
873,049                                      5        the reactive mixed
anhydride. This was then  of [err] - carbobenzyloxyamino - 1 - naphthyl-
llowed to react with 6-aminopenicillanic acid  methylpenicillin used in
this Example.       under the conditions described in Example 1.
EXAMPLE 13.       It was obtained as a yellow solid (65%) which
Preparation of a - amino - 2 - furylmethyl-    5  assayed as 56% pure.
penicillin.                70                      EXAMPLE 10.
This was obtained according to the proce-       Preparation of [err] -
amino - p - methoxybenzyl-  dure described in Example 9 by the hydro-
penicillin.                genation of the sodium salt of
[err]-carbobenzyl-         This was obtained according to the pro-
oxyamino - 2 - furylmethyl penicillin (40%   10  cedure described in
Example 9 by the hydro-  pure) in 74% yield and assayed as 32% pure. 75
genation of the sodium salt of [err]-carbabenzyl-  Paper chromatography
showed only one anti-       oxyamino - p - methoxybenzyl penicillin (59%
biotic with a considerably different R[err] value       pure) in 58%  yield
and assayed  as 41%  from the starting material. It was stable in
pure. Paper chromatography showed only one  acid solution and was shown to
inhibit Staph.   15  antibiotic with a considerably different R[err]
aureus at a concentration of 0.5 mcg./ml.    80       value from the
starting material. It was stable    The sodium salt of
[err]-carbobenzyloxyamino-       in acid solution and was shown to inhibit
2 - furylmethyl penicillin required  for the       Staph. aureus at a
concentration of 0.025  above preparation was obtained by treating
mcg.ml. The sodium salt of DL -[err]  - Carbo-  DL -  [err] -
carbobenzyloxyamino - 2 - furyl-   20  benzyloxyamino - p -
methoxyphenylacetic acid  acetic acid (1 equiv.) with ethyl chlorocarbonate
85       was obtained from the corresponding [err]-amino  (1 equiv.) to
give the reactive mixed anhydride.       acid in 60%  yield in accordance
with the  This was then allowed to react with 6-amino-       method of
Example 1, m.p. 105[err] C. (Found:  penicillanic acid under the conditions
des-       C, 65.0; H, 5.5; N, 4.1. C[err]H[err]NO[err] requires  cribed in
Example 1. There was obtained a   25  C, 64.8; H, 5.4; N, 4.4%).
32% yield of a solid which was 40% pure.   90                      EXAMPLE
11.                    DL - [err] - Carbobenzyloxyamino - 2 - furyl-
Preparation of [err] - amino - p - chlorobenzyl-  acetic acid, m.p.
121-122[err] C. was obtained                       penicillin.
in 40% yield by treating [err] - amino - 2 - furyl-         This was
obtained according to the proce-  acetic acid with benzyl chlorocarbonate
in   30  dure described in Example 9 by the hydro-  dilute sodium hydroxide
solution(Found: C, 95       genation of the sodium salt of
[err]-carbobenzyl-  61.3; H, 4.7; N, 4.9.  C,,H,O[err]N  requires
oxyamino - p - chlorobenzylpenicillin (42%  C, 61.1; H, 4.8; N, 5.1%).
pure) in 88%  yield and assayed as 45% pure.              EXAMPLE 14.
It was stable in acid solution and was shown  Preparation of a mixture of
the sodium salts of   35  to inhibit Staph. aureus at a concentration of
[err]- and [err]-amino-[err]-carboxybutyl penicillins.   100       0.06
mcg./ml.  The sodium salt of DL-[err]-    A mixture of the sodium salts of
[err]- and [err]-       carbobenzyloxyamino - p - chlorophenylacetic
carbobenzyloxyamino - [err] - carboxybutyl peni-       acid was obtained
from the corresponding a-  cillins (9.0 g. of 55% purity) was reduced with
amino acid in 85% yield in accordance with  three successive 10 g.
quantities of pretreated   40  the method of Example 1, m.p. 132-133[err]
C.  palladium  on barium  carbonate catalyst in  105       (Found: C,60.5;
H,4.8; N,4.7. C[err]H[err]C[err]N0[err]  water (3 x 150 ml.) at pH  8.0 as
described       requires C, 60.0; H, 4.4; N, 4.4%).        in Example 1.
