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New process for the production of cephalosporines and novel

intermediates in this process

The invention relates to a new economical and simple process, via
new intermediate compounds, for the production of 3-vinylcephalo-

sporin compounds of formula I

HaN s Ay

0 Ry
COQH

wherein R; and R; may be the same or different and denote

hydrogen or an organic radical.

Compounds of formula I are useful starting products for the

production of valuable 3-substituted vinyl cephalosporines.

In substituents R; and R;, the organic radical may signify for
example an optionally branched alkyl group or alkenyl group, a
totally or partially saturated cycloalkyl radical, an optionally
substituted aryl radical, aralkyl radical or a heterocycle. The
radicals may be additionally substituted in any position, for
example by halogen, an alkoxy or aryloxy group, a nitrogen or

sulphur substituent, or a functional group such as a carbalkoxy
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[err} ™ wherein R err] and R2 may be the sane or different and denote
hydr ggen or an organi c radical. Conmpounds of fornula |I are useful
starg§ing products for the production of val uable 3-substituted vinyl ;
cephgl ospori nes. In substituents Rerr] and R err], the organic radical
may $ignify for exanpl e an optionally branched al kyl group or al kenyl ..
group, a totally or partially safurated cycl oal kyl %&e#78dl , an optionally
subsq§ituted aryl radical, aralkyl radical or a heterocycle. The radi cal s

may Be additionally substituted in any position, for exanpl e by hal ogen,
an allkoxyobreagpgragiigo Froup; Ra #id Rogidy atso bsupasiupf dnbdrbietANY, or a
i onal;ulgg@upc&ueihgasyat@ar.baI koxy

In a preferred embodiment of the invention one of R; and R; is

hydrogen and the other of R; and R; is
i) hydrogen, lower alkyl, lower alkenyl, or lower alkinyl;

ii) 1lower cycloalkyl, lower cycloalkyl lower alkyl, aryl,
(aryl)-lower alkyl, a heterocyclic group or a
heterocyclyl-(lower)-alkyl, the ring of which may be
optionally substituted by one or more (e.g. up to 3) lower
alkoxy, lower alkylthio, halogen, lower alkyl, nitro,
hydroxy, acyloxy, carboxy, carbalkoxy, lower alkylcarbonyl,
lower alkylsulfonyl, lower alkoxysulfonyl,

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

iii) a group of formula -CH,Z, wherein Z has the following

. meanings:

a) hydroxy, lower alkoxy, formyloxy, acetyloxy, lower
alkylsulfonyloxy, halogen, N-mono(lower)alkylcarbamoyl-
oxy, N,N-di(lower)alkylcarbamoyloxy,

b) a heterocyclic group,

c) a group of formula
—S(O)ng

wharein
Ry 1is an aliphatic, araliphatic, alicyclic, aromatic or

heterocyclic group, and m is 0, 1 or 2;

d) an acyclic or cyclic ammonium group.
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- 2- or carboxam do group. R err] and R err] may al so be part of an
optiﬁrally substituted ring system In a preferred enbodi nent of the

i nvergion one of Rlerr] and Rlerr] is hydrogen and the other of Rlerr] and
R2 is i) hydrogen, |ower alkyl, |ower al kenyl, or |ower alKkinyl; ii)-
| owerf cycl oal kyl, | ower cycloal kyl |ower alkyl, aryl, (aryl)-lomer -
al kyl}, a heterocyclic group or a- 3 - heterocyclyl-(l0@9%)%7al kyl, the ring

of whi ch nay be

Suitable heterocyclic groups include single or fused heterocyclic
rings having 4 to 7, preferably 5- or 6- atoms in each ring,
there being up to four hetero atoms in each ring selected from
oxygen, nitrogen and sulphur in each ring, which heterocyclic
ring may carry 1 to 3 optional substituents selected from
(C:-a)alkyl, (Cy.4)alkoxy, halogen, trihalo-(C;.;)alkyl, hydroxy,
oxo, mercapto, amino, carboxyl, carbamoyl, di-(C;.;)alkylamino,
carboxymethyl, carbamoylmethyl, sulfomethyl and

methoxycarbonylamino.

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

triazinyl.

Suitable heterocycles include unsubstituted and substituted
5-hydroxy-4-pyridon-2-yl, 1,2,3-triazolyl; 1,2,4-triazolyl;
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-yl,
S-hydroxy-l-methyl-4-pyridon-2-yl, 5-hydroxy-4-pyridon-2-yl,
l-methyl-1H-tetrazol-5-yl-2-methyl-1,3,4-thiadiazol-5-yl,
l-carboxymethyl-1H-tetrazol-5-yl, 6-hydroxy-2-methyl-S-oxo-
-28-1,2,4~triazin-3-yl, 1,2,3-triazol-5-yl, 4-methyl-
-thiazol-5-yl.

Examples of a acyclic ammonium group include (l-carbamoyl-2-
-hydroxyethyl)dimethylammonium, (carbamoylmethyl)(ethyl)-
methylammonium or trimecthyl ammonium.

Examples of cyclic ammonium are pyrrolidinium, which is
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optignally substituted by one or nore (e.g. up to 3) |ower al koxy,

| oneq al kylthio, halogen, |ower alkyl, nitro, hydr oxy, acyl oxy,

car bgxy, carbal koxy, |ower al kyl carbonyl, | ower al kyl sul fonyl, | ower.
al kogysul fonyl , am no- (|l ower)-al kyl am no or acyl am do groups, i)
a grqup of formula -CH2Z, wherein Z has the foll ow ng meani ngs: :
a) hydroxy, |ower al koxy, fornyl ox acetyl oxy, | ower

al kylfsul f onyl oxy, hal ogen, N—nono(?ower)alkyIcarbano?W)9797 oxy,

N, N-qi (1 ower) al kyl car banoyl oxy, a heterocyclic group, c) a

group of %ornu

wher ¢i n

A SR—— aﬁrpbﬁa?xl@lka% AFPHORE 851 cvel i ¢

carboxyalkyl; pyr1d1n1um or cyclopentenopyridinium, which may be
mono- or disubstituted by alkyl, halogen, hydroxy, carboxamido,

alkoxycarbonyl, amino, monoalkylamino or dialkylamino.

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

carbon atoms.

A particular preferred group of compounds of formula I comprise

those of formula Ia
HaN S Ry !

COQH

wvherein one of Ry’ and R,’ is hydrogen and the other of Ri’ and
R,’ is hydrogen, methyl, phenyl, acetoxymethyl, 4-methyl-thiazol-
~-5-yl, N-methyl-N-ethyl-N-(carbamoylmethyl)-ammonium-methyl- or
1,5-dihydroxy-4~pyridon-2-yl.

The compounds of formula I are known and various processes for

their production have been proposed.

However, according to methods known from literature, the
compounds of formula I can only be produced via several

intermediate steps, using extensive protecting group technology.

Thus for example, in one of such methods,
7-acylaminocephalosporanic acid which is protected by an acyl
group, or a /-benzylideneaminocephalosporanic acid which is

protected by a Schiff base, is esterified with an alcohol either
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het erpcyclic group, and mis 0, 1 or 2; d) an acyclic or cyclic

ammo
het er
7, pr
at ons

um group. - 3- sui tabl e
pcyclic groups include single or fused heterocyclic rings having 4.to
eferably 5- or 6- atonms in each ring, there being up to four hetero |
in each ring selected from oxygen, nitrogen and sul phur in each ring,

whi chl heterocyclic ring may carry-P to 3 optional sub¥Or8ifnts sel ect ed

from

hydr oiky

carbo

(Clerr])alkyl, (C[err])alkoxy, halogen, trihalo- (C[err])alkyl
, 0xQ, nercapto, am no, carboxyl, carbanoyl, (C[err])alkylan1no
ymetRyPE t@a?‘béﬁb?? e hiA trodnt epretthg | ‘“fécr'll‘lbs‘:l“lt ed phosphine

or a dialkoxyphosphinyl radical in position 3. Preferably
benzhydryl or p-methoxybenzyl ester are produced. These
compounds are then reacted with the corresponding aldehyde, in
presence of a base, to form the di-protected product. The
introduction and cleavage of protecting groups in most cases
requires chemical reactions using technical systems. According to
another procedure, as is described for example in DE-0S 2 103
014, the methylene group in position 3 of a 7-acylamino-3-cephem-
4-carboxylic acid ester is converted into an aldehyde function,
and this subsequently-subjected to a Vittig reaction. According
to both methods, the ester group has to be chemically removed
aftervards, and in a further step, depending on the choice of the
acyl-protecting group, this must be chemically or enzymatically

cleaved.

The functionalization of position 3 of a cephalosporin to a
phosphonium salt or a dialkoxyphosphinyl derivative, which is
suitable as an intermediate product for a Wittig or Horner
reaction, is according to the state of the art difficult to carry
out and employs several steps. For example, in DE-0S 3 307 530,
the sodium salt of 7-phenylacetamido-cephalosporanic acid is
saponified enzymatically to 3-hydroxymethyl-7-
phenylacetamido-3-cephem-4-carboxylic acid, and subsequently
reacted with diphenyldiazomethane to form 3-hydroxymethyl-7-
phenylacetamido-3-cephem-4-carboxylic acid benzhydryl ester. This
compound may now be converted into the corresponding phosphonium
salt either directly with a reagent such as triphenylphosphonium
bromide, or after exchanging the alcohol function for chlorine,
with triphenylphosphine, as described in EPA 292 808. Similarly,
the 3-dimethoxyphosphinyl compound may be produced via the
chlorine compound, by reaction with trimethyl phosphite for
example as described in Chem. Pharm. Bull. 36(7)2354 (1988).
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met Boxycar bonyl am no.

subgqtituted i mdazolyl, diazolyl, triazolyl, tetrazolyl, thiazolyl,

t hi

di azolyl, thiatriazolyl, oxazolyl, oxadiazolyl, benzim dazolyl,

bengoxazol yl, benzothiazolyl, triazolylpyridyl, purinyl, pyridyl,

pyrifm di nyl, pyridazinyl, pyrazol yl and triazi nyI Suitabl e het erocycl es

I ncljude unsubstltuted and substit@ted 5-hydroxy- 4- pﬁvpdgﬁ-z yl,
1,2,3-triazolyl; 1 2 4-triazol yl; tetrazolyl oxazol yl ; thlazolyl;

-oxadlazol dlazol thladlazolyl Preferably the
rocycpéel q-ga e“§ i ﬁ{ﬁdﬁ%&ygzlaWPl 5\48‘20%“9-““«’1 -
roxyebhemuhqdrbdty:mm slaird-, Zwkyﬂch fzs hydimylél fpymﬂdamira}-yl-

G e di
r bOXym;gqFf M%ﬁit et reé 4 a C rox a.n d%{)g,ﬁl é(é the
1 2 AC‘%WQX&ZZW wderlcgldg{imsa!zbﬂd!Sw deﬁ_;mt h‘}d _s_ladtaazmr_ 5_y| .

| esyof,, [ QU Al
”Foxyg TS S SnIPEIR GRQ ce0iqidTng LepRL e Ie-

analogue, is firstly reacted w1th sallcylaldehyde to forn the
corresponding Schiff base, then esterified with diphenyldiazo-~
methane and the obtained N-salicylideneamino-3-hydroxymethyl-
-cephem-4-carboxylic acid benzhydryl ester is converted with
triphenylphosphine/iodine into the corresponding 7-
-salicylideneamino-3-triphenylphosphonium-methylcephem-4-

carboxylic acid benzhydryl ester.

In a further known method a 7-acylamino-3-chloromethyl-3-
cephem-4-carboxylic acid ester used as starting material for the
production of a 3-vinyl-substituted cephalosporin is produced
from penicillin G in a multiple step synthesis [see e.g. DE-0S

3 443 225, EPA 0 122 002 and Tetrahedron Letters 23(21)2187
(1982)]. The multiple step route in the preparation of e.g. 7-
~phenylacetylamino-3-chloromethyl-3-cephem-4-carboxylic
acid-p-methoxybenzyl ester and the fact that the product. contains
only ca. 50 X by weight of useable cephalosporin, make this
compound an expensive intermediate product in the preparation of

cephalosporins.

The above reflects the enormous difficulty in the preparation of
7-phenylacetylamino-3-chloromethyl-3-cephem-4-carboxylic

acid-p-methoxybenzyl ester.

