
1441THE JOURNAL OF ANTIBIOTICSVOL. XXXVII NO,11

IN VITRO  BIOLOGICAL ACTIVITIES OF 6・ISOSTERIC PENICILLINS

          AND 7-ISOSTERIC CEPHALOSPORINS

JOHN C. SHEEHAN, ELSlE CHACKO, THOMAS J. COMMONS,

YOUNG S.LO DAGMAR R.PONZI and ALAN SCHWABACHER

Department of Chemistry, Massachusetts Institute of Technology

         Cambridge, Massachusetts O2139, U.S.A.

NADINE SOLOMON and ARNoLD L. DEMAIN

Department of Nutrition and Food Science,

  Massachusetts Institute of Technology
Cambridge, Massachusetts O2139, U.S.A.

(Received for publication June 14,1984)

   Antibiotic and penicillinase inhibitor activities of various penicillin and cephalosporin
analogs are reported. The compounds include C-6 penicillin and C-7 cephalosporin carbon,
oxygen and sulfur analogs obtained by replacing the NH of the amide side chains with CH2,

Oand S, respectively. In almost all cases, analogs were considerably Iess active than the
standard compounds(benzylpenicillin and cephalothin), However, some of the analogs act

as penicillinase inh1bitors.

   The search for structure-actMty relationships inβ-lactam antiblotics has proceeded through pro-

grams fbr fsolation of new compoundsト3)as well as chemical modification of existing antlbiotics4・5).

We wish to contribute to thls effort by reporting on the in vitro biological activities of various penicillin

(1)and cephalosporin(2)analogs synthesized in our laboratory.

   Our efforts toward structural modifications

have targeted mainly the C-6(7)position of

penicillin(cephalosporin). We have arrived at

new compounds by replacing thc amide side

chains with carbon6～8), oxygen9), and sulfur10,11)

side chains(see Scheme 1)and have also been

successful in synthesizing several C-6 spiro peni-

Scherne 1.
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cillins(6)12,13). The biological properties of these non-amide penicillins and cephalosporins are the

focus of the present report.

   Among the non-amide penicillins,β-amidino compounds(for example, mecillinam(7))are known

to possess excellellt antibiotic activlty14). FollowiDg the isolation of 7-methoxycephalosporins15),which

are stable towardβ 一1actamases, a】arge number of C-6(7)一substituted penicillins(cephalosporins)have

been synthesized. Cephalosporhls5)with groups such as OCH3, SCH3, CH20H, OCH2CH3, CHO,

Table 1, MIC(μg/ml)of C・60xygen analogs of penicillin which show only Gram-positive activity.
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 ** BS;Bacillus subtilis ATCC 6051,ML;Micrococcus luteus ATCC 8341,SA-1(100;Staphylococcus aureus

    A-100,SA:S.aureus ATCC 25923, SE;S. epidermidis ATCC 14990, SP-58.;S.pyogenes MIT B-58,

    SP-59;S.pyogenes MIT B-59;SF;Streptococcus faecalis MIT B-57, SP;S.pyogenes ATCC 1O389.
*** Penlcillin-resistant strain.

**** NT=not tested,



Table 2. MIC(μg/m1)of C-6Oxygen analogs of penlclllin which possess some Gram-negative activity .
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 ** EC;Escherichia coli ATCC 8739, KP;Klebsiella pneumoniae MIT B-49, PM:Proteus mirabilis MlT B-52, PV;P.vulgaris ATCC 6380, SEN;

    Salmonella enteritidis A9531, SS;Shigella sonnei ATCC 1106. See also footnote of Table 1.
*** Penicillin-resistant strain.
****NT=not tested.
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COCH3, NHCOOEt, CH3 and CH(ph .)OH at C-7 alld penicillins with C1, Br, OH, CH3,0CH3 and

CH3CH(OH)at C-6 are among them5). The effects of these modifications a1:C-6(71 and other posi-

tions of penicillin(cepllalosporin)on biological activities have beell detailed in recellt reviews4,5),

Table 3. MIC(μg/ml)of C-6 sulfur analogs of penicilliin、.
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**  NT=not tested .

Materials and Methods

   Materials

   All of the compounds reported here have been synthesized6～１3)in our laboratory, Highly reactive

6(7)-ketocompounds(8 and 9)have been employed in the synthesis of the carbon and oxygen analogs.

