
Among such methods may be mentioned the reaction of an acid halide with
paraformaldehyde (as described in e.g. J.A.C.S. 43, 660 (1921)) or the
halogenation                     of methyl esters (as described in e.g.
Acta Chem. Scand. 20, 1273 (1966) and references                     cited
there).      5      The reaction of the compounds of formula (II) with the
compounds of formula  5        5                      (III) can be
performed in a solvent at or below room temperature or by gentle heating
up to the boiling point of the solvent depending on the meaning of Y and X.
Different organic solvents or mixtures thereof with water may be used, for
example,                      acetone, dioxane, tetrahydrofuran, methylene
chloride and dimethylformamide. The             10     reaction products
are crystalline or oily products, which can be used in the next step  10
10                      without further purification. By repeated
reprecipitations the oily products can be                      obtained as
crystalline or amorphous powders.                          The subsequent
reaction step from the compound of formula (IV) to the com-
pound of formula (I) by which the R group is converted into an amino group
may                      be effected by different methods known from
peptide synthesis depending on what  15                      R stands for.
Catalytic hydrogenation will be preferred when R has the formula Z-NH- and
15                      Z stands for benzyloxycarbonyl and related
derivatives thereof, and for trityl. This      hydrogenation is preferably
performed at room temperature and at atmospheric or             slightly
elevated pressure in a solvent which may be a non-reducible organic solvent
20                      or a mixture thereof with water. The preferred
catalysts are noble metal catalysts,                      such as palladium
or platinum, or Raney-Nickel, but other catalysts can be used, as      20
well. Electrolytic reduction can also be used in these cases. When Z stands
for a                      [err],[err],[err]-trichloroethyloxycarbonyl
radical, a reduction with zinc in acetic acid is pre-             25
ferred. A mild acid hydrolysis is preferred in the case where Z stands for
a sulphur-  25                      containing radical, an enamine or a
Schiff base, for instance at a pH of about 2 in                      a
dilute solution of hydrogen chloride in aqueous acetone. A treatment with
formic         25                      acid at room temperature is
especially suitable for the removal of Z, when Z is a
tertiary butoxycarbonyl radical. Also known from the literature is the
removal of the             30      o-nitrophenylsulphenyl radical involving
a nucleophilic attack on the sulphur atom  30      of the sulphenamide
group, the best yield in the present case being obtained with
sodium or potassium iodide, sodium thiosulphate, sodium hydrogen sulphide,
sodium                     dithionite or potassium thiocyanate. Other
sulphenamide radicals can be split in the             same way. If R is an
azido or a nitro group or a halogen atom, especially a bromine 35
atom, these groups may be transformed into the free amino group in known
manner,  35                      the azido and the nitro group by a
catalytic hydrogenation with a noble metal catalyst                      or
with Raney-Nickel, or by an electrolytic reduction, and the halogen atom by
an                      amination, for instance with
hexamethylenetetramine.                          Another suitable method
for the preparation of the compounds of the present              40
invention comprises the reaction of an [err]-substituted phenylacetic acid
derivative of  40                      formula (V) with an ester, or
derivative thereof, of 6-aminopenicillanic acid of
formula (VI) whereby a product of the above formula (IV) is obtained:



In formula (V) R has the same meaning as in formula (II); in formula (VI) n
45      and A have the same meaning as defined in formula (I>; and the
radicals -CO-Y'  45                         and X'-HN- represent radicals
capable of reacting with each other to eliminate                      Y'X'
with the formation of a -CO-NH-bridge. For instance -CO-Y' can be
the radical of an acid halide, such as an acid chloride or bromide; an
anhydride; a                      mixed anhydride with an alkyl-carbonic
acid, such as isobutyl-carbonic acid, a carb-              50      oxylic
acid, an inorganic acid or a sulphonic acid; or a radical obtained by
reacting  50                      the [err]-substituted phenylacetic acid
with a carbodiimide or N,N'-carbonyldiimidazole                      or a
similarly functioning compound; X' can be hydrogen, or a trialkylsilyl
group,         55                      the alkyl having not more than 5
carbon atoms. Preferred reactants of formula (V)                      are
D(- )-[err]-phenylglycyclhloride hydrochloride or a mixed anhydride of an
enamme              55      of  [err]-phenylglycine. The reaction can be
performed in an organic solvent or in a  55                      mixture
thereof with water either at a low temperature or at slightly elevated tem-
perature. Suitable solvents are methylene chloride, chloroform, ethyl
acetate, acetone,                      dimethylformamide, or
dimethylacetamide, ether , tetrahydrofuran, dioxane, or similar
1,215,812 inert solvents. The reaction products are isolated in
conventional manner, e.g. by reprecipitation or by removal of the solvent
followed by recrystallization from  a solvent. The starting compounds of
formula (V) are known compounds which can be
prepared by standard methods known from the peptide chemistry. 5        The
compounds of formula (VI) are new compounds and are interesting inter-
5 mediates in the synthesis of the compounds of formula (I) and constitute
as such a part of this invention. Preferred compounds of formula (VI) are
those in which X'=H; [err]=0; and A is a C[err] to C[err] aliphatic radical
in which the carbon chain is straight or branched. The salts of these
preferred compounds also constitute a part of 10    this invention. The
compounds of formula (VI) can be prepared by the treatment of    10
6-amino-penicillanic acid in the form of a salt such as an alkali metal
salt or the                        triethylammonium salt with a methyl
ester of the formula   [err]                        in which R[err] is a
halogen, preferably a chlorine or bromine atom, or a sulphonyloxy 15
radical, such as methanesulphonyloxy or toluenesulphonyloxy radical, and n
and A     15 are as defined before. The 6-amino-penicillanic acid may be
used as such or the 6- amino group may be protected during the
esterification process. Only protecting radicals which can be easily
removed without causing any destruction of the lactam ring or the ester
radical are suitable in this case for instance triphenylmethyl or 20
trimethylsilyl radicals. The reaction is performed in an inert organic
solvent such  20 as acetone, dimethylformamide or methylene chloride and at
or below room tempera- ture or at slightly elevated temperatures. When the
amino group has been protected, the removal of this protecting radical can
be performed by different methods such as hydrogenolysis or hydrolysis
under neutral or acidic condition which do not attack 25    the
[err]-lactam  ring and the ester group. The reaction products of formula
(VI)      25 (X'=H) are conveniently isolated as their acid addition salts
with for instance p-toluenesulphonic acid or other inorganic or organic
acids such as sulphuric, phos- phoric, hydrochloric, acetic, maleic or
tartaric acids. 



In another embodiment of the process, the compounds of formula (VI) can be
prepared by esterification of any of the industrially accessible
penicillins or preferably  30 their salts with a compound of the
aforementioned formula (VII) under similar conditions as already described,
whereafter the sidechain of the resulting penicillin ester is split off to
yield the 6-amin'o-penicillanic ester of formula (VI), or a salt thereof.
The cleavage of the amide bond can be performed by a modification of the
procedure described in Belgian patent No. 698,596 by reacting the
6-acylamino-       35                         penicillanic acid ester with
an acid halide in the presence of an acid-binding agent, such as quinoline
or pyridine. The preferred acid halide is phosphorus pentachloride, because
the reaction in this case can be performed at low temperature, increasing
the stability of the intermediate formed, which presumably is an imino
halide. The                         reaction can be performed in different
solvents, but the preferred solvent is chloro-  40
form or methylene chloride.                         The intermediate is not
isolated but is treated wtih an excess of a primary
alcohol to form an imino ether. The reaction temperature and the reaction
time depend                         on the alcohol used; in most cases
temperatures from  -20[err]C to + 20[err]C will be                  45
convenient                                                          45
The imino ether is not isolated, but subjected to an acid alcoholysis or
hydrolysis,                         whereby the C=N bond is cleaved to
yield the corresponding 6-amino-penicillanic               ester of formula
(VI). It is surprising that the lactam ring and the acyloxymethyl ester
grouping are sufficiently stable under these conditions. By the generally
used methods 50    the ester of 6-amino-penicillanic acid can be isolated
from the reaction mixture as  50 such, or in the form of a salt with an
inorganic or organic acid such as the hydro- chloride or the tosylate. The
invention will now be illustrated by the following non-limiting Examples:-
EXAMPLE 1                   55  A  Acetoxymethyl
[err]-azido-benzylpenicidllinate A mixture of' potassium
[err]-azido-benzylpenicillinate (2 g.), potassium bicarbonate (05 g.),
bromomethyl acetate (1.5 ml.) and acetone (2% water) (20 ml.) was refluxed
for 1 hour. After cooling, the suspension was filtered and the filtrate
evaporated in vacuo. The oily residue was washed repeatedly by decantation
with petroleum other   60       to yield the desired ester as a gum (2.5
g.) which did not crystallize.                60         8
1,215,812                  B  Acetoxymethyl [err]-amino-benzylpenicillinate
hydrochloride                    To a solution of acetoxymethyl
a-azido-benzylpenicillinate (2 g.) in ethyl acetate                  20
ml.) was added a solution of H2PO[err] (80 mg.) and KH[err]PO[err] (1360
mg.) in water            (20 mL). 10% palladium on carbon catalyst (2 g.)
was added and the resulting mixture                 shaken in a hydrogen
atmosphere for 2 hours. The catalyst was filtered off, and the      5
phases separated. The aqueous phase was washed with ether, neutralized (pH
7.5)                 with aqueous sodium bicarbonate, and extracted several
times with ethyl acetate.                 The combined extracts were washed
with water, dried and evaporated in vacuo. The                 oily residue
was suspended in ethanol (10 ml.) and 2N ethanolic hydrogen chloride
10    (2.5 ml.) was added with stirring. Addition of ether to the resulting
solution precipi-  10                  tated the hydrochloride of
acetoxymethyl [err]-amino-benzylpenicllinate, which was 



