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proceeds quite slowly without acid catalyst: its acyl deriva- 
tives (3) are expected to undergo easily the ethanolysis because 
of enolization of the acyl group.ll When the crude 3a13 was 
heated in methanol under reflux, the methanolysis took place 
smoothly with the evolution of carbon dioxide. After 2 h, the 
solvent was evaporated and the residue was distilled under 
reduced pressure to give methyl propionylacetate (4a)5a in 82% 
yield from 1. Various methyl acylacetates (4b-k) were simi- 
larly synthesized. In the same manner, the ethanolysis of 3 also 
proceeded readily to give the corresponding ethyl esters 
(sa-k) in good yield. The results are summarized in Table 
1. 

The reactivity of 3 in alcoholysis is comparable to that  of 
diketene,14 which is known to be susceptible to attack by 
various nucleophiles such as alcohols15 and amines16 to give 
acetoacetic acid derivatives. Therefore, 3 can be regarded as 
a synthetic equivalent of mixed diketene 8, which is usually 
not available. 

8 
This alcoholysis of 3 was extended to the synthesis of acyl- 

acetic acid benzyl and tert-butyl esters without any difficulty. 
A benzene solution of 3 containing 3 equiv of benzyl alcohol 
or ter t -  butyl alcohol was refluxed for 3 h. After evaporation 
of the solvent, the residue was distilled to give 6 or 7 in good 
yield. The results are also summarized in Table I. 

Finally, some trichloroethyl esters,17 which can be hydro- 
lyzed by zinc in acetic acid,ls were synthesized in fair 
yield.lg 

9a, R = CH(CH,)2; 67% 

b, R = (CH2)&02CH3; 70% 

C, R = (CH2)2OCH&H,; 67% 

Further applications of this simple and versatile synthesis 
of P-keto esters to some developments of the Carroll reac- 
tion,20 indole synthesis,21 etc., are currently in progress. 

References and Notes 
A. Genther, Arch. fharm., 106,97 (1863); L. Claisen and 0. Lowman, Ber. 
Dtsch. Chem. Ges., 20.651 (1887); C. R. Hauser and B. E. Hudson, Org. 
React., 1, 266 (1942). 
These compounds can be easily converted into @-keto esters of the more 
general type RCOCHR"C0zR' by the alkylation with appropriate alkyl ha- 
l i d e ~ . ~  
H. D. Durst and L. Liebeskind, J. Org. Chem., 39, 3271 (1974); A. Brand- 
strom and U. Junggren, Acta Chem. Scand., 23, 2204 (1969). 
R. L. Shriner, A. G. Schmidt, and L. J. Roll, "Organic Syntheses", Collect. 
Vol. 2, Wiley, New York. N.Y., 1943, p 266; M. Guha and D. Nasipuri, ibid., 
Collect. Vol. 5, 1973, p 384; M. Viscontini and N. Merckling, Hefv. Chim. 
Acta, 35, 2280 (1952). 
(a) D. S. Breslow, E. Baumgarten. and C. R. Hauser, J. Am. Chem. SOC., 
66, 1286 (1944); (b) E. C. Taylor and A. McKillop. Tetrahedron, 23, 897 
(1967); (c) R. E. Bowman and W. D. Fordham, J. Chem. Soc., 2758 (1951); 
(d) L. Pichat and J.-P. Beaucout, Synthesis. 537 (1973). 
H. H. Wasserman and S. H. Wentland, Chem. Commun., 1 (1970); H. J. 
Bestmann, G. Graf, H. Hartung, S. Kolewa, and E. Vilsmaier, Chem. Ber., 
103, 2794 (1970); L. Weiler, J. Am. Chem. SOC., 92, 6702 (1970); R. M. 
Carlson and J .  L. isidor, Tetrahedron Lett., 4819 (1973); M. W. Rathke and 
D. F. Sullivan, ibid., 1297 (1973); R. A. Olofson and C. M. Doughefty, J. Am. 
Chem. Soc., 95, 582 (1973); J. Nokami. N. Kunieda, and M. Kinoshita, 
Tetrahedron Lett., 3997 (1974). 
A .  N. Meldrum, J. Chem. Soc., 93, 598 (1908); D. Davidson and S. A. 
Bernhardt, J. Am. Chem. SOC., 70, 3426 (1948). 
R. G. Pearson and R. L. Dillon, J. Am. Chem. Soc., 75, 2439 (1953). 
Y. Oikawa, H. Hirasawa. and 0. Yonemitsu. Tetrahedron Lett., in press, 
and references cited therein. 
K. Pihlaja and M. Seilo, Acta Chem. Scand., 23, 3003 (1969). 
The NMR spectrum shows clearly that 3a is present completely in its enol 
form. 
These compounds are oily substances except 3i (mp 96-97 OC dec) and 
3j (mp 77-78 OC). 
After the acylation was complete, the dlchloromethane solution was washed 

with dilute HCI and water, dried, and evaporated to leave almost pure 3, 
which can be used for the alcoholysis without further purification. 

