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New process for the production of ceftriaxone

The invention relates to a new economical and simple
process for the production of the disodium salt
hemiheptahydrate of ceftriaxone of formula I
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Ceftriaxone is a third generation cephalosporin and is one
of the most important parenterally applied antibiotics.

All relevant processes described in literature start with
7-ACT of formula II
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whereby ‘the side chain in N-protected or unprotected form
is introduced into the amino group in position 7 using
various acylation techniques.
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. The most elegant method of introducing the side chain uses
' a reactive thioester, e.g. MAEM of formula III

1 - 1II

HzN—L -co s—( 3@ -
N OCH;4

since here it is not necessary to protect the amino

function of the 2-aminothiazolyl group. This process was
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'Ceftrlaxone is a th|rd generatlon cephalosporln and i s one of the nost

|nportant parenterally applied antibiotics. Al rel evant processes
described in literature start with 7-ACT of fornula I
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first described in EP-A-0037380, and since then has been
used in a few slightly modified processes (e.g.
EP-A-0399094). '

A further process, which operates'without a protecting
group at the amino function of the aminothiazole, is
described in EP-A-0175814. In this process, active esters
with l-hydroxybenzotriazole are employed. Processes using
an amino protecting group are described in GB Patent
Application 2 022 090 and in EP~-A-0030294. Of all the
processes described, the one using activated thiocester, as
described in EP-A-0037380, appears to be the best. In
EP-A-0037380, 7-ACT of formula II is silylated in
dichloromethane with N,0-bis-(trimethylsilyl)acetamide and
reacted with MAEM of formula III. By adding
methanol-containing acetonitrile, the ceftriaxone formed is
precipitated as a free acid. This then has to be converted

in a further reaction step into the desired form of the
disodium salt.

In the process described in EP-A-0037380, not only an
ecologically hazardous chlorinated hydrocarbon (dichloro-
methane) is used as the reaction solvent which is difficult
to recycle or dispose of in an environmentally acceptable
manner, but also the toxic acetonitrile is employed to
isolate the active substance. In this process, a mother
liquor is obtained, which consists of a mixture of
dichloromethane, methanol, acetonitrile, acetamide and
siloxanes. Apart from the ecologically hazardous
dichloromethane, this mixture also contains the toxic
solvents methanol and acetonitrile, and in addition the
suspected carcinogenic acetamide. Regeneration of the
individual components from this mixture may only be carried
out at very great expense, if at all. A further
disadvantage of the process described in EP-a-0037380 is

- that first of all ceftriaxone has to be isolated, and in an
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additional step of the pProcess, the disodium salt form

thereof which is necessary for parenteral application must
be produced.

In the process described in EP-A-0399094, the reaction of
7-ACT with MAEM is effected in a mixture of
dimethylacetamide, tetrahydrofuran and water. In order to
be able to isolate a product of high purity, in this
process first of all the N,N-dibenzylethylenediamine salt
of ceftriaxone must be produced. For this, two further
solvents are employed, namely ethyl acetate and dichloro-
methane, so that the mother liquor to be regenerated is
finally a mixture of 5 different solvents, containing again
the ecologically hazardous dichloromethane. Finally, in
order to produce the desired ceftriaxone disodium salt
hemiheptahydrate, acetone is required. In this process, the
result is thus a mixture of solvents, the regeneration of
which into pure individual ‘components in an economical
manner is not possible. In addition, two isolation steps
are necessary to obtain the desired product.

There was thus a clear need to find an alternative
industrially viable process for the production of the
compound of formula I. Surprisingly we have found a new,

substantially simplified process for the production of the
compound of formula I.

In accordance with the invention, the disodium salt
hemiheptahydrate of ceftriaxone of formula I is obtained,
by reacting 7-ACT of formula II with MAEM of formula III in
aqueous acetone in the presence of a base. Suitably the
base employed is either a tertiary amine, e.g. a
trialkylamine, such as triethylamine, 2, 3-or 4~-picoline,
2,6-~lutidine, 1,4-dimethylpiperazine, N-ethylpiperidine or
N-methylmorpholine, preferably triethylamine, or a
sodium-containing base, such as sodium hydroxide, sodium
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preferably from 10° to 25°C, in particular 15° to 20°C,
when a tertiary amine is employed as a base. When a
sodiuﬁ—containing base is employed, the reaction
temperature lies suitably betweeﬁ 0° and 50°C, preferably
between 20° and 40°C, more preferably between room
temperature and 30°C.

