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Abstract - The compatibility of nitromethane conjugate addition to 2-cyclo- 

pentenones bearing a 4-oxygenated function has,been illustrated through a 

short and practical synthesis of the Corey aldehyde, a key intermediate in 

prostaglandin synthesis, in both racemic and optically active form. 

A new synthesis of PGF 

[:I 

featuring the introduction of the Lb-chain via 

3+2 cycloaddition h% been also described. 

Tntroduction 

A new approach to Lhc total synthesis of prostaglandins rcccntly reported by E.J. 

Corey1 cightecn years after his first synthesis, and other recent papers on the 

same topic from outstanding groups 233 , have combined to testimonyatc that synthe- 

tic interest in the field has continuated unabated. 

As a part of our continuous interest in this subject., some ycara ago4 we envisaged 

a synthetic strategy to prostanoida featured by an innovative method for the ela- 

boration of the m-chain, through a 
c 1 3+2 dipolar cycloaddition. 

'Thus the nitrilc oxides gencratcd from primary nitromethyl derivatives resulting 

from nitromcthanc conjugate addition to 2-alkylated-2-cyclopent-2-cnones were 

intcrceptcd with n-heptync to product 3,5-disubstitutcd isoxazoles, which could bc 

subsequently elaborated to the corresponding a,B-insaturatcd ketones as gencra- 

lix,.ed in cq. 1 

eq. 1 

The major merit of the sequence was the first actual demonstration of the synthe- 

tic equivalence of a 3,5-disubstitutcd iaoxazolc and a stabilized Wittig reagent. 

In a broader sense our discovery introduced a new concept for the formation of al- 

do1 adducts, tllrough the: scquc*nce,cycloaddition followed by suitable elaboration 
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of. Ll1r cycloadduct , Iatvr widely utilized in natural product synthesis. 596 

In reviewing this approach to prostanoids one of our concern was that I-oxygenated 

cyclopr"tello"cs migllt e;isily undergo h-elimination after Michael addition, in view 

of the tendency of the initially formed cnolate to equilibrate to the regioisomer 

by easy proton transfer (c:q.2), t.ll”S limiting the approach to ll-deoxyprosta- 

noids. 
7 

eq. 2 

This fear proved wrll-founded in thr case of substil.urnls which are good leaving 

groups (i.c. OCII 3, OCOCII3). 

Ilowrvcr, in order to extend our strategy to the synthesis' of primary prostaglan- 

dins, we have been intrigued by the possibility of overcoming this hurdl.c by a ca- 

rcful choice of reaction conditions and suitable protective group of the 4-oxyge- 

natcd function. 

We arc pleased to report in this paper the results of our studies which demonstra- 

te that the conjugate addition of nitromethane to cyclopcntonones bearing a 4- 

-0xygenatcd function, is perfectly feasible and the latter is not only retained 

under conditions where Michael addition does occur, but also plays a crucial role 

in dclcrmining the: strrcochcmical outcome of the addition. 

'The starting material 

The preparation of the. basic cyclopentenonc system r, required for the initial 

step, was accomplished in greater than 60% overall yield starting from the readily 

available 5-oxo-I-cyclopenLen-l-acetic acid methyl ester 839 through NBS bromina- 

tion followed by direct rcplaccment of the bromine by a" hydroxyl group by trcat- 

mcnt with hot water. 
10 

1 

Conjugate nitromethane addition to 4-oxygenated-2-substituted-cyclopent-2-enones 

slaving a" cxccllent source of the building block 1 in hand, we began to examine 

the conjugate addition of nitromethane, utilizing previously experienced experi- 

mental conditions. When r was allowed to react at 0°C using nitromcthane itself as 

solvent and tetramcthyl guanidine (TMG)" as catalyst, a" easy addition took place 

affording with high stercosclcctivity a 90% yield of a 3:l mixture of the crystal- 
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line adduct 2 and the oily isomer 3, easily separated by 

4671 

flash-chromatography. 

2 i 

Differentiation for the two isomers was readily made by 
1 
H NMR spectroscopy by 

observing for 2 a pair of double doublets centered at 6 4.6 (J=l3.8Hz, J=SHz) and 

4.8 (J=I~.~HZ, J=c)Hz) and for _3. a doublet at 6 4.72 (J=bHz) due to the nitrome- 

thylene protons. The isolated 2 cannot be converted to 3 by basic equilibration 

both in TMC/CH3N02 or MeONa/MeOH from O°C to room temperature for 2h. 

