
' '\ 
r 
' 

.;·· 

_ =.L>PATENT· SPECIJ1"'ICATION 
NO DRAWINGS 

lnventars: FRANK PETER DOYLE, JOHN HERBERT CHARLES NAYLER and 

HARRY SMITH 873,049 
Date of filing Complete Speclficatlon (under Section 3 (3) of the Patenu 

Act, 1949): Sept. 23, 1959. 

Application Date: Oct. 6, 1958. No. 31841/58. 

Application Date: May 12, 1959. No. 16303/59. 

Complete Specification Publlshed: July 19. 1961. 

Index at acce1ltance:-Class 2(3), AA(1C2A: 1C2C: 2Cl). 

International Classification:-C07d. 
COMPLETE SPECIFICATION 

Improvements in or relating to Penicillin Derivatives 
We, BEECHAM RESEARCH LABORATORIES 

LIMITED, a British Olmpany, formerly of 
B~ockham Park, Betchworth, Surrey, now of 
Great West Road, Brentford, Middlesex, do 

5 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: -

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

6-Aminopenicillanic acid has the structural· 
formula! --- · 

,....S CH3 
15 HzN.CH....:.. CH 'c/ 

- t I f'\~H3 
CO- N--CH-COOH 

(I) 
It ~as no~ been found according to the pre­

sent mvenuon that new penicillin derivatives 
having valuable antibiotic activity can be 
obtained by introducing aminoacyl substitucnt 

20 groups into the amino group of 6-aminopeni­
cillanic acid. 

Accordingly, the present invention provides 
ne\v penicillin derivatives of the general 
formula: 

S CH 
X.Nlf.CH-ci( 'c.... 3 . 

2S I f i ''ctf3 
CO- N-CH-COOH 

- - {II) 
~--wber~--~_is__.an__amino-substituted acyl group 

contammg up to 20 ·carbon atoms and having 
thefonnula 

R(OI2)..CH.CO­
I 

. NH 
30 wher~ R is hydrogen or an

3 

amino, carb:ixvl or 
substituted or. unsubstituted alkyl, aryl, aralkyl 
~r heterocychc group and 11 is zero or an 
Integer, and non-toxic salts thereof. 
(Price Js. 6d.] 

-Price 4s 611. 

The compounds of the present invention are 
of value as antibacrerial agents, as nutritional 35 
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 40 
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 45 
such non-toxic amines as trialkylamines, includ-
ing triethylamine, pror..aine, dibenzylamine, N-
benzyl-beta-phenethyfamine, 1-ephenamine, ., 
N,N1 - dibenzylethylcnediamine, dehydro-1

' 

abietylamine, N,N1 - bis - dehydroabietyl- 50 
ethylenediamine, and other amines which have 
been used to form salts with benzyl­
penicillin. 

The present invention also includes a process 
for the preparation cf penicillin derivatives 55 
of the general formuh II where X is as herein­
bcfore defined, and non-toxic salts thereof, 
which comprises coupling 6-aminopenidllanic 
acid with an acid of the general formula XOH 
having its amino grcup or groups protected, 60 
or a sa_lt 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 65 
fonnula II are: 

(i) R(CH::),,.CH.CO- · 
I 
NH2 

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- 70 
stituted. This group will include derivatives 
of the aniJno acids, alanine, valine, nor-valine, 
leucine, iso-leucine, phenylalanine, tyrosine, 
tryptophane, threonine, histidine, asparagine 
and glutamine. A preferred class of compound 7S 
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falling within this group is when n is zero and 
I\ ,.. ... , R is A phenyl, chlorophcnyl, methoxyphenyl, 

,,- fury! or cyclohcxyl group. This class will 
include a-aminobenzylpcnicillin. 

S (ii) HOOC.(CH2) ... CH.CO-
I 

.. Niia---------· --····· 
~s group will in~lude deriva~ves o.f ~spar~ic 
aod, glutamic aad and a:-ammoad1p1c ilCtd. 
. (iii) H2N.(CH2)u·f11·CO-

NH2 
wherein n is an integer from 1 to 4. 

10 This group will include derivatives of lysine 
and ornithinc. 

The majority of the derivatives mentioned 
above contain at least one asymmetric carbon 
atom and will exist in D- and L- forms. It 

15 is to be understood that the present invention 
includes both the D- and L- forms and the 

.. /·";-~.-~-DL-mixture. When the derivative contains 
•· <: ~ ,.v _,, two asymmetric carbon atoms then there will 
r "<\; , f · d DL . ~ ·· . .i our 1somcn; an two -mixtures. 
\~,_.,. 1~ The protected aminoacyl derivatives of 6-

....._ aminopenicillanic acid are preferably· prcp:ired 
by reacting 6-aminopcnicillanic acid with a 
mixed anhydride prepared by reacting the 

.i\ -, amino-substituted carboxylic acid' or a salt 
25 thereof, having its amino group or groups pro­

tected, with an ester of chlorocarbonic acid, 
e.g. ethyl chlorocarhonate. Alternatively, the 
protected amino-substituted carboxylic acid 
may be converted to ~ reactive acid halide. 

30 Other methods used to form the protected 
aminoacyl derivative of 6-aminopcnicillanic 
acid are standard procedures employed in pep­
tide synthesis and include the use of a reac­
tive acid azide or a carbodi-imide reagent (cf. 

35 Sheehan and Hess, 7. Ame1·. Clzem. 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 

40 hydrogenation and suitable protecting groups 
are of the general formula R 110.CO-, where 
R11 is an allyl, benzyl, substituted bcnzyl, 
phenyl or substituted phenyl group, or the 
trityl group PH,.C-. The abbreviation " Ph" 

45 as used herein represents the phenyl group. 
The removal of the protecting group or 

groups is effected by allowing the protected 
aminoacyl derivati\.·e to react with hydrogen in 
the presence of a catalyst. This hydrogenation 

50 is nonnally carried out at room temperature 
and at atmospheric pressure, the pH of the 
reaction mixture being from 5 to 9. The sol­
vent- for the hydrogenation reaction is norm­
ally water, but other non-reducible solvents 

55 such as ethyl alcohol or dioxane or mixtures 
of these with water may be employed. 

The: · pref erred hydrogenation catalyst is 
palladium but other catalysts such as platinum 
or rhodium may be used. The catalyst is pre-

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

When a carbon atom next to that carrying 
the carbobcnzyloxyamino gr.oup to be reduced 
forms part of an aromatic ring, as in Group 
(i) above when R is aromatic and n is zero, 6:> 
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 70 
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 75 
contains more than one carboxyl group, e.g. :x­

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-aminopenidllanic add or to 80 
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 . 85 
undergo chemical changes resulting in the loss 
of antibiotic activity, it is desirable to chocse 
reaction and isolation conditions \vhich are 
sufficiently moderate to avoid their decomposi-
tion. 90 

The following Example illustrate the inven­
tion. 

EXAMPLE 1. 
Preparation of aminomethyl peniciilin. 

A suspension of palladium on barium car- 95 
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. Afrer this treatment the catalyst was 
collected and washed \vell with water, taking 100 
care that it never became dry. The sodium 
salt of carbobenzylo'.\."Yaminomethyl penicillin 
(III) (4.5 g., of a material assaying at a purity 
of 40%) was added to the aqueous suspension 
of the pre-treated catalyst and the pH adjusted l O'i 
to 8.0 with sodium hydrogen carbonate solu-
tion (3 % ). The mi:r..'1llre was then shaken 
under hydrogen at room temperature and atmo­
spheric pressure for 45 minutes. A second 
quantity of pa!Iadium on barium carbonate 110 
(7.3 g., of 30":~ ), 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 m-1.0 with N hydrochloric 115 f'·:.; 
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 33%. Paper chromatography showed 120 
that this material contained only one antibiotic 
which had a considerably different RF value 
from the starting material. The product was 
shown to be stable in acid solution and to 
inhibit Staph. aureus at a concentration of 1.25 12S 
mcg./ml. 

