PROCESS FOR THE PRODUCTI ON OF 1- ETHOXYCARBONYLOXYETHYL ESTER OF

6- (D (-)-[ERR] - AM NO [ ERR] - PHENYLACETAM DO) PENI CI LLANI C ACI D Thi s

i nvention relates to a novel nethod of ‘manufacturing the 2144
1- et hoxycar bonyl oxyet hyl ester of the 6-(D-(-)-[err]-am no- 1692
[err];phenyl acetam do) penicillanic acid of formula I: [ERR] This
appllcatlon Is divided from Application No.y 17346/ 83 (Publication No.
2123821) which rel ates {9 aEProcess far dyci_ng, the

et hoxycar bony| BEQGESS EQH PRODUCTION, Q% Ji=BTHOXY] LO
and cephal osphoromss-uaa-ng-)a-oqummﬂpmmoammwmmsmpmuacl ROIDO.
2282@&85— al so divided fromNo. 17/7346/83 Is directed to the novel conpound
[ err]-bronodi et hyl carbonate, 20 nmethods for its preparati on and the use of
[err]-bronodi etThis akmarstion relates dmraattionelometihod of manufacturing the

et hoxycar bony! oxy, fﬁﬁﬁ@yéﬁiﬁgn§i04§é¥k§r)eiéﬂf]GE”HHQPGLQbLh—WhQHXhlno-hb

acet am do) peni anic acid plicatiQ di vided -from
22826/85 is 25 %‘Rféﬁ,‘tﬂoﬁ‘i%‘:ﬁm@sé’ég' q@'&ﬂba ©fe formula I:

et hoxycar bonyl oxyet hyl ester of penicillins such as penicillin G
penicillin V and anpicillin and cephal osporins u5|ng
al pha- br onodi et hyl gar-fonat e. 30 The subst %\\ rned is an anpicillin
ester which is ex A (o patalryg=Ty ST A yeTen th@r eutlc poi nt of Mijew since
it is well absorbed_whén gdmni nistere orplly and ¢ s much hi gher "bl ood
| evel s of anpicillin hanuafrpi cillin ot.sua.L.f__ ca —CDO—CH—-O-—CDOCZHS
-~ CHy
10 -
This application is divided from Application No. 17346/83
(Publication No. 2123821) which relates to a process for
producing the ethoxycarbonyloxyethyl ester of
15 6-aminopenicillanic acid, penicillins and cephalosphorins
using a quaternary ammonium catalyst.
Application No. 22826/85, also divided from No. 17346/83 is
directed to the novel compound X-bromodiethylcarbonate,
20 methods for its preparation and the use of
A=
9 bromodiethylcarbonate in the %FeﬁﬁﬁiﬁiSE@EE the Jamido)
ethoxycarbonyloxyethyl ester of-é—em*aipen1c1llan1c acid.

Application No. 20344/86, divided from No. 22826/85 is

25 directed to processes for producing the
ethoxyéarbonyloxyethyl ester of penicillins such as
penicillin G, penicillin V and ampicillin and cephalosporinus
‘using alpha-bromodiethylcarbonate.

30 The substance I concerned is an ampicillin ester which is
extremely important from the therapeutic point of view since
it is well absorbed when administered orally and gives much
higher blood levels of ampiciliin than émpicillin itself.




2 This 'ester is isolated in the formof a‘hydrochloride and is known as
bacanpicillin hydrochloride. 5 On the basis of previous known processes
(cf. Bel gi an patent No. 772723), bacanpicillin hydrochloride can be

zed by the two follow ng nethods: 10 A) Reaction of potassium
-nzylprn|C| I1in with a-chl orodi et hykcarbonate in organic solvents or Ln

I NOC, Iors 1r1qqe I’Hydroérﬁo?'ig r 15 to obtain the

'oxycar ox e ester of the 6-am nopen icillanic acid, mhlcﬁauy
i sol ated as the hydrochlorlde. By subsequent condensation of the |attef
internediate with D-(-)-a - phenyl glycine, the conpound according to
f or mul I s obtained. 20 B) Esterification reaction of.the
6- (D (- a azi do- a- phenyl acet ami do)- pencillanic acid with
a- chl or odi g kit dastienett revi cusplnawn podcesses (SfibsBejgéat Ipgterdty Noat al ytic

hydrogenat |y, 22 0
6-(D(-)-a- a 63 tbgﬁ% 22@ a@%ﬁ%h?@/ %ibce §%"t%§%ﬁ{8d é%p?)’gna" accordi ng
to fornulaﬂﬂlpsﬂubmatMBb; As one can see, these nethods are rather conplex
since they involve the use of nunme rous raw materials and Iengthy

proceSS|ng times. 30 A prine object of thli i nyention, is to provid
met hod'df #r Beast e ?flé"’&é%?‘\?é’ MY RARIC 1L Hbé’l’ﬁ'é&'\%?%’}?d‘%théfég?wnﬁbe carry
out and i "{Higkgarde soivainty oA &\sauéRagesotutibn Nl 0% Eokdnec inbjmct of Y
this i “Ver%'é%2nce of sodium bicarbonate. The l-ethoxycarbonyIOxyethyl ester of

benzylpenicillin which is obtained is subjected to the reaction of remov-

ing the phenylacetic chain, via the iminoch1oride-imingether, in order

15 to obtain the l-ethoxycarbonyloxyethyl ester of the 6-aminopenicillanic
acid, which is isolated as the hydrochloride.

