CEPHALOSPORI N DERI VATI VES  Cephal osporins are val uabl e ant i bi"b“t:-ﬁ*‘éié..:«'~u‘§’ed:_‘*i n
hunmgn medi cine. A group of these conpounds (e.g. Cefalotin, Cefotaxine) is

derived fromthe basic structure 7- ani nocephal osporanic acid (7-ACA).

7- ACA may easily be prepared by fernmentation of Cephal osporin C, subsequent

i sol ati qRs@b70-9B3 1Mt pel product and splitting off of the side chain, and
Is a readily obtainable comercial product. A further, substantially

| arger group of the cephal osporins therapeutically used today is, however,
derived from 7-am nocephal osporani ¢ acids having a different substituent in
position 3 than 7-ACA (e.g. Cefaloridin, Cefamandole, Cefazolin,

Cef operazone, Ceftazidinme, Ceftriaxone, Cefnenoxine, Cefonicid). For the

pr oduct iCephaibspetindare caR@bledmtibBEeEHsRH |iN hdMaf REIRNEE AOfrobp of tekst i tuents in
the 3-position of 7-ACAis to be = i
compounds (e.g. Cefalotin, Cefotaxime) is derived from the basic structure 7-
aminocephalosporanic acid (7-ACA). 7-ACA may easily be prepared by fermentation of
Cephalosporin C, subsequent isolation of the natural product and splitting off of the side

chain, and is a readily obtainable commercial product.

A further, substantially larger group of the cephalosporins therapeutically used today is,
however, derived from 7-aminocephalosporanic acids having a different substituent in
position 3 than 7-ACA (e.g. Cefaloridin, Cefamandole, Cefazolin, Cefoperazone,
Ceftazidime, Ceftriaxone, Cefmenoxime, Cefonicid). For the production of such
compounds, generally an exchange of the substituents in the 3-position of 7-ACA is to be
carried out initially and the 3-substituted 7-ACA must be isolated. A further step results in

the acylation of position 7 and isolation of the desired cephalosporin antibiotic.

The reaction may also be carried out in reverse, namely the 7-ACA is first acylated with
the desired group in position 7 and subsequently the acyl derivative of 7-ACA is isolated.
Subsequent exchange in aqueous buffer systems usually results in the desired

cephalosporin end-product.

Both reactions have limitations, namer they do not allow random execution with every
combination of desired substituents in the 3- or 7-position. In any case the
acylation/exchange and/or isolation is to be carried out in protic medium. If the side chain
in the 7-position itself contains an acylatable or activatable function, this group is first to
be protected by a selected protecting group and after isolation of the desired cephalosporin

end-product, these protecting groups must again be split off.

The prior art concerning the production of such compounds describes essentially three
processes, which, however, all have certain disadvantages. Thus DOS 2,804,896
(TOYAMA) describes the reaction of 7-aminocephem(3)-4-carboxylic acids with Lewis
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carried out initially and the 3-substituted 7-ACA nust be isolated. A
furfher step results in the acylation of position 7 and isolation of the
desi red cephal osporin antibiotic. The reaction may also be carried out in
reverse, nanely the 7-ACA is first acylated with the desired group in

posi ti orCase ATGI9FIWBETAENt |y the acyl derivative of 7-ACA is isolated.
Subsequent exchange in aqueous buffer systens usually results in the
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solutions between pH 5 and 9 and therefore the title compounds are obtained in

insufficient purity.

A third process describes splitting off the acyl groups of the side chain in position 7 of a
cephalosporin which already has the correct substituent in position 3 (e.g. USP 4,369,313).
For the production of the starting materials used in this patent, 7-ACA must, however,
firstly be acylated in position 7, then the exchange in position 3 is to be undertaken, and
finally the side chain in position 7 must be split off. Seen overall, this reaction series must

be considered uneconomic on the yield from 7-ACA.

In DE-A-3 316 798, Hoechst AG, there is described a process for the preparation of
‘7-aminocephalosporanic acid which is substituted in position 3 by a base, by addition of
the corresponding base to 7-aminocephalosporanic acid and thereafter adding
trimethyliodosilane in a diluent and refluxing, or by refluxing of the base with
trimethyliodosilane in a diluent, addition of 7-aminocephalosporanic acid and further

refluxing. The yields of this process are, however, in many cases unsatisfying.

In EP-A-0 154 417, Yamanouchi Pharmaceutical Co. Ltd., which is a publication under
Art. 54(3) EPC for the contracting states Germany, France, Great Britain and Italy, it is
disclosed that 7-aminocephalosporanic acid firstly might be iodinated in position 3 and
thereafter silylated in positions 7 and 3 by use of a silylation agent. According to the
description it is assumed, that 7-trimethylamino-3-iodomethylcephem(3)-4-carboxylic acid
trimethylsilylester is obtained as intermediate. It was, however, found that in this kind of
reaction process mixtures of the mono- and bissilylated compound are obtained, which are

practically inseparable and which contain the bissilylated compound to an extent of
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2 acids or protonic acids in excess, whereby preferably boron trifluoride
Is used. It is known that such reagents are extrenely toxic and cause
envi r onnent al problems and further that [err]-lactanms are unstable under
strongly acidic conditions in protic nedia. A second process descri bes

t he exc X ' {n position 3 ingaqueous buffer systens (USP
3,516, 93%?89%?1??%1:%?/353 gives |l ow vyi (rat?ds because under the conditions used

(7- ACA i ' hi ol e) cephal osporins are deconposed to a
substantapl::\{a exftggieg'i%nsﬁ&i‘fer sol utions between pH 5 and 9 and therefore
the title conpounds are obtained in insufficient purity. A third
process _descri bes splitting off the acyl groups of the side chain in
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yields in the substitution reaction of the iodo atom of 7-trimethylamino-3-iodomethyl-

cephem(3)-4-carboxylic acid trimethylsilyl ester in position 3 by a base is essentially
dependent on the purity of the ester and that 7-trialkylamino-3-iodomethylcephem(3)-4-
carboxylic acid trialkylsilyl ester may be obtained by iodination of 7-trialkylsilylamino-
cephalosporanic acid trialkylsilyl ester with trialkyliodosilane in high purity.

According to the present process, 7-ACA or a derivative thereof is converted in its N,O-
bissilylated derivative, which is reacted with a trialkyliodosilane to give the 3-iodomethyl
derivative. This derivative is converted into the desired 3-substituted derivative of the
N,O-bissilylated 7-ACA by addition of a nucleophilic reagent. The 3-substituted derivative
is either deprotected or reacted with an acylating agent, thus introducing the desired acyl
group in position 7, and deprotected, thus terminating the reaction.

The complete process may be carried out without isolating any of the intermediates.

The process may be described by the following general reaction scheme:

ni

1

H,N ——I/

42F—N ~
o CH,-0-CO-R, v

S

COOH

l + Silylation agent
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final 'y the side chain in position 7 nust be split off. Seen overall, this
reaction series nmust be considered uneconomc on the yield from 7- ACA

In DE-A-3 316 798, Hoechst AG there is described a process for the
preparation of 7-am nocephal osporanic acid which is substituted in

posi ti ogast do-gy3Aer/mby addition of 4the corresponding base to

7- am nocephal osporanic acid and thereafter adding trinmethyliodosilane in a
di luent and refluxing, or by refluxing of the base with
trimethyliodosilane in a diluent, addition of 7-am nocephal osporanic acid
and further refluxing. The yields of this process are, however, in many
cases unsati sfyi ng EP- A-0 154 417, Yamanouchi Pharmaceutical Co.
Ltd., which is a pu I at ron unger Art. 54(3) EPC for the contracting
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3 approxi mately 64% only. It was now unexpectedly found that a pure
7-trial kyl am no- 3-j odonet hyl cephenm(3) -4- carboxylic acid trial kyl silyl
ester is a particular useful internediate in the production of 7-

am nocephal osporam c acids which are substituted in position 3 by a base
and t hag };@smgn the substitutigon reaction ofThisghest E'i’ﬁrmcﬁﬁ

7-tri rret I am no- 3-1 odonet hyl - cephenm(3) - 4-carboxylic I silyl
ester in p05|t|on 3 by a base is essentially dependen l‘ﬂIIH y of the
ester and that 7-trial kyl am no-3-i odonet hyl cephen(3)-4- carboxylic acid
trialkylsilyl ester may be obtained by iodination of 7-trialkylsilylam no-
cephal osporanic acid trialkylsilyl ester with trialkyliodosilane in- high

purity. RccordRpg to the present process, 7-ACA or a derivative thereof
i's convertdd Hn Ets bi ssi iyl at ed derlvatlve whi ch i sqreact with a

trial kyR-o8bosNrajre—0 gi e the 3- '?:? n@ derjpwat i SNderiVative is
converted |'nto/2 e i rdd 3-substiT@IB élrl vatfve )f he N,|O bi ssil yl ated
7- ACA by addi tigh o rﬂ lic reagent. The 3- ,y:rb'sN' derivative
0] 23 CHR,
COO-8Si—R COOR,

|
R

1. Acylation in position 7
2. Deprotection

1. Optional protection
_ 2. Acylation in pos. 7
3. Deprotection
/"—N ~ if necessary
0]

COOR,

In formulae I to V, R, denotes hydrogen or the methoxy group, R, the methyl or amino
group, R a lower alkyl group and R, hydrogen, alkali or a negative charge, or OR, denotes
halogen. R, signifies an acyl group conventional in cephalosporin chemistry. R, denotes
the residue of a nucleophile. The invention relates particularly to steps III to II; and the
series III to II to Ila; II to II/ITa — 1.

