4 897, 617

_ _ penicillanic
acid was isolated by the technique

. extract of such a bacteriumor wth
enzynmes, 40 descri bed in Exanple |I. enzyme
concentratrons or enzyne extracts pro- EXAVPLE VI .
duced from such a bacterium to-yield a/solu- , To a denge
suspensi on of -the washed ‘cel I's of ion in which said i nacjtﬂi@at ed. =
penicillin G can 5 the st r%{,l NBESPECHatARIGR! | (CM 6). in a phos-

beI at 1egst partially reactivate —g»f-&-ge—add-n—kt—eﬁ- - -phate_buffer .
sol ution of pH "7 Reprimsddisummended in accorffancewish slie Berisiq |°§§§t¥96' ding Bfs . and
Cecover! (0 45 tmhr ek b eyl LR 4 TESHEBT ol SO

aci | ’ _rgm-sa-a—a-q-ueéu-s—-

. . : & 0
said 6- amiopent’ AN’e acl _ 10, 000
aadr 1] on o 0. 5 ber cont o aMEBINTeL 8 D O o {0l giere g
i .2 pel - - rocess according to clgi '
wher ei n t H®-10 TN t he I§8ID&AIWOI§I%S_ kept- for 15 hours atgg‘ﬁﬁ]-I7
“\ a tDeartLper at urte gr]:d ﬁlgé Complete Speclﬁ%ZlJorne:rXpliHZ. lI:Jée.m the
N Do o cpplirtioe: !

resul ting 0l

50 : e T 4 o whirs 13086440at ed by the technique 3. Process
?g;g[ldl) Rgi A% ntprﬁauontmade in G?ﬂ I(N&) 28260) on Bprveyligs9l .

t1on '8 CcayI\ s 3 r e. 0 r n 10 I n our
Specification ’s\ RAEe 0 (Sg’gp’gtfgpegﬁ“m" P'@ hLﬁMang' % 897,618) there is

descri bed. and cI ‘

a process fidex hi'g

4. Process—according to . any of the preceding

'mqums@is)t}ﬁqyd:m;m[, -cl ai s, wherein the
penicillanic acids, wherein

reacti.on'is, carried out, at.b5
6- am nopenf"@?’f-‘?ﬁ_ mﬁ&““ﬁ’ﬁ’w"?’ﬁ‘r

e

L AT
o

The inventors of this invention in

n the range 0. _
in the senge of being the actual c?evi.?ers thereof with-

of 6.5 to

in the meaning of Section 16 of the Patents Act, 1949, are WILFRIED KAUFMANN, Wup-

pertal-Vohwinkel, Germany, Friedrich-Bayer-Strasse, 15, Kraus BAUER,

Wuppertal- -

Elberfeld, Germany, Briller, Hohe 22, both of German Nationality.
: : COMPLETE SPECIFICATION
6-Aminopenicillanic Acid

'We, FARBENFABRIKEN BAYER AKTIENGE-
SELLSCHAFT, a body corporate organised under
the laws of Germany, of 22c Leverkusen-
Bayerwerk, Germany, do hereby declare the in-

5 vention, for which we pray that a patent may
- 'be granted to us, and the method by which it
is to be performed, to be particularly described

in and by the following statement: —

‘This invention is concerned with a new bio-

10 chemical process for the production of 6-amino-
penicillanic acid. : K

.The compound 6-aminopenicillanic acid
forms a valuable starting material for the
syntheses of new penicillins. The compound

-15 was first described by T. Kato (J. Antibiotics,
Series A, 6, 130, 184 1953), and subsequently

by S. Murao (J. Agric. Chem.Soc.Japan, 29,

400—07, June 1955). The latter author pro-
duced .the compound by permitting penicillin-
20 _amidase from Penicillium chrysogenum Q 176
. 270 act upon the sodium salt of Penicillin G. In
. _~this reaction phenylacetic acid was split off.

