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[57) ABSTRACT

The invention relates to novel 7a-methoxycephalospo-
rin derivatives having at the 78-position an amido
group acylated by a 1,3-dithietane carboxylic acid resi-
due and to 7B-isothiazolylthioacetamido-7a-methox-
ycephalosporins having antibacterial activity by them-
selves and, as the case may be, capable of being con-
verted into the aforesaid 7a-methoxycephalosporin
derivatives. The compounds of this invention exhibit
excellent antibacterial activity and are particularly ef-
fective against gram negative bacteria.

7 Claims, No Drawings
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PROCESS FOR THE PREPARATION OF
7a-METHOXY-73-(1,3-DIETHIETANE-2-CARBOX-
YAMIDO)YCEPHALOSPORANIC ACID
DERIVATIVES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

This is a division of application Ser. No. 913,500, filed
June 7, 1978 now U.S. Pat. No. 4,263,432

BACKGROQUND OF THE INVENTION

1. Field of the Invention

This invention relates to a novel series of cephalospo-
rin compounds having antibacterial activity and to 1n-
termediates useful for preparing them. To the best of
our knowledges, the compounds of this invention dis-
closed herein are novel.

2. Description of the Prior Art

In the past several decades various antibiotics have
been investigated and used for the treatment of various
infectious diseases of animals including men but since
resistant bacteria appear in many cases, there are some
infectious diseases which have not been treated by
known antibiotics. Moreover, new antibiotics are con-
stantly being sought in order to supplement and expand
the physicians’ armamentarium, particularly for the
treatment of infections involving pathogens which have
become resistant to the chemotherapeutic agents now in
use.

Various cephalosporins have been known and a num-
ber of disclosures such as German Offenlegungsschrift
No. 2,356,388 disclose a variety of cephalosporins or
heterocyclic acyl groups very broadly but none of them
specify the compounds of this invention.

SUMMARY OF THE INVENTION

According to this invention, there are provided the
novel cephalosporins represented by general formula I

R g CH;3 q
>=< >—CONH
RZ S
. N
0.—-’ =

COOH

CH;8—R?

wherein R! represents a carboxyl group or a functional
derivative residue thereof, R? represents a hydrogen
atom, a lower alkyl group, a lower alkoxy group, a
lower alkanoyl group, R4S(0), group (wherein R4 rep-
resents a lower alkyl group and n represents 0, 1, or 2),
an aryl group, an aroyl group, a carboxyl group, a func-
tional derivative group of a carboxyl group, a lower
alkenyl group, a sulfamoyl group, or a heterocyclic
residue; and R3 represents a lower alkyl-substituted
tetrazolyl group or a lower alkyl-substituted thiadiazo-
lyl group, and the pharmaceutically acceptable salts
thereof.

The cephalosporin compounds of this invention have
excellent antibacterial activity, particularly against
gram negative bacteria.

The invention also provides various processes for
preparing the aforesaid cephalosporin compounds for
general formula I.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, the functional derivative residue of carboxyi
group represented by R! or R? of general formula I
means, for example, a carboxylic acid lower alkyl ester
residue, a carboxylic acid aralkyl ester residue, a car-
bamoyl group, a carbazoyl group (NHNHCO—), a
cyano group, etc. Also, the lower alkyl group in the
general formula is a straight chain or branched alkyl
group having 1-4 carbon atoms, such as methyl group,
ethyl group, isopropyl group, n-butyl group, tert-butyl
group, etc.

Examples of the aryl group are phenyl group, naph-
thyl group, etc. Examples of the aryl group are benzoy]
group, naphthoyl group, etc.

R3 of general formula I represents, as described
above, a lower alkyl-substituted tetrazolyl group or a
lower alkyl-substituted thiadiazolyl group, and exam-
ples of the tetrazolyl group are a l|H-tetrazol-5-yl
group, 2H-tetrazol-5-yl group, etc., and examples of the
thiadiazolyl group are a 1,3,4-thiadiazolyl group, a
1,2,5-thiadiazolyl group, a 1,2,4-thiadiazolyl group, etc.

Furthermore, the groups and residues represented by
R!, R2, R3and R4 of general formula I may have been
substituted when they can have substituents. For exam-
ple, examples of the substituted groups or residues are
an N-monoalkylcarbamoyl group, an N-dialkylcarbam-
oyl group, and an alkoxycarbonylamino group for R!a
hydroxyalkyl group, a carboxyalky! group, an alkoxyal-
kyl group, an arylalkyl group, a hydroxyphenyl group,
and an alkoxyphenyl group for R?; and an alkylthio-sub-
stituted thiadiazolyl group, for R3, etc.

The compounds of this invention belong to 7-methox-
ycephalosporin derivatives as shown by general for-
mula I and the most specific feature of the compounds
is that the acyl group at the 78-position originates in
4-substituted methylene-1,3-dithietane-2-carboxylic
acid. The acylation by 4-membered ring carboxylic acid
has not hitherto been known in the field of cephalospo-
rin chemistry and, in particular, the 1,3-dithietanecar-
boxvylic acid itself used in one of the processes for pre-
paring the compounds of this invention shown below IS
a novel compound which has not been disclosed in any
literatures.

The objective compounds of this invention are pre-
pared by the following various processes:

PROCESS 1

In the process, the compounds of this invention
shown by general formula I are prepared by reacting
4-substituted methylene-1,3-dithietanecarboxylic acid
represented by general formula 11

R} I

>
= >— COOH
R2>_<S
wherein R! and R2 have the same significance as in
general formula I and 78-amino-7a-methoxy-3-hetero-
cyclic thiomethyl-A3-cephem-4-carboxylic acid repre-
sented by general formula 111
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CH; S 111
H;N
o~ N
s il 7™ CH,—§—R}
COOH

wherein R3 has the same significance as in general for-
mula I.

In the reaction of the compounds of general formula
II and the compounds of general formula III, the com-
pounds may be caused to react directly with each other
in the presence of a condensing agent such as N,N'-
dicyclohexylcarbodiimide, etc., but it is suitable to use
the compound of formula II after introducing known
protective groups to Rl and R2according to the proper-
ties of R and R2 and also the compounds of formula III
after introducing a known protective group to the car-
boxyl group at the 4-position. For example, when R!
and/or R? of the compound of formula II is a carboxyl
group, the carboxyl group of the compound and also
the carboxyl group at the 4-position of the compounds
of formula III are protected beforehand by a triphenyl-
methyl group, a tert-butyl group, a benzhydryl group,
etc., and further the carboxylic acid at the 2-position of
the compound of formula II or the amino group at the
783-position of the compound of formula IIl are con-
verted into the reactive derivatives prior to performing
the reaction. Preferred examples of the reactive deriva-
tive of the carboxylic acid are an acid halide, a mixed
acid anhydride, an active ester, an active amide, an acid
anhydride, an acid azide, etc.

The compounds of general formula II are novel com-
pounds and they are obtained by reacting 2,2'-sub-
stituted ethylene-1,1-dithiol represented by general for-
mula IV

1V

=<

SH

wherein R! and R? have the same significance as in
general formula 1 and dihalogenoacetic acid or the
lower alkyl ester thereof represented by general for-
mula V

X
x>CH-—COOR7

wherein X represents a halogen atom and R7 represents
a hydrogen atom or a lower alkyl group and then, when
the compound of formula V is the lower alkyl ester,
replacing the alkyl or converting it to a reactive deriva-
tive.

The reaction of the compounds of formula II and the
compounds of formula III or the reactive derivative
thereof is usually carried out in an inert solvent under
heating or cooling but in order to avoid the epimeriza-
tion of the methoxy group at the 7a-position during the
reaction, it is preferred to perform the reaction at low
temperature, particularly at temperatures below - 20°
C.

The compound thus formed can be converted into
the compounds of formula I by removing the protective
group or groups in an ordinary manner.
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PROCESS 2

In the process, the compounds of general formula I
are prepared by reacting 3-acetoxymethyl- or 3-car-
bamoyloxymethyl-78- (4-substituted-1,3-
dithietanecarboxamido)-7a-methoxy-A3-cephem-4-car-
boxylic acid represented by general formula VI

VI

CH,0OR®

COOH

wherein Rl and R? have the same significance as in
general formula I and R® represents an acetyl group or
a carbamoyl group and the heterocyclic thiol repre-
sented by general formula VII

R*—SH VIl
wherein R> has the same significance as in general for-
mula I or the alkali metal substitute thereof at the hy-
drogen atom of the mercapto group.

The reaction is performed at room temperature or
under heating usually in an inert solvent. Examples of
the inert solvent are acetone, dimethylformamide,
methanol, ethanol, water, and a phosphate buffer and, if
necessary, they are used as a mixture of them. When a
compound of general formula VII is used in the free
state, 1t 1s preferred to perform the reaction in the pres-
ence of a base such as an alkali metal hydroxide, an
alkali metal carbonate, an alkali metal hydrogencarbon-
ate, trialkylamine, pyridine, dimethylaniline, etc. After
the reaction is over, the compound of formula I formed
1s 1solated by acidifying the reaction mixture and recov-
ering the precipitates thus formed or by subjecting the
reaction mixture to a solvent extraction.

In addition, a compound of formula VI used in the
process can be obtained by reacting a compound of
general formula II used in Process 1 and 78-amino-7a-
methoxycephalosporanic acid (R in the formula is ace-
tyl group) or 78-amino-3-carbamoyloxymethyl-7a-
methoxy-A’-cephem-4-carboxylic acid (R in the for-
mula is —CONH}) represented by general formula VIII

OCH; VI

S
H;N

o N
o il /

COOH

CH,OR®

wherein R has the same significance as in general for-
mula VI under similar reaction condition as in Process
l.

PROCESS 3

A compound of this invention shown by general
formula 1 is also obtained by treating the 7a-methoxy-3-
heterocyclic thiomethylcephalosporin derivative repre-
sented by general formula IX
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0% RI IX
l[ CHj3; S
g NS SCH,CONH
R S 2
7 N A 3
O CH>5R-
COOH

wherein R2 and R3 have the same significance as in
general formula I and R represents a hydrogen atom or
2 substituted or unsubstituted alkyl group under a basic
condition.

In addition, when R8 of general formula IX 18 hydro-
gen, the derivative of the formula includes the tautomer

of the following formula

HO R2 X’
f “
N CH3 g
g SCH,CONH
o N
0% 2" CH,SR?
COOH

wherein R2 and R3 are the same as above.

Proper bases used in this process are weak bases such
as sodium-hydrogen-carbonate, potassium hydrogen-
carbonate, sodium carbonate, etc. The reaction IS usu-
ally performed in a solvent at room temperature Or
under cooling. Any solvents which do not aftect the
reaction may be used but preferably water or an organic
solvent which are miscible with water, such as metha-
nol, acetone, tetrahydrofuran, dimethylformamide, etc.,
are used singly or in a combination thereof. The isola-
tion and purification of the product from the reaction
mixture are performed by a conventional manner such
as extraction with organic solvent, crystallization, col-
umn chromatography, etc.

The compounds of general formula IX used in the
process exhibit an excellent antibacterial activity per se
and are also used as intermediates for the preparation of
compounds of formula I. Therefore, another object of
this invention is to provide the intermediate compounds
which have excellent antibacterial activity and are use-
ful for the production of the compounds of formula I
and also to provide a process of preparing the interme-
diate compounds.

The compounds of general formula IX are prepared
by, for example, the following processes:

PROCESS A

The compounds of general formula IIl may be re-
acted with a corresponding isothiazolylthioacetic acid
or the reactive derivative thereof according to Process
1 of this invention. That is, the reaction 1s usually per-
formed in an inert solvent such as, preferably, acetone,
chloroform, methylene chloride, ethylene chloride,
tetrahydrofuran, dimethylformamide, acetonitrile, ethyl
acetate, ethyl formate, etc. These solvents may be used
singly or in a combination thereof, or, if the solvent 1S
water-soluble, the solvent can be used as a mixture with
water if no hindrance occurs in the reaction.

The preferred examples of the reactive derivative at
the terminal carboxyl group of isothiazolylthioacetic
acid are an acid halide, a mixed acid anhydride, an
active ester, an active amide, an acid anhydride, an acid
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azide, etc. When the terminal carboxyl group 1s a free
radical, it is suitable to use a condensing agent such as
N,N'-dicyclohexylcarbodiimide, N,N’-diethylcarbodii-
mide, etc. Also, when R# of the isothiazolylthioacetic
acid is a reactive group which may hinder the reaction,
such as carboxyl group, hydroxymethyl group, etc., it 18
preferred to use the isothiazolylthioacetic acid in the
reaction after introducing a conventional protective
group to the reactive group. In this case, it is preferred
to release the protective group after obtaining the com-
pound of formula IX, or after converting the compound
of formula IX to the compound of formula L.

PROCESS B

The compounds of general formula IX can be also
obtained by reacting a compound shown by general
formula VIII and the corresponding isothiazolylthioa-
cetic acid or the reactive derivative thereof and then
reacting the product with a compound shown by gen-
eral formula VII, According to Process 2.

PROCESS C

The compounds of general formula 1X are further
obtained by reacting the known Ta-amino-78-
haloacetamido-3-heterocyclic  thiomethyl-A3-cephem-
4-carboxylic acid shown by general formula X

OCH: S X
X-——CH;CONH—‘;——(
z— N A 3
O CH;S—R-
COOH

wherein R3 has the same significance as above and X
represents a halogen atom and a compound shown by
general formula X1

%‘—_—I
RBJ"N .

S SH

R?. XI

wherein R2 and R3 have the same significance as above
and R8 represents a hydrogen atom or a substituted or
unsubstituted alkyl group under a basic condition.

In addition, when R8 of general formula XI is a hy-
drogen atom, the compounds of formula X1 include the
tautomer thereof shown by the following formula

XI'

wherein R2 has the same significance as above.

The reaction is carried out usually in a solvent at
room temperature or under cooling. Any solvents
which do not take part in the reaction may be used
without restriction but ordinary, water, methanol, ace-
tone, tetrahydrofuran, dimethylformamide or a mixture
thereof is used as the solvent. The compounds of for-
mula XI may be usually used as the alkali metal salt
thereof at the mercapto group but when a compound of
formula XI is used as it is, the reaction is carried out in
the presence of an aliphatic, aromatic or heterocyclic
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base such as triethylamine, N,N-dimethylaniline, N-
ethylmorpholine, pyridine, collidine, 2,6-lutidine, etc.,
or an alkali metal carbonate or alkali metal hydrogen-
carbonate such as sodium carbonate, potassium carbon-
ate, sodium hydrogencarbonate, potassium hydrogen-
carbonate, etc.

The compounds of general formula IX thus obtained
are novel compounds. The compounds having an iso-
thiazolylacetamide group at the 7-position have hith-

erto been known in the chemistry of cephalosporins as 10

described in, for example, U.S. Pat. No. 3,464,999, but
the compounds of the specific structure having an iso-
thiazolylthiocacetamide group which can be converted
mto a 1,3-dithietanecarboxamide group have not yet
been known.

The compounds obtained by the invention exhibit
excellent antibacterial activity, particularly against
gram negative bacteria as shown below.

TABLE

(M.I.C.} {(v/ml})

Exam- Klebsiella Proteus Proteus  Seratia
ple Escherichia  pnewmoniae vulgaris  morganii  marces-
No. Coli NIH) ATCC 10031 OXK US Kono Cens

| 0.2 0.2 1.56 1.56 3.13
2 0.78 1.56 3.13 12.5 6.25
4 0.78 0.78 3.13 6.25 6.25
5 0.09 0.09 0.78 1.56 0.78
6 0.09 .09 .39 0.78 0.39
7 0.78 (.39 0.78 0.25 6.25
g 0.09 0.09 0.39 0.319 0.39
9 0.19 0.39 0.78 0.78
11 0.15 0.19 1.56 0.39 0.35
12 0.78 0.39 0.78
14 0.19 0.19 .56 1.56 0.78
15 0.19 0.19 .56 3.13 0.78
16 0.39 0.19 Q.78 6.25 6.25
17 0.39 0.19 .78 0.39 12.5
18 0.78 0.78 3.13
19 0.19 0.09 0.78 0.39 1.56
22 0.78 0.39 0.78 3.13 3.13
23 1.56 1.56 1.56 6.25 6.25
24 0.19 0.39 0.78 3.13 0.78
25 0.19 0.09 0.78 0.39 0.39
16 0.78 0.39 1.56 1.56 (.78
29 0.78 0.78 .56 6.25 .56
30 0.09 0.20 0.78
32 =0.20 0.20 {).78 0.78 (.36

The compounds of formula I obtained in this inven-
tion can be easily converted into the pharmaceutically
acceptable, non-toxic or effective salts thereof. These
salts includes the alkali metal salts such as sodium or
potassium salt or salts (for example, using sodium or
potassium 2-ethyl hexanoate), ammonium salt or salts,
and organic amine salt or salts such as those with pro-
caine or ethanolamine which can be prepared by one
skilled in the art according to known manners.

H N
N SCHCONH N N
s , I
= N P CHzS_—I\ - N
N
|

Moreover, the pharmaceutical compositions having
an actibacterial activity comprising a pharmaceutical
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an non-toxic amount sufficient to combat such infec-
tions are also the objects of this invention.

The compounds of this invention may be adminis-
tered orally, rectally, or by injection such as subcutane-
ously, intramuscularly, or intravenously.

The injection of suitably prepared sterile solutions or
suspensions containing an effective but non-toxic
amount of the cephalosporin compound of this inven-
tion is the preferred route of administration.

The doses of the cephalosporin compound of the
invention are usually 250-3000 mg. per day for an adult
and can be variously changed according the condition
of disease, the age, weight, and the state of the patient.

Then, the invention will further be described in more
detail by referring to the following exampiles.

EXAMPLE 1

In 10 ml. of liquid ammonia was suspended 270 mg. of
4-carboxy-5-ethylthio-3-hydroxyisothiazole. After
cooling the suspension to —50° C. and adding thereto
100 mg. of metallic sodium, the mixture was stirred for
30 minutes at temperatures of from —50° C. to —33° C.

Liguid ammonia was distilled off from the reaction
mixture, the residue obtained was dissolved in 20 ml. of
methanol, then 10 ml. of a methanol solution of 600 mg.
of 783-bromoacetamido-7a-methoxy-3-(1-methyltet-
razol-5-yl)thiomethyl-A’-cephem-4-carboxylic acid was
added dropwise to the solution under ice-cooling, and
after stirring the mixture for 30 minutes under ice-cool-
tng, the mixture was further stirred for 30 minutes at
room temperature. After the reaction was over, the
reaction mixture was adjusted to pH 4 with 4 normal
hydrochloric acid and then the reaction solvent was
distilled off under reduced pressure.

To the residue formed was added water and after
adjusting the mixture to pH 1 with 4 normal hydrochlo-
ric acid, the product was extracted with 50 ml. of a
mixture of butanol and ethyl acetate of 1:1 by volume
ratio. The organic layer formed was washed twice each
time with water, then once with a saturated aqueous
sodium chloride solution, dried over anhydrous magne-
sium sulfate, and then the solvent was distilled off under
reduced pressure. To the residue was added 30 ml. of
ether and the precipitates formed were recovered by
filtration, washed three times each time with 20 ml. of
ether, and dried under reduced pressure to provide 560
mg. of the powder of 78-(4-carboxy-3-hydroxyiso-
thiazol-3-yl)thioacetamido-7a-methoxy-3-(1-methyltet-
razol-5-ylthiomethyl-A3-cephem-4-carboxylic acid.

