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The normal product of hydrolysis of cephalosporins with a leaving group at  C-3’ is an a$-unsaturated imine which 
is demonstrated to be in equilibrium with its precursor, an enamine; the equilibrium constants for this process are 
reported for thiolate anions which generate a Bronsted PIS of 0.71. 

Cephalosporins (1) differ from penicillins by having a leaving 
group at C-3’ which is often expelled during the reactions of 
these antibiotics with nucleophiles that open the P-lactam 
ring.1 There have been many suggestions that this process is 
concerted and that this mechanism is important for the lethal 
action of cephalosporins towards bacteria.2 However, there 
have been several reports suggesting that p-lactam ring 
opening and fission of the C-3’-L group are separate processes 
and an intermediate enamine (2) is formed.3 Despite this 
experimental evidence, theoretical arguments are still used to 
justify a concerted process.4 Herein is presented evidence that 
there is an equilibrium between the intermediate enamine (2) 
and the product a$-unsaturated imine (3). 

We have synthesised a series of cephalosporins (1) with thiol 
leaving groups at C-3’ (L = SR) that have different pK, 
values. The Bacillus cereus P-lactamase I catalysed hydrolysis 
of these cephalosporins produces different products. At pH 
7.0, cephalosporins with good leaving groups at C-3’, e .g .  
N-pyridyl, give the a,P-unsaturated imine (3) whereas those 
with poor leaving groups at C-3’, e.g.  n-butylthio, give the 
enamine (2). These two products have different U.V. spectra, 
notably between 260 and 270 nm (A& = 6 x 103 dm3 mol-1 
cm-I). The addition of 1 0 - 2 ~  n-butanethiol to an aqueous 
solution of (3) M) at pH 7.0 generates (2). This can also 
be observed if the a$-unsaturated imine (3) is generated from 
cephaloridine (L = N-pyridyl). The addition of up to 1 0 - 2 ~  
pyridine to solutions of (3) does not regenerate (2). 
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Figure 1. Absorbance at 260 nm vs. [PhSH] in a 1 0 - 4 ~  aqueous 
solution of (3) at pH 7.0, 30 “C. 
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Table 1. Equilibrium constants, K, for imine-enamine with thiols, 
equation (l) ,  at 30 "C. 

ThioI pK, Klmol2 dm-6 
BunSH 12.40 1.01 x lO- 'S 

HO[CHJ2SH 9.61 7.81 X 10-14 
PhSH 6.43 1.86 X 10-11 

On step-wise addition of a thiol to aqueous solutions of (3), 
U.V. spectra intermediate between those corresponding to (3) 
and (2) are observed. The equilibrium constant for 
equilibrium between (3) and (2) is given by equation 

where K ,  is the dissociation constant of the thiol RSH. 
equilibrium constant K can be determined by measuring the 
change in absorbance at 260 nm as a function of thiol 
concentration (Figure 1). The second order rate constant for 
thiophenoxide ion attack on (3) is ca. 740 dm3 mol-1 s-1 at 
30 "C. 

If the pK, of the thiol is >> pH, the ratio of imine (3) to 
enamine (2) is pH independent. However, if pH > pK, of 
RSH the ratio decreases with decreasing pH. The reversibility 
of this reaction is readily demonstrated by increasing the pH of 
a solution of (2) which regenerates (3). The equilibrium 
constants for other thiols have been measured and there is a 

linear relationship between log K and the pK, of the thiol 
which gives a Bronsted fils of 0.71. The formation of (2) is 
favoured with basic thiol anions (Table 1) .  

It is possible that a nucleophilic group on the enzyme, which 
is the killing target for cephalosporin antibacterial activity, 
could undergo the Michael type addition to the a$- 
unsaturated imine to inactivate the enzyme irreversibly. The 
demonstration of a reversible equilibrium between the 
enamine intermediate (2) and the @-unsaturated imine (3) is 
further evidence that ring opening of the p-lactam of 
cephalosporins is not concerted with expulsion of the C-3' 
leaving group. 
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