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Cephalosporina with new catechol substituents at C-3' have been synthesized, including novel compounds with (2-3' 
carbon-carbon bonds. Many of these compounds have high potency against Gram-negative bacteria, in particular 
against resistant strains like Pseudomonos aeruginosa. Structure-activity relationships are discussed in tarme of 
their dependence on the pK, of the C-3' catechol and ale0 in terms of steric and conformational factors of the C-3' 
substituent. The beat overall propertiea were found in compounds with a bulky and/or conformationally restricted 
acidic (2-3' catechol. 

The introduction of a catechol moiety at C-6 of peni- 
c i l l i n~ ,~*~  C-734 and C-3" of cephalosporins, as well as at 
N-1 or C-3 of monobactams: has been shown recently to 
give compounds with vastly improved potency against 
Gram-negative bacteria, especially the most resistant 
strains, such as Pseudomonas aeruginosa. 

The influence of the C-3' substituents of cephalosporins 
on their biological properties, level of activity, spectrum 
and pharmacokinetics is well kn~wn.~JO At the onset of 

our work only the C-3' quaternary ammonium family of 
catechol cephalosporh had been studied? We have been 
seeking cephalosporh with improved biological properties 
to include activity against P. aeruginosa, better 8-lacta- 
mase stability, and improved pharmacokinetics. We have 
thus focused on the (2-3' position as a point of attachment 
for novel catechol substituents. We report here novel 
structure-activity findings for these compounds. 
Chemistry 
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Structure-activity relationships in cephalosporins; Part I1 
Recent developments. Zbid. pp 161-233. 

0022-2623/92/1835-2631$03.00/0 

methy1)cephalosporins 1a-e,l1J2 key intermediates in our 
syntheses, have been obtained by reduction of the corre- 
sponding C-3'-(azidomethyl)cephalosporins 211-13 using 
b e y  nickel in TFA. Reductive amination of acet- 
aldehyde with the amine la  gave the N-substituted sec- 
ondary amine 3a (Scheme I). 

The amides 4-21,23-25 were obtained by acylation of 
the corresponding amines la-e and 3a, respectively. 
Condensation of 3,4-diacetoxyphenyl isocyanate with la 
gave urea 22. Reaction of la with the corresponding 
sulfonyl chlorides led to the sulfonamides 26 and 27 
(Scheme I). 
0-Linked C-3' Substituents. The cephalosporin esters 

28 have been obtained by acylation of the corresponding 
3-(hydro~ymethyl)cephalosporin~~ in the presence of (di- 
methylamino)pyridine, and transformed into the desired 
compounds 30 and 31 via the amino ester 29. Treatment 
of 28 with trifluoroacetic acid gave the free acid 32 (Scheme 
11). 

C-Linked C-3' Substituents. We have found that 
catechol reacts readily with 7-aminocephalosporanic acid 
in the presence of boron trifluoride etherate with direct 
introduction of the catechol group in (2-3' to give 33. No 
prior A3 to A2 double bond isomerization is necessary under 
these conditions for a successful conden~ation.'"'~ The 

(10) Webber, J. A,; Wheeler, W. J. Antimicrobial and pharmacok- 
inetic properties of newer penicillins and cephalosporins. In 
Chemistry and Biology of j3-Lactam Antibiotics; Morin, R. B., 
Gorman, M., Me.; Academic Press: New York, 1982; Vol. 1, 
pp 371-436. 

(11) Murphy, C. F.; Webber, J. A. Alteration of the dihydrothiazine 
ring moiety. In Cephalosporins and Penicillins, Chemistry 
and Biology; Flynn, E. H., Ed.; Academic Press: New York, 

(12) EP 127,992A2,19&1, IC1 (Chem. Abstr. 1985,102,220651~). 
(13) GB 2,103,205A, 1982, Fujisawa (Chem. Abstr. 1983, 98, 

(14) Ger. Offen. 2,103,014, 1971, Glaxo (Chem. Abstr. 1971, 75, 

(15) Peter, H.; Rodriguez, H.; Miiller, B.; Sibral, W.; Bickel, H. 

1972; pp 134-182. 

197894~). 
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Helv. Chim. Acta 1974,57, 2024-2043. 
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amino acid 33 has been taken through to the final com- 
pound 34 following Scheme 111. 

Interestingly, the keto esters 35 and 36 can also be ob- 
tained by a boron trifluoride etherate promoted conden- 
sation of the corresponding benzoylacetates on 7-amino- 
cephalosporanic acid" (Scheme IV). In the case of 36, 
spontaneous in situ loss of the tert-butyl ester under the 
Lewis acid conditions, followed by a decarboxylation, gave 
the ketone 37. Both compounds 37 and 35 gave the desired 
final compounds 38 and 39 via standard procedures 
(Scheme IV). 

Structure-Activity Discussion 
Antibacterial Spectrum. A common feature of most 

of the compounds shown in Tables I, 11, 111, and IV is their 
outstanding activity against Gram-negative organisms, 
especially P. aeruginosa. Their high potency is due to the 
presence of a catechol in the (2-3' substituent, which allows 
these molecules to penetrate exceptionally well, by a novel 
route, into the periplasmic space of Gram-negative bac- 
teria. This is well demonstrated by their activities against 
the isogenic pairs of P. aeruginosa 799WT/799/61 (Tables 
I, 11, 111, IV) and the isogenic pairs of Escherichia coli 
DCO/DC2 (Tables 111, IV). The parent organisms, 799WT, 
DCO, and the permeability mutants, 799/61, DC2, of these 
two organisms differ mainly by the absence of an intact 
outer membrane in the permeability mutant, hence al- 
lowing the antibacterial to reach their target in an un- 
restricted fashion in these latter strains. The ratio of the 
minimum inhibitory concentration (MIC) of the parent to 
the permeability mutant allows a reasonable estimation 
of the ability of an antibacterial to penetrate intact E. coli 
or P. aeruginosa. The precise mechanism of this illicit 
transport has been studied extensively in our laboratory.'* 

Arnould et al. 

~~ ~~~~ 

(16) Animati, F.; Botta, M.; De Angelis, F.; Doripo, A.; Grgurina, I.; 
Nicoletti, R. Studiea related to cephalosporins; Part I: Solvo- 
lytic reactions of 3-bromomethylcephems with alcohols and 
phenols. J. Chem. SOC. Perkin Trans. Il983,2281-2286. 

(17) Karady, S.; Cheng, T. Y.; Pines, S. H.; Sletzinger, M. The 
chemistry of cephamycins, Part III; Replacement of the car- 
bamoyl oxy group. Tetrahedron Lett. 1974,262*2632. 

(18) Curtis, N. A. C.; Eisenatadt, R. L.; East, S. J.; Cornford, R. J.; 
Walker, L. A.; White, A. J. Iron-regulated outer membrane 
proteins of Escherichia coli K-12 and mechanism of action of 
catechol-substituted cephalosporins. Antimicrob. Agents 
Chemother. 1988,32,1879-1886. 

(19) Keseler, R. E.; Bies, M.; Buck, R. E.; Chisholm, D. R.; Pursi- 
ano, T. A.; Tsai, Y. H.; Misiek, M.; Price, K. E.; Leitner, F. 
Comparison of a new cephalosporin, BMY28142, with other 
broad-spectrum @-ladam antibiotics. Antimicrob. Agents 
Chemother. 1985,27,207-216. 

(20) Le Bars, M.; Alleaume, M.; Hauw, C. m-Aminobenzenesulfon- 
amide hydrochloride; Crystal structure. Cryst. Struct. Com- 
mun. 1973,2,383-386. 

(21) Urbanczyk-Lipkowska, 2.; Krayenski, J. W.; Gluzinski, P.; 
Stadnicka, K. Structure of N-(2-[2-methyl-3-(p-nitrobenzyl)- 
oxy-1-isothioureido]ethyl)-gtoluenesdfonamide. Acta Crys- 
tallogr. Sect. B Struct. Crystallogr. Cryst. Chem. 1982, 38, 
971-973. 

(22) Synthesis described in following paper. 
(23) Jacob, P.; Shulgin, A. T. Sulfur analogues of psychotomimetic 

agents. 3. Ethyl homologues of Mescaline and their monothio 
analogues. J. Med. Chem. 1984,27,881-888. 

(24) Frank, J.; Rakoczy, P. Synthesis and antibacterial activity of 
some 5-substituted 6,7-methylenedioxy-4-quinolone-3- 
carboxylic acid derivatives. Eur. J. Med. Chem. 1979, 14, 
61-66. 

