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(54) IMPROVED PROCESS FOR THE CONVERSION OF
«~-CARBOBENZYLOXYBENZYL PENICILLIN AND
«~-CARBOARYLOXYBENZYLPENICILLINS TO
«-CARBOXYBENZYLPENICILLINS

71) We, Prizer INC., formerly known as Chas. Pfizer & Co., Inc., a Corpora-
tion organized under the laws of the State of Delaware, United Statcs of America, of
235 East 42nd Street, New York 17, State of New York, United States of America,
do hereby declare the invention, for “which we pray that a Patent may be granted to
5 us, and the methed by which it is to be performed, to be particularly described in and 5
by the following statement: —
This invention relates to a pracess for the hydrolysis of a-carbobenzyloxybenzyl-
penicillin and «-carboaryloxybenzylpenicillins, More particularly, it relates to the con-
trolled hydrolysis under aqueous alkaline conditions of the benzyl and aryl esters of
10 e-carboxybenzylpenicillin o «-carboxybenzylpenicillin salts. 10
The benzyl and aryl esters of a-carboxybenzylpenicillin, that is, the benzy!l and
aryl esters of w-carboxybenzylpenicillin wherein the ester group is on the «-carboxy-
moiety, serve as intermediates for the preparation of the valuable broad spectrum peni-
cillin, «-carboxybenzylpenicillin and its salts. The preparation of the benzyl ester and
15 several aryl esiers of we-carboxybenzylpenicillin is taught in British Patent Nos. 15
1,004,670 and 1,133,886. The British Patent discloses conversion of the benzyl and
aryl esters to the free acid by catalytic hydrogenation. Belgian Patent No. 726,421
describes the preparation of a wide variety of esters of a-carboxybenzylpenicillin, in-
cluding the aryl esters, and their hydrolysis to a-carboxybenzylpenicillin in saturated
20 aqueous sodium bicarbonate solution or in essentially neutral solutions. 20
Conversion of the benzyl and aryl esters of e-carboxybenzylpenicillin to the free
acid form or salts thercof by the prior art methods is not satisfactory due to the ten-
dency of a-carboxybenzylpenicilliv to undergo thermal degradation to benzylpenicillin
and hydrolytic degradation to peniciilenic and penicilloic acids in acid and alkalinc
25 solutions. Additionally, at pH valucs below 8, the rate of hydrolysis of the aryl esters 25
is very slow and, hence, the unduly long reaction periods required for completion of
the desired conversion result in extensive degradation of the product. Hydrolysis
reactions in which the pH is not controlled lead to poor yields of e-carboxybenzyl-
penicillin precisely because of hydrolytic degradation and render subsequent recovery
30 of a high quality crystalline product difficult. 30
It has now been found that under controlled conditions of pH, temperature, and,
to a lesser extent, concentration of reactants, the benzyl and ary! esters of w-carboxy-
benzylpenicillin are readily hydrolyzed to «-carboxybenzylpenicillin in satisfactory
yield. Under the conditions of thiz process, hydrolytic degradation of the ester reactant
35 and of its desired hydrolysis product, w-carboxybenzylpenicillin, is minimized. This, 35
of course, affords improved yields of the desired product relative to those achieved
by the prior art methods and, because of the absence of undesirable degradation pro-
ducts, simplifies subsequent steps aimed at the recovery of w-carboxybenzylpenicillin
as a crystalline alkali metal salt (e.g., sodium or potassium salt).
40 According to the present invention there is provided a process for the hydrolysis 40
of a—carbobcnzyloxybenzylpemcxlhn, a~carboaryloxy‘benzylpen1mlhns, (the term “aryl”
being as hereinafter defined) or salts thereof which comprises subjecting an aqueous
solution of said ester to a pH buffered at from 8 10 9.5 at a temperature of from 10°C,
to 50°C. and recovering a-carboxybenzylpenicillin therefrom as a salt.
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3-furyl K | - phenazi nyl K
3-(N-net hyl) pyri dyl K 2- phenazi nyl K
EXAMPLE 111 The procedure of Exanple | is repeated but using
M 20 borate buffer (pH 9.0y and the folTow ng aryl esters of
[err]-carboxybenzyl penicillin as their N-ethylpiperidine 5 salts at

0.1-0.5 % concentrati on.

