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ABSTRACT: In continuation of our studies directed towards metabolically stable, 3-acyloxymethyl cephem
derivatives, we report the synthesis, antibacterial activity and biological properties of 2a-f, a series of 3-
acryloxymethyl cephalosporins.

Cefotaxime 1a, a pioneering third-generation cephalosporin, possesses high in vitro activity against a
wide range of gram-positive and gram-negative bacterial pathogens. The mechanism of action of such 3-
acetoxymethyl derivatives has been demonstrated to comprise acylative attack by the 8-lactam moiety on the
penicillin-binding proteins bound to the cytoplasmic membrane of the bacterial cell-wall, with subsequent
expulsion of the acetoxy nucleofuge.z'6 In vivo, however, the molecule is vulnerable to esterase hydrolysis of
the acetate linkage; the resulting 3-hydroxymethyl metabolite is considerably attenuated in activity.7
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arrows a : interaction with penicillin-binding proteins
arrows b : deactivation in vivo by esterase(s)

In a previous report, we described an extension of our investigations8 of cephalosporins containing novel

3-substituents to establish a strategy for circumventing such esterase deactivation. This provided an activating
lactonyl substituent at the 3-position which could recyclise in the event of hydrolytic cleavage;9 the series
retained the in vitro antibacterial potency of cefotaxime. We now describe an alternative approach, based on
the reduced reactivity of «,3-unsaturated esters 2 towards nucleophilic attack by water at the enoate carbonyl
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group, in comparison with their saturated counterparts. 10 Thisisa consequence of their electronic structure
and led us to predict that the conjugated series would be less compromised by esterase hydrolysis.
Furthermore, we anticipated that the provision of double bond substituents would also inhibit this cleavage
sterically.

The hydroxymethyl cephem 3 was obtained by known methods from 7-aminocephalosporanic acid. 11
Attempted reactions of this compound with activated acrylates (acid chloride, anhydride, mixed
methanesulphonic anhydride) gave mixtures of A2- and A3-cephems, though in good yield (>70%). However,
under Mitsunobu conditions (Scheme 1) almost instantaneous reaction between 3 and various unsaturated acids
occurred to give the required A3-cephems 4a-f as the major products; little of the A2-cephem isomers (cf. 11,
Scheme 2) was observed. Transamidation of the 7-side chain substituent using oximinoacetic acids 8 and 99
then allowed elaboration to the free acids and their sodium salts 2a-f.

In an alternative strategy, benzhydryl 6-phenylacetamido-3-chloromethyl-ceph-3-em-4-carboxylate (10,
known as 'G Cl H')12 was investigated as a starting material for the preparation of these acrylate derivatives,
by simple nucleophilic displacement of the halogen atom by acrylate salts in dimethyl formamide as solvent.
Sodium acrylate gave a complex mixture of products, largely polymeric. Higher acrylates gave some of the
desired products but contaminated with inseparable A2-cephems 11. Oxidation of these mixtures with 3-
chloroperbenzoic acid to restore the A3-double bond via the A3-cephem sulphoxide 12 (cf. Scheme 2) was
unsatisfactory; the A2- and A3-esters oxidised at sulphur at considerably different rates, leading irreversibly to
partial over-oxidation to the sulphones. However, the use of phase-transfer conditions for the acrylate-halogen
displacement conveniently provided the A2-ccphcm 11 as the sole product (Scheme 2). This obviated the
foregoing complication, permitting efficient access to the required A3-ccphems via an oxidation/reduction
cycle.

The methacrylate 2¢ and the regioisomeric dimethacrylates 2a and 2e were found to exhibit interesting in vitro
biological activities. They showed excellent activity against gram +ve and gram -ve bacteria (except for
Pseudomonads) (Table), including B-lactamase producers. They also exhibited useful activity against
Staphylococci and Streptococci possessing target site-mediated resistance. Our predictions for stability of the

Fig.1: Aqueous stability of la, 1b, 2a. (HPLC) Fig.2: Stability towards Rat liver homogenate (HPLC)
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Scheme 1. Reagents and conditions: i, R1COCI, pyridine; product contaminated with much 11; ii, EEOCON=NCOEt (1.2molar
equiv.), PhP (1.2 molar equiv.), R1C02H (2.0 molar equiv.), THF, 65°C, 1min, ca 25% yield after chromatography; iii, Delft’
cleavage: PCls, CH,Cly, <0°C, N-methylmorpholine; then MeOH/H,O; iv, DMF, 8 or 9, MeSO,Cl, N,N-diisopropylethylamine,
-25°C.13:14; y HCO)H/HCYH,0, RT; vi, R3 Br or R3 1, CHyCly, HyO, nBugN* I, pH 7, Nay$,0s (trace); maintained at pH 7
by addition of Na/KHCO3.
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Scheme 2. Reagents and conditions: i, R1C01Na, CH,Cl,, HyO, nByyN*I", Nap8,05 (trace), pH 7; ii, 3-chloroperbenzoic acid,
CH,Cly; iii, DMF, PCl3, <-25°C; iv, HCO,H, HC], Hy0,RT; v, R3X (X=Br,1) CHClp Hy0, nBugN*T", NapSy0s (trace)
maintained at pH 7 by the addition of Na/KHCO3; vi, Delft’ cleavage: PCls, CH,Cly, <0°C, N-methylmorpholine; then
MeOH/H,0; vii, 9, MeSO,Cl1, DMF, -25°C, N,N-diisopropylethylamine; viii, HCOzH, HCl, H70.



