on
silica gel (n-hexane/EtOAc = 5/1) to give 161 (978 mg, 31% yield) as a colorless oil. Spectral data of 161: IR (neat)
2943, 2868, 1742 cm!; 'H NMR (500 MHz, CDCl3) 6 5.17-5.11 (m, 1 H), 4.57-4.51 (m, 1 H), 3.84 (ddd, J=11.5, 7.8,
3.3 Hz, 1 H), 3.75-3.69 (m, 1 H), 3.67 (s, 3 H), 3.50-3.44 (m, 1 H), 3.40-3.34 (m, 1 H), 2.98 (d, J = 7.5 Hz, 2 H),
2.05-1.94 (m, 2 H), 1.85-1.43 (m, 11 H); 3C NMR (125 MHz, CDCI3) § 202.3, 172.3, 100.5, 98.8*!, 83.6, 67.0%, 62.3%,
51.8%,35.1*%,30.7*%,30.3*%,27.5*, 25.6*%, 19.6*, 19.0 ; LRMS (EI) m/z 183 [(M-(CH,)s0)"], 85.

Dimethyl 2-(but-2-yn-1-yl)-2-(3-methyl-6-((tetrahydro-2 H-pyran-2-yl)oxy)hexa-1,2-dien-1-yl)malonate (143Kk)

To a solution of 161 (795 mg, 2.96 mmol) in THF (3 mL) was added LHMDS (1.3 M in THF, 5.1 mL, 6.6 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the solution was added methyl
chloroformate (240 pL, 3.11 mmol), and the mixture was stirred at the same temperature for 10 min. Then, to the
solution was added a solution of 142 (2.16 g, 12.0 mmol) in THF (3 mL) at -78 °C, and the mixture was stirred and
warmed to room temperature for 13 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the
aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na,SO4, and
concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1) to give 143k
(915 mg, 82% yield) as a colorless oil. Spectral data of 143k: IR (neat) 2951, 2859, 1739 cm™'; 'H NMR (500 MHz,
CDCl3) 6 5.64 (qt, J=3.0,2.9 Hz, 1 H), 4.58-4.53 (m, 1 H), 3.84 (ddd, /=11.0, 7.9, 2.9 Hz, 1 H), 3.75-3.70 (m, 7 H),
3.51-3.46 (m, 1 H), 3.41-3.35 (m, 1 H), 2.81 (q, J = 2.5 Hz, 2 H), 2.13-1.97 (m, 2 H), 1.86-1.45 (m, 14 H); 1*C NMR
(125 MHz, CDCI3) 6 200.9, 170.0, 169.9, 104.8, 98.8*!, 89.6, 78.1, 73.9, 67.0*, 62.3*, 58.0, 52.8 (2 C), 30.7, 30.4, 27.5,
25.5,24.9, 19.6*, 18.7, 3.5; LRMS (EI) m/z 377 [(M-H)"], 85.

Dimethyl 2-(but-2-yn-1-yl)-2-(3-methyl-6-oxohexa-1,2-dien-1-yl)malonate (134k)
To a solution of 143k (544 mg, 1.44 mmol) in MeOH (15 mL) was added TsOH-H>O (30.2 mg, 0.159 mmol) at 0 °C,
and the mixture was stirred at room temperature for 2 h. To the mixture was added saturated NaHCO3 aqueous solution

at 0 °C. After removal of MeOH, the aqueous layer was extracted with EtOAc. The organic layer was washed with
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brine, dried over Na,SO4, and concentrated to give a crude alcohol. To a solution of the crude alcohol in CH,Cl, (15
mL) was added Dess-Martin Periodinane (1.01 g, 2.38 mmol) at 0 °C, and the mixture was stirred at room temperature
for 2.5 h. To the mixture were added saturated NaHCO3 aqueous solution and 10% Na»S,03 aqueous solution at 0 °C,
and the aqueous layer was extracted with CH,Cl,. The organic layer was dried over Na,;SO4, and concentrated. The
residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 5/1) to give 134k (365 mg, 87% yield
in 2 steps) as a colorless oil. Spectral data of 134k: IR (neat) 2953, 2921, 2845, 2726, 1737 cm™'; 'H NMR (400 MHz,
CDCl3) 6 9.74 (s, 1 H), 5.35 (qt, J=4.0, 3.5 Hz, 1 H), 3.73 (s, 3 H), 3.72 (s, 3 H), 2.83-2.74 (m, 2 H), 2.64-2.50 (m, 2
H), 2.36-2.18 (m, 2 H), 1.73 (d, J= 3.5 Hz, 3 H), 1.71 (t, J = 2.8 Hz, 3 H); *C NMR (100 MHz, CDCls) § 201.7, 200.5,
169.7 (2 C), 1042, 91.2, 78.3, 73.8, 58.0, 52.9, 52.8, 41.3, 25.8, 24.7, 18.9, 3.5; LRMS (EI) m/z 239
[(M-MeC=CCH>)"], 175, 91, 53; HRMS (EI) calcd for C12H1505 [(M-MeC=CCH>)*] 239.0920, found 239.0926.

<Scheme 48>
Dimethyl (S, 1Z, 5Z, 7Z)-3-hydroxy-2-methylbicyclo[5.3.0]deca-1,5,7-triene-9,9-dicarboxylate ((S)-137a)
According to the general procedure for cyclization, a crude product, which was prepared from (R)-134a (41.8 mg, 0.150
mmol) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0150 mmol) in CICH,CH,C1 (1.50 mL) at 50 °C for 1 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 2/1) to give (S)-137a (35.8 mg, 86% yield) as a colorless oil.
Spectral data of (S)-137a: [a]p? +0.3 (¢ 1.25, CHCl;). The enantiomeric excess was determined to be 76% ee by HPLC
analysis with a DAICEL CHIRALPAK OJ-H (eluent: n-hexane/i-PrOH = 98/2, flow rate: 1.0 mL/min, detecter: UV

(254 nm)): ¢z (minor) = 36.3 min for (R)-enantiomer: #z (major) = 40.3 min for (S)-enantiomer.

<Scheme 49>
<eq. 1>
Dimethyl 2E, 6Z)-7,10,10-trimethyl-11-oxatricyclo[6.2.1.0>%|undeca-2,6-diene-4,4-dicarboxylate (163a)
According to the general procedure for cyclization, a crude product, which was prepared from 162a (46.0 mg, 0.150
mmol) and [Rh(dppbz)(nbd)]CIO4 (11.2 mg, 0.0150 mmol) in CICH,CH>CI (1.50 mL) under reflux for 3 h, was
purified by column chromatography on silica gel (n-hexane/EtOAc = 5/1) to give 163a (38.7 mg, 84% yield) as a pale
yellow oil. The structure of 163a was determined by 2D-NMR (HMBC, INADEQUATE). Spectral data of 163a: IR
(neat) 3076, 3002, 2954, 2907, 2869, 1736, 1632 cm™'; 'H NMR (500 MHz, CDCls) & 5.58 (s, 1 H), 4.38 (s, 1 H), 4.27
(d,J=17.5Hz, 1 H), 3.74 (s, 3 H), 3.72 (s, 3 H), 3.06 (s, 2 H), 1.87 (dd, /= 12.0, 7.5 Hz, 1 H), 1.71 (s, 3 H), 1.57 (d, J =
12.0 Hz, 1 H), 1.23 (s, 3 H), 0.95 (s, 3 H); '3C NMR (125 MHz, CDCl5) § 171.2, 171.0, 145.0, 133.5, 132.0, 121.3, 83.6,
78.2,64.8,52.7 (2 C), 46.4,42.5,33.4,31.7,25.4, 15.8; LRMS (EI) m/z 306 [M'], 250, 191, 159, 132, 59; HRMS (EI)
calcd for C17H2,05 [M*] 306.1467, found 306.1465.

<eq. 2>

Dimethyl (2Z, 62)-7,11,11-trimethyl-10-0x0-9-oxatricyclo[6,2,2,02%|dodeca-2,6-diene-4,4-dicarboxylate (164)

A solution of [Rh(dppbz)(nbd)]C104 (0.0150 mmol, 10 mol% to a substrate) in degassed CICH,CH>CI (0.58 mL: 0.026
M to Rh) was stirred under H, atmosphere at room temperature for 1 h. Then the reaction mixture was degassed, and the
reaction vessel was flushed with CO gas. The mixture was added a solution of 162a (46.0 mg, 0.150 mmol) in degassed
CICH>CH,Cl (0.92 mL) and the reaction mixture was stirred at 50 °C for 2 h. After removal of the solvent, the residue
was purified by column chromatography on silica gel (n-hexane/EtOAc = 5/1, 2/1) to give 164 (31.2 mg, 62% yield) as
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a white solid and 163a (11.1 mg, 24% yield) as a pale yellow oil. The structure of 164 was determined by X-ray
analysis. Spectral data of 164: mp 143.5 °C (recrystallized from n-hexane-EtOAc at room temperature.)

<Scheme 50>

8-((tert-Butyldiphenylsilyl)oxy)-5-hydroxyoct-3-yn-1-yl pivalate (167)

To a solution of 166 (2.33 g, 15.1 mmol) in THF (20 mL) was added LHMDS (1.3 M in THF, 11 mL, 14 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 1 h. To the solution was added a solution of
165 (3.04 g, 9.31 mmol) in THF (5.0 mL), and the mixture was stirred and warmed to room temperature for 23 h. To
the mixture was added saturated NH4ClI aqueous solution at 0 °C, and the aqueous layer was extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SO4 and concentrated. The residue was purified by column
chromatography on silica gel (n-hexane/EtOAc = 10/1) to give 167 (2.27 g, 51% yield) as a pale yellow oil. Spectral
data of 167: IR (neat) 3452, 3071, 3050, 2958, 2931, 2859, 1731, 1589 cm™!; 'H NMR (500 MHz, CDCls) & 7.70-7.65
(m, 4 H), 7.45-7.36 (m, 6 H), 4.41 (dtt, J=5.5,5.5, 2.4 Hz, 1 H), 4.19-4.10 (m, 2 H), 3.74-3.64 (m, 2 H), 2.64 (d, J =
5.5 Hz, 1 H), 2.55 (td, J = 6.6, 2.4 Hz, 2 H), 1.87-1.62 (m, 4 H), 1.20 (s, 9 H), 1.05 (s, 9 H); '*C NMR (125 MHz,
CDCl3) & 178.3, 135.5 (4 C), 133.48, 133.46, 123.0 (2 C), 127.6 (4 C), 82.7, 80.8, 63.8, 62.3, 62.1, 38.7, 35.1, 28.2,
27.1 (3 C),26.8 (3 C), 19.2, 19.1; LRMS (EI) m/z 269 [(M-2Ph-(CH3);C)*], 199, 139, 77, 43.

(R)-8-((tert-Butyldiphenylsilyl)oxy)-5-hydroxyoct-3-yn-1-yl pivalate ((R)-167)

To a solution of 167 (2.27 g, 4.72 mmol) in CH,Cl, (20 mL) were added MS4A (5.02 g) and PCC (2.09 g, 9.70 mmol)
at 0 °C, and the mixture was stirred at the same temperature for 2 h. After removal of CH,Cl,, the residue was filtered
through column chromatography on silica gel (Et,O) to give a crude ketone. To a solution of the crude ketone in THF
(19 mL) was added (R)-(+)-2-methyl-CBS-oxaborolidine (2.13 g, 7.69 mmol) at 0 °C. To the solution was added
Me>S-BH;3 (1.80 mL, 19.0 mmol) at -30 °C, and the mixture was stirred at the same temperature for 30 min. To the
mixture were added MeOH, saturated NH4Cl aqueous solution and saturated NaHCO3 aqueous solution at 0 °C, and the
aqueous layer was extracted with Et,0. The organic layer was washed with brine, dried over Na,SOs, and concentrated.
The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 5/1, 3/1) to give (R)-167 (1.17 g,
51% yield in 2 steps) as a pale yellow oil. Spectral data of (R)-167: [a]p>* -2.3 (c 1.07, CHCI;). The enantiomeric excess
was determined to be 96% ee by HPLC analysis with a DAICEL CHIRALPAK OD-H (eluent: n-hexane/i-PrOH = 99/1,
flow rate: 1.0 mL/min, detecter: UV (254 nm)): ¢z (major) = 18.2 min for (R)-enantiomer: ¢z (minor) = 22.7 min for

(S)-enantiomer.

(R)-8-((tert-Butyldiphenylsilyl)oxy)octa-3,4-dien-1-yl pivalate ((R)-168)

To a solution of PPhs (870 mg, 3.32 mmol) in THF (14 mL) were added DIAD (660 pL, 3.33 mmol), a solution of
(R)-167 (1.07 g, 2.23 mmol) in THF (5.0 mL) and a solution of NBSH (733 mg, 3.37 mmol) in THF (5.0 mL) at -15 °C.
The mixture was stirred at the same temperature for 1 h and warmed to room temperature for 19 h. After concentration
of the reaction mixture the residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1) to
give (R)-168 (797 mg, 77% yield) as a pale yellow oil. Spectral data of (R)-168: IR (neat) 3070, 3051, 2957, 2931, 2858,
1963, 1730, 1479 cm™!; 'H NMR (500 MHz, CDCls) § 7.69-7.65 (m, 4 H), 7.45-7.36 (m, 6 H), 5.13 (dtt, J = 6.5, 6.5, 3.2
Hz, 1 H), 5.05 (dtt, /= 6.5, 6.5, 3.3 Hz, 1 H), 4.09 (t, /= 6.5 Hz, 2 H), 3.69 (t, /= 6.3 Hz, 2 H), 2.28 (tdd, /= 6.5, 6.5,
3.3 Hz, 2 H), 2.13-2.07 (m, 2 H), 1.72-1.64 (m, 2 H), 1.19 (s, 9 H), 1.05 (s, 9 H); *C NMR (125 MHz, CDCls) & 204.5,
178.5,135.5(4 C), 134.0 (2 C), 129.5 (2 C), 127.6 (4 C), 91.3, 87.0, 63.6, 63.1, 38.7, 31.9, 28.5, 27.2 (3 C), 26.8 (3 O),
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25.0, 19.2; LRMS (EI) m/z 283 [(M-(-BuPh,Si)OCH,CH,)*], 223, 199, 181, 107, 79, 57; [a]p** -29.7 (c 1.18, CHCI3).

(R)-8-((tert-Butyldiphenylsilyl)oxy)octa-3,4-dien-1-ol ((R)-169)

To a solution of (R)-168 (741 mg, 1.59 mmol) in Et,O (16 mL) was added DIBAL-H (1.03 M in hexane, 6.20 mL, 6.39
mmol) at -78 °C and the reaction mixture was stirred at the same temperature for 1 h. To the mixture was added
saturated Rochelle salt aqueous solution at 0 °C, and the reaction mixture was stirred at room temperature for 2 h. The
aqueous layer was extracted with Et,O, the organic layer was washed with brine, dried over Na;SOs, and concentrated.
The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 5/1) to give (R)-169 (568 mg,
94% yield) as a pale yellow oil. Spectral data of (R)-169: IR (neat) 3348, 3071, 3048, 2931, 2894, 2858, 1962, 1589
cm’'; 'TH NMR (500 MHz, CDCl3) & 7.70-7.65 (m, 4 H), 7.45-7.36 (m, 6 H), 5.16 (dtt, J= 7.0, 6.5, 3.1 Hz, 1 H), 5.08
(dtt, J=17.0, 6.5, 3.2 Hz, 1 H), 3.70 (t, /= 6.3 Hz, 2 H), 3.66 (t, J = 7.0 Hz, 2 H), 2.22 (tdd, J = 6.3, 6.5, 3.2 Hz, 2 H),
2.13 (tdd, J = 7.3, 6.5, 3.1 Hz, 2 H), 1.69 (tt, J = 7.3, 7.0 Hz, 2 H), 1.58-1.50 (brs, 1 H), 1.06 (s, 9 H); '3C NMR (125
MHz, CDCls) 6 204.6, 135.5 (4 C), 134.0 (2 C), 129.5 (2 C), 127.6 (4 C), 91.2, 87.5, 63.1, 62.0, 32.2, 31.8, 26.8 (3 C),
25.1, 19.2; LRMS (EI) m/z 305 [(M-(CH3);C-H,0)*], 283, 223, 199, 107, 79, 57; [a]p** -33.2 (¢ 1.08, CHCl5).

Methyl (R)-8-((tert-butyldiphenylsilyl)oxy)octa-3,4-dienoate ((R)-170)

To a solution of (R)-169 (517 mg, 1.36 mmol) in CH,Cl, (14 mL) was added Dess-Martin Periodinane (871 mg, 2.05
mmol) at 0 °C, and the mixture was stirred at room temperature for 2 h. To the mixture was added Dess-Martin
Periodinane (559 mg, 1.32 mmol) at 0 °C, and the mixture was stirred at room temperature for 3 h. To the mixture were
added saturated NaHCOj3 aqueous solution and 10% Na»S;03 aqueous solution at 0 °C, and the aqueous layer was
extracted with CH>Cl,. The organic layer was dried over Na,SO4, and concentrated to give a crude aldehyde. To a
solution of the crude aldehyde in #-BuOH (6.8 mL) were added 2-methyl-2-butene (1.10 g, 15.7 mmol), 0.50 M
NaHPO; aqueous solution (13.4 mL, 6.73 mmol), and 0.31 M NaClO, aqueous solution (13.4 mL, 4.12 mmol) at 0 °C,
and the mixture was stirred at room temperature for 30 min. To the mixture was added brine at 0 °C, and the aqueous
layer was extracted with CHCl;. The organic layer was washed with brine, dried over Na,SOj4, and concentrated to give
a crude carboxylic acid. To a solution of the crude carboxylic acid in MeOH (6.8 mL) was added TMSCHN; (2.0 M in
Et,0, 4.5 mL, 9.0 mmol) at 0 °C, and the mixture was stirred 20 min at the same temperature. To the mixture was added
AcOH at 0 °C, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc =
10/1) to give (R)-170 (468 mg, 84% yield in 3 steps) as a pale yellow oil. Spectral data of (R)-170: IR (neat) 3070, 3051,
2951, 2931, 2894, 2857, 1967, 1742 cm’'; 'H NMR (500 MHz, CDCls) & 7.70-7.65 (m, 4 H), 7.45-7.36 (m, 6 H),
5.25-5.17 (m, 2 H), 3.71-3.67 (m, 5 H), 3.00 (dd, J = 6.8, 3.3 Hz, 2 H), 2.16-2.07 (m, 2 H), 1.68 (tt, /= 7.0, 6.5 Hz, 2
H), 1.06 (s, 9 H); 3C NMR (125 MHz, CDCls) & 204.9, 170.0, 135.5 (4 C), 133.9 (2 C), 129.5 (2 C), 127.6 (4 C), 91.8,
84.3, 63.1, 51.8, 34.7, 31.7, 26.8 (3 C), 24.7, 19.2; LRMS (EI) m/z 351 [(M-(CH3);C)"], 213, 183, 121, 93, 77; [a]p*
-27.6 (¢ 1.02, CHCly).