Nuclear magnetic resonance spectra (Ds-DMSO)

&(p.p.m.): 3.41 (3H), 3.58 (2H), 3.93 (3H), 3.99 (2H),
4.28 (2H), 5.10 (1H).

EXAMPLE 2

O

COOH CH;

After cooling 40 ml. of liquid ammonia to —70° C,,

carrier and an active but non-toxic amount of the com- 65 183 mg of 4-amino-5-ethylthio-3-hydroxyisothiazole, 55

pound of formula I as well as the methods of combatting
bacterial infections by administering such a pharmaceu-
tical composition to an infected animal or human host in

mg. of sodium was added to the liquid ammonia. The
mixture was stirred for 10 minutes at the same tempera-
ture and then liquid ammonia was distilled off. To the
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residue was added 15 ml. of methanol followed by cool-
ing to 2° C. The 15 ml. of a methanol solution of 300 mg.
of 7B—br0moacetamido-7a-methoxy-3-(l-methyltet-
razol-—S—yl)thiomethyl-ﬁ3-cephem-4—carboxylic acid was
added dropwise to the mixture over a period of 30 sec-
onds followed by stirring for 10 minutes at the same
temperature. The solvent was distilled off under re-
duced pressure and after adding 15 ml. of water to the
residue, the mixture was adjusted to pH 2.5 by adding
59% hydrochloric acid. The precipitates formed were

HOOC CH»>
™~ ..a-"'S"x 3
C=C CHCONH
~ HS’#
CH: N

extracted with 100 ml. of a mixture of n-butanol and ,,

ethyl acetate of 1:1 volume ratio and the extract was
washed with water and then with a saturated aqueous
sodium chloride solution, and dried over anhydrous
magnesium sulfate. The solvent was distilled off and the
residue formed was subjected to a silica gel column
chromatography to provide 180 mg. of 78-(4-amino-3-
hydroxyisothiazol-S-yl)thioacetamido-7B-methoxy—3-
(1-methyltetrazol- s-y)thiomethyl-A3-cephem-4-car-
boxylic acid using a mixture of chloroform, methanol,
and formic acid of 8:2:0.2 by volume ratio as the eluant.
" Nuclear magnetic resonance spectra (Dg-DMSO)

5(p.p.m.): 3.36 (3H), 3.54 (2H), 3.58 (ZH), 3.94 (2H),
4.30 (2H), 5.09 (1H).

EXAMPLE 3

NHCOOC:Hs5

HO
| CH3; Q
N\S ISCH;;CONH
P N
O.-""'

By following the same procedure as in Example 2, 50
mg. of 7B-(4-ethoxycarbonylamino-3-hydroxyiso-
thiazol-S-yl)lthioacetamido—?a-methoxy-3-(l-methyltet-
razol-5-yl)thiomethyl-A3-cephem-4-carboxylic acid was
obtained from 300 mg. of 4-ethoxycarbonylamino-3-
ethylthio-3-hydroxyisothiazole and 300 mg. of 78-
bromoacetamido-7a-methoxy-3-(1-methyltetrazol-5-
yl)thiomethyl-A3-cephem-4-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSO)

§(p.p.m.): 1.14 (3H), 3.38 (3H), 3.60 (2H), 3.81 (ZH),
3.92 (3H), 4.06 2H), 4.29 (2H), 5.11 (1H).

EXAMPLE 4

HO
| J[
N
™3

CONHNH;

COOH

By following the same procedure as in Example 2,
100 mg. of 78-(4-carbazoyl-3-hydroxyisothiazol-5-
yD)thioacetamido-7a-methoxy-3-(1-methyltetrazol-3-

235

30

45

50

35

N
l

CH3 q
SCH,CONH
O,;:. N = CH:S—J\ N N
|

10
yl)thiomethyl-A3-cephem-4-carboxylic acid was ob-
tained from 220 mg. of 4-carbazoyl-5-ethylthio-3-
hydroxyisothiazole —and 400  mg. of 78-
bromoacetamido-7a-methoxy-3-(1-methyltetrazol-5-
yI)thiomethyl-663-cephem-4-carboxylic acid.

Nuclear magnetic resonance spectra (Ds-DMSO)
5(p.p.m.): 3.39 (3H), 3.63 (2H), 3.90 (ZH), 3.93 (3H),
4.30 (2H), 5.13 (1H).

EXAMPLE 5

N N
|
e CHIS—-L P N
N
COOH |
CHj3

-
0.--"'

(a) In 15 ml. of methylene chloride were dissolved
0.340 g. of 4-[1-(tert-butoxycarbonyl)ethylidene]-1,3-
dithietane-2-carboxylic acid and 0.206 g. of pyridine.
The while stirring the solution in an ice-water bath,
0.284 g. of phosphorus pentachloride was added to the
solution. The reaction was carried out for one hour at
temperature below 10° C. and then after cooling the
reaction mixture to —50° C., a solution of 0.690 g. of
73-amino-7a-methoxy-3-(1 -methyltetrazol-5-yl)thi-
omethyl-A3-cephem-4-carboxylic acid benzlhydryl
ester in 10 ml. of methylene chloride was added drop-
wise to the solution and then 1.6 ml. of pyridine was
added dropwise and the mixture was reacted for one
hour at temperatures of from —30° C. to —40° C.

After the reaction was over, 10 ml. of 5 normal hy-
drochloric acid was added dropwise to the reaction

mixture below 0° C. and the product was extracted with
methylene chloride. The extract was washed with a
saturated aqueous sodium chloride solution, dried over
anhydrous calcium chloride, and then methylene chlo-
ride was distilled off to provide 1.1 g. of a residue. The
residue was subjected to a silica gel column chromatog-
raphy and then 0.490 g. (yield 47%) of caramel-like
78-{4-[1-(tert-butoxycarbonyl)ethylidene]-1,3-dithie-
tan-2-yl }carboxamido-7a-methoxy-3-(1-methyltetrazol-
5:yl)thiomethyl-A3-cephem-4-carboxylic acid benzhyd-
ryl ester was obtained using a mixture of ethyl acetate
and n-hexane of 1:1 by volume ratio as the eluant.
Nuclear magnetic resonance spectra (Dg-DMSO)

N
i

CHz\
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6(p.p.m.): 1.44 (9H, teri-butyl),

—00C
1.56 (3H, >=), 5
CH3

31.49 {3, OCH}3),

e S
JOO(3H, N ),
GH, N7 "

CH;

S""‘--. .
} H of Cg and =< CH—
S.--"‘"‘

6.92 (1H, —CH{CgHs)2),

5.10 {1H)

3.13 (IH)
15

9.68 (IH, —CONH—).

(b) In 25 ml of anisole was dissolved 0.44 g. of the 20
product obtained in step (a) and while cooling the solu-
tion below 5° C, with ice-water, 7.5 ml. of trifluoroace-
tic acid was added dropwise to the solution. The reac-
tion was performed for one hour at 5°-10° C., anisole
and excess trifluoroacetic acid were distilled off under 25
reduced pressure, and the residue was powdered by
adding thereto ether. After recovering the powder by
filtration, the powder was washed well with ether to
provide 0.271 g. (vield 86.7%) of the light yellow pow-
der of 78-{4-(1-carboxyethylidene)-1,3-dithietan-2-
yl}carboxamido-7a-methoxy-3-(1-methyltetrazol-5-
yi)thiomethyl-A3-cephem-4-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSQ)

30

i 0.018 3
1.56 (3H, >=), 3.41 (3H, OCH3y),
CH;

(p.p.m.}

393 3H, “N7),

I 40
CH

12

wise 0.332 ml. of carbon disulfide at temperatures of
from —75" C. to —73° C. over a period of about 30
minutes. The reaction was further carried out for 10
minutes at temperature below —70° C. and then 3.4 ml.
of a 15% n-butyl lithium n-hexane solution was added
dropwise to the reaction mixture at temperature below
— 70" C. over a period of about 30 minutes. After carry-
ing out the reaction for 15 minutes at temperature below
— 70" C,, sodium diiodoacetate obtained beforehand by
reacting 0.24 g. of 50% oily sodium hydride and 1.56 g.
of ditodoacetic acid in 10 ml. of dimethoxyethane under
ice-cooling, was added to the reaction mixture and the
mixture was stirred overnight at room temperature.
The solvent was distilled off from the reaction mix-
ture under reduced pressure and after adding cold ether
to the residue and acidifying the residue with 1 normal
hydrochloric acid, and the product was extracted with
ether. The ether extract was washed well with a satu-
rated aqueous sodium chloride solution, dried over
anhydrous magnesium sulfate, and then ether was dis-
tilled off to provide 1.42 g. of a brown oily product. The
product was subjected to silica gel column chromatog-
raphy and 0.5 g. of oily 4-[1-(tert-butoxycarbonyl)e-
thylidene]—1,3-dithietane-Z-carboxylic acid was ob-
tained using a mixture of chloroform, methanol, and
formic acid of 95:5:2 by volume ratio as the eluant.
Nuclear magnetic resonance spectra (Dg-DMSO)

S(p.p.m.): 1.42 (9H, tert-butyl)

—0O0QC

.53 (3H, =)
CH3>

S
S

5.14 (1H, =< CH—)
S.-*"'"

Infrared spectra (cm—1); 2970 (tert-butyl), 2520-2650
(—COOH), 1640-1740 (—COO-tert-butyl, —COOH),
1360, 1250, and 840 (tert-butyl)

EXAMPLE 6

HOOC

S
~
3.13 (2H, H of Cg and =< f_CH"");
S

9.57 (1H, —CONH~)
33

Infrared spectrum (KBr) (cm—1) 1870 (lactam)

Reference example 1

In a 100 ml. three-necked flask were placed 40 ml. of
dimethoxyethane and 10 ml. of tetrahydrofuran both 60
were deoxygenated by distillation. While cooling the
mixture below —70° C. by a dry acetone bath in nitro-
gen stream, 1 ml. of n-isopropylcyclohexylamine and
3.43 ml. of a 15% n-butyl lithium n-hexane solution
were added to the mixture. Then, after adding thereto
0.65 g. of tert-butyl propionate, the reaction was carried
out for about 30 minutes at temperature below —70° C.
with stirring. To the reaction mixture was added drop-

65

S CHy
~c=c” T CHCONH N N
- S
CH;0 s I |
N cuzs—L N
| oF P N"
I
CH;

COOH

(a) In 5 ml. of tetrahydrofuran were dissolved 0.7 g.
of 7B-amino-7a-methoxy-3-(1-methyltetrazol-5-yl)thi-
omethyl-Al-cephem-4-carboxylic acid benzhydryl ester
and 0.35 g. of 4-[(tert-butoxycarbonyl)(methoxy)me-
thylene]-1,3-dithietane-2-carboxylic acid and after add-
ing thereto 0.3 g. of N,N’'-dicyclohexylcarbodiimide
under ice-cooling, the mixture was stirred for two hours
at room temperature. Insoluble materials were filtered
off and the filtrate was concentrated under reduced
pressure. The residue was subjected to a column chro-
matography and 0.36 g. of 78-{4-[(tert-butoxycar-
bonyl)(methoxy)-methylene]-1,3-dithietan-2-y1}carbox-
amido-7a-methoxy-3-methyltetrazol-5-yl)thiomethyl-
A3-cephem-4-carboxylic acid benzhydryl ester was ob-
tained using a mixture of benzene and ethyl acetate of
85:15 by volume ratio as the eluant. |

Nuclear magnetic resonance spectra (CDCI3)
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&(p.p.m.): 1.50 (9H, tert-butyl)
3.59 (3H) —000C
OCH;y of C7 and —
3.64 (3H) } IO CH30>

3.82 (3H, ~~""r;:""'}

CHi
438 (ZH, —CH325— of C3),

S

S
4.77 (1H, =< CH-),
-~

S
5.07 (1H, H of Cg),
6.92 (1H, —CH{(CgHs)2),

7.2-7.5 (10H, —CH(CgHs)2)
(b) In 1.7 ml. of anisole was dissolved 0.23 g. of the

product obtained in step (a) and while cooling the solu-
tion to temperature of from —5° C. to —10° C., 5.1 ml

10

15

20

14

temperature of from —40° C. to —70° C. and then after
adding thereto 0.9 ml. of carbon disulfide at tempera-
ture below —40° C., the resultant mixture was stirred
for 20 minutes at the same temperature. Then, after
adding to the resulting reaction mixture the hithium
diisopropylamine solution of } of the aforesaid amount
and carbon disulfide of 3 of the aforesaid amount at
temperature of from —40° C. to —70° C. to cause reac-
tion, the lithium diisopropylamine solution of § of the
aforesaid amount and carbon disulfide of 1 of the atore-
said amount were further added to the mixture to cause
reaction. Then 9 g. of sodium diiodoacetate was added
to the reaction mixture followed by rising gradually the
temperature and stirring for one hour at 0°-5° C. and
further for one hour at room temperature. The reaction
mixture obtained was concentrated under reduced pres-
sure and after adding 20 ml. of 109% hydrochloric acid
to the residue formed, the product was extracted with
100 ml. of benzene. The extract was washed with water
and concentrated under reduced pressure. The residue
formed was subjected to a silica gel column chromatog-
raphy and 5.6 g. of 4-[(tert-butoxycarbonyl)(methoxy)-
methylene]-1,3-dithietane-2-carboxylic acid was ob-
tained using a mixture of chloroform and ethanol of

of trifluoroacetic acid was added gradually followed by 25 10:2-5 by volume ratio as the eluant.

stirring for 30 minutes at 0°-8° C.

The reaction mixture was concentrated under re-
duced pressure, ether was added to the residue, and the
faint brown powder formed was recovered by filtration.
The powder was washed well with ether and dried
under reduced pressure to provide 0.12 g. of 78-{4-
[(carboxy)(methoxy)methylene]-1,3-dithietan-2-y1}car-
boxamido-7a-methoxy-3-(1-methyltetrazol-5-yl)thi-
omethyl-A3-cephem-4-carboxylic acid.

Nuclear magnetic resoance spectra (Dg-DMSO)

S(p.p.m.): 1.42 (3H, OCH3 of C7)

—Q0C

3.55 (3H, =),
CH30>

-~

3.85 (3H, ‘“‘rlq )

CH;

S

S
5.16 (2H, H of Cg and =< —cH—)

5
9.59 (1H, ~CONH~—).
Reference example 2:

S

(CH)3CO0C
™~ ~CHCOOH

-
C=C
CH0” s

A mixture of 4.5 g. of tert-butyl methoxyacetate and

10 ml. of tetrahydrofuran was added to a lithium diiso- 65

propylamine solution prepared by adding 18.2 ml. of a
15% n-butyl lithium hexane solution to a mixture of 3 g.
of diisopropylamine and 20 ml. of tetrahydrofuran at

Nuclear magnetic resonance spectra (CDCl3)

S(p.p.m.): 1.52 (9H, (CH3)1C00C—),
10 1.67 (3H, CH3;0—),
4.88 (1H, =C~ >~ CH—
“ (1 ' """C.._\ JCH _)r
S
15 8.64 (1H, —COOH).
EXAMPLE 7
HOOC _

N
Il
N

CH 3 |
C=C CHCONH N
- e
OC S |
o N CHzS——L
0.—-"" / N o
|

COOH CH-

(a) By treating 0.8 g. of 78-amino-7a-methoxy-3-(1-

so methyltetrazol-5-yl)thiomethyl-A3-cephem-4-carboxy-

35

lic acid benzhydryl ester and 0.8 g. of 4-[(benzoyl)(tert-
butoxycarbonyl)-methylene}-1,3-dithietane-2-carboxy-
lic acid as in Example 6-(a), 0.35 g. of 73-{4-[(benzoyl)(-
tert-butoxycarbonyl)methylene]-1,3-dithietan-2-yl }car-
boxamido-7a-methoxy-3-(1-methyltetrazol-5-yl)thi-
omethyl-Al-cephem-4-carboxylic acid benzyhydryl
ester was obtatned.

Nuclear magnetic resonance spectra (CDCl3)

8(p.p.m.): 1.24 (9H, tert-butyl),

3.60 {(3H, OCH3),

3.82 3H, N7,

|
CH;

4.39 (2H, —CH3S— of C3),
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~-continued

5
~
) H of Cg and =< CH-—
S.-"""

6.92 (1H, —CH(CgH5x)2),

5.00 (1H)
5.09 (1H)

7.2-7.6 (15H, H of aromatic ring),
777 1H, —CONH—)

(b) By treating 0.23 g. of the product obtained 1n step
(a) as in Example 6-(b), 0.13 g. of 78-{4-[(benzoyl){car-
boxy)methylene]-1,3-dithietan-2-yljcarboxamido-7a-
methoxy-3-(1-methyltetrazol-5-yDthiomethyl-A3-ceph-
em-4-carboxylic acid was obtained.

Nuclear magnetic resonance spectra (Dg-DMS0)

(p.p.m.): 3.46 (3H, OCH3)

395 3H, °N7),

|
CH;

4.32 2H, —CHj;— of C3),

5.19 (1H, H of Cg),

S"""~---.
=-< CH—)
S.-f'

5.41 (1H,

7.48 (5SH, C¢Hx—OC—),

9.72 (1H, —CONH-—).

Reference example 2

(CH;)_}CDOH\
S
Czc.—-"' .
_ ~ o
OC

5

CHCOOH

In a mixture of 2.2 g. of tert-butyl benzoylacetate and
20 ml. of tert-butanol was dissolved 0.24 g. of sodium
hydride (50% in ¢il}, and 0.6 ml. of carbon disulfide was
added to the solution at 15°-20° C. followed by stirring
for 40 minutes, 0.24 g. of sodium hydride (50% in oil)
was then added to the mixture followed by stirring for
one hour. To the reaction mixture obtained was added
1.52 g. of sodium dichloroacetate followed by stirring
for 4 hours at room temperature. The reaction mixture
was concentrated under reduced pressure and after
adding 30 ml. of 1 normal hydrochlorc acid to the
residue formed, the product was extracted with 30 ml.
of benzene. The extract was washed with water, dried,
and concentrated under reduced pressure. By adding a
mixture of benzene and n-hexane of 3:1 by volume ratio

to the residue formed, 0.9 g. of the yellowish crystals of

4-[(benzoyl)(tert-butoxycarbonyl)methylene]-1,3-
dithietane-2-carboxylic acid were obtained.

