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ARG S TLL T OlgEEZ VN,

cat.
cdt
cod
Cp
Cy
Cyp
DBU
DCPE
DIAD
DIBAL-H
DMF
equiv
Et
EWG
Fc

NHC

: acetyl

: acetylacetonate

:aryl

: benzyl

: tert-butoxycarbonyl

: 2,27 -bipyridyl

: butyl

: catalytic

: 1,5,9-cyclododecatriene

: 1,5-cyclooctadiene

: cyclopentadienyl

: cyclohexyl

: cyclopentyl

: 1,8-diazabicyo[5.4.0Jundec-7-ene
: 1,2-bis(dicyclohexylphosphino)ethane
: diisopropyl azodicarboxylate

: diisobutylaluminum hydride

: N,N-dimethylformamide

: equivalent(s)

: ethyl

: electron-withdrawing group

: ferrocenyl

: hour(s)

: hexane

: high resolution mass spectroscopy
1 1s0

: ligand

: low resolution mass spectroscopy
: metal

: methyl

: mesityl

: methanesulfonyl

: molecular sieves

: N-heterocyclic carbene



NMO
NMR
NOE
NOESY

PCC
Ph

Pr
quant

rcc.

SM

TBS
TBDPS
THF
THP
TMEDA
TMS
TPAP
Ts

: N-Methylmorpholine N-oxide

: nuclear magnetic resonance analysis

: nuclear Overhauser effect

: nuclear Overhauser and exchange spectroscopy
: para

: pyridinium chlorochromate

: phenyl

: propyl

: quantitative yield

: recovery

: tertiary

: starting material

: tert-butyldimethylsilyl

: tert-butyldiphenylsilyl

: tetrahydrofuran

: tetrahydropyranyl

: N,N,N’,N -tetramethylethylenediamine
: trimethylsilyl

: Tetrapropylammonium perruthenate

: p-toluenesulfonyl
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HKOEEILE &2 GRT D 72D DROSREM Z T 2B TH Y . TOFEREIZLY
BUE CIIEMERE 2 b LB BB ATRE L > TE TV D, AEERIEFIZRIT D
HHEERFED =22, WNIZ L THHDRFBR ZDRINHERT LN E VI 8B DY |
A AL ELR LTS R B < DILEEPEZMERE TS, SHIZA R, ARGk
LB ICER SN DERLEMOREDEMESITIE L TV D Z b SERERMEOALE
BRVEA &0 R ICHIE T & 2 RRUCDOBRERLETH H, ZOERITH L, EFEEL
DAACTE DSBS RS R 2 O BESOSISIER LR Z T > T\ 5, BB EIEAR
(3 DIALIKRERCHUL T ORPUT & 0 RIS Z RS, Z OO~ D HRImICE
WIS OWHENFRETH D, BRREIREEL HWIZISOMIZEDRR, 71 A0
v TV TRIGERA X2 ARG ERVRBRERIEN L S BRFE S, SHEZN B DK
JSITBEREMEA B D BRFE O, M ICE R L SN R A RO TRIZBRH STV D

EReREER T WSO RE R M E LT, ZEMAH TESITRE-RER G 2 TF
FRESEGFD ZERFIT N D, KT, RFE-RFEL EG MMEE T OB & mE AR I b
HIBRALMT ML TERKT D TAZTH A 70 13, B 1 ITRT X ICERAROEEZ R L,
X LA ~EHTE 5 2 b, ARERIEFICB T 2 AT K TH D,

Figure 1
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ADPETT UL 6 BBRILEY 5 01, KEAIB LOREFAI L RIS SED Z & ThHER
k6 DEMBARETH D Y,
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X, SORLBZHMEDFHAIZLVBRER I P EONIISRENRESNTND,

Figure 2
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Shceme 1

— TMs Rus(CO)qz (2 mol%) ™S ™S
E CO (10 atm) .
E > - — E -
- "Ru(CO), 0
\O O E o
E = CO,Me 12 13 82%

"

—J7. 2009 FEICRF, BREOIZ, =/ v ET AR D [ARIBEUINRS 2 8E LT
% (AF—2N 2) D ARISIT= v FAEERICR L= 2 > 14 DSERLIIBALAHIN L= 43
= TH A 7 APE 17T Z2RE L TEITTEE2 0N TWS,

Scheme 2
Pr B ] 7
o) Pr Ni(cod), (10 mol%) Pr o-Ni
PMej; (40 mol%) (OMI el
= "Pr + ‘ | > ~
CO,Et Pr CO,Et
Pr CO,Et

14 15 16 99% B 17 B

F7-. Crowe HITAFYVF XV 1470 19 OBEREZREA LT 5 BER{ILED 20 D&
ERAE LTS (RF—Ln 3) Y,

Shceme 3

0 Cp,Ti(PMejs), (20 mol%) OSi(OEY);

HSIOEt; (1 equiv) o}
. | T |
X

18 19 20 89%

LLEDRIEUSMT S A X T A 7 ViR 2R 2SS kchbizs Y, £z, 4
e T H LRI D 0= v 7 A8 WIS 2 BIF L CE 7o GEMI W Tkl
T5), HEEITHT-RIRB-REREATREORFEEZ B L 0 fli= v 7 V8K E A2
JIGORR EAT -T2, TORER, XV =v r 79 A 7 VHRIKOBEREZRBE T 2 208
HBOSOBFEIZALED L= CLLFIEIC R T 5,

T E-ETEAI Y= r I IA 7 2 ERAT D, 0fi= v S Al X BT L
F LB bl DS FRNBILEIS DB OREIC OV TIERS (AF—24 4, K 1),

3



i

WOETIE, = r T 5 BIR 27 ERALE, 0fli=y AAtERIC L AT LT
R 24 ~DOALEIRIT bR F# B E I DWW TRtk 5 (5K 2),

Shceme 4

()




pe

H—E

B—E
Offi=y it 2 A WERRS b T AF 05 FRRIER S

Fr i

WHIERTIE N E T, = v filta v 13-V L EEEGLE LTI AT E R
DEISERFT L TE L (AF—24 5) Y, flzIE, 0=y 7 AVlifrE T, AE 29 & b
VoFNT T oSt d e EREORNEA LT &b OBRE 33 BNMEoND
(Type D)y ARG TIZET = F AL T U BAER LT 24t B U K= 7 LSk
30 3 EROS L, =T Vb= VR 31 NERT D, 31 DT U=y vk
TATE RBREIEL 32 &720 | e BITHBBEREIT LT EA LT 4 VR BILD,
E\V?V@ﬁbwmﬁmmmm@ﬁETﬁm%ﬁ5k\L%@ﬁﬁkﬁﬁ&@%%ﬁV7
4 U EHOBRIME 36 B EHND (Type 1D, ARISTIEET 0fli= v 7 VEEARIZEE 29
PEALBIBRILAINC K > T, SEBRAX Y=o 7 I¥ A 7L 34 BAERT L, D% 34 &
TNI=U LRI ED N T AR ALK O B KEBLEEZRE T 35 NWAEKRT S, 35 DD
TCHIMRE & BRI K DMK K0 R T Vo v & b OPHBRIE 36 DA L&
ZHIND, 2D 2ODRINE= Y VR AT 4 UEERFAE TIZIEFER O S THEITT 2 723,
MWD IETCAIOIEND I TE2 o T2 SOSHERE THEFT T 2 BURIR WS Td 5,

Scheme 5 Ni(0)-PPhy

l _0 O-Ni-SiEty OSiEt,
H-Ni-SiEt; 30 Ni- S|Et3
/—' \L Type |
31

29 o OAl OH
. Ni(0)-PPh, \Ni‘\w
: - Ni-H —> Type Il
Bu,Al(acac) X

= AN
34 35 36
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ARSI FHRIS~ERIIENTND (AF—L4 6), RAT 4 VENLAAEET
T 37 & 38 =y USSR E RG S5 & FHNBUSDORE & AERIC 7-7 U LR %%
HMLThy 7Y 7R Al RGN L, B FICEEHR~T BB /L (NHC)
AW AIEENRRINGIC ZEEDOA V7 4 RO D v 7V 7K 45 S5
5o BBOIGOMMIUTOLIICEZBND, £T=v /L NHC $EERT LT R
37 KO x 38 UG L S BEAXTY=v IV 70 42 ERT D, Z0 421037
BEAXV =0 7TV A7 43 LPHIRREIZHD . 2D B3 LT LD oG A X BV
ADRHEITL ZEEDOA VT 4 ot RU R=y I VK 44 L 725, RIZIEITTH
HEEIZ LV 45 DNRIBIRIICEOND EEZXBND, 20 2 SDORINE= v 7 VOl
T DENDOIIT L o TR DA B D A8 THBREEN 7,

Scheme 6
Ni(0), Et,SiH Ni-SiEty Ar\(\/\(Fﬂ Ar A R
Ar — — \(\/\( Type |
O o
L7 T\/ H O-Ni-sit, H OSiEts
R” “H 39 40 1
37 - -
+ Ar._~ R1
N
Ar/\/\ N0 4 OSiEt
I .
), Et,SiH () A s OSiEt,
B | [T T
_Ni
;
H-SiEt; 43 |

—J. T T e RE 13- DA OZER G 2 W2k & LT, Montgomery 512 &
L= M W= T LT e RET LR L DOSFNETHD v 7Y 7 Rt DA
BdDY, ZORIEDKIEHEIU TO X HICE2 bND, ETIE 46 & = 7 LESEAN
FOSL, S BRAX Y=y I A7) 4T 2R LTH%, VZFLHEHED N T AR L
M, e < pARERBEIZ L > T FU =y vk 49 23 BT 5, 49 13EchIbifk
[Z X o TERIUIK 50 L7220 BT K DMK E R A AL Ko THERH DT A
TN ELND (AF—L 7).



Scheme 7

— Ni(cod), (20 mol%) =\
~  PBus (80 mol%) Ni, =\
O Bt ___ 5 Ni-Et

L
> o

A\ Et,Zn (3 equiv pd )

0 22n (3 equiv) Et ZnEt
46 i 47 48

—_ 1) HZO
- (T — Vo
QZ i Q 2) BzCl, Py OBz
— nEt ZnEt
49 50 51 2 steps 74%

F7 Jamison HIX R T U AAZNALKIE LT RV ZFART UV EZHWZT VT RET
NF DTG ERE LTS (AF—2L4 8) ), MUSHEREIZ ) TNBALEUG & RIERIC
XY=y I A 7 VHRIK S4 Z AL NI ZF LRI Do iR AZ BT AL B
KFEBBEEC L D e FY F=v 7 LR 56 4K T 5, 56 75 O THIBUEE & #ALERIC
L BNMASBC LD T U ALTILa— 88 3 MFHN 5,

Scheme 8

Ph Ni(cod), (10 mol%) Et Et,B. _Et

)(i I PBus (20 mol%) BB N o N
+ > o — =
Pr™ "H Et,B (2 equiv) J Pr Ph
52
Pr
53 54 55
EtB. Et,B. OH
58 85%

S BT, Montgomery HIIART VX ETNVTE REDOKINZ N ZF AT 205
T LT, SHRERRIE SR LTV S (RF =2 9) O ARISIEA XY=y T

AT 61 LT EDoFERAX BV RAERB L TEITL. Iy 7Y 7K 60 34T
éo
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Scheme 9 Nitcod), ( %)
Ph i(cod), (10 mol% .
0 IMes HCI (10 moles)  QSiEts
BuLi (10 mol%)
AL ) e e
59 Et5SiH (2 equiv)
53 60 84%
_ ’ _
[\ EtsSi, i
Mes/N\/N‘Mes '(3’_/(%
IMes Ph
61 i

—T. T hrETAR DTy T T RIGOENTA 7 < BT Jamison HIZ 8o
TIHEEOFEW 1,3-m= WERWESTHEA 7V IR ESRTW5, ZORETIE
TNAT e REMWEREFRRIC. E T =y 7GRS T B 62 KDY 1,3-m=2 63 b A
XY=y T A 7 VPRHE 65 M EKT 2,651 n-7 U LEEE 66 & ORI YA H D |
FOtHEDZ L ke b EER =y 7 T A 7 VKR E BT 2 7o @O IS Z 7~
THoEEZLND (AF—2110) 2,

Scheme 10
o Et “ Ni(cod), (10 mol%) OH
thﬂ\\ ) \>§§\T§¢ FcPPhs(ZénKﬂfi PG;i\74¢\77¢
Et3B (2 equiv) Et

62 63 64 79%

O/NI J o O/N'>/
] = J
Ph Et Ph Et
- 65 66 -

Fik EbiZv a7 a2 v 67 HAVIEBRIERBOSZ WS L T D (A F—2 1D,
AIEOEEREFILL TO L 2B 2N TW5S, £F 0fi= vy r ik a7 % )
Y 6T ROTNF 68 bA XY= T A 7 LK 69 DNEKT D, Kl T B ERFHR
EEIZ LY 7 BR=> 7 A4 7 AHIE 70 L7220 BBz Ty 7 ua~xt
VHER T Ao D, ARISICHWSORD T R ATOT AL bEmWRIGEE oY
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Scheme 11 — m
0 Et  Ni(cod), (10 mol%) Ni_ g o Q
PCys (20 mol%) o Et Et
o - — —
Et Ph \ Et Ph
Ph Et Ph Ni Et
67 68 B 69 70 i 71 97%

UEDI T & T X DORISIERIED S WEE 2 I WIZPIZR 5N TEY |
W7 Vv LHM oDy T RIS OFITIEE A SN, EFIET, SRk
TOAX S TRNICEET S 2 ETHMZ Nob 0fli=y ZAAFIER, TAF 2 ERIET
LOTRHRONEE R, EBHIT, AFX—4 R ITRTEITHTFRICT VX AIEHE b
SBMRYT b Y T2 VT UAFEEF T 0=y AR RIS S BbIE, AX =y s
THATVHRUE 73 LT ED o fEGA X B A ERRE LT, G I &R %
HOZEAULEW T4 DA TE D, ZZ T M T F o & ORBILIED ZBRAE#
TEEOFT- 72 ik & 700 2 L B WIRF LIRS E1T O 2 LT LT,

Scheme 12 - -

N Ni(0)
(L 3% ¢ — R
X0 EtgSiH EtSSi‘\H\Ni R Et,SiO R
72 i 73 i 74

" Jamison & 13 (-)-terpestacin (7945 & OSHRKIA D A RLAFFED R I, 75 %2 Ni 7 /E T CRIGSE 5 &, HIW
LT3 15 BRILEY 18 132507, 4 BRILEY 77 %2 25%DINETEHEL L HIT, FhrETAF
UG LT 16 R EHND T L ERELTVD (AF—24 13), ¥



Scheme 13

10 mol% Ni(cod),

20 mol% PBug
- - s

BEtj, toluene

75 76 65-75%
77 25%

78
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ENTT

F—H BRALBUS O S RET

afZlC 3-_rF = E L OV ulr K ) UEEER 80V I L L, £ PPhy ZENL
T & LCBRLIG ZRa Lz (R —2L4 14), YHRECHREINZY T AT E R
35 TCHIHE B B D S T Y >0 10 mol% @D Ni(cod), K TX 20 mol% @ PPhs % FHu T il
L 72 Ni(0)-PPhs $5KIZ, 5 % & E6SiH M OEE 80 # /%, THF H=EIE T 72 REfHREE
L7z, TORR, B rm [33.0147 % Bk b OBLIK 81 2% 44% & PELE OISR
INOH—DONREMEARE UCTER L, ZOBRLE 81 OSRLEIZUITOL 5 ICiE L
Too AV T 4 2 ORTERMET A T VI LB EOKFERIC NOESY FHBNEI S iz 2 &)
5 ERTHDERE LT, ETEBONREFIZONTIL 81 DA VT o4 &2 F Y R
CEDUIMT L%, NV TFAIUNEETE h= YAt 7 ofbkEIZ LY Bir#ET
52 L TCHRBER LAY 82'0C5FE L, 'H KT PC NMR A7 MLAEHEI L, cis Th
L ERE LT,

Scheme 14
Ni(cod), (10 mol%) H

IWBY
PPh, (20 mol%) 1) O3, CH,Cl,
| | Et3SiH (5 equiv) then PPhg
O >
THF (0.1 M) E‘SS'O 2) HF, CHCN HO o

80 Me rt, 72 h, 44% 2 steps 73% 82

PAZBLF DRI HOW TR 21T 72 (F Do £7 PBus Z HWFEEROSMET 80 %
B SWIz & A, RO 48 RETICELHE L, BRALIR 81 DU 72%I2 M E L72 (run
Do AREREYEFEERBENLF DRSO BAFRFRE G20 2 Lmmeshiz, £ 2
LGN EWNZ ENA BN TVWSD NHC Bfr 12 W THRET 2T 2 2 & & Lz,

10 mol%® Ni(cod),. 10 mol%? IMes-HCl &2 T 12 mol%? ‘BuOK & 0 % L 7= Ni(0)-IMes
PEIRIZ, 5 %F®D EGSIH M UUEH 80 2Nz, THF TR T 8 FpIHEE L7, T ORER.
RAT 4 RN Wz & & LRBRICERIUIR 81 MNH— DI RRMER L L THE b AU
1% 84%IZ1A L7z (run 2), FAR@ Y ABLEISIZI VT NHC L+ ATHH 2 &
MWbinofofo NHC B OfFT &kt 52 & & L7z, SIMes'HBFs, IPr-HCI, SIPr-HCI
ERO, IEE LRBEOEKMN FRIGEIT> T2 & 2 A, Wb B R0 5 57 (runs
3-5), A IFY—NVERER LI SEWERILZE- IPrHCL X SIPrHCI 23 AU IR0 R
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ENTT

) CHY (runs 4 and 5). HFIZ IPr ZBNLF+ & L CTHWZSE. BIBLIE 81 NEENICED
7= (run4),

Table 1 Optimization of reaction conditions of intramolecular cycloaddition of alkynylcyclopentane 80

Ni(cod), (10 mol%) H run ligand (x) time (h)  vield
Ligand (x mol%
<:::L:A\1 gand | : - 1 PBu5 (20) 48 72%
ol EtsSiH (5 equiv) , o IMes (10 8 84%
THF (0.1 M) EtSI0 Me =28
80 Me 81 3* SIMes (10) 9 79%
*NHC ligands were prepared in situ 4* IPr (10) 1 quant
from the corresponding imidazolium . .
salts (10 mol%) and BUOK (12 mol%). 5 SIPr (10) 1 93%
Pr Pr iPr o Pr
MO O
C' iPrC| iPr
83 IMes-HCI 84 SIMes-HBF, 85 IPr-HCI 86 IPr-HCI

KRIIEDRIEREILT VT e REHWZ L LFEER, LT XSIZEZLND (RAF¥—
L15) Y, F =0 VAR IE 80 ICEMIE. MALRVBRILAIN LA Y= v 7 T A
JIVHEIR 88 L2 D, IV T ED o iR AZEVAIZEIY B RY R=v 7 )UK
90 & 72 0 f5e < SEICHIBEEIC K 0 ARk 81 2155 L & bl = v S ABSEREAET S,

Scheme 15
™ H
NI
et
© q |
87 Ni™ >Me
o |l L
80 Me 88 Et,SiH
Ni(0)
H
Et s| Ni
\ s .
Et3SlO Me
81 Et;SiO \ 89
H- NI
90

INHC B T30 0 BRSO = v b KRR T 4 VEUTTFAT L B= v A L UL T8 |
WY BB OBEMEES D0, BVMREE 527 EZ DN,

12
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B ERAZNR OB

WIZT V¥ v EOBMIENREORG 21To72 (£ 2), KT AF2 9170, 7¥%
Rl 7 == 0 m X U AFAELROEE 92 LT 93 2 W5 & BUSITIELHIZ
7L, ARIDBLIE 96-98 2 NAKERAI ) OEIPERTH L (tuns 1-3), —J7, AT
WEER VU NVIEEF T HHE 94 LY 95 TIHSUSITIEL . BRODERILIK 99 KON 100 131K
WRTLEONZH -7 (tuns 4 and 5), Al Jamison & U8 Houk (3= v 7 /Vfiilc & %
TNATE RETAXUOBRTT v 7Y o TIZBWNT, BFREMET AL ZHND &=
VT VEEIR T VX ATHRENCENL L, AF =7 T 94 7 VRSN ER LIC< < e
HIEERELTWD Y, EHEORISICEWTHRERICA XY= v &7 T A 7 LK
ARLICS WD, BE 42 WD EIEMETLEbDEBEZ N, HE 9512200
T, TAXFETATE ROBITHE v 7 ) U T RIICBW T T L% B2 S END
‘Bu 3 H D GAICSUE LT LIZ Wizd P T r v BiC TMS BB TFEET 5 & iRk
FIZR O ICOEITRI T o E&E 2 bbb,

Table 2 Scope of alkyne structure

Ni(cod), (10 mol%) H
IPr-HCI (10 mol%)
| | BuOK (12 mol%)
@) > .
EtsSiH (5 equiv) £SO\ R
91-95 R THF (0.1 M), rt 96-100
run substrate product time (h) yield (%)
1 91 (R=H) 96 0.5 83
2 92 (R=CH,0TBS) 97 0.5 99
3 93 (R =Ph) 98 0.5 97
4 94 (R = COOMe) 99 48 26
5 95 (R =TMS) 100 40 26

13
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W2, BRI ZSOWNEBRIRFEEZ G T LHRICEEGHRT < a il A FAEEHT D5
B 101 2o & 2 A, BIBIK 102 NEEMICHEOND Z &R ahole (AF—2L4 16,
K3, FvaF U ATAEEETHRE 103 20T, 0E0 B ET28(EK 104
DEICRTAR LT (R 4), LEOFRER LY 7 by a fLICEHENEA SIS EICBW
THARISITREZ T 5 2 Ebnol,

Scheme 16
Me Ni(cod), (10 mol%) Me
IPr-HCI (10 mol%)
. | | tBUOK (12 mOlOAD) N (3)
EtsSiH (5 equiv) EteSIO \ R
101 Me THF (0.1 M), 30 min 102 quant
CH,OTBS $H0TBS
same as above
> (4)
o || Et;Si0 \
Me
103 Me 104 96%

PLEERT Offi= y P ABSIRIEEE R, Z b 8 T AR U ORTHIN v 7Y T % i
L7z, FOREE NHC BN 2 NS 2L TTAFy FoEHREIC L A2HKTH 56D
D, B rnm BI301EKEAT HILEMPIEERMBREE T TERTE L Z NP LNE -5
7=,

TN BBILED 5 BALAY 97, 98 OSLALEITLL T D & 9 ICHE Lz, AL 7 4 v OBMRMEIZ ST
XX 3 IR TALEIZ NOESY fHEE Al SN2 &b, EIRTH D EHIE LT,

