VOL. 45 NO. 4 THE JOURNAL OF ANTIBIOTICS 485

STUDIES ON CONDENSED-HETEROCYCLIC AZOLIUM CEPHALOSPORINS

[I'. SYNTHESIS AND ANTIBACTERIAL ACTIVITY OF 78-[2-(2-AMINO-5-
SUBSTITUTED-THIAZOL-4-YL)-2(Z)-ALKOXYIMINOACETAMIDO]-
3-(CONDENSED-HETEROCYCLIC AZOLIUM)METHYL-3-
CEPHEM-4-CARBOXYLATES

TATSUO NISHIMURA, YOSHINOBU YOSHIMURA and AKIO MIYAKE*

Chemistry Research Laboratories, Research and Development Division,
Takeda Chemical Industries, Ltd.,
2-17-85 Jusohonmachi, Yodogawa-ku, Osaka 532, Japan

(Received for publication August 20, 1991)

As a part of our research on the synthesis of cephalosporins bearing condensed-heterocyclic
azolium groups at the 3 position in the cephalosporin nucleus, we describe herein the synthesis of
7B-[2-(2-amino-5-halogeno-, methylthio-, methylsulfinyl-, methylsulfonyl- and sulfothiazol-4-yl)-
2(Z)-alkoxyiminoacetamido]cephalosporins and their antibacterial activity. Among the compounds
prepared, 7p-[2-(2-amino-5-chlerothiazol-4-y1)-2(Z)-methoxyiminoacetamido]-3-(imidazo[ 1,5-a]-
pyridinium-1-yl)methyl-3-cephem-4-carboxylate (14) showed good antibacterial activity against both
Staphylococcus  aureus including methicillin-resistant  Staphylococcus  aureus (MRSA) and
Pseudomonas aeruginosa, whereas the antibacterial activity against other Gram-negative bacteria
was a slightly lower than that of 78-[2-(2-aminothiazol-4-yl)-2(Z)-methoxyiminoacetamido]-3-
(imidazo[ 1,2-a]pyridinium (I-1) and imidazof 1,5-a]pyridinium (I-4)-1-yl)methyl-3-cephem-4-carbox-
ylates.

In our previous papers!'?, we reported the synthesis and the antibacterial activity of 78-[2-
(2-aminothiazol-4-yl)-2(Z)-alkoxyiminoacetamidoJcephalosporins (I) bearing a condensed-heterocyclic
azolium moiety such as imidazo[1,2-a]pyridinium, imidazo[l,2-b]pyridazinium, pyrazolo[1,5-a]pyridi-
nium and imidazo[1,5-a]pyridinium at the 3 position of the cephalosporin nucleus. Although I showed
potent antibacterial activity against both Gram-positive and Gram-negative bacteria, its activity against
Pseudomonas aeruginosa and especially highly resistant Pseudomonas aeruginosa was not satisfactory.

It has been reported that some 7f-[2-(2-amino-5-chlorothiazol-4-yl}-2(Z)-methoxyiminoacetamido]-
cephalosporins show potent antibacterial activity against Pseudomonas aeruginosa and are stable against
B-lactamase®~ ).

Thus, in an effort to expand the antibacterial spectrum of I, we examined the antibacterial activity
of derivatives of I having various substituents at the 5 position in the thiazole ring.

In this paper, we describe the synthesis and the antibacterial activity of 7f-[2-(2-amino-5-substituted-

thiazol-4-yl)-2(Z)-alkoxyiminoacetamido]-3-(condensed-heterocyclic azolium)methyl cephalosporins.
Chemistry
Scheme 1 shows an outline for the preparation of 2-(2-amino-5-substituted-thiazol-4-yl)-2(Z)-

alkoxyiminoacetic acids (III).
2-(2-Aminothiazol-4-yl)-2(Z)-alkoxyiminoacetic acids (II-2~II-5) were treated with N-chloro-

T See ref 1.
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succinimide (NCS) in dimethylformamide or metha-  Fig. 1. 78-[2-(2-Aminothiazol-4-yl)-2(Z)-alkoxy-
& : AT ~ iminoacetamido]-3-(condensed-heterocyclic azolium)-

nol to afford 2-(2-amino-5-chlorothiazol-4-yl)-2(Z) methyl-3-cephem-4.carboxylates.

alkoxyimino acetic acids (III-2~III-5). 2-(2-Chlo-

. . . . HoN~_ S
roacetamidothiazol-4-y1)-2(Z)-methoxyiminoacetic \(‘Z((
N CONH

acid (IV) was also reacted with NCS to give 2-(5- S
chloro-2-chloroacetamidothiazol-4-yl)-2(Z)-me- NOR, OI'L/\Q\/A“
thoxyiminoacetic acid (V).

Methyl 2-(2-aminothiazol-4-yl)-2(Z)-methoxy-
iminoacetate (VI) was treated with sodium thiocya-

1 Coo™

nate and bromine in acetic acid or methanol

4
4
+

to give methyl 2-(2-amino-5-thiocyanothiazol-4-yl)- I1 R,=Me A"=-_
2(Z)-methoxyiminoacetate (VII), which was reacted
with sodium borohydride in methanol containing an
excess amount of methyl iodide to give methyl 2-
(2-amino-5-methylthiothiazol-4-y1)-2(Z)-methoxy-

”
2 R,=Me A*=-N N+

iminoacetate (VIII).

The oxidation of VIII with 30% hydrogen /*N
. . . ) . I3 R,=Me A‘t= _y\
peroxide in a mixture of acetic acid and di-
chloromethane at room temperature afforded
methyl  2-(2-amino-5-methylsulfinylthiazol-4-yl)- 4 R,=Me A= —N\éN
+

2(Z)-methoxyiminoacetate (IX). Further, methyl
2-(2-amino-5-methylsulfonylthiazol-4-yl)-2(Z)-
methoxyiminoacetate (X) was obtained by reacting VIII with an excess amount of 30% hydrogen
peroxide at 55°C for 12 hours.

VIIL, IX, and X were converted to the corresponding carboxylic acids (ITI-6 ~ ITI-8, respectively) by
hydrolysis.

Subsequently, the sulfonation of 2-(2-aminothiazol-4-yl)-2(Z)-methoxyiminoacetic acid (II-1) with 30%
oleum under ice-cooling for 10 minutes and then at room temperature for one hour afforded
2-(2-amino-5-sulfothiazol-4-yl)-2(Z)-methoxyiminoacetic acid (II1-9).

Scheme 2 shows an outline for the preparation of 78-[2-(2-amino-5-substituted-thiazol-4-y1)-2(Z)-
alkoxyiminoacetamido]-3-(3-oxobutyryloxymethyl)-3-cephem-4-carboxylic acids (XI).

2-(2-Amino-5-substituted-thiazol-4-y1)-2(Z)-alkoxyiminoacetic acid (ITI-2 ~III-9) was converted with
1-hydroxybenzotriazole (HOBT) and dicyclohexylcarbodiimide to the HOBT ester, which was reacted with
7B-amino-3-(3-oxobutyryloxymethyl)-3-cephem-4-carboxylic acid (7-AACA) to give XI-2~XI-9. 2-(5-
Chloro-2-chloroacetamidothiazol-4-yl)-2(Z)-methoxyiminoacetic acid (V) was converted with PCls to the
acid chloride, which was reacted with 7-AACA and gave XI-1 after removal of the chloroacetyl group
with sodium N-methyldithiocarbamate.