After completion of the reaction, the product is brought to
crystallization, optionally by adding further acetone, and
is subsequently isolated and dried. When a tertiary amine
is used as the base, at the end of the reaction, a source
of sodium ions in the form of sodium hydroxide, sodium
acetate or sodium 2-ethylhexanoate is added to the reactlon
mixture to crystallize the disodium salt hemiheptahydrate
of ceftriaxone, whereby the addition is made in solid form,
or in the form of an aqueous or acetonic or
aqueous-acetonic solution.

The compound of formula III is known and may be produced by
the process disclosed in EP-A-0037380.

The process of the present invention offers numerous
advantages over the processes of the prior art.

In the process according to the invention, regeneration of
the single solvent used, acetone, (apart from water), is
very simple, especially if a sodium~containing base is used
in the reaction, because in this case a simple
rectification of the mother liquor is sufficient to
regenerate the acetone in re-usable form. When using a
tertiary amine, e.g. a trialkylamine in the reaction,
regeneration both of the acetone and of the base is

Sheet Has Been Replaced THIS SHEET HAS BEEN—’

|\I|\I|HII||H||I\I\\II\ B

Bightly nodified processes (e.d. EP- A-0399094)-. A further process, mhichzf"



E88 t he process described in EP-A-0037380, not only an ecologically
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an 1norgan1c base, e.g. sodxum hydroxzde,,and recovered by

distillation.

In the process according to the invention, no chlorinated
hydrocarbons are used, no silylation step is necessary, and
also no further toxic solvents are required to isolate the
product. In the process according to the invention, apart
from water, the only solvent used is the ecologically
substantially acceptable acetone. Thus also no mother
liquors are obtained, which are made up of many solvents
and are thus difficult to regenerate}

The process is very simple, since no protecting groups are
required, both the reaction and the crystallization may be
effected in the same reaction vessel, and no expensive
separation techniques, such as extraction or isolation of
intermediates are necessary. Using the process according to
the invention, the desired disodium salt hemiheptahydrate
of ceftriaxone is obtained directly, that is without having
to isolate the free acid (ceftriaxone) or any other salt.
The product is isolated from the reaction mixture directly
in highly pure form and high yield. The process according
to the invention thus offers great ecological and _
economical advantages, since execution of the reaction,
including product isolation, working-up of mother liquors
and regeneratiorn of solvents, is very simple, and no
ecologically hazardous and/or toxic solvents are used.

Apart from all these technical, ecological and economical
advantages of the process according to the invention,
excellent yields and very good quality of the desired
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addi ti'onal step of the process, the-disodiumsalt formthereof. which is
necessary for parenteral application nust be produced. . In the process

~described in EP-A-0399094, the reaction of 7-ACT with MAEMis effected in a

m xture of dinethyl acetam de, tetrahydrofuran and water. I n order to be .

able to isolate a-product of high purifty, in this proces970~88070f all the

N, N- di benzyl et hyl enedi am ne salt -of ceftriaxone nust be produced. For this,

two further solvents are enployed, nanely ethyl acetate and dichl oro-
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The following Examples illustrate the invention more fully,
without limiting its scope. All temperatures are given in
degrees Centigrade. '

7-{[2-(2~Aminothiazol-4-yl)-2-syn-methoxyiminolacet-
amido}-3-{[(2,5-dihydro~-6-hydroxy-2-methyl-5-0x0-1,2, 4-
triazin-3-yl)thio]methyl}-3~cephem—-4-~-carboxylic acid
disodium salt hemiheptahydraté (compound of formula I)

Example 1:

37.1 g of 7-amino-3~{[(2,5-dihydro-6-hydroxy-2-methyl-5~
oxo-1,2,4~-triazin-3-yl)thio]methyl}~-3-cephem-4~-carboxylic
acid (7-ACT) and 37.8 -g of 2~(2-aminothiazol-4-yl)-2-syn-
methoxyiminoacetic acid-(2-benzthiazolyl)thiolester (MAEM)
are suspended in a mixture of 100 ml of water and 400 ml of
acetone. A total of 32.5 ml of triethy;amine is added
dropwise at such a rate to the stirred suspension which is
cooled to 15°%, that.the pH value does not exceed 8. The
solution is stirred at this temperature until the reaction
is completed, and subsequently mixed with 28.4 g of sodium
acetate trihydrate in 60 ml of water. The cloudy solution
is seeded and stirred for 30 minutes at room tempeiature.
Afterwards, 1420 ml of acetone is added dropwise within one
hour and the resulting crystal suspension is stirred for a
further 30 minutes. The deposit is filtered off, washed
with 100 -ml each of acetone/water = 8/2, acetone/wéter -
9/1 and acetone, and dried in a vacuum drying chamber. 59.8
g (90.4%) of the title compound are obtained with 99.7%
purity.
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the ecol ogi cal |y hazardous di chl oronethane. Finally, in order to producée -}
the desired ceftriaxone di sodi um salt hem heptahydrate, acetone is
required. In this process, the result is thus a mixture of solvents, the
regeneration of which into pure individual conponents in an econoni cal
manner is not possible. In additien,74wo isol ation stems’®&9%80dvecessary to
obtain the desired product. There was thus-a cl-ear need to find an
alternative industrially viable process for the production of the conpound
of forBmample LBurprisingly we have found a new, substantially sinplified
process for the production of the conpound of fornula I. I n accordance
with the inventjon, the disodiumsalt hem heptahydrate of ceftriaxone of
for mulEe Te2@HieN nctl, CaRF irach QUth 57 et Gibgd il | BXanpdg tihy MAEM of fornul a

