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Process for the preparation of crystalline TACA.

5 The present invention relates to a crystallization

' process for the isolation. of 7-g-amino-3-(S5-carboxy-
methyl-4-methyl-1,3-thiazol- 2-yl-th.1.omethyl)-ceph- -em=
4-carboxylic acid (TACA) of the formula

HaN___-S CHy,
4_N
0 CH, =S lcaecua

ChaH
TACA
TACA is the central intermediate in the preparation of
10 the human antibiotic cefodizime
OH
' - C-C-N :
O N—(nN
)[\ ‘OCH, |
HaN g 5 CHE-S CH CDz
' : - COaH .
Cefodizime:

which is obtained by acylation of TACA. Cefodizime is
employed against bacterial infections as the sterile
disodium salt.

. The preparat:!.on of TACA by reaction of 7-aminocephalo-
15 sporanic acid (7-ACA)
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( 54) ON- THE- FLY PRI NTER 45 (n7§.9,«~&<ABUSHI KI KAl SHA SUWA  SEI K-
:di spl acenent, the printer furt her corrpri S? ng OSHA, a Japanese
conpany, of 3-4, a contl nuousl y rot-atabl e ratchet wheel having 50

FLCToTe, T and ™ el BBl i052k e B RREA5L B S SRS

therefromfor
linearly displ(3@RRj said tri ggem Hawhen _ 5 pray that a patent
ger lever is disposed in the path

may be granted to us, and saiff tri
the nethod by which it is s per ége%pa hereof , and neans for
selectlvely rotating 310 2 |cularly described in and by
the said trigger lever into and out of -the pat h of 55

foll ow ng statenent: - the or each said ratchet wheel
tooth to effect : MMTﬁ/entlon rel ates generally to an
printing, saiioh twatgger:.nekm pregence saf da base (SOdnumthme&rbopatep er

cal cut ators and BRACIPATAE LRy a0t Lo E Al Bard 1IN SRR ORERELL |
said radSichet acid, pH 2.0}cigcdescribed in U.S. 278, 93. The m%eel
tooth to di sphraelcidl G aiBrfodieéd - hel® by a replacemen'& nréé@t'f':.&'i' phers,
the hammer stihieS e hain of the foaca be'&‘%aéiafg thus £ormed. It
' is expedient in order to precipitate the TACA to add not
only acid, but also a precipitation aid, preferably an
10 alcohol. The crystallizate thus obtained is then
| centrifuged in a' customary manner, washed in the
centrifuge, isolated and dried. '

This process, which is known from the literature in
principle, in which the precipitation of the TACA is
15 carried ocut by addition of an acid, was checked on the
' ~ laboratory and technical scale and in its possibility of _
large scale applz.cation , a customary chromatographic
purification step also being inserted.

On the laboratory and technical scale, the precipitation
20 of theé TACA can be carried out in such a way that the
solution of the TACA, which, due to the preparation, is
present as a salt, preferably the sodium salt, and is
purified by means of an adsorption chromatography column,
is first treated with a precipitation auxiliary, for
25 = example an alcohol, preferably n-butanol. If an acid is
'now added, preferably an inorganic acid, preferably
.sulfuric acid, and a homogeneous phase is produced by
stirring, the solution, which is supersaturated with
TACA, remains initially clear until, after some time,

30 crystallization begins.
o _ The crystailizate thus obtained can indeed be separated
4 . . . . . . -
from its mother liquor with the aid of a centrifuge,
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character disposed on a cont uw&gsﬁy §:0t ating ation to rotate in
: synchronl smwth print it drum However, the known arr-
drum ) ange nents of this t-y:pe—of printer have sever al The
invention is illustrated, purely by way . substanti al drawbacks.

Speci i call Yyadifb @l ANE 1 Lgélmm i tHe) sd 2680 HPREN' 181 8624hD7puc®

motion w |l occur nt1ng proc
t he contact wfﬁmorbé:hﬁaelmqee snaﬂcﬁe;nam accemt@m@ time witbputaless

represent atigs ahant . A%0 4 hgaypr bat, den@ bm&uaids\sﬂﬁmmgnglﬁ henar i nt
one colum of a t ﬁﬁaaccordl

arri er%l t oo
great, resul$3§f ¢ gEHYsFﬁSgH?W“ Pragedyne, i "F? phRdus pﬁf‘e
order 0 gtk fizé drasticallyy iof drdexhaasea kesalt of the thenovercome

thi s defect, | f rjnt g 1,. b t hout
t he cén?%%&%ﬁ%ﬁgi \%mhgﬁl?%e%@ﬁégac &e i‘f %3{3& %Eﬁ%&r eg%?ﬁs‘t opper,
showi ng t he bayemnthickaess safr crystiallizatdyin ichecenyrifegepthati ng

t her eof du“ﬂ?e@ ﬁi‘é‘q_sd;i J.or\hgrocess lé%%iiigléihdaﬂa%@éptable

Figure 3 is VI ew o mer | ever According to the
present i nve?ﬁ#%ﬁﬂt%%r%’-‘?‘% ‘6*"-‘!% prass &f ghadidire 1, shown with said

provided a printer including a retatable print ham*rer | ever stopper, to

H usfd ate tf]n Cet Ic%r}ltext of large-scale process development for the

preparation of TACA, a method was worked out to precipi-

: T tate TACA from the solution as a crystallizate. However,

' ' this method leads - as is shown below - in the case of a

large-scale production quantity to the isolation time for

15 the crystallizate in a centrifuge lasting so long that

distinct damage to the product with respect to color,
content and yield' already occurs.

In this method, the precipitation was carried out in such
a way that, after replacement by MMTA in the 3‘-position
20 of 7-ACA to give TACA, the TACA reaction solution
was purified by means of a chromatography column packed
with adsorption resin, pfeferably HP 20. The product-
containing eluate fraction was treated with a precipita-
tion auxiliary, in particular an alcohol, preferably
25 n-butanol. Within a certain time, preferably about 30
minutes, a defined. pH of preferably about 5.5 was
established by addition of an acid, preferably an
inorganic acid, in particular of about 15% stﬁ:‘ength
sulfuric acid. The TACA began to crystallize during this
30 ' add:.tlon or shortly thereafter.

The mixture was subsequently stirred for a short time,
preferably about 15 minutes, and then a defined final pH
of preferably about 4.0 was established by further
addition of the acid. The mixture was subsequently
,35 " stirred for some time, preferably about 1} hour, and the
' suspension was added to a centrifuge. The mother liquor

Tl
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drum arranged in operation fo1[4gc§ gticpugus  of said hamrer |ever duri ng sai d

pr,intihg 30 rotai on Tnﬁgr‘ J,“eye_[ havi ng a hammer operati on.
- nount ed thereon for striking said print drum Referring now to the

dr awi ngs, ure 1 acerrent of ;said hamrer, | ever
"is a schemat ?’ésr epPBO¥Rd t P¥N %g EHL“- a moderate; Fpagdy;.
printing, a bmmnpplame&loloe rph,a @ndntthe acc:qacta&g také hashiulent i on.
The r r.a ar u a
print hanmer “PARged e WEbESe VTR vBRR"\1i4ig.  BR4rERRbIE T
hamer on oné.cahmlof ansmmdlﬂry Lsgpappanol Aftlee!\/eq!enwkfw&iamrer
| ever gtoppe N$%te | {ﬂ% to
engage sai d m&oﬁeﬁﬁ.@at éﬁl@édpl%ot abl unt ed at the Junctlon of

-its 85 dMder to stop the dis- arns on a
hammer | ever shaft 3 D|sposed pl acenent of said hanmer |ever

I mredi atel y mredi_at eI bel aw t drum 4 before

sai d hammer E#‘FISFe rs‘?ﬂ g][aql}ﬁrﬁfmore %p%%r}b 5% ssﬁf\gte n the

peri pheral about 100 ké&r eEeupa:bldgapts’badtcharﬁtdnsl aopraspongs- toswrfence

t hereof. The a1t ant,i.al d and
cRhlt %iqﬁgnuﬁﬂgn g P the Same . tim trah o iﬂcfeééé%ﬂf

adapted for prvo ear are nount prin
di spl 38enent déb@@tlof-ﬂﬁéﬁ}qmcﬂf obhef SPlédt was Wedfto@"é:@nt‘ﬁ%l}'é‘? otation .

therewi th ingrjed TACA no longer complied with the quality criteria
( set. The batch wis therefore unusable for further pro-
" "~ cessing.