Scheme 3 shows an outline for the synthesis of 7B-[2-(2-amino-5-substituted-thiazol-4-y1)-2(Z)-
alkoxyiminoacetamido]-3-(condensed-heterocyclic  azolium)methyl-3-cephem-4-carboxylates (1, 4~9,
12~24, XII-10 and XII-11).

XI was heated with an excess amount of the condensed-heterocyclic azole and sodium iodide in 50%
aqueous acetonitrile at 50~70°C for 1~3 hours. The reaction mixture was purified by column
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chromatography on silica gel with aqueous acetone as the eluent, followed by repurification by column

chromatography on MCI gel CHP 20P or Amberlite XAD-2 to give the objective cephalosporins (1, 4~9,
12~24, XII-10 and XII-11) in 1~26% yield.
In the case of the compounds 10 and 11, XII-10 and XII-11 with an R, of fers-butoxycarbonyl group on

the oxyimino moiety was deprotected with trifluoroacetic acid, and the desired cephalosporins were isolated

as the sodium salt.
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Also, 7B-[2-(2-amino-5-bromo- (and S-iodo)thiazol-4-y1)-2(Z)-methoxyiminoacetamido]-3-(imidazo-
[1,2-a]pyridinium-1-yl)methyl-3-cephem-4-carboxylate (2, 3) were obtained by the direct halogenation
of 7p- [2-(2—aminothiazol-4-yl)—2(Z)-methoxyiminoacetamido]-3-(imidazo[1 ,2-a]pyridinium-1-yl)methyl-3-
cephem-4-carboxylate (I-1) with N-bromosuccinimide (NBS) and N-iodosuccinimide (NIS), respectively
(Scheme 4).

Antibacterial Activity

The MICs of the prepared cephalosporins against both Gram-positive and Gram-negative bacteria
along with 7p-[2-(2-aminothiazol-4-y1)-2(Z)-methoxyiminoacetamido]-3-(imidazo[ 1 ,2-a]pyridinium-1-yl)-
methyl-3-cephem-4-carboxylate (I-1), cefpirome (CPR) and cefmenoxime (CMX) as the reference
compounds were determined by the standard serial two-fold agar dilution method®.

Table 1 shows the MICs of 7[3-[2—amino-5-substituted-thiazol—4-yl)-2(Z)-methoxyiminoacetamido]—3-
(imidazo[ 1,2-a]pyridinium-1-yl)methyl-3-cephem-4-carboxylates (1~7).

The antibacterial activity of 5-halogenated derivatives (1~3) against Staphylococcus aureus was
increased as compared to that of I-1, whereas the antibacterial activity of 1~3 against Gram-negative
bacteria was decreased markedly. The substitution of the thiazole ring with sulfur derivatives led to reduced
antibacterial activity against both Gram-positive and Gram-negative bacteria. Among the 5-halogeno-
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thiazolyl cephalosporins, the chlorine derivative (1) showed the most potent activity against both Gram-
positive and Pseudomonas aeruginosa including cephalosporin-resistant strains.

Table 2 shows the effect of various oxime substituents (R,) on the MIC of 7p-[2-(2-amino-
5-chlorothiazol-4-yl)-2(Z)-alkoxyiminoacetamido]-3-(imidazo[ 1,2-a]pyridinium- 1-yl)methyl-3-cephem-4-
carboxylates (8 ~11).

The antibacterial activity of the ethyl derivative (8) and the 2-chloroethyl derivative (9) against
Staphylococcus aureus and some strains of Pseudomonas aeruginosa was improved as compared to that of
1, whereas the activity against the other Gram-negative bacteria was decreased.

Table 3 shows the effect of the various condensed-heterocyclic azolium rings (A), imidazo[1l,2-
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Table 1. Antibacterial activity (MIC, ug/ml) of 7B-[2-(2-amino-5-substituted-thiazol-4-yl)-2(Z)-methoxy-
iminoacetamido]-3-(imidazo[ 1,2-a]pyridinium-1-yl)methyl-3-cephem-4-carboxylates (1~7), 7p-[2-(2-amino-
thiazol-4-yl)-2(Z)-methoxyiminoacetamido]-3-(imidazo[1,2-a]pyridinium-1-yl)methyl-3-cephem-4-car-
boxylate (I-1), cefpirome (CPR) and cefmenoxime (CMX).

HZN\(S Ry
N CONH S
NOMe j;,/ N NY
O N\g\/ N
[eele

(108 cfu/ml)
C°“;}’;’““d R, S.a. E.c. E.cl. S.m. P, Pal P.a2*
-1 H 0.39 <0.1 0.39 0.2 0.2 6.25 >100
1 cl 0.2 3.13 3.13 1.56 0.78 12.5 25
2 Br 0.2 12.5 12.5 25 6.25 25 100
3 I 02 1.56 6.25 3.13 3.13 50 >100
4 SMe 078  >100 >100 >100 >100 >100 >100
5 SOMe 6.25 625  >100 12.5 25  >100 >100
6 SO,Me 3.13 50 >100 >100 >100 >100 >100
7 SO,Na 100 >100 >100 >100 > 100 >100 >100
CPR 0.78 0.1 0.39 0.1 0.1 1.56 100
CMX 1.56 0.2 6.25 0.39 <0.1 6.25 >100

*  S.a.; Staphylococcus aureus 308 A-1, E.c.; Escherichia coli NIHJ JC-2, E.cl.; Enterobacter cloacae IFO 12937,
S.m.; Serratia marcescens IFO 12648, P.v.; Proteus vulgaris IFO 3988, P.a.1; Pseudomonas aeruginosa IFO 3455,
P.a.2; Pseudomonas aeruginosa U-31.

Table 2. Antibacterial activity (MIC, ug/ml) of 75—[2-(2—amino—5-chlorothiazol-4‘yI)—2(Z)—alkoxyimin0-
acetamido]-3-(imidazo[ 1,2-a]Jpyridinium-1-yl)methyl-3-cephem-4-carboxylates (1, 8~11).

HZN\(S cl
N CONH s
NOR j;)/ N N
2 o N N
Coo"

(10% cfu/ml)

Con;;l):und R, S.a. E.c. E.cl S.m. Py P.a.l P.a2*
i Me 0.2 3.13 3.13 1.56 0.78 12.5 25
8 Et <0.1 3.13 6.25 6.25 3.13 6.25 25
9 CH,CH,Cl <0.1 6.25 12.5 12.5 6.25 6.25 25
10 CH,CO,Na 1.56 0.39 1.56 0.39 0.2 6.25 25

11 CMe,CO,Na 1.56 1.56 3.13 3.13 0.78 3.13 12.5
CPR 0.78 0.1 0.39 0.1 0.1 1.56 100
CMX 1.56 0.2 6.25 0.39 <0.1 6.25 >100

*  See footnote in Table 1.

b]pyridazinium (12), pyrazolo[1,5-a]pyridinium (13) and imidazo[1,5-a]pyridinium (14) on the MIC of
the 7p-[2-(2-amino-5-chlorothiazol-4-yl)-2(Z)-methoxyiminoacetamido]cephalosporins.
The imidazo[l,5-a]pyridinium derivative (14) showed good antibacterial activity against both
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Table 3. Antibacterial activity (MIC, ug/ml) of 78-[2-(2-amino-5-chlorothiazol-4-yl)-2(Z)-methoxyimino-
acetamido]-3-(condensed-heterocyclic azolium)methyl-3-cephem-4-carboxylates (1, 12~ 14).

