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Abet?ZaCt -- RmagkttXh 4, a chlorUtated tnarxne prosteno~d, we ~ynthi?~lPed EtWklng 
from two cbxal b.azldmg blocks. t+l-tartarrc acxd and (1~4R_)-[-)-ri-t_butyldlmethyl- 
ss:yloxy-3-chloro-2-~l~te+l-o1, whxh we8 prepared by asymmetrx hydrolyss of 
the mnespmdmg (*)-acetate rnth pg pancreatic lqmee. 

Punaglandin 4 (PUG 4, la) is one of the chlorinated marine prostanoids isolated from the 

Hawaiian octocoral Telesto riisei by Scheuer and his co-workers.' Its remarkable 

antitumor activity together with its unique structure attracted attention of chemists, and 

two independent syntheses by Yamada et al ' and by Noyori et al 3 appeared soon after --* --- 
Scheuer's structural proposal. Their works established the correct stereostructure of PUG 

4 as depicted in la. Another synthesis was reported recently by Sasai and Shibasaki.l We 

became interested in synthesizing la so as to test the utility of enzymatic process in 

prostanoid area. hzymatic preparation of flg,4R)-(+I-4-acetoxy-2-cyclopenten-l-01 by 

employing pig pancreatic lipase (PPL)' was so successful that we planned to extend the 

scope of this enzyme reaction to the asymmetric hydrolysis of the chlorinated cyclopentene 

acetate to be used in the synthesis of punaglandins. 

In Fig.1 is shown the outline of our synthesis of PUG 4. Like in all the other 

syntheses of PUG 4,'-4 the final C-C bond formation step was the non-stereoselective aldol 

reaction between A and B. The cyclopentenone A was prepared, unlike other groups, by 

alkylating C with R The alkyne C was the product of nucleophilic addition of the dianion 

derived from propyne Ptothe chiral cyclopentenone E, which was prepared by enzymatic 

method. For the peparation of B, we used a radical process to connect G with H. The 

iodide G was prepared from L-(+)-tartarfc acid I, an abundant natural product. The 

details of our synthesis are described below. 

Wzyratic preparation of the optically active cblororzyclope~~tene derivative. 

The first stage of our work was the preparation of (R)-4-&-butyldimethylsilyloxy-3- 

chloro-2-cyclopentenone (7). The g-enantiomer of this ketone 7 had previous been prepared 

by Gill and Richardss6 Our alternative synthesis of (fi)-7 is shown in Fig-Z. The key- 

step of our route was to resolve stereoisomeric mixture 5 to give fl&4R)-6a by means of 

an enzyme. 

t Preparative Biooqanic ownristty -- 9. part 8, T. Sugai and K. Mri, Smtheeis in the press. 

It Reearch Pellc~~ cm leave frun Fuji Chenicaf T&ustriea Ltd. f19ES-1988). 
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cl-Me 
6H 
PUG 4 =& 

HO2C 

Pig. 1. Outline of the synthesis of pnaglandin 4 (la). 

The starting (*)-2 was prepared efficiently (-50% yield) from 2-methylfuran by the 

method of Tanaka. 7 Introduction of Cl to (iJ-2 was carried out as described by Yamada and 

his co-workers.8eg Namely, acetylation of (k)-2 with Ac20 and NaOAc was followed by 

adittion of C12. The resulting a,f3-dichloroketone was treated with Et3N to give 

crystalline (*)-acetoxy chloroketone 3 in 50% yield. This was reduced with NaBH4 in the 

presence of CeC13'O to give 4 as a mixture of (t)-cis-4 and (*)-trans-4. Although pure - 
(i)-e-4 could be obtained by recrystallization of the mixture,+ we proceeded to the next 

step of silylation without separation of the isomers to give a stereoisomeric mixture of 5 

in 71% yield from 3 by treatment with t-BuMe2SiC1 and imidazole. Our previous experience 

convinced us that only the desired (lS,4R)-silyloxy alcohol 6a would be genarated by 

treatment of the mixture 5 with PPL, because treatment of a mixture of cis- and trans-1,4- - 
diacetoxy-2-cyclopentene with PPL directly yielded enantiomerically pure (lS,4R)-4- 

acetoxy-2-cyclopenten-l-01.5 

When the acetate 5 in MeOH and phosphate buffer (pH 7) was treated with PPL atl5OC 

for 12 h, a levorotatory oily alcohol was obtained in 25% yield after chromatographic 

purification. Its @)-a-methoxy-a-trifluoromethylphenylacetate (MTPA ester) was prepared 

in the conventional manner," and analyzed by HPLC to give a single peak. A mixture of 

all of the four possible (RI-MTPA esters 6b, 6b', 6b" and 6b"'was prepared by treating 5 

t &\ssignment of cls-erenxchem 

4 with that of th, mixture. 

istry to the crystalline isomer was made possible by comparnq the 'Ii NMR apztrum of (ikis- 

~0th the CXKXI and m ptcna of the crs-isomer resax~tad at higher field thn thcee ofthe 
g-isanar wing to the lack of the shxelding effect 011883. by 0 a&.cf'5 
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a) Ac20, NaOAc, THF, 35'C, 15 h; b) C12, ether, Et3N; c) NaBH4, CeC13, 

MeOH; d) &-BuMe2SiC1, imidazole, DMF; e) PPL (Sigma L-3126), O.lM 

phosphate buffer (pH 7), MeOH; f) PDC, DMF, 5'C 

Pig. 2. Preparation of the chiral building block E (2). 

recovered unchanged after PPL hydrolysis+ with llpase P (Amano Pharmaceutical Co.) for a 

week at rcem temp, and acylating the resulting mixture of alcohols with (S)-MTPA Cl. This 

mixture of the four MTPA esters 6b, 6b', 6bm and 6bw' showed only two peaks upon HPLC 

analysis. Racemic cis-4 was also converted to a mixture of @)-MTPA esters 6b and 6b' by - 

the following sequence: (i) silylation of (*)-a-l with &-BuMe2SiCl followed by (ii) 

removal of AC by treatment with lipase P, and (iii) acylation with (S)-MTPA Cl. The 

resulting mixture of 6b and 6b' were inseparable when analyzed by HPLC, showing a single 

peak whose Et coincided with that of the @)-MTPA ester derived from the resolved 

optically active alcohol. The optically active alcohol must therefore be 6a or its 

antipode or their mixture. Because 6b and 6b' were not separable, HPLC could not be used 

for the determination of the enantiomeric purity of the resolved alcohol. 

