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COMPLETE SPECIFICATION
Improvements in or relating to Penicillin Derivatives

We, BEEcHAM RESEARCH LABORATORIES
LiMiTED, a British Company, formerly of
Brockham Park, Betchworth, Surrey, now of
Grecat West Road, Brentford, Middlesex, do
hereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed, to
be particularly described in and by the follow-
ing statement: —

This invention relates to penicillin deriva-
tives and is particularly concerned with deriva-
tives of G-aminopenicillanic acid.

6-Ami_nopenicillani_c_acid has the structural

foritiula: —
S
HZN.CH —CH C\
b | “cH,
. CO— N CH ——COOH

@D

It has now been found according to the pre-
sent invention thar new penicillin derivatives
having valuable antibiotic activity can be
obtained by introducing aminoacyl substituent
groups into the amino group of 6-aminopeni-
cillanic acid,

Accordingly, the present invention provides
new penicillin derivatives of the general
formula: .

s
XNHCH—c N2
- l\cn,
€O N- CH—— COOH
_ -~ . @
~..where X is an_amino-substituted acyl group
containing up to 20 carbon atoms and having
the formula
R(Q-I-.-).,(I’:H.CO— :

. 2
where R is hydrogen or an amino, carboxyl or

substituted or unsubstituted alkyl, aryl, aralkyl

or heterocyclic group and » is zero or an
integer, and non-toxic salts thereof,

[Price 3s. 6d.)

The compounds of the present invention are
of value as antibacterial agents, as nutritional
supplements in animal feeds, as agents for the
treatment of mastisis in cattle and as thera-
peutic agents in poultry and animals, includ-
ing man, in the treatment especially of infec-
tious diseases caused by Gram-positive and
Gram-negative bacteria.

The salts are non-toxic salts including non-
toxic metallic salts such as sodium, potassium,
calcium and aluminium, the ammonium salt
and substituted ammonium salts, e.g. salts of
such non-toxic amines as trialkylamines, includ-
ing triethylamine, procaine, dibenzylamine, N-
benzyl-beta-phencthylamine, 1-ephenamine ;

N,Ni - dibenzylethylenediamine, dehydro-"

abietylamine, N,N* - bis - dehydroabietyl-
ethylenediamine, and other amines which have
been wsed to form  salts with  benzyl-
penicillin.

The present invention also includes a process
for the preparation of penicillin derivatives
of the general formulz I where X is as herein-
before defined, and non-toxic salts thereof,
which comprises coupling 6-aminopenicillanic
acid with an acid of the general formula XOH
having its amino greup or groups protected,
or a salt thereof, and thereafter removing the
protecting group or groups under sufficiently
mild conditions to avoid destruction of the
penicillin nucleus.

Examples of the group X in the general
formula IT are:

()] R(Cliz),,.(lfH.CO-— :

NH,
where # is zero or an integer from 1 to 6 and
R is hydrogen or an alkyl, aryl, aralkyl or

-heterocyclic group which may also be sub-

stituted. This group will include derivatives
of the amino acids, alanine, valine, nor-valine,
leucine, fso-leucine, phenylalanine, tyrosine,
tryptophane, threonine, histidine, asparagine
and glutamine. A preferred class of compound
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falling within this group is when n is zero and

- R is phenyl, chlorophenyl, methoxyphenyl,

furyl or cyclohcxyl group. This class will
include «-aminobenzylpenicillin.
(ii) HOOC.(CHz)n.(IIH.CO—

This group will include derivatives of aspaific
acid, glutamic acid and «-aminoadipic acid.
- (i) HgN.(CHz)n.?H.CO—

NH.
wherein n is an integer from 1 to 4.
This group will include derivatives of lysine
and ornithine,

The majority of the derivatives mentioned
above contain at least one asymmetric carbon
atom and will exist in D- and L- forms. It
is to be understood that the present invention
includes both the D- and L- forms and the
DL-mixture. When the derivative contains

~\two asymmetric carbon atoms then there will

four isomers and two DL-mixtures.
The protected aminoacyl derivatives of 6-
aminopenicillanic acid are preferably prepared
by reacting 6-aminopenicillanic acid with a
mixed anhydride prepared by reacting the
amino-substituted carboxylic acid;or a salt
thercof, having its amino group or groups pro-
tected, with an ester of chlorocarbonic acid,
e.g. cthyl chlorocarbonate. Alternatively, the
protected amino-substituted carboxylic acid
may be converted to 2 reactive acid halide.
Other methods used to form the protected
aminoacyl derivative of 6-aminopeniciflanic
acid arc standard procedures employed in pep-
tide synthesis and include the use of a reac-
tive acid azide or a carbodi-imide reagent {cf.
Shechan and Hess, §. Amer. Chem., Soc., 1955

77, 1067).

The subsequent removal of the protecting
group or groups, to form the free amino-sub-
stituted penicillin may be effected by catalytic
hydrogenation and suitable protecting groups
are of the general formula R1'Q.CO—, where
R is an allyl, benzyl, substituted benzyl,
phenyl or substituted phenyl group, or the
trityl group PH,.C—. The abbreviation “ Ph”
as used herein represents the phenyl group.

The removal of the protecting group or
groups is effected by allowing the protected
aminoacy! derivative to react with hydrogen in
the presence of a catalyst. This hydrogenation
is normally carried out at room temperature
and at atmospheric pressure, the pH of the
reaction ‘mixture being from S to 9. The sol-
vent: for the hydrogenation reaction is morm-
ally water, but other non-reducible solvents
such as ethyl alcohol or dioxane or mixtures
of these with water may be employed.

The -preferred  hydrogenation catalyst is
palladium but other catalysts such as platinum
or rhodium may be used. - The catalyst is pre-
ferably employed on an inert support, e.g. of
barium carbonate or carbon, :

o 2 LT g T T, ¢ LAY

e

When a carbon atem pext to that carrying
the carbobenzyloxyamino group to be reduced
forms part of an aromatic ring, as in Group
(i) above when R is aromatic and = is zero,
the hydrogenation step is normally completed
in a single treatment with hydrogen and cata-
lyst. However, in all other cases, i.e. when
the carbon atom next to that carrying the
carbobenzyloxyamino group to be reduced is
of an aliphatic nature, in order to effect com-
plete reduction it may be necessary to hydro-
genate in the presence of two or more succes-
sive portions of catalyst.

When the amino-substituted carboxylic acid
contains more than one carboxyl group, e.g. 2~
aminoadipic acid, in order to prepare an un-
ambiguous acyl derivative it is necessary either
to protect one of the carboxyl groups before
reaction with 6-aminopenicillanic acid or to
prepare an unambiguous reactive derivative of

“one carboxyl group only.

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 chocse
reaction and isolation conditions which are
sufficiently moderate te avoid their decomposi-
tion.

The following Example iliustrate the inven-
tion. S
: EXAMPLE 1. _

Preparation of aminomethyl penicillin.