HZN\«S cl
N CONH
T

S
NOMe N
O \g\//\
COO0™
(108 cfu/ml)
COI‘;?:““d A S.a. Ec. Ecl. S.m. Py Pal  Pal2*  Sa2**
1 NNt 0.2 3.13 3.13 1.56 078 125 25 NT®
-N +
12 @ 0.78 1.56 6.25 3.13 1.56 3.13 6.25 6.25
13 -N 0.78 1.56 3.13 3.13 3.13 1.56 12,5 NT
N
>
14 _N&N+> 0.78 0.78 1.56 0.78 0.78 3.13 6.25 6.25
CPR 0.78 0.1 0.39 0.1 0.1 1.56 100 100
CMX 1.56 02 6.25 039  <0.1 625 >100  >100

*  See footnote in Table 1.

** - S.a.2; Staphylococcus aureus N-241 (MRSA).
#  Not tested.

Gram-negative bacteria including Pseudomonas aeruginosa and Gram-positive bacteria including
methicillin-resistant Staphylococcus aureus IMRSA, Staphylococcus aureus N-241).

Table 4 shows the MICs of the 78-[2-(2-amino-5-chlorothiazol-4-yl)-2(Z)-alkoxyiminoacetamido]-3-
(substituted imidazo[1,5-a]pyridinium-2-yl)methyl-3-cephem-4-carboxylates (14 ~24).

Among the alkyl derivatives, the 5-methyl derivative (17) showed slightly higher antibacterial activity
than 14 against both Gram-positive bacteria and Gram-negative bacteria including Pseudomonas aeruginosa.

The MICs of the cephalosporins having an electron withdrawing group (19, 20 and 21) were lower
than those of the S-chloro derivative (14).

In conclusion, we found that substitution of the thiazole ring with a chlorine atom increased the
antibacterial activity against Pseudomonas aeruginosa and MRSA, whereas the activity against the other

Gram-negative bacteria was decreased.

Experimental

Melting points were determined using a Yanagimoto micro melting point apparatus and are
uncorrected. IR spectra were taken on a Hitachi 215 spectrophotometer, and 'H NMR spectra were
recorded on a Varian EM-390 (90 MHz) and HL-100A (100 MHz) spectrometer using tetramethylsilane
as the internal or external standard. Organic solvents were dried over anhydro MgSO,, and concentration
by evaporation was carried out in vacuo. Column chromatography was carried out on Kieselgel 60 (Merck
Art. No. 7734 or 9385), Sephadex LH-20 (Pharmacia Fine Chemicals), MCI gel CHP 20P (Mitsubishi
Chemical) and Amberlite XAD-2 (Rohm and Haas). The MIC values were determined by the standard
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Table 4. Antibacterial activity (MIC, pg/ml) of 78-[2-(2-amino-5-chlorothiazol-4-y1)-2(Z)-alkoxyimino-
acetamido]-3-(imidazo[ I,5-a]pyridinium-2-yl)methyl-3-cephem-4-carboxylates (14~24) and 7§-[2-(2-amino-
thiazol-4-y1)-2(Z)-methoxyiminoacetamido]-3-(imidazo[ 1,5-a]pyridinium-2-yl)methyl-3-cephem-4-carboxy-

lates (I-4).
HZN\(S cl
N‘Z(CONH s
NOR Ib‘l/ N R
o \%\/ m’ 3
COO™

(10% cfu/ml)
Com-
pound R, R, S.a. E.c. E.cl S.m. Puy. P.a.l Pa2* S.a2¥*
No.
14 Me H 0.78 0.78 1.56 0.78 0.78 3.13 6.25 6.25
15 Me 1-Me 0.39 1.56 6.25 6.25 3.13 6.25 25 12.5
16 Me 3-Me 0.39 1.56 3.13 3.13 0.78 3.13 25 6.25
17 Me 5-Me 0.39 0.39 1.56 0.78 0.78 1.56 6.25 6.25
18 Me 7-Me 0.78 0.78 3.13 1.56 0.78 6.25 12.5 6.25
19 Me 7-Cl 0.78 0.78 3.13 0.78 0.78 3.13 12.5 6.25
20 Me 7-CO,Me 1.56 1.56 3.13 3.13 0.78 3.13 12.5 6.25
21 Me 7-CN 0.78 0.78 1.56 1.56 0.78 3.13 12.5 6.25
22 Me 3,5-di-Me 0.39 0.78 3.13 1.56 0.78 3.13 12.5 6.25
23 Et H 0.39 1.56 1.56 1.56 1.56 6.25 12.5 6.25
24 Et 7-CO,Me 1.56 3.13 6.25 6.25 3.13 12.5 25 6.25
1-4 Me H 0.78 <0.1 1.56 <0.1 <0.1 1.56 > 100 NT?
CPR 0.78 0.1 0.39 0.1 0.1 1.56 100 100
CMX 1.56 0.2 6.25 039  <0.1 625 >100 > 100

*  See footnote in Table 1.
**  See footnote in Table 3.
2 Not tested.

serial 2-fold agar dilution method with Mueller-Hinton agar®. Cefpirome (CPR) was prepared according
to the procedure described in the literature™.

Preparation of 2-(2-Amino-5-substituted-thiazol-4-yl)-2(Z)-alkoxyiminoacetic Acid (III)

2-(2-Amino-5-chlorothiazol-4-yl)-2(Z)-tert-butoxycarbonylmethoxyiminoacetic Acid (II1-4)

A solution of 2-(2-aminothiazol-4-yl)-2(Z)-tert-butoxycarbonylmethoxyiminoacetic acid (II-4, 6.0 g)
and N-chlorosuccinimide (NCS, 3.2 g) in MeOH (100ml) was kept at 60°C for 2 hours with stirring. The
reaction mixture was evaporated, and brine and 5% aq sodium thiosulfate soln were added to the residue.
The mixture was extracted with THF and the extract was dried. The solvent was evaporated, and the
residue was triturated with n-hexane to give 6.5 g (89%) of III-4 as a colorless amorphous solid; IR (KBr)
cm™! 1735, 1630, 1540; *H NMR (DMSO-d;) § 1.41 (9H, s), 4.57 (2H, s), 6.8 (2H, br).

Anal Caled for C; H,,CIN;0,S: C 37.10, H 14.11, N 35.45.
Found: C 36.90, H 14.33, N 35.19.

