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The invention relates to an economical and simple process for the production of
3-vinylcephalosporin compounds of formula I

HN s

2
PP
V
Nz = R, I

O
COOH

wherein R, and R, may be the same or different and denote hydrogen or an organic radical.
5 The compounds of formula I are known to be useful starting products for the
production of valuable 3-substituted vinyl cephalosporins.
In substituents R, and R,, the organic radical may signify for example an optionally
branched alkyl, atkenyl or alkinyl group; a totally or partially saturated cycloalkyl radical; or
* an optionally substituted aryl radical, aralkyl radical or heterocycle. The cyéloalkyl radical,
10

aryl radical, aralkyl radical or heterocycle rﬁay be substituted in any position, for example by

halogen, nitrogen, sulphur, alkoxy, aryloxy, or a functional group such as a carbalkoxy or
carboxamido group. R, and R, may also form part of an optionally substituted ring system.
In a preferred embodiment of the invention one of R, and R, is

hydrogen and the other is:

15 i) hydrogen, lower alkyl, lower alkenyl, or lower alkinyl;

if) lower cycloalkyl, lower cycloalkyl lower alkyl, aryl, (aryl)-lower alkyl, a heterocyclic
_group or a heterocyclyl-(lower)-alkyl, the ring of each of which may be optionally substituted
by 1 to 3 lower alkoxy, lower alkylthio, halogen, lower alkyl, nitro, hydroxy, acyloxy,
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oal kyl, | ower cycloal kyl |ower alkyl, aryl, (aryl)-lower alkyl, a
rocyclic group or a heterocyclyl-(lower)-alkyl, the ring of each of

h may be optionally substituted by 1 to 3 |ower al koxy, |ower

| thio, halogen, lower alkyl, nitro, hydgoxy, acyl oxy, Case 970-9813
carboxy, carbalkoxy, lower alkylcarbonyl, lower alkylsulfonyl, lower alkoxysulfonyl,

amino-(lower)-alkyl amino or acylamido groups; or

ili)  a group of formula -CH,Z, in which Z is a) hydroxy, lower alkoxy, formyloxy,
acetyloxy, lower alkylsulfonyloxy, halogen, N-mono(lower)alkylcarbamoyloxy, or
5 N,N-di(lower)alkylcarbamoyloxy; b) a heterocyclic group; c¢) a group of formula -S(O).R,

in which Ry is an aliphatic, araliphatic, alicyclic, aromatic or heterocyclic group, and m is 0,

“ 1 or 2; or d) an acyclic or cyclic ammonium group.

Suitable heterocyclic groups include single or fused heterocyclic rings having 4 1o 7,
preferably S- or 6- atoms in each ring. Each ring has up to four hetero atoms in it selected
10 from oxygen, nitrogen and sulphur. Also each heterocyclic ring may have | to 3 optional
substituents selected from (C, ) alkyl, (C,.,) alkoxy, halogen, trihalo-(C, ) alkyl, hydroxy, oxo,
mercapto, amino, carboxyl, carbamoyl, di-(C,,) alkylamino, carboxymethyl, carbamoylmethyl,
sulfomethyl and methoxycarbonylamino.
Examples of suitable heterocycle rings include unsubstituted and substituted imidazolyl,
15 diazolyl, triazolyl, tetrazolyl, thiazolyl, thiadiazolyl, thiatriazolyl, oxazolyl, oxadiazolyl,
benzimidazolyl, benzoxazolyl, benzothiazolyl, triazolylpyridyl, purinyl, pyridyl, pyrimidinyl,
pyridazinyl, pyrazolyl and triazinyl.

é Preferably, suitable heterocycle rings include unsubstituted and substituted

5-hydroxy-4-pyridon-2-yl, 1,2,3-triazolyl; 1,2,4-triazolyl; terazolyl; oxazolyl; thiazolyl;

20 1,3,4-oxadiazolyl; 1,3,4-thiadiazoly! or 1,2,3-thiadiazolyl.Preferably the heterocycle is
1,5-dihydroxy-4-pyridon-2-yl, S-hydroxy-1-methyl-4-pyridon-2-yt, 5-hydroxy-4-pyridon-2-yl,
1-methyl-1H-tetrazol-5-yl-2-methyl-1,3,4-thiadiazol-5-yl, 1-carboxymethyl-1H-tetrazol-5-yl,
6-hydroxy-2-methyl-5-ox0-2H-1,2 4-triazin-3-yl, 1,2,3-triazol-5-yl, and 4-methyl-thiazol-5-yl.

Examples of acyclic ammonium groups include (1-carbamoyl-2--hydroxyethyl)-
25 dimethylammonium, (carbamoylmethyl)(ethyl)-methylammonium or trimethyl ammonium.
Examples of cyclic ammonium groups are pyrrolidinium, which is N-substituted by
alkyl, carbamoylalkyl, aminoalkyl or carboxyalkyl; pyridinium or cyclopentenopyridinium,

which may be mono- or di-substituted by alkyl, halogen, hydroxy, carboxamido,

i

alkoxycarbonyl, amino, monoalkylamino or dialkylamino.




REPLACEMENT SHEET -2- carboxy, carbal koxy, |ower alkyl carbonyl, | ower

al kyl sul fonyl, 1ower al koxysul fonyl, am nos(Jpwer)aLkyl am.ho o acyl’ami’dd:
groups; or iii) a group of formula - CH[err];Z i.n Whrth 2 i§ a)3 hydroxy, A
| ower al koxy, fornyloxy, acetyloxy, |ower .al Kyl sul{bnyloxy, .hal egen, .." 7.."
N- nono( | ower) al kyl car banoyl oxy, or N, N-di (I ower) al kyl car banoyl oxy; b) a

het erocyclic group; c) a group of formula -S(Of[err]Rerr] in which R err]
is an aliphatic, araliphatic, alicyclic, aromatic or heterocyclic group,

and mis O, 1 or 2; or d) an acyclic or cyclic amonium group. Suitable

het erocyclic groups include single or fusedg-heterocyclic ringSasea®d70g$13 to
7, preferably 5- or 6- atons in each ring. Each ring has up to four hetero

atoms in it sel ectgy@ept where otherwise indicated, the organic radicals preferably contain up to 10
carbon atoms and "lower” means the group has up to 4 carbon atoms.
Processes for the productioh of compounds of formula I are known and are discussed
in EP 0503453, the disclosure of which is incorporated by reference. However, as discussed
5 in EP 0503453, these known prdcesses require the use of expensive protection groups and
require a multiplicity of intermediate stages. The invention disclosed in EP 0503453
addressed the problems of the prior art by making use of silyl protection groups in a Wittig
reaction using 7-amino cephalosporanic acid as starting reagent.
The process disclosed in EP 0503453 proceeds according to the following reaction
10 scheme:

i) a compound of the formula II
r—N S
)/:N = I,
CHJL

in which R is a silyl protecting group, is reacted with a compound of the formula P(R,), or

