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Process This invention relates to a process for the production of
silylkated 7-am no- desacet oxy- cephal osporani c acid or

6-am nopenicillanic acid by silylation of a 7-am no-desacetoxy- 5

cephal ospor an™0 %868670r 6- ami nopeni cill anic acid and use of tFerErospgdsss ed
i nternmedi ates in t he production of a

7- al pha- ani noacyl - desacet oxy- cephal osporin or a 6-al pha- an1noacy|
penicillin. In EP 439 096 which is incorporated herein by
reference, a mixed anhydri de process fSdylation Processe production of i. a.
anpicillin, anmoxicillin, epicillin, cephradine, cephal exin, cefadroxil

I s described, stating from 6-am nopenicillanic acid (6-APA), or

7-am no- desaCﬂix@iiWennon relates 16 @[Prodesss fo tiss produdtionl of silylkied\7-amino-desacetoxy-
According to this publjcatjon water-inmscihbl ﬁ’ﬂ hal ogen-free sol vents are

used in the @hﬂmﬁl"( ot Sraminopenicifianic gcid by, silylation of & 7
yields agd Ptéep Cephﬂfucti&ﬁi&r@ niillarie acid ahd udd &f e siljidled iktErmediates in

penicillanic oranic acld used as starting material therein may

al so be sil ylth'é pmduman a7-slpba-aminpacylidesasetoyy-gephalosporintdra G-alpha-pmipoacyl-

material is rk%;“;ﬁﬁﬁmflcally exenplified. It has now
surprisingly been tound that silylated starting material used in the
process of 20 EP 439 096 for the prepar atlon of products nentioned above

results in e l.ds .a rities of. t roducts

bt ai ned. i 1 TP 1% b, Phlsh it imcppeteled iefeif B piPnos,  miRea asefie ogte

6- APA i socar rthe produétionof Gl hﬁpﬁﬂﬁﬁrmﬂmﬂ épitilling 6éphiadiel Héphh!&xm. eefadroxxl
The invention t erbufre BrOV|de I n one ect, a process for the production

of a silylat it desst ﬁ&F’szﬁtﬂP OF JARINGEESACEOXY1t | on

of a 7-am no-@Wm ac,d(-,mg_ephal osporanl c acid in a carboxylic acid
ester of formula

According to this publication water-immiscible, halogen-free solvents are used in the
production of the mixed anhydride resulting in good yields and purities of the products. I

15 s stated that the penicillanic or cephalosporanic acid used as starting material therein may
also be silylated, but a process for the silylation of the starting material is not specifically
exemplified.

! It has now surprisingly been found that silylated starti_ng material used in the process of

20 EP 439 096 for the preparation of products mentioned above results in extremely high
yields and purities of the products obtained, if the silylation of the starting material 7-
ADCA or 6-APA is carried out in certain carboxylic acid ester solvents.

The invention therefore provides in one aspect a process for the production of a silylated
25 7-amino-desacetoxy-cephalosporanic acid by silylation of a 7-ammo-desaeetoxy-
cephalosporanic acid in a carboxylic acid ester of formula

X-CO0-Y 4y

30 wherein independently of each other
X denotes methyl and Y denotes alkyl having at least 3 carbon atoms, or,
X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl.



X- COO- Y () 30 wher ei n i ndependently of each ot her X
denotes nmethyl and Y denotes al kyl having at |east 3 carbon atons, or,

X denotes al kyl of at |least 2 carbon atonms and Y denotes al kyl.

WD 96£16067

PCT/ EP95/ 04562 2

| n anot her aspectWOH§M¥BEsent invention provides a process for tRCT/EPISNH4S62

production of a silylated 6- am nopenicillanic acid by silylation of
6- am nopenicillanic acid in a carboxylic acid 2 ester of fornula 5
X- COO Y wher ei n i ndependently of each other

X denotes met hyl Ianaomon;aeﬂtélse mﬁ mnmonm\tldqseaagrmesssg%woam of g;silylated

X denot es al kyl axﬂ{n #&i’c‘iﬂanfc Wﬂm ogﬁﬁm Q,Pm lic!
the presence of a si at1on agent ot er than N, -Dbistrinmet hy?ﬂsﬁf ywa&d

acet ami de, NN - ester of forioelt ri net hyl silyl mal onic acid ami de and

N, N -bi strinethylsilyl urea. Al kyl includes, for exanple,
straight chain or branched .((ferr])alkyl or (Cerr])cycloal kyl, in
particul ar sgraight chain or brar@o0-8 kyl. @anpl es include al kyl
acetates wherein Y has 15 - at least 3 carbon atons, eg. 3 to 8 C-atons
and X denotes (Cerr], pre‘ferably Clerr], nore preferably ([err]
al kyl. X may, forwwm@pﬂﬂmg{ mbﬁhand Y al kyl of at |east 3 carbon
at ons. Preferred sol vents include Propyl acetates or butyl

acetates, for exdfrgeaotes methyl and: ¥tdenetes alkyl having at least 3 carbon atoms, or,
" X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl,

10 in the presence of a silylation agent other than N,N-bistrimethylsilyl acetamide, N.N'-
bistrimethylsilylmalonic acid amide and N, N'-bistrimethylsilyl urea.

, Alkyl includes, for example, straight chain or branched (C, Jalkyl or (Cs Jcycloalkyl, in

i particular straight chain or branched alkyl. Examples include alkyl acetates wherein Y has
| 15 at least 3 carbon atoms, e.g. 3 to 8 C-atoms and X denotes C, 4, preferably C, ,, more
preferably C,, alkyl. X may, for example, denote methyl and Y alkyl of at least 3 carbon
atoms. _

Preferred solvents include propyl acetates or butyl acetates, for example n-butyl acetate or
isopropyl acetate.

: In a further aspect the present invention provides a process for the production of a
; silylated 7-amino-desacetoxy-cephalosporanic acid or a silylated 6-aminopenicillanic acid
by silylation of 7-amino-desacetoxy-cephalosporanic acid, or 6-aminopenicillanic acid in
iso-propylacetate or n-butylacetate.
25
A compound of formula (I) is used at Jeast as part of the solvent system. The solvent
system used may contain more than one compound of formula (I).

The silylation process may be carried out as follows:
30 The starting material, i.e. 6-APA or 7-ADCA, may be suspended or dissolved in a solvent
of formula I as defined above.



| sopropyl acetate. 20 -In a further aspect the present invention

pr ovi: des—a—process—for—the—product | oRr—oF—a— S+H-at-ed

7- am no- desacet oxy-cephal osporanic acid or a silylated 6-am nopenicillanic
acid-. by silylation of 7-am no-desacetoxy-cephal osporanic acid, or
6-am nopenicillanic acid in | so- propyl acetate or n-butyl acetate. 25
A cqnpound of WO6ite6a (1) is used at |east as part of the solrCIvEPISHESEEM
The sol vent system used nmay contain nore than one conpound of
formula (1). - The silylation procéss nmay be carried out as

foll ows: 30 The starting material, i.e. 6-APA or 7-ADCA, may be

suspended or Idﬂeﬁnﬂ\aenhﬂlrmmmbf/emb-solvem may b preseninfonexample these knwrpinathe .

\é,\g-? géég?SZSG‘?' including organic amides, e.g. formamide or an acetamide, or their N-mono or 3

I desired a ) NadimeBiyPderivalives? eGo divéthy? Tormimidd) or N-@e@lacetiriidecx anpl e t hose

known in the art, incl u?gng organl ¢ am des, e.g. for mam de or an
acet ani de, orNNndimethyl 49 or N-meth W@WM PIPRt i ves,

dinethyl s for%w W opiuitds fbopt 10 10 50 pl
N-net hyl pyrrolidine qr -tetramethy en| e éhe Cco- so%ent

conpri ses abeysteOln paricniagre howevet, w@nzsmmmﬁ mdx system
In particular, however, a co-solvent is not necessarily used.

