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Abstract-(SE)-Prostaglandin E 2 (7) was syntheslzad from (R)-4-t- 
butyldimethylsilyloxy-2-cyclopentenone (1) by in situ 2- 
alkenyloxycarbonylatlon of the organocopper conjugate-aaditlon 
adduct 0) followed by intraraolecular palladium-catalyzed 
decarboxylative allylic alkylatlon. The (5E)-prostaglandln E2 
skeleton was also obtalned from the K-keto aTlyllc ester (11) by 
a similar decarboxylatlve allyllc alkylation. The decarboxy- 
latlve allyllc alkylation of another type of the three-component 
coupling product (12) gave new 6-methyleneprostaglandin El 
skeleton (15a), which vas converted into nev 6-methylprosta- 
glandin I methyl ester (20) via 6-methyleneprostaqlandin FLa 
derivative (16) by tvo different ways. The stereochemistry of 
thls intramolecular decarboxylative allylic alkylatlon vas 
discussed in the reaction of 2-[(E)- or (Z)-2-butenyloxy- 
carbonyl lcyclopentanone systems. 

In the three-component coup1 ing process2 of prostaglandin (PC) synthesis 

starting from (R)-4-t-butyldimethylsilyloxy-2-cyclopentenone 3 (I), choice of 

enolate trapping agent define5 the functlonalited posltlon of prostanolc acid 

skeleton to be synthesized. The enolate trapping agents designed 50 far are 

carboxyl ic acid chlorides,’ methyl or ally1 chloroformate,5’6 diphenyl dleulfide or 

benzenesulfenyl chloride,7 aldehydes,' alkenyl or alkynyl halides,’ l,l- 

bls(methylthio)ethene S-oxide,” and nitro oleflns.” These agents provide tvo 

type5 of products. One Is a type of the products possee5lng the vhole prostanolc 

acid skeleton such as 7-0x0-PGEi skeleton’ from carboxyllc acid chloride trapping, 

7-hydroxypro5taglandln56b~c from aldehydes trapping, E series of pro5taglandinsg 

from alkenyl or alkynyl halides, and 6-functlonalized prostaglandins ” from nitro- 

olefln trapping. The other is a type of the products corresponding to nev synthons 

possessing reactive sites to construct a prostaglandln skeleton, such aa B-phenyl- 

thlo derlvative7 from diphenyl dlsulfide or benrenesulfenyl chloride trapping, B- 

hydroxymethyl onsea from formaldehyde trapping, and 6-methylthio-6-methyl5ulflnyl 

one” iron 1 ,l-ble(wthylthio)ethene S-oxide trapping (prostaglandln numbering). 

Previously, ve reported that methyl chloroformate as an enolate trapping agent 

provided B-methoxycarbonyl 5ynthon5 for ll-deoxy-B-methoxycarbonyl-PGE derivatives, 

and that ally1 chloroformate afforded 6-•llyloxycarbonyl eynthon6 convertible into 

prootaglandin derivatives such as 4-thla-PGE, ,6 4-thla-PGI, ,” carbacyclln,“~” 

and leocarbacyclin dor1vativoa.l’ We also preliminary reported the short synthesis 
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of (S_E)-PCE, by trapping of enolate using N-I(Z)-6-methoxycarbonyl-2-hexenyloxy- 

carbonyllimidazole (4) followed by the palladium-catalyzed decarboxylative allyllc 

alkylation.15 In this paper, ve wish to describe the further studies on the 

syntheses of (SE)-PGE2 as veil as new prostaglandin derivatives such as 6- 

r&ethylene-PGEi and 6-methyl-PGI; by palladium-catalyzed decarboxylative allylic 

alkylation. 

Synthesis of (5E)-PGE2 Rethyl Ester 

Construction of (5g)-PGE2 skeleton by palladium-catalyzed decarboxylative 

allyllc alkylation of three-component coupling product vas carried out as follows. 

The enolate 3 generated by conjugate addition of the organocopper reagent of 

(S,E)-3-i-butyldlmethylsilyloxy-1 -lithlo-1 -octene” (2) to the chlral enone 1 was 

trapped with 1.18 equlv of _N-[(~)-6-methoxycarbonyl-2-hexenyloxycarbonyl]imidazole 

(4) in TiiF containing hexamethylphosphoric triamide at -4O’C for 3 h to afford the 

2-alkenyloxycarbonylated three-component coupling product 5 in 41R yield. 

Treatment of the product 5 vith 5 molb of Pd(PPh,)c” in DMF (SOY, 30 mln) 

provided protected (SE)-PCE2 derivative (6) (6481, vhich afforded- (5g)-PGEz methyl 

ester (7) (85%) ([a]:* -62’) after desilylation (Scheme 1). The SE-geometry of the 

product was confirmed by the ’ 'C NMR measurement. The product 7 shoved the 

chemical shifts at 6 31.7 and 30.1 ppm corresponding to C-7 and C-4 carbon atoms 

(PC numbering), respectively, vhereas an authentic PGE2 methyl estereC 

(8) (Ial;o - 71.7’) shoved the corresponding shifts higher at 6 25.2 and 26.5 ppm. 

These higher field shifts are considered to be caused by r-steric compression 

effect of the carbons with (gl-geometrical surroundings. This SE-geometry of 7 was 

also supported by the fact that 7 vas less polar than Z-isomer 8 on a AgNOJ- 

impregnated thin layer chromatoplate.17 Thus, it was found that the initlal z- 

double bond of 5 corresponding to S-position resulted in the exclusive formation of 

E-double bond of the product 6 through the decarboxylative allylic alkylation 

reaction. 

One more possibility’e to construct (SE)-PGE, skeleton by this palladium- 

catalyzed decarboxylatlve allylic alkylation reaction vas examined on another type 

of allyloxycarbonylcyclopentanone derrvatlve (11). The compound 11 is an ester of 

the o-substituted ally1 alcohol , and the preceding synthon 5 was the ester of y- 

substituted one. To get the desired product 11 in 50n yield, transesterif ication 

of the ally1 ester 9 with the corresponding allyllc alcohol 10 was carried out in 

toluene in the presence of 4-dimethylamlnopyridlne.‘g The prcxduct 11 vas alloved 

to react with 3 molt of PdlPPhj), in THF (room temperature, 2.5 h). There vas 

obtained fS_E)-PGE? derivative 6 (78U) with no detectable formation of SZ-isomer 

(Scheme 1). The desllylated product of 6 vas also identical with the (SE)-PGE2 

methyl ester 7 obtained from the y-substituted allylic isomer 5 as mentioned above. 

