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In our previous papers?, we reported that a new

series of cefozopran (CZOP) derivatives,
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In the course of our exploration for a novel cephalosporin derivative having excellent
antibacterial activity against methicillin-resistant Staphylococcus aureus (MRSA), we modified
the C-3 linked spacers of cephem derivatives bearing a 1-methylimidazo[1,2-b]pyridazinium-6-
yl group at the C-3' position and 2-(5-amino-1,2,4-thiadiazol-3-yl)-2(Z)-cyclopentyloxy-
iminoacetyl group at the C-7 position. The optimal spacers were the (E)-2-vinyl and (E)-2-
thiovinyl groups seen in 19a and 29aa, respectively. Their anti-MRSA activity was 16 to 32
times as potent as that of cefozopran (CZOP). Focusing on the (E)-2-vinyl and (£)-2-thiovinyl
spacers, we further modified the alkoxyimino groups in the C-7 acyl moiety and the 1-
alkylimidazo[1,2-b]pyridazinium moieties at the C-3’ position and investigated the structure-
activity relationships (SAR) of the derivatives. Consequently, we selected 7-[2-(5-amino-
1,2,4-thiadiazol-3-yl1)-2(Z)-fluoromethoxyiminoacetamido]-3-[(E)-2-(1-methylimidazo[1,2-
blpyridazinium-6-yl)thiovinyl]-3-cephem-4-carboxylate (29¢ca) as a new anti-MRSA parenteral
cephalosporin candidate for further biological evaluation. The selected 29ca showed anti-
MRSA activity comparable to that of vancomycin (VCM) both in vitro and in vivo, high affinity
(1C5,=2.7 pg/ml) for penicillin binding protein 2" (PBP2") of MRSA and potent activity against
Gram-negative bacteria as well.

bearing a

In an attempt to improve the biological properties

of cephalosporins dramatically, chemical modification of

lipophilic alkoxyimino group in the C-7 acyl moiety,
showed potent antibacterial activity against methicillin-
resistant Staphylococcus aureus (MRSA). Specifically,
some cyclopentyloxyimino derivatives with amino-based
substituent(s) in the C-3’ azole moiety had anti-MRSA
activity comparable to that of vancomycin (VCM),
reflecting their high affinity for the target enzyme,
penicillin binding protein 2’ (PBP2’) of MRSA. In this
study, we envisioned further improvement of the anti-
MRSA activity of the derivatives by extensive chemical
modification.

the cephem nucleus has been an effective strategy,
as represented by development of flomoxef™, cefdinir?
and cefditoren pivoxil”. Recently, the availability of
inexpensive synthetic intermediates, which give easy access
to the cephem nucleus having a C-3 linked spacer different
from that of the naturally occurring cephems, has enabled
extensive modification of the C-3 function. Structural
alteration of the C-3 moiety is known to influence the
reactivity of the S-lactam ring as well as the affinity for the
target PBPs, both physically and electronically®™®. Recent
reports have indicated that introduction of a thiovinyl
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group” or thio group'® ' as the C-3 spacer between the
C-3 position and the C-3' pharmacophore results in
improvement of anti-MRSA activity.

Based on the structure-activity relationships (SAR)
described above, we next focused on determining the
optimal C-3 spacer (-X-) between the cephem nucleus and
the C-3' pharmacophore. We selected a 1-methylimidazo-
[1,2-b]pyridazinium-6-yl group as the C-3’ pharmacophore
and prepared spacer-modified cephem derivatives bearing
lipophilic oxyimino groups in the C-7 acyl moiety (Fig. 1).
Among the prepared compounds, we found that the
(E)-2-thiovinyl and (E)-2-vinyl spacers afford potent
activity against various species of bacteria including
MRSA. Further refinement by chemical modification of
the lipophilic oxyimino group in the C-7 acyl moiety and
the alkyl substituent of the imidazo[1,2-b]pyridazinium ring
at the C-3' position was conducted. In this report, we
describe the synthesis and biological evaluation of the
spacer-modified cephem derivatives.

MAR. 2001

Chemistry

Synthesis of the thio spacer-bearing derivative 7 is
illustrated in Scheme 1. Reaction of sodium imidazo[1,2-
blpyridazine-6-thiolate (3) with the 3-triflate derivative 2,
which was easily prepared from p-methoxybenzyl (PMB)
3-hydroxy-7 -phenylacetamido-3-cephem-4-carboxylate
(1), gave the 3-(imidazo[1,2-b]pyridazine-6-yl)thio deriva-
tive 4 in 81% yield. The novel 6-substituted imidazo[1,2-
blpyridazines represented by 3, requisite for synthesis of
the C-3' moiety, were prepared in a standard fashion (vide
infra). After methylation of 4 with iodomethane, successive
deprotection of the phenylacetyl group (by phosphorus
pentachloride/pyridine followed by MeOH treatment) and
PMB group (by TFA/anisole) was achieved to give the 73-
amino derivative 5 in 81% yield. Condensation of 5 with
2-(5-amino-1,2,4-thiadiazol-3-yl)-2(Z)-cyclopentyloxy-
iminoacetyl chloride hydrochloride'” (6a) under aqueous
conditions gave the desired 73-[2-(5-amino-1,2,4-thiadiazol-

Fig. 1.
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3-y1)-2(Z)-cyclopentyloxyiminoacetamido]-3-(1-methyl-
imidazo[1,2-b]pyridazinium-6-yl)thio-3-cephem-4-carboxy-
late (7) in 36% yield.

The prototype thiomethyl derivative 10 was obtained by
reaction of sodium 7f-[2-(5-amino-1,2,4-thiadiazol-3-yl}-
2(Z)-cyclopentyloxyiminoacetamido]-3-hydroxymethyl-3-
cephem-4-carboxylate? (8) with 1-methylimidazo[1,2-5]-
pyridazinium-6-thiolate (9) in the presence of - ethyl-o-
phenylenephosphate’® in DMF as shown in Scheme 2.

The preparation method for the (Z)- and (£)-2-vinyl
derivatives is shown in Scheme 3. WITTIG reaction of
6-formylimidazo[1,2-b]pyridazine (14) with the alkaline
treated 3-triphenylphosphoniummethy] derivative 13, which
was easily prepared from the 7S-amino-3-chloromethyl
derivative 11 in 3 steps (73% yield), afforded 73-t-butoxy-
carbonylamino-3-[2-(imidazo[1,2-b]pyridazine-6-yl)vinyl]-
3-cephem-4-carboxylic acid PMB ester (15) in 57% yield
as a mixture of (Z)- and (£)-geometrical isomers (2:1),
which was used in the following reaction without
separation of the isomers. After methylation of the azole
moiety, the #-butoxycarbonyl (Boc) and PMB groups were
removed with TFA/anisole to give the 7f-amino derivative
16 in 96% yield as a mixture of (Z)- and (E)-geometrical
isomers (2:1). Without separation of the isomers, 16 was
condensed with 6a under aqueous conditions. At this stage,
column chromatographic separation and subsequent
precipitation of the obtained (Z)- and (£)-geometrical
mixture 17a afforded 7p-[2-(5-amino-1,2,4-thiadiazol-3-
y1)-2(Z)-cyclopentyloxyiminoacetamido]-3-[(Z)-2-(1-
methylimidazo[1,2-b]pyridazinium-6-yl)vinyl}-3-cephem-
4-carboxylate (18a) and its (E)-isomer 19a in 22% and 9%
yield, respectively. Interestingly, we found that dissolution
of 18a in DMSO-d, for 'H-NMR measurement promoted
complete geometrical isomerization to give 19a. The

isomerization reaction in DMSO proved to be a very simple

method to obtain the other derivatives with (£)-geometry,
19b~19e, from the corresponding geometrical mixtures
17b~17e.

The (Z)- and (E)-2-thiovinyl derivatives were synthesized
from (Z)- and (E)-vinyltosylates (20 and 25) prepared by
the reported method' as shown in Scheme 4. Addition and
elimination type replacement reaction of 20 and 25 with 3
in DMF proceeded smoothly to give the corresponding 7 -
(Boc)amino-3-[2-(imidazo[ 1,2-b]pyridazine-6-yl)thiovinyl]-
1-oxide-3-cephem-4-carboxylates (21 and 26) with com-
plete retention of (Z)- or (E)-configuration in good yields,
respectively. After reduction of the sulfoxide group in 21
and 26 by treatment with phosphorus trichloride in a
mixture of dichloromethane and dimethylacetamide
(DMA), methylation of the obtained sulfide derivatives 22
and 27 with iodomethane followed by deprotection of the
Boc and benzhydryl (BH) groups gave the 7f-amino
derivatives 23 and 28a. Replacement of iodomethane with
other alkylhalides afforded the novel (E)-derivatives
28b~28g. Condensation of 23 with 6a under aqueous
conditions gave the desired 7pS-[2-(5-amino-1,2,4-thiadi-
azol-3-y1)-2(Z)-cyclopentyloxyiminoacetamido]-3-[(Z)-2-
(1-methylimidazo[1,2-b]pyridazinium-6-yl)thiovinyl]-3-
cephem-4-carboxylate (24) in 59% yield. As well as the
(Z)-isomer, the desired (E)-isomers 29aa~29ia were
obtained by reaction of 28a~28g with a variety of acid
chlorides 6a~6i in 7~60% yields. In the case of 29fa,
additional treatment with aqueous 90% formic acid was
needed for removal of the trityl group.

Introduction of the longer spacer, a 1-butenyl group, at
the C-3 position was accomplished by WITTIG reaction of 3-
(30) with  the
alkaline treated 13, although the generated olefin moiety was
a (7)- and (E)-geometrical mixture (4: 1) (Scheme 5). The
following isomerization reaction accomplished by treat-

(imidazo[1,2-b]pyridazine-6-yl)propanal
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ment with iodine in toluene gave the (£)-isomer 31 as a
single product. Methylation of 31 with iodomethane
followed by deprotection of the Boc and PMB groups
afforded the 7fB-amino derivative 32. Condensation of 32
with 6a under aqueous conditions gave 7f-[2-(5-amino-
1,2,4-thiadiazol-3-yl)-2(Z)-cyclopentyloxyiminoacetamido]-
3-[(E)-4-(1-methylimidazo[1,2-b]pyridazinium-6-yl)-1-
butenyl]-3-cephem-4-carboxylate (33) in 56% yield.

The derivative bearing a 3-thio-(E)-1-propenyl spacer
was synthesized as illustrated in Scheme 6. WITTIG reaction
of chloroacetaldehyde with 13 in the presence of potassium
carbonate followed by treatment with sodium iodide
afforded the 3-iodo-1-propenyl derivative 34, which was
reacted with 3 to give 78-(Boc)amino-3-[3-(imidazo[1,2-
b]pyridazine-6-yl)thio-1-propenyl]-3-cephem-4-carboxylate
PMB ester (35) in 30% yield as a (Z)- and (E)-geometrical
mixture (1:2), which was used in the following reaction
without separation of the isomers. After methylation of 35
with iodomethane, the Boc and PMB groups were

—H(CONH
N* N-CHa
L__l

19a ; Ry=cyclopentyl (9%) 19d ; Ry=CH,CH3 (51%)
19b ; R4y=CHj5 (63%) 19¢ ; Ry=CH(CH3,), (35%)
19¢ ; R{=CH,F (14%)

deprotected by treatment with TFA/anisole to give the 73-
amino derivative 36. Without isolation, 36 was condensed
with 6a under aqueous conditions. Although separation of
the (Z)- and (E)-isomers by column chromatography could
not be achieved, preferential precipitation from the mixture
afforded the (E)-isomer (37) as a pure state in 20% yield.

method for the 6-substituted
imidazo[1,2-b]pyridazine derivatives is shown in Scheme 7.

