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odetlgre stel itwentiolcfprewlich we pray that
a patent may be granted to us, and the method
by which it is to be performed, to be particu-
larly described in and by the following state-
ment: —

This invention relates to new penicillins
and is particularly concerned with a new class
of penicillins which are derivatives of 6-
aminopenicillanic acid and which are of value
‘as antibacterial agents, as nutritional supple-
ments in animal feeds, as agents for the treat-
ment of mastitis in cattle and as therapeutic
agents in poultry and animals, including man,
in the treatment especially of infectious
diseases caused by Gram-posmve and Gram-~
negative bacteria.

According to the present invention there is
provided penicillins of the general formula: —

S
/ \ P
R. CH. CO, NH. CH—CH [+
. F . . \
CH,
. COOH 3
o CO—N CH.COOH

@

g#nd non-toxic salts thereof, where R is an
.alkyl, or heterocyclic group, or a phenyl group

;25\ which may be substituted by a chiorine atom

¢ a~hydroxy, alkoxy or amino group.

~,2\(%;_The salts are non-toxic salts including non-
. \_Loxm metallic salts such as sodium, potassium,

“Talcium and aluminium, ammonium dnd’ sub-
stituted ammonium salts, e.g. salts of such
non-toxic amines as trialkylamines, including
tnethylamme, procaine, dibenzylamine, N~
benzyl - - phenethylamine, 1 - ephen-
aming, NNl-dxbenzyleﬂlylenedlamme, e
hydronbiothylamine, N,N! - b1s - dehydro-
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A preferred compound has the general
formula (I) above where R is a phenyl group.
Suitable heterocyclic groups inclure - and
B-furyl and & and B-thienyl.

The present invention also provides a
process for the preparation of penicillins of
the general formula (I) which process com-
prises coupling 6-aminopenicillanic acid or a
salt thereof with a reactive derivative of .an
acid of the formula:—

R. CH. COOH

l an
COX
where R is as defined above and X is a
hydroxy group or chlorine atom or the group
OR? where R? is an alkyl, aryl, benzyl or sub-
stituted benzyl group which is subsequently
removed.’

The reactive derivative of the acid (II) is
the acid halide, anhydride or any of the com-
pounds  classed as mixed anhydrides in
accordance with Albertson, Organic Re-
actlons, (1962) 12, 157.

“The removal of the group R! may be
effected by catalytic hydrogenation, e.g.

when R is an aryl, benzyl or substituted

benzyl group. -

When the removal of the group R! to form
the free penicillin- is effected by catalytic
hydrogenation, e.g. by allowing the protected
derivative to. react with hydrogen in the
presence of .a catalyst, the hydrogenation is
normally carried. out at room temperature and
at atmospheric pressure, the pH of the re-
action mixture being from 5 to 9. The
solvent for the hydrogenation reaction is
normally water, but other non-reducible

solvents such as ethyl alcohol or dioxane or
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anidase, E. coli acylase, at 37[err] for 6 hours wth a reactive _
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described with PemCl“m (IIT) may be Wacfech zth
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100 35 another method is to 1ncubate a solunon of

the mixed penicillins with an enzyme, such as
the amidase produced by certain strains of
Escherichia coli, which degrades the penicillin
(III) to 6-aminopenicillanic acid whilst
leaving the penicillin (I) essentially unattacked.

Since some of the antibiotic substances
obtained by the process of this invention are
relatively unstable compounds which readily
undergo chemical changes resulting in the loss
of antibiotic activity, it is desirable to choose
reaction and isolation conditions which are
sufficiently moderate to avoid their decom-
position.

The followmg Examples illustrate the in-
vention:
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ExAMPLE 1.
a—Cm'boxybenzylpemclem
Monobenzyl phenylmalonate (13.3 g.) in
dry benzene (100 ml) was refluxed with
thionyl chloride (6.45 g.) for 90'minutes, then
concentrated in vaecuo. The residual oil was
dissolved in dry acetone (50 ml.) and added
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3[cetibned for 30 minutes. The catalyst was
removed and the filtrate was ad)usted to pH 80
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EXAMPLE 2.
a-Carboxybenzylpenicillin.
The procedure of Example 1 was improved -100
by the use of milder conditions in-the cop-._
version of monobenzyl phenylmalonate to the
crude acid chloride. Thus, monobenzyl phenyl=-
malonate (2.7 g.) and thlonyl chloride (5 ml‘j
vyere heated in a water-bath at 65° until re=
action ceased (about 1 hour), then the excess*
reagent was removed in vacuo (finally by co-=

distillation with dry benzene) keeping the tem-.~ ;:-

perature below 65°, Reaction with 6-arhing-

penicillanic acid (2.16 g.) essentlally a8 in: 110,-"_.‘-3'

g. of the. ssdu_m_l/
salt of a—(benzyloxycarbonyl)bcnzylpen1c11hn, S

Example 1 then gave 42 g

which was estimated by colorimetric assay with~—"-
hydroxylamine to be about 789 pure.