In view of the many advantages of 3-substituted vinyl cephalo-
sporines, there was still a need for a commercially useful
process starting from 7-ACA which provides intermediates from
which a wide variety of 3- substituted vinyl cephalosporines can

be produced. It is an object of this invention to provide an
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met hfll ammoni um or trimethyl ammoni um Exanpl es of cyclic anmonium are
pyrrd idinium which is N-substituted by al kyl,

car bgnoyl al kyl , am noal kyl or carboxyal kyl ; pyridi-ni um or .
cycl pentenopyrldlnlun1 whi ch may be nono- or disubstituted by aIkyI .
hal oden, hydroxy, carboxam do, al koxycarbonyl, am no, nonoal kyl am no or.;..
di al ylanino. Except where ot herw se indicated or gaypcoreadi cal s contain
prefdrably up to 10 carbon atons and | ower refers to up to 4

improved process for the production of compounds of formula I. It

is a further object of this invention to provide certain new

intermediartes.

According to one aspect, the present invention provides a new
process for the production of compounds of formula I as defined
above, which comprises the step of i) reacting a compound of
formula IV

RHN S

0 CH.X
COOR

wherein R is a silyl protecting group, ¥® is -P&(R,); or
-P(0).(OR4),.Y, wherein R; is a lower alkyl group or an aryl
group and Y is a cation of the alkali series or the protonated

form of a strong organic base, with a compound of formula V

wvherein R; and R; are as defined above.

Examples of silyl protecting groups include trimethylsilyl,
triethylsilyl, tri-n-propyl-silyl, tri-n-butylsilyl,
methyldiethylsilyl, dimethylethylsilyl, phenyldimethylsilyl,
tert. butyldiphenylsilyl, tert. butyldimethylsilyl and
triphenylsilyl. The trimethylsilyl group is preferred.

In the definition of R, a lower alkyl group has preferably 1-4
carbon atoms. Examples of aryl include phenyl or naphthyl,

optionally substituted with up to 3 groups selected from halogen,
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R er
4- e
N- ne
1, 5-
vari

I se those of fornmula la [err] )
wherein one of Rlerr]' and R2' is hydrogen and the ot her of
]" and R err]' is hydrogen, nethyl, phenyl, acetoxynethyl,
thyl -t hi azol - -5-yl, :
%hyl-N-ethyI-N-(carbanDyInethyl) amroni um net hyl - 04709797

us processes for their production have been proposed.
(C;-4)alkyl or (C;.y)alkoxy. Examples of a cation of the alkali
series are lithium, sodium or potassium. Examples of protonated
form of a strong organic base are those derived from guanidines,
e.g. tetramethylguanidine, amidines, e.g. 1,8-diazabicyclo-
[5.4.0}undec-7-ene, 1,5-diazabicyclo{4.3.0]non-5~ene or from
iminophbsphoranes, e.g. 2-tert.butylimino-2-diethylamino-1,3-di-
methyl-1,3,2-diazaphosphinane or tris(dimethylamino)-
(1,1,3,3-tetramethylbutyl)iminophosphorane.

The reaction can be effected in a solvent or solvent mixture
which is inert under the reaction conditions, or, after adding an
additional solvent, for example an inert ether such as tetra-
hydrofuran, diethyl ether, an ethylene glycol dialkyl ether or
tert.butylmethyl ether, an inert amide such as dimethylformamide,
dimethylacetamide or N-methylpyrrolidone, an urea such as tetra-
methylurea, 1,3-dimethyl-3,4,3,6-tetrabydro-2(1H)-pyrimidone,
1,3,2-imidazolidinone or a nitrile such as acetonitrile to
produce the compound of formula IV (e.g. as described

hereinafter).

The structure of the aldehyde or the ketone of formula V required
to form the double bond is not critical. Representative example
of R; and R, are given above. Should a substituent contain a
function which is easily silylated, this should be blocked
temporarily with an appropriate silylation agent prior to the
reaction. E- and Z-double bond isomers may thus be produced from
a aldehyde containing at least 2 carbon atoms or when using an
unsymmetrical ketone. The amount of a compound of formula V may
be stoichiometrical or in excess, e.g. based on the starting
material of formula IV. This isomers may be separated in
conventional manner , e.g. chromatography or'crystallisation.
This olefinization reaction may be effected within a wide
temperature range. The Wittig or Horner reaction may be

preferably carried out at a temperature of between -70°C and
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FbmeJ%r, according to nethods known fromliterature, the conpounds of
formufa | can only be produced via several intermediate steps, using

ext enpi ve protecting group technol ogy. Thus for exanple, in one of such -
nmet hofls, 7-acyl am nocephal osporanic acid which is protected by an acyl
group} or a 7-benzylideneam nocephal osporanic acid which is protected by-a
Schif} base, is esterified with an ql_cohol either 970-9797

-5 - prior to or after the introduction of a tri-substituted phosphine or
a di afkoxyphosphinyl radical in position 3. Preferably benzhydryl or

p- met hoxybenzyg| &gt eds descqibeducethe ER@Sfles hereinafrer.

If an absolutely anhydrous system is required, a water-binding
silylation agent such as N,0-bis(trimethylsilyl)acetamide,
bissilylurea or mono- or bis(trimethylsilyl) trifluoroacetamide
may be added to the solution of a compound of formula IV or to

the aldehyde or the corresponding ketone, prior to its addition.

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

adding an organic solvent.

The compounds of formula IV are new per se and also form part of

the invention.

A compound of formula IV is conveniently obtained by the step of

ii) reacting a compound of formula III

RHN

III

CHy. X

=N

CCOR

wherein X is -P(R4)3;I or -P(0)(OR;); and R and R; are as defined

above, with a base.

Suitable bases are strong organic bases, for example guanidines

e.g. tetramethylguanidine and amidines, such as DBU
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con;nunds are then reacted with the correspondi ng al dehyde, in presence of

a ba
pr ot
syst

DE- Ob

7-ac)
f unct
to b
and i
gr ouy
f uncti
a di
pr ody
art

5e, to formthe di-protected product. The introduction and cleavage of
pcting groups in nost cases requires chemical reactions using technlcal
es. According to another procedure, as is described for exanple in -

2 103 014, the methylene gro & in position 3 of a

| ami no- 3- cephem  4- car boxyl icl&cid ester is conv%ﬂ%€a9?nto an aldehyde
ion, and this subsequently subjected to a Wttig reaction. According
pt h et hods he ester group has to be chem cally renoved afterwards,

n arTFU’pat'ﬁé?z 8%&°£§8p’€%&?’?1%°6 'et“ﬁg o ﬁ@é of the acyl-protecting

, thiB, Indsszabe cghe i 88 Jhyn-Gr-enelry pediezably atkadvedlts offhe

[ ona“ ﬁrhogftaﬁx Fvat po§n£‘f Cﬁegpatl Lasporin.ta. A Q@osphonl um salt or

gl koxypho i nyl ve, Whi 'S SuUi abke asS an internediate
ct forl,d, Wl,t3|-gezeﬁmeH®r1|de$11ﬁeam iognli-dd isepropyfiangde.o t he state of the

'fflsyéytm&ﬁar W d@tdes2BE ﬁ'@i?lﬁét§f§/%rcalm1§5ﬁ%§ph6:ﬁrne§x@ﬁg| e, in DE-CS

3 3071 he sodlun1sal of 7- phenylacetan1do cephal osporanic acid is
sapori ) eha%sz%%tl cg Ifyee @fsamapwmw fuld not contain any

phenyl acepmsd@hﬁr QE@fb%msﬂl-yQafé&Xyblérs agimdinodlich ShdYegrRNbEY reacted with
diphenyldlaz ngt hane tq,form 3

phenylace

may

d hyl - 7-
§°8e?)51éﬁ'$4°°@8? yff%%gﬂgéﬂxﬁe?ﬁﬁﬁﬁ gfdedkter. This compound

now beommesperdsedpimkimd dedy car ths pantkirignphdsphignicalulated

quantity, preferably 0.8 to 1.3 equivalents of base, based on the
quantity of 7-aminocephalosporanic acid are employed. This
formation of the corresponding anion may take place at low
temperatures of -70°C up to room temperature. Suitable solvents
are the above-menticned solvents or solvent mixtures, whereby the
: halogenated solvent is (partially) removed if necessary before

adding the base.

The reaction of a compound of formula IV with a compound of
formula V to the compounds of formula I is new and surprising.

A silyl protecting group at an amino function greatly increases
its reactivity. According to many known processes, acylation of a
6-aminopenicillanic acid or 7-aminocephalosporanic acid in the
preferred form is carried out on the N,0-disilylated derivative,
for example as described in US-patent 4 504 657. The compound of
formula IV could in fact react with a compound of formula V
forming a Schiff base, the resultant trimethylsilanol as a
desilylation agent could protonate the existing compounds of
formula IV to the starting compounds of formula III and/or
simultaneously effect desilylation. As a result of the
protonation and/or precipitation of the desilylated compounds due
to their poor solubility, the reaction sequence III-> IV -> I
would collapse. Thus if for example N,0-disilylated
7-aminocephalosporanic acid is allowed to stand with an excess of

benzaldehyde, after some time free 7-ACA precipitates as a result
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saltjeither directly with a reagent such as tri phenyl phosphoni um brom de,
or ajter exchanging the alcohol function for chlorine, with
tri ppenyl phosphine, as described in EPA 292 808. Similarly, the

action with trinmethyl phosphite for exanple as described i n Chem

In Up-Patent 4 705 851, 7-am no-3-hydroxynethyl-3- cephem 4-carboxylic

undgse £AREI dclc@RS oMb L1 Q@Ynl‘ﬂ&"éélr Q)éi:éxﬂe [err]-lactam or by working

d splitting the correspondi ng cephal osporin-C analogue, is firstly
reacfed with salicylal dehyde to formthe corresponding Schiff base, then

i fi etheMcbipdlindBed/ Ifdk@AQ- ITT are new per se and also form part of

the invention.

A compound of formula III is conveniently obtained by the step of

iii) reacting a compound of formula II

RHN. S
II

0 CHa. I
COOR

vherein R is as defined above, with a compound of formula VII or
VIII

P(Rq)3 VII
P(ORy); VIII
vherein Ry is as defined above.

The compounds of formula II are known and may be produced by the
process disclosed in AT-Patent 382 875. For example,
aminocephalosporanic acid is suspended in an inert solvent and
heated at reflux with an excess of silylation agent. Suitable
solvents for silylation are in particular halogenated
hydrocarbons. With high-boiling solvents, disilylation is
effected by excessive heating in the solvent, and with
low-boiling solvents silylation may be accelerated by adding
organic acids, such as trifluoroacetic acid or trichlorocacetic
acid. Silylation-can alse be effected by using the

nitrogen-containing silylation catalysts described in EPA 043

t hoxyphosphi nyl conpound may be produced via the chlorine corrpound‘.:

Bul . 36(7)2354 (1988). - 11 - 970-9797 6 -
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e and the obtained N-salicylidenean no-3-hydroxymethyl -
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benzhy
7-acyl
starti
cephal
[see ¢
23(21
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aci d- p-
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dryl ester. In a further known nethod a _
am no- 3-chl oronmet hyl - 3-  cephénr 4- car boxyl i ¢ aciddO%e¥t%ér used as
ng material for the production of a 3-vinyl-substituted
| e step synthesis

ospanin 4,8 produced frompenicillin Gin a nulti

.gl.o% : &e glllgét%?g%ﬁﬁ\ 8“%2‘2330(92 e Fer Péﬁ%ﬁfﬁ‘gw Letters
2187,1(1,382)3- hefm'wldﬂsml&aﬁbeﬂdheuéze in Lhe }orepar ation of e.g. 7-
| acet yl 3-ce nt.4- car hoxyl i c
ﬁe?h%xﬁb@éﬁg{f?’&%eﬁl?an %‘l?{"anfar[) ?‘ﬂﬁit“fﬁe“ﬁf;o?ﬂ&f contains only ca.
y e ghtatépn ageabd e sedphal vdpetlivichhedositdnies conpound an expensive

i nteredi at @-lesQ@t-kqtmeHg'ltslﬂﬁylﬁ'égp@arméﬁéOrﬂl ?Enm‘é@m%ll??ﬂ?&{!ﬁnde orln€ above

refl e¢
7- phen

aci d- p-

ts tge en nous ficul |nt’he reparalon O

yl ad8eyitd ?ﬂf°3af&h°5\*ﬁrébﬁsﬂ°f3%@éﬁ%rhlérmetsbwlﬂ-cl urea.

metrhexdikebyldte@ sdobounds thus obtained are subsequently reacted
with a trialkylsilyl iodide, preferably trimethyliodosilane, to

form compounds of formula II as described in AT-Patent 382 875.