The product (7.0 g., 82% )                      EXAMPLE 12.
assayed for a purity of 42%  and was shown       Preparation of [err] -
amino - 1 - naphthylmethyl-  by paper chromatography to contain two zones
45                  penicillin.                 of anti-bacterial activity,
one of which corre- 110 This was obtained according to the pro-  sponded
closely with that of the natural [err]-       cedure described in Example 9
by the hydro-  amino  - [err] - carb,  butyl penicillin, i.e.
genation of the sodium salt of [err]-carbobenzyl-  Cephalosporin N (V).
the other slightly faster       oxyamino - 1 - naphthylmethylpenicillin
(64%   running zone was acid stable and is probably   50  pure) in 61%
yield and assayed as 40% pure.  the other isomer, [err] - amino - [err] -
carboxybutyl 115       It was stable in acid solution and was shown
penicillin (VI).       to inhibit Staph. oxford at a concentration of
0.025 mcg./ml.         [err] -  Amino - 1 - naphthylacetic acid, m.p.   55
219-220 C. was prepared by the Bergs-              [err]       Bucherer
synthesis from [err]-naphthaldehyde (of.       Harvill and Herbst, 7. Org.
Chem., 1944, 9,       21). With benzyl chlorocarbonate in aqueous
sodium  hydroxide solution it gave [err]-carbo-   50  benzyloxyamino - 1 -
naphthylacetic acid, m.p.           [err]       144-145[err]  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- The starting material for this Example, i.e. the   65
cedure of Example I to give the sodium salt mixed sodium salts of [err]-
and [err]-carbobenzyl- 120               873,049       oxyamino - [err]  -
carboxybutyl penicillins, was  the formula prepared  by reacting N  -
carbobenzyloxy-      DL - [err]- aminoadipic acid (1 equiv.) with
[err]      ethyl chlorocarbonate (2 equivs.) to give the  5  reactive mixed
anhydride and then allowing  where R is hydrogen or an amino, carboxyl or
this to react with 6-aminopenicillanic acid  substituted or unsubstituted
alkyl, aryl, aralkyl 65      under the conditions described in Example 1.
or heterocyclic group and n is zero or an      The product was shown by
paper chromato-  integer, and non-toxic salts thereof.      graphy to
contain two main constituents with    2. Penicillin derivatives as claimed
in claim  10  slightly different R[err] values, and  to  inhibit  1 wherein
X in the general formula (II) is      Staph. aureus at a  concentration  of
5.0                 [err]           70      mcg./ml.
EXAMPLE 15.     Preparation of [err]-diaminopentyl penicillin. where n is
zero or an integer from I to 6 and  15  The sodium  salt of
[err]-dicarbobenzyloxy-  R is hydrogen or an alkyl, aryl, aralklyl or
aminopentyl penicillin (2.0 g., of 68% purity)  heterocyclic group which
may also be sub-      was reduced with two quantities (2 x 4.4 g.)
stituted.      of pre-treated palladium on barium carbonate    3.
Penicillin derivatives as claimed in claim  75      in water (2 [err]  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 second quantity of
group.      catalyst being added after one hour. Isolation    4. Penicillin
derivatives as claimed in claim      as in Example 1 gave
[err]-[err]-diaminopentylpeni-  I wherein X in the general formula (II) is
80      cillin as a hygroscopic solid (0.65 g.) which           [err]  25
assayed for a purity of 22%. Paper chromato- graphy showed that this
material had a con-      siderably different RF value from that of the
where n is an integer from 1 to 4. starting material. The product was shown
to    5. -Aminobenzylpenicillin.      inhibit Staph. aureus at a
concentration of    6: [err]-Amino-p-methoxybenzyl penicillin.  30  1.25
mcg./ml.                               7. [err]-Amino-2-furylmethyl
penicillin.        85        The [err]- dicarbobenzyloxyaminopentyl peni-
8. [err]-Aminoheptylpenicillin.      cillin was prepared by reacting
N,N[err] - dicarbo-    9. [err]-Aminopentyl penicillin.      benzyloxy - DL
- lysine (1 equiv.) with ethyl    10. [err]-Aminocyclohexylmethyl
penicillin.      chlorocarbonate (1 equiv.) to give the reactive  11.
