This invention relates to a process for the production of a highly pure
7- al pha- am noacyl - cephal ospori ns ot her than :7-al pha-am noacyl - .
desacet oxycephal osporins, hereinafter referred to as conpounds of the
i nvention which on the industriral scale is econonmical to operate, and is
environmental | y acceptabl e, avoiding the use of hal ogen-containing sol vents
such as nethylene chloride. Many processes have been investigated for the
i ndustrial production of the conpounds of the invention. Such processes
. must neet the necessary criteria for adoption on a conmercial scale e.g.
hi gh yield, econony and ease of operation, including easy and effective
purification of the end product, and few reaction steps. Processes which
have been operated commercially on a |large scal e have required.the use cﬁ{_
hal ogen- cont ai ni ng sol vents such as nmethyl ene chloride, despite the fact ™+
that these solvents are difficult to recycle or dispose of in an
environnental |y acceptabl e manner. The conpounds of the invention produced
al so inevitably contain trace amounts of solvents and in the case of
hal ogen-cont ai ni ng sol vents such as nmet hyl ene chloride, this is undesirable

since there E\a @.Q?Cﬂkﬁ?ﬁ nthe literature
there is no general or clear teaching of how-varying reaction conditions,
reactants, solvents or other factors in the synthesis of the conpounds of
the invention and their solvates affect yields, purity etc. This may be due

to the fact that .the Qe halos or.i n nucl eus very | abil.e ever,al .reactive
o et 1 o5 ar T HRICI PR CRIRERS £ AUCBES dorphia Papdbieisa ot°d Higny
pure 7-alpha-amincacyl-cephalosporins other than 7-alpha-amincacyl- &

desacetoxycephalosporins, hereinafter referred to as compounds of the
invention which on the industrial scale is economical to operate, and

is environmentally acceptable, avoiding the use of halogen-containing -
solvents such as methylene chloride. -
Mahy processes have been investigated for the industrial production of

the compounds of the invention. Such processes must meet the necessary
criteria for adoption on a commercial scale e.g. high yield, .economy

and ease of cperation, including easy and effective purification of

the end product, and few reaction steps. Processes which have been

operated commercially on a large scale have.required the use of -
halogen-containing solvents such as methylene chloride, despite the
fact that these solvents are difficult to recycle or dispose of in an -
environmentally acceptable manner. The compounds of the invention

produced also inevitably contain trace amounts of solvents and in the

case of halcgen~containing solvents such as methylene chloride, this

is undesirable since there are fears that these could be carcinogenic. -

In the literature there is no general or clear teaching of how varying
reaction conditions, reactants, solvents or other factors in the
synthesis of the compounds of the invention and their solvates affect
yields, purity etc. This may be due to the fact that the cephalosporin
nucleus is very labile, several reactive moieties are present. The art
is thus very empirical. '
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4073902 cefroxadine is prepared in nethylene chloride by

xed ranhydri de of an am no protected a-am no-a- (1, 4-

yl) acetic acid with 7-am no- 3- nmet hoxy- 3- cephem 4- carboxylic
met hyl ester and subsequent renoval of the protecting groups.

c acid and a N-trityl amno acid with 7-am nocephal osporanic
oform (yield 29,5% and thereafter renoving the trityl group
with acetic acid (yield 37,8% or by hydrogenolysis w th
carbon (yield 7,1% . USP 3925372 describes the synthesis of
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or by hydrogenolysis with palladium on carbon (yield 7,1%).

USP 3925372 describes the synthesis of cefaclor in toxic acetonitrile.
The cephem nucleus is first silylated and reacted then with a mixed
anhydride formed from chloroformic acid ester and a Dane salt. The

yield is low, 44%.

- Methylene chioride is a widely used solvent because of its physical

properties e.g. low boiling point, thus easy removal. Despite these

advantages the use of methylene chloride and other halogen containing
solvents have been criticised for years. Environmental problems arise
in its use since methylene chloride is not biologically degradable.
Emission controls on manufacturing plants using chlorinated
hydrocarbons are contemplated. Various Pharmacopeia Commissions are
considering the possibility of reducing methylene chloride residues in
pharmaceuticals. The problem is especially acute for antibiotics since-
the proposed limits of 100-500 ppm residual methylene chloride is far
exceeded in the case of antibiotics (usual values 1000 to 3000 ppm) .

There was thus a clear need to find alternative industrially viable
‘syntheses of the compounds of the invention. After exhaustive testing
we have found a new synthesis for the production of these campounds
which possesses a number of significant practical and economic



we have found a new synthesis for the production of these conpounds which
possesses a nunber of significant practical and econom c’ - 3 -
advantages in industrial use. W have surprisingly found that it is
suitable for a very wide variety of cephens with a wide variety of 3-
substituents. It uses only solvents whitR do not contain hal ogen atons and
are environnentally acceptable, gives high yields of at |east 80 to 85 per
cent or, in sone cases, even over 90 per cent and produces highly pure
products. It al so obviates the need for equi pnent for generating vacuum

seal i ng andd@ita?ys ﬁhohkmlz ﬁiamuw Weshive §1ﬁ@ﬁfshﬁ;lly$ﬂmﬁﬁ that iacHf gni trile
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Accordingly in another aspect the invention provides a process for the
production of a compound of the invention without the use of a
halogen-containing solvent which comprises the ste;ﬁs of (i) producing

a mixed carboxylic acid anhydride by reacting an N-substituted vinyl
alpha-amino acid with an appropriate acylating ,ager;t_. in a solvent

which does not contain ha_logeri atoms and which is water-immiscible or
sparingly soluble in water, and (ii) further reacting the resultant

mixed carboxylic acid anhydride with a 7-amino-ceph-3-em-4-carboxylic

acid or a derivative thereof in a solvent which does not contain

halogen atoms. | _ o .

In particular the present invention provides a process for the
production of a cephem of formula I

R-'CH-CONH Y .
T
2 0 [\ I~ R] |
COOR2 _
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productlon of a cephen1of formula-b. % .4 mhereln R ‘is phenyl,

4- hydr oxyphenyl or 1, 4- cyclohexadlen 1 yl Y I s oxygen, sul phur or
nmet hyl ene, [err] i s hydrogen, hal ogen, afkoxy, ethyl, a group of
formula [err] [err] [err] wherein R3 and [err].which may be the sane

or different, are hydrogen, a ([err])aliphatdc, [err]CycIoallphatlc

([err]) araliphatic, ([err]).aromatic, cyano or |ower al koxycarbonyl ; or a
group of fornula [err]. wherein Z has of the foll oWisng neanings a) a group
of formula -N (R5)n wherein nis O or an integer froml to 5 and [err],

whi ch when n igef& 2 to 5 my be the sane or different, is an aliphatic,
an aryl, an araliphatic, alkoxynmethyl, fornyl, acyloxy, acyloxynethyl

esterified caRooxyl: &f WbepyL raﬂyhﬂ??xmeﬁk'kc%yl fiovglehexadienyrihi o:
aral kyFt hio; ay ano, hyslrexp¥en,C 8ulHiRYér methylene,

Ry is hydrogen, halogen, alkoxy, ethyl, a group of formula
R3
/
-CH =C
\.
W,
wherein
R3 and R4, which may be the same or different, are
hydrogen, a (Cj-g¢)aliphatic, (Csz-7)cycloaliphatic,
(C7-10)araliphatic, (Ce-12)aromatic, cyano or lower
alkoxycarbonyl; .
or a group of formula -CH;Z,
wherein 2 has of the following meanings
a) a group of formula
-N
\ |/
(Rs)n

wherein

n is 0 or an integer from 1 to 5 and Rs, which when n is from 2 to
5, may be the same or different, is an aliphatic, an aryl, an
araliphatic, alkoxymethyl, formyl, acyloxy, acyloxymethyl,
esterified carboxyl; alkoxy, aryloxy, aralkoxy, alkylthio,
arylthio; aralkylthio; cyano, hydroxy, carbamoyl,
N-monoloweralkylcarbamoyl, N,N-diloweralkylcarbamoyl,



" N-nonol ower al kyl car banoyl, N, N-di | ower al kyl car banoyl , - 5 -
N-(hydroxylomeralkyl)carbannyl or carbanoyl | oweral kyl group; b) azido; c)
am no or acylam do; d) a derivative of a residue of a nucl eophil e obtained
by reacting a conpound, wherein Z is azido with a acetylenic, ethylenic or
cyano di pol arophile (e.g. as disclosed i n-UR 4,024,133, the contents of
whi ch are incorporated herein by reference), e) a group of formula [err]
[err] [err] wherein [err] and [err], which may be the same or different,
are sel ected from hydrogen, cyano Iomer al kyl, phenyl, substituted phenyl,

