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YL)-AZETIDIN-2-ONE
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Abstract - The synthesis and some biological properties of the title ecompounds, beta-lactam

antibioties, are described.

Recent discoveries in the field of beta-lactam antibiotics show that the geometric relationship between the N1-
C2 amide bond and the anionie binding site is likely to be an important determinant of antimicrobial potency.l
We sought to probe the limiting distence between these moieties by the synthesis of 1 and 2, wherein a tetrazole
ring serves as a rigid spacer between the azetidin-2-one and carboxyl funetion. In addition to providing
geometrie definition to this relationship, the tetrazole function serves to withdraw electron density from the
amide bond by induection, ancther effect usually correlated with bicactivity.

As in our previous report? on N-{5-tetrazolyl)azetidin-2-ones, N-Boc-L-serine was protected as its tert-
butyldimethylsilyl ether 33 and coupled with S-aminotetrazole to give 4. Alkylation with benzy! bromoacetate
and triethylamine in acetonitrile afforded a 3.5/1 mixture of isomers. Different bases and sclvents did not
dramatically alter this ratio. Although the isomers could not be conclusively identified at this stage, literature
precedent holds that 5-carbon-substituted tetrazoles alkylate predominantly at the 2-position and that 1- and
2-substituted tetrazole isomers exhibit consistent spectral and physical differences.# The assignment of 5 and
6 was ultimately verified by a erystallographic study (vide infra). After separation by chromatography, 5 and
6 were desilylated by hydrogen fluoride in acetonitrile.® Cyelization of 7 and 8 wes achieved with
diisopropylazodicarboxylate/triphenylphosphined to yield azetidin-2-ones % and 10. Deblocking with trifiuoroncetic
acid and acylation of the evaporated salts with phenylacetyl chloride afforded 11 and 12. Hydrogenolysis with
palladium in the presence of potassium phosphate buffer gave 1 and 2.

To werify that the stereochemical integrity of intermediates was retained throughout the synthesis, 10 weas
deblocked to the free amine 13 and acylated with (+)-a-methoxy-u-(trifluorom'ethyl)phenylacetyl chloride
[(MTPACLY to give 14. Examination of the 200 MHz pmr spectrum showed 14 to be homogeneous with a single
NH doublet st 7.46 & (J = 7 Hz) and a single methoxyl quartetd at 3.42 & (J =-1.2 Hz). Therefore, any
racemization taking place is undetectable by pme. To firmly establish the identity of the tetrazolyl isomers,

the structure of 10 was confirmed by X-ray crystallography.?
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a) DCC, |-hydroxybenzotriazole, 5-amino tetrazole, DMF; 41% or iBUOCOC!,
N-methylmorpholine, THF, one hour ~15°, then 5-amino tetrazole, N,—methylmorphol_it_\_e;‘sa"/o ]

b) BrCH,CO,CH,Ph, Et;N, DMF; 16% 5 and 59% &

) 48% HF, CH,CN; 85% 7, 98% 8

&) iPrO,CN = NCO,iPr, Ph,P, THF; 59% 9, 57% 10

&) CF,CO,H, CH,Cl,

f) PRGH,COCH, pyr, CH;Cly, 36% 11 from 3, 83% 12 from 10
@) (+MTPACL, pyr, CH,Cly; 95% 14 from 13

h) H,, 10% PdIC, THF, EtOH, pH 7 potassium phosphate buffer, 30% 1, 47% 2

A 116-mierogram sample of 1 on a g-mm paper dise imparted a 14 mm zone of inhibition in a eulture of Staph.
aureus. Likewise, 59 micrograms of 2 gave a 21 mm zone. However, both compounds were inactive {>128 ug/ml

104 eolony forming units) against & variety of more clinicalily representative bacteria, by a tube-dilution, minimum
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inhibitory concentration assay.l0 This result stands in marked contrast to the significant antimicrobial activity
of the N-tetrazolyiazetidin-2-ones 15.2 As the induetive effect upon the amide bond in 1 and 2 should be
greater than that jnduced in 15 by the anionic tetrazole, we conclude that the distancell between the
electrophilic eenter and the anionic function is too large (5.08 g) for efficient recognition by target enzyme

binding sites.12

Figure 1. A computer-generated drawing of 10 derived from X-ray coordinates
with hydrogens omitted for clarity.
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