(14) T. Kato, Acc. Chem. Res., 7, 265 (1974). 
(15) S. 0. Lawesson, S. Gronwall, and R. Sandberg, "Organic Synthesis", 

Collect. Vol. 5, Wiley, New York, N.Y., 1973, p 155. 
(16) J. W. Williams and J. A. Krynitsky. "Organic Syntheses", Collect. Vol. 3, 

Wiley. New York, N.Y., 1955, p 10. 
(17) Recently, esters of type 9 were applied to the regiospecific aldol con- 

densation: T. Mukaiyama, T. Sato, s. Suzuki, and T. inoue. Chem. Lett., 
95 (1976). 

(18) R. B. Woodward, K Heusler, J. Gosteli, P. Naegeli, W. Oppolzer, R.  Ramage, 
S. Ranganathan, and H. Vorbruggen, J. Am. Chem. SOC., 88, 852 
(1966). 

(19) Boiling points of new @-keto esters, O C  (Torr): 6c, 130 (0.15); 6d, 134 (0.1); 
6e, 142 (0.2); 61, 153 (0.3); 6g, 165 (0.25); 6h, 176 (0.3); 6i, 169 (0.25); 6k, 
134 (0.3); 7c, 66 (0.1); 7d, 79 (0.15); 7e, 88 (0.15); 7t, 96 (0.2); 79, 117 (0.2); 
7h, 133 (0.3); 71, 112 (0.25) (mp 36 O C ) ;  71, 101 (0.2); 7k, 79 (0.2); 9a, 88 
(0.3); 9b, 141 (0.35); 9c, 121 (0.35). 

(20) M. F. Carroll, J. Chem. Soc., 704 (1940); 507 (1941); F. E. Ziegler, Acc. 
Chem. Res., IO, :!27 (1977). 

(21) T. Kato, K. Tabei, and E. Kawashima, Chem. Pharm. Bull., 24, 1544 
(1976). 

Yuji Oikawa, Kiyoshi Sugano, Osamu Yonemitsu* 
Faculty  of Pharmaceutical Sciences 

Hokkaido Universi ty ,  Sapporo 060, J a p a n  
Received March 2, 1978 

Prostaglandin Hz Methyl Ester 

Summary:  Prostaglandin H2 methyl ester has been prepared 
in 20-25% yield from 9@,1l@-dibromo-9,11-dideoxyprosta- 
glandin Fzcv with silver trifluoroacetate and hydrogen per- 
oxide. 

Sir: The prostaglandin endoperoxides PGHz and PGG2 have 
attracted considerable attention in recent years. These in- 
termediates in prostaglandin biosynthesis play an important 
role in diverse physiological functions such as blood platelet 

and an understanding of the chemistry and 
pharmacology of these species may well provide new insights 
into the chemical mechanism of heart attack and ~ t r o k e . ~  
Several different !synthetic approaches to the 2,3-dioxabicy- 
clo[2.2.l]heptane system have been reported5g6 and recently 
the Upjohn group 3f Johnson, Nidy, Baczynskyj, and Gorman7 
have reported a synthesis of PGHz methyl ester (2) in 3% yield 
from SP,llfl-dibrcmo-9,1l-dideoxyprostaglandin F2ct methyl 
ester (1). The method reported by Johnson et  aL7 involves 
reaction of 1 with potassium s u p e r o ~ i d e ~ - ~ . l ~  in an S N ~  dis- 
placement reaction. Inasmuch as the yields of 2 formed by the 

R1 

1 

OH 
2 

superoxide methlod are low, and prospects for yield im- 
provement are limited,7 we have sought to develop other 
methods for carrying out the conversion 1 .+ 2. In particular, 
the potential conversion of 1 to 2 by silver salts and hydrogen 
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Figure 1. L C  trace f rom reaction mixture of 3.9 mg of 1,59 mg of silver 
trifluoroacetate, and  68 PI, of H202 in 0.5 mL of ether (condit ions of 
chromatography s s  stated in General Procedure). 

peroxide seemed promising, since this method had been used 
successfully to prepare the model PGH endoperoxide 2,3- 
dioxabicyclo[2.2.1] heptane from cis- 1,3-cyclopentane di- 
bromide.ll We report here the preparation of 2 from 1 by the 
Ag+/H202 method.11J2 The yields of 2 formed by this method 
(20-25%) are superior to the superoxide method7 and this 
advantage makes the chemical synthesis of 2 or its analogues 
(including the free acid, PGH2) synthetically reasonable. 

