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Palladium-Catalyzed Asymmetric Cycloisomerization Reactions
of 1,6-Enynes with Chiral Phosphine Ligands
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Palladium-catalyzed asymmetric cycloisomerization reactions of 1,6-enynes were

successfully accomplished using chiral phosphine ligands.

The steric effects of the palladium complexes of the reaction substrates with the ligands

are discussed.
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T, A DAFERMFZzHTINT T Al
£ BARF BRI D W TR L 72
Lo, RIBEE L %5 1,6-enyne L&Y
EROEHIZER L. HBERLE LT, tert-
butyl acetate (1a) B X UF methyl p-tolyl sulfone
(1b) IZ tetrahydrofuran (THF) #ifEds, 0°C
(2T lithium diisopropylamide (LDA) %{Ef &
¥ 72, -78 CIZT acrolein % 3 By e & &
5% L, tert-butyl 3-hydroxy-4-pentenoate (2a)
B & U 4- (p-toluenesulfonyl) -1-buten-3-ol (2b)
RSN A. T RIZ dichloromethane (CH:Clz)
BEd, 0 CTHEE D 4- (dimethylamino)
pyridine (DMAP) DF1ET, acetic anhydride
& triethylamine (EtsN) % ZiRI12T 1B
ST EF VT B L, tert-butyl 3-acetoxy-4-
pentenoate (3a) B X U 3-acetoxy 4-(p-
toluenesulfonyl)-1-butene (3b) 755N 5. K
2, 3a B LU 3b I LT THF HHEHF 0TCT
tetrakis (triphenylphosphine) palladium [Pd

—a X
+
T

Scheme 1
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(PPhs)4] 3 & UF triphenylphosphine (PPhs) %
Y &, I THF % 0 TIZ T dimethyl
(2-propynyl) propanedioate (4) 2 sodium
hydride (NaH) Z{ERS®THELZHIVN=F
YEERICTI2ZHBARIEEES L, dimethyl
(4-tert-butoxycarbonyl-2 (E)-butenyl) (2-
propynyl) propandioate (5a) £ X UF dimethyl
(4-p-toluenesulfonyl-2 (E) -butenyl) (2-propynyl)
propandioate (5b) P FH 5. & H (T B5a llxt

L T 0 C T trifluoroacetic acid (TFA) %Z{EH &
& tert-butyl ester % BRI IIASET 2 &
carboxyl #£% &9 5 #H, dimethyl [4-carboxy-
2(E)-butenyl] (2-propynyl) propanedioate (5¢)
»EF 5 N5 (Scheme 2).

B o5 N7 1,6-enyne ftE&W (5a-c) D9 b,

RIEREE LTHL 7 4 Y EOKRBAIZETR

FIMEETH S ester X2 HFHTHEYE (ba) D/
TV ARERICCE LT, MiEoFmEICD

1) LDA Ac,0
t3
2) Z “cro OH DMAP OAc
1a X=CO,’Bu 2ab 3ab
b =S0,p-Tol ”’ o
E
Pd(PPhs), E = X
+ 3a,b
E ——— E —
4
(E)-5a X=CO,Bu'
E=CH;CO, b =SOp-Tol
¢ =CO,H
Scheme 2
E — CO,Bu! E =~ __-CO,Bu
‘ —_—
E E
E = CO,Me
Sa 6a
Scheme 3 -

Table 1. Studies on Palladium-Catalyzed Cycloisomerization Reactions of 5a®

. entry Catalyst Reaction time (h) Yield (%) of 6a
1 Pd(OAc)- 12 37
2 Pd(OAc): 24 31
3 (PPhs)2Pd (OAc)2 12 27
4 (dba)sPdz- CHCls 12 37
5 Pd(dba)2 12 36
6 Pd (PPhs)4 12 31

a) The compound 5a was treated with a palladium catalyst (0.2 equiv.) and PPhs (0.4 equiv.) in benzene at
room temperature using AcOH (0,4 equiv.) for the Pd (0).
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WTHRET 21T o7z, Bo 7R % Table 112 WEAT 4 VEMFE LT (4R,5R)-(-)-bis
RT (Table1). (diphenylphosphinomethyl)-2,2-dimethyl-1,3-

FE 4 MET L7k H, Offim 85 Y748 LT dioxolane [(-)-DIOP] % H\w T4 DT
iX Pda(dba)s - CHCls 2%, F7z, 2flin/87 Y  RISEATV, RRUGRIIH T 2B EMR & &5
TAELTREEBRASTI VY AR AERTH S L7z, 5 h7z#ER % Table 2 |T7R T (Table 2).
ZEhbrot. Table 2 \Z/R T & 912, KRR LTITE

