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" This invention relates to difficulty soluble hydroiodides
- of amino esters. of. penicillin and to injectable-and other

compositions comprising particles of the said salts in sus-

pension in a suitable carrier.

This application is a..continuation-in-part of our co-
pending applications Serial Nos. 168,384 filed June 15,

- 1950, and 246,148, filed. September 11, 1951. (now.aban-
doned), the. latter application being a. continuation-in-
part of the former.

" One object of the present invention is to provide novel
x:penicillin :compounds which -possess - advantageous: anti-
+:.biotic : properties. - Being “difficulty soluble these.com-

-pounds are advantageous in that a. protracted - penicillin
o effect is obtained. - Furthermore, in-the use of the esters
:.of the: invention penicillin accumulates in certain of.the
- body tissues and fluids, for example in the lungs, brain and
~vspinal fluid. Such. accumulation-provides a high concen-
..Aration of penicillin which is effective therapeutically in
the treatment of the infected: portion of. the-body. The
--compounds are, furthermore, advantageous. in the treat-
‘ment of patients who cannot stand the action of metal
wsalts (certain heart diseases) :and who.cannot, therefore,
i stand: treatment with; for. instance;’ sodium: penicillin.
Another object of:.theinvention is: to: provide for: an
. injectable: composition: comprising a difficulty soluble hy-
-rdroiodide of-a dialkylaminoalkyl. ester-of: penicillin in a
-.vegetable or-animal oil, to which:a small amount;.say:1.to
-3 per-cent, of asalt; particularly a-basic:salt, of aluminium
~~and a’lipophilic acid, such as stearic: acid, :may be:added.
=.Thereby the. pemicillin ieffect can be: further ‘protracted.

- Further-objects of :the-invention will ‘appear: from the
- following, where:a: more:detailed: description’ of.:our: in-
~.vention is given together with: results of clinical-tests with
~.compounds. of: the inventjon :and further: the invention is

illustrated by examples showing.a:convenient: method. of

preparing said compounds, but we wish it to be under-
stood that our invention-is: not:to be considered limited
thereby.

Some of the salts of the invention form crystals, while
others form amorphous bodies; but in either case the salts
have a full antibacterial effect corresponding to that of the
‘content of penicillin.

- The compounds of the present-invention-are the hydro-
r.iodide salts of aminoalcohol esters of. penicillin-repre-
+: sented by the following formula:

- Ry

Pen—COO.l} I<
H I R
where Pen-COO is the acyloxy residue of penicillin; where
 R:isan alkylene bridge of: 2 to &:carbon atoms.in:which
there are attached to the carbon atoms-thereof, .in :addi-
«tion to Pen-COO and N, radicals selected from-the group
- consisting of hydrogen-and alkyl-groups;.the total: carbon
«-atoms in R not.exceeding-14; and where R; and R are

--alkyl groups:containing from 1 t6.12 carbon-atoms, -Gen--

--erally, the total number of:carbon atoms in R; Ra:4nd Rg
will not exceed 28, and in most instances, it!will be pre-
-ferred to limit the total:number of carbon :atoms in R to

:-cess of 28,

It has been found ‘that-when thée alkylene bridge ‘con-
- tains from 2 t0 5 carbon atoms with not more than 4
~carbon ‘atoms in-thé"alkyl substituents attached- to-'the

+-carbon’atoms of the bridge and  when the total. number of )

2

carbon atoms in R, R1 and Rz does not exceed 18;.com-

~;pounds: of .greater: therapeutic value;.as compared to the
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vother:compounds. of: the- invention; result,

Because of their superior therapeuticproperties, rthe
preferred compounds of the present invention are those
in which'R is an alkylene bridge of 2 to 4 carbon atoms in
-which there: are. attached to*the carbon atoms. thereof, in
addition to Pen-COOQO and N, radicals selected from the
group-censisting of hydrogen and alkyl groups, the num-
ber of carbon atoms in such alkyl groups not exceeding 4,
preferably not exceeding 2, and in which R and Rz con-
tain from 1 to 8 carbon atoms. In such compounds where
R1 and Rz contain from 1 to 4 carbon atoms, an increase
in desirable properties of. the compounds has been noted.

The compounds of the present invention which are char-

«.acterised by-the greatest ability to. provide high antibiotic
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properties-and high accumulation in the lungs are those
in which'R is an unsubstituted alkylene bridge containing
2 to 3 carbon atoms and where R1 and Ra are alkyl groups
containing from 1 to 3 carbon atoms; for-example, the

" dimiethyl-, methylethyl- and diethyl-aminoethyl ester; the
" dispropyl (either n- or iso-) aminoethyl ester; the methyl-
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propyl or ethylpropyl (either n- or iso-) aminoethyl ester
and the corresponding aminopropyl ‘esters, such as di-

"methylaminopropyl “ester and " the " diethylaminopropyl

- ester etc.

" It'will be noted® that in the above formula the -above
bridges are connected at the left with the acyloxy residue

~of the penicillin' and ‘at the right-with the nitrogen atom;

30"

thus the carbon atom at the left of the ethylene bridge is
designated as 2 and the one at the right as 1; whereas in

" the octylene bridge the carbon atoms reading from left to
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.right are designdted 8, 7, . ., 2, 1, respectively, and the

same is true of the other bridges.

From the above formula, it will be noted that in-the
Jparticular-compounds; the R; ‘and Rs-groups may be the
same or “different and. that these ‘groups mdy be ‘pres-
‘ent in compounds havirg the various bridges defined by R.
" While the preferred esters 'will be the esters of benzyl-

-penicillin (penicillin' G) ‘and-such esters will be more spe-

“cifically referred to herein, the penicillin residue in- the

.compound may, if desiréd, be that of any other penicillin,

- for'example, penicillin O, K, F; dihydro-F and X, as well

45"

" the bridge is “ethylene, propylene, ‘butylene,

50.
- methylethylene, dihexylethylene,

55.

as mixtures of various pexicillins, for example, a mixture
obtained by submersed- cultivation.

