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| MPROVEMENTS | N OR RELATI NG TO BETA LACTAN PRODUCTI ON Thi s invention
relates to a process for the production af hi ghly pure

6- al pfia- ant noacyl - peni cil I'ins and 7-al phd-am noacyl - desacet oxy-
cephé&bsporlns whi ch on the industrial scale is econom cal to operate, and
is edvironnental |y acceptabl e, avoiding the use of hal ogen-contai ni ng

sol vents such as nethyl ene chloride. Many processes ﬁ%ﬁ%ﬁhébu_tﬁzgstigated
for the industrial production of 6-al pha-am noacyl-penicillins and

7- al pha- am noacyl - desacet oxy- cephal osporins. Such processes nust neet the
necessary criteria for adoption on a commercial scale e.g. high yield,
econony and ease of operation, including easy and effective purification of
the end product, and few reaction steps. Processes which have been operated
comercially on a large scale have required the use of hal ogen-containing
sol vents such as nethyl ene chloride, despite the fact that these solvents
are difficult to recycle or dispose of in an environmental |y acceptable
manner. The 6-al pha-am noac I-cen|C|II|ns and
7- al pha- anEMRROVEMENESS EN QR0 RELATING ATQ) BE AGTA L |neV|tany
contain trace amounts of solvents and in the case of hal ogen-containing
solvents such as nethylene chloride, this is undesirable since there are
fears that these could be carcinogenic. In the literature there is no
general or clear teaching of how varying reaction conditions reactants,
solvents o or t.he 1650 C|II|ns
and 7-al phghg 1gvennﬁ;' rZ'ggg%t%xysy&tcﬁg$ofz,ﬁozrlfengﬂa%%ﬁm %ﬂlg S affect
yi el ds, puﬁfagpha-amtpoacyl-penici11 ns 3“971#&3P9§#amﬂ9949le¢#§§°ﬁﬁ9“ﬂna due to the

f"iC/V that toshal88hdrinki whiRR0orf SRE2IANBEFIa]l scale is economical to operate,

and is environmentally acceptable, avoiding the use of

halogen-containing solvents such as methylene chloride.

Many processes have been investigated for the industrial production of
6-alpha-aminoacyl-penicillins and 7-alpha-aminoacyl-desacetoxy-
cephalosporins. Such processes must meet the necessary criteria for
adoption on a commercial scale e.g. high yield, economy and ease of
operation, including easy and effective purification of the end
product, and few reaction steps. Processes which have been operated
commercially on a large scale have required the use of
halogen-containing solvents such as methylene chloride, despite the
fact that these solvents are difficult to recycle or dispose of in an
K»/ environmentally acceptable manner. The 6-alpha-aminoacyl-penicillins
| and 7-alpha-aminoacyl-desacetoxy-cephalosporins produced also
inevitably contain trace amounts of solvents and in the case of
halogen-containing solvents such as methylene chldride, this is
undesirable since there are fears that these could be carcinogenic.

In the literature there is no general or clear teaching of how varying
reaction conditions, reactants, solvents or other factors in the
synthesis of 6-alpha-aminoacyl-penicillins and 7-alpha-aminoacyl-
des#cetoxy-cephalosporins and their solvates affect yields, purity
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nucleus is very labile, several reactive moi eties are present. The art is
thus very enpirical. Anpicillin and anDX|C|II|n wel | known_representatives
of the class of 6-al pha-aninoacyl - peni ct B rns are now pHd8¥d¥i ndystri aliy

on the large scal e using nethylene chloride. Anpicillin and anDX|C|II|n eﬁ;ﬂ*

general |y produced according to the so-called acid chloride process baset
on e.g. a D-phenyl-glycyl chloride hydrochloride as agent for acylatlng

6- APA, or amofruimglayobe idee sto- ¢he [fagt Cthas the tpepiciddis addecephalespm'lih of a
D-pheny! - Ohydiel 11PYLAP 1aBR1AsB0eMOLI 0L 1 EF1 5 aBE pRAGURY1CThE argact e
with a reac Ive acl erivative su as a chloroformc &acird ester or an
organi ¢ aclsl tBuf reryecenniriertn a ni xed anhydride which is used to acyl ate
6- APA. The acid chlorlde process involves use of an acid chloride

ROt AR RN e T R I

In the Dane-as@hi-mncm-pmeuninsyaeé devhpsoduaéd dntinerripl by ionuske  obt ai ned |

in methyle Fo synt heses of
6- al pha- anﬂsﬁécé ]ﬁeﬁ Flﬁéaggée égﬁﬁﬁlsclosed as follows:- In EP 1133,

the highest yield given for the production of anoxicillin accordlng to the
Dane sal t Hﬁ%ﬁfﬁd Qn&‘%ﬁ)éi&'i‘ii& hre' } Hdili‘%rﬁ&&édd%@&rﬁiﬁ‘io' §hé‘32 7% In
DOS 2520647 e synthesis of anoxicillin_in a solvent

m xture ofSrsahis ‘éﬁéi‘&ﬁhd?ﬁc?é/ REQARPE hased o) (e fetdo RePhendlopincgl7zg. 7X, and -

for anpici élillolﬂid@%yhf’dcﬂnﬁiiﬂé’/ﬁs|&eﬁ€&&833ﬂﬂiinﬁ maAﬁhne;rsaé&oraing to .

Pegzs regxsz{},ﬁ él_ %gﬁieg eDalnz Lal.lrtSEaroSclelsgl te%gin a sa hyI eD—pnler(n)yrll-dfygind t.hen
having the amino group protected as.an:enaminefis reacted vith o
a reactive acid derivative such as a chloroformic acid ester ot an o/
organic acid chloride to form a mixed anhydrjde_which is used to '

acylate 6-APA.

The acid chloride process involves use of an acid chloride _
hydrochloride which is highly reactive. Good yields are achieved in
methylene chloride, especially when the betsflactam nucleus is o
silylated. In the Dane salt process the best yields have also been
previously obtained in methylene chloride. N

For example, some syntheses of 6-alpha-aminoacyl-penicillins have been
disclosed as follows.

In EP 1133, the_highest yield given for the prodqction'of amoxicillin
according to the Dane salt process in methylene_chlo:ide using '
silylated 6-APA is 82.7%.

In DOS 2520647, the yields for the synthesis of amoxicillin in a
solvent mixture of methylene chloride/methyl 1sobutyl ketone_a:e up to
78.7%, and for ampicillin tosylate 81.7%. | |

In DOS 2822876, the Dane salt of p—hydroxyphenYIglycine_is first
silylated in methylene chloride and then reacted with 6-APA



-3 - 970-9791/ Wtrinethyl sil'yl ester or the triethyl anine
salt of 6-APA. The yield of anoxicillindig 82.6% I|In DO76add1/& the
synt hegihs of .anpicill-in by the Dane salt process in acetone/water is
descri\@éd with a yield of 80-82% The synthesis has the inportant

di sadvant age that the acetone nust be renoved under a vacuumat a | ow

t enperature | | ' : Napand Iy | e,
e product £ REth I XdeBP O, chRCARHRRTAF Uate Ak BB HIC iRl
sati sf act or gmoxdeildme s 8256847 descri bes an anal ogous synthesis, but the
yi el ds, calculated on activity, appear to be 66-72% and the anpicillin

obt ai ned i s_i r 54059296 .d i.bes .th t hesi. f icillini
othyl " acet a7 DO 2613172 e Symtber i of; Sontef LR By ihe, Bepe. sALE, Ripser | |
anhydri de fiu raedténedmacért dsodexcribediotith asydeldnd 80-Ba%ec Thel syntheeiyiel d is
low, 71.2% I ' ' ] |

ph\)llvsi cal pr%%%ﬁt ¥e§ﬁ§.rgi.uﬁog{k/vg%%}laﬁF%Wﬁg{ﬂn%é?gts%%ggg%\é%g& e%g\%g#&%ggéﬁet&:

t hese advan®Npsyum st askowtemparayursbefonepisokating ofi tbe acsivry@gentnOni ni ng

sol vents haye jhaedAal! 4135 0HObrdfiR:S aretbt SUFIY ahd PiHALLEB t§ 46e i n
its use since nethylene chloride is not biologically degradable.” Em ssion .

control s ontRPyediqts, pax) not he S2EA5E8§t¥-or i nat ed hydrocarbons are
contenpl at ed. Vari ous Pharmacopei a Comi ssions are consi dering the

possi bility,of redug t hyl.ene chl oryde residues, in _phatmaceyti cals. The
problemis 5@5@5?‘&7 %?ggﬁﬁ? s#ﬁeﬁnﬂ Blnﬁj(‘fgc?gs PR efiﬁé B‘Etogkgj'&#?ﬁi ts of
100- 500 pprealsladted oneadhivityy abpenti de bes 66-af2Xcandtaliedatipicibldncase of

anti bi oti csofdisiiad %ak 1000 to 3000 ppm). There was thus a clear need to
fi,\h\d//alternatlve I ndustrially viable

JP 54059296 describes the synthesis of amoxicillin in ethyl acetate.
The penicillin nucleus is first silylated and a mixed anhydride formed
from chloroformic acid ester and a Dane salt. The yield is low, 71.2X%.