This process may for example be carried out as follows:

A T7-aminocephem(3)-4-carboxylic acid of formula V, preferably 7-ACA, is suspended in a
solvent which is inert under the reaction conditions and refluxed in the presence of an
excess of a silylating agent. Halogenated hydrocarbons, such as dichloromethane,
chloroform, 1,2-dichloroethane, 1,1,2-trichloroethane and tetrachloroethylene, organic
nitriles, such as acetonitrile, propionitrile, nitroalkanes as nitromethane, or sulfones, such

as sulfolan, come into question as the solvent for this silylation reaction. The silylation




i s either deprot ect»ed or reacted with an acyl ating ageﬂgss.;t;b—ﬁgs geg,tlgé gugi ng
the desired acyl group in position 7, and deprotected, ! ging t he
reaction. The conplete process may be carried out wit ho}ﬂlmHMHﬂ]l& Eny of
the internmedi ates. The process may be described by the ral
react i op,&UVO31/PCT/I [err] g

reaction may either be carried out with high-boiling solvents, by heating to the appropriate

temperatures or with low-boiling solvents using a special catalysis of an organic oxygen

acid, e.g. squaric acid, trifluoroacetic acid or mixtures thereof. Conventional silylating

agents, such as hexamethyldisilazane, trimethylchlorosilane, bis-trimethylsilurea,

N-trimethylsilyldialkylamine, or bis-or monosilylated acetamides, or mixtures of these

reagents may be used in this reaction. It is preferred that the bis-silylation proceeds to 100

%, because small amounts of the monosilyl derivative may disturb the further reaction

substantially. The reaction of the resulting compound of formula IV is for example

undertaken in a manner such that 1.1 to 1.5 equivalents of trialkyliodosilane, e.g.

trimethyliodosilane are added to the obtained reaction mixture and the reaction is carried

out at temperatures of from -20 to +50 °C, preferably at 0 to 45 °C. It is surprising that a

compound of the structure of 3-iodomethyl-N,O-bis-trialkylsilyl-7-aminocephalosporanic

acid is stable. With certain similar structures, which are described in literature, excessive

self-alkylation on the nitrogen occurs. (DOS 3,212,900 YAMANOUCHI). The fact that the

N,O-bis-trialkylsilyl-3-iodomethyl-7-aminocephalosporanic acids of the invention are stable

may be attributed to steric hindrance of the trialkylsilyl group on the nitrogen. It is

therefore essential that pure bis-silyl compound is present, because the presence of

monosilyl compounds results in excessive decomposition and polymerisation.

Bistrimethylsilyl-3-iodomethyl-7-aminocephem(3)-4-carboxylic acids of formula III may be
isolated, by removal of the excess solvent and trialkyliodosilane in vacuo, in pure form

and characterised by means of the NMR spectrum.

The cephalosporin derivatives of formula Il may easily be converted into 3-substituted 7-
aminocephem(3)-4-carboxylic acids of formulae II or IIa, whereby the compounds of

formula IIT need not to be isolated, namely by a reaction with a nucleophile such as

a) a tertiary (nitrogen) heterocycle (e.g. pyridine, quinoline) or a tertiary aliphatic or
cycloaliphatic amine, e.g. N-ethylpiperidine or N-methylpyrrolidine, or

b) a thiolate anion of a mercapto-substituted heterocycle or the free mercapto heterocycle

and an acid binding agent, or




e
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c) a secondary nitrogen-bearing heterocycle, This Sbet \\\\\\\\\\\\\\\
and optionally simultaneous or subsequent deprotection. \\\\\\\\\\
As reaction partners for the compounds of formula III, the following come into question in

particular:

a) aromatic nitrogen bases, such as pyridine, quinoline, which may be further substituted
by one or more substituents; aliphatic trialkylamines, whereby alkyl preferably means
C,-C,, and carbocyclic, saturated or unsaturated tertiary amines, e.g. N-ethylpiperidine, N-

methylpyrrolidine, quinuclidine, etc.

b) Salts of mercapto-substituted heterocycles or the free mercapto compounds in the

presence of acid binding agents,

c) Heterocycles which have a secondary alkylated nitrogen, e.g. triazoles, tetrazoles,

pyrazoles, pyrrolidines, imidazoles.

These reactions with the above reaction partners can be carried out in the above mentioned
solvents at temperatures of from -78 to +70 °C, preferably -50 to +40 °C. In the case of
difficult solubility of a reaction partner in the above mentioned solvents, an absolutely dry
aprotic polar solvent, e.g. DMF, HMPT, may be added as required.

Finally, for the production of compounds of formula I, the desired acyl group in position 7
may be introduced, and, if present, the silyl groups split off, in the same reaction mixture,

by methods known per se.

For the acylation, compounds of formula I or IIa, in which R, is as defined above and R,

has the following significance are preferably prepared in the reaction mixture:

a) an aromatic nitrogen base of formula
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Case 970-9731/PCT/M 8

in which Het denotes pyridine, quinoline, pyrimidine or thiazole and R, denotes carboxy,
carbamido, a sulfonic acid residue or a substituent conventional in B-lactam chemistry, or,

both R, form an optionally substituted carbocyclic ring, or

b) an aliphatic or cycloaliphatic nitrogen base of formula

wherein the substituents R;, Ry and Ry may be the same or different and each denote a
lower alkyl or lower alkenyl group, or R; and R, together with the nitrogen atom denote a
five-or six-membered saturated or unsaturated carbocyclic ring substituted by Ry which

may additionally denote a 1,3- or 1,4-alkylene or vinylene bridge, or

d
¢) an optionally substituted heterocyclic thiole group of formula ““m\t ﬁi‘i\}\a ﬁﬁl \IlT ﬁi‘r
N Ry
—S— 4 Het




in position 3 5

Case 970-9731/PCT/IL 9

wherein Het denotes a five- or six-membered heterocycle, and R, and R,, denote alkyl,
halogen or alkenyl, in which an alkyl group may be further substituted by sulfonic acid

groups, acylamino, dialkylamino, oxo or hydroxy or

d) a group of formula

— N Het IX

in which Het signifies tetrazole, triazole, imidazole, pyrrolidine or pyrazole, which may be
substituted by a lower alkyl group. These compounds may be obtained by addition of a

compound of formula:

R R,

N// ° l
Het R6 Via | II\I___ R7 o
“\\ii\\\\\\\\\\\\\ﬁi‘if\i“‘

in which Rq to R;; and Het are as defined above, to the reaction mixture which contains a

compound of formula II or Ila.




[err]” In formulae | to V, R err] denotes hydrogen or the methoxy group,
R2 the nmethyl or am no group, R a |lower al kyl group and R4 hydrogen, alkali
or ‘a negative charge, or OR4 denotes hal ogen. Rlerr] signifies an acyl
group conventional in cephal osporin chem stry. R3 denotes the residue of a
nucl eopliabec970tOTSIVPOEME | On rel ates panpicularly to steps Il to Il; and the
series IIl toll tolla; IIl toll/lla ->1.

In the following Examples which should illustrate the invention without, however, limiting

its scope, all temperatures are given in degree Celsius.
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This process may for exanple be carried out as foll ows: A

7-am nocephen( 3) -4-carboxylic acid of forrmula V, preferably 7-ACA, is
suspended in a solvent which is inert under the reaction conditions and
refluxed in the presence of an excess of a silylating agent. Hal ogenated

hydr ocar < pesyi chl oronet hane,ychlorof orm 1, 2-di chl or oet hane,
1,1,2-t rele%ﬁii)gp?zgpanengnd tetrachl oroeﬂiyl ene, organic nitrites, such as

acetonitrile, propionitrile, nitroal kanes as nitronethane, or sulfones,
such as sulfolan, cone into question as the solvent for this silylation

react i OnExahiflest: 7 T'iiinie@Rylsilylamino-3-iodomethylcephem(3)-4-carboxylic acid
6 reaction may either be carried out with high-boiling solvents, by
heating trimethglsiiplestas(compovndpbformmladlyr with | ow boiling sol vents using
a special catalysis of an organic oxygen

a) 7-Trimethylsilylamino-3-acetoxymethylcephem(3)-4-carboxylic acid trimethylsilyl ester

(Formula IV):

To a boiling suspension of 2.5 g of 7-aminocephalosporanic acid, 1l75 ml trichlorosilane
and 7.56 ml hexamethyldisilazane in 100 ml of dry chloroform are added 45 mg of squaric
acid and the mixture is boiled under a nitrogen atmosphere overnight under reflux. The
clear solution is evaporated to dryness in vacuo, whereupon the 7-trimethylsilyl-
aminocephalosporanic acid trimethylsilylester is obtained in solid form. Because of
extreme hydrolysability, no melting point determination may be carried out;

characterisation is effected by NMR-spectroscopy.

ITHNMR: 0.15 (9H, N-Si=); 0.36 (s, 9H -CO,Si=); 1.43 (d, J = 12 Hz, 1H, NH); 2.09 (s,
0

|
3H, O-C-CH,); 3.46 (AB, J = 18 Hz, 2H, C,-H); 4.60 - 5.28 (m, 4H, CH,-1, C-H, C;-H).

(Formula IIT):
N,O-bissilylated 7-ACA [prepared as described under 2)] is dissolved in 125 ml of dry

dichloromethane, the solution is cooled to 0 ° and 1.87 ml of trimethyliodosilane are

added dropwise. The solution is allowed to cool to room temperature and is stirred for 2
hours. After evaporation of the solvent in vacuo, the title compound is obtained in solid
form, which because of high hydrolysis sensivity is characterised only by NMR-

spectroscopy.