It vas concluded that both palladium-catalyzed decarboxylative allylic alkylatlon 

of o-substituted ally1 ester synthon 11 and y-substituted one 5 afforded the same 

and single product 6. Since the natural abundance of (SE)-PGE, Is very little and 

its known syntheses so far vere possible by derivation from naturally occurring 

(SE)-PGA,, resource20 or by photo-lsomerltation” of natural PGE2 having CSz)- 

geometry, the present synthetic methcxd might be practically useful to get (5E)-PGE2 

derivatives for their further pharmacological evaluation. 

Synthesis of Nev C-Mathylene-PGEl Methy Ester and 6-Methyl-PC11 Methyl Ester 

Further exaninatlon of the palladium-catalyzed decarboxylatlve allyllc 

alkylation reaction was carried out on the B-substituted allyllc ester (12). The 
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starting compound 12 vas obtained + two different routes employing three- 

component coup1 lng process. In the first route, the enolate 3 formed from 2 by 

conjugate addition of the organocopper reagent to the chiral enone 1 was trapped 

vlth ~-(6-methoxycarbonyl-2-methylenchexyloxycarbonyl~lmIdazole (141 in the 

presence of hexamcthylphosphoric trlamide to afford the three-component coupling 

product 12 In 31Q yield. Alternatively, the same product 12 vas obtained In 74N 

yield by transesterIfIcatIon’g of the above-mentioned ally1 ester 9 vith methyl 7- 

hydroxy-6-methyleneheptanonate2’ (1 3 1. The palladium-catalyzed decarboxylatfve 

allylic alkylation of thus obtained E-substituted product 12 resulted in the 

formation of protected C-methylene-PGE, derivative (1%) (51%) which afforded novel 

6-methylene-PGE1 methyl l ste P(15b) (848) after desilylation (Scheme 11. 

Thus obtained 6-methylene-PGE, derivative 15a vas submitted to further 

conversion into nev klnds of prostaglandin skeletons as follows. Reduction of the 

9-oxo function of 158 vith dilsobutylaluminua 2,6-dI-~-butyl-4-methylphenoxIde23 in 

toluene gave a desired 9a-alcohol of 6-methylene-PGFI, (161 (66Nl accompanied by 

9e-isomer (171 (llsl, vhlle sodium borohydrlde reduction of 15a gave a mixture of 

16 168#1 and 17 (19tl. Since the product 16 possessed a 4-alkenol moiety In the 

molecule similar to that lo PGF,, , Intramolecular Iodoetherization2’ of 16 vas 

examined using Iodine In the presence of potassium carbonate. There vas obtained a 

product of 6-Iodomethyl-PC11 derivative (18) (72%) vhlch vas alloved to react with 

trlbutyltln hydride2’ In the presence of azobIslsobutyronltrIle, and gave C-methyl- 

PGI, derivative (19) in 75% yield. This product 19 vas also accessible from 16 In 

a single pot reaction by Intramolecular oxymercuratlon 24c,25,26 vlth mercuric 

trifluoroacetate followed by sodium borohydrlde reduction In 51% yield. 

Desrlylatlon of the product 19 with tetrabutylammonium fluoride produced new 



6-methyl-PGI, methyl est.er2g (20) am an approxiaately equal portion mixture of 

diastereomerlc laomars at B-position. Thus no stereoselectlvity was observed in 

these two cycliostlon reaction of 16 (Scheme 21. 

StereochemiCal Consideration on the Intrarolecular Decarboxylative Allylic 

Alkylation Product 

We studied on the stereochemistry of this intramolecular decarboxylative 

allyllc alkylation although it is already proposed that palladium-catalyzed 

decarboxylative allyllc alkylation reaction of general P-kcto ally1 esters 

proceeded via m-allylpalladlum interaediate.‘8~27 - Our present results in the case 

of 3,4_substituted 2-allyloxycarbonylcyclopentanone systems indicated that the 

reaction would also proceed via a similar r-allylpalladium intermediate because - 

either r-substituted ally1 ester synthon 5 or o-substituted one 11 afforded the 

same product 6 possessing SE-gwmetry. To confirm this idea, we prepared both (El- 

and (Z)-2-butenyl B-keto esters (211 and (221, and their palladium-catalyzed 

decarboxylative allylic alkylatione vere studied on both compounds. 

both (El- and (Zl-2-butenyl 8-keto esters vere prepared as follovs. An (El-2- 

butenyloxycarbonylation of the corresponding enolate 3 vlth N-[ (El-2-butenyloxy- 

carbonyl]lmidazole (24) gave the _E-isomer 21 (4OI). Another alkynyloxycarbonyl- 

atlon of the enolate 3 with tj-(2-butynyloxycarbonyllimldazole (251 afforded the 
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acctylcnlc product (23) (Jb%), which was hydrogenated by using of 58 Pd-BaSO, in 

methanol containing quinoline to give the t-isomer 22 (76%). Treatment of E-isomer 

21 with a catalytic (5 molA) of Pd(PPhj),, in DHF (SOY, 1 h) resulted in the 

formatlon of (E)-2-butenylated 26 (58A) aa a main product accompanied by a minor 

product 27 (9@). Similar treatment (25’C, 2 h) of g-isomer 22 gave the eaoe 

products of 26 (63%) and 27 (a@) (Scheme 3). In the “C NMR spectrum of 26, 

signals corresponding to C-l and C-4 carbons of (E)-2-butenyl group were observed 

at 6 30.5 and 17.9 ppm, respectively. These observations suggested that the 

reactions proceeded via the saae n-allylpalladium species, and the coupling of the - 

five membered ring vith allylic cation occurred predominantly at the less hindered 

site to afford the product vlth more favorable g olefln geometry. Formation of a 

by-product 27 (8-9*) also indicated that w-allylpalladium lntermedlate reacted at 

the more hindered site during the reaction. These stereochemical results of lntra- 

molecular decarkxylative allylic alkylation are significant in comparison with 

those in the reported intermolecular allyllc alkylation28 of enolates. 

