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? New process for the production of cephalosporines and novel
intermediates in this process

The invention relates to a new economical and simple process,
using a new intermediate compound, for the production of

3’ -substituted 7-amino-3-propenyl-4-cephem-carboxylic acid
derivatives of formula I

RyHN.
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where;n R is hydrogen, a negative charge or a silyl protecting

-
-
BN

,n’:i

growp” Ro is hydrogen or methoxy, Ry is hydrogen or a silyl
i proﬁectlng group and X is the radical of a nucleophxle, and their
acid addition salts.

Compounds of formula I are useful starting products for the
production of valuable 3-substituted propenyl cephalosporines.
. -

Illustrative exampLés of X are

a) an unsaturated heterocyclic ammonium group of formula II

wherein Het; sigﬁifies a 5- or 6-membered heterocycle which

optionally contain one or two additional heterocatoms selected
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produg¢tion of valuable 3-substituted propenyl cephal osporines. Illustrative
exanplles of X are a) an unsaturated héterocyclic anmoni um group of fornula
b1 [efr] wherein [err] signifies a 5-.or 6-nenbered heterocycle which
optionally contain one or two additional het-eroatons- sel ected 2 from
oxygen, nitrogen or sul phur atoms, R7 is hydrogen, carboxy, carboxam do, a
sul phghic acid radical or a substituent which is 970-9801

from oxygen, nitrogen or sulphur atoms, R; is hydrogen, carboxy,
carboxamido, a sulphonic acid radical or a substituent which is
usual in p-lactam chemistry, e.g. alkoxy, hydroxy, acyl, amino,
alkylthio mercapto, énd wherein both the R; signify an opt;onally
substituted, saturated or unsaturated alkyl group, or form part
of an optionally substituted, saturated or unsaturated carbo-
cyclic ring or part of a further (anellated) hetero-aromatic ring
or

b) an aliphatic ammonium group of formula III

wherein Ry, R3 and Ry may be the same or different and
respectively signify alkyl, alkenyl, aryl, hydroxy lower alkyl,
carbamoyl lower alkyl, amino lower alkyl, acylamino lower alkyl,
cyano lower alkyl or carboxy lower alkyl or R; with R3 and the
nitrogen atom signify a carbocyclic unsaturated ring which is
alkyl-substituted by Ry, whereby Ry may additionally represent a
1,3- or 1,4-alkylene or vinylene bridge or R; and R; and the
nitrogen atom signify a carbocycllc saturated ring, wherein R4 is
a vinylene bridge, or

c) a saturated heterocyclic ammonium group or

d) a nitrogen base of formula IV
- NH - Rs v

wherein Rs signifies hydrogen or has the significance of R;, or
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" [err] chem stry, e.g. al koxy, hydroxy, acyl, am no, aIkyIthlo

0, and wherein both the [err].signify an optlonally subst+tuted

ed or unsaturated al kyl group, or formpart of an optionally-

ut ed, saturated or unsaturatedicarbo- cyclic.ring or part of- a

h@ (anel |l ated) hetero-aromatic ring or b) an aliphatic anmoni um group
ula |1l [err] wherein R2, R3 and R4 may be the sane or different and

ji vely signify alkyl, aIkenyI ary= hydroxy | ower al kyl, Q%QTﬂﬂﬁ%H

fl kyl , am no | ower aIkyI acylanlno | ower al kyl, cyano Iomer al kyl or

car boxg Iomer al kyl or [err] mnth [err] and the

e) an optionally substituted tetrazole, triazole, imidazole,
pyrrolidine or pyrazole, or

f) an optionally substituted heterocyclic thiole radical of
formula V

wherein :Het; :signifies a heterocycle
or - singla :.:
carakly S-
g) asthiole radical of formula VI
W in oea o
c#a&»subc-_ -8 - Rg VI
aikaxg,
whereln“RQSSLQRLfles an optionally substituted alkyl, alkenyl,

aryl,=acylhycarbamoyl, thiocarbamoyl or carbalkoxy radical or the
thia—-analogues thereof, or

h) Nj3.:3 58

;-.3.'_fi,
Examples :0f.group a) are optionally substituted thiazolium,
pyrrolinium, vthiadiazolium, oxadiazolium, oxazolium, pyridinium,
thiazol[4,5-c]lpyridinium, thieno [2,3-b]lpyridinium,
thieno(3,2-blpyridinium, isoquinolinium or quinolinium.

Examples of group b) are tri(lower)alkylammonium, especially

trimethylammonium, (l-carbamoyl-2-hydroxyethyl)dimethylammonium
(carbamoylmethyl) (ethyl) -methylammonium,
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atomsignify a carbocyclic unsaturated ring which is

bstituted by R4, whereby R4 nmy additionally represent a 1,3- or

Y| ene or vinylene bridge or R2 and R3 and the nitrogen at.om signify
Icyclic saturated ring, wherein.R4 is a.vinylene bridge,.or.c). a

fod heterocyclic amoni umgroup or d) a nitrogen base of formula IV

i i i i fi hydr ogen or has the significance of [err] or
herein [err] signifies hy ger 4 g 97J 98&1

—n RS

(cyanomethyl)dimethyl;mmonium, (2~-oxopropyl)dimethylammonium or
dehydroquinuclidinium:

Examples of group c)'are l-methylpyrrolidinium, pyrrolidinium,
piperidinium, l-methylpiperidinium, l-methylpiperazinium, .
l-methylpyrazolidinium, 1,5-diazabicyclo[3.3.0]octan-1-ium,
1,4-diazabicylo[2.2.2]octan-1-ium, quinuclidinium or
l-aza-5-methyl-4, 6-dioxabicyclo{3.3.1]nonan-1-ium.

Examples of group e) are 1,2,4-triazolyl,
l1-methyl-1H-tetrazol-5-yl, l-carboxymethyl-1H-tetrazol-5-yl or
1,2,3-triazol-5-yl.

The term heterocycle in the definition of Het, in group f) refers
to a single ring or fused heterocyclic rings having 4 to 7,
preferably 5- or 6- atoms in each ring, there being up to four
heteroc atoms in each ring selected from oxygen, nitrogen and
sulphur in each ring, which heterocyclic ring may carry 1 to 3
optional substituents selected from (C;.,)alkyl, {C2-4)alkenyl,
(C1-4)alkoxy, halogen, trihalo-(cl_4)aikyl, hydroxy, acyloxy,
0x0, mercapto, amino, carboxyl, carbamoyl, di-(C;.4)alkylamino,
carboxymethyl, carbomoylmethyl, sulfomethyl and
methoxycarbonylamino.

Examples of heterocycle include unsubstituted and substituted
imidazolyl, diazolyl, triazolyl, tetrazolyl, thiazolyl,
thiadiazolyl, thiatriazolyl, oxazolyl, oxadiazolyl,
benzimidazolyl, benzoxazolyl, benzothiazolyl, triazolylpyridyl,
purinyl, pyridyl, pyrimidinyl, pyridazinyl, pyrazolyl and
triazinyl. .

1

Suitable heterocycles include unsubstituted and substituted
S-hydroxy-4-pyridon-2-yl, 1,2,3-triazolyl; 1,2,4-triazolyl;
tetrazolyl; oxazolyl, thiazolyl; 1,3, 4-oxadiazolyl;
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-3- e) aa optionally substituted tetrazole, triazole, imdazole,
pyrrolidijne or pyrazole, or f) an optionally substituted. heterocyclic
thiole rddical of fornmula V [err] whefein [érr] signifies a heterocycle or
g) athidgle radical of fornula VI [err] wherein'[err] signifies an
optional ljy substituted al kyl, alkenyl, aryl, acyl, carbampyl, thiocarbanoyl
or carbalkoxy radical or the

-5 - 970-9801

1,3,4-thiadiazolyl or 1,2,3-thiadiazolyl.

| Preferably the heterocjcle is 1,5-dihydroxy-4-pyridon-2-yl1,
5-hydroxy-l-methyl-é-pyridon-z-yl, 5-hydroxy-4-pyridon-2-y1,
1-methyl-1H-tetrazol-5-yl, 2-methyl~1,3-4~thiadiazol-5-yl,
l-carboxymethyl-1H~tetrazol-5-yl,
6-hydroxy-2-methyl-5-oxo-2H-1,2,4-triazin-3-yl,
1,2,3-triazol-5-yl, 4-methyl-thiazol-5-yl.

Except where otherwise indicated organic radicals contain
! preferably up to 10 carbon atoms and lower refers to up to 4
carbon atoms.

| Examples of acid addition salts are salts of inorganic or organic
' acids, e.g. hydroiodide or hydrochloride.

A particular preferred group of compounds of formula I comprise
those of formula I’

S

HzN

r - 1 I
CH=CH-CHz-X

N

COOR'

wherein R’ is hydrogen or a negative charge, R,’ is hydrogen, and
X’ is pyridinium, 1,2,3-triazol-5-ylthio or
carbamoylmethylethylmethylammonium and their acid addition salts.

The compounds of formula I are known. They are characterized by
their excellent spectrum of activity: for example, in EP A 333
154 and EP A 264 091, a number of compounds having a substituted
ammonium-propenyl group and substituted pyridinium-propenyl group
§ are described. EP 315 518 claims compounds of the type hav1ng
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thia-anal ogues thereof, or [err] Exanples of group a) are optionally
substituted thiazolium pyrrolinium thiadiazolium oxadiazolium .

oxazol ium pyridinium thiazol[4,5-¢c]pyridinium thieno [2,3-b]pyridinium
t hi eno[ 3, 2-b] pyri di ni um isoquinoliniumor -quinolinium Exanples of group
b) are tri(lower)al kyl anmoni um especially trinethyl anmoni um

(1- car banoyl - 2- hydr oxyet hyl ) di met hyl anmoni um .

(car bamoyl et hyl ) (et hyl ) - met hyl ammoni-ur§ - 970-9801

isomeric thienopyridigium—propenyl derivatives. DE 3 404 615 and
DE 3 512 225 describe pyridinium- and ammonium-propenyl
derivatives which are substituted in the same way. US 4 139 618
fdescribes for examplé cephalosporin derivatives having thia- or
oxadiazoljs—yl-thio groups as substituents. '

However, according to methods known from literature, the
compounds of formula I can only be produced via several
intermediate steps, using extensive protecting group technology.
s .- JFor example, in EP 333 154, 7-f-(2-phenylacetamido)-3-chloro-
.:g%. gmethylcephem-4-carboxylic acid-p-methoxybenzylester is converted
z1z: jinto the wvinylogous chloromethyl compound via the analogous
iodomethyl compound, phosphonium salt and Wittig reaction with
.gmsx% Jchloroacetaldehyde. The resultant compound is then reacted with a
«biins f-nucleophile according to choice, the protecting groups in
f' position 7 and 4 are cleaved in any order and subsequently
-:-;-g. reacylated with the side chain that is applicable for the
,abd‘ respective active substance in position 7. In another reaction
sequence, for example, in the first stage the phenylacetyl
'i” protecting group at the vinylogous chloromethyl compound is
' cleaved, then the N-nucleophile is introduced, subsequently the
ester protecting group is removed and reacylated or synthesis to
form the active substance is effected in reverse order. The
disadvantages of this synthesis are on the one hand the high
number of stages of synthesis due to extensive protecting group
i technology, and on the other hand to form the vinylogous compound
it is necessary to work with poisonous choroacetaldehyde which is
only obtainable with extreme difficulty and with high loss in
dry, monomeric form.

Another synthesis strategy is described for example in EP 315
S18. Here, 7-amino-3-chloromethylcephem-4-carboxylic acid benz-
hydryl ester is acylated with the protected active substance side
chain, subsequently vinylized again with chloracetaldehyde by
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-4- (cyanonet hyl ) di met hyl ammoni um (2- oxopr opyl ) di met hyl anmoni um or
dehydr oqui nucl i di nium Exanpl es of group c) are 1-nethyl pyrroli.di ni.um
pyrrolidinium piperidinium 1-nethylpiperidinium: 1-nethyl piperazinium

1- net hyl pyrazol i di nium 1, 5-di azabi cycl o[ 3.3. 0] octan-1-ium .

