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A SYNTHESIS OF ANTIBIOTIC (+I-PS-5. 

Harry H. Wasserman* and Wllliam T. Han 

Department of Chemistry, Yale University, New Haven, CT 06511 

a: A novel method for the formatlon of antiblotlc (+I-PS-5 is described, 
Involving Intramolecular cycllzatlon of a 8-lactam with a trlcarbonyl residue. Thls 

procedure represents another application of the enamlne-singlet oxygen reactlon In 
synthesis. 

In a previous communlcatlon ’ we described a procedure for generating vlclnal 

trlcarbonyl systems of structure 1 (n=z) which, on cycllzatlon, could yield carbacephan 

derivatives (2, n=Z). We now report the application of thls method to the formatIon of 

carbapenams, and, 1 n part Icu I ar, for the synthesis of antiblotlc PS-5. 

1 2 

As the starting polnt In our synthesls, we employed 4-allylazetldlnone (3)’ (Scheme 

I). ConversIon of 2 to the N-t-butyldImethylsllyl derivative (&)(t-BuSiMe2Cl,Et3N,DMF, 

93%) was followed by alkylatlon using ethyl Iodide (LDA,HMPA,THF,-78°C) to form 

(2)(90%,.3 Ozonolysls of (2)(CH2C12, -78°C) followed by reductive workuj, using dfmethyl 

sulfide yielded (6)(73%) which was then condensed wlth the Ilthium enolate of t-butyl 

acetate to form the B-hydroxy ester (2) (97%). PCC oxldatlon of (2) yielded the 8-keto 

ester (Bp) (70%). 

6 
Scheme I 
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Scheme II 

As In our earlier study directed toward the carbacephrm nucleus, the active 

methy I ene group In compound (Ba) was converted to an enamlno function Q& 

((~3)2NHCH(OCH3)2) (87$), and this product was subjected to photooxidatlve cleavage 

(8 h). The dlketo ester formed In the slnglet oxygen reaction CJ.Qa)(92$) was 

purffied by slllca gel flash’chromatography.4 The NMR and IR spectra showed that It 

was hydrated. Treatment of (JQa) with HF-pyrldlne complex In CH3CN yielded the 

desllylated, hydrated trlcarbonyl derivative which underwent cyclizatlon In the 

presence of molecular sieves to (U). The somewhat lablle Urn (84s) was reduced 

without further purlflcatlon by conversfon of the hydroxyl group to the chloride 

(SOQ2,PY rldlne,THF) followed by treatment with Zn In acetic acid to afford 

(12a)(42%,.5 (Scheme II) 
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In the synthesis dlrected toward the antlblotlc (+I-PS-5, the ally1 derlvatlve (2) 

was subJected to oxldatlve cleavage using NalO4 In the presence of a catalytic amount of 

RuC~~*~H~O(CH~CN/CCI~/H~O;~:~:Z)~ to yield fU)(89$)(Scheme III). The extension of the 

slde chain at the 4-positlon of (fi) In the reactlon sequence leadlng to C&b) was 

accomplished by activation of the acid wlth carbonyldflmldazole followed by treatment wlth 

the magnesium salt of the mono-p-nitrobenzyl ester of malonlc acid (68%).’ By a serles of 

transfonnatlons similar to those described above for the formatlon of (12a) from (&a), 

5 13 Scheme III 

compound f&b) was converted to (a) (89%) and then to (J_Qb) (hydrated) f42%).8 Compound 

(If&) was then desllylated with HF-pyrldlne, and, In the presence of molecular sleves, 

converted to the carblnol anlde (U.b). Thls product (93%) was then dfrectly reduced by 

trlmethylsl lyl lodlde (2.3 eq., -40 to -2O”C, CH2C12)’ to the carbapenam ester 

U&)(30%) which was shown to be ldentlcal (NMR, IR, mass spec.) to the p-nltrobenzyl 

ester intermediate prepared by the method of Krmetanl. lo Kunetanl has converted (m) to 

the p-n1 trobenzy I ester derlvatlve of (+I-PS-5, while more recently, Favara has 

synthesized (X&I In chlral form and has converted It to (+)-PS-5 (141.” Our reactlon 

sequence thus constitutes a formal total synthesls of antibiotic PS-5 In racemlc form. 

We are giving further study to the use of vlclnal trlcarbonyl systems for the formatlon 

of penam and penem derivatives. 
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