-1- | MPROVEMENTS | N OR RELATI NG TO NOVEL CEPHALOSPORI N | NTERVEDI ATES ‘Thi s
invention relates to a novel process and internediate for the preparation
of ceftazidine. There is a continual need to devel op new anti biotijcs
because of the constant threat that anti- biotic-specific resp4t Q_tﬁitﬁai ns
of pat hggenic micro- organisns will energe. Because of high devel oprent and
productﬁgk costs, particularly in the area of cephalo- 10 sporin

“antibiotics, researchers are searching con- stantly for new and efficient %

means for producing these antibiotics. Irlt-his regard, U S. Patent No.
4,258,041 describes the synthesis of (6R 7R)-7-[(Z2)-2-(2-am no- 15

t hi azol - 4-yl)-2-(2-carboxyprop-2-oxyi m no) acet am dol -

3- (1-pyridi ni umret hyl ) ceph- 3-em 4- car boxyl ate, a cephal osporin antibiotic
now generically known as geshrax‘eiziers The oy ey midesi s of ceftazidi ne
conprises reacting (Z)-2N0¥ere CEPHALOSPORING ONTERMBDIAAES _

2-oxyi m no) - 2- (2-tri phenyl met hyl am not hi azol -4-yl)- acetyl chloride with
(6R, 7R)-7-am no- 3- ( 1- py mhdisniimmentsiony [Hedayiie s3-temal -meardiogdaae sgciahd n a

m xture of N, Nxdi l:aget gy de.; %"a&%ﬂ:‘" j | i he
ceftazidine infg%ne_Fgﬁgis(gg?%%fgg-f%j&gﬁgﬁ?ﬁwéité%?giﬁiifiégeg
phenyl met Hyl ani not hi azol TRSFe) 15, @ eI IAK SBR%r

bonyl pr op- 2- ox%hkiiBapbddelsa bedalrsd Of pe donstamd Rtreat that anti-

ceph-3-em4-caghoxyl ate. .This _ceftazi di ' iate t A r.ecovered
fromthe react %gﬁ)%icxtsﬁreglggcaﬁ%%%s%éﬁo'us@é&q%? arg;f(d; P??Jt?‘?%ﬁ{elmmﬁ‘;iﬁf&r 1 fied
by crystal - 30organisms will emerge. Because of high development and

P production costs, particularly in the area of cephald- ﬁf

10 sporin antibiotics, researchers are searching con-
stantly for new and efficient means for producing these
antibiotics. '

In this regard, U.S. Patent No. 4,258,041
dascribes the synthesis of (6R,7R)=-7-[(2)-2-(2-amino-
thiazol=-4~yl)-2~-(2-carboxyprop-2-oxyimino)acetamido] -
3~-(l-pyridiniummetayl)ceph-3-em—-4-carboxylate, a

[
(V2]

cephalosporin arntibiotic now generically known as
ceftazidime. The reported synthesis of ceftazidime
comprises reacting (2)-2~(2-tert.-butoxycarbonylprop-
20 2-oxyimino)-2-(2~triphenylmethylamiaothiézol—4-yl)-
acetyl chloride with (6R,7R)=7~amino=-3-(l-pyridinium=- °

Qy methyl) ceph=-3-em-4-carboxylic acid in a mixture of !

N,N-dimethylacetamide and acetonitrile to provide the
ceftazidime intermediate, (6R,7R)~7=[(Z)=2-(2-tri=-
25 phenylmethylaminothiazol-4=-yl)-2-(2-tert.~butoxycar-
' benylprop-2-oxyimino)acetamido] -3-(l-pyridiniummethyl) -
ceph-3-em—-4-carboxylate. This ceftazidime intermediate
thgn was recovered from the reaction mixture as an |

amorphous solid and subsequently purified by crystal-
30
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*2- lization as an N, N-di nethyl f ormanm de solvate (2 1/2 noles of DV per
ol e of intermediate) fromN Ndi- nethyl formanile. The ceftazidinme
anternedlate then was reacted with formc acid to effect renoval of the 5
protecting groups and to provide ceftazidinme. The present invention
- provi dessan i nproved process for preparing the ceftazidine interme WE) in
whiich the internediate is crystallized directly out of the reactionxture
as an N, N-di et hyl acet ami de sol vate. 10 This_invention, therefore, obviates
t need for sub- sequent purification and provides inproved yields and
reduced costs in the production of ceftazidine. In accordance with the
i nvention, a crystalline conmpound of Fornmula (1): 15 20