A suspension of palladium on barium car-
bonate (7.3 g.,of 30%,) in water {200 ml.) was
shaken in an atmosphere of hydrogen at room
temperature and atmospheric pressure for 2
hours. After this treatment the catalyst was
collected and washed well with water, taking
care that it mever became dry. The sodium
salt of carbobenzyloxyaminomethyl penicillin

(111} (4.5 g., of a material assaying ar a purity

of 407.) was added to the aqueous suspension
of the pre-treated catalyst and the pH adjusted
to 8.0 with sodium hydrogen carbonate solu-
tion (3%). The mixture was then shaken
under hydrogen at room temperature and atmo-
spheric pressure for 45 minutes. A second
quantity of palladium on barium carbonate
(7.3 g., of 30743, previously reduced as before,
was added and the hydrogenation continued
for a further 45 minutes. The catalyst was
filtered off, washed with water, and the filtrate,
after adjusting to PH 7.0 with N hydrochloric
acid, was evaporated to dryness under reduced
pressure at a temperature below 20° C. The
aminomethyl penicillin (IV) was obtained as
a yellow powder (3.0 g.) which assayed for a
purity of 3394,. Paper chromatography showed
that this material contained only one antibiotic
which had a considerably different Ry value
from the stamting material. The product was
shown to be stable in acid solution and to
inhibit Staph, aureus at a concentration of 1.25
mcg./ml.
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The sodium saly of carbobenzyloxyamino-
methyl penicillin was prepared as follows:
Ethyl chiorocarbonate (1.9 ml) was added

" dropwise to an ice-cold stirred solution of N-

carbobenzyloxyglycine (4.5 g.) and triethyl-
amine (3 mi) in dry acetone (170 ml). After
5 minutes the resulting suspension containing
the mixed anhydride was treated slowly with
an ice-cold solution of G-aminopenicillanic
acid (4.3 g.) in 39 aqueous sodium bicarbonare
(170 mlb). Throughout the.addition the mix-
ture was maiatained at 0° C., but thercafter
it was allowed to attain room temperature dur-
ing a further one hour’s stirring. The mixture
was washed with ether (3 x 250 ml) and the
washings were discarded, The aqueous phase
was treated with hydrochloric acid to PH"2
and the free penicillin acid was extracted into
butanol (40 ml., then 2 x 10 ml.). The sodium
salt of carbobenzyloxyaminomethyl peniciliin
was recovered by re-extracting the washed
butanol solution with water (3 x 5 ml.), to each
portion of which sufficient 3% aqueous sodium
bicarbonate had been added to bring the
aqueous phase to pH 7. The combined

-, aqueous extracts were washed with ether, then
"2\ evaporated below 20° C. in vacuo to leave
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j the solid sodium salt (4.7 g.).
EXAMPLE 2.
Preparation of s-aminopentylpenicillin.

The sodium salt of z-carbobenzyloxyamino-
pentylpenicillin (56% pure) was hydrogenated
in the presence of three successive portions of
pre-treated palladiom on barium carbonate
catalyst as described in Example 1 to give -
aminopentylipenicillin, which assayed at 349
puré, in 56% vyield. Paper chromatography
showed only one antibiotic with a considerably
different Ry value from the starting material,
It was stable in acid solution and was shown
to inhibit Stapk. aureus at a concentration of
0.12 mcg. /ml.

The sodium sale of e-carbenzyloxyamino-
pentyl penicillin used in this Exdmple was pre-
pared in 649 yield from 6-aminopenicillanic
acid and a mixed anhydride prepared from N-
carbobenzyloxy - DL - morleucing and ethyl
chlorocarbonate according to the general proce-
dure of Example 1. - |

N - Carbobenzyloxy - DL - norleucine, m.p.
106-—-107° C., was obtained in 70%: yield
from DL-norleucine and benzyl chlorocar-
bonate in cold aqueous sodium hydroxide
solution. . :

+ Ph.CHg +Cog

ExAMPLE 3.
Preparation of z-amincheptylpenicillin.
The sadium salt of z-carbobenzyloxyamino-
heptylpenicillin {68, pure) was hydrogenated

in the presence of three successive portions of 6Q....
pre-treated palladium on barium carbonate /.0 -4

catalyst as described in Example 1 1o give “"{7;
aminoheptylpenicillin, which assayed at 47% Y37 -

A

pute, in 449 vicld. Paper chromatography \’:«f’_;ﬁ//

shuwed only one antibiotic with a considerably 65
different Ry value from the starting material.

It was stable in acid solution and was shown

to inhibit Stupk. asreus ot a concentration of
0.012 mcg./ml.

The sedium sale of z-carbobenzyloxyamino- 70
heprypericillin used in this Example was pre-
pared in 43% vield from 6-2minopenicillanic
acid and a mixed anhydride prepared from
DL . z _ carbobenzyloxyamino ~ octoic acid
and ethyl chlorecarbonate according to the 75
general procedure of Example L

The DL - 2 - carbobenzyloxyamino - octoic /X
acid required for this preparation was obtained

by the reaction of benzyl chlero-carbonate with \£#p e

DL-z-amino-octoic acid in dilute sodium 8
hydroxide solution. It was obtained as colour-
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less crystals {635}, m.p. 91-—92° C_ Found: |

C, 65.7; H, 7.9; X, 49. C,,H.,NO, rcquires
C, 655, H,7.9; N, 4.7%,).
EXAMPLE 4. ' 85

Preparation of s~aminocyclohexylmethyl-

_ penicillin.

The sodinm salr of z-carbebenzyloxyamino-
cyclohexylmethylpenicillin {757 pure) was
hydrogenated in the presence of three succes- 90
sive porticns of pre-treated palladinm on
barium carbonate catalyst as described in Ex-
ample 1 to give =-aminocyclehexylmethylpeni-
cillin, which assayed at 46°, pure, in 51%
yield. Paper chromatography showed only one 95
antibiotic with a consicerably different R,
value from the starting material. It was stable
in acid solution and was. showa to inhibit- -
Staph. aureus at a concentration of 0.12
meg./ml. 100

The sodium salt of 2-carbobenzyloxyamino-
cyclohexylmethylpericillin vsed in this ex-
ample was prepared in 517 yield from 6-
amtnopenicilianic acid and a mixed anhydride
prepared from DL - a - carbobenzyloxyamino- 105
cyclohexylacetic acid and cthyl chlorocarbonate
according’ to the .general procedure of
Example 1.

The DL - a - carbobenzyloxyaminocyclo-



0

15

hexylacetic acid, m.p. 136—137° C. was pre-
pared in 807% yicld from DL - x . aminocyclo-
hexylacetic acid and benzyl chlorocarbonate 1n
sodium hydroxide solution. (Found: C, 66.2;
H, 7.5; N, 4.6. C,;H,,NO, requires C, 65.9;
H,7.3; N, 4.8%).
EXAMPLE §.

Preparation of « - amino - /3 - phenylethyl-
: penicillin. i

. The sodium salt of = - carbobenzyloxyamino-
£! - phenylethylpenicillin (53%, pure) was
hydrogenated in the presence of three succes-
stve portions of pre-treated palladium on
byrium carbonate catalyst as described in Ex-
agple 1 to give s-amino-B-phenylethyl peni-

- cilin, which assayed at 307, pure, in 49%
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yild. Paper chromatography showed that this
myserial contained only one aatibiotic which
hagl'a considerably different Re value from that
of- the starting material. The product was
stable in acid solution and was shown to
inhibit Staph. aurcus at a concentration of 0.6
mcg./ml. : .

The sodium salt of s-carbobenzyloxyamino-
B-phenylethyl penicillin was  prepared by
reacting N - carbobenzyloxy - 3 ~ phenyl - DL-
alanine with ethyl chlorocarbonaie to give the
reactive mixed anhydride. This was then
allowed to react with 6-amino-penicillanic acid
under the conditions described in Example 1.