There was thus a need to £ind a crystallization process
15 which allows the crysthllization, centrifugation, washing

and isolation of TACA on a large scale without losses in

quality occurring during the time necessary for this.

The present J.nventj.on therefore relates t:o a process for '
the preparation of c:ystall.me TACA ‘

N——/gc
HEN\——r

CUaH
TACA
20 by reaction of 7-ACA
HaNG_ -~ |
N o
R ’ CHQ".."'C"CHJ
CS;H '
. 7-ACA
s . '
—_—
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arns, said _hammer being nnunﬁggiﬁn?@ﬂﬁ of operation. Shaft 6, which defines
the axi's of 45 . said arnms; Safd hagmer |ever shopper being the print
drum 4, is disposed imediately adapted to engage the ot her of

said arnms, = below, the position umed by hamrer 1 ~Ina
preferred e®WHMMEA said tri mﬁw it strikes te print drum4 via an

I nked 95 | ever i ed for rotational and linear ribbon 31
and a print carrier, e.g. ~NeWoCO o

1, 240, 603 - "whereby the h r_cl gséi sposed normal printer according

to the present invention,

| MMTA
“in the presence of a base and subsequent precipitation of
thé TACA by addition of an acid, which comprises
precipitating the TACA by addition of a TACA solution to

5 a partial amount of the acid, which can also contain a
precipitation auxiliary, the precipitation being
completed by further addition of acid up to a final pH
of 3.0 - 4.5 or, if the final pH is kept constant, by
further addition of TACA solution and acid.

10 By means of the present invention, the manner of the -

- crystallization is modified by agglomeration of finely
crystalline material (*inverse crystallization") such
that the TACA can subsequently be centrifuged in a
centrifuge and washed, and also isclated, on the large.

15 scale in an acceptable time without loss of quality. This
material maintains the quality criteria set and is very
highly suitable for further processing. '

The precipitation auxiliary, in particular a low
molecular weight alcohol, preferably n-butanol or amyl
20 alcohol, is initially introduced together with a partial
amount, preferably about 40 - 50%, of the total amount of
acid calculated for the conversion of the TACA salt,
preferably of the sodium salt, into the free carboxylic
acid. The calculation is carried out with reference to
25 'the content of TACA in the eluate to be determined
previously in each case. Suitable acids are inorganic
acids, such as, for example, hydrochloric acid or prefer-
ably sulfuric acid, in particular about 15% strength.
sulfuric acid, or organic acids, such as, for example,

30 formic acid or .acetic acid.
, -~*  The previously collected eluat_ie fractions, obtained by
means of an adsorption résin, preferably HP 20, are added
This Sheet Has B
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to said axi s when striking t z prl 0t when t he prlnter I s actuate
but no ti m ng 4. Print i’ geér 56mesh| ngly engages an signals are
appl i ed "(by means not shown) . internmediate pinion 7 and an )
internediate to the el ectrorra%gets t he ratchet wheel 10 5 ear 8 fixed
thereto. The WAES esdrpiaggdsy We qoyrsPeSti B shOTd @i o PREFLamatdy 32,

t her eby 70 about 18 hihﬁtegeshhnﬁhd W%ﬁ/\ﬂﬁﬂl@, 'cHyERI1 199Ut ioH SO
rotating the BFII’J'[ drum4 int cﬂ i xed to a ratchet eel -
10. The ratch gl&ésd%%&e an ‘%‘?lﬂfl &PGFPESP& éiQr@ vglue oL heel
10 i s shown a@rla&e&gbﬂ.qr abdun 1Sh 3a tot I5e4sam£tdrr scireings fbltearmﬂdmi wheel

ﬂ of tﬁe r;{]g‘ﬁ'ﬁﬁto Q%IfL%GB‘i&, %&%Léllgl tl?’ CI r(:urni‘eren{lz et hla?‘?m fes}[(r)gfj.h

10 foll ows a Badh ﬂédSwMypmmb#Ihﬂa - 452, Pl‘efﬁh‘ebgrar‘l Oat iis
bet ween gear 5e§%§bﬂ':.§h%35b'§» ﬂrtn%% dduitRrsenasiaf ?:Eéfékﬁﬁi[y in

energi zi ng IS selected so thatf the pitc I me of
el ectromagnet 98, H%“’iﬁﬂ uRf | AR oskY m’-n“t?%ot hThe oBiFtuTene is

circunferenti ahbse?emmf $tifréde et 3d ofshdargeimbpVprekérdbigosed

e gt o 350! B pPRAEORT e WiGR 2D oSFh R Fod s Y e .
in that posi tpmafb;'abligr aboitigl.58bours, withsiit Sticorimgspditdsis chene '
advancing of gaggs;hie YhehysRof PP te1 bbb 1L IPEEgS kL 1Aout 1/3
to 1/2 of the mother ,liqudr, as a clear supernatant above
the suspension. This syphoned-off part, as it only
15 . contains a little very fine solid, is not added via the °
centrifuge. The remaining suspension containing the
crystallizate is then added to a centrifuge. The mother
liquor is removed by centrifugai:ion at a moderate speed,
preferably about 300-400 rpm, and the crystal cake which
20 remains is wash_ed with wash liquid, preferably an
alcohol, preferably isopropanol. After centrifugal drying
at the same speed, preferably about 400 rpm,- the solid is

isolated and dried.

These processes last less than 6 hours on a scale of
25 about 100 kg of product/batch (this corresponds to one
centrifuge filling). At the same time, no discoloration
of the solid is observed. The dried TACA complies with
the quality criteria set and is therefore highly suitable
for further processing to cefodizime. | ‘

30 . The process according to the invention can also be
carried out with slight modifications. Thus, it is even
possible to dispensé entirely with the precipitation
auxiliary and onJ.y' to initially introduce the partial
amount of the acid, or even to replace the inorganic acid

35. by an organic acid ,. such as, for example, formic acid,

" for example 18% strength formic acid or acetic acid. The
inverse crystalli.zation method can also be modified such