The preparation

The reported 6-chloroimidazo[1,2-b]pyridazine'> (38) was
selected as a starting material. Sodium imidazo[l,2-
b]pyridazine-6-thiolate (3) was obtained by reaction of 38
with methyl 3-mercaptopropionic acid in the presence of
methanolic sodium methoxide in 90% yield, with reference
to the reported method'®. Synthesis of 1-methylimidazo-
(9) was
methylation of 38 with iodomethane followed by reaction

[1,2-b]pyridazinium-6-thiolate achieved by
with potassium hydrogen sulfide. For preparation of 3-
(imidazo[1,2-b]pyridazine-6-yl)propanal (30), carbon-carbon
bond formation at the C-6 position was carried out by the
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Scheme 4-1.
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reported procedure'”. The palladium catalyzed reaction of
38 with the zinc reagent, which was prepared in situ by
treatment of ethyl 3-iodopropionate with copper activated
zinc'¥, gave ethyl 3-(imidazo[ 1,2-b]pyridazine-6-y1)-
propionate (40) in 62% yield. Reduction of 40 with
diisobutylaluminum hydride (DIBAL) gave the desired 30
in 56% yield. 6-Formylimidazo[1,2-b]pyridazine (14) was
prepared from 6-carbamoylimidazo[1,2-b]pyridazine? (41).
Dehydration of 41 with phosphorus oxychloride gave 6-
cyanoimidazo[1,2-b]pyridazine (42) in 85% yield. Reduc-
tion of 42 was accomplished with commercially available
Raney-Nickel in 75% aqueous formic acid to give 14 in
48% yield.

37

Biological Results and Discussion

The SAR of the spacers (-X-) of the cyclopentyl-
oxyimino derivatives bearing a 1-methylimidazo[1,2-
b]pyridazinium-6-yl group as the C-3' pharmacophore were
examined (Table 1). Compounds with a thio spacer (7), 2-
vinyl spacer (18a and 19a)‘and 2-thiovinyl spacer (24 and
29aa) showed anti-MRSA activity superior to that of CZOP.
In contrast, compounds with a thiomethyl (10), 1-butenyl
(33) and 3-thio-1-propenyl (37) spacer had decreased
activity against all the tested strains, although the
compounds with such spacers showed anti-MRSA activity

similar to that of CZOP. In the case of 2-vinyl and 2-
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Table 1. Antibacterial activity (MIC, pg/ml) of 7B-[2-(5-amino-1,2,4-thiadiazol-3-y1)-2(Z)-cyclopentyloxy-
iminoacetamido]-3-linked spacer (1-methylimidazo[1,2-b]pyridazinium-6-yl)-3-cephem-4-carboxylates (7,
10, 18a, 19a, 24, 29aa, 33, 37) and CZOP.

HZNYS\N CH3

N—L_ conH. g !
\O—Oo I +

263

Compd. X S. a MRSA1 MRSA2 MRSA3 E.c. E.cl S.m. Py, Pal Pal
7 S 0.78 313 3.13 6.25 0.78 1.56 313 1.56 12.5 50
10 S 0.39 25 25 50 1.56 1.56 6.25 12.5 25 12.5
18a \) 0.78 6.25 12.5 125 1.56 1.56 6.25 3.13 50 50
19a \/\ 0.39 1.56 1.56 313 0.39 1.56 0.78 0.39 12.5 12.5
24 \/j 02 313 313 6.25 0.78 1.56 3.13 3.13 6.25 50
29aa V\S— 0.39 1.56 1.56 © 313 0.78 6.25 1.56 1.56 625 25
33 NN 0.78 25 50 50 12.5 25 25 50 100 50
37 \/\/S— - 313 50 50 100 12.5 12.5 25 25 100 100
CZOP 0.78 25 25 100 0.05 0.1 0.1 0.2 1.56 6.25

S. a., Staphylococcus aureus 308A-1; MRSAL, S. aureus J-108 ; MRSAZ, S. aureus N133 ; MRSA3, S. aureus OFU4 ;
E.c., Escherichia coli NIH] JC-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.
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Table 2. Antibacterial activity (MIC, pg/mi) of 73-[2-(5-amino-1,2,4-thiadiazol-3-y1)-2(Z)-alkoxyimino-
acetamido]-3-[2(E)-(1-methylimidazo[1,2-b]pyridazinium-6-yl)vinyl and thiovinyl]-3-cephem-4-
carboxylates (19a~19e, 29aa~29ia).
H.N
> YSIN ?Hs
N—HrCONH s A~ N
N N _~ X, N /
\ O Z1s n N"4
OR, CO,”
Compd. n R, S. a. MRSA1 MRSA2 MRSA3 E.c. E.cl S.m. P.v. Pal P.a?
19a 0 _O 0.39 1.56 1.56 3.13 0.39 1.56 0.78 0.39 12.5 12.5
19b 0 CH, 0.78 6.25 12.5 25 0.006 0.025 0.013 0.05 25 12.5
19¢ 0 CH,F 0.39 3.13 6.25 12.5 0.006 0.025 0.013 0.025 12.5 12.5
19d 0 CH,CH, 0.78 3.13 6.25 12.5 0.025 0.1 0.05 0.05 12.5 12.5
19e 0 _< 0.78 3.13 6.25 6.25 0.1 0.39 0.39 0.2 12.5 12.5
29aa 1 _O 0.39 1.56 1.56 3.13 0.78 6.25 1.56 1.56 6.25 25
29ba 1 CH, 0.39 3.13 3.13 6.25 0.025 0.39 0.2 0.1 6.25 100
29ca 1 CH,F 0.2 0.78 1.56 3.13 0.013 0.1 02 0.05 6.25 100
29da 1 CH,CH, 039 3.13 3.13 6.25 0.05 0.39 02 0.2 3.13 25
29ea 1 _< 0.39 3.13 313 3.13 0.2 3.13 0.78 0.39 3.13 25
29fa 1 H 02 1.56 1.56 .6.25 0.1 1.56 1.56 0.39 100 >100
29ga 1 CH,CH,F 0.39 1.56 3.13 3.13 0.05 0.78 0.2 0.2 313 50
2%ha 1 CH,CF, 0.39 3.13 3.13 6.25 0.2 0.78 0.78 0.78 6.25 50
29%ia 1 CH,CH=CH, 039 1.56 313 6.25 0.2 0.78 0.39 0.39 6.25 50

Details of each strain are shown in Table 1.

thiovinyl spacers, the (E)-isomer (19a and 29aa) exhibited
more potent activity than the (Z)-isomer (18a and 24)
against most of the bacterial species including MRSA.
From the point of view of the electronic effect, the electron
deficient pharmacophore at the C-3' position might play an
important role in the potent antibacterial activity of 19a and
29aa by enhancing the -lactam ring reactivity through the
conjugated spacer.

Having chosen (£)-2-vinyl and (£)-2-thiovinyl groups as
for the 1-methylimidazo[l,2-b]-

pyridazinium-6-yl moiety, we next tried to further improve

the optimal spacers
the activity by varying the oxyimino groups in the C-7 acyl
moiety. Table 2 shows the antibacterial activity of the
derivatives 19a~19e and 29aa~29ia against Gram-positive
and Gram-negative bacteria. In the case of the (£)-2-vinyl
spacer, replacement of the cyclopentyloxyimino group with
a less bulky and lipophilic alkoxyimino group decreased
the activity against S. aureus, especially MRSA, but

increased the activity against Gram-negative bacteria other

than Pseudomonas aeruginosa. A similar trend was
observed among (£)-2-thiovinyl derivatives 29aa~29ia,
though the anti-MRSA activity was not influenced by
replacement of the cyclopentyloxyimino group with other
alkoxyimino groups. Consequently, the modification in the
alkoxyimino group brought about well-balanced activity
against Gram-positive and Gram-negative bacteria other
than highly resistant P aeruginosa (Pa.2). Among these
the

isopropoxyimino derivative 29ea and 2-fluoroethoxyimino

derivatives, fluoromethoxyimino derivative 29ca,
derivative 29ga showed the most potent anti-MRSA
activity. In addition to the excellent activity against MRSA,
the fluoromethoxyimino derivative 29ca showed antibac-
terial activity superior to that of CZOP against Gram-
negative bacteria other than P aeruginosa.

We next examined the effect of modification of the alkyl
imidazo[1,2-b]-
pyridazinium ring on the antibacterial activity of the (£)-2-

group at the N-1 position of the

thiovinyl derivatives. Among the cyclopentyloxyimino
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Table 3. Antibacterial activity (MIC, ug/ml) of 73-[2-(5-amino-1,2,4-thiadiazol-3-yl)-2(Z)-cyclopentyloxyimino-
acetamido]-3-[2(E)-(1-alkylimidazo[1,2-b]pyridazinium-6-yl)thiovinyl]-3-cephem-4-carboxylates
(29aa~29ag).

HZNYS‘N *?2

|
N—-HrCONH s A~ N
N N P Z N ,N /
\ A0 s N«
T cor

Compd. R, S. a. MRSA1 MRSA2 MRSA3 E.c. E.cl. S.m. Py, Pa.l P.a2
29aa CH, 0.39 1.56 1.56 3.13 0.78 6.25 1.56 1.56 6.25 25
29ab CH,CH, 0.39 1.56 1.56 3.13 0.78 3.13 1.56 0.78 6.25 25
29ac CH,CONH, 0.39 1.56 1.56 3.13 0.39 1.56 1.56 0.78 6.25 25
29ad CH,CH=CH, 0.39 1.56 1.56 3.13 1.56 3.13 1.56 1.56 6.25 25
29ae CH,CH,OH 0.39 3.13 313 6.25 0.78 3.13 1.56 1.56 12.5 25
29af CH,COCH, 0.39 1.56 3.13 313 1.56 313 3.13 1.56 6.25 50
29ag CH,CO,Na 1.56 6.25 6.25 12.5 0.78 1.56 1.56 0.39 12.5 >100
Details of each strain are shown in Table 1.

Table 4. Antibacterial activity (MIC, ug/ml) of 75-[2-(5-amino-1,2,4-thiadiazol-3-y1)-2(Z)-fluoromethoxy-
iminoacetamido]-3-[2(E)-(1-alkylimidazo[1,2-b]pyridazinium-6-yl)thiovinyl]-3-cephem-4-carboxylates
(29ca~29cc) and CZOP.

HuN
P m/slN I,:iz
N CONH S N
I T LXy
N Z 0
\ 0O Z s N,
OCH,F 0,
Compd R, S a. MRSA1 MRSA2 MRSA3 E.c E.cl S.m. Pv. Pal Pa
29ca CH, 02 0.78 1.56 3.13 0.013 0.1 0.2 0.05 6.25 100
29cb CH,CH, 0.39 1.56 3.13 6.25 0.025 0.39 0.2 0.1 6.25 100
29cc CH,CONH, 0.39 0.78 1.56 3.13 0.025 0.1 0.1 0.05 3.13 25
CZOP 0.78 25 25 100 0.05 0.1 0.1 0.2 1.56 6.25
Details of each strain are shown in Table 1.
derivatives, the ethyl derivative 29ab, carbamoylmethyl the antibacterial activity of the fluoromethoxyimino

derivative 29ac, allyl derivative 29ad and acetylmethyl
derivative 29af showed anti-MRSA activity similar to that
of the methyl derivative 29aa, but replacement of the
methyl group with a hydroxyethyl (29ae) or carboxymethyl
(29ag, sodium salt) group decreased the anti-MRSA
activity (Table 3). Similarly, the effect of the introduction of
ethyl and carbamoylmethyl groups at the N-1 position on

derivatives was examined (Table 4). Although the anti-
MRSA activity of the ethyl derivative 29¢b was lower than
that of the methyl derivative 29ca, the carbamoylmethyl
derivative 29¢c was as active as 29ca against Gram-positive
including MRSA. The

consistent evaluation of these series of derivatives revealed

and - Gram-negative bacteria

that 29ca and 29cc had acceptable spectrum and potency of
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Table 5.
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Protective effect against MRSA systemic infection, MIC,, against MRSA clinical isolates and PBP2’

affinity of the selected compounds, CZOP and VCM.