[ore] 25, L0 W P PREEebe bl s TRLBILBERLPEL s R0En 2y gpupIEt T O 0.8
Al'so, there is provededfaDMFopessmbde pfelﬂpe:mﬂglauebnﬁoqmdNoﬁ-@arnula
(1), as defined QoeN@; r¥bhaRiGeTPI TRESCELREE LA Ni AL SEALABL Y| BRehagLde a
reacted with formic acid to effect removal of the
5 protecting groups and to provide ceftazidime.

The present invention provides an improved
process for preparing the ceftazidime intermediate, in
which the intermediate is crystallized directly out of
the reaction mixture aslan N,N-dimethylacetamide solvate.

— 10 This invention, therefore, obviates the need for sub-
sequent purification and provides improved yields and
reduced costs in the production of éeftazidime.

In accordance with the invention, a

crystalline compound of Formula (I):
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in which DMAC is N,N-dimethylacetamide and x is a
number f£rom 0.5 to 3.0, is a useful intermediate in
30 the synthesis of ceftazidime.



((2)-2-(2-tert.-butoxycarbonyl prop-2-oxyi mno)-2- 5
(2-triphenyl met hyl am no-t hi azol -4-yl)acetyl halide with a . _
(6R 7R) -7-am no- 3- (| - pyridi ni unmet hyl ) ceph- 3-em 4-carboxylic acid salt. ¥4
The resulting dimethyl- acetam de solvate can be isolated as a crystalline
solid girectly fromthe reaction m xture. The process 10 or this invention

allo é°to isolate, in good yield, substantially pure ceftazidine ~ .
i ntermedi ate N, N-di met hyl acet am de sol vate. As used throughout thi's ﬁ_fﬁ
description, "ceftazidinme internediate" ns (6R 7R)-7-[(2) - 2- -
(2-triphenyl met hyl am not hi azol - 4- yI) 2-(2-tert. -butoxy-

car bonyl prop- 2- oxyi m no)acet am do] - 3- (1- pyri di ni um

met hyl ) ceph- 3- em 4- car boxyl ate. The process by which this cefta2|d|ne

intermediate is prepared jnvol ves a ty ation reactjon conprising
reacting a 20 cephal osp&*lﬁ? n "({) P§°Vd'adcfy i FFPESES &&ESv- ative)

with an aci d haédxieg tqmm@dqndamﬁacﬁod:mfﬂa)rﬂme a'H]deﬂ:.lmdadhanlo&e Aypically
enpl oyed N theiei RSy lled Nl 7 T, G 1Al
trip enﬁlneﬁhylanlno-

(2)-2-(2-tert.-butox car onyl prop -oxyl m
25 thi azol z4- yl § Betd { ArEeE rata X YAAE bony 1é’tr%h' Ya‘étlln&i ~@eneral ly is

acconpllshéd by\Ziﬁﬁﬂpﬁ&hﬁﬂﬁb&Hylhdﬂﬂd4¥hﬂuﬂaléﬂxyﬂ)dﬁéﬂ%ﬁﬂuﬂﬁx&h quantity

of the 7- amn h I Ln ar u react.ive ;sol v uch.as

di chl or oret hang" ace ﬁ’rﬁ Eérﬁ A R e %h:?(ds eph
3-em-4-carboxy11c acld salt. The resu;tlng dlmethyl-
acetamzde solvate can be isolated as a crystalline

