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   Introduction of a hydroxyl group into the thiazole ring nitrogen of cephalosporins belong-

ing to the cefbtiam and cefotaxime families gave rise to products, better described by the tauto-

meric N-oxide form, which proved particularly active against Gram-negative bacteria. Ce-

phems bearing a(Z)一alkoxyimino functlonality are of special interest fbr broadness of spectrum;

among them,7,β-[(Z)2-(2-am{no-4-thiazolyl-N-oxide)-2-methoxyiminoacetanlido]3-(tetrazolo-

[1,5-b]pyridazin-6-yl)thiomethy1-3-cephem-4-carboxylic acid(5c-7, FCE 20635), in other ways

similar to cefotaxime, showed useful levels of activity against cephalosporlnase-producing

stralns resistant to the reference drug. PreHminary in vivo studies demonstrated the therapeutic

efficacy of the new compound in the treatment of experimental systemic, subcutaneous and

Urlnary traCt infectiOnS in miCe.

   Exploitation of 2-aminothiazolylacetic acid derivatives as side-chain components of cephaIosporins

has triggered a major revolution in the design of new semisyntheticβ-lactam antiblotics. The develop-

ment of an impressive number of useful compounds, ranging from cefbtiam1)and cefbtaxime2)to the

newer monobactams azthreonam3)and AMA・10804),is just the emerging part of a vast research that has

involved nearly every institution active in this area. In retrospect, it could be inferred that the 2-amino-

thiazole moiety has to be Ieft untouched in order to retain antibacterial activity;2-amino-5-halo deriva-

tives are the sole substituted entries of some interest so far reported5・6). In this context the results of a

programme we had started a few years ago, devoted to cephalosporins Ia～cformally derived from the
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classical structures upon introduction ofheteroatomic functionalities on the anlinothiazole ring nitrogen,

are particularly significant;some ofthe new compounds, particularly lnembers ofthe family represellted

by structure Ia, display potent and peculiar antinlicrobial properties.

Chemistry

   In princlple, the thiazole portion of comppounds Ia can be described either as a 2-imino-3-hydroxy-

thiazoline or as a 2-alninothiazole N-oxide. Two synthetic apProaches,i.e. sequential reaction of 4-

chloroacetoacetates with potassium thiocyanate and hydroxylamine, or direct oxidation of suitably

protected 2-aminothiazoles, were accordingly fo110wed and their results compared. A close analysis of

Scheme I
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the spectral properties of the compounds synthesized Ied us to propose the N-oxide structure as more

representative, and such structure is therefbre referred to throughout this paper in place of the 2-imino-3・

hydroxythiazolinyl tautomers Ia first considered at the onset of our programme. Those studies, which

include the preparation of the side-chain synthons 1(a, c～f, h, i), are published elsewhere7).

    Acetamido Series(Ia, X=CH2)

    Although formally accessible from la(Scheme 1), these analogs of cefotiam were rrore easily ob-

tained by building up the thiazole N-oxide nucleus on the readily available 4-chloro-3-oxobutyramido

cephem 2a1). Thus, reaction of the Iatter with potassium thiocyanate afR)rded 3a, which was in turn

treated with hydroxylamine hydrochloride to give 4a[Method A]. Displacement of acetate by the ap-

propriate mercaptide according to a well-established procedure(acetone・water,65℃, NaHCO3)

converted 4a into 5a, albeit in moderate yields[Method B].

    (Oxyimino)acetamido Series(Ia, X=C:NOR)

    Following the successful preparation of 4a, the hydroxyiminoacetamido and methoxyiminoacet-

amidocephems 4b and 4c were first approached through method A. Although 2b and 2c readily reacted

with potassium thiocyanate, further reaction with hydroxylamine hydrochloride to give the cyclized

products 4b,4c could not be achieved. Thus, we went back to the study of activation and coupling

of the isolated side-chain synthon lc with 7-aminocephalosporanic acid(7-ACA)and its 3・hetero-

cyclylthiomethyl derivatives. Diffbrent activating agents and coupling conditions were tested;our best

results were obtained by silylating the aminocephem with bis(trimethylsilyl)acetamide in tetrahydrofuran

or acetonitrile, adding the resultant solution to the reaction mixture from lc and dicyclohexylcarbodi

imide(0.6～0.8molar equivalents)in the same solvent. Removal of the amino protecting group in 7c

or 8c completed the sequence[Method C];alternatively(but less satisfactorily)5c could be prepared

from 4c and the appropriate thiol according to Method B. Similar procedures on the(E)一methoxime

ld and the homologated(Z)-alkoximes le, f afforded the cephems 5d～f. Preparation of the hydro-

xyimino and 2-carboxy-2-propoxyimino representatives 4b,4g required additional protection;suitable

starting materials were, respectively, the chloroacetamido-trityloxy synthon lh and the chloroacetamido一

tert- butoxycarbonyl analogue li. Activation as above and coupling with 7-ACA tert-butyl cster gave

the fully protected intermediates 6h,6i, which were converted into the target compounds by conven-

tional cleavage of the protecting groups. The cephcm(1S)-sulfoxide gc was obtained after oxidation

with m-chloroperbenzoic acid;the use of formic acid as a solvent allowed this reaction to be perR)rmed

on the ffee amino acid 5c.

Bacteriology

Materials and Methods

   Antibiotic Spectrum

   Minimal inhibitory concentrations(MICs)were determined by the standard two-fbld serial dHution

method in diagnostic sensitivity test agar(Oxoid);the plates were inoculated with 2×105 colonyforming

units using an automatic inoculator(Denley Tech. Ltd.).

    Susceptibility Distribution of Bacteria Isolated from In-patients and Out-patients to FCE 20635

   This study was carried on 180 strains,640fthem isolated in Ospedale Maggiore(Milan)ffom urines

of patients with a bacterial load of over lO5 cells/ml;the other l l6 were isolated ffom out-patients at-

tending 17clinics in Lombardy, Liguria and Piedmont. Organisms tested were: Escherichia coli (30

strains),Klebsiella spp.(30 strains), Proteus mirabilis (30 strains), indole positive Proteus (40 strains),
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Enterobacter spp. (14 strains), Citrobacter spp. (2 strains), Serratia spp. (4 strains) and Staphylococcus 
spp. (30 strains). The antibacterial activity of FCE 20635 (compound 5c-7) was evaluated by determ-
ing the MICs against these strains according to the above described method; cefotaxime, cefuroxime and 
cefazolin were assayed as comparison drugs. 

   Therapeutic Activity in Experimental Infections in Mice 

   Acute Systemic Infection: Male albino Iva: N.M.R.I. (Kiss) mice, 18' 20 g, were infected intra-

peritoneally with bacterial suspensions with or without gastric mucin, depending on the virulence of the 
strain, in amounts corresponding to the LD,,. Treatments were given subcutaneously immediately 
after the infection and 3 hours later according to a complete balanced block design, with random as-
signment of the drugs (2 groups of 6 or 7 mice per dose). The animals were kept under observation for 
7 days; from the survival frequency the median effective doses (ED50) were calculated by probit analysis8). 
In this experiment FCE 20635 was compared with cefotaxime and cefazolin. 