A specimen of this salt (1 g.) in water 25 115
ml.) was added to a prehydrogenated suspen-
sion of 5% palladium on calcium: carbonate
(2 g.) in water (25 ml.) and hydrogenated at
room temperature and pressure until absorp-
tion of hydrogen ceased (about 45 minutes).
The mixture was filtered and the filtrate
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a higher R err] value on paper chromatography.
salts thereof clained
—at-37[err] for

penicillins and non-toxic
. . Treatnment with E. coli am dase
in claim 1 substantially as described with

1 hour degraded the -decarboxylated reference to any one of Exanples
2 to 11. 55 penicillin and the residual [err]-carboxy-m
9. Penicillins according to claim1 and non- ; —

benzyl oxycar bonyl oxybenzyl penicillin was then toxic salts thereof when
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\G‘I L ned. ether exn'écts ere washed™ with )
art ghe Bg}_i’ 15tnd /9@4Hed with sufficient acetone (10 ml) was added ar b@@miongbon Spa: Printed
for He s n;&icy;'bﬁﬁatst sahti@ner yiveOad i e(: %ngymﬁt;?@ &oﬁgmhieqperﬁhﬂibsis a(cll% 70
( Learrhayeque mhasq_ofdpH 7965. Publ i shed reNpadignpic te golutions(18, 1t hanpt on
i i aporation of the neutral aqueous solution ml) and acetone ml.). ere’ an
Bu!lbdlat = k immediate vigorou;%;volution 0 Qaﬁ"thew C.2, from

w . temperature and left the di-
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temperature rose to 20°. Stirring was con-
1, 004 681 Oyield, the purity being estimated by

tinued for 30 minuteat room termpsratupel| &1 r ]

Tr eat Aulgrimetic sy with dydioxylemive g by  thep aber prutial Solytionowas evpRotaed Be of  ant i bi ot i ¢
ot (L EAG P e | e L gty € PSP o (o
a- car Blxiée dhaadography indicateld th;%X anPipertion/of thidYh@teridl ddl@bjedtedrv] - benzyl oxy-

benzy kee propbrtibn Mof  contaminatigyr thenzyl-
acet ypenicHlimyschaly about 0.1%.

This product wag,,di.ss

i 20[ er r | Phemyingelogk iarid €25 £.0D.140i mele)ah 6- ami no- enicillanic id (220 ng.)
: Vi i was treated with thionyl EXAMPLIP 5. : %g '
. and tfﬁlgﬁmﬁﬁ‘ﬂéo.ms mole) and a trace - CASpntylpenicillin,

of dimethylformamide. The mixture .was re-
fluxed for 3 hours, then evaporated under
reduced pressure at room temperature (finally
by co-distillation with dry benzene to remove
the last trace of thionyl chloride).
The syrupy residue of mono acid chloride
was dissolved in dry ether (300 ml) and
- added to a stirred ice-cold mixture prepared
from - 6~-aminopenicillanic acid (30 g.), water
(275 ml.), ether, (150 ml.)), and N. sodium
hydroxide solution (135 ml.). The mixture
was stirred for 30 minutes, then the aqueous
phase was adjusted to pH 2 by addition of
dilute hydrochloric acid and the layers were
separated. The ether solution was washed with
ice-cold water saturated with ether (8 x 300
ml.) in order to remove phenylmalonic acid,
and then the penicillin present was extracted
into water to which sufficient dilute sodium
----Yydroxide had been added to bring the
ueous phase to pH 7. Evaporation of the
45 agueous solution at low temperature and pres-
' “gre, followed by drying the residual white
o -’_,;jowder in"a vacuum desiccator, left the crude
. disodium - salt of «-carboxybenzylpenicillin
LB33 gy -
50 ' In several such runs the weight yields
7~ Yanged from 46%, to 60% and the purities
- r~ ‘estimated by colorimetric assay with hydroxyl-
N\...“amine ranged from 50% to 63%,. Quantita-
"\ _Tivée paper chromatography indicated con-
. .55 tamination with from 1%, to 5% of benzyl-
" T~penicillin. If desired, this contamination
could be reduced to less than 0.1 by in-
cubation with E. coli amidase.
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ExamPLE 4.
60 «-Carboxybenzylpenicillin. .
Phenylmalonic acid (0.9 g.) was dissolved
in pure dioxan (0.9 ml) at 75°, treated with
thionyl chloride (1-ml), and heated at-70°