The fact that the entering nitromethyl moiety added preferentially cis to the - 

hydroxy group indicated the partecipation of the neighbouring free hydroxyl func- 

tion as chelating ligand during the nitronate anion attack, which proceeds in a 

"pseudointramolecular" fashion. This hypothesis is supported by the prevalent for- 

mation of 3 when the reaction was performed in methanol containing 1.1 equiv. of 

nitromethane in the presence of catalytic amounts of sodium methylate. However the 

reaction proceeded more sluggishly giving rise to by-products due to concomitant 

elimination. 

Stereochemical assignement of 2 and 1 rests also on the X-ray analysis of the 

corresponding crystalline lactone 4 obtained by direct reduction of the carbonyl 

derivative 2 wiLh LiAIII(OBu ) 
3 

at 0“C followed by heating at 50°C for 2h of the 

resulting reaction mixture. 

The major role played by the free 

preference received further support 

tetrahydropyranyl ether 3, available 

presence of an acid catalyst. 

hydroxyl group in determining the observed 

performing the nitromethane addition on the 

from 1 by treatment with dihydropyran in the 

In fact the TMG-catalyzed Michael addition of 

giving rise to the stereospecific formation of 

the three ring substituents are present in 

nitromethano to 5 proceeded at O°C 

the adduct 2 in 85% yield, in which 

the thermodynamically most stable 
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all-trans configuration. It is noteworthy that 

ability of the tetrahydropyranyloxy group, trace 

can be detected by T.L.C. 

Synthesis of (T)-PCF,, 

despite the poor leaving group 

amount of O-elimination product 

The successful accomplishment of nitromethane conjugate addition to d-oxygenated 

cyclopenten-2-enones paved the way to the extension of our original strategy to 

natural prostaglandins, such as PGF 
2a' 

chosen as an illustrative example. 

With the intermediate 6 in hand, the stage was set to assemble the carbon skeleton 

of the o-chain. Thus the primary nitromethyl moiety acts as source of nitrile 

12 
oxide generated under Mukaiyama conditions , which is trapped by 1-heptyne in the 

crucial carbon-carbon bond forming cycloaddition step to produce the isoxazole 

derivative 2 in good yield. 

With the O-chain masked in form of a stable heterocycle, z could represent a 

useful substrate for the introduction of the upper chain. To this end z was trea- 

ted with LiAIH(OBut) 
3 

in THF at O°C followed by keeping the reaction mixture at 

6O“C for 3h. Subsequent treatment with 5% aqueous hydrochloric acid afforded a 1:3 

mixture of the solid lactone 4 and the hydroxy-ester &, easily separated by 

column chromatography. 

9a R=ble; RI=11 

s R=:H; R1=Thp 

Saponification of 2 with methanolic lithium hydroxyde at 

10 - 

room temperature 

produced quantitatively the corresponding acid s, which could be transformed to 

the nicely crystalline trans-lactonc 10 only by heating in refluxing benzene in -_ 

the presence of toluene-p-sulphonic acid. 

Faced with the disappointingly low stereoselectivity of the reduction of the 

ketonic function of z, which could be easily attributed to the presence of the 

bulky heterocyclic moiety, we turned our attention to the initial adduct 6. We 

decided to perform the reduction of the ketone group before the cycloaddition 

step, being convinced that the hydride approach from the a-side could be less 
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hindered by the nitromethylene substituent. Thus reaction of 5 with LiA1H(OBut)3 

in THF at O°C, followed by heating at sO“C for 2h of the crude reaction mixture, 

led to the formation of a 3:l mixture of the oily lactone lla and the hydroxy- - 

-ester G , which were readily separated by flash-chromatography. Removal of the 

protecting group from lla by mild aqueous acid treatment furnished the crystalline - 

nitro-lactone llb. - 

lla R=Thp - 

lib R=H 

Subjecting lla to the usual Mukaiyama cohditions 
12 

- in the presence of n-heptyne, 

the expected isoxazole 13 was obtained in excellent yield. - 

At this point the stage was set to assemble the carbon skeleton of a-chain. 