Figure 3

H
") NOESY
'>NOESY CHy_
Et38|0 \ Et33|O \
OTBS

98

BRI OSBRI FICHOWTIT LAY 96 L EOA Y U ofRt%E, NI ZFATIALEETE A= UL, 7
DAbKRFIZ L BR#ET 5 = & CCEBEEI LAY 83 ~& i L 'HNMR % b3 % = & O N RS & 8
LTW5 (Ax—2A 17), 2B, BILE 100 OSARLZZIZOWTUIMFT 2T > TRV S O D[RRI E-cis
DIMEEETH D EEZ TS,
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Scheme 17
H
1) Og, CH,Cl,
then PPhg
_—
ESO R 2) HF, CHsCN HO o
96-99

2 (R = H), 2 steps 40%

R= CH20TBS) 2 steps 97%
(R =Ph), 2 steps 81%

(R = CO,Me), 2 steps 7%

AECTHWEBCLEISDEE D 5 HEE 91'9, 939573 ClkEi#k 0 HIEICHEWERL L., 92 1220V TIELL
ToOXIICAK L (A¥F—24 18), CHBEEEAY 105'W% Corey-Fuchs {EICE VW U F T LT EF Y R~
BT %, BRI TRALLAT AT E REHW 106 ~LFHEEN LT, 0T T X — L2 ifR#% .
KEgH A TBSfR#ET HZ LTy ruXu ¥ ) UiFEk 92 2157,

Scheme 18 1) CBry, PPhg, CH,Cly
. _CHO 2) Ethylene glycol OH 1) TsOH-H,O = OTBS
o 0 PPTS, benzene acetone, 95% o
2) BuLi, THF; (CH,0), TBSCI Imidazole
3 steps 42% DMF, 84%
105 92

EE 101 ZUTOXEICAMLE (ZF—24 19), LB LAY 107707 v a— L &2k L,
Corey-Fuchs #5211 )%?A?”z%) R~EZBH LTk, %ROEIZ T (LA T Lz W 109 ~EFFE b L
oo 109 DT B X — V& N NAVEBIZ K OBIRET 22 L T 7 uXu ¥ ) UFFRER 101 2157,

Scheme 19
OH _ Me Me
)\ I\ CHO — = _—
o 0O PCC, CH,Cl,, 58% O_ _O 1) CBry, PPhg, CHClp, 62% o o TsOH-H,0 o ~
_— > - =
Me Me 2) BuLli, THF; Mel Me acetone, 2 steps 84% Me
107 108 109 101

FEE 10313 L FO L IICARR LI (RX—24 20), CEBEE O T L= —/L 110°0% TBS {3 L 7-# . DIBAL

BITICEY 7 LT E R 111 & L7 77/1/7‘12 K 111 % Horner-Wadsworth-Emmons it a FVTHER% . 4
U7 o v EUKEL L, RO DIBAL i#5Ti & D THATE R 112 ~E B LT, %\ T Corey-Fuchs 151Z
L0V FoLTEFD %/\J:ETTﬁ&LfJ&\ BBz b AT L E W 113 ~EFEN LT, 113 D7 &BH
— L& NUABRIC L O iR#ET S Ty 1:'/\/57 J UEHRER 103 2157,

Scheme 20 o
I
0. 0 1) TBSCI o 009 1) (EtO),P(0)CH,CO,Et o/ o
Imidazole, DMF \ NaH, THF
CO,Et
-
2) DIBAL-H, toluene 2) Pd/C H2 AcOEt
OH 2 steps 59% OTBS 3) PIBAL-H, toluene OTBS
110 11 112
Me Me
1) CBr,, PPhg — TSOH-H,0 FZ
EtaN, CH.Cl, o. 0 acetone o
2) BuLi, THF; Mel 6 steps 58%
OTBS OTBS

113 103
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HH BRI A~OIEH]

e B EATDBRIUEZ GR TR L G 3), ETT AR ABHOR S & 1 RFHEM
RLicy a2y N4 R EE LRISEITH) 28 & Lic, ST CTHEE 114 &
THF FERIE TS S8 24, RISRIE 30 3 TR T L, & RU U ZUFEhk 18" 355
i, ZORERI VARG 6 BEREAICBRIARETH D Z LAbo7z un 1), —F, v7
A VEHER 115 2 AV CHBMERIRIIMICHE T L E Y v & iRk 1197 28 BRI
Boniz (un2), &HICHE 116 KO T2 ZHORGE1TY & ST 574 U VafEk 1207
BN 1217 A& HICRAFRIEETH BT Guns3and4),

Table 3 Synthesis of hydrindan and decalin derivatives?

run substrate product time (h) vyield (%)
H
1 <:\|f\/\ 0.5 quant
Me
e}
Et,SiO ||
Me
114 118
H
2 0.5 quant
O
| eSO\
Me ©
115 119
H
(I\/\
3 o) Me 0.5 quant
Et;SiO ||
Me
116 120
CO,Et CO,Et

Et,SiO ||

Me
117 121

@ Reaction procedure: A solution of substrates in THF was added to a solution
of Ni(cod), (10 mol%), IPr-HCI (10 mol%), BuOK (12 mol%) and Et;SiH (5
equiv) in THF.
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E N

F7o, BEET N bARSSEATRETH Y, o 7 N7 2 VB8R 1227 KO 123 23 &
LTHWEEAICH, BRE T2 8B0EAY 126° KO 127° BPih BIFRIERTE L
(3% 4, runs 1 and2), X BIZBRIRT & & — /UG 2 RO 124° 2 V26, BIE 58
AR 128 NEBANCE DN @un 3), iz, 7 b D BAUCT L AU A RFOIE 1257 %

WTHMIRTEZR <EIT L. Y7 1 [33.1]/ F U EkE S 12970° 99%DUNERTARL L7~ (tun
4),

Table 4 Reactions of various alkynylcyclohexanones?

run substrate product time (h) vyield (%)
H
1 X Ve 0.5 73%P (quant)
0 Et;SiIO /
Me
122 126
CO,Et COEL
N
2 Ne 3 79
o Et;Si0 //
Me
123 127
H
A(O
(0]
3 %/\I\/x 5 05 99
© 0 Me Et,SiO ||
124 128 Me
MeOZC
M602C \\ COgMe
Me M
4 % COMe 5 99
o ESIO N\,
125 129

2 Reaction procedure: A solution of substrates in THF was added to a solution
of Ni(cod), (10 mol%), IPr-HCI (10 mol%), BuOK (12 mol%) and Et;SiH (5
equiv) in THF. b Isorated yield. ¢ Yield in parenthesis is NMR yield.
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E N

RIAT B BROWEEAE BE L, BHICA~T v 28 A LR 2 VRIS Z2ATH 2 & & Lt

(& 5), EPHBHICEESRIF T4 b oRE 130" 2V TUIRE T2 A, 77 Bk ER TS
BRUIR 134 EEETELNZ Gun 1), L 1317 2 HORBICOS 21T 7285480, A7 4
Rou 75 R 135 MEIEETHLND 2 LAbh-T un2), 7, AR b7
I REEA LEE 132" 2 OO TRIGEITo T2 & 25, 5litid 5 B2 ad 136 28
EEETHRLN (un3), EHIC, WE 133 W& ZA 1 U R UEi A § OB KA 137 23
HIERTELND Z D272 (und),

Table 5 Reactions of various alkenylcyclohexanones with heteroatom?@

run substrate product yield

(0] H

L °
1 o | 90%
Et;Si0 \ e

130 Me 134
O H
§t 0
2 87%
o || (
Et,SiO
Me 3
131 135 Me
Ts
N H Ts
3 <:\[ I 91%
o)
Et,SiO \ v
132 Me 136 ©
Ts
N H T
4 (:\[ 95%
o Eoao A\
t3SiO M
Me e
133 137

@ Reaction procedure: A solution of substrates in THF was added to a
solution of Ni(cod), (10 mol%), IPr-HCI (10 mol%), BuOK (12 mol%) and
Et3SiH (5 equiv) in THF.

LIk, RT3 2 ZRBALKR BT BB DGR EA TV ABRIESUGHA S “BEYLEY
DERITEMATRETH D Z L ZW LML Lz,
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B 118-120 DRIDSEA(EEATLL FO L I L THRIE LT (RF—24 21), BYUIA 118-120 24 U4 RIC L 0 &
for& Lz, PUZFATIYNEEZTE h= MU, 7o bKBICE D BIR#EL, STREEROE R b
138-140"9~ L FHE( L, 'H KT BCNMR Z S5 2 & T cis ThDH ERE LT, F OB AR O TN
DPEII T2 TRV, B A 118-120 [EEE cis THDH EEZ TV D,

Scheme 21
H H
( ) 1) OS! CHZC|2 ( )m
m then PPhg
. \ _— HO o)
BSIO Yy 2) HF, cHaON

product 118-120 138 (n=1, m = 2), 2 steps 69%
139 (n=2, m=1), 2 steps 73%
140 (n =2, m = 2), 2 steps 50%

PR BICHNEEED L 114-1162 V13 TR O FIEICIEVVA R Lz, B8 11713 2-4F Vo7 s
VHNVIRUBEBZF LT ATV 141 & 6-F— R2-~F a2y Y T EETHRE LT (A%—24 22),

Scheme 22
Q 6-lodohex-2-yne CO,Et
CO.Et  NaH ,DMF, 77% S <
— X
Me

141 17

SERALK 121 O IR A7 BV TH LR = U EfEO B — 27 2 “ABH S TH Y £72 'THNMR 227 |
NWERETRHEEZITY) =R T e—FR=v 7 LTWe, £, FENETHZ LT o— R=2 703 fig
HENiz, ZORENGALEY 121 D= AT VHED A HEBESDSIEWVZ &b SHREEIC LD RIBE 121
DNENETFR T LI Z2 N5, TREE 127200 THREEOEB CTINREBNK T LIZEEZEZ TWVWD,
kA CTHWERBEEIUTOLEIICEK LT, BE 1231 X B P 2T 1422 L 6-F— R2-~F v
By TV TERTER L, £, 2E 123 2 DMF F, S (b F oA L0 iREET 5 Z & THRE 122
AR LT (R¥F—2A 23),

Scheme 23
0}
6-lodohex-2-yne CO,Et Lil, DMF
CO,Et NaH DMF, 34% @/Z\/\ 7% ©ij/\/\
142

SEAIK 126 122U B AN T ARICEGITHBRENDL O BEENRECTH T2, ZO7D 1,122-FT T
ruanT ok NEEEYE L THY, BOEOREIZEI Y NMR 2 DICEEZ R Lz,

CHE 1241378 A R 43D AL/ uATUALT IICED A 144 L LK, VFTLY
AV T7rELT I RER6-F— R2~AF T EHAW, VFAF I a2 T XN THZETHRERLE (X
*— LA 24),

Scheme 24
R . (0]

Cyclohexylamine NCy BuLi, Diethylamine
MS4A, benzene HJ\ 6-lodohex-2-yne, THF \\
_—

Oxo O7<O 2 steps 43% O7<O Me

124
143 144

T HE 1251 DBU ANV B VBT AT L 14529 Sy m Xt ) 2 146 & @D Michael fNC LV &AL L
7= (RAF¥F—LA 25),
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Scheme 25 Me

_ o)
MeOLC e DBU, THF I
MGOZC H + .
53%
MeO,C CO,Me
145 146 125

D% STV RE 1330 SRR O FIEICREWE R LT, OO BEIC W TR T OHFIEIC LY &

L7z, BE 130 DARRITET TR 147107 a0 ) — L 148 Z RTINS S 71 . THP % s
HL, Tha—L 149 #1575, GFbni=zT7 v a— % PCCIfb+2 2L THEE 130 5K L7z (AF—24
26), B 131X 7 u~Fh AR R 150 & 2-T7 F o-1-A4 — L B AV SRR TSR I S B 7
%, PCCIZL VML A2 L TAMLI, BEI1321Z P AT I F 152987 a0 % 7 —)L 148 & GEE
I L0 w7 ) v 7 &8 %, THP #BiR#E LT v a— 1k 153 & L=, Boh/i=T7 1ra—1% PCC
b4 252 & CTRE 132 28 LT,

Scheme 26
OTHP Me PCC, MS4A
1) NaH
Me
DMF CHzClz

SR Ol @/ &/

2) 10% HCI 3 steps 55%
147 148

but-2-yne-1-ol OH PCC, MS4A
o]
—_
2steps 30%
151

150

OTHP ) DIAD PCC, MS4A o Me
PPhs THF Ts CH,CI T
TsHN / G’OH / S N/
2) 10% HCI 3 steps 61%
MeOH 132
153

ZOMIZH T X AMIEHFIC = AT AAEEE G T LAY 154 KON 155 AR LIRERO S04 TRET 21T
STEMENZFN T0% M 78%DFEEIZ BT 2 DHTH -7 (K 4), 7 a vz X7 LOiEME I Pd
il X D WEGINM SN TWA 720 D MIEHN = v 7 VLI L v i S & L b= v F ARG L
TWDAREMERS, =X T L E DML iof{ﬁlf/é®ﬁﬂaf“7b>1£§< . TR BT R UEALIC AT EIC <<
RO TWDRREMENE Z B D,

Figure 4
O O (0] Meo
(¢} A O X
A A
é)l\ /\Me @)J\ /\Me
154 155
SMrec. 70% SMrec. 78%
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VLB -REeElbn e, FHIVIT HET 0=y 7 VI L 57 0% o LB
7 bl OFRNERLROSORZEZ B LIRGT L7z, ZOMR, AROSICBW TEFESR
RBUL T DH NHC WHENRENL FTHHZEERWE L, B R XU EKRST Y
VB E IR LT DR 2 I fEA S BRIE R R S SRR D O BIER TR T E D Z LA
Lot ®

AREACBOSITRFN 2 R/ THEIT L, BRY A XIOAT B EFICL 08B eZTIC< VI L
MM “RAUCED AT DD DT B VED LSS
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B_E

Ofi=w A NEEERTFHAVET LS I FA~DO ZBLIREEER S
FF i

TG IR FITHIER FICE RIS L, 2l TEMEMENZ &b AA B EFIZB N T
B2 1T RFBIREZZOND, L LR LEBIKISIHEIZZ LS, ZOFAIXRE
TW5%, 1975 51T Aresta HId, RFE-RFELHfG AT L Tm WO OGHE 2 7= 3R -4 =
VTNV, IRFBEHR _EHEGEAT L R F L OEHIIUC L, bIRFE-= v T
JVBEIR 158 AT D Z L 2R LIz (R —2 27) 7,

Scheme 27
. O @)
Ni CysR é/ CysP
0=C=0 —> Nived | —> Ni.
PCys cysp O CysP
156 157 158

D%, = EEKRE AW TR B E E IS DWW TR 2 et RN S C&E T2,
1982 4F, Hoberg H1E 0 fli= v 7 /SSAIC T L% 0 & “ER{LRBEDNERACAIBRILAINL, =
w777 b 160 WERTHZ EEHOTHEL WD, = 7777 b2 160 DK

SIRIZE0F 7Y Vs (161) BESNLD (AF—L4 28) 30,

Scheme 28
Ni(cdt)
TMEDA — HzO* \)\ 7\
— > Ni — CO.H MesN NMe,
CO, 0”0
159 160 161 TMEDA

ZO%, Ty 16270 13-V 1657, T L2 1697V FIRRIC ZEELIRFE LY 0
fi=y 7r i L SO L, =y 7 7% A 7L 163, 166 i NZ 170 Z/Ekd 25 = & 3l
SNTWD, ZHHDOHFEIES HXRIGT 2 LR 164, VL E R (168) XX A X
JUNBEATF L A7) ~OEWMPBAETHD (AFx—24 29), U EDOXH =7 FT7
R ATIMAKGIRIZ K > TEGICH VR BN E B TE L2 b, AEEHRIZENT
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Bex 7o VR CERRER AR OA e PRIRE B2 D Z L3 TE D,

Scheme 29

Alkene (1983)

Ni(cod), [ _
bpy O | Hgo* CO,H 7 N (
>, R _ N\
CO, ni-©
! bpy
162 L 163 164
1,3-Diene (1982)
Ni(cod), [
DCPE A a—
\N e Ni_ Em— _Ni —_—> \/\/\CO H
CO, O O H O ~O 2
165 L 166 167 168
Allene (1984)
Ni(cod), [
DCPE /—i HCI/MeOH c P/ \PC
= — Ni‘o 0 S CO,Me Yo Yo
CO. DCPE
169 L 170 171

-
o —

—Ji, BEGIZTA 172 ZHE & Ui R bR FEEE S T mE LT D
DRIGTIEET A IIR2OFFOT X2 & bR FEN = v 7 VI B LB L AT
i, =y 77727 R 173 BERT D, SNTH IR TOT LR UBFHFAL 7
BER=y 7TV A7V 174 £ 72 o725 BIGIBEEIZ LY © o UFFER 175 MG bh 5 &
Lhic=y r VIR AT D L E X BND (AF—24 30) Y,

Shceme 30
Ni(cod), (10 mol%) Et Et
L PCys (20 mol%) Ni 0
=——Et C0, (50 kg/cm?) 7 o
( >~ N >~ N0
Bt « 0 Et
172 L 174 _ 175 88%

F72 2004 FEIT, DT, FUAFALUALT LY 176 2B L LB @I/ ik
(BRFBEEISZHE LT (ZF—24 31, 2 5) P, &5, FI 2 AZMEHIE LT

VA FNMGEE T CARRIE AT - 72858, “BILESRDS 2 5 TRV AN, YTAT
18 RELNS G o6) 9,
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1

Scheme 31 1) Ni(cod), (1 equiv)
DBU (2 equiv)
CO, (1 atm) CO,Me
TBSO N
TBSO/\A'VTMS > /\/\[ (5)
2) PhMe,SiH T™MS
176 3) CH.oN, 177 78%
1) Ni(cod), (1 equiv)
DBU (10 equiv)
Me,Zn (3 equiv) CO,Me
CO, (1 atm) M
. TBSO | CoMe 6
2) HCI
3) CH,N, 178 72% TMS

EIAT, TVIZERFTNERE LTEEEZRFST7T LI R 17913, €8F 1 LIk
HHEANE “EESICHRBENTE 22200, Sl LET L& L TEDORINEL
R BILEMTH O | ITH, HHEERA~OFIHP ARSI TS (X 5) 37)0

Figure 5
EWG.
NS R =G N/\ xR
=Y R1
179 180

2002 4E{Z Hsung H1%. 7 L7 3 R 181 & Oxone®D iz i LTV 5, Z D Tl
BRPMEG LE_HEG O RF ANETL, =R TR 182 OFEREL., 7 7H 14
IS L0, 8 BERILAY 184 N EHND (XF—24 32, R 7) ),

—Ji. 7V K 185 W24 W Deals-Alder it CTlE, 7 LU I RORmM &
FEE MBS L, &6 T 5 Z8RAULEY 186 Z@WILEThH x5 (X 8) Y,
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Scheme 32

0] 0 0)

f/\‘\// _ Oxone® (3 equiv) H+ Q/\( OH @\‘// OH i o

N . _— > —_— N g
\i/\/OH \C/

181 183 184 40%

=
I/ heat TsN XX
> (8)
85 °C

186 93%

w
Z
-
[«:]
(3}
O
\

—J . EBREREEEREZRWCT U FOEKISITA <, Hsung HIZEHEV 7T
VEEAE NZT LF 2 R 187 ~O Pauson-Khand USSR (2% — 2 33, 2 9) *O Kriche
LIZEDNVT =T LflEZ W=7 LI R 189 ~O7 7 b R 59 ofF ks (0 10)
Wil BHIRRESNTWDDOARTH D, -oT, T REREL L-EBEE
KEDKINZDOWNWT, SHRDIMETEMALZ EIZED, BrILWEIKISZRETEH 2
&SN D,

Scheme 33 0

O )QO
C( = Mo(CO)g (1.2 equiv)

N 0
\\ TMS

N

187 ™S 188 59%
RuBr(n3-C5Hs)(CO)3 (5 mol%) OH
PCys (15 mol%)
EMB Z . i PrOH (4 equiv) Ph™ S (10)
pNs” ~F Ph” “H " pNs” VB
189 59 190 70%

ZOXIBEENLEERIZIT LTI ROBBIEWE FIOMEICER L., = v 7 Lisiks
W=7 L2 R Z bR EZFEELEISICOWTRETT 5 Z S Lz (A% —24 34),
Thbb, TBLREFEFEHLKE. Officy r ARk 7T LTI K 179 & ORIGHAHETT 5
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2HIE, ADMDEMERFOT L RO sp IkFEND ALIKRED sp REFR T & HiT-721x%

F-RBREAEIERT D X O ICBEIBRIESMBEIT L. = 7T 77 b 191 £7213 193

DODWTINPBEREIND &ETFRHREIND, SENVTBESRNT=y o777 Foagird s 2
T.ORIET D BT BAREEIR 192 B L<IE 194 AR TE DO TRV EE X,
TENZHF LT,

Scheme 34 0
path A EWG._ H;O* EWG\N N CO,H
EwWG. O & "\11 Y o hﬁ/
\N&.VRQ R R2 Ni R2
R1
179 Ni(0) 191 192
+
5 of & Ni-O
0=C=0 EWG _ o| HsO* EWG\N/j/COZH
— YT — ]
path B R1R2 R2
193 194
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Ak

B RRIERI RIS O &R

FPHEODONIATFAVIAT LB L Ul “BLRFEEESUS O SMIHEN >
1 KIED B LRFEFAR T, 1 480D Ni(cod), XN 2 48D DBU &, ZEHEFEF LIk
UVEE L OT LR R 195%% THF H, 0°CIC TG ST, MUSHE T, 10%5E0: %
FAWTZRRAFL L T A2 AP L D A TF bz T o7& T A I LERFETINE 196
D3 T6%DULR TH—DIRRMEARE LTERR LT (RF—24 35), AL 7 0 o DORMEN
IZDOWTIX 22D AT VDI NOEFEMNBIHI SN2 &D EIRTH D ERE LT,

Scheme 35 1) Ni(cod), (1 equiv)
DBU (2 equiv) Ts \N/YCO2M6
_ |

Ts o\ X CO, (1 atm)
II\l N TThRoc .
195 2) 10% HCI 196 76%
3) CHoN, NOE

TR M Ex B L. B OB Z21To72 (£ 6), £7. DBU % 4 &8
RL2E A BB E T2 I b REATIA 196 DILERIT 89%IZ M EL72 (run2), —77.
1,10-phenanthroline =° DCPE % 7254, HEIMOICRII K E <MK F L7 (runs 3 and 4),