   Local Subcutaneous Infection: For this study male albino Iva: N.M.R.I. (Kiss) mice weighing 
about 25 g were used. A metal chamber was inserted under the skin of each mouse and was allowed 
to fill with a pathological fluid for 5 days. Then these chambers were injected with 0.05 ml of bacterial 
suspensions able to infect 99- 100% of the animals. Treatments were given subcutaneously immediately 
after infection and 6 hours later (5 or 15 mice per dose). Therapeutic activity was checked 24 hours 
later by counting the viable cells in chamber fluid. On the basis of the mean logs of the bacterial cell 
numbers found in animals treated with various doses of drug, a dose-response curve was constructed. 
From this curve the ED50, i.e. the dose that reduced the log of the number of bacteria to 50 % of the 
log for the untreated control mice, was obtained. In this model for local infection, FCE 20635 was 
tested in parallel with cefotaxime and cefoxitin against Klebsiella aerogenes 1082 E (inoculum 5 x 106 
cells/mouse). 
   Urinary Tract Infection: Renal infections with E. coli S were obtained by injecting 2.5 x 105 
cells per mouse into the left kidney of male albino Icem: CET (SPF Caw) mice weighing about 25 g. 
The drugs were given subcutaneously ; and 5 hours after infection and then twice a day for the next 
four days (total of 10 treatments). The efficacy of treatment was checked 72 hours after the last treat-
ment, by counting the bacteria present in the bladders and kidneys of treated and untreated (control) 
mice. The dose-response curve was drawn as described for the local subcutaneous infection. In this 
model, FCE 20635 was studied in parallel with cefotaxime and cefuroxime. 

   Pharmacokinetics in Mice 

   Serum Levels: Serum levels of FCE 20635 and cefazolin were determined in Cr1: CD-1(ICR)BR 
mice, after a single iv injection of 50 mg/kg. Groups of 8 mice (20_ 1 g) were used at each sampling 
time. Serum antibiotic concentrations were determined by the agar plate diffusion method, using 
Bacillus puntr/us NCTC 8241 as test microorganism and Folic TE (Difco) as assay medium. The 
standard curve and sample dilutions were prepared using sterile horse serum. Serum half-life was 
calculated by the least squares method in the therminal linear phase of the curve obtained by plotting 
log concentrations versus time. 

   Serum Protein Binding: Serum protein binding of FCE 20635 and cefazolin was determined by 
an ultrafiltration method at concentration of 40 ug/ml in fresh human, mouse and rat sera. Ultrafiltra-
tion was carried out by centrifugation in Centriflo membrane cones, type CF 50 (Amicon Corp). The 
antibiotic concentrations in the ultrafiltrate were determined microbiologically by the described agar 

plate diffusion method, with B. pum7ilus NCTC 8241. 

    Resistance to 3-Lactamases 
   The resistance of FCE 20635 to 3-lactamases was compared to that of cefotaxime and cephaloridine 

by the iodometric method of PERRET9) as modified by JACK and RICHMOND10. For these substrates the 
maximum rate of hydrolysis (Vmax) was measured at 30°C in conditions of enzyme saturation (sub-

strate concentrations: 6 mm in phosphate buffer, pH 5.9) using three different types of 31-lactamases, pro-
duced by Gram-negative bacteria. The maximum hydrolysis rate of FCE 20635 and cefotaxime was 

quoted in relation to that of cephaloridine, taken arbitrarily as 100. The three ;3-lactamases employed
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were produced by E.coli. TEM(plasmld mediatedβ-1actamase),K.aerogens 1082 E and Enterobacter

c1oacae P99(chromosomally mediated β-1actamases);they belong respectively to RICHMOND and SYKES

classes III, IVc and Ia11).

Results and Discussion

Structure -In Vitro Activity Reiationships

    In vitro assesslnent of antinlicrobial properties against a nu111ber of bacterial strains was routinely

performed fbllowing the synthesis of each compound;Table l summarizes the most representative re-

sults, where cefazolln and cefotaxime are taken as reference standards. The prototype of the new family,

4a, displayed the antibacterial spectrum proper of a classical cephalosporin(cefazolin), with a marked

shift in favor of activity against Gram-negative organisms. Replacement of the acetoxy group wiith

8-amino-6-mercaptotetrazolo[1,5-b]pyridazine, a thiol we had developed and employed wjth success

under silnilar circumstances12), resulted in a ten-fold increase of activity against most Gram-positive

and Gram-negative bacterja, embodied in sa-6, a product of absolute interest at that time but lackjng

theβ-lactamase stabihty shown by the newly emerging cephalosporins.

    Investjgation along this line was soon dlscontinued, as we were made aware of an interfbring

patent13), and our attention fbcused on the oxyimino analogs 4b,4c,4g. Inspection of data from

Table l revealed some interesting trends, which only in part fitted the structure-activity relationships

commonly accepted in the cefotaxime family. First, replacement of theα-methylene hydrogen atoms

of the thiazolylacetyl side chain by a(Z)一methoxyilnino group(4c vs.4a)produced an enhancement of

potency against Enterobacteriaceae(bし1t loss agaillst staphylococci), while extending the antibacteriaI

spectrurn to cover activity against plaslnid and chromosomally mediatedβ 一lactamase producers。

Second, the unsubstituted hydroxyimino derivative(4b vs,4c)gave, contrary to cornmonly accepted lipo-

philicity-activity correlationsl4),improved results against staphylococci and less favorable perfbrlnances

agahlst Gram-negative andβ-lactamase-producing bacteria. The product bearing the oxlme ether

molety characterizing ceftazidime fe11 short of our expectations(4g vs.4c),1eading to a general decrease

of actMty(except for Proteus species), without the hoped-for improvement against.Pseudomonas aerugi一

nosa. In comparison with cefotaxime, the methoxime 4c retalned the outstanding activity of the re一

fer ence drug against Gram-negative microorganisms, but suffered from substantial losses against Gram-

positive bacteria. The most apPealing fbature of 4c was, however, its superior activity against type Ia

and IVcβ-lactamase-producing strains;this particular antimicrobial spectrum was, at the time when

compounds 4,5were first syntheslzed15), unprecedented in the cephalosporin field. It was later, and

rnuch to our surprise, that a reportl6)appeared describing the peculiar antibacterial spectrurn of HR

1 O9, the cefotaxiIne(1S)-sulfoxlde. As a nlatter of fact this conlpound, synthesized in our laboratories

for comparison purposes and included in Table 1,does strikingly reproduce the antimicrobial activity of

4c. IIlterestingly, both 4c and HR 109 are oxides ofcefbtaxime-the first an N」oxide and the second an

∫一〇xide-and penetration properties hlto the outer membrane of bacteria,“..hich are he】d responsible

for the actlvity ofthe latter, could in pr}nciple, be similar.