1, 4-di azabi cyl o[ 2. 2. 2] oct an- 1-ium qui nucl i di ni um or

1-aza- 5- et hyl - 4, 6- di oxabi cycl o[ 3. 3. 1] nonan- 1-ium Exanpl es of g{o%P e) are
1,2, 4-tiri azolyl, 1-methyl-1Htetrazot-5-yl, 970-9801

1- car bgxynet hyl - 1H-tetrazol -5-yl - or 1,2,3-triazol-5-yl. The term

het erodycle in the definition of Het2 in grou fg refe
means of the corresponding phosphonlu 1t, chlorlde is

exchanged for iodide,  reacted with the corresponding N-hetero-
cycle and the protecting group is subsequently cleaved. Again due
to extensive protecfing group technology, this synthesis requires
a large number of stages of synthesis with some expensive
chromatoéraphy steps.

Another approach is illustrated by the synthesis method claimed
in DE 3 404 615. Here, in reverse order, a Wittig reaction is
carried out between a protected 7-acylamino-3-formyl-4-carboxylic

acid ester with the corrésponding substituted phosphoniumylide.
.= . | Again, the expensive protecting group technology and the poor

so: §accessibility of the corresponding 3-formylcephem compound and of
;idc | the Wittig reagent are distinct disadvantages of this synthesis.

‘aoq § In US 4 139 618, in an expensive synthesis via a 3-formyl-

587 § A2-cephem~-4-carboxylic acid ester, a Grignard-reaction and

:zex { sigmatropic rearrangement, 7-acylamino-3-acetoxypropenyl-
.psz § cephem-4-carboxylic acid ester is produced, the ester group

235 § cleaved and the exchange with a heterocyclic thiole effected in
3lz ) aqueous solution. As an alternative to this, the heterocyclic
ze2 | thiole is introduced under acidic catalysis to a l-hydroxy-

=. | propenyl-A2-cephemcarboxylic acid ester. The A2-double bond is
subsequently isomerized and the ester protecting group cleaved.
One disadvantage of this process is the fact that exchange of the
substituent in an aqueous medium in B-lactam chemistry is linked
with considerable decomposition. In an alternative process, the
product must be purified by chromatography.

In view of the many advantages of 3-substituted propenyl
cephalosporines, there was still a need for a commercially useful

process which provides intermediates from which a wide variety of

. 3-substituted propenyl cephalosporines can be produced. It is an
object of this invention to provide an improved process for the
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'to a single ring or fused heterocyclic rings having 4 to 7, preferably 5-

“or 6- atons in each ring, there being up to four hetero atonB I n each ring
~se|ected from oxygen, nitrogen and .sul phur. in each ring, which heterocycllc
ring may carry 1 to 3 optional substituents selected from[err]- [err] oxo,
mer capt o, amino, carboxyl, carbamoyl, -[err] carboxynethyl, carbonoyl nethyl,
sul fomet hyl and nethoxycarbonylan1no Exanpl es of heterocycle I ncl ude
unsubstituted and substituted i mdazolyl, diazolyl, triazolyl, eh{%golyl,
thi azol yl, thiadiazolyl, thiatriazolyT, 8oxazolyl, oxadiazolyl, 970- I

production of compounds of formula I. It is a further object of
ithis invention to.provide certain new intermediates.

Aécording to one aspéct, the present invention provides a new
process for the production of compounds of formula I as defined
above, which comprises the step of i) subjecting a compound of
formula IX

»

& —CH=CH-CHa-J

s ' COOR,

{3so~{» Bwherein R, is as defined above and Rg¢ is a silyl protecting
:Jsggiz group, to a nucleophilic exchange in 3/-position, and optionally
-nedges Bsplitting off silyl protecting groups.

:vo9uc: BExamples of silyl protecting groups include trimethylsilyl,
afoli: triethylsilyl; tri-n-propyl-silyl, tri-n-butylsilyl,

15377 " Emethyldiethylsilyl, dimethylethylsilyl, phenyldimethylsilyl,
;%% Stert. butyldiphenylsilyl, tert. butyldimethylsilyl and

: triphenylsilyl. The trimethylsilyl group is preferred.

The exchange reaction with a nucleophile, according to the

BN invention, is extremely simple. By adding the corresponding
N-nucleophile as a free base or in the form of an anion, a
‘compound of formula IX is converted into the N,O-bissilylated
,derivative of formula I, i.e. wherein R and R; are silyl
gprotecting groups, which groups may be splitt off by simple
hydrolysis or alcoholysis to give compounds of formula I, wherein
R is hydrogen or a negative charge and R; is hydrogen.
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_ben2|n1dazolyl benzoxazol yl , benzothiazolyl, triazolylpyridyl, purinyl,
pyridyl, pyr|n1dinyl, pyridazinyl, pyrazolyl and triazinyl. Suitable
heterocycles i ncl ude unsubstituted and substituted - B

5- hydr oxy-4-pyridon-2-yl, 1,2,3-triazolyl; 1,2,4-triazolyl; tetrazolyl;
oxazol ylg, thiazolyl; 1,3, 4-oxadiazolyl; 1, 3, 4-thiadiazo|y| or 1,2,
3-thiadiazolyl. Preferably the heterocygle s 1,5-di hydroxy-4 pyg%go

5- hydr oxy- 1- net hyl - 4- pyri don- 2-yl, 5-Rydr0oxy-4-pyridon-2-yl, 9301

- The compounds haqing3sub§titution type d) are obtained whereby
{ the corresponding amine is reacted in the form of a Schiff base
and the aldehyde component is removed in known manner when the

reaction with the compound of formula IX has taken place.

In the same way, the reaction with S-heterocycles is simple. The
compounds of formula I are obtained by adding the S-heterocycle
in the form of its alkali or alkaline earth salt, in the form of
a quaternary ammonium salt or in the form of the free mercapto
compound, in the presence of an acid trap, with subsequent
hydrolysis or alcoholysis of the silyl protecting groups. If
desired, in order to raise the solubility of the heterocycle in
the reaction system, a cosolvent such as an organic. amide, a urea
or a polar carbonyl derivative, is added.

If readily silylable functions are contained in the nucleophiles
as substituents, these are optionally silylated with one of the
.~ R silylation agents mentioned below in step iii) prior to the
reaction with a compound of formula IX.

The compounds of formula I can be isolated in conventional
manner. Silyl protecting groups may be removed by simple
hydrolysis or alcoholysis. This may be effected e.g. either by

adding a desilylation agent to the reaction mixture, or the
product is extracted into a separable aqueous phase, by adding
 water either under alkaline or acidic conditions and
precipitating by adjusting the pH value to the isocelectric point,
optionally adding an organic solvent.

The compounds of formula IX are new and also form part of the

=as:

invention.

i The compounds of formula IX, as well as of formula I, VII and

LR




l-methyl -1Htetrazol -5-yl, 2-net hyl - 1, 3-4-t hi adi azol - 5-yl
1- car boxymet hyl - 1H-tetrazol -5-yl, . - LT LT . S

6- hydr oxy- 2- met hyl - 5- oxo-2H 1, 2, 4-trt azin-3-yl, 1,2,3-triazal -5-yl, .

4-net hyl -t hi azol -5-yl. Except where otherwi se indicated organic radi.cals
contain preferably up to 10 carbon atons and |ower refers to up to 4 carbon
atons. .1 Exanples of acid addition salts are salts of inorganic or organic
acids, e.g. hydroiodide or hydrochl ori-de0 A particular preferred §70up8ofl
conpounds of formula | conprise those of formula I’

VIII, include two isomers, namely (E)—-isomer (i.e. a
trans-isomer) and (Z)-isomer (i.e. a cis-isomer) and a mixture
1 thereof.

A compound of formula IX is conveniently obtained by the step of
ii) reacting-a compound of formula VIII

N

fo
...... R6H~ ] Vm
5 2 l —~CH=CH-CH2-OR1q
moon: COOR&
{ 377
g =T
fuz =5 B nerein R, and R are defined as above, and Rjo is a silyl
%iYL;* protecting group, an optionally substituted straight or branched
oRSE alkyl radical, an optionally substituted aryl or acyl radical,
: with an iodinating agent.
LI Ty

Examples of aryl in the definition of R;g include phenyl or
naphthyl, optionally substituted with up to 3 groups selected
from halogen, (C;.4)alkyl or (C;-salkoxy. Examples of acyl are
(C1-4)alkylcarbonyl e.g. formyl or acetyl, or benzoyl.

Suitable solvents are inert, organic solvents, e.g. halogenated
hydrocarbons, such as dichloromethane or chloroform, inert
nitriles such as acetonitrile or sulfolane.

Suitable iodinating agents for the production of a compound of
formula IX are trialkyliodosilanes, for example
trimethyliodosilane or diiodosilane. The lodlnating agent may be
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lerr] \ﬂjerein R is hydrogen or a negative charge, [err] i's hydrogen"and
X s pywidinium 1,2, 3-triazol-5-yl.thio or
carbannyjnethylethylnethylannonlun1and their aci-d addition salts-—The
compounds of fornula I are known. They. are characteri zed by their excellent
spectrum of activity: for exanpl.e, in EP A 333 154 and EP A 264 091, a .., ...
nunber of conpounds having a substituted;gmaoni um propenyl group a§4b_9801“’”f?“
substituted pyridini umpropenyl group are described. EP 315 518 claim 4%
conpounds of the type having )
employed in a stoichiometric quantity or in excess. The

temperature during iodination depends on the reactivity of the
. oxygen derivative in formula VIII. Thus, temperatures of -50°C to
' boiling point of the reaction mixture are possible. It is
preferable to operate at a temperature of -20°C to +20°C.

During the iodination reaction, the compound of formula IX is
surprisingly obtained predominantly as the E-isomer; after longer
reaction times or on addition of an inert polar solvent, e.g.
acetonitrile or sulfolane, practically exclusively E-isomers are
formed. Thus in the subsequent products of formula I, the E-con-
figuration on the double bond alsc dominates.

A compound of formula VIII is conveniently obtained by iii)
silylating a compound of formula VII

o 1)

(o)
HaN =T
— CH=CH-CH2-ORg

B
8

04
COQH

wherein R, is defined as above and Ry is hydrogen, an optionally
substituted straight or branched alkyl radical, an optionally
substituted aryl radical or an acyl radical.

Suitable silylation agents are strong silylation agents, such as
hexamethyldisilazane, in the presence of a catalyst, e.g. an
organic acid, a quaternary ammonium salt or a mixture of
hexamethyldisilazane with a silylation agent such as

' trimethylchlorosilane or trimethyliodosilane. In the same way,
silylation agents such as bis-trimethylsilyl-trifluoroacetamide
% or bissilylurea may be used in combination with one of the

above-mentioned silylation agents. Suitable solvents are inert
organic solvents, e.g. halogenated hydrocarbons, such as
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.isoneric thienopyridiniumpropenyl derivatives. DE 3 404 615 and DE 3 512
225 describe pyridinium and ammoni um propenyl derivatives which are
substituted in the same way. US 4 139 618 describes for exanple

cephal osporin derivatives having thia- or oxadi azol-5-yl-thio groups as
substi tuents. However, according to nethods known fromliterature, the
compounds of formula | can only be produced via several internediate steps,
usi ng extensive protecting group t ecindogy. For exanple, in EP 838-92841
[err] dethyl cephem 4-carboxylic acid-p-methoxybenzyl ester is converted into

e phonP SRR A, HITRRy 2 20428847 Lagogst V! compotnc
i acetonitrile, or acyclic or cyclic ethers. It is preferable to
i use the solvents which in the next stage are inert towards the
iodinating agent. Solvents which are not inert have to be removed
and replaced prior to the reaction with the iodinating ageht. The
temperatufe for the silylation reaction is not critical, and may
§ be up to boiling point of the relevant solvent.

| The compounds of formula VII may be employed in any E:2Z ratio.

The compounds of formula VIII may then be reacted in situ with an
iodinating agent to form compounds of formula IX, which may then

. be subjected in situ to a nucleophilic exchange in 3’-position to
give compounds of formula I.

