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acac acetylacetonato

Ar aryl

Bipy bipyridyl

Bn benzyl

br broad

Bu butyl

¢ cyclo

Cp cyclopentadienyl

d doublet

dba dibenzylideneacetone

DIBAL-H diisobutylaluminum hydride

DMF  N,N-dimethylformamide

DMPU 1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone

DMSO dimethyl sulfoxide

Ed. edition

El electrophile

equiv equivarent

Et ethyl

FT Fourier transform

h hour(s)

HMPA hexamethylphosphoramide

v 1SO

IR Infrared

L ligand

m multiplet

m- meta

M molar (1M = 1 mol/l)
M  metal

Me methyl

min minute(s)

mL ImL=lcm’

mmol milimol

n  normal

NMR nuclear magnetic resonance
nOe nuclear Overhauser effect

=111}
pu |

Abbreviations

=3

NOESY nuclear Overhauser effect
spectroscopy

o- ortho

p- para

Ph phenyl

ppm parts per milion

Pr propyl

q quartet

r.t. room temperature

s singlet

s secondary

t triplet

¢t tertiary

TBAF tetrabutylammonium fluoride

TBS r-butyldimethylsilyl

THF tetrahydrofuran

TLC thin-layer chromatography

TMS trimethylsilyl

tol tolyl

Ts p-toluenesulfonyl

UV ultraviolet
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Chapter 1

=
=

B1E
A HEE R DHEH T PN ST BT 5T R B K ORN R 725 BRIE D B 78
ENTHD., TORRE, POTIERATREEDON TWZAMEEYE OGS
e, ZERMEEETLIARELEYOEIETOERBRENERIND LD IR
7. ZOXIBHRELWRIEOHF TS, AHESEAKEOHIKIZIE VDT K
<, AU F UL v — )VEREITRE SN M S RAERIIZFwmDO
L. G ELOBEBEEREDARERICBNTRHRER RSO E L THH
INTNW5,

¥ < OBBESBRENGFEET 2T, UMERICTBWTITESE. 4 KER
SRILEMTHDFY T hT 1 7aRFT R Ti(0-iPr), &, 24EDO1Y S
OV 7Y Zv—)LikEE iPrMgCl NS FRBEINDS 2MliF 4 > KAz vz,
¥ < OFMAWRIKIEDREFEZEIT>THBO ! (Scheme 1-1), EEHEH NS ONDIK
NPT D o TE 2,

Scheme 1-1

TiO-Pr), + 2PMgCl — [ J"'Ti(O-IPr)2 J

Divalent titanium reagent

KUM= TIEMIFE A8 & U THRBISOBFE LT T, 2MliF5 > D
RISIZE > THSNDHME QLY & Gk SR T 2 AR S LIKL
ETTONTEZ, HIATEFE T, 2MF 5 > RKINFNT L B0 FHRET 2L
BN ZEFH U2 RENR S —a0F o — 2 - ranFt /) CHEOEE
BRRERELTHD L INEFII)IVEIN T4 >/ T70y 7 EL T vitamin D,
TOFEMR P 2L C D, FRAREMEEME DGR Z®RE L TWs > (Scheme
1-2),
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Scheme 1-2
Ti(O-iPr), HO 1) FeClg
TBS? Q 2 PrMgCl R,. 2) AcONa
=z OEt — > e
R TBSO™
R =H, Me, Bn 5-Siloxy-2-cyclohexen-1-one

3steps 50 ~ 68 %

+ Applications

CO,Et

éf bjM”CSW
TBSOY OTBS // penienone

= ﬁi‘
/\/\nC3H7

penihydrone

TBSO™ OTBS

nC3H7 R

palitantin

g%

TBSO™

A-ring precursors
of vitamin D3 and their analogues

FHILL EIBRTz, TRBYIO S 53 2I5HAH] & FZETFEICERZ
Fo, IBE TR IO DT —FITHEMIICIRDMHATE ., £LTIHE=ET
I Z<HEENS, 1,423 —R—=1,3-TIVAHP TV iHEERELREE L
HMMTHNTHD, FEBINSITEHED> TE /=,

1,4—=23—F—=1,3—7IAPT 2 FERIT. 1 E4AMITEDINTTHE
EHETAHIBEC T ALEMTH 2N, ZoEWITEk L. EERPEEICR
D5 ZRDEFT A%, BRERGHES T EKIE. hoT /1 FeT
WR A RBREEVS EABBEEMERICLELEZSENTVWS Z &0,
Diels-Alder [JEZIILHEL TE S DERIISIZHN SN TSR EIEHITH]
FMEDORENWEK EEZDMETH 5D,

ZTLTMEXDS, 2HEOYEFL > E2MF5 O RISHNIZE > THRAEL
FE ;oY DT OHREIRIIH U, K fEULE (Eq 1 in Scheme 1-3) @

4-



Chapter 1

RHODIZ, ATETUM T SH7Z1F° (Eq2in Scheme 1-3) &5 JEH I {H 7
ECAFTES—H. EBVOBENBIHENTIEAERIN TN 2 &

WOHHEHBNEIT 5N 5,
R1
Rz\i
H.0 N (1)
I oL

RZ
R3 .
ju\/Ti(o-,Pr)zl —_ j:;Ti(O-/Pr)g 1,3-Alkadienes

R2

Scheme 1-3

R'  Ti(O-iPr), [R‘
| ————

| 2 iPrMgCl

R2 R3

l2
\ R1
R! = alkyl, aromatic, silyl, ester, amide R2 2N
R? = alkyl, aromatic, ester, amide ~ )

R® = alkyl, aromatic, silyl, ester, amide

1,4-Diiodo-1,3-alkadienes

ZLTZD1,4—23F—R—=1,3=TINHAPITVHEEERDINE TITERK
SINEIEREEL T, KX TZORICHBN T 2EEMToBAE T3
LidZRIC KD HEOMITH, 2HZ2HEL TWS (Scheme 1-4), I —FRI T
ORI ONEEFIA L T30 AEEDA Ol & LT, A RESELERIC
KHEZINIATEDANICH DT 1 FZEDE TR EEFRIH LU 72 A0EE IR 7
BEOBEAENDHD (KX 3), TLTIORIGTHESNZAERYZE S 5ICF]H
LT, MEZERWICEROBERAZEALZSBEREZE ST OARLREES
BAHERERZITO>TWS S, £z, PA—RIPIT N6 1EETESNST—
RT> At EI=y b ELTHWS ZE T, BHRIEONAL EREEIC
ED T2 Z ENIRER A Y O —DOAREEREL TWS 7 (F4),
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Scheme 1-4

R
R2 R2
Z R4 Z “R4
when R’ = SiMe, I\Z\ — Rs\r @®)°
H H
R*RCuLi R3 R
Pentasubstituted
- conjugate dienes
R
2
R 2N
(N~ H

- 2
pyrrolidine R~ |

Various oligomer synthesis

AWML DHE2FETIE, 1,4 I —R—-1,3-TIVADPT FHEKIZ, A
DFILETYZV—)VidBEN S L 2 RO L Y — FRZIEH S &
HE, 2D0EZN I Y FPALICH U TIEFITE WLEZEIRETE / A )V
FOSHEIT T2 2 L2 RAHBLAEZOT, ZTORNRICDODVWTELT S, ZOKGIE
1,4—23—RF—=1,3=7IAHPIT 2 FEEROMBEOELERITER T 547
ERIREZ S TEITL TR O, EOREHIC X 50 @E RIS &1 R
HRETHD, MATIORINZEHWZESRBEMELT. AFL2BX
D7 /) —)IEOLEROFHEHLEMDEKRBER L TS (Scheme 1-5),
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Scheme 1-5
PrMgBr + 2 nBulLi
2 i\ R R!
\er PrBu,MgLi RY 2 El* R 2
N2y > | LBuMg 2N, | T BN,
RS R3 R3

Regioselective monometalation

+ Applications

, R1 ( R1 )
o) AN Pd Catalyst R2\<E(Me
AL >

L *(OH)

R R3

R R!
R 1) Pd Catalyst R2
HO YA - AN
NN 2) H*
R3 R3
|\ J

Multisubstituted
aromatic compounds

ZTLUTHEIETIE. ZEBERMEILE D T2 2 AW Sz K 2 SR
TNz 1,6 —HBMAMRINTDNWTIHRS, T7abb, HERYOIAFIHE] &
WOBEN S, 2MiF ¥ O RIBENIC L > TYI— RO LRI, 1EXET
fEEICERTESIATINCTY 2 REFALBRERE S T ALEMITIER L
o ZOLETINSDRIGIEIZDWTHIR L 2/ER. RZITHRIRT R E R E A
Z i TV D IEAINRIS D BE 2 HERITHRE 2175 7o, T ORER. 1ERKIE
WEE LMo T2 HERERIED 1,6 — BN K 2BEEAS, ZLEHO 2,4 -
IT)I—FR2,4—CT27IRADL,6 —HBMMIGE WS 2B, H
LR E NS RMTHEED R WE THREICEIT TSI 2/ L, 25
I ZDORIBIZE > THESNZILEMDF L T 4 > OIAAKIN, THE TITH
HIZKD 1,6 — MG THREEINTVEHDEHTHDZENS, TOMIG
MEIEBRLZEBEBR AL 740 CARFED1IDIIRIGEDLIBDEEZLND
(Scheme 1-6),
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Scheme 1-6
coy
R} z Ar-MgX El*
RY FeCly, THF
R3 -35°C
Y = OEt, OfBu, NEt, EI* = H,0 (or D,0), Mel 70~86 %
isolated yield

FAFTIE. WHELT ARLOREERTTS.
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Chapter 2

2w 1,4-23—R-1,3-7IV AT EOERDY

BIENOT 2 AZHOR &< D& RAIF

<

[l

2—-1 %

FwmTHRNZ1,4—3—R—-1,3=7INVHPIT O HFEROERIL. 4
FRED 2MF 4 > KRH Ti(0-iPr),/2 iPrMegCl (1) ' 213D, FITHE 4 EDBB
SEICEDHENRESINTWS L, ZOhHEEER. 2D0078FL>0hy T
U RBICEORETHEAY S 7 ORI DT U A Z A FE TUET
5, EVof{ER D THS, TLTIDOTPIA—RIITCFERELIZL
WEHWSNDEZINNITERMNZ 2HFIEATNDZENS, FRAEREE
PO TELEMPEERE L TEFICERTOH S B2 6NN, 2okt
Y& AR U 2R EIIIZEADENTH - 7z, T, UFEETIIZ Z 2,
3ET, A—FII 2 Z2EBIELU TERMNFHANEREBLEZE L DDORERT
—XMMTE, TOFD 1 DONEAEZEONEEES> TNWD,

INFETRHESNTVWAEL,4—2I—R—-1,3-TIVHI T iFERKRD
AT, AFF2 ORI ERKRBLTAKRSNZ1,4 -3 — K-
1,3=7IIWAPITVFERIIHL, 2UEOTFINIFIALIILEDUF AL
TN, BENT, TR IARFT T T2 Si(OMe), ZHHWEERSICK D O—
AR . TIVT b RBERLZTILRETFAIEDRIGICE S, Xi 5DOANT OB
L& 5 BERILAEMDOER T2 ENH S (Scheme 2-1,2-2),

Scheme 2-1
Ti(O-iPr),4 ] R
Rt 2PMgCl R
= () = 21 2
_Ti(O-Pry —> ¢ ||
Q\R‘I =
R! R
R1 R1
2 nBulLi 7L Si(OMe),
—» 1
S LL Si(OMe),
R R
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Scheme 2-2
R1 szZrC|2 R2 R1
2 nBulLi 21, .
= 1,4-Diiodo
2 ” > jj(ZGCg > -1,3-alkadiene
2
R2 R R1
R1
2
RE><R3
4 Buli 4
or j)j\ RZ R
2 nBulLi R3” “R4 =
R1 R1 Rs
R3 Ar ArCN 3 2 RS
2 r 2 R3CHO R2 "4
-
N HMPA | O
R R1
R’ R®
1) CO

- co, 2) EI*

LML INSEDHIETZ2 DDA TRIAMD A Y IALZEFIRFIZIT> TWBHTZD,
MEBIRIZERIEDEA L W HIINTET, FhakaINzIoI—RY
IHRMIEOTEF L CHROBDTHAH I ENG. BRRINIZIIHIKDZ N
FREERS TS, LEN-> T, 2003 FOERI LN T EE it
DOBFIFIERICEHELRFEE AR TIENTE, INZHEICYTR=ETITL,
4—23d—R—=1,3 =TI HT T ALEYMDOMHEN TOI,

YMREO 2MF 4 D RIH 1 ITXAHP T OERIETIE, TNETOBHD &
EW, W7 FL o ERMT7TEF LK RBD 20 TFOBERIETY EFL
SOHy T TR, fE - SEERERICO S PO -V S NELEREED
FERFRL,4 -3 —R=1,3=TNAPITALEW 2 ZHEICERT 2 2 &N
THETH S ¢ (Scheme 2-3), FEFK, 2 13F D& LNSE, EOU D2 TUHT
H5EA—RIUA MEYZEFEIHELZENTE, INET7FLENY
TV TIH/BEZETEONDABLII NI VAL DA L&Y, 51
WF3—RI>A &Iy FELTRIF AU O —BKRE. MEHEZD
BANEHHATELZEZHEL TS T (Scheme 2-4),
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Scheme 2-3
Ti(O-iPr)4
R! H 2 iPrMgCl
(1
i+ f
R2 R3

R = alkyl, silyl, ester, amide, aromatic etc.

Scheme 2-4

i) cis- enyne unit
R1
2
R 2N

!
7 H

SiMe;

pyrrolidine

ii) trans- enyne unit
SiMe3 2 .
R2_J Ry SMes ) muli
I pyrrolidine y N then R'X
g _— T ——
H . 2 2)NIS
SiMeS Me3S|

+ Synthesis of trans- oligomer

R | ,
— 4 Kgco3 R
/ R1 / N\ / — AN
4 Pd(PPh3)4 Cul  MesSi =

MesSi pyrrolidine
R2
% ! R R2
Me;Si R o =N N OH trans-oligomer
Pd(PPhg),, Cul, EtbNH ~ MesSi R R'

ST, 2MFH UnHI1 TERkENZ1,4—23I—R—1,3—7I)IVhT T
R 2 13IERFRTH D ZENS. TNE TITHEF O BNz 3
7 FDOFBINITRE TR NN E NS BN SN T < i frHi. T DfER,
AETHRRLEES TR LOMIT, AHEHICKDIGNEBINZ, 21
1. ESVaUEONICT 1 EEREZ2EFD1,4—23d—R—-1,3—7)LA
DI VHEMR 2 ITHL THEEIHAEZEFHIES S, 2 DO)E"}I/EI e
BT 1 EZBREDAEICKXS THEUSETHRIREDEWNIC . IEREY
A BEREOBETAIEZNITEOANKIE L, EWLE “?)i' Iﬂzfﬂa v

-10-
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T TR ETT A L2 R LEHEL TS (Scheme 2-5), =L TZ
DR E B ERY=RHAT D ET. —EOEWALEDB I ONARZRIRI 7
ZEHIR T OB ENERIELOBEHEICITAS ZEHWE L TS ®* (Scheme
2-6)

Scheme 2-5

SiMe;

1
R N R3RCuLi

I >
= H =

R2

68 ~ 90 % yield 84 % yield

R1 = C6H13, CH(OEt)Z, COztBU
R CGH13 02H4OBn

R3 = Me, Bu, Ph
Scheme 2-6
:—CGH13
Pd(PPhs), SiMe; SiMes
Cul, EtoNH Cobig %Hw e CeHia 2 Ve
or X~ H Ph_~ H
PhB(OH), C.H CeH
PdCl,(PPhg), s 63
Na,COs El
H
when 1) BulLi Ceftrs Z "Me
SiMes El =Bu I / Bu -
. C<H CGH13
1) tBuLi M3 2 e 12 AYCO3 Z "Me (;6|-|13
—> —>
2) El El 2 H Bu H \ Ph
CeHia Cetlis  prgoH), Coanme
PdClz(PPh3)2 Bu - H
Na,CO
Zres CeHi3

T LU TABETIEAES 7220 LT KD MEZERR RIS DWTEFL

<EKkT2, 26513, 2%EBOTFIVUFULELIHEDAY TOEITY
ZYIVHAENSRETHI TR T LT — MK iPrBu,MgLi 3) * & 1,4 —
VA—R—1,3-TINWAPT FEEKR 2 ITEASIES &, il DA SO Kt
CRRBAIMERBRETHAOITEDANNERE AZIAELTEDLENI KX
INTH D, IHITHESNLE S AYIUEEDI 5@1/ B2 I RETHIZE RS S
TFHIET, ENETNTHIET AN 2N ELLELIENTE, 1 —I—
R—=1,3=7 AP T AEWZEEHEIC 555279“6 Z t?&i%ﬁibf:o A TAK

-11-
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52N TOERIFBIZOWTbRE 217> 72,

BIEITIE, 1,4—YI—FR—-1,3—-7IVAPIT FER2IHTE, ¥7
I LT — FERR iPrBu,MgLi (3) ORIRNICE D, 2DDEZ)IVI T RDALE
BRI T ) AT IMEKIEDNHET U2 Z ST 2R RICOW TN S

(Scheme 2-7),

Scheme 2-7
PrMgBr + 2 nBulLi

R 1 1
R2 PrBusMgLi R2 R R2 R
~ 3) 200 2
NPy > | LiBuMg~ LT BN,

R 3 3

@) : 3

H2HTIE, BIEHOE /S AYIMLIRIT KD ERI DS 57358 EL T,
RIS THES 725 =0 AU H#EZMA L7707 Heck SURIZ K 5. HLE R
BEEBBBNILT, AFL2BROT /) =V OFEGHREZERLZDT, Z

NS DOFERIZDOWNWTIBRS (Scheme 2-8) .