[err]-Amino-p-chlorobenzyl penicillin.   A  35  mixed anhydride. This was
then allowed to   12.  A process for the preparation of peni-  90
react with 6-aminopenicillanic acid under the  cillin derivatives of the
general formula:      conditions described in Example 1.        Following
the above procedure, alanine,         [err]      valine,   nor-valine,
leucine,  iso-leucine,  40  threonine, tyrosine, histidine, aspartic acid,
glutamic acid, [err]-aminopimelic  acid, [err]: [err]-  where X is as
defined in Claim  1, and non-      diaminopropionic acid, ornithine and
[err]:[err]   toxic salts thereof, which comprises coupling
diaminocaproic  acid  respectively, can  be  6-amino-penicillanic acid with
an acid of the  95      employed to produce [err]-aminoethyl penicillin,
[err]-  general formula XOH having its amino group   45  aminoisobutyl
penicillin, [err]-amino-n-butyl peni-  or groups protected, or a salt
thereof, and      cillin, [err]-amino-[err]-methylbutyl  penicillin, [err]-
thereafter removing the protecting group or      amino - [err] -
methylbutyl penicillin, [err]-amino-  groups under sufficiently mild
conditions to      [err]- hydroxypropyl penicillin, [err]- amino - [err]-
avoid destruction of the penicillin nucleus.   100      (p -
hydroxyphenyl)ethyl penicillin, [err] - amino-    13. A  process as claimed
in  claim  12.   50  [err] - (4 - iminazolyl) ethyl penicillin, [err] -
amino-  wherein the 6-aminopenicillanic acid is reacted       [err]-
carboxyethyl penicillin [err] - amino - [err] - carb-  with a mixed
anhydride prepared by reacting       oxypropyl penicillin, [err] - amino -
[err] - carboxy-  the amino-substituted carboxylic acid, or a salt
pentyl penicillin,[err]:[err]-diaminoethyl penicillin,  thereof, having its
amino group or groups pro- 105       [err]:[err] - diaminobutyl  penicillin
and [err]:[err]- tected, with an ester of chlorocarbonic acid.   55
diaminopentyl penicillin respectively.      14. A process as claimed in
claims 12 or 13         WHAT WE CLAIM IS:                      wherein the
group or groups used to protect         1. Penicillin  derivatives  of the
general  the amino-substituted carboxylic acid, or a salt       formula:
thereof, is a trityl group or a group of the 110
general formula R[err]O.CO- where R[err] is an               [err]
alkyl, benzyl, substituted benzyl, phenyl or               substituted
phenyl group.                       15. A process as claimed in any one of
the                                         (II)   preceding claims 12 to
14 wherein the removal 115   60  where X is an amino-substituted acyl group
of the protecting group or groups is effected       containing up to 20
carbon atoms and having  by catalytic hydrogenation.    [err]
873,049                                 7            16. A process as
claimed in claim 15 wherein  to 4, 9 to 11 and 13.         the catalytic
hydrogenation  is carried out    19. A process for the preparation of peni-
employing a catalyst comprising palladium on  cillin derivatives as claimed
in claim  I sub-         a barium carbonate support.            stantially
as described in any one of Examples  15      5    17. A process for the
preparation of peni-  6 to 8 and 12.         cillin derivatives as claimed
in claim  1 sub-    20. Penicillin derivatives when prepared by
stantially as described in any one of Examples  the process claimed in any
one of claims 12 to         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.