'HNMR (CDC1,): 0.125 (b, 9H, N-Si=); 0.38 (s, 9H, -CO,Si =); 1.55 (d, ] = 12 Hz, 1H,
NH); 3.50 (AB, J = 18 Hz, 2H, C,H); 4.39 (AB, J = 9 Hz, 2H,- CH,-I); 458 (d,d,J =12
Hz, 4,5 Hz, 1H, C-H); 471 (d, ] = 4,5 Hz, 1H, C-H).

The following 3-substituted derivatives may for example be prepared from the 7-
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acid, ‘e.g. squaric acid, trifluoroacetic acid or m xtures thereof.
Conventional silylating agents, such as hexanet hyl di sil azane,

trimet hyl chl orosil ane, bis-trinethylsilurea, N-trinethylsilyldialkylamne,
or bis-or nonosilylated acetanides, or mxtures of these reagents nay be

used i n ¢tRe708ABIIPOT/OIL 1S preferredﬁ hat the bis-silylation proceeds to
100 % because small anmounts of the nonosilyl derivative may disturb the

o, SRR ol s B Y

equi val ents of trlalkyllod05|lane e.g. trinethyliodosilane are added to

t he obtai ned reaction m xture and the reaction is carried out at
tenperatures of from-20 to +50 [err]C, preferably at 0 to 45 [err]C. It is
sur pri si t QJPET .

3-1i odorre?%’lhpﬁ Zanb‘lqgmt&??arq} {R{lm éi%& aﬁ‘."ﬁ%e%&&?‘é@%’r‘%ﬁf‘é’ ha(cdlrglmldlsdest abl e.
Wt h cer{Earmuda Bia):ar structures, which are described in literature,
excessi ve sel f-al kyl ati on on the nit rogen occurs. (DOS 3,212,900
YAMANCUCHI ). The fact that the
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formula I'll fay be isSolated, by renhova e excess solvent and

tri al kyl yielde thd pure titla compum;d iM.pplte® fdecompid characteri sed by neans of the
NMR spectrum The cephal osporin derivatives of fornula Il may easily be
converted into 3-substituted 7-

'HNMR (D,0, K,CO,): 3.38 (AB, J = 18 Hz, 2H, C,-H); 4.80 (d, J = 5.8 Hz, 1H, C,-H);
5.10 (d, J = 5.8 Hz, 1H, C-H); 5.43 (AB, J = 17 Hz, 2H, CH,-N*=); 8.0 - 8.2 (m, 2H,
pyridine 3H's); 8,41 - 8.63 (m, 1H, pyridine-C,-H); 8.93 (d, J = 6.3 Hz, 2H, pyridine-
2H's).

Example 3: 7-Amino-3-[5-(1,2,3-triazolyl)thiomethyl] cephem(3)-4-carboxylic acid
(Formulia Ila):

To the solution of the title compound of example 1 in dichloromethane are added at 0°

5 ml of N,N-dimethylformamide and 2.26 g of S-mercapto-1,2,3-triazole/Na-salt and the
solution is stirred for 2 hours at room temperature. 5 ml of methanol are added under ice-
cooling whereupon the title compound precipitates. This is dissolved in 6 N HCI and the
pH is adjusted to 1 with conc. NaOH whereupon the title compound again precipitates out.

Decomp. point > 190°.

NMR (DMSO; CF,CO,H): 3.28 (AB, J = 18 Hz, 2H); 3.95 (AB, J = 12.6 Hz, 2H); 4.76
(d, J =5.7 Hz, 1H); 497 (d, J = 5,7 Hz, 1H); 7.9 (s, 1H).
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am nocephen( 3) - 4-carboxylic acids of formulae Il or Ila, whereby the
conpounds of formula Il need not to be isolated, nanely by a reaction with
a nucl eophil e such as a) atertiary (nitrogen) heterocycle (e.qg.

pyridine, quinoline) or a tertiary aliphatic or cycloaliphatic amne, e.g.

N- et hyl pcperadio 1 echanet hyl pyrrolidipg, or b) a thiolate anion of a
nmer capt o- substituted heterocycle or the free nercapto heterocycle and an

aci d bi ngi AgyRIEN.B. hino-3-( 2-dehyd lid thylcgphem(3)-4-carboxylat
7 ¢c) a secon ary Eltrglgen e%ryl ﬁoqlﬁgltme]r 5%”"1)me aynccfpoﬁltn(o)naﬁr °x¥ ?ruel t aneous

or subsedihydtrochbgride @ormaoha I1a):

2.22 g of 7-aminocephalosporanic acid are, as described in example 1, reacted to 7-
trimethylsilylamino-3-iodomethylcephem(3)-4-carboxylic acid trimethylsilyl ester. To this
solution in dichloromethane are added under ice-cooling 1 g of 1-aza-bicyclo[2.2.2]oct-2-
ene and the mixture is stirred for 2 hours at room temperature. The crude product is
precipitated by addition of 2 ml of saturated etheric HCI. The crude product is dissolved
in dilute aqueous HC1 and precipitated with isopropanol. A colourless powder results.

Decomp. from 140°.

'HNMR (D,0): 1.70 - 2.50 (m, 4H); 3.0 - 5.2 (m); 3.76 and 4.10 (AB, J = 19 Hz, 2H);
5.34 (d, ] = 6 Hz, 1H); 5.53 (d, J = 6 Hz, 1H); 6.70 - 7.3 (m, 2H). |

Example 5: 7-B-Amino-3-(N-methylpyrrolidinium)methylcephem(3)-4-carboxylate.
hydrochloride (Formula IIa):

10.88 g of 7-aminocephalosporanic acid are converted as described to 7-trimethylsilyl-
amino-3-iodomethylcephem(3)-4-carboxylic acid trimethylsilyl ester. To the solution of
this compound in 120 ml of dichloromethane are added slowly at -60° 4.15 ml of N-
methylpyrrolidine, and the mixture is stirred for 90 minutes at this temperature. The
reaction mixture is poured onto 100 ml of ethanol, mixed with some HC1 gas.
Subsequently, the pH of the suspension is adjusted to 2.5. After standing overnight, the
solid residue is isolated. It is suspended in 20 ml of water and the pH is adjusted to O
with concentrated HCI. 5 g of activated charcoal are added, the mixture is stirred for 5
minutes and the insolubles and activated charcoal are filtered off. The pH of the colourless
aqueous solution is adjusted to 2.5 with 5 N NaOH and 200 ml of acetone are slowly
added to the solution. After standing for 2 hours in a refrigerator, the precipitate is isolated
over a suction filter and washed with acetone and ether. After drying in the drying
chamber, a colourless powder is obtained. Decomp. point 115 °. Yield: 5.6 g (42 % of

theory). [
eet Has Been Replaced
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As reaction partners for the conpounds of fornula Ill, the follow ng cone
I nto question in particul ar: a) aromatic nitrogen bases, such as
pyridi ne, quinoline, which nay be further substituted by one or nore
substituents; aliphatic trialkylam nes, whereby al kyl preferably neans
derr] -Céaseagyg_gzﬁqmﬁl ic, saturated §f unsaturated tertiary am nes, e.g.
N- et hyl pi peridine, N nethylpyrrolidine, quinuclidine, etc. b) Salts of

t ' t - '
mer cap on}ﬁqfilp@tc @ﬁ%%?ﬁ ) SUEHBS d,Oj; )_th%tﬁez; @%HF&QFQH‘?, &ANEOY S d )t he

presence of a agents, oCy¢les which have a sécondary
al kyl at ed78i(2ZHpABn] =e1yHzs CHadb); ds1-3 4@ t(6Hz o, €5-H pryd Nzobtbyl-pysalidiieH); nes,

I m dazol es, The reactio ith t aboye, reacti on partners can be
carried o4f GH %@ialﬂ&/@-?'héaﬁi gr@ﬂ“%‘ﬂﬁﬂﬁ?ﬁ%%enper atures of from-78 to
+70 [err]C, preferably -50 to +40 [err]C In the case of difficult
solubility of a reaction partner in the above nentioned solvents, an
absol ut eCymgoynda pf doinmlpbimay tecdbraintd ascfojowdMF, HVPT, nmay be added as
requi red.
Example 6: (6R,7R)-7-[2-(2-Amin0-4-thiazolyl]-(Z)-2-[(l-diphenylmethoxycarbonyl-l-
methylethoxy)imino] acetamido-3-(1-pyridiniummethyl)cephem(3)-4-carboxylic acid

chloride. hydrochloride (Formula I):

To a boiling suspension of 2.5 g of 7-ACA, 1.75 ml of trichlorosilane and 7.65 ml of
hexamethyldisilazane in 100 ml of dry chloroform are added 45 mg of squaric acid and
the mixture is boiled under a nitrogen atmosphere overnight under reflux. The clear
solution is then evaporated to dryness, whereupon the 7-trimethylsilylaminocephalo-
sporanic acid trimethylsilyl ester precipitates in solid form. This is dissolved in 125 ml of
dry dichloromethane, the mixture is cooled to 0° and 1.87 ml of iodotrimethylsilane are
added dropwise. The solution is allowed to cool to room temperature and is stirred for 2
hours. To the resulting 7-trimethylsilylamino-3-iodomethylcephem(3)-4-carboxylic acid
trimethylsilyl ester are added 1.47 ml of dry pyridine and the mixture is stirred for 2 hours
at room temperature. To this solution are then added 5.41 g of 2-(2-amino-4-thiazolyl)-(Z)-
2-[(1-diphenylmethoxycarbonyl-1-methylethoxy)imino]-thioacetic acid-S-benzothiazol-2-yl
ester and the mixture is stirred for 2 days at room temperature. The reaction mixture is
then transferred into a 50° solution of 4.5 ml of concentrated hydrochloric acid in 500 ml
of isopropanol, whereupon the title compound precipitates. This is filtered off by a suction
and washed with isopropanol. After drying and recrystallisation from aqueous
HClVisopropanol, the title compound is obtained as a yellowish product.

m.p (decomp.) from 160°.