P(OR,), to produce a compound of formula III

R’N
P= G W

COOR

in which X is -P(R,),.I or -P(0).(OR,),, R is as defined above and R, is a lower alkyl group or
15 an aryl group; '

ii) the compound of the formula III is then reacted with a strong base to produce a

compound of the formula IV This Sheet Has Been RTlaced
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from oxygen, nitrogen and sul phur. Al so each heterocyclic ring my have 1
to 3 optional substituents selected from (Cegr]).”alkyr, (C.érrl) al koXy,"""3
hal ogen, trihalo-(Cerr]) alkyl, hydroxy, .oxo; nercaptd, am o, &arboxyh, 7,
carbanmoyl, di-(Cerr]) alkylam no, carboxynethyl,”,carbanoyl méthyl, va Tan
sul f onet hyl and net hoxycar bonyl am no. Exanpl es of suitable heterocycle
rings include unsubstituted and substituted i m dazolyl, diazolyl,

triazolyl, tetrazolyl, thiazolyl, thiadiazolyl, thiatriazolyl, oxazolyl,
oxadi azol yl , benzi m dazol yl, benzoxazol yl, benzothiazolyl,

triazolyl pyridyl, purinyl, pyridyl, pyrimdjnyl, pyridazinyl, ) and
triazinyl. Preferably, suitable heterocyclehrings I ncl ude uns&%%{??ﬁ?%EBand
substituted 5-hydroxy-4-pyridgp-2-yl, 1,2,3-triazolyl; 1,2,4-triazolyl;

tetrazol yl; oxazolyl; thiazol w; 1,3.4-oxadiazolyl; 1,3, 4-thiadiazolyl or
1,2, 3-thi adi azol yl . Pref er abRy tj;_?e? ocycle is
N -
= CH.X’ 1v,

o)
COOR

4
.

in which X* is -P*(R,), or -P(0).(OR,),.Y, R, and R are as defined above and Y is a cation of
‘ the alkali series or the protonated form of a strong organic base; and

iii) the compound of the formula IV is reacted with a compound of the formula V

R,

=0 Vv
R,

in which R, and R, are as defined above, to produce the'compound of the formula I. The

5 resulting process is simple, economical and may be carried out in a single reaction vessel.
Also, it has the advantage that the silyl protection groups are removable by simple hydrolysis
or alcoholysis.

The base used in step ii) is a strong organic base and guanidines (for example .
‘ tetramethylguanidine), amidines (for example 1,8-diazabicyclo[5.4.0Jundec-7-ene and

10 1,5-diazabicylo{4.3.0]non-5-ene), alkali salts of nitrogen-containing compounds (for example
the Li or Na salts of 1,1,1,3,3,3-hexamethyldisilazane and Li-diisopropylamide), butyllithium,
hydrides of alkali metals, and iminophosphoranes are given as suitable examples. It is also
mentioned that the bases should be free of moisture and should not contain any parts that
could be silylated, so as to maintain the degree of silylation of the product.

15 It has now been surprisingly found that the process described in EP 0503453 may be
carried out using weaker bases. This is of particular advantage since the reaction may be
carried out under milder conditions.

Therefore this invention provides a process, substantially as defined above, for the
production of a compound of formula I which is improved by the use of a weak base in step

20 i), . il
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1, 5-di hydr oxy- 4- pyridon-2-yl, 5-hydroxy-1-nethyl-4-pyridon-2-yl,

5- hydr oxy-4-pyridon-2-yl, 1-nethyl- 1Htetrazol-5-yl -2 nethgl-x- SREREE
, 3, 4-t hi adi azol - 5-yl, I?Earboxyﬂe%hyL_lth_etgazol 5-yl, 2 U
6- hydr oxy- 2- net hyl - 5- oxahﬁshdmﬁ%s Rl 2|n 3-yl, 1,273- trlaqu 5<yl, and ~..”
4- et hyl -t hi azol - 5-yl . 4 c annDnlun1groups I ncl ude

(1- car banoyl - --hydroxy anmoni um

(car bamoyl et hyl ) (et hyl ) - or trimethyl anmonium Exanples of

cyclic ammoni um groups are pyrrol I di n| um which is N-substituted by al kyl,
carbanoyl al Kyl , ami noal kyl or carboxyal kylg pyridinium or se 970-9 13
cycl opent enopyri di nium which may be nono-~ or di-substitute 2E)y al'Ky

Q?LFESP:& mh%gr OXY rraf'h t&%@{? l%?e cgtllltli e uséd 91051 Winigarrpa&x%n is mcf%% s ?ngo ﬁle use of
the weaker base has the advantage that the possibility of opening the B-lactam ring is reduced
and superfluous condensation of the base with the aldehyde or ketone is avoided or restricted.

' Preferably the weak base is such that its conjugate acid has a silylatable function and
5 the reaction step ii) is carried out in the presenc"é of a silylating agent to cause silylation of the
silylatable function. Surprisingly, the reaction proceeds without the silyl protecting group on
the 7-amino group, which is a very potent silylating agent and which is easily removed, being
removed by the base or conjugate acid. If the silyl protecting group were to be removed
during the reaction, the amino group would be free to react with the aldehyde or ketone of
10 formula V and this would cause the reaction to collapse.

Preferably the weak base is selected from:

1) compounds that have the formula

RS—IC--R7 W

15 R,

in which Ry is hydrogen, alkyl or aryl; R and R,, which may be the same or different, are
each an activated group of the formula -COOR,, -CN, -SO,R,, -COR; or -CON(Ry),; or R and
Re, which may be the same or different, are each aryl and R, is an activated group of the
formula -COORg, -CN, -SO,R,, -COR, or -CON(Ry),; W" is a cation (for example lithium,
20 sodium, or calcium); and Ry is alkyl, cycloalky!l or aryl; and
it} salts of carboxylic acids of the formula R,,-COO™ W* in which R, is an optionally
branched alkyl group or an optionally substituted aryl group; and W* is as defined above.
Particularly preferred weak bases are lithium and sodium salts of malonic acid diethyl
esters, aceroacetic acid esters, acetic acid, pivalic acid, or ethylhexanoic acids, or lithium salts
25 of benzoic acids.
The silylating agent may be added to the reaction mixture prior to the addition of the
weak base or simultaneously with the weak base; in both cases to cause the silviation of

silylatable function of the conjugate acid of the weak base. N,O-bis(trimethy!silyl)-acetamide



- 3-. Except where ot herw se indicated, the organic radicals preferably
contain up to 10 carbon atonms and "lower" nmeans the group has up:to 4 > >o~>
carbon atoms. Processes for the production oh conpounds of fornufa | are -
known and are di scussed in EP 0503453, the dnsclosu*e of mhlch is o

I ncorporated by reference. However, as di scussed i n EP 0503453, these known
processes require the use of expensive protection groups and require a
multiplicity of intermedi ate stages. The invention disclosed in EP 0503453
addressed the problens of the prior art by making use of silyl protection
groups in a Wttig reaction using 7-amno ?ephal osporani c amé 5@597§t9'3r1§| ng
reagent. The process disclosed in EP 0503453 proceeds accordlng to th
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followng r e%& bxs@xlylurea are parncu}arly suitable as silylating agents and further examples are given in
EP 0503453. |
The reaction may be carried in a suitable solvent or solvent mixture which is inert
under the reaction conditions, for example an inert ether (such as tera-hydrofuran, diethyl
5 ether, an ethylene glycol dialkyf ether or a tert.butylmethyl ether), an inert amide (such as
dimethylformamide, dimethylacetamide or N-methylpyrrolidone), an urea (such as
tetra-methylurea, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone, or 1,3,2-imidazolidinone)
. a nitrile (such as acetonitrile), or a halogenated hydrocarbon (such as dichloromethane).
Should a substituent of the aldehyde or the ketone of formula V contain a function

10 which is easily silylated, this should be blocked temporarily with an appropriate silylation
agent prior to the reaction. The amount of the compound of formula V may be
stoichiometrical or in excess based on the amount of the compound of formula IV.

The reaction may be carried out over a wide temperature range, preferably at a
temperature of between -70°C and +70°C.