Typical compounds of the invention are those in which
pentylene,
hexylene, .heptylene “or “octylene, either unsubstituted or
containingsubstituents as ‘defined in the formula, where
the total carbon atoms.in R do not exceed 14, for example,
methyloctylene or di-n-
propyloctylene; and those in-which the Ry and Rs groups

~yary. from 'methyl to dodecyl; for example, dimethyl,

butyloctyl,- di-dodecyl. * The typical ‘compounds are also

. illustrdted by the specific.examples.
" The. .compounds’ of the invention may. be prepared

by. any  suitable method. " ‘Advantageously, when the

-.alkylene bridge contains 2 to 4 carbon atoms, where the
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-carbon atom.next to oxygen has ‘at least one unsubstituted
:hydrogen atom, the esters are
“-penicillin " salt and a ‘halide of
.responding to.the .ester desired, .such halide being pre-

prepared by reacting a
“the . tiialkylamine cor-

. pared,” if _desired, . from the corresponding - amino-

-alcohol by well-known procedures.” For. example, a peni-
65

-.agent in which the. ester formed is soluble,

cillin. salt is. suspended or dissolved in a suitable diluting
such as one
of .the. lower .alcohols,  for instance methanol, .ethanol or

isopropanol; a ketone such as acetone, methylethyl ketone,

. di-isopropyl ketone:.and. acetlyacetone; and hydrocarbon

70.

: 10.with a total of carbon atoms in R, Ri-and Re-not in-ex- "75‘

such as benzene, toluene, xylene;. chlorinated hydrocar-

.-bons. such. as..chloroform and carbon tetrachloride; - di-
-methyl- and diethylacetamide, or . tetrahydrofuran and

the like. "The halide may then: be.added; preferably in

-excess, . for.example -5-10. per - cent ‘excess, after which -

the mixture is allowed to.react under agitation by stirring
or. shaking, if .désired. The temperature at which. the

" .reaction. takes. place.may be varied as desired, so long

80

.as it is not sufficiently high to -cause. decomposition of

the penicillin salt or.the. penicillin ester formed.  Gen-
erally, the.reaction will be conducted. between .about
Toom temperature,. although it may be lower, and about
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80° C. to 90° C. Preferably, the reaction is conducted
under reflux at a temperature between about 40° C: and
about 70° C., under which conditions good yields of
ltlbe product will generally be obtained in from %2 to 5
ours, '
The reaction may be illustrated by the following re-
action using sodium penicillin and diethylaminoethyl
chloride as typical:

s CHs CaHjs
CsH;CHC ONHCH—Cﬁ \C/ +4 OLC2H1.N —

L CH; C:Hj

CO—N-———CHCOONa

8 CH;z

CeH;CH:C ONHCH——OQ \C/
\CH3 C:H;
CO—-N-——CHCO0.CHLN + NaCl

C:H;

The sodium chloride or other salt formed by the re-
action is removed by filtration or other suitable means.
The hydroiodide may be formed directly by adding an
alcoholic sotuzion of hydroiodic acid. "Lhe hydroiodide
is then precipitated, preferably by adding water. Preter-
ably, however, the solution of the ester is treated with
an acid which forms a water-soluble salt of the ester,
preterably an alcoholic solution of hydrochloric acid.
“Thereatter, an aqueous solution of a waier-soluble iodide
is added to the solution of the soluble salt of the ester
which may previously have been diluted with water. The
ditiicultly water-soluble hydroiodide of the penicillin
ester precipitates and is removed from the solution by
filtering, decanting, centrifuging or the like.
of soluble iodides are potassium, sodium, ammonium and
calcium iodides.

In place of the sodium salt of penicillin given as an
example in the above equation any soluble or insoluble
penicillin salt may be employed for example the potas-
sium, ammonium, calcium, barium, silver, procaine, {ri-
ethylamine or N-ethyl-piperidine salt. Instead of employ-
ing the chloride of the tertiary amine, the other halides
may be used, particularly the bromide.

The above method for producing the penicillin esters
is not claimed herein, but is the subject matter of our
co-pending application Serial No. 258,513, filed Novem-
ber 27, 1951.

Furthermore, certain of the penicillin esters and the
soluble salts thereof form the subject matter of our co-
pending application Serial No. 258,512, filed November

In place of reacting the penicillin salt with the halide of
the tertiary amine, the compounds of the present invention
may be produced by reacting penicillin anhydride or a
mixed anhydride of penicillin and acetic acid directly with
the aminoalcohol corresponding to the ester desired. The
mixed anhydride is prepared by reacting a penicillin salt
in a suitable organic solvent with acetyl chloride at
room temperature or slightly lower, for imstance 5°C.
to 10° C. The mixed anhydride in the solution is
then reacted with aminolacohol at about the same tem-
perature, the solution is evaporated to form a syrup,
the residue is washed with petroleum ether, for example,
and then extracted with a solvent, such as absolute
ethanol. After removal of the chloride (formed by the
cation of the penicillin salt and chlorine from the acetyl
chloride) by filtration or in any other suitable manner,
the ester is converted into a water-soluble salt such as
the hydrochloride or citrate, and this again is converted
to the difficultly soluble hydroiodide by the methods de-
scribed above in connection with the production of the
hydroiodides from the salt of penicillin and the halide
of the tertiary amine. The method involving the use
of penicillin anhydride is described in J. A. C. S. 70,
pages 2964-2966 (1948).

Tmportant properties characteristic of the new sub-
stances of the present invention are iflustrated by the
following biological tests which were carried out with
penicillin-diethylaminoethyl ester-hydroiodide suspended
in an aqueous carboxymethyl cellulose-phosphate mix-
ture (called Preparation A hereinafter).

300,000 units of Preparation A were injected sub-
cutaneously in 10 persons and 300,000 units of procaine-
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penicillin were injected in 10 other persons and in each
case the concentration of penicillin in the blood in
nnits per cc. was determined after 2, 12 and 24 hours.
The results of these determinations are given in Table L.

TABLE 1
Preparation A
Concentration in blood 2 hours |12 hours | 24 hours
1st person 0.52 0.02 0
20 POTSOMeem e mm e momme e miem 0.17 0.18 0.02
3d person - - 0.42 0.15 ¢
4th person 0.29 0.12 0,02
5th person. 0.52 0.15 0.08
6th person 0.44 0.27 g.1
7th person - 0.30 0.08 0.02
8th person - 0.28 0.04 0.02
[2135 30013 =T+ o DU 0.44 0.26 0
L7 : 10 1153 T3 s T 0.39 0.04 0
AVeIAEO. oo oo aemmccanea 0.38 0.13 0.026
Procaine-penicillin
Concentration in blood 2 hours | 12 hours | 24 hours
1st person.. 0.15 0.10 0.02
2d person... 0.4 0.13 0.02
3d person.___ (.36 0.16 0.07
4th person.._____ 0.48 0.25 0.1
5th persom._.___. 0.18 0.16 0.13
6th person__.. 0.61 0.23 0.08
7th person.. 0.80 0.13 0.05
8th person.. 0.46 0.29 0.17
9th person.. - 0.75 0,11 0.02
20th person. 0.72 0.28 0.08
AVerage . o ceeias 0.49 0.18 0.07

The concentrations given are about 20 per cent below
the actual concentrations, due to the restrictive effect
of serum on the effect of penicillin.