    Next, the effects of substitution in the C-3 mmethyl group were illvestigated in an effort to restore the

anti-staphylococcal activity of 4c up to an acceptable Ievel while fhrther increasing the newly discovered

advantages over cefbtaxlme. Replacernent of the acetoxy with the 1-methyltetrazol-4-ylthio group

(5c-I vs.4c)was rather disappointlng, since the two-fold increase against Gram-positive bacteria and the

three-fold increase against E. cloacae P99 thus gained were not enough to substantiate expectations of



Table 1. In vitro alltibacterial activity of cephalosporins Ia

Compound
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0.06
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 0.25
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0.25

10.25

2

1.4

0.5
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0.25
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0.03

0.03
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035

0.03
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, P.v..

>128

  90.5

  0.35
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  0.03
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  0.O11
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0.25

0,06
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>128
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  1

 0.17

 0.17

 0.17

 0.25

  1

  1.4

 0.35

 0.08+
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>128

  90.5

  32

  32
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  11.3

  64

   8

   2.8

  P.αe.

>256

  181
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  181
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0.25 
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0.5 

1 

2 

0.25 

2 

0.12 

0.12

32 

 0.5 

 0.7 
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 0.5 
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0.015 
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   0.002 0.5 
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0.5
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4 

8 

32 

1

> 128 

> 128 

  64

> 256 

 32 

  16 

 256 

>256

>256 

4 

  32

b 

d

Organisms included in this Table are: S.a.+, Staphylococcus aureus 39/2 (penicillinase producer); S. p., Streptococcus pyogenes C203; Ex., Escherichia col 
G; K.p., Klebsiella pneumoniae ATCC 10031; E.ae., Enterobacter aerogenes ATCC 8308; S.s., Shigella sonnei ATCC 11060; P.m., Proteus ntirabilis ATC( 
9921; P.v., P. vulgaris X20; E.c.+, E. coli TEM (producer of plasmid mediated /3-lactamase); K.ae.+, K. aerogenes 1082E (producer of chromosomall; 
mediated (3-lactamase IVc); E.cl.+, Enterobacter cloacae P99 (producer of chromosomally mediated (3-lactamase Ia); Rae., Pseudomonas aeruginosa ATC( 
9027. 
Geometric mean values of two determinations. 
Code-named FCE 20635. 
N-(Cliloroacetyl)derivative of 5c-7.
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therapeutic usefulness. Nlore lipophilic thiols were of little avail(5c-3～5), rather threatening erosion

of the briHiallt propertles ofthe parent compound against Enterobacteriaceae, bu.t agaln activity lncreas-

ed by introduction of the tetrazoloPyridazine groups17)(5c-6,5c-7). In particular 5c-7, code-nanled

FCE 20635, proved reasonably effective agaillst staphylococci and E. cloacae P99, at the same time

displaying an outstanding level ofactivity against Gram-negative bacteria, K.aerogenes 1082 E included.

Oxime geometry was an esselltial contributor to activity, the anti(E)isomer l5d being two orders of

magnitude less active agaillst most bacterial strains. Almost equally impressive was the Ioss of activity

resulting ffom protection of the thiazole alnino group(8c-7 vs.5c-7 .):in both compounds, however, the

β一lactamase stability was not apparently affected. The relationship between activity and length of the

oxime ether group follo、ved a well-established pattern1↓)but for Pseudomonas aeruginosa, were an un-

usual positive trend was observed. Finally, stimulated by the previously suggested correlation with S-

o xides ofthe cefotaxinle fa111ily, we prepared the S,N-dioxide 9c;although generally infbrior to the parent

compound, this product did show, as expected, a first-rate degree of actMty whell tested against theβ.

1actamase produclng Klebsiella and Enterobacter strains.

                 SusceptibHlty Distribution of Bacterial Isolates to FCE 20635

    Figs.1～6illustrate the susceptibllity to FCE 20635 and cefotaxime, cefuroxime, cefazoli11(cumula-

tive percent of straills inhiblted at different collcentrations)of several bacterial isolates from in-patients

and out-patients. Apart that against Staphylococcus (Fig.1),where cefazolin、 、.as the most active col11-

pound and FCE 20635and cefotaxilne were only moderately active, the Iatter t、、.o compounds surpassed

the other refヒrence drugs, with a trend towards greater potellcy ill cefbtaxime a.nd towards wider spec-

trum in FCE 20635(Figs,2～5),

    Thus on P.mirabilis (30 strallls)FCE 20635 inhibited 290ut of the 30 strahls tested at a concelltra-

tion of O5μg/m1;at this concelltration cefuroxhne and cefazolill d1d not inhibit ally of the strains(Fig.

Flg.1. Sus㏄ptibility distribution curves for FCE

  20635 and other cephalosporins of 30 strains of

  Staphylococcus sp. isolated froln in-patients and

  out-patlents.

  　 FCE 20635,　 cefotaxime,　 cefuroxime, 

  cefazolin.

Fig.2. Susceptibility distribution curve fbr FCE

 20635and other cephalosporins of 30 strains of P.
 mirabilis isolated from in-pattients and out-patients.
   FCE 20635, cefotaxime, cefuroxime 
  cefazolin.
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2).On indole-positive Proteus normally resistant to older cephalosporins, FCE 20635 inhlbited 87.5%

of the strains at 2μg/ml. Cefotaxime was less active inhibiting 72.5%of these strains at this concentra-

tion. AII the strains were inhibited by FCE 20635 at 8μg/m1, whereas 5 strains showed moderate re-

Fig。3. Susceptibihty distribution curves for FCE

  20635 and other cephalosporins of 40 strains of

  indole-positive Proteus (17 」P. vulgaris, 14 」P.

  morganii,9 P.rettgeri)isolated ffom in-patients

  and out-patients.

   ●FCE 20635,△cefbtaxime,□cefuroxime, O

  cefazohn.

Fig,4. Susceptibility distribution curves for FCE

 20635 and other cephalosporins of 14 strains of
 Enterobacter, 2strains of Citrobacter and 4 strains

 of Serratia isolated from in-patlents and out-

 patients.

   ●FCE 20635,△cefotaxime,□cefuroxime,○

 cefazolin.

Flg.5. Susceptibility distribution curves for FCE

 20635 and other cephalosporins of 30 strains of

 Klebsiella sp. isolated from in-patients and out-

  patlents.

   ●FCE 20635,△cef6taxime,□cefuroxime, maru○

 cefazolin.

Fig,6. Susceptibility distribution curves for FCE

 20635and other cephalosporins of 30 strains of E.

 co1'isolated from in-patients and out-patients.

   ●FCE 20635,△cefotaxime,口cefuroxime, ○

 cefazolin.
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sistance to cefotaxime (MIC between 16 and 64 ,ug/ml), and 2 strong resistance (MIC > 128 jig/ml, 

Fig. 3). Against Enterobacter, Citrobacter and Serratia, FCE 20635 showed the same activity of cefo-

taxime. Nineteen of the 20 strains were inhibited by I jig/ml of FCE 20635, and the same concentra-

tion of cefotaxime inhibited 18. Cefuroxime was much less active, and cefazolin showed no activity 

(Fig. 4). Similarly, against E. coli the highest percentages of inhibitions were reached at lower con-

centrations of FCE 20635 than of cefotaxime (Fig. 5). Against Klebsiella, FCE 20635 was slightly 

inferior to cefotaxime, but nonetheless the totality of the 30 strains tested were inhibited at a concentra-

tion of I leg/ml (Fig. 6).