Reduction of the lactone 13 to the lactol 14 was easily obtained in 70% yield by - - 

treatment with DIBAH in toluene at -78OC. The crude lactol was then allowed to 

react with a five-fold excess of (4-carboxybutylidene)triphenylphosphorane in DMSO 

in the presence of potassium tert-butoxide to give the acid 15 in 60% yield after - 

column chromatography. 

HO 
‘\ . A 

%F O"zH 

o/Thp -0 

S"ll 

rs 16 - 

The latent a,O-unsaturated moiety contained in 15 was uncovered by exposure to - 

sodium in liquid ammonia containing tert-butyl alcohol as a proton source, follo- 

wed by heating the derived rather unstable O-amino-ketone in CHCl 

33 

solution in the 

presence of silica gel to promove complete elimination of ammonia . 

Final treatment of the crude reaction product with dilute hydrochloric acid clea- 

ved the protective group to furnish in 44% overall yield the known 14 l6, which has 

been already taken to PGFZa by routine procedures. 
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Synthesis of the optically active Corey intermediates 

With the aim at further illustrata the signifkcative importance of the 

successfully achieved nitronate addition to 4-oxygenated cyclopent-2-enones as a 

convenient route to prostanoids, independently from our cycloadditive strat;agy, we 

decided to synthesize the most classical intermediate for prostaglandins, namely 

the Corey aldehyde (17)“. - 

1Ta R=H 

17b R=Thp 

This popular target has been the 

much of its importance from the 

synthesis of prostaglandins. 

In order to obtain this compound 

object of several synthetic endeavours, deriving 

fact that is the usual starting material for the 

in opttcalfy active form, we adopted a synthetic 

strategy which involved the optical resolution of the starting 4-hydroxy-2- 

-substituted-cyclopentenone 1. This task was achieved through derivatization of 

the carbonyl group utilizing as chiral derivatizating agent 

(R)-Z-aainoxy-4-methylvaieric acid, following the interesting method developed by 

Pappo. 
$6 

Application of this technique to racemic t gave an 80% yield of the diastereo- 

isomeric oximes L8a and e, which wure easily - Separated by Silica gel column 

chromatography and subsequently treated with TiCl 
3 
to regenerate the corresponding 

ketones fS)-t and (Rf-& in 80 and 85s yield respectively. Their configuration has 

been determined by converting each one to the corresponding nitromethane adduct, 

obtained as above described for the racumic 

A_, followed by removal of the protecting 

The positive Cotton effect (6 x10e3 =+6.4 
m 

derived from (S)-J has resulted contrary to 

ral prostaglandins. 

compound through the sequence r-3 

group by mild acid treatment. 

at 292.5 nm) exhibited by the adduct 

the circular dichroism curves of natu- 

Therefore the adduct derived from (R)-l was converted by treatment at 60°C with 

LiAlH(OBu t, 
3 

into the corresponding optically active Tactone G, an immediate 

precursor of the popular Corey intermediata iTa. - 

The Nef reaction performed on the optically active Ifa in methanol with buffered - 

aqueous titanium (III) chloride proceeded smoothly to provide the Labile aldehyde 
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a, which was correlated to more stable crystalline compound 2 
I.5 , upon reduction 

with sodium borohydride followed by aqueous acid removal of the protective group. 

Conclusions 

The demand for PG synthesis has been well served in recent years by a prodigious 

intellectual effort. However the feasibility of the conjugate addition of nitro- 

methane to cyclopcnt-2-enones bearing a a-oxygenated function, has opened a new 

route to natural prostaglandins which may offer some advantages in terms of sim- 

plicity, cheap and safe reagents and siltisfactory overall yield. 

As an optional, the a-chain can bc? constructed both via the classical Wittig 

reaction or via - f I 3+2 dipolar cycloaddition. 

Melting points and boiling points are uncorrected. Reaction courses and product mixtures were rou- 

tinely monitored by thyn-layer chromatography (TLC) on silica gel precoated F Merck plates. 

I 
f 
frared (IR) spectra were measured on a Perkin Elmer 297 spectrometer. Nuclear zz&etic resonance 

( H NMR) spectra were obtained with a Brucker 200 spectrometer for solutions in CDCl 

positions are given in parts per million downfield from tetramethylsilane as an interna 9 

and peak 

standard. 