lved in met ﬁ&?ﬁ%’?fénceb;fz
f OragU L &arboxyBieylpenicillinChl Or i de (8 mpenicithid adglded during 10 m nutes

pager -chrymatopydpby

antibacterial activity

penicii

n Butylmalonic acid (4 g.) in dry dioxane

(4 ml) was mixed with thionyl chloride (3.8
ml) and heated for 1 hour at 50° and then
for 0.2 hour at 60°. Volatile matter was re-
moved by gentle warming in vacuo to leave the
crude oily mono acid chloride.

This intermediate was dissolved in dry
acetone (60 ml) at «—30° and added to a
stirred solution prepared from 6-amino-
penicillanic acid (595 g), N. sodium
bicarbonate solution (60 ml.) and acetone (60
ml.) which had been pre-cooled to -— 10°. The
mixture was stirred for 0.5 hr. without further
cooling, then concentrated under reduced
pressure to remove the acetone. The aqueous
concentrate was treated with dilute hydro-
chloric acid to bring it to- pH 2, then immedi-
ately extracted with ether. The ether extracts
were combined and themselves extracted with
water to which was added sufficient sodium
bicarbonate to give a neutral aqueous phase
®H 7). :

Evaporation of the neutral aqueous extracts
at low temperature and pressure, followed by
drying the residue -in a vacuum desiccator,
gave the crude disodium salt of «-carboxy-
pentyl penicillin as a pale buff-coloured solid
(7.79 g). Colorimetric assay with hydroxyl-
amine indicated a purity of about 40%,, whilst
paper chromatography revealed the presence
of some contaminating pentylpenicillin.

EXAMPLE 6.

a-Carboxy-3-thienylmethylpenicillin. _

3-Thienylmalonic acid (0.93 g.) in pure
dioxan (1 ml) was treated with thionyl
chloride (1 ml.) and the resulting solution was
heated in a bath at 50° for 1 hour, and finally
at 60° for 20 minutes. Volatile matter was
removed in vacuo at room temperature to
leave a reddish oil having an LR. spectrum
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husmg a solvent system - of butanol/ethanol/

water, Evaporation of a suitable fraction of
the eluate gave 0.22 g. of the sodium salt of
@ - carboxy - -3 - thienylmethylpenicillin,
) ‘assay with = hydroxylamine
indicated a purity of about 60%. -

EXAMPLE 7.
a-Carboxy-p-chlorobenzylpenicillin.

To p-chlorophenylmalonic acid (215 g,
1.0 mol.) in dry ether' (40 ml) was added
thionyl chloride (1.25 g., 1.05 mol.), and 2
drops of dimethylformamide and.the solution
refluxed for 3 hours. Solvent was removed
at ¢q. 2 mm/20°, the crude acid chloride dis-
solved in dry ether (30 ml.) and the solution
added dropwise during 6 minutes at 20°, with
vigorous -stirring, to a solution of. 6-amino-
penicillanic acid (2.16 g., 1.0 mol.), in phos-

_phate buffer (50 ml) at pH 6, covered with

50

55

a layer' of ether (30 ml.). Durmg the addition,
the pH of the reaction mixture was kept be-
tween 5 and 6 by the dropwise addition- of
N. sodium hydroxide. After stirring the re-
action mixture at pH 5 for 15 minutes, the
aqueous layer was separated and the penicillin
ified by extraction at pH 2 into ether (50

ml) at O—5° followed by re-extraction into

water at pH 7. Evaporation of the aquéous
solution (at ce. 2 mm/30°) gave a sodium

salt (145 g, hydroxylamine assay,” 58%),-

but paper chromatography showed ‘the presence
of ‘both the required a-carboxypenicillin and
p-chlorobenzylpenicillin _with - a ~higher "R,
value, The latter was removed by treatment
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oo (6derly amblorte adid
serq#onfltb(ﬁrﬁug ;91.05 mol) in- dry ether (120
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evaporation of the aqueous solution at pH 7
gave ‘the sodium salt of a-carboxy-p-methesy-

peniedllin- (1,5 g., hydroxylamine assay, 38%,). .
Paper chromatography showed that only a

single antibiotic was present.

‘<_°c3__
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penicillanic ac: E
(100 ml.) buﬁered at pH 5 to 6. After
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~ EXAMPLE 9.
@ - Carboxy - p - benzyloxycm'bonylammo-

- benzylpenicillin.