The reaction 3f 113 with Ag+/H202 was carried out under 
a variety of experimental conditions. Of primary importance 
in determining the course of reaction of 1 with Ag+/H202 was: 
(1) the silver sal2 used; (2 )  the reaction time; and (3) the con- 
centration of Ag+ and H202 employed. Preliminary screening 
reactions (3 mg, were carried out using silver acetate, silver 
trifluoroacetate, or silver stearate reagents in several organic 
solvents. Although some 2 may have been produced from the 
stearate and ace1 ate, by far the best reagent proved to be silver 
trifluoroacetateiH202 in diethyl ether. Further, side products 
appeared to be minimized by using relatively concentrated 
solutions of silver trifluoroacetate/H202 and short reaction 
times. For example, when 1 (7.9 mg/mL) was reacted with 
silver trifluoroacetate (34 mg/mL) and H2O2 (110 bL/mL) in 
diethyl ether, reaction times of >0.5 h were required for con- 
sumption of 1, and nonpolar compounds were the major 
products. An increase of the silver reagent to 118 mg/mL and 
H202 to 136 pL/mL led to rapid consumption of 1 and, if re- 
action was terminated after 15 min, a product mixture of 
which 2 was a significant component.15 

A major problem encountered in the preparation of PGH2 
methyl ester by 1 he superoxide' or silver trifluoroacetatekI202 
methods is the separation of 2 from the complex product 
mixture. The Upjohn group used preparative TLC, but noted 
that considerable decomposition of 2 could occur if chroma- 
tography was not carried out immediately after application 
of 2 to the TLC plates. 

High-pressure liquid chromatography (LC) is an important 
separations method, but no reports of PGHz purification by 
LC have appeared. We have been able to greatly simplify the 
isolation of 2 from the Ag+/H*Op reaction mixture by LC. A 
typical LC trace of a crude reaction mixture chromatographed 
a t  -11 "C on m croporasil (solvent 70:20:10 hexane/EtOAc/ 
THF;  refractive index detection) is presented in Figure 1. 
PGH2 methyl ester can be readily detected in product mix- 
tures resulting from reaction of as little as 1 mg of dibromide 
1. Thus, quantities of 2 as low as 150 pg can be detected. Al- 

though most of our chromatography has been carried out in 
jacketed columns a t  -10 "C or colder, we have no evidence 
that suggests that this low temperature precaution is entirely 
necessary. In fact, we have carried out LC of pure 2 a t  room 
temperature with no apparent decomposition. 

The product, 2, purified by LC was peroxide positive to 
ferrous thiocyanate reagent,' it chromatographed under 
several different solvent conditions identically with authentic 
PGHZ methyl ester,13 and it was reduced to PGF2a methyl 
ester with triphenylphosphine.16 

The sevenfold improvement in the yield of 2 for the Ag+/ 
HzOz method as compared to the superoxide approach and 
the easy isolation of PG endoperoxides by LC opens the way 
for the synthesis of a variety of endoperoxide analogues1' and 
makes the parent free acid, PGH2, potentially available by 
chemical synthesis. 

Silver Trifluoroacetate/H202 (General Procedure).  
To 12.4 mg (2.51 X 10-5 mol) of 1 in 1.6 mL of anhydrous ether 
was added 212 FL of 98% H20214 (8.8 X mol, 350 equiv) 
followed by addition of 183 mg of silver trifluoroacetate18 (8.4 
X mol, 33 equiv) in one batch to the dibrornide-Hz02 
solution. The mixture was stirred for 15 min at room tem- 
perature, during which time a light yellow solid precipitated 
from solution. The reaction mixture was diluted to 25 mL and 
washed with 30-mL portions of cold water, cold bicarbonate, 
and cold water. The ether layer was dried over sodium sulfate 
at 0 "C and the solvent then removed. LC on a Waters mi- 
croporasil column (-11 "C) with 70:20:10 hexane (distilled 
from sodium)/EtOAc (distilled form P?Oj)/THF (distilled 
from LiA1H4) with a Waters refractive index detector resulted 
in a LC trace similar to that shown in Figure 1. Removal of the 
solvent, first by rotary evaporator a t  aspirator pressure fol- 
lowed by vacuum pump solvent removal (<0.1 mm for 45 
min), resulted in 1.9 mg of 2 (21%), pure by TLC and 
LC. 

