
1,017,615              Still another preferred embodiment of this
invention, by which the penicillins of         formula I may be prepared,
is the reaction of 6-aminopenicillanic acid with an [err]-
(heterocyclyl-[err]-azidoacetyl chloride of the general formula
(VII) [err]    5       wherein R[err] is as described above, or the
functional equivalent of said acid chloride  5         which may act as an
acylating agent for the primary amino group of 6-aminopeni-
cillanic acid, and subsequently hydrogenating the azido group under
sufficiently mild         conditions as to avoid destruction of the
penicillin nucleus. Such functionally equivalent         acylating agents,
and the preparation thereof, have been described above. 10           The
[err]-eterocyclyl)-[err]-azidoacetic acid may be prepared according to the
method  10         described by W. Huber in J.A.C.S. 77, 112-116, (1955).
In the process for the preparation of the compounds of formula I above, the
com-         pounds are sometimes in aqueous solution in the form of their
sodium or potassium         salt. These compounds in the aqueous phase can
then be converted to the free acid, 15     preferably in the cold under a
layer of ether by the addition of dilute mineral acid, e.g.  15         5N
H[errr]SO[err] to pH 2. The free acid can thus be extracted into a
water-immiscible, neutral         organic solvent such as ether, the
extract washed with water quickly in the cold, if         desired, and
dried as with anhydrous Na[err]SO[err] and the free acid recovered from the
ethereal solution. The product in the ethereal extract in its free acid
form can then 20     be converted to any desired metal or amine salt,
particularly the pharmaceutically  20         acceptable nontoxic amine
salts described above, by treatment with the appropriate         base, e.g.
a free amine such as procaine base or a solution of potassium 2-ethyl-
hexanoate in dry n-butanol. These salts are usually insoluble in solvents
such as ether         and can be recovered in pure form by simple
filtration. 25           The following examples will serve to illustrate
this invention.             25
EXAMPLE 1.                Preparation of
DL-6-[[err]-Amino-(2-Thienyl)Acetamido]Penicillanic Acid
[err]-(2-Thienyl)glycine [5.0 gm.; 0.032 mole, obtained by the method
disclosed in         Ber. 19, 2115 (1886)] is suspended in 35 ml. of
methylene chloride and cooled to 30       -7[err]C. with stirring and in
the presence of calcium chloride desiccant. Phosphorus  30
pentachloride (10 gm.; 0.048 mole) is added in one portion causing the
temperature         to rise to -3[err]C. The mixture is stirred for
one-half hour while maintaining the tem-         perature at -5 to 0[err]C,
15 ml. of methylene chloride is added, and stirring at         -5[err]C to
0[err]C. is continued for another one-half hour. Then, 10 drops of dimethyl
35      formamide are added and another 20 ml. of methylene chloride are
added to thin the  35         mixture. The mixture is stirred rapidly and a
purple slurry results. The product, DL-         [err]-(2-thienyl)-glycyl
chloride hydrochloride, is collected by filtration under reduced
pressure, washed three times with methylene chloride and dried in vacuo
over P[err]0[err].         The weight of the product is 5.9 g. which
represents a 72% yield. 40    The pH of a solution of 6-aminopenicillanic
acid (4.1 gm.; 0.019 mole) in 80 ml.  40         of water is adjusted to
6.3 by the addition of a 10% by weight aqueous solution of 



NaOH with stirring. The solution is then diluted with 340 ml. of acetone
and cooled         to -50C. The pH of the solution is then adjusted quickly
to 2.5 by the addition of         6N HCl to the well-stirred mixture. To
this solution is added D,L-[err]-(2-thienyl)-glycyl 45     chloride
hydrochloride (5.9 gm.; 0.028 mole) over a 20-minute period, the pH being
45         kept at 2 to 2.5 by intermittent additions of 10% NaOH. The
solution is stirred for 5         minutes after completion of the addition
of the chloride hydrochloride and the pH is         then adjusted to 4.8 by
the addition of 10% NaOH. The acetone is removed under         reduced
pressure at 30-34[err]C. and the solution is filtered to remove insoluble
material. 50     The filtrate, having a pH of 4, is cooled to 5[err]C.,
adjusted to a pH of 7 by the addition  50         of 10% NaOH, layered with
20 ml. of methyl isobutyl ketone and acidified to pH 2         with 20%
H[err]O[err]. Upon removal of the methyl isobutyl ketone layer, the color
of the         remaining aqueous layer clarifies. This aqueous layer is
extracted again with 20 ml. of         methyl isobutyl ketone and the
extracts are discarded. The aqueous layer is then cooled 55     to 0[err]C.
and extracted at pH 2 with a 10% solution containing dioctyl sodium sulfo-
55          succinate (5.3 gm.; 0.013 mole) in methyl isobutyl ketone. The
methyl isobutyl ketone           6
1,017,615          extract is separated by decanting, filtered through
anhydrous Na[err]SO[err] and concentrated          slightly by evaporation
under reduced pressure at 30C. It is then neutralized to pH          5.3 by
the addition of triethylamine. The solid product which forms is collected
by          filtration under reduced pressure, slurried with ether,
refiltered and dried in vacuo 5       over P[err]O[err]. The product,
D,L-6- [[err]-amino(2-thienyl)acetamido]-penicillanic -acid, is  5
found to weigh 2.6 gm., to contain the [err]-lactam structure as shown by
infrared          analysis, to melt with decomposition at 186-190[err]C.,
and to inhibit Staph. aureus          Smith at a concentration of 0.2
mg./ml                                               EXAMPLE 2. 10
Preparation of D,L-6-[[err]-Amino-(3-Thienyl)Acetamido]Penicillanic Acid
10              [err]-(3-Thienyl)glycine (5.0 gm.; 0.032 mole, obtained by
the method disclosed in          C. A., 53, 4249b) is suspended in 35 ml.
of methylene chloride and cooled to-7[err]C.          with stirring and in
the presence of calcium chloride desiccant. Phosphorus penta-
chloride (10 gm.; 0.048 mole) is added in one portion causing the
temperature to rise 15     to -3[err]G. The mixture is stirred for one-half
hour while maintaining the temperature  15          at -5[err] to O[err]C.
15 ml. of methylene chloride is added, and stirring at -5[err]  to 0[err]C.
is          continued for another one-half hour. Then, 10 drops of dimethyl
formamide is added          and another 20 ml. of methylene chloride is
added to thin the mixature. The mixture          is stirred rapidly and a
purple slurry results. The product, DL-a-(3-thienyl)glycyl 20     chloride
hydrochloride is collected by filtration under reduced pressure, washed
three  20          times with methylene chloride and dried in vacuo over
P[err]O[err]. The weight of the pro-          duct is 5.9:g. which
represents a 72% yield.              The pH of a solution of
6-aminopenicillanic acid (4.1 gm.; 0.019 mole) in 80 ml          of water
is adjusted to 6.3 by the addition of a 10% by weight solution of NaOH with
25       stirring. The solution is then diluted with 340 ml. of acetone and
cooled to -5C. The  25          pH of the solution is then adjusted,
quickly to 2.5 by the addition of 6N HCl to the          well-stirred
mixture. To this solution is added D,L-[err]-(3-thienyl)glycyl chloride
hydro-          chloride (5.9 gm.; 0.028 mole) over a 20 minute period, the
pH being kept at 2 to 2.5 