It will be seen from the tables that after 2 and 12
as well as after 24 hours, Preparation A gives a con-
centration in the blood not much lower than the corre-
sponding dose of procaine-penicillin and thus much in
excess of that obtained with sodium penicillin. In order
to ascertain whether this could possibly be due to the
concentration in the blood being particularly high im-
mediately after injection, the concentration was deter-
mined ¥ hour and 1 hour after subcutaneous injection

of 300,000 units of Preparation A in 5 persons. The
results are given in Table II.
TABLE II
Preparation A
Concentration in blood 1/2 hour | 1 hour

1st person 0.13 0.41
2d PerSOD o e oo 0.907 0.13
3dperson._._...___. 0.07 0.21
4th person 0.14 0.23
5th person 0.21 0.33

AVETage o iicaceem 0.12 0.26

These tests show that Preparation A has a fairly good
protracted effect.

On the other hand further biological determinations of
the penicillin concentration in various tissues show that
in certain respects Preparation A is very superior to the
hitherto known penicillin preparations, because it ac-
cumulates particularly in the lung tissue. This is dem-
onstrated by the following.

25,000 units of Preparation A are dissolved in 2.5 ccs.
of saline solution, and the solution was injected into a
guinea-pig. In another guinea-pig 25,000 units of sodiam
benzylpenicillin in 2.5 ccs. of saline solution were injected.
Both animals were killed ¥2 hour later, and the concen-
trations of penicillin were determined in the blood, the
liver, the spleen and the lungs. The results are given
in Table II1.
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TABLE:IIL; . In patients with chronié: bronchitiss: with: abundint
- expectoration: 600,000 ;units:of: eithersprocaine-peniciilin:
S 1 Spatim bbmzyl or Preparation A suspended.in:1.8:ccs:iof 'salinessolution:
Prepatation A .| ™ iin g were:injected subcutaneously, and :the:expectoration was
- 5 collectedin the periods 052 rhours;. 2-4:hours; 4-6; hours:
- © Raticy Ratio; and (6~8 hours. . The: ‘contents of:penicillin:in the:expeci:
. units:: %rlga.nh ! units | %ﬁgaxé toration are:given in:Table VL. s
ood ot TABLE VI*
181 C1: 100 - Preparation: 4:
52.8i- . 0,36 .
3.12° 0.31" . : .
144 0.08” SRR olge fr dig |t e
houts. | hours:| Hours| hours
This.shows that Preparation.Aigives a lower concentra~ 15, ‘
tion.in the-blood affer.%. Hour than sodium benzylpenicil. 1> BHOIL —-----rrorreseerereree o) 0%
lin,.but-a -five- times. higher . concentration - in :the. lungs.. patient 3:: 0.321 0.63| 0.49 0.28
This accumulation. in. the:lungs.is: very- important.in-the.  Patient4:.. - 08100220 : . 0.24 0.22
;reatment of lung infectidx;ls,andi;is further shan dn.the.,
ollowing experiments, where Preparation is com- oq. R,
paredwith' procaine-penicillin: ‘ 20 Procaine-penicillin
The exli:]erimentsl‘lwere' carried‘out"vgitclli prepag.tions %lﬁ/- o2 | 54 | 45 | o8
ing:.a slight: as well ‘as a-pronounced depot-effect.. The 202 .24 | 46| 68..
results are-given in TableoTV a0d v _ ‘hours | ours. | hours. | hours.-,
‘ TABLE TV 5 Datient 1 __. - <ot
Slight. depot. effect. Pationt 5 : 1S
[100,000+units ‘of ‘Preparation.:A ‘suspendéd. in 4 ices: of salinesolation: - Patient 4 77777 <01
injected subeutaneously.] - - . . .
30 -Thesetexperiments show thatithe-accumulationof Piep-,
34 houe: 1hour: 2 hoursi aration A takes place in the lungs of human:beings:just
- as jn-the case of .animals: since. by injection of-Prepara~
“units | ratio | units* | ratto | units ratio’ - tion A much: more-penicillin: is. excreted : through the
: : N i lungs than in the case of procaine-penicillin, B
Lo i %6t to | 18 1o- 38"~ Further- tests ‘have ‘been madé: using ‘rats* weighing *200
5-2 | 118 |- &1 | 30| L7 g. each as test-animals; the results of such tests are’ given™
0.3+ 1.2\ 0391 6,08 0.3  in Table VII‘in which Cg-is:the concentration of penicil<-
0141 391, 013, 2.2 012:  lin in the blood (in units-per-cc:) one hour after 25,000
- 40 units : of penicillin has been -injected intramuscularly- in
[ o

{100,000 anits of procaine-penicillin suspenided:in 4 ces.-of saline'solution’
injected subcutaneously.]

the form of: the’ compounds ‘mentioned 'in‘ the: tablé;” G-
is the‘ coneentration of penicillin in the lung tissue *(units~
per: g.) found when the' animal* was-Kkilled: one hour