2-(2-Amino-5-chlorothiazol-4-y1)-2(Z)-(1-tert-butoxycarbonyl-1-methylethoxyimino)acetic Acid (III-5)

A solution of 2-(2-aminothiazol-4-yl)-2(Z)-(1-tert-butoxycarbonyl-1-methylethoxyimino)acetic acid
(II-5, 6.0 g) and NCS (2.4 g) in MeOH (50 ml) was stirred at room temperature for 6 hours. The reaction
mixture was evaporated and the residue was dissolved in EtOAc. The organic layer was washed with aq
satd NaCl, dried and evaporated to give 5.5 g (82%) of III-5 as pale yellow crystals; IR (KBr) cm ™! 1720,
1635, 1540; *H NMR (DMSO-dg - CDCl,) § 1.42 (9H, s), 1.46 (6H, s), 6.80~7.80 (3H, m).

The other 2-(2-amino-5-chlorothiazol-4-y1)-2(Z)-alkoxyiminoacetic acids (III) were prepared according
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to the method mentioned above.

2-(2-Amino-5-chlorothiazol-4-yl)-2(Z)-ethoxyiminoacetic Acid (I11-2)
Yield 85%; IR (KBr) cm ™! 1720, 1670, 1640.

2-(2-Amino-5-chlorothiazol-4-yl)-2(Z)-(2-chloroethoxyimino)acetic Acid (III-3)
Yield 82%; IR (KBr) cm ™! 1725, 1670, 1640.

2-(5-Chloro-2-chloroacetamidothiazol-4-yl)-2(Z)-methoxyiminoacetic Acid (V)
A solution of 2-(2-chloroacetamidothiazol-4-yl)-2(Z)-methoxyiminoacetic acid (IV, 55.4 g) and NCS
(32 g) in DMF (100 ml) was stirred at 60°C for one hour. To the reaction mixture was added H,O (1200 ml),
EtOAc (400 ml), methyl ethyl ketone (1200ml) and 5% aq sodium thiosulfate soln (200ml), and the
resultant mixture was shaken. The organic layer was separated, washed with aq satd NaCl, dried and
evaporated. The residue was crystallized from MeOH to give 32g (64%) of V; MP 160~ 162°C (dec)
(literature® MP 159~ 160°C); IR (KBr) cm ™! 1710, 1670, 1520; *H NMR (CD50D) § 4.40 (3H, s), 4.27
(2H, s).
Anal Caled for CgH,CI,N,0,S:  C 30.78, H 2.26, N 13.46.
Found: C 30.70, H 2.41, N 13.30.

Methyl 2-(2-Amino-5-thiocyanothiazol-4-yl)-2(Z)-methoxyiminoacetate (VII)

Bromine (176g) was added dropwise to a solution of methyl 2-(2-aminothiazol-4-yl)-2(Z)-
methoxyiminoacetate (VI, 215 g) and NaSCN (97.3 g) in MeOH (1 liter) at such a rate as to maintain the
reaction temperature between 25 and 30°C. After stirring at room temperature for one hour, the solvent
was evaporated and the residue was dissolved in H,O (2 liters). The solution was adjusted to pH 7.5 with
NaHCO; and cooled to 0°C. The crystalline precipitate was collected by filtration, washed with H,O and
MeOH, and dried to give 218.6 g (80%) of VII; MP 146 ~ 147°C; IR (KBr)cm ~* 2160, 1725, 1620, 1535, 1430,
1365, 1275; 'H NMR (DMSO-d,) & 3.80 (3H, s), 4.00 (3H, s), 7.86 (2H, s).

Anal Caled for CgHgN,0,S,: C 35.29, H 2.96, N 20.58.
Found: C 35.30, H 3.22, N 20.44.

Methyl 2-(2-Amino-5-methylthiothiazol-4-yl)-2(Z)-methoxyiminoacetate (VIII)

Mel (28.4 g) was added to a solution of VII (27.2 g) in a mixture of MeOH (300 ml) and THF (300 ml)
with ice-cooling and stirring. After the addition was complete, NaBH, (7.6 g) was added portionwise to
the reaction mixture which was stirred at room temperature for 30 minutes. The reaction mixture was
evaporated and the residue was crystallized from H,O to give 24.1g (92%) of VIIT; MP 174~175°C; IR
(KBr) cm ™! 1725, 1620, 1535, 1435, 1370, 1270; 'H NMR (DMSO-d,) 6 2.35 (3H, s), 3.77 (3H, s), 3.90
(3H, s), 7.28 (2H, br).

Anal Caled for CgH,;N;05S,:  C 36.77, H 4.24, N 16.08.
Found: C 36.55, H 4.40, N 15.79.

Methyl 2-(2-Amino-5-methylsulfinylthiazol-4-yl)-2(Z)-methoxyiminoacetate (IX)

H,0, (30%, 3.0 ml) was added to a solution of VIII (7.84 g) in a mixture of AcOH (15ml) and CH,Cl,
(15ml). After stirring at 50°C for 4 hours, 5% aq sodium hydrogen sulfate soln was added to the reaction
mixture to decompose the excess H,0O,. The mixture was evaporated and the residue was diluted with
H,O. The crystalline precipitate was collected by filtration and dried to give 7.88g (95%) of IX: MP
178 ~180°C; IR (KBr) cm™! 1740, 1620, 1525, 1280; '"H NMR (DMSO-d,) § 2.84 (3H, s), 3.80 (3H, s),
3.96 (3H, s), 7.75 (2H, br).

Anal Caled for CgH; N;3O,S,: C 34.65, H 4.00, N 15.15.
Found: C 34.52, H 4.20, N 15.13.

Methy! 2-(2-Amino-5-methylsulfonylthiazol-4-yl)-2(Z)-methoxyiminoacetate (X)

H,0, (30%, 7.0 ml) was added to a solution of VIII (7.84 g) in a mixture of CH,Cl, (30 ml) and AcOH
(60 ml). After the mixture was stirred at room temperature for 10 minutes, at 50°C for one hour and at
55°C for 12 hours. 10% Sodium hydrogen sulfate soln was added to the mixture. The solvent was evaporated
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and the residue was suspended in cold H,0. The crystalline precipitate was collected by filtration and
dried to give 5.5 g (63%) of X as colorless crystals; MP 180~ 182°C; IR (KBr) cm ™! 1720, 1630, 1510, 1315,
1290; *H NMR (DMSO-d;) 8 3.37 (3H, s), 3.79 (3H, s), 3.99 (3H, s), 8.01 (2H, brd).
Anal Caled for CgH,{N;OS,: C 32.76, H 3.78, N 14.33.
Found: C 32.70, H 3.90, N 14.09.

2-(2-Amino-5-methylthiothiazol-4-yl)-2(Z)-methoxyiminoacetic Acid (III-6)

A solution of VIII (7.84 g) in a mixture of MeOH (30 ml) and 4N NaOH (30 ml) was stirred at room
temperature for 30 minutes and then at 50°C for 15 minutes. 4N HCl (30 ml) was added to the reaction
mixture with ice-cooling and the MeOH was removed by evaporation. The residue was cooled and the
precipitate was collected by filtration to give 7.09 g (96%) of III-6 as colorless crystals; MP 126 ~130°C
(dec); IR (KBr) cm ™! 1650, 1620, 1585, 1570, 1380, 1310; 'H NMR (DMSO-d,) & 2.38 (3H, s), 3.89 (3H,
s), 7.0 (2H, br).

Anal Caled for C;HgN,0,S,:  C 34.00, H 3.67, N 16.99.
Found: C 34.21, H 3.90, N 16.99.