I | k I .
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hydr ogen, | ower al kyl, phenyl; substltuted phenyl , aryI Iomer al kyl and,
[err] or [erm) q%ghgalkyl f) a group of fornula [err] wherein RO is amv
al i phati c, arallphatlc allcycllc aromatic or heterocyclic group, and mis*
0, 1 or 2

c¢) amino or acylamido;

d) a derivative of a residue of a nucleophile obtained by reacting a

- compound, wherein Z is azido with a acetylenic, ethylenic or cyano

dipolarophile (e.g. as disclosed in USP 4,024,133, the contents of
which are'incorporated herein by reference), '

e) a group of formula
Rg -
!
- C- CORg T
|
Ry
wherein
Re¢ and Ry, which may be the same or different, are selected from
hydrogen, cyano, lower alkyl, phenyl, substituted phenyl, lower
alkoxycarbonyl, mono- or diaryl lower alkoxycarbonyl, lower N
alkylcarbonyl, aryl lower alkyl and Cs or Cg¢ cycloalkyl and \;;

Rg is hydrogen, lower alkyl, phenyl, substituted phenyl, aryl lower
alkyl and Cs or Cg cycloalkyl;

f) a group of formula
-S (O)ng
wherein

Rg is an aliphatic, araliphatic, alicyclic, aromatic or heterocyclic
group, and m is 0, 1 or 2;



5

-6 - g) agroup of formula [err] wherein [err] is hydrogen, |ower alKkyl,

| ower al kenyl, |ewer ‘al kinyl, |ower cycloal kyl, [ower cycloal kyl | ower

al kyl, aryl, aryl lower alkyl, a heterocyclic group or a heterocyclyl |ower
al kyl, which may be optionally substituted by one or nore | ower al koxy,

| ower al kyl thio, hal ogen, |ower alkyl, nitro,=Hydroxy, acyloxy, carboxy,
carbal koxy, |ower alkylcarbonyl, |ower alkylsulfonyl, |ower alkoxysulfonyl,
amno |ower alkyl amino or acylam do groups, h) acetoxy; i) a group [err]
wherein [err] is ia) a strai'ght or branched chain alkyl group of 1 to 7
carbon atons, which may be interrupted by oxygen, sulfur or imno, and
substituted by cg?no carboiyéﬁp koxycar bonyl , hydroxy, carboxycarbonyl,
hal ogep or ami no; br anched chai n al kenyl group of 2 to 7
carbon’étons mhlch may be interrupted by oxygen, sulfur or imno; ic)
optionally substi t ut ed aryl or heterocy, yI or cycloal kyl; id) arylalkyl,
het erocycl yl -al kyl or cycl oal kyl al kyl , °ch nay be substltuted in the
ring; j) a groupwbdrefiornula [err]

Rio is hydrogen, lower alkyl, lower alkenyl, lower alkinyl, lower
cycloalkyl, lower cycloalkyl lower alkyl, aryl, aryl lower alkyl,
a heterocyclic group or a heterocyclyl lower alkyl, which may be
optionally substituted by one or more lower alkoxy, lower
alkylthio, halogen, lower alkyl, nitro; hydroxy, acyloxy, carbozxy,

Do cérbalkoxy, lower alkylcarbonyl, lower alkylsulfonyl, lower
alkoxysulfonyl, amino lower alkyl amino or acylamido groups,
h) acetoxy;
i) a group -0COR;;, wherein R;; is )
LY
ia) a straight or branched chain alkyl group of 1 to 7 carbon
atoms, which may be interrupted by oxygen, sulfur or imino,
and substituted by cyano, carboxyl, alkoxycarbonyl, hydroxy,
carboxycarbonyl, halogen or amino;
Y ib) a straight or branched chain alkenyl group of 2 to 7 carbon

atoms, which may be interrupted by oxygen, sulfur or imino;
ic) optionally substituted aryl or heterocyclyl or cycloalkyl;

id) arylalkyl, heterocyclyl-alkyl or cycloalkylalkyl, which may
be substituted in the ring;

j) a group of formula

-0-C0AR; 2
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- 7 - wherein Ais oxygen, sulfur or imno and [err] is hydrogen, nethyl or ~
[err]; k) a group of fornula [err] wherein Qis fluorine, chl,orine, bromne
or iodine and mis an integer of 1 to 4, and R2 represents hydrogen, a
cation, a carboxy-protecting group or [err] is [err], when [err] is a
positive charged group, wthout the use of- Hatogen- cont ai ni ng sol vent whi ch
conprises the steps of (i) producing a m xed carboxylic acid anhydride by
reacting a N-substituted vinyl alpha-amno acid with an appropriate

acyl ating agent in a solvent which does not contain hal ogen atonms and which
IS water-inmm sci gher&in sparingly soluble in water, and (ii) further
reacting the resul tant m xed rboxyli,c acid anhydride with a conpound of
formula Il [err] p{é?r‘]xyﬂﬁ%'ré‘?ﬁgf%f’ﬂ T‘réfr] are as defined above and,

[err] is hydrogem,9risihydrogend metaglnoxr R{piecting group in a sol vent WhT ch
does not contai n hal ogen .

k) a group of formula
~0CONH (CH2) nQ

wherein Q is fluorine, chlorine, bromine or iodine and m is an
integer of 1 to 4,

and

R, represents hydrogen, a cation, a carboxy-protecting group or
CO0R; is C00-, when R; is a pqsitive charged group,
without the use of halogen—containing solvent which‘bomprises the
steps of (i) producing a mixed carbokylic-acid anhydride by
reacting a N-substituted vinyl alpha-émino acid with an
appropriate acylating agent in a solvent which does not contain
halogen atoms and which is water-immiscible or sparingly soluble
in water, and (ii) further reacting the resultant mixed carboxylic -
acid anhydride with a compound of formula IT

R'NH Y

~N = II

wherein Y, R; and R, are as definéd above and R’ is hydrogen or an
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atons. Preferred values for [err] are hydrogen hal ogen, al koxy, a group of
formul a - CHECHR3wherei n [err] is hydr ogen,. ([err])al kyl or a
([err})aromatic or [err] is a group of fornula [err] wherein Zis a group
of fornula [err] in which [err] is a hetero%ycllc group or Z is acetoxy. In
the definition of[err], the tern1"heterocyc| I ncl udes single or fused
rings conprising up to four hetero atons in the ring selected from oxygen,
ni trogen and sul phur and optionally substituted upito three ([err]) alkyl,
([err]) al koxy, halogen, trihalo-([err]) alkyl, hydfoxy, oxo, mercapto,

am no, carboxyl, amamdproyectidg-ddoeprin aasdlywent ammb ,doear tokx gomttaliy| halogen
car banoyl net hyl , g onethyl and net hoxy- carbonyl am no. Exanpl es of

het er ocycl e i ncl §a&™insubstituted and substituted i m dazol yl, diazolyl,
trlaon§I tetrazolyl, thiazolyl, thiadiazolyl, thiatriazolyl, oxazolyl,

oxadi azol yI be”@k@féﬁéﬁ'w)’dlue?e%%oﬁf‘za‘?:layﬁydrgS%Othgi&ﬁ‘ﬁl yilkoxy, a group F
trlazolylpyrldyl puri nyl ri pyri m di nyl yrlda2|nyl pyraz and

triazinyl. Suita P@mﬂéterocycles i ncl ude unsubstituted and substltuted -
9 - 1,2,3-triazolyl; 1,2,4-triazolyl; tetrazolyl; oxazolyl; thiazolyl;

-CH=CHR;3

wherein_R3 is hydrogen, (Ci-g)alkyl or a (Cg-12)aromatic or Ry is
a group of formula

-CH,2
wherein Z is a group of formula

-5Reg '

L §

in which Ry is a heterocyclic group or 2 is acetoxy.

In the definition of Ry, the term "heterocycle™ includes single or

fused rings comprising up to four hetero atoms in the ring selected

from oxygen, nitrogen and sulphur and optionally substituted up to
L three (Cj-4)alkyl, (Ci-4)alkoxy, halogen, trihalo-(C;-g4)alkyl,
hydroxy, oxo, mercapto, amino, carboxyl, carbamoyl, di-(Cj.4)alkyl-
amino, carboxymethyl, carbamoylmethyl, sulfomethyl and methoxy-
carbonylamino.