Dimethyl (R)-2-(but-2-yn-1-yl)-2-(6-((tert-butyldiphenylsilyl)oxy)hexa-1,2-dien-1-yl)malonate ((R)-171)

To a solution of (R)-170 (416 mg, 1.02 mmol) in THF (1.0 mL) was added LHMDS (1.3 M in THF, 1.7 mL, 2.2 mmol)
at -78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the solution was added methyl
chloroformate (80.0 pL, 1.04 mmol), and the mixture was stirred at the same temperature for 10 min. Then, to the
solution was added a solution of 142 (1.81 g, 10.1 mmol) in THF (1.0 mL) at -78 °C, and the mixture was stirred and

warmed to room temperature for 5 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the
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aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na,SOs4, and
concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1) to give
(R)-171 (305 mg, 58% yield) as a pale yellow oil. Spectral data of (R)-171: IR (neat) 3072, 3049, 2999, 2952, 2931,
2894, 2858, 1967, 1740 cm™; '"H NMR (500 MHz, CDCl3) 8 7.68-7.64 (m, 4 H), 7.44-7.36 (m, 6 H), 5.72 (dt, J = 7.0,
3.3 Hz, 1 H),5.72 (dt, J= 7.0, 6.5 Hz, 1 H), 3.74 (s, 3 H), 3.73 (s, 3 H), 3.68 (t, /= 6.3 Hz, 2 H), 2.83 (q, /=2.5 Hz, 2
H), 2.20-2.08 (m, 2 H), 1.72-1.64 (m, 5 H), 1.04 (s, 9 H); *C NMR (125 MHz, CDCls) § 203.2, 169.8, 169.7, 135.5 (4
C), 133.9 (2 C), 129.5 (2 C), 127.6 (4 C), 95.6, 90.3, 78.4, 73.7, 63.2, 57.8, 52.91, 52.89, 31.7, 26.8 (3 C), 25.0, 24.8,
19.2, 3.5; LRMS (EI) m/z 351 [(M-(CH3);C-CO-Me-MeC=CCH>)"], 213, 199, 183, 121, 93, 77, 43; [a]p** -28.2 (¢ 1.15,
CHCIl;). The enantiomeric excess was determined to be 81% ee by HPLC analysis with a DAICEL CHIRALPAK
OD-H (eluent: n-hexane/i-PrOH = 99/1, flow rate: 0.3 mL/min, detecter: UV (254 nm)): #z (minor) = 15.7 min for

(S)-enantiomer: fz (major) = 16.9 min for (R)-enantiomer.

Dimethyl (R)-2-(but-2-yn-1-yl)-2-(6-hydroxyhexa-1,2-dien-1-yl)malonate ((R)-172)

To a solution of (R)-171 (269 mg, 0.519 mmol) in THF (1.7 mL) was added TBAF (1.0 M in THF, 700 pL, 0.70 mmol)
at 0 °C, and the mixture was stirred at room temperature for 2 h. To the mixture was added saturated NH4Cl aqueous
solution at 0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over
Na,S0y4, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 3/1,
1/2) to give (R)-172 (122 mg, 84% yield) as a pale yellow oil. Spectral data of (R)-172: IR (neat) 3418, 3004, 2953,
2924, 2865, 1968, 1739 cm™!; 'H NMR (500 MHz, CDCl3) § 5.72 (dt, J = 6.5, 3.1 Hz, 1 H), 5.39 (td, J = 6.7, 6.5 Hz, 1
H), 3.74 (s, 3 H), 3.73 (s, 3 H), 3.65 (t, /= 6.5 Hz, 2 H), 2.83 (q, /= 2.5 Hz, 2 H), 2.12 (tdd, /= 7.3, 6.7, 3.1 Hz, 2 H),
1.76-1.63 (m, 6 H); 3C NMR (125 MHz, CDCls) 8 203.2, 169.8, 169.7, 95.3, 90.4, 78.5, 73.6, 61.9, 57.7, 52.9 (2 C),
31.5,25.0,24.5,3.5; LRMS (EI) m/z 280 [M*], 221, 189, 143, 115, 91, 77, 59, 43; [0]p*? -40.0 (c 1.24, CHCI;).

Dimethyl (R)-2-(but-2-yn-1-yl)-2-(6-oxohexa-1,2-dien-1-yl)malonate ((R)-134a)

To a solution of (R)-172 (102 mg, 0.364 mmol) in CH>Cl; (4.0 mL) was added Dess-Martin Periodinane (310 mg, 0.731
mmol) at 0 °C, and the mixture was stirred at room temperature for 3 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na»S>03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH2Cl,. The
organic layer was dried over Na,SQy4, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 5/1) to give (R)-134a (76.7 mg, 76% yield) as a colorless oil. Spectral data of (R)-134a: [a]p?
-71.2 (¢ 0.93, CHCly).

<Scheme 51>

(R)-1-((tert-Butyldiphenylsilyl)oxy)-8-(pivaloyloxy)oct-5-yn-4-yl
(8)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (173)

To a solution of (R)-MTPACI (37.0 mg, 0.146 mmol) in pyridine (0.20 mL) was added a solution of (R)-167 (8.2 mg,
0.017 mmol) in pyridine (0.80 mL) at 0 °C, and the mixture was stirred at room temperature for 4 h. To the mixture was
added 1 N HCI aqueous solution at 0 °C, and the aqueous layer was extracted with Et,O. The organic layer was washed
with brine, dried over Na>SOs, and concentrated. The residue was purified by PTLC (n-hexane/EtOAc = 8/1, twice) to
give 173 (10.7 mg, 90% yield) as a pale yellow oil. Spectral data of 173: IR (neat) 3073, 2958, 2931, 2857, 1752, 1732
cm!; 'TH NMR (500 MHz, CDCl3) 8 7.66-7.62 (m, 4 H), 7.54-7.51 (m, 2 H), 7.45-7.35 (m, 9 H), 5.56 (tt, J = 6.5, 2.0 Hz,
1 H), 4.10 (t, J= 6.8 Hz, 2 H), 3.67 (t, J = 6.0 Hz, 2 H), 3.53 (s, 3 H), 2.52 (td, /= 6.8, 2.0 Hz, 2 H), 1.94 (dt, J = 6.5,
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7.7 Hz, 2 H), 1.75-1.64 (m, 2 H), 1.18 (s, 9 H), 1.04 (s, 9 H); '3C NMR (125 MHz, CDCls) 8 178.3, 165.6, 135.5 (4 C),
133.7 (2 C), 132.0, 129.6 (3 C), 128.3 (2 C), 127.6 (4 C), 127.4 (2 C), 123.2 (J'c.r = 287.0 Hz), 84.6 (Pcr = 27.4 Hz),
83.0, 77.6, 66.6, 63.0, 61.8, 55.5, 38.7, 31.4, 28.0, 27.1 (3 C), 26.8 (3 C), 19.2, 19.1; LRMS (EI) m/z 405
[(M-OMTPA-C(CH;)s-2H)*], 283, 207, 105, 79, 57, 44; [a]p> -2.7 (c 1.08, CHCl,).

(R)-1-((tert-Butyldiphenylsilyl)oxy)-8-(pivaloyloxy)oct-5-yn-4-yl
(R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (174)

To a solution of (S)-MTPACI (37.0 mg, 0.146 mmol) in pyridine (0.20 mL) was added a solution of (R)-167 (8.3 mg,
0.017 mmol) in pyridine (0.80 mL) at 0 °C, and the mixture was stirred at room temperature for 4 h. To the mixture was
added 1 N HCl aqueous solution at 0 °C, and the aqueous layer was extracted with Et,O. The organic layer was washed
with brine, dried over Na,SQO4, and concentrated. The residue was purified by PTLC (n-hexane/EtOAc = 8/1, twice) to
give 174 (10.0 mg, 83% yield) as a pale yellow oil. Spectral data of 174: IR (neat) 3072, 2958, 2930, 2857, 1753, 1732
cml; 'TH NMR (500 MHz, CDCls) 8 7.66-7.60 (m, 4 H), 7.56-7.51 (m, 2 H), 7.45-7.34 (m, 9 H), 5.59 (tt, J= 6.3, 1.9 Hz,
1 H), 4.13 (t, J=7.0 Hz, 2 H), 3.63-3.58 (m, 2 H), 3.58 (s, 3 H), 2.56 (td, J="7.0, 1.9 Hz, 2 H), 1.88 (dt, /= 6.3, 7.3 Hz,
2 H), 1.65-1.52 (m, 2 H), 1.18 (s, 9 H), 1.03 (s, 9 H); *C NMR (125 MHz, CDCl;) & 178.3, 165.6, 135.5 (4 C), 133.69,
133.67, 132.3, 129.62, 129.60 (2 C), 128.3 (2 C), 127.6 (4 C), 127.3 (2 C), 123.2 (J'c.r = 286.5 Hz), 84.3 (Scr = 27.8
Hz), 83.1, 77.8, 66.2, 62.9, 61.8, 55.4, 38.7, 31.4, 27.7, 27.1 (3 C), 26.8 (3 C), 19.2 (2 C); LRMS (EI) m/z 594
[(M-C(CH3)3-3Me)*"], 281, 207, 79, 44; [a]p?* +29.2 (¢ 1.00, CHCl5).

<Scheme 52>
Dimethyl (S, 1Z, 5Z, 772)-3-(((S)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoyl)oxy)
-2-methylbicyclo[5.3.0]deca-1,5,7-triene-9,9-dicarboxylate (175)
To a solution of (R)-MTPACI (39.5 mg, 0.156 mmol) in pyridine (0.20 mL) was added a solution of (S)-137a (5.0 mg,
0.018 mmol) in pyridine (0.80 mL) at 0 °C, and the mixture was stirred at room temperature for 4 h. To the mixture was
added 1 N HCI aqueous solution at 0 °C, and the aqueous layer was extracted with Et,O. The organic layer was washed
with brine, dried over Na;SOs, and concentrated. The residue was purified by column chromatography on silica gel
(n-hexane/EtOAc = 5/1) to give 175 (8.9 mg, quant.) as a colorless oil. Spectral data of 175: IR (neat) 3069, 3033, 2954,
2925, 2852, 1739 cm!; 'H NMR (500 MHz, CDCl3) & 7.53-7.47 (m, 2 H), 7.41-7.35 (m, 3 H), 6.19 (dd, J = 11.5, 1.5
Hz, 1 H), 6.01 (s, 1 H), 5.61-5.55 (m, 2 H), 3.75 (s, 3 H), 3.73 (s, 3 H), 3.49 (s, 3 H), 3.21 (s, 2 H), 2.71 (ddd, J = 16.5,
6.6, 6.6 Hz, 1 H), 2.67-2.61 (m, 1 H), 1.89 (s, 3 H); '3C NMR (125 MHz, CDCl;) § 170.8, 170.6, 166.3, 143.6, 140.2,
134.6,132.2,129.5 (2 C), 128.3 (2 C), 127.4,127.2,127.1, 126.0, 123.3 (J'c.r = 287.0 Hz), 84.5 (Scr = 27.4 Hz), 76.3,
62.6, 55.4, 53.1, 53.0, 39.0, 32.7, 21.0; LRMS (EI) m/z 260 [(M-OMTPA-H)"], 201, 169, 142, 115; [a]p® -175.9 (¢
0.12, CHCl3).

Dimethyl (S, 17, 5Z, 77)-3-(((R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoyl)oxy)
-2-methylbicyclo[5.3.0]deca-1,5,7-triene-9,9-dicarboxylate (176)

To a solution of (S)-MTPACI (36.5 mg, 0.144 mmol) in pyridine (0.20 mL) was added a solution of (5)-137a (4.7 mg,
0.017 mmol) in pyridine (0.80 mL) at 0 °C, and the mixture was stirred at room temperature for 4 h. To the mixture was
added 1 N HCl aqueous solution at 0 °C, and the aqueous layer was extracted with Et,O. The organic layer was washed
with brine, dried over Na;SO4, and concentrated. The residue was purified by column chromatography on silica gel

(n-hexane/EtOAc = 5/1) to give 176 (5.7 mg, 68% yield) as a colorless oil. Spectral data of 176: IR (neat) 3066, 3031,
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2954, 2925, 2852, 1739 cm’'; '"H NMR (500 MHz, CDCls) & 7.57-7.46 (m, 2 H), 7.44-7.35 (m, 3 H), 6.26 (dd, J=11.3,
1.8 Hz, 1 H), 6.01 (s, 1 H), 5.70 (ddd, J=11.3, 7.0, 4.6 Hz, 1 H), 5.59 (d, /= 7.0 Hz, 1 H), 3.75 (s, 3 H), 3.72 (s, 3 H),
3.52 (s, 3H),3.19 (d, /= 13.0 Hz, 1 H), 3.14 (d, /= 13.0 Hz, 1 H), 2.81 (ddd, J = 16.5, 7.0, 7.0 Hz, 1 H), 2.73-2.67 (m,
1 H), 1.75 (s, 3 H); *C NMR (125 MHz, CDCl;) & 170.7, 170.6, 166.2, 143.6, 139.6, 134.6, 132.2, 129.5 (2 C), 128.3
(2 0), 127.4, 126.9, 126.7, 126.0, 123.3 (J'c.r = 286.5 Hz), 84.5 (S’cr = 27.0 Hz), 76.4, 62.6, 55.5, 53.1, 53.0, 38.9,
32.8,20.4; LRMS (EI) m/z 260 [(M-OMTPA-H)'], 201, 169, 142, 115; [a]p® -4.9 (¢ 0.57, CHCL).

<Scheme 54>

Dimethyl 2-(but-2-yn-1-yl)-2-(6-((fer-butyldiphenylsilyl)oxy)-4,4-dimethylhexa-1,2-dien-1-yl)malonate (181)

To a solution of 180 (2.93 g, 6.71 mmol) in THF (7.0 mL) was added LHMDS (1.3 M in THF, 12 mL, 16 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the solution was added methyl
chloroformate (550 pL, 7.12 mmol), and the mixture was stirred at the same temperature for 10 min. Then, to the
solution was added a solution of 142 (1.84 g, 10.2 mmol) in THF (1.0 mL) at -78 °C, and the mixture was stirred and
warmed to room temperature for 19 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the
aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na,SOs4, and
concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 7/1) to give 181
(2.97 g, 81% vyield) as a pale yellow oil. Spectral data of 181: IR (neat) 3070, 2957, 2931, 2858, 1967, 1741 cm™'; 'H
NMR (500 MHz, CDCl;3) & 7.70-7.65 (m, 4 H), 7.45-7.36 (m, 6 H), 5.77 (d, J=7.0 Hz, 1 H), 5.23 (d, /= 7.0 Hz, 1 H),
3.73-3.69 (m, 8 H), 2.82 (dq, J=16.5, 2.5 Hz, 1 H), 2.78 (dq, J=16.5,2.5 Hz, 1 H), 1.71 (t, J = 2.5 Hz, 3 H), 1.66-1.62
(m, 2 H), 1.04 (s, 9 H), 0.980 (s, 3 H), 0.976 (s, 3 H); '*C NMR (125 MHz, CDCl;) § 200.9, 169.7 (2 C), 135.5 (4 C),
1339 (2 ©), 129.5 (2 C), 127.6 (4 C), 106.2, 91.9, 78.5, 73.7, 61.1, 57.9, 52.8 (2 C), 45.1, 34.2, 28.2, 27.5, 26.8 (3 C),
25.2,19.1, 3.5; LRMS (EI) m/z 279 [(M-(¢+-BuSiPh,O)CH,+2 H)"], 167, 149.

Dimethyl 2-(but-2-yn-1-yl)-2-(6-hydroxy-4,4-dimethylhexa-1,2-dien-1-yl)malonate (182)

To a solution of 181 (2.04 g, 3.73 mmol) in THF (12 mL) was added TBAF (1.0 M in THF, 5.5 mL, 5.5 mmol) at 0 °C,
and the mixture was stirred at room temperature for 2 h. To the mixture was added saturated NH4Cl aqueous solution at
0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na;SOs,
and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 3/1, 1/2) to
give 182 (914 mg, 80% yield) as a pale yellow oil. Spectral data of 182: IR (neat) 3417, 2957, 2925, 2237, 1967, 1739
cm’!; 'TH NMR (500 MHz, CDCl3) 6 5.81 (d, J = 6.0 Hz, 1 H), 5.37 (d, J = 6.0 Hz, 1 H), 3.741 (s, 3 H), 3.739 (s, 3 H),
3.71-3.65 (m, 2 H), 2.85-2.81 (m, 2 H), 1.72 (t, J = 2.5 Hz, 3 H), 1.66-1.55 (m, 3 H), 1.03 (s, 6 H); *C NMR (125 MHz,
CDCls) 6 200.9, 169.7, 169.6, 106.0, 92.1, 78.7, 73.6, 60.0, 57.9, 52.9 (2 C), 45.3, 34.2, 28.0, 27.9, 25.3, 3.5; LRMS
(EX) m/z 308 [M], 248, 163, 103, 69, 41.

Dimethyl 2-(but-2-yn-1-yl)-2-(4,4-dimethyl-6-oxohexa-1,2-dien-1-yl)malonate (162a)

To a solution of 182 (764 mg, 2.48 mmol) in CH,Cl, (25 mL) was added Dess-Martin Periodinane (1.50 g, 3.54 mmol)
at 0 °C, and the mixture was stirred at room temperature for 3 h. To the mixture were added saturated NaHCO3 aqueous
solution and 10% Na,S,03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH>Cl,. The organic
layer was dried over Na,SO4, and concentrated. The residue was purified by column chromatography on silica gel
(n-hexane/EtOAc = 5/1) to give 162a (626 mg, 82% yield) as a colorless oil. Spectral data of 162a: IR (neat) 2959,
2926, 2872, 2737, 1969, 1739, 1719 cm™'; "H NMR (500 MHz, CDC13)  9.79 (t, J= 2.8 Hz, 1 H), 5.88 (d, J= 6.5 Hz, 1
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H), 5.49 (d, J = 6.5 Hz, 1 H), 3.76 (s, 3 H), 3.75 (s, 3 H), 2.87 (dq, J = 16.5, 2.5 Hz, 1 H), 2.83 (dq, J = 16.5, 2.5 Hz, 1
H), 2.43 (dd, J = 15.5, 2.8 Hz, 1 H), 2.37 (dd, J= 15.5, 2.8 Hz, 1 H), 1.74 (t, J=2.5 Hz, 3 H), 1.18 (s, 3 H), 1.17 (s, 3
H); 3C NMR (125 MHz, CDCls) & 202.6, 200.8, 169.4 (2 C), 105.0, 92.9, 78.8, 73.5, 57.9, 54.7, 52.9 (2 C), 34.2, 28.2,
28.0, 25.1, 3.5, LRMS (EI) m/z 253 [(M-MeC=CCH,)'], 183, 125, 53; HRMS (EI) caled for C;3Hy7Os
[(M-MeC=CCH,)"] 253.1076, found 253.1069.

<Scheme 55>

Dimethyl (E)-4-ethylidene-3-((E)-4-oxopent-1-en-1-yl)cyclopent-2-ene-1,1-dicarboxylate (183)

According to the general procedure for cyclization, a crude product, which was prepared from 1341 (44.2 mg, 0.151
mmol) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0150 mmol) in CICH,CHCI (1.50 mL) at 50 °C for 1 h, was purified by
column chromatography on silica gel (n-hexane/EtOAc = 5/1) to give 183 (40.3 mg, 91% yield) as a colorless oil.
Spectral data of 183: IR (neat) 3003, 2955, 2917, 2855, 1736 cm™'; 'H NMR (500 MHz, CDCl;) § 6.16 (dt, J=16.5, 7.0
Hz, 1 H), 6.04 (d, /= 16.5 Hz, 1 H), 5.99 (s, 1 H), 5.50 (qt, /J="7.0, 2.3 Hz, 1 H), 3.68 (s, 6 H), 3.21 (d, /= 7.0 Hz, 2 H),
3.12-3.06 (m, 2 H), 2.12 (s, 3 H), 1.66 (d, J = 7.0 Hz, 3 H); *C NMR (125 MHz, CDCl3) § 206.2, 171.1 (2 C), 144.0,
141.4,127.2,126.5,125.1, 116.0, 63.3,52.9 (2 C), 47.8, 35.8, 29.7, 14.7, LRMS (EI) m/z 292 [M*], 233, 129, 115, 43.