PROVISIONAL SPECIFICATION                                       No. 31847
A.D. 1958                  Improvements in or relating to Penicillhin
Derivatives     20   We, BEECHAM  RESEARCH  LABORATORIES  process comprises
reacting a protected amino- 60         LIMITED, a British Company, of
Brockham  substituted carboxylic acid or a salt thereof         Park,
Betchworth, Surrey, do hereby declare  with 6-aminopenicillanic acid and
thereafter         this invention to be described in the following
removing the protecting group or groups under         statement:-
sufficiently mild conditions to avoid destruc-   25   This invention
relates to penicillin deriva-  tion of the penicillin nucleus.        65
tives and is particularly concerned with deriva-    Examples of the group X
in the general         tives of 6-aminopenicillanic acid.         formula
II are:           In  our  co-pending  Application   No.   (i)       [err]
26957/60 (Serial No. 870,396) we have des-  where n is an integer from 1 to
20.     30  cribed and claimed 6-aminopenicillanic acid   (ii)     [err]
having the structural formula:     where n is zero or an integer from 1 to
6 and                 [err]                         R is hydrogen or an
alkyl, aryl, aralkyl or                    heterocyclic group which may
also be substi-                                                 tuted.
It has now been found according to the    This group will include
derivatives of the  75         present invention that new penicillin
deriva-  amino acids, alanine, valine, leucine, phenyl-     35   tives
having valuable antibiotic activity can be  alanine, tyrosine and
trytophane.         obtained by introducing aminoacyl substituent   (iii)
[err]         groups into the amino group of 6-aminopeni-         cillanic
acid.           Accordingly, the present invention provides  and     40
new  penicillin  derivatives of the general    [err]         formula:
This group  will include derivatives of                [err]
aspartic acid, glutamic acid and [err] -aminoadipic
acid.               (iv)         [err]        where X is an
amino-substituted acyl group         containing up to 20 carbon atoms, the
carbon    This group will include derivatives of lysine. 85     45  chain
of which may be substituted by further   (v)          [err]         amino
groups and part may be present as an         aromatic or heterocyclic ring
system, and salts         thereof. When the carbon chain, is substituted
This group will include derivatives of [err]:[err]-         by two amino
groups or when the amino group  diamino adipic acid.     50  is in the
[err] position it may also contain a carb-    The majority of the
derivatives mentioned         oxyl group.                            above
contain at lease one asymmetric carbon  90         The present invention
also includes a pro-  atom and will exist in D- and L- forms. It
cess for the preparation of penicillin derivatives  is to be understood
that the present invention         of the general formula II where X is an
amino-  includes both the D- and L- forms and the     55  substituted acyl
group containing up to 20  DL-mixture.  When the derivative contains
carbon atoms, the carbon chain of which may  two asymmetric carbon atoms
then there will 95         be substituted by a carboxyl group and/or fur-
be four isomers and two DL-mixtures.         ther amino groups and part may
be present as    The protected aminoacyl derivatives are pre-         an
aromatic or heterocyclic ring system, which  ferably prepared in the manner
described in                            873,049            our co-pending
Application No. 24607/57  barium carbonate (7.3 g., of 30%), previously
(Serial No. 870,395). Thus the 6-aminopeni-  reduced as before, was added
and the hydro-           cillanic acid may be reacted with a mixed
genation continued for a further 45 mins. The           anhydride prepared
by reacting the amino-  catalyst was filtered off, washed with water,    5
substituted carboxylic acid, or a salt thereof,  and the filtrate, after
adjusting to pH 7.0 with  70           having its amino group or groups
protected, N hydrochloric acid, was evaporated to dry-           with ethyl
chlorocarbonate. Alternatively, the  ness under reduced pressure at a
temperature           protected amino-substituted  carboxylic acid  below
20[err] C. The aminomethylpenicillin (IV)           may be converted to a
reactive acid halide,    was obtained as a yellow powder (3.0 g.)which
10   Other methods used to form the protected  assayed for a purity of 33%.
Paper chromato-  75           aminoacyl derivative are standard procedures
graphy showed that this material contained           employed in peptide
synthesis and include the  only one antibiotic which had a considerably
use of a reactive acid azide R[err].CO.N, (where different R[err] value
from the starting material.           R[err] is a hydrocarbon group) or a
carbodi-imide  It was stable in acid solution.    15  reagent (cf. Sheehan
and Hess, [err]. Amer. Chem. Soc., 1955, 77, 1067).