Thl1 sllsllllileltlilii ,Been RT
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character -on the print drum 4 (?9,% posi tioned by means of the

second trigger D spose flt;H side of a trigger lever 14 |ever
pin 13 and the trigger |lever guide there are provided first and
second trigger nenber 18. The magnetic plate 25 is also 20 " -lever guide
pi.ns 12 and thatjhaftergisitially imeroduging %m@&airmvmceﬁmonagnet

e g ot @ dnesian kst
adapted acti aﬁﬁ?@% d{ﬁétﬁﬁ gt%é‘ﬁf’nga?ﬁ ﬁ%ﬁ%f t-‘?‘&r pi vot al

and | i near d'u.sqgi m&mm@nade\ﬂineu ebgugesstili nfuttchesr <Ihate and trigger
- lever gw de g‘ogegjj'%t%sl 13 (1@ %%%I addEQ li:dﬂxet Qaﬂé'gim character, a pulse

si gnal ever dur sai IS applied (by means:
not shovvn) to the d| spl acerrent A spring 19 is secured between
el ect romagnetrh&fS 'sata%k:br@.h@’ eol ERe invenffdﬁrwﬂafh% ard‘ﬂﬂﬂxﬂ.ﬁ poi nt
20 for biasin e desired c aracter on the perlfﬁ:eral surface of

end 34 of th& ?"l rin el Peing, Possi heelake, the TpGH 2Mpisses

under hammer 1arg Eescale iaf tieot petiod Toe etmhéln@éeémryomr ahds( as
ever. Eaf's"QH&& oy 4o (LA TS Fander el Teine B BF os
by a $8oul deTAZA oint ai gyald cvfr aboutpdd® Heg nﬁgmducpllbagcbs ha$ t he
direction of tgei@¥ore only become possible at all. Since the addition
of acid, which was ctistomary hitherto, to precipitate the
TACA gave poor results, it was not to be expected that.
_ the addition of a partial amount of the acid essential °
15 -according to the invention would lead to such surprising
'~ results. ' .

The following exemplary embodiments serve to illustrate
the process according to the invention further, without
restricting it thereto. '

20 Example 1:
Preparation of the TACA-containing eluate

486 m1 of demineralized water are initially introduced
into a 2000 ml four-necked flask with nitrogen
blanketing and - |

25 22.8 g (0.120 mol) of mercaptomethylthiazoleacetic acid
' (MMTA) are introduced with stirring. The MMTA is
dissolved at pH 6.3 to 6.6 in the course of about
10 minutes by dropwise addition of about
4.1 g (10.2 ml) of sodium hydroxide solution (33%
30 strength). The solution is then heated to 70°C.

In the meantime, _
28.61 g (0.100 mol) of 7-aminocephalosporanic acid

— (7-ACA) are stirred in a 250 ml beaker with
97. 9 ml of demineral:.zed water to give a homogeneous

This Sheet Has Been RTlaced
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[ i near displacement of the tqhg%grqdrev r 14 to 36, carrying timng |ever-’
23 t herewi t-h, which cause pi vota grovemeht of the trigger |ever
engages the tail 15 of tri gger | ever o rotate 14 and thus to
cause hamrer -1 to strike the it in turn in the counter-clockw se
direction 35 pii nt ijapenaion.ha}haerﬂwﬁewsuspeppdnmaﬂ metaredt intogger

| ever guide nenber gﬂﬂ ]45’-‘!' oV, d dohdeler t 21 of
hanmer . so di sposed as S tJ.on E'E\hei:%dc':M oz tHfgeverg;
said trigger |ever |iminytes hé‘sﬂ-ﬁsh 8f 1!‘%'6?#-’11 pump The { LREAGRAEver 23

i s disposed so as to tenpettivtie) ié Wupeati meAd il mleamhrsetbe
engagegbl e by tail | ever 14 and ,i.s _direction 37. 40

of trj
pi vot abll y nmount ed on%%ﬁmﬁg%ﬁgvgpghﬁw.ﬁ thﬁ'ﬁ%etﬁ (#gepp nt of
trigger lever 14  10the react:liloneetoﬂ.utuba isnkept | av gH 2. 3 $ca6r-r&gh1zt ic is

transmtted to arm?2 ,_tﬁ#a‘rq ;}g% pl ate 25 adapted to
co-operate with an- rrjnéézg]so smﬂq}%gz aJqhetrlg er- |l ever 14.
el'ect romagne24®6 & or (3&S prlbt PRgsedizm diydmegemneerberate solytiant urn

rotated in a M tdterdiigtg .25 and tining lever 23 in clockw se
di rection causing. hammer 1 to 45 response to the energization of the
elec- strike the print drum4 through the inked 110 trorragnet 26.

A spriong 28 is nountzfter intmritlg aiwl ¢omeletd), athé hp-ACAenessabt is
rinsed-out with
22 m1 of demineralized water and the rinsed water is
added to the reaction solution. To complete the
reaction, the reaction mixture is subse‘quently'j
15 - _ stirred at 70°C for one hour. |

Purification: _
- After reaction is complete, the . solution is
cooled to 30°C and pumped at 3 BV/h through a
. column containing '
20 300 ml of adsorption resin HP 20.

The first three hundred milliliters of the eluate

(forerun) are discarded. The remaining eluate is

. collected. After metering of the reaction solu-
tion is complete, the column is rinsed with

25 = 700 ml of demineralized water (v = 3 BV/h) and the wash
' eluate is combined with the product eluate.

Precipa.tata.on' ' .
The eluate collected is initially lntrod.uced into
a 2000 ml four-necked flask and treated with
30 72.5 g (89.5 ml) of n-butanol. Using altogether about
83 ml  of sulfuric acid (15% strength), the mixture is
' first adjusted to pH 5.5 (35 ml) in the course of
about 30 minutes, subsequently stirred for about

, T 15 minutes, then further adjusted to pH 4.0
.35 (48 ml) in the course of about 30 minutes while
is Sheet Has Been Re; laced
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between the said junction of fhe garqg@qgf the desired character is
, posi tironed' under the ha'n‘lme{i FeVdl @ and a fixing point 29 hanmer 1.
normal ly to bias the hanmer lever 2 in the, At this point in the cycle,
it is necessary to 50 _ position shown in Eigu_re 1 wth hammer 1 rotate -
‘the trigger |ever 14 BACWRE 8Edrximngeat 3355 to 30 €panddspbseauentdyi nt

flr;Jm 4. 1 bet ggsliﬁf.—eat hanngcbtgnm?ee?ﬁafil algbuﬁf ohaehetas:ht %&ﬁf

nt er posed between sai anper,_and_s efore,.the to

conpl etes a pri BECGFBATATFR t"ﬁe%ﬁerﬁgﬁ’eﬁﬁén %#ﬁoc'ﬁi{"ﬂes“?i%ﬁ&“e
revolution. If this 'washed wbtl, the- . character is to be inprinted

and thesi nkedzsbr;nggegfl ﬁgﬁin&aﬂiéd Qf%éeé'g.eaq{d y di splaced in 55 ri bbon

31. direction of arrow 37 a second
time 120 250 ml|nofi gdrpropanaly and cdried i overnightatatt a@emng the
next revolution of theeppbelihire in valuady of exanple. However, an actual

the desire number o MelaRbeok BRRCIBILARE! eS¢ © Colume. each of
whi ch woul d conprise a ~Several features of the printer prevent 60
15 e ioehergtibn ot it Aradion SHEG S Pl T
these 18 the $50vimii oaforodiumgeydroxide solution (1 N) and
' 250 ml of 2-propanol are initially introduced into a
" heatable vessel, and are heated to 70°C and
pumped through the adsorption column at 1 BV/h.
The column is then washed with
15 500 ml of demineralizéd water and
1000 m1l of acetic acid (1% strength) until a pH of 5 to
' 7 is attained in the column effluent. The column
is back-rinsed with about
250 ml of demineralized water and allowed to settle
20 . overnight. '

E a 23

44.0 ml of sulfuric acid (15% strength) and
69.5 ml of n-butanol are initially introduced into a
'~ 2000 ml four-necked flask. TACA column eluate
25 prepared analogously to Example 1 is metered in
' with stirring in the course of about 5 minutes.
After a subsequent stirring time of about 5
minutes, the mixture is adjusted to pH 4.0 using

_ a further ' :

30 41.0 ml of sulfuric acid (15% strength) and the resulting
crystal suspension is subsequently stirred at 20°
to 25°C for one hour. The solid is filtered off,
washed with | |

. 250 ml of demineralized water and
35--— 250 ml1 of 2-propanol and dried overnight at room
' temperature in vacuo.