filtered off, washed with ether, and dried. The product thus obtained was a
colourless                  amorphous powder, readily soluble in water,
methanol and ethanol, but sparingly                  soluble in ether and
petroleum ether.-The purity was determined iodometrically to be
15    86 per cent The J.R. spectrum (KBr) contained strong bands at:-
692 cm.[err]             977 cm[err]                              1020
cm[err]            1195 cm.[err]                              1300 cm[err]
1370 cm.[err]                              1460 cm.[err]            1500
cm.[err]           20               1550 cm:[err]            1687 cm.[err]
20                             1765 cm.[err]                   The free
base was precipitated from an aqueous solution of the hydrochloride by
the addition of aqueous sodium bicarbonate, as a colourless amorphous
powder. The                  N.M.R.-spectrum (CDCL[err]) of this product
showed characteristic signals at [err] =7.32 (s)           25    5.76 (d),
5.53, 452, 4.43, 2.08 (s), 1.62 (s), and 1.50 (s), TMS being used as
internal  25                  reference.
EXAMPLE 2                         Acetoxymethyl
D(-)-[err]-amino-benzylpenicillinate hydrochloride
D(-)-[err]-aminobenzylpenicillin (3.5 g.) and triethylamine (1.42 ml) were
mixed            30    with acetone containing 1 per cent of water (70
ml.). To the resulting solution was  30                  added potassium
bicarbonate (1 g.) and bromomethyl acetate (1.75 ml.) whereafter
the mixture was stirred at room temperature for 4 hours. After filtration,
the filtrate                  was concentrated in vacuo to about 15 ml.,
ethyl acetate (100 ml.) was added, and the                  resulting
solution washed with aqueous sodium bicarbonate followed by water. Water
35    (30 ml.) was then added to the ethyl acetate solution, and, with
vigorous stirring,  35                  1N hydrochloric acid was added drop
by drop until the pH of the aqueous phase                  was 25. The
aqueous layer was separated and washed with ether. [err]-Butanol (150 ml.)
was added, and the resulting mitxure was evaporated in vacuo until the
water was                  removed. The resulting butanolic solution (40
ml.) was poured into ether (500 ml.)            40    whereby an amorphous
precipitate separated. It was filtered off, washed with ether
and dried to yield the hydrochloride of the desired ester as a colourless
product,                  with a purity of 83 per cent (determined
iodometrically). The I.R. spectrum (KBr)                  contained bands
at:-                                  692 cm[err]              976 cm[err]
45                   1020 cm.[err]           1195 cm.[err]
1300 cm[err] 1370 cm.[err]                                 1463 cm.[err]
1500 cm.[err]                                 1550 cm[err]            1690
cm[err]                                 1765 cm[err]             50
EXAMPLE 3                  A Acetoxymethyl
[err]-(-o-nitrophenylsulphenylamino)-benzylpenicillinate
Bromomethyl acetate (1.1 ml.) was added with stirring to a solution of
[err]-(o-nitro-                  phenylsulphenylamino)-benzylpenicillin
(5.0 g.) and triethylamine (1.4 ml.) in methylene                  chloride
(45 ml.). The reaction mixture was stirred overnight. Thereafter it was
55    washed with water (25 ml.), aqueous sodium bicarbonate (10 ml.), and
water (10 ml.).  55                  The organic phase was dried and
evaporated in vacuo to yield a gum which was washed                  by
decantation with petroleum ether.                   B  Acetoxymethyl
[err]-aminobenzylpenicillinate hydrochloride                     To a
solution of the crude acetoxymethyl
[err]-(o-nitrophenylsulphenylamino)-benzyl-            60    penicillinate,
prepared as described under A above, in 50 ml of ethyl acetate was   60
added a solution of 2.2 g. of sodium  thiosulphate in 50 ml of water with
vigorous 



9     1,215,812   stirring. The aqueous phase was acidified with 4N
hydrochloric acid to a pH of                      approximately 2, the pH
being maintained at 2 by addition of more acid if necessary
during the reaction. The reaction mixture was stirred for 15 minutes,
whereafter the                      aqueous phase was separated, extracted
with ether, neutralized with aqueous sodium      bicarbonate (pH-7.5), and
extracted twice with ethyl acetate. The organic phase  5
was dried and evaporated in vacuo leaving an oily residue which was
dissolved in                      ethanol (25 ml.) by the addition of 2N
alcoholic hydrogen chloride (3 ml.) with                      stirring, and
precipitated by addition of ether. The amorphous product was filtered
off and washed with ether, yielding the acetoxymethyl [err] =
aminobenzylpenicillinate      10      10      hydrochloride.
10                                                      EXAMPLE 4
A  Acetoxymethyl [err]-benzyloxycarbonylamino-benzylpenicllinate
A mixture of potassium [err]-benzyloxycarbonylamino-benzylpenicillinate
(2.6 g.),                       potassium bicarbonate (0.5 g.), bromomethyl
acetate (1.5 ml.), and acetone (25 ml.)      15    15      was refluxed for
1 hour. After cooling, the suspension was filtered and the filtrate  15
evaporated in vacuo. The residue was dissolved in ethyl acetate and
extracted with                       water, aqueous sodium bicarbonate and
water. The organic phase was dried and                       evaporated in
vacuo to yield a gum which was washed by decantation with petroleum
ether.       20     20       B  Acetoxymethyl
[err]-aminobenzylpenicillinate hydrochloride                   20
To a solution of orthophosphoric acid (0.98 g.) and potassium dihydrogen
phos-                       phate (1.36 g.) in 25 ml. of water was added
10%  palladium on barium sulphate                       catalyst (6 g.) and
the suspension was shaken for 1 hour under hydrogen. A solution
of the above-mentioned gum in 25 ml. of ethyl acetate was added and the
resulting            25     mixture shaken in a hydrogen atmosphere for 2
hours at room temperature and    25       atmospheric pressure. The
catalyst was filtered off and the aqueous phase separated
and washed with ether. The aqueous phase was neutralized (pH-7.5) with
aqueous                       sodium bicarbonate and extracted twice with
ethyl acetate. The combined extracts                       were washed with
water, dried and evaporated in vacuo. Thereafter the resulting oily
30     residue was converted to the hydrochloride of acetoxymethyl
[err]-aminobenzylpeni-  30       cillinate as described in Example 3B.
EXAMPLE 5 A  Acetoxymethyl D( -)-[err]-azidobensyl penicillinate
Potassium D(- )-[err]-azidobenzylpenicillinate (8.26 g.), potassium
bicarbonate (1.0 35     g.), and bromomethyl acetate (4.1 ml.) were
refluxed for 1 hour in a mixture of acetone  35 (50 ml.) and water (1 ml.).
After cooling, the suspension was filtered and the filtrate evaporated in
vacuo. The residue was washed repeatedly with petroleum ether to remove
excess of bromo- methyl acetate. The oily residue was taken up in ethyl
acetate (50 ml.) and the resulting solution washed with aqueous sodium
bicarbonate followed by water. After  40 drying the solvent was removed in
vacuo to yield the desired compound as a gum.                        B
Acetoxymethyl D( - )-[err]-aminobenzylpenicillinate, hydrochloride
To a solution of acetoxymethyl D(-)-[err]-azidobenzylpenicillinate (10.0
g.) in                        ethyl acetate (150 ml.) were added water (100
ml.) and 10% palladium on carbon 