<Scheme 56>
<without MS4A>
Dimethyl 2E, 62)-7,8,10,10-tetramethyl-11-oxatricyclo[6.2.1.0>°|undeca-2,6-diene-4,4-dicarboxylate (163b)
According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.1 mg, 0.150
mmol) and [Rh(dppbz)(nbd)]CIO4 (11.2 mg, 0.0150 mmol) in CICH,CH>CI (1.50 mL) under reflux for 1 h, was
purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1, 5/1, 1/1) to give 163b (10.9 mg, 23% yield)

as a colorless oil.

<with MS4A>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.1 mg, 0.150
mmol), MS4A (96.0 mg) and [Rh(dppbz)(nbd)]Cl1O4 (11.2 mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) under reflux
for 1 h, was purified by column chromatography on silica gel (toluene/EtOAc = 7/1) to give 163b (41.9 mg, 87% yield)
as a colorless oil. Spectral data of 163b: IR (neat) 3004, 2955, 2935, 2867, 1736 cm™'; 'H NMR (500 MHz, CDCl;) &
5.55(s, 1 H),4.35 (s, 1 H), 3.72 (s, 3 H), 3.71 (s, 3 H), 3.05 (s, 2 H), 1.74 (d, J=12.0 Hz, 1 H), 1.68 (s, 3 H), 1.49 (d, J
=12.0 Hz, 1 H), 1.38 (s, 3 H), 1.23 (s, 3 H), 0.90 (s, 3 H); 3*C NMR (125 MHz, CDCls) 6 171.5, 171.2, 145.6, 135.5,
133.2,121.3, 84.4, 82.4, 65.2, 53.6, 52.82, 52.79, 43.7, 34.0, 31.9, 25.4, 22.6, 14.4; LRMS (EI) m/z 320 [M*], 305, 273,
261,245,205, 173, 146; HRMS (EI) caled for C1sH2405 [M '] 320.1624, found 320.1622.

<Table 6>
<run 1>
Dimethyl (2E, 62)-8-ethyl-7,10,10-trimethyl-11-oxatricyclo[6.2.1.0%¢|undeca-2,6-diene-4,4-dicarboxylate (163c¢)
According to the general procedure for cyclization, a crude product, which was prepared from 162¢ (50.2 mg, 0.150
mmol), MS4A (110 mg) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0150 mmol) in CICH>CH,Cl (1.50 mL) under reflux
for 24 h, was purified by column chromatography on silica gel (n-hexane/EtOAc = 15/1, 5/1) to give 163¢ (45.2 mg,
90% yield) as a colorless oil. Spectral data of 163¢: IR (neat) 2955, 2929, 2868, 1738 cm™'; 'H NMR (500 MHz, CDCl;)
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§5.53 (s, 1 H), 4.34 (s, 1 H), 3.72 (s, 3 H), 3.71 (s, 3 H), 3.08 (dd, J = 17.5, 1.0 Hz, 1 H), 3.03 (dd, J= 17.5, 1.0 Hz, 1
H), 1.80 (dq, J = 15.0, 7.5 Hz, 1 H), 1.68 (d, J = 1.0 Hz, 3 H), 1.62 (dq, J = 15.0, 7.5 Hz, 1 H), 1.59 (d, J = 12.0 Hz, 1
H), 1.54 (d, J = 12.0 Hz, 1 H), 1.21 (s, 3 H), 0.94 (t, J = 7.5 Hz, 3 H), 0.90 (s, 3 H); '*C NMR (125 MHz, CDCl)
§171.6, 171.1, 145.6, 135.4, 134.0, 121.1, 85.0, 84.1, 65.2, 52.80, 52.77, 50.8, 43.5, 34.1, 31.6, 27.8, 25.5, 14.2, 8.2;
LRMS (EI) m/z 334 [M'], 319, 287, 245, 219, 217, 203, 160; HRMS (EI) caled for C19HacOs [M'] 334.1780, found
334.1779.

<run 2>

Dimethyl (2E,6Z)-8-isopropyl-7,10,10-trimethyl-11-oxatricyclo[6.2.1.0%¢lundeca-2,6-diene-4,4-dicarboxylate
(163d)

According to the general procedure for cyclization, a crude product, which was prepared from 162d (52.3 mg, 0.150
mmol), MS4A (105 mg) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0151 mmol) in CICH>CH,CI (1.50 mL) under reflux
for 24 h, was purified by column chromatography on silica gel (n-hexane/EtOAc = 15/1, 5/1) to give 163d (11.5 mg,
22% yield) and 162d (5.3 mg, 10%). Spectral data of 163d: IR (neat) 2958, 2872, 1737 cm’!; 'H NMR (500 MHz,
CDCl3) 6 5.52 (s, 1 H), 4.31 (s, 1 H), 3.73 (s, 3 H), 3.72 (s, 3 H), 3.11 (d, /= 17.5 Hz, 1 H), 3.02 (d, /= 17.5 Hz, 1 H),
2.00-1.94 (m, 1 H), 1.76 (d, J = 12.0 Hz, 1 H), 1.71 (s, 3 H), 1.44 (d, J=12.0 Hz, 1 H), 1.19 (s, 3 H), 1.02 (d, J= 6.5
Hz, 3 H), 0.95 (d, J = 6.5 Hz, 3 H), 0.91 (s, 3 H); *C NMR (125 MHz, CDCl3) § 171.7, 171.2, 145.5, 136.2, 134.4,
120.8, 87.6, 83.6, 65.1, 52.81, 52.79, 48.2, 43.4,34.2,31.2, 25.4, 18.5, 16.5 (2 C), 14.5; LRMS (EI) m/z 348 [M'], 333,
289, 277, 245,233,217, 71, 43; HRMS (EI) calcd for C20H2305 [M*] 348.1937, found 348.1933.

<Table 7>

<run 1>

Dimethyl 2E, 6Z)-7,10,10-trimethyl-8-phenyl-11-oxatricyclo[6.2.1.0>®|undeca-2,6-diene-4,4-dicarboxylate (163¢)
According to the general procedure for cyclization, a crude product, which was prepared from 162e (57.7 mg, 0.151
mmol), MS4A (114 mg) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0150 mmol) in CICH,CHCI (1.50 mL) under reflux
for 24 h, was purified by column chromatography on silica gel (n-hexane/EtOAc = 15/1, 7/1) to give 163e (24.0 mg,
42% yield) as a pale yellow oil. Spectral data of 163e: IR (neat) 3019, 2956, 2936, 2869, 1732 cm™!; 'H NMR (500
MHz, CDCl3) 8 7.36-7.24 (m, 5 H), 5.64 (s, 1 H), 4.52 (s, 1 H), 3.76 (s, 3 H), 3.74 (s, 3 H), 3.11 (d, /= 19.0 Hz, 1 H),
3.07(d,J=19.0 Hz, 1 H), 2.17 (d, J=11.5 Hz, 1 H), 2.11 (d, J=11.5 Hz, 1 H), 1.29 (s, 3 H), 1.24 (s, 3 H), 1.01 (s, 3
H); ¥C NMR (125 MHz, CDCl;) 8 171.5, 171.1, 145.2, 142.4, 135.4, 133.4, 127.9 (2 C), 127.2, 126.6 (2 C), 121.4,
86.8, 84.0, 65.1,52.9 (2 C), 51.8, 43.2, 34.2, 32.1, 25.7, 15.9; LRMS (EI) m/z 382 [M*], 367, 335, 323, 267, 245, 217,
208, 105; HRMS (EI) caled for C23H2605 [M*] 382.1780, found 382.1786.

<run 2>

Dimethyl (2E, 6Z)-8-(4-carbomethoxyphenyl)-7,10,10-trimethyl-
11-oxatricyclo[6.2.1.0>%|undeca-2,6-diene-4,4-dicarboxylate (163f)

According to the general procedure for cyclization, a crude product, which was prepared from 162f (66.2 mg, 0.150
mmol), MS4A (129 mg) and [Rh(dppbz)(nbd)]ClO4 (11.2 mg, 0.0150 mmol) in CICH>CH,Cl (1.50 mL) under reflux
for 24 h, was purified by column chromatography on silica gel (n-hexane/EtOAc = 15/1, 5/1) to give 163f (55.8 mg,
85% yield) as a pale yellow oil. Spectral data of 163f: IR (neat) 3023, 2955, 2936, 2909, 2870, 2845, 1732 cm™'; 'H
NMR (500 MHz, CDCl3) 6 8.01-7.97 (m, 2 H), 7.43-7.38 (m, 2 H), 5.65 (s, 1 H), 4.52 (s, 1 H), 3.89 (s, 3 H), 3.75 (s, 3
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H), 3.73 (s, 3 H), 3.10 (d, J=22.0 Hz, 1 H), 3.05 (d, J=22.0 Hz, 1 H), 2.19 (d, J = 12.0 Hz, 1 H), 2.07 (d, J = 12.0 Hz,
1 H), 1.26 (s, 3 H), 1.22 (s, 3 H), 1.00 (s, 3 H); '3C NMR (125 MHz, CDCL:)  171.3, 171.0, 166.8, 147.5, 144.9, 134.5,
133.9, 129.2 (2 C), 129.0, 126.7 (2 C), 121.9, 86.6, 84.0, 65.1, 52.9 (2 C), 52.1, 52.0, 43.2, 34.1, 32.0, 25.5, 15.8;
LRMS (EI) m/z 440 [M'], 425, 409, 393, 381, 325, 266, 217, 163; HRMS (EI) calcd for CasHas07 [M*] 440.1835, found
440.1842.

<run 3>
According to the general procedure for cyclization, a crude product, which was prepared from 162g (62.0 mg, 0.150
mmol), MS4A (123 mg) and [Rh(dppbz)(nbd)]CIlO4 (11.2 mg, 0.0150 mmol) in CICH>CH,Cl (1.50 mL) under reflux

for 24 h, was obtained as a complex mixture.

<Scheme 57>
Dimethyl 2E, 6Z)-7,10,10-trimethyl-8-dimethylphenylsilyl-
11-oxatricyclo[6.2.1.0>°|lundeca-2,6-diene-4,4-dicarboxylate (163h)
According to the general procedure for cyclization, a crude product, which was prepared from 162h (66.2 mg, 0.150
mmol), MS4A (134 mg) and [Rh(dppbz)(nbd)]CIlO4 (11.2 mg, 0.0150 mmol) in CICH>CH,Cl (1.50 mL) under reflux
for 1 h, was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1) to give 163h (53.6 mg, 81%
yield) as a white solid. The structure of 163h was determined by X-ray analysis. Spectral data of 163h: IR (CHCIs)
2999, 2954, 2929, 2867, 1737 cm™!; 'H NMR (500 MHz, CDCl3) 8 7.63-7.59 (m, 2 H), 7.40-7.30 (m, 3 H), 5.54 (s, 1 H),
4.35 (s, 1 H), 3.74 (s, 3 H), 3.70 (s, 3 H), 3.04 (dd, /= 17.0, 1.0 Hz, 1 H), 2.99 (dd, /= 17.0, 1.0 Hz, 1 H), 1.88 (d, J =
11.5 Hz, 1 H), 1.68 (d, J=11.5 Hz, 1 H), 1.57 (d, /= 1.0 Hz, 3 H), 1.03 (s, 3 H), 0.95 (s, 3 H), 0.41 (s, 3 H), 0.39 (s, 3
H); 3C NMR (125 MHz, CDCls) § 171.6, 171.2, 145.5, 137.3, 136.3, 134.3 (2 C), 131.7, 129.0, 127.6 (2 C), 120.7,
84.9, 78.9, 64.7, 52.7 (2 C), 49.9, 44.0, 34.0, 31.1, 25.4, 17.0, -3.6, -4.0; LRMS (EI) m/z 440 [M"], 425, 412, 397, 353,
325, 187, 135; HRMS (EI) calcd for CasH3205Si [M*] 440.2019, found 440.2026; mp 106.0 °C (recrystallized from
n-hexane-EtOAc at 0 °C).

<Scheme 58>

Dimethyl 2-(but-2-yn-1-yl)-2-(6-hydroxyhepta-1,2-dien-1-yl)malonate (186)

To a solution of 134a (313 mg, 1.12 mmol) in THF (11 mL) was added MeMgBr (1.12 M in THF, 1.50 mL, 1.68
mmol) at -78 °C, and the reaction mixture was stirred at the same temperature for 2 h. To the mixture was added
saturated NH4Cl aqueous solution at -78 °C, and the aqueous layer was extracted with Et,O. The organic layer was
washed with brine, dried over Na,;SOs4, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 5/1, 2/1) to give 186 (151 mg, 46% yield) and 134a (108 mg, 35% yield) as a pale yellow oil.
Spectral data of 186: IR (neat) 3420, 2955, 2924, 2855, 1967, 1739 cm’!; '"H NMR (500 MHz, CDCl;) 6 5.73-5.68 (m, 1
H), 5.43-5.35 (m, 1 H), 3.85-3.80 (m, 1 H), 3.73 (s, 3 H), 3.72 (s, 3 H), 2.81 (s, 2 H), 2.20-2.05 (m, 2 H), 1.64-1.51 (m,
3 H), 1.71 (s, 3 H), 1.17 (d, J= 6.0 Hz, 3 H); '3C NMR (125 MHz, CDCl3) & 203.2*!, 169.8, 169.7*, 95.5*, 90.5%, 78.4,
73.6%, 67.3*%,57.7*%,52.9 (2 C), 38.0%, 24.9%,24.5, 23.4* 3.4; LRMS (EI) m/z 294 [M*], 203, 131, 115, 91, 43.

Dimethyl 2-(but-2-yn-1-yl)-2-(6-oxohepta-1,2-dien-1-yl)malonate (1341)

To a solution of 186 (151 mg, 0.513 mmol) in CH»Cl, (5.0 mL) was added Dess-Martin Periodinane (323 mg, 0.762

mmol) at 0 °C, and the mixture was stirred at room temperature for 2 h. To the mixture were added saturated NaHCO3
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aqueous solution and 10% Na»S>03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH2Cl,. The
organic layer was dried over Na,SQOy4, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 4/1) to give 1341 (135 mg, 90% yield) as a colorless oil. Spectral data of 1341: IR (neat) 3003,
2955, 2923, 2853, 1969, 1739, 1714 cm™!; 'H NMR (500 MHz, CDCl3) § 5.76-5.71 (m, 1 H), 5.44 (dt, /= 6.3, 6.3 Hz, 1
H), 3.74 (s, 3 H), 3.72 (s, 3 H), 2.87-2.80 (m, 2 H), 2.57 (qt, J=18.2, 7.1 Hz, 2 H), 2.34-2.18 (m, 2 H), 2.16-2.11 (m, 3
H), 1.72 (t, J = 3.3 Hz, 3 H); 1*C NMR (125 MHz, CDCls) § 207.7, 203.0, 169.6, 169.5, 94.8, 91.4, 78.5, 73.6, 57.8,
5292 C),41.8,29.9,24.8,21.9, 3.5; LRMS (EI) m/z 292 [M*], 233, 131, 115, 43.

<Scheme 60>

Dimethyl 2-(but-2-yn-1-yl)-2-(6-hydroxy-4,4-dimethylhepta-1,2-dien-1-yl)malonate (193b)

To a solution of 162a (770 mg, 2.51 mmol) in THF (25 mL) was added MeMgBr (1.12 M in THF, 3.00 mL, 3.36
mmol) at -78 °C, and the reaction mixture was stirred at the same temperature for 2 h. To the mixture was added
saturated NH4Cl aqueous solution at -78 °C, and the aqueous layer was extracted with Et,O. The organic layer was
washed with brine, dried over Na,SOs, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 7/1, 5/1, 2/1) to give 193b (514 mg, 64% yield) and 162a (177 mg, 23% yield) as a pale yellow
oil. Spectral data of 193b: IR (neat) 3550, 3439, 2960, 2925, 1967, 1731 cm™'; '"H NMR (500 MHz, CDCl3) & 5.84-5.78
(m, 1 H), 5.46-5.42 (m, 1 H), 3.99-3.91 (brs, 1 H), 3.74 (s, 3 H), 3.73 (s, 3 H), 2.85-2.81 (m, 2 H), 1.91-1.78 (brs, 1 H),
1.74-1.69 (m, 3 H), 1.60-1.38 (m, 2 H), 1.19-1.14 (m, 3 H), 1.08-1.01 (m, 6 H); '*C NMR (125 MHz, CDCls) § 200.9*!,
169.7*, 169.6, 106.5%, 92.1*, 78.7*, 73.6*, 65.6%, 57.9*, 52.9%, 52.1%, 34.7*, 29.3*, 29.1*, 27.4*, 25.5%, 25.0%, 3.5;
LRMS (EI) m/z 322 [M*], 307, 205, 145, 83, 43.

Dimethyl 2-(but-2-yn-1-yl)-2-(4,4-dimethyl-6-oxohepta-1,2-dien-1-yl)malonate (162b)

To a solution of 193b (514 mg, 1.59 mmol) in CH,Cl, (16 mL) was added Dess-Martin Periodinane (1.31 g, 3.09
mmol) at 0 °C, and the mixture was stirred at room temperature for 5 h. To the mixture was added Dess-Martin
Periodinane (472 mg, 1.11 mmol) at 0 °C, and the mixture was stirred at room temperature for 14 h. To the mixture
were added saturated NaHCO3 aqueous solution and 10% Na,S,03 aqueous solution at 0 °C, and the aqueous layer was
extracted with CH>Cl,. The organic layer was dried over Na,SO4, and concentrated. The residue was purified by
column chromatography on silica gel (n-hexane/EtOAc = 5/1) to give 162b (483 mg, 94% yield) as a colorless oil.
Spectral data of 162b: IR (neat) 2957, 2925, 2874, 1968, 1739, 1716 cm™!; 'H NMR (500 MHz, CDCl;) 6 5.80 (d, J =
6.0 Hz, 1 H), 5.52 (d, /= 6.0 Hz, 1 H), 3.73 (s, 3 H), 3.72 (s, 3 H), 2.84 (dq, J = 16.5, 2.5 Hz, 1 H), 2.79 (dq, J = 16.5,
2.5Hz,1H),2.48 (d,J=15.0Hz, 1 H),2.43 (d, J=15.0 Hz, 1 H), 2.10 (s, 3 H), 1.71 (t, J=2.5 Hz, 3 H), 1.12 (s, 3 H),
1.09 (s, 3 H); '*C NMR (125 MHz, CDCls) 8 207.7, 200.7, 169.6, 169.5, 105.6, 92.5, 78.6, 73.7, 57.9, 54.7, 52.9, 52.8,
34.4,31.9,27.8,27.6,25.1,3.5; LRMS (EI) m/z 320 [M"], 305, 267, 225, 205, 193, 43; HRMS (EI) calcd for CisH240s
[M*] 320.1623, found 320.1625.