Compd. EDg* (mg/kg) MIC,,* (1g/ml) IC..* (ug/ml)
19a 6.25 NT NT
29aa 4.42 3.13 NT
29ac 3.50 NT NT
29ca 4.82 3.13 2.7
29cc 3.90 3.13 NT
CZOP >15 00 78.0
VCM 2.21 - 5.05 1.56 NT

NT; not tested

* Effect against experimental systemic infection caused by S. aureus N133 in mice.
Compounds were administered subcutaneously immediately after the bacterial challenge.

* Value against 54 clinically isolated MRSA.
% Affinity for PBP2' of S. aureus N20OP.

the antibacterial activity.

Based on the antibacterial activity profiles, 19a, 29aa,
29ac, 29ca and 29cc were selected for further evaluation.
We examined their in vivo effect using mice with
experimental systemic S. aureus N133 (MRSA) infection
(Table 5). Although the (E)-2-vinyl derivative 19a showed
in vivo activity slightly inferior to that of VCM, the (F)-2-
thiovinyl derivatives 29aa, 29ac, 29ca and 29cc had
protective effects comparable to that of VCM. In addition,
Table 5 shows in vitro MICy, values of the selected
derivatives 29aa, 29ca and 29cc against 54 clinically
isolated MRSA strains, which is an index of the expected
clinical effectiveness. Their MIC,, values were proved to be
3.13 ug/ml, which is comparable to that of VCM. Since
their MIC,, values are identical to their MICs (1.56 ug/ml)
against S. aureus N133, the in vivo infecting organism,
29aa, 29ca and 29cc would be effective against infections
caused by most of clinical isolates. As expected from the
potent anti-MRSA activity, the typical compound in the
new series, 29ca, showed high affinity for PBP2’' of
S, aureus N200P (1Cy,=2.7 ug/ml), which is nearly
thirty times as high as that of CZOP.

In conclusion, members of a new class of cephem
derivatives having an (£)-2-thiovinyl spacer at the C-3
position has been found to exhibit strong anti-MRSA
activity which is comparable to that of VCM both in vitro
and in vivo. After considering the preliminary pharmaco-
logical and toxicological profile (data not shown), we
finally chose 7pB-[2-(5-amino-1,2,4-thiadiazol-3-y1)-2(Z)-
fluoromethoxyiminoacetamido]-3-[(E)-2-(1-methylimidazo-
[1,2-b]pyridazinium-6-yl)thiovinyl]-3-cephem-4-carboxy-
late (29ca) as a candidate of new anti-MRSA cephalosporin

for further biological evaluation. Because of its potent anti-

MRSA activity and well-balanced antibacterial spectrum,
29ca would be a promising candidate as an agent of first
choice for MRSA infection.

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. IP
is used as an abbreviation for imidazo[1,2-b]pyridazine.
Column chromatography was carried out on Merck
Kieselgel 60 (Art No. 7734), Pharmacia Fine Chemicals
Sephadex LH-20 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, were used for the determination of anti-MRSA
activity of test compounds. MIC,, was defined as the
concentration of a compound required to inhibit the growth
0f 90% of the strains.
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Determination of /n Vivo Antibacterial Activity

S. aureus N133 strain was cultured overnight at 37°C in
brain heart infusion broth, suspended in 5% mucin and
inoculated intraperitoneally into ICR male mice. Com-
pounds were 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 N20OP cells
grown to the late exponential phase in trypticase soy broth
and incubated with ['*C]benzylpenicillin. PBPs were
separated by SDS-polyacrylamide gel electrophoresis and
detected by fluorography. Binding affinity of antibiotic for
PBP2’ was assessed by a competition assay in which the
membrane was incubated with dilutions of antibiotic at
30°C for 10minutes before being labeled with ['*C]-
benzylpenicillin for 10minutes. Binding affinity was
expressed in terms of the concentration required to prevent
[**C]benzylpenicillin binding by 50% (ICs,).

p-Methoxybenzyl 7 f-Phenylacetylamino-3-trifluoro-

methylsulfonyloxy-3-cephem-4-carboxylate (2)

Under an argon atmosphere with cooling at —78°C,
diisopropylethylamine (1.91ml, 11mmol) and trifluoro-
methanesulfonic anhydride (1.85ml, 11mmol) were
successively added dropwise to a solution of p-methoxy-
benzyl 7fS-phenylacetylamino-3-hydroxy-3-cephem-4-
carboxylate (1) in dichloromethane (50 ml), and the mixture
was stirred at —78°C for 30 minutes. The reaction mixture
was diluted with dichloromethane (400ml), and the
resulting solution was washed twice with H,O (300 ml).
The organic layer was dried over MgSO, and filtered. The
filtrate was concentrated under reduced pressure. Treatment
of the residual solid with diisopropyl ether (30 ml) gave 2
(5.95 g, quant.): "H NMR (CDCl,) 6 3.32 (1H, d, J=17 Hz,
C,-H), 3.4~3.8 (3H, m, C,-H and PhCH,), 3.80 (3H, s,
OCH,), 4.99 (1H, d, J=4.8 Hz, C,-H), 5.15, 5.34 (2H, ABq,
J=11.6Hz, CO,CH,), 5.85 (l1H, dd, J=4.8 and 8.8Hz,
C-H), 6.08 (1H, d, /=8.8 Hz, C,-NH), 6.88 (2H, d, J=8.8
Hz, Ph), 7.2~7.4 (7H, m, Ph).

p-Methoxybenzyl 3-(Imidazo[1,2-b]pyridazine-6-yl)thio-

7 B-phenylacetylamino-3-cephem-4-carboxylate (4)

Under ice-cooling, sodium imidazo[1,2-b]pyridazine-6-
thiolate (3, 380 mg, 2.2 mmol) was added to a solution of 2
(1.17g, 2.0mmol) in DMF (4ml), and the mixture was
stirred at 5°C for 30 minutes. The reaction mixture was
diluted with EtOAc (100 ml), and the resulting solution was
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washed twice with brine (100 ml). The organic layer was
dried over MgSO, and filtered. The filtrate was evaporated
under reduced pressure. The residue was purified by silica
gel column chromatography (60g: eluents=n-hexane~
EtOAc). The fractions eluted with EtOAc were concen-
trated under reduced pressure to give 4 (956 mg, 81%): 'H
NMR (CDCly) 6§ 3.40, 3.81 (2H, ABq, J=18Hz, C,-H),
3.66 (2H, d, J=2.6 Hz, PhCH,), 3.77 (3H, s, OCH;), 5.06
(1H, d, J=5Hz, C,-H), 5.17, 5.24 (2H, ABq, J=11Hz,
CO,CH,), 5.88 (1H, dd, /=5 and 9.4 Hz, C,-H), 6.17 (1H,
d, J/=9.4Hz, C,-NH), 6.77 (2H, d, /=8.6 Hz, Ph), 6.88 (1H,
d, /=9.4Hz, IP-H), 7.2~7.4 (7H, m, Ph), 7.73 (1H, d, /=1
Hz, IP-H), 7.79 (1H, d, J=9.4 Hz, IP-H), 7.85 (1H, d, /=1
Hz, IP-H).

7B-Amino-3-(1-methylimidazo[ 1,2-b]pyridazinium-6-

yDthio-3-cephem-4-carboxylate (5)

Iodomethane (5 ml, 80 mmol) was added to a solution of
4 (500 mg, 0.85 mmol) in DMF (5 ml), and the mixture was
stirred at room temperature for 16 hours and concentrated
under reduced pressure. The concentrate was diluted with a
mixture of n-hexane (75 ml) and diethyl ether (75 ml). After
being stirred at room temperature for 10minutes, the
mixture was allowed to stand. The resulting upper layer was
removed by decantation. The residual oil was dissolved in
dichloromethane (10ml). Under ice-cooling, the solution
was added to a reagent suspension, prepared from pyridine
(0.34ml, 4.26 mmol) and phosphorus pentachloride (886
mg, 4.25mmol) in dichloromethane (4 ml), and stirred at
5°C for 30 minutes. The mixture was stirred at 5°C for 1
hour. Under cooling at —40°C, MeOH (5 ml) was added to
the reaction mixture, and the mixture was stirred at —40~
—20°C for 1hour. The reaction mixture was diluted with
diethyl ether (100ml). After being stirred at room
temperature for 10 minutes, the mixture was allowed to
stand. The resulting upper layer was removed by
decantation, and the residual - oil was dissolved in
dichloromethane (5 ml). To the solution were added anisole
(2ml) and TFA (2.5ml) at room temperature successively,
and stirring was continued for 30minutes. The reaction
mixture was diluted with diethyl ether (100 ml). After being
stirred at room temperature for 10 minutes, the mixture was
allowed to stand. The resulting upper layer was removed by
decantation, and the residue was purified by MCI gel SP-
207 column chromatography (100ml: eluents=H,0~5%
aq EtOH). The fractions cluted with 5% aq EtOH were
concentrated under reduced pressure, and the concentrate
was lyophilized to give 5 (228mg, 81%): 'H NMR
(DMSO-dy) 6 3.22, 3.88 (2H, ABq, /=17 Hz, C,-H), 4.07
(3H, s, CH,), 4.67 (1H, d, J=5Hz, C.-H), 5.02 (1H, d, J=5
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Hz, C,-H), 7.91 (1H, d, J=10Hz, IP-H), 8.37 (1H, d, J=2
Hz, IP-H), 8.64 (1H, d, J=2 Hz, IP-H), 8.63 (1H, d, /=10
Hz, IP-H).

7B-[2-(5-Amino-1,2,4-thiadiazol-3-y1)-2(Z)-cyclopentyl-
oxyiminoacetamido]-3-(1-methylimidazo[1,2-b]-

pyridazinium-6-yl)thio-3-cephem-4-carboxylate (7)

Under ice-cooling, 2-(5-amino-1,2,4-thiadiazol-3-yl)-
2(Z)-cyclopentyloxyiminoacetyl chloride hydrochloride'?
(6a, 0.4g, 1.3 mmol) was added portionwise to a solution
of 5 (210 mg, 0.63 mmol) in a mixture of THF (1 ml) and
H,0 (1ml) containing 0.6M aq NaHCO,; (5.1ml). The
reaction mixture was stirred at 5°C for 30 minutes and
concentrated under reduced pressure. The concentrate was
purified by MCI gel CHP-20P column chromatography
(100 ml: eluents=H,0~25% aq EtOH). The fractions
eluted with 25% aq EtOH were concentrated under reduced
pressure, and the concentrate was lyophilized to give 7 (136
mg, 36%). The analytical results are shown in Table 6 and

Table 7.