The compounds or formula VII may be prepared in known manner.
' For example they may be prepared by the method described in
European Patent Application No. 92103666.1 by reacting a
7-silylated-~3~iodomethyl-3-cephem-4-carboxylic acid silyl ester
(obtainable from e.g. 7-ACA) with e.g. triphenylphosphine to give
a 7-silylated—3-triphenylphosphoniummethyl—3—ceph§m—4-carboxylic
acid silyl ester which is reacted with a base and then with an
aldehyde to give compounds of formula VII.

The process according to the invention, compared with the state
of the art, has the simplest protecting group technology, is a
one-pot reaction and is effected under mild, aprotic conditions.

It may be used on industrial scale. The reaction steps i), ii),
and iii) are preferably carried out in a one-pot process without
isolation of the intermediates. The process uses silyl groups as
protecting groups, which may be introduced in a single step and
also may be cleaved in one single step, thus reducing the number
of steps. Silyl protecting groups may be removed by simple
hydrolysis or alcoholysis at the end of the reaction.
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chl oroacet al dehyde. The resultant conpound is then reacted with a [err]
'according to choice, the protecting-groups in position 7 and 4 are cleaved
in any order and subsequently reacylated with the-side chain that-
applicable for the respective active substance in position 7: In- another
reacti on sequence, for exanple, in the first stage the phenyl acetyl
protecting-group at the vinylogous chl gronet hyl conpound is cleaved, then
the N-nucl eophile is introduced, suﬁseguéntly the ester protect?ﬁ%‘ ?%hp S
renovied and reacyl ated or synthesis to formthe active substance is

o1 ecl etny-LENGRAE OLUBLerdNGadl SSCUBULRIES oL L2 BYIRNERT o ore on the
gr oug reprec;pltatlon, resp. recrystalllzation, without any

chromatography steps. In its preliminary stages of vinylization

of 7-aminocephalosporanic acid in the Wittig stage, the process
according to the invention enables work to be effected using
ecologically acceptable and safe aldehydes. The new compound of
formula IX is a central intermediate product for the production

of compounds of formula I. In.addition, this method of synthesis
leaves open the option of subsequently adding an acyl radical in

position 7 without expensive protecting group'teéhnology.

The compounds of formula I are important starting products in the
production of valuable cephalosporin antibiotics. Cephalosporins

P which are propenyl-substituted in 3-position are either resorbed
orally, or when applied parenterally, they are characterized for
their very broad efficient spectrum of activity. For example, the
following compound )

s
~CO~-HN = 2H5
1 ), | or*
HaN N -'CH=CH-CH2-T-CH2.CONH2

7
o CHoF co5 CHy

may be produced.

In the following examples, which illustrate the invention more
fully, but in no way limit its scope, all temperatures are given
in degrees celsius.
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.technol ogy, and on the other hand to formthe vinylogous conpound it -is
necessary to work with poi sonous chor oacet al dehyde which is only obtainable
with extreme difficulty and with high loss i:n dry, nonomeric form Another
syntheS|§ strategy is described for exanple:in EP 315 518. Here, .

7-am no- 3- chl or orret hyl cephem 4- car boxyl i ¢ aci d benz- hydryl ester is
acylatediwith the protected active substance side chain, subsequent4

vinylized again with chloracetal dehyde=b¥4 = -7- 819801

Example 1: 7-Trimethylsilylamino—3-(3-iodo-1l-propen-1-yl)-3-
cephem—4-carboxylic acid trimethylsilyl ester, E-isomer (compound
of formula IX)

a) 7—Trimethylsilylamino—3-(3-acetoxy—1-propen-1—y1)-3-cephem=4—.
carboxylic acid trimethylsilyl ester (compound of formula VIII)

596.6 mg of 7-amino-3-(3-acetoxy-l-propen-1l-yl)-3-cephem—-4-
carboxylic acid are suspended in 7.2 ml of absolute dichloro-
methane. 29.4 mg of saccharin are added, followed by 1.04 ml of
hexamethyldisilazane. The resultant solution is boiled at reflux
for 20 hours under a light current of N;. Due to the extreme
hydrolyzability, characterization is effected by NMR.

b) 7-Trimethylsilylamino-3—(3-iodo-l1-propen—l1-yl)-3-cephem—4-
carboxylic acid trimethylsilyl ester, E-isomer (compound of
formula IX)

0.71 ml of iodotrimethylsilane are added at 0° to the solution,

" produced as described under a), of 7-trimethylsilylamino-3-(3-
acetoxy-l-propen-1l-yl)~3-cephem-4-carboxylic acid trimethylsilyl
ester. The solution is stirred for 15 hours at 0°. Due to the
extreme hydrolyzability, characterization is again effected by
NMR.

Example 2: 7-Trimethylsilylamino—-3-(3-iodo-l1-propen-1l-yl)-3-
cephem—4-carboxylic acid trimethylsilyl ester, E-isomer (compound
formula IX)

a) 7-Trimethylsilylamino—-3-(3-formyloxy—-l-propen-1-yl)-3-cephem—
4-carboxylic acid trimethylsilyl ester (compound of formula VIII)
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freans of t he correspondi ng phosphoniumsalt, chloride is exchanged for

i odi de, reacted with the corresponding- N-hetero- cycle and the protecting
group i s subsequently cleaved. Agai n-due to-extensive protecting group
technol ogy, this synthesis requires a targe nunber of stages of synthesis
with sore expensive chromatography steps. Another approach is illustrated
by the synthesis nethod clained in DE 3 404 615. Here, in reverse q;der
Wttig rneaction is carried out between a %rotected 0 9801
7- acylaﬁ1no 3- fornyl-4 carboxyllc acid ester with the correspondi ng

ol ot B SPIRR YL Ta OB oAU SARSREVE PO
conpound amdrbéxyllc ac;d are suspended in 40 ml of dichloromethane. After
~ adding 0.16 g of saccharin and 5.3 ml of hexamethyldisilazane,
the reaction mixture is boiled at reflux for 5 hours under a
light current of N,. The title compound is again examined by_NMR
spectrosdopy_after evaporating the dichloromethane and taking up
the residue in CDCl;.

b) 7-Trimethylsilylamino-3-(3—-iodo-l-propen-1-yl)-3-cephem—-4-
carboxylic¢ acid trimethylsilyl ester, E-isomer (compound of
formula IX)

2.5 ml of iodotrimethylsilané are added at 0° to the solution of
7-trimethylsilylamino-3-(3-formyloxy-l-propen-1l-yl)-3-cephem-4-
carboxylic acid trimethylsilyl ester obtained in Example 2a) in
P dichloromethane, and the solution is stirred for 4% hours at 0°.
L The NMR-spectroscopic data are identical to the data given in
Example 1.

Example 3: 7-Trimethylsilylamino-3-(3-iodo-1-propen-1-yl)-3-
ce by cephem—4~-carboxylic acid trimethylsilyl ester, E-isomer (compound
of formula IX)

a) 5.25 g of 7-amino-3-(3-acetoxy-l-propen-l-yl)-3-cephem-4-
carboxylic acid are bisilylated in dichloromethane analogously to
the manner described in Example la.

b) 5 g of diiodosilane are added at 0° to the solution of 7-tri-
methylsilylamino-3-(3-acetoxy-l-propen-1-yl)-3-cephem—-4-
carboxylic acid obtained in Example 3a), and the solution stirred
for 7 hours at 0°. HPLC shows the typical peaks (desilylated
title compound and reaction products with HPLC solvent) of the
title compound.

—_—
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the Wttig reagent are distinct disadvantages of this synthesis. In US 4
"139 618, in an expensive synthesis via a 3-fornyl - [err] acid ester;. a
Gignard reaction and signmatropi c rearrangenent,. .

7-acyl am no- 3- acet oxypr openyl - cephem 4-car boxylic acid ester is produced
the ester group cleaved and the exchange with a heterocyclic thiole -
effected in aqueous solution. As an alternative to this, the heterocyclic
thiole is introduced under acidic catalygs-to a 1- hydroxy [err] ogoi-g01
ester. The A2-double bond is subsequently isonmerized and the ester
protectrng group cl eaved. One di sadvantage of this process is the fact that

exchange afpridecsnditiidnent |n_an aqueous nediumin [err] chem stry is

l i nked
é Sample preparation: 0.1 ml of reaction solution per 50 ml of H,;0

4+ NaHCO;
: Stationary phase: . nucleosil Rp;g 10 pm, 200x4.7 mm, flow
_ 1 ml/min, A = 256 nm |
: Mobile phase: 0.02 m pentanesulphonic acid-Na in H,0
Amount injected: 20pl HPLC sample solution
Retention times: 1;79, 2.77, 4.22 min.

Example 4: 7-Amino-3-[ (E) -3- (carbamoylmethylethylmethylammonium)—
1-propen—1-yl]-3-cephem—4-carboxylic acid iodide (compound of
formula I)

A solution of 35.9 g of 7-trimethylsilylamino-3-(3-iodo-1-propen-
R 1-yl) -3-cephem—~4-carboxylic acid trimethylsilyl ester; produced
SR from 21 g of 7-amino-3-(3~acetoxy-l-propen-l-yl)-3-cephem-4-

- carboxylic acid‘énalqgously to the manner described in example
l1a), in ca. 210 ml of dichloromethane is mixed at 0° with a
solution, which has been boiled for 2 hours, of 29.4 g of

N-methyl,N-ethyl-glycine—-amide, 40.9 g of hexamethyldisilazane
and 3.7 g of saccharin in 200 ml of acetonitrile. The mixture is
stirred for 4 hours at 0°. Subsequently, ca. 200 ml of
isopropanol are added, whereby the title compound precipitates as
a raw product. It is isolated through a suction filter, washed
with isopropanol and subsequently dried in a vacuum drying
chamber. The raw product is dissolved and reprecipitated by
adding aqueous hydrochloric acid, treated with carbon and
precipitated with isopropanol at pH=2.5 to yield the pure title
compound as a slightly yellowish, crystalline powder.

Example 5: 7-Amino-3-[(E)-3-pyridinium-l-propen-1-yl)-3-cephem-
4-carboxylic acid iodide {(compound of formula I)

A solution of 25.7 g of 7- trimethylsxlylamlno-B (3 iodo-1 -propen-
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W th considerabl e deconposition. In an alternative process, the product
must be purified by chromatography. In.view of the many advant ages .of .
3-substituted propenyl cephal osporines, there was still a need fof a.-
commercially useful process which provides internediates fromwhich:a w de

vari ety pf 3-substituted propenyl cephal osporines can be produced.
object of this invention to provide an iqpfqyed process for the
producti®n of conpounds of forrmula I. It Ts a further object of

in methanol/aqueous hydrochloric acid, carbonizing and

yl]-3-cephem—4-carboxylic acid (compound of formula I)

It is an
5P0-9801

l-yl)-3-cephem-4-carboxylic acid trimethylsilyl ester, produced
from 15 g of 7—amino43—(3-acetoxy-1-propen-1-yl)-3-cephem—4-
carboxylic acid analogously to the manner described in Example 1,
in 150 ml of dichloromethane is mixed at 0° with 14.6 ml of dry
pyridine, and the reaction mixture is stirred over night at 0°.
Subsequehtly, 150 ml of isopropanocl are added, whereby the title
compound precipitates as the raw product. The raw product is
isolated through a suction filter, washed with isopropanol and
dried in a vacuum drying chamber. By dissolving the raw product

readjusting the pH value with triethylamine to ca. pH 3, the pure
title compound is obtained as a practically colourless powder.