EXAMPLE 8

HOOC

COOH

10

15

20

25

30

35

45

50

53

S CH3 ¢
~c=c” COCONH N N
-~ e
CH;3S S . Il
- N CHzS-—L N
0% L N
|

16

(a) In 10 ml. of anhydrous tetrahydrofuran were dis-
solved 0.3 g. of 4-[(tert-butoxycarbonyl){(methylthio)-
methylene]-1,3-dithietane-2-carboxylic acid, 0.2 g. of
N,N’-dicyclohexylcarbodiimide, and 0.5 g. of 78-
amino-7a-methoxy-3-(1-methyltetrazol-5-yl)-thiometh-
yl-A3-cephem-4-carboxylic acid benzhydryl ester. Then
the solution was stirred for one hour at room tempera-
ture. The solvent was distilled off under reduced pres-
sure. The residue formed was subjected to a silica gel
column chromatography and 0.3 g. of 78-{4-[(tert-
butoxycarbonyl)-(methylthio)methylene]-1,3-dithietan-
2-yl }carboxamido-7a-methoxy-3-(1-methyltetrazol-5-
yD)thiomethyl-A3-cephem-4-carboxylic acid benzhydryl
ester was obtained using a mixture of benzene and ethyl
acetate of 9:1 by volume ratio as the eluant.

Nuclear magnetic resonance spectra (CDCl3)

8(p.p.m.}): .52 (SH, teri-butyi),

2.22 (3H, CH35—),
3.78 (5H, OCH; and —CH;— of C),

3.82 3H, ~N7),

|
CH,;

4.24 (2H, —CH ;38— of C3),

S"‘*-.
4.72 (1H, =< CH—),
Sf‘"’

5.08 (1H, H of Ce),
6.92 (1H, ~—~CH(CgHs)2),
7.35 (10H, —CH(Cg¢H5s)2),

7.80 (IH, —CONH—).

(b) In 1.5 ml. of anisole was dissolved 0.3 g. of the
product obtained in step (a) and while stirring the solu-
tion at —5° C., 5 ml. of trifluoroacetic acid was added
dropwise to the solution at temperature of from —5" C.
to —3° C. followed by stirring for one hour at 0°-3° C.
The reaction mixture was evaporated to dryness under
reduced pressure and ether was added to the residue
formed. The precipitates were recovered by filtration

and washed well with ether and dried over phosphorus

pentoxide under reduced pressure to provide 0.17 g. of
78-{4-[(carboxy)(methylthio)-methylene]-1,3-dithietan-
2-yl}carboxamido-7a-methoxy-3-(1-methyltetrazol-5-
yl)thiomethyl-A3-cephem-4-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSO)

8(p.p.m.): 1.16 3H, CH35—),

3.43 (3H, OCHY),

3.62 2H, —CH;— of (),

CHj
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-continued

3.94 3H, ™N7),

|
CH\

5
4.30 (— CH;S8— of Cj3),
5.09 (1H, H of Cy),
S"“* | 10
5.16 (1H, =< CH—),
-
S5
9.65 (1H, —CONH—).
Reference example 4: {5
(CH71);CO0C S
~c=c CHCOOH
CH;S S
In 14 ml. of anhydrous tetrahydrofuran was sus- 20

pended 0.96 g. of sodium hydride (50% in oil). After
adding dropwise a mixture of 20 ml. of tert-butanol and
15 ml. of anhydrous tetrahydrofuran to the suspension,
the mixture was stirred for 10 minutes at room tempera-
ture. Then, to the mixture was added a mixture of 1.62
g. of tert-butyl methylthioacetate and 5 ml. of anhy-
drous tetrahydrofuran at 3°-5° C. and after 30 minutes,
0.6 ml. of carbon disulfide was added to the mixture at
the same temperature followed by stirring for 50 min-
utes. Then, 3.34 g. of sodium diiodoacetate was added
to the mixture at temperature below 7° C. and they
were caused to react for 50 minutes under ice-cooling.
The solvent was distilled off under reduced pressure,
the residue formed was dissolved in 50 ml. of ice-water,
and the solution was washed twice each with ether. The
aqueous layer formed was recovered, adjusted to pH 2
with 109% hydrochloric acid, dried over anhydrous
magnesium sulfate, and then ether was distilled oft
under reduced pressure. The residue was subjected to a
silica gel column chromatography and 1.3 g. of oily 40
4-[(tert-butoxycarbonyl)(methylthio)methylene]-1,3-
dithiethane-2-carboxylic acid using a mixture of chloro-
form, methanol, and formic acid of 95:5:2 by volume
ratio as the eluant.

25

30

35

Nuclear magnetic resonance spectra (CDClj) 45
8(p.p.m.): 1.52 (9H, (CH32COOC—),
2.22 (3H, CH3S8—),
A 50
N
474 (IH, =C_ _CH—),
S
9.12 {1H, —COQOH).
35

EXAMPLE 9

HOOC\

COOH

(a) By treating 0.15 g. of 4-{(tert-butoxycarbonyl){(e-
thylthio)methylene]-1,3-dithietane-2-carboxylic  acid,
0.1 g. of N,N'-dicyclohexylcarbodiimide, and 0.26 g. of
78-amino-7a-methoxy-3-(1-methyltetrazol-3-yl)thi-

S CHj3 S
-~
_ﬁ,c=c_\ CHCONH N
.'.-""
CH3CH»S S |
O# N L CH}S-—J\ N""'
l
CH;

18

omethyl-A3-cephem-4-carboxylic acid benzhydryl ester
as in Example 8-(a), 0.14 g. of 783-{4-[(tert-butoxycar-
bonyl)(ethylthio)methylene}-1,3-dithietan-2-yl }carbox-
amido-7a-methoxy-3-(1-methyltetrazol-5-yl)thiometh-

vl-A3-cephem-4-carboxylic acid benzhydryl ester was

obtained.
Nuclear magnetic resonance spectra (CIDCla)

S(p.p.m.}: 1.22 (3H, CH3CH»5—),

1.52 (9H, tert-butyl),

2.68 (2H, CH3CH»5—),

3.58 (5H, —CHy— of C; and OCHa),
38.2 (3H OCH3),

4.38 (2H, —CHpy— of C3),

S""'"-.
4.70 (1H, =-< CH—),
Sr“'

5.08 (1H, H of Cg),
6.92 (1H, —CH(C¢cHs)2),
7.32 (10H, —CH(Cg¢Hs)2),

7.79 (1H, —CONH—).

(b) By treating a mixture of 0.14 g. of the product
obtained in step (a), 1.5 ml. of anisole, and 5 ml. of
trifluoroacetic acid as in Example 8-(b), 0.07 g. of 78-
{4-[(carboxy)-(ethylthio)methylene]-1,3-dithietan-2-
yl}carboxamido-7a-methoxy-3-(1-methyltetrazol-5-
yDthiomethyl-A3-cephem-4-carboxylic acid was ob-
tained.

Nuclear magnetic resonance spectra (Dg-DMSO)

8{p.p.m.): 1.14 (3H, CH3;CH5—),
2.62 (2H, CH3iCH38—),
3.43 (3H, OCH3),

3.61 2H, —CHj;— of C3),

- 3.94 3H, ~N).

|
CH3

4.28 (2H, —CH3S— of Ca),

5.08 (1H, H of Cy),

<
5.14 (1H, =< CH—),
s

9.64 (1H, —CONH—).

N
L
N

Reference example 5:
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-continued

(CH},)},CO{JCH .—-'S‘--.

..--*'C=C"--. f,_CHCDOH

CHiCH3S S

By treating 3.4 g. of tert-butyl ethylthioacetate as in
Reference exampie 4, 4.05 g. of oily 4-[(tert-butoxycar-
bonyl)-(ethylthioymethylene]-1,3-dithietane-2-carboxy-
lic acid was obtained.

Nuclear magnetic resonance spectra (CDCl3)

.42 (3H, CH3CH»§—),
.52 (%H, (CH3),COOC—),
2.68 (2H, CH3CHS—).

S{p.p.m.):

S
M.
CH—),
S.-'"

4.76 (1H, =C

/ \

9.52 (1H, —COOH).
EXAMPLE 10

OCH;
CH300C__

COQH

In 5 ml. of methyiene chloride was dissolved 400 mg.
of 4-[bis(methoxycarbonyl}methylene]-1,3-dithietane-2-
carboxylic acid. After adding thereto 180 mg. of pyri-
dine and further 290 mg. of phosphorus pentachloride
under ice-cooling, the mixture was stirred for 30 min-
utes. The solution was added to a solution prepared by
dissolving 500 mg. of 7pB-amino-7a-methoxy-3-(1-
methyltetrazol-5-yl)thiomethyl-A3-cephem-4-carboxy-
lic acid benzhydryl ester in 10 ml. of methylene chloride
and cooling the solution to —20° C. to —30° C. The
mixture was then stirred for one hour at the same tem-
perature. The reaction mixture was washed succes-
sively with 10 ml. of water, 5 ml. of diluted hydrochlo-
ric acid, and 5 ml. of water, then dried over anhydrous
magnesium sulfate, and distilled under reduced pres-
sure. The residue was subjected to a silica gel column
chromatography to provide 450 mg. of 783-[4-{bis(me-
thoxycarbonyl)methylene}-1,3-dithietan-2-yl]-carbox-
amido-7a-methoxy-3-(1-methyltetrazol-5-yhthiometh-
yl-A3-cephem-4-carboxylic acid benzhydryl ester using
a mixture of chloroform and ethyl acetate of 6:1 by
volume ratio as the eluant.

Nuclear magnetic resonance spectra (CDCl3)

8(p.pm.): 3.58 (5H, CH30— of Cyand —CH;— of C;).
3.80 (6H, —COOCH}?),

N N

, N N)
<N

I
CH:

3.83 (3H

4.20 (2H, —CH;5— of C3),

S
4.84 (lH,=< ~CH-),
S

5.07 (1H, H of Cg),

3

10

15

20

S S
c=c~ T CONH ' N
-~ i S
LN CH,s5—L N
0’; = N ud
|
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~-continued
6.93 (1H, —CH(C¢Hs)3),
7.36 (10H, H of phenyl of —CH(CgHs)s).

In a mixture of 4 ml. of trifluoroacetic acid and 1 ml.
of anisole was dissolved 400 mg. of 78-[4-{bis(methox-
ycarbonyl)methylene }-1,3-dithietan-2-ylJcarboxamido-
Ta-methoxy-  3-(I-methyltetrazol-5-yDthiomethyl-A3-
cephem-4-carboxylic acid benzhydryl ester. The solu-
tion was stirred for one hour under ice-cooling. The
reaction mixture was evaporated to dryness and the
residue was mixed with ether. The product was recov-
ered by filtration, washed well with ether, and dried
overnight over phosphorus pentoxide under reduced
pressure to provide 200 mg. of 78-[4-{bis(methoxycar-
bonyl)methylene }-1,3-dithietan-2-yl]carboxamido-7a-
methoxy-3-(1-methyltetrazol-5-yl)thiomethyl-A3-ceph-
em-4-carboxylic acid. *

Nuclear magnetic resonance spectra (Dg-DMSO)

o(p.p.m): 344 (3H, CH3;0— of C5y),

N
I

CH;
3.70 (6H, — COOCH3),
N N
C
35 3.93 (3H, P N),
)
CH;
4.29 (2H, —CH3;S— of C3),
40 q
5.08 (1H) ~ _ -
5.16 (1H) } =<SH,CH and H of Cg
Reference example 6
45
CH;00C S
~c=c{ CHCOOH
CH:O0C S

50

35

65

In 10 ml. of anhydrous tetrahydrofuran was sus-
pended 2.1 g. of disodium 2,2-bis(methoxycarbonyl-
Jethylene-1,1-dithiolate.

After adding 2.2 g. of sodium dibromoacetate to the
suspension, the mixture was stirred for 2 hours at room
temperature. The solvent was distilled off from the
reaction mixture under reduced pressure and the resi-
due was dissolved in § ml. of water. The solution was
adjusted to pH 3.5-4.0 with diluted hydrochloric acid
and extracted with ethyl acetate. The extract was dried
over anhydrous magnesium sulfate and the solvent was
distilled off under reduced pressure. The residue:was
mixed with ether and filtered to provide 1.5 g. of 4-[bis(-
methoxycarbonyl)methylene]-1,3-dithietane-2-carboxy-

lic acid. Nuclear magnetic resonance spectra (Dg-
DMSO)

6(p.p.m.):

CH3;00C
3,70 (6H, =~

C=),
CH;00C”
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-continued
S

U
\"SfCH_)

5.20 (I1H, =

EXAMPLE 11

HOOC_ S OCH;
~c=c CHCONH
HOOC S
P N
O -
COOH

(a) In 5 ml. of methylene chloride was dissolved 500
mg. of [4-bis(tert-butoxycarbonyl)methylene-1,3-dithie-

tan-2-yl]carboxylic acid. Then after adding 226 mg. of

pyridine and further 360 mg. of phosphorus pentachlo-
ride to the solution under ice-cooling, the mixture was
stirred for 30 minutes. The mixture was added to a
solution prepared by dissolving 500 mg. of 73-amino-
7a-methoxy-3-(1-methyltetrazol-5-yl)-thiometh yl-AS-

cephem-4-carboxylic acid benzhydryl ester in 10 ml.

methylene chloride and cooling to a temperature of

from —20° C. to —30° C. and the mixture was stirred
for one hour at the same temperature. The reaction
mixture was washed successively with 10 ml. of water,
s ml. of diluted hydrochloric acid, and 5 ml. of water,
dried over anhydrous magnesium suifate, and then the
solvent was distilled off under reduced pressure. The
residue was subjected to a silica gel column chromatog-
raphy using a mixture of chloroform and ethyl acetate
of 6:1by volume ratio as the eluant to provide 300 mg.
of 78-[4-{bis(tert-butoxycarbonyl)methylene}-1,3-
dithietan-2-yl]Jcarboxamido-7a-methoxy-3-(1-methyl-
tetrazol-5-yl)thiomethyl-A3-cephem-4-carboxylic  acid
benzhydryl ester.
Nuclear magnetic resonance spectra (CDCl3)

1.50 (i8H, t-C4Ho),
3.60 (5H, CH30—C7 and —CH;— of C3),

8(p.p.m.):

N N

C

31.86 (3H, P N
N

|
CH,;

4.40 2H, —CH;—S— of C3),

S
4.82 (lH,=< “cH-),
S

5.10 (1H, H of Cs).

6.94 (1H, —CH(CeHs)a),
7.38 (10H, H of the phenyl of —CH{(CgHs)2)-

(b) In a mixture of 4 ml. of trifluoroacetic acid and 0.5

ml. of anisole was dissolved 200 mg. of 78-[4-{bis(tert-

butoxycarbonyl)methylene }-1,3-dithietan-2-yl]carbox-

5
N
P CHzS—Jl\ .
l
CH;
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amido-Ta-methoxy-3-(1-methyltetrazol-5-yl)thiometh-

yl-A3-cephem-4-carboxylic acid benzhydryl ester. The
solution was stirred for one hour under ice-cooling.
Then, the solvents were distilled off under reduced
pressure and ether was added to the residue formed to
form precipitates which were recovered by filtration.

N
|
N

By washing the precipitates with ether, 100 mg. of 783-
{4-(dicarboxymethylene)-1, 3-dithietan-2-yl}-carbox-
amido-7a-methoxy-3-(1-methyltetrazol-5-yl)thiometh-
yl-A3-cephem-4-carboxylic acid was obtained.

Nuclear magnetic resonance spectra (Dg-DMSO)

20
&(p.p.m.): 3.44 (3H, CH30— of C1),
3.64 2H, —CH3;— of C3),
N N
25 3.93 GH, M EI}
T.f"
CH;
4.30 (2H, —CHy—8— of C3),
30
S
5.16 (IH) S o
224 (11 H of Co and =-<S#,CH
Reference example 7:
35
(CH3)3;CO0C S
~c=c CHCOOH
(CH;3)3CO0C S
g BY following the same procedure as in Reference
example 6 using disodium 2,2-bis(tert-butoxycarbonyl-
Yethylene-1,1-dithiolate, 4-[bis(tert-butoxycarbonyl)me-
thylene]-1,3-dithietane-2-carboxylic acid was obtained.
Nuclear magnetic resonance specira (De-DMSQ)
45
5(p.p.m.): 146 (3H, (CH3);CO0C—),
..v-'"S"‘-.
5.18 (1H, =C_ _CH—).
S
50
EXAMPLE 12
OCH;
NC__ S S
_C=C__ _CHCONH N N
N CH S—L N
0% ya Z N7
Lo L

(a) In 12 ml. of tetrahydrofuran were dissolved 370

mg. of 78-amino-7a-methoxy-3-(1-methyltetrazol-5-
65 ylthiomethyl-A3-cephem-4-carboxylic acid benzhydryl
ester, 150 mg. of N,N’-dicyclohexylcarbodiimide, and
150 mg. of 4-[(carbamoyl)(cyano)-methylene]-1,3-
dithietane-2-carboxylic acid followed by stirring for 2
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hours at room temperature, The precipitates which had

formed were filtered off and the solvent was distilled off

from the filtrate under reduced pressure. The residue
was subjected to a silica gel column chromatography
using a mixture of chloroform and iso-propanol of 9:1

by volume ratio as the eluant to provide 190 mg. of

78-{4-{(carbamoyl)(cyano)-methylene }-1,3-dithietan-2-
yvlcarboxamido]-7Ta-methoxy-3-(1-methyltetrazol-5-
y)thiomethyl-A2-cephem-4-carboxylic acid benzhydryl
ester.

Nuclear magnetic resonance spectra (CDCl3)

8(p.p.m.): 3.55 (3H, 2H, CH30 and ~CH;— of C3).

>= N
3.83 (JH, CH3—N )
\
N=N
4.32 (2H, —CHy— of C3),
508 () Y 1 o 6 and =7 S CHCO—
5.20 (1H) 6 an ~g~

6.92 (1H, $pCH—),
7.30 (10H, (CgHs);CH—).

(b) In 10 ml. of methylene chloride was dissolved 160
mg. of the product obtained in above step (a). After
adding thereto 0.5 ml. of anisole, the mixture was
cooled to —20° C. Then, after adding dropwise 25 ml.
of trifluoroacetic acid to the mixture at a temperature of
from —20° C. to —10° C., the mixture was stirred for
one hour at —10° C. to 0° C. The solvent was distilled
off under reduced pressure and after adding 15 ml. of
ether to the residue formed, the mixture was stirred for
20 minutes. Then, the mixture was filtered under re-
duced pressure and the precipitates thus obtained were
washed well with ether and dried under reduced pres-
sure to provide 80 mg. of 78-[4-{(carbamoyl)(cyano)-
methylene }-1,3-dithietan-2-ylcarboxamido]-7a-
methoxy-3-(1-methyltetrazol-5-yl)thiomethyl-A3-ceph-
em-4-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSO)

6(p.p.m.): 3.44 (3H, CH;0—),
3.84 (2H,— CHy— of C3),

3.95 (3H,

4.32 (ZH,

3.17 (1H,
53.51 ({1H, =

Reference example 8:

NC S
S ~ N
C=C CHCOOC(CH3):
H,Noc™  s” -
In 50 ml. of dimethy! sulfoxide was dissolved 4.8 g. of
disodium 2-carbamoyl-2-cyano-ethylene-1,1-dithiolate.
After adding 6.28 g. of tert-butyl dibromoacetate to the

>

1)

I3

20

25

30

35

40

45

50

33

63
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solution, the mixture was stirred for 48 hours at room
temperature. The solvent was distilled off from the
reaction mixture obtained under reduced pressure and
the product was extracted with ethyl acetate. The ex-
tract was washed with water and then an aqueous so-
dium chloride solution, dried over anhydrous magne-
sium sulfate, and then the solvent was distilled off under
reduced pressure. The residue was subjected to a silica
gel column chromatography and 0.8 g. of tert-butyl
4-[(carbamoyl)(cyano)methylene]-1,3-dithietane-2-car-
boxylate using a mixture of chloroform and ethyl ace-
tate of 7:1 by volume ratio as the eluant.
Nuclear magnetic resonance spectra (Dg-DMSOQO)

a{p.p.m}:  1.47 (9H, (CH3);COOC—),
.--"‘"S"‘\

5.42 (1H, =C'-.. #,CH—),

S
Reference example 9:
NC 5
~c=c “CHCOOH

H2NOC S

To 0.4 g. of tert-butyl 4-[(carbamoyl)(cyano)me-
thylene}-1,3-dithietan-2-carboxylate obtained in Refer-
ence example 7 were added 2 ml. of anisole and 8 ml. of
trifluoroacetic acid. The mixture was then stirred for
one hour at room temperature. The solvents were dis-
tilled off under reduced pressure and the residue was
mixed with 10 ml. of ether followed by stirring for one
hour. The precipitates thus formed were recovered by
filtration, washed with ether, and dried under reduced
pressure to provide 0.15 g. of 4-[(carbamoyl){(cyano)me-
thylene}-,3-dithietane-2-carboxylic acid.