By subsequent condensation of the latter intermediate with D-(-)-a-
phenylglycine, the compound according to formula I is obtained.

20 _ _
B) Esterification reaction of the 6-(D-(-)-a-azido-a-phenylacetamido)-
pencillanic acid with a-chlorddiéthy1cafbonate in a polar solvent.

Subsequently, by catalytic hydrogenation of the 1-ethoxycarbonyloxyethyl (.}
25 ester of the 6-(D(-)-a-azido-a-phenylacetamido)penicillanic acid the
compound according to formula 1 is obtained.

As one can see, these methods are rather complex since they involve
the use of numerous raw materials and lengthy processing times.
30

A prime obJect of this invention is to provide a method of preparing
o the active substance concerned which is easier to carry out and indust-
35 rially more advantageous. A more specific object of this invention is
to provide a method of preparing bacampicillin.using ampicillin as start-
ing material, with considerable simp]ification_of the said method and
obtaining a high degree of purity of the desired product.




. substituted

to provide a .nethod of preparing batanpicillin using anpicillin as start-
ing material, wth considerable sinplification of the said nethod and
obt @i ning a high degree of purity of thHe desired product. -3- It is
possitl e to achieve the said prinme object of prepari the

| - et hoxycar bonyl oxyet hyl ester of the 6-(D-(-)-[err]-am no-
[err]-phenyl acetam do) penicillanic acid V|ng the foll ow ng fornula
[ ERR] characterized by the foll owi ng stag 15 a) reacting anpicillin
an al kali netalft akkpbestbkartd schbéverths gsaanid: praiaee sabjedtheyfe @raparii
reacti™e derivagiVv t res n
havig the fol b éta 8 pnBkgh aPEShY ol ehdl dAULR 'SP R TERSRRNEIT SHERGD
30 [€FF] repre abgnaﬂaagek;mg@buperemxhlanm acid ha\tra;gocnh%tfaielowang
substituted or ggpmulpati tuted aryl group or an aral kyl group; [err]
represents hgdrogen, an al kyl group containing 1 to 4 35 carbon atons, a
unsubstituted aryl group or an

@— Gi— co—nu-—cn—cu/s-\ s )
— ’ I l Hs

NHZ
- CoO—N ¢H—C00— CH— 0 —COOC_H
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CH
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characterized by the following stages:

15
a) reacting ampicillin or an alkali metal, alkaline earth
metal or organic base salt thereof with a reactive derivative
of acetoacetic acid to form the corresponding enamine having
the following formula:

20
. S CHy
@—ca—-co—m—cn—-w/ \c< (11)
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where:
30 |
R1 represents an alkyl group containing 1 to 4 carbon atons,

a substituted or unsubstituted aryl group or an aralkyl
group;
R2 represents hydrogen, an alkyl group containing 1 to 4

'35 carbon atoms, a substituted or unsubstituted aryl group or an
arylkyl group;



aryl kyl - group; - 4 - [err] represents dn alkyl group containing 1 to 4
carbon atons, substituted or unsubstituted aryl group, an arylkyl group, an
' containing 1 to 4 carbon atdns, an aryloxy group or an am no

$° ?é?%ﬂ‘&tés rf” -.@J@Adtmrﬁlg Pl kalddreatiohs,
( ase, rea |on the resul |nterm.=1q(|alte w th an

tms:mw @mamwsmé:%ﬂ Ry & | &P AF gtoup,

an alkoxy group |ddr)ta/ﬂ}ﬂi.rrﬁ; n Z:d st @anborl dtonshe pr exyloxyof a
catal.yst _tg/formthe correSf din ester aV|ng the follow ng fornula:
[ERR] where $E?YR ShdT A7 ng, e significance as above and

subj ecti ng BsX erepredents Imydmi;eﬂ,y:ars al:kaelm e th ke AruAlkal igp-gantiy .;_bé

conmpound accq&Q 09 &P ;Rr (#)ba§3£ esterification reacti on between’the
conpounds |1 % ? + IS car out with an esterification catalyst

present. 30 The addi tion of a catal yst at this stage considerably shortens
the reaction pj Npsadtfond’OF €ies fegibting eimiseried fmtnoikittami th a greater -

degr ee
g. of pur|t diethylcarbonate having the following formula:
10 | z— ?H (o) 'COOCZH5 _ (I1I)
wherein Z is Cl or I in the presence of a catalyst to form
the corresponding ester having the following formula:

‘‘‘‘‘‘

- s cH U
15 @— CH—CO—NH-—?H—?H/ ~¢ cn-z: (1v)
|'c CO—N %H—COO- CH—0—C00C Mg
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az——y\ I | CHy

where Rl, R2 and R3 have the same significance as above and

c) subjecting ester IV to mild hydrolysis in an acid medium,
25 obtaining the compound according to formula (I).

The esterification reaction between the compounds II and III o’
is carried out with an esterification catalyst present.

30 The addition of a catalyst at this stage considerably
shortens the reaction times and provides higher yields of the
product with a greater degree of purity.