The percent hydrolysis is determ ned at various

time intervals by thin | ayer chromatography in the system described in

Exanmple 11.
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The process is conducted under controlled, relatively mild conditions and utilizes
readily available equipment and reagents in contrast to the prior art hydrogenation
method which requires a catalys: and more sophisticated equipment. The controlled
alkaline conditions of this process, in contrast to the prior -art hydrolysis methods,
achieved a delicate balance of pH and temperature which minimizes undesirable de-
gradative reactions.

The term “aryl”, as used herein, relates to phenyl and substituted phenyl groups
wherein the substituent is at least one of chloro, bromo, fluoro, lower alkyl, lower
alkoxy, lower alkanoyl, carbo(lower)alkoxy, nitro, or di(lower)alkyl amino;

furyl anthraceny!

quinolyl phenanthryl

methyl substituted quinolyl (1,3-benzodioxoyl)
phenazinyl 3-(2-methyl-4-pyronyl)
9,10-anthraquinonyl . 3-(4-pyronyl)
phenanthrenequinonyl (N-methyl)pyridyl

"@Dz

—CH =CH~0~— —CH =CH~~CH=CH—
~—CH = CH—S8— —C(0)—CH = CH—C(O)—,
—CH,—CH,~—S— or (O
~CH =N—CH=CH— —C(0)—C(0)—CH=CH—;

e

wherein Z’ is lower alkylene and is —{(CH,);— or (CH,),—, and substituted deriva-
tives thereof wherein the substituenr is methyl, chloro, or bromo.

The term: “lower” above means a group containing 1 to 4 carbon atoms.

The aqueous alkaline hydrolysis process of this invention is controlled at a pH
level of from 8 to 9.5 by the usc of a buffer system. While any system which exerts
buffering capacity within this pH range can be used to achieve hydrolysis, it has been
found that certain buffer systems provide a “cleaner” reaction, that is, a reaction in
which by-product formation is minimized, thar do others.

At pH values below 8, the rate of hydrolysis is very slow whereas at values above
9.5, it is very rapid and difficult to control. Precise pH control, therefore, is essential
to achieve optimum hydrolysis and conversion to the desired product.

The use of an alkali metal bicarbonate or alkali metal carbonate (as used in the
prior art) alone as buffer or in combination with an alkali metal hydroxide results in
poor control of the reaction and unsatisfactory yield of the desired product due to a
great extent to further hydrolysis to penicilloic acid.

The buffer systems favoured for pH control within this range are glycine/sodium
hydroxide and boric acid/sodium hydroxide. The preferred buffer system is the boric
acid/sodium hydroxide system which reduces degradation and formation of coloured
by-products. Additionally, the bufier salts are only slightly soluble in organic solvents
used for the subsequent recovery of a-carboxybenzylpenicillin from the hydrolysis
mixture and thus afford a better quality product. The present invention provides a
process in which the buffer system is boric acid/sodium hydroxide and in which the
pH is buffered at from 8.5 to 9.5.

In certain of these buffer systems, it is advantageous to maintain the ionic strength
at a given level for optimum buffering capacity. Thus, in the boric acid/sodium
hydroxide and the glycine/sodimin hydroxide (Sérensen-Walbum) systems, sodium or
potassium chloride are normally used as a component of the system.

It should be noted that buffer systems which comprise a salt of an organic acid,
e.g., phthalic acid/sodium hydroxide or citric acid/sodium hydroxide, can also be
used in this process. However, such buffer systems are not favoured since the organic
acid component of the buffer system is generally carried along in subsequent recovery
steps, particularly in a solvent extraction process, and is difficult to separate from the
desired product.
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[err] 8 1, 261, 647
A simlar study of the potassiumsalt of
_Leue} [carbo-(2-isopropylphenoxy)] henzyl- —____ penicillin shows it to
be hydrolyzed at the sanme rate as the N-ethyl pi peridine salt.
EXAMPLE IV 5 Solutions (0.1% of [err]
-[ car bo- (4- chl or o- 2- net hyl phenoxy) ] benzyl penicillin N
et hyl pi per adi ne salt are hydrolyzed in glycine/sodium chloride/sodium
hydr oxi de3 ( Sor ensen-1\aL&sdEm) buffers at various pH I%vel s and

