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The rates of acid~catalyzed intramolecular degra-
dation of ampicillin (1) and cephalexin (3) were assess-
~ ~
ed by specified kinetic treatment,
The susceptibility of penicillins to acid-catalyzed degradation is at-
tributed not only to its structural instability due to the strained ring,!
but also to the intramolecular attack of the side-chain amide on the B-lactam
moiety.2 The rate of cleavage of the B-lactam largely depends on the polar

N

nature of the side chain.3’ In spite of the structural similarity, cephalo-

sporins are surprisingly stable to acid.® The question now arises whether

the stability of the B-lactam of cephalosporin molecules is due partially to
the lack of neighboring group participation. In addition, a mechanism of the
acid degradation of B-lactam antibiotics has not completely been understood
as yet,

The present investigation was undertaken to evaluate kinetically the

relative rates between intramolecularly and intermolecularly catalyzed degra-
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dations, of both penicillins and cephalosporins. Degradations of a pair of
ampicillin S&? and 6-aminopenicillanic acid £%2 for penicillins and a pair
of cephalexin Sé? and 7-aminodeacetoxycephalosporanic acid giz for cephalo-
sporins were carried out for the present purpose. ’i,is known to be one of
acid-stable penicillins.3’5 Neighboring group participation infz’and,ﬁlis
structurally impossible. )

The rates of degradation of each B-lactam compound in solutions of 5 x
10-_3£w‘are measured at 35° in 2=N, 4'_E, 6‘_5, and Si perchloric acid solu-
tions. The aliquots of samples at suitable time intervals were neutralized
with an alkali and analyzed by iodometric titration’ for A and 2 and by hy-
droxamic acid assay5 forréfand ﬁ; The pseudo-first-order rate constants are
listed in Table 1. 1In all cases, increased acidity of the sclution is veflect-
ed in the increase of the apparent rate constants, suggesting that protona-
tion of g~lactam is apparently responsible for the degradation rate.

On this basis, together with our previous observations*>® including neigh~

boring amide group participation in acid hydrolysis of diamide derivatives,8

Table 1 Pseudo-first-order Rate Constants for the Degradation of
g-Lactam Antibiotics in Perchloric Acid Solution at 35°

HE10,, o Pseudo-first-ordergiiz? constant, K, r?
4 7 2 3 4
2 0.906 2.54 0.654 0.280 x 1072 0.240 x 1072
4 0.733 10.6 1.70 6.750 x 1072 0.410 x 1072
6 0.468 83.2 4.03 2.25 x 1072 0.720 x 1072
8 0.193 —_— 13.8 24.0 x 1072 1.35 x 1072
*

Reference 10
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it is proposed that the degradation of B-~lactam antibiotiecs in acidic solution

is characterized by two parallel reactions, one obeying the A2 mechanism and

the other being the rate-determining intramclecularly catalyzed degradation of

the protonated species.

These consist essentially of three reactions similar to those for ordinary
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These processes can be illustrated as shown in Scheme I.




amides.? An equilibrium (Reaction 1) is set up rapidly:
s + H @ mm———> s (Reaction 1)

followed by parallel slow reactions (Reaction 2 and Reaction 3):

Lk,
SH+ + 1n Hy0 —-_—lg-m;r-—;- products (Reaction 2}
+ E:|‘.1:>tra
SH ———————p= products {(Reaction 3)

+ :

where S and SH are the starting and protonated B-lactam compounds, and
k. and k, represent the rate constants of A2 and intramolecular re-
—inter —intra
actions, respectively.

If it can be assumed that an acid-catalyzed intramolecular mechanism
(Reaction 3) contains no water molecules covelently boaded in the transi-
tion sl‘:a\‘:eﬁ3 the apparent first-order rate constant,_k_app, of the f~lactam

cleavage of&l,and‘_iji ean be expressed as:

k = ( )y £

!
—4app —kinteréﬂzt) * —k-intra S5yt (Bq. 1)

where_aHzo represents water activity a.nd_fSH+ is the protonization ratio.

For the degradation from which Reaction 3 can be excluded as expected f°r,.%,

and f:}i the apparent first-order rate constant,_k'app, can be expressed as:
' - ' n -,
X app L3 inter 2150 £ i’ (Eg. 2)

If a number of water molecules participating in the transition state of
Reaction 2 and the ratioc of protonation in the 8-~lactam moiety is assumed to
be almost the same within a homologous series of f-lactam antibiotiecs, Eq, 3

can easily be derived from Eqs. 1 and 2 as:

lc~a.pp -k-inter -Eintra L
= + . (Eq. 3)
kl k_' kt E 4
— app - inter — inter -EHZO
' n . . . .
Thus, a plot of -l{app/-k- app vs. l/ﬁ.Hzo should give a straight line with a
T : 1 -
slope of Einterlh inter and an intercept of_lgintralh inter" Figure 1 shows
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such a plot for 1 vs, 2 and 3 vs. 4 by employing the average value of n = 3
— TN P NS -
determined for acid hydrolysis of wide variety of amides.® The respective
plots show good linear relationship with slopes of 2.2 from a couple oflé’
and 2 and 0.13 from 3 and 4, both intercepts exhibiting almost unity.
~ ~ o
Although the present ideas on the kinetic assessment of relative rate
of inter-~ and intra—molecular reactions were made under some simplified as-—
sumptions but widely accepted for the acid hydrolysis of anides,? the results
thus obtained are fairly comsistent with the previous findings -and discus-

4 5.8
sions * * from our laboratory. One of these results™t gave the ratio of the
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rate of A2 reactions between penicillins andlzlto be 1.2, being in good agree-
ment with the intercept of approximately unit in Fig. 1.

In conclusion, the magnitude of the slope of Fig. 1 suggests thatr£ pro-
ceeds two times faster in intramolecular reaction than in A2 reaction, where-
as’é'exclusively proceeds by A2 reaction, the intramolecular reaction being

ten times slower.
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