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SUMMARY

Studies on the Development of Transition Metal Catalyzed Reactions
toward Perfect Selectivity

The availability of efficient synthetic methods for achieving absolute stereoselectivity

via catalytic process using transiion metal catalyst in the production of

enantiomerically pure compounds is of considerable current interest because such

products can be used as chiral building blocks for the synthesis of valuable chiral

substances. In this regard, Development of asymmetric molecular catalyst is

essential subject to establish chirotechnology. In this regard, it is very important

to design synthetic methods in the construction of functional molecules based

on the analysis of control element of chiral recognition. We thus set up

research plans fo establish new methods for asymmetric synthesis through the

development of the molecular catalyst modified by chiral ligands with trasition

metals. In the present research, three major observations have been made in the

enantioselective synthesis of opfically active compounds: 1) novel methods for the

carbon-carbon bond formation using transition metal catalysts with new reagents 2)

new catalytic process for the the synthesis of heterocycles using new chiral catalysts

and reagents 3) several fransiton metal catalyzed cyclizations have been developed

mainly utilizihg allene-carbonyl  systems. Major achievements during the

investigations are summarized as follow. '

B Develpment of New Coupling Reaction Using Transition Metal Catalyst

e New copper catdlyst for the coupling reaction: inexpensive catalyst and
modification by ligand

e Coupling reaction between alkyne and aryl halide with new hypervalent
reagent

o New method for the synthesis of ketons from acylzirconocene

B Develpment of New Asymmetric Catalytic Processes

e Two versions of catalytic asymmetric dllylic fransfer reactions with new catalyst

o Catalytic asymmetric dllylic transfer with functionalized aldehydes

o Multi-component assemblies to established 5 contiguous chiral centers

B Develpment of New Transition Metal Catalyzed Cyclizations

e Ruthenium catalyzed cyclization of three components to lead bicyclic compounds

e Cyclization through tramolecular allylic transfer reactions using dllene-aldehydes

e New methods for the synthesis of heterocycles through transition metal catalysis

CONTENTS-

General Survey of Research Project

The Present Status of Research Area

The Content and Results of Current Research
Accomplishments and Contribution 1o Related Research Area
Practival Application of Research Results

Scientific Information Obtained During Research Period
References
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racemic O
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PhCMe=CH, + BuO,CCHO ——= .. CO,Bu

activator
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&g olE EFES FE o YERNNEE A2 AH &5 R)-HleIES AN
T A4 A9 T vARE /ALt n Bastgdn 33 3 wtHo g fa}
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H
HN\b / \ AR /v/'/ EtO -
OH O OH /./IHTS N HOL'R
RV\// R‘WR"’ 0

A 3dzke] Aol sty FH

-\N
—U
£
olo
ro
£
dlo
o
M
£

L HOIES Fostel N WA &

]
—
WP (CulE o4 M2 AUYHUS 27 Y 54

F MITY Buchwald 3! Yalethdt Hartwigel]l ojste] ZehEZvje] o3 va-dL B3
&ol HEso] B EATEY JAFEFLE v £&H o2 4ET + QA o] wg
B2 Aaxe ABHEDS FYo) oA 98 5 AU olHT HERYE BHE
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of nlgte Hot gAA & F e FEEA g3td 48 § 5 JAT ARE vy 4
FoAE MELE W24 HAd UKt dFdne) 8RS o 2
o Cul7t &332 10 mol% 9] Frfgo] Q7FHUTt ¥ F3 9 AdS AME3IR
e Amide ¥ lactam$ AMER oW T 439 HU=E MG AR ethylene diamineo] &&
o] BT 181 2 dioxaneo] 8313t
o ul-¢ 23818 F7|Z KPOE A8 277l A9 21090 AHHNT F5&L 60-95%= vj
& ST
0

Cul (10 mol%)
NHchZCHzNH2(1O mol%) @
+ HN s” "N

K3PO,, Dioxane

Sonogashirait-g- 02 &7

o % Alkyne3} aryl halide®] #AA&uHg-2 wH39 T &84 W&
22 d77F FREHA SN = gl
O

o
He ez ¢3A 3

2753 17kY) BHEEHS AT 4
ok olEE B UL HT BEHo) FR THSAY g WSRAL PASAG. A2
Zojo] S8 W) AL WSAHe) & A% tSSHEE £P R A aope
Se3} 2k