Acknowledgments. We gratefully acknowledge financial 
support from the National Institutes of Health and the Army 
Research Office. We also thank Dr. R. A. Johnson for helpful 
discussions and the Upjohn Co. for generous gifts of 1 and 
2. 

References and  Notes 
(1) M. Hamberg and 6. Samuelsson, Proc. Natl. Acad. Sci. U.S.A.,  7 0 ,  899 

(1973). 
(2) D. H. Nugteren and E. Hazelhof, Biochem. Biophys. Acta, 326, 448 

(1973). 
(3) 8. Samuelsson, E. Granstrom, K. Green, M. Hamberg, and S. Hammarstrom, 

Annu. Rev. Biochem., 44, 669 (1975). 
(4) S. Moncada and J. R. Vane, "Biochemical Aspects of Prostaglandins and 

Thromboxanes", N. Kharasch and J. Fried, Ed., Academic Press, New York. 
N.Y., 1977. 

(5) R. G. Salomon and M. F. Salomon, J. Am. Chem. Soc., 99, 3501 
(1 977). 

(6) W. Adam and H. J. Eggelte, J. Org. Chem., 42, 3987 (1977). 
(7) R.  A. Johnson, E. G. Nidy, L. Baczynskyj, and R. R. Gorman, J. Am. Chem. 

(8) R. A. Johnson and E. G. Nidy, J. Org. Chem., 40, 1680 (1975). 
(9) E. J. Corey, K. C. Nicolaou, M. Shibasaki, Y. Machida, and C. S. Shiner, 

Tetrahedron Lett., 3183 (1975). 
(10) J. San Filippo, C. I. Chern, and J. S. Valentine, J. Org. Chem.. 40, 1678 

(1975). 
(11) N. A. Porter and D. W. Gilmore, J. Am. Chem. Soc., 99, 3503 (1977). 
(12) P. G. Cookson, A. G. Davies, and 8. P. Roberts, J. Chem. Soc., Chem. 

Commun., 1022 (1976). 
(13) We thank Dr. R. A. Johnson and The Upjohn Co. for generous gifts of 1 and 

PGHp methyl ester. 
(14) 98% H202 is no longer available from F.M.C., but anhydrous hydrogen 

peroxide (caution) may be prepared from 90% HZOZ by crystallization (P. 
Miller, Duke University Thesis, 1964) or by drymg ethereal H202 soh- 
tions. 

(15) The two major products observed were found at Rf 0.46 and 0.36 (2). Minor 
products were observed at Rf 0.56, 0.38, and 0.25. The Rt of 1 and 2 were 
0.50 and 0.36 under these conditions (65:35 EtOAc/hexane; 5 cm X 20 
cm X 0.25 mm E. Merck Silica Gel 60F-254 plates). 

(16) The tris(trimethyls1lyl) ether of PGF2cr methyl ester was analyzed by GC-MS 
and compared to authentic material. Unsilylated PGF2a methyl ester was 

SOC., 99, 7738 (1977). 



2090 3: Org. (:hem., Vol. 43, No. 10, 1978 

also compared to authentic material by TLC (see ref 7). 
(17) N. A. Porter and R. C. Mebane, submitted for publication. 
(18) Commercial silver trifiuoroacetate was not satisfactory and its addition 

to the reaction mixture resulted in slow or no reaction and a vigorous gas 
evolution. The salt was prepared by the method reported: D. E. Janssen 
and C. V. Wilson, "Organic Synthesis", Collect. Vol. 4, Wiley, New York, 
N.Y., 1963, p 547. 

(19) NIH Career Development Awardee (1977-1982). 

Communications 

N. A. Porter,*19 J. D. Byers, R. C. Mebane 
D. W. Gilmore, J. R. Nixon 

Paul M.  Gross Chemical Laboratory 
Duke  Universi ty ,  Durham,  Nor th  Carolina 27706 

Receiued January  24,1978 


