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Abstract-Treatment of the dlerle 9 wlth a catalytic amount of 10% Pd-C In 

toluene at  -50 "C under H2 I1 atml aKorded the E-methoxycarhonyl- 

substituted exocyclic en01 ether 1 0 E  ln a highly stereoselective manner 

lE:Z=41:1. 98%). 1 O E  was successfully transformed into 5- 

methoxycarbonylprostacyclin (5).  

Recently we have establlshed a general method for the stereoselective synthesis of exocyclic 

tetrasubstituted enol ethers and olefins 4 a s  shown In Scheme 1.l  Thls method Involves the 

stereocontrolled reduction-lsomerlzation of endocyclic olefins havlng a 1'-cyano-1'-alkenyl or 1'- 

methoxycarbonyl-1'-alkenyl functlonallty at C-2 a s  a key step. Namely. treatment of 1 with a 

catalytic amount of 10% Pd-C In toluene under hydrogen I1 atml provided exocycllc tetnsubstltuted 

en01 ethers or o l e f h  4 In a hlghly stereoselective manner. The stereoselectivity is ascribed to the 

selective formation of n-ally1 intermediates 2, whlch are belleved to be more stable than 3 for the 

electronic and/or sterlc reasons. In 2 a cyano or methoxycarbonyl functlonallty is capable of 

complexlng with palladium. 

Scheme I I 

tDedlcated to the late Professor Tetsuji Kametanl 



Recently Scherlng chemlsls reported a stereoselective synthesis of 5-methoxycarbonylprostacyclln 

(61, whlch conslsts of chlorosulConyl isocyanate addltlon to an en01 ether followed by hydrolysis 

and es ter l f icat i~n.~ We describe hereln a completely dllferent synthesis of 5 by the use of the 

reduction-isomerizatlon reactlon of the conJugated dlene 9 as a key step. 

I 
The requilte dlene 9 for the reduction-IsomeIlzation reactlon was synthesized from the Corey 

lactone (6) a s  follows. Treatment of 6 wlth the lithlum enolate of methyl (t~i~nethylsllyllacetate 

aEorded the a.B-unsaturated esler 7 in 49% yleld a s  a mirture of the stereolsomen [E..?51.7:11. The 

a.P-unsaturated ester 7 was further treated wlth LDA followed by addltlon of methyl 3- 

f ~ r m ~ l p r o p l o n a t e . ~  glvlng a mixture of the aldols 8. whlch was directly treated with 

methanesullonyl chloride and triethylamlne in methylene chloride at  -30 OC to afford the diene 9 In 

60% yleld (E:Z1.6:1). When the ellminatlon reactlon was carried out at  higher temperature. 

formation of the by-products was observed, decreasing the yleld of 9. 

Wlth the requlslte dlene 9 in hand, the reductlon-lsomerlzatlon reactlon was carefully investigated. 

Treatment of the dlene 9 wlth a catalytic amount of 10% Pd-C in toluene under 1 atm of Hz pressure 

(-50 "C. 5.7 hl provlded the desired E-exocycllc enol ether 10E in a hlghly stereoselectlve manner 

(E.Z=41:1. 98%). Stereoselectlvlty was determined by hplc analysls ILlChrosorh Si 60 l5&1. and 

the stereochemistry was unequivocally asslgned from the IH nmr spectra of 11E and 1lZ derived 

from 10E and 10Z on exposure to drethylalunlrnurn chlorlde [COSY and N O E ) . ~  Namely, the allyllc 

protons [HA and Hs) In 11E possessed a chemlcal shU? value of 6 3.03 (ddl and 6 3.50 (ddl owing to the 

presence o fa  cls-methoxycarbonyl functlonallty, whlle HA' and H g  possessed 6 2.48 iml and 6 2.72 

(dd). Furthermore. Irradlatlon of HA in llZ showed an enhancement of HC and lrradlatlon of HC 

showed a n  enhancement of HA'. As antlclpated.' the reduction-lsomerizatlon reactlon of 9 at 

higher temperature lowered the stereoselectlvlty 1-30 'C+E:Z=34:1 (98%). -10 "C4EZ224: 1 l95%11. 
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Scheme 2 
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and the reaction in methanol at -10 'C resulted In the formatlon of E:E5.5:1 198%). Furthermore. 