by intermittent additions of 10% NaOH. The solution is stirred for 5
minutes after 30     completion of the addition of the chloride
hydrochloride and the pH is then adjusted  30         to 4.8 by the
addition of 10% NaOH. The acetone is removed under reduced pressure
at 30-34[err]C. and the solution is filtered to remove insoluble material.
The filtrate,         having a pH of 4, is cooled to 5[err]C., adjusted to
a pH of 7 by the addition of 10%         NaOH, layered with 20 ml. of
methyl isobutyl ketone and acidified to pH 2 with 20% 35
H[err]S0[err]. Upon removal of the methyl isobutyl ketone layer, the color
of the remaining  35          aqueous layer clarifies. This aqueous layer
is extracted again with 20 ml. of methyl          isobutyl ketone and the
extracts are discarded. The aqueous layer is then cooled to
0[err]C. and extracted to pH 2 with a 10% solution of dioctyl sodium
sulfosuccinate (5.3          gm; 0.013 mole) in methyl isobutyl ketone. The
methyl isobutyl ketone extract is 40     separated by decanting, filtered
through anhydrous Na[err]SO[err] and concentrated slightly  40          by
evaporation under reduced pressure at 30[err]C. It is then neutralized to
pH 5.3 by          the addition of triethylamine. The solid product which
forms is collected by filtration          under reduced pressure, slurried
with ether, refiltered and dried in vacuo over P[err]O[err].          The
product, D,L-6- [[err]-amino(3-thienyl)acetamido] -penicilianic acid, is
found to weigh 45       2.6 gm., to contain the [err]-lactam structure as
shown by infrared analysis, and to inhibit    45          Staph. aureus
Smith at a concentration of 0.001% by weight
EXAMPLE 3.                Preparation of
DL-6-[[err]-Amino-(3-Thienyl)Acetamido] Penicillanic Acid
[err]-(3-Thienyl)glycine (4.8 gm.; 0.03 mole) is suspended in 55 ml.of
methylene 50     chloride and cooled to - 10[err]C. with stirring and in
the presence of calcium chloride  50          desiccant. Phosphorus
pentachloride (9.4 gm.; 0.045 mole) is added in one portion.
causing the temperature to rise to -3[err]C. The mixture is stirred for
forty-five minutes          while maintaining the temperature at - 10[err]
to - 5[err]C Then, 10 drops of dimethyl          formamide is added, and
stirring is continued for an additional forty-five minutes. 55       The
product, DL-[err]-(2-thienyl)glycyl chloride hydrochloride is collected by
filtration  55 under reduced pressure, washed three times with methylene
chloride and dried in vacuo          over P[err]O[err]. The weight of the
product is 3.8 g. which represents a 60% yield.              The pH of a
solution of 6-aminopenicillanic acid (2.6 gm.; 0.012 mole)in 50
ml. of water is adjusted to 7 by the addition of a 10% by weight solution
of NaOH, 60     with stirring. The solution is then diluted with 200 ml. of
acetone and cooled to  60 7C. The pH of the solution is then adjusted
quickly to 3 by the addition of 6H HCl          to the well-stirred
mixture. To this solution is added D,L-[err](3-thienyl)glycyl chloride
1,017,615                                         7         hydrochloride
(3.8 gm.; 0.018 mole) over a 20-minute period, the pH being kept at
3 to 3.5 by intermittent additions of 10%  NaOH. The solution is stirred
for 15         minutes after completion of the addition of the chloride
hydrochloride and the pH         is then adjusted to 7 by the addition of
10% NaOH. The acetone is removed under 5       reduced pressure at
37[err]C. and the solution is filtered to remove insoluble material.  5
The filtrate is adjusted to pH 2 by the addition of 20% H[err]SO[err],
extracted twice with         methyl isobutyl ketone, and the, extracts are
discarded. The aqueous layer is then         cooled to 0[err]C. and
extracted with a 10% solution of dioctyl sodium sulfosuccinate (3.3
gm.; 0.0075 mole) in methyl isobutyl ketone. The methyl isobutyl ketone
extract is 10     separated by decanting, filtered through anhydrous
Na[err]SO[err] and concentrated slightly  10 