EXAMPLE 13
NC - .
\ S [ s
C=C__ _CHCONH |/ N N
e S Y |
Q# N oz CH»S N"""'N
COOH |

CH,;

(a) In 12 ml. of methylene chloride was dissolved 0.43
g. of 7B-amino-7a-methoxy-3-(1-methyltetrazol-5-
yl)thiomethyl-A3-cephem-4-carboxylic acid benzhydryl
ester. After cooling the solution to —40° C., 0.65 g. of
pyridine was added thereto. Then, a solution prepared
by dissolving 0.2 g. of 4-(dicyanomethylene)-1,3-dithie-
tane-2-carboxylic acid in 8§ ml. of methylene chloride,
adding 0.21 g. of phosphorus pentachloride, and stirring
the mixture for 25 minutes at room temperature was
added dropwise to the above-prepared mixture at a
temperature of from —40° C. to —25° C. and then the
mixture was stirred for one hour at —30° C. to —20° C.
After the reaction was over, 60 ml. of chloroform was
added to the reaction mixture and the mixture was
washed with 19 hydrochloric acid, water, and then a
saturated aqueous sodium chloride solution. The or-
ganic layer formed was recovered and dried over anhy-
drous magnesium sulfate. The solvents were distilled off
under reduced pressure and the residue was subjected
to a silica gel column chromatography to provide 0.37
g. of 78-[4-(dicyanomethylene)-1,3-dithietan-2-yl]-car-
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boxamido-7a-methoxy-3-( 1-methyltetrazol-5-yl)thi-
omethyl-A3-cephem-4-carboxylic acid benzhydryl ester
using a mixture of chloroform and iso-propanol of 40:1
by volume ratio as the eluant.

Nuclear magnetic resonance spectra (CDCl3)

&(p.p.m.): 3.54 (5H, —CH;— of Cz and OCH3),

3186 OH, N7,

|
CH;

4.30 (2H, —CHS— of Cy),

S"'--.
5.06 (2H, H of Ce and =< —Cc-),
S

6.90 (1H, —CH(CsH3)2)
1.30 (10H, —CH(CgHs)2).

(b) In 10 ml. of methylene chloride was dissolved 0.37 20

g. of the product obtained in above step (a). After add-
ing 0.5 ml. of anisole to the solution, the mixture was
cooled to —20° C. Then, 2 ml. of trifluoroacetic acid
was added dropwise to the mixture at -20° C.to —10°
C. and the resultant mixture was stirred for 30 minutes
at —10° C. to —5° C. The solvent was distilled off
under reduced pressure and 20 ml. of ether was added
to the residue followed by stirring for 30 minutes. The

mixture was filtered under reduced pressure and the 10

precipitates obtained were washed well with ether and
dried under reduced pressure to provide 0.21 g. of 75-
[4-(dicyanomethylene)-1,3 -dithietan-2-yl]carboxamido-
7a-methoxy—3—(1-methyltetrazol-S-yl)thiomethyl—ﬁl
cephem-4-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSO)

S(p.p.m.): 3.44 (3H, OCH3),

3.64 (2H, —CH— of Cy),

3.94 (3H, ‘“‘riq‘”’ )
CH:

4.30 (2H, —CH;38— of C3),
5.18 (IH, H of Cg),

S
5.62 (1H, =< ~CH—).
S

Reference example 10:

NC
—c=c__
NC S

S

— CHCOOC(CHy)3

To 15 ml. of methylene chloride was added 0.28 g. of

tert-butyl 4-[(carbamoyl){cyano)methylene]-1,3-dithie- 65

tane-2-carboxylate obtained in Reference example 7.
After adding thereto 0.33 g. of pyridine and 0.43 g. of
phosphorus pentachloride, the mixture was stirred for

5

10

i5

23

26

30 minutes at room temperature. Then, 30 ml. of chloro-
form was added to the reaction mixture and the mixture
was washed with 1 normal sulfuric acid, a 5% aqueous
sodium carbonate solution, and then a saturated aque-
ous sodium chloride solution. The mixture was then
dried over anhydrous magnesium sulfate and the sol-
vent was distilled off under reduced pressure. The resi-
due formed was subjected to a silica gel column chro-
matography to provide 023 g. of tert-butyl 4-
dicyanomethylene-1,3-dithietan-2-carboxylate using
chloroform as the eluant.
Nuclear magnetic resonance spectra (CDCl;)

5(p.p.m.): 1.54 (9H, —COOQC(CH31)3)

S
B g N _
5.02 (1H, --C,_\ MCH ).
5
Reference example 11:
NC S
~c=c _CHCOOH
NC S

To 0.23 g. of tert-butyl 4-dicyanomethylene-1,3-
dithietane-2-carboxylate obtained in Reference example
9 were added 2 ml. of anisole and 6 ml. of trifluoroacetic
acid, and the mixture was stirred for 3 hours at room
temperature. The solvents were distilled off under re-
duced pressure and 10 ml. of hexane was mixed with the
residue followed by stirring for 10 minutes. The solvent
was removed by decantation. Then the same procedure
was applied twice to the residue thus formed. The resi-
due was then dried under reduced pressure to provide
0.18 g. of 4-dicyanomethylene-1,3-dithietane-2-car-

35 boxylic acid.

S S
HOOCCH=C:: :CHCDNH N N
S | |
- N CH:S-—L N
0O o / N..-"'
l

50

35

60

EXAMPLE 14

OCH;3

COOH CH;

(a) In 20 ml. of methylene chloride was dissolved
0.714 g. of 4-(tert—butoxycarbonylmethylene)- 1,3-dithie-
tane-2-carboxylic acid. Then 0.454 g. of pyridine was
added to the solution followed by cooling to a tempera-
ture below 5° C. Thereafter, 0.630 g. of phosphorus
pentachloride was added to the mixture to cause the
reaction for one hour at a temperature below 10° C. The
reaction mixture obtained was cooled to about —350° C.
and a solution prepared by dissolving 1.5 g. of 78-
amino-7a-methoxy-3-(1-methyltetrazol-5-yl)-thiometh-
y1-A3-cephem-4-carboxylic acid benzhydryl ester in 13
ml. of methylene chloride was added dropwise to the
reaction mixture. Then, 3 ml. of pyridine was added and
the reaction was performed for 1 hour at —30° C. to
__35° C. After the reaction was over, 20 mi. of 6 normal
hydrochloric acid was added to the reaction mixture at
a temperature below 0° C. The methylene chloride
layer formed was recovered and the aqueous layer was
further extracted with 20 ml. of methylene chloride.
The extract was combined with the methylene chlonde
layer and the mixture was washed twice each time with
70 ml. of a saturated aqueous sodium chloride solution,
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dried over anhydrous magnesium sulfate, and then the
solvent was distitled off to provide 1.89 g. of a brown
caramel residue. The residue was subjected to a silica
gel column chromatography to provide 0.308 g. of 78-
[(4-tert-butoxycarbonylmethylene)-1,3-dithietan-2-
yl)carboxamido-7a-methoxy-3-(1-methyltetrazol-5-
yl)thiomethyl-A3-cephem-4-carboxylic acid benzhydryl
ester ustng a mixture of ethyl acetate and n-hexane of
2:1 by volume ratio as the eluant.
Nuclear magnetic resonance spectra (Dg-DMSO)

1.40 (9H, tert-butyl),
344 (3H, OCH3},

&(p.p.m.):

-

),

3.88 (3H, N

l
CH;

5.23 (1H, H of Cg),

S“‘--.
5.33 (1H, =< CH—)
S.#"

S
5.84 (IH, —CH=<S>L

6.88 (1H, —CH(CgHs)))
9.66 (1IH, —CONH—).

(b) In 1.7 ml. of anisole was dissolved 0.3 g. of the
product obtained in aforesaid step (a). After cooling the
solution to a temperature below —5° C,, 5.1 ml. of tri-
fluoroacetic acid was added dropwise to the solution at
a temperature below 0° C. Thereafter, the reaction was
performed for 30 minutes at 0°-5° C. and then for 30
minutes at 5°-10° C. After the reaction was over, anis-
ole and trifluoroacetic acid were distilled off under
reduced pressure and the residue was powdered with
the addition of ether. The powder was washed well
with ether, and dried to provide 0.1584 g. of faint-yel-
low powdery 783-[4-(carboxymethylene)-1,3-dithietan-
2-yljcarboxamido-7a-methoxy-3-(1-methyltetrazol-5-
yl)thiomethyl-A3-cephem-4-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSQ)

&(p.p.m.): 3.43 (3H, OCH)»),

194 (3H, “N7),

|
CH;

5.17 (1H, H of Cg),

S"""-u.
5.33 (1H, < CH—),
S..-*"‘"

S
5.84 (1H, -—CH=<S>),

32,491
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-continued
9.63 (1IH, —CONH—)

Reference example 12

A mixture of 80 ml. of dimethoxyethane and 20 ml. of
tetrahydrofuran deoxygenated by distillation was
cooled below —70° C. in a nitrogen stream and after
adding thereto 2 ml. of N-isopropylcyclohexylamine
and 6.86 ml. of a 15% n-butyl lithium n-hexane solution,
[.16 g. of tert-butyl acetate was added dropwise to the
mixture. Then, the reaction was performed for 30 min-
utes at a temperature below —70° C. and then 0.664 ml.
of carbon disulfide was added to the reaction mixture
over a period of about 30 minutes at a temperature
below —72° C. The reaction mixture colored light yel-
low. After further causing the reaction for 20 minutes at
a temperature below —70° C,, 6.8 ml. of 15% n-butyl
lithium n-hexane solution was added dropwise to the
reaction mixture over a period of 15 minutes at a tem-
perature below —72° C. Thereafter, the reaction was
further performed for 20 minutes at a temperature
below —70° C. and then a solution containing crystals
of sodium dilodoacetate prepared from 0.48 g. of 50%
sodium hydride and 3.12 g. of diiodoacetic acid in 15 ml.
of dimethoxyethane was added to the reaction mixture.
The temperature of the reaction mixture was allowed to
raise to room temperature and the reaction mixture was
further reacted overnight. The solvent was distilled off
and the black-brown oily material obtained was ex-
tracted with the additions of 50 ml. of cold ether and 20
ml of 1 normal hydrochloric acid.

The aqueous layer was further extracted with the
addition of 30 ml. of cold ether and the extracts were
combined. The mixture was washed twice each time
with 30 ml. of saturated aqueous sodium chloride solu-
tion, dried over anhydrous magnesium sulfate, and then
ether was distilled off to provide 3 g. of a brown oily
product. The product was subjected to a silica gel col-
umn chromatography to provide 0.564 g. of 4-(tert-
butoxycarbonylmethylene)-1,3-dithietane-2-carboxylic
acid using a mixture of chloroform, methanol, and for-
mic acid of 95:5:2 by volume ratio as the eluant.

Nuclear magnetic resonance spectra (Dg-DMSO)

10

15

20

25

30

335

45 |
&6(p.p.m.): 1.45 (9H, tert-butyl),
S_
e
5.03 (LH, =< _CH—),
30 S
S
5.69 (1H, -CH=<S>}.
55
EXAMPLE 15
OCH
HOOC __ S I8
_C=C__ _CHCONH N N
CH3S0» S | {
o? N = CH;S—L . _N
COOH (13“3
65 (a) In 8 ml. of methylene chloride was dissolved 0.32

g. of 78-amino-7a-methoxy-3-(1-methyltetrazol-5-
yhthiomethyl-A3-cephem-4-carboxylic acid benzhydryl
ester. After cooling the solution to —30° C,, 0.48 g. of
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pyridine was added to the solution. Then, a solution
prepared by dissolving 0.37 g. of 4-[(tert-butoxycar-
bonyl)(methylsulfonyl)methylene]-1,3-dithietane-2-car-
boxylic acid in 8 ml. of methylene chloride and adding
thereto 0.25 g. of phosphorus petachloride and 0.18 g. of
pyridine was added dropwise to the solution at a tem-
perature of —40° C. to —30° C. After stirring the mix-
ture for one hour at —30° C. to —20° C,, 50 ml. of
chloroform was added to the mixture and the resultant
mixture was washed with 19% hydrochloric acid, water,
and then a saturated aqueous sodium chloride solution,
and dried over anhydrous magnesium sulfate. The sol-
vent was distilled off under reduced pressure and the
residue was subjected to a silica gel column chromatog-
raphy to provide 0.25 g. of 78-{4-[(tert-butoxycar-
bonyl)(methylsulfonyl)methylene]-1,3-dithietan-2-
yl)carboxamido-7a-methoxy-3-(1-methyltetrazol-5-
yDthiomethyl-A3-cephem-4-carboxylic acid benzhydryl
ester using a mixture of chloroform and isopropanol of
40:1 by volume ratio as the eluant.

Nuclear magnetic resonance spectra (CDCl3)

5(p.p.m.): 1.54 (9H, tert-butyl},

3.18 (3H, CH350» ),

1.58 (3H, OCH;3),

384 3H, N7,

|
CH;

4.16 (2H, —CH;— of C3),
5.07 (1H, H of Cg),

S"-...
5.31 (LH, =< CH),
S.-""

6.91 (1H, —CH(Cg¢Hs))),
7.30 (10H, —CH(CgHs),).

(b) To 2.5 ml. of anisole was added 0.2 g. of the prod-
uct obtained in step (a). The solution was cooled to
—20° C., and then 10 ml. of trifluoroacetic acid was
added dropwise to the mixture at —20° C, to —10° C,,
Then, after stirring the mixture for 20 minutes at the
same temperature, the mixture was further stirred for 40
minutes at 10° C. The solvent was distilled off under
reduced pressure, the residue formed was mixed with 30
ml. of ether, and the mixture was stirred for 20 minutes.

HO

The reaction mixture was filtered under reduced pres-
sure and the precipitates thus obtained were washed
well with ether and dried under reduced pressure to
provide 0.08 g. of 78-{4-[(carboxy)(methylsulfonyl)me-
thylene]-1,3-dithietan-2-yl }carboxamido-7a-methoxy-
3-(1-methyltetrazol-5-yl)thiomethyl-A3-cephem-4-car-
boxylic acid.
Nuclear magnetic resonance spectra {(Dg-DMSO)
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15

20

23

30

33

45
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S(p.p.m.):
3.20 (3H,
CH 509

3.45 (3H, OCH3),
3.62 (2H, —CH>— of C»),

1.94 3H, N7 ).

l
CH

4.30 2H, —CH:— of Cj),

SH.
H of Cq and =< CH—
S..-""'

5.13 {(1H)
5.17 (1 H)

Reference example 13:

{CH‘;]‘;COOC\ S

C=C
CH3SO,” S

7\

~
H,CHCOOH

In 65 ml. of tert-butanol was dissolved 2.05 g. of
tert-butyl methylsulfonylacetate. After adding thereto
1.32 g. of potassium tert-butylate, the mixture was
stirred for 5 minutes. After adding dropwise 0.91 g. of
carbon disulfide to the mixture and stirring them for 5
minutes, 1.32 g. of potassium tert-butylate was added to
the mixture followed by stirring for one hour. Then, 3.8
g. of diiodoacetic acid and 1.32 g. of potassium tert-
butylate were added to the mixture and the resultant
mixture was stirred overnight. The solvent was distilled
off from the reaction mixture obtained under reduced
pressure. The residue formed was mixed with water,
adjusted to pH 2 with 10% hydrochloric acid, and ex-
tracted with ethyl acetate. The extract was washed with
water and then a saturated aqueous sodium chloride
solution, dried over anhydrous magnesium sulfate, and
then the solvent was distilled off under reduced pres-
sure. The residue was subjected to a silica gel column
chromatography to provide 1.7 g. of 4-[(tert-butoxycar-
bonyl)(methylsulfonyl)methylene]-1,3-dithietane-2-car-
boxylic acid using a mixture of chloroform and metha-
nol of 50:1 by volume ratio as the eluant.

Nuclear magnetic resonance spectra (CDCls3)

1.52 (9H, (CH13)3CO0C—)
3.20 (3H, CH3;S0;—).

&(p.p.m.)

EXAMPLE 16

OCH;

\ S S
C=C““'s fCHCONHT‘/ . .
=N CH,S I
Or“' S \"\ P N
|

COOH
CH;

(a) In 1.5 ml. of methylene chloride was dissolved 0.6
g. of  4-(4-tert-butoxy-a-tert-butoxycarbonylben-
zylidene)-1,3-dithietane-2-carboxylic acid. After adding
thereto 0.2 mi. of pyridine and further 0.285 g. of phos-
phorus pentachloride under ice-cooling, the mixture
was stirred for 7 minutes. The solution was added to a
solution prepared by dissolving 0.5 g. of 78-ammo-7a-
methoxy-3-(1-methyltetrazol-5-yl)thiomethyl-A3-ceph-
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em-4-carboxylic acid benzhydryl ester in 15 ml. of

methylene chloride, cooling to —30° C. to —40° C,, and
adding thereto 0.45 ml. of pyridine, and the mixture was
stirred for 20 minutes at the same temperature.