Scheme 2-8

R1

R2
Z =l Pd Catalyst
X = >

RS

R1
HO R2 2N Pd Catalyst

X =
RS

R1

R2
HO Y7 "l pgdcatayst H*
S P ' '

RS

Multisubstituted
aromatic compounds

-12-



Chapter 2

2—-2 HEREBR

Bl 1,4-23—R-1,3-7IAHTP T VHEOERNESENOYT >
A it

9. e TRz 2Ty RN ERANWTHBEL/Z1,4 -3 —F— 1,
3=TNHITAEW2a T L T, A LBAESEREEZEHIETEOK
JSHEIC DWW T OMETZ To 72 (Table2-1), ZL Centry4 IR L7Z, 28 EDT
FINUFILETITHEOAY TOEINT ) Zry — )VidENSRETHEI TR
T — NEER iPrBu,MgLi (3) Z& 1 %\ INA T-78°C T 1 KffilfiEfk:, £
SIS DRFIC @ WLERIRETE  AZ LT L. Z3UTHIET 2 K
DEMTHBH 1 —IA—R—1,3=TNVAPTAEY 4a ZEVWNETHESZ
EMMTET,

Table 2-1
SiME3 | SiMeg
C<H organometal
N reagent Celha 2~y H20
> —_—
NG~ H -78°C, 1h Metal _~ H
CeH1a CeHi3
(2a) (X =1or Metal)
SiMe3
CeH
+613/H+Sm other
H = o compounds
H (2a)
CeH
6113 (5a)
ield (%)?
entry organometal solvent yield (%)
reagent 4a 5a 2a (s.m.) others
1 nBuLi (1 equiv)  THF 55 0 15 22b
2 BuLi (2 equiv) Et,O 80 18 0 <2
PrMgBr
3 (1 equiv) THF 0 0 quant. 0
iPrBusMgLi
( 4 (1 equiv) THF 90 4 <1 0 )
5 BusZnLi
(1 equiv) THF 0 0 quant. 0
2 NMR yield. ® Main product is 6a. CgHy3
] SiMes
2
CeHig I (6a)

-13-
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CORF NEEMEETHAHHD 1 HEOE /) AYIELEY 4a N ERKT % ] EE
TENH 5D, NMR OO OFREER. WITNOSREITBWTHILEY a 13RS
Nz -o 7z (Figure 2-1),

Figure 2-1

SiMe;
CeHia 2~y

NG~ H not detected

CGH‘IS

(4'a)

IHIC, ZORT R T LT — REEKR iPrBu,MgLi 3) @ 1,4 —Y3d—RK—1,
3 =T INH I T ACEWTHT 257 ISR K OB RER 42 [TONWT
BT 5720, 3 DIMASYEZ0.5, 1BXU2YBENWS LM THNE
1o 7= (Table 2-2),

Table 2-2
TMes oML
PrBusMgLi
CeHia 2N 3) H,0
Iz > >
H -78°C, 1h
CeHy3
(2a) SiMe; SiMe SiMes
CGH13 2N C6H13 Z~H CSH13 ~Z "H
+ + + s.m.
H = N~ H
H H H (2a)
CeHi3 CeHi3 CeH13
(4a) (4'a) (5a)
1 0,
entry equiv of yield (%)
iPrBusMgLi 4a 4'a 5a 2a (s.m.)
1 0.5 44 0 0 51
2 1 20 0 4 <1
3 2 76 0 20 0

£9. 0.5%F (entry 1) OEFATIE, B/ AZILEINEEY (1 —3
—RF—=1,3=2T G 4a EHFEEE 2a NFIFHFEDTOAEKL THDD
WXL, 288 (entry 3) Tld, IAFIMLESN/ZHD 5a AL TWDHY,
TNTHE/ AYIMEENTTEZL -I—F-1,3—2TMLEY 4a NE
R ETR>TWS, O EE. TR TALT — MADRISETIED Y
ZF D DERDHELNFEEZRL TS, FLINSORATDH, £/ AFIMLE

-14-
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DI EREARTH H2LEY a lde< T NRMh o7,

ZDE) AT I EDENLEZEREDFEEIIDONTTH S0 4L, O
FIEE 2a DL DI, TFEDLIZH T B EHE DV ARFEELETFIIRERD
ZITERLTWSE EZEZTWe, TNZHEZRT 572D, Scheme 2-9 IZ/RT KD
oM A ZTEBREINTNDS1,4—2aA—R—-1,3-7)IVh>T M
B 2b THORNZITOREZA.2b THHEDOBDERUALET, LD ENE
REZRETLHENDMMNSTZ, ZOTENS ZOREREDEIT, EZ)Law
ROPMICHDA L T4 COBEBEOEFREIGERL TWBHZ ENTFHEINS
N, ZORBRENET L 2 EITHT M RFHAIITOE A TE TR,

Scheme 2-9
SiMe, SiMeg SiMe,
CgH C:H
Colhan 21 1) 31 equiv) N TN H
> H Iz

T H 2) H,O H H

SiMeg SiMes SiMeg

(2b) (4b) (4'b)
84 % isolated yield not detected

LINUIBRS, MOWNWS DD IA—RPIZUIZDNWTHEIT R TLT —
R iPrBu,MgLi (3) Z{EH S, KDL TEDAEBRMIT DN TR L 72
EZA D 2DODHAELERIUKRIGHZRT I ENS, TORINE—BMHEZ R
DEND T ENDLND, L TEDMAKDROKER % RIZIRT Table 2-3 IZE &
Dz, RIZ2HEDTIVFIIZFFDOHD (entry 3), Cl % OBn /2 ED'EREH, %
BTH5BHD (entry 4). ISHITIETRTEUTIVFIVE (entry 5) LERIRMEE Z
GZUHD (entry 6) 72E, WIND1,4—2Id—R—-1,3-7IhHP T AE
WTHIEEITHWAERIRET, T ITENT ) XA YIS TR 7
2221 —3—R—1,3=T7IHPITAEY 4 DMESN, G TEBIR
THEET 2 ZENTE/,
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Table 2-3
1 1 1
R2 PrBusMgLi (1 equiv) R2 R R R
2 3) Z>1|  H,0 2
) >
(NG~ H 78°C, 1h LiBu,Mg. = H =~
3 3 3
e R R (a)
Entry Diiodo dienes Product Yield (%)P
SiMes SiMe
1 CeHia 2N CeHia 2N 83
(N~ H Ho- H
CGH13 (2a) CGH13 (4a)
SiMes SiMe3
5 CGH13 2l CGH13 Z 84
(N~ H H = H
SiMe; (2b) SiMe, (4b)
SiMe, SiMe,
CeHia 2N CeHia 2N
3 Iz H H = H 79
(2c) (4c)
SiMe SiMes
Cl Z =l Cl |
4 89
(N~ H H. = H
(2d) (4d)
OBn OBn
CsHy7 CsHy7
CSH7 2N C3H7 2N
5 86
N~ H 2e) H = H
CsHy ¢ CsH7 (4e)
67 Z7h @2 Z 7l a4 76
[N~ H H = H

a1.5 eq of iPrBu,MgLi was used. ? Isolated yield.
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F7m, EO Table2-3 D 1,4 -3 —R—-1,3—2T1EW 28, 2h T
B [Afk DfET 217> 7= (Scheme 2-10),

Scheme 2-10
SiMe SiMe i
Ph 8 iPrBusMgLi (1 equiv) Ph 8 Ph Mes
Z N 3) H,O Z | Z H
I\A > > H ~ +
H 78°C, 1 h H NP4
CeHi3 CeH1s CeHia
(29) (49) (4'9)
3 : 2
total isolated yield 78 % (unseparable)
H H H
CeHia 2N CeHia 2N CeHia Y
I as above Ho <
H > H o+ H
CeHis CeHys CeH1s
(2h) (4h) (4'h)
2 1

total isolated yield 80 % (unseparable)

1,4—23—R—=1,3 =TIV APT AMEWMOERIEIC T 2 ZI)VFEN A
7= 2g TI3, BHMERIRHITHMN S THWRWR, B AYIUELZDH DIFINERE <
EITT2HDD, INETICASNAMERREID E0FHBTT 1T 4g &AL
BREARTHS g QLN : 2E0WSERER S, £, PI—RPT >
2a DT UINFEZIZTLULEW 2h THRFLZEZA KSR OIAREED K
EREILDPDBOEEDNSN, ZE5HHFVDEWVIERRETE AX)
fbxN=bDEEDZEIFTE/RMN>7 Gh:4h=2 : 1),

KIZ, & AZIALEDOUEEZ K2 TIE /2 <, RETFHZMABHZ LI
L BRE —REESERISITOWVNT M ZT> 7= (Scheme 2-11),
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Scheme 2-11
SiMes
CeHiau 2N
I
Z~H
CeHiz  (2a)
iPrBu,MgLi (1 equiv) (3)
-78°C, 1h
SiMeS
CeHia L 2N
LiBu,Mg .~ H
CeHis
CO,Me
=
CO,Me
o0 ° /\/Br 2
RCHO, -20°C t/C CN-2LiCl cat. CuCN-2LiCl
cat. CUCN-2Li o
20 °C -20 °C
SiMe; CH SiMe;
6113
CoHia 2N Me Y2 I
N Z H MeOQC P H
CGH13 MeOZC CGH13

R =Ph (7a) 68 % yield (9a) 83 % yield (10a) 64 % yield
R =CH,=CH- (8a) 71 % yield

PIA—RIPIT 22 EE ) AYIMELERICT IV T & R Z{To 28R, <
NZUCHKIETHIA—RPT 7 IVd—)L 7Ta BLW 8a Ziw e W< IR TIHS
ZEMNTEz, £, £/ ALY )ALRITHE R DOHIFLSE CuCNe2LICl " Z Il A
FNTT7UINTOI RS LI AFIIFY T OIOR— FEMATRIGE
1o &, SW2iEHRIE®d U< 1,4 — G U7z 4Rk 9a BL D 10a 2N
TNNEEL 5D ENTET,

Db, H1ETIE1,4—3—R=-1,3=7ILh T AbEm2icwl. 1
YEOXY T XTI LT — MMEK iPrBuMegLi (3) ZIEfSE%&, 2D0EZ))
3 RN UALEIRIRICE ) AT LRI HET L. 2 ORER. Falz
1—3—F—=1,3=TINAPTMEVNEEND T EITDNTHRNR, HFE
FERD 1,4 -3 —R—=1,3=7IVAPITALEW 213, 2MiF % > KInHl 1
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ZHWTHBEICERTESDZDBDOTH D, /2, #5 CHRRAEIHAEICID
BOELEFRBLIEZEZRT I ENS, INSOHEEHED & SEHILE
I ACEMDENBERIETRVES EEA NS,

ROBHB2HTIE, B/ AT IULIC K> THERSNL AR 2R L I L EWT;
B EWOEHITONWTE KT %,

-19-
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9281 70T Heck SUGRZE WAL B EIRN 72 L E WS ERILS
Y DFE & hk

RIEIICBNWT, Y7 R L7 — b iPrBu,MgLi 3) ZHWAZ &IZk -
T, 1—-3—F—=1,3 =T MEMNEFEIH/LIENTEL, ZOLEY
H—MRITITERICEEEEZET LA LEELFEETH D, LHEED
FESICKS 5 BEHIEE D T ALEMERKR . #METIIHLZ Xi 628, >3
—ROHZEEEFRNCT, > o7aRXR>T 7 N REYDCAK " ITHWTWS, L
72> T, GEIOKRIETHS Nz Z OFEOILE YNNI 7= 726 B 75 K1) F A i
Mb b EEZEZ. kR EITS 2,

F9. % 18D Scheme 2-11 TRLTHD. HTHNICKmEAL 74 > 26T 5
1—-3—RFR—=1,3=7IWHhTTAtEW9a ZFEHCL T, EZIVITHEZEFH
L7z TR TORERIGZ HEEE U THET L7z & 25, Pd(OAc), & P(o-tol), &
WT D5 FW Heck FONMIE > TERIEDNEITL., ERLIZIFV-AFL O EHH
DREMLZER T, ZERBSEHRILEY 11a 26 1 BOHBEIRTES Z LIk
L 7= (Scheme 2-12),

Scheme 2-12
TMes SiMeg
CGH13 3% Pd(OAC)2 _
771 129 P(o-tol) CeHiso 2 \id"
NS = ' ~ —
EtsN, DMF, A
CeHia CeHy3
(9a)
|
Me;Si \Pd SiMe; SiMe;
CeHy3 ) CeHy3 CeHi3
S — H —
CeH1s Ho o .l CgHisa CeH13

(11a) 61 % yield

ZDFERING . Pd T X D50 F N Heck KBWAEZNTHS EHIKL, 9a &
B OEEZ R DOREEEREEICOW TR 2T . TOME. RETHEL
TO7OFINTINTEREE/ AZI)EI N 2 ERIESETHESNSLEY 12
ZHWERHZ, 12005 2B TATF L ALEW 14 ITEEICERTE 2 2 &2 A
H U7z (Scheme2-13), £9., 1,4—2I—RFR—-1,3—T7IVHPITAEY 2a
IR L TE A IUEEFTFW, BEWTZO0F IV 7 IV T b RILET 5 Z & Tk
T57)Va—) 12a 2155 ALEW 122 12, /8T 207 Ll 2 F U 7259 TN Heck
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RIsZfF5 &, EDer7aanddP T > 7))L a—IULEY 13a Z2EWNERT
/HIEMNMTE, £LT 13a ZWTUHE T 5 Z EITK DESITHK R
0. AFLALEY 14a I[CERMT S ENTER, £EREEROYI—R
DI ELT2d BELW 2e ITOWTHERD KN ERE L ZFEER, T2
FNTDAFLAEY14d BEL U 1de 2N EREL1ED T ENTE,

Scheme 2-13
SiMe .