we confirmed that 10E and 1 0 2  dld not undergo isomerlzatlon under the reduction-isomerizatlon 

condltlons. indicating that the ahwe stereoselectivity is ascribed to the stablltty d11Terence between 

the two n-ally1 inte~medlates .~  

Exposure of 10E to tetrabutylamn~onlum fluorlde gave the alcohol 1 2  1100%1. which was further 

oxidized with 503.4, complex In DMSO contalnlng trfethylamlne to fumlsh the aldehyde 13 .  

Treatment of 1 3  wlth the P-keto phosphonale anlon provided the a.p-unsaturated ketone 1 4  in 85% 

yield from 12. After deprotection of the THP group 181%). the hydroxy-enone 16  underwent 

reduction wlth the reagent derlved from dlisobutylalumlnum hydride and 2.6-dl-tert-butyl-4- 

methylphenol.6 gMng the more polar a-isomer 16a 181%) together wlth the less polar P-Lsomer 16b 

112%). The a-isomer 16a was finally hydrolyzed by treatment with NaOH in aqueous methanol to 

afford 5-methoxycarbonylprostacyclln 15) as a colorless viscous oll 174%). whose spectral data were 

Identical wlth those of a n  aulhentr mater1aL2 

In conclusion, we have achleved a highly stereoselectlve synthesis of 5- 

methoxyca~bonylprostacyclln 151 by the use of the stereoselective reduction-lsomerlzatfon reacUon 

of conjugated dlenes as a key step. Ar.CrlCO13 catalyzed 1.4-hydrogenation reaction of 9 should give 

10Z in a stereocontrolled manner. Therefore. now. from the dlene 9 both the E- and ZexocycUc en01 

ethers can he synthesized stereoselectively dependlng on the condltlons. 
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EXPERIMENTAL 

Ir spectra were measured on a JASCO A-300 InIrared spectrophotometer. IH Nmr spectra were 

recorded wlth a JEOL JNM-FX100 or JEOL JNM-GX 270 NMR spectrometer with tetramethylsllane 

a s  a n  internal standard. Low-resolution ms spectra and high resolutlon ms spectra were obtaJned 

from a JEOL JMS-DX 303 mass spectrometer. Optical rotatlon was measured on a JASCO DIP-370 

dlgltal polameter. Meltlng points were determined using an IshU melting polnt apparatus and are 

uncorrected. 
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In general. reactions were carrled out in dry solvents under an argon atmosphere unless otherwise 

mentloned. 

( I S ,  6R.  8 %  7R)-6-(tert-Butyldlmethylsllyloxymethyll-3-methoxycarbouylmethylldeue-7- 

tetrahydropyranyloxy-2-oxablcyclo[3.3.010cte 7.  To a sttrred solution of LDA prepared from 

dilsopropylamhe 14.15 ml. 30 mmoll and BuLI 11.72 M hexane sol.. 17.4 ml. 30 nlrnoll In THF IM) ml) 

was added methyl Itrlmethylsllyllacetate 14.92 ml. 30 mmoll in THF 120 mll at  -78 'C. and the 

reaction mkture was stlrred at  the same temperature for 2 h. To a stlrred solutlon of the Corey 

lactone W(3.52 g. 9.5 m o l l  in THF 120 mll was added the llthlum enolate in THF 1-78 T I .  and the 

reactlon rmxture was gradually warmed to -25 "C over a perlod of 6.25 h. quenched wlth saturated 

aqueous NH4CI. and extracted wlth ether. The extract was successlvely washed with Hz0 and brlne. 

drled INa2SOq1, and concenlrated. The olly resldue was purllled by slllca gel column 

chromatography to afford the less polar E-Isomer of 7 11.26 g. 31%) a s  a colorless oil and the more 

polar Zisomer 1723 mg. 18%. co~orless OUI:  or the E~lsomer 1~ nmr 1 ~ 6 ~ 6 1  6 0.02. 0.06 l6H. s and SI. 