15 The compounds of formula I may be isolated in a conventional manner. The silyl
protecting groups may be removed by simple hydrolysis or alcoholysis. This may be done
either by adding the desilylation agent to the reaction mixture, or by extracting the product
into a separable aqueous phase, adding water (under alkaline or acidic conditions) and

'y precipitating by adjusting the pH value to the isoelectric point, optionally adding an organic

20 solvent.

The compounds of formula II are known and may be produced as described in EP
0503453,

The compounds of formula [ are important starting materials for the production of
valuable cephalosporin antibiotics. Cephalosporins which are vinyl-substituted in 3-position are

25 either resorbed orally, or when administered parenterally, are characterized for their very

broad, efficient spectrum of activity. The following compounds may be produced for example:
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schehe: i) a conpound of the formula Il [err] in which Ris a silyl
protecting group, is reacted with a conpoundz2of ttre fornmul a.P(R&H 3 or -~ "°"3
P(OR[err])[err] to produce a conpound of forgula:llig,Terr] ih widch X-is ",
-P(R[err])[err].l or -P(O.(OR[err])[err]; R:is as’def.’ned dbove and RY Ts.”
a lower alkyl group o an aryl group; ii) the conpound of the formula Ill is
then reacted wth a strong base to produce a conpound of the fornmula IV
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-4--[err]

in which X[err] is -Plerr](Rerr])[err] or

-P(O.(OR[err])[err].Y, Rerr] and Rare as &finét., addbve and Y.ks a cati’6ia

o the al kali
i)
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In the following examples, which illustrate the invention more fully, but in no way

limit its scope, all temperatures are given in degrees celsius.

Example 1: 7-Amino-3-(3-acetoxy-1-propenyl)-3-cephem-4-carboxylic acid

7.5 ml of N,O-bis(trimethylsilyl)acetamide is added to 25 ml of a dichloromethane

solution containing 6 g of 7-trimethylsilylamino-3-triphenyl-phosphoniummethyl-3-cephem-



or al coholysis. The base used in step ii) is a strong organi c base and
guani di nes (for examgleﬁt(?t ramet hyl guani di ne);, antdj pes, (fon:exanpl e °°,
1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene-and-1, 5-dijazabi ¢yl v{,4. 3. 0} nonz 5-ene); |

al kali salts of nitro eanm@eg{ gegrrpounds (for,examl e the LJ or Ne ",
salts of 1,1,1, 3,3, 3- h ﬁ azane and Li-diisopropylam de),

butyl it hium hydr| des mw! al s, and i m nophosphoranes are given as
suitable exanples. It is als ned that the bases should be free of

noi sture and should not contain any parts that could be silylated, so as to

maintain the degree of silylation of the pgoduct. It has nowdieeg70.9813
surprisingly found that the process described in EP 0503453 may ge carried

out using VeaksmhokAReRid B}h&n 11y st ag%&xhé Yhake. 29 A FIENSUARF Y RE1AHRGH 128N,
may be carried out” under er ‘con
at 5 to 10°, contammg 235 g sodium aceto-acetic acid ethyl ester, is added dropwise. The
dark red solution is then cooled to 2° and 5.16 g acetoxyaldehyde is added dropwise. The
reaction mixture is then stirred for 2 hours at 10° and then added to a mixture of 100 ml
5 acetic acid and 100 ml water. The pH of the aqueous phase is adjusted to 7 with ammonia
and the organic phase is separated off. The pH is adjusted to 3.5 by adding 1:1 diluted
concentrated HCl, whereupon the title compound precipitates. The suspension is stirred for 30

. minutes at 5°, the title compound is filtered off, washed in acetone and dried.
Example 2: 7-Amino-3-(prop- 1-enyl)-3-cephem-4-carboxylic acid

10 5 mi of N,O-bis(trimethylsilyl)acetamide is added to 25 ml of a dichloromethane
solution containing 6 g of 7-trimethylsilylamino-3-triphenyl-phosphoniummethyl-3-cephem-
4-carboxylic acid trimethylsilylester-iodide on ice. 25 ml of a N-Methylpyrrolidone solution,
at 5 to 10° containing 2.35 g sodium malonic acid diethyl ester, is added dropwise.
Thereafter the solution is cooled to -10° and 1.32 g acetaldehyde, dissolved in 10 ml

15 dichloromethane, is added. After the addition of the acetaldehyde, the reaction mixture is

stirred for 48 hours at 0°. Thereafter the process proceeds as described in example 1.
Example 3: 7-Amino-3-(prop-1-enyl)-3-cephem-4-carboxylic acid

36.5 ml of N,O-bis(trimethylsilyl)acetamide is added to 500 ml of a dichloromethane
solution containing 24 g of 7-trimethylsilylamino-3- triphenyl-phosphoniummethyl-

20 3-cephem-4-carboxylic acid trimethylsilylester-iodide at a temperature of -10°. A suspension
of 12.8 g lithium benzoate in 75 ml N-Methylpyrrolidone is added. 9 g of acetaldehyde is
added and the reaction mixture is stirred for 2 days at 0°. Superfluous acetaldehyde and most
of the dichloromethane are removed in a rotary evaporator. The residue is then stirred in 1500
ml of water and then filtered. The residue is dissolved in 200 ml aqueous ammonia and the

25 aqueous phase is extracted twice using 100 ml dichloromethane. After removal of the organic

phase, 1:1 diluted concentrated HCI is added to the aqueous phase to bring the pH to 3.5



Therefore this invention provides a process, substantially as defined
above, for the production of a conpound of flormufa, L>which,is ihprowed, By
the use of a weak base in step ii). REPLACEMENT, SHEET 0 5 MAR 1997.35-",
That a weaker base coul d bé used—in-a- Wttid react10on. s inlleedi.surprising’
The use of the weakeFhisRise Hagse, vantage that the possibility of

S

whereupon the title compound precipitates. The suspension is stirred for 30 minutes at 5°, the

-10- Case 970-9813

title compound is filtered off, washed in acetone and dried.

Example 4: 7-Amino-3-(3-acetoxy-1-propen-1-yl)-3-cephem-4-carboxylic acid
7.5 ml of N,O-bis(trimethylsilyl)acetamide is added to 25 ml of a dichloromethane
5 solution containing 6 g of 7-trimethylsilylamino-3-triphenyl-phosphoniummethyl-3-cephem-
4-carboxyli¢ acid trimethylsilylester-iodide on ice. 15 ml of a N-methylpyrrilidone solution
containing 2.5 g sodium-ethylhexanoate is added dropwise at 0 to 5°. 5 ml of
acetoxy-acetaldehyde is added dropwise. The reaction mixture is stirred overnight at 0° and

then processed as described in example 1.
10 Example 5: 7-Amino-3-[2-(4-methyl-5-thiazolyl)vinyl]-3-cephem-4-carboxylic acid

25 g of a dichloromethane solution containing 10.2 g of 7-trimethylsilylamino-3-
triphenyl-phosphoniummethyl- 3-cephem-4-carboxylic acid trimethylsilylester-iodide is cooled
to a temperature of -10°. 4.7 mi of N,O-bis(rimethylsilyl)acetamide, 11 ml
dimethylformamide and 1.1 g lithium acetate are added and the mixture stirred at 0 to 5° for
. 15 30 minutes. A solution of 2 g of 4-methyl-thiazol-5-carboxyaldehyde in S ml -
dichloromethane is then added dropwise. The mixture is then stirred for 10 hours at 30°,
cooled to 10° and stirred for a further hour at 10°. The title compound is separated using a

suction filter, washed with methanol and vacuum dried.
Example 6: 7-Amino-3-(prop-1-enyl)-3-cephem-4-carboxylic acid