(25) Kaelin, A. Helu. Chim. Acta 1947, 30, 2132-2141. 
(26) Williams, R. T. The identification of pyrocatechol-4-sulfon- 

amide aa a metabolic product of p-hydroxybenzene sulfon- 
amide in the rabbit; The synthesis of derivatives of pyro- 
catecholsulfonamide. J. Biochem. 1941,35, 1169-1174. 

It was thus shown that this transport is ton B-dependent, 
the known functionality of the ton B gene product con- 
cerning the transport of iron-chelated siderophores in E. 
coli. More specifically, it was also demonstrated that the 
transport of catechol cephalosporins into bacteria occurs 
via the Fiu and Cir iron-regulated outer membrane pro- 
teins, since only mutant strains lacking simultaneously 
these two outer membrane proteins were resistant to the 
catechol cephalosporins.'* 

The nature of the C-3' link has been varied extensively 
and was found to influence the spectrum, but to have little 
effect on the penetration through the outer membrane of 
Gram-negative bacteria, see for instance compounds 8,30, 
27 (Table 111), 4, and 31 (Table IV). Activity against 
Staphylococcus aureus remains typical of the third gen- 
eration cephalosporins (Tables 111, IV). Neutral oxime 
substituents give compounds with more Gram-positive 
activity than compounds with acidic oxime substituents, 
for example compounds 9 and 4; 13 and 8,10,11 and 12 
(Table IV). Interestingly, the thienylacetyl C-7 side chain 
gave compounds where the "catechol effect" is much less 
expressed than in the oximido aminothiazole cephalospo- 
rins, compare compounds 32 and 31 (Table IV). Catechol 
cephalosporins with the catechol group protected as di- 
acetates as in 32, always gave identical MIC's to the free 
catechol, demonstrating the enzymatic/ hydrolytic insta- 
bility of catechol acetate under our in vitro teat conditions. 
This is also well documented in the literature.32 

8-Lactamase Stability. We have found that the B- 
lactamase stability of these compounds is dependent on 
a number of physicochemical parameters of the (2-3' sub- 
stituent: 

The pK, of the C-3' catechol has a direct influence on 
the 8-lactamase stability of thgse compounds (Table I); 
within a series, increasing the acidity of the catechol leads 
generally to more stable compounds, as highlighted by the 
examples of Table 1. 

Conformational factors also play an important role in 
the 8-lactamase stability of the compounds. The C-3' 
amidic NH of the Cephalosporins 14,15, and 18 is strongly 
hydrogen bonded to the carbonyl of the quinolone ring (6 
10.4 ppm in DMSO-& compared to 8.3 ppm for normal 
amidic compounds). This situation leads to a planar 
conformation of the (2-3' group, which might explain the 
observed good enzymatic stability of this family of com- 
pounds (Table I). It is striking that structurally related 
compounds 16 and 17 (Table 11) where such a H-bond 
cannot exist, have poorer enzymatic stability than that of 
cephalosporins 14, 15, and 18. 

(27) Kaminsky, D.; Meltzer, R. I. Quinolone antibacterial agents. 
Oxolinic acid and relatad compounds. J. Med. Chem. 1968,11, 
160-163. 

(28) Budesinsky, 2.; Valenta, A. 6,7-Dialkoxyquinoxaline deriva- 
tives. Collect. Czech. Chem. Commun. 1971,36,2527-2539. 

(29) Zee-Cheng, K. Y.; Nyberg, W. H.; Cheng, C. C. Synthesis of 
8,9-dialkoxy-subetituted tetrahydrobenz[h]isoquinolines. J.  
Heterocycl. Chem. 1972,9, 805-811. 

(30) Adkins, H.; Vernaten, M. Hydroxyquinone diacetate. In Or- 
ganic Syntheses; Homing, E. C., Ed., John Wiley and Sons 
Inc: New York, 1956; Collect. Vol. 3,452-453. 

(31) Ehrlich, J.; Bogert, M. T. Experiments in the veratrole and 
quinoxaline groups. J. Org. Chem. 1947,12,522-534. 

(32) Best, D. J.; Burton, G.; Davies, D. T.; Elder, J. S.; Smale, T. 
C.; Southgate, R.; Stachulaki, A. V.; Baaker, M. J.; Knott, S. 
J. Structure-activity relationship of some arylglycine ana- 
logues and catechol isostera of BRL 36650, a 6a-formamido 
penicillin. J. Antibiot. 1990, 43, 574-577. Corbett, D. F.; 
Frydrych, C. H.; Southgate, R.; Baaker, M. J. Synthesis and 
biological activity of some 6a-formamido penicillins modified 
in the 2@-methyl group. J. Antibiot. 1990,43, 1042-1044. 
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Steric factors also contribute significantly to the overall 
8-lactamase stability in these series. Substitution of the 
C-3' nitrogen, 24,25, or introduction of steric hindrance 
in the vicinity of this (3-3' nitrogen, 20, improves the 8- 
lactamase stability in these compounds (Table 11). It is 
known that cephalosporins with C-3'-charged sp3-hybrid- 

izsd substituents, such as the bulky quaternary ammonium 
group, are quite stable to 8-lactamases.l9 It is of interest 
to note that compound 39, with a neutral, sp3 hybridized, 
(2-3' carbon atom substituent, also has exceptional @-lac- 
tamase stability (Table 11). The lactamase-stable bulky 
sulfonamidea 26 and 27 with a partiaUy sp3 hybridid C-3' 
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nitrogen atomm$* also fall into this category of compounds 
(Table I). 

The oxime substituent of the C-7 side chain influences 
8-lactamase stability. Within a series, neutral oxime 
substituente gave compounds will less lactamase stability 
than compounds with acidic oxime substituente; compare 
for instance cephalosporins 9 and 4 (Table IV). 

Pharmacokinetics, Metabolism, and ElerUm Protein 
Binding. It is a known phenomenon that certain cepha- 
losporins substituted in C-3' with acid-bearing groupa can 
have unusually long half-lives; ceftriaxone,33 YM-13115,54 

and cefodizime= are representative examples of such 
compounds. We have found a similar relationship in the 

(33) Beekid, G.; Christeneon, J. G.; Cleeland, R.; Delorenzo, W.; 
n o m ,  P. W. In uiuo activity of caftrieuone (Ro 13-9904), a 
new broad spectrum eemioynthetic caphalceporin. Antim'crob. 
Agents Chemother. 1981,20,169-167. 

(34) Mnbui, H.; Korniya, M.; Ikeda, C.; Tachibana, A. Comparative 
pharmacokinptice of YM-13116, ceftriaxone, and ceftazidime 
in rate, dogs and rheeue monkeye. Antimicrob. Agents Che- 
mother. 1984,26,204-207. 
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Table I. pK, of (2-3' Catechol and @-Lactamase Stability" 
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_ _ _ _ _ ~  

Pseudomonas Citrobacter 
Enterobacter cloacae stuartii freundii 

I+' DRb I+' DRb I+e DRb Pseudomonas aeruginosa 
compd R1 pK, 18s' 18SHb 7 9 9 W  799/61d P99-' P99+b 401029 401108 442019 442049 382010 382031 

4r OH 8.50 0.008 0.06 0.008 a OH 
d OH 7.00 0.008 0.03 0.008 

-NHco G O H  

'c1 

6 C! ,OH 6.30 0.008 0.015 0.008 

CI 

14f 0 7.20 0.008 0.008 0.008 

OH 

0.008 0.125 16 0.125 

0.008 0.06 4 0.06 

0.008 0.03 4 0.008 

0.008 0.06 0.25 0.06 

E, 

0.008 0.015 0.015 0.015 

Et 

2d OH 8.00 0.015 0.125 0.008 

27' OH 6.45 0.015 0.015 0.008 

0.008 0.125 2 0.03 

0.008 0.015 0.25 0.015 

>128 0.25 

16 0.03 

4 0.06 

1 0.25 

0.5 0.008 

2 0.5 

1 0.03 

0.03 32 

0.008 4 

0.008 2 

0.008 0.125 

0.008 0.03 

0.015 2 

0.008 0.5 

"MIC in pg/mL,  IST growth medium, inoculum 10' cfu per spot. bConstitutive derepressed type I lactamase producer. cParent organism. 
*Permeability mutant. e Inducible type I lactamase producer. 'Tested twice or more. 

(2-3' catechol cephalosporin series. Thus, compounds 5, 
6, and 14 with acidic catechol functions in C-3', leading 
to over 50% ionization at physiological pH, possess long 
half-lives and large AUC's (area under the curve), com- 
pared to the parent compound 4.% Compounds 24,30, 
and 13 emphasize also the importance of the nature of the 
(2-3' link and the oxime substituent for long half-lives% 
(Table V). 