0.9819H,s1.3.5613H. sl.4.41 IlH,ml. 4.59. 4.68(1H,mandml. 5.80IlH.m): trlneatl 1740. 1705. 1635. 

1435. 1360. 1250 an-l: ms lm/zl. 411 lM+-CH31.395 lM+-OCH31. 369 IM+-~BUI.  159.85 base peakl: 

hnns lM+l calcd for C22H3806SI 426.2438. found 426.2414: For the 2-Isomer 'H nmr ICgDgl S 0.02. 

0.0416H.sands1.0.95,0.9719H,sands1,3.6413H.s1,4.5611H,m1,4.6611H,m1, 5.0511H.ml:trIneatl 

1715. 1695. 1645. 1235. 1200cm-l: ms [m/z). 426 lM+). 395 lM+-OCH31.369 ( M + - ~ B ~ ) .  159. 85 (base 

peakl: hnns lM+l calcd for C2~H3806S1426.2437. found 426.2456. 

(1s. SR. 6s. 7R)-6-(tert-Butyldlmethybllyloxymethyl)onyl-l-~utenyl]-7- 

tetrahydropyranyloxy.2-oxab1cyclol3.3.01oct-3-en 9. To a slimed solutlon of LDA 11.88 mmol) In 

THF 18 mll was added 7 1417 mg. 0.98 mmoll in THF 18 mll at -78 'C. and the reacuon rmxture was 

stirred at  the same temperature for 70 mln. To thls enolate solutlon was added methyl 3- 

fomylproplonate (272 mg. 2.3 mmol) InTHF (8 mll at -98 "C. and the reacuon mixture was stlrred at 

the same temperature for 4 h, quenched wlth saturated aqueous NH4CI 1-98 "Cl, and extracted wlth 

ether. The extract was successlvely washed wlth Hz0 and brine, dried INa2S041. and concentrated. 

To a stirred solutlon of the ally resldue I657 mgl In CHzCl2 16.5 ml) was successlvely added 

trlethylamlne 15.45 ml. 39.1 mmol) and methanesulfonyl chloride 10.69 ml. 8.92 m o l l  at -78 *C. 

and the reaction m u r e  was stirred at -30 "C for 25.5 h. quenched wlth Hz0 1-78 T I ,  extracted with 

ether. m e  extract was successively washed wlth 1% aqueous HCI. H2O. saturated aqueous NaHC03. 



Hz0 and brlne. dned(Na~SO4). and concentrated. The oily resldue was purlfled by s l l t a  gel column 

chromatography (ether-hexane-NEtg. 25: 100:ll to give the less polar Zlsomer (117 mg. 23%) as a 

colorless ofl and the more polar E-Isomer (188 mg. 37%. colorless oil): For the 2-Isomer IH nmr 

(C@d 60.04. 0.05. 0.060.08 (6H. 4s). 0.98. 1.00 (9H. sands).  1.30-2.73 114H. ml, 3.29 (3H. sl, 3.45 l3H, 

~].3.10-3.65(4H.m].3.&1l1H.m). 3.91,4.09(1H,dddandddd.5=6.96. 6.96.6.96Hz1.4.66.4.77llH.m 

andm). 4.82 (1H.m). 5.53. 5.57 (1H. dandd .  J=2.93HzI. 6.58. 6.60llH. t and t. J=7.70HzI: irlneatl 

1740. 1630. 1440. 1260. 840. 780 cm-I: ms lrn/zl. 524 (M+l. 493 (M+-OCH31.435 lM+-THPI. 247.85 

(base peak): h m s  (M+l calcd for C27HqqOfjS1524.2805. found 524.2820: For the E-isomer IH nmr 

(C@~60.04.0.05.0.06.0.07(6H.4sl.0.97.0.9819H.sandsl. 1.00-3.00l14H.ml.3.31l3H.sl.3.42l3H. 

sl.3.10-3.62(4H.ml.3.83l1H.m).3.94.4.09(1H.dddandddd.J=6.60.6.60.6.M)Hzl.4.65.4.74(1H.m 

and ml. 4.84 I1H. m). 5.52. 5.54 [IH. d and d, J=2.75 Hz). 6.95, 6.96 l1H. t and t. J=7.70 Hz): ir (neat) 

1730. 1630. 1440. 1250.840.780 cm-I: ms (rn/zl. 524 (M+l. 493 lM+-OCH31.467 I M + - ~ B ~ I .  435 (M+- 

THP]. 85 (base peak); h m  lM+) calcd for C27H@OgSi, 524.2805, found 524.2808. 