<Scheme 61>
Dimethyl 2-(but-2-yn-1-yl)-2-(6-hydroxy-4,4-dimethylocta-1,2-dien-1-yl)malonate (193c)
To a suspension of Mg (152 mg, 6.26 mmol) in THF (5.0 mL) was added EtBr (400 pL, 5.14 mmol) dropwise at room
temperature. The reaction mixture was stirred at the same temperature for 1 h to give EtMgBr in THF solution. To a
solution of 162a (269 mg, 0.879 mmol) in THF (9.0 mL) was added EtMgBr in THF (5.0 mL) at -78 °C, and the

reaction mixture was stirred at the same temperature for 30 min. To the mixture was added saturated NH4CI aqueous
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solution at -78 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried
over NaxSOs, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc =
6/1, 5/1) to give 193¢ (177 mg, 60% yield) as a pale yellow oil. Spectral data of 193c: IR (neat) 3552, 3449, 2959, 2925,
2876, 1967, 1739 cm’!; 'H NMR (500 MHz, CDCls) 8 5.84-5.80 (m, 1 H), 5.46 (d, J = 6.0 Hz, 1 H), 3.74 (s, 6 H),
3.69-3.62 (brs, 1 H), 2.85-2.82 (m, 2 H), 1.84-1.79 (brs, 1 H), 1.73 (t, J = 2.5 Hz, 3 H), 1.52-1.40 (m, 4 H), 1.09-1.03
(m, 6 H), 0.92 (t, J = 7.5 Hz, 3 H); 3C NMR (125 MHz, CDCls) & 200.9*!, 169.8%*, 169.6, 106.6*, 92.1*, 78.7, 73.6,
70.7*, 57.9%, 52.93, 52.89, 50.0%, 34.7*, 31.6*, 29.2*, 27.5%, 25.5%,9.9, 3.5; LRMS (EI) m/z 336 [M], 321, 277, 205,
145,97, 57.

Dimethyl 2-(but-2-yn-1-yl)-2-(4,4-dimethyl-6-oxoocta-1,2-dien-1-yl)malonate (162c)

To a solution of 193¢ (150 mg, 0.446 mmol) in CH>Cl, (6.0 mL) was added Dess-Martin Periodinane (290 mg, 0.684
mmol) at 0 °C, and the mixture was stirred at room temperature for 3 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na,S;03; aqueous solution at 0 °C, and the aqueous layer was extracted with CH,Cl,. The
organic layer was dried over Na,SQOy4, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 6/1) to give 162¢ (122 mg, 82% yield) as a colorless oil. Spectral data of 162¢: IR (neat) 2957,
2920, 2877, 1968, 1739, 1715 cm™!; '"H NMR (500 MHz, CDCls) § 5.80 (d, J = 6.5 Hz, 1 H), 5.53 (d, J = 6.5 Hz, 1 H),
3.72 (s,3 H), 3.72 (s, 3 H), 2.83 (dq, /= 16.5, 2.5 Hz, 1 H), 2.79 (dq, /= 16.5, 2.5 Hz, 1 H), 2.47-2.35 (m, 4 H), 1.71 (4,
J=25Hz 3 H), 1.12 (s, 3 H), 1.09 (s, 3 H), 0.99 (t, J = 7.4 Hz, 3 H); '3C NMR (125 MHz, CDCls) § 210.2, 200.6,
169.6, 169.5, 105.7, 92.4, 78.6, 73.7, 57.9, 53.5, 52.83, 52.81, 37.7, 34.5, 27.9, 27.6, 25.1, 7.6, 3.5; LRMS (EI) m/z 334
[M*], 319, 281, 249, 225, 219, 57; HRMS (EI) calcd for C19H260s [M*] 334.1781, found 334.1782.

Dimethyl 2-(but-2-yn-1-yl)-2-(6-hydroxy-4,4,7-trimethylocta-1,2-dien-1-yl)malonate (193d)

To a solution of 162a (289 mg, 0.943 mmol) in THF (5 mL) was added i-PrMgBr (0.71 M in THF, 2.5 mL, 1.8 mmol)
at -78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the mixture was added saturated
NH4Cl aqueous solution at -78 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed
with brine, dried over Na;SOs, and concentrated. The residue was purified by column chromatography on silica gel
(n-hexane/EtOAc = 10/1, 5/1) to give 193d (125 mg, 38% yield) as a colorless oil. Spectral data of 193d: IR (neat)
3583, 3449, 2958, 2927, 2872, 1967, 1739 cm™!; 'H NMR (500 MHz, CDCI3) & 5.85-5.83 (m, 1 H), 5.45 (d, J = 6.0 Hz,
1 H), 3.74 (s, 6 H), 3.56-3.48 (brs, 1 H), 2.86-2.83 (m, 2 H), 1.73 (t, /= 2.3 Hz, 3 H), 1.70-1.54 (m, 2 H), 1.50-1.37 (m,
2 H), 1.09-1.02 (m, 6 H), 0.93-0.85 (m, 6 H); '3C NMR (125 MHz, CDCls) 5 201.0*!, 169.8*, 169.7*, 106.6*, 92.1%,
78.7*%,73.7%, 73.5, 57.9%,52.92, 52.88, 47.2%, 34.7*,29.0%, 27.5%, 25.5% 18.5*%, 17.03, 17.00, 3.5; LRMS (EI) m/z 350
[M™], 335,291, 205, 145, 111, 69, 43.

Dimethyl 2-(but-2-yn-1-yl)-2-(4,4,7-trimethyl-6-oxo0octa-1,2-dien-1-yl)malonate (162d)

To a solution of 193d (125 mg, 0.357 mmol) in CH,Cl, (6.0 mL) was added Dess-Martin Periodinane (220 mg, 0.519
mmol) at 0 °C, and the mixture was stirred at room temperature for 3.5 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na,S,03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH»Cl,. The
organic layer was dried over Na,SOs, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 10/1) to give 162d (103 mg, 83% yield) as a colorless oil. Spectral data of 162d: IR (neat) 2962,
2929, 2874, 1968, 1739, 1712 cm™; 'H NMR (500 MHz, CDCls) § 5.82 (d, J = 6.0 Hz, 1 H), 5.59 (d, J = 6.0 Hz, 1 H),
3.75(s,3 H), 3.75 (s, 3 H), 2.87 (dq, J=16.5, 2.5 Hz, 1 H), 2.82 (dq, J=16.5, 2.5 Hz, 1 H), 2.60-2.53 (m, 1 H), 2.51 (d,
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J=16.0 Hz, 1 H), 2.48 (d, J=16.0 Hz, 1 H), 1.73 (t, J= 2.5 Hz, 3 H), 1.14 (s, 3 H), 1.12 (s, 3 H), 1.07 (s, 3 H), 1.05 (s,
3 H); *C NMR (125 MHz, CDCls) & 213.4, 200.6, 169.6, 169.5, 105.8, 92.3, 78.5, 73.7, 57.9, 52.79, 52.77, 51.5, 41.8,
34.4,27.8, 27.5, 25.1, 18.0, 17.9, 3.4; LRMS (EI) m/z 348 [M'], 333, 295, 289, 225, 71, 43; HRMS (EI) calcd for
Ca0Ha505 [M*] 348.1936, found 348.1939.

<Scheme 62>

Dimethyl 2-(but-2-yn-1-yl)-2-(4,4-dimethyl-6-0x0-6-phenylhexa-1,2-dien-1-yl)malonate (162e)

To a solution of 162a (234 mg, 0.764 mmol) in THF (11 mL) was added PhMgBr (1.08 M in THF, 1.00 mL, 1.08
mmol) at -78 °C, and the reaction mixture was stirred at the same temperature for 1 h and at 0 °C for 1 h. To the
mixture was added saturated NH4Cl aqueous solution at 0 °C, and the aqueous layer was extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SQOj4, and concentrated to give a crude alcohol 193e. To a solution
of the crude alcohol 193e in CH,Cl, (8 mL) was added Dess-Martin Periodinane (537 mg, 1.27 mmol) at 0 °C, and the
mixture was stirred at room temperature for 1 h. To the mixture were added saturated NaHCO3 aqueous solution and
10% Na»S;03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH,Cl,. The organic layer was dried
over NaxSOs, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc =
5/1) to give 162e (143 mg, 49% yield in 2 steps) as a colorless oil. Spectral data of 162e: IR (neat) 3061, 2957, 2924,
2873,1967, 1739, 1691 cm’!; 'H NMR (500 MHz, CDCls) § 7.96-7.91 (m, 2 H), 7.57-7.51 (m, 1 H), 7.49-7.42 (m, 2 H),
5.82(d,J=6.5Hz 1 H),5.62(d,J=6.5Hz, 1 H), 3.73 (s, 3 H), 3.72 (s, 3 H), 3.02 (s, 2 H), 2.86 (dq, J = 16.5, 2.8 Hz,
1 H), 2.81 (dq, J = 16.5, 2.8 Hz, 1 H), 1.70 (t, J = 2.8 Hz, 3 H), 1.21 (s, 3 H), 1.19 (s, 3 H); 3C NMR (125 MHz,
CDCl3) 6 200.7, 199.1, 169.7, 169.6, 138.1, 132.8, 128.5 (2 C), 128.2 (2 C), 106.1, 92.5, 78.6, 73.7, 58.0, 52.9, 52.8,
49.0, 34.9, 28.0, 27.9, 25.2, 3.5; LRMS (EI) m/z 382 [M*], 367, 329, 323, 267, 105, 77, HRMS (EI) calcd for C23H2605
[M*] 382.1780, found 382.1780.

Dimethyl 2-(but-2-yn-1-yl)-2-(6-hydroxy-6-(4-methoxyphenyl)-4,4-dimethylhexa-1,2-dien-1-yl)malonate (193f)
To a suspension of methyl 4-iodobenzoate (524 mg, 2.00 mmol) and LiCl (87.2 mg, 2.06 mmol) in THF (2.0 mL) was
added i-PrMgBr (0.70 M in THF, 3.0 mL, 2.1 mmol) dropwise at -25 °C. The reaction mixture was stirred at the same
temperature for 30 min to give ArMgBr in THF solution (Ar = p-MeO,CCsH4). To a solution of 162a (369 mg, 1.20
mmol) in THF (12 mL) was added ArMgBr (2.0 mL) at -30 °C, and the reaction mixture was stirred at the same
temperature for 1 h. To the mixture was added saturated NH4ClI aqueous solution at -30 °C, and the aqueous layer was
extracted with EtOAc. The organic layer was washed with brine, dried over Na,SOs, and concentrated. The residue was
purified by column chromatography on silica gel (n-hexane/EtOAc = 5/1, 3/1) to give 193f (477 mg, 90% yield) as a
pale yellow oil. Spectral data of 193f: IR (neat) 3520, 3010, 2955, 2924, 2870, 1967, 1719 cm™'; 'H NMR (500 MHz,
CDCl3) 6 7.98 (d, J = 8.0 Hz, 2 H), 7.40 (d, J = 8.0 Hz, 2 H), 5.89-5.82 (m, 1 H), 5.53-5.48 (m, 1 H), 4.92-4.85 (brs, 1
H), 3.88 (s, 3 H), 3.77-3.69 (m, 6 H), 2.91-2.79 (m, 2 H), 2.54-2.41 (m, 1 H), 1.88-1.60 (m, 5 H), 1.16-1.07 (m, 6 H);
B3C NMR (125 MHz, CDCI3) § 201.1*!, 169.7*, 169.6, 166.9, 151.0%, 129.7 (2 C), 128.9*, 125.6* (2 C), 106.3*, 92.3*,
78.8%, 73.5,71.7*%, 57.9%, 53.0*%, 52.9, 52.4, 52.1*, 35.1%*, 29.1*%, 28.0*, 25.5%, 3.5*, LRMS (EI) m/z 442 [M"], 264, 205,
163, 43.

Dimethyl 2-(but-2-yn-1-yl)-2-(6-(4-methoxyphenyl)-4,4-dimethyl-6-oxohexa-1,2-dien-1-yl)malonate (162f)

To a solution of 193f (408 mg, 0.922 mmol) in CH>Cl, (10 mL) was added Dess-Martin Periodinane (906 mg, 2.14

mmol) at 0 °C, and the mixture was stirred at room temperature for 3 h. To the mixture were added saturated NaHCO;
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aqueous solution and 10% Na»S>03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH2Cl,. The
organic layer was dried over Na,SOy4, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 5/1) to give 162f (395 mg, 97% yield) as a colorless oil. Spectral data of 162f: IR (neat) 3025,
2955, 2925, 2871, 2843, 1968, 1735, 1692 cm™'; '"H NMR (500 MHz, CDCl;) & 8.13-8.10 (m, 2 H), 8.00-7.97 (m, 2 H),
5.82(d,J=6.5Hz, 1 H),5.60 (d, /= 6.5 Hz, 1 H), 3.95 (s, 3 H), 3.73 (s, 3 H), 3.72 (s, 3 H), 3.05 (s, 2 H), 2.86 (dq, J =
16.5,2.5 Hz, 1 H), 2.80 (dq, J= 16.5, 2.5 Hz, 1 H), 1.70 (t, J= 2.5 Hz, 3 H), 1.22 (s, 3 H), 1.20 (s, 3 H); 3C NMR (125
MHz, CDCls) 6 200.6, 198.6, 169.6, 169.5, 166.2, 141.2, 133.6, 129.7 (2 C), 128.0 (2 C), 105.9, 92.6, 78.6, 73.7, 58.0,
52.9,52.8,52.4,49.3, 34.9,27.9, 27.8, 25.1, 3.5; LRMS (EI) m/z 440 [M"], 425, 387, 355, 325, 163, 135; HRMS (EI)
caled for CasHps07 [M*] 440.1835, found 440.1840.

Dimethyl 2-(but-2-yn-1-yl)-2-(6-hydroxy-6-(4-(methoxycarbonyl)phenyl)-
4,4-dimethylhexa-1,2-dien-1-yl)malonate (193g)

To a suspension of Mg (134 mg, 5.51 mmol) and LiCl (212 mg, 5.00 mmol) in THF (5.0 mL) was added
p-bromoanisole (630 pL, 5.03 mmol) dropwise at room temparature. The reaction mixture was stirred at the same
temperature for 1 h to give ArMgBr in THF solution (Ar = p-MeOCsH4). To a solution of 162a (460 mg, 1.50 mmol) in
THF (15 mL) was added ArMgBr in THF (3.0 mL) at -78 °C, and the reaction mixture was stirred at the same
temperature for 1 h. To the mixture was added saturated NH4Cl aqueous solution at -78 °C, and the aqueous layer was
extracted with EtOAc. The organic layer was washed with brine, dried over Na,SOs, and concentrated. The residue was
purified by column chromatography on silica gel (n-hexane/EtOAc = 7/1, 5/1) to give 193g (470 mg, 76% yield) as a
pale yellow oil. Spectral data of 193g: IR (neat) 3543, 3000, 2956, 2923, 2837, 1966, 1739 cm™!; '"H NMR (500 MHz,
CDCl3) 6 7.29-7.24 (m, 2 H), 6.89-6.84 (m, 2 H), 5.88-5.83 (m, 1 H), 5.53-5.48 (m, 1 H), 4.84-4.76 (m, 1 H), 3.80 (s, 3
H), 3.77-3.72 (m, 6 H), 2.88 (dq, /= 17.0, 2.5 Hz, 1 H), 2.84 (dq, J=17.0, 2.5 Hz, 1 H), 2.11-2.02 (brs, 1 H), 1.92-1.82
(m, 1 H), 1.76-1.72 (m, 3 H), 1.71-1.64 (m, 1 H), 1.14-1.05 (m, 6 H); *C NMR (125 MHz, CDCI;) & 201.0, 169.7,
169.6, 158.8, 138.0%, 126.94, 126.90, 113.8 (2 C), 106.5%, 92.2*, 78.7*, 73.6*, 71.7*, 57.9%, 55.3, 52.9, 52.2, 52.1,
35.0%, 29.0%, 27.8*, 25.5%, 3.5; LRMS (EI) m/z 414 [M"], 264, 205, 150, 135.

Dimethyl 2-(but-2-yn-1-yl)-2-(6-(4-(methoxycarbonyl)phenyl)-4,4-dimethyl-6-oxohexa-1,2-dien-1-yl)malonate
(162g)

To a solution of 193g (452 mg, 1.09 mmol) in CH,Cl; (11.0 mL) was added Dess-Martin Periodinane (729 mg, 1.72
mmol) at 0 °C, and the mixture was stirred at room temperature for 3 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na,S,03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH»Cl,. The
organic layer was dried over Na,SOs, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 7/1, 5/1) to give 162g (394 mg, 88% yield) as a colorless oil. Spectral data of 162g: IR (neat)
3009, 2957, 2925, 2871, 2842, 1968, 1739, 1681 cm!; 'H NMR (500 MHz, CDCl3) & 7.91 (d, J = 8.5 Hz, 2 H), 6.91 (d,
J=8.5Hz 2 H),5.81(d,J=6.5Hz,1H),5.60(d,/J=6.5Hz, 1 H),3.85(s,3 H),3.71 (s, 3 H), 3.71 (s, 3 H), 2.94 (s, 2
H), 2.84 (dq, J=16.0, 3.0 Hz, 1 H), 2.79 (dq, J = 16.0, 3.0 Hz, 1 H), 1.69 (t, /= 3.0 Hz, 3 H), 1.18 (s, 3 H), 1.17 (s, 3
H); *C NMR (125 MHz, CDCls) & 200.6, 197.6, 169.7, 169.6, 163.2, 131.2, 130.5 (2 C), 113.5 (2 C), 106.2, 92.4, 78.6,
73.7, 58.0, 55.4, 52.83, 52.79, 48.7, 34.9, 28.1, 27.8, 25.1, 3.5; LRMS (EI) m/z 412 [M"], 397, 359, 297, 135; HRMS
(EI) caled for Co4Hp306 [M*] 412.1886, found 412.1886.

<Scheme 64>
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Dimethyl 2-(but-2-yn-1-yl)-2-(6-(dimethyl(phenyl)silyl)-4,4-dimethyl-6-oxohexa-1,2-dien-1-yl)malonate (162h)

To a suspension of Li (162 mg, 23.3 mmol) in THF (2.3 mL) was added PhMe,SiClI (380 pL, 2.26 mmol) dropwise at
room temparature. The reaction mixture was stirred at the same temperature for 3 h to give PhMe,SiLi in THF solution.
To a solution of 162a (458 mg, 1.50 mmol) in THF (10 mL) was added PhMe,SiLi in THF (2.3 mL) at -78 °C, and the
reaction mixture was stirred at the same temperature for 1 h. To the mixture was added saturated NH4Cl aqueous
solution at -78 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried
over Na>SOs, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc =
10/1, 6/1) to give mixture of 193h and 162a (366 mg) as a pale yellow oil. To a solution of the mixture (366 mg) in
CH,Cl, (10 mL) were added pyridine (0.50 mL, 6.19 mmol) and then Dess-Martin Periodinane (500 mg, 1.18 mmol) at
0 °C, and the mixture was stirred at room temperature for 1 h. To the mixture were added saturated NaHCO3 aqueous
solution and 10% Na,S,03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH,Cl,. The organic
layer was dried over Na,SO4, and concentrated. The residue was purified by column chromatography on silica gel
(n-hexane/EtOAc = 10/1, 6/1) to give 162h (145 mg, 22% yield in 2 steps) and 162a (119 mg, 26% yield in 2 steps) as a
colorless oil. Spectral data of 162h: IR (neat) 3070, 2956, 2924, 2871, 1967, 1739, 1645 cm™!; 'H NMR (500 MHz,
CDCl3) 6 7.55-7.51 (m, 2 H), 7.43-7.35 (m, 3 H), 5.75 (d, J= 6.5 Hz, 1 H), 5.53 (d, /= 6.5 Hz, 1 H), 3.73 (s, 3 H), 3.72
(s, 3 H),2.82 (dq, J=17.0,2.5 Hz, 1 H), 2.76 (dq, J=17.0, 2.5 Hz, 1 H), 2.65 (s, 2 H), 1.70 (t, /= 2.5 Hz, 3 H), 1.04 (s,
3 H), 1.02 (s, 3 H), 0.47 (s, 3 H), 0.46 (s, 3 H); 3*C NMR (125 MHz, CDCls) & 246.3, 200.5, 169.7, 169.6, 134.4, 134.0
(2C), 129.8,128.1 (2 C), 105.9,92.2, 78.5, 73.7, 58.9, 58.0, 52.80, 52.77, 34.4,27.9,27.4,25.2, 3.5, -4.8 (2 C); LRMS
(EI) m/z 440 [M*], 425, 387, 381, 221, 189, 135; HRMS (EI) calcd for C»sH3205Si [M*] 440.2019, found 440.2021.
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General Procedure for Cyclization Using [Rh(phosphine)]X.