Methylene chloride is a widely used solvent because of its physical
properties e.g. low boiling point, thus easy removal. Despite these
advantages the use of methylene chloride and other halogen containing
solvents have been criticised for years. Environmental problems arise
in its use since methylene chloride is not biologically deéradable.
Emission controls on manufacturing plants ﬁsing chlorinated
hydrocarbons'are contemplated. Various Pharmacopeia Commissions are
considering the posSibility of reducing methylene chloride residues in

S~

-/ pharmaceuticals. The problem is especially acute for antibiotics since
the proposed limits of 100-500 ppm residual methylene chloride is far
exceeded in the case of antibiotics (usual values 1000 to 3000 ppm).

There was thus a clear need to find alternative industrially viable
syntheses of 6-alpha-aminoacyl-penicillins and 7-alpha-aminoacyl-
desacetoxy-cephalosporins. After exhaustive testing we have found a
new synthesis for the production of these compounds which possesses a
number of significant practical and economic advantages in industrial
use. It uses only solvents which do not contain halogen atoms and are



syntheses of 6-a|pha-aninoacyl-penici1Iins{and 7;&J§ha-aninbacyr;f N
.desacet oxy-cephal gsporins. After exhaustive testing we have found a new

synthesis for the production of-these conpounds which possesses a nunber_of ..
significant practical and econom c advantages in industrial uze. It Usek,ét'**’
only solvents which do not contain hal ggen atons and are P LR
Case 970-9791 environnental ly acceptabfg: gi ves high yieldsc%¥=%y}?§gst 80
to 85 per cent or, in sone cases, even over 90 per cent and produces highly

pure products. It al so obviates the need for equi pnment for generat-ing

vacuum sealing and safety problems, which result fromthe 5 use of
acet one élﬁrh%ﬁin\éﬁﬁlly_a&b’ﬁtdlﬂé,f%i;&-ﬂiéh ﬁl&%ﬂ%&@ko ﬁs?%@f Bdrt U, ANYomECT. e
conplicated purification techniquées are avoi ded. e process 1s applicable

to the sSAsesSaS¥emsovr Y parchent/and produces highly plre proiductsdy hlsp biviatds! the seedid

or esont ORCARPRENE RF 3 REREN v RRR oG dntret HHiest phup okt o e

6- a8 pha-useiofaeemhe pe soloent] Firtisrmbreit 6 conbhica & bpsiaaas shd ¥ hfagrorin
wi t hout 10, .the use of hal ogen-containing solvent in a ylel reater than -
80% e. g. Pification tachpiquessarg raVQ%%l-aTkP process isiapplicable tpdhe syrohesiof @ wide at

| east 9804 LAGESS g I DanRR4UEl Dg. a nixed carboxyli.c. acid- '
annydr i Ay 8 ERRAESEESEL bRk el TG AR R b bepoies.
appropriate acylating agent in a solvent which does not contain hal ogen
atons and V\:hACh |.S wat er-immscible or sparingly soluble in water, and (ii)
further coopdipgly 18 ang @spest the; prasentinyention prowides iacpraeass ferhy grodhstion ¢ h

6- APA,  TofAR aRha AnfssdcVRhd !?"fn 2 fohh- Aol j.C not _contain _
hal ogen at orrs.aﬂllﬁe pr oa!gggéér% t-h%rfn ledF‘lt [ on&?gl ‘Sés%é CW}?C%’Pﬂ@ﬁgpoﬁPe__ ot on
ofl @ wi dbe use ofhalogen-contdiping-selvennincy yielibgreater than80951d.g. greater than 83 or o/
7- al pha-gm no‘ﬁg%l -desace]tﬁ_ox#g)g)hal osg&;i.ﬁi e.:l-_g. substituted _
6-aceta AR AL 2 PRI & lsast 77 0% &,&,3t Jeast 33%. 7 The profesyepmprises et oxycephem
2 0 phodilox whiksd aiebohfh'dciPhitiRide BY So@ERE A GuBANEy SHGR! | LUCNt MRy
be for exanpl e phenyl, hydroxyphenyl or ?, 4- cygl ohegg%lhen- -yrooo
alpha-amino acid with an appropriate acylating agent in a solvent which does not contain -~
halogen atoms and which is water-immiscible or sparingly soluble in water, and (ii) further
15 reacting the resultant mixed carboxylic acid anhydride with 6-APA, 7-ADCA ora

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

The process of the invention is' ﬁseful for the pmparatidn of a wide variety of
6-alpha-aminoacyl-penicillins and 7-alpha-aminoacyl-desacetoxy-cephalosporins, .2,
substituted 6‘-acetamid0peni_cillanic acid derivatives and 7-acetuﬂdd$—des_acetdxycephem

20 -4-carboxylic acid derivatives. The acetamido group substituent may be for example o/
phenyl, hydroxyphenyl or 1,4-cyclohei;adien-1-y1. '

For the purpose of this speciﬁcation, the term "derivative” dendtes e.g. analogues
such as a compound which may bear a substituent at the amino group and/or wherein the

carboxylic group is esterified. - . R



For the purpose of this specification, the term"derivative" denotes e.g.
anal ogues such as a conpound whi ch may bea$ a substltuenb@tgﬁgfvam no
group .and/ or wherein the carboxyltc group Ts esterified -
_970-97§{7V Exanpl es of a N-substituted vinyl al pha-am no acid are

al pha-am no acids, wherein the am no group bears a protecting group as e.g.
1- met hoxycar bonyl - propen-2-yl, 1-ethoxycarbonyl -propen-2-yl,

1-acetyl - propen-2-yl, 1- benzoyl propen-2-yl, 1-(4-nethoxy-

benzoyl ) - pr ﬁsybqu leﬁb%tétdteraew@syabﬂazauiaa a&wa&e&wha-amo -
N—substltuted é% ag o acid gﬁn be e ?d as its salt. Exanples
of a salt araéi%ﬁ §F‘iﬁﬂ R &erp e@ﬁ%)&/l"ﬁﬁ?ﬁfyﬁ BEETRUPAS 1 &1 peri di ni um
or N- et hyl nonethoxycarbongdlgropeh Bk albbyh:sﬂchsbmy&-ﬂqplenml, nmor e
preferably I | e a he production
of anpicill :Rﬁgge P&qelﬁxi%ép?gl’oﬁfl‘fg?fg)ﬁgg ?rg tl’]feP}l. nel tR%fgt sodi um or

pot assi um Dbm%qylr)epmpeyc&-rﬂonylM@Maewmabmnbmnpwdev&t e, sodium.

or potassium D N-(1- ethoxycarbonyl propen-2-yl) - a-an nophenyl acet at e,

sodi um or potassi um D-N- (1- et hgxycar honyl pr.open- 2- éﬂﬁ@a am no- p-
Pyl oy phen e dSHPREL Ted i AJPHRARI S8, AHFACERR b masbswm-

propen- 2-yl Examﬂrasnefrzrbnif QXE PRAYs DGt Sédlumg Odicy 81 shi

acetate. T HEGMAR IRy TR P@%ﬁ%ﬁi‘n&‘*ﬁaﬁ%ﬁ déex SRR I o

C4 - [err] acedempluyedibmere pxeferablyldaneasaless i ncl ude acid halides, e.g.
an acid chloride. The acid may be an aliphatic, alicyclic, or aromatic

acid. The acid may be for exanple an al kanoic acid such as pivalic.
iy Examples of Dane salts suitable for the production of ampicillin,

N amoxicillin, epicillin or cephradine include sodium or potassium
D-N-(1-methoxycarbonylpropen-2-yl)~-a-aminophenylacetate, sodium or
potassium D-N-(l-ethoxycarbonyl-propen-2-yl)-a-aminophenylacetate,
sodium or potassium D-N-(1- methoxycarbonylpropen-2-yl)-a-amino-p-
hydroxyphenylacetate, or sodium or potassium D-N-(l-ethoxycarbonyl-
propen-2-yl)-a-amino-p-hydroxyphenylacetate, sodium or potassium
D-N;(1—methoxycarbdnylpropen-z-yl)-upamino-z-(l,4-cyclohexadien—1-y1)-
acetate.