To estimate the enantiomeric purity of the resolved alcohol, its @)-MTPA ester and 

the mixture of 6b and 6b' derived from (*)-cis-4 were analyzed by'H NMR at 400 MHz. In - 

the spectrum of the mixture, the signals due to&-Bu were observed as two singlets at 6 

0.879 and 6 0.898, and those due to C=CH appeared as two separate signals at 6 5.878 and 6 

5.965. In the spectrum of the (R)-MTPA ester of the resolved alcohol, the signal due to 

t-Bu appeared as a singlet at 6 0.898, and that due to C=CH was observed at 6 5.878 

without any trace of the signals due to the diastereomer. The resolved alcohol was 

therefore enantiomerically pure. 

The absolute configuration of the resolved alcohol was assumed to be 13,4R as 

depicted in 6a on the basis of the known enantioselectivity of the hydrolytic reaction 

with PPL.5 This assumption was found to be true when the resolved alcohol was oxidized 

t Ihe r-r& 5 antal& - (*)-trana-5 than the original 5. 
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with pyridinium dichromate (PDC) in DMF12 to give the desired @)-3-chloro-4-silyloxy-2- 

cyclopentenone 7, (el~5+16.20(~-hewne); (01~~3 -6940 ("_hexane) <lit.6 for (5)-7 : (01$53 

+6700 (hexane),, in 91% yield. The overall yield of (51-7 from (*l-Z was 8.2% without 

optimization or recycle of the unwanted isomers. All of the intermediates’(2-6a) were 

stable, and our method might be a useful alternative in a large-scale preparation. This 

concluded the preparation of one of the key chiral building blocks by enzymatic method. 

Preparationof the aliphatic chikbullding block 12. 

We then turned our attention to the synthesis of the aliphatic chiral building block 

B(=12), which in itself2p4 or as its equivalent3 was the common intermediate in the 

existing syntheses of PUG 4. In Yamada's synthesis this building block B was prepared 

from 2-deoxy-D-ribose,2 while Noyori employed the Sharpless asymmetric epoxidation to 

prepare his equivalent of B.3 Like Sasai and Shibasaki,4 we started from L-(+)-tartarlc 

BnO 
OH a. b ) &‘(-J 1 ’ l BnO CO2Me 

2 2 ‘2 

d HO 4- C02Me e 
) OHC 2- CO2Me 

0 
11 12 
N 

En =-Cti2-(J 

a) MsCl, Et3N, CH2C12; b) NaI, NaHC03, DMF, 70°C, 96 h; c) (n- 

Bu13SnC1, NaBH4, CH2=CHC02Me, hv, MeOH, 5'C; d) H2, W-black, MeOH; e) 

DMSO, (COC1)2, Et3N, CH2C12 

Pig. 3. Preparation of the aliphatic chiral building block g (=13). 

acid I, but constructed 12 in a different manner as shown in Fig.3. The known alcohol 8 

was prepared from L-(+)-tartaric acid in 50.4% yield according to Hungerbthler and 

Seebach.13 To prepare 12 from 8, it was necessary to execute efficiently the 3C 

elongation of the C-chain. Sasai and Shibasaki achieved it in several steps by employing 

a Wittig reaction. 4 Our strategy was to use a radical reaction for the chain- 

elongation.14 

The appropriate substrate for the radical reaction was iodide 9, which was prepared 

from 8 in a conventional manner in 92% yield y& the corresponding mesylate. The radical 

generated from 9 was added to methyl acrylate, an electron-defficient alkene, to give 10 

in 51% yield.cf'15 This photo-induced radical reaction was a clean one, and the unreacted 

9 could be recovered from the reaction mixture. The yield of 10 on the basis of the 

consumed 9 amounted to 70%. Hydrogenolysis of 10 over W-black removed the benzyl protec- 

tive group to give 11. Oxidation of 11 under the Swern condition with DMSG and (CCC1)216 

gave the desired building block 12, [al;5 +42.2.’ (CHC13), ' in 40% overall yield from 8 or 

in 20% overall yield from L-(+)-tartaric acid. 

Attachment of (e)-l-octenyl side-chain to 7 to give 18. 

The third phase of our work was the attachment of (Z_)-2-octenyl side-chain to the 

cyclopentene part 7 to give A (=18). We did this stepwise to furnish pure 18 in accepta- 

+lhe seme oompcuna 12 bB prepared by other groups showed far smal1e.r [DID valU%s (63" aa mw-tedbyYamada.2 amJ+=" 

as reported by shibMaki.4 we repeated the preparation of 12 -1tiws.anl e the'eame (01, values (+42? for 
different batches of 12 Ihe reasa~ for this diaa-e~ is unclear at ~esant. 



ble overall yield. Addition of the dianion derived from propyne (LiCH2CXLi)" to 7 gave 

13 stereoselectively. As direct quenching of the dianion of 13 in the reaction mixture by 

alkylation with,~-C$tll I was not so reproducible, 13 was first isolated in 84% yield, and 

then converted again to the dianion with g-&&i in Ht2O-HMPA. This was alkylated with z- 

C5Hll I to give 11 in 55% yield with 46% recovery of 13. Accordingly, the yield of 14 on 

the basis of the consumed 13 was as high as 93%. Removal of the silyl protective group of 

MOM =- CH$CH3 

a) MeClCH, fi-BuLi, THF; bl c-BuLi, t&$H,,I, Et20, HMPA; C) @-Bu)4NP, 

THF; d) H2, Lindlar Pd-C&03-Pb(OAcj2, MeOH; e) PDC, DHF; ft ClCH2OMe, 

(&Pr)2NEt, ClCH2CH2Cl 

Fig. 4. Attachment of (4)-2-octenyl side-chain to 7 to give & (=lg). 

