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A systematic approach for improving the water-solubility of anti-MRSA (methicillin-
resistant Staphylococcus aureus) cephalosporin derivatives is described. We first tried to
improve the water-solubility of 7-[2-(5-amino-1,2,4-thiadiazol-3-yl)-2(Z)-fluoromethoxyimino-
acetamido]-3-[(EF)-2-(1-methylimidazo[1,2-b]pyridazinium-6-yl)thiovinyl]-3-cephem-4-
carboxylate (1a) by substitution of the C-3" pharmacophore. Replacement of the C-3" pharma-
cophore with a 1-methyl-4-pyridinio group improved the water-solubility without decreasing
the anti-MRSA activity. Furthermore, we applied the N-modified prodrug strategy to the C-7
acyl group in order to enhance the water-solubility drastically. Among the compounds prepared,
the N-phosphono type prodrugs 2a (1-methylimidazo[1,2-b]pyridazinium derivative) and 2b (1-
methyl-4-pyridinio derivative) showed water-solubility appropriate for a product intended for
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intravenous injection and in vivo anti-MRSA activity comparable to that of vancomycin.

As we reported previously”, 7fS-[2-(5-amino-1,2,4-
thiadiazol-3-yl)-2(Z)-fluoromethoxyiminoacetamido]-3-[(£)-
2-(1-methylimidazo[ 1,2-b]pyridazinium-6-yl)thiovinyl]-3-
cephem-4-carboxylate (1a, Fig. 1) exhibits potent antibac-
terial activity against methicillin-resistant Staphylococcus
aureus (MRSA), and its activity was found to be
comparable to that of vancomycin (VCM) both in vitro and
in vivo. In general, the recently reported anti-MRSA §-
lactam derivatives, represented by 1a, are characterized by
a zwitterionic structure, which is essential for broad
antibacterial activity against Gram-positive and Gram-
negative bacteria and/or good in vivo efficacy. However,
insufficient water-solubility that is ascribed to this
structural feature has restricted their further development
toward clinical studies®”.

In fact, lyophilized 1a has low water-solubility (1.0
mg/ml), and the crystalline form of 1a shows poor water-
solubility (less than 0.05mg/ml). Assuming that the

extreme water-insolubility of 1a was due to the nature of

the C-3’ pharmacophore, we continued to search for
cephalosporins with suitable cationic C-3’ pharmacophores
and whose anti-MRSA activity is at least as potent as that
of 1a.

On the other hand, with the aim of finding a compound
with substantially improved water-solubility, a prodrug
strategy was designed. In order to avoid the restriction of
administration options due to insufficient water-solubility,
which is ascribed to physicochemical properties of the
compound, the prodrug strategy has been applied widely in
pharmaceutical development*®. In cephalosporin deriva-
tives containing a 2-aminothiazolyl or 5-amino-1,2,4-
thiadiazolyl group in the C-7 acyl moiety, the amino group
has been the main target for chemical modification.
N-Carboxylation®” and N-phosphorylation® of 5-amino-
1,2,4-thiadiazole derivatives have been reported to be
useful methods for obtaining water-soluble prodrugs. In
addition, N-alanylation of the 2-aminothiazole moiety in
ceftizoxime played an important role in the development of

* Corresponding: Hashiguchi_Shohei@takeda.co.jp



VOL. 54 NO. 4

THE JOURNAL OF ANTIBIOTICS 365

Fig. 1.

the orally active prodrug AS-924”. Accordingly, we
focused on N-phosphono and N-sulfo derivatives, because
these functions are expected to produce excellent
hydrophilicity as well as physiologically acceptable
properties.

In this paper, our approach for improvement of the water-
solubility of the zwitterionic cephalosporins is discussed.
Especially, the synthesis, antibacterial activity and
pharmacokinetic profile of the novel N-phosphono prodrug
derivatives 2a and 2b (Fig. 1) together with the parent

compounds 1a and 1b are presented.

Chemistry

Preparation of 3-[(E)-2-(1-Methylpyridinio)thiovinyl]-7 3-
[2-(5-phosphonoamino-1,2,4-thiadiazol-3-y1)-2(Z)-fluoro-
(1b~

methoxyiminoacetamido]-3-cephem-4-carboxylates
1d) with Improved Water-Solubility
Synthesis of the 3-[(E)-thiovinyl] cephalosporin deriva-

tives having various quaternary heteroaromatic rings as the
C-3’ pharmacophore was accomplished by the previously
reported procedure”. Among the derivatives prepared,
only a series of 1-methylpyridinio derivatives showed
improved water-solubility compared with that of 1a,
while still maintaining excellent anti-MRSA activity.
Apart from our study, several literature articles'®!" have
emphasized the excellent antibacterial activity of a series
of l-methylpyridinio derivatives, but none have

mentioned the physicochemical properties of the
compounds. As illustrated in Scheme 1, reaction of the
(E)-2-vinyltosylate'” 3 with 2-mercapto-, 3-mercapto-
and 4-mercaptopyridine followed by treatment with
phosphorus trichloride afforded the corresponding (E)-2-

