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COl\IIPLETE S·PEC!l<lCATION 

Process for l>.-eparati~ of 6-Amine-Peilicillanic Acid and Salts 
· · thereof · 

We, KONINKLIJKE N'm>ER'LANDSCHE GIST­
EN SPIRITUSFABRm:K NN., a ~limited 
liability company, having a place Gt ibusiness 
at Delft, the Netherlands, do hereby tl'eclate 

5 the invention, for which we pray that a patent 
may be granted to us, and: the me:$od by 
which it is to be performed, to be partleu1arl.y 
descn"bed in and by the follawing state­
ment: -

lO The :invention relates tO a process for the 
preparation of 6-amino-penicilanic acid, CJr a 
salt thereof, by i'e.ii'loval Of the acyl radicd 
f~m a 6 - acylamino - penicillanic acid, ~r 
salt. 

15 - tn Na~ (Vol. 195, 1962~ pg. 1000) it is 
disclosed tha,t tile alkaiine by&-olysis «.;! peni­
cillins results in the formation of the 'cim'es-:­
ponding: penicillOic acids. With certain peni­
cillins, the . alkaline hydrolysis ·may also &p-lit 

20 off the filde chain and, Wld'er certain con­
ditions, up :to l% ·of these penicillins may be 
converted into 6 · - · amino - pe1licillanic acid. 
Fbr exiunple, storage oh. 1 % solution of phen­
oxymethylpenicillanic acid in a _0.-05 molar 

2S phosphate buffer solution :of pH 8.5 at 7-0Q C. 
:i;-esults in a 'O.S.% yield ()f 6 - arruno - pen.i­
cillanic acid. 8enzyl-penicill1n treated m the 
same way results ~ a yield of less than 
O;Ol% 6-;aminopenici11ilnic add. . 

30 Up to the present, '6-amini;>penicillanic add 
has been p~ by microbfological methods 
on a technical scale but these methods suffer 
~tain diSlldvantages since infection may 
occur with penicillinase-fonnmg 8ub$tances 

35 which break. the penicillin down int-o penicil­
loic acids. Therefore, continuous, wmmercial 
production thereof is .. nbt yet feasible. 

Specification No. 1,().41,,85 desctibeS and 
claims a process for the manufactute of "'/ -

40 am.inn - cephalosporanic add or a deriva­
tive thereof with a. free •o :group df the 
fotmtila I 

[:Pries. 5-s. 66.) 

I 
or an ester thereof, in which R represents an 
e5terified. hydroxyl group or in which R amt 45 
the -OH group of. the 4-carboxyl group are 
tepla<:ed by a lactone oxygen atom. -0-, 
w~ cephalosporin C or a derivative there-
of of the fonnula II · -

50 

II 
whose &nino a.nd carbox:yl groups are blocked 
and ·in which H has the meaning given above 
Gt iil which R and the -OH group of the 4-
carboxyl group are ~laced .by a· lactone . 
oxygen atom -0-, is treated with an agent 55 
fomring an imide halide, the imide halide is 
converted. into the corresponding inlinoether 
and the fatter is hydrolysed with water in 
the .presence of an acidic or basic substance 
at a pH value of at most 10 and, iif desired, 60 
the group blocking the 4-carboxyl group is 
spit off by hydrogenolysis or acid hydrolysis. 

We have -attempted. to apply the · prooess 
described. in Specification No. 1,041,985 to 
6-aminopenicillanic acid an.d have found. that 6S 
little or no product ls obtained.. It is laiown 
th.at the low stability of the penicillins is due 
ta the P-lactam bond Which is present in· the 
penicillin ring system, the bond is easily 
cleaved under bath acidic and basic condi.. 70 
tions. We believe that cleavage :of the P-Iactam 
bond precludes the direct application of the 
j>~S$ described in Specification No. 
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1,041,985 ·to the analogous production of 6- .· 
amino - penicillanic acid-the {3-lactam bond 
in the latter acid being sufficiently less stable 
than the corresponding bond in the _ 7-amino-

5 cephalosporanic acid to be unable to withstand 
the necessary reaction conditions. · 

We have now found that the elea"vage of the 
P-lactam bond may be avoided so that 6-
amiriopenicillanic acid, or ·a s!tlt thereof, may 

IO be prepared from a 6-acylaminopenicillanic 
acid, or salt, in a high yield. According to 
the present invention, therefore, we provide 
a process for the preparation of 6-aminopeni­
cillanic acid or a salt thereof, which com .. 

