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(577  ABSTRACT

~ Compounds represaated by the followdi_.ng_ for_m_illﬂ

- | | / \/
:_ AmCOOu—iH—-—CO—NH I --—TH _-CH,,
" G- N--——
Jff .

o 001{

wherein A is a substituted or -unsubstituted

- heterocyclic radical and T is a C,-Cs alkyl,

- alkenyl, cyclopropylmethyl, cyclobutylmethyl or
cyclopentyl group

a process for their preparation and novel intermedi-

- ates therefor are disclosed. These compounds are use-
| ful antibiotics. |

2 Claims, No Drawings
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-(2- FUROYLOXY)-S METHYLBUTYL-
- PENICILLIN | -

(R)-1

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi- -

cation; matter printed in ltallcs mdlcates the addltmns
made by reissue., | |
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and pentenyl. The C, to C; alkyl, alkoxy, alkcxycar-

5

bonyl and alkanoylamino groups referred to herein are

 those wherein the alkyl moiety contains from one to

>

S 10
DETAILED DESCRIPTION OF THE INVENTION .

- The present invention is directed to novel 6-

acylaminopenicillanic acid ccmpounds represented by
the gcnerdl formula

dimethyl-3-pyrazolyl,

three carbon atoms. |
Preferred 6-aminopenicillanic acid compounds in

accordance with the invention are those wherein A in

the above formulas is 3-pyridyl, 2-methyl- 4-pyr1dyl

3-isoxazolyl, 4-oxazolyl, 2-oxo-2-pyrrolidinyl, pyrazi-
nyl, tetrahydro-2-furyl, 2-acetamido-4-thiazolyl, 1,5-
tetrahydro-4-pyranyl, 1,2,3-
| The preferred

thiadiazol-4-yl, 2-furyl or 4-pyridyl.

‘compounds according to the invention are those

wherein T is an alkyl or alkenyl group containing four
or five carbon atoms. An especially preferred group of

15 compounds in accordance with the invention are set
- forth in Table below. Preferred among this group is the
/ N CHa™ - compound represented by formula I wherein A 1s 2-
A—COO—CH—CO—NH—CH—CH C—CH; furyl and T is 2-methylpropyl, i.e., [ 1-(2-furoyloxy)-3-
'1|‘ | ('3 - l!I o éH | methylbutyl) J-penicillin, espcclally the R-form thereof.
. /2 | 20 In the Table, the antimicrobial activity of the com-
0O COOH pounds tested is expressed in terms of the minimal
| R ~inhibitory concentration in pg./ml. The minimal inhibi-
wherein A s fu'ryl.j tetrahydrofu[yli pyrrc.lyl1r pyrrolldi- t{)r}’ concentration was dﬂtermiHEd by double dllllti()n -
ny], thienyl, 03‘(320[}’1, isoxazoly], thiozolyl, 1,2,3- series in nutrient bouillon. The aCthlty of the com-
thiadiazolyl, pyridyl, imidazolyl, pyrazolyl, 1-oxido- 25 pounds is further demonstrated in vivo by establishing o
 pyridyl, tetrahydropyranyl, pyrimidinyl, pyrazinyl, ben-  an oral CDs, in thﬁ mouse against S. aureous and E.
~ zofuranyl, indolyl, quniolyl or lsoqumolyl which may be coli. |
TABLE

Compound

[(R)-1-(2-furoyloxy-3-methyl-butyl]penicillin sodium
[(R)-1-(isoniconacyloxy)-3-methyl butyl]penicillin sodium
(R)-3-methyl-1-[(S8)- pyrnglutamdylax}'-but}'l]penlcllhn |
sodium
[(R)-3-methyl-1-[(1,2,3-thiadiazol-4-ylcarbonyl)oxy]-
butylipenicillin sodium -
[(R)-3-methyl-1-{| tetmhydmpyran—4 yl)carbcnyl]oxy}
butylpenicillin sodium

- [(R)-1 {[(1 .5-dimethylpyrazol- 3-yl)—carbnnyl]uxy} -3-
methylbutyl]penicillin sodium™
[(R)-1-{K2-acetamide-4-thiazolyl)- carbdnyl]dxy} -3-

- methylbutyl]penicillin sodium
[(R)-3-methyl-1-[( RS)—tetrdh}'dm , fumyluxy]butyl]
penicillin sodium

- Concentration [mg/ml]

CDy, per os in
- The Mouse [mg/kg]

Minimum Inhibitory =

'S. aureous FDA  E. coli 1346 S. aureous (Schoch) E.coli 1346

0073 73 07 e

0.156 19 R 18

- 0.312 0.625 20 BT A
0312 10 72 91
1.25 19 BEXE 27
0.625 - 78 29 42

125 100 - 2'.4-'_' a1

1.25 100 16 55 -

hiplellhiel

substituted with halogen, oxo, hydroxy, C,—C; alkyl,

C,—C, alkoxy, C,—C, alkoxy carbonyl or C,—C; alkan-
oyl-amino and T is a C,—Cs alkyl, a C,—C; alkenyl,

cyclopropylmethyl, cyclobutyl- methyl or cyclopentyl

and pharmaceutlcally acceptable salts and hydrated 50

forms thereof.

The invention is also directed to the prcparatmn of

the compounds of formula I utlllzmg the novel interme-

“diate compounds represented by the formula

A—coo-—(ltu-coon B l. I

1 | |
whercm A and T have the meamng gwen above and
their functional derivatives. | R
- In accordance with the present mventlon the term
“halogen” represents “all" the halogens- with fluorine,
- bromine and chlorine bemg preferred.. Alkyls or alke-

nyls represented by T in formulas I and II may be

straight- or branched-chain, Examples of such substitu-

isobutyl, n-pentyl, 3-

ents include ethyl, n-propyl,

methylbutyl neopentyl vinyl, allyl, mcthyallyl butenyl'

35

In accordance with the present mventlon ‘the com-
pounds represented by formula I are prepared by con-
densing 6-amino-penicillanic acid, the carboxyl group

~of which is in a protected form, with the novel com-

pounds represented by formula Il or a functional deriv-
ative thereof. Such functional derivatives are conven-
tional and include, for example, halides, azides, anhy-
drides — particularly mixed anhydnides with strong
acids — reactive esters such as the N-hydroxysuccini-

~mide esters, amldes such as imidazolides and the like.

After the reaction is completed, the protcctmg group 1s
cleaved off and, if desu*ed the product 1s converted

- 1nt0 a salt.

'6_0

~Examples of methods whereby the carboxyl of 6-
ammo-penlcﬂlanlc acid can be protected include con- -

~ version Into a readily cleavable ester such as, for exam-

ple, the benzyl ester, a p-bromophenacyl ester or a silyl
ester such as the trimethyl silyl ester, or by salt forma-

- tion with an inorganic or tertiary organic base such as,

635

for example, triethylamine. When the condensation of |
6-aminopenicillanic acid and the compound repre-

sented by formula II is completed, the ester protecting

- group can be easily removed by methods known in the
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art. For example, a benzyl ester can be easily removed
by catalytic hydrogenation such as, for example; in the

29.003

presence of a noble metal catalyst such as palladlum- |

on-carbon, and a silyl ester can be cleaved by treating

the product with water. Where the carboxyl group of >

6-aminopenicillanic acid is protected by salt formation,
e.g., with triethylamine, the protecting group can be
cleaved by treatment with acids such as, for example,
hydrochloric acid, sulfuric acid, phosphorlc acid, citric
acid and the like at low temperatures, e.g., 0° _5°C.
The condensation of 6-aminopenicillanic acid, hav-
ing a protected carboxyl group and the compound
represented by formula II is carried out by methods

4
and the like may be carried out by methods recognlzed
in the art as being conventional. =~ |
The compounds represented by formula IIT above -
may be obtained: by conventional means such as, for
example utlhzmg known ‘means such as described

herein to. protect the carboxyl group in a compound

0

- well known in the art of peptlde chemlstry Thus, for .

example, the condensatron is effected in the presence

of a carbodumlde such as, for dicyclohexylcarbodi-

imide or an oxazolium salt such as, for example N-
ethyl-5-phenyl-isoxazolium-3'-sulfonate, in an
solvent. Suitable solvents include, for example, ethyl
acetate, acetonitrile, dioxan, chloroform, methylene

inert

15

represented by the general formula

| T-f-(in-COQH IV
T

wherein T has the meaning given earlier, and reacting
the resulting product with a compound represented by

~ the general formula

20

chloride, benzene, dimethylformamide and the like. In

a like manner, a salt of 6- ammopemcrllamc acid such
as, for example, a trialkylammonium salt, is condensed

with a reactive functional derivative of a compound

represented by formula II. The reaction of 6-
aminopenicillanic acid having a protected carboxyl

25

group and an acid compound represented by formula

II, or a reactive functional derivative thereof, can con-

- veniently be carried out at a temperature between
about —40° C. and 5° C., preferably at about 0° C.