(pyridylthio)vinyl cephem derivatives 4b~4d, respectively,

Het ;

o
7 N
a S ,N+ /
S N
=\ +
b S—<\:/>NCH3

with complete retention of the (E)-configuration'® in
32~69% yields. After methylation of 4b~4d with
iodomethane, removal of #-butoxycarbonyl (Boc) and
benzhydryl (BH) groups was achieved by TFA/anisole
treatment to give the corresponding 73-amino derivatives
5b~5d in good yields. Condensation of Sb~5d with
2-(5-amino-1,2,4-thiadiazol-3-y1)-2(Z)-fluoromethoxy-
iminoacetyl chloride hydrochloride' (6) under aqueous
desired  7B-[2-(5-amino-1,2,4-
thiadiazol-3-yl)-2(Z)-fluoromethoxyiminoacetamido]-3-

conditions gave the

[(E)-2-(1-methylpyridinio)thiovinyl]-3-cephem-4-carboxy-
lates (1b~1d) in 22~68% yields.

We measured the water-solubility of lyophilized 1b~1d
(2~5mg/ml) and the crystalline form (1.1 mg/ml) of 1b.
Water-solubility of these analogs was improved as
compared with that of 1a but did not reach the target
threshold of 10mg/ml to satisfy the administration
protocol.

Preparation of the N-Modified Prodrugs of 1a and 1b
The novel N-phosphono derivatives bearing a 1-

methylimidazo[1,2-b]pyridazinium-6-yl (2a) or 1-methyl-4-
pyridinio (2b) group as the C-3’ pharmacophore were
synthesized as shown in Scheme 2. The patent which covers
N-phosphono prodrug cephalosporin derivatives having a 5-
amino-1,2,4-thiadiazole moiety was issued to a group of
researchers at Fujisawa in 1984%. According to the patent
specifications and examples, the scope and limitation of the
strategy are somewhat obscure for practical use. In
addition, concerning the preparation of the acylating agent
bearing a dichlorophosphorylamino group in the 1,2.4-
thiadiazole moiety, another literature article'” suggested
suitable reaction conditions. When 2-(5-amino-1,2,4-thia-
diazol)-2(Z)-fluoromethoxyiminoacetic acid'® (7) was con-
verted into the corresponding acid chloride 6 by treatment



366

THE JOURNAL OF ANTIBIOTICS

APR. 2001

Scheme 1.
o
@N
BocHN 1 —_ BocHN
l ' N ] ‘ 1) CHyl
2 3 -
7 0pTs ——————= s O 2) TFA / Anisole
CO,BH 2) PCl CO,BH
3 (pTs; p-Toluenesulfonyl) 4b ;(52%) b ;4-pyridyl
4c;(32%) ¢ 3-pyridyl
4d ;(69%) d ; 2-pyridy!
HoN :
2 : S,lN HCI
N COCI
"2TFA l| HN S
HoN S CONH
ljr +CH 6 OCHz -, CH
' Nj)\/\s /\;\l 8 - /\N :
% < NaHCO,
CO,~ H,O - THF OCHzF
5b ;(96%) 1b; (68%
5S¢ ; (88%) 1c; (51%)
5d ;(91%) 1d ;(22%)
Scheme 2.
HsN CI,OPHN_ :s.
2 S.N 2 Y N
| 1 |
N_HfCOZH PCl, N—‘\[(COCI
N THF N
\ (95%) \
OCH,F OCHF
7 \ /,4/ 8
PCl1 HoN - HCI POCl; [ )
CH,Cl, 2 \fS’IN THF CHy
N—Hrcool AN
N s NS
\ s~ N
OCH,F
==\ +
b
oTFA (HO)ZOPHNYS. ‘N
HaN, S . N—-KWCONH s
J N~ Het - N J:Nj)\/\
0o jj\/\ aq. NaHCO; or AcONa \ o 7 “Het
CO,” OCHF CO,”
Sa 2a; (15%)
sh 2b; (37%)

with phosphorus pentachloride

in dichloromethane,

(8) as the major product. Under conditions similar to those

substitution of the solvent with THF or EtOAc could alter
the reaction mode to give 2-(5-dichlorophosphorylamino-

1,2,4-thiadiazol)-2(Z)-fluoromethoxyiminoacetyl  chloride

described in the literature (see experimental section), 7 was
smoothly converted into 8 in a 95% yield. Although

the reaction mechanism was not clear, the plausible
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mechanism, dichlorophosphorylation of the amino group
by phosphorus oxychloride generated in situ, was ruled out
because of little conversion of the isolated acid chloride 6
into 8 upon treatment with phosphorus oxychloride in THF.
The obtained dichlorophosphorylated acid chloride 8 was
condensed with the 7f-amino derivatives 5a" and 5b in the
presence of aqueous sodium bicarbonate or sodium acetate.
During the acylation, the dichlorophosphoryl group was
concomitantly hydrolyzed to a phosphono group. Column
chromatographic purification of the crude product afforded
the desired N-phosphono derivatives 2a and 2b in 15% and
 37% vyields, respectively. However, under acidic conditions,
the P-N bond was too labile to get highly pure prodrugs.
As a result, the lyophilized N-phosphono prodrugs 2a and
2b were inevitably contaminated (less than 3%) with the
parent compounds 1a and 1b, respectively. Preparation of
the N-sulfo derivatives 9a and 9b was achieved by direct
sulfonation of the parent compounds 1a and 1b with
pyridine sulfur trioxide in 30% and 68% yields,
respectively (Scheme 3). The imidazo[1,2-b]pyridazinium
derivative 9a was isolated as the sulfonic acid sodium salt.
In contrast to the phosphono derivatives, the N-sulfo
derivatives 9a and 9b could be obtained with high purity as
cleavage of the S—N bond under work-up conditions was
negligible.