25[err] C. and t&“ﬁ fi% en} cot}ééé’ In)é%ngxed w1thm‘$;: ran ftbp '{]3 &?Qy B)é cgrhl n layer
chr onat ogr apRyuchdla n $N ) tb%En & S6didn® 86 pdt&dsi 8e| bicarbonate or car-
Per cent Hydr bbig®i However, regulauon of the pH in this manner does n6t geonir slequate con- 0. 5
1.0 trpl ¢f the hydrolysis and4ter(gs to result in excessive degradation of the product.
he above-mentioned buffer systems refer only to the sodium salts of the various 5
components. However, as those skilled in the art will recognize, the corresponding
potassium salts can be used with substantially the same results. In general, the alkali
metal salts of the various buffec components can be used in this process. However,
from a practical standpoint, the “alkali metal™ salts, as used herein, refers to only

10 the sodium and potassium salts of the buffer components. The sodium salts are pre- 10
ferred from an economic standpoin. over the potassium salt.

The hydrolysis is desirably conducted at a temperature of from 10°C. to 50°C.
Below a temperature of 10°C., the rate of hydrolysis decreases, requiring increased
reaction periods over those required at higher temperatures. Despite the lower tem-

15 perature, the prolonged contact of the ester reactant and its hydrolysis product with 15
alkaline conditions tends to increase the product formation. At a temperature of about
50°C., hydrolysis is extremely rapid. However, the increased reaction rate is offset by
an increase in degradation of the reactant and product. The favoured temperature
range is from 15°C. to 40°C.; the preferred range is from 20°C. to 30°C.

20 The reaction period depemds upon the temperature and ester reactant used. In 20
general, reaction periods of from one to 24 hours are sufficient to achieve substantially
complete hydrolysis of the ester reactants described herein. The longer reaction periods
apply to certain esters, such as the 2-isopropylphenyl ester and others, having a sub-
stituent in the ortho-position of the aryl moiety. In actual practice, it is expedient to

25 select an ester and temperature which permit a reaction period of not over four hours 25
under the controlled conditions of this process. The pheny! ester of o-carboxybenzyl-
penicillin is especially useful in the present process.

From the standpoint of the present process, the concentrations of the reactants
is not critical. It is advantageous, however, in order to facilitate subsequent steps for

30 the recovery of w-carboxybenzylpenicillin, to employ an initial concentration of the 30
chosen ester reactant of from 0.1 to 109, by weight. This particular concentration
range permits easy control of pH throughout the hydrolysis. A concentration range
of from 39/ to 5%, by weight of ester reactant is especially useful.

The concentration of the buffer system is not critical. Buffer concentrations of

35 from 0.05M to 0.5M are especially useful in permitting close pH control. The amount 35
of buffer used depends upon the amount of ester reactant, of course. In general, suffi-
cient buffer is added to effectively maintain the pH within the range of 8 to 9.5.

The ester reactants can be used in the form of their sodium, potassium, calcium,
barium, magnesium, ammonjuni, procaine, triethylamine, N-ethylpiperidine, N,N’-

40 dibenzylethylenediamine, dibenzylamine, benzylhydrylamine, and other amine salts, 40
It is frequently advantageous to use an amine salt of the ester reactant because such
a salt can more easily be obtained in pure form than can the sodium or potassium
salts. In the case of o-carbophenoxybenzylpeniciilin, the N-cthylpiperidine salt is a
favoured form for the hydrolysis reaction.

45 It has been observed in runs conducted at or near the upper limit of the pH range 45
that, if the pH of the reaction is allowed to decrease toward the end of the hydrolysis
reaction, 'degradation of the product is minimized. A drop in pH to 8.4 during the
hydrolysis is, therefore, desirable in such instances. The decrease in pH is achieved by
careful choice of the amount of buffer system used and, to some extent, by the con-

50 centration of the ester reactant. The pH can also, of course, be decreased by the 50
addition of an acid, but this is not desirable since localized pH changes may cause
undue ‘'degradation of the product.