The compounds of formula II may then be reacted in situ with a
compound of formula VII or VIII. The reaction may take place in

a solvent or solvent mixture which is inert under the reaction
conditions, for example in the same solvent that has been used in
the previous steps. The temperature is not critical. The reaction
occurs at low temperature, at room temperature or at an elevated

temperature.

It will be appreciated that some of the compounds described
herein e.g. those of formula IV may exist in the form of mesomers
(resonance stabilized isomers) and these also fall under the

definition of the formula e.g. formula IV.

The process according to the invention has great advantages
compared with known processes:

1) The reaction steps i), ii) and iii) are preferably carried out
in a one-pot process without isolation of the intermediates.

2) The process uses silyl groups as protecting groups, which may
be introduced in a single step and also may be cleaved in one
single step, thus reducing the number of steps.

3) Silyl protecting groups may be removed by simple hydrolysis or
alcoholysis at the end of the reaction.

4) Vhen the reaction is completed the object compound of formula
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In vipw of the many advant ages of 3-substituted vinyl
was still a need for a comrercially useful

there
7- ACA
subst
i nveni

cephal o- spori nes,
process starting from

whi ch provides internediates fromwhiech a wide varlety of "3-

tuted vinyl cephal osporines can be préduced. ‘It is an object of thIS

lon to provide an

- 7-

i nproyed process for the productiod3of conpounds of f&7Aud?R71. It is a
further object of this invention to provide certain new internediates.

Accor fling to_one aspect

t he pr
t he si

[ep of i) reacting a conpound of

the present invention provides a new process for
oduct | breagf be Repblingsearmatedriranathe seactaps rredukisdve, which conpri ses

Also the process of the present invention is characterized by low

labour and energy costs. Furthermore the process can be carried

out in simple manufacturing facilities and has no complicated

procedures compared with known methods.

As mentioned the compounds of formula I are important starting

materials for the production of valuable cephalosporin

antibiotics e.g. by acylating e.g. with an appropriate acylating

agent. Cephalosporins which are vinyl-substituted in 3-position

are either resorbed orally, or when administered parenterally,

they are characterized for their very broad, efficient spectrum

of activity. The following compounds may be produced for example:

~C~-CO-NH

HZN_UI

o)
o CHoCOOH

COOH

-C-CO-NH

Y

N .OH o)

COOH

S

0 )recore

NH3y o

-C~-CO.NH

CQQH

_S

HzN.U

N .0CH3 4

CH=CH3

CH=CH,

CH=CH.CH,

CH=CH,

COOH -
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fornula IV [err] |V
whergin Ris a silyl protecting group, Xerr] is -Plerr](Rerr])[err] or.
-P(Q . (OR[err])[err].Y, wherein R4 is a.lower alkyt group or an aryl group
and ¥ is a cation of the alkali series or t-he protenated forn1of a strong
orgahi c base, with a conpound of formula V [err] -

\Y wherein Rlerr] and R2 are as Hef<i ned above. Exatf9é87 of silyl

prot ¢cting groups include trinethylsilyl,

-C~-CO-NH
HzN""\U L1
” -QCH3 CH=CH-

CHj
COQ.CH2.0.CO.C{CH3) 3

—C-CO-NH S

HzN—“\S,N ; @?2H5
0 CH=CH~CHa= N ~CHp~CONH;
O CHqoF |
Ccoo CHj
j]rC—CO-NH S OH
HQN_l H 1
F ? o CH=CH
Q.¢-COoH COOH n
CH3 OH
N C-CO-~NH S
HzN—lL—] t A
§° N.OH g4 CH=CH.CHj
COOR " R=H, CH(CH,)0COCH,

In the following examples, which illustrate the invention more
fully, but in no way limit its scope, all temperatures are given

in degrees celsius,
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trietpylsilyl, tri-n-propyl-silyl, tri-n-butylsilyl, methyldiethylsilyl,

di met hyl et hyl silyl, phenyldinmethylsilyl, tert. butyldiphenylsilyl, tert.
butyl gi met hyl silyl and triphenylsilyl. The trlnethyLS|IyI group’is .7 .
prefefred. In the definition of R4 a | ower- al kyl” group has preferably 1-4
carbonh atonms. Exanples of aryl include phenyl or naphthyl, optionally
subst{tuted with up to 3 groups sellécted fron1ha|ogenﬁ7@3797 -
8- ({Jerr])alkyl or (Cerr])al koxy. Exanples of a cation of the alkal
series are |lithium_sodiumor potassium Exanples. of protonated formof a
strong or GarRledse #@Qﬁo%@"ﬂér?%ﬂh%&?%ﬁ?ﬁ%%é? e, g

t et rapet hyl guani di ne, am di nes, e.g. 1, 8-di azabicycl o-

a) 7-Trimethylsilylamino-3-triphenylphosphoniummethyl-3-cephem-
4-carboxylic acid trimethylsilylester-iodide (compound of
formula III)

! 0.8 g of dried triphenylphosphine are added at 10° to 1.33 g of

: 7-trimethylsilylamino-3-iodomethyl-3-cephem~4-carboxylic acid
trimethylsilylester in 10 ml of hexamethyldisilazane-containing
dichloromethane. The solution is subsequently stirred for one
hour at this temperature. For 'H-NMR characterization purposes,
part of the reaction solution is freed from most of the dichloro-
methane under vacuum, the residue is taken up in a mixture of

tetrahydrofuran-dg and dichloromethane-d; and analysed.

1H-NMR (THF-dg/CD;Cl;, CH,Cl; as an internal standard in ppm):
0.0068 (s, N-trimethylsilyl); 0.155 (s, CO00-trimethylsilyl);
1.485 (d, J=13.4Hz, N-H); 3.261 (AB, J=19.1Hz, Jy_.p=2.4Hz,
Jy-p=18.9Hz, CH;-S); 4.701 (dd, J=13.4Hz, J=4.8Hz, Hy); 4.923 (d,
J=4.8Hz, Hg); 5.247 (AB, J=14.5Hz, Jy_p=4.5Hz, Jy_p=16.4Hz,
CH,-P); 7.574 - 7.858 (m, P-phenyl).

b) 7-Trimethylsilylamino-3-triphenylphosphoranylidenemethyl-3-
cephem-4-carboxylic acid trimethylsilylester (compound of
formula IV)

A solution of 7-trimethylsilylamino-3-triphenylphosphoniummethyl-
3-cephem-4-carboxylic acid trimethylsilylester-iodide is
concentrated by evaporation under vacuum, whilst excluding air
and moisture. The residue is dissolved in 10 ml of dry tetra-
hydrofuran. A solution of 0.68 g of 1,1,1,3,3,3-hexamethyldi~
silazane lithium salt in 2 ml of tetrahydrofuran is added whilst
cooling with ice. The colour of the solution suddenly changes to

deep red. For the purpose of characterization, a small amount of

This Sheet Has Been Replaced’

L




[5.4}0]undec-7-ene, 1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene or from

i m ndphosphoranes, e.g. 2-tert.butylim no-2-diethylam no-1, 3-di-

net hyjl - 1, 3, 2- di azaphosphi nane or tris(di:nethyl ani no) -

(1,1,13, 3-tetranet hyl butyl )i m nophosphorane.- The reaction can be effected
in ajsolvent or solvent mxture which is inert under the reaction

condilti ons, or, after adding an addi tional solvent, fH0- 8%5hple an inert
et her] such as tetra- hydrofuran, diethyl ether, an ethylene glycol dialkyl
ether|{ or tert.butylmethyl ether, an inert anlde such_as di net hyl f or mam de,
di nethy! adet Zﬂ‘ﬁdﬁé by CRP‘Fﬂé‘ttﬁ?HSiyhf AVRBRFAS 1oa fngr #3ensiEPdalY t et r a-

met hyjl ur ea-NiR Ipdi RisBYdy 3s4Ed116wd ahr ahiak ore? 0 HetR X idYo S0aR-d,
1,3,2-in¥wgz&gcﬂﬁnone or anitrile such as acetonitrile to produce the
conpound fa IV (e.g. as described hereinafter). The structure of
t he Idehyde or the ketone of fornula V required to formthe double bond is

not cyit |1 Q%Bfe‘fgcoﬁlévﬁcag%?ﬁnc argfl \Ij\% %%_] sANALRE @ E‘l’ i,ven above.

ShouIU a substltuen I's easily | ated, this
shoul d b -BV dcléedCerrpbmeshylsilutl h 1aﬁ1%1|c(|§v 0{371|3a§@,sN+§/)|,a217(ﬁ/9 agent prior to

the reactign. Jﬁanamta;.@boutal@ob@&uﬂ ysOIBES, MAY. sHWSePe RIPduced froma
aldehyde contalnln %t east_; carbon atOTB or when usi ng an
8Hz, Hsg 480 - 23 (m, P-phenyl)

Isolation of this intermediate product is not necessary in order
to carry out the process; the aldehyde or the ketone can be added

directly.

¢) 7-Amino-3-styryl-3-cephem-4-carboxylic acid (compound of

formula I)

A solution of 2.4 g of trimethylsilylamino-3-triphenyl-
phosphoniummethyl-3-cephem-4-carboxylic acid trimethylsilylester-
iodide in 10 ml of absolute tetrahydrofuran is mixed at 0° with a
solution of 0.70 g of 1,1,1,3,3,3-hexamethyldisilazane lithium
salt in 2 ml of absolute tetrahydrofuran. 1.3 g of bistrimethyl-
silylacetamide and 0.68 g of benzaldehyde are added to the dark
red solution. The reaction mixture is subsequently stirred over
night at room temperature. The solution overlying the solid is
decanted off and poured onto a mixture of ethyl acetate and
diluted hydrochloric acid, whereby the product precipitates as a
solid. The product is filtered off, washed with acetic ester and

ether and dried.

1g-NMR (CF;CO00D): 2.93 (AB, J=15.6Hz, S-CH, for Z-isomer); 3.43
(AB, J=15.6Hz, S-CH, for E-isomer); 4.89 (d, J=4.5Hz, B-lactam-
H); 5.05 (d, J=4.5Hz, B-lactam-H); 6.41-7.29 (m, Ar-H, H-C=C-H
for B-styryl-H and «-styryl-H, Z-isomer); 7.80 (d, J=17.58z,
a-styryl-H for E-isomer). Proportion of isomers E/Z = 72/28.
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unsynlretri cal ketone. The amount of a conpound of fornula V may be

st0| cl’nl onetrical or in excess, e.g. based on the starting material of
I;dmsls\heefﬂﬂassBaes@ealasednay be separated -in: conventlonal manner , e.g:

chrom{ito allisation. This ol efinization reaction may be :

effecﬁ,ed tenperature {pange. The Wttig og,4dgrqer reacti on may

be pr ferably carried out at a tenperature of between -70[err]C and

+70[ enr]C, e.g. as described in the Exanples hereinafter. If an

absol lht el y anhydrous syst emis required, a water-binding silylation agent

such as N, O bi tri | si]yl tamde bi ssi |yl urea, or nono- or
bi s(tri netmié ”?T"r“‘%{f‘ﬁ'o?r‘d % ﬁ?%ﬂ?em"“carb“}’ ic acid

A solution of 2.35 g of 7-trimethylsilylamino-3-triphenyl-

phosphoniummethyl-3-cephem-4-carboxylic acid trimethylsilylester-
iodide in 10 ml of absolute tetrahydrofuran is mixed at 0° with a
solution of 0.68 g of 1,1,1,3,3,3-hexamethyldisilazane lithium
salt in 2 ml of absolute tetrahydrofuran. A slight excess of
gaseous formaldehyde is passed into the deep red solution at 0°.
The reaction mixture is subsequently diluted with ethanol and
filtered. The filtrate is adjusted to pH 5.4 with acetic acid,
whereby the product precipitates. The suspension is allowed to
stand in a refrigerator over-night, and the product is

subsequently isolated by filtratiom.

lg-NMR (D,0, DCl, TSP): 3.84 (AB, J=17.7Hz, S-CH;); 5.18 (d,
J=4.5Hz, B-lactam-H); 5.34 (d, J=4.5Hz, B-lactam-H); 5.55 (d,
J=11.4Hz, -C=CH, cis); 5.78 (d, J=18Hz, -C=CH, trans); 7.18 (dd,
CH=C, J=11.4Hz, J=18Hz).