The reaction mixture was mixed with 60 ml. of chlo-
roform, washed with about 30 ml. of water, about 30 ml.
of 1-2% hydrochloric acid, and then 30 ml. of water,
dried over anhydrous magnesium sulfate, and then the
solvent was distilled off under reduced pressure. The
residue was subjected to a silica gel column chromatog-
raphy to provide 0.4 g. of 78-[4-(4-tert-butoxy-a-tert-
butoxycarbonylbenzylidene)-1,3-dithietan-2-yljcarbox-
amido-7a-methoxy-3-(1-methyltetrazol-5-yl)thiometh-
yl-A3-cephem-4-carboxylic acid benzhydryl ester using
a mixture of benzene and ethyl acetate of 11:2 by vol-
ume ratio as the eluant. |

Nuclear magnetic resonance spectra (CDCl3)

} tert-buty]

3.60 (5H, OCHj and —CH3— of C3),

o(p-p-m.): 135 (9H),

1.47 (9H),

383 3H, ~N7),
CH;j;

'_ T~ L
S
S
4.83 (H, =< CH—),
S.-""

5.08 (1H, H of Cg),

6.92 (1H, —CH(CgHs)3)

H H
6.94 (2H)
7.15 2H) ) HO

H H

(b) In a mixture of 10 ml. of trifluoroacetic acid and 2
ml. of anisole was dissolved 0.4 g. of the product ob-
tained in step (a) under ice-cooling. The mixture was
stirred for about 30 minutes at 10° C. The solvent was
distilled off under reduced pressure and 40 ml. of ether
was added to the residue to form precipitates, which
were recovered by filtration and washed with ether to
provide about 0.2 g. of 73-[4-(a-carboxy-4-hydroxyben-

zylidene)-1,3-dithietan-2-yl]Jcarboxamido-7a-methoxy-

3-(1-methyltetrazol-5-yl)thiomethyl-A3-cephem-4-car-
boxylic acid.
Nuclear magnetic resonance spectra (Dg-DMSQO)

&p.p.m.):  3.42 (3H, OCHy),

3.94 (3H, ""‘1;4"),
CHj;

S
“~
5.15 (2H, H of Cg and =< ..--"CH'-}’
S

Q)
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-continued
H H
6.74 (2H)
703 2my J HO
H H
Reference example 14:
(CH1};COOC <
N
C—-C_‘_‘S’,CHCOOH

(CH3)3CO

To 8.6 ml. of a 159 potassium tert-butylate tert-
butanol solution were added 2.5 g. of tert-butyl 4-tert-
butoxyphenylacetate and 25 ml. of anhydrous tetrahy-
drofuran with stirring at room temperature. After stir-
ring the mixture for 2-3 minutes, 0.6 ml. of carbon disul-
fide was added dropwise to the mixture followed by
stirring for 10 minutes. Then, 8.6 ml. of a 15% potas-
stum tert-butylate tert-butanol solution was added to the
mixture followed by stirring for 5 minutes, further 8.6
ml. of a 15% potassium tert-butylate tert-butanol solu-
tion was added to the mixture and then 1.22 g. of dichlo-
roacetic acid was added dropwise to the mixture at
about 30° C. followed by stirring for 40 minutes at room
temperature. .

Then, after adding dichloroacetic acid to the reaction
mixture until the mixture became weak alkaline, the
solvent was distilled off under reduced pressure and the
residue was mixed with ice-water followed by washing
with ether. Then, 0.5 ml. of 3 normal hydrochloric acid
was added to the mixture and the product was extracted
with ether. To the extract was further added 0.5 ml. of
3 normal hydrochloric acid. The product was extracted
with ether, and the procedure was further repeated.
Each extract fraction obtained was detected by a silica
gel thin layer chromatography, the fractions containing
the product were collected and dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off
under reduced pressure to provide 1.3 g. of 4-(4-tert-
butoxv-a-tert-butoxycarbonylbenzilidene)-1,3-dithie-
tane-2-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSQO)

(p.pm.) 135 (9H)
4.85 (9H) (CH3)HC=,
f""S'-"'\
485 (IH, =C_ ~CH—)
s

6.93 (2H)
7.15 (2H)

%

EXAMPLE 17
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HOOC
\ ,—5\_ OCH; S
C=CT_ __,CHCONH—I:—,/ < N
S
N A CH;_S\“\ ,H!L
COOH T
CH;
(a) In 15 ml. of methylene chloride was dissolved 0.5 _continued
g. of 4-(a-tert-butoxycarbonylbenzylidene)-1,3-dithie- (CH3)2COOC
tane-2-carboxylic acid. After adding thereto 0.2 ml. of 0
pyridine and further 0.285 g. of phosphorus petachlo- C"'st,.-—-CHCOOH

ride under ice-cooling, the mixture was stirred for about
20 minutes. Then, by treating the reaction mixture as in
Example 16-(a) using, however, a mixture of benzene
and ethyl acetate of 9:2 by volume ratio as the eluant for
silica gel column chromatography, about 0.4 g. of 783-

[4-(a-tert-butoxycarbonylbenzylidene)- 1,3-dithietane-2- 20

yllcarboxamido-7a-methoxy-3-(1-methyltetrazol-3-
yDthiomethyl-A3-cephem-4-carboxylic acid benzhydryl
ester was obtained.

- Nuclear magnetic resonance spectra (CDCl3)

15

To 15.6 g. of a 15% potassium tert-butylate tert-
butanol solution were added 4 g. of tert-butyl phenylac-
etate and then 1.6 g. of carbon disulfide with stirring at
room temperature. After stirring the mixture for 15
minutes, 20 ml. of anhydrous tetrahydrofuran and then
31.2 g. of a 15% potassium tert-butylate tert-butanol
solution were added to the mixture and then 2.7 g. of
dichloroacetic acid was added dropwise to the mixture

- 25 , .. :
S(p.p.m.):  1.46 (9H, tert-buty}), at 30°-40° C. followed by stirring for 30 minutes at the
3.58 (SH, OCH3 and —CH;— of Cy), same temperature to finish the reaction.
| Then, after adding dichloroacetic acid to the reaction
3.80 (3H, ~N7) mixture until the mixture became weakly alkaline, the
I | 3o Solvent was distilled off under reduced pressure and the
CHy residue was mixed with ice-water followed by washing
S with ether. Then, 0.5 ml. of 3 normal hydrochloric acid
4.85 (IH < ™ CH—) was added to the mixture and the product was extracted
| ’ R ’ with ether. To the extract was further added 0.5 ml. of
3 normal hydrochloric acid. The product was extracted
35 P
5.08 (1H, H of Cg), with ether, and the procedure was further repeated.
6.93 (1H, —CH(CgHs)y), | Each extract fraction obtained was detected by a silica
about 7.34 (13H, Cells™ and {CeHs)CH™). gel thin layer chromatography, the fractions containing
: . . the objective material were collected and dried over
(b) By tr‘?atlélg 0.4 lg cl)fé‘ the pr Edllﬂtoogtameffi‘;“ 33_0"6 40 anhydrous magnesium sulfate. Then, the solvent was
f:taer%c(»i) liz:zl ]igznmeli T 1 dl(:ﬁ;;‘ 1?;“2 '1] g'rﬁ . fl;lg d{(ma— distilled off under reduced pressure to provide about 1
7a—met¥mﬁ _33"_ ( l-meth’ ltetrazola- 5--1)31’1i§fnet?1 LLA3. g. of 4-(a-tert-butoxycarbonylbenzylidene)-1,3-dithie-
hem.4 y boxvlic Y d b y d y tane-2-carboxylic acid.
Cegq:éﬁ;a;c:l;gc;?;ifri;";n:;;ii (;p?é?ri &Dﬁ-DM SO) Nuclear magnetic resonance spectra (Dg-DMSO)
| | 45
Sopm): 341 GH OCHz) 8(p.p.m.):  1.40 (H, (CH3)3:COOC—),
g |
e TN
392 OH. \lr,...]’ 5.17 (1H, fC\SfCH )
50
CH; H H
5.16 (1H) S*~--. .
5.19 (1H) } H of Cg and =<S,,,.-CH_ about 7.30 (5H, H ).
55
7.28 (SH, C¢Hs—). H H
Reference example 15:
EXAMPLE 18
OCH;
99 (= S crconn )
TN
{(H3C))NCO 8 N II‘iI
- N _Z CH)S l
O \k o N
COOH ‘

CH;
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(a) In 15 ml. of methylene chloride was dissolved 500
mg. of  4-(tert-butoxycarbonyl-N,N-dimethylcar-
bamoylmethylene)-1,3-dithietane-2-carboxylic acid.
After adding thereto 0.19 ml. of pyridine and further
163 mg. of phosphorus pentachloride under ice-cooling, 3
the mixture was stirred for about 5 minutes. The solu-
tion was added to a solution prepared by dissolving 500
mg. of 783-amino-7a-methoxy-3-(1-methyltetrazol-5-
yl)thiomethyl-A3-cephem-4-carboxylic acid in 15 ml. of
methylene chloride and then adding 0.3 ml. of pyridine 10
to the solution while cooling the solution to —30° C,,
and the mixture was stirred for about 30 minutes at the
same temperature,

To the reaction mixture was added about 60 ml. of
chloroform. The mixture was washed with about 30 ml. 15
of water, about 30 ml. of 1-2% hydrochloric acid, and
then three times each time with about 30 ml. of water,
and dried over anhydrous magnestum sulfate. The sol-
vent was distilled off under reduced pressure and the
residue formed was subjected to a silica gel column
chromatography to provide 200 mg. of 78-[(4-tert-
butoxycarbonyl-N,N-dimethylcarbamoylmethylene)-
1,3-dithietane-2-yl-carboxamido]-7a-methoxy-3-(1-
methyltetrazol-5-yDthiomethyl-A3-cephem-4-carboxy-
lic acid benzhydryl ester using a mixture of benzene and
ethyl acetate of 3:2 by volume ratio as the eluant.

Nuclear magnetic resonance spectra (CDCl3)

20

25

1.48 (9H, tert-CaHo—),
2.96 (6Hm (CH3);NCO—)
3.60 (5H, CH3O and —CHj— of Cy),

5(p.p.m.): 10

3.84 (3H, CH3;—N 33

\
N=N

}

5
..
~CHCO—)

493 (1H, =C
S 4()

/ \

5.06 (1H, H of Cy).
6.90 (1H, — CH(CsH5)p).

(b) In a mixture of 10 ml. of trifluoroacetic acid and 2 45
ml. of anisole was dissolved the product obtained in
above step (a) under ice-cooling. And the mixture was
stirred for about 30 minutes at 15° C. The solvent was
distilled off under reduced pressure, 30 ml. of ether was
added to the residue, and the precipitates formed were
recovered by filtration and washed with ether to pro-
vide 100 mg. of 78-[(4-carboxy-N,N-dimethylcar-
bamoylmethylene)-1,3-dithietane-2-yl-carboxamido]-
Ta-methoxy-3-(1-methyltetrazole-5-yl)-thiomethyl -AJ-
cephem-4carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSO)

50

__55

2.87 (6H, (CH3);NCO—},
3.43 {(3H, CH30—),

>=

3.94 (3H, CH3—N

\
N=N

S(p.p.m.):

60
N

65

S"‘--.
-

S

5.16 (1H)

5.25 (1H) CH=

) H of Cg and =c::

-continued
Reference example 16:
(CH ;3 COOC ,
\ .-f"s"\..
CH;_\ C=C CHCOOH
-~ Sy
H_,NDC. S
CH;

By treating tert-butyl dimethylcarbamoylacetate as in
Reference example 15, 4-[(tert-butoxycarbonyl)-
(dimethyl carbamoyl)methylene]-1,3-dithietane-2-car-
boxylic acid was obtained.

Nuclear magnetic resonance spectra (CDCl3)

1.50 (9H, (CH3)};COOC—),

S(pp.m.}:

CH3
A
3.02 (6H, ..--""N“}’

CH;

/S“\.
“*--.Sx""

4.97 (IH, =C CH—).

EXAMPLE 19

HOOC 5
\/\ P

S
C=C CHCONH |
CH oc/ \s/
3 o P N _z
| | CH,S

COOH

)
L

|
CH;

(a) In 15 ml. of methylene chloride was dissolved 0.87
g. of 4-[(acetyl)tert-butoxycarbonyl)methylene)-1,3-
dithietane-2-carboxylic acid. After adding thereto 0.474
g of pyridine and further 0.624 g. of phosphorus penta-
chloride under ice-cooling, the mixture was stirred for
30 minutes. The solution was added to a solution pre-
pared by dissolving 0.6 g. of 78-amino-7a-methoxy-3-
(1-methyltetrazol-5-yl)-thiomethyl-A3-cephem-4-car-
boxylic acid benzhydryl ester in 20 ml. of methylene

chloride, cooling the solution to —30° C,, and adding

thereto 1 ml. of pyridine, and the mixture was stirred for
one hour at the same temperature. To the reaction mix-
ture were added 10 ml. of water, 1 ml. of 1 normal
hydrochloric acid, and 30 ml. of chloroform. The chlo-
roform layer formed was recovered, washed thor-
oughly with 1% hydrochloric acid to eliminate pyridine
completely, then with water, dried over anhydrous
sodium sulfate, and the solvent was distilled off under
reduced pressure. The residue formed was subjected to
a silica gel column chromatography to provide 0.55 g.
of 78-{4-[(acetyl)(tert-butoxycarbonyl)methylene]-1,3-
dithietan-2-yl}carboxamido-7a-methoxy-3-(1-methyl-
tetrazol-5-yl)thiomethyl-A3-cephem-4-carboxylic acid
benzhydryl ester using a mixture of benzene and ethyl
acetate of 10:2 by volume ratio as the eluant.
Nuclear magnetic resonance spectra (CDCl3)

1.53 (9H, tert-butyl),
2.45 (3H, CH3;0C—),
3.56 (5H, OCH; and —CH;— or C3),

§(p.p.m.):
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-continued
3182 OH, “N7),
Sy
4.37 (OH, —CH,S— of C3),

S

S,
4.94 (1H, =< CH-),
-~

S

5.09 (1H, H of Cg),
6.94 (1H, =CH{CsHs)2),
7.20-7.50 (10H, —CH(CgH3)2).

10

38

aqueous sodium chloride solution, and extracted with a
saturated aqueous sodium hydrogencarbonate solution.

The sodium hydrogencarbonate extract was washed
with 50 ml. of ethyl acetate, adjusted to pH 3-4 with 1
normal hydrochloric acid, and extracted with 200 ml. of
ethyl acetate. The ethyl acetate extract was washed
with an aqueous sodium chloride solution, dried over
anhydrous sodium sulfate, and then concentrated. The
residue was washed with 50 ml. of a mixture of petro-
leum ether and ether of 10:1 by volume ratio and dis-
solved in 5 ml. of ether. Then, 50 ml. of petroleum ether
was added gradually to the solution and the crystals
thus precipitated were recovered by filtration to pro-
vide 10 g. of 4-[(acetyl)(tert-butoxycarbonyl)me-

(b) In a mixture of 12 ml. of trifluoroacetic acid and 3 15 thylene]-1,3-dithietane-2-carboxylic acid.

ml. of anisole was dissolved 0.55 g. of the product ob-
tained in aforesaid step (a) at —5° C. The mixture was
stirred for 20 minutes at 15° C. The solvent was distilled
off under reduced pressure, 20 ml. of ether was added to

Nuclear magnetic resonance spectra (CDCl3)

1.53 (9H, (CH3)3;COOC—},
2.49 3H, CH30C—},

&(p.p.m.}:

the residue, and the precipitates formed were recovered 20
by filtration and washed with ether to provide 0.33 g. of 4.94 (1H, = stu.. CH—)
78-{4-[(acetyl)(carboxy)methylene]-1,3-dithietan-2- | L Ng” |
yl}carboxamido-7a-methoxy-3-(1-methyltetrazol-5-
y)thiomethyl-A3-cephem-4-carboxylic acid.
Nuclear magnetic resonance spectra (Dg-DMSO) EXAMPLE 20
HOOC
' N N\c—c” ™~ CHCONH s N N
I s R A P
CH;S S 0 = N F CH,?_S—l\ P N
N
COOH éHa
Hp 'P'm'): - iig 81; g::li:,{c;}c—), (a) In 20 ml. of methylene chloride was dissolved 1.1
| ' g. of 4-[(tert-butoxycarbonyl)(5-methylthio-1,3,4-
~ thiadiazol-2-yl)methylene]-1,3-dithietane-2-carboxylic
334 CGH, N, 40 acid. After adding thereto 0.462 g. of pyridine and tur-

CH;3

4.32 (2H, —CH3S— of C3),

S"'"-..
H of Cg and =< CH—
SJ‘"

5.16 (1H)
5.30 (1H)

Reference example 17:

(CH3)3COGCK
CH10OC S

S
o
__CHCOOH

To 150 ml. of tert-butanol was added 4.8 g. of sodium
hydride (50% in oil). Then 15.8 g. of tert-butyl acetoac-
etate was added gradually to the mixture. Then, after
adding thereto 7.6 g. of carbon disulfide under ice-cool-
ing, the mixture was stirred for 18 hours at room tem-
perature. Thereafter, 4.8 g. of sodium hydride (50% 1n
oil) was added gradually under ice-cooling and after
stirring the mixture for 2 hours at room temperature,
16.7 g of potassium dichloroacetate was added to the
mixture followed by stirring for further 2 hours. The
reaction mixture obtained was concentrated under re-
duced pressure. The residue was mixed with 300 ml. of
ethyl acetate and 200 ml. of ice-water, and the mixture
was adjusted to pH 3-4 with 1 normal hydrochloric
acid. The organic layer formed was washed with an

45

50

35

65

ther 0.606 g. of phosphorus pentachloride under ice-
cooling, the mixture was stirred for 30 minutes. The
solution was added to a solution prepared by dissolving
0.9 g. of 78-amino-7a-methoxy-3-(1-methyltetrazol-5-
yDthiomethyl-A3-cephem-4-carboxylic acid benzhydryl
ester in 30 ml. of methylene chloride, cooling the solu-
tion to —30° C., and adding 0.75 ml. of pyridine to the
solution, and the mixture was stirred for one hour at
room temperature. The reaction mixture was mixed
with 10 ml. of water and 40 ml. of chloroform. Then,
the chloroform layer formed was washed thoroughly
with 19 hydrochloric acid to eliminate pyridine com-
pletely, then with water, dried over anhydrous sodium
sulfate, and then the solvent was distilled off under
reduced pressure. The residue was subjected to a silica
gel column chromatography to provide 0.2 g. of 78-{4
-[(tert-butoxycarbonyl)}5-methylthio-1,3,4-thiadiazol-2-
yl)methylene]-1,3-dithietan-2-yl)carboxamido-7a-
methoxy-3-(1-methyltetrazol-5-yl)thiomethyl-A3-ceph-
em-4-carboxylic acid benzhydryl ester using a mixture
of benzene and ethyl acetate of 10:2 by volume ratio as
the eluant.
Nuclear magnetic resonance spectra (CDCla)

1.58 (9H, tert-butyl),
 2.72 3H, CH38—),
3.58 (3H, OCH3),

o(p.p.m.):
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-continued
N,

l
CH;3

3.80 (3H,

4.36 (2H, —CH;S— of C3),

S
~

} H of Cg and =-< CH—
S.-""""

6.90 (1H, —CH{CgHs)y),
7.10-7.50 (10H, —CH(CgHs)).

