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(57) Abstract:

There is described a process for the preparation of carboxy-protected 7[-amino-7o-methoxy-(l-oxa- or

1-thia-)3-(1-substituted-1H-tetrazol-5-yl)thiomethyl-3- cephem-4-carboxylic acid. Said process comprises (a) reacting a carboxy-
protected 7-amino-3-chloromethyl-(l-oxa- or 1-thia-) 3-cephem-4-carboxylate with an alkyl- or aryl-sulfenyl chloride; (b)
reacting the corresponding 7-alkyl- or aryl-thioimino derivative with a 1-(alkyl- o ®-hydroxyalkyl-)1H-tetrazol-5- ylthiol; and (c)
& reacting the corresponding 7-(alkyl- or aryl-)thioimino-3-(l- substituted-1H-tetrazol-5-yl)Momethyl- (1-oxa- or I-thia-)3-cephem

The reaction of the

& obtained carboxy-protected 7f-amino- 7c-methoxy-(1-oxa- or 1 -thia-)3 -(1-substituted- 1H-tetrazol-5 -yl)thiomethyl-3
- cephem-4-carboxylic acid with activated 2-(cyanomethylthio)acetic or 2- (difiuoromethyl thio)acetic acid affords, after

final removal of the protecting ester group, cefmetazole and fiomoxef, respectively.

The 7-(alkyl- or aryl)thioimino-3-

(1-substituted-1H-tetrazol-5-yDthiomethyl-1-dethia-1-oxa-3-cephem intermediates are new compounds.
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PROCESS FOR THE PREPARATION OF (1-OXA- OR 1-THIA-)3-
CEPHEM DERIVATIVES AND RELATED INTERMEDIATES
Rksk
FIELD OF THE INVENTION

The present invention concerns a process for the preparation of (1-oxa- or 1-
thia-) 3-cephem derivatives which are useful intermediates in the preparation of
‘(1-oxa--or 1-thia-)cephalosporins. More particularly, the invention refers to a
process for the preparation of a carboxy protected 7B-amino-7o-methoxy-3-[1-
(alkyl- or o-hydroxy alkyl-)1 H-tetrazol-5-yl]thiomethyl-(1-oxa- or 1-thia-)3-
cephem-4-carboxylic acid and for the conversion of said compound into (1-oxa-
or 1-thia-)cephalosporins of therapeutic interest, in particular of flomoxef of
formula A

F\CH—S—CH CO-NHLCHS
F/ 2 \_l/ N—~N

ll

CH,S |

COOH CHoCH>OH
and of cefmetazole of formula B

NG—CHy—S-CHy-CO-NHa 1 2 s ‘
2 2 N7 N—N
LN Py (B)
of CHoS N~
COOH CH3 ‘ :

In the context of the present description and in order to simplify the
nomenclature, the term “(1-oxa- or 1-thia-)3-cephem” is used, even though
impropérly, instead of the more current expressions “(1-dethia-1-oxa)-3-cephem
or 3-cephem” and “(5-oxa- or 5-thia-)1-azabicyclo[4.2.0]oct-2-ene”, to designate
the nucleus of structure (a)

o X
17 8 2

- %‘ o 3 (a)
4
wherein X represents oxygen or sulfur, with the classical numbering of the

cephalosporin chemistry.
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BACHGROUND OF THE INVENTION

The above compounds flomoxef and cefmetazole are 7B-acylamino-7a.-
methoxy-cephalosporin-type antibiotics used as antibacterial di'ugs.

Flomoxef is an oxacephem, described in US 4,532,233, which is prepared
by a multistep process in which the key intermediate is a carboxy-protected 7B-
amino—7oc-methoxy-3-[l—(2-hydroxyethy1)—lH—tetrazol-S-yl]tIﬁomethyl-l-dethia—
1-oxa-3-cephem-4-carboxylic acid. This compound is converted into flomoxef by
protection of the primary hydroxyl group of the hydroxyethyl radical bound to the
tetrazole ring, subsequent condensation with activated  2-
(difluoromethylthio)acetic acid and removal of the hydroxy- and of the carboxy-
protecting groups. A multistep process for the preparation of flomoxef is depicted .
in A. Kleemann, J. Engel, “Pharmaceutical Substances”, G. Thieme Verlag, 4 Ed.,
2001, Flomoxef - 6515-S (A. Kleemenn et al.).

Cefmetazole is a cephem, described in GB 1449420, which is prepared by
reaction of the corresponding carboxy-protected 7B-amino-7o-methoxy-3-(1-
methyl—1H—tetrazol—5-y1)thiomethyl-3-cephem-4—carboxylic acid by condensation
with activated 2-(cyanomethylthio)acetic acid and removal of the the carboxy-
protecting groups. For the synthesis, see also H. Nakao et al. J. Antibiot. (Tokyo),
1979, 32, 320-329.

Each of flomoxef and cefmetazole is a 7B-(substituted-thio)acetamido-7ot-
methoxy-3-(1-substituted-1H-tetrazol-5-yl)thiomethyl-(1-oxa-  or 1-thia-)3-
cephem-4-carboxylic acid. Their synthesis involves the preparation of a carboxy-
protected 7[3—amino-7oc-meth0xy-3-(1—substituted-1H—tetrazol—S-yl)thiomethyl-(l-
oxa- or 1-thia-)3-cephem-4;carboxylic acid and the condensation thereof with an
activated (substituted-thio)acetic acid.

The synthesis of these two 7B-(substituted-thio)acetamido-7a-methoxy-3-
(1-substituted-1H-tetrazol-5-yl)thiomethyl-(1-oxa- or 1-thia-)3-cephem-4-
carboxylic acids must take into account the preparation of an enantiomerically
pure, carboxy-protected 7[3-amino-7oc-methoxy—3—(1-substituted—1H—tetrazol-5-
yDthiomethyl-(1-oxa- or 1-thia-) 3-cephem-4-carboxylic acid.

Furthermore, the synthesis of flomoxef must take into account the presence
of a 2-hydroxyethyl substitution on the tetrazole moiety, which involves a
protection of the primary hydroxyl group during the condensation with the
activated difluoromethyl thioacetic acid.
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PRIOR ART

It is known that an enantiomerically pure, carboxy-protected 7f-amino-70oi-
methoxy-3-(1-substituted-1 H-tetrazol-5-yl)thiomethyl-(1-oxa- ~ or  1-thia-)3-
cephem-4-carboxylic acid may be prepared by reaction of a carboxy-protected 7-
benzamido-3-(1-substituted-1H-tetrazol-5-yl)thiomethyl-(1-oxa- or 1-thia-)3-
cephem-4-carboxylic acid with lithium methoxide in the presence of #butyl
hypochlorite (Kleemann et al. and DE2806457). Another method for converting a
7-benzamido group into a 7B-amino-7o-methoxy function using chlorine or
lithium methoxide is described in WO 2006/006290.