A solution of [Rh(ligand)(cod)]X (0.0150 mmol, 10 mol% to a substrate) or [Rh(cod),]X (0.0150 mmol, 10 mol% to a
substrate) and ligand (0.0150 mmol, 10 mol% to a substrate) in degassed (Freeze-Pump up-Thaw cycle was conducted)
CICH,CH,C1 (0.58 mL: 0.026 M to Rh) was stirred under H, atmosphere at room temperature for 1 h. Then the solvent
was pump up, and the reaction vessel was flushed with Ar gas. To the mixture was added solvent (0.58 mL) and then
added the solution of substrate (0.150 mmol) in degassed solvent (0.92 mL) and the reaction mixture was stirred at an
ambitent temperature until the substrate disappeared on TLC. After filtration of Molecular Sieve with EtOAc, the
residue was washed with brine, dried over Na»SO4, and concentrated. The residue was purified by column

chromatography on silica gel to give product.

<Scheme 65>
<eq. 1>
According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.1 mg, 0.150
mmol), MS4A (100 mg), [Rh(cod):]BFs (6.1 mg, 0.015 mmol), and DPPBz (6.7 mg, 0.015 mmol) in CICH,CH,Cl
(1.50 mL) under reflux for 3 h, was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1, 5/1) to
give 163b (41.6 mg, 87% yield) as a colorless oil.

<eq. 2>

Dimethyl (2)-5,5,9-trimethyl-7-0x0-1,4,5,6,7,8-hexahydro-2 H-cyclopenta[8]annulene-2,2-dicarboxylate (194b)
According to the general procedure for cyclization, a crude product, which was prepared from 162b (47.8 mg, 0.149
mmol), MS4A (90.2 mg), [Rh(cod),]BF4 (5.9 mg, 0.015 mmol), and DPPBz (6.6 mg, 0.015 mmol) in DMF (1.50 mL)
under 90 °C for 5 h, was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1, 5/1) to give 194b
(24.6 mg, 52% yield) as a white solid. The structure of 194b was determined by X-ray analysis. Spectral data of 194b:
IR (CHCI3) 3020, 2957, 1732, 1691 ¢cm!; 'H NMR (400 MHz, DMSO-de, 150 °C) 8 5.90 (s, 1 H), 3.75 (s, 6 H), 3.33 (s,
2 H), 3.18 (s, 2 H), 2.52 (s, 2 H), 2.33 (s, 2 H), 1.83 (s, 3 H), 0.99 (s, 6 H); '*C NMR (100 MHz, CDCls) & 210.6, 171.4,
171.1, 145.1, 138.9, 133.5, 122.6, 62.4, 52.9 (2 C), 51.4, 50.6, 41.0, 38.5, 33.7, 29.4, 28.9, 24.3; LRMS (EI) m/z 320
[M™], 261, 245, 229, 201, 117, 83, 59; HRMS (EI) calcd for CigH2405 [M*] 320.1624, found 320.1626; mp 107.0 °C
(recrystallized from n-hexane-THF at 0 °C).

<Table 8>
<run 2>
According to the general procedure for cyclization, a crude product, which was prepared from 162b (49.6 mg, 0.155
mmol), MS4A (100 mg), [Rh(cod),]BF4 (6.1 mg, 0.015 mmol) and DPPE (6.0 mg, 0.015 mmol) in DMF (1.50 mL) at
90 °C for 19 h, was obtained. Yields of 194b and 163b were determined to be 43% and 5% by 'H NMR using

1,3,5-trimethoxybenzene as an internal standard, respectively.

<run 3>
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According to the general procedure for cyclization, a crude product, which was prepared from 162b (47.7 mg, 0.149
mmol), MS4A (94.0 mg), [Rh(cod):]BF4 (6.1 mg, 0.015 mmol) and DPPP (6.2 mg, 0.015 mmol) in DMF (1.50 mL) at
90 °C for 1 h, was obtained. Yield of 194b was determined to be 63% by 'H NMR using 1,3,5-trimethoxybenzene as an

internal standard.

<run 4>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.4 mg, 0.151
mmol), MS4A (101 mg), [Rh(cod),]BF4 (6.1 mg, 0.015 mmol) and DPPB (6.5 mg, 0.015 mmol) in DMF (1.50 mL) at
90 °C for 19 h, was obtained. Yields of 194b, 163b, and 162b were determined to be 8%, 6%, and 33% by 'H NMR

using 1,3,5-trimethoxybenzene as an internal standard, respectively.

<run 5>

According to the general procedure for cyclization, a crude product, which was prepared from 194b (48.9 mg, 0.153
mmol), MS4A (95.8 mg), [Rh(cod):]BF4 (6.1 mg, 0.015 mmol) and DPPF (8.3 mg, 0.015 mmol) in DMF (1.50 mL) at
90 °C for 19 h, was obtained. Yields of 194b, 163b, and 162b were determined to be 4%, 4%, and 53% by 'H NMR

using 1,3,5-trimethoxybenzene as an internal standard, respectively.

<run 6>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.2 mg, 0.150
mmol), MS4A (100 mg), [Rh(cod):]BF4 (6.3 mg, 0.016 mmol) and BIPHEP (7.9 mg, 0.015 mmol) in DMF (1.50 mL)
at 90 °C for 22 h, was obtained. Yield of 162b was determined to be 47% by '"H NMR using 1,3,5-trimethoxybenzene

as an internal standard.

<run 7>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.4 mg, 0.151
mmol), MS4A (101 mg), [Rh(cod):]BF4 (6.1 mg, 0.015 mmol) and PPh; (7.9 mg, 0.030 mmol) in DMF (1.50 mL) at
90 °C for 19 h, was obtained. Yields of 194b, 163b, and 162b were determined to be 5%, 12%, and 23% by 'H NMR

using 1,3,5-trimethoxybenzene as an internal standard, respectively.

<run 8>

A solution of MS4A (92.3 mg), [Rh(IiPr)(cod)]CI (6.0 mg, 0.015 mmol) and AgBF4 (2.9 mg, 0.015 mmol) in DMF
(1.50 mL) was stirred at room temperature for 10 min. Then to the solution was added a solution of 162b (41.5 mg,
0.149 mmol) in DMF (0.92 mL) and the reaction mixture was stirred at 90 °C for 9 h and 120 °C for 12 h. After
filtration of Molecular Sieve with EtOAc, the residue was washed with brine, dried over Na;SO4, and concentrated to
obtain crude. Yield of 162b was determined to be 41% by 'H NMR using 1,3,5-trimethoxybenzene as an internal

standard.

<Table 9>
<run 2>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.6 mg, 0.152
mmol), MS4A (94.5 mg), [Rh(cod),]BF4 (6.1 mg, 0.015 mmol) and DPPP (6.3 mg, 0.015 mmol) in CICH>CH,Cl (1.50
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mL) under reflux for 20 h, was obtained. Yield of 163b was determined to be 87% by 'H NMR using

1,3,5-trimethoxybenzene as an internal standard.

<run 3>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.2 mg, 0.150
mmol), MS4A (103 mg), [Rh(cod),]BF4 (6.1 mg, 0.015 mmol) and DPPP (6.2 mg, 0.015 mmol) in CH3CN (1.50 mL)
under reflux for 17 h, was obtained. Yields of 194b and 162b were determined to be 4% and 72% by 'H NMR using

1,3,5-trimethoxybenzene as an internal standard, respectively.

<run 4>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.8 mg, 0.152
mmol), MS4A (92.5 mg), [Rh(cod),]BF4 (6.1 mg, 0.015 mmol) and DPPP (6.2 mg, 0.015 mmol) in THF (1.50 mL)
under reflux for 19 h, was obtained. Yields of 194b and 163b were determined to be 60% and 5% by 'H NMR using

1,3,5-trimethoxybenzene as an internal standard, respectively.

<run 5>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (47.0 mg, 0.147
mmol), MS4A (94.2 mg), [Rh(cod),]BF4 (6.0 mg, 0.015 mmol) and DPPP (6.1 mg, 0.015 mmol) in DMSO (1.50 mL)
at 90 °C for 2 h, was obtained. Yield of 194b was determined to be 41% by 'H NMR using 1,3,5-trimethoxybenzene as

an internal standard.

<run 6>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (47.9 mg, 0.149
mmol), MS4A (100 mg), [Rh(cod),]Cl04 (6.3 mg, 0.015 mmol) and DPPP (6.2 mg, 0.015 mmol) in DMF (1.50 mL) at
90 °C for 1 h, was obtained. Yield of 194b was determined to be 66% by 'H NMR using 1,3,5-trimethoxybenzene as an

internal standard.

<run 7>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.4 mg, 0.151
mmol), MS4A (96.0 mg), [Rh(cod),]SbFs (8.3 mg, 0.015 mmol) and DPPP (6.2 mg, 0.015 mmol) in DMF (1.50 mL) at
90 °C for 1 h, was obtained. Yield of 194b was determined to be 59% by 'H NMR using 1,3,5-trimethoxybenzene as an

internal standard.

<run 8>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.9 mg, 0.153
mmol), MS4A (100 mg), [Rh(cod),]BArF (17.8 mg, 0.0151 mmol) and DPPP (6.2 mg, 0.015 mmol) in DMF (1.50 mL)
at 90 °C for 1 h, was obtained. Yield of 194b was determined to be 56% by 'H NMR using 1,3,5-trimethoxybenzene as

an internal standard.

<Table 10>

<run 2>
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According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.1 mg, 0.150
mmol) and [Rh(dppp)(cod)]CIO4 (10.9 mg, 0.0151 mmol) in DMF (1.50 mL) at 90 °C for 19 h, was obtained. Yield of
162b was determined to be 46% by 'H NMR using 1,3,5-trimethoxybenzene as an internal standard.

<run 3>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (47.8 mg, 0.149
mmol), MS3A (94.8 mg) and [Rh(dppp)(cod)]C1O4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under 90 °C for 1 h,
was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1, 4/1) to give 194b (34.5 mg, 72% yield)

as a white solid.

<run 4>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.5 mg, 0.151
mmol), MS5A (102 mg) and [Rh(dppp)(cod)]ClO4 (10.9 mg, 0.0151 mmol) in DMF (1.50 mL) under 90 °C for 19 h,
was obtained. Yield of 163b was determined to be 55% by '"H NMR using 1,3,5-trimethoxybenzene as an internal

standard.

<run 5>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.1 mg, 0.150
mmol), PhCO,H (18.3 mg, 0.150 mmol) and [Rh(dppp)(cod)]C1O4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under
90 °C for 18 h, was obtained. Yield of 162b was determined to be 21% by '"H NMR using 1,3,5-trimethoxybenzene as

an internal standard.

<run 6>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.1 mg, 0.150
mmol), EtCO,H (11.5 pL, 0.154 mmol) and [Rh(dppp)(cod)]ClO4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under
90 °C for 18 h, was obtained. Yield of 162b was determined to be 22% by '"H NMR using 1,3,5-trimethoxybenzene as

an internal standard.

<run 7>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.1 mg, 0.150
mmol), Na,COs3 (15.9 mg, 0.150 mmol) and [Rh(dppp)(cod)]ClO4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under
90 °C for 18 h, was obtained. Yields of 194b, 163b and 162b were determined to be 7%, 4%, and 42% by 'H NMR

using 1,3,5-trimethoxybenzene as an internal standard, respectively.

<run 8>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.1 mg, 0.150
mmol), K,CO;3 (20.7 mg, 0.150 mmol) and [Rh(dppp)(cod)]CIO4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under
90 °C for 18 h, was obtained. Yields of 194b, 163b and 162b were determined to be 17%, 5%, and 28% by 'H NMR

using 1,3,5-trimethoxybenzene as an internal standard, respectively.

<run 9>
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According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.1 mg, 0.150
mmol), Cs,CO3 (48.9 mg, 0.150 mmol) and [Rh(dppp)(cod)]ClO4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under
90 °C for 18 h, was obtained. Yields of 194b and 162b were determined to be 9% and 35% by 'H NMR using

1,3,5-trimethoxybenzene as an internal standard, respectively.

<run 10>

According to the general procedure for cyclization, a crude product, which was prepared from 162b (48.1 mg, 0.150
mmol), CaCO; (15.0 mg, 0.150 mmol) and [Rh(dppp)(cod)]ClO4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under
90 °C for 18 h, was obtained. Yields of 163b and 162b were determined to be 6% and 64% by 'H NMR using

1,3,5-trimethoxybenzene as an internal standard, respectively.

<Table 12>
<run 1>
Dimethyl (E)-9-((methoxymethoxy)methyl)-5,5-dimethyl-7-0x0-1,4,5,6,7,8-hexahydro-
2H-cyclopenta[8]annulene-2,2-dicarboxylate (194c)
According to the general procedure for cyclization, a crude product, which was prepared from 162¢ (57.1 mg, 0.150
mmol), MS3A (92.5 mg) and [Rh(dppp)(cod)]ClO4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) at 90 °C for 19 h, was
purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1, 3/1, 1/1) to give 194¢ (24.5 mg, 43% yield)

as a pale yellow oil.

<run 2>

According to the general procedure for cyclization, a crude product, which was prepared from 162¢ (57.1 mg, 0.150
mmol), MS3A (105 mg) and [Rh(dppp)(cod)]ClO4 (10.7 mg, 0.0148 mmol) in THF (1.50 mL) under reflux for 40 h,
was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1, 2/1) to give 194¢ (44.0 mg, 77% yield)
as a pale yellow oil. Spectral data of 194¢: IR (neat) 3444, 2956, 2846, 1732, 1698, 1645 cm™'; 'H NMR (500 MHz,
CeDs, 75 °C) 6 6.05 (s, 1 H), 4.38 (s, 2 H), 3.87 (s, 2 H), 3.48-3.26 (m, 12 H), 3.15 (s, 3 H), 2.42-2.00 (brs, 2 H), 0.84 (s,
6 H); 1*C NMR (125 MHz, CDCls) § 210.0, 170.9, 170.5, 145.0, 143.1, 136.3, 123.1, 95.6, 69.9, 62.6, 55.4, 52.9 (2 O),
51.2, 46.5, 40.9, 37.5, 33.8, 29.3, 28.9; LRMS (EI) m/z 380 [M*], 305, 243, 215, 157, 59; HRMS (EI) calcd for
C0H2307 [M*] 380.1835, found 380.1834.

<run 3>

Dimethyl (Z£)-9-ethyl-5,5-dimethyl-7-0x0-1,4,5,6,7,8-hexahydro-2 H-cyclopenta[8]annulene-2,2-dicarboxylate
(1944d)

According to the general procedure for cyclization, a crude product, which was prepared from 162d (50.2 mg, 0.150
mmol), MS3A (100 mg) and [Rh(dppp)(cod)]CIO4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) at 90 °C for 72 h, was
purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1, 5/1) to give 194d (14.6 mg, 29% yield) as a

white solid.
<run 4>

According to the general procedure for cyclization, a crude product, which was prepared from 162d (50.2 mg, 0.150
mmol), MS3A (101 mg) and [Rh(dppp)(cod)]CIO4 (10.8 mg, 0.0149 mmol) in THF (1.50 mL) under reflux for 64 h,
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was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1, 5/1) to give 194d (16.0 mg, 32% yield)
as a white solid. Spectral data of 194d: IR (CHCI3) 3020, 2958, 2872, 1732, 1692 cm’!; 'H NMR (400 MHz, DMSO-dg,
150 °C) 8 5.93 (s, 1 H), 3.75 (s, 6 H), 3.34 (s, 2 H), 3.21 (s, 2 H), 2.56-2.51 (m, 2 H), 2.34 (s, 2 H), 2.14 (q, /= 7.5 Hz,
2 H), 1.05-0.96 (m, 9 H); '*C NMR (100 MHz, CDCl;) § 210.9, 171.4, 171.1, 145.3, 138.2, 133.7, 128.7, 62.4, 52.9 (2
C), 51.5, 48.7, 41.1, 37.7, 33.8, 31.2, 29.5, 28.9, 11.6; LRMS (EI) m/z 334 [M"], 275, 259, 243, 215, 131, 83, 59;
HRMS (EI) calcd for Ci19H260s [M*] 334.1780, found 334.1786; mp 60.0 °C (recrystallized from n-hexane-EtOAc at
0°C).

<run 5>
According to the general procedure for cyclization, a crude product, which was prepared from 162e (46.0 mg, 0.150
mmol), MS3A (92.5 mg) and [Rh(dppp)(cod)]ClO4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under 90 °C for 24 h,

was obtained as a complex mixture.

<run 6>

Dimethyl (£)-5,5-dimethyl-7-o0x0-1,4,5,6,7,8-hexahydro-2 H-cyclopenta[8]annulene-2,2-dicarboxylate (194e)
According to the general procedure for cyclization, a crude product, which was prepared from 162e (46.1 mg, 0.150
mmol), MS4A (90.6 mg) and [Rh(dppp)(cod)]C1O4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under 90 °C for 24 h,
was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1, 5/1) to give 194e (15.4 mg, 34% yield)
as a pale yellow solid. Spectral data of 194e: IR (neat) 2956, 2926, 2871, 1732, 1696 cm™'; 'H NMR (500 MHz, C¢Ds,
75°C) 6 5.98 (s, 1 H), 5.02 (t,J=7.3 Hz, 1 H), 3.38 (s, 6 H), 3.25 (m, 2 H), 2.92 (s, 2 H), 2.45-2.18 (brs, 2 H), 2.08 (s,
2 H), 0.84 (s, 6 H); *C NMR (125 MHz, CDCl3) § 211.0, 171.0 (2 C), 145.9, 144.9, 135.6, 113.6, 63.0, 52.9 (2 C), 51.0,
43.5,40.4,39.6, 34.2, 29.3, 29.2; LRMS (EI) m/z 306 [M*], 246, 215, 187, 83, 59; HRMS (EI) calcd for C17H205 [M™]
306.1467, found 306.1463; mp 93.5 °C (recrystallized from n-hexane-THF at 0 °C).