15 prises esterifying the 4-carboxylic acid group 
of a 6-acylaminopenicillanic acid or a. salt 
thereof, reacting · tlie ester to form ·.an imino 
bond on the 6-amide nitrogen atQtn, . reacting, 
the resulting compound to introduce an --OR 

20 group on the imino carbon atom, wherein R 
is an alkyl group of froni l' to 12 carbon 
atoms or an aralkyl group of from 7 to 14 
carbon atoms, to form an imino ether, and: 
splitting the imino · bond of the imino ether 

25 and reforming the free 4-carboxylic acid, or 
a salt thereof; and in which process the reac­
tion conditions used to split the imino ether 
and to reform the ·free 4~rboxylic acid, Qr 
8alt, are sufficiently mild so as not to rupture 

30 the ,8-lactam bond of the prod'uet. 
An N-substituted imino ether mav be 

formed in several different. ways. In J .. Chem. 
Soc., Vol. 83, Pg. 321, (1903), a method is. 
described for their preparation from an imino 

35 chloride by treating the latter with sodium 
ethanolate .. Under the influence of hydrolysis, 
an ester and a primary amine are formed from 
the imino ether. An N-substitutetl irilino chlor­
ide can be prepared according to Ber., Vol. 

40 28, pg.· 2367, (1895)t frotn an N-.monO'.-sub-. 
stituted amide with PO.i. An.· N-substituted 
imino ether can also be prepared directly.· by 
reacting an N.,.monosubstituted amide wi:th 
dimethyl sulphate, (Ber., Vol .. 98-, pg. 2757, 

45 (1965)). In this case an N-mono-substituted 
imidiwil add methyl ester methyl sulphate 
is formed, which can be convertetJ, with an 
acid binding agent ( sµ.ch as a tertiary. amine) 
into an N-subSti·tuted · imino ether. It is also 

50 possible to treat an N-substituted amide with 
a trialkYl oxoniutn salt such as trialkyl oxonium 
fiuoroborate (Ber., Vot 89, pg. 2063, (1956)). 
In this case, an N-substituted imidium acid 
alkyl -ester fiuoroborate is formed which can 

-55 be converted with an acid binding agent into 
an N-substituted imino ether. Any of these 
processes can be used to form the imino deriva­
tive of . the 6-acylaminopenicillanic . acids. or 
salts after ·the free "4-carboxylic acid group 

60 bas. been protected by esterification. . 
. The process of this invention leaves the P-. 

lactam bon<J, of the penicillanic acid ~nfact 
because a very mild hydrolysis or alcoholysis 
will suffice for the splitting of the imino 

()j bond. 

•tn order to ena~le very mild hydrolysis or·. 
alcoholysis conditions to be used (i.e. condi- . , '· . . 
tions which leave the fi-lacta.Qi bond intact),· .. · ·• ., · ·- ' · 
it is prefemble to use an -ester that can ~ ·'·:-'V_· 
rea"4ily -1'.lydl;olyzed. , Preferafi;J.y •~ . silyl ester of · 70 . ~'°'~- · 
-6-acylaminopenicillanic add iif used'. ~ which · 
a silicon a.tOm. ·.is bound to:, an oxygen atom • .. . . 
of the :4-qu-boxylic acid group. The ·silyl ester · 
may be prepared from any Suitable silylating 
agent~ · . . . 1'1 · , 

Preferably the trimethylsilyl ester, the di­
methylsilyl diester and the monosilyltriester 
are ·prepared .• The trimethylsilyl este:r Cl!Ji b~ 
prepared by ~ating a salt of a 6-acyJ.airiin().;. · 
penicillariic -ru.~Td .Wlith triniethyllchlorosilalie 80 . : 
in an anhydr,ou~ medium. The silyl ester de­
compo8es readily upon the addition of ak:o-
hol •or . ~ter. witqout the_ ri.~sity of using 

' acid or basic catalysts; it. is thus Capable of 
·being split to fonn tlie free 4-carboxylic acid 85 
without the .P-lactam bond rupturing.· 

It is also possible ta start with aralkyl 
esters ,such as.the benzytor the benzhydryl 
ester. These can• be split t,o_ form the 4-car-
boxylic ,acid. by hy~olysis. · .· - 90 
· Any penicillin can. be. u~ · as the starting 
material; in practice . penicillins ate used 
which can be obtained by mic~biol(>gical pro:. 
cesses. Examples are the alkali metal salts. 
of 6-acylaminopenkillanic acids where the- 95 
acyl .·radical is .derved. from aliphatic carboxy-. 
lie acids. such,,as ·acetic acid·, prapionic. acid, 
A.2-pentenyl carboxylic acid. and n-heptylcar.;, 
boxylic acid; aralkyl carbox:Ylic acids, such 
as p-hyd!rqxyphe~ylacetic. acid and pihenylace~ 100 
tic acid; and ~loxy8.1.kyl · · carboxylic acids 
sw;;h as phenoxyacetic acid. . _ . , . 