- The novel acid starting compounds represented by
formula II may be utilized as racemates or in an opti-
cally pure form. It is preferred to use the R-enantiom-
ers in the practice of the invention. Specifically, the R
configuration referred to pertains to the asymmetrical
carbon atom marked with an asterisk in formula lla.

* . [1a
A—COO—?H—COQH
T

| A—_COOH -

wherein A has the meaning given earlier, for example,
in the presence of benzenesulfonyl chloride.

‘The 6-acyl derivatives of 6-aminopenicillanic acid
provided by the present invention possess a broad spec-
trum of activity against gram-positive microorganisms
such as Staphylococcus aureus, Diplococcus pneumo-
niae and Streptoc:occus pyogenes and gram-negative

“microorganisms such as Escherichia coli, Proteus vul-

. garis, Proteus mirabilis and Salmonella typhi murium.

30

Their antibiotic and bactericidal activity allows them to
be utilized therapeutically and as disinfectants. It is
preferred in accordance with the invention to adminis-

~ ter the novel penicillin compounds described herein

35

40

wherein A and T have the meaning given. The acid

compounds represented by formula Il may be prepared
by convertmg a compound represented by the general

formula

| A—COO(IZH—B. “_'
T

wherein A and T have the meamng given earher and B

represents a.protected carboxyl group, into the free
acid form by cleaving the protecting group. The pro-
tected carboxyl group represented by B in the above
formula may be a readily cleavable ester group such as,
for example the benzyl or tert. butyl ester groups. The
conversion of the protected carboxyl group into the

free acid is readily effected in the case of the benzyl | 0

ester, for example, by catalytic- hydrogenation in the
- presence of a noble metal catalyst. Where the protect-
ing group is the tert. butyl ester, cleavage may be ac-

45

orally in view of their superior stability against gastric
acid. It is contemplated, in the case of adults, that oral
dosage forms each containing 200-600 mg. of active
penicillin compound are administered three or four
times daily. This dosage regimen may be adjusted by
the clinician as the therapeutic situation requlres The
novel penicillin compounds of the invention may also

‘be administered parenterally, rectally or toplcally In
suitable dosage forms and may be administered in the

form of their pharmaceutlcally acceptable salts or hy-
drates. |
Examples of the pharmaceutlcally acceptable salts of

- the penicillin compounds represented by formula I

50

55

include salts with inorganic bases such as, for example,
the alkali metal salts, e.g., the sodium or potassium salt;
ammonium salts; alkaline earth metal salts e.g., the

~calcium salt and the like; and salts with organic bases

such as amine compounds for example, N-ethyl piperi-
dine, procaine, dlbenzylamme N,N’-dibenzylethyl-
ethylenediamine, alkylamines, dialkylamines or the
like. The foregoing salts can also be hydrated. The
hydration can be effected during the manufacturing

- process or can occur gradually as a consequence of the
- hygroscopic properties of an initially anhydrous salt.

The compounds represented by formula I and their
salts can exist as optically pure isomers and as diaste-

- romer mixtures. The preterred compounds in accor-

complished by treatment with acid such as, for exam-
ple, a mineral acid-hydrochloric acid- or trifluoroacetic

acid and the like. The subsequent conversion of the

acid compounds represented by formula II, if desired,
into reactive functional derivatives thereof such as, for
example, halides, azides, anhydrides, esters, amides

65

dance with the invention are those wherein the acyl

group substituted on the amine group at position 6 of
6- amlnopemcﬂlamc acld has the R’ configuration. Spe--

- cifically, the R conﬁguratlon referred to pertains to the

asymmetrlcal carbon atom marked wnth an astensk in
the following formula . | |
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| / \ /
' A"CO(}—"CH“CO“NH“CH—CH
T D
T CH:l
O—-C ~= N """"""""CH

wherein A and T have the meanings given above.
For purposes of administration, the novel 6-acyl de-
rivatives of 6-aminopenicillanic acid of the present

invention can be combined with conventional compati- -

ble organic or mmorganic pharmaceutical carrier materi-
als known 1n the art. Such materials include, for exam-
ple, water, gelatin, gums, lactose, starches, magnesium

stearate, talc, vegetable oils, polyalkylene glycols, pe-

troleum jelly and the like. Such pharmaceutical prepa-

rations may be in unit dosage form and may addition-
ally contain other therapeutically valuable substances

or conventional pharmaceutical adjuvants such as pre-

servatives, stabilizing agents, wetting agents, emulsify-
ing agents, buffers and the like. The pharmaceutical
preparations can be in conventional solid dosage forms
such as tablets, capsules, dragees and the like, conven-
tional semi-solid forms such as ointments and creams,
conventional hquid forms such as solutions, suspen-
sions, emulsions and the like and other conventional
dosage forms such as dry ampules, suppositories and

10

6

The pyrldme was then distilled off under reduced
pressure at 30°- 50° and the residue dissolved in 600 ml.
of 3-N hydrochlorlc acid with the addition of ice and
extracted twice with 250 ml. portions of ethyl acetate.
The ethyl acetate solutions were washed once with 100
ml. of 3-N hydrochloric acid, twice with 100 ml. por-
tions of water, twice with 100 ml. portions of 5 percent
sodium bicarbonate solution and twice with 100 ml.
portions of water and dried with magnesium sulphate.

The ethyl acetate was distilled off under reduced pres-

sure at 40° and the oil dried for 60 minutes under re-
duced pressure at 60°. There was thus obtained benzyl-

- (R)-2-(2-furoyloxy)-isocaproate; [a]p® =+ 9.0° (¢ =

15

20

25

the like. Such preparations may be submitted to con-

ventional pharmaceutical expedients such as, for exam-
ple, sterilization and the like.
‘The following Examples illustrate the process pro-

vided by the invention. All temperatures are in degrees
Centigrade.

EXAMPLE 1

[(R) 1-(2-furoyloxy)-3- methylbutyl]pemc:lhn sodium
264.0 g. of (R)-2-hydoxy-isocaproic acid were dis-
solved 1n 1.8 liters of absolute dioxan in a three-necked
flask fitted with a stirrer, thermometer and reflux con-
denser with a calcium chloride tube. The solution was
treated successively with 285 ml. of triethylamine and
236 ml. of benzyl chloride and heated at an internal
temperature of 100° for 20 hours with stirfing in an
oil-bath. After cooling, the resulting triethylamine hy-
drochloride was filtered off and washed with 500 ml. of
ethyl acetate. The filtrate was evaporated under re-
duced pressure at 50° The residual oil was dissolved in
800 ml. of ethyl acetate and washed twice with 150 ml.
portions of 3-N hydrochloric acid, twice with 100 ml.
portions of 5 percent sodium chloride solution, twice

30

35

4.0 1n alcohol). | | |

A total of 55.5 g. of benzyl-(R)-2-(2-furoyloxy)-
isocaproate were hydrogenated in 400 ml. of alcohol
after the addition of 5 g. of palladium-on-charcoal (5

percent) until the theoretical amount of hydrogen had

been taken up. The catalyst was filtered off by suction
and the filtrate evaporated under reduced pressure at
40°. The oil thus obtained was dissolved in 250 ml. of 8
percent sodium bicarbonate solution and the resulting
solution washed twice with 80 ml. portions of ether.
The pH of the bicarbonate solution was adjusted to pH
2 with concentrated hydrochloric acid and extracted
three times with 100 ml. portions of ethyl acetate. The
ethyl acetate solutions were washed twice with 50 ml.
portions of water, dried with magnesium sulphate and

~evaporated under reduced pressure at 45° The residual
o1l was dried for 2 hours at 0.4 Torr and 40° to give

(R)-2-(2-furoyloxy)-isocaproic acid; [a],® =+ 7.0 (c
= 4.0 in alcohol).