by evaporation under reduced pressure at 30[err]C. It is then neutralized
to pH 6.5 by         the addition of triethylamine. The solid product which
forms is collected by filtration         under reduced pressure, slurried
with ether, refiltered and dried in vacuo over P[err]0[err].         The
product, D,L-6-[[err]-amino(3-thienyl)acetamido]penicillanic acid, is found
to weigh 15    0.9 gm., to melt with decomposition at 177-180[err]C., to
contain the [err]-lactam struc-  15         ture as shown by infrared
analysis, and to inhibit Staph. aureus Smith at a concentra-         tion
of 0.001% by weight.                                               EXAMPLE
4.               Preparation of
6-[[err]-Amino(5-Ethyl-2-Thienyl)-Acetamido]Penicilanic Acid 20
The procedure of Example 1 is repeated except that
[err]-(5-ethyl-2-thienyl)glycine,  20          prepared as described in C.
A., 49, 8244c, is substituted for [err]-(2-thienyl)glycine. The
product is found to contain the [err]-lactam structure as shown by infrared
analysis          and to inhibit Staph. aureus Smith at a concentration of
0.001% by weight.                                               EXAMPLE 5.
25     Preparation of
6-[[err]-Amino(5-Methyl-2-Thienyl)-Acetaindo]Penicillanic Acid    25
The procedure of Example 1 is repeated except that
[err]-(5-methyl-2-thienyl)glycine,          prepared as described in C. A.,
49, 8244d, is substituted for [err]-(2-thienyl)glycine. The
product is found to contain the ,[err]-lactam structure as shown by
infrared analysis and          to inhibit Staph. aureus Smith at a
concentration of 0.001% by weight.  30
EXAMPLE 6.              Preparation of
6-[[err]-Amino(5-t-Butyl-2-Thienyl)Acetamido]Penicillanic Acid
The procedure of Example 1 is repeated except that
[err]-(5-t-butyl-2-thienyl)glycine,          prepared as described in C.
A., 51, 4944b, is substituted for a-(2-thienyl)glycine. The
product is found to contain the [err]-lactam structure as shown by infrared
analysis and 35     to inhibit Staph. aureus Smith at a concentration of
0.001% by weight.          35
EXAMPLE 7.            Preparation of
6-[[err]-Amino(2-5-Dimethyl-3-Thienyl)Acetamido]Penicillanic Acid
The procedure of Example 2 is repeated except that
[err]-(2,5-dimethyl-2-thienyl)-          glycine, prepared as described in
C. A., 51, 4944a, (1957), is substituted for [err]-(2- 40
thienyl)glycine. The product is found to contain the [err]-lactam structure
as shown by  40          infrared analysis and to inhibit Staph. aureus
Smith at a concentration of O.001% by          weight
EXAMPLE 8.                 Preparation of 6-(-
)-a-Amino-(3-Thienyl)Aoetamido]Penicillanic Acid A sample of
D,L-[err]-(3-thienyl)glycine is reacted, in a manner known to those    45
skilled in the art, to obtain an optically active isomer which is isolated
as the hydro-          chloride salt. The product,
(-)-[err]-(3-thienyl)glycine hydrochloride, is found to melt          at
238-242[err]C and to have a rotation of [[err]]D[err]= -92.7 (C= 0.1).
To a solution of 11 gm. (0.068 mole) of (-)-[err]-(3-thienyl)glycine
hydrochloride 50       and 8.2 gm. (0.21 mole) of sodium hydroxide in 80
ml. of water at 5[err]C., is added 12.8  50          gm. (0.075 mole of
carbobenzoxychloride. The mixture is stirred vigorously for two
hours, extracted with ether, and the aqueous layer is separated, acidified
to a pH of 2          with hydrochloric acid, and extracted with ethyl
acetate. The organic layer is dried          over anhydrous magnesium
sulfate and evaporated under reduced pressure to give 13.8 55       gms. of
N-carbobenzoxy-(-)-[err]-(3-thienyl)glycine which melts at 122-124[err]C.
55               Ethyl chloroformate (4.0 gms.; 0.037 mole) is added
dropwise, over a period of          five minutes, to a stirred mixture of
10.9 gms. (0.037 mole) of N-carbobenzoxy-(-)-
[err]-(3-thienyl)glycine, 40 gm. (0.037 mole) of 2,6-lutidine, and 100 ml.
of dimethyl-          formamide at 5[err]G., and stirring is continued for
an additional 15 minutes. A solution 



60       of 8 gm. (0.037 mole) of 6-aminopenicillanic acid in 75 ml. of
water and 25 ml. of  60           8
1,017,615          2,6-lutidine, at 5[err]C., is added all at once. The
mixture is stirred for 15 minutes, diluted          with 300 ml. of water,
and acidified to pH 2 with dilute sulfuric acid. The penicillin          is
extracted with ether, washed with water, and then back extracted into 200
ml. of          dilute aqueous sodium carbonate. A few drops of acetic acid
are added to adjust the 5       pH to 7. The mixture is hydrogenated at 50
pounds per square inch pressure, over a  5          period of twenty
minutes at 25[err]C. using 7 gms. of 30% palladium on Celite (Regis-
tered Trade Mark) as the catalyst. The pH is lowered to 2 with dilute
sulfuric acid          and the catalyst is removed by filtration. The
filtrate is extracted with a solution of          8 gms. of dioctyl sodium
sulfosuccinate in 150 ml. of methyl isobutyl ketone, and the 10     organic
layer is separated and dried over anhydrous magnesium sulfate. The drying
10          agent is removed by filtration, and the pH of the filtrate is
adjusted to 4.5 by the          addition of triethylamine. The solid
product which forms is slurried with 5 ml. of          water, and removed
by filtration. It is recrystallized by dissolving in 10 ml. of water
with enough ammonium hydroxide present to raise the pH to 8.5, and
precipitating 15     by adjusting the pH to 5 with acetic acid. The
product, 6-[(-)-[err]-amino(3-thienyl)-  15         acetamidol-penicillanic
acid, is collected by filtration and is found to weigh 750 mg.,         to
melt with decomposition at 205[err]C., and to inhibit Staph. aureus Smith
at a con-         centration of 0.001% by weight.
EXAMPLE 9. 20             Preparation of
D,L-6-[[err]-Amino-(3-Thienyl)Acetamido]Penicillanic Acid
[err]-Azido(3-thienyl)acetic acid is reacted at reflux temperature with an
equimolar         quantity of thionyl chloride, and the resulting
[err]-azido(3-thienyl)acetyl chloride is         separated by distillation
under reduced pressure.              [err]-Azido(3-thienyl)acetyl chloride
(24.2 gms.; 0.12 mole) in 15 ml. of acetone is 25      slowly added to a
stirred solution of 26.2 gms. (0.12 mole) of 6-aminopenicillanic acid  25
and 29.4 gms. (0.35 mole) of sodium bicarbonate in 500 ml. of a equivolume
mixture         of water and acetone at 0[err]C. The reaction mixture is
maintained at 0-5[err]C. and         stirred for 3 hours. The pH of the
mixture is adjusted to 7 with sodium bicarbonate,         it is extracted
with ether, in order to remove acetone and then acidified to a pH of 2.5 30
with dilute hydrochloric acid. The azidopenicillin is extracted with ether,
washed with  30         water, and then back extracted into dilute aqueous
sodium carbonate. The pH is         adjusted to 7 with a few drops of
acetic acid, and the mixture is hydrogenated and         isolated as shown
in example 7. The product, D,L-6-[[err]-amino(3-thienyl)acetamido]-
penicillanic acid, is found to contain the ,[err]-lactam structure as shown
by infrared 35     analysis. It melts with decomposition at 177-180[err]C.,
and inhibits Staph. aureus  35          Smith at a concentration of 0.001%
by weight.                                              EXAMPLE 10.
Preparation of DL-6-[[err]-Amino-(4-Pyridyl)Acetamido] Penicillanic Acid
Hydrochloride 40           4-Pyridylaldehyde (220 gm., 2.06 mole), ammonium
chloride (137 gm.; 2.56    40         mole) and potassium cyanide (165 gm.;
2.46 mole) are reacted to obtain [err]-amino-(4- 