Experimental 

IR spectra were recorded on a JASCO Al02 spectrometer. ‘H- and ‘k-Nk!R 
spectra were obtained on a JECL JNM-CXIOO (400 MHz), a JEOL JNM-PS-100 (100 W(t), 
or a Varian EKI 36OA (60 MHz) spectrometer. Chemical shifts and coupling constants 
(J) are given in 6(ppm) relative to lnternal tetramethylsllane and Hz, 
respectively. The following abbreviations are used: s (singlet), d (doublet), t 
(triplet), q (quartet ), m (multiplet), b (broad). Mass spectra (MS) vere taken at 
70 or 20 eV on a HITACHI M-BOB (FD-MS and high-resolution MS), a JEOL JHS D 300 
(hlqh-resolution MS), or a LKB-9000 (EI-MS) mass spectrometer. Optical rotations 
were measured on a Union Ciken PM-101 automatic polarlmeter. For high pressure 
liquid chromatography (HPLC) analysis, a Shimadru Model LC-6A equipped with a 
Shimadru SPD-LA UV detector and a Shimadzu C-R3A chromatopac was employed. Thin 
layer chromatography (TLC) was performed using Merck silica gel (Kiesel gel 
60 F2 , 1 analytical or preparative plates. Column chromatography was carried out 
on Wa i o gel C-300 or Dalso gel IR-60 silica gel. All reactions were carried out 
under argon or nitrogen. Solvents for reactions vere purified if necessary before 
use by distillation from sultable drying agents. Solvents for extraction and 
chromatography were CR grades. 

Synthesis of (SE)-PCE, Methyl Ester (71 

Preparation of N-[(Z)-6-methoxycarbonyl-2-hexenyloxycarbonyl]lmidazole (4) 
To a stirred solution of 5% Pd-BaSO. (200 q g) and quinoline (200 mg) in HeOH 

(8 ml) was added a solution of methyl 7-hydroxy-5-heptynoate (5.045 g, 32.3 mmol) 
in neDH (2 ml), and the mixture was stirred under hydrogen atmosphere at r.t. for 2 
days. After filtered off the catalyst through Celite and washed the catalyst with 
ethyl acetate, filtrate and washings vere concentrated in vacua to give a crude -- 
product (5.5 q), vhlch was chromatoqraphed on silica gel (200 g) with hexane-ethyl 
acetate (2:l) to afford methyl (Z)-7-hydroxy-5-heptenoate (4.877 g, 30.9 mmol, 
96a): IR (neat), 3420, 3030, 1730, 1650, 1250, 1220, 1160, 1100, 1030, and 
1005 cm-l ; NHR (CDCl,), 6 1.2-1.6 (6H, m), 3.18 (lH, bs), 3.56 (3H, s), 4.02 (ZH, 
d, J=5 Hz), 5.0-5.75 (2H, m); :e-NMR (CDCl,, multiplicity), 6 24.7 (t), 26.6 (t), 
33.3 (t), 51.6 (q), 58.3 (t), 129.8 (d), 131.3 (d), 174.1 (s). 

A solution of methyl (Z)-7-hydroxy-5-heptenoate (2.134 g, 13.5 mmol) and 1 ,I’- 
carbonyldiimidatole (6.56 g, 40.5 mmol) in THF (20 ml) was stirred at r.t. for 1 h. 
After evaporation of the solvent, the resulting residue vas taken up in ethyl 
acetate (100 ml) for extraction, and the separated aqueous layer was extracted vitb 
ethyl acetate (3 8 100 ml). The combined organic layers were washed with vater 
(100 ml) and then brine (100 ml), and dried over MgSOc. Removal of the solvent 
afforded an oily crude product (4.48 g), which was purified by silica gel (100 9) 
column chromatography using hexane : ethyl acetate (3:2) as eluant to 9lve N-l(z)- 
6-methoxycarbonyl-2-hexenyloxycarbonyllimidazole (4; 2.492 g, 9.89 mmol, 73%): IR 
(neat), 3450, 3150, 3040, 1760, 1735, 1650, 1390, 1320, 1290, 1240, 1170, 1095, 
1000, and 770 cm-l ; NWR (CDCl3). 6 1.3-2.1 (ZH, m), 1.9-2.4 (4H, m), 3.54 OH, s), 
4.7-4.9 (2H, m), 5.45-5.7 (2H, m), 6.87 (lH, m), 7.23 (lH, m), 7.93 OH, m); EI-IS 
(m/z), 252 (M*), 177, 141 (loo), 109 (loo), 99, 81, 69, 67, 41; High-resolution MS 
for C12HIsN Q: Calcd m/t: 252.1108; Found: 252.1021. 
Synthesis o I ( 2R,3R,4R)-2-[(2)-6-methoxycarbonyl-2-hexenyloxycarbonyll-3-((S,E)-3- 
t-butyldlmethylsilyloxy-1-octenyl)-4-t-butyldinethylsllyloxycyclowntanone (5) 

A 1.9 H pentane solution of t-butylllthium (8.34 ml, 16.6 maol) was added at 
-78’C to a stirred solutlon of (S,E)-3-t-butyldimethylsllyloxy-1-lodo-l -octene 
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Synthesis of (2R,3R,4R~-2-O-mothoxvcarbonvl-l-vlnvlbutvloxvcarbonvl)-3-~~S.E~-3-t- 
butv~dlaothvlsLlyloxy-l-octenvll-4-t-krtyldllwthvleilvloxycvclowntanone (111 

A solution of (2~,3~,4~~-2-allyloxycarbonyl-3-t(S,E)-3-~-butyldlmothyl- 
sllyloxy-1-octenyl]-4-~-butyldlnethylsllyloxycyclo~ntanone (9; 241 m9, 0.446 mmol) 
and 10 (212 m9, 1.344 mmol) in tolueno (5 ml) in the prosonco of 4-dlmothyla8lno- 
pyrldlne (55 m9, 0.448 mmol) was rofluxod with stlrrlnq for 2 h. Aq. NHcCl 
solution was added and the rosultlnp mixture was extracted vi th ethyl scetato 
(3 * 30 ml). The combined organic layers vero washed vlth aq. potas8lum blsulfate 
8olutlon, then brine, and drlod (N9SOc). tiaporatlon of the solvent left an oily 
residue, vhlch uas purlf ied by silica gel (40 9) column chromatography 
(hexane : ethyl acetate = 12:l) to yield 11 (166 189, 0.260 mmol, 586): IR (neat), 
3080, 1760, 1740, 1660, 1255, 1120, 965, 855, 835, and 775 cm-l; HNR (CDCl,), 
E 0.06 (12H, s), 0.87 (21H), 1.1-1.9 (12W, a), 1.9-2.8 (SH, m), 3.15 (IN, a), 3.75 
(3H, s), 3.9-4.45 (3H, m), 5.15-6.10 (3H, m), 5.65-5.85 (2H, n); FD-MS (n/z), 639 
(H*l), 581 (N-57); EI-NS (m/s), 581 (N-S7); 
(NtBu): Cal& m/s: 

High-resolution NS for C36Hs,07SI, 
581.3327; Found: 581.3294. 

