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elude that at 77 K any disorder in this system takes place on 
a time scale slower than ~ 1 0 _ u s. Further studies to eluci­
date this question are planned. 
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bp 106-108° (90% yield), was submitted to Claisen rear­
rangement by heating with 10 equiv of trimethyl orthoace-
tate5 (140°, 3 h with 0.1 equiv of propionic acid; additional 
0.05 equiv after 1 and 2 h) to give the unsaturated ester 4 
bp 136-138° (0.1 mm) in 83% yield: [a]25D -37 .8° (c 1.0, 
CHCl3); 5 5.43 (H 8 , q, JAB = 15 Hz, / „ c = 7 Hz), 5.8 
( H A , m).6 

OCO2CH3 

The choice of a chloroformate ester for the protection of 
the primary alcohol group was essential to the success of the 
next Claisen rearrangement which requires that the allylic 
alcohol function, which is masked as its acetonide in 4, be 
made selectively available. Indeed, hydrolysis of the aceton­
ide (25% aqueous acetic acid, 120°, 1 h), followed by treat­
ment with triethylamine (1 equiv in methylene chloride, 1 
h, 25°) gave the allylic alcohol-cyclic carbonate 5 as a col­
orless liquid: v (neat) 3450, ~1790, 1730. Claisen rear­
rangement of 5 to 7 was now carried out with the orthoester 
67 (2 equiv, xylene, 160°, 1 h). After removal of excess side 
chain (florisil, hexane), the cyclic carbonate function of 7 
was hydrolyzed from the resulting trimethyl ester 7 (0.1 
equiv of potassium carbonate in dry methanol, 30 min, 25°) 
and the diol 8 was obtained8 in an overall yield of 59% from 
the acetonide 4. 

CHAC 

(CH3O)3Cs 

Chiral Synthesis of Prostaglandins from Carbohydrates. 
Synthesis of (+)-15-(S)-Prostaglandin A2 

Sir: 

Traditional syntheses of natural prostaglandins1 involve 
at least one resolution. We have been devoting some effort 
to total syntheses of these substances which would not re­
quire separation of enantiomers, and now record the first 
total synthesis of a natural prostaglandin, PGA2 ( I ) 2 from a 
simple sugar. The specific route we chose features the use of 
two Claisen rearrangements: one to produce the necessary 
trans geometry of a double bond (3 - • 4) and the other as 
the means of transferring the chirality of a carbon-oxygen 
bond to that of a nonadjacent carbon-carbon bond (5 —»• 7). 

Reaction of 2,3-isopropylidene-L-erythrose3 (2) with 3 
equiv of vinyl magnesium chloride in 1:3 tetrahydrofuran: 
methylene chloride (4 h, 0°) gave, in 96% yield, the vinyl 
carbinol 3 bp 97-101° (0.2 mm)4 which, after protection of 
the primary alcohol as its methyl carbonate (1.05 equiv of 
methyl chloroformate in pyridine; 3 h at - 3 0 ° , 1 h at 0°), 
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We were confident that the crucial transfer of chirality 
implied in 5 —• 7 would take place with the carbonate ring 
equatorial in the chair transition state, as shown in 5*. On 
the other hand, there is no special steric preference for the 
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chain R in 5*, and it would therefore be expected that the 
Claisen product 7 would be a mixture, as shown. In fact, the 
13C N M R spectrum of 8 shows doubling of the peaks at 
~44 , 50, 131, and 133 ppm (attributed to the four starred 
carbon atoms) with an apparent ratio not far from 50:50. 
The correctness of the assumption that the epimeric mix­
ture only involves Cs (which in this particular synthesis is 
irrelevant because the center is epimerizable to the correct 
arrangement at the end) follows from the sequel. 

1 ^ / 

5* 
The carbinol function in 8, having served its purpose, was 

now transformed into an n-pentyl group. Semihydrogena-
tion (5% palladium-barium sulfate in methanol (quinoline) 
of the triple bond, tosylation (1.1 equiv of tosyl chloride in 
pyridine, 7 days at - 2 0 ° ) , and protection of the secondary 
hydroxyl (ethyl vinyl ether) gave, after purification on flor-
isil (50% ether-hexane), the tosylate 9 , R = OTs, in 79% 
overall yield (crude) from 8. Coupling with lithium dibutyl-
cuprate9 (5 equiv of ether, —40°, 2 h) led to the required 9, 
R = butyl in 67% yield as a colorless oil. 

Cyclization (10 equiv of potassium tert-butoxide in tetra­
hydrofuran, 45 min, 25°) and hydrolysis (0.5 TV sodium hy­
droxide, reflux, 10 min), followed by acidification (phos­
phate buffer), gave the keto acid 10, X = H,8 in which the 
acid chain has now been equilibrated to the correct epimer, 
in 77% yield from 9 , R = butyl (6 0.8-2.6 (31 H), 3.3-4.2 
(m, 3 H), 4.7 (m, 1 H, O-CrY-O), 5.2-5.8 (m, 4 H), 8.4 (b 
s, 1 H, CO2H); v (neat) 1740, 1710; mass spectrum P + 391 
(408 - 17)). 