A mixture of 22.6 g. of the R-2-(2—fur0yloxy)—1soca—
proic acid thus obtained, 80 ml. of absolute benzene
and 36 ml. of thionyl chloride was warmed for 2.5
hours, evaporated and dried. There was thus obtained
24.5 g. of R-a-(2- fumyloxy)-lsocaprmc acid chloride.
This was dissolved in 70 ml. of methylene chloride and

- the solution added dropwise at 0° with stirring to a

40

45

50

with 150 ml. portions of 10 percent potassium bicar-

bonate solution and twice with 100 ml. portions of 5

percent sodium chloride solution. After each of these

washings, the oil was rinsed with 200 ml. of ethyl ace-
tate. The ethyl acetate solutions were dried over mag-
nesium sulphate and evaporated under reduced pres-
sure at 50° The crude product which was thus-

33

obtamned was distilled at 0.3 Torr (112°-115°). There

was obtained benzyl-(R)-2-hydroxy-isocaproate; [a],*
=+ 18.0° (¢ = 1 in methanol): n,*® = 1.498.

27 MI. of benzenesulphonyl chloride were added
dropwise at 25° with stirring over a period of 20 min-
utes to a solution of 23.6 g. of furan-2-caboxylic acid in
100 ml. of pyridine. The mixture was then stirred for 30
minutes at 25° A total of 44.4 g. of benzyl-(R)-2-
hydroxy-isocaproate were then added dropwise with
stirring. The solution was warmed to 60° for 2 hours.

60

solution of 21.6 g. of 6-aminopenicillanic acid in a

-mixture of 150 ml. of methyl’ene chloride and 23 ml. of

tricthylamine. The reaction mixture was kept for 20
hours at 0° and then evaporated under reduced pres-
sure at 20° The residue was dissolved in 150 ml. of
ice-water and extracted twice with 50 ml. portions of
ether. The pH of the aqueous phase was adjusted to pH
2 at 0° with 3-N sulphuric acid and extracted three
times with 80 ml. portions of ethyl acetate. The ethyl
acetate solutions were collected and washed three
times with 20 ml. portions of ice-cold 5 percent sodium
chloride solution, dried with magnesium sulphate and
evaporated under reduced pressure at 20° The residue
was dissolved in 300 ml. of absolute ether, the solution
filtered and treated with stirring with 50 ml. of 2-M
sodium 2-ethylcaproate solution in ethyl acetate. The
[(R)-1-(2-furoyloxy)-3-methylbutyl]penicillin sodium
which precipitated was filtered off by suction, washed

~with absolute ether and low-boiling petroleum ether

and, after drying, recrystallized from water-isopropanol
to yield a product of melting point 182°-183° (with -

| decomposnlon), [a]p®® =+ 221.5° (c = 2.0 in water).

65

EXAMPLE 2

[(R)-1- (1somcot1noyloxy) 3-methylbutyl]pemclllln SO-

dium

(R)-2- (lsonlcotmoyloxy)—lsocaprmc acid, melting
point 138°-139% [a],2 = 22.3° (¢ =3 in ethanol), was
prepared via its benzyl ester in a manner analogous 1o
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that described for the preparatmn of the starting mate-
rial in Example 1.

‘A mixture of 23.7 g. of (R)-2- (lsomcotmoyloxy)
isocaproic acid thus formed, 80 ml. of absolute ben-
zene and 36 ml. of thionyl chloride was warmed for 2
hours, evaporated and thereafter evaporated three
times under reduced pressure at 45° with 30 ml. por-
tions of absolute benzene and dried. There was ob-
tained 25.6 g. of (R)-a-(isonicotinoyloxy)-isocaproic
acid chloride hydrochloride. This was dissolved 1n 80
ml. of chloroform and added dropwise at 0° with stir-
ring to a solution of 21.6 g. of 6-aminopenicillanic acid
in a mixture of 150 ml. of chloroform and 42 ml. of
triethylamine. The reaction mixture was kept for 20
hours at 0° and then evaporated under reduced pres-
sure at 20°. The residue was dissolved in 200 ml. of
ice-water and extracted twice with 70 ml. portions of
ethyl acetate. The pH of the aqueous phase was ad-
justed to pH 2.5 at 0° with citric acid and extracted
three times with 100 ml. portions of ethy! acetate. The
ethyl acetate solutions were collected and washed three

3

100 ml. of absolute chloroform at —10° chloroform was
treated with 5.2 g. of pivaloyl chloride and stirred for
20 minutes at —10° The mixture was then cooled to

- —4(0°, the 6-aminopenicillanic acid solution added and

10

15

20

- sition); [alp

times with 30 ml. portions of ice-cold 5 percent sodium

chloride solution, dried with magnesium sulphate and

evaporated under reduced pressure at 20° The residue
was dissolved in 100 ml. of ethyl acetate and the solu-
tion treated with stirring with 50 ml. of 2-M sodium-2-
ethylcaproate solution in ethyl acetate and with 200 ml.

of absolute ether. The [(R)-1-(isonicotinoyloxy)-3-

methylbutyl]pemcﬂhn sodium which precipitated was
filtered off by suction, washed with absolute ether and
low-boiling petroleum ether and, after drying, recrys-
tallized from water/isopropanol to yield a product of
melting point 197°-198° (with decomposition); [a] pe>
=+ 227° (¢ = 1.0 in water). |

EXAMPLE 3

(R)-3-methyl-1-[(8)pyroglutamoyloxybutyl]penicillin
sodium

A total of 14.2 g. of (S)- pymglutamlc acid were sus- |

pended in 60 ml. of dimethylformamide and brought
into solution with 15.4 ml. of triethylamine. There was
then added at —60° with stirring over 20 minutes 52 ml.
of a 5.2 molar solution of phosgene in toluene and,
after a further 5 minutes, with strong stirring, a solution
of 22.2 g. of benzyl-(R)-2-hydroxyisocaproate in 80 ml.
of pyridine, which has been previously cooled to from
about —40° to —50°. The mixture was then maintained
for 16 hours at from 2°-4° and evaporated under re-
duced pressure with a receiver cooled with dry-ice. The
residue was taken up in ether and washed three times
each with 1-N hydrochloric acid, water, 10 percent
potassium bicarbonate and water, dried over sodium
sulphate and.evaporated under reduced pressure. The
residue which contained benzyl-(R)-2-[(S)-pyro-
glutamoyloxy]-lsocaproate was hydrogenated in glacial
acetic acid/water (95:5) with 5 percent palladium-on-
charcoal until no more hydrogen was taken up. It was
then filtered off from the catalyst and evaporated under
reduced pressure. After crystallization of the residue
from ethyl acetate/petroleum ether, there was obtained
11 g. of (R)-2-[(S)-pyroglutamoyloxy-isocaproic acid

25

the mixture subsequently maintained for 16 hours at 0°.
The solution was then evaporated under reduced pres-
sure at a bath temperature of 20°, taken up in water and
extracted twice with ethyl acetate. After washing the
ethyl acetate with water and saturated sodium chloride
solution and drymg it over sodium sulphate, 1t was
concentrated in vacuum at a bath temperature of 20° to
80 ml. and stirred into 800 ml. of petroleum ether.
After decantation, this procedure was repeated, chlo-
roform being used in place of ethyl acetate. The decan-
tation residue was taken up in 100 ml. of acetone and

treated with 20 ml. of 2-M sodium-2-ethylcaproate in

ethyl acetate, precipitated with petroleum ether and
decanted. From methanol/isopropyl ether there crys-
tallized (R)-3-methyl-1-[(S)-pyroglutamoyloxybutyl]-
penicillin sodium of melting point 180° (with decompo-
25 =+ 187.0° (¢ = 1.0 in water).

- EXAMPLE 4

[[(RS)-1-(5-bromo- 2—furoyl)oxy] -3- methylbutyl]

penicillin sodium
(R)-2-(5-bromo-2-furoyloxy)-isocaproic acid was

- prepared via its tert. butyl ester in a manner analogous

30

to that described for the preparation of the starting
material in Example 14. | |

In a manner analogous to that described in Example
1, utlllzmg the (R)-2-(5-bromo-2-furoyloxy)-isoca-
proic acid thus formed there was obtained [[(RS)-1-(5-

~ bromo-2-furoyl)oxy]-3-methylbutyl]-penicillin sodium

35

40

45

50

35

60

of melting point 148°-150° (after transformation’ at

80°); [a]p®® =+ 20.4° (¢ = 1.0 in methanol).

A total of 9.2 g. of 6-aminopenicillanic acid were
stirred at 0° for one hour in 100 ml. of absolute chloro-
form with 12.0 ml. of triethylamine. Meanwhile, a solu-
tion of 10.4 g. of (R)-2-[(S) pyroglutamoyloxy]-lsoca-

proic acid formed above and 6. 0 ml of trlethylamme In

635

_1,

of melting point 205°-206° (with decomposition);
3=+ 189° (c = 1 in water).