It is also known that an enantiomerically pure, carboxy-protected 7{3-amino-
7a-methoxy-3-(1-substituted-1H-tetrazol-5-yl)thiomethyl-3-cephem-4-carboxylic
acid may be prepared by reaction of corresponding 7-methyl- or 7-(4-tolyl)-
thioimino derivatives with methanol in the presénce of triphenylphosphine and
mercuric acetate in dichloromethane as described by E.M. Gordon et al. in J. Am.
Chem. Soc. 1977, 99(16) 5504-5 and ibid. 1980, 102(5), 1690-1702. However the
presence of a mercuric salt in the reaction mixture renders the purification of the
products difficult.

Finally, it is known that the condensation of the carboxy-protected 7B~
amino-7o-methoxy-3-[1-(2-hydroxyethyl)-1 H-tetrazol-5-yl]thiomethyl-1-dethia-
1-oxa-3-cephem-4-carboxylic acid with activated 2-(difluoromethylthio)acetic
acid to prepare the flomoxef precursor involves the protection of the primary
hydroxy! group on the tetrazole moiety as the 4-methylbenzoyloxycarbonyl ester
thereof which is subsequently removed also using SnCl; (Kleeman et al.).

SUMMARY OF THE INVENTION

Tt has now been found that, starting from a carboxy-protected 7-amino-3-
chloromethyl-(1-oxa- or 1-thia-)3-cephem-4-carboxylic acid, its reaction with an
alkyl- or aryl-sulfenyl chloride affords a corresponding 7-thioimino derivative
which is reacted with the appropriate, 1-(alkyl- or ©-hydroxyalkyl-)1H-tetrazol-5-
ylthiol, or with a salt thereof, to obtain the corresponding, 7-(alkyl- or aryl-
)thioimino-3-[(1-substituted)- 1H-tetrazol-5-yl]thiomethyl-(1-oxa- or 1-thia-)3-
cephem which is transformed into the correspondiné carboxy protected 7B-amino-
7a-methoxy-3-[1-(alkyl- or @-hydroxyalkyl-) 1H-tetrazol-5-yl]thiomethyl-(1-oxa-
or 1-thia-)3-cephem-4-carboxylic acid by treatment with methanol in the presence
of aluminum trichloride, triphenylphosphine and sodium bicarbonate.
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The carboxy protected 7B-amino-7a-methoxy-3-[1-(alkyl- or -
hydroxyalkyl-)  1H-tetrazol-5-yljthiomethyl-(1-oxa- or 1-thia-)3-cephem-4-
carboxylic acid thus obtained represents the key intermediate in the preparation of
flomoxef (formula A) and of cefmetazole (formula B), or of their analogs, which

5 are obtained by the classical condensation of carboxy protected 7f-amino-7ot-
methoxy-3-[1-(alkyl- or ®-hydroxy alkyl-)1H-tetrazol-5-ylJthiomethyl-(1-oxa- or
1-thia-)3-cephem-4-caboxylic acid with the appropriately activated 2-
(difluoromethylthio)acetic acid in the presence of silylating agents to obtain
flomoxef after deprotection of the carboxyl, or with the appropriately activated 2-

10  (cyanomethylthio)acetic acid to give cefmetazole after deprotection of the
carboxyl.
DETAILED DESCRIPTION

Thus, it is an object of the present invention to provide a process for the

preparation of a (1-oxa- or 1-thia-)3-cephem derivative of formula I

15
HN PO &
2N
N—~N
| P 0

p
o 7 GH,S rl\l/

: COOR® Y

wherein X represents oxygen or sulfur, Y represents an alkyl group of from 1 to 3
carbon atoms or a o-hydroxyalkyl group of from 2 to 3 carbon atoms and R°
20  represents a carboxy-protecting group, or of a salt thereof, which comprises
(a) treating a carboxy-protected 7-amino-3-chloromethyl-(1-oxa- or 1-thia-
)3-cephem-4-carboxylic acid of formula II

HaN__ X
| ()]
o Z NCHLCI
COOR®

25
wherein X and R° are as defined above, or a salt thereof, with an (alkyl- or
aryl)sulfenyl chloride of formula III

W-S-ClI (1)
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wherein W is an alkyl of from 1 to 3 carbon atoms, a benzyl group, non-

substituted or substituted with an alkyl of from 1 to 3 carbon atoms, or a phenyl
group, non-substituted or substituted with an alkyl of from 1 to 3 carbon atoms;

(b) treating the corresponding carboxy-protected 7-(alkyl- or aryl-

5 )thioimino-3-chloromethyl-(1-0oxa- or 1-thia-)3-cephem-4 carboxylic acid thus

obtained of formula IV
W—S—N X
h (V)
—N
N chuol
COOR"®
10 wherein X, R° and W are as defined above, with a [l-alkyl or 1-(®-
hydroxyalkyl)]- 1H-tetrazol-5-ylthiol of formula V
D
P V)
HS fl\l
Y

15  wherein Y is an alkyl of from 1 to 3 carbon atoms or a @-hydroxyalkyl of from 2
to 3 carbon atoms, or with an alkaline metal salt thereof;
(c) treating the corresponding 7-(alkyl- or aryl-)thioimino-3-(1-substituted-
1 H-tetrazol-5-yl)thiomethyl-(1-oxa- or 1-thia-)3-cephem thus obtained of formula
VI |
20
W-—S-—N\ X N—N
: Il
o/—Nj)\CHZS /H/N (V1)
COOR® Y

wherein W, X, R°® and Y are as defined above, with methanol in the presence of
aluminum trichloride neutralized with a base and a triarylphosphine or tri(C;-
25  Cg)alkylphosphine and isolating the compound of formula I as such or as an
addition salt thereof which is optionally neutralized to free base. In formulas III
and VI, the alkyl substitution on the benzyl group is preferably in the benzene
ring. The compound of formula I thus obtained is in enantiomerically pure form..
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In step (c), sodium bicarbonate is preferably used as the base neutralizing
aluminim trichloride. In the same step (c), the expression “iriarylphosphine or
tri(C1-Ce)alkylphosphine” designates phosphine wherein the three hydrogen
atoms are replaced by an optionally substituted phenyl group such as phenyl or
tolyl, by a monocyclic, aromatic heterocyclic group such as furyl or thienyl, or by
a (C;-Cg)alkyl group such as n-butyl.