2-(2-Amino-5-methylsulfinylthiazol-4-yl)-2(Z)-methoxyiminoacetic Acid (I1I-7)

A solution of IX (7.88 g) in a mixture of MeOH (60 ml) and 4~ NaOH (30 ml) was stirred at room
temperature for 10 minutes. 4N HCI (30ml) was added to the reaction mixture with ice-cooling. The
solvent was evaporated and the residue was extracted with MeOH. The extract was evaporated and the
residue was triturated with Et,O. The solid was collected by filtration and dried to give 7.48 g (100%) of
III-7 as an amorphous solid; IR (KBr) cm™* 1640, 1530, 1350, 1290, 1160; 'H NMR (DMSO-d,) & 2.86
(3H, s), 3.91 (3H, s), 7.78 (2H, br).

Anal Caled for C;H,N,0,S,: C 31.93, H 3.45, N 15.96.
Found: C 31.83, H 3.75, N 15.69.

2-(2-Amino-5-methylsulfonylthiazol-4-y1)-2(Z)-methoxyiminoacetic Acid (ITI-8)

A solution of X (5.4g) in a mixture of MeOH (60 ml) and 4~ NaOH (20ml) was stirred at room
temperature for 30 minutes. 4 N HCl (20 ml) was added to the reaction mixture which was then lyophilized.
The residue was extracted with MeOH and the extract was evaporated. The residue was triturated with
Et,O to give 3.56 g (69%) of III-8 as an amorphous solid; IR (KBr) cm ™! 1620, 1510, 1310, 1135, 1050;
'H NMR (DMSO-dg) 6 3.36 (3H, s), 3.92 (3H, s), 8.06 (2H, br).

Anal Caled for C;H,N,0,S,: C 30.10, H 3.25, N 15.05.
Found: C 30.01, H 3.55, N 14.79.

2-(2-Amino-5-sulfothiazol-4-yl)-2(Z)-methoxyiminoacetic Acid (I11-9)
2-(2-Aminothiazol-4-y1)-2(Z)-methoxyiminoacetic acid (II-1, 6.0g) was added portionwise to 30%
oleum (20 ml) over 10 minutes with stirring at 5°C. The mixture was stirred with ice-cooling for 10 minutes
and then at room temperature for one hour to give a clear solution. The reaction mixture was poured
into a mixture of NaHCO; (80 g), cold H,O (400 ml) and EtOAc (100 ml) with stirring and cooling. After
removal of the solvent, the residue was extracted with MeOH and the extract was evaporated. The residue
was crystallized from H,O to give 4.2g (58%) of III-9 as colorless crystals; MP 190~ 193°C; IR (KBr)
cm™?! 1635, 1440, 1235, 1210, 1060, 1040; 'H NMR (DMSO-d;) 6 3.99 (3H, s), 7.14 (3H, br).
Anal Calcd for C¢gH,N3;O6S,-H,0: C 24.06, H 3.03, N 14.04.
Found: C 24.26, H 3.12, N 14.05.

Preparation of 7p-[2-(2-Amino-5-substituted-thiazol-4-yl)-2(Z)-alkoxyiminoacetamido]-3-(3-oxo-
butyryloxymethyl)-3-cephem-4-carboxylic Acids (XI)

A) Acid Chloride Method

7B-[2-(2-Amino-5-chlorothiazol-4-y1)-2(Z)-methoxyiminoacetamido]-3-(3-oxobutyryloxymethyl)-3-
cephem-4-carboxylic Acid (XI-1)

A solution of V (15.6g) in CH,Cl, (100 ml) was stirred with PCls (12.5g) at —10 to —5°C for 30
minutes. n-Hexane (150 ml) was added to the reaction mixture and the resulting mixture was stirred for
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20 minutes with ice-cooling. The crystalline precipitate was collected by filtration and washed with a
mixture {(400ml) of hexane and CH,Cl, (3:1) to give 2-(5-chloro-2-chloroacetamidothiazol-4-yl)-2(2)-
methoxyiminoacetyl chloride as colorless crystals. The entire amount of the acid chloride was added
portionwise to a solution of 7f-amino-3-(3-oxobutyryloxymethyl)-3-cephem-4-carboxylic acid (7-AACA,
12.6 g) and NaHCO; (25.2g) in 50% aq THF (200ml) with stirring and ice-cooling. The mixture was
stirred vigorously with ice-cooling for 30 minutes to give a solution containing 7p-[2-(5-chloro-2-
chloroacetamidothiazol-4-y1)-2(Z)-methoxyiminoacetamido]-3-(3-oxobutyryloxymethyl)-3-cephem-4-
carboxylic acid. Sodium N-methyldithiocarbamate (10.3 g) was added to the reaction mixture and then
stirred at 40°C for one hour. EtOAc (200 ml) was added to the reaction mixture and the mixture was
neutralized with conc HCL. The aqueous layer was separated and washed with EtOAc. The insoluble
precipitate was filtered off and the filtrate was acidified to pH 2.0 with conc HCI with ice-cooling. After
removal of the upper layer of the mixture by decantation, H,O (30 ml) was added to the gummy residue
and the mixture was allowed to stand in a refrigerator. The resulting solid was crushed, collected by filtration
and dried to give 16.6 g (76%) of XI-1 as an amorphous solid; "H NMR (DMSO-d;) § 2.20 (3H, s), 3.42
and 3.63 (2H, ABq, /=18 Hz), 3.64 (2H, s), 3.85 (3H, s), 4.76 and 5.88 (2H, ABq, J=14Hz), 5.12 (1H,
d, J=5Hz), 5.79 (1H, dd, J==5 and 8 Hz), 9.50 (1H, d, /=8 Hz).

B) HOBT-DCC Method

7B-[2-(2-Amino-5-methylthiothiazol-4-yl)-2(Z)-methoxyiminoacetamido]-3-(3-oxobutyryloxymeth-
yb)-3-cephem-4-carboxylic Acid (XI-6)

N,N-Dicyclohexylcarbodiimide (DCC, 4.95g) was added to a solution of III-6 (4.95g) and
I-hydroxybenzotriazole hydrate (HOBT, 3.68 g) in DMF (25 ml) with ice-cooling. The mixture was stirred
at 5°C for 10 minutes and then at room temperature for one hour. A solution of 7-AACA (6.28 g) and
triethylamine (4.44 g) in DMF (25ml) was added dropwise to the reaction mixture which was stirred at
room temperature for 5 hours. The solid was filtered off and Et,O was added to the filtrate. The mixture
was cooled and the upper layer was discarded. The residue was dissolved in 5% aq triethylamine (100 m})
and concentrated to half volume. The residual solution was acidified to pH 3.0 with 4 N HCl with ice-cooling,
and the precipitate was collected by filtration and then dried to give 7.7 g (71%) of XI-6 as an amorphous
solid; 'H NMR (DMSO-d;) § 2.20 (3H, s), 2.39 (3H, s), 3.41 and 3.62 (2H, ABq, J=18Hz), 3.62 (2H,
s), 3.86 (3H, s), 4.76 and 5.06 (2H, ABq, J=14Hz), 5.10 (1H, d, J=5Hz), 5.76 (1H, dd, J=5 and 8 Hz),
7.18 (2H, brs), 9.40 (2H, br), 9.40 (1H, d, /=8 Hz).