7 B-[2-(5-Amino-1,2 4-thiadiazol-3-y1)-2(Z)-cyclopentyl-
oxyiminoacetamido]-3-(1-methylimidazo[1,2-b]-

pyridazinium-6-yl)thiomethyl-3-cephem-4-carboxylate (10)

A solution of ethyl o-phenylenephosphate'® (1.0g, 5.0
mmol) in DMF (2 ml) was added to a mixture of sodium
7B-[2-(5-amino-1,2,4-thiadiazol-3-y1)-2(Z)-cyclopentyl-
oxyiminoacetamido]-3-hydroxymethyl-3-cephem-4-
carboxylate® (8, 490 mg, 1.0mmol) and 1-methylimidazo-
[1,2-b]pyridazinium-6-thiolate (9, 330mg, 2.0mmol) in
DMF (8 ml). The reaction mixture was stirred at room
temperature for 4 hours and diluted with diethyl ether (100
ml). After being stirred at room temperature for 15 minutes,
the mixture was allowed to stand. The resulting upper layer
was removed by decantation. The residual oil was purified
by silica gel column chromatography (50g: eluents=
Me,CO~70% aq Me,CO). The ecluted fractions were
concentrated under reduced pressure. The concentrate was
further purified by MCI gel CHP-20P column chromato-
graphy (100ml: eluents=H,0~30% aq EtOH). The
fractions eluted with 30% aq EtOH were concentrated
under reduced pressure. The concentrate was lyophilized to
give 10 (268 mg, 44%). The analytical results are shown in
Table 6 and Table 7.

p-Methoxybenzyl 7f-t-Butoxycarbonylamino-3-
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mmol) in dichloromethane (50 ml). To the resulting clear
solution, di-r-butyldicarbonate (4.37g, 20mmol) was
added. The reaction mixture was stirred at room
temperature for 15hours and concentrated under reduced
pressure. The residue was dissolved in EtOAc (200 ml), and
the solution was washed with H,O (200 ml) and brine (100
ml) successively. The organic layer was dried over MgSO,
and filtered. The filtrate was evaporated under reduced
pressure. The residue was purified by silica gel column
chromatography  (60g:  eluents=n-hexane~n-hexane -
EtOAc=2:1). The fractions eluted with n-hexane-
EtOAc=2:1 were concentrated under reduced pressure to
give 12 (5.1g, quant.): 'H NMR (CDCL,) 6 1.47 (9H, S,
Boc), 3.46, 3.66 (2H, ABq, /=18 Hz, C,-H), 3.81 (3H, s,
OCH,), 4.43, 4.54 (2H, ABq, J=12Hz, C,-CH,), 5.03 (1H,
d, J=5Hz, C,-H), 5.22 (2H, s, CO,CH,), 5.45 (1H, d, /=9
Hz, C;-NH), 5.64 (1H, dd, J=5 and 9 Hz, C,-H), 6.90, 7.32
(each 1H, d, /=8.8 Hz, Ph).

p-Methoxybenzyl 7-t-Butoxycarbonylamino-3-(triphenyl-

phosphonium)methyl-3-cephem-4-carboxylate lodide (13)

Sodium iodide (7.50 g, 50 mmol) was added to a solution
of 12 (5.1 g, 10 mmol) in methyl ethyl ketone (100 ml), and
the mixture was stirred at room temperature for 1hour
under a nitrogen atmosphere. The reaction mixture was
concentrated under reduced pressure. The residue was
dissolved in EtOAc (200ml) and was washed with H,O
(150 ml), aq sodium thiosulfate (150 ml) and brine (150 ml)
successively. The organic layer was dried over MgSO, and
filtered. The filtrate was evaporated under reduced pressure.
The residue was dissolved in toluene (100ml). To the
solution was added triphenylphosphine (4.72 g, 18 mmol),
and the mixture was stirred at room temperature for 1 hour
under a nitrogen atmosphere. The reaction mixture was
diluted with n-hexane (50 ml). The resulting precipitate was
collected by filtration, washed with diethyl ether (10-ml)
and dried under a vacuum to give 13 (6.08g, 73%): 'H
NMR (CDCly) & 1.45 (9H, s, Boc), 3.24, 4.27 (2H, ABq,
J=18Hz, C,-H), 3.85 (3H, s, OCH,), 4.87 (2H, s,
CO,CH,), 4.95 (1H, d, /=4.2Hz, C,-H), 5.0~5.3 (ZH, m,
C,-CH, and C,-NH), 5.5~5.9 (2H, m, C,-CH, and C,-H),
6.87, 7.17 (each 1H, d, J/=8.8 Hz, Ph), 7.6~7.9 (15H, m,
Ph).

p-Methoxybenzyl 7 f--Butoxycarbonylamino-3-[(E,Z)-

2-(imidazo[1,2-b]pyridazine-6-yl)vinyl]-3-cephem-4-

chloromethyl-3-cephem-4-carboxylate (12)
N-Trimethylsilylacetamide (7.88 g, 60 mmol) was added

to a suspension of p-methoxybenzyl 7f-amino-3-

4.05¢g, 10

chloromethyl-3-cephem-4-carboxylate (11,

carboxylates lodide (15)
Saturated aq NaCl (9.25ml) and 1N NaOH (9.25ml)
were successively added to a solution of 13 (3.73 g, 4.53

mmol) in chloroform (18.5ml), and the mixture was stirred



VOL. 54 NO.3

at room temperature for 1 hour. To the separated organic
layer was added a solution of 6-formylimidazo[l,2-b]-
pyridazine (14, 680 mg, 4.62 mmol) in chloroform (20 ml),
and the mixture was stirred at room temperature for 5.5
hours. The reaction mixture was evaporated under reduced
pressure, and the residue was purified by silica gel column
chromatography (100g: eluents=rn-hexane~n-hexane -
EtOAc=1:3). The fractions eluted with n-hexane - EtOAc
were concentrated under reduced pressure. Treatment of the
residual solid with diethyl ether - EtOAc (10: 1, 30 ml) gave
15 (1.45g, 57%) as a geometrical mixture (Z: E=2:1): 'H
NMR (CDCL,) & 1.47 (9H, s, Boc), 3.35, 3.54 (2HX2/3,
ABq, J=18Hz, C,-H), 3.65, 3.82 (2HX1/3, ABq, J=18
Hz, C,-H), 3.80 (3HX2/3, s, OCH,), 3.83 (3HX1/3, s,
OCH,), 5.01~5.45 (4H, m, CO,CH,, C,-H and C,-NH),
5.66 (1H, m, C,-H), 6.52 (1HX2/3, d, J=12Hz, CH=CH),
6.7~7.9 (9H+1HX1/3, m, Ph, CH=CH and IP-H).

7 B-Amino-3-[(E,Z)-2-(imidazo[1,2-b]pyridazine-6-yl)-
vinyl]-3-cephem-4-carboxylates Bistrifluoroacetic Acid (16)

Iodomethane (1.87 ml, 30 mmol) was added to a solution
of 15 (564mg, 1.0mmol) in DMF (5.0ml). The reaction
mixture was stirred at room temperature for 21 hours and
concentrated under reduced pressure. The concentrate was
diluted with diethyl ether (60ml). After being stirred at
room temperature for 10 minutes, the mixture was allowed
to stand. The resulting upper layer was removed by
decantation. To the residual oil were added anisole (4.0 ml)
and TFA (5.0ml) successively, and the mixture was stirred
at room temperature for 2.5hours. The reaction mixture
was diluted with diethyl ether (60ml). The resuiting
precipitate was collected by filtration, washed with diethyl
ether (20 ml) and dried under a vacuum to give 16 (455 mg,
96%) as a geometrical mixture (Z:E=2:1): 'H NMR
(DMSO-dy) 8 3.3~3.7 (2H, m, C,-H), 4.11 (3H, s, CH,),
5.1~5.4 (2H, m, C,-H and C,-H), 6.81, 7.07 (2HX2/3, d,
J=12Hz, vinyl), 6.65, 7.64 (2HX1/3, d, J=16 Hz, vinyl),
7.9~8.8 (4H, m, [P-H).

7 B-[2-(5-Amino-1,2 4-thiadiazol-3-yl)-2(Z)-cyclopentyl-
oxyiminoacetamido]-3-[(£,Z)-2-(1-methylimidazo[ 1,2-b]-
pyridazinium-6-yl)vinyl]-3-cephem-4-carboxylates (18a and
19a)

Under ice-cooling, the pH of a solution of 16 (120 mg,
0.26 mmol) in a mixture of THF (10ml) and H,0 (10 ml)
was adjusted to 7.5 with saturated aq NaHCO,. After 6a
(90 mg, 0.29 mmol) was added portionwise to the solution
at 5°C, the pH of the mixture was adjusted to 8.0 with
saturated ag NaHCO,. The reaction mixture was stirred at

5°C for 30minutes and concentrated under reduced
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pressure. The concentrate was purified by MCI gel HP-20
column chromatography (100ml: eluents=H,0~30% aq
EtOH). The fractions eluted with 30% aq EtOH were
concentrated under reduced pressure. The resulting
precipitate was collected by filtration, washed with H,O (2
ml) and dried under a vacuum to give 19a (14 mg, 9%). The
filtrate was further purified by sephadex LH-20 column
chromatography (300ml: eluent=H,0). The fractions
eluted with H,O were concentrated under reduced pressure.
The concentrate was lyophilized to give 18a (34 mg, 22%).
The analytical results are shown in Table 6 and Table 7.

7 B-[2-(5-Amino-1,2,4-thiadiazol-3-y1)-2(Z)-fluoromethoxy-
iminoacetamido]-3-[(E)-2-(1-methylimidazo[1,2-b]pyri-

dazinium-6-yl)vinyl]-3-cephem-4-carboxylate (19¢)

Under ice-cooling, the pH of a solution of 16 (455mg,
0.97 mmol) in a mixture of THF (20 ml) and H,O (20 ml)
was adjusted to 7.5 with saturated aq NaHCO,. After 2-(5-
amino-1,2,4-thiadiazol-3-yl)-2(Z)-fluoromethoxyimino-
acetyl chloride hydrochloride'” (6e, 240 mg, 0.87 mmol)
was added portionwise to the solution at 5°C, the pH of the
mixture was adjusted to 8.0 with saturated aq NaHCOs;. The
reaction mixture was stirred at 5°C for 30minutes and
concentrated under reduced pressure. The concentrate was
purified by MCI gel HP-20 column chromatography (100
ml: eluents=H,0~15% aq EtOH). The fractions eluted
with 15% aq EtOH were concentrated under reduced
pressure and lyophilized. The obtained powder was
dissolved in DMSO (18 ml) and allowed to stand at room
temperature for 1.5 hours. After evaporation of the mixture
under reduced pressﬁre, the residue was purified by MCI
gel HP-20 column chromatography (100ml: eluents=
H,0~15% aq FtOH). The fractions eluted with 15% aq
EtOH were concentrated under reduced pressure. The
resulting precipitate was collected by filtration, washed
with H,O (2ml) and dried under a vacuum to give 19¢ (75
mg, 14%).

The derivatives 19b, 19d and 19e were prepared by a
similar method. The yields are shown in Scheme 3. The
analytical results are shown in Table 6 and Table 7.

Benzhydryl 7S--Butoxycarbonylamino-3-[(Z)-2-(imidazo-

[1,2-b]pyridazine-6-yl)thiovinyl]-1-oxide-3-cephem-4-

carboxylate (21)

To a solution of benzhydryl 7f3-t-butoxycarbonylamino-
3-[(Z)-2-tosyloxyvinyl]-1-oxide-3-cephem-4-carboxylate'¥
(20, 0.3 g, 0.44 mmol) in DMF (3 ml) was added 3 (150 mg,
0.88 mmol), and the mixture was stirred at room
temperature for 1hour. The reaction mixture was diluted
with EtOAc (100ml), and the solution was washed twice
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with H,O (100ml). The organic layer was dried - over
MgSO, and filtered. The filtrate was evaporated under
reduced pressure to give 21 (240mg, 82%): 'H NMR
(CDCL,) & 1.47 (94, s, Boc), 3.45, 4.16 (2H, ABq, /=18
Hz, C,-H), 4.57 (1H, d, J=4Hz, C,-H), 5.86 (2H, m, C,-H
and C,-NH), 6.78 (1H, d, /=9.4Hz, IP-H), 6.97 (1H, s,
CH), 7.2~7.6 (12H, m, Ph and vinyl), 7.71 (1H, s, IP-H),
7.79 (1H, d, /=9.4 Hz, IP-H), 7.89 (1H, s, IP-H).