Silylation agents whi ch are common for the silylation of 7-ADCA or 6-APA

may be used; S:lylauon agimwiwhﬂ:hrnge somhmon for the! silylationt ofl ZADGA06t 6-APA may be used;

| kyl si trialk hL | 120 ... .
1 et hy | chi dpatdng Siates SiFi Y BRCBioreRIans orAIOGIaTcs, sychias Fiafkyimesoctiorians
bi ssi | yh@cet g, tri Flcﬁm&ﬂme?dmkﬂhié?d&bﬁhéﬁ W'ﬁh&d'é@ﬁ@& diskit\Racet-

N, N - bi s- trlrrethyI5| | mal onic acid am de
N, N - bi s-tri rEige e8| trimathylsilyacetamide, N-N'-bls-tnmﬂ!ylsﬂylmalomc acid amide,

H&Et Blylst er- ;;tvby*igﬁw*sslgﬁécﬁ#gﬁgmmk i st r| #trf ofmf‘s‘ﬂ%nm ni c

acid di am de:N 1smmhylsxlylmalomc acid diamide, N N'-blsmmﬂlylsllylsuocxmc acld diamide;
silylated urcas such as bissilylurea, e.g. N,N-bis(trimethylsilyl)urea, hexamethyl-disilazane.

15 For example, alkylsilanes, hexamethyldisilazane or bissilylacetamides, e.g. alkylsilanes or
hexamethyldisilazane, e.g. hexamethyldisilazane are used. The silylation agent may contain
one or more silylation agents.

In the case of 6-APA, the process is carried out in one aspect in the presence of a
20 silylation agent other than of N,N-bistrimethylsilyl acetamide, N,N'-bistrimethylsilyl-
malonic acid amide and N,N'-bistrimethylsilyl urea. '

A catalyst common in the field of silylation, such as an amine, in particular a
trialkylamine; an amide, for example a cyclic amide, e.g. saccharin; an acidic catalyst, for

25 example an organic acid, e.g. trichloroacetic acid, trifluoroacetic acid, oxalic acid, p-
toluenesulphonic acid or an inorganic acid, e.g. hydrochloric acid, sulphuric acid; or a salt,
e.g. ammonium sulphate, potassium acetate; may be present in the reaction mixture. It is,
however, not necessarily vsed.

30 The reaction may be carried out under normal pressure or a vacuum may be applied.

The amount of the silylation agent may depend on whether monosilylated or bissilylated



silylated ureas such as bissilylurea, e.g. NN-bls(trlnethyI5|IyI)urea
hexanet hyl - di si | azane. 15 For exanpl e, al kyl sil anes,
hexapet hyl di si |l azane or bissilylacetam des, e.g. alkylsilanes or
hexanet hyl di si | azane, e.g. hexanethyl di silazane are used. The silylation

agent may contain one or nore silylation agents. In the
case:of 6-APA tNWOPMI$0&Iss is carried out in one aspect in the PFEOHARSGssES
a 20 silylation agent other than of NN bistrinethylsilyl acetam de,

N, N -bistrinethylsilyl- mal oni ¢ acid adi de and

N, N -bistrinmethylsilyl urea. A catalyst common in the field of

silylation, such7eADEA erf-APA is deyired! Inchibsilylated 7-ADCA otmﬂieanihonyiimoupin

am de, for exa Ieaccllc am sac.char.i CIdIC cat al ys for

35 ' exanpl o an PO o= NS e inoipch wfROR Retes. & e 7opesneriveiy g e For

aci d, oxalic aci gxamip lcmap?mxxmﬂwmm%ﬁtmﬂm%magwm&ybe
abae! 3

e.g. hydrochloric acid huric acid; or a_sal . amoni um
sul phate, pot assvétth Aecabgp Fﬂthsrwpeofr@aesm@ﬂamvmdmofﬂp is,

however, nots necggeﬁ; %&mﬂé lr,?g ordylafidh
under normal pres ds ra vagtmhrhaprrgymt?g&g% mg%ﬁﬂeew{“%‘}smm
the silylation aéeort?, wmbmmnmmbnmmﬂammmmamm

%A%gfb\lg?% APA |b§ss'(%§md gdeﬁlA Qr’)'lséAﬂ\y% “#W“F‘E"% t he car boxyl i C

group in p05|t|on 4 as well as the nitrogen atomin positions 6 or

7, respectlvely silylated. For exanpl e, a oXi _nma
equi val ent amountutsgble, lempgptupss nclpds those copventionslly, n'%db‘é““s ﬁgd-exm
i.e. about figto MWG%Wﬁﬂﬁﬂﬁ fevipiraiir® OP tfY solveft BRA) for bxaMpié from rdom of

the 5 cephal osporani c acid V\:hl ch'is to be silylated. For acylation of
the amine group FeMAsHIEtp the refluxing temperature. Optionally the starting material may be cooled to

; lower temperatures when adding the silylation agent, e.g. to 40, -30, -20 or -10°C.

The reaction mixture may be worked up in conventional manner.

15 The final product may be isolated in conventional manner, e.g. using processes for
removing solvents under mild conditions so as not to affect the stability of the silylated 6-
aminopenicillanic acid or of the silylated 7-amino-desacetoxy-cephalosporanic acid. Purity
may be very high, e.g. above 95 or 98%. The silylated 6-aminopenicillanic acid or the
silylated 7-amino-desacetoxy-cephalosporanic acid may be used without working up the

20 reaction mixture and/or without isolation of the silylated product from the reaction
mixture, for example in solution, e.g. as starting material in the production of penicillins
or desacetoxy-cephalosporins according to the processes of EP 439 096.

The process of the invention as described above is useful in the production of a wide
25 variety of 6-alpha-aminoacyl-penicillins and 7-alpha-aminoacyl-desacetoxy-cephalo-
sporins, such as, for example, ampicillin, amoxicillin, epicillin, cephradine, cephalexin,
cefadroxil by N-acylation of silylated 6-APA or 7-ADCA with an acylation agent,
including a mixed carboxylic acid anhydride, for example a mixed carboxylic acid
anhydride of an alpha-amino acid, which may be a N-substituted vinyl alpha-amino acid,
30 e.g. having the amino group thereof protected as an N-enamine; such as a mixed
anhydride of a Dane salt; and deprotecting if appropriate. Included are
6-alpha-aminoacyl-penicillins and 7-alpha-aminoacyl-desacetoxy-cephalosporins in free



6 or 7, for exanple nonosilylated, or bissilylated, or a m xture of
n0n03|-+-y-l—a1-ed-m1d————-b+es+ky4-a%—ed—-7—ﬁcgeﬁ-e+—6 APA—By—be—tsed—as———
starting material. Sui tabl e reaction tenperatures include those
coriventionally used in this field, e.g. from10 about 0OC to the

refluxing tenperature of the solvent used, for exanple fromroom

t enper at ur e twowwaaéosef | uxi ng tenperature. Optionally the st ampcrigosifis | al

may be cooled to | ower tenperatures when adding the silylation
agent, e.g. to -40, -30, -20 or -10[err]C. § The reaction m xture
may be worked up in conventional manner. 15 The final product may be

i sol ated in clfomcn where suclipfonss exist, in saltundior soleate foms ef 0 substituted 6-acctaibidoNg

sol vent s under m', d,con ons so not ffect the stapil,jty of the
1 yi at ed 6. Peaicilanic S5 iR s Japceimiier3 dpsabriont ErpbRmk SarbgpViic ac

7- am no- desacqrivitives ARY 34I1BSEHA" solVates Wserddf, duch laé Ycid addition sﬂE)brl%ﬂtsVﬁftH aw
e.g. above 95 or 98% The silylated 6-am nopenicillanic acid or the

silylated 7- didmsesder: tselyynk@bmsoepdhadimmmnmsdewvweMW of
wor ki n Viefre?
si |yl atge progucg %rom he reactlon mfﬂ%ture O&@%%ﬂ%&ﬁe\vhmh

sol ution, e. gnaybeastacsubstitgentrat the iantino groupmndtonwl'huemcﬂr. cdrb@eylic @rdupi is s

or desacet oxy, 8&| osporins according to the processes of EP 439 096.