14 with @-Ruj4NF gave diol 15 in 70% yield after chromatographic purification and recrys- 

tallization, m.p. 91-92*C, [al2di+136.7~ (CHC13) <lit.3its antipode: [c~1~~-56.4~fCHCl~j>. 

Semi-hydrogenation of 15 over Lindlar-W15 

antipode: [a]$-23.0°(CHC13)>. 

in MeOH gave 16, [~1~~+36.5~(C!HC13), <lit.3 its 

PDC oxidation of 16 gave 17, whose L-OH group was protec- 

ted as MOM group to give the chiral building block A (=18), [~1~~+49,5~(CHCl~), <lits9 its 

antipode: [a]D-40.2*(CHCl3)>. We were thus able to prepare the partner A for the aldol 

reaction with B in 23% overall yield from 7. 

Aldolreactionbetueen 12 and18 and the ooapletim of the synthesis. 

With the two building blocks A (=12) and B (=18) in hand, we came to the final stage 

of combining these two by the aldol reaction as reported by others.2-4 Thus the aldol 

reaction between 12 and 18 employing lithium diisopropylamide (LDA) in THF gave, after 

chromatographic separation, the desired @)-isomer 19a (25% yield) as the more polar one, 

while the earlier eluted fraction gave the less polar @)-isomer 19b (37% yield). In 

their 'H NMR spectra, the signal due to Ha of 19a appeared at 6 6.58 (dd, 2=0.7 and 10.3 

Hz), while that of 19b appeared at 6 6.18 (d, 2=9.3 Hz). The signal due to Hb of 19a was 

observed at 6 4.70 (dd, J=7.9 and 10.3 Hz), while that of 19b appeared at 6 -5.4. The 

above observation was the basis on which we assigned the E-and Z-geometries to the 

respective isomers, considering the shielding effect caused by the a group. Treatment of 

19a with hot 80% AcOH aq removed the isopropylidene protective group to give a dial, whose 

acetylation yielded 20a. Finally, the MOM group of 20a was removed by hydrolysis with aq 

HCl-ACOH to give PUG 4 (la), [al$4+72.30(CHC13), ilit.2r1g [al$s+72.3D(CHC13); Prof. 
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19a 

ht4 
19b 

,ga b, c > c,ee d , c,e2Me 

bH &of4 
20a I PUij4ek 

20b lb 

a) LDA, 12, THF; b) 80% AcOH-H20, 6O'C; c) AcZO, C5H5N, CH2C12; d) 

AcOH-H20-conc.HCl (16:4:1), 60°C, 15 min; e) 80% AcOH-H30, lOO'C, 1.5 

h 

Pig. 5. Synthesis of PUG 4 (Ig) and its (g)-isomer I@_ 

Scheuer's authentic PUG 4": Ici1~s+65.60(~~~13)>, in 6.0% yield from 18. The 400 MHz 'H 

NMH spectrum of our synthetic PUG 4 la was completely identical to the authentic spectrum 

of PUG 4 provided by Prof. y. Yamada. In the same manner , 19b was converted to the (g)- 

isomer lb of PUG 4, [e]~4+102.30(CHC13), in 13.7% yield from 18. 

In conclusion, (+I-punaglandin 4 (la) was synthesized in 1.4% overall yield from the 

chiral chlorocyclopentene derivative 7, rhich was prepared by enzymatic method. The 

overall yield of the @)-isomer of punaglandin 4 was 3.1% from 7. 
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4-Aatay-2-~hl0~w2~~TOaalnof4~~-2- 2 (30.2 g, 0.3Oe ma in TllF (150 ml) was 

addad I(aoRc (SO.5 g, -16 w.1) ti AqO (47.2 g, 0.462 mol) at IOC~D. tmnp arxl the mixture wan stirru3 for 15 h at 3S°C 

lhsltlmmimps wasdilutad rithwaterandatract& WithEKe+ Ihammcaolnwasraati*ithtxine,dried wg504)Qd 

ancarrratsdin- ~rssiaueras~~inethar(540ml).ardQ2gasvasslowly~ldinto~~~Wln a- 
forLShat26-29.C Rasoln*aathenmmpttithN2tonmnn~~idual Cl2 and cooled at 5-C. Et3N (100 ml, 0.72 mol) 

vaaelalyaddedtothevigrmslystirredmirbneat3-15'C ltwmthemixtumvaapucadint.o101~Cl4ticartracted 
with etlmr. meetharsolnwasrashsdrithbrine.2PmQard~-ine,dridlt~4)~ clxwmltxa~ in "dc.a la oily -- 
residue raelllaftto stard foe Wlidificatial sni it wan mayntallizad froln wtlmtn-hmanetogi~27.Og~(5(n)ofEure3 

an *ita clyetals, rep 55.1 veax 1740 (s), 1610 cm), 1240 ((I), 1036 (ml. 957 (m) &u-I, 8 (60 RI&z) 208 Uib S), 2.44 (18, 
dd, J=Z.O, 18 HZ), 2.87 (lti, dd, J-6.3, 18 At), 5.7s (lH, ml, 7.50 (lR, d, J-3.0 Hz)8 (Found: C, 48.141 A, 4.06. Calc for 

C7H703Cl: C, 48.16; ii, 4.04I). 

3-kntoxy-2-chlcan-2-cycl~tm-l-ol4. Tt.astirralatFrrad of 3 (27.0 g, 0.155 mol) ti CaC13 7F120 (63.7 9, O.l7l ruz.1) 

in MKEI (750 ml) was addad MM4 (6.4 g, Oal69 mol) porticfwiee at 22-2S'C After stirring for 20 min. the mixture wan 

pxredintoeattqClagand concQlttatedinvanu,tnre-UeUL Theresiduewasdil~rithR5N-flCl.andthemixture -- 
wan extractuiwithether. lbeetlhu aoln wan rsashedwithbrine, dried (MgE14) Md cuwmtn~invacu,to~iM224g0f -- 
4 as a crude solid. This wan employed in the next step without further plrificdtion. A anal1 amount of this ~a.8 

rsryseallizadfralln-hexancether to give plra de-M-4, I'&@ 63OC# vmax 3370 (8). 3100 (w). 1730 (8). 1635 (ml, 12M (a) 
cm-', & (100UHe) 1.87 (IH, ddd, J-4.4, 4.4, 15x1, 2.08 (3H, s), 2.37 (lH, d, J-6.5 Hz), 2.88 (lli, ddd, J-7.9, 8.1, 15 

Rz), 4.35-4.57 (1H. ml, 5.35-5.68 (1R. mk, 5.92-6.04 (1H. m). (Found: C, 47.501 Ii, 5.06. Calc for C7H903C1: C, 47.61) A, 

5.14%). 