Treatment of p ammophenylacetxc acid with -
an_excess ‘of isopropyl magnesium bromide
followed by powdered solid carbon dioxide
gave crude p aminophenylmalonic acid, m.p.
198 to 202° (decomp.). This was treated with
benzyl chlorocarbonate and aqueous. alkali 1o
give p benzyloxycarbonylannnophenyl;nalome\
acid, m.p. 142 to 143° (decomp.). .

Followmg the procedure of Example 4
this acid (1 g) was treated .with thionyk
chloride (0.39 g.) in ether to yield the crude:
mono acid-chloride, which in turn was couplc
with 6-aminopenicillanic acid (0.66 g L
two-phase system buffered at pH 5'to 6 Paper“ ~
chromatography of the resulting crude sodiuri I . -
salt (0.85 g.) revealed the presence~of - ‘bothe! ™/
@ - carboxy - p - benzyloxycarbonyl@tmno—/ ‘
benzylpenicillin and 2 benzyloxycarbonyle
aminobenzylpenicillin. .
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ExamrLE 10. 120
a-Carboxy-p-aminobenzylpenicillin. '
The crude mono acid chloride prepared as .

in- Example. 9 was treated with benzyl alcohol
to - give « - benzyloxycarbonyl - p - benzyl-
oxycarbonylammophenylacenc acid, mp 121 125



chl orocar bonate and aqueous al kal
benzyl oxycar bonyl oxyphenyl nal oni c
4, wherein mp. 133[err].
derivative is an acid halide, 90 Fol | owi ng the procedure of Exanple
7 this anhydride or m xed anhydrlde acid (100 ng.) was treated with”
t hi onyl 6. -A process as clained in clif0M® wherein chloride (38
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ExaMpPLE 11
a-Carboxy-m-hydroxybenzylpenicillin.

Treatment of m hydroxyphenylacetic acid
with an excess of isopropyl magnesium
bromide followed by powdered solid carbon
dioxide gave crude m hydroxyphenylmalonic
acid as a gum. This was treated with benzyl
chlorocarbonate and aqueous alkali to give
m benzyloxycarbonyloxyphenylmalonic acid,
m.p. 133°,

Following the procedure of Example 7 this
acid (100 mg) was treated with thionyl
chloride (38 mg.) in ether to yield the crude
mono acid chloride, which in turn was coupled
.with 6-aminopenicillanic acid (66 mg.) in
water (5 ml.) buffered at pH 5 to 6. Isolation
as in previous Examples gave a mixture of
‘the sodium salts of e-carboxy-m-benzyloxy-
carbonyloxybenzylpenicillin and = benzyloxy-

. carbonyloxybenzyl penicillin, the latter having

55

60

a higher R, value on paper chromatography.

Treatment with E. coli amidase at 37° for
1 hour degraded . the decarboxylated
penicillin and the residual «-carboxy-m
benzyloxy.arbonylow:ybenzylpemcxllm was then
hydrogenated in neutral aqueous solution at
ordinary temperature and pressure using an
excess of 5%, palladium on calcium carbonate
as catalyst. Paper chromatography indicated
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where R is an alkyl or heterocyclic group or '

a phenyl group which may be substituted by
a chlorine atom or 2 hydroxy, alkoxy or amino
group, and X is a hydroxy group, or chlorine
atom, or the group OR? where R! is an alkyl,
aryl, benzyl or substituted benzyl group which
is subsequently removed.

5. A process as claimed in claim 4, wherein
the reactive derivative is an ac1d halide,
anhydride or mixed anhydride.

6. A process as claimed in claim 4, wherein
when the group R* is an aryl, benzyl or sub-
stituted benzyl group its removal is effected
by catalytic hydrogenation.

7. A process for the preparation.of the
penicillins and non-toxic salts thereof claimed
in claim 1 substantdally as described with
reference to Example 1.

8. A process for the preparation of the
pemcxllms and non-toxic salts thereof claimed
in claim 1 substantially as described with
reference to any one of Examples 2 to 11.

9. Penicillins according to claim 1 and non-
toxic salts thereof when prepared by the
process claimed in any one of claims 4 to 8.

RONALD SMITHER,
Agent for the Applicants, %*
Chartered Patent Agent.