LT i ne 2090 Ush € i 6 d AL dilth Wit GRe e B PSR and tably the base

employed is gjither, a tertiary amne, e.g. a i al kyl am ne, such as
tﬂ)et %Wq&igt@%ri%_eﬁ%q%,by addqing é({ m gf water and

34.9 g of sodium 2~-ethylhexanoate instead of the sodium
acetate solution. 59.2 g (88.9%) of the compound of formula
I are obtained with 98.8 % purity. | '
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Example 3:

18.6 g of 7-ACT and 19.3 g of MAEM are suspended in a
mixture of 50 ml of water and 150 ml of acetone. A total of
55 ml of 2 N sodium hydroxide solution is added dropwise to
the stirred suspension at 25° at such a rate, that the pH
value does not exceed 8. After the reaction is completed,
600 ml of acetone are added dropwise within 90 minutes. The
crystal suspension is stirred for a further 1 hour. The
deposit is filtered off, washed with 100 ml each of
acetone/water = 8/2, acetone/water = 9/1 and acetone, and
dried in a vacuum drying chamber. 29.1 g (88%) of the
compound of formula I are obtained with 97.7% purity.

Example 4:

100 ml of a saturated sodium hydrogen carbonate solution is
added over 15 minutes to a stirred suspension of 18.6 g of
7-ACT in a mixture of 50 ml of acetone and 50 ml of water.
After 1 hour stirring at room temperature, 100 ml of
acetone and 19.3 g of MAEM are added to the clear solution.
The reaction mixture is maintained at 25° until completion
of the reaction. Afterwards, the mixture is crystallized
and worked up as described in Example 3. 29.2 g (88.3%) of
the compound of formula I are obtained with 98.8% purity.
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Ce - | ut i dine, 1,4-dimethyl pi perazine, " h&ethylplperldlne or L

et hyl nor phol i ne, preferably trlethylanlne or a sodlun}contalnlng base,
h as sodi um hydr oxi de, sodi um ' -4-
rogen carbonate or sodlun1carbonate espeC|aIIy sodlun1hydrOX|de The
ction tenperature is suitably fromO to 50[err]C, pre$rgaddg7from

err] to 25[err]C, in particular 15[err] to 20[err]C, when a tertiary

ne is enployed as a base. Wen a -

Example 5:

The reaction is carried out as described in Exampie 4. 5.8
g of sodium carbonate in 55 ml of water are used as the
base instead of the sodium hydrogen carbonate solution.
29.7 g (89.8%) of the compound of formula I are obtained
with 99.6% purity.

Example 6:

A suspension of 18.6 g of 7-ACT and 18.9 g of MAEM in a
mixture of 50 ml of water and 200 ml of acetone is cooled
to 15°, The suspension is stirred and treated dropwise with
12.8 ml of N-methylmorpholine in such amanner that the pH
value does not exceed 7. After completion of the reaction,
50 ml of water are added, whereby a clear solution is
obtained. 14.2 g of sodium acetate and 30 ml of water are
added to this solution. Then the product is crystallized by
adding acetone (in all ca. 1400 ml). Stirring is effected
for 45 minutes, and then the deposit is filtered off. The
product is washed and dried as described in Example 3.

28.7 g (86.8%) of the compound of formula I are obtained.
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i um containi’ng base i s enpl oyed, ‘the reactlon tenperature Iles SUItab

ween O[REdshectsh B Replie®, preferably between 20[err] and 40[err] C, nor
B ferably nperature and 30[err]C After -conpl etion of “The
hCt i on, ﬂgﬂlmm rought to crystallization, optionally by adding

t her ace Subsequent+y9+sol ated and dri ed970keA0ad tertiary
ne is used as the base, at the end of the reaction, a source of sodium
s in the formof sodi um hydroxide, sodium acetate or sodi um
pt hyFhakmBoate is added to the reaction mixture to crystallize the
podi um sal t hem heptahydrate of ceftriaxone, whereby the addition is nade
solid form or in the formof an agueous or acetoni c or agueous-acetonic
¥ uti bn. A pTREegsnfEBanahef PreRuardon| ¢fi shendhpodhumnaplbchpméduced by the
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is reacted with MAEM of formula III
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in the presence of a base, characterized in that the
reaction and the crystallization of the disodium salt’

hemiheptahydrate of ceftriaxone are carried out in aqueous
acetone,

2. A process according to claim 1, characterized in that a
tertiary amine is used as a base, and the disodium salt

hemiheptahydrate of ceftriaxone is crystallized by adding a
source of sodium ions.