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

Suitable heterocycles include unsubstituted and substituted
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1, 3, 4-oxadi azol yl; 1,3,4-thiadiazolyl or 1,2,4-thiadiazolyl. Preferably the ’
het erocycle is 1-methyl-Htetrazol -5-yl, 2-methyl-1,3, 4-thiadiazol-5-yl,

1- car boxynet hyl - 1H-tetrazol - 5-yl, ' .
6- hydr oxy- 2- met hyl - 5- oxo-2H 1, 2, 4-triazin-3-yl and 1, 2,3-triazol -5-yl.
Particularly preferred values for [err]=d&e 1-nethyl-IHtetrazol-5-yl and
1,2,3-triazol-5-yl. As used herein "aryl" or "aromatic" is preferably
phenyl, and al kyl preferably is [err] alkyl. In the definition of R2 a
cation includes an al kali netal ,an al kaline earth netal, anmoni um or

subst | tut ed za,rsnt@iaumyi’hq Rpa+ori 5%1M¥Ytéﬂrﬁtt@m:: %ﬁ?’%" tl;ll_ﬁ‘domﬁEﬁ f
conventional . s ctin ups., e.g. tr Silyl. e process o
the i nvent 49}‘{‘5@%28#& h ?’n% B’r%%ﬁ?%ﬁoﬁ %/&hdgdéa&}o} ity of <

7- al pha- arrPneﬁr;ablpe:[hbahetepocycie ie. 1gmew1a¢m-metrm1ha+ml ycin,

cefatrizin 0 o]

N- subst i tu?e'a&\?&@ ! zi]'aggéér?(’)l gcl}l i-éa%?%ﬁ&ﬁ#-nl?g%@ 2011 %ngr 'in the

am no grouﬁ‘hwmosYaZ-mebhﬂcﬁrW-Qﬂobﬁ &stle-agln'rl-mbta'idxMkﬁbbmalzob'rimén 2-yl,

1- et hoxycar bonyl - propen 2-yl, I-acetyl propen-2-yl, 1-benzoyl - propen-2-yl,

1- (4- et hoxy- benzo - pr open-

1- (2, 6- di MBBHEARLB ewf;erﬁe%ﬁ@%mzs yﬁor Bnara kusshylrdidetypsl-SarbRadani no
acid can be, gmplteyssbias-yit,s salt. Exanples of a salt are potassium sodium
di cycl ohexyfammnl um N-net hyl pi peridi ni um or N nethyl nor phol i nium salts.
Preferably salts are enployed, nore preferably Dane salts. Exanples of Dane
sal ts suit abl esddohetdia Parydticdr daradfatde? asl prefecaiplyapberwlci are atlegflatri zi ne.

or cef roxagw@eﬂagﬂ, Lﬂe( 10.(1')9ﬂﬁr pot assi um L

In the definition of Ry a cation includes an alkali metal, an alkaline

earth metal, ammonium or substituted ammonium. The term "carboxy s
protecting group" includes conventional silyl protecting groups, e.g.
trialkylsilyl. | ) .

The process of the invention is useful for the preparation of a wide
variety of 7-alpha-aminoacyl-cephalosporins, e.g. cefaclor,

cephaloglycin, cefatrizine, cefroxadine, cefprozil or loracarbef.

Examples of a N-substituted vinyl alpha-amino acid are alpha-amino
acids, wherein the amino group bears a protecting group as e.g. _ k;?
1-methoxycarbonyl-propen~2-yl, l-ethoxycarbonyl-propen-2-yl,
1-acetyl~propen-2-yl, 1-benzoyl-propen-2-yl, 1-({4-methoxy-

benzoyl) ~-propen-2-yl or 1-(2, 6~dimethoxy-benzoyl)~propen-2~-yl.

The N-substituted vinyl alpha-amino acid can be employed as its salt. }
Examples of a salt are potassium, sodium,.dicyclohéxylammoniumy
N-methylpiperidinium or N-methylmorpholinium salts. Preferably salts

are employed, more preferably Dane salts.

Examples of Dane salts suitable for the production of cefaclor,
cephaloglycine, cefatrizine or cefroxadine include sodium or potassium



-10- D-N- . (1-ethoxycarbonyl propen-2-yl)-a-am nophenyl acetate, sodium or

pot assi um D-N- (1< et hoxycar bonyl - propen-2-yl ) - a- am nophenyl acet ate, sodi um
or potassium D-N-(1- nethoxycarbonyl propen-2-yl)-a-am no-p-

hydr oxyphenyl acetate, or sodium or potassium D-N-(1- £1 hoxycar bonyl -

propen- 2-yl)-a-am no- p- hydroxyphenylacetate- odi um or " pot assi um

D- N- ( 1- net hoxycar bonyl propen- 2-yl ) -m am no- 2- (1, 4- cycl ohexadi en-1-yl ) -
acetate. The acylating agent is for exanple a reactive acid derivative of a
C4 - [err] acid. Suitable reactive derivatives include acid halides, e.g.

an acid chlori gey- (Iih.ﬁea&‘dxgvcgf’dan eﬁ‘-LZ-l?}i?id-%m hﬁﬁf a'c@taﬁ%r cﬁ’fﬁﬁt oFf

acid. The acid may he for “exa al kanoi c aC| suc |c aclid or
2- et hyl;hexanoi 8Os }-Nrddre equaébar&xlapﬁ%gﬂnc%mlarﬁ-aaﬁn@&mlaqetatm

e.g. benzoic a%bdmnPbe;ﬁitlégéhxﬁhCﬁLWi(llﬂgnéﬂeﬂiéar%%l@h:dﬁérﬂﬂquhhﬂém@ler p~
2-‘et hyl - hexano chl o chlori tively the | ati ng

d.b
agent may be a¥’¥ﬂ¥‘?¥ry8F‘ yﬁ'ﬁgg%?&ezné‘?@?l%?ﬁrm és%f“mert’ﬂf/l uc‘?ﬁh(??‘iﬁ‘?a&lbﬁ%%/]e The
for ””'3 ?f tgepgoyaﬁZaynhy-dFamﬁmm-ls-meé:qm?bhy/la&etéud,I Sodium[ & pbtagsdomi n R
is as define v e
I s hydrogen or [er@ m{egﬂﬁxyﬁ?&a& %gt%yllg 5@%’6‘92 f ?ﬁlhge aaz%'lgp%
group, preferabcgtatethyl or ethyl; a ([err]) al koxy group preferably

met hoxy or et hoxy; phenyl optionally substituted by al koxy, [err] is an

al i phati c, allc clic, or aromatic group, e.g.
The acylatlng agent is for example a reactive acid derivative of a C,4

- C¢ acid. Suitable reactive derivatives include acid halides, e.g. an
b acid chloride. The acid may be an aliphatic, alicyclic, or aromatic
acid. The acid may be for example an alkanoic acid such as pivalic
- acid or:2-ethylhexanoic acid. If desired the acid may contain an
aromatic ring, e.g. benzoic acid. Preferred acylating agents are
pivaloyl chloride, 2~-ethyl-hexanoyl chloride and benzoyl chloride.
Alternatively the acylating agent may be a chlofofg;mic acid alkyl

ester, e.g. ethyl chloroformate.
The formula of the mixed anhydride is preferably as follows:
R~CH (CO~0~CO~R; ¢) ~NH~CR; 3=CR1 4~COR; 5 | I

. wherein R 1is as defined above,

‘Riy3 is a (Ci-3)alkyl group, preferably methyl,

Ri4 is hydrogen or (C;-3)alkyl group, preferably'
hydrogen,

Rys is a (Ci-4)alkyl group, preferably methyl or ethyl;
a (Cy-4)alkoxy group, preferably methoxy or ethoxy;
phenyl optionally substituted by alkoxy,

Ri¢ is an aliphatic, alicyclic, or aromatic group, e.g.
a (C3z-g)alkyl group, or preferably phenyl or
l-ethylpentyl, or especially tert-butyl,

and preferably wherein the amino group and the carbonyl group



v

a [err]al kyl group, or preferably phenyl or 1-ethylpentyl, or especially
tert-butyl, and preferably wherein the anmi no group and the carbonyl group
attached to the doubl e bond have the cis configuration. A small anount of a
free [err] acid may al so be present in the production of the m xed
anhydride. The acid is for exanple a [ert} -acid. The acid may be for
exanpl e an al kanoic acid such as pivalic acid or 2-ethyl hexanoic acid. If
desired the acid may contain an aromatic ring, e.g. benzoic acid. The side
chain of the free acid may be the sanme or different to that of the

acyl ating agegttachBg t¥ €h€'doarld wofd ative tie dietdemEidtadiinc acid or pivalic
acid. As indicated above in step i) there are used solvents which do not )
contai n any hal ogen atons. The term "sparingly soluble" includes solvents
whi ch are A smelllmeusty of! a grek\Csel Oplaeid mayabkso bé&x@reserts iaf timuch solvent s

ow di of clPPRCEisRepE b o SffsIGH. 7R did il Rol el g 080 00T

hydr ocar boarsd. Exeenptisd mayddeu dfor rexaiple paralkanpic peigewoheas pivaliicas net hyl

i sobut yl QN ol , 165 4 eﬁ%y1 :ers ] al kanoi ¢
acid but yrféégtg S(?h g%@ﬂggﬁlg%%@'aégt%% gfé(ig}rléé?gr?é?t e 'EléBnAt)a,Bﬁ[Jedrr] al kanoi c
aci d propyarogatiq $ingcie.gs hesepioppidcet ate and tol uene. Preferred sol vents

i nclude M BK, NBA and i sopropyl acetate. Naturally the solvent system used

in step i) _may,contajn re than one solvent, provide hat

hal ogen- c%a%#%é@’cﬂ Pénthe Iree r?&f;‘glﬁaé’dl?e The ane’of ﬂf&erent_ to that
of the acylating agent. The preferred free acid is 2-ethylhexanoic _
acid or pivalic acid. _ o A d

