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Strominger hypothes ized t h a t penicil l ins and cephalo
sporins m a y irreversibly acylate bacter ia l t r anspep t idase 
because they have a conformation similar to one possible 
for D-alanylalanine, t he t e rmina l f ragment of the pep t ide 
with which this enzyme is believed to reac t . 1 Consequent 
ly, he proposed t h a t 6-a-methylpenic i l l ins and 7-a -meth-
ylcephalosporins migh t show increased an t ibac te r i a l prop
erties over t he corresponding 6-a-H and 7-a-H compounds 
because of increased s t ruc tu ra l resemblance to the D-alan
yla lanine f ragment . T h e discovery of na tu ra l ly occurring 
7-a-methoxycephalospor ins , with the i r increased gram-
negative act ivi ty, seemed to suppor t th i s proposal . 2 As a 
result , m a n y syn the t ic approaches to these a n d other 6-« 
and 1-a der ivat ives were deve loped . t 

methoxy, or S-methyl group to a penicil l in resul ts in a re
duc t ion of both t r anspep t idase inhibi t ion and an t ibac te r i 
al act ivi ty . In contras t , the addi t ion of a 7-«-methoxy 
group to a cephalosporin resul ts in compounds t h a t are 
be t te r t r anspep t idase enzyme inhibi tors t h a n their u n s u b -
s t i tu ted coun te rpa r t s a l though they do not necessarily 
possess be t t e r an t ibac te r ia l proper t ies . 

Our purpose in th is s tudy was to examine the effect of 
6-a and 1-a subs t i tu t ion in penici l l ins and cephalosporins , 
respectively, upon the react ivi ty of the ^ - l a c t a m s to deter
mine whether chemica l react ivi ty paral lels an t ibac te r i a l 
act ivi ty. 

T h e ra tes of base hydrolysis of a series of a - subs t i tu ted 
and a -u n s u b s t i t u t ed penicil l ins and cephalosporins are 
listed in Tab le I. 

These results show t h a t 6-a subs t i tu t ion in penici l l ins 
resul ted in compounds with less react ive 0 - lac tams t h a n 
the pa ren t compound . Th i s effect m u s t be steric ra ther 
t h a n polar because polar subs t i t uen t cons tan t s at or n* 
would predict the ra te of hydrolysis of the 6-a -methoxypen-
icillin to be faster and the 6-a-methylpenic i l l in to be 
slower t h a n the unsubs t i t u t ed p a r e n t penici l l in. 

T a b l e I . Pseudo-Fi rs t -Order R a t e s of Base Hydrolysis a t p H 10, 35° 

Side chain (R') 

P h O C H 2 C ( = 0 ) 

P h C H 2 C ( = 0 ) 

6(7)-a 
subs t i tuent (R") 

Kohr,i X 10* 
sec ~l 

Ka\„A {a-H") Compd 
ref 

H 
C H 3 

OCH 3 

S C H 3 

H 
OCH 3 

O C H 5 

6.90 ± 0. 48 
0 .77 = 0 .08 
2. 35 = 0 .48 
0 .77 = 0 . 0 2 
5 .08 ± 0 .15 
1.17 ± 0 .22 
0 .67 ± 0 . 1 3 

1 
0 . 1 
0 . 3 
0 . 1 
1 
0 .2 
0 . 1 

a 
b 
b 
b 
c 
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d 

(NH3) +CH(COO ~) (CH2)3C ( = 0 ) 

-CH..C(=0) 

CHO.-V-

10 .4 
13.2 

9 .70 
2 .40 

= 0 .11 
:fc 0 .13 

± 0 .65 
± 0 .65 

1 
1.3 
1 
1.3 
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T h e an t ibac te r ia l act ivi t ies of the series of 6-a- and 7-
«-subs t i tu ted penici l l ins a n d cephalospor ins discussed in 
this paper , together wi th the i r abi l i ty to inhib i t extracel
lular t r anspep t idase , have been repor ted e l sewhere . 3 - 4 ' | 
To s u m m a r i z e these resul ts , the 6-a addi t ion of a methy l , 

tSee compound reference in Table I for synthetic approaches to 6-a- and 
7-a-substituted penicillins and cephalosporins, respectively. 

In retrospect , these steric effects migh t have been pre
dicted in view of publ ished repor ts of the effect of subst i t -
uen t s on isolated /3-lactam react ivi ty . In pr inciple , the 
carbonyl of any /3-lactam may be a t t acked by a nucleo-
phile at bo th faces (a and 0 faces of penicil l ins and ceph-

iA preliminary report of the chemical reactivity of these compounds is 
also presented in these papers. 