45     catalyst (5 g.) in a flask equipped with an efficient stirrer, a gas
inlet tube, a gas  45       outlet tube, a combined glass and calomel
electrode, and a burette controlled by an                        automatic
titrator. The system was flushed wtih nitrogen whereafter a stream of
hydrogen was bubbled through the suspension with stirring, a pH value of
3.0 being                        maintained by addition of 1N hydrochloric
acid via the automatic titrator. When                50     the consumption
of acid stopped the flask was flushed with nitrogen until all the  50
hydrogen was removed and the catalyst filtered off. The two phase filtrate
was                        separated and the aqueous phase washed with
ether and freeze-dried. The desired                        compound was
obtained as a colourless amorphous powder.                            The
crystalline tosylate of acetoxymethyl D(-)-[err]-aminobenzylpenicillinate
was 55     obtained by adding 0.5 N aqueous sodium p-toluenesulphonate to a
20%  aqueous   55 solution of the hydrochloride. The crystalline
precipitate which formed was collected,        washed with water, and dried
to yield colourless crystals, m.p. 166-167[err]C
Analysis             Calculated for C[err]H[err]N[err]O[err]S[err]:  C
52.55; H 5.26; N 7.09; S l0.80%                 60     Found;
C 52.80; H 5.42; N 6.88; S 10.64%                  60         10
10       11                       EXAMPLE 6
Acetoxymethyl [err]-amino-benzylpenioillinate           To a stirred
suspension of a-amino-phneylacetyl chloride hydrochloride (340 mg.)
and acetoxymethyl 6-aminopenicillanate p-toluenesulphonate (690 mg.) in
methylene 5     chloride (8 ml.) at 0[err]C. was added a solution of
triethylamine (0.50 ml.) in methylene  5       chloride (2 ml.). After
reaction for 1 hour at 0[err]C. and for 1/2 hour at room tem-       5
perature, the mixture was evaporated in vacuo and treated with ethyl
acetate (20 ml.)       and water (25 ml.) containing 4N hydrochloric acid
(0.35 ml.). After shaking, the       layers were separated, the ethyl
acetate was discarded and the pH of the aqueous 10    solution was adjusted
to 7.5 by the addition of saturated sodium bicarbonate solution       (3.5
ml.). The mixture was extracted with ethyl acetate, and the organic layer
was     10       dried over magnesium sulphate and evaporated to leave the
acetoxymethyl a-amino-       benzylpenicillinate as a viscous oil.
The I.R. spectrum (CHCl[err]) had bands at 3300 cm.[err] (NH), 1875
cm[err]([err]- 15  lactam), 1760 cm[err] (ester carbonyl) and 1680
cm.[err](amide). The identity of the       compound was demonstrated by
conversion of the free base into its hydrochloride and  15       comparison
with an authentic sample:        I.R. (KBr):                        1765
cm[err]             1687 cm[err] 20                     1550 cm[err]
1500 cm[err]
20       T.LC.: R[err]=0.51 (butanol-ethanol-H[err]O, 8+ 2+ 2)
R[err]=0.52 (butanol-acetic acid-H20, 8+2+2)        The acetoxymethyl
6-aminopenicillanate p-toluenesulphonate used as starting material
was prepared in the following manners:
25  25                  Acetoxy 6-aminopenicillanate p-toluenesulphonate
25 



A Acetoxymethyl 6-tritylaminopenicillanate           A solution of
6-tritylaminopenicillanic acid (11.5 g.) in acetone (65 ml.) was
cooled to 0[err]C, triethylamine (4.2 ml.) was added, followed by
bromomethyl acetate       (2.45 ml.), and the reaction mixture was kept at
0[err]C. with stirring for 2 hours and      30 30    finally at room
temperature for 1 hour. The triethylammonium bromide (3.5 g.)    30
which precipitated was removed by filtration, the evaporated filtrate was
treated with       ethyl acetate (175 ml.) and after 2 washings with cold
2%  aqueous NaHCO[err]and       with ice-water the ethyl acetate layer was
dried over MgSO[err] to yield, on evaporation,       the desired pure
acetoxymethyl 6-tritylaminopenicillinate as an amorphous powder.       35
35    Analysis:
35       Calculated for C[err]H,N[err]O[err]S:   C 67.77; H 5.87; N 5.27; S
6.04%       Found:                  C 67.73; H 5.91; N 5.22; S 6.00%
[a][err]: + 109.8 (C=2; CHCl[err])       Thin-layer chromatography (T.L.C)
on silica gel (Merck HF[err]) showed a pure               40 40    product.
R[err]=0.7l (butanol-ethanol-H[err]O, 8+2+2)       R[err]=0.78
(butanol-acetic acid-H20, 8 +2 + 2)        B  Acetoxymethyl
6-aminopenicillanate, p-touenesulphonate                               45
Acetoxymethyl 6-tritylaminopenicillanate (3.71 g.) in acetone (120 ml.)
(0.2% 45    H[err]O) was treated with anhydrous p-toluenesulphonic acid
(1.21 g.). After standing       for 1 1/2 hours at room temperature, water
(0.14 ml.) was added, and precipitation of       the p-toluenesulphonate
was brought about by addition of petroleum ether (300 ml.).
Filtration and consecutive washings with acetone-petroleum ether, ethyl
acetate and       ether left the crude salt. 50        After 2
recrystallizations from acetone-ether a colourless crystalline product was
obtained with a melting point of: 132.5-134[err]C (dec).        Analysis
Calculated for C[err]H[err]N[err]O[err]S[err]:  C 46.95; H 5.25; N 6.08; S
13.92       Found:                  C 46.84; H 5.17; N 5.86; S 13.79. 55
[[err][err]: + 127.5[err] (C=1; ethanol)
55                    1,215,812  The purity was further established by
T.L.C.                    R[err]=0.51 (butanol-ethanol-H[err]O[err]8+2+2)
R[err]=0.53 (butanol-CH[err]COOH--H[err]O, 8 + 2+ 2)
Iodometric assay showed 99% purity using 6-aminopenicillanic acid as a
standard.             5                  Acetoxymethyl
6-aminopenicillanate, p-toluenesulphonate              5
6-Aminopenicillanic acid (4.32 g.), dispersed in acetone (140 ml.), was
treated                    with triethylamine (6.3 ml.) with stirring at
0[err]C. Bromomethyl asetate (3.92 ml.) was        added dropwise, and the
mixture was kept wtih stirring at room temperature for 4
hours. Triethylammonium bromide (3.5 g.) which formed was removed by
filtration,    10     and the filtrate was evaporated to dryness in vacuo
then treated with ethyl acetate  10 



(140 ml.) and cold 2% sodium bicarbonate (110 ml.). After shaking and
separation,                    the ethyl acetate solution was further
shaken with ice-water and dried over magnesium        sulphate.    On
evaporation 5.2 g. of product were obtained. The crude ester, dissolved in
15     acetone (200 ml.), was treated with anhydrous p-toluenesulphonic
acid (3.5 g.), and  15                    the p-toluenesulphonate was
precipitated by adding ether (1750 ml.). It was collected
by filtration and washed with ethyl acetate and ether to yield the desired
compound.                    The complete identity with the product
obtained above was demonstrated by                    comparing melting
points, I.R. spectra and T.L.C data.     20      I.R. (KBr) showed strong
bands at:                                              20
1785 cm.[err]         1758 cm.[err]
1370 cm[err]          1325 cm.[err]                                 1225
cm.[err]         1170 cm[err]                                     1123
cm.[err]        1030 cm[err]            25                          1006
cm[err]           972 cm [err]                         25
811 cm.[err]          681 cm.[err]
EXAMPLE 7                                       Acetoxymethyl
a-azido-benzylpenicillinate                        Acetoxymethyl
6-aminopenicillanate p-toluenesulphonate (580 mg.) was added            30
to a mixture of ethyl acetate (50 ml.) and 2% aqueous sodium bicarbonate
(50 ml.).  30   [err]-Azido-[err]-phenylacetyl chloride (250 mg.) dissolved
in benzene (5 ml.) was added                    to the mixture with
vigorous stirring at 0[err]C. After 1/2 hour the ethyl acetate layer
was shaken with ice-water, dried over magnesium sulphate and evaporated in
vacuo                    to give the desired compound.            35
I.R. (KBr):
35                      2125 cm[err](azido group)          1780
cm.[err]([err]-lactam)                             1765 cm[err](ester
carbonyl)                             1690 cm.[err](amide)             40
EXAMPLES 8                                      40   Acetoxymethyl
a-azido-benzylpenicillinate                        Acetoxymethyl
6-aminopenicillanate, p-toluenesulphonate (600 mg.) was shaken
with a mixture of ethyl acetate (35 ml.) and cold 2% sodium bicarbonate (17
ml),                    the layers were separated and the ethyl acetate
solution was further shaken with ice-            45     water (20 ml.),
then dried over magnesium sulphate and evaporated to leave the free  45
acetoxymethyl ester (360 mg.). This was dissolved in methylene chloride (8
ml.),   N,N'-dicyclohexylcarbodiimide (255 mg.) was added, and the
resulting solution was                    added quickly with stirring to
[err]-azido-phenylacetic acid (220 mg.) in N,N-dimethyl-
formamide (2.5 ml.) at 0[err]C. The stirring was continued for 1 hour at
room tempera-            50     ture, and the mixture was filtered over
diatomaceous earth "Dicalite" (Registered  50                    Trade
Mark).                        The volume of the filtrate was reduced in
vacuo, ethyl acetate was added (25 ml.),   and after shaking with 0.01 N
hydrochloric acid and with 2%  sodium bicarbonate,        the ethyl acetate
layer was dried over magnesium sulphate. Removal of the solvent at
55     room temperature gave a product which proved identical with the
compound obtained  55                    according to the procedure of
Example 7.      