The other 7B-[2-(2-amino-5S-substituted-thiazol-4-yl)-2(Z)-alkoxyiminoacetamido]-3-(3-oxobutyryl-
oxymethyl)-3-cephem-4-carboxylic acids (XI) were prepared by a procedure similar to that mentioned above.

7B-[2-(2-Amino-5-chlorothiazol-4-yl)-2(Z)-ethoxyiminoacetamido]-3-(3-oxobutyryloxymethyl)-3-
cephem-4-carboxylic Acid (XI-2)

Yield 72%; IR (KBr) cm~* 1770, 1700, 1620, 1530; 'H NMR (DMSO-dy) 6 1.27 (3H, t, J=7Hz),
2.20 (3H, s), 3.3~3.8 (2H, m), 3.62 (2H, s), 4.17 (2H, q, J=7Hz), 4.83 and 5.09 (2H, ABq, J=12Hz),
5.13(1H,d,J=5Hz),5.81 (1H,dd, J=5and 8 Hz), 6.63 (1H, brs), 7.24 (2H, brs), 9.50 (1H, d, /=8 Hz).

7B-[2-(2-Amino-5-chlorothiazol-4-y1)-2(Z)-(2-chloroethoxyimino)acetamido]-3-(3-oxobutyryloxy-
methyl)-3-cephem-4-carboxylic Acid (X1-3)
Yield 65%; IR (KBr) cm™* 1780, 1735, 1620.

7B-[2-(2-Amino-5-chlorothiazol-4-yl)-2(Z)-(1-tert-butoxycarbonyl-1-methylethoxyimino)acetamido]-
3-(3-oxobutyryloxymethyl)-3-cephem-4-carboxylic Acid (XI-5)
Yield 89%; IR (KBr) cm™*! 1780, 1720, 1660.

7B-[2-(2-Amino-5-methylsulfinylthiazol-4-yl)-2(Z)-methoxyiminoacetamido]-3-(3-oxobutyryloxy-
methyl)-3-cephem-4-carboxylic Acid (XI-7)

Yield 84%; 'H NMR (DMSO-dg) 6 2.17 (3H, s), 2.86 (3H, s), 3.40 and 3.73 (2H, ABq, J=18 Hz),
3.60 (2H, s), 3.89 (3H, s), 4.76 and 5.07 (2H, ABq, J=14Hz), 5.10 (1H, d, J=5Hz), 5.74 (1H, dd, J=5
and 8 Hz), 7.65 (2H, br), 9.52 (1H, d, /=8 Hz).
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78-[2-(2-Amino-5-methylsulfonylthiazol-4-yl)-2(Z)-methoxyiminoacetamido]-3-(3-oxobutyryloxy-
methyl)-3-cephem-4-carboxylic Acid (XI-8)

Yield 90%; 'H NMR (DMSO-dg) § 2.20 (3H, s), 3.44 and 3.67 (2H, ABq, J=18 Hz), 3.39 (3H, s),
3.64 (2H, s), 3.98 (3H, s), 4.80 and 5.10 (2H, ABq, /J=14Hz), 5.15 (1H, d, J=5Hz), 5.74 (1H, dd, /=5
and 8 Hz), 7.92 (2H, br), 9.40 (1H, d, /=8 Hz).

7B-[2-(2-Amino-5-chlorothiazol-4-y1)-2(Z)-(1-tert-butoxycarbonylmethoxyiminoacetamido]-3-(3-
oxobutyryloxymethyl)-3-cephem-4-carboxylic Acid (XI-4)

DCC (4.4 g) was added to a solution of III-4 (6.0 g) and HOBT (3.8 g) in DMF (25ml) and the reaction
mixture was stirred with ice-cooling for 5 minutes and then at room temperature for 30 minutes. A solution
of 7-AACA (5.61 g) and triethylamine (7.5 ml) in DMF (20 ml) was added to the mixture and the resulting
solution was stirred at room temperature for 16 hours. The solid was filtered off and Et,O (500 ml) was
added to the filtrate. The upper layer was decantated off, and H,O (100 ml), EtOAc (200 ml) and methyl
ethyl ketone (200 ml) were added to the residue. The mixture was adjusted to pH 2.5 with conc HCI and
the solid was filtered off. The organic layer was separated, washed with aq satd NaCl, dried and evaporated
to give 10.1 g (89%) of XI-4 as an amorphous solid; IR (KBr) cm ™! 1780, 1740, 1620; *H NMR (DMSO-dg)
8 1.44 (9H, s), 2.10 (3H, s), 3.42 and 3.64 (2H, ABq, J=18 Hz), 3.64 (2H, s), 4.57 (2H, s), 4.79 and 5.08
(2H, ABq, /=13 Hz), 5.14(1H, d, J="5Hz), 5.84 (1H, dd, J= 5 and 8 Hz), 7.8 (2H, br), 9.41 (1H, d, J =8 Hz).

7B-[2-(2-Amino-5-sulfothiazol-4-yl)-2(Z)-methoxyiminoacetamido]-3-(3-oxobutyryloxymethyl)-3-
cephem-4-carboxylic Acid (XI1-9)

DCC (4.95g) was added to a solution of HI-9 (2.99g) and HOBT (3.68g) in DMF (25ml) with
ice-cooling, and the resulting mixture was stirred at room temperature for 2 hours. A solution of 7-AACA
(6.28 g) and triethylamine (4.4 g) in DMF (25ml) was added to the mixture, and the resulting solution
was then stirred at room temperature for 5 hours. The solid was filtered off and Et,O (300 ml) was added
to the filtrate. The upper layer was decantated off and the residue was triturated with Et,O. The solid was
collected by filtration and dissoived in H,O (10 ml). The solution was adjusted to pH 1 with 4~ HCI and
chromatographed on MCI gel CHP 20P with 0.01~ HCI as the eluent. The fraction eluted with 30%
aq EtOH was lyophilized to afford 4.0g (69%) of XI-9; *H NMR (DMSO-d;) § 2.20 (3H, s), 3.42 and
3.65 (2H, ABq, J=18Hz), 3.64 (2H, s), 3.95 (3H, s), 4.89 and 5.07 (2H, ABq, J=14Hz), 5.11 (1H, 4,
J=5Hz), 571 (1H, dd, J=5 and 8Hz), 7.76 (2H, br), 8.94 (1H, d, /=8 Hz).

Preparation of 7p-[2-(2-Amino-5-substituted-thiazol-4-y1)-2(Z)-alkoxyiminoacetamido}-3-(condensed-
heterocyclic azolium)methyl-3-cephem-4-carboxylates

76-[2-(2-Amino-5-methylthiothiazol-4-yl)-2(Z)-methoxyiminoacetamido]-3-(imidazo[1,2-a]pyrid-
inium-1-yl)methyl-3-cephem-4-carboxylate (4) [Method A]

A mixture of XI-6 (2.0 g), imidazo[1,2-a]pyridine (2.0 g) and Nal (4.0g) in 50% aqMeCN (20 mi)
was kept at 70°C for 1.5 hours with stirring. After cooling, the mixture was chromatographed on silica
gel with Me,CO and aq Me,CO as the eluents. The fractions containing the objective compound were
combined and concentrated, and the residual solution was purified by MCI gel CHP 20P column
chromatography with H,O and aq EtOH as the eluents. The fractions containing the objective compound
were combined, concentrated and lyophilized to give 210 mg (11%) of 4. The analytical results are shown
in Tables 5 and 6.