CoH ’ | CoHiy L% 1% PA(OAC), S s
sM13 2N 1) 3 (1 equiv), THF‘ o YA 4% PPhy sH13 /kl
(NP~ -

2) X CHO XN K,COs DMF, A
CeHi3 CeHis CgHyg OH
(2a) (12a) 68 % yield
I
MesSi  Pd SiMeg
CgH - H CgH TsOH
6' 113 6' 113 A
MeOH
OH OH
CeH13 H~sz| CeHi3
(13a) 77 % yield
(14a) 86 % yield
SiMes SiMe
cl 2N y CsHy
N as above N CaHr 2| as above
—_— > —_—
3 steps cl N 3 steps
CsH
OBn 37
(2d) OBn (2e)

(14e) 44 % overall yield
(14d) 32 % overall yield

I 5122 DE/ AX)ALEZIC, ZO0FILT7IVTEe RoRboicy ol A >
TUHT S & T bhé?}b:—}b/lz 8a [T L T/XNT 2 LA THRILK G
1o &, THESIER MV ALEYOR: E RO ZRE T, k. BkiZ%
Bz HEIT LB T /) — )G 15a 7 6 2 % O BERNER THHEICHE
EMMTE /2 (Scheme 2-14),
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Scheme 2-14
SiMe .
CSH‘]3 3 S|M63
OH Y7 ™I py,(dba)s"CHCI, CeHis 2 C’w_\'
NS — H - N —
C-H Et3N, toluene, A
63 CgHys OH
(8a)
|
Me3Si \Pd SiMe3 SiM93
CeHis ) CeHis CeH1s
o — H —_—
OH OH OH
CeHy3 Ho o 1 CeHy3 CeHis

Pd (15a) 62 % yield

Dk, B28/TI21,4—23—R—1,3=7IVHPITABW2DE AY
INERIZESNAILEaMZFAL T, LERO G ERLEY OEE S pRIE D
ST DWTIRR 7z, Kric, ZEMAFL > - 7 /) —IULEWMIEE - &H T
EZICBWTIIEHBRFRAEATHD, WELEITEBEOBEBREEZZOAFL
BTz /=) LB ERIEORFENEENTHBD,. ZOHIERR
SEMWAFL >« Tz /) —IUEEWOERIEE U CIEFICTERRAHED 1 DT
HhHEEDNS,
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Experimental Section (Chapter 2)

General. 'H and “C NMR spectra were taken on a Varian Gemini-300
spectrometer at 300 and 75 MHz, respectively. CDCl; was used as the
solvent. Chemical shifts are reported in parts per million shift (6 value)
from Me,Si (60 ppm for 'H) or based on the middle peak of the solvent
(CDCL,) (8 77.00 ppm for “C NMR) as an internal standard. Signal
patterns are indicated as br, broad; s, singlet; d, doublet,; t, triplet; q,
quartet; m, multiplet. Coupling constants (J) are given in hertz. Infrared
(IR) spectra were recorded on a JASCO A-230 FT/IR spectrometer and are
reported in wave numbers (cm™). Elemental analyses were performed on
an Elementar Vario-EL. All reactions were carried out under an argon
atmosphere, using flame-dried glassware and were monitored by TLC
(Merck, Kieselgel 60 F254); visualization was done with UV light (254 nm)
/ KMnO,.

Material. Isopropylmagnesium bromide was prepared in THF as 0.7-1.0
M solution from isopropyl bromide and magnesium turnings by the usual
procedure, titrated and stored under an argon atmosphere. Dry solvents
(THF, ethyl ether, CH,CL,, toluene) and butyllithium in hexane as 1.56-1.60
M solution were purchased from Kanto Chemicals Co. (Japan). Chemicals

were purified or dried in a standard manner, if necessary.

Preparation of 1,4-Diiodo-1,3-alkadienes 2.
These were prepared according to the literature [Hamada, T.; Suzuki, D.;
Urabe, H.; Sato, F. J. Am. Chem. Soc. 1999, 121, 7342-7344].

CeHiz~ |
(1 Z}gl\ﬂ-Diiodo-Z -hexyl-1,3-decadiene (2h).

CeH13
This Compound was prepared according to the literature [Uemura, M.;

Takayama, Y.; Sato, F. Org. Lett. 2004, 6, 5001-5004].

Preparation of Lithium dibutylisopropylmagnesiate reagent, iPrBu,MgLi
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(3).

To a solution of isopropylmagnesium bromide (1.16 ml, 0.860 M solution
in THF, 1.00 mmol) in THF (1.06 ml) was added butyllithium (1.28 ml,
1.56 M solution in hexane, 2.00 mmol) at 0 °C, and the mixture was stirred
for 10 min. This reagent was used for the next reaction immediately.

Typical Préeedure for the Site-selective Iodine-Magnesium Exchange

To a solution of 2a (0.109 g, 0.200 mmol) in THF (1.00 mL) was added a
iPrBu,MgLi (0.700 mL, 0.285 M solution, 0.200 mmol) at —78 °C, and the
mixture was stirred for 1 hr at the same temperature. Then the reaction was
terminated by the addition of saturated aqueous NH,Cl and resulting
mixture was extracted with ether. The extracts were washed with brine and
dried over MgS0O,. Evaporation in vacuo afforded a crude oil, which was
purified by silica gel column chromatography (hexane) to afford the title
compounds 4a (0.0698 g) in 83 % yield
'H NMR 6 0.32 (s, 9H, -Si(CH,);), 0.85-0.92 (m, 6H, -(CH,),CH,),
1.20-1.50 (m, 16H, alkyl-H), 2.17 (dt, J = 6.9, 7.2 Hz, 2H, allylic-H),
2.42-2.49 (m, 2H, allylic-H), 5.86 (dt,J = 15.6, 6.9 Hz, 1H, -CH=CH-Hex),
6.54 (d,J = 15.6 Hz, IH, -CH=CH-Hex)

BC NMR 6 2.09, 13.90, 13.94, 22.49, 22.51, 28.79, 29.02, 29.30, 30.45,
31.55, 31.63, 32.81, 33.38, 111.09, 135.88, 137.52, 153.82

IR (neat) 2926, 2855, 1629, 1534, 1466, 1378, 1249, 964, 841 cm™

Anal. Calcd for C,,H;,1Si: C, 54.27 ; H, 8.87. Found : C, 54.40 ; H, 8.85.

(1Z,3E)-1,4-Bis(trimethylsilyl)-2-hexyl-1-iodo-1,3-butadiene (4b).
Sike,

CeHyz |

Sike
'"H NMR 8 0.14 (s, 9H, -Si(CH,),), 0.33 (s, 9H, -Si(CH,)), 0.84-0.94 (m, 3H, -CH,),
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1.20-1.44 (m, 8H, alkyl-H), 2.44-2.52 (m, 2H, allylic-H), 5.99 (d, J = 18.9 Hz, 1H,
-CH=CHTMS), 6.97 (d, J/ = 18.9 Hz, 1H, -CH=CHTMS)

"C NMR 6 2.00, 2.22, 14.14, 22.66, 29.46, 30.44, 31.66, 33.05, 114.62, 133.98, 150.65,
153.96

IR (neat) 2955, 2862, 1529, 1466, 1405, 1378, 1248, 1195, 985, 839, 759, 693 cm'
Anal. Calcd for C,(H;IS1,: C, 47.04 ; H, 8.14. Found : C, 46.85 ; H, 8.03.

(1Z,3E)-4-Cyclohexyl-2-hexyl-1-iodo-1-(trimethylsilyl)-1,3-butadiene (4c).
Sikia ]

Cetian i,

'H NMR 6 0.31 (s, 9H, -Si(CH;);), 0.89 (t, J = 6.9 Hz, 3H, -CH,), 1.10-1.80 (m, 18H,
alkyl-H), 2.05-2.20 (m, 1H, =CHCH<), 2.41-2.48 (m, 2H, allylic-H), 5.78 (dd, J = 7.2,
15.9 Hz, 1H, -CH=CH-c-Hex), 6.50 (dd, J = 1.2, 15.9 Hz, 1H, -CH=CH-c-Hex)

"C NMR § 2.08, 13.90, 22.46, 22.51, 25.83, 25.94, 26.03, 29.27, 30.40, 31.52, 32.63,
33.26,41.03, 111.49, 135.22, 141.31, 153.92

IR (neat) 2926, 2854, 1628, 1534, 1448, 1249, 965, 840, 759, 686 cm'*

Anal. Calcd for C,(H;ISi: C, 54.53; H, 8.43. Found: C, 54.30; H, 8.25.

(E)-1-Benzyloxy-8-chloro-5-[(Z)-iodo(trimethylsilyl)methylene]-3-octene (4d).
cl Sike,

QBN
'H NMR 6 0.34 (s, 9H, -Si(CH,),), 1.84-1.95 (m, 2H, -CH,CH,CI), 2.45-2.54 (m, 2H,

-CH=CHCH,-), 2.61-2.68 (m, 2H, -CH,CH,CH,CI), 3.53 (t, J = 6.6 Hz, 2H, -CH,Cl),
3.59 (t, J = 6.6 Hz, 2H, -CH,0Bn), 4.54 (s, 2H, -OCH,Ph), 5.95 (dt, J = 15.9, 6.9 Hz,
1H, -CH=CHCH,-), 6.64 (d, J = 15.9 Hz, 1H, -CH=CHCH,-), 7.20-7.38 (m, 5H, Ph)

BC NMR § 2.06, 30.45, 32.64, 33.21, 44.50, 69.44, 72.95, 113.04, 127.64, 127.75,
128.43, 132.27, 138.39, 138.81, 151.63
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IR (neat) 3425, 2953, 2854, 1630, 1534, 1454, 1362, 1249, 1115, 967, 841, 736, 697

cm’!

Anal. Calcd. for C,,H,;CIIOSi: C, 49.30 ; H, 6.10. Found: C, 49.64 ; H, 5.73.

(4Z,6E)-4-1odo-5-propyl-4,6-decadiene (4e).
CaHy

Caby |

CaHy
'H NMR § 0.89-0.96 (m, 6H, -CH, x2), 0.93 (t, J = 7.2 Hz, 3H, -CH,), 1.35-1.49 (m, 4H,
-CH,CH; x 2), 1.52-1.66 (m, 2H, -CH,CH,), 2.13 (ddt, J = 1.5, 6.9, 6.9 Hz, 2H,
allylic-H), 2.28-2.36 (m, 2H, allylic-H), 2.62 (t, J = 7.5 Hz, 2H, allylic-H), 5.74 (dt, J =
15.6, 6.9 Hz, 1H, -CH=CHC;H,), 6.34 (dt, J/ = 15.6, 1.5 Hz, 1H, -CH=CHC;H,)

"C NMR § 13.01, 13.62, 14.04, 22.42, 22.52, 23.06, 31.15, 35.03, 43.80, 108.50,
133.50, 136.51, 140.20

IR (neat) 2959, 2870, 1636, 1577, 1463, 1378, 1102, 962, 889, 746 cm'

Anal. Calcd. for C,;H,;I: C, 50.99 ; H, 7.57. Found: C, 50.89 ; H,7.44.

(Z)-2-[(E)-2-Cyclohexylethenyl]-1-iodo-1-cyclododecene (4f)

'H NMR § 1.06-1.85 (m, 26H, alkyl-H), 2.02-2.15 (m, 1H, =CH-CH<), 2.45 (t, J = 7.2
Hz, 2H, allyl-H), 2.68 (t, J = 7.2 Hz, 2H, allyl-H), 5.69 (dd, J = 6.6, 15.9 Hz, 1H,
-CH=CH(c-Hex)), 6.32 (d, J = 15.9 Hz, 1H, -CH=CH(c-Hex))

"C NMR § 22.95, 24.63, 25.28, 25.35, 25.73, 26.06 (x 2), 26.23, 26.61, 27.13, 28.01,
32.97 (x 3), 38.68, 41.29, 110.57, 133.99, 139.64, 140.03

IR (neat) 2923, 2848, 1636, 1570, 1468, 1348, 1247, 1091, 1028, 963, 907, 734 cm’'
Anal. Calcd. for C,,H,,I: C, 60.00 ; H, 8.31. Found: C, 59.86 ; H, 8.31.
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Typical Procedure for the Site-selective Iodine-Magnesium Exchange of
1,4-Diiodo-1,3-alkadienes 2 and the Following Reaction with Aldehydes.
(Z)-2-Hexyl-4-[(Z)-iodo(trimethylsilyl)methylene]-1-phenyl-2-decen-1-ol (7a).

CeHya

To a solution 2a (0.109 g, 0.200 mmol) in THF (1.00 mL) was dropwise added a
iPrBu,MgL.i (0.700 mL, 0.285 M solution in THF/hexane, 0.200 mmol) at —78 °C. After
the mixture was stirred for 1 hr at the same temperature, benzaldehyde (0.0710 mL,
0.700 mmol) was sequentially added, and warmed up to —20 °C. After the mixture was
stirred for 14 hr at —20 °C, the reaction was terminated by the addition of saturated
aqueous NH,CI and the resulting mixture was extracted with ether. The extracts were
washed with brine and dried over MgSO,. Evaporation in vacuo afforded a crude oil,
which was purified by silica gel column chromatography (hexane-Et,0) to afford the
title compounds 7a (0.0716 g) in 68 % yield.
'H NMR & 0.33 (s, 9H, -Si(CH,),), 0.84 (t, J = 6.9 Hz, 3H, -CH,), 0.89 (t, J = 6.9 Hz,
3H, -CH,), 1.15-1.60 (m, 16H, alkyl-H), 1.76-1.88 (m, 1H, allylic-H), 2.00-2.12 (m, 1H,
allylic-H), 2.16 (br, 1H, -OH), 2.36-2.47 (m, 1H, allylic-H), 2.50-2.61 (m, 1H,
allylic-H), 5.51 (s, 1H, -CH(OH)Ph), 5.85 (s, 1H, -CH=C(C,H,;)-), 7.24-7.40 (m, 5H,
Ph)
"C NMR § 1.87, 13.91, 13.96, 22.50, 22.52, 28.31, 29.16, 29.20, 29.23, 29.26, 31.54,
31.65, 38.86, 72.43, 110.18, 126.00, 127.02, 128.18, 135.55, 140.57, 141.81, 158.75
IR (neat) 3461, 2927, 2862, 1735, 1653, 1560, 1449, 1377, 1249, 1185, 1024, 841, 735,
700 cm'!
Anal. Calcd. for C,;H,;10Si: C, 59.30 ; H, 8.23. Found: C, 59.28 ; H, 8.14.

(Z)-4-Hexyl-6-[(Z)-iodo(trimethylsilyl)methylene]-1,4-dodecadien-3-ol (8a).
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'"H NMR & 0.30 (s, 9H, -Si(CH,),), 0.83-0.91 (m, 6H, -CH, X 2), 1.20-1.43 (m, 14H,
alkyl-H), 1.46-1.60 (m, 2H, alkyl-H), 1.91 (br, 1H, -OH), 1.97-2.26 (m, 2H, allylic-H),
2.34 (t, J = 7.8 Hz, 2H, allylic-H), 4.86 (br, 1H, CH,=CHCH(OH)-), 5.17 (d, J = 10.8
Hz, 1H, -CH=CH,), 5.31 (d, J = 17.4 Hz, 1H, -CH=CH,), 5.69 (s, 1H, -CH=C (C,H,,)-),
5.87 (ddd, J = 4.8, 10.8, 17.4 Hz, 1H, -CH=CH,)

C NMR 6 1.82, 13.88, 13.98, 22.43, 22.57, 28.55, 29.04 (x 2), 29.15, 29.27, 31.52,
31.71,38.36, 71.88, 109.51, 114.84, 134.51, 138.17, 139.96, 158.65

IR (neat) 3461, 2927, 2862, 1653, 1560, 1466, 1249, 1116, 988, 841, 759 cm’

Anal. Calcd. for C,yH,,IOSi: C, 55.45 ; H, 8.67. Found: C, 55.66 ; H, 8.28.

Typical Procedure for the Site-selective Iodine-Magnesium Exchange of
1,4-Diiodo-1,3-alkadienes 2 and the Following Reaction with Allyl bromide.
(1Z,3Z)-2-Hexyl-1-iodo-4-(2-propenyl)-1-(trimethylsilyl)-1,3-decadiene (9a).