KIZ, ester R AT HIEE 5allonWTHT BEREOFTIPEHTLIVERL 5 2 /2. B,

Table 2. Solvent Effects in Palladium-Catalyzed Asymmetric Cycloisomerization Reactions of
5a with Chiral Phosphine (-)-DIOP?

entry Solvent Yield of 6a (%) e.e. (%) of (R)-6a”

1 PhH 46 25
2 CHzCl2 29 4
3 CzH4Cl2 43 18
4 THF 20 17
5 Et0 27 19
6 DME 29 24
7 DMSO - -

8 CHsCN - -

a) The palladium-catalyzed reaction of 5a was carried out at room temperature for 24 h in the presence of
Pd(OAc)z (0.2 equiv.) and (-)-DIOP (0.4 equiv.).
b) The enantiomeric excess (e.e.) of 6a was determined by HPLC analysis with CHIRALPAK AD.

E == E
—_—
E _ E
5a X =CO,Bu' E = CO,Me 6a X =CO,Bu'
b =SO0yp-Tol b =SO0.p-Tol
¢ =COH ¢ =CO,Me
Scheme 4

Table 3. Palladium-Catalyzed Asymmetric Cycloisomerization Reactions of 5 with Chiral Phosphine Ligands®

entry Substrate Catalyst Ligand Reaction Reaction Yield of 6(%) e.e.(%) of 6%
temp.(*C) time(C)
1 5a  (dba)sPdz-CHCls  (+)-MOD-DIOP r.t. 24 31 (6a) 23
2 5a  (dba)sPdz2-CHCl  (S)-(R)-BPPFOAc .. 24 37 (6a) 20
3 5b  (dba)sPd2-CHCls  (-)-DIOP r.t. 22 11 (6b) 48
4 5b  Pd(OAc): (S)-(R)-BPPFOAc 0 42 28 (6b) 79
5 5¢  (dba)sPd2-CHCls  (-)-DIOP r.t. 24 40 (6c) 56
6 5¢  (dba)sPd:-CHClz  (+)-MOD-DIOP r.t. 24 41 (Bc) 62

a) The palladium-catalyzed reaction of 5 were carried out at benzene in the presence of (dba)sPd2CHCls or
Pd(OAc)z (0.1 equiv.), and chiral phosphine ligands (0.2 equiv.), using AcOH (4 equiv.) for the Ph (0).

b) The enantiomeric excess (e.e.) of 6 was determined by HPLC analysis with CHIRALPAK AD, except for 6b
(CHIRALCEL 0J).
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Bt L LT benzene # WA ITER D L Wi
Fr 5z, (LZIEE 46%, AFIE 25% THRK
Wea 527, ThICWHLT, BEREE L
T dimethyl sulfoxide (DMSO) ¥ 7z
acetonitrile (CHsCN) # AW /235&121d, RIS
DT L o7, ZhiE, DMSO % CHsCN @
BN BEDTE W7 O WD/ Vo SRR L,
fER A ET S0 Bbh b,
DEo#REd &g, KmgEfiks L TEFK
FIMEETH 5 ester #, carboxyl & UF sulfonyl
*2EFT HFE4 D 1,6-enyne L& 5a-¢ ¥
T, ZOAFERIBEEBIC OV TR 21T o
72, BSNI4ER% Table 3 IZ/RY (Table 3).
RIngefF & LTiE, Pda(dba)s - CHCls ¥ 72
WBEEEE/ST VT A% 0.1 ¥B, BAOXFT L E
A7 4 VEMFZ 0248, 0fiD/XT VT4
DHFAIIE T VL L T4 LEDOEREEH
Y, benzene BEHRIG LT 72, KimEHZE
& L TCester %% F9 53YE 5a DA, 1LFN
52 30% HiTE, 20% BED e LEVEZRLZ
B3, KRIGEHILD ester 54> 5 carboxyl R ICE
boE, fLZERBIZOVWTIIKRE RELHBRS
nNznboon, PEE (50%ee) DILFrFF
BIRMERLA. Big, BEFELT (+)-
MOD-DIOP * W& b FINE 41%,
62%e.e. & BIF AR Y5 272, 72, K

sulfonyl % A9 52HE 5b z HW 256, £O
HEE L LRI OVWTIEEFOETHAR
LN 20% BELEKVWEEZRLEY, £201) Y
FABIRBIZOVTIZE L, B2, (9)-(R)-
BPPFOAc Z W2 E TRV I ¥ F F %R
% (79%e.e.) Z/RNL7:.