After .esterification • Of: .the 6-acylarirlno-peni~: 
cillaiiic acid or salt, the esters are then tea,cred 
with an. ~ent to fotI!l an µnillo borid <)n .the. · 105 
6-amido nitrogen atom. Preferably an -'llriiti~ '· 
halide is formed; A suitable agent for prepar-
ing an imin() halide is -al!. acid halide in the· 
presence of an acid binditig agent such as a 
tertiary amine, e.g. pyridi~ or triethyla.mine. 110 
Exam.ples ()f suitable acid. halides are pbps-; 
phorus pentachloride, phosgene, phosphnl'.ous 
oxychloride, oxalyl cblOride and p;...toluene sµI.: 
ionic acid chfo·ride.. Phosphorus pen:tachlorid.e 
and phosphorus oxychloride are preferr~. u_s 

In the · formation of the imino- halide, the 
optimi.un duration of the reactiQn with the 
halogenating agent is dependent upon both :the 
agent and, the reaction tem~ture. Preferably 
a small excess of acid chloride is used. Phos- 120 
phorus. pentachloride re~ts very. raPidlf '· so 
that a lower temperature ~or instance 0 · _C.) 
is . used. Phosphorus oxychloride. reacts ~Ore 
slowly, so ,.that the reaction is preferably car"'. 
ried _out· at a: higher temperature (for inSl:alice :~25 
20 to 27° C). . . .· . · • . , . · 

. Furthermore, the quantity of solvent. u~ 
affects the duration of the reaction;· With a 
greater concentration of the reaction. compon-; · 
ents, the reaction. proceeds more rapidly. The.· 130 -· · · 
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type of solvent is also important; . the tem­

perature being . equal, the reaction proceeds 

more slowlv in chlotofonn than in methylene 

chloride or dichloroethane; · It is ·preferable to 

operate· with somewhat less than the stoichio­

metric · quantity of the acid bindiilg agent. 

Thus one may take -.1\rom 3.8 to 3.95 mols of 

the tertiary base to 1 mol. of J>CJ.5. · 
The · resulting imino compounds are then 

treated to introduce an -OR grouping, in 

which R is an alkyl group of 1 to 12 carbon 

atoms or ari aralkyl group of 7 to 14 carbon 

atoms, onto the imino carbon atom. This .is 

preferably effected by reacting an.imino halide 

IS with a corresponding alcohol, preferably an 

alcohol containing from 1 to 5 carbon atoms. 

The advantage of using a silyl ester in this 

reaci:ion·is that the silyl ester decomposes when 

the alcohol is added to the reaction mixture. 

20 The corresponding free 4-carboxylic acid con­

taining the imino ether group •is· therefore 

formed without the ,8-lactam bond breaking. 

The reacti.00 qf the. alcohol with the imino hal­

ide is prde.rably effe'cted in the presence of an 

25 acid binding agent, such as a tertiary amine, 

preferably pyriddne. 
Examples of suitable -aloohols for reaction 

with the imino halide are aliphatic alcohols 

containing from· 1 to 12 carbon atomS; prefer-

30 ably 1 to 5 carbon atoms, such as methanol, 

ethanol,. propanol, isopropyl alcohol, amyl alco­

hol and butyl alcohol, and aralkyl alcohols 

such as benzyl alcohol and Z-phenyl-ethanol-

1. 
3S T<> obtain as high a yield ·of 6-aminopeni-

cillanic · acid . as possible in the reaction with 

the alcohol, the !l"eactiOn. temp~ture and the 

reaction time will vary crepending upon the 

specific alcohol used .. If a higher molecular 

40 weight alcohol is used (e.g. one containing from 

6 to 12 carbon atoms), under comparable 

circumstances a slightly tonger reaction time is 

required than with a lower molecular weight 

alcohol (e.g. one containing up to 5 carbon 

45 atoms. With a higher molecular weight alco­

hol, a higher reaction temperature can be 

applied or the. quantity of the acid binding 

agent can be reduced. · 

Wiren the imino ether has been formed, the 

SQ imino bond must finally be 'split, e.g. by mild 

hydrolysis or akoholysis, especially if an ex­

cess of akohol is used and hydrogen ions are 

present, for instance by the use of less acid 

binding agent than is theoretically necessary 

·55 to bind the acid "liberated. When· a benzyl 

ester ·is used, hydrogenolysis may be applied 

to obtain 6-aminopenicillanic acid. 

It is not essentia.1 that the iminoether 

be. formed in two stages from the ~imino-

60 penicillanic acid ester (e.g. via the imine 

halide). It is po~sible to i.rJ.troduce the imino 

ether bond . i:n 011e · stage, for instance see 

EXtl1llple ·x ~~~ter. 
· · The' sei)·aration' of the. ~ aminopenicillanic 

'65 acid from· the reaction mixtUre is effected by 

bringing the reaction mixture .to, or in the 

vicinity of, the isoelectric point, bi conse­

quence of which crystallization takes place. 

The 6--aminopenicillanic · acid obtained accord-

ing t0 the present process is general is 96 to 70 

99% pure, so that recrystallization is not 

necessary. It will, of .course, be appreciated· 

that at the isoelectric point the acid exists in 

solution as a zwitterion and crystallises as an 

inner salt. Crystallisation from solutions at a 75 

lower pH value results in acid addition salts. 

A typical reaction Scheme is illustrated in 

Table I. 

Table I 

pyridine 
trimethylchlorosilane. 