Sike,

CeHiz |

i
CgHya
To a solution of 2a (0.109 g, 0.200 mmol) in THF (1.00 mL) was added a iPrBu,MgLi

(0.700 mL, 0.285 M solution, 0.200 mmol) at —78 °C. After the reaction mixture was
stirred for 1 hr at the same temperature, CuCN-2LiCl (0.120 mL, 0.500 M solution in
THF, 0.0600 mmol) and allyl bromide (0.0610 mL, 0.700 mmol) were sequentially
added, and warmed up to —20 °C. After the resulting mixture was stirred for 14 hr at —20
°C, the reaction was terminated by the addition of saturated aqueous NH,Cl and the
resulting mixture was extracted with ether. The extracts were washed with brine and
dried over MgSO,. Evaporation in vacuo afforded a crude oil, which was purified by
silica gel column chromatography (hexane) to afford the title compounds 9a (0.0765 g)
in 83 % yield.
'H NMR & 0.31 (s, 9H, -Si(CH,),), 0.84-0.94 (m, 6H, -CH;), 1.20-1.53 (m, 16H,
alkyl-H), 2.07 (t, J = 7.8 Hz, 2H, allylic-H), 2.29-2.37 (m, 2H, allylic-H), 2.72 (d, J =
6.6 Hz, 2H, bis-allylic-H), 4.99-5.08 (m, 2H, -CH=CH,), 5.63 (s, 1H, -CH=C(allyl)-),
5.78 (ddt, J=10.1, 17.0, 6.6 Hz, 1H, -CH=CH,)
"C NMR § 1.92, 13.90, 14.01, 22.46, 22.59, 27.53, 29.04, 29.19, 29.22, 31.58, 31.71,
35.11, 36.11, 37.78, 109.07, 116.13, 133.27, 136.17, 138.14, 158.90
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IR (neat) 2928, 2862, 1636, 1570, 1466, 1249, 993, 840, 759, 687 cm''
Anal. Calcd. for C,,H,,ISi: C, 57.37 ; H, 8.97. Found: C, 57.65 ; H, 8.80.

Methyl
(4Z)-4-Hexyl-6-[(Z)-iodo(trimethylsilyl)methylene]-2-methoxycarbonyl-3-methyldo
dec-4-enoate (10a)

SiM63
CeHi3
Me Y
MeOQC =

MeO,C  CgHq3

To a solution of 2a (0.109 g, 0.200 mmol) in THF (1.00 mL) was added a iPrBu,MgLi
(0.700 mL, 0.285 M solution, 0.200 mmol) at —78 °C. After the reaction mixture was
stirred for 1 hr at the same temperature, CuCN-2LiCl (0.120 mL, 0.500 M solution in
THEF, 0.0600 mmol) and dimethyl ethylidenemalonate (0.0997 mL, 0.700 mmol) were
sequentially added, and warmed up to —20 °C. After the resulting mixture was stirred
for 14 hr at —20 °C, the reaction was terminated by the addition of saturated aqueous
NH,CI and the resulting mixture was extracted with ether. The extracts were washed
with brine and dried over MgSO,. Evaporation in vacuo afforded a crude oil, which was
purified by silica gel column chromatography (hexane) to afford the title compounds 9a
(0.0740 g) in 64 % yield.
'H NMR 6 0.31 (s, 9H, -Si(CH,),), 0.87 (t, J = 6.9 Hz, 3H, -CH,), 0.90 (t, J = 6.9 Hz,
3H, -CH,), 1.08 (d, J/ = 6.9 Hz, 3H, -CH(CH,)-), 1.20-1.40 (m, 16H, -(CH,),- X 2), 2.00
(t, J = 6.6 Hz, 2H, -CH,(CH,),CH,), 2.50 (t, J = 7.5 Hz, 2H, -CH,(CH,),CH,), 3.23 (qd,
J=6.9, 10.5 Hz, 1H, -CH(CH,)-), 3.51 (d, J = 10.5 hz, 1H, -CH(CO,Me),), 3.68 (s, 3H,
-CO,CH,), 3.73 (s, 3H, -CO,CH,), 5.65 (s, 1H, -CH=C(C,H,;)-)
"C NMR § 2.00, 13.97, 14.07, 16.93, 22.51, 22.66, 28.22, 29.09, 29.43, 29.64, 29.84,
31.69, 31.81, 36.61, 37.62, 52.32, 52.49, 55.60, 110.15, 134.09, 138.87, 158.25, 168.41,
169.05
IR (neat) 2927, 2857, 1740, 1647, 1559, 1434, 1250, 1197, 1154, 1024, 841, 759 cm’
Anal. Calcd. For C,4H,,10,Si: C, 53.97; H, 8.19. Found: C, 53.98 ; H, 8.13.

Typical Procedure of Synthesis of 2,3,5-Trisubstituted toluene 11a by

Intramolecular Heck Reaction.
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1,5-Dihexyl-3-methyl-2-(trimethylsilyl)benzene (11a)
SiMe,
C 6 H1 3

C6H13

To a mixture of Et;N (0.139 mL, 1.00 mmol), Pd(OAc), (0.0168 g, 0.0750 mmol) and
P(o-tol), (0.0684 g, 0.225 mmol) in DMF (7.50 mL) was added compound 9a (0.230 g,
0.500 mmol) in DMF (0.45 mL), and the solution was heated to 70~80 °C and stirred
for 12 hr. After the mixture was cooled down to room temperature, diethyl ether was
added and the precipitate filtered off. The organic solution was treated with water and
the resulting mixture was extracted with ether. The extracts were washed with brine and
dried over MgSO,. Evaporation in vacuo afforded a crude oil, which was purified by
silica-gel column chromatography (hexane-Et,0) to afford the title compounds 13a
(0.101 g) in 61 % yield.
'H NMR & 0.38 (s, 9H, -Si(CH;);), 0.85-0.93 (m, 6H, -CH, x 2), 1.26-1.63 (m, 16H,
alkyl-H), 2.44 (s, 3H, ArCH,), 2.50 (t, J/=7.5Hz, 2H, ArCH,-), 2.68 (t, /=8.1Hz, 2H,
ArCH,-), 6.81 (s, 1H, Ar-H), 6.83 (s, 1H, Ar-H)
"C NMR 8 3.7, 13.9, 14.0, 22.5 (x 2), 24.7,29.2,29.4, 31.1, 31.7, 31.8, 33.7, 35.5, 36.9,
127.4, 128.6, 132.8, 143.5, 144.3, 149.8
IR (neat) 2923, 2862, 1604, 1466, 1250, 1061, 851, 766¢cm’™
Anal. Calcd for C,,H,,Si: C, 79.44; H, 12.12. Found: C, 79.27; H, 12.02

(2E,5Z)-5-Hexyl-7-[(Z)-iodo(trimethylsilyl) methylene]-2,5-tridecadien-4-ol (12a).
=11 Y
o |
=
CgHis
'"H NMR 6 0.30 (s, 9H, -Si(CH,),), 0.82-0.96 (m, 6H, -CH, X 2), 1.20-1.42 (m, 14H,
alkyl-H), 1.46-1.60 (m, 2H, alkyl-H), 1.71 (d, J = 6.3 Hz, 3H, -CH=CHCH,), 1.80 (s,
1H, -OH), 1.99-2.24 (m, 2H, allylic-H), 2.34 (t, J = 7.8 Hz, 2H, allylic-H), 4.79 (br, 1H,
-CH(OH)-), 5.48-5.57 (m, 1H, -CH=CHCH,), 5.59-5.75 (m, 1H, -CH=CHCH,), 5.64 (s,
1H, -CH=C(C(H;)-)
C NMR 6 1.84, 13.90, 14.00, 17.69, 22.43, 22.58, 28.62, 29.10, 29.16, 29.25, 29.30,
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31.54,31.74, 38.26, 72.01, 109.25, 127.04, 130.87, 133.94, 140.58, 158.86
IR (neat) 3448, 2928, 2862, 1636, 1560, 1458, 1249, 1071, 967, 841, 759 cm™
Anal. Calcd. for C,;H,;10Si: C, 56.31 ; H, 8.83. Found: C, 56.28 ; H, 8.91.

(2E,5Z)-5-[2-(Benzyloxy)ethyl]-10-chloro-7-[(Z)-iodo(trimethylsilyl ) methylene]-2,5-
decadien-4-ol (12d).
cl Sikes

OH |

OBn
'H NMR $ 0.33 (s, 9H, -Si(CH,),), 1.64-1.76 (br, 1H, -OH), 1.70 (d, J = 6.6 Hz, 3H,

_CH=CHCH,), 1.80-1.91 (m, 2H, -CH,CH,CI), 2.28-2.37 (m, 1H, -CH,CH,OBn),
2.42-2.60 (m, 1H, -CH,CH,OBn), 2.56 (t, J = 7.8 Hz, 2H, -CH,CH,CH,CI), 3.45 (t, J =
6.3 Hz, 2H, -CH,Cl), 3.57-3.66 (m, 1H, -CH,0OBn), 3.70-3.78 (m, 1H, -CH,OBn), 4.55
(s, 2H, -OCH,Ph), 4.71 (br, 1H, =<CHCH(OH)CH=), 5.45-5.54 (m, 1H, -CH=CHCH,),
5.60-5.80 (m, 1H, -CH=CHCH,), 5.72 (s, 1H, -CH=C(CH,CH,OBn)-), 7.21-7.42 (m,
5H, Ph)

“C NMR § 2.03, 17.86, 30.83, 31.72, 35.38, 44.44, 70.58, 71.08, 73.26, 111.31, 126.55,
127.66, 127.68, 128.30, 131.09, 135.54, 137.40, 138.93, 155.30

IR (neat) 3430, 2954, 2857, 1635, 1570, 1453, 1362, 1250, 1096, 969, 911, 842, 735,
698 cm™

Anal. Caled. for C,H,,CIIO,Si: C, 51.83 ; H, 6.43. Found: C, 52.10 : H, 6.50.

(2E,5Z,77)-5,7-Dipropyl-8-iodo-2,5,7-undecatrien-4-ol (12e).
CaH;

CaHy
'H NMR $ 0.89 (t, J = 7.5 Hz, 3H, -CH,), 0.93 (t, J = 7.2 Hz, 3H, -CH,), 0.97 (t, J = 7.2
Hz, 3H, -CH,), 1.35-1.62 (m, 6H, alkyl-H), 1.71 (ddd, J = 1.3, 1.5, 6.3 Hz, 3H,
-CH=CHCH,), 1.77 (d, J = 2.7 Hz, 1H, -OH), 1.96-2.20 (m, 2H, allylic-H), 2.24 (dt, J =
2.3, 7.7 Hz, 2H, allylic-H), 2.54 (dt, J = 1.2, 7.5 Hz, 2H, allylic-H), 4.82-4.85 (m, 1H,
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-CH(OH)-), 5.54 (ddq, J = 5.7, 15.3, 1.5 Hz, 1H, -CH=CHCH,;), 5.65 (s, 1H,
-CH=CH(C;)-), 5.60-5.74 (m, 1H, -CH=CHCH,)

"C NMR & 12.87, 13.87, 14.11, 17.69, 21.52, 21.82, 22.85, 31.49, 36.19, 42.26, 71.89,
106.88, 126.83, 130.94, 132.48, 141.61, 143.25

IR (neat) 3446, 2959, 2870, 1653, 1456, 1377, 1238, 1101, 968 cm’'

Anal. Calcd. for C;H,,IO: C, 54.62 ; H, 7.77. Found: C, 54.32 ; H, 7.44.

Typical Procedure for Intramolecular Heck Reaction of 12.
4,6-Dihexyl-3-(trimethylsilyl)-2-ethenyl-3,5-cyclohexadien-1-o0l (13a).
lI:'Ep-HIE-

‘:'E-HIE-

To a mixture of K,CO; (86.3 mg, 0.625 mmol), Pd(OAc), (3.40 mg, 0.0150 mmol),
PPh, (15.7 mg, 0.0600 mmol) in DMF (0.750 mL) was added compound 12a (73.6 mg,
0.150 mmol) in DMF (0.45 mL), and the solution was heated to 70~80 °C and stirred
for 10 hr. After the mixture was cooled down to room temperature, diethyl ether was
added and the precipitate filtered off. The organic solution was treated with water and
the resulting mixture was extracted with ether. The extracts were washed with brine and
dried over MgSO,. Evaporation in vacuo afforded a crude oil, which was purified by
silica-gel column chromatography (hexane-Et,0) to afford the title compounds 13a
(41.9 mg) in 77 % yield.

'H NMR & 0.14 (s, 9H, -Si(CH;);), 0.85-0.93 (m, 6H, -CH, x 2), 1.20-1.54 (m, 16H,
alkyl-H), 1.51 (d, J = 10.2 Hz, 1H, -OH), 2.09-2.26 (m, 4H, allylic-H), 3.26 (m, 1H,
-CH(CH=CH,)-), 3.64 (dd, J = 1.8, 10.2 Hz, 1H, -CH(OH)-), 4.92-4.98 (m, 1H,
-CH=CH,), 5.01-5.09 (m, 1H, -CH=CH,), 5.40 (ddd, J = 7.7, 10.0, 17.5 Hz, 1H,
-CH=CH,), 5.66 (s, 1H, -CH=C(C¢H,5)-)

"C NMR 6 0.25, 13.93, 13.96, 22.50 (x 2), 27.40, 28.88, 29.51, 30.0,4 31.58, 31.74,
34.88, 36.19, 50.32, 70.66, 115.91, 124.14, 127.23, 137.72, 140.92, 145.31

IR (neat) 3431, 2927, 2854, 2177, 1635, 1560, 1466, 1248, 1009, 838, 759cm

Anal. Calcd. for C,;H,,IOSi: C, 76.17 ; H, 11.67. Found: C, 76.37 ; H, 11.67.

6-[2-(Benzyloxy)ethyl]-4-(3-chloropropyl)-2-ethenyl-3-(trimethylsilyl)-3,5-cyclohex
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adien-1-ol (13d)
EII'."I-E;._

cl

QBN
'H NMR & 0.16 (s, 9H, -Si(CH,),), 1.84-1.95 (m, 2H, -CH,CH,CI), 2.33-2.41 (m, 2H,
_CH,CH,OBn), 2.41-2.52 (m, 2H, -CH,CH,CH,CI), 2.55 (d, J = 6.2 Hz, 1H, -OH), 3.28
(d, J=7.8 Hz, 1H, -CH(CH=CH,)-), 3.56 (t, J = 6.6 Hz, 2H, -CH,Cl), 3.58-3.72 (m, 2H,
-CH,OBn), 3.73 (d, J = 6.2 Hz, 1H, -CH(OH)-), 4.52 (s, 2H, -OCH,Ph), 4.92-4.98 (m,
1H, -CH=CH,), 4.99-5.08 (m, 1H, -CH=CH,), 5.41 (ddd, J = 7.8, 9.6, 17.4 Hz, 1H,
-CH=CH,), 5.77 (s, 1H, -CH=C(CH,CH,0OBn)-), 7.26-7.38 (m, 5H, Ph)
“C NMR § 0.52, 32.89, 33.41, 36.23, 44.93, 49.66, 69.48, 70.43, 73.04, 115.86, 125.79,
127.60 (x 2), 128.30, 130.03, 137.28, 137.40, 137.65, 142.18
IR(neat) 3431, 2954, 2854, 1632, 1569, 1454, 1363, 1248, 1099, 1013, 918, 837, 753,
698 cm™
Anal. Caled. for C,H,,CIO,Si: C, 68.20 ; H, 8.21. Found: C, 68.12 ; H, 8.34.