The acylating agent is for example a reactive acid derivative of a C,

- Cy acid. Suitable reactive derivatives include acid halides, e.g.

an acid chloride. The acid may be an aliphatic, alicyclic, or aromatic

. acid. The acid may be for example an aikanpic acid such as pivalic
acid or 2-ethylhexanoic acid. If desired the acid may contain an
aromatic ring, e.g. benzoic acid. Preferred acylating agents are
'pivaloyl chloride, 2-ethyl-hexanoyl chloride and benzoyl chloride.
Alternatively the acylating agent may be a chloroformic acid alkyl -
ester, e.g. ethyl chloroformate.

The formula of the mixed anhydride is preferably as follows:

R-CH(CO-0-CO-R, )-NH-CR; =CR;~COR3 I



acid or 2-ethyl hexanoic acid. If desiTed the acid may contain an aronmatic
ring, e.g. benzoi¢ acid. Preferred acylaii_ng agents argnply?iﬂyl chl ori de;

- 2-'et hyl -hexanoyl chloride and benzoyl chloride. Aternatively the acylatlng
agent may be a chloroformc acid al kyl ester, e.g. ethyl chlorofornmate. ghe
formul a of the m'xed anhydride S preferably as follows: ‘ ' -
R- CH( CO- 0- CO ] 970- 9791/ V. wherei.n R
is an appropr“l 1%| dB (flI‘FaF'% ap@rgpri&qg@qde ghaing - ¢-&rpR tor

1, 4- Cyﬁl ghexadl en-1-yl , 4{-hydtodyphenydl] err]],)ﬁahj«;alohgxsdipn-p-tyaf erabl y ‘met hyl ,

R2 I s hydrogen or ([e ] al k; I [err]al kyl

group, preferably rret 1>s é‘% ﬁg ﬁ@gg ?‘}’ >§§ %‘?ﬁ réferably net hoxy
or ethoxy; phenyl opt Rﬂria h)pdmsatmt lﬁGﬁdt)B}k:al IBERYR, mefe;ahby ali phati ¢,
alicyclic, or aromatic HyabbgenS J- A ([err])al kyl group, or preferably

phenyl or 1-ethyl pent or espeC|aI y tert-butyl, .and preferably. wherein .
the ami no group and tﬁe isap by %&&%ﬂ%eﬂé&#@%@e@a bPe &}BhtE Bave .t he

cis configuration. A smyc_gyalkeky @rotpS peeféiably mhdxwlb}t éthoxybe present
in the production of the

acid. The acid may be fcﬂhmﬂigﬁsgh'éﬂig?%%g? tﬁg lﬂ'? ;Se;?\r/rg: |ecaa[0|e£ir]C)r

2- et hyl hexanoi ¢ aci d. R{ fisdesialéphatie, aaligyntic,contaxomatic groummt regy. |ang
e.g. benzoic acid. " (C3-g)alkyl group, or preferably phenyl or

l-ethylpentyl, or especially ter;-butyl,

'and-preferab1y whe:ein_the-amino group énd Fhe cérb@hyl group
attached to the double bond have the cis configuration. | \

A small amount of a’free=C4 - Cg acid may aisb bé présent in fhé _
production of the mixed anhydr:lde. ‘The. acid is for example a C4-Cy
acid. The acid may be for example an alkanoic acid such as pivalic |
acid or 2-ethylhexanoic acid. If desired the acid:may contain an
aromatic ring, e.g. benzoic acid. | |

The side chain of the free acid may be the same or different to that
of the acylating agent. The preferred free acid is 2-ethylhexanoic
acid or pivalic acid.

/'

As indicated above in step i) there are used solvents which do not _
contain any halogen atoms. The term "sparingly_so;uble” inclﬁdes_ E \')
solvents which afé.inSoluble or slightly soluble in_yater, Examples of '
such-solvents vhich are vater-immiscible;or_spatiﬁgly:soluble in vater

include those of loﬁ:dielectric constant, e.g,:appropr;ate ketones,

esters and aromatic hydrdcarbons. Examples include methyl-(C,.,)alk-
yl-ketones, such as methyl isobutyl ketone (heréinafter'HIBK),
di-(C;-¢)alkyl-ketones, (C;-3)alkanoic acid butyl esters such as

n-butyl acetate (hereinafter NBA) or iso-butyl_acétate (hereinafter

IBA), and toluene. Preferred solvents include HIBK,_NBAjand_IBA.



The side chain of the free acid may be the sane or different to that of the
acyl ating agent. The preferred free acid §s_2-ethyl hexaggpcomgig or pivalic
acid. -As indicated above in step-) there are used solvents which do not
cont ai' any hal ogen atons. The term "sparingly sol uble" includes solvents
which™are insoluble or slightly soluble in water. Exanples of such solvents

whi ch are ter-joym scible or .sparingly.soluble in:water,include those.of

| ow di el ect t&‘%sféﬁts,&%?'bt. s§gfﬁmoﬂg?‘gt18 %Eﬁpoiéé'fayeﬁ?'btraé" Jifgea fre

hydr ocar bornselvéengnpkesidedcthate halxgentednteiningabélvenlts lkeaateonets usedich as

met hyl isobutyl ketone (hereinafter MBK), di-([err])alkyl-ketones,
((ferr])al kanoic acid butyl esters such as n-butyl acetate (hereinafter NBA)
or i so- but yTheagelvens ysedr in et Eormagign ofnthe @ixedanhydriderstep By vent s

i ncl ude M Rigmppfife 36 drBhore solvents, provided that théOsystdh/ ¥ Mowherd |y the

sol vent system usedq i i) nmay, contain rre than one sol vent, provided
that hal ogeh®- Eﬁmrmlﬂ?%siggg\%gﬁgaéﬁgfhﬁiﬁg&g.i“T‘f?éeEOI vent used in the
formati on of the m xed anhydri de step may conprise one or nore solvents,

- ded . el bl el
Couble i n ihpert AR ol ik, 5 MG ot IS by b BEesl 4 Ble
present in bt wpidh inprovesi opaghivates the reagtdontofe ar Banet sakt ofith thene salt

with the ag i 7 [ ent. We prefer the use of an
Aela11d8 O ofhér ac?iéé’t!iﬁ& d}fentY

organi c am de such as a forman de of an acetam de, or their N Mono or
N, N-di met hyl derivatives, e.g. dinethyl formam de, or preferably

N-met hyl aceteapréifor bhe diseedh\uhasriantit dmidersushnes ly Epsiiandtde Grngn Or
tegr?nethylég;%gﬁide’ or their N-Mono or N,N-dimethyl derivatives, e.g. dimethyl
W formamide, or preferably N-methylacetamide, N,N-dimethylacetamide, or

N-methylpyrrolidine or tetramethylurea.

Preferably a base, e.g. a tertiary amine base, is present as a
catalyst for mixed carboxylic acid anhydride formation. Preferred
catalysts include pyridines, for example a picoline, e.g. 3- or
4-picoline, or a lutidine.

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

Vo The product of step i) is generally a solution or a suspension of the
mixed carboxlic acid anhydride which can be used further as such. If

desired this anhydride may be maintained between step i) and step ii)
at from ca. -60° to -20°C.

The step ii) is an acylation reaction of 6-APA or 7-ADCA which is
preferably in salt form.

Conveniently a solution of the salt of 6-APA, 7-ADCA or derivative
thereof is added to the reaction mixture resulting from the mixed
carboxylic acid anhydride formation. Alternatively N-silylated 6-APA



Preferably a base, e.g. a tertiary am ne base, is present as a catalyst for
m xed car boxylic acid anhydri de fornatigg. Preferred Cﬁ}a|% ts include :
pyridines, for exanple a picoli-ne, e.g. "3 or 4-picoli 79 1’ai"lut,idine..%-_
The formation of the mxed carboxylic acid anhydride may be effected, e g

at tenperatures, from-50 to [err], and preferably from[err] 'to [err]. "Fhe
product of step i) is generally a solution or a suspension of the m xed

car boxl i c°‘é(ﬁ“ég%wur"%l@mﬂ}ﬁ3tﬁ4°can- be used further as such. If desired this
anhydride may be-mai ntai ned between step i) and step ii) at fromca. [err].
The step i) 1S an.acyl ati reaction of 6-APA or 7-ADCA which is - '
pr ef er abl t""?sn tE%ﬁﬂf’ f)‘%rﬁ tiﬁjgfﬁ?éﬁs Ve ap gB'F#-Aﬂr?BﬁV Jised pkors the miged. Apa

7- ADCA or cakbokykid acid laphpdridesfamd¢etiont are helsocamivieadentlyt presenesid t i ng
fromthe g ; : ,c aci.d anhydri-de formation. Alternatively .