The process o?&f'ﬁi i nvention as descri bed above is useful in the production
of a wde 25 variety of 6- aI pha am noacyl -penicillins and

cxcanpl o, - armpi BiAPPRAE SSEEE A% VIR o thretire 10305 Van it 10 POGEA K b ventin,
cef adr 0>10| by. J\It@ew@é oPR p?&:eﬁ w&mwuﬁa e for' thé pradiuldidn offd 7 Afphh S

agent, including a mxed carboxylic acid anhydride, for exanple

m xed car bochvbdﬁmxy-cephﬂosmymmw progess.of elaim 2:in) ajproodss for lhay

be a N-substi l6-. iﬂrﬁﬂ Vi B0
group ther eofﬁ'&?ot ect eg as an eng% ne; ﬁgpg"swgs%?e i& f&%ﬂﬁi‘ﬁ% |de

of a Dane salin; tlmNehcubpomtoéﬂlclangne group jin ppitlm‘éof thecilylated 7aABDCA, or in

2 ohe 2 naSos AP Rt e o peion wih b i fo
96/ 160615 one aspect the product is other than amoxycillin.
PCT/ EP95/ 04562
In another aspect the present invention provides therefore a process for the production of
an 7-aminoacyl-desacetoxy-cephalosporin or an 6-aminacyl-penicillin other than
amoxicillin, which comprises :
20 (i) producing a silylated 7-amino-desacetoxy-cephalosporanic acid or a silylated 6-amino-
penicillanic acid by silylation of a 7-amino-desacetoxy-cephalosporanic acid or a 6-
aminopenicillanic acid in a carboxylic acid ester of formula

X-CO0-Y 1))

wherein
X denotes methyl and Y denotes alky] having at least 3 carbon atoms, or,
X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl, and
(ii) acylating the silylated 7-amino-desacetoxy-cephalosporanic acid or silylated 6-amino-
30 penicillanic acid with an appropriate acylating agent, for example with a mixed
carboxylic acid anhydride, produced by reaction of a salt of an alpha-amino acid,
having the amine group thereof protected as an N-enamine with an apropriate



formor, where such forns exist, in salt and/or solvate form e.qg.
substituted 6-acetam do- penicillanic acid derivatives and

7- acet am do- 3- desacet oxy- cephem 4- car boxylic acid derivatives and
sal ts=and sol vates thereof, such as acid addition salts or salts with a
base, hydrates or other solvent solvates, e.g. the
dinethylfornanidﬂﬂgvﬂﬁuﬂe. For the purpose of 5 t hi s speci friceabosmass:
the term"derivative" denotes, e.g. analogues such as a conmpound which
may bear a substituent at the amino group and/ 6r wherein the carboxylic
group is esterified. I n anot her aspect the invention

rel ates therefore tecylstionagentof t he process of the invention, 10 l.e. to
the use of a process of claiml1l in a process for the production of a

7- al pha- am no- acyl - desacet oxy- cephal osporin and to the use of a

pro?:ers]s of clai nTmeip&s&rtPﬁmﬁﬁﬁphiM&hﬁmoﬂ;uafpwpipMif?ﬂheb!ﬁumfonof U
6- al pha- am noacyl pen in. The process of claim1 is, for exanple usefu
in the N-acylatl&ﬁ“&‘ﬁ{ W@M‘F‘ﬁ%%ltl%?d the silyl ated

7-ADCA, or is protﬁﬂﬁigtd §iy1dled}-atnitd-deshostory REpHalodpdtanit 8id OF ARy Ttel'5-drhliRo-
acylation with a mxed anhydride. In 15 one’ as ect the roduct |s ot her
t han anmoxycillin.  penicillanic acid by,silyiationof gct acndora6-

provides therefore r EM&Q}
7- am noacyl - desacet %ﬁ@ep%ﬁ}%gpagwﬁ agr an é%‘?‘n“%‘&&? fg%‘llm Ilin other than
anoxicillin, which conprises 20 (i) producing a silylated

7-am no- desacet oxy- cephal osporani c ?% s silyl Sed 6- am no-
-a

penicillanic acid by silylation of no- desace&t oxy- cephal osporani c
acid or a 610 am nopenicillanic acid in a carboxylic acid ester
of formula X- COO- Y ‘(1) 25
wher ei n WheRIB ot o5 net hyl and Y denotes al kyl having at |ast 3
carbon atons, Or, X denotes methyi SN Y @enotek 'Kikly] Biviry at! 185t 3 2arbah BRMs2HOMS and

Y denotes al kyl, and i) acyl ating the silylated

7- ani no- desacet oxy- ¢ Wﬁl’& Zcashonsatoms aad- I denetes alkyl imthe presence of 2

e o C 24 v diyuaty 3pa Wﬁ*%‘%ﬁ’*ﬁ“‘“‘aﬁ" i, AP SRt S,

af an al phal®&ni no aonelpnic ac:d amide and Nd%bwgmmgylaﬂulrmagmmp t her eof
Br otected as an Izh)e %Waﬂﬁg Metshyﬁ&dap—ﬁ%ﬁ-ﬁa@etoxyuphﬂuspmmc acid or silylated 6-amino-
' penicillanic acid with an appropriate acylating agent, for example with a mixed
carboxylic acid anhydride, produced by reaction of a salt of an alpha-amino acid,
having the amine group thereof protected as an N-enamine with an appropriate
20 acylation agent;
and in another aspect, a process for the production of amoxicillin which comprises the
steps of
: (i) producing a silylated 7-amino-desacetoxy-cephalosporanic acid or a silylated 6-amino-
i penicillanic acid by silylation of a 7-amino-desacetoxy-cephalosporanic acid or a 6-

25 aminopenicillanic acid in a carboxylic acid ester of formula
X-CO0-Y (4}
wherein
30 X denotes methyl and Y denotes alkyl having at least 3 carbon atoms, or,

X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl, and
(ii) acylating the silylated 7-amino-desacetoxy-cephalosporanic acid or silylated 6-amino-
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acyl ation agent. The present invention provides in another aspect

a process for the production of anoxi cillin which conprises the
steps of 5 (1) producing a silylated

7- ani no- desacHIP62 phal osporanic acid or a silylated 6-am neTEPIsSH4sE2
penicillanic acid by silylation of a 7-am no-desacet oxy-cephal osporanic

acid or a 6- ami nopenicillanic did in a carboxylic acid ester
of fornula X-COO Y (1) 10
wher ei n penicillanitcacid wishaemixed carboxylicorsidanhydrides produced byyreactioncofss 3

b , , . L I )
and Y donot s al |t ¢ anaipbe;spning B Y e Bbinegrolf) o3 brofefed 835
ot her than N, N- bi Nienasink/ with ah wppropriite atylstionMgbht-dther tthan® thlpcarbbiic -acili%ester.