14 Hour - 1 hour 2 hours. after such injéction: » TABLE*VIIE
units' |. ratio - |, units-| ‘ratio- | -units- | ratio: g -7
— s Compound ‘(Injected as theshydroiodide): |: Op.. Cors | ¢ -(-C)eq-"
450 | L0:|-30:87 (. 1.0 |22 | ao : R
b, L gE B | bE ;
.9 3 . . . : X Benzylpenicillinester © of 1-dimethylamino:-
220 0.05| 272y 09| Lae| 005 50 PRI bR imester of L-dimethylemino- RETTN S 47
: Benzylpenicillinester- of 1-diethylamino= |’ i
Beﬁha}]ml-(?)mm - T th;-“ln w2k 113 5.4%
. B enzylpenicillinester . of* I-methylethanol-
TABLE'V Bamilioetlliaﬁfig(z)t;_‘.'f'i-&"m_"ul-""'-" L 12”0 2. 20’
. K . : - énzylpenicillinester-of 1-di-n-propylamine--|-
Prolonged- depot: effect - 55 _ ethanol-(2) 35¢ |14 40¢
[100;000¢ uinits ‘of ‘Preparation A suspended-in 0.5 ce. of saline solution, . Bg’gﬁg&%‘ﬁ%‘}lmesi‘? of 1-dl-n-butylamino- | 9.0 48] 2u
subcutaneously:] Benzylpenicillinester of - 1-di-n-octylamino- | . - .
Bethailol- '2111' > o Tt e <0.1 ) 1 I
B T v v enzylpenicillinester - o -meth; odecyl- .
1 hour & Hours: 9 hours AMIMOthamol-(@) ... e 0.5 1ol 20
: 60. Benzylpenicillinester - o :
‘unit§ | ratio- | units| ratio ‘| ‘units | ratio* nggi?elg?c)ﬂfﬁés't&"- ---------- <OE| L
Bproplanoli-'(g)u;ﬁ_. L0y 10 B ]
THE o : enzylpenicillines
%’ 88 % g., g 82 %?9 2 35 é 28 methylbutanol:(4). . R () B IR 1 IR -
L7 0i44sl 165l 0722 0.84! : 0°13 65 Benzylpenicillinester of 1-diethylamino-2,2-di-
0.5+ 0.14-| 0.6.| 008| 0.24| 004 methyléthanol-(2). . A 13 ezl w1
o g o S . Benzylpenicillinester of 1-diethylamino-2+- ¢
. . methylethanol=(2)________._ _____ . i, 8i4x|: 87 4.4
{100,000 tinits of procaine-penicillinisuspended in 0.5 ec. of saline solution, Bg%%gé%f%‘iﬂlmESter' of C<or Pk
: subcutaneously.] Allylmercaptomethyipenicillinest | ST
70 _ ethylaminoethanol-(2)_._.___._. -1 200 | . 106 502
1 howr: 6 hours 9 hours . Sodium salt of benzylpenicillin._______ . 30 . 11 0.4 -
units"| ‘ratio’ | units | ratio- units ;| “ratio ! Ester of penicillin O.
- - ‘We have found that by suspending our new hydroiodides
6.5 | 10 | &8 |- Lo | 1056| 1o 75 of the amino esters of penicillin in a- vegetable or animal
g-‘ gfli_‘- : g-gg; gei?f 8;'%‘;‘ ?gg 3-??: oil in which is dissolved a quantity, for example 1'to 3"
069 011 |  039| o004 0.3 003  per cent, of a.salt of aluminium and a'lipophilic acid,
particularly ‘a basic salt; such as aliminum monostearate

These ' experiments show that Preparation” A: accumn- 80

lates in ‘the Tungs both when' given under-conditions where=
a_slight -depot- effect- is- obtained-and. under conditions
where. aprolonged -depot efféct is'obtained: - =
Ir<ordér to' try-if the' sameeffect- is ‘found *in: Human::
beings the following experiments.were carriediout;. ;. . -

or aluminium distearate, we can obtain compesitions hav-
“ing a more enduring protracted effect than that obtained
by injection of said hydroiodides suspended-in ‘saline.
Instead of stearates. other: salfs: of: fatty’ acids having:.
12 to 22 carbon atoms: in: the: molecule:may- be used:.
Examples of a suitable vegetable oil are: peanut.oil, .cot-.

“tonseed.oil, soya: oil;:sesame:oil and..olive ?il.. ‘
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:The preparations - thus obtained have retained the
ability of accumulating penicillin in the lungs, which is
shown by the following tests.

25 rabbits weighing 2 kilograms each are injected
intramuscularly with 45,000 units of a preparation of the
above kind containing the hydroiodide of diethylamino-
ethyl ester of benzylpenicillin, whereafter the concen-
tration of penicillin in the blood is determined after
various periods following such injection.

As control a mixture of the same composition excepting
the aluminium monostearate is injected on 25 rabbits
weighing about 2 kilograms each.

The results appear from the following table:

With meno- Wuitg];&t
. stearate— stearate—
Hours after injection average averagze
blood level, | 1 00a 3y
units per cg. units per cc’.
0.43 0.€0
0.72 1.05
0.68 0.75
0. 5L 0.40
0.20 0.08
0.10 0
0.08 0
0.05 0

The invention will be further illustrated by way of the
following examples.

EXAMPLE 1 —BENZYLPENICILLIN-3-DIETHYLAMINO-
ETHYL ESTER-HYDROIODIDE

7.44 kilograms of the potassium salt of penicillin are
suspended in 40 liters of acetone (water content 1 to 1.7
per cent). 3 liters of diethylaminoethyl chloride are
added, and the mixture is refluxed for ¥4 hour.

After cooling precipitated potassium chloride is re-
moved by filtration, and the filtrate is evaporated in vacu-
um (70 to 80 mm. of mercury) until the temperature in
the distillation vessel has raised to 30 to 35° C. Then
the residue is poured into a mixture of 20 liters of water,
10 kilograms of ice and 1.28 liters of .85 per cent phos-
phoric acid.

Thereby a pale-yellow solution is obtained which is
filtered under sterile conditions and cooled to 0° C. Dur-
ing 2-3 hours 40 liters of a sterile 20 per cent solution
of potassium iodide are added with stirring. After addi-

tion the stirring is continued for another %2 hour at 0° C.

The crystalline precipitate of benzyl-penicillin-g-di-
ethylaminoethyl ester-hydroiodide is separated from the
liquid by filtration, washed with 10 liters of cold, sterile
water and dried in vacuum at 40° C. The yield is from
9.5 to 10 kilograms.

EXAMPLE 2. —BENZYLPENICILLIN-DIMETHYLAMINO-
ETHYL ESTER-HYDROIODIDE

35.6 grams of the sodium salt of penicillin are sus-
pended in 250 cc. of dry boiling acetone and 6.45 grams
of dimethylaminoethyl chloride are added. .

After refluxing for ¥ hour a further 3.2 grams of di-
methylaminoethyl chloride are added and another 3.2
grams are added after 2 hours’ refluxing. This method
is employed because the dimethylaminoethyl chleride
polymerizes very easily.

After refluxing for 8 hours (total) the mixture is fil-
tered, and the filtrate is evaporated in vacuum to a syrup.

The residue is triturated with petrol ether to remove
excess of dimethylamincethyl chloride and after this
treatment it is dissolved in 200 cc. of anhydrous ethanol.