EXAMPLE 6.
Preparation of a - amino - 8 - 3 - indolyl-
ethylpenicillin.

This was obtained by hydrogenating the
sodium salt of « - carbobenzyloxyamino - -
3 - indolylethylpeniciflin (77, pure) as in
Example 2 in 4795 yicld and assayed at 44°05.
Paper chromatography showad only one anti-
biotic with a considerably different R value
from the starting matcrial. It was stable in
acid solution and was shown to inhibit Stapl.
aurens at a concentration of 0.5 meg./ml

The sodium salt of z-carbobenzyloxyamine-
B - 3 - indolylethylpenicillin used in this Ex-
ample was prepared in 837 yield from 6-
aminopenicillanic acid and a mixed anhydride
derived from N-carbobenzyloxy - DL - urypto-
phane and ethyl chlorocarbenate according to
the general procedure of Exaniple 1. N-Carbo-
benzyloxy - DL - tryptophane had m.p. 167°
C. (Found: C, 676;  H, 5.5; N, 8.2
Ci.H,,ON, requires C, 67.5; H, 54; N,
8.3%). .

EXAMPLE 7. :
Preperation of « -~ amino - 8 - hydroxyethyl-
"~ penicillin.

This was cbtained by hydrogenating the
sodium salt of a - carbobenzyloxyamino - j3-
hydroxyethylpenicillin (709, pure) as in Ex-
ample 2 in 297, yield and assayed at 219

_ pure. Paper chromatography showed only one

antibiotic with a considerably different R
value from the starting material, It was stable
in acid solution and was shown to inhibit
Stapk. aureus at a concenmation of 3.0

“and

with ethyl cidorocarbonaie {1 eyuiv.)

mcg./ml .

The sodium salt of x-carbobenzyloxyamino-
B - hydroxyethylpenicillin used in this Ex-
ample was prepared in 67% yield from 6-
aminopenicillanic acid and a mixed anhydride
derived from N-carbobenzyloxy-DL-serine
and ethyl chlorocarbonate, according to the
general procedure of Example 1.

ExamMPLE 8.
Preparation of = - amino - f - hydroxy - g-
phenylethylpenicillin.

This was prepared by hydrogenating the -

sodium salt of = - carbobenzyloxyamino - -
hydroxy-3-phenylethylpenicillin (607 pure) as
in Example 2 In 537, yield and assayed at
399, pure. Paper chromatography showed
only one antibistic with a considerably different
R, value from the starting material. It was
stable in acid solution and was shown to inhibit
Staph. aureus.

The sodium salt of =-carbobenzyloxyamino-
5 - hydroxy - £ - phenylethylpenicillin used
in this Example was prepared in 467 yield
from 6-aminopenicillanic acid and a mixed
anhydride prepared from N - carbobenzyloxy-
DL - threo - 13 - phenylserine and ethyl chloro-
carbonate according to the general procedure
of Example 1.

N - Carbobenzyloxy - DL - threo . B-
phenylserine, m.p. 63—64° C., was prepared
in 30% yield from DL - tireo - B - phenyl-
serine and benzyl chlorocarbonate in aqueous
sodium hydroxide solution.

ExXAMPLE 9.
Preparation of =-aminobenzylpenicillin,

A suspension of palladium on barium car-
tonate (3.7 g. of 367)) in water (20 ml.) was
shaken in an atmosphere of hydrogen at room
temperature and aunospheric pressure for 1%
hours. The caalyst was then filtered and
washed- well-with water; making sure that it
did not become dry. A solution of the sodium
salt of »-carbohenzyloxyvaminobenzylpenicillin
(4 g.) in water {20 ml.) was added to the pre-
treated catalyst and the suspension shaken in
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ture and pressure for one hour. The catalyst
was then filtered off, washed well with water,
the .combined filtrate and washings
adjusted to pH 7.0 with N hydrochloric acid.
The resulting solution was then evaporated in
pacuo at a temperature below 20° C. to give
x-aminobenzylpenicillin (internal salt) (24 g,
7476) which assayed as 489 pure. Paper
chromatography showed that this material con-
tained cnly one antbiotic which had a con-
siderably . different R; value from that of the
starting material. It was stable in acid solu-
tion and was showm to inhibit Staph. aureus
at a concentration of 0.12 mcg./ml.

The sodium salt of «~carbobenzyloxyamino-
benzylpenicillin required for the above prepara-
tion was obtained by reacting DL-z-carbo-
beazyloxyaminophenylacetic acid (1 equiv.)
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the reactive mixed anhydride. This was then
Ylowed to react with 6-aminopenicillanic acid

“under the conditions described in Example 1.

It was obtained as a yellow solid (65%) which

assayed as 56% pure. _

ExampLE 10,
Preparation of « - amino - p - methoxybenzyl-
penicillin,

This was obtained according to the pro-
cedure described in Example 9 by the hydro-
genation of the sodium salt of =-carbobenzyl-
Oxyamino - p - methoxybenzyl penicillin (59%
pure) in 58% yield and assayed as 41%
pure. Paper chromatography showed only one
antibiotic with a considerably different Ry
value from the starting material, It was stable
in acid solution and was shown to inhibit

. Staph. aureus at a concentration of 0.025

Pegfod meg-ml. The sodium salt of DL - z - Carbo-
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benzyloxyamino - p - methoxyphenylacetic acid
was obrained from the corresponding =-amino
acid in 609% yield in accordance with the
method of Example 1, m.p. 105° C. (Found:
C, 65.0; H, 5.5; N, 4.1. C.;:H;;NO, requires

C, 64.8; H,54; N, 4.4%).
ExamPLE I1.
Preparation of = - amino - p - chlorobenzyl-
penicillin.
This was obtained according to the proce-
dure described in Example 9 by the hydro-

genation of the sodium salt of =-carbobenzyl-
oxyamino - p - chlorobenzylpenicillin (42%
pure) in 889 yield and assayed as 45° pure.
It was stable in acid solution and was shown
to inhibit Staph. aureus at a concentration of
0.06 mcg./ml. The sodium salt of DL-z-
carbobenzyloxyamino - p - chlorophenylacetic
acid was obtained from the corresponding e-
amino acid in 85%; yield in accordance with
the method of Example 1, m.p. 132——133° C,
(Found: C,60.5; H, 4.8; N,4.7. C, H,,CINO,
requires C, 60.0; H, 4.4; N, 4.495).
ExaMPLE 12.
Preparation of = - amino - 1 - naphthylmethyl-
penicillin,

This was - obtained according to the pro-
cedure described in Example 9 by the hydro-
genation of the sodium salt of z-carbobenzyl-
oxyamino - 1 - naphthylmethylpenicillin (64%
pure) in 615 yield and assayed as 409, pure.
It was stable in acid solution and was shown
to inhibit Staph. oxford at a concentration of

© 0.025 mcg./ml,

« - Amino - 1 - naphthylacetic acid, m.p.
219~220° C. was prepared by the Bergs-
Bucherer synthesis from z-naphthaldehyde (cf.
Harvill and Herbst, J. Org. Chem., 1944, 9,
21). With benzyl chlorocarbonate in aqueous
sodium hydroxide solution it gave =-carbo-
benzyloxyamino - 1 - naphthylacetic acid, m.p.
144—145° C. in 40% yield. The mixed
anhydride prepared from this acid and ethyl
chlorocarbonate was coupled with 6-amino-
penicillanic acid according to the general pro-
cedire of Example 1 to give the sodium salt

of « - carbobenzyloxyamino - 1 - naphthyl-
methylpenicillin used in this Example.
EXAMPLE 13.
Preparation of = - amino - 2 - furylmethyl-
penicillin. :