-%aéuﬂi-;: CulE AH3H3.2H 10 mol%d] EujFz We-g AP ¢ Aok £=F T4
%39 alkyneS =9 H&F T2 YA ES AUk

.qoom FE WS FRHAT He PAY rR=HRER o] FAHe R

Ao

o« 2318 2GM o] AYHAD 308 AT WA A whgo] 2FHYT o]AH e

2§ 7)(functional group)} &4 glo] W& AN & YA £5EL 60-80%2 EPgTh

Cul (10 mol%)
NaHCO; (2 equiv)

DME/H;0 (4:1)
RT, 30 min .

T-2] &l uh-g(Cu-catalyzed) o] AF+dde FAISr&ERQ Synlett 2002, 427(5 Y, SCI, IF = 2.763) &

Organic Letters 2001, 3, 2697(w)=8}8}+3), SCI, IF = 3.715)] $2 =k

B m:—_"—-‘g— b E= B | = uu:qm—;;l up 2 o

Aolg&Euld] sty Sty gPFeto|=9] A} ¥ F migratory insertiond] ¥ acyl-

HolF&&AE9 PAHE o]F3 o transmetallation Y reductive elimination Z3td A& FA

& v EEHY VeV =YERelth AR AE TAUHE AEE AGY ALE o5

th o] A% 37HAZEY dUFAANEAZE acylzirconocened] AT B A7 AN i Bt

59 O7FRESRMEY E4AQ AAFWE sty EAHAG F8 AFde v 2ok

e SchwartzA]| &0 2 18] alkyneS #8202 acylzirconocenel 2 AFPAIZ £ UTH
o e B EBREF acylzirconocene S TEHEZujolA W3A17] B ketoneo] FojFiTh

o Zvj 2+ Pd(PPhe)eE AMESIHT 05 mol%rt 27U &2 258 2194 35U
68~94%2 FEEZ HHES AT

tlo
r ol

2%

R'—==—H + RY'PhX

I
A

9)

— i. CpoZrHCI ii. CO _
R'—=—H e Y 04
iiil. R2|+Phx-, Pd(PPh3)4 (0'5 IT)0|%) R1/\)J\R2 68-94 %
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TAEZHEe] d7dAe IAFEAY | Chem. Soc. Perkin 1, 2002, 459 (§=348+3, SC, IF
= 2182) FEHU

2. Helad FHuio &% ofdt ne g
B 55 (Ruthenivm) SO E o83 M22 A4 =3t whg
2T BEHA FAL 19 S84 R FUIFAAAM dS 18T AR S

wfoll o3 AAY HAFEL FAHLE FYSNS AFAF o] AFHAHAA WS,

o

$x, 283 Aolgd EAFZWY EAd Yte] whgo Aol A AME AR
FENE o] 8F YAAHEY S nshire-& MEH o] e SHL 7R L
o g S84 e AEY F2E ZEIAT A7EAY S o
2o
Z2E U¥S 739 FHEIFERZ 48F 47 Rt 7H8 583U e
HA2 FA 1 mol%d] FMFE vg-& APAF & AU
e 372 E EtN©] dioxanef oA 714 &&3Q) xAYe] AxEYa COE 20 atmo] A3}
AT
* T}&t allenic sulfonamide} WHEAIZI AT Hgfst §-840] T 88 729 7T
(lactam)o] FHHJTh FRE Xaay cystallographyd] 93t HE FAGUR wHEFge
68~91% % 3 ROE BFHJ:
RM Rus(CO)p (1 mol%) J\/IMG »
. 68-91%
EtaN (1.5 equiv), CO (20 atm) -
NHSO,Tol ’ dioxane R gOZTgI