[err]              The subsequent removal of the protecting
group or groups to form the free amino1-sub-            stituted penicillin
is effected by catalytic hydro-        20  genation and suitable protecting
groups are of            the general formula R[err]O.CO-, where R[err] is
[err]            an allyl, benzyl, substituted benzyl, phenyl or
substituted phenyl group, or the trityl group            Ph[err] C-.  The
abbreviation " Ph " as used        25  herein represents the phenyl group.
The preparation of the sodium salt of carbo-              The removal of
the protecting  group or  benzyloxyaminomethyl penicillin is described
groups is effected by allowing the protected  in Example 11 of our
co-pending Application            aminoacyl derivative to react with
hydrogen  No. 24607/57 (Serial No. 870,395).         85            in the
presence of a catalyst.  This hydro-             EXAMPLE 2.        30
genation is normally carried out at room tem-  Preparation of a mixture of
the sodium salt of            perature and at atmospheric pressure, the pH
[err]- and [err]-amino-[err]-carboxybutyl penicillin.            of the
reaction mixture being from  5 to 9.    A mixture of the sodium  salts of
[err]- and            The solvent for the hydrogenation reaction is  [err]
- carbobenzyloxyamino - [err] - carboxybutyl 90            normally water,
but other non-reducible sol-  penicillins (9.0 g. of 55% purity) was
reduced            vents such as ethyl alcohol or dioxane or mix-  with
three quantities (3 x 10 g.) of pre-treated            tures of these with
water may be employed.  palladium  on barium  carbonate catalyst in
The  preferred  hydrogenation  catalyst is  water (3 x 150 ml.) at pH 8.0
as described in            palladium but other catalysts such as platinum
Example 1.  The total time taken for the  95            or rhodium may be
used. The catalyst is pre-  hydrogenation in this instance was 4 hours, the
40  ferably employed on an inert support, e.g. of  second quantity of
catalyst being added at the            barium carbonate or carbon.
end of 2 hours and the third quantity at the              When the
amino-substituted carboxylic acid  end of 3 hours.  Isolation as in Example
1            contains more than one carboxyl group, e.g. gave the product
(7.0 g., 82%) which assayed  100            [err]-aminoadipic acid, in
order to prepare an  for a purity of 42% . This material was shown
45  unambiguous acyl derivative it is necessary  by paper chromatography to
contain two zones            either to protect one of the carboxyl groups
of antibacterial activity, one of which corre-            before reaction
with 6-aminopenicillanic acid  sponded closely with that of the natural
[err]-            or to prepare an unambiguous reactive deriva-  amino  -
[err] - carboxybutyl penicillin, i.e. 105            tive of one carboxyl
group only.         Cephalosporin  N  (V). The  other slightly        50
The following Examples illustrate the inven-  faster running zone was acid
stable and is            tion:                                    probably
the other isomer, [err] - amino - [err] - carb-
EXAMPLE 1                  oxybutyl penicillin (VI).
Preparation of aminomethyl penicillin.              A suspension of
palladium on barium car-                    [err]        55  bonate (7.3
g., of 30% ) in water (200 ml.) was                                    110
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                  [err]
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        65
mins.  A second quantity of palladium on   The starting material for this
Example, i.e.                                                      873,049
the mixed sodium salts of [err]- and [err]-carbo- conditions described in
our co-pending Applica-       benzyloxyamino - [err] - carboxybutyl
penicillins, tion No. 24607/57 (Serial No. 870,395) (cf.       was prepared
by reacting N-carbobenzyloxy-  Example 11.).       DL - [err] - aminoadipic
acid (1 equiv.) with             EXAMPLE 4.    ethyl chlorocarbonate (2
equivs.) to give the   Preparation of  - amino - [err] - phenylethyl-  40
reactive mixed anhydride and then allowing                 penicillin.
this to react with 6-aminopenicillanic acid    The sodium salt of
[err]-carbobenzyloxyamino-       under the conditions described in our
co-pend-  [err] - phenylethyl penicillin (7.6 g. of 53%       ing
Application No. 24607/57  (Serial No.  purity) was reduced with three
quantities    10  870,395) (cf. Example 11). The product was  (3 x 7.0 g.)