RKIZ, REILOAFFERBEIZOVTRO X
INCEE L. (-)-DIOP # WA, 512
LT T LAfEREREE S L 7Ta-d D&
) AEOBBRENEREND. ZOBBIR
BIZBWT, BRELy7uRVE VERED
HEEDH S 7a,b L ) bEED LV T7c,d D
PEETHY, &5 edge HICEREIME
T57d L0 b, face MICEBRENIMET S 7c
PEIEETHD. toT, TRERHLTK
JBSETL, (R)-(E)-6 xFAEBPELTEZ

S ek EZHNA (Scheme 5).

PED X H1Z, 1,6-enyne {bEWMDOAFRILE
BRI ICAR BB T LTEFINVERAT £ ¥
RETEHVSEI LY, KBEREL LT
BEFRG|METH S sulfonyl £EFT HEE 5b
WKBWT, B F v F+BREEERTE 7.
51, SO RBEFNERFL S ¥ F 4R
OMETEHBL L2BEN I VEMLTFORE
P EN 5. '
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X B OB

IR A7 bVIZHAS Y DR-81 fourier
transform infrared spectrometer {2 & 9 #Hll5%E L
7z. NMR (3 HA®EF JNM PMX 60si 8 & UF INM
EX 270 high resolution NMR spectrometer % {8
AL, 1t% T 7 b tetramethylsilane [ (CHs)
4Si] ZPWEIE#E L LT (CHs)4Si %5 @ ppm T
ALz BV T FNVOFHENT = FRD LD
\ZB&. s, singlet ; d, doublet ; q, quartet ;
m, multiplet ; br, broad. &F A * ~ 1t (EL-)
MS iZ HAE ¥ JMS-DX-303/JMA-DA 5000
SYSTEM high resolution mass spectrometer {Z &
D il L7-. Preparative TLC i E. Merck Silica
gel 60 PF-254 2/ L CREL, 140 C T35
REEINZL L CIEME L2 b 0% L7z, Flash
column chromatography | E. Merck Silica gel 60
e L7,
tert-Butyl 3-Hydroxy-4-pentenoate (2a)

100ml ZZHOHE T T A T % Ar BH#LE, tert-
butyl acetate (1a) (1.00g, 8.6mmol)
tetrahydrofuran (THF) (20ml) #W =z Nz, -
78 C 2T lithium diisopropylamide (LDA) @
THF & # (2M, 4.3ml, 8.6mmol) %i& T L 45 43
ML /2%, acrolein (1.2ml, 17.2mmol) @
THF (10ml) ##Z#E T L, 3RMHERETS.
BOGHE T #, BUGH % ether TAML, 10%HCL
KEH, B3l NaHCOs KiE#, #3F] NaCl K&
L THH L, ether BB % MK NaxSO4 Fzlffk, &
e REFETSH. /BONTHARY % flash
column chromatography (ether-hexane 1:1) T
Bk, FEET 5L 2a (1.24g, K 84%) %75
% . 4-(p-Toluenesulfonyl)-1-buten-3-0l (2b) 2
DWW b [FARED#EIEEE T methyl p-tolyl sulfone
(1b) » 5K 83% THOLN B,
2a: IR (NaCl) cm*: 3260 (OH), 1730 (ester),
1650 (olefin). 'H-NMR (270 MHz, CDCls) ¢:
1.45 (9H, s, C(CHs)s), 2.35-2.60 (2H, m,
CHzCO2) 2.97-3.15 (1H, m, CHOH), 4.43 (1H,
brs, CHOH) 4.90-6.10 (3H, m, CH:=CH). EI-MS
m/z: 172 (M*).
172.1099 (Calcd for CoHis0s: 172.1107).