solid dlreccly from the reaction mixture. The process o/
of this invention allows one to isolate, in good '
yield, substantzally pure ceftaz1d1me lntermedlate
N,N-dimethylacetamide solvate.
' As used throughout this description,
"ceftazidime  intermediate” means (6R,7R)=-7-[(2Z)=-2~-
(2-tr1phenylmethylam1noth1azol- -yl)=-2-(2-tert.-butoxy-
carbonylprop-z-oxylmlno)acetamldOJ—3 (l-pyrldlnlum-
methyl) ceph~3-em~4-carboxylate. The process by which
this ceftazidime intermediate is prepared involves a
typical acylation reaction comprising reacting a
20 cephalospprin nucleus (i.e. a 7-amino=-3-cephem deriv-
ative) with an acid halide, typically an acid chloride. .
The acid halide typically employed in the synthesis of P
the ceftazidime intermediate is a (2) -2-(2-tert.-butoxy- .
carbonylprop-2-oxyimino) -2-(2-triphenylmethylamino-
thiazol-4-yl)acetic acid halide. The aéylation re-
. action generally is accomplished by reacting the acid
halide with about an equimolar quantity of the 7-
amino-3~cephem nucleus in an unreactive solvent such as
dichloromethane, acetone, or a mixture of N,NFdimethyl4

25
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©4- acetanide and acetonitrile, and in the presence of a base such as
triethylamne or pyridine. The present process is inproved by enploying
N, N- di net hyl acet am de as the reaction solvent thereby producing the
ceftazidine 5 intermediate directly fromthe acylation reaction m xture
as a crystalline N Ndinethylacetam de solvate. This inproved proc -
elim nates the separate puri- fication step in which ceftazidine '
hqurnediate is converted to a solvate sucg as the NN-dinethyl formam de 10
sefvate. In carrying out the process of thi'S inven- tion, the acid halide,
for instance (2)-2-(2-tert.-
but oxycar bonyl pr op- 2- oxyi m no) - 2- (2-tri phenyl net hyl -
am not hi azol -4-yl )acetyl chloride, may be prepared by 15 reaction of the
_ free acid wth &ceiaggeEifatdngg arfhenisgdieas 2apRodphéhes PFeseasEl 6fide in a

sui tabl e sol vente zseChy2h Gi<ChABURaIae0brdbgthkknat. herneOpee selh@ aci d
halide is forned, it normally is no |soI§ted ut rather is_added tq a

suspensi on of aBFRCEHRT SGuITTEITR S0 JuSAPLOY *BF Pnd-EPRs '§68FFﬁmﬁ§€Ieus
i n N, N-di met hyl -asae¢feafiedetibrs Edlakinge hhseebycbradutingt Rkearedfeaizidddaed
LO the reacgion i@t’éltr Ea%ita%es%ri‘é%c%iys%%%”ﬂﬁé ESE&QQXPH £8ad¢iidqt hat m ght
e present. The acylation.  reaction-typrcally rs=conmplete wthin
fifteen to 25 niMASpRrg @R @ oxtyEtadddnecd ot inethyilangsemidee sofl vaze -t o
40[err]C.  The @@f;lsazin R, ddictidiREIs2es inBabtes tRES sBpaddtadplhgian
N,N—dlnethylace%%@;%iéﬁﬂ;gggafﬂzw@gggptgfggéidlge intermediate is
o converted to 'a solvate such as the N,N-dimethylformamide
- 10 solvate.
In carrying out the process of this inven-
ticn, the acid halide, for instance (2)-2-~(2-tert.-
butoxycarbonylprop-2-oxyimino)-2-(2-triphenylmethyl-
aminothiazol-4-yl)acetyl chloride, may be prepared by
15 reaction of the free acid with a halogenating agent
such as phosphorus pentachloride in a suitable solvent
.such as dichloromethane or diethyl ether. Once the
acid halide is formed, it normally is not isoclated but
rather is added toc a suspension of about an equimolor
20  guantity of the cephalosporin nucleus in N,N-dimethyl-
acetamide. A suitable base such as triethylamine is
addeé to the reaction mixture to serve as scavenger for
any free acid that might be present. The acylation.
reaction typically is comélete within fifteen to
25 ninety minutes when carried out at a temperature of
-20 to 40°C. The ceftazidime intermediate
that is thus_produced'is an N,N-dimethylacetamide

solvate of Formula (I):