Table 6 Ligand screening

1) Ni(cod), (1 equiv)
Ligand (x equiv)

Ts \N/\ COZ (1 atm) . Ts \N/YCOQMG
I X THFoO0°C |
2) 10% HCI
1 196
9% 3) CH,5N,
run ligand (x) time (h) yield
Cy,P PCy,
1 DBU (2) 2 76%
; DCPE :
2 DBU (4) 1 89% = eemmmmeeeoo- /
3 1,10-phenanthroline (1) 1 4%
4 DCPE(1) 1 trace
5 TMEDA((1) 1 82%
6 TMEDA (2) 1 88%
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Ak

F72. 1 H¥E0D TMEDA ZHAWa54a. BRIIE 2% DINR THLL7Z (run 5), & HIZ
TMEDA % 2 B&EIZHECL-E 2 A, IURIT 88%F Tlh L L7 (run6), LLEDOFER XLV |
4580 DBU &AWtk fiidefth & L, U omi ek 52 Lic L',

I - Oz 3 DBU & TMEDA O s a 47 7=78. WS DBU % U= 34 0 H 23 W IR T H B

HEoniod, 4980 DBU # WA ek & L, BEORMNEIT-o TV 5,
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A
o B O

fe N TEFRIFF OR#EEDDRIZ OV TR 21T 72 (RF—24 36), AFHFV YT/

VHROT VIR 197 B AGEESRME T COARF ML E ToE 2 A, BRI
ML IRFBAHINR 1987 28 S1% DR TR LN (X 11, —J7, AF IR A — ME 199
ERHWZEZ A, THENE BT BFHEIK 200773 21% Bonb &L b, ER
A OME IR 201 H 6%DIUETHOLNDL Z ENgnoT (K 12),

Scheme 36
1) Ni(cod), (1 equiv)
O DBU (4 equiv) 0
W CO, (1 atm) R M, COaMe
o N > o) (11)
] THF, 0 °C A
2) 10% HCI 198 51%
197 3) CH,N,
2 e 0 o
same as above
CO,Me
MeO Il\l/%'\ > MeO I'\l/ﬁ/ 2 + MeOJ\II\l CO,Me (12)
Bn Bn Bn
199 200 21% 201 6%

WICEHIEZ ©O7 L I FE W T @B bRBZBRE OB 21T o7z (A% —24 37),
KT, Bua AT 54 2027 & TEMURFE A RS ETLE A, KT L0l
B2y, PHRINTARY 204 1TE2<GLNT. ZHEGOMERMEE 203 D03
E:Z=91:9 O¥MAMAKESY L LT, 88%DOIERTHELNLZY, ZOMELD, 7L

gl
AL
27380

RLOEHIED . BRALBIBALAT MO ERIRIEICRE KRBT D LB DN,

Scheme 37

1) Ni(cod), (1 equiv) O
:ﬁ\ DBU (4 equiv) MeO/ﬂ\N CO,Me :ﬁ\
X CO, (1 at M
MeO NA\§/m 2 (1 atm) . é:]/ MeO” NN CO.Me
Bn THF, 0 °C Bu Bn
2) 10% HCI Bu
202 3) CH,N, 203 88% (E:Z=91:9) 204

WIZKE X IR BB 2 W T B LIRFBEEL ORI 21T -7 (5% 7). Boc RS ni-7 L
FI R 2055 FHOHARFIAELTH &, kET D BT I EEHEA 21370 EZ=
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Ak

89:11 DM BMEKIEAW & LT, 91%DINERTHR LN (tunl), AFFV VP Uk
DFEHE 206 & FHWFEIGM: TS S 728 2 A, EROBPE—IREMERE LT 88%DIL
RTH/HLNTZ (un2), U RUFFEE 207 20 THONMIMAMEIZETL, 3T 5 B
TR AR 215 A 60%DIETH L (un3), BukoRb iz md o= F L

Table 7 Reactions of various allenamides?@

run substrate time (h) product
Boc. .. Boc. CO,Me
1 N Bu 15 N
Bn Bn
Bu
205 213 91% (E:Z=89:11)
(0]
3& PN dkwfjrCQMe
2 N : Bu 16
0 S ]
\J Bu
206 214 88%
o 0]
“ N CO,Me
/\ .
e I =Y
Z Bu
207 215 60%
O O
(0]
)\\N/\.\){i o)kN COeMe O>LNJJ N C0:Me
O\J X ] | + N
R
4 208 (R = CH,CH,OTBDPS) 16 216 68% -
5 209 (R =0Bn) 15 217 27% 221 41% (E:Z = 85:15)
6 210 (R=0TBS) 18 218 29% 221 13% (E:Z=>95:5)
') (0]
W o Ay CO Me
o\)‘ YR s |
R2 R' "R2
7 211 (R' = Me, R2 = H) 1 219 44%
8 212 (R' = R2 = Me) 1 220 59%

aThe reaction was carried out in the presence of Ni(cod), (1 equiv) and DBU (4 equiv) in
THF at 0 °C under CO, (1 atm). After acidic work-up with 10% HCI, the crude product was
treated with CH,N, generated from N-methyl-N-nitro-Nnitrosoguanidine and aqueous KOH.
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Ak

ZFFORE 208 Z AV, BESM TS EITo72 L 2A, MGT 2 BT X/ BEFHEIK 216
B 68%DINR T L (und), —J7, BEILL LT Yrd oo m o Aa
DR 209 BLO 210 Z WG, BRYE T2 S LRFEMIEE &bz, TraFky
EABEEL == R 2217 M5 572 (runsSand 6), A FILEEATHT7LF 2R 211
ZHWSAITY Bu EOA & REROAEZRYE T, xHic T 2 B LR FE B ER 219 53
M%DIRTHE LN (un7), ZEHRT LTI R 212 bAKGICHEAMTRETHY . W&
A L7 02 220 8 59%DINRTH LI (run8),

T2 4 40 ITAVEREED Y B 1973 O FIEIC RO AR LT, B 199 137 m 8L E LT 3
VAN EAFINANNRA— MEELTZH, EEMESETRMEEIETERLE (AX—214 38),

Scheme 38

CICO,Me )oj\ BUOK j\
HN/\ NaHCO3 | oo™ "N ™ DMF MeO” N+
THLCL, Bn N 41% in 2 steps Bn N
222 223 199

2ULAW 198,200 OSIELZAIEIR 510 A EC NOE FHEI ANBI S 7 = 2 s EfKCh 5 L ikE LT,

Figure 5
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Experimental Section

Experimental Section

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,
toluene, DMF, and CH3;CN). All other solvents and reagents were purified when necessary by
standard procedures. Column chromatography was performed on silica gel 60 N (Kanto, 40-50
um) with the indicated solvent as eluent. IR spectra were obtained on a JASCO FT/IR 460 Plus
spectrometer, and 'H NMR (500 MHz or 400 MHz) and *C NMR (125 MHz or 100 MHz)
spectroscopy were carried out on a Jeol ECA500 or a ECX400P NMR spectrometer. Mass spectra
were obtained on a Jeol JMS-700TZ or a Jeol JIMS-FAB mate mass spectrometer for LRMS and
HRMS.
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- Chapter 1 -

General Procedure for Ni(0)-Catalyzed Cyclization Using NHC Ligand
Ni(cod); (10 mol% to a substrate), imidazolium salt (10 mol% to the substrate), and ‘BuOK (12
mol% to the substrate) were weighed into a flame-dried flask, and THF (5 mL/mmol) was added to
the flask at 0 °C for 10 min. After the mixture was stirred at the same temperature for 10 min,
Et;SiH (5.0 equiv to the substrate) was added to the mixture. After stirring for 10 min, to the
mixture was added a solution of the substrate in THF (5 mL/mmol) at the same temperature, and the
mixture was stirred at room temperature. The mixture was concentrated in vacuo, and the residue

was purified by flash column chromatography on silica gel to give the cyclized product.

Chapter 1, Section 1

<Scheme 14>

(3aR*,6a8*,E)-1-Ethylidene-6a-triethylsiloxyoctahydropentalene (81). Ni(cod), (13.7 mg,
0.0498 mmol) and PPh; (27.0 mg, 0.103 mmol) were weighed into a flame-dried flask, and THF
(2.5 mL) was added to the flask at 0 °C for 10 min. After the mixture was stirred at the same
temperature for 10 min, Et3SiH (0.4 mL, 2.5 mmol) was added to the mixture. After stirring for 10
min, a solution of 80> (74.3 mg, 0.495 mmol) in THF (2.5 mL) was added to the mixture at the
same temperature, and the mixture was stirred at room temperature for 72 h. The mixture was
concentrated in vacuo, and the residue was purified by flash column chromatography on silica gel
(hexane/Et,0O = 500/1) to give 81 (58.5 mg, 44%) as a colorless oil. IR (neat) 1681, 1175, 1093,
1060, 1012 cm™; "H NMR (500 MHz, CDCls) & 0.53 (q, J = 8.0 Hz, 6 H), 0.91 (t, J = 8.0 Hz, 9 H),
1.17-1.30 (m, 2 H), 1.54 (m, 1 H), 1.58-1.62 (m, 3 H), 1.67-1.78 (m, 3 H), 1.87-1.96 (m, 2 H),
2.24-2.36 (m, 3 H), 5.48 (m, 1 H); >C NMR (125 MHz, CDCl3) § 6.3, 7.1, 14.5, 24.7, 28.0, 29.5,
31.0, 41.2, 52.0, 91.9, 116.3, 148.3; EI-LRMS m/z 266 (M"), 251 [(M-Me)'], 237 [(M-Bu)'];
EI-HRMS calcd for C;7H2703Si1 266.2069, found 266.2065.

(3aR*,6a5*%)-6a-Hydroxyhexahydropentalen-1(2H)-one (82)'®. A solution of 81 (43.9 mg, 0.165
mmol) in CH,Cl, (2 mL) was cooled to -78 °C. Ozone gas was bubbled into the reaction mixture
until color of the solution turned to blue. After argon gas was bubbled into the reaction mixture

until the blue color disappeared, PPhs (50.7 mg, 0.193 mmol) was added to the mixture. The
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reaction mixture was slowly allowed to warm to room temperature. The mixture was concentrated
in vacuo, and the residue was roughly purified by short column chromatography on silica gel
(AcOEt) to give the crude ketone. To a solution of the ketone in CH3CN (1 mL) was added a 10%
solution of HF (46% aqueous solution, commercially available) in CH3CN (1 mL) at room
temperature, and the resulting mixture was stirred 2 h the same temperature. To the mixture was
added saturated NaHCO3 aqueous solution at 0 °C, and the aqueous layer was extracted with AcOEt.
The organic layer was washed with brine, dried over Na,SO,4, and concentrated. The residue was
purified by column chromatography on silica gel (hexane/AcOEt = 1/1) to give 82 (16.9 mg, 73%)
as a colorless oil. '"H NMR (500 MHz, CDCl;) & 1.45 (m, 1 H), 1.63 (m, 1 H), 1.70 (m, 1 H),
1.75-2.00 (m, 3 H), 2.06-2.21 (m, 2 H), 2.34 (m, 1 H), 2.47-2.56 (m, 2 H), 2.55 (s, 1 H); °C NMR
(125 MHz, CDCl;) 6 24.0, 24.4, 32.0, 35.0, 37.4, 48.2, 88.2, 220.0.

<Table 1>

<run 1>

Ni(cod), (13.5 mg, 0.0491 mmol) was weighed into a flame-dried flask, and THF (2.5 mL) and
PBu; (25 mL, 0.100 mmol) were added to the flask at 0 °C for 10 min. After the mixture was stirred
at the same temperature for 10 min, Et;SiH (0.4 mL, 2.5 mmol) was added to the mixture. After
stirring for 10 min, to the mixture was added a solution of 80 (74.8 mg, 0.498 mmol) in THF (2.5
mL) at the same temperature, and the mixture was stirred at the room temperature for 48 h. The
mixture was concentrated in vacuo, and the residue was purified by flash column chromatography

on silica gel (hexane/Et,O = 500/1) to give 81 (95.6 mg, 72%) as a colorless oil.

<run 2>

According to the general procedure, a crude product, which was obtained from 80 (74.7 mg, 0.497
mmol), Ni(cod), (13.8 mg, 0.0502 mmol), IMes-HCl (16.8 mg, 0.0493 mmol), ‘BuOK (6.4 mg,
0.0570 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash
column chromatography on silica gel (hexane/Et,0O = 500/1) to give 81 (111.2 mg, 84%) as a

colorless oil.

<run 3>
According to the general procedure, a crude product, which was obtained from 80 (74.6 mg, 0.497
mmol), Ni(cod), (13.7 mg, 0.0498 mmol), SIMes-HBF, (20.0 mg, 0.0506 mmol), ‘BuOK (6.8 mg,
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0.0606 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash
column chromatography on silica gel (hexane/Et,0O = 500/1) to give 81 (104.2 mg, 79%) as a

colorless oil.

<run 4>

According to the general procedure, a crude product, which was obtained from 80 (75.4 mg, 0.502
mmol), Ni(cod), (13.7 mg, 0.0498 mmol), IPr-HCI (21.8 mg, 0.0513 mmol), ‘BuOK (6.9 mg,
0.0615 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash
column chromatography on silica gel (hexane/Et,0O = 500/1) to give 81 (135.1 mg, quant) as a

colorless oil.

<run 5>

According to the general procedure, a crude product, which was obtained from 80 (74.8 mg, 0.498
mmol), Ni(cod), (13.9 mg, 0.0505 mmol), SIPr-HCI (21.7 mg, 0.0508 mmol), ‘BuOK (6.6 mg,
0.0588 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash
column chromatography on silica gel (hexane/Et;,O = 500/1) to give 81 (123.2 mg, 93%) as a

colorless oil.

Chapter 1, Section 2

<Table 2>

<run 1>

(3aR*,6a8*)-1-Methylene-6a-triethylsiloxyoctahydropentalene (96). According to the general
procedure, a crude product, which was obtained from 91 (67.5 mg, 0.496 mmol), Ni(cod), (13.5 mg,
0.0491 mmol), IPr-HCI (21.2 mg, 0.0499 mmol), ‘BuOK (6.7 mg, 0.0597 mmol), and Et;SiH (0.40
mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column chromatography on
silica gel (hexane/Et,O = 500/1) to give 96 (103.8 mg, 83%) as a colorless oil. IR (neat) 3075, 2359,
1659, 1458, 1098 cm™; "H NMR (500 MHz, CDCl3) § 0.57 (q, J = 8.3 Hz, 6 H), 0.93 (t, J= 8.3 Hz,
9 H), 1.18 (m, 1 H), 1.30 (m, 1 H), 1.56 (m, 1 H), 1.67-1.73 (m, 3 H), 1.88-2.01 (m, 2 H), 2.27-2.39
(m, 2 H), 2.45 (m, 1 H), 4.88 (d, J=1.7 Hz, 1 H), 5.02 (d, J= 1.7 Hz, 1 H); °C NMR (125 MHz,
CDCl3) § 6.3, 7.1, 25.2, 29.8, 32.2, 32.4, 41.8, 51.7, 91.4, 105.6, 157.9; EI-LRMS m/z 252 (M"),
237 [(M-Me) '], 223 [(M-Et)]; EI-HRMS calcd for C;sH308Si 252.1916, found 252.1908.
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<run 2>
(3aR*,6aS8*,E)-1-(2-tert-Buthyldimethylsilyoxyethylidene)-6a-triethylsiloxyoctahydropentalen
e (97). According to the general procedure, a crude product, which was obtained from 114 (136.3
mg, 0.486 mmol), Ni(cod), (13.5 mg, 0.0491 mmol), IPr-HCI (21.3 mg, 0.0501 mmol), ‘BuOK (6.7
mg, 0.0597 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by
flash column chromatography on silica gel (hexane/Et,O = 500/1) to give 92 (190.9 mg, 99%) as a
colorless oil. IR (neat) 1462, 1254, 1097 cm™; "TH NMR (500 MHz, CDCl3) & 0.06 (s, 6 H), 0.55 (q,
J =179 Hz, 6 H), 0.90 (s, 9 H), 0.92 (t, J = 7.9 Hz, 9 H), 1.15-1.32 (m, 2 H), 1.57 (m, 1 H),
1.69-1.71 (m, 3 H), 1.88-1.97 (m, 2 H), 2.23-2.40 (m, 3 H), 4.13-4.24 (m, 2 H), 5.56 (m, 1 H); °C
NMR (125 MHz, CDCls) 6 -5.2, -5.1, 6.3, 7.1, 18.3, 24.7, 25.9, 28.1, 29.7, 31.1, 41.2, 51.4, 61.5,
92.0, 121.7, 148.4; EI-LRMS m/z 396 (M)", 381 [(M-Me)'], 367 [(M-Et)'], 339 [(M-Bu)’];
EI-HRMS calcd for C2,H440,Si, 396.28799 found 396.28752.

<run 3>

(3aR*,6a8*,E)-1-Benzylidene-6a-triethylsiloxyoctahydropentalene (98). According to the
general procedure, a crude product, which was obtained from 93 (108.1 mg, 0.510 mmol), Ni(cod),
(13.5 mg, 0.0491 mmol), IPr-HCI (21.2 mg, 0.0499 mmol), ‘BuOK (6.5 mg, 0.0579 mmol), and
Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column
chromatography on silica gel (hexane/Et,O = 500/1) to give 98 (162.5 mg, 97%) as a colorless oil.
IR (neat) 1457, 1237, 1094 cm™; "H NMR (500 MHz, CDCl3) 8 0.59 (q, J= 7.9 Hz, 6 H), 0.95 (t, J
=7.9 Hz, 9 H), 1.30 (m, 1 H), 1.38 (m, 1 H), 1.66 (m, 1 H), 1.73-1.83 (m, 3 H), 1.97-2.06 (m, 2 H),
2.37 (m, 1 H), 2.65-2.79 (m, 2 H), 6.50 (m, 1 H), 7.20 (m, 1 H), 7.30-7.37 (m, 4 H); °C NMR (125
MHz, CDCl;) & 6.4, 7.1, 25.0, 30.4, 30.5, 31.3, 42.1, 50.8, 93.6, 121.8, 126.1, 128.2, 128.4, 138.4,
150.8; EI-LRMS m/z 328 (M)', 313 [(M-Me)'], 299 [(M-Et)']; EI-HRMS calcd for Cy H3,0Si
328.22225 found 328.22239.

<run 4>

(3aR*,6a8*,E)-1-(2-Methoxy-2-oxoethylidene)-6a-tryethylsiloxyoctahydropentalene (99).
According to the general procedure, a crude product, which was obtained from 94 (97.6 mg, 0.502
mmol), Ni(cod), (14.1 mg, 0.0513 mmol), IPr-HCI (20.9 mg, 0.0492 mmol), ‘BuOK (6.4 mg,
0.0570 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 48 h, was purified by flash
column chromatography on silica gel (hexane/AcOEt = 20/1) to give 99 (41.1 mg, 0.132 mmol) as a
colorless oil. IR (neat) 1719, 1661, 1434, 1353, 1099 cm™; "H NMR (500 MHz, CDCl3) § 0.56 (q, J
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=8.0 Hz, 6 H), 0.92 (t, J= 8.0 Hz, 9 H), 1.28 (m, 1 H), 1.46 (m, 1 H), 1.76-1.93 (m, 4 H), 1.96-2.05
(m, 2 H), 2.36 (m, 1 H), 2.89-2.95 (m, 2 H), 3.71 (s, 3 H), 5.91 (m, 1 H); ®C NMR (125 MHz,
CDCls) 8 6.3, 7.0, 24.6, 30.0, 30.6, 30.9, 42.0, 50.5, 51.0, 93.4, 111.6, 167.8, 172.3; ESI-LRMS m/z
333 [(M+Na)']; ESI-HRMS calcd for C17H3003NaSi 333.18564 found 333.18594.

<Run 5>
(3aR*,6a8*,E)-1-(Trimethylsilylmethylidene)-6a-triethylsiloxyoctahydropentalene (100).
According to the general procedure, a crude product, which was obtained from 95 (105.7 mg, 0.507
mmol), Ni(cod), (13.7 mg, 0.0498 mmol), IPr-HCI (20.3 mg, 0.0478 mmol), ‘BuOK (6.7 mg,
0.0597 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash
column chromatography on silica gel (hexane/Et,0O = 500/1) to give 100 (42.7 mg, 26%) as a
colorless oil. IR (neat), 1630, 1458, 1247, 1060 cm™; "H NMR (500 MHz, CDCl;)  0.09 (s, 9 H),
0.54 (q,J=7.9Hz, 6 H), 0.92 (t, J=7.9 Hz, 9 H), 1.19 (m, 1 H), 1.33 (m, 1 H), 1.53-1.80 (m, 5 H),
1.85-2.01 (m, 2 H), 2.25 (m, 1 H), 2.35-2.50 (m, 2 H), 5.55 (m, 1 H); >C NMR (125 MHz, CDCl5)
8-0.4,6.4,7.1,24.9,29.8,31.4,31.7,42.0, 50.6, 91.4, 118.2, 166.4; ESI-LRMS m/z 347 [(M+Na) '],
193 [(M-OTBS)']; ESI-HRMS calcd for C3H360NaSi, 347.22024 found 347.21971.

<Scheme 16>

(Eq 1)

(3aR*,6a8*,E)-1-Ethylidene-6a-triethylsiloxy-3a-methyloctahydropentalene (102). According
to the general procedure, a crude product, which was obtained from 101 (80.3 mg, 0.489 mmol),
Ni(cod); (13.5 mg, 0.0491 mmol), IPr-HCI (21.0 mg, 0.0494 mmol), ‘BuOK (6.4 mg, 0.0570 mmol),
and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column
chromatography on silica gel (hexane/Et,O = 500/1) to give 102 (138.6 mg, quant) as a colorless oil.
IR (neat) 1676, 1458, 1237, 1069 cm™; 'H NMR (500 MHz, CDCl3) 8 0.51 (q, J = 7.1 Hz, 6 H),
0.90 (t, /= 7.1 Hz, 9 H), 0.95 (s, 3 H), 1.24-1.40 (m, 3 H), 1.47-1.63 (m, 6 H), 1.72 (m, 1 H), 2.01
(m, 1 H), 2.20-2.34 (m, 2 H), 5.50 (m, 1 H); °C NMR (125 MHz, CDCl3) § 6.3, 7.1, 14.4, 19.8,
21.1, 25.9, 34.1, 35.26, 35.30, 52.7, 89.7, 117.7, 147.9; EI-LRMS m/z 280 (M)", 265 [(M-Me) ],
251 [(M-Et)']; EI-HRMS calcd for C;7H3,08i 280.22225 found 280.22252.