1. POu; pyridine 
2; ROH, pyridine 

RJ-C=N~ 

~ r•-Lrmi 
H +, H;iO, mild 

in which R is .an alkyl group containing from 

80 

85 

1 to 12 carbon atoms or an aralkyl group con- 90 

taining from 7 to 14 carbon atoms and R1 

is an aliphatic, aralkyl or acyloxyalkyl group. 

ExAMPLE I 
In. a three-necked flask equipped wit}l a 

stirrer, a dropping funnel, a thermometer, and 95 

a calcium chloride tube, 14 g of technical 

grade penicillin V acid were dissol~ in 140 

ml of dry, alcohol-free chloroform, and 6.4 

ml. of triethylamine and 6 ml of trimethyl­

chlorosilane were added. The temperature 100 

rose to about 30° C. After 15 minutes, 19 

ml of pyridine were. added and after cooling 

to -10° C, a solution of 12.5 g of PCls 

in 260 ml of anhydrous, . alcohol-free chloro-

form was added dropwise over a period about 105 

7 minutes. Cooling was required to prevent 

tlte temperature of the minure rising above 

() ° C. After 4 S minutes' stirring at about 0° 

C ( -1 ° to + 2° C), the mixture was cooled 

again to -10° c and then no ml of abso- 110 

lute methanol were added dropwise over a 

period of 5 minutes in $Uch a way that the 

temperature did not rise above 0° C. 
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After a r~ction thne . of l20 minutes, 40 · 
ml of distilled water were added to ·the 
reaction ·mixture and the pH. was brought to 
2.0 with the aid of 6 N llll'Jtnonium ·hydrOleide. 

5 After 3 hours' standbig at .@out 5 ° C, the 
pH was adjusted to 4.() again, with die aid. 
of 6 N ammoniQtQ hydrox;i<le. · The ne~ 
morning, the czys~Uiied "1nmo~killanic 
acid was separated .from the mixture, which 

10 ha:d been stored in . the· ice-:box .. The ClY$tals 
were washed with 60% and 100% methanol 
and dried, to obtain 3,64 1( ·of 6.;aminopeni­
cillanic acid, (a yield of 42.l %). According 
to a microbfological estimation, the mother 

15 liquor still. contained 4:9%· of 6-aminopeni­
cillanic acid. 

ExAMPL2 U 
14.88 g of the potassium salt of penicillin 

G, suspended in 140 ml of chloroform, were 
20 converted with 6.9 ml of triinet>hylchJOl'OSilane 

into the trimethylsilyl ester, {reaction time 92 
minutes at 23 to 25 ° C). 13 .6 ml of pyri­
dine were then added and the mixture was 
cooled to -10° C. 9 g of POs in 185 ml of 

25 chloroform "'-ere added over a period of about 
1 1/2 minutes and the temperature rose to 
0° C. After 33 minutes stirring at ·0° C., 
and cooling to -11° C, 100 ml ·of absolute 
methanol were added over a periOd of about 

30 4 minutes during wruch the temperature rose 
again to 0° C. After a reaction time of 159 
minutes at this temperature, the mixture was 
added to 40 ml .of distilled water and the 
pH was adjusted immediately ·to 4~0 by means 

35 of 6 N NaOH. After 20 hours' storage at 
about 5° C, the .precipitate was separated flr'Am 
the mother liquor, washed with ·cold 60% 
and 100% methanol and dried·to obtain 4:52 
g of. 6-aminopenicillanic acid .· (yiel~ 52.2 % ) 

40 having a _pale y~low color; According . to an 
estimate, the mother liquor · still Gon.tained 
6.2% of 6-aminopenicjllanic acid .•. According t0 
a biological assay, the purity of the precipi'­
tate was 97.5 % and according to a chemical 

45 analysis, 98.3,%. The IR &J)CCtrum, and the 
R:rr values obtained ·in chromatography, cor­
responded ·to those of authentic 6.:aJninQPeni-
cillanic acid. · · 

EXAMI>w III 
!iO 29.76 g of the potassium salt of penicillin 

G were converted, in 50 ml of pure cbloro­
foon. to which 9.2 ml of pyridine had .been 
added, with 14. ml of :trimethylchloros.Hane 
into the trimethylsilyl ester. After coolmg the 

55 . solution to - 30° C, .a solution of 18 g of 
Peli; in 150 ml -of pure chloroform was added 
over about 1 minute, during wbich !Jle tem­
perature rose to -1 ° C. With contin,t1ed stir­
ring, the reaction mixture was. ma~f.iined for 

60 20 minutes at a tempentur.e -of 0~1 C. and 
then cooled to -20° C. A mixtute of 150 
ml of absolute ethanol and 18.4 riit of pyri­
dine was then added (two -thirds oft•the quan-

tity QVer a period of ,3 minutes, the remainder, 
over a .period. of 1 .hour) while the temperatijte · 6S 
was mafatained at. abwt 0° · C. Af.ter -another 
20 .minutes -stirring . ·at . 0° -C, the reaction 
rnittufe .w~s added with ·Stining to a sO!utiol:i­

.!~· 

of .33 g ;Qf sodium a~ate trib.ydrate in 100 
~ of water. The pH ef the mixture was ad- 70 
Justed from 3.8 to 3.95. with 6 N NaOH. After 
l9 ·hOJ.lrS.st.andiag at ·about 5° C, the precipi-
ta:SC YAl:li •wn off, 'o/8shed and -dried to 'ob-
ta1.n 7.28 g .of 6-amii:IQpenicillanic acid (yield 
~2.1 %) ... Accordi!lg to -analy&is;, the mother 75 
ll~o~ sti~ .oont.a1ned;

0 
5-.9%! of. ~openi­

cillanJc .ac;id and 1.4 % ef peIUctllm :G. 