Synthesrs of (SC)-PCE.; Methyl Ester (7) from 11 
Tatraklsftriohcnvlohosohlno)oa~~adlum(O) (9 ma. 0.008 mmol) vas added to a 

l olutlon of -ihe ‘estdr ‘11 il59 n9, 0.25 m&lb ln.THF (3 ml) under an l r9on 
atmoshere, and the mixture vas stlrred at r.t. for 2.5 h. Removal of the solvent 
left a crude reaction mixture, which vas separated by slllca 901 (20 9) column 
chromatography (hexane : ethyl acetate - 25:l) to qive 6 (116 m9, 0.195 mmol, ?a#), 
vhich showed the same spectral data (IR, NMR, 1X-NM, FD-NS, and Ef-NS) as the 
prcx)uct obtalned from 5. 

A slmllar desilylatlon (r.t., 3 h) of this ester 6 (111 m9, 0.187 anal) using 
hydroqen fluoride-pyrldine (0.4 ml) in acetonitrlle (5 ml), and vork-up gave 7 
(30 mg, 0.082 amol, 44@), which vas also identical (IR, NMR, MB, TLC, and HpLC) 
vlth the product 7 obtained from 5. 

Synthesls of 6-Methylone-PCEI Methyl Ester (1Sbl 

Preparation of Nethyl 7-Hydroxy-6-methyleneheptanoate (13) and N-(6-methoxv- 
carbonvl-2-methylenehexyloxvcarbonvl)lmldazole (141 

According to the cited procedure?2 1 ,1,3,3-tetramethylguanidlne 004 mg, 
0.91 mnol) vas added to a stirred solution of methyl 6-nitro-6-heptanoate (4.82 9, 
25.8 mm01 1, thiophenol (3.67 9, 33.4 mmol), and 37@ aq. formaldehyde (3 9, 35 mmol) 
in acetonltrlle (15 ml) at r.t. and the resulting mixture Mao stirred at r.t. for 
24 h. To the mlxture vas added a mixture of acetic anhydride (5.1 9, 50 nmol) and 
pyrldlne (5.9 9, 75 mmol) and the whole mixture vas stirred at r.t. for additional 
18 h. Ethanol (10 ml) and ethyl acetate (100 ml) vere added and the organic layer 
vas vashed vlth aq. potasslum blsulfste solution, aq. NaHCO, solution, and then 
brlne. The organic layer vas separated and the aqueous layers vere extracted tvice 
vlth ethyl acetate (100 ml). The collected organic layers were dried (N9S0,) and 
concentrated in vacua to afford a crude product (11.2 9). Column chromatoqraphlc -- 
separation of the product on silica gel (200 9) using hexane J ethyl acetate = 411 
as an eluant gave methyl 6-acetoxy-6-nltro-7-phenylthloheptanoate (7.81 9, 
21.2 mmol, 82t): IR (neat), 3060, 2880, 1740, 1580, 1545, 1225, 1170, 1050, 845, 
740, and 690 cm-l) NMR (CDCl,), 6 0.9-1.7 (6H, m), 1.7-2.4 (2H, ml, 1.82 (3R, s), 
3.55 (2H, m), 3.62 OH, s), 4.40 (2H, s), 7.1-7.6 (SH, m). 

A solution of the above nitro sulfide (7.33 9, 19.9 maol) and trlbutyltln 
hydride (13 9, 44.8 mmol) in benzene (45 ml) contalnlng atoblsisobutyronltrlle 
(856 m9, 5.2 mmol) vas refluxed vlth stirring for 3 h. Evaporatlon of the solvent 
afforded a crude residue, which vaa purlfled by column chromatography on silica gel 
(180 9) (hexane : ethyl acetate = 6:l) to give a crude methyl 7-acetoxy-6-nethyl- 
l neheptanoate (4.35 9). Alcoholysls (reflux, 5 h) of the crude acetoxy product in 
MeOH (500 ml) containing p-toluenesulfonlc acid (0.2 9) provlded a crude 13 
(3.517 g), vhlch vas purified by column chromatography lhexane : ethyl acetate 0 
4:l) tD give a pure 13 for the use of transesterlflcatlon reaction: NHR (CDCl,), 

1.2-1.8 (IH, m), 1.8-2.4 (IH, m), 2.93 (lH, t, J=S Hz), 3.60 (3H, S). 3.96(2H, dr 
J-5 Hz), 4.77 (lH, m), 4.95 (lH, m). 

TD a solution of the above alcohol (3.517 9) in TH? (20 ml), was added l,l’- 
carbonyldilmldarole (4.54 9, 28 mmol) and the resultlnq mixture vas 8tlrred at r.t. 
for 1 h. Ethyl acetate (200 ml) vas added for extraction and the resulting organic 
layer vas varhed with water and then brlne. The separated orgsnlc layor vas dried 
(!4gSO,) and concentrated & vacua to give an oily product (5.468 9), which uss 
ohronatographed on slllca ge1(100 9) (hexane : ethyl acetate l 2:l) to yield 14 
(3.707 9, 14.2 nmol, 748 from the nitro sulfide): IR (KBr), 3140, 3030, 1765, 1740, 
1660, 1245, 1180, 1005, 900, and 763 cm-‘; NNR (CDCl,), 6 1.3-1.8 (IH, ml, 1.9-2.4 
(4H, m), 3.60 OH, s), 4.78 (ZH, s), 5.06 (ZH, d, J-5 Hz), 7.00 11H, ml, 7.40 (lH, 
m), 8.10 (lH, m). 
Synthesis of (2R,3R,4R)-2-(6-methoxycarbonyl-2-methvlenehexv~oxvcar~nv~~-3- 
~(S,E)-3-t-butyldimethylsllyloxy-l-octenv~l-4-t-butvldi~ethv~sllv~Oxvcvc~o- 
pentanone (121 

A 2.0 M pentane solution of t-butylllthlum (5.5 ml, 11.0 mool) vao addad at 
-78Y to a stlrred solution of (S,g)-3-t-butyldlmethylsllyloxy-l-lodo-l-octene 
(2.024 9, 5.5 mmol) in ether (15 ml), and the mixture vas stirred at -78Y for 2 h. 
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To the nlxturo vaa added a solution of I-pentynylcopper (I) (716 mg, 5.5 mmol) and 
hexanethylphoaphoroua triamlde (1.79 g, 11.0 mmol) in ether (10 al) at -78’C for 
1 h. Then, a cooled l olutlon of 1 (1.06 g, 5.0 nmol) in ether (10 ml) vaa added at 
-78’C, and the rsrulting mixture use l tlrred at -10°C for I5 lain, then at -4O’t: for 
1 h. A l olutlon of 14 (2.188 g, 8.23 maol) in THF (30 ml) and heramethylphoaphoric 
triamido (10 ml), vaa added at -78'C and the vhole mixture was etlrred at -40 93 for 
3 h. The reaction mixture was poured into an aq. 4.0 M acetate buffer solution 
(150 ml). The organic layer vaa taken up in hexane (100 ml ), and the separated 
aqueous layer wee extracted twice with hexane (100 ml). The combined organic 
layers were washed with aq. NHbC1, then brlne, and dried (MgSOb). Evaporation of 
the solvents left a crude oroduct (3.370 a). vhich was ourified bv column 
chromatography on silica gel i200 g) ualng hex&e-ethyl acetate-(9:1) to p&duce 12 
(1.00 9. 1.535 naol, 31%); (a)$3 -27.5’ 
1740, ikso, 