N-silyl at?f%g%%%igﬁxé-/dég'- _ - 970-9791/Wor 7-ADCA may be

enpl oyed. Thus the sol vents-indicated above as preferably used for the

mi xed caripxshi€ oEChmnhydmcdeod Aepivd Ve Harabs A sCRAMRRABTY iy T esent in
the acyl ati.on stgog. The salt .of 6- AP der| vative ‘thereof is-
I

. ( A, (-7 Lor
pr ef er abl $PLution oF) s¥sasAsion dn b oLeEts ﬁ°£‘ff‘-‘6r‘ﬁ%ﬁﬁgel%’d’li%n?herﬁgﬁaﬂfte with

t he sol vesiistepsised it athei misddecatborgl inabidk \anhpdridieds caphyfid imd@ St ep and not

cont ai ni ngm{}%mran?{‘gi%m aJJﬁE.SOl vent system used for dissolving or
e'’s or . _ : _

suspendi ng

The solvent system used for dissolving or suspending the salt of
6-APA, 7-ADCA or derivative thereof is preferably an alkanol, e.g.
(C1-C4)alkanol, e.g. ethanol, and preferably a (Cg-;)élkanol, e.g. '\.J
butanol or especially isopropanol, optionally in combination with a -
_solveht used in step i). '

If desited a small émouht of water may be present, especially when
6-APA is being used. ' '

If desired small amounts {Cq-9)alkanoic acid'e.g. 2—ethy1hexahoic acid
may be added to the mixture of the salt of 6-APA, 7-ADCA or derivative
thereof and solvent. ' ' '

Preferred salts of penicillins and cephalosporins include secondary or
tertiary amine salts. Preferred salts_fb#zé-APA-or derivative thereof - S-
include secondafy or tertiary amines containihg'up to 6 carbon atoms, _\'d
e.g. (Cy_q4)alkylamines such as-diethylémine,'di;isopropylamine,
triethylamine, diiéopropylethylamine (Huﬁig's base), tributylamine and
preferably trieihylamine.-Preferred salts for 7-ADCA or derivative
thereof include 1,8-diazabicyclo[5,4,0]undec-7-ene or °
tetramethylguanidine as described e.g. in USP 4,405,782 and USP
4,659,814. ' ‘

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



..

6- APA,- 7- ADCA or derivative thereof i's préferabl y ah &l kangr,. e. g es °.
[err]al kanol, e.g. ethanol, and preferably a ([err])al kanol, e.g. butanol

or espeécially isopropanol, optionally in conbination with a solvent used in
step |P\)/ If desired a small amount of water may be present, especially when
6- APA is being used. If desired small _.amgnts ([err])al kanoi cCasel S709791

2- et hyl hexanoi ¢ acid may be added to the m xture of the salt of 6-APA

7- ADCA or derivative thereof and solvent. Preferred salts of penicillins
and cephal osporins include secondary or tertiary amne salts. Preferred
salts for 6-APA or derivative thereof include secondary or tertiary am nes
cont ai ni ng up The Rativnd@ixtadeWTRhe Gcydatidn SEP naglbe)warked ap i ¢6livensional

di et hyl ami ne, di-isopropylanm ne, triethylanine, diisopropylethylam ne

(Huni g' s bBagner. AP lepenisillingor; 7alpha-amineacylpr ef erred salts

or et r andlRielf bR be WBHOCR vt kARFPHEKELE e b Bhien 1"
4, 659 814. group eyl be sphie by ihydrdlysipir sjusowsadidr t he acyl ation step nay be

fromabout [err] to roomtenperature, preferably at or under [err]. -9-
Case 970-9791 The reaction m xture of the acylation step may be worked up

I n convention erﬁﬁ‘dggﬁod rfats 5~ Al I ypﬁzﬁ s b o P?ﬁ'i?r
7- al pha-am no:i(':lill - sacug'?%(a _@épﬂ%ﬁ%éﬁ&?ﬁ?ﬂ%@ﬁ‘be g%rb te tsglggtyglng nown
met hods. Tihay belvety bigheceig\vaboye 98%. Thgisolatedproduct sy icontain tigads of geliventi n
aqueous may be.isol.ated in conventional manner, by

acid., The final prodquct
adj usti ng rﬁﬂ‘_iuepsuﬁpt&r}?ee ﬁ)-omqlafogen-c ntaining solvent.

vy

N2 In a preferred embodiment the invention provides a process for the production of a
10  7-alpha-aminoacyl-desacetoxy-cephalosporin without the uée of .a halogen-containing
- solvent which comprises the steps of i) producing a mixed acid anhydride by reacting a
N-substituted vinyl alpha-amino acid with an appropriate acylating agent in a solvent
which does not contain halogen atoms and which is water-immiscible or sparingly soluble
in water, and (ii) further reacting the resultant mixed acid anhydride with a salt of
15 7-ADCA or derivative thereof in a solvent which does not contain halogen atoms.

Insofar as the production of any starting material used in the process of the
invention, e.g. the Dane salt, is not particularly described herein this is known or may be

made in analogous manner to known processes.

.,_
~



may be very high, e.g. above 98% The i sol‘at ed product may contain traces

of solvent residues, but is free from hal ogen-containing solvent. In a - _
preferred enbodi nent the invention provi¥s a process fg7°-t93816f oduet i on, of
a 10 7-al pha- am noacyl - desacet oxy- cephal osporin wi thout the use of gg
hal ogen- cont ai ni ng sol vent which conprises the steps of i) produ0|ng a
m xed aci d anhydri de by reacting a N-substituted vinyl al pha-amno acid
with an ameotmilawmgmyheliimugaﬁgenéxdmples ddlusnfatentizh idvations Aldnt ain
hal ogen at r I | ubl e in-water,

and (ii) ftgHF &qu eac mgﬂstd\égiresgﬁgégﬁ%ég %%Dgﬂétoﬁ;elﬁ dge with a salt of

15 7- ADCA or derivative thereof in a solvent -which does not -contain .
hal ogen atignphe gggg,gpgﬁrs f%e tfgﬂwigg%gﬁ&fioagﬁrgtﬁédl ng material used in

the process of the invention, e.g. the Dane-salt, is not particularly
described herein this is knomn or .may be nade in anal ogous manner to known .
processesNpa - 10- = n-butyl acet&?é) 9791/ W The fol | ow ng non- limtative
exanpl es iLlustrate the Al | tenperatures are in degrees

Centi gr ad&hénd are -un(?or;rsé%’t’gﬂi 8FRt4% exanpl es the fol | owi ng abbr evi ati ons
are used: IRBA = isoprefmmb}| acetate |BA = isobutyl

acetate | _ r .= Methyl isobutyl
ket one Dar?'gmsalt A = }Egﬁgssﬁﬁq{g@]ﬁl—%@ﬁet hoxycar bonyl progen 2-yl)-
a- am nophBaye Fedt A e ParRotessiumsD-N—(1-ethoxysanhenylpropen-2-y

D- N- (1- net hoxycar bonyl proRaffnephéhytacdtatd no- p- hydr oxyphenyl acet at e Dane

It C = Sodium D N- (] -net
Zaam no- ZDﬂe% Hrcg ohéxg?&tggs%i‘y@égfg téloxygarbonyf/px)open-z-yl)_

aramino—p-hydroxyphenylacetate ' ('f

B

Dane salt ¢ = Sodium D-N—(l-methoxycarbonylpropen-z-yl)— o/
' u—am_;no-z-a 4-¢yclohexadien-1-y_1)acetate '
DBU = 1,8-diazabicyclo[5,4,0]undec-7-ene

The yield given is based on 6-APA or 7-ADCA qsed_as starting material.
Purity is measured by HPLC on anhydrous basis.

The examples illustrate in step i) the mixed'éarﬁqul'ic'écid anhydride -
| formation, in step ii) the acylation of the beta-lactam using the
mixture obtained in step i) without isolation, and in step iii)

working up, including deprotection, to give the pfoduct.