The urinary recovery of the compounds of Table VI over 
27 h dosed at 3 mg/kg per marmoset was generally rela- 
tively modest, indicating the existence of other ways of 
elimination for theae compounds. Biliary excretion in rata 
was measured (details not given) but was highly variable 
within a series. 

It is anticipated that catechol cephalosporins in general 
could be metabolized by the enzyme catechol-o-methyl 
transferase and that the longer half-life and the more active 
compounds could either be poorer substrates3' or could 

(35) Skully, B. E.; Jules, K.; Neu, H. C. In vitro activity and @- 
lactamase stability of cefodi ie ,  an aminothiazolyl imino- 
methoxy cephalosporin. Antimicrob. Agents Chemother. 1983, 
23,907-913. 

(36) A full discussion of the structure-activity relationships be- 
tween the PK, of the catechol group and the pharmacokinetics 
of C-3' catechol cephalosporins are given in the following ar- 
ticle. Bird, T. G. c. et al. J.  Med. Chem. 

inhibit ita action. The metabolic fate of compound 14 was 
studied in detail. We found that this compound was not 
metabolized in marmoset or rat blood, and only one in- 
active metabolite was detected by HPLC in the urine of 
marmoset and rat. It underwent rapid metabolism in rat 
bile to give at least two biologically inactive metabolites. 
The development of this compound was hampered by 
evidence of cardiac toxicity in dogs (effect on blood 
pressure and heart rate). In conclusion, the introduction 
of a substituted catechol residue at C-3' of the cephalo- 
sporin nucleus can lead to compounds possewing excep- 
tional in vitro antibacterial activity against Gram-negative 
bacteria, in particular P. aeruginosa. We also found that 
an important biological property, the lactamase stability, 
is dependent on the pK, of the C-3' catechol. Steric and 
conformational factors of the (2-3' substituent play an 
important role in this mpect. The beat ladamase stability 
was found in compounds with bulky and/or conforma- 
tionally r e s t r i d  acidic (2-3' Catechols. The pharmacok- 
inetica of theae compounds are also influenced by the pK, 

(37) Ohi, N.; Aoki, B.; Kuroki, T.; Mataunoto, M.; Kojima, K.; 
Nehashi, T. Effect on antibacterial activity and COMT-rue- 
ceptibility of chlorine introduction into the catechol nucleus 

u r e i d o l - 2 - ~ h e n y l a c e t d o ~ ~ ~ ~ c  aud. J. Antsbzot. 1987, 
Of s[(R)-2-[3-(3,4-dihydroxybe~yl)-3-(3-hydro~y:pjopyl)-l- 

40, 22-28; 
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Table 11. Steric Factors and 8-Lactamase Stability 

Arnould et al. 

E. cloacae P. stuartii C. freundii 
I+e DRb I+e DRb I+e DRb P. aeruginosa 

compd R1 18s' 18SHb 799WT 799/61d P99-c P99+b 401029 401108 442019 442049 382010 382031 

16 

17 

18 

19 

20 

5 

24 

7 

25 

39 

-" wOH 0.008 0.125 

OH 

0.008 0.125 

- N H c o  & OH 

I 
H 

OH 0.008 0.008 x N a  N OH 

-" x;+OH 0.008 0.015 

EQCO OH 
OH 0.008 0.03 

-NHco G O H  

\ 
CI 

OH 0.008 0.06 
- i C G  OH 

c1 

I 0.008 0.06 OH 

'NHCo G O H  

CN 

0.008 0.125 
- ! d O H  

'CN 
0.008 0.008 

C&OH 

0.03 

0.008 

0.008 

0.008 

0.008 

0.008 

0.008 

0.008 

0.008 

0.008 

0.008 0.125 

0.008 0.06 

0.008 0.03 

0.008 0.03 

0.008 0.03 

0.008 0.06 

0.008 0.125 

0.008 0.06 

0.008 0.06 

0.008 0.125 

16 0.125 

2 0.06 

0.06 0.03 

0.5 0.03 

0.06 0.03 

4 0.03 

1 0.015 

2 0.03 

1 0.015 

0.25 0.03 

>128 0.25 

16 0.5 

1 0.03 

8 0.25 

0.5 0.06 

16 0.03 

1 0.25 

8 0.06 

1 0.25 

0.25 0.125 

8 

4 

2 

8 

2 

2 

8 

4 

16 

0.5 

0.008 16 

0.008 16 

0.008 0.125 

0.008 1 

0.008 0.06 

0.008 4 

0.008 1 

0.008 2 

0.008 1 

0.008 0.25 

-Br 

"MIC in pg/mL, IST growth medium, inoculum 10' cfu per spot. bConstitutive derepressed type I lactamaae producer. "arent organism. 
dPermeability mutant. e Inducible type I lactamaae producer. 

of the (2-3' catechol. Some compounds, with negatively 
charged catechols at C-3' at physiological pH, have long 
half-lives and large AUC's. 
Experimental Sect ion 
IR spectra were taken as liquid fiis or KBr pellets on a 

Perkin-Elmer 781 spectrophotometer. 'H NMR spectra were 
d e d  on a Jeol FX9OQ or a Bruker 3OOAC spectrometer. FAB 
maas spectra were obtained on a VG 7250 SA maas spectrometer. 
Analytical HPLC chromatography was carried out on Shimadzu 
LCGA apparatus using Nucleosil C18 5-pm columns, eluent 
MeOH/H20 with 1% AcOH. Preparative medium pressure 
chromatography was carried out using the Mitsubishi HP2OSS 
resin, eluent MeOH/H20 with 1% AcOH. 

The pK, values were measured at  25 OC on solutions of 2-3 
mg of accurately weighed cephalosporin in 100 p L  of DMSO 
diluted to 3 mL with aqueous 0.1 M KCl by titration with 0.1 N 
NaOH. The titration and pH of the solution were automatically 
recorded using a Radiometer RTS 822 titration apparatus, and 

the pK,'s thus graphidy determined from the half-neutralization 
points. G3'-(azidomethyl)cephaloaporins 2a-e were obtained by 
condensation of 7-amino-3-(azidomethyl)ceph-3-em-4-carboxylic 
acid with the corresponding C-7 side chains using the standard 
procedures of cephalosporin chemistry.12 For the synthesis of 
carboxamidocephalosporins 5-8 see the following paper?2 

Biological Studies and MIC Determinationr. MIC values 
were determined by agar dilution at an inoculum of about 10' 
colony forming units in IeSensiteat (IST) growth medium (Oxoid 
Ltd., London, Ehgland) and recorded after overnight incubation 
at  30 "C as the lowest antibiotic concentration inhibiting visible 
bacterial growth. 

Marmoaet Pharmacokinetic Test. Animals were obtained 
from the IC1 marmoset breeding unit and weighed about 350 g. 
Groups comprised three male or three female animals but were 
never of mixed 88x88. A presample of blood was taken on the day 

in 0.05 M phosphate buffer, pH 7, and the animals were dosed 
at 3 mg/kg intravenously and then housed in metabowls for the 

before the experiment. The compounds were prepared as solutions 
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duration of the experiment. They were bled from the tail vein 
at  0, 16, 30, 60, 120, and 180 min into Microtainers (Beckton 
Dickenson) for serum samples. The samples were assayed in 
triplicate by an agar diffusion method using Mueller Hinton agar 
and E. coli ESS (A8341207). Zones of inhibition were measured 
using electronic calipers connected to an IBM PC and concen- 
trations computed from a standard curve Lin Reg Analysis. 
Half-life and AUC values were then computed. 

Serum Protein Binding Assay. Samples of compounds at 
50 a/mL in human serum were prepared in duplicate and allowed 
to equilibrate with shaking at 37 OC for 15 min before loading 
into an Amicon ultrafiltration membrane cone, CF25, and 
centrifuging. The centrifugates were assayed in triplicate by the 
agar diffusion method described for the marmoset pharmacok- 
inetic teat in the previous paragraph. The percentages of binding 
were calculated. 
Urinary Recovery in Marmosets. Groups of three male or 

three female IC1 marmosets were housed individually in metab- 
olism cages. Solutions of the compounds were prepared in 0.05 
M pbpha te  buffer, pH 7, and the animala were dosed at 3 mg/kg 
intravenously followed by an oral dose of 3 mL of water (to 
stimulate urine production). Urine was collected into solid carbon 
dioxide-cooled containers to freeze samples, during the periods 
of 0-4,4-8, and 8-24 4 and the animals were given a further oral 
doee of water at each collection point. After 24 h, the metabowla 
were washed into a collecting vessel, and a final sample was 
collected over 24-27 h Samples were assayed in triplicate by the 
agar diffusion method described for the marmoset pharmacok- 
inetic test. The percentages of recovery, relative to dose, were 
calculated from the cumulative product of concentrations and 
volumes. 