The cephalosporins 1, 5, 6, 8, 9, 12~24 were prepared by a procedure similar to that mentioned
above, and the analytical results are shown in Tables 5 and 6.

7B-[2-(2-Amino-5-sulfothiazol-4-y1)-2(Z)-methoxyiminoacetamido]-3-(imidazo[ 1,2-a]pyridinium-1-
yDmethyl-3-cephem-4-carboxylate (7)

7B-[2-(2-Amino-5-sulfothiazol-4-yl)-2(Z)-methoxyiminoacetamido]-3-(3-oxobutyryloxymethyl)-3-
cephem-4-carboxylic acid (XI-9) was reacted with imidazo[ 1,2-a]pyridine by a procedure similar to that of
4. The reaction mixture was chromatographed on a silica gel column with Me,CO and aq Me,CO as the
eluents. The fractions eluted with 30% aqMe,CO were combined and concentrated, and the residual
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Table 5. IR and analytical data for 7f-[2-(2-amino-5-substituted-thiazol-4-y1)-2(Z)-alkoxyiminoacetamido]-3-
(condensed-heterocyclic azolium)methyl-3-cephem-4-carboxylates (1 ~24).

Elemental analysis (%)

Con;\?oo-und Method* \Eézl)d Formula Caled Found H(trgil?; )
C H N C H N
1 A 6 C,;H4CIN;0;S, -H,0 43.19 3.80 16.79 43.11 3.59 16.50 1765 1665 1605
2 B 40 C,,H,4BrN,0,S, -H,0 4132 330 1606 4132 345 1579 1765 1610 1530
3 B 27 C,H3IN;05S,-H,0 38.36 3.07 1491 38.18 3.31 14.70 1760 1670 1610
4 A 11 C,,H,;N;0,8;-3H,0 43.99 403 1866 43.72 4.28 1841 1770 1670 1610
5 A 7 C,,H,;;N,04S;-7H,0 41.37 442 1535 4120 470 15.18 1765 1670 1610
6 A 6 C,,H,;N;0,8;-3H,0 41.50 4.12 1540 4136 4.41 15.10 17651670 1610
7 A 13 C,;H;gN;NaOgS;-§H,0 3621 391 14.07 3590 4.18 13.88 1765 1665 1610
8 A 16 C,,H,,CIN,O,8S,-2H,0 44.18 4.05 1639 44.04 3.87 16.13 1765 1605 1520
9 A I C,,H, ,CILN,08,-3H,0 4062 3.87 1507 4051 3.61 14.78 1760 1610 1520
10 A 4 C,,H,,CIN,Na0,S,-3H,0 39.56 3.47 14.68 39.26 3.70 14.39 1760 1610 1530
11 A 3 C,,H,,CIN;NaO,S,-4H,0 40.37 4.09 13.73 40.52 3.76 13.55 1765 1600 1520
12 A 10 C,,H,,CINgO,S, 3H,0 39.84 3.84 1858 39.63 3.15 18.33 1770 1660 1610
13 A 3 C,;H4CIN,O,S,-3H,0 4190 4.02 1629 4145 331 1579 1763 1665 1610
14 A 4 C,HsCIN,0S,-3H,0 42,53 391 1653 4233 396 16.82 1768 1665 1610
15 A 7 C,,H,,CIN,0.S,-3H,0 4289 425 1592 4293 399 1591 1770 1670 1610
16 A 5 C,H,,CIN,O4S,-3H,0 4486 394 16.65 4484 379 16.46 1770 1650 1610
17 A 9 C,,H,CIN,0;8S,-3H,0 42.89 425 1592 4290 396 15.79 1770 1660 1610
18 A 5 C,,H,oCIN,0.S,-5H,0  40.52 4.64 1504 40.59 438 14.81 1760 1660 1605
19 A 3 C,H{;,Cl,N,058,-2H,0 4078 342 1585 41.02 3.38 15.70 1765 1660 1610
20 A 10 C,3H,,CIN,0,S,-3H,0 41.85 397 1485 4180 3.78 1509 1760 1710 1670
21 A 2 C,,H ,CINGOSS,-3H,0  41.54 380 17.62 4148 370 17.41 2240 1765 1660
22 A 3 C,3H,,CIN,0,S,-2H,0 45.13 428 16.02 45.01 4.63 1579 1770 1660 1610
23 A 10 C,,H,oCIN,0,8,-$H,0  43.53 4.15 1615 4345 4.01 1592 1770 1660 1610
24 A 8 C,,H,,CIN,0,S,-4H,0 41.65 437 1417 4173 4.10 14.06 1760 1720 1670

* See Experimental section.

solution was acidified to pH 1 with conc HCl. The resulting solution was chromatographed on MCI gel
CHP 20P with 0.01 N HCl and 10% EtOH - 0.01 n HCl as the eluents. The fractions containing the objective
compound were combined and concentrated, and the residual solution was adjusted to pH 7.5 with
NaHCO;. The resulting solution was chromatographed on Sephadex LH-20 with H,O. The fractions
containing the objective compound were combined, concentrated and lyophilized to give 7 (13%) as an
amorphous solid. The analytical data are shown in Tables 5 and 6.

7B-[2-(2-Amino-5-chlorothiazol-4-yl)-2(Z)-carboxymethoxyiminoacetamido]-3-(imidazo[1,2-a]-
pyridinium-1-yl)methyl-3-cephem-4-carboxylate Monosodium Salt (10)

a) A mixture of 7p-[2-(2-amino-5-chlorothiazol-4-y1)-2(Z)-tert-butoxycarbonylmethoxyiminoacet-
amido]-3-(3-oxobutyryloxymethyl)-3-cephem-4-carboxylic acid (XI-4, 3.0 g), imiadzo[ 1,2-a]pyridine (3.0 g)
and Nal (3.0g) in 50% aq MeCN (20 ml) was heated at 70°C for 1.5 hours with stirring. After cooling,
the reaction mixture was chromatographed on silica gel with ag MeCN as the eluent. The fractions
containing the objective compound were combined and concentrated, and the residual solution was
chromatographed on Sephadex LH-20 with H,O as the eluent. The fractions containing the objective
cephalosporin were combined, concentrated and lyophilized to give 0.3g (9%) of 7p-[2-(2-amino-5-
chlorothiazol-4-y1)-2(Z)-tert-butoxycarbonylmethoxyiminoacetamido]-3-(imidazo[ 1,2-a]pyridinium-1-
ylymethyl-3-cephem-4-carboxylate (XII-10) as an amorphous solid; IR (KBr) ecm~* 1760, 1670, 1610; *H
NMR (DMSO-dg) 6 1.38 (9H, s), 2.90 (2H, ABq, J=18 Hz), 4.48 (2H, s), 4.97 (1H, d, J=5Hz), 5.25 and
5.49 (2H, ABq, J=14Hz), 5.58 (1H, dd, J=5 and 8 Hz), 7.34 (2H, brs), 7.52 (1H, t, /=8 Hz), 8.00 (1H,
t,J=8Hz),8.40 (1H, br), 8.52(1H, br),8.70 (1H, d, /=9 Hz), 8.94 (1H, d, J=6 Hz),9.27(1H, d, /=8 Hz).