As indicated above in step i) there are used solvents which do not
contain any halogen atoms. The temm "sparingly soluble" includes
solvents which are insoluble or siightly soluble in water. Examples of
such solvents whieh are waterQimmisciblé or sparingly soluble in water
include those of low dielectrig'¢¢n§t§nt, e.g. appr;priate ketones,
esters and aromatic hydrocarboﬂs, Examples include methyl-(C,_4)alk-
yl-ketones, such as methyl isobutyl kétdne (hereinafter MIBK),
di-(Cz-4)alkyl-ketones, (cl_a)glkanoid'acid butyl esters such as
n-butyl acetate (hereinafter NBA); (Qi-s)alkanoiC'acid propyl esters
such as isopropylacetate and toiuene. Preferred solvents include MIEK, =T
NBA and isopropylacetate. .

Naturally the solvent system uséd in step i) may contain more than one
solvent, provided that-halogen-cqntaining.solvents are not used.

.The solvent used in the fbrmati@nlof the mixed anhydride step may
comprise one or more solvents, g;pviQed that the system as a whole is
water-immiscible or sparingly soluble in water.

Thus if desired a small amount of a co-solvent may be present in step
i) which improves or activates the reaction of -a Dane salt with the
acid halide or other acylating agent.



The sol vent used in ‘the fornatlon of'the n1xed anhydri de step may conprise
one or nore solvents, provided that the systemas a whole is

wat er -i mm sci bl e or sparlngly solubl'e in water. Thus if desired a small
anount of a co-solvent nay be present in SLEﬁ%I) whi ch i nproves or
activates the reaction of a:Dane salt wth 't Tacid halide or other

acyl ati ng agent. - 12 - v¢ prefer to use as a co-solvent an organic

am de such as a formam de oﬁ.an acetam de, or thei¥ ‘N-nmono or N, N-di net hyl
derivatives, e.g. dinethyl for manm de, or pr ef er abl y“N- et hyl acet ami de,
NN-dinethyIacetanide or N-nethylpyrrolidine or tetranethylurea. Also a
pranched chal erbeaiia! ;5 4R 89 o S00I0BN0 LY Gecaild Ahe SUERTA Atdrndnbioe
e.g. atertiary ase resent as a m xed carboxy

aci d affydri I ap mtémldePr@f égﬁéﬁ Nemerd y’St%N"ﬁém%l Parivatiaes, feol-

exanmpl e a pi CQiﬂnBﬁ:ylefGrma%ridé” 04 p&é‘fgkémiﬁ N%etﬁyiéﬂe‘tgm The formation of
the m xed carboxyljc aci d anhydride enper at-ur es,

from-50 to [&rFTaingthyiacetapidsy yoF INoﬁé/t[rﬁﬁlPYr@&lf’éﬁ pr t%‘iéa‘b‘?tﬁéi&‘&eaofmssloep
i) is generallay baamdett ¢i1n0410dh6 L HUCASILAsGpropasoITiiseshieablmxyl i c acid
anhydri de which can be used further as such. If desired this anhydride may
be mai ntai ned between step i) and step ii) at fromca. -60 to [err]. The
step ii) is arPrafgtabilyom basactd.gn ofteatiargnamimechade, 3iemprésentcas Xyl ic

acid, in part ic%ﬂ!af}?stogfo? H&S%g&%%%mi@{dm' Qnﬂfdrm %Qnﬁaﬁ:ion. Preferred
catalysts.include pyridines, for example a picoline, e.g. 3- or
) 4-picoline, or a lutidine. )

The formation of the mixed carboxylic acid anhydride may be effected,
e.g. at temperatures, from -50 to 50°C, and preferably from -40° to
0°C.

The product of step i) is generally a solution or a suspension of the
mixed carboxylic acid anhydride which can be used further as such. If
desired this anhydride may be maintained between step i) and step ii)
at from ca. -60° to -20°C.

The step ii) is an acylation reaction of a 7-amino-ceph-3-em-4-
~carboxylic acid, in particular of a compound of formula II which is
preferably in salt form. .

Conveniently a solution of the salt of a 7-amino-ceph-3-em~4-carboxy-
lic acid, in particular of a compound of formula II is added to the
reaction mixture resulting from the mixed carbdxylic acid anhydride
formation. Alternatively a N-silylated 7-amino-ceph-3-em-4-carboxylic
acid, in particular a N-silylated compound'of formula II may be
employed (R’ is a silyl protecting group e.g. trialkyl(C;-4)silyl).



preferably in salt form Conveniently a solution of the salt of a

7-am no- ceph-3-em 4-carboxy- lic acid, in particular of a conpound of
formula Il is added to the reaction mxture resulting fromthe m xed
carboxylic acid anhydride formation. Alternatively a N-silylated

7-am no-ceph-3-em 4-carboxylic acid, iA Articular a Nsilylated conpound
of formula Il may be enployed (R is a silyl protecting group e.qg.
trialkyl[err] silyl). - 13 - Thus the solvents indicated above as
preferably used for the mxed carboxylic acid anhydride formation are al so

conveni entypys pt{tfes@&ivén@B i)}x?rxé%@daéb&}% 8t fér%lgaﬁéeg%o@ the mize

7-am no- ceph- 3-em4-car I c acl d, arti cul a conpoungdof formul a*
Il is prefdaraoriiirmcidsanhdride épr@i@ﬁewﬁoalw copvenigaityc pEefertnin i scj bl e

with the sgkvenlatysd @fepised in the mxed carboxylic acid anhydride stp

and not containing hal ogen atoms. The solvent systemused for dissolving or~

suspending the salt of a conpound of formula Il is preferably an al kanol,

e.g. ([errihpasdanet,a G-&mxﬁt—b@TﬁB-emdcﬁbb&?Ithm@, ierpdrtatkdarodt ae. 9.

but anol or eci a panol on, iyn.combination with a solvent

usea i scgien pr rm gt i ReprSBRITR nlschle iR e, PispSphifectn n

desired srurlghnmmuhtentomsmplem}:ylatmeaamlvenacswtem gisel- it bhé mixedoi c aci d

may be ad e, ¥ _ t é?ﬁ 4-

- car boxyl :i%‘,i_g%,&d_ﬁb %&ﬁéﬁ"?ﬁ?aﬁ tsg esi&gor}rérg)u%g ?‘%‘%Qﬁiﬁ? %E&%}nd sol vent .
The solvent system used for dissolving or suspending the salt of a
compound of formula I1I is'prefgraply an alkanol, e.g. (C;-C4)alkanol,

e.g. ethanol, and preferably a“(C3-4)alkanol, e.g. butanol or
especially isopropanol, optionally in combination with a solvent used
in step i). '

If desired a small amount of water may be presenf.

If desired small amounts of a (C4-g)alkanoic acid e.g. 2-ethylhexanoic
acid may be added to the mixture of the salt of a 7-amino-ceph-3-em-4-
-carboxylic acid, in particular of a compound of formula II, and
solvent.

Preferred salts include seconda;y or tertiary amine salts e.g. k.)
1,8-diazabicyclo[5, 4,0]undec-7-ene or tetramethylguanidine.

Suitable reaction temperatures for the acylation step may be from
about -60°C to room temperature, preferably at or under -15°C.

The reaction mixture of the acylation step may be worked up in
conventional manner. The protected 7-a1§ha-aminoacyl-cephem may be
deprotected using known methods. The substituted v1nyl group may be
split by hydrolysis in aqueous acid.



Preferred salts include secondary or tertiary amne salts e.g.