. &A:Mi>LE IV 
14.88 :g of the potassium ,salt of penicillin 

G, suspended fa 140 ml of. pure chloroform,· 80 
was converted with ·6.4 ml of trimethylchloro­
silane into the trimethylsilyJ ester) cover · a 
period ·of 75 ·minutes :at 23 to 25° C). After 
this, 13.2 ml of pyridine were added, the mis:.:. 
ture was .cooled ·to -18° C, and over a period 85 
of 3 minutes a solution of 9 g -Of PQi in 185 
ml .of pu~ chlorofonn was added dropwise, 
durmg which the tem.peratttre r~e to •-3 ° C. 

After 32 minutes ~rting at ,9° C. and 
cooling again to -23° c, 100 ml of ,n-pro- 90 
panol were added. After a reaction time ·of 
197 minutes at 0° C -and another 128 minutes 
at 7 to 9° c, 21 ml. of water were added 
and the pH was adju8ted to 3.95. After 6 
hours standing at 4° C, the 6-aminopeni- 95 
cilllmic -acid was· separated from the . mother 
l~quor, washed and dried to obtain 2.58 g-0f 
6-ain~nopenici.Uanic acid, (yield 29.8%). After 
working-up, the mother liquor \Vas still found 
to contain 4~9%· of ·6-antinqpenicillan:ic ·acid 100 
and ·0.6% of benzylpenicijlin. 

ExAMPLB.V.. 
The trlln.ethylsilyl ester of benzylpeniclllin 

was prepared fyom 14;ss g of the potassium 
salt of benzylpenicillinate ·and 6.4 -ml of tri- 105 
methylchlorosilane in 140 ml of pul'e chlo:fo-
fonn (to which 13.2 ml Of pyridine bad been 
added). After cooling to ·-18° c, 9 .g of 
PCl, in 185 ml of piire. chloroform were 
added, in consequence of which the tempera- 1-19 
ture rose to almost 0° C. After a reaction 
time of 32 minutes at 0° · -c, the mixture 
was cooled again (to -20° C), upon whicli 
100 ml of n·butanol was added'. The mixture 
was stirred for 140 minutes at Ob C, for ss· US 
minutes at 5 ° c and for 73. minutes at 15 to 
20° C. After this, 21 ml of distilled water 
were added with continual stirring ~Cl. the 
pH was adjusted to 3~'9:5. After 4 hour$' 
standing at 4 ° 4 the .precipitate was: ,sq,ar- 120 
ated from the mother liquor, washed and .chiiei;f 
to .·obtain 2.:S9 g of 6-amimn>enicillanic . acid 
(yield 33.5%). The mother ·llQUol' sn11 con­
tained 4.4%; of 6-aminopenicillanic aeid a-na 
o. 7 g of beneylpenicillin. · 125 

·,":'· 
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· ·-- Elr.AMJ>u· VI ,·u: uidn.g ~® p1;0ced.ure~ -<>~ :E~p1e: v, tI:ie 

trimethylsilyl e~er: ot peni~illiJi G wa.s te­

act;~ with P0.5. . 'thi!I tim~ ~Q~er, the 

5 . c;oploo· ~ctim.i. ~~ Vl!~.s· 11'.eact.ed. f'QJ:th~ 

wii:b 125: ml ot am:r.l ~bol ~t.~ of n­

bµQ!.nol, · 'Thi.s. ~P:i.Pl}; · wa;~ ~~~' QUt fjr-st 

at 0° ·c (for 148 minutes), then at +s° C 

. (foi: 63- mmut~!I),_ ~® ij.~Uy· ~t: +lo ts> 1$° C 

10 ('t°Ql". 95; m)11ut~} Tue; praj"IW,~ ob~~d. was 

2.;78 g. of ~ami~tj.Jlaijj.!; atjcJ.: (yidd 

32.2%). The mother liquor still cop.taine.d 

5.4% of: (i-~i®pe~~iUl!-!..lic ~i9;. 

ExAMPLE VII. 