3-~5-tert~tyl~~ylsilyl~l~o~~~~ 5 Tb * sKnw3 eoln of crude 4 (222 g) in !xF (220 ml) was 

a&&d ~-Rd4+3iCl (24.0 g, 4159 no11 and imidazole (13.0 g, O.l91mol) at- ten&+ am3 the mixture was stirred for 5 h 

at- temfi It was then- into water andextrwted with ether. llm ether win was washed with brine, dried (MgS34) 

ardoOncentratedinV&XO. -- Rm raidw van cizcxna~~ OvBt SiB2 (470 g). 5utim with rhexaneEtMc (15:l) gsve 

3W g (718 frca 3) of 5 a0 a mlorles~ oil, 44 L4604; vmax 17SQ (a), 1635 (III), 1240 (8) cm-5 6 (60 NHz) 0-U (6R. s), 
0.91 (9H. 81, 2.01 and 2.03 (each 8, total 3H). 4.50 and 4.82 (1H. ml, 5.17-5.77 (1H. m), 5.67 (lH, m). (Found: C, 53.44; 

H. 7.98 Calc for Cl3H234QSi: C, 5368; A. 7.9%). 

~ls,~~-4-tart-arrylaimathyleilylcar)-chl 68. 'm a eoln Of 5 PO.0 g, O.lO3 mol) in lleoH (600 ml) 
v8.a added O&l phosphate hffer (#i 7, l&NJ ml) and PPL (lu) g, SIGMA L-3126). 'Ibe mixhre vaa mtirred for 12 h at 15'C 

'Ihenthemixhuewasextracted with ether. 'Ihe ether aoln was dried (ng8oq). and anxntntad in vacua, me residue "aa -- 
cfvomatographed OIFer SiO2 (450 g). F.lutial with z -bexanwF.umc (1S:l) gare 213 g of acetataa wbicil oonsist of c5 am3 
~-t~5g_,-s. Further 0hltiaI vith wJ3tQIc (3:l) gara 6.4 g (25*) of 6a as a colorless oil, I$' L47111 Ma5 

-31.7' (c-0.75, N&H)! umax 3370 (8). 1630 (m) ~III-~, 6 (100 MHz) 0.13 (3H. B), 0.15 (3H. a), 0.93 (9R. s), 1.68 (1H. ddd, 
J-4.4. 4.4, 14 Hz), 1.88 (1H. bs), 2.80 (1H. ddd, J~7.0, 7.0, 14H.z). 4.48 (1H. dd, J-4.4, 7.0 He), 4.38-4.73 (1H. ml, 5.94 
UH, d, J- 2.6~2). (Found: C, 52.61; H, 8.46. Calc for CllH2102ClSi: C, 53.101 H, 8.51a). A small amount of 619 va8 

~totbmcorre~(~)-~emt%rinticomronticnal~ whidl "aa subaitt&tothe HPIcanalysis and 100 
NE& 1, NKR meacanemcsrt lE?C knlumn, Sfmshu pack silicalZSlN, 25 cm x 4.6 nun, mlvaxt, ;+amn&MF aO:l), LO ml/mini 

OetEtadat254nm)~of de-6 nlFxestat-r-7.3 mi.n.¶rx¶trane-6 UlFAester (E6.l r&in) WM natdetect& IIl4CONHZlH 

NnR8pectra, thBsigMl~toth9eMntiomarWa.~be~a 'Iheretcxecur6awasOfca1ooIaa 6b# 6 (4oonHz) 
0.105 OH, a), 0.130 (3H. 81, 0.898 (9H, s), 1.881 (IH, ddd, J-4.4, 4.4, 14 He), 2.954 (1A. ddd, J-6.9, 6.9, 14 He), 5.878 
(1H. dd, J-4.0, 9.2 Hz)1 6b , 6 (400 I(Az) 0.083 (3H. 81, 0.118 (3H. 81, 0.879 (9H. s), 1.803 (1H. ddd, J-4.4, 4.4, 14 HZ), 

2.887 (1H. ddd, J-6.9, 6.9, 14 HE), 5.965 (1H. dd, J-4.0, 9.2 Hz). 

@+4-tert-ktyldimethyl~ilylaty-3~lon-2-cwlcsmt.esxne 7. To a e0l.n of b &lo g, 205 mmol) in dry DnF (100 ml) was 

added FZC (27.0 g, 7L8 mmol) at PC srd tha mixture wea stirred for 3 h at 5'C It wan thenpwed into vatax, Md 

extracted with @xxan& Ihe extract wan wafthel with brine. drisd (HgB4) & arrentratedinMCUQIhercaidueWaa -- 
&romatcqm#Ied aver Siq (45 g). Klutial Pith 

L4734r loqj5 +x.2 (CLl, 

_@ane-laznk Uo:l) gava 4.61 g (9lr) of 7 aa a colorlma oil, I$4 

+wmne)r r013~3 -6940 cm. n-hegn), vnax 1730 (a), 1597 (m), 1260 (a), 1110 (81, 940 

(ml. 839 (a), 780 cm) cm-l, 6 (60 UHr) 0.16 (3A, 8), 0.18 OH, a), 0.93 (9H. B), 2.37 (lR, dd, J-2.2, 17.6 Hz), 2.83 (1H. 
dd. J-5.8, 17.6 Ha), 4.78 (1H. deformed dd, J-2.2, 5.8 AZ), 6.19 (1A. d, J-l.4 Ha). (Found: C, 53.33; A, 7.79. Calc for 

c11H@2CLSi: G 53.531 I& 7.76%). 

