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Abstract: tert-Butyl 7a-chloro- and 7o-methoxycephalosporanate 1,1-dioxides containing Aspirin and
Diclofenac in their 3-acyloxymethyl moiety were synthesized. These dual action cephalosporins have been found
to be potent elastase inhibitors and stimulators of NO biosynthesis in macrophages. © 1997 Elsevier Science Lid.

Dual action cephalosporins (DAC) containing a covalently bound prodrug form of antibacterial 4-
quinolone-3-carboxylic acids or antitumor agents such as Doxorubicin or Chlorodiazotate in their 3-
acyloxymethyl or 3-carbamoyloxymethyl moiety shows promise as therapeutic agents.”> The DAC concept is
based on the known ability of cephalosporins to release carboxylic or N-substituted carbamic acids from its 3-
acyloxymethyl fragment after splitting of the B-lactam ring.°

Our project was aimed at the further expansion of this concept to the synthesis and biological testing of
anti-inflammatory DAC consisting of two covalently linked parts: ters-butyl 7o-chloro or 7a-
methoxycephalosporanate dioxides which are known inhibitors of human leukocyte elastase ' and Aspirin and
Diclofenac, the well-known inhibitors of the cyclo-oxygenase involved in prostaglandin biosynthesis.'' It was
hoped that the drug combination would result in a more specific and pronounced antiinflammatory effect than
the separate components.

This communication reports the synthesis and the initial pharmacological evaluation of C-3 substituted
cephem sulfones 9-12. The target compounds were prepared starting from 7-ADCA (Scheme 1) employing
known and novel esterification procedures.”” They were isolated in a pure 7a-stereoisomeric form and
characterized by spectroscopic and elemental analysis. The only exeption was the 7-methoxy cephalosporanate

sulfone 12 which was obtained as an inseparable mixture of 7¢- and 7- isomers in a ratio of 3:1.
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Scheme 1.

The rate of hydrolytic splitting of the B-lactam ring in DACs at pH 7.3 serves as an adequate model of
the liberation of carboxylic acid from their 3-acyloxymethyl moiety.” The degradation of the tested compounds
at 37°C monitored by HPLC led to the decrease of the parent peak and to the appearance of new peak
corresponding to those of authentic sample of Aspirin or Diclofenac." These measurements allowed to determine
chemical half-lives for 9-12 (see Table 1) and proved the universal character of the hydrolytic splitting for
different structural types of DAC.

The inhibitory properties of the potential antiinflammatory cephalosporins were determined investigating
the changes in amidolytic activity of porcine pancreatic elastase (Type III) using a standard tetrapeptide para-
nitroanilide as substrate.'*

The data in Table 1 show that the value of the inhibitory effect directly depends on the structure of the
substituent in the 3-position. In the contrast to 3-methyl unsubstituted cephalosporins 5§ and 6, DAC 9-12,
containing a leaving group, are characterized by two orders of magnitude greater inhibitory action compared to
that of the fert-butyl 3-acetoxymethyl-7o.-chlorocephalosporanate sulfone. "’

The dependence of a steady state velocity on the inhibitor concentration was determined graphically with
Lineweaver-Burk's and Dixon's plots.”* Examples of classic noncompetitive inhibition mechanism patterns were
obtained for deacetoxycephalosporins 5 and 6. In the case of DAC 10 and 12 the inhibition occurred according
to the noncompetitive mechanism. Mixed noncompetitive mechanism was observed for 11. The analysis of the
possible involvement of leaving molecules in this process determined that unlike Aspirin not altering elastase

catalytic properties, Diclofenac activated this enzyme.
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Table 1. Hydrolytic stability and elastase inhibitory activity of zerz-butyl cephalosporanate sulfones

Compound tin (hours) ICso (WM)
Dixon Plot Lineweaver-
Burk Plot
5 11.0£0.9 35.041.1
6 11.040.2 73.0+1.5
9 2,3 0.35+0.03 0.2540.03
10 19 0.1110.01
11 73 0.68+0.05 0.18+0.2
12 60 0.1110.04
fert-butyl 3-acetoxymetyl-7or- 0.1610.02 0.1610.02
chloroceph-3-em-4-carboxylate
1,1-dioxide '°

It is known that activated macrophages secrete NO, regulating the course of the inflammation process.'®

Its activation by DAC in combination with the inhibition of proteases could cause a favorable therapeutic effect

on the treatment of acute and chronic inflammations.

The influence of two DAC on monocultures cells of macrophages was investigated.'” Addition of 9 and

11 in 1-10 pg/ml concentrations to the activated macrophage cells intensified their NO generation by 2.5-3

times. In the case of nonactivated cells this effect is also observed, though in not so pronounced form. These

results indicate the possibility of new type macrophage antiinflammatory action intensification by the synthesized

compounds.

Acknowledgments: we would like to thank Latvian TAIHO Fund for the financial support.

References and Notes

1.

N o nwok

Presented in part at the 5* Conference of Chemical Synthesis of Antibiotics and Related Microbial
Products, Debrecen (Hungary), 1-5* September, OL-4, 1996,

Albrecht, H A _; Beskid, G.; Chan, K.-K.; Christenson, J.G.;Cleeland, R ; Deitcher, K. H.; Georgopapadakou,
N.H.; Keith, D.D_; Pruess, D.L.; Sepinwall, J ; Specian, A.C.; Then, Jr.R.L.; Weigele, M.; West, K.F; Yang,
R., J. Med. Chem. 1990, 33, 77.

