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Summary: The total synthesis of (?)-sarkomycin starting from diethyl 
2-oxopropanephosphonate is reported. The key step in this 
synthesis includes the Horner-Wittig reaction of 2-diethoxy- 
phosphoryl-3-carboxy-cyclopentanone with formaldehyde 

As a result of our study on the synthesis of cyclopentanoid antibiotics 

we have recently described several synthetic approaches to methylenomycin 6 

(1) using organic phosphorus and sulphur reagentsl. The general strategy 

employed was based on the synthesis and cyclization of the properly substi- 

tuted 1,4-diketones followed by introduction of the exocyclic methylene moie- 

ty. Among the approaches devised to 1 that involving the synthesis of the 

cyclic (?I-0x0 phosphonate 2 and its Horner-Wittig reaction with formaldehyde 

was found to be most efficient 2,3 . 

Methylenomycin B-1 

Sarkomycin - 2 4 
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In continuing our interest in this area, we now wish to report the syn- 
4 

thesis of the closely related antibiotic, (‘)-sarkomycin (2) - an antitumor 

agent clinically used is some countries. Since sarkomycin (1) like methyleno- 

mycin B (L) contains the reactive exocyclic methylene group and is a rather 

unstable compound, we decided to synthesize 2-diethoxyphosphoryl-5_carhoxy- 

-cyclopentanone (A) as a key intermediate which should be transformed into 

sarkomycin (2) via the Horner-Wittig reaction with formaldehyde in the last 

step of the synthesis. 
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(a> NaH,THF,rt; (b) n-BuLi,THF,O’C; (c) CH2=CH(CH2)2Br,rt,lhr; (d) NaH, 

TsN3,THF-Benzene 0-rt,6hr; (e) Rh2(0Ac)4(1% mol),CH2C12, reflux; (f) 03, 

MeOH,-78’C;(g) Me2S,-30°-rt; (h) CrOj,H2S04, Acetone,Oo; (i) NaH (two 

moles), CH20-gas, THF, rt-reflux 

In our total synthesis of (‘)-sarkomycin (21, which is depicted in 

Scheme I, diethyl 2-oxopropanephosphonate (2) was used as a starting material. 

The dianion generated from 2’ upon subsequent treatment with sodium hydride 

and n-butyllithium was reacted with homoallyl bromide to give diethyl P-oxo- 

-hept-6-enephosphonate (6) in 78% yield [lH-NMR(COC1,) 6=1.30(t,J=7.1 Hz,6H), 

1.65(quintet,J=7.3 Hz,2H),1.90-2.10(m,2H), 2.60(t,J=7.3 Hz,2H), 3.03 (d,J= 

~22.8 Hz), 4.0-4.30(m,4H), 4.90-5.05(m,2H), 5.73(ddt,J=6.7 Hz,J=10.2,10.7 Hz, 
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lH)]6 Treatment of 6 with tosyl azide under the standard diazo-transfer reac- 

tion conditions' afforded the a--diazophosphonate 1 in 55% yield [lH-NMR(COC13) 

d=1.35(dt,J=7.1 Hz, J=O.8 Hz,6H), 1.72(quintet, J=7.3 Hz,2H), 2.00-2.10 (m, 

2H), 2.54(t,J=7.4 Hz,2H),4.0-4.30(m,4H), 4.90-5.05(m,2H),5.75(ddt,J=6.7 Hz, 

J=10.2 Hz,J=17.0 Hz,lH); 13C-NMR (CDC13) d=16.2(d,6.4), 23.43,33.06,38.74, 

63.46(d,J=5.3 Hz), 115.35, 137.80, 192.7 (d,J=13.4 Hz)]. The next, important 

step in the synthesis of (2)-z was the intramolecular cyclization of 1 8 cata- 

lyzed by rhodium (II) acetate leading to 2-diethoxyphosphoryl-3-vinyl-cyclo- 

pentanone (8) in 55% yield [lH-NMR(COC1,) 6=1.35(dt,J=7.0 Hz,J=0.5 Hz,3H), 

1.36(dt,J=7.0 Hz,J=0.4 Hz,3H), 1.65-1.90(m,lH), 2.20-2.50(m,3H), 2.59(dd, 

~=8.1 Hz,J=25.8 Hz,lH),3.15-3.45(m,lH), 4.00-4.30(m,4H), 5.12 (dt,J=1.2 Hz, 

J=10.3 Hz,lH), 5.18(dt,J=1.2 Hz,J=17.2 Hz,lH), 5.91(ddd,J=6.9 Hz,J=10.3 Hz, 

J=17.2 Hz,lH); 13C-NMR (CDC13) d=16.97(d,J=5.4 Hz), 17.04(d,J=5.4 Hz),28.75 

(d,J=ll.O Hz, 39.27,42.82,53,16 (d,J=137.2 Hz), 62.98(d,J=6.8 Hz), 63.57 

(d,J=6.5 Hz), 115.82, 140.10(d,J=5.7 Hz), 211.65; M.S.:m/e=246(Mt,51),218(15), 

191(100>,163(46>,139(27),135(70~,109~68~,75~43~,53~31~,29~34~]. Conversion 

of a into cyclopentanone 4, a precursor of sarkomycin (L), was effected in 

81% yield by ozonolysis followed by reduction of the ozonide with dimethyl 

sulphide and subsequent oxidation of the corresponding aldehyde formed (d3lP= 

23.0), with the Jones reagent [A: 'H-NMR (COC13) 6=1.30(t,J=7.1 Hz,3H),1.37 

(t,J=7.0 Hz,3H), 1.85-2.10(m,lH), 2.10-2.45(m,3H),3.10-3.40(m,2H), 3.95-4.30 

(m,4H); 13C-NMR (COC13) d=16.98(d,J=6 Hz), 26.95(d,J=ll.O Hz),40.12, 46.84, 

50.8(d,J=137.9 Hz),63.68(d,J=6.0),63.16(d,J=7.0), 180.49,211.80; M.S.: m/e= 

=264(M+,~1),219(4),149(43),137~13~,97(11~,75~100~,69~19~,57~40~,41~35~,45~31~, 

28(55)]. To complete the preparation of (2)-z, cyclopentanone 4 was treated 

with two equivalents of sodium hydride and then with gaseous formaldehyde at 

room temperature and the reaction mixture was refluxed for 2 hr in tetrahydro- 

furane to give after usual work-up (+)-z and diethyl phosphoric acid. Column 

chromatography using CHC13. *MeOH (100:2) as an eluent gave pure (?I-sarkomycin 

(2) in 45% yield. The spectral data of the product obtained are fully consis- 

tent with the literature data 9.[1H-NMR (COC13) 6=2.0-2.8 (,4H),3.6-3.9(m,lH), 

5.71(d,lHQ, 6.23 (d,lH), J=2.5 Hz, 9.8 (br.s.,lH)]. 

The overall yield of (2)-l from 2 was 9%. Further experiments to optimize 

the yield of (2)-L as well as to synthesise optically active sarkomycin are now 

in progress in our Laboratory. 
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