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

A solution of 2.16 g of 7-trimethylsilylamino-3-triphenyl-
phosphoniummethyl-3-cephem~4-carboxylic acid trimethylsilylester-
iodide in dichloromethane is evaporated. The residue is dissolved
in 8 ml of absolute tetrahydrofﬁran and mixed at 0° with a
solution of 0.64 g of 1,1,1,3,3,3-hexamethyldisilazane lithium
salt in 2 ml of absolute tetrahydrofuran. To the dark red
solution is added 1.4 ml of bistrimethylsilyl acetamide, followed
by 0.33 ml of anhydrous acetaldehyde. The reaction mixture is
stirred over night at room temperature and subsequently mixed
with the same volume of methanol. The solution is adjusted to pH
S.4 with acetic acid, whereby the product precipitates. The

suspension is stirred for a further 30 minutes whilst cooling




may e added to the solution of a conpound of formula IV or to the al dehyde
rrespondi ng ketone, prior to its addition. The conpounds of
formila | can be isolated in conventional- nanner. Anhy protecting groups. nay
be renoved by sinple hydrolysis or alcoholysis. This may be effected e.g. -
or the ...

or the co

ei thér by adding the desilylation agent to the reacti-on m_xture,
e aqueous phase, BY9-2d87ng water either

prodyct i

s extracted into a separab

under. al kaline or acidic conditions and precipitating by adjusting the pH

valué to the isoelectric Foint,_o

conpounds

A conmpoundiDferf afidndlrfied.V i s conveni ently obtained by the step of

reacting

vt fiGRmAd th? 8
a conpound of formula |11 [err]

LH-NMR (CF3C00D, TMS): 1.83 (dd, J=0.9Hz, J=6.6Hz, CH;,
Z-isomer); 2.0 (d, broad, J=6.6Hz, CH;, E-isomer); 3.65 (m, 2
AB-systems- for S-CH,;); 5.23-5.47 (m, 4d for B-lactam-H); 6.08
(dq, J=6.6Hz, J=12Bz, C=CH-CH;, Z-isomer); 6.40-6.79 (m, 3-CH=,
Z-isomer and C=CH-CH;, E-isomer); 7.44 (dd, J=16.58z, J=1.5Hz,

3-CH=, E-isomer).
Example 4: 7-Amino-3-(prop-l-enyl)-3-cephem-4-carboxylic acid

A solution of 35 g of 7-trimethylsilylamino-3-triphenyl-
phosphoniummethyl-3-cephem-4-carboxylic acid trimethylsilylester-
iodide in dichloromethane is evaporated under vacuum to dryness.
The foam resin obtained is dissolved in a mixture of 127 ml of
tetrahydrofuran and 22.9 ml of N,0-bistrimethylsilyl acetamide.
The solution is cooled to -20° and mixed with a solution of 7.04
g of 1,1,1,3,3,3-hexamethyldisilazane lithium salt in 35 ml of
tetrahydrofuran. After 10 minutes, 21.1 ml of acetaldehyde is
added and the reaction mixture is stirred for 3% hours at 2°. The
reaction mixture is subsequently evaporated on a rotary
evaporator under vacuum. The residue is then taken up in 250 ml
of ethyl acetate and mixed with 125 ml of water. The pH value is
adjusted to 8.4 with 2N NaOH whilst cooling with ice, and the
phases are separated. The ethyl acetate phase is subsequently
extracted with 25 ml of water. The combined aqueous phases are
extracted with 50 ml of ethyl acetate. The aqueous phase is
subsequently diluted with half the volume of acetone and the pH
is slovly adjusted to 3.5 with 1:1 diluted concentrated
hydrochloric acid. The crystalline suspension is held in the ice
bath for 3 hours whilst stirring occasionally, and the product is
then filtered off. It is washed twice, each time with 25 ml of

water/acetone (1/1) and 50 ml of acetone and then dried in a

"his Sheet Has Been Replaced”
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whergin X is -P(Rerr])[err]l or -P(O(ORerr])[err] and R and R4 are as
defi §ed above, with a base. Sui tabl e hases are strong organi.¢c. bases, for
exanpl e guani di nes e.g. tetreanethyl guani-drne and-am di nes, such as DBU

- 10}- : . C o :

~19 - 970-9797

vacuum drying chamber.

Example 5: 7-Amino-3-(3-acetoxy-l-propen-1-yl)-3-cephem-4-

carboxylic acid

A solution-of 941 g of 7-trimethylsilylamino-3-triphenyl-
phosphoniummethyl-3-cephem-4-carboxylic acid trimethylsilylester-
iodide in dichloromethane is evaporated under vacuum. The foam
resin obtained is dissolved in a mixture of 3900 ml of
tetrahydrofuran and 617 ml of N,0-bistrimethylsilyl acetamide.
The solution is cooled to -25° and mixed with a solution of 178 g
of 1,1,1,3,3,3-hexamethyldisilazane lithium salt in 325 ml of
absolute tetrahydrofuran. It is subsequently cooled to -30° and
then 388 g of acetoxy-acetaldehyde are added. After stirring for
17 hours at 09, the reaction mixture is concentrated under
vacuum. The residue is stirred into a mixture of 3500 ml of water
and 3500 ml of acetic ester under pH control, whereby the pH
value is held at 6.5 with diluted ammonia. After phase
separation, the acetic ester phase is extracted with 1800 ml of
wvater. The combined aqueous phases are extracted with 18C0 ml of
acetic ester. The aqueous phase is diluted with 3500 ml of
acetone and subsequently stirred into 250 ml of water, whereby
the pH value is held constant at 3.5 by adding diluted
hydrochloric acid in drops. The crystalline suspension obtained
is stirred for 3 hours on an ice bath. The product is then
filtered off, washed with acetone and ether and dried in a vacuum

drying chamber.
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1, 8-di azabi cycl o[ 5- 4- 0] undec- 7-ene) and DBN
1 -

( [

( |?Hm, ﬂ n-5-ene), preferably alkali salts of .
ni t rogen-% me Uﬂ imunds, such as the Li or Na-rsalt of

1 3 S

d
, 5-d
trogem Ja . . . :
, 1, 1, 3, 3, 3-hexantt hy!l ilazane or Li-diisopropylamde, butyllithium U;Z
f

8
5
r
hydri des of alkali metals or imnophosphoranes. The bgfe§7§ ould be free - '
of any noi sture and should not conta m any parts that a7 Be silylated, s
as to maintain the degree of disilylation of the conpound. The quantity o
base added., gorresponds approxinmately to the stoichionetrically cal cul ated
quantity, pref&iably 0.8 to 1.3 equivalents of base, based on the quantity
of 7-am nocephal osporanic acid are enployed. This formation of the
correspondj ng san) t . Vo res: of -70[err]C up to
room terrpeir'at ﬁr g’%&%ﬁ%& gkeggp{,/%%&@& grkgyvtvﬁgﬁa%%\%g@#gﬁt&irgned sol vents or

sol vent mi xt uceBPouRARrafhformda hal ogenated solvent is (partially) renoved

if necessary before adding the base. The reaction of a conpound of
formula I'V with a conpound qfy_for V t the conpounds of fognula | is
new and surprising. A silyl prpt sklcti g grféup at an am no functfon greatly

increases its reactivity. Ac f known processes, acylation of
a 6-amnopenicillanic acid or” 7-aminocephal BSporani c acid in the
preferred formis carried out on th&ORH0-disilylated derivative, for
exanpl e asvigsini bed in US-patent 4 504 657. The conpound of

R, and R, may be the same or different and denote hydrogen or an
organic radical, which comprises the step of i) reacting a

compound of formula IV

AHN S Iv

0 CH.X
COOR

wherein

R is a silyl protecting group, X® is -P®*(R;); or
-P(0).(0Ry);.Y, wherein R; is a lower alkyl group or an aryl
group and Y is a cation of the alkali series or the
protonated form of a strong organic base, with a compound of

formula V

wvherein R; and R; are as defined above.

2. A process according to claim 1 wherein the compound of
formula IV is produced by the step ii) of reacting a compound
of formula III

ﬂﬁsSheetHasBeen
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fornlla 'V could in fact react wwth a conmpound of fornula V formng a
Schi the resultant trinethylsilanol. as a desilylation agent could
pr ot H%@"“ﬂﬁ;@ﬂ” g conmpounds of fornmula IV to the starting conpounds-
of f sinul taneously effect desilylation. As a result of
t he protonatlon Sandl/ or precipitation of the desilylated conpounds due--to
their poor solubility, the reacttdd sequence I11-> 1\W705979%pul d col | apse.

Thus if for exanple N, O-disilylated Bam nocephal osporanic acid is all owed
to stand with an excess of enzal dehyda, after sone tine free 7- ACA

precipitates as a result BHN S - 11 - f &I¥esilylation
process. Surprisingly, this reactjion segquence does not occur or only to
m ni mal extent. 0 CHy. X

COOR

wherein R is a silyl protecting group, X is -P(R,);I or
-P(0)(ORy); and Ry is a lower alkyl group or an aryl group,
with a base.

3. A process according to claim 2 wherein the compound of
formula III is produced by the step iii) reacting a compound
of formula II

RHN S II

0] CHa. I

. COQCR
wvherein

R is a silyl protecting group with a compound of formula VII or
VIII

P (Rq); VII

P (ORy); VIII

vherein

Ry is a lower alkyl group or an aryl group.

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

same reaction vessel.

5. A process according to claim 1 wherein one of R; and R; is
hydrogen and the other of R; and R, is hydrogen, methyl,
phenyl, 3-acetoxymethyl, 4-methyl-1,3-thiazol-5-y1,
N-methyl-N—ethyl-N-(carbamoylmethyl)-ammonium-methyl— or
1,5-dihydroxy-4-pyridon-2-yl.
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The cénpounds of forrmula Il are new per se and also formpart of the
I nventi on. ﬁ, mm:mwﬂ ormula I'I'l is conveniently obtained by the step
of |||) rea H"of formula Il [err] wherein Ris as
defi néd above, Wwith & cérrpt)und of formula VII or VIII [err]

VI

10.

11.

- 22 - 970-9797

Compounds of formula IV as defined in claim 1 or a mesomer

thereof.
7-Trimethylsilylamino-3-triphenylphosphoranylidenemethyl-3-
cephem-4-carboxylic acid trimethylsilylester or a mesomer
thereof.

Compounds of formula III as defined in claim 2.

7-Trimethylsilylamino-3-triphenylphosphoniummethyl-3-
-cephem-4-carboxylic acid trimethylsilylester-iocdide.

A process for the production of a 7-acylamino-3-cephem-4-
-carboxylic acid which comprises acylating a compound of

formula I produced by a process of any one of claims 1 to S.

Use of a compound of formula IV or III for the production of

a 7-acylamino-3-cephem-4-carboxylic acid.
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[err] VI wherein R4 is as defined above.