FeHEEd ¢ AY7t2 Rt 938 S5 §A4 A7 AF= Organic Letters, 2001,

2851 (u]Z3}8}s), SCI, IF = 3.715)0] 2=tk

W Heo255u o3 MR YA atzrd nays} g

o 242+1]1 2312 371X AEY W A2 FE(Lactone)?] MZ$ YA H Fy e

o ZElEH EERuEe] E&1 NS Fdshe AL 94

AL B @A 7l2R 9] nEshibge] 4§ gE FAL ul$ & S840 NP

E73 Titanium ZES Euj2 o]&3 wkgo] I Hu HYuh o)d wel Eahy

hetero-Pauson Khand % 9] allenyl carbonyld}§}&¢] Ruthenium& v sto|A 7t2 Rz sarg

& d7&g o ¥ allenyl-formyl-carbon monoxide 4HA % 2] Ru%uﬁbﬂ 015} [242+1]-2 €3} wt

$o2 n¢ 8% 729 AHES 4 F Ut ¢ NAEAEY HolF&Ed nEsh

< 53 A4E9 EEFQ 2dxF 13 Fx2 o5t dFAHY SoAe gL

Z.

o Z0j2 oy 39 FHEIAERZ 493 A Ru(CO/t 7H3 EE—‘]J Rog @y
(1 mol%<] Zwjj).

* Mo(CO)s®] 7-¢- DMSO¢| ¢j3}ed ¥hg-o] FR == AL WAsA) ojurge E4& =3
8719 AHgol 87 HA & Aol Utk

o methyleneo] X% butyrolactoneo] AEZ o2 A4 5]9533} Tk -3 9] allenic carbonyld}
FES 7122 AHEE AF carbocycles 18]3 N, O7F E3E o3 g E AT + YA

™ d[o —{)' —{ﬂf ol

W-EFE&

2

r

Rl

AT
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* Allenyl carbonyldH29] WHE 5 T2 62} 13PES AT 4+ YA EE bicylics}
FEL dAdEH Lz cisF 7t AAHE Aol FAHAh

P H
~7 RUa(CO);, (1 moi%)  TolO,SN
T u mo o
olOzSN + €O (20 atm) - ‘ 12 o 2 o
X dioxane O
0 H
l NH,NPt
H
=
ToIOzsN/\/ Mo(CO)e TotOZSI\(;Ij@:O
X
‘\/\N—Pt DMSO ) l‘;lt
2% 11 {2+2+1] Atom Economical Cyclization

AR e AFAdE FAGERA Angewandte Chemie Int. Ed. 2002, 41, 1586(% Q38

3], SCI, [F = 8547) AlAl 2 wZE3|(US6500962 Bl)o] &9 SE3Q0h Modl A$ Angew.

Chem. Int. Ed. 2004, 439] =% B£31& Zu] o ik

W HelasRoe ot YA} YA trnd NS

BHREZME o] &8 Arylrld] ¢#lle) 2718k thg stannylation ¥ EAY EAl3t= 7t2E G

TEHPSA g3t N2 F39 YIS ek o)y WHES B ATFAHNA

et GA-4A F71e FFo 2 HYAFHA MZE 7)FVIEYe] stk B dus 714E

=48 £ UT HuH qed e FA4E § gy Wi B2 $84¢] kg

o ZujZE UYE F3Y LHEAEZ YT 27 Pd(dba)yt 7MY AEHY A2 YFHA
T &4 3 mol%d FuFE v AL £ AT

o TTHFEZUE €A BT oy Sl Rl s o EEEN Aes dudh
o thokdt H3 9 allenic carbonyl3}FHE-g 7|22 AMS-3F A3 carbocycles 18]2 N & O/} ¥

&3 heterocyclesE FAE & U

e2WEAY WHOZ 5 TL 62 DYJTES FAY 4 ANT. BE LoiD HFERL vinylg
hydroxy7|7} M2 cisBHZ 4A45E o] FAHAAG ol YANYARY o|gfo Lasich
Zetgau) st gdld] YA8E9 Silastannylationshg ¥ Rl skERYs]d] R4
¢ 2PHES 4FHOZ oFHG o] We) AL tes} 2k

2oz of2] f9e BAEAER AYY 2F (ralylPdClrt 7MY 584 Ros ¥
At} (5 mol%s Zwj).

e allened] silastannylation§h-&-& vinyl9|x|o] silyl7|7} allyl$]=]o stannyl7]7} AN HHHo2 £
HeE AL FAsthth

o allylstannane @5 0. 2& 7t2R AR 77t ofH. wabd] Bepge] Rrhhgd Fejz A&se
B35S 241 Aok