(IS, SR. 6s. 7~-6-(tert-Butyldimethy~Uylorymethyl)-3-(l,4-~me~oqc~bony1-l-~utyUdenel-7- 

tetrahydmpyranyloxy-2-0xablcyclo13.3.01octe 1OE and 10Z. A suspension of 10% Pd-C (10.7 mg. 

0.010 mmoll in toluene I2 ml) was stlrred at 25 "C for 80 mln under hydrogen atmosphere I1 atml. To 

a cooled (-50 T I  suspenslon was added 9 (E:Z=1.6: 1. 50.6 mg. 0.097 mmoll ln toluene I2 mll. and the 

reaction rmxture was stirred under 1 atm of H2 pressure for 5.7 h (-50 T I .  The reactlon rmxture was 

filtered through silica gel and washed wlth elher. The combined filtrates were concentrated to glve 

the oily resldue. which was purified by slllca gel column chromatography (ether-hexane-NEt3. 

200:lOO:l) to give 10E I49 mg. 96%) as a colorless oil and more polar 10Z (1 mg. 2%. colorless oil): 

For 10E IH nmr ICgDg) 80.03. 0.05. 0.06 l6H. 3sl. 0.98.0.99 l9H. s and sl. 1.20-2.35 (14H. m), 2.75 IZH. 

m). 3.10. 3.16 (1H. mand  m). 3.34 l1H. rill. 3.39-3.65 (3H. mj. 3.41 (3H. s). 3.55 (3H. sl. 3.82 (1H. m). 

4.01.4.15llH. dddandddd. J=8.23.6.23, 6.23Hzl. 4.43 ilH,ml.4.61, 4.68llH.mandml: Lrlneatl 

1735. 1690. 1620. 1460. 1430 cm-1: ms (rn/d. 526 (M+I. 495 IM+-OCH~I. 437 IM+-TNPI. 353.85 (base 

peak):hrms lM+l calcd for C27H4608Sl526.2962. found 526.2951: For 10Z IH nmr ICgD6lG 0.06.0.07 

(6H. s and sl. 0.98.0.99 l9H, sand  sl. 1.20-2.50 (16H. ml, 2.59. 2.63 IIH, dd and dd. J=9.53. 17.21 Hz). 

2.78.2.86 (1H. dd and dd, J=2.20, 17.21 Hz], 3.44-3.50 l3H. m), 3.40 l3H. s), 3.64 l3H, d .3.84 (1H. m), 

3.90.4.15(1H,mandm).4.61(1H.m1.4.60.4.74I1H.mandm1:IrIneat1 1730. 1710. 1680. 1630. 1460. 
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1430~11-l: ms lm/zl. 526 lM+l. 495 lM+-OCH31.437 lM+-THF'I. 353. 159.85 [base peak). 73: hrms IM+) 

calcd for C27H460851526.2962. found 526.2981. 

(IS, SR 6 s  7 R ) - 6 - ( t e r t - B u t y U e t h y l s i l y l o ~ e t h y ~ U d e u e ) -  

7-hydroxy-2-oxablcyclo[3.3.0loctane 11E. To a stirred solutlon of 10E I112 mg. 0.213 mmol) In 

CHzCI2 (4 d l  was added dlethylaluminum chloride (1 M hexane sol.. 1.7 ml. 1.7 mmol) at -50 "C. 

and the reacuon mixture was stirred at 0 OC for 1.8 h, quenched with saturated aqueous KHC03 1-70 

T I .  and extracted wlth ethyl acetate. The extract was washed with brine, dried (Na~S04) .  and 

concentrated. The olly resldue was purlfled by silica gel column chromatography (ether-hexane. 

2:ll to give 11E (89.lmg. 95%) a s  a colorless oil: IH nmr IC@@ 60.01 l6H. sl. 0.95 l9H, sl. 1.69 (lH, m). 