This Sheet Has Been RTlaced
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Ieve[ 23, a magnetic plate *25A329ﬁ skever stopper 17 which co-operates

s W.th ° . electrodmagnet 26, dn

trigger lever 14, -to

as follows. At the nt. whe nd 34 of Turnlng now to the
operation of the thé£§#3§§e9£+8¥$$§9%59¥% &ﬂ%& Dy tooth 130 :

1, 240, 603

oper at e

Jdever spring projection 16 on

11,

hamrer | ever iﬁaﬁﬁf£t§ |ts rotation stopper 40 is prOV|ded this defect

~ Specifically at the nmonent when the trigger
Referring to Figure 3, the hamer |ever

i s.avoi ded.

39.5 ml

10  40.1 ml

250 ml
15 250 ml

of sulfuric acid (15% strength) are initially
introduced into a 2000 ml four-necked flask. TACA
column eluate_prepared analogously to Example 1
is metered in with stirring in the course of
about 5 minutes. After a subsequent stirring time

' of about 5'minutes, the mixture is adjusted to pH

4.0 using a further

of sulfuric acid (15% strength) and the resulting
crystal suspension is subsequently stirred at 20°
to 25°C for about one hour. The solid is filtered

‘off, washed with

of demineralized water and
of 2-propancl .and dried overnight at room
temperature in vacuo.

Weight of precipitate: 29.41 g

Example 4:

43.0 ml
20

of formic acid (18% strength) are initially
introduced into 'a 2000 ml four-necked flask. TACA
column eluate prepared analogously to Example 1

_ is metered in with stirring in the course of

about S minutes. After a subsequent stirring time

- of about 5 minutes, the mixture is adjusted to pH

25 |
47.1 m1

30 250 ml
' 250 ml

4.0 using a further

of formic acid and the resulting crystal
suspension is subsequently stirred at 20° to 25°C
for about one hour. The solid is filtered off,
washed with ) o

of demineralized water and

of 2-propanol and dried overnight at room
temperature in vacuo. ‘

Weight of precipitate: 30.40 g
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. lever 23 F&E8- s??uigk'% HOFWST Citgﬂ q1 e trigger stopper 40 i's positioned

so-that it engages 03 “fel\/ | 4 starts its |linear displacenent

. tn the - arm21 of the hamer |ever 2 hef 1Qr & hanmer 5 direction
of arrow 37 at.a speed slightly faster 1 strikes the print drum4, so that
a.gap 81 7Q than that of tooth 11. At the sane nonent,
remai ns bet wESEERAE BErer 1 and the print arm 21 of hamer

|l ever 2 starts its drum4 at the instant of said engagenent.

di spl acenent 43‘4 Oa‘&)eegl f&nﬂfé h%?{cglfs{ﬁ]%t 15 @‘Iht)le(raadl st of the kinetic..

energy of the 14. This results
from hamer6d.5 el 0fn azbutanpdor baxe bynsuaklng introduced]iginticheaf act

that the coefficient pjoenli t#liihediked! 2188k 2 Padh ARl bDgat@mer

| ever 75 each str]king fOI nt 1s nof equal to zerg., stopper
40, th® hammer 1 striB%AParedhpnalegously to Example Lrisimekered (R hamer
1 strikes the desireGeith sbmm@ fnsthe toetse dbcabodtes hifates.

character, hamrer | ret tQ i te Wen oits
initial position eAteter gug SPﬁ%f‘ ps%‘ll#eznélﬁmiqggf aJ"s{era gedgt han -
does so that the timinutesy the aiixturedsmadjusited to pH 4. QSIISJ-!Ml gger

| ever 14. Accordl ngl ya firiférabsence in contact with the print drum4 is

100 401, mro omtacnid (15, sboeres CRRE' 80 raimZhg! o ¢
woul d tend again to %ﬂéﬂfhl uspRins vt igesubsequently stirred at 20°
4 to 25°C for about one hour. The solid is filtered
' off, washed with
250 ml of demineralized water and |
15 250 m1 of 2-propan6_l and dried overnight at xroom
' temperature in vacuo.

Weight of precipitate: 29.87 g
- _ Example 6:

37.0 ml of acetic acid (99.8% strength) are initially
20 introduced into a 2000 ml four-necked flask. TACA
column eluate prepared analogously to Example 1
is metered in with stirring in the course of
" about S minutes. After a subsequent stirring time
of about 5 minutes, the mixture is ad]usted to pH
25 B " 4.0 using a further
38.7 ml of acetic acid (99.8% strength). and the result.mg
crystal suspension is subsequently stirred for
about one hour at 20° to 25°C. The solid is
filtered off, washed with
30 250 ml1 of demineralized water and
250 ml1 of 2-propanol and dried ovérnight at room
temperature in vacuo.

We:.ght of precipitate: 30.30 g

misiﬁiﬁliﬁ|rﬂﬁlllﬁlaced




. 22 FEBR. ’96 18:06 HOECHST PATENTABT.1 @644/357175 - | P.16/16
‘shoul der 22 or the tri gger Ig}{ga gl aﬂd woul d Since the hamrer |ever 2
i s not qgperated glU'S’é theyhammer lever 2 again to rotate in

directly, but rather is operated indirectly 20 the cl ockwi se

di rection, an €] hggmer 1 through the trigger |ever 14, the contact

89 8 again strike a character_ The resulting time of
the hamer 11 with the character is doubl e striking on a
single line ig708 ﬁgug,geacgei@r&md %y gﬁ féﬁguency of the
undesi r abl e. El s OSSI g/ I S avo | ever 2 and the

ki netic energ$? eof utanol aze, mﬁéaéleprB}'é’E?‘i‘éﬁﬁcmiaﬁﬁl @t the

‘trigger arm2l of t h20o0e M fane-rné?ckéa:cmdsngl YPACA columnZ%ludt@yer
stopper5 17 i mredi atel¥ bef or |s o tl ﬁ-éSt er 40_ adapt ed
t

»
To 55 roBeFrS ARATRbona Y Po Eahle! Ighoane
the arm 21 of the hanwiéth| stirrPng in the coursel ofcabbtitr ébaumiﬂ:em t he

direction of arrow 38%fégpst nkhﬂhgﬁ?éﬂﬂrté@%ﬁﬁ% CRRET ol Mtt t‘},e

before the return of hamrer |ever W|ththe prlnt drum 4.

original position. [ImipptessEhemixiyge ie ad]r\ls“'@ﬂr tompbh & -y using

Appl i cation No. fuﬁgwrof t he hamrer lever 2 wll not strike the
21999/ (Ser| 240,.604) , qQul der

duri ngP ts re%%f?l £ acetic ac#s‘g?ogédsﬁﬁﬁnﬁg) rﬁ’bdatrp%ﬁqswg'

printer : cryst&hmﬂpedsm db pub;equenulylﬁtﬁgmchsat 201’c| udi ng

.a trigger |ever adapt&g 38%c '#¥rPabout one hour. The solid is filtered
( | off, washed with -
250 m1 of demineralized water and
15 250 ml -of 2-propanol and dried overnight at room
| temperature in vacuo.