pyridyl)acetonitrile. This product (172 gm.; 1.29 mole) is then placed in
concentrated         HCl (1700 ml.) and allowed to stand for 5 days at room
temperature after which time         the HCI is boiled off until the liquid
is about 7 N and the liquid is then flashed to 45     remove the rest of
the solvent. The product (132.2 gm.), [err]-amino-(4-pyridyl)acetic  45
acid hydrochloride, is recovered as a solid.
6-Aminopenicillanic acid (10.8 gm.; 0.050 mole) and triethylamine (5.06 gm;
0.050 mole) are dissolved in 250 ml. of water and 415 ml of dioxane. The
mixture         is cooled to 10.5[err]C. and a solution of
dicyclohexylcarbodiimide (10.3 gm.; 0.050 mole) 50     in 125 ml. of
dioxane is added, followed, in 45 seconds, by the addition of a solution
50         of [err]-amino-(4-pyridyl)acetic acid hydrochloride (9.43 gm.;
0.050 mole) and triethyl-         amine (5.06 gm.; 0.050 mole) in 125 ml.
of water and 125 ml. of dioxane. The         mixture is stirred for 1 1/2
hours at 10[err]C., and filtered to remove dicyclohexylurea         and the
filtrate is lyophilized. The dry material resulting from the lyophilization
is 55      dissolved in 200 ml. of water, the pH of the solution is
adjusted to 8.2 by the addition  55          of triethylamine and the
solution is filtered. The pH of the filtrate is adjusted to          4.2 by
the addition of 6 N hydrochloric acid and the solution is again
lyophilized.          The dry material resulting from lyophilization is
extracted with 1 liter of a mixture          of 95% acetone and 5% water,
the extract is filtered and the filtrate flashed several 60     times with
ethyl  acetate to remove all moisture. The solid material which remains  60
(23.0 gm.) is extracted with two-liter portions of methylene chloride to
remove tri-          ethylamine hydrochloride leaving an insoluble yellow
product, D,L-6-[[err]-amino-(4-
1,017,615  pyridyl)acetamido]penicillanic acid hydrochloride. It is found
to weigh 8.4 gm., to have a melting point of 160-170[err]C., to contain the
[err]-lactam structure as shown by infrared           analysis and to
inhibit the growth of Staph. aureus Smith at a concentration of 0.001
per cent by weight, and to have the following elemental analysis for   5
C[err]H[err]N[err]O[err]S .HCl . H[err]O:   C, 44.6; H, 5.2; N, 13.8
5                                          Found:   C, 44.4; H, 5.7; N,
13.7.                                               EXAMPLE 11.
Preparation of DL-6-[[err]-Amino-(3-Pyridyl)Acetamido]Penicillanic Acid
Hydrochloride  10           3-Pyridylaldehyde (640 gm.; 5.98 mole) is added
to a solution of ammonium   10           chloride (400 gm.; 7.48 mole) and
potassium cyanide (480 gm.; 7.17 mole) in a           period of 45 minutes.
At the end of this time, the solution is made basic by the addi-
tion of 448 gm. of potassium carbonate to obtain
[err]-amino-(3-pyridyl)-acetonitrile. The           product (512.5 gm.;
3.84 mole) is then placed in 5125 ml. of concentrated HCl and  15     the
solution is allowed to stand for 80 hours. The solvent is then flashed off
and the  15           50% mixture of [err]-amino-(3-pyridyl)acetic acid
hydrochloride and the by-product,           ammonium chloride (450.3 gm.)
is recovered. This mixture is dissolved in 200 ml. of           water and
the solution is passed through an ion exchange column. (Dowex 50WX8-
polystyrene containing sulfonic acid groups) " Dowex " is a Registered
Trade Mark.  20     The eluate from the column is flashed to remove the
water and the product, [err]-amino-  20           (3-pyridyl)-acetic acid
(148.4 gm.), is dried over P[err]O[err] in vacuo. 



6-Aminopenicillanic acid (4.32 gm.) and triethylamine (2.02 gm.) are
dissolved in           100 ml. of water and 150 ml. of dioxane and the
solution is cooled in an ice bath.           There are then added to the
solution N,N[err]-dicyclohexylcarbodiimide (4.13 gm.) in 50 25     ml. of
dioxane and, after 1 minute, [err]-amino-(3-pyridyl)-acetic acid (3.2 gm.)
in a  25           mixture of 25 ml. of water and 25 ml. of dioxane. The
mixture is stirred for 1 1/2           hours, then HCl (0.015 mole) is
added and the mixture is stirred for another 45           minutes.
Triethylainine (2.02 gm.) is then added and the mixture is filtered to
remove           dicyclohexylurea. The filtrate is lyophilized overnight
and the resulting solid material  30     is treated with 100 ml. of water.
The pH of the mixture is adjusted to 8.5 and the  30           mixture is
filtered. To the filtrate, there is added sufficient 6 N HCl to adjust the
pH to 4.5 and the solution is again lyophilized. The solid material
resulting from           lyophilization is extracted with 425 ml. of a
mixture of 95% acetone-5% water           and the extract is filtered. The
filtrate is flashed dry, using several portions. of ethyl  35       acetate
to remove all moisture. The product,
D,L-6-[[err]-amino-(3-pyridyl)acetamidol-  35           penicillanic acid
hydrochloride is washed with methylene chloride and dried in vacuo.
It is found to weigh 2.8 gm., to contain the [err]-lactam. structure as
shown by infrared           analysis and to inhibit the growth of Staph.
aureus Smith at a concentration of 0.001           per cent by weight, and
to have the following elemental analysis for  40
C[err]H[err]N[err]O[err]S.HCl.H[err]O:  Calculated:  C, 44.6; H, 5.2.
40                                                       Found: C, 44.5; H,
6.0.                                               EXAMPLE 12.
Preparation of D,L-6-[[err]-Amino-(3-Pyridyl)Acetamido]Penicillanic Acid
[err]-Amino-(3-pyridyl)acetic acid (30.42 gm.; 0.2 mole) is dissolved in
407 ml. of 1N  45     sodium hydroxide solution and 1690 ml. of water. The
solution is cooled to 5[err]C. and  45        46.8 ml. of carbobenzoxy
chloride is added. The solution is shaken vigorously for 25
minutes while maintaining the temperature at from 0 to 5[err]C. and is then
filtered. The           pH of the filtrate is adjusted to 3.9 by the
addition of 6 N sulfuric acid. A white solid           forms as a
precipitate and is collected by filtration. The product,
[err]-(N-carbobenzoxy-  50     amino)-(3-pyridyl)acetic acid, is washed
with ether. It is found to weigh 9.1 gm. and  50           to have a
melting point of 156-159[err]C. with decomposition.
6-Aminopenicillanic acid (7.56 gm.; 0.035 mole) and sodium bicarbonate
(2.94           gm.; 0.035 mole) are dissolved in 175 ml. of water. To this
solution is added tetra-           hydrofuran (291 ml.) and the solution is
cooled to 10[err]C. There is then added a solu-  55     tion of
NN'-dicyclohexylcarbodiimide (7.20 gm.; 0.035 mole) in 87.5 ml. of tetra-
55           hydrofuran and, after 45 seconds, a solution of
[err]-(N-carbobenzoxyamino)-(3-pyridyl)-           acetic acid (10 gm.;
0.035 mole) in 87.5 ml. tetrahydrofuran and 40 ml. of water. The
mixture is stirred for 45 minutes at 10[err]C. and filtered to remove
dicyclohexylurea.           Tetrahydrofuran is flashed off of the filtrate
and the aqueous fraction is filtered. The  60     filtrate is extracted
with three 175 ml. portions of ethyl acetate, the pH of the solution  60
is adjusted to 2.0 by the addition of 6 N sulfuric acid and the solution is
extracted           with another three 175 ml. portion of cold ethyl
acetate. The pH of the aqueous layer           10
1,017,615              is adjusted to .3.5, by the addition of sodium
bicarbonate and the solution is extracted             with another three
175 ml. portion of cold ethyl acetate. The extracts are combined, 