-5- 5 [err] 10 15 in which DVAC is N, N-di net hyl acetam de and x is
a nunber fromO0.5 to 3.0 and denotes the nunber of noles of DMAC per nol e

of ceftgzidime internediate. Preferred solvates are those in which x is o
0.5 to , and especially in which x is 1.0. 20 The -

ceftazidinme internedi ate solvate can be isolated readily * by

washi ng the reaction mxture with water and then adding a suitable counter
solvent, i.e. a solvent in which the intessmedi ate is substantially ?,ﬂf
|nsoluble. Typi cal counter solvents 25 include ethers, such as diethyl ~

ether, methyl ethyl ether, diglyne, or tetrahydrofuran; and esters such as
ethyl acetate, or nethyl acetate. The counter solvent of choice is. diethyl

ether, or a conbination of diethyl ether and ethyl acetate. 30 -6- \When
the counter solvent is added to the N, N-di net hyl acetam de reaction m xture,
‘the ceftazidinme intergedi ate N, N-di net hyl acetam de sol vate starts to

precipitate Wt ge==e h|r \\o ninety mnutes as the solution
is stirred at o N +10CD
5 \I l/ b _
: /3 .u———o :
\c/ \o- S o
i ’
,\ \0—-—'—:" \I o===e
0/ \ / \Cr' —-‘.\< >0
H C=C~CH_ I I — -
: 10 i'_ cos o/
00-_CH
l 3
H
3 L]

15 in which DMAC is N,N-dimethylacetamide and x is a
number from 0.5 to 3.0 and denotes the number of
moles of DMAC per mole of ceftazidime intermediate.
Preferred solvates are those in which x is 0.5 to

1.5, ané especiaily in which x is 1.0.

20 -~ The ceftazidime intermecdiate solvate can be
isolated readily by washing the reaction
mixture with water and then adding a suitable counter ,
solvent, i.e. a solvent in which the intermediate is ~
substantially insoluble. Typical counter solvents

25 include ethers, such as diethyl ether, methyl ethyl
ether, diglyme, or tetrahydrofuran; and esters such as
ethyl acetate, or methyl acetate. The counter solvent
of choice is diethyl ether, or a combination of diethyl
ether and ethyl acetate.’ '
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The crystalline solvate is isolated by sinply filtering the m xture, and
generally, washing the solvate with fresh N, N-di net hyl acet am de or di et hyl
vether is desirable. The product can be air dried at roomtem 10 perature
r dried in vacuumto renove any excess solvent. The product produced is an
N, N-di et hyl acet ani de sol vate of ceftazidine internedi ate havin purity
generally greater than about ninety percent. The ceftazidine int di ate
solvate provided 15 by this invention may hg enployed directly to produce
cef't azi di me. For exanpl e, the crystalline solvate may be dissolved in an

aci d sol ution,

such as 98% formc acid, to cleave the triphenyl nethyl

protecting group on the am no group attached to the thiazolyl acetam do side
20 chain, and also to clegve the tert..-butoxy protecting group.on the
Rid 20 fed

oxi me portion of the side

\

08 COREG PO N ot ATELE ¥5h be added

so as to form t e, Xhdimie oyl aare than ishe tre@ic tiaft awd xiung , tthe emizidime
facilitating iso | fab Dl 3 a5 r | 4l tate.
Lol et dghet s ol e et Al i dver

The ceftazidi ne

antibiotic. 30 PreqipiateiHeiin || ustr&lihe $hvent i oPNREY AABHHST

non-limting exog®l ke asSL WM dol . sthegd ead 5 -10 to +10°C.
(6R 7R)-7-[(2)- 2 2- L1} pheny] neth

N 10
15
20
N
25
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e crystalline saﬁéﬂﬂé"ﬁs isolated by simply filtering
the mixture, and generally, washing the solvate with
fresh N,N-dimethylacetamide or diethyl ether is
desirable. The product can be air dried at-room tem-
perature or dried in vacuum to remove any excess solvent.
The product produced is an N,N~-dimethylacetamide solvate
of ceftazidime intermediate having a purity generally
greater than about ninety percent.

The ceftazidime intermediate solvate provided
bv this invention may be employed directly to produce
ceftazidime. For example, the crystalline solvate may
be dissolved in an acid solution, such as 98% formic
acid, to cleave the triphenylmethyl protecting group on
the amino group attached to the thiazolyvlacetamido side
chain, and also to cleave the tert.-butoxy protecting
group on the oxime portion of the side chain. If
desired, hydrochloric acid can be added so as to form
the dihydrochloride salt of ceftazidime, thereby
facilitating isolation of the final product as a
crystalline precipitate. The ceftazidime dihydro-
chloride produced can be employed as an antibiotic.



t hi azol -4-yl)-2-(2-tert.-butoxycarbonyl prop-2-oxy- ' .