This was obtained according to the proce-
dure described in Example 9 by the hydro-
genation of the sodium salt of =z-carbobenzyl-

5

—

70

oxyamino - 2 - furylmethyl penicillin (407

af

pure) in 7494 yield and assayed as 329% pure.
Paper chromatography showed only one anti-
biotic with a considerably different Re value
from the siarting marcrial. It was stable in
acid solution and was shown to inhibit Staph.
aureus at a concentration of 0.5 mcg./ml,

The sodium salt of z-carbobenzyloxyamino-
2 - furyimethyl penicillin required for the
above preparation was obtained by treating
DL - « - carbobenzyloxyamino - 2 - furyl-
acetic acid (1 equiv.) with ethyl chlorocarbonate
(1 equiv.) to give the reactive mixed anhydride.
This was then allowed to react with 6-amino-
penicillanic acid under the conditions des-
cribed in Example 1. There was obtained a
329% vyield of a solid which was 407, pure.

DL - = - Carbobenzyloxyamino - 2 - furyl-
acetic acid, m.p. 121—122° C. was obtained
in 409 yield by treating a - amino - 2 - furyl-
acetic acid with benzyl chlorocarbonate in
dilute sodium hydroxide solution;(Found: C,
61.3; H, 4.7; N, 4.9, C,_,H,,éaN requires
C, 61.1; H, 4.8; N, 5.1%,).

ExXAMPLE 14.
Preparation of a mixture of the sedium salts of

«- and -amino-d-carboxybuty! penicillins.

A mixture of the sodium salts of e~ and &-
carbebenzyloxyamino - 8 - carboxyburyl peni-
cillins (9.0 g. of §57% purity) was reduced with
three successive 10 g. quantitics of pretreated
palladium on barium carbonate catalyst in
water (3 x 15C ml) at pH 8.0 as described
in Example 1. The product (7.0 g., 827%)

- assayed for a purity of 42% and was shown

by paper chromatography to conizin two zones
of anti-bacterial acti~ity, one of which corre-
sponded closely with “hat of the natural 3-
aming - 6 - carb outyl penicillin, ie.
Cephalosporin N (V). . he other slightly faster
running zone was acid stable and is probably
the other isomer, « - amino - & - carboxybutyl
penicillin {VI). :

PRGN
“OOC.CH.(CH2)3.CO. NHEH—CH C

| ey

NH: CO— N — CH.COOH
<))
/s\ /CHS
HOOC.{C Hg)y- CH.CO.NH.CH — CH [y
I
NH2 <O ~N — CH.COOH

1Y

The starting material for this Example, i.e, the

mixed sodium salts of 2~ and S-carbobenzyl-
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oxyamino - 8 - carboxybutyl penicillins, was
prepared by reacting N - carbobenzyloxy-
DL - 2 - aminoadipic acid (1 equiv.) with
cthyl chlorocarbonate (2 equivs.) to give the
5 geactive mixed anhydride and then allowing
this to react with 6-aminopcenicillanic acid
under the conditions described in Example 1.
The product was shown by paper chromato-
graphy to contain two main constitucnts with
10 slightly different Ry values, and to inhibit
Staph. aureus at 3 concentration of 5.0
mcg./ml. :
ExampLE 15.

-~ Preparation of ,»-diaminopentyl penicillin.-—

© .- pentyl penicillin,.a: B --diaminoethyl penicillin,
/55 diaminopenty! penicillin respectively.

15 °~ The sodium salt of =,-dicarbobenzyloxy-
aminopentyl penicillin (2.0 g., of 68% purity)
was reduced with two quantities (2x 4.4 g.)
of pre-treated palladium on barium carbonate
in water (2> S50 ml) at pH 8.0 as in Ex-

20 ample 1. The total time taken for the hydro-
genation was 2 hours, the second quanuty of
catalyst being added after one hour. Isolation
as in Example 1 gave a-¢-diaminopentylpeni-
cillin as a hygroscopic solid (0.65 g.) which

.25 assayed for a purity of 22%. Paper chromato- .

graphy showed that this material had a con-~
siderably different R, value from that of the
starting material.  The product was shown to
inhibit Staph. aureus at a concentration of
30 1.25 mcg./ml.

F o - dicarbobenzyloxyaminopentyl peni-’
-cillin was prepared by reacting N,N* - dicarbo-
benzyloxy - DL - lysine (1 equiv.) with ethyl
chlorocarbonate (1 equiv.) to give the reactive

35 mixed anhydride. This was then allowed to
react with 6-aminopenicillanic acid under the
conditions described in Example 1.

Following the above procedure, alanine,

valine, nor-valine, leucine, iso-leucine,

40 threonine, tyrosine, histidine, aspartic acid,
glutamic acid, e«-aminopimelic acid, =2:£-
diaminopropionic acid, ornithine and «:e-
diaminocaproic acid respectively, can be
employed to produce a«-aminoethyl penicillin, -

45 aminossobutyl penicillin, =-amino-s-burtyl peni-
cillin, =z-amino-y-methylbutyl penicillin, =~
amino - 2 - methylbutyl penicillin, = - amino-

B - hydroxypropyl penicillin, 2 - amino - 8-

(p - hydroxyphenylethyl penicillin, « - amino-

50 B - (4 - iminazolyl) ethyl penicillin, = - amino-
- 8 - carboxyethyl penicillin 2 - amino - y - carb-

- -- oxypropyl penicillin, = - amino - ¢ . carboxy-
a:8 - diaminobutyl * penicillin and a:e-
.. WHAT WE CLAIMIS:
- 1. Penicillin derivatives

. of the general
- formula: ... . o

s St

. i_\c"s

Cii —— COOH

. X.NH.CH—CH

~ N

.- 15. A process as claimed -in any one of

the formula . o
- R(CH,),([:H.CO—-

NH,
where R is hydrogen or an amino, carboxyl or
substituted or unsubstituted alkyl, aryl, aralkyl
or heterocyclic group and # is zero or an
integer, and non-toxic salts thereof.

2. Penicillin derivatives as claimed in claim
1 wherein X in the general formula (II) is
R.(CH,),.CH.CO— )

. NH.
where »n is zero or an integer from I to 6.and..... ..
R is hydrogen or an alkyl, aryl, aralkyl or
heterocyclic group which may also be sub-
stituted. : ’

3. Penicillin derivatives as claimed in claim
2 wherein n is zero and R is a phenyl, chloro-
phenyl, methoxyphenyl, furyl or cyclohexyl
group.
4. Penicillin derivatives as claimed in claim
1 wherein X in the general formula (II) is
H'_\N.(CHQ)H-ch'I-CO—-

65

70

75

NH.
where » is an integer from 1 to 4.
5. a=-Aminobenzylpenicillin,
6 a-Amino-p-methoxybenzyl penicillin.
7. «-Amino-2-furylmethy! penicillin,
8. z-Amioocheptyl penicillin,
9. «-Aminopentyl peniciilin.
10. «~Aminocyclohexylmethyl penicillin.
11. z-Amino-p-chlorobenzyl penicillin.