~ 
""';~·:...:··:.,..··~."l!{.__~.""°'!r.1'&;_.:,_( ... .:;':"'·.:-··~:-·~,.,.::.··"'!"'~*-·r." .. -_.,.;..,zwww-. .. ZUA ..... >,,.2,.,,,_,_,,..,. ------~-
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(Ill) 
.,.s, CH3 

M.aMCHaCOMH.CH-CK c( 
I I I CH3 
co-N-CHCOOH 

(h) ...- "' .c:.tta -.co,_ . 

The sodium sale of carbobenzyloxyamino­
methyl penicillin was prepared as follows: 

Ethyl chlorocarbonate (1.9 ml.) was added 
S dropwise to an ice-cold stirred solution of N­

carbobenzyloxyglycine (4.5 g.) and triethyl­
amine (3 ml.) in dry acetone (170 ml.). After 
5 minutes the resulting suspension containing 
the mixed anhydride was treated slowly with 

I 0 an ice-cold solution of 6-aminopenicillanic 
acid (4.3 g.) in 3% aqueou~ sodium bicarbonate 
{170 ml.). Throughout the. addition the mix­
ture was maintained at 0° C., but thereafter 
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 ;iqueous phase 
was treated with hydrochloric acid tu PH~· 2 
and the free penicillin acid was extracted into 

20 butanol ( 40 ml., then 2 x 10 ml.). The sodium 
salt of carbobenzyloxyaminomethyl ix~iciliin 
was recovered by re-extracting the washed 
butanol solution with water (3 x S ml.), to each 
portion of which sufficient 3 % aqueous sodium 

25 bicarbonate had been added to bring the 
aqueous phase to pH 7. The combined 

--.. aqueous extracts were washed with ether, then 

Exi\MPLE J. 
Preparation of :x-amino!icptylpcnicillin .. 

The s3dium salt of "--carbobcnzyloxyammo­
heptylpcnkillin (63' :. pun:) was hydrogenated 
in the presence of three successive portions of 6,9--. ...• 
pre-treated palladium on barium carbonate /. ... · - »1' 
cat~Iyst as dcsc:i?c~ in E;...:o::mple 1 to give n"-f': ;, ,\) 
ammoheptylpcmc_iUm, which assayed at 47 ,{, ~ ·· ·-. •) 
pure, in 44% yield. Paper chromatography ~~::!-~ 
shuwed onlv one antibiotic \">ith a considerably 65 -::: 
different R~ va[ue fo:im the starting material. ·.s 
It was st~blc in .acid solmion and was shown -:·::-.I 
to inhibit Staplz. £Ull"<"115 at a concentration of 
0.012 mcg./ml. -.'.i._ 

The !.odium sale of ·%-carbobenzyloxyamino- 70 -~ 
heP.~rficHEn used in this Example was pre- -!.:.0 
pared in 43'% yield from 6-aminopcnicillanic -~ 
acid and 3 trJxed nnhydride prepared from · ""f.::.' 
DL - "' _ carbobenzybxyamino - octoic acid 
~nd ethyl chloracarbonate according to the 75 
g.:.ncral pro::cdure of Exampk 1. 

; ., ·_,.\ evaporated below 20° C. in vac110 to leave 
· .:,;_, • j the solid sodium salt (4.7 g.). · 

The DL - "· - carbobcnzyloxyamino - octoic 
acid requfo'.!d for this prepar.'.'tion was obtained 
by the reaction of b:::nzyl chloro-carbonate with 
DL-x-amin.o-octoic acid in dilute sodium 
hvdroxide solution. Ir was obtained as colour­
less crystals (63%), m.p. 91-92° C.,<found: 
C, 65.7; H, 7.9; N, 4.9. C!r.H~3NO, requires 

c-· ,. ~ I ~· • Ex.-\MP~E 2. . . . 
·· _____ ,,, Preparation of '%-ammopentylpemcillin. 

The sodium salt of x-carbobcnzyloxyamino-
pentylpenicillin (56% pure) was hydrogenated 

~' in the presence of three successive portions of 
~ )5 pre-treated palladium on barium carbonate 
,.~ catalyst as described in Example 1 to give 2-

aminopcntylpenicillin, which assayed at 34% 
<: pure, in 56% yield. Paper chromatography 
~ showed only one antibiotic with a considerably 

.§-i-10 different RF value from the starting material. 
It was stable in acid solution and was shown 
to inhibit Staph. aureus at a concentration of 
0.12 mcg./ml. 

The sodium salt! of o::-carb~o<yiffiino-
4' pentyl penicillin used in this Example was pre­

pared in 64 % yield from 6-aminopenicillanic 
acid and a mixed anhydride prepared from N­
carbobenzyloxy - DL - norleucine and ethyl 
chlorocarbonate according to the general proce-

SO dure of Example 1. · 
N - Carbobenzyloxy - DL - norleucine, m.p. 

106-107° C., w-3.s obtaiut:d in 70%• yield 
from DL-norleucine and benzyl c1'Jorocar­
bonate in cold aqueous sodium hydroxide 

SS solution. 

C,65.S;H, 7.9; N,4.7~:,). 
Ex.\MPI-E 4. 

Preparation of 'Z-aminocydohexylmethyl­
nenicillin. 

85 

The· sodium salt of o:-carbC1benzyloxyamino­
cydohexyimethylp:::nicillin (75'~{. pure) was 
hydrvgcnated in th.: presence of thrt.-c succes- 90 
sive ponions of pre-treated palladium on 
barium carbonate c:italvst as described in Ex­
:i.mple 1 to give 'Z-.:mi1iocydohexylrnethylpeni­
cillin, which a!;say.ed at 46';;, pure, in 51 % 
yield. Paper chromatography showed only one 95 
antibiotic with a consiaerably different R,, 
value from the starring material. It was stable 
in acid solution and was 'shown to inhibit-
Stap/i. aureus at a concentration of 0.12 
mcg.fml. 

The sodium salt of !X-carbobenzyloxyamino­
cydohexylmethylpenidllin used in this ex-

100 

ample was prepared in 51.% yield from 6-
aminopeniciUanic acid and a mixed anhydride 
prepared from DL - "- - carbobenzyloxyamino- 105 
cydohexylacetic acid and ethyl chforocarbonate 
according to the general procedure of 
Example 1. 

The DL - • - carbobenzyloxyaminocyd<>-
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hexylacetic acid, m.p. 136--137° C. was pre­
pared in 80% yield from DL - x - aminocyclo­
hcxylacetic acid and benzyl chlorocarbonate in 
sodium hydroxide solution. (Found: C, 66.2; 
H, 7.5; N, 4.6. C1r,H21N04 requires C, 65.9; 
tl,7.3; N, 4.8o/o). 

EXAMPLES. 
Preparation of 11: - amino - P - phenylethyl-
~ penicillin. · 
· .The sodium salt of 11: - carbobenzyloxyamino­

{1; - phenylethyJpenicillin (53% pure). was 
h}{drogenated in the presence of three succes­
s'fve portions of pre-treated palladium on 
~rium carbonate catalyst as described in Ex-

J i; a~1ple 1 ~o give "-amino-/~-~hcnykth{l pen,,i; 
cijhn, which assayed at 30';;, pure, m 49 ,;, 
yiJld. Paper chromatlJgrnphy showed that this 
m~rial cuntairu:J only one antibiotic which 
had ·a considerably different R1, value from that 

20 of·· ~1c starting material. The product w::s 
stable in acid ~olution and was shown to 
inhibit Staph. am·cus at a concentration of 0.6 
mcg./ml. _ 

The sodium salt of x-carbobcnzyloxyamino-
25 {:1-phenylethyl penicillin was prepared by 

reacting N - carbobenzylo:~y- 1'j - phenyl - DL­
alanine with ethyl c:hlorocarbonatc to give the 
reactive mixed anhydride. This was then 
allowed to react with 6-amino-pcnicillanic acid 

JO Wlder the conditions described in Exampk 1. 
EXAMPLE 6. 

Preparation of a. - amino - ~ - 3 - indolyl­
ethylpcnicillin. 