Notes 

alosporins). Washkuhn and Robinson found that the re
activity of 3-monosubstituted ^-lactams 1 correlates with 
the polar a* values of the 3 substituents.5 However, Hol-
ley and Holley found that disubstitution in isolated /3-lac-
tams (3,3-dimethyl) resulted in a 25-fold decrease in (8-
lactam reactivity relative to the monosubstituted (3-
methyl) analog.6 Thus, when both faces of a /S-lactam are 
unhindered, monosubstitution affects reactivity in a man
ner predictable from linear free energy substituent values. 
In contrast, when one face of a /3-lactam is already hin
dered, the introduction of a substituent on the unhindered 
face results in a /3-lactam that is hindered on both faces to 
nucleophilic attack, and steric effects override polar ef
fects. Penicillins are sterically similar to the case of the 
isolated /3-lactam which has one face hindered. At the /3 
face a penicillin /3-lactam carbonyl is at an interatomic 
distance of only 2.79 A from the C-3 proton (in the crys
talline phase) and therefore is severely hindered to nu
cleophilic attack.7 Thus, the addition of any a substituent 
results in a /3-lactam hindered at both faces and lowers 
overall reactivity.§ 

/S- ATTACK 

a-ATTACK 

1 

In contrast, 7-a-methoxy substitution in cephalosporins 
has no pronounced effect upon the /3-lactam reactivity 
(Table I). We believe that the difference in response to 
1-a substitution in cephalosporins compared with the re
sponse to 6-a substitution in penicillins is the result of the 
availability of the /3 face of the cephalosporin to nucleo
philic attack.* Cephalosporins are sterically similar to iso
lated /3-lactams where both faces of the ring are unhin
dered. The addition of the 7-a-methoxy substituent there
fore does not totally hinder the ,8-lactam and the polar 
substituent effect on the overall reactivity can be ob
served. 

Thus, we have shown that the differences in antibacte
rial activity as a result of 6-a and 1-a substitution in peni
cillins and cephalosporins, respectively, are paralleled by 
differences in chemical reactivity of their corresponding /3-
lactams. We attribute these differences in chemical reac
tivity to steric factors resulting from a substitution. 

Experimental Section 

d-Lactams. The penicillins and cephalosporins used in this 
study were synthesized by colleagues at Lilly Research Laborato
ries. Synthetic procedures for all these compounds are referenced 
in Table I. 

Kinetic Methods. The hydrolysis rates of the penicillins and 
cephalosporins were measured by constant pH titration and uv 
methods, respectively, as described in the accompanying paper; 
see ref 7. The pseudo-first-order rates of /3-lactam hydrolysis at 
pH 10.0, 35°, are listed in Table I. 
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§In apparent contradiction to this argument the hydrolysis of 6-a-acetyl-
6-phenoxyacetamidopenicillanic acid methyl ester has been found to be 2.4 
times as reactive as phenoxyacetamidopenicillanic acid methyl ester in 
aqueous glyme.8 

* Reports of intramolecular nucleophilic attack of the a-amino moiety on 
the 0-lactam of cephradine,9 cephalexin esters, and cephaloglycin lactone 
(ref 7) demonstrate the availability of the (3 face of cephalosporins to nu
cleophilic attack. 
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In the last decade, numerous compounds have been 
synthesized in an effort to find a drug possessing more 
specific adrenergic /3-receptor blocking potency or more 
significant activity without cardiac contraction. Such a 
compound is expected to have an aromatic or heterocyclic 
nucleus attached to a l-hydroxy-2-substituted aminoethyl 
or 2-hydroxy-3-substituted aminopropoxy substituent.1 

The present paper deals with the effects of using 3,4-dihy-
drocarbostyril as nucleus and 2-hydroxy-3-substituted am
inopropoxy as substituent. 

Chemistry. The compounds were prepared by reaction 
of derivatives of 5-, 6-, 7-, and 8-(2,3-epoxy)propoxy-3,4-
dihydrocarbostyril (I) or 5-, 6-, 7-, and 8-(3-chloro-2-hy-
droxy)propoxy-3,4-dihydrocarbostyril (II) with the appro
priate amine III in the usual manner (Scheme I). Formu
las and physical properties of compounds IV are shown in 
Table I. 

Scheme I 

Ri 

II 

Pharmacology. Adrenergic /3-receptor blocking activity 
was evaluated by inhibition of the depressor and the posi
tive chronotropic responses to isoproterenol. It was gener-


