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Abstract: The target molecule (11 1, d precursor of PG. - hds been prepared by a novel fully 

StereoselectIve methodology “vId” cyclopentandIone (2). stdrtlng from ethyl acetoacetate and 

ethyl-2-bromo-pentenoate. 

The cyclopentane moiety Is COntdined In 

several Important naturally occurrIng 

compounds such as sterotds, ret hrolones, 

prostanotds etc. and simple routes to this 

5-ring system are therefore always in 

demdnd. 
1.2 

Of specldl synthetic Interest, In our 

OpInIo”, Is the base Induced cyclIzatIon of 

y-keto-esters which leads directly to cyclo- 

pentanones suItably functIonalIzed for 

further elabordtlon Into prostanolds, 

3 
cIs-jdsmone , etc. 

This synthesis dppedrs to be of qenerdl 

dpplIcdhIlIty bccduse the choIcc of the 

Chdln Is quite optlondl. This simple 

dlrcct dpC)rCdCh hds however recclvcd 

.,drlI dI~c‘I~tIon until now owInq to Ihc 

side 

dnd 

OIlI: 

lcrc k 

of reliable chemoselectlve methods of dIs- 

crimlndtlng between the two ring- 

L 
carbonyls. We wish to report here a 

simple and effIcIenI 5olutIon of this 

problem which allows d novel entrance to 

prostaglandlns, a group of hormones which 

hdve been dnd still are the oblect of 

numerous synthetic sIudIes. 
5 

In IhIs work 

we dcscrl be an effIcIent fully stereo- 

sclecIIve synthesis of fhe IntermedIate (11) - 

(SCHEME 1) which cdn be converted In few 

steps IO the ndturdlly occurrIng 

prostdgldndlns. lt Is worthy of mention 

Ihdt. SI”CC Ihc Intermedldte (5) may be 

CdSIly resolved, 
6 

our sequence dllOW5 d 

chlrdl synIhesIs 5ItirtIng from 

InexpensIve dVdlldble stdrtlng 

mdtcrldls. 

Alkyldtton of ethyl ~IieIodcerdIe wIIh ethyl- 

2-bromo-L-pentenodtr7 in DMF dlld K2iO 
R 

3 
~fforctcd the rl:vcI~c prrcursor (1 I in 50 “., 
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yteld as a mixture of dtastereotsomers. 

Treatment of (1) wtth 3 equtvalents of LDA 

tn THF at room temperature for 3 hours, 

followed by quenching at 0°C wtth aqueous 

HCl led to the expected cyclopentandione 

(2) tn 98 % yield as a stngle Isomer. We 

have dsslgned to It the structure depicted 

above on the basis of Its spectroscopic 

properties9 and on the known equlltbratton 

of the stde chatns to the trans conftgura- 

tton under equilibrating conditions tn 

prostaglandtn precursors beartng acttvating 

groups directly ltnked to the cyclopentane 

10 
ring . Converston of (2) to the bts-acetals 

dertvattve (2) was effected tn 70 % yield 

by treatment of (2) tn a Dean-Stark appa- 

ratus wtth ethylene glycol and catalytic 

amounts of p-toluenesulfonic acid (PTSA) tn 

boiling benzene. Then exposure of (3) to 

sulfurtc actd-stltca gel in methylene 

chloride at room temperature for 5 hours 
11 

led exclusively to the monoacetal (5) in 

quantitative yield. The remarkable differ- 

ence in the rate of hydrolysis shown by 

the two dtoxolane rungs. may be ascribed 

to the electron wtthdrawtng effect of the 

ester group which reduces the reacttvtty of 

the dtoxolane ring in a-positton to it. The 

structure of (L) has been determined by tts 

spectroscopic properties and by the lack of 

UV absorptton under basic condtttons whtch 

excluded the presence of a carbonyl group 

in a-positton to the ester group. After a 

survey of several reducing agents known to 

produce selectively the 9- a -alcohol 

fprostaglandtn numbering) tn similar 

compounds, tt was grattfying for us to find 

that treatment of (4) with K-Selectrtde l2 in 

THF at -78 “C for 3 hours under rigorously 

controlled condittons, gave the destdered 9- 

a-hydroxy acetal (2) wtth total stereo- 

selectivtty in 70 % yield. The purtty of 

this and the following compounds was 

checked by 
13 

C NMR and their configuration 

was assigned comparing the values reported 

in Table 1 with those of compounds havtng 

a known conftguration3’13. Ftnally 

protracted treatment (30 h) of the alcohol 

(2) w,th sulfuric actd-siltca gel in 

methylene chlortde at room temperature 

furnished quantitatively the expected 

hydroxy ketone (6) tn 9L% yield (SCHEME 

1). Protection of the hydroxyl group of (6) 