I m no) acet am dol - 3- (I - pyri di ni umret hyl ) ceph-3-em 4- carboxylate. To a cold
(-10[err]C stirred solution of 8.70.g 10 (41.8 nmV) of phosphorus

pent achl grNde in 150 ml of dichl oronethane were added in one portion 21.72
g (38 if. (Z)-2-(2-tert.-butoxycarbonyl prop- 2- )

oxyi m no)=2- (2-triphenyl met hyl am not hi azol -4-yl )acetic acid..-The reaction. -
m xture was stirred for thirty 15 mnutes at -10C, and then diluted with a\Jf

cold solution of 100 m of water containi+m11.66-mM (83.6 mV) of
triethylam ne. The two-phase reaction m xture was stirred vigorously for
about three mnutes, and t.hen the organic |ayer was renoved and added to a
stirred 20 cold (-10[err]C) suspension of 16.89 g (38.0 nM of (6R 7R)-

7-ani no- 3- (I - pyri di ni unmetdyfdceridr 3t EIA Skt d e | invisih gl el ochl ori de

in 195 m of NN:djjret hyl acet ayy de_cont ai ni 26.5 m (190 of -

triethyl ani ne. T%%ﬂE%E%Qi?ﬁP' 5ﬂfﬁ¥P$wﬁ§§ﬂé£%§HP§ﬁ Rfé%id for thirty 25
m nutes, and then was diluted by the aqglt' rgi_n one portion of 300 m of
wat er. The aqueous reaction m xture wa for ten mnutes, and then

the organi g | ayer was sep t g 114 - %’I}@% : ~addition
of 150 m of fresh N,Ndi%?h@aﬁ%%%e%ﬁzdgfolggﬁl@é | ]%3‘!‘“& her. The
organi c soIuticﬁP%%EP¥547¥¥%F%%(%TEEEEﬂ?QWHQ§HQﬂ39ﬁﬂ¥4ﬂiﬂR'%ﬂﬂ%ﬂﬁua
crystal l'ine preimind pdcetdmdddioe + (Bt Mbin inotnletsyd) dapH-3 dent4 -

carboxylate. o

10 (41.8 mM) of phosphorus pentaChloriﬁa_in 150 ml of

dichloromethane were added in one portion 21.72 g
(38 mM) of'(Z)-2-(Z-EEEEL6butoxycarbony1propf2-
oxyimino)-2=~(2-triphenylmethylaminothiazol-4-yl)acetic
acid. The reaction mixture was stirred for thirty
minutes at -10°C, and then diluted with a cold solution
" of 100 ml of water containing 11.66 ml (83.6 mM) of
triethylamine. The two-phase reaction mixture was
stirred vigorously for about three minutes, and then
the organic layer was removed and added to a stirred
cold (-10°C) suspension of 16.89 g (38.0 mM) of (6R,7R)~-
~7-amino-3-(l-pyridiniummethyl)ceph-3-em~4~carboxylic

1s

20

acid dihydrochloride in 195 ml of N,N-dimethylacetamide (;/

containing 26.5 ml (190 mM) of triethylamine. The
reaction mixture was stirred at 0 to -5°C for thirty
minutes, and then was diluted by the addition in one
_ portion of 300 ml of water. The aqueous reaction
. mixture was stirred for ten minutes, and then the

| organic layer was separated and further diluted by the

25

30
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To a cold (-10°C) stirred solution of 8.70.g W,



5 tion, washed with fresh NN-di net hyl acetam de and then with fresh

di ethyl. ether, and was dried at anbient tenperature in vacuum for sixteen
Zhours to produce 20.96 g (65.2%vyield) of (6R 7R -7-[(2)-2-(2-triphenyl-
‘et hyl ani not hi azol -4-yl)-2-(2-tert.-butoxycarbonyl- 10 ..