This was obtained by hydrogenating the 
35 sodium salt of a - carbobcnzyloxyamino - .8-

3 - indolylethylpenicillin en·;;, pure) as in 
Example 2 in 47% yield and assayed at 4.f·;:,. 
Paper chromatography show:.:d only one anti­
biotic with a considerably different R;· value 

40 from the stJrting material. 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 2-carbob..:nt.yloxyamino­
/J - 3 - indolylethylp~nicillin used in this Ex-

45 ample was prepared in 83 ·::, yield from 6-
aminopcnicill:.mic acid and a mixed anhvdr!dc 
derived from N-carbobcnzyloxy - DL - ti)'pto­
phanc and ethyl chlor.xarbc,n1tc accord:ng to 
the general procedure of Exa:npic 1. ~-Carbo-

50 benzyloxy - DL - tryptophanc lud m.p. 167° 
C. (Found: C, 67.6; H, 5.5; N, 8.2. 
C10Hi.O.,N.i requires C, 67.5; H, 5.4; N, 
8.3%). 

EXAMPLE 7. 
SS Preperation of ca - amino - fJ - hydroxyethyl­

penicillin. 
This was obtained by hydrogenating the 

sodium ~It of 11: - carbobcnzyloxyamino - /J­
hydroxyethylpenicillin (70% pure) as in Ex-

60 ample 2 in 29'){, yield and assayed at 21 % 
pure. Paper chromatographv showed only one 
antibiotic with a considerably different RP 
value from the starting m:itcrial. It was stable 

65 
in acid solution and was shown to inhibit 
Stapht auretis at a conccnrrarlon of" 5.0 

.. ~ .••••. · ··.·.-·,·: ···.<.i.i ·:·· .. , 
t 

mcg./ml. . 
The sodium salt of ~-carbobenzyloxy::mino-

{J - hydroxyethylpcnicillin used in this Ex­
ample was prepared in 67% yield from 6-
aminopcnicillanic add and a mixed anhydride 70 
derived from N-carbobenzyloxy-DL-serine 
and ethyl chlorocarbonate, according to the 
general procedure of Example 1. 

°EXAMPLE 8. 
Preparation of z - amino - P - hydroxy - /3- 75 

phenylethylpenicillin. 
This was prepared by hydrogenating the 

sodium salt of "' - carbobenzyloxyamino - P­
hydroxy-!1-phenyleth ylpcnicillin (60% pure) as 
in Example 2 in 53'·;, yield and assayed at 80 
39 % 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 
Staph. arm'.!us. 85 

The sodium salt of o:-carbobcnzyloxyamino-
() - hydroxy - I~ - phcnylethylpenicillin used 
in this Example w:is prepared in 46% yield 
from 6-amincpenicilbnic acid and a mixed 
anhydrid.: prepared fr::im N - c:irbobcnzyloxy- 90 
DL - thrco - (1- phenylscrine and ethyl chloro­
carbonatc according to the general procedure 
of Example 1. 

N - Carbobenzyloxy - DL - tlzreo - /J­
phenylscrinc, rn.p. 63-64° C., was prepared 95 
in 30% yield from DL - threo - P - phcnyl­
serine and bcnzyl t:hlorocarbonate in aqueous 
sodium hydroxide solution. 

£.~AMPLE 9. 
Preparation of 11-aminobcnzylpenicillin. 100 

A suspension of palladium on barium car­
l::onate (3.7 g. cf 30'\,) in water (20 ml.) was 
sh'.lkcri in ;.1n atmosphere of hydrogen at room 
kmpcr.nurt: ~nd atmospheric pressure for l} 
hours. The c:aalyst was then filtered and 105 
washed- wdl-with water,- making sure that it 
did not become dry. A solution of the sodium 
s:i.!t of ~-carboben7.\·lm::•·aminobenzvlpcnicillin 
(4 g.) in water (20 ~11.) 'was added io the pre­
trc::-atcd catalyst and the suspension shaken in 110 
an ntm-isphcrc of hydrogen at room tempera-
ture and prc~sure for one hour. The catalyst 
was then filn.:rd ofI, \''ashed well with water, 
and the _combined filtrate and washings 
adjusted to pH 7.0 with N hydrochloric acid. 115 
The resulting solution was then evaporated ill 
vacuo at a temperature below 20° C. to give 
:x-aminobenzylpcnicillin (internal salt) (2.4 g., 
74%) which assayed as 48% pure. Paper 
chromatography showed that this material con- 120 
tained only one antibiotic which had a con­
siderably different R .. value from that of the 
starting material. It was stable in acid solu-
tion and was shown to inhibit Stapli. aureus 
at a concenm:tfon of 0.12 mcg./ml. 12; 

The !'odium salt of a-carb::ibenzyloxyamino­
benzylpenidU:n required for the above prepara­
ticm was obtained by reacting DL-a-carbo­
b~nzyloxyamint•phcnyia.,.-eclc acid (1 equi\'·.) 
with ethyl i.:i!iorot.11rbonaie (1 t::1.:1.uiv.) to give 130 
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the reactive mixed anhydride. This was then 
llowed to reat"t with 6-aminopcnicillanic acid 

·under the conditions described in Example 1. 
It was obtained as a yellow solid (65%) which 

5 assayed as 56% pure. 
EXAMPLE 10. 

Preparation of cr - amino - p - methoxybenzyl­
penicillin. 

This was obtained according to the pro-
w cedure described in Example 9 by the hydro­

genat:ion of the sodium sa1t of «-carb:>benzyl­
oxyamino - p - methoxybenzyl penicillin (59% 
pure) in 58% yield and assayed as 41 % 
pure. Paper chromatography showed only one 

15 antibiotic: with a considerably different R1, 
value from the starting material. It was stable 
in acid solution and was sho\\n to inhibit 

1 • Staplz. aureus at a concentration of 0.025 
r..t•9.•("t..- in.cg..ml. The sodium salt of DL - :i: - Carbo-

·--·· 

20 benzyloxyamino - p - methoxyphenylacetic acid 
was obtained from the corresponding a-amino 
acid in 60% yield in accordance with the 
method of Example 1, m.p. 105° C. (Found: 
C, 65.0; H, 5.5; N, 4.1. C1;H,1K00 requires 

25 C, 64.8; H, 5.4; N, 4.4%). 
ExAMPLE 11. 

Preparation of cr - amino - p - chlorobenzyl­
penicillin. 

This was obtained according to the proce-
)0 dure described in Example 9 by the hydro­

genation of the sodium salt of :i:-carbobenzyl­
oxyamino - p - chlorobcnzylpenicillin (42% 
pure) in 88% yield and assayed as 45'.'~ pure. 
It was stable in acid solution and WliS shown 

35 to inhibit Staph. ·aureus at a concentration of 
0.06 mcg./ml. The sodium salt of DL-o:­
carbobenzyloxyamino - p - chlorophenylacetic 
acid was obtained from the corresponding cr­
amino acid L11. 85 ~~ yield in accordance with 

40 the method of Example 1, m.p. 132-133° C. 
(Found: C, 60.5; H, 4.8; N, 4.7. C 1r.H 1.ClN'O. 
requires C, 60.0; H, 4.4; N, 4.4%). 

EXAMPLE 12. 
Preparation of o: - amino - 1 - naphthylmethyl-

45 penicillin. 
This was obtained according to the pro­

cedure described in Exampk 9 by the hydro­
genation of the sodium salt of :x-carbobenzyl­
oxyamino - l - naphthylmethylpenicillin (64 % 

50 pure) in 61 % yield and assayed as 40% pure. 
It was stable in acid solution and was shown 
to inhibit Staplz. oxford at a concentration of 
0.025 mcg./ml. 

s - Amino - 1 - naphthylacetic acid, m.p. 
55 219-220° C. was prepared by the Bergs­

Bucherer synthesis from :x-naphthaldehyde (cf. 
Harvill and Herbst, 7. Org. Chem., 1944, 9, 
21). With benzyl chlorocarbonate in aqueous 
sodium hydroxide solution it gave o:-carbo-

50 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-

65 cedure of Example 1 to give the sodium salt 

of a: - carbobenzyloxyamino - l - naphthyl­
methylpenicillin used in this Example. 