'HNMR (DMSO-dg): 9.84 (1H, d, -N-H, J = 8 Hz); 9.20, 8.67 and 8.23 (5H, pyridinium-
H); 7.28 (10H, phenyl-H); 6.98 (1H, s, thiazolyl-H); 6.79 (1H, s, CH-Ph,); 5.95 (1H, dd,
H, J = 8 Hz, ] = 5 Hz); 5.72 (2H, CH,-pyridine); 5.27 (1H, d, H, J = 5 Hz); 3.57 2H,
H, and H,); 1.63 (6H, -C(CHy)). _ ... oo
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Final ¢y, for the production of conpounds of formula I, the desired acyl
group in position 7 may be introduced, and, if present, the silyl groups

split off, in the same reaction mxture, by nmethods known per se. For the
acyl ation, conpounds of formula Il or Ila, in which Rerr] is as defined
above an 3 |l owi ng signifigance are preferably prepared in the
reactioneﬂﬁgﬁ@?@?’ﬁnﬂgyﬁan aromati c ni tir:%gen base of formul a

8

Example 7: 7-[0-(Ethoxycarbonylmethoxy)imino-1H-pyrazol-3-yllacetamido-3-[(1-
methyl-1H-tetrazol-5-yl)thiomethyl]cephem(3)-4-carboxylic acid. ethanol-solvate

(Formula I):

To a solution of 3.82 g of 7-trimethylsily1amino-3-iodomethyl—3-cephem—4-carboxylic acid
trimethylsilyl ester (prepared as described in examples 1 or 6) in 125 ml of dry
dichloromethane are added 5 ml of dimethylformamide and 1.4 g of 1-methyl-5-mercapto-
1,2,3,4-tetrazole sodium salt and the solution is stirred for 2 hours at room temperature.
4.16 g of crystalline (methoxycarbonylmethoximino)-1H-pyrazol-3-yl-acetic acid-
mercaptobenzthiazolyl ester are then added and the reaction mixture is stirred overnight at
room temperature. The charge is stirred into 350 ml of ethanol pre-warmed to 55° and is
slowly cooled to 30°. By seeding with the title compound, the title compound precipitates
in crystalline form and is filtered off and dried.

m.p 119 - 121°.

Example 8 : 7-B-(2-Thienylacetamido)-3-pyridiniummethylcephem(3)-4-carboxylic

acid nitrate (Formula I):

To a solution of 3.82 g of 7-trimethylsilylamino-3-iodomethylcephem(3)-4-carboxylic acid
trimethylsilyl ester (prepared as described in examples 1 or 6) in 125 ml of dry
dichloromethane are added 1.47 ml of dry pyridine, and the mixture is stirred for 2 hours
at room temperature. A solution of 3.2 g of thienylacetic acid-S-mercapto-benzthiazolyl
ester in 20 ml of dichloromethane (prepared irn situ from 1.56 g of thiophenacetic acid,
4.47 g of bis(benzothiazol-2-yl)disulfide and 3.53 g of triphenylphosphine in
dichloromethane) is added to this solution and the mixture is étirred for 30 hours at room
temperature. By addition of 5 ml of methanol the crude title compound precipitates as the
hydroiodide. This is dissolved in 5 % bicarbonate solution, filtered from insolubles, and by
addition of dilute nitric acid, the title compound crystallises at a pH of 1.8 as the nitrate.
m.p 151 - 152° (decomp.).

This Sheet Has Been Replaced
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[err] = i n which Het denotes pyridine,
and R6 denotes carboxy, carbam do, a sulfonic acid residue or a substituent
conventional in [err]-lactamchem stry, or, both R6 forman optionally

substituted carbocyclic ring, or b) an aliphatic or cycloaliphatic

ni tr ogenchasgro731 e

qui noline, pyrimdine or thiazole
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Patent Claims
1. A cephalosporin derivative of formula
R R
l'g ' s
R—Si- N—-—'—r
I
R N & I
o) CH, -1
0
COO-Si—R
I
R

wherein R denotes a lower alkyl group and R, denotes hydrogen or the methoxy
group.

2. Use of a cephalosporin derivative of fromula IIT according to claim 1 as an

intermediate in the production of a cephalosporin derivative.

3. Use according to claim 2, characterized in, that the cephalosporin derivative of

formula IIT is obtained by reaction of a compound of formula

R %i H _‘/s ]
) 0/'_N Z CH,-0-CO-R
L eeps My

T




[err] “ wherein the substituents R7, Rlerr] and RO nmay be the sane or
different and each denote a | ower alkyl or |ower alkenyl group, or Rlerr]
and Rlerr] together with the nitrogen atomdenote a five-or six-nmenbered

saturated or unsaturated carbocyclic ring substituted by R err] which may

addi ti onghieyoReoBmpr/ir 3- or 1, 4-al kyyene or vinylene bridge, or c) an
optionally substituted heterocyclic thiole group of formula [err]

wherein R and R, are as defined in claim 1 and R, denotes the methyl or the amine

group with a trialkyliodosilane.

4. Use according to claim 3, characterized in that the trialkyliodosilane is

trimethyliodosilane.

- 5. Use according to anyone of claims 3 or 4, characterized in that 1.1 to 1.5 equivalents

of trialkyliodosilane per equivalent cephalosporin derivative of formula IV are used.

6. Process for the production of a cephalosporin derivative, characterized in that a
cephalosporin derivative of formula IIT according to claim 1 is reacted with the
desired nucleophile and the derivative obtained which is substituted in position 3 by
the residue of the nucleophile is either deprotected by splitting off the silyl protecting
groups or acylated with an acylating agent in position 7 and deprotected by splitting
off the silyl protection groups.

7. Process according to claim 6, characterized in that the cephalosporin derivative of

formula IIT is obtained according to anyone of claims 3 to 5.

6300/8C/SK




- %},
wherein Het denotes a five- or six-menbered heterocycle, and R err]

R err] denote al kyl, halogen or al kenyl, in which an al kyl group may be

further substituted by sulfonic acid groups, acylamn dial.kylam no,

X0

or hydroxy or d) a group of formula [err] REPDESEMERT SHEENI
e uwhi.ch..nay-be

tetrazole, triazole, imdazole, pyrrolidine or pyrazo

substituted by a | ower alkyl group. -THese conpounds maylb? Qol?:t[%' w b

addi tion of a conpound of formul a:

Y

CEPHALOSPORIN DERIVATIVES

fies

Cephalosporins are valuable antibiotics used in human medicine. A group of these
compounds (e.g. Cefalotin, Cefotaxime) is derived from the basic structure 7-
aminocephalosporanic acid (7-ACA). 7-ACA may easily be prepared by fermentation of
Cephalosporin C, subsequent isolation of the natural product and splitting off of the side

chain, and is a readily obtainable commercial product.

A further, substantially larger group of the cephalosporins therapeutically used today is,
however, derived from 7-aminocephalosporanic acids having a different substituent in -
position 3 than 7-ACA (e.g. Cefaloridin, Cefamandole, Cefazolin, Cefoperazone,
Ceftazidime, Ceftriaxone, Cefmenoxime, Cefonicid). For the.production of such

compounds, generally an ekchange of the substituents in the 3-position of 7-ACA is to be

carried out initially and the 3-substituted 7-ACA must be isolated. A further step results in

the acylation of position 7 and isolation of the desired cephalosporin antibiotic.

The reaction may also be carried out in reverse, namely the 7-ACA is first acylated with
the desired group in position 7 and subsequently the acyl derivative of 7-ACA is isolated.
Subsequent exchange in aqueous buffer systems usually results in the desired

cephalosporin end-product.

Both reactions have limitations, namely they do not allow random execution with every
combination of desired substituents in the 3- or 7-position. In any case the
acylation/exchange and/or isolation is to be carried out in protic medium. If the side chain

in the 7-position itself contains an acylatable or activatable function, this group is first to

be protected by a selected protecting group and after isolation of the desired cephalosporin

end-product, these protecting groups must again be split off.

The prior art concerning the production of such compounds describes essentially three
processes, which, however, all have certain disadvantages. Thus DOS 2,804,896
(TOYAMA) describes the reaction of 7-aminocephem(3)-4-carboxylic acids with Lewis



[err.] in which R6 to R err] and Het are as defined @abgve _['.[h N tion
m xture which contains a conpound of fornula Il or IIa.R%PLAGmEENT gHEﬁa
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acids or protonic acids in excess, whereby preferably boron trifluoride is used. It is known
that such reagents are extremely toxic and cause environmental problems and further that

B-lactams are unstable under strongly acidic conditions in protic media.

A second process describes the exchange reaction in position 3 in aqueous buffer systems
(USP 3,516,997). This process gives low yields because under the conditions used (7-ACA
+ heterocyclic thiole) cephalosporins are decomposed to a substantial extent in buffer
solutions between pH 5 and 9 and therefore the title compounds are obtained in

insufficient purity.