of pre-treated palladium on barium  45        shown by paper chromatography
to contain  carbonate in water (3 x 50 ml.) at pH 8.0, as in        two
main constituents with slightly different  Example 1.  The total time taken
for the        R[err] values.                             hydrogenation was
3 hours, the second quantity                       EXAMPLE 3.
of catalyst and water being added after 1 hour    15   Preparation of
[err]-diaminopentyl penicillin.   and the third quantity of catalyst and
water  50    The sodium salt of [err]- dicarbobenzyloxy-  being added after
2 hours.  Isolation as in        aminophenthyl penicillin (2.0 g., of 68%
purity)  Example 1 gave   [err] -amino -[err] - phenylethyl        was
reduced with two quantities (2 x 4.4 g.) of  penicillin as a hyrgoscopic
solid (4.6 g.) which        pre-treated palladium on barium carbonate in
assayed for a purity of 30%. Paper chromato-    20  water (2 x 50 ml.) at
pH 8.0 as in Example  graphy showed that this material contained only  55
1. The total time taken for the hydrogena-  one  antibiotic  which  had  a
considerably tion was 2 hours, the second quantity of cata-  different
R[err] value from that of the starting     lyst being added after 1 hour.
Isolation as  material.        in Example 1 gave [err]-diaminopentyl peni-
The [err]- carbobenzylo-xyamino - [err] - phenyl-    cillin as a
hygroscopic solid (0.65 g.) which  ethyl penicillin was prepared by
reacting N-  60        assayed for a purity of 22%. Paper chromato-
carbobenzyloxy - [err] - phenyl - DL - alanine        graphy showed that
this material had a con-  (1 equiv.) with ethyl chlorocarbonate (1 equiv.)
siderably different R[err] value from that of the  to give the reactive
mixed anhydride.  This        starting material.                        was
then allowed to react with 6-aminopeni-    30    The [err] -
dicarbobenzyloxyaminopentyl peni-  cillanic acid under the conditions
described in  65        cillin was prepared by reacting N,N[err]-dicarbo-
our co-pending Application No. 24607/57        benzyloxy - DL-lysine (1
equiv.) with ethyl  (Serial No. 870,395) (cf. Example 11).
chlorocarbonate (1 equiv.) to give the reactive      RONALD SMITHER,
mixed anhydride. This was then allowed to          Agent for the
Applicants,    35  react with 6-aminopenicillanic acid under the
Chartered Patent Agent.                                 PROVISIONAL
SPECIFICATION                                        No. 16303 A.D. 1959
Improvements in or relating to Penicillin Derivatives           We, BEECHAM
RESEARCH  LABORATORIES                     [err]        LIMITED, a British
Company, of Brockham    70  Park, Betchworth, Surrey, do hereby declare
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 which may also be sub-
tives and is particularly concerned with deriva-  stituted.    75  tives of
6-aminopenicillanic acid.           We have now found that certain
compounds          In our co-pending Application No. 31847/58  falling
within the general formula (1) possess        we have described new
penicillin derivatives  particularly desirable properties.      95
of the general formula:                      Accordingly, the present
invention provides                          new  penicillin  derivatives of
the general         [err]                             formula:
[err]  where 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  where R  is a
butyl, phenyl, chlorophenyl, 100         and part  be present as an
aromatic or  methoxyphenyl, furyl, hexyl or cyclohexyl    85  heterocyclic
ring system, and salts thereof. An  group.         example of the group X
in the general formula    The penicillin derivatives of the present
(I)isP                                     invention may be prepared in the
manner             described in Application No. 318847/58
EXAMPLE 3      The following Examples illustrate the inven-  Preparation of
[err]-amino-2-furylmethyl  60    tion:
penicillin.                    EXAMPLE 1. 5     Preparation of
[err]-aminobenzylpenicillin                       [err]
[err]               This was obtained according to the proce-       A
suspension of palladium on barium car-  dure described in Example 1 by the
hydro-e    bonate (3.7 g. of 30%) in water (20 ml.) was  genation of the
sodium salt of [err]-carbobenzyl-  65    shaken in an atmosphere of
hydrogen at room   oxyamino - 2 - furylmethyl penicillin (40% 10
temperature and atmospheric pressure for 1[err] pure) in 74% yield and
assayed as 32% pure.     hrs. The catalyst was then filtered off, washed
Paper chromatography showed only one anti-     well with water, making sure
that the catalyst  biotic with a considerably different R[err] value
did not become dry. A solution of the sodium  from the starting material.