-



For this purpose the follow ng substances can be used as catal ysts:
.quaternary ammonium salts, for exanple tetrabutylamoni um brom de, the 2
brom des or iodides of alkali netats and! cyclic ethers. 5 The catal yst nfy
be used in an amobunt which varies from0.005 to 0.10 nol es per nole of
conpound |11 to-anounts which are equigplar with the conpound IIl. In7a
preferred embodi ment tetrabutyl amoni um bronide is used in an amount pf~ E;
fromO0.01 to 0.10 noles per nole of compound I11. 10 |Illustrative exanp] e
of the radicals [err] and [err] are: alkyl: [err], alkoxy (R only\

L hatBe O by BOrbbiq SRR Ay SRR b Bl ) LGRS
sel Zsted anguetegnanypamuéniun saldsvefdr examplei tetrabutylapmérdumebromptie, thial i
metal: Na, g-higbd ! D6afRE! O Wkal £ metis Ma OlcgBNE ebReS, Organic bases

whi ch are known Th The synthesi's of peni Ci g. tertiary ammoni um
groups, triethylam ne, ethylpiperidine 10 and net hyl norpholine. In the

- preferresl ?‘ﬂﬁpéhﬁagtst%af} B LsBECTA | A ambUit SRTURDvEFidiseEidng.60528M9.N0 group
of the ampl Lles' per mofe of compouhd FIT 26 anolh e Wi & ‘re EiRotar with the
compound III. In a preferred embodiment tetrabutylammonium bromide is
used in an amount of from 0.01 to 0.10 moles per mole of compound I1I.

N\ 10 IMlustrative examples of the radicals'Rl; R2 and R3 are:

alkoxy (R® only): OCHg, OC,Hg, OCH,CH,CHy, OCH(CHg),, O(CH,) CH

15  aryl: -—<<:::>

substituted aryl: phenyl substituted with halogen such as C1 and Br

aryloxy: —-0“©
) aralkyl: —_CH2—©.

3



or -a 1-ethoxy-carbonyl - propen-2-yl group for which the preferr'ed inter- 15
medi ate is the sodiumor potassiumsalt of the N-(-I-nmethoxy-carbonyl -
pr op_. |) penicillanic acid respecti vely N-(1-ethoxy-carbonyl propen-

2-vY'p |l anic acid according to fggrmula Il ([err] = methyl; [err]
metfhyly; met hoxy or ethoxy and X = Na or K). 20 The internediate IV,is
st abl eN a neutral or alkaline nedium whereas in an acid nmediumit is
posKi bl & T (The araddeatl he igrselecpedtamong rgroups whithangr weld &howrl yin the ekty and
sel ed urT&%mgfé)Up protecting the amno group of the anpicillin can be
sel ect ed romthe groups nentioned in the British patent £

speci fication 991586 and from ot her groups which are known in the art“r
More speci fhtgalil wetdhewgf ace, the process nethod according to a pre- f d
enbodi ment of this invention, conprises the follow ng stages: 30 - )
transfobfmation of anpicillin trihydrate in a polar solvent, for ex- anple
N, N- di met halkorimenearth metaisa 6a) Mgt hereof, for exanple pot assi um 7 and
subsequent fornmation of the correspondi ng enani ne (I'l) by reaction with a
derivative of acetoacetic acid, for exanple net acetoacetate. - addition
of an est eorganiat base:carganist baﬁﬁeﬂbi@blﬂyetWEb{n thenspthesissof pended e -

addi tion Ofrgli@r "elﬂcwe?'t@rﬁ a&ﬁaﬁﬂuml eérmé'tsf‘(éiﬁﬂét ezthmmrfm@t ion

m xture to formt on%carbony oxyethyl e of the anpicillin in the
formoﬂOthé"

In the preferred embodiment of the invention, the group protécting the W
amino group of the ampicillin is a 1-methoxy-carbonyl-propen-2-y1 group
or a 1-ethoxy-carbonyl-propen-2-yl group for which the preferred inter-

15 mediate is the sodium or potassium salt of the N-(-1-methoxy-carbony1-
propen-2-y1) penicillanic acid respectively N-{1-ethoxy-carbonylpropen-
2-y1 penicillanic acid according to formula 11 (RI = methyl; R? -
methyl; RS - methoxy or ethoxy and X = Na or K).

20 The intermediate IV is stable in a neutral or alkaline'medium, whereas
in an acid medium it is possible to remove the group protecting the
amino group simply, quickly and selectively.

. The group protecting the amino group of the ampicillin can be selected
25 e.g. from the groups mentioned in the British patent specification -/
991586, and from other groups which are known in the art.

More specifically, therefore, the process method according to a pre-
ferred embodiment of this invention, comprises the following stages:

30
- transformation of ampicillin trihydrate in a polar solvent, for ex-
ample N,N-dimethylformamide, into a salt'thereof, for éxample potassium,




- hydrolysis of the protective group  with HOJ diluted in an organic
sol vent,. for exanple n-butyl acetate/water. - recovery of the bacanpi ci
hydroghl ori de by saturation in the 15 “aqueous phase, for exanple Wt} .-
sodi untchloride and extraction with a suitable solvent, for exanple n butly,
acetat.e. -, concentration of the solutign at Iom1pressure I n n-butyl aget

in order to crystallize the product to a high level of purity, the 20\ |-
product then being isolated by filtration. Anong the nmin advantages o

p;gges: actcehdlst@stuédtefOﬁml‘ithUT th@Q:oPFefklfdnB% @nsrgihrfeo'( NEf by Paé%attc:%ga? lli
| |
Pn on&  oper gﬁ?’b ?E Fif'ﬁg gce@qﬁ:@ﬁ%é@?ge #Gf' ff{ﬂmP? 2 meﬂ’-hy?ggthmtate