mal onic acid amde and N,N -bistrinethylsilyl urea, and (i)
acylating the silylated 7-am no-desacet oxy-cephal osporanic acid or

silyl at eds 6- arg ggmpound of formula 1 aP8éfinel 'abeW! thay b Hsed dsSofentle MFukfidrSteps of
acyl ating agent for exanple with a m xed . carboxylic acid
anhydri de, pr dbriprodudtion af acl-alpha-grmingacyl-cephglospatinorméraminoacylpeanicillin, for

havi ng the am t ] i .

appr opr 1 ate. 2 amle it ' 64 R0n BE e 5ixE aitiyanile, \nBAP 1 alhihiorPOr e siyees .
process for t 6eaminoptnixillapic arid enPainind-desacewixy cephatosporasic scikdhwith the mixed st eps

of (i), produci a silvlated 7-am no-desacetoxy-cephal osporanic
acid or a sil Mﬁ@efﬁl@&r%ﬂl ptopm(ze depmlegté%sgm.l?gmxeﬁg p etﬁ“’&’f’{yf’%&%
of a 7-and no- devsetwhich-icaseddhempdi)anic acid or a 6- 25

am nopenicililanic acid in a carboxylic acid ester of formula

X- COO- Y I
The pnsdu)ct of reaction step (ii) may be, if appropriate, deprotected. If appropriate, a free
form of a 6-alpha-aminoacyl-penicillin or a 7-alpha-aminoacyl-desacetoxy-cephalo-sporin
obtained may be converted into a salt and/or solvate form or vice versa.
15
Suitable conditions and reagents in the production of a mixed carboxylic acid anhydride
. e.g. from a Dane salt, and in the production of 6-alpha-aminoacyl-penicillins and
i 7-alpha-aminoacyl-desacetoxy-cephalosporins by reaction with 6-APA or 7-ADCA with
the mixed anhydride are further disclosed in EP 439 096. For example, a solvent of
20 formula 1 as defined above is used, e.g. the same, which is used also in the silylation of 6-
APA or 7-ADCA, optionally in the presence of a co-solvent as described in EP 439 096.
Instead of solubilizing 6-APA or 7-ADCA by salt formation as described in EP 439 096,
silylated, preferably bissilylated 6-APA or 7-ADCA is used according to the present
invention. Preferred acylation agents in the production of the mixed anhydride include
25 such mentioned in EP 439 096 and further substituted or unsubstituted benzoyl chlorides.
Substituted benzoyl chlorides include those having substituents which are inert under the
reaction conditions, for example alkyl, preferably C,,, e.g. toluoyl chlorides, for example
o-toluoyl chloride. Free hydroxy groups of a Dane salt used may be silylated before the
formation of the mixed anhydride and free hydroxy groups of the mixed anhydride may be
30 silylated in the reaction of the mixed anhydride with silylated 6-APA or 7-ADCA as well.
Silylation of such hydroxy groups may be effected according to known processes.



wherein 30 X denotes nethyl and Y denotes al kyl having at |east 3
carbon atons, or, X denotes al kyl of at teast 2 carbon atons
and Y denotes al kyI and (ii) acylating the silylated

7- ani<no- desacet oxy- cephal osporanic acid or silylated 6-am no-
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penicillanic acid with a m xed carboxylic acid anhydride, produced by
reaction of a salt of an al pha-afi no acid, having the anine
group thereof protected as an N- enam ne, with an appropriate
acyl ati on agent Thermaixed ianhydside mayrbecof formwla aci d ester. 5 A conpound
of formula | as defined above may be used as solvent also in further steps
of the production of a 7-al pha-am noacyl -cephal osporin or a

6- am noacyl penicillin, RCH-CH(CO-GCOR[NHCREERPCOORt i on of Iihe m xed
anhydri de, and/or in the acylation of the silylated

6-am nopenicillanic acid or 7-am no-desacet oxy-cephal osporanic acid with
the mxed g whaagiiydri de, and/or in an appropriate deprotection step;

for exanple, the sanme solvent may 10 be used which is used in step (i).
The product of r%ad@ﬂdﬁ:ﬂﬂ&im may be, if appropriate, deprotected. |f
appropriate, a f ea g ﬁfkg I pha am noacyl -penicillin or a
7- al pha- am noacy es ce oxy- ceptt obt ai ned may be

converted i nto aRgdsa (Epdilbyl groupiat e form or vi ce versa. 15

Sui t abl e condi tigns a ents in.th 0 tJd Q m xed ,car boxylic

aci d anhydri de Isa &é‘)égﬁfmg 'Ba@“@gﬂ?%%a‘ﬁe}%ﬁ!”ﬂ%ﬂ'&ct i on of

6- al pha- anilgoacyRy [is hiydrofgdn nsam;ﬂnonany silylated hydroxy group.

7- al pha- ami noacy] - desacet oxy a ins b ctio APA or 7- ADCA
Wi th Che SRR carobnD) BN Al .18 Jonble Bend; gy b e e
exanpl e, a sol V%ﬁﬁmﬁ&]‘ formula | as defined above is used, e.g. the

same, which is used alsomthe sg‘%latlon of 6- APA or 7- ADCA,
optionally in t B8 potassium O N1 ynethoxy-qarbonylprapep-2-y1)-

:;BSZ ggdogg sol “b&%&bﬂe@%@é&&kﬂuﬁ%ﬁﬂB-Nf(?feﬂ%&&&ﬂmﬁﬂpﬁﬁéﬁleﬁﬁd in
15 -o-aminophenylacetate, sodium or potassium D- N-(1-methoxycarbonylpropen-2-yl)-
-a-amino-p-hydroxyphenylacetate, or sodium or potassium D-N-(1-ethoxycarbonylpropen- -

-2-yl)---amino-p-hydroxyphenylacetate.

. Insofar as the production of any starting material used in the process of the invention is
' 20 not particularly described herein this is known or may be made in analogous manner 1o
' known processes.

Degprotection, salt and/or solvate formation may be carried out according to known
processes and are not restricted to the processes of EP 439 096.
25
The use of the silylation process according to the present invention in a process for the
production of a 7-aminoacyl-desacetoxy-cephalosporin or for the production of a silylated
6-aminoacylpenicillin has the following advantages:
The starting material is provided in solution in a solvent which, if desired, may be used
30 for all further steps described, for example, in EP 439 096. Throughout the whole process
the same solvent may be used, thus avoiding mixtures of solvents which are difficult to
separate in a recycling process. The solvent need not be evaporated during the course of



silylated, preferably bissilylated 6-APA or 7-ADCA is used according to the
presen%—————-—-—-rﬁv1ﬁﬁ+ﬂﬁ+——PFe#erred—eey¢+u44y+a&gents

the m xed anhydri de include 25 such nentioned in EP 439 096 and further
subst.ituted or unsubstituted benzoyl chlorides. Substi tuted benzoyl
chl orides include those having substituents which are inert under the
reacti on condwWoosseer or exanpl e al kyl, preferably Clerr], e.Scrkpiswassk

chl orides, for exanple o-toluoyl chloride. Free hydroxy groups of a
Dane salt used nmay be silylated before the 9 formati on of the m xed
anhydri de and free hydroxy groups of the m xed anhydride may be 30
silylated in Wm-mmetmmammwmummmnummm

o 2 Yl il o cataply o ms% oo Chample Rt e purtis, Y7o b e
PCT/ EP95/ 0456 nm'é( ha-amin .
R—C[err]l—l-CH(gwbm% err])NH-CR[]err] Cﬂerrw&?}wm oacylpe-

5 wher ei nnicillins and p-pminpagyldesaseioxy-aenbplospariss, Rlerr] i s
hydrogensor a (Cerr])al kyl group, Rlerr] is a ((err])al kyl group,

Rlerr] is a ((err])alkyl group or the -CO R err] group is a benzoyl group,
and 10 R[ e Th¢ foltowing norgtimitetiveoexamples dliustrate the inyeationd Allytemperatugps anpin

The amino gro anda.t he garbonyl qgrou ttached to the doubl e bond may have
the cis Hgg’%’éﬁ?ﬁ“&ﬁ?ﬁ?i’ﬁ‘ﬁ‘% 'm%"m&dgsabl e Dane salts include sodium or

pot assi um DN—(l met hoxy- car bonyl propen-2-yl) -

a- am nophenyl tate, so | u or po

D-N-(1-et hoxyi’h ‘R@“‘t‘m‘aﬁﬁ M#Rdhenyl acetate, sodi um or

pot assi g D- Ncgl- net ho;ycar,Wmﬁg 2-yl)-

- a- am no- hyd phenyl acet at'e, "or sodi um or potassium

D N-(1- et hoxy aﬂ@éﬁyl pr%pen- mm‘mﬁmmﬂﬂdhydroxyphenyl acet at e.