(c 0.81, MeOH); IR (neat), 3090, 1760, 
1255, 1120, 1080, 965, 835, and-775 cm-’ ; NMR (CDCl,), 6 0.06 (IZH, S), 

0.85 (ZlH), 1.0-1.8 (12H. m), 1.8-2.6 (7H, ID), 3.03 (IH, a), 3.54 OH, a), 3.7-4.2 
(2H. a). 4.45 (2H. bs). 4.87 (ZH, bd, J=6 Hz), 5.4-5.6 (2H, m): FD-MS (m/r). 595 
(M-57);.EI-MS (m/-r), 595 (M-57),-521; 481, 423., 323, 291, 265, 215, 185, I55 (-loo), 
147, 123; ‘*C-NMR (CDCl>), 4 -4.0, -4.7, -4.6, -4.3, 14.0, 18.0, 19.2, 22.6, 24.6, 
25.0, 25.1, 25.9, 26.9, 31.9, 32.7, 33.9, 30.4, 47.4, 51.4, 51.7, 60.6, 67.6, 72.6, 
112 9, 126.7, 137.0, 142.9, 167.6, 174.0, 
(N-&l): 

206.4; High-resolution MS for Cri\s 07Siz 
Calcd m/z: 595.3483; Found: 596.3471. 

Alternatively, a similar transesteriflcation of 9 (280 mg, 0.52 mmol) vith the 
alcohol 13 (179 nq, 1.04 amol) under a ref luxing condition (1.5 h) in toluene 
(5 ml) in the presence of I-diaethylan1nopyrldine (32 mg, 0.26 mmol) gave the same 
product 12 (250 mg, 0.38 ~mol, 74%) after usual work-up and purification. The 
product 12 was identical vith the three-component coupling product 12 obtained as 
mentioned above. 
Synthesis of 6-Mothylene-PGEI Hethyl Eater (15&r)_ 

Tetrakis(triphonylphosphine)palladlum(0) (27 ms, 0.023 mmol) was added to a 
solution of the edter i2‘ (300 mg, 6.495 mmol) in Fj,N-diaethylfornamlde (2 ml), and 
the mixture vaa stirred at r.t. for 2 h. Brine (50 ml) vas added and the resulting 
mixture was extracted with ethyl acetate (4 X 50 ml). The separated organic layer 
was collected, dried (NgSO,), and concentrated in vacua to give a crude product -- 
(292 mg). Separation of the crude products byslllca gel (20 g) column chromato- 
graphy (hexane : ethyl acetate = 9:l) gave the decarboxylative allylic alkylation 
product 15a (142 mg, 0.233 mmol, 51t): loIt* - 36’ (c 0.42, MeOH); IR (neat), 3080, 
1745, 1640, 1255, 1120, 1090, 1005, 970, 070, 935, and 775 cm-l ; NMR (CDCl31, 
6 0.05 (12H, B), 0.85 (2lH), 1.0-2.8 (22H, m), 3.55 (3H, ~1, 3.8-4.2 (ZH, m), 4.55 
(ZH, m), 5.3-5.5 (ZH, m); FD-MS (m/z), 609 (Mel), 551 (M-571; EI-MS (m/s), 551 (M- 
57, 1001, 419, 345, 327, 313, 295, 241, 219, 215, 175, 147, 101; ‘jC-NMR (CDCI,), 6 
-4.7, -4.2, 14.0, 18.0, 18.2, 22.6, 24.6, 25.0, 25.8, 25.9, 27.1, 31.9, 33.9, 35.7, 
313.5, 47.3, 51.4, 51.7, 52.8, 72.9, 73+ 111.7, 129.0, 136.0, 146.4, 174.0, 216.9: 
High-resolution NS for CjOH) O,Si, (M- Bu): Calcd m/r: 551.3585; Found: 551.3579. 

A stirred solution of 5 Sa (142 mg, 0.233 mmoll in acetonitrlle (2 ml) was 
treated vlth pyrldine (0.05 ml) and hydrogen fluoride-pyridlne (0.1 ml) at r.t. for 
4 h. 
hexane 

A similar vork-up and chromatographic separation (alllca gel ZOg, 
: ethyl acetate - 1:3) gave 6-methylene-PCE) methyl ester (15b, 

0.195 mmol, 84@): [412 - 55’ (c 1.10, MeOH); IR (neat), 
74 mg, 

8 
3400, 3090, 1740, 1640, 

1160, 1075, 965, and 90 cm" ; NiR (CDCl,), 6 0.85 (3H, ml, 1.0-1.7 (12H, m), 1.7- 
2.9 (12H, m), 3.54 (3H, s), 3.7-4.2 (ZH, m), 4.60 (2H, bs), 5.25-5.5 (2H, m); FD-MS 
(m/t), 380 (M’l, 362 (H-18); EI-MS (m/z), 363 (M-171, 362, 345, 313, 291, 259, 241, 
225, 208, 193, 190, 155, 133, 119, 107 (100); 1X-NMR (CDCl,), 6 14.0, 22.6, 24.6, 
25.1, 26.9, 31.8, 33.9, 34.6, 35.6, 37.3, 45.7, 51.5, 52.7, 54.6, 72.0, 73.1, 
112.3, 131.7, 136.7, 145.8, 174.2, 214.6; High-resolution MS for C,,H,,O, (H-H20): 
Calcd m/z: 362.2455; Found: 362.2463. 