+7_/The-strain of Penicillium chrysogenum Q 176

“was caused to secrete penicillinamidase by pre-
25_ >treatment with sulphathiazole. This procedure
difficult to carry out, however, and does not

amounts of 6-amino-penicillanic acid.
~ A fitther synthesis for the production of

ication No. 870,396 whereby Penicillium
T NSghrysogerium is grown in the usual media under
‘.. Zconvéntional - conditions, except that the pre-

“cursor, such as phenylacetic acid or phenoxy-

35 acetic acid is omitted, It is, however, technic-

ally very difficult to separate and recover the.

[Price 45. 6d.]

make it possible to obtain relatively large

~6-aminopenicillanic acid is described in Speci- -

desired product so that the process is hardly
suitable for commercial operations.

The present invention is based upon our dis-
covery that 6-aminopenicillanic acid can be

obtained in very good yields and without great ',

technical difficulties by perinitting certain '
bacteria or extracts, enzymes or “enriched
enzyme extracts obtained from said bacteria to
act upon penicillin G. For example, extracts of
gram-negative bacteria such as Escherichia coli,
Bacterium proteus, and Aerobacter aerogenes,
have been found to be particularly suitable for

“use in our process. This is relatively surprising

inasmuch as it is known that Escherichia coli,
for example, is capable of forming penicillinase
which splits the g-lactam ring in the penicillin
molecule. . ' :
For best results, the process of the invention
is carried out by causing suspensions of the
bacteria to act upon penicillin G in the presence
of toluene, chloroform or other preserving
agents customarily employed in working with
enzymes. Preferably, the penicillin G is em-
ployed in concentrations of from 5,000—
10,000 units per cubic centimetre. Depending
upon the specific bacteria employed, the pro-
cess is effected at temperatures within the
range of from 0—50° C,, and preferably be-
tween 20 and 40° C,, with 37° C. representing
the optimum operating temperature under most
circumstances. It is preferred to conduct the
process at pH values within the range of from
5 to 9 and preferably at values between 6.5
and 8.0. The reaction time is dependent upon
the amount of penicillin G and bacterium or
extract thereof, employed and may range from .

45

50

55 -

60

65

70



acid is reacted with a carboxylic acid,
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bacteria in a’ phosphate buffer
olution (p

houts at approximately 37° C. The suspension

of the bacteria is prepared by. inoculating: 100" -

cubic centimétres ‘of .a siitable: nutrient ‘broth;
with a pure culture of the bacteria.to be: tested
and cultivating the: mixture on. the - shaking
machine for about 18 hours .at 28—32°: C.

Thereafter, the- bacteria . are . separated - by'

centrifuging, washed in 40 cubic- centimetres

. of a-phosphate buffer ‘solution. (pH 7) and re-

suspended in 10 cubic oentlmetres of the phos—
phate buffer solution at pH 7.::.
Following the. 5 hour action of the cells. of

the - bacterium on the Pemc:llm G, the residual.

penicillin content. .is mlcrobxologlcally deter~

tnined in the centnfuged solution. free from

cells. With various strains.:of - bactena, the
following results are obtained. in'this test:

activity. In this case, it-may be said that the
cells of the bacterium under -test did -not

" develop. any " enzymatic action  as ‘against’

Penicillin G and, hence, the bacteria.are tin-
suitable for use in tlie. preparanon of: pemc:ll-
* lin-splitting.

enzyines.- _
:2."The solution:- may be found to be in-

. zactlve ‘or. possessed of a greatly reduced

‘activity. In this’ case, - 500  milligrams- - of
: iphenylacetyl chloride are then caused ‘to:act
-upon. ‘the solution :with  ice cooling . and
- -simultaneous * addmon of sodium: bicarbon-
e solution is ‘then tested - again, with
] ollowmg poss1ble :
bserved :

- - ‘non=acylated solition,  indicating - that :the
. penicillin .was ‘ degraded-"irreversibly :by

<. . penicillinase .or " similar -enzymes devel—
' oped during the reaction;

of a‘t?PdP‘\ﬁm éh cong'ieie%telﬁ

&%ﬁﬁb l..._.éf |'n C

is-added ‘and, afteraddlngoz"'

. bactey aerogenes,
-1."The solution may retain its full 1mnal'

the -process of -the invention in’ te ~of : 1
results’ bemg .