Example 6: 7-Amino-3-[(E)-3-(1,2,3-triazol-5-ylthio)-1-propen—1-
A solution of 25.7 g of trimethylsilylamino-3-(3-~iodo-l-propen-1-

yl) -3-cephem-4-carboxylic acid trimethylsilyl ester, produced
from 15 g of 7-amino-3-~({3-acetoxy-l-propen-l-yl)-~3-cephem-4-~

carboxylic acid analogously to the manner described in Example 1,

in 300 ml of dichloromethane is mixed at 0° with a solution of
12.4 g of S5-mercapto-1,2,3-triazole-Na salt in 25 ml of dry
dimethylformamide. The reaction mixture is stirred over night at

0° and 300 ml of isopropanocl are subsequently added. The title

compound precipitates as a filterable raw product. This is washed

obtained as a crystalline, almost white powder.
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this invention to provide certain new internedi ates. According to one
"aspect, the-present invention provides a new process for.the pr-oduction of
conpounds of formula | as defined above, which conprises the step of i)
subj ecting a conpound of formula IX [err] wherein [err] is as deflned above
and [err] is a silyl protecting group, to a nucleophilic exchange in
-position; and optionally splitting gff silyl protecting gr oupg;4 0E>§368:lles
of silyl protecting groups include trinethylsilyl, triethylsilyl,
tri-n-propyl-silyl, tri-n-butylsilyl, nethyldiethylsilyl,
.dimethylethylsilyl, phenyldinethylifler-spectra

Ex: ) Spectrum:

la (CD,;C1l,) 7.06 (d, J=17.4Hz, 3-CH=, E-isomer); 6.31 (d,

: J=11.3Hz, 3-CH=, Z-isomer); 6.02-5.93 (m,
C=CH-CH; -, E-isomer); 5.70-5.60 (m, C=CH-CH;-, 2Z-
isomer); 4.98 (d, J=5.2Hz, Hg¢, E-isomer); 4.93 (d,
J=5.2Hi, Hg, Z-isomer); 4.76 (dd, J=5.2Hz,
Jd=13.1Hz, H;, E- and Z-isomer); 4.65-4.38 (m,
CH;-0-); 3.58 (AB, J=17.4Hz, S-CH,, E-isomer);
3.42 (AB, J=18.3Hz, S-CH;, Z-isomer); 2.04 (s,
CH;, E-isomer); 1.99 (s, CH3, Z-isomer); 1.49 (d,
J=13.1Hz, N-H); 0.311 (s, COOSi-CH3,_E-isomer);
0.273 (s, COOSi-CH;3, Z-~isomer); 0.087 (s,
NH-Si-CH;, E- and Z-isomer).

S INION . R m e e L

A o

1b/2b (CD,Cl;) 7.07 (d, J=15.7Hz, 3-CH=); 6.15 (dt, J=15.7Hz,
J=7.9Hz, =CH-CH,-J); 4.87 (d, U=5.2Hz, Hg); 4.75
(dd, J=5.2Hz, J=13,1Hz, H7); 4.06 (d, J=7.9Hz,
CH-J); 3.57 (AB, J=17.4Hz, S-CHy); 1.50 (d,
J=13.1Hz, NH).

2a {CDClj3) 8.14 (s, HC=0, E-isomer); 8.08 (s, HC=O,
Z-isomer); 7.26 (d, J=16.5Hz, 3-CH=, E~isomer);
6.44 (d, J=11.7Hz, 3-CH=, Z-isomer); 6.17-5.59 (m,
C=CH-CH;, E- and Z-isomer); 4.96 (d, J=4.5Hz, Hg):
4.82 (dd, J=13.5Hz, J=4.5Hz, H;); 4.80-4.44 (m,
-CH,-0); 3.48 (AB, J=18.3Hz, S-CH,, Z-isomer);
3.62 (AB, S-CH;, E-isomer); 1.46 (d, J=13.5Hz,
NH); 0.56 (s, COO-SiCH3, E-isomer); 0.39 (s,
COOSiCH3, Z-isomer); 0.18 (s, NH-Si-CH;, E- and
Z-isomer) .

Sheet Has Been RTllaced

TR




‘tert. butyldiphenylsilyl, tert. butyidinethylsilyl and triphenylsilyl. The
trimethylsilyl group is preferred. The exchange reaction with a ..

nucl eophil e, according to the inventjon, "is extrenely sinple. By adding the
correspondi ng N-nucl eophile as a'free base or in the formof an anion, a
compound of fornmula I X is converted into the N,O bissilylated derivative of
formula I, i.e. wherein Rand [err] a

silyl protecting groups, i
groups may be splitt off by sinple hy&% olysis or al coholysis to%ﬁ&%ﬁgbl
compounds of formula I, wherein Ris hydrogen or a negative charge and

[err] Ts hydrggen. 6.84 (d, J=15.7Hz, CH=); 5.87 (dt, J=15.7Hz,
J=7.6Hz, =CH-CH,-); 5.23 (d, J=5.1Hz, Hg); 5.07
(d, J=5.1Hz, H;); 4.21-4.08 (m, =CH-CH,-N+); 3.96
(b, +N-CH;-C=0); 3.68 (AB, J=17.4Hz, S-CH;-);
3.58-3.42 {(m, CH,-CH3, diastereoisomers); 3.09 and
3.08 (s, s, +N-CH3, diastereoisomers); 1.29 (t,
J=7.2Hz, CH,~CHj). '

5 (D;0/DCl) 8.94-8.03 (m, Py-H); 7.14 (d, J=16.2Hz, 3-CH=);
6.40 (dt, J=16.2Hz, J=6.5Hz, =CH-CH;)}; 5.38 (d,
J=6.5Hz, CH,~Py); 5.34 (d, J=5Hz, Hy); 5.18 (d,
J=5Hz, H¢); 3.84 (b, S-CHp-).

M5, Le

6 (CF3COOD) 8.48 (s, triazole-H); 7.34 (d, J=16.2Hz, 3-CH=);
6.46 (dt, J=16.2Hz, J=7.5Hz); 5.51 (d, J=3.8Hz,
H7); 5.38 (d, J=3.8Hz, Hg); 3.93 (d, J=7.5Hz,
CH;-S-, triazole); 3.81 (b, S-CHx-).

. Mt ik R e o e
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he conpounds having substitution type d) are obtained whereby the
sponding amne is reacted in the formof a Schiff base and the

fyde co. Qﬁﬁaihﬂsﬁﬂ vedd i n known manner when the reaction w th the
und of taken place. In the same way, the reaction with
rocycl w“g\“‘\m he conpounds of  fornula | are obtai ned by adding
- het ero ormof its alkali or alkaline earth salt, in the
of a quaternary anmoniumsalt or 2 the formof the free mﬁ?ﬂnﬁ&ﬂl

und, in the presence of an acid trap, wth subsequent hydrolysis or

1 ce on5|s of the silyl protecting groups. If
: Claims:

1. A process for the production of 3’-substituted 7-amino-3-
propenyl-4-cephem-carboxylic acid derivatives of formula I

Ro

= S
R HN n r :
: = CH=CH-CHz-X ‘

o N

COCR

wherein R; is hydrogen or a silyl protecting group,.R, is
hydrogen or methoxy, X is the radical of a nucleophile, R is
hydrogen, a silyl protecting group or a negative charge, and
their acid addition salts, which comprises the step of i)
subjecting a compound of formula IX

B
RSHN—_I’/ X
4 & —CH=CH-CHg~J
o)
COOR,

wherein R, is defined as above and R¢ is a silyl protecting
group, to a nucleophilic exchange in 3’-position, and optionally
splitting off silyl protecting groups.

2. A process according to claim 1 wherein the compound of formula
IX is produced by the step ii} reacting a compound of formula
VIII

AR R

o



.desired, in order to raise the solubility of the heterocycle in the
reaction system a cosolvent such as.-an organic amde, a urea or a polar

car bonyl dﬂﬁgsﬁ@&hysqaeeﬂl@eg ed. If readily silylable functions are contai ned

in the nucl stituents, these are .optionally silylated with
one of the ﬂm

ts nentioned belowin step iii) prior to the
reaction w of formula | X,.,The conpounds of fornula X e
i sol ated in conventional manner. Silyl 2p]rot ecting groups nay be rde—’r%g?ebﬁby
sinpl e hydrolysis or alcoholysis. This my be effected e.g. either by
adding a desilylation agent to the reaction m xture, or the product is
extracted into a separabl e agueous phase, by addi ng

RSHN =

—Ca
=

P R~ P —CH=CH-CH2-OR1g

COORS

wherein R, and R¢ are defined as above, and Rj;o is a silyl
protecting group, an optionally substituted straight or branched
alkyl radical, an optionally substituted aryl radical or acyl
radical, with an iodinating agent.

R 3. A process according to claim 2 wherein the compound of formula
i VIII is produced by the step iii) silylating a compound of
“z . formula VII

D

Q

s
HZN——r
: — CH=CH-CH,~ORg VI

N

COOH

wherein R, is defined as above and Ry is hydrogen, an
optionally substituted straight or branched alkyl radical, an
optionally substituted aryl radical or an acyl radical.

4. A process according to claim 2 or 3 in which steps i), ii)
and iii) as defined in claims 1, 2 and 3 are effected in the same

reaction vessel.

5. Compounds of formula IX

e



w

wajf er either-under al kaline or acidic conditions and precipitating by
adj usting the H value to the isoelectric point, optionally adding.an

organi ¢ sol ve is S &ﬁ; ﬁdﬁ of formula | X are new and. al sa ,form'part of
t he inventi on. of formula I X, as well as of fornmula.l, WV
and - 10 - tmo |soners nanely (E)-isomer (i.e. a

trans-isomner) and (Z)-lsone . @ gLs-isomer) and a mxture o, 980} |
. - - AL/ 'ﬂl; i

fodE
b
DU

RGHN i

%

—CH=CH-CHa=J

N

"

COOR6

wherein R, is hydrogen or methoxy and R¢ is a silyl protecting

group.

6. 7-Trimethylsilylamino-3-{3-iodo-l-propen-1-yl)-3-cephem-4-
carboxylic acid trimethylsilyl ester.

7. A process for the production of a compound of formula IX

Ro s )
- Ra*N-‘——r X
dﬂ N —CH=CH-CHz-J

COOR6

wherein R¢ is a silyl protecting group and R, is hydrogen or
methoxy, which comprises the step of ii) reacting a compound of

formula VIII

RGHN-

+

—CHaCH-CH;-0ORqq

N

COOR6

A



.thereof. A conpound of formula IX is conveniently obtained by the step of
i) reacting a conmpound of fornula VItI [err] wherein [err] and [err] are
defined as above, and [err] is a S|IyI protecting group, an optionally
substituted straight or branched al kyl radi-cal, an optionally substituted
aryl or acyl radical, with an iodinating agent. Exanples of aryl in the
definition of [err] include phenyl or naphthyl, optionally substituted with
up to 3 groups sel ected from hal ogen, {@3r} or [err].Exanpl es of &3P~980a
[err]al kyl carbonyl e.g. fornyl or acetyl, or benzoyl.

whgrein R, and Rg are defined as above, and ng-is a silyl
protecting group, an ‘optionally substituted straight or branched
alkyl radical, an optlonally substituted aryl radical or acyl
radical, with an iodinating agent.

8. Use of a compound of formula IX for the production of a
7-acylamino-l-propen-1l-yl-3-cephem—-4-carboxylic acid.
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.Sui.tabl e solvents are inert, organic solvents, e.g. hal ogenated

hydr ocar bons, such as dichl oronet hane or chloroform inert nitrirtes-such as
acetonitrile or sulfolane. Suitable .iodinating agents for the production o
a conpound of formula I X are trialkyliodosilanes, for exanple
trimethyliodosilane or diiodosilane. The iodinating agent may be

enpl oyed in a stoichionmetric quantity or in excess. The tenperature during -
i odi nati on depends on the reactivity of24he oxygen derivative in §pooogay
VII1. Thus, tenperatures of [err] to

Abstract of the Disclosure:

The invention relates to a new economical and simple process,
using a new intermediate compound, for the production of

3’ -substituted 7-amino-3-propenyl-4-cephem-carboxylic acid
derivative;gof formula

b

Q

S
R}HN__I/ |
' I

N — CH=CH-CH,-X

)

COOR

wherein R is hydrogen, a negative charge or a silyl protecting
group, R, is hydrogen or methoxy, R; is hydrogen or a silyl
protecting group and X is the radical of a nucleophile, and their
acid addition salts. '
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boiling point of the reaction mixture are possible. It is preferable to
operate at a tenperature of [err] to [err]. During the iodination reaction,

t he conpound of fornmula I X is surprisingly obtalmd p+-edo-Rant-y—as—t-he
E-isomer; after |onger reaction times or on addi ﬁaﬁiﬁﬁﬁwﬁﬁﬂiﬁﬁﬁﬂ§r SG
solvent, e.g. acetonitrile or sulfolane, practi cal Piﬁﬁ%ﬂ i epsd 2-its deged. .
are forned. Thus in the subsequent pr6dacfs of fbrifllam: . t hie 2E-E8h<s paged .2,
figuration on the double bond al so dom nates. A dﬁﬁbund?mﬂ frormul.a Wip:gd s...
conveniently obtained by iii) silylating a corrpouriﬂ}di,ﬁtar mulpaghd k. [tenmaped ..
wherein [err] is defined as above and [err] is hydrogen, an optionally

DATE OF RECEIPT...REY........