(IBISR)-4-~ll-5-i~~yl-2,2~m~l-l,3~~~ 9. NrrQ (871 g, 76 mmO1) wazl BloWly added t0 a Stirred 

aoln of 8 (17.4 g, 69 mmol) and Et+ (105 g, O.lO4 ma11 in ClitQ2 (100 ml) at -2O'C lbe mixtura viaa stirred for 2 h at 

-20x It was tbml paned into water and extractad vith QI2Cl2. llle aI2Cl2 eoln Wan washed with flatNalu+ a& water. 

drkl wgsO4) MdoxNx&MtedinMQ13 -- 'Ra residue vaadistao1vedinn e4l mu. lbtbie a&l srare addsd@&I e&O g, 

1.03 mol) and NaAC03 (29.2 g, 0.35 ~1) and the mixture ~a.8 stirred vigorously for 96 h at 7O'C. After cooling, the 

mixturewaepansdintowateranll~ Withether. llmethwaolnwwwa.ehedwithbrina#driedwgsJ4)~-- 
tratedin- lhe residue "an -- &xabMqra#led CNeT siO2 (250 g). Elutial With" -hEane-Btac (ezl) gave 23.2 g (92\) 
of 9 a.s a coloelese oil, na3 l.5355; to163 - 10.1' (c-2.1, CHC13); "max 1500 cm), 1240 (01, 1215 (8). 1095 (81, 1080 ((11 
cm-‘, 6 (100 MHz.1 1.43 (3R. d, J-O.5 Ha), 1.48 OH, 61, 3.29 (lH, dd, J-5.2, 10.4 Hz), 3.33 (lH, dd, J-4.7, 10.4 Hz), 3.S3- 
3.71 (2H. m), 3.71-4.20 (2H. m), 4.61 (ZH, a), 7.35 (SH, 8). (Pod: C, 46.098 H, 5.27. Calc for C14Hlg031: C, 46.42; H, 
5.298). 

rcsehyl Bw.9)-7+mzyloxy-5,6-iaqxwyl~~ lo. A moln of 9 (7.24 g, 0.02 ma, mwthyl lnet.baaylste 

(1732 g, m mol) awl C~-Eka)3REl (130 g, 4 mmol) in dry I~XI (2% ml) watt irradtatsd Qxwtz reaction vaeal) with a 

high-irea8ue Fig lamp (450 W) at 5*C,andt?a%4 (ia9 g,45 mol) wan added pxtiamrise over 3 h. After irradiation for 1 
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h. the mixture was trmtad with a sat.Itp q (6 ml) for 12 hat- tamp Ihe mixture wan filtered war C&l&e and the 

filtrate w(Ls cslceaWatadin"Aan -- lhe residue wqs ~tKgr&ad over Siq (900 g1 Slutial with ~-hearn-~ 
(10x1) first afford US g of 9 ard further elutkn ells 3.l6 g (61W of 10 aa a mlorleaa oil, d3 -6; Ial 3 p -1L2* 
(c-3.4, aiCl3)r WEax 3100 (w), 3Ca (w), 3Os (w), 1740 (P), 15@J (w), 1245 (B), 1215 (e), 11x) (s), 1090 (8) cm- i 6 (la, 
MHz) 1.41 (6S. a), 1.44-2.05 (4H. m), 2.36 (2R. deformed t, J- 7.2Hm). 3.20-3.61 (2H. m), 3.67 (3H. s), 3.70-3.97 (2H, m), 
4.59 (2X. a), 7.34 (5H. a). (Pound: C, 66.79; Ii, &lo. Calc for ClSH2605: C, 67.068 Ii, 8.13U). 

Il- (5S,6S)-7-h@Mxy-5,6-i&xrcWlide"adi~ta 11. A ml." "f10 (LOB g, 9.55 mmol) in H&H (60 ml) wan 
-ted (1 atm) OMT Rl-blac* (0.6 g) for 48 h at - teap Ihe w-blacx wan filtaxd off, ard the filtrate wan 
ancaxtratedin vacua lhe residue was chmrcatxgraphnd 5mr siq (3O g). Slut&m with O1Q3-HeOH (40:l) gave 2.lS g (9%) 
of 11 an a colorlese oil, n&4 1.4466~ [alp -23.9O (49, aZl3)1 WAX 35C0 (a), 1740 (8)o 1250 (a), 12zO (a), 117O (8). 

1090 (a), 1050 (a) cm-l, 6 (100 MEW l.43 (6H, s), L45-210 (5H. m), 2.38 (2H. deformed dd, J-7.0, 7.0 tk), UO-410 (4H, 

m), 3.69 (3H. a). (Found: C, 56.58) H, 8.59. Calc for CllIizoO~: C, 5688; H, &6fJ\). 

PIethyl (5S,6R)-5,6-iaogcopyli~7~~ 12. A rain of (ECU2 (l..% ml, 20.4 mmol) i" CH2Cl2 (70 ml) was 
aDoled at-60°C. DMSO (208 ml, 26.8 mmol) wan sdded to the stirred eolnat-WC ma eolnof 11 G!J3 0 9.2 mml) 
in cl+2 (10 ml) VaB &sod to the stirrod muRure at -70% After stirring for 15 min. IQN (9.5 ml, 67.6 mml) w(ls aMad 
to the stirringmixtureat-7S°C llam mixture was stirred for 3aKdn at-70% then water waa rdded and the mixture was 

extract.sJ withczt2Cl2. IheQHZC12eol"piasWMhedWiUI~~,dried(Mg93q)and -traatedi"vsclla lhe residue wan _- 
chromatcqra~ over SiO2 (50 g). Ehticn with n_hexana-erm\c (3:1) gave LS4 g (S7W of 12 an a &.orlesa oil, 45 

L43S5; (a)~5 +4u" (C-LO, cxl3); - 1740 (a), 1215 (B), 1168 (a), LOS3 (8) an-+ 6 (la, KHz) L43 (3H. a), L49 (34 
s), 1.52-2.08 (4H. m), 2.20-2.50 (2H. m), 3.69 (3H, a), 3.97 (1H. dd, J-1.9, 7.0 Hz), 3.85-4.30 (1H. m), 9.73 (1H. d. J-l.9 

Hz). (Pound: C, 57.88; H, 7.92. Calc for CllH1,305: C, 57.381 H, 7.88%). 