It was stable in  70     salt of [err]-carbobenzyloxyaminobenzylpenicillia
acid solution. 15  (4 g.) in warer (20 ml.) was added to the pre-
EXAMPLE 4.     treated catalyst and the suspension shaken in  Preparation
of [err]-aminoheptyl penicillin.     an atmosphere of hydrogen at room
tempera-     ture and pressure for 1 hr. The catalyst was
[err]     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 vacuo at    The sodium salt
of [err]-carbobenzyloxyamino-  75     a temperature below 20[err] C. to
give [err]-amino-  heptyl penicillin (5.1 g., 68% pure) was added
benzylpenicillin (internal salt) (2.4 g. 74%)  to a suspension of palladium
on barium car- 25  which assayed as 48% pure. Paper chromato-  bonate (4.7
g., 30%), which had been pre-      graphy showed that this material
contained  treated as in Example 1, in water (150 ml.).      only one
antibiotic which had a considerably  The suspension was shaken in an
atmosphere  80      different R[err] value from  that of the starting  of
hydrogen at room temperature and pressure      material. It was stable in
acid solution.  for 1 hr. A second quantity (4.7 g., 30%) of  30    The
sodium salt of [err]-carbobenzyloxyamino-  pre-treated catalyst was added
and the hydro-      benzylpenicillin required for the above pre-  genation
continued for a further hour. A third      paration was obtained by
reacting DL-[err]-carbo- quantity (4.7 g., 30%) of pretreated catalyst 85
benzyloxyaminophenylacetic  acid (1 equiv.)  was then added and again the
hydrogenation      with ethyl chlorocarbonate (1 equiv.) to give  continued
for 1 hr. The catalyst was filtered  35 the reactive mixed anhydride. This
was then  off and the solution treated as in Example 1      allowed to
react with 6-aminopenicillanic acid  to give [err]-aminoheptyl penicillin
(internal salt)      under the conditions described in Example 11  as a
colourless solid (2.3 g., 44%) which  90      of our co-pending Application
No. 24607/57  assayed at 47%  pure. Paper chromatography      (Serial No.
870,395).  It was obtained as a  showed that this material contained only
one  40  yellow solid (65%) which assayed as 56%,  antibiotic which had a
considerably different      pure.
R[err] value from that of the starting material.
EXAMPLE 2.                  It was stable in acid solution.  The sodium  95
Preparation of [err]-amino-p-methoxybenzyl    salt of
[err]-carbobenzyloxyaminoheptyl penicillin
penicillin.                required for the above example was obtained
by the reaction of DL-[err]-carbobenzyloxyamino-      [err]
octanoic acid (1 equiv.) with ethyl chlorocar-                 bonate (1
equiv.) to give the reactive mixed 100  45
anhydride.  This was then allowed to react
with 6-aminopenicillanic acid under the condi-         This was obtained
according to the proce-  tions described in Example 11 of our co-pend-
dure described in Example 1 by the hydro-  ing Application No. 24607/57
(Serial No.       genation of the sodium salt of [err]-carbobenzyl-
870,395). It was obtained as a yellow solid 105       oxyamino - p -
methoxybenzyl penicillin (59%   (43%  yield) which assayed as 68%.   50
pure) in 58%  yield and assayed as 41%,       The
DL-[err]-carbobenzyloxyamino-octanoic       pure. Paper chromatography
showed only one  acid required for this preparation was obtained
antibiotic with a considerably different R[err] value  by the reaction of
benzylchlorocarbonate with       from the starting material. It was stable
in  DL - [err] - amino - octanoic acid in dilute 110       acid solution.
DL-[err]-Carbobenzyloxyamino-p-  sodium hydroxide solution.  It was
obtained   55  methoxyphenylacetic acid was obtained in 60%  as colourless
crystals (63%), m.p. 91-92[err] C       yield, m.p. 105 C. (Found: C, 65.0;
H, 5.5;  (Found: C, 65.7; H, 7.9; N, 4.9. C[err]H[err]NO[err]       N, 4.1.