Table 2. Therapeutic activities of FCE 20635, cefotaxime and cefazolin in acute systemic infections in mice.

Organisms

S. aureus Smith 

S. pyogenes C 203 

E. coli G 

P. mirabilis ATCC 9921 

Salmonella typhi Watson 

K. pneumoniae ATCC 10031 

E. coli G R+ TEM

ED,, mg/kg (fiducial limits for P=0.95)

FCE 20635 

   3.43 
(2.34- 5.03) 

   0.41 

(0.33-0.48) 
   0.19 

(0.14-0.24) 
   0.06 

(0.03-0.12) 
   0.53 

(0.32 -0.90) 
    0.13 

(0.05-0.28) 
   0.39 

(0.21. 0.71)

Cefotaxime 

    0.8 
(0.52- 1.35) 

    0.1 

(0.06- 0.20) 
    0.2 

(0.12- 0.34) 
   0.14 

(0.04-.0.46) 
   0.43 

(0.29- 0.62) 
   0.19 

(0.05- 0.76) 
   0.57 

(0.33- 0.99)

  Cefazolin 

    0.11 

 (0.07 0.17) 
    0.79 

 (0.58-1.08) 
    9.32 

 (6.97 -12.47) 
   14.82 

 (12.47 17.81) 
   16.03 

 (10.23- 25.14) 
   15.46 

 (9.5 25.15) 
    83.1 

(58.41 -131.75)

Table 3. Therapeutic activities of FCE 20635, cefotaxime and cefoxitin in local subcutaneous infection in 
   the mouse with lactamase producing K. aerogenes 1082 E (RICHMOND type IVc).

Drug

FCE 20635 

Cefotaxime 

Cefoxitin 

Untreated controls

Dose 
(mg/kg) 

  25 
 100 

 400 

  25 
 100 

 400 

  25 
 100 

 400

No. 
mice 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5

Mean log No. 
bacteria/ml 

   6.34 
    5.70 
    3.54 

    8.54 
   7.84 
    6.35 

    7.12 
    4.39 
    2.53 

    9.64

ED,,* 
(mg/kg) 

  160 

 > 400 

   85

* ED50=dose needed to reduce the logarithm of the number of bacteria to 50% of that for the controls .

Mouse Protection Tests

   The therapeutic effectiveness of FCE 20635 was demonstrated against experimental systemic, sub-

cutaneous and urinary tract infections in the mouse (Tables 2-4). 

   In acute systemic infections (Table 2), FCE 20635 was found on the whole to have the same activity
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as cef6taxime against Gram-negative bacteria and

from 10 to 600 times the activity of cefazolin.

On theβ 一lactamase producing strain, E. co1ゴ

carrying R6K plasmld, FCE 20635 was slightly

more active than cefotaxime. On S.aureus Smith

and Streptococcus pyogenes C 203, cefotaxime

was about 4 times more active than FCE 20635.

    In local infbction with K. aerogenes 1082 E

(Table 3), FCE 20635 confirmed the in vito

fi ndings, being efficacious at considerably lower

doses than those required fbr cefbtaxime(cefbxi-

tin was here slightly more active than FCE 20635).

    In kidney infbctions due to E. co1i(Table 4),

FCE 20635 was approximately twice as active as

cefbtaxime. Both drugs were considerably more

effective than cefuroxime.

Pharmacokinetics

    Serum levels of FCE 20635 in the mouse are shown in Fig.7。 The serum levels obtained with

cefhzolin on animals of the same strains and in the same experimental conditions are reported for com-

Table 4. Therapeutic activities of FCE 20635, cefbtaxime and cefuroxime in experimental urinary

   tract infection in the mouse:renal infection with E.co1i S.

   Drug

FCE 20635

Cefotaxime

Cefuroxime

Untreated controls

 Dose

(mg/kg)

 0.01

 0.1

 1

10

 0.01

 0.1

 1

10

 0.1

 1

10

100

No.

mice

12

12

12

12

12

12

12

12

12

12

12

12

12

Mean log No.
bacteria1/ml

 (K+B)*/2

   3.90

   2.91

   0.77

   0.13

   4.10

   2.89

   2.17

   0.39

   5.23

   5.40

   2.39

   0.12

   5.86

ED50**
(mg/kg)

 0.12

 0.28

 7

* (K+B)=Kidney+Bladder
** ED 50-dose needed to reduce the logarithm of the number of bacteria to 50%of that fbr the controls.

Fig.7. Serum levels of FCE 20635 and cefazolin

 in mice, Iva:N.MRJ.(Kiss), after infeection of

 50mg/kg.

   OCefazolin t1/215minutes,●FCE 20635 t1/29

 minutes.

Table 5. Serum protein binding of FCE 20635 and

  ceffazolin (% of drug bound).

Antibiotic

FCE 20635

Cefazolin

Man

77.8

90

Mouse

  60

  72

Rat

74.8

92
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parison. The serum half-life of FCE 20635(9 minutes)was approximately 2/30f that of cefazolin, a

well known long acting cephalosporin.

   Bindlng of FCE 20635 to serum proteins was lower than that of cefazohn in all the species studied

(Table 5).

Resistance toβ-Lactamases

   Table 6 shows that the resistance of FCE 20635 to crude extracts ofβ-lactamases is of the same order

as that of cefbtaxime. Thus, the superior efficacy of the former compound against livlng cells ofK.

aerogenes 1082E and E.cloacae P99 must be ascribed to other factors, such as better penetration proper-

ties or the ability to escape the "trapping mechanism”18)which inactivates cefbtaxime.

    In summary, the family of cephalosporins of the present study display intcresting features, in part

reminiscent of those possessed by the(1S)-Oxide of cefotaximc;these properties can be found at their

best in compound sc-7(FCE 20635), which exhibits a very remarkable activity against Gram-negative

bacteria, including many cefotaxime-resistallt strains, producers of cephalosporinases. Further investi-

gations are encouraged by the pharmacoklnetic profile of tlle product and preliminary∫1～ γ1vo studies.

Table 6. Relative rates of hydrolysis(Vmax)of FCE 20635, cefbtaxi111e and cepha!oridine by β-1actamases

    ｆｒom Gram-negative bacteria.

Organism producing

  β-lactarnaseE

.coli TEM

 K.aerogens 1082 E

E.cloacae P99

  Class ofβ

-lactamase*

    III

    IVc

    Ia

Cephaloridine

    1OO

    1OO

    100

FCE 20635

   0.7

   4.7

   0.2

Cefotaxime

   O.3

    5.8

    0.2

* According to RICHMOND and SYKES(1973) .