C-3'-(Aminomethyl)cephalospo~ns (la-): General Pro- 
cedure. These compounds are known in the cephalosporin lit- 
erature1'J2 but were obtained in our work by the following con- 
venient procedure. Cephaloeporina 2a-e (1 equiv) were solubilized 
in TFA at room temperature. Prolabo h e y  nickel (about 50% 
suspension in water and 1.5 times the weight of cephalosporin) 
was added to the solution in small portions, and the reaction 
mixture was stirred at  room temperature for about 1 h. The 
progress of the reduction was monitored by HPLC. At the end 
of the reaction, the h e y  nickel was fiitered off through Celite 
and washed with water and methanol, and the combined solutions 
were evaporated under vacuum. The crude reaction product was 
purified by medium pressure chromatography. Yields were 
typically around 3040% after purification. The physical and 
spectral propertiea of the compounds were in agreement with their 
structure and published data. 
7-[2-(2-Aminothiazol-4-y1)-2-[ (Z)-( l-carboxy-l-methyl- 

ethoxy)imino]acetamido]-3-[ (ethy1amino)met hyllceph-3- 
em-4-carboxylic Acid (3a). Acetaldehyde (88 rL, 1.6 mmol) 
ie added slowly to a solution of la (970 mg, 1.4 "01) in anhydrous 
MeOH (100 mL) in presence of EtsN (195 pL, 1.4 mmol) and 
NaBH3CN (88 mg, 1.4 mmol). The reaction mixture is stirred 
at  room temperature for 0.5 h. The solvent is evaporated and 
the residue purified by preparative HPLC on a Whatman ODs3 
column, eluent H20/MeOH/AcOH, 90101 to give 3a, 257 mg 
(36%): 'H NMR (DMSO-d,/CD&oOD/TFA-d) 6 ppm 1.3 (t, 
J = 7 Hz, 3 H), 1.6 (6, 6 H), 2.8-3.2 (m, 2 HI, 3.7-4.1 (m, 4 H), 
5.3 (d, J = 4.5 Hz, 1 H), 6 (d, J = 4.5 Hz, 1 H), 7.2 (8, 1 H); MS 
(+FAB) 513 (M + H)'. 

C-3'-Carboxamido and C-3'-Sulfonamido Cephalosporins 
4,s-13,16, and 24-27 General Procedure. The acid chloride 
or bromide (1.1 equiv) was added to a stirred solution of ceph- 
alosporin 1 (1 equiv) in MeOH or DMF (for the sulfonamido 
cephalosporins) at  0 OC in the presence of Et3N (3 equiv). The 
mixture was stirred at  this temperature for 1-3 h, the progress 
of the reaction being followed by HPLC. At the end of the 
reaction, an equal volume of water was added. The pH of the 
solution was adjusted to 8.5 with diluted ammonia, and removal 
of the acetate group from the catechol was followed by HPLC 
as the mixture was stirred at this pH for 1-3 h. At the end of 
the deprotection, the pH was adjusted to 6 with 2 N HC1, the 
solvents were evaporated under vacuum, and the residue was 
purified by medium pressure chromatography. The yields of the 
purified pducta  were in the range of 20-702 (see supplementary 
material). 
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Table V. Pharmacokinetics of (3-3' Catechol Cephalosporins in Marmoseta 
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6 

24 

13 

14 

H d V  

N-O R O  I "n& Rl  

COOH 

compd R R1 PK. t l / Z  (h) AUC (mg/h per L) 

4 C(CHJZC0OH OH 8.5 1.25 0.09 27.2 * 2.52 
-NHCO&H 

-NH+oH 

- N H c o v o H  

6 C OH 7.0 4.57 0.460 638.3 * 74.6 

CI 

6.3 8.22 1.3 461.0 61.7 

CI 

OH 7.4 0.87 0.19 16.4 4.1 

- ! C O G O H  

CI 

CH2CHB OH 6.9 0.67 0.04 16.97 0.5 

-NHco+ 

Br 
C(CH&COOH 7.2 3.47 * 0.96 238.5 * 90.5 

- N H C O k  

OH 
I 
Et 

30 C 6.5 1.68 * 0.12 67.7 4.1 & 
-0CO Br 

ceftazidimeb 0.7 14 
,I Mean values from two testa, quoting the greatest standard error observed. Used as a comparator in all testa, mean values from a large - -  

number of testa. CSame as above. 

Table VI. Serum Protein Binding and Urinary Recovery of 
Selected Compounds 

commund serum protein bindinp" urinary recove$ 
4 96.3 44.8 
6 98.7 16.2 
8 99.0 17.5 

14 99.2 13.9 
In human blood (70). *In marmosets, dosed at 3 mg/kg, over 

C3'-Carboxamido Cephalosporins 17, 19: General Pro- 
cedure. The activated esters of the 1,4dihydro-6,7-dihydroxy- 
4-oxoquinoline-2-carboxylic acid and 6,7-dihydroxyquinoLe- 
2-carboxylic acid (1 equiv) were obtained by reaction with N- 
hydroxybenzotziazole (1.1 equiv) and dicyclohexylcarbodiimide 
(1.1 equiv) in DMF a t  room temperature for 2 and 1 h, respec- 
tively. The precipitated dicyclohexylurea was fiitered off, and 
the resulting solution was added to a solution of l a  (0.8 equiv) 
in DMF in the presence of 4 equiv of EhN. The mixture was 
stirred at mom temperature for 16 and 2 h, reapectively, the DMF 
was evaporated, and the residue purified by medium pressure 
chromatography to give the desired compounds in 5% and 40% 
yield, respectively (see supplementary material). 

C-Q'-Carboxamido Cephalosporins 14,16,18,20,23 Gen- 
eral Procedure. The heterocyclic carborylic auds (1 equiv) were 
carefully dried by azeotropic removal of water, followed by drying 
over P& under vacuum, were polyailylated in CH2Clz by d o n  
with trimethylsilyl chloride (3.2 equiv) and EhN (3.2 equiv) over 
2 h at  room temperature. Thionyl chloride (1.1 equiv) was added 

27 h (W of administered dose). 

to the solution, and the resulting mixture was stirred at room 
temperature for 2 h. This solution was then added to a solution 
of C-3'-aminocephalosporin la in DMF with EhN (3 equiv) at 
0 OC. The mixture was stirred at  this temperature for 30 min, 
the solvents were evaporated, and the residual solid was purified 
by medium pressure chromatography; yields are in the range of 
2040% (see supplementary material). 

7-(2-Thienylace~do)-3- [  [ (3,4-diacetoxybenzoyl)oxy]- 
methyl]ceph-3-em-4-carboxylic Acid (32) and 7-[2-(2- 
Amlnothiazo1-4-y1)-2-[ (Z)-( 1-carboxy-1-methylet hoxy)imi- 
no]acetamido]3-[ [ (3-bromo-4,S-dihydroxybeneoyl)oxy]- 
methyl]ceph-3-e~m-4-carboxylic Acid (30). 4DMAP (125 mg, 
1 mmol, 0.2 equiv) and &N (1.04 mL, 7.5 mmol,1.5 equiv) were 
added to a solution of diphenylmethyl7-(2-thienylacetamido)- 
3-(hydroxymethyl)ceph-3-em-4-carboxylate1' (2.7 g, 5 "01, 1 
equiv) and 3-bromo-4,5-diacetoxybenzoyl chloridez2 2.5 g, 7.5 
mmo1,1.5 equiv) in anhydrous CHzC12 at 0 "C. The mixture was 
stirred at 0 OC for 10 min, washed with water and diluted HC1, 
and dried to give 28 (& = 3-bromo-4,5-diacetoxyphenyl), 4.1 g 
(100%): 'H NMR (CDC13/CD3COOD) 6 ppm 2.25 (s,3 H), 2.35 
(8, 3 H), 3.25-3.75 (m, 2 H), 3.8 (e, 2 H), 5 (d, J = 4.5 Hz, 1 H), 
5.8 (d, J = 4.5 Hz, 1 H), 4.9-5.3 (m, 2 H), 6.9 (e, 1 H), 7 (m, 2 H), 
7.25 (m, 11 H), 7.35 (d, J = 2 Hz, 1 H), 8.05 (d, J = 2 Hz, 1 H). 