After addition of an alcoholic solution of hydrochloric
acid (until a sample diluted with water shows pH=5)
and 100 cc. of dry ether, the solution stands at 0° C.
over night. On dilution of the solution with water and
addition of 20 per cent more than the calculated amount
of a potassium iodide solution the hydroiodide is obtained
in a yield of 67 per cent and with M. P. 185-186° C.

EXAMPLE 3.—BENZYLPENICILLIN-METHYLETHYL~

AMINOETHYL ESTER-HYDROIODIDE

7.4 grams of the potassium salt of benzylpenicillin
are suspended in 40 cc. of acetone and 11.5 cc. of a solu-
tion of methylethylaminoethyl chloride in benzol con-
taining 1.75 moles per liter are added. The mixture
is refluxed for 3 hours. During this time potassium chlo-
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ride separates which after refluxing of the mixture is re-
moved by filtration. Then a solution of 4.2 grams of the
monohydrate of citric acid in 100 cc. acetone is added to
the filtrate from the potassium chloride. The mixture is
left standing at 0° C. for 2 hours, whereby benzylpeni-
cillin-methylethylaminoethyl  ester-citrate  crystallizes
therefrom. The yield of this substance will be 8.75 grams
corresponding to 73.5 per cent of the theoretically possible
yield.” The melting point of the citrate recovered in this
manger is 76 to 79° C. 6.1 grams of the benzylpenicillin-
methylethylaminoethyl - ester-citrate are dissolved -in 50
cc. of water and 17 cc. of a 10 per cent solution of po-
tassium iodide in water are added. The mixture
is left standing at 0° C. for 2 hours during which
time the hydroiodide of benzylpenicillin-methylethylami-
noethyl ester will crystallize. The crystallization product
is recovered by filtration. The melting point of the ben-
zylpenicillin-methylethylaminoethyl ester-hydroiodide re-
covered in this way is 180.5 to 181.5° C.

EXAMPLE 4.—BENZYLPENICILLIN-DI-N-PROPYL- ...
AMINOETHYL ESTER-HYDROIODIDE

7.4 grams of the potassium salt of penicillin are sus-
pended in 40 cc. acetone and 3.3 grams di-n-propylamino- -
ethyl chloride are added after which the mixture is re-
fluxed for 2 hours. The potassium chloride formed in
the refluxed mixture is then removed from the solution
by filtration. Then a solution of 4.2 grams of the mono-
hydrate of citric acid in 20 cc. acetone is added to the fil-
trate and the solution thus formed is diluted by 150 cc.
of water. To the diluted solution 33 cc. of a 10 per
cent aqueous solution of potassium jodide are added.
The mixture is left standing for 12 hours at 6° C. and
the crystalline benzylpenicillin-di-n-propylaminoethyl
ester-hydroiodide formed in the solution is then removed
by filtration. The yield of the hydroicdide amounts to
8.15 grams which corresponds to 69 per cent of the
theoretically possible yield. The melting point of the
hydroiodide is 142 to 144° C.

EXAMPLE 5. —BENZYLPENICILLIN-DL-N-BUTYLAMINO-
ETHYL ESTER-HYDROIODIDE

7.4 grams of the potassivm salt of benzylpenicillin
are suspended in 40 cc. of acetone and 3.8 grams di-n-
butylaminoethyl chloride are added to the suspension.
The mixture formed is then refluxed for 2 hours. After
that it is subjected to distillation in vacuum in order
to remove 20 cc. of the acetone contained in the mix-
ture and the remainder is poured into 150 cc. of a mix-
ture of ice and water, at the same time adding to the
mixture such a quantity of 50 per cent phosphoric acid
that the pH-value of the resulting solution will be 4.5. To
the solution 40 cc. of a 10 per cent aqueous solution of
potassium iodide are added and the mixture is left stand-
ing for 12 hours at 0° C. The benzylpenicillin-di-n-
butylaminoethyl ester-hydroiodide thereby formed in the ..
solution is removed therefrom by filtration, whereby a
vield of 9.2 grams of this substance is recovered. This
yield corresponds to 75 per cent of the yield theoretically
possible. The melting point of benzylpenicillin-di-n-
butylaminoethyl ester-hydroiodide is 61° C.

EXAMPLE 6.—~BENZYLPENICILLIN-DI-N-OCTYLAMINO-
ETHYL ESTER-HYDROIODIDE

A suspension of 7.4 grams of the potassium salt of
benzylpenicillin in 40 cc. acetone is mixed with a solu-
tion of 6.1 grams of di-n-octylaminoethyl chloride in 20
cc. benzol. The mixture is refiuxed for 2 hours, where-
by the penicillin salt and the organic chloride dissolve
and potassium chloride separates which is then removed
by filtration, whereafter the filirate is evaporated in
vacuo to form a syrup. This syrup is dissolved in 40 cc.
of methano! and the equivalent amcunt of ethanolic hy-
drogen chloride is added to the solution which at the
same time is subjected to cooling. A clear solution re-
sults to which 40 cc. of water are added and then 33
cc. of a 10 per cent solution of potassium iodide in water
are also added. The mixture is left standing at 0° C. for
2 hours, whereby crystalline benzylpenicillin-di-n-octyl-
aminoethyl ester-hydroiodide is formed therein. The
crystals are removed from the solution by filtration. The
yield of the ester-hydroiodide thereby. obtained amounts
to 8.75 grams which corresponds 60 per cent of the yield
theoretically possible. The melting point of the ester-
hydroiodide is 150-152° C.
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- -EXAMPLE 7. BENZYLPENICILLIN:DI:N:DODECYL-
: " -AMINOETHYL, ESTER-HYDROIODIDE