(Eq2)
(3aR*,6aR* E)-3a-tert-Butyldimethylsilyloxymethyl-1-ethylidene-6a-triethylsilyloxyoctahydro
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pentalene (104). According to the general procedure, a crude product, which was obtained from
103 (108.1 mg, 0.510 mmol), Ni(cod), (5.4 mg, 0.0196 mmol), IPr-HCI (8.7 mg, 0.0205 mmol),
‘BuOK (2.8 mg, 0.0250 mmol), and Et;SiH (0.17 mL, 1.06 mmol) in THF (5.0 mL) for 30 min, was
purified by flash column chromatography on silica gel (hexane/Et,O = 500/1) to give 104 (82.5 mg,
96%) as a colorless oil. IR (neat) 1676, 1462, 1254, 1105, 1089 cm'l; "H NMR (500 MHz, CDCls) &
0.03 (s, 6 H), 0.50 (q, J = 7.8 Hz, 6 H), 0.89 (s, 9 H), 0.90 (t, /= 7.8 Hz, 9 H), 1.19 (m, 1 H),
1.55-1.67 (m, 5 H), 1.75-1.85 (m, 2 H), 2.01 (m, 1 H), 2.24-2.35 (m, 2 H), 3.47 (d,J=9.5 Hz, 1 H),
3.61 (d, J=9.5 Hz, 1 H), 5.49 (m, 1 H); °C NMR (125 MHz, CDCl;) § -5.5, -5.4, 6.3, 7.1, 14.4,
18.3, 20.7, 26.0, 26.1, 30.9, 31.3, 36.9, 52.6, 66.9, 90.0, 117.3, 148.2; EI-LRMS m/z 410 (M"), 395
[(M-Me)'], 381 [(M-Et)'], 353 [(M-t-Bu)'], 265 [(M-CH,OTBS)']; EI-HRMS calcd for
C23H460,Si, 410.30363 found 410.30397.

<Scheme 17>

Synthesis of 82 from 96

Similar to synthesis of 82 from 81, a crude product, which was obtained from ozonization of 96
(34.2 mg, 0.135 mmol) in CH,Cl, (2 mL) followed by reduction using PPh; (40.4 mg, 0.154 mmol),
was treated with a 5% solution of HF in CH3CN (4 mL). After usual work up, a crude product was
purified by column chromatography on silica gel (hexane/AcOEt = 1/1) to give 82 (7.6 mg, 2 steps

40%) as a colorless oil.

Synthesis of 82 from 97

Similar to synthesis of 82 from 81, a crude product, which was obtained from ozonization of 97
(59.0 mg, 0.149 mmol) in CH,Cl, (2 mL) followed by reduction using PPhs (60.1 mg, 0.229 mmol),
was treated with a 5% solution of HF in CH3CN (4 mL). After usual work up, a crude product was
purified by column chromatography on silica gel (hexane/AcOEt = 3/2) to give 82 (20.2 mg, 2 steps

97%) as a colorless oil.

Synthesis of 82 from 98

Similar to synthesis of 82 from 81, a crude product, which was obtained from ozonization of 98
(57.4 mg, 0.175 mmol) in CH,Cl, (4 mL) followed by reduction using PPh; (53.2 mg, 0.203 mmol),
was treated with a 5% solution of HF in CH3CN (4 mL). After usual work up, a crude product
purified by column chromatography on silica gel (hexane/AcOEt = 1/1) to give 82 (19.8 mg, 2 steps
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81%) as a colorless oil.

Synthesis of 82 from 99

Similar to synthesis of 82 from 81, a crude product, which was obtained from ozonization of 99
(26.7 mg, 0.0860 mmol) in CH,Cl, (8 mL) followed by reduction using PPh; (33.5 mg, 0.128
mmol), was treated with a 5% solution of HF in CH3;CN (4 mL). After usual work up, a crude
product was purified by column chromatography on silica gel (hexane/AcOEt = 1/1) to give 82 (0.8

mg, 2 steps 7%) as a colorless oil.

<Scheme 18>

2-(4,4-Dibromobut-3-enyl)cyclopentanone. To a solution of PPh; (152 g, 597 mmol) in CH,Cl,
(120 mL) was added a solution of CBry4 (94.8 g, 286 mmol) in CH,Cl, (120 mL) over a period of 15
min at 0 °C, and the mixture was stirred at the same temperature for 30 min. To the mixture was
added a solution of 105'® (26.4 g, 143 mmol) in CH,Cl, (60 mL) at 0 °C, and the mixture was
stirred at the same temperature for 1.5 h. To the mixture was added hexane at room temperature.
The mixture was filtered through Celite® pad, and the filtrate was concentrated. The residue was
purified by flash column chromatography on silica gel (hexane/AcOEt = 10/1) to give
dibromoolefin (27.2 g, 64%) as a yellow oil. '"H NMR (500 MHz, CDCl3) & 1.39 (m, 1 H), 1.52 (m,
1 H), 1.79 (m, 1 H), 1.90 (m, 1 H), 1.99-2.21 (m, 5 H), 2.23-2.36 (m, 2 H), 6.37 (m, 1 H).

6-(4,4-Dibromobut-3-enyl)-1,4-dioxaspiro[4.4]nonane. To a suspension of ethylene glycol (54
mL, 968 mmol) in benzene (180 mL) was added the above dibromoolefin (27.2 g, 91.8 mmol) and
PPTS (2.25 g, 8.95 mmol) at room temperature, and the mixture was refluxed with a Dean-Stark
system for 5 h. To the mixture was added saturated NaHCO; aqueous solution at 0 °C, and the
aqueous layer was extracted with AcOEt. The organic layer was washed with brine, dried over
NaySO4, and concentrated. The residue was purified by column chromatography on silica gel
(hexane/AcOEt = 20/1) to give acetal (29.0 g, 93%) as a yellow oil. "H NMR (500 MHz, CDCls) &
1.28-1.40 (m, 2 H), 1.57-1.80 (m, 5 H), 1.86-1.95 (m, 2 H), 2.03-2.18 (m, 2 H), 3.84-3.96 (m, 4 H),
6.39 (m, 1 H).

5-(1,4-Dioxaspiro[4.4]nonan-6-yl)pent-2-yn-1-0l (106). To a solution of the above acetal (1.71g,
5.04 mmol) in THF (15 mL) was added a solution of BuLi in hexane (1.61 M, 7 mL, 11.3 mmol) at
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-78 °C, and the mixture was stirred at the same temperature for 1 h. After additional stirring for 1 h
at room temperature, the reaction mixture was recooled to -78 °C. To the mixture was added
paraformaldehyde (1.48 g, 49.3 mmol), and the reaction mixture was slowly warmed to room
temperature overnight. 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
NaySO4, and concentrated. The residue was purified by column chromatography on silica gel
(hexane/AcOEt = 4/1) to give 106 (746 mg, 70%) as a colorless oil. '"H NMR (500 MHz, CDCls) &
1.32 (m, 1 H), 1.45 (m, 1 H), 1.52-1.81 (m, 6 H), 1.92 (m, 1 H), 2.03 (m, 1 H), 2.19 (m, 1 H), 2.31
(m, 1 H), 3.85-3.96 (m, 4 H), 4.23-4.27 (m, 2 H).

2-(5-Hydroxypent-3-ynyl)cyclopentanone. To a solution of 106 (679 mg, 3.23 mmol) in acetone
(65 mL) was added p-TsOH-H,O (1.26 g, 6.62 mmol) at room temperature, and the mixture was
stirred at the same temperature for 12.5 h. To the mixture was added saturated NaHCO; aqueous
solution at 0 °C, and the aqueous layer was extracted with Et,O. The organic layer was washed with
brine, dried over Na,SO,, and concentrated. The residue was purified by column chromatography
on silica gel (hexane/AcOEt = 1/1) to ketone (521 mg, 95%) as a yellow oil. '"H NMR (500 MHz,
CDCls) 6 1.43-1.62 (m, 3 H), 1.80 (m, 1 H), 1.96-2.43 (m, 8 H), 4.21-4.26 (m, 2 H).

2-|5-(tert-Butyldimethylsilyloxy)pent-3-ynyl]cyclopentanone (92). To a solution of the above
ketone (476 mg, 2.86 mmol) and imidazole (598 mg, 8.78 mmol) in DMF (2.8 mL) was added
TBSCI (655 mg, 4.34 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,SOj4, and concentrated.
The residue was purified by column chromatography on silica gel (hexane/AcOEt = 20/1) to give
92 (675 mg, 84%) as a colorless oil. IR (neat) 1739, 1463, 1078 cm™; "H NMR (500 MHz, CDCl;)
0 0.10 (s, 6 H), 0.90 (s, 9 H), 1.49-1.55 (m, 2 H), 1.73-1.83 (m, 1 H), 1.95-2.05 (m, 2 H), 2.07-2.16
(m, 1 H), 2.18-2.40 (m, 5 H), 4.26-4.28 (m, 2 H); °C NMR (125 MHz, CDCI3) § -5.1, 17.1, 18.3,
20.7, 25.8, 28.5, 29.5, 38.0, 48.1, 51.9, 79.4, 84.3, 220.8; EI-LRMS m/z 223 [(M-'Bu)'], 181, 167,
143; EI-HRMS calcd for C1,H90,S1 223.11543 found 223.11493.

<Scheme 19>

3-(6-Methyl-1,4-dioxaspiro[4.4]nonan-6-yl)propanal (108). To a solution of 107" (685 mg, 3.42
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mmol) in CH,Cl, (17 mL) was added PCC (1.21 g, 5.14 mmol) at 0 °C, and the mixture was stirred
at room temperature for 4 h. To the mixture was added hexane at room temperature. The reaction
mixture was filtered through Florisil® column (hexane), and the filtrate was concentrated. The
residue was purified by short column chromatography on silica gel (AcOEt) to give 108 (390 mg)
as a yellow oil. IR (neat) 1725, 1465, 1417, 1313, 950 cm™'; "H NMR (500 MHz, CDCl3) § 0.96 (s,
3 H), 1.49 (m, 1 H), 1.56-1.88 (m, 7 H), 2.35-2.52 (m, 2 H), 3.87-3.93 (m, 4 H), 9.77 (t, /=19, 1
H); °C NMR (125 MHz, CDCl3) 8 17.8, 20.2, 27.2, 33.3, 35.7, 40.0, 45.1, 64.4, 64.7, 119.3, 203.3;
EI-LRMS m/z 198 (M)', 169 [(M-CHO)'], 155 [(M-CH,CHO)'], 141 [(M-CH,CH,CHO)'];
EI-HRMS calcd for C;1H;303 198.1255 found 198.1250.

6-(4,4-Dibromobut-3-enyl)-6-methyl-1,4-dioxaspiro[4.4]nonane. To a solution of PPhs (1.06 g,
4.04 mmol) in CH,Cl, (4 mL) was added a solution of CBr4 (993 mg, 2.99 mmol) in CH,Cl, (4 mL)
at 0 °C, and the mixture was stirred at the same temperature for 30 min. To the mixture was added a
solution of 108 (26.4 g, 143 mmol) in CH,Cl, (2 mL) at 0 °C, and the mixture was stirred at same
temperature for 10 min. To the mixture was added hexane at room temperature. The mixture was
filtered through Celite” pad, and the filtrate was concentrated. The residue was purified by flash
column chromatography on silica gel (hexane/AcOEt = 10/1) and purified by flash column
chromatography on silica gel (toluene) to dibromoolefin (436 mg, 2 steps 36%) as a yellow oil. IR
(neat) 1627, 1463, 1376, 1313, 948 cm™; "H NMR (500 MHz, CDCl3)  0.98 (s, 3 H), 1.43-1.54 (m,
3 H), 1.59-1.62 (m, 3 H), 1.75-1.90 (m, 2 H), 1.99-2.17 (m, 2 H), 3.87-3.93 (m, 4 H), 6.39 (t, J =
7.3, 1 H); >C NMR (125 MHz, CDCl3) § 17.9, 20.0, 28.9, 32.9, 33.3, 35.3, 45.6, 64.5, 64.8, 88.2,
119.4, 139.5; EI-LRMS m/z 354 (M)", 273 [(M-Br)']; EI-HRMS calcd for Ci,H;sBr,0, 351.96731
found 351.96710.

6-Methyl-6-(pent-3-ynyl)-1,4-dioxaspiro[4.4]nonane (109). To a solution of the above
dibromoolefin (436 mg, 1.23 mmol) in THF (6 mL) was added a solution of BuLi in hexane (1.61
M, 1.6 mL, 2.58 mmol) at -78 °C, and the mixture was stirred at the same temperature for 30 min.
To the mixture was added Mel (0.4 mL, 6.43 mmol) at -78 °C, the mixture was stirred at the same
temperature for 1.5 h, and was slowly warmed to room temperature overnight. To the mixture was
added saturated NH4Cl aqueous solution at 0 °C, and the aqueous layer was extracted with Et,0.
The organic layer was washed with brine, dried over Na,SO,4, and concentrated. The residue was
roughly purified by short column chromatography on silica gel (AcOEt) to give 109 (260 mg) as a
yellow oil. "H NMR (500 MHz, CDCl5) & 0.94 (s, 3 H), 1.49 (m, 1 H), 1.58-1.68 (m, 5 H),

47



Experimental Section - Chapter 1 -

1.75-1.87 (m, 5 H), 2.02-2.20 (m, 2 H), 3.86-3.95 (m, 4 H).

2-Methyl-2-(pent-3-ynyl)cyclopentanone (101). To a solution of 109 (260 mg) in acetone (12 mL)
was added TsOH-H,O (487 mg, 2.56 mmol) at room temperature, and the mixture was stirred at the
same temperature for 12.5 h. To the mixture was added saturated NaHCO; aqueous solution at 0 °C,
and the aqueous layer was extracted with Et,O. The organic layer was washed with brine, dried over
NaySO4, and concentrated. The residue was purified by column chromatography on silica gel
(hexane/AcOEt = 20/1) to give 101 (168.7 mg, 2 steps 84%) as a yellow oil. IR (neat) 1736, 1457,
1409, 1374, 948 cm™; "H NMR (500 MHz, CDCl3) & 0.99 (s, 3 H), 1.65 (m, 1 H), 1.70-1.77 (m, 4
H), 1.80-1.97 (m, 3 H), 2.02-2.33 (m, 4 H); °C NMR (125 MHz, CDCl;) & 3.4, 14.2, 18.6, 21.5,
35.5, 35.8, 37.5, 47.9, 759, 78.8, 222.8; EI-LRMS m/z 164 (M)", 149 [(M-Me)'], 98
[(M-CH,CCMe)']; EI-HRMS calcd for C;H;60 164.1196 found 164.1199.

<Scheme 20>

6-(tert-Butyldimethylsilyloxy)methyl-1,4-dioxaspiro[4.4|nonane-6-carbaldehyde (111). To a
solution of 110*” (172 mg, 0.747 mmol) and imidazole (157 mg, 2.31 mmol) in DMF (0.75 mL)
were added TBSCI (168 mg, 1.11 mmol) at 0 °C, and the mixture was stirred at room temperature
for 30 min. 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,SO,, and
concentrated. The residue was roughly purified by short column chromatography on silica gel
(AcOEt) to give a crude TBS ether (286 mg) as a colorless oil. To the TBS ether (286 mg) in
toluene (3.7 mL) was added a solution of DIBAL-H in toluene (0.99 M, 1.6 mL, 1.58 mmol) at
-78 °C, and the mixture was stirred at the same temperature for 30 min. After the mixture was
diluted with Et,O, to the mixture was added saturated potassium sodium tartrate aqueous solution at
-78 °C, and the resulting mixture was stirred at room temperature overnight. The aqueous layer was
extracted with Et,O. The organic layer was washed with brine, dried over Na,SOj4, and concentrated.
The residue was purified by column chromatography on silica gel (hexane/AcOEt = 4/1) to give
111 (133 mg, 2 steps 59%) as a colorless oil. IR (neat) 1731, 1472, 1254, 1092 cm™; '"H NMR (500
MHz, CDCls) 8 -0.029 (s, 3 H), 0.032 (s, 3 H), 0.84 (s, 9 H), 1.61-1.81 (m, 5 H), 2.27 (m, 1 H), 3.63
(d, J=10.2 Hz, 1 H), 3.80-3.94 (m, 4 H), 4.12 (d, J = 10.2 Hz, 1 H), 9.62 (s, 1 H); °C NMR (125
MHz, CDCls) § -5.62, -5.58, 18.2, 20.0, 25.8, 27.3, 36.8, 62.6, 63.1, 64.5, 65.1, 118.7, 203.3.
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(E)-Ethyl 3-[6-(tert-butyldimethylsilyloxy)methyl-1,4-dioxaspiro[4.4]nonan-6-yl]acrylate. To a
suspension of NaH (60% dispersion in mineral oil, 36.4 mg, 0.910 mmol) in THF (1.5 mL) was
added a solution of diethylphosphonoacetic acid ethyl ester (0.2 mL, 1.01 mmol) in THF (1 mL) at
0 °C, and the mixture was stirred at the same temperature for 10 min. To the mixture was added a
solution of 111 (133 mg, 0.444 mmol) in THF (2 mL) 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 Et,O. The organic layer was washed with brine, dried over
Na,;SOq4, and concentrated. The residue was roughly purified by column chromatography on silica
gel (hexane/AcOEt = 10/1) to give acrylate (175 mg) as a colorless oil. 'H NMR (500 MHz, CDCl;)
0 0.01 (s, 3 H), 0.02 (s, 3 H), 0.86 (s, 9 H), 1.27 (dd, J = 7.0, 7.0 Hz, 3 H), 1.65-1.73 (m, 2 H),
1.79-1.87 (m, 3 H), 1.96 (m, 1 H), 3.59 (d, /= 10.0 Hz, 1 H), 3.66 (d, /= 10.0 Hz, 1 H), 3.85-3.95
(m, 4 H), 4.18 (dq, /=2.9, 7.0 Hz, 1 H), 4.19 (dq, J=2.9, 7.0 Hz, 1 H), 5.87 (d, /= 16.6 Hz, 1 H),
7.05(d,J=16.6 Hz, 1 H).

Ethyl 3-[6-(tert-butyldimethylsilyloxy)methyl-1,4-dioxaspiro[4.4]nonan-6-yl|propanoate. To a
solution of the above acrylate (175 mg) in AcOEt (4.4 mL) was added Pd-C (10% Pd, 3.5 mg, 0.74
mmol) at room temperature, and the mixture was stirred at same temperature under H, atmosphere
for 6 h. The mixture was roughly purified by short column chromatography on silica gel (AcOEt) to
give crude ester (162 mg) as a colorless oil. 'H NMR (500 MHz, CDCls) § 0.04 (s, 6 H), 0.89 (s, 9
H), 1.24 (t, J=7.2 Hz, 3 H), 1.47 (m, 1 H), 1.56-1.64 (m, 2 H), 1.70-1.92 (m, 5 H), 2.29 (m, 1 H),
242 (m, 1 H), 3.43 (d,J=9.7 Hz, 1 H), 3.61 (d,J=9.7 Hz, 1 H), 3.81-3.95 (m, 4 H), 4.11 (q, J =
7.2 Hz, 2 H), 5.87 (d,J=16.6 Hz, 1 H), 7.05 (d, /= 16.6 Hz, 1 H).

3-|6-(tert-Butyldimethylsilyloxy)methyl-1,4-dioxaspiro[4.4]nonan-6-yl]propanal (112). To a
solution of the above crude ester (162 mg) in toluene (2.2 mL) a solution of DIBAL-H in toluene
(0.99 M, 0.45 mL, 0.446 mmol) at -78 °C, and the mixture was stirred at the same temperature for
30 min. After the mixture was diluted with Et,O, saturated potassium sodium tartrate aqueous
solution was added to the mixture at -78 °C, and the resulting mixture was stirred at room
temperature overnight. The aqueous layer was extracted with Et,O. The organic layer was washed
with brine, dried over Na,SO,, and concentrated. The residue was roughly purified by short column
chromatography on silica gel (hexane/AcOEt = 10/1) to give crude 112 (137 mg) as a colorless oil.
'H NMR (500 MHz, CDCl3) 8 0.036 (s, 3 H), 0.041 (s, 3 H), 0.88 (s, 9 H), 1.47 (m, 1 H), 1.57-1.65
(m, 2 H), 1.73-1.92 (m, 5 H), 2.52 (m, 1 H), 2.54 (m, 1 H), 3.44 (d,/=9.7 Hz, 1 H), 3.62 (d, J=9.7
Hz, 1 H), 3.81-3.93 (m, 4 H), 9.74 (m, 1 H).
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6-(4,4-Dibromobut-3-enyl)-6-(zert-butyldimethylsiloxy)methyl-1,4-dioxaspiro[4.4]nonane. To a
solution of PPh; (445 mg, 1.70 mmol) and CBrs (278 mg, 0.837 mmol) in CH,Cl, (3.1 mL) was
Et;N (0.46 mL, 3.30 mmol) at room temperature, and the mixture was stirred at the same
temperature for 15 min. To the mixture was added a solution of 112 (137 mg) in CH,Cl, (1 mL) at
-78 °C, and the mixture was stirred at room temperature for 4 h. The mixture was filtered through
silica gel pad, and the filtrate was concentrated. The residue was roughly purified by flash column
chromatography on silica gel (hexane/AcOEt = 4/1) to give crude dibromoolefin (191 mg) as a
colorless oil. "H NMR (500 MHz, CDCl;) & 0.05 (s, 6 H), 0.89 (s, 9 H), 1.43-1.87 (m, 8 H),
2.03-2.21 (m, 2 H), 3.43 (d, J=10.0 Hz, 1 H), 3.65 (d, /= 10.0 Hz, 1 H), 3.82-3.95 (m, 4 H), 6.38
(m, 1 H).

6-(tert-Butyldimethylsiloxy)methyl-6-(pent-3-ynyl)-1,4-dioxaspiro[4.4]nonane (113). Similar to
synthesis of 136 from 6-(4,4-dibromobut-3-enyl)-6-methyl-1,4-dioxaspiro[4.4]nonane, a crude
product, which was obtained from above dibromoolefin (191 mg), BuLi in hexane solution (1.55 M,
0.55 mL, 0.835 mmol), Mel (0.12 mL, 1.93 mmol) in THF (4 mL) at -78 °C to 0 °C for 2 h, was
roughly purified by flash column chromatography on silica gel (AcOEt) to give crude 113 (123 mg)
as a colorless oil. '"H NMR (500 MHz, CDCls) & 0.04 (s, 6 H), 0.89 (s, 9 H), 1.48 (m, 1 H),
1.56-1.86 (m, 9 H), 2.04-2.25 (m, 2 H), 3.41 (d, J = 10.3 Hz, 1 H), 3.59 (d, / = 10.3 Hz, 1 H),
3.80-3.95 (m, 4 H).