3,4,6-Tripropyl-2-ethenyl-3,5-cyclohexadien-1-ol (13e).
CaHy
CaH,

-

CabHy
'H NMR 6 0.86-0.94 (m, 9H, -CH, x3), 1.30-1.58 (m, 6H, alkyl-H), 1.75-1.87 (m, 1H,
allylic-H), 2.00-2.32 (m, 6H, allylic-H and -OH), 293 (d, J = 8.4 Hz, 1H,
-CH(CH=CH,)-), 3.65 (m, 1H, -CH(OH)-), 4.97 (dd, J = 1.8, 9.9 Hz, 1H, -CH=CH,),
5.04-5.12 (m, 1H, -CH=CH,), 5.40 (ddd, J = 8.4, 9.9, 17.1 Hz, 1H, -CH=CH,), 5.64 (s,
1H, -CH=C(C;)-)

C NMR § 13.88, 14.09, 14.35, 21.22, 22.02, 22.64, 32.85, 33.20, 36.88, 51.84, 71.17,
115.74, 124.59, 128.66, 130.16, 136.62, 136.71

IR (neat) 3391, 3075, 2927, 1633, 1465, 1377, 1256, 1075, 995, 911, 741 cm

Anal. Calcd. for C,;H,4O: C, 82.20 ; H, 11.36. Found: C, 82.34 ; H, 11.45.
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Typical Procedure for the Conversion of 7 to Styrene Derivatives 13.
3,5-Dihexyl-2-(trimethylsilyl)styrene (14a).
alMa,

=

CeHya

CeHya

To a mixture of compound 13a (41.9 mg, 0.115 mmol) in MeOH (1.00 mL) was added
p-toluenesulfonic acid monohydrate (4.40 mg, 0.0230 mmol) and the solution was
stirred for 20 min at room temperature. After addition of water, the solution was
extracted with ether. The extracts were washed with brine and dried over MgSO,.
Evaporation in vacuo afforded a crude oil, which was purified by silica gel column
chromatography (hexane) to afford the title derivative 14a (34.0 mg) in 86 % yield.
'H NMR 6 0.38 (s, 9H, -Si(CH,);), 0.85-0.93 (m, 6H, -CH; x 2), 1.24-1.42 (m, 12H,
alkyl-H), 1.44-1.67 (m, 4H, alkyl-H), 2.55 (t, / = 7.8 Hz, 2H, ArCH,-), 2.68 (t, J = 8.1
Hz, 2H, ArCH,-), 5.19 (dd, J = 1.5, 10.8 Hz, 1H, -CH=CH,), 5.46 (dd, J = 1.5, 17.1 Hz,
1H, -CH=CH,), 6.92 (s, 1H, Ar-H), 7.09 (s, 1H, Ar-H), 7.13 (dd, J = 10.8, 17.1 Hz, 1H,
-CH=CH,)
"C NMR § 3.71, 13.97 (x 2), 22.54 (X 2), 29.13, 29.41, 31.10, 31.67, 31.80, 33.59,
35.64, 36.79, 114.67, 124.97, 129.18, 132.60, 140.89, 143.69, 145.83, 149.57
IR (neat) 3082, 2926, 1597, 1466, 1250, 1062, 993, 841, 691 cm'
Anal. Calcd. for C,;H,,Si: C, 80.15 ; H, 11.70. Found: C, 80.00 ; H, 11.66.

5-[2-(Benzyloxy)ethyl]-3-(3-chloropropyl)-2-(trimethylsilyl)styrene (14d)
SiNe ]

l

JBn
'"H NMR & 0.41 (s, 9H, -Si(CH,),), 1.98-2.09 (m, 2H, -CH,CH,CI), 2.82-2.95 (m, 4H,
-CH,CH,CH,C! and -CH,CH,OBn), 3.57 (t, J = 6.6 Hz, 2H, -CH,Cl), 3.72 (t, J = 7.2 Hz,
2H, -CH,0Bn), 4.55 (s, 2H, -OCH,Ph), 5.23 (dd, J = 1.5, 10.8 Hz, 1H, -CH=CH,), 5.48
(dd, J = 1.5, 17.1 Hz, 1H, -CH=CH,), 6.9 (d, J = 1.5 Hz, 1H, Ar-H), 7.13 (dd, J = 10.8,
17.1 Hz, 1H, -CH=CH,), 7.18 (d, J = 1.5 Hz, 1H, Ar-H), 7.26-7.38 (m, 5H, Ph)
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BC NMR § 3.93, 33.75, 35.79, 36.02, 44.59, 70.88, 72.97, 115.06, 125.67, 127.44,
127.53, 128.25, 129.45, 133.53, 138.22, 139.74, 140.18, 145.91, 147.19

IR(neat) 2952, 2853, 1598, 1544, 1454, 1361, 1251, 1102, 909, 842, 742, 697 cm’
Anal. Calcd. for C,;H,,CIO,Si: C, 71.38 ; H, 8.07. Found: C, 71.14 ; H, 7.97.

2,3,5-Tripropylstyrene (14e).
CaH;
CaHy

=

CaH;

'H NMR 8 0.95 (t, J = 7.5 Hz, 3H, -CH,), 0.99 (t, J = 7.5 Hz, 3H, -CH,), 1.01 (t, /= 7.5
Hz, 3H, -CH,), 1.43-1.70 (m, 6H, alkyl-H), 2.49-2.64 (m, 6H, ArCH,- x3), 5.24 (dd, J =
1.8, 10.8 Hz, 1H, -CH=CH,), 5.59 (dd, J = 1.8, 17.4 Hz, 1H, -CH=CH,), 6.91 (d, /= 1.8
Hz, 1H, Ar-H), 7.01 (dd, J = 10.8, 17.4 Hz, 1H, -CH=CH,), 7.15 (d, J = 1.8 Hz, 1H,
Ar-H)

"C NMR § 14.11, 14.47, 14.75, 24.37, 24.67, 24.84, 30.79, 35.41, 37.84, 114.88,
123.76, 129.20, 135.33, 135.78, 136.74, 139.69, 140.32

IR (neat) 3084, 2957, 1625, 1604, 1570, 1465, 1377, 1263, 1090, 989, 907 cm'

Anal. Calcd. for C,;H,,: C, 88.63 ; H, 11.37. Found: C, 88.59 ; H, 11.23.

Typical Procedure of Synthesis of 2-Methyl-3,4,6-Trisubstituted Phenols by
Intramolecular Heck Reaction.
4,6-Dihexyl-2-methyl-3-(trimethylsilyl)phenol (15a).

=1

G.H Mg

H
EEHIB
To a mixture of Et;N (0.278 mL, 2.00 mmol) and Pd,(dba),;»CHCI, (3.40 mg, 0.0200
mmol) in dry toluene (0.500 mL) was added compound 8a (73.6 mg, 0.200 mmol) in
dry toluene (0.500 mL), and the solution was heated to 100 °C and stirred for 36 hr.
After the mixture was cooled down to room temperature, the reaction was terminated by
the addition of saturated aqueous NH,Cl and the resulting mixture was extracted with

ether. The extracts were washed with brine and dried over MgSO,. Evaporation in
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vacuo afforded a crude oil, which was purified by silica gel column chromatography
(hexane-Et,0) to afford the phenol derivative 15a (41.9 mg) in 77 % yield.

'H NMR 6 0.39 (s, 9H, -Si(CH;);), 0.85-0.92 (m, 6H, -CH; x 2), 1.20-1.65 (m, 16H,
alkyl-H), 2.34 (s, 3H, ArMe), 2.54 (t, J = 7.8 Hz, 2H, ArCH,-), 2.61 (t, J = 8.0 Hz, 2H,
ArCH,-), 4.48 (s, 1H, -OH), 6.79 (s, 1H, Ar-H)

"C NMR § 3.65, 13.97 (x 2), 16.82, 22.53 (x 2), 29.28, 29.32, 29.46, 30.16, 31.64,
31.81, 34.16, 36.27, 128.57, 129.02, 129.18, 135.12, 141.32, 149.81

IR (neat) 3481, 2927, 2862, 1636, 1467, 1251, 1170, 1015, 841, 763 cm'

Anal. Calcd. for C,,H,IOSi: C, 75.79 ; H, 11.56. Found: C, 75.85 ; H, 11.54
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fham Cld. MWFFEED 2T P RISH 1 12X, 2HEORLZS 7T

SNSRI AL EYINEEICER TE S Z EIZDWTHR 7z, £ L THID
BEIZBWT, 1 ZHWTARKRLZL1,4—23—R—1,3—-7IVhYT 2 2H%R
FRIELTHW, TR LERWEMERRP A )L E WD Fikia X
JISDBRFEICEINER T % Z LN TE T,

1 ZHWTESNA MO ELTIE, 1,4—23—F—1,3—7
WA T OMIZ, TAFTINRY I REEZFET L7 2FL N6 RUCFETH
SNDERERER T ALEMBEIT 5N D ' (Scheme 3-1), EFIIZ DX Sz
IATINRTY I REFTHHEC T OB EZBHIEL TERRMERKED
T AEEWMDORIGHEZ R U TZ/ER, TN O NOREMINKISITEET S 2 &
L7z,

Scheme 3-1 P
CO,R
1
i COaR g
- 2
Ti(O-Pr), Ti(O-iPr), R
R'—==—CO,R 2 iPrMgCl o 2,4-Dienoate
) R—= H,0
or > > or —_— or
R'—==—CONR, i FONR. CONR,
1
Ti(O-iPr), N
R2 N
RZ
2,4-Dienamide
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—MIZ. AREEFIV R D)L SRS BT MRORIE. BEEFEITH N
TERANZRSZ —REBEERKIED 1 DERS>THBD, BN EETD
72D DRBEHNCIA Az EOBRE 230 T, HELETICRA RSB ZHNWT
THONTE, ZOHFTH I VLIPS T ALz & OHE 2 AWz FiENE)
R THRBILFELNTED, ZNETICL1,4 — G > (Scheme 3-2) 12
B L TIIM ST DR EF N D 5,

Scheme 3-2
" R-Li
+ 1,4-Addition or
R-MgX
%YO g R\/\/OMgX
Y Cu reagent Y

(catalytic or
stoichiometric)

ZRUTH L aByy,8 — AEEFT )L IR UL B WIS & 72 5 FAR AT IR T,
1,4 —fHmE=1E 1,6 — oGO gEENH T 5728, EDXDITHER
FIZATINE B2 EWD B-ENEL 5, FEERIGERMIZIT > TW a1 7 <,
1,6 —fHnIGof % R TH, RN IVAEZILEH OREN Y IV E > s
ED¥M2,4—yx/T—b (1,2) . AT 1,4 — (A RF] 725
BEHANWTWSH (X3,4) DMESNTNDEDATHS, £ 5
FIZDODNWTH, EFITRESNHI L OFHEFN/RI N TR (Scheme 3-3),
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Scheme 3-3
M Ph MeCuli M Ph (1)
o) then TMSCI OTMS
98 %
R',CuLi ~
~ “CO,Me > CO,Me (2)
R2 R' R2

R'=Bu RZ2=H 70 %

=Me 50%

Rl= 2 R2=H 35%

OMe Ph OMe
/);i:OMe PhMgBr! CuCN o \/j;tolvle (3)4i
(0] (6]

OCOEt OCOEt

RMgX, CuCl
> (4"
0 (R = Et, nPr, nBu) o R

30 ~ 62 % yield

FEERIZNW S DD DOFAEZ N TAEDFEHTEN/Z2,4 -T2 /T — P
XUN2,4 -2 27 I RAQREMMEZERAT (Scheme 3-4), & DRGHR,
RIGSEM A B, CONTIUIBNWTHRISDEMITRL5NEREIRE 2D, 7
T DIVENHEMAIL LB EES Z ENTERD > /2, £72. Me,CuLi %
W AFIVEDAMIN (OGS D) CDOWTHRM LN, 266N
T ROBETT 5 2 3o 7z,

Scheme 3-4

A. Ph,CuLi, Et,0
B. Ph,Cu(CN)Liy, Et,0
C. PhMgBr, CuBr-Me,S (2~2.5 equiv)

CONEt, Me,SiCl, DMPU, THF

CeH ;
613~ D. Me,Culi, Et,O no reaction
N upto0°C | or .
SiMe, complex mixture

INHBDORRNE, TNRTITHRE ST DRI Z W) 2 AN EOS
DFHEFHBT LB HREENDI DIF TR, HEMIMIRDF 722 FiEO KT
N OBEROBRDIZDITHETH D, DWTIE, 2MlFF > FOSH 1 12X
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> CEBRMERKR S T AALGWOE IR A OEBITEN S, MUTEEFIL, HRA
MO EtEDm EZ2BHEEE L TIRDEE Z EiTL 7.

T3, HEMNKEORF 2T ICHZ> T, TNEETTH-D0&ER
HHEOBRBENSIBD D I EIC Lz, TOBBETHE D T ATk 2 HE 2 H
HINTWEEFEREZ NS ONFIELER LR, EF IS ° ITER
§BH5ZEIC Lz, TOHBHELT, $ho%> T 2Tk 2 BiFa oo tE N %
oz, $7/b56, WIVRZIVEEEN T & Lgk (Fe(CO)s*° Fey(CO), 72 &)
ERIGANCHNWT 1,3 =TI AP T ERGS /DT — 8k VAR Z)VEEA

(Scheme 3-5) *** %, bk (HWAFEZITEK) ©PRUZX (2,4 —XR2F 2D
FF K) & (Fe(acac),) 75 F4E S V721G MK gk Z it & 9% T > Kk
(Scheme 3-6) * 72 EDBRMLKINITREIND L DT, Sl I E S T ALEW
WU TCTHEFICTHAEEALSTWEETHSHEF A 5.

Scheme 3-5

Reaction with
Nucleophile

or
Te(CO)s Electrophile Various
// \\ + Fe(CO)y —>» //__\\ > Compound

Diene-Iron Complex

Scheme 3-6
O o\
Z OBn  Fe”(bipy)(15 mol%) OBn y+ HO OH o__0O
benzene, 25 °C, 3 h | | ' \—/ |
N # > >
2 steps 62 %
. J Fe®(bipy) -

Fe L3
\/ H
L2 Fe _//4 \ C
H” > CH,OBn LsFe—
\ B-hydride / CHOBnN
o elimination
ox:;ja t/t\./e Q ‘Q reductive
cyclization \ c e \ C elimination

LyFe <
Ly Fe—< 2he~—
3F€TNCH,0BN 1 “cHOBn
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KA T —<ITEREITER T D8 2 H W2 R ARSI DWW TR
WS DPNREFIDR D D8, 77U Z Vv =)Lk OB MENns 2 — 23T
FTIT, o fp—AREFULEDICHT D 1,4 —(HNOREBIN 2 DHDH7ET L85
TW% (Scheme 3-7), ’

Scheme 3-7
FeC|3
Ph\/\n/Ph + MeMgBr ——» j/\n/ i
(0]

66 % yield

FeCl, (5 mol%)

nBuMgBr (1.2 equiv HoS0O,
I gBr ( quiv) . . Ph\;/\COZH @7
THF, -78 °C, 3 h CH,CO,H .

reflux, 6 h

70 % yield, 66 % ee

DEDZ XD, BT EORBEICEDSHMAER ST, 2,4—-21 )
—hR2,4-T273IR (2 ITHUT, 1ERETIIRETH - 2B DI
BT EST T B AIREMED D B DTl nWh EZ 27z, & L THA 738kt
EOARSEREZH N TR ZIT o 2R, Riih DEMEO R WL —8k
FeCl, & H Wz IZ \LMiTmﬂ TRIFEAEREFDRN ST U—IVT
DY —IVidEED 1,6 —HEBATIRISN, VIVE O LS iz 2,4 -2
I/)I—hDOHRST, y§ﬁ®24 /I/I F2,4—-T>7 IR
(2) ITHLUTHIEFIIHNRES TBEIIKIET S EZE R LU (Scheme
3-8),

Scheme 3-8
Coy
R! +
Z Ar-MgX El
R FeCl,, THF
R3 -35°C
(2
70~86 %
isolated yield
Z DS

i) INFETOFRKETIRIFZENERIBINIZN S = HFEFRERFED 1,6 —
fmm2,4 -2 /) T—F P >7 2 RICHLUTHINT S, &V —fi%
MZ2ETHENEZRISTHD., FHRO 2MF% > KIsH 1 12k > THEEIC
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B TE LA EREZRDIEINE2,4 -T2 /T —hP 2,42
I>73IR 2) OBMNRIERIED—DITRDE5,

i) INFTHEINTWHFHAEICLS 1,6 —fHIMKIZERTEAL 7 ¢
KT > Z4K (Scheme 3-3) THBHZDIZKH L., SERIOKIRTIETAL 710 >
INS AR DALY (Scheme 3-8) Z155 T EMSHNIC L B KN &3 R 5%
BCdhDHEHIT, Filzind L T 40 CARIEDREEZMD TN S,