EXAMPLE 13. 
Preparation of a: - amino - 2 - furylmechyl-

penicillin. 70 
This was obtained according to the proce­

dure described in Example 9 by the hydro­
genation of the sodium salt of :r-carbobcnzyl­
oxyamino - 2 - furylmethyl penicillin ( 40% . 
pure) in 74% yield and assayed as 32% pure. 75 
Paper chromatography showed only one anti­
biotic with a considerably different RF value 
from the si.aning material. it was stable in 
acid solution and was shown to inhibit St<Jph. 
aureus at a concentration of 0.5 mcg./ml. 

The sodium salt of o:-carbobcnzyloxyamino-
2 - furylmethyl penicillin required for the 
above preparation was obtained by treating 

80 

DL - u - carbobenzyloxyamino - 2 - furyl­
acetic acid (1 equiv.) with ethyl chlorocarbonate 85 
(1 equiv.) to give the reactive mixed anhydride. 
This was then allowed to react with 6-amino­
pcnicillanic acid under the cl'nditions des­
cribed in Example I. There was obtained a 
32% yield of a solid which w:J.s 40% pure. 

DL - o: - Carbobcnzyloxyamino - 2 - furyl­
acetic acid, m.p. 121-122° C. w;is obtained 
in 40% yield by treating :x - amino - 2 - furyl­
acetic acid with bcnzyl chlorocarbonate in 
dilute sodium hydroxide solutionJ(Found: C, 
61.3; H, 4.7; N, 4.9. C1,H1 3UsN requires 
C, 61.1; H, 4.8; N, 5.1%). 

ExAMPLE 14. 
Preparation of a mixture of the sodium salts of 

:i- and ii-amino-15-carboxybutyl penicillins. 
A mixture of the sodium salts of o.- and o­

carbcbcnzyloxyamino ..: S - carboxybutyl peni­
cillins (9.0 g. of 55% purity) w:J.~ reduced with 
three successive 10 g. quantities of pretreated 
palladium on barium carbonate catalyst in 
water (3 x 150 ml.) at pH 8.0 as described 
in Example 1. The product {7.0 g., 82%) 
assayed for a purity of 42 % and was shown 
by paper chromatography to cont.lin two zones 
of anti-bacterial acti .. ity, one of which corre­
sponded closely with 'itat of tl:e natural <l­
amino - o - carb. ,butyl ~:::nicillin, i.e. 
Ccphalosporin N (V). . he other ~lightly faster 
running zone was acid stable and is prob;ibly 
the other isomer, « - amino - 8 - carboxybutyl 
penicillin (VI). · 

. ,....s...._ /CH3 
HOOC.CH.(CH2h.CO.NH.tH-CH c, 

I I I I CH3 
NH2 CO- N - CH.COCH 

(.V) 

... ..S. ... ,.....c~ 
HOOC.(CH2)3·CH.CO.NH.CH-Of c, 

I I I I CH3 
NH2 CU -N - CH.COCH 

~I) 

95 A· 

100 

105 

110 

115 

The starting material for this Examole, i.e. the 
mixed sodium salts of -o:- and S-c.1rbobcnzyl- 120 



-~-
--·-,'!··· ·:-··· 

.. • 

. 

.. ~ 

. 

the formula 
R(CH .• ).OI.C0-

1 
NH2 

s 

ox1amino - _ 3 - carboxybutyl penicillins, was 
prepared by reacting N - carbobcnzyloxy­
DL - ~ - aminoadipic acid (1 equiv.) with 
ethyl chlorocarbonate \2 equivs.) to give the 
reactive mixed anhydride and then allowing 
this io i:eact with 6-aminopcnicillanic acid 
under the conditions described in Example 1. 
The product was shonn by paper chromato­
graphy to contain two main constituents with 

where R is hydrogen or an amino, carboxyl or 
substituted or unsubstituted alkyl, aryl, aralkyl 6'i 
or heterocyclic group and n is zero or an 
integer, and non-toxi~ salts thereof. 

2. Penicillin derivatives as claimed in claim 

IO· slightly different R1.1 values, and to inhibit 
Stapll. aureus at a concentration of 5.0 

1 wherein X in the general formula (II) is 
R.(0!2) •. Cfl.CO- . 

I 
EXAMPLE 15. - ~'H2 

· - -·pre1fai:ation of :i,•:-diaminopcntyl penicillin.---· where 11 is zero or an integer from 1 to 6-and .. 

mcg./ml. 

15 '-... The sodium salt of ~,·:-dicarbobcnzyloxy- R is hydrogen or an alkyl, aryl, aralkyl or 
aminopcntyl penicillin (2.0 g., of 68',:~, purity) heterocyclic group which may also be sub-

70 

was reduced with two quantities (2 x 4.4 g.) !>tituted. · 
of pre-treated palladium on barium carbonate 3. Penicillin dcrh·ath-es as claimed in claim 75 
in water (2 >' 50 ml.) at pH 8.0 as in Ex- 2 wherein n is zero and R is a phenyl, chloro-

20 ample 1. The total time taken for the hydro- phenyl, methoxyphenyl, furyl or cyclohexyl 
genation was 2 hours, the sec:md quantity of . group. 
catalyst being added ;ifter one hour. Isolation 4. Penicillin derivatives as claimed in claim 

25' 
~ 

""' 

30 

as in Example 1 gave ::H-di:iminopcntylpcni- 1 wherein X in the general formula (II) is 
dllin as a hygroscopic solid (0.65 g.) which H2N.(CH2) •. CH.CO-
assaycd for a purity of 22·;~. Paper chromato- I 
graphy showed that this material had a con-· 1''H2 
siderably different RF value from that of the where 11 is an integer from 1 to 4 . 
staning material. The product was shO\m to 5. :i-Aminobenzylpenicillin . 
inhibit Staph. aurcus at a concentration of 6; :i-Aminl>-p-methoxybenzyl penicillin. 
1.25 mcg./ml. 7. a.-Amino-2-furylmethyl penicillin. 

80 

\.h y II!,.; - dicarbobcnzyloxyaminopentyl peni- · 8. 2-Aminoheptyl penicillin. 
·cillin was prepared by reacting N,N1 - dicarbo- 9 .. ,,_Aminopentyl penicillin. 
benzyloxy - DL - lysine (1 equiv.) with ethyl 10. (1-Aminocyclohexylmethyl penicillin. 
chlorocarbonate (1 equiv.) to give the reactive 11. :r-Amino-p-chlorobenzyl penicillin. A 

35 . mixed anhydride. This was then allowed to 12. ]:.he""process for the preparation of peni- 90 
react with 6-aminopcnicillanic acid under the cillin derivatives of the general formula: 
conditions described in Example 1. . ....,s cH3 

Following the above procedure, alanine, X.l'IH.cl H-clH 'cl ~H3 valine, nor-\-aline, Ieucine, iso-leucine, 1: 
40 threonine, tyrosine, histidine, aspartic acid, co - N --cH - cooH 

~uta~ic ac!d,. (1-an;iinopim~Ii~ acid, :r: /~- where X ii; as defined in Claim 1, and non­
~!am~nopropi~mc ~cdid, ormtJ:Une and a: 1-:- toxic ·salts thereof, which comprises coup liner 

inmmocaprmc ac1 . respectively, can be 6-amino-pcnicillanic acid with an acid of th~ 95 
employed to produce (1-aminoethyl penicillin, !I- general formula XOH h .· · · 45 • · b 1 · ·11· · a\ mer its ammo group 
:r.!11!nozso utY. pcmc1 m, ~-ammo-11-buryl pcni- or groups protected 1:> I th f d 
all~n, :i-ammo-1-methylbut):l . penicillin,. ,,_ thereafter removin.,. ~h~r p~o::~ino- e~~~~ a~r 
ammo : /J - methylbuty~ p~mcillin, " : ammo- groups under sufficiently mild c;nditiorfs to 
f1 - h}dro:iq-propyl p~mc1llm, " - ammo - fJ- avoid destruction f th • · ·1r I 
(p - hydroxyphenyl)cthyl penicillin,-~ - amino- 13 A pr,nr=s oas eel pemdc1 !n nulc. eus.12 100 