6-aminopenicillanic acid
BSA = N,O-bis(trimethylsilyl)acetamide
Danc salt A = Potassium D-N-(1-ethoxycarbonyipropen-2-yl)-0i-aminophenylacetate
15 Danesat B = Potassium D-N-(1- methoxycarbonylp:opm-2-yl)—a-annno—p-

hydroxyphenylacetate -
DIMAC =  N,N-dimethylacetamide
DMF =  N,\N-dimethylformamide
HMDS = 1.1,1,3,3,3-hexamethyldisilazane
20 1IPA = isopropanol'
NBA =  n-butyl acetate

The yields are based on 6-APA or 7-ADCA used as starting material, if not otherwise

stated. Purity is detected by HPLC on anhydrous basis.
25

The examples illustrate in step

a) silylation of 6-APA or 7-ADCA

b) mixed carboxylic acid anhydride formation

c) reaction of silylated 6-APA or 7-ADCA of step a) with mixed anhydride of step b)
30 including work up and deprotection to give the product.



| nsof ar as the production of any starting material used in the process of

the invention is 20 not particularly described herein this is known or
may be nmade in anal ogous manner to known processes.

Deprotection, salt and/or solvate formation may be carried out according to
known processes and are not restricted to the processes of EP 439
096. 25 WIe/16067 of the silylation process accordi ng to ROTEPPSEISENt

i nvention in a process for the production of a

7- am noacyl - desacet oxy- cephal osporin or for tHe production of a silylated
6- an1noacy|pen|C|II|n has the foll owi ng advant ages: The starting

material is proExmg g ‘ phydmtel vent which, if desired, may be
used 30 for $I f;urther steps descri bed, for exarrpl e, in EP 439 096.
Thr oughout the process t he sane sol vent nmay be used, thus
avoi di ng m xt ur 3.00f of JLADOAS 73S intl fof NBA,J15.39 mUibf HMDS and 0.05 gSofidacoehain die &

recyclin rocess., JThe, sol vent npeed not _be orated duyri.ng.the course of
WO 56 / 1686? mixed and the mixture 1% heated to 78 7§y%)acuumeis app'f:ed ugul t?le n%xturc starts

PCT/ EP95/ 04562 reﬂmun% The mixture is kept under reflux at 70 - 75° for 30 minutes and ls%ooled to 10
the reaction because the final product generally crystallizes and

filtered off. Hi-R0° Aclearpalylb@trm solwtionf is obtained sprtaining) the, biss MW&Ml e

90% and hi gh pur%tﬁcg%agwcym for exanple 99% and nore nay
be obtained in the produ & on of -apaamnoacyl pe- nicillins
and 7-al pha-am noacyl - desacet oxy-cephal osporins. 5 The foll ow ng
non-limtative amples illustrate the invention. Al tenperatures are in
degrees Centi gr d are uncorrect ed. In the exanpl es the

foll owi ng adbr e\22:85i ® 6f DasiecsaltsR, 75 thi) of NBAAGid 0.012 ml of 4-picoline are migedmd the

acetate mixture is cooled to -30°. 8.53 ml of benzoyl chioride are added. The mixture is stirred
for 45 minutes at -20/-25° and cooled to -45° to give a mixture containing the mixed
carboxylic anhydride.

15 Step ¢)
The solution obtained in step a) is added dropwise to the solution obtained in step b) at a
temperature of -45 to -30° over 45 minutes and the reaction mixture is stirred for a further
90 minutes at a temperature of -30 to -35°. - '
The respitant crude mixture containing protected cephalexin is worked up by treatment

20 with a mixture of ice water and concentrated HC] and stirring the reaction mixture for 30
minutes under ice cooling. The aqueous phase is separated off and the organic phase is
reextracted with a mixture of concentrated HC] and water. The combined phases are
filtered through a filtering aid. The pH value is adjusted to 4.5 to 5.0 by addition of
concentrated aqueous ammonia. Crystallized cephalexin monohydrate which is filtrated off,

25 washed with 90% ammonia and dried is obtained. Yield: 89.9%. Purity: 98.2%.

In analogous manner as described in Example 1 but with changes as indicated in the
following tables 1 to 3 cephalexin monohydrate is obtained according to Examples 2 to 7:



7 ADCA = 7- am nodesacet oxycephal osporanic acid 6- APA
: :

t=—anm-ropenretteante—aetd =
N O bis(trinethylsilyl)acetam de Dane salt A = Pot assi um
D- N-(.1- et hoxycar bonyl pr open- 2-yl ) - a- am nophenyl acetate 15 Dane salt B
= Pot assi um D- N- ( 1- met hoxycar bonyl pr open- 2-yl ) - a- am no- p-
hydr oxyphenyl avemtmv D MAC = <14\ N-di net hyl acm
DIVF = N, N-di met hyl f or mami de HVDS
1,1,1,3,3, 3- hexarret hydi 5 prarTe]
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further starting material is detected. Step b) 10

A, 75 m of NBA and 0.012 nml of 4-picoline are m xed and the

is cooled to -30. 8.53 m of benzoyl
stirred for 45 minutes at -20/-25[err]
give a m xture containing the m xed
Step ¢)
solution obtained in step b) at a

car boxyl i ¢ anhydri de.
ThWO:I6867on obt ai ned in stepygm) is added dropw secrEpssvass:

22.55 g of Dane salt

m xt ure

chloride are added. The m xture is
and cooled to -45[err] to

15

over 45 minutes and the reactiory artne op
mnutes at a tenperature of -30 } bsul garft  crjude
m xture containing protected ceq i t& te.2( ;
wth a mxture of ice water and § igg e"?r(iaation
m xture for 30 m nut es ungd b 4sg ifs™ ‘
separated off and the organic phe Wt& g ijture o
concentrated HCl and water. The § filxgred|throug§
a filtering aid. The pH value i § e ChEht b6
concentrated agueous anmmoni a. "&Crj phydratje whyi ch is
filtrated off, 25  washed wi obt & degd. |Viel d: |
89.9% Purity: 98.2% = || Cip b i g ﬁb<arrple
1 but with changes as indicatéd | h eq 1 &o F® ;
cephal exi n nonohydrate is obti s ? 0_57: < 30 3
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Exanpl e 8: Cef adroxi | Step a) is carried out in anal ogous manner as
described in Exanple | a), but using 50 mM ACI (instead of 73.5 ni
NBA) and 0.03 g of trichloroacetic acid (instead of 0.05 g of
saccharin). A clear pale brown solution is obtained containing the

bi ssylilated 7- ADCA. 5 No further starting material is detected.

