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SUMM-: A novel synthesis of [3.3.0] fused pyrazolidinones is described. The methodology 
relies on selective stcpwise functionalization of the ring nitrogens of a known pyrazolidinone 
monocycle. Intramolecular Wadsworth-Horner-Emmons condensation gives rise to the desired 
bicyclic structure. The compounds prepared from this route have demonstrated potent 
antibacterial activity in vitro. 

The widespread clinical utilization of antibacterial agents, especially those of 
the penicillin and cephalosporin class, is indicative of their significant role in the 
management of infectious disease. Although the physician’s armamentarium of 
antimicrobial drugs is quite large, the search continues for new agents having 
improved activities especially against organisms resistant to current therapies. These 
investigations have led to the discovery of a new, totally synthetic class of 
antibacterial agents structurally characterized by the presence of a pyrazolidinone 
ring within a [3.3.0] bicyclic framework . 1 Mechanistically, it has been demonstrated 
that the cell wall synthesizing enzymes of gram-negative organisms (PBP proteins) 
are inhibited by these novel agents 2. In this regard, the aza-gamma lactam moiety 
serves as a viable biological surrogate of the beta-lactam functionality common to 
the penicillins, cephalosporins and monobactams. 

Following the initial discovery of measurable activity within this structural 
classl, we set out to develop synthetic methodology which- would make available a 
large number of variously substituted derivativeslh. We herein report a new and 
efficient synthetic approach to [3.3.01 pyrazolidinones which has led to the discovery 
of compounds possessing in virro activity comparable to many clinically utilized 
cephalosporins and penicillins. Significantly, some of these new compounds have 
demonstrated activity against organisms known to be resistant to beta-lactam- 
containing drugs. 

In planning a synthetic route to the [3.3.0] fused pyrazolidinones, we sought an 
efficient process that would be regioselective, amenable to substituent variation in 
the B-ring, and non-destructive of the optical center present in the homochiral 
monocycle 13. Retrosynthetically, the regioselective attachment of ring B to ring A 
was envisioned as arising via intramolecular Wadsworth-Horner-Emmons 
condensation of the differentially functionalized monocycle 3. Intermediate 3 would 
be available from selective stepwise functionalization of pyrazolidinone 1 via 
alkylation at N-l followed by acylation at N-2 (Scheme 1). 
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SCHEME 1 

The successful reduction to practice of this proposed route is illustrated with 
the preparation of the cyano-substituted nucleus 4 (X= CN). Treatment of 1 (derived 
from L-serine)3 with the known vinyl phosphonate 5 (X= CN; R= Et; MeOH, 25eC)4 
provided the conjugate addition product 2 (X= CN; R= Et)5 in >95% yield. Treatment 
of this adduct with allyloxalyl chloride6 and diisopropylethyl amine (one 
equivalent) in methylene chloride at low temperature gave rise to the cyclization 
precurs,or 3 (R= Et; X= CN). Although compound 3 could not be isolated in pure form 
due to the lability of the glyoxamide group, isolation was found not to be necessary 
as addition of a second equivalent of base (diisopropylethyl amine) instigated the 
desired intramolecular ring closure to 4 (X= CN). (overall yield 25%) This 

regioselective, two-operation process preserved the chirality present in 17 ([a]~ - 
647.30 (c=O.15, DMSO)). In addition, the incorporation of alternate B-ring 
substituents was readily accomplished by utilization of different vinyl phosphonates 
(5) in the initial step as demonstrated with the preparation of methyl sulfone 4 
(X=SOzMe) utilizing 5 (X=SOzMe; R=Me) 8. Again, the final product was obtained with 

chirality preserved7 ([a]~ -337.40 (c=1.0167, DMSO))(overall yield 18%). 
The nitrogen protecting group of these two new pyrazolidinone nuclei was 

removed and the resulting free amine acylated with the allyloxycarbonyl-protected 
2-(-2-aminothiazole-4-y1)-2-(Z)-methoxyiminoacetic acid (6)s and deblocked as 
depicted in Scheme 2 providing compounds suitable for biological evaluation. 
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When tested against a range of bacterial strains, both compounds (LY 255262 and 
LY 193239) demonstrated potent antibacterial activity with LY 193239 exhibiting 
somewhat greater overall activity. Significantly, LY 255262 was quite active against 
a strain of Enterobacter cloacae (265A) resistant to many beta-lactam antibioticsto. 
Further investigations into this unique class of antibacterial agents are underway 
and will be reported in due course. 