12                  1,215,812
12                                              EXAMPLE 9
(t;                  A  Pivaloyloxymethyl
D(-)-[err]-azidobenzylpenicillinate                     To a suspension of
potassium  D( - )-[err]-azidobenzylpeniciliinate (4.14 g.) and
potassium bicarbonate (1.5 g.) in acetone (100 ml.) and 10% aqueous sodium
iodide      5      (2 ml.), chloromerhyl pivalate (2.7 ml.) was added and
the mixture refluxed for 2  5                  hours. After cooling, the
suspension was filtered and the filtrate evaporated to dryness  5
in vacuo. The remaining residue was washed repeatedly by decantation with
petroleum                  ether to remove unreacted chloromethyl pivalate.
The oily residue was taken up in                  ethyl acetate (100 ml.),
and the resulting solution washed with aqueous sodium           10
bicarbonate and water, dried and evaporated in vacuo to yield the desired
compound  10                  as a yellowish gum, which crystallized from
ether. M.p. 114-115[err]C, [[err]][err]: i+42     (c= 1, CHCl[err]).
The I.R.-spectrum (KBr) contained strong bands at: 2130, 1786, 1760, 1700,
1530, 1225, 1110 and 973 cm.[err].            15    B  Pivaloyloxymethyl
D(-)-[err]-aminobenzylpenicillinate, hydrochloride               15
To a solution of pivaloyloxymethyl D(-)-a-azidobenzylpenicillinate
(prepared 15                  as described above) in ethyl acetate (75 ml.)
a 0.2 M  phosphate buffer (pH 2.2)                  (75 ml.) and 10%
palladium on carbon catalyst (4 g.) were added and the mixture
was shaken in a hydrogen atmosphere for 2 hours at room temperature. The
catalyst   20    was filtered off, washed with ethyl acetate (25 ml.) and
phosphate buffer (25 ml.),  20                  and the phases of the
filtrate were separated. The aqueous phase was washed with
ether, neutralized (pH 6.5-7.0) with aqueous sodium bicarbonate, and
extracted with                  ethyl acetate (2 x 75 ml.). To the combined
extracts, water (75 ml.) was added and                  the pH adjusted to
2.5 with 1 N hydrochloric acid. The aqueous layer was separated,
the organic phase extracted with water (25 ml.), and the combined aqueous
extracts             were washed with ether, and freeze-dried. The desired
compound was obtained as a                  colourless, amorphous powder,
soluble in water, methanol and ethanol. The IR-            25
spectrum (KBr) contained bands at 1780 (shoulder), 1765-1755, and 1690
cm[err].                      The NMR-spectrum (D[err]O) showed signals at
8=7.94 (s); 6.20 (m); 5.94 (s),           30     5.78 (s), 4.96 (s), 1.79
(s), and 1.55 (s), TMS being used as external reference.  30
[a][err]: 1+195[err] (c=l in H20).                      The purity of the
compound was determined iodometrically to be 91%. A crystal-      30
line hydrochloride was obtained from isopropanol with a melting point of
155-156[err]C.                  (dec.).           35     [[err]][err]:
1+196[err](c=1 in H[err]O).
35                                              EXAMPLE 10
A' Propionyloxymethyl D( - )-a-azidobenzylpenicillinate
This compound was prepared analogously to pivaloyloxymethyl
D(-)-[err]-azido-        35                  benzyl-penicillinate as
described in Example 9A, using chloromethyl propionate as the           40
halomethyl ester reagent.                                                40
B  Propionyloxymethyl D(- )-[err]-aminobenzylpenicillitrate, hydrochloride
The compound was prepared by catalytic hydrogenation of propionyloxymethyl
D(-)-[err]-azidobenzylpenicillinate in the same way as described in Example
9B. The                   desired compound was obtained as a colourless,
amorphous powder and had a purity            40    of 90% determined
iodometrically.                                       45
I.R. (KBr): 1780 (shoulder), 1764, and 1690 cm.[err]. N.M.R. (D[err]O):
Signals at                   [err]=7.94 (s), 6.25 (d; J=1 cps), 5.96 (s),
5.71 (s), 5.00 (s), 2.88 (m; J = 7 cps), 1.85 (s) 



and 1.53 (t; J=7 cps), TMS being used as external reference. [[err]][err]:
1+191[err]                   c= 1 in H[err]O).            EXAMPLE 11
50            50    A  Butyryloxymethyl D(-
)-[err]-azidobenzylpenicillinate                      The compound was
prepared from D(-)-[err]-azidobenzylpenicillin potassium salt
and chloromethylbutyrate in a manner analogous to the preparation of
pivaloyloxy- methyl D(-)-[err]-azidobenzylpenicillinate described in
Example 9A.             55    B  Butyryloxymethyl
D(-)-a-aminobenzylpenicillinate, hydrochloride                55
The compound was prepared by catalytic hydrogenation of butyryloxymethyl
D(- )-[err]-azidobenzylpenicillinate, using the method described in Example
9B, and                   obtained as a colourless, amorphous powder.
The purity of the compound was determined iodometrically to be 90.2%.
60        I.R. (KBr): Bands at 1780-1775 (shoulder), 1763, and 1688 cm[err]
N.M.R.      60                   (D[err]0): Signals at [err]=7.94 (s), 6.25
(d; J=1.5 cps), 5.97 (s), 5.73 (s), 5.00 (s), 2.82            13
13    (t; J=7.5 cps), 2.04 (m; 7.5 cps), 1.83 (s), and 1.34 (t; J=7.5 cps).
TMS was used                       as external reference. [[err]][err]
1+l97[err](c= 1 in H[err]O).  EXAMPLE 12 5     A  Isobutyryloxymethyl
D(-)-[err]-azidobenzylpenicillinate                           5 This
compound was prepared from potassium D(-)-[err]-azidobenzylpenicillinate
and chloromethyl isobutyrate in the same manner as described in Example 9A
for the preparation of pivaloyloxymethyl D( -
)-[err]-azidobenzylpenicillinate.  B  Isobutyryloxymethyl
D(-)-[err]--aminobenzylpenicillinate, hydrochloride                10
The compound was obtained as a colourless, amorphous powder by the
catalytic  10 hydrogenation of isobutyryloxymethyl
D(-)-[err]-azidobenzylpenicillinate, using the                       method
described in Example 9B. The compound had a purity of 92.6% determined
iodometrically.         15        I.R (KBr): Bands at 1780 (shoulder),
1760-1755, and 1690 cm[err]  N.M.R. (D[err]O): Signals at [err]=7.94 (s),
6.27 (d; J= 1.5 cps), 5.98 (s), 5.711 (s), 5.01 (s), 3.09  15 (m; J=7 cps),
1.82 (s), 1.57 (d; J=7 cps). TMS was used as external reference. [err]
1+196[err] (c = 1 in H[err]O).  EXAMPLE 13 Pivaloyloxymethyl
6-aminopenicillanate, p-toluenesulphonate 20        To a stirred solution
of triethylammonium 6-tritylaminopenicillanate (5.6 g.) in  20 acetone (25
ml.) at 0[err]C. was added triethylamine (1.08 ml.) followed by chloro-
methyl-pivalate (1.6 ml.) and triethylammonium iodide (2.3 g.). Stirring
was continued at 0[err]C. for [err] hour and at room temperature for 20
hours. The precipitate of triethyl- ammonium chloride was removed by
filtration, and the evaporated filtrate was treated 25    with ethyl
acetate (75 ml.). After shaking with cold 1%  aqueous NaHCO[err] and with
25                       ice-water, the ethyl acetate layer was separated,
dried over MgSO[err] and evaporated in vacuo to leave the pivaloyloxymethyl
ester of 6-tritylaminopenicillanic acid as an 