Optical rotations were determined with a Perkin Elmer 141 polarimeter, concentration c=l in the 

appropriate solvent at a temperature in the range 24-25V. All drying operations were carried out 

with anhydrous magnesium sulphate. Light petroleum refers to the fractions boiling range 40-6O'C 

and ether to diethyl ether. 

Starting raterials.B+Oxo-l-cyclopcnten-1-acgtlc acid methyl ester was prepared starting either 

from cyclopentanone or cyclopent-2-en-l-one through publi ed procedures developed in our labo- 

ratories. The preparation of A has been detailed elsewhere. 
ft3 

(la,2R.3R~-3-Hydroxy-2-nitromethyl-S-oxo-cyc1opentane acetic acid methyl ester 2 and ?a-Hydroxx 

Epimer 9. 

A solution of 1 (4g. 23.53 mmol) in CH NO2 

stirred at OW for 2h. The mixture was di 9 

(50 ml) containing tetramethylguanidine (0.5 ml) was 

uted with ether (25 ml). washed with 5% HCL, then with 

saturated N&CO and brine. The organic extracts were dried and concentrated in vacua. The residue 

was flash-chrom&ographed over silica gel using: ether as eluent to give 2 (3.560; 66Tsield) as a 

crystalline solid m.p. 95-97°C (ether). IR (CHC13J): 3600, 3100, 1740, 1720 and 1550 cm ; 'H NMR:d 
2.2-3.2 (compl.m, 7H). 3.67 (s,3H), 4.25-4.6 (m, lH), 4.6 (dd, 1H. Jm13.8 and 5Hz), 4.8 (dd, lH, 

J=ff.81and 9Hz) and 3, oil, (1.18g. 22% yield). IR (CHCl ): 3600, 3100, 1740, 1720 and 1550 

cm : H NMR:6 2.17-3.12 (comp1.m. 6H), 3.6 (broad, lH), 3.6?( s, 3H), 4.0-4.55 (m. lH), 4.77 (d. 
2H. J=bHz). 

f3aa,U,Sa,6eO}-HexBhydro-5-hydroxy-4-nitrome~tyl-2H-cyclop~nta rbl furan-2-one 3. 

To an ice-cooled and stirred suspension of LiAIH(OBuU) (2g. 7.87 mmol) in THF (20 ml) a 

solution of _2 (1.24&, 5.36 mmolf in THF (5 ml) wae added drop&e. When the reaction was complete 
as judged by TLC (eluent: ether), the mixture wss heated at 5OW for 2h, then poured into water, 

treated with 10% HCl, and extracted several times with CHCl . The organic extracts were dried and 
evaporated to give the crystalline laC~~ne;alcohol 4: 0.9g 7 85%); m.p. 104-105V (ether). 

IR (KIWI: 3600, 34C0, 1770 and 1550 cm ; H WlRrb 2.1-2.9 (comp1.m. 5X), 3.8-4.1 (a, 1Hf. 4.2-4.4 
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fm, 2HI. 5.05 (m. 1Wl. 

3- fTetrahydro-2H-pyran-Z-ylfoxy -5-oxo-f-cyclopentene-l-acetic acid methyl ester 5. 
. 
To an ice-cooled solution of 1 (3.4g, 20 mnol) and freshly distilled dihydro&ran (1.8g) in 

CH2C12 (50 ml) p-toluene sulphonicacid (O.lg) was added. The mixture was allowed to warm to room 

temperature until completion (6h), then quenched by the addition of saturated NaHCO 

Usual workup afforded _5 in quantitative yield. 

31So~ution. 

IR (neat): 1740, 1710, 1640 and 1580 cm . H NMR: 

61.2-1.9 (m, 6x1. 2.1-2.9 Im. ZH), 3.2 fs. Wt, 3.65 fs, 3X1, 3+4-4.0 fm, 2H1, 4.6-S.O'<m, 2H1v 

7.45 (s, IH), 

(la, 26-3a)-2-Nitromethyl-3-~(tetrahyd~o-ZH-pyran-2-yl)oxy~-5-oxo-cyclopentane acetic acid methyl 

ester 6. 
L J 

This compound was obtained from 2 as an oil in 85% yield by tetramethylg anifine-catalyzed 
-"i 

ad- 

dition of nitromethane as above described. IRfKtr): 1750, 1740 and 1560 cm ; H NMR: b 1.35-1.85 

(compl*m, 683, 2.0-3.1 fcompl.m, 481, 2.7 (d,ZH, J=5.6f 3.3-3.35 fcom~1.m. 2H), 3.62 fs, 3N3, 

4.0-4.8 fcompl.m, 4H). 