RuZufo] &% Silylative s12jshit-go] o]FHUT. o]¥h&e] 542 4o Hx=2 LRI

$go125e o)HF WY WAS HHAY R o Ytk T NiOF o &3te] EuZns} 3748

B shte £3 olF3g

i
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H = H
Pd(0) /\/ Pd(0)
TsN —  TeN —— > TsN
Arl \~CHO Me3;SiSnBu g
H

"~OH
Ru(CO)4/Et38iH NiNZn

H

H SIEta H Et
lli OH I"i OH

I 12 o Aolad ¥ MY 3 ER dE Ao RNl ot nBlEt we
)‘Q—/‘j—f‘,_-j_a]i}lﬁ%ﬂ Atddgs FASEXQ Angewandte Chemie Int. Ed. 2002, 41, M3(=Y3et
IF = 8547), ]. Org. Chem. 2002, 67, 4376 (v]=3}8}3], SCI, IF = 3.689) ¥ Organic Letters
4, 1143 (u]%:«z}ém, SCI, IF = 3715)9] AAjs%ch. NiZujutg-& Chem. Commun. 2002, 2634 (%
=23}35t3], SCI, IF = 4.038)0] AAsY ). RhodiumZ:u) o] 739 Organic Letters 2003, 5, 2813 (9]
81813, SCI, IF = 3.715)9] B.aahsch
W Hol2SFme ot YHOIAE o =2 afard HIARES
8] 5 (Ruthenium) & & ©] L3} allylacetated} £ 7t2 R duk-$-
& e 1eE ZhoE V4L 02T & gk Al Utk w3
$A% ZolBeg Weo] o|5Hk
cZolzE DY 499 FHERE 49T 29 Ru(@)wt A% BEHY AeZ U3
A3 &= 1-2 mol% o] o) ahi ‘%}%% 424 F s
o OJHFE-2 7|EY] ¢FUEY JANAE ¥AAI APPo g g o)y £48 FFHLE
FuNol 544 Hoz mwc}
o TS F3 9 allyl-acetate-carbonyls} 322 7142 A3 A3} carbocycles 28] N £& O
7} X9 heterocyclesE FAE 4 Y%n aldehyde 4 ketonex} W&o & Y=t

—u

2 A7 ol PHE
27149 Aot glo] 712

R \\‘

/ k\ﬂ“ﬁa‘”—}:/o“ b{‘ Ru-OAc \v
¢ co

X “Ri
&g —onc =4 RG(CO),
s (con 5 Ohc X = NTs, 0, C({CO4Et)
1
EtsN EtsN Yields: 55-91%
& Et,NCH(OAc)Me * E;NCH(OAC)Me * *
H Ru(CO),

M\_ @
R7Z Nz
o—ry~" co I “R
(CO), u(CO)z
4 Ru3(CO)yp 8 H
(1 mol%) .
H
g e
X
““OM “*OH
R R
cis-2 cis-2

J% 13 Rusnf EXY S ot o3 netg
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RuZv] Bzt g Aolutgo] o8 ngsurg A7 A= Tetrahedron Lett. 2004, 45, 6557 (B3,
SCI, IF = 2.558)°l ¥ 13}t

Il Molybdenum carbonyl®] 2]%t _?_Elif up2

Molybdenum carbonylell ©& F71x] 489 ngd wheg A7 B dFAdA 2= o
£3} RutheniumZv} allenyl-carbonyl$] ’e}*é B 18 34kg-0] Molybdenum carbonyl® A3 23}
AHE 7F5d Ao2 BFIYT BHL Ben 2ok

o] PInA 010 ZUAE IS e SER VA A& B B 4

2o gAARoE AYTh

eirgol N BAETNY AHE 9B dimethylsulfoxides] AHgo] BFHY Aoz FHsgon
e 0%E SuEIYT:

552 CIAYTO A VYIRS £& 42 ALYE NVR 10 49 23} £9
Js AHEC) 25 csBY Ao BHAL

%3 cyclopropylene-carbonyl®] Rl AR & mejgule-& ATk o]dd 43A A
Fkd AR 71 g% nsEleE o5 4+ Uk '

of WA E 288 2NN & £ BUAPES Y F AU

o 7)&0) AHEEIAY RutheniumZFvlE ¥hgo] A8 who] A QFghen ¥ molybdenum
carbonyl SIE F GHsMo(COl7t 71 E&F Y] YFHUTh
o o] 2 ST 4749 &7t 98 fe Aol den EBF #3F CO gasd A2 3

golx = o] Yok
7
S Mo(CO)g
X\/<R DMSO, toluene \/:!:& ::Ijgc

05[0

o
0 100 °C
H3C—-S CH,
CH3
H
/\/} CsHgMo(CO)g
X R X o]
\/< DMSO, toluene o
@] 90 °C R