(1S,4R)-4tart-L*ltyldimethylsilylaxy-3-chloro-l-(2q-qynyl)-2-cyclopentm-l-ol 13. A sol” of “-EuLi in +era”a (I.6 M, 

180 ml) wan added to dry llir at -5O=r ul&r Ar. 'The mixture was immediately mole3 to -WC and liquid cmwne (461 g. 
0.115 mol) was addej over X7 mux, whilekeeping the temp below -20eC lhen the mixture wan warmed gradually to 25OC and 
stirred for 2h at 25-3O'C. After cooling to -7S°C, a eoln of 7 (4.61g, 19mmol) in dry THP (30 ml) was added to the 
stirred mixture OVBT 4O min. llm stirrti was untinued for #) min et -7S'C Ihe mixture was quti by the akliticm of 

a soln of AaX (17 ml) in Me(3H (20 ml). Itwasthe"pouredi"tobrl"ea"dExtractedwlthether. llBetberaol"waawashed 

with brine, dried (NgS04) .a& oncent~tpd in vacua 'Ihe residue was &rou&_ogra~ over Siq (400 g). Eluticm with E- -- 
haxane-St@ (Sri) gave 4.53 g (EW of 13 aa a o~lorlees oil, ds L4776; (aIF +49.2" (cQ38, CXCl3)8 umsa 3430 (8). 

3350 (m), 1635 (m), 1260 (m), 1095 (s), 870 (a), 840 (a) cm-l# 6 (100 MHz) 0.13 (3H. s), 0.15 (3H. s), 0.93 (9H. P), 1.92 

(lH, dd, J-4.1, 13.9 Hz), 2.06 (1H. d, J-2.6 Hz), 2.33 (LH, s), 2.52 (2H, d, J-2.6 Hz), 2.66 (1H. dd, J-7.2, 13.9 Hz). 4.57 

(1H. ddd, J-0.8, 4.1, 7.2 Hz), 5.89 (1H. d, J=O.S Hz). (Found: C, 58.431 H, 8.15. ‘241~ for C14H2302ClSi: C, 58.62~ H, 

km). 

(l~4n)-4-tart-~~m~ylsrlyloxy_)Thl-(2~~l)-2-eyd~~-l-ol 14. I\, a etirrad soln of 13 (43 0 15 

mmol) in dry HI(PA (20 ml) and dry ether (SO ml) ~a.8 added n-R&i in hexane (1.6 I4, 29 ml) at -4O'C under Ar. After 
stirring forlh, ~-11 (lO.llg, 51mrol) wan added tothe stirred mixture at-4O'C lhe stirring was omtinued for 14 

h at -45--2O'C 101 Mi4Cl aq (100 ml) was them &led ard the mixture was extracted with ethar. l?m ether eoln was wasbed 

withbri.m,driad(NgS04).sKl mncanteatea&va~~ Ihe residue was chromatngra@ed over 9102 (600 g). Eluticn with I- 

hexane-StcW (12:l) gave 27l g (5OW of 14# $T.4747, (a165 +43.30 (cQ1S, osC13)t vmax 3410 (B), 1635 Cm), 1095 (a), 

865 (a), 840 (a), 780 (m) cm-l, 6 (100 NHz) 0.13 (38, s), 0.15 (3H, s), 0.93 (9H, a), LOO-l.70 (6H. m), 1.89 (1H. dd, 
J-4.1, 13.9 Hz), 2.02-2.26 (2H, m), 2.30 (lH, s), 2.48 (2H. t, 552.6 Hz), 2.64 (lH, dd, J-7.2, 13.9 Hz), 4.55 (1H. ddd, 

J-0.8, 4.1, 7.2 Hz), 5.87 (1H. d, J-O.8 Hz). (Found: C, 63.61; H, 9.36. Calc for C19H3302ClSi: C, 63.92; HI 9.328). 

Further elutim with the - solvent gave L97 g of 13. 

(1S,4R)-3U1la~l-(2-cctynyl)-2-cyclq~a"t&~-l,4di0l 15. A ml” of (x+1)4Np in mF WI M, 42 ml) wan d3ed to the 

stirred 14 (4.4 g, 1Y mual). +me soln was stirred for 7 h at 1O'C It was then pwed into brine and actraced with 

StAk lha St0Ac eoln wan d.ried (119934) ard cuIcemt.rat& in "axa Ihe residue wan ciuculatograFhed - siq (13O 9). -- 
Elutial with _!$W"e-!3tBIc (2:l) gave CryatAlline eolia. whi& waa recrystallizad from aiCl3_1-houtne togive21og (7OW 
of 15, u 91-92'Q (a)g4 +S6.7O (c=O.lS, aKZ13)i vmax 3280 (a), 1628 (m), 1332 (m), 1086 (m), 102O (8) cm-11 6 (100 MHz) 

0.76-1.06 (3~. m), 1.14-1.63 (6H, m), 1.98 (lH, dd, J-3.8, 13.9 Hz), 2.07-2.40 (4H. m), 2.52 (ZH, t, J-2.9 Hz). 2.67 (1H. 

dd, J-6.7, 13.9 Hz), 4.56 (lH, ddd, J-3.8, 6.7, 6.7 Hz), 5.96 (1H. s). (Found: C, 64.171 H, 7.90. CdlC for Cl3Hl902Cl: C, 

64.321 H, 7.89%). 

(lS,4R)-3Xhlorrrl-((Z)-2-cctssyll-2-qclc1sxm~-1,4diol 16. A lloln of 15 (2.07 g, 853 mmol) in MeCM (42 ml) wan 

h-ted (1 atm) - the LindLxcataly.¶t (Lul g) far YI at- temp m mtalyst was filtered off. ard the 

filtrate was -trat#linxGlcuo. -- Ihe residue was CtrromatoqraFhed over 6102 (53 g). El&ion with E-hexa"a-EtCk (2:l) 

pare 202 g (%W of 16 ac a waxy solid, (ali4 436.5' (Ml.20, WZ13)i - 3300 (a), W (m). 1630 (m), 1330 (6). 1055 
(a), 1015 (a) cm-18 6 (100 NHz) 0.92 (3H. m), 1.30 (6H, m), 1.75-2.25 (3H. la), 2.25-2.85 (5H. m), 4.50 (lH, m), 5.15-5.80 

(ZH, m), 5.90 (1H. 8). (Found: C, 63.731 H, 8.55. Calc for C13H2102Cl: C, 63.791 H, 8.659). 