Weight of grécigitate:' 30.47 g
- Example 82

40.0 ml of sulfuric acid (15% strength) and -
20  69.5 ml of amyl alcohol (mixture of 70% n- and 30% iso-
amyl alcohol) are initially introduced into a
2000 ml four-necked flask. TACA column eluate
_ prepared analogously to Example 1 is metered in
with stirring in the course of about 5 minutes.
25 After a subsequent stirring time of about
5 minutes, the mixture is adjusted to pH 4.0
- using a further ST
42.0 ml of sulfuric acid (15% strength) and the resulting
crystal suspension is subsequently stirred at 20°
30 to 25°C for about one hour. The solid is filtered
off, washed with
250 ml of demineralized water and
250 ml * of 2-propanol and dried ovenu.ght at room
' temperature in vacuo.

35 . Weight of precipitate: 30.60 g

S
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tri gger rEver St opper f? 3% l't‘o rotate tional and |inear

di spl acenent, print hanner the trigger lever 14 in the
direction of arrow neans for printingn response to the |inear

35 39 during the return thereof to its initial displacenment of said
trigger lever, a ratchet = 100 position. This effect serves
to bring endedmwie 4hreel which has at |east one tooth extending

said trigger Tever out of the path of tooth therefromfor linearly

di splacing said trigger. 11. Also contributing to this
rotation is the |ever when'said trigger |ever is ‘disposed in

i 19 t end t h th f whi ch
D o a0, ST YT  GuAShLR TS L I0F srbBRaRA) " T ERL PRSP
inner rotated contiintxadyceddato R02008 mk foust-pecked flask. TACA
surface of shoul der gglmtépga@gabféé&m aﬂﬂé&d&ﬁf&gdﬂ rr’E) AR ever

into and out of the gger. I ever guid 18 and the
end 3# path of the &% &‘QF&FEﬁetuWhEéth Mrﬁﬁgef%&he course of of

said tri gger | ever cabowt. § heimfids OfAd @ aprpHt 400, igndteainéedger | ever
st opper dis '

I n the pat hﬁﬁftﬁll‘?%ear B&lgbir‘:&géﬁénﬁcjoq- (13% s}gength.}he o?)’é? ation of

t he hamer |ever st (ﬁmltmqjlshfr mpkexied, dn, in auch & yayr thatea piving a
110 | § g oshfw hAiREIVRES. 2 T ﬁeséhibﬂagfbﬁh%%” i on

adapted to strike said trig | ever

: arraffenent is showPY#R n%ﬁﬂbﬁeﬂﬁﬁﬁﬂiﬁtﬂ-‘f-’%ﬁ# GlteggalEszrﬁ M ham

for about one hour. The solid is filtered off,
washed with '
250 ml of demineralized water and
250 ml of 2-propanol and dried overm.ght at room
15 temperature in vacuo.

Weight of precipitate: 30.81 g
Example 10:

35.0 ml of sulfuric acid (15% strength) and
69.5 ml of n-butanol are initially introduced into a
20 : 2000 ml four-necked flask. TACA column eluate
_prepared analogously to Example 1 is metered in.
with stirring in the course of about 5 minutes.
As soon as pH 4.0 is attained,
$0.0 ml of sulfuric acid (15% strength) are
2% - simultaneously metered in in such a way that a pH
of 4.0 is maintained. The resulting crystal
suspension is subsequently stirred at 20° to 25°C
for about one hour. The solid is filtered .off,
washed with e
30 250 ml of demineralized water and .
' 250 ml of 2-propanol and dried overm.ght at room
temperature in vacuo.

S Weight of precipitate: 30.98 g
A . . .
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~the hERTEFNI e7er'% %EBECHSJOP“TEW‘*BT }fgn B e conpletes stiiking viaa
- print, carrier, a % h ghaper 30. In response

Fi'near "print drum said trigger |ever be| ng arra mm

di spl acenent _of the trigger |ever 14, hanmer mm'"") Hi@ trigger

lLever st oppefat@nt) QJaims: | ever 2 |s r bt at abl y #di spl @Ced about
Shaft 3 to returntoits original position, and we have

bri ng hamer _1 i nto_engage t wi,th the also therein digclose nd cl ai ned
a printer % A proce %E‘anﬁ %mﬁpam@%&%rgﬂf%ﬁi#?&s havi ng

a print drum a ratchet wheel havi C int drum4, the arm
21 continues to bend, aH; e ™ot h, nean @nt i nuously

55 assum ng the position 21" shown i|n dashedf rotdting said print drum
and sai d ratchet 120 SN_ - '@H[ED HEe IS

determ ned by the wheel |P synchr |snnqwkh eachsot her, EIeast

nat ural frequency of the hanmer IGWED @& one printing colum including a

trigger |ever Duri ng sald bendi ng action, the hanmer |ever
adapted for rotational and linear displ Je&C A 2'tends to
vi brate horizonta#wy Furth r ékﬁg?' the or a said ratchet wheel tooth
60 t he cont act & S5 Y ﬁ with the in operation linearly
di spl acing said trigger ﬁharact ¢ Will be relatively Iong,.of'the
order |ever when said tr|g sposed i'n the of
several hundred nsec. This tendq to resul path phereof, a hammer lever
. - 1] :
napapted for o N CHa“U’C-CH3
CCOpH
. 7-ACA
-and MMTA
N—XHa
~ MMTaA
5 in the presence of a base and subsequent

precipitation of the TACA by addition of an acid,
which comprises precipitating the TACA by addition
of a TACA solution to a partial amount of the acid,
which can also contain a precipitation auxiliary,
10 the precipitation being completed by further.
- addition of acid to a final pH of 3.0 - 4.5 oxr, if
the final pH is kept constant, by further addition
of TACA solution and acid. -

2. The process as claimed in claim 1, wherein the TACA
15 . solution is an eluate obtained by means of an
adsorption resin. '

—-> 3. The use of the TACA obtained as claimed in claims 1
and 2 for the preparation of cefodizime.

This Sheet Has Been RTIlaced
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i'n tearing: of thepaper 30 or+;mggsnypg;ng of rotational displacenent in
r.esponse to the t he: leﬂTed character or both
1inear displacenment of-said trigger |ever, : On the ot her

hand, .when h%&ﬁvaﬁ. rRB"BEEcEBYBRET ©On Sa' d hammer lF?d’E?r%/ﬁng%Beffect

1,240,603
printing upon the rotatlonal and adapted for plvotal di spl acenent about

di splacenent pebeaa drB2ER éraﬂféﬂsoftgﬁkﬂgﬁiﬂé fAch!s two arns,

sai d hamer ect rotating satd trigger lever into being
.nmounted on one of said arns, sald

Process for the preparation of crystalline TACA

HZN\___T/ N-jSE
0 \[;L CHz-S’A CHZCO,H

CBgH
TACA

by reaction of 7-ACA

ol ' ' HaN ’ .
- - o \')cng-n-c c:H,

CO,H
7-ACAr

hkj:§fH3
"'S’_(s CH,CD,H

MMT A.

in the presence of a base and subsequent precipitation by
addition of a TACA solution to a partial amount of an
acid, which can also contain a precipitation auxiliary,
and subsequent completion.of the precipitation by further
.addition of acid or by further addition of TACA solution
and acid.