15 . A au&~i~ of 14.f~~· g of. ~~. pQta.~ium 

~ Qf ~11z.yJp~i<::illln 4t SQ;JJ;l.:l o~ pw:e me$y­

lene chloride was converted, in the. presence 

of 6.8: ml of pyricl~, wit.b: fiA l13l Qf tri-

. methylclilQ!.'.osiJan¢ · ihto $.~ triµt~thylsilyl 

20 est~. ne splutiQn ~s <,:ool.¢4 tQ_ -25:0 c and 

a solut;ip:n. of 9 g. of :ea& in 100. ml Qf pure 

methylene c.blm::ide w~s add~ t~ . the e~t~, 

all at once. Ttw.. temperat.~ 1\0~ ·to -3 ° C. 

The re~ction, mixtm'e. w~s t}.J.e.n stiJ;:tied ~-Or a 

25 ~ · of 12· minutes at; Q° C a~ subs.e­

quently. ®Ql~ to. - 30.° C. At tW:s ~pei:a­
t:ure; a mixtuie· of 6.8 g of p~-9-ine. aI).c:I; 100 

ml of methanol was a.dd~ d.uring whicb the 

temperat.ute r* to ob 0 .. ~ us D.;ljµutes, 

30 4:() ml: at distjlle4- ~-t.er·.~e aAded 11.l)(j the 

pH w.iJi ad.jU$tied. to 4.0; ..Mt~s.t~n.d:ing ~91" 

24. hours at 5° C, th~ cr.ystallizecl · 6.-amim>- . 

penicill~c acid: w.as. vacuwi. fil~e.d, wa.•d 

and dried, to obtain 3 .48 g of 6-:am..in.o-

35 penkillanic acid (yi~ld 40.3 %). The Dl.Qther 

liquor still contained· 3.3% of 6.-aminop~cil­

Ianic acid. 

on.e· ~ of th~ ethy~ acetate so1~00.:· The 

mi~ wa§. subseq11ently· hydr<!gena~· using 65 

a. .Pcf..C (10%) _catal;yst and) ~~ hydr~~­

aqon, th.e· solution wa.s f~ to, contam 6-

.. apl~I)!)pCniyil~fo aci4. t~t})CJi. w.b;h. ·~on~on-
verted benzyl ester. · · · 

Ex.AMPLE IX: 70 

7.44 g of th~ potassium sa,Jt of· penicillin 

G w~ su~pended in 25 ml o~ p~ :m:~1'iy1Clle 

clilonde and. 1.6 ml of pyridin~· a:t:t4 6.4 ml of 

l;l'.imetltylchlorosilane were . ~dd,ed: to me 

suspension. After cooi~ng to 20° C, ~.9, Iri.l: of 75 

phosphorus oxychloride in 25: J.Dl: rt, pure 

methylene chloride were 11-dd~ 4fopwi~ to 

tl).e ~~~pylsily~ ~ter fopn~· im
d tI,.i; ~­

perature ~s brought to roon;:i. t~.P~ture 
(about 26 C). At this temperature, the mix- 80 

ture was stirred. for 3 3/4 1,lp~s. ~t was 

then cooled to ~20° C and with continued 

stirri,ng, first 25 m~ of methano~ .. aµc:t s~:l,lse­

quently a mixture of 25 ml of 1)'!.~$lno:l ~ 

4.0 ml of pyridine were added. After lU 85 

m..i:t:tut~ stirring at 0° C; 20- ·iµ~ of diSti,ued 

wat~ were ad(jed. and the pH Q.f ~·mix!Vfe 

was a,dj~sted to 7.3. The layers vv.ei;e, s~!l.t'-

ated an<i th~ methylene chlprige la,y~· was 

further ext;racted with S. ml of distilled water. 90 

According to a microbiol~C:!!.-~ ·. e~iµi~p, 

the aqueous layers thus obtajn~d: ~nt1,1jt;1C<t 6-

aminopenidllanic acid. · 

ExAMPLE X 

7.45 g. of potas~i~ ben~Ip~itj11.~~ 95 

V']ere suspended in 80 ml of dcy~ =*-Qhol•fr.CC 

chloroform and) with stirring ~.6, n'1l .of ·t:P­
merhylchloir~ne were 1!4~d to the· su,s­

pension whilst nitrogen gas was pa,ssed. oVer 

the reaction mixture. After 30- minutes stir- 100 

F.xAMPLE VIII rillg at -foom tezµp~a:turC, ~l!riP.g · · W:~<:h · a 

A SQlution: of 4~25. g of b~lpenicillin solution was formed, 2 g o.f tri~Yiylox,oi:µ~ 

40 benzyl e.ster in 35 ml of pure chloroform tetrafiu.oroborate in, l7 n).l of c;h.19~.of~~ ·were 

was cooled: t-o. -20° C. 3 .. 4 ml of pyridine · a.d-de~. After, a f~~ 2 1/2 @.~~ stirri,ng at 

and a solution of 2.25 g of ~O!lpho(US. penta- room temperature, 4:0 ml. ~f pyrifii!!e. ~ 105 

chloride in 45. ~l of ~l~;r.<!~~ was added. a.qded; 13.5 ml of the· reaction mixture was 