50 1' _ (4 _ · · l ·1) h ·I · · · . · "'"'"" aune m c aim ~ immazo y et y pcmc1lhn, :r - ammo- wherein the 6-amino ~ · ill · "d · d P - carboxyethyl penicillin :r _ amino _ _ a b- . . ~me amc act 1s reac~e 
. oxypropyl penicillin, " _ amino _ 

11 
_ ~ar~o~ _ with a . nuxed a?hydnde prep~red }:>Y reacung 

. --pentyl penicillin, ,,. : ft --diaminoeth .1 cnicilli~ __ th~ ammo-s~bs~ruted ;arboxybc acid, or a salt 
. 11: 8 - diaminobutyl penicillin ) a~d 

2
• e~ thereof, ~avmg its ammo group or gr_?ups _pro- 1 o; 

SS diamiriopentyl penicillin respectively · tected, with an ester ·of chlorocarbomc acid. 
.. .. WHAT WE CLAIM IS: · 14 .. A process as claimed in claims 12 or 13 
"- - 1. Penicillin derivatives of the gene_ral wthher~ the ~up or groups usecl __ ~_protect 

. formula: ·---- ___ . _ _ .. e amm?-subs0;tuted carboxylic acid, or a sah: 
.. thereof, rs a tntyl group or a group of the 110 
general formula R110.CO- where Rn is an · · ·-,....s...._ _..cH3 

. ··- . --~~Nt(.Cff-C~ C'c 
-"--·-·---J _____ J .. ~c .... J .. _H3 .. 

···CO'- N--C.11-C:OOH 

. . ' .. ' . - --- . . . "• . . . . . (II) 
60 whert; '?\- . is an" . ~~ino-subs~itu~ed . acyl group 

contammg up to 20 carbon atoms and havino 
··:-··_--.--:,....;...;.-:::.::.:·. ··:-: .. -- . ' ······ D 

.::.-:: •... -:; ... ·::·· 

.. ·····-····· ·-----····-:.__ ______ ·::. : ... :.:: ... : :.·: . .. 

-:-· .. ·:·=··:·::.""'."':-... -.· 

:.-···:"':'-'::::.-:-~ ~--~ .. ~~.:=.::::~;.;;;.:.;;;·: ·-

as lkyl~ benzyl, substituted benzyl, _phenyl or 
ubstitute~ phenyl group. ·· - · · · ·· · -· . _ -·-
.. 15. ~ process as claimed in any one of the . - .. 

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

~ -----··· .... 

.· .. ·· :: .. - -i·-
" i;,ac .~:-~ 

. • ~! .... 
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oxyamino - 8 - carboxybutyl penicillins~ was 
prepared by reacting N - carbobcnzyloxy­
DL - " - aminoadipic acid (1 equiv.) with 
ethyl chJorocarbonate (2 equivs.) to give the 
reactive mixed anhydride and then allowing 
this to react with 6-aminopcnicillanic acid 
under the conditions described in Example 1. 
The product was shown by paper chromato­
graphy to contain two main constituents with 

10 slightly different R11 values, and to inhibit 
Staph. anreus at a concentration of 5.0 
mcg./ml. 

EXAMPLE 15. 
Preparation of a,•:-diaminopcntyl penicillin; 

15 ·' The sodium salt of a,-·-dicarbobcnzyloxy­
aminopcntyl penicillin (2.0 g., of 68';;, purity) 
v:as reduced with two quantitie"! (2 x 4.4 g.) 
of pre-treated palladium on barium carbonate 
in water (2 > 50 ml.) at pH 8.0 as in Ex-

20 ample 1. The total time taken for the hydro­
genation was 2 hours, the scc:md quantity of 
caralyst being added after one hour. Isolation 
as in Example 1 gave a- .. ·-di:.iminopcntylpeni-
cillin as a hygroscopic solid (0.65 g.) which 
assa}•cd for a purity of 22'.'[,. Paper chromato­
graphy showed that this material had a con­
siderablv different RF value from that of the 
staning • mm~rial. The product was sho\m to 
inhibit Staph. aureus at a concentration of 
1.25 mcg./ml. 

...Y "•.; - dicarbobenzyloxyaminopcntyl peni­
cillin was prepared by reacting N',X 1 

- dicarbo­
bcnzyloxy - DL - lysine (1 equiv.) with ethyl 
chlorocarbonatc (1 equiv.) to give the reactive 

35 mixed anhydride. This was then allo\\"cd to 
react with 6-aminopcnicil!anic acid under the 

the formula 
R(CH·.)nCH.C0-

1 
NH2 

where R is hydrogen or an amino, carboxyl or 
substituted or unsubstituted alkyl, aryl, aralkyl 6'i 
or heterocyclic group and n is zero or an 
integer, and non-toxi~ salts thereof. 

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

R.(CH2)a.CH.CO-
I 

. NH2 
where n is zero or an integer from I to 6 and 
R is hydrogen or an alkyl, aryl, aralkyl or 
heterocydic group which may also be sub-
~rure~ · 

70 

3. Penicillin derivatives as claimed in claim 75 
2 wherein n is zero and R is a phenyl, chloro­
phenyl, methoxyphenyl, fury! or cydohexyl 

. group. 
4. Penicillin derivatives as claimed in claim 

1 wherein X in the general formula (II) is 
H~N.(CHJ •. CH.CO-

l 
NH~ 

where 11 is an integer from f to 4. 
5. :x-Aminobcnzylpenicillin. 
6: "-Amino-p-methoxybenzyl penicillin. 
7. ct-Amino-2-furylmethyl penicillin. 
8. :t-Aminoheptyl penicillin . 
9. ct-Aminopentyl penicillin. · 
10. 11.-Amin:oeyclohexylmethyl penicillin. 
11. :x-Amino-p-chlorobenzyl penicillin. 
12. Jheprocess for the preparation of peni­

cillin derivatives of the general formula: 

80 

85 

A 
90 

conditions described in Example 1. 
F 11 

. h b . _...s, ,....cH3 
•o owing t e a ove procedure, alanine, x.NH.CH-CH c...._ 

valine,. nor-valine, lcucine, iso-leucine, I I I 'cH3 
40 threonine, tyrosine, histidine, aspartic acid, co- N --cH - cooH 

glutamic acid, ct-aminopimelic acid, :x: .B- h x · 
diaminopropionic acid, ornithine and ": F.- w ~re i:; as defined in Claim I, and non-
diaminocaproic acid . respectively, can be toxic; salts ~~reof? wh!ch <:ompriscs coupling 

6-ammo-pemallamc acid w1d1 an acid of the 95 
cmplo:red to produ.ci; ~-aminoe~hyl penicillin, I:!- general formula XOH having its amino group 