and MMTA

~~  This Sheet Has Been Replac
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and out of the path of the or a said ratchet h,etrfme,t:.“l“e%(151:5r s;;,apper herﬂg

‘adapted to 35 5 wheel tooth to effect pri ntj ng. d_ﬁ_ ‘f .gg “‘esr]ﬁg\age 5 ;
the other of said arns. | ever stopper di sp(%? Ty t‘ﬁef patf 'Lof'___t gt e
3. Aprinter as claimed in claim1 or claim tieaf Q|§‘p aﬁéﬁeﬂt of ;

said trigger lever, 2 wherein said trigger |ever i‘s- ad&p’( edAETd
said trigger |ever having a portion adapted to ; r%t'é‘tﬂi &hal anged Jﬂ’t ﬁea

di spl acenerﬁegémtlou strike said trigger |evier stopper imediately |
printer further conprising a continuously 40 1@®4THef:BreusaiE o7, ) A l
hamrer conpl etes striking, rotatable ratchet WAEET "havimg datteastone

via a printprogessrforn tlie F@rd?&ﬂ?&tm o f réeypbtallned hragxd endi ng

therefrom for linearly ever being arranged to rebound from said

di splacing said trigger |lever when said trigger trigger |ever stopper
to. return Thei tpreséngt nainvémtvion | reliatpEsedto n & hegysatalilieatdon and
(POSition. process -for the isolation of 7-RUMIAGU3-3Y-RaEHYL rOLaling

said trigg | ever

into and oMe®hylné-pethydi L d-thiazadr2-y3 -thiomerhyy <cephmi-sm-

sai"d rat chef-¢dEsdxy PDE hadfd e{ PREA) 6 £ "R Uformula 1. An on-the-fly
printer including a said trlgger | ever engaglng sai d hamer

rotatable print drugpqjrange operation,, | eyen, upon the |inear
di spl acement t her eof EW —-I} (trH
o CHa-S’Z\ CHoCO,H
CO.H
TACA

TACA is the central intermediate in the preparation of
the human antibiotic cefodizime

DH

C-N :
N N
)[\ ‘DCH3 l /l\ S
HaN CHz=S CH,CO,H

COxH
| Cefodizime:

which is obtained by acylation of TACA. Cefodizime is
employed against bacterial infections as the sterile
disodium salt. '

The preparation of TACA by reaction of 7-aminocephalo-
sporanic acid (7-ACA)

HaN J
g7 N CHe —n-@-cu,
COH
7-ACA

This is the repiacement sheet
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for continuous rotation, a hamer |ever response to the or a said ratchet
wheel tooth 50 ~having a hammer nounted thereon for to displace
said hammer | ever, said ratchet 20 striking said print drumupon the

di spl ace- wheel being arranged in operation to rotate in ment of
said hammer lever to effect printing, - gynchronismwith said print drum
a’linearly dlsplaceable trigger |ever adapted 4. A prlnter substantially

as herei nbef r t her.eof Iac
descri bed wit %1 ref erence bl‘ﬁ "migg %E-%E}%%,qm thy ]s d-’d"ﬁ ver, and

a hammer | evetM$RRpper the a ¥ng drawi ngs. 25 di sposed to engage

said hammer |ever at a oi nt\\ spaced from said hammer to stop
J. M LLER & Co.- t hgqglSpl a ﬂt ﬁ ai d hamer | ever
Agents for the Appl i cants, S ig @'y before said hameer strikes

sai d Chartered Patent Agents print drum

262 Hi gh Hol born, 30 iMMT/ as claimed in claiml1, wherein
London, WC. 1 said harme s substantial

in water in the presence "of °a “base sodiuﬁlhxcarbonate)
and precipitation by addition of an acid (2N hydrochloric
acid, pH 2.0) is described in U.S. 4,278,793. The MMTA
radical is introduced here by a replacement reaction in
the side chain of the 7-ACA and TACA is thus formed. It
is expedient in order to precipitate the TACA to add not
only acid, but also a precipitation aid, preferably an
alcohol. The crystallizate thus obtained is . then
centrifuged in a customary manner, washed in the °
centrifuge, isolated and dried. '

This process, which is known from the literature in
principle, in which the precipitation of the TaCA is

con carried out by addition of an acid, was checked on the
laboratory and technical scale and in its possibility of
large scale apblication, a customary chromatographic
purification step also being inserted.

On the laboratory and technical scale, the precipitation :

» of the TACA can be carried out in such a way that the
solution of the TACA, which, due to the preparation, is
present as a salt, preferably the sodium salt, and is
purified by means of an adsorption chromatography column,
is first treated with a precipitation auxiliary, for
example an alcohol, preferably n-butanol. If an acid is
now added, preferably an inorganic acid, preferably
sulfuric acid, and a homogeneous phase is produced by
stirring, the solution, which is supersaturated with
TACA, remains initially clear until, after some time,
crystallization begins.

The crystallizate thus obtained can indeed be separated
from its mother liquor with the aid of a centrifuge,

This is the replacement sheet
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- washed and isolated on the scale of a-few kilograms, but

not on the large scale in an acceptable time without loss
of quality. As a way out, the only possibility in the
case of this crystallization procedure is to reduce the
batch size drastically in order, as a result of the then
considerably smaller batch size, to have such a small
layer thickness of crystallizate in the centrifuge that
the entire isolation process is possible in an acceptable
period of time without loss of quality.

In the context of large-scale process development for the
preparation of TACA, a method was worked out to precipi-
tate TACA from the solution as a crystallizate. However,
this method leads - as is shown below - in the case of a
large~-scale production quantity to the isolation time for -
the crystallizate in a centrifuge lasting so long that
distinct damage to the product with respect to coler,
content and yield already occurs.

In this method, the precipitation was carried out in such
a way that, after replacement by MMTA in the 3‘-position
of 7-ACA to give TACA, the TACA reaction solution
was purified by means of a chromatography column packed
with adsorption resin, preferably HP 20. The product-
containing eluate fraction was treated with a precipita-
tion auxiliary, in particular an alcohol, preferably
n-butanol. Within a certain time, preferably about 30
minutes, a defined. pH of preferably about 5.5 was
established by addition of an acid, preferably an
inorganic acid, in particular of about 15% strength
sulfuric acid. The TACA began to crystallize during this
addition or shortly thereafter.

The mixture was subsequently stirred for a short time,
preferably about 15 minutes, and then a defined final pH
of preferably about 4.0 was established by further
addition of the acid. The mixture was . subsequeatly
stirred for some time, preferably about 1 hour, and the
suspension was added to a centrifuqé. The mother liquor
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was "~ removed by centrifugation at a moderate speed,
preferably 300-400 rpm, and the crystal cake which
remained was washed with wash liquid, preferably an
alcohol, in particular isopropancl. After centrifugal
drying at the same speed, preferably about 400 rpm, the
solid was isolated and dried.

These processes lasted more than 30 hours on a scale of
about 100 kg of product/batch (this corresponds to one
centrifuge filling). At the same time, an increasing
discoloration of the solid was observed, such that the
dried TACA no longer complied with the quality criteria

set. The batch was therefore unusable for further pro-
cessing.

There was thus a need to find a crystallization process
which allows the crystallization, centrifugation, washing
and isolation of TACA on a large scale without losses in
quality occurring during the time necessary for this.