Albrecht, H A ; Beskid, G.; Christenson, J.G.; Georgopapadakou, N.H.; Keith, D.D_; Konzelmann, F.M.;
Pruess, D.L.; Rossman, P.L.; Wei, C.-C. J. Med. Chem., 1991, 34, 2857.

Jungheim, L.N.; Shepherd, T A ; Kling, J K. Heterocycles, 1993, 35, 339.

Alexander, R .P.; Bates, R W_; Pratt, A.J ; Kraunsoe, J.A.P. Terrahedron, 1996, 52, 5983.

Hamilton-Miller, J M.T ; Newton, G.G.F.; Abraham, E.P. Biochem. J., 1970, 116, 371.

Alpegiani, M.; Baici, A.; Bissolino, P.; Carminati, P_; Cassinelli, G.; Nero, $.D.; Franceschi, G.; Orezzi, P,
Perrone, E ; Rizzo, V ; Sacchi, V. Eur. J. Med. Chem. 1992, 27, 875



846 G. VEINBERG er al.

8. Blacklock, T.J.; Butcher, J.W.; Sohar, P.; Lamanec, T .R.; Grabowski, EJ.J. J. Org. Chem. 1989, 54,3907

9. Grigan, N ; Musel, D.; Veinberg, G.A.; Lukevics, E. Synth. Commun. 1996, 26, 1183.

10. Doherty, J.B.; Ashe, B.M.; Barker, P.L; Blacklock, T J; Butcher, J.W_; Chandler, G.O.; Dahlgren, M.E;
Davies, P.; Dom, C.P_; Finke, Jr.P.E ; Firestone, R.A_; Hagmann, W K_; Halgren, T.; Knight, W.B.;
Maycock, A L.; Navia, M. A ; O’Grady, L.; Pisano, J.M.; Shah, S K., Thompson, K.R.; Weston, H.;
Zimmerman, M. J. Med. Chem. 1990, 33, 2513.

11. Glynn, L.E.; Houck, J.C.; G.-Weissmann, J.C. The Pharmacology of Inflammation, Elsevier, 1985.

12. Coene, B.; Schanck, A ; Dereppe, J.-M. ; Van Meerssche, M. J. Med. Chem. 1984, 27, 694.

13. Hydrolytic stability was assayed at 37°C in 5 mM pH 7.4 phosphate buffer (20-30% v/v MeCN as
solubilizing vehicle) with initial concentration 0.2-1.0 mg/ml.

14. The inhibiting effect was determined according to a standard method adapted on 96 hollow panel. Optical
density was measured with a horizontal spectrophotometer Tetertek Multiscan MCC/340. Total volume 180
ul in each hollow consisted from: (a) 150 ul N-Methoxysuccinyl-Ala-Ala-Pro-Val-p-nitroanilide solution in
concentrations of 2.0, 1.0, 0.5 and 0.25 mM dissolved in 0.1 mM Hepes (pH 7.5) and 10% DMSO; (b) S ug
of the Porcine Pancreas Elastase (Type III) (SIGMA) dissolved in 10 pl 0.1 M phosphate buffer pH 7.4; (¢)
20 pl of the DMSO solution containing inhibitors 5 and 6 in 0.4, 1.2, 3.7 and 11-10° M concentrations,
inhibitors 9-12 in 0.8, 2.5 and 7.4-107 M concentrations and Diclofenac in 2.2, 6.7 and 20.0-107 M
concentrations.

15. Wong, J.T -F. Kinetics of Enzyme Mechanisms, Academic Press, 1975.

16. Kerwin, J.J; Lancaster, Jr.J R ; Feldman, P.L. J Med. Chem. 1995, 38, 4343.

17. Cells of RAW 264.7 macrophages (obtained from ECACC) were cultivated in DMEM standard medium
without an indicator and antibiotics. After the ampoule was defreezed the cells were cultivated for three days
and then removed from the carrier. A part of cells in a 1-10° cells/ml concentration was activated in the
presence and absence of tested cephalosporins with 35 pg/mi LSP (lipopolysaccharide from E.coli} and 5
units/ml of recombinant murine INFy (interferon y). The activation was carried out in bottles. Cells were
added to the medium with the tested compounds and then activators were introduced. Activated and
nonactivated cells were placed into the panel hollows. Nonactivated macrophages and macrophages treated
only with cephalosporins served as a control. Cell survival (more than 90%) in the process of the experiment
was determined by the number of alive cells in colorimetric test with Neutral Red (NR).'"* Registrations were
made 18 hours after activation was started. Concentration of NO was determined as NO, concentration in
panel hollows according to Greyss.'

18. Freshney, P.1. Culture of Animal Cells (A Manual of Basic Technique), Wiley-Liss, New-York, 1994

19 Fast, D.J; Lynch, R.C; Leu, R W. J. Leukocyt. Biol , 1992, 52, 225.

(Received in Belgium 9 June 1996; accepted 21 February 1997)