.,,.\
3% a

-~

J

L
85

A

12, djhe’prbcess for the preparation of peni- 90
cillin derivatives of the general formula:
: 3 CH.
- . 3
xancn—ci el
I\CHJ
co—~N CH—— COOH

where X is as defined in Claim 1, and non-
toxic "salts thereof, which comprises coupling
6-amino-penicillanic acid with an acid of the
general formula XOH having its amino group
or groups protected, or a salt thereof, and
thereafter removing the protecting group or
groups under sufficiendy mild conditions to
avoid destruction of the penicillin nucleus.
13. A process as claimed in claim 12
wherein the 6-aminopenicillanic acid is reacted
with a mixed anhydride prepared by reacting
the amino-substituted carboxylic acid, or a salt

95

100

thereof, having its amino group or groups pro-

_tected, with an ester of chlorgcarbonic acid.

14. A process as claimed in claims 12 or 13
wherein the group or groups used to protect

.the amino-substituted carboxylic acid, or a salt
.. thereof, is a trityl group or a group of the

general formula R'0.CO— where R™ is an
alkyl, benzyl, substituted benzyl, phenyl or
substituted pheny! group. T T

the..

preceding claims 12 to 14 wherein the removal -
of the protecting group or groups is effected -
by catalytic hydrogenation. o

‘e
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oxyamino - & - carboxybutyl penicillins, was
prepared by reacting N - carbobenzyloxy-
DL - 2 - aminoadipic acid (1 equiv.) with
ethyl chloracarbonate (2 equivs.) to give the
reactive mixed anhydride and then allowing
this to react with 6-aminopenicillanic acid
under the conditions described in Example 1.
The product was shown by paper chromato-
graphy to contain two main constituents with
slightly different R, values, and to inhibit
Staph. aureus at a concentration of 5.0
mcg./ml. :
. ExAMPLE 15. o
Preparation of a-diaminopentyl penicillin.

S The sodium salt of e-dicarbobenzyloxy-

aminopentyl penicillin (2.0 g., of 68", purity)
was raduced with two quantities (2x 4.4 g.)
of pre-treated palladium on barium carbonate
in water (2~ 50 ml) at pH 8.0 as in Ex-
ample 1. The total time taken for the hydro-

genation was 2 hours, the second quantity of |

catalyst being added after one hour. Isolation
as in Example 1 gave e-s-dizminopentylpeni-
cillin as a hygroscopic solid (0.65 g.) which

assayed for a purity of 22°%,. Paper chromato-

graphy showed that this material had a con-
siderably different Ry value from that of the
starting maicrial.  The product was shown to
inhibit Staph. aureus at a concentration of
1.25 mcg./ml.

P 2+ - dicarbobenzyloxyaminopentyl peni--

-cillin was prepared by reacting N,N* - dicarbo-

benzyloxy - DL - lysine (1 equiv.) with ethyl
chlorocarbonate (1 equiv.) to give the reactive
mixed anhydride. This was then allowed to
react with 6-aminopenicillanic acid under the
conditions described in Example 1.
Following the above procedure, alanine,
valine, nmor-valine, leucine, iso-leucine,
threonine, tyrosine, histidine, aspartic acid,
glutamic acid, =-aminopimelic acid, =:f-
diaminopropionic acid, ornithine and a:e-
diaminocaproic acid  respectively, can be
employed to produce =-aminoethyl penicillin, «-
aminozsobutyl penicillin, =~amino-n-butyl peni-
cillin, z-amino-y-methylbutyl penicillin, =~
araino - 8 - methylbutyl penicillin, = - amino-
## - hydroxypropyl penicillin, = - amino - -
(¢ - hydroxyphenyljethyl penicillin, = - amino-
5 - (4 - iminazolyl) ethyl penicillin, x - amino-
8 - carboxyethyl penicillin « - amino - y - carb-
oxypropyl penicillin, = - amino - « - carboxy-

penty! penicillin, =: 2 - diaminoethyl penicillin, -

x:3 - diaminobutyl penicillin  and
diaminopenty! penicillin respectively.
WHAT WE CLAIM IS:
1. Penicillin derivatives of the general
formula:

x7 €~

s CH
- 3
X.NH.CH— CH \c<
' | eny
CO— N CH~— COOH

o - (D
where X is an ‘amino-substituted acyl group
containing up to 20 carbon atoms and having

the formula .
R(CH,),({ZH.CO—

NH,

where R is hydrogen or an amino, carboxyt or
substituted or unsubstituted alkyl, aryl, aralkyl
or heterocyclic group and » is zero or an
integer, and non-toxic salts thercof.

2. Penicillin derivatives as claimed in claim
1 wherein X in the general formula (II) is

R.(CHz)n.(llH.CO—-

. NH.

where n is zero or an integer from 1 to 6 and
R is hydrogen or an alkyl, aryl, aralkyl or
heterocyclic group which may also be sub-
stituted. ’

3, Penicillin derivatives as claimed in claim
2 wherein n is zero and R is a phenyl, chloro-
phenyl, methoxyphenyl, furyl or cyclohexyl
group. .
B 4.pPenicillin derivatives as claimed in claim
1 wherein X in the general formula (II) is

H:N.(CH,_,),,.(,ZH.CO——
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N}I'.’ s R
where # is an integer from 1 to 4. L2 |
5. a-Amincbenzylpenicillin. Ve /
6- =-Amino-p-methoxybenzyl penicillin. 7.1 %~
7. a-Amino-2-furylmethyl penicillin.
8. »-Amincheptyl penicillin,
9. «-Aminopentyl penicillin,

10. =-Aminocyclohexylmethyl penicillin.
11. z-Amino-p-chlorobenzyl penicillin, A
12, The process for the preparation of peni- 90

cillin derivatives of the general formula:

: S SHs
X.NHCH—CH  ~C{
{ TcHy
o~ N €H —— COOH

where X is as defined in Claim 1, and non-
toxic -salts thereof, which comprises coupling
6-amino-penicillanic acid with an acid of the
general formula XOH having its amino group
or groups protected, or a salt thereof, and
thereafter removing the protecting group or
groups under sufficiently mild conditions to
avoid destruction of the penicillin nucleus.
13. A process as claimed in claim 12
wherein the 6-aminopenicillanic acid is reacted
with a mixed anhydride prepared by reacting

95

160

_the amino-substituted carboxylic acid, or a salt

thereof, having its amino group or groups pre- 105
tected, with an ester of chlorocarbonic acid. .