1, 8-di azabi cycl of'5, 4, 0Jundec-7-ene or tetramnethyl guanidine. Suitable
reaction tenperatures for the acylation step may be from about -60C to room
tenperature, preferably at or under [err]. The reaction m xture of the
acylation step may be worked up in convent irohhl” manner. The pr ot ect ed

7- al pha- ani noacyl - cephem may be deprotected using known net hods. The
substituted vinyl group mayi#be split by hydrol ysisiin aqueous acid. - 14
- The final product may be isol‘ated in conventional+manner, by adjusting
pH Purity rrayrri@]?fim:lypfd@bt :padyg.be aiyg\‘zetaﬁ%l aamhmhﬁl :m\nﬁendbptam_yting
contain traces sal.ven esi due ut is_free.fLomhal ogen-gcont ai nin
solvent. In a g ‘e?‘érrlrtgdméé'nESd‘anﬁi%eel%’vgﬁ?‘feorqgf)‘r (r)&}?dlés? ﬁtﬁﬁfgﬁ%cg“sctf t he
product™ on of contairmpduacksobftsvdventy eesiduesw bitods free fiom of a

haIogen-contaﬁggp?%gggxéﬂ&iﬁ?h&ﬁvgﬁﬁPrises the steps of i) producing a

m xed aci d anhy by reacting substituted vinyl al pha-am no acid
wi th an appropriate acylating agent in a solvent which does not contain

hal ogen at ons @ngd pyirePrd eMBdAmehtEha CideRt in PPEViBS| Y ppoddsl £oi Rh¥at er,
and (ii) further regcting the res;ltant m xed ,aci d,_anhydride with a salt of
a 7-am no- cepPrIRCRIAN O FocomAound Qi the IFEERLALR; YithORe tBEUSe1F & o) vent
whi ch does nothaczlegér&icenmlneﬁgrsoabm whi?ﬁ@ﬁﬂpri&&stﬂm Step8ust 119 Npfduaing aI
starting materi.al ;used in the process of the invention, .e g. .the Dane salt,
T ot varti oliAPt g R b CrrRE e S-S EIF o B PR e ARG
anal ogous manreeidtwithnamrappropriate acylating agent in a solvent which does not
.~ contain halogen atoms and which is water-immiscible or sparingly
soluble in water, and (ii) further reacting the resultant mixed acid
anhydride with a salt of a 7-amino-ceph-3-em~4-carboxylic acid or

derivative thereof in a solvent which does not contain halogen atoms.

Insofar as the production of any starting material used in the process
of the invention, e.g. the Dane salt, is not partiéﬁlarly described
herein this is known or may be made in analogous manner to known
processes. '

The following non-limitative examples illustrate the invention. All
temperatures are in degrees Centigrade and are uncorrected.



processes. The following non-limtative exanples illustrate the invention.

Al tenperatures are in degrees Centigrade and are uncortected. - 15 -
In the exanpl es the foll owi ng abbreviations are used: NBA = .
n-butyl acetate |PA = isopropanol Dane salt A = Potassium

D-N- (| - et hoxycar bonyl propen-2-yl)- a-arm B8phenyl acetate Dane salt B =
Pot assi um D- N- ( 1- et hoxycar bonyl propen-2-yl)- a-am no- p- hydroxyphenyl acet ate
DBU = 1, 8-di azabicyclo [5, 4, 0] undec-7-ene TM5 =

t et ramet hyl guani di ne TEA = triethylam ne 7-ACA =

7- am nocephltpepetampiles ahedfol166{dy abbreviafions are used:

3-chl oro- 7- am no- 3- cephem 4- car boxylic acid TET- ACA =
3-[(1-nethyl-1Htetrazol -5-yl)thionethyl]-7-am no- 3-cephem 4-carboxylic
acid The yNBA d given is habseryloacdtaee7- ani no- ceph- 3- em 4- car boxyl i ¢ ac¥d
derivative ed as starti, rjal. Purity is neasured by HPLC on
anhydr ous gggis. The éia%%&%gg%ﬁéastrate in step i) the m xed carboxylic
aci d anhydPange shbt dat i ©n Potassivm D-N-f1tdtboxyoprbenviprogentfeyliet a- | act am

using the m xture obtained.d 1k i.t,hout isolation, and in step iii)
wor ki ng up, including degr %‘%%8?%’%&1h%%wt%ve t he product.

Dane salt B =~ = Potassium D-N-{l-ethoxycarbonylpropen-2-yl}-
a-amino-p-hydrokyphenylacetate

DBU = 1,8-diazabicyclo[5,4;O]undec-7-ene

™G = tetramethylguanidihe L

TEA = triethylamine v

7-ACA = 7-aminocephalospo£aqic acid

7~ACCA = 3-chloro-7-amino-3-¢ephem-4-carboxylic acid

TET-ACA = 3-((l-methyl-1H-tetrazol-5-yl)thiomethyl]-7-amino- .

3-cephem-4-carboxylic acid
' .
The yield given is based on the 7-amino-ceph-3-em-4-carboxylic acid
derivative used as starting material.
Purity is measured by HPLC on anhydrous basis.

The examples illustrate in step i) the mixed carboxylic acid anhydride
formation, in step ii) the acylation of the beta-lactam using the -
mixture obtained in step i) without'iéolation, and in step iii)
working up, including deprotectidn,ito give the product.



EXAVPLE 1:  3-[ (Acetyl oxy) net hyl ] - 7- [(an1nopheny|acety|)an1no]

8- ox0- 5-t hi a- 1- azabi cycl o[ 4. 2. 0] oct - 2- ene- 2- carboxylic acid (Cephal ogl ycin)
i) .4.6 x [err] m 4-picoline are added to a suspension of 10.014 g Dane
salt Ain 46 mM NBA The resultant m xture is stirred for 5 m nutes at room
tenperature and cooled to[err]; 3.8 mM benzoyd ¢hl ori de are added. The

resul tant suspension is stirred at [err]for 60 m nutes, 15 m NBA are added
and then cooled to [err]giving a m xture containing the m xed carboxylic
acid anhydride. ii) 7.62 g 7-*ACA are added to a mxtwurke of 12 m | PA and 12

added. e m el d:S, FRIARAprdasRy i 1Pl hteneblscir ¥ ghiaplr | on”

This sglution is added cB-romn-&-d:hb.aw—l—heabuoyt:lmEl.dbOh:cheZi—ann-z-tuamboz}yldt: a

t enper aure of [err] toé&a ?‘ﬁ&ﬂputes and the reaction mxture is
stirred for a further m nu e same tenperature and then for 3

hours at a tenperature of [err] to [err]. HPLC gives a cephal oglycin yield

of 93% iii) The resultant crude protected cephal ogl ycin m xture i s worked
up by treating with a nlxture of i ce-water and 6 ml concen&rated HC1
and stirred fdd? 15446 Rut®ES %A'@l%lﬂﬁn@‘w@q’f—q te 2 pHEpergied R p

separted of f and thmeosflanncimgsal iNsADame- pesulesiteaivtune 2s Btikest WBL €9 .
e om0 PO S DRl 8Tk 80 Ep s s Ut @ o
di hydrate form benzoylchloride are added. The resultant suspension is stlrred at

w -10°C for 60 minutes, 15 ml NBA are added and then cgoleddto
B -55°C giving a mixture containing the mixed carboxylic acid
anhydride.

ii) 7.62 g 7-ACA are added to a mixture of 12 ml IPA and 12 ml NBA.
The resulting suspension is cooled to 10°C and 3.69 ml TMG are
added. The mixture is stirred for 15 minutee to give a yellow
solution. This solution is added dropwise to the mixture obtained
in step i) at a temperature of =55°C to -50°C over 20 minutes and
the reaction mixture is stirred for a further 15 minutes at the
same temperature and then for 3 hours at a temperature of -30° to
-40°C. HPLC gives a cephaloglycin yield of 93%.

gﬁg iii) The resultant crude protected cephaloglycin mixture is worked up
by treating with a mixture of 27 ml ice-water and 6 ml
concentrated HCl and stirred for 15 minutes while cooling with
ice. The aqueous phase is separted off and the organic phase is
back-extracted with 2 ml ice-water. The combined aqueous phases
are heated to 25°C and TEA is added until a pH value of 4.5/4.7
is reached. The title compound is obtained in the dihydrate form
by standing the mixture 30 minutes, filtering the crystals and
washing then with 30 ml ice-water and 30 ml 80% acetone, followed
by drying. Yield 84.2%.



by standing the .mixture 30 mnutes, filtering the crystals and washing then -
ce-water and 30 ml 80% acetone, followed by drying. Yield

with 30 ml i
84. 2% -
(1-methyl -1 h

17 - EXAMPLE 2: 7- (am nophenyl acetyl) amno] -3-[]
-tetrazol)- 5-yl) thiol nethyl]-8-0x0-5-thia-I-azabicyclo

[4.2.0]oct- 2-ene-2-carboxylic acid i). 194-6 x [err] m 4-picoline are

added to a s

uspensi on of 10.014 g Dane salt Ain 25 mM NBA and 28 ni

di met hyl f ormam de. The resultant m xture is stirred for 5 mnutes at

tenperature and cooled to [err],

room

3.8 m benzoyl chloride are added. The

i nut o5 aSERBE 25 3L gSpueninacst bl Sl o rki i e Serelin xoa .

car boxylic aci d anhpdyl)d&hiolnetiylB4-gxe5-thia-Acizabieyekid¢d.2.@]octr xt ur-e of

10 M IPA and 5 ni 9

10C and 3. 69
give a pale

m xture obj ai geg 4 Agsh &R

he resulting suspension is cool'¥d to

m TNGE%§§L2%5%§¥QQE%Q§F%gure is stirred for 15 mnutes to

browni sh solution. This solution is added dropw se ta the

g Lo f . 30
gL pfido18nd %@Beédﬁeﬁaé‘of g s&ﬁ%ﬁl‘l&gfkeﬁ{bQX

m nutes and the reaction mxture s stirred for 1“hour at a tenperature of
-50 to [err] BABefsFAtoAHoufs mi NBA @afped ad dimeshyiforpamids. [Bier] . HPLC shows
the formationrefultaat thidt@re GBPSLed £dr 8 wimdtes Gt P4 thhperattle M xture

2ol a R Dlaaduing 3 Ut & oLl L 8 e o014 ° T

of step ii)
concentrat ed

ii)

iii)

The

is dissolved giving a fluid solution which is stirred at ~10°C
for 60 minutes and then cooled to -55°C giving a mixture
containing the mixed carboxylic acid anhydride.