We measured the water-solubility of the prodrug-type
compounds 2a, 2b and 9b in their lyophilized férms, and it
was found that in all cases the water-solubility was not high
enough (2~5mg/ml) and the pH of the resulting solution
was too low (pH 1~2) for intravenous administration.
However, when the pH of the solution was adjusted to a
physiologically acceptable value by the addition of sodium
bicarbonate, the solubility of the prodrug-type compounds
2a, 2b and 9b was dramatically increased. Consequently,
the sodium salt forms of the prodrug-type compounds 2a,
2b, 9b and 9a were found to have sufficient water-solubility

(over 100 mg/ml).

Biological Results and Discussion

Table 1 shows the MICs of the 2-thiovinyl derivatives
bearing a 1-methyl-4-pyridinio (1b), 1-methyl-3-pyridinio
(1e) and 1-methyl-2-pyridinio (Id) group as the C-3’
pharmacophore. All of the derivatives 1b~1d exhibited
potent anti-MRSA activity. Among them, the 1-methyl-4-
pyridinio derivative 1b showed the highest anti-MRSA
activity, and it was slightly superior to that of the
I-methylimidazo[1,2-b]pyridazinium derivative 1a. In
addition, 1b was more active than la against Gram-
negative bacteria, though it was less active than cefozopran
(CZOP) against Pseudomonas aeruginosa. Table 2 shows
the MIC,, values of 1b and reference compounds against
84 clinical isolates of MRSA and their affinity for penicillin
binding protein 2’ (PBP2’). The MIC,, value of 1b (1
ug/ml) was lower than that of 1a (2 yg/ml) and the same as
that of VCM. In addition, 1b showed high affinity for
PBP2’ with IC;, value of 1.1 ug/ml, which is nearly eighty
times as high as that of CZOP. It was considered that this
high affinity of 1b for PBP2' was reflected in its potent
anti-MRSA activity. The prodrug-type derivatives showed
less than one tenth the in vitro antibacterial activity of their
parent compounds against all strains tested (data not
shown). As described in the chemistry section, the prodrug
derivatives were slightly contaminated with the parent
compounds. In addition, it was likely that the prodrugs
were converted into the parent compounds during the
procedure used for MIC determination. Therefore, we
speculated that the antibacterial activity of the prodrug
derivatives was due to contamination with the parent
compounds and that the prodrugs themselves possessed
hardly any in vitro antibacterial activity.
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Table 1. Antibacterial activity (MIC, pg/ml) of 7p-[2-(5-amino-1,2,4-thiadiazol-3-y1)-2(Z)-fluoromethoxy-
iminoacetamido]-3-[2(E)-(1-methylpyridinio)thiovinyl]-3-cephem-4-carboxylates (1b~1d), 1a and CZOP.

H2N
WQONHj;f
\’J\/\Het

OCHzF Os
Compd. Het S.a. MRSAl MRSA2 MRSA3  Ec. Ecl Sm. P.v. Pal Pa2
TH;
1a P N 0.2 078 156 3.13 0013 0.1 02 0.05 625 100
LX)
s7 N
b _O oH 0.2 078 078 1.56 0013 0025 005 0.025 625 50
- 3
lc ‘Q 02 078 156 6.25 0025 0.1 0.05 0.05 625 50
1d O 02 078 156 6.25 0013 005 0025 0025 25 50
\
CzZop 078 125 25 100 0.05 0.1 0.1 0.2 156 625

S. a., Staphylococcus aureus 308A-1; MRSAL,'S. aureus N295 ; MRSAZ2, S. aureus N133 ; MRSA3, S. aureus OFU4 ;
E.c., Escherichia coliNIHVJC-2 ; E. cl., Enterobacter cloacae GN5788 ; S. m., Serratia marcescens IFO 12648 ;
P.v., Proteus vulgaris IFO 3988 ; P.a.1, Pseudomonas aeruginosa P9 ; P.a.2, P. aeruginosa U31.

Table 2. Comparative MIC,, against clinical Table 3. Protective effect of the selected
isolates of MRSA and PBP2’ affinity of 1a, 1b compounds and reference compounds against
and reference compounds. experimental systemic infection caused by

S. aureus N133 in mice.

Compd. MIC,," (ug/ml) IC.* (ug/ml)

1a ) 2 70 Compd. ED,," (mg/kg) MIC (ug/ml)
1b | 10 1a 4.82 1.56
Czorp 64 78.0 2a 5.57 ND
VCM | NT 9a >12.5 ND
NT; not tested ib 1.70 0.78
* Value against 84 clinical isolates of MRSA. 2b 1.20 ND
® Affinity for PBP2' of S. aureus N20OP. 9b 25 ND
VCM 2.21~5.05 1.56
CZOP 22.6 25
ND; Not determined.
In terms of in vivo efficacy, rapid conversion of the * Compounds were administered subcutaneously immediately

prodrug into the parent compound is a key issue. We after the bacterial challenge.