The conmpounds of fornula Il are known and may be produced by the process

di scl osed in AT-Patent 382 875. For exanpl e, .am nocephal osporanic acid is
suspended in an inert solvent and heated at reflux with an excess of
silylation agent. Suitable solvents for silylation amegigroparti cul ar

hal ogenat ed hydrocarbons. Wth high-boiling solvents, disilylation is
effected by excessive heating in the solvent, and with | ow boiling sol vepts
silyl at i apsTRAYT ¥ ABE HISCHOSMREbY addi ng organi c acids, such as
trifluoroacetic acid or trichloroacetic acid. Silylation can al so be

effected by using the nitrogen-containing silylation catalysts described in
EPA 043 The invention relates to a new, economical and simple process for

the production of 3-vinylcephalosporin compounds of formula

I
wherein R; and R; may be the same or different and dencte
hydrogen or an organic radical.
6300/IG/RT
Has g
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-12- 630. The silylation agents that may be used are preferabl'ﬁ‘/"h"zy"
1, 151, 3%3, 3- hexanet hyl di sil azane alone or 1,1,1, 3,3, 3- hexanet hyl di sil azane
in adm-xture with other silylation agents, such as trinethylchlorosilane,
N, O-bis-(trinmethylsilyl)acetam de, N (trinethylsilyl)acetam de or the
trifluoro anal ogues thereof or also bistrinethylsilyl urea. The

di sil, _con ounds t hus obtained are subsequently reacted wth a

trial @3’“? s [ we—— refe;abl Vi bl A e hyflpd@sﬂane‘ tog f orm conpounds of
f or mul ar—-h-—a%: " ~Lhe:

|1 |

r eact qce in a sol.ven 0N S L i, :

under 1d|t|0nar fo,r @ rrpﬁl’e [Wg] (ihﬁef,sarm sol vent that has
been used no i ous steps. “The terrper at'ur e s not crltlcal The
reacts= occuLs at | ov temperature, at

mt r’q;erature tor at an el evat ed
-of---t he Gorrpounds descri bed

terrperature | be appreei. a‘t el Fat -

New process for the production of cephalosporines and novel

intermediates in this process

The invention relates to a new economical and simple process, via
new intermediate compounds, for the production of 3-vinylcephalo-

sporin compounds of formula I

H,N S Ry

0 Ry
COQH

wvherein R; and R; may be the same or different and denote

hydrogen or an organic radical.

‘Compounds of formula I are useful starting products for the

production of valuable 3-substituted vinyl cephalosporines.

In substituents R; and R,, the organic radical may signify for
example ar optionally branched alkyl group or alkenyl group, a
totally or partially saturated cycloalkyl radical, an optionally
substituted aryl radical, aralkyl radical or a heterocycle. The
radicals may be additionally substituted in any position, for
example by halogen, an alkoxy or aryloxy group, a nitrogen or

sulphur substituent, or a functional group such as a carbalkoxy
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herein e.g. RCEPSI.&AGEI\J‘J@#

(r esonafice s;aplllzed’lsoneﬁs)

the formul a . 2‘&FE@IW7V‘

? A|V may exist in the formof nesoners

and these also fall under the defi.nition of
The process .according to the invention has

gr eat advantag conpar ed tth known processes: 1) The reaction steps
i), i1i) and —ar@“ﬁref?fably carrieg out in a one-pot process w thout

i sol ati on of the internediates.

T WA

protecting groups,” whi Chmay

2) The process uses silyl groups as
be introduced in a single step and al so may

be cl eaved ip. %Q?boxanﬁkigg%ﬁ\%;e%e atnlau n&‘}“&ié‘qg §dgygigtfe£n %]:gt%r?ﬁay 3)

Silyl protec?lng gr oups

nove by Si

al cohol ysi s subsftheadd répe tSWéthéact ion. 4) V\hen the reaction is conpleted

t he obj ect conpound of formla

In a preferred embodiment of the invention one of R; and R; is

hydrogen and the other of R; and R, is

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

ii) lower cycloalkyl,

lower cycloalkyl lower alkyl, aryl,

(aryl)-lowver alkyl, a heterocyclic group or a

heterocyclyl-(lower)-alkyl, the ring of which may be

optionally substituted by one or more (e.g. up to 3) lower

alkoxy, lower alkylthio, halogen, lower alkyl, nitro,

hydroxy, acyloxy,

carboxy, carbalkoxy, lower alkylcarbonyl,

lower alkylsulfonyl, lower alkoxysulfonyl,

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

iii) a group of formula -CH,Z, wherein Z has the following

meanings:

a) hydroxy, lowver alkoxy, formyloxy, acetyloxy, lower

alkylsulfonyloxy, halogen, N—hono(lower)alkylcarbamoyl—

oxy, N,N-di(lower)alkylcarbamoyloxy,

b) a heterocyclic group,

c) a group of formula

wvherein

-5(0)nRy

Rg 1is an aliphatic, araliphatic, alicyclic, aromatic or

heterocyclic group, and m is 0, 1 or 2;

d) an acyclic or cyclic ammonium group.



-13- I

3 iy 7 TJn ECT ;-»‘- 3
;gwmw__y35§@hxated fromthe reaction solution. Al so the

pr gcess: of tfe;ﬁ?eéent“fnventlon I's characterized by | ow | abour and ‘energy

costs. Furtherho B8 f88dceks

facilities ahd’ has no conpl ital

As nentlonedltﬁé~c0ﬂpounas-ﬂ
for the production of val uab

d

can be carried out in sinple manufacturing
t ed procedures. conpared w th known nethods.
formula B are inportant starting materials
cephal osporin antibiotics e.g. by acylating

e.g. with an approprlate ‘acylating agent. Cephal osporins which are
vinyl -substituted in 3-position are either resorbed orally, or when

admi ni st er edg par.gnt erreeuewcym%yg@@ C?ﬁﬂ@eeéi d fpre ag'aa' ﬁe&%xy&f&ad

ef ficient spectrum of activit

OW Nng npoun be produced for

exanpl e: rings having 4 to 7, preferably 5- or 6~ atoms in each ring,

rhere being up to four hetero atoms in each ring selected from

oxygen, nitrogen and sulphur in each ring, which heterocyclic

ring may carry 1 to 3 optional substituents selected from
(Ci-4)alkyl, (C,_,)alkoxy, halogen, trihalo-(C,-,)alkyl, hydroxy,

ox0, mercapto, amino, carboxyl, carbamoyl, di-(C,.;)alkylamino,

carboxymethyl, carbamoylméthyl, sulfomethyl and

methoxycarbonylamino.

Examples of heterocycle include unsubstituted and substituted

imidazolyl, diazolyl, triazolyl, tetrazolyl, thiazolyl,

thiadiazolyl, thiatriazolyl, oxazolyl, oxadiazolyl,

benzimidazolyl, benzoxazolyl, benzothiazolyl, triazolylpyridyl,

purinyl, pyridyl, pyrimidinyl, pyridazinyl, pyrazolyl and

triazinyl.

Suitable heterocycles include unsubstituted and substituted

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

tetrazolyl; oxazolyl;
1,3,4-thiadiazolyl or 1,2,3-thiadiazolyl.
Preferably the heterocycle is 1,5-dihydroxy-4-pyridon-2-yl,

thiazolyl; 1,3,4-oxadiazolyl;

5-hydroxy-l-methyl-4-pyridon-2-yl, 5-hydroxy-4-pyridon-2-yl,
l-methyl-1H-tetrazol-5-yl~2-methyl-1,3,4-thiadiazol-5-yl,
l-carboxymethyl-1H-tetrazol-5-yl, 6-hydroxy-2-methyl-5-oxo-
-28-1,2,4-triazin-3-yl, 1,2,3-triazol-5-yl, é4-methyl-

~thiazol-5-yl.

Examples of a acyclic ammonium group include (l-carbamoyl-2-

~hydroxyethyl)dimethylammonium, (carbamoylmethyl)(ethyl)-

methylammonium or trimethyl ammonium.

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

alkoxycarbonyl, amino, monoalkylamino or dialkylamino.

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

carbon atoms.

A particular preferred group of compounds of formula I comprise

those of formula Ia

HzN S R !
2 Ia

@] Ry’
COQH

wherein one of R;’ and R,’ is hydrogen and the other of R;’ and
R;’ is hydrogen, methyl, phenyl, acetoxymethyl, 4-methyl-thiazol-
-5-y1, N-methyl-N-ethyl-N-(carbamoylmethyl)-ammonium-methyl- or
1,5-dihydroxy-4-pyridon-2-yl.

The compounds of formula I are known and various processes for

their production have been proposed.
However, according to methods known from literature, the
compounds of formula I can only be produced via several

intermediate steps, using extensive protecting group technology.

Thus for example, in one of such methods,

'7-acylaminocephalosporanic acid which is protected by an acyl

group, or a 7-benzylideneaminocephalosporanic acid which is

protected by a Schiff base, is esterified with an alcohol either
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prior to or after the introduction of a tri-substituted phosphine
or a dialkoxyphosphinyl radical in position 3. Preferably

benzhydryl or p-methoxybenzyl ester are produced. These

. compounds are then reacted with the corresponding aldehyde, in

presence of a base, to form the di-protected product. The
jntroduction and cleavage of protecting groups in most cases
requires chemical reactions using technical systems. According to
another procedure, as is described for example in DE-0S 2 103
014, the methylene group in position 3 of a 7-acylamino-3-cephem-
4—carboxylic acid ester is converted into an aldehyde function,
and this subsequently subjected to a Wittig reaction. According
to both methods, the ester group has to be chemically removed
aftervards, and in a further step, depending on the choice of the

acyl-protecting group, this must be chemically or enzymatically

cleaved.

The functionalization of position 3 of a cephalosporin to a
phosphonium salt or a dialkoxyphosphinyl derivative, which is
suitable as an intermediate product for a Wittig or Horner
reaction, is according to the state of the art difficult to carry
out and employs several steps. For example, in DE-0S 3 307 550,
the sodium salt of 7-phenylacetamido-cephalosporanic acid is
saponified enzymatically to 3-hydroxymethyl-7-
phenylacetamido-3-cephem~4-carboxylic acid, and subsequently
reacted with diphenyldiazomethane to form 3-hydroxymethyl-7-
phenylacetamido-3-cephem-4-carboxylic acid benzhydryl ester. This
compound may nov be converted into the corresponding phosphonium
salt either directly with a reagent such as triphenylphosphonium
bromide, or after exchanging the alcohol function for chlorine,
vith triphenylphosphine, as described in EPA 292 808. Similarly,
the 3-dimethoxyphosphinyl compound may be produced via the
chlorine compound, by reaction with trimethyl phosphite for
example as described in Chem. Pharm. Bull. 36(7)2354 (1988).
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In the fol | owWmgsex
I n no vvay I |\r,111I % éope aljl {tenperatures are given in degrees celsius.
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In US-Patent 4 703 851, 7-amino-3-hydroxymethyl-3-
cephem-4-carboxylic acid, which is obtainable from 7-amino-3-
acetoxymethyl-3-cephem-4-carboxylic acid by hydrolysis of the
acetoxy group under conditions which may destroy the g-lactam, or
by working up and splitting the corresponding cephalosporin-C
analogue, is firstly reacted with salicylaldehyde to form the
corresponding Schiff base, then esterified with diphenyldiazo-
methane and the obtained N-salicylideneamino-3-hydroxymethyl-
~cephem-4-carboxylic acid benzhydryl ester is converted with
triphenylphosphine/iodine into the corresponding 7-
_salicylideneamino—B—triphenylphosphonium—methylcephem¥4—

carboxylic acid benzhydryl ester.

In a further known method a 7-acylamino-3-chloromethyl-3-
cephem-4-carboxylic acid ester used as starting material for the
production of a 3-vinyl-substituted cephalosporin is produced
from penicillin G in a multiple step synthesis [see e.g. DE-0S

3 443 225, EPA 0 122 002 and Tetrahedron Letters 23(21)2187
(1982)]. The multiple step route in the preparation of e.g. 7-
-phenylacetylamino-3—chloromethy1-3—pephem-4—carboxylic
acid-p-methoxybenzyl ester and the fact that the product contains
only ca. 50 % by weight of useable cephalosporin, make this
compound an expensive intermediate product in the preparation of

cephalosporins.

The above reflects the enormous difficulty in the preparation of
7-phenylacetylamino-3-chloromethyl-3-cephem-4-carboxylic

acid-p-methoxybenzyl ester.