A third process describes splitting off the acyl groups of the side chain in position 7 of a
cephalosporin which already has the correct substituent in position 3 (e.g. USP 4,369,313).
For the production of the starting materials used in this patent, 7-ACA must, however,
firstly be acylated in position 7, then the exchange in position 3 is to be undertaken, and
finally the side chain in position 7 must be split off. Seen overall, this reaction series must

be considered uneconomic on the yield from 7-ACA.

In DE-A-3 316 798, Hoechst AG, there is described a process for the preparation of
7-aminocephalosporanic acid which is substituted in position 3 by a base, by addition of
the corresponding base to 7-aminocephalosporanic acid and thereafter adding
trimethyliodosilane in a diluent and refluxing, or by refluxing of the base with
trimethyliodosilane in a diluent, addition of 7-aminocephalosporanic acid and further

refluxing. The yields of this process are, however, in many cases unsatisfying.

In EP-A-0 154 417, Yamanouchi Pharmaceutical Co. Ltd., which is a publication under
Art. 54(3) EPC for the contracting states Germany, France, Great Britain and Italy, it is -
disclosed that 7-aminocephalosporanic acid firstly might be jodinated in position 3 and |
thereafter silylated in positions 7 and 3 by use of a silylation agent. According to the
description it is assumed, that 7-trimethylamino-3-iodomethylcephem(3)-4-carboxylic acid
trimethylsilylester is obtained as intermediate. It was, however, found that in this kind of
reaction process mixtures of the mono- and bissilylated compound are obtained, which are

practically inseparable and which contain the bissilylated compound to an extent of



10 In the foll owi ng Exanpl es which should illustrate the invention

wi t hout ,
Cel si us.

however, limting its scope, all tenperat ur"ﬁEﬁA%EﬁqlE%?nsMhdegree
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approximately 64% only.

It was now unexpectedly found that a pure 7-trialkylamino-3-jodomethylcephem(3)-4-
carboxylic acid trialkylsilyl ester is a particular useful intermediate in the production of 7-
aminocephalosporanic acids which are substituted in position 3 by a base and that high
yields in the substitution reaction of the iodo atom of 7-trimethylamino-3-iodomethyl-
cephem(3)-4-carboxylic acid trimethylsilyl ester in position 3 by a base is essentially
dependent on the purity of the ester and that 7-trialkylamino-3-iodomethylcephem(3)-4-
carboxylic acid trialkylsilyl ester may be obtained by iodination of 7-trialkylsilylamino-
cephalosporanic acid trialkylsilyl ester with trialkyliodosilane in high purity.

According to the present process, 7-ACA or a derivative thereof is converted in its N,O-
bissilylated derivative, which is reacted with a trialkyliodosilane to give the 3-iodomethyl
derivative. This derivative is converted into the desired 3-substituted derivative of the
N,O-bissilylated 7-ACA by addition of a nucleophilic reagent. The 3-substituted derivative
is either deprotected or reacted with an acylating agent, thus introducing the desired acyl
group in position 7, and deprotected, thus terminating the reaction.

The complete process may be carried out without isolating any of the intermediates. |

The process may be described by the following general reaction scheme:

R
5 S
H,N ———r
0/ CH,-0-CO-R, v
COOH

l + Silylation agent



11 Exanple 1: 7-Trinmethylsilylam no-3-iodonet hyl cephem( 3)-4-car boxyl | c
acid trinmethylsilyl ester (conpound of formula I11) e
7-Tri met hyl si | yl ami no- 3- acet oxymet hyl cephem(3) - 4-carb xﬂ&ﬂuﬁ\(‘éhﬁi—m SHEET
trimethylsilyl ester (Formula IV): To a boiling suspensifen~of 570 O
7-am nocephal osporanic acid, 1.75 m trichlorosilane gn 1 iGpr@; 1997
hexanet hyl di si |l azane in 100 m of dry chloroformare ddqe 5 of squaric
acid and the mixture is boiled under & nitrogen atnospgh overni ght under
reflux. The clear solution is evaporated to dryness in vacuo, whereupon]jthe
7-trimethylsilyl- am nocephal osporanic acid trinethyl srtyt&ster 1s obtai ned
in solid form Because of extrene hydrolysability, no nelting point

determ nation nmay be carried out; characterisation is effected by

NVR- spect r oscopy. RINI\/R R, 15 (9H, N-Si=): 0.36 (s, 9H -O®@Si=): 1.43 (d, J

= 12 Hz, 1H, NH); 2! o09(sz’ s 0 3H OGCCH3); 3.46 (AB, J = 18 Hz, 2H,
C2-H); 4.60 - 5.&8-$1mN4-|-r-eT{ -H, Cerr]-H.
l .
R /’—N ~ Iv
o/ CH,-0-CO-R,
T
COO-Si —R
1
R

+ iodination agent

R
S B
R—Si —'—(
|
R /’_N P 11
0 CH,-1I
R
:
COO-Si—R
|
R

nucleophilic exchange

in position 3



b) 7-Trinet hyl silyl ani no- 3-i odonet hyl cephem( 3) - 4- car boxyl [Tac
(Formula 111):

trimethylsilyl ester

AH

N, O bi ssilyl ated Z%- et

T, ST

descri bed under a)] is dissolved in 125 m of dry dicHl gi'onethane, the
solution is cooled to O [err] and 1.87 ml of trinethylji gdost| BPR ‘\,33% adaﬂed
dropwi se. The solution is allowed to cool to roomtengerjature and i s
stirred for 2 hours. After evaporationgof the solvent |in vacuo, the title
conmpound is obtained in solid form which because of High hydrolysis
sensivity is characterised only by NVR- spectroscopy. ' HNVR (CDC13):
0.125 (b, 9H, N-Si=); 0.38 (s, 9H, -C2Si [err]); 1.55 (d, J = 12 Hz, 1H
NH) ; 3.50 (AB | = 18 Hz, 2H, C2H); 4.39 (AB, | = 9 Hz, 2H, - CH[err]I);
4.58 (d, d, = 12 Hz, 4,5 Hz, 1H, C7-H); 4.71 (d, J = 4,5 Hz, 1H, C6-H).

The fol |l ow ﬂg 3 slillbstltut ed derl vatives may for exanple be prepared from

the 7- R— Si - __E I . _ S Oa
| Deprotection H)N l
R 7 NF — N A
) RCHst 0/ CHR,
|
COO - ?i - COOR,
R
1. Acylatibn in position 7
2. Deprotection
51 1. Optional protection
R ﬁ_e S 2. Acylation in pos. 7
5 I 3. Deprotection
/'——N ~ if necessary
0 CH)R,
| I
COOR,

In formulae I to V, R, denotes hydrogen or the methoxy group, R, the methyl or amino
group, R a lower alkyl group and R, hydrogen, alkali or a negative charge, or OR, denotes
halogen. R, signifies an acyl group conventional in cephalosporin chemistry. R; denotes
the residue of a nucleophile. The invention relates partlcularly to steps IO to II; and the
series I to II to Ia; 1T to II/Ia — L

This process may for example be carried out as follows:

A 7-aminocephem(3)-4-carboxylic acid of formula V, preferably 7-ACA, is suspended in a
solvent which is inert under the reaction conditions and reﬂuxe& in the presence of an
excess of a silylating agent. Halogenated hydrocarbons, such as dichloromethane,
chloroform, 1,2-dichloroethane, 1,1,2-trichloroethane and tetrachloroethylene, organic
nitriles, such as acetonitrile, propionitrile, nitroalkanes as nitromethane, or sulfones, such

as sulfolan, come into question as the solvent for this silylation reaction. The silylation



trihethylsiIyanino-3-iodonethylcephen(3)-4-carboxy|ic a
ester:

cﬁat’wwﬁw PEFFY |

Exanpl e 2: 7-Am no- 3-pyri di ni unmet hyl cephen{({3) F4-car boxyl | C

hydr oi odi de (Formula |1a): To the solution of the tit] el cpapfERdiBT

exanple 1 are added under

adi d

ice-cooling 1.47 m of pyridijne; and the_sol ytifon
Is stirred thereafter for 2 hours at roomterrperature By addition of 1.7
m of nethanol to the solution, the crgde

7-am no- 3- pyri di.ni ummet hyl cephen(3)-4- carboxylic acid Is precipitated as

the hydr Eéa&ﬁindﬁahzﬁl%tb@"dahle‘afﬁxﬁ hﬁthstgh%ﬂ?ﬂﬁk% lv@ﬁts,Hl%' l’i@z&ﬁg t¥ & SbprgiatePur €

title conpound

p. 14 err err

K[ err] ( 2€Qiperatirys o3wiB 1¢wboilihg-solv@ntstasingH, s;ﬁﬁial—mtalgslS(Of @o org‘amc aXygemiz,

C7-H);

5.1

d, J =5.8 H 1H .Co-H):. 5,43 (AB, s 17 Hz,  2H. .
CHo- N er ?ﬁl? é-sa.sauén%%%g(tﬁ%h%?é% 3 Q‘Fén@FFr%% Eh_esepﬂlcqnvsm&mt fivising
pyri di neadetrsthuchBasIRxhilethyldTsilezate HFimeftHicHIObiHNB Shis-trimethylsilurea,

N-trimethylsilyldialkylamine, or bis-or monosilylated acetamides, or mixtures of these
reagents may be used in this reaction. It is preferred that the bis-silylation proceeds to 100
%, because small amounts of the monosilyl derivative may disturb the further reaction
substantially. The reaction of the resulting compound of formula IV is for example
undertaken in a manner such that 1.1 to 1.5 equivalents of trialkyliodosilane, e.g.
trimethyliodosilane are added to the obtained reaction mixture and the reaction is carried
out at temperatures of from -20 to +50 °C, preferably at 0 to 45 °C. It is surprising that a
compound of the structure of 3-iodomethyl-N,O-bis-trialkylsilyl-7;anﬁnocephalosporanic
acid is stable. With certain similar structures, which are described in literature, excessive
self-alkylation on the nitrogen occurs. (DOS 3,212,900 YAMANOUCHI). The fact that the
N,O-bis-trialkylsilyl-3-iodomethyl-7-aminocephalosporanic acids of the invention are stable
may be attributed to steric hindrance of the trialkylsilyl group on the nitrogen. It is
therefore essential that pure bis-silyl compound is present, because the presence of

monosilyl compounds results in excessive decomposition and polymerisation.