Experimental

   NMR spectra were recorded at 60 MHz(Hltachl-Perkin Elmer R24b instrument)or at 90 MHz

(Bruker HX-90 instrument);chemical shifts are reported in parts per million(δ)relative to Me4Si. IR

spectra were taken on a Perkin Elmer spectrophotometer(lnodel l25). Melting points are uncorrected.

   Method A

   7β[2一(2-Amino-4-thiazolyl-N-oxide)acetamido]3-acetoxymethy1-3-cephem-4-carboxylic Acid(4a)

   Asolution of 7β 一(4-chioro-3-oxobutyramido)cephalosporanic acid(2a1))(1.8g,5mmo1)in DMF

(5ml)was stirred overnight with potassium thiocyanate(0.5 g,5.14mmo1), after which time comp】ete

conversion into the thiocyano derivative 3a had occurred(TLC monitoring). Finely powdered hydro-

xylamine hydrochloride(0.35 g,5mmol)was then added and tlle mixture stirred for 24 hours at room

temp. The reactlon mixture was poured with stirring into cold H20, thus obtaining the separation ofa

gum, which was collected and dissolved in demineralizcd H20 containing NaHCO3(1.26 g,15mmol).

This solution was passed through a reverse-phase column(LiChroprep RP-18, Merck),eluting with H2O,

to afR)rd an aqueous solution of the sodium salt of the tltle product. The free acid 4a was obtained as

awhite-off precipitate after concentration and treatment with l M HC1;0.98 g(46%), mp 235℃(dec);

IR(KBr)1765,1725,1670,1620,1380 cm-1;NMR(90 MHz, DMSO-d6)δ2.05(3H, s, COCH3),3.38

(2H, ABq,J=18Hz,2-H),3.60(2H, s, CH2CO),4.85(2H,ABq,J=12Hz,3-CH2),5.0(1H,d,J=5Hz,

6-H),5.60(1H, dd,J=5and 8 Hz,7-H),6.7(1H, s,5-H on thiazole ring),8.2(2H,br s, NH2),10.4(1H,

br d,J=8 Hz, CONH).

     Anal Calcd for C15H16N407S2:C42.05, H 3.76, N 13.07, S 14、97.

         Found:       C42.11,H4.00, N l2.78, S 14.76.
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   Method B

   7β 一[2一(2-Amino-4-thiazolyl-N-oxlde)acetamido}3一(8-aminotetrazolo[1,5-b]pyridazin-6-y1)thiome-

thy1-3-cephem-4-carboxyhc Acid(5a-6)

   8-Amino-6-mercaptotetrazolo[1,5-b]pyridazine(0.123 g,0.74 rnmol)was added to a solution ob-

tained from the acetoxymethylcephem 4a(0.45 g,1.05 mmo1), distilled Hρ(25 ml)and NaHCO3

(0.15g,1.78 mmo1), The mixture was heated at 65℃for 4 hours, then cooled to 5。C and treated under

stirring with l M HC1. The precipitate was collected, washed with H20 and then with a small amount

of EtOH. The obtained solid was repeatedly triturated in an Me2CO-H20 solution(7:1)until freed

fr om the starting heterocyclyhhiol and some faster-running impurities(TLC monitoring, Merck Kiesel-

ge160 Plates, CHCI3-MeOH-HCOOH,16:7:3as eluants), thus obtaining the title compound,0・359

(64%);mp 235℃. For an allalytical sample, further purification through reverse-phase chromato-

graphy of the sodium salt, as indicated for 4a, was required. IR(KBr)1760,1670,1620,1380 cm-1;

NMR.(60 MHz, DMSO-d6)δ3.65(2H, s, CH2CO),3.80(2H, ABq,2-H),4.40(2H, ABq,HJ=14 Hz,

3-CH2),5.10(1H, d,J=5Hz,6-H),5.71(1H, dd,J=5 and 8 Hz,7-H),6.42(1H, s,7-H on pyridazine

ring),6.70(1H, s,5-H on thiazole ring),8.0(2H, br s, NH2 on pyridazine ring).

     Anal Calcd for q7H16N10O5S3・1/2H20:C37.42, H 3.14, N 25.67, S l 7.63,

         Found:         C37.31,H3.32, N 25.33, S 17.24.

    7β[(Z)-2-(2-Amino-4-thiazolyl-N.oxide)-2-methoxyimlnoacetamido]一3一(1-methy1-1H-tetrazol-5-yl)一

thiomethyl-3-cephem-4-carboxylic Acid(5c-1)

    By a similar procedure to that used for compound sa,5c-1 was obtained(32%)from the 3-acetoxy-

methylcephem 4c and 5-mercapto-1.methyltetrazole;mp 205～210QC(dec). TLC on silica gel gave a

single spot with CHC13-MeOH-HCOOH-H20(140:70:20:10), Rf O.61. IR(KBr)1780,1670,

1625,1530,1040cm-1;NMR(90 MHz, DMSO一d6)δ3.67(2H, ABq,J=18.3 Hz,2-H),3・98(6H, s,

NCH3 and OCH3),4.33(2H, ABq,」=13.8 Hz,3-CH2),5.09(1H, d,J=4.8 Hz,6-H),5.75(1H, dd,

J =4 .8and 8.5 Hz,7-H),7.06(1H, s,5-H on thiazole rlng),11.10(1H, br d,J=8.5 Hz, CONH).

     Anal Calcd for C16H17N9O6S3:C36.43, H 3.25, N 23.89, S l 8.23.

         Found:      C36.71,H3.53, N 23.59、 S l7.97.

    Method C

    7β 一[(Z)一2一(2-Chloroacetamido-4-thiazolyl-N-oxide)一2-methoxyiminoacetamido]一3一(tetrazolo[1,5-b]一

pyridazin-6-y1)thiomethyl-3-cephem-4.carboxylic Acid(8c-7)

    Asuspension of 4一[(Z)一1-carboxy-1-methoxyimino]methyl-2-chloroacetamidothiazole-!V-oxide(1c)

(5.99,20mmol)in THF(295 ml)was stirred for I hour(ice bath)in the presence of dicyclohexylcarbodi-

imide(2.479,12mmoD. In a separate vessel,7/3-amino-3一(tetrazolo[1,5-b]pyridazin-6-yDthiomethy1-

3-cephem-4-carboxyhc acid(3.659,10mmol)was silylated by treatment with N,0-bis(trimethylsilyl)一

acetamide(4.07 g,20 mmo1)in a mixture ofTHF(83 ml)and acetonitrile(55 ml)at 55℃ for 30 minutes.