C[err]-H[err]NO[err] requires C, 64.8; H, 5.4;  requires C, 65.5; H, 7.9;
N, 4.7%).       N, 4.4%).                                           873,049
EXAMPLE 5.               with a considerably different R[err] value from
the    [err]tion of [err]-aminopentyl penicillin.      starting material.
It was stable in acid solu- 25 tion.   [err]                         DL -
[err] - Carbobenzyloxyaminocyclohexyl-         acetic acid was obtained in
80%  yield, m.p.         136-137[err] C. (Found: C, 66.2; H. 7.5; N. This
was obtained according to the procedure  4.6. C[err]H[err]N0[err] requires:
C, 65.9; H. 7.3; 30 described in example 4 by the hydrogenation  N, 4.8%).
of the sodium salt of [err]-carbobenzyloxyamino-               EXAMPLE 7.
pentyl penicillin (56%  pure) in 56%  yield     Preparation of
[err]-amino-p-chlorobenzyl (assaying 34%  pure). Paper chromatography
penicillin. showed only one antibiotic with a considerably different R[err]
value from the starting material.              [err] It was stable in acid
solution. DL - N - Carbobenzyloxy nor-leucine was                    [err]
obtained in 70%  yield, m.p. 106-107[err] C.              EXAMPLE 6.
This was obtained according to the pro-   Preparation of
[err]-aminocyclohexylmethyl   cedure described in Example 1 by the hydro-
penicillin.             genation of the sodium salt of [err]-carbobenzyl-
oxyamino - [err] - chlorobenzyl penicillin (42%        pure in 88% yield
and assayed as 45% pure. 40        [err]             It was stable in acid
solution. DL-[err]-Carbo-                 benzyloxyamino - [err]-
chlorophenylacetic acid        was obtained in 85%  yield, m.p.
132-133[err]  This was obtained according to the proce-  C. (Found:  C,
60.5; H, 4.8; N, 4.7  dure described in Example 4 by the hydrogena-
C[err]H[err]ClNO[err] requires: C, 60.0; H, 4.4; N, 45  tion of the sodium
salt of [err]-carbobenzyloxy-  4.4%).  aminocyclohexylmethyl penicillin
(75%) in             RONALD SMITHER,  51%  yield assaying as 46%   pure.
Paper            Agent for the Applicants,  chromatography showed only one
antibiotic             Chartered Patent Agent.       Leamington Spa:
Printed for Her Majesty's Stationery Office, by the Courier Press.-1961.
Published by The Patent Office, 25, Southampton Buildings, London, W.C.2,
from which                              copies may be obtained.
ERRATA                               SPECIFICATION NO. 873,049       Page
1, line 48, after "1-ephenamine" insert "comma"       Page 2, line 2, after
"is" insert "a"       Page 2, line 24, after "acid" insert "comma"
Page 2, line l15 and page 3, line 18, for "PH" read "pH"       Page 3, line
44, for "carbenzyloxyamino-" read "carbobenzyloxyamino-"       Page 3, line
71, for "heptypenicillin" read "heptylpenicillin"       Page 3, line 82,
after "C." insert "("       Page 5, line 19, for "mcg.ml. " read "mcg/ml"
Page 5, line 95, after "solution" insert "full stop"       Page 6, line 31,
for "T" read "The"       Page 6, line 90, for "The" (in the 1st occurrence)
read "A"       Page 7, line 11, after "any" insert "one"       Page 7, line
33 (formula), for  "H[err]N.CH" read "H[err]N-CH"       Page 7, line 42
(formula) and page 9, line 79 (formula), for "X.NH."      read "X-NH-"
Page 8, line.7, for "chlorcarbonate" read "chlorocarbonate"       Page 8,
line 24, for "PH" read "Ph"       Page 9, line 17, for "aminophenyl" read
"aminopentyl"       Page 9, line 40, for "phenyletheyl" read "phenylethyl"
Page l0, line 1, for "318847/58" read "31847/58"  THE PATENT OFFICE,    