9.194 g of TET-ACA are added to a mixture of 10 ml IPA and 5 ml
dimethylformamide. The reSu;ting'sﬁspension is cooled to 10°C and
3.69 ml TMG are added. The mixture is stirrgd for 15 minutes to
give a pale brownish-Soluﬁioh.'This solution ig added dropwise to
the mixture obtained in Step i) at a temperature of =~55°C to
=50°C over 30 minutes and'fhe-reaction mixture is stirred for 1
hour at a temperature of -50 to'-40°c and for 2 hours at a |
temperature of =40°C to -30°C. HPLC shows the formation of the
title compound with a yield of 94%.

The mixture of step ii) isiworkeqzup by adding a mixture of 27 ml
ice-water and 5 ml-cdncént:aﬁed HCl and stirred for 15 minutes
while cooling with ice. The éhases'are divided and the acidic
aqueous'phase is diluted with 50.ml-water and treated slowly with
triethylamine to bring the'pﬁ to 4.5. '

title compound separates out!lis collected by filtering and

washing followed by drying as in-Examp;g 1.

Y



while cooling with ice. The phases are divided and the acidic aqueous phase’
is di.luted with'50 mMl  water and treat'ed slomy with triethylamne to bring
the pHto 4.5. The title conmpound separates out, is collected by filtering
and washing followed by drying as in Exanple 1. - 18 - EXAMPLE 3:

7-[[ am no(4- hydr oxyphenyl ) acetyl ] am no] - 3-[[%(8I “net hyl -1 H
tetrazol)-5-yl)thio] nethyl]-8-oxo-5-thia-1-azabicycl o-

[4.2.0] oct - 2-ene-2-carboxyl i% ‘aci d ( PRECEFOPERAZONE) ::.i ) 0.096 m

4-picoline are added to a suspénsion of 10.47 g Dané«®alt B in 25 ni 'NBA
and 28 ml di mEEAMBIEC3t aifi-d faminhé4-rhydudxyphenyl)acetyd ] aminod -3+ Hd1fmethglriBrut es

at room tenperature and tge%&q?'%%&?géiop ﬁe@}gjr_s%ggz@&gglﬂ%%ﬁ[cﬁ[:fo_@dded.

The resul tant suspension IS st err C ) mnutes an en cool ed
to [er™ giving a m xturld.-2dogtrA~egerincarbozydie Acidx (ARECEEQPERAZONE) dr i de.
11) 9.194 g of TET-ACA are added to a m xture of 7.5 mM IPA and 7.5 nl

di nmet hyl acet am de.. The resulting suspension is cooled to 100C and_3.69 m

TMG are added) Thd- P&t} &-Ricodine azg added 149 g; sHapeRsioy gf 1Q-47 gaPane
br owni sh )sol ution.salbis iaowtm%lomﬁ.andctcaeﬁlcuia@whﬁacémhe. f‘lihétt%sﬁlﬁﬁtai ned
In step i) at a te rature qQf[err] to [.err] oaver 30 mnutes and t
raction m xture i éggg‘f‘?er &g sftd‘rr[:ié I’F!%rg)é[{m tJ[seﬁ%eer?f“urreé“pSFaq“gﬁ ?%i F%? and
for 2 hours at a tenpks°€;ud ol [benzdylorlpeide] atdla@dahofbe thesult@nkat i on of
the title Corrpoun%u%ér&i@nyiselsgiﬂfedBZé%)-lo°C for 60 minutes and then cooled to

_ -55°C giving a mixture containing the mixed carboxylic acid

— anhydride.

ii) 9.194 g of TET-ACA are added to a mixture of 7.5 ml IPA and 7.5
ml dimethylacetamide. The resulting suspension is cooled to 10°C
and 3.69 ml TMG are added. The-mixture is stirred for 15 minutes
to give a pale brownish solutioh. This solution is added dropwise

to the mixture obtained in Sfép'i) at a temperiture bfi755°c to
~50°C over 30 minutes and the raction mixture is stirred for 1
hour at a temperature of -50° to -40°C and for 2 hours at a
temperature of -40°C to -30°C.HPLC shows the formation of the
title compound with a yield of 87%.

iii) The mixture is worked up in analogous manner to Exémple 3.

EXAMPLE 4: 7-~{ (aminophenylacetyl) amino]-3-[chloro]-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid (CEFACLOR)

i) 2.3 x 103 ml 4-picoline are added to a suépension of 5.02 g Dane
~ Salt A in 23 ml NBA. The resultant mixture is stirred for 5
minutes at room température and cooled to ~15°C, 1.93 ml benzoyl
chloride are added; The resultant suspension is stirred at -10°C
for 60 minutes and then cooled to -55°C giving a mixture
containing the mixed carboxylic acid anhydride.



iii) The mxture is worked up in anal ogous manner to Exanple 3. EXAMPLE 4
7-[ (am nophenyl acetyl )am nol - 3- [chl oro] - 8-oxo-5-thia-1--

azabi cycl o[ 4. 2. 0] oct - 2- ene- 2-carbozylic acid (CEFACLOR) i) 2.3 x [err],n1
4-picoline are added to a suspension of 5.02 g Dane Salt Ain 23 m NBA
The resultant m xture is stirred for 5 dmjgutes at room tenperature and
cooled to [err], 1.93 m benzoyl chloride are added. The resultant
suspension is stirred at -10C for 60 mnutes and then cooled to [err]
giving a nixture containing the m xed carboxylic acid anhydri de. - 19 -

ebulting SHpanetoy § oot id 6b 4 kst ol Whetngac e
resulting m xt VBB. iThestésulbing sosgdnsiomisesodledgto 4 08C made? & alvDBYh - -
sol ution, which ésaciﬁggedrh@r fé%m%?n&sgu%ﬂf‘re”hétéqﬁré@tféf &y, lxﬂxt%%% 1) a¥a

tamaaUMeof ar to[err e reaction mxture is
stirred at a t @ifRrdapate bypwiishr pokusipey whichisiidedndnopyismdotthen for 1

hour at a tenpe atureCoaingd id ot c}?rl'i]at l3PL Sl ¥ EifreRo 21586 % ¥5@’|cd of 87%

iii) The resultant crude protecte facl.or mxture is_wor

treating with SV&f >&°uWU&P513T*§ Fﬁaqt&eﬂ VHEEWre A8 stigred a&oﬁé@ﬂ?‘?’éﬁt&ae HC1
and stirred fOlbfZESSWCntxi 850v¢1ifloe Ismhnmswaﬁd] thég .forhe mue&tua phase is

separated of f nd th has ext ract ed_ w.t
i ce-wat er . The 3 %Ou g (F‘n%%gﬁs\ﬁ ﬁﬁfagr}om yieid &
di net hyl f or mani8a@g, and the resultlng

iii) The resultant crude protected Cefaclor mixture is worked up by
treating with a mixture of 13.5 ml ice-water and 2.0 ml
concentrated HCl and stirred for 25 minutes while cooling with
ice. The aqueous phase is separated off and the organic phase is
back-extracted with 1.25 ml ice-water. The comblned aqueous
phases are mixed with 30 ml dlmethylformamlde, and the resulting
suspension is cooled to 15°C, filtered and the solid washed with
8 ml dimethylformamide, which are added to the filtrate. The
final solution is treated slowly with concentrated aqueous
ammonia to bring the pH to 6.8. The cristalline suspension is
stirred at 20°C for 1 hour, filtered and the crystals washed with
16 ml acetone. After drying, 5.86 g of the title compound were
obtained as dimethylformamide solvate. L g:)

EXAMPLE 5: Cefaclor

i) 2.3 x 103 ml 4-picoline are added to a suspension of 5.02 g Dane
Salt A in 23 ml isopropylacetate. The resultant mixture is
stirred for 5 minutes at room temperature and cooled to -15°C,
1.93 ml benzoylchloride are added. The resultant suspension is
stirred at -10°C for 60 minutes and then cooled to -55°C giving a
mixture containing the mixed carboxylic acid anhydride.