1.91 (lH.ddd.&2.57.6.23, 14.70Hz1, 2.07l5H.m1.2.35l2H.m1.2.72l2H,m1.3.03l1H.dd.&9.16, 18.6 

Hz1.3.31 IlH, dd. 5=5.86.9.89HzI.3.39 l3H.sI.3.48llH.dd. J=5.13.9.89Hz1.3.50(1H, dd. J=1.10. 

18.69 Hi). 3.55 l3H. sl. 3.86 l1H. ml. 4.30 IlH. ddd. J=2.57. 6.23. 6.60 Hz): Irlneat) 3450. 1735. 1690. 

1620. 1460. 1430 cm-l: ms lm/zl. 442 (M+). 411 [Mf-OCH31. 385 (M+-~BU). 353 base peak). 169.75: 

hrms IM+l calcd for C~~H3807S1442.2387. found 442.2381. 

US, SR 65. 7~-6-ltert-Butyldimethylsilylorymethyl~-l~-%(l,4~metho~c~bnyl-l-butyUdene)- 

7-hydroxy-2-oxablcyclo[3.3.0loctane 112. 112 was prepared from 102 in 73% geld as a colorless 

oil by the same procedure a s  described in the synthesis of 11E: IH nmr IC@6lS 0.04 l6H. sl. 0.96 (9H. 

sl. 1.74 (1H.m). 2.0016H. ml. 2.24(2H. t,3=7.14Hz). 2.47 l2H. ml. 2.48 (1H.m). 2.72 (1H. dd.Al.47. 

17.22 Hz). 3.38 I1H. dd. J=5.49. 9.89 Hz). 3.39 (3H. sl. 3.48 l1H. dd. k5.49. 9.89 Hz). 3.62 (3H. sl. 3.83 

(IH. m). 4.46 (1H. m): lr [neat) 3450. 1740. 1680. 1625. 1460. 1430 cm-I: ms (m/z). 442 [M*]. 41 1 (M+- 

OCH3l. 385 IM+-~BUI. 353 (base peakl. 169. 75: hrms (M+l calcd for C22H380751442.2387. found 

442.2388. 

( 1 s .  BR. 6s. 7R)-(E)-(1.4-DimethoxycarbOnyl-l-butylldene)-6-hyd1oxymethyl-7- 

tetrahydropyranyloxy-2-oxableyclo[3.3.01octe 12. To a stirred solutlon of 10E I413 mg. 0.79 

mmoll In THF I5 d l  was added B u ~ N + F -  (1.1 M THF sol.. 0.97 ml. 1.07 mmol) at 25 "C. and the 

reaction mlxture was stlrred at  the same temperature for 1 h. quenched wlth bme.  extracted wlth 

ethyl acetate. The extract was washed wlth brine, dried IMgSO41, and concentrated. The oiiyresldue 

was purlfled by s l l t a  gel column chromatography (ethyl acetate-hexane. 5:l) to give 1 2  (323 mg. 

100461 as a colorless oil: IH nmr (CDC13) 6 1.44-2.26 IlOH. m). 2.28-2.76 (6H, m). 2.84-3.28 (2H, m). 

3.62 OH, sl, 3.64 l3H. sl. 3.40-4.32 l5H. ml. 4.66 (2H, ml: Ir (neat1 3450. 1740. 1700. 1620, 1440. 1280. 



1020 cm-l; ms lm/zl. 412 lM+I. 381 1Mf-OCH31. 296.85 (base peakl: hrms lM+) calcd for C21H3208 

412.2097, found 412.2068. 

(1s .  SR. 6R. 7Rl-(El-3-(1.4-Dimethoxycarbonyl-l-butylidene)-B-~3-oxo-E-l-octenyl)-7- 

tetrahgdropyranyloxy-2-oxablcyclo13.3.0loctane 14. To a stirred soluUon of 12 I169 mg. 0.41 

mmol) in DMSO (1.5 mll contalnlng NEt3 (0.57 ml. 4.1 mmol] was added S03-4. complex 1654 mg. 