PCI, (2.04 g, 10 mmol,2 equiv) was added to a solution of 28 
(& = 3-bromo-4,S-diacetoxyphenyl) (4 g, 4.9 11111101, 1 equiv) in 
anhydrous CHzC12 and pyridine (1.6 mL, 20 mmol, 4 equiv) at  
-20 OC. The mixture was stirred under argon for 15 min at -20 
OC and stirred at room temperature for 1.5 h. The solution was 

(20 mL) was added, and the mixture was allowed to reach room 
again c00led to -20 OC, buhe-l,3-di01(2.1 mL, 5 equiv) in CH&& 
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temperature over 1 h The solvent was evaporated, and the reaidue 
was purified by chromatugraphy over SiOz (eluent CH2Clz/MeOH 
98/2). The combined fractions were acidified with a solution of 
hydrochloric acid in ether and evaporated to give 29 hydrochloride 
(& = 3-bromo-4,5-diacetoxyphenyl), 2.9 g (83%): 'H NMR 
(CDC13/CD3COOD) 6 ppm 2.25 (8,  3 H), 2.3 (e, 3 H), 3.25-3.75 
(m, 2 H), 5.05 (8, 2 H), 4.75-5.25 (m, 2 H), 6.95 (8,  1 H), 7.25 (m, 
10 H), 7.75 (d, J = 2 Hz, 1 H), 8.05 (d, J = 2 Hz, 1 H). 

29 (R, = 3-bromo-4,5-diacetoxyphenyl) free base (1.9 g, 2.7 
mmol, 1 equiv) was reacted with 2-benzothiazolyl 2-(2-amino- 
thiazol-4-y1)-2- [ [ 1- tert-butoxycarbony1)- 1-methylethoxy ] imino] - 
thioacetate (1.3 g, 2.7 mm01,l equiv) in CH2C12 (30 mL) at room 
temperature for 1 h. The crude product was chromatographed 
over SiOz, eluent CHzC12MeOH 98/2, to give diphenylmethyl 
7- [2-(2-aminothiazol-4-y1)-2-[ [ (2)-1-(tert-butoxycarbony1)-1- 
methylethoxy]imino]acetamido]-3-[ [ (3-bromo-4,5-diacetoxy- 
benzoyl)oxy]methyl]ceph-3-em-4-carboxylate, 1.8 g (68% 1: 'H 
NMR (CDCl,) 6 ppm 2.25 (8, 3 H), 2.35 (8,  3 H), 3.25-3.75 (m, 
2 H), 5.05 (d, J = 4.5 Hz, 1 H), 4.9-5.4 (m, 2 H); 6 (dd, J = 4.5, 
9 Hz, 1 H), 6.9 (8, 1 H), 6.95 (8, 1 H), 7.15-7.4 (m, 10 H), 7.75 (d, 
J = 2 Hz, 1 H), 8.05 (d, J = 2 Hz, 1 H). 

The previous compound (1.65 g, 1.7 mmol) was treated with 
a 3 1  mixture of TFA/anisole (4 mL) at room temperature for 
1 h, and the solvents were evaporated. The residue was dissolved 
in MeOH/H20 1:1, and the pH was adjusted to 8.5 by addition 
of diluted ammonia; at the end of the reaction, the pH was 
acidified to 5 and the solution evaporated. After medium pressure 
chromatography purification, 30 was obtained, 488 mg (42%): 'H 
NMR (DMSO-d,/CD,COOD/TFA-d) 6 ppm 1.55 (8,6 H), 3.55 
(d, J = 18 Hz, 1 H), 3.8 (d, J = 18 Hz, 1 H), 4.9 (d, J = 12.5 Hz, 
1 H), 5.25 (d, J = 12.5 Hz, 1 H), 5.2 (d, J = 4.5 Hz, 1 H), 5.85 
(d, J = 4.5 Hz, 1 H), 7.05 (a, 1 H), 7.4 (d, J = 2.5 Hz, 1 H), 7.5 
(d, J = 2.5 Hz, 1 H); IR (KBr) 1770 cm-'; MS (+FAB) 700 (M + H)+. 

28 (R, = 3,4diacetoxyphenyl) (100 mg, 0.13 m o l )  was treated 
with a 2:l TFA/anisole mixture (1.5 mL) at room temperature 
for 0.5 h. The solvents were evaporated, and the residue was 
precipitated by a mixture of ether/pentane to give 32, 43 mg 
(56%): 'H NMR (DMSO-d6/CD3COOD/TFA-d) 6 ppm 2.25 (8, 
6 H), 3.5-3.9 (m, 4 H), 5 (d, J = 12.5 Hz, 1 H), 5.3 (d, J = 12.5 
Hz, 1 H), 5.1 (d, J = 4.5 Hz, 1 H), 5.7 (d, J = 4.5 Hz, 1 H), 6.8-8 
(m, 6 H); IR (KBr) 1780 cm-'; MS (+FAB) 575 (M + H)+. 

7 4  24  2-Aminot hiazo1-4-y1)-2-[ (2)-( 1-carboxy- 1-met hyl- 
et hoxy)imino]acetamido]-3- [ [ (3,4-dihydroxyben zoy 1 )oxy 1- 
methyl]ceph-3-em-dcarhxylic Acid (31). This compound was 
obtained following the same approach as for compound 30. The 
intermediates and compound 31 have the following spectral data. 

'H NMR (DMSO-d6/ 
CD3COOD) b ppm 2.29 (s,6 H),3.8-4 (m,4 H),4.9 (d ,J  = 12.5 
Hz, 1 H), 5.2 (d, J = 12.5 Hz, 1 H), 5.2 (d, J = 4.5 Hz, 1 H), 5.85 
(d, J = 4.5 Hz, 1 H), 7 (m, 2 H), 7.2-8 (m, 15 H). 

'H NMR (DMSO-d6/ 
CD3COOD)/TFA-d) 6 ppm 2.28 (8, 6 H), 3.7-4 (m, 2 H), 5 (d, J 
= 12.5 Hz, 1 H), 5.3 (d, J = 12.5 Hz, 1 H), 5.3 (e, 2 H), 7 (a, 1 H), 
7.2-8 (m, 13 H). 

Diphenylmethyl 7-[2-(2-aminothiaz01-4-y1)-2- [ (2)-[ 1-(tert- 
butoxycarbonyl)-1-methylethoxy]imino]acetamido]-3-[ [ (3,4-di- 
acetoxybenzoyl)oxy]methyl]ceph-3-em-4carboxylate 'H NMR 
(DMSO-d6/CD3COOD) 6 ppm 1.35 (e, 9 H), 1.41 (8,  6 H), 2.28 
(8, 6 HI, 3.5-3.9 (m, 2 H), 4.9 (d, J = 12.5 Hz, 1 HI, 5.2 (d, J = 
12.5 Hz,  1 H), 5.25 (d, J = 4.5 Hz, 1 H), 5.8 (d, J = 4.5 Hz, 1 H), 
6.71 (8, 1 H), 6.9 (8, 1 H), 7.8 (m, 28 H). 

31: 'H NMR (DMSO-d6/CD8COOD/TFA-d) 6 ppm 1.6 (a, 6 
H), 3.4-3.9 (m, 2 H), 4.9 (d, J = 12.5 Hz, 1 H), 5.3 (d, J = 12.5 
Hz, 1 H), 5.2 (d, J = 4.5 Hz, 1 H); 5.9 (d, J = 4.5 Hz, 1 H), 6.8 
(d, J = 8.3 Hz, 1 H), 7.04 (e, 1 H), 7.36 (dd, J = 8.3,1.7 Hz, 1 H), 
7.45 (8, 1 H); IR (KBr) 1770 cm-l; MS (+FAB) 622 (M + H)+. 
7-[2-(2-Aminothiazol-4-y1)-2-[ (2)-( 1-carboxy-1-methyl- 

et hoxy)imino]acetamido]-3-[ (3,4-dihydroryphenyl)-  
methyl]oeph-3-em-4-carboxylic Acid (34). 7-ACA (5 g, 1 equiv) 
and catechol (2 g, 1 equiv) in acetonitrile (50 mL) and BF3.Eh0 
(15 mL) were stirred at room temperature for 3 h. The solvent 
was evaporated and the residue was purified over medium presswe 
chromatography to give 7-amino-3-[(3,4-dihydroxyphenyl)- 
methyl]ceph-3-em-4carboxylic acid 33 (3.5 g, 60%): 'H NMR 
(DMSO-d6/CD3COOD/TFA-d) 6 ppm 3.1-4.3 (m, 4 H), 5.04 (d, 

28 (& = 3,4-diacetoxyphenyl): 

29 (& = 3,4-diacetoxyphenyl): 

Arnould et al. 