A 7-amino-3-chloromethyl-(1-oxa- or 1-thia-)3-cephem-4-carboxylic acid
esterified with an easily removable protecting group, especially in acidic medium,
is used as starting material. Protective groups used according to the present
invention and the methods for their removal are described, for example, by
Theodora W. Greene, Peter G. V. Wuts in “Protective Groups in Organic
Synthesis”, III ed., John Wiley & Sons, Inc., 1999, pages 373-431. Preferred
esters are 4-methoxybenzyl and diphenylmethyl (benzhydryl) esters which are

' easily removable with trifluoroacetic acid and anisole in dichloromethane or with

aluminum trichloride and anisole in dichloromethane.

In step (a) the carboxy-protected 7-amino-3-chloromethyl-(1-oxa- or 1-thia-
)3-cephem-4-carboxylic acid, as such or as the hydrochloride thereof, is reacted
with a methyl- or aryl- sulfenyl chloride, in its turn separately prepared by
reaction of the corresponding methyl- or aryl- disulfide with chlorine, in an inert
organic solvent such as toluene or dichloromethane, at room temperature
(20°+30°C) and in the presence of hydrogen chloride acceptor such as, for
example, 1,2-epoxypropane. Methylsulfenyl chloride (formula III, W = methyl),
phenylsulfenyl chloride (formula III, W = phenyl) and p-tolylsulfenyl chloride
(formula ITI, W = 4-methylphenyl) are preferred methyl- or aryl- sulfenyl
chlorides. The 7-(alkyl- or aryl-)thioimino-3-chloromethyl-(1-oxa- or 1-thia-)3-
cephem of formula IV thus obtained is isolated according to conventional
methods, for example by neutralization with a base such as an aqueous solution of
sodium bicarbonate (NaHCOj3), removal of the salts and extraction using a
suitable solvent such as dichloromethane.

In step (b), the 7-(alkyl- or aryl- )thioimino-3-chloromethyl-(1-oxa- or 1-
thia-)?,_-cephem of formula IV thus obtained is treated with a 1-alkyl- or 1-(@-
hydroxyalkyl)-1 H-tetrazol-5-ylthiol of formula V, preferably in form of its
sodium salt. The reaction is carried out at a temperature of 20°+30°C in a biphasic
system with an inert organic solvent, for example dichloromethane or toluene, and

water in the presence of a quaternary ammonium salt such as tetra-n-
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butylammonium bromide. After 5-10 hours, the reaction is complete and the 7-
(alkyl- or aryl-)thioimino-3-(1-substituted-1H-tetrazol-5-yl)thiomethyl-(1-oxa- or
1-thia-)3-cephem of formula VI thus obtained is isolated according to
conventional methods, for example by separating the phases, washing the organic
phase with water, drying, evaporating of the solvent and crystallizing of the
residue for example with an alcohol such as methanol. ‘

1-Methyl-1H-tetrazol-5-ylthiol or 1-(2-hydroxyethyl)-1H-tetrazol-5-ylthiol
as a sodium salt thereof is preferably used as 1-substituted-1H-tetrazol-5-ylthiol.
Said sodium salt may be prepared according to known methods, for example by
reaction of the 1-substituted-1H-tetrazol-5-ylthiol with sodium 2-ethylhexanoate
in acetone. '

The 7-(alkyl- or aryl-)thioimino-3-chloromethyl(1-oxa- or 1-thia-)3-cephem
compounds of formula VI, wherein X is oxygen, obtained at the end of step (b)
are novel, useful intermediates in the preparation of flomoxef and they also are a
further object of the present invention.

In step (c), the 7-(alkyl- or aryl-)thioimino-3-chloromethyl(1-oxa- or 1-
thia)3-qephem of formula VI obtained at the end of step (b) is reacted with
methanol in the presence of aluminum trichloride neutralized with a base and a
triarylphosphine or tri(C;-Ce)alkylphosphine in an inert organic solvent such as
dichloromethane or toluene.

Generally, the methanol also contains sodium bicarbonate as the base
neutralizing aluminum trichloride. Preferably, the triarylphosphine or tri(C;-
Ce)alkylphosphine is selected from the group consisting of triphenylphosphine,
tri(o-tolyl)phosphine, tri(2-furyl)phosphine and tri(n-butyl)phdsphine.

In practice, a solution of aluminum trichloride in methanol, previously
prepared at a temperature of 10°+15°C and neutralized with a base such as sodium
bicarbonate, is added to a solution of the compound VI and of triphenylphosphine,
tri(o-tolyl) phosphine, tri(2-furyl)phosphine or tri(rn-butyl)phosphine in one of the
above-mentioned solvents. The compound of formula I thus obtained is isolated
by adding glacial acetic acid to the suspension obtained at the end of the reaction,
subsequently separating of the phases, drying the organic phase and extracting the
product of formula I with a solvent such as dichloromethane or toluene and
optional addition of a salifying acid such as HCI in isopropanol, HBr in
isopropanol, methanesulfonic acid, p-toluene sulfonic acid or naphthalene-2-
sulfonic acid to the organic solution.
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Instead of sodium bicarbonate, also alkaline metal methoxides such as
lithium methoxide or sodium methoxide and alkaline metal acetates such as
sodium or potassium acetate are advantageous neutralizing bases.

By extraction of the product and evaporation of the solvent, the compound

5  of formula I is isolated as free base which may be purified according4 to known
methods, for example by silica gel, an appropriate resin or by solution in a polar
solvent such as dimethylacetamide and precipitation with an alcohol such as
methanol or isopropanol.

By isolation in form of a salt, for example as hydrochloride, hydrobromide,

10  methanesulfonate, p-toluenesulfonate or naphthalene-2-sulfonate, the thus salified
compound of formula I is already in pure form and the corresponding, pure free
base may be easily obtained by neutralization.

The compounds of formula IT used as starting materials are known or may
be easily prepared by treatment of the corresponding carboxy-protected 7-

15  acylamido-3-chloromethyl-(1-oxa- or 1-thia-) 3-cephem-4-carboxylic acid by
reaction with PCls in the presence of pyridine, for example as described in DE
2806457 (see also US 4,366,316).