[x]p
EXAMPLE 5

[[(R)-1-(2,6-dimethoxyisonicotinyl)oxy ]-3-methyl-

butyl]penicillin sodium
In a manner analogous to that described in Example
(R)-2-(2,6-dimethoxyisonicotinoyloxy )-isocaproic
acid; mp 79°-81° [a]p® =+ 12.2° (¢ =2 in ether) was
prepared via the corresponding benzyl ester. Using this
compound as a starting matenal [[(R)-1-(2,6-dime-
thoxyisonicotinyl)oxy]-3-methylbutyl] penicillin so-
dium; mp 170° (with decomposition); [a]p* =+ 157°
(c = 2 in water) was prepared in accordance with the
method of Example 1.

EXAMPLE 6

[(R)-3-methyl-1-{(5-methyl- 2—fur0yl)oxy]butyl]-pen-
cillin sodium

In a manner analogous to that described in Example
1, (R)-2-(5-methyl-2-furoyloxy)-isocaproic acid was
prepared via the corresponding benzyl ester. Using this
compound as a starting material [(R)-3-methyl-1-[(5-
methyl-2-furoyl)oxy]butyl]penicillin sodium; mp 204°
(with decomposition); [a],” =+ 211.3° (¢ =1 In wa-
ter) was prepared in accordance with the method of
Example 1. -

EXAMPLE 7

[(R)-1- [2-benzofuryloxy] 3 methylbutyl]pemcﬂhn SO-
dium
In a manner analogous to that descrlbed in Example

1, (R)-2-(2-benzofuroyloxy)-isocaproic acid was pre-

pared via the corresponding benzyl ester. Using this
compound as a starting material [(R)-1-[2-ben-
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zoturoyloxy|-3- methylbut}f]]penici]lin sodium; mp
197% la],® =+ 183.3°(c=11In water) was prepared
in accordance with the method of Example 1. |

EXAMPLE 8

[(R)-1-[(3-methyl-5- 1soxazoly1) carbenyloxyl] 3-
methylbutyl]pemclllm sodium = -

In a manner analogous to that described in Exemple
1, (R)-2-(3-methyl- 5-lsoxazelyl-carbenyloxy) 1Isoca-
proic acid; mp. 59°-62°% [a],™ ==+ 13° (c =2 in etha-

nol) was prepared via the eorre::‘.pondmg benzyl ester.”

10

10
EXAMPLE 13

[(R)-1-[(4-1soquinolylcarbonyl)oxy]-3-methylbutyl]-
penicillin sodium

In a manner analogous to that described in Example
I, (R)-2-(4-isoquinolylcarbonyloxy)-isocaproic acid
was prepared via the corresponding benzyl ester. Using
this compound as a starting material [(R)-1-[(4-
isoquinolylcarbonyl)oxy]-3-methyl-butyl]penicillin so-

- dium; mp 136°% [alp*®*=+ 192.7° (c=1 1n ethanol) was

~Using this compound as a starting material [(R)-1-[(3-

methyl-3-1soxazolyl )-carbonyloxy ]-3-methylbutyl]-
penicillin sodium mp. 185° (with decomposition),

- accordance with the method of Example 1.

EXAMPLE 9

[(RS)-1 (3 fumyloxy) 3 methylbutyl]pemelllm ~ S0-
dium

[n a manner analegeus to that described in Example
, (RS)-2-(3-furoyloxy)-isocaproic; mp 85°-87° was

o 'prepared via the corresponding benzyl ester. Using this

- compound as a starting material {(RS)-1-(3-furoylox-

y)-3-methylbutyl Jpenicillin sodium; mp 208° (with

decomposition); [alp 25 = 4+ 210.6° (¢ = 0.5 in water)

was prepared in accordance with the method of Exam-
ple L.

o EXAMPLE 10 |

[(S) 1 (2- fureyloxy) -3-methylbutyl Jpenicillin sodium

In a manner analegeus to that described in Example

1, (S)-2-(2-furoyloxy )-isocaproic acid; [a]p*>=—"7° (c
= 4 in ethanol) was prepared via the corresponding
benzyl ester. Using this compound as a starting material
 [(S)-1-(2-furoyloxy)-3-methylbutyl ]penicillin sodium;
mp 150° (with decomposition) [a]p*=+216°(¢=2in

15
[a]p® = + 214.3° (c = 2 in water) was prepared in

‘prepared in accordance with the method of Example 1.

EXAMPLE 14

1 [(R) 3-methyl- -[(1,2,3- thladlazol--d—yl 'eerbonyl)ﬂx?]

butyl ]penicilin sodium

A total of 13.0 g of 1,2,3-thiadiazol-4-carboxylic I
acid was suspended 1in 100 ml of pyridine and treated

~ dropwise at 25°-35° over a period of 20 minutes with

20

235

30

12.8 ml. of benzene- sulphonyl chloride. The mixture
was stirred at room temperature for an additional 30
minutes to yield a clear solution. 17.9 G. of tert.butyl-
(R)-a-hydroxyisovalerate were then added over a pe-
riod of 20 minutes with further stirring, the tempera-
ture rising to ca 40°. After stirring for two hours at 60°,
the mixture was evaporated under reduced pressure,
suspended in 200 ml. of ethyl acetate and filtered off.

The precipitate was washed twice with ethyl acetate

and the combined filtrates were washed three times
rapidly with ice-cold dilute hydrochloric acid, once
with ice-water and three times with 10 percent potas-

- sium bicarbonate solution, dried over sodium sulphate
-~ and evaporated under reduced pressure. The residue

35

water) was prepared in accordance with the method of 40

Example 1.

' EXAMPLE 11

' [(R)-3-methyl-1-{[(1,2,3 ,6—tetrahydr0-2 ,6-c_liexe-4—
pyrimidinyl)carbonyl Joxy} butyl]penicillin sodium
In 2 manner analogous to that described in Example

45

1, ~ (R)-2-[(1,2,3,6-tetrahydro-2,6-dioxo-4-

pyrimidinyl )-carbonyloxy ]- -isocaproic acid; mp 94° -96°
[a],2® =+ 15.5° (¢ =2 in methanol), was prepared via
the corresponding benzyl ester. Using this compound
as a starting material [(R)-3-methyl-1-{[(1,2,3,6-tet-
rahydro-2,6-dioxo-4-pyrimidinyl )carbonyl Joxy} butyl]-

penicillin sodium; mp from 220° (with decomposmen)

[a]p® =+ 162.5° (¢ = | in water) was prepared in
aeeerdanee with the methed of Example 1.

EXAMPLE 12

[(R) 3- methyl-1- {[( ] methyllmldazol-4-yl)earbony]]
oxy}butyl]pemcnllm :

In a manner analogous to that descrlbed In Example
1, (R)-2-(1-methyl-4-imidazolylcarbonyloxy)-isoca-

50

535

60

proic acid was prepared via the corresponding benzyl

ester. Using this compound as a starting material [(R)-
3-methyl-1-{[(1-methylimidazol-4-yl)carbonyl]-oxy}-
butyl lpenicillin; {a]p**+ = + 182.8° (¢ = 1 in ethanol)

was prepared in accordance with the method of Exam- |

ple 1.

which contained tert. butyl-(R)-2-(1,2,3-thiadiazol-
4-yl-carbonyloxy)-isocaproate was irrigated with 100
ml. of trifluoroacetic acid and evaporated after half an
hour under reduced pressure, taken up in ether and
exhaustively extracted with 10 percent potassium bi-
carbonate. The combined bicarbonate extracts were
acidified to Congo red and extracted three times with

~ethyl acetate. After washing, drying and evaporation of

the solvent, there remained 19 g of a crystallizing oil.
Recrystallization from isopropanol yielded 12 g. of
(R)-2-(1,2,3-thiadiazol-4-yl-carbonyloxy )-isocaproic
acid; melting point 104°-105°; [«a]p* =+ 20.0° (c =1
in methanol).