45 :l!1J!nozsobucy·! pc111c1llm, :x-ammo-n-butyl peni- or groups protected, or a salt thereof, and 

~~~~~ _ ";~11::i~1;~~~~l~~~i~mf~.n:c~~7~in:_ thcreafter removing the protecting group or 
{J - hydro:i..'"ypropyl p.::nicillin, :i _ amino _ /-J- gro~ps under. sufficiently mild conditions to 
(p - hyd~o~yphenyl)cthyl penicillin, :i - amino- avoid destruction of the penicillin nucleus. 

50 /~ - (4 - 1mmazolyl) ethyl penicillin, "_amino- 13. A process as claimed in claim 12 
P - carboxyethyl penicillin " _ amino _ Y _ carb- w~erein t~e 6-aminopcnicillanic acid is reacted 

1 
· "ll' wnh a _m1xed a!111ydride prepared by reacting 

oxypropy .P~n.ici m, (l - amino - •= - carboxy- ___ the ammo-substituted carboxylic acid, or a salt 
pe~tyl pe.mci.lhn, -i: ,B - diaf!lipoethyl penicillin, thereof, ~aving its amino group or groups pro­
!lt: a - dia.mmobutyl penicillin and 7 : E- tected, with an ester of chlorocarbonic acid. 

55 di~~X1'-:n.:k1C~~~l~ ~~fectively. 14. A process as claimed in claims 12 or 13 
1. Penicillin derivatives of the general wherei~ the gr~up or groups used to protect 

formula: the ammo-subsututed carboxylic acid, or a salt 

100 

105 

110 
_...s, ,....c:H3 

X.NH.CH-CH c, 
I l l CH3 
CO- N--Cll-COOH 

thereof, is a trityl group or a group of the 
general formula R 110.CO- where R 11 is an 
alkyl~ benzyl, substituted benzyl, phenyl or 
subsntute~ phenyl group. · · ·-- - -

15 . . !t pro~ess as claimed in imy one of the 
preceamg claims 12 to 14 wherein the removal 
of the protecting group or groups is effected 60 h x· · · b.· (II) w er<:, . 1s an ammo-su stttuted acyl group 

':'~:·v-··~;;: . 
·~ 

contatmng up to 20 carbon atoms and havincr 
. 0 

115 

by catalytic hydrogenation. · 

.. ·--···- -~-~·-, .... . r'lft"·- ·- --.. , -..... ~ -.... ,.,.,., .. ---.·---· .. -- . 

. ,,. 
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16. A process as claimed in claim 15 wherein 
the catalytic hydrogenation js carried out 
employing a catalyst comprising palladium on 
a bariwn carbonate support. · 

. S 17. A process for the preparation of peni-
/ ~ ',,;,_; cillin derivatives as claimed in claim l sub-

(~E~ ·1·~-~~:0~, ~~~:if!l~~ f;.scribe<l in any one of Examples 
~- r u 18. A process for the preparation of peni-

cillin · derivatives as claimed in claim 1 sub­
.\ :.-1,__·~ stantially as described in ilny;.of Examples 2 

. ~ \ 

PROVISIONAL 

to 4, 9 to 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 
6 to 8 and 12. 

20. Penicillin derivatives when prepared by 
the process'cl:iimeci in any one' of claims 12 to 
19. 

RONALD SMITHER, , 
Agent for the Applicants, \,•......__. 
Chartered Patent Agent. ,~v 

SPECIFICATION 

15 

No; 31847 A.D. 1958 

Improvements in or relating to Penicillin Dm.·ivatives 
20 We, BEECHAM RESEAi<CH LAHUHATOIUES 

LL,UTED, a British Company, of Brockh:un 
Park, Betchworth, Surrey, do hereby declare 
this invention to be described in the following 
statement: -

,......~:...7.5 This invention rclatL-S to penicillin deriva-
/;,,,. . ., - -~ t~~es and is i:arricuI_a:Iy c?nc:~ncd with deriva­
.;.::,;.,~, tives of 6-ammopcmc1ll..m.c aud. 

.,;, ·~~ .. : ~- In our co-pending Application N'o. 
"(!.1 ° 26957 /60 (Serial No. 870,396) we have des-

30 cribed and claimed 6-aminopeniciUanic acid 
having the structural formula : 

11 N.--C.'0. M' 
,..s, /CH3 

~.M<-CH c....._ 
:::i.. 

35 

. I I I CH3 
CO- N--CH-COOH 

(I) 
It has now been found according to the 

Present invention that new penicillin deriva-
tives having valuable. antibiotic activity can be 
obtained by introducing aminoacyl substituent 
grou~ into the amino group of 6-aminopcni­
cillanic acid. 

40 
Accordingly, the present invention provides 

new penicillin derivatives of the general 
formula: · 

,...,s ,..cH3 
}- - N 't\ - ~cH-CH 'c, 

l I I Ctf3 
:•; ·. .., :·\ CO- N--CH-COOH 

·' ' ' ... 
· ·~v } (II) 
~.~.: c ~,,*here X is an amino-substituted !!cyl group 
~~ containing up to 20 carbon atoms, the carbon 

45 chain of which may be substituted by further 
amino groups and ·part may be present as fln 
aromatic or heterocyclic ring system, and salts 
thereof. When the carbon chain is substituted 
by two amina groups or when the amino group 

SO is in the (1 pasition it may als:> contain a carb­
oxyl group. 

The presenf invention also includes a pro­
cess for the preparation of penicillin derivatives 
of the general formula II where X is an.amino-

55 substituted . ~cyl group containing up to 20 
--·---·-carb::iif atoms, the carbon chain of which may 

be substituted by a carbox:yl group and/or fur­
ther amino groups and part may be present as 
an aromatic or hetcrocydic ring system, which 

process comprises reacting a protected amino- 60 
substituted rnrboxylk acid or a salt thereof 
with 6-aminopcnicilbnic acid and thereafter 
rcmovmg the protecting group or groups under 
sufficiently mild conditions to avoid destruc-
tion uf the penicillin nu..:kus. 65 

Examples of the group X in the general 
formula II arc: · 

(i) N'K(CH") .. CO-, 
where 11 is an integer from 1 to 20. 

(ii) R(CH~),,.CH.CO-, 70 
I 

. NH2 
where 11 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 substi­
tuted. 

This group will indude derivatives of the 75 
amino acids, alanine, \·alinc, leucine, phcnyl­
afaninc, tyrosine and tryptophane. 

{iii) HOOC.CH(CHJ,,C0-
1 ' 
NH~ 

and 
HOOC.(CH,,)u.CH.CO- 80 

I 
1'.1H2 

This group will include derivatives of 
aspartic acid, glutamic add and 0<-aminoadipic 
acid. 

(iv) H;,N(CHJ,,.CH.(CHJ,,,CO-
f 
~"H .. 

This group will include-derivatives of lysine. 85 
(v) · HOOC.CH.(CI-12)4.CH.CO-

/ I 
NH2 NH2 

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

The majority of the derivatives mentioned 
above contain at least one· asymmetric carbon 90 
atom and will exist in D- and L- forms. It 
~ 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 95 
be four isomers and tvrn DL-mixturcs. 

The protected aminoacyl derivatives are pre­
ferably prepared in the manner described in 
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our co-pending Application No. 2~607 iS? 
(Serial No. 870,395). Thus the .6-ammop_em­
cillanic acid may be reacted. with a m1.xed 
anhydride prepared by reacting the ammo-

5 substituted carboxylic acid, or a salt thereof, 
having its amino gr~ or groups l?rotected, 
with ethyl chofo;:carbonatc. Altcrnauvcly, the 
protected amino-substituted carboxylic acid 
may be converted to a reactive acid halide. 

10 Other methods used to form the protected 
aminoacyl derivative arc standard procedures 
employed in peptide S}11the!>is and include the 
use of a reactive acid azidc R 1.CO.N3 (where 
R1 is a hydrocarbon group) or a carbodi-imide 

15 reagent (cf . .Sheehan :ind ffrss, 7. Amer. Clzcm. 
Soc., 1955, 77, 1067). . 

The subsequent removal of the protecting 
group or grnups tv form the fo:.c amino-sub­
stituted penidllin is effected by catalytic hydro-

20 genation and suitnble protecting groups :ire of 
the gent:ral formula R110.CO-, where R11 is 
an allyl, bcnzyl, substituted benzyl, phenyl or 
substituted phenyl group, or the trityl group 
.:ru-I;' C-. The abbrcviati-On " Ph " as used 