In particular, the present invention provide a process as illustrated above,

whereby, at the end of step (c), a compound of formula I’

20
OCHs
—N ,
Jn A 0
o CHoS
COOR®

wherein X’ is oxygen, Y’ is 2-hydroxyethyl and R® is a carboxy-protecting group,
preferably benzhydryl or 4-methoxybenzyl, is isolated. Compound I’ is obtained
25  in enantiomerically pure form.
The present invention also provides a process as illustrated above, whereby,
at the end of step (c), a compound of formula I”

OCH3
HoN X NN
JrONP . 4
/ g
CH,S w’
COOR® Y

30
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wherein X” is sulphur, Y” is methyl and R° is a carboxy-protecting group,
preferably benzhydryl or 4-methoxybenzyl, is isolated. Said compound I” is
obtained in enantiomerically pure form.

The carboxy-protected 7p-amino-7a-methoxy-3-[1-alkyl- or 1-(e@-
hydroxyalkyl)-1H-tetrazol-5-yl]thiomethyl-(1-oxa-  or  1-thia-)3-cephem-~ 4-
carboxylic acid thus obtained of formula I wherein R° is a carboxy-protecting
group as illustrated above, preferably benzhydryl or 4-methoxybenzyl, may be
easily transformed into flomoxef or into cefmetazole by condensation with
appropriately activated 2-(difluoromethylthio)acetic acid or  2-
(cyanomethylthio)acetic acid in the presence of a hydrogen chloride acceptor, for
example a tertiary amine such as pyridine and, when in the compound of formula I
Y is w-hydroxyalkyl having from 2 to 3 carbon atoms, also in the presence of a
silylating agent such as, for example, hexamethyldisilazane and/or trimethylchloro
silane. In the case of the preparation of flomoxef the used intermediate compound
has the formula I wherein X is oxygen and Y is 2-hydroxyethyl. In the caser of
cefmetazole the intermediate compound has the formula I wherein X is sulfur and
Y is methyl.

Thus, it is a further object of the present invention to provide a process as
illustrated above, wherein the compound of formula I’ is further reacted and
treated with activated 2-(difluoromethylthio)acetic acid in the presence of a
silylating agent to obtain the compound of formla VII’

N OCHj3
CH-8-CHp-CO-NH.

/:N‘/% )l\N/l'l\l (V )

o CH,S
L,
COOR® Y

wherein X’ is oxygen, Y’ is 2-hydroxyethyl and R® is a carboxy-protecting group

‘which is removed to isolate flomoxef.

According to a preferred embodiment, the diphenylmethyl or 4-
methoxybenzyl ester of the 7B-amino-7o-methoxy-3-[1-(2-hydroxyethyl)-1H-
tetrazol-5-yl|thiomethyl-1-dethia-1-oxa-3-cephem-4-carboxylic acid is treated
with silylating agents, for example with hexamethyldisilazane and
trimethylchlorosilane, then it is reacted with the 2-(difluoromethylthio)acetyl
chloride (F,CH-S-CH,COC]) in the presence of pyridine in dichloromethane at a
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temperature of from —10°+-25°C. At the end of the reaction the product is isolated
according to known techniques, for example by adding water to the reaction
mixture, separating the phases, evaporating the organic one, taking up the residue,
consisting of the diphenylmethyl or 4-methoxybenzyl ester of flomoxef, with
dichloromethane and treating the solution thus obtained with trifluoroacetic acid
and anisole. The flomoxef thus obtained, in a 98% purity, is isolated by adding
water to the reaction mixture, separating the phases and recovering the product in
acidic form by concentration of the organic phase or in form of the sodium or
potassium salt thereof by treatment of the organic phase with sodium or potassium
2-ethylhexanoate.

The sodium salt of flomoxef may be further purified by passing an aqueous
solution at pH 5,8+6,2 through a column containing silica gel or a resin such as
Amberlite® XAD 1180, by eluting with deionized water or with a mixture of
deionized water and of an alcohol, for example ethanol or isopropanol.

According to another embodiment, the invention provides a process as
illustrated above, whereby the compound of formula I” is further reacted and

treated with activated 2-(cyanomethylthio)acetic acid and a compound of formula
vIrr

OCHs
NC—CHz—S~ CHz-CO-NH| X!

— N—N
Il \1
|

CH,S
COOR® Y

wherein X? is sulfur, Y” is methyl and R is a carboxy-protecting group which is
removed to isolate cefmetazole.

According to another preferred embodiment, the diphenylmethyl or 4-
methoxy benzyl 78-amino-7a-methoxy-3 -(1-methyl-1H-tetrazol-5-yl) thiomethyl-
3-cephem-4-carboxylate is treated with 2-(cyanomethylthio)acetyl chloride
(NCCH,SCH,COC]) in the presence of pyridine in dichloromethane at a
temperature of from —10 to —25°C. At the end of the reaction the product is
isolated according to known methods, for example by adding water to the reaction
mixture, separating the phases, evaporating the organic one, taking up the residue,
consisting of the benzhydryl or 4-methoxybenzyl ester of cefmetazole, with
dichloromethane and treating the solution thus obtained with trifluoroacetic acid
and anisole or with aluminum trichloride and anisole. The cefmetazole thus

10



WO 2007/105253 PCT/IT2007/000185

10

15

20

25

30

obtained in a 99% purity is isolated by adding water to the reaction mixture,
separating the phases and recovering the product in acidic form by concentration
of the organic phase or as a sodium or potassium salt thereof by treatment of the
organic phase with sodium or potassium 2-ethylhexanoate.

Finally, it is a further object of the present invention to provide novel 7-
(alkyl- -or aryl-)thioimino-3-(1-substituted-1H-tetrazol-5-yl)thiomethyl-(1-oxa- or
1-thia~)3-cephem compounds of formula VI

W—S—N N X N
l

| '
—N )\ N
V4 Va CH,S rl\l/

o]
COOR® Y

wherein X is oxygen, Y is an alkyl group of from 1 to 3 carbon atoms or a ®-
hydroxyalkyl group of from 2 to 3 carbon atoms, W is an alkyl having from 1 to 3
carbon atoms, a benzyl group, non-substituted or substituted with an alkyl having
from 1 to 3 carbon atoms, or a phenyl group, non-substituted or substituted with
an alkyl having from 1 to 3 carbon atoms and R° is a carboxy-protecting group.
The alkyl substitution on the benzyl group is preferably in the benzene ring.