amorphous powder. To the crude ester, dissolved in ethyl acetate (40 ml.)
was added                       a solution of p-toluenesulphonic acid,
hydrate (1.90 g.) in ethyl acetate (20 ml.) at 0[err]C. After additional
stirring for 2 hours at room temperature, the precipitate of the  30
desired tosylate was collected on a filter and washed with ethyl acetate
and ether.                           Recrystallization from acetone-ether
afforded the pure crystalline compound with         a melting point of
138-39[err]C. (dec.).                        Analysis 35
C[err]H[err]N[err]OS[err] requires:  C 50.18; H 6.01; N 5.57; S 12.76%
35 Found:              C 50.46; H 6.15; N 5.36; S 12.57%         [a][err]:
+ 131[err] (c= 1; ethanol).                           I.R. (KBr) had strong
bands at: 1795, 1768, 1750, 1545, 1485, 1465, 1375,
1365, 1315, 1210, 1160, 1115, 1030, 1010, 980,815 and 680 cm.[err]
Iodometric assay, using 6-aminopenicillanic acid as reference, showed 99%
purity.  40             The purity of the compound was further demonstrated
by thin-layer chromato- graphy (T.L.C) on silica gel (Merck + HF[err]).
R[err]=0.66 (n-butanol-ethanol-H[err]O, 4+ 1 + 1) R[err]=0.12
(cyclohexane-ethyl acetate, 1+1) 45                                 EXAMPLE
14                                 45
Pivaloyloxymethyl 6-aminopenicillanate, p-toluenesulphonate
6-Aminopenicillanic acid (4.32 g.), dispersed in acetone (140 ml.) at 0C.,
was                       treated with triethylamine (6.4 ml.). While
maintaining stirring at 0[err]C, chloromethyl pivalate (5.9 ml.) and
triethylammonium iodide (4.6 g.) were added, and the stirred
50    mixture was left for 20 hours at room temperature. Triethylammonium
chloride     50                       (2.9 g.) was removed by filtration,
and the evaporated filtrate was worked up according
to the procedure described in Example 13 to yield the crude
pivaloyloxymethyl ester.              This was taken up in ethyl acetate
(45 ml.). Treatment with anhydrous p-toluene- sulphonic acid (3.4 g.) in
ethyl acetate (50 ml) caused immediate precipitation of 55    the
crystalline tosylate which was filtered off and washed with ethyl acetate
and ether  55                        yielding a pure colourless material
which in every respect proved identical with the
analytically pure compound from Example 13.                 14
1,215,8l2                                                 EXAMPLE 15
Pivaloyloxymethyl 6-aminopenicillanate, p-toluenesulphonate
A dispersion of 6-aminopenicillanic acid (2.16 g.) in acetone (70 ml.) at
0[err]C was treated wtih triethylamine (3.22 ml.) followed by bromomethyl
pivalate (3.92 g.)                 (b.p: 50-51[err]C at 10 mm Hg.) prepared
from pivaloyl bromide and paraformalde-       5      5                 hyde
by a method analogous to the preparation of chloromethyl pivalate described
in                 J.A.C.S. 89, 5442 (1967).                     After
stirring for 20 hours at room temperature, the precipitate of triethyl-
ammonium bromide (1.63 g.) was collected on a filter, and the evaporated
filtrate         10     was worked up according to the procedure described
in Example  13. The crude       10                 pivaloyloxymethyl ester
was dissolved in ethyl acetate (45 ml.), and crystallization      10
of its pure tosylate was brought about by the addition of anhydrous
p-toluenesulphonic                 acid (1.72 g.) in ethyl acetate (25
ml.). The product which was isolated after filtration 



15     and washings with ethyl acetate and ether showed complete identity
with that of                 Example 13.
EXAMPLE 16                            Pivaloyloxymethyl
6-aminopenicillanate, p-toluenesulphonate                 15
To 6-aminopenicillanic acid (2.16 g.) dispersed in acetone (60 ml.) at
0[err]C. was                 added triethylamine (1.8 ml.) followed by an
acetone solution (10 ml.) of pivaloyloxy-         20     methyl
p-toluenesulphonate (3.2 g.). The mixture was stirred for 1/2 hour at
0[err]C.  20                 and for 20 hours at room temperature. The
resulting clear solution was evaporated                 in vacua, and the
residue was worked up by the method applied in Example 13. To        20
the crude ester in ethyl acetate (75 ml.) was added anhydrous
p-toluenesulphonic acid                 (1.7 g.) in ethyl acetate (25 ml.).
The precipitated crystalline salt after filtration and         25
washings wtih ethyl acetate proved identical with the compound prepared in
the    25           f                 previous Example 13.
The starting material pivaloyloxymethyl p-toluenesulphonate was prepared by
25         reacting the silver salt of p-toluenesulphonic acid with
chloromethyl pivalate in dry                 acetonitrile for 4 days at
room temperature. It was obtained with a melting point of         30
44- 44.5[err]C.
30                  Analysis
30'                 C[err]H[err]O[err]S requires:  C 54.53; H 6.33; S 11.20
Found:           C 54.73; H 6.31;  S l1.09
EXAMPLE 17                                                      a
35                Pivaloyloxymethyl 6-aminopenicillanate,
p-toluenesulphonate          35                     To a dispersion of
6-aminopenicillanic acid (2.16 g.) and potassium bicarbonate
(1.0 g.) in acetone (70 ml.) were added chloromethyl pivalate (1.56 ml.)
and potassium                 iodide (280 mg.). The mixture was stirred and
refluxed for 5 hours. Solid material                 was filtered off, and
the acetone solution was evaporated in vacuo. The residue was         40
triturated with ethyl acetate (80 ml.), and, after filtration, the cooled
ethyl acetate  40                 solution was treated wtih anhydrous
p-toluenesulphonic acid (1.72 g.) in ethyl acetate                 (40
ml.). The precipitated tosylate was collected on a filter and washed with
ethyl                 acetate and ether. Melting point, I.R. spectrum and
T.L.C. data of the colourless                 crystalline product
established the identity with the compound obtained according to         45
previous examples,
45                                                EXAMPLE l8
Pivaloyloxymethyl 6-aminopenicillanate, hydrochloride
45      bi                     To a solution of PCl[err] (2.1 g.)in 20 ml.
of dry, alcoholic-free chloroform were                 added 2.26 ml. of
dry quinoline with stirring. The resulting suspension was cooled         50
to -30[err]C and 4.0 g. of pivaloyloxymethyl benzylpenicillinate were
added. After 30  50                 minutes stirring at -5[err]C to -
10[err]C the solution was cooled to-30[err]C and 6.7 ml.                 of
dry n-propanol were added in one portion. The temperature rose to -10[err]C
to                 -15[err]C. The reaction temperature was raised to
0[err]C. during 15 minutes and kept at                 this temperature for
30 minutes, whereafter the solution was added to an ice-cold         55
mixture of water (25 ml.) and hexane (40 ml.) with stirring. The aqueous
phase was  55                 separated and the organic phase extracted
three times with 25 ml. of ice-cold 1 N                 HCl. The combined
aqueous phases were stirred at 0[err]C with 90 ml. of ethyl acetate,
the pH being adjusted  to 7.5 with NaHCO[err]. The organic phase was
separated, dried                 and evaporated in vacuo to leave an oil
which was dissolved in 50 ml. of isopropanol         60      at 0[err]C. By
the addition of 1.75 ml. of an 8N dry solution of hydrochloric acid in   60
isopropanol with stirring, the desired hydrochloride was precipitated. It
was filtered                 and subsequently washed with isopropanol and
ether to give a pure product with a                 melting point of
156-160[err]C. (dec.).    



1,215,812                            15                     Analysis
Calculated for C[err]H[err]ClN[err]O[err]S:  C 45.84; H 6.32; Cl 9.66; N
7.63; S 8.74 Found:                      C45.60; H 639; Cl 9.76; N 7.54; S
8.83 [[err]][err]: 1+183[err] (c= 1; 0.1 N HCl). 5         I.R. (KBr) had
characteristic strong carbonyl bands at 1790, 1767 and 1756 cm.[err].  5
The starting material can be prepared in the following manner:
Pivaloyloxymethyl benzylpenicillinate To a suspension of potassium
benzylpenicillinate (19.0 g.) in 200 ml. of acetone was added chloromethyl
pivalate (8.3 ml.) followed by a solution of sodium iodide 10    (1.25 g.)
in 5 ml. of water. The mixture was refluxed for 5 hours. After cooling, the
10 potassium chloride was removed by filtration. By adding water to the
filtrate, the desired compound was obtained as a colourless crystalline
product with a melting       point of 114-115[err]C.
Analysis       15    Calculated for C[err]H[err]N[err]O[err]S: C 58.91; H
6.30; N 6.24                           15 Found:                  C 58.82;
H 6.33; N 6.28       [[err]][err]: 1+236[err] (c=l; methanol).
Thin-layer chromatography on silica gel (Merck HF[err]) showed a pure
product.                     R[err]=0.45 (cyclohexane-ethyl acetate, 1+ 1)
20    R[err]=0.86 (Butanol-ethanol-H[err]O, 4+1+'1)
20 In a manner analogous with that described in the procedure above, the
pivaloyl- oxymethyl 6-aminopenicillanate was prepared by substituting
phenoxymethyl penicillin for benzylpenicillin.                     EXAMPLE
19 Pivaloyloxymethtyl 6-aminopenicillanate              25
Pivaloyloxymethyl 6-aminopenicillanate, p-toluenesulphonate (24.0 g.),
suspended in ethyl acetate (1.1 1), was treated with 2% aqueous sodium
bicarbonate (760 ml.)       with vigorous stirring. The layers were
separated, and the ethyl acetate solution                      was shaken
thoroughly with ice-water (600 ml.) with 2% sodium bicarbonate added
30        (25 ml).
30                      The ethyl acetate layer was dried over anhydrous
magnesium sulphate, fik3re0                      and evaporated in vacuo.
The residue was treated with petroleum ether (200 ml.)
(b.p. j<50[err]C) and crystallization took place on stirring for 2 1/2
hours, yielding the                      analytically pure ester with a
melting point of 60-65C.        35    Analysis C[err]H[err]N[err]O[err]S
requires:  C 50.90; H 6.71; N 8.48; S 9.71% Found:              C 51:15; H
6.77; N 8.36; S 9.63% [[err]][err]: +194[err] (c= l; C[err]H[err]OH),
[[err]][err]: 1+184[err] (c= 1; CHCl[err]) 40        I.R. (KBr) showed
characteristic bands at 3400, 1780, and 1750 cm[err]       40  EXAMPLE 20
Pivaloyloxymethyl D(-)-[err]-(aminobenzylpenicillinate, hydrochloride
45            with efficient stirring in dry, ethanol-free chloroform (100
ml.) at  0[err]C. Sodium               45     bicarbonate (4.3 g.)was
added, followed by D(-)-[err]-phenylglycyl chloride, hydro-
chloride (5.0 g.), prepared according to J.Org.Chem. 31, 897 (1966)
Stirring was maintained for 3 hours at 0C. The mixture was filtered through
diatomaccous earth and the clear filtrate was evaporated in vacuo. The
colourless 