4.1 mmol) in DMSO 11.5 ml) at 25 "C. and the reaction mlxture was stirred at  the same temperature 

for 0.5 h. quenched with ice-water. exwacted with ethyl acetale. The extract was successively washed 

with H z 0  and brine, dried IMgSOq), and concentrated to give 13 1183 mgl a s  a brown oll. The 

aldehyde 13 in THF (2.5 ml) was added to the sadlum anlon of dlmethyl (2-axohepty1)phosphonate at 

0 'C which was prepared from dimethyl (2-oxoheptyllphosphonate (228 mg. 1.03 mmol) and NaH 

(60% dispersion in mlneral oil. 27.9 mg. 0.70 mmol) in THF (5.5 ml). and the reacuon mlxture was 

stlrred for 1 h at 25 T ,  quenched wlth saturated aqueous NH4C1. and extracted wlth ethyl acetate. 

The extract was successively washed with Hz0 and brine. dried INa2SO4). and concentrated. The 

oily residue was purlfled by sflka gel column chromatography [ethyl acetate-hexane. 1:l) to give 14 

1176.5 mg. 85%1 as a colorless oil: IH  nmr (CDC131 6 0.96 l3H, t. J=6.8 Hz) .  1.20-2.20 114H. ml. 2.20- 

2.82 l8H.m~.3.20l2H,m).3.32-4.3015H.m~. 3.64 (6H. s).4.59(1H,m). 4.80(1H, ml, 6.14.6.22 I1H.d 

and d. J=16.0 Hz). 6.62. 6.72 IlH, dd and dd. Jz8.0. 16.0 Hz); Ir (neat) 1740. 1700. 1680. 1630. 1440. 

1280 cm-l; ms (m/zl. 506 IM+l. 475 IM+-OCH3). 169.85 (base peak); hrms lM+) calcd for C28H4208 

506.2880. found 506.2879. 

( IS,  S R  6R, 7~-[El-(1.4-Dimethoxycarbonyl-l-butylldene)-7-hydr0xy-6-[3-oxo-El-octenyl)-2- 

oxabicyclo[3.3.Oloctane 15. m e  enone 14  1176.5 mg. 0.35 mmol) was dissolved inTHF I5 mll and 

65% aqueous CH3COOH (8 mi). and the reaction mlxture was stirred at 60 T for 5.25 h. neutralized 

with saturated aqueous NaHC03, extracted with ethyl acetae. The extract was washed with Hz0 and 

brine. dried IMgSOqI, and concentrated. The oily resldue was purifled by sUica gel column 

chromatography [ether) to give 16 11 19 mg. 81%) as a colorless oU: IH nmr lCDCl3I 6 0.90 l3H. t. a 6 . 8  

Hz), 1.12-2.20 (12H. m), 2.20-2.82 (7H. m), 3.16l2H. ml, 3.64 (3H, s), 3.66 (3H. s), 4.05 IlH, ddd, A7.6, 

7.6. 7.6HzI. 4.77 IlH. ddd. J=3.1. 6.3.6.3 Hz). 6.18 (1H. d. J=16.0 Hz). 6.68 l1H. dd. J=8.0. 16.0 Hz): ir 

lCHC13) 3400. 1720. 1690. 1620. 1430. 1320. 1270, 1150 cm-l: ms lrn/zl. 422 (M+l, 404 (M+-CH31.391 

(MI-OCH31.291.222. 169.99 (base peaW; hrms lM+) calcd for C23H3407 422.2304. found 422.2315: 

lal2lD +4.71 (c 1.53. CHC13). 
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(1s. BR. 6R. 7Rl-lEl-3-(1.4-Dimethoxycarbonyl-l-butylldene)-7-hydroxy-6-(3~Sl-hydro~-El- 

octenyll-2-oxabicycloQ.3.3.Oloctane 16a, To a stlrred solution of 2.6-dl-tee-butyl-4-methylphenol 