In view of the many advantages of 3-substituted vinyl cephalo-
sporines, there was still a need for a commercially useful
process starting from 7-ACA which provides intermediates from
which a wide variety of 3~ substituted vinyl cephalosporines can

be produced. It is an object of this invention to provide an
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m,ﬁ i
a) 7-Trimethy Egl%r %ﬂb%ﬁ l’}|phenylphosphoniurrm=3thy| 3-cephem
4-garboxylic hefd trinethylsifyiester-iodide (compound of formula Il1)
0.8 g of driefl rid2h&ER P8sphiine are added at I0[err] to 1.53 g of
7-trinmethylsi|y}am no-3-iodongetihyl - 3-cephem 4-carboxylic acid
trimethylsily}ester TH TO T —off hexaneyhyl di si | azane-contai ni ng

di chl oronet hahe, The sglution_ijs subsequently stirred for one hour at this
t enper at ur e. For 1H NVR characterization pur poses, part of the reaction
solution is freed {rom nost. of u e
residue is tesAVED ATRC Ssmff?urt}épﬁfrg?g?#%ygro SfEﬁ%ﬁ'erHr:’{E'relfoyﬂm;lla|l n i
d|chl()ronetfgg1g-dﬁkﬁn%d abpdatsed. thlS[éPY?q4lNNF¥?'HHPYH¢QIH%§FF}¥]HF¥rr]
CHerr]d[err] ¢ gternal standard in ppm: 0.0068 (s,

N-trinethyl smtﬁFTe“a’%‘f 5 (s, COO-trimethylsilyl); 1.485 (d, J=13.4Hz, N-H);
3.261 (AB, J=19.1HZ, J[err]=2.4Hz, J[err]=18.9HZ, CH2-S); 4.701 (dd,
J=13.4Hz, J=4. 38 réde 3 th éeéanHznvéﬁ[t%ﬁ] dov2ded & 0bB,

J=14. 5Hz, J[Aecolfg?é;ﬁ% bid ears?segg Y:452!,} CHerr]) 4 - _7.858 é

P-phenyl ). proyeds fprnébmwrgﬁmw RE- cempoNRdE R Sﬁﬁg‘ﬂﬁoffamlqeé pedret hyl - 3-

above, which comprises the step of i) reacting a compound of

formula IV

RHN S

o CH.X
COOR

vherein R is a silyl protecting group, X¥® is -P&(R,); or
-P(0).(ORy),.Y, wherein R, is a lower alkyl group or an aryl
group and Y is a cation of the alkali series or the protonated

form of a strong organic base, with a compound of formula V

wherein R; and R; are as defined above.

Examples of silyl protecting groups include trimethylsilyl,
triethylsilyl, tri-n-propyl-silyl, tri-n-butylsilyl,
methyldiethylsilyl, dimethylethylsilyl, phenyldimethylsilyl,
tert. butyldiphenylsilyl, tert. butyldimethylsilyl and
triphenylsilyl. The trimethylsilyl group is preferred.

In the definition of Ry a lower alkyl group has preferably 1-4
carbon atoms. Examples of aryl include phenyl or naphthyl,

optionally substituted with up to 3 groups selected from halogen,



cephem 4- carﬁﬁBM@&\{E}&i’i‘cbﬁ@}rfet hyl silyl ester (conpound of formula |V)

A sol utsi on pf{7-tTTi | il am no- 3-tri phenyl phosphoni unmet hyl - ,
3-cephem 4-ta bWFEB '@9'7(1 trii met hyl silylester-iodide is concentrated by
evapor at i on| under vacuum ifl st excluding air and noisture. The-residue is

di ssolved ip of-dy..tletira- hydro uran. A solution of 0.68 g of
1,1,1, 3, 3,3t hexanet hyl di - sillazane litRiumsalt in 2 nl of tetrahydrofuran
i s added whTist—coofTrg~w-t#‘i ce. The col our of the solution suddenly

changes to deep red. For the puctpose af characterization smal.l _apount of
- 16-  the ligdpatiyd 96n6%455§g%y%§3%‘%r5a? I oh cﬁﬁéo? adefnt%lh?i e%lkﬁsll
= es are 1ithium, sodium or potassium. Examples of protonated
; : of a strong organic base are those derived from guanidines,

. e.E- ] )

5 &.0}undec~7-ene, 1,5~diazabicyclo[4.3.0]non-5-ene or from

i,inophbsnhoranes, e.g. 2-tert.butylimino-2-diethylamino-1,3-di-

tetramethylguanidine, amidines, e.g. 1,8-diazabicyclo-

"eth71,1,3,2—diazaphosphinane or tris(dimethylamino)-
(1 1,3,3-tetramethylbu;yl)iminophosphorane.
’

The reaction can be effected in a solvent or solvent mixture
which is inert under the reaction conditions, or, after adding an
additional solvent, for example an inert ether such as tetra-
hydrofuran, diethyl ether, an ethylene glycol dialkyl ether or
tert.butylmethyl ether, an inert amide such as dimethylformamide,
dine:hylacetamide or N-methylpyrrolidone, an urea such as tetra-
methylurea, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone,
1,3,2-imidazolidinone or a nitrile such as acetonitrile to
produce the compound of formula IV (e.g. as described

hereinafter).

The structure of the aldehyde or the ketone of formula V required
to form the double bond is not critical. Representative example
of R, and R, are given above. Should a substituent contain a
function which is easily silylated, this should be blocked
temporarily with an appropriate silylation agent prior to the
reaction. E- and Z-double bond isomers may thus be produced from
a aldehyde containing at least 2 carbon atoms or when using an
unsymmetrical ketone. The amount of a compound of formula V may
be stoichiometrical or in excess, e.g. based on the starting
material of formula IV. This isomers may be separated in
conventional manner , e.g. chromatography or crystallisation.
This olefinization reaction may be effected within a wide
temperature range. The Wittig or Horner reaction may be

preferably carried out at a temperature of between -70°C and
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1H NMR spect rjoscop in a mxture of tetrahydrofuran-dferr] and
COerr]Clf[err]: §$§I@§¥)R( 'HF-d[err]/CD[err]Cl[err], CHerr]CJ[err] as .
an internal ,tandg 1 9.177 (s, COO-trinmethylsilyl); 1.610 (d,

J=13. 5Hz, I\I-I-';l),——2—mlw7-£1 AB._.J)F14Hz, CH err]-S); 4.190 (dd, J=13.5Hz,
J=3.8Hz, Henr]); =3.8Hz,_iJerr]); 7.480 - 7.723 (m P-phenyl).

| sol ati on of FhFs=Fnt- f-ﬁ%df-a-t-e- product I'S not necessary in order to carry
out the process the aldehyde or the ket one can be added directly. c)

7- Am no-3 ephe I cid und formula I) A
sol ution of éd)d é# H&I %ﬁﬁ 5|Iy atlr}rlt%n%l ao‘"‘tl% pn%rﬁ}fl-afger'

phosphoni unmet hyI 3-cephem 4-carboxylic acid trimethylsilylester- iodide in

L0, of abselult gniehicahy dbitine 'SALEC Bho0LALE] oW deay B0l UGl on of

0.70 g of 1,1, hexanmet h I"'azane §f absol ute
tetrahydrofurlé{ﬁat%th agent Picdy F$%twh5(mﬂwltmléﬂmml®e,68 g of

benzal dehydg; sai ey Betd@d ok Ondide HRTis(trimethylsilyl) trifluoroacetamide
may be added to the solution of a compound of formula IV or to

the aldehyde or the corresponding ketone, prior to its addition.

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

adding an organic solvent.

The compounds of formula IV are new per se and also form part of

the invention.

A compound of formula IV is conveniently obtained by the step of

i1) reacting a compound of formula IIX

RHNamree” 3

4

0’ CHy.X
COOR

IIT

vherein X :isi~P(R¢)3;I or ~P(0)(ORs), and R and Ry are as defined
" above, .with a-base.

SuItiBId‘Sascs are 'strong organic bases, for example guanidines
) e.gc Tltrlm&thylguanidine and amidines, such as DBU



red sol ution. Hhe‘reactlon mxture is subsequently stirred over night at
roam t efrper at uy e; BEFEE Woyon overlying the solid is decanted off and
poured onto a , gture of ethyl{ acetate and diluted hydrochloric acid,

wher eby the prpdect=preciprtates as a solid. The product is f;ltered_off,
washed with acEtlc ester and ethpr and dried. [err]H NVR (CF[err] COOD) :
2.93 (AB, J=1576F;"SCH err] for Z-isonmer); 3.43 (AB, J=15.6Hz,  S-CH err]
for E-isomer); 4.89 (d, J=4.5Hz, [errjglactam H); 5.05 (d, J=4.5Hz,
[err]-lactamH); 6.41-7.29 (n1 Ar-H HC=CHTfor [err]-styryl-H and
[err]-styryl-H Z-isomer); 7.80 (d, J=17.5Hz, [err]-styryl-H for E-isoner).
P;gportl on (¥:8L§£Hﬁﬂbic§£ibf5 ZZO?ﬁhdec 7-ene) and DBN

(1,S—dlazablcylo[4.3.0]n9n—5-ene), preferably alkali salts of
nitrogen-containing compounds, such as the Li or Na salt of '
1,1,1,3,3,3-hexamethyldisilazane or Li-diisopropylamide,
putyllithium, hydrides of alkali metals or iminophosphoranes. The
bases should be free of any moisture and should not contain any
parts that can be silylated, so as to maintain the degree of
disilylation of the compound. The quantity of base added
corresponds approximately to the stoichiometrically calculated
quantity, preferably 0.8 to 1.3 equivalents of base, based on the
quéntity of 7-aminocephalosporanic acid are employed. This
formation of the corresponding anion may take place at low
temperatures of -70°C up to room temperature. Suitable solvents
are the above-mentioned solvents or solvent mixtures, whereby the
halogenated solvent is (partially) removed if necessary before

adding the base.

The reaction of a compound of formula IV with a compound of
formula V to the compounds of formula I is new and surprising.

A silyl protecting group at an amino function greatly increases
its reactivity. According to many known processes, acylation of a
6-aminopenicillanic acid or 7-aminocephalosporanic acid in the
preferred form is carried out on the N,0-disilylated derivative,

- for example as described in US-patent 4 504 657. The compound of
formula IV could in fact react with a compound of formula V
forming a Schiff base, the resultant trimethylsilanol as a
desilylati6ﬁ agent could protonate the existing compounds of
.formula IV to the starting compounds of formula III and/or
simultaneously effect desilylation. As a result of the
protonation and/or preczpltatlon of the desilylated compounds due
to their poor solubllity, the reaction sequence III-> IV -> I
would collapse. Thus -if for..example N,O- ~disilylated

baminocephalosporanic acid is allowed.to stand w1th én excess of

.. enzaldehyda, s:terﬂggme time.freg.7-ACA.ppec1p1F§tes as a result
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Exanpl e 2: 1 ﬁ@E&ﬁ%{L§hﬂgi
g of 7-trimdthylsilylam no-
phosphohiunfethygad%ﬁ%ﬂﬁﬁh} arboxylic acid.trinmethylsilylester- iodide.in
10 m of absoliute tetrahydrgfdyran is mxed at 0 with a solution of 0.68 g
of 1,1,1,3,d, 3Théexanet iyt disi fazane lithiumsalt in 2 m of absolute
tetrahydrof yran. A slight _excess of _gageous fornal dehyde is passed into the
deep red solution at O[err]. The reaction mxture is subsequently dil uted
with ethanol and filtered. The filtrate is adjusted to pH 5.4 with acetic
acid, whereby the.. LPLt - us Si | 4Snd QMQQ to stand
in arefri &t %ers;g.\?grgfz'%lsngﬁ{r,%ﬁgﬁ%. ?’E}lgﬁf)lr%;z%%?’ i%%s%ugggﬁqdulz)r?t Ig]f/ i soleat ed by
filtration.goes[®otr JodcNVR QIDROLY DG mik8mY e3tedt( AB, J=17.7Hz, S-CHerr]);
5.18 (d, J=4.5Hz, [err]-lactamH); 5.34 (d, J=4.5Hz, [err]-lactamH); 5.55
(d, J=11.4Hz, -C=CH2 cis); 5.78 (d, J=18Hz, -C=CH err]_ trans); 7.18 (dd,
CH=C, J:1]“T$EE¢ompgpgﬁ§)q foE%akﬁﬂlglggre nev per se and also form part of
7-Anino-3-Q@EoBﬁkmﬁegﬁ)-3-cephen}4-carboxylic acid

ephem 4- car boxylic acid A solution of 2.35
ri phenyl - .

A compound of formula III is conveniently obtained by the step of

jii) reacting a compound of formula II

RHN S -
IT
o) CHa. I

COOR

wvherein R is as defined above, with a compound of formula VII or

VIII
P(Rq)3 VII
P(OR4 )3 '. VIII
wvherein Ry is as defined above.