The clear solution thus obtained was added to the suspension containing the crude symrnetrica】an-

hydrlde of the side chain acid at-10℃. The resulting mixture was let rise to room temp and filtered

after 90 minutes from any suspended rnaterial. Evaporation of the solvent Ieft a solid, which was se-

quentially washed with EtOH(501nl)and CHC13(2×100 mD, and then dissolved in a 2:lMe2CO-

MeOH mixture(165 ml). After filtratlon from a small ahquot of unreacted 7-aminocephem, the solu-

tion was concentrated to small volume, thus causing the separation of 8c-7,5.12g(80%)as light-brown

crystals;mp 225。C(dec);TLC on silica gel gave a single spot with CHC13-MeOH-HCOOH(160:20:

20),Rf O.43;IR(KBr)1775,1675,1630,1540,1440,1355 cm-1;NMR(90 MHz, DMSO-46)δ3.72

(2H, ABq,J=19Hz,2-H),3.97(3H, s, OCH3),4.45(2H, s, CICH2),4.66(2H, ABq,J=13.8 Hz,3-CH2),

5.13(1H, d,J=4.8 HZ,6-H),5.76(lH, dd,J=4.8 and 8.5 HZ,7-H),7.50(1H, S,5-H On thiazle ring),

7.70(1H, d,J=9.6 Hz,8-H on tetrazolopyridazine rillg),857(IH, d,J=9.6 Hz,7-H on tetrazolopyri-

dazine ring),9.9(1H, br s, CICH2CONH),9.93(IH, br d,J=8.5 Hz,7-NHCO).

     Aηal Calcd for C20H17ClN10O7S3・H2O:C36.45, H 2.91,N21.27, Cl 5.38.

          Found;          C 36.33, H 2.92, N 20.98, Cl 5.43.

    7β 一[(Z)-2一(2-Amino-4-thiazoiyl-1Woxide)一2-methoxyiminoacetamido]3一(tetrazolo[1,5-b]pyridazin-

 6-yl)thiomethyl-3-cephem-4-carboxylic Acid(5c-7)
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   Thiourea(1.06 g,14mmo1)was added to a suspension of the chloroacetamido compound 8c-7

(8.96g,14mmol)in dimethylacetamide(28 m1), and the mixture was stirred for 150 minutes at 20～

25℃ 。EtOAc(125 m1)was then added to precipitate a solid which was collec.ted, washed with f士esh

EtOAc, and dissolved in l%aq NaHCO3(310ml). This solution was brought to pH 5.3 by dropwise

addition of 23%HC1(approx 2 m1), filtered from some impurities, treated with Amberlite XAD-7 ion-

exchange resin(22 g)under stirring,filtered after 30 minutes, and finally made acidic(pH 2.3)with 23%

HCI under ice cooling. The precipitate was collected, sequentially washed with H20, EtOH, ether, and

dried to give 1.77 g(22.4%)of the title compound as a pale-cream powder;mp 225QC(dec);TLC on

silica gel gave a single spot with CHC13-MeOH-HCOOH(160:50:20), Rf O.36;IR(KBr)1770,1670,

1535,1040cm-1;NMR(90 MHz, DMSO-46)δ3.67(2H, ABq,J=18.3 Hz,2-H),3.94(3H, s, OCH3),

440(2H, ABq,J=13.6 Hz,3-CH2),5.10(1H, d,」;4.8 Hz,6-H),5。75(1H, dd,」=4.8 and 8.5 Hz,

7-H),7.05(1H, s,5-H on thiazole ring),7.70(1H, d,」=9.5 Hz,8-H on tetrazolopyridazlne ring),8.54

(1H, d,J=95 Hz,7-H on tetrazobpyridazine ring), l l.42(1H, br d,J=8.5 Hz, CONH).

    Anal Calcd for C13H16N10O6S3・H20:C37,10, H 3.11,N24.05, S 16.50.

       Found:         C37.09, H 2.98, N 23.81,Sl6.31.

   By similar procedures 4c,5c-2～5c-6,5e and 5f were prepared through theirハ しchloroacetyl precursors

6c,8c-2～8c-6,8e and 8f. Data for each compound are as follows:

   7β[(Z)一2一(2-Amino-4-thiazolyl一N-oxide)一2-methoxyimlnoacetamido]一3-acetoxymethyl-3-cephem-4-

carboxylic Acid(4c)

   MP220～230。C(dec);TLC on silica gel gave a single spot with CHC13-MeCIH-HCOOH(160=70:

30),Rf O.25;IR(KBr)1770,1720,1670,1630,1530 cm-1;NMR(60 MHz, DMSO-d6)δ2.05(3H, s,

COCH3),3.4(2H, ABq,」=18Hz,2-H),3.97(3H, s, OCH3),48(2H, ABq,J=13Hz,3-CH2),7.1(1H,

s,5-Hon thiazole ring).

    Anal Calcd for C16H17N5O6S2:C40。75,H3.63,NI4.85.

       Found:       C40.51,H3.70, N 1458.

   7β 一[(Z)一2一(2-Amino-4-thlazoly1-2V-oxide)一2-methoxyiminoacetamido]一3一[1一(2-cyanoethy1)一1H-

tetrazo1-5-yUthiomethyl-3-cephem-4-carboxyiic Acid(5c-2)

   MP 170～175℃(dec);TLC on snica gel gave a single spot with CHCI3-MeOH-HCOOH-H20

(140:70:20:10),Rf O.43;IR(KBr)2240,1775,1670,1625,1040 cm-1;NMR(90 MHz, DMSO一d6)

δ3.17(2H, t,J=6.5 Hz, CH2CN),3.73(2H, ABq,J=18.3 Hz,2-H),3.98(3H, s,OCH3),4.36(2H, ABq,

3-CH2),4.60(2H, t,J=6.5 Hz, NCE2CH2CN),5.11(1H, d,J=4.8 Hz,6-H),5.76(IH, dd,J=4.8 and

8.5Hz,7-H),7.11(1H, s,5-H on thiazole ring),10.53(1H, br d, CONH).

    Anal Calcd for C18H15N10O6S3・H2O:C36.95, H 3.45, N 23.94, S I 6.44.

       Found:         C37.07, H 353, N 2358, S 16.08。

   7β[(Z)-2-(2-Amino-4-thiazoly1-N-oxide)一2-methoxyiminoacetamido]一3-(5-methyM,3,4-thiadiazo1-

2-yl)thiomethy1-3-cephem-4-carboxylic Acid(5c-3)

   MP 185～190QC(dec);TLC on silica gel gave a single spot with CHC13-MeOH-HCOOH(160:70:

30),Rf O.62;IR(KBr)1780,1680,1625,1040 cm-1;NMR(90 MHz, DMSO-46)δ2.72(3H, s, CH3),

3.78(2H, ABq,J=18.3 Hz,2-H),3.99(3H, s, OCH3),4.40(2H, ABq,J=13.8 Hz,3-CH2),5.11(1H, d,

J =4 .8Hz,6-H),5.76(1H, dd,J=4.8 and 8.5 Hz,7-H),7.09(1H, s,5-H on thi.azole ring),10.34(1H,

br d,J=85 Hz, CONH).

   Anal Calcd for Cエ7H17N706S4・1/2H20:C36.94, H 3.34, N 17.74.

       Found:         C36.76, H 3.49, N l7.42.