(831 mg. 3.77mmoll in toluene (4 ml] was added dllsobutylalumlnum hydride I1 M toluene sol.. 2.8 

ml. 2.8 mmoll at -20 'C, and the reactlon ~nLwture was stmed at the same temperature for 1 h. To the 

cooled solution was added 15 (119 mg. 0.28 mmoll in toluene 16 mll at  -78 T. and the reaction 

mmure was stlrred for 1 h at  the same temperature and gradually warmed to -10 "C over a period of 

3.5 h. quenched with brlne, extracled wllh ethyl acetate. The extract was successively washed with 

Hz0 and brlne. drled (Na2S041, and concentrated. The oUy resldue was purified by sUlca gel column 

chromatography (ethyl acetate-hexane. 5:lI to give more polar 16a (97 mg. 81%) a s  a colorless oll 

together wlth less polar 16b (14 mg. 12%. colorless oil): For 16a IH nmr (CDC13) 60.88 (3H. t. J=6.8 

Hz), 1.10-2.72 (20H. ml. 3.04 l2H. ml. 3.64 (3H. sl, 3.65 l3H. d, 3.82 IlH, ml. 4.02 (1H. ml. 4.70 (IH, ddd, 

5.3.0. 7.0. 7.0HzI. 5.49 (2H, ml: irlneat) 3400. 1740. 1700. 1620. 1430. 1320. 1280. 1150. 1100. 1090. 

1030.965 an-'; ms (m/z). 424 IMf), 406 IMC-H2Ol. 393 IM+-OCH31.374.222.99.43 (base peakl: h m  

lM+l calcd for C23H3607 424.2461. found 424.2452: lalZ1D -17.24 ' lc 0.852. CHC13): For 16b IH nmr 

lCDC13) 6 0.90 13H. t, J=6.8 Hz]. 1.10-2.64 (21H. ml, 3.04 (lH, ml, 3.62 (3H, d, 3.65 (3H. s), 3.86 (lH, ddd, 

J=8.3. 8.3, 8.3 Hz). 4.02 l1H. ml. 4.72 IlH. ddd. J=3.0. 7.0. 7.0 Hz). 5.52 12H. ml: lrlneatl3400, 1730. 

1710. 1620. 1440. 1260. 1090 cm-l: ms (m/zl. 424 [Mf). 406 (M+-H2OI. 393 (M+-OCH31.222.99. 43 

(base peak): hrms (Mf1 calcd lor C23133607 424.2461, found 424.2458: la121~ -16.94* (c 1.28. CHC13l. 

5-MethoxycarbonylprostacycUn (5). To a sllrred solution of 16a (32 nig. 0.075 mn~oll In MeOH (2 

ml) was added 10% aqueous NaOH (2 ml) at 0 OC. and the reaction M u r e  was stlrred at the same 

temperature for 15 h ,  neutralized with 5% aqueous HCI. evaporated to remove methanol, acidllled to 

pH 4 wlth 5% aqueous HCI, extracted wlth ethyl acetate. The extract was washed with brine, dried 

IMgSOq). and concentrated. The olly residue was purllied by silica gel column chromatography 

(methanol-ethyl acelae. 1: 101 to give 5 (23 mg. 74%) a s  a colorless viscous oil: IH nmr ICDC13) 6 0.88 

(3H.t.J=6.8OHzl. 1.85(4H.ml,2.12(2H.m1,2.25-2.73(5H.ml.2.97(1H,dd,J=8.79. 19.05Hz1.3.21 

IlH. dd.J=1.10. 19.05HzI. 3.68 OH, sl.3.87 UH. ddd. J=8.06. 8.06. 8.06Hzl. 4.07 IlH. dt.J=6.60. 6.60 

Hz). 4.72 l1H. ml. 5.46 IlH. dd. J=8.06. 15.02 Hz). 5.60 l1H. dd. J=6.96. 15.02 Hzl: Ir (neat1 3400. 1740. 

1700. 1610. 1440. 1240. 1150. 1090. 970 cm-l; ms lrn/z). 410 lM+I. 392 (M+-HzOI. 379 lM+-OCH3): 

hrms (M+] calcd for C22H3407 410.2304. found 410.2305: l a 1 2 1 ~  -35.96 lc 1.18. CHC131; When kept 

in a refrigerator. 5 solldlfled as a colorless powder of mp 108-1 11.5 T. 
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