Bistn'methylsilyl-3-iodomethyl—7-arhinocephem(S)-4-carboxy1ic acids of formula III may be
isolated, by removal of the excess solvent and trialkyliodosilane in vacuo, in pure form

and characterised by means of the NMR spectrum.

The cephalosporin derivatives of formula III may easily be converted into 3-substituted 7-
aminocephem(3)-4-carboxylic acids of formulae II or IIa, whereby the compounds of

formula III need not to be isolated, namely by a reaction with a nucleophile such as

a) a tertiary (nitrogen) heterocycle (e.g. pyridine, quinoline) or a tertiary aliphatic or
cycloaliphatic amine, e.g. N-ethylpiperidine or N-methylpyrrolidine, or

b) a thiolate anion of a mercapto-substituted heterocycle or the free mercapto heterocycle

and an acid binding agent, or

1H,



2H s). Exanpl e 3: 7-Anmino-3-[5-(1,2,3-triazolyl)thiomethyl]
cephem(3)-4-carboxylic acid (Fornula Ila): To the so /i ,{; e l'e
conmpound of exanple 1 in dichloromethane are added at JERFP(EPC@{' 6‘\}!2%
N, N- di met hyl f ormam de and 2.26 g of 5-nercapto-1,2,3-tfi «azgl e/ Na- g&l aad
the solution is stirred for 2 hours at roomtenperaturkg. if FoB &BFhdnol
are added under ice- cooling whereupon ¢he title conpopn * precipitate
This is dissolved in 6 NHCO and the pHis adjusted toj 1 with conc. NaCH
wher eupog) § R&eohlidry SittSHERYERGnPBAERCRIEC Pi tates out . SoRp—ypolnt 2
190[err].) NVR (%NBO, CFSC%): 3.%’(AB, J = 18 Hz, 2H); 3. 95 (AB, J =
12. 6 Hz, agdpptichall$ simbltadecussordubkequdntidepedtedtlof.d, J = 5,7 Hz, 1H); 7.9 (s,
1H) .

As reaction partners for the compounds of formula ITI, the following come into question in

particular:

a) aromatic nitrogen bases, such as pyridine, quinoline, which may be further substituted
by one or more substituents; aliphatic trialkylamines, whereby alkyl preferably means
C,-C,, and carbocyclic, saturated or unsaturated tertiary amines, e.g. N-ethylpiperidine, N-

methylpyrrolidine, quinuclidine, etc.

b) Salts of mercapto-substituted heterocycles or the free mercapto compounds in the

presence of acid binding agents,

c) Heterocycles which have a secondary alkylated nitrogen, e.g. triazoles, tetrazoles,

pyrazoles, pyrrolidfnes, imidazoles.

These reactions with the above reaction partners can be carried out in the above mentioned
solvents at temperatures of from -78 to +70 °C, preferably -50 to +40 °C. In the case of
difficult solubility of a reaction partner in the above mentioned solvents, an absolutely dry

- aprotic polar solvent, e.g. DMF, HMPT, may be added as required.
- Finally, for the production of compounds of formula I, the desired acyl group in position 7

may be introduced, and, if present, the silyl groups split off, in the same reaction mixture,
. by methods known per se.

For the acylation, compounds of formula II or Ia, in which R, is as defined above and R,

has the following significance are preferably prepared in the reaction mixture:

a) an aromatic nitrogen base of formula



Exanpl e 4:
7- [ err]- Anmi no- 3- ( 2- dehydr oqui nucl i di ni um) net hyl cephent( B)REPLAGEMENT ISkEET

di hydrochl oride (Formula Ila): 2.22 g of 7-am nocephpl gsporam-c-—actd afr e,
as described in exanple 1, reacted to 7- 13 FER 4297

trimethylsilylanm no-3-i odonet hyl cephen( 3) - 4- car boxyl i c| a¢i d ‘t ri methyl di |yl
ester. To this solution in dichloronethgane are added und,r rce-coot g

of 1-aza-bicyclo[2.2.2]oct-2- ene and the mxture is sfirred for 2 hourd at
roomtenperature. The crude product is precipitated by addrtron of 2 T of
saturated etheric HO . The crude product is dissolved in dilute aqueous HCl
and precipitated with isopropanol. ourRess powder results. Deconp.
from 140[err]. [err] HNVR (D20) + /Z. 70 - ). g(m 4H; 3.0 - 5.2 (m; 3.76
and 4.10 (AB, J = 19 Hz, 2H); 5N (d’Hg:t 6 Hz, 1U)I; 5.53 (d, J = 6 Hz,
1H; 6.70 - 7.3 (m 2H).

in which Het denotes pyridine, quinoline, pyrimidine or thiazole and R4 denotes carboxy,
carbamido, a sulfonic acid residue or a substituent conventional in B-lactam chemistry, or,

both R4 form an optionally substituted carbocyclic ring, or

b) an aliphatic or cycloaliphatic nitrogen base of formula

wherein the substituents R;, R; and Ry, may be the same or different and each denote a
lower alkyl or lower alkenyl group, or R, and R; together with the_nitrogeh atom denote a
-;f_t_’i_ve-_or six-membered saturated or unsaturated carbocyclic ring substituted by R, which

may additionally denote a 1,3- or 1,4-alkylene or vinylene bﬁdge, or

c) an optlonally substituted heterocyclic thiole group of formula



Exanpl e 5:
7-[err]-Am no-3-(N-net hyl pyrrolidiniunm nethyl cephent( 3) - f YRt RET
hydrochl oride (Formula Ila): 10.88 g of 7-am nocephal éﬂﬁﬁlﬁgﬁw"zm d-are
converted as described to 7-trimethylsilyl- 450

am no- 3-i odonet hyl cephen( 3) - 4- carboxyl i ¢ aci d trimethylisi|l yi Begﬁ%réﬁﬁro t he
solution of this conmpound in 120 m of gichl oronet hane{arie..added.slow Lt
-60 4.15 mM of N nmethyl pyrrolidine, and the m xture i g stirred for 90
mnutes at thig tenperatyre. The reactiqn mxture |§ poued-onto100md—of
et hanol , ‘ﬁli‘ei%lai%ﬁt tdﬁng%t?ﬁ’r%l}l‘ﬂf:lmgsé%'m hsted gqq?qygl,uc, f‘?ﬁgim-im&fl{tl et 2f&hsion i s
adj ust ed ! i WRRE RGN $E8Yiphy bE RGuRe Shtbiffa By Sulkshid aq at ed.
It is sus}%gor%gﬁriﬂr?feé@’gf g% wat e@{%@p?ﬂey pf—ilﬁlﬁg ag?uslt ed ?% O wth

concent r ggreupstHadyldmigoodiakkylamind, eto ondydmay oar e added, the mixture is
stirred for 5 mnutes and the insolubles and activated charcoal are
filtered off. The pH of the col ourl ess agqueous solution is adjusted to 2.5
with 5 N(Plaa%-‘t of fhuid of acetone are slowly added to the solution. After
standi ng for Sﬁﬁours |un a refrigerator, the precipitate is isolated over a
suction filter and washed wth acetone and ether. After,drying in the

dryi ng chanber, a col ourl ess powder i t ai ned. Deconp. point 115. Yield:
5.6 g (42 % of theory).

~

=g

— N Het IX

in which Het signifies tetrazole, triazole, imidazole, pyrrolidine or pyrazole, which may be
substituted by a lower alkyl group. These compounds may be obtained by addition of a

compound of formula:

N Rn -
V4
HS Het VI | HN Het Xa
R10 |

in which R to R, and Het are as defined above, to the reaction mixture which contains a

compound of formula II or Ia.