(la,2&3a)-2-(5-Pentyl-3-isoxasolyl)-3- r(tetra&dro-2H-pyran-Z-yl)oxy~-5-oxocycIopentane acetic 

acid methyl ester 2. L J 
To a stirred mixture of 2 (1.9g, 6 mmol) and 1-heptyne (l.15gl 12 mmol) in benzene (10 ml) 

containing several drops of Et3N a solution of PhNCO il.Bg, 15 mmol) in banzene (10 ml) was added 

drop&se at 26*C. The mixture was stirred overnight at room temperature and then heated at 5O*C 

for lh. The cooled mixture was filtered and the filtrate washed with dilute 5% NH OH, dried and 

evaporated under reduced pressure. The residue ~88 purified by flash-chromatography40n silica gel 

(eluent: et er:Iight petroleum 1:l) to give (7) as an oil (1.9g, 80%). IR (neat): 1750, 1740 and 

1600 cm-'; ' H NMR:6 0.9 (broad t, 3H), 1.2-2.0 (compl.m, 16h), 2.5-3 (compl.m, 5H), 3.4-3,7 (m, 

2H), 3.65 (s, 3H), 4.3-4.75 (m, 2Ht, 6.08 (s, TH). 

f3aa,4a,5B-6ea)1Hexahydro-5-hydroxy4-j5-pentyl-3-isossazo~yL)-2H-cyclopenta bl-furan-2-one 8 and 
(la, 213,3Ct, 5Rf-5-hydroxy-2-f5-pentyl-3-isoxazo~yi~-cycl~pentana acetic acid methyl ester s.- - 

L 
To a stirred and ice-cooled suspension of LiAlH(OBu ) (l.O7g, 4.2 mmoll in THF (15 ml) was 

added dropwise 81 solution of 1 (1.6g, 4.07 mmol) Ln THF (2 ml). After additional stirring for 2h 

at room temperature, the mixture was heated at 60DC for 3h, then cooled and carefully acidified 

with 5% hydrochloric acid to pH=3. The reaction mixture was stirred for Ih, then extracted several 

times with CH Cl (5x15 mlf- The dried organic extracts were evaporated to leave a residue which 

was chromatog?ap#ed on silica gel leluent AcOEt:light petroleum 1:l. then AcOgt) to give 8 (0.2g, 

SGlyi,eldl, m,p. 91-92V fEther:light petroleum 1:l); IR (CHCI 1: 3500-3100, 1770, 1690, 1600 

cm ; H NMR (CDC13):6 0.97 (broad t, 3H), 1.15-1.9 (m, 7H), 2.8-3.0 (m, 6H), 3.1-3.47 (m, 2H), 
4,$z-Oi55 (m, lH), 4.9-5.2 (in, lH), 5.9 (s, 1H) and s (0.679, 53%), oil; IR (neat): 1740, 1600 
cm ; H NMR (CDCl 1: 0.9 (broad t, 3H), l,l-1.5 (m, 6H), 1.6-3.0 (m, 1OH). 3.65 (s, 3n), 

4.0-4.35 [m, 2H1. 5?95 is. 1H). 

(IQ,20-3Q.5~f-tj-Hydroxy-P-f5-penty1-3-isowazolyt)-3- ftetrahydro-2N-pyran-2-yl)oxy -cyctopentane 

acetic acid 9b. L i 

A solution of z (0.9g, 2.9 mm011 in CH3OH (40 ml), water (4 ml) containing LiOH (0.2g) was 

stirred at room temperature for 6h. Most of the solvent was removed in vacua, then the mixture was 

acidified with 5%RCl and extracted with AcOgt (3x20 ml). The dried organic extracts were 

evaporated in vacua to gh;e 89-91°C fAcOEt:light petroleum 1:11. IR (CRC1 ): 

3500-2500. 1720, 1600 cm 

p as a solid, m.p. 