3. A process according to claim 2, wherein sodium
hydroxide, sodium acetate or sodium 2-ethylhexanocate are
used as a source of sodium ions.

4. A process according to claim 1, characterized in that a
sodium-containing base is used as a base, and the disodium
salt hemiheptahydrate of ceftriaxone is obtained directly,

from the reaction mixture, optionally b§ adding further
acetone.
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“The process of .the present invention offers nunerous advantages over the
protesses of the prior art. In the process according to'thHe Tnvention,
regeneration of the single solvent used, acetone, (apart fromwater), is
very.sinple, especially if a sodiumcontaining base is used in the
reaction, because in this case a sinprelfectification of th878cB887 1i quor
Is sufficient to-regenerate the acetone in re-usable form Wen using a
Lhe. haet ode. Brgrordsss asesdathe T elalas"e BR°Y, “tnaalTeTiTed™ 1 |
that a trialkylamine is used as a base. : _

6. A process according to claims 1 and 2, characterized in
that triethylamine is used as a base.

7. A process according to claim 1, characterized in that
sodium hydroxide, sodium hydrogen carbonate or sodium

carbonate is used as a base.
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srnrlarly very sinple. The acetone nay be regenerated fronrthe nDther .
li quor by rectification after addimg™an” A e g. sulphurrc acid, mhereby ,;Z:
the tertiary amine fornms a salt. Afterwards, "t he tertiary am ne nmay -be

rel eased with an inorgani c base, e.g. sodrunrhydroxrde and recovered by
distillation. In the process accordingite the invention, ng7okbaoinated

hydr ocarbons are used, no silylation step is necessary, and al so no further
toxi c solvents are required to isolate the product. In the process

accordi ng abstlraciktne€nthenpiapansuteom water, the only solvent used is the
ecologically substantially acceptable acetone. Thus al so no nother |iquors

are obtai ned, which are made up of many solvents and are thus difficult to
regenerateThe Theeptdoasseilatesr poskrnpew, pspaessnsopr shecpirndugtdops are
required, Bethythg; gsa¢5h0eaﬁedhaaehegxahehkaéatb@nce&xr@exeBLeS§ed in the

sane reaction vessel, and ng expensr
reacting 7-amino-3-{[(2,5-dihydro-6-hydroxy-2-methyl-5-

oxo-1,2,4-triazin-3-yl)thio]methyl}-3-cephem-4-carboxylic
acid with 2-(2-aminothiazol-4-yl)-2-syn-methoximinoacetic
acid-(2-benzthiazolyl)thiolester in the presence of a base,
characterized in that the reaction and the crystallization
of the disodium salt hemiheptahydrate of ceftriaxone are
carried out in agqueous acetone.

6300/1G/BU

is Sheet Has Been Replaced

T i |

L)



ghoavy ¢-$-

separation techniques, such as extraction or isolation of internediates
necessary. Using the process according to the invention, the desired
di sodi um salt hem hept ahydrate of ceftriaxone is obtained dir

are

Y~lhat is

wi thout having to isolate the free acid (ceftri axone) or any otFiE@LA(;E;J,gNT

The product is isolated fromthe reaction mxture directly i Ot~y ““rPSHEEFj

formand high yield. The process accordimg-to the invention
great ecol ogi cal and econom cal advantages, since execution
reaction, including product isolation, working-up of nother

regener at i tfevwofprastesmt £or i sheeprodueplen afidcebtetakogecal Iy
and/ or toxic solvents are used. Apart fromall these technrtcats

ecol ogi cal and econom cal advantages of the process according to the
i nventi on, Thednvwantior| gelakrs vE? @ i ecenemjcal and déspled

process for the production of the disodium salt
hemiheptahydrate of ceftriaxone of formula I
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Ceftriaxone is a third generation cephalosporin and is one
of the most important parenterally applied antibiotics.

All relevant processes described in literature start with
7-ACT of formula II

CH3
HaN S
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whereby the side chain in N-protected or unprotected form

is introduced into the amino group in position 7 using
various acylation techniques.