Synthesis of 6-Methyl-PCI1 Methyl Ester (20) 

Synthesis of 11.15-bla(t-butyldlmeth~lailyl)-6-methylene-PGF~~ Methyl Ester (lS)_ 
A 1.5 H toluene aolutlon (1.33 ml, 2.0 mmol) of diisobutylalumlnum hvdride was 

added at 4 “C to a stirred aolution of 2,6-dl-&-butyl-4-methylphenoi (440 mg, 
2.0 mmol) in toluene (5 ml). After the mlxture vas stirred at 4’C for 1 h, a 
solution of 15a (213 mg, 0.35 mmol) in toluene (15 ml) was added at -70’C to the 
mixture, 
3 h. 

and the resulting mixture vas stirred at -70’C for 30 min, then -2O’C for 
Saturated aq. sodium bltartrate 

were added to the reaction mixture, 
solution (50 ml) and ethyl acetate (50 ml) 

and the extracted organic layor waa separated. 
The aqueous layer was extracted twice vlth ethyl acetate (2 = 50 ml), and the 
collected organic layers vere washed with brlne. The filtered organic layer vaa 
dried (MgSO,) and concentrated in vacua to give 604 mg of a crude product, vhich -- 
vas purified by silica gel (20 g) column chromatography (hexane : ethyl acetate - 
1O:l up to 4:l) to give the 99 isomer 16 (140 rag, 0.230 nmol, 66%) and the 96 
isomer 17 (23 mg, 0.038 mmol, lit). 16: [ali + 6.7’ (c 0.57, WeOH); IR (neat), 
3430, 3080, 1740, 1635, 1250, 1070, 865, 830, and 770 cm -l; NMR (CDCl,), 6 0.05 
(12H, B), 0.86 (2lH), 1.0-2.7 (23H, m), 3.54 (3H, B), 3.7-4.3 (3H, RI), 4.55-4.85 
(2H, m), 5.15-5.40 (ZH, m); FD-MS (n/r), 611 (M*l), 553, 115, 57; EI-MS (m/z), 595 
(U-15), 553 (loo), 535, 521, 461, 421, 397, 329, 297, 215, 201, 171, 159, 149, 147, 



131, 115, 101; ‘)c-RMR (CDCla), 6 -4.7, -4.6, -4.2, 14.0, 17.9, 18.3, 22.7, 24.7, 
25.0, 25.8, 29.9, 27.2, 31.9, 34.0, 34.8, 35.8, 
74 

+ 
79.6, 110.4, 130.6, 134.8, 148.3, -174.1; 

38.7, 43.1. 49.4. 51.4, 56.3, 
High-resolution US flit C 

73.2, 
H OS1 

(n- BU)J Calcd m/z: 553.3742; Pound: 553.3729. 17: IO 
Y 

2 - 14. (E 0.18, meOH); TR 
(neat), 3460, 3080, 1740, 1640, 1255, 1060, 835, and 7 5 cm-l ; NRR (CDClr), 6 0.05 
(12H, s), 0.86 (Z(H), 1.0-2.7 (23H, a), 3.54 (3H, s), 3.7-4.2 (3H, B), 4.55-4.85 
(2H, m), 5.1-5.4 (2H, n); FD-IIS (a/z); 611 (M+l ), 553, 423, 133, 57; ET-W (e/t), 
595 (n-15), 553 (loo), 535, 521, 461, 423, 407, 397, 389, 329, 297, 215, 201, 175, 
147, 131, 115, 105; “C-NnR (CDC11 ), b -4.7, -4.5, -4.2, 14.1, 18.1, 18.3, 22.7, 
24.6, 25.1, 25.9, 27.1, 31.9, 33.9, 35.2, 38.9, 40.3, 43.2, 49.9, 51.5, 57.0, 73.0, 
76 

+ 
76.5, 111.1, 130.3, 135.5, 149.4, 174.0; High-resolution MS for C~IJ Hs105S4 

(M- Bu): Calcd m/t: 553.3742; Found: 553.3755. 
Sodium borohydrlde (130 mg, 3.44 mmol) was added at -4O’C to a stirred 

solution of 158 (418 mg, 0.688 mmol) In HeOH (10 ml) and the mixture was stirred 
at OC for 1 h. Saturated aq. NH,Cl solution was added and the resulting mixture 
vas extracted with ethyl acetate (3 ~50 ml). The separated OrqaniC layer@ vefe 
washed vith brine, dried (UgSO,,), and concentrated- In vacua to afford a crude 
product (413 mg), vhich vas similarly chromatographed 07s~ gel (30 g) to give 
16 (286 ma, 0.469 mmol. 68%) and 17 (80 mea. 0.131 q mol, 19U). 
_(a) -Synth&Is of 20 by .IodoetherisatIon -. 

Anhydrous potassium carbonate (75 mg, 0.54 mmol) van added to a solution of 16 
!;~Vmg,~0.18 mmol) In methylene chloride (10 al) and the mixture va8 cooled at 

. To the suspension vas added a solution of Iodine (55 mg, 0.216 mmol) In 
methylene chloride (6 ml) and the reaction mixture vas stirred at -2OoC for 40 min. 
Rcthylene chloride (50 ml) vaa added and the resulting organic layer vas washed 
with 108 Na2S03, then brine, and the separated organic layer vas dried over RgSOc. 
Evapolatlon of the solvent provided an oily product (140 mg), vhlch vae purIf Ied 
by silica gel (20 g) column chromatography (hexane : ethyl acetate l 19:l) to give 
the iodo ether 18 (96 mg, 0.13 nmol, 72A); IR (neat), 1740, 1255, 1120, 1060, 835, 
and 775 cm-l; NHR (CDCIS), 6 0.06 (12H, s), 0.83 (21H), 1.0-2.6 (ZZH, m), 3.08 6 
3.20 (2H, s x 2), 3.51 (3H, s), 3.6-4.2 (2H, ml, 4.0-4-S (1H, n), 5.2-5.5 (ZH, ml; 
FD-IIS (m/z), 721 (R-15), 679 (loo), 507, 547, 447, 397, 301, 240, 215, 171, 149; 
High-resolution MS for C30H56D5Si2 (f4-tBu): Calcd m/t: 679.2710; Found: 679.2728. 

To a stirring solution of 18 (96 mg, 0.13 mmol) in benzene (3 ml), vaa added 
tributyltin hydride (524 mg, 1.8 mmol) and arobisisobutyronitrile (5 mg), and the 
mixture vaa stlrred at r.t. for 2 h. The reaction mixture vas chromatographed on 
slllca ael (20 a) usinq hexane-ethyl acetate 119:l) to yield 19 (60 IPQ. 0.098 mmol, 
75t): IR (neat); 17(0,-1255, 1095,~1060, 1025, 835, 600; and 775 Cm-’ i.NmR (CDCl,); 
6 0.04 (12H, s), 0.84 (Z~H), 1.0-2.5 (22H, m), 1.03 6 1.20 (3H, s X 2), 3.53 (3Ht 
s), 3.5-4.4 (3H, ml, 5.2-5.4 (28, ml; FD-MS (m/z), 553 (H-571, 57; EI-MS (m/z), 553 
(n-57, 1001, 495, 461, 421, 397, 329, 321, 303, 241, 215, 159, 147; High-resolution 
MS for C,,HQ70rSl, (H-tBu): Calcd m/tr 553.3742; Found: 553.3754. 