; H NMR fC5Cl I:6 0.9 [broad t, 3Wlt 1.05-1.5 fm, 6H), 1.5-3.2 fm, Sjfj, 

3.95-4.3 (m, 2H), 5.85 (s, lH), 5.9-6.3 Abroad, 311). 

(3aa,oa,5B,Gaa)-Hexahydro-4-(5-pentyl-3-isoxazolyl)-5-r(tetrahydro-2H-pyran-2-yl)oxyl-2H-cyclopen- 

tarblfuran-2-one (lo,. 
L a 

-A-solution of " {0.6g, 2.00 mmolf in benzene (20 ml) containing Ts0H.H 0 (30 mg) was heated at 

reffux for 3h with provision for the removal of water {Dean and Stark>.2 The organic layer was 

washed with saturated KaHCO solution, dried and concentrated in vacua. The residue, purified by 

flash-chromatography on siljca gel. gave 2 a8 white so_lid,lm.p. 88-90°C (ether:light petroleum 
1:2) in 71% yield. IR (CHCl3): 3500-3100, 1770, 1600 cm ; H NMR (CDCl ):d 0.95 (broad t, 3H), 
1.15-2.25 (m, 7H), 2.55-3.05 (m, 7H), 3.4 (broad 8, lH), 4.1-4.45 (in. lH)T 4.95 (m, lH), 6,07 (s, 

1H). 

(3a0,4rr.SR-6aa)-Hexahydro-4-nitromethyl-~ ftetrahydro-2H-pyran-E-ylfoxyf-2W-cycfopentafblfuran- 

-2-one lla and ~1a,2A.3a.5R~-5-hydroxy-2-nitronothyl-3-fftetrahydro-2H-p~ran-2-~lf-oxy~-cyclopen- -- 
tane acetfo acid methyl ester 12. I. d 

To an ice-cooled and stirred suspension af LIAIH(OBU')~ (2.20, 8.9 mmol) in anhydrous THF (15 

ml), a solution of 5 (1.4g, 4.4 mmolt in THI (5 ml) was added dropwise. Stirring was continued for 
18h at room temperature and then for 3h at 6OV. The cooled mixture was poured in water (10 ml), 
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carefully acidified at pH=6 with 5% HCl and extracted with CH2C12 (4x20 ml). The dried extracts 

ware evaporated to give an oily residue which was chromatograp edlon 
-tz 

silica gsL (eluent:ether) to 

afford lla as an oil (O.¶6g, 75.6%). IR (neat): 1770, 1550 cm ; H NMR:61.35-1.85 (comPL*m, 6N), 

2.0-3.1~ompl.m, 4H), 2.7 (m, ZH), 3.3-3.95 (compl.mlL2H~. 4.0-4.8 (CompL.m, 5H), and 12 (0.35gs 

25%) as sn oil. IR (neat): 3600-3100. 1740, 1550 cm ; H NMR:~ 1.35-1.65 cm, 6~), 2.0-3.1 (m, 

!!+I), 2.7 (m. 2H), 3.3-3.95 (comp1.m. ZH), 3.65 (P, 3H). 4.0-4.9 (compl.m, 5H). 

(3aa,~,56,6a~)-Hexahydro-5-Hydroxy4-(5-pentyl-3-iaoxazolyl)-2H-cyclopentafb~fur~-2-one 2. 

To a stirred mixture of the nitrolactone 11 (l.Og, 3.5 mmol) and L-heptyne (0.67g. 7 mmol) in 

benzene (lOm1) containing several drops of Et3N was added a solution of PhNCO (1.44g. 12 mmOL) in 

benzene (10 ml) dropwise at 2S°C. The solution wss stirred overnight at room temperature and then 

heated at W°C for lh. The cooled mixture was filtered and the filtrate washed with dilute 5% 

NH40H, dried and evaporated under reduced pressure. The residue was purified by flash-chro- 

matography on silica gel to give an oil, which was hydrolysed with dilute HCl (15%) and THF by 

stirring at 25*C until starting material was consumed. The THF was removed at reduced pressure and 

the aqueous residue was extracted with AcOEt. Evaporation in vacua of the organic solvent Left 13 

(70%) as a solid after chromatographic purification (eluent/ AcOEt:light petrol urn L:l), m.p. 

