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A FACILE SYNTHESIS OF (-)-PROSTAGLANDIN E 

VIA A THREE-COMPONENT COUPLING PROCESS 
l1 

M. Suzulu, T. Kawaglsh, T. Suzulu, and R. Noyom* 

Department of Chermstry, Nagoya Unlverslty, Chlkusa, Nagoya 464, Japan 

Summary. A very short synthesis of choral prostaglandln El methyl ester 1s described.. 

Although a number of efflclent synthetic routes to prostaglandlns (PGs) have been explored, 495 

the three-component couphng process , VIZ., consecutive lntroductlon of the two side-chans to 4- 

hydroxy-Z-cyclopentenone, 1s evidently the simplest converging synthesis. 
5 

The major obstacles to 

ths attractive route have been the difficulty in the control of absolute stereochemlstrles at C-11 

and C-15 (PG numbering) and lack of the rehable recipes whch allow reglospeclflc vlcinal carba- 

condensation 
6 

with Z-cyclopentenones. Now with efficient methods for the enantloselective reduction 

of a, B-unsaturated ketones7and nucleophlhclelectrophlhc vlclnal carba-condensation of enones 

secured, this strategy holds considerable promise as a straghtforward entry to various pnmary 

PGs and their analogues. Described herein 1s a very short synthesis of PGEl methyl ester m 

optically active form. 

The key operation 1s the clean trapping by aldehydes of enolate intermediates generated by the 

organocopper conjugate addition to a, B-unsaturated ketones. Although the conjugate ad&bon/ 

aldehyde quenching 1s obviously a promising way of actievlng viclnal carba-condensation, the exist- 

lng methods which utlhze hthlum dlorganocuprates (Gllman reagents) 
8 

are not satisfactory mrunly 

because (1) the initially formed enolates, depending on the structure of starting enones and the 

efficiency of the trapping reaction, tend to equ&brate to form the reglolsomers, 9 and (2) the com- 

plex nature of the reaction system, particularly the presence of excess organometalhc nucleophlles. 

reqmres the use of a large amount of the aldehyde trap and , as a consequence, leads frequently to 

very comphcated reaction mixtures. The only successful example reported utlhzed very reactive 

formaldehyde. 
10,ll 

We elaborated a facile operation which rests on the stolchometnc use of an 

organometalhc entering group and an aldehyde trap (eq 1). The reaction 1s carried out with equal 

quantities of the enone 1 and an organocopper reagent formed from an organohthum, copper(I) 

iodide, and tnbutylphosphlne (1 1 2-3 mol ratio), 
2 

and therefore, when the m&al conlugate 

addition proceeds ideally, the resulting enolate species 2 becomes the only strong nucleoptile 

R’L, - CuI - r OM 1.. 

Q I 
2(n - C,Hg)3P R2 

( 1) 

1 2, M = LI or Cu 3 
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Table I. Vicinal Carba-condensation with 2-Cyclopentenonea 

entry 
B-entering 

group 

trapping conditions 
aldehyde temp, OC time, min % yield of 3b 

CH3CH2CH2CH0 -78 5 985 

2 “_-C4H9 (CH3)2C~C~0 -78 10 935 

3 P-C4Hq (CH3) 3CCH0 -78 60 71c 

4 n_-C4Hq C6H5CH0 -78 10 91d 

5 S4H9 (E)-G6~5~~=~~~~0 -78 10 94d 

a The alkylcopper-phosphine complex was prepared in situ by mixing copper(I) iodide, butyl- 
lithium, and tributylphosphine in 1: 1:2 mol ratio in ether. The conjugate additiy to 2-cyclopent- 
enone was carried out at -78 OC for 10 min. All new compounds gave consetent H NMR and IR 
characteristics and correct elementa; analysis and/or mass spectrq data. - Isolated yield after 
silica gel column chromatography. - A single isomer. Howevez, H NMR does not allow definite 
stereochemical assignment for this five-membered compound. - A mixture of two stereoisomers. 

present in the reaction system and this intermediate should be trapped efficiently by one equivalent 

of an aldehyde to give an aldol 3. Some examples of the present three-component coupling method 

are given in Table I. 
12 

The side-chain incorporation occurs in a regiospecific manner via kineti- 

cally defined, nonequilibrated enolates, as confirmed, for example, by comparison of samples of 2- 

benzylidene-3-butylcyclopentanone, an aldol dehydration product, prepared by this method and an 

independent route. 
3 

No a’, B-condensation products associated with possible enolate equilibration 

were detected in the reaction mixture. 

The chiral building blocks requisite for the PG synthesis are readily accessible by the asym- 

metric reduction of enones by the binaphthol-modified lithium aluminum hydride (BINAL-H) 

reagent. 
7 

The levorotatory w side-chain alcohol, (S)-4, can be obtained in 97% ee by the reduction - 

of (E)-1-iodo-1-octen-3-one by the chiral hydride (s)-6. 7’ l3 The enantioselective reduction of - - 
cyclopent-4-ene-1,3-dione with (S)-6 led to the dextrorotatory enone, (R)-7 (94% ee). Alter- 

- _ - _ 
natively (R)-7 is accessible by efficient optical resolution using the resolving agent 9. 14-16,18 

- - 
The newly devised three-component joining process using these chiral units allows direct 

construction of a PG basic skeleton. The vinylic iodide, (5)-5_ ([a]$? -65.9” (5 1.05, CH30H)), 

was first converted to the organocopper reagent by the sequential treatment at -95 to -78 OC with 2 

equiv of t_butyllithium, 1 equiv of copper(I) iodide, and 2.6 equiv of tributylphosphine in ether. 

Reaction of this reagent with the enone (IJ)-~” (1 equiv, -78 OC, 1 h) and then with 6-methoxy- 

carbonylhexanal ( 1 equiv, -78 OC. 15 min) resulted in the formation of the aldol 1019 ( [ a]: -52.3O 

(c 1.02, CH30H), two stereoisomers) in 83% yield. Dehydration of 10 with methanesulfonyl chloride 

(2.5 equiv) and 4-dimethylaminopyridine (5 equiv) in CH2C12 at 18--145 OC gave the enone 11, [a]: 

+29.5O (c 1.01, CH30H), in 92% yield. - Exposure of 11 to excess zinc dust in 95: 5 2-propanol- 

CH3COOH at 25 OC, giving the saturated product in 78 %, and removal of the tetrahydropyranyl 

protective groups under the standard conditions (3: 1: 1 CH 
& 

COOH-THF-H20, 45 “C, 3 h) 

completed the synthesis of (-)-PGEl methylester (12), [ alD -53.W (5 1.04, CH30H) .20’21 ThiS 

product was homogeneous as assayed by high performance liquid chromatography (HPLC) analysis 
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(S)- 4, R=H 

(S)- 5, R = THP 

0 

Q I 
8R 

(R)- 7, R = H 

(I?)- 8, R = THP 

tiCH3 
dR &I 

10, R= THP 

W- 8 

0 

and the spectroscopic and chromatographlc behavior was ldentlcal with that of the authentic maternal 

(‘H and I3 C NMR, IR, MS, TLC, and HPLC) 

PGEl possesses four asymmetric carbons. Here the absolute configurations at C-11 and C-15 

are inherently determined m the starting matemals, and the mutual trans relationstip of the C- 11 

hydroxyl group and the C-12 and C-8 side-ch;uns 1s estabhshed automatically through the overall 

vlcinal side-chmn incorporation Ths expe&tlous route is synthetically flexible and obviously 

allows the synthesis of a variety of PC derivatives 
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