1% 14, Molybdenum Carbonyl Complexes®ll &%t m&[%futg

ge-gudl=e] ARE 2 1S | Org. Chem. 2004, 69, accepted (¥]=3}8}3], SCI, IF
= 3.689)0] E13}Ath E3F cyclopropylene-aldehyde?] AR 32 Synlett 2004, 1695 (54,
SCI, IF = 2.763) o] R a3} ;
W PalladivmZ: 7 ¢ Bis(allenes)2] Gemastanylation®] &]$t m=|3f 43
Germanylstannane (RsGeSnR3)9] palladiumZwjd] )3t d@R7ptg 2 ngdsg AF3Y
. @7 Z2F o] ¥hgo] Zufo] st wjf AT wHAEE UEhien Aok dgo wet A
2 02 YAy el F4HEUT

o132 HlwF 2315t AgA APHJLH W gL FE4 AAHEC] FoFTh o
bicyclic dienec] ¥ A EZ T Y4 =Ach

» 2315414 R = Phel Af-ole transB§Eo] FHAPERZ BojRARAS @8] R = Bug 7%
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cis?l AL E nOedPZAT B H A
o o] 3 YA FAFe]= Hol ol A R groupd] Z7|o} WEE ul g (orientation)?] SHYE9} VA
3 Aol e Aoz AU

/\/
X

AR

x

RgGGSI‘IBU;; Pd(o)

GeBu
H GePhy H GeR4 H GeRj H eBbuy
X X X PdL, X
) lli H
SnBus PdSnBu, PdSnBU3 SnBuj

2% 15. PdEY bislallenes}2] germastannylative cyclization
QA Aold] g ArATdE 5US3tS] FH Eur | Org. Chem. 2004, 4628 (5 SCI, IF =
2184)e1 B Hud.

3. 2R & F5E0 v nrg

W 28 A 224 9 AE(Cyclic ketene Ortho Ester] &f &Cf$|=2] njcfjXl o] A
Hofo &% UM M=E whg

2L F39 BINAFEZZE NEsle A7 JlolgulasaA e T2 w$ 7188 3
2 A453 ok o2 BN tolslol=z IJRKEAE HLHOFT FAA o=

2to gus=ge) wgoz JANAAH P2 §H9 W ATHAG WL o

88402 AYHAT ¥ AN S B FUh 7 AR SojAlge e z)

o I MITHAZME AHES A9 BEgHE AHE BAFA 23Tt o] el iz
N2 FE B RTEE ALstych

o FZ2] diastereomer?] ¥AJE AgHo = 3} 98 WpPEo] A Frlel 23 33t
HE, AL )E T3l AdH A

ol ¢ L FEAANIGHOZ AAHES At 271 AYAANBAR L A FF0
28 5% $E4 A2 AU

e T Y AHAHF FEoE B lT’—%E“Ol’“Zﬂ(dlas’cereomer)«] AL oSt FEEH
PAAH N A 2 HeEAE B Foh :

« AR AYATEY AL AT PHS ALY T A PEY JABRL 59 443
IFEZ Y] AZE A=

2

ht

r l
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EtOﬂQ\ + RCHO
Chiral Lewis Acid Eo O SE i. Chiral Lewis Acid
-78°C,05h, ii. DBU (20 equiv),

Pyr (50 equiv)
CH,, R = PhCH,OHy, Me,CHOHO, MeCHECH, MepCHCH,  Ph, 4-Br-Ph, Me | 0 251 1,01,