suspensmn is cooled-to [err], filtered and the solid washed wwth 8 n
di met hyl f or mani de, which are added to the filtrate. The final solution is
treated slowy with concentrated aqueous ammohia to bring the pHto 6.8.
The cristalline suspension |$ "8tirred at [err] for “Fhour, filtered and the
‘crystals washed with 16 m dcetone. After dr3f rg, 5.86 g of the title
conpound were obtai ned as di nethyl formam de sol vate. EXAMPLE 5: Cefaclor i)
2.3 x 10-3 m 4-picoline are added to a suspension of 5.02 g Dane Salt A in
23 m isopropylacetate. The resultant m xture is stirred for 5 mnutes at
room t erper at ysp ANgePIPERACabe bea 1% M BEAZY! Ol osdlegge added
The resul tant suspension is stirre m nutes and” t hen cool ed
to [er(+ gi vi ng a s¥sRenfien cbiddanhiNg QIF%aﬁﬁ?&bdAE"eﬁroékiﬂﬁlﬁgaf(ﬂrdlﬁrmyd’iﬁsde

i) 3.287 G gafObRoMiBhagiemtib® ikloBtainBd: Thes (fBuf fnlksidded

suspensmn 1.84 nl_ TMG are added, After stirring for 15 mnutes, a pale

browni sh sol ut i on GrePEisEaFOdte Mxtare Atainsd 8 si@Bel) &toﬁvﬁ%elfad'ufﬁé’f
m xture obtained i4558¢ & F30°@ over emﬁrmwge The fektidmdnfeiurk O¥etiBled

inutes. Th t t t f t
over 30 mnut s, el EEPHITER 9f GBS Eolts Pt 0 HofiG-art ceartIR (|
to[err] for 15 m mikbsreand dtierned @t 4 tHemperatiura dferpBiCatar<€506€ ﬁo&r 5
toferr]. HPLC analn\\é.ﬁ{ééesogn& NGefll #9445 iV 65 aattéiﬁ@%@{e 856'3%8“ 4%ed.1 1)

the mxture is wo n anal ogous manner
HPLC analys:.s of the mixture glves a Cefaclor yield of 84%.

iii) the mixture is worked up in analogous manner to Example 4 step
iii)

Example 5 is repeated with the following changes:

a). the same_quahtity of isobutylacetate is use& i{lstead of isopropyl
acetate in step i). HPLC yield in Cefaclor: 84%.



ii1) Exanple 5 is repeated wth the follow ng changes: a) the sane
quantity of isobutylacetate is used instead of isopropyl‘acetate in step.
i). HPLC yield in Cefaclor: 84% * C L M S * WHATVECGAMIS 1.

A process for the production of an 7-al pha- anlnoacyl cephal ot her
t han an 7-al pha-am noacyl - desacet oxycep‘hé’l103por| n m‘u“mn““mm

hal ogen- cont ai ni ng sol vent whi ch conprises the st

m xed carboxylic acid anhydride by reacting a N—substFtu%ed'V|nyI
al pha-am no acid with an appropriate acylating agent in a solvent which
does not cREABMWR CIEAI®MOES: at ons and which is water-inmm scible or sparingly
soluble in water, optionally containing a co-solvent and (ii) further
reacting the resul tant ni xed carboxylic acid anhydride with a

7- am no- ceph- &pmdbssafdmxyélprodmuionroﬁam YVeilphe-anircanyll -cephalsol ventq

which d tg I t ‘
> Ch process Pof i ePhelf LBAF 305 Sllbna ABlin8A - e SRRE AR BBOF Y T
[err] without the use[qﬁIhplgggnrpoquagngmg1sp&ventswmﬁq§n9¢mprlses the

4- hydroxyphenyegs of 41 yrb@RahgH Fxda Warbokylib Sacldy#ifiydrsad BHUr OF

met hyl ene,

ing a

reacting a N~substituted vinyl alpha-amino acid with an
appropriate acylating agent in a solvent which does not contain
halogen atoms and which is water-immiscible or sparingly soluble
in water, optionally containing a co-solvent and (ii) further
reacting the resultant mixed carboxylic acid anhydride with a o/
7-amino-ceph-3-em-4-carboxylic acid or derivative thereof in a
solvent which does not contain halogen atoms, optionally
containing a co-solvent.

2. A process for.the production of a compound of formula I,
. N :

R-CH-CONH

wherein
R is phenyl, 4-hydroxyphenyl or 1,4-cyclohexadien-1-yl,
Y is oxygen, sulphur or methylene,

R; is hydrogen, halogen, alkoxy, éthyl, a group of formula

R3

/
-CH =C

\

Ryq



[err] S hydrogeﬁ, hal ogen, al koxy; erhyl, a group of formula [err] [err]
-CH = C Jerr] - 22-** C L M S * wherein [err] and [err], which
may be the sane or different, are hydrogen, a ([err])ariphatic,

([err])cycloaliphatic, ([err])araliphatic, err])aro
al koxycarbonyl; or a group of formula [err] e n ﬁml“ﬁim mﬂﬂrl!ige
meani ngs a) a group of fornula [err] mherern nis 0 or an it egen

5 and [err], which when n is'.from2 to 5 may be the same or different, is
an aliphatic an aryl, an araliphatic, alkoxymethyl, fornyl, acyl oxy,

acyl oxymet hyl , esterifred car boxyl, al koxy, aryloxy, aralkoxy, al kyl t hi o,

aryl thio, aralkylthr ano %droxy car bapoyl ,
N- monoj ower al kyl car b"gﬁ"ﬁ Ry, AR¢)iRe o WHER AY: BE HdiGp§ame or different, are

N- (hydPéxyl over al kylﬁmb@aﬂoul (CY- ¢ FALIDAEDI,| QUEIAkkyloagLgtarich) azido, c)
amno or acylam do; (C7-10)araliphatic, (Cg.jz)aromatic, cyano or lower

alkoxycarbonyl;

or a group of formula -CH,Z,
wherein 2 has the following meanings

a) a group of formula

\ |/
(Rs)n
- [ 9

wherein
n is 0 or an integer from 1 to 5 and Rs, which when n is from 2 to
5 may be the same or different, is an aliphatic, an aryl, an
araliphatic, alkoxymethyl, formyl; acyloxy, acyloxymethyl,
esterified carboxyl, alkoxy, aryloxy, aralkoxy, alkylthio,
arylthio,; aralkylthio; cyano, hydroxy, carbamoyl,

g‘/ N-monoloweralkylca;bamoyl, N,N-diloweralkylcarbamoyl,
N- (hydroxyloweralkyl)carbamoyl or carbamoylloweralkyl group;

b) azido,

c) amino or acylamido;

d) a derivative of a residue of a nucleophile obtained by
reacting a compound, wherein Z is azido with a acetylenic,

ethylenic or cyano dipolarophile,

e) a group of formula



d) a derivative of a residue of a nucleophile obtalned by reacting a
conpound, wherein Zis azido with a acetylenlc

di pol arophile, e) a group of fornula S
[err] [err] [err] wherein [err] and [err] WhICh rranmuj/m“ﬂllwlﬁm
different, are selected from hydrogen, cy&n03-40mer

substituted phenyl, | ower al koxycarbonyl, nono- or dlaryl ower

al koxycar bonyl, | ower al kyl carbonyl, aryI | ower al kyl and [err] or [err]

cycl oal kyl and R8 is hydrogen, |ower alkyl, phenyl, substituted phenyl,
aryl lower alkyl and[err] or [err] cycloalkyl; f) a group of fornula [err]

wherein [err] is an aliphatic, araliphatic, alicyclic, aromatic or *
heterocyclic group, and mis 0, 1 d¥¢ 2; g) a group of forrmula [err] wheyein
[err] is hydrogen, |ower alkyl, |ower alkenyl | ower al kinyl, lower ¥
cycl oal kyl, | ower cycl oal kyl Iomer(?lkyém{aryl aryl | ower aIkyI,