25. 00 g of Dane swb®eB06D5 ni of ACI, 95 m of DMF and 10.28 m pér/isinssse
m xed and the mxture is stirred vigorously at 25[err] for 30

m nutes. 0.025 m 4-picoline are added, 10 flhe mixture is cooled to
-50[err] and 9.50 m of benzoyl chloride are added. The m xture is

stirred for 60 ni Buumple 8t Cefadoxfio[ err]. A slightly yellow suspension
cont ai ni ng the ed car boxvlic i h l.de, i Sm0bt ai ned. St ep
c) 15 The sol Mﬁﬂﬂeﬂ“ﬂ g&"ﬁ@&%ﬁ{fﬁgﬁm opf‘ﬂé’ ULBYRE i on

obtained in step $) miAGI (instead of 73.5Tal NBA) mmoosi/ofaﬁ{:mmﬁmzﬁsmus 005 g

and the reaction mxture |s Stll’ d for a 3 hours .at a erature

of 35/ 25{er ] ofmechad e OB SQlMBON 5 gtipidedk compaining fhs biiaicd JADCA.
cefadroxil i ? tis detected. W th a m xture of ice water and
concentrat ed HCI he phases "are separated and 20 Reextraction with
water/HCO is carried out. The conmbi ned aqueous phases are treated with
addi ti onal DWF, t lution is filtered and left overnight in a
refrigerator. Cr i ne cefadroxil dinethylformam de solvate is

obt ai ned, filtere25.00 fof Dantsuit B 95 mi of ACIc9%ml of DMF andi10.28Im! 6f BSA ar8 tniked
This solvate may b on\zerte.d cef adro eat ne uequs

ot hanol | 25 | a6 Rifalee sl vighrodil M g 8 3b pBlest Bges i hicieg e,

i nstead of ggep b&xeeixxwmleam-smm”oaﬁlmegmi clilaﬁde e latided. T%nﬁimﬁfxs

ACl, 8.7 m of HIVDS 015 of oro et| aC|d are xed
The mixture is he r}ﬁhgoméﬂ‘&tﬁdé#’ Iﬂﬁ!‘gg

suspension is obtmhcggglagm,pgﬁ&ﬁmperature and treat ed W|th 75 m
of DMF. After stirring for 15 mnutes the mxture is cooled to
-50[err] and 0.025 m of 4-picoline and 9.50

Step o)

15 The solution obtained in step a) is added dropwise to the solution obtained in step b) at a
temperature of -45/-35° over 20 minutes and the reaction mixture is stirred for a 3 hours at
a temperature of -35/-25°.
The resultant crude mixture containing protected cefadroxil is worked up by treatment
with a mixture of ice water and concentrated HCl. The phases are separated and

20 Reextraction with water/HCI is carried out. The combined aqueous phases are treated with
additional DMF, the solution is filtered and left ovemnight in a refrigerator. Crystalline
cefadroxil dimethylformamide solvate is obtained, filtered off, washed with acetone and
dried. Yield: 83 %.
This solvate may be converted into cefadroxil by treatment in aqueous methanol.

Example 9: Cefadroxil
Repeating example 8, but with the following step b) instead of step b) of example 8:

25.00 g of Dane sait B, 75 ml of ACI, 8.7 mi of HMDS and 0.0135 g of trichloroacetic
30 acid are mixed. The mixture is heated and kept under reflux for 6 hours. A pale yellow

suspension is obtained, cooled to room temperature and treated with 75 ml of DMF. After

stirring for 15 minutes the mixture is cooled to -50 ° and 0.025 ml of 4-picoline and 9.50



WD 96/ 16067

PCT/ EP951 04562 : 15

m of benzoyl chloride are added. The m xture is stirred for 60 m nutes at
-45/-50[err]. A slightly yell ow suspensi on containing the m xed
carboxylic acid anhydride is obtained. crystalline cefadroxil

di met hyl f or manW@9686A6¥at e i s obtained. Yield: 81 % 5 POTREPIFHS6210:
Ampicillin Trihydrate 14.0 g of 6-APA, 32 m .of NBA, 13.84 g of
BSA and 0.02 g of trichloroacetic acid are 15 m xed and heated to

40[err]. The mxture is stirred at 40[err] for 60 mnutes and cooled to
25[err]. A 10 nﬂoﬁbélgoyllo)ﬂoﬁdpbmackbﬂ.u iecmixtwe: isstirredfor 6@ minuses aty-A5450C. & APA

Stop by | slsplip e BsPery ”%ﬂ%ﬂ%ﬂ@%ﬁéﬁdﬂmeﬁg@m&% igpbisined. 4

of Dane salt A and 0.18 g of 15 pivalic acid in 46 NBA. The
resultant mxture is stirred for m nut es, at .room t emper at ure and
cool ed to - 30[@rysllingcef Q‘E'B’"g spivatgds 8"'@‘“&@%’&"’ $h&-r esul t ant
mlky 5 suspension is stirred at -15 [err]C for 60 mnutes. 1.8 g of
pivalic acid are added and the m xture is cooled to -45[err]. A

m xt ure cont ai Example £0: Ampisillin Teibydratei ¢ aci d anhydride is obt ai ned.
20 Stm The m xture obtained in step a) is added

dropwi se to t xture obtained in step b) at a t enper at ure of

45/ -35[ err]. THED gaf G-ARA] 32rmi bfi NBA, d384i g ofBSAand D.020g) of trichlosodcetipacidiarer e

S vor ked up' DPER AR Pied P i85 el B e 30, e e cotied 5 4

concent r aped_ hylightly hirbidi solution Comaiding!thé bissilylmed 6APA isusbesinedl) Nofurther starting
cooling with'ice. The ,aquepus phase is separated off and the organi c phase
IS reextract e material ts d"aﬁ“?‘ﬂ a mxture of water and concentrated
hydrochloric acid. The conbi ned aqueous phases are treated with
concentrated agueous sodi um hydroxide to a pH of 45/5.5. Anpicillin
trihydrate crylemblizes out of the reaction mixture overnight in a

refrigerator, §6fnf'of #gioline are added to a suspension of 21.1 g of Dane salt A and 0.18 g of
' 15 pivalic acid in 46 ml NBA. The resultant mixture is stirred for 15 minutes at room
temperature and cooled to -30°; 8.31 g of pivaloyl chloride are added. The resultant milky
suspension is stitred at -15 °C for 60 minutes. 1.8 g of pivalic acid are added and the
mixture is cooled to -45°. A mixture containing the mixed carboxylic acid anhydride is
obtained.
20
Step )
The mixture obtained in step a) is added dropwise 10 the mixture obtained in step b) at a
temperature of -45/-35°. The resultant mixture is stirred for 2 hours at a temperature of
-15/-35°. The resultant crude protected ampicillin mixture is worked up by treating with a
25 mixture of ice-water and concentrated hydrochloric acid and stirred for 20 minutes while
cooling with ice. The aqueous phase is separated off and the organic phasé is reextracted
- with a mixture of water and concentrated hydrochloric acid. The combined aqueous phases
are treated with concentrated aqueous sodium hydroxide to a pH of 4.5/5.5. Ampicillin
trihydrate crystallizes out of the reaction mixture overnight in a refrigerator, the crystals
30 are isolated, washed with IPA 88% and dried. Yield 89.0 %, Purity 984 %



30 are isol ated, washed with | PA 88% and dried. Yi eId 89.0 % Purity
98.4 % WD 96/ 16067