dried over anhydrous sodium sulfate and filtered. To the filtrate is added
potassium 2-             ethylhexanoate (12.6 gm.) as a 50% solution in
ether. The ethyl acetate is flashed off    5     and 1 liter of dry ether
is added to the residual material. A white precipitate is col-
lected by filtration and dried in vacuo over P[err]0[err]. The product, the
potassium salt of
4.4[[err]-(N-carbobenzoxyamnino)-(3-pyridyl)acetamido] penicillanic acid,
is found to weigh             4.4 gm., to have a melting point of
110-115[err]C, to contain the [err]-lactam structure as             shown
by infrared analysis and to inhibit Staph. aureus Smith at a concentration
of    10      3.1 mg./ml.                         .                 The
potassium  salt of
6-[[err]-(N-carbobenzoxyamino)-(3-pyridyl)acetamido]peni-
cillanic acid (3.2 g.; .00612 mole) is dissolved in 73.5 ml of water and is
hydrogenated            under a hydrogen atmosphere of 45 p.s.i.g. for 45
minutes at 25[err]C., using 3.19 gm.            of 30%  palladium  on
diatomaceous earth as a hydrogenation catalyst. Following   15
hydrogenation, the pH of the solution is adjusted to 2.2 and the catalyst
removed by  15            filtration. The pH of the filtrate is adjusted to
4.4 and the solution is lyophilized to            remove water. The dry
material resulting from lyophilization is dissolved in 5 ml. of
water and is passed through an ion exchange column (IRC-50, 20-50 mesh,
carb-            oxylic acid type in H + form). The product is removed from
the column with .01 N   20      HCI and the eluate from the column flashed
to remove the water. The product D,L-   20
6-[[err]-amino-(3-pyridyl)acetamido]penicillanic  acid, is found to contain
the [err]-lactam            structure as shown by infrared analysis and to
inhibit the growth of Staph. aureus            Smith at a concentration of
.001 per cent by weight.
EXAMPLE 13.  25             Preparation of D,L-6-[[err]-Amino-(2-
Pyrrolyl)Acetamido]Penicillanic Acid                To a stirred solution
of 24.5 gms. (0.5 mole) of sodium cyanide and 113 gms.           (1.18
mole) of ammonium carbonate in 335 ml. of distilled water under an inert
atmo-           sphere of nitrogen, is added, in one portion, 23.8 gms.
(0.25 mole) of pyrrole 2-aldehyde           in 335 ml. of absolute ethanol.
The resulting slurry is stirred and heated at 50-55[err]C.  30     for four
hours, and then stirred for an additional 15 hours at room temperature. The
30           insoluble salts are then removed by filtration and washed with
two 50 ml portions of           absolute ethanol. The combined filtrate and
washings are concentrated at 30-40[err]C.           in vacuo to a volume of
about 200 ml., cooled to 5[err]C. and acidified to pH 1 with 6 N
HCL After several minutes of stirring at 5[err]G the product begins to
crystallize, and  35     after thirty minutes the solids are removed by
filtration, recrstallized from boiling  35          isopropanol (with
decolorization by activated charcoal), and air dried. The white cry-
stalline product,5-(2-pyrrolyl)-hydantoin monoisopropanolate, is found to
weigh 25          gms. and to melt at 160-161[err]C.               Nuclear
magnetic resonance analysis shows the product to contain one molecule 40
of isopropanol of crystallization.
40                                    Analysis for C[errr]H[err]N[err]02.
CHOH                                               Calculated    Found
C         53.3           53.4                                  H
6.9     6.7 45                               N              18.9
19.15               A solution of 2.25 gms. (0.01 mole) of
5-(2-pyrrolyl)-hydantoin monoisopropano-          late in 8 ml. of 20%
aqueous NaOH is refluxed for 16 hours, cooled in an ice bath,          and
slowly neutralized to pH 7 with 6N HCl. Filtration yields 0.9 gm  of grey
solid          which is suspended in 10 ml. of water, dissolved by
acidifying to pH  1 with 6N 50      HCl, and stirred for three minutes with
one gram of decolorizing charcoal. The mix-  50         ture is filtered,
and the cooled filtrate is adjusted to pH 7 with solid sodium bicarbonate,
The resulting crystalline solid is recovered by filtration, washed with
water and acetone, 