Exact mass determination:

2b: IR (NaCl) cm': 3290 (OH), 1600
(aro.matic), 1140 (sulfone). H-NMR (270
MHz, CDCls) ¢:2.40 (3H, s, CéHsCHs), 3.15-
3.40 (3H, m, CH(OH)CH:SOz), 4.40-4.85 (1H,
brs, CHOH), 4.90-6.00 (3H, m, CH:=CH), 7.10-
7.85 (4H, m, CsHsCHs). EI-MS m/z: 226 (M*).
Exact mass determination: 226.0664 (Calcd for
Cu1H1:0sS: 226.0736) .
tert-Butyl 3-Acetoxy-4-pentenoate (3a)

100ml ZEHOAK 7 9 A2, 2a D
dichloromethane (CH:Clz) (50mL) V&% Iz
0C& L, acetic anhydride (2.80g, 27.6mmol) %
Mz, &5 triethylamine (EtsN) (10ml,
69.1mumol) % T L, filif& D 4-(dimethylamino)
pyridine (DMAP) DFRET, ZiRIZT 1 EEH#E
¥4 5., R TH, RIGH % chloroform
(CHCls) TAML, 10%HCL K&, #fl NaCl
KB TYE L, ether F& % /K Na2SO4 ¥R 1%,
BEETBEZTET S, BoN/HMAESRY % flash
column chromatography (ether-hexane 1:1) T
SrEE, WS 5 L 3a (4.68g, IUE 95%) %1%
%. 3-Acetoxy-4- (p-toluenesulfonyl)-1-butene
(8b) T2V TH FEERDEIED:T 2b 20 5 NFE
88% Thrbh 5.
3a: IR (NaCl) cm: 1740 (ester), 1650 (olefin).
'H-NMR (270 MHz, CDCLs) ¢: 1.40 (9H, s, C
(CHs)s), 2.00 (3H, s, OCOCHs) 2.40-2.65 (2H,
m, CH2CO2) 4.95-6.00 (4H, m, CH.=CHCH). EI-
MS m/z: 214 (M*). Exact mass determination:
214.1205 (Caled for C11HisO4: 214.1249).
3b: IR (NaCl) cm!: 1740 (ester), 1640 (olefin),
1600 (aromatic), 1140 (sulfone). 'H-NMR
(270 MHz, CDCl:) &: 1.80 (3H, s, OCOCHs),
2.40 (3H, s, CsHsCHs), 3.25-3.60 (2H, m,
CHzS02), 4.90-6.00 (4H, m, CH.=CHCH), 7.10-
7.85 (4H, m, CéHsCHs). MS m/z: 268 (M*).
Exact mass determination: 268.0769 (Calcd for
C13H1604S: 268.0720) .
Dimethyl [(4-tert-Butoxycarbonyl)-2(E)-
butenyl]- (2-propynyl) propanedioate (5a)

26ml _FHOHIK T T A 212, NaH (50% oil
dispersion) (74mg, 1.5mmol) #FFE L, ArE
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¥, THF (3ml) %0Z T O0CT dimethyl (2-
propynyl) propanedioate (4) (238mg, 1.4mmol)
O THF (2ml) W EZ MR, 30 oHHEHET 2.
Kz, Bl 25ml ZFEOAE 7 T A 2T tetrakis
(triphenylphosphine) -palladium [Pd (PPhs)4]
(41mg, 0.04mmol) & PPhs (18mg, 0.07mmol) %
=L, Ar@##% THF Bml) &Mz, 0CT
3a (300mg, 1.4mmol) ® THF (2ml) &% N
Z, 10 7ME#ET L. SIEICHA-ELAV
NZF VERBTL, BRICTI2REEEST 5.
IS TH#, K% ethyl acetate THRL,
IR NAHBEEK, APBEREEEL, Boh
72 MLA B % flash column chromatography
(ether-hexane 1 : 2) THHEEE T S L 5a
(324mg, INH71%) ZH5.

Dimethyl (2-propynyl) [4- (p-toluenesulfonyl) -
(E)-butenyl]propanedioate (5b) 22V T
BROBIEE TR 80% THLHN L.
5a: IR (NaCl) cm!: 3260 (acetylene), 1740
(ester). 'H-NMR (270 MHz, CDCls) &: 1.44
- (9H, s, C(CHs)s), 2.01 (1H, m, C = CH), 2.78-
2.81 (4H, m, CH2C(CO2CHs)2CHz), 2.92-2.95
(2H, m, CH2C02) 3.74 (6H, s, (CO2CHs)z),
5.32-5.38 (2H, m, CH=CH). EI-MS m/z: 324
(M*). Exact mass determination: 324.1573
(Calcd for Ci7Ha4O6: 324.1615).
5b: IR (NaCl) cm: 3260 (acetylene), 1740
(ester), 1600 (aromatic). 'H-NMR (270 MHz,
CDCls) 4:2.03-2.05 (1H, m, C = CH), 2.45
(3H, s, CéHsCHs) 2.42-2.74 (6H, m, CHz2C
(CO2CHs)2CHz CH2S02), 3.72 (6H,s, (COz2CHs)
2), 5.39-5.53 (2H, m, CH=CH), 7.34-7.75(4H,
m, CeHsCHs). EI-MS m/z: 378 (M*).
mass determination: 378.1137 (Calcd for
C19H2206S: 378.1222) .