2-(tert-Butyldimethylsilyloxy)methyl-2-(pent-3-ynyl)cyclopentanone (103). Similar to synthesis
of 101 from 109, a crude product, which was obtained from 113 (123 mg), TsOH-H,O (137 mg,
0.721 mmol) in acetone (8 mL) at room temperature for 30 min, was purified by flash column
chromatography on silica gel (hexane/AcOEt = 10/1) to give 103 (75.9 mg, 6 steps 58%) as a
colorless oil. IR (neat) 1739, 1471, 1256, 1097, 839, 778 cm™'; "H NMR (500 MHz, CDCl5) & -0.01
(s, 3 H), 0.01 (s, 3 H), 0.85 (s, 9 H), 1.53-1.68 (m, 2 H), 1.74 (t, J= 2.6 Hz, 3 H), 1.79-1.99 (m, 3
H), 2.01-2.27 (m, 5 H), 3.40 (d, J = 9.2 Hz, 1 H), 3.63 (d, J= 9.2 Hz, 1 H); °C NMR (125 MHz,
CDCl) & -5.72, -5.68, 3.4, 14.2, 18.2, 19.3, 25.8, 30.5, 32.8, 39.3, 53.6, 67.1, 222.2; EI-LRMS m/z
279 [(M-Me) '], 237 [(M-£-Bu)"]; EI-HRMS calcd for C;3H,;0,Si 237.13108 found 237.13143.

Chapter 1, Section 3
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<Table 3>

<run 1>

(3aS*,7aS*,E)-4-Ethylidene-3a-triethylsiloxyoctahydro-1H-indene (118). According to the
general procedure, a crude product, which was obtained from 114 (80.4 mg, 0.490 mmol), Ni(cod),
(13.7 mg, 0.0498 mmol), IPr-HCI (21.3 mg, 0.0501 mmol), ‘BuOK (6.9 mg, 0.0615 mmol), and
Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column
chromatography on silica gel (hexane/Et,O = 500/1) to give 118 (143.3 mg, quant) as a colorless oil.
IR (neat) 1665, 1457, 1237, 1114, 1075, 894 cm™; '"H NMR (500 MHz, CDCl3) § 0.55 (q, J = 8.0
Hz, 6 H), 0.92 (t, /= 8.0 Hz, 9 H), 1.24-1.37 (m, 2 H), 1.38-1.57 (m, 4 H), 1.61 (m, J= 6.7 Hz, 3 H),
1.63-1.80 (m, 3 H), 1.94 (m, 1 H), 2.05 (m, 1 H), 2.13 (m, 1 H), 2.26 (m, 1 H), 5.46 (q, J= 6.7 Hz,
1 H); >C NMR (125 MHz, CDCl3) 8 6.4, 7.2, 12.9, 20.1, 23.7, 25.0, 26.6, 27.2, 36.9, 48.6, 84.0,
116.1, 140.3; EI-LRMS m/z 280 (M"), 265, 251, 224, 209, 147, 115; EI-HRMS calcd for C;7H3,0Si
280.22225, found 280.22229.

<run 2>

(3aR*,7a8*,E)-1-Ethylidene-7a-methoxyoctahydro-1H-indene (119). According to the general
procedure, a crude product, which was obtained from 115 (81.8 mg, 0.498 mmol), Ni(cod), (13.7
mg, 0.0498 mmol), IPr-HCI (21.1 mg, 0.0496 mmol), ‘BuOK (6.6 mg, 0.0588 mmol), and Et;SiH
(0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column chromatography
on silica gel (hexane/Et,O/Et;N = 500/1/5) to give 119 (140.6 mg, quant) as a colorless oil. IR
(neat) 1679, 1448, 1260, 1237, 1078, 1009 cm™; "H NMR (500 MHz, CDCl3)  0.51 (q, J= 7.8 Hz,
6 H), 0.90 (t, /= 7.8 Hz, 9 H), 1.10-1.30 (m, 3 H), 1.43-1.62 (m, 8 H), 1.83 (m, 1 H), 1.93-2.01 (m,
2 H), 2.23-2.28 (m, 2 H), 5.38 (m, 1 H); *C NMR (125 MHz, CDCL;) 8 6.4, 7.1, 14.3, 23.7, 24.5,
25.7, 26.6, 28.5, 34.4, 48.5, 82.1, 116.9, 144.8; EI-LRMS m/z 280 (M"), 251 [(M-Et)']; EI-HRMS
calcd for C,7H3,08i 280.22225, found 280.22235.

<run 3>

(4aR*,8aS8* E)-1-Ethylidene-8a-triethylsiloxydecahydronaphthalene (120). According to the
general procedure, a crude product, which was obtained from 116 (89.0 mg, 0.499 mmol), Ni(cod),
(13.9 mg, 0.0505 mmol), IPr-HCI (21.7 mg, 0.0511 mmol), ‘BuOK (6.9 mg, 0.0615 mmol), and
Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column
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chromatography on silica gel (hexane/Et,O = 500/1) to give 120 (147.4 mg, quant) as a colorless oil.
IR (neat) 1663, 1457, 1237, 1071 cm™; 'TH NMR (500 MHz, CDCl3) § 0.54 (q, J = 8.0 Hz, 6 H),
0.92 (t,J= 8.0 Hz, 9 H), 1.20-1.50 (m, 8 H), 1.57-1.68 (m, 6 H), 2.07-2.23 (m, 3 H), 2.35 (m, 1 H),
5.39 (m, 1 H); C NMR (125 MHz, CDCl3) § 6.8, 7.3, 12.9, 21.8, 24.6, 24.9, 26.3, 27.9, 28.5, 37.7,
46.2, 77.3, 117.6, 139.6; EI-LRMS m/z 294 (M"), 279, 265, 251, 237, 223, 209, 161, 103;
EI-HRMS calcd for C;3H3,0Si 294.2383, found 294.2377.

<run 4>

(4aS*,8aR* E)-1-Ethylidene-4a-ethoxycarbonyl-8a-triethylsiloxydecahydronaphthalene (121).
According to the general procedure, a crude product, which was obtained from 117 (131.0 mg,
0.523 mmol), Ni(cod), (13.8 mg, 0.0502 mmol), IPr-HCI (21.2 mg, 0.0502 mmol), ‘BuOK (6.8 mg,
0.0606 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash
column chromatography on silica gel (hexane/AcOEt = 20/1) to give 121 (145.1 mg, 76%) as a
colorless oil. IR (neat) 1737, 1723, 1458, 1239, 1181, 1131, 1074 cm'l; 'H NMR (500 MHz,
CDCls) 6 0.55 (dq, J = 3.2, 7.9 Hz, 3 H), 0.55 (dq, J=3.2, 7.9 Hz, 3 H), 0.91 (t, /= 7.9 Hz, 9 H),
1.23-1.26 (m, 3 H), 1.35-1.68 (m, 13 H), 2.02 (m, 1 H), 2.10-2.50 (m, 4 H), 4.05-4.15 (m, 2 H),
5.53 (m, 1 H); C NMR (125 MHz, CDCl3) d 6.8, 7.1, 13.2, 14.2, 21.3, 21.9, 23.9, 24.3, 30.1, 31.5,
32.4, 53.4, 59.5, 78.3, 118.5, 139.6; EI-LRMS m/z 366 (M"), 337 [(M-Et)']; EI-HRMS calcd for
C21H3303S1 366.25902, found 366.25902.

<Table 4>

<run 1>
(4aS*,10a5*,E)-4-Ethylidene-4a-triethylsiloxy-1,2,3,4,4a2,9,10,10a-octahydrophenanthrene
(126). According to the general procedure, a crude product, which was obtained from 122 (109.6
mg, 0.484 mmol), Ni(cod), (13.6 mg, 0.0494 mmol), IPr-HCI (21.6 mg, 0.0508 mmol), ‘BuOK (6.6
mg, 0.0588 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by
flash column chromatography on silica gel (hexane) to give 126 (121.3 mg, 73%) as a colorless oil.
IR (neat) 1920, 1603, 1578, 1455, 1235, 1087 cm™; "H NMR (500 MHz, CDCl3) & 0.12-0.33 (m, 6
H), 0.71 (t, J= 8.0 Hz, 9 H), 1.57-1.75 (m, 3 H), 1.60 (d, J = 6.9 Hz, 3 H), 1.90-2.08 (m, 3 H), 2.41
(s,3H),3.65(dd,J=3.4,7.4Hz 1 H),3.78 (dt, /= 13.7,2.3 Hz, 1 H), 4.18 (d, J=13.2 Hz, 1 H),
5.55 (ddq, J=2.3,2.3, 6.9 Hz, 1 H), 7.32 (d, J = 8.3 Hz, 2 H), 7.74 (d, J = 8.3 Hz, 2 H); °C NMR
(125 MHz, CDCl;) 0 5.8, 6.8, 14.6, 21.5, 24.2, 32.8, 39.4, 51.0, 73.0, 90.2, 119.0, 127.9, 129.5,
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133.4, 140.3, 143.4; EI-LRMS m/z 342 (M"), 313, 273, 285, 273, 259, 211; EI-HRMS calcd for
C1H34081 342.23789, found 342.23727.

<run 2>

(4a8*,10aR*, F)-4-Ethylidene-10a-ethoxycarbonyl-4a-triethylsiloxy- 1,2,3,4,4a,9,10,10a-octa
hydrophenanthrene (127). According to the general procedure, a crude product, which was
obtained from 123 (149.0 mg, 0.499 mmol), Ni(cod), (13.5 mg, 0.0491 mmol), IPr-HCI (21.6 mg,
0.0508 mmol), ‘BuOK (6.3 mg, 0.0561 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL)
for 3 h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 20/1) to give
127 (163.9 mg, 79%) as a colorless oil. IR (neat) 1725, 1602, 1455, 1251, 1096 cm™; "H NMR (500
MHz, CDCl3) 6 0.18 (dq, J = 15.8, 7.7 Hz, 3 H), 0.25 (dq, J = 15.8, 7.7 Hz, 3 H), 0.76 (dd, J = 7.7,
7.7 Hz, 9 H), 1.21-1.24 (m, 3 H), 1.33-1.45 (m, 2 H), 1.58-1.68 (m, 2 H), 1.73-1.97 (m, 5 H),
2.50-2.64 (m, 2 H), 2.81-2.96 (m, 2 H), 3.98-4.15 (m, 2 H), 5.82 (m, 1 H), 7.05-7.13 (m, 2 H), 7.12
(m, 1 H), 7.31 (m, 1 H); °C NMR (125 MHz, CDCl;) 8 6.1, 7.1, 12.9, 14.1, 22.7, 25.4, 25.5, 26.0,
29.2, 52.6, 59.7, 79.5, 117.6, 126.0, 127.7, 129.0, 129.4, 135.9, 138.1, 139.6, 174.7; EI-LRMS m/z
414 (M), 385 [(M-Et)']; EI-HRMS calcd for CasH3505Si 414.25902, found 414.25902.

<run 3>

(4aS*,8aR* E)-5-Ethylidene-4a-triethylsiloxy-2,2-dimethylhexahydro-4H-benzo[d][1,3]dioxine

(128). According to the general procedure, a crude product, which was obtained from 124 (103.0
mg, 0.490 mmol), Ni(cod); (13.8 mg, 0.0502 mmol), IPr-HCI (21.6 mg, 0.0508 mmol), ‘BuOK (7.0
mg, 0.0624 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by
flash column chromatography on silica gel (hexane/Et,O = 500/1) to give 128 (158.3 mg, 99%) as a
colorless oil. IR (neat) 1459, 1376, 1098, 1083 cm™'; '"H NMR (500 MHz, CDCl3) 6 0.52 (q, J = 7.8
Hz, 6 H), 0.91 (t, J= 7.8 Hz, 9 H), 1.33 (s, 3 H), 1.45 (s, 3 H), 1.47-1.60 (m, 3 H), 1.67 (d, /= 6.7
Hz, 3 H), 1.93-2.08 (m, 2 H), 2.47 (m, 1 H), 3.62 (d, J=11.2 Hz, 1 H), 3.84 (t, J = 2.3 Hz, 1 H),
4.05 (d, J=11.2 Hz, 1 H), 5.66 (dq, J=2.3, 6.7 Hz, 1 H); >C NMR (125 MHz, CDCl3) & 6.5, 7.0,
13.1,18.9,21.2,24.1, 26.9, 29.4, 66.3, 70.4, 74.3, 98.4, 120.2, 136.4; EI-LRMS m/z 311 [(M-Me)'],
268 [(M-C3Hs0)'].

<run 4>
(E)-2-Ethylidene-4,4-diethoxycarbonyl-1-triethylsiloxybicyclo[3.3.1]nonane (129). According

to the general procedure, a crude product, which was obtained from 125 (147.2 mg, 0.525 mmol),
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Ni(cod); (13.7 mg, 0.0498 mmol), IPr-HCI (22.0 mg, 0.0518 mmol), ‘BuOK (6.4 mg, 0.0570 mmol),
and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column
chromatography on silica gel (hexane/AcOEt = 4/1) to give 129 (205.2 mg, 99%) as a colorless oil.
IR (neat) 1737, 1461, 1240, 1122 cm™; "H NMR (500 MHz, C¢D) & 0.65 (q, J = 7.9 Hz, 6 H), 1.03
(t,J=7.9 Hz, 9 H), 1.35-1.50 (m, 2 H), 1.57-1.73 (m, 6 H), 1.82-1.94 (m, 2 H), 2.36 (d, /= 12.0 Hz,
1 H), 3.14 (s, 1 H), 3.299 (s, 3 H), 3.304 (s, 3 H), 3.33 (s, 1 H), 3.60 (d, /= 17.2 Hz, 1 H), 6.07 (m,
1 H); °C NMR (125 MHz, C¢Ds) 8 5.46, 5.51, 10.7, 20.2, 25.5, 29.8, 34.8, 39.8, 40.1, 50.15, 50.21,
57.0, 63.9, 72.5, 115.7, 137.9, 169.2, 169.6; EI-LRMS m/z 396 (M"), 353 [(M-Et)']; EI-HRMS
calcd for Cy;H3605S1 396.23320, found 396.23334.

<Table 5>

<run 1>
(3aR*,6a8*,E)-3-Ethylidene-3a-triethylsiloxyhexahydro-2H-cyclopenta[b]furan (134).
According to the general procedure, a crude product, which was obtained from 130 (52.2 mg, 0.343
mmol), Ni(cod), (9.0 mg, 0.0498 mmol), IPr-HCI (14.4 mg, 0.0339 mmol), ‘BuOK (4.6 mg, 0.0410
mmol), and Et3SiH (0.28 mL, 1.75 mmol) in THF (3.4 mL) for 30 min, was purified by flash
column chromatography on silica gel (hexane/AcOEt = 40/1) to give 134 (83.8 mg, 90%) as a
colorless oil. IR (neat) 1692, 1460, 1241, 1106, 1058 cm™; "H NMR (500 MHz, CDCl3) § 0.55 (q, J
=7.9Hz, 6 H), 0.92 (t,J=7.9 Hz, 9 H), 1.59 (m, 1 H), 1.60 (dt, /= 6.9, 1.6 Hz, 3 H), 1.67-1.89 (m,
4 H), 1.96 (m, 1 H), 4.20 (d, /= 5.7 Hz, 1 H), 4.45 (dq, J=2.9, 1.6 Hz, 2 H), 5.55 (td, /= 2.9, 6.9
Hz, 1 H); °C NMR (125 MHz, CDCl:) § 6.2, 7.0, 14.6, 24.1, 32.2, 41.8, 69.5, 89.6, 90.9, 116.3,
145.6; EI-LRMS m/z 268 (M"), 253, 239, 225, 197, 115; EI-HRMS calcd for C;5sH»30,Si 268.18586
found 268.18478.

<run 2>

(3aR*,7a8*,E)-3-Ethylidene-3a-triethylsiloxyoctahydrobenzofuran (135). According to the
general procedure, a crude product, which was obtained from 131 (82.5 mg, 0.496 mmol), Ni(cod),
(13.8 mg, 0.0502 mmol), IPr-HCI (21.6 mg, 0.0508 mmol), ‘BuOK (6.9 mg, 0.0615 mmol), and
Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash column
chromatography on silica gel (hexane/AcOEt =40/1) to give 135 (121.7 mg, 87%) as a colorless oil.
IR (neat) 1697, 1459, 1223, 1089 cm™; 'TH NMR (500 MHz, CDCls) § 0.55 (q, J = 8.0 Hz, 6 H),
0.93 (t,J=8.0 Hz, 9 H), 1.22-1.36 (m, 2 H), 1.45-1.54 (m, 3 H), 1.58 (m, 1 H), 1.57 (dt, J=7.0, 1.6
Hz, 3 H), 1.71 (m, 1 H), 1.79 (m, 1 H), 3.75 (dd, /= 5.3, 5.3 Hz, 1 H), 4.43 (q, J = 6.9 Hz, 2 H),
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5.41 (ddq, J= 5.3, 5.3, 7.0 Hz, 1 H); >C NMR (125 MHz, CDCL3) 8 6.5, 7.1, 14.1, 21.6, 22.5, 27.1,
35.4, 67.4, 78.9, 83.0, 114.7, 143.8; EI-.LRMS m/z 282 (M), 253 [(M-Et)']; EI-HRMS calcd for
C16H300,Si 282.20151, found 282.20154.

<run 3>
(3aR*,6aS*,E)-3-Ethylidene-3a-triethylsiloxy-1-tosyloctahydrocyclopenta[b]pyrrole (136).
According to the general procedure, a crude product, which was obtained from 132 (152.4 mg,
0.499 mmol), Ni(cod), (14.0 mg, 0.0509 mmol), IPr-HCI (21.8 mg, 0.0513 mmol), ‘BuOK (6.7 mg,
0.0597 mmol), and Et;SiH (0.40 mL, 2.50 mmol) in THF (5.0 mL) for 30 min, was purified by flash
column chromatography on silica gel (hexane/AcOEt = 10/1) to give 136 (191.7 mg, 91%) as a
colorless oil. IR (neat) 1919, 1689, 1459, 1350, 1239, 1163, 1093 cm'l; 'H NMR (500 MHz,
CDCls) 8 0.22 (dt, J = 14.4, 8.0 Hz, 3 H), 0.28 (dt, /= 14.4, 8.0 Hz, 3 H), 0.71 (dd, J = 8.0, 8.0 Hz,
9 H), 1.57-1.75 (m, 3 H), 1.60 (d, J= 6.9 Hz, 3 H), 1.90-2.08 (m, 3 H), 2.41 (s, 3 H), 3.65 (m, 1 H),
3.78 (dt,J=13.7,2.3 Hz, 1 H), 4.18 (d, J=13.2 Hz, 1 H), 5.55 (dqm, J=2.3, 6.9 Hz, 1 H), 7.32 (d,
J=28.3Hz, 2 H), 7.74 (d, J= 8.3 Hz, 2 H); °C NMR (125 MHz, CDCl;) § 5.8, 6.8, 14.6, 21.5, 24.2,
32.8, 39.4, 51.0, 73.0, 90.3, 119.0, 127.9, 129.5, 133.4, 140.3, 143.4; 143.4; EI-LRMS m/z 392
[(M-Et)"], 290, 266, 237, 223, 209, 115; EI-HRMS calcd for CaH30NO3SSi 392.17157, found
392.17051.

<run 4>

(3aR*,7a8*,E)-3-Ethylidene-3a-triethylsiloxy-1-tosyloctahydro-1H-indole (137). According to
the general procedure, a crude product, which was obtained from 133 (122.4 mg, 0.418 mmol),
Ni(cod); (11.4 mg, 0.0414 mmol), IPr-HCI (17.9 mg, 0.0421 mmol), ‘BuOK (5.9 mg, 0.0526 mmol),
and Et;SiH (0.34 mL, 2.13 mmol) in THF (4.2 mL) for 30 min, was purified by flash column
chromatography on silica gel (hexane/AcOEt = 10/1) to give 137 (173.2 mg, 95%) as a colorless oil.
IR (neat) 1920, 1599, 1459, 1349, 1239, 1164, 1093 cm™; 'TH NMR (500 MHz, CDCl3) & 0.27 (qm,
J=179 Hz, 6 H), 0.74 (t, J= 7.9 Hz, 9 H), 1.05-1.27 (m, 3 H), 1.51-1.60 (m, 3 H), 1.61 (d, J=6.9
Hz, 3 H), 2.07-2.20 (m, 2 H), 2.40 (s, 3 H), 3.59 (m, 1 H), 3.79 (dm, J=13.5 Hz, 1 H), 4.06 (d, J =
13.5 Hz, 1 H), 5.46 (qm, J= 6.9 Hz, 1 H), 7.27 (d, J = 7.4 Hz, 2 H), 7.75 (d, J = 7.4 Hz, 2 H); °C
NMR (125 MHz, CDCls) 8 6.1, 7.0, 14.2,21.4, 23.1, 23.4, 31.7, 33.4, 47.0, 68.8, 79.8, 118.2, 127 .4,
129.4, 136.6, 138.1, 142.7; EI-LRMS m/z 406 [(M-Et)'], 304, 280, 256, 148; EI-HRMS calcd for
C21H3,NO3SSi 406.18722, found 406.18662.
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<Scheme 21>

(3a$*,7aR*)-3a-Hydroxyhexahydro-1H-inden-4(2H)-one (138)'®. Similar to synthesis of 82
from 81, a crude product, which was obtained from ozonization of 118 (55.7 mg, 0.199 mmol) in
CH,Cl; (5 mL) followed by reduction using PPhs (52.1 mg, 0.199 mmol), was treated with a 5%
solution of HF in CH3;CN (4 mL). After usual work up, a crude product was purified by column
chromatography on silica gel (hexane/AcOEt = 3/2) to give 138 (21.1 mg, 2 steps 69%) as colorless
oil. "H NMR (500 MHz, CDCl;) & 1.37 (m, 1 H), 1.56 (m, 1 H), 1.62-1.77 (m, 3 H), 1.85-2.22 (m, 6
H), 2.43-2.59 (m, 2 H), 3.92 (s, 1 H): °C NMR (125 MHz, CDCl;) § 21.4, 26.2, 30.1, 30.7, 37.3,
37.4,52.7,86.5,214.5.