examined the in vivo anti-MRSA activity of the prodrugs
against experimental systemic infection in mice (Table 3).
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Although the N-sulfo derivatives 9a and 9b showed little in
vivo protective effect, the N-phosphono derivatives 2a and
2b showed protective effect comparable to that of their
parent compounds 1a and 1b. Especially, the 1-methyl-4-
pyridinio derivative 2b exhibited more potent in vivo anti-
MRSA activity than VCM. Consistent with the in vivo
efficacy of 2b, the pharmacokinetic study demonstrated that
2b was converted into 1b within 5 minutes after intravenous
administration to mice (Fig. 2). These results suggested that
the N-phosphono prodrug strategy for in vivo use of
cephalosporin derivatives would be useful, irrespective of
the C-3’ pharmacophore structure.

In conclusion, in order to improve the water-solubility of
anti-MRSA cephalosporins, we pursued the N-modified
prodrug strategy as well as substitution of the C-3’
pharmacophore. Ultimately, we discovered 3-[(£)-2-(1-
methylimidazo( 1,2-b]pyridazinium-6-yl)thiovinyl]-7 8-[2-
(5-phosphonoamino-1,2,4-thiadiazol-3-yl)-2(Z)-fluoro-
methoxyiminoacetamido]-3-cephem-4-carboxylate (2a) and
its 1-methyl-4-pyridinio derivative 2b, which were found to
have water-solubility sufficient for intravenous injection
and excellent anti-MRSA activity in vivo. Further

biological evaluation of 2a and 2b is now in progress.

Experimental

MPs were determined with a Yanagimoto micro melting
point apparatus and are uncorrected. IR spectra were taken
on a Hitachi 215 or Horiba FT-200 spectrophotometer. 'H-
NMR spectra were recorded on a Varian gemini 200 (200
MHz) spectrometer using TMS as the internal standard. Py.
is used as an abbreviation for pyridyl group. Column
chromatography was carried out on Merck Kieselgel 60
(Art No. 7734), YMC ODS-AM, and Mitsubishi Chemical
MCI gel CHP-20P, HP-20 and SP-207.

Determination of /n Vitro Antibacterial Activity

The MICs against selected strains of Gram-positive and
Gram-negative bacteria were determined by the standard
serial 2-fold agar dilution method with Mueller-Hinton agar
as the test medium. The agar plates were inoculated with
about 10*CFU of microorganisms per spot and were
incubated overnight at 37°C.

In some experiments, clinical isolates of MRSA, which
were kindly supplied by three clinical laboratories in Japan
in 1993 (54 strains) and 1995 (30 strains), were used for the
determination of anti-MRSA activity of test compounds.
The MIC,, was defined as the concentration of a compound
required to inhibit the growth of 90% of the strains.
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Fig. 2. Plasma concentrations of 1b and 2b after a
single intravenous administration of 2b at a dose
of 20mg/kg as 1b to mice.
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Determination of /n Vivo Antibacterial Activity

S. aureus strain N133 was cultured overnight at 37°C in
brain heart infusion broth, suspended in 5% mucin and
inoculated intraperitoneally into ICR male mice.
Compounds were dissolved in a 10% aq DMSO solution
(1a and 1b) or saline containing two equivalents of
NaHCO; to the compound (2a and 2b) and administered
subcutaneously immediately after the bacterial challenge.
The 50% effective dose (EDs,) was calculated from the

survival rate recorded on day 5 after infection.

Determination of Affinity for Penicillin Binding Protein 2’

Membrane was prepared from S. aureus N200P cells
grown to the late exponential phase in trypticase soy broth
and incubated with ["*C]benzylpenicillin. Binding affinity
of antibiotic for PBP2’ was assessed by a competition
assay, in which the membrane was incubated with dilutions
of the antibiotic at 30° for 10 minutes and then labeled with
[“*C]benzylpenicillin for 10 minutes. PBPs were separated
by SDS-polyacrylamide gel electrophoresis and detected by
fluorography. Binding affinity was expressed in terms of the
concentration required to prevent ['*C]benzylpenicillin
binding by 50% (ICs,).

Determination of the Pharmacokinetic Profile

After intravenous administration (5, 15 and 30 minutes
and 1, 2 and 4.5 hours) of 2b to ICR male mice at a dose of
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20mg/kg as 1b, the mice were sacrificed at each time point,
and blood samples were obtained. To a 100 ul portion of
the plasma sample, a 900 ul portion of 0.03 M phosphate
buffer (pH 7) was added on an ice-bath. The mixture
obtained was then ultrafiltered using a Centrifree apparatus
(Amicon, Inc., U.S.A.), and 1b and 2b in the filtrate were
analyzed by HPLC systems under the following conditions.
The column was a YMC-ODS AM-302 (4.6X150 mm, 5
mm particle size; YMC Co. Ltd. Japan). The mobile phase
was a mixture of 0.03M phosphate buffer (pH 7) and
acetonitrile. Gradient elution was carried out, in which the
acetonitrile concentration was increased from 5 to 13% in
17 minutes. The flow rate was 1 ml/minute. The injection
volume was 50 ul, and each compound was detected at 254
nm.