Synthesis of8and g and conversions to carbon analogs using Wittig-type reactions and to oxygen analogs

y'oreduction followed by acylation have been detailed previously6～9). The 6-spiro penicillins and sulfur

analogs were synthesizedl0～13)from 6-diazo intermediates(10)using electrophilic reagents. Benzyi-

penicillin was provided by Merck and Compally, Inc. Cephalothin was manufactured by Eli Lilly&

Co. Ampicillin was a gift from Ayerst Labora亡ories. Organisms used for tes1:ing were either obtained

from Ayerst Laboratories as gifts or purchased frolll Roche Diagnostlcs.

8 9 10
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   Biological Tests 

   Minimum Inhibitory Concentration (MIC): Trypticase soy agar plates were prepared contain-
ing concentrations of sample or standard ranging from 0 to 200 pg/ml agar. All solutions were pre-

pared and diluted in either dimethyl sulfoxide or water. Each plate was inoculated with all organisms 
using a Steers replicator. The organisms used were as follows: Gram-positive bacteria: Staphylococcus 
aureus strains A100 and ATCC 25923, Staphylococcus epidermidis ATCC 14990, Staphylococcus pyogenes 
strains Pen R (MIT B-58) and B-59, Streptococcus pyogenes ATCC 10389, Bacillus subtilis ATCC 6051, 
Micrococcus luteus ATCC 9341, Streptococcus faecalis MIT-B57. Gram-negative bacteria: Escherichia 
coli strains ATCC 25922 and ATCC 8739, Salmonella enteritidis A9531, Proteus mirabilis MIT B-52, 
Proteus vulgaris ATCC 6380, Klebsiella pneumoniae strains ATCC 27736 and MIT-B49, Shigella sonnei 
ATCC 11060. The plates were incubated for 18 hours at 37°C. MIC was the lowest level which in-
hibited growth. 

   Inhibition of Penicillinase: Trypticase soy agar was prepared containing either no antibiotic, 
ampicillin (5 pg/ml), or benzylpenicillin (10 pg/ml). All of the above were seeded with Klebsiella 
aerogenes ATCC 15380, a penicillinase producer. Sample compounds were prepared at 5 mg/ml. Two 
known active standards (BRL 143711) and clavulanic acid) were prepared at 1 mg/ml and 10 jig/ml, re-
spectively. Filter paper disks (6.35 mm) were dipped into the test solutions and placed on the agar 
plates. Each plate also had disks containing clavulanic acid and BRL 1437. Plates were incubated for

Table 4. MICs of C-6 carbon analogs of penicillins (fig/ml).
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See footnotes of Tables 1 and 2. 

Penicillin-resistant strain. 

NT=not tested.
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18hours at 37℃. Acompound with penicillinase-inhibitory activity produces a larger zone of inhibi-

tion on one or both of the antibiotic-containing platcs than on the unsupplemented plate.K.aerogenes,,

BRL l437 and clavulanic acid were gifts of Beecham Research Laboratories.

Table 5. MICs(μg/mD of C-70xygen analogs of cephalosporin.
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 ** See footnotes of Tables l and 2.
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**** NT=not tested.

Results and Discussion

    MIC values of the active compounds along with those of the standards are listed in Tables 1～5.

As a general rule, the antibacterial activity of the compounds decreased in the l⊃rder:oxygen analog>

carbon analog>sulfur analog. Some ofthe analogs ofpenicillins possessed weak activity against Gram-

negative bacteria(Table 2). Cephalosporin oxygen analogs(Table 5), penicillin carbon analogs(Table

4)and certaill of the penicillin oxygen analogs listed in Table l were only active against Gram-positive

organisms. Although most of the analogs tested show some activity, they are considerably less potent

than the parent amide compounds. However, some showed interesting activity as inhibitors of penici1・

1inase(Table 6), although none ofthese analogs was Illore active than clavulanic acid.
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Table 6. C-6 analogs of penicillin which inhibit the penicillinase of K.aerogenes*.

Structure**

Zone diameter(mm)

Compound alone
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      7.2
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ampicilhn***

   16.7

   12.4

   11.0

    9.5

    9.0

   11.5

    9.4

  Compound十

benzylpenicillin***

     20.0

     15.9

     12.6
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      9,8

* Controls were carried out with known penicilhnase inhibitors
. BRL 1437(disk saturated with I mg/

  ml solution)produced〈7mm zone alone,12.2 mm zone with ampicillin and 13.1 nlm zone with

  benzylpenicillin. Clavulanic acid(disk saturated with 10μg/ml solution)producedく7nlm zone alone,

  19.4mm zone with ampicillin and 18.8 mm zone with benzylpenicillin.

**
   R-Pen=

*** Amplci11in and benzylpenlcillin were present in the agar at 5μg/ml and 10μg/ml respectively .
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