New process for the production of cephalosporines and novel

intermediates in this process

The invention relates to a new economical and simple process,
using a new intermediate compound, for the production of

3’ -substituted 7-amino-3-propenyl-4-cephem-carboxylic acid
derivatives of formula I

RyHN. _E__‘/S
— CH=CH-CHg=X - I

PN

CooR

wherein R is hydrogen, a negative charge or a silyl protecting
group, R, is hydrogen or methoxy, R; is hydrogen or a silyl
protecﬁing group and X is the radical of a nucleoph;le, and their
acid addition salts.

Compounds of formula I are useful starting products for the
production of valuable 3-substituted propenyl cephalosporines.

Illustrative examples of X are

a) an unsaturated heterocyclic ammonium group of formula II

Q/H;tt

-N
A7
wherein Het; signifies a 5- or f-membered heterocycle which
optionally contain one or two additional heteroatoms selected

F
- . This is the replacement sheet

pare: 13 DEC 1997



substituted strai ght or branched al kyl radical, an optionally substituted
aryl radical or an acyl radical. Suitable silylation agents are strong
silylation agents, such as hexamet hyl di silazane, in the presence of a
catalyst, e.g. an organic acid, a quaternary amoniumsalt or a m xture of
hexanet hyl di si |l azane with a silylation agent such as trinethylchlorosil ane
or trinethyliodosilane. In the sane way, silylation agents such as
bis-trinethylsilyl-trifluoroacetam de or bissilylurea may be used in

conmbi nation with one of the above-nent2oned silylation agents. Suitable
solvents are inert organic solvents, e.g. hal ogenated hydrocarbons, such as

from oxygen, nitrogen_or sulphur atoms, R; is hydrogen, carboxy,
carboxamido, a sulphonic acid radical or a substituent which is
usual in B-lactam chgmistry, e.g. alkoxy, hydroxy, acyl, amino,
alkylthio mercapto, and wherein both the R; signify an optionally
substitutgd, saturated or unsaturated alkyl group, or forﬁipart
of an optionally substituted, saturated or unsaturated carbo-
cyclic ring or part of a further (anellated) hetero-aromatic ring
or

b) an aliphatic ammonium group of formula III-

wherein-R;, R3 and Ry may be the same or different and
respectively signify alkyi, alkenyl, aryl, hydroxy lower alkyl,
carbamoyl lower alkyl, amino lower alkyl, acylamino lower alkyl,
cyano lower alkyl or carboxy lower alkyl or R with R3; and the
nitrogen atom signify a carbocyclic unsaturated ring which is
alkyl-substituted by Ry, whereby Ry may additionally represent a
1,3- or 1,4-alkylene or vinylene bridge or R, and R; and the
nitrogen atom signify a carbocyclic saturated ring, wherein Ry is

a vinylene bridge, or

c) a saturated heterocyclic ammonium group or

d) a nitrogen base of formula IV
- NH - Ry Iv
wherein Rs signifies hydrogen or has the significance of R, or

This is the replacement sheet

Date: ’? 3 DEC 1097



- 12 - dichloronethane or chloroform inert nitriles such as acetonitrile,
or acyclic or cyclic ethers. It is preferable to use the solvents which in
the next stage are inert towards the iodinating agent. Solvents which are
not inert have to be renoved and replaced prior to the reaction with the

i odi nating agent. The tenperature for the silylation reaction is not
critical, and may be up to boiling point of the relevant solvent. The
conpounds of formula VII nay be enployed in any E:Z ratio. The conpounds of
formula VIIl may then be reacted in3i¥d with an '

e) an optionally substituted tetrazole, triazole, imidazole,
pyrrolidine or pyrazole, or

¢ f) an optionally substituted heterocyclic thiole radical of
formula V

' N

~S-

wherein Het; signifies a heterocycle
or

g) ~asthiole radical of formula VI

- S - Rg VI
whereintR§ 8ignifies an optionally substituted alkyl, alkenyl,
aryl; acyl, carbamoyl, thiocarbamoyl or carbalkoxy radical or the
thia—~analogues:.thereof, or

h)y Ni..

Examples of .group a) are optionally substituted thiazolium,
pyrrolinium, ‘thiadiazolium, oxadiazolium, oxazolium, pyridinium,
thiazol[4;5-c]lpyridinium, thieno [2,3-b]lpyridinium,
thieno([3,2-blpyridinium, isoquinolinium or quinolinium.

Examples of .group b) are tri(lower)alkylammonium, especially
trimethylammonium, (l-carbamoyl-2-hydroxyethyl)dimethylammonium
{carbamoylmethyl) (ethyl) ~methylammonium,
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I odi nating agent to form conpounds of formula |IX, which may then be
spbjégped in situ to a nucl eophilic exchange in 3'-position to give
conpounds of formula |I. The conpounds or formul.a VII may be prepared in
known manner. For exanple they nmay be prepared by the nethod described in
Eur opean Patent Application No. 92103666.1 by reacting a

7-silyl at ed- 3-i odonet hyl - 3-cephem 4-carboxylic acid silyl ester (obtainable
frome.g. 7-ACA) with e.g. triphenyl phpsphine to give a

7-silyl at ed- 3-tri phenyl phosphoni unmmet hyl = 3- cephem 4- carboxylic acid silyl
ester which is reacted with a base and then with an al dehyde to give

conpounds. ol LREPHY ) ¥hhec KYFaRhORESR, 265 HbRRop L iind OHPIddiibh s PR

with the
dehydroquinuclidinium:

Examples of group c)-are l-methylpyrrolidinium, pyrrolidinium,
piperidinium, l-methylpiperidinium, l-methylpiperazinium,'
l-methylpirazolidinium, 1,5-diazabicyclo[3.3.0]octan~-1-ium,
1,4-diazabicylo([2.2.2]octan~1-ium, guinuclidinium or
l-aza-5-methyl-4, 6-dioxabicyclo{3.3.1]nonran~1-ium.

Examples of group e) are 1,2,4-triazolyl,
l-methyl-1H-tetrazol-5-yl, l-carboxymethyl-lH-tetrazol-5-yl or
1,2,3-triazol-5-yl.

The term heterocycle in the definition of Het; in group f) refers
to a single ring or fused heterocyclic rings having 4 to 7,
preferably 5- or 6- atoms in each ring, there being up to four
hetero atoms in each ring selected from oxygen, nitrogen and
sulphur in each ring, which heterocyclic ring may carry 1 to 3
optional substituents selected from (C;_4)alkyl, (Cs-4)alkenyl,
(Ci-4)alkoxy, halogen, trihalo-(cl_q)aikyl, hydroxy, acyloxy,
‘oxo, mercapto, amino, carboxyl, carbamoyl, di-(C;-4)alkylamino,
carboxymethyl, carbomoylmethyl, sulfomethyl and
methoxycarbonylamino.

Examples of heterocycle include unsubstituted and substituted
imidazolyl, diazolyl, triazolyl, tetrazolyl, thiazolyl,
thiadiazolyl, thiatriazolyl, oxazolyl, oxadiazolyl,
benzimidazolyl, benzoxazolyl, benzothiazolyl, triazolylpyridyl,
purinyl, pyridyl, pyrimidinyl, pyridazinyl, pyrazolyl and
triazinyl. '

Suitable heterocycles include unsubstituted and substituted
S-hydroxy-4-pyridon~2-yl, 1,2,3-triazolyl; 1,2,4-triazolyl;
tetrazolyl; oxazolyl, thiazolyl; 1,3, 4-oxadlazolyl;
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of the art, has the sinplest protecting group technology, is a one-pot
neacfion and is effected under mld, aprotic conditions. It may be used on
i ndustrial scale. The reaction steps i), ii), and iii) are preferably
carried out in a one-pot process w thout isolation of the internediates.
The process uses silyl groups as protecting groups, which may be introduced
in a single step and also may be cleaked in one single step, thus reducing
t he nunber of steps. Silyl protecting groups nmay be renoved by sinple
hydrol ysis or al coholysis at the end of the reaction.

1,3,4~thiadiazolyl or 1,2,3~thiadiazolyl.

Preferably the heterocfcle is 1,5-dihydroxy-4-pyridon-2-yl,
5~hydroxy-1—methyl-é-pyridon-z—yl, 5-hydroxy-4-pyridon-2-yl,
1-methyl-1H-tetrazol-5-yl, 2-methyl-l,3-4-thiadiazol-5-yl,
l-carboxymethyl-l1H~tetrazol-5-yl,
6-hydroxy-2-methyl-5-oxo-2H-1,2,4-triazin-3-yl,

“ 1,2,3-triazol-5-yl, 4-methyl~thiazol-5-yl.

Except where otherwise indicated organic radicals contain
preferably up to 10 carbon atoms and lower refers to up to 4

carbon atoms.

Examples of acid addition salts are salts of inorganic or organic
acids, e.g. hydroiodide or hydrochloride.

A particular preferred group of compounds of formula I comprise
those of formula I’

= S
HalN
' - ! v
CH=CH-CHz-X

COOR'

wherein R’ is hydrogen or a negative charge, Ry’ is hydrogen, and
X’ is pyridinium, 1,2,3-triazol-5-ylthio or
carbamoylmethylethylmethylammonium and their acid addition salts.

The compounds of formula I are known. They are chafacteriied by
their excellent spectrum of activity: for example, in EP A 333
154 and EP A 264 091, a number of compounds having a substituted
ammonium-propenyl group and substituted pyridinium-propenyl group
are described. EP 315 518 claims compounds of the type having
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- 13 - The rel evant products may be obtained in pure form by
reprecipitation, reap. recrystallization, w thout any chronmatography steps.
Inits prelimnary stages of vinylization of 7-am nocephal osporanic acid in
the Wttig stage, the process according to the invention enables work to be
effected using ecologically acceptabl e and safe al dehydes. The new conpound
of formula I Xis a central internediété product for the production of
conmpounds of formula I. In addition, this method of synthesis | eaves open

expensi Ve gheraty R n e e T BhoP oty AoiaanaveBt Phr dusde) She cana

i npor t anPEsBaibilizn@25r déscird beri pylré dinium—- and ammonium-propenyl
derivatives which are substituted in the same way. US 4 139 618
describes for examplé cephalosporin derivatives having thia- or
oxadiazolfs-yl-thio groups as substituents. .

However, according to methods known from literature, the
compounds of formula I can only be produced via several
intermediate steps, using extensive protecting group technology.
For example, in EP 333 154, 7-B-(2-phenylacetamido)-3-chloro-
methylcephem~4~carboxylic acid-p-methoxybenzylester is converted
into the vinylogous chloromethyl compound via the analogous
iodomethyl compound, phosphonium salt and Wittig reaction with
chloroacetaldehyde. The resultant compound is then reacted with a
N-nucleophile according to choice, the protecting groups in
position 7 and 4 are cleaved in any order and subsequently
reacylated with the side chain that is applicable for the
respective active substance in position 7. In another reaction
sequence; for example, in the first stage the phenylacetyl
protecting group at the vinylogous chloromethyl compound is
‘cleaved, then the N-nucleophile is introduced, subsequently the
ester protecting group is removed and reacylated or synthesis to
form the active substance is effected in reverse order. The
disadvantages of this synthesis are on the one hand the high
number of stages of synthesis due to extensive protecting group
technology, and on the other hand to form the vinylogous compound
it is necessary to work with poisonous choroacetaldehyde which is
only obtainable with extreme difficulty and with high loss in
dry, monomeric form.