20 220.7 g of a dichloromethane solution containing 68.7 g of 7-trimethylsilylamino-3-
triphenyl-phosphoniummethyl- 3-cephem-4-carboxylic acid trimethylsilylester-iodide is cooled
to a temperature of -10°. 584 ml of N,O-bis(trimethylsilyl)acetamide and 81 ml N,N-
dimethylacetamide is added while stirring. A solution of 14.05 g lithium pivalate is added and

the mixture stirred for 30 minutes at -10°. 17.2 ml of acetaldehyde is added and the reaction



and- super fl uous condensation of the base with the al dehyde or ketone is

avoi ded or restricted. Preferably the weak bage ig-~such that its conjugat&ﬁ,
acid has a silylatable function and the reaotron stepwll) |s-€arh|ed outs in”
the presence of a silylating agent to causge SP|y|atPOﬂ of the S|hylatabhe, o
function. Surprisingly, the reaction proceeds wi t hout the S|Iyl ‘protecting”
group on the 7-am no group, which is a very potent silylating agent and
which is easily renoved, being renoved by the base or conjugate acid. If

the silyl protecting group were to be renoved during the reaction, the

am no group would be free to react wth thejal dehyde or keto f la V
and this would cause the reaction to coll aglse Preferably thn&\llxs/gaglzbcbgasgg

sel ected fromciute GARRY 9596 RAAuLEYE 159 Gnd ﬂ{e%vgnlxﬁ{t "ak g°. Supertluous acetaldehyde

and some of the dichloromethane are removed in a rotary evaporator under vacuum and at
20°. The residue is then stirred into 500 ml of ice-cold water and 100 ml dichloromethane.
The pH value is adjusted to 8.5 with aqueous ammonia. The phases are then separated and the
5 aqueous phase is washed with 106 ml dichloromethane and combined with 200 ml acetone.
The pH is adjusted to 3.5 with 1:1 diluted concentrated hydrochloric acid at 30° to precipitate
the title compound. The suspension is held in the ice bath for 2 hours whilst stirring, and the
title compound is isolated using a suction filter. The title compound is washed with a
mixwre of 100 ml of water and 50 ml acetone and then again with SO ml of acetone. The

10 title compound is then dried in 2 vacuum drying chamber at 40°.
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B
in which Rlerr] is hydrogen, alkyl or aryl; Rlerr] and Rerr], which may be
the same or different, are each an activat ed~group of:-the formuha tann

-COOR[err], -CN, -SCIerr]R[errI CCR[err]«»o« -CC]\I§IQ[werr])["@rr]o or R[érr],"

and Rl err], which or dlfferent q;eaeaﬁh ar and R[eri‘i], |S
an activat ed grouumm ]lue"ig Hﬁﬂggl -CN -sHerrT err#,,
-COR[err] Rl efr]y[err]s; err] a catlon (for exa Ot'?‘ﬁlém
sodi um or caIC| ur’r) and Rlerr] is al kyI cycloal kyl or aryl; and ii) salts
of carboxyljc acids of the fornula R[err]-COO Werr] in whi ch Rlerr] is an
optionall ygé%'ﬁched al kyl group or an optionally substituted aryl group;
and Werr] is as defined above. Particularly preferred weak bases are
lithium and sodiumsalts of malonic acid diethyl esters, acetoacetic acid
esters, acktic Apratesyforake prodactibn fra Bi‘dinwlékpmlb? n&xbtrii;%uncbbf fdrihlaim sal ts
of benzoic acids. The silylating agent may be added to the reaction m xture
prior to the addition of the

\u\

HzN
rN I,
o 74

wherein R, and R, may be the same or different and denote hydrogen or an organic

‘ 5 radical, which comprises the steps of i) reacting 2 compound of the formula II

H
R/N

S
oL,

o)
COOR

in which R is a silyl protecting group, with a compound of the formula P(R,), or P(OR,),

to produce a compound of formula III

H
¢ RN S
N .= Im,
o CHX
COOR

in which X is -P(R,),.I or -P(0).(OR,),, R is as defined above and R, is a lower alkyl
10  group or an aryl group;
if) reacting the compound of the formula III with a base to produce a compound of

the formula IV

Has Been Reraced
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weak base or si mul taneously with the weak base; in both cases to cause the
silylation of silylatable function of the cqomjugate acid of stheiweak. bgse:
N, O bi s(tri net hyl-sityt)=acetamde- - -6- ana-bl SSi I-yl~urea arbe pz;rt i cul a;rl Y,
suitable as silyl a urther; exgrrpl ggearer gi verz i r 2EP 0503453*
The reaction may b Mi‘ﬂgﬂlﬂ qﬁﬂ hl t abl q3sol vent or sol vent Cw@mgm\ghl ch
is inert under the ons, for exanple an inert ether (such as

tetra- hydrofuran, diethyl ether, an et hyI ene glycol dialkyl ether or a_
terr.butyl methyl ether), an inert am de (such as

. T

in which X* is -P"(Ry); or -P(0).(OR,),.Y, R, and R are as defined above and Y is a
cation of the alkali series or the protonated form of the base; and

iii) reacting the compound of the formula IV with a compound of the formula V

=0 Vv

R,

in which R, and R, are as defined above, to produce the compound of the formula [;
5 characterised in that the base reacted with the compound of the formula III in step ii) is a

weak base.

2. A process according to claim 1 in which the conjugate acid of the weak base has

an easily silylatable function and the reaction is carried out in the presence of a silylating

agent.

10 3. A process according to claim 2 in which the weak base is selected from

i) compounds that have the formula

Rs"?--Rq W"
R¢

15 in which R is hydrogen, alky! or aryl and R, and R,, which may be the same or different,
are each an activated group of the formula -COOR;,, -CN, -SO,R,, -COR, or -CON(Ry),; or
R; and R, which may be the same or different, are each ary! and R, is an activated group
of the formula -COOR,, -CN, -SO,R,, -COR; or -CON(R,),; W" is a cation; and R, is

X3 i‘!m.ﬂa ¢



di met hyI f ormam de, dinethyl acetam de or N-net hyI pyrrol | done) an urea (such
as tetra-methylurea, 1;/3-dirmethyt-3;4,5, 6- tet~roahydro-r2’( LH) - py3r| mdone, "or 7"

1,3,2-imdazolidin ch as acetsonl trlol e) A or a halogenat ed :
hydr ocar bon (such gm "ﬂ/nﬂj j . Shoul d»a substituent of- the al dehyde
or the ketone of for*rru functiden which is easily Gis¢ pra-08i

this should be bl ocked tenporarily with an appropriate silylation agent
prior to the reaction. The anmount of the conpound of fornula V may be

st oi chi onet alkyhlcycloalkpl exagEanliased on the amount of the conpound of
formula I'V. The reaction nmay be carried out over a w de tenperature range,

preferably at a 'E%ﬁ‘ﬂ@rqt‘iﬂ@xﬁhc Beidsef the- foonular FG—GQ@ W?OtlevhquCRm‘ﬁh@n
d t Jh |y
robect | g Spastall tRachP Uiyl elol8ioP oF boBady BTN 303 ertibE BRA M <P s Th s

may be donedefined above.

5 4. A process according to claim 3 in which the weak base is a lithium or sodium salt
of malonic acid diethyl ester, acetoacetic acid ester, acetic acid, pivalic acid, or

ethylhexanoic acid, or is a lithium salt of benzoic acid.