A 1.b’ n”TRF iolution of tetrabutylammonium fluoride (0.44 ml, 0.44 mmol) vas 
added at r.t. to a solution of 19 (53 mg, 0.087 mmol) in THF (2 ml) and the mixture 
vas stirred at r.t. for 4 h. Saturated aq. NHrCl solution vas added and the 
resulting mixture was extracted with ethyl acetate (50 ml). The separated organic 
layer vas washed with brine, dried (RgSO,), and concentrated In vacua to leave a 
crude product (56 mg). Purlficationof the crude product by silica gel (20 g) column 
chromatography (hexane : ethyl acetate = 1:2) to yield 20 (29 mg, 0.076 amol, 87%): 
IR (neat), 1735. 1245, 1170. 1105. 1055, 965, 880. and 730 cm-l : NMR (CDClr ), 
6 0.84 (3R, m), .l.O-2..7 (24H; m), -1.06 6.1.23 -(3H, .S = 21, 3.54 (jH# S), 3.5-i-5 
(3H. m). 5.2-5.5 (2H, m); FD-MS (m/z), 383 (Mel, 100), 365, 308, 267, 247, 183, 
122; EI-MS (m/z), 383 (R*l), 367, 320, 292, 267, 249, 231, 208, 182, 181, 177, 107. 
(b) Synthesis of 20 by Oxymercuration 

To a solution of 16 1196 mq, 0.32 mmol) in THF (10 ml) was added a solution of 
mercuric trifluoroacetate (172 mg, 0.40 mmol) in THF (3 ml) at O’C, and the mixture 
was stirred at 0 “c for 10 min. To the mixture, HeOH (3 ml) and then sodium 
borohydride (80 mg, 2.1 mmol) vas added at O’C and the resulting mixture vas 
stirred at O°C for 1 h. Saturated aq. NH&l solution and ether (50 ml) was added 
for extraction, and the separated organic layer vas washed with aq. NaHCO3 
solution, then brine, dried (MgSOc), and evaporated to afford a crude product 
(147 mg), which was purified by silica gel (20 g) column chromatography 
(hexane : ethyl acetate - 19:l) to give 19 (72 mg, 0.117 nmol, 51n). This product 
19 was ldentlcal (IR, NHR, MS, and TLC) vlth the above 19 obtained from 18. 

Intramolecular Decarboxylative Allylic Alkylatlon 

Preparation of E- and ~-(2R,3R,4R)-2-(2-butenyloxycarbonyl)-3-[(S,E)-3-t-butvl- 
dImethylsllyloxy-l-octenyll-4-t-butyldImethylsllyloxycyclo~ntanone (21 and 221 

A solution of fE)-2-buten-l-01 (5.54 a. 77 mmol) and 1 .l’-carbonyldIImIdazole 
(25 gr 0.154 mmol) I; THF (40 ml) vas stirred at r.t. for 1 h. Af tir removal of 
THF, ethyl acetate (150 ml) van added for extraction. The resulting mixture vas 
washed with vater, and then brlne. The separated aqueous layer va8 extracted twice 
vlth ethyl acetate (2 m 150 ml), and the combined organic layers vere dried over 
ng= , and evaporated to give 17.09 g of a crude product, which van purified by 
silica gel (170 g) column chromatography (hexane : ethyl acetate l 1:l) to yield E- 



[(E)-2_butenyloxycarbonyl]imidazole (24; 12.18 g, 73.4 mmol, 95%): IR (neat), 3'40, 
3040, 1760, 1675, 1470, 1400, 1320, 1280, 1240, 1170, 1095, 1000, 965, 895, 830, 
765, and 74O.ca-1; NRR (CDCl,), 6 1.68 (3H, dd, J-1 6 6 Rx), 4.72 (2H, dd, J.1 h 5 
Hz), 5.3-6.2 (2R, II), 6.96 (lR, a], 7.33 (lH, m), 8.04 (]H, m]. 

According to the above-mentioned procedure, the enolate 3 uas generated by 
conjugate addition of the mixed cuprate, formed from vinyllithium 2 (5.5 q mol) and 
l-pentynylcopper (I) (718 mg, 5.5 nmol) in the presence of hexatiethylpho8phorous 
triamide (1.793 g, 11.0 amol), to 1 (1.06 g, 5.0 mmol) in ether (30 ml)- To the 
solution of enolate 3 was added a solution of 24 (2.74 g, 16.5 smol) in THE (50 ml) 
and hexamethylphosphorlc triamide (10 ml) at -402, and the mixture was stirred at 
-40% for 3 h. A similar work-up gave an oily crude product (3.589 g), which was 
chromatographed on silica gel (200 g) vith hexane-ethyl acetate (19:I) to afford 21 
(1.098 g, 1.99 mmol, 40%); IR (neat], 3040, 1765, 1655, 1255, 1120, 1080, 1000~ 
965, 850, 835, and 775 cm-); NklR (CDC13], 6 0.06 (12H, s], 0.85 (21R), 1.0-1.5 (8H, 
m), 1.63 (3H, d, J=S Hz), 1.8-2.7 (3H, m), 3.0 (lH, m), 3.7-4.2 (2H, m), 4.43 (2H, 
d, J=5 Hz), 5.3-5.7 (4~, m)r FD-MS (Q/S), 553 (n+r), 495, 394, 133: RI-MS (m/z), 
495 (H-570), 441 (loo), 422, 349, 309, 265, 217, 185, 147, 101;'3c-NMR (cDcla), 3 
-4.8, -4.7, -4.6, -4.5, -4.3, -4.2, l-4.0, 17.7, 18.0, 18.2, 22.6, 25.2, 25.7. 25.8, 
25.9, 26.0, 31.8, 38.4, 47.4, 51.8, 60.5, 66.1, 72.6, 124.8, 126.7, 131.6, 136.9, 
167.7, 206.5; High-resolution h.5 for C26Hb705Slz (M-tBu): Calcd m/r: 495.2960; 
Found: 495.2935. 