14. A process as claimed in claims 12 or 13
wherein the group or groups used to protect
the amino-substituted carboxylic acid, or a salt :
thereof, is a trityl group or a group of the 110
general formula R“0.CO— where R is an -
alkyl,. benzyl, substituted benzyl, phenyl or
substituted phenyl group., '

" 15. A process as claimed in any one of the -
preceding claims 12 to 14 wherein the removal 115
of the protecting group or groups is effected
by catalytic hydrogenation. '
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16. A process as claimed in claim 15 wherein
the catalytic hydrogenation is carried out
employing a catalyst comprising palladium on
a barium carbonate support. '

17. A process for the preparation of peni-
cillin ‘derivatives as claimed in claim 1 sub-
stantially as described in any one of Examples

We, BEecHAM RESEARCH LABORATORIES
LivITED, a British Company, of Brockham
Park, Betchworth, Surrey, do hereby declare
this invention to be described in the following
statement : — :

This invention rclates to penicillin deriva-

«»' =3 tives and is particularly concerned with deriva-

Gues -, ) tives of 6-aminopenicillanic acid.
. -»iy In our co-pending Application No.
NCr1 8 26957760 (Serial No. §70,396) we have des-
30 cribed and claimed 6-aminopenicillanic acid

having the structural formula:

B sS4 CH

H N-ER Ez;,esf——cu/ \c< 3

> - | | “cHa

40

CH —— COOH

CO— N
| o)

It has now been found according to the
present invention that mew penicillin deriva~
tives having valuable antibistic activity can be
obtained by introducing aminoacyl substituent
groups into the amino group of 6-aminopeni-
cillanic acid.

Accordingly, the present invention provides
new penicitlin derivatives of the general
formula: .

. s CHy
Jo— NH = Ax/m{cu—cu/ \c<
R : b | Teng
" co—N CH —— COOH

AT
L Y
W&

45
50

55

an

\Q;I'J.,' eJrhere- X is an amino-substituted acyl group

P

containing up to 20 carbon atoms, the carbon
chain of which may be substituted by further
amino groups and part may be present as an
aromatic or heterocyclic ting system, and salts
thereof. When the carbon chain is substituted
by two amino groups or when the amino group
is in the = position it may also contain a carb-
oxyl group. _

The present invention also includes a pro-
cess for the preparation of penicillin derivatives
of the general formula II where X is an.amino-
substituted acyl. group containing up to 20

carbon’ atoms, the carbon chain of which may
be substituted by a carboxyl group andfor fur-
ther amino groups and part may be present as
an aromatic or heterocyclic ring system, which

104,%9t0 11 and 13. -
19. A process for the preparation of peni-
cillin derivatives as claimed in claim 1 sub-
stantially as described in any one of Examples
6to 8 and 12. :
20. Penicillin derivatives when prepared by

the process claimed in any one of claims 12 to

4. 1,5,14 and 15. 19. . :

"~ 18. A process for the preparation of peni- RONALD SMITHER, |
cillin - derivatives as claimed in claim 1 sub- Agent for the Applicants, “»—~
stantially as described in any;of Examples 2 Chartered Patent Agent. -‘1\\)

PROVISIONAL SPECIFICATION
' No: 31847 A.D. 1958
Improvements in or relating to Penicillin Derivatives .

process compriscs reacting a protected amino-
substituted carboxylic acid or a salt thercof
with G-aminopenicillanic acid and thercafter
removing the protecting group or groups under
sufficiently mild conditions to avoid destruc-
tign of the penicillin nucleus.

Examples of the greup X in the general
formula IT are:

i) NH.(CH.).CO—,
where 2 is an integer {from 1 to 20.

(i) R(CH.)..CH.CO—,
. NH,

where » is zero or an integer from 1 to 6 and-
R is hydrogen or am alkyl, aryl, aralkyl or.

heterocyclic group which may also be substi-
tuted.

This group will include derivatives of the
amino acids, alanine, valine, leucine, phenyl-
alanine, tyrosine and tryptophane.

{iii) HOOC.({IH(_ CH.),CO—
NH.
and
i HOOC.(CH.)..CH.CO—

hYH H

This group will include derivatives of

aspartic acid, glutamic acid and =-aminoadipic
acid.
(iv) H.N(CH.),.CH.(CH.),CO—~

NH.
This group will include derivatives of lysine.
W) -HOOC.(IIH.(CHz)u.CH.CO-—

NH. NH,

This group will include derivatives of a: 8-
diamino adipic acid.

The majority of the derivatives mentioncd
above contain at least one asymmetric carbon
atom and will exist in D- and L- forms. It
is to be understood that the present invention
includes both the D- and L- forms and the
DL-mixture. When the derivative contains
two asymmetric carbon atoms then there will
be four isomers and two DL-mixtures.

The protected aminoacy! derivatives are pre-
ferably prepared in the manner described in
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our co-pending Application No. 24607/57
(Serial No. 870,395). Thus the 6-aminopeni-
cillanic acid may be reacted with a mixed
anhydride prepared by reacting the amino-
substituted carboxylic “acid, or a salt thercof,
having its amino group or groups protected,
with ethyl cholprearbonate. Alternatively, the
protected amino-substituted carboxylic acid
may be converted to a reactive acid halide.

Other methods used to form the protected
aminoacyl derivative are standard procedures
employed in peptide synthesis and include the
use of a reactive acid azide R'.CO.N, (where
R! is a hydrocarbon group) or a carbodi-imide
reagent (cf. Shechan and Hess, 7. Amer. Chem.
Soc., 1955, 77, 1067). S

The subscquent removal of the protecting
group of groups to form the ficc amino-sub-
stituted penicillin is effected by catalytic hydro-
genation and suitable protecting groups are of
the general formula R1*0.CO—, where R is
an allyl, benzyl, substituted benzyl, pheny! or
substituted phenyl group, or the trityl group
PH, C—. The abbreviation “Ph™ as used
herein represents the phenyl group.

The removal of the protecting group or
groups is cffected by allowing the protected
aminoacyl derivative to rcact with hydrogen
in the presence of a catalyst. This hydro-
genation is normally carried out at room tem-
perature and at atmospheric pressure, the pH
of the reaction mixture being from 5 to 9.
The solvent for the hydrogenation reaction is

_normally water, but other non-reducible sol-

vents such as cthyl alcohol or dioxane or mix-
tures of these with water may be employed.

The preferred hydrogenation catalyst is
palladium but other catalysts such as platinum

-or rhodium may be used. The catalyst is pre-

ferably employed on an inert support, e.g. of
barium carbenate or carbon,

When the amino-substituted carboxylic acid
contains more than one carboxyl group, e.g.
e-aminoadipic acid, in order to prepare an
unambiguous acyl derivative it is necessary
either to protect one of the carboxyl groups
before reaction with 6-aminopenicillanic acid
or to prepare an unambiguous reactive deriva-
tive of one carboxyl group only.

_ The following Examples illustrate the inven-
tion:
ExamprE 1.
Preparation of aminomethyl penicillin,

A suspension of palladium on barium car-
benate (7.3 g., of 307%) in water (200 ml.) was
shaken in an atmosphere of hydrogen at room
temperature and atmospheric pressure for 2
hours. The sodium salt of carbobenzyloxy-
aminomethyl penicillin  (II1) (4.5 g, of a
material assaying at a purity of 40%) was
added and the pH adjusted to 8.0 with sodium
hydrogen carbonate solution (375). The mix-
ture was then shaken under hydrogen at room
temperature and atmospheric pressure for 45
mins. A second quantity of palladium on

e B -

barium carbonate (7.3 g., of 30%), previously
reduced as before, was added and the hydro-
genation continued for a further 45 mins. The
catalyst was filtered off, washed with water,
and the filtrate, after adjusting to pH 7.0 with
N hydrochloric acid, was evaporated to dry-
ness under reduced pressure at a temperature
below 20° C. The aminomethylpenicillin (IV)
was obtained as a yellow powder (3.0 g.)-which
assayed for a purity of 33%. Paper chromato-
graphy showed that this material contained
only one antibiotic which had a considerably
different Ry value from the starting material.
It was stable in acid solution.