-



DBU | = 1, 8-di azabi'cytl o[ 5, 4, 0] undec- 7-ene The yield given is
based on 6-APA qr 7-ADCA used as startinggaterial. Puritgyo_g74Egsured by

- HPLC on_.anhydrous basis. The exanples illustrate in step i) the m xed
carboM ic acid anhydride formation, in step ii) the acylation of the
beta-lactam using the m xture obtained in step i) wthout isolation, and in

Cstep iii) | p,, 1 0cl.udi .deprqtection, to give the. product. - 11
- 9%%&&—?—% c{Iin Trihydrate i) 0.03 m

4-picoline are added to a suspension of 61.3 g Dane salt Ain 124.9'm NBA

The resul tagy m ¥ie4 ‘]?_nl' §-§1Fcbﬂ1’?éiaEQradliédW&Ht%pgg%%dﬁogﬁtﬁ%eé%dﬁﬁesﬁqd

cooled to [err]; 24 m “pi.val oyl chloride are a e resultant ml ky,

greeni sh suspensifolf i124<? Ml NBA 4 The sespltant nixtwra testiredcfor dd to [err]
gi Xiagg a m'dxturlems;meai at ﬁﬁohh&ﬁhﬁﬂglgﬁaéﬁp)é}igiéa %gi-?3aamldlt1idle-pighizogl44g1 g
- are dissolved i.,n a m xtur . . 10. water a 9.
tri-ethyl ani ne, aﬁgﬂl%gg TS ﬁ@ﬁ%‘%ﬁﬁ ?ée zf&ﬁ'gldta&to'b@kge §EFePRE FURPSAOBt5ai ned
in step i) at a seimpedas ur-208f for4 30 twinjiees andvanoldd to RéGtgining Bhe.
reaction mxturegis, 5l (ifdihfle Ind Lﬁfi&gfgc(fgggﬁlg:dlt ?éid%nl@dtr?@.er ature of

[err]. iii) The resultant crude protec In mxture 1s worked up
by treating with a mxture of 289 ml ice-water and 39.6 m concentrated HC

and stitrgedﬁpr 3@t 'mrﬁsarwzis%owgbimga\Migcbuéetcef @%hﬁnmytsmhaﬁf 1384 »
separated o an e organic ase ck-extra Wi m Xt uye .o .
concentrated HC VatRF and gz%n{. 'Ugttéi'?thfﬁém%bi“l‘é&ﬁgﬁlf@éﬂ%f%% ded e
filtered throughdropwise to the mixture obtained in step i) at a temperature of

0 ' -45 to -30° over 45 minutes and the reaction mixture is stiired
W for a further 90 minutes at a temperature of -30° to -35°.

iii) The resultant crude protected ampicillin mixture is worked up by
treating wvith a mixture of 289 ml ice-water and 39.6 ml
concentrated HCl and stirred for 30 minutes while cooling with
ice. The aqueous phase is separated off and the organic phase
back-extracted with a mixture of 5.4 ml concentrated HCl and
44,5 ml water. The combined aqueous phases are filtered through
a filtering aid. The pH is brought to 4.5 to 5.0 by the addition
of concentrated aqueous'ammonia. The title compound is obtained
by standing the mixture overnight in a refrigerator, isolating
the crystals, and washing them with 60 ml ice-water and 3 x 50
ml 90% acetone, followed by drying. Yield 61.6 g = 82.4%, Purity

N 98.8%.

..,___
~

EXAMPLE 2: Ampicillin Trihydrate

i) 0.03 ml 4-picoline and 0.51 g pivalic acid are added to a
suspension of 60.2 g Dane salt A in 128.6 ml NBA. The resultant
mixture is stirred for 5 minutes at room temperature and cooled
to -30°C; 24.1 ml pivaloyl chloride are added. The mixture is
stirred for 60 minutes at -20°. A solution of 5.1 g pivalic acid
in 14.3 ml of NBA is added. The reaction mixture containing the



a filtering aid. The pH is brought td 4.5°to0 5.0 by the addition of
concentrated aqueous ammoni a. The titlejganmpound is 0b§ﬂ6@ﬁglﬁy st andi ng -
the mxture overnight in a refrigerator, isolating the crystals, and e
washing themwi th 60 ml ice-water and 3 x 50 ml 90% acetone, followedaspg *
drying. Yield 61.6 g 82.4% Purity 98.8% EXAMPLE 2: Anpicillin o
Trihydrate i) pi co. e 0, |vaI cid are added to a
suspensi on of "gﬁeg B&’f%ﬁé’aﬁ’ Aafrh?yﬂ%gg?ésrﬁ° . é‘%r sultant mixture is
stirred for 5 mnutes at room tenperature and cool ed to [err]; 24 1nm

pi val oyI q%gae r t §s at

[err]. 2I utdlogﬁ @fﬂg qi ‘g] |e§1 g%:%d'ﬁﬂ&f% %f rr?d6 ‘i’\“gﬁpl s ad d The

react i on mi xt maéeécﬁﬂdai?'h%g tﬁ'éethylam}ge, and this solutiongizpaddet/ W ni xed

car boxylic aC'dioaﬁiB@“i:bd&é fii £k esb tla®néd il stéd )l) ath@ ge Au@ 8t
di ssolved in a4§1 Xt ur
n

4
triethyl am ne te AP %V(?Iru?c?dwnwsesaﬁﬂéothﬁr B‘T:ﬁ)ﬁwg@“t“l}xfﬁ’ée ﬁhsxﬁilrrée?)bt ai ned
in step i) at fort@nfurthér99 winutés dtaf eemperavare 3 -30nté eds5and t he
reaction mxture is stirred:for a further 90 m nutes at a terrperature of
-30 to [err]. iii) The resul tant .crude protected ampicillin mixture is
wor ked udiby tThearésvdtomt ieruderiprotectedf anpicd Whine mixturects vonkediipd HC .

Aiter phase s i?éd:qa tmhaauﬁ%arepMSfcé.%abépuabthneeQ&a‘teé acihe title -
conmpound i s ob ai ned after fi Itratlon and wah g 90% aqltijeogs acet one,.
fol | oned by drAftRE. Ph??%l%fpesa’ei&“ e 8gYEOYS, P 8 ré'%'zht to pH 4. |
-~ The title compound is obtained after: filtration and vashing with
o 902 aqueous acetone, followed by drying. Yield 66.34 g = 89%.
Purity 98, 8% S o S o _ .\_)_

icd
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Example 2 is repeated'ﬁith-the following changes:-

a) The same quantity of'isobutylacetate is used instead of NBA in
step i). Yield 65.4 g = 88%. Purity 98.9%.

b) The same quantity of 3,5-lutidine is used instead of 4-picoline
and the same quantity ofiisobutylacetate is used instead of NBA
-in step i). Yield 65.0 g = 87 X. Purity 98.6 X.

¢)  The same quantity of tert. butylacetate is used instead of NBA
in step i). Yield 64.1 g = 86%. Purity 99.0 2.

—_—
~—

d) The same quantity of isopropylacetate is used instead of NBA in
step i). Yield 65.9 g = 88 X. Purity 98.7 %.’ '

e) The same quantity of 2-ethylhexanoic acid is used instead of
- pivalic acid in step i). Yield 65.2 g = 87.0 %. Purity 99.1 Z.

Example 3: Ampioillin Trihydrate

i) ~ 0.035 ml 4-picoline are added to a suspenéion.of 62.1 g Dane



Exanple 2 is repeated with the'foll oW ng &hanges - a) The sane quantity
of isobutylacetate is used instead of NBA13n~-step i). Yi @70-9814vg = 88%
Purity 98.9%. b) The sane quantity of 3,5-lutidine is used instead of
4-pi cHt ne and the sane quantity of i sobutylacetate is used instead of NBA
in stepi). Yield 65.0 g = 87 % Purity 98.6 % c) The sane quantity of

tert. butylacet a%ae A 1R %0 RELABR, O .5 pivals 5 dntor¥deadle Odugkag = 86%

Purity 99.0 Z d antity I sopr acetate | s_used i nstead
of NBA in step i)’WPHiéFoF'?éBtQ“g“E wewemprwfgérqm 12 ef0 -15%h dheanme
quantity of 2-et hy*th@éaiwls(tiﬁfé&ifbﬁ algethherst@adnotesduyallise and dhem step

Iv). Yield 65.2 g 7. % Byl 99. 1 ydrate
VG Gas mi asprish Pad 2be eivies & Biftue.oftetnihe AR A reg rhpy e
- QEGIcDiﬁlﬂdtldalt A in 150 M MBK 24.5 m pival oyl chlori de
are added dropwi se maintaining a tenperature of from-12 to [err]. The
mxture is stirred for a further 20 mnutes at [err] and then cooled to
[err] givindih nPx8 We2rerhydhenangic neidisreda 40 & GAPA imeymixtwe )
ﬁ/l gKm 2§ ant h?/lpgezsggns ﬁlamtt 3Q59m§ 19 n?.owﬂié& Md\ﬂ9n3amlmt¥1éﬂﬂlgﬁin%§ n
ter rie ure is
added dropwi se tﬁn‘ttf?ﬁt P’ée iaﬁhts?yFﬁ?jé'qﬁb‘f édtr]'lenmg;f"ép i) at
such a rate that ahli)&lrﬁdﬂmbtt_ainardeidmpnm azxswdda| exte] thathehe esul t ant
mxture is sti rr?&hﬁé%5t3¥k FoLYr3Y @lcek 'd5°. The resultant mixture is

stirred for 90 minutes at -30°.