Benzhydryl 75-t-Butoxycarbonylamino-3-[(Z)-2-(imidazo-

[1,2-b]pyridazine-6-ylthiovinyl]-3-cephem-4-carboxylate
(22)

Under cooling at —10°C, phosphorus trichloride (0.061
ml, 0.70 mmol) was added to a solution of 21 (0.23 g, 0.35
mmol) in a mixture of dichloromethane (3.8 ml) and N,N-

dimethylacetamide (0.15 ml), and the mixture was stirred at
—10°C for 1hour. The reaction mixture was evaporated
under reduced pressure. The residue was portioned in a
mixture of EtOAc (100 ml) and ag NaHCO, (100 ml). The
separated organic layer was dried over MgSO, and filtered.
The filtrate was evaporated under reduced pressure to give
22 (0.18 g, 82%): '"H NMR (CDCl;) § 1.47 (9H, s, Boc),
3.73 (2H, m, C,-H), 5.04 (1H, d, /=4 Hz, C,-H), 5.66 (2H,
m, C-H and C,-NH), 6.80 (1H, d, /=9.4 Hz, IP-H), 6.96
(1H, s, CH), 7.2~7.6 (12H, m, Ph and vinyl), 7.72 (1H, s,
IP-H), 7.81 (1H, d, /=9.4 Hz, 1P-H), 7.88 (1H, s, IP-H).

7B-Amino-3-[(Z)-2-(imidazo[1,2-b]pyridazine-6-yl)-
thiovinyl]-3-cephem-4-carboxylate Bistrifluoroacetic Acid
(23)

Iodomethane (0.12ml, 1.93mmol) was added to a
solution of 22 (120 mg, 0.19 mmol) in DMF (1 ml), and the
mixture was stirred at room temperature for 16 hours and

concentrated under reduced pressure. The concentrate was
diluted with a mixture of diethyl ether (60 ml) and n-hexane
(60ml). After being stirred at room temperature for 10
minutes, the mixture was allowed to stand. The resulting
upper layer was removed by decantation. The residual oil
was dissolved in dichloromethane (5Sml). To the solution
were added anisole (2ml) and TFA (2.5ml) successively,
and the mixture was stirred at room temperature for 2
hours. The reaction mixture was diluted with diethyl ether
(100 ml). The resulting precipitate was collected by
filtration, washed with diethyl ether (20 ml) and dried under
a vacuum to give 23 (106 mg, 92%): 'H NMR (DMSO-d,)
8 3.92 (2H, m, C,-H), 4.11 (3H, s, CH,), 5.24 (1H, d, /=5
Hz, C(-H), 5.31 (1H, d, J=5Hz, C,-H), 7.08, 7.17 (each
lH, d, J=11Hz, vinyl), 8.03 (1H, d, /=9.8 Hz, IP-H), 8.45
(1H, d, J=2Hz, IP-H), 8.72 (1H, d, J=2Hz, IP-H), 8.74
(1H, d, /=9.8 Hz, IP-H).
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7B-[2-(5-Amino-1,2,4-thiadiazol-3-y1)-2(Z)-cyclopentyl-
oxyiminoacetamido]-3-[(Z)-2-(1-methylimidazo[1,2-5]-

pyridazinium-6-yl)thiovinyl]-3-cephem-4-carboxylate (24)

Under ice-cooling, the pH of a solution of 23 (100 mg,
0.16 mmol) in a mixture of THF (20 ml) and H,O (20 ml)
was adjusted to 7.5 with aq NaHCO;. To the solution was
added portionwise 6a (60 mg, 0.19 mmol), and the mixture
was stirred at 5°C for 30 minutes. The pH of the reaction
mixture was adjusted to 8.0. The reaction mixture was
concentrated under reduced pressure. The concentrate was
purified by MCI gel CHP-20P column chromatography
(100 ml: eluents=H,0~30% aq EtOH). The fractions
eluted with 30% aq EtOH were concentrated under reduced
pressure, and the concentrate was lyophilized to give 24 (64
mg, 59%). The analytical results are shown in Table 6 and
Table 7.

Benzhydryl 7 3-t-Butoxycarbonylamino-3-[(E)-2-(imidazo-

[1,2-b]pyridazine-6-yl)thiovinyl]-1-oxide-3-cephem-4-
carboxylate (26)
Under ice-cooling, 3 (8.0 g, 46.2 mmol) was added to a

solution of benzhydryl 7f--butoxycarbonylamino-3-[(E)-
2-tosyloxyvinyl]-1-oxide-3-cephem-4-carboxylate'? (25,
21g, 30.9mmol) in DMF (200ml), and the mixture was
stirred at room temperature for 1 hour. The reaction mixture
was diluted with EtOAc (600ml), and the solution was
washed twice with brine (400 ml). The organic layer was
dried over MgSO, and filtered. The filtrate was evaporated
under reduced pressure to give 26 (20.5 g, quant.): 'H NMR
(CDCly) & 1.47 (9H, s, Boc), 3.27, 4.15 (2H, ABq, /=18
Hz, C,-H), 4.53 (1H, d, J=4Hz, C,-H), 5.85 (2H, m, C-H
and C,-NH), 6.77 (1H, d, J=9.4Hz, IP-H), 6.97 (1H, s,
CH), 7.1~7.6 (12H, m, Ph and vinyl), 7.68 (1H, s, IP-H),
7.75 (1H, d, /=9.4 Hz, IP-H), 7.89 (1H, s, IP-H).

Benzhydryl 7-t-Butoxycarbonylamino-3-[(E)-2-(imidazo-

[1,2-b]pyridazine-6-yl)thiovinyl]-3-cephem-4-carboxylate
27)

Under cooling at —10°C, phosphorus trichloride (4.8 ml,
55.0mmol) was added to a solution of 26 (20.3g, 30.9
mmol) in a mixture of dichloromethane (330 ml) and N,N-

dimethylacetamide (12 ml), and the mixture was stirred at
—10°C for 45minutes. The reaction mixture was
evaporated under reduced pressure. The residue was
portioned in a mixture of EtOAc (600 ml) and aq NaHCO,
(500ml). The separated organic layer was washed with
brine (300 ml), dried over MgSO, and filtered. The filtrate
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (300 g:
cluents=n-hexane~EtOAc). The fractions eluted with



VOL. 54 NO.3

EtOAc were concentrated under reduced pressure to give 27
(12.2 g, 61%): "H NMR (CDCl,) § 1.48 (9H, s, Boc), 3.56,
3.70 (2H, ABq, J=18Hz, C,-H), 4.98 (1H, d, J=5Hz,
C¢-H), 5.66 (1H, dd, J=5 and 9.2Hz, C,-H), 6.30 (1H,
d, J/=9.2Hz, C,-NH), 6.73 (1H, d, /=9.2Hz, IP-H), 6.95
(1H, s, CH), 7.1~7.6 (12H, m, Ph and vinyl), 7.69 (1H, s,
IP-H), 7.78 (1H, d, /=9.2 Hz, IP-H), 7.87 (1H, s, IP-H).

7B-Amino-3-[(E)-2-(imidazo[1,2-b]pyridazine-6-y1)-
thiovinyl]-3-cephem-4-carboxylate Bistrifluoroacetic Acid
(288)

Iodomethane (100ml, 1.6 mol) was added to a solution
of 27 (29 g, 45 mmol) in DMF (90 ml), and the mixture was
stirred at room temperature for 22 hours and concentrated

under reduced pressure. The concentrate was diluted with a
mixture of diethyl ether (400 ml) and n-hexane (400ml).
After being stirred at room temperature for 10 minutes, the
mixture was allowed to stand. The resulting upper layer was
removed by decantation. The residual oil was dissolved in
dichloromethane (225ml). To the solution were added
anisole (100ml) and TFA (125ml) successively, and the
mixture was stirred at room temperature for 1 hour. The
reaction mixture was diluted with diethyl ether (1 liter). The
resulting precipitate was collected by filtration, washed
with diethyl ether (50 ml) and dried under vacuum to give
28a (26 g, 93%): '"H NMR (DMSO-d,) & 3.83, 4.09 (2H,
ABq, J=17Hz, C,-H), 4.10 (3H, s, CH,;), 5.15 (1H, d,
J=5Hz, C,-H), 5.26 (1H, d, J=5Hz, C,-H), 7.38 (2H, s,
vinyl), 8.05 (1H, d, /=9.8 Hz, IP-H), 8.42 (1H, d, /=2Hz,
IP-H), 8.69 (1H, d, /=2Hz, IP-H), 8.72 (1H, d, /=9.8 Hz,
IP-H).; TFA content:33.0% (measured by ion chromato-
graphy)

The derivatives 28b~28g were prepared by a method
similar to that used to prepare 28a. The yields, analytical
data and the reaction conditions were as follow:

28b (170mg, 86%) was obtained from the reaction of
iodoethane (2.5 ml) with 27 (0.2 g, 0.312 mmol) in DMF (2
ml) at 40°C for 48 hours followed by TFA (2.5 ml)/anisole
(2 ml) treatment: "H NMR (DMSO-d,) & 1.49 (3H, t, J=7.2
Hz, CH,), 3.87, 4.11 (2H, ABq, J=17 Hz, C,-H), 4.54 (2H,
q, J/=7.2Hz, CH,), 5.24 (1H, d, J/=5Hz, C¢-H), 5.30 (1H,
d, J=5Hz, C,-H), 7.41 (2H, s, vinyl), 8.06 (1H, d, /=9.6
Hz, IP-H), 8.54 (1H, d, /=2Hz, IP-H), 8.71 (1H, d, J=2
Hz, IP-H), 8.80 (1H, d, /=9.6 Hz, IP-H).

28¢ (182mg, 88%) was obtained from the reaction of
iodoacetamide (1.73 g) with 27 (0.2 g, 0.312 mmol) in DMF
(2ml) at room temperature for 22 hours followed by TFA
(2.5ml)/anisole (2ml) treatment: 'H NMR (DMSO-d;)
3.85, 4.10 (2H, ABq, J=17Hz, C,-H), 5.20 (1H, d, J=5
Hz, C,-H), 529 (1H, d, /=5Hz, C,-H), 5.31 (2H, s, CH,),
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7.41 (2H, s, vinyl), 7.64, 7.95 (each 1H, br s, CONH,), 8.08
(1H, d, /=9.4Hz, IP-H), 8.45 (1H, d, /=2 Hz, IP-H), 8.70
(1H, d, /=9.4 Hz, IP-H), 8.73 (1H, d, /=2 Hz, IP-H).

28d (195mg, 97%) was obtained from the reaction of
allyl bromide (2.7 ml) with 27 (0.2 g, 0.312 mmol) in DMF
(2ml) at 40°C for 16hours followed by TFA (2.5ml)/
anisole (2 ml) treatment: 'H NMR (DMSO-d,) § 3.88, 4.15
(2H, ABq, J=17Hz, C,-H), 5.1~5.4 (6H, m, C,-H, C,-H
and allyl), 5.9~6.2 (1H, m, allyl), 7.42 (2H, s, vinyl), 8.10
(1H, d, /=9.8 Hz, IP-H), 8.46 (1H, d, /=2 Hz, IP-H), 8.73
(1H, d, J/=9.8 Hz, IP-H), 8.76 (1H, d, /=2 Hz, IP-H).