Dimethyl (4-Carboxy-2(E)-butenyl) (2-
propynyl)-propanedioate (5¢)

100ml —ZEOAIK 7 7 X2 22 5a (740mg,
2.3mmol) @ CHzClz (12ml) #HWEMR 5.
0 C & L 7% trifluoroacetic acid (12mL) %l
Z 30 EEHT 5. RIS#HTH, BE L LR
# L, ether THR L /2%, f8F1 NaHCOs /Ki&E

Exact

WTTIVHYHEICL, KEZ 10%HCL KEHE T
Btk L U7-f% CHCLs #lith 9 %. CHCls & % K
Na:804 B2 %%, BELZBIEZFET H L, b¢c
(562.1mg, =K 92%) Z155.
5¢c: IR (NaCl) cm!: 3290 (acetylene), 3100
(COzH), 1740 (ester). 'H-NMR (270 MHz,
CDCls) ¢:2.03 (1H, m, C = CH) 2.78-2.81
(4H, m, CH2C (CO2CHs)2CHz), 3.03-3.05 (2H, m,
CH2COz) 3.74(6H, s, (CO2CHs)z), 5.30-5.73
(2H, m, CH=CH), 9.44 (1H, brs, CO:zH). CI-MS
m/z: 269 (M+1). Exact mass determination:
268.0999 (Calcd for CisHis06: 268.0947) .
EFHREIMEEETSEE (53, b) ZAVE0
lD/INS D) LfIRIC L 2 FRFRIEEREERS
— iR EE

25ml @O _HEHHE T 7 AT tris
(dibenzylideneacetone) (chloroform) dipalladium
[Pd:2(dba)s + CHCls] (16mg, 0.02mmol) &
(4R ,5R)- (+)-4,5-bis-[bis (4-methoxy-3,5-
dimethylphenyl)phosphinomethyl]-2,2,—
dimethyl-1,3-dioxolane[ (+)-MOD-DIOP] (22mg,
0.03mmol) #fE L, Ar B#%%, benzene
(1ml) %0z 80 57T 5. RIT, acetic acid
(37mg, 0.62mmol) % N2 10 & RIFEIE L 7212,
5a (50mg, 0.15mmol) @ benzene (lml) &K
AT L, BRICT 24 BMBHET S, kT
%, bW % ethyl acetate THRL, YU AT
VIEB TV, BREBERELEONTHAE
B4 % preparative TLC [ether-hexane (1:2)]
THOEE, ¥4 5 L dimethyl (R)-4-methylene-
3-[2- (tert—butoxycbarbonyl) ethenyl]
cyclopentane-1,1-dicarboxylate (6a) %1% 5.
7, 5bzHVWTRHMRIEETSLIZ LT
dimethyl (R) - 4-methylene-3-[2-(p-
toluenesulfonyl)ethenyl]cyclopentane-1,1-
dicarboxylate (5b) % f%%. A DF T )R A
74 VBT ERWTHEHRZBEZITY, 856
NI-#ER % Table 312 L O TRT.
(R)-6a: HPLC: Daicel CHIRALPAK AD
(0.46cm X 25cm), ¢-PrOH-hexane (1:100), ¥
# 0.5ml/min, tr 27.4, 30.1min, 5 & 220nm.
[alo —2.0° (¢ =1.5,acetone). IR (NaCl)
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cm!: 1730 (ester), 1650 (olefin). 'H-NMR
(270 MHz, CDCls) &: 1.48 (9H, s, C(CHs)s),
2.02-3.33 (5H, m, CH2C(CO2CHs)2CH:CH), 3.73
(6H, s, CO:CHs)2), 4.94 (2H, dq, J = 2, 57Hz,
C=CHz), 5.78 (1H, d, J = 15Hz CH=CHCO2),
6.67 (1H, dd, J =8, 156Hz CH=CHCOz), EI-MS
m/z: 324 (M*). Exact mass determination:
324.1573 (Calcd for Ci7Hz2406: 324.1580) .
(R)-6b: HPLC: Daicel CHIRALCEL 0J
(0.46cm X 25cm), EtOH-hexane (15:85), ¥
# 0.5ml/min, tr 60.6, 70.0min, HEEEE
254nm. [a]p —19,0° (c = 1.2, acetone).
IR (NaCl) cm™: 1740 (ester), 1650 (olefin).
'H-NMR (270 MHz, CDCI3) &: 2.04-3.38 (5H,
m, CH:2C (CO:CH3)>CH:CH), 2.44 (3H, s,
CeH4CHs) 3.72, 3.73 (each 3H, s, (CO:2CHs)2),
492 (2H, dq, J = 2, 80Hz, C=CHz), 6.35 (1H,
dd, J = 1, 2Hz CH=CHSOz), 6.79 (1H, dd, J =
6,37Hz CH=CHSOz), 7.34-7.75 (4H, m, CsH4CHs) .
EI-MS m/z: 378 ( M*) .
determination: 378.11387 (Caled for CisHz206 S:
378.1151).
Carboxyl BEZH T 5EE (5¢) 2AHV /- 0{fiD
NG T LIRIC K S ARFR(IER ML RIS
— iR ERIEE