. 45 
~~(). Tu~. 'J;nixwie w,a&. s~i,rred, fQ:r 120: . supsequently evap~at~d. "t:p,' d.~ss. iJii~ ~ 

minutes at 0° c: arid cooled again to -20° pressure of 25 cm Hg and at a temperature 

c; 20 ml of ~ethanol were then added, the of 30° C. The residue was taken up in 200 

temperature rose and the mixture was stirred ml of dioxane. 120 ml of 5;% phosphoric acid 110 

further at 0° C. After 2 hours, 10 ml of where then added dropWise. After standing 

water were added and the pH was adjusted for 3 1/2 hours at room temperature, 6-

50 to 2.7. 11le aqueous layer was separated' from aminopenicillanic acid was s'hown to be pre­

the cliloroform layer !lnd the latter was washed sent in the mixture by chr~matography. !( 

with 5 ml of water. The aqueous layers were micropiological test also indicated the pre- 115 

subsequently extracted three times with 5 ml sence . of 6-aminopenicillanic acid. 

portions of - ethyl acetate. The extracted r. 

55 aqueous layer was adjusted to pH 8.3 and ···" 1 . EXAMPLE XI 

extracted three times with 10 ml of ethyl ace- ·;. 29.Sr. g of the potassium salt of benzyl 

tate. The collected ethyl acetate ex.tracts were . penicl}lin (teclinical grade, 1579 U /mg) were 

driecJ over Na,.S04 and by means of thin- suspended in 300 ml of technical chloro- 120 

layer chromatography using a butanol-acetic form. ~en, in succession, 32 ml of quino-

60 acid-water system and spraying with iodine line aJ.1.d 14.5 ml of dimethyldichlorosilane 

azide, 6-aminopenicillanic acid benzyl ester were added· to the suspension; the tem- ----------· 

was ~wn to be present. 10 ml .of methanol perature rose from 20.5° C to 26° C. After ~~·· 

and 1 ml of acetic acid were then added to stirring for aboupt 4Q minuteS; th~sron · 125 

~-

-----------
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'"was cooled to "'.""'25° C and a~ this temperature S, A process accordi.rig. to . any of . ~~· 
18 g of PCls were add«!. After ·a reaction l tO 3, in which the. kcylaminopenkiUa 
peritid. of 3 hours, 200 ml· of n-propanol we.re acid is phenoxymethylpe,nidllin. ·· · .· · · · . 
added· quickly (over about 4 minutes) under 6. A process according t() any of claims 
vigorous stirring but iD such a way that the 1 to S, in which the esterified 6-cacylamino­
·temperature did not rise: about ....,.. 20° C. After penicillanic acid, or salt, is reacted witli an 
a ·reaction period of 2 hours, the reaction . acid· halide to fonn the corresponding imino 50 
mixture was added to 17S ml of water whl1st halide. . ·• · .· 

·stirring and· the pH was a4justed to 4.0 by 7. A process according t~ claim 6, in 
10 means of ammonium bicilrbOnate. After: stand- which the reaction with the acid halide is · 

ing for 12. hi>urs· at 4 ° C; the 6-'aminopeni- · effected ·-in the presence. of an add: biiiding 
cillanic acid was . separated· from the mOther · agent.· · · · · . . · . SS 
liquor and· washed with· 6S ml of 50% cold! 8. A process ·according to cl.aim 6 or 7, 
niethanol and 70 ml of acetone. After dry- in which the ~d .. halide is phQsphorus pelita-

15 ing, 13.85 g of 6-amin~iUanic acid -was chloride. . · ·· · · · . · 
obtained havirig a content of ZlOZ U /mg ·. 9. A pro(;'e!IS .according -to cliJ,im 6 0r 7, 
(yield 80.1%). · in which· the acid halide is phosphorus oxy- 60 

cldoride •.. 
. WHAT WE CLAIM JS:,..... to: A proc~ according to any of cl.aims 
· 1. A process for the preparation of 6-'amino- 6 to 9, in w~h the imino halide is reacted 

20 penicillanicacid or a s:altthereof, which com- With~ alcOhol:io foim the imino ether; · 
prises esterifying the 4-carboxylic acid group ·11. A. pr~s according to ··claim . 10, in 6S 

. of a 6-acylaminopenicillanic · acid or a salt which the alcohol -is an aliphatic alcohol con- . 
thereof, reacting the ester to fonn an imino tai*i:qg from 1 "tO ·5 carbon atoins. . . 
bond on the 6..;amido nitf9gen atom, reacting · 1~ A ·J>rocess according to cl.aim: 10 or 

25 the resultiQg compoUn.d to ·introdute an -oR U, in ~whicli the reaction With the akohol is 
group on the 4mino catbon 9.t0m, wherein R · effected in the presence of pyridine. · . . 70 
iS an alkyl group of ft~: 1 to 12 carbon · . 13. A process· ·according to any of claims 
atoms or an aralkyl' gnfup of from 7 to 14 1 to 12, :in \vhicli the imino bond· of the· 
carbon atoms, to forlli an · imino ether, and imino ether ·is split by hydrolysis. 