The present invention therefore relates to a process for
the preparation of crystalline TACA

S CH
Ha N . N"—j 3

COgH
TACA

by reaction of 7-ACA

i
CHE ”:"C ‘CH’

This is the replacement sheet
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and MMTA _ CH,y

MMTA

in the presence of a base and subsequent precipitation of
the TACA by addition of an acid, which comprises
precipitating the TACA by addition of a TACA solution to
a partial amount of the acid, which can also contain a
precipitation auxiliary, the precipitation Dbeing
completed by further addition of acid up to a final pH
of 3.0 - 4.5 or, if the final pH is kept constant, by
further addition of TACA solution and acid.

By means of the pr."esem: invention, the manner of the °
-crystallization is modified by agglomeration of finely
crystalline material (":'mverse crystallization*) such
that the TACA can subsequently be centrifuged in a
centrifuge and washed, and also isolated, on the large
scale in an acceptable time without loss of quality. This
material maintains the quality criteria set and is very
highly suitable for further processing.

The precipitation auxiliary, in particular a low
molecular weight alcohol, préferably n-butanol or amyl
alcohol, is initially introduced together with a partial
amount, preferably about 40 - '50%, of the total amount of
acid calculated for the conversion of the TACA salt,
preferably of the sodium salt, into the free carboxylic
acid. The calculation is carried out with reference to
the content of TACA in the eluate to be determined
previously in each case. Suitable acids are inorganic
acids, such as, for example, hydrochloric acid or prefer-
ably sulfuric acid, in particular about 15% strength
sulfuric acid, or organic acids, such as, for example,
formic acid or acetic acid.

The previously collected eluate fractions, obtained by
means of an adsorption resin, preferably HP 20, are added
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with stirring in the course of a short time, preferably
about 15 minutes. In the course of this, cxystallization
begins immediately and the pH increases to a value of
preferably about 5.3 to 5.4. After stirring for a short
time, preferably about 5 minutes, the final pH of about
3.0 - 4.5, in particular 3.8 - 4.2, preferably 4.0, is
established by further addition of acid, preferably in
the course .of about 10 minutes. The mixture is
subsequently stirred for a short time, preferably
about 5 minutes, and allowed to settle for a longer time,
preferably about 1.5 hours, without stirring. It is then
possible to syphon off a relatively large part, about 1/3
to 1/2 of the mother liquor, as a clear supernatant above
the suspension. This syphoned-off part, as it only
contains a little very fine solid, is not added via the
centrifuge. The remaining suspension containing the
crystallizate is then added to a centrifuge. The mother
liquor is removed by centri.fugai:ion at a moderate speed,
preferably about 300-400 rpm, and the crystal cake which
remains is washed with wash liquid, preferably an
alcohol, preferai:ly isopropanol. After centrifugal drying

at the same speed, preferably about 400 rpm, the solid is
isolated and dried. :

These processes last less than 6 hours on a scale of
about 100 kg of product/batch (this corresponds to one
centrifuge filling). At the same time, no discoloration
of the solid is observed. The dried TACA complies with
the quality criteria set and is therefore highly suitable
for further processing to cefodizime.

The process according to the invention can aleo be
carried out with slight modifications. Thus, it is even
possible to dispense entirely with the precipitation
auxiliary and only to initially introduce the partial
amount of the acid, or even to replace the inorganic acid
by an organic acid, such as, for example, formic acid,
for example 18% strength formic acid or acetic acid. The
inverse crystallization method can also be modified such

This is the replacement sheet

Bater 0 4 MAR



-7 =

that, after initially introducing a partial amount of the
acid and, if desired, a precipitation auxiliary, eluate
is added and after attaining and while further maintain-
ing the final pH defined above, still further eluate and
the residual. acid are added at the same time.

The process according to the invention with its variants
results in it being possible to isolate the TACA on a
large scale in the period of time necessary for this
without loss of quality. The large-scale preparation of
TACA on a scale -of about 100 kg of product/batch has
therefore only become possible at all. Since the addition
of acid, which was customary hitherto, to precipitate the
TACA gave poor results, it was not to be expected that.
the addition of a partial amount of the acid essential -

according to the invention would lead to such surprising
results.,

The following exemplary embodiments serve to. illustrate

the process according to the invention further, without
restricting it thereto.

Example 1: _
Preparation of the TACA-containing eluate

486 m1 of demineralized water are initially introduced
into a 2000 ml four-necked flask with nitrogen
blanketing and .

22.8 g (0.120 mol) of mercaptomethylthiazoleacetic acid
(MMTA) are introduced with stirring. The MMTA is
dissolved at pH 6.3 to 6.6 in the course of about
10 minutes by dropwise addition of about

14.1 g (10.2 ml) of sodium hydroxide solution (33%
strength). The solution is then heated to 70°C.

In the meantime,
28.61 g (0.100 mol) of 7-aminocephalosporanic acid
(7-ACA) are stirred in a 250 ml beaker with
97.9 ml of demineralized water to give a homogeneous

This is the replﬁcement sheet
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suspension. The 7-ACA suspension is metered into
the MMTA solution in the course of about 55
minutes using a metering pump. The internal
temperature is Xkept at 70°C in the course of
this. At the same time as the metering, the pH of
the reaction solution is kept at pH 6.3 to 6.4 by
metering in altogether about

240 g (225 ml) of sodium hydrogen carbonate solution
(8% strength). .

After metering is complete, the 7-ACA vessel is
rinsed out with '

22 ml of demineralized water and the rinsed water is
added to the reaction solution. To complete the

reaction, the reaction mixture is subsequently f
stirred at 70°C for one hour.

Purification:

After reaction is complete, the solution is
cooled to 30°C and pumped at 3 BV/h through a
column containing

300 ml of adsbrption resin HP 20.

The first three hundred milliliters of the eluate
(forerun) are discarded. The remaining eluate is
. collected. After metering of the reaction solu-
tion is complete, the column is rinsed with
700 m1 of demineralized water (v = 3 BV/h) and the wash
eluate is combined with the product eluate.

Precipitation:
The eluate collected is initially introduced into
a 2000 m) four-necked flask and treated with
72.5 g (89.5 ml) of n-butanol. Using altogether about
83 ml of sulfuric acid (15% strength), the mixture is
first adjusted to pH 5.5 (35 ml) in the course of
about 30 minutes, subsequently stirred for about
15 minutes, then further adjusted to pH ¢.0
(48 ml) in the course of about 30 minutes while
This is the replacement sheet

0 & MAR 195

Date:



slowly stirring at 25° to 30°C and subsequently
stirred at 20°C to 25°C for about one hour. The

precipitate is then filtered off with suction,
washed with

250 ml of demineralized water and

250 ml of 2-propanol and dried overnight at room
temperature in vacuo.
Weight of precipitate: 30.59 g

Regeneration of the adsorption xesin column:

250 ml1 of sodium hydroxide solution (1 N) and

250 ml of 2-propancl are initially introduced into a
heatable vessel, and are heated to 70°C and
pumped through the adsorption column at 1 BV/h.
The column is then washed with i

500 ml of demineralized water and

1000 ml of acetic acid (1% strength) until a pH of 5 to
'7 is attained in the column effluent. The column
is back-rinsed with about

250 ml of demineralized water and allowed to settle
overnight.