(a) ‘no- increase in - actmty a8, agams" the'-

esired en
- s spht-o E

o) ing\/gelecton : testing. . procedure’
can S RO

carried out in a modified form by .
-investigating. the enzymatic activity as against
* Penicillin G in cell-free culture filtrates. In our
application of - the ‘selection test. by the proce- -

dure . described : in detail . hereinbefore, the

- following:- ‘bacteria’ were examined as-to their-

ablllty to :form’ 6-aminopenicillanic acid from

Penicillin. G -with splitting-off - of phenylacetic

acid :- Bacillus subtilis; Sarcina’ lutea, - Kleb-
siella. . -pneumoniae, - Streptomyces griseus,
‘Staphiylococcus. ‘aureus, - Staphylococeus - albus,

-Chromobacterium . prodigiosum, Pseudomonas
fluorescens, Pseudomonas pyocyaneum, Bacter-
ium proteus (OX 19), Escherischia coli (ATCC

9637), . Escherischia . coli . (ATCC. 11105),
Escherischia-coli (N 14), Escherischia coli W),
Escherischia. :c li (CM._2), Escherishchia  coli
(CM: 5A); Escherischia coli (CM 6) and Aero—

In. the foregoin etudles it: was. found that

“Escherischia- coh (ATCC: 11105), Escherischiz. °

coli (ATCC. 9637), and the laboratory strains
of Escherischia” coli (CM 2); .(CM: 5A) and

(CM 6) and Aerobacter aerogenes weredll welt .

suited: for:use in the process of the inventi
A dxstlnct, although slightly weakef; cléav:
capacity as against Penicillin G ibi
by Bacterium proteus (OX 19). Th
bacteria were unsuitable for use’ i
paration of 6-ammopemc111amej id. =
.. In defining the operative bacteria“for-usei)

foregoing -test. procedure, it
any enzymes from bacteria may*Be: én
which are. capable of macnvatmg ¥

by at-least-20 percent. within 24 ‘hours to;,yleld :
- solution -in which 'said - inactivated- Peni

-G can be at least partially reacti by
-addition of phenylacetyl chloride: thereto,
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Uierstood B¢ befiirdnte ® tHeGolMWﬁé shedd Swbidues were separated by centrifuging. The

fic' Examples illustrating the application of the
fdregoing principles and procedures of the pre-

paration - of -6-aminopenicillanic acid from
typical starting materials of the general class

A thick suspension of washed Bacterium coli

" (ATCC:9637) cells was suspended in a phos-

o
15

20

. adjusting the pH to 2.6, an extraction with 2 .

25

" phate: buffer solution of pH 6. To this suspen-

sion there was added sodium Penicillin Gin a
concentration ‘of 5000 units per millilitre.
Following the addition of 0.4 percent toluene,
the solution was stored at 37° C. for 18 houss.
. 7.5 litres of the enzyme preparation were
made up -to 30 litres with acetone. The pre-
cipitate resulting from this addition was separ-
ated by centrifuging. The solution was then
concentrated in a vacuum to 3.88 litres, as a
‘result of which a precipitate formed. After

litres butyl acetate was effected, the extract was
rejected, the aqueous phase adjusted to a pH
of 4.3 by means of a sodium bicarbonate solu-
tion and, after clarifying it in a K—3—Seitz
filter, the aqueous phase was concentrated

- under  vacuum. to 300 cubic centimetres, thus

%

35
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- .—Zgroup; and an amount of Penicillin G

causing crystallisation to occur spontaneously..

The crystals were recovered by centrifuging,
washed portionwise with 300 cubic centimetres
ice cold water and 150 cubic centimetres ace-
“tone. From the ‘mother liquor, an additional,
slightly ‘less pure fraction of 6-aminopenicil-

_ lanic acid can be recovered. The melting point

of the product is 203° C. (decomposition). The
pinhydrin test with a dilute aqueous solution
shows orange to reddish-brown colouration.
The ' determination of 6-aminopenicillanic
acid is best effected by testing the solution re-
covered after storage without further treatment
against one of the conventional penicillin-sensi-

tive. organisms. In this experiment, 6-amino-.