28e (170 mg, 84%) was obtained from the reaction of 2-
iodoethanol (2.43 ml) with 27 (0.2 g, 0.312 mmol) in DMF
(2ml) at 40°C for 48hours followed by TFA (2.5ml)/
anisole (2 ml) treatment: 'H NMR (DMSO-d,) & 3.79 (2H,
m, CH,), 3.86, 4.10 (2H, ABq, /=17 Hz, C,-H), 4.58 (2H,
m, CH,), 5.22 (1H, d, /=5Hz, C,-H), 5.28 (1H, d, /=5 Hz,
C,-H), 7.40 (2H, s, vinyl), 7.96 (1H, d, /=9.6 Hz, IP-H),
8.41 (1H, d, /=2 Hz, IP-H), 8.66 (1H, d, J=9.6 Hz, IP-H),
8.71 (1H, d, /=2 Hz, IP-H).

28f (185mg, 90%) was obtained from the reaction of
chloroacetone (0.14ml) with 27 (0.2g, 0.312mmol) in a
mixture of dichloromethane (1.2 ml) and acetonitrile (0.46
ml) in the presence of sodium iodide (0.26 g, 1.73 mmol) at
room temperature for 18 hours followed by TFA (2.5ml)/
anisole (2ml) treatment: 'H NMR (DMSO-d,) & 2.30 (2H,
s, CH,), 3.85, 4.11 (2H, ABq, /=17Hz, C,-H), 5.16 (1H, d,
J=5Hz, CH), 5.28 (1H, d, J=5Hz, C,-H), 5.65 (2H, s,
CH,), 7.40 (2H, s, vinyl), 8.01 (1H, d, /=10 Hz, IP-H), 8.24
(1H, d, J=2Hz, 1P-H), 8.59 (1H, d, /=10 Hz, IP-H), 8.75
(1H, d, /=2 Hz, IP-H).

28g (85mg, 83%) was obtained from the reaction of -
butyl bromoacetate (2.5 ml) with 27 (0.1 g, 0.156 mmol) in
DMF (1 ml) at room temperature for 16 hours followed by
TFA (1.25ml)/anisole (1 ml) treatment: 'H NMR (DMSO-
dg) 6 3.84, 4.10 (2H, ABq, J=17Hz, C,-H), 5.18 (1H, d,
J=5Hz, C-H), 528 (1H, d, J=5Hz, C;-H), 548 (2H, s,
CH,), 7.40 (2H, s, vinyl), 8.12 (1H, d, J=9.6 Hz, IP-H),
8.45 (1H, d, J=2Hz, IP-H), 8.75 (1H, d, J=2Hz, IP-H),
8.80 (1H, d, /=9.6 Hz, IP-H).

7B-[2-(5-Amino-1,2,4-thiadiazol-3-yl1)-2(Z)-cyclopentyl-
oxyiminoacetamido]-3-[(£)-2-(1-methylimidazo[1,2-b]-

pyridazinium-6-yl)thiovinyl]-3-cephem-4-carboxylate
(292a)

Under ice-cooling, the pH of a solution of 28a (1.88 g,
3.04 mmol) in a mixture of THF (150 ml) and H,O (150 ml)
was adjusted to 7.5 with aqg NaHCO,. To the solution was

added portionwise 6a (1.22 g, 3.92 mmol), and the mixture
was stirred at 5°C for 30 minutes. The pH of the reaction
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mixture was adjusted to 8.0. The reaction mixture was
concentrated under reduced pressure, and the concentrate
was purified by MCI gel CHP-20P column chromatography
(100ml: eluents=H,0~30% aq EtOH). The fractions
eluted with 30% aq EtOH were concentrated under reduced
pressure, and the concentrate was lyophilized to give 29aa
(0.93 g, 49%). The analytical results are shown in Table 7
and Table 8.

The derivatives 29ab~29ia except for 29fa were
prepared by a similar method. The yields are shown in
Scheme 4-2. The analytical results are shown in Table 6 and
Table 7.

7B-{2-(5-Amino-1,2,4-thiadiazol-3-y1)-2(Z)-hydroxy-
iminoacetamido]-3-[(£)-2-(1-methylimidazo[1,2-b]-
pyridazinium-6-yl)thiovinyl]-3-cephem-4-carboxylate
(29fa) |

Under ice-cooling, 2-(5-amino-1,2,4-thiadiazol-3-yl)-

2(Z)-trityloxyiminoacetyl chloride hydrochloride'? (1.22 g,
3.92 mmol) was added to a solution of 28a (193 mg, 0.312
mmol) in a mixture of THF (20ml) and H,0 (20ml)
containing tri-n-butylamine (0.52ml, 2.18 mmol), and the
mixture was stirred at 5°C for 30 minutes. The reaction
mixture was concentrated under reduced pressure. To the
concentrate was added 90% aq formic acid (6 ml), and the
mixture was stirred at room temperature for 1 hour. The
reaction mixture was concentrated under reduced pressure.
The concentrate was diluted with aq NaHCO, (100 ml), and
the solution was washed with EtOAc (60 ml). The separated
aqueous layer was concentrated under reduced pressure.
The concentrate was purified by MCI gel CHP-20P column
chromatography (100ml: 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 29fa (67mg, 38%). The analytical
results are shown in Table 6 and Table 7.

p-Methoxybenzyl 7 j--Butoxycarbonylamino-3-[(£)-4-

(imidazo[1,2-b]pyridazine-6-yl)-1-butenyl]-3-cephem-4-

carboxylate (31)

Saturated aq NaCl (5.88ml) and 1N NaOH (5.88ml)
were successively added to a solution of 13 (2.42g, 2.94
mmol) in chloroform (10 ml), and the mixture was stirred at
room temperature for 1 hour. To the separated organic layer
was added a solution of 3-(imidazo[1,2-b]pyridazine-6-
yl)propanal (30, 468 mg, 2.67 mmol) in chloroform (10 ml),
and the mixture was stirred at room temperature for 24
hours. The reaction mixture was evaporated under reduced
pressure, and the residue was purified by silica gel column
(100 g:

chromatography eluents=rn-hexane~n-hexane -
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EtOAc=1:3). The fractions eluted with n-hexane - EtOAc
were concentrated under reduced pressure to give
geometrical mixture of 31 (870mg, Z:E=4:1). The
obtained geometrical mixture was dissolved in toluene (60
ml). To the solution was added iodine (37.4 mg), and the
mixture was stirred at 100°C for 40hours. The reaction
mixture was evaporated under reduced pressure, and 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 were concentrated
under reduced pressure to give 31 (570 mg, 32%) as the
(E)-isomer: 'H NMR (CDCl;) & 1.46 (9H, s, Boc), 2.64
(2H, m, CH,), 2.92 (2H, t, J=8Hz, IP-CH,), 3.48, 3.64
(2H, ABq, /=18 Hz, C,-H), 3.78 (3H, s, OCH,), 4.95 (1H,
d, J=5Hz, C-H), 5.18, 526 (2H, ABg, J=I12Hz,
CO,CH,), 5.24 (1H, d, J=9.8Hz, C,-NH), 5.58 (1H, dd,
J=5and 9.8 Hz, C,-H), 6.03 (1H, dt, J=16 and 7Hz, CH=
CHCH,), 6.8~7.0 (4H, m, Ph, C,;-CH and IP-H), 7.35 (2H,
d, J/=9Hz, Ph), 7.74 (1H, d, J=1Hz, IP-H), 7.88 (1H, d,
J=10Hz, IP-H), 7.91 (1H, d, /=1 Hz, IP-H).

7B-Amino-3-[(E)-4-(1-methylimidazo[1,2-b]-
pyridazinium-6-yl)-1-butenyl]-3-cephem-4-carboxylate
Bistrifluoroacetic Acid (32)

Todomethane (2.9 ml, 46.6 mmol) was added to a solution
of 31 (550mg, 0.93mmol) in DMF (5.0ml), and the

mixture was stirred at room temperature for 3 hours and

concentrated under reduced pressure. The concentrate was
diluted with diethyl ether (60ml). After being stirred at
room temperature for 10 minutes, the mixture was allowed
to stand. The resulting upper layer was removed by
decantation. To the residual oil were added anisole (3.6 ml)
and TFA (4.5ml) successively, and the mixture was stirred
at room temperature for 1hour. The reaction mixture was
diluted with diethyl ether (60 ml). The resulting precipitate
was collected by filtration, washed with diethyl ether (10
ml) and dried under a vacuum to give 32 (550 mg, 96%): 'H
NMR (DMSO-d,) 6 2.69 (2H, m, CH,), 3.13 (2H, t, J=7
Hz, IP-CH,), 3.66, 3.82 (2H, ABq, /=18 Hz, C,-H), 4.09
(3H, s, CH;), 5.11 (1H, d, J=5Hz, C,-H), 5.20 (1H, d, /=5
Hz, C,-H), 6.27 (1H, dt, J=16 and 7Hz, CH=CHCH,),
6.86 (1H, d, /=16 Hz, C,-CH), 8.00 (1H, d, /=10 Hz, IP-
H), 8.44 (1H, d, J=2Hz, IP-H), 8.71 (1H, d, /=2 Hz, IP-
H), 8.74 (1H, d, /=10 Hz, IP-H).

7 B-[2-(5-Amino-1,2,4-thiadiazol-3-y1)-2(Z)-cyclopentyl-
oxyiminoacetamido]-3-[(£)-4-(1-methylimidazo[1,2-b]-

pyridazinium-6-yl)-1-butenyl]-3-cephem-4-carboxylate (33)
Under ice-cooling, the pH of a solution of 32 (150 mg,
0.24 mmol) in a mixture of THF (9 ml) and H,O (9 ml) was
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adjusted to 7.5 with aq NaHCO,. After 6a (84 mg, 0.27
mmol) was added portionwise to the solution at 5°C, the
pH of the mixture was maintained at 8.0 by addition of aq
NaHCOj;. The reaction mixture was stirred at 5°C for 30
minutes and concentrated under reduced pressure. The
concentrate was purified by MCI gel CHP-20P column
chromatography (100ml: eluents=H,0~35% aq EtOH).
The fractions eluted with 35% aq EtOH were concentrated
under reduced pressure. The resulting precipitate was
collected by filtration, washed with H,O (1 ml) and dried
under a vacuum to give 33 (90mg, 56%). The analytical
results are shown in Table 6 and Table 7.

p-Methoxybenzyl 7p-t-Butoxycarbonylamino-3-[(E,Z2)-3-
(imidazo[1,2-b]pyridazine-6-yl)thio-1-propenyl]-3-cephem-
4-carboxylates (35)