‘ 5. A pracess according to any of claims 2 to 4 in which the silylating agent is added

to the reaction mixture prior to the addition of the weak base.

10 6. A process according to any of claims 2 to 4 in which the silylating agent is added

to the reaction mixture at the same time as the weak base.

7. A process according to any of claims 2 to0 6 in which the silylating agent is

N,O-bis(trimethylsilyl)acetamide or bissilylurea.

8. The use of a weak base to produce a ylid of formula IV, as defined in claim 1, in a

15 process for the production of a 3-vinylcephalosporin compound of formula I as defined in

‘s claim 1.

9. Use according to claim 8 in which the weak base is as defined in any of claims 2
to 4.

This Sheet Has Been R
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ei t her by adding the desilylation agent to the reaction nlxture or by
extracting the product into a separable aqueaus phase addi ng wat er (under :

al kal i ne or acidic conditions) and preC|p|tat4ng byaadjustlné t he pH val ue Ve
to the isoelectric point, optionally addiig ah organi c sol veit. The .
conpounds of fornmula Il are known and may be produced as described in EP
0503453. The conpounds of fornula | are inportant starting materials for

t he production of val uabl e cephal osporin antibiotics. Cephal osporins which

are vinyl-substituted in 3-position are either resorbed orally, or when
adm ni stered parenterally, are characterizgg- for their very bCasd970-9813
efficient spectrumof activity. The follow ng conpounds nay be produced for

exanpl e: Abstract

A process for the productidn of 3-vinylcephalosporin compounds of formula

HN . s
Tk
4N AN\F L
O/ R,
COOH
. wherein R, and R, may be the same or different and are hydrogen or an organic radical using

a Wittig reaction in which weak bases are used.

Sheet Has Been Replaced
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- UWerNT-2
-7- [err] -8- [err] [err] In the follow ng exanples, which il|®#Strate
the invention nore fully, but in no way

REPLACEMENT SHEET
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The inventioﬁ relates to an economical and simple process for the production of
3-vinylcephalosporin compounds of formula I

HZN .8 . -
)PP
N A =2 1,
18] R,
COOH

wherein R, and R, may be the same or different and denote hydrogen or an organic radical.

The compounds of formula I are known to be useful starting products for the
iJroduction of valuable 3-substituted vinyl cephalosporins.

In substituents R, and R,, the organic radical may signify for example an optionally
branched alkyl, alkenyl or alkinyl group; a totally or partially saturated cycloalkyl radical; or
an optionally substituted aryl radical, aralky! radical or heﬁerocycie. The cycloalkyl radical, |
aryl radical, aralkyl radical or heterocycle may be substituted in any position, for example by
halogen, nitrogen, sulphur, alkoxy, aryloxy, or a functional group such as a carbalkoxy or
carboxamido group. R, and R, may also form part of an optionally substituted ring system.

In a preferred embodiment of the invention one of R, and R, is
‘hydrogen and the other is:

i) hydrogen, lower alkyl, lower alkenyl, or lower alkiny};
it) lower cycloalkyl, lower cycloalkyl lower alkyl, aryl, (aryl)-lower alkyl, a heterocyclic

group or a heterocyclyl-(lower)-alkyl, the ring of each of which may be optionally substituted
by 1 to 3 lower alkoxy, lower alkylthio, halogen, lower alkyl, nitro, hydroxy, acyloxy,



limt its scope, all tenperatures are given in degrees celsius. Exanple 1:
7- Am no- 3- ( 3- acet oxy- 1- propenyl ) - 3-cephem 4-carboxylic acid 7.5 m of

N, O bis(trinethylsilyl)acetam de is added to 2 ' met hane
solution containing 6 g of REPLACEMENT SHEET

7-trinmethylsilylamno-3-triphenyl - phosphoni unmgt pyT=3=C&phent -9-
4-carboxylic acid trinethylsilylester-iodide oh |c

N- Met hyl pyrrolidone solution, at 5 to 10[err],}c nﬁa§%‘§“{ﬁwg7
aceto-acetic acid ethyl ester, is added dropw §et—Fhe—dart—red
then cooled to 2[err] and 5.16 g acetoxyal dehyyle is added dropwi ge. The

f a
.35} g} sodi um
splution is

ni ng

carboxy, carbalkoxy, lower alkylcarbonyl, lower alkyisulfonyl, lower alkoxysulfonyl,

amino-(lower)-alkyl amino or acylamido groups; or

iif)  a group of formula -CH,Z, in which Z is a) hydroxy, lower alkoxy, formyloxy,
acetyloxy, lower alkylsulfonyloxy, halogen, N-mono(lower)alkylcarbamoyloxy, or
N,N-di(lower)alkylcarbamoyloxy; b) a heterocyclic group; c) a group of formula -S(0).R,
in which R, is an aliphatic, araliphatic, alicyclic, aromatic or heterocyclic group, and m is 0,
1 or 2; ord) an acyclic or cyclic ammonium group.

Suitable heterocyclic groups include single or fused-heterocyclic rings having 4 to0 7,
preferably 5- or 6- atoms in each ring. Each ring has up to four hetero atoms in it selected
from oxygen, nitrogen and sulphur. Also each heterocyclic ring may have 1 to 3 optional
substituents selected from (C, ) alkyl, (C,,) alkoxy, halogen, trihalo~(C,.,) alkyl, hydroxy, oxo,
mercapto, amino, carboxyl, carbamoyl, di-(C,,) alkylamino, carboxymethyl, carbamoylmethyl,
sulfomethyl and methoxycarbonylamino. _

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

Preferably, suitable heterocycle rings include unsubstituted and substituted
5-hydroxy-4-pyridon-2-yl, 1,2,3-triazolyl; 1,2,4-triazoly}; tetrazolyl; oxazolyl; thiazolyl;
1,3,4-oxadiazolyl; 1,3,4-thiadiazolyl or 1,2,3-thiadiazolyl. Preferably the heterocycle is
1,5-dihydroxy-4-pyridon—2—y1, 5-hydroxy-1-methyl-4-pyridon-2-yl, 5-hydroxy-4-pyridon-2-yl,
1-methyl- 1H-tetrazol-5-yl-2-methyl-1,3 4-thiadiazol-5-yl, 1-carboxymethyl-1H-tetrazol-5-yl,
6~hydroxy-2-methyl-5-oxo—2H-1,2,4-u'iaa'n-3-yl, 1,2,3-triazol-5-yl, and 4-methyl-thiazol-5-yl.

Examples of acyclic ammonium groups include (1-carbamoyl-2--hydroxyethyl)-
dimethylammonium, (carbamoylmethyl)(ethyl)-methylammonium or trimethyl ammonium.

Examples of cyclic ammonium groups are pyrrolidinium, which is N-substituted by
alkyl, carbamoylalkyl, aminoalkyl or carboxyalkyl; pyridinium or cyclopentenopyridinium,
which may be mono- or di-substituted by alkyl, halogen, hydroxy, carboxamido,

atkoxycarbonyl, amino, monoalkylamino or dialkylamino.



reaction mxture is then stirred for 2 hours at 10 and then added to a

m xture of 100 ml acetic acid and 100 ml water. The pH of the aqueous phase
is adjusted to 7 with ammoni a and the organi c._phase .is.separated off. The
pH is adjusted to 3.5 by adding 1:1 diluted domemm&&m H{HE,T wher eupon t he
title conpound precipitates. The suspension ijs [stt+rred-for m nutes at -5,
the title conmpound is filtered off, washed in anﬁﬁﬁn@ fll’l ed. Exanple 2:
7- Am no- 3- (prop- 1-enyl) - 3-cephem 4- car boxyl i g ?