Benzhydryl 7B-t-Butoxycarbonylamino-3-[(E)-2-(4-pyridyl)-
thiovinyl]-3-cephem-4-carboxylate (4b)

4-Mercaptopyridine (49.2 g, 443 mmol) was added to a
solution of benzhydryl 7 8--butoxycarbonylamino-3-[(E)-2-
tosyloxyvinyl]-1-oxide-3-cephem-4-carboxylate'® (3, 100 g,
147 mmol) in DMSO (1.0 liter), and the mixture was stirred
at 50°C for 6 hours. After cooling at room temperature, the
reaction mixture was poured into a mixture of EtOAc (3.8
liter), cooled water (3.0 liter) and brine (1.0liter), and the
mixture was stirred for 10 minutes. The separated organic
layer was washed with water (3.5 liter) and brine (500 ml)
successively and dried over MgSO,. After filtration, the
filtrate was evaporated under reduced pressure. The residue
was dissolved in a mixture of THF (500ml) and N,N-
dimethylacetamide (49ml). Under cooling at —10°C,
phosphorus trichloride (25.9ml, 300 mmol) was added to
the solution dropwise, and the mixture was stirred at the
same temperature for 35 minutes. The reaction mixture was
diluted with a mixture of EtOAc (1.5liter) and saturated aq
NaHCO, (3.0liter). The mixture was stirred at room
temperature for 30 minutes. The separated organic layer
was washed with brine (1.51iter), dried over MgSO, and
filtered. The filtrate was evaporated under reduced pressure.
The residue was purified by silica gel column chromato-
graphy (1.0kg : eluents=n-hexane - EtOAc=3: 2~n-hexane -
EtOAc-MeOH=20:10:1). The fractions eluted with n-
hexane - EtOAc-MeOH=20:10:1 were concentrated
under reduced pressure to give 4b (45.7 g, 52%): '"H NMR
(CDCly) 6 1.47 (9H, s, Boc), 3.59, 3.71 (2H, ABq, J=18
Hz, C,-H), 5.02 (1H, d, J=5Hz, C;-H), 5.38 (1H, d, J=8
Hz, C;-NH), 5.66 (1H, dd, /=5 and 8 Hz, C,-H), 6.67 (1H,
d, /=16 Hz, vinyl), 6.98 (1H, s, CH), 7.1~7.5 (13H, m, Ph,
Py. and vinyl), 8.47 (2H, dd, /=1 and 4 Hz, Py.).

APR. 2001

7 B-t-Butoxycarbonylamino-3-[(£)-2-(3-
pyridyl)thiovinyl]-3-cephem-4-carboxylate (4¢)
3-Mercaptopyridine (291 mg, 2.65 mmol) and N,N-diiso-

Benzhydryl

propylethylamine (1.15ml, 6.61 mmol) were successively
added to a solution of 3 (900 mg, 1.33 mmol) in DMF (7
ml), and the mixture was stirred at room temperature for 5
hours. The reaction mixture was diluted with EtOAc (150
ml), and the solution was successively washed three times
with water (each 100ml) and with brine (40ml). The
separated organic layer was dried over MgSO, and filtered.
The filtrate was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(25g: eluents=n-hexane~n-hexane - EtOAc=2:3). The
fractions eluted with n-hexane - EtOAc=2:3 were concen-
trated under reduced pressure. The residue was dissolved
in a mixture of dichloromethane (56ml) and N, N-
dimethylacetamide (0.43ml). Under cooling at —12°C,
phosphorus trichloride (0.12ml, 1.41 mmol) was added to
the solution, and the mixture was stirred at the same
temperature for 2hours. The reaction mixture was
concentrated under reduced pressure. The concentrate was
portioned in a mixture of EtOAc (150 ml) and aq NaHCO,
(100ml). The separated organic layer was washed with
brine (100 ml), dried over MgSO, and filtered. The filtrate
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (20g:
eluents=n-hexane~n-hexane - EtOAc=1:2). The fractions
eluted with n-hexane-EtOAc=1:2 were concentrated
under reduced pressure to give 4¢ (450 mg, 32%): 'H NMR
(CDCly) & 1.46 (9H, s, Boce), 3.50, 3.61 (2H, ABq, /=16
Hz, C,-H), 5.00 (1H, d, /=5Hz, C,-H), 5.42 (1H, d, /=10
Hz, C;-NH), 5.63 (1H, dd, /=5 and 10 Hz, C,-H), 6.61 (1H,
d, /=16 Hz, vinyl), 6.96 (1H, s, CH), 7.1~7.5 (12H, m, Ph,
vinyl and Py.), 7.70 (1H, m, Py.), 8.53 (1H, dd, J=2.4 and
4.8Hz, Py.), 8.61 (1H, d, /=2.4Hz, Py.).

The 2-pyridyl derivative 4d was prepared by a method
similar to that used for 4c¢c. The yield was 69%. The
analytical data were as follows: '"H NMR (CDCl;) § 1.47
(9H, s, Boc), 3.68, 3.82 (2H, ABq, J=18 Hz, C,-H), 5.02
(IH, d, /=5Hz, C4-H), 533 (1H, d, /=9.6Hz, C,-NH),
5.63 (1H, dd, J=5 and 9.6 Hz, C,-H), 6.98 (1H, s, CH),
7.0~7.6 (14H, m, Ph, vinyl and Py.), 7.67 (1H, d, /=16 Hz,
vinyl), 8.48 (1H, m, Py.).