pr op- 2- oxyi m no) acet am do] - 3- (| - pyri di ni unmet hyl ) c- ph- 3-em 4- cajpbeXyl ate
N, N- di et hyl acet.am de solvate (1 nole of .N, N-di net hyl acet am de), p. 1504C
¢(deéc). Purity as determ ned by high performance liquid chroma- tography was
@%’56@6 15 Exanpl e 2 The process of Exanplg 1 was repeated as follows: To a
cold (-15[err]C) stirred solution of 7.73 g 20 of phosphorus pentachloride
in 120 nl of dichlor6- methane were added in one portion 17. 32 g of (2)-2-
(2-tert. -butoxycarbonylprop 2- oxy|n1no) 2-(2-triphenyl -

t hyl th I h t t df
hi rty m nut os ARGELAR BF 260 A festane Raiparaetielafeliniie] 0dl,
-15[err] C,. Thaatad o diethyle ethert.nelfhdi buyadiby sbhetaddi wasn of 80 ni
Of paver contal Mok 3d%o d Weoley! kN Gout ' ShaStht! LgaLhe1iREC! | OF

m xture for three mn gani c er was separate he aqueous

| ayer was 3g Pﬂ?¢¥ﬂ¥i§§ﬁdé@ﬂtTﬁéﬁoﬁ@&ﬂﬁé Wé?eF°%é§cﬁﬁénbﬁdﬁéhtﬁﬁopmnse

tion, washed with fresh N,N-dimethylacetamide and then
with fresh diethyl ether, and was dried at ambient
temperature in vacuum for sixteen hours to produce
20.96 g (65.2% yield) of (6R,7R)=7-{(2)=-2~(2-triphenyl-
U : methylaminothiazol-4-yl)~2-(2~tert.-butoxycarbonyl- -
10 prop—=2-oxyimino)acetamido]j =3~ (1l-pyridiniummethyl)csph-
3-em~4~carboxylate N,N-dimethylacetamide solvate '
(1 mole of N,N-dimethylacetamide), m.p. 150°C (dec).
Purity as determined by high performance liquid chroma-

. tography was 95.56%.
15

_ Example 2
The process of Example 1 was repeated as.
follows:
To a cold (-15°C) stirred solution of 7.73 g
20

of phosphorus pentachloride in 120 ml of dichloré-
methane were added in one portidn 17.32 g of (2)-2-

U (Z-EEEE.-butoxycarbonylprop-zfoxyimino)-2-(2-triphenyl-
methylaminothiazol-4~yl)acetic acid. The reaction
mixture was stirred for thirty minutes while main-
taining the . temperature at about =10 to -15°C,. The
reaction mixture was then diluted by the addition of 80
ml .of water containing 10.5 ml of triethylamine. After
stirring the reaction mixture for three minutes, the

organic layer was separated and the aqueous layer was
30
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over ten mnutes to a cold (-10C) stirred suspension of 11.13 g of

(6R, 7Ry - 7-am no- 3- (| - pyri di ni ummet hyl ) - ceph-3-em 4-carboxylic acid

di hydrochloride in 88 m of 5 N, N- di met hyl acet am de containing 17.5 m of
triethyl- amne. The reaction mxture was stirred for thirty mnutes at
about - 0 O[err]C, and then was allowed to warmto about +5[err]C and was
di | uted the addition of 200 m of .water. After stirring the aqueous
m xture 10 for two minutes., the organlc | ayer was separated and 't he
aqueous | ayer was discarded. The organi c_.hayer was further diluted with 200"
m of ethyl acetate and 100 ml "of diethyl ether, and the m xture was
vigorously stirred at about 20 to 25[err]C. The m xture was seeded 15 wth
ceftazidime internmediate N, N-di methylacetam de solvate to initiate
crystallizatio st [ 'r 20 to
25[err] C, the ?%ﬁﬁe%ggére 3&% Bgaéﬁgﬁn}é§gferr%CF é Agd #%géafgﬁon-

ti nued for abo@verwSeRomisutes| tpati 6Rléf (rhe°q) xsticred snnnenasonng of

the filter cakgfwuthg E‘6?”R€R0§R¥Q7nhm9£ob%hk@L?§£Bdiﬁ§§ﬁﬁ€£§§lﬁnd 10 m
of diethyl ether S’f’g i nal | eth [ OVI

| et
Pl Lowi ng. dryi REPHE Sa8meArFAThRUEL LG ans it AoPvaBbeRIoFiteckarBoral aBout 78
percent yi®ld uf, NedimerhglaeetamdédeedoataidingNLR: 8i Mt 8§ sepésnyle sol vate