40% aq chloroacetaldehyde (8.3ml) and H,0 (11ml)
were successively added to a solution of 13 (2.48g, 3.0

mmol) in dichloromethane (40 ml). Under ice-cooling, to
the mixture was added a solution of potassium carbonate
(465 mg, 3.36 mmol) in H,O (10ml), and the mixture was
stirred at 5°C for 4 hours. The organic layer was separated,
and the aqueous layer was extracted twice with
dichloromethane (100 ml). The combined organic layer was
washed with brine (100 ml), dried over MgSO, and filtered.
The filtrate was evaporated under reduced pressure, and the
residue was purified by silica gel column chromatography
(60g: eluents=n-hexane~n-hexane - EtOAc=5:2). The
fractions eluted with n-hexane - EtOAc were concentrated
under reduced pressure, and the residue was dissolved in
Me,CO (40 ml). To the solution was added sodium iodide
(1.75¢g, 11.7 mmdl), and the mixture was stirred at room
temperature for 1hour. The reaction mixture was
concentrated under reduced pressure. The concentrate was
portioned into ice-water (50ml) and EtOAc (100 ml), and
the organic layer was separated. The aqueous layer was
extracted twice with EtOAc (100ml). The combined
organic layer was washed with sodium thiosulfate (100 ml)
and brine (100ml) successively, dried over MgSO, and
filtered. The filtrate was evaporated under reduced pressure,
and the residue was dissolved in DMF (1ml). To the
solution was added 3 (425 mg, 2.46 mmol), and the mixture
was stirred at room temperature for 4 hours. The reaction
mixture was diluted with EtOAc (100 ml), and the solution
was washed twice with H,O (100ml). The separated
organic layer was dried over MgSO, and filtered. The
filtrate was evaporated under reduced pressure, and the
residue was purified by silica gel column chromatography
(90g: eluents=rn-hexane~EtOAc). The fractions eluted
with EtOAc were concentrated under reduced pressure to
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give 35 (550mg, 30%) as a geometrical mixture (Z: E=1:
2): 'TH NMR (CDCl;) § 1.45, 1.47 (9H, eachs, Boc), 3.4~
4.0 (7H, m, C,-H, SCH, and OCH,), 4.94 (1H, d, J=5Hz,
C¢-H), 5.1~5.4 (4H, m, CO,CH,, C=CH and C,-NH), 5.57
(1H, m, C-H), 6.35 (1HX1/3, d, /=11 Hz, C;-CH), 6.6~
7.0 3H, m, Ph and IP-H), 7.22 (1HX2/3, d, J=15Hz, C;-
CH), 7.3~7.5 (2H, m, Ph), 7.6~8.1 (3H, m, IP-H).

7 B-[2-(5-Amino-1,2 4-thiadiazol-3-y1)-2(Z)-cyclopentyl-
oxyiminoacetamido]-3-[(£)-3-(1-methylimidazo[1,2-b]-

pyridazinium-6-yl)thio-1-propenyl]-3-cephem-4-carboxy-
late (37)

[odomethane (2.5 ml, 40 mmol) was added to a solution
of 35 (236mg, 0.39mmol) in DMF (2.0ml), and the

mixture was stirred at room temperature for 3 hours and

concentrated under reduced pressure. The concentrate was
diluted with a mixture of diethyl ether (75 ml) and n-hexane
(75 ml). After being stirred at room temperature for 15
minutes, the mixture was allowed to stand. The resulting
upper layer was removed by decantation. The residual oil
was dissolved in dichloromethane (Sml). To the solution
were added anisole (2ml) and TFA (2.5ml) successively,
and the mixture was stirred at room temperature for 2
hours. The reaction mixture was diluted with diethyl ether
(100ml). The resulting precipitate was collected by
filtration, washed with diethyl ether (10ml) and dissolved
in a mixture of THF (20ml) and H,0 (20ml). Under ice-
cooling, the pH of the solution was adjusted to 7.5 with aq
NaHCO,;. After 6a (182mg, 0.58mmol) was added
portionwise to the solution at 5°C, the pH of the mixture
was maintained at 8.0 by addition of aq NaHCO,. The
reaction mixture was stirred at 5°C for 30minutes and
concentrated under reduced pressure. The concentrate was
purified by MCI gel CHP-20P column chromatography
(100ml: eluents=H,0~35% aq EtOH). The fractions
eluted with 35% aq EtOH were concentrated under reduced
pressure. The resulting precipitate was collected by '
filtration, washed with H,0 (1ml) and dried under a
vacuum to give 37 (50mg, 20%) as the (E)-isomer. The
analytical results are shown in Table 6 and Table 7.

Sodium Imidazo[1,2-b]pyridazine-6-thiolate (3)

Methyl 3-mercaptopropionate (88.6ml, 0.8mol) and
28% sodium methoxide in MeOH (154.4ml, 0.8 mol) were
added successively to a solution of 6-chloroimidazo[l,2-
blpyridazine'> (38, 61.4g, 0.4mol) in MeOH (1.2liter),
and the mixture was stirred at 80°C for 3hours. After

cooling, the reaction mixture was evaporated under reduced
pressure. The residue was treated with a mixture of THF
(400 mi) and MeOH (400 ml), and the resulting precipitate
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was filtered off. The filtrate was evaporated under reduced
pressure. The residual solid was treated with EtOAc (400
ml). The resulting precipitate was collected by filtration,
washed four times with EtOAc (200ml) and dried under a
vacuum to give 3 (62.5g, 90%): MP>300°C; '"H NMR
(DMSO-dy) 6 6.82, 7.11 (each 1H, d, /=9.6Hz, C,-H and
C¢-H), 7.21, 7.54 (eachlH, s, C,-H and C,-H).

6-Chloro-1-methylimidazo[1,2-b]pyridazinium Iodide (39)

Iodomethane (10 ml, 160 mmol) was added to a solution
of 38 (2.0 g, 13 mmol) in DMF (8 ml), and the mixture was
stirred at room temperature for 16hours. The reaction
mixture was diluted with Me,CO (100ml). The resulting
crystals were collected by filtration, washed with Me,CO
(20 ml) and dried under a vacuum to give 39 (85 g, 100%):
MP 270~275°C (dec.); '"H NMR (DMSO-d,) & 4.14 (3H, s,
CH,), 8.10, 8.82 (each 1H, d, /=10Hz, C,-H and C,-H),
8.48, 8.75 (each 1H, d, /=2 Hz, C,-H and C;-H).
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1-Methylimidazo[1,2-b]pyridazinium-6-thiolate (9)
A solution of 39 (3.54 g, 12mmol) in 2N aq potassium
hydrogen sulfide (25ml) was stirred at room temperature

for lhour and evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(50 g: eluent=MeOH). The fractions eluted were concen-
trated under reduced pressure. Treatment of the residue
with diethyl ether (50 m!) gave 9 (2.43 g, quant.) as crystals:
MP 240~245°C (dec.); '"H NMR (DMSO-d,) & 3.88 (3H, s,
CH,), 7.31, 7.65 (each 1H, d, J/=10Hz, C,-H and C,-H),
7.91, 7.99 (each 1H, d, /=2 Hz, C,-H and C;-H).

Ethyl 3-(Imidazo[1,2-b]pyridazine-6-yl)propionate (40)
Copper activated zinc'® (4.91 g, 75 mmol) was added to

a solution of ethyl 3-iodopropionate (11.4 g, S0 mmol) in a
mixture of toluene (60 ml) and hexamethylphosphoramide
(6 ml), and the mixture was stirred at 80°C for 3 hours
under a nitrogen atmosphere. To the reaction mixture were

Table 6. IR and analytical data for 78-[2-(5-amino-1,2,4-thiadiazol-3-y1)-2(Z)-alkoxyiminoacetamido]-3-linked
spacer (1-alkylimidazo[1,2-b]pyridazinium-6-yl)-3-cephem-4-carboxylates.

Anal
Compound Calcd (%) Found (%) IR
No. Formula C H N C H N (KBr, cm™Y)

7 C,.H,;N,0,S,-4.0H,0 41.00 4.64 18.71 40.68 4.51 19.08 1760 1670 1615
10 C,H,N,0,S,-4.0H,0 4191 484 18.33 4169 4.63 18.03 1760 1670 1600
18a G, H, Ny,O,S, 4.0H,0 4497 498 18.88 45.17 4.86 18.48 1768 1668 1606
19a C,,H,N,0,S, -3.0H,0 46.22 4.81 19.40 46.03 4.64 19.15 1772 1655 1610
19b G, H,,N,0,S,-3.5H,0 41772 433 20.85 4198 4.15 20.96 1767 1670 1614
19¢ G, H, FN,O,S,-2.5H,0 4172 3.83 20.85 4199 4.05 20.63 1770 1672 1616
19d G;H,,N;0,5,-3.5H,0 4271 456 20.38 4295 4.61 20.32 1767 1672 1616
19e C,5H,:Ny0O,S, -4.0H,0 43.05 4.87 19.65 4294 463 19.36 1768 1670 1618
24 C,H,N,O,S, 6.0H,0 40.81 5.07 17.13 4094  4.57 17.49 1760 1650 1600
29aa C,H,N;O,S, -5.5H,0 4131 499 17.34 4157 4.77 17.38 1760 1660 1600
29ab C,¢H,,N;0,8,-4.5H,0 4320 5.02 17.44 4312 479 17.24 1760 1660 1600
29ac C,¢H, 6N, ,04S; - 7.0H,0 39.19  5.06 17.58 39.12 459 17.09 1760 1680 1600
29ad C,H,;N,0,S;5.0H,0 4360 5.01 16.95 4388 4.74 17.46 1760 1670 1600
29ae C,¢H,,N,O¢S,-5.5H,0 4126 5.06 16.66 4150 4.67 16.47 1760 1660 1600
29af C,,H,,N,0,S, - 7.0H,0 40.75 5.19 15.84 4098 4.96 16.28 1760 1675 1600
29ag C,¢H,,N,0,8,Na-6.0H,0 3895 453 15.72 38.87 423 15.52 1760 1610
29ba G, H,N,O,S,-5.0H,0 38.00 4.40 18.99 38.03 4.09 19.04 1760 1660 1600
29ca G, H,FN,O,S;3.0H,0 39.06 3.75 19.52 39.15  3.69 19.27 1760 1670 1600
29cb C,,H, FN,0;S, - 5.0H,0 3798 435 18.12 38.07 3.90 18.46 1760 1680 1610
29¢cc C,,H, FN, 048, -3.5H,0 37.87 3.76 20.08 3798 3.63 20.18 1760 1680 1610
29da C,,H, N,0,S,-4.5H,0 39.51 4.52 18.85 39.73 458 19.19 1760 1670 1600
29e¢a C,,H,,N;0,5,-5.5H,0 3942 489 17.99 3941 454 18.10 1760 1670 1600
29fa G, H,,N,0,S, -4.0H,0 38.03 3.99 19.96 38.15 4.25 19.69 1760 1670 1600
29ga C,,H, FN,0,S,-3.5H,0 39.52 407 18.85 39.84 3.80 18.74 1760 1670 1600
2%ha C,,H,FsN;O,S, - 5.0H,0 36.11  3.86 17.23 36.03 3.86 17.02 1770 1680 1605
29ia C,;H,,N;0O,S;-4.0H,0 41.13 435 18.77 4096 4.06 18.56 1760 1600
33 G, H,N,O;,S, -4.0H,0 46.61 5.36 18.12 46.54 5.21 18.18 1774 1653
37 C,H,,N,0,8,°4.0H,0 43775 494 17.66 4358 4.89 17.87 1760 1670 1600




VOL. 54 NO.3

Table 7.
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linked spacer (1-alkylimidazo[1,2-b]pyridazinium-6-y1) -3-cephem-4-carboxylates.