In a manner analogous to that described in Example
1, utiizing the (R)-2-(1,2,3-thiadiazol-4-yl-car-
bonyloxy )-isocaproic acid thus formed there was ob-
tained [(R)-3-methyl-1-[(1,2,3-thiadiazol-4-yl-car-
bonyl)oxy]butyl]pemcﬂlm sodium; mp 210° (with de-
composmen) [a]p?® =+ 240.2° (c =1 in water)

EXAMPLE 15

[(R)-3-methyl-1- {[ (tetrahydropyran-4-yl)carbonyl]-
oxy}butyl]pemelllm sodium
(R)-2- (tetrahydropyran 4-ylcarbonyloxy)-1seeapmlc
acid was prepared via its benzyl ester in a manner anal-
egous to that described for the preparation of the start-
ing material in Example 22. |
In a manner analogous to that described in Example

1, utilizing the (R)-2-(tetrahydropyran-4-ylcarbonylox- -
65

y)-isocaproic acid formed above there was obtained
[(R)-3-methyl-1- {[(tetrahydropyran-4-yl)carbonyl]-
oxy}butyl]penicillin sodium; mp 183° (with decompo-
sition); [a]p*® = 218.5° (¢ = 1 in methanol).
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EXAMPLE 16
[(R) 1-{[(1,5-dimethylpyrazol-3-yl)- carbonyl]oxy}
3-methylbutyl penicillin sodium |

A total of 19.2 g. of 1,5-dimethylpyrazole-3-carboxy-
lic acid was heated at reflux for 20 minutes with 80 ml.
of thionyl chloride after which the excess thionyl chior-
ide was removed under reduced pressure. The mixture
was evaporated two additional times under reduced
pressure with toluene, then taken up in 100 ml. of
toluene and added dropwise at 0° with stirring to 22.4
g. of tert. butyl-(R)-a-hydroxyisocaproate in 80 ml. of
pyridine. After stirring for two hours at room tempera-

sure.

5

10

ture, the mixture was evaporated under reduced pres-

sure, taken up in ether and washed three times each
with water and a 10 percent aqueous solution of potas-
sium bicarbonate. After drying and evaporating off the

15

solvent, there remained 25.5 g. of a residue of melting

point 69°-71° which crystallized under petroleum
ether. This residue, which contained tert. butyl-(R )-2-
(1,4-dimethylpyrazol-3-yl- carbonyloxy )-isocaproate,

20

was ieft to stand at room temperature for 30 minutes -

with 50 ml. of trichloroacetic acid and, after evapora-

tion in vacuum, was dissolved in ether and exhaustively -

extracted with 10 percent potassium bicarbonate. After
acidification of the bicarbonate extracts to Congo red,

it was extracted with ether and the ether evaporated . -
 under reduced pressure after washing and drying. The -~

25 .
';”.'(RS)

residue which remained was recrystallized from ethyl

acetate to yield 16 g. of (R) 2-(1,5- dlmethylpyrazol 3-
ylcarbonyloxy)-i1socaproic acid; mp 155° 161 [a] ™
+ 13.1° (¢ = 1.0 in methanol).

In a manner analogous to that described in Example
1, utilizing the (R)-2-(1,5-dimethyl-3 pyrazolylcar—
bonyloxy)-lsocaprolc acid formed above there was
obtained [(R)-1-{[(1,5-dimethylpyrazol-3-yl)-car-

bonylloxy}- 3-methylbutyl]pemc11hn sodium; mp 205°

(with decomposition); [a]p® =+ 196. 7" (c = 1 in wa-

ter). o |
| EXAMPLE 17

[(R)-1-{[(2-acetamido-4-thiazolyl)-carbonyl]oxy}-3-

methylbutyl ]penicillin sodium
A suspension of 144 g

thxazolecarboxyllc acid in 200 ml. of dimethylformam-

ide was brought into soluton with 11.9 ml. of triethyl-
amine. It was then treated slowly at —60° with strong
stu'rmg with 38.1 ml. of a 2.86 molar solution of phos-
" gene in toluene and then a solution of 14.6 g. of tert.

butyl-(R)-2-hydroxyisocaproate in 50 ml. of pyridine -

which has been previously cooled to ca —50°% was
added in one portion. After the mixture had reached
room temperature, it was evaporated under reduced
pressure and the residue taken up in ether and washed
three times each with water and a 10 percent aqueous
potassium - bicarbonate solution, dried and once more
evaporated under reduced pressure. There’ remained
26 g. of a crystalline mass which contained tert. butyl-

(R)-2-(2-acetamido-4- thlazolecarbonyloxy)-—1socapro- |

ate. This mass was allowed to stand for 30 minutes at
room temperature with 100 ml. of trifluoroacetic acid.
After removal of the solvent under reduced pressure,

of 2- acetamldo—4- |

30

35

40

45

50

55

60

the residue was taken up in ether and exhaustively
‘extracted with 10 percent potassium bicarbonate solu- -

tion. After acidification of the aqueous solution to pH
3, it was extracted three times with ethyl acetate and

the extract, after washing with water and drying over
sodium sulphate, was evaporated under reduced pres-

65

| decomposmon) [o:]

'[a]ﬂ%;__ + 200‘} (C

| 186 S"" (c —-1 in water)

12

1soc:apro1c acid remained as.a non-—crystalhzmg resin.
In a manner analogous to that described in Example
3, utilizing as a starting material (R) 2-(2-acetamido-4-
thlazolyl-carbonyloxy) -isocaproic” acid there was ob-
tained - [(R)-1{i2-acetamido- 4-thlazolyl) carbonyl-" h
Joxy}-3- mcthylbutyl]penlmllm sodium; mp 220° (with
=+ 151.5° (c— 1 in water).

EXAMPLE 18

[(R) 3- methyl l (RS)-tetrahydro 2-furoyloxy]butyl]
penicillin sodium

(R)-2- [(RS)-tetrahyclro -2- furoyloxy]-lsocaprolc acid
[[a]p® =—T7° (c =4 in ethanol)] was prepared via its
‘benzyl ester in a manner analogous to that described
for the preparatlon of the startmg matenal In Example
1. | |
- In a manner analogous to that described In Example
1, utilizing as a starting material (R)-2-[(RS)-tetrahy-
dro 2-furoyloxy]-isocaproic acid there- was obtained
 [(R)-3-methyl-1-[(RS)-tetrahydro- 2-furoyloxy]butyl]-
penicillin sodium; mp 170°-185° (with decomposntzon), |
1 in water) L

EXAMPLE 19

(2-furoyloxy) -butyl pemmllm sodium
(RS)-2- (2-furoyloxy)-valerlc acid, meltlng point

'53°-56°, was prepared via its benzyl ester in a manner

analogous to that described for the preparation of the

starting material in Example 35.

In a manner analogous to that described in Example
1, utilizing as a starting material (RS)-2-(2-furoyloxy)-
valerlc acid there was obtained (RS)-1-(2-furoyloxy)-
butyl penicillin sodium; mp 165°-170° (with decompo-
smon), [t:::],;;;,25 =+ 209" (c=1in water).

EXAMPLE 20 -

[(RS) 1 [(1 6-d1hydo 6-oxon1cotmoyl)-oxy] 3-methyl-
butyl Jpenicillin sodium

(RS)-2-(1 6-d|hydo 6-oxomcotmoyloxy)-lsocaprmc
acid, melting point 167°-170° was prepared via its

benzyl ester in a manner analogous. to that described
- for the preparatlon of the startmg matenal in Example

- 35..

In a manner analogous to that described in Example
1, utilizing as a starting material (RS)- 2-(1,6-dihydro-
6—oxonicotinoyloxy)-isocaproic acid there was ob-
tained [(RS)-1-[(1,6-dihydo-6-oxonicotinoyl)-oxy]-3-

“methylbutyl]peniciilin sodium; mp 200° (with decom- -

posmon), [a]p® =4+ 191°(¢c=1In water)

EXAMPLE 21

[(R)- 3-methyl-1- [(pyrazmylcarbonyl)oxy]butyl]
penicillin potassium |

(R)- 2—(pyrazmylcarbonyloxy )-lsocaprolc acid was
prepared via its tert. butyl ester in a manner analogous
to that described for the. preparation of the startmg
material in Example 17.