7 B-Amino-3<[(E)-2-(1-methyl-4-pyridinio)thioviny1]-3-
cephem-4-carboxylaté Bistrifluoroacetic Acid (5b)

lodomethane (14.5ml, 228 mmol) was added to a
solution of 4b (45.7g, 75.9mmol) in DMF (143 ml), and
the mixture was stirred at room temperature for 4 hours.

The reaction mixture was diluted with a mixture of n-
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hexane (2.0liter) and diethyl ether (2.0liter). After being
stirred at room temperature for 30 minutes, the mixture was
allowed to stand. The resulting upper layer was removed by
decantation. The residual oil was dissolved in a mixture of
dichloromethane (430ml) and anisole (85ml). TFA (215
ml) was added to the mixture dropwise, and the mixture
was stirred at room temperature for 2 hours. The reaction
mixture was diluted with diethyl ether (2.8liter). The
resulting precipitate was collected by filtration, washed
with diethyl ether (1.0 liter) and dried under a vacuum to
give 5b (42.0g, 96%): 'H NMR (DMSO-d,) § 3.77, 3.88
(2H, ABq, J/=16Hz, C,-H), 4.23 (3H, s, CH,), 5.15 (1H, 4,
J=5Hz, C-H), 524 (IH, d, J=5Hz, C,-H), 7.30, 7.42
(2H, d, J=15Hz, vinyl), 8.12, 8.76 (each 2H, d, J=7Hz,
Py.).

The derivatives 5¢ and 5d were prepared by a method
similar to that used for Sb. The yields and analytical data
were as follows:

Sc (88%): 'H NMR (DMSO-d,) & 3.82, 4.10 (2H, ABgq,
J=17Hz, C,-H), 4.34 (3H, s, CH,), 5.19 (1H, d, /=5Hz,
Cs-H), 5.27 (1H, d, /=5Hz, C,-H), 7.24, 733 (2H, d, J=15
Hz, vinyl), 8.10 (1H, dd, J=8 and 6 Hz, Py.), 8.63 (1H, d,
J=8Hz, Py.), 8.88 (1H, d, J=6Hz, Py.), 9.12 (1H, s, Py.).

5d (91%): '"H NMR (DMSO-dy) & 3.88, 4.23 (2H, ABq,
J=18Hz, C,-H), 4.22 (3H, s, CH,), 5.28 (1H, d, J=5Hz,
C¢-H), 5.33 (1H, d, J=5Hz, C,-H), 7.16, 7.49 (2H, d, /=15
Hz, vinyl), 7.87 (1H, m, Py.), 8.17 (1H, 4, J=9Hz, Py.),
8.43 (1H, m, Py.), 9.02 (1H, d, /=6 Hz, Py.).

7B-[2-(5-Amino-1,2,4-thiadiazol-3-y1)-2(Z)-fluoro-
methoxyiminoacetamido]-3-[(£)-2-(1-methyl-4-pyridinio)-

thiovinyl]-3-cephem-4-carboxylate (1b)

Under ice-cooling, 2-(5-amino-1,2,4-thiadiazol-3-yl)-
2(Z)-fluoromethoxyiminoacetyl chloride hydrochloride'
(6, 40.3 g, 146 mmol) was added portionwise to a solution
of 5b (65.0g, 113 mmol) in a mixture of THF (1.5 liter),
H,O0 (1.51iter) and 0.6 M NaHCO, (865 ml), and the mixture
was stirred at 5°C for 30 minutes. The reaction mixture was
concentrated under reduced pressure. The concentrate was
diluted with H,O (36.0liter) and purified by MCI gel HP-
20 column chromatography (6.0 liter: eluents=H,0~15%
aq EtOH). The fractions eluted with 15% aq EtOH were
concentrated under reduced pressure, and the concentrate
was lyophilized to give 1b (42.4g, 68%). The analytical
results are shown in Table 4 and Table 5.

The derivatives 1¢ and 1d were prepared by a method
similar to that used for 1b. The yields are shown in Scheme
1. The analytical results are shown in Table 4 and Table 5.
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Crystallization of 1b

The lyophilized 1b (42.4 g, 76.9 mmol) was suspended in
a mixture of EtOH (551ml) and H,O (382ml). To the
suspension was added conc HCI (12.8 ml), and the mixture

became a clear solution. After sonication, the solution was
allowed to stand at room temperature for 1.5hours. The
resulting hydrochloride crystals of 1b were collected by
filtration and washed with EtOH (100 ml) and H,O (30 ml)
successively. The crystals (MP 230~250°C (dec.); Anal
Caled for C,H,(N,O;S,CIF-1.0H,0: C 39.64, H 3.49, N
16.18, CI 5.85. Found: C 39.82, H 3.67, N 15.86, Cl 5.87.)
were suspended in a mixture of acetonitrile (135 ml) and
H,O (400 ml). To the suspension was added NaHCO, (5.4
g, 59.5mmol), and the mixture became a clear solution.
The solution was stirred at room temperature for 3 hours.
The resulting crystals were collected by filtration, washed
with a cooled mixture of acetonitrile (18 ml) and H,O (54
ml) and air-dried to give 1b as crystals (26.4 g, 62%): MP
195~210°C (dec.)