The most elegant method of introducing the side chain uses
a reactive thioester, e.g. MAEM of formula III

:E;-]L_ III
R
N OCHa
since here it is not neceséary to protect the amino
function of the 2-aminothiazolyl group. This process was



- 6- product ceftriaxone disodium salt hem heptahydrate ar
obt ai,ned. The process is suitable for industrial scale. Th
Exanples illustrate the invention nore fully, without limti
Al'l tenperatures are given in degrees Centigrade.
7-[[2-(2- Am not hi azol -4-yl ) -2-syn- met hoxyi m no] acet -

am do} - 3-{[ (2, 5- di hydr o- 6- hydr oxy- 2- et hyl2=5- oxo- 1, 2, 4-

triazin-3-yl)thio] methyl}-3-cephem 4-carboxylic acid disodi unsalt
hem hept ahydr.ate (co n f formul a_l
P y'girst.%esggg%e% %n EP-A-d%37%BO, and since then has been

used in a few slightly modified processes (e.g.
E?-A-0399094).

A further process, which operates without a protecting
group at the amino function of the aminothiazole, is
described in EP-A-0175814. In this process, active esters
with l-hydroxybenzotriazole are employed. Pfocesses using
an amino protecting group are described in GB Patent
Application 2 022 090 and in EP-A-0030294. Of all the
processes described, the one using activated thicester, as
described in EP-A-0037380, appears to be the best. In
EP-A-0037380, 7-ACT of formula II is silylated in
dichloromethane with N,0-bis-(trimethylsilyl)acetamide and
reacted with MAEM of formula III. By adding
methanol-containing acetonitrile, the ceftriaxone formed is
precipitated as a free acid. This then has to be converted
in a further reaction step into the desired form of the
disodium salt.

In the process described in EP-A-0037380, not only an
ecologically hazardous chlorinated hydrocarbon (dichloro-
methane) is used as the reaction solvent which is difficult
to recycle or dispose of in an environmentally acceptable
manner, but also the toxic acetonitrile is employed to
isolate the active substance. In this process, a mother
liquor is obtained, which consists of a mixture of
dichloromethane, methanol, acetonitrile, acetamide and
siloxanes. Apart from the ecologically hazardous
dichloromethane, this mixture also contains the toxic
solvents methanol and acetonitrile, and in addition the
suspected carcinogenic acetamide. Regeneration of the
individual components from this mixture may only be carried
out at very great expense, if at all. A further
disadvantage of the process described in EP-A-0037380 is
that first of all ceftriaxone has to be isolated, and in an



Exampl e 1: 37.1 g of 7-am no-3-{[(2, 5-di hydro-6-hydroxy} REpeAb
0Xx0-1,2,4-triazin-3-yl)thio] nmethyl}-3-cephem 4-carboxyl i
37.8 g of 2-(2-am nothi azol -4-yl)-2-syn- nethoxyi m noacetfi g
aci d- (2- benzt hi azol yl )t hi ol ester (MAEM are suspended inja rrinaJOGTofpggO _
m of water and 400 ml of acetone. A total of 32.5m of f{rileth ' 1
added dropwi se at such a rate to the stidred suspension ich is COO
15[ err], that the pH val ue does not exceed 8. The sol uti om-s~siirred at
this tenperature until the reaction is conpleggd @nd subiquently m xed
with 28. 4 Gt iond lurs @Rtaf 18 iRERFIS | TS O3 URafaL S FRERC] oudy
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Afterwards, 1420, nm of acetone is added dropw se within one hour and the
resul ti ng R& R4 UBfpension is stirred for a further 30 ninutes. The
deposit is filtered off, washed with 100 m each of acetone/water = 8/2,

/ - 9/1 and d | ' drying.ch : 59.3.
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7-ACT with MAEM is effected in a mixture of
dimethylacetamide, tetrahydrofuran and water. In order to
be able to isolate a product of high purity, in this
process first of all the N,N-dibenzylethylenediamine salt
of ceftriaxone must be produced. For this, two further
solvents are employed, namely ethyl acetate and dichloro-
methane, so that the mother liquor to be regenerated is
finally a mixture of 5 different solvents, containing again
the ecologically hazardous dichloromethane. Finally, in
order to produce the desired ceftriaxone disodium salt
hemiheptahydrate, acetone is required. In this process, the
result is thus a mixture of solvents, the regeneration of
which into pure individual components in an economical
manner is not possible. In addition, two isolation steps
are necessary to obtain the desired product.

There was thus a clear need to find an alternative
industrially viable process for the production of the
compound of formula I. Surprisingly we have found a new,
substantially simplified process for the production of the
compound'of formula I.