<Table 13>

<run 1>

Dimethyl (2)-3,5,5,9-tetramethyl-7-0x0-1,4,5,6,7,8-hexahydro-2 H-cyclopenta[8]annulene-2,2-dicarboxylate (194f)
According to the general procedure for cyclization, a crude product, which was prepared from 162f (50.2 mg, 0.150
mmol), MS3A (99.9 mg) and [Rh(dppp)(cod)]ClO4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under 90 °C for 2 h,
was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1, 5/1) to give 194f (32.4 mg, 65% yield)
as a pale yellow solid. Spectral data of 194f: IR (CHCl;) 3020, 2956, 2929, 1729, 1692 cm’!; 'H NMR (400 MHz,
DMSO-dg, 150 °C) 8 3.76 (s, 6 H), 3.34 (s, 2 H), 3.12 (q, J = 1.3 Hz, 2 H), 2.53 (s, 2 H), 2.35 (s, 2 H), 1.94 (s, 3 H),
1.80 (t, J = 1.3 Hz, 3 H), 1.00 (s, 6 H); *C NMR (100 MHz, CDCls) § 211.0, 171.4, 171.3, 140.5, 140.2, 139.5, 119.5,
65.8,52.64, 52.62, 51.6, 50.7, 38.8, 37.7, 35.2, 29.4, 29.0, 24.3, 13.6; LRMS (EI) m/z 334 [M™], 275, 243, 215, 131, 83,
59; HRMS (EI) calcd for C19H2605 [M*] 334.1780, found 334.1784; mp 75.5 °C (recrystallized from n-hexane-EtOAc
at 0 °C).

<run 2>

(2)-2',2',5,5,9-Pentamethyl-1,5,6,8-tetrahydrospiro[cyclopenta[8]annulene-2,5'-[1,3]dioxan]-7(4H)-one (194g)
According to the general procedure for cyclization, a crude product, which was prepared from 162g (45.7 mg, 0.150
mmol), MS3A (104 mg) and [Rh(dppp)(cod)]Cl1O4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under 50 °C for 24 h,
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was purified by column chromatography on silica gel (n-hexane/EtOAc = 25/1, 10/1 and 25/1) to give 194¢g (22.8 mg,
50% yield) as a white solid. Spectral data of 194g: IR (CHCl;) 3017, 2960, 2866, 1691 cm’'; 'H NMR (400 MHz,
DMSO-dg, 150 °C) 6 5.86 (s, 1 H), 3.75 (d, J=11.4 Hz, 2 H), 3.56 (d, /= 11.4 Hz, 2 H), 3.29 (s, 2 H), 2.53 (s, 2 H),
2.47 (s, 2 H), 2.34 (s, 2 H), 1.79 (s, 3 H), 1.44 (s, 3 H), 1.41 (s, 3 H), 0.98 (s, 6 H); *C NMR (100 MHz, CDCls)
5211.4, 143.4, 140.5, 139.2, 121.0, 97.6, 68.9, 68.6, 51.6, 50.7, 45.2, 41.5, 40.0, 33.5, 29.6, 29.1, 25.4, 24.1, 22.2;
LRMS (EI) m/z 304 [M'], 229, 216, 201, 83; HRMS (EI) caled for Ci9H2303 [M*] 304.2038, found 304.2032; mp
83.0 °C (recrystallized from n-hexane-EtOAc at 0 °C).

<run 3>

(Z2)-2,2-Bis((benzyloxy)methyl)-4,8,8-trimethyl-2,3,5,7,8,9-hexahydro-6 H-cyclopenta[8]annulen-6-one (194h)
According to the general procedure for cyclization, a crude product, which was prepared from 162h (66.7 mg, 0.150
mmol), MS3A (105 mg) and [Rh(dppp)(cod)]ClO4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) under 50 °C for 18 h,
was purified by column chromatography on silica gel (n-hexane/EtOAc = 25/1, 10/1 and 25/1) to give 194h (20.3 mg,

31% yield) as a colorless oil.

<run 4>

According to the general procedure for cyclization, a crude product, which was prepared from 162h (64.2 mg, 0.144
mmol), MS4A (106 mg) and [Rh(dppp)(cod)]ClO4 (10.6 mg, 0.0147 mmol) in DMF (1.50 mL) under 50 °C for 18 h,
was purified by column chromatography on silica gel (n-hexane/EtOAc = 25/1) to give 194h (37.1 mg, 58% yield) as a
colorless oil. Spectral data of 194h: IR (neat) 2957, 2919, 2849, 1642 cm’!; 'H NMR (400 MHz, DMSO-dg, 150 °C) §
7.42-7.24 (m, 10 H), 5.78 (s, 1 H), 4.54 (s, 4 H), 3.50 (s, 4 H), 3.27 (s, 2 H), 2.50 (s, 2 H), 2.45 (s, 2 H), 2.30 (s, 2 H),
1.76 (s, 3 H), 0.96 (s, 6 H); 1*C NMR (100 MHz, CDCl3) 5 211.9, 142.7, 141.5, 140.9, 138.6, 128.29, 128.26 (4 C),
127.52, 127.49, 127.4 (4 C), 119.6, 74.3, 74.0, 73.3 (2 C), 51.6, 50.9, 50.7, 41.4, 38.3, 33.6, 29.5, 29.0, 24.1; LRMS
(EI) m/z 444 [M™], 353, 323, 216, 91; HRMS (EI) calcd for C30H3603 [M*] 444.2664, found 444.2662.

<Scheme 70>
1-lIodo-4-(methoxymethoxy)but-2-yne (207)
To a solution of 206 (3.48 g, 26.7 mmol) in THF (5.0 mL) was added PPh; (8.39 g, 32.0 mmol), imidazole (2.65 g, 38.9
mmol), and I (8.10 g, 31.9 mmol) at 0 °C, and the reaction mixture was stirred at the same temperature for 30 min.
After the solution was concentrated, the residue was filtered with hexane. After the concentrated, the crude was

obtained as a pale yellow oil. The crude was used in the next reaction without purification.

Dimethyl 2-(6-((tert-butyldiphenylsilyl)oxy)-4,4-dimethylhexa-1,2-dien-1-yl)-
2-(4-(methoxymethoxy)but-2-yn-1-yl)malonate (209c)

To a solution of 180 (2,17 g, 4.97 mmol) in THF (5.0 mL) was added LHMDS (1.3 M in THF, 8.5 mL, 11 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the solution was added methyl
chloroformate (400 pL, 5.18 mmol), and the mixture was stirred at the same temperature for 10 min. Then, to the
solution was added a solution of 207 (2.00 g, 8.34 mmol) in THF (5.0 mL) at -78 °C, and the mixture was stirred and
warmed to room temperature for 18 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the
aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na;SO4, and

concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 15/1, 10/1) to give
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209¢ (2.10 g, 70% yield) as a pale yellow oil. Spectral data of 209¢: IR (neat) 3071, 2956, 2858, 1967, 1740 cm’!; 'H
NMR (500 MHz, CDCl3) 8 7.70-7.63 (m, 4 H), 7.45-7.35 (m, 6 H), 5.76 (d, /= 6.0 Hz, 1 H), 5.32 (d, /= 6.0 Hz, 1 H),
4.64 (s,2 H), 4.15-4.12 (m, 2 H), 3.79-3.65 (m, 8 H), 3.34 (s, 3 H), 2.89 (s, 2 H), 1.63 (t,J= 7.0 Hz, 2 H), 1.04 (s, 9 H),
0.971 (s, 3 H), 0.966 (s, 3 H); 3C NMR (125 MHz, CDCls) & 200.9, 169.43, 169.35, 135.5 (4 C), 133.90, 133.88, 129.5
(2 C), 127.6 (4 C), 106.5,94.3,91.7, 81.4, 78.3, 61.1, 57.6, 55.5, 54.2, 52.89, 52.87, 45.1, 34.2, 28.2, 27.5, 26.8 (3 C),
25.2,19.1; LRMS (EI) m/z 549 [(M-'Bu)'], 485, 281, 229, 213, 199, 183, 135, 91, 45.

Dimethyl 2-(6-hydroxy-4,4-dimethylhexa-1,2-dien-1-yl)-2-(4-(methoxymethoxy)but-2-yn-1-yl)malonate (210c)

To a solution of 209¢ (2.10 g, 3.46 mmol) in THF (24 mL) was added TBAF (1.0 M in THF, 4.5 mL, 4.5 mmol) at 0 °C,
and the mixture was stirred at room temperature for 2 h. To the mixture was added saturated NH4Cl aqueous solution at
0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na;SOs,
and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 3/1, 1/1) to
give 210c¢ (1.04 g, 82% yield) as a pale yellow oil. Spectral data of 210¢: IR (neat) 3435, 2956, 2826, 1966, 1738 cm!;
'"H NMR (500 MHz, CDCls) 6 5.81 (d, J = 6.0 Hz, 1 H), 5.39 (d, J = 6.0 Hz, 1 H), 4.66 (s, 2 H), 4.15 (t, J=2.0 Hz, 2
H), 3.75 (s, 6 H), 3.71-3.63 (m, 2 H), 3.34 (s, 3 H), 2.93 (t, /= 2.0 Hz, 2 H), 1.81-1.68 (brs, 1 H), 1.64 (t, /= 7.5 Hz, 2
H), 1.03 (s, 6 H); 3C NMR (125 MHz, CDCl;) § 201.0, 169.5, 169.4, 106.5, 94.3, 91.9, 81.5, 78.4, 59.9, 57.5, 55.5,
54.2,53.00,52.98, 45.1, 34.3, 28.2,27.8, 25.2; LRMS (EI) m/z 368 [M'], 306, 255, 240, 214, 199, 45.

Dimethyl 2-(4,4-dimethyl-6-oxohexa-1,2-dien-1-yl)-2-(4-(methoxymethoxy)but-2-yn-1-yl)malonate (211c¢)

To a solution of the 210¢ (1.04 g, 2.82 mmol) in CH>Cl> (24 mL) was added Dess-Martin Periodinane (1.55 g, 3.65
mmol) at 0 °C, and the mixture was stirred at room temperature for 2 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na»S>03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH2Cl,. The
organic layer was washed with brine, dried over Na;SOs, and concentrated. The residue was purified by column
chromatography on silica gel (n-hexane/EtOAc = 4/1, 3/1) to give 211¢ (932 mg, 90% yield) as a pale yellow oil.
Spectral data of 211¢: IR (neat) 2957, 2889, 2736, 1968, 1739 cm’!; 'TH NMR (500 MHz, CDCl3) § 9.76 (t, J= 2.8 Hz, 1
H), 5.86 (d, /= 6.5 Hz, 1 H), 5.50 (d, /= 6.5 Hz, 1 H), 4.65 (s, 2 H), 4.14 (t, /= 2.3 Hz, 2 H), 3.75 (s, 6 H), 3.34 (s, 3
H), 2.95 (dq, J=16.8, 2.3 Hz, 1 H), 2.81 (dq, J=16.8,2.3 Hz, 1 H), 2.41 (dd, J=15.5, 2.8 Hz, 1 H), 2.35 (dd, J=15.5,
2.8 Hz, 1 H), 1.17 (s, 3 H), 1.15 (s, 3 H); 3C NMR (125 MHz, CDCls) § 202.5, 200.9, 169.2, 169.1, 105.3, 94.4, 92.8,
81.2,78.6,57.6, 55.5, 54.8, 54.2, 53.02, 53.00, 34.3, 28.2, 28.0, 25.2; LRMS (EI) m/z 366 [M*], 304, 245, 115, 45.

Dimethyl 2-(6-hydroxy-4,4-dimethylhepta-1,2-dien-1-yl)-2-(4-(methoxymethoxy)but-2-yn-1-yl)malonate (212c)
To a solution of 211¢ (932 mg, 2.54 mmol) in THF (24 mL) was added MeMgBr (1.0 M in Et,0, 3.0 mL, 3.0 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 1 h. To the mixture was added saturated NH4Cl
aqueous solution at -78 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine,
dried over NaSO4, and concentrated. The residue was purified by column chromatography on silica gel
(n-hexane/EtOAc = 3/1, 2/1) to give 212¢ (584 mg, 60% yield) and 211¢ (165 mg, 18% yield) as a pale yellow oil.
Spectral data of 212¢: IR (neat) 3452, 3439, 2959, 2928, 1966, 1739 cm’!; '"H NMR (500 MHz, CDCls) § 5.84-5.78 (m,
1 H), 5.47 (m, J= 6.5 Hz, 1 H), 4.65 (s, 2 H), 4.14 (s, 2 H), 3.99-3.89 (m, 1 H), 3.74 (s, 6 H), 3.34 (s, 3 H), 2.94 (s, 2 H),
1.92-1.78 (brs, 1 H), 1.60-1.38 (m, 2 H), 1.16 (d, J = 6.5 Hz, 3 H), 1.07 (s, 3 H), 1.05 (s, 3 H); 3*C NMR (125 MHz,
CDCl3) §201.0%!, 169.5%, 169.3, 106.8*, 94.3, 91.9*, 81.4*, 78.4*, 65.6%, 57.6%, 55.5, 54.2, 53.02, 52.99%*, 52.1%,
34.8%,29.2*%,27.6%,25.5%,25.1*, LRMS (EI) m/z 382 [M], 337, 255, 179, 83, 45.
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Dimethyl 2-(4,4-dimethyl-6-oxohepta-1,2-dien-1-yl)-2-(4-(methoxymethoxy)but-2-yn-1-yl)malonate (162c)

To a solution of 212¢ (584 mg, 1.53 mmol) in CH»Cl, (15.0 mL) was added Dess-Martin Periodinane (881 mg, 2.08
mmol) at 0 °C, and the mixture was stirred at room temperature for 2 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na,S,03; aqueous solution at 0 °C, and the aqueous layer was extracted with CH,Cl,. The
organic layer was dried over Na,SOs, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 3/1) to give 162¢ (472 mg, 81% yield) as a colorless oil. Spectral data of 162c: IR (neat) 2956,
2930, 2891, 2845, 1967, 1739, 1712 cm’!; 'H NMR (500 MHz, CDCls) & 5.83 (d, J = 6.5 Hz, 1 H), 5.57 (d, J = 6.5 Hz,
1 H), 4.66 (s, 2 H), 4.16 (t, J = 2.3 Hz, 2 H), 3.75 (s, 6 H), 3.35 (s, 3 H), 2.97 (dt, J = 17.5, 2.3 Hz, 1 H), 2.92 (dt, J =
17.5,2.3 Hz, 1 H),2.49 (d, /= 14.5 Hz, 1 H), 2.45 (d, J=14.5Hz, 1 H), 2.13 (s, 3 H), 1.14 (s, 3 H), 1.12 (s, 3 H); °C
NMR (125 MHz, CDCls) & 207.6, 200.8, 169.3, 169.2, 105.9, 94.3, 92.3, 81.4, 78.4, 57.6, 55.5, 54.7, 54.2, 52.94, 52.92,
34.5, 31.9, 27.8, 27.7, 25.1; LRMS (EI) m/z 365 [(M-Me)'], 321, 267, 235, 203, 161, 59.; HRMS (EI) calcd for
Ci9H2507 [(M-Me)*] 365.1600, found 365.1592.

Dimethyl 2-(6-((fert-butyldiphenylsilyl)oxy)-4,4-dimethylhexa-1,2-dien-1-yl)-2-(pent-2-yn-1-yl)malonate (209d)
To a solution of 180 (1.74 g, 3.98 mmol) in THF (8.0 mL) was added LHMDS (1.3 M in THF, 6.8 mL, 8.8 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the solution was added methyl
chloroformate (330 pL, 4.26 mmol), and the mixture was stirred at the same temperature for 10 min. Then, to the
solution were added 1-chloroprop-2-yne 208 (630 uL, 6.02 mmol) and Nal (903 mg, 6.02 mmol) at -78 °C, and the
mixture was stirred and warmed to room temperature for 20 h. To the mixture was added saturated NH4Cl aqueous
solution at 0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over
Na,S0y4, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 30/1,
20/1, 15/1) to give 209d (1.31 g, 59% yield) as a pale yellow oil. Spectral data of 209d: IR (neat) 3068, 2957, 2933,
2854,1966, 1741 cm’'; 'TH NMR (500 MHz, CDCl3) 8 7.70-7.65 (m, 4 H), 7.45-7.36 (m, 6 H), 5.77 (d, J = 6.5 Hz, 1 H),
5.29 (d,J=6.5Hz, 1 H), 3.76-3.68 (m, 8 H), 2.83 (dt, /= 16.0, 2.3 Hz, 1 H), 2.79 (dt, J=16.0, 2.3 Hz, 1 H), 2.08 (qt, J
=7.5,2.3 Hz, 2 H), 1.66 (dt, J=13.5, 7.3 Hz, 1 H), 1.63 (dt,J=13.5,7.3, 1 H), 1.05 (t, /= 7.5 Hz, 3 H), 1.04 (s, 9 H),
0.981 (s, 3 H), 0.976 (s, 3 H); 1*C NMR (125 MHz, CDCls) & 200.8, 169.7, 169.6, 135.6 (4 C), 133.9 (2 C), 129.5 (2 C),
127.6 (4 C), 106.3, 92.0, 84.6, 74.0, 61.2, 58.1, 52.8, 52.7, 45.1, 34.2, 28.3, 27.5, 26.8 (3 C), 25.3, 19.1, 14.1, 12.3;
LRMS (EI) m/z 560 [M*], 545, 503, 213, 135, 44.

Dimethyl 2-(6-hydroxy-4,4-dimethylhexa-1,2-dien-1-yl)-2-(pent-2-yn-1-yl)malonate (210d)

To a solution of 209d (1.31 g, 2.34 mmol) in THF (23 mL) was added TBAF (1.0 M in THF, 3.0 mL, 3.0 mmol) at
0 °C, and the mixture was stirred at room temperature for 45 h. To the mixture was added saturated NH4Cl aqueous
solution at 0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over
Na»S0s4, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 3/1,
2/1) to give 210d (598 mg, 79% yield) as a pale yellow oil. Spectral data of 210d: IR (neat) 3398, 2957, 2924, 2877,
1966, 1739 cm’'; 'TH NMR (500 MHz, CDCls) & 5.83 (d, J = 6.0 Hz, 1 H), 5.38 (d, J = 6.0 Hz, 1 H), 3.76 (s, 6 H),
3.73-3.66 (m, 2 H), 2.88 (dt, J=16.5, 2.3 Hz, 1 H), 2.84 (dt, J=16.5,2.3 Hz, 1 H), 2.11 (qt, J=7.5, 2.3, 2 H), 1.67 (dt,
J=14.0,73 Hz, 1 H), 1.62 (dt, J=14.0, 7.3 Hz, 1 H), 1.42 (t,J= 5.5 Hz, 1 H), 1.08 (t, /= 7.5 Hz, 3 H), 1.050 (s, 3 H),
1.047 (s, 3 H); 1*C NMR (125 MHz, CDCIs) § 200.9, 169.7, 169.6, 106.1, 92.1, 84.8, 73.9, 60.0, 58.1, 52.9, 52.8, 45.3,
34.3,28.1,27.9,25.4,14.1, 12.3; LRMS (EI) m/z 322 [M"], 262, 244,177, 117, 69, 41.
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Dimethyl 2-(4,4-dimethyl-6-oxohexa-1,2-dien-1-yl)-2-(pent-2-yn-1-yl)malonate (211d)

To a solution of the 210d (564 mg, 1.75 mmol) in CH>Cl, (19 mL) was added Dess-Martin Periodinane (1.07 g, 2.52
mmol) at 0 °C, and the mixture was stirred at room temperature for 2 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na»S>03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH»>Cl,. The
organic layer was washed with brine, dried over Na,SO4, and concentrated. The residue was purified by column
chromatography on silica gel (n-hexane/EtOAc = 6/1) to give 211d (504 mg, 90% yield) as a pale yellow oil. Spectral
data of 211d: IR (neat) 2959, 2928, 2877, 2840, 2737, 1966, 1739, 1720 cm™'; '"H NMR (500 MHz, CDCl3) & 9.77 (t, J
=3.0Hz, 1 H), 5.87 (d, J=6.0 Hz, 1 H), 5.47 (d,J=6.0 Hz, 1 H), 3.74 (s, 3 H), 3.73 (s, 3 H), 2.86 (dt, J=17.0, 2.3 Hz,
1 H), 2.82 (dt,J=17.0, 2.3 Hz, 1 H), 2.41 (dd, J=15.5,3.0 Hz, 1 H), 2.35 (dd, /= 15.5, 3.0 Hz, 1 H), 2.09 (qt, J= 7.8,
2.3 Hz, 2 H), 1.17 (s, 3 H), 1.16 (s, 3 H), 1.05 (t, J = 7.8 Hz, 3 H); '3C NMR (125 MHz, CDCls) § 202.6, 200.8, 169.5,
169.4, 105.1, 93.1, 84.9, 73.8, 58.0, 54.8, 52.9, 52.8, 34.3, 28.2, 28.0, 25.2, 14.0, 12.3; LRMS (EI) m/z 320 [M"], 260,
229,117, 41.