EVNS T LWHIRZZ A TN S,

AETIEZDOMIBIZDOWTEHLLS#HT D,
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3—2 HMIREER

fE CIhRIZXDIT, 2MFF D RISH 1 1ITX > THEICERTE S 2,4 —
DI I R2a iU T, A REEAED KOA SRR IO LB IR D
MEt2iTo 72, TORER, HLHE 8 (148, 7Z)V7 YU v —)Lik# (1.
8 X&) 7% THF IF#H T-45~-35 °C DIKIRSGM F T3RHMESES &, T o
ZIVHEDERNIC 1,6 —fHIML 7z b&W 3a 23, 7 6 % DIFINERETHES Z LN T
&7/~ (Scheme 3-9),

Scheme 3-9
CONEt, ) CONEt,
CeHis P FeCl, (1 equw). CeHis
PhMgBr (1.8 equiv) H,O |
_ > > Ph + 2a

THF, -45~-35 °C, 3 h

SiMes SiMes

(2a) (3a)
Yield (NMR) 76 % 15 %

CORERIZIINETDL,6 — MO E L TIFHRESN TV INWEHEDTH
O, ¥ S D Scheme 3-4 TR RHEAFEKIC KB L DFER LT 5 &, Z D8k
DM IKRICTEN T EEZB L TWD Z E0NDNS,Z 2T, FD Table

Table 3-1
CONEt, o CONEt,
2
CeHis 2 PhMgBr H,0 CeHi3 |
N > > 2a + Ph
THF
SiMes -45~-35 °C SiMes
(2a) (3a)
Eny  POMoBr  FeCl,  Period Yield (%) ®
(equiv)  (equiv) (h) Recvd. 2a Product 3a
1 25 0 3 quant.
2 1.0 1.0 3 quant.
3 1.8 1.0 3 15 76
4 1.3 0.1 5 90 (75)
5 1.5 0.1 3 72
6 1.8 0.1 3 83 (72)
7 1.3 0.05 3 28
8 15 0.05 3 72
9 1.8 0.05 3 83

2 Yield were determined by "H NMR. Isolated yield in parentheses.
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B-1ITRLTHBDEDIT. 2D 1,6 —AIRISICHB T2 HLHE B LUT U =
VIV DY BB CBES MR EDORF 217> T, IntEDm Ea2i{s 7z,
Entries 1,2 IZHNWT, 7z ZIVT ) ZV—ILidE DA, £ 727U =%
— Vi EE SR Z RS B/ A 2356 T B HETd 5 2 L7 <R
BHENY & 755 7=, Entry 3 (BB DS, Scheme 3-9) TRIGNEFTT 5 Z E0VD
MO TZDT N THALSIDDEZ 0. 1 24 & (Entries 4~6). 0.0 54 & (Entries
7~9) &L, JzZIW T Y Vv —IIVidEEZ 2 LS E THREFZITo /2. ZORER
WTFNOHEETH, HFEEIN5 1,6 —fIkzHE2Z2ENTEEMN,. 0.05%
BEOHEABA) TIIISTEDE F DO T ERIERY DL NS, 0.1 YENEE
ZENWS T ENDOMN ST, 51T, Entry 4 £ 721 Entry 6 T LI H R TR G
NiDENNITETLTHBD, ZOREITBWTIL Entry 4 Z Rl 785 & A 7%
FTIEMNTEDN, Z0H., PO T ERANZRORGHFEEMN S, Entry 6 D
SO L RESRFEETHITES T

Fo, ARLZL, 6 —fIIMENE—~DOHDELTESNZZENS, ElRY
DFA LT 4 >DVEZ 'H NMR IZEK % nOe ZHWTHNZEZ A, VAKDF
L7742 ThsdZENHSMNIE> 7 (Figure 3-1), TNE THEZH W=
}le‘\—}lxﬁU ZY—IVERELRED 1,6 —fIETIZHEIZE T > AEDO B DR EN

BRUETEHESND ZENMNRE SN TWSE D, SEOESHO KNI, #HET£<
R >TBETRIELTWS D EBbND, THEINSDKINERICDONWTIZ
L AU

Figure 3-1

(3a)

SiMes

nOe enhancement shown in %

FNTZ OISO —fEEEZFTANRD &2, A REBEHIEONNY—2 D 2,4 -
IT/)IT—h2,4—T273IFR Q) ZFEBHCL. £27U Vv —)lil# b5
FEOBEREEZHTHIHEED S D TR 2TV, #E5R%Z Table 3-2 ITF £ D 7=,
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Table 3-2
coy _ coy
R ArMgBr (1.8 equiv) R
=z FeCl, (0.1 equiv) B | El
RN THF - Ar
2) R “45~-85°C,3h RS 3,4,5,6,7
Entry Substrate ArMgBr El* Product? Yield (%)P [Ds]°
Et Et
1 CO, H COEL 1 iy (@) 78
=z
2 (2b) PhMgBr D* | =D (b) 71 [58:42]
A Ph (>98%d)
3 Mel =Me (5b) 70 [61:39]
Me Me
MgBr CO,Et
4 2b Me H* ﬂ:i/l:;:] (6b) 65
Me Me
CO,Et CO,Et
- |
.
5 S (2¢) PhMgBr H Ph (3c) 84
Et Et
CsHy CsHy
COztBU COztBU
CsH13 =z CGH13
6 (2d) PhMgBr H+ | (3d) 86
A Ph
OBn OBn
CONE, CONEt,
CeH CeH
7 N (2e) PhMgBr H* e | (3e) 86
A Ph
CONEt CONEt,
CGH13 / C6H13
8 (2a) PhMgBr H* | (3a) 72
SiMe, SiMeg
MgBr CONEt,
9 2a H* | (7a) 73
MeO SiMeg
CONE, CONEt,
Ph
N PhMgB + |
10 (2f) gBr H (8f) 79
S Ph
SiM93 SiMe3

a A single olefinic isomer was obtained in all cases. Its stereochemistry was confirmed as depicted for 3a, 3b, 3c,
3d, 3e, 4b, 5b, and 6b. ? Isolated yields. ¢ Diastereoselectivity with respect to the introduction of EI*. The relative
stereoselectivity has not been determined.
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Entries 1~4 THW/=VILE BT F VL, S ICH T B 7Y Z v —ILid#E D
1,4—F77131,6 —fHMERAXRZ7ZODFEEEL THONTEZN, HEBKRD
BHEOHIIE<MEIN TR, FHE, ERERELTYIECBRIFIV
T 2 E W7 2 2V T U S — ViR E DN & EHE DT 5 720%,
FOSSETTE T, A IEITE S s> 7z,

Entry 1 12" K DI, S TIZ T = ZIVEOAHINME 3b 2N 7 8 % TH 51,
FL 74 >DIARIT'HNMR D5DH T D TEBNSRIID AR TH S
ZEMHENIIZo Tz, SHIT, FEKELTEZASNS T/ L— MTHLU
TEARLPIEAFIVTUT S Z 12X D, BEARELSNZAHE 4b . A
FIVENE A N7z 5b HEHEICES Z EMNWTE7 (Bntries 2,3), /=, KR
EDOHD o— FNIINFED T Z Vv —)LIFETHREKIC 1,6 — ML 7Z{LEY 6b
M6 5XTHLNTWS (Entry4), BHENEAL2,4—2T2 /T — b2 2d
IZENTHONMTHEIT L. XN d B4 3¢, 3d NNEE <5537 (Entries
56 2,4—TT>27 2K 2a, 2. 2f BFEIKET. TNTHHIST S04 6a.
3e. I MR TELPRTHESLSNTWVWDS, £z, WITND 1,6 —fHIKIZHBWN
THERT DAL 7 40 ORI, HINVAZIVRITKHL TEASINDHERN
VADNBIZASTZDDTH S EMMAERYD NOESY OFERMN S MRS NI,

Table 3-2 T/RL TWAHEFHEDO 7Y ZVv—)LiIdE RO DI, YIVFIL T
W ZIDT ) =Y —)VidE TH it 2175 7% (Scheme 3-10), ZDFER, 7 IV
FINDTY ZX—)VIAFETIINDEMIT/R D, HIFFI Nz 1,6 — AT
UM o7z, £z, VIV ZIIVOBE TR, KICAKITETITSHOD
DT IVFI ERIBRICIEDEHE T D 2 &5, 2 5 %BREEDORIRTL )
1,6 — AN ES NN E NS FERIT - 7=,

Scheme 3-10

FeCl, (0.1 equiv)

alkyl-MgBr (1.8~2 equiv)
2b » complex mixture
THF, -40~0 °C, <6 h

FeCl, (0.1 equiv)

CO,Et
>—MgBr (1.8 equiv)

2b > I
THF, -40~0 °C, 12 h

25 % (NMR yield)
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KIZ Scheme 3-11 ITHBWNWT, FHIZS NS bl & 2N 2 F 2 EBRtER %
RUTzZ,

Scheme 3-11
* (2E)-Olefin geometry
COEt CO,Et jo=
J _ PhMgBr, FeCl, =z F n
ﬁ mnn
- N )
P " Et NS Et D Ph
CsH; Caht7 ot
f (2c) (8)
s-trans-form s-cis-form
EtO OMgBr
H+
—_— | - >
Ph
Et
CsHy

©)

* (22)-Olefin geometry

Z ~CO,Et _\(iOZEt PhMgBr FeCl,
= - C4Hg » No desired product

C4H9
C4Hg o) OC4H9

s-trans-form
s-cis-form

IATINDANLDF L T 4 ZINERDILEM TH LI T2 2 ITBL T,
TxZI)VED 1,6 —fHmAMER<EITL TN S (Table 4-2 @ Entry 5 \ZHEIZR
LTHD), ZTUIKHLTHEERLE, TATIVDSALDF L T 4 208 Z KD
T AMEEW 10 I8 L TRBO RIS ZTT> 72 &2 A, 2TE5IEMfFEN<
1,6 —fImnide&<iE I 5911, RBB LI >0F L 7 40 > DR
b Z 2 ENnDHFER ER> T,

Z DFERMN S S BIDOOSINETT BITIE, P20 2¢ 10 IZAHASNL DR
s-cis BOWEZ & DRF2, SIlEEORIENETTTHHDOEZEASENS, TL
T 10 IZBWVWTIET X T}l/%i)\iﬁi[‘ﬁm ERRoTHOELZHET S EMN G,
20 TOABITRLIZK DB —HREEARO I D R Z LS T ENTE,
TOEEFABERD 1,6 —FHINEIT LT 3¢ NEKT 2 EWNo HEICKRS &
THIL TWD, FZITERT 2T L T 14 2 OSEN S ARITBZDH T T2 —
BEEARDO LD e RAZ E D DDFHFROMMNMMBETT LD EEZEZ TS,
TIVFIT ) 2 — ) )VIRE TR RN E S ol FREEO 7 ILFIL
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PREOSTEMPAREBBEEZE Z LPT W0, EWSSGOMHEITE > T, 7ILFIVRIE
FEAMIMRICAHIHTE AR E L THRE LGNS TIRHRWNEEZ 5N 5,

Lhb, AT, L REHREEHFT52,4-Y2 /T —hP2,4-VT>
7IRIZHRHL, TNETERICREHORWHFERE T ) Vv —)Lid#ED 1,6 —
MBS — 2 & > THETT 5 Z EITDN TRz,

CORIBTEREINS T L 7 4 > OIERMN, SilidFEzE HnZBIZEsn TN
TERYOBDENTHDHI ENS, ZOKICKDRIGIN, Filz/ia &t
T4 2DOERED I DELTHEHTAIENTESEEZEZLND, TDHEH|&
LT, B 11 &S bEWd cedrene DERRAEARE L THWSNTHD &
ARIETIEFOR I I > TIELEW 12 2T A5 2 & T, 11 OETETDOATF
MAEJRETdH 5. EZFRAICIE. ZOEGREIZE S 1,6 — ISR F Kk
ELUTEBRTENIL, cedrene DAtIZ, xanthorrhizol °, curcuphenol ' 72 & D F )l
NRBEOEEET AR ZEDITERT 5 T ENARIZEL2DBDEEDNS

(Scheme 3-12),

Scheme 3-12
CO,Me
OMe severfal steps OTHP  ref.8
(ref. 8) _ >
> — 9)
(0]
(11) H
(+)-cedrene
Hyp, Pd/C
CO,Me OTHP CO,Me
J FeCl, OTHP
Z . IR
61 % yield
MgBr (12)
OH
MeO
| |
(-)-Xanthorrhizol ® curcuphenol '°

X5 IEARL T RNTRE L TV B LA 5NBIRE TSI "2 0
H AL —HE R EbTELEEATEY, S5RBREHNEEN
B
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Experimental Section (Chapter 3)

General. 'H and C NMR spectra were taken on a Varian Gemini-300
spectrometer at 300 and 75 MHz, respectively. CDCl; was used as the
solvent. Chemical shifts are reported in parts per million shift (6 value)
from Me,Si (60 ppm for 'H) or based on the middle peak of the solvent
(CDCL,) (8 77.00 ppm for “C NMR) as an internal standard. Signal
patterns are indicated as br, broad; s, singlet; d, doublet,; t, triplet; q,
quartet; m, multiplet. Coupling constants (J) are given in Hertz. Infrared
(IR) spectra were recorded on a JASCO A-230 FT/IR spectrometer and are
reported in wave numbers (cm™). Elemental analyses were performed on
an Elementar Vario-EL. All reactions were carried out under an argon
atmosphere, using flame-dried glassware, and were monitored by TLC
(Merck, Kieselgel 60 F254) visualized with UV light (254 nm) and/or an

aqueous KMnQO, solution.
Material. Aryl Grignard reagents were prepared in THF as 0.7-1.1 M solution from

aryl bromide and magnesium turnings by the usual procedure, titrated and stored under
an argon atmosphere. Dry solvents (THF, ethyl ether, CH,Cl,, toluene) and butyllithium
in hexane as 1.56-1.60 M solution were purchased from Kanto Chemicals Co. (Japan).

Chemicals were purified or dried in a standard manner, if necessary.

(2Z, 4E)-N,N-Diethyl-3-hexyl-5-(trimethylsilyl)-2,4-pentadienamide (1).
CONEt,

=z

A

CeH13

SiMes
This is a known compound [Hamada, T.; Suzuki, D.; Urabe, H.; Sato, F. J. Am. Chem.
Soc. 1999, [2], 7342-7344; Urabe, H.; Mitsui, K.; Ohta, S.; Sato, F. J. Am. Chem. Soc.
2003, 7125, 6074-6075].
To a stirred solution of N,N-diethyl-2-nonynamide (2.09g, 10.0 mmol) and Ti(O-iPr),
(3.69 mL, 12.5 mmol) in 80 mL of Et,O was added 1.76 M solution of iPrMgCl in Et,O
(14.2 mL, 25 mmol) at —65 °C under argon to give a yellow homogeneous solution. The

solution was warmed to —50 °C. After stirring at =50 °C for 5 h, trimethylsilylacetylene
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(1.70 mL, 12 mmol) was introduced to the reaction mixture at —50 °C. After solution
was stirred for another 3 h, the reaction was terminated by the addition of 1N HCI (100
mL) and the organic products were extracted with ether (100 mL X 3). The combined
organic layers were washed with an aqueous solution of NaHCO,, dried over MgSO,,
and concentrated in vacuo to give a crude oil. The crude product was chromatographed
on silica gel to afford the title compound (2.16 g, 70 %) as a colorless oil.