Preferred compounds are those of formula VI’ wherein X’ is oxygen, Y~ is
2-hydroxyethyl, R® is benzhydryl or 4-methoxybenzyl and W is methyl, benzyl or
p—tolyl..

The following examples illustrate the invention without, however, limiting
it.

EXAMPLE 1

(a) To a solution of 60 g (0.138 m) of benzhydryl 7-amino-3-chloromethyl-
1-dethia-1-oxa-3-cephem-4-carboxylate in 1800 ml of dichloromethane, cooled to
=5°C, 96 g (1.65 m) of 1,2-epoxypropane are added in 5 minutes. Then, a solution
of CH3SCl in dichloromethane, obtained by treatment of 26 g (0.276 m) of
dimethyl sulfide in 800 ml dichloromethane at a temperature of from —5°C to 0°C
with 200 ml of a 10% solution of chlorine in dichloromethane, is added thereinto.
The mixture is stirred at a temperature of from —5°C to 0°C for 30 minutes, then
the temperature is brought to 20°C and the stirring is continued for one hour. The
mixture is treated with a solution of 80 g of sodium bicarbonate in 1200 ml! water,
the phases are separated and the aqueous one is washed with 200 ml of
dichloromethane. The phases are separated, the collected organic ones are washed
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with 600 m! water, the aqueous phase is extracted with 200 ml dichloromethane,
than the organic phases are collected and dried under reduced in vacuum. The
residue is crystallized with 225 ml methanol to give the benzhydryl 7-
methylthioimino-3-chloromethyl—l-dethia-1-oxa-3-cephem-4-carboxy1ate. Yield:
88% of the theoretical.

RMN(CDC13)8ppm 29(s 3H); 44(2d 2H); 4.5 (2d, 2H); 5.2 (s, 1H); 6.9
(s, 1H); 7.2+7.6 (m, 10H).

(b) To a solution of 11.5 g (0.026 m) of intermediate benzhydryl 7-
methylthio imino-3-chloromethyl-1-dethia-1-oxa-3-cephem-4-carboxylate
obtained in step (a) in 150 ml dichloromethane, a solution of 7 g (0.041 m) of
sodium 1-(2-hydroxyethyl)-1H-tetrazol-5-ylthiolate in 150 ml water is added at
20°C. Then, 1.2 g of tetra-n-butyl ammonium bromide is added and the reaction
mixture is stirred at a temperature of from 20°C to 25°C for 8 hours. The phases
are separated, the organic one is washed with 50 ml water. The organic phase is
concentrated in vacuum and the residue is taken up with 30 ml methanol. The
mixture is cooled and the solid product is filtered and dried to give benzhydryl 7-
methylthioimino-3-[1-(2-hydroxyethyl)-1H-tetrazol-5-yl]thiomethyl-1-dethia-1-
oxa-3-cephem-4-carboxylate. Yield: 85% of the theoretical.

'H-RMN (CDCls) 8 p.p.m.: 2.90 (s, 3H); 3.9 (t,2H); 4.3 (t, 2H); 4.35 (s, 2H); 4.6
(2d, 2H); 5.2 (s, 1H); 6.9 (s, 1H); 7.4 (m, 10H).

(c) To a solution of 51.4 g (0.093 m) of the intermediate benzhydryl 7-
methylthio imino-3-[1-(2-hydroxyethyl)-1 H-tetrazol-5-yl}thiomethyl-1-dethia-1-
oxa-3-cephem-4-carboxylate obtained in step (b) in 800 ml dichloromethane
cooled to 5°C, 30 g of triphenylphosphine (0.1143 m) are added and the mixture is
stirred 15 minutes at a temperature of from 0°C to 5°C, then a solution 0f 13.12 g
(0.097 m) of aluminum trichloride in 200 ml methanol, neutralized with 24.6 g
(0.29 m) of sodium bicarbonate, is added thereinto. The mixture is stirred 30
minutes at 25°C, then it is cooled to a temperature of from 0°C to 5°C, diluted
with 50 ml methanol and stirred 3 hours at 8°C + 1°C. At the end of the reaction
the mixture is treated with 17 ml glacial acetic acid, stirred 15 minutes at a
temperature of from 15°C to 20°C, then treated with 250 ml water containing 5%
sodium chloride and stirred for further 10 minutes. The phases are separated, the
organic phase is washed with 250 ml of water containing 5% acetic acid and with
250 ml of water containing 5% of sodium chloride. The organic phase is collected,
concentrated in vacuum to a small volume and the residue is taken up with a
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methanol/dichloromethane mixture. The solid is filtered, washed with isopropyl
ether and dried to give benzhydryl 7B-amino-7a-methoxy-3-[1-(2-hydroxyethyl)-
1H-tetrazol-5-ylJthiomethyl-1-dethia-1-oxa-3-cephem-4-carboxylate. Yield: 82%
of the theoretical.

'H-RMN (DMSO-dg) 8 p.p.m.: 3.45 (s, 3H); 3..7 (t, 2H); 4.2 and 4.3 (2d, 2H);
4.35 (m, 2H); 4.6 (2d, 2H); 5.1 (t, 1H); 5.2 (s, 1H); 6.9 (s, 1H); 7,25-7,65 (m,
10H). -

' EXAMPLE 2

(a)(b) By operating as described in steps (a) and (b) of Example 1, under the
same conditions, starting from benzhydryl 7-amino-3-chloromethyl-3-cephem-~4-
carboxylate, by reaction with CH3SCl there is obtained the benzhydryl 3-
chloromethyl-7-methyl thioimino-3-(1-methyl-1 H-tetrazol-5-yl)thiomethyl-3-
cephem-4-carboxylate which, by reaction with sodium 1-methyl-1H-tetrazol-5-
ylthiolate, affords benzhydryl 7-methyl thioimino-3-(1-methyl-1H-tetrazol-5-
yDthiomethyl-3-cephem-4-carboxylate. Melting point: 211°+212°C,