The compounds of formula II are known and may be produced by the
process disclosed in AT-Patent 382 875. For example,
aminocephalosporanic acid is suspended in an inert solvent and

 heated at reflux with an excess of silylation agent. Suitable
solvents for silylation are in particular halogenated
hydrocarbons. With high-boiling solvents, disilylation is
effected by excessive heating in the solvent, and with

~ low-boiling solvents silylation may be accelerated by adding

. organic acids, such as trifluoroacetic acid or trichloroacetic
acid. Silylation can also be effected by using the

nitrogen-containing silylation catalysts described in EPA 043



A sol ution of P.
phosphoni umnmet hy| -
di chl or onet hang

t et rahydrof ura

-

| KEPLACE ?Rﬁ;’;;

b hyl si | yl ani no- 3-tri phenyl -

%@gg?eﬁsz ariboxylic acid trinethylsilylester- iodide in
d The residue is dissolved in 8 m of absolute

kad-mixed..at_d

grr] with a solution of 0.64 g of

1,1,1, 3, 3, 3- hekanet hyl di si | azane i thillfm salt in 2 nl. of absoluté

t et r ahydr of ur ak=Fe=tHe--dark=red solu

bi stri met hyl si |yl

The reaction m xture._i

acet am de,

oh is added 1.4 nl of
fol l oned by 0.33 nl of anhydrous acetal dehyde.

stfirred over night at room tenperature and

subsequent 1680ni K&l SALY A2 EIRD SBRRLS Fhake™at beevsethaire pFRfesgbiYion is

adj usted tq R >3.% w_hgxﬁmuqyggd?@ﬂqzam%rl%g bhe product precipitates. The
suspension i's st rr%dhfor hyildISl r 30 mi nutes whil st cooling

- 18 - 1, 1,1

examet

azane in admixture with other

silylation agents, such.as trimethylchlorosilane,

N,0-bis-(trimethylsilyl)acetamide, N-(trimethylsilyl)acetamide or

the trifluoro analogues thereof or also bistrimethylsilyl ufea.‘

The disilylated compounds thus obtained are subsequently reacted

with a trialkylsilyl iodide, preferably trimethyliodosilane, to

form compounds of formula II as described in AT-Patent 382 875.

The compounds of formula II may then be reacted in situ with a

compound of formula VII or VIII. The reaction may take place in

a solvent or solvent mixture which is inert under the reaction

conditions, for example in the same solvent that has been used in

the previous steps. The temperature is not critical. The reaction

occurs at low temperature, at room temperature or at an elevated

temperature.

It will be appreciated that some of the compounds described

herein e.g. those of

formula IV may exist in the form of mesomers

(resonance stabilized isomers) and these also fall under the

definition of the formula e.g. formula IV.

The process according to the invention has great advantages

compared with known processes:

1) The reaction steps i), ii) and iii) are preferably carried out

in a one-pot process without isolation of the intermediates.

2) The process uses silyl groups as protecting groups, which may

be introduced in a single step and also may be cleaved in one

single step, thus reducing the number of steps.

3) Silyl protecting groups may be removed by simple hydrolysis or

alcoholysis at the end of the reaction.

4) Vhen the reaction is completed the object compound of formula



wth ice, qHW{ < fthen isolated through a suction filter and

dri ed. [efrr EC%% ]OOCD, TVS): 1.83 (dd, J=0.9Hz, J=6.6Hz,

CHerr], Z- nggygé ? lroad, J=6.6Hz, CH err], E-isoner); 3.65 (m 2
AB-systens for. S CH err]); i5./23-5.47 (m 4d for [err]-lactamH); 6.08 (dq,
J=6. 6Hz, J—12Hz C-CI-l—CI—l[err], Z- isogaz) 6.40-6.79 (m 3-CH=, Z-isonmer and
C=CH CH3, qu@u”bh}; Z-44-Ldd, J=16. J=1.5Hz, 3-CH=, E-isoner).

Exanpl e 4: 7 Anlno 3- (prop 1-enyl)-3- cephen}4 carboxyllc acid A sol ution
of 35 of tr| am no

phosphgnl umngt KT - %Qﬁhgwsfpéﬁ?ﬁﬁqﬂrf’@ §tﬁycﬁe??73n°é‘t 59+ i est er- iodide in
di chl oronet hane is evaporated under vacuumto dryness. The foanlrezin y
obt ai ned i xture of 127 of, tetrahydrafuran and 22.9

of N, O bi ¢t ur?s"t?%ﬁ “F ‘gfczﬂlSnﬁf@enfh’e"“se&t&??o‘rf CE’aE% ee‘dzﬁgab& %¥nd mi xed
with a sol]mtbloon aofd 'énex:lgsg wistd, lFu]rtagﬁmcﬁ:dwehenzaidtﬁlsdl &arl dzapsertiddhi um sal t

dehyde i
added and et catbien i Besbt i ed LG i 18 sinaERt Gy o e

procedures- compared with known methods.

As mentioned the compounds of formula I are important starting
materials for the production of valuable cephalosporin
antibiotics e.g. by acylating e.g. with an appropriate acylating
agent. Cephalosporins which are vinyl-substituted in S-position
are either resorbed orally, or when administered parenterally,
they are characterized for their very broad, efficient spectrum

of acti\}ity. The following compounds may be produced for example:

S

0 CH=CH,
0.CHCOOH COOH

-]—C—CO—NH S
HzN—u\ N OH
0 CH=CH,
COOH
P
10 )-reconm
NH :
2 0 CH=CH.CHj
COOH
_L—J-c-co NH S
HaN - N.OCH; 57—
CH=CH,

COOH



reacti on, mjXtpes+ v.ﬁehtly evaporated on a rotary evaporator under
vacuum Th aken up in 250 m of ethyl acetate and m xed
with 125 m e value is adjusted to 8.4 with 2N NaCOH whi | st
cool i ng wi h“Lge,“and th_ﬁﬁ*Fses are separated.” The ethyl acetate phase is

RERLA ’%T;EMfw{zf

=

subsequently extracted wit 5 m of water. The conbi ned aqueous phases are
extracted W B0 —0Ff acet ate. yhe aqueous phase is subsequently
diluted with half the volunme of acetone and the pHis slowy adjusted to
3.5 with 1: 1 diluted concentrated hydrochloric acid. The crystalline
suspension is held in the ice bath for 3 hours whilst stirring
occasionally, and the product is then filtered off. It is washed tw ce,

each time with 25 m of water/acet.one (1/1) and 50 m of acetone and then
dried in a -19-

-C CO-NH -3

CHj
CO0Q.CH3.0.CO.C(CH4) 3

—J-C-CO-NH S
H2N-JLS,N it . faHs
0 CH=CH CH®N CH. co
5. CH,F 27 | T-haCONH,
coo CH,

C-CO-NH ~S
sz_UT OH

H ]
NfHe o CH=CH-
o .C.COOH COOH ,
CH3 OH
' N =—n-C-CO-NH s
HzN—j\i] N
ST N.OH 4 CH=CH.CHj
COOR ey, CH( CH;)0COCH

In the following examples, which illustrate the invention more

fully, but in no way limit its scope, all temperatures are given
in degrees celsius.



|REFLACEMENT SHERT
vacuum dr yi fig-¢hanber-——- jExaane 5:
7- Am no-3f (8 % priogen- 1-yl) - 3- cephen}4- carboxylic acid
A sol utiagn of§g§§Eé 5%7 ItrlnethyIS|IyIamno 3-triphenyl -
phosphoniUWﬁe%hykmaueephen}4-carboxylic acid trinethylsilylester- iodide in
di chl oronet hane i s evaporatjed under vacuum The foamresin obtained is
di ssol ved T a mxture-of-3900 m of teigahydrofuran and 617 nml of
N, O-bi strimethylsilyl acetam de. The solution is cooled to -25[err] and
m xed with a solution of 178 g of 1,1, 1,3, 3, 3-hexanet hyl di silazane |ithium
salt in 325 Ekamlealisovmnbegtﬁwgmoﬁw@memu—uabsubbnqtaemiI y cooled to
-30 and then 388 g of acetoxy-acetal dehyde are added. After stirring for 17
hours at O[err], the reaction mxture is concentrated under vacuum The
residue is saDrrleﬂimEUhyiSHnylamihoaﬁ BEiﬁheHVIpﬁosmabeiummedhleﬁ}aubhem-acetic
ester under | .. whereb the h_diluted
ammoni a. Aft er ‘ﬂ;&tsaégs caf*f‘b‘x trifg a&r:eahgfes (—':‘-[?%ﬁggée &Dé %?ac?ed Wi th
1800 m of waterfofﬂhéadmnblned aqueous phases are extracted with 1800 m of
acetic ester. The aqueous phase is diluted with 3500 ml of acetone and

subsequently stirred into 250 m of water, whereby
0.8 g of dried trlphenylphosphlne are added at 10° to 1.53 g of

7-trimethylsilylamino-3-iodomethyl-3-cephem-4~carboxylic acid

trimethylsilylester in 10 ml of hexamethyldisilazane-containing

dichloromethane. The solution is subsequently stirred for one
hour at this temperature. For lH-NMR characterization'purposes,
part of the reaction solution is freed from most of the dichloro-
methane under vacuum, the residue is taken up in a mixture of

tetrahydrofuran-ds and dichloromethane-d, and analysed.

1H-NMR (THF-dg/CD,Cl,;, CH;Cl, as an internal standard in ppm):
0.0068 (s, N-trimethylsilyl); 0.155 (s, COO-trimethylsilyl);
1.485 (d, J=13.4Bz, N-H); 3.261 (AB, J=19.1Hz, Jy.p=2.4Hz,
Ju-p=18.9Hz, CH,;-S); 4.701 (dd, J=13.4Hz, J=4.8Hz, H,y); 4.923 (d,
J=4.8Hz, Hg); 5.247 (AB, J=14.5Hz, Jy_p=4.5Hz, Jy_p=16.4Hz,
CH,-P); 7.574 - 7.858 (m, P-phenyl).

b) 7-Trimethylsilylamino-3-triphenylphosphoranylidenemethyl-3-
cephem~4—-carboxylic acid trimethylsilylester (compound of
formula IV)

A solution of 7-trimethylsilylamino-3-triphenylphosphoniummethyl-
3-cephem-4-carboxylic acid trimethylsilylester-iodide is
concentrated by evaporation under vacuum, whilst excluding air
and moisture. The residue is dissolved in 10 ml of dry tetra-
hydrofuran. A solution of 0.68 g of 1,1,1,3,3,3-hexamethyldi-~
silazane lithium salt in 2 ml of tetrahydrofuran is added whilst
cooling with ice. The colour of the solution suddenly changes to

deep red. For the purpose of characterization, a small amount of
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bath. The product is the
dried inja vacuun1dry|ng c
Cains: = A
conpounds of fornula I

nt at 3.5 by adding diluted hydrochloric acid in
ension obtained is stirred for 3 hours on an ice
iltered off, washed with acetone and et her and
anber. - =20 -
t he proddt+on of 3-vinyl cephal osporin

the ylides is concentrated by evaporation and identified by
1H-NMR spectroscopy as follows in a mixture of tetrahydrofuran-dg
and CD;Cl,: '

1H-NMR (THF-dg/CD,Cl,, CH,Cl, as an internal standard in ppm):
0.177 (s, COO-trimethylsilyl); 1.610 (d, J=13.5Hz, N-H); 2.770
(AB, J=14Hz, CH,-S); 4.190 (dd, J=13.5Hz, J=3.8Hz, Hy); 4.910 (d,
J=3.8Hz, Hg); 7.480 - 7.723 (m, P-phenyl).