Leanti.sgton Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press
(Leatmngton) Ltd.—1965. Published by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.
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hydrogenated in neutral aqueous solution at
- ordinary temperature and pressure using an
excess of 5%, palladium on calcium carbonate
60 as catalyst. Paper chromatography indicated
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1,004,670 ' 5
- to 124°, Treatment of this acid (420 mg.) the formation of a new zone of antibiotic
*  with thionyl chloride (130 mg.) in ether as activity attributed to a-carboxy-m-hydroxy-
in Example 7 gave crude o-benzyloxy- benzylpenicillin.
~. carbonyl - p - benzyloxycarbonylaminophenyl-
\_o4 3 acetyl chioride. WHAT WE CLAIM IS:—
T This product was dissolved in methylene 1. Penicillins of the general formula: 65
chloride (8 ml.) and added during 10 minutes
at 20° to a stirred solution of 6-amino-
penicillanic acid (220 mg.) and triethylamine
10 (300 mg.) in methylene chloride (5 ml.). The R. CH. CO. NH. CH—CH \
mixture was stirred at 20° for 1 hour, then \c,, @
the product was extracted into water at pH CooH I 3
8.5 and the penicillin purified via the free €0~ N —— CH.CcOoOw
add (pH 1.9). However, paper chromato-
15 graphy of the sodium salt (250 mg.) showed and non-toxic salts thereof, where R is an
the presence of both the required «-benzyl- alkyl or heterocyclic group, or a phenyl group
oxycarbonyl - p  benzyloxycarbonylamino- which may be substituted by a chlorine atom
benzylpenicillin and of P benzyloxycarbonyl- or a hydroxy, alkoxy or amino group. 70
aminobenzylpenicillin, 2. o-Carboxybenzylpenicillin and non-toxic
20 Catalytic hydrogenation of this penicillin salts thereof.
mixture was effected in aqueous solution at 3. e - Carboxy - 3 - thienylmethyl--
room temperature and pressure using as pemcﬂhn and non-toxic salts thereof.
catalyst a large excess of 5%, palladium on 4. A process for the preparation of the 75
calcium carbonate. The resulting mixture of penicillins and non-toxic salts thereof claimed
25 «a - carboxy - p - aminobenzylpenicillin and in claim 1, which process comprises coupling
» aminobenzylpenicillin was treated with the 6-aminopenicillanic acid or a salt thereof,
armdase, E. coli acylase, at 37° for 6 hours with a reactive derivative of an acid of the
in order to convert the p aminobenzyl- general formula: 80
penicillin into 6-aminopenicillanic acid and
30 leave o-carboxy-p aminobenzylpenicillin as R. CH. COOH
the only highly active antibiotic present. | an
COX
ExaMPLE 11. ,
a-Carboxy-m-hydroxybenzylpenicillin. where R is an alkyl or heterocyclic group or
Treatment of m hydroxyphenylacetic acid a phenyl group which may be substituted by
35 with an excess of isopropyl magnesium a chlorine atom or a hydroxy, alkoxy or amino
bromide followed by powdered solid carbon group, and X is a hydroxy group, or chlorine 85
dioxide gave crude m hydroxyphenylmalonic atom, or the group OR! where R is an alkyl,
acid as a gum. This was treated with benzyl aryl, benzyl or substituted benzyl group which
. chlorocarbonate and aqueous alkali to give is subsequently removed.
40 m benzyloxycarbonyloxyphenylmalonic acid, 5. A process as claimed in claim 4, wherein
m.p. 133°, the reactive derivative is an acid halide, 90
Following the procedure of Example 7 this anhydride or mixed anhydride. '
—acld (100 mg.) was treated with thionyl 6. A process as claimed in claim 4, wherein
__chloride (38 mg.) in ether to yield the crude when the group R! is an aryl, benzyl or sub-
mono -acid' chloride, which in turn was coupled stituted benzyl group its removal is effected
- -with 6-aminopenicillanic acid (66 mg.) in by catalytic hydrogenation. 95
' B "Water (5. ml) buffered at pH 5 to 6. Isolation 7. A process for the preparation of the
i 78s in previous Examples gave a mixture of penicillins and non-toxic salts thereof claimed
he sodium salts of a-carboxy-m-benzyloxy- in claim 1 substantially as described with
50 - carbonyloxybenzylpenicillin and 7 benzyloxy- reference to Example 1.
s -'mbonyloxybenzyl penicillin, the latter having 8. A process for the preparation of the 100
... - -a:higher R; value on paper chromatography.  penicillins and non-toxic salts thereof claimed
o \G: o Treatment with E. coli amidase at 37° for in claim 1 substantially as described with
_ 4=~ hour degraded the decarboxylated reference to any one of Examples 2 to 11.
.55 —penicillin and the residual e-carboxy-m 9. Penicillins according to claim 1 and non-
< \-.benzyloxycarhonyloxybenzylpemcxllm was then toxic salts thereof when prepared by the 105
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