(¢) To a stirred solution of 25.2 g (0.047 m) of the intermediate benzhydryl
7-methylthioimino-3-(1-methyl-1 H-tetrazol-5-yl)thiomethyl-3-cephem-4-
carboxylate obtained in the above steps (a)(b) in 400 ml dichloromethane, at 5°C,
15.18 g (0.058 m) of triphenylphosphine are added under stirring, then stirring is
continued at a temperature of from 0°C to 5°C for 15+20 minutes to attain
complete solution. To this solution, a solution of 6.64 g (0.097 m) of aluminum
chloride in 105 ml of methénol, neutralized with 12.45 g (0.29 m) of sodium
bicarboriate, is added. The mixture is cooled to a temperature of from 0°C to 5°C,
diluted with 25 ml methanol and stirred at 8°C + 1°C for 3 hours. At the end of
the reaction (HPLC control), the mixture is treated with 8.6 ml glacial acetic acid,
stirred 20 minutes at 20°+25°C, then treated with 130 ml water containing 5% of
sodium chloride and stirred for further 10 minutes. The phases are separated, the
organic phase is washed with 130 ml water containing 5% of acetic acid and with
130 ml water containing 5% of sodium chloride. The organic phase is dried and
concentrated in vacuum to a volume of 145-155 ml. The residual solution is
diluted with 210 ml methanol and the concentration in vacuum is started again
until a volume of 210 — 230 ml. The mixture is let to crystallize at a temperature
of from 0°C to 5°C for 15 hours. The solid product is filtered, washed with cold
methanol and dried in vacuum at 30°C to give benzhydryl 7B-amino-7o-methoxy-
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3-(1-methyl-1H-tetrazol-5-yl)thiomethyl-3-cephem-4-carboxylate with a melting
point of 127°+128°C. Yield: 84% of the theoretical. ‘
EXAMPLE 3

(a) A suspension of 80.7 g (0.15 m) of benzhydryl 73-amino-7c-methoxy-3-
[1-(2-hydroxyethyl)-1H-tetrazol-5-yl]thiomethyl-1-dethia-1-oxa-3-cephem-4-
carboxylate in 250 ml of dichloromethane is prepared, then 103.3 g (0.64 m) of
hexamethyldisilazane and 34.75 g (0.32 m) of trimethylchlorosilane are added
thereinto.. The mixture is stirred for 30 minutes to obtain a clear solution which is
cooled to a temperature of from —5°C to —10°C and treated with 30.2 g (0.38 m) of
pyridine. To this mixture, a solution of 2-(difluoromethylthio)acetyl chloride,
obtained by addition of 52.8 g (0.25 m) of phosphorus pentachloride (PCls) to a
solution of 32.8 g (0.213 m) of sodium 2-(difluoromethylthio)acetdte in 625 ml of
dichloromethane at 0°+2°C, is added. The reaction mixture is stirred 30 minutes at
a temperature of from —10°C to —15°C, 440 ml water are added thereinto and
stirring is continued for a further 15-minute period. After separation of the phases,
the organic one is washed with 260 ml of 2N hydrochloric acid, then with a 5%

“aqueous solution of sodium bicarbonate and finally with 260 ml water. The

organic phase is concentrated in vacuum to a dense oil which is taken up with
methanol and left to crystallize for 15 hours. The solid is filtered, washed with
cold methanol and dried under vacuum to give benzhydryl 7B-[2-
(difluoromethylthio) acetamido]-7ai-methoxy-3-[1-(2-hydroxyethyl)-1H-tetrazol-
5-yl]thiomethyl-1-dethia-1-oxa-3-cephem-4-carboxylate. Yield: 79% of the
theoretical.

'H-RMN (DMSO0-d6) & p.p.m.: 3.45 (s, 3H); 3.65 (2d, 2H); 3.7 (t, 2H); 4.25 (2d,
2H); 4.3 (m, 2H); 4.6 (2d, 2H); 5.1 (t, 1H); 5.2 (s, 1H); 6.9 (s, 1H); 7.35 (t, 1H);
7.25-7.65 (m, 10H); 9.4 (s, 1H).

(b) To a solution of 58 g (0.088 m) of the benzhydryl 7B-[2-
(difluoromethylthio) acetamido]-7a-methoxy-3-[1-(2-hydroxyethyl)-1H-tetrazol-
5-yl]thiomethyl-1-dethia-1-oxa-3-cephem-4-carboxylate intermediate obtained in
step (a) in 250 ml of dichloromethane, cooled to a temperature of from —-30°C to —
35°C, 17.1 g (0.15 m) of trifluoroacetic acid and 32 g (0.29 m) of anisole are
added. The reaction mixture is stirred at the same temperature for 2-3 hours, then
the temperature is let to rise to 20°+25°C. The mixture is washed with 45 ml of
5% HCI, then with 45 ml water. The separated organic phase is dried and
concentrated in vacuum. The residue is crystallized with ethyl acetate and the
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solid is filtered to give 7B-[2-(difluoromethylthio)acetamido]-7a-methoxy-3-[1-
(2-hydroxyethy1)-lH—tetrazol-S-yl]thiomethyl-1-dethia-l-oxa—3-cephem—4-
carboxylic acid (flomoxef free acid). Yield: 92% of the theoretical.
'H-RMN (DMSO-d6) & p.p.m.: 3.4 (s, 3H); 3.65 (s 2H); 3.7 (t, 2H); 4.2 (s, 2H);
4.3 (t, 2H); 4.5 (s, 2H); 5.1 (s, 1H); 7.05 (t, 1H); 9.2 (s, 1H).
EXAMPLE 4

(a) A suspension of 60 g (0.113 m) of benzhydryl 7 B-amino-7c-methoxy-3-
[1-methyl-1H-tetrazol-5-yl)thiomethyl-3-cephem-4-carboxylate in 150 ml of
dichloro methane is prepared, then 13.5 g (0.17 m) of pyridine are added and the
mixture is cooled to 0°+3°C. To this mixture, a solution of 2-
(cyanomethylthio)acetyl chloride, obtained by addition, at 0°+2°C, of 35 g (0.168
m) of phosphorus pentachloride (PCls) to a solution of 25 g (0.213 m) of sodium
2-(cyanomethylthio)acetate in 150 ml of dichloromethane is added. The reaction
mixture is stirred 30 minutes at a temperature of from —10°C to —35°C, then 100
ml water are added thereinto. The phases are separated, the organic one is washed
with a 10% aqueous solution of NaCl and subsequently with water. The dried
organic phase is concentrated in vacuum to a residue which is taken up with 250
ml of methanol. The product is left to crystallize at 10°+15°C for 15 hours, then
the mixture is cooled to 5°C. The solid is filtered, washed with cold methanol and
dried to give benzhydryl 7B-[2-(cyanomethylthio)acetamido]-7ai-methoxy-3-(1-
methyl-1H-tetrazol-5-yl)thiomethyl-3-cephem-4-carboxylate: Yield: 86% of the
theoretical '