i mpurities which are present in the product obtained by the process
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known processes of the previous state
i mporta abuemide ge is that anpicillin trihydrate is used as the starting
-material, thls bei ng a knomm antibiotic mhlch is easily obatainable in pure

form and at e 1 ntermedi can_be easily epared as

descri bed for ﬁ?ﬁﬂq‘ Eﬁ# % %t%n’t"@%‘ ?@MW tg‘ﬁ avyield

of over 95%wtmmmtwte i TdAmk i the rl-kgﬂﬂmx}e:amhdmylmdyplthqu. ebltgl

acet oacet at®f the Sarflpi @i POPA MK etﬁ%‘aﬁﬁ:tnb%ftiﬁi tr{l (i tio, in the
met al carbona

presenﬁﬁ of an rgani'c base or an a r exanple
pot assi'm car bon-

2 - hydrolysis of the protective group with HC1 ‘diluted in an organ1c
solvent, for example n-butyl acetate/water.

- recovery of the bacampicillin hydrochloride by saturation in the
| 15  aqueous phase, for example with sodium chloride and extraction with a
~ suitable solvent, for example n-butyl acetate.

- concentration of the solution at low pressure in n-butyl acetate
in order to crystallize the product to a high level of purity, the
20 product then being isolated by filtration.

Among the main advantages of the process according to the invention,
| the principal one is that, by this process, it is possible to obtain
o/ bacampicillin hydrochlor1de practically in one operation and with a

25 high degree of purity.

In fact the impurities which are present in the product obtained by
the process according to the present invention are neg11g1b1e as com-
pared with the known processes of the previous state of the art.

30
Another equally important advantage is that amp1c1111n trihydrate is
used as the starting material, this being a known antibiotic which
{is easily obatainable in pure form and at low cost.

35 The intermediate (II) can be easily prepared as described for example
in British patent specification 991586 with a yield of over 95% by
reaction of ampicillin trihydrate with methyl or ethyl acetoacetate,



.ate. 5 The internediate (11) can be isolated and added to the
esteri.fication reaction in solid form O, wthout isolation of the _
intermediate (11), the esterification feaction can be effected in the sane
-solvent in which the reaction for the formation of enanine (I'1) -took place.
- 10 Theyreaction for the fornmation oB anpicillin enamine (11) is conduct.ed
“in af aprotic polar solvent, such as NN-di net hyl acet am de, N, N-di -

byl (Fox mam de, di net hoxyet hane, di net yI sul.phoxi gﬁ t et r ahydr.of uran or
di oXandh b toTE0% mape cthant the ﬁé&hqme'net £ ratignrin EPEAATESENERAF e he
CoONPENENt Grdihié faskl 8¢ @haika16 ométadt caiboRatefor adxamp) & qiotessi umecarboand * 7
[errN\prefer- ably between [err] and [err], for 2 to 8 hours, preferabF{f 3
hour s. &€& onpound 11 can be prepared via acyl ation of 6-am nopenicillanic
20 acid vvith a correspondi ng enam ne derivative of phenylglycine to the

for mag_ihng at ?%mggf{'g{’é“l ? lcathghsB!i‘ e%:ﬁﬁ@ ‘addgd e ﬂbetﬁéte‘%ﬁ:eriﬁ‘éaéidrﬁﬁ ly

and c wth tion o

esterifi ceadchmon éalcsob'hi ﬁﬁmz-r Ornewithewt iisalakiopnef [@Frf S‘g‘iaéPhH ﬂar - 25

Fona}e t oy rié‘%s 1¢1E&€<~idﬁf PeacdtibRscan 86 @fTbcted eAPEHe ke sbdyemenn wirich and
err pre

era ween[ r and rr erio f time from1 hour
to 24 houthe "B?‘éﬁ’é‘F‘a Foﬁqrﬂ']af Bleh?ﬂ#"g"e ?‘ﬁé? €°[°§rPﬁc dtion reaction is
suitably carried out. |n an organic 30 solvent such as nethylene chloride
or acgt on di net.l t d i de,
"R i TRRCLIBAL PGS E' matlon BP' LTIV bAGALC SR8 Tegrautdar oo,
soI vent ctmtani apropicopadar solvent; rsauchaas dsh- @ﬂ@thd)‘@lceﬁﬂ"td&bl 8. N-8h3i t i ons
for i ndusﬁéé%f%aﬂl‘?ﬁé’s’dmethoxyethane, dimethylsulphoxide, tetrahydrofuran

or dioxane.

15 To compIete the reactwn, 1t is suff1c1ent to 'Ieave the cornponents of
the mixture in contact at a temperature between 0°C and 60°C, prefer-
ably between 20°C and 30°C, for 2 to 8 hours, preferalﬂy 3 hours.

The compound I1 can be prepared via ac_y'latwn of 6-am1n0pemc11'lan1c

20 acid with a corresponding enamine derivative of pheny'lgl ycine to the
formation of the compound I1 which thereafter can be esterified d1rect1y
and converted to bac_:amp'icﬂhn with isolation of the compound II.

The ester1f1cat1on reaction after the add1t1on of the cx-halod:.ethylcar- \J
25 bonate to the said mixture, takes place at a temperature between 15°C

and 80°C, preferably between 45°C and 55°C, for a period of time from

1 hour to 24 hours. preferably from 5 to 10 hours.