Another synthesis strategy is described for example in EP 315
518. Here, 7-amino-3-chloromethylcephem~4~carboxylic acid benz-
hydryl ester is acylated with the protected active substance side
chain, subsequently vinylized again with chloracetaldehyde by
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production of val uabl e cephal osporin antibiotics. Cephal osporins which are
pr.openyl -substituted in 3-position are either resorbed orally, or when
applied parenterally, they are characterized for their very broad efficient
spectrum of activity. For exanple, the follow ng conmpound [err] may be
produced. In the follow ng exanples, which illustrate the invention nore
fully, but in noway limt its scope,,?JI tenperatures are given in degrees
cel si us. - T

means of the corresponding phosphonium salt, chloride is
exchanged for iodide,;reacted with the corresponding N-hetero-
cycle and the protecting group is subsequently cleaved. Again due
to extensive protecfing group technology; this synthesis requires
a large number of stages of synthesis with some expensive
chromatogfaphy steps.

Another approach is illustrated by the synthesis method claimed
in DE 3 404 615. Here, in reverse order, a Wittig reaction is
carried out between a protected 7-acylamino-3-formyl-4-carboxylic
acid ester with the corrésponding substituted phosphoniumylide.
Again, the expensive protecting group technology and the poor
accessibility of the corresponding 3-formylcephem compound and of
" the Wittig reagent are distinct disadvantages of this synthesis.

In US 4 139 618, in an expensive synthesis via a 3-formyl-
A2-cephem-4-carboxylic acid ester, a Grignard.reaction and
sigmatropic rearrangement, 7-acylamino—3—écetoxypropenyl—
cephem-4-carboxylic acid ester is produced, the ester group
cleaved and the exchange with a heterocyclic thiole effected in
aqueous solution. As an alternative to this, the heterocyclic
thiole is introduced under acidic catalysis to a l-hydroxy-
propenyl-A2-cephemcarboxylic acid ester. The A2-double bond is
subsequently isomerized and the ester protecting group cleaved.
One disadvantage of this process is the fact that exchange of the
substituent in an agueocus medium in B-lactam chemistry is linked
with considerable decomposition. In an alternative process, the
product must be purified by chromatography.

In view of the many advantages of 3-substituted propenyl
cephalosporines, there was still a need for a commercially useful
process which provides intermediates from which a wide variety of
3-substituted propenyl cephalosporines can be produced. It is an
object of this invention to provide an improved process for the
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- 14 - Exanple 1: 7-Trinethylsilylam no-3-(3-iodo-1-propen-1-yl)-3-

cephem 4-carboxylic acid trinmethylsilyl ester, E-isoner (conpound of
formula I X) a)

7-Tri nmet hyl silyl am no- 3- ( 3- acet oxy- 1- propen- 1-yl ) -3-cephem 4- carboxylic
acid trinethylsilyl ester (conmpound of formula VIIIl) 596.6 ng of

7-am no- 3- ( 3-acet oxy-1| -propen-1-yl)-3-&ephem 4- carboxylic acid are
suspended in 7.2 m of absolute dichloro- nmethane. 29.4 ng of saccharin are

added, followed by 1.04 m of hexamethyl disilazane. The resultant solution
i s boi | epradueeienxof opomprtrds oflirftamula iIghtItc disr @éntfuagtthesr epjeptieofo t he

EeXtreme ¢njis invention to.provide certain new intermediates.

According to one aspéct, the present invention provides a new
process for the production of compounds of formula I as defined
above, which .comprises the step of i) subjecting a compound of
formula IX

R GHN =

%

N —CH=CH—-CHy~J

Y

COORé

wherein R, is as defined above and Rg is a silyl protecting
group, to a nucleophilic exchange in 3/-position, and optionally
splitting off silyl protecting groups. '

Examples of silyl protecting groups include trimethylsilyl,
]triethylsilyl; tri-n-propyl-silyl, tri-n-butylsilyl,
hethyldiethylsilyl, dimethylethylsilyl, phenyldimethylsilyl,
tert. butyldiphenylsilyl, tert. butyldimethylsilyl and

. triphenylsilyl. The trimethylsilyl group is preferred.

The exchange reaction with a nucleophile, according to the

Q&invention, is extremely simple. By adding the corresponding
yN-nucleophile as a free base or in the form of an anion, a
compound of formula IX is converted into the N,O-bissilylated
derivative of formula I, i.e. wherein R and R; are silyl
protecting groups, which groups may be splitt off by simple
hydrolysis or alcoholysis to give compounds of formula I, wherein

R is hydrogen or a negative charge and R; is hydrogea.
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hydrol yzability, characterization is effected by NVR b)

7-Trimet hyl sil yl am no- 3- (3-i odo- 1- propen-1-yl)-3-cephem 4- carboxylic acid
trimethylsilyl ester, E-isomer (conpound of formula IX) 0.71 ml of

i odotrinethylsilane are added at [err] to the solution, produced as

descri bed under a), of 7-trinethylsilylam no-3-(3- '

acet oxy- 1- propen- 1-yl ) - 3-cephem 4-carBogyl ic acid trimethylsilyl ester. The
solution is stirred for 15 hours at [err]. Due to the extrene

hydrol yzability, characterization is again effected by NMR Exanple 2:
7-Trimet hyl silyl am no- 3-(3-i odo- 1- propen-1-yl)-3- cephem 4-carboxylic acid
trimet hytsd |gdmmsieds Hadismmayudstdtpeied type d) are obtained whereby

the corresponding amine is reacted in the form of a Schiff base
and the aldehyde component is removed in known manner when the
reaction with the compound of formula IX has taken place.

. In the same way, the reaction with S-heterocycles is simple. The
compounds of formula I are obtained by adding the S~heterocycle
in the form of its alkali or alkaline earth salt, in the form of
a quaternary ammonium salt or in the form of the free mercapto
compound, in the presence of an acid trap, with subsequent
hydrolysis or alcoholysis of the silyl protecting groups. If
desired, in order to raise the solubility of the heterocycle in
the reaction system, a cosolvent such as an organic. amide, a urea
or a polar carbonyl derivative, is added.

If readily silylable functions are contained in the nucleophiles
as substituents, these are optionally silylated with one of the
silylation agents mentioned below in step iii) prior to the
reaction with a compound of formula IX.

.The éompounds of formula I can be isolated in conventional
manner. Silyl protecting groups may be removed by simple
hydrolysis or alcoholysis. This may be effected e.g. either by
adding a desilylation agent to the reaction mixture, or the
product is extracted into a separable aqueous phase, by adding
water either under alkaline or acidic conditions and
precipitating by adjusting the pH value to the iscelectric point,
optionally adding an organic solvent.

The compounds of formula IX are new and also form part of the
invention.

The compounds of formula IX, as well as of formula I, VII and
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formula I X) a)
7-Tri met hyl si | yl am no- 3- ( 3-f ormyl oxy- 1- propen-1-yl)-3-cephem 4-carboxylic
acid trinethylsilyl ester (compound of forrmula VIII) - 15 - 2 g of
7-am no- 3- ( 3-f ornyl oxy- 1- propen-1-yl ) - 3-cephem 4- carboxylic acid are
suspended in 40 m of dichloronethane. After adding 0.16 g of saccharin and
5.3 m of hexanethyl disilazane, the reagtion m xture is boiled at reflux
for 5 hours under a light current of [err]. The title conpound is again
exam ned by NWR

VIII, include two isomers, namely (E)-isomer (i.e. a

trans-isomer) and (Z)-isomer (i.e. a cis-isomer) and a mixture
thereof.

A compound of formula IX is conveniently obtained by the step of
ii) reacting-a compound of formula VIII

s )

(e}

S .
l vl
=——CH=CH-CH3-0R19

PN

RsHN =

COOR&

wherein R, and R¢ are defined as above, and Rjo is a silyl
protecting group, an optionally substituted straight or branched
alkyl radical, an optionally substituted aryl or acyl radiecal, )

i

- with an iodinating agent.

Examples of aryl in the definition of Ry include phenyl or
naphthyl, optionally substituted with up to 3 groups selected
from halogen, (C;j.4)alkyl or (C;.jzalkoxy. Examples of acyl are
(Cy-s)alkylcarbonyl e.g. formyl or acetyl, or benzoyl.

Suitable solvents are inert, organic solvents, e.g. halogenated
hydrocarbons, such as dichloromethane or chloroform, inert
nitriles such as acetonitrile or sulfolane.

Suitable iodinating agents for the production of a compound of
formula IX are trialkyliodosilanes, for example
trimethyliodosilane or diiodosilane. The iodinating agent may be
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spectroscopy after evaporating the dichl oronethane and taking up the
residue in [err]. b)

7-Tri met hyl silyl am no- 3-(3-iodo-1|-propen-1-yl)-3-cephem 4- carboxylic acid
trimethylsilyl ester, E-isomer (conpound of formula IX) 2.5 m of

I odotri net hyl sil ane are added at [err] to the solution of

7-trinethylsilylam no-3-(3-formyl oxy-1-propen-1-yl)-3-cephem 4- carboxylic
acid trinethylsilyl ester obtained nlkxanpl e 2a) in dichloronethane, and
the solution is stirred for [err] hours at [err]. The NVR-spectroscopic
data are identicgl to the data glven in Exanple 1. Exanple 3:

7-Tri rreteﬁsﬂlﬁl’leﬂ Euyl ﬁ03§°€-§h|18&8 Fi6r Hﬁéﬂt&tijl §r3in exce3s. The

temperature during iodination depends on the reactivity of the
oxygen derivativé in formula VIII. Thus, temperatures of ~50°C to
boiling point of the reaction mixture are possible. It is
preferable to operate a§ a temperature of -20°C to +20°C.

During the iédination reaction, the compound of formula IX is
surprisingly obtained predominantly as the E~isomer; after longer
reaction times or on addition of an inert polar solvent, e.qg.
acetonitrile or sulfolane, practically exclusively E-isomers are
formed. Thus in the subsequent products of formula I, the E-con-
figuration on the double bond also dominates.

A compound of formula VIII is conveniently obtained by iii)
silylating a compound of formula VII

map

HaN

N — CH=CH-CH2~-ORg

Tz
O/

CQQH

wherein R, is defined as above and Ry is hydrogen, an optionally
substituted straight or branched alkyl radical, an optionally
substituted aryl radical or an acyl radical.

Suitable silylation agents are strong silylation agents, such as
hexamethyldisilazane, in the presence of a catalyst, e.g. an
organic acid, a quaternary ammonium salt or a mixture of
hexamethyldisilazane with a silylation agent such as
trimethylchlorosilane or trimethyliodosilane. In the same way,
silylation agents such as bis-trimethylsilyl-trifluorcacetamide
or bissilylurea may be used in combination with one of the
above-mentioned silylation agents. Suitable solvents are inert
organic solvents, e.g. halogenated hydrocarbons, such'as
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cephem 4-carboxylic acid trinmethylsilyl ester, E-isoner (conpound of
formula I X) a) 5.25 g of 7-am no-3-(3-acetoxy-1-propen-1-yl)-3-cephem 4-
carboxylic acid are bisilylated in dichloronethane anal ogously to the
manner described in Exanple la. b) 5 g of diiodosilane are added at 0 to
the solution of 7-tri-

met hyl si | yl ani no- 3- ( 3- acet oxy- 1- properk2L-y| ) - 3- cephem 4- carboxylic acid
obtained in Exanple 3a), and the solution stirred for 7 hours at [err].