   7β 一[(Z)一2一(2-Amino-4-thiazolyl-N-oxide)一2-nlethoxyiminoacetamido]一3一(5-methylthio-1,3,4-thiadia-

zol-2-yl)thiomethyl-3-cephem-4-carboxylic Acid(5c-4)

   MP 205～210℃(dec);TLC on sillca gel gave a single spot with CHCI3-MeOH-HCOOH(160:

40;20),Rf O.36;IR(KBr)1765,1665,1620,1530,1380,1040 cm-1;NMR(60 MHz, DMSO-46)δ2.76

(3H, s, SCH3),3.67(2H, ABq,2-H),4.04(3H, s, OCH3),4.4(2H, ABq,3-CH2),5.06(1H, d,J=4.8 Hz,

6-H),5.82(1H, dd,J=4.8 and 85 Hz,7-H),7.06(1H, s,5-H on thiazole ring),10.76(1H, br d,J=

85Hz, CONH).
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   Anal Calcd for C17H17N7O6S5・H2O:C34.39, H 3.22, N 16.51,S27.00.

      Found:        C34.48, H 3.15, N 16.20, S 26.76.

  7β-[(Z)-2-(2-Amino-4-thiazoly1-N-oxide)-2-methoxyiminoacetamido]-3-(6-methoxypyrazin-2-yl)一

thiomethyl-3-cephem-4-carboxylic Acid(5c-5)

  MP 170～180℃(dec);TLC on silica gel gave a single spot with CHC13-MeOH-HCOOH(160:

50:20),Rf O.47;IR(KBr)1775,1680 br,1630 cm-1;NMR(90 MHz, DMSO・d6)δ3.66(2H, ABq,J=

18Hz,2-H),3.98(3H, s, NOCH3),4.00(3H, s, OCH30n pyrazine ring),4.35(2H, ABq,J=13.8 Hz,

3・CH2),5.11(1H, d,J=4,8 Hz,6-H),5.74(1H, dd,J=4.8 and 8.5 Hz,7-H),7.10(1H, s,5-H on thiazole

ring),7.97 and 8.13(each IH, s,5-H and 3-H on pyrazine ring),10.12(1H, br d,J=85 Hz, CONH).

   Anal Calcd for Cl9Hl9N7O7S3・H2O:C39.92, H 3.70, N 17,15.

      Found:        C39.81,H3.87, N l6.72.

  7β-[(Z)-2-(2-Amino-4-thiazolyl-N-oxide)・2-methoxyiminoacetamido]-3-(8-aminotetrazolo[1,5-b]一

pyridazin-6-yl)thiomethy1-3-cephem-4-carboxylic Acid(5c・6)

  MP 230℃;IR(KBr)1760,1630,1380 cm-1;NMR(60 MHz, DMSO-46)δ3.7(2H, ABq,2-H),

4.0(3H, s, OCH3),4.40(2H, ABq,J=14 Hz,3-CH2),5.10(1H, d,J=5Hz,6-H),5.80(1H, dd,J=5

and 8 Hz,7-H),6.45(IH, s,7-H on pyrldazine ring),7.1(1H, s,5-H on thiazole ring),10.15(1H, br d,

J =8Hz, CONH).

   Anal Calcd  for C13H17N1103S3・1/2H20:C36.72, H 3.08, N 26.18.

      Found:         C36.57, H 2.95, N 25.72.

  7β-[(E)-2-(2-Amino-4-thiazolyl-N-oxide)-2-methoxyiminoacetamido}3-(tetrazolo[1,5-b]pyridazin-6.

y1)thiomethyl-3-cephem-4-carboxylic Acid(5d-7)

  MP 210～220。C(dec);TLC on silica gel gave a single spot with CHC13-MeOH-HCOOH(160:50:

20),Rf O.32;IR(Nujol)1775,1670,1625 cm-1;NMR(90 MHz, DMSO-d6)δ3,68(2H, ABq,J=

18.3HZ,2-H),3.98(3H, S, OCH3),4.44(2H, ABq,J=13.6 HZ,3-CH2),5.12(1H, d,J=4.5 HZ,6-H),

5.76(1H, dd,J=4.5 and 8.5 Hz,7-H),7.07(1H, s,5-H on thiazole ring),7.72(1H, d,J=9.5 Hz,8-H

on tetrazolopyridazine ring),856(1H, d,J=9.5 Hz,7-H on tetrazolopyridazine ring),10.67(1H, d,

J =85Hz, CONH).

   Anal Calcd for C18H16N10O5S3・H2O:C37.10, H 3.11,N24.05.

      Found:         C36.81,H3.07, N 23.77.

  7β[(Z)-2-(2-Amino-4-thiazolyl-N-oxide)-2-ethoxyiminoacetamido]-3-(tetrazolo[1,5-b]pyridazin-6-

yl)thiomethyl-3-cephem-4-carboxylic Acid(5e-7)

  MP 205～210C(dec);TLC on silica gel gave a single spot with CHCI3-MeOH-HCOOH(160;

50:20),Rf O.37;IR(KBr)1770,1670,1630,1540,1450,1360 cm-1;NMR(90 MHz, DMSO・46)δ

1.24(3H, t, CH2CH3),3.72(2H, ABq,2-H),4,22(2H, q, OCH2CH3),4.45(2H, ABq,3-CH2),5.17

(1H,d,J=5 Hz,6-H),5.82(1H, dd,J=5 and 8 Hz,7H),7.13(lH, s,5-H on thiazole ring),7.80

(1H, d,J=9 Hz,8-H on tetrazolopyridazine ring),8.64(1H, d,J=9 Hz,7-H on tetrazolopyridazine

ring),11.13(1H, br d, CONH2).

   Anal Calcd for Cl9Hl8Nl0O6S3:C39.43, H 3.13, N 2421.

      Found:       C39.11,H3.30, N 23.95.

  7β-[(Z)-2-(2-Amino-4-thiazoly1-N-oxide)-2-(propoxyimino)acetamido]-3^(tetrazolo[1,5-b]pyridazin-

6-yl)thiomethyl-3-cephem-4-carboxylic Acid(5f-7)

  MP 200～205。C(dec);IR(KBr)1770,1675,1630,1540,1360 cm-1;NMR(90 MHz, DMSO-d6

δ0.91(3H, t, CH2CH2CH3),1.70(2H, sextet, CH2CH2CH3),3.72(2H, ABq,2-H),4.20(2H, t, OCH2-

CH2CH3),4,46(2H, ABq,3-CH2),5.15(1H, d,J=5Hz,6-H),5.80(lH, dd,J=5 and 8.5 Hz,7-H),

7.06(1H, s,5-H on thiazole ring),7.74(1H, d,8-H on tetrazolopyridazine ring),8.55(1H, d,7-H on

tetrazolopyridazine ring),10.90(1H, d,J=8.5 Hz, CONH).

   Anal Calcd for C20H20Nl0O6S3:C40.53, H 3.40, N 23.63.

      Found:       C40.17, H 3.42, N 23.21.