5.03 (1H)
5.09 (1H)

(b) In a mixture of 8 ml. of trifluoroacetic acid and 2

10

40

the organic layer formed was washed with an aqueous
sodium chloride solution, and then extracted with 1000
ml. of a saturated aqueous sodium hydrogencarbonate
solution. The sodium hydrogencarbonate extract was
washed with 100 ml. of ethyl acetate, adjusted to pH
3-4 with 5 normal hydrochioric acid, and then ex-
tracted with 200 ml. of ethyl acetate. The ethyl acetate
extract was washed with an aqueous sodium chloride
solution, dried over anhydrous sodium sulfate, and con-
centrated. The residue was subjected to a silica gel
column chromatography to provide | g. of 4-[(tert-
butoxycarbonyl)(5-methylthio-1,3,4-thiadiazol-2yl)me-

thylene}-1,3-dithietane-2-carboxylic acid using chloro-
form and then a mixture of chloroform and methanol of

ml. of anisole was dissolved 0.2 g. of the product ob- 15 50:1 by volume ratio as the eluant.

tained in above step (a) at —5° C. followed by stirring
for one hour at 17°-18° C. The solvent was distilled off
under reduced pressure, 20 ml. of ether was added to
the residue, and the precipitates formed were recovered
by filtration and washed with ether to provide 0.05 g. of
78-{4-[(carboxy)(5-methylthio-1,3,4-thiadiazol-2-
y)methylene]-1,3-dithietan-2-yl}-carboxamido-7a-
methoxy-3-(1-methyltetrazol-5-yl)thiomethyl-A3-ceph-
em-4-carboxylic acid. |

Nuclear magnetic resonance spectra (Dg-DMSQO)

2.75 (3H, CH3S—),
3.45 (9H, OCH3),

&(p.p.m.):

3.94 GH, “N7),

|
CHj

4.30 (2H, —CH;S8~— of C3),

S"""-..
} H of Cg and =-< CH—
SH""’

5.19 (1H)
5.35 (1H)

Reference example 18:
(CH3)3COOC

N S

N P
C-—-—C\S /CHCOOH

S

100 ml. of tert-butanol was dissolved 1.58 g. of metal-
lic potassium. After adding thereto 10 g. of tertbutyl
5-methylthio-1,3,4-thiadiazole-2-acetate, the mixture
was stirred for 20 minutes. Thereafter, 3.25 g. of carbon
disulfide was added dropwise to the mixture over a
period of 10 minutes. After stirring the mixture for one
hour, 4.55 g. of potassium tert-butyrate was added grad-
ually to the mixture followed by stirring for 20 minutes
and then 6.83 g. of potassium dichloroacetate was added
to the mixture followed by stirring for 18 hours. The
reaction mixture was concentrated under reduced pres-
sure, and the residue was mixed with 300 ml. of ethyl

CH;S

35

45

50

35
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acetate and 200 ml. of ice-water. The mixture was ad-

Justed to pH 3-4 with 1 normal hydrochloric acid, and

Nuclear magnetic resonance spectra (CDCI3)

5(p.p.m.):  1.59 (9H, (CH3);CO0C—),
2.79 (3H, CH;§5—),
20
PN
499 (1H, =c{ ~CH—).
S
EXAMPLE 21
HOOC _ _S_ OCHy ¢
C=_C CHCONHAt‘—T N N
- i
NHESO] S /L "
P N ' N
o~ == CH:5 N~
Loor L

(a) In 12 ml. of anhydrous tetrahydrofuran were dis-
solved 0.2 g. of 4-[(benzhydryloxycarbonyl)(sul-
famoyl)methylene]-1,3-dithietane-2-carboxylic  acid,
0.25 g. of 78-amino-7a-methoxy-3-(1-methyltetrazol-5-
yl)thiomethyl-A3-cephem-4-carboxylic acid benzhydry]
ester, and 0.1 g. of N,N'-dicyclohexylcarbodiimide.

Then the solution was stirred overnight at room tem-
perature. Insoluble materials were filtered off and the
solvent was distilled off from the filtrate under reduced
pressure. The residue was subjected to a silica gel col-
umn chromatography to provide 0.095 g. of 78-{4-
[(benzhydryloxycarbonyl)(sulfamoyl)methylene}-1,3-
dithietan-2-yl }carboxamido-7a-methoxy-3-(1-methyl-
tetrazol-5-yDthiomethyl-A3-cephem-4-carboxylic acid
benzhydryl ester using a mixture of chloroform and
isopropanol of 9:1 by volume ratio as the eluant.

(b) In 10 ml. of methylene chloride was dissolved
0.095 g. of the product obtained in step (a). After adding
thereto 0.5 ml. of anisole, the mixture was cooled to
—20° C. Thereafter, 2 ml. of triflunoroacetic acid was
added dropwise to the mixture at —20° C. to —15° C.
and after the stirring the mixture for 30 minutes at the
same temperature, the resultant mixture was further
stirred for one hour at 0°-3° C. The solvent was distilled
off from the reaction mixture under reduced pressure
and 15 ml. of ether was added to the residue followed
by stirring for 30 minutes. Then, the reaction mixture
was filtered under reduced pressure and the precipitates
formed were washed well and dried under reduced
pressure to provide 0.034 g. of 78-{4-[(carboxy)(sul-
famoyl)methylene]-1,3-dithietan-2-yl}carboxamido-7a-
methoxy-3-(1-methyltetrazol-5-yl)thiomethyl-A3-ceph-
em-4-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSQO)
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5(p.p.m.):  3.42 (3H, OCH3),
1.94 (3H, “"‘1;1/},
CH:
4.30 (2H, —CH;— of C3),
2 (1H) S“*
5.1 —_
5.17 (1H) } H of Cg and =< fCH
S
9.66 (1H, — NHCO—).
Reference example 19:
NH>SO 5
:‘c=ci > CHCOOH
CHCOQOC 5

1.12 g of benzhydryl sulfamoylacetate were added 30
ml. of anhydrous tetrahydrofuran and 20 ml. of tert-
butanol.

After cooling the mixture to —20° C, 0.177 g. of
sodium hydride (50% in oil) was added to the mixture
followed by stirring for 15 minutes. To the mixture was
added 0.3 g. of carbon disulfide. The mixture was
stirred for 30 minutes at — 10° C. to —5° C. Then, to the
mixture were added 0.354 g. of sodium hydride (50% in
oil) and 1.05 g. of diiodoacetic acid, After stirring the
mixture for 20 minutes at —10° C. to 0° C,, the mixture
was stirred overnight at room temperature. The solvent
was distilled off from the reaction mixture under re-
duced pressure and after adjusting the residue to pH 2
by adding thereto ice-water and 5% hydrochloric acid,
the reaction mixture was extracted with ethyl acetate.
The extract was washed twice each time with a satu-
rated aqueous sodium chloride solution, dried over
anhydrous magnesium sulfate, and then the solvent was
distilled under reduced pressure. The residue was sub-
jected to a silica gel column chromatography to provide
0.2 g. of #[(benzhydryloxycarbonyl)(sulfamoyl)me-
thylene]-1,3-dithietane-2-carboxylic acid using a mix-
ture of chloroform and methanol of 10:1 by volume
ratio as the eluant.

Nuclear magnetic resonance spectra (CDCl3)

S(p.p.m.}: S
4.66 (1H, ==c:: :CH—),
S

6.96 (1H, (CoHs)2CH—)
7.33 (10H, (CeH3)CH-).

EXAMPLE 22
OCH.:
HOOC S VoS
_~ ~c=c :CHCONH—\:—(
S
X l O# N F CH>S
N COOH

10

15

20

23

30

35

45

50
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N N
| |
| N
I...Ji.---""
l
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(a) In 40 ml. of methylene chloride was dissolved 800
mg. of 4-[(tert-butoxycarb-ony1)(3-pyridyl)methylene]-
1, 3-dithietane-2-carboxylic acid. After adding thereto
0.3 ml. of pyridine and further 440 mg. of phosphorus
pentachloride under ice-cooling, the mixture was
stirred for about 15 minutes. The solution was added to
a solution prepared by dissolving 0.8 g. of 73-amino-7a-
methoxy-S-(1-methyltetrazol—S-yl)thiomethyl-ﬁ\3-ceph-
em-4-carboxylic acid in 25 ml. of methylene chloride
and adding thereto 0.7 ml. of pyridine at —30° C, and
the resultant mixture was stirred for 20 minutes at the
same temperature, Then, 200 ml. of chloroform was
added to the reaction mixture and the mixture was
washed twice each time with 150 ml of an aqueous 1.3%
acetic acid solution and then twice each time with 100
ml. of water, and then dried over anhydrous magnesium
sulfate. The solvent was distilled off under reduced
pressure and the residue formed was subjected to a
silica gel column chromatography to provide about 400
mg. of 78-{4-[(tert-butoxycarbonyl)(3-pyridyl)me-
thylene]-1,3-dithietan-2-yl}ca rboxamido-7a-methoxy-
3-(1-meth yltetrazol-5-yl)thiomethyl-A 3.cephem-4-car-
boxylic acid using a mixture of benzene and ethyl ace-
tate of 2:1 by volume ratio as the eluant.

Nuclear magnetic resonance spectra (CD Cl3)

1.47 (9H, t-C4Ho—),
3.59 (SH, CH30— and —CHy~— of C3),

5(]}.[}.[!1.}:

~
3.83 (3H, E,N“-CH;:,],

S"’--..
4.91 (1H, =< CH—),
S.-f"’

5.08 (1H, H of Cyg),
6.93 (1H, —CH{(C¢Hs)2),

§.53 (1H,

Z
LT
HN

(b) In a mixture of 15 ml. of trifluoroacetic acid and 3
ml. of anisole was dissolved 400 mg. of the compound
obtained in above step (a) under ice cooling followed by
stirring for 40 minutes at 10°-15° C. The solvent was
distilled off under reduced pressure and about 50 ml. of
ether was added to the residue to form precipitates,
which were recovered by filtration, and washed with
ather. The precipitates were subjected to a silica gel
column chromatography to provide about 100 mg. of
78-{[4-(carboxy)(3 -pyridyl)methylene]-1 3-dithietan-2-
yl}carboxamido-7a-methoxy-3-( |-methyltetrazol-5-

H

CH;
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yDthiomethyl-A3-cephem-4-carboxylic acid wusing a
mixture of chloroform, methanol, and formic acid of
50:7:1 by volume ratio as the eluant.

Nuclear magnetic resonance spectra (Dg-DMSQ)

o(p.p.m.}: about 3,41 (3H, CH;3;0—),

~
3.93 (3H, CH3ND ),

5
5.15 (IH) N~
5.24 (1H) } H of Cg and =< ..--*"CH ),
S
H
/’
7.39 {1H, I )
~
N
H
F
7.67 (1H, I ),
—
N
/"
8.44 (2H, l )
-—
H N H
Reference example 20
(CH3)COOC
N SN
l.'L'=C.,~_h~ fCHCDOH
— S
o
N

By treating tert-butyl 3-pyridylacetate as in Refer-
ence example 15, 4-[(tert-butoxycarbonyl)(3-pyridyl)-
methylene]-1,3-dithietane-2-carboxylic acid was ob-
iained.

Nuclear magnetic resonance spectra (Dg-DMSO)

6(p.p.m.): 1.42 (9H, (CH3);CO0QC—),
522 (1H, =¢7 > H—
22 (1H, _CMSMC ),
H
H H
7.40 (tH) =
7.66 {(1H)
8.45 (2H) =
H N H
EXAMPLE 23
I
H:C—C OCH:

COOH

(a) In 55 ml. of anhydrous tetrahydrofuran were dis-
solved 0.22 g. of 4-[(acetyl)(carbamoyl)methylene]-1,3-
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dithietane-2-carboxylic acid, 0.496 g. of 78-amino-7a-
methoxy-3-(1-methyltetrazol-5-yl)thiomethyl-A3-ceph-
em-4-carboxylic acid benzhydryl ester, and 0.194 g. of
N,N'-dicyclohexylcarbodiimide. The solution was
stirred for 2 hours at room temperature. Insoluble mate-
rials were filtered off and the filtrate was concentrated
under reduced pressure. The residue formed was sub-
Jected to asilica gel column chromatography to provide
0.35 g. of 78-{4[(acetyl)(carbamoyl)methylene]-1,3-
dithietan-2-yl }carboxamido-7a-methoxy-3-(1-
methyletetrazol-5-yl)thiomethyl-A3-cephem-4-carboxy-
lic acid benzhydryl ester using first a mixture of chloro-
form and ethyl acetate of 1:1 by volume ratio and then
a mixture of chloroform and ethyl acetate of 1:3 by
volume ratio as the eluant.

(b) In a mixture of 8 ml. of trifluoroacetic acid and 2
ml. of anisole was dissolved 0.35 g. of the product ob-
tained in the above step (a) at —20° C. followed by
stirring for 30 minutes at 0° C. The reaction mixture
obtained was concentrated and the residue was mixed
with ether followed by stirring for 30 minutes. Then,
the precipitates formed were recovered by filtration
and washed with ether to provide 0.09 g. of 78-{[4-
(acetyl)(carbamoyl)methylene]-1,3-dithietan-2-
yl}carbxamido-?a-methoxy-3-(l-methyltetrazol-.ﬁ-
yDthiomethyl-A}-cephem-4-caboxylic acid.

Nuclear magnetic resonance spectra (Ds-DMSO)

I
8(p.p.m.): 2.32 3H, H;C—C—),

3.42 (3H, CH30— of C9),

N

N
I
N),

3.93 (3H, N
|
CH»

4.30 RH, —CH3,8— of C3),

S“‘-v-.
} (H of Cg and =< ' “CH—).
Sw"""

Reference example 21:

5.17 (1H)
5.26 (1H)

H3COC S
";c:c:i :;CHCODH
H,NOC S

(a) In 50 ml. of tert-butanol was dissolved B 5.76 g. of
potassium tert-butylate and 50 ml. of anhydrous tetra-
hydrofuran was added to the solution. Then, after dis-
solving therein 2.6 g. of acetoacetamide, a solution pre-
pared by dissolving 1.96 g. of carbon disulfide in 5 ml. of
anhydrous tetrahydrofuran was added dropwise to the
solution under ice-cooling. To the reaction mixture
obtained was added 100 ml. of anhydrous tetrahydrofu-

S S
:C=c‘: :CHCONH N N
HyNOC S /"\ {
- N N
0~ = CH>S N7
|

CH;
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ran followed by stirring for 1.5 hours at room tempera-
ture. Then a suspension prepared by reacting 8 g. of
diiodoacetic acid and 1.23 g. of sodium hydride (50% 1n
oil) in 100 ml. of anhydrous tetrahydrofuran under ice-
cooling was added to the mixture followed by stirring
for 2.5 hours at room temperature.

The reaction mixture obtained was concentrated and
the residue was mixed with 30 mi. of 1 normal hydro-
chloric acid and extracted with 100 ml. of ethyl acetate.
The extract was washed with 50 ml of an agueous
sodium chloride solution and the organic layer formed
was extracted with 100 ml. of a saturated aqueous §0-
dium hydrogencarbonate solution. The extract was
adjusted to pH 2-3 with concentrated hydrochloric
acid and then extracted with 100 ml of ethyl acetate.
The extract was washed with 50 ml. of an aqueous
sodium chloride solution, dried over anhydrous magne-
sium sulfate, and concentrated.

The residue formed was dissolved in 30 ml. of methy-
lene chloride and after adding thereto 5 g. of diphenyl-
diazomethane under ice-cooling, the mixture was
stirred for 2 hours at room temperature. The reaction
mixture was concentrated and the residue formed was
subjected to a silica gel column chromatography to
provide 0.6 g. of 4-[(acetyl){carbamoyl)-methylene]-1,3-
dithietane-2-carboxylic acid benzhydryl ester using first
chloroform and then a mixture of chloroform and meth-
anol of 10:2 by volume ratio as the eluant.

Nuclear magnetic resonance specira (CDCl3)

“——

5(p.p.m.): 2.32 (3H, H,COC—),

S""--..
4.99 (1H, =< CH—),
Sf"

6.97 (1H, —COOCH(CgHs)2),

7.2-7.4 (10H, —COOCH(CgHs)2).

(b) In a mixture of 8 ml. of trifluoroacetic acid and 2
1. of anisole was dissolved 0.6 g. of the product ob-
tained in the step (a) at —20° C. and the temperatuie of
the reaction mixture was raised to 10° C. over a period
of 20 minutes. Then, the reaction mixture was concen-
trated and 10 ml. of a mixture of ether and petroleum
ether of 1:1 by volume ratio was added to the residue to
form precipitates, which were recovered by filtration to
provide 0.2 g. of 4-[(acetyl)(carbamoyl)methylene]-1,3-
dithietane-2-carboxylic acid.

Nuclear magnetic resonance spectra (De-DMSO)

8p.p.m.): 2.31 3H, H3COC—),
S
W
5_2n(1H,=< CH—).

EXAMPLE 24

CIHS\__ OCH;j

COOH

(a) In 15 ml. of tetrahydrofuran was dissolved 610
mg. of 4-(1-tert-butoxycarbonylpropylidene)- 1,3-dithie-
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rane-2-carboxylic acid after adding thereto 1.05 g. of
783-amino-7a-metho xy-3-(1-meth yltetrazol-5-yl)thi-
omethyl-A3-cephem-4-carboxylic acid benzhydryl ester
and 0.5 g. of N,N’-dicyclohexylcarbodiimide, the mix-
ture was stirred for 2 hours at room temperature to
cause reaction. After the reaction was over, the N,N'-
dicyclohexyl urea product was filtered off and the sol-
vent was distilled off from the filtrate under reduced
pressure to form a caramel-like residue. The residue
thus formed was dissolved in 50 ml. of ethyl acetate and
the solution was washed with 30 ml. of | normal hydro-
~hloric acid and then water and dried over anhydrous
magnesium sulfate. The solvent was distilled off under
reduced pressure to provide 450 mg. of a brown caram-
el-like residue. The residue was applied to a silica gel
column chromatography using 30 g. of silica gel, and
the product was eluted using first benzene, a mixture of
benzene and ethyl acetate of 95:5 by volume ratio, and
then a mixture of benzene and ethyl acetate of 90:10 by
volume ratio as the eluant, and the fractions containing
the product were collected to provide about 10 mg. of
78-{4-(1 -tert-butoxycarboxypropylidene)-1, 3-dithietan-
2-yl}-carboxamido-7a-methoxy- 3-(1-methyltetrazol-5-
yl)thiomethyl-ﬁ3-cephem-4-carboxylic acid benzhydryl
esler.

Nuclear magnetic resonance spectra (CDCl3)

S(p.p.m.): 1.62 3H, CHa. 1),

2.08 (9H, (CH3)3C—),
2.66 (2ZH, —CHy—, q).

4.22 (3H, —OCH3, s),

e,
444 (3H, _N—CHa, s),

S
~
5 40 and 5.47 (H of Cg and =< MCH—)'
S

7.54 (1H, —CH(Ce¢Hs)2)
7.8-8.2 (10H, —CH(CgH5s)2),

.30 (1H, —=NH—CO—).