EF;SUEPS‘X\%QQG %!g%ll?/ggf?s}&g 9#;9 Iat ed title corégogr&céhagg reaction
acetonitrile, or acyclic or cycllc ethers. It is preferable to
use the solvents which in the next stage are inert towards the
iodinating agent. Solvents which are not inert have to be removed
and replaped prior to the reaction with the iodinating ageht. The
temperature for the silylation reaction is not critical, and may

be up to boiling point of the relevant solvent.
The compounds of formula VII may be emplbyed in any E:2 ratio.

The compounds of formula VIII may then be reacted in situ with an
iodinating agent to form compounds of formula IX, which.may then
be subjected in situ to a nucleophilic exchange in 3’-position to
give compounds of formula I. .

The compounds or formula VII may be prepared in known manner.

For example they may be prepared by the method described in
European Patent Application No. 92103666.1 by reacting a
7-silylated-3-iodomethyl-3-cephem-4-carboxylic acid silyl ester
(obtainable from e.g. 7-ACA) with e.g. triphenylphosphine to give
a 7—3ilylated—B-triphenylphosphoniummethyl-3-cephgm—4-carboxylic
acid silyl ester which is reacted with a base and then with an
aldehyde to give compounds of formula VII.

The process according to the invention, compared with the state
of the art, has the simplest protecting group technology, is a
one-pot reaction and is effected under mild, aprotic conditions.
It may be used on industrial scale. The reaction steps i), ii),
and iii) are preferably carried out in a one-pot process without
isolation of the intermediates. The process uses silyl groups as
protecting groups, which may be introduced in a single step and
also may be cleaved in one single step, thus reducing the number
of steps. Silyl protecting groups may be removed by simple
hydrolysis or alcoholysis at the end of the reaction.
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- 16 - HPLC conditions: Sanple preparation: 0.1 nml of reaction solution

per 50 ml of [err] + [err] Stationary phase: nucleosil [err] mm flow 1
m/mn, [err] = 256 nm Mobil e phase: 0. 02 m pent anesul phoni c
acid-Na in [err] Amount injected: [err] HPLC sanple solution Retention
tinmes: 1.79, 2.77, 4.22 min. Exanple 4: 7-Am no-3-]
(E) - 3- (car banmoyl net hyl et hyl met hyl anmoni un) -

- 13 -

The relevant products may be obtained in pure form by
reprecipitation, resp. recrystallization, without any
cpromatography steps. In its preliminary stages of vinylization
of 7-aminocephalosporanic acid in the Wittig stage, the process
according to the invention enables work to be effected usihg
ecologically.acceptable and safe aldehydes. The new compound of
formula IX is a central intermediate product for the production
of compounds of formula I. In.addition, this method of synthesis
leaves open the option of subsequently adding an acyl radical in
position 7 without expensive protecting gioup'tebhnology.

The compounds of formula I are important starting products in the
production of valuable cephalosporin antibiotics. Cephalosporins

which are propenyl-substituted in 3-position are either resorbed

orally, or when applied parentérally, they are characterized for

their very broad efficient spectrum of activity. For example, the
following compound o

- S
N'——“—ﬁ:-CO-HN" Hg
Qr
HZN'JL s)‘ lN _ N\%—CH=CH-CH2-T-CH3.CONH2
coo

g
0.CHF

CHj
may be produced.

In the following examples, which illustrate the invention more

fully, but in no way limit its scope, all temperatures are given
in degrees celsius.
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1- propen-1-yl|-3-cephem 4-carboxylic acid iodide (compound of forrmula I) A
solution of 35.9 g of 7-trinethylsilylamno-3-(3-iodo-1-propen-
1-yl)-3-cephem 4-carboxylic acid trimethylsilyl ester, produced from 21 g
of 7-am no- 3-(3-acetoxy-1-propen-1-yl)-3-cephem4- carboxylic acid
anal ogously to the manner described in exanple la), in ca. 210 m of
di chl oronethane is mxed at [err] with a solution, which has been boiled
for 2 hours, of 29.4 g of N-nethyl, N-~etlpy+-gl yci ne-am de, 40.9 g of
hexanet hyl di si |l azane and 3.7 g of saccharin in 200 mM of acetonitrile. The
mxture is stirred for 4 hours at [err]. Subsequently, ca. 200 m of
i sopropaBSPERLE ddded -TwhametbylshdylaninocdImpdrinderpripen-c-yg —3-

. cephem—-4-carboxylic acid trimethylsilyl ester, E-isomer (compound

of formula IX)

a) 7—Trihethylsilylamino—3—(3~acetoxy-1—propen—1—yl)-3—cephem:4-
carboxylic acid trimethylsilyl ester (compound of formula VIII) .

596.6 mg of 7-amino-3-({3-acetoxy-l-propen-1-yl)~3-cephem~4-
carboxylic acid are suspended in 7.2 ml of absolute dichloro-
methane. 29.4 mg of saccharin are added, followed by 1.04 ml of
hexamethyldisilazane. The resultant solution is boiled at reflux
for 20 hours under a light current of N;. Due to the extreme
hydfolyzability, characterization is effected by NMR.

b) 7-Trimethylsily1amino—3—(3—iodo—1-propen—1—y1)-3-cephem—4-
carboxylic acid trimethylsilyl ester, E-isomer ({(compound of
formula IX)

0.71 ml of iodotrimethylsilane are added at 0° to the Solution,
produced as described under a), of 7-trimethylsilylamino-3-(3-
acetoxy-l-propen-~1l-yl)-3-cephem-4-carboxylic acid trimethylsilyl
ester. The solution is stirred for 15 hours at 0°. Due to the

extreme hydrolyzability, characterization is again effected by
NMR.

Example 2: 7—Trimethylsilylamino—3-(3-iodo—1—propen—l-yl)—3-
cephem-4-carboxylic acid trimethylsilyl ester, E-isomer (compound
formula IX)

a) 7-Trimethylsilylamino-3-(3—formyloxy—1-propen—1~y1)—3-Cephem‘
4-carboxylic acid trimethylsilyl ester (compound of formula VIII)
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a raw product. It is isolated through a suction filter, washed with

| sopropanol and subsequently dried in a vacuum dryi ng chanber. The raw
product is dissolved and reprecipitated by addi ng aqueous hydrochloric
acid, treated with carbon and precipitated with isopropanol at pH=2.5 to
yield the pure title conpound as a slightly yellow sh, crystalline powder.
Exanple 5:  7-Am no-3-[(E)-3-pyridinium1-propen-1-yl)-3-cephem

4- carboxylic acid iodide (conpound of Lgrnula ) A solution of 25.7 g of
7-trinethylsilylam no-3-(3-iodo-1-propen-~

2 g of 7-amino-3-(3-formyloxy-l-propen-l-yl)}-3-cephem-4-~
carboxylic acid are suspended in 40 ml of dichloromethane. After
adding 0.16 g of saccharin and 5.3 ml of hexamethyldisilazane,
the reaction mixture is boiled at reflux for 5 hours under a
light current of N,. The title compound is again examined by NMR
spectroscopy after evaporating the dichloromethane and taking up
the residue in CDCl;.

b) 7-Trimethylsilylamino-3-(3-iodo—1-propen-1-yl)-3—cephem-4-
carboxyli¢ acid trimethylsilyl ester, E-isomer (compound of
formula IX)

2.5 ml .of iodotrimethylsilane are added at 0° to the solution of
7-trimethylsilylamino—3—(3-formyloxy-l—propen-l—yl)r3-cephem-4—
carboxylic acid trimethylsilyl ester obtained in Example 2a) in
dichloromethane, and the solution is stirred for 4% hours at 0°.
The NMR-spectroscopic data are identical to the data given in
Example 1. '

Example 3: 7-Trimethylsilylamino-3-(3-iodo—-1-propen—l-yl)-3—
cephem—4-carboxylic acid trimethylsilyl ester, E-isomer (compound
of formula IX)

a) 5.25 g of 7-amino-3-(3-acetoxy-l-propen-1-yl)-3~cephem—4-
carboxylic acid are bisilylated in dichloromethane analogously to
the manner described in Example la.

b) 5 g of diiodosilane are added at 0° to the solution of 7-tri-
methylsilylamino-3-(3-acetoxy-l-propen~1l-yl)-3-cephem-4-
carboxylic acid obtained in Example 3a), and the solution stirred
for 7 hours at 0°. HPLC shows the typical peaks (desilylated

title compound and reaction products with HPLC solvent) of the
title compound.
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- 17 - 1-yl)-3-cephem4-carboxylic acid trinethylsilyl ester, produced from
15 g of 7-am no-3-(3-acetoxy-1-propen-1-yl)-3-cephem4- carboxylic acid

anal ogously to the manner described in Exanple 1, in 150 m of

di chl oronethane is mxed at [err] with 14.6 m of dry pyridine, and the
reaction mxture is stirred over night at [err]. Subsequently, 150 m of

| sopropanol are added, whereby the title conpound precipitates as the raw
product. The raw product is. isolated ough a suction filter, washed with

| sopropanol and dried in a vacuum dryi ng chanber. By dissolving the raw

product 4 aﬁﬁ Sfpeous hydrochloric acid, carbonizing and readjusting
the pH Jgﬂﬁgﬁﬁﬁt cgélethylantne to ca. pH 3, the pure

Sample preparation: 0.1 ml of reaction solution per 50 ml of H,0

~+ NaHCO;
Stationary phase: nucleosil Rpyg 10 pm, 200x4.7 mm, flow
_ 1 ml/min, A = 256 nm :
Mobile phase: 0.02 m pentanesulphonic acid-Na in H;0
Amount injected: 20pl HPLC sample solution
Retention times: 1;79, 2.77, 4.22 min.

Example 4: 7-Amino-3-[ (E) -3— (carbamoylmethylethylmethylammonium)—
l-propen—-1-yl]-3—-cephem—-4-carboxylic acid iodide {compound of
formula I)

A solution of 35.9 g of 7-trimethylsilylamino-3-(3-iodo-l-ptopen-
l-yl)-3-cephem~4-carboxylic acid trimethylsilyl ester; produced
from 21 g of 7-amino-3-(3-acetoxy-l-propen-1-yl)-3-cephem-4-
carboxylic ‘acid ‘analogously to the manner described in example
la), in ca. 210 ml of dichloromethane is mixed at 0° with a
solution, which has been boiled for 2 hours, of 29.4 g of
N—methyl,N—ethYl-glycine-amide, 40.9 g of hexamethyldisilazane
and 3.7 g of saccharin in 200 ml of acetonitrile. The mixture is
stirred for 4 hours at 0°. Subsequéntly, ca. 200 ml of '
isopropanol are added, whereby the title compound precipitates as.
a raw product. It is isolated through a suction filter, washed
with isopropanol and subsequently dried in a vacuum drying
chamber. The raw product is dissolved and reprecipitated by
adding aqueous hydrochloric acid, treated with carbon and
precipitated with isopropanol at pH=2.5 to yield the pure title
compound as a slightly yellowish, crystalline powder.

Example 5: 7-Amino-3-[(E)-3~pyridinium-l-propen-l-yl)-3-cephem-—
4-carboxylic acid iodide (compound of formula I)

A solution of 25.7 g of 7~trimethylsilylamino-3-{3~liodo-l-propen=-
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title conpound is obtained as a practically colourl ess powder. Exanple 6:
7-Anmi no-3-[(E)-3-(1,2,3-triazol-5-ylthio)-I-propen-I-

yl | -3-cephem 4-carboxylic acid (conpound of formula I) A solution of 25.7 ¢
of trinmethylsilylamno-3-(3-io0do-1-propen-I- yl)-3-cephem 4-carboxylic.acid
trimethylsilyl ester, produced from 15 g of

7- am no- 3- ( 3- acet oxy- 1- propen- 1-yl ) - 3-cephem 4- carboxylic acid anal ogously
to the manner described in Exanple 1, in 300 m of dichloronethane is m xed
at [err] with a solution of 12.4 g of BZnercapto-1,2,3-triazole-Na salt in
25 m of dry dinmethylformam de. The reaction mxture is stirred over night
at [err] .an | sopropanol are, subsequent added. The tit

1= g §39 M OL— - Q 3 i 1¥‘ t Jé%ed
conpound Lp¥ed M CEPEE A4~ FPPLEFhB| RCFAVFBHBRRRY L STk 3t SRy RRP
from 15 g of 7—amino—3-(;-acetoxy-l-propen-l-yl)~3-cephem~4-
carboxylic acid analogously to the manner describediin Example 1,
in 150 ml of dichloromethane is mixed at 0° with 14.6 ml of dry
pyridine, and the reaction mixture is stirred over night at 0°.
Subsequehtlg, 150 ml of isopropanol are added, whereby the title
compound precipitates as the raw product. The raw product is
isolated through a suction filter, washed with isopropanol and
dried in a vacuum drying chamber. By dissolving the raw product
in méthanol/aqueous hydrochloric acid, carbonizing and
readjusting the pH value with triethylamine to ca. pHE 3, the pure
title compound is cobtained as a practically colourless powder.