(1.5 mole of Npfhde: "phlYLagetiBhiflxedle was'Otib¥8aPEEr Shirey
minutes at about =5 to 0°C, and then was allowed to
warm to about +5°C and was diluted by the addition of

&

200 ml of water. After stirring the aqueous mixture - \

10 for two minutes, the organic layer was separated and
the aqueous layer was discarded. The organic layer was
further diluted with 200 ml of ethyl acetate and 100 ml
of diethyl ether, and the mixture was vigorously
stirred at about 20 to 25°C. The mixture was seeded

15 with ceftazidime intermediate N N-dimeéhylacetamide
solvate to initiate crystalll’atlon. After stirring

- the mixture for thirty minutes at 20 to 25°C, the
temperature was lowered to 0°C and stirring was con-
tinued for about two hours. Filtration of the mixture

20 and washing of the filter cake with a mixture of 10 ml
of N,N-dimethylacetamide and 10 ml of diethyl ether and

finally with 40 ml of diethyl ether provided, following o/

drying at 35°C under vacuum for about sixteen hours,
. about 78 percent yield of ceftazidime intermediate
25 N,N-dimethylacetamide solvate (1.5 mole of N,N-di-
methylacetamide).

30
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‘Ceftazidime D hydrochloride To a 250 m, 3-necked, round-bottom flask
purged with nitrogen are added 62.2 ml (75.9 g) of formic acid which is
“cool ed to about 15[err]C. To the stirring cooled formc acid is added 32.0
g (37.9 M) of the ceftazidinme internediate from Exanple 1 or 2. The
solution-is stirred for 30 mnutes after which 10 13.3 m (15.8 g) of-
hydrochl oric aci.d are added while naintaining the tenperature below -
ZOFErr]C The mixture is stirred for about 3 hours and the qij)
phenyl met hanol produced is filtered anggwashed with formc acid an
mater The filtrate is cool ed and added to about 15 850 ml of acetone after
which the cooled slurry is stirred for about 2 hours. The product is
filtered and washed with acetone to produce the title product in about a

62% yi el d. NWR (DNBC)dG) 6 1.58 (s,E§a [err] 5.33 20 (d, J =5 Hz,
6-H, 6 6.01 (dd, J 9.5 Hz, 7-H), | (s, am nothiazole), 6 8.30,
8.75 (t, J =6 H), 6 8. 7%e@%gzid1m@ thydk@&ﬁ%oglaé (d, J =6 H,

pyri di ni um protons), 6 9 , acetam do proton). 25 30 CLAI M5

1. A crystalline conpound ref aFQISIGUhQ,(B)-ne@ké&”]:o&ﬂd-bottom flask
'5 purged with nitrogen are added 62.2 ml (75.9 g) of
formic acid which is cooled to about 15°C. To the
stirring cooled formic acid is added 32.0 g (37.9 mM)
of the ceftazidime intermgdiate from Example 1 or 2.
. The solution is stirred for 30 minutes after which
~ 10 13.3 ml (15.8 g) of hydrochloric apid are added while
maintaining the temperature below 20°C. The mixture
is stirred for about 3 hours and the triphenylmethanol
produced is filtered and washed with formic acid
and water. The filtrate is cooled and added to about
850 ml of acetone after which the cocled slurry is
stirred for about 2 hours. The product is filtered
and washed with acetone to produce the title product
in about a 62% yield. -
NMR (DMSO—d )2 & 1.58 (s, 2 -CH3), § 5.33
(d, 3 = 5 Hz, 6-H), 6 6.01 (dd, J = 9.5 Hz, 7-8),
§ 7.00 (s, aminothiazole), § 8.30, 8.75 (t, T = 6 Hz),
§ 8.75 (¢, J = 6 Hz), 8§ 9.23 (4, J = 6 Hz, pyridinium
protons), § 9.72 (4, J = 9, acetamido proton).
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5in mhlch DMAC is N, N-di net hyl acetam de and x is a nunber fromO0.5 to

0. 2. A ormula (11) as clainmed 20 in claiml in which x is
5. 3. A conpound of_ E (1) as clained .n claim1 in which x is 1.0.
4. Acomour\m‘\w\i' i@s claimed in claim1in which x is 1.5 25
5. npou +) as clained in claiml in which x is 2.0. 6.