30 splitting the imino bond of_the imino ether 14. A process according to olabn: 1 -for . 
and. ref0rming the free 4-cai'boxylic acid, or ·the preparaµon of ·6-aminopenicillanic acid, 7S 
a salt thereof; and in which process the re- Or a salf thereof, substantially as hereindes­
action· coajitions used tO · Split the imino ether . cribed With especial reference to any of ·the 
and to reform the free: +carboxylic acid, or Examples. · 

35 salt, are sutfici~tly mild sb as not ·to rupture 15. 6-aminopenicillanic · acid, or • ~t · 
.the p..;Iactam bond of the product. thereof, whenever prepared by the proc_ess 80 

2. A.process according t:o claim 1, in which according to any of cl.aims 1 to 14. 
· the 4~carbc'.>xylic acid esterjs a silyl ester. 

3~ A process according to:ofaim 2, in which 
40 the silyl ester is ·a trb.Dethylsilyl ester. · A. A. TIIORNTON & CO.,. 

4. A process aecording to. any .of claims Olarteied •Patent Agents, 
1 to 3; in wh.ich ·the · ~acylaminope;licillanic NOrthfunb¢rland House, - . 
-acid is 'be11Zylpenicillin; . · . 303/306 :High Holoom Ll:mdon, W;C.1. 
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was cooled to -25° C and at this temperature 
18 g of ~ were added. After a reaction 
period of 3 hours, 200. ml of n-propanol were 
added quickly (over about 4 minutes) under 

5 vigorous stirring but in such a way that the 
temperature did not rise about - 20° C, After 
a reaction period of 2 hours, the reaction 
mixture was added to 175 ml of water whilst 
stirring and the pH was adjusted to 4.0 by 

10 means of ammonil.im bicarbonate. After stand­
ing for 12 hours at 4 ° C, the 6-aminopeni­
cillanic acid was separated from the mother 
liquor and washed with 65 ml of 50% cold 
methanol and 70 ml of acetone. After dry-

15 ing, 13.85 g of 6-aminopenicillanic acid was 
obtained having a content of 2702 U /mg 
(yield 80.1 %). 

WHAT WE CLAIM IS:-
1. A process for the preparation of 6-amino-

20 penicillanic acid or a salt thereof, which com­
prises esterifying. the 4-carboxylic acid group 
of a 6-acylaminopenicillanic acid or a salt 
thereof, reacting the ester to form an imino 
bond on the 6-amido nitrogen atom, reacting 

25 the resulting compound to introduce an -OR 
group on the imino carbon atom, wherein R 
is an alkyl group of from 1 to 12 carbon 
atoms or an aralkyl group of from 7 to 14 
carbon atoms, to form an imino ether, and 

30 splitting the imino bond of the imino ether 
and reforming the free 4-carboxylic acid, or 
a salt thereof; and in which process the re­
action con~itions used to split the imino ether 
and to reform· the free 4-carboxylic acid, or 

35 salt, are sufficiently mild so as not to rupture 
the ,8-lactam bond of the product. 

2. A process according to claim 1, in which 
the 4-carboxylic acid ester is a silyl ester. 

3. A process according to claim 2, in which 
40 the silyl ester is a trimethylsilyl ester. 

4. A process according to any .of claims 
1 to 3, in which the 6-acylaminop~icillanic 
acid is benzylpenicillin. 

5. A process according to any of claims ~,....,.. 
1 to 3, 1n which the 6-acylaminopenicillanic ~_; 
acid is phenoxymethylpenicillin. · ·· · 

6. A process according to any of cla-ims 
1 to 5, in which the esterified 6-acylamino- · 
penicillanic acid, or salt, is reacted with an 
acid halide to form the corresponding imino 50 
halide. 

7. A process according to claim 6> in 
which the reaction with the acid halide is 
effected in the presence of an acid binding 
agent. 55 

8. A process according to claim 6 or 7, 
in which the acid . halide is phosphorus penta­
chloride. 

9. A process according to cl'im 6 or 7, 
in which the acid halide is phosphorus oxy- 60 
chloride. 

10. A proceSSI according to any of claims 
6 to 9, in which the imino halide is reacted 
With an alcohol to fonn the imino ether. 

11. A proc;ess according to claim 1 O, in 65 
which the alcohol is an aliphatic alcohol con­
taining from 1 ·to 5 carbon atoms. 

12. A process according to claim 10 or 
11, in which the reaction with the alcohol is 
effected in the presence of pyridine. 70 

13. A process according to any of claims 
1 to 12, in which the imino bond of the 
imino ether is split by hydfolysis. 

14. A process according to claim 1 for 
the preparation of 6-aminopenicillanic acid, 75 
or a salt thereof, substantially as hereindes-

. cribed with especial reference to any of the 
Examples. 

15. 6-aminopenicillanic acid, or a salt 
thereof, whenever prepared by the process 80 
according to any of claims 1 to 14. 

A. A. TIIORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 

303/306 High Holborn London, W.C.1. 
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