——/—ph t H' U\SEt
o*/r h\i E[#K%R

threo SOzPh4-F

dr: 7~20: 1 Chiral LA dri12~50: 1
ee: up to 93% ee: up 1o 91%

a2 15 Pd&"f bislallenes)2! germastannylative cyclization
Flo|gd Folxito] FWE N2 F39 vhAYPAL Chem. Commun. 2001, 2698 (=215}
8], SCI IF = 4.038) AA5Hich. |
W oot 5T TEE Yoisise] HofuoH dEFe i
ﬂltﬂiz}iﬂﬁff’)r HSENEAL o83ty 715717 =EE ¢ = B¢
£ RAFUT HNEAGY I = A5 W0-95%F =Y YAIHLE
2g ARE O Fl2Rd7)7) dE(@uiE, A2, AEs) ¢Hd=
o Zuj@gol ?‘13}151‘“ Rol ofygt 238 Uuk YHF=rRT 23
RAFPD EF go|gulsl=e B¢ sty gHsl=d wheo] X
AAT
o 22935 e A4 AR 75 <
APAFAh olH T HAe HFEIEL ﬁ"]{* iHg-o] APHA Y A9 vlastd &
o4 27908 e 2 9
a8 2A WEE AT VAT 4 Ak
e 715719 FEES BT HET FFERY AEL oS3 o|HF FFEL AEE
39 FHBHELY P40 ¢80T & Y Ay

S&,

N mr
rlo
g
ole
o
Ko

A

-l) mlo

R — CHO ’
AN L= [®eanoLTv OHC™" HOH
Va SBB OHC,\/\)\//
\ SnBls
HO H O CHO
EtQC\/\/\)kH 2 ~S0By —':< EtOZC/\/

A % yo\/
! 72 4

H™H 5 CRCOH
315 ST TEE YOsl =y vioiR&se) gEHCRE

715717 X3E duEs=e HgASn] ¢ (allylation) ¥ T2 3A3PHE (propargylation)
o) AFANE ZAS&RQ] Tetrahedron Lett 2003, 44, 5487 (4=, SCI, IF = 2.558)¢) B3}
piges
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W A2 HEPEIe) LIt g o WHR3el W 3w YU Ty
MRETe] 9% YRRANSE A S840 & y
o2 Fad 471939 iz Q491 ok MY

)Z0]0) el 20E QY=Y o)F
Fauslel datied AYRAERNA LS HT FEA WHITHE ATHIY

wrgo] @A ANE A2 F39 S0 ALS HEG A FaATE T ok
colZRIHE AAHOE FYHY) AV FAF Favt TFE FYHIAFE 4A FAEHRA
oh ol@ Aote AL B4 2R Aoz TE NGoRE Bh5E g AT
ATk

COlARTNN ARG Fol2dt Folt WA, WAL, £EWAN F)Ee) Fol2g
Jesdin o8 BAZ Hh 189 BHRY Al 94
cAYPA NG HE 0% e ) SFTHYOH o] FI
30:1019¢) 4PAHE Rk

e Pyran wnits BE AYBHEYNN BEHE 722 AFA YHE BF pyrand] 88

of 7= AT
,[li >30: 1dr
el RZ

H H

i. TMSC), EtaN Me38INTf2 Sn(OTf)z iMe; iMe;
Buasn\/u\,&Meg )\)I\/ TMSSPh : Rl )
' sole product H. R
R'CHO SiMeg Me,s,mfz _' ":{LI
S

(R)-BINOL-TiMOCH(CF3)l» T,/ E Tt 96

23
FEYA LG £ JRE

o nl[o

R!

Chiral Catalyst i. TMSCI, EtaN| f1. CH(OMe)s

70~89% yield, 88-97% ee MeySINTH, "ﬁ N
b
1«,EUj,\ 11:1dr ’
R i o i OMe

27 16, H{Ef AR o FUYHOILOl B THIY PyranfEA S Y

Bt &) o]T LRS- AFAFAE FAGFEAQ Angewandte Chemie Int. Ed. 2002, 41, 161
(=93}t SCI, IF = 8547)] Ak
W ey 12328 spikg
Nz dojAEe) GRS BAS AP OB e 2L W A AxsdL
VIFAAIGS GEARORRE AT o OGF 244 Suud S 3K A
8 OBINOLTH(IVIOCH(CR)pAH 88130 M4 SREAE WEA A3k s Loysl=s) ass
FTEEE YAE] ALHAT e AHES BN 27 T4 BUEe AE A4HA It
I =EAE 47 AY gie 12 284 EC] APz ARHUTH

o PhCE: R M HA 9 #5837 JAMEA o] #ZH '