In a manner analogous to that descnbed in Example |
3, utilizing the thus-formed (R)-2-(pyrazinylcar-
bonyloxy)-lsocaprolc acid, there was obtained [(R)-3-

methyl 1- [(pyrazmylcarbonyl)oxy]butyl]pemcllhn po-

tassium; mp 150° (with decomposntlon), [o:]ﬂI =+

EXAMPLE 22 |

[(R) 3- methyl 1- [(l-ox1don1cotmoyl)oxy]butyl]
penicillin sodium

(R)-2- (2 acotamldo 4-th1azolecarbony]oxy)- - . .
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A total of 17.8 g of nicotinoyl chiloride hydrochloride
was dissolved in 150 ml of pyridinc and 50 ml of dime-
thylfromamide and the solution trcated slowly with
stirring at a temperature not over 15° with 22.2 g of
benzyl-(R)-a-hydroxy-isovalerate (prepared trom (R)-
2-hydroxy-isovaleric acid and benzyl chloride in a man-
ner analogous to that described, for the preparation of
the corresponding compound in Example 1). After
stirring for 2 hours at room tempcrature, the mixture
was evaporated under reduced pressurc. The residuc
was taken up in cther, washed three times with water
and extracted six times with ice-cold 3-N hydrochloric
acid. The hydrochloride phases were immediately al-
lowed to run into saturated sodium bicarbonate solu- {5
tion and the basc which was thus rcleased was ex-
tracted three times with ether. After washing and dry-
ing, it was evaporated under reduced pressure and
there were obtained 27 g of a resin which contained
benzyl-(R)-2-(nicotinoyloxy )-isocaproate. The resin 20
was then hydrogenated in 200 ml. of ethanol with 2 g.
of 5 percent palladium-on-charcoal unit 2 equivalents
of hydrogen had been taken up. After filtration and
evaporation, the residuc was taken up in 10 percent
potassium bicarbonate, washed twice with ether and
adjusted to pH 3 with citric acid. After extraction with
ether, washing, drying and evaporation of the extract,
there was obtained a crystallizing oil. Recrystallization
from ethyl acctate/petroleum ether yielded 14 g of
(R)-2-(nicotinoyloxy)-isocaproic acid; mp 101°-103°;
le],?® =+ 18.8° (¢ = 1.0 in methanol).

The N-oxide of the above acid was obtained by dis-
solving 26.4 g. of it in 70 ml. of glacial acetic acid by
treating for three hours at 70°-80° with 11 ml. of 30 35
percent hydrogen peroxide. After the addition of an
‘additional 8 ml. of 30 percent hydrogen peroxide, the
mixture was left overnight at thc same tcmperaturc.
The mixture was then cautiously evaporated under
reduced pressurc and evaporated off twice with 50 ml. 40
portions of water, care being taken to ensure that the
mixture is never evaporated to dryness. This residuc
was taken up in chloroform, washed four times with
water, dried and evaporated under reduced pressurc.
Recrystallization from ethyl acetate yielded 19 g of
(R)-2-nicotinoyloxy-isocaproic acid N-oxide; mp
132°~134° [a],* =+ 20.8° (¢ = 1.0 in methanol).

In a manner analogous to that described in Example
1, utilizing the thus-formed (R)-2-(nicotinoyloxy)-
isocaproic acid N-oxide there is obtaimned [ (R)-3-meth-
yl-1-[( 1-oxidonicotinoyl)oxy ]butyl]penicillin sodium;
mp 175° (with decomposition); [a]p* =+ 168.3° (¢ =
| in water).

S

45

- 50

EXAMPLE 23 55

[(R)-1-[(4-chloropicolinoyl)oxy]-3-methylbutyl]-
penicillin sodium
(R)-2-(4-chloropicolinoyloxy)-isocaproic ~ acid
(melting point 120°-122°) was prepared via its tert. g
butyl ester in a manner analogous to that described for
the preparation of the starting material in Example 17.
‘In a manner analogous to that described in Example
3, utilizing the above (R)-2-(4-chloropicolinoyloxy)-
isocaproic acid there was. obtained [(R)-1-[(4- 65
chloropicolinoyl)oxy]-3-methyl-butyl]penicillin so-
dium; melting pomt 140° (with decomposntlon) [alp?
=+ 146.7° (¢ = 1 in water).
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EXAMPLE 24

[(R)-1-{( -2'.,6-dichloroisonicotinoyl yoxy |-3-methyl-

butyl|penicillin sodium

(R)-2-(2,6-dichloroisonicotinoyloxy )-isocaproic
acid melting point 79°-81° (with decomposition) was
preparcd via its tert. butyl ester in a manner analogous
to that described for the preparation of the starting
material in Example 16.

In @ manncer analogous to that described in Example
I,  utiizing the above (R)-2-(2.6-

dichloroisonicotinoyloxy)-isocaproic acid there was

obtained [(R)-1-[(2,6-dichloroisonicotinoyl)oxy ]-3-
methylbutyl]penicillin sodium; mp. from 162° (with'
decomposition); [«],* =+ 164.6° (¢ = 2 in water).

EXAMP[ E 25

[(R) 1-[(4- (}mm[y]{,drbnnyl)oxy] 3-methylbutyl |-
penictllin sodium

(R)-2-(4- oxamlylmrbunylm}) isocaproic acid was
prepared via its benzyl ester in a manner analogous 1o
that described for the preparation of the starting mate-
rial in Examplc 1. o |

In a manner analogous to that described 1in Examplce
[, utihzing as a starting matcrial (R)-2-(4-oxazolylcar-
bonyloxy }-isocaproic acid there was obtained [(R)-1-
[ (4-oxazolylcarbonyl)oxy]-3-methylbutyl |penicillin

sodium; mp 173° (with decomposition); [a},® = +

150.8° (¢ = | m ethanol).
"EXAMPLE 26

[(R)-3-mcthyl-1-] (2- mc.[hyllmmwtmoyl)ony -butyl}-
penicillin sodium

(R)-2-(2-mcthylisonicotinoyloxy }-isocaproic acid
was prepared via its benzyl ester in a manner analogous
to that described for the prcpdratmn of th¢ starting

‘material in Example 22.

In a manner analogous to that described in Example
[, ~  utilizing the thus-formed (R)-2-(2-
mcthylisonicotinoyloxy)-isocaproic acid therc was ob-
tained [(R)-3-methyl-1-[(2-mcthyl-isonicotinoyl)oxy |-
butyl]penicillin sodium; mp 195°-200° (with decompo-
sition); [a],*® =+ 188° (c = | in water).

EXAMPLE 27

- [ (R)-1- [(3 iIsoxazolylcarbonyl)oxy |- 3-mcthylbutyl]

penicillin sodium
- (R)-2-(3- lsoxazoly]carbonyloxy) -1SOCaproic acid was
prepared. via its benzyl ester in a manner analogous to
that described for the preparation of the starting matc-
rial in Example 1.

‘In a manner analogous to that described i in Example
1, utilizing the above (R)-2-(3-isoxazolylcarbonyloxy)-
isocapmic acid there was obtained [(R)-1-[(3-150x-
azolylcarbonyl)oxy ]-3-methylbutyl Jpenicillin - sodium;
mp 188° (with decomposition); [a] p¥® =+ 209.6°(c =

. 1 in ethanol)

EXAMPLE 28

[(R)-1-[(3- 1nd01y1carb0ny] )oxy] 3- methy]butyl]
peniciliin sodium
The (R)-2-(3- mdolylcarbony]oxy) -isocaproic  acid

‘was prepared via its benzyl ester in a manner analogous

to that described for the preparatlon of the starting
material in Example 1. |

In a manner analogous of that described in Example
[, utilizing as a starting material (R)-2-(3-isoxazolyl-
carbonyloxy)-isocaproic acid there was obtained. [(R)-
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I-[(3-1s0xazolylcarbonyl }-oxy }-3
lin sodium; mp [88° (with dccnmpoutmn

209.6° (¢ =1 in. uthr.mol]
EXAMPLE 29

[(S)-1 (la{ml(.otmoyloxy)
sodium

(S)-2- (15(micntim')ylmty)—150L:1prmc acid; [mp
138°-139% {a],® = 22.3° (¢ = 2 in ethanol)] was pre-
parcd via 1ts benzyl ester'in a manner analogous to that
described for the preparation of the starting material in
Example 1. The resulting compound was then treated
with thlonyl chloride to yield (S)-2- (Isonlu‘:tmoyloxy)-
1Isocaproic acid hydrochloride.

In a manner analogous to that described in Exdmplc
2, utilizing the thus-formed (S)-2-isonicotinoyloxy)-
isocaproic acid hydrochloride there was obtained [(S)-
[-(1sonicotinoyloxy }-3-methylbutyl |- pcnicil]in sodium;
mp. 177° (with dcu)mpmltmn) |u |, =+ 225° (¢ =
2 In water). - - |

-methylbutylpenicil-

-methylbutyl |- pcmullm

EXAMPLE 30

[(RS)-1-[(2,6- dlmcthyhsummtlmwl oxyl 3-mcthyl-
butyl|penicillin sodium |

(R§)-2-(2,6- dlmClhyllbDnlLOtlI]OVIOXY]-lbOLde’OlL
acid (mp. 95°-96°) was preparced via its benzyl ester in
a manner analogous to that described for the prepara-
tion of the starting material in Example 35. The result-
ing compound was trcated with: thionyl chloride to
yicld (RS)-2-(2,6-dimcthylisonicotinoyloxy )-1soca-
proic acid hydrochloride.