The reaction is normally conducted in water as solvent but, if the solubility of
the chosen ester reactant does not permit formation of a homogeneous reaction mix-

55 ture, a reaction-inert, water-miscible organic solvent can be added to the aqueous 55
phase. By reaction-inert solvent is meant one which does not react with the reactants
or products in an undesirable manner. Suitable solvents are acetone, dioxone, tetra-
hydrofuran, and 1,2-dimethoxyethane. Water-miscible alkanols containing from one to
four carbon atoms can also be used but, because of transesterification reactions, are

60 not desirable. 60

The following examples serve to illustrate the process of this invention and are
not to be construed as imposing any limitations on the scope thereof.




pH 8.2 0 5 45-50 70 85
8.5 0 5-10 50- 60 80 95

9.0 0-5 45-50 80-90 100 100*

9.5 0-5 <70 <90* 100* 100*

* Coproduction of penicilloic acid, indicating hydrolytic degradation of
pr oduct . Repetition of the above procedure but using citric
aci d/ sodi um hydr oxi de buffer 10 system produces simlar results.

10 4 1,261,647 EXAMPLE V- 2 The

procedure of Exanpte t—Ts Tepeated but ustng a S% additiomof~{erri—car bo-

phenoxybenzyl peni ci | g el gt Sl K 2bAGeAARR.R 3% sol ution.
Simlar re- Boncgﬁqd (81.8¢ £a adshis (74.56 g.) are dissolved in water and
EXAMPLE VI sufficient water added to the solutxon to brmg the volume to 2 liteds5 A sufficient

f\'opha-[car lﬁoi ggﬁgﬁggégg}/ WEEE% fﬂg e émdclisqthqﬁqlu;%gﬁ\ygi 'Efbp%’ Zgg?ﬁﬂql ng

hydr oxi de buf f eGetiofd mixture ‘becomesplna:@@m@l ngrarsxysﬁ%cgz i1, Uamrhe/
Det er mi nati on ofreattha emgent ihpldriotsy The mbfrgevdecomes turbid durihg tie llase 15

substantially tH n‘lagca%tﬁafiueo%@flvw o §y-EsedispPlienql firpm tyegweakly basic WMHAT

VE CLAIM I S: - 0 ! l ending Application No: 18574/69 (Senal No. 1261648) describes and claims
20 thé cryxwamﬁ@s&e»f REeiizhi@ diyihe@l ysi s of

[err]-carbgbenz HP% ipegrled jtd §F-AL0°C.and l%ﬂn@bam Yeétonc (400 ml.) added, s
C Tic 0y C X
oxybenzyl pé%l ci (}{Pﬁ.g"l‘h mxxgturt"t;(%s qyowef&?sep:pa el, %&h bﬁﬁ%ﬁyﬁg (ﬁl}grerxétlrargt@cf?ned) or

sal ts thereof lected and the aqueous liquor extracted with two more volumes (each 300 ml.) of
methyl isobutyl ketone. Water (200 ml.) is added to the combined extracts, the mixture
cooled to 0°—10°C,, and a solution of sodium bicarbonate (8 g. in 20 ml. H,0)
20 added dropwise over a S-minute period. To the mixture, now pH 5.8, a small volume 20
of saturated sodium bicarbonate solution is cautiously added to bring the pH to 7.0.
The aqueous extract of a-carboxybenzylpenicillin sodium salt is collected and the
methyl isobutyl ketone liquor extracted with two separate volumes (150 ml.) of water.
n~-Butanol (100 ml.) is added to the combined aqueous extracts and the mivture stirred
25 and chilled to 0°—-10°C. Sufficient 2N hydrochloric acid is added to bring the mixture 25
to pH 3.0, the mixture allowed to separate, and the butano! layer collected. The acidic
aqueous liquor is extracted twice with 75 ml. volumes of butanol, the combined
butanol solutions (250 ml.) dried over anhydrous sodium sulfate (300 g.) for one hour,
then filtered into a 1000 ml. 3-neck flask equipped with a mechanical stirrer and an
30 addition funnel. An acetone solution of sodium 2-ethyl hexanoate (169 ml. containing 30
207.5 mg. of salt per ml) is added dropwise over a 20 to 30-minute period. When
approximately one-balf of the solution has been added, the mixture is sceded with
crystalline disodium salt. The mixture is stirred for 30 minutes following addition of
the sodium ethy!l hexanoate, then acetone (225 ml.) added, and the mixture stirred
35 for an additional 15 minutes. The crystalline disodium salt is collected by filtration 35
on a sintered glass funnel under an atmosphere of dry nitrogen, and the filter cake
washed with acetone (500 ml). The cake is slurried in fresh acetone (1000 ml.), the
slurry stirred at room temperature for 30 minutes, filtered as described above, and
allowed to dry on the filter in a stream of dry nitrogen for 16 hours. The product is a
40 white, free-flowing crystalline powder, slightly hygroscopic and readily soluble in 40
water.
Yield =25.6 g. (60%,), m.p. 1987—201°C. dec.