1) HCl/HOAc 

4 
2) 6, POC13, NMM 
3) Pd(PPh)s, nBusSnH, 

CH,CN - - 

=- ..A%.. 
N 

‘OMe 

LY 255262 (X= -CN) 

LY 193239 (X= -S02M e) 

6 
SCHEME 2 

ACKNOWLEDGEMENTS: The authors gratefully acknowledge Drs. L.D. Hatfield and 
R.W. Burchfield for their support. We thank the physical chemistry department for 
providing analytical and spectral data, Dr. J.L. Ott and co-workers for microbiological 
evaluations, and Mr. P. Pranc for supplying quantities of 1. 

ENCES AND NOTES 

1. (a) Jungheim, L.N.; Sigmund S.K.; Fisher, J.W. Tetrahedron Left. 1987, 285. 
Jungheim, L.N.; Sigmund, S.K.; Jones, N.D.; Swartzendruber, J.K. Tetrahedron Lett. 
1987, 289. Jungheim, L.N.; Sigmund, S.K. J. Org. Chem. 1987,52, 4007. Jungheim, 
L.N.; Barnett, C.J.; Gray, J.E. Tetrahedron 1988.44, 3119. Jungheim, L.N.; Sigmund, 
S.K.; Holmes, R.E.; Barnett, C.J.; Ternansky, R.J.. Eur. Patent Appl. 1986, EP 202,046; 
US Patent Appl. 1985, 729,021. (b) Ternansky, R.J.; Draheim, S.E. Tetrahedron 
Lett. 1988, 6569. Ternansky, R.J.; Draheim, S.E. in Recent Advances in the 
Chemistry of Beta-Luctum Antibiotics, 4th International Symposium, eds. Bentley, 
P.H. and Southgate, R., Royal Society of Chemistry, Special Publication #70. 1989, 
p139. 

2. D.A. Preston and C.W.E. Wu; unpublished results from The Lilly Research 
Laboratories. 

3. Jungheim, L.N.; Holmes, R.E. Eur. Patent Appl. 1986, EP 202,047; US Patent Appl. 
1985, 728,733. 



2808 

4. 

5. 

6. 

7. 

8. 

9. 

The vinyl phosphonate was prepared following the procedure described in 
McIntosh, J.M.; Sieler, R.A. Can. J. Chem. 1978, 56, 226 and used without 
purification. Attempted distillation resulted in rapid, vigorous polymerization. 
The compound has also been reported in the following; Pudovik, A.N.; 
Yastrebova, G.E.; Nikitina, V.I. J. Gen. Chem. USSR, 1966,36, 1247. Minami, T.; 
Suganuma, H.; Agawa, T. Chem. Lett., 1978, 285. 

All new compounds reported herein exhibited NMR, IR, MS and where relevant 
UV spectra in full accord with the assigned structure. 

Frank, G.V.; Caro, W. Ber., 1930,63B, 1532. Chem Abs. 24:4271 (1930). 

As determined by removal of the amine protecting group (HCl/HOAc) followed by 
acylation with (R)-(+)-a-methoxy-a-(trifluoromethyl)phenylacetic acid and NMR 

analysis as described in Dale, J.A.; Dull, D.L.; Mosher, H.S. J. Org. Chem. 1969,34, 
2543. 

Mikolajczyk, M.; Grzejszczak, A.; Chefczynska, A.; Zatorski, A. J. Org. Chem. 1979, 
44, 2967. Blumenkopf, T.A. Syn. Comm. 1986,16, 139. and reference 4. 

Webber, J.A.; Wheeler, W.J. The Chemistry and Biology of Beta-Lactam Antibiotics 
Volume 1, eds. Morin, R.B.; Gorman, M. Academic Press, New York, 1982, p.371- 
436. 

lO.MIC (in ug/ml) against Enterobacter cloacae (265A): LY 255262: 1.0; LY 193239: 
8.0; cefotaxime: 64.0; ceftazidime: 64.0. 

(Received in USA 23 February 1990) 