under mtld condtt tons wtth 3.L-dihydro- 

ZH-pyran tn methylene chlortde tn the 

presence of pyrtdinium p-toluenesulfonate 
1L 

- 

to give (11, followed by reduction of the 

C-11 carbonyl group with NaBHL tn ethanol, 

afforded the ll- a -alcohol (8) in 93 % 

overall yield starting from (1). Analysis of 

the 
13 

C NMR spectrum shoved that (%I. 

obtatned from (8) after remotion of the 

pyranyl single product 
15 

group, was a 

(TABLE 11. The completion of the synthesis 

of target compound proved straightway. 

Esterification of (8) wtth benzoyl chloride 

tn pyridine tn the presence of dimethyl- 

aminopyridine fDMAP)16. followed by 

oronolysts of the resulting benzoate (9) tn 

methylene chloride, reductive working up 

with dlmethylsulftde and finally treatment 

of the crude aldehyde (10) with methanol - 

in the presence of BF 
3 

etherate afforded 

(11) in 70 % yield starting from (2). - 

EXPERlMENTAL SECTION 

Melttng point are uncorrected. Infrared 

spectra (IR) were recorded as film on a 

Perkin Elmer 710 B spectrometer and the 

frequenctes are given In reciprocal centi- 

meters. lH NMR spectra and l3C NMR 

spectra were determined in CDCl 
3 

or C6D6 

soluttons on Varian EM 390 and Vat-tan FT 

80 respecttvely, and the chemical shifts 
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are expressed as b value in parts .per 

mtllion from Internal standard (TMS). Mass 

spectra were taken on a Vat-tan Mat I II 

instrument (70 eV). U.V. spectra were re- 

corded on a LO2 UVS Perktn Elmer tnstru- 

ment. Thin layer chromatography (TLC) was 

performed on stltca gel sheets (1B2F Baker) 

and column chromatography on Chromatospac 

Prep. 10 (JobIn-lvon instrument) using SI~I- 

ca gel (H 60 Merk). 

Opttcal rotatton were measured on a Perktn- 

Elmer Model 2Ll. Tetrahydrofuran (THFI 

vas obtatned anhydrous and oxygen free 

by dtstillatton over sodium benzophenone 

ketyl under argon. Methylene Chloride was 

dtstilled over P205. Ditsopropylamine was 

refluxed over molecular sieves (Type L A. 

Fluka 1 and disttlled at atmospheric 

pressure. 

3.L-di-(ethoxycarbonyl I-heptd-en-2-one. (1) 

Ethyl acetoacetate (lL.26 ml, 0.11 mol) was 

added to a suspension of powdered and 

drted (overnight, 100°C) K2C03 (15.18 g, 

0.11 mol) tn DMF (50 ml).The suspension 

vas sttrred at room temperature for 15 min 

and then ethyl-2-bromo-l-pentenoate (23.25 

g, 0.11 mol) was added tn one portion and 

the mixture stirred overntght. The reactton 

mtxture vas quenched with dilute (l/l) HCl 

and extracted vtth ether. The organtc 

layers were washed several times with 

dtlute HCl in order to eltmtnate DMF. After 

drytng over Na2SOL. the solvent was re- 

moved vtth a Rotavapor and the oil rest- 

due dtsttlled (b.p.L IOL-11O’C) to give (1) 

flL.13 g, 50%). 

Found C. 60.81; H. 7.88: 
C13H2005 

(MW 

256.28) requires C, 60.92; H. 7.87%. 

I.R. (neat1 1735 (sb) 

‘H NMR (CDC13) 6.1-5.1 (m 3 HI: 1 (2 q L 

H); 3.85 (d J-2.5 Hz 1 HI; 3.5 (m 1 HI; 