N, O-bis(trinethylsilyl)acetam de is added to |2 rri of a _dichliononet hane
solution containing 6 g of _ .o
7-trinmethylsilylamno-3-triphenyl - phospho’ﬁ'l un¥%+hw~8—eephmﬁﬁ+-car boxylic

acid trinethylsi Iest r-|0|de on.ce. 25 nm of t h yrrol i done
sol ution, at y5 t?x %fg?’fwr‘r‘@ wdiggred, ‘ﬁ%&f%"ﬁé&‘ﬁ% c?“%i‘%@gcﬁc’éflaﬁwp Osiler
i s added erﬁi«uoﬁa:omE%ae@Jw&fnieBﬁs el gebupPhas' v 6PERBod Romy0 and 1.32 g

acet al dehyde, dissolved in 10
Processes for the producuon of compounds of formula I are known and are discussed

QJQ)

in EP 0503453, the disclosure of which is incorporated by reference. However, as discussed
: in EP 0503453, these known processes require the use of expensive protection groups and
require a multiplicity of intermediate stages. The invention disclosed in EP 0503453
addressed the problems of the prior art by making use of silyl protection groups in a Wittig
reaction using 7-amino cephalosporanic acid as starting-reagent.
The process disclosed in EP 0503453 proceeds according to the followmg reaction
scheme: -

i) a compound of the formula I

H
J:N Z I,
o CH,L

COOR

in which R is a silyl protecting group, is reacted with a compound of the formula P(R,) or
P(OR,), to produce a compound of formula III -

H
R’N

S
\_l/
7N~
o” CHX
COOR

in which X is -P(R,),.I or -P(0).(OR,),, R is as defined above and R, is a lowef alkyl group o
an aryl group;
ii) the compound of the formula III is then reacted with a strong base to produce a

Compound of the formula IV



di chl oronet hane, is added. After the addition of the acetal dehyde, the
reaction mxture is stirred for 48 hours at O[err]. Thereafter the process
proceeds as described in exanple 1. Exanple 3:

7- Am no- 3- (prop-1-enyl)-3-cephem 4-car boxylic ag b

N, O-bis(trinmethylsilyl)acetam de is added to 50
solution containing 24 g of 7-trinethylsilylam fo-{3*
- phosphoni ummet hyl - 3- cephem 4- car boxylii

tri phenyl

IREPHECEMEMCWWO t hane

trimethylsilylester-iodide at a tenperature of -|1 suspensmr f 12.8 ¢

lithium benzoare in 75 m N Methyl pyrrolidone is

is added and the reaction mixture is stirredt for} 2 days at Of[err].
Super fl uous acet al dehyde and nost of the dichl oremettrame—are renoved in a
rotary evaporator. The residugiis then stirred in 1500 mM of water and then
filtered. The residue is di 8olwed 00 m aqueous amoni a and the

] ugl n

aqueous phase is extracted tw ce

g 100 n1 di chl oronet hane. After

renmoval of the organic Vau Iv,

o
COOR

%=
7

in-which X* is -P*(R,); or -P(0).(OR,),.Y, R, and R are as defined above and Y is a cation o
the alkali series or the protonated form of a strong organic base; and

iit) the compound of the formula IV is reacted with a compound of the formula V

R,

=0 Vv
R,
in which R, and R, are as defined above, to produce the compound of the formula I. The
resulting process is simple, economical and may be carried out in a single reaction vessel.
Also, it has the advantage that the silyl protection groups are removable by simple hydrolysis
or alcoholysis.

The base used in step ii) is a strong organic base and guanidines (for example
tetramethyiguanidine), amidines (for example 1,8-diazabicyclo{5.4.0Jundec-7-ene and
1,5-diazabicylof4.3.0]non-5-ene), alkali salts of nitrogen-containing compounds (for example
the Li or Na salts of 1,1,1,3,3,3-hexamethyldisilazane and Li-diisopropylamide), butyllithium,
hydrides of alkali metals, and iminophosphoranes are given as suitable examples. It is also
mentioned that the bases should be free of moisture and should not contain any parts that
could be silylated, so as to maintain the degree of silylation of the product.

It has now been surprisingly found that the process described in EP 0503453 may be
carried out using weaker bases. This is of particular advantage since the reaction may be
carried out under milder conditions.

Therefore this invention provides a process, substantially as defined above, for the
production of a compound of formula I which is improved by the use of a weak base in step

ii).



phase, 1:1 diluted concentrated HC is added to the aqueous phase to bring
the pHto 3.5 -10- whereupon the title conpcuﬁﬂ-f+ee+p+LaLes_*The
suspension is stirred for 30 mnutes at 5[err] e &GHWE&TC&HﬁﬁﬂJnd S
filtered off, washed in acetone and dried. Exaﬁple a3
7-Anino-3-(3-acetoxy 1- propen- 1-yl ) - 3- cephem 4-cdr q$§wkgg ﬁ§} 745 n1 of
NO bi s(trinmethylsilyl)acetam de is added to 25|ni é or et hane
solution containing 6 g of
7-trinethylsilylam no-3-triphenyl - phosphoni umrgt hyl - 3- cephen} 4-,arboxylic
acid trinethylsilylester-iodide on ice. 45 m of a Nmethytpy+++ i done

sol ution

n

That a weaker base could be used in a Wittig reaction is indeed surprising. The use of
the weaker base has the advantage that the possibility of opening the B-lactam ring is reduced
and superfluous condensation of the base with the aldehyde or ketone is avoided or restricted.

' Preferably the weak base is such that its conjugate acid has a silylatable function and
the reaction step ii) is carried out in the presence of a silylating agent to cause silylation of the
silylatable function. Surprisingly, the reaction proceeds without the silyl protecting group on
the 7-amino group, which is a very potent silylating agent and which is easily removed, being
removed by the base or conjugate acid. If the silyl protecting group were to be removed
during the reaction, the amino group would be free to react with the aldehyde or ketone of
formula V and this would cause the reaction to coliapse. -

Preferably the weak base is selected from:

i) compounds that have the formula

Rs" lC."’R-} W
R¢

in which R, is hydrogen, alkyl or aryl; R and R,, which may be the same or different, are
each an activated group of the formula -COOR,, -CN, -SO,R;, -COR; or -CON(R;),; or Ry and
R¢, which may be the same or different, are each aryl and R, is an activated group of the
formula -COORg, -CN, -SO,R,, -COR; or -CON(R,),; W" is a cation (for example lithium,
sodium, or calcium); and R, is alkyl, cycloalky! or aryl; and

ii) salts of carboxylic acids of the formula R,,~COO" W' in which R,, is an optionally
branched alkyl group or an optionally substituted aryl group; and W* is as defined above.

Particularly preferred weak bases are lithium and sodium saits of malonic acid diethyl
esters, acetoacetic acid esters, acetic acid, pivalic acid, or ethylhexanoic acids, or lithium salts
of benzoic acids.