A cc d of * Fot mul a (1) as clained:-in Ghaim1l in which x is-2.5. 7. A
process”for preparing a conpound of 30 Formula (1) as clainmed in’any one .y
of clainmse 1 to 6 which conprises reacting in N, Ndi nethylacetam de and a
wat er -i mm sci bl e organi ¢ sol bent a -12-

((Z2)-2-(2-tert.-butoxycarbonyl prop-2-oxyi_m _no) - 2-
hyl aam no-t hi azol -4-yl))acetyl halldegﬁagia

(6R 7R) - 7-am no- 3- ( 1- pyrj di ni umret h ce em4c
washi ng the reaction nix#ure mF%ﬁSE%}LF"£n3°%Bﬂ?Hﬁ 2

1
3.
0.

(2-triphenyl net

Bl A

sol vent. 8. A process of claim?7 wherein the organic counter-solvent is
sel ected fron1d|ethyl et her, methyl ethyl ether, diglyme, tetrahydrofuran,
et hyl acetsate tmyl ag\fate. '
1—9/ * Q
I :
H——s

10

Non = e
b’
15 “XDMAC
in which DMAC is N,N-dimethylacetamide and x is a
number from 0.5 to 3.0.
2. A compound of Formula (I) as claimed
20 in claim 1 in which x is 0.5.
3. A ccmpbund'of Formﬁla'(I) as claimed
in claim 1 in which x is 1.0. '
| 4. A compound of Formula (I) as claimed
in claim 1 in_whiéh x is 1.5. | |
25 5. A compourd of Formula (I} as claimed
: irn claim 1 in -which x is 2.0.
6. A ccmpound of Fermula (I) as claimed
in claim 1 in which x is 2.5.
7. A process for preparing a compouné of
30

Formula (I) as claimed in any cone of claims 1 to 6

which comprises reacting in N,N-dimethylacetamide

and a water-immiscible organic solbent a



9. A process for prepari'ng ceftazidime or a pharmeceutically acceptable
salt -thereof, which conprises renoving the prB!ictlng groups from a

Ronmpound ‘of Formula (1) as clainmed in any one Mﬁmmlmﬂglﬂ 10. A
ups are

process as clraimed in claim8 or 9 in which t
renoved by treating with acid the conpound of Formula ('l)$ 14. A conpound
of .Formula (1) as claimed in 20 any one of clainms 1 to 6 for use as

rmedi ate” in the preparation of ceftazi2tme. 12. A conpound of F | a
(%?gas_clalned in claiml substantially as hereinbefore described 25 wth
reference to Exanples 1 and 2. 13. A process for preparing a conpound of
Formula (1) as clainmed in claim1l substantially as herei nbefore descri bed

with reference tpz)B=@nDiegedt arbutoxParbonylprop=-2-oxyimino) -2~
(2-trirhenylmethylamino~thizzol-4-yl))acetyl halide
with a (6R,7R)=-7-aminc-3~-(l-pyridiniummethyl)cegh-
3-em-4~carboxylic acid salt, washing the reaction
mixture with water and adding an organic counter-
solvent.
8. A process of claim 7 wherein the organic
counter-solvent is selected from diethyl ether, methyl
ethyl ether, diglyme, tetrahydrofuran, ethyl acetate
\,/ ’ 10 . or methvl acetate.
9. A process for preparing ceftazidime or
a2 pharmaceutically acceptable salt thereof, which
comprises removing the protecting groups from a
compouriéc of Formula (I) as claimed ir any one of
13 claims 1 to 6. |
10. A process as claimed in claim 8 or 9 in which
the protecting groups.are removed by treating with
acid the compound of Formula (I).
11. A compound of Formula (I) as clzimeé in .
any one of claims 1 to 6 for use as an intermediate
in the preparation of ceftazidime.

20

W, 12. A compound of Formula (I) as claimesd
in claim 1 substantizlly as hereinbefore described
25 with reference to Examples 1 and 2. |
' 13. A process for preparinc a compounéd of
Formula (1) as claimed in claim 1 substantially as
hereinbefore described with reference to Examples 1
- and 2. '
30