'\.} iii) The mixture of step ii) is brought to 0° and then added to a

' mixture of 400 ml ice-water and 35 ml concentrated HCl and is
kept under 5° for 30 minutes. The phases are divided and the
acidic aqueous phase is treated slowly with concentrated aqueous
ammonia to bring the pH to 4.8. The title compound separates
out, is collected by filtering and washing, followed by drying
as in Example 1. Yield 63.1 g = 83%. Purity 99%

EXAMPLE 4: Amoxicillin Trihydrate

i) 78.1 kg Dane salt B are added to 200 litres MIBK. 33.7 kg
N,N-dimethylacetamide are then added followed by 175 ml
3-picoline and then 1.4 litres 2-ethylhexanoic acid. The

W/ resultant suspension is stirred for 15 minutes at 20 to 22° and

then cooled to -30°C. 30.8 litres pivaloyl chloride are added.
The mixture is stirred for 60 minutes at -13° to -20° and then

- —
-

cooled to -45° to give a mixture containing the mixed carboxylic
acid anhydride.

ii) S0 kg 6-APA is added to 62.5 litres IPA, 13 litres water and
36.8 litres triethylamine in a reaction vessel. The mixture, a
thin suspension, is added to the mixture qbtained in step i) at
-34° to -40°. The reaction vessel which contained the 6-APA



iii) The mxture of step ii) is brOt{Jght to [err] and then added to a

m xture of 400 m ice-water and 35 nl _cepcentrated HC o3hG79$KEPt UNder -
.[err] for 30 m nutes. The phases are divided and the acidic aqueous phase
is treated slowy with concentrated aqueous amonia to bring the pH toid&8."
The title corrpound separat es out |s collected by filtering and vvashl ng,

fol | oned by d d 63 =.83% EXAMPLE
4: Anoxicilli gﬂ‘ﬁ%’f"a?% wa)s w'7‘§h 12H<3 H@?F”% ?fg’& Zt’d‘ 0 litres
M BK. 33.7 kg M Ithdlmthwmmttmreder}ar ecymnomol:tedllaﬂeldomctrbyeewSofﬂ :

3-picoline an &S iyl hexanoi ¢ aci.d. The resultant
suspensi on |sd)soi F?‘lrl}a sf ?g n%oznu %s at 20 to [err] and then cooled to

[err]. 30.8 litres pi val oyI chlori de are added. The mxture is stirred for
60 m nut @gigt THar fdackden tnh@t@ufé)@'reﬁi stte [ 81y list4uaeliveo @ Rixdudte L€ @882l Ni ng

t he m xed car lic aci n - A is added to 62.5
litres IPA 1 llt\F/?? é?tﬁﬁtaé’% gﬁgiéﬁe% % %@#J%Fﬁy 151?\ aylation reaction.
vessel . The nivessek,isavadhied sindpa0slitres i MIBHdalel the \talshinigs(hadal abtai ned in
step i) at [err The re s h - 14 -
970- 9791/Wsus;§lL Jc:er?uss"?%lsl %d\i'\ffi\ngtﬁ', ngl'sgt Pg’g%Bﬁ? %p’[e%dengihl ngs added
to the reacti arinutes ate3° Pnd the phasesndivided) dhedaqueoyscphase for 90 minutes

at [err]. iii )con-{s'ﬁ:&ngafﬁé @4 ¢ 18 tohpund’ P63 88rdd, )'rﬁé pﬁdﬂa%etps a mixture of
653 litres water an l1tres concentrated HC . The acyl atign
adjusted between 4 and 5 by the addition of concentrated aqueous -
ammonia at a temperature about 10°. The: crystalline suspension
is allowed to stand overxiight. The title compound is centrifuged
off and vashed and dried as in Example 1. ' W/

Yield 81.7 kg = 84.1%. Purity 100%.

EXAMPLE 5: Amoxicillin Trihydrate -

i) 312.6 g Dane”salt”B are added to a mixture of 1000 ml NBA and 71
ml N,N-dimethylacetamide. 0.7 ml 3-picoline and then52.6 g
pivalic acid'are added and the resultant suspension cooled to
-30°. 123 ml pivaloyl chloride are added and the mixture stirred
for 1 hour at -20°. 25.6 g pivalic acid are added and the
suspension cooled to -50° to give a- mixture containing the mixed

. carboxylic acid anhydride.

ii) A solution of'ZOO'g 6-APA in a.mixture 6f'240 ml IPA, 147 ml . v
" triethylamine and 60 ml water is added dropwise to the mixture
obtained in step i) keep1ng the temperature between -50° and
-35°, The mixture is stirred then for 90 minutes at -35°.

iii) The mixture is worked up in analogods manner to Example 4.

"Bxample 5 is repeated with the following changes:-

-}
f
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vessel is washed with 30 litres MBK and the washi ngs added to the aqueous
m xture. The twp phase m xture is sti rredlgor 10 m nut es g@$.. 47ggy‘} and the
phases .divided. The aqueous phase contalnlng the title conpoun

filtémed. The pH.val ue is adjusted between 4 and 5 by the addition of
concentrated aqueous ammoni a at a tenperature about [err]. The crystalline
suspension is allowed to stand overnight. The title corrpound Is centrifuged
of f -and washed and dried as in Exanple |. Yield 81.7 kg = 84.1% Purity
100% ' EXANBLE SrheAghd Q;hhhti‘tybe MR afse ubdd insBdsd 6f NHAR DR sxabtipB are
added to a m xt %ﬁgfséog B@agd 71:1 gﬁ # N-di net hyl acetam de. 0.7 ml
3-picoline and t 2 fn vzgl T }"di Ar ded and the resultant
suspension cooled to [err]. 123 ml pivaloyl chloride are added and the

i xture stijyed oy ;u[.mrufnefty[ 5 "2 cRPHxdlc/ a1 180ikact furadosk and the

suspensi on cool mxture confaining the m xed
carboxylic acid mim&}é?l%féd-lﬁ)e a W %I' Rurdty H -390 g 6-APA in a nixture of

240 m- IPA, 147 m triethylamne and 60 m vvater i s added dropwi se to the
m xture obtained in step.i) keepi t he te I’ and
[err]. The A xt ué%r}PE gfib# Eeﬂ‘%f 8?'“36 f?ﬁfeﬁ”ﬁ? ‘{l i )l]mAl‘he
m xture i s workevtidld 86.5%nabPuxdays9@kiner to Exarrpl e 4. Yield 343.7 g =

88.5% Purity 97.7% Exanple 5 is repeated with the follow ng changes: -

- 15 - 970-9791/V a The sane %uantlty of MBK is used
i nstead of &BA iNo siddption of pivalic acid. Yield 86.4%. Purity 98.2%.

N/ EXAMPLE 6: Cephradine

i)  9.26 g Dane Salt C, 46 ml NBA, 0.74 g N-methylacetamide and
0.002 ml 4-picoline are mixed and the mixture is cooled to -20
to -25°. 3.74 ml benzoyl chloride are added. The mixture is
stirred for 1 hour at -20 to -25°, and cooled to -55° to give a
mixture containing the mixed carboxylic acid anhydride.

ii) 6 g 7-ADCA, 11 ml NBA and 11 ml IPA are mixed at 20 to 25°. The
' mixture is cooled to 10°. 4.59 ml DBU are added. The mixture is
stirred for 15 minutes at 20 to 25° to give a yellow solution,
which is added dropwise to fhe mixture obtained in step i) over
Lo about 20 minutes at -50 to -55°. The mixture is stirred for 3
hours at -40/-30°. '

iii) The mixture is worked up in analogous manner to Example 2.
Yield 8.65 g = 84.1 %. Purity 99.5 Z%.

EXAMPLE 7: Cephalexin Monohydrate

i) . 10.01 g Dane Salt A, 45 ml NBA and 0.0046 ml 4-picoline are
" mixed and reacted with benzoyl chloride in analogous manner to

e e — — [,



Yield 333.8 g = 87.3% Purity 98.7% b)  The same quantity of |
2-et hyl hexanoic acid is used instead of 38 valic acid. WAM-@7®/W1% Purity

97.7% c) As for b) but using the sane quantity of MBK instead of NBA.