(3aR*,7aS*)-Ta-Hydroxyoctahydro-1H-inden-1-one (139)'®. Similar to synthesis of 82 from 81,
a crude product, which was obtained from ozonization of 119 (119.5 mg, 0.426 mmol) in CH,Cl; (5
mL) followed by reduction using PPh; (112 mg, 0.427 mmol), was treated with a 5% solution of HF
in CH3CN (8 mL). After usual work up, a crude product was purified by column chromatography
on silica gel (hexane/AcOEt = 1/1) to give 139 (47.8 mg, 2 steps 73%) as colorless oil. 'H NMR
(500 MHz, CDCl3) 8 1.30 (m, 1 H), 1.40-1.66 (m, 6 H), 1.74-1.93 (m, 3 H), 2.10 (m, 1 H),
2.22-2.47 (m, 3 H); °C NMR (125 MHz, CDCls) § 20.6, 20.7, 20.9, 24.3, 29.4, 33.2, 40.8, 77.8,
219.8.

(4aR*,8a8*)-8a-Hydroxyoctahydronaphthalen-1(2H)-one (140)'°. Similar to synthesis of 82
from 81, a crude product, which was obtained from ozonization of 120 (68.0 mg, 0.231 mmol) in
CH,Cl; (5 mL) followed by reduction using PPhs (60.6 mg, 0.231 mmol), was treated with a 5%
solution of HF in CH3;CN (8 mL). After usual work up, a crude product was purified by column
chromatography on silica gel (hexane/AcOEt = 1/1) to give 140 (19.3 mg, 2 steps 50%) as colorless
needle. "H NMR (500 MHz, CDCls3) § 1.25-2.13 (m, 13 H), 2.39-2.62 (m, 2 H), 3.87 (s, 1 H): °C
NMR (125 MHz, CDCl;) 6 20.1, 21.2, 26.1, 26.4, 27.5,31.4, 37.3, 44.6, 78.1, 214.5.

<Scheme 22>

2-Ethoxycarbonyl-2-(hex-4-ynyl)cyclohexanone (117). To a suspension of NaH (60% dispersion
in mineral oil, 1.96 g, 48.9 mmol) in DMF (40 mL) was added a solution of 6-iodohex-2-yne (9.10
g, 43.7 mmol) in DMF (40 mL) at 0 °C, and the mixture was stirred at the room temperature for 1 h.
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To the mixture was added a solution of 141 (6.5 mL, 40.6 mmol) in DMF (40 mL) at the same
temperature, and the mixture was stirred at room temperature for 13 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 roughly
purified by column chromatography on silica gel (hexane/AcOEt = 10/1) and purified by column
chromatography on silica gel (toluene) to give 117 (7.42 g, 77%) as a colorless oil. IR (neat) 1713,
1450, 1182 cm™; 'H NMR (500 MHz, CDCls) § 1.26 (t, J = 7.1 Hz, 3 H), 1.32-1.47 (m, 3 H),
1.60-1.78 (m, 7 H), 1.91 (m, 1 H), 1.99 (m, 1 H), 2.09-2.14 (m, 2 H), 2.40-2.54 (m, 3 H), 4.20 (d, J
= 7.1 Hz, 2 H); C NMR (125 MHz, CDCl3) § 3.5, 14.1, 19.1, 22.5, 23.9, 27.6, 34.0, 36.0, 41.1,
60.7, 61.2, 75.8, 78.6, 171.9, 207.9; EI-LRMS m/z 205 [(M-Et)'], 177, 159, 141; EI-HRMS calcd
for C13H 70, 205.12285, found 205.12263.

<Scheme 23>

2-Ethoxycarbonyl-2-(hex-4-ynyl)-3,4-dihydronaphthalen-1(2H)-one (123). Similar to synthesis
of 117 from 141, a crude product, which was obtained from 142*? (1.19 g, 5.26 mmol), NaH (60%
dispersion in mineral oil, 319 mg, 7.99 mmol), 6-iodohex-2-yne (1.36 g, 6.55 mmol) in DMF (26
mL) at room temperature for 2 h, was purified by flash column chromatography on silica gel
(hexane/AcOEt = 10/1) to give 123 (540 mg, 34%) as a yellow oil. IR (neat) 1730, 1688, 1455,
1235, 1095 cm™; "H NMR (500 MHz, CDCl3) 8 1.16 (t, J = 10.4 Hz, 3 H), 1.46-1.66 (m, 2 H), 1.77
(t,J=2.6,3 H), 1.91-2.20 (m, 5 H), 2.57 (dt, J = 13.7, 5.2, 1 H), 2.90-3.11 (m, 2 H), 4.14 (dq, J =
1.7,10.4,2 H), 7.21 (d,/J=7.4 Hz, 1 H), 7.30 (dd,/=7.4, 7.4 Hz, 1 H), 7.46 (dd, J="7.7, 7.7 Hz, 1
H), 8.04 (d, J = 8.0 Hz, 1 H); EI-LRMS m/z 298 (M"), 252, 225; EI-HRMS calcd for C;9H,,03
298.15689, found 298.15690.

2-(Hex-4-ynyl)-3,4-dihydronaphthalen-1(2H)-one (122). To a solution of 123 (347 mg, 1.16
mmol) in DMF (2.4 mL) was added Lil (806 mg, 6.02 mmol) at room temperature, and the mixture
was refluxed for 2 h. After the mixture was diluted with H,O, 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 (hexane/AcOEt = 15/1) to give 122
(229 mg, 87%) as a colorless oil. IR (neat) 1946, 1683, 1455, 1290 cm™; 'H NMR (500 MHz,
CDCls) 6 1.55-1.67 (m, 3 H), 1.77 (t, J = 2.6 Hz, 3 H), 1.90 (m, 1 H), 2.12 (m, 1 H), 2.12-2.28 (m, 3
H), 2.49 (m, 1 H), 2.94-3.05 (m, 2 H), 7.23 (d, /J=7.4 Hz, 1 H), 7.30 (dd, J= 7.8, 7.8 Hz, 1 H), 7.46
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(dd, J=7.4,7.4 Hz, 1 H), 8.02 (d, J = 8.6 Hz, 1 H); EI-LRMS m/z 226 (M"), 211, 159, 145, 118;
EI-HRMS caled for C16H,;50 226.13576, found 226.13578.

<Scheme 24>

4-(Hex-4-ynyl)-2,2-dimethyl-1,3-dioxan-5-one (124). To a suspension of 143% (486.3 mg, 3.74
mmol) in benzene (12.5 mL) were added MS4A (988 mg) and cyclohexylamine (0.86 mL, 7.52
mmol) at room temperature, and the mixture was stirred at the same temperature over night. The
mixture was filtered, and the filtrate was concentrated to give crude 144 as a colorless oil. To a
solution of diethylamine (0.46 mL, 4.45 mmol) in THF (2.5 mL) was added BuLi in hexane (1.65
M, 2.5 mL, 4.13 mmol) at -35 °C, and stirred at the same temperature for 10 min. To the mixture
was added a solution of 144 in THF (2.5 mL) at -78 °C, and the reaction mixture was slowly
warmed to -20 °C for 2 h. To the reaction mixture was added a solution of 6-iodo-2-hexyne (867.5
mg, 4.17 mmol) in THF (2.5 mL) at -78 °C, and the reaction mixture was warmed to room
temperature over a period of 3 h. To the mixture was added saturated NH4CI aqueous solution at
0 °C, and the aqueous layer was extracted with AcOEt. The organic layer was washed with brine,
dried over Na,SQO,, and concentrated. The residue was purified by column chromatography on silica
gel (hexane/AcOEt = 10/1) to give 124 (340 mg, 43%) as a colorless oil. IR (neat) 1748, 1436, 1225
cm-1; "H NMR (500 MHz, CDCl3) § 1.43 (s, 3 H), 1.45 (s, 3 H), 1.53-1.68 (m, 3 H), 1.77 (t, J = 2.6,
3 H), 1.99 (m, 1 H), 2.13-2.19 (m, 2 H), 3.99 (d, /=16.2, 1 H), 4.24 (m, 1 H), 4.25 (d, J=16.2 Hz,
1 H); EI-LRMS m/z 195 [(M-Me)'], 152, 110; EI-HRMS calcd for C;;H;50;5 195.10212, found
195.10171.

<Scheme 25>

Dimethyl 2-(but-2-ynyl)-2-(3-oxocyclohexyl)malonate (125). To a solution of 145 (301 mg,
1.64 mmol) in THF (3.3 mL) were added cyclohex-2-enone (146) (0.18 mL, 1.86 mmol) and DBU
(0.28 mL, 1.87 mmol) at room temperature, and the reaction mixture was stirred over night. After
the mixture was concentrated, the residue was purified by flash column chromatography on silica
gel (hexane/AcOEt = 2/1) to give 125 (242.6 mg, 53%) as a colorless oil. IR (neat) 2236, 1731,
1714, 1435 cm™; "H NMR (500 MHz, CDCls) & 1.35 (m, 1 H), 1.64 (m, 1 H), 1.73 (t, J=2.6 Hz, 3
H), 2.04-2.12 (m, 2 H), 2.16-2.26 (m, 2 H), 2.40 (m, 1 H), 2.54-2.68 (m, 2 H), 2.79 (m, 2 H), 3.737
(s, 3 H), 3.741 (s, 3 H); >C NMR (125 MHz, CDCl3) 8 3.5, 23.3, 24.7, 27.0, 40.6, 41.1, 43.4, 52.5,
52.6, 60.2, 73.0, 79.3, 169.9, 170.0, 210.3; EI-LRMS m/z 249 [(M-OMe)'], 221, 183; EI-HRMS
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calcd for Ci4H;704 249.11268, found 249.11259.

<Scheme 26>

2-(But-2-ynyloxy)cyclopentanone (130). To a suspension of NaH (60% dispersion in mineral oil,
186 mg, 4.66 mmol) in THF (3 mL) was added a solution of compound 148 (579 mg, 3.11 mmol,
prepared from cis-cyclopentane-1,2-diol and 3,4-dihydoro-2H-pyrane by using standard procedure)
in THF (3 mL) at 0 °C, and the mixture was stirred at the room temperature for 30 min. To the
mixture were added a solution of 147 (668 mg, 2.98 mmol, prepared by standard tosylation of
but-2-yn-1-ol with TsCl) in THF (3 mL) and Nal (35.4 mg, 0.236 mmol) at 0 °C, and the mixture
was stirred at the room temperature for 13 h. To the mixture was added saturated NH4Cl aqueous
solution at 0 °C, and the aqueous layer was extracted with AcOEt. The organic layer was washed
with brine, dried over Na,SO4, and concentrated. The residue was roughly purified by column
chromatography on silica gel to give crude THP ester (735 mg) as a colorless oil. To a solution of
the above crude THP ester (735 mg) in MeOH (3 mL) was added a 10% aqueous solution of
hydrochloric acid (3 mL) at 0 °C, and stirred at room temperature for 30 min. To the mixture was
added saturated Na,CO3 aqueous solution, at 0°C, and the aqueous layer was extracted with AcOEt.
The organic layer was washed with brine, dried over Na,SO,4, and concentrated. The residue was
roughly purified by column chromatography on silica gel to give an alcohol 149 (339 mg) as a
colorless oil. To a solution of the crude the alcohol 149 (339 mg) in CH,Cl, (11 mL) were added
PCC (983 mg, 4.56 mmol) and MS4A (2.13 g) at 0 °C, and the mixture was stirred at room
temperature for 13 h. The mixture was diluted with AcOEt and filtered through silica gel pad. After
the filtrate was concentrated, the residue was purified by column chromatography on silica gel
(hexane/AcOEt = 10/1) to give 130 (261 mg, 3 steps 55%) as a colorless oil. IR (neat) 1749, 1451,
1050 cm™; "H NMR (500 MHz, CDCl3) & 1.75-1.86 (m, 2 H), 1.85 (t, J= 2.2 Hz, 3 H), 2.05 (m, 1
H), 2.18-2.39 (m, 3 H), 3.97 (m, 1 H), 4.59 (q, J = 2.2 Hz, 2 H); >C NMR (125 MHz, CDCl5) 8 3.6,
17.2, 29.3, 35.3, 57.9, 74.5, 79.3, 83.0, 216.1; EI-LRMS m/z 124, 99, 84; EI-HRMS calcd for
CsH 120 124.08881 found 128.08824.

2-(But-2-ynyloxy)cyclohexanone (131). To a solution of FeCl; (82.4 mg, 0.508 mmol) in
but-2-yn-1-ol (0.75 mL) was added cyclohexene oxide (0.50 mL, 5.04 mmol) at 0 °C, and the
mixture was stirred at room temperature for 2 h. To the mixture was added H,O, at same

temperature, and the aqueous layer was extracted with Et;O. The organic layer was washed with
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brine, dried over Na,SOs4, and concentrated. The residue was roughly purified by column
chromatography on silica gel (hexane/AcOEt 4/1) to give crude 151 (500 mg) as a colorless oil. To
a solution of the above 151 (500 mg) in CH,ClI, (25 mL) were added PCC (3.26 g, 1.51 mmol) and
MS4A (6.60 g) at 0 °C, and stirred at same temperature over night. The mixture was diluted with
AcOEt, filtered, and the filtrate was concentrated. The residue was purified by column
chromatography on silica gel (hexane/AcOEt = 10/1) to give 131 (255 mg, 2 steps 30%) as a
colorless oil. IR (neat) 2296, 2240, 1721, 1052, 1143, 1110 cm™; '"H NMR (500 MHz, CDCl;) &
1.62-1.77 (m, 3 H), 1.85 (dd, J=2.2, 2.2 Hz, 3 H), 1.90-2.02 (m, 2 H), 2.20-2.35 (m, 2 H), 2.53 (m,
1 H), 4.07 (m, 1H), 4.18 (dq, J=15.4, 2.2 Hz, 2 H), 4.32 (dq, J = 15.4, 2.2 Hz, 2 H); *C NMR (125
MHz, CDCl;) § 3.6, 23.3, 27.6, 34.4, 40.7, 57.5, 74.7, 80.7, 82.8, 209.7; EI-LRMS m/z 166 (M"),
122, 98; EI-HRMS calcd for CioH 40, 166.09938, found 166.09979.

N-(But-2-ynyl)-4-methyl-N-(2-oxocyclopentyl)benzenesulfonamide (132). To a solution of
15279 (742.6 mg, 3.99 mmol), 148 (228.1 mg, 1.02 mmol) and PPh; (1.34 g, 5.13 mmol) in THF (5
mL) was added DIAD (1 mL, 5.08 mmol) at 0 °C. The resulting reaction mixture was stirred at
50 °C for 20 h and concentrated. The residue was roughly purified by column chromatography on
silica gel (hexane/AcOEt = 5/1) to give crude tosylamide (480 mg) as a yellow oil. To a solution of
the above crude tosylamide (480 mg) in MeOH (5 mL) were added 10% HCI aqueous solution at
room temperature, and stirred at same temperature for 30 min. To the mixture was added saturated
NaHCOs; aqueous solution at 0 °C, and the aqueous layer was extracted with AcOEt. The organic
layer was washed with brine, dried over Na,SO4, and concentrated. The residue was roughly
purified by short column chromatography on silica gel (AcOEt) to give crude 153 (400 mg) as a
yellow oil. To a solution of the above 153 (400 mg) in CH,Cl, (10 mL) were added PCC (334 mg,
1.55 mmol) and MS4A (702 mg) at 0 °C, and stirred at same temperature over night. After usual
work up, a crude product was purified by column chromatography on silica gel (toluene/AcOEt =
10/1) to give 132 (190 mg, 3 steps 61%) as a colorless oil. IR (neat) 1923, 1754, 1598, 1451, 1092
cm™; "H NMR (500 MHz, CDCl3) & 1.71 (dd, J = 2.3, 2.3 Hz, 3 H), 1.82 (m, 1 H), 2.07 (m, 1 H),
2.17-2.35 (m, 4 H), 2.42 (s, 3 H), 3.81 (dq, J = 18.3, 2.3 Hz, 1 H), 4.07 (dq, /= 18.3, 2.3 Hz, 1 H),
421 (m, 1 H), 7.30 (d, J= 8.0 Hz, 2 H), 7.81 (d, J= 8.0 Hz, 2 H); °C NMR (125 MHz, CDCl;) &
3.5,18.4,21.5,27.7,35.6, 35.8, 64.2, 73.8, 81.9, 127.6, 129.5, 136.8, 143.5, 213.2; ESI-LRMS m/z
633 [(2M+Na)'], 328 [(M-Na)']; ESI-HRMS caled for C;¢H;oNOsNaS 328.09779, found
328.09720.
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- Chapter 2 -

General Procedure for the Carboxylation of Allenamide

Ni(cod), (1 eq to a substrate) was weighed into a flame-dried flask. To this were added THF (8
mL/mmol) and ligand at 0 °C, and the flask was immersed in a liquid nitrogen bath. After the
mixture had been frozen, the flask was evacuated to 0.05 mmHg. The flask was backfilled with
CO; in a plastic balloon and the frozen mixture was slowly thawed at 0 °C. To this suspension
was added a solution of the substrate in THF (8 mL/mmol) at 0 °C, and the resulting mixture was
stirred at the same temperature. To the mixture wad added 10% aqueous HCI at 0 °C, and the
aqueous layer was extracted with AcOEt. The organic layer was washed with brine, dried over
Na,SOq4, and concentrated in vacuo. The residue was treated with diazomethane in Et,O or MeOH
according to the standard procedure. After the usual work-up, the crude product was purified by

flash column chromatography on silica gel to give the corresponding ester.

Chapter 2, Section 1

<Scheme 35>

0
Ts .
N OMe  Me2 — MeP: 6.5% NOE
Me2 Meb Meb — Mes: 6.0% NOE

(E)-Methyl 2-methyl-3-(N-methyl-NV-tosylamino)acrylate (196). According to the general
procedure, a crude product, which was obtained from 195* (80.8 mg, 0.362 mmol), Ni(cod), (99.8
mg, 0.363 mmol), and DBU (0.11 mL, 0.736 mmol) in THF (5.8 mL) for 2 h, was purified by flash
column chromatography on silica gel (hexane/AcOEt = 4/1) to give 196 (78.1 mg, 76%) as a
colorless oil. IR (film, CH,Cly) 2952, 2361, 2342, 1710, 1637, 1356, 1164 cm-1; "H NMR (500
MHz, CDCI3) 8 1.91 (d,J=1.3 Hz, 3 H), 2.42 (s, 3 H), 3.08 (s, 3 H), 3.72 (s, 3 H), 7.33 (d, /= 8.0
Hz, 2 H), 7.53 (d, J= 1.3 Hz, 1 H), 7.69 (d, J = 8.0 Hz, 2 H); °*C NMR (125 MHz, CDCl3) § 12.5,
21.5,36.0,51.9, 115.4,127.2, 129.9, 134.2, 137.9, 144.4, 168.6; EI-LRMS m/z 283 (M"), 252, 178,
155, 146, 128, 96, 91; EI-HRMS calcd for Ci3H;7NO4S 283.08783, found 283.08826.
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<Table 6>
<run 2>
According to the general procedure, a crude product, which was obtained from 195 (81.2 mg, 0.364
mmol), Ni(cod), (99.7 mg, 0.362 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 1 h,
was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 196 (90.8

mg, 89%) as a colorless oil.

<run 3>

Ni(cod), (99.2 mg, 0.361 mmol) and 1,10-phenanthlorine (65.7 mg, 0.363 mmol) were weighed
into a flame-dried flask. To this was added THF (2.9 mL) at 0 °C, and the flask was immersed in a
liquid nitrogen bath. After the mixture had been frozen, the flask was evacuated to 0.05 mmHg.
The flask was backfilled with CO, in a plastic balloon and the frozen mixture was slowly thawed at
0 °C. To this suspension was added a solution of 195 (81.3 mg, 0.364 mmol) in THF (2.9 mL) at
0 °C, and the resulting mixture was stirred at the same temperature. To the mixture wad added
10% aqueous HCI at 0 °C, and the aqueous layer was extracted with AcOEt. The organic layer
was washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was treated with
diazomethane in MeOH according to the standard procedure. After the usual work-up, the crude
product was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give
196 (4.6 mg, 4%) as a colorless oil.

<run 4>

Ni(cod), (99.7 mg, 0.365 mmol) and DCPE (154.5 mg, 0.366 mmol) were weighed into a
flame-dried flask. To this was added THF (2.9 mL) at 0 °C, and the flask was immersed in a liquid
nitrogen bath. After the mixture had been frozen, the flask was evacuated to 0.05 mmHg. The
flask was backfilled with CO; in a plastic balloon and the frozen mixture was slowly thawed at 0 °C.
To this suspension was added a solution of 195 (81.4 mg, 0.365 mmol) in THF (2.9 mL) at 0 °C,
and the resulting mixture was stirred at the same temperature. To the mixture wad added 10%
aqueous HCI at 0 °C, and the aqueous layer was extracted with AcOEt. The organic layer was
washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue was treated with
diazomethane in MeOH according to the standard procedure. After the usual work-up, the crude
product was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give

only trace amount of 196.
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<run 5>

According to the general procedure, a crude product, which was obtained from 195 (79.3 mg, 0.355
mmol), Ni(cod), (99.6 mg, 0.362 mmol), and TMEDA (55 uL, 0364. mmol) in THF (5.8 mL) for 1
h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 196
(83.8 mg, 82%) as a colorless oil.

<run 6>

According to the general procedure, a crude product, which was obtained from 195 (81.1 mg, 0.363
mmol), Ni(cod), (99.9 mg, 0.363 mmol), and TMEDA (0.11 mL, 0.729 mmol) in THF (5.8 mL) for
1 h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 196
(90.4 mg, 88%) as a colorless oil.

Chapter 2, Section 2

<Scheme 36>

<Eq. 11>
0] @]
O%Nﬁ)kom CH, — Me: 9.5% NOE
] Me — CH,: 7.4% NOE

\T

(E)-Methyl 2-methyl-3-(2-oxazolidon-3-yl)acrylate (198). According to the general procedure, a
crude product, which was obtained from 197" (45.5 mg, 0.364 mmol), Ni(cod), (99.3 mg, 0.361
mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 1 h, was purified by flash column
chromatography on silica gel (hexane/AcOEt = 1/1 ~ AcOEt) to give 198 (33.9 mg, 51%) as a
colorless solid. mp 139-140 °C (recrystallized from CH,Cly/hexane); IR (film CH,Cl,) 2954, 1772,
1703, 1657, 1408, 1203, 748 cm™'; "H NMR (500 MHz, CDCl3) 8 2.02 (s, 3 H), 3.75 (s, 3 H), 4.18
(t, J= 8.0 Hz, 2 H), 4.47 (t, J = 8.0 Hz, 2 H), 7.80 (s, 1 H); °’C NMR (125 MHz, CDCl3)  11.2,
443, 51.7, 62.2, 108.5, 133.4, 155.9, 168.7; EI-LRMS m/z 185 (M"), 154, 153, 125, 109, 81;
EI-HRMS calcd for CgH;1NO4 185.06881, found 185.06883.