Example 6: 7fAmino—3—[(E)-3-(1,2,3—triazol—5—ylthio)-1—p£open—1—
y1l]—-3—-cephem—4-carboxylic acid (compound of formula I)

A solution of 25.7 g of trimethylsilylamino-3-(3-iodo-l-propen-1-
yl)-3-cephem-4~carboxylic acid trimethylsilyl ester, produced
from 15 g of 7-amino-3-(3-acetoxy-l-propen-1l-yl)-3-cephem-4-
carboxylic acid analogously to the manner described in Example 1,
in 300 ml of dichloromethane is mixed at 0° with a solution of
12.4 g of 5-mercapto-l1,2,3-triazole-Na salt in 25 ml of dry
dimethylformamide. The reaction mixture is stirred over night at
0° and 300 ml of isopropanol are subsequently added. The title
compound precipitates as a filterable raw product. This is washed
with isopropanol and dried in a vacuum drying chamber. By
dissolving the raw product in water with HCl, treating with
carbon and correcting the pH to ca. 3, the title compound is
obtained as a crystalline, almost white powder.
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wi th isopropanol and dried in a vacuum drying chanber. By dissolving the
raw product in water with HJ, treating with carbon and correcting the pH
toca. 3, the title conpound is obtained as a crystalline, alnobst white
powder . - 18 - [err]

_18_
1 i-NMR-Spectra
Ex: Spectrum:

1a (CDyCl,) 7.06 (d, J=17.4Hz, 3-CH=, E-isomer); 6.31 (d,
J=11.3Hz, 3-CH=, Z-isomer); 6.02-5.93 (m,
C=CH-CH,;-~, E-isomer); 5.70-5.60 (m, C=CH-CH;-, 2-
isomer); 4.98 (d, J=5.2Hz, Hg, E-isomer); 4.93 (d,
J=5.2Hz, He, Z-isomer); 4.76 (dd, J=5.2Hz,
J=13.1Hz, Hy, E~ and Z-isomer); 4.65-4.38 (m,
CH,-0-); 3.58 (AB, J=17.4Hz, S-CH,, E-isomer);
3.42 (AB, J=18.3Hz, S-CH;, Z-isomer); 2.04 (s,
CH3, E-isomer); 1.99 (s, CH3, Z-isomer); 1.49 {d,
J=13.1Hz, N-H); 0.311 (s, COOSi-Cﬂg,'E—isomer);
0.273 (s, COOSi-CH;, Z-isomer); 0.087 (s,
NH-Si-CH3, E- and Z-isomer).

1b/2b (CD,Cl,) 7.07 (d, J=15.7Hz, 3-CH=); 6.15 (dt, J=15.7Hz,
J=7.9Hz, =CH-CH,-J); 4.87 (d, J=5.2Hz, Hg); 4.75
(dd, J=5.2Hz, J=13.1Hz, Hy); 4.06 (d, J=7.9Hz,
CH,-J); 3.57 (AB, J=17.4Hz, S-CH,); 1.50 (d,
J=13.1Hz, NH).

2a (CDCly) 8.14 (s, HC=0, E-isomer); 8.08 (s, HC=0O,
Z-isomer); 7.26 (4, J=16.5Hz, 3-CH=, E-isomer);
6.44 (d, J=11.7Hz, 3-CH=, Z-isomer); 6.17-5.59 (m,
C=CH~-CH,, E~ and Z-isomer); 4.96 (d, J=4.5Hz, H¢);
4.82 (dd, J=13.5Hz, J=4.5Hz, H7); 4.80-4.44 (m,
-CH,-0); 3.48 (AB, J=18.3Hz, S-CH,, Z-isomer);
3.62 (AB, S-CH,, E-isomer); 1.46 (d, J=13.5Hz,
NH); 0.56 (s, COO-SiCH;, E-isomer); 0.39 (s,.
COOSiCH;, Z-isomer); 0.18 (s, NH-Si-CH;, E- and
Z-isomer) .
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- 19 - [err] - 20 - Cainms: 1. A process for the production of

3' -substituted 7-am no-3- propenyl -4-cephem carboxylic acid derivatives of
formula | [err] wherein [err] is hydrogen or a silyl protecting group,
[err] is hydrogen or nethoxy, X is the radical of a nucleophile, Ris

-19—

4 (D,0) 6.84 (d, J=15.7Hz, CH=); 5.87 (dt, J=15.7Hz,
J=7.6Hz, =CH-CH,~); 5.23 (d, J=5.1Hz, Hg), 5.07
(d, J=5.1Hz, Hy); 4.21-4.08 (m, =CH-CH,-N+); 3.96
(b, +N-CH;-C=0); 3.68 (AB, J=17.4Hz, S-CHp~);
3.58-3.42 (m, CH,;-CH;, diastereoisomers); 3.09 and
3.08 (s, s, +N-CH3;, diastereoisomers); 1.29 (t,
J=7.2Hz, CH,-CH,;). '

S5 (D,0/DCl) 8.94-8.03 (m, Py-H); 7.14 (d, J=16.2Hz, 3-CH=);
6.40 (dt, J=16.2Hz, J=6.5Hz, =CH-CH,); 5.38 (d,
J=6.5Hz, CH,-Py); 5.34 (d, J=5Hz, H7); 5.18 (d,
J=5Hz, H¢); 3.84 (b, S-CHp-).

6 (CF3COOD) 8.48 (s, triazole-KE); 7.34 (d, J=16.2Hz, 3-CH=);
' 6.46 (dt, J=16.2Hz, J=7.5Hz); 5.51 (d, J=3.8Hz,
H7); 5.38 (d, J=3.8Hz, Hg¢); 3.93 (d, J=7.5Hz,
CH,-S-, triazole); 3.81 (b, S-CHy-).
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hydrogen, a silyl protecting group or a negative charge, and their acid
addition salts, which conprises the step of i) subjecting a conpound of
formula | X [err] wherein [err] is defined as above and [err] is a silyl
protecting group, to a nucleophilic exchange in 3'-position, and optionally
splitting off silyl protecting groups. 2. A process according to claiml
wherein the conmpound of fornmula I X is produced by the step ii) reacting a

conmpound of forrmula VIII
- 20 -

Claims:

1. A process for the production of 3’/-substituted 7-amino-3-
propenyl-4-cephem-carboxylic acid derivatives of formula I

0
(]

R{HN —

lm
o

N = CH=CH-CHa-X

Oy

COOR

wherein R; is hydrogen or a silyl protecting group,.R, is
hydrogen or methoxy, X is the radical of a nucleophile, R is
hydrogen, a silyl protecting group or a negative charge, and
their acid addition salts, which comprises the step of i)
subjecting a compound of formula IX

o 1)

Q

S
l X
—CH=CH-CHz-J

N

RsHN—

04

COOR6

wherein R, is defined as above and Rg is a silyl protecting
group, to a nucleophilic exchange in 3’-position, and optionally
splitting off silyl protecting groups.

2. A process according to claim 'l wherein the compound of formula
IX is produced by the step ii) reacting a compound of formula
VIIT

”!II“CI "IIU “I'll IIIISI " |!'| This is the replacement shogt
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- 21 - [err] wherein [err] and [err] are defined as above, and [err] is a
silyl protecting group, an optionally substituted straight or branched

al kyl radical, an optionally substituted aryl radical or acyl radical, wth
an iodinating agent. 3. A process according to claim2 wherein the conpound

of formula VIIl is produced by the step iii) silylating a conpound of
formula VIl [err] wherein [err] is defined as above and [err] is hydrogen,
an
RSHN——|/ VI
) 04 N —CH=CH-CH3-QR1q
COOR6

wherein R; and Rg are defined as above, and Ryq is a silyl
protectin§ group, an optionally substituted straight or branched
alkyl radical, an optiocnally substituted aryl radical or acyl
radical, with an iodinating agent.

3. A process according to claim 2 wherein the compound of formula

VIII is produced by the step iii) silylating a compound of
formula VII

HaN =7

H§
8

N — CH=CH-CH,-ORg

T2
0/

COQH

wherein R, is defined as above and Ry is hydrogen, an
optionally substituted straight or branched alkyl radical, an
optionally substituted aryl radical or an acyl radical.

4. A process according to claim - 2 or 3 in which steps i), ii)

and iii) as defined in claims 1, 2 and 3 are effected in the same
reaction vessel,

5. Compounds of formula IX
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optionally substituted straight or branched al kyl radical, an optionally
substituted aryl radical or an acyl radical. 4. A process according to
claim 2 or 3in which steps i), ii) andiii) as defined in clainms 1, 2
and 3 are effected in the same reaction vessel. 5. Conpounds of fornula IX
- 22 - [err] wherein [err] is hydrogen or .nmethoxy and [err] is a.silyl
protecting

- 22 -
B
. = .
R6HN ' X
5 4 N —CH=CH-CHz-J
COORS

wherein R, is hydrogen or methoxy and Rg is a silyl protecting

group.

6. 7-Trimethylsilylamino-3-(3-iodo-1-propen-1l-yl)-3-cephem—-4-
carboxylic acid trimethylsilyl ester.

7. A process for the production of a compound of formula IX

Q

s .
.-Rwu————T/ X
_ N —CH=CH-CHp-J

o

4—-——

COORS

wherein R¢ is a silyl protecting group and R, is hydrogen or
methoxy, which comprises the step of ii) reacting a compound of
formula VIII

Q

Vi
o S ~~CHaCH-CHy-0R4q

COOR6

[

N\
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group. 6. 7-Trinethylsilylam no-3-(3-iodo-1-propen-1-yl)-3-cephem 4-
carboxylic acid trinmethylsilyl ester. 7. A process for the production of a
conpound of forrmula I X [err] wherein [err] is a silyl protecting group and
[err] is hydrogen or nethoxy, which conprises the step of ii) reacting a
conpound of forrmula VIII [err] .

- 23 -

whereln Ro and Rg are defined as above, and ng is a silyl
protectlng group, an ‘'optionally substituted straight or branched
alkyl radical, an optlonally substituted aryl radical or acyl
radical, with an lodznatlng agent.

8. Use of a compound of formula IX for the production of a
7-acylamino-l-propen-l-yl-3-cephem-4-carboxylic acid.

HIIIIII IIIIII | Illll Il IIII
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- 23 - wherein [err] and [err] are defined as above, and [err] is a silyl
pr.otecting group,. an optionally substituted straight or branched al kyl
radical, an optionally substituted aryl radical or acyl radical, with an
I odi nating agent. 8. Use of a.conpound of fornmula I X for the productlon of
a 7-acyl am no- 1- propen-1-yl - 3- cephem¢1£@1boxyllc aci d. -

NEW PROCESS FOR THE PRODUCTION OF CEPHALOSPORINES AND
NOVEL INTERMEDIATES IN THIS PROCESS

Abstract of the Disclosure:

The invention relates to a new economical and simple process,
using a new intermediate compound, for the production of

3’ ~substituted 7-amino~3-propenyl-4-cephem-carboxylic acid
derivatives of formula

Ro
_= S
& N — CH=CH~CHp-X I
COOR

wherein R is hydrogen, a negative charge or a silyl protecting
group, R, is hydrogen or methoxy, R; is hydrogen or a silyl

protecting group and X is the radical of a nucleophlle, and their
acid addition salts.:
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