(b) To 100.ml of anisole, 37.5 g (0.28 m) of aluminum trichloride are added
at 20°:25°C and the mixture is diluted with 250 ml of dichloromethane to obtain a
solution. Separately, a solution of 50 g (0.078 m) of the benzhydryl 7p-[2-
(cyanomethylthio)acetamido]-7oc-methoxy-3-(1-methyl-lH—tetrazol—S -
yl)thiomethyl-3-cephem-4-carboxylate intermediate of step (a) in 800 ml of
dichloromethane is prepared., cooled to —5°C and added with the solution
obtained above. The obtained mixture is stirred 40 minutes at 0°C, then it is
poured in a mixture of 500 m! water, 750 ml acetone and 25 ml of 35% HCIl. After
a 30-minute stirring, the phases are separated. To the aqueous phase, 28 g of NaCl
and 75 ml of ethyl acetate are added. The organic phase is separated and washed
with 200 ml of a 10% solution of NaCl. The collected organic phases are treated
with 500 ml of 5% NaHCO;. The aqueous phase is collected, brought to pH 6
with 40 ml 35% HCL, then 15 g of activated alumina are added and the mixture is
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stirred for 30 minutes. Alumina is filtered and washed with water. The aqueous
solution is added with 100 g of NaCl and 300 ml of ethyl acetate, the pH is
brought to 3.5-3.6 by addition of 50% H3PO, and 50 ml of methyl isobutyl
ketone. The pH is slowly, in 2 hours, brought to 2.2 by addition of 50% H3PO4
and the product is left to crystallize for 15 hours in the cold. The solid is filtered,
washed and dried in vacuum to give 7B-[2-(cianomethylthio)acetamido]-7o-
methoxy-3-(1-methyl-1H-tetrazol-  5-yl)thiomethyl-3-cephem-4-carboxylic acid
(cefmetazole). Yield: 97% of the theoretical.
‘ EXAMPLE 5

An amount of 40 g (0.742 m) of benzhydryl 7-methylthioimino-3-(1-
methyl-1H-tetrazol-5-yl)thiomethyl-3-cephem-4-carboxylate are added to 640 ml
of dichloro methane under stirring at room temperature. The mixture is cooled to
5°C and 24 g (0.0914 m) of triphenylphosphine are added thereto under stirring.
The mixture is kept at 0°+5°C for 15 minutes whereby a clear solution is obtained
(Solution A). Separately, 16.4 g (0.078 m) of anhydrous aluminum trichloride are
added portionwise, under nitrogen atmosphere, to 160 ml of methanol, previously
cooled to 10°+15°C. After a 5-minute stirring, 19.68 g (0.234 m) of sodium
bicarbonate are added portionwise in 10-15 minutes at 10°+15°C and the mixture
is let to stand at 25°C for 30 minutes under stitring to obtain a suspension
(Suspension B). Suspension B is added to Solution A at 0°+5°C and the reaction
mixture is stirred at 8°C + 1°C for about 3 hours by following the course of the
reaction by TLC (eluent: ethyl acetate/toluene 1/1). At the end of the reaction, the
mixture is treated as described in Example 2(c) to give 32 g of benzhydryl 7f-
amino-7a~methoxy-3-(1-methyl-1H-tetrazol-5-yl)thiomethyl-3-cephem-4-
carboxylate as a crystalline powder. Melting point: 127°+128°C.
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CLAIMS _
1. A process for the preparation of a (1-oxa- or 1-thia-)3-cephem derivative

of formula I
OCH3

HsN
ZI‘/ I\f—h\l
N
o CHS N~

COOR®

wherein X represents oxygen or sulfur, Y represents an alkyl having from 1 to 3
carbon atoms or an ®-hydroxyalkyl having from 2 to 3 carbon atoms and R°
represents a carboxy protecting group, or of a salt thereof, which comprises

(a) treating a carboxy-protected 7-amino-3-chloromethyl-(1-oxa- or 1-thia-
)3-cephem-4-carboxylic acid of formula I

HNo X
—N|
o 7 CH,Cl
COOR®

wherein X and R° are defined as above, or a salt thereof, with an (alkyl- or aryl-)
sulfenyl chloride of formula III

W-S-ClI (1)
wherein W is an alkyl having from 1 to 3 carbon atoms, a benzyl, non substituted
or substituted with an alkyl having from 1 to 3 carbon atoms, or a phenyl, non
substituted or substituted with an alkyl having from 1 to 3 carbon atoms;

(b) treating the corresponding 7-(alkyl- or aryl-)thioimino-3-chloromethyl-
(1-oxa- or 1-thia-)3-cephem thus obtained of formula IV

W—S—N\ X

N :
o Z CH,C

COOR®

wherein W, X and R are as defined above, with a [1-alkyl or 1-(@-hydroxyalkyl-
)]-1H-tetrazol-5-ylthiol of formula V

17
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N—N
A
s Il\l/

Y

H

wherein Y is an alkyl of from 1 to 3 carbon atoms or a @-hydroxyalkyl of from 2
to 3 carbon atoms, or with an alkaline metal salt thereof;

(c) treating the corresponding 7-(alkyl- or aryl-)thioimino-3-(1-substituted-
1 H- tetrazol-5-yl)thiomethyl-(1-oxa- or 1-thia-)-3-cephem of formula VI

W—S—N N X

— |l
A CHQS)\N/N

|
COOR® Y

wherein W, X, R° ¢ Y are as defined above, with methanol in the presence of
aluminum trichloride neutralized with a base and a triarylphosphine or tri(Ci-
Ce)alkylphosphine , to obtain the compound of formula I as such or in form of an
acid addition salt thereof.

2. The process according to claim 1, wherein, in step (a), said alkyl- or aryl-
sulfenyl chloride has the formula ITI, wherein W is methyl, phenyl or p-tolyl.

3. The process according to anyone of claims 1 and 2, wherein, in step (a),a
carboxy-protected  7-amino-3-chloromethyl-(1-oxa-  or 1-thia-)3-cephem-4-
carboxylic acid of formula II, wherein X is oxygen or sulfur and R is benzhydryl
or p-methoxybenzyl, or a salt thereof, is used.

4. The process according to claim 1, wherein, in step (b), a [1-alkyl- or 1-
(o-hydroxyalkyl-)]1 H-tetrazol-5-ylthiol of formula V, wherein Y is methyl or 2-
hydroxyethyl, is used.

