
Tetrahedron Letters No. 43, pp 4175 - 4178. 
OPergamon Press Ltd. 1979. Printed in Great Britain. 

0040-4039/79/1022-4175flO2.00/0 

2-Carbomethoxycyclopentenone as a Synthon. Synthesis of Sarkomycin' 
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Abstract: The first regiospecific synthesis of sarkomycin (II), a compound active against 

ascites-type tumors, is reported. Treatment of 2-carbomythoxycyclopentenone (I) with Et2A1CN 

generated the carbon skeleton; aelective functional group manipulations then gave the keto lac- 

tone X and the protected hydroxy acid XI; and mild acid treatment of these led to sarkomycin. 

Several years ago, we reported2 the first synthesis of 2-carbomethoxycyclopent-2-enone (I), 

a highly reactive molecule which is a potential synthon for prostaglandins and other natural 

products. 
3 

We now report its use in the first regiospecific synthesis of sarkomycin (II), an 

antibiotic which is active against ascites tumors. 435 
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Previously, sarkomycin was synthesized by a Mannich condensation route 6 on 3-carboxycyclo- 

pentanone. The reaction gives a 1:Z mixture of the 2 and 5 isomers,7 in spite of the original 

claims of regiospecificity. 
6 

The only other synthesis is an involved one by Shemyakin,8 which 

gave sarkomycin semicarbazone, which could not be hydrolyzed without polymerization. 

Our original route* to 2-carbomethoxycyclopentenone (I) involved Se02 oxidation of 2-carbo- 

methoxycyclopentanone (III), followed by trapping the I formed as its cyclopentadiene adduct, 

purification, and the pyrolysis to give the pure compound. Reich' has since reported an im- 

proved synthesis of I, based on the phenylselenenyl derivative IV, but in our hands, the product 

formed by the reported procedure is contaminated with substantial amounts of the starting 
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compound (III) which appears to be formed, along with PhSeSePh, by decomposition of the desired 

compound IV. We have therefore improved the procedure as follows. 

Treatment of 2-carbomethoxycyclopentanone(III)with NaH in THF gave the solid Na salt of 

III. This was suspended in fresh dry THF under N2 and 1 eq. of PhSeCl in THF was added at 25". 

After 15 min., the solvent was removed in vacua below 25" and replaced with CH2C12, then excess -- 

03 was passed in until saturated at -78", followed by O2 to remove the 03, then the clear 

solution was allowed to warm to 25", filtered, and the solvent removed to give almost pure I, 

which was used directly in the next reaction. 

2 
Although 2-carbomethoxycyclopentenone (I) polymerizes readily with many reagents, it 

reacted smoothly with a slight excess of Et2A1CN in benzene. Purification by extraction of 

the product into aqueous NaOH to reverse some cyanohydrin formation and then careful reacidi- 

fication gave the cyano compound V, lo mp 47-48', (35-40% yield from III). The ketone group in 

V was protected as its ketal, which gave a ca. 1O:l mixture of two isomers, (82%), mp 40-40.5". - 

The nmr multiplets at 6 3.2 (C-2 and C-3 H's) for the major isomer (VI) and 6 3.1 for the minor 

one (assigned as the cis isomer of VI) were used to differentiate them. Chromatography on - 

silica gel partially separated them and gave the minor isomer pure, mp 73-74". In practice, 

the mixture was used in subsequent steps. 

Among a number of methods investigated to reduce the ester or hydrolyze the nitrile in VI, 

LiBH4 did reduce the ester selectively, but the ketal group was not stable to this reagent. 

However, addition of ca. - 2 eq. of H20-NaOH per mole of LiBH4 gave a reagent mixture which 

effected the desired transformation cleanly in THF at room temp, to give cyano alcohol VIIIa 

(78%) [IR 
neat' 

3500 br, 2220; NMR (CDC13) 6 1.6-2.7, mult, 5 H; 3.06, mult, 1 H; 3.80, d, 

J = 8, 1 H; 3.98, s, 4 H]. 

Hydrolysis of the cyano group in VIIa with 5% aqueous NaOH was complete within 1 h of re- 

flux. Acidification gave the protected keto lactone VIII, (91%), mp 67-67.5'. The hydrolysis 

undoubtedly involves epimerization at C-3 and neighboring group participation by the OH group, 

since the tetrahydropyranyl ether derivative (VIIb) required 6 h reflux with 5% NaOH to give 

the amide (IX), mp 144-145", or 24 h reflux to give the acid X, mp 69-72". 

Removal of the ketal group of VIII by brief treatment with 5% HCl gave the keto lactone X 

(91%) mp 45-46" [IR (CHC13): 1780, 1750 cm-'; NMR (CDC13): 1.95-2.75, m, 4 H; 3.15, m, 1 H; 

3.44, m, 1 H; 4.44, d, J = 5.5; 4.45, d, J = 4.01. This compound can be considered as a npro- 

tected" and more lipophilic form of sarkomycin. Surprisingly, 
11 

mild treatment of this keto- 

lactone with 0.5-3 N HCl in acetone-H20 gave slow eliminative opening to produce e) sarkomycin 

(11),12 [IR matches the published spectrum;6 NMR 6 1.5-2.5, 5 H, m; 5.70, d, J = 2.5, 1 H; 

6.24, d, J = 2.5, 1 H]. 

On the other hand, acid treatment of the protected keto hydroxy acid XI gave removal of 

the protecting groups and elimination of H20 to give sarkomycin. 12 The compound (XI) gives 
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sarkomycin ca. - ten times faster than does the keto-lactone X, and no trace of X could be 

detected. This behavior confirms the stereochemical assignments to all intermediates. 

Modifications of the above scheme are being carried out to prepare several compounds 

with structural similarity to sarkomycin. 
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With 0.5 N HCl, opening required at least a week at 25'; with 3 N HCl, about 6 h was 

required. Compound XI gave sarkomycin within 12 h with 0.5 N HCl. Slow decomposition 

occurred under the reaction conditions, and a maximum estimated yield of 30-40% of sar- 

komycin was produced under the conditions investigated. Rapid extraction into NaHC03 

solution and reacidification gave sarkomycin essentially pure. 
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