<Eq. 12>
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S
MeO™ "N ™" "OMe CH, — Me: 6.7% NOE
P Me — CHy: 3.5% NOE

N/

Ph

According to the general procedure, a crude product, which was obtained from 199 (73.7 mg,
0.363 mmol), Ni(cod); (98.8 mg, 0.359 mmol), and DBU (0.11 mL, 0. mmol) in THF (5.8 mL) for
1 h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1~2/1) to give
200 (20.2 mg, 21%) and 201 (5.7 mg, 6%). (E)-Methyl
3-{N-benzyl-N-(methoxycarbonyl)amino}-2-methylacrylate (200). colorless oil; IR (film
CH,Cly) 2952, 2361, 2342, 1710, 1637, 1356, 1164 cm™; '"H NMR (500 MHz, CDCl3) & 1.78-1.80
(m, 3 H), 3.73 (s, 3 H), 3.79 (s, 1 H), 4.12 (s, 1 H), 7.16-7.35 (m, 5 H), 7.69 (s, 1 H); *C NMR (125
MHz, CDCls) & 12.7, 51.1, 51.9, 53.7, 115.7, 126.5, 127.4, 128.6, 137.3, 137.9, 155.3, 168.9;
EI-LRMS m/z 263 (M"), 231, 204, 172, 91; EI-HRMS calcd for C14H;7NOy4 263.11576, found
263.11511. Methyl 2-[{N-benzyl-N-(methoxycarbonyl)amino}methyl]acrylate (201). colorless
oil; IR (film, CH,Cl,) 2953, 1707, 1472, 1246, 1141, 956, 737 cm™; "H NMR (500 MHz, DMSO-d,
at 100 °C) & 3.66 (s, 3 H), 3.69 (s, 3 H), 4.05 (s, 2 H), 4.45 (s, 2 H), 5.61 (s, 1 H), 6.16 (m, 1 H),
7.21-7.36 (m, 5 H); °C NMR (125 MHz, DMSO-ds, at 100 °C) & 46.5, 49.7, 51.1, 51.9, 124.8,
126.6, 126.9, 127.9, 135.7, 137.3, 155.9, 165.4; EI-LRMS m/z 263 (M), 232, 204, 172, 164, 91;
EI-HRMS calcd for C;4H17NO4 263.11576, found 263.11518.

<Scheme 37>
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0O~ "OMe O~ OMe
major minor
CH, — Bu: 7.7% NOE CH, — H:12.1% NOE
Bu — CH,: 10.6% NOE H — CH,: 6.9% NOE

Methyl 2-[{N-benzyl-N-(methoxycarbonyl)amino}methyl]-4,4-dimethylpent-2-enoate (203).
According to the general procedure, a crude product, which was obtained from 202 (94.5 mg, 0.364
mmol), Ni(cod), (98.4 mg, 0.358 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 13 h,
was purified by flash column chromatography on silica gel (hexane/AcOEt = 10/1) to give 203
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(100.5 mg, 88%, E:Z = 91:9) as a colorless oil. E-203. 'H NMR (500 MHz, DMSO-ds, at 100 °C)
§1.09 (s, 9 H), 3.60 (s, 3 H), 3.64 (s, 3 H), 4.35 (s, 2 H), 4.41 (s, 2 H), 6.63 (s, | H), 7.14-7.35 (m, 5
H). Z-203. "H NMR (500 MHz, DMSO-dg, at 100 °C) & 1.04 (s, 9 H), 3.64 (s, 3 H), 3.66 (s, 3 H),
3.93 (s, 2 H), 4.39 (s, 2 H), 5.49 (s, 1 H), 7.14-7.35 (m, 5 H).

<Table 7>

<run 1>

~ B ~
Boc '.\l/jj oC N/ZLIBU
B Bn

07> 0oMe 07 >OMe

major minor
CH, — Bu: 8.7% NOE CH, — H: 12.7% NOE
Bu — CH,: 5.0% NOE H — CH,: 5.7% NOE

Methyl 2-[{N-benzyl-N-(tert-butoxycarbonyl)amino}methyl]-4,4-dimethylpent-2-enoate (213).
According to the general procedure, a crude product, which was obtained from 205 (109.1 mg,
0.362 mmol), Ni(cod), (99.0 mg, 0.360 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL)
for 15 h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 10/1) to give
213 (118.3 mg, 91%, E:Z = 89:11) as a colorless oil. E-213. colorless oil; IR (neat) 2959, 1721,
1698, 1454, 1249, 1168, 881, 699 cm™; "H NMR (500 MHz, DMSO-ds, at 100 °C) & 1.09 (s, 9 H),
1.40 (s, 9 H), 3.60 (s, 3 H), 4.33 (s, 2 H), 4.35 (s, 2 H), 6.63 (s, 1 H), 7.13-7.34 (m, 5 H); °C NMR
(125 MHz, DMSO-d6, at 100 °C) 8 27.6, 29.5, 32.9, 41.8, 48.4, 50.9, 78.7, 126.10, 126.13, 126.9,
127.8, 138.2, 152.3, 154.5, 167.6; EI-LRMS m/z 305 [(M-"Bu+H)'], 260, 237, 228, 214, 204, 170,
138, 106, 91; EI-HRMS calcd for C;7H»3NO4 305.16271, found 305.16200. Z-213. colorless oil;
IR (film, CH,Cl)) 2956, 1733, 1698, 1454, 1244, 1167, 873, 700 cm™; '"H NMR (500 MHz,
DMSO-dg, 100 °C) 6 1.05 (s, 9 H), 1.41 (s, 9 H), 3.67 (s, 3 H), 3.90 (s, 2 H), 4.34 (s, 2 H), 5.48 (s, 1
H), 7.20-7.35 (m, 5 H); >C NMR (125 MHz, DMSO-ds at 100 °C) § 27.5, 29.0, 32.3, 48.5, 50.3,
50.7,78.8,126.2, 126.4, 126.9, 127.8, 137.6, 143.2, 154.2, 168.4; EI-LRMS m/z 305 [(M-Bu+H)],
274, 260, 248, 214, 204, 182, 170, 150, 138, 106, 91; EI-HRMS calcd for C;7H23NO4 305.16271,
found 305.16224.
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<run 2>

o) (/\’Bu
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0 Bu — CH,: 6.8% NOE
\J O~ "OMe

(E)-Methyl 4,4-dimethyl-2-{(2-oxazolidon-3-yl)methyl}pent-2-enoate (214). According to the
general procedure, a crude product, which was obtained from 206 (64.8 mg, 0.358 mmol), Ni(cod),
(99.4 mg, 0.361 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 16 h, was purified by
flash column chromatography on silica gel (hexane/AcOEt = 4/1~1/1) to give 214 (76.7 mg, 88%)
as a colorless oil. IR (film, CH,Cl,) 2964, 1752, 1714, 1435, 1266, 739 cem™; "TH NMR (500 MHz,
CDCls) & 1.23 (s, 9 H), 3.47-3.52 (m, 2 H), 3.76 (s, 3 H), 4.24-4.28 (m, 2 H), 4.32 (s, 2 H), 7.07 (s,
1 H); *C NMR (125 MHz, CDCl3) 8 30.5, 34.0, 39.8, 44.4, 52.2, 61.9, 124.7, 157.4, 158.1, 168.5;
EI-LRMS m/z 241 (M"), 209, 184, 166, 140, 122, 100; EI-HRMS calcd for C;,H;oNO,4 241.13141,
found 241.13139.

<run 3>
@) C/‘\’Bu
P

\ CH, — Bu: 9.1% NOE
| Bu — CH,: 6.8% NOE
=

O~ "OMe

(E)-Methyl 4,4-dimethyl-2-{(2-pyridon-1-yl)methyl}pent-2-enoate (215). According to the
general procedure, a crude product, which was obtained from 207 (38.7 mg, 0.204 mmol), Ni(cod),
(53.6 mg, 0.195 mmol), and DBU (0.12 mL, 0.802 mmol) in THF (3.2 mL) for 17 h, was purified
by flash column chromatography on silica gel (hexane/AcOEt = 4/1~1/1) to give 215 (29.3 mg,
60%) as a brown oil. IR (neat) 3429, 2958, 1714, 1662, 1588, 1537, 1436, 1235, 767 cm™; '"H NMR
(500 MHz, CDCl3) 6 1.19 (s, 9 H), 3.67 (s, 3 H), 4.91 (s, 2 H), 6.11 (m, 1 H), 6.53 (m, 1 H), 7.20 (s,
1 H), 7.22 (m, 1 H), 7.28 (m, 1 H); °C NMR (125 MHz, CDCl3) § 30.0, 34.3, 44.0, 52.2, 105.6,
120.4, 123.9, 135.6, 139.1, 159.0, 162.8, 167.7; EI-LRMS m/z 249 (M"), 218, 202, 192, 139, 96;
EI-HRMS calcd for C;4H19NO3 249.13649, found 249.13616

<run 4>
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OTBDPS
o (7
o)kN = CH, — Me: 6.8% NOE
] Me — CH,: 9.9% NOE

O~ "OMe

(E)-Methyl 6-tert-butyldiphenylsilyloxy-4,4-dimethyl-2-{(2-oxazolidon-3-yl)methyl}hex-
2-enoate (216). According to the general procedure, a crude product, which was obtained from 208
(162.8 mg, 0.362 mmol), Ni(cod), (100.0 mg, 0.364 mmol), and DBU (0.22 mL, 1.47 mmol) in
THF (5.8 mL) for 16 h, was purified by flash column chromatography on silica gel (hexane/AcOEt
=2/1) to give 216 (126.1 mg, 68%) as a colorless oil. IR (neat) 2954, 2248, 1760, 1719, 1422, 1256,
1038, 775 cm™; "TH NMR (500 MHz, CDCl3) 8 0.13 (s, 6 H), 0.87 (s, 9 H), 1.47 (s, 6 H), 3.47-3.51
(m, 2 H), 3.74 (s, 3 H), 4.22-4.26 (m, 2 H), 4.51 (s, 2 H), 6.93 (s, 1 H); °C NMR (125 MHz,
CDCl) 6 -1.9, 18.1, 25.9, 30.9, 39.4, 44.4, 52.2, 61.7, 74.4, 125.2, 153.7, 158.0, 168.0; EI-LRMS
m/z 342 [(M-Me)'], 300, 225, 213, 144, 100; EI-HRMS calcd for C;sH»sNOsSi 342.17367, found
342.17322.

<run 5>

: ~ o
o C; OB o Wl O%\N,CHg\D
>\\N = )kN

O\J O\J NN Ha XN
0] OMe o) OMe
O~ OMe
minor major
CH, — Me: 3.6% NOE Ha — Hb: 2.5% NOE CH, — HP: 3.4% NOE
Me — CHs: 12.4% NOE Hb — Ha: 2.6% NOE Hb — CH5: 1.9% NOE

According to the general procedure, a crude product, which was obtained from 209 (99.5 mg, 0.361
mmol), Ni(cod), (98.1 mg, 0.357 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 15 h,
was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1~1/1) to give 217
(32.0 mg, 27%), E-221 (28.4 mg, 35%), and Z-221 (4.8 mg, 6%). (E)-Methyl
4-benzyloxy-4-methyl-2-{(2-oxazolidon-3-yl)methyl}pent-2-enoate (217). colorless oil. IR (neat)
2978, 2248, 1754, 1719, 1435, 1266, 916, 767 cm™; '"H NMR (500 MHz, CDCl3) & 1.52 (s, 6 H),
3.27-3.32 (m, 2 H), 3.76 (s, 3 H), 4.07-4.11 (m, 2 H), 4.45 (s, 2 H), 4.47 (s, 2 H), 6.95 (s, 1 H),
7.24-7.36 (m, 5 H); °C NMR (125 MHz, CDCls) 8 27.0, 40.0, 44.4, 52.2, 61.7, 65.0, 75.8, 127.5,
127.7, 128.4, 138.4, 150.6, 158.0, 167.7; EI-LRMS m/z 318 [(M-Me)'], 225, 195, 140, 108, 91;
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EI-HRMS  caled for  Cj7sHyoNOs  318.13415, found  318.13436. (E)-Methyl
4-methyl-2-{(2-oxazolidon-3-yl)methylidene}pent-3-enoate (E-221). colorless solid; mp.
107-109 °C (recrystallized from CH,Cl,/hexane); IR (film, CH,Cl,) 2985, 1775, 1704, 1627, 1400,
1201, 740 cm™; "H NMR (500 MHz, CDCls) & 1.52 (m, 3 H), 1.86 (m, 3 H), 3.72-3.77 (m, 2 H),
3.74 (s, 3 H), 4.37-4.43 (m, 2 H), 5.81 (s, 1 H), 7.88 (s, 1 H); °C NMR (125 MHz, CDCl5) § 19.7,
25.2,43.9,51.9,63.0, 111.1, 117.1, 134.0, 140.0, 156.2, 168.1; EI-LRMS m/z 225 (M"), 225, 193,
166, 149, 138, 120, 106; EI-HRMS calcd for C;1H;sNO4 225.10011, found 225.10009. (Z)-Methyl
4-methyl-2-{(2-oxazolidon-3-yl)methylidene}pent-3-enoate (Z-221). colorless oil; IR (film,
CH,CL,) 2917, 1767, 1712, 1624, 1401, 1158, 738 cm™; 'H NMR (500 MHz, CDCl3) & 1.72 (m, 3
H), 1.82 (m, 3 H), 3.75 (s, 3 H), 3.94-3.98 (m, 2 H), 4.40-4.46 (m, 2 H), 5.78 (m, 1 H), 6.84 (s, 1
H); >C NMR (125 MHz, CDCl;) 8 19.1, 26.4, 44.5, 51.9, 62.8, 111.6, 120.5, 131.9, 136.7, 156.5,
167.5; EI-LRMS m/z 225 (M)", 225, 193, 166, 149, 138, 120, 106; EI-HRMS calcd for C;;H;sNOy
225.10011, found 225.09994.

OTBS
0
PN CHj — Me: 3.5% NOE
o) Me — CHy: 4.4% NOE

O~ "OMe

<run 6>

According to the general procedure, a crude product, which was obtained from 210 (107.5 mg,
0.361 mmol), Ni(cod), (99.5 mg, 0.362 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL)
for 18 h, was purified by flash column chromatography on silica gel (hexane/AcOEt = 4/1~1/1) to
give 218 (376 mg, 27%) and E-221 (11.0 mg, 13%). (E)-Methyl
4-tert-butyldimethylsilyloxy-4-methyl-2-{(2-oxazolidon-3-yl)methyl} pent-2-enoate (218).
colorless oil; IR (neat) 2956, 1755, 1714, 1428, 1258, 1109, 704 cm™; "H NMR (500 MHz, CDCl;)
01.02 (s, 9 H), 1.21 (s, 9 H), 1.78 (t,J = 6.9 Hz, 2 H), 3.35-3.40 (m, 2 H), 3.67 (t, J= 6.9 Hz, 2 H),
3.72 (s, 3 H), 4.13-4.17 (m, 2 H), 4.23 (s, 2 H), 7.05 (s, 1 H), 7.36-7.45 (m, 6 H), 7.62-7.66 (m, 4
H); >C NMR (125 MHz, CDCl;)  19.0, 26.7, 28.5, 36.3, 39.9, 44.4, 46.2, 52.1, 60.9, 61.8, 124.9,
127.6, 129.6, 133.6, 135.5, 156.6, 158.1, 168.3; EI-LRMS m/z 494 [(M-Me)'], 452, 365, 268, 213,
183, 135, 107; EI-HRMS calcd for CosH36NOsSi 494.23627, found 464.23636.

<run 7>
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o»\N 7 CH, — Me: 4.9% NOE
] Me — CH,: 3.4% NOE
0O~ "OMe

(E)-Methyl 2-{(2-oxazolidon-3-yl)methyl}but-2-enoate (219). According to the general procedure,
a crude product, which was obtained from 211 (50.2 mg, 0.361 mmol), Ni(cod), (99.4 mg, 0.361
mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 1 h, was purified by flash column
chromatography on silica gel (hexane/AcOEt = 1/1) to give 219 (32.0 mg, 44%) as a colorless oil.
IR (neat) 2952, 1752, 1714, 1650, 1436, 1273, 1053, 761 cm™; '"H NMR (500 MHz, CDCl3) & 1.99
(d, J=17.3 Hz, 3 H), 3.53-3.57 (m, 2 H), 3.76 (s, 3 H), 4.17 (s, 2 H), 4.25-4.30 (m, 2 H), 7.17 (q, J =
7.3 Hz, 1 H); °C NMR (125 MHz, CDCl3) & 14.8, 39.3, 44.8, 52.0, 61.9, 127.7, 144.5, 158.1,
167.5; EI-LRMS m/z 200, 199 (M), 184 [(M-Me)'], 167, 155, 140, 123, 111, 100, 96; EI-HRMS
calcd for CoH 3NO4 199.08446, found 199.08402.

<run 8>

Methyl 3-methyl-2-{(2-o0xazolidon-3-yl)methyl}but-2-enoate (220). According to the general
procedure, a crude product, which was obtained from 212 (55.0 mg, 0.359 mmol), Ni(cod), (99.4
mg, 0.361 mmol), and DBU (0.22 mL, 1.47 mmol) in THF (5.8 mL) for 1 h, was purified by flash
column chromatography on silica gel (hexane/AcOEt = 1/1) to give 220 (45.3 mg, 59%) as a
colorless oil. IR (neat) 2951, 1753, 1716, 1635, 1432, 1222, 1093, 1060, 762 cm™; "H NMR (500
MHz, CDCls) 6 1.97 (s, 3 H), 2.08 (s, 3 H), 3.47-3.51 (m, 2 H), 3.75 (s, 3 H), 4.17 (s, 2 H),
4.25-4.30 (m, 2 H); °C NMR (125 MHz, CDCls) & 22.7, 23.5, 42.7, 44.2, 51.6, 61.8, 122.3, 151.6,
158.1, 167.5; EI-LRMS m/z 213 (M)", 181 [(M-MeO-H) ], 153, 125, 110, 100, 95; EI-HRMS calcd
for C;oHsNO4 213.10011, found 213.10018.

<Scheme 38>

Methyl N-benzyl-N-(propa-1,2-dien-1-yl)carbamate (199). To a solution of 222 (1.44 g, 9.91
mmol) in CH,Cl, (40 mL) were added NaHCOs (2.54 g, 30.2 mmol) and CICO,Me (1.15 mL, 14.9
mmol), and the mixture was stirred at room temperature for 24 h. To the mixture was added H,O,
and the aqueous layer was extracted with CH,Cl,. The organic layer was dried over Na,SO4 and

concentrated. The residue was roughly purified by short column chromatography on silica gel

(CH,Cl,) to give crude 16 (1.92 g), which was dissolved in DMF (40 mL). To the DMF solution
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was added ‘BuOK (339.3 mg, 3.02 mmol) at room temperature, and the mixture was stirred at the
same temperature for 30 min. To the mixture was added saturated NH4Cl aqueous solution, and
the aqueous layer was extracted with Et;O. The organic layer was washed with brine, dried over
NaySO4 and concentrated. The residue was purified flash column chromatography on silica gel
(hexane/AcOEt = 20/1) to give 199 (832.3 mg, 2 steps 41%) as a colorless oil. IR (neat) 2955,
1962, 1711, 1465, 1311, 1228 cm™; "H NMR (500 MHz, DMSO-ds, 100 °C) & 3.73 (s, 3 H), 4.56 (s,
2 H), 5.35 (d, J= 6.3 Hz, 2 H), 7.09 (t, J= 6.3 Hz, 1 H), 7.20-7.26 (m, 3 H), 7.29-7.34 (m, 2 H); "°C
NMR (125 MHz, DMSO-dg, 100 °C) 6 47.8, 52.5, 87.1, 99.7, 126.6, 126.7, 127.8, 137.1, 153.4,
200.6; EI-LRMS m/z 203 (M), 202, 188, 158, 144, 115, 91; EI-HRMS calcd for C;,H;;NO;
202.08680, found 202.08649.

<Scheme 39>

N-Benzyl-4,4-dimethylpent-2-yn-1-amine (225). A solution of 224°” (7.00 g, 36.8 mmol) in
hexane (6 mL) was added to neat BnNH, (24 mL, 220 mmol) at 0 °C, and mixture was stirred at
room temperature for 18 h. After the mixture was concentrated in vacuo, the residue was purified
by flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 225 (4.65 g, 63%) as a
colorless oil. IR (neat) 3322, 2968, 2226, 1742, 1455, 1362, 1263, 737, 698 cm™; 'H NMR (500
MHz, CDCl;) & 1.24 (s, 9 H), 3.40 (s, 2 H), 3.86 (s, 2 H), 7.24-7.36 (m, 5 H); °C NMR (125 MHz,
CDCly) o 274, 31.2, 37.8, 52.3, 76.2, 92.5, 127.0, 128.36, 128.42, 139.7; EI-LRMS m/z 200
[(M-H)'], 186, 158, 144, 110, 91; EI-HRMS calcd for C;4H;sN 200.14392, found 200.14332.

Methyl N-benzyl-N-(4,4-dimethylpenta-1,2-dien-1-yl)carbamate (202). Similar to the synthesis
of 199 from 222, a crude product, which was obtained from 225 (5.20 g, 25.8 mmol), CICO,Me (3
mL, 38.9 mmol), NaHCO; (6.51g, 77.5 mmol), CH,Cl, (50 mL) for 14 h, was roughly purified by
short column chromatography on silica gel (CH,Cl,) to give crude 226 (6.55 g), which was
dissolved in DMF (50 mL). To the DMF solution was added ‘BuOK (2.13 g, 19.0 mmol) at room
temperature, and the mixture was stirred at the same temperature for 3 h.  After the usual work-up,
a crude product was purified flash column chromatography on silica gel (hexane/AcOEt = 20/1) to
give 202 (3.09 g, 2 steps 46%) as a colorless solid. mp. 49-50 °C (recrystallized from hexane); IR
(neat) 2960, 1963, 1704, 1340, 1265, 739 cm™; "TH NMR (500 MHz, DMSO-dj, at 100 °C) & 0.88 (s,
9 H), 3.74 (s, 3 H), 4.57 (s, 2 H), 5.68 (d, /= 5.7 Hz, 1 H), 7.08 (d, /= 5.7 Hz, 1 H), 7.15-7.25 (m,
3 H), 7.27-7.33 (m, 2 H); *C NMR (125 MHz, DMSO-dj, at 100 °C) § 28.6, 31.9, 47.6, 52.5, 100.9,
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114.2, 126.0, 126.3, 127.7, 137.1, 153.6, 190.4; EI-LRMS m/z 259 (M"), 244, 216, 202, 170, 144,
91; EI-HRMS calcd for CisH21NO, 259.15723, found 259.15748.