o vinylsilane2 X% trans®] A2 WRFHYL W7 ES olse] F4T A7 HUDE

0 1,2-871h9) 4L allylic stannane|2Fe] wHe-2AMe] HEo 71UHE Ao sNd
ok =3 JANHY 2AE Curtin-Hammett principles] 2AE 4 Utk

cOFE gele) Sehigos 48% HFEY FAo| o1FHUTh 58] lactone dihydropyran

< AP EZAA AF dEHE Fxo|th

- 929 -



Ph 7 0N COE

i. Ethyl propiolate I ii. AIBN, BuzSnH
NMM

1. br: ! !
1 ! . 2 \ )\/\fH __ABN 1)\/\/}—1
RO Catayst | RPN SMes | R I BugSnH 1 X!
Et,BSPr! r
67-88% yield, 84-93% ee l Ni(COR(PPhg)2
S
Chiral Catalyst: (R}-BINOL-TIV[OCH(CF3)l2 /\/(l
Ph B O "0

I 17, HefX E0 1 2-carbonyl F-HEE-S-
EAAQ MIARE 2R Ge 125870k vt A TAL Chem. Commun. 2003, 1744 (B33}
83}, SCI, IF = 4.038)¢) Hu3}ct
B g e = AE S UGS RS e] N H o)

IR 2 a0 AH Y Foliid Zuf MY YHZ=Y F3E] YANHFEY F4E 13
3 71EY S3E gt ZdE £+ YUY YA Helrt ZHE AT olH g BEE 2
2 tolgto| 22N FEAE FAste WA A 3, 49 XY AFr)e GAA Aot ¢
ATz A9 9L vAe ez A+ 51%1‘4 7hedt 4ol BEAA A F 2/4Te] 77
FAHReH AL 10801 A ) Ao HHHIT oHd @A A4 Hdole 1

Moo 7Idshe 2o BdH o ‘33} '—T7‘-7::\_ F7IREg A wj g Eold ez wdE:
o o9 E=-L(100%) AL )E Yeh A ‘
Z7HAE o)F MEOE diastereomerE of-$ =& AgAloz Aok
» YA)3}5-2 HPFHE lactones P& T X-ray crystallographysl] o]t ch

o SEt O SEt
Cl4Sn = Me, R2 M l
RCHO B0 o O~fRY
C
sncly| B0 ™0™ skt I
SEt
M Me SEt
EtO o) RO
EtO H
0 H 0 Me 0 O Me, L
Et ’ A
Mé H Me H
HO) R HO" "R HO 'R
dr=20-31: 1 dr=30-33 : 1 =20-25: 1 =4.9:1

3 18, Ketene Ortho Ester@l Akdehyde &aub-g-ofi e EXL UH| g o]

B2 chiralitye] w9 o2 A7z HAole Chem. Commun. 2003, 2036 (B=318
3], SCI, IF = 4.038)¢) 425k
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W TiCLo 2%t Cyclopropylidenyl Adheyde®| 2452 %% n=|3} uhs

N2L 789 ESEolehF(TiICL)E - &9 B4 § cyclopropylidenyl aldehydes®] &#}W
3 &S TSk 0BT WHEL AR V|5V AR 840 EES Qe B

€ O|F3AY. I JAM 4P A LI 2L 8L £239Th

Be Folaite wgEiade ALF 43 Tyt wheAs AdAdA 718 $48 e
BHEEAS 1.2 S TiCl7t Basiyoh

o o] §H3-2 A7} A& cyclopropylidenyl-carbonyl unit-chloride’} 38 #ej2 YA4" T2
T ol 715719 E84e] "

*5-%& 5’—1'1"/1§}r?;}€°] A9 DY ER & £E2 AAHHA=Y NMR nOe 48 23 &%
Az AHEo]l BF cs¥l Aoz #o=gid

R
C[g—ﬂ q\/\/ T|CI4 (1.1 equiv) q\/\/m
-78°C~0°C
e M® x® g\v CH,Cly n|l-| OH
OH H. Q//:}\v %
R'g_‘:/<]<\ X

HY cfh-n/—cl H Cl\Ti——Cl
R RIS H
Cl Cl Cl Cl

[ D

3™ 19, TiCl®ll &%t Cyclopropylidenyl aldehydes®| iL&|3tut-g-
|24t 4 2y 89 uals whg-e Chem. Commun. 2004, 1840 (=3}8+3], SCI, IF

=
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