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III. Effect of the Methoxy Substitution on the Amidic Bond Breaking of 3-Lactam
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Ab initio SCF-MO-LCAO calculations have been performed with a 7s3p/3s
GTO basis set for the CH,0-8-lactam + OH ™ reaction which is related to the
mode of action of 8-lactam antibiotics. The comparison of the present results
with the previous ones for f-lactam + OH™ and 3-cephem + OH ™ shows that
the CH3O substitution has a negligible effect on the amidic bond breaking of
B-lactam, so that this group probably influences other steps of the antibiotic
reactivity of cephaloporins.

Key words: S-lactam antibiotics

1. Introduction and Procedure

In the previous papers of this series we have investigated the potential energy
surfaces for the amidic bond breaking in the 8-lactam + OH™ [1] and 3-cephem
+ OH~ [2] reactions by means of the ab initio Hartree-Fock method. These
reactions were selected as suitable models of the similar enzymatic reaction which
is the central stage of the mechanism of the antibiotic activity of cephalosporins [3].
Our results indicate that both reactions are characterized by the formation of a
stable intermediate, by a barrier height equal to 15.1 and 7.0 kcal mol~? for
B-lactam + OH~ and 3-cephem + OH~-, respectively, and by a final product
which is stabilized by an intramolecular hydrogen bond. The lower barrier height
of 3-cephem + OH~ with respect to that of S-lactam -+ OH~ was essentially as-
cribed to the electron-withdrawing effect of the six-membered ring of 3-cephem,
owing to the conjugation of the = orbitals of Ny and C, = C; [2].
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It is well known that several substituents of the 3-cephem core can influence the
antibiotic activity of cephalosporins. We thus, in the present paper, extend our
study by considering the CHzO-8-lactam + OH ™~ reaction in order to investigate
the effect of the CHZO group. This substitution on C; (see Fig. 1) of cephalosporins
yields compounds which are more resistent to the action of p-lactamase enzymes and
better inhibitors of transpeptidase enzymes, although they are not necessarily more
reactive towards the base hydrolysis or better antibiotics [4]. As the effect of the six-
membered ring of 3-cephem is known and the essential features of the B-lactam
+ OH ™ and 3-cephem + OH ~ reactions are similar [2], we here consider the simpler
CH;0-B-lactam molecule. The calculations were performed for the most significant
points of the reaction path, i.e. for the reagents, intermediate, barrier, and product,
by using the optimized geometries of the points 1, 3, 6, and 15 of Ref. [1], respecti-
vely, for the S-lactam ring and a standard geometry [5] for CH,O which was placed
on the same side of the attacking OH~ ion with respect ot the B-lactam plane (see
Fig. 1; this side, with z < 0, is called « face). The 7s3p/3s basis set of [2] was used in
this study.

2. Results and Discussion

We report in Fig. 1 the geometries and energies of the four points of the reaction
path we considered. These results clearly show that the energy changes during the
B-lactam + OH~ and CH;0-B-lactam + OH~ reactions are very similar. Indeed,
CH,;O does not hinder the attack of OH ~, although these groups are on the same
side, and it does not appreciably modify the barrier height for the CgN; breaking
and the energy of the final product. This result is strengthened by the additional
information which can be obtained from the analysis of the changes of some
molecular orbitals and atomic charges along the reactions. Table 1 points out that
the evolution of the type and energy of the HOMO is not influenced by CH;0 and
that the 2p orbitals of Oy contribute to the second and third HOMO of the isolated
reagent, while, during the reaction, the Oy contribution is present in inner MO’s
(sixth and seventh HOMO’s). Table 2 shows that both reactions are characterized
by a similar charge transfer from Og and H towards N and H;, during the evolution
from the intermediate to the barrier, and this charge transfer is partly reversed in the
final product. Notice that the charge of CH;O is almost constant in the inter-
mediate-product step, so that this group has no electronic effect on the reaction.