2.4 (m 2 HI: 2.1 (s 3 H): 1.05 (2 t 6 H): 

m/z 256 (M’) 

the prostaglandins field 2895 

L,5-trans-L-ethoxycarbonyl-5-f2-propen-l-y1~- 

-1.3-cyclopentan-dtone. (2) 

n-Butyllithlum (78 ml, 0.117 mol ; 15% 

solutton in hexane) was added at 0°C with 

sttrrtng under argon to a solution of dt- 

tsopropylamine (16.37 ml. 0.117 mol), in 

THF (100 ml). After 30 mtn., the LDA 

solution 1s vrthdrawn and added dropvtse 

vrth a syringe to a solution of (1) (10 

g, 0.039 mol) tn THF (150 mL) matntatned 

at O°C. The reactton mixture vas allowed 

to reach room temperature and sttrred for 1 

h. After cooling.the reaction mtxture was 

dtluted vtth 300 mL of water and extracted 

wtth ether. The ethereal solutton vas 

washed vith water and the pooled aqueous 

extracts were actdlfied wtth dtlute HCI and 

extracted vtth three 100 mL porttons of 

ether. The combined organtc extracts were 

drted over anhydrous Na2SOL and dtsttlled 

under reduced pressure. The target 

compound vas isolated as a clear pale 

yellow oil (7.98 g, 97%). 

Found C, 62.92; H. 6.72; C H 0 
11 14 4 

(MW 

210.22) requires C. 62.65: H, 6.71% 

IR (neat) 3000 (b); 17LO Is); 1590 (5); 

‘H NMR (CDC13) 9.1 (bs 1 H OH): 6.1-5.1 

fm 3 HI; 5.05 (m 1 HI; L.25 (q 2 HI: 3.L 

(d j-2.5 Hz 1 H); 3.2 (m 1 H): 2.5 (m 2 

H); 1.3 ft 3 H). 

4.5-trans-L-ethoxycarbonyl-5-(2-propen-l-yll- 

-cyclopentan-1,3-dione bts ethylene acetal 

(3). 

A mixture of (2) (0.330 g; 0:0016 mol) 

benzene 120 ml) and p-toluensulfontc actd 

(catalyttc amount) was treated with 

ethylene glycol (0.7 ml, 0.0125 mol) and 

refluxed tn a Dean-Stark trap. Extractton 

wtth ether and washing vlth NaHCO 3 (5% 

aqueous solution) and then water gave (,!,I 

(0.33L g; 70%)vtth a good degree of purtty. 

Found C, 60.5: H. 7.L5; C H 0 
15 22 6 

(MW 298.33) requires C, 60.39: H. 7.L3% 
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l.R. (neat) 1735 (5) 

1 
H NMR (CDC13) 6.14.8 (m 3 HI: 1.1 (q 2 

H); 3.95 (m 8 H); 2.85 (sm 2 HI; 2.2 (bm 

L H); 1.03 (t 3 H). 

m/z 298 CM+); 253 (M+-OEt) 

L.5-trans-L-ethoxycarbonyl-5-(2-propen-1-yl)- 

cyclopentan-1,3-dtone-3-ethylene acetal. (L) 

A solutton of sulfurtc acid (0.2 ml of 50% 

aqueous solution) was added wtth conttnu- 

0”s magnettc stirrtng to a suspenston of 

siltca gel (2.73 g:Stlica Gel 60. MercK. for 

column chromatography, 70-230 Mesh) in 

methylene chlortde (10 ml ). After 2-3 min. 

the water phase dtsappeared due to 

adsorptton on the stlica gel surface. The 

acetal (2) (0.910 g: 0.003 mol) was added 

and the sttrrtng 1s continued at room 

temperature for 5. h. The soled phase was 

separated by suctton ftltratton on a 

stntered glass funnel and the soltd IS 

washed several ttmes with methylene 

chloride. The combined solutions were 

washed wtth sodtum hydrogen carbonate, 

brtne and water. Evaporation of the solvent 

under reduced pressure gave pure (5) as a 

soltd (m.p. 17°C) tn quantttattve yield. 

Found C. 61.29: H. 7.12; C13H1805 (MU 

251.28) requtres C. 61.41; H. J.lL%. 

l.R. (NuJo~) 17I.O (sb). 