91-92OC (ether:light petroleum 1:l); 
-1 'i 

ILL (CHCl3): 3500-3100, 1770, 1640, 1600 cm ; H NHR (CDC13): 

do.97 (broad t, 3H), 1.15-1.9 (m, 7H), 2.0-3.1) (m, 6H), 3.1-3.47 (m, 2H), 4.25-4.55 (m. lH), 

4.9-5.2 (m. lH), 5.9 (6. 1H). 

(lU,29.30,50)-7- 2-~5-pentyl-3-isoxazolyl)-3-ftetrahydro-2H-pyran-2-yl)-oxy-5-hy~oxy cyclopentyl- 

-hept-5(Z)enoic acid S. 

To a solution of the lactone 13 (l.Blg, 0.5 mmol) in anhydrous toluene (15 ml) cooled to -75oC - 
neat diisobutylaluminum hydride (1.42g, 10 mmol) was added dropwise. 

When the addition was completed, the mixture was stirred for Zh, and while still at -7W'C, metha- 

nol was added cautiously to quench excess reagent. The mixture was allowed to warm to room 

temperature. and, after lh, a 10% solution of sodium potassium tartrate was added. Usual work-up 

led to the oily lactol (1.5g, 85% yieid). homogeneous by TLC (ether), which was employed without 

further purification. 
To a solution of potassium tert-butoxide (6.72g, 60 mmol) in freshly distilled dimethyl sulfoxide 

(15 ml) was added solid (4-carboxybutyl)triphenylphosphonium bromide (13.290, 30 mmol). A solution 

of the Lactol " (5 mmol) in dimethyl sulfoxide (10 ml) was then added to the red solution of the 

ylide and stirring was continued until the reaction was complete (TLC). The mixture was poured in- 

to ice water (40 ml) and extracted with EtOAc. The aqueous phase was acidified with sodium dihy- 

drogen phosphate and extracted with CH2C12 (4w5C~ ml). The extracts were washed with brine, dried 

and evaporated to give a residue, which was triturated with ethyl acetate to induce solidification 

of (4-carboxybutyl)-diphenylphosphine oxide. Filtration and removal of the solvent from the fil- 

trate led to an oily residue which was chromatographed on silica gel using light petroleum con- 

taining increasing quantitaties of eth r. 
-1 'i 

The acid 15 was obtained as an oil (l.3g, 60% yield). IR 

(CHCl 1: 3600-2700, 1700, 1600 cm ; H NMR:d 0.9 fbr t. 3H), 1.2-2.0 fcomp1.m. 19H). 2.5-3-O 

(comp?.m. 7H), 3.4-3.8 (m. 2H), 4.1-4.75 (m. 3H), 5.5 (m. 2H), 6.0 fs, 1H). 6.5 (broad, 2H). 

(La,2S,Xz,5~)-3,5 Dihydroxy-2-t3-oxo-trans-octenyl)cyclopentane-L-cis-hept-2-enolc acid g 

A solution of acid 15 (2.240, 5 mmol) in THF (15 ml) containing tert-butyl alcohol (l.llg, 15 

mmol) was added to liquid ammonia (LOO ml), Sodium (0.68) was then added portionwise until the 

solution remained blue. After additional stirring for 15 min, solid NH4Cl was added until 

decolorization, and ammonia was allowed to evaporate. The residue was treated with saturated NH4Cl 

solution (15 ml), carefully acidified in an ice-bath to pH=5, and extracted with CHCl (3x25 ml). 
The dried extracts were concentrated in vacua to half of their volume and siliza gel (5g) 
preheated overnight at 150°C was added. The mixture was refluxed overnight, then filtered and the 

filtrate concentrated in vacua. The residue was dissolved in THF (15 ml) and stirred at room 

temperature with 5% HCl (15 ml) until starting material was consumed. Most of the solvent was 

removed under reduced pressure, and the residue was treated with water (15 al) and extracted with 

CHC13. Evaporation of the dried extracts le t o residue which was chromatographed on silica gel 

(eluent EtOAclMeOH, 99:1), to give the known 
f4 

15. 