and air dried. The product, D,L-[err]-amino-(2-pyrrolyl)acetic acid, is
found to weigh         0.130 gm., and to decompose at 202-203[err]C.  55
Analysis for C[err]H[err]N[err]O[err]                      55
Calculated    Found                                 C              51.35
50.10                                 H               5.5           5.67
N              20.00         19.00
1,017,615              Carbobenzoxy chloride (10 gms.; 0.59 mole) is slowly
added to a cooled solution          of 7 gms. (0.05 mole) of
D,L-[err]-amino-(2-pyrrolyl)acetic acid in 100 ml. (0.1 mole) of
4%  aqueous NaOH, with vigorous stirring, while maintaining the temperature
at          3-5[err]C. The slurry is stirred for an additional hour at
5-10[err]C., and the pH is then 5       adjusted to 8 with a small amount
of 50% aqueous NaOH. The resulting solution is   5          extracted with
three 100 ml. portions of ethyl ether which are discarded, and the
aqueous phase is acidified to pH 2 with 40% H[err]PO[err] and again
extracted with three          100 ml. portions of ether. The combined ether
layers are washed with three 50 ml.          portions of saturated aqueous
Na[err]SO[err] solution, dried over anhydrous sodium sulfate, 10      and
the ether is removed at 30[err]C. by distillation in vacuo. The resulting
solid is  10          washed with n-pentane, removed by filtration, and air
dried. The product, [err]-(N-
carbobenzoxyamino)-(2-pyrrolyl)acetic acid, weighs 14 gms. and decomposes
at 170-          175[err]C              A solution of 6.8 gms. (0.05 mole)
of isobutyl chloroformate in 25 ml. of tetra- 15     hydrofuran is slowly
added with stirring, to a cooled solution of 13.5 gms. (0.05 mole)  15
of [err]-(N-carbobenzoxy-amino)(2-pyrrolyl)acetic acid and 5.4 gms. (0.05
mole) of 2,6-          lutidine in 100 ml. of tetrahydrofuran, while
maintaining the temperature at -10[err]C.          After stirring for an
additional ten minutes, an ice-cold slurry of 10.8 gms. (0.05
mole) of 6-amino-penicillanic acid in a mixture of 30 ml. of water and 7
ml. of 2,6- 20     lutidine is added in one portion, whereupon the
temperature of the mixture imme-   20          diately rises to 5[err]C.,
and CO[err] is evolved. The cooling bath is removed and the
mixture is allowed to slowly rise to room temperature (1 hour) while
stirring, and          stirring is continued for another hour at room
temperature. The pH of the mixture          is adjusted to 8 with
triethylamine and 500 ml. of water is added. The resulting solu- 25
tion is extracted with two 300 ml. portions of ethyl ether which are
discarded, and  25          the aqueous phase is cooled in an ice bath,
slowly acidified to pH 2 with 40% aqueous          H[err]PO[err] and again
extracted with two 300 ml. portions of ether. The combined ether
extracts are washed with three 100 ml. portions of distilled water and
dried over          anhydrous sodium sulfate. The resulting ether solution
is treated with 25 ml. of a 30      50%  solution of potassium
2-ethylhexanoate in n-butanol. An oily layer separates,  30          and
this is allowed to settle for fifteen minutes while cooling in an ice bath.
The          ether is decanted, and the oily layer is dissolved in 500 ml.
of ethyl acetate. This          solution is concentrated to 100 ml. by
distillation at 30[err]C. in vacuo, and 1 liter of          dry ether is
added. The resulting solid precipitate is recovered by filtration, washed
35      with dry ether, and dried in vacuo. The product, the potassium salt
of D,L-6-[[err]-(N-  35
carbobenzoxyamino)-(2-pyrrolyl)acetamido]penicillanic acid and weighs 18
gms. (72% 



of theory).                                      Analysis for
C[err]H[err]N[err]O[err]S . K
Calculated    Found 40                               C              51.80
52.00                              40                                  H
4.53           4.73                                  N              10.9
10.4               A solution of 15 gms. (0.03 mole) of the potassium salt
of D,L-6- [[err]-(N-carbo-
benzoxyamino)-(2-pyrrolyl)acetamido]penicillanic acid in 150 ml. of water
is hydro- 45       genated for twenty minutes at 50 ps.i.g., using 15 gms.
of 30% palladium on di-    45       tomaceous earth as catalyst. The pH of
the mixture is adjusted to 2 with a small          amount of 40%  aqueous
H[err]PO[err], and the mixture is filtered to remove catalyst The
filtrate is concentrated in vacuo to 25 ml. and is filtered to remove any
insoluble          material. To the resulting filtrate is added 50 ml. of
acetone, and, after shaking, the 50       acetone layer is removed from the
nearly saturated aqueous salt solution. The acetone  50          solution
is evaporated at 25[err]C. in vacuo to near dryness, to yield an oil. This
oil is          further dried by two successive treatments with methyl
isobutyl ketone, whereby any          remaining water is removed by
azeotropic distillation in vacuo. The resulting semi-          solid is
washed with dry acetone and filtered to give 7 gms. of product which decom-
55       poses at 210[err]C. The crude product (3.5 gms.) is slurried in 25
ml. of water and is  55          dissolved by adjusting the pH to 2 with 6N
HCl Two gms. of decolorizing charcoal          are added and, after
stirring for two minutes, the mixture is filtered and the solids
are washed with two 5 ml. portions of water. The filtrate and washings are
com-          bined, and the pH is adjusted to 5 with a few drops of 50%
aqueous NaOH solution. 60      Upon cooling, the desired product
crystallizes, is recovered by filtration, and is dried  60          in
vacua. The product, D,L-6- [[err]-amino-(2-pyrrolyl)acetamido] penicillanic
acid, weighs         12                                       1,017,615
0.52 gms. melts with decomposition at 230[err]C, and inhibits Staph. aureus
Smith at         a concentration of 0.25 mcg/ml.
Analysis for C[err]H[err]N[err]0[err]S
Calculated   Found  C             49.70       49.20
5                                H              5.36          5.50
N              16.50        15.54
EXAMPLE 14.                Preparation of
6-[(-)-[err]-Amino(2-Thienyl)Acetamido]Penicillanic Acid 10          A
mixture of 25 gms. (0.157 mole) of DL-[err]-amino(2-thienyl)acetic acid and
43.6  10         gms. (0.188 mole) of d-10-camphorsulfonic acid in 250 ml
of acetone is heated to         boiling to bring the solids into solution.
The hot solution is filtered to remove any         insoluble material, and
the filtrate is cooled in an ice bath. The resulting crystalline
precipitate is recovered by filtration, washed with acetone, and air-dried
to give 27.2 