‘H NMR (C6D6) 6.14.8 (m 3 HI: 4.1 (q 2 

H); 3.65 (m L H); 3.2 (sm 2 HI; 2.8-2.L5 

fq,,J=l8 Hz 2 H); 2.1 (m 2 H); 1.05 (t 3 

HI. 

m/z 25L (M+); 209 (MI-OEt) 

1.2-cts-2.3-trans-2-(2-propen-l-yl)-3-ethoxy 1 

carbonyl-cyclopentan-1-ol-L-one ethylene 

acetal. (5) 

A solutton of K-Selectride (Aldrtch, 0.5 hi 

solution in THF) (10 ml. 0.005 mol) was 

slowly added to a sttrred solutton of keto- 

ne !I) (0.860 g; 0.003L mol) tn THF (30 

ml) under argon at -78 “C. After L h the 

temperature was allowed to rtse to 0 oc 

and the excess of reagent was hydrolyzed 

by additton of water. 3 M aqueous sodtum 

hydroxide (1 ml: 3 M solution) was then 

added followed by H202 (1 ml; 36% 

solutton) and the mtxture was sttrred at 0 

by 

(5) 

“C for 1 h. Ethereal work-up followed 

flash chromatography gave the alcohol 

as colourless 011 (0.61~ g; 70%) 

Found C. 61.01: H. 7.88; 
C13H2005 

256.29) requtres C, 60.92: H. 7.87%. 

I.R. (film) 3500 (bl 1735 fs) cm 
-1 

(MW 

‘H NMR (C6D6) 6.14.8 fm 3 HI; 4.2 (bs 1 

HI: L.l (q 2 HI: 3.65 (m L H); 3.2-2 

(complex pattern 7 H); 1.05 (t 3 H). 

m/z 256 CM’); 238 CM’-H20) 

1.2-cts-2,3-trans-2-(2-propen-l-yl)-3-ethoxy- 

carbonyl-cyclopentan-1-ol-L-one (6). 

Protracted treatment (30 hours) of (5) 

(0.230 g; O.OCMI9 mol )in methylene chlortde 

wtth sulfuric actd-silica gel system (0.690 

g. s102; 3 drops of H2SOL 50% solutton; 5 

ml CH2C12) following the prevtous reported 

(see A) procedure, led to (5) (0.180 g: 9.4%) 

Found C. 62.13: H. 7.61; ClIH160L (MW 

212.2L3 requires C, 62.25: H, 7.6% 

IR (film) 3500 (b) 1725 (s) 

1 
H NMR (CDC13) 6.24.9 fm 3 H); L.55 (bm 

1 HI: L.25 fq 2 H): 3.3-2.2 (complex 

pattern 7 H); 1.2 (t 3 H). 

m/z 212 (M+): 194 fM+-H20) 

1,2-cis-2.3-trans-2-(2-propen-l-yl)-3-ethoxy- 

carbonyl-cyclopentan-I-ol-L-one-1-THP (7). 

A solutton of (6) (0.180 g; 0.00085 mol) 

and dthydropyran (0.155 ml, 0.0017 mall 

in dry methylcne chlot-lde (15 ml) 

containtng PPTS (Pyrtdtntum p-toluene- 

sulfonate) (0.02 gr) was starred for L h at 

room temperature. The solution was then 

diluted with ether and washed once with 
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brtne to remove the catalyst. Evaporatton 

of the solvent gave an essentially 

quantitative yield of CSj (0.240 gr). 

Found C. 64.96; H, 8.15; C16H2L05 (MW 

296.36jrequtres C. 6.4.84; H. 8.16% 

I.R. (film) 1755 (sj 1730 (5) 1020 (s) 

1,2-cts-2,3-trans-3,L-trans-2-t2-propen-l-ylj- 

3_ethoxycarbonyl-cyclopentan-l ,L-diol-l- 

THP.f&3) 

A solution of (1) (0.620 g; 0.0021 mold In 

ethanol (10 ml) was added dropwtse at 0 

“C to a suspension containing ethanol (20 

ml), water (5 ml), and NaBHL (0.238 gr, 

0.0063 mol 1. After a further 1 h at 0 “C 

sodium chloride was added unttl the 

solutton was saturated and the mixture 

then extracted with ether (4 X 30 ml). The 

combined extracts were dried fMgSOLj and 

evaporated to give crude CSj as an oil. 

This material was purtfied by column 

chromatography on siltca gel ustng hexane- 

ethyl acetate 7/3 as eluting solvent giving 

as pale yellow oil (8) (0.582 g: 93%). 

Found C. 6L.34: H. 8.8; C16H2605 (MW 

298.LOj requires C. 6L.Ll; H, 8.78%. 

1.R. 3500 (bj 1730 fsj 1020 

1,2-cls-2.3-trans-3,L-trans-2-(2-propen-l-y1) 

-3_ethoxycarbonyl-cyclopentan-l-benzoyloxy- 

I-ol-I-THP (9). 