5. The process according to claim 4, wherein said [1-alkyl- or 1-(w-
hydroxyalkyl)-] 1H-tetrazol-5-ylthiol of formula V, wherein Y is methyl or 2-
hydroxyethyl, is in form of its sodium salt.

6. The process according to claim 1, wherein, in step (b), a [1-alkyl- or 1-
(w-hydroxyalkyl-)]1 H-tetrazol-5-ylthiol of formula V, wherein Y is methyl or 2-
hydroxyethyl, in form of its sodium salt and a 7-(alkyl- or aryl-)thioimino-3-
chloromethyl-(1-oxa- or 1-thia-)3-cephem of formula IV, wherein X is oxygen or
sulfur, R° is benzhydryl or 4-methoxybenzyl and W is methyl, phenyl or p-tolyl,
are used.

18
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7. The process according to claim 1, wherein, in step (c), a 7-(alkyl- or aryl-)
_ thioimino-3-(1-substituted-1H-tetrazol-5-ylthiomethyl-(1-oxa-  or 1-thia-)3-
cephem of formula VI, wherein X is oxygen or sulfur, R° is benzhydryl or 4-
methoxybenzyl, Y is methyl o 2-hydroxyethyl and W is methyl, phenyl or p-tolyl,
5 isused.
8. The process according to claim 1, wherein, in step (¢), a compound of
formula I, wherein X is oxygen or sulfur, Y & methyl or 2-hydroxyethyl and R® is
a carboxy protecting group, is isolated.
9. The process according to claim 1, wherein, in step (c), said
10  triarylphosphine or tri(C;-Cg)alkylphosphine is selected from the group consisting
of triphenylphosphine, tri(o-tolyl)phosphine, tri(2-furyl)phosphine and tri(z-
butyl)phosphine.
10. The process according to claim 8, wherein said group R° is benzhydryl.
11. The process according to claim 8, wherein said group R° is 4-
15  methoxybenzyl.
12. The process according to claim 1, wherein said base is sodium
bicarbonate.
13. The process according to claim 1, wherein, in step (c), the compound of
formula I is isolated in form of a salt thereof which is optionally neutralized to
20  free base.
14. The process according to claim 13, wherein said salt is selected from the
group consisting of hydrochloride, hydrobromide, methanesulfonate, p-
toluenesulfonate and naphthalene-2-sulfonate salts.
15. The process according to claim 1, wherein, in step (c), a compound of
25 formulal’

HoNG T R
2N
—( N—N :
4 )l\ L ()
g 7 CH,s rl\l/
COOR® Y'

wherein X is oxygen, Y is 2-hydroxyethyl and R® is a carboxy protecting group,

30 isisolated.
16. The process according to claim 1, wherein, in step (c), a compound of

formula I”
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OCHs
HoNG i X N N
PP ®
o 7 CH,S rl\l/
COOR® Y"

wherein X” is sulfur, Y” is methyl and R° is a carboxy protecting group, is
isolated.
5 17. The process according claim 15, wherein said carboxy protecting group
R° is benzhydryl.
18. The process according to claim 15, wherein said carboxy protecting
group R° is 4-methoxybenzyl.
19. The process according to claim 16, wherein said carboxy protecting
10 group R° is benzhydryl.
20. The process according to claim 16, wherein said carboxy protecting
group R° is 4-methoxybenzyl.
21. The process according to claim 16, wherein said compound of formula I’
is further reacted and treated with activated 2-(difluoromethylthio)acetic acid in
15  the presence of a silylating agent to afford the compound of formula VII’

OCH3
NC—CHy—S-CHa-CO-NH X!
N—N .,
N | ',‘\, (Vir’)
o Z O NCH,S rl\l’
COOR® Y

wherein X is oxygen, Y’ is 2-hydroxyethyl and R® is a carboxy protecting group
20 which is removed by known methods to isolate flomoxef. .
22. The process according to claim 21; wherein said silylating agent consists
of hexamethyldisilazane and trimethylchlorosilane.
23. The process according to claim 21, wherein said carboxy protecting
group.R° is benzhydryl or 4-methoxybenzyl and the removal is carried out by
25  treatment with trifluoroacetic acid and anisole in dichloromethane.
24. The process according to claim 16, wherein said compound of formula
I” is further reacted and treated with activated 2-(cyanomethylthio)acetic acid to
obtain the compound of formula VII”

20
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OCHj3
NC—CHz—S8~ CHy-CO-NH| X N N
Il

:KY/L By

(VI

CH,S |
COOR® \&

wherein X is sulfur, R” is methyl and R° is a carboxy protecting group which is
removed by known methods to isolate cefmetazole.

5 25. The process according to claim 24, wherein said carboxy protecting
group R° is benzhydryl or 4-methoxybenzyl and the removal is carried out by
treatment with trifluoroacetic acid and anisole in dichloromethane.

26. The process according to claim 24, wherein said carboxy protecting
group R° is benzhydryl or 4-methoxybenzyl and the removal is carried out by
10  treatment with aluminum trichloride and anisole in dichloromethane.
27. A 7-(alkyl- or aryl-)thioimino-1-dethia-1-oxa-3-(1-substituted-1H- "
tetrazol-5-yl)thiomethyl-3-cephem of formula VI’

W-S-N= X NN
P
N._~—CH,-S f?l )
O Yl

COOR®
15
wherein X’ is oxygen, Y’ is an alkyl having from 1 to 3 carbon atoms or a o-
hydroxyalkyl having 2 or 3 carbon atoms, W is an alkyl having from 1 to 3 carbon
atoms optionally substituted with a phenyl group, or phenyl group non substituted
or substituted with an alkyl having from 1 to 3 carbon atoms and R° is a carboxy
20  protecting group.
28. The 7-(alkyl- or aryl-)thioimino-1-dethia-1-oxa-3-(1-substituted-1H-
tetrazol-5-yl)thiomethyl-3-cephem according to claim 27, of formula VI’, wherein
X’ is oxygen, Y’ is 2-hydroxyethyl, W is methyl, phenyl or p-tolyl, and R® is
benzhydryl or 4-methoxybenzyl. ‘
25 "~ 29. The benzhydryl 7-methylthioimino-3-[1-(2-hydroxyethyl)-1H-tetrazol-
~ 5-yl] thiomethyl-1-dethia-1-oxa-3-cephem-4-carboxylate.

21
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