15     gms. of the diastereoisomeric camphor sulfonate salt of the amino
acid. This salt  15         is suspended in a small amount of water, the pH
is adjusted to 63 with concentrated         NH[err]OH, and the mixture is
cooled in an ice bath. The crystalline product,
amino(2-thienyl)acetic acid, is recovered by filtration, washed with water
and acetone,         recrystallized twice from isopropanol, and air-dried.
It is found to weigh 4.5 gms., 20     to melt with decomposition at
189-191[err]C., and to have an optical rotation of    20
[[err]]D[err]=   73.7[err] (C=1.0% in water).
Analysis for C[err]H[err]NO[err]S
Calculated   Found                                C             45.8
45.5 25                             H               4.49         4.52
25                                N               8.91         8.80
(-)-[err]-Amino(2-thienyl)acetic acid (10.0 gms.; 0.063 mole) is reacted
according         to the procedure given in Example 8, to obtain the
product 6-[(-)-[err]-amino(2-thienyl)-         acetamidolpenicillanic acid.
The product is found to weigh 1.9 gms., to darken slowly 30     above
140[err]C. and decomposes at 205[err]C. to have a rotation of [[err]]
D[err] =+ 196    30         (C=O.51% in 0.1N HCl), and to inhibit Staph.
aureus Smith at a concentration of         0.03 mcg./ml.
Analysis for C[err]H[err]N[err]0[err]S[err]. 3H[err]0
Calculated   Found 35                             C             41.3
41.6                                35                                H
5.68         5.90              WHAT WE CLAIM IS: -             1. A process
for the preparation of penicillanic acids of the general formula
[err]     40     wherein R[err] has the formula
40  [err]              in which R[err] is hydrogen, alkyl, alkanoyl,
alkylsulfonyl, cycloalkyl, phenyl, chloro-         phenyl or phenethyl, and
R[err], R[err] and R[err] are selected from hydrogen, and halogen, nitro;
alkyl, alkoxy, alkylthio, dialkylamino, alkanoylamino, alkanoyl,
alkylsulfonyl, cyclos - 45     alkyl, cycloalkoxy or substituted or
unsubstituted aryl, aralkyl, aryloxy or aralkyloxy  45         



12                                     1,017,615                    0.52
gms. melts with decompostiion at 230[err]C., and inhibits Staph. aureus
Smith at                    a concentration of 0.25 mcg/ml.
Analysis for C[err]H[err]N[err]0[err]S
Calculated    Found             C             49.70        49.20
5                                          H              5.36         5.50
N             16.50        15.54
EXAMPLE 14.                           Preparation of
6-[(-)-[err]-Amino(2-Thienyl)Acetamido]Penicillanic Acid            10
A mixture of 25 gms. (0.157 mole) of D,L-[err]-amino(2-thienyl)acetic acid
and 43.6  10                    gms. (0.188 mole) of d-10-camphorsulfonic
acid in 250 ml. of acetone is heated to                    boiling to bring
the solids into solution. The hot solution is filtered to remove any
insoluble material, and the filtrate is cooled in an ice bath. The
resulting crystalline                    precipitate is recovered by
filtration, washed with acetone, and air-dried to give 27.2            15
gms. of the diastereoisomeric camphor sulfonate salt of the amino acid.
This salt  15                    is suspended in a small amount of water,
the pH is adjusted to 6.3 with concentrated                    NH[err]OH,
and the mixture is cooled in an ice bath. The crystalline
product,(-)-[err]-                    amnino(2-thienyl)acetic acid, is
recovered by filtration, washed with water and acetone,
recrystallized twice from isopropanol, and air-dried. It is found to weigh
4.5 gms.,            20     to melt with decomposition at 189-191[err]C.,
and to have an optical rotation of     20                     [[err]][err]
= 73.7[err] (C= 1.0% in water).
Analysis for C[err]H[err]N0[err]S
Calculated    Found                                          C
45.8         45.5            25                           H
4.49         4.52                            25
N              8.91         8.80
(-)-[err]-Amino(2-thienyl)acetic acid (10.0 gms.; 0.063 mole) is reacted
according                    to the procedure given in Example 8, to obtain
the product 6- [(-)-a-amino(2-thienyl)-
acetamidolpenicillanic acid. The product is found to weigh 1.9 gms., to
darken slowly            30     above 140[err]C. and decomposes at
205[err]C., to have a rotation of [[err]] D[err] - + 196[err]    30
(C=0.5%  in 0.1N Ha), and to inhibit Staph aureus Smith at a concentration
of                    0.03 mcg./ml.
Analysis for C[err]H[err]N[err]O[err]S[err]. 3H[err]O
Calculated  Found            35                            C
41.3         41.6                             35
H              5.68         5.90                          WHAT WE CLAIM IS:
-                         1. A process for the preparation of penicillanic
acids of the general formula [err]                40     wherein R[err] has
the formula                                                     40 [err]  



in which R[err] is hydrogen, alkyl, alkanoyl, alkylsulfonyl, cycloalkyl,
phenyl, chloro-                    phenyl or phenethyl, and R[err], R[err]
and R[err] are selected from hydrogen, and halogen, nitro,
alkyl, alkoxy, alkylthio, dialkylamino, alkanoylamino, alkanoyl,
alkylsulfonyl, cyclo-            45     alkyl, cycloalkoxy or substituted
or unsubstituted aryl, aralkyl, aryloxy or aralkyloxy  45
1,017,615                                13         groups, and non toxic
salts thereof, which process comprises reacting 6-aminopeni-
cillanic acid or a salt thereof with an acid, having the general formula
[err]           or functional equivalent thereof, 5      wherein R[err] is
as defined above and X is -NH[err], -N[err], or -NHB  where B is a
5        blocking group removable by hydrogenation, in a suitable solvent;
and, if X is not        -NH[err], hydrogenating in the presence of catalyst
to produce the desired penicillin.            2. A process as claimed in
Claim 1 wherein the acid has the formula
[err]     10     in which R[err] is as defined in claim 1, and wherein the
blocking group B is the trityl  10          group or a group of the general
formula R[err]-O-C- wherein R[err] is an alkyl, benzyl,        substituted
benzyl, phenyl, or substituted phenyl group, and the reaction product with
6-aminopenicillanic acid or a salt thereof is subsequently hydrogenated to
remove        the blocking group and produce the desired penicillin. 15
3. A process as claimed in Claim 1 or Claim 2 wherein the acid          15
[errr]             is in the form of the acid chloride, acid bromide,
anhydride or mixed anhydride.            4. A process as claimed in Claim 1
or Claim 2 wherein the acid [err]  