ExAMPLE 11
The «-carboaryloxybenzylpenicillins listed below are hydrolyzed by the proce-
45 dure of Example I. The reaction is allowed to continue until hydrolysis is substantially 45
complete. The a-carboxybenzylpenicillin is isolated as the crystalline disodium salr.
Progress of the hydrolysis ic monitored by thin layer chromatography (Eastman
Chromatogram Sheets, Silica Gel 6060/acetone 400; 0.2M sodium acetate, 50). The
chromatograph sheets are allowed to dry at room temperature, then exposed to
50 ammonia vapor, sprayed with K;Fe(CN),/FeCl; rcagent, and the sheets developed in 50
1, vapor. Alpha-carboxybenzylpenicillin has R;0.18.



whi ch conpri ses subjecting an aqueous solution of said ester to a pH
buffered at from 8 to 9.5 at a tenperature of from1lO[err]C to
50[err] C. _and recovering_a-carboxybenzyl - 25 penicillin therefromas a
salt. 25

2. The process of claim1l wherein the buffer systemis boric acid/alkali

net al hydr oxi'de, glycine/al kali netal hydroxide, or citric

aci d/ al kali netal hydrOX| de where- in the alkali netal hydroxide is
sodi um hydrsz| de or pot aSSI um hydr ox1gig@647 3. The process of
claim?2 1 1 rde:

4. The process of claim3 wherein the Ierr] - car boaryl oxybenzyl penicillin

is [err]-carbo- 30 phenox benzyl ﬁkci’f’ 3 n. _ 5. The
process of claim4 wher ei@r&*‘b‘&? F¢sy§tlem§s boric acid/ sodi um hy-

dr oxi de.-. 6. eopf ocess Ef Iql ai m| 5%%herein the pH is buffered
at from8.5to 9.5. 35 R 7ioF ; sca9ft cl ai m 5 wherein the
temperature is from20[err]C. to 3Q[errlC. 35 8. A
process for the hydrolysis of [err] -carbobenzyl oxybenzyl peni-cillin,
[err]-carboaryl - R oxybenzyMpenicillins or malts thereaf according to
claim1l substmﬁ-ai—ky—as—deSﬁﬂ—bedm—@—Hydthrzw

[err]-car bobenNP%(ypenl cillins ally [err]°ﬁ°&?’1818fﬁ¥lyl oxyl benzyINapenl cillins
or salts theregfppenever prepareg,by thep. QJﬁE%E&ﬁﬂSUbStantl alNgy as

descri bed. TEVENS, HEWLETT & PERKI NS,
Chartered Paterftrtolfgent s, Na p-nitrophenyl K 5,

Qual ity Court, . Changery Lane,
London, WZC. 2. Print eldafor Her cal\r/g(j)meestfltaX 'phenét ati onerkreay Ofice by

t he Couri er Pr esssthokyphenyngt on SpalNa 1972. o-dimethylaminophdagibl | shed® by t he Pat ent