The esterification reaction is suitably carried out in an orgamc 3
30 solvent such as methylene chloride or acetone, dimethylacetamide, di-

methy1formamide and dimethylsulfoxide, or in a mixture of organic sol-

vents. It is possible to use also orgamc solvent containing water.




" the esterified enanine (1V) is isolated by dilution of the reaction mix
MWth water and subsequent extraction with a suitable solvent which ig
i mm-scible with water, for exanple 'n-butyl acetate. 5 The acetate phé
agitated with a dilute solution (0.2 -,0.3N) of HO wuntil the protec
group is conpletely hydrol ysed, which ?equi res a contact tinme of 2 to\8=~
hours, preferably 4-5 hours, at ordinary tenpe- ratures. 10 By addition of

sadi um chl g, : S : in the
orm of thamyfe SIRTECL'af Weke SRTBGIE RoRleithe e EndRiFORF BBRENGS LT 11,
exanpl e n- Hheyesterdfiad enamingy (Bnierisodated) byndi latdemiof phmiseackionow
O yatal 1 o SREAATRELY WaLEr B Elliskaiie betraTthyd wiEh AT Bl Solvent . he
crystalli né’“ﬁ?’b&&cﬂ'mﬁécgé& é‘t‘gél ‘@%eﬁ ifor ag’faﬂ'ﬂ,‘ev&a‘?Hng(‘&HH“\Facuum 20
drying. §The foll owi ng exanples illustrate the present aspects of the

I nvention wkth L ming. J . i Yo Ay 40900, 075 m

of pot assi %Ehf#%ah%%éﬁgg'asr ég*n{h‘-ggr'@\g@né‘z‘f‘jf‘f? Zﬁﬁ["ﬂ]ﬂ& J(°3§ 0‘3'" 09
T D(-)-a-am MElaunttidntheprotedtdve group cisl conpdesety hydeolywseda whikchtreguicds 17. 8

(0. 116 ~¢h ' I a f?ﬁ% f -
?e'g r abut yr)z?meré?ﬁh&% tﬁg%ﬂggé :%}16 %?gﬁﬁ?, E)p?"e S bﬁy%ﬁ?ﬁ%ﬁpﬁ%%@?hﬁﬁdéﬁmpe .
agitation t"A&U¥Syperature is raised to [err] and naintained at [err] - 50C
for 5 Rgurs. When heating is conpleted, the reaction mxture is poured into

a mxture 35 aSfTRbh Y Sodilh Miciad, LRBAMICELT 2PSHHT CROTHS ! Ui on
“ aqueous phase in the form of the hydrochloride, which is extracted with

a suitable solvent, for example n-butyl acetate.

15 By concentrating the organic phase at low pressure at a temperature of
40°C until a small volume remains, crystallization of the product accor-
ding to formula (I} takes place.

The crystalline product is isolated by filtration, washing and vacuum
20 drying.

The following examples illustrate the present aspects of the invention
without 1imiting it in any way.

U 25' Example 1

36.4 g (0.075 m) of potassium N-(1-methoxycarbonyl-propen-2-y1)-6-[
. D(-)-oc-amino-a-phenylacetamido) penicillate are added to a solution
of 17.8 g (0.116 m) of a-chlorodiethylcarbonate and 3 g (0.01 m) of

30 tetrabutylammonium bromide in 150 ml of N,N-dimethylformamide. Under
agitation the temperature is raised to 45°C and maintained at 45°C -
50°C for 5 hours. '

When heating is completed, the reaction mixture is poured into a mixture
35 comprising 300 ml of a 14% aqueous sodium chloride solution and 600
ml' of n-butyl acetate. The mixture is agitated for 10 minutes, then the




-

m of fQputyl acetate. The m xture is agitated for 10 m nutes, then the
10 / organic phase is separated and the aqueous phase is extracted with 100
‘ n*Rutyl acetate. The reunited organicc phases, after two wash- ings
-wi .Y ¥ of 14% sodi um chl ori de- dlueous sol ution, are concentrat- -ed at
ure until an oil is obtained. The oil is mxed with 200 m ,of
t et Nahydfof uran and 100 m of water; the solution o?tai ed {éﬁ% 4.8) is

2 10NeANISgPhase df $epapated gng the aquepus; phage Ts extractad Withic, in 1
hour. 10 106fMicof! Bdutyl dcecate) The areundted ardadin phasesheafterutwaiwashdi nary

t - t s 1 et f Uy, ' I : 150
o n-pdfgs wieB s Met Ak B oMo iR AReRls SYBIAE ML cBhodae S B
then 15 gedfatsddiwupresisire ivdtihran ailtidd. obitainedhe organic phase is separated

and t aqueous phase is extracted with 100 ml of n-butyl acetate. The
reuni ted organi ¢ phases are concentrated under vacuumat [err] to a volune

of 120 ni h inS roFdgearl Qhd FO0NALIGF Ratdrgrr] It

. Thé hilNFs BB Ghi thS20C T &6 tetvaiyd .

is then filTered, washed wth n-b cetate 0 m nd_et h ate (50
m). 25 | thessousienmobtaineda{pl érﬁ }lilsrﬁéwﬂﬁ U&%Tg aﬂit%df’&i’#eél" g%eéy g (
(66. 9% ofadtvy,lirt15yr2mR00H I6NHET einhY | haat.er of the o :

6- (D (-)-a-amno-a-phenyl acetam do) penicillanic

10 After leaving the solution to stand for another hour at ordinary tempe-
rature, the tetrahydrofuran is removed at low pressure at 40°C, 150

m) of n-butyl acetate are added to the remaining aqueous phase (150 \/

ml1) and then 15 g of sodium chloride are added.