l5 herein represents the phenyl group. 
The removal of the protecting group or 

groups is effected by allowing the protected 
aminoacyl derivative to react with hydrogen 
in the presence of a catalyst. This hydro-

30 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 

. n_ormally water, but other non-reducible sol­
JS vents ~uch as ethyl alcohol or dioxane or mix­

tun:s 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 prc-

40 ferably employed on an inert support, e.g. of 
barium carbl'natc or carbon. 

When the amino-substituted carboxylic acid 
contains more than one carboxyl group, e.g. 
ll-aminoadipic acid, in order to prepare an 

45 unambiguous acyl derivative it is necessary 
either to protect one of the carboxyl groups 
before rt:action with 6-aminopcnidllanic acid 
or to prepare an unambiguous rcactivt: deriva­
tive of one c:uboxyl group only. 

SO The following Examples illustrate the inven-
tion: 

EXAMPLE 1. 
Preparation of aminomethyl penicillin. 

A suspension of palladium on barium car• 
5S 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. The sodium salt of carbobenzyloxy­
aminomethyl penicillin (III) ( 4.5 g., of a 

60 material assaying at a purity of 40%) was 
added and the pH adjusted to 8.0 with sodium 
hydrogen carbonate solution (3 ·:~ ). The mix­
ture was then shaken under hydrogen at room 
temperature and atmospheric pressure for 45 

6S mins. A second quantity of palladium on 

.... ·:· .,~,-·-··· ····· •.... , ... -· •. "·- .. ·; - ... -...... -;--.-... ··.-.- _., ~: 

I 
. ~ .. · 

' 

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 7(l 
N hydrochloric acid, was evaporated to dry-
ness under reduced pressure at a temperature 
below 20° C. The am.inomethylpenicillin (IV) 
was obtained as a yeJlow powder (3.0 g.)-which 
assayed for a purity of 33 % . Paper chroma to- 75 
graphy showed that this material contained 
only one antibiotic which had a considerably 
different RF value from the starting material. 
It was stable in acid solution. 

_...s, .,....cH3 
PhCH2 0CONriCH2cOl'iH.CH-O! C ...._ ~ 

I I I CH3 , 
CO- H- CHCOCH 

(m) 
_...s, /CH3 

~NCH2CONH CH-CH C ...._ 

I I I CH3 
co-N-CHCOOH 

(iv) -t- f"n ,c.Hg -t-C:.0£. 

The preparation of the sodium salt of carbo­
benzyloxyaminomcthyl penicillin is described 
in Example 11 of our co-pending Application 
No. 24607 /57 (Serial No. 870,395). 85 

ExAM!?LE 2. 
Preparation of a mixture of the sodium salt of 

u.- and o-amino-~-carboxybutyl penicillin. 
A mixture of the sodium salts of «- and 

~ - carb::ibenzyloxyamino - li - carboxybutyl 90 
penicillins (9.0 g. of 55% 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 95 
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 in 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
sp:mded closely with that of the natural <l­
amino - 8 - carboxybutyl penicillin, i.e. 105 
Cephalosporin N (V). The other slightly 
faster running zone was acid stable .and is 
probably the other isomer, a - amino - 8 - carb­
oxybutyl penicillin (VI). 

.,....s...._ _..,CH3 
HOOC.CH (CH2 l_l.CO.NH.CH-CH C ...._ llO 

I I I I cH,· 
NH2 CO- N - CH.COCH 

(V) 

,....s, ..,...cli:J 
HOOC.(CH2)J·CH.CO.NH.CH-CH C..._ 

I I I J CH3 
NH

2 
CO-N - CH.COOH 

~I) 

The starting material for this Example, i.e. 
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the mixed i.od.ium salts of e1- and S-carbo­
beozyloxyamino - 8 - carboxybutyl penicillins, 
was prepared by reacting N-carbobenzyloxy-

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

E.xAMPLE 4. 

--- ' DL - at - aminoadipic acid (1 equiv.) with 
ethyl chlorocarbonate (2 equivs.) to give the 
reactive mixed anhydride and then allowing 

Preparation of :z - amino - /] - phel_lylethfyl . 40_ • . 

this to react with 6-aminopcnicillanic acid 
under the conditions described in our co-pend­
ing Application No. 24607 /57 (Serial No. 

10 870,395) (d. Example 11). The product was 
shown by paper chromatography to contain 
two main constituents with slightly different 
R. values. 

EXAMPLE.3. 

15 Preparation of a,e-diaminopentyl penicillin. 

penicillin. __ ::_: ____ .·i'it!-nj/~·r..-:j"--

The sodiwn salt of ~carbobenzyloxyamino­
p - phenylethyl penicillin (7.6 g. of 53% 
purity) was reduced with three quantities 
(3 x 7.0 g.) of pre-treated palladium on barium 45 
carbonate in water (3 x 50 ml.) at pH 8.0, as in 
Example 1. The total time taken for the 
hydrogenation was 3 hours, the second quantity 
of catalyst and water being added after 1 hour 

'\; 
"0:) 
..:,~ 

to .~{' 
The sodium salt _of x,•: - dicarbobenzyloxy­

amin_gI>heff yl penicillin (2.0 g., of 68 % purity) 
was'reduced with two quantities (2 x 4.4 g.) of 
pre-treated palladium on barium carbonate in 

and the third quantity of catalyst and water SO 
being added after 2 hours. Isolation as in 
Example 1 gave 2 - :::mino - /J - phenylethyl 
penicillin as a hyrgoscopic solid (4.6 g.) which 
assayed for a purity of 30·~:,. Paper chromato­
graphy showed that this material contained only 55 
one antibiotic which had a considerably 
different RF value from that of the st:ming 
material. 

.. ~~ -
•'":'' 20 water (2 x 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
lyst being added after 1 hour. Isolation as 
in Example 1 gave :.i-•:-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-

The x - carbobenzyloi-.;:yamino - f, - phenyl­
ethyl penicillin was pr;ep:>rcd by reacting N- t!> 
carbobenzyloxy - {3 - phenyl - DL - alanine 
(1 equiv.) with ethyl chlorocarbonate (1 equiv.) 
to give the reactive mixed anhydride. This siderably different RF value from that of" the 

staning material. 
30 The a,€- dicarbobenzyloxyaminopcntyl peni-

cillin was prepared by reacting N,N1-clicarbo­
benzyloxy - DL-lysine (1 equiv.) with ethyl 
chlorocarbonate (1 equiv.) to give the reactive 
mixed anhydride. This was then allowed to 

was then allo\ved to react with 6-aminopeni­
cillanic acid under the conditions described in liS 
our ce>-pending Appliration No. 24607 /57 
(Serial No. 870,395) (cf. Example 11). ;,..-- . 

RONALD S"\1ITHER, \ \ . 
Agent for the Applicants, ~Y__, 

35 react with 6-aminopcnicillanic acid under the Chattered Patent Agent. 

PROVISIONAL SPECIFICATION 

No. 16303 A.D. 1959 

Improvements in or relating to Penicillin Derivatives 
We, BEECHAM RESEARCH LABORATORIES R(CH2) 11.Cl-l.CO-

LIMITED, a British Company, of Brockham I 
70 Park, Betchworth, Surrey, do hereby declare ?i..Tff2 

this invention to be described in the following where n is zero or an integer from 1 to 6 
statement: - and R is hydrogen or an alkyl, aryl, aralkyl, or 90 

This invention relates to penicillin deriva- heterocyclic group whid1 may also be sub­
tives and is panicularly concerned with deriva- stituted. 

75 rives of 6-aminopenicillanic acid. We have now found tn'.lt certain compounds 
In our co-pending Application No. 31847 /58 falling within the general formula (I) possess 

we have described new penicillin derivatives particularly desirable properties. 95 
of the general formula: Accordingly, the present invention provides 

_ ,..,...s, .,...cHs new penicillin derivatives of the general 
:.: 'i.·-N \\·--" X.NH'.°CH-CH c........_ formula: 