(9)-2+,,1oecr4-hydx.xy-4-[(S)-2_octerm1]-2~opentenone 17. A aoln of 16 CL92 g, 754 mmC.1) in DPIP (10 ml) was M t‘~ 

b stirred ml" of FCC (17.75 g, 47s mmol) in Da (90 ml). Ihe poln wae stirred for 4 h at 5-C lhen the mixtute was 

pdlradiM.0 watarand~~wit.hetheX. l?metkIeOln WaawaehedWithbrine, driad (ngsOq)(ud~cSn~~~~~~ -- 
ta give ~91 g of cruk 17. VMX 3450 (a), 3Om (w), 3O3O (w), 1730 (a), 16U3 (m), 1060 (m). 960 (ml a~-~; 6 (100 MM Q91 

(3H. m), 1.29 (6H. m), 1.70-2.30 OE, m), 2.30-2.90 (4H, m), 5.15-5.90 (ZH, m), 7.37 (18, 8). Ihim Y~B employed in the 
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(6)-2~~4P-[(e)_2octany1]-2_cyclopantenars 18 ll0M chlcolda (3.0 ml. 39.5 mm011 van added Wise 
t4 a &irrd mlnof a&a 17 US9 9, 7.78 mmol) ard i-R2UBt (bo ml, 344 nnnl) III lo2dichloroetbans (50 Ku at 6O'C 

Afteratirr~for2hthE miearewaspxredintovatermdthe4layerwas~ with QI2Cl2. The a2Cl2 eoln wan 

vast& with dil-xl, water, drisd MgSo,) and c¶xxmtmt.edmMcuo nlereai&ewasc+rcaatogra~overSi02(459). -- 
Elutim with n-W SUW (9:l) gave L62 9 ten, Of 18 86 a mlor1eaa oil. 42 L4W.91 I.162 +49.5* eO.47. (3Rl3)' 
vmax 3090 (w),-3030 cm), 1735 (e), 1600 (ml, 1150(s), 1092 (8). 1025 (61, 955 (6) cm-la & W.X HHz) O.% (3H. ml, L.28 (6H. 

m), 1.97 (2H. m), 2.35-2.95 (4H. m), 3.38 OH, 81, 4.63 (Iti, d, J-8.2 Hz), 4.70 (1H. d, J-S.2 Hz), 5.13-5.77 (2H, ml. 7.40 

(1H. 8). (Found: C, 62.63~ H, 8.05. Calc for C+2303Cl: C, 62.821 H, 8.081). 

&II ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

nelhsptcmoate 19& ard methyl ~~69~-5,6-ieogPW1idrredfary-~72~-7-1~a0-4~1om2~1~-2-t~2~-2~y11- 

5-oxo-3-cyclopmtenyl~Ihe~t.e19h nso1nof LMwaspreparedbytheaddfticnofaeo~nof-~ in"-bexanB 

(I.53 H, 15 ml) to a stirred and cooled soln of C~-R,fl (0.32 ml) UY dru l'W (8 ml) at -WC e Ar. AfLftar StnTins 
for 1 h, a soln of 18 (0.65 g, 2.27 mmol) in dry 'LlG (3 ml) was slowly W to the stirred soln at -7S°C. After StiITins 

for 45 min, a soln of 12 (W2 9, 9.21 mmol) in dry Iw (4 ml) wabl .&-led rapidly at -7S'C Ihe az0li.q bath was t.ha 

remared and the stirring was ccmtirsled far 3 h at -1O'C ti reactian was guanchad bythea&litlalofBatrqClaq.~ 

mixture was extracted with ether. Theether mlnwas washedwithbrine dried f-4) anzlcxnosntrati invaay* Ik 

residue wm &romatcgra&d over Si02 @Xl 9). Klutim wrth n -hexAneEtnxc al) gaM 70 m9 of 18. Further elutim with 

the same sol-t gave a42 9 (37W of Mb, nbg L4926; [.,b' +lte' (43. CXl3h WUU 3100 (W), #rw) (m). 1740 (B)r 

1720 (8). 1670 (m), 1595 (m), 1160 (s), 1095 (a), 1030 (8) cm-'r 6 (100 MHZ) 0.89 OH. m), 1.27 (6H. m). 1.44 (6H. s), 

1.47-2.12 (6H. m), 2.15-2.68 (4H. m), 3.38 (3H. a), 3.66 (3H. a), 3.73 (1H. m), 4.52 (2H. 8). 5.05-5.73 (3H. m). 6.18 (1H, 

d, J-9.3 Hz), 7.28 (le. 8). (Pound: C, 62.411 H, 7.89. 

gave 0.2S 9 (25%) of 1%. dg L49Q21 [a1&g - 

Calc for C26HjgO7Cl: C.62.58 , H, 7.888). Further elution 

26.9" (~0.63, ac13)j vmax 3100 (w), 3ooo cm), 1740 (a), 1725 (a), 1675 (ID). 

1595 (ml, 1160 (a), 1095 (a), 1025 (a) cm-l, 6 WJO MHZ) 0.89 0H. ml, L2S Wi, la). L45 Wi, 81, L4S-W6 WI, ml. 235 
(ZH, deformed t, J=7.3 Hz), 2.68 (lli, dd, Jp7.9, 14.7 Hz), 2.86 (lli. dd, 56.7. 14.7 HZ), 3.39 (3H. 61, 3.67 (3H. a), 3.72- 

4.00 (lH, m), 4.48 (ZH, a), 4.70 (1H. dd, J-7.9, 10.3 Hz), 5.13-5.74 (ZH, ml, 6.58 (1H. dd, J=Oo.7. 10.3 Hz). 7.37 (lH. d. 