PCT/ EP95/ 04562 16
Exanple 11: Ampicillin Trihydrate Step a) 14.0 g of 6-APA, 32 nml of
NBA, 14.2 ml of HWVDS and 0.03 g of trichloroacetic acid are m xed
and heated to 70- SW/s067 VVacuum i s applied until the m xture st ®CEEPISO4362
ref | uxi ng. The m xture is kept under reflux at 70-80[err] for 60
mnutes and then cooled to 10[err]. A clear 516 vyellow solution

contai ning bissylilated 6 APA is obt ai ned. Step b) 0.01 m

of 4-picoline arecEgdnidel of Dane salt Ain 51 nl

Cempor at ur AT @A‘%é‘?mfﬁ%r@& a%?%%%@fﬂém g1

added. The resul t gid areYfixed ahdheatsd ©!70-80°Vakuum is applied unSI'DE mikivhestarts mﬁﬂm
to -25[err] for 60 mnutes and cooled to -45[err A m xture contai m&g the
m xed carboxylic Ebmnmysjkmemdg mﬂr@ﬁd fb‘é%@‘%‘}”ﬂd thenogeleditq 107 A clear

obtained in step gé‘ oﬁﬂg@% YbRidefd! @i ned in step b) at
a tenperature o e resu tant mxture is stirred for

90 mnutes at a tenperature of ~ -35/-20[err]. The resultant crude
protected anpicil I Xxture i s worked up anal ogous as described in
Exanple 10 ¢). Cr line anpicillin trihydrate is obtained. Yield 88.5%

Purity 98.0 % 200,01 mi of 45picoline arcLiidednpa cuspensionTef 21y1ig of Dane salt A iRSpanitdfmg

Exanpl e 10, but g..n st b), 0.01 35Jut|d|ne|nstead of 0.01 m
of 4-pi col ﬁhg jﬁﬁ’i‘&ﬁﬁy ’é‘f’%‘g}‘? 15,mig 'ﬁﬁ'ﬂﬁé“"’a&"d cooled to

descri bed i ngExanpioe; 16,65, of o-toluoyl émn&twéw M&M@p&mﬂﬁ&mwws
(iinstead for 90 m nutes) cystallIne anpicillin 25 trihydrate is

obt ai ned. Yield gmpg,zggo 1257, for 60 minutes and cooled to -45°. A mixture containing the
mixed carboxylic acid anhydride is obtained.

I

Step

15 The mixture obtained in step a) is.added dropwise to the mixture obtained in step b) at a
temperature of -45/-30°, The resultant mixture is stitred for 90 minutes at a temperature of
-35/-20°. ‘The resuitant crude protected ampicillin mixture is worked up analogous as
described in Example 10 c). Crystalline ampicillin trihydrate is obtained. Yield 88.5%.
Purity 98.0 %.

E ie 12: Ampicillin Tribvdra
Repeating Example 10, but using in step b} 0.01 ml of 3,5-lutidine instead of 0.01 ml of

4-picoline and carrying gut step ¢ in analogous manner as described in Example 11 ¢),
but stirring the mixture for 150 minutes (instead for 90 minutes), crystalline ampicillin
25 trihydrate is obtained. Yield 89%, Purity 98.1 %.

E le 13: A icillin Trihvd
Step a) is carried out in analogous manner as described in Example 11 a), but heating to
80 to 90° (instead of 70 to 80°). A clear yellow solution containing bissilylated 6-APA is
30 obtained. No further starting material is detected.

Step b)



Example 13: Anmoxicillin Trihydrate Step a) is carried out in

anal ogous—menmer—as—deseret—n BExarple—ti—ap—but -heat-rg—+6—-——80t0—
90[err] (instead of 70 to 80). A clear yellow solution containing

bi ssilylated 6-APA is 30 obtained. No further starting material is

det ect ed. WO 96/ 16067

PCT/ EP95/ 0456 2wW0 96/16067 PCT/EPSS5/04562

0.03 m of 4-picoline are added to a suspension of 21.8 g of Dane salt B in

64 m of NBA and 5 m of DIMAC. The rgsultant mxture is stirred for

15 m nutes at roomtenperature, cooled to -25[err] and 8.62 g of

pi val oyl chl or p@8 ml 6f 4pid6%ne Ehmaulatwenﬁuﬁpensswbmsmn 564 mil of NBA

a tenperature of -20[err] for 45 m nut es. pi Vv agid are added and
Che mxt or e wdSrM&MC The el st i SEERCIoE 38 SRR THB RGO
carboxylic aci éotﬁ&{' gaémsfgt@ 1 apue)aaaea “The resifiarit $hépensith is

ep a) is added d

obt ai ned in st e mxture obtained in step b) at

a t enpestimed a mmpmmsqamror ﬁmmnthmsmabc geid are-gided end) thermixture s

Ao o 11 - I epled 18 407, 3 e Gifiping E e Gt def B B Giynes

| ce-wat er and concentr at ed hydrochl oric acid and stirring for 30 m nutes
whi | e cool i ng ith ice. The aqueous phase is separated off and the organic

phase acted with water. The conbined aqueous phases are
treated with cmmﬁﬁ@i 6tstained in stepPS)ie AlidedSdiropwise R/ dhe diikaiee bistaifiecdin ép b) at a
4.5/5.5. Crystalllne ag’?xmlllln trihydrate 1s 1 | sol ated as descri bed
in Exanpl e 10 a@'ﬁ%%ﬂmwwfw minutes 31,3 tuge of

Anoxi ci | | trl - £5) chile ofbteded Wolked "tRaffén
déscri bedwlqn Exjgln.gfe%'%mmtt)ut usﬁ‘?\g Hhoﬁ&iﬂﬁ: ﬁinﬁrﬂx@l nstegg%gf 32 mtaiﬁth

NBA, step b) mmimmgfoias- Wthmmwmmu%ut
using 64 m ofpAChadihgvitfice! TRFS UG phabeis Gpdrited0ft a8 MSorB RS Bhasé'S

described in
| reextracted with water. The combined aqueous phases are treated with concentrated
| aqueous sodium hydroxide to a pH of 4.5/5.5. Crystalline amoxiciilin trihydrate is

15 isolated as described in Example 10 c). Yield 88.4 %. Purity 99.3 %.

E l l !. ! . .lll I .l l I
Carrying out gtep 3) in analogous manner as described in Example 10 a), but using 32 ml

ACI instead of 32 ml NBA, step b) in analogous manner as described in Example 13 b),
20  butusing 64 ml of ACI instead of NBA and gtep ¢) in analogous manner as described in
Example 10 c), crystalline amoxicillin trihydrate is obtained. Yicld 87.8 %, Purity 99.1 %



Exanple 10 c), crystalline amoxicillin trihydrat bta| ned. Yield 87.8

% Purity 99.1 %

18 Pat ent cl ai ns “ mﬁﬁﬂ‘i m the productlon of a
silylrated 7-am no-desacet oxy- cephal “ ﬂ by silylation
of a 7-am no-desacet oxy-cephal osporari c tactd "n%a Car boxyl Ic acid ester

of farmula WO 96/16067 X-COO Y

wherein independently of each other X denotes nethyl and Y
denotes al kyl having at |east 3 carbon atons, I, X denot es

al kyl of at |east 2 carbon atons and Y denotes al kyl. 15 2. A process

for the production of a silylated 6-am nopenicillanic acid by silylation of

6-am nopenicilla C n a carboxylic acid ester of formula
X-COO Y m‘?f’? ‘h‘q?O wher ei n i ndependentl|y of each ot her

X denotes nethyl and Y denotes al kyl having at |east 3 carbon atons, or,
X denotes al kyl of at |east 2 carbon atons and Y denotes al kyl,

5 1. A process for the production of a silylated 7-amino-desacetoxy-cephalosporanic acid

by silylation of a 7-amino-desacetoxy-cephalosporanic acid in a carboxylic acid ester
of formula

X-COO-Y @
10
| wherein independently of each other
X denotes methyl and Y denotes alky! having at Jeast 3 carbon atoms, or,
‘ X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl.