R-(R',Sjl -5- r (l-Carboxy-3-methylbutoxy)imino 
ester 1Sa and its rR-(R*,R*)l-epimer 18b. -3- 

3-hydroxy-l-cyclopentene-l-acetic acid methyl 

-_ 
To a solution of 1 (1.6g, 9.4 mmol)in MeOH I20 ml) containing pyridine (1.6 ml, 20 mmol) was 

added CR)-2-aminoxy-4-methylvaleric acid (2g, 10 mmol). The mixture was stirred at room 
temperature for 20 minutes, then acidified wi!# 5% HCl and extracted with AcOEt (3x25 ml). The 

dried organic extracts were evaporated in vacua and the oily residue chromatographed on silica gel 

(eluent CH2C12:MeOH:AcOH 9.4:0.5:0.1 mixture) to give e (35% yield) and E (35% yiel$ af oils 

with similar spectroscopic characteristics. IR (CHCL3): 3600-2500. 1740-1690, 1630 cm ; H NMR 
(CDCL3):i)O.92 (d, 6H, J=7Hz), 1.47-1.32 (m, 3X). 2.3-3.02 (m, 2H), 3.2 (6, 2H). 3.65 (s, 3H), 4.5 

(m, lH), 4.8 (m, 1H). 5.9-6.25 (m, 2H). 6.4 (m, 1H). 
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(S)-3-Hydroxy-5-oxo-l-cyclopentene-l-acetic acid (S)-1 and its enantiomer (R)-1 - 

General procedure: a solution of the oxime (0.5g. 

with AcONH4 (3g) and 15% aqueous Tic13 

1.7 mmol) in THF:H20 1:l (20 ml) was treated 

(6 ml) and heated at 60°C for lh. After filtration on 

Celite. the filtrate was extracted with AcOEt (3x40 ml) and the dried extracts evaporated in 

vacua. The oily residue was chromatographed on silica gel column (eluent:ether) to give the 

corresponding ketones (IR and NMR as reported for the racemic compound 1) with the following 

additional spectroscopic data: 

(S)-r:p]; -34.28 (MeOH); (RI-l:[a]; i33.54 (MeOH). 

3aR-(3aU.40 ,513,6aa) -Hexahydro-d-nitromethyl-5-hydroxy-2H-cyclopent.a rblfuran-2-one llb - 
This compound, obtained as described above for the racemlc com$o<nd, has the following 

characteristics: m.p. 78-79OC (AcOEt:n-hexane l:l).[a];-42.3 (MeOH). Its enantiomer 3aS-(3aR. 48, 

5 ,6aR) -Hexahydro-4-nitromethyl-5-hydroxy-2H-cyclopenta b furan-2-one has m.p. 78-79OC (AcOEt- 

:n-Hexane l:l){ak+42.6 (MeOH). 

3aR-(3aQ,4a,50,6aci -Hexahydro-2-oxo-5-r(tetrahydro-2H-pyran-2-yl)oxyl-2H-cyclopentarblfuran-4- 

-carboxaldehyde 17a 
-r I J LJ 

- 
To a buffered TlC13 solution, prepared by adding NH40Ac (3g) in 10 ml of water to 15% aqueous 

TiCl (6.8 ml) under nitrogen the nitrolactone (15) (0.5g) in 8 ml of THF was added rapidily and 

the zixture was stirred overnight at rwm temperature. The reaction mixture was extracted several 

times with Et20; the organic extracts were washed with 5% NaHCO solution, dried and concentrated 

in vacua. The crude aldehyde 17a was obtained as an amber oi13(0.31g. 70%) and utilized without - 
further purification. 

aR-(3au,4a,58,6aa) -Hexahydro-5-hydroxy-l-hydroxymethyl-ZH-cyclopentarb~furan-2-one 19 

To a solution of 17e (0.3g, 1.18 mmol) in CH OH (4 ml) was added ba8 (O.O5g, 1.3 mmol) at - 
room temperature and the mixture was stirred 9 or 2h. 

H4 

Water was added and the solution was 

extracted with CHC13 (3x10 ml). The residue obtained by removal of the solvent in vacua was 

dissolved in THF (5 ml) containing 5% HCl (5 ml) and the solution was stirred at 25OC until the 

starting material was consumed (generally 3h; monitored by TLC). The THF was removed on a rotary 

evaporator and the aqueous residue was extracted with CHCl 
3'. 

Evaporation in vacua of the 

solvent left 19 (0.2g; 75%), m.p. 115-116OC; identical In all respects, including 

activity, with that reported in the literature. 
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