  7β-[(Z)-2-(2-Amino-4-thiazolyl-N-oxide)-2-hydroxyiminoacetamido]-3-acetoxymethyl-3-cephem-4-

carboxylic Acid Hydrochloride(4b)
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   Amixture of 4一[(Z)一1-carboxy-1-trityloxyinlino]methy1-2-chloroacetamidothiazole-N-oxide(1h)

(0.8g,1.53 mmol),tert-butyl 7-aminocephalosporanate(.0.8 g,2.43 mmo1)and dicyclohexylcarbodiimide

(0.38g,1.84 mmol)was stirred in an ice bath for 3 hours. The separated dicyclohexylurea(0.27 g)was

filtered off, the solution was concentrated in vacuo, the residue was taken up in EtOAc and washed in

sequence with 4%aq NaHCO3,0.l M HCI and brine. Removal of the solvent left a residue which was

triturated in ethyl ether(3×70 m1), The undissolved material was discarded and the ethereal extracts

were evaporated to give 1.05 g(82%)of the tert-butyl cephalosporanate 6h as a powder. Without further

purification, thls material was dissolved in triHuoroacetic acid(3 n11)and kept at 15℃for 30 minutes.

Addition of lsopropyl ether caused the separation of theハ1,0-bis protected cephalosporanic acid 7h,

which was co11ected, washed with ether, dissolved in THF(7 m1)and heated at 50Cfor 30 minutes in the

presence of 50%aq HCOOH(3 ml). After concentration in vacuo , ethyl ether was added to precipitate

the crude detritylated cornpound 7b,0.6 g. A solution of this product in dry dilnethylacetamide(2 m1)

was stirred with thiourea(0.07 g)at room temp for 2 hours, after which time EtOAc was added to

separate a brownish powder, which was collected and triturated with fresh amounts of EtOAc(2 times).

The isolated sohd,0.32 g, was triturated in a MeOH-Me2CO mixture(50+50 m1);the ulldlssolved

material was discarded and the solution, after partial evaporation, kept overni .ght in the refrigerator,

thus obtailling the precipitation of the title product 4b, in part as the hydrochloride salt;0.289(37%

overa11). TLC on silica gel gave a slngle spot with CHCI3-MeOH-HCOOH(160:60:30), Rf O.40;

IR(KBr)1775,1725,1675,1630 cm-1;NMR(60 MHz, DMSO一d6)δ2.05(3H, s, OCOCH3),3.55(2H,

ABq,2-H),490( .2H, ABq,3-CH2),5.15(1H, d,J=5 Hz,6-H),5.85(1H, dd,J=5and 8 Hz,7-H),7.1

(1H, s,5-H on thiazole rlng).

     Anal Calcd for C15H15N5O8S2・1/2HC1:C37、87, H 3.28, N 14.72, Ci 3.72.

         Found:         C37.95, H 3.36, N l4.53, C13,85.

    7β-[(Z)-2-(2-Amino-4-thiazolyl一N-oxide)-2-(2-carboxy-2-propoxyimino)acetamido]-3-acetoxy-

methy1-3-cephem-4-carboxyhc Acid(4g)

    Dicyclohexylcarbodiimide(237mg,1.15mmo1)was added to a solution of 4-[(Z)-1-(2-tert-butoxy-

carbonyl-2-propoxyimino)}methyl-2-chloroacetamidothiazole-N-oxide(1i)(600 mg,1.42 mmol)and

tert- butyl 7-aminocephalosporanate(377mg,1.15mmol). After 90 minutes, the solvent was removed

and replaced with EtOAc. The precipitate(dicyclohexylurea,205 mg,80%)was dlscarded and the solu-

tion was washed with aq NaHCO3, drled and evaporated. Siljca gel chromatography(EtOAc-cyclo-

hexane, with a gradient n isopropano1)afforded 320 mg(38%)of the fully protected cephem 61 as an

amorphous solid. The product obtained was stirred for 30 minutes at room temlp in neat trifluoroacetic

acld(3 mD, after which time the crude dicarboxylic acid 7g was precipitated by adding isopropyl ether

under stirrlng at O℃. The isolated solid was stirred for 25 hours at room temp inasolution ofthiourea

(31mg,0.31 mmol)in dimethylacetamide(.1 m1). Addition of EtOAc caused the separation of the title

product 49, ln part as its hydrochloride, as a pale brown powder(130 mg,20%overalD. Preparation

of an analytical sample required reverse-pllase chromatography(LiChroprep RP-18, Merck)of a solu-

tion of this material in aq NaHCq, concentration of the appropriate fractions and final treatment with

HCl.

    MP 220～230C(dec);TLC on silica gel gave a single spot with CHCI3-MeOH-HCOOH(160:

60:30),RfO.64;IR(KBr)1770,1735,1670,1620cm-1;NMR(60 MHz, DMSO-46)δ1.46(6H, s, Me2),

2.04(3H, s, COCH3),3.60(2H, ABq,2-H),4.95(2H, ABq,3-CH2),5.1(1H, d,J=5Hz,6-H),5.8(1H,

dd,J=5and 8.5 Hz,7-H),7.0(1H, s,5-H on thiazole ring).

     Anal Calcd fOr C19H21N5O10S2・H2O:C40.64, H 4」3, N 12.47.

          Found:         C40.93, H 4.03, N 12。19.

    7β 一[(Z)一2一(2-Anlino-4-thiazoly1-N-oxide)一2-methoxyiminoacetamido]一3一(tetrazolo[1,5-b]pyr{dazin-

6-yDth[omethy1-3。cephem-4-carboxyhc Acld(1S)-oxide(9c-7)

    The sulfide 5c-7(290 mg,051 mmol)in all ice-cold mixture of MeOH(0.7 ml)and HCOO.H

(2ml)was treated dropwise with a solution of 85%m-chloroperoxybenzoic acld(104 mg,051 mmo1)

in THF(1 m1). After 30 minutes, EtOH(10ml)was slowly added, thus obtaining the precipitation of

the title product gc-7 as a white powder;220 mg(74%);mp 220℃(dec);TLC on silica gel gave a



1439THE JOURNAL OF ANTBIOTICSVOL. XXXVII NO.11

single spot with CHC13-MeOH・HCOOH-H20(140:75:20:20), Rf O.33;IR(KBr)1780,1725,

1670cm-1;NMR(90 MHz, DMSO-d6)δ3.92(2H, ABq,2-H),3.98(3H, s, OCH3),4.50(2H, ABq,

J =13.7Hz, S-CH2),4.96(1H, d,J=4.8 Hz,6-H),5.91(1H, dd,J=4.8 and 85 Hz
,7-H),7.05(1H, s,

5-HOn thiaZOle ring),7,70(1H, d,J=9.6 Hz,8-H On tetrazolopyridazine ring),8.54(1H, d,J=9.6 HZ,

7-Hon tetrazolopyridazine ring),9.49(1H, br d,J=8.5 Hz, CONH).

   Anal Calcd for C8H16N10O7S3・2.5H2O:C34.76, H 3。38, N 22.52.

      Found:          C3451,H3.45, N 22.17.
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