residue was crystallized from isopropanol-ether, collected in a filter and
washed with  50    isopropanol and ether to yield the desired compound in
high purity, showing complete  identity with the hydrochloride of
pivaloyloxymethyl D( -)-[err]-amindbenzylpenicillinate  which was obtained
according to the procedure described in Example 9B.        EXAMPLE 21
Pivaloyloxymethyl D( -)-[err]-aminobenzylpenicillinate, hydrochloride
55        To a solution of potassium
N-[1-methyl-2-carbethoxy-vinyl]-D-(-)-[err]-amino-[err]-  phenylacetate
(155.2 g.; 0.5 mole of the hemihydrate) in ethyl acetate (2.1) N-methyl-
morpholine (2.5 ml.) and isobutyl chloroformate (70 ml.) were added at
-15C.  with stirring. Potassium chloride separated immediately, and the
mixture was kept                      at  -15[err]C for 6 minutes. Then an
ice-cold solution of pivaloyloxymethyl 6-amino-               60
penicillanate in ethyl   acetate (1l)-prepared from  251.3 g. of the
crystalline  60            1,215,812        p-toluenesuphonate of this
compound   was added with stirring, the temperature being        kept
between -l4[err]C. and -12[err]C. during the acylation. After stirring for
another        10 minutes at low temperature, the cooling bath was removed,
and the mixture stirred        at room temperature for 30 minutes.
Thereafter the mixture was extracted with 5  0.5 M  aqueous sodium
bicarbonate (500 ml.), and washed with water (2 x 250 ml.).  5        The
organic phase was dried and the solvent removed in vacuo. The yellow oily
residue thus obtained was dissolved in acetone (1 1.); water (0.9 1.) was
added, and        4 N hydrochloric acid was added drop by drop to the
mixture with vigorous stirring.        A pH-value of 2.5 was maintained in
the mixture during the hydrolysis by using an 10     automatic titrator.
The reaction was finished when the consumption of  hydrochloric  10
acid ceased after addition of 100-110 ml. (80-88 per cent of the
theoretical        amount). Acetone was removed from the mixture by
evaporation in  vacuo (bath-        temperature ca. 35[err]C.), and the
remaining aqueous phase was extracted several times        with ethyl
acetate. After separation of the aqueous layer the combined ethyl acetate
15    extracts were diluted with petroleum ether (800 ml.) and extracted
with water (pH 3;  15        200 ml.). To the combined aqueous phases (ca.
1.2 1.) sodium chloride (240 g.) was        added, and the mixture was
shaken vigorously whereafter a yellowish organic layer was
separated. The aqueous phase was further extracted with ethyl acetate (200
ml.); the        combined organic phases were dried over magnesium sulphate
and filtered, whereafter 20     isopropanol (800 ml.) was added to the
filtrate. After concentration of the solution  20        under reduced
pressure to about half the volume (bath-temperature ca. 35[err]C) another
20        800 ml. of isopropanol were added, and the mixture was
concentrated in vacuo to        about 600-800 ml. Crystalline material
separated from  the mixture, which was        stirred for 1 hour at room
temperature and was kept in the refrigerator overnight.        The
crystalline material was filtered off, washed with ice-cold isopropanol
(100 ml.),  25        and ether (2 x 100 ml.), and dried at
room-temperature to yield the desired compound        as colourless
crystals, mp. 155-156[err]C. (dec.).        [[err]][err] : +196[err] (c= 1
in H[err]O).                                 EXAMPLES 22- 26 30        By
the method of Example 15, acetoxymethyl 6-aminopenicillanate, propionyloxy-
30       methyl 6-aminopenicillanate, butyryloxymethyl
6-aminopenicillanate, isobutyryloxy-       methyl 6-aminopenicillanate and
octanoyloxymethyl 6-aminopenicillanate were pre-       pared by
substituting the corresponding bromomethyl acylate for the bromomethyl 



pivalate. 35                                EXAMPLE 27
35        A  2-Ethyl-butyryloxymethyl D(-)-[err]-azidobenzylpenicillinate
The compound was prepared from potassium
D(-)-[err]-azidobenzylpenicillinate        and chloromethyl 2-ethylbutyrate
in the same manner as described for the preparation        of
pivaloyloxymethyl D(-)-a-azidobenzylpenicillinate in Example 9A.  40    B
2-Ethyl-butryloxymethyl D(-)-[err]-aminobenzylpenicillinate, hydrochloride
40           This compound was formed, by the catalytic hydrogenation of
2-ethylbutyryloxy-        methyl D( - )-azidobenzylpenicillinate using the
method described in Example 9B,        and was obtained as a colourless
amorphous powder having a purity of 86.4% deter-        mined
iodometrically. 45        I.R. (KBr): Bands at 1780 (shoulder), 1762, and
1690 cm[err]N.M.R. (D[err]O):       45        Signals at [err]=7.92 (s),
6.22 (m), 5.93 (s), 5.77 (s), 4.96 (s), 2.68 (m; J=7 cps),        1.95 (m;
J=7 cps), 1.82 (s), and 1.25 (t; J=7 cps). TMS was used as external
reference.        [[err]][err] :+176[err] (c=1 in H[err]O). 50
EXAMPLE 28                                 50        A  Benzoyloxymethyl D(
-)-[err]-azidobenzylpenicillinate           To a suspension of potassium
D(-)-[err]-azidobenzylpenicillinate (4.14 g.) in a        mixture of
acetone (100 ml.) and 10% aqueous sodium iodide (2 ml.), chloromethyl
benzoate (2.5 g.) was added and the mixture refluxed for 6 hours. After
cooling, the 55     suspension was filtered and the filtrate evaporated  to
dryness in vacuo. The residue     55        was washed with light petroleum
to remove excess of chloromethyl benzoate and        thereafter dissolved
in ethyl acetate (50 ml.). The solution was washed with aqueous
sodium bicarbonate followed by water, dried, and evaporated in vacuo to
yield the        desired compound as a gum. 60     B  Benzoyloxymethy
D(-)-[err]-aminobenzylpenicillinate, hydrochloride                  60
To a solution of benzoyloxymethyl D(-)-[err]-azidobenzylpenicillinate (5.0
g.) in        ethyl acetate (75 ml.) was added water (50 ml.) and 10%
palladium on carbon        catalyst (3 g.) in a flask equipped with an
efficient stirrer, a gas inlet tube, a gas outlet             17
1,215,812                                                   17' tube, a
glass-calomel combination electrode, and a burette controlled by an
automatic titrator. The system was flushed with nitrogen whereafter a
stream of hydrogen was bubbled through the suspension with stirring, a pH
value of 3.0 of the aqueous phase being maintained by addition of 1N
hydrochloric acid via the automatic titrator.       When the consumption of
acid stopped the flask was flushed with nitrogen until all  5 hydrogen was
removed and the catalyst filtered off. The two phase filtrate was separated
d                   and the aqueous phase was washed with ether and
freeze-dried. The desired com- pound was obtained as a colourless amorphous
powder, easily soluble in water. [[err]][err] 1+1175[err] (c=l, H[err]O).
10        The N.M.R.-spectrum (D[err]O) showed signals at 8=7.93 (m)(10 H),
6.29 (m)(2 H),  10 ca. 5.84 (m)(3 H), 4.90 (s)(1 H), 166 (3 H) and 1.54 (3
H), TMS being used as external reference. IlThe purity of -the compound was
determined iodometrically to be 92%. EBxAMPLE 29 