15 The organic phase is separated and the aqueous phase is extracted with
100 m1 of n-butyl acetate. '

The reunited organic phases are concentrated under vacuum at 40°C to
a volume of 120 ml. '

20
The product is left to crystallize for 15 hours at 5°C.
"It is then filtered, washed with n-butyl acetate (50 ml) and ethyl acetate
(50 m1).
25

It is vacuum dried at 40°C.

The following is obtained: 25.2 g (66.9%) of the 1-ethoxycarbonyloxy-
ethyl ester of the 6-(D-{-)-c-amino-c-phenylacetamido) penicillanic
30 acid hydrochloride with m.p. 160-2°C.

Analytical determinations:
Titre: 97.82% _
Rotatory power: +166.3° (c=1, EtOH35°)
35 pH: 4.05 (2% aqueous solution)
Moisture content: 0.82%
Residual solvents: ethyl acetate 0.45; n-butyl acetate 0.98%
IR and NMR spectra are standard '
Residual ampicillin: 0.06%




30 acid hydrochloride - with mp. 160-[err]. Analytical determ natiop$:. = -
VTitre: 97.82% Rotatory power: [err] (c=l, EtOH5) 35 pH 4.05 (20.aqueou.
sol utioi) Mdisture content: 0.82% Resi dual solvents: ethyl acetatg 0. 45-'
n-bugyl acetate 0.98% IR and NWVR spectra are standard Residual a |
0. 06% Example 2 16.2 m (0.15 n) of methyl acetoacetate and 30\2 g}
(0.075 n)’ of anpi- cillin trihydrate-até& added to a suspension of ¥ g
(0.0907 m of 5 finely pul verized anhydrous potassium carbonate in 100
m of N, Ndi- nethyl formam de..It is maintained with agitation at [err]
for .3 hoursgﬁﬂﬂ_hﬁger this time considerable fluidization of the nmass can
be okgerved. 10 17.8 ¢ (0 117 my of [err]- chloro-diethylcarbonate 39

0.01 f tra- d N ' | f d
0. %o ol s R EBPRASN St S LB H1STE) B o O
5 hours at ¢#&lih,triihgdrdtef are cndﬂearut at syspen$idroof 1R.54ug S0.0307 m&aﬁt i on

- butyi Sacel oLy Il ver (el ShRBIS ik RPI corblndhe Yo, YT, BE fO T O

obt ai ned, t®ethy}fermamidhase is coll ected and extracted

It is maintained with agitation at 22°C-23°C for 3 hours and after
this time considerable fluidization of the mass can be observed.
10 _ ' .
W, 17.8 g (0.117 m) of a-chloro-diethyicarbonate, 3 g (0.01 m) of tetra-
butylammoniumbromide and 50 ml of N yN-dimethylformamide are now added
in that order.

" 15 The mixture is heated under agitation for 5 hours at 45°C - 50°C, then
left to stand at +5°C for 15 hours.

- The reaction mass is poured into a mixture consisting of 600 ml of
water and 200 m! of n-butyl acetate and it is agitated until a complete
20 solution is obtained, the aqueous phase is collected and extracted
with another 50 ml of n-butyl acetate.

The reunited organic phases are washed twice with 50 ml of water each

- time. 75 m1 of N HC1 and 185 ml of water are added to the organic phase
25 subjected to agitation; it is left under agitation at 22°C -23°C for
4 hours.

The aqueous phase is collected and the organié phase is extracted with
50 ml of water. The reunited aqueous phases are brought to pH4 with a

30 10% aqueous solution of Nazco3, then bleaching carbon is added to them
and they are filtered.

150 m1 of n-butyl acetate and 40 g sodium chloride are added to the
aqueous filtrate.
35
- The organic phase is separated and the aqueous bhase is extracted with
100 m1 of n-butyl acetate.



dre added to the organi c phase 25 subj ected to agitation; it is left
\gitation at [err] for -4 how g2 The aqueous phase is col l.ected and
the rgnl c phase is extracted with 50 ml of water. The reunited aqueous
phases: are brought to pH4 with a 30 10% aqueous solution of [err], then
bl eachi/ng ther Bahiited ashdeds tin bbeyd acdtitecprarcontentrated. atlSow rgres§ume but y|

2 an sodi u chI t he aqueous filtrate. 35 The
D gaH ¢ ph'gsgg thebaY gagﬁ%&ﬁa%gséﬁgse is extracted with 100 rﬁ

of n-butyl acetate. -12 The reunited phases in butyl acetate are &
concentr at r F lHoUPs Ot agwy.oxi mately 150 m .
The pr oducﬁ'q E}?Jugw f%q%r?ys IH%%’P](‘)# hgﬁrs at [err] 51t is filtrated,

washedswi th n-butyl acetate (50 ml) and ethyl acetate (50 m). It is dried

under a v Hg‘ﬁﬁti-gt Washed Witth M-BatyIcacefattD(50 w1¢ afY etlyl lacetdtef or 24
hours. Yie)d: 5’5 of the 1-ethoxycarbonyl oxyethyl ester of the

6-(D(-)-] “'i}n no- [err] phenyl acet am do) penicillanic acid hydrochl oride

It is dried under a vacuum of 10 mm Hg in the pfesen.ce of moisture
10 at 25°C for 24 hours.