J = 4.8 Hz, 1 H), 5.2 (d, J = 4.8 Hz, 1 H), 6.4-7 (m, 3 H). 
Compound 33 (100 mg, 1 equiv) was solubiliid in anhydrous 

CH2Clz (3 mL) with BSA (385 pL, 5 equiv) under nitrogen for 
3 h at room temperature. 2-[2-(Tritylamino)thiaz01-4-y1]-2-[1- 
(tert-butoxycarbonyl)-l-methylethoxy)iminoJacetyl chloride (177 
mg, 1 equiv) in CHzC12 (3 mL) was added to the previous solution 
at 0 OC. After 5 min, the solvent was evaporated, and the reaidue 
was treated with a mixture of TFA/H20 5 1  at room temperature 
for 2 h. Aftar evaporation of the solvents, the residue was purified 
by preparative HPLC Whatman ODs3 to give 34,40 mg (22%): 
'H NMR (DMSO-d,/CD,COOD/TFA-d) 6 ppm 1.53 (e, 6 H), 
3.-4.1 (m, 4 H), 5.17 (d, J = 4.5 Hz, 1 H), 5.76 (d, J = 4.5 Hz, 1 
H), 6.15-6.9 (m, 3 H), 7.06 (e, 1 H); MS (+FAB) 578 (M + H)+. 

7 4  2-(2-Aminot hiazol-4-y1)-2-[ (2)-( 1-carboxy-1-met hyl- 
ethoxy)imino]acetamido]-3-[3-( 3-chloro-4,s-dihydroxy- 
phenyl)-3-oxopropyl]ceph-3-em-4-carboxylic Acid (38). 3- 
Chloro-4,S-dihydroxybenzoic acid= (1.88 g, 10 mmo1,l equiv) was 
silylated with trimethylsilyl chloride (3.47 g, 32 mmol,3.2 equiv) 
and E&N (3.23 g, 32 mmol,3.2 equiv) in CHzC12 (80 mL) at room 
temperature for 1.5 h. Thionyl chloride (1.31 g, 11 mmol, 1.1 
equiv) and EbN (1.1 g, 11 mmo1,l.l equiv) were added, and the 
mixture was stirred at room temperature for 1 h. A suepension 
of the sodium salt of tert-butyl acetoacetate in ether (300 mL), 
prepared from tert-butyl acetoacetate (12.6 g, 80 mmol,8 equiv) 
and NaH (1.9 g, 80 mmol,8 equiv), was added at room temper- 
ature and the mixture stirred for 30 min. After concentration 
and SiO, chromatography (CHzC&/ether, mlO), 600 mg of adduct 
were obtained. This compound was treated with sodium acetate 
(200 mg) in tert-butanol(50 mL) at d u x ,  monitoring the reaction 
by TLC. At the end of the reaction, the solvent was evaporated 
and the product purif~ed by SiOz chromatography (eluent CH2Cl, 
AcOH) to obtain tert-butyl2-(3-chloro-4,5-dihydroxybenzoyl)- 
acetate, 200 mg (7%): 'H NMR (CDC13/CD3COOD) 6 ppm 1.4 
(e,9 H), 3.85 (a, 2 H), 7.35 (d, J = 2 Hz, 1 H), 7.5 (d, J = 2 Hz, 
1 H). 
tert-Butyl2-(3-chloro-4,5-dihydroxybenzoyl)acetate (161 mg, 

0.66 mmo1,l equiv) was reacted with 7-ACA (153 mg, 0.66 m o l ,  
1 equiv) in sulfolane (1.5 mL) in presence of BF3/E&0 (0.7 mL). 
After 4 h at room temperature, water (10 mL) was added and the 
mixture kept for 12 h at 5 OC. The product was then purified 
by medium pressure Chromatography to obtain 7-amino-34343- 
chloro-4,5-dihydro~henyl~-3-oxopropyl]ceph-3-em-4-carboxylic 
acid (371,100 mg (45%): 'H NMR (CD,COOD/TFA-d) 6 ppm 
3.1-3.5 (m, 4 H), 3.7 (8,  2 H), 5.1 (d, J = 4.5 Hz, 1 H), 5.35 (d, 
J = 4.5 Hz, 1 H), 7.55 (d, J = 2 Hz, 1 H), 7.65 (d, J = 2 Hz, 1 
HI. 

Compound 37 (100 mg, 0.25 mmol, 1 equiv) in DMF' (2 mL) 
in the presence of EbN (70 pL, 2 equiv) was stirred at room 
temperature with 2-benzothiazolyl 2-(2-aminothiazol-4-y1)-2- 
[ [1-(tert-bu~xycarbonyl~-l-methylethoxy]iminol~oacetate (120 
mg, 0.26 mmo1,l equiv). After completion of the condensation, 
the solvent was evaporated and the crude was treated with TFA 
(2 mL). The product was purified by medium pressure chro- 
matography to obtain 38,24 mg (15%): 'H NMR (DMSO-d6/ 
CD&OOD/TFA-d) 6 ppm 1.5 (e, 3 H),1.55 (e, 3 H),2.5-2.8 (m, 
2 HI, 3.1 (m, 2 HI, 3.55 (d, J = 18 Hz, 1 H), 3.65 (d, J = 18 Hz, 
1 H), 5.15 (d, J = 4.4 Hz, 1 H), 5.8 (d, J = 4.4 Hz, 1 H), 7.1 (8, 
1 H), 7.35 (d, J = 2 Hz, 1 HI, 7.5 (d, J = 2 Hz, 1 H); IR (KBr) 
1760 cm-'; MS (+FAB) 652 (M + H)+. 
7-[2-(2-Aminothiazol-4-y1)-2-[ (2)-( 1-carboxy-1-methyl- 

ethoxy)imino]acetamido]-3-[ 3 4  3-bromo-4,tbdihydroxy- 
phenyl)-2-(ethoxycarbonyl)-3-oxopropyl]ceph-3-em-4- 
carboxylic Acid (39). 3-Bromo-4,5-dimethoxybeddehydeaS 

OC. MeLi (37 mL, 1.5 equiv) was slowly added to the solution. 
The mixture was allowed to reach room temperature, hydroyld 
with water (50 mL), dried, concentrated, and purified by SiOz 
chromatography (eluent: AcOEt/petroleum ether) to give 1-(3- 
brom~4,S-dimethoxyphenyl)-l-ethanol, 7.64 g (72%): 'H NMR 
(DMSO-dJ 6 ppm 1.35 (s,3 HI, 3.73 (8, 3 H), 3.84 (s,3 HI, 4.5-4.8 
(m, 1 HI, 7.04 (8, 1 HI, 7.12 (8, 1 H). 

This alcohol (7.6 g) was dissolved in acetone (300 mL). Jonea 
reagent (20 mL) was added with stirring. After 20 min at  room 
temperature, 2-propanol (35 mL) was added, the mixture filtered 
through Celite, the organic phase evaporated, and the residue 
dissolved in ether, washed with water, and dried to give 3- 

(10 g, 1 &v) WBB diesolved in THF (100 mL) and 000led to -78 
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bromo-4,5-dimethoxyacetophenone, 6.8 g (90% 1: 'H NMR 
(DMSO-d,) 6 ppm 2.56 (8,  3 HI, 3.82 (e, 3 H), 3.9 (s, 3 H), 7.54 
(e, 1 H), 7.78 (e, 1 H). 
3-Bromo-4,5-dimethoxyacetophenone (6.8 g, 1 equiv) was 

dissolved in diethyl carbonate (70 mL), sodium hydride (2.6 g, 
2 equiv) was added, and the mixture was stirred at  80 OC for 3 
h. The reaction mixture was then poured into water (200 mL) 
and acetic acid (6.5 mL), extracted with ether, and purified by 
chromatography over Si02 to give ethyl 3-(3-bromo-4,5-dimethh- 
oxypheny1)-3sxopropionate, 5 g (58%): 'H NMR (CDCld 6 ppm 
1.26 (t, J = 7 Hz, 3 H), 3.9 (s, 3 H), 3.91 (e, 3 H), 3.93 (8, 2 H), 
4.22 (q, J = 7 Hz, 2 H), 7.48 (s, 1 H), 7.7 (e, 1 H). 

Ethyl 3-(3-brom~4,5dimethoxyphenyl)-3-oxopropionate (5 g, 
1 equiv) was dissolved in CHzC12 (50 mL) and boron tribromide 
(4.2 mL, 3 equiv) in CH2C12 (25 mL) was added at 0 OC. After 
1 h, the solvent was evaporated, and the residue was poured into 
iced water. After extraction with ethyl acetate, drying, and 
concentration, the crude product was purified by Si02 chroma- 
tography (eluent: ethyl acetate/petroleum ether) to obtain ethyl 
3-(3-bromo-4,5dihydroxyphenyl)-3-oxopropionate, 3.18 g (70%): 
'H NMR (CDC13) 6 ppm 1.25 (t, J = 7 Hz, 3 H), 3.89 (e, 2 H), 
4.21 (q, J = 7 Hz, 2 H), 7.46 (d, J = 1.5 Hz); 7.65 (d, J = 1.5 Hz, 
1 H). 