70

75

§ CH
P 3
PhCH,OCONHCH,CONR.CH—CH €
2 2 ~ 2
|| ey ——2

C0o— M—— CHCOOH

e

(md

S M

HNCH,CONH.CH—CH €
CHa

CO~—N ——CHCOOH
+ Ph.CHg +COg

av)

The preparation of the sodium salt of carbo-
benzyloxyaminomethyl penicillin is described

in Example 11 of our co-pending Application

No. 24607/57 (Serial No. 870,395). 85

EXAMPLE 2.

Preparation of a mixrure of the sodium salt of
«- and é-amino-i-carboxybutyl penicillin.
A mixture of the sodium salts of =- and

4 - carbobenzyloxyamino - § - carboxybutyl

penicillins (9.0 g. of 557 purity) was reduced

with three quantities (3 x 10 g.) of pre-treated
palladium on barium carbonate catalyst in
water (3 x 150 ml) at pH 8.0 as described in

Example 1. The total time taken for the

hydrogenation in this instance was 4 hours, the

second quantity of catalyst being added at the
end of 2 hours and the third quantity at the

end of 3 hours. Isolation as m Example 1

gave the product (7.0 g., 82%) which assayed 100

for a purity of 42%. This material was shown ~

by paper chromatography to contain two zones

of antibacterial activity, one of which corre- .

sponded closely with that of the natural 3-

amino - & - carboxybutyl penicillin, i.e.

Cephalosporin N (V). The other slighty

faster running zone was acid stable and is

probably the other isomer, « - amino - & - carb-

oxybutyl pericillin (VI).

90

95

105

_ CHy
HOOC.CH (CHy)3.C0. NH.CH— CH

s\c/
~

CHy
CO— N — CH.COOH

110
NH,
W :
/s\ ICH:’
HOOC.(CHz\a-CH.CO.NH.CH-—CH' (-3
CHy

NH, €O —N -~ CH.COOH

The starting material for this Example, i.c.

B et LR

B
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“2\ lyst being added after 1 hour.

the mixed sodium salts of =~ and 3-carbo-
benzyloxyamino - 3 - carboxybutyl penicillins,
was prepared by reacting N-carbobenzyloxy-
DL - a - aminoadipic acid (1 equiv.) with
ethyl chlorocarbonate (2 equivs.) to give the
reactive mixed anhydride and then allowing
this to react with 6-aminopenicillanic acid
under the conditions described in our co-pend-
ing Application No. 24607/57 (Serial No.
870,395) (cf. Example 11). The product was
shown by paper chromatography to contain
two main constituents with slightly different
Ry values. _

. EXAMPLE 3. ) :
Preparation of a,s-diaminopentyl penicillin.

The sodium salt of x¢ - dicarbobenzyloxy-
aminophefiyl penicillin (2.0 g., of 689 purity)
wasTeduced with two quantities (2 x 4.4 g.) of
pre-treated palladium on barium carbonate in
water (2x 50 ml) at pH 8.0 as in Example
1. The total time taken for the hydrogena-
tion was 2 hours, the second quantity of cata-
Isolation as
in Example 1 gave a-=-diaminopentyl peni-
cillin as a hygroscopic solid {0.65 g.) which
assayed for a purity of 22";. Paper chromato-
graphy showed that this material had a con-
siderably different Ry value from that of the
starting material, '

The a,¢ - dicarbobenzyloxyaminopentyl peni-
cillin was prepared by reacting N,N*-dicarbo-
benzyloxy - DL-lysine (1 equiv.) with ethyl
chlorocarbonate (1 equiv.) to give the reactive
mixed anhydride. This was then allowed to

react with 6-aminopenicillanic acid under the

conditions described irn our co-pending Applica-
tion No. 24607/57 (Serial No. 870,395) (cf.
Example 11.).

EXAMPLE 4. p
Preparation of « - amino - § - phenylethéyl 40
icillin. - it T

The sodium salt of =-carbobenzyloxyamino-
8 - phenylethyl penicillin (7.6 g. of 53%
purity) was reduced with three quantitics
(3 x 7.0 g.) of pre-trcated palladium on barium 45
carbonate in water (3 x 0 ml.) at pH 8.0, as In
Example 1. The total time taken for the
hydrogenation was 3 heurs, the second quantity

- of caralyst and water being added after 1 hour

and the third quantity of catalyst and water 50
being added after 2 hours. Isolation as in
Example 1 gave = - amino - 2 - phenylethyl
penicillin as a hyrgoscopic solid (4.6 g.) which
assayed for a purity of 307,. Paper chromato-
graphy showed that this material contained only 55
one antibiotic which had a considerably
different Ry value from that of the starting
mazerial. _

The 2 - carbobenzyloxyamino - 5 - phenyl-
ethyl penicillin was prepared by reacung N- €9
carbobenzyloxy - 3 - phenyl - DL - alanine
(1 equiv.) with ethyl chiorocarbonate (1 equiv.)
to give the reactive mixed anhydride. This
was then allowed to react with 6-aminopeni-
cillanic acid under the conditions described in 65
our co-pending Application No. 24607/57
(Serial No. 870,395) (cf. Example 11). pu

RONALD SMITHER, ML
Agent for the Applicants, T
Chartered Patent Agent. :

PROVISIONAL SPECIFICATION
No. 16303 A.D. 1959

Improvements in or relating to Penicillin Derivatives

We, BEECHAM RESEARCH LABORATORIES
Lmartep, a British Company, of Brockham
Park, Batchworth, Surrey, do hereby declare
this invention to be described in the following
statement : —

This invention relates to penicillin deriva-
tives and is particularly concerned with deriva-
tives of 6-aminopenicillanic acid.

In our co-pending Application No, 31847/58
we have described nmew penicillin derivatives
of the general formula:

CO— N

' : - @
here X is an amino-substituted acyl group
containing up to 20 carbon atoms, the carbon
chain of which may be substituted by a carb-
oxylic group and/or by further amino groups
and part may.be present-as-an aromatic or
heterocyclic ring system, and salts thereof, An
_example of the group X in the general formula

(X)is

R(CHz),,.(‘IH..CO-—

NH, :
where n is zero or an integer from 1 to 6
and R is hydrogen or én aliyl, aryl, aralkyl, or S0
heterocyclic group which may also be sub-
stituted.

We have now found that certain compounds
falling within the general formula (I) possess
particularly desirable properties.

Accordingly, the present invention provides
new penicillin derivatives of the general
formula:

95

B.CH.CO ~ NH ~CH —CH/ Ne 773
I - | '_\cnJ -
N —nN CH COOH

I
where R is' a butyl, phenyl, chloropgllerzyl, 100
methoxyphenyl, furyl, kexyl or cyclohexyl
group.
. The penicillin derivatives of the - present
invention may be prepared in the manner

Fra St e 4
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‘described in Application No. 3188477587
The following Examples illustrate the inven-
tion:
ExamrLrE 1. .
Preparation of a-aminobenzylpenicillin.