- By thesame, procedure as:described-in’Example:6,-using

<di-n-dodecylaminoethyl - chioride “in -place :of . di-n-octyl-
-~aminoethyl .chloride as a :starting material, -benzylpeni-
~oillin-di-n-dodecylaminoethyl ester-hydroiodide will be ob-
stained-in-a yield :of 48-per cent.of:the yield :theoretically
spessible. The:melting point-of: this -ester-hydreiodide is
1701to :173° C,
) -EXAMPLE 8. —BENZYLPENICILLIN-MBETHYL-N-
PODECYLAMINQETHYL ESTERHYDROIODIDE
7.4 grams of the potassium salt of ‘benzylpenicillin are
'suspended:in-40 cc.-of acetone and a sélution of 5.2 -grams
methyl-n-dedecylaminoethyl-chlofide in 43.5 cc. benzol is
added to the suspension, .whereafter the mixture -thus
formed is_refluxed for 3% ‘hours.. During the reaction
-thereby effected the potassium salt of penicillin ‘dissolves
:and potassium chloride separates from the solution, which
.potassium .chloride 'is- remaved by filtration, -whereafter
‘the.clear solution obtained by.the filtration is evaporated
Jn vacuo to form a.syrup. This syrup s dissolved in 40
~CC. .acetone _and .a solution of 4.2 grams of the mono-
“hydrate of citfic acid in 20 cc..acetone is added. A clear
solution results, which is diluted by 60 .cc. of water,
-after which 40 cc. of a:10 per-cent solution of _potassium
‘jodide in water are added. ‘The-mixture is left standing
at 0° C. for 4 hours whereby benzylpenicillin-methyl-
-n-dodecylaminoethyl ester-hydroiodide . crystallizes from

‘the solution and is recovered by filtration. . The.yield is

8.9 grams which corresponds to ‘65 per cent of the yield
theoretically possible. The melting point of the ester-
hydroiodide is 67 to 70° C.

EXAMPLE 9—BENZYLPENICILLIN-DIETHYLAMINO-N-
PROPYLESTER-HYDROIODIDE

- “The :suspension formed by adding 28:8-grams -of -the ’

‘potassium -salt ‘of :penzylpenicillin and 12 grams diethyl-
-amino-n-propyl-¢hloride to 160 cc.:of acetone is refluxed
for 12 hours. "The reaction product-thereby -obtained is
cooled and the cooled product contains potassium: chloride
‘separated -during the reaction which ‘is then removed by
filtration. A solution of 16.8 grams of the monohydrate
'of “citric acid ‘in '200 cc. -of acetone ‘is -added -fo - the
filtrate which is then left standing for "3 hours at'0° C.
‘Puring this time “benzylpenicillin:diethylamino-n-propyl
ester-citrate crystallizes‘from the solution-and-is recovered
by filtration, the yield being 42.7 grams which corre-
sponds to 86 per centof the yield theoretically possible.
The melting point of this citrate*is*86 to 88° C.

6.4 grams of the benzylpenicillin-diethylamino-n- :

propyl. ester-~citrate are dissolved in 100 .cc..of water and
17.cc. .of a 10 per cent solution of: potassinm ‘iodide in
water are added. “The mixture is.left to stand at 0° C.
until the benzylpenicillin-diethylamino-n-propyl ester-

hydroiodide, which forms from the two constituents of the .

solution,” has separated,. after which -the said ester-hy-
‘droiodide-is recovered: by filtration. “The.yield of this
substance will be 4.8 grams:and: the. melting point is.142
to '143°- C.
BXAMPLE 10.—BENZYLPENICILLIN-DIETHYLAMINO-N-
JOCTYLESTER-EYDROIODIDE
{13.06:grams:of the trithylamine. salt.of-benzylpenicillin
are dissolved in 200 cc. of dry chloroform. ;A-solution of
*1.09:cc.:of -thionyl-chloride in 20-cc..of +dry--.chleroform
is added dropwise to:the-former solution.during: agitation
and cooling in a refrigerating mixture in such a manner
that the temperature of the reaction mixture will be main-
tained within the temperature limits of —10 to —8° C.
The addition having been completed, the resulting product
is left to stand at the said temperature for 1 hour after
which-a solution of3.02-grams ‘6f diethylamino-n-octanol
in 20 cc. of ‘dry ¢hloroform is:added to the reaction prod-
uct and the: mixture -is-1éft- standing ‘for 12 -hours, - the
temperature -being -allowed-to: increase- to :20° C. “The
mixture thus obtained is then subjected to-extraction by
440 cc. of an aqueous 'solution containing’2 per cent. of
sodium: carbonate: and sodium. bicarbonate. "The. chloro-
form phase is cooled by a solution: of Dry.Ice. in -acetone
and the ice.thereby formed is removed:by: filtration. - The
chloroform solution thus deprived. of- its. water..content is
then ‘evaporated .in vacuo ‘to «dryness ‘whereby-a syrup
remains which is dissolved in 30 cc. of acetone. - A.solu-
tion: of? 3.0 grams: of-the. monohydrate ~of -citric; acid in
15 cc. of acetone is then added to:the:syrup.and: the-mix-
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ture-thereby formed ‘is diluted by 90 cc. of water after
swhich 8 cc. of a solution containing 10 per cent potassium
iodide are added. The mixture is left to stand at 0° C.
for 2 hours whereby benzylpenicillin-diethylamino-n-
octylester-hydroiodide separates.and is finally removed by
filtration. The yield of this substance amounts to 4.35
grams _corresponding to 45 per cent of the vield theoreti-
cally possible. The -melting point of the said ester-

Jhydroiodide is 108.to 109° C.

BXAMPLE 11,—BENZYLPENICILLIN-1-DIETHYLAMINO-
2-METHYLETHYL ESTER-HYDROIODIDE

7.4 grams of the potassium salt of benzylpenicillin and
3 grams - 1-diethylamino-2-methylethyl chloride are added
to 40 cc. of acetone.and the mixture formed is refluxed
for 3 hours. During the refluxing time the components
dissolve and potassium chloride separates which is then
removed by filtration after which the filtrate is evaporated
to dryness.in vacuo. The remainder is dissolved in 50
cc. of ethanol and filtrated with alcoholic hydrogen chlo-
ride until a sample of the reaction -product on dilution
with water has the pH-value of'5. Then 200 cc. of ether

-are:added to the main-portion.whereby amorphots benzyl-
‘penicillin-1-diethylamino-2-methylethyl

ester-hydrochlo-
ride separates. By dissolving a. portion of the said ester-
hydrochloride in water and adding the calculated amount
of potassium iodide increased by 10 per cent, the corre-
sponding hydroiodide separates. from the solution.
BEXAMPLE 12,—BENZYLPENICILLIN-1-DIETHYLAMINO.
2,2-DIMETHYLETHYL BESTER-HYDROIODIDE

7.4.grams of the potassium.salt of benzylpenicillin are
suspended in 100 cc. of acetone and a solution of 1.42 cc.
of acetyl chloride in 25 cc. of acetone is added dropwise
to the said suspension with agitation. When the addition
has been completed, 2.9 grams 1-diethylamino-2,2-di-
methylethanol-(2) are added -to the resulting product.
The mixture, is then refluxed for 15 minutes and cooled.
Potassium chloride is then.removed by filtration. The
filtrate is evaporated to.25 cc..and a solution of 4.0 grams
of the monchydrate of citric.acid-in 20 cc. of acetone is
added-to the remainder. ' Now, 200 cc. of ether are added
whereby the citrate of benzylpenicillin-1-diethylamino-
2,2-dimethylethyl ester separates as an amorphous sub-
stance, -which is-removed  from the solution by filtration
and washed with ether.