15    A  2-Methylbenzoylocymethyl D(-)-azidobenzylpenicillinate
15 This compound was prepared analogous to benzoyloxymethyl
D(-)-[err]-azido- benzylpenicillinate using chloromethyl 2-methylbenzoate
instead of chloromethyl benzoate. The chloromethyl 2-methylbenzoate was
prepared from paraformaldehyde and 2-methylbenzoyl chloride by a method
analogous to the preparation of chloro-                    methyl benzoate
described in J.A.CS. 43, 662 (1921).                           20  B
2-Methylbenzoyloxymethyl D(-)-[err]aminobenzylpenicillinate, hydrochloride
This compound was prepared by catalytic hydrogenation of
2-methylbenzoyloxy-       methyl D(-)-[err]-azidobenzylpenicillinate in the
same way as described in Example 28B. The desired compound was obtained as
a colourless, amorphous powder, easily           25    soluble in water.
The purity of the compound was determined iodometrically to be  25
88%.                                                EXAMPLE 30       A
2,6-Dimethylbenzoyloxymethyl D(-)-[err]-azidobenzylpenicillinate
The compound was prepared from potassium
D(-)-[err]-azidobenzylpenicillinate              30    and chloromethyl
2,6-dimethylbenzoate as described in Example 28A. The chloro-  30
methyl 2,6-dimethylbenzoate was prepared from paraformaldehyde and
2,6-dimethyl-                     benzoylchloride by a method analogous to
the preparation of chloromethyl benzoate       described in J.A.CS. 43, 662
(l921).  B  2,6-Dimethylbenzoyloxymethyl
D(-)-[err]-aminobenzylpenicillinate, hydrochloride This compound was
prepared by catalytic hydrogenation of 2,6-dimethylbenzoyl-  35
oxymethyl D( - )-[err]-azidobenzylpenicillinate in the same way as
described in Example                     28B. The desired compound was
obtained as a colourless, amorphous powder with       a purity of 85%
determined iodometrically.             EXAMPLES 31-53            40
Using the method described in Example 28A and B, but substituting the
40                     X-OH[err]-OCO(CH[err])-A  defined in the Table IV
below for the chloromethyl benzoate the corresponding esters of
D(-)-[err]-aminobenzylpenicillin were obtained.         18
1,215,812                            18      19
TABLE IV           Ex. No.    X         n            A            Isolated
as              5           31       Cl        0     2,6-dimethoxyphenyl
hydrochloride            32       Cl        0     2-methyl-6-chlorophenyl
hydrochloride            33       Br        0     3-trifluoromethylphenyl
hydrobromide            34       Cl        0     2-nitrophenyl
hydrochloride           35       Cl        0     2-methylthiophenyl
citrate 



36       Br        0     2-thienyl          hydrobromide            37
Br        0     2-furyl            hydrobromide            38       Br
2     2-furyl            hydrobromide            39       Cl        0
2-quinolyl         hydrochloride            40       Cl        1
2-thienyl          hydrochloride            41       Br        1     phenyl
tartrate            42       Cl        3     p-tolyl            maleate
43       Cl        0     3-pyridyl          hydroiodide            44
Cl        0     4-pyridyl          hydrochloride            45       Cl
0     1-naphthyl         hydrochloride            46       C1        0
2-naphthyl         hydrochloride            47       Cl        0
pyrazinyl          hydrochloride            48       Cl        1
cyclohexyl         hydrochloride           49       Cl        1
2-methylcyclopentyl    hydrochloride           50       a         4
2-methylcyclopentyl    hydrochloride            51       Cl        0
1-bicyclo[2.2.2]octyl    sulphate            52       Cl        0
1-adamantyl        hydrochloride            53       Cl        0
cyclohexen-2-yl        hydrochloride             Some of the halomethyl
esters used are new compounds, which, as mentioned      before, can be
prepared from paraformaldehyde and the corresponding acid halide by      a
method analogous to the preparation of chloromethyl benzoate described in
J.A.CS. 5    43, 660 (1921).
5          The salts obtained according to the last column of Table IV
correspond to the      acids used to maintain the acidity during the
hydrogenation. When e.g. hydrochloric      acid is used a hydrochloride is
obtained, whereas if e.g. citric acid is used a citrate      is obtained.
19                                      1,215,812
19                                                    EXAMPLE 54 



Benzoyloxymethyl D(- )-a-amindbenzylpenicillinate, hydrochloride
D(-)-[err]-aminobenzylpenicillin (3.5 g.) and triethylamine (1.42 ml.) were
mixed                 with acetone containing 1 per cent of water (70 ml.).
To the resulting solution was  5      added potassium bicarbonate (1 g.)
and bromomethyl benzoate (4.0 g.) whereafter the                 mixture
was stirred at room temperature for 4 hours. After filtration, the filtrate
was concentrated in vacuo to about 15 ml., ethyl acetate (100 ml.) was
added, and                 the resulting solution washed with aqueous
sodium bicarbonate  followed by water                 Water (30 ml.) was
then added to the ethyl acetate solution, and with vigorous         10
stirring, 1N hydrochloric acid was added drop by drop until the pH of the
aqueous  10                 phase was 2.5.  The aqueous layer was separated
and washed with ether. n-Butanol                 (150 ml.) was added, and
the resulting mixture was evaporated in vacuo until the
water was removed. The resulting butanolic solution (40 ml.) was poured
into ether                 (500 ml.) whereby an amorphous precipitate
separated. It was filtered off, washed with          15    ether and dried
to yield the hydrochloride of the desired ester as a colourless product,
15                 identical with the compound of Example 28B.
By the methods of Example 20 or 54 the compounds of Table IV can also be
obtained.                                                   EXAMPLE 55
20          As examples of dosage units, tablets or capsules each
containing 0360 g. of  20                 pivaloyloxymethyl D(
-)-[err]-aminobenzylpenicillinate hydrochloride, may be prepared        as
follows:                 Tablets: Ingredients:
Pivaloyloxymethyl D(-)-[err]-aminobenzylpenicillinate,         25
hydrochloride                                                360 g.
25                        Lactose
55 g.                        Polyvinylpyrrolidone
7 g.                        Corn Starch
50 g.                        Talc
25 g.         30            Magnesium stearate
3g.              30                      The pivaloyloxymethyl ester and
the lactose are screened through a 20 mesh per                 linear inch
sieve and mixed together for 15 minutes. Thereafter the mixed powders
are wetted with a solution of polyvinylpyrrolidone in 96% ethanol. The
moist mass                 is passed through a 10 mesh per linear inch
screen and then dried at 38[err]C. When         35    the alcohol has
evaporated, the granules are broken on a 16 mesh per linear inch  35
sieve and mixed with the corn starch, talc and magnesium stearate. The
granulate is                 compressed into tablets of 0.50 g. weight
using 16/32 inch punches and dies, yielding                 1000 tablets
each containing 0360 g. of the pivaloyloxymethyl ester.
Capsules: Capsules, for instance of gelatine or another easily digestible
or dis-         40     integrable material, may be made up to contain from
0.1 to 1.0 g. of the pivaloyloxy-  40                 methyl ester, if
necessary mixed with a minor amount of inert substances in order to
obtain a  free-flowing powder suitable for filling into the capsules. Such
capsules are                 conveniently prepared in accordance with the
following description.                 Ingredients:         45
Pivaloyloxymethyl D(-)-[err]-aminobenzylpenicilinate,
45                        hydrochloride
360 g.                        Magnesium stearate
3 g.                        Talc
17 g.                       The ingredients are passed through a 60 mesh
per linear inch sieve and mixed         50     for 15 minutes. The mixture
is filled into No. 0 gelatine capsules (Parke, Davis and  50
Co.), using a semi-automatic capsule-filling machine shaken by vibrator.
Each capsule                 contains 380 mg. of the mixture corresponding
to 360 mg. of the pivaloyoloxymethyl                 ester. 



EXAMPLE 56         55            Mixture containing pivaloyloxymethyl D(
-)-[err]-aminobenzylpenicillinate,     55
hydrochloride                      Aluminium monostearate (75 g.) was
dissolved in a fractionated coconut oil                 containing
tri-glycerides of C[err] to C[err] fatty acids (4300 g.) by heating to
1400[err]C                 After cooling, flavour (15 g.) was added.
Sucrose (500 g.) and pivaloyloxymethyl         60     D( -
)-[err]-aminobenzylpenicillinate hydrochloride (175 g.) were mixed, reduced
by       60          20                           1,215,812
20      21         milling to a particle size of about 10 microns and mixed
with the oily solution by means         of a high speed stirrer.
A mixture for filling into bottles for oral administration was obtained
containing         35 mg. of pivaloyloxymethyl D( -
)-[err]-aminobenzylpenicillinate hydrochloride per ml.    5       WHAT WE
CLAIM IS:-                                         5            1. An ester
of [err]-aminobenzylpenicillin of the general formula              in which
the asterisk indicates an asymmetric carbon atom; n is an integer from 0
to 5; and A is an unsubstituted or substituted aliphatic, alicyclic,
aromatic, or hetero-   10     cyclic radical; and a salt of such an ester
with a pharmaceutically acceptable acid.  10            2. The
stereoisomers of the compounds claimed in Claim 1 and mixtures thereof,
having the formula:                                             [err]
in which n and A are as defined in Claim 1.   15       3. A compound as
claimed in Claim 1 or 2, wherein n is 0 and A is a C[err] to C[err]  15
aliphatic radical the carbon chain of which is straight or branched; and
pharmaceutically         acceptable salts thereof.            4.
Acetoxymethyl a-aminobenzylpenicillinate and pharmaceutically acceptable
salts thereof.   20       5. Acetoxymethyl
D(-)-[err]-aminobenzylpenicillinate and pharmaceutically accept-  20
able salts thereof.            6. Pivaloyloxymethyl
a-aminobenzylpenicillinate and pharmaceutically acceptable         salts
thereof.            7. Pivaloyloxymethyl
D(-)-[err]-aminobenzylpenicillinate  and  pharmaceutically   25
acceptable salts thereof.
25            8. A compound as claimed in Claim 1 or 2, wherein n is from 0
to 5, and A is         an alicyclic radical having from 3 to 10 carbon
atoms as ring members. 