/:··:·-~- - I I ' --CH3 
·; ..-: 1-...\ CO- N--cH-COOH 

,.,__v .. ,;. . . (I) 
.., .• J 
\.~"., 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 pan--lJ!S__y~,~nt---as_--an aromatic or 

-~ 85 heterocy~lic ring system, and salts thereof, An 
. example of the group X in the general formula 
(l)is - · . ,, 

/·~ 

where R is· a butyl, pnenyl, chlorop~e~yl, 
methoxyphenyl, furyl, foexyl or cyclohexyl 
group . 
• Th~ penicillin derivatives of the present 
mvention may be prepared in the manner 

100 

';:'7.:. ·;··~~';E._':-::7f!-~ i511$•W•: ze: ...... "'.... _._. ... ,·.·~.o.·_.-t';!-i . .-.• ....._::~-''~-~·----- ·:•. -~------...-. _.,,,., __ ;.«·~,..•.·;:t.."'-""-'-·~--:i-:,;.~.;...~.::,. __ .-~.':""c-:-;:::;;.·,,..,~~-::;..-:.::-.... ·--::•-··~·w:-.·...._ "-"·"''"'-""!:"'-:~-•-1,-~.::.:..,,,... ,. 
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described jn Application No. 3 l.8.B.-4-7-/-58':"' 
The following Examples illustrate the inven­

tion: 
ExAMPLE 1. 

5 Preparatio~ of «-aminobcnzylpenicillin. 
,....s, ,....c~ 

Q-cH.CO-NH-CH-CH C' 

I I I I CK_, 
~ CO- N-CK- COOli 

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 

10 temperature and atmospheric pressure for l! 
hrs. The catalyst was then filtered ctf, washed 

well with water, making sure that the catalyst 

did not become dry. A solution of the sodium 
salt of "-carbobcnzyloxyaminobcnzylpcni(iHin 

15 (4 g.) ·in warcr (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 

20 the combined filtrate and washings adjusted to 

pH 7.0 with N. hydrochloric acid. The result­
ing solution was then evaporated in r:acuo at 

a temperatur.:! below 20° C. to give "-amino­
bcnzylpenicillin (internal salt) (2.4 g. 74%} 

25 which assayed as 48'~''., pure. Paper chromato­
graphy showed that this material contained 

only one anribiotic which had a considerably 

different Rr value from that of the starting 

material. It was stable in acid solution. 
30 . The sodium salt of G<-carbobenzyloxyamino­

benzylpenicillin required for the above pre­

paration was obtained by reacting DL-:x-carbo­
bcnzyloxyaminophcnylacetic acid (1 equiv.) 

with ethyl chlorocarbonate (1 equiv.) to give 

35 ·the reactive mixed anhydridt:. 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 

40 yellow solid (65%) which assayed as 56% 
pure. 

EXAMPLE 2. 
Preparation of a-amino-p-methoxybenzyl 

penicillin. . 

~ . ,....s....._ ,...cH3 
CH30~ CH.CO -NH -CH - CH C 

I I I J'cH, 
45 . N~ CO-N -- CH -COOH 

This was obtained according to the proce­

dure described in Example 1 by the hydro­
genation of the sodium salt of a-carbobenzyl­

oxyamino - p - methoxybcnzyl penicillin (59% 

50 pure) in 58% yield and assayed as 41~{, 
pur7., ~ape: chroma~ography showed only one 
antibiotic with a considerably different Rr value 
from the starting material. It was stable in 
acid solution. D L-a-Carbobcnzyloxyamino-p-

SS methoxyphenylacetic acid was obtained in 60°~ 
yield, m.p. 105° C. (Found: C, 65.0; H, 5.S; 
N, 4.1. C1;H1;NO~ requires C, 64.8; H, .5.4; 
N,4.4%). 

_..., ... , .. -.. ·"'";""··· 
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F.xAMPLE 3. 
Preparation of 11-amino-2-furylmethyl 60 

. penicillin. 

0-cH.CO-NH -cH-CH ....... 
5
'c ,...Ct\ 

0 I I l I 'ctca ~ 
NHa co-N - CH - COOtf 

This was obtained according to the proce­

dure described in Example 1 by the hydro­

genation of the sodium salt of 11-carbobenzyl- 65 

oxyamino - 2 - furylmethyl penicillin (40% 
pure) in 74% yi:eld and assayed as 32% pure. 

Paper chromatogi:lphy showed only one anti­
biotic with a considerably different R1 value 

from the starting material. It was stable in 70 

acid solution. ~ 
ExAM.PLE 4. 

Preparation of 11-aminoheptyl penicillin. 

/S Cfi.J 
CH:t.co9s.CH.CO-NH-CH-tH 'c/ 

I I I l'c~ 
N~ CO- N - CH -COOH 

The !>odium !>alt of u.-carbobenzyloxyamino- 75 

hcptyl penicillin (5.1 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 aunosphere St 
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 continued for a further hour. A third 

quantity (4.7 g., 30%) of pretreated catalyst 85 

was then added and again the hydrogenation 

continued for 1 hr. The catalyst was filtered 

off and the solution treated as in Example I 

to give a-aminohoe-ptyl penicillin (internal salt) 

as a colourless solid (2.3 g., 44 % ) which 90 

assayed at 47% pure. Paper chromatography 

showed that this material contained only one 

antibiotic which had a considerably different 

R1 value from that of the starting material. 

It was stable in acid solution. The sodium 95 
salt ~f 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 100 
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 yellC>\v solid 105 
(43% yield) which assayed as 68%. 

The DL-a:-carbobenzyloxyamino-octanoic 

acid required for this preparation was obtained 

by the reaction of benzylchlorocarbonate with 

DL - x - amino - octanoic acid in dilute 110 
sodium. hydroxide solution. It was obtained 

as colourless crystals (63%); m.p. 91-92° C 
(Fou.nd: C, 65.7; H, 7.9; N, 4.9. Ci_6H23NO~ 
requires C, 65.5; H, 7.9; N, 4.73). 

. . .. ~, .... .,_... ... 
·' 

{ 
" 
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ExAMPLE S. 
I 

8
.don of a-aminopentyl penicilliD;- --- -

--· -S C 
C1!,(t:r)1 .0l.CO-NH -CH-CH/ 'c/ Ha 

- I I I t 'c~ 
NHa CO - l't - CH -- COOH 

This .was ?htained according tX> the procedure 
descnbed in example 4 by the hydrogenation 
of the sodium salt of 11-carbobenzyloxyamino­
pentyl penicillin (S6% pure) in 56% yield 
(assaying 34% pure). Paper chromatography 
s~owed only one antibiotic with a considerably 
different R: value from the starting material. 
It was stable b acid solution. 

DL - N - Carbobenzyloxy nor-leucine was 
obtained in 70% yield, m.p. 106-1070 C. 

EXAMPLE 6. 
Preparation of :z-aminocyclohexylmethyl 

penicillin. 

/"'\..___ / S ......_ ...,...cH3 
~CH.CO-NH-CH-CH c, 

I - I I I cH, 
N~ CO-N -- CH - COOH 

This was obtained according to the proce­
dure described in Example 4 by the hydrogena­
tio~ of the sodium salt of :.c-carbobenzyloxy­
ammocyclohexylmethyl penicillin (75%) in 
51:% yield assaying as 46% pure. Paper 
chromatography showed only one antibiotic 

with a considerably different Rr value from the 
starting material. It was stable in acid solu- 25 
ti on. 

DL - « - Carbobenzyloxyaminocyclohexyl­
acetic acid was obtained in 80% yield, m.p. 
136-137° C. (Found: C, 66.2; H, 7.S; N, 
4.6. C16H21NO.,, requires: C, 65.9; H, 7.3; 30 
N,4.8%). 

EXAMPLE 7. 
Preparation of a:-amino-p-chlorobenzyl 

penicillin. 

Cl 0- CH.cO-NH-CH-CH,,.....s,c,....cH, 

. . I · i i 1'c8l 
N~ CO-N-- CH --COOH 

35 

This was obtained according to the pro­
cedure described in Example 1 by L'lie hydro­
genation of the sodium salt of 11-carbobcnzyl­
oxyamino - p - chlorobcnzyl penicillin (42% 
pure) in 88% yield and assayed as 45% pure. 40 

It was stable in acid solution. DL-o:-Carbo­
benzyloxyamino - p - chlorophenylacctic acid 
was obtained in 85% yield, m.p. 132-133° 
C. (Found: C, 60.5; H, 4.8; N, 4.7 
Ci6HltCIN04 requires: C$ 60.0; H, 4.4; N, 45 
4.4%). 

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