-6,5 grams. of . the amorphous benzylpenicillin-1-diethyl-
amino-2,2-dimethylethyl ester-citrate. are dissolved in .50
ce. of water and 15.cc. of a solution of potassium iodide
containing ‘10 per cent potassium iodide are added. The
mixture ‘is left standing at 0°-C. for 4 hours whereby
benzylpenicillin-1-diethylamino - 2,2 - dimethylethyl ester-
hydroiodide. separates. in the .crystalline form. The crys-
tals. are removed from the solution by filtration and the
yield :of ‘the crystalline product amounts to 4.2 grams
which corresponds to 72.per cent of the yield that is
theoretically possible in the reaction. The melting point
of the said ester-hydroiodide is 153 to 154° C.

EXAMPLE 13,—BENZYLPENICILLIN-DIETHYLAMINO-

-2,2-DIMETHYLPROPYL :ESTER-HYDROIODIDE

:By using .an equivalent .amount of diethylamino-2,2-
dimethylpropyl chloride in place of the 12 grams diethyl-
amino-n-propyl-chloride used in the procedure described
in.the above Example 9:and using the same procedure in
all other -respects, -benzylpenicillin-diethylamino-2,2-di-
methylpropyl ester-hydroiodide will be obtained.
EXAMPLE 14, —BENZYLPENICILLIN-1-DIETHYLAMINO-

4-METHYLBUTYL ESTER-HYDROIODIDE

7.4 grams potassium salt of - benzylpenicillin are sus-
pended in 100 cc. of dry acetone and a solution of 1.42 cc.
acetyl chloride-in 25 cc. acetone is added dropwise to the
‘suspension with agitation. A reaction takes place result-
ing in a solution of mixed anhydride of benzylpenicillin
and acetic acid. = 3.2 grams I-diethylamino-4-methyl-
butanol are added to this:solution after which the mixture
is left standing.at 20°..C. for 2 hours. The amount of

" potassium chloride separated is removed by filtration

whereafter a-solution of 4.0 grams of the monohydrate
of -citric ;acid-in 20-cc.-of acetone is added to the filtrate.
The-mixture is left standing at 0° C. for 2 hours whereby
benzylpenicillin - 1 - diethylamino - 4 - methylbutyl ester-
citrate -separates which-is . recovered by filtration. The
said:citrate -is-dissolved in 50 cc. of water and 14 cc. of
an;;aqueous -10 per: cent solution -of potassium iodide are
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added. Thereby benzylpenicillin - 1 - diethylamino - 4 -

methylbutyl ester-hydroiodide crystallizes from the solu-

tion and is recovered by filtration. The melting point of

the ester-hydroiodide obtained is 160 to 161° C.

EXAMPLE 15— BENZYLPENICILLIN-1-DIETHYLAMINO-

1-METHYL-2-ETHYLPROPL ESTER-HYDROIODIDE

This substance is produced by using the general pro-
cedure described in the above Example 9, thereby re-
placing the 12 grams diethylamino-n-propyl chioride used
as a starting material according to Example 9 by the
equivalent amount of 1-diethylamino-1-methyl-2-ethyl-
propyl chloride.

EXAMPLE 16.—BENZYLPENICILLIN-1-DIETHYLAMINO-

2,3-DIETHYLBUTYL-(4) ESTER-HYDROIODIDE
This compound is obtained by using the procedure de-

scribed in Example 14 when in place of 3.2 grams 1-di-

ethylamino-4-methylbutanol an equivalent amount of

1-diethylamino-2,3-diethylbutanol-(4) is employed.

EXAMPLE 17.—BENZYLPENICILLIN-1-DI-N-BUTYLAMI-
NO-2,3-DIETHYLBUTYL-(4) ESTER-HYDROIODIDE
This compound is obtained by using the procedure de-

scribed in the above Example 14 when in place of 3.2

grams 1-diethylamino-4-methylbutanol, an equivalent

amount of I-di-n-butylamino-2,3-diethylbutanol-(4} is
employed.

EXAVPLE 18.—BENZYLPENICILLIN-1-METHYLOCTYL-
AMINO-5-BUTYLPENTYL-(5) ESTER-HYDROIODIDE
This compound is produced by using the procedure

described in the above Example 12 when in place of 2.9

grams 1 - diethylamino - 2,2 - dimethylethanol - (2), an

equivalent amount of I-methyloctylamino-5-butylpen-
tanol-(5) is employed.

EXAMPLE 19.—BENZYLPENICILLIN-4-DIDODECYLAMI-

NO-4,5-DI-N-PROPYLOCTYL-(5) ESTER-HYDROIODIDE

This product is obtained by using the procedure de-
scribed in the above Example 12 when in place of 2.9
grams 1 - diethylamino - 2,2 - dimethylethanol - (2}, an
equivalent amount of 4-didodecylamino-4,5-di-n-propyl-
octanol-(5) is employed.

BEXAMPLE 20.—BENZYLPENICILLIN-I-HEXYLDODECYL-
AMINO-2,6-DIMETHYLOCTYL-(8) ESTER-HYDROIODIDE

This product is obtained by using the procedure de-
scribed in Example 10 when in place of 3.02 grams di-
ethylamino-n-octanol, the equivalent amount of 1-hexyl-
dodecylamino-2,6-dimethyloctanoi-(8) is employed.
EXAMPLE 21— BENZYLPENICILLIN-DIETHYLAMINO-

2,6-DIMETHYLOCTYL-(8) ESTER-HEYDROIODIDE

This product is obtained by using the procedure de-
scribed in Example 10 when in place of 3.02 grams di-
ethylamino-n-octanol, the equivalent amount of diethyl-
amino-2,6-dimethyloctanol-(8) is employed.