In a manncr analogous to that dcscrlbcd In Emmple
2, utlllzmg thec  above (RS)-2-(2,6-dime-
thylisonicotinoyloxy )-isocaproic  acid hydmchlondc
there was obtained [(RS)-1-[(2,6-dime-
thylisonicotinoyl)oxy|-3-methylbutyl jpenicillin $O-
dium; [«],* =+ 159° (¢ = 2 in. water). .

EXAMPLE 31

[(R)-1 cmchomnoyloxy) 3-mcthy]butyl]pcmc1l]m SO-
dium

(R)- 2~(c1nchonmoyloxy)7150capr01c acid was pre-
parced via its benzyl ester in a manner analogous to that
described for the preparation of the stdrtmg material in

Example 1.
In a manner analogous to that described in Example

'l, utlllzmg the thus-formed (R)-2- (cmchomnoyloxy)
isocaproic  acid thcre was obtained [(R)-1-cin-
choninoyloxy)-3-methylbutyl ]penicillin  sodium; mp
143° (with decomposition); [a],** =+ 208. 7° (c=11in
ethanol).

EXAMPLE 32

[(R)-1-[(7-chlorocinchoninoyl)oxy ]-3-methylbutyl]-
penicillin sodium

(R)-2-(7- ch]orocmchomnnyloxy) -isocaproic
was prepared via its benzyl ester in 2a manner analogous
to that described for the preparatlon of the starting
material in. Example 1. |

-In a manner analogous to that described in Example
1, utilizing as a starting material (R)-2-(7-chlorocin-
chonino.yloxy)-isocaproic ‘acid there was obtained
[(R)-1-[(7-chlorocinchoninoyl)oxy]-3methylbutyl ]-

[ﬂf]nﬂﬁ = +

acid

10

15

30

35

40)

45

30

35

64°-67°

for 2 hous at

16

| - EXAMPLE 33
[(R) 1- [(2 chloromcotmoyl) oxyl |-3- mf:thylbutyl]
pemullm potabsmm

(R)- 2- (2- ch]ommcntmoyloxy) ISOCde‘OIL acid; mp
[a]n—“ = -+ 17.5° (¢ = | in methanol) was
prcpared via tert. butyl ester in a manner analogous to
that described for the preparation of the starting mate-
rial in- Examplc 16.

In a manner analogous to that described i in Examplc
] utlllzmg the above (R)-2- (2-chlor0n1c0tmoy1(}xy)
isocaproic  acid thcre was obtained [(R)-1-[(2-
chloronicotinoyl)oxy]-3-methylbutyl]penicillin  potas-

sium; mp 120° (with decomposition); [a],** =+ 167.3°
(c =1 in water). |
|  EXAMPLE 34
[(R) 3 methy] 1-(quinaldoyloxy)- butyl]pemcﬂlm
. . sodmum

(RJ-24(quinald(iyloxy)--Isocaproic acld was prepared
via 1ts benzyl ester in a manner analogous to that de-
scribed for the preparation of the qtartmg material in
Example 22,0 - S
~ In a manner analogous to that described in Examp]e
I, utilizing the thus-formed (R)-2-(quinaldoyloxy)-
iIsocaproic acid. there was obtammed [(R)-3-methyl-]-
(quinaldoyloxy)-butyljpenicilliin  sodium; mp 170°
(with decomposition); [a],* =+ 119.3° (¢ =1 in etha-
nol).

"EXAMPLE 35

[(RS)-1-(isonicotinoyloxy )-3-methylbutyl Jpenicillin
sodium

A total of 29.5 g of benzyl- (RS) a—bromo ISOCde‘O-
ate was added dropwise at 60° with stirring over a pe-
riod of 15 minutes to a solution of 12.8 g of isonicotinic
acid in a mixture of 60 ml. of dimethyl-formamide and
14.8 ml of tricthylaminc. The reaction mixture was
stirred for 5 hours at 90°% The triethylamine hydrobro-
mide was then filtered off by suction and the filtrate
evaporated under reduced pressure at 60°, The residue
was dissolved in 100 'ml of ethyl acetate and filtered
and the filtrate washed thrce times with 15 ml portions
of 1-N potassium bicarbonate solution and twice with
20 ml portions of water. The ethyl acetate solution was

.dried with magnesium sulphate and evaporated under

reduced . pressure  at  ~ 45° Benzyl-(RS)-2-
(isonicotinoyloxy)-isocaproate was obtained as an oil.
- For purification, the cster formed above was dis-
solved in 10 ml of ethyl acetate and the resulting solu-
tion mixed with a solution of 19 g of p-toluenesul-
phonic acid m 35 ml. of ethyl acetate and crystallized
0°. The resulting benzyl-(RS)-2-
(isonicotinoyloxy )-1socaproate  p-toluene-sulphonate -
was filtered off by suction, washed with 100.ml of ether
and dried under reduced pressure at 60° to give a com-
pound of melting point 136°. The p-toluenesulphonate

- was dissolved in 30 ml of water, the solution adjusted to

60

63

penicillin sodium; mp 135° (with decomposition);

[a]p® =+ 196.4° (¢ = 1 in ethanol).

pH 9 with pota:asmm carbonate and extracted twice

with 50. ml portions of ethyl acetate. The ethyl acetate

solution was washed twice with 10 ml portions of water,
dried with magnesium sulphate and evaporated under

‘reduced pressure at 40°. Crystallization of the resulting

oil from low-boiling petroleum ether gave benzyl-(RS)-
2- (lsomcotmoylc)xy) -iIsocaproate; mp 49°-50°"

8.2 g of benzyl-(RS)-2-(isonicotinoyloxy )-isocapro-
ate were hydrogenated in 50 ml of alcohol after the
addition of 800 mg. of palladium-on-charcoal (5 per-
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cent) until the theoretical- amount of hydrogen had
been taken up. The catalyst was then filtered off and
the filtrate evaporated under reduced pressure at 45°,
The resulting oil was dissolved in excess sodium bicar-
bonate solution and extracted twice with 20 ml por-
tions of ether and the bicarbonate solution adjusted to
pH 2.5 with 3-N hydrochloric acid. The acidic solution
was extracted twice with 70 ml portions of ethyl ace-
tatc. After being washed twice with 20 ml portions of 5
percent sodium chloride solution, the ethyl acetate
solution was dried with magnesium sulphate and evapo-
rated under reduced pressure at 45° The resulting oil
was crystallized from cthcr/-—pctmleum ether to yield
(RS)-2- (lsomcotmoyloxy) 1&,0caprmc amd mp
98°-100°. |

In 2 manner dnalogous to [hdt dcscnbed in Example
1, utilizing as a starting material - (RS)-2-
(1sonicotinoyloxy )-isocaproic acid there was obtained
[(RS)-1-(1sonicotinoyloxy )-3- mcthylbutyl]pcmcﬂlm
sodium; [a],* =+ 197.5° (c =2 in water).

EXAM P--LE 36

[ (RS)-1-(isonicotinoyloxy )butyl|penicillin sodium

The (RS)-2-( 150mc0t1n0yloxy} valeric acid, meltlng
point 152°-153° was prepared via its benzyl ester in a
manner analogous to that described for the preparatlon
of the starting material in Example 35.

In a manner analogous to that described in Example
2, utilizing as a starting material (RS)-2-
(1sonicotinoyloxy)-valeric acid there was obtained
[(RS)-1- (1somcot1noyloxy) -butyl]penicillin  sodium;
[@]p*® =+ 222° (¢ = 2 in water).

EXAMPLE 37

L(R)-1-(nicotinoyloxy )-3-methylbutyl ]penicillin potas-
sium |

(R)-2- (nlcotmoyloxy)—1socapr01c acid was prepared
via its benzyl ester in a manner analogous to that de-
scribed for the preparation of the starting material in
Example 22.

In a manner analogous to that described in Example
1, utlllzmg as a starting material (R)-2-(nicotinoyloxy)-
isocaproic .acid there was obtained [(R)-l-
(nicotinoyloxy)-3-methylbutyl]penicillin  potassium;
mp 195° (with decompos:tmn) [a]p® =+ 210.4° (c =
| In water).

EXAMPLE 38

[(R)-3-methyl-1-(2-thenoyloxy)butyl Jpenicillin
dium

The (R)-2- (2-thenoy]oxy)—lsocapr01c acid [a]p* =
13.7° (c = 2 1n ethanol) was prepared via its tért. butyl
ester In a manner analogous to that described for the
preparation of the starting material in Example 16.