14 [err] HNVR (CF3CORD+D20): 5.48 (1H, d, J

2 Hz. derr]-H ;531 (1H,

= 5.
d; J =5.2 Hz, Cerr]-H: 4.73 (2H, AB, J = 13 Hz; cwmp)_,,(,m;uB 47 (6H, m
+44=4»

C2-H and N-nethyl -pyrrolidine-H); 3.15 (3H, s,
N-net hyl - pyrrolidi ne-H). Conpounds of fornul a
fol | ows: Exanpl-e 6:

(6R, 7R)-7-[2-(2- Am no-4-thiazolyl]-(2)-2-[(l-di pheny
met hyl et hoxy) i mi no] acet am do-3- (| -pyridiniumrethyl)g¢

CH3-
Irra

acid chloride. hydrochloride (Formula l‘é(h To a boi M+
d 7.65 m of hexanethyl di sil azane

g of 7-ACA, 1.75 m of trichlorosilane
in 100 mM_ o ¢chl grof orm are added 45 of squari
i s boil eJn&{*mgql%

its scope, all temperatures are given in degree Celsius.

c acid and the m xture

wing Exapeles yb@ﬁﬁ@ldélluﬁ@tmmg levegtiow withett, bawevEnclinitiagr



solution is then evaporated to dryness, whereupon the
7-trinmethyl silylam nocephal o- sporanic acid trinethylsﬁryl!ygﬁ%{rquE%l
precipitates in solid form This is dissolved in 125
di chl oronet hane, the mixture is cooled to O[err] and 1.87 &g 697
il odotrinethyl silane are added dropw se. The solution |s Mowsd 1
roomtenperature and is stirred for 2 hpurs. To the rgs 'Lrng
7-trinmethylsilylam no-3-iodonet hyl cephen( 3)-4-carboxy]jic acid
trimethylsilyl ester are added 1.47 m of dry pyridi ne—anmd—tfre—Tmxture i s
stirred for 2 hours at roomtenperature. To this solution are then added
5. 41 g of EXarthplealli Taridnethy18il3hino-3-f0do methylcephem(3)-4-carboxylic acid

2- [ (1-di phenyl net hoxycar bonyl - | - met hyl et hoxy)i mi no] - t hi oacetic

aci d- S beﬁt‘@?‘m’&ﬂﬂl esper\(compound ghformida HBture is stirred for 2 days at
roomtenperature. The reaction mxture is then transferred into a 50[err]
solution of 4.5 nm of concentrated hydrochloric acid in 500 m of

| sopr opangl 7-TrhR R MR he 3 tacktb gy i@ t e sacidlitinfethyisifyl kéter ed
of f by a suction_and washed Wi th | sopropanol . After drying an

recr yst al {Hogmwiad¥)s r om aqueous HCO /i sopropanol, the title compound is

(DvBo ) Y6 8 ke fithAbioR A, of W‘aaqﬂég&?’ﬁ%‘)“%{ QB €l rchproBidae IR
pyri di ni umd Hp6 mi.heRarhéthyidisihany in H)O nd .o fry b]lrlordforrrl hneavzidba 145 hﬁg osqaari¢ 1H,

s, CHPhlerr]); 5 95 (1H, dd, H7, J =8 Hz, J
CHz- pyr i dicidyad ezm(umls boiledginder a nitrogsy atraosshere @Memr@t anéprmfﬂ,% e 163

(6H - & C8d%biution is evaporated to dryness in vacuo, whereupon the 7-trimethylsilyl-

qol{ to

aminocephalosporanic acid trimethylsilylester is obtained in solid form. Because of
extreme hydrolysability, no melting point determination may be carried out;

characterisation is effected by NMR-spectroscopy.

'HNMR: 0.15 (9H, N-Si=); 0.36 (s, 9H -CO,Si=); 1.43 (d, J = 12 Hz, 1H, NH); 2.09 (s,
O

|
3H, O-C-CH,); 3.46 (AB, J = 18 Hz, 2H, C,-H); 4.60 - 5.28 (m, 4H, CH,-1, C-H, C,-H).

(Formula IIT):
N,O-bissilylated 7-ACA [prepared as described under a)] is dissolved in 125 ml of dry

dichloromethane, the solution is cooled to 0 ° and 1.87 ml of trimethyliodosilane are

added dropwise. The solution is allowed to cool to room temperature and is stirred for 2
hours. After evaporation of the solvent in vacuo, the title compound is obtained in solid
form, which because of high hydrolysis sensivity is characterised only by NMR-

spectroscopy.

‘HNMR (CDC1,): 0.125 (b, 9H, N-Si=); 0.38 (s, 9H, -CO,Si=); 1.55 (d, J = 12 Hz, 1H,
NH); 3.50 (AB, I = 18 Hz, 2H, C,H); 4.39 (AB, J = 9 Hz, 2H,- CH,-I); 4.58 (d, d, J = 12
Hz, 4,5 Hz, 1H, C;-H); 4.71 (d, J = 4,5 Hz, 1H, C-H).

The following 3-substituted derivatives may for example be prepared from the 7-



15 Exanple 7:
7-[[err] - ( Et hoxycar bonyl met hoxy)i mi no- 1H pyr azol - 3-yl Jfacetam
C

trimethylsilyl ester (prepared as descriﬁed in exanple¢s 1 or 6) in 125 m
of dry dichloronethane are added 5 m of di nethyl f or mi-de—and. 1 4 _g of

stirrod § QB Pl R 3Gl i ide bl o 1 <
(met hoxycar bonyl net hoxi mi no) -1 H pyrazol - 3-yl -aceti c aci d-

mer capt obenzt hi azol yl ester are then added and the reaction m xture is
stirred overnight at roomtenperature. The charge is stirred into 350 m of

i th o’ (FTEPECE 7 Rl S Bl B B R Ry LR Mo g BT

form and i@okimuleliapt of f and dried. mp 119 - 121[err].

To the solution of the title compound of example 1 are added under ice-cooling 1.47 ml of
pyridine, and the solution is stirred thereafter for 2 hours at room temperature. By addition
of 1.7 ml of methanol to the solution, the crude 7-amino-3-pyridiniummethylcephem(3)-4-
carboxylic acid is precipitated as the hydroiodide. Treatment of the solid material in water

yields the pure title compound. M.p. 145 ° (decomp.).

'HNMR (D,0, K,CO,): 3.38 (AB, J = 18 Hz, 2H, C,-H); 4.80 (d, J = 5.8 Hz, 1H, C,-H);
5.10 (d, J = 5.8 Hz, 1H, C,-H); 5.43 (AB, J = 17 Hz, 2H, CH,-N'=); 8.0 - 8.2 (m, 2H,
pyrdine 3H's); 8,41 - 8.63 (m, 1H, pyridine-C,-H); 8.93 (d, J = 6.3 Hz, 2H, pyridine-
2H's).

Example 3: 7-Amino-3-[5-(1,2,3-triazolyl)thiomethyl] cephem(3)-4-carboxylic acid
(Formula Ila):

To the solution of the title compound of example 1 in dichloromethane are added at 0°

5 ml of N,N-dimethylformamide and 2.26 g of 5-mercapto-1,2,3-triazole/Na-salt and the
solution is stirred for 2 hours at room temperature. 5 ml of methanol are added under ice-
cooling whereupon the title compound precipitates. This is dissolved in 6 N HCI and the
pH is adjusted to 1 with conc. NaOH whereupon the title compound again precipitates out.

Decomp. point > 190°.

NMR (DMSO; CF,CO,H): 3.28 (AB, J = 18 Hz, 2H); 3.95 (AB, J = 12.6 Hz, 2H); 4.76
(d, I =5.7 Hz, 1H); 4.97 (d, J = 5,7 Hz, 1H); 7.9 (s, 1H).



Exanpl e 8 - }
7-[err]-(2-Thi enyl acet am do) - 3- pyri di ni umret hyl cephe n(‘%’g‘-% f“Bo‘;% *ITC aci d
nitrate (Forrmula 1): To a solution of 3.82 g of |
7-trinethyl silyl am no- 3-i odonet hyl cephem( 3) - 4- car boxyl|i ¢t 3cFB8 1837 %

trimethylsilyl ester (prepared as described in exanglgs_1 or 6) in 12
of dry dichloromethane are added 1.47 nlg of dry pyriidine, and the m x
is stirred for 2 hours at roomtenperature. A solutijon_of 3.2 g of
thi enyl aggel | QB hylddpRéin(®)-40¢arboxylate
di chl o_ro leaﬁ ?PSAQ?%%%R%Q%? qul %hégUE%F{ tv%n ophe?%cetalrc ayC| d, 4.47
g of bi s(dbleymat:lhbﬁael(lc‘&-mnadls)ul fide and 3. 53 g of triphenyl phosphine in
di chl oronethane) is added to this solution and the m xture is stirred for
30 hours at roomtenperature. By addition of 5 ml of nmethanol the crude
title co r d Te 9

d BednoHade& inTdatples1 desidiad el in 5 %
bi car bonat’é ggfﬁtaﬁg}ﬁ&*ﬁ#ﬁ%ﬁ)@ﬁf%m ?énsolﬁggl es, mana py addi tion of dilute

nitric aQnﬂwthylsﬂylannﬂuea»{iodqmmnmydcaphym(aam-cnasmyhc acidpHimethylsilgl estert e thist r at e.

mp 151 - 152 (dec
P solution m di gloromethane are added under ice-cooling 1 g of 1-aza-bicyclo[2.2.2]oct-2-

m
ure

ene and the mixture is stirred for 2 hours at room temperature. The crude product is
precipitated by addition of 2 ml of saturated etheric HCL. The crude product is dissolved
in dilute aqueous HC1 and precipitated with isopropanol. A colourless powder results.

Decomp. from 140°.

'HNMR (D,0): 1.70 - 2.50 (m, 4H); 3.0 - 5.2 (m); 3.76 and 4.10 (AB, J = 19 Hz, 2H);
534 (d, J = 6 Hz, 1H); 5.53 (4, ] = 6 Hz, 1H); 6.70 - 7.3 (m, 2H).