Example 2:

44.0 ml of sulfuric acid (15% strength) and

€9.5 ml of n-butanol are initially introduced into a
2000 ml four-necked flask. TACA column eluate
prepared analogously to Example 1 'is metered in
with stirring in the course of about 5 minutes.
After a subsequent stirring time of about 5
minutes, the mixture is adjusted to pH 4.0 using
a further

41.0 ml of sulfuric acid (15% strength) and the resulting
crystal suspension is subsequently stirred at 20°

to 25°C for one hour. The solid is filtered off,
washed with

250 m)l of demineralized water and
250 ml of 2-propanol and dried overnight at room
temperature in vacuo. '

This is the replacement sheet
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Weight of precipitate: 30.90 g

Example 33

39.5 ml of sulfuric acid (15% strength) are initially
introduced into a 2000 ml four-necked flask. TACA
column eluate prepared analogously to Example 1
is metered in with stirring in the course of
about 5 minutes. After a subsequent stirring time
of about 5 minutes, the mixture is adjusted to pH
4.0 using a further "

40.1 ml of sulfuric acid (15% strength) and the resulting
crystal suspension is subsequently stirred at 20°
to 25°C for about one hour. The solid is filtered
‘off, washed with )

250 m1 of demineralized water and

250 ml1 of 2-propanol and dried overnight at room
temperature in vacuo.

Weight of precipitate: 29.41 ¢

Example 4:

43.0 ml of formic acid (18% strength) are initially
introduced into a 2000 ml fourenecked flask. TACA
column eluate prepared analogously to Example 1
' is metered in with stirring in the course of
about 5 minutes. After a subsequent stirring time
of about S minutes, the mixture is adjusted to pH

4,0 using a further
47.1 ml of formic acid and the resulting crystal
suspension is subsequently stirred at 20° to 25°C

for about one hour. The solid is fi;l.tered off,
washed with

250 ml of demineralized water and

250 ml1 of 2-propanol and dried overnight at room
temperature in vacuo.

HYeight of precipitate: 30.40 g

This is the replacement sheet
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Exanple S

43.0 ml of formic acid (18% strength) and

69.5 ml of n<butanol are initially' introduced into a
2000 ml four-necked flask. TACA column eluate
prepared analogously to Example 1 is metered in
with stirring in the course of about 5 minutes.
After a subsequent stirring time of about S
minutes, the mixture is adjusted to pH 4.0 using
a further

50.0 ml of formic acid (18% strength) and the resulting

* crystal suspension is subsequently stirred at 20°

to 25°C for about one hour. The solid is filtered
off, washed with '

250 ml of demineralized water and

250 ml1 of 2-propanol and dried overnight at room
temperature in vacuo.

Weight of precipitate: 29.87 g
Example 6:

37.0 ml of acetic acid (99.8% strength) are initially
introduced into a 2000 ml four~-necked flask. TACA
column eluate prepared analogously to Example 1
is metered in with stirring in the course of
" about S minutes. After a subsequent stirring time
of about 5 minutes, the mixture is adjusted to pH
4.0 using a further
38.7 ml of acetic acid (99.8% strength) and the resulting
crystal suspension is subsequently stirred for
about one hour at 20° to 25°C. The solid is
filtered off, washed with
250 ml of demineralized water and
250 m1 of 2-propancl and dried overnight at room
temperature in vacuo.

Weight of precipitate: 30.30 g

This is the replacement sheet
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Example 7¢

37.0 ml of acetic acid (99.8% strength) and

69.5 ml of n-butanol are initially introduced into a
2000 ml four-necked flask. TACA column eluate
prepared analogously to Example 1 is metered in
with stirring in the course of about 5 minutes.
After a subsequent stirring time of about §
minutes, the mixture is adjusted.to pH 4.0 using
a further _

54.0 ml of acetic acid (99.8% streagth) and the resulting
crystal suspension is subsequently stirred at 20°

to 25°C for about one hour. The solid is filtered
off, washed with

250 ml of demineralized water and "
250 ml of 2-propanol and dried overnight at xroom
temperature in vacuo. '
Weight of gre'cigitate: 30.47 g

Example 8:

40.0 ml of sulfuric acid (15% strength) and-

69.5 ml of amyl alcohol (mixture of 70% n- and 30% iso-
amyl alcohol) are initially introduced into a
2000 ml four-necked flask. TACA column eluate
prepared analogously to Exampie 1 is metered in

. with stirring in the course of about 5 minutes.
After a subsequent stirring time of about
5 miputes, the mixture is adjusted to pH 4.0
using a further :

42.0 ml of sulfuric acid (15% strength) and the resulting
crystal suspension is subsequently stirred at 20°
to 25°C for about one hour. The solid is filtered
off, washed with

250 ml of demineralized water and |

250 ml of 2-propanol and dried overnight at room
temperature in vacuo. |
Weight of precipitate: 30.60 ¢
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Example 9:

35.0 ml of sulfuric acid (15% strength) are initially
introduced into a 2000 ml four-necked flask. TACA
column eluate prepared analogously to Example 1
is metered in with stirring in the course of
about S minutes. As soon as pH 4.0 is attained,’
43.0 ml of sulfuric acid (15% strength) are
simultaneously metered in in such a way that a pH
of 4.0 is maintained. The resulting crystal
suspension is subsequently stirred at 20° to 25°C

for about one houz", The solid is filtered off,
washed with

250 ml of demineralized water and

250 m1 of 2-propanol and dried overnight at xroom
temperature in vacuo.
Weight of precipitate: 30.81 g

Example 10

35.0 ml of sulfuric acid (15% strength) and .

69.5 ml1 of n-butanol are initially introduced into a
2000 ml four-necked flask. TACA column eluate
_prepared ana.logoﬁsly to Example 1 is metered in
with stirring in the course of about 5 minutes.
As soon as pH 4.0 is attained,

$0.0 ml of sulfuric acid (15% strength) are
simultaneously metered in in such a way that a pH
of 4.0 is maintained. The resulting crystal
suspension is subsequently stirred at 20° to 25°C
for about one hour. The solid is filtered off,
washed with _

250 m1 of demineralized water and

250 ml of 2-propanol and dried overnight at room
temperature in vacuo.

Weight of precipitate: 30.98 g

This is the replacement sheet
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Patent Claims:

1. A process for the preparation of crystalline TACA

S CH
N e | N& 3
u“‘N\rj* cua-s’(s CHpCOLH

COaH
~ TACA
by reaction of 7-ACA )
HaN S
, 0
0" NN CHe ~D-C-CH,
CCOH
7-ACA
and MMTA
N—SCHa
MMT A’

in <the presence of a base and subsequent
precipitation of the TACA by addition of an acid,
which comprises precipitating the TACA by addition
of a TACA solution to a partial amount of the acid,
. which can also contain a precipitation auxiliary,
the precipitation being completed by further
addition of acid to a final pH of 3.0 - 4.5 ox, if

the final pH is kept constant, by further addition
of TACA solution and acid. '

2. The process as claimed in claim 1, wherein the TACA

solution is an eluate obtained by means of an
adsorption resin.

3. The use of the TACA obtained as claimed in claims 1
and 2 for the preparation of cefodizime.

" This is the replacement sheet
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ABSTRACT OF THE DISCLOSURE

Process for the preparation of crystalline TACA

Process for the preparation of crystalline TACA

HzN\ CH:

gé"‘N cua-s CHeCDaH
COaH
~ TACA

by reaction of 7-ACA
S

RN
- D .
oo N CHp =0~C~CH, -
COzH

7-AC Al
N CH3
“SLS-)I*CHZCUaH

MMT A.

in the presence of a base and subsequent precipitation by
addition of a TACA solution to a partial amount of an
acid, which can also contain a precipitation auxiliary,
and subsequent completion of the precipitation by further

addition of acid or by further addition of TACA solution
and acid. |

and MMTA
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