p-t-butylphenyl

Ofice, 25 Soutpbtggpgxsgprﬂen%}]i | di ngs, NLondon n4C _pmpylamnopﬁen;? K
p-n-butoxyphenyl Na p-dimethylaminophenyl K
o-chlorophenyl Na 2,4-dimethylphenyl K-
m-bromophenyl Na 3-methyl-4-t~butylphenyl Na
p-fluorophenyl Na 3,4,5-trimethylphenyl Na
m-formylphenyl Na 2,3,4,6-tetramethylphenyl Na
pentamethylphenyl Na 4~indanyl Na
2,6-dichlorophenyl Na 5~indanyl Na
2,4,6-tribromopheny! Na 5-methyl-4-indanyl Na
pentachlorophenyl Na I-methyl-4-indany! Na
2.4-dinitrophenyl Na 1,1,2,3-tetramethyl-4-indanyl K
pentanitrophenyl Na 5-chloro-4-indanyi Na
2,4-difluorophenyl Na 6-chloro-5-indanyl Na
2-methoxy-4-methylphenyl Na 4-(1-indanyl)phenyl K
2-chloro-6-methoxyphenyl Na 4-(a,x-dimethylbenzyl)phenyl K
2-carbomethoxy-5-fluorophenyl K 1-naphthyl Na
4-acetyl-2-fluorophenyl K 2-naphthyl Na
4-chloro-2,3-dimethylphenyl K 1-(5,6,7,8-tetrahydronaphthyl})  Na
4-dimethylamino-2-methyl K 2-(5,6,7,8-tetrahydronaphthyl)  Na

phenyl
2,3-dimethoxyphenyl Na 3-(2-methyl-4-pyronyl) Na

3,4,5-trimethoxyphenyl Na 3-quinolyl K



whi ch copi es may be obt ai ned. 8
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A simlar study of the potassiumsalt of [err]-

[ car bo- (2-i sopropyl phenoxy)] benzyl - penicillin shows
it to be hydrolyzed at the sane rate as the N—ethylplperldlne salt.

EXAMPLE |V Solutions (0.1% of [err]

-[ car bo- (4-chl oro- 2- met hyl phenoxy) ] benzyl penicillin N

et hyl pi per adi ne salt are hydrolyzed1uﬂ1QWyC|ne/sodlun1 chlorlde/sod;um
hydr oxi de - -

pH I evel s and 25[err] 1and t he perqent hydronS|s R M ot
determ ned by t-hi- f t n Exanpl e
. o-proplonylphenyl K. 4-quinolyl Per cBnt
Hydrol ysi s 2—amhraqmnony1 Na 6-quinolyl K -
- 1-fluorenyl Na 8-quinolyl K
: §-(1,2—naphthoquinonyl) Na 5-(1,4-naphthoquinonyl) Na
: -i%ﬁﬁua@uinonyl Na 6~(1,4-naphthoquinonyl) Na
8-isoquinonyl K 4~(coumarinyl) K
4—(1,3-benzod£oioiyi) ' K 6-(coumarinyl) K
2-furyl | Na 4—ﬂﬁanaphtheny1 Na
3-furyl K 1-phenazinyl K
3-(N-methyl)pyridyl K 2-phenazinyl K
ExamrLE III

The procedure of Example I is repeated but using M /20 borate buffer (pH 9.0)
and the following .aryl esters of «-carboxybenzylpenicillin as their N-ethylpiperidine
5 salts at 0.1—0.5%, concentration. The percent hydrolysis is determined at various 5
time intervals by thin layer chromatography in the system described in Example II.



* Coproduction of penicilloic acid,

0 Hours 0.5 1.0 2.0 4.0

pH 8.2 0 5 45- 50 70 85
8.5 0 5-10 50- 60 80 95
9.0 0-5 45-50 80-90 100 100*
9.5 0-5 <70 <90* 100* 100*

i ndi cating hydrol ytic degradation of

product . Repetition of the above procedure but
using ctitric aC|d/sod|unlhydroxudawﬁwffer 10 system
produces—sTimar Tesut ts:

10 EXAMPLE V
The procedure of Exanple | is repeated but using a 5% addition of

[err]-carbo-

phenoxybenzyl penicillin N-ethyl pi peridine

salt rather than a 3% solution. Simlar r
obt ai ned. 15
15

sults are
EXAMPLE VI

e-

Al pha- [ car bo- ( 2- |sopropylphenoxy)]benzylpen|C|II|n i's hydrolyzed according

to
aci d/ pot assi um hydr oxi de
aci d/ sodi um hydr oxi de. De

it to be substantially th
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(1) coproduction of penicilloic acid observed.
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oxybenzyl penicillins, (the term"aryl" being as herei nbefore defined) or

salts thereof whi ch conprises subjecting an aqueous
solutiaon of said ester to a pH buffered at from _ 8 to
9.5 at a tenperature of from10[err]C to 50[err]C and recovering
[err]-carboxybenzyl - 25 penicillin therefromas a salt.
25 2. The process of claim1l wherein the buffer
systemis boric acid/alkali netal o _ _ hydrOX|de,
glycine/al kali netal hydroxide, or citricygqied al kali nmetal "hydroxide 9
wher e- T the atkal ——metat—hydroxide—+s—sodium

A
; ; imj f the potassium salt of o-[carbo-(2-isopropylphgnoxyphkensytocess
hydr oxi de or pot ass ﬁﬂfﬁ?ﬂf? gyt the potassium s (&-sopropylpignox;
of claim 2 wherein he al ka {iﬁg,%P'a?y el % iug'_es A e SR KUHPIBSEE .Sal?

30 4. The process of claim3 wieneLnlIvhe

5 lytiopsi £Q.1% f e[ cprhe-(41ch ethylp@roxy)]benzylpenicillin N- ___
[err]-carboaryl Oxybegﬂzl ip rﬁ?ﬂeéga tmgreﬂh;cfrgl-zcg fﬂ g?;gg?/?odi pg?h-}t}jiée/mdé%?%gdr fde~| ai A
phenOXYbenzyl peni ci E 6¥ sen-Walbum) buffers at varipus pH levels ancjs}z C. and the'percen ydrm'sis
4 wherein the buffede&makEeBy thn &Elcﬁfrorﬁz.%gfri{p&oa' HdNyEYm dG!:aExﬂ%a ixample I1.

6. The process of claim5 wherein the pHis buffered at from8.5 to 9.5.

35 7. The process of clai m 5 Reffertdiydrolvbie t enperature is from
20[err]C to 30[err]C 03 Rurs 0.5 1.0 . . 2.0 6. gobrocess
for the hydrolysis of—{err]-carbobenzyloxybenzylpenicillin,

[err]-carboaryl - pH 8.2 0 ox§benzyl4ehdcil | iT9s or salsts thereof

according to claim1 subgtantiallly as desggibed.,
9. Hydrolyzed [err] -car %bggenzyl (ngypeni ?i Iq{sl ns 2nd a- car%’oaryl o>?37benzyl
0

penicillins 9. 0-&r sal45s-50 her eof-9svheneymr prepawed by the
provess substantially ssGesc iRy e e

Chartered Patent AgemtGoproduction of penicilloic acid, indicating hydrolytic degradation of product.
5, ality Court,
Ch anQél ery { ane Repetition of the above procedure but using citric acid/sodium hydroxide buffer

London, WC. 2. 10 system produces similar results, PI,Elmeggi or Her Majesty's Stati one]roy
O fice by the Courier PressedireanEaghBn SPaearcie using a 59 addition of «-carbo-

