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Abstract: The synthesis and antibacterial activity of a potentral antibiotic, phenoxyacetyl-(L)-cyclosenne 
activated by a cyclobutenedione moiety, is described. 

6-Lactam antrbrotrcs, such as penicillins and cephalosporins are known to interfere with the 

biosynthesis of the peptidoglycan layer of bacterial cell walls presumably by acylating certain enzymes 

(penicillin binding proteins) mvolved in the process 1 Traditronal p-lactam antibiotics such as penicillins 

and the more recently discovered carbapenemss carry a strained bicyclic system, which results in an 

activated f3-lactam amide bond with enhanced acylating power. The strained bicyclic ring system is 

thought to be essential for good antibacterial activity. The recent discovery of monocyclic lactams such as 

the monobactamss and the lactivicinsd indicates that good antibacterial activity can also be attained with 

monocyclic lactams provided the lactam amide bond is activated by an electron withdrawing or an 

electronegative substituent. It has been suggested that activation of the p-lactam bond coupled with the 

presence of an anionic substituent in close proximity to the lactam bonds are Important structural 

parameters necessary for useful antibactenal properties. 

The new antibiotic, lactivicin (1) was of particular interest to us. Lactivicrn, although not a p-lactam, 

has been shown to bind to penicillin binding proteins, thus indicating a similar mode of action to the p- 

lactam antibiotics.“a The cyclic amide of lactivicin is activated cumulatively by an electronegatrve oxygen 

bonded directly to the nitrogen and the accompanying lactone moiety.db Recently, Baldwin and co- 

workers described the syntheses and antrbactenal activity of cycloserine derivatives whose amide bond 

was activated by a group other than a lactone functlonalrty.6 

Za, R= 4fS-(S)-NHCOCH20Ph 

Zb, R= 4a-(R)-NHCOCHtOPh 
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Here we report the synthesis of phenoxyacetyl-N-(hydroxydloxocyclobutenyl)cycloserines (2) The 

hydroxycyclobutenedione group in 2 is considered to activate the lactam amide by delocalization of the 

nitrogen lone pair. The hydroxycyclobutenedione moiety serves not only as an amide-actlvatrng 

functionality, but also as the source of the required5 anionic center In particular, the (L)-isomer 2a was 

thought to be a rational analog of lactivicin (1) 

Phenoxyacetyl-(L)-cycloserine (3),e prepared by the method of Stammer,’ was treated with 3JY 

HCI in HZ0 for 4 days at room temperature to afford phenoxyacetyl-(L)-0-aminoserine hydrochloride (4). 

The product was shown to be contaminated with 0-aminoserine dihydrochloride (5) (see Scheme) as a 

result of further hydrolysis at the side chain amide. 8 The diallyl squarate (6)s was treated with the crude 

mixture containing 4 in the presence of Et3N (2eq.) In DMF at room temperature. In this way O- 

(allyloxydioxocyclobutenyl)aminoserine 7’0 ‘aas produced in 36% overall yield from 3. Acylation using 

DCC as an activating agent proceeded smoothly, affording, after purification by silica gel11 column 

chromatography in 51% yield, an acid sensitive cycloserine derivative 8.10 The ally1 group was 

catalytically cleaved by palladium (O)l* in the presence of N-methylanllme 13 to aftord the target molecule 

pal* in 51% yield after purification on C-l 8 reverse phase silica 14 

SCHEME : 

PhOCH,CONH 

Y 

0 a 
PhOCH,CONH 

tiH 
Y+ 

H&J 
ONH, “Cl + ONH,. 2HCI 

CO,” CO,H 

0 
3 4 5 

PhOCH,CONH 

PhOCH,CONH PhOCH,CONH 
d 

2a 

Reagents and Conditions: 

a) 3fl WCVH20, rt, 4 days: b) EtgN(2eq )/DMF, rt, 4-5 hrs, 
c) Dicyclohexyicarbodumlde(DCC)/CH2Cl2, rt, 1 5 hrs, d) 1, Pd(PPh3)d 
CH2Cl2/N-methylanlllne, rt, 3 hrs; 2, pH 7 0 potaswm phosphate buffer 
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Repetition of the sequence described above, starting with (D)-cyclosenne gave phenoxyacetyl-(D)- 

cycloserine analog 2b.14 

The (L)-cycloserine derivative 2a exhibited moderate antibacterial activity against Staph. aureus 

A9537 (MIC, 32 pg/mL), Strep. pneumoniae A9585 (MIC, 4 ug/mL) and Sfaph. epidermidis A24548 (MIC, 

32 pg/mL) As anticipated, (D)-cyclosenne analog 2b did not display any antibacterial activity. 

The compounds 2 (both 2s and 2b) were found to be hydrolytrcally unstable, the chemical half-life 

being about 4 h in pH 7 buffer at 21DC, indicating the activating effect of the hydroxycyclobutenedione 

group.15 The limited chemical stability is probably one of the factors associated with the relatively’poor 

antibacterial activity of 2a. 
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The compounds 2a and 2b could not be obtained in pure form, due to the instability of these 

molecules In aqueous solution. Certam amounts of 2 decomposed dunng the lyophillzation 

process. 

The hydrolysis in pH 7 buffer gave a complex mrxture of products. Formation of 

phenoxyacetylcycloserine was not detected dunng the hydrolysis, suggesting the initial cleavage 

may be at the lactam amide 
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