The silylating agent may be added to the reaction mixture prior to the addition of the
Weak base or simuitaneously with the weak base; in both cases to cause the silylation of

silylatable function of the conjugate acid of the weak base. N,O-bis(trimethylsilyl)-acetamide



containing 2.5 g sodi um et hyl hexanoate is added dropwise at 0 to 5. 5 m of
acet oxy-acet al dehyde is added dropwi se. The reaction mxture is-stirred
‘overnight at 0 and then processed as descri bed [ l e 5:

7- Ami no- 3-[ 2- (4-net hyl -5-thi azol yl )vinyl]-3-ce lIcid 25 g
of a dichl oronethane solution containing 10.2 d I lyl am no- 3-
tri phenyl - phosphoni unmet hyl - 3-cephem 4- car boxyj i
trinethylsilylester-iodide is cooled to a tenpefakture of -10[err]}. 4.7 n
of NObis(trinethylsilyl)acetamde, 11 m dinefhylTformam de and{l.1 g
l'ithium acetate are added and the m xture stirrgd_at. 0 to-5ferfor 30
m nutes. A solution of 2 g of 4- nethyl-thl zoI 5- carboxyaldehyde in 5 m

di chl h ' h dded t d f 1Q
our's.at 30, MG BisBMHEF o afkol B ad AT iok Aspfs i ot PamPISaet By I
The title comEpsO8453s separated using a

The reaction may be carried in a suitable solvent or solvent mixture which is inert
under the reaction conditions, for example an inert ether (such as tetra-hydrofuran, diethyl
ether, an ethylene glycol dialkyl ether or a tert.butyimethyl ether), an inert amide (such as
diméthyiformamide, dimethylacetamide or N-methylpyrrolidone), an urea (such as
tetra-methylurea, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone, or 1,3,2-imidazolidinone)
a nitrile (such as acetonitrile), or a halogenated hydrocarbon (such as dichloromethane).

Should a substituent of the aldehyde or the ketone of formula V contain a function
which is easily silylated, this should be blocked temporarily with an appropriate silylation
agent prior to the reaction. The amount of the compound of formula V may be
stoichiometrical or in excess based on the amount of the compound of formula IV.

The reaction may be carried out over a wide temperature range, preferably at a
temperature of between -70°C and +70°C.

The compounds of formula I may be isolated in a conventional manner. The silyl
protecting groups may be removed by simple hydrolysis or alcoholysis. This may be done
either by adding the desilylation agent to the reaction mixture, or by extracting the product
into a separable aqueous phase, adding water (under alkaline or acidic conditions) and
precipitating by adjusting the pH value to the isoelectric point, optionally adding an organic
solvent.

The compounds of formula II are known and may be produced as described in EP
0503453.

The compounds of formula I are important starting materials for the production of
valuable cephalosporin antibiotics. Cephalosporins which are vinyl-substituted in 3-position are
either resorbed orally, or when administered parenterally, are characterized for their very

broad, efficient spectrum of activity. The following compounds may be produced for example:



suction filter, washed wi th met hanol and vacuum

dried. Exanple 6:

7% Am no- 3- (prop-1-enyl)-3-cephem 4-carboxylic acid 220.7 ¢ of a

ko r1 an !ﬂ\l| ad

di chl oronet hane sol ution containing 68.7 g of 7
tri phenyl - phosphoni unmet hyl - 3- cephem 4- car boxy
trinmethylsilylester-iodide is cooled to a tenpe
N, O bis(trinmethylsilyl)acetam de and 81 m NN

while stirring. A solution of 14.05 g lithiump

- ar
Hi e

NJ

Ty 1T=IST IQ[II

| REPAGCEMENT sﬁEET
ure ol =10, 5

‘nf of

val

90 m nutes at and then

m xture stirred for 30 mnutes at -10[err]. 17.
added and the reaction m xture is stirred fo
overni ght at 0. Superfluous acetal dehyde .7..
H;v
S |
N
!
0
] (HQCOOH
ng
S l
1?
HO

TC/

COOH

}i4L-N /f P

COOH

COOH



and sone of the dichloronethane are renoved i N[ g

ﬂi@?@,@@){ Vgﬁé’é cie?(r:ol d wat er

vacuum and at 20. The residue is then stirred

under

and 100 m dichl oronet hane. The pH value is adjusted to 8.5 wijth agueous

ammoni a. The phases are then separated and th ugBUBARNESR s washed wi th
100 m di chl oronmet hane and conbi ned with 200 cetone. The gH{i s adjusted
to 3.5 with 1:1 diluted concentrated hydrochl ori ' ‘o [precipitate

the title conpound. The suspension is he_hg in
whil st stirring,

he ice bath for

hour s

and the title conpound I's isolated using a suct

i'on filter.

The title conpound is washed with a m xture of 100 ml of water and 50 ni

acetone and then again H

SONmM  of Gacet one. The tif3=¥ conpound is then
dried in a vacuum dryi ng%ﬁ(f’%’; at 40[err].

S | H
! (o)
?
HC
HzNYN 0 .
SMI( g
>
N N A~ I\/”\NH
o © - HC 2
] COo0 3
CHF
(o] OH
HzN\(N 0 . ( \
S\M ﬁ N
N N. A~ OH
! 8]
COOH

In the following examples, which illustrate the invention more fully, but in no way

limit its scope, all temperatures are given in degrees celsius.
Example 1: 7-Amino-3-(3-acetoxy-1-propenyl)-3-cephem-4-carboxylic acid

7.5 ml of N,O-bis(trimethylsilyl)acetamide is added to 25 ml of a dichloromethane

solution containing 6 g of 7-trimethylsilylamino-3-triphenyl-phosphoniummethyl-3-cephem-



-12- Cains: 1. A process for the production of a 3-vinyl cephal osporin
conpound of formula | COOH wherein R err] an ) sanme or

di fferent and denote hydrogen or an organic rjadit®bh EM&NTCBHEHH}ZI’I ses the
steps of i) reacting a conpound of the formulja fT"HTErT] " ThHiwWlich Ris a

silyl protecting group, wth a conmpound of thle §o PlBberr]i) [err] or
P(ORerr])[err] to produce a conpound of for a ?ﬁJhiR {9%

-

-9-

4-carboxylic acid trimethylsilylester-iodide on ice. 25 mi of a N-Methylpyrrolidone solutiori.
at 5 to 10°, containing 2.35 g sodium aceto-acetic acid ethyl ester, is added dropwise. The
dark red solution is then cooled to 2° and 5.16 g acetoxyaldehyde is added dropwise. The
reaction mixture is then stirred for 2 hours at 10° and then added to a mixture of 100 mi
acetic acid and 100 ml water. The pH of the aqueous phase is adjusted to 7 with ammonia
and the organic phase is separated off. The pH is adjusted to 3.5 by adding 1:1 diluted
concentrated HCl, whereupon the title compound precipitates. The suspension is stirred for 30

minutes at 5°, the title compound is filtered off, washed in acetone and dried.
Example 2: 7-Amino-3-(prop-1-enyl)-3-cephem-4-carboxylic acid .

5 ml of N,O-bis(irimethylsilyl)acetamide is added to 25 ml of a dichloromethane
solution containing 6 g of 7-trimethylsilylamino-3-triphenyl-phosphoniummethyl-3-cephem-
4-carboxylic acid trimethylsilylester-iodide on ice. 25 ml of a N-Methylpyrrolidone solution,
at-5 to 10°, containing 2.35 g sodium malonic acid diethyl ester, is added dropwise.
Thereafter the solution is cé)oled to -10° and 1.32 g acetaldehyde, dissolved in 10 ml
dichloromethane, is added. After the addition of the acetaldehyde, the reaction mixture is
stirred for 48 hours at 0°. Thereafter the process proceeds as described in example 1.