Yield: 20.8 g (55%) of the 1-ethoxycarbonyloxyethyl ester of the W,

6-(D(-)-a-amino-a-phenylacetamido) penicillanic acid hydrochloride
with m.p. 159-161°C and characteristics conforming to an authentic
15 sample.




weth mp. 159-['err] and characteristics conformng to an authenti
sanpl e. - 13 - Exanple 3 The procedure of Exanple 2 was repeated buot')
* using ethyl acetoacetate and anpicilli'n dane salt. 16.1 g of a [ ,
crystalline product was obtained of mp. 1B44 148 C (Tottoli appahatus).

The /I R and TLC anal ysis conforned to that of a genui ne sanple, an

product had K%ggmé!éﬁﬂb a pH of 3.55 (2% aqueous sol ution), an ass
95.2% and 3.5% total residue solvents. The procedure was repeated again but
with 9 g of 10 al pha- clher giosteldylc ec afth Examplad2iedasnmegeatelybard t he

bal ance added after 2 hours. The reaction m xture was heated for 3 hours at
[err]. 13.7 g.usfng ethyl @deteacetiate andd arpigdd 1dpt danedsaitp. 1431[@rr]
(ToﬁtQLngpparatus). The IR and TLC anal ysis conformed to that of 15 a
genui ne” SAnpl\Sfardl Wi & crdinsa llddea PrEIgcto was, ohtaingd 9£48.P29% aqueous
sol ution), an assay tf€ 94. 8% Ei d 2.6% residual  sol vent

Process for t A4S Gt (TR & Iﬂ??fféﬁﬁéﬁycaFBSn§Fo?9§iﬂ?F gg?iygi%.

conformed to that of a genuine sample,and the product had
KF of 0.35%, a pH of 3.55 fZ% aqueous solution), an assay
TQ of 95.2% and 3.5% total residue solvents.
The procedure was repeated again but with 9 g of
10 alpha=-chlorodiethyl carbonate added immediately and the
balance added after 2 hours. The reaction mixture was
heated for 3 hours at 45%. 13.7 g. of a crystalline
beige product was obtained, m.p. 143-146°% (Tottoli
apparatus). The IR and TLC analysis conformed to that of
15 a genuine sample and the product had a KF of 0.2%, a pH of
3.43 (2% aqueous solution), an assay to 94.8% and 2.6%

residual solvents.



of the 6-(D-(-)-[err]-amno-[err]-phehyl acetani do) penicillanic-acid with

t he- fornula [ERR] 5 conprising a) reacting anpicillin, or an alkali -
al, - alkaline earth netal or organi‘c base salt.thereof, with a reactive

1 ive of acetoacetic acid to form the corresponding enamine with the
[ERR] wherein [err] represents an alkyl group containing 1-4 .

tons, a substituted or non-sub tltuted aryl group or an aral kyl

err] represents hydrogen, an a group containing 1-4 carbon.
substituted or non-substituted aryl group or an aral kyl group; 15
presents an al kyl group contciiaaMg8g 1-4 carbon atons, a substi- -~

non-substituted aryl group, an aral kyl group, an al koxy %g;;%%ﬁw

contai ning- 1-4 carbon atons, an aryloxy group or an am ne group,
represents hydrogen or -an aIkaI| metal, an-al kaline earth netal or an
organi c base, 1. Pigcesedorithg puepartatasn ofrethel J-ethaicienkonyhexysthdt e3tepr an

or gani ¢ base s ind. (0} aadinoi-bliedy GEFANE] péniEOTTIN|ack ERRE wher ein 2

is d or % resence of a catalyst to forn1the correspondlng ester
Wththeformﬁ F(1V)
/4 \ ' /\ /CH3
CH -CO - NH - CH -CH c (1)
-/ “cH
| R
2 €0 - N CH - COO0 - TH -0- CDO“ZHS U
CHy
5 comprising

a) reacting ampicillin, or an alkali metal, alkaline earzh
metal or organic base salt. thereof, with a reactive derivative
of acetoacetic acid tc form the ccocrresponding enaming with

the formula:

| S\ At
10 O-—H-CO-NH-CH-CH .
A | o

3

- N H - COOX 15
— ¢ ¥ co CH - Coox (1)
, I -
RE—c 0 W/
?/
&

wherein R1 represents an alkyl group containing 1-4 carbon atems,
a substituted or non-substituted aryl group or an aralkyl group;
RZ represents hydrogen, an alkyl group containing 1-4 carbon ators,
2 substitutéd or non-substituted aryl group or an aralkyl group;

15 R3 repreéents an alkyl group containing 1-4 carbon atoms, a substi-
tuted or non-substituted aryl group, an aralkyl group, an alkoxy
group containing 1-4 carbon atoms, an aryloxy grouﬁ or an amine
group, and X represents hydrogen or an alkali metal, an
alkaline earth metal or an organic base:

T

N




wherein,[err], and [err] have the neani ngs specified above, and c)
subj'ecting ester IVto mld hydrolysis in an acid nmedium 10 2.
accoerding to claim1l, wherein the ampicillin salt is an alkali metal \
abkallne earth nmetal salt obtained by transform ng anpicillin trihydrat
a per se known nmethod in a pol ar sol vent. J%Frocess according to cl®l-
or 2, ‘wher'ein the 15 formation of the en ne (I1) is carried out by
reacting the $dIregctingi apl alkabitmetalal hikadépeoasetht Betalaor aghotic
pol ar sol vent ogganikebragea o] apd Og .