Isolation of this intermediate product is not necessary in order
to carry out the process; the aldehyde or the ketone can be added

directly.

c) 7—Amino—3—styryl-3—cephem—4—carboxylic acid (compound of
formula I)

A solution of 2.4 g of trimethylsilylamino-3-triphenyl-
phosphoniummethyl-3-cephem-4-carboxylic acid trimethylsilylester-
iodide in 10 ml of absolute tetrahydrofuran is mixed at 0° with a
solution of 0.70 g of 1,1,1,3,3,3-hexamethyldisilazane lithium
salt in 2 ml of absolute tetrahydrofuran. 1.3 g of bistrimethyl-
silylacetamide and 0.68 g of benzaldehyde are added to the dark
red solution. The reaction mixture is subsequently stirred over
night at room temperature. The solution overlying the solid is
decanted off and poured onto a mixture of ethyl acetate and
diluted hydrochloric acid, whereby the product precipitates as a
solid. The product is filtered off, washed with acetic ester and

ether and dried.

lH-NMR (CF;COO0D): 2.93 (AB, J=15.6Hz, S-CH, for Z-isomer); 3.43
(AB, J=15.6Hz, S-CH, for E-isomer); 4.89 (d, J=4.5Hz, B-lactam-
H); 5.05 (d, J=4.5Hz, S—Iactam-H); 6.41-7.29 (m, Ar-H, H-C=C-H
for B-styryl-H and e«-styryl-H, Z-isomer); 7.80 (d, J=17.5Hz,
e-styryl-H for E—iéomer). Proportion of isomers E/Z = 72/28.
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Rlerr] may be the sane or different and denote

hydr ogen lori a r i d rjadi cal, which conprises the step of i) reacting
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a conplound I\ [err] wherein R is a silyl protecting
group, Xlerl—is-=B(R4)3Jor  -P(0).(ORlerr])[err].Y; wherein R4 is a

| ower al Kyl group or an aryl group ankd ¥ is a cation of the alkali °
series or —-protenated formof a strong organic base, with a conpound
of formula V

Example 2: 7-Amino-3-vinyl-3-cephem-4-carboxylic acid

A solution of 2.35 g of 7-trimethylsilylamino-3-triphenyl-
phosphoniummethyl-3-cephem-4-carboxylic acid trimethylsilylester-
jodide in 10 ml of absolute tetrahydrofuran is mixed at 0° with a
solution of 0.68 g of 1,1,1,3,3,3~hexamethyldisilazane lithium
salt in 2 ml of absolute tetrahydrofuran. A slight excess of
gaseous formaldehyde is passed into the deep red solution at 0°.
The reaction mixture is subsequently diluted with ethanol and
filtered. fhe:filfrate is adjusted to pH 5.4 with acetic acid,
vhereby the product precipitates. The suspension is allowed to
stand in a refrigerator over-night, and the product is

subsequently isolated by filtratiom.

14-NMR (D,0, DC1l, TSP): 3.84 (AB, J=17.7Hz, S-CH;); 5.18 (d,
J=4.5Hz, B-lactam-H); 5.34 (d, J=4.5Hz, B-lactam-H); 5.55 (d,
J=11.4Hz, -C=CH, c¢is); 5.78 (d, J=18Hz, -C=CH; trans); 7.18 (dd,
CH=C, J=11.4Hz, J=18Hz).

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

A solution of 2.16 g of 7-trimethylsilylamino-3-triphenyl-
pho;phoniummethy1—3—cephem-4—carboxylic acid trimethylsilylester-
iodide in dichloromethane is evaporated. The residue is dissolved
in 8 ml of absolute tetrahydrofuran and mixed at 0° with a
solution of 0.64 g of 1,1,1,3,3,3-hexamethyldisilazane lithium
salt in 2 ml of absolute tetrahydrofuran. To the dark red
solution is added 1.4 ml of bistrimethylsilyl acetamide, followed
by 0.33 ml of anhydrous acetaldehyde. The reaction mixture is
stirred over night at room temperature and subsequently mixed
vith the same volume of methanol. The solution is adjusted to pH
5.4 with acetic acid, whereby the product precipitates. The

suspension is stirred for a further 30 minutes whilst cooling



[err] Vv wherein Rlerr] and Rierr] are as

defi ned 'a o&ggFga }g%r cess according to claim1 wherein the conpound of
formula | Jroduced _mj tihe step ii) of reacting a conpound of formula
111 -21- ‘
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with ice, and the product is then isolated through a suction

filter and dried.

1H-NMR (CF;COOD, TMS): 1.83 (dd, J=0.9Hz, J=6.6Hz, CHj,
Z-isomer); 2.0 (d, broad, J=6.6Hz, CH;, E-isomer); 3.65 (m, 2
AB-systems-for S-CH,); 5.23-5.47 (m, 4d for B-lactam-H); 6.08
(dq, J=6.6Hz, J=12Hz, C=CH-CH), Z-isomer); 6.40-6.79 (m, 3-CH=,
Z-isomer and C=CH-CH;, E-isomer); 7.44 (dd, J=16.5Hz, J=1.5Hz,
3-CH=, E-isomer). ’

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

A solution of 35 g of 7-trimethylsilylamino-3-triphenyl-
phosphoniummethyl-3-cephem~4-carboxylic acid trimethylsilylester-
iodide in dichloromethane is evaporated under vacuum to dryness.
The foam resin obtained is dissolved in a mixture of 127 ml of
tetrahydrofuran and 22.9 ml of N,0-bistrimethylsilyl acetamide.
The solution is cooled to -20° and mixed with a solution of 7.04
g of 1,1,1,3,3,3-hexamethyldisilazane lithium salt in 35 ml of
tetrahydrofuran. After 10 minutes, 21.1 ml of acetaldehyde is
added and the reaction mixture is stirred for 3% hours at 2°, The
reaction mixture is suBsequently evaporated on a rotary
evaporator under vacuum. The residue is then taken up in 250 ml
of ethyl acetate and mixed with 125 ml of water. The pH value is
adjusted to 8.4 with 2N NaOH whilst cooling with ice, and the
phases are separated. The ethyl acetate phase is subsequently
extracted with 25 ml of water. The combined aqueous phases are
extracted with 50 ml of ethyl acetate. The aqueous phase is
subsequently diluted with half the volume of acetone and the pH
is slowly adjusted to 3.5 with 1:1 diluted concentrated
hydrochloric acid. The crystalline suspension is held in the ice
bath for 3 hours whilst stirring occasionally, and the product is
then filtered off. It is washed twice, each time with 25 ml of

vater/acetone (1/1) and 50 ml of acetone and then dried in a



[err] 5 q: 1] wherein Ris a silyl

pr.ot ectd (R[err])[err]l or -P(O(ORerr])[err] and R4
is al an aryl group, wi th a base. 3. A process’
accordin ein the conmpound of formula I'll is produced by
the step conmpound of formula Il .

[err] - l1b - wherein Ris a silyl protecting

group w th & conpound of formula VI or VI |

vacuum drying chamber.

Example 5: 7-Amino-3-(3-acetoxy-l-propen—l-yl)-3-cephem—4-

carboxylic acid

A solution.of 941 g of 7-trimethylsilylamino-3-triphenyl-
phosphoniummethyl-3-cephem-4-carboxylic acid trimethylsilylester-
jodide in dichloromethane is evaporated under vacuum. The foam
resin obtained is dissolved in a mixture of 3900 ml of
tetrahydrofuran and 617 ml of N,0-bistrimethylsilyl acetamide.
The solution is cooled to -25° and mixed with a solution of 178 g
of 1,1,1,3,3,3-hexamethyldisilazane lithium salt in 325 ml of
absolute tetrahydrofuran. It is subsequently cooled to -30° and
then 388 g of acetoxy-acetaldehyde are added. After stirring for
17 hours at 0°, the reaction mixture is concentrated under
vacuum. The residue is stirred into a mixture of 3500.ml of water
and 3500 ml of acetic ester under pH control, whereby the pH
value is held at 6.5 with diluted ammonia. After phase
separation, the acetic ester phase is extracted with 1800 ml of
vater. The combined aqueous phases are extracted with 1800 ml of
acetic ester. The aqueous phase is diluted with 3500 ml of

= acetone and subsequently stirred into 250 ml of water, whereby

i& the pH value is held constant at 3.5 by adding diluted

\“Qg‘ﬂ;f hydrochloric acid in drops. The crystalline suspension obtained

S is stirred for 3 hours on an ice bath. The product is then
filtered off, washed with acetone and ether and dried in a vacuum

drying chamber.
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\/E . ;Idmer al kyl group or an aryl group. "
accordi (;Lr {3 in which steps i), ii) and i , H Mﬁg@iﬂﬂ
c5.t

cl ai s 2.are. etje(ted in the sane reaction vessel *

accorolng to cIa|n1T'mhvre|n one of R err] and R2 is hydr ogen and the
ot her T eforfond 2t S hydrogen, nethyl phenyl, 3-acetoxynet hyl,
4- et hyl - 1 3- thlazol 5-yl, 20

N- net hyl - N- et hyl - N—(carbannylnethyl) annnnlun}nethyl or 1,
5-dihydrox¥ﬁ§:gzr|don 2-yl.
al H

1. A process for the production of 3-vinylcephalosporin

compounds of formula I

N

04

COOH

vherein
R; and R; may be the same or different and denote hydrogen or an
organic radical, which comprises the step of i) reacting a

compound of formula IV

RHN S v
: of CH.X
COOR
wvherein
R is a silyl protecting group, X® is -P®*(R,); or
-y -P(0).(ORy);.Y, wherein R; is a lower alkyl group or an aryl

group and Y is a cation of the alkali series or the
protonated form of a strong organic base, with a compound of

formula V

vherein R; and R; are as defined above.

2. A process according to claim 1 wherein the compound of
formula IV is produced by the step ii) of reacting a compound
of formula IIT -



- 22 4;;;f{y§%§ggf formula 1V as defined in claim1l or a nmesoner
t her edf'} 7 7- Trlnetby si |l yl am no- 3- triphenylphosphoranylidenenethyl 3-
cephem 4- c2BRES 387 af H trimethylsilyleste

or a neso .
$mmﬁ%mx%mmﬁmmmm%w&-mmwmmm

- cephqm 4- carboxylic acid trimethy+sdll W ester-iodide. process f or
t he productlon of a 7-acyl anmi no- 3- cephem 4- -carboxyllc aci d which
conprises acylating a conmpound of formula | produced by a process of any
one of .clains 1 to 5. s III
RHN
(] _ CHz.x
COOR

wherein R is a silyl protecting group, ¥ is -P(R4)3I or
-P(0)(ORy); and Ry is a lower alkyl group or an aryl group,

with a base.

3, A process according to claim 2 wherein the compound of
formula III is produced by the step iii) reacting a compound

of formula II

RHN S II
8) CHy. I
. COCR
vhereln
R is a silyl protecting group vith a compound of formula VII or

VIII

P (Rg)s VII

P (ORg)s VIII
vherein

R, is a lower alkyl group or an aryl group.

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

same reaction vessel.

5. A process according to claim 1 vherein one of R; and R; is
hydrogen and the other of R; and R; is .hydrogen, methyl,
phenyl, 3-acetoxymethyl, 4-methyl-1,3-thiazol-5-yl,
N-methyl-N-ethyl-N-(carbamoylmethyl)-ammonium-methyl- or
1,5-dihydroxy-4-pyridon-2-yl.
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mula IV or IIl for the productlon of -

il

!
e e T

compounds of formula IV as defined in claim 1 or a mesomer

7-Trimethylsilylamino-3-triphenylphosphoranylidenemethyl-3-

cephem-4-carboxylic acid trimethylsilylester or a mesomer

Combounds of formula III as defined in claim 2.

7-Trimethylsilylamino-3-triphenylphosphoniummethyl-3-

-cephem-4-carboxylic acid trimethylsilylester-iodide.

A process for the production of a 7-acylamino-3-cephem-4-
-carboxylic acid which comprises acylating a compound of

formula I produced by a process of any one of claims 1 to 5.

XERLACEMENT ULE’!A
11. Use off ¢ “CE Iﬁd‘\& :
7- acyl ani#io
p
;.. poyiguisint |
6.
thereof.
7.
thereof.
i 8'
9.
10.
11,

Use of a compound of formula IV or III for the production of

a 7-acylamino-3-cephem-4-carboxylic acid.
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L—”NEW”PKEE§§E~F5§ THE PRODUCTION OF CEPHALOSPORINES AND.

NOVEL INTERMEDIATES IN THIS PROCESS

ABSTRACT OF THE DISCLOSURE

The invention relates to a new, economical and simple process for

the production of 3-vinylcephalosporin compounds of formula

HoN t S Ry
) ' Ry I
COOH

wherein R; and R; may be the same or different and denote

hydrogen or an organic radical.