In accordance with the invention, the disodium salt
hemiheptahydrate of ceftriaxone of formula I is obtained,
by reacting 7-ACT of formula II with MAEM of formula III in
aqueous acetone in the presence of a base. Suitably the
base employed is either a tertiary amine, e.g. a
trialkylamine, such as triethylamine, 2, 3-or 4-picoline,
2,6-lutidine, 1,4-dimethylpiperazine, N-ethylpiperidiné or
N-methylmorpholine, preferably triethylamine, or a
sodium-containing base, such as sodium hydroxide, sodium



urity. - 7- Exanplie neé;
Peaqt?on Is carried out as described in Exanple 1, except thgfpkﬁﬁHME§JC§WE§I
tenperature is 20[err] and crystallization is effected by gdding 60 m of
‘wat er and 34.9 g of sodi um 2-et hyl hexanoate instead of thejs¢didd GCEL99&
solution. 59.2 g (88.9% of the conpound of fornula
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hydrogen carbonate or sodium carbonate, especially sodium
hydroxide.

The reaction temperature is suitably from 0° to 50°C,
preferably from 10° to 25°C, in particular 15° to 20Q°C,
when a tertiary amine is employed as a base. When a
sodium-containing base is employed, the reaction
temperature lies suitably between 0° and 50°C, preferably
between 20° and 40°C, more preferably between room
temperature and 30°C.

After completion of the reaction, the product is brought to
crystallization, optionally by adding further acetone, and
is subsequently isolated and dried. When a tertiary amine
is used as the base, at the end of the reaction, a source
of sodium ions in the form of sodium hydroxide, sodium
acetate or sodium 2-ethylhexanoate is added to the reaction
mixture to crystallize the disodium salt hemiheptahydrate
of ceftriaxone, whereby the addition is made in solid form,
or in the form of an agueous or acetonic or
agueous-acetonic solution.

The compound of formula III is known and may be produced by
the process disclosed in EP-A-0037380.

The process of the present invention offers numerous
advantages over the processes of the prior art.

In the process according to the invention, regeneration of
the single solvent used, acetone, (apart from water), is
very simple, especially if a sodium-containing base is used
in the reaction, because in this case a simple
rectification of the mother liquor is sufficient to
regenerate the acetone in re-usable form. When using a
tertiary amine, e.g. a trialkylamine in the reaction,
regeneration both of the acetone and of the base is.



| are obtained with 98.8 %purity. Exanpl e 3: 18.6 g of 73‘

acetone A total of 55 m of 2 N sodi um hydroxi de sol ution
dropwi se to the stirred suspension at 25[err] at such a rat
val ue does not exceed 8. After the reaction is conpleted,
are added dropwi se within 90 m nutes. Thé‘crystal suspensign is s

a further 1 hour. The deposit is filtered off, washed with
acet one/ wat er 2 acetone/mgt = 9/1 and acet and dried in a vactrms

dryi ng chaﬁb@?laﬁ Y 1VECY38IpP tﬂEecéﬁ559ﬂ8 BPYfanﬁPQePeéﬁéeébﬁépﬁed with
97. 7% puri the moEﬁaﬂpLeqéor by rectification after adding an acid,

e.g. sulphuric acid, whereby the tertiary amine forms a
salt. Afterwards, the tertiary amine may be released with
an inorganic base, e.g. sodium hydroxide, and recovered by
distillation. o

In the process according to the invention, no chlorinated
hydrocarbons are used, no silylation step is necessary, énd
also no further toxic solvents are requiréd to isolate the
product. In the process‘according to the invention, apart
from water, the only solvent used is the ecologically
substantially acceptable acetone. Thus also no mother
ligquors are obtained, which are made up of many solvents
and are thus difficult to regenerate.

The process is very simple, since no protecting groups are
required, both the reaction and the crystallization may be
effected in the same reaction vessel, and no expensive
separation techniques, such as extraction or isolation of
intermediates are necessary. Using the process according to
the invention, the desired disodium salt hemiheptahydrate
of ceftriaxone is obtained directly, that is without having
to isolate the free acid (ceftriaxone) or any other salt.
The product is isolated from the reaction mixture directly
in highly pure form and high yield. The process according
to the invention thus offers great ecological and
economical advantages, since execution of the reaction,
including product isolation, working-up of mother liquors
and regeneration of solvents, is very simple, and no
ecologically hazardous and/or toxic solvents are used.