(b) In 1.1 ml. of anisole was dissolved 200 mg. of the
caramel-like product obtained in the above step and the
solution was cooled to about 5° C. in an ice-water bath.
To the solution was added dropwise 3.3 ml. of trifluoro-
acetic acid at a temperature below 10° C. and thereafter
the mixture was stirred for one hour at 5°-10° C. to
cause reaction. Then, anisole and excessive trifluoroace-
tic acid were distilled off under reduced pressure at a
temperature below room temperature and the residue
was mixed with 10 ml. of water and extracted with a
mixture of n-butanol and ethyl acetate of 1:1 by volume
ratio. The organic layer was collected, washed with a
saturated aqueous sodium chloride solution, dried over

S S
_’,c=c:: :CHCONH N N
HOOC S )I\ H
P N N
O - e CH3S N -~
|
CH;
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anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. The residue was
triturated with 10 ml. of ether to provide 54 mg. of
78-[4-(1-carboxypropylidene)-1,3-dithietan-2-yl]car-
boxamido-7a-methoxy-3-(1-methyltetrazol-5-yl)thi-
omethyl-A3-cephem-4-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSQO)

5(p.p.m.y; 0.96 (3H, —CHa, 1),
2.00 (2H, —CHy—, q),
3.41 (3H, —O—CHij, ),
M.
3.92 3H, _N—CHy, s},

S
.
3.10 and 3.16 (H of Cy and ='< JCH—-]?
5

960 {IH, —NHCO—).
Reference example 22:

CH;CHj; S
:c=ci :CHCOOH
(CH;3)7COOC S

A mixture of 120 ml. of dimethoxyethane and 30 ml.
of tetrahydrofuran was cooled to —74° C. in a dry

5
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with the addition of 50 ml. of cold ether and 40 ml. of |
normal hydrochloric acid. The ether layer obtained was
extracted twice each time with 20 mil. of a saturated
aqueous sodium hydrogencarbonate solution. The aque-
ous extracts were combined and adjusted to pH 1 with
I normal hydrochloric acid, extracted twice with 30 ml.
and 20 ml. of ether, successively. The extracts were
combined and washed with water, dried over anhy-
drous magnesium sulfate, and then ether was distilled
off to provide 1.08 g. of an oily product. The oily prod-
uct was applied to a silica gel column chromatography
and the fractions containing the product were collected
using a mixture of chloroform and methanol of 10:1 by
volume ratio to provide 630 mg. of the brown oily
4-(1-carboxypropylidene)-1,3-dithietane-2-carboxylic
acid.
Nuclear magnetic resonance spectra (CDCl3)

8(p.p.m.): 1.24 (3H, —CH3, 1),

1.47 (9H, {CH3);C—, s),

2.01 2H, —CH;—, q).

S"\.
4,87 (1H, =< CH—, s).
S.-"

EXAMPLE 25

]-IO(:I'CC}-IQ,M~

ice-acetone bath and then 4.0 ml. of N-isopropylcy-
clohexylamine and then 13.72 ml. of a 15% n-butyl
lithium n-hexane solution were added to the mixture,
whereby the temperature was raised from —73° C. to
— 62" C. After adding 3.17 g. of tert-butyl butylate and
causing reaction for 30 minutes at —74° C. to —75° C,,
0.664 ml. of carbon disulfide was added dropwise to the

CHi
..-*"'C=C"'-.. fCHCDNH N N
HOOC S I I
o N Cst—L N
e = N
|

40

mixture over a period of 10 minutes followed by reac- 45

tion for 20 minutes at the temperature. Then, 6.86 ml. of
a 15% n-butyl lithium n-hexane solution was added
dropwise to the reaction mixture at a temperature
below —72° C. over a period of 10 minutes and then
they were caused to react for 30 minutes. Then, 0.332
ml. of carbon disulfide was added to the reaction mix-
ture over a period of 10 minutes and the reaction was
performed for 20 minutes. Furthermore, 3.43 ml. of a
15% n-butyl lithium n-hexane solution was added drop-
wise to the reaction mixture at a temperature below
—72° C. over a period of 13 minutes and then the reac-
tion was further performed for 20 minutes at —74° C. to
—73° C. Moreover, 0.166 ml. of carbon disulfide was
added to the reaction mixture at about —74° C. over a
period of 6 minutes and the reaction was performed for
about 25 minutes. Thereafter, sodium diiodoacetate
prepared by reacting 0.84 g. of 50% sodium hydride and
5.46 g. of diiodoacetic acid in 25 ml. of dimethoxyeth-
ane was added to the reaction mixture followed by
reaction for 30 minutes at 0°-5° C. and then the reaction
was further continued overnight at room temperature.
The solvent was distilled off under reduced pressure
from the reaction mixture and the residue was extracted

50

35

60
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COOH CH;

(a) In 10 ml. of tetrahydrofuran was dissolved 350
mg. of 4-[1,2-bis(tert-butoxycarbonyl)ethylidene]-1,3-
dithietane-2-carboxylic acid. After adding thereto 0.5 g.
of 7g-amino-7Ta-methoxy-3-(1-methyltetrazol-5-yl)thi-
omethyl-A3-cephem-4-carboxylic acid benzhydryl ester
and 219 mg. of N,N'-dicyclohexylcarbodiimide, they
were made to react for 2 hours at room temperature.
After filtering off the N,N’-dicyclohexylurea thus de-
posited, the solvent was distilled off from the filtrate,
the residue was applied to a silica gel column chroma-
tography and the fractions containing the product were
collected using first benzene and then a mixture of ben-
zene and ethyl acetate of 9:1 by volume ratio as the
eluant to provide 120 mg. of 78-{4-[1,2-bis(tert-butox-
ycarbonyl)-ethylidene)-1,3-dithietan-2-y1}carbox-
amido-7a-methoxy-3-(1-methyltetrazol-5-yl)thiometh-
yl-A3-cephem-4-carboxylic acid benzhydryl ester.

Nuclear magnetic resonance spectra (CDCl3)

5(p.p.m.): 1.42-1.48 (18H, (CH3);C—),

2.58 (2H, —CH~-},

3.59 (3H, —OCH3),
3.80 3H, _N—CH3),

4.36 (2H, —CH;— of C;, q),
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-continued
5
S,
4.87 and 5.09 (H of Cg and =< /CH—'),
5

6.92 (1H, —CH(CcH5)2),

7.2-7.6 (10H, —CH(CgsH35)2).

(b) In 1 ml. of anisole was dissolved 115 mg. of the
product obtained in the above step (a). After cooling the
solution to a temperature below 10° C. in an ice-water
bath, 3 ml. of trifluoroacetic acid was added dropwise
to the solution at a temperature below 10° C. After
stirring the mixture for one hour at 5°~10° C., excess
trifluroacetic acid and anisole were distilled off from the
reaction mixture under reduced pressure at room tem-
perature and the residue formed was triturated with 35
ml. of ether to provide 73.7 mg. of 78-[4-(1,2-dicarbox-
yethylidene)-1,3 -dithietan-2-yl]carboxamido-7a-
methoxy-3-(1-methyltetrazol- 5-y])thiomethyl-A°-ceph-
em-4-carboxylic acid.

Nuclear magnetic resonance specira (Ds-DMSO)

5(p.p.m): 3.94 3H, _N-CH))

4.30 (2H, —CH;~— of Cy),

S
~
5.16 and 5.20 (H of Cs, =< f_CH"")‘
S

HOOCCH;M

_C= overlapped the DMSO peak,

—OCH1 overlapped the peak of water,

Reference example 2J:

{CH1)3;COOC HC_C#,S\CH o
(CH3);COOCH,C~ 87

To a mixture of 80 ml. of diethylene glycol dimethyl
ether and 20 ml. of tetrahydrofuran was added 1.54 ml.
of diisopropylamine. The mixture was cooled to —74°
C. with dry ice-acetone bath. Then, 6.86 ml. of a 15%
n-butyl lithium n-hexane solution was added to the
mixture followed by reaction for 10 minutes at —72° C.
to —74° C. Furthermore, 2.3 g. of tert-butyl succinate
was added to the reaction mixture and the reaction was
further carried out for 30 minutes at —74° C. Then,
0.332 ml. of carbon disulfide was added dropwise to the
reaction mixture over a period of about 15 minutes and

then the reaction was continued for 15 minutes at —74°
C. Also, 3.43 ml. of a 15% n-butyl lithium n-hexane
solution was added dropwise to the reaction mixture at
a temperature below —71° C. over a period of 20 min-
utes and the reaction was carried out for 20 minutes at
the same temperature. Thereafter, 0.166 ml. of carbon
disulfide was added dropwise to the reaction mixture
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over a period of 13 minutes at a temperature below
_77° C. and the reaction was carried out for 17 minutes

at the temperature. Moreover, 1.715 ml. of a 15% n-
butyl lithium n-hexane solution was added dropwise to
the reaction mixture over a period of 10 minutes at a
temperature below —71° C. Finally, 0.083 ml. of carbon
disulfide was added dropwise to the reaction mixture

over a period of 10 minutes and then the reaction was

further carried out for 20 minutes at ~72° C. to —74°

C.
Separately, a suspension of sodium duodoacetate

prepared beforehand from 432 mg. of 50% sodium hy-

dride and 2.8 g. of diiodoacetic acid in 20 ml. of diethyl-
ene glycol dimethyl ether dropwise to the reaction

mixture obtained in the aforesaid reaction, whereby the

temperature in the system raised from —74° C.to —64°

C. Then, the temperature was allowed to raise and after

carrying out the reaction for one hour at 0°-5° C., the

mixture was stirred overnight at room temperature to
cause a further reaction. Thereafter, the solvent was

distilled off at room temperature under reduced pres-

sure to provide a brown residue. The residue was mixed
with 50 ml. of ether and 20 ml. of a cold 10% sulfuric
acid and extracted with ether. The ether layer formed
was extracted twice each time with 50 ml. of a saturated
sodium hydrogencarbonate solution. The aqueous layer
obtained was mixed with 50 ml. of 10% sulfuric acid
and extracted with 50 ml. and 30 ml. of ether, succes-
sively. The ether extracts were combined and washed
twice each time with 30 ml. of a saturated aqueous
sodium chloride solution, dried over anhydrous magne-
sium sulfate, and ether was distilled off to provide 1.83
g. of an oily product. The oily product was applied to a
silica gel column chromatography using 70 g. of silica
gel, eluted using first chloroform and then a mixture of
chloroform and methanol of 50:1 by volume ratio, and
the fractions containing the product were collected to
provide 700 mg. of 4-[1,2-bis(tert-butoxycarbonyl)j-1,3-
dithietane-2-carboxylic acid.
Nuclear magnetic resonance spectra (CDCl3)

S(p.p.m.): 1.22 (18H, 2 X (CH3)3C—),
2.58 (ZH, —CHZ_)!

S

491 (1H, _CH—).
S
Mass spectra:
m/e: 362 M+
EXAMPLE 26

HOOC

S CHi: ¢
N
_Cc=C__ _ CHCONH N N
CH3NHOCC S l |
- N CH;S—L N
0~ F N~
|

COOH CHs

(a) To a solution prepared by dissolving 500 mg. of
7ﬁ-amin0~7a-methoxy-3-(1-methyltetrazol-S-yl)thi-

65 omethyl-A3-cephem-4-carboxylic acid benzhydryl ester

in 35 ml. of tetrahydrofuran was added 500 mg. of 4-
[(tert-butoxycarbonyl)-—(N-methylcarbamoyl)me-
thylene]-1,3-dithietane-2-carboxylic acid and about 400



Re. 32,491

51

mg. of N,N'-dicyclohexylcarbodiimide, and the mixture
was stirred for 3.5 hours at room temperature. The
solvent was distilled off from the reaction mixture
under reduced pressure and the residue formed was
subjected to a silica gel column chromatography to 5
provide 300 mg. of 78-{4-[(carboxy)(N-methylcar-
bamoyl)methylene]-1,3-dithietan-2-yl }carboxamido-7a-
methoxy-3-(1-methyltetrazol-5-yl)thiomethyl-A3-
cephem 4-carboxy lic acid benzhydryl ester using a
mixture of chloroform and ethyl acetate of 4:1 by vol- 10
ume ratio as the eluant.

Nuclear magnetic resonance spectra (CDCl3)

S(p.p-m.): 1.52 (91, 1-C4Hg—),

15

2.83 (3H, CH3;NHCO—),

3.60 (SH, CH10— and —CHy~ of Cy),

N=N

/ 20
3.84 (3H, CH;N ),

)=

S 25
4.82 {iH, “stfCH ),
3.08 (1H, H of Cg),
6.93 (1H, —CH(CgHjs)9). 10

(b} In a mixture of 10 ml. of trifluoroacetic acid and ?
ml. of anisole was dissolved 300 mg. of the product
obtamed in the above step (a) under ice-cooling. The
solution was stirred for about one hour at 15° C. The
solvent was distilled off from the reaction mixture
under reduced pressure and the residue was mixed with
ether followed by stirring. The precipitates thus formed
were recovered by filtration and washed with ether to
provide 170 mg. of 78-{4-[(carboxy)}(N-methylcar-

35

= , 40 the eluant and then fractions containing the product
bamoyl)methylene]-1,3-dlthletan-2-y.l}carboxa!rgldoﬂa—- were collected and the solvent was distilled off under
methoxy-3-(1-methyltetrazol-S—yl)thmmethy]-& -ceph- reduced pressure to provide 600 mg. of oily 4-[(tert-
em-4-carboxylic acid. butoxycarbonyl)}(methylcarbamoyl)-methylene]-1,3-
Nuclear magnetic resonance spectra (Dg-DMSQO) dithietane-2-carboxylic acid.
45 Nuclear magnetic resonance spectra (CDCI3)
(p.pm): 2.68 (3H, CHiNHCO—),
3.42 (3H, CH30—) (p.p.m.):  1.52 (9H, (CH3);C—),
N= N 2.84 (3H, CH3NH—),
/ S0 S
3.94 (3H, CH;—N ) +83 (1H =< ~cl—)
. . _ .
. |
about 5.12 2H, H of Cg¢ and “-=C:_ ::CH——)* EXAMPLE 27
S
CHj3
HOOC S S
~c=c7 CHCONH N N
-~ e
HyNOC S | |
O’ﬁ N = Cst—J\ N"’N
COOH éH3

63

Reference example 24

52

-continued
CH;NHDC\ S

N
C—LR

b ::Cl-{C(JOJ-I
(CH1)3:COOC S

To 3 ml. of 159 potassinm tert-butylate tert-butanol
solution were added 540 mg. of tert-butyl N-methyl-
malonamate and 12 mi. of anhydrous tetrahydrofuran
with stirring at room temperature. After stirring the
mixture for 5 minutes, 0.0935 ml. of carbon disulfide
was added dropwise to the mixture followed by stirring
for 10 minutes. Then, 1.5 ml. of 15% potassium tert-
butylate tert-butanol solution was added to the mixture
followed by stirring for 10 minutes, 0.046 ml. of carbon
disulfide was added dropwise to the mixture followed
by stirring for 10 minutes and the same procedure was
further repeated using 0.8 ml. of 15% potassium tert-
butylate tert-butanol solution and 0.023 ml. of carbon
disulfide. Then, a suspension of sodium duodoacetate
which was separately prepared by dissolving 0.98 g. of
diiodoacetic acid in 7 ml. of anhydrous tetrahydrofuran
and adding 115 mg. of 50% sodium hydride to the solu-
tion with stirring under cooling, was added to the above
reaction mixture followed by stirring for 1 hour at room
temperature to complete the reaction.

After the solvent was distilled off under reduced
pressure, 150 ml. of ether and 50 ml. of 0.2 normal hy-
drochloric acid which was cooled at 0° C. were added
and the product was extracted with ether, then washed
twice each time with 50 ml. of water. Then, ether layer
was extracted with 50 ml. of 2% sodium hydrogencar-
bonate, and the aqueous layer was neutralized to about
pH 7.5 with 1 normal hydrochloric acid and extracted
with 100 ml. of ether. To the aqueous layer was further
added 0.5 ml. of 1 normal hydrochloric acid, and ex-
tracted with 100 ml. of ether. This procedure wWas re-
peated. Each ether extract was subjected to a silica gel
thin layer chromatography using a mixture of acetoni-
trile, ethylacetate and water of 3:1:1 by volume ratio as

In 8 ml. of an aqueous 5% sodium hydrogencarbon-
ate solution was dissolved 200 mg. of 783-(4-carboxy-3-
hydroxyisothiazol-5-yl)thioacetamido-7a-methox-
ycephalosporanic acid. The solution was stirred for 2
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hours at room temperature. After the reaction was over, under reduced pressure. The residue was mixed with 40
the reaction mixture obtained was adjusted to pH 1 with ml. of water, adjusted to pH 3 with 2 normal hydrochlo-
2 normal hydrochloric acid and then extracted twice ric acid, and washed with ethyl acetate. The agueous

each time with a mixture of n-butanol and ethyl acetate layer was further adjusted to pH 1 with 2 normal hydro-
of 1:1 by volume ratio. The organic layer was washed 5 chloric acid and then extracted twice each time with a

with a saturated aqueous sodium chioride solution, mixture of n-butanol and ethyl acetate of 1:1 by volume

dried over anhydrous magnesium sulfate, and the sol- ratio. The organic layer was washed with a saturated

vent was distilled off to provide 180 mg (90% yield) of aqueous sodium chloride solution, dried over anhy-

white-powdery 783-{4-[(carbamoyl)-(carboxy)me- drous magnesium sulfate, and the solveni was distilled

thylene]-1,3-dithietan-2-yl}carboxamido-7a-methoxy- 10 off to provide a powdery crude product. The product

A3-cephalosporanic acid. was dissolved in a small amount of methanol and the

Nuclear magnetic resonance spectra (Dg-DMSO) solution was allowed to cool with ice to form crystals.

The crystals were recovered by filtration to provide 4.8

H g. (64.2% yield) of the purified white crystals of 75-(4-

(ppm): 520 (IH, _l/s’ 9 15 carboxy-3-hydroxyisotl}iam}—S-yl)thioacetamido—?a-

methoxycephalosporanic acid.

—N-— Nuclear magnetic resonance spectra (De-DMSO)

s\
5.12 (1H, =< CH—, s), H
S 8(p.p.m.): 5.20 (lH,—!/ 8),

_s_ _H —N—
48208, 7 K9 s__m
4.84 (2H, j<H q),
25 Z
348 2H, © ~CH;0— q), "
3.44 (3H, OCH;, s), 4.02 (‘2H,ASCH3CD—,5),
2.04 (3H, —OCQOCH3, s). 10
(b) In 6 ml. of water were added 300 mg. of 78-[4- 3.52 2H, CH07.q),
(carbamoyl)(carboxy)methylene-1,3-dithietan-2-yl]car- OCH
. . . 3
boxamido-7a-methoxy cephalosporanic acid, 67.2 mg. 344 OH )
of S-mercapto-1-methyltetrazole and 146 mg. of sodium 35 ' S I Bt
hydrogencarbonate followed by stirring for 16 hours at
60°-62° C. The reaction mixture was adjusted to pH 1 (b) By following the same procedure as in Example
with 2 normal hydrochloric acid under ice-cooling, and 27(b) using 78-(4-carboxy-3-hydroxyisothiazol-5-yl)thi-
the precipitates formed were recovered by filtration, oacetoamido-Ta-methoxy-cephalosporanic acid and

and dried over phosphorus pentoxide under reduced 44 S-mercapto-1-methyltetrazole, 783-(4carboxy-3-hydrox-
pressure to provide 75 mg. of light yellow powdery yisothiazol-5-yl)thioacetamido-7a-methoxy-3-(1-
78-[4-(carbamoyl)(carboxy)methylene-1,3-dithietan-2- methyltetrazol-5-yDthiomethyl-A3-cephem-4-carboxy-
yl]lcarboxamido-7a-methoxy-3-(1-methyltetrazol-5- lic acid was obtained.
yl)thiomethyl-A3-cephem-4-carboxylic acid.