Example 3: 7-Amino-3-(prop-1-enyl)-3-cephem-4-carboxylic acid

36.5 ml of N,O-bis(trimethylsilyl)acetamide is added to 500 ml of a dichloromethane
solution containing 24 g of 7-trimethylsilylamino-3- triphenyl-phosphoniummethyl-
3-cephem-4-carboxylic acid trimethylsilylester-iodide at a temperature of -10°. A suspension
of 12.8 g lithium benzoate in 75 ml N-Methylpyrrolidone is added. 9 g of acetaldehyde is
added and the reaction mixture is stirred for 2 days at 0°. Sﬁperﬂuous acetaldehyde and most
of the dichloromethane are removed in a rotary evaporator. The residue is then stirred in 1500
ml of water and then filtered. The residue is dissolved in 200 ml aqueous ammonia and the
aqueous phase is extracted twice using 100 ml dichloromethane. After removal of the organic

phase, 1:1 diluted concentrated HCI is added to the aqueous phase to bring the pH to 3.5
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whereupon the title compound precipitates. The suspension is stirred for 30 minutes at 5°, the

title compdund is filtered off, washed in acetone and dried.
Example 4: 7-Amino-3-(3-acetoxy-1-propen-1-yl)-3-cephem-4-carboxylic acid

7.5 ml of N,O-bis(trimethylsilyl)acetamide is added to 25 ml of a dichloromethane
solution containing 6 g of 7-trimethylsilylamino-3-triphenyl-phosphoniummethyl-3-cephem-
4-carboxylic acid trimethylsilylester-iodide on ice. 15 ml of a N-methylpyrrilidone solution
containing 2.5 g sodium-ethylhexanoate is added dtdpwise at0to 5° 5Smlof
acetoxy-acetaldehyde is added dropwise. The reaction mixture is stirred overnight at 0° and

then processed as described in example 1.
Example 5: 7-Amino-3-[2-(4-methyl-5-thiazolyl)vinyl]-3-cephem-4-carboxylic acid

25 g of a dichloromethane solution containing 10.2 g of 7-trimethylsilylamino-3-
triphenyl-phosphoniummethyl- 3-cephem-4-carboxylic acid trimethylsilylester-iodide is cooled
to a temperature of -10°. 4.7 ml of N,O-bis(trimethylsilyl)acetamide, 11 ml '
dimethylformamide and 1.1 g lithium acetate are added and the mixture stirred at O to 5° for
30 minutes. A solution of 2 g of 4-methyl-thiazol-5-carboxyaldehyde in 5 ml
dichloromethane is then added dropwise. The mixture is then stirred for 10 hours at 30°,
cooled to 10° and stirred for a further hour at 10°. The title compound is separated using a

suction filter, washed with methanol and vacuum dried.
Example 6: 7-Amino-3-(prop-1-enyl)-3-cephem-4-carboxylic acid

220.7 g of a dichloromethane solution containing 68.7 g of 7-trimethylsilylamino-3-
triphenyl-phosphoniummethyl- 3-cephem-4-carboxylic acid trimethylsilylester-iodide is cooled
to a temperature of -10°. 58.4 ml of N,O-bis(trimethylsilyl)acetamide and 81 ml N,N-
dimethylacetamide is added while stirring, A solution of 14.05 g lithium pivalate is added and

the mixture stirred for 30 minutes at -10°.  17.2 ml of acetaldehyde is added and the reaction
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mixture is stirred for 90 minutes at -10° and then overnight at 0°. Superfluous acetaldehyde

and some of the dichloromethane are removed in a rotary evaporator under vacuum and at
20°. The residue is then stirred into 500 mi of ice-cold water and 100 ml dichloromethane.
The pH value is adjusted to 8.5 with aqueous ammonia. The phases are then separated and the
aqueous phase is washed with 100 m! dichloromethane and combined with 200 ml acetone.
The pH is adjusted to 3.5 with 1:1 diluted concentrated hydrochloric acid at 30° to precipitate
the title compound. The suspension is held in the ice bath for 2 hours whilst stirring, and the
title compound is isolated using a suction filter. The title compound is washed with a _
mixture of 100 ml of water and 50 ml acetone and then again with 50 ml of acetone. The
title compound is then dried in a vacuum drying chamber at 40°.
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Claims:
L. A process for the production of a 3-vinylcephalosporin compound of formula I
HZN S '
FOL
N A I
0] R,
) COOH

wherein R, and R, may be the same or different and denote hydrogen or an organic
radical, which comprises the steps of i) reacting a compound of the formula II

H

—N
N, = I,
oé CH

COOR

in which R is a silyl protecting group, with a compound of the formula P(R,), or P(OR,),

to produce a compound of formula III

N
o CHX
COOR

in which X is -P(R,),I or -P(0).(OR,),, R is as defined above and R, is a lower alkyl

group or an aryl group;
if) reacting the compound of the formula III with a base to produce a compound of

the formula IV



ii) salts of carboxylic acids of the fornmula Rlerr]-COO Werr]

in

whi ch

Rlerr] is an optionally branched al kyl group or an optionally substituted

aryl group; and Werr}—i-s—as..defined above. 4.
oA

|
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added to the reaction mxture at the sane tine as the weak base.
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process according to any of claanms 2 to 6 in which the silylating agent is

R/N\ s
[:N -
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in which X’ is -P*(R,), or -P(O).(OR,),.Y, R, and R are as defined above and Y is a

cation of the alkali series or the protonated form of the base; and

iii) reacting the compound of the formula IV with a compound of the formula V

=0 Vv T

R,

in which R, and R, are as defined above, to produce the compound of the formula I;

characterised in that the base reacted with the compound of the formula IIl in step ii) is a

weak base.

2. A process according to claim 1 in which the conjugate acid of the weak base has

an easily silylatable function and the reaction is carried out in the presence of a silylating

agent,

3. A process according to claim 2 in which the weak base is selected from

i) compounds that have the formula

R,-(l:‘-R, W

R¢

in which R is hydrogen, alkyl or aryl and R, and R,, which may be the same or different,
are each an activated group of the formula -COOR,, -CN, -SO,R,, -COR, or -CON(R,),; or
R; and R, which may be the same or different, are each aryl and R, is an activated group

of the formula -COOR;, -CN, -SO,R;, -COR; or -CON(R,),; W* is a cation; and R, is



N, O-bis(trinmethylsilyl)acetam de or bissilylured. Pﬁp}fﬁ%ﬁ“’ﬁ“@ bigE
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is as defined

alkyl, éycloalkyl or aryl; and
ii) salts of carboxylic acids of the formula R;,-COO" W in which Ryq is an
optionally branched alkyl group or an optionally substituted aryl group; and W* is as

defined above.

4. A process according to claim 3 in which the weak base is a lithium or sodium salt
of malonic acid diethyl ester, acetoacetic acid ester, acetic acid, pivalic acid, or

ethylhéxanoic acid, or is a lithium sait of benzoic acid.

5. A process according to any of claims 2 to 4 in which the silylating agent is added
to the reaction mixture prior to the addition of the weak base.

6. A process according to any of claims 2 to 4 in which the silylating agent is added

to the reaction mixture at the same time as the weak base.

7. A process according to any of claims 2 to 6 in which the silylating agent is

N,O-bis(trimethylsilyl)acetamide or bissilylurea.

8. - The use of a weak base to produce a ylid of formula IV, as defined in claim 1, in a
process for the production of a 3-vinylcephalosporin compound of formula I as defined in

claim 1.

9. Use according to claim 8 in which the weak base is as defined in any of claims 2
to 4.
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Abstract

A process for the production of 3-vinylcephalosporin compounds of formula

H
1 zN\_(S R,

47—N A 2 1
0/ :

COOH

wherein R, and R, may be the same or different and are hydrogen or an organic radical using
a Wittig reaction in which weak bases are used. y