<Scheme 40>

Methyl 2-[{/N-benzyl-N-(methoxycarbonyl)amino}methyl]-4,4-dimethylpentanoate (227). To a
solution of 203 (E:Z = 91:9, 31.9 mg, 99.9 umol) in AcOEt (2 mL) was added Pd(OH),/C (20
w/w% on charcoal, 10.0 g, 7.12 mmol), and the mixture was stirred at room temperature for 8 h.
After the Pd catalyst was removed by filtration through silica gel pad, the filtrate was concentrated.
The residue was purified by flash column chromatography on silica gel (hexane/AcOEt = 10/1~4/1)
to give 227 (30.8 mg, 96%) as colorless oil. IR (neat) 2953, 1736, 1708, 1475, 1237, 1119, 701
cm™; "H NMR (500 MHz, DMSO-ds, at 100 °C) & 0.83 (s, 9 H), 1.16 (dd, J = 3.0, 14.3 Hz, 1 H),
1.62 (dd, J=9.1, 14.3 Hz, 1 H), 2.77 (dddd, J = 3.0, 5.8, 9.1, 9.1 Hz, 1 H), 3.25 (dd, J = 5.8, 14.0
Hz, 1 H), 3.26 (dd, J = 9.1, 14.0 Hz, 1 H), 3.60 (s, 3 H), 3.65 (s, 3 H), 4.31 (d, /= 15.5 Hz, 1 H),
453 (d,J=15.5, 1 H), 7.20-7.36 (m, 5 H); >C NMR (125 MHz, DMSO-ds, at 100 °C) § 28.5, 29.7,
40.4, 42.6, 50.1, 50.2, 50.8, 51.8, 126.6, 126.8, 127.9, 137.3, 155.9, 174.6; EI-LRMS m/z 321 (M)",
290, 274, 262, 230, 178, 91; EI-HRMS calcd for C;sH27NO, 321.19401, found 321.19357.

<Scheme 41>

tert-Butyl N-benzyl-N-(4,4-dimethylpenta-1,2-dien-1-yl)carbamate (205). To a solution of 225
(780 mg, 3.88 mmol) in CH,ClI, (16 mL) was added (Boc),O (1.27 g, 5.82 mmol), and the mixture
was stirred at room temperature for 22 h. To the mixture was added saturated Na,CO; aqueous
solution was added, and the aqueous layer was extracted with CH,Cl,. The organic layer was
washed with brine, dried over Na;SO,, and concentrated. The residue was roughly purified by
short column chromatography on silica gel (hexane/AcOEt = 10/1) to give crude 228 (1.29 g),
which was dissolved in DMF (20 mL). To the DMF solution was added ‘BuOK (646.0 mg, 5.76
mmol) at room temperature, and the mixture was stirred at the same temperature for 7 h.  After the
usual work-up, a crude product was purified flash column chromatography on silica gel
(hexane/AcOEt = 20/1) to give 205 (767.1 mg, 2 steps 65%) as a colorless oil. IR (neat) 2961,
1962, 1704, 1445, 1165, 894 cm™; "H NMR (500 MHz, DMSO-ds, at 100 °C) & 0.89 (s, 9 H), 1.44
(s, 9 H), 4.52 (s, 2 H), 5.67 (d, J = 6.0 Hz, 1 H), 7.09 (d, J = 6.0 Hz, 1 H), 7.15-7.25 (m, 3 H),
7.27-7.33 (m, 2 H); °C NMR (125 MHz, DMSO-d;, at 100 °C) & 27.4, 28.6, 31.9, 47.4, 80.2, 101.2,
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114.0, 125.9, 126.1, 127.6, 137.5, 152.0, 190.2; EI-LRMS m/z 301 (M"), 245, 230, 200, 188, 144,
91; EI-HRMS calcd for Ci9H»7NO, 301.20418, found 301.20405.

<Scheme 42>

3-(4,4-Dimethylpenta-1,2-dien-1-yl)oxazolidin-2-one (206). To a suspension of NaH (60% in
mineral oil, 358.7 mg, 8.97 mmol) in DMF (30 mL) was added 229 (764 mg, 8.77 mmol) at 0 °C,
and the mixture was stirred at room temperature for 30 min. To the mixture was added a solution
of 224 (1.51g, 7.96 mmol) in DMF (10 mL) at 0 °C, and the resulting mixture was stirred at room
temperature for 16 h. To the mixture was added saturated NH4Cl aqueous solution, and the
organic layer was extracted with Et;O. The organic layer was washed with brine, dried over
Na,SOy4 dry, and concentrated. The residue was roughly purified by short column chromatography
on silica gel (AcOEt) to give crude 230 (1.52 g), which was dissolved in DMF (15 mL). To the
DMF solution was added ‘BuOK (499.4 mg, 4.45 mmo) at room temperature, and the mixture was
stirred at the same temperature for 41 h. After the usual work-up, a crude product was purified
flash column chromatography on silica gel (hexane/AcOEt = 4/1) to give 206 (609 mg, 2 steps
42%) as a colorless solid. mp 51-52 °C (recrystallized from hexane); IR (film, CH,Cl,) 2962,
1966, 1753, 1450, 1236, 1056, 738 cm™; '"H NMR (500 MHz, CDCl3)  1.05 (s, 9 H), 3.50-3.62 (m,
2 H), 4.37-4.46 (m, 2 H), 5.82 (d, J= 5.7 Hz, 1 H), 6.86 (d, J = 5.7 Hz, 1 H); >C NMR (125 MHz,
CDCl3) 8 29.7, 32.9, 43.1, 62.1, 98.1, 115.5, 155.3, 191.5; EI-LRMS m/z 181 (M"), 166, 122, 94,
81; EI-HRMS calcd for CoH;sNO, 181.11028, found 181.10978.

1-(4,4-Dimethylpenta-1,2-dien-1-yl)-2-pyridone (207). To a solution of 231 (1.05 g, 5.53 mmol)
in DMF (25 mL) were added 224 (491.3 mg, 5.17 mmol) and K,CO3 (1.38 g, 9.99 mmol) at room
temperature, and the mixture was stirred at 60 °C for 4 days. To the mixture was added saturated
NH4Cl aqueous solution, 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 roughly purified by
short column chromatography on silica gel (hexane/AcOEt = 2/1~1/1) to give crude 232 (400 mg),
which was dissolved in DMF (8 mL). To the DMF solution was added ‘BuOK (150 mg, 1.36
mmol), and the mixture was stirred at room temperature for 5 h. After the usual work-up, a crude
product was purified flash column chromatography on silica gel (hexane/AcOEt = 2/1~1/1) to give
207 (49.9 mg, 2 steps 5% yield) as a black oil. IR (neat) 3476, 2961, 1962, 1666, 1591, 1537, 1260,
1067 cm™; "TH NMR (500 MHz, CDCl3) § 1.12 (s, 9 H), 6.01 (d, J= 6.3 Hz, 1 H), 6.19 (m, 1 H),
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6.59 (m, 1 H), 7.26 (m, 1 H), 7.46 (m, 1 H) 7.71 (d, J= 6.3 Hz, 1 H); °C NMR (125 MHz, CDCls)
 29.8, 33.6, 47.6, 98.9, 106.6, 117.0, 121.2, 132.7, 138.9, 160.9, 193.2; EI-LRMS m/z 189 (M"),
174, 130, 96; EI-HRMS calcd for C;,H;sNO 189.11536, found 189.11552.

<Scheme 43>

6-tert-Butyldiphenylsilyloxy-4,4-dimethylhex-2-yn-1-ol (236). To a solution of 233 (6.69 g, 18.8
mmol) in CH,Cl, (40 mL) were added MS4A (10.6 g) and NMO (3.21 g, 27.4 mmol), and the
mixture was stirred at room temperature for 10 min. To the suspension were added TPAP (202.2 mg,
0.573 mmol), and the mixture was stirred at same temperature for 1.5 h. After filtration through
Celite® pad, and the filtrate was concentrated. The residue was roughly purified by short column
chromatography on silica gel (CH,Cl,) to give crude 234 (6.63 g). To a solution of PPh; (19.4 g,
74.9 mmol) in CH,Cl, (36 mL) was added a solution of CBrs (12.2 g, 36.8 mmol) in CH,Cl, (20
mL) at 0 °C, and the mixture was stirred at the same temperature for 15 min. To the mixture was
added a solution of 234 (6.63 g) in CH,Cl, (20 mL) at 0 °C, and the mixture was stirred at the same
temperature for 30 min. After additional stirring at room temperature for 2 h, the mixture was
diluted with AcOEt. After the mixture was filtered through short column packed with a mixture of
Celite® and silica gel (1/1), and the filtrate was concentrated. The residue was purified by short
column chromatography on silica (hexane/AcOEt = 10/1) to give 235 (8.18 g), which was dissolved
in THF (80 mL). To the THF solution was added a solution of BuLi (1.58 M, 22.5 mL, 35.6
mmol) in hexane at -78 °C, and the mixture was stirred at the same temperature for 1 h, then
warmed to room temperature over 30 min. To the mixture was added paraformaldehyde (4.74 g,
158 mmol) at -78 °C, and the mixture was stirred at an ambient temperature for 15 h. To the
mixture was added saturated NH4Cl aqueous solution, 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 flash column chromatography on silica gel (hexane/AcOEt = 10/1) to give
236 (2.65 g, 3 steps 37%) as colorless oil. IR (neat) 3343, 2931, 1960, 1890, 1824, 1589, 1428,
1110, 702 cm™; "H NMR (500 MHz, CDCl3) 8 1.04 (s, 9 H), 1.17 (s, 6 H), 1.72 (t, J = 7.3 Hz, 2 H),
3.85 (t,J=7.3 Hz, 2 H), 4.12-4.15 (m, 2 H), 7.36-7.45 (m, 6 H), 7.66-7.70 (m, 4 H); °C NMR (125
MHz, CDCls) & 19.1, 26.8, 29.6, 29.8, 45.1, 51.3, 61.6, 92.8, 127.6, 129.5 133.9, 135.6; EI-LRMS
m/z 323 [(M-Bu)'], 305, 237, 199, 139, 91; EI-HRMS calcd for Cy0H»30,Si 323.14673, found
323.14659.
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3-(6-tert-Butyldiphenylsilyloxy-4,4-dimethylhexa-1,2-dien-1-yl)oxazolidin-2-one (208).

To a solution of 236 (1.45 g, 3.80 mmol) in CH,Cl, (19 mL) were successively added Et;N (0.64
mL, 4.59 mmol) and MsCl (0.35 mL, 4.52 mmol), and the mixture was stirred at 0 °C for 30 min.
To the mixture was added H,O, and the aqueous layer was extracted with CH,Cl,. The organic
layer was dried over Na,SO4 and concentrated. The residue was roughly purified by short column
chromatography on silica gel (CH,Cl,) to give crude 237 (1.80 g). To a suspension of NaH (60%
dispersion in mineral oil, 206.9 mg, 5.17 mmol) in DMF (7.5 mL) was added 229 (340.3 mg, 3.91
mmol), and the mixture was stirred at 1 h. To the mixture was added a solution of 237 (1.80 g) in
DMF (7.5 mL), and the mixture was stirred at room temperature for 3 h. To the mixture was
added saturated NH4Cl aqueous solution, 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
roughly purified by short column chromatography on silica gel to give crude 238 (1.70 g), which
was dissolved in DMF (19 mL). To the DMF solution was added ‘BuOK (120.4 mg, 1.07 mmol)
at room temperature, and the mixture was stirred at room temperature for 1 min. After the usual
work-up, a crude product was purified by flash column chromatography on silica gel
(hexane/AcOEt= 2/1) to give 208 (1.04 g, 3 steps 61% yield) as a colorless oil. IR (film CH,Cl,)
2960, 1965, 1760, 1446, 1112, 704 cm™; "H NMR (500 MHz, CDCl3) § 0.97 (s, 3 H), 1.00 (s, 3 H),
1.03 (s, 9 H), 1.58-1.61 (m, 2 H), 3.20-3.33 (m, 2 H), 3.63-3.73 (m, 2 H), 4.20-4.30 (m, 2 H), 5.70
(d, J=6.0 Hz, 1 H), 6.78 (d, J = 6.0 Hz, 1 H), 7.36-7.46 (m, 6 H), 7.62-7.69 (m, 4 H); °C NMR
(125 MHz, CDCl;) 6 19.0, 26.7, 27.3, 28.3, 34.9,43.0, 44.7, 61.1, 62.1, 98.2, 114.1, 127.61, 127.63,
129.6, 133.8, 135.50, 135.53, 155.2, 192.1; EI-LRMS m/z 434 [(M-Me) '], 392, 362, 314, 268, 224,
199, 167; EI-HRMS calcd for C,6H3:NO3Si 434.21514, found 434.21429.

<Scheme 44>

4-Benzyloxy-4-methylpent-2-yn-1-ol (241). To a suspension of NaH (2.02 g, 50.5 mmol) in THF
(100 mL) was added 239 (4 mL, 41.3 mmol) at 0 °C, and the mixture was stirred at room
temperature for 30 min. To the mixture were successively added BusNI (760.3 mg, 2.06 mmol)
and BnBr (6 mL, 50.4 mmol) at room temperature, and the resulting mixture was stirred at the same
temperature for 4 h. To the mixture was added saturated NH4Cl aqueous solution, 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 short column chromatography on silica gel

(hexane/AcOEt = 20/1) to give crude 240 (7.87 g), which was dissolved in THF (80 mL). To the
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THF solution was added a solution of BuLi (1.64 M, 28 mL, 45.9 mmol) at -78 °C, and the mixture
was stirred at the same temperature for 30 min. To the mixture was added paraformaldehyde (1.47
g, 49.0 mmol) at -78 °C, and the mixture was stirred at an room temperature for 19 h. To the
mixture was added saturated NH4Cl aqueous solution, 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 flash column (hexane/AcOEt = 4/1) to give 241 (5.01 g, 2 steps 59%) as
colorless oil. IR (neat) 3390, 2984, 1953, 1246, 1156, 1058, 699 cm™; '"H NMR (500 MHz,
CDCls) & 1.55 (s, 3 H), 4.28-4.31 (m, 2 H), 4.63 (s, 2 H), 7.24-7.39 (m, 5 H); >°C NMR (125 MHz,
CDCls) & 28.8, 51.1, 66.4, 70.5, 82.4, 88.0, 127.3, 127.6 128.3, 139.0; EI-LRMS m/z 189
[(M-Me)'], 173, 159, 145, 91; EI-HRMS calcd for C;,H;30, 189.09155, found 189.09148.

3-(4-Benzyloxy-4-methylpenta-1,2-dien-1-yl)oxazolidin-2-one (209). To a solution of 241 (1.02 g,
4.99 mmol) in CH,Cl, (20 mL) were successively added Et;N (0.8 mL, 5.74 mmol) and MsClI (0.45
mL, 5.81 mmol), and the mixture was stirred at 0 °C for 30 min. To the mixture was added H,O,
and the aqueous layer was extracted with CH,Cl,. The organic layer was dried over Na,SO4 and
concentrated. The residue was roughly purified by short column chromatography on silica gel
(CH,Cl,) to give crude 242 (1.50 g). To a suspension of NaH (60% dispersion in mineral oil,
246.7 mg, 6.17 mmol) in DMF (10 mL) was added 229 (431 mg, 4.95 mmol), and the mixture was
stirred at 30 min. To the mixture was added a solution of 242 (1.50 g) in DMF (10 mL), and the
mixture was stirred at room temperature for 15 h. To the mixture was added saturated NH4Cl
aqueous solution, and the aqueous layer was extracted with Et;0. The organic layer was washed
with brine, dried over Na,SO4, and concentrated. The residue was roughly purified by short
column chromatography on silica gel to give crude 243 (1.75 g), which was dissolved in DMF (20
mL). To the DMF solution was added ‘BuOK (153 mg, 1.36 mmol) at room temperature, and the
mixture was stirred at room temperature for 30 min.  After the usual work-up, a crude product was
purified by flash column chromatography on silica gel (hexane/AcOEt= 2/1) to give 209 (877 mg, 3
steps 64% yield) as a colorless solid. mp 73-75 °C (recrystallized from CH,Cl,/Hex); IR (film,
CH,Cl,) 2979, 1968, 1758, 1449, 1230, 1056, 737 cm™"; "H NMR (500 MHz, CDCl3) 8 1.40 (s, 3 H),
1.41 (s, 3 H), 3.52-3.65 (m, 2 H), 4.39-4.48 (m, 4 H), 5.97 (d,/=5.7 Hz, 1 H), 6.99 (d, J= 5.7 Hz,
1 H), 7.24-7.36 (m, 5 H); °C NMR (125 MHz, CDCls)  26.5, 26.7, 43.1, 62.2, 65.4, 98.9, 110.8,
127.4 (2 C), 128.4, 139.0, 155.2, 193.9; ESI-LRMS m/z 296 [(M+Na)'], 166; ESI-HRMS calcd for
Ci6H19NNaO3 269.12571, found 296.12558.
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<Scheme 45>

3-(4-tert-Butyldimethylsilyloxy-4-methylpenta-1,2-dien-1-yl)oxazolidin-2-one (210). Similar to
that of the synthesis of 241 to 209, a crude product, which was obtained from 244" (1.27 g, 5.56
mmol), MsCl (0.52 mL, 6.72 mmol), and Et;N (0.95 mL, 6.82 mmol) in CH,Cl, (11 mL), was
roughly purified by short column chromatography on silica gel (CH,Cl,) to give crude 245 (1.78 g).
To a suspension of NaH (283.8 mg, 7.10 mmol) in DMF (11 mL) was added 229 (493 mg, 5.67
mmol), and the mixture was stirred at room temperature for 30 min. To the mixture was added a
solution of 245 (1.78 g) in DMF (22 mL), and the mixture was stirred at room temperature for 3 h.
To the mixture was added saturated NH4Cl aqueous solution, and the aqueous layer was extracted
with Et,0. The organic layer was washed with brine, dried over Na;SQOs, and concentrated. The
residue was roughly purified by short column chromatography on silica gel (AcOEt) to give crude
246 (2.02 g), which was dissolved in DMF (22 mL). To the DMF solution was added ‘BuOK
(172.7 mg, 1.54 mmol), and the mixture was stirred at room temperature for 3 h. After the usual
work-up, a crude product was purified by flash column chromatography on silica gel
(hexane/AcOEt = 4/1) to give 210 (908 mg, 3 steps 55% yield) as a colorless solid. mp 49-50 °C
(recrystallized from heane); IR (film, CH,Cl,) 2929, 1970, 1761, 1450, 1229, 1055, 835, 739 cm™;
"H NMR (500 MHz, CDCl3) & 0.06 (s, 6 H), 0.84 (s, 9 H), 1.31 (s, 3 H), 1.32 (s, 3 H), 3.48-3.61 (m,
2 H), 4.37-4.45 (m, 2 H), 5.93 (d, J= 6.3 Hz, 1 H), 6.88 (d, J = 6.3 Hz, 1 H); °C NMR (125 MHz,
CDCl) 8 -2.27,-2.25,17.9, 25.6, 30.3, 30.5, 43.2, 62.1, 72.5, 98.6, 113.9, 155.2, 191.2; ESI-LRMS
m/z 320 [(M+Na) '], 298, 173; ESI-HRMS calcd for C;5sH,;NNaO;Si 320.16524, found 320.16538.

Chapter 2, Section 3

<Scheme 47>

<Eq. 15>

Ni(cod), (98.7 mg, 0.359 mmol) was weighed into a flame-dried flask. To this was added THF
(2.9 mL) and DBU (0.22 mL, 1.47 mmol) at 0 °C, and the flask was immersed in a liquid nitrogen
bath. After the mixture had been frozen, the flask was evacuated to 0.05 mmHg. The flask was
backfilled with CO; in a plastic balloon and the frozen mixture was slowly thawed at 0 °C. To this
suspension was added a solution of 195 (81.4 mg, 0.365 mmol) in THF (2.9 mL) at 0 °C, and the
resulting mixture was stirred for 1 h at the same temperature. To the mixture wad added 10%

DCI1/D,0 at 0 °C, and the aqueous layer was extracted with AcOEt. The organic layer was washed
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with brine, dried over Na,SO4, and concentrated in vacuo. The residue was treated with
diazomethane in MeOH according to the standard procedure. After the usual work-up, the crude
product was purified by flash column chromatography on silica gel (hexane/AcOEt = 10/1~4/1) to
give 196-D (91.5 mg, 90%) as a colorless oil. 'H NMR (400 MHz, CDCl;) & 1.89-1.92 (m, 2 H),
242 (s, 3 H), 3.07 (s, 3 H), 3.71 (s, 3 H), 7.27 (d, /= 8.2 Hz, 2 H), 7.46 (m, 1 H), 7.63 (d, J=8.2
Hz, 2 H).

<Eq. 16>

Ni(cod), (99.6 mg, 0.362 mmol) was weighed into a flame-dried flask. To this was added THF
(2.9 mL) and DBU (0.22 mL, 1.47 mmol) at 0 °C, and the flask was immersed in a liquid nitrogen
bath. After the mixture had been frozen, the flask was evacuated to 0.05 mmHg. The flask was
backfilled with CO; in a plastic balloon and the frozen mixture was slowly thawed at 0 °C. To this
suspension was added a solution of 202 (93.3 mg, 0.360 mmol) in THF (2.9 mL) at 0 °C, and the
resulting mixture was stirred for 21 h at the same temperature. To the mixture wad added 10%
DCI1/D,0 at 0 °C, and the aqueous layer was extracted with AcOEt. The organic layer was washed
with brine, dried over Na,SO4, and concentrated in vacuo. The residue was treated with
diazomethane in MeOH according to the standard procedure. After the usual work-up, the crude
product was purified by flash column chromatography on silica gel (hexane/AcOEt = 20/1~4/1) to
give 203-D (111.2 mg, 84%, E:Z = 87:13). E-203-D: '"H NMR (500 MHz, DMSO-dj, at 100 °C) &
1.09 (s, 9 H), 3.60 (s, 3 H), 3.64 (s, 3 H), 4.33 (s, 1 H), 4.41 (s, 2 H), 6.63 (s, 1 H), 7.14-7.35 (m, 5
H). Z-203-D: "H NMR (500 MHz, DMSO-ds, at 100 °C) & 1.04 (s, 9 H), 3.64 (s, 3 H), 3.66 (s, 3 H),
391 (s, 1 H),4.39 (s,2 H), 5.49 (s, 1 H), 7.14-7.35 (m, 5 H).
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