15 2. A process for the production of a silylated 6-aminopenicillanic acid by silylation of
6-aminopenicillanic acid in a carboxylic acid ester of formula

X-CO0-Y ()

20 wherein independently of each other
X denotes methyl and Y denotes alkyl having at least 3 carbon atoms, or,
X denotes alkyl of at least 2 carbon atoms and Y denotes atkyl,
.in the presence of a silylation agent other than N,N-bistrimethylsilyl acetamide, N,N'-
bistrimethylsilylmalonic acid amide and N,N'-bistrimethylsilyl urea.

25
3. A process according to claim 1 or 2, comprising using a carboxylic acid ester of
formula (@), wherein independently of each another
X denotes methyl and Y (C,,)alky] or (C, gcycloalkyl alky} or,
: X denotes alky)] of at least 2 carbon atoms and Y (C, g)alkyl or
30 (Cs Jcycloalkyl,

4. A process according to anyone of claims 1 to 3, comprising using a carboxylic acid



in the presence of a silylation agent other than NN bistrimethylsilyl

acet am de—N-N— bi-st r |WW
N, N -bistrinethylsilyl urea. 25 A process ording to claiml

or 2; .conprising using a carboxylic a formula (1),
wherei n i ndependently of each anot herH'm,Hﬂ,Im'Im,I,)HII#not es rret hyl and Y
(derr])al kyl awoésiesér | ) cycl oal kyl al kyl _ ePOT/EBOsRYsEs!

of at least 2 carbon atonms and Y (C[err])al kyI_ or 30

(err])cycl oal kyl . 4. A process adgsording to anyone of clains 1
to 3, conprising using a carboxylic acid ester of
formul a | wherei n ester of formula I whedeinot es nethyl and Y (C[err])al kyl .

5. A process of a ne of cl ai o] erein the carboxylic acid ester
is a propyl 5 %3‘“%61!‘%‘{‘ @i( tet at e. 6. A process for
the production of a silylated 7-am no-desacetoxy-cephal osporanic acid

or a silylated 6-am nopenicillanic acid by silylation of
7- ani no- desacetiaxyAMOfﬂﬂYme@Fﬂmdsip wherein ghe eprboxylic acid ester is a propyl

6- am nopens cillani mopyl acetate or n- 10 but yl acet at e.
7. A process for t proauctlon of an 7-am noacyl - desacet oxy- cephal osporin
or an 6- am noacyl -penicillin other than anmoxicillin, which

conpri ses i) oduci ng a silyl.at . L
7- am no- desacet®bxyt E@5§5|f8€{8‘5r"5‘?#“8g%‘b?‘3‘ ﬁylée@?m%%oxymhﬂmm acid
: or a silylated 6-aminopenicillanic acid by silylation of 7-amino-desacetoxy-
cephalosporanic acid, or 6-aminopenicillanic acid in iso-propylacetate or n-
10 butylacetate,

7. A process for the production of an 7-aminoacyl-desacetoxy-cephalosporin or an 6-
aminoacy}-penicillin other than amoxicillin, which comprises
(i) producing a silylated 7-amino-desacetoxy-cephalosporanic acid or a silylated 6-
15 amino-penicillanic acid by silylation of a 7-amino-desacetoxy-cephalosporanic
acid or a 6-aminopenicillanic acid in a carboxylic acid ester of formula

X-CO00-Y @

20 wherein
X denotes methyl and Y denotes alkyl having at least 3 carbon atoms, or,
X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl, and
, (ii) acylating the silylated 7-amino-desacetoxy-cephalosporanic acid or silylated 6-
amino-penicillanic acid with an appropriate acylating agent.

25
8. A process for the production of amoxicillin which comprises the steps of
(i) producing a silylated 7-amino-desacetoxy-cephalosporanic acid or a silylated 6-
amino-penicillanic acid by silylation of a 7-amino-desacetoxy-cephalosporanic
acid or a 6-aminopenicillanic acid in a carboxylic acid ester of formula
30

X-CO0-Y o



15 am no-penicillanic acid by silylation of a
7- am no- desacet oxy- cephal ospor ani c acid or a

amgpen e 1an'e 16 ot | RERRARENE ™" e

met hyl and Y denotes al kyl having at |elst®3 'taofl atons, or,
X denot es al kyl OWO84/16dJast 2 carbon atons and Y denotes aI kyI YOTEPoS/H4562
(ii) acylating the silylated 7-am no-desacet oxy-cephal osporani c acid or

silylated 6- am no-penicillar@c acid with an appropriate
acyl ating agent. 25 . 8. A process for the production of anmoxicillin
whi ch conprises the st ewherei (i) producing a silylated

oo et o ans Y ace R yRRRBL BB, ¥ hact ot bR et 3 cabon s, .
7- am no- desacet oxy- cepiigldenqey slbylof at least 2 carbon atoms and ¥ denbtes alk gl in the presence
6- am nopeni cil |l anic aCI&asﬂy carboxylic aCI@f ester of forrrul a,

- COO- Y (1) ation agent oth sfrimethylsilyl acetamide, N,N'-
PCT/ EP95/ 04362 bistrimethylsilylmalonic acid amide and N -bxsmmeﬂ 1sil Zhd
wherein X eno¥es met hyl and Y de'erot es a STnd Lg'\'/,?'ng at

| east 3 carbon at onéid) mcylanns the silylated 7-armno-dxsm-whdpspmm acid of sms

carbon atonms and Y den

silylation agent other an%ﬁ%‘*‘gﬁll mﬁy?@ﬁﬁm)c%‘fca%ghyﬁ?ﬁ gvxtﬂ

bi st ri net hyl si | yl mal oniappeopriste acylatingsagentN, N' - bi stri net hyl silyl urea, and
(i1) acylating the silylated 7-am no-desacet oxy-cephal osporanic acid or
silylated 6- am no-penicillanic acid with a m xed

carboxyl i c 18ci d anhydprodes fortthe production of amoxicillin whichegunsivisésohe s@py bRt | Ng
agent (i) producing a silylated 7-amino-desacetoxy-cephalosporanic acid or a silylated 6-
amino-penicillanic acid by silylation of a 7-amino-desacetoxy-cephalosporanic
acid or a 6-aminopenicillanic acid in a carboxylic acid ester of formula

15 X-CO0-Y @

wherein
X denotes methyl and Y denotes alkyl having at least 3 carbon atoms, or,
X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl, and

20 (ii) acylating the silylated 7-amino-desacetoxy-cephalosporanic acid or silylated 6-
amino-penicillanic acid with a mixed carboxylic acid anhydride, produced by
reaction of a salt of an alpha-amino acid, havihg the amine group thereof
protected as an N-enamine, with an appropriate acylation agent other than a
chiorcarbonic acid ester.

25

10. Use of a process of claim 1 in a process for the production of a 7-alpha-aminoacyl-
desacetoxy-cephalosporin.

11. Use of a process of claim 2 in a process for the production of a 6-alpha-aminoacylpe-
30 nicillin.



10 9. A process for the production of amoxicillin whi 0%7(8&%r%‘$%8t he

s‘[eps‘
7-am no- desacet oxy- cephal osporanic acid or a silylated 6RTrpP's
am na-penl cillanic acid by silylation of a

aci d or?%

7- am no- desacet oxwhal osporanl C
6- ani nopeni ci | | an idinal TP®r nul a
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(ii) acy atCﬂ@‘ﬂM&WW&m no- qedkf ﬁ’amc ap% i C a?ﬂy?&smossﬁ)_ .
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