HO COOH

N II OCH; S
~ g scnzCONH—L—( N N
| |
o N CHzS—-I\ N
0""’ / N -~
|

COQOH CH:
(a) In 60 ml. of methanol was dissolved 6.1 g. of 73- EXAMPLE 29
OCH;
HOOC S S
~c=c_ ~CHCONH N N
H;NOC S l I
O«-;..'F-'-' N =z CHZS—k A /L—CH3
COOH

bromoacetamido-Ta-methoxy-cephalosporanic acid.

Then 15 ml. of an ice cooled aqueous solution of 4.3
g. of trisodium salt (trihydrate) of 4-carboxy-3-hydroxy- 65 A mixture of 300 mg. of 7B-(4-carboxy-3-hydroxyiso-
5-mercaptoisothiazole was added dropwise to the solu- thiazol-5-yDthioacetamido-7a-methoxycephalospo-
tion at 0°-5° C. After stirring the mixture for 30 minutes ranic acid, 76.5 mg. of 2-mercapto-5-methyl-1,3,4-
at the same temperature, methanol was distilled off thiadiazole, 146 mg. of sodium hydrogencarbonate, and
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6 ml. of water was stirred for 12 hours at 58°-60° C. The
reaction mixture was cooled, adjusted to pH 1 with 2
normal hydrochloric acid under ice-cooling, and the
precipitates formed were recovered by filtration, and
dried over phosphorus pentoxide under reduced pres-
sure to provide 95 mg. (27.8% yield) of light yellow
powdery 78-{4-[(carbamoyl}carboxy)methylene}-1,3-
dithietan-2-yl}-carboxamido-7a-methoxy-3-(5-methyl-

1,3,4-thiadiazol-2-yl)thiomethyl-A3-cephem-4-carboxy-
lic acid.

Nuclear magnetic resonance spectra (Dg-DMSO)

H
S
5(p.p.m.): 5.16 (1H, ——I/ ,5),
—N
S"‘"-.
5.12 (1H, =-< CH—,s),
Sf""

S

43aH, | Ta)
e

-

3.40 (3H, OCH,s),
—N
- 2.60 (BH,/“\ S
S CH

EXAMPLE 30

HOOC __ OCH;

HZNOC

COQOH

In a2 mixture of 40 ml. of methanol and 300 ml. of a
5% aqueous sodium hydrogencarbonate solution was
‘dissolved 6.0 g. of 78-(4-carboxy-3-hydroxyisothiazol-
5-yDthioacetamido-7a-methoxy-3-(1-methyltetrazol-5-
yl)thiomethyl-A3-cephem-4-carboxylic acid. The solu-
tion was stirred for 5 hours at room temperature. The
solution was washed with 300 ml. of ethy! acetate, acidi-
fied with diluted hydrochloric acid, and extracted twice
each time with 200 ml. of a mixture of n-butanol and
ethyl acetate of 1:1 by volume ratio and once with 100
ml. of the same mixture. The organic layers were com-
bined with each time other, washed twice each with 50
ml. of a saturated aqueous sodium chloride solution,
dried over anhydrous magnesium sulfate, and then the
solvent was distilled off under reduced pressure. To the
residue was added 50 ml of ether and precipitates
formed were recovered by filtration, washed with ether
and dried to provide crude product. The crude product

10

15
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was purified by a silica gel column chromatography
using a mixture of chloroform, methanol, and formic
acid of 100:20:1.5 by volume ratio as the eluent.

The fractions containing the product were collected
and the solvent was distilled off under reduced pressure
to provide 3.5 g. of 78-{4-[(carbamoyl)(carboxy)me-
thylene]-1,3-dithietan-2-yl }carboxamido-7a-methoxy-
3-(1-methyltetrazol-5-yl)thiomethyl-A}-cephem-4-car-
boxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSO)

5(p.p.m.): 3.40 (3H, CH30— of C3),

3.61 (ZH, —CH;— of (3),

N

N

3.92 (3}‘[,)[\
)

CH;

S

430 2H, ] CH,—
S""'h.

H of Cg and =< CH—
S.--""

6.00 (1H, —COOH),

5.11 (1H)
5.14 (1H)

7.50 (2H, —CONH>),

9.60 (1H, -—-CONHT‘/}.
— N

c-c CHCONH-‘:—‘/
N oz CH;S—k
CH}

45

50 .

33

EXAMPLE 31

A mixture of 300 mg. of 78-(4-carboxy- 3-hydrmso-
thiazol-3- yl)thmacetamldﬂ Ta- methoxycephalos;:»o-
ranic acid, 67.2 mg. of 5-mercapto-1-methyltetrazole,
146 mg. of sodium hydrogen-carbonate, and 6 ml. of
water was stirred for 12 hours at 58°-60° C. The reac-
tion mixture was cooled, adjusted to pH 1 with 2 normal
hydrochloric acid in under ice-cooling, and the precipi-
tates formed were recovered by filtration, and dried
over phosphorus pentoxide under reduced pressure to
provide  7B-{4[(carbamoyl)(carboxy)methylene]-1,3-
dithietan-2-yl }carboxamido-Ta-methoxy-3- (l—methyl-
‘tetrazol-5-yl)thiomethyl-A3-cephem-4-carboxylic acid.

EXAMPLE 32
HOOC_  _S OCH3 o

o,

C=C CHCONH N - N
- ~

NC S - l ]!L

. N CH;S—-L
D'f 7 N.—f"
COOH |
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(a) In a mixture of 50 ml. of chloroform and 10 ml. of
acetone was suspended 1.0 g. of 78-{4-[(carbamoyl)-
(carboxy)-methylene]-1 3-dithietan-2-yl}carboxamido-
7a—methoxy-3-(l-methyltetrazol-S-yl)thiomethyl-ﬁ3-
cephem-4-carboxylic acid.

A solution the prepared by dissolving about 700 mg.
of diphenyldiazomethane in 5 ml. of chloroform and the
solution was added dropwise to the suspension. The
mixture was stirred for 30 minutes at room temperature
and then the solvent was distilled off from the reaction
mixture. The residue was subjected to a silica gel col-
umn chromatography using a mixture of chloroform
and ethyl acetate of 2:1 by volume ratio as the eluant to
isolate and purify the product. Thus, the fractions con-
taining the product were collected and the solvent was
distilled off under reduced pressure to provide 0.8 g. of
78-{4-[(benzhydryloxycarbonyl)(carbamoyl)me-
thylene]-1 ,3-dithietan-?.—yl}carboxamido-?a—methoxy-
3-(1 -methyltetrazol-S-yl)thiomethyl-ﬁ.3--cephem-4-car-—
boxvlic acid benzhydryl ester.

Nuclear magnetic resonance spectra (CDCl3)

&(p.p.m.) 3.52 (5H, H of Cz and CH3;0— of Cy),
N N
C
3.76 (3H, N),
qu/"
CH;

4.35 (2H, —-CH;—S— of C3),

S"‘--..
4.86 (1H, =< CH—),
S.--"

5.00 and 5.03 (1H, H of Cy),

6.90 (1H)

7.00 (1H) } - CH(CgHs)2),

7.30 (10H, —CH{CeH5s)2)

(b) In 10 ml. of chloroform was dissolved 1.0 g. of
78-{4-[(benzhydryloxycarbonyl)carbamoyl)me-
thylene)-1,3-dithietan-2-yl }carboxamido-7a-methoxy:-
3-(1-methyltetrazol-5-yl)thiomethyl-A3-cephem-4-car-
boxylic acid benzhydryl ester. While stirring the soiu-
tion under ice-cooling, 0.3 ml. of pyridine and 0.45 g. of
phosphorus pentachloride were added to the solution
followed by stirring further for one hour at room tem-
perature. The reaction mixture was then ice-cooled and
3 ml. of water was added to the mixture. The organic
layer formed was separated from an aqueous layer,
washed with 2 ml. of water, dried over anhydrous mag-
nesium sulfate, and then the solvent was distilled off

under reduced pressure to provide 0.5 g. of 78-{4- 00

[(benzhydryloxycarbonyl)(cyano)methylene)— 1,3-
dithietan-2-y1}-carboxamido-7a-methoxy-3-(1-methyl-
tetrazol-5-y1)thiomethyl-A3-cephem-4-carboxylic  acid
benzhydryl ester.

Nuclear magnetic resonance spectra (CDCl3)

S(p.p.mr.): 35 {5H, H of Cy and CHAQ— of C1).
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-continued
N N
| "
3.80 (3H, th),
|
CHzy

4.32 (2H, —CH—5— of (3),

5

~
5.02 (2H, H of C¢ and =l<

CH-—=),
e

6.85 (ZH, —CH(CgH5s)2).

7.30 (10H, —CH(CgHs)2).

(c) In 2 ml. of methylene chloride was dissolved 0.5g.
of 78-{4-[(benzhydryloxycarbonyl)}{cyano)methylene}-
1,3-dithietan-2-y1}-carboxamido-7a-methoxy-3-(1-
methyltetrazol-5-yl)thiomethyl-A3-cephem-4-carboxy-
lic acid benzhydry! ester. After adding thereto 5 ml. of
a mixture of trifluoroacetic acid and anisole in a 4:1 by
volume ratio at — 10° C., the mixture was stirred for 30
minutes at the same temperature. Then, the solvent was
distilled off under reduced pressure at a low tempera-
ture from the reaction mixture. The residue was tritu-
rated with ether and was recovered by filtration and
dried to provide 0.2 g. of powdery 78-{4-[(carboxy)(-
cyano)methylene]-1, 3-dithietan-2-yl}-carboxamido-7a-
methoxy-3-(l-methyltetrazol-S-yl)thiomethyl-—ﬁ-"--ceph-
em-4-carboxylic acid.

Nuclear magnetic resonance spectra (Ds-DMSO)

5(p.p.m.): 3.44 (3JH, CH30— of C).
3.62 Q2H. H of ).
430 2H. —CH—5—).

5.16 (1H. H of Cy).

S""\
552 (1H. =< CH—).
S.-ﬁ"'"

By the same procedure as in Example 1. the following
compounds were obtained.

EXAMPLE 33

7B—(4-cyan0-3-hydroxyismhiazol-S-y])thi-—
oacetamido-Ta-methoxy-3-(1-methyltetrazol-5-yDithi-
omethyl-Ai-cephem-4-carboxylic acid.

Nuclear magnetic resonance spectra (De-DMSO)

5(p.p.m.): 3.39 (3H). 3.59 (2H). 3.92 (3H). 4.11 (2H).
4,28 (2ZH), 5.10 (1H).

EXAMPLE 34

7}3—(3-hydmxy-df-phenylisothiazol-S-}'l)thi-
oacetamido-Ta-methoxy-3-(1-methyltetrazol-5-yDthi-
omethyl-A}-cephem-4-carboxylic actd.

Nuclear magnetic resonance spectra (Do-DMSO)

S(p.p.m.): 3.40 (3H), 3.56 2H). 3.87 (2H). 3.92 (3H).
4.27 (2H). 5.05 (1H).

EXAMPLE 33

7,8{3-;1111i:10-4-n:}';,11misothiazol-5-3‘l)thioacet;1mido-
7a-methoxy-3-( l-methyltetrazol-5-yDthiomet hyl-A--
cephem-4-carboxylic acid.

Nuclear magnetic resonance specin (De-DMSO)
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5(p.p.m.): 3.40 (3H), 3.60 (2H), 3.95 (3H), 4.08 (2H),
4.31 (2H), 5.11 (1H).

EXAMPLE 36

73-(4-dimethylcarbamoyl-3-hydroxyisothiazol-5-
yI)thioacetamido-7a-methoxy-3-(1-methyltetrazol-5-
y)thiomethyl-A3-cephem-4-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSO)

o(p.p.m.): 2.88 (6H), 3.38 (3H), 3.56 (2H), 3.90 (5H),
4.26 (2H), 5.04 (1H).

EXAMPLE 37

73-(3-hydroxyisothiazol-4-yhthioacetamido-7a-
methoxy-3-(I-methyltetrazol-5-yhthiomethyl-A3-ceph-
em-4-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSQO)

O(p.p.m.): 3.39 (3H), 3.48 (2H), 3.66 (2ZH), 3.94 (3H),
4,26 2H), 5.11 (1H), 7.59 (1H).

EXAMPLE 38

783-(4-cyano-2-methyl-3-0x0-2,3-dihydroisothiazol-5-
ylthioacetamido-7a-methoxy-3-(1-methyltetrazol-35-
yl)-thiomethyl-A3-cephem-4-carboxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSQO)

6(p.p.m.): 3.40 (3H), 3.64 (2H), 3.92 (8H), 4.30 (ZH),
5.16 (1H).

EXAMPLE 39

78-[4-cyano-2-(2-hydroxyethyl)-3-0x0-2,3-dihy-
droisothiazol-5-yljthioacetamido-7a-methoxy-3-(1-
methyltetrazol-5-yhthiomethyl-A3-cephem-4-carboxy-
lic acid.

Nuclear magnetic resonance spectra (Dg-DMSQ)

(p.p.m.): 3.40 (3H),3.5-3.6 (3H), 3.76 (2H), 3.93 (3H),
4.16 (ZH), 4.32 (2H), 5.14 (1H).

EXAMPLE 40

13 +(4-carbamoyl-3-hydroxyisothiazol-5-yl)thi-
oacefamido-7a-methoxy-3-(1-methyltetrazol-5-yl)thi-
omethyl-A3-cephem-4-carboxylic acid.

Nuclear magnetic resonance specira (Dg-DMSO)

o(p.p.m.): 3.39 (3H), 3.49 (2H), 3.64 (2H), 3.93 (3H),
4.28 (2H), 5.07 (1H)

EXAMPLE 41

78-(3-hydroxy-4-hydroxymethylisothiazol-5-yl)thi-
oacetamido-7Ta-methoxy-3-(1-methyltetrazol-5-yl)thi-
omethyl-A3-cephem-4-carboxylic acid. |

Nuclear magnetic resonance spectra (Dg-DMSQ)

o(p.p.m.): 3.40 (3H), 3.58 (2), 3.83 (2H), 3.92 (3H),
4.12 (ZH), 4.30 (2H), 5.10 {(1H).

EXAMPLE 42

In 7 ml. of methylene chloride was dissolved 300 mg.
of 78-ammo-7a-methoxy-3-(1-methyltetrazol-5-yl)thi-
omethyl-A3-cephem-4-carboxylic acid benzhydryl es-

ter, chilled to —30° C. and 460 mg. of pyridine was

added. Separately, an acid chloride solution was pre-
pared from the suspension of 240 mg. of potassium (4-

cyano-3-methoxyisothiazol-5-yl)thioacetate in 10 ml. of 60

methylene chloride, 170 mg. of oxalyl chloride and a
drop of dimethylformamide. The acid chloride solution
‘was added dropwise to the above solution at —30° C. to
—20° C. and stirred for one hour at the same tempera-
ture. To the reaction mixture was added 30 ml. of chlo-
roform and washed twice each time with 2% hydro-
chloric acid and twice each time with saturated sodium
hydrogencarbonate. The organic layer was then sepa-

45; lower alky! esters of said carboxyl group and carbamoyi,
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rated and dried over anhydrous magnesium sulfate. The
organic layer was condensed under reduced pressure
and the residue obtained was subjected to silica gel
column chromatography with the eluant of a mixture of
chloroform and isopropanol (10:1 by volume ratio).
There was thus obtained 190 mg. of 78-(4-cyano-3-
methoxyisothiazol-5-ylythioacetamido-7-a-methoxy-3-
(1-methyltetrazol-5-yl)thiomethyl-A3-cephem-4-car-
boxylic acid benzhydryl ester.

In 2 ml. of methylene chloride was dissolved the
above product and a mixture of 1.6 ml. of trifluoroacetic
acid and anisole (3:1 by volume ratio) was added drop-
wise at —15° C. to —5° C. and stirred for 40 minutes at
the same temperature. The solvent was distilled off
under reduced pressure, the residue was triturated with
10 ml. of ether, filtered and dried under reduced pres-
sure to provide 120 mg. of a powder of 78-(4-cyano-3-
methoxyisothiazol-5-yl)thioacetamido-7a-methoxy-3-
(I-methyltetrazol-5-yl)thiomethyl-A3.cephem-4-car-
boxylic acid.

Nuclear magnetic resonance spectra (Dg-DMSO)

(p.p-m.): 3.40 (3H), 3.58 (2H), 3.92 (3H), 3.99 (3H),
4.15 (2H), 4.18 (2H), 5.12 (1H).

What is claimed is:

1. A process for the preparation of a 7a-methoxy-78-
(4-substituted methylene-1,3-[dithientane] dithietane-
2-yl) carboxamido-3-heterocyclic thiomethyl-A3-ceph-
em-4-carboxylic acid represented by the formula

REHNOC S OCH; ¢
>=<{ >—CONH
R2 S
~ N CH,S—R?
O — P

COOH

wherein R? represents a hydrogen atom, a lower alkyl
group, a lower alkoxy group, R48(0Q), group wherein
R4 represents a lower alkyl gorup and n represents 0, 1

- or 2, a lower alkanoyl group, a phenyl group, a naph-

thyl group, a benzoyl group, a naphthoyl group, a car-
boxyl group, a derivative thereof selected from the group
consisting of lower alkyl, phenyl lower alkyl and naphthy!

- carbazolyl and cyano groups, a lower alkenyl group a

suifamoyl group, or a pyridyl group, or a thiadiazolyl

~ group, and RJ represents a lower alkyl-substituted te-

50

, trazolyl group or a lower alkyl-substituted thiadiazolyl

- group, and R3 represents a hydrogen atom or an alkyl

group [which may have substituents selected from
N-monoalkyl carbamoyl, N-dialkyl carbamoyl, and

~ alkoxy carbonyl amino]}, which comprises treating the

35

65

7a-methoxy-3-heterocyclic  thiomethylcephalosporin
derivatives represented by the formula

Ox R 2
OCH:; S
AN I
RY S SCH2CONH
7z N _ A 3
O CH->SR-

COOH

wherein R2, R3 and R® have the same significance as
above, with a base.
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2. The method of claim 1, wherein said base is se-
lected from sodium hydrogen carbonate, potassium
hydrogen carbonate, and sodium carbonate.

3. The method of claim 1, wherein Rj represents a car-
boxyl group, a derivative thereof selected from the group
consisting of lower alkyl, phenyl lower alkyl and naphthyl
lower alkyl esters of said carboxyl group and, carbamoyl,
carbazolyl, and cyano groups.
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4. The method of claim 1, wherein R8 represents a hy-
drogen atom, and R? represents a carboxyl group.
5. The method of claim 1, wherein R3 represents a lower

alkyl-substituted tetrazoly! group.
6. The method of claim 1, wherein R?® represents a hy-

drogen atom, R2 represents a carboxyl group, and R> repre-

sents a 1-methyltetrazol-5-yl group.
7 The method of claim 1, wherein R8 represents an alky!

group.

x % % & X
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