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ABSTRACT 
A novel approach to Corey's aldehyde is described. A suitable substituted 

all cis 2,3-dialkyl-1,4-cyclopentanediol system is obtained by catalytic reduc- 
tion of 2,3-dialkyl-4-hydroxy-2-cyclopentenones. Epimerisation to the prosta- 
glandin configuration occurs spontaneously when later on the Horner reaction is 
carried out. 

Suitable substituted 2,3-dialkyl-4-hydroxy-2-cyclopentenones, such as IV 

and IV' , are important intermediates in our general approach'' 2r 

glandin synthesis. Their lithium-liquid ammonia-alcohol reduction and the sub- 

sequent steps to PG's have already been dealt with in previous papers. 

The present communication describes a synthesis involving the catalytic hydro- 

genation of IV and IV' as an alternative reduction method. It has been shown 

by Corey and coworkers4 that a versatile prostaglandin synthesis involves two 

Wittig type reactions for introducing the 5 , 6  and 13,14 double bonds. The side 

chains of a, for our purpose, suitable 4-hydroxy-2-cyclopentenone must there- 

fore carry latent aldehyde functions which can survive catalytic reduction; a 

(2'-methoxy)-ethyl and a (2'-phenyl)-ethyl group respectively as the future C8 

and C12 side chains fulfil these requirements. 

to prosta- 

Compounds IV and IV' were obtained starting from 3-(2'-methoxy)-ethyl-l,2, 

4-cyclopentanetrione (enol form I) by a general and already described method5. 

Protecting the 1- and 4-carbonyl functions with triethyl orthoformate gave I1 

[m.p. 53OC; 80 % yield after recrystallization from n.pentane]. 

Grignard reaction with 2-phenyl-ethyl bromide in THF followed by acid hydrolysis 

(1 N HC1; 1 hr) afforded (95 % yield after recrystallization from ether) I11 

[m.p. 102°C; M+' at m/e 258; I.R. : 1745, 1705, 1640 cm-l; Rf - 0.55 in ether- 
benzene 3.7). 

Subsequent 

Reduction with zinc-acetic acid in methylene chloride at -2O'C 

- 
Part XI : ref. 3. 
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R, 

IX , R ~ = A c ,  R2=CH3 
X , R ~ = A c ,  R2=H 

XI XI1 , R =H 
XIII,R =THP 

gave a mixture (yield 65 % )  of isomeric cyclopentenolones IV and IV' [M" at 

m/e 260; I.R. : 3420, 1710, 1650cm-l; Rf = 0.44 with ethyl acetate-isooctane 

8: 2 1  sufficiently pure after alkaline extraction of the corresponding 1,3-cy- 

clopentanedione (formed by competing reduction of the double bond). Catalytic 

hydrogenation (Raney-Ni W7 dioxane) of the trimethylsilylethers of IV and IV' 
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and subsequent acid hydrolysis led to a mixture of diastereoisomersx V (75 % )  , 
VI (10 % )  and VII (15 % ) .  The formation of TMS ether was necessa'ry in order to 

avoid hydrogenolysis of the hydroxyl group with this catalyst; furthermore the 

size of the TMS group must enhance the stereoselectivity6. The hydrogenolysis 

could however be avoided by the reduction of IV and IV' with a Raney-Ni modi- 

fication W2 in ethanol; the isomer distribution being V (63 % ) ,  VI (11 % ) ,  VII 

(22 % )  and 4 % of an unknown. After column chromatographic separation (silica- 

gel : ethyl acetate-isooctane 8:2) the yield of the all cis isomer V is 50 % 

[M" at m/e 264; I.R. : 3420, 1200, 1120 cm-l; Rf = 0.39 same eluent'j;.VI and 

VII gave identical Rf values (0.32). As can be deduced from the reaction se- 

quence the separation of the isomers is not necessary; both V and VI are usable 

for further synthesis while VII can be removed by alkaline extraction at the 

moment of the generation of carboxylic acid from the methoxy group (no lactone 

formation). As however an easy inversion at C2 of V (C12 in PG) could be anti- 

~ i p a t e d ~ ' ~ ~  the further steps were carried out on the pure isomer V in order to 

evaluate the magnitude of this phenomenon. 

m/e 288: I.R. : 1745, 1250, 1120 cm-l; Rf = 0.60 in ethyl-acetate-isooctane 

8: 21 was formed (acetic anhydride-pyridine) in an almost quantitative yield. 

Benzylic bromination with NBS in refluxing carbon tetrachloride followed by 

treatment with lithium carbonate in DMF yielded 673 % )  IX 1 (M-HOAc)+' at m/e 
286; I.R. 1745, 1250, 1120, 970 cm-l; Rf = 0.59 in ethyl acetate-isooctane 8:21. 

The methyl ether was cleaved with boron tribromide ( 4  eq) in methylene chloride 

(-20' for 5 days) to the alcohol X [I.R. 

ethyl acetate-isooctane 8:2]. 

reagent (O'C for 1 hr) have the carboxylic acid XI IRf = 0.27 in ethyl acetatel 

and subsequent hydrolysis of the acetate functions (1.2 N HC1: 80°C for 3 hrs) 

gave the crystalline y-lactone XI1 1m.p. 133°C; M" at m/e 244; I.R. : 3460, 

1770, 1180, 970 crn-l; Rf = 0.44 in chloroform-ethyl acetate 6:41. The overall 

yield of XI starting from IX was 60 % after recrystallization from ethyl ace- 

tate-isooctane. 

ethyl acetate 6 : 4 ;  yield 90 %), prepared in the usual way, was oxidised to the 
aldehyde XIV with osmium tetroxide (catalytic amount)-sodium periodate in wa- 

ter-dioxane (20°, 3 hrs) . 
acetate 6 : 4 ]  XI11 was, without purification, treated with the sodio derivative 

The di-acetate VIII [(M-HOAc)" at 

: 3 4 4 0 ,  1745, 1240, 100; Rf = 0 . 4 0  in 

Oxidation of the primary alcohol X with Jones 

The tetrahydropyranyl ether XI11 [Rf = 0.63 in chloroform- 

The unstable aldehyde [Rf = 0.18 in chloroform-ethyl 

-I 
For configurational assignment see references 7 and 8. 
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of dimethyl-2-oxoheptylphosphonate, yielding the epimeric enones XV and XV' 

[(M-THP)" at m/e 265, (M-OTHP)" at m/e 249: I.R. : 1765, 1680, 1630; U.V. : 

hmax = 226 nm; Rf = 0.71 in ethyl acetate) in a ratio of 2:1, the overall yield 

starting from XI1 being 55 %. The configurational assignment followed from 

the 'H-NMR spectra in accordance with an observation made by Turner and cowor- 

kers" who showed that in an all cis isomer the olefinic H13 is downfield com- 

pared to the same resonance for natural PG configuration; H13 in XV has 6 = 

6.80 while for XV' the value is 6 = 7.05. The remaining transformation for the 

synthesis of prostaglandins starting from XV are adequately described in the 

literature. 
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