Ethyl 3-(3-bromo-4,5-dihydroxyphenyl)-3-oxopropionate (760 
mg, 1 equiv) was reacted with 7-ACA (680 mg, 1 equiv) in sulfolane 
(4 mL) and BF3/Eh0 (1.5 mL) for 2 h at room temperature. 
Water (4 mL) and AcOH (0.5 mL) were then added, and stirring 
was continued for an additional 2 h at room temperature. The 
product was purified by preparative HPX (Amicon C18,15 w). 
7-Amino-3-[2-(ethoxycarbonyl)-3-(3-bromo-4,5-dihydroxy- 
phenyl)-3-oxopropyl]ceph-3-em-4-carboxylic acid (35), 196 mg 
(16%), was obtained as a mixture of diastereoisomers: 'H NMR 
(DMSO-d6/TFA-d) 6 ppm 1.1 (t, J = 7 Hz, 1 H), 2.8-3.5 (m, 2 
H), 3.56 (d, J = 18 Hz, 1 H), 3.7 (d, J = 18 Hz, 1 H), 4.1 (9, J 
= 7 Hz, 2 H), 4.64.9 (m, 1 H), 5.0-5.2 (m, 2 H), 7.4 (d, J = 1.5 
Hz, 1 H), 7.67 (d, J = 1.5 Hz, 1 H). 

2-Benzothiamlyl 2- (2-aminothiazol-4-yl) -2- [ [ 1- (tert-butoxy- 
carbonyl)-1-methylethoxy]imino]thioacetate (167 mg, 1 equiv) 
was added to 35 (180 mg, 1 equiv) in DMF (5 mL) and EhN (48 
pL, 1 equiv), and the mixture was stirred at room temperature 
for 3 h. The solvent was evaporated, the residue was treated with 
TFA (5 mL) for 1 h, and the product was purified by medium 
preeeure chromatography; 39 (20 mg, 8%) was obtained as a 
mixture of diastereoisomers: 'H NMR (DMSO-d6/CD3COOD/ 
TFA-d) b ppm 1.05 (t, J = 7 Hz, 3 H), 1.52 (a, 6 H), 2.6-3.4 (m, 
2 H), 3.5-3.8 (m, 2 H), 4.0 (4, J = 7 Hz, 2 H), 4.6-4.7 (m, 1 H), 
5.0 and 5.1 (2 d, J = 4.5 Hz, 1 H), 5.7 and 5.8 (2 d, J = 4.5 Hz, 
1 H), 7.03 and 7.06 (2 s, 1 H), 7.35 and 7.39 (2 d, J = 1.5 Hz, 1 
H), 7.6 and 7.65 (2 d, J = 1.5 Hz, 1 H); IR (KBr) 1770 cm-'; MS 
(+FAB) 769 (M + H)'. 
?-[2-(2-Aminothiazol-4-y1)-2-[(2)-( l-carboxy-l-methyl- 

et hoxy )imino]acetamido]-3-[ [ (3,4-diacetoxyphenyl) urei- 
do]methyl]ceph-3-em-4-carboxylic Acid (22). A suspension 
of 3,4diacetoxybenzoyl chloride% (12.8 g, 50 mmol) in toluene 
(50 mL) was heated to 108 "C to give a clear, colorless solution. 
Trimethylsilyl azide (7.5 mL, 56 "01) was added over 5 min, 
and the reaction was stirred under reflux for 16 h. The mixture 
was cooled, and solvent was removed under reduced pressure to 
give 3,4diacetoxyphenyl isocyanate as a yellow oil, 12.31 g (100%). 
This oil was used without further purificaton: 'H NMR (CDCld 
b ppm 2.16 (s, 6 H), 6.8-6.88 (m, 2 H), 7.02 (d, J = 9 Hz, 1 H); 
IFi 2275 cm-I (N=C=O). 

Bis(trimethylsily1)acetamide (411 mg, 2 "01) was added to 
a stirred suspension of 3-(aminomethyl)-7- [2-(2-aminothiazol-4- 
yl)-2-[ (Z)-(l-carboxy-l-methylethoxy)imino]acetamido]ceph-3- 
em-4arboxylic acid (484 mg, 1 mmol) in acetonitrile (10 mL) 
under argon. The mixture was stirred for 10 min, 3,a-diacet- 
oxyphenyl isocyauate (235 mg, 0.92 "01) in acetonitrile (2 mL) 
was added over 2 min, and the mixture was left to stir for 4 h. 
The solvent was removed under reduced pressure to give a residual 
yellow foam (812 mg). This was dissolved in aqueous di- 
methylformamide and subjected to chromatography on Diaion 
HP20 resin, gradient-eluting with water to 40% acetonitrile to 
give 22,84 mg (11%): 'H NMR (DMSO-d6/CD3COOD) b ppm 
1.44 (8, 3 H), 1.46 (8, 3 H), 2.2 (8,  3 H), 2.22 (8,  3 H), 3.5 (d, J = 
18 Hz, 1 H), 3.65 (d, J = 18 Hz, 1 H), 3.85 (d, J = 14 Hz, 1 H), 
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4.18 (d, J = 14 Hz, 1 H), 5.12 (d, J = 5 Hz, 1 H), 5.83 (d, J = 5 
Hz, 1 H), 6.73 (8, 1 H), 7.08 (m, 2 H), 7.43 (m, 1 H); MS (+FAB) 
720 (M + H)'. 
7-[2-(2-Aminothiazo1-4-y1)-2-[ (2)-( l-carboxy-l-methyl- 

ethoxy)imino]acetamido]-3-[ [ [ (3-bromo-4,S-dihydroxy- 
benzoyl)glycyl]amino]methyl]ceph-3-em-4-carboxylic Acid 
(21). N-(tert-Butyloxycarbony1)glycine (437 mg, 2.5 "01) was 
dissolved in DMSO (4 mL) and the solution treated with N- 
hydroxysuccinimide (316 mg, 2.75 mmol, 1.1 equiv) and DCCI 
(515 mg, 2.5 "01). The mixture was stirred for 2 h at room 
temperature during which time dicyclohexylurea precipitated. 
This mixture was then added, during 2 min, to a solution of la 
(1.21 mg, 2.5 "01) in DMSO (6 mL) and EBN (1.04 mL, 7.5 
"01,3 equiv). The mixture was stirred at room temperature 
for 3 h before being diluted with H20 (10 mL). The pH of the 
solution was adjusted to 3 with glacial acetic acid, the insoluble 
solid fiitered off, and the filtrate subjected to chromatography 
on reverse-phase C-18 silica (Dynamax column, eluting with 
Hz0/CH3CN/TFA 75250.1). The appropriate fractions were 
collected, and the desired product 7-[2-(2-aminothiazol-4yl)- 
2- [ (Z)-(l-carboxy-l-methylethoxy)imino]acetamido]-3- [ [ [N- 
(tert-butyloxycarbonyl)glycyl]amino]methyl]ceph-3-em-4- 
carboxylic acid was isolated by freeze-drying, 0.54 g (34%): 'H 
NMR (DMSO-d6/HOAC) 6 ppm 1.33 (e, 9 H), 1.47 (8, 3 H), 1.49 
(8, 3 H), 3.3-3.6 (m, 4 H), 3.94 (d, 14 Hz, 1 H), 4.22 (d, J = 14 
Hz, 1 H), 5.1 (d, J = 4 Hz, 1 H), 5.84 (d, J = 4 Hz, 1 H), 6.82 (s, 
1 H), 8.0 (t, J 9 Hz, 1 H); MS (-FAB) 
640 (M - H)-. 

6 Hz, 1 H), 9.45 (d, J 

7- [ 2-(2-Aminothiazol-4-y1)-2-[ (Z)-( l-carboxy-l-methyleth- 
oxy)imino] acetamido] -3- [ [ [N-( tert-butyloxycarbonyl)glycyl] - 
amino]methyl]ceph-3-em-4-carboxylic acid (108 mg, 0.169 "01) 
was dissolved in TFA (1 mL) and stirred at room temperature 
for 30 min before being evaporated under reduced pressure to 
give an oil. This oil was then dissolved in DMF (1.5 mL) and 
(200 &) added to give a solution which was treated at 0 OC with 
a solution of the 3-brom&,5-diamtoxybenzoyl ChloridS (1 equiv) 
in DMF. After stirring at 0 "C for 10 min, the ice bath was 
removed, and the mixture was slowly allowed to attain room 
temperature. HPLC analysis after 1 h at room temperature 
confi ied that all cephalosporin had been consumed. 