Similarly, reaction (r.t., 1 h) of 2-butyn-l-01 (5 g, 71.4 mm011 with l,l'- 
carbonyldilnldatole (17.4 g, 107.1 mmol) in THF (50 ml) gave N-(2-butynyloxy- 
carbonyl)imidatole (25; 10.8 g, 65.9 mmol, 92t) after usual work-up and chromato- 
graphic separation: IR (neat), 3150, 2320, 2250, 1765, 1470, 14001 1315, 1290, 
1240, 1165, 1095, 990, 920, 830, and 765 cm-l; NWR (CDCl,), 4 1.77 (3H, t, 
Ja2.5 Hz), 4.83 (ZH, q, J-2.5 Hz), 6.91 (lH, m), 7.27 (lH, m), 7.99 (lH, m). 

The enolate 3 formed from the above-mentioned mixed cuorate (11.0 mmol) and 1 
(2.12 g, 10.0 mmol) was trapped (-4o"c, 2 h) vith 25 (4.10 9, 25 mmol) to give 23 
(2.528 q, 4.6 mmol, 46%): IR (neat), 2250. 
1080, 96i, 850, 835, and 775 

1765, 1740, 1660, 1620, '2550 '120r 
cm ; NPlR (CDCll), 6 0.06 (12H, s), 0.85 (2lH), l.O- 

1.8 (gH, m), 1.73 (3H, t, J=2 Hz), 2.1-2.5 (2H, m), 3.0 (]H, m), 3.8-4.1 (2H, m), 
4.53 (ZH, o, J.2 Hz), 5.4-5.5 
EI-MS (m/i;, 493 (W157), 

(2H. m). FD-MS (m/z). 551 
419, 428, 347, 323, 291; 

(H*l). 493. 397, 115, 57; 
265, 215, i85, i47, iO1; Hlgh- 

resolution MS for C26HwsDsSi2 (M- Bu): Calcd m/z: 493.2803; Found: 493.2775. 
The product 23 (559 mg, 1.02 mmol) was added to a solution of 5I Pd-BaSO, 

(20 mg) andqulnollne (20 mg) in MeOH (20 ml) and the resulting mixture was stirred 
at r.t. for 18 h under hydrogen atmosphere. The catalyst was filtered off through 
Cellte and vashed with ethyl acetate. Concentration of the filtrate and washings 
left a crude product (605 mg), which was purified by silica gel (50 g) column 
chromatoqraohv (hexane : ethvl acetate * 19:l) to orovide 22 (429 mq. 0.78 mmol. 
76t): IR ineati, 3050, 1765, i735, 1660, 1620, 1255; 1120, 965, 835, and 775 cm-'; 
NRR (CDcl>), E 0.06 (12H. s), 0.87 (21H). 1.0-1.5 (8H, m), 1.62 (3H, d, J=5 Hr), 
1.7-2.9 OR, m), 2.9-3.2 (1H; m), 3.7-4.2 (ZH, m), 4.56 (2H, d, J=5 Hz), 5.1-5.9 
(4H, m); FD-MS (m/z), 553 (n+l], 495, 311, 57; EI-MS (m/z), 553 (H*l), 495, 481, 
441, 423, 367, 349, 309, 291, 265, 215. 185 (100). 147. 101: "c-NHR (cDcl,)a 6 
-4.8, _4;7, -4.6, -.4.3, i3.1,.14.0; 18.0, 18.2, 22i6, 25.0, 25.7, 25.9, 31.9, 38.5, 
47.5, 51.8, 60.6, 60.7, 72.6, 124.0, 126.7, 129.8, 136.9, 167.8, 206.4; 
resolution MS for C 6H,,05Sh (M-'Bu): Calcd m/z: 495.2960; Found: 495.2982. 

Hiqh- 

Intramolecular Decar L xylatlve Allylic Alkylatlon of 21 and 22 
Tetrakls(tri~henvl~hosDhlne)Dalladlum~O) (21 mq. 0.018 mmoll was added to a 

solution of 21 CiOO nig; O.i62 mmol) in N,N-dimethy-lformamlde (1.5 ml) and the 
resulting mixture was stirred at SO'C f%r 1 h. Similar work-up (extraction, 
washing, evaporation) and separation by chromatography (hexane : ethyl acetate - 
49:l) gave decarboxylative allylic alkylatlon products, 26 (107 mg, 0.21 mmol, 58a) 
and 27 (15 mg, 0.029 mmol, 8%). 26: IR (neat), 3040, 1750, 1255, 1110, 1090, 965, 
835, and 775 cm-l; NMR (CDCl,], S 0.06 (12H, s], 0.87 (21H), 1.1-1.5 (8H, m), 1.54 
(3H, d, J=4 HZ), 1.75-2.8 (6H, m), 3.7-4.2 (ZH, n), 5.1-5.5 (IH, m); FD-MS (m/z), 
451 (R-57); EI-MS (m/z], 451 (M-57), 437, 396, 335, 319, 263 (loo), 251, 191, 147, 
107, 93, 75, 73, 55, 41; 1%~~NMR (cDc~~), E -4.7, -4.6, -4.2, 14.0, 17.9, 18.0, 
18.1, 18.3, 22.7, 25.1, 25.9, 26.0, 30.5, 31.9, 38.6, 47.8, 52.2, 54.0, 72.9, 73.4, 
127.4, 127.9, 128.7, 136.5, 215.5; Hlgh-resolution MS for C2sH,,D,Slr (H-tBu): 
Calcd m/t: 451.3061; Found: 451.3058. 27: IR (neat), 3080, 1745, 1640, 1460, 1255, 
1115, 1095, 965, 835, and 775 cm-l; NMR (CDCl,), 4 0.06 (12H, s), 0.85 (2lH), 1.06 
(3H, d, 5-6 Hz), 1.0-1.7 (8H, m), 1.7-2.8 (SH, m), 3.6-4.2 (2H, m), 4.6-5-O (2H, 
m), 5.0-6.0 (lH, m), 5.2-5.5 (ZH, m); EI-MS (m/z), 451 (M-57), 377, 335, 319 (loo), 
305 293 (loo), 251, 245, 215, 191, 147, 
(H-‘Bu): 

107; High-resolution MS for C2SH,703Sb 
Calcd m/z: 451.3061; Found: 451.3052. 

Similar decarboxylative allyllc alkylation reaction (25"C, 2 h) of 22 (284 mg, 
0.51 mmol) wlth tetrakis(trlphenylphoophlne]palladlum(O) (30 mg, 0.026 mmol) in 
_N,_N-d1methylforaamide (3 ml) gave the sama products, 26 (163 mg, 0.321 mmol, 63a) 
and 27 (23 ag, 0.045 mmol, 9%). Each product 26 and 27 obtained from Z-isomer 22 
was identical with the products of 26 and 27 from E-isomer 21, respectively. 
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