Example 5: 7-B-Amino-3-(N-methylpyrrolidinium)methylcephem(3)-4-carboxylate.
hydrochloride (Formula Ila):

10.88 g of 7-aminocephalosporanic acid are converted as described to 7-trimethylsilyl-
amino-3-iodomethylcephem(3)-4-carboxylic acid trimethylsilyl ester. To the solution of
this compound in 120 ml of dichloromethane are added slowly at -60° 4.15 ml of N-
methylpyrrolidine, and the mixture is stirred for 90 minutes at this temperature. The
reaction mixture is poured onto 100 ml of ethanol, mixed with some HC1 gas.
Subsequently, the pH of the suspension is adjusted to 2.5. After standing overnight, the
solid residue is isolated. It is suspended in 20 ml of water and the pH is adjusted to 0
with concentrated HCI. 5 g of activated charcoal are added, the mixture is stirred for 5
minutes and the insolubles and activated charcoal are filtered off. The pH of the colourless
aqueous solution is adjusted to 2.5 with 5 N NaOH and 200 m! of acetone are slowly
added to the solution. After standing for 2 hours in a refrigerator, the precipitate is isolated
over a suction filter and washed with acetone and ether. After drying in the drying
chamber, a colourless powder is obtained. Decomp. point 115 °. Yield: 5.6 g (42 % of
theory).
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'HNMR (CF,CO,D+D,0): 5.48 (1H, d, J = 5.2 Hz, C,-H); 5.31 (1H, d, 7 =5.2 Hz, Cs-H);
473 (2H, AB, T = 13 Hz; CH,-N-); 4.1-3.47 (6H, m, C,-H and N-methyl-pyrrolidine-H);
3.15 (3H, s, CH;-N-); 2.37 (4H, b, N-methyl-pyrrolidine-H).

Compounds of formula I may be obtained as follows:

Example 6: (6R,7R)-7-[2-(2-Amino-4-thiazolyl]-(Z)-2-[(l-diphenylmethoxycarbonyl-1-'
methylethoxy)imino] acetamido-3-(I-pyridiniummethyl)cephem(3)-4-carboxylic acid

chloride. hydrochloride (Formula I):

To a boiling suspension of 2.5 g of 7-ACA, 1.75 ml of trichlorosilane and 7.65 ml of
hexamethyldisilazane in 100 ml of dry chloroform are added 45 mg of squaric acid and
the mixture is boiled under a nitrogen atmosphere overnight under reflux. The clear
solution is then evaporated to dryness, whereupon the 7-trimethylsilylaminocephalo-
sporanic acid trimethylsilyl ester precipitates in solid form. This is dissolved in 125 ml of
dry dichloromethane, the mixture is cooled to 0° and 1.87 ml of iodotrimethylsilane are
added dropwise. The solution is allowed to cool to room temperature and is stirred for 2
hours. To the resulting 7-trimethylsilylamino-3-iodomethylcephem(3)-4-carboxylic acid
trimethylsily] ester are added 1.47 ml of dry pyridine and the mixture is stirred for 2 hours
at room temperature. To this solution are then added 5.41 g of 2-(2—amirio-4-thiazolyl)-(Z)—
2-[(1-diphenylmethoxycarbonyl-1-methylethoxy)imino]-thioacetic acid-S-benzothiazol-2-yl
ester and the mixture is stirred for 2 days at room temperature. The reaction mixture is
then transferred into a 50° solution of 4.5 ml of concentrated hydrochloric acid in 500 ml
of isopropanol, whereupon the title compound precipitates. This is filtered off by a suction
and washed with isopropanol. After drying and recrystallisation from aqueous
HCVisopropanol, the title compound is obtained as a yellowish product.

m.p (decomp.) from 160°.

'HNMR (DMSO-dg): 9.84 (1H, d, -N-H, J = 8 Hz); 9.20, 8.67 and 8.23 (5H, pyridinium-
H); 7.28 (10H, phenyl-H); 6.98 (1H, s, thiazolyl-H); 6.79 (1H, s, CH-Ph,); 5.95 (1H, dd,
H, J =8 Hz, J = 5 Hz); 5.72 (2H, CH,-pyridine); 5.27 (1H, d, H,, T = 5 Hz); 3.57 (2H,

H, and H,); 1.63 (6H, -C(CH,),).



[err] wherein R denotes a | ower alkyl group and RLgrfl., JeROLes -

hydr ogen or the nethoxy gr oup. 2. Use of a ceph’aﬁ[é‘sﬁzﬁdﬁ:}‘}%%jdeﬂf@tive of
fromula I'll according to claim1 as an internedigte 1n the pro?uéttion of
a cephal osporin derivative. 3. Use according to cljaiim®3 ER8r &6 eri zed
in, that the cephal osporin derivative of formula {l 1] i s _obtainediby
reaction of a conpound of fornula 15

Example 7: 7-[0-(Ethoxycarbonylmethoxy)imino-1H-pyrazol-3-ylJacetamido-3-[(1-
methyl-1H-tetrazol-5-yl)thiomethyl]lcephem(3)-4-carboxylic acid. ethanol-solvate

(Formula I):

To a solution of 3.82 g of 7-trimethylsilylamino-3-iodomethyl-3-cephem-4-carboxylic acid
trimethylsilyl ester (prepared as described in examples 1 or 6) in 125 ml of dry
dichloromethane afe added 5 ml of dimethylformamide and 1.4 g of 1-methyl-5-mercapto-
1,2,3,4-tetrazole sodium salt and the solution is stirred for 2 hours at room temperature.
4.16 g of crystalline (methoxycarbonylmethoximino)-1H-pyrazol-3-yl-acetic acid-
mercaptobenzthiazolyl ester are then added and the reaction mixture is stirred overnight at
room temperature. The charge is stirred into 350 ml of ethanol pre-warmed to 55° and is
slowly cooled to 30°. By seeding with the title compound, the title compound precipitates
in crystalline form and is filtered off and dried.

m.p 119 - 121°.

Example 8 : 7-B-(2-Thienylacetamido)-3-pyridiniummethylcephem(3)-4-carboxylic

acid nitrate (Formula I):

To a solution of 3.82 g of 7-trimethylsilylamino-3-iodomethylcephem(3)-4-carboxylic acid
trimethylsilyl ester (prepared as described in examples 1 or 6) in 125 ml of dry
dichloromethane are added 1.47 ml of dry pyridine, and the mixture is stirred for 2 hours
at room temperature. A solution of 3.2 g of thienylacetic acid-S-mercapto-benzthiazolyl
ester in 20 ml of dichloromethane (prepared in situ from 1.56 g of thiophenacetic acid,
447 g of bis(benzothiazol-2-yl)disulfide and 3.53 g of triphenylphosphine in
dichloromethane) is added to this solution and the mixture is stirred for 30 hours at room
temperature. By addition of 5 ml of methanol the crude title compound precipitates as the
hydroiodide. This is dissolved in 5 % bicarbonate solution, filtered from insolubles, and By
addition of dilute nitric acid, the title compound crystallises at a pH of 1.8 as the nitrate.
m.p 151 - 152° (decomp.).
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wherein R and Rlerr] are as defined in claim1 and R2 denote

- €5, L0 IeLhyl or
the am ne group with a trialkyliodosilane. 4. Use _g_c-é‘b?%?gﬁ}g ‘*ﬁf&i@l hi m
3, characterized in that the trial kyliodosilane is {rimethyli odd's"i | ane.
5. Use according to anyone of clains 3 or 4, characte |%eq3q73531é§9?11 e
1.5 equival ents 16 | ;
Patent Claims

1. A cephalosporin derivative of formula

R

R,
S : S
R—Si-N-—*—|/
i
| 13
R / N .~ c .
0 H, -
r
COO-Si—R
|
R

wherein R denotes a lower alkyl group and R, denotes hydrogen or the methoxy

group.

2. Use of a cephalosporin derivative of fromula I according to claim 1 as an
intermediate in the production of a cephalosporin derivative.

3.

Use according to claim é, characterized in, that the cephalosporin derivative of

formula I is obtained by reaction of a compound of formula

R

R
g ' _s
T
o7 CH,-0-CO-R,
R
R
COO-Si —R

] A 0 AR T



ar.e used. 6. Process for the production of a cephaljosper~ta—derrvatiyv

of trialkyliodosilane per equival ent cephal osporin ddr REREADEAAEAET &6?%%a |V

characterized in that a cephal osporin derivative jof fg@nﬁk&
according to claiml is reacted with the desired nu*

derivative obtained which is substituted in position B
of the nucleophile is either deprotected by splitting off t he si

gt

|rear__]
esi

|yl

protecting groups or acylated with ay acyl ati ng agert—tmmposition /7 and

deprotected by splitting off the silyl protection groups.

7. Process

accor di ng to wiepdiMROandRpRGs Rlefid@lin ¢laih dtand IRG d@ﬁ&é@{tﬁ&ﬂ&hglrbxdﬁé amiid ve of

formula I'll is obtained according to anyone of clains
group with a trialkyliodosilane.

4. Use according to claim 3, characterized in that the trialkyliodosilane is

trimethyliodosilane.

Use according to anyone of claims 3 or 4, characterized in that 1.1 to 1.5 equivalents

of trialkyliodosilane per equivalent cephalosporin derivative of formula IV are used.

Process for the production of a cephalosporin derivative, characterized in that a
cephalosporin derivative of formula III according to claim 1 is reacted with the
desired nucleophile and the derivative obtained which is substituted in position 3 by

the residue of the nucleophile is either deprotected by splitting off the silyl protecting

groups or acylated with an acylating agent in position 7 and deprotected by splitting

off the silyl protection groups.

7. Process according to claim 6, characterized in that the cephalosporin derivative of

formula III is obtained according to anyone of claims 3 to 5.

M_“..._.__‘\

Iy "llf M
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Ai)sh'act
A cephalosporin derivative of formula
v B
H = s
R- ?i - N————r
R /—-N o m
0 CH,-I
R
COO-S8i—R
|
R

wherein R denotes a lower atkyl group and R denotes hydrogen or the methoxy group, a
process for its preparation, and its use as an intermediate in the production of a cephalosporin
derivative with a desired nucleophile in position 3, which may be either deprotected by
splitting off the silyl protecting groups or acylated with an acylating agent in position 7 and
deprotected by splitting off the silyl protection groups.