- - 8

l
Ry

wherein
R¢ and Ry, which may be the same or different, are selected from

hydrogen, cyano, lower alkyl, phenyl, substituted phenyl, lower
o

alkoxycarbonyl, mono- or diaryl lower alkoxycarbonyl, lower
alkylcarbonyl, aryl lower alk?l and Cs or C¢ cycloalkyl and
Rg is hydrogen, lower alkyl, phenyl, substituted phenyl, aryl . -
lower alkyl. and Cs or Cg¢ cycloalkyl;
“

f) a group of formula

=S (o)mRS
wherein
Ro is an aliphatic, araliphatic, alicyclic, aromatic or -
heterocyclic group, and m is 0, 1 or 2; \;;

g) a group of formula

~0R10
wherein _ .
Rjo is hydrogen, lower alkyl, lower alkenyl, lower alkinyl, lower
cycloalkyl, lowér cycloalkyl lower alkyl, aryl, aryl lower alkyl, '
a heterocyclic group or a heterocyclyl lower alkyl, which may be
optionally substituted by one or more lower alkoxy, lower
alkylthio, halogen, lowei alkyl, nitro, hydroxy, acyloxy, carbozxy,
carbalkoxy, lower alkyléarbonyl, lower alkylsulfonyl, lower |



d heferocyclic group or a hetenocycfyl_{ower al kyl, which may be optionally
subsiituted by one of nore | ower al koxy, |ower alkylthio, hal ogen, |ower-
al kyl, nitro, hydroxy, acyloxy, carboxy, carbalkoxy, | ower al kyl car bonyl

Lt.?nmﬁg ?lcnlfv)élrsgl lenygm Ingv\g acyl-ar2n4d;) ;roupg -h34 acet oxy”'“llgnmmnﬁmlgﬂm

wherein [err] is ia) a straight or branched chain alkyl group of
carbon atons, which may be i‘Aferrupted by oxygen, 'sul fur or |n1no and
substituted by cyano, carboxyl, al koxycarbonyl, hydroxy, car boxycar bonyl ,
hal ogen or am no; 'Qﬂko@yﬁfﬁh?ft aﬁlin&rl%QGP%@kﬁi‘@nﬂn@'dfeMlaﬂi&BJBr@&psz to 7
carbon atons, which may be In errupted by oxygen, sul I m no,
optionally substit ut ed aryl, heterocyclyl or cycloalkyl or i d) aryIaIkyI
het er o&gcl yl - al kyl ®y a@gg&,@al kyl.al kyl , which may be substituted in the
ring; j) a group of formula -0-COAR12 wherein A is oxygen, sulfur or
imno and R12 is hydrogen, nethyl or [err]; k) a group of formula [err]

i) a group -0COR;;, wherein Ryj; is

ia) a straight or branched chain alkyl group of 1 to 7 carbon
atoms, which may be interrupted by oxygen, sulfur or imino,
and substituted by cyano, carboxyl, alkoxycarbenyl,
hydroxy, carboxycarbonyl, halogen or amino;

v
ib) a straight or branched chain alkenyl group of 2 to 7 carbon
atoms, which may be interrupted by oxygen, sulfur or imino;
ic) optionally substituted aryl, heterocyclyl or cycloalkyl; or
’ L 8
id) arylalkyl, heterocyclyl-alkyl or cycloalkylalkyl, which may
be substituted in the ring;
j) a group of formula
~0-CO0AR; >
\_s

wherein
A is oxygen, sulfur or imino and
Ry2 is hydrogen, methyl or Rii:

k) a group of formula
-0CONH (CHz ) nQ
wherein Q is fluorine, chlorine, bromine or iodine and m is an

integer of 1 to 4,
and



~

wherein Qis fluorine, chlorine, bromne or. iodine and mis an integer df 1°
to 4, and - 25 - R2 represents hydrogen, aWot ecting
group or COOR2 is COO, when [err] is a positi arged group, without the
use of hal ogen-contai ning solvent which conpris mmn“\

produci ng a m xed carboxylic acid anhydsrpge- by r 1%& \m I tuted
vinyl al pha-am no acid with an appropriate acyl & g agent! | h a sol vent

whi ch does not contain hal ogen atons and which is water-inmscible or
sparingly soluble in water, opti-onally containing a co-solvent, and (ii)

furth t th I d I h d i t.h

cg:rpoﬁadrg?cf gnglﬁeggﬁree §r$31 rf’g&?’i(%vxﬁ% gﬁhgg??}?oxgngr%g# £ gg(,%\'{v',s oﬁe?i ned °?

above and R CQORwdso@Hh ovheanRanisne pusdties ichgrgpdogmoupn a sol vent vvh|;(;:h

o o acont SR, AP 8! B AR ORIk f&ﬁ}eﬂ'&:n&?\:@hc 2k yantne 3.A
‘-HW

process accor arm I whersin step y mxing a
sol ution or s&sgrefohllopredusing Hmized carberylie Frid-anbadrideabhoxyl i c acid

in an ([err]) abkanal, a‘N-@ubétﬁQﬂf&P%fﬂﬂ}L ampﬁélaﬁ.m; Iabr@duearaqpxyl ic acid
anhydride. 4. A progess accord ng Eelrbal m1, wherein the m xed

anhydride is SPBERPEéGt‘? Ry iatigg £ solyept dﬁ’r‘r&h q088 Rt FPYtadnyi col i ne.

halogen atoms and which is water-immiscible or sparingly soluble
in water, optionally containing a co-solvent, and (ii) further
reacting the resultant mixed carboxylic acid anhydride with a
compound of formula II ' '

R'NH
: II ’
oz
L 8
wherein Y, R; and R, are as defined above and R’ is hydrogen or an
amino protecting group in a solvent which does not contain halogen
atoms, optionally containing a co-solvent.
3. A process according to claim 1 wherein step (ii) is effected by J

mixing a solution or suspension of a salt of a 7-amino-ceph-3-
em-4-carboxylic acid in an (C3.4)alkanol, e.g. isopropanol, with
the mixed carboxylic acid anhydride.

4. _A process according to claim 1, 2 or 3 wherein the mixed anhydride
is produced in the presence of a pyridine, especially a picoline.



-

5 A process accordirng to any preceding claimwherein the m xed carboxylic
acid.anhydride is of fornula [err] wherein R is pheay—4-hydroxyphenyl
or 1,4-cycl ohexadien-1-yl, [err] is a ([err])al kyl gro err] i s hydrogen
or ([err])al kyl group, [err] is a ([err])alkyl group,. 4&'!@1,““&“’”“"’
group, phenyl optionally substituted by alR T [err] i ey
alicyclic or aromatic group. 6. A process according tio any preceding claim
wherein the mixed anhydride:is., produced froman acyl-ating agent which is a
reactive acid derivative of a [err] alkanoic acid or“benzoic acid. 7. A

pL Ioce_sz accz:ordir.]nlgah tp@o@ésa.-: aazcﬁal:\dﬁ@% erjonaﬁya@racediat;ihmmgﬂr&reﬁg um'ﬁvm;@yx: _
chloride, 2-ethyl hexanayl. ¢ ride or henzoyl ch]oride, and the acyl ation
S optj\gnal ly ef fcé‘f)fg%ﬁﬁilﬁ ??@OB?%%% 5 °g fro[rg\gia( [err]) carboxylic acid.
8. A process according to any preceding clai mwherein the m xed anhydri de
I's produced in sg ks conpr i~ses. &N r or a keton 9. A process
according to cIaﬁ%¥§@§%£¢g§ﬁhfﬁgﬂgg?§%§%1fs n}ButyI acetatZF 10. A process
according to claim8 wherein the solvent is nmethyl isobutyl ketone. 11. A

process accor di ngeefd ai {1 8 1uhgkdy, t NihydRb4BRENYIS ok SORCORYIRERIAER-1-y1,
- Ry is a (Ci-3)alkyl group,

R;4 is hydrogen or (C;-3)alkyl group,

Ris is a (C1-4)alkyl group, a (C;-4)alkoxy group,
phenyl optionally substituted by alkoxy,

R;¢ is an aliphatic, alicyclic or aromatic group.

6. A process according to any preceding claim wherein the mixed
anhydride is produced from an acylating agent which is a reactive
acid derivative of a C4-Cg alkanoic acid or benzoic acid.

7. A process according to claim 6 wherein the acyiiting agent is
pivaloyl chloride, 2-ethylhexanoyl chloride or benzoyl chloride,
and the adylation is optionally effected in the presence of a free
(C4-9) carboxylic acid.

8. A process according to any preceding claim wherein the mixed
( anhydride is produced in solvent which comprises an ester or a
ketone.

9. A process according to claim 8 wherein the solvent is n-butyl
acetate.

10. A process according to claim 8 wherein the solvent is methyl
isobutyl ketone.

11. A process according to claim 8 wherein the solvent is
isopropylacetate.



- 27 - 12. A process according to any preceding claimwherein the

.

[

co-solvent is selected fromfornmam de, acetam de NN-dlnEthyI f or mani de, -
N- net hyl acet ami de, N, N-di net hyl acet am de, N-nethyl pyrroli ,

tetranet hyl urea and i sopropanol .

7- Hlllll! I i Hlll II Illl

12. A process according to any preceding claim wherein the co-solvent
is selected from formamide, acetamide, N,N-dimethyl formamide,
N-methylacetamide, N,N-dimethylacetamide, N-methylpyrrolidine,
tetramethylurea and isopropanol.

<)

<!