Apart from all these technical, ecological and economical
advantages of the process according to the invention,
excellent yields and very good quality of the desired



100 M of a saturated sodi um hydrogen carbonate solution i
mnutes to a stirred suspension of 18.6 g of 7-ACT in a m
acetone and 50 m of water. After 1 hour stirri-ng at room
m of acetone and 19.3 g of MAEM are added to the clear soljuffi on. The
reaction mxture is maintained at 25 until conpletion of thefrhStOChH 1994
Afterwards, the mxture is crystallized and worked up as d¢s¢ribed in
Exanple 3. 29.2 g (88.3% ofthecommqm%pffommlal arejobtained wth

98. 8% purity. Exanpl e 5:

product ceftriaxone disodium salt hemiheptahydrate are also
obtained. The process is suitable for industrial scale.

The following Examples illustrate the invention more fully,
without limiting its scope. All temperatures are given in
degrees Centigrade.

7-{[2-(2-Aminothiazol~4-yl)-2-syn-methoxyimino]lacet-~
amido}-3-{[(2,5~-dihydro-6-hydroxy-2-methyl-5-oxo0-1,2, 4-
triazin-3-yl)thiolmethyl}-3-cephem-4-carboxylic acid
disodium salt hemiheptahydrate (compound of formula I)

Example 1:

37.1 g of 7-amino~-3-{((2,5-dihydro~-6-hydroxy-2-methyl-5-~
oxo-1,2,4-triazin-3-yl)thio]methyl}-3~cephem-4~carboxylic
acid (7-ACT) and 37.8 g of 2-(2-aminothiazol-4-yl)-2-syn-
methoxyiminoacetic acid-(2-benzthiazolyl)thioclester (MAEM)
are suspended in a mixture of 100 ml of water and 400 ml of
acetone. A total of 32.5 ml of triethylamine is added
dropwise at such a rate to the stirred suspension which is
cooled to 15°, that the pH value does not exceed 8. The
solution is stirred at this temperature until the reaction
is completed, and subsequently mixed with 28.4 g of sodium
acetaté trihydrate in 60 ml of water. The cloudy solution
is seeded and stirred for 30 minutes at room temperature.
Afterwards, 1420 ml pf acetone is added dropwise within one
hour and the resulting crystal suspension is stirred for a
further 30 minutes. The deposit is filtered off, washed
with 100 .-ml each of acetone/water = 8/2, acetone/water =
9/1 and acetone, and dried in a vacuum drying chamber. 59.8
g (90.4%) of the title compound are obtained with 99.7%
purity.



The reaction is carried out as described in Exanple 4. 5.8 g of sodium
carbonate in 55 m of water are used as the base instead —sodium
hydrogen carbonate sol ution. 29.7 g (89.8% of the conpou dREPLKOEMEN'TBSHEE
are obtained with 99.6% purity. Exanpl e 6: A suspensi ¢n 86 =
7-ACT and 18.9 g of MAEMin a mxture of 50 ml of water afpd CQ QPW%
acetone is cooled to 15[err]. The suspension is stirred apdjt é 9
dropwi se with 12.8 ml of N nethyl norphol ifre in such amanngr Lthat_the pH
val ue does not exceed 7. After conpletion of the reactionf 50 nl of water
are added, whereby a clear solution is obtained. 14.2 g o _
and 30 nl adxamgiler 2 e added to this solution. Then the product i's
crystallized by adding acetone (in all ca.- 1400 m). Stirring is effected

for 45 mnutes, and then the deposit is filJtered off, The
The reaction is carried out as described in Example 1,

except that the reaction temperature is 20° and
crystallization is effected by adding 60 ml of water and
34.9 g of sodium 2-ethylhexancate instead of the sodium
acetate solution. 59.2 g (88.9%) of the compound of formula
I are obtained with 98.8 % purity.

Example 3:

18.6 g of 7-ACT and 19.3 g of MAEM are suspended in a
mixture of 50 ml of water and 150 ml of acetone. A total of
55 ml of 2 N sodium hydroxide solution is added dropwise to
the stirred suspension at 25° at such a rate, that the pH
value does not exceed 8. After the reaction is completed,
600 ml of acetone are added dropwise within 90 minutes. The
crystal suspension is stirred for a further 1 hour. The
deposit is filtered off, washed with 100 ml each of
acetone/water = 8/2, acetone/water = 9/1 and acetone, and
dried in a vacuum drying chamber. 29.1 g (88%) of the
compound of formula I are obtained with 97.7% purity.

Example 4:

100 ml of a saturated sodium hydrogen carbonate solution is
added over 15 minutes to a stirred suspension of 18.6 g of
7-ACT in a mixture of 50 ml of acetone and 50 ml of water.
After 1 hour stirring at room temperature, 100 ml of
acetone and 19.3 g of MAEM are added to the clear solution.
The reaction mixture is maintained at 25° until completion
of the reaction. Afterwards, the mixture is crystallized
and worked up as described in Example 3. 29.2 g (88.3%) of
the compound of formula I are obtained with 98.8% purity.



pr oduct

I's washed and dried as described in Exanple 3. 28.7 g (86.8% of
the conpound of fornula | are obtained.