Dimethyl 2-(6-hydroxy-4,4-dimethylhepta-1,2-dien-1-yl)-2-(pent-2-yn-1-yl)malonate (212d)

To a solution of 211d (504 mg, 1.57 mmol) in THF (16 mL) was added MeMgBr (1.0 M in Et,0, 1.9 mL, 1.9 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 1 h. To the mixture was added saturated NH4ClI
aqueous solution at -78 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine,
dried over NaySOs, and concentrated. The residue was purified by column chromatography on silica gel
(n-hexane/EtOAc = 10/1, 6/1) to give 212d (275 mg, 52% yield) and 211d (141 mg, 28% yield) as a pale yellow oil.
Spectral data of 212d: IR (neat) 3432, 2961, 2924, 1966, 1739 cm™!; 'H NMR (500 MHz, CDCl3) 6 5.84-5.81 (m, 1 H),
5.45(d,J=6.0 Hz, 1 H), 4.01-3.92 (m, 1 H), 3.74 (s, 6 H), 2.87 (dt, J=16.5, 2.4 Hz, 1 H), 2.82 (dt, J=16.5,2.4 Hz, 1
H), 2.10 (qt, J = 7.7, 2.4 Hz, 2 H), 1.91-1.63 (brs, 1 H), 1.60-1.39 (m, 2 H), 1.18-1.16 (m, 3 H), 1.10-1.03 (m, 9 H); 13C
NMR (125 MHz, CDCIs) & 200.9%!, 169.7*, 169.6, 106.5*, 92.2*, 84.9* 73.9, 65.6*, 58.1*, 52.9%, 52.8, 52.2*, 34.8%,
29.4* 27.5%, 25.6%,25.0%, 14.1, 12.3; LRMS (EI) m/z 336 [M'], 278, 219, 117, 45.

Dimethyl 2-(4,4-dimethyl-6-oxohepta-1,2-dien-1-yl)-2-(pent-2-yn-1-yl)malonate (162d)

To a solution of 212d (275 mg, 0.817 mmol) in CH>Cl, (8.0 mL) was added Dess-Martin Periodinane (458 mg, 1.08
mmol) at 0 °C, and the mixture was stirred at room temperature for 4 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na,S;03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH,Cl,. The
organic layer was dried over Na,SOs, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 8/1, 6/1) to give 162d (250 mg, 92% yield) as a colorless oil. Spectral data of 162d: IR (neat)
2957, 2877, 1967, 1738 cm’!; 'H NMR (500 MHz, CDCls) § 5.84 (d, J = 6.5 Hz, 1 H), 5.55 (d, J = 6.5 Hz, 1 H), 3.750
(s, 3 H), 3.745 (s, 3 H), 2.88 (dt, J=16.5, 2.3 Hz, 1 H), 2.83 (dt, J=16.5,2.3 Hz, 1 H), 2.50 (d, J = 14.5 Hz, 1 H), 2.45
(d, /J=14.5Hz,1 H), 2.13 (s, 3 H), 2.10 (qt, J= 7.3, 2.3 Hz, 2 H), 1.15 (s, 3 H), 1.12 (s, 3 H), 1.07 (t, J= 7.3 Hz, 3 H);
3C NMR (125 MHz, CDCl3) & 207.7, 200.7, 169.6, 169.5, 105.6, 92.5, 84.7, 74.0, 58.1, 54.7, 52.81, 52.79, 34.5, 32.0,
27.9, 27.7, 25.2, 14.1, 12.3; LRMS (EI) m/z 319 [(M-Me)*], 275, 267, 219, 193, 161, 59; HRMS (EI) calcd for
CisH2305 [(M-Me)*] 319.1546, found 319.1549.

<Scheme 71>
Dimethyl 2-(6-hydroxy-4,4-dimethylhepta-1,2-dien-1-yl)-2-(prop-2-yn-1-yl)malonate (212¢)
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To a solution of 211e (170 mg, 0.582 mmol) in THF (6 mL) was added MeMgBr (1.0 M in Et,0, 1.2 mL, 1.2 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the mixture was added saturated
NH4Cl aqueous solution at -78 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed
with brine, dried over Na,;SO4, and concentrated. The residue was purified by column chromatography on silica gel
(n-hexane/EtOAc = 4/1, 3/1) to give 212e (122 mg, 68% yield) as a pale yellow oil. Spectral data of 212e: IR (neat)
3425, 3294, 2960, 2927, 1966, 1739 cm’!; 'H NMR (500 MHz, CDCl3) & 5.85-5.82 (m, 1 H), 5.49 (d, J= 6.5 Hz, 1 H),
4.00-3.91 (m, 1 H), 3.763 (s, 3 H), 3.756 (s, 3 H), 2.90 (d, J = 3.0 Hz, 2 H), 2.00 (t, /=3.0 Hz, 1 H), 1.85-1.65 (brs, 1
H), 1.61-1.38 (m, 2 H), 1.19-1.16 (m, 3 H), 1.08 (s, 3 H), 1.05 (s, 3 H); *C NMR (125 MHz, CDCls) § 201.0*!, 169.43,
169.38, 106.9%, 91.8%*, 79.0, 71.2%, 65.6*, 57.5%, 53.1, 53.0%, 52.1%*, 34.8*, 29.3%, 27.6%, 25.1*%, 24.9; LRMS (EI) m/z
308 [M*], 269, 199, 139.

Dimethyl 2-(4,4-dimethyl-6-oxohepta-1,2-dien-1-yl)-2-(prop-2-yn-1-yl)malonate (162¢)

To a solution of 212e (160 mg, 0.519 mmol) in CH,Cl, (5.0 mL) was added Dess-Martin Periodinane (345 mg, 0.813
mmol) at 0 °C, and the mixture was stirred at room temperature for 1 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na,S;03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH2Cl,. The
organic layer was dried over Na,SOs, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 5/1, 4/1) to give 162e (147 mg, 92% yield) as a colorless oil. Spectral data of 162e: IR (neat)
3284, 2958, 2930, 2873, 2848, 1967, 1739, 1717 cm™!; 'H NMR (500 MHz, CDCls) § 5.83 (d, J= 6.5 Hz, 1 H), 5.57 (d,
J=6.5Hz,1H),3.75 (s, 6 H), 2.91 (dd, /= 17.0, 2.5 Hz, 1 H), 2.87 (dd, J=17.0, 2.5 Hz, 1 H), 2.48 (d, /= 15.0 Hz, 1
H), 2.45 (d, J = 15.0 Hz, 1 H), 2.11 (s, 3 H), 1.98 (t, J = 2.5 Hz, 1 H), 1.13 (s, 3 H), 1.11 (s, 3 H); '3C NMR (125 MHz,
CDCl3) 6 207.6, 200.8, 169.3, 169.2, 106.0, 92.2, 79.1, 71.2, 57.5, 54.7, 52.99, 52.96, 34.5, 32.0, 27.8, 27.7, 24.7,
LRMS (EI) m/z 291 [(M-Me)'], 267, 247, 235, 59; HRMS (EI) calcd for CisHi9Os [(M-Me)"] 291.1233, found
291.1224.

<Scheme 72>
7-((tert-Butyldiphenylsilyl)oxy)-5,5-dimethylhept-2-yn-4-ol (214)
To a solution of 1-bromoprop-1-ene (1.00 mL, 11.7 mmol) in THF (40 mL) was added »-BuLi (1.63 M in hexane, 15.0
mL, 24.5 mmol) at -78 °C, and the reaction mixture was stirred at the same temperature for 1 h. To the solution was
added a solution of 213 (3.55 g, 10.0 mmol) in THF (100 mL), and the mixture was stirred and warmed to room
temperature for 16 h. To the mixture was added saturated NH4Cl aqueous solution at 0 °C, and the aqueous layer was
extracted with EtOAc. The organic layer was washed with brine, dried over Na;SO4 and concentrated. The residue was
purified by column chromatography on silica gel (n-hexane/EtOAc = 15/1, 10/1) to give 214 (3.65 g, 93% yield) as a
yellow oil. Spectral data of 214: IR (neat) 3390, 3071, 2959, 2931, 2858 cm™'; '"H NMR (500 MHz, CDCl3) § 7.78-7.64
(m, 4 H), 7.57-7.34 (m, 6 H), 4.13-4.04 (m, 1 H), 3.88 (d, /= 7.0 Hz, 1 H), 3.80-3.63 (m, 2 H), 1.97-1.89 (m, 1 H), 1.87
(d,J=2.0 Hz, 3 H), 1.44 (dt, J=15.0, 5.0 Hz, 1 H), 1.07 (s, 9 H), 1.00 (s, 6 H); *C NMR (125 MHz, CDCl;) 3 135.6
(2C), 135.5(2C), 133.0, 132.9, 129.78, 129.76, 127.73 (2 C), 127.71 (2 C), 81.4, 79.1, 70.5, 61.0, 40.8, 38.3, 26.6 (3
0), 24.8,23.8, 19.0, 3.6; LRMS (EI) m/z 355 [(M-CH3C=C)"], 335, 199, 132.

Methyl 8-((tert-butyldiphenylsilyl)oxy)-3,6,6-trimethylocta-3,4-dienoate (215)
A solution of 214 (3.65 g, 9.25 mmol) and propionic acid (150 pL, 1.99 mmol) in trimethyl orthoacetate (7.00 mL. 55.9

115



Experimental Section of Chapter 2, Section 2

mmol) was stirred at 120 °C for 14 h with azeotropic removal of methanol. The mixture was concentrated, and the
residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 30/1, 20/1) to give 215 (2.70 g, 65%
yield) as a pale yellow oil. Spectral data of 215: IR (neat) 3071, 3050, 2958, 2931, 2858, 1969, 1741 cm’!; 'H NMR
(500 MHz, CDCls) & 7.70-7.64 (m, 4 H), 7.45-7.35 (m, 6 H), 4.98-4.95 (m, 1 H), 3.71 (t, /= 7.5 Hz, 2 H), 3.64 (s, 3 H),
2.91(dd,J=15.0,2.5 Hz, 1 H), 2.87 (dd, J=15.0, 2.5 Hz, 1 H), 1.67 (d, /J=3.0 Hz, 3 H), 1.64 (td, /J=7.5, 1.2 Hz, 2
H), 1.05 (s, 9 H), 0.95 (s, 6 H); '*C NMR (125 MHz, CDCls) 8 200.6, 171.6, 135.5 (4 C), 134.0, 133.8, 129.6, 129.5,
127.60 (2 C), 127.57 (2 C), 101.2,94.8, 61.4, 51.6, 45.1, 40.3, 34.2, 28.3, 28.1, 26.83, 26.79, 25.5, 19.13, 19.10; LRMS
(EX) m/z 450 [M'], 393, 213, 168, 135, 109.

Dimethyl 2-(but-2-yn-1-yl)-2-(7-((tert-butyldiphenylsilyl)oxy)-5,5-dimethylhepta-2,3-dien-2-yl)malonate (209f)

To a solution of 215 (2.24 g, 4.97 mmol) in THF (10.0 mL) was added LHMDS (1.3 M in THF, 8.5 mL, 11 mmol) at
-78 °C, and the reaction mixture was stirred at the same temperature for 30 min. To the solution was added methyl
chloroformate (400 pL, 5.18 mmol), and the mixture was stirred at the same temperature for 15 min. Then, to the
solution was added 1-bromobut-2-yne 216 (900 pL, 10.0 mmol) and Nal (1.50 g, 10.0 mmol) at -78 °C, and the mixture
was stirred and warmed to room temperature for 16 h. To the mixture was added saturated NH4Cl aqueous solution at
0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na;SOg,
and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 30/1, 20/1) to
give 209f (1.85 g, 66% yield) as a pale yellow oil. Spectral data of 209f: IR (neat) 3071, 2956, 2930, 2858, 1964, 1739
cm’l; 'TH NMR (500 MHz, CDCls) § 7.69-7.62 (m, 4 H), 7.44-7.33 (m, 6 H), 5.16 (q, J = 3.0 Hz, 1 H), 3.73 (s, 3 H),
3.72 (s, 3 H), 3.71 (t, J= 6.5 Hz, 2 H), 2.79 (dq, /= 16.5, 2.8 Hz, 1 H), 2.75 (dq, /= 16.5,2.8 Hz, 1 H), 1.77 (d, J=3.0
Hz, 3 H), 1.71 (t, J = 2.8 Hz, 3 H), 1.67-1.60 (m, 2 H), 1.04 (s, 9 H), 0.97 (s, 3 H), 0.95 (s, 3 H); 3*C NMR (125 MHz,
CDCl3) 6 200.6, 169.7 (2 C), 135.5 (4 C), 133.99, 133.97, 129.5 (2 C), 127.6 (4 C), 104.4, 99.9, 78.1, 74.5, 61.3, 61.0,
52.5(2C),45.1, 34.6, 28.3,27.4, 26.8 (3 C), 25.6, 19.1, 17.2, 3.6; LRMS (EI) m/z 560 [M*], 545, 501, 213, 199, 135,
44,

Dimethyl 2-(but-2-yn-1-yl)-2-(7-hydroxy-5,5-dimethylhepta-2,3-dien-2-yl)malonate (210f)

To a solution of 209f (1.80 g, 3.21 mmol) in THF (32 mL) was added TBAF (1.0 M in THF, 4.2 mL, 4.2 mmol) at 0 °C,
and the mixture was stirred at room temperature for 5 h. To the mixture was added saturated NH4ClI aqueous solution at
0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over Na,;SOs,
and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 3/1, 1/1) to
give 210f (926 mg, 89% yield) as a pale yellow oil. Spectral data of 210f: IR (neat) 3389, 2956, 2924, 2868, 1964, 1739
cm!; 'TH NMR (500 MHz, CDCl3) 6 5.24 (q,J =3.0 Hz, 1 H), 3.75 (s, 6 H), 3.69 (t, J = 6.8 Hz, 2 H), 2.83 (dq, J = 16.6,
2.8 Hz, 1 H), 2.79 (dq, J = 16.6, 2.8 Hz, 1 H), 1.85 (d, J= 3.0 Hz, 3 H), 1.73 (t, J= 2.8 Hz, 3 H), 1.66-1.55 (m, 3 H),
1.03 (s, 3 H), 1.02 (s, 3 H); 3C NMR (125 MHz, CDCl;) & 200.7, 169.7, 169.6, 104.2, 99.9, 78.3, 74.5, 61.1, 60.1,
52.63,52.61,45.2,34.7, 28.02, 27.99, 25.5, 17.3, 3.6; LRMS (EI) m/z 322 [M*], 263, 231, 177, 117, 69, 41.

Dimethyl 2-(but-2-yn-1-yl)-2-(5,5-dimethyl-7-oxohepta-2,3-dien-2-yl)malonate (211f)

To a solution of the 210f (897 mg, 2.78 mmol) in CH,Cl, (24 mL) was added Dess-Martin Periodinane (1.66 g, 3.91
mmol) at 0 °C, and the mixture was stirred at room temperature for 4 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na,S;03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH>Cl,. The

organic layer was washed with brine, dried over Na;SOs4, and concentrated. The residue was purified by column
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chromatography on silica gel (n-hexane/EtOAc = 5/1, 4/1) to give 211f (830 mg, 93% yield) as a pale yellow oil.
Spectral data of 211f: IR (neat) 2958, 2926, 2871, 2736, 1966, 1738 cm’!; 'H NMR (500 MHz, CDCl3) § 9.77 (t, J =
3.0 Hz, 1 H), 5.33 (g, /=3.0 Hz, 1 H), 3.744 (s, 3 H), 3.739 (s, 3 H), 2.83 (dq, /= 16.5, 2.5 Hz, 1 H), 2.79 (dq, J= 16.5,
2.5 Hz, 1 H), 2.42 (dd, J=15.5, 3.0 Hz, 1 H), 2.34 (dd, J=15.5,3.0 Hz, 1 H), 1.84 (d, /J=3.0 Hz, 3 H), 1.72 (t, J=2.5
Hz, 3 H), 1.17 (s, 3 H), 1.15 (s, 3 H); 1*C NMR (125 MHz, CDCls) § 202.9, 200.7, 169.4 (2 C), 103.1, 101.0, 78.4, 74.4,
61.1,54.6,52.63, 52.61, 34.8, 28.3, 28.1, 25.4, 17.1, 3.6; LRMS (EI) m/z 320 [M"], 261, 229, 201, 177, 117, 83, 41.

Dimethyl 2-(but-2-yn-1-yl)-2-(7-hydroxy-5,5-dimethylocta-2,3-dien-2-yl)malonate (212f)

To a solution of 211f (830 mg, 2.59 mmol) in THF (24 mL) was added MeMgBr (1.0 M in Et,0, 3.1 mL, 3.1 mmol) at
-30 °C, and the reaction mixture was stirred at the same temperature for 1 h. To the mixture was added saturated NH4Cl
aqueous solution at -30 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine,
dried over NaySOs, and concentrated. The residue was purified by column chromatography on silica gel
(n-hexane/EtOAc = 5/1, 3/1) to give 212f (269 mg, 31% yield) and 211f (86.9 mg, 10% yield) as a pale yellow oil.
Spectral data of 212f: IR (neat) 3437, 2958, 2925, 1963, 1739 cm™!; 'H NMR (500 MHz, CDCl;) 8 5.34-5.29 (m, 1 H)
3.99-3.94 (m, 1 H), 3.76 (s, 6 H), 2.88-2.79 (m, 2 H), 1.89-1.82 (m, 3 H), 1.74 (t, /= 2.3 Hz, 3 H), 1.62-1.40 (m, 3 H),
1.19-1.16 (m, 3 H), 1.07 (s, 3 H), 1.05 (s, 3 H); '3C NMR (125 MHz, CDCls) 8 200.8*!, 169.7, 169.6, 104.5%, 99.5,
78.5, 74.4*%, 65.7*, 61.1, 52.7*%, 52.2, 52.0, 35.2*, 29.5%, 27.3*, 25.5%,25.0*, 17.3*, 3.6; LRMS (EI) m/z 336 [M], 277,
245,233,177, 117, 57.