phenoxybenzylpenicillin N-ethylpiperidine salt rather than a 3%/, solution. Similar re-
sults are obtained.
15 ExAaMPLE VI 15
Alpha- [ carbo-(2-isopropylphenoxy)] benzylpenicillin is hydrolyzed according to
the procedure of Example III but using boric acid/potassium hydroxide buffer in
place of boric acid/sodium hydroxide. Determination of the percent hydrolysis shows
it to be substantially the same as that observed in Example II1.
20 WHAT WE CLAIM IS: — 20
1. A process for the hydrolysis of «-carbobenzyloxybenzylpenicillin, «-carboaryl-
oxybenzylpenicillins, (the term “aryl” being as hereinbefore defined) or salts thereof
which comprises subjecting an aqueous solution of said ester to a pH buffered at from
8 to 9.5 at a temperature of from 10°C. to 50°C. and recovering a-carboxybenzyl-
25 penicillin therefrom as a salt. 25
2. The process of claim 1 wherein the buffer system is boric acid/alkali metal
hydroxide, glycine/alkali metal hydroxide, or citric acid/alkali metal hydroxide where-
in the alkali metal hydroxide is sodium hydroxide or potassium hydroxide.
3. The process of claim 2 wherein the alkali metal hydroxide is sodium hydroxide.
30 4. The process of claim 3 wherein the o-carboaryloxybenzylpenicillin is .e-carbo- 30
phenoxybenzylpenicillin.
5. The process of claim 4 wherein the buffer system is boric acid/sodium hy-
droxide.
6. The process of claim 5 wherein the pH is buffered at from 8.5 t0 9.5.
35 7. The process of claim 5 wherein the temperature is from 20°C. to 30°C. 35
8. A process for the hydrolysis of «-carbobenzyloxybenzylpenicillin, a~-carboaryl-
oxybenzylpenicilling or salts thereof according to claim 1 substantially as described.
9. Hydrolyzed «-carbobenzyloxypenicillins and a-carboaryloxybenzyl penicillins
or salts thereof whenever prepared by the process substantially as described.
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A similar study of the potassium salt of «-[carbo-(2-isopropylphenoxy)]benzyl-
penicillin shows it to be hydrolyzed at the same rate as the N-ethylpiperidine salt.

ExAMPLE IV
Solutions (0.1%) of «-{carbo-(4-chloro-2-methylphenoxy)]benzylpenicillin N-
ethylpiperadine salt are hydrolyzed in glycine/sodium chloride/sodium hydroxide
(Sérensen-Walbum) buffers at various pH levels and 25°C. and the percent hydrolysis
determined by thin layer chromatography in the system described in Example II.

Percent Hydrolysis

0 Hours 0.5 1.0 2.0 4.0

pH 8.2 0 5 45—50 70 85
8.5 0 510 50—60 80 95
9.0 0—5 4550  80—90 100 100*

9.5 0—5 <70 <90* 100% 100%

* Coproduction of penicilloic acid, indicating hydrolytic degradation of product.

Repetition of the above procedure but using citric acid/sodium hydroxide buffer
system produces similar results.

EXaMPLE V

The procedure of Example I is repeated but using a 5%/ addition of «-carbo-
phenoxybenzylpenicillin N-ethylpiperidine salt rather than a 3%, solution. Similar re-
sults are obtained.

ExampLE VI

Alpha-[carbo-{2-isopropylphenoxy)] benzylpenicillin is hydrolyzed according to
the procedure of Example III but using boric acid/potassium hydroxide buffer in
place of boric acid/sodium hydroxzide. Determination of the percent hydrolysis shows
it to be substantaliy the same as that observed in Example III.

WHAT WE CLAIM IS: —

1. A process for the hydrolysis of «-carbobenzyloxybenzylpenicillin, «-carboaryl-
oxybenzylpenicillins, (the term “aryl” being as hereinbefore defined) or salts thereof
which comprises subjecting an aqueous solution of said ester to a pH buffered at from
8 to 9.5 at a temperature of from 10°C. 1o 50°C. and recovering a-carboxybenzyl-
penicillin therefrem as a salt.

2. The process of claim 1 wherein the buffer system is boric acid/alkali metal
hydroxide, glycine/alkali metal hydroxide, or citric acid/alkali metal hydroxide where-
in the alkali metal hydroxide is sodium hydroxide or potassium hydroxide.

3. The process of claim 2 wherein the alkali metal hydroxide is sodium hydroxide.

4. The process of claim 3 wherein the e-carboaryloxybenzylpenicillin is e-carbo-
phenoxybenzylpenicillin.

i. The process of claim 4 wherein the buffer system is boric acid/sodium hy-
droxide.

6. The process of claim 5 wherein the pH is buffered at from 8.5 t0 9.5.

7. The process cf claim 5 wherein the temperature is from 20°C. to 30°C.

8. A process for the hydrolysis of ax-carbobenzyloxybenzylpenicillin, a-carboaryl-
oxybenzylpenicillins or salts thereof according to claim 1 substantially as described.

9. Hydrolyzed «-carbobenzyloxypenicillins and «-carboaryloxybenzyl penicillins
or salts thereof whenever prepared by the process substantially as described.
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