Yield 86.5% Purity 97.9% d) No addition of pivalic acid..Yield 86.44

Purity 98.2% EXAMPLE 6: Cephradine i) 9.26 g Dane Salt C, 46 ml NBA
0.74 g N-nethy ' ngh 0.002 M 4-picoline are m xed and the mxture
is-cooled to -?ggﬁggFg%%F? 5?74 m - benzoyl chloride are added. The m xture
is stirred for 1 hour at -20-to [err], and cooled to [err] to give a.
r1anEﬂ ur EBZQM gi ?i QQNAP% ra'réeéea_re&égwhi %.@chﬂ m}b&ﬁk_lyrl]ﬁﬁgudd 'i)l:lne__ﬁnﬂtgadf\DgA, .
: an ace nixed at 0 rr . .mxture i s.cooled to
[err]. 4.59 m °%B@Uaflg %égﬁqusm%mmrx?%@té(apéfes@i ?Fe@dgfg‘ranfSr?ﬁ%ﬁfles at 20
to [err] to gi urakogpaslywish| thei nixtunki romi stepdddPd dropwi se to the mxture
obtained in step i) over about 20 mnutes at -50 to [err]. The mxture is
stirred for 3 hours at [err]. iii) The mxture is worked -up in anal ogous
manner toifdan@orking wp disdebfegied in gualogoys manper; tooExample i AVERE 7:
Cephal exi n Monghyylr #5814 .82 ¢l Q- 86. 20xPamriplde. 4. 245 nl NBA and 0.0046 m
4-picoline are mXxed and reacted with benzoyl chloride in anal ogous nmanner
to - 16 - 970- 9791/ W Exanple 6 step i). ii) 6 g 7-ADCA
are reacted with 3.69 m tetranethyl guani di ne i nstead '

EXAMPLIE 8: Cefad:oxil

i) 10.47 g Dane Salt B, 25 ml NBA, 28 ml dimethylformamide, 0.096

ml 4-picoline are mixed and the mixture cooled to -25 to -30°. : \J _

3.77 ml benzoyl chloride are added and the mixed carboxylic acid
anhydride produced in analogous manner to. Example 6_stép i).

ii) 6 g 7-ADCA and 11 ml IPA are mixed at 20 to 25°. The mixture is
cooled to 10°. 3.69 ml tetramethylguanidine are added and the
solution stirred for 5 minutes at 20 to 25° to gng;a.yellow _

~ solution. 11 ml NBA are added and this mixture is added dropvise
to the mixture obtained in step i) in analogous manner to th;t_
described in Example 6 step ii). Acylation is_effectgd in
analogous manner to Example 6 step ii). HPLC analysis of the
mixture gives a Cefadroxil yield of greater than 85 X.

iii) The mixture is wofked up in analogous manner to Example 1 and _kﬂJ

allovs the isolation of Cefadroxil diméthylformamide solvate.
This solvate is transformed in_Cefadroxil by treatment in
aqueous methanol. Purity of isolated product 99.2 X.

EXAMPLE 9: EPICILLIN

i) 0.005 ml 4—picoliné and 0.09 g pivaiic acid'are aﬂded_to a
suspension of 9.8 g Dane salt C in 22.5 ml NBA. The resultant
mixture is cooled to -20°; 4.44 ml pivaloyl'chloride are added.



of DBU i n anal ogous manner'to 'Ex-arrpl“e 6 §t ep ii) and reacted anal ogously
wth the mxture fromstep i). iii) Weking up is effecyémilozoranal ogous
mannes.to Exanple 6'step iii). Yield 8.82 g =86.2 % Purity 99.0 Z
EXAVP™E 8: Cefadroxil i) 10.47 g Dane Salt B, 25 mi NBA 28 ni

di met hyl formam de, 0.096 ml 4-picoline are m xed and the nixture cooled to
-25 to [err]. r r anghd h boxylic
aci d anhydri de Eﬁédm Bgl ﬁ%ﬁgﬁyggug&enggnﬁrnﬁqggéz ﬁf E éHﬂ?f] 'f%& 6 g
7- ADCA and 11 ni0: ?i\gapé"#ﬁlﬁeﬂdé’t ip@.Som} d{BA] is mddedy %'her@alcsi‘?}bol ed to
[err]. 3.69 M wekteretbylauang thecnidied eldolyBidat P afiRydtiidenisicbb1&r for
S mnutes at 20 tt odése,rcr] to give. a yellow solution. 11 NBA are added and
this nmixture is ‘8dd d~“dropwi se to the mixture obtained in step i) in

anal ogous manner to that described in Exarrpl e 6 step ii). Acylation is

effected i nal;0gogl e [ P a t he
m xture gi 3e2 (g -?rpom : 3?‘% &Eé? grea'?l é?, “? && ;}' k'l'ﬁ'e%'%?%( ure is
wor ked up in anapéglﬂugllmhﬂﬂmaamﬂetmsamﬂlmimm amed dodputiisentof

Cef adroxi | di metehy! diqt 0P dha SildY 24 esteEhi)S aioé V@h efaiuﬁ:éadls Lgs nied _jop
Cefadroxi|l by treatnent, in agueous nethapol ur| I sol at ed product

99.2 % EXAMPLEO¥Sr 2 Binyteg and the yeggtiqn mhxwreoﬁ ﬁé igepd §oHR g pivalic
acid are added tfartheru9paiinubés Gt &.tfemgeftuteSell 136 ton-35° .SHPLC [Bfes The

feigl Eant m xt ure ﬁpsic(é%{'g%%ﬁ/[o Jéatér%lagi 8g)i \fal oyl chloride are added.

o iii) The mixture is worked up in analogous manner to Example 1. °
h / i '
o Purity of isolated product 99.0 X.

,_



The i xtUre s StiTred—for—60 m nutes at [?err]. A.sbluti'oh fof 0. 895
pivalic Eﬁmlﬂ 2.5 nmM NBA is added. The reaction m xture containing the -
L

m xed ca
di ssol ve
and this solution is added-dropw se .tojg-he m xture obtai neQase79t991i ) at
a tenperature of -45 to [err] over 30 mnutes and the reaction m xture is

sti rreméwhutes at a tenperature of -30 to [err]. HPLC
gi ves ' greater than 85 % iii) The m xture is worked
up in anal ogous manner to Exanple 1. Purity of isolated product 99.0 %
*C. L M S* -18- ' Case 970-9791 WHAT W CLAIMIS: 1.

A process for the production of an 6-al pha-am noacyl-penicillin or:

7- al pha- am NogCYhedls FSCME Produc i F @ B0l plih-2h -pehiieillif @r of _
hal ogen-contai i ng solvents in a yield greater than 80 % and a purity at
| east 977-alphataminpacylk-desacasoxyres payin withpgt)the use|of | hadpggenrEoRWINIBS r hoxy! i ¢

acid anhydride. by r [ - bst 4 ed vinvl: 3 . ToX M MEVY: an
ppr opr | STt 4 y1eHG SR i B Bid b Wiy o6 1B 07 09 30 Bhicgs i’ 1
at ogs ang) pRidabing e mbled caibdxyEe adid anhydridechy regtynga N+bibstitutedveingl , and (ii)
- further reacting the resultant m xed carboxyljc acid %gdri de with 6-APA,
7- ADCA odlpheepming cid withcan-enpropriate agylatng ageat ina sofxent uich does . nof qo e,
atons. 1 i ot el h0sS (drd) ) Further
ef fect edﬁ)‘géger% %ﬁa%ag’gﬁ%f ?’g‘ﬁ&%{g suss%@#g*’g# oi & 's-a‘fﬂt'lélé)I;cls %Vg&ipd&id)(}ﬂ) ADCA.e'ror
deri vat i jeactinpethe absultanemixedesarioxylic keidanhydride with 6-APA, 7-ADCA or derivative
thereof in a solvent which does not contain halogen atoms. - o ‘
Lo _ _ o . o
2. A process according to claJm 1 wherein step (ii) is effected by m1x1ng a solutipn or
suspension of a salt of 6-APA, 7-ADCA or derivative thereof in an (C;,) alkanol_with the

mixed carboxylic acid anhydride.
3. A process according to claim 2 in which the (C,,) alkanol is isopropanol.

15 4, A process according to any preceding claim wherein the mixed anhydride is
produced in the presence of a pyridine.

5. A process according to claim 4 in which the pyridine is picoline.

6. A process according to any preceding claim wherein the mixed carboxylic acid
20 anhydride is of formula

R-CH(CO-O-CO-R,)-NH-CR,=CR,-COR, 1
wherein .R is an appropriate side chain; R, is a (C,,) alkyl group; R, is hydrogen

or a (C,) alkyl group; R, is a (C,.) alkyl group, a (C,,) alkoxy group, or phenyl
optionally substituted by alkoxy; and R, is an aliphatic, alicyclic or aromatic group.