The solvent was removed under reduced pressure, the residue 
diluted with H20 (3 mL), and (NH&C03 (150 mg) added. The 
mixture was stirred at room temperature for 1 h before being 
stored at 5 OC overnight. The mixture was then stirred at room 
temperature for 4 h, acidified to pH 3 with glacial acetic acid, 
and then subjected to chromatography on Dynamax (2-18 prep- 
arative reverse-phase silica column (eluting with H20/ 
CH3CN/TFA, & I B O . l ) .  The appropriate fractions were collected, 
combined, and freeze-dried to give a white solid (31 me). This 
solid was subjected to further chromatography on the Dynamax 
column (eluting with H20/CH30H/HOAC, 70301). The ap- 
propriate fractions were again collected, combined, and freeze- 
dried to give a white solid, 18 mg (14%): 'H NMR (DMSO- 
d6/TFA-d) 6 ppm 1.52 (8,  3 H), 1.55 (s,3 H), 3.4 (d, J = 20 Hz, 
1 H), 3.55 (d, J = 20 Hz, 1 H), 3.81 (8, 2 H), 4.01 (dd, J = 17,9 
Hz, 1 H), 4.26 (dd, J = 17,9 Hz, 1 H), 5.14 (d, J = 5 Hz, 1 H), 
5.81 (dd, J = 9,5 Hz, 1 H), 7.08 (s, 1 H), 7.32 (d, J = 1 Hz, 1 H), 
7.58 (d, J = 1 Hz, 1 H), 8.12 (t, J = 3 Hz, 1 H), 9.62 (d, J = 9 

Deprotection of Methoxy Ethers to Free Catechols. 
6,7-(Methylenedioxy)-l-ethyl-4-quinolone-3-carboxylic acid,n or 
5-cyano-6,7-(methylenedioxy)-l-ethyl-4quinolona3-carboxylic 
acid, or 6,7-(methylenedioxy)-4-quinolone-3-carboxylic acida7 was 
treated with a large excess of neat BBr3 at reflux for 24 h. The 
BBr3 was evaporated and the residue hydrolyzed with ice and 
purified by medium pressure chromatography (yields 3040% ). 
6,7-Dimethoxyquinoxaline-2-ca~boxylic acid% (3 g, 12.8 "01) 

was treated at reflux for 7 h with hydrobromic acid (46%). The 
reaction mixture was evaporated, and the product was precipitated 
in water, filtered, washed, and dried to give the deprotected 
quinoxaline, 2.3 g (88%). 
6,7-Diacetoxy-2-naphthoyl Chloride. 2-Carboxy-6,7-di- 

acetoxynaphthalene was obtained by acylationm of 2-carboxy- 
6,7-dihydro~ynaphthalene.~ The acid chloride was obtained in 
quantitative yield by treatment with neat SOC12 at reflux for 10 
min. 

Hz, 1 H); MS (-FAB) 756 (M - H)-. 
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3-Bromo-4~oetoxybenaeneeulionyl Chloride. Barium 
3,4dihydroxybenz8neaulfonateB (59 g, 0.23 "01) waa solubilized 
in 500 mL AcOH, and bromine (15 mL) in AcOH (270 mL) was 
added over 3 h to the solution, which was stirred for 20 h at room 
temperature. The solvent was evaporated, and the residue was 
purified by medium pregeure chromatography to give 3-bromo- 
4,5-dihydroxybenzenesulfonic acid, 47 g (76%): 'H NMR 
(DMSO-d6/TF'A-d) 6 ppm 8.14 (d, J = 2 Hz, 1 H), 8.22 (d, J = 
2 Hz, 1 H). 
3-Bromo-4,5-diacetoxybenzenesulfonic acid was obtained by 

treatment of the catechol (12 g, 44.6 "01) with AqO (20 mL) 
and a catalytic amount of H.&3ObW After medium pressure 
chromatugraphy, pure compound was obtained, 14.9 g (95%): 'H 
NMR (DMSO-dd 6 ppm 2.31 (s,6 H), 7.51 (d, J = 2 Hz, 1 H), 
7.75 (d, J = 2 Hz, 1 H). 

3-Bromo-4,bdia&xybe~neaulfonic acid (1.33 g, 3.77 "01, 
1 equiv) in CHSCN (2 mL) and eulfolane (2 mL) was treated 
succe88ively with DMA (100 pL), n$N (1.05 mL, 7.55 mmol), and 
PCI, (1.4 mL, 15.25 mmol, 4 equiv) at 70 "C for 1 h. The reaction 
mixture was cooled to 0 "C, hydrolyzed, and extracted with 
CH&&. The pure 3-bromo-4,5diacetoxybenzeneaulfonyl chloride 
was obtained after chromatography over SiOz (eluent: CHzC1.J, 
800 mg (57%): 'H NMR (CDClS) 6 ppm 2.33 (8, 3 H), 2.39 (8, 
3 H), 7.9 (d, J = 2 Hz, 1 H), 8.15 (d, J = 2 Hz, 1 H). 
S-Cyano-l-ethyl-6,7-(methylenedioxy)-4-quinolone-3- 

carboxylic Acid. 5-Amino-l-ethyl-6,7-(methylenedioxy)-4- 
quinolone-3-carboxylic acidU (2.76 g, 1 equiv) was dissolved in 
AcOH (20 mL) at room temperature and treated with nitrosyl- 
sulfuric acid, HOaONO (1.9 g, 1.5 equiv). The yellow diazonium 
salt was filtered off and washed with ether (3.7 g, yield 96%). This 
salt was added in mall portions to a solution of NaCu(CN)z 
(prepared from NaCN (1.75 g, 1 equiv) and CuCN (1.6 g, 0.5 equiv) 
in 10 mL water). The mixture was stirred for 2 h at room tem- 
perature, the precipitate waa fiitered and treated with 2 N HCl, 
and the residue filtered and washed with DMF to obtain the title 
compound, 1.2 g (45%): 'H NMR (DMSO-d6/AcOH-d) 6 ppm 
1.25-1.5 (m, 3 H),4.4-4.7 (m, 2 H), 6.5 (8, 1 HI, 7.85 (8, 1 H), 8.95 
(e, 1 HI. 
3-(Carbethoxy)-6,7-dihydroxyquinoxaline-2-carboxylic 

Acid. 1,2-Diamino-4,5dimetho~ybenzene~~ (2.7 g, 16 "01) was 
treated with tartaric acid (1.8 g, 8 mmol) for 10 min at 60 "C in 
water. HCI was bubbled into a cooled mixture for 30 min. The 
precipitate was collected, washed with water, and dried, 550 mg 
(13%): 'H NMR (DMSO-d6/TFA-d) 6 ppm 4.01 (s,6 H), 7.52 
(8,  2 HI. 

The deprotaction of 2,3-dicarboxy-6,7-dimethoxyquinoxdine 
(1.2 g, 4.3 "01) was carried out wing neat BBrS (25 mL) as in 
the awe of the quinolone carboxylic acids, purification by medium 
pressure chromatography gave pure 2,3-dicarboxy-6,7-di- 

6 ppm 7.35 (e). 
2,3-Dicarboxy-6,7-o.e (1.1 g, 4.4 "01) was 

refluxed in &O (30 mL) for 30 min The solvent was evaporated 
and the residue heated in anhydrous EtOH at reflux for 10 min 
to give 6,7-diacetoxy-3-(carbethoxy)quino~e2-carboxylic acid, 
1.59 g (100%): 'H NMR (DMSO-d6/TFA-d) 6 ppm 1.35 (t, J = 
7 Hz, 3 H), 2.36 (e, 6 H), 4.4 (q, J = 7 Hz, 2 H), 8.16 (8, 2 H). 
6,7-Diacetory--3-(carbethoxy)quino~e-~boxylic acid (1.59 

g, 4.2 mmol) was suspended in water (50 mL), the pH adjusted 
to 8-8.5 with diluted NaOH, the mixture stirred at room tem- 
perature for 3 h, and the pH adjusted to 2 with diluted HCL The 
water was evaporated and the residue extracted with MeOH to 
give 6,7-dihydroxy-3-(carbe~oxy)quinoxaline2-carbo~lic acid, 
1.22 g (100%): 'H NMR (DMSO-&/TFA-d) 6 ppm 1.32 (t, J = 
7 Hz, 3 H), 4.35 (q, J = 7 Hz, 3 H), 7.38 (8, 1 H), 7.4 (8, 1 H). 
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