'HNMR § 0.11 (s, 9H, -Si(CH,),), 0.87 (t, J = 6.8 Hz, 2H, -CH,(CH,),CH,), 1.15 (t, J =
7.2 Hz, 6H, -CON(CH,CH,),), 1.22-1.35 (m, 8H, -CH,(CH,),CH,), 2.49 (t, J = 7.8 Hz,
2H, -CH,(CH,),CH,), 3.34 (q, J = 7.2 Hz, 2H, -CON(CH,CH,),), 3.43 (q, J = 7.2 Hz,
2H, -CON(CH,CH,),), 5.95 (s, 1H, =CHCONEY,), 6.10 (d, J = 18.9 Hz, 1H, =CHSiMe,),
6.42 (d, J = 18.9 Hz, 1H, -CH=CHSiMe;)

"C NMR 3§ -1.46 (SiMe;), 12.93, 13.95, 14.19, 22.53, 27.61, 29.23, 29.62, 31.58, 39.23,
42.32,122.84, 132.32, 145.78, 149.38, 167.53 (C=0)

IR (neat) 2956, 2930, 2858, 1634 (C=0), 1577, 1459, 1427, 1379, 1249 (SiMe;), 1138,
985, 867, 839 cm’'

Anal. Calcd. for C;{H;sNOSi: C, 69.84; H, 11.40; N, 4.52. Found: C, 70.08; H, 11.79; N,
4.717.

(Z)-N,N-Diethyl-3-hexyl-5-phenyl-5-(trimethylsilyl)-3-pentenamide (2).
CONEt,

SiMe3
'H NMR 6 0.04 (s, 9H, -Si(CH,),), 0.88 (t, J = 6.9 Hz, 3H, -(CH,);,CH,), 0.91 (t, J = 7.2
Hz, 3H, -CON(CH,CH,),), 1.04 (t, J/ = 7.2 Hz, 3H, -CON(CH,CH,),), 1.24-1.34 (m, 8H,
-CH,(CH,),CH;), 1.98-2.19 (m, 2H, -CH,(CH,),CH,), 2.92 (d, J = 14.4 Hz, 1H,
-CH,CONEt,), 2.94-3.02 (m, 1H, -CON(CH,CH,),, 3.04-3.20 (m, 2H,
-CON(CH,CH,),), 3.09 (d, J = 11.4 Hz, 1H, -CH(Ph)SiMe,), 3.36 (d, J = 14.4 Hz, 1H,
-CH,CONEt,), 3.33-3.48 (m, 1H, -CON(CH,CH,),), 5.75 (d, J = 11.4 Hz, 1H,
=CHCH(Ph)SiMe;), 7.03-7.10 (m, 3H, Ph-H), 7.19-7.25 (m, 2H, Ph-H). Irradiation of
the proton at § 5.75 ppm (=CHCH(Ph)SiMe;) showed 2% nOe enhancement to the peak
at § 1.98-2.19 ppm (-CH,(CH,),CH,). Thus, the stereochemistry of the olefinic bond has

CeHi3

Ph

been confirmed.
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3C NMR § 2.98, 12.78, 13.91, 14.06, 22.68, 28.33, 28.99, 31.71, 36.78, 36.84, 38.00,
39.82, 41.61, 124.41, 125.40, 126.90, 128.17, 132.58, 142.72, 170.01 (C=0)

IR (neat) 3026 (Ph), 2928, 1636 (C=0), 1458, 1379, 1248, 1136, 1079, 841, 700 cm’"
Anal. Caled. for C,,H, NOSi: C, 74.36; H, 10.66; N, 3.61. Found: C, 74.03; H, 10.98; N,
3.96.

Ethyl (Z)-5-Phenyl-3-hexenoate (4).

CO,Et

Ph

To a stirred solution of ethyl sorbate (70.1 mg, 0.5 mmol) and FeCl, (6.40 mg, 0.05
mmol) in 3 mL of THF was added a 1.09 M solution of PhMgBr in THF (0.826 mL, 0.9
mmol) at =50 °C under argon to give a dark brown to black homogeneous solution.
Then the solution was stirred at -50~-40 °C for 2 h. The reaction was terminated at that
temperature by the addition of a saturated NH,Cl aqueous solution (5 mL). The organic
products were extracted with ether (6~7 mL X 3). The combined organic layers were
washed with brine, dried over MgSO,, and concentrated in vacuo to give a crude oil, 'H
NMR analysis of which did not show the peaks of other regio- and stereoisomers. The
crude product was chromatographed on silica gel (hexane-ether) to afford the title
compound (85.5 mg, 78 %) as an isomerically pure form.

'H NMR & 1.25 (t, J = 7.2 Hz, 3H, -CO,CH,CH,), 1.36 (d, J = 7.2 Hz, 3H,
-CH(Ph)CH,), 3.10 (ddd, J = 1.8, 6.9, 16.8 Hz, 1H, -CH,CO,Et), 3.20 (ddd, J = 1.8, 7.4,
16.8 Hz, 1H, -CH,CO,Et), 3.74 (qd, J = 7.2, 9.3 Hz, 1H, -CH(Ph)CH,), 4.14 (q, J = 7.2
Hz, 2H, -CO,CH,CH,), 5.60 (td, J = 7.2, 10.8 Hz, 1H, =CHCH,CO,Et), 5.73 (tdd, J =
1.8, 9.3, 10.8 Hz, 1H, =CHCH(Ph)CH,), 7.16-7.33 (m, 5H, Ph-H). The (Z)-olefinic
geometry was determined by the coupling constant.

"C NMR § 14.15, 22.00, 33.18, 37.49, 60.65, 119.95, 126.07, 126.85, 128.47, 138.07,
145.65, 171.72 (C=0)

IR (neat) 3024 (Ph), 2968, 1735 (C=0), 1451, 1367, 1262, 1174, 1034, 699 cm’'

Anal. Calcd. for C,,H,;0,: C, 77.03; H, 8.31. Found: C, 77.06; H, 8.42.

Ethyl (Z)-2-Deuterio-5-phenyl-3-hexenoate as a 58:42 mixture of diastereomers (5).
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CO,Et
Ph

To a stirred solution of ethyl sorbate (70.1 mg, 0.5 mmol) and FeCl, (6.4 mg, 0.05
mmol) in 3 mL of THF was added a 1.09 M solution of PhMgBr in THF (0.826 mL, 0.9
mmol) at -50 °C under argon to give a dark brown to black homogeneous solution. Then
the solution was stirred at -50~-40 °C for 2 h. The reaction was terminated at that
temperature by the addition of D,O (5 mL). After stirring for 15 min, the organic
products were extracted with ether (6~7 mL X 3). The combined organic layers were
washed with brine, dried over MgSO,, and concentrated in vacuo to give a crude oil.
The crude product was chromatographed on silica gel (hexane-ether) to afford the title
compound (78.7 mg, 71 %).

'H NMR & 1.26 (t, J = 7.2 Hz, 3H, -CO,CH,CH,), 1.37 (d, J = 7.2 Hz, 3H,
-CH(Ph)CH;), 3.06-3.13 (m, 0.58H, -CHDCO,Et) and 3.15-3.21 (m, 0.42H,
-CHDCO,Et), 3.75 (qd, J = 6.9, 9.3 Hz, 1H, -CH(Ph)CH,), 4.15 (q, J = 7.2 Hz, 2H,
-CO,CH,CH,), 5.60 (dd, J = 6.9, 10.8 Hz, 1H, =CHCHDCO,Et), 5.74 (ddd, J = 1.5, 9.3,
10.8 Hz, 1H, -CH=CHCHDCO,Et), 7.17-7.34 (m, SH, Ph-H). The integration of the
peaks at 03.06-3.13 and 3.15-3.21 ppm (-CHDCO,Et) showed nearly complete
deuterium incorporation (>98%d).

"C NMR & 14.10, 21.95, 32.87 (t, J = 19.5 Hz, C-D coupling), 37.44, 60.59, 119.85,
126.02, 126.80, 128.42, 138.06, 145.59, 171.66 (C=0) for a 58:42 mixture of

diastereomers.

Ethyl (Z)-2-Methyl-5-phenyl-3-hexenoate as a 61:39 mixture of diastereomers (6).

CO,Et

Ph

To a stirred solution of ethyl sorbate (70.1 mg, 0.5 mmol) and FeCl, (6.4 mg, 0.05
mmol) in 3 mL of THF was added a 1.09 M solution of PhMgBr in THF (0.826 mL, 0.9
mmol) at -50 °C under argon to give a dark brown to black homogeneous solution.
After the solution was stirred at -50~-40 °C for 2 h, Mel (0.156 mL, 2.5 mmol) was
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added at the same temperature. Then the solution was warmed to 0 °C and was stirred
for an additional 5 h. The reaction was terminated at that temperature by the addition of
saturated NH,Cl aqueous solution (5 mL). After stirring for 15 min, the organic
products were extracted with ether (6~7 mL X 3). The combined organic layers were
washed with brine, dried over MgSO,, and concentrated in vacuo to give a crude oil.
The crude product was chromatographed on silica gel (hexane-ether) to afford the title
compound (82.2 mg, 70 %).

'H NMR (major isomer) & 1.18 (t, J = 7.2 Hz, 3H, -CO,CH,CH,), 1.31 (d, J = 6.6 Hz,
3H, -CH,), 1.37 (d, J = 6.9 Hz, 3H, -CH,), 3.56 (m, 1H, -CH(Me)CO,Et), 3.78-3.91 (m,
1H, -CH(Me)Ph), 4.06 (dq, J = 2.4, 7.2 Hz, 1H, -CO,CH,CH,), 4.17 (q, J = 7.2 Hz, 1H,
-CO,CH,CH,), 5.43 (t, J = 10.5 Hz, 1H, -CH=CH-), 5.63 (t, J = 10.5 Hz, -CH=CH-),
7.16-7.35 (m, 5H,, Ph); (minor isomer, characteristic peaks) 6 1.19 (t, J = 7.2 Hz, 3H,
-CO,CH,CH;), 1.38 (d, J = 6.9 Hz, 3H, -CH,). The (Z)-olefinic geometry was
determined by the coupling constant.

"C NMR (major isomer) 8 13.96, 18.16, 21.90, 37.32, 38.26, 60.40, 125.95, 126.86,
127.33, 128.29, 136.42, 145.89, 174.61; (minor isomer) & 14.10, 17.71, 22.13, 37.54,
38.34, 60.48, 126.01, 126.70, 127.47, 128.43, 136.44, 145.46, 174.74

IR (neat) 3028 (Ph), 2975, 1734 (C=0), 1452, 1374, 1326, 1244, 1178, 1097, 1043, 741,
699 cm™' for a 61:39 mixture of diastereomers.

Anal. Calcd. for C,H,,0,: C, 77.55; H, 8.68. Found: C, 77.42; H, 8.88 for a 61:39

mixture of diastereomers.

Ethyl (Z)-5-(o-Tolyl)-3-hexenoate (7).

CO,Et

'H NMR & 1.27 (t, J = 7.2 Hz, 3H, -CO,CH,CH,), 1.36 (d, J = 6.9 Hz, 3H,
-CH(CH;)Ar), 2.36 (s, 3H, ArCHy;), 3.08 (ddd, J = 1.5, 6.9, 16.6 Hz, 1H, -CH,CO,Et),
3.20 (ddd, J = 1.5, 6.9, 16.6 Hz, 1H, -CH,CO,Et), 3.91 (qd, J = 7.2, 9.0 Hz, 1H,
-CH(Me)Ar), 4.15 (q, J = 7.2 Hz, 2H, -CO,CH,CH,;), 5.61 (td, J = 6.9, 10.8 Hz, 1H,
=CHCH,CO,Et), 5.72 (tdd, J = 1.5, 9.0, 10.8 Hz, 1H, =CHCH(Me)Ar), 7.10-7.30 (m,
4H, Ar-H). The (Z)-olefinic geometry was determined by the coupling constant.
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"C NMR § 14.07, 19.39, 21.59, 33.19, 33.63, 60.56, 119.98, 125.66, 125.86, 126.26,
130.24, 135.15, 137.80, 143.88, 171.56 (C=0)

IR (neat) 3025 (Ar), 2968, 1735 (C=0), 1462, 1367, 1262, 1162, 1037, 757, 727 cm’*
Anal. Calcd. for C,sH,,0,: C, 77.55; H, 8.68. Found: C, 77.44; H, 8.95.

Ethyl (2E, 4E)-4-Ethyl-2,4-octadienoate (8).

CO,Et
=

Et\

Pr
To a stirred suspension of Sodium hydride (0.66 g of 55 %w/w dispersion in oil, 16.5

mmol), which was washed with hexane prior to use, in 20 mL of THF was added
triethyl phosphonoacetate (3.54 mL, 16.5 mmol) at O °C. After the mixture was stirred
for 30 min at room temperature, (E)-2-ethyl-2-hexenal (2.23 mL, 15 mmol) in 20 mL of
THF was added at 0 °C and then stirred for 1.5 h at the same temperature. The reaction
was terminated by the addition of water (50 mL) and the organic products were
extracted with ether (40 mL X 3). The combined organic layers were washed with brine,
dried over MgSO,, and concentrated in vacuo to give a crude oil. Chromatgraphy on
silica gel (hexane-ether) afforded the title compound (2.30 g, 85 %) as an oil.

'HNMR 8 0.90 (t, J = 7.5 Hz, 3H, -CH,), 0.97 (t, J = 7.5 Hz, 3H, -CH,), 1.27 (t, J = 7.2
Hz, 3H, -CO,CH,CH,), 1.42 (sextet, J = 7.5 Hz, 2H, -CH,CH,CH,), 2.13 (q, J/ = 7.5 Hz,
2H, allylic-H), 2.23 (q, J = 7.5 Hz, 2H, allylic-H), 4.17 (q, J = 7.2 Hz, 2H,
-CO,CH,CH,), 5.78 (d, J = 15.6 Hz, 1H, -CH=CHCO,Et), 5.77-5.84 (m, 1H, =CHPr),
7.20 (d, J =15.6 Hz, 1H, =CHCO,Et)

"C NMR § 13.26, 13.79, 14.26, 19.62, 22.36, 30.46, 60.04, 114.96, 139.06, 141.68,
148.41, 167.62

IR (neat) 2964, 1716 (C=0), 1624 (C=C), 1457, 1366, 1266, 1174, 1040, 984, 859 cm"'
Anal. Calcd. for C,,H,,0,: C, 73.43; H, 10.27. Found: C, 73.10; H, 10.06.

Ethyl (Z)-4-Ethyl-5-phenyl-3-octenoate (9).
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CO,Et

Pr
"H NMR 6 0.91 (t,J=7.5Hz, 3H, -CH,), 0.96 (t, J = 7.5 Hz, 3H, -CH,), 1.30 (t, /= 7.2

Hz, 3H, -CO,CH,CH,), 1.68-2.10 (m, 6H, =C(CH,CH,)CH(Ph)CH,CH,CH,), 3.29 (d, J
= 7.2 Hz, 1H, -CH,CO,Et), 3.30 (d, J = 7.2 Hz, 1H, -CH,CO,Et), 3.89 (dd, J = 6.6, 9.0
Hz, -CH(Ph)Pr), 4.19 (q, J = 7.2 Hz, 2H, -CO,CH,CH,), 548 (t, J = 7.2 Hz, 1H,
=CHCH,CO,Et), 7.13-7.32 (m, 5H, Ph-H). NOESY experiments showed the correlation
between the peaks at & 3.30 ppm (-CH,CO,Et) and at 8 3.89 ppm (-CH(Ph)Pr). Thus,

Ph
Et

the stereochemistry of the olefinic bond has been confirmed.

"C NMR § 12.42, 14.14, 14.20, 20.78, 23.51, 33.33, 33.67, 45.19, 60.46, 115.25,

125.83, 127.70, 128.02, 143.26, 146.31, 172.27 (C=0)

IR (neat) 3030 (Ph), 2960, 1739 (C=0), 1601, 1465, 1368, 1258, 1178, 1032, 855, 700
-1

cm

Anal. Calcd. for C,3H,,0,: C, 78.79; H, 9.55. Found: C, 78.86; H, 9.81.

tert-Butyl (2E,4E)-7-Benzyloxy-3-hexyl-2,4-heptadienoate (10).