penicillanic acid itself exhibits extremely low
bacteriostatic activity. A second sample of 6-
aminopenicillanic ‘acid is treated carefully in
the presence of ice cooling with an excess of
phenylacetyl chloride and sodium bicarbonate.
This causes phenylacetylation of the free amino
is

.50:-obtained. .which corresponds to the quantity

-~

soriginally. present.
I -# - ExAMPLE II,

- A denge ~suspension of Escherischia coli

ATCC 11105) cells in a phosphate buffer solu-

tion of pH 7.5 was adjusted to a pH of 8.5 by -
means of a sodium carbonate -solution. Upon'

.7 i=<ghe addition of 1 mg% lysozyme, 0.05 percent

-

“>el2 houss in
) ‘bacierial cells. Thereupon, the pH of the pre-.

' % "Tsodinm ~desoxycholate, 0.01 mol of sodium

lylene-diamine tetraacetate and 0.4 percent
iénie;-this suspension was held at 37° C, for
order to bring about lysis of the

paration was brought back to pH 7.5 by the
addition of hydrochloric acid, and the residual
cells not affected by lysis and other insoluble

supernatant liquid was treated with potassium
Penicillin G- up to a concentration of 15000

units per cubic centimetres and, after the addi- -

tion of 0.4 percent toluene, was. held for 12
hours at 30° C. : S
In order to éffect isolation of the 6-amino-
‘penicillanic acid formed, an equal volume of
acetone was added to the reaction mixture and
it was stirred vigorously for a short period of
time. The precipitate formed was separated:

70

75

For extraction of the acetone, the liquid filtrate =

was shaken with an equal volume of ‘butyl
acetate. The separated, aqueous phase washext

- adjusted to pH 2.8 with hydrochloric acid at

0° C. for the removal of the non-split penicil-

lin and shaken with an equal volume of cooled -

butyl acetate. The aqueous phase was separ-
ated, adjusted with potassium hydioxide to pH
43 and evaporated in a vacuum at 20-—25°
C. A white, crystalline precipitate of 6-amino-
penicillanic acid was thus formed which was
separated from the mother liquor, repeatedly

washed with acetone and dried in a vacuum. -

The crystals of 6-aminopenicillanic -acid ' thus
obtained melt at 203—205° C, with  decom-
position, They exert practically no antibiotic
action as against Bacillus subtilis. After its re-
action with phenylacetyl chloride, there re-
sulted an action of 2660 international utits per
milligram of 6-aminopenicillanic acid present.
Ninhydrin test: orange to brownish-red ‘re
ExamrrE IIL SRS

A dense suspension of Bacterium proteu
ESX 19) cells in a phosphate buffer solution

H 7.0) was acted upon with sodium Penicil-

85
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lin G up to a concentration of 5000 units'per ~

cubic centimetre. Following the addition:of 0.2
percent .chloroform, the solution was held for

.15 hours at 37° C, From the resulting solution,

105

6-aminopenicillanic acid was isolated by the -

procedure described in Example II. -

ExampLE IV.

To a dense suspension of the washed cells of
the strain Escherischia coli (CM 2) in a phos-
phate buffer solution of pH 7.5, sodium
Penicillin G was added in a concentration up
to 10,000 international units per cubic centi-
metre, Following the addition of 0.0005 per-
cent 2,4 dinitrophenol serving as a preservative,
the solution was stored at 9 hours for 37° C.

110 . .
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From the resulting solution, 6-aminopenicillanic . .-

acid was isolated by the technmique described
in Example I.
ExAMPLE V,

To a dense suspension of the washed cells.
of the strain Escherischia coli (CM 5A) in a

phosphate buffer solution of pH 7.0, sodium
Penicillin G was added at a concentration up

“to 10,000 international units per cubic centi-
metre. Following the addition of 0.2 percent

toluene, the solution was held for 15 hours

120
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at 37° C. From the resulting solution; 6-amino- )



To a dense suspension of the washed cells of tion in which said

I nactivated penicillin G can 5 the strain Escherischia coli (CM6) in
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tC)é-wl?;.e;';:ex;p;ai gﬁﬂdzt hat there exists an equilibrium  chia coli ATCC 9637, wi s
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