—

uﬂlﬁi dride is cooled to -[err]. ii) *7 g 6-APA arg~, -
o 17 m IPA 3.6 m water and 11 m tri et hyl anifér

'.,,u'



m xed car boxylic WMW A process accbr di ng t-o *cl atm 2- I n

which the [err]. I S | sopropanol . 4, A process according to’
any precedi ng cI , UHUE"Mxed anhydrl de is produced in the presence
of aerdlne ording to claim4 in which the pyridine

I's picoline. 6. A process Acchor di ng ti9-any precedi ng cl ai@asel97097M91t he
m xed car boxyl ic acid 20 anhydride is of formula

R- CH( CO- @.CO- [ ArprddesiNatdotdin tocla1m6m|whib§‘rki1§lﬁl?en)&, fhydioryphenybée si de
chain;[err] is a ([err ) al kyl group;[err] is hydrogen or a ([err]) alkyl
group; [ehHearlohexadiescdsyl a ([err]) al koxy group, or phenyl optionally
substituted by al koxy; and R4 is an aliphatic, alicyclic or aromatic group.

-19- Case 970-9791 7. A process according to claim®6
inwhich®is Mmmelss adcordiflg oo wiy pieyeding claird-whedtia thx ke anhyiitide & A
Process accord| o any recedi ng _cl ai mwherel n.the mxed anhydride is
produced Brpépeed gn&agmt “amlw 3 pagtivecapid derdvative of éaﬂk%méf a
[errd al bP a‘g&l d or benzoic acid. 9. A process accordl ng to
claim8 wherein tzﬁle acyl ating agent is pivaloyl chloride, 2-ethylhexanoyl
chl ori de or benzoyl chloride. 10. A process according to claim9 in which

acra. 300 °"A procoss Brorueg weBuRA NaHFS BnsCyruReset PR AT | ne
m xed antygﬂ,yﬂ,@ PERIBHAE 6r benzd9] ¥Bfigehi ch corrprl ses an ester or a

ket one. A prgcess according to claim11 wherein the solvent is
n- but yl acet ate. 13. A process according to claim 11l wherein the sol vent

compri sesygret NY!prbG 89 Bobraifig 46 Bfiim 9 in which the acylation is effected in the presence of
' . afree (C,,) carboxylic acid.

10 11. A process according to any preceding claim wherein the mixed anhydride is
produced in solvent which corhprises an ester or a ketone.

12. A process according to claim 11 wherein the solvent is n-butyl acetate.

13. A process according to claim 11 wherein the solvent comprises methyl isobutyl

ketone.

[ 5 14. A process according to any preceding claim wherein the mixed carboxylic acid
~ anhydride is produced in the presence of an amide.
15. A process for the production of ampicillin or amoxicillin according to claim 1
wherein in step i) there is produced a mixed carboxylic acid anhydride of formula Ia
p-H(0)-CH,-CH(CO-0-CO-R!,)-NH-CR,=CR,-COR’, Ia
20 wherein R, is a (C,,;) alkyl group; R, is hydrogen or a (C, ;) alkyl group; R, is a

(C,.) alkoxy group; and R, is a (C, ) alkyl group,



5 . A process accordi ng to any preced| ng cfl aT m V\,herel h thte m-xed

boxyl ic acid anhydride is produced in the presence of an am.de. 15. A
process 1“"“'ﬂﬂ¥ﬂlﬁ§iﬂ["}ﬂﬂn of anpicillin or anoxicillin according-to clakm- .
1 wherei e is produced a m xed carboxylic acid anhydri deg~6f
formula la [err wherein [20-r] al kyl group; [eCaise 979-9%9dr ogen

or a ([err]) alkyl group; [err] is a ([err]) alkoxy group; and [err] al kyl.

group, ¥ fnd wherel the amm@ %roup and the carbonyl group attach€d 3¢ the/dbudkdBomhd
wherein the amno group and car ony group_ attached to the doubl bond

have t hehmshezoxsfqogﬁgmanom andrm step i) tp mixgd carboRylicearid anibitade it
anhydr| cte | fld? rﬁg:ﬁradxﬁun 4dy @ secondary or
terti ary %ﬁfi%@%&%ﬁ%ﬁ% S’ eating Wth aqueous acid
fol | oned by a base 5 A process for the production of anpicillin

or anoxicillin according to cI aim]1l wherein in ste xed carboxylic
acid anhydri dtheqirodust i isalated by treatingith agueons acid QH?Q%PQS&?@Q?} by reacting
a Dane salt with a ([err]) alkanoic acid chloride in the presence -of a
pyridine derivative, in a solvent chosen froman acetic acid ([err]) alkyl
estgr Orlé[erA]ﬂrokésk(faeﬂlerprodmannfamphnﬂmdranmmbﬂhm according to ¢laim & xt ur e

N th o swheRtRm st Dl mbred rboRglie pridankyirick, o Emla R deged B 6etlh 19, oy
an acetig ﬁ&m‘&"éw ;%L;%T%‘ %Pmé‘félﬁwhq{ (c%,()( hﬁ{u{dxé ali8 LcARRideGR (tho Pitsénceiof d he

presence cohol err]) al cohol/water mxture, or a .
i xt ur e pyriding dedivative, mraemddemg:hesﬂn\femmap zmulc Md (Brodiier eser s Fad ed by
treating wth aqueous

16 wher ekefons %FW%% : mLfs?du)tg'efW §E§He§%%b%gi}t‘$l (cék%kcllmdlfj X )
AT | Ao Psolurich B £GAPEE 890K Witk bedoRay e Wriery @, ylieyimineiinal | ne or \/

I'dine i s use catal yst to produce the m xed .carboxylic acid,
an hydr i dsolvent chosen from an acetic acid (C,,) alkyl ester, or a (C.e) ketoné, optionally in the
presence of water, a (C,,) alcohol, a (C,,) alcohol/water mixture, or a mixture of any of

the preceding solvents, and the product is isolated by treating with aqueous acid. -

15 17. A process according to claim 15 or 16 wherein pivaloyl chloride is used to form the
mixed carboxylic acid anhydride. '

18. A process according to claim 15 or 16 wherein picoline or lutidine is used as . - |
~ catalyst to produce the mixed carboxylic acid anhydride.

19. A process according to claim 15 or 16 wherein the Dane salt used is sodium or

20 potassium D-N-(1-methoxy-carbonylpropen-2-yl)-ai-aminophenylacetate, sodium or '
potassium D-N-(1-ethoxycarbonylpropen-2-yl)-o-aminophenylacetate, sodium or potassium
D- N-(1-methoxycarbonylpropen-2-yl)-o-amino-p-hydroxyphenylacetate, or sodium or
potassium D-N-(l-ethoxycarbonylpropen-Z—yl)-a-amino-p-hydroxyphenyl_acetate.

20. A process according to any one of claims 1 to 18 wherein a solution of 6-APA or
25 derivative thereof as a salt with tricthylamine or 7-ADCA or derivative thereof as a salt
with tetramethylguanidine 1,8-diazabicyclo[5,4,0lundec-7-ene is used. -



19. . A process accor di ai-m15 or 16 whereikh fhe Dafe gal fedisdd is
sodi um or . potassium '
D- N-{'1- net hoxy car “mm) a- am nophenyl acet ate, sodi um or

pot a&sT um DN (I - mum(“ﬁm‘ en- 2-yl)-a-am nophenyl acet at e, sodi um or
pota55|un1D- N-(I- oxycarbodyl propen-2tyl ) - a- Case 970-9791
am no- p- hydr oxyphenyl acetate, or sodi um or potassium

D-N-(I-ethexycar Wés%@cﬂﬁiﬁg&oﬂlﬁmﬁl and Bﬁbsﬂmlﬁxﬂi 9% dBdRaBYd ffRlidspRcifitiion A
process according to any one of claims 1 to 18 Wwherein a soluti'on of 6-APA
or 25  with mferéncettd\any ohe of e examplesal t with triet hyl ani ne or 7- ADCA or
derivative thereof as a salt with tetranethyl guani di ne

1, 8-di azabi cycl o[ 5, 4, 0] undec-7-ene i s used. * C L M S * -21-
Case 970- 9291 Alg-alp wms@?p pEfSiliroN4 7ialpHal hifbdcyd desadstbRy-oeHaldsporie's

‘described in thi smsa%ggbflc ion with reference to any one of the exanpl es.
22. A 6Wwhepever p by apsegess peconding tyany one of claimns 1 to 21,

7- al pha- am noacyl - desacet oxy- cephal ospori n whenever produced by a process
according to any one of clains 1 to 21.

-
-

-