Table: Antibacterial activity MIC (ug ml-1) of hydroximes 2a, 2¢, 2e

3-Acryloxymethyl cephalosporins

2a 2e 2c 1b 1a
Structure
R= R= R= R=

<

CONH, CH, | CH, CH CH,

— = CHa R
j:f\>\/OCOR /—<CH3 Cefotaxime
CoH

Organism
E.coli 10418 0.06 0.12 <0.03 0.06 <0.03
E.coli JT425% 0.5 0.5 0.12 1 0.5
E.coli ESS <0.03 <0.03 <0.03 <0.03 <0.03
E.coli 10771 0.25 0.25 0.06 0.06 <0.03
K .pneumoniae T767 0.5 0.5 0.12 0.06 0.06
P.mirabilis C977 0.25 0.25 0.06 0.06 <0.03
M. morganii T361 0.25 0.12 0.06 0.06 2
H.influenzae Q1 0.06 <0.03 <0.03 0.12 <0.03
H.influenzae NEMCT <0.03 <0.03 <0.03 0.06 <0.03
B.catarrhalis Ravasiot 4 4 0.50 2 0.25
P .aeruginosa 10662 >64 >64 64 >32 16
S.aureus Oxford 0.25 0.25 0.06 0.25 2
S.aureus Russell T 0.5 0.5 0.25 0.5 2
S.aureus MB9' 0.5 0.5 0.25 0.5 4
S.aureus V573* 8 8 2 >32 32
S.epidermidis PHLN20 0.25 0.25 0.06 0.25 1
S.pyogenes CN10 <0.03 <0.03 <0.03 - <0.03
S.agalactiae 2798 <0.03 <0.03 <0.03 0.06 0.12
S.pneumoniae PU7* 0.5 0.5 1 2 2
S.pneumoniae 1761 <0.03 <0.03 <0.03 0.06 <0.03
Sfaecalis 1 8 >64 32 4 >64

[Methoximes (2, R2= CH3) in general had similar activity to hydroximes (2, R2= H) though less
active against Staphylococci)
* Resistance due to modified target enzyme

T Resistance due to B-lactamase
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enoate linkage proved to be correct; for example, dimethyl acrylate 2a retained aqueous stability and was
completely stable to a rat liver homogenate preparation in which 1a and 1b had half-lives of the order of 0.25h
or less, thus demonstrating its insusceptibility to esterases (and other degradative liver enzymes) (Figs. 1 & 2).
Compounds 2 (Table) lack pseudomonal activity necessary for parenteral usage. Nonetheless the good
broad-spectrum antibacterial profiles would be suitable for an oral agent. 15 Sodium salts 2c and 2e showed
good blood levels and long serum half-lives in mice, by the subcutaneous route, but almost no oral absorption.
To enhance the oral absorption properties of these compounds their respective in vivo hydrolysable esters 7¢
and 7e R3 = pivaloyloxymethy! or acetoxyethyl) were prepared. These were derived either from the salts 2¢,e
by phase-transfer alkylation (causing no Az-cephcm formation) or by the modified synthesis from 'G C1 H' as
shown in full in Scheme 2. This also allowed an improved preparation of the salt forms. Administration of
the esters to mice by the oral route greatly enhanced the oral bioavailability of the parent salts 7¢, 7e to
ca. 25% of that produced on subcutaneous dosage.

ACKNOWLEDGEMENTS
Dr D. Merrikin and Mrs P. Johnson are thanked for the provision of microbiological data. The Authors are grateful to
Mrs M. Marshall who prepared the manuscript.
NOTES AND REFERENCES
1. See European Patent Application, No.8927871,7, 8-12-89.
2.  Hamilton-Miller, J.K.J.; Newton, G.C.E.; Abraham, E.P. Biochem. J. 1970, 116, 371.
3. Hamilton-Miller, J.M.T.; Richards, E.; Abraham, E.P. Biochem. J. 1970, 116, 385.
4.  Bundgaard, H. Arch. Pharm. Chem. Sci. Ed. 1975, 3,94.
5.  Boyd, D.B.; Hermann, R.B.; Presti, E.E.; Marsh, M\M. J. Med. Chem. 19785, 18, 408.
6. Boyd,D.B.;Lunn, WH.W.J. Med. Chem. 1979, 22, 778.

7.  Diirckheimer, W.; Fischer, G.; Lattrell, R. 'Recent Advances in the Chemistry of 8-Lactam Antibiotics’; Bentley, P.H.;
Southgate, R., Eds; Special Publication No.70, Royal Society of Chemistry, London, 1989; pp.49-76.

8.  Fell, S.C.M.; Pearson, M.J.; Burton, G.; Bateson, J.H. J. Chem. Soc., Perkin Trans.1 1991, 1361.
9. Bateson, J.H.; Burton, G.; Fell, S.C.M. Bioorg. and Med. Chem. Lett. 1993, 3,2219.

10.  See, for example Corey, E.J.; Tins, M.A. Tetrahedron Lett. 1977, 18, 2081. Enzymes acylated by o,f-unsaturated esters
are also less susceptible to hydrolysis, becoming temporarily inhibited. One such example comprises the inhibition of
vitamin K-dependent serine proteases by the 4-amidinophenyl esters of cinnamic acid, ¢f. Turner, A.D.; Monroe. D.M.;
Roberts, HR.; Porter, N.A.; Pizzo, S.V. Biochemisiry 1986, 25, 4929,

11, Patent DE 210301471971 (Chem. Abstr., 1971, 75 118328q).

12. ‘G ClI H'is available from Otsuka Chemical Co. Ltd., Osaka 540, Japan.

13.  Bucourt, R.; Heymes, R.; Lutz, A.; Pénasse, L.; Perronet, J. Tetrahedron 1978, 34,2233.

14. 8 And similar aminothiazole derivatives are available from Lonza AG, Basel, Switzerland.

15.  H.C. Neu, Infectious Diseases in Clinical Practice, 1993, 2(6), 394.

(Received in Belgium 18 January 1995)