26ml O Z_HEHME 7 F7 AT T tris
(dibenzylideneacetone) (chloroform) dipalladium
[Pdz(dba)s - CHCls] (20mg, 0.02mmol) &
(+)-MOD-DIOP (2mg, 0.04mmol) %#FFE L, Ar
E#1%, benzene (1ml) %Nz 30 FHEHET 5.
X2, 5¢ (50mg, 0.15mmol) @ benzene (1mL)
BRHETL, ZRICT 24 EMERLLE
MeOH (2ml) %#HnZ, 0CIZT (trimethylsilyl)
diazomethane (0.3ml, 0.6mmol) % & F L 30 4
MEHET 5. RIS THR, RIS % ether AR
L, YUATVEREAT, BB EBEEEL
B o N MAERY % preparative TLC [ether-
hexane (1:3)] THHERE YT 5 & dimethyl (R)-
3-[2-(methoxycarbonyl)ethenyl]-4-

Exact mass

methylenecyclopentane-1,1-dicarboxylate (6¢)
155, BADXINKRRAT 4 VERMLTFZEHW
TRKZBIEZITV, BONIFERZ Table 3

ICF L OTRY.
(R)-6¢c: HPLC: Daicel CHIRALPAK AD
(0.46cm X 25cm), ¢-PrOH-hexane (1:50), i
£ 0.5ml/min, te 31.8, 39.2min, HIEHE 254nm.
[alo —40° (c =18, acetone). IR (NaCl)
cml: 1720 (ester), 1650 (olefin). 'H-NMR
(270 MHz, CDCls) ¢&: 1.48 (9H, s, C(CHs)s),
2.04-3.36 (5H, m, CH2C(CO:2CHs)2:CH:CH), 3.74
(9H, s, (CO2CHs)2, CO:CHs), 4.80-5.06 (2H, m,
C=CHz), 5.87(1H, dd, J = 0.8, 16Hz CH=CHCO2),
6.78 (1H, dd, J = 9, 16Hz CH=CHCOz). CI-MS
m/z: 283 (M+1). Exact mass determination:
282.1050 (Caled for C14HisOs: 282.1104) .
Sulfonyl 2% F 9 2EHE (5b) AV 2D
NG D) LBRIC K B ARFRIEEMLRE
— i RIEE

26ml D _FEAJE 7 T A 212 palladium (1)
acetate [Pd (OAc)z] (4.5mg, 0.02mmol) &
(+)-MOD-DIOP (22mg, 0.03mmol) % F& L,
Ar B¥1%, benzene (1ml) = H0Z 30 4R
A, RIZ, 5b (57mg, 0.15mmol) @ benzene
(Iml) BWEEET L, 0TIZT 24 BRHBHEY
5. NIo#ETH, RIBW % ethyl acetate THHR
L, YUB 7 VBRI, EEEREEEL
55 N4 % preparative TLC [ether-
hexane (1:2)] T4 8, ¥ 3 % L dimethyl
(R)-4-methylene-3-[2- (p-toluenesulfonyl)
ethenyl]cyclopentane-1,1-dicarboxylate (6b) %
BEH. BADFINVARAT 4 VEMT % HWT
FIfk 2R ATV, BONTHER T Table 312F
LOTRY. 2B, WtE, HPLC LA D2 <Y
MVF—Z 3RO 6b & & F—TH- 7.
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