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Abstract:  The synthesis of bicyclic pyrazolidinone 2 is described. Traditional methods for penem and cephem ring cyclization
were found to be unsuccessful and new methodology using a Curtius rearrangement was utilized. The 3-enamine 11 was hydrolysed
to the desired B-keto ester 2b without substantial loss of the t-BOC protecting group. Copyright © 1996 Elsevier Science Ltd

Our laboratories have previously reported the discovery of the bicyclic pyrazolidinones 1, a new class of
antibacterial agents.! Anpalogues with electron withdrawing substituents at C-3 (X = CN, SO2R) have been
synthesized and have shown excellent in vitro antibacterial activity.2 An obvious synthetic target was the 3-keto
compound 2 which would allow the synthesis of previously unattainable pyrazolidinone derivatives, particularly
those with heteroatoms attached directly to the ring. Herein we describe its synthesis.
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The analogous intermediates in the y-lactam, carbapenem, and carbaceph systems have been synthesized by
rhodium acetate catalyzed diazo insertion? or Dieckmann condensation.# Such chemistries were unsuccessful in
the pyrazolidinone system. All attempts to achieve cyclization via the diazo insertion using a variety of
conditions gave no reaction (Scheme 1). Thermolytic decomposition of the diazo compound 3 produced
imide 4° via Wolff rearrangement. The Dieckmann condensation of 5 gave a complex and inseparable mixture
of products.
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Scheme 1

These obstacles were circumvented by use of a Curtius rearrangement (Scheme 2) which had been
previously applied to the 3-carboxy cephem by Spry.6 Starting with chiral 4-(t-butoxycarbonylamino)-
pyrazolidin-3-one 8,7 the diester derivative 9a was obtained usin £ the methodology of Ternansky and Draheim$
with some slight modifications. Vinyl phosphonate 7 was obtained by treatment of 6 with acetic anhydride and
tetramethyl diamino methane as a formaldehyde equivalent.9 The crude vinyl phosphonate was used
immediately in the Michael addition with 8. The Michael addition was run in dichloromethane overnight
followed by addition of t-butyl oxalyl chloride and two equivalents of Huning's base in the same pot to provide
9a in 58% yield from 8 after chromatography. The allyl ester was deprotected using palladium catalysis to give
9b which was purified by chromatography and subsequent trituration in ether/hexane to give 83% of an
amorphous foam. Following Spry's one pot procedure,$ 9b was converted to the acyl azide, rearranged to the
isocyanate, and trapped as the carbamate 10 with benzyl alcohol in 56% yield. Hydrogenation to the enamine
11 was accomplished in 83% yield using 5% palladium on carbon in ethyl acetate at 40 psi on a Parr shaker.
11 was purified by flash chromatography using ethyl acetate/0.25% triethyl amine as eluant. The compound
was found to decompose on the column without addition of the triethylamine. Acid catalyzed hydrolysis of 11
was accomplished to give the target compound 2b in 68% yield without substantial loss of the -Boc and t-butyl
ester protecting groups. 11 (790 mg., 2.2 mM.) was dissolved in 30 ml. of tetrahydrofuran, cooled to 5° C
and treated with 60 ml. of 0.01N hydrochloric acid. The pH was carefully adjusted to 2.3 with 1N hydrochloric
acid. After 12 min. the reaction was adjusted to pH = 5.5 with saturated sodium bicarbonate solution, diluted
with brine and extracted five times with chloroform. The combined organics were washed with bicarbonate,
0.2N hydrochloric acid and brine and dried over magnesium sulfate to give analytically pure material as a
mixture of diastereomers.!® Subsequent elaboration of 2b to full antibacterial compounds 1 (X = thiol
heterocycle) was accomplished using standard techniques.
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CH,Cl,; d) Pd(OAc),/PhyP, Et;SiH, CH;CN; e) 1) (PhO),P(O)N;, Hunig's base,
CH,Cl,/Benzene, 2) PhCH,0H,; f) 5% Pd on C/[H,]; g) THF/aqueous HCI, pH=2.3

Scheme 2
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At ambient temperature the resonances in the lH NMR were broad. Heating the solution to 50°C (CDCl3)
sharpened the spectrum showing two components in a 3:1 ratio. The sharpening was interpreted as
averaging the possible rotational isomers around the ester and carbamate. Heating at higher

temperatures in DMSO caused decomposition. The 13C NMR (CDCls) was difficult to interpret due to the
mixture of diastereomers. However, two ketone carbonyls were observed at 199.50 and 198.74. There
were no resonances which would be assigned to an enolized carbonyl. From this, it appears that the
molecule exists very predominately in the keto form. We attempted to assign the predominant
diastereomer using difference NOE and ROESY experiments, but were unsuccessful.

Physical and analytical data: 'H NMR (500 MHz, CDCls, 50°C) (major isomer): 1.45 (9H, s), 1.49 (9H,
s), 2.87 (1H, t, J = 8.5 Hz), 3.16 (1H, d, J = 15.6 Hz), 3.79 (1H, d, / = 15.6 Hz), 4.28 (1H, t,J = 8.5
Hz), 4.61 (1H, m), 4.76 (1H, s), 5.18 (NH, bm); (minor isomer) 1.46 (9H, s), 1.49 (9H, s), 3.11 (1H,
t,J = 8.5 Hz), 3.36 (1H, 4, J = 15.6 Hz), 3.56 (1H, d, J = 15.6 Hz), 4.03 (1H, bt, / = 8.5 Hz), 4.47
(1H, s), 4.64 (1H, m), 5.18 (NH, bm); IR(CHCl3): 2984, 1791, 1742, 709; MS: m/e 355 (M¥); Anal.
Calcd for CygHosN306: C, 54.07; H, 7.09; N, 11.82. Found: C, 54.31; H, 7.26; N, 11.78.

(Received in USA 29 January 1996; revised 14 May 1996; accepted 15 Mav 1996)