COQT‘BU
CeHiz~
A
OBn

This is a known compound [Hamada, T.; Suzuki, D.; Urabe, H.; Sato, F. J. Am. Chem.
Soc. 1999, 121, 7342-7344].

tert-Butyl (3E)-7-Benzyloxy-3-hexyl-5-phenyl-heptenoate (11).
COQ tBu
CeH13

Ph

OBn
'H NMR 6 0.87 (t, J = 6.9 Hz, 3H, -(CH,);CH;), 1.20-1.30 (m, 8H, -CH,(CH,),CH,),
1.37 (s, 9H, -CO,C(CH,)5), 1.82-2.10 (m, 2H, -CH,(CH,),CH,), 2.06 (dt, J = 6.6 Hz, 2H,
-CH(Ph)CH,CH,0OBn), 2.97 (d, J = 14.7 Hz, 1H, -CH,CO,¢-Bu), 3.05 (t, J/ = 14.7 Hz,

-57-



Chapter 3

1H, -CH,CO,t-Bu), 3.42 (t, J = 6.6 Hz, 2H, -CH,CH,0OBn), 3.72 (dt, / = 7.2, 9.6 Hz, 1H,
-CH(Ph)CH,-), 4.42 (d, J = 12.0 Hz, 1H, -OCH,Ph), 4.47 (d, J = 12.0 Hz, 1H,
-OCH,Ph), 5.42 (d, J = 9.6 Hz, 1H, =CHCH(Ph)-), 7.12-7.36 (m, 10H, Ph-H). NOESY
experiments showed the correlation between the peaks at & 2.97 and 3.05 ppm
(-CH,CO,#-Bu) and at d 3.72 ppm (-CH(Ph)CH,-). Thus, the stereochemistry of the
olefinic bond has been confirmed.

"C NMR & 14.03, 22.59, 27.70, 27.92, 28.92, 31.65, 36.66, 37.39, 37.51, 40.45, 68.16,
72.83, 80.29, 125.88, 127.40 (2 peaks), 127.59, 128.25, 128.31, 131.20, 133.27, 138.55,
144.89, 170.68 (C=0)

IR (neat) 3033 (Ph), 2928, 1729 (C=0), 1454, 1367, 1256, 1144, 952, 841, 698 cm’'
Anal. Calcd. for C;,H,,0;: C, 79.96; H, 9.39. Found: C, 80.35; H, 9.63.

(2Z)-N,N-Diethyl-3-hexyl-2,4-pentadienamide (12).

CONEt,
CeHiz -
X

To a stirred solution of

(2Z,AE)-N,N-diethyl-3-hexyl-5-(trimethylsilyl)-2,4-pentadienamide 1 (1.55 g, 5 mmol)
in 25 mL of dry DMSO was added 1 M solution of tetraammonium fluoride in
dimethylsulfoxide (25 mL, 25 mmol), and the mixture was stirred for 2 h at 80 °C. The
solution was diluted with ether (80 mL), washed with water (50 mL X 3) and
concentrated in vacuo to give a crude oil, which was chromatgraphed on silica gel
(hexane-ether) to afford the title compound (0.85 g, 72 %).

'H NMR § 0.87 (t, J = 7.2 Hz, 3H, -CH,), 1.15 (t, J = 7.2 Hz, 6H, -N(CH,CH,),),
1.21-1.53 (m, 8H, -CH,(CH,),CH,;), 2.49 (t, J = 7.8 Hz, 2H, -CH,(CH,),CH,), 3.33 (q, J
= 7.2 Hz, 2H, -N(CH,CH,),), 3.42 (q, J = 7.2 Hz, 2H, -N(CH,CH,),), 5.22 (d, J = 10.8
Hz, 1H, -CH=CH,), 5.43 (d, J = 17.4 Hz, 1H, -CH=CH,), 5.94 (s, 1H, =CHCONEL,),
6.29 (dd, J = 10.8, 17.4 Hz, 1H, -CH=CH,). NOESY experiments showed the
correlation between the peaks at 0 5.94 ppm (=CHCONEL,) and at 8 6.29 ppm
(-CH=CH,). Thus, the stereochemistry of the diene has been confirmed.

"C NMR 6 13.04, 14.06, 14.23, 22.62, 27.78, 29.25, 29.68, 31.67, 39.36, 42.40, 116.17,
122.44, 138.95, 148.42, 167.20 (C=0)

IR (neat) 2928, 2862, 1636 (C=0), 1425, 1379, 1269, 1142, 1097, 988, 907 cm'"
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Anal. Caled. for C,sH,,NO: C, 75.90; H, 11.46; N, 5.90. Found: C, 75.51; H, 11.16; N,
6.28.

(Z)-N,N-Diethyl-3-hexyl-5-phenyl-3-pentenamide (13).

CONE,
CeH1s

Ph

'HNMR 6 0.86 (t, J = 7.2 Hz, 3H, -CH,), 1.12 (t, J = 7.2 Hz, 3H, -N(CH,CH,),), 1.15 (t,
J =71.2 Hz, 3H, -N(CH,CH,),), 1.23-1.50 (m, 8H, -CH,(CH,),CH,), 2.09 (t, J = 6.9 Hz,
2H, -CH,(CH,),CH,), 3.19 (s, 2H, -CH,CONEv,), 3.30 (q, / = 7.2 Hz, 2H, -N(CH,CH,),),
3.38 (q, J = 7.2 Hz, 2H, -N(CH,CH,),), 3.39 (d, J = 7.5 Hz, 2H, -CH,Ph), 5.53 (t, J =
7.5 Hz, 1H, =CHCH,Ph), 7.17-7.31 (m, SH, Ph-H). NOESY experiments showed the
correlation between the peaks at 8 2.09 ppm (-CH,(CH,),CH;) and at 6 5.53 ppm
(=CHCH,Ph). Thus, the stereochemistry of the olefinic bond has been confirmed.
C NMR § 13.07, 14.15, 14.36, 22.72, 28.06, 29.14, 31.81, 34.29, 35.60, 37.21, 40.32,
42.09, 125.51, 125.96, 128.43, 128.48, 135.20, 141.13, 169.97 (C=0)
IR (neat) 3026 (Ph), 2928, 2854, 1641 (C=0), 1453, 1379, 1252, 1135, 744, 699 cm'
Anal. Calcd. for C,;H;;NO: C, 79.95; H, 10.54; N, 4.44. Found: C, 80.10; H, 10.70; N,
4.05.

(Z)-N,N-Diethyl-3-hexyl-5-(p-anisyl)-5-(trimethylsilyl)-3-pentenamide (14).

CONEt,
CgHi3 OMe

SiMes

'H NMR 6 0.06 (s, 9H, -Si(CH,),), 0.88 (t, J = 6.9 Hz, 3H, -(CH,);,CH,), 0.93 (t, J = 7.2
Hz, 3H, -CON(CH,CH,),), 1.05 (t, J/ = 7.2 Hz, 3H, -CON(CH,CH,),), 1.24-1.34 (m, 8H,
-CH,(CH,),CH;), 1.97-2.18 (m, 2H, -CH,(CH,),CH,), 291 (d, J = 15.0 Hz, 1H,
-CH,CONEt,), 2.88-3.04 (m, 1H, -CON(CH,CH,),), 3.02 (d, J = 11.4 Hz, 1H,
-CH(Ar)SiMe,), 3.07-3.21 (m, 2H, -CON(CH,CH,),), 3.35 (d, J = 15.0 Hz, 1H,
-CH,CONEt,), 3.35-3.48 (m, 1H, -CON(CH,CH,),), 3.77 (s, 3H, -OCH,), 5.69 (d, J =
11.4 Hz, =CHCH(Ar)SiMe,), 6.79 (d, J = 9.0 Hz, 2H, Ar-H), 6.97 (d, J = 9.0 Hz, 2H,
Ar-H)
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“C NMR & 2.94 (SiMe;), 12.81, 13.99, 14.08, 22.70, 28.37, 29.01, 31.73, 36.79, 36.83,
36.88, 39.84, 41.62, 55.20, 113.70, 125.79, 127.69, 132.33, 134.77, 156.78, 170.06
(C=0)

IR (neat) 3030 (Ar), 2929, 1636 (C=0), 1458, 1379, 1247, 1178, 1136, 1037, 841, 692

cm’!

Anal. Caled. for C,sH,;NOSi: C, 71.89; H, 10.38; N, 3.35. Found: C, 71.66; H, 10.36; N,
3.50.

(2Z, 4E)-N,N-Diethyl-3-phenyl-5-(trimethylsilyl)-2,4-pentadienamide (15).
CONEt,

=z

AN

Ph

SiMes
This was prepared according to the literature [Hamada, T.; Suzuki, D.; Urabe, H.; Sato,
F. J. Am. Chem. Soc. 1999, 121, 7342-7344].
'H NMR & 0.04 (s, 9H, -Si(CH,),), 0.81 (t, J = 7.2 Hz, 3H, -CH,), 0.91 (t, J = 7.2 Hz,
3H, -CH,), 3.13 (q, J = 7.2 Hz, 2H, -CON(CH,CH,),), 3.21 (q, J = 7.2 Hz, 2H,
-CON(CH,CH,),), 5.79 (d, J = 18.6 Hz, 1H, =CHSiMe,), 6.11 (s, 1H, =CHCONEv,),
6.69 (d, J = 18.6 Hz, 1H, -CH=CHSiMe,), 7.17-7.33 (m, 5H, Ph-H). NOESY
experiments showed the correlation between the peaks at 8 5.79 ppm (=CHSiMe,) and
at 0 6.11 ppm (=CHCONEL,) and 6 6.69 (-CH=CHSiMe,). Thus, the stereochemistry of
the diene has been confirmed.
"C NMR & 1.51 (SiMe;), 12.08, 13.81, 38.23, 42.09, 124.29, 127.56, 127.77, 128.94,
135.75, 136.22, 145.06, 145.68, 167.19 (C=0)
IR (neat) 3060 (Ph), 2957, 1634 (C=0), 1429, 1380, 1247 (SiMe,), 1156, 1072, 988,
829, 701 cm™
Anal. Calcd. for C,(H;sNOSi: C, 71.71; H, 9.03; N, 4.65. Found: C, 71.34; H, 8.89; N,
4.62.

(E)-N,N-Diethyl-3,5-diphenyl-5-(trimethylsilyl)-3-pentenamide (16).
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CONEt,
Ph

Ph
SiMes
'H NMR 8 0.02 (s, 9H, -Si(CH,)), 0.85 (t, J = 6.9 Hz, 3H, -CON(CH,CH,),), 0.96 (t, J
= 6.9 Hz, 3H, -CON(CH,CH,),), 2.95-3.38 (m, 4H, -CON(CH,CH,),), 3.35 (d, /= 12.0
Hz, 1H, -CH(Ph)SiMe;), 3.48 (dd, J = 1.2, 15.6 Hz, 1H, -CH,CONEL,), 3.65 (dd, J = 1.2,
15.6 Hz, 1H, -CH,CONEt,), 6.22 (td, J = 1.2, 12.0 Hz, 1H, =CHCH(Ph)SiMe,),
7.07-7.38 (m, 10H, Ph-H)
"C NMR § 2.84 (SiMe;), 12.52, 13.97, 36.56, 38.98, 39.80, 41.70, 124.58, 126.69,
126.72, 126.99, 128.04, 128.27, 130.73, 133.34, 142.30, 142.89, 169.33 (C=0)
IR (neat) 3025 (Ph), 2964, 1645 (C=0), 1429, 1379, 1249, 1136, 843, 733, 699 cm'
Anal. Calcd. for C,,H;;NOSi: C, 75.93; H, 8.76; N, 3.69. Found: C, 75.84; H, 9.11; N,
3.40.

Ethyl (2Z, 4E)-4-Butyl-2,4-nonadienoate (17).

z CO5Et
Bu N

Bu
This was prepared as follows. Yields were not optimized.

1) Ti(O-1Pr), |

2 iPrMgCl )H
Bu—===—-=>,u > N
2) sBUOH Bu
3) I, Bu
CO,Et
==—CO.Et Ti(O-Pr),
nBulli, IPI’QNH o || 2 /PngC| = COgEt
- _—
ZnBr,, Pd(PPhj), N 28 % BT N
2 steps 61 % Bu (17|)3U

'"H NMR $ 0.84-0.95 (m, 6H, -CH,(CH,),CH,), 1.27(t, J = 7.2 Hz, 3H, -CO,CH,CH,),
1.24-1.40 (m, 8H, -CH,(CH,),CH,), 2.11 (q, J = 7.2 Hz, 2H, =CHCH,(CH,),CH,), 2.27
(t, J = 7.2 Hz, 2H, -C(CH,CH,CH,CH,)=CH-), 4.15 (q, J = 7.2 Hz, 2H, -CO,CH,CH,),
5.63 (d, J = 12.3 Hz, 1H, =CHCO,EY), 5.60-5.67 (m, 1H, =CHCH,(CH,),CH,), 6.34 (d,
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J =12.3 Hz, 1H, -CH=CHCO,EY).

Methyl (Z)-5-[4-(2-tetrahydropyranyl)oxyphenyl]-3-hexenoate (12).

COZMe
0] 0]

T U

'HNMR & 1.32 (d, J = 6.9 Hz, 3H, -CH,), 1.55-2.10 (m, 6H, tetrahydropyranyl-H), 3.10
(ddd, J = 1.8, 6.9, 16.9 Hz, 1H, -CH,CO,Me), 3.20 (ddd, J = 1.2, 7.5, 16.9 Hz, 1H,
-CH,CO,Me), 3.54-3.71 (m, 2H, =CHCH(Me)Ar and tetrahydropyranyl-H), 3.68 (s, 3H,
-CO,CH,), 3.92 (ddd, J = 3.0, 8.4, 13.5 Hz, 1H, tetrahydropyranyl-H), 5.38 (t, J = 3,3
Hz, 1H, tetrahydropyranyl-H), 5.56 (td, J = 7.5, 10.8 Hz, 1H, =CHCH,CO,Me), 5.69
(tdd, J = 1.5, 9.6, 10.8 Hz, =CHCH(Me)Ar), 6.98 (d, J = 8.7 Hz, 1H, Ar-H), 7.13 (d, J =
8.7 Hz, 1H, Ar-H)
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R' = SiMej, alkyl
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Scheme 4-1
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R' 2 iPrMgCl R R2
(1) R3 1,4-Diiodo-1,3-alkadienes

| ——— j}Ti(o-/Pr)2 —_— TI(O iPr),
R® " R? \

R' = CO,R, CONEt,, alkyl

R? = alkyl, aromatic

R3 = H, alkyl, SiMe;,CO,R, CONEt2

2,4-Dienoate or -Dienamide
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Scheme 4-2
iPrMgBr + 2 nBuli
R! R
5 .
R _ lPrB:J:)Mng R2 PN
N\A > | LiBuMg 2N\,
R3 R3

64 ~ 89 % yield

CO,Me
+ Br
EF = H,0, aldehyde, A~ ,\/\Cone

IHI BNl —I—R—-1,3=7IAhTITAEW S ITLKD3TFHD
Heck FUBIZE D, < OBEHENBEAINZNIVIT 6. AFL 2T BXUT
/=) 8 BREDHBHLEMDEKZZEKR L., ZORBDINHEZRT I &
INT &7z (Scheme 4-3),

Scheme 4-3
i) Multi-substituted toluene compounds
SiMe3 R1
CgH
671N Pd Catalyst R
X = >
CeHis rs (6

61 % yield

ii) Multi-substituted styrene compounds
R1

R1
HO RS Z = + R2
Pd Catalyst H AN
X — > -
RS
RS ™ M 40-~66%yield
i) Multi-substituted phenol compounds
oy SMes . R
613 R
HO 2N Pd Catalyst _
NN OH
RS
Coftia (8) 62 % yield
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Scheme 4-4
coy
R~ Ar-MgX El*
R2j< FeCl, THF g
R3 -35°C
@)
Y = OEt, OtBu, NEt, El* = Hy0 (or D,0), Mel 70~86 %

isolated yield
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