20     is in the form of the mixed anhydride prepared by reacting the
substituted amino  20        carboxylic acid, or salt thereof, with an
ester of chlorocarbonic acid.            5. A process as claimed in Claim 1
or Claim 2 wherein the acid             is coupled with 6-aminopenicillanic
acid, or a salt thereof, in the presence of a 25     carbodfimide.
25            6. A process as claimed in Claim 1 wherein the acid [err]
is in the form of its chloride hydrochloride.            7. A process as
claimed in Claim 6 wherein the reaction is conducted at a low 30    pH in
an aqueous medium.                                                     30
8. A process as claimed in claim 7 in which the aqueous medium is aqueous
acetone and the pH is at or below 3.          1,017,615           9. A
process as claimed in Claim 6 wherein the reaction is conducted in an
anhydrous organic solvent.           10. A process as claimed in Claim 1
wherein the acid is the [err]-azido acid having        the formula [err]
wherein R[err] is as defined in claim 1, and the reaction product with
6-aminopenicillanic        acid or a salt thereof is subsequently
hydrogenated to produce the desired penicillin.           11. A process as
claimed in Claim 10 wherein the acid [err]     10    is in the form of its
acid chloride, acid bromide, anhydride or mixed anhydride.     10
12. A process as claimed in Claim 10 wherein the acid 



[err]           is in the form of a mixed anhydride prepared by reacting
the [err]-azido acid, or a salt        thereof, with an ester of
chlorocarbonic acid. 15        13. A process as claimed in Claim 10 wherein
the acid                          15 [err]            is coupled with
6-aminopenicillanic acid, or a salt thereof, in the presence of a
carbodiimide.           14. Penicillanic acids having the formula [err]  20
20         wherein R[err] has the formula              in which R[err] is
hydrogen, alkyl, alkanoyl, alkylsulfonyl, cycloalkyl, phenyl, chlorophenyl
or phenethyl, and R[err], R[err] and R[err] are hydrogen, halogen, nitro,
alkyl, alkoxy, alktylthio, 25    dialkylamino, alkanoylamino, alkanoyl,
alkylsulfonyl, cycloalkyl, cycloalkoxy, or sub-  25        stituted or
unsubstituted aryl, aralkyl, aryloxy or aralkyloxy groups, and non toxic
salts thereof.           15.
DL-6-[[err]-Amino-(2-thienyl)acetamido]penicillanic acid.           16. 6-
[(-)-[err]-Amino-(2-thienyl)acetamido]penicilanic acid. 30        17.
D,L-6-[[err]-Amino-(3-thienyl)acetamido]penicillanic acid.           18.
6-[(-)-[err]-Amino-(3-thienyl)acetamido]penicillanic acid.           19.
DL-6-[[err]-Amino-(4-pyridyl)acetamido]penicilanic acid.
1,017,615                                        15              20. 6-
[(-)-[err]-Amino(4-pyridyl)actamido]penicillanic acid.              21.
D,L-6[[err] -Amino-(3-pyridyl)acetamido]penicillanic acid.              22.
6-[(-)-[err]-Amino-(3-pyridyl)acetamido]penicillianic acid.
23. D,L-6-[[err]-Amino-(2-pyridyl)acetamido]penicillanic acid. 5
24. 6-[(-)-[err]-Amino-(2-pyridyl)acetamido]penicillanic acid.
5              25. DL-6-[[err]-Amino-(2-pyrrolyl)acetamido]penicillanic
acid, and non-toxic salts         thereof.              26.
6-[(-)-[err]-Amino-(2-pyrrolyl)acetamido]penicillanic acid, and non-toxic
salts         thereof. 



10           27. D,L-6-[[err]-Amino-(3-pyrrolyl)acetamido]penicillanic
acid, and non-toxic salts  10         thereof.              28.
6-[(-)-[err]-Amino-(3-pyrrolyl)acetamido]penidillanic acid, and non-toxic
salts         thereof.              29. Penicillanic acids as claimed in
Claim 14 wherein R[err] is [err]  15
15          in which R[err], R[err] and R[err] are selected from hydrogen,
halogen, nitro, (lower) alkyl,         (lower) alkoxy, (lower) alkylthio,
di(lower)alkylamino, (lower) alkanoyl amino, (lower)         alkanoyl,
(lower) alkylsulfonyl, cycloalkyl radicals having from 5 to 7 carbon atoms
inclusive, and cycloalkoxy radicals having from 5 to 7 carbon atoms
inclusive, and 20      the pharmaceutically acceptable non-toxic carboxylic
acid salts thereof.             20              30. Penicillanic acids as
claimed in Claim 14, wherein R[err] is               in which R[err],
R[err] and R[err] are selected from hydrogen, halogen, nitro, (lower)
alkyl,          (lower) alkoxy, (lower) alkylthio, di(lower)alkylamino,
(lower) alkanoyl amino, (lower) 25      alkanoyl, (lower) alkylsulfonyl,
cycloalkyl radicals having from 5 to 7 carbon atoms  25          inclusive,
and cycloalkoxy radicals having from 5 to 7 carbon atoms inclusive, and
the pharmaceutically acceptable non-toxic carboxylic acid salts thereof.
31. Non-toxic salts of a penicillanic acid as claimed in any one of claims
15          to 24. 30           32. Non-toxic carboxylic acid salts of a
penicillanic acid as claimed in any one  30          of claims 15 to 24.
33. A novel penicillin substantially as hereinbefore described with
reference to    any one of Examples 4 to 7.              34. A process as
claimed in Claim 6, wherein R[err] is as defined in Claim 29. 35
35. A process as claimed in Claim 6, wherein R[err] is as defined in Claim
30.       35              36. A process for the preparation of the
penicillins claimed in claim 14 substan-          tially as hereinbefore
described.              37. A process for the preparation of the
penicillins claimed in Claim 29 sub-          stantially as described in
any one of the specific Examples 1, 2 or 4-7. 40           38. A process
for the preparation of the penicillins claimed in Claim 30, sub-  40
stantially as described in any one of the specific Examples 10, 11 or 12.
39. A process for the preparation of the penicillins claimed in Claim 14,
substan-          tially as described in any one of the specific Examples
3, 8, 9, 13 or 14.              40. Penicillins whenever prepared by the
process claimed in any one of claims 1 45       to 13, Claim 36 or Claim
39.                                                             45
41. Penicillins whenever prepared by the process claimed in any one of
claims          34, 35, 37 or 38.               42. A therapeutic
composition containing a penicillin as claimed in any one of          claim
14, 25 to 28, 31 or 40. 50           43. A therapeutic composition
containing a penicillin as claimed in any one of   50          claims 15 to
24, 29, 30, 32, 33, 38 or 41.               44. An animal foodstuff
containing a penicillin as claimed in any one of claims          14, 25 to
28, 31 or 40.   



16                                        1,017,615            45. An
animal foodstuff containing a penicillin as claimed in any one of claims
15 to 24, 29, 30, 32, 33, 38 or 41.                                BOULT,
WADE & TENNANT,                           111 & 112, Hatton Garden, London,
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