Final transformation to natural PGA2 became possible 
when it was found that the selective introduction of the a-
phenylseleno group10 could be carried out on the dianion of 
the ketoacid 10, X = H, (2.2 equiv of lithium diisopropy-
lamide, tetrahydrofuran, 1 h, —78°, followed by 3 equiv of 
phenyl selenyl chloride). Oxidation of the product 10, X = 
SePh, with sodium periodate (4 equiv of aqueous methanol, 
10 min. 25°) and removal of the ethoxyethyl protecting 
group gave, after purification (silica gel), the desired PGA2 
(1) in 46% overall yield from 10, X = H. The TLC behav­
ior, uv11 (XmaxC2H5°H 217 nm, log t 4.03), 1H NMR and, 
more particularly, the 13C NMR, 1 2 and rotation13 ([a]20D 
+ 130 (c 1.26, CHCI3)) confirmed the structure of the syn-
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thetic natural PGA2, thus obtained in 7.7% overall yield 
from 2. 

Acknowledgment. We thank the National Institutes of 
Health and the National Science Foundation for their sup­
port of this work. 

References and Notes 

(1) P. W. Ramwell, "Prostaglandins", Vol. 1, Plenum Press, New York, 
N.Y., 1973. 

(2) W. P. Schneider, R. D. Hamilton, and L. E. Rhuland, J. Am. Chem. Soc, 
94, 2122(1972). 

(3) J. N. Baxter and A. S. Perkin, Can. J. Chem., 38, 2217 (1970); R. B. 
Baker, J. Org. Chem., 22, 966 (1957). 

(4) The substances described here all gave satisfactory spectral data (ir, 
NMR). Reference is made in the text only to particularly relevant fea­
tures. 

(5) W. S. Johnson, L. Werthemann, W. R. Bartlett, T. J.-Brocksom, T. Li, D. 
J. Faulkner, and M. R. Petersen, J. Am. Chem. Soc, 92, 741 (1974). 

(6) NMR spectra are in deuteriochloroform. 
(7) The necessary orthoester 6 was synthesized starting with the 1-ethoxy-

ethyl ether of 3-butyn-1-ol via the ethoxyethyl ether of 7-chloro-3-
heptyn-1-ol and of 7-hydroxy-5-pentynenitrile. Conversion to methyl 8-
cyano-5-octynoate (hydrogen chloride in methanol, 0.5 h reflux; tolu-
enesulfonyl chloride-pyridine, 6 h, 25°; sodium cyanide-dimethyl sulf­
oxide, 3 h, 70°) and, finally, formation of the orthoester (dry hydrogen 
chloride-methanol-ether, 14 days, —20°, followed by methanol in pen-
tane, 4 days, 25°). 

(8) Eluted from silica gel after removal of low polarity impurities with 10-
20% ether in hexane. 

(9) Cf. C. R. Johnson and G. A. Dutra, J. Am. Chem. Soc, 95, 7777, 7783 
(1973). These couplings were performed using cuprates made with pu­
rified cuprous iodide (G. B. Kauffman and L. A. Teter, lnorg. Synth., 7, 9 
(1963)). 

(10) H. J. Reich, J. L. Reich, and J. M. Renga, J. Am. Chem. Soc, 95, 5813 
(1973); K. B. Sharpless, R. F. Lauer, and A. Y. Teranishi, ibid, 95, 6137 
(1973); H. J. Reich, J. M. Renga, and I. L. Reich, ibid., 97, 5434 (1975). 

(11) J. E. Pike, F. H. Lincoln, and W. P. Schneider, J. Org. Chem., 34, 3552 
(1969). 

(12) G. F. Cooper and J. Fried, Proc. Natl. Acad. Sci. U.S.A., 70, 1959 
(1973); G. Lukacs, F. Piriou, S. D. Gero, D. A. Van Dorp, E. W. Haga-
man, and E. Wenkert, Tetrahedron Lett., 515 (1973). 

(13) E. J. Corey and G. Moinet, J. Am. Chem. Soc, 95, 683 (1973). 

Gilbert Stork,* Stanley Raucher 
Department of Chemistry, Columbia University 

New York, New York 10027 
Received December 8, 1975 

Environmental Control of Reactions: Enhancement of 
/a-Oxo Dimer Formation from Iron(III) Porphyrins in 
Organized Monolayer Assemblies as a Model for 
Membrane Catalysis 

Sir: 

The involvement of metalloporphyrins and related com­
pounds bound in membranes or similar ordered environ­
ment has led us to investigate the behavior of simple surfac­
tant metalloporphyrins in the structurally similar environ­
ment provided by fatty acid type monolayer films and orga­
nized monolayer assemblies.U4 In recent studies of other 
surfactant molecules containing reactive chromophores, we 
have found that reactivity in the semirigid monolayer as­
sembly is often quite different from behavior of the same 
compounds in solution. Of particular interest has been the 
finding that extremely high effective local concentrations of 
reactive molecules can be obtained, permitting the occur­
rence of bimolecular phenomena not observable with the 
same molecules in solution. Among the prominent reactions 
observed with different systems are dimerization,5 photodi-
mer formation,6 and formation of fluorescent excimers.7 In 
studies with the dioctadecyl ester of mesoporphyrin IX, we 
found efficient dimer production when mixed films of the 
porphyrin and arachidic acid were spread on water sur­
faces.5 In the present paper we report an extension of our 
investigation to a study of surfactant iron(III) porphyrins. 
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