EXAMPLE 22—BENZYLPENICILLIN-1-DI-DODECYL-

AMINO-2-ETHYL-ETHYL ESTER-HYDROIODIDE

This product is obtained by using the procedure de-
scribed in Example 9 when in place of 12 grams di-
ethylamino-n-propyl chloride, an equivalent amount of
1-di-dodecylamino-2-ethylethyl chloride is employed.

EXAMPLE 23.—BENZYLPENICILLIN-1-DIETHYLAMING-
2-HEXYLETHYL ESTER-HYDROIODIDE

This compound is obtained by using the procedure de-
scribed in Example 14 when in place of 3.2 grams 1-di-
ethylamino-4-methylbutanol, the equivalent amount of
1-diethylamino-2-hexylethanol is employed.

EXAMPLE 24 —ALLYLMERCAPTOMETHYLPENICILLIN-
DIETHYLAMINOETHYL ESTER-HYDROIODIDE (PENI-
CILLIN-0 DIETHYLAMINOETHYL ESTER-HYDROIO-
DIDE)

15 grams of the potassium salt of allylmercaptomethyl-
penicillin are suspended in 75 cc. acetone (containing
0.2 per cent of water) and 8.5 grams of diethylamino-
ethyl chloride are added to the suspension after which
the mixture is refluxed for one hour. On cooling, po-
tassium chloride separates which is then removed by fil-
tration after which the filtrate is evaporated in vacuo
to form a syrup to which then 50 cc. of ice water are
added. Now, such an amount of a 10 per cent phos-

phoric acid is added that the solution takes a pH-value -
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of 4. A solution of 8.9 grams sodium iodide in 17 cc. of
water is added dropwise to the acidified solution with
agitation. The addition having been completed, the solu~
tion is left standing at 0° C. for 15 minutes, whereby
allylmercaptomethylpenicillin - diethylaminoethyl ester-
hydroiodide separates. It is then recovered by filtration,
washed with 15 cc. of ice water and dried in vacuo. The
yield amounts to 20 grams and the melting point of the
ester-hydroiodide is 116 to 119° C. This melting point,
however, can be increased to 128 to 129° C. by re-
crystallizing the hydroiodide first produced from a mix-
ture of acetone and ether.

EXAMPLE 25—SUSPENSION OF BENZYLPENICILLIN-
DIETHYLAMINOETHYL ESTER-HYDROIODIDE IN OIL

To 1 litre of peanut oil are added 20 grams of alumin-
um monostearate, and the mixture is heated slowly with
stirring until a clear solution is obtained. The heating
is continued until the solution has reached a temperature
of 135° C. at which temperature it is kept for ¥2—1 hour
and thereafter cooled at 25° C.. Then 390 grams of the
hydroiodide of the diethylaminoethyl ester of penicillin
G having a particle size of 2 to 5u and a strength of
1000 units per mg. are added. The said units are de-
termined by assaying the preparation against staphylococ-
cus aureaus, using sodium penicillin as a standard. The
final mixture contains 300, 000 international units per cc.

We claim: .

1. The hydroiodide salts of aminoalcohol esters of
penicillin represented by the formula:

R

/
Pen-COO.R.N
2 1 ors
where Pen-COO represents penicillin with the hydrogen
atom removed from the carboxyl group; where R is
alkylene containing 2 to 8 carbon atoms in a straight
chain, and containing no substituent groups other than
alkyl, the total number of carbon atoms in R not ex-
ceeding 14; and where R1 and Rz are alkyl groups con-
taining from 1 to 12 carbon atoms.

2. The compounds of claim 1, wherein the penicillin
is benzylpenicillin.

3. The hydroiodide salts of aminoalcohol esters of
penicillin represented by the formula:

Ry
/
Pen-COO.R.N
N
H I R

where Pen-COO represents penicillin with the hydrogen
atom removed from the carboxyl group; where R is
alkylene containing 2 to 4 carbon atoms in a straight
chain, and containing no substituent groups other than
alkyl, the total number of carbon atoms in such - alkyl
groups not exceeding 4; and where R1 and Re are alkyl
groups containing from 1 to 8 carbon atoms. ‘
4. The compound of claim 3, wherein the penicillin
is benzylpenicillin. ’
5. The compound of claim 3, wherein R1 and Re are
alkyl groups containing from 1 to 4 carbon atoms.
6. The compound of claim 5, wherein the penicillin
is benzylpenicillin. :
7. The hydroiodide salts of aminoalcohol esters of
penicillin represented by the formula:

Ry

Pen—OOO.R.N/
1IN
H I Ra

where Pen-COO represents penicillin with the hydrogen
atom removed from the carboxyl group; where R is an
unsubstituted alkylene of from 2 to 3 carbon atoms; and
where Ri1 and Re are alkyl groups containing from 1 to
3 carbon atoms. .

8. The compound of claim 7, wherein the penicillin
is benzylpenicillin. )

9. The hydroiodide salt of the dimethylaminoethyl
ester of benzylpenicillin. .

10. The hydroiodide salt of the methylethylamino-
ethyl ester of benzylpenicillin.

11. The hydroiodide salt of the diethylaminoethyl ester
of benezylpenicillin.

12. The hydroiodide salt of a methylpropylaminoethyl
ester of benzylpenicillin,
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13. The hydroiodide salt of an ethylpropylaminoethyl
ester of benzylpenicillin,

14, An injectible therapeutic composition comprising
solid particles of the compound of claim 1 suspended in
an oil selected from the group consisting of vegetable and
animal oils having dissolved therein a quantity of a basic
salt of aluminum with a fatty acid having from 12 to
22 carbon atoms in its molecule.

15. An injectible therapeutic composition comprising
solid particles of the compound of claim 7 suspended in
an oil selected from the group comsisting of vegetable
and animal oils having dissolved therein a quantity of
a basic salt of aluminum with a fatty acid having from
12 to 22 carbon atoms in its molecule.

16. The hydroicdide salts of amino alcohol esters of
penicillin represented by the formula

A
Pen-COO.R.N
I\
H I R

where Pen-COO represents penicillin with the hydrogen
atom removed from the carboxyl group; where R is alkyl-
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ene containing 2 to 3 curbon atoms in a straight chain
and containing no substituent groups other than alkyl,
the total number of carbon atoms in R not exceeding 3;
and where R1 and Ra are aikyl groups containing 1 to
4 carbon atoms, the total number of carbon atoms in R,
R1, and Rg not exceeding 10.

17. The compounds of claim 16, wherein the penicillin
is benzyl penicillin.
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