-9- dains: 1. A process for the production of the qi REBLACBMENTt SHEET -

hept ahydr at e of ceftrlaxone wherein 7- ACT of fornula I
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Example 5:

The reaction is carried out as described in Example 4, 5.8
g of sodium carbonate in 55 ml of water are used as the
base instead of the sodium hydrogen carbonate solution.

29.7 g (89.8%) of the compound of formula I are obtained
with 99.6% purity.

Example 6:

A suspension of 18.6 g of 7-ACT and 18.9 g of MAEM in 5
mixture of 50 ml of water and 200 ml of acetone is cooled
to 15°. The suspension is stirred and treated dropwise with
12.8 ml of N-methylmorpholine in such amanner that the pH
value does not exceed 7. After completion of the reaction,
S0 ml of water are added, whereby a clear solution is
obtained. 14.2 g of sodium acetate and 30 ml of water are
added to this solution. Then the product is crystallized by
adding acetone (in all ca. 1400 ml). Stirring is effected
for 45 minutes, and then the deposit is filtered off. The
product is washed and dried as described in Example 3.

28.7 g (86.8%) of the compound of formula I are obtained.



[err] is reacted wth MAEM of formula 111l [err]
base, characterized in that the reaction and the crystal
di sodium salt hem heptahydrate of ceftriaxone are carri g
acet one. 2. A process according to claim1, character
tertiary amne is used as a base, and the disodium salt
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Claims:

1. A process for the production of the disodium salt hemi-
heptahydrate of ceftriaxone, wherein 7—ACT of formula II

HyN

N CHz2.8—
© “:H:]i\ II
Coo

is reacted with MAEM of formula III

HzN‘Lj' S—“’ .' I I I

N. OCH3 N

in the presence of a base, characterized in that the
reaction and the crystallization of the disodium salt"

hemiheptahydrate of ceftriaxone are carried out in aqueous
acetone.

2. A process according to claim 1, characterized in that a
tertiary amine is used as a base, and the disodium salt
hemiheptahydrate of ceftriaxone is crystallized by adding a
source of sodium ions.

3. A process according to claim 2, wherein sodium
hydroxide, sodium acetate or sodium 2-ethylhexanoate are
used as a source of sodium ions.

4. A process according to claim 1, characterized in that a
sodium-containing base is used as a base, and the disodium
salt hemiheptahydrate of ceftriaxone is obtained directly,
from the reaction mixture, optionally by adding further
acetone. '

* [ L M S *



hem hept ahydrate of ceftriaxone is crystallized by adding a source of

sodi umi i

sodi um acet at e or -sodi um 2- et hyl hexanoate are used as ja

“ions..

sodi um contai ning base is used as a base, and the di sqdijun0seQCT 1994
hem hept ahydrate of ceftriaxone is obtained directly, Jfrlomthe reactign
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ons. 3. A process according to claim 2, wherjei !
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4. A process according to claim1, characterigedq in that a

optionally by adding further -ackd-ene.

llde,
h

5. A process according to claims 1 and 2, characterized in
rhat a trialkylamine is used as a base.

6. A process according to claims 1 and 2, characterized in
that triethylamine is used as a base.

7. A process according to claim 1, characterized in that
sodium hydroxide, sodium hydrogen carbonate or sodium
carbonate is used as a base.

AR R ) OO



- 10- 5. A process according to clains 1 and 2, characterized in that a
trial kylamne is used as a base. ~%."A process accordi ng.to clains 1 and
2, characterized in that triethylamne is used as a base v
according to claim1, characterized in that sodi um hydr o}
hydr ogen carbonate or sodium carbonate is used as a basqg.
_ 11

NEW PROCESS FOR THE PRODUCTION OF CEFTRIAXONE

Abstract of the Disclosure

The invention relates to a new process for the production
of the disodium salt hemiheptahydrate of ceftriaxone by
reacting 7-amino—3-{[(2,S-dihydro—6-hydroxy—2-methyl-5-
oxo—l,z,4-triazin-3—yl)thio}methyl}—3-cephem—4-carboxylic
acid with 2-(2-aminothiazol-4-yl)-2-syn—methoximinoacetic
acid-(2-benzthiazolyl)thiolester in the presence of a base,
characterized in that the reaction and the crystallization
of the disodium salt hemiheptahydrate of ceftriaxone are
carried out in aqueous acetone.