4. Process acgordlng ?g %HgfngES?saﬂg%élﬁitﬁglgl f£ﬂé %%gce? fgyﬁgla
nmethyl or ethyl acetoacetate -and is used in an anDunt 10-50% nore than the
stoig?ﬁTﬁﬂﬂ4ﬁ> ratio. 5 5. z-émeoeesoaﬁﬁﬁ?ch ng to clagpypgyor 4, wherein
the aproti€ polar solvent is selketed fro N-di et hyl -~ acet am de,

N, N- di net hyl f or mami de, di net hoxy&tdane, -di net hyl sul poxi de, tetrahydrofuran
- and di oxane: 10 6. Process according to claim5 in which the pol ar
solvent is N, MhdceBhhyl for r CO§ di ope of .
clains83 to 6 hwher EI% thewnn%?neIne o%rr‘rg Hgg%éiég@%a‘r%lée u%)lg%w '{5“”" )
tenperat ure of feFPfrfﬁpfﬁﬁiTg835t3¥%%k6%st5506?ﬁm%ba£o any one of clains 3
to 7,

@—cu-co-uu-cn-cn el
- | A

1 /N\. C(0O-N ———— CH-C00 -CH -0~ CDDCZHS
R — ﬁ H |
; . CH

RE— ¢ p 3

i

R3

(1v)
wherein R‘, Rz and R3 have the meanings specified above, and

| c)subjectlng ester IV to mild hydrolysis in an acid
A medium.

10 2. Process according to claim 1, wherein the ampicillin
salt is an alkali metal or alkaline earth metal salt obtained
by transforming ampicillin trihydrate by a per se known
method in a polar solvent.

3. Process according to claim 1l or 2, wherein the
15 formation of the enamine (II) is carried out by reacting
the salt of ampicillin with an alkyl acetoacetate in an

aprotic polar solvent at a temperature of 0°C to 60°C and
for 2 to 8 hours. '

—_—
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wherejn enamne formation is carried odt in a time of 3 hours. 20, 9.
Progesi according to any one of the preceding clains, wherein enam ne
forfmat{loN is carried out in the presence of an organic base or an al kal
Qarbonate or alkaline earth metal carbonate. 25 10. Process accordi ng
PO of the preceding clainms wheygin the catalyst is selected from
quat ern anmoni um salts, alkali netal bronmides, alkali netal iodidés ahd
cyc\ic ethers. 30 11. Process according to cIa|n110 wherein the catal yst
i s t®{rafutyl ammoni um broni de.-.12. Process according to any one of the
preceding clains, 35 wherein the catalyst is present in an anount of from
0.005 = [dhr] @rogess| eccogdingolte chatims Sonpbemein| thendlkyl :
respect | velakerbicelagecdss ngtng1dbnd eyl dcltbaciats! anahffsagyg§m

catal yst present is from0O es per oun
respect i velip apjampuptedd- é@@oPGFﬁgtp@"aﬁyeoﬁ§°&thﬁEeﬁFéEeaPﬁg°eIa|ns

wherein the esterification reaction tenperature is [err] to 10 [err].

5 5. Process according to claim 3 or 4, wherein the
aprotic polar solvent is selected from N,N-dimethyl-
acetamide, N,N-dimethylformamide, dimethoxyethane,
dimethylsulpoxide, tetrahydrofuran and dioxane.

10 6. ©Process according to claim 5 in which the polar k;)
solvent is N,N-dimethylformamigde.

7. Process according to any one of claims 3 to 6,
wherein the enamine formation is carried out at a
15 temperature of 20%c to 30°%.

8. Process according to any one of claims 3 to 7,
wherein enamine formation is carried out in a time of 3

hours.

20 _ o ) .
9. Process according to any one of the preceding claims,
wherein enamine formation is carried out in the. presence
of an organic base or an alkali metal carbonate or o \o/
alkaline earth metal carbonate.

25 ' -
10. Process according to any one of the preceding claims
wherein the catalyst is selected from guaternary ammonium
salts, alkali metal bromides, alkali metal iodides and
cyclic ethers.

30 '

11. Process according to claim 10, wherein the catalyst
is tetrabutylammonium bromide.

12. Process according to any one of the preceding clainms,
35 wherein the catalyst is present in an amount of from 0.005

LT




”lsf Process accdrding to any one of ‘the"preceding clains, wherein the

esterification reaction is carried out in 5-10 hours. 15 16. Process .
according to any one of the preceding clains, wherein the hydrolysj
carried out with dilute hydrochloric acid after isolating ester
17. A process according to claim1l subztartially as herei nbef or
with reference to any one of the Exanplés.

SO

-~

5
~ 10

15

20
O

.

“~*~«io 0.10 moles, per mole of the compound III and V,

respectively.

13. Processs according to claim 11 wherein the amount of
catalyst present is from 0.01 to 0.1 moles per mole of
compound III and V respectively.

14, Process according to any one of the preceding claims,
wherein the esterification reaction temperature is 45% to
55%.

15. Process according to any one of the preceding claims,
wherein the esterification reaction is carried out in 5-10
hours.

16. Process according to any one of the preceding claims,
wherein the hydrolysis is carried out with dilute
hydrochloric acid after isolating ester (IV).

17. A process according to claim 1 substantially as
hereinbefore described with reference to any one of the
Examples. '
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