b) XII-10 (0.28 g) was stirred with TFA (10 ml) at room temperature for one hour. After evaporation,
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'H NMR spectral data for 7B-[2-(2-amino-5-substituted-thiazol-4-y1)-2(Z)-2-alkoxyiminoacetamido |-

Compound Solvent®

Chemical shift (J=Hz)

Cephem nuclei

7-Acyl

3-Condensed-

N R, heterocyclic azolium
0. 2[-\(;;12 3CH, ¢ TH ong SR, NH, residue and R,
a ABa g dd g
ag)y @4 90O (58 4@ s s
1 a 296 520 497 561 944 — 732 3.80 7.5~9.0 (m)
344 550
2 a 298 527 498 560 942 — 736 3.80 7.51 (t, 7), 8.00 (t, 8), 8.40
343 548 (br s), 8.49 (br), 8.66 (d, 9),
8.94 (d, 6)
3 a 296 526 496 558 936 — 732 382 7.50 (t, 7, 8.01 (1, 8), 8.39
336  5.47 (br), 8.00 (t, br s), 8.67
(d. 9), 8.93
4 a 294 524 494 557 926 235 716 3.78 7.48 (t, 6), 7.97 (t, 8), 8.38
— 546 (br), 8.50 (br), 8.66 (d, 8),
8.92 (d, 6)
5 a 294 526 495 556 — 280 746 382 747 (t, 6), 7.97 (1, 8), 8.38
— 547 (br), 8.47 (br), 8.65 (d, 8),
8.92 (d, 6)
6 a 299 526 497 560 928 336 797 3.88 7.49 (t, 6), 8.38 (br), 8.48
— 547 (br), 8.65 (4, 8), 8.93 (d, 6)
7 b 320 534 522 58 — @ — — 412 7.3~8.3 (m), 8.40 (d, 6),
3.55  (br) (d, 5) 8.70 (d, 6)
8 b 330 531 522 58 00—  —  — 400 7.32~8.68 (m)
3.60 5.67
9 a 300 512 500 560 938 — 725 3.6~39(m), 7.4~7.6(m), 7.9~8.1 (m),
346 527 4.1~44(m) 8.3~8.7(m), 8.8~9.0 (m)
10 a 302 538 497 564 11.85 — 135 4.22(br) 7.49 (1, 7), 7.98 (1, 8),
— (b 8.3~8.7 (m), 8.96 (d, 8)
11 a 305 542 498 568 —  — 730 1.12(br) 7.49 (t, 7), 7.96 (1, 8),
345  (br) 7.3~8.7 (m), 8.95 (d, 8)
12 a 304 527 497 561 943 — 732 381 7.8~8.1 (m), 8.76 (s),
— 551 9.0~9.1 (m), 9.28 (s)
13 a 323 581 500 537 931 — 734 412 7.63~8.39 (d, 3)
3.64 (br)
14 a 321 510 500 562 942 — 735 379 7.00~8.77 (m), 10.06 (br)
— 553
15 a 3.13 537 500 564 940 — 7.30 3.82 2.63 (s), 7.0~7.5 (m),
— (b0 7.7~8.3 (m), 8.4~8.7 (m)
16 a 310 524 498 562 942 — 743 382 2.95 (s), 7.0~7.5 (m),
345 542 7.6~8.1 (m), 8.4 (s),
8.2~8.5 (m)
17 a 3.16 505 500 562 938 — 731 3.80 2.65 (s), 6.9~7.4 (m), 7.79
352 5.53 (4, 9), 8.64 (s), 9.93 ()
18 a 311 536 499 564 936 — 732 3.81 2.32 (s), 6.86~7.12 (m),
— 564 7.58 (br), 8.33 (s),
8.58 ~8.66 (m), 9.88 (s)
19 a 3.14 510 502 565 938 — 732 381 7.7~8.0 (m), 8.4~8.8 (m),
3.54  5.56 9.13 (br)
20 a 3.14 514 500 562 937 — 732 381 3.92 (s), 7.3~7.5 {m),
3.57 552 8.5~8.9 (m), 10.16 (br)
21 a 311 510 500 562 938 — 732 381 7.3~7.5 (m), 8.6~9.0 (m),
3.53 554 10.15 (br)
22 a — 527 498 S62 942 — 734 382 2.90 (s), 3.21 (s), 6.7~7.2
— — 546 (m), 7.66 (d, 8), 8.45 (s)
23 a 315 518 — 566 934 — — 121, 7), 7.0~7.6 (m), 7.7~7.9 (m),
357  5.56 4.08 (q, 7) 8.4~8.8 (m), 10.02 (br)
24 a 3.18 517 502 566 936 — 732 120, 7), 3.92 (s), 7.32 (br), 7.4~7.6
370 5.59 4.07(q, 7) (m), 8.5~8.9 (m), 10.14

(br)

a

a; DMSO-dg, b; D,0.
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the residue was dissolved in a solution of NaHCO; (2.0g) in H,0O (10ml). The resulting solution was
chromatographed on MCI gel CHP 20P successively with H,O and aq EtOH as the eluents. The fractions
containing the objective compound were combined, concentrated and lyophilized to give 12mg (4%) of
10 as an amorphous solid. The analytical results are shown in Tables 5 and 6.

Direct Halogenation of 2-Aminothiazolyl Cephalosporin [Method B]

7B-[2-(2-Amino-5-bromothiazol-4-yl}-2(Z)-methoxyiminoacetamido]-3-(imidazo[ 1,2-a]pyridinium-
1-yhmethyl-3-cephem-4-carboxylate (2)

N-Bromosuccinimide (0.28 g) was added to a solution of 7f-[2-(2-aminothiazol-4-y1)-2(Z)-methoxy-
iminoacetamido]-3-(imidazo[ 1,2-a]pyridinium-1-yl)methyl-3-cephem-4-carboxylate (I-1, 0.40 g) in DMA
(4ml) with ice-cooling, and the mixture was stirred at room temperature for 2 hours. Et,O (100 ml) was
added to the reaction mixture, and the upper layer was decanted off. The residue was triturated with Et,O
and the solid was collected by filtration. The solid was dissolved in 50% aq MeCN and chromatographed
on silica gel with aq Me,CO as the eluent. The fraction eluted with 75% aq Me,CO was concentrated and
the residual solution was chromatographed on Sephadex LH-20 with H,O as the eluent. The fractions
containing the objective compound were combined, concentrated and lyophilized to give 0.19 g (40%) of
2 as an amorphous solid. The analytical results are shown in Tables 5 and 6.

7B-[2-(2-Amino-5-iodothiazol-4-yl)-2(Z)-methoxyiminoacetamido]-3-(imidazo[ 1,2-a]pyridinium-
1-ymethyl-3-cephem-4-carboxylate (3)

3 was prepared from I-1 and N-iodosuccinimide (NIS) following a procedure similar to that of 2.
The analytical results are shown in Tables 5 and 6.
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