Dimethyl 2-(but-2-yn-1-yl)-2-(5,5-dimethyl-7-oxoocta-2,3-dien-2-yl)malonate (162f)

To a solution of 212f (269 mg, 0.800 mmol) in CH>Cl, (8.0 mL) was added Dess-Martin Periodinane (510 mg, 1.20
mmol) at 0 °C, and the mixture was stirred at room temperature for 16 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na,S>03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH,>Cl,. The
organic layer was dried over Na;SQs, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 6/1, 5/1) to give 162f (201 mg, 75% yield) as a colorless oil. Spectral data of 162f: IR (neat)
2956, 2925, 2872, 1964, 1738, 1714 cm’!; 'H NMR (500 MHz, CDCls) § 5.38 (q, J = 3.0 Hz, 1 H), 3.76 (s, 3 H), 3.75
(s, 3 H), 2.84 (dq, J=16.0, 2.3 Hz, 1 H), 2.80 (dq, J = 16.0, 2.3 Hz, 1 H), 2.50 (d, /= 15.5 Hz, 1 H), 2.46 (d, J=15.5
Hz, 1 H), 2.13 (s, 3 H), 1.84 (d, J=3.0 Hz, 3 H), 1.74 (t,J = 2.3 Hz, 3 H), 1.14 (s, 3 H), 1.11 (s, 3 H); '*C NMR (125
MHz, CDCls) 6 207.8, 200.4, 169.6, 169.5, 103.8, 100.5, 78.2, 74.5, 61.1, 54.6, 52.6 (2 C), 35.0, 31.9, 27.9, 27.6, 25 .4,
17.0, 3.6; LRMS (EI) m/z 303 [(M-MeO)*], 281, 275, 219, 59; HRMS (EI) calcd for CisH»304 [(M-MeO)*] 303.1596,
found 303.1585.

<Scheme 73>

((6-(5-(But-2-yn-1-yl)-2,2-dimethyl-1,3-dioxan-5-yl)-3,3-dimethylhexa-4,5-dien-1-yl)oxy)(tert-butyl)diphenylsilan
e (209g)

To a suspension of LiAlH4 (342 mg, 9.01 mmol) in Et;O (5 mL) was added a solution of 181 (1.56 g, 2.85 mmol) in
Et,0 (5 mL) at 0 °C. The reaction mixture was stirred at the same temperature for 2 h. Then to the mixture was added
with H>O (340 pL), 15% NaOH aq. (340 pL), and H,O (1.02 mL) and stirred at room temperature for 3 h. The mixture
was filtered through Celite®, washed with Et,0, and concentrated. The residue was roughly purified by column
chromatography on silica gel (n-hexane/EtOAc = 10/1, 5/1) to give the crude diol (626 mg). To a solution of diol (626
mg) in CH>Cl, (13 mL) were added 2,2-dimethoxypropane (800 pL, 6.53 mmol) and PPTS (35.1 mg, 0.140 mmol) at
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0 °C and the reaction mixture was stirred at room temperature for 18 h. Then the reaction mixture was concentrated.
The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 10/1) to give 209g (584 mg, 39%
yield in 2 steps) as a pale yellow oil. Spectral data of 209g: IR (neat) 3071, 2992, 2958, 2858, 1959 cm!; 'H NMR (500
MHz, CDCls) 6 7.71-7.64 (m, 4 H), 7.45-7.36 (m, 6 H), 5.17 (d, /= 6.0 Hz, 1 H), 5.14 (d, J = 6.0 Hz, 1 H), 3.76-3.61
(m, 6 H), 2.52 (dq, J=16.5,2.8 Hz, 1 H), 2.43 (dq, /= 16.5, 2.8 Hz, 1 H), 1.76 (t, /= 2.8 Hz, 3 H), 1.65 (t, /= 7.3 Hz,
2 H), 1.41 (s, 3 H), 1.38 (s, 3 H), 1.05 (s, 9 H), 0.99 (s, 6 H); '*C NMR (125 MHz, CDCls) § 200.7, 135.5 (4 C), 133.9
(20), 12952 C), 127.6 (4 C), 104.3,97.9, 94.4, 78.1, 75.7, 66.81, 66.76, 61.2, 45.3, 36.5, 33.6, 28.3, 28.0, 27.8, 26.8
(3C), 24.4,19.6, 19.1, 3.6, LRMS (EI) m/z 530 [M*], 515, 442, 199, 135, 44.

6-(5-(But-2-yn-1-yl)-2,2-dimethyl-1,3-dioxan-5-yl)-3,3-dimethylhexa-4,5-dien-1-o0l (210g)

To a solution of 209g (584 mg, 1.10 mmol) in THF (11 mL) was added TBAF (1.0 M in THF, 1.3 mL, 1.3 mmol) at
0 °C, and the mixture was stirred at room temperature for 3 h. The reaction mixture was concentrated and the residue
was purified by column chromatography on silica gel (n-hexane/EtOAc = 3/1, 1/1) to give 210g (305 mg, 95% yield) as
a pale yellow oil. Spectral data of 210g: IR (neat) 3434, 2994, 2959, 2920, 2864, 1956 cm™'; 'H NMR (500 MHz,
CDCl3) 6 5.26 (d, J= 6.5 Hz, 1 H), 5.20 (d, J= 6.5 Hz, 1 H), 3.78-3.66 (m, 6 H), 2.51 (dq, J = 16.5, 2.8 Hz, 1 H), 2.43
(dq, J=16.5,2.8 Hz, 1 H), 1.78 (t, J= 2.8 Hz, 3 H), 1.64 (td, /= 7.3, 1.3 Hz, 2 H), 1.52-1.45 (brs, 1 H), 1.42 (s, 3 H),
1.41 (s, 3 H), 1.06 (s, 3 H), 1.05 (s, 3 H); 3C NMR (125 MHz, CDCl3) 6 200.9, 104.1, 98.0, 94.9, 78.3, 75.5, 66.8, 66.7,
60.1,45.5,36.7, 33.7, 28.23, 28.15, 27.1, 24.5, 20.3, 3.6; LRMS (EI) m/z 292 [M'], 207, 73, 69, 43.

6-(5-(But-2-yn-1-yl)-2,2-dimethyl-1,3-dioxan-5-yl)-3,3-dimethylhexa-4,5-dienal (211g)

To a solution of the 210g (305 mg, 1.04 mmol) in CH>Cl, (10 mL) were added NaHCOs3 (119 mg, 1.42 mmol) and
Dess-Martin Periodinane (561 mg, 1.32 mmol) at 0 °C, and the mixture was stirred at room temperature for 1 h. To the
mixture were added saturated NaHCO3 aqueous solution and 10% Na»S,03 aqueous solution at 0 °C, and the aqueous
layer was extracted with CH,Cl,. The organic layer was washed with brine, dried over Na,SO4, and concentrated. The
residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 6/1) to give 211g (271 mg, 90%
yield) as a pale yellow oil. Spectral data of 211g: IR (neat) 2991, 2961, 2871, 2736, 1960, 1721 cm™'; 'H NMR (500
MHz, CDCl3) 6 9.79 (t, J = 3.0 Hz, 1 H), 5.36 (d, J = 6.0 Hz, 1 H), 5.25 (d, J = 6.0 Hz, 1 H), 3.78-3.65 (m, 4 H),
2.56-2.33 (m, 4 H), 1.77 (t, J = 2.5 Hz, 3 H), 1.41 (s, 3 H), 1.40 (s, 3 H), 1.19 (s, 3 H), 1.18 (s, 3 H); '3C NMR (125
MHz, CDCls) 6 202.7, 200.8, 103.2, 98.0, 95.8, 78.3, 75.5, 66.7, 66.6, 55.0, 36.8, 33.8, 28.5, 28.3, 27.1, 24.4, 20.2, 3.5;
LRMS (EI) m/z 290 [M*], 202, 173, 159, 146, 117, 43.

7-(5-(But-2-yn-1-yl)-2,2-dimethyl-1,3-dioxan-5-yl)-4,4-dimethylhepta-5,6-dien-2-ol (212g)

To a solution of 211g (271 mg, 0.933 mmol) in THF (9 mL) was added MeMgBr (1.0 M in Et,0, 1.4 mL, 1.4 mmol) at
0 °C, and the reaction mixture was stirred at the same temperature for 1.5 h. To the mixture was added saturated NH4Cl
aqueous solution at 0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine,
dried over NaSO4, and concentrated. The residue was purified by column chromatography on silica gel
(n-hexane/EtOAc = 10/1, 6/1, 1/1) to give 212g (209 mg, 73% yield) and 211g (41.3 mg, 15% yield) as a pale yellow
oil. Spectral data of 212g: IR (neat) 3450, 2991, 2960, 2921, 2871, 1958 cm™!; 'H NMR (400 MHz, CDCl3) § 5.34 (d, J
= 6.4 Hz, 1 H), 5.23-5.19 (m, 1 H), 4.02-3.91 (m, 1 H), 3.77-3.67 (m, 4 H), 2.55-2.35 (m, 2 H), 1.90-1.82 (brs, 1 H),
1.77 (t,J = 2.4 Hz, 3 H), 1.60-1.39 (m, 8 H), 1.18-1.07 (m, 9 H); *C NMR (100 MHz, CDCl3) 5 201.0*!, 104.5%*, 98.0,
94.9, 78.4%, 75.4%, 66.7, 65.7%, 52.3%, 36.8%, 34.2%, 29.5%, 27.6%, 27.1, 26.4, 25.1*, 24.5%, 20.9%, 3.6; LRMS (EI) m/z
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306 [M'], 291, 203, 160, 83, 43.

7-(5-(But-2-yn-1-yl)-2,2-dimethyl-1,3-dioxan-5-yl)-4,4-dimethylhepta-5,6-dien-2-one (162g)

To a solution of 212g (209 mg, 0.682 mmol) in CH>Cl, (7.0 mL) were added NaHCO; (80.5 mg, 0.959 mmol) and
Dess-Martin Periodinane (379 mg, 0.894 mmol) at 0 °C, and the mixture was stirred at room temperature for 1.5 h. To
the mixture were added saturated NaHCO3 aqueous solution and 10% Na»S,Os3 aqueous solution at 0 °C, and the
aqueous layer was extracted with CH,Cl,. The organic layer was dried over Na,SOs, and concentrated. The residue was
purified by column chromatography on silica gel (n-hexane/EtOAc = 8/1) to give 162g (150 mg, 72% yield) as a
colorless oil. Spectral data of 162g: IR (neat) 2991, 2959, 2871, 1959, 1715 cm’'; 'H NMR (500 MHz, CDCl3) § 5.41
(d,J=7.0Hz, 1 H),5.21 (d,J=7.0 Hz, 1 H), 3.77-3.65 (m, 4 H), 2.55-2.41 (m, 4 H), 2.13 (s, 3 H), 1.78 (t, /= 2.3 Hz,
3 H), 1.42 (s, 3 H), 1.40 (s, 3 H), 1.15 (s, 3 H), 1.13 (s, 3 H); '*C NMR (125 MHz, CDCl3) 8 207.7, 200.7, 103.7, 98.0,
95.2,78.2,75.6, 66.8, 66.7, 54.9, 36.7, 34.0, 32.1, 28.0 (2 C), 27.4, 24.4, 20.0, 3.6; LRMS (EI) m/z 289 [(M-Me)"], 247,
201, 189, 173, 160, 143.; HRMS (EI) calcd for CisH2s03 [(M-Me)'] 289.1804, found 289.1799.

<Scheme 74>
2-(But-2-yn-1-yl)-2-(6,6-dimethoxy-4,4-dimethylhexa-1,2-dien-1-yl)propane-1,3-diol (217)
7,7-Bis((benzyloxy)methyl)-3,3-dimethylundeca-4,5-dien-9-ynal (211h)
To a solution of 162a (507 mg, 1.65 mmol) in MeOH (16 mL) were added HC(OMe); (600 pL, 5.48 mmol) and
TsOH-H,0 (31.6 mg, 0.166 mmol) at 0 °C, and the mixture was stirred at room temperature for 15 h. To the mixture
were added NaHCOs3 and then H>O at 0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was
dried over Na,SOy4, and concentrated to give crude acetal (546 mg) as a pale yellow oil. To a suspension of LiAlH4 (177
mg, 4.66 mmol) in Et;O (3 mL) was added a solution of crude acetal (546 mg) in Et,O (2 mL) at 0 °C. The reaction
mixture was stirred at the same temperature for 3 h. Then to the mixture was added with H>O (180 pL), 15% NaOH
aqueous solution (180 puL), and H,O (540 pL) and stirred at room temperature for 1 h. The mixture was filtered through
Celite®, washed with Et,O, and concentrated to give the crude diol 217 (386 mg). To a suspension of NaH (60%
dispersion in mineral oil, 156 mg, 3.90 mmol) in DMF (4.5 mL) was added a solution of crude diol 217 (386 mg) in
DMF (2.0 mL) at 0 °C, and the mixture was stirred at the same temperature for 30 min. To the mixture was added BnBr
(460 pL, 3.87 mmol) at 0 °C, and the resulting mixture was stirred and warmed to room temperature for 2 h. To the
mixture was added saturated NH4Cl aqueous solution at 0 °C, and the aqueous layer was extracted with Et,O. The
organic layer was washed with brine, dried over Na,SOs, and concentrated to give a crude dibenzyl ether (1.06 g). To a
solution of crude dibenzyl ether (1.06 g) in THF (13 mL) was added 3 N HCI aqueous solution (6.0 mL, 18 mmol) at
0 °C, and the mixture was stirred at room temperature for 3 h. To the mixture was added saturated NaHCO; aqueous
solution at 0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine, dried over
Na,S0y4, and concentrated. The residue was purified by column chromatography on silica gel (n-hexane/EtOAc = 15/1,
10/1) to give 211h (330 mg, 46% yield in 4 steps) as a pale yellow oil. Spectral data of 211h: IR (neat) 3030, 2960,
2919, 2858, 1962, 1720 cm’!; 'TH NMR (500 MHz, CDCl3) § 9.73 (t, J = 3.0 Hz, 1 H), 7.37-7.22 (m, 10 H), 5.40 (d, J =
6.5 Hz, 1 H), 5.28 (d, J=6.5 Hz, 1 H), 4.509 (s, 2 H), 4.505 (s, 2 H), 3.52-3.44 (m, 4 H), 2.42-2.26 (m, 4 H), 1.73 (t, J
=2.3 Hz, 3 H), 1.13 (s, 3 H), 1.12 (s, 3 H); '*C NMR (125 MHz, CDCls) & 203.4, 200.9, 138.6, 138.5, 128.2 (4 C),
127.43 (2 C), 127.40 (2 C), 127.3 (2 C), 102.6, 96.7, 77.6, 75.8, 73.3 (2 C), 72.8, 72.7, 54.8, 43.6, 33.9, 28.6, 28.1, 23.9,
3.6; LRMS (EI) m/z 430 [M*], 309, 91.
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8,8-Bis((benzyloxy)methyl)-4,4-dimethyldodeca-5,6-dien-10-yn-2-ol (212h)

To a solution of 211h (437 mg, 1.01 mmol) in THF (10 mL) was added MeMgBr (1.0 M in Et,0O, 1.5 mL, 1.5 mmol) at
0 °C, and the reaction mixture was stirred at the same temperature for 1 h. To the mixture was added saturated NH4Cl
aqueous solution at 0 °C, and the aqueous layer was extracted with EtOAc. The organic layer was washed with brine,
dried over NaxSOs, and concentrated. The residue was purified by column chromatography on silica gel
(n-hexane/EtOAc = 10/1, 6/1) to give 212h (356 mg, 79% yield) and 211h (64.6 mg, 15% yield) as a pale yellow oil.
Spectral data of 212h: IR (neat) 3434, 3030, 2960, 2919, 2860, 1960 cm’!; 'H NMR (500 MHz, CDCl;) & 7.37-7.21 (m,
10 H), 5.38-5.36 (m, 1 H), 5.29-5.23 (m, 1 H), 4.52 (s, 4 H), 3.99-3.85 (m, 1 H), 3.55-3.42 (m, 4 H), 2.38 (s, 2 H),
1.93-1.79 (brs, 1 H), 1.74 (s, 3 H), 1.59-1.42 (m, 2 H), 1.15-1.13 (m, 3 H), 1.05-1.03 (m, 6 H); 3*C NMR (125 MHz,
CDCl3) 8200.9%!, 138.64%*, 138.57, 128.2 (4 C), 127.5, 127.45, 127.40, 127.37, 127.3 (2 C), 103.9%, 95.9%, 77.7%,
75.8%, 73.3*%, 73.0%, 72.8*%, 65.7*, 52.2, 52.1, 43.6*, 34.2*%, 29.9*, 27.2, 24.8*, 24.0*, 3.6; LRMS (EI) m/z 446 [M"],
325,217,91.

8,8-Bis((benzyloxy)methyl)-4,4-dimethyldodeca-5,6-dien-10-yn-2-one (162h)

To a solution of 212h (356 mg, 0.797 mmol) in CH>Cl, (8.0 mL) was added Dess-Martin Periodinane (431 mg, 1.02
mmol) at 0 °C, and the mixture was stirred at room temperature for 2 h. To the mixture were added saturated NaHCO3
aqueous solution and 10% Na,S>03 aqueous solution at 0 °C, and the aqueous layer was extracted with CH,>Cl,. The
organic layer was dried over Na;SQs, and concentrated. The residue was purified by column chromatography on silica
gel (n-hexane/EtOAc = 7/1, 6/1) to give 162h (304 mg, 86% yield) as a colorless oil. Spectral data of 162h: IR (neat)
3063, 3030, 2958, 2918, 2859, 1961, 1715 cm™!; 'H NMR (500 MHz, CDCls) 8 7.38-7.22 (m, 10 H), 5.37 (d, J= 6.0 Hz,
1 H), 5.32 (d, J= 6.0 Hz, 1 H), 4.522 (s, 2 H), 4.516 (s, 2 H), 3.50 (s, 2 H), 3.49 (s, 2 H), 2.46-2.32 (m, 4 H), 2.06 (s, 3
H), 1.75 (t, J = 2.3 Hz, 3 H), 1.11 (s, 3 H), 1.10 (s, 3 H); '*C NMR (125 MHz, CDCls) & 208.2, 200.6, 138.7, 138.6,
128.2 (4 C), 127.39 (2 C), 127.36 (2 C), 127.3 (2 C), 103.3, 96.3, 77.5, 75.9, 73.3 (2 C), 73.0, 72.8, 54.9, 43.6, 34.2,
32.0,28.0,27.9, 23.9, 3.6; LRMS (EI) m/z 444 [M'], 429, 402, 323, 215, 91; HRMS (EI) calcd for C3oH3603 [(M-Me)*]
444.2664, found 444.2666.

<Scheme 75>
According to the general procedure for cyclization, a crude product, which was prepared from 162¢ (49.9 mg, 0.149
mmol), MS4A (102 mg), and [Rh(dppp)(cod)]CI1O4 (10.8 mg, 0.0149 mmol) in DMF (1.50 mL) at 90 °C for 24 h, was
was obtained. Yields of 163¢ and 162¢ were determined to be 9% and 10% by 'H NMR using 1,3,5-trimethoxybenzene

as an internal standard, respectively.
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