We may thus conclude that the CH3O substitution in 8-lactam seems to have a neg-
ligible steric and electronic effect on the mechanism of the amidic bond breaking,
while the six-membered ring of 3-cephem halves the barrier height. Of course, a full
study of the whole reaction surfaces might lightly modify the present results by lower-
ing, for instance, the barrier height and the product energy of the CH;0-g-lactam
+ OH - reaction for which no geometry optimization was performed. Even at this
stage, however, we believe that this study yields a first theoretical approach to the
understanding of the effects of some groups of cephalosporins which undergo the
same base hydrolysis of the considered compounds and can react in a similar way
with transpeptidase enzymes to inhibit the bacterial cell wall synthesis. Indeed our
results are in accord with the experimental findings which showed that the rate
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Fig. 1. CH3O-8-lactam + OH ™~ reaction. 7s3p/3s basis set. Projections on the x,y plane
(defined by C;, Cs, and Ns) of the geometries of reagents (only CH30-8-lactam), intermediate,
barrier, and product (Hgg and H; are not shown). Energies in kcal mol ! (the total energy of the
intermediate is equal to —433.48032 hartree; 1 hartree = 627.506 kcal mol~1!). The corre-
sponding energies of the g-lactam + OH™ reaction [2] are shown in parentheses

constants of base hydrolysis of 7-H cephalosporins are nearly equal to those of
7-CH30 cephalosporins [4] and much greater than those of unfused B-lactams [6].
However, our study also indicates, in some contrast with the suggestion of [4], that
CH,0 does not hinder the nucleophilic attack to the « face of f-lactam and that it
seems unnecessary to consider the g-face attack of OH~ (on the opposite side of
CH;0, with z > 0) in order to explain the reactivity data. This suggestion is
supported by X-ray data [7] which show that the 8 face of cephalosporins is severely
hindered by a RCONH group which is much larger than the CH;O one, and by our
previous results [1, 2] which suggest that the barrier for the amidic bond breaking is
probably lower for an intermediate obtained from an « attack than for an inter-
mediate obtained from a g attack (experimental evidence for an « attack is reported
by [8, 9]). Thus, the effect of CH;O on the biological activity of some cephalosporins
[10} might be ascribed to other steps, before or after the amidic bond breaking (non-
covalent interactions or further transformations of the product).



_BO + wepel-g 10y MHVLigL)

(=]
=
£
=]
=
[}
o
o LEO— PIo— W0o0— Lyo~ yonpoxd
=t To— 10— 80°0— 950~ Ioueq
s LS0— Zro— £0°0— 820~ ajerpeurIolUl
) 96'0— 00— €1'0 910~ sjuadear -HO + wepe-g
m 9Z'0— 9¢'0— 10 00— Ly o~ Jupoad
2 LZ0— 20— 1o 80°0— 5§60~ lorireq
~ LT0— 90— 10 00— LZT0~  oeIpawiIajul
© L10— 96'0— 91°0 £1°0 910~ sjuogeal  _HO + weprg-0fHD
Uzmmzmdzmsogo mOQOmU shmbo mbm< @H.Hmo mmmz o4 wooBYy
s3dazyo dnoln 'SUoHYTAl _HQ + WEWE-F pue _HO + WEI0E-§-0°HY T 3qeL
uNIeH a SE0 < S,0ON 24i c_ mwﬁo_oEoou ﬂo_mammxo Y3 MGSNA m.0< oyl mwuoaou 055 AL«
$SS1°0— ®)0 + ()N @z — 0 — (z — )N (20 + (2PN 1npord
L€90°0— ()P0 + (z — %N (z — 4 - 9N (z + ©%0 Ioteq
§Y80°0— (x)°0 + (¥)*N (00 + (z + ©F0 (10 + (z — XN AjeIpsINU)
ITr0— (260 + (z — XN  — 2P0 (2)°Q — (¥)°0 — (¥ weyaef-g -HO + weoe-g
Z191°0— 0 + )N (2 — )0 — ()0 + (z — )N 20 + @)N 1onpoxd
P1L00— (%0 + (z — XN (z — £ — $N (z + %0 Iarireq
L660°0— *)°0 + (¥)°N @0 + (z + 00 @ — xPN sreIpatlId)uY

WOH'0— (D0 + (2 — XN

« + )0 MO — (4 — )P0 wePe-g-0°*HY _HO + Weperg-0tHD

«(OINOH)? OWOH

OWOH puoaag OWOH PHYL lutog uoioeay

5,0 dWos Jo sainjed, “19s siseq s¢/dg ‘s, ‘suonoesi _HO + weior[-g pue _HQ + wee-g-OtHD ‘I d1q8L

242



Methoxy Substitution and Amidic Bond Breaking of 8-Lactam 243

In this paper the effect of the aqueous solvent was not considered. Although water
should not greatly influence the CgN; enzymatic breaking (as many enzymatic
breakings of similar amidic bonds occur without an active role of water), it can
noticeably modify the reaction path of the base hydrolysis before the formation of
the intermediate [11], so that further studies on the solvent effect are now in
progress. ‘
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