In a manner analogous to that described in Example
[, utilizing the above (R)-2-(2-thenoyloxy)-isocaproic

S0~

acid there was obtained [(R)-3-methyl-1-(2- thenoylox- |
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y)butyl]penicillin sodium; [a],® = + 103"“ (c=1in.

water).

"EXAMPLE 39

[ 3-methyl-1-{( pyrml-2 ylcarbonyl)-oxy]buty]]pemcﬂ—
lin sodium

2-(2-pyrrolylcarbonyloxy)-isocaproic acid was pre-
pared via its benzyl ester in a manner analogous to that
described for the preparation of the starting material in
Example 35.

60

65
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In 2 manner analogous to that described in Exdmplc
3, utlllzmg the above 2-(2-pyrrolylcarbonyloxy)-isoca-
proic acid there was obtained [3-methyl-1-[(pyrrol-2-
ylcarbony])oxy]buty]]pemcﬂlm sodium as a diastere-
omeric mixture; mp 208° (with decomp051t10n) [et]o 25

=4 187.5° (c = | ethanol).

EXAMPLE 40
[3-methyl-1-[(] -oxido- lsomcotmﬁyl)oxy]butyl]-
penicillin sodium

(R)-2-(1-oxido-isonicotinoyloxy)-i lsocaprmc acid,
mp 168°-169° [a],*® =+ 4.2° (c = 2 in ethanol) was
prepared via its benzyl ester in a manner analogous to
that described for the preparation of the starting mate-
rial in Example 22.

In a manner analogous to that described in Example
l, utilizing the thus-formed (R)-2-(1-oxido-
Isonicotinoyloxy)-isocaproic acid there was obtained
[ 3-methyl-1-[( 1-oxidoisonicotinoyl Joxy |butyl Jpenicil-
lin sodium: mp 1952 (with decomposition ); [at],g,%j" ,
187° (¢ = 2 in water). |

EXAMPLE 4 1

[(R)-1-[(2,4- chmethyl-S-pyrlmldmylcarbonyl)oxy] 3

methylbutyl]penicillin sodium
(R)-2-(2,4-dimethyl-5- pyrlmldmylcarbonyloxy)

1socaproic acid, an oily substance, was prepared via its

benzyl ester in a manner analogous to that described
for the preparation of the startlng material in Example
1.

In a manner analogous to that described in Example
3, utilizing as a starting material (R)-2-(2,4- -dimethyl-5-
pyrimidinylcarbonyloxy)-isocaproic acid there was
obtained [(R)-1-[(2,4-dimethy]-5- pyrlm:dlnyICdr-
bonyl)oxy |- 3-—methylbutyl]pem(:1llm sodium, mp 185°
(with decomposntmn) [ o 25""+ 225° (c 1 m water).

EXAMPLE 42 |
[(R) 1- [(5-pynmldmylcarbonyl)oxy] B-methylbutyl]
. ~ penicillin sodium- o

( R)-2-(35- pyrlmldmy]carbonyloxy)-1socaprmc: acnd
an oily substance, was prepared via its benzyl ester in a
manner analogous to that described for the preparation
of the starting material in Examp]e l.

In a manner analogous to that described in Example
3, utilizing the thus-formed (R)-2-(5-pyrimidinylcar-
bonyloxy)-isocaproic acid there was obtained [(R)-
[[(5-pyrimidinylcarbonyl)oxy-3- -methylbutyl Jpenicil-
lin sodium; mp 205° (with decomposition ): [a] p> =+
237° (¢ =1 in ethanol).

EXAMPLE- 43

[(R)-1]- -(2-methoxycarbonylnicotinoyloxy)- -3-methyl-
butyl }penicillin sodium

(R)-2-(2- methoxyc:arbonyl—mcotmoyloxy) -1S0Ca-
proic acid; mp. 63°-65°% [a],>*=27.1° (c=1 in metha-
nol) prepared via its benzyl ester in a manner analo-
gous to that described for the preparation of the start-
Ing material in Example 3.

In a manner analogous to that described in Example
3, utilizing the above (R)-2-(2- -methoxycarbonyl-
nicotinoyloxy)-isocaproic acid there was obtained
[(R)-1-(2- -methoxycarbonyl- -nicotinoyloxy)-3-methyl-

- butyl]penicillin sodium which melts above 145° (with

decomposition); [«],?® =+ 195° (¢ = 1 in water).
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EXAMPLE 44

'(R)-1-(5-methoxymethyl-2-furoyloxy)-3-methyl-
yutyl]penicillin sodium |

(R)-2-(5-methoxymethyl-2-furoyloxy)-isocaproic
acid (melting point 73°-74°) was prepared via its ben-
zyl ester in a manner analogous to that described for
that preparation of the starting material in Example 1.

In a manner analogous to that described in Example
1, utilizing as a starting material (R)-2-(5-methox-
ymethyl-2-furoyloxy )-isocaproic acid there was ob-
tained [(R)-1-(5-methoxymethyl-2-furoyloxy)-3-
methylbutyl Jpenicillin sodium; mp 173° (with decom-
position); [a],*® =+ 203° (¢ = 1 1n water).

EXAMPLE 45

[(R)-3-methyl-1-[(S )-5-oxotetrahydro-2-furoyloxyl-
butyl ]penicillin sodium.

(R)-2-[(S)-S-oxotetrahydro-2-furoyloxy ]-isocaproic
acid; mp 115°-116% [a]p*® =+ 234" (c =03 in di-
oxan) was prepared via its benzyl ester in a manner
analogous to that described for the preparation of the
starting material in Example 22.

In a manner analogous to that described in Example

1, utilizing as a starting material (R)-2-[(8)-5-0ox0tet-
rahydro-2-furoyloxy}-isocaproic acid there was ob-
tained [(R)-3-methyl-1-[(S)-5-oxotetrahydro-2-

furoyloxy]butyl]penicillin sodium, mp 216° (with de-

composition); [a]p*® =+ 235° (¢ = 1 in water).

EXAMPLE 46

[(R)-3-methyl-1-[(R)-5 -oxotetrahydro-2-furoyloxy }-
butyl]penicillin sodium |

(R)-2[(R )-5-oxotetrahydro-2-furoyloxy]-isocaproic

acid, an oily substance, prepared via its benzyl ester n
a manner analogous to that described for the prepara-
tion of the starting material in Example 22.

In a manner analogous to that described in Example
1, utilizing the thus-formed (R)-2-[(R)-5-0oxotetrahy-
dro-2-furoyloxy]-isocaproic acid there was obtained
[(R)-3-methyl-1-[( R )-5-oxotetrahydro-2-furoyloxy |-
butyl ] penicillin sodium; mp 215° (with decomposition;
[a]pes = + 196° (¢ = 1 in water). |
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EXAMPLE 47
The following composition was prepared as follows

“and filled into gelatin capsules.

[ngredient Amount per Capsule

[(R)-1-(2-furoyloxy)-3-methylbutyl ]

enicillin sodium - 526 mg.

UVISKOL K 90 (I) 23 mg.

Mannkol 20 mg.
Talc 19 mg.
Magnesium stearate 2 mg.
Total 600 mg.

The penicillin was homogeneously blended with the
LUVISKOL and mannitol and compressed into slugs.
The slugs were then passed through a suitable sieving
machine and, after blending with the tack and magne-
sium stearate, filled into suitable gelatin capsules.

EXAMPLE 48

‘Reconstitutable injectable preparations were pre-
pared by lyophilizing and hermetically sealing am-
poules each containing 2 ml. of a sterile solution con-
taining 263 mg. of [(R)-1-(2-furoyloxy)-3-methyl-
butyl]penicillin sodium, 1.1 mg. of methyl-p-hydrox-
ybenzoate and 0.135 mg. of propyl-p-hydroxybenzoate.

We claim:

1. A compound of the formula

S CH,
a4
A_coo—iﬂ_-co—-NH_tfH—cfH __CH,
C — N——CH
V4
O OOH

wherein A is selected from the group consisting of
furyl, tetrahydrofuryl and thienyl, and T is selected
from the group consisting of Co—~C; alkyl, Co—Cs alkenyl,
cyclopropylmethyl, cyclobutylmethyl and cyclopentyl
and pharmaceutically acceptable salts and hydrated
forms thereof.

2. A compound selected from the group consisting of
(R)-1-(2-furoyloxy)-3-methylbutyl-penicillin and phar-
maceutically acceptable salts and hydrated forms

thereof.

% % K ¥ K
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