J-O.7 Hz). (Found: C, 62.41, H, 7.99. Calc for C26H3q07C1: C, 62.58; H, 7.SW). 

l8eehyl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

e2om. A soln of 1911 (Oel9 9, 0.3E mmol) m Aml (40 ml) and H20 (10 ml) was stirred ti heated at f@'C for 2 h 'Ihen 
the eo1n was -tx-atal in WCUO. lb.3 residue was dlssolti in cx2Q2 (10 mu. -- Tb this wa* added CgHgN (7 ml) and "9 
(3 ml) at rcun tempand the~mixture was stirred for 10 hat 45OC After aalirq, the mixture was pxred intO dll-HU d 

extracted with CSi2Cl2. IheCX(zc12 soIn w.38 washed with water, dried (MgS34) and ooncentrati in vamo to give a19 9 of -- 
crude 208. mis wa8 employed m the c%xt step witbmt further pxiflcatiab 

nethyl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ate 2OLb A rp0l.n of 19b (0.20 9, 0.4 mmol) in _ (40 ml) ard H20 (10 ml) was stirred ti heated at 60°C for l.5 h. 'men 

the aoln WaE cfncentrated invacao. lbe residue was dissolved inai$l2 (10 mu. -- lb this was added C+lfl (7 ml) and AC20 
(3 ml) atrcca tempandthe mixture wan stirred for 10hat4S°C Aftarccoling, the mixture was parred into dil K!l and 

extracted with a2Cl2. lbe CX2Cl2 s0l.n wa* washed with water, dried WgS34) and -trated mva- togive 0.219 of -- 
crude 2ob lWs wan employaIin the naxt stepwitlwut further plrificaticn 

plethyl (56,6S,7E)-7-[(2R)-4-chloro-2-hydroxy-2-[(Z)~ll-5axo-3~~~lidenel-~,~~~~t~ I(+)- 

-lardin 1 la. A soln of cnde 2Oa @&l9 9) in l\m( (16 ml). H20 (4 ml) ti amcBZl (lrnl) was stirred ardheati~ 

6VC for 15 min. It was then M into water and extracted with -3. Ihe cwU3 mln was washed with water. dried 

cnsSO4, ard ance~tratad in vacua the residue wa8 chromatogra~ over Si% (25 9). Eluti~n with ~-haxankEt(ylc (3:l) 

gave 45 mg (24e) of la 88 M oil, r+4 1.4967; [al64 +723' (~052, CWl3) <lit.2.1S Iala +723O eO.39, aiCl3)t Ref. 
sdreueis authentic Rx; 4l*: [ala5 65.6' t-19, CXl3)' i @I& +9X01 Iel& -3BYX (~0.1, 0xX3)! v- 34SO cm). 

3U30 (w), 3030 (w), 2975 (ml, 2950 (III), 2870 (III), 1745 (81, 1725 (8). 1680 (m), 1595 (m). 1460 (sh). 1455 (ah), 1440 (m), 

1375 (ml, 1225 (a), 1170 (ml, 1060 (ah), 1040 cm), 1025 (ml, 960 (m). 880 (m), 820 (m), 765 (m), 730 (w) cm-'8 6 (400 MHZ) 

0.89 (3H. t, J-7.0 He), 1.20-1.38 (6H. m), 1.54-1.75 (4H. m), 2.00 (2H. ddd, J-7.0, 7.0, 7.0 Hz). 2.05 (3H, 81, 2.13 (3H. 
s), 2.26-2.38 (2H, m), 2.66 (1H. dd, J-7.2, 14.5 Hz), 3.01 (1H. dd, J-8.5, 14.5 Hz), 3.56 (1H. bs), 3.66 (3H, 8). 5.20-5.33 

(2H. ml, 5.52-5.61 (1H. m), 6.04 (1H. dd, Jp4.4, 9.0 Hz), 6.38 (lH, dd, J-0.8, 9.0 Hz), 7.28 (1H. d. J=O.E Hz)t FD-HS:&Z 

499 04++1, 14.9292). 482 cn90). 465 CL%), 439 (5.54), 387 ease peak). (pcmd: 60.031 7.02. CalC for C25H35C$: C, H. 
C, 60.181 H, 7.07%). 

MaUlyl ~~~,72~-7-~~aR~-Cchl~2-hydroxyZ-~~Z~-2octenyll-5-oroD-3ryclopen~yl~l-5,~~~te lh A 

aoln of crude 2Ob (0.21 4) in AeoH (16 ml) and H,O (4 ml) wan stirred ard heati at 100°C for LS h and then -tXated 
lhe residue &a ciuanatcqra#~& over-SiO2 (20 9). in vacua Elutim with n _-bane-StQ& (3:l) gave 74 rrq (37W of lb as 

an oil. 44 l.4931; rcx1F +102Y G?Oz2, acl3), re1gg7 +1#Kx); rel#, -35000 (ca.lS. axzl3)r "nax 34% (In). 3070 (w). 

3030 (w), 2970 (ml, 2940 (ml, 2860 (ml, 1750 (ah), 1745 (a), 1720 Csh), 1715 (8). 1665 (m), 1590 (ml. 1460 (SW. 1450 (sh). 
1435 (IO), 1370 (m), 12zO (a), 1165 (m), 1060 (ml, 1Ou) (ml, 955 (m), 910 (WI. 880 (m). 785 (WI, 7XJ (WI cane11 8 (400 MI?.) 

0.89 (3~. t, ~-7.0 HZ), 1.20-1.39 (6H. m), 1.60-1.78 (4H. m), 1.99 (2H. dddd. J-1.0. 7.4, 7.4, 7.4 Hz). 2.05 (3H. 8), 2.13 
(3H, s), 2.35 (2H. m), 2.45 (1H. ddd, J-1.0, 7.2, 14.5 Hz), 2.57 (1H. ddd, J-1.0, 7.8, 14.5 Hz), 2.64 (lH. be), 3.66 (3H. 
8). 5.18-5.30 (iH, ml, 5.55-5.64 (1H. m), 6.09 (1H. d, J-7.6 Ha), 6.34 UH, dd. J-3.8, 7.6 Hz), 7.21 (1H.a); FLNG:m/z 499 
(M++l, 7.92). 481 (4.18). 464 (2.11). 439 (3.75). 387 (bane peak). (Pound: C, 59.828 H, 7.05. Calc for C25H35Ci&: C, 

60.18; H, 7.07%). 
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