9. A compound as claimed in Claim 1 or 2, wherein n is from 0 to 5, and A
is         an aromatic carbocyclic radical.   30       10. A compound as
claimed in Claim 1 or 2, wherein n is from 0 to 5, and A is  30         a
heterocyclic radical having at least one nitrogen, sulphur or oxygen atom
as a         hetero atom.            11. A compound of the formula defined
in Claim 1 or 2 substantially as herein-         before described in any
one of the foregoing Examples.   35       12. A process for the preparation
of a compound of the formula defined in     35         Claim 1, wherein an
[err]-R-substituted benzylpenicillin or a salt thereof of the following
formula (II)      [err]         in which R is an amino group or a
substituted amino group or a group which can   40    be converted into an
amino group, and Y is a hydrogen atom or a cation, is reacted  40
with a compound of the following formula (III)   [err]         in which X
is a halogen atom, or an acyloxy, an alkylsulphonyloxy or an aryl-
sulphonyloxy radical, and n and A are as defined in Claim 1, thereby
eliminating XY              20                              1,215,812
20       21           milling to a particle size of about 10 microns and
mixed with the oily solution by means          to          of a high speed
stirrer.                                                         th
A mixture for filling into bottles for oral administration was obtained
containing            in 35 mg.-of pivaloyloxymethyl
D(-)-[err]-aminobenzylipenicillinate hydrochloride per ml.     5
WHAT WE CLAIM IS:-                                                5
1. An ester of [err]-aminobenzylpenicillin of the general formula     [err]
in which the asterisk indicates an asymmetric carbon atom; n is an integer
from 0                 C          to 5; and A is an unsubstituted or
substituted aliphatic, alicyclic, aromatic, or hetero-         rc   10
cyclic radical; and a salt of such an ester with a pharmaceutically
acceptable acid.  10              2. The stereoisomers of the compounds
claimed in Claim 1 and mixtures thereof,          having the formula: 



in which n and A are as defined in Claim 1.   15        3. A compound as
claimed in Claim 1 or 2, wherein n is 0 and A is a C[err] to C[err]    15
15          aliphatic radical the carbon chain of which is straight or
branched; and pharmaceutically          acceptable salts thereof.
4. Acetoxymethyl a-aminobenzylpenicillinate and pharmaceutically acceptable
salts thereof.   20        5. Acetoxymethyl D(
-)-[err]-aminobenzylpenicillinate and pharmaceutically accept-  20    20
able salts thereof.              6. Pivaloyloxymethyl
[err]-aminobenzylpenicillinate and pharmaceutically acceptable
a          salts thereof.              7. Pivaloyloxymethyl
D(-)-[err]-aminobenzylpenicillinate  and  pharmaceutically   25
acceptable salts thereof.                                            25
25              8. A compound as claimed in Claim 1 or 2, wherein n is from
0 to 5, and A is          an alicyclic radical having from 3 to 10 carbon
atoms as ring members.             9. A compound as claimed in Claim 1 or
2, wherein n is from 0 to 5, and A is          an aromatic carbocyclic
radical.   30        10. A compound as claimed in Claim 1 or 2, wherein
[err] is from 0 to 5, and A is  30     30          a heterocyclic radical
having at least one nitrogen, sulphur or oxygen atom as a          hetero
atom.              11. A compound of the formula defined in Claim 1 or 2
substantially as herein-          before described in any one of the
foregoing Examples.   35        12. A process for the preparation of a
compound of the formula defined in       35          Claim 1, wherein an
[err]-R-substituted benzylpenicillin or a salt thereof of the following
formula (II)     [err]           in which R is an amino group or a
substituted amino group or a group which can   40     be converted into an
amino group, and Y is a hydrogen atom or a cation, is reacted  40
with a compound of the following formula (III)   [err]          in which X
is a halogen atom, or an acyloxy, an alkylsulphonyloxy or an aryl-
sulphonyloxy radical, and n and A are as defined in Claim 1, thereby
eliminating XY         21                               1,215,812
21 to give (1) in the case where R is an amino group, a compound of Claim
1, or (2) in 



the case where R is a substituted amino group or a group which can be
converted into an amino group, a compound of the following formula (IV)
[err]                   5     in which R, n and A have the above given
meaning, whereafter the R substituent of  5                        this
later compound is converted into an amino group.
13. A process for the preparation of a compound of the formula defined in
Claim ,1, wherein an [err]-R-substituted phenylacetic acid derivative of
formula (V) is reacted with a 6-aminopenicillanic acid ester or a
derivative thereof of formula (VI), 10    according to the reaction scheme:
10      [err]                        in which formulae R has the meaning
given in Claim 12, n and A have the meanings                 given in Claim
1, and the radicals CO-Y' and X'-NH-represent radicals capable
of reacting with each other to eliminate Y'X' with the formation of a
-CO-NH- 15    bond, thereby resulting in (1) a compound of Claim 1 in the
case where R is an   15 amino group, or (2) a compound of the formula (IV)
defined in Claim 12 in the case                        where R is not an
amino group, whereafter the R substituent of this latter compound is
converted into an amino group.              14. A process as claimed in
Claim 13, wherein the reactant of formula (V) is 20
D(-)-[err]-phenylglycylchloride hydrochloride.
20                            15. A process as claimed in Claim 13, wherein
the reactant of formula (V) is a mixed anhydride of an enamine of
[err]-phenylglycine.                            16. A process as claimed in
any one of Claims 12 to 15, wherein the R-substituent of the compound of
formula (IV) is one which can be converted into an amino          25
group by reduction and the conversion is accomplished by reduction.
25  17. A process as claimed in any one of Claims 12 to 15, wherein the
R-substituent                        of the compound of formula(IV) is one
which can be converted into an amino group  by hydrolysis and the
conversion is accomplished by hydrolysis.                           18. A
process for the preparation of a compound of the formula defined in Claim
30    1 substantially as hereinbefore described in any one of Examples 1 to
54 of the fore-  30  going Examples.                            19. As an
intermediate in the preparation of a compound of the formula defined in
Claim 1, a compound of the formula (VI) defined in Claim 13, in which X'=H;
n=0; and A is a C[err]to C[err] aliphatic radical in which the carbon chain
is straight or 35    branched; and salts thereof.
35 20. As an intermediate in the preparation of a compound of the formula
defined                        in Claim 1, a compound of the formula (IV)
defined in Claim 12, where R is a sub-                        stituted
amino group or a group which can be converted into amino group.
21. As an intermediate in the preparation of a compound of the formula
defined                 40  in Claim 1, a compound of the formula (IV)
defined in Claim 12 in which R is an  40                        azido
group, and n and A are as defined in Claim 1.              22. As an
intermediate in the preparation of the compounds claimed in Claim 7,
pivaloyloxymethyl D(-)-[err]-azidobenzylpenicillinate.                 45
23. A pharmaceutical preparation in dosage unit form, comprising as an
active  ingredient a compound of the formula defined in Claim .1 or 2 or a
salt thereof with  45 



a pharmaceutically acceptable acid, and an atoxic pharmaceutically
acceptable carrier,                        the quantity of the said
compound corresponding to from 100 to 800 mg. of amino-
benzylpenicillin.                           24. A preparation as claimed in
Claim 23, wherein the compound is pivaloyloxy-                 50    methyl
D(-)-[err]-aminobenzylpenicillinate or the hydrochloride thereof.
50              25. A preparation as claimed in Claim 23 or 24, wherein the
dosage unit form  is a tablet.                               22
1,215,812                                             22              26. A
preparation as claimed in Claim 23 or 24, wherein the dosage unit form
is a capsule.              27. A pharmaceutical preparation for oral
treatment in the form of a suspension         of a compound of formula (Ia)
defined in Claim 2 in the form of a salt with a 5    pharmaceutically
acceptable acid, the preparation containing from 10 to 50 mg. per  5
ml. of a non-aqueous vehicle.              28. A pharmaceutical preparation
for topical treatment in the form of a non-         aqueous ointment or
cream and containing a compound of formula (Ia) defined in         Claim 2
in an amount of from 1/4 g. to 10 g. per 100 g. of preparation. 10
29. A  pharmaceutical preparation substantially as hereinbefore described
in  10         Example 55 or 56 of the foregoing Examples.
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