'H NMR spectral data for 7B-[2-(5-amino-1,2,4-thiadiazol-3-y1)-2(2)-alkoxyiminoacetamido]-3-

Compd. Chemical shift (/J=Hz) (DMSO-dy, 6)
No. Cephem nuclei Thiadiazole Imidazo[1,2-b)pyridazinium
C-H C-H C-H C,-NH NH, N-OR, X R, G,&C,-H C,&C,-H
Abqg d dd d brs d(2) d(10)
a7n (5 (5&8) (8)
7 324 520 574 957 814 1.4~1.9(8H,m) 4.07(3H,s) 8.37 7.91
3.95 4.74(1H,m) 8.61 8.62
10 327 494 576 941  8.13 1.4~2.0(8H,m) 3.99,4.99 4.06(3H,s) 8.31 7.89
3.60 4.72(1H,m) (2H,ABq,J=14Hz) 8.81 8.55
18a* 342 534 581 - - 1.4~2.0(8H,m) 6.70,6.85 4.12(3H,s) 8.08 7.83
3.75 (d) 4.92(1H,m) (each1H,d,/=12Hz) 8.32 8.37
19a 348 514 567 955 816 1.4~2.0(8Hm) 6.65,8.08 4.07(3H,s) 8.37 7.90
3.70 4.75(1H,m) (each1H,d,/=16Hz) 8.72 8.65
19b* 380 536 590 - - 4.10(H.s) 6.92,7.77 4.11(3H,s) 8.04 8.08
3.92 ) (each1H,d,J=16Hz) 8.29 8.40
19¢ 356 515 571 980 825 581(2H,dJ=54Hz)  6.64,8.08 4.07(3H,s) 8.37 7.90
3.71 (each1H,d,J=16Hz) 8.72 8.65
19d* 38 537 59 - - 1.34(3H,d,J=THz) 6.91,7.78 4.12(3H,s) 8.04 8.08
3.92 (d) 4.38(2H,q,/=7Hz) (each1H,d,/=16Hz) 8.29 8.40
19¢* 379 537 59 - - 1.37(6H,d,/=6Hz) 6.91,7.77 4.11(3H,s) 8.04 8.08 .
3.93 (d) 4.61(1H,m) (each1H,d,/J=16Hz) 8.29 8.40
24 366 508 564 949 815 14~1.98Hm) 6.56,7.36 4.08(3H,s) 8.38 7.96
3.85 4.74(1H,m) (eachlH,d,J=11Hz) 8.74 8.65
29aa 354 509 564 951 815 1.3-~2.0(8H,m) 6.62,7.48 4.08(3H,s) 8.37 7.95
3.65 4.74(1H,m) (each1H,d,J=16Hz) 8.69 8.64
29ab 360 509 564 952 816 1.5~2.0(8H,m) 6.62,7.48 1.47(3H,t,J=THz) 8.47 7.96
(m) 4.75(1H,m) (eachlH,d,J=16Hz) 4.51(2H,q,J=7Hz) 8.72 8.70
29ac. 361 510 564 952 815 1.4~2.0(8H,m) 6.64,7.48 527(2H,s), 7.61, 839 7.98
(m) 4.75(1H,m) (eachlH,d,J=16Hz) 7.93(eachlH,brs) 8.74 8.62
29ad 361 509 564 951 816 1.4~2.0(8H,m) 6.63,7.47 5.16,5.31(each2H, 8.38 7.98
(m) 4.75(1H,m) (eachlH,d,J=16Hz) m), 6.06(1H,m) 8.75 8.62
29ae 361 510 565 952 816 14~1.9(8H,m) 6.65,7.45 3.79,4.58(each2H, 8.40 7.93
(m) 4.74(1H,m) (eachlH,d,J=16Hz) m), 5.42(1H,m) 8.70 8.65
29af 360 510 564 951 814 1.4~2.0(8Hm) 6.64,7.48 2.30(3H,s) 8.24 8.00
(m) 4.74(1H,m) (each1H,d,J=16Hz)  5.65(2H,s) 8.75 8.58
29ag 356 S5.11 564 952 817 14~2.0(8Hm) 6.68,7.49 4.79(2H,s) 8.31 7.86
3.66 4.75(1H,m) (each1H,d,J=16Hz) 8.63 8.48
29%a 360 508 565 957 817 3.94(3H.s) 6.61,7.48 4.08(3H,s) 8.37 7.95
(m) (each1H,d,J=16Hz) 8.69 8.65
29ca 354 511 567 978 826 5.80(2H.dJ=55Hz)  6.61,7.47 4.08(3H,s) 8.37 7.95
3.65 (each1H,d,J=16Hz) 8.69 8.66
29¢b 355 511 565 978 825 5.802HdJ=56Hz)  6.61,7.49 1.47(3Ht,J=THz) 847 7.96
3.65 (each1H,d,J=16Hz) 4.51(2H,q,/J=7Hz) 873 8.71
29cc 356 5.12 567 979 826 5.81Q2HdJ=56Hz)  6.64,7.49 5.30(2H,5),7.62, 8.40 7.98
3.67 (eachlH,d,J=16Hz) 8.00(ecachlHbr s) 8.74 8.63
29da 360 5.09 566 956 8.17 1.28(3HtJ=THz) 6.61,7.46 4.08(3H,8) 8.37 7.95
(m) 420(2H,q,/=7THz) (each1H,d,/=15Hz) 8.68 8.64
29ea 355 510 566 9.52 816 1.28(6H,m) 6.61,7.48 4.08(3H,s) 8.37 7.94
3.66 4.42(1H,m) (eachl1H,d,J=15Hz) 8.69 8.65
29fa 360 509 570 945 805 11.99(1Hbrs) 6.62,7.47 4.06(3H,s) 8.37 7.88
(m) (each1H,d,J=16Hz) 8.72 8.65
29ga 353 510 566 9.63 821 4.40(2H,dtJ=28&3Hz) 6.61,7.46 4.08(3H,s) 8.37 7.95
3.65 4.69(2H,dt,J=48&3Hz) (eachlH.d,J=15Hz) 8.70 8.64
2%a 359 510 567 973 825 4.80(2H,m) 6.62,7.47 4.08(3H,s) 8.38 7.95
(m) (each1H,d,J=16Hz) 8.69 8.66
29%ia 353 509 567 9.61 820 468Q2H,m)S5302H, 6.61,7.46 4.08(3H,s) 8.38 7.95
3.65 m),5.99(1H,m) (each1H,d,/=15Hz) 8.69 8.66
33 331 495 553 943 813 1.4~2.0(8Hm) 2.58(2H,m),3.07(2H, 4.09(3H,s) 8.39 7.94
(m) 4.74(1H,m) tJ=7Hz),5.60(1H,m), 8.73 8.70
6.80(1H,d.J=16Hz)
37 351 501 560 945 819 14~2.0(8Hm) 3.93(2H,m), 5.55(1H, 4.06(3H,s) 8.36 7.83
(m) (m) 4.75(1H,m) m),7.33(1H,d,J=15Hz) 9.10 8.55

* measured in D,0.
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added 38 (6.14g, 40 mmol) and bis(triphenylphosphine)-
palladium chloride (561 mg, 0.8 mmol) successively. The
mixture was stirred at 80°C for 1.5 hours under a nitrogen
atmosphere. Under ice-cooling, a mixture of H,0 (100 ml),
25% aq ammonia (30 ml) and EtOAc (100 ml) was added to

the reaction mixture. The mixture was stirred at room

temperature for 30 minutes and filtered with Celite. The "

organic layer of the filtrate was separated. The aqueous
layer was extracted twice with EtOAc (300ml). The
combined organic layer was washed with 25% aq ammonia
(200 ml}) and brine (200 ml) successively, dried over MgSO,
and filtered. The filtrate was evaporated under reduced
pressure, and the residue was purified by silica gel column
chromatography (180 g: eluent=dichloromethane~
dichloromethane - EtOAc - MeOH=20:20:1). The
fractions eluted with dichloromethane - EtOAc - MeOH
were concentrated - under reduced pressure to give 40
(5.47 g, 62%) as crystals: MP 52~54°C; 'H NMR (CDCl,)
6 1.25 (3H, t, J=7Hz, CH,), 2.84, 3.17 (each 2H, t,
J=7.4Hz, CH,CH,), 4.16 (2H, q, J=7Hz, OCH,), 6.95,
7.84 (each 1H, d, /=9 Hz, C,-H and C;-H), 7.70, 7.88 (each
1H, d, /=1 Hz, C,-H and C,-H).

3-(Imidazo[1,2-b]pyridazine-6-yl)propanal (30)

Under cooling at —78°C, a 1.0M diisobutylaluminum
hydride solution in toluene (30 ml) was added dropwise
to a solution of 40 (3.29g, 15mmol) in a mixture of
dichloromethane (45 ml) and toluene (15ml). The mixture
was stirred at —78°C for 2hours, and additional 1.0M
diisobutylaluminum hydride solution in toluene (11 ml) was
added dropwise to the mixture. After being stirred at
~78°C for an additional 45 minutes, MeOH (12 ml) was
gradually added to the reaction mixture. The mixture was
stirred at —78°C for 25 minutes and at room temperature
for 30 minutes. H,0O (50ml) and EtOAc (150ml) were
successively added to the reaction mixture. After filtration
with Celite, the separated organic layer was dried over
MgSO, and filtered. The filtrate was evaporated under
reduced pressure, and the residue was purified by silica gel
column chromatography (50 g: eluent=n-hexane~EtOAc).
The fractions eluted with EtOAc were concentrated under
reduced pressure to give 30 (1.47 g, 56%) as crystals: MP
89~91°C; 'H NMR (CDCl;) & 3.04, 3.20 (each 2H, t,
J=6.6Hz, CH,CH,), 6.96, 7.87 (each 1H, d, /=9.6Hz,
C.,-H and C4-H), 7.72, 7.88 (each 1H, d, /=1 Hz, C,-H and
C,-H), 9.92 (1H, s, CHO).

6-Cyanoimidazo[1,2-b]pyridazine (42)

A suspension of 6-carbamoylimidazo[1,2-b]pyridazine
(41, 21.0g, 0.13mol) in phosphorus oxychloride (150 ml,
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1.6 mol) was stirred at 115°C for 4.5hours. The mixture
was concentrated under reduced pressure. The concentrate
was poured into ice-water (200 ml). The pH of the mixture

- was adjusted to 7.0 with ag potassium carbonate. The

separated crude 42 was collected by filtration. The
remaining 42 was recovered from the filtrate. The obtained
crude 42 was combined and dissolved in dichloromethane
(100 ml). The mixture was purified by silica gel column
chromatography (225g: eluent=n-hexane~EtOAc). The
fractions eluted with EtOAc were concentrated under
reduced pressure to give 42 (159¢g, 85%): 'H NMR
(DMSO-dy) 6 7.72, 8.41 (each 1H, d, /=9.4Hz, C;-H and
C,-H), 8.07, 8.55 (each 1H, d, /=1 Hz, C,-H and C;-H).

6-Formylimidazo[1,2-b]pyridazine (14)

Commercially available Raney-Nickel (2.66g) was
added to a solution of 42 (2.61g, 18 mmol) in 75% aq
formic acid (92 ml), and the mixture was stirred at 100°C
for 1hour. After cooling at room temperature, the reaction
mixture was filtered. The filtrate was diluted with H,O (90
ml) and concentrated to about 50ml under reduced
pressure. The pH of the concentrate was adjusted to 7.0
with aq potassium carbonate. The aqueous mixture was
extracted twice with dichloromethane (200ml), and the
separated organic layer was dried over MgSO, and filtered.
The filtrate was evaporated under reduced pressure, and the
residue was purified by silica gel column chromatography
(40 g: eluent=n-hexane~EtOAc). The fractions eluted with
EtOAc were concentrated under reduced pressure to give 14
(129g, 48%) as crystals: MP 107~109°C; 'H NMR
(DMSO-dy) 6 7.65, 8.10 (each 1H, d, /=9.4Hz, C,-H and
Ce-H), 7.97, 8.12 (each 1H, d, J=1Hz, C,-H and C;-H),.
10.05 (1H, s, CHO).
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