2-(5-Dichlorophosphorylamino-1,2,4-thiadiazol)-2(2)-
fluoromethoxyiminoacetyl Chloride (8)

Under ice-cooling, phosphorus pentachloride (35.9¢g,
172 mmol) was added portionwise to a suspension of 2-(5-
amino-1,2,4-thiadiazol-3-y1}-2(Z)-fluoromethoxyimino-
acetic acid'® (7, 25.3 g, 115mmol) in THF (150ml), and
the mixture was stirred at 5°C for 1 hour to afford a clear
solution. The reaction solution was concentrated under
reduced pressure. The concentrate was diluted with »-
hexane (300 ml). The resulting upper layer was removed by
decantation. The separated residual oil was washed twice
with n-hexane (each 300 ml) by decantation and suspended
in toluene (150 ml). Under stirring, #-hexane (450 ml) was
added to the suspension dropwise. The mixture was stirred
at room temperature for 30 minutes and allowed to stand at
5°C for lhour. The resulting crystals were collected by
filtration, washed with a mixture of n-hexane (45 ml) and
toluene (15 ml) and dried under a vacuum to give 8 (38.7 g,
95%): MP 55~60°C; 'H NMR (CDCl,) § 5.80 (2H, d,
J=53Hz, CH,F).; IR (KBr) cm ™' 2986, 1790, 1574, 1539,
1224, 1076, 1014.

3-[(E)-2-(1-Methylimidazo[1,2-b]pyridazinium-6-yl)-
thiovinyl]-7 B-[2-(5-phosphonoamino-1,2 4-thiadiazol-3-y1)-
2(Z)-fluoromethoxyiminoacetamido]-3-cephem-4-carboxy-
late (2a)

Under ice-cooling, the pH of a solution of 7f-amino-3-

[(E)-2-(1-methylimidazo[1,2-b]pyridazinium-6-yl)thiovinyl]-
3-cephem-4-carboxylate bistrifluoroacetic acid” (5a, 6.2 g,
10.0 mmol) in a mixture of H,O (150 ml) and THF (150 ml)
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Table 4. IR and analytical data for the prepared cephem derivatives.
Anal
Compd Caled (%) Found (%) IR
No. Formula C H N C H N (KBr, cm™")
1b C,H, N, 0.S.F-4.5H,0 3797 430 1550 3793 419  15.39 1765 1670 1635
1c G, H, ;N,0,S,F-3.5H,0 39.08 410 1595 3885 416  15.65 1770 1670 1600
1d C,oH, N, 0,S,F-4.0H,0 3852 420 1572 3844 412 1551 1760 1670 1605
2a C, H,,N;0,S,FP*4.0H,0 3392 366 1695 3400 343 1719 1765 1675
2 C,oH, N, 048, FP-2.0H,0 3598 347 14.69 3609 355 1478 1770 1675 1630
9a C, H,,N,0,5,FNa-4.5H,0 3256 338 1627 3270 330 1637 1760 1670 1600
% C,H,,N,0,S,F- 1.0H,0 3697 310 1509 3708 334 1471 1770 1680 1630
Table 5. 'H NMR spectral data for the prepared cephem derivatives.
Compd Chemical shift (/=Hz) (DMSO-d;, 6)
No. Cephem nuclei Thiadiazole Heteroazolium
C-H C-H C-H C-NH NHR OCHF CH=CH  CH,
ABq(17)d(5) dd(5&8) d(8) br s d (55) d (16) S
1b 3.56 5.10 5.67 9.78 8.25 5.80 6.50 4,19 7.97 (2H,d,J=6.6Hz), 8.66 (2H,d,J=6.6Hz).
3.79 7.52
1c 3.54 5.09 5.66 9.76 8.23 5.79 6.46 4.34 8.00 (1H,dd,/J=8&6Hz), 8.47 (1H,d,/=8Hz),
3.74 7.50 8.78 (1H,d,J=6Hz), 8.98 (1H,s).
1d 3.58 5.12 5.70 9.78 8.24 5.80 6.42 4.19 7.77 (1H,dd,J=7&6Hz), 8.04 (1H,d,/=8Hz),
3.79 7.67 8.35 (1H,dd,J=8&7Hz),8.94 (1H,d,/J=6Hz).
2a 3.69 5.24 5.86 9.82 9.20 5.80 7.18 4.10 7.99, 8.68 (each1H,d,/=10Hz),
3.98 7.30 . 8.40, 8.70 (each1H,s).
2b 3.67 5.24 5.87 9.85 9.27 5.81 7.08 4.21 8.06 (2H,d,/=7Hz), 8.72 (2H,d,J=7Hz).
413 7.32
9a 3.56 5.13 5.70 9.79 11.02 5.81 6.68 4.08 7.96, 8.64 (each1H,d./J=10Hz),
3.70 7.50 8.37,8.71 (each1H,d,/J=2Hz).
% 3.69 5.26 5.89 9.86 11.02 5.81 7.14 4.21 8.08 (2H,d,J=6Hz), 8.71 (2H,d,J=6Hz).
4.16 7.34