A mtxture of (8) (0.620 g; 0.002 mol). 

triethylamtne (0.350 ml; 0.0025 mol) and 

DMAP (dimethylamtnopyrtdinej (0.150 g; 

0.0012 mold were dissolved in CH Cl 
2 2 f30 

ml) and cooled to 0°C. Benzoyl chlortde 

(0.300 ml: 0.0026 mold in CH2C12 (10 ml) 

was added dropwise with stirring to the 

reaCtIOn solution over 20 mtn and the mtxtu- 

re was then stirred for an additional 1.5 

hours at O°C. The solutton was parttttoned 

between ethyl acetate and 1 N HCI, the 

organtc phase was washed with 5% NaHCO 
3 

solution. dried over Na2SOL and evaporated 

in vacua to give (2) as colourless 011 

(0.687 g; 85%). 

Found C. 68.51; H, 7.5; C23H3006 (MW 

LO2.L8) requires C, 68.64; H, 7.51% 

1,5-cts-5.6-transd,7-trans-2-oxa-3-methoxy- 

6_ethoxycarbonyl-7-bezoyloxy-btcyclo/3.3.0/- 

octane (11). 

A solution of (2) (0.3OOg: 0.00074 mold in 

methylene chloride (50 ml) was cooled to 

-78°C. Ozone was passed through the 

solutton at the rate of 0.5 Vmin. unttl the 

solution become deep blue. While still at 

-78’C the system was flushed wtth nitrogen 

until colourless solution, the temperature 

was then allowed to rtse to O’C and 

dtmethylsulfide (1.5 ml) was added. The 

resulting solution was stirred at O’C for 1 

hour, then at room temperature for an 

additional hour. The solvent was removed 

in vacua and the residue treated with 

BF3Et20 (0.300 ml) in anhydrous methanol 

(20 ml) for 2 hours at 50°C. The solutton 

was partitloned between ether and 5% 

NaHCO 
3 

solution. The organic phase was 

washed with brine. dried over Na2SOL and 

evaporated in vacua. Flash chromatography 

(hexane/ethyl acetate 7/3j of the residue 

gave the target compound (11) as a pale - 

yellow 011. (0.206 g: 83%) 

Found C. 6L.59: H, 6.6L: 
C18H2206 fMW 

331.36) requires C, 66.66: H, 6.63. 

IR (neat) 17L0, 
1 

1730. H NMR (C6D6j (major 

isomer) 8.1-7.2 (m 5 H Arj: 5.7 (m 1 H 

C3Hj L.95 fm 1 H C7H); L.L5 fm 1 H ClH); 

3.95 fq 2 Hj; 3.15 (s 3 HI; 3.6-2.8 fm 2 H 

C5H and C6Hj; 2.3-1.8 fm L H C8H and 

C HI: 0.95 ft 3 H). 

14 NUR fC6D6j (major isomer) 172.L 

( EtC=O) ; 165.6 (Ph-C-0); 132.9. 130.8. 

129.9, 128.5 (C Arj: 106.6 K33): 81.9 K7j;- 

79.1 (&,I: 60.8 fOcH2j: 56.6 tOCH3); 51.6 

(CJ : 45.2 (C+j: 39.9 K++ 38.1 K&j: 11.0 

KH2CH3j m/z 33.4 fM*j: 212 CM+-Ph-COOH) 
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SCHEME 1 

. 

. 

2 

9THP 

S R=H 
1 R=THP 

Oh 

0 4 
A....* 

""'C HO ._. 
: * _*’ 

d’R’ 
COpEt -0, 0, 

R =THP R’=H 

Phfi6 
CO,Et 

Phfid 
CO,Et 

s 0 0 

e R=R’=H 10 11 

s R =THP R’ =PhCO 



TABLE 1 13C NMR Chemical Shifts and Assignments for Cyclopentanold derlvatives.a 

C(N) 
b 

3 L 5 6 - 8a 

c (8) L7.8 51.9 L6.8 L6.6 49.1 

c (9) 113.3 211 .o 71 .o 68.7 7L.O 

c (10) L8.3 L8.5 L7.1 L8.9 63.6 

c (11) 113.3 112.1 117.5 210.5 76.7 

c (12) 58.7 5L.9 57.8 57.9 58.1 

COOEt 170.3 170.3 171.2 170.1 175.2 

a 
Chemical shifts In ppm downfield from MeLSi. Spectra were taken In C6D6 at 20.00 MHz 

the Fourier mode on using a VARIAN Ff80 spectrometer. 
b 

Prostaglandlns numbering. 
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