A M
Q—cu.con&cn-—cn <l
: | 1| I ¢
Ny €O~ N———CH— COOH

A suspension of palladium on barium car-
bonate (3.7 g. of 30%) in water (20 ml.) was
shaken in an atmosphere of hydrogen at room
temperature and atmospheric pressure for 1%
hrs. The catalyst was then filtered off, washed
well with water, making sure that the catalyst
did not become dry. A solution of the sodium
salt of «-carbobenzyloxyamincbenzylpeniciliin
4 g.)in water (20 ml.) was added to the pre-
treated catalyst and the suspension shaken in
an atmosphere of hydrogen at room tempera-
ture and pressure for 1 hr. The catalyst was
then filtered off, washed well with water, and
the combined filtrate and washings adjusted to
pH 7.0 with N. hydrochloric acid. The result-
ing solution was then evaporated in vacuo at
a temperaturz below 20° C. to give 2~3mino-
benzylpenicillin (internal salt) (2.4 g 74%
which assayed as 48¢/, pure. Paper chromato-
graphy showed that this material contained
only onc antibiotic which had a considerably
different R, value from that of the starting
material. It was stable in acid solution.

. The sodium salt of a-carbobenzyloxyamino-
benzylpenicillin required for the above pre-
paration was obtained by reacting DL-z-carbo-
benzyloxyaminophenylacetic acid (1 equiv.)
with ethyl chlorocarbonate (1 equiv.) to give
-the reactive mixed anhydride. This was then
allowed to react with 6-aminopenicillanic acid
under the conditions described in Example 11
of our co-pending Application No. 24607/57
(Serial No. 870,395). It was obtained as a
yellow solid (6595) which assayed as 56%
pure,

: EXAMPLE 2.
Preparation of =z-amino-p-methoxybenzy!
penicillin.

i S cH
C"3°O" cHea-mi ~cn-cu” e P
I I | TeHy
NH, €O~ N —— CH — COOH
This was obtained according to the proce-
dure described in Example 1 by the hydro-
genation of the sodium salt of o-carbobenzyl-
oxyamino - p - methoxybenzyl penicillin (59%
pure) in 58% yield and assayed as 41%
pure. Paper chromatography showed only one
antibiotic with a considerably different R, value
from the starting material. It was stable in
acid solution. DL-a-Carbobenzyloxyamine-p-
methoxyphenylacetic acid was obtained in 60%
yield, m.p. 105° C. (Found: C, 65.0; H, 5.5;
N, 4.1. C;H;;NO, requires C, 64.8; H, 5.4;
N, 4.4%). '

EXAMPLE 3. .
Preparation of x-amino-2-furylmethyl
. penicillin.
rd s\ c /CH:

~
| eHy

CO—~N —— CH — COOH

U— CHCO~ NH ~CH—-CH

I i |

Nl'l2

This was obtained according to the proce-
dure described in Example 1 by the hydro-
genation of the sodium salt of =-carbobenzyl-
oxyamino - 2 - furylmethyl penicillin (40%
pure) in 74% yield and assayed as 329 pure.
Paper chromatography showed only one ant-
biotic with 2 considerably different R, value
from the starting materfal. It was stable in
acid solution. '

EXAMPLE 4.
Preparation of s-aminoheptyl pemicillin.

C
CH,’. (cuz)s.cu.co- Nid ~ CH ~ CH/ \c - H"
: ~,
P | I Teny

NH, co—N CH —— COOH

The sodium salt of e-carbobenzyloxyamino-
heptyl penicillin {3.1 g., 68% pure) was added
to a suspension of palladium on barium car-
bonate (4.7 g, 30%), which had been pre-
treated as in Example 1, in water (150 ml).
The suspension was shaken in an atmosphere
of hydrogen at room temperature and pressure
for 1 hr. A second quantity (4.7 g., 30%) of
pre-treated catalyst was added and the hydro-
genation continuzd for a further hour. A third
quantity (4.7 g., 309%) of pretreated catalyst
was then added and again the hydrogenation
continued for 1 hr. The catalyst was filtered
off and the solution treated as in Example 1
to give a-aminckeptyl penicillin (internal salt)
as a colourless solid (2.3 g., 44%) which
assayed at 479% pure. Paper chromatography
showed that this material contained only one
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antibiotic which had a considerably different ~

R value from that of the starting material.
It was stable in acid solution. The sodium
salt of a-carbobenzyloxyaminoheptyl penicillin
required for the above example was obtained
by the reaction of DL~a-carbobenzyloxyamino-
octanoic acid (1 equiv.) with ethyl chlorocar-
bonate (1 equiv.) to give the reactive mixed
anhydride. This was then allowed to react
with 6-aminopenicillanic acid under the condi-
tions described in Example 11 of our co-pend-
ing Application No. 24607/57 (Serial No.
870,395). It was obtained as a yellow solid
(43% yield) which assayed as 68%.

The DL-z-carbobenzyloxyamino-octanoic
acid required for this preparation was gbtained
by the reaction of benzylchlorocarbonate with
DL - 2z - amino - octanoic acid in_dilute
sodium hydroxide sclution. It was obtained
as colourless erystals (63%), m.p. 91—92° C.
(Found: C, 65.7; H, 7.9; N, 49. C,;H;NO,
requires C, 65.5; H, 7.9; N, 4.7%).
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. EXAMPLE 5. . ... _ with a considerably different R, value from the
I  jtion of x-aminopentyl penicillin. starting material. It was stable in acid solu- 25
i -8 [ uon.
c,,.’hg,.m.co-uu -cH—cH” \c: s DL -« - Carbob_enzquxyamjnocyclohexyl—
| ' [ |- | Ty acetic acid was obtained in 80% yield, m.p.
N, €O —n oo — coon  136—137° C. (Found: C, 66.2; H, 7.5; N,
This was obtained according to the procedure ?&6' S“H“NO‘ requires: C, 65.9; H, 7.3; 30
described in example 4 by the hydrogenation » 48%). E
of the sodium salt of s-carbobenzyloxyamino- P . fXAMPI?E 7 hlorobenzvl
pentyl penicillin (56% pure) in 56% yield reparation o, a-qn;lxl:il'?-p-c orobenzy
(assaying 34% pure). Paper chromatography penictiin.
showed only one antibiotic with a considerably AN
different R; value from the starting material. © Q_ CHCO-NH-CH-CH . = €&
It was stable in acid solution. L R | Teny 35
D;, - N - Carbobenzyloxy nor-leucine was NHy €O~ N CH ——— COOH
obtained in 70%Eyield, m.%. 106—107° C. This was obtained according to the pro
- XAMPLE 6. o the pro=
Preparation of s-aminocyclohexylmethyl cedure described in Example 1 by the hydro-
penicillin, genation of the sodium salt ;Jf a-carbobenzyl-
. oxyamino - p - chlorobenzyl penicillin (42%
Oraneommme-ae” e 0 ) in 88 il and wayed 3 57 pu. 40
[ Hy : envlacetio acid
v, coen— en— oo Belonmig g - chompbeniacic aod
(o] oHe —
This was obtained according to the proce- C. (Found: C, 60.5; I’{, 4.8; N, 4.7
dure described in Example 4 by the hydrogena- C;.H,,CINO, requires: C, 60.0; H, 4.4; N, 45

tioq of the sodium salt of a-carbobenzyloxy-
aminocyclohexylmethyl penicillin (75%) in
51% yield assaying as 46% pure. Paper
chromatography showed only one antibiotic

4.4%).
RONALD SMITHER,
Agent for the Applicants,
Chartered Patent Agent.

e
. AN
Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press.—1961, }4\\'

Published by The Patent Office,

25, Southampton Buildings, London, W.C.2, from which ~
copies may be obtained.

LR oy