was adjusted to 6.9 with aq sodium acetate. To the solution
was added portionwise 8 (7.1g, 20.0mmol), and the
mixture was stirred at 5°C for 30 minutes. The reaction
mixture was concentrated under reduced pressure. The
concentrate was purified by MCI gel SP-207 column
chromatography (1.0liter: eluents=H,0~10% aq EtOH).
The fractions eluted with 10% aq EtOH were concentrated
the
lyophilized. The obtained crude 2a was dissolved in H,O
(30ml) containing NaHCO; (534mg, 6.35mmol) and
subjected to ODS-AM column chromatography (450 ml).
After elution with I~ HCI (10ml) and H,O (1.0liter)
successively, the fractions eluted with H,O -acetonitrile=

under reduced pressure, and concentrate was

7.5:1 were concentrated under reduced pressure. The

concentrate was lyophilized to give 2a (1.0g, 15%). The
content of 1a in 2a was determined to be 2.1% by HPLC
analysis.

The analytical results are shown in Table 4 and Table 5.

3-[(E)-2-(1-Methyl-4-pyridinio)thiovinyl]-7 B-[2-(5-
phosphonoamino-1,2,4-thiadiazol-3-yl)-2(Z)-fluoro-

methoxyiminoacetamido]-3-cephem-4-carboxylate (2b)

Under ice-cooling, 8 (10.5g, 29.5mmol) was added
portionwise to a solution of Sb (8.5g, 14.8mmol) in a
mixture of H,0 (338 ml) and 0.6 M aq NaHCO, (110ml),
and the mixture was stirred at 5°C for 1hour. The reaction
mixture was diluted with H,O (10liter) and purified by
MCI gel SP-207 column chromatography (1.0 liter:
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eluents=H,0~15% aq EtOH). The fractions eluted with
15% aq EtOH were concentrated under reduced pressure,
and the concentrate was lyophilized. The obtained crude 2b
was dissolved in H,O (14ml) containing NaHCO, (1.34 g,
16 mmol), and subjected to ODS-AM column chromato-
graphy (1.0liter). After elution with 1N HCI (60 ml) and
H,0 (1.6liter) successively, the fractions eluted with H,O -
acetonitrile=10:1 were concentrated under reduced
pressure, The concentrate was lyophilized to give 2b (3.41
g, 37%). The content of 1b in 2b was determined to be
2.4% by HPLC analysis.
The analytical results are shown in Table 4 and Table 5.

3-[(E)-2-(1-Methylimidazo[ 1,2-b]pyridazinium-6-yl)-
thiovinyl]-7 B-[2-(5-sulfoamino-1,2,4-thiadiazol-3-y1)-2(Z)-
fluoromethoxyiminoacetamido]-3-cephem-4-carboxylate
Sodium Salt (9a)

Pyridine sulfur trioxide (239 mg, 1.50 mmol) was added

to a suspension of 7-[2-(5-amino-1,2,4-thiadiazol-3-yl)-3-
[(E)-2-(1-methylimidazo[1,2-b]pyridazinium-6-yl)thiovinyl]-
2(Z)-fluoromethoxyiminoacetamido]-3-cephem-4-carboxy-
late” (1a, 296 mg, 0.50mmol) in DMF (3ml), and the
mixture was stirred at room temperature. After 5 hours,
additional pyridine sulfur trioxide (239 mg, 1.50 mmol) was
added to the reaction mixture, and the mixture was stirred
at room temperature for an additional 16 hours. The
reaction mixture was diluted with EtOAc (80 ml), and the
mixture was stirred at room temperature for 10 minutes.
The resulting upper layer was removed by decantation. The
residue was dissolved in aq sodium acetate (80ml) and
washed with EtOAc (50ml). The separated aqueous layer
was concentrated under reduced pressure. The concentrate
was purified by MCI gel CHP-20P column chromatography
(150 ml: eluents=H,0~5% aq EtOH). The fractions eluted
with 5% aq EtOH were concentrated under reduced
pressure, and the concentrate was lyophilized to give 9a
(105mg, 30%). The analytical results are shown in Table 4
and Table 5.

3-[(E)-2-(1-Methyl-4-pyridinio)thiovinyl]-7 f-[2-(5-
sulfoamino-1,2,4-thiadiazol-3-yl)-2(Z)-fluoromethoxy-

iminoacetamido]-3-cephem-4-carboxylate (9b)

Pyridine sulfur trioxide (239 mg, 1.50 mmol) was added
to a suspension of 1b (276 mg, 0.50 mmol) in DMF (3 ml),
and the mixture was stirred at room temperature. After 5,
20 and 44 hours, additional pyridine sulfur trioxide (239
mg, 1.50 mmol) was added to the reaction mixture, and the
mixture was stirred at room temperature for an additional
16 hours. The reaction mixture was diluted with EtOAc (80

ml), and the mixture was stirred at room temperature for 10
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minutes. The resulting upper layer was removed by
decantation. The residue was dissolved in aq sodium
acetate (50ml) and washed with EtOAc¢ (50ml). The
separated aqueous layer was concentrated under reduced
pressure. The concentrate was purified by MCI gel SP-207
column chromatography (100ml: eluents=H,0~10% aq
EtOH). The fractions eluted with 10% aq EtOH were
concentrated under reduced pressure, and the concentrate
was lyophilized to give 9b (215mg, 68%). The analytical
results are shown in Table 4 and Table 5.
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