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(54) ·PROOESS FOR'~ PR'EPARATION OF 

6-AMINOPENICILI..1.ANIC ACID 

· (71) We, KONINKUJKE NEDERLANDSCHE 

G:Is'.f- EN SPIRITUSFABRIEK N.V.; a Dutch 

limited ·~bility company, having its place of 

business 'at Delft, the .Netherlands,. do here-

s · by declare the invention, . for · w!tldt we pray 

that: a patent may be granted . to us, and the 

method by which it is to be perforined, to 

be particularly described in and by the fol-

· 10 
l~g st-atement: -

This invention relates to a pr0cess for the 

preparation of 6-aminopenicillanic acid and is 

an improvement in or itrodification of the in­

venti0n deseribed and claimed in our earlier 

Specifi:cation No. 1~189,022 .. 

15 Specification No. 1,189,022 descn'bes and 

c~ a process for the preparation of 6-

amipopenicillanic acid or a salt thereof, which 

comprises esterifying the 4-carboxylic acid 

group ·of a 6-acylaminopenici:llanic acid or a 

20 sa[t- thereof, reacting the ester to form an imino 

bond on the 6-'amido nitrogen atom, reacting 

the resulting compound to introduce an -OR. 

group on the. imino carbon atom, wherein R 

is an· alkyl group·· of froni 1 to 12 

'25 . carbon atams or an aralkyl group of 

from · . 7 to 14 : carbon atoms, to · 

form an imino ~ther, :and splitting the . 

. imirio bond of the imino ether and refonn-

: ing the free 4-carboxy:lic acid, or a salt there-

30. of; and in which process the reaction condi­

tio~s used· to split the iiliino ether ~d to re­

fomi the free 4-carboxyHc: . acid, or salt, are 

sufficiencly iµild so as not to rupture the 

35 
;,B-~ctam bond CJf the product. It is prefenred 

that the 4-carboxylic acid ester is a silyl ester· 

such as the trimethylsilyl ester. Typically the 

The reaction with the aci,d chloride . as . well as 

that with . the alcohol are carried out at tem­

peratiires of about 0°C. · Before carrying out 

. eacli of the successive steps of the reaction the SO 

reaction mixture is cooled to lower tempera­

tures (varying from - 100 :to · - 30°C) to 

ensure that the temperature. will not ·rise :too 

much when adding the reaction c0mponents. 

After the ad.Clition of the next reaction com­

ponent, the temperature a:gain r.iSes to around 
55. 

0° and the bulk of the reaction nikes plare a~ 

this temperature. This process leads ·to· .Yields 

of about 52%. . · . . . . 

We have n<lw found that considerable higher 60 

yields, aµiounting to 90% or more, can be 

obtained by carrying. out the reaction of the 

imino haFde with the alcohol to form the 

imino ether at very much lower temperatures 

and ·according to the present invention, there-: 65 

fore, we provide a process for the prepara'." 

tion "Of 6-aminopenicillanic acid or a salt there-

of as claimed in claim . 2 of Specificadon 

No. 1,189,022, in which the silyl ester of the 

6-acylam.inopenicillanic ·acid is reacted with 70 

a substance capable of forming an imino hailide . 

on the 6-am;do nitrogen atom. and in which 

the imino halide is reacted with an alcohol 

to form the imino ether at a temperature not 

exceeding '-io0 c. Preferably the reaction 75 

with the alcohol is carried out at from · -40°C. 

to -60°C. 
In . order ·that the invention may be more 

fully · understood the following Example is 

given: by way af illustration only. Fram the 80 

Example, and the accompanying Table, rt 

wili be seen that the reaction time is also 

important for optimum yields. 
imino bond is ·introduced ·into the molecule 

on ~ 6-ilmido nitrogen ·at0m by reacting the 

4-carboxylic acid ester with an acid halide, ExAMPLE. 

40 such as phosphorus pentacltloride, to form the . . 30 g of the arude potassilllD salt of penicil- 85 

corresponding imino halide. The imino halide lin G (1565 I.U./mg) were silspended in 125 

may then be reacted with, say, an alcohol to. ml of dichloromethane in a round bottomed. 

f0rm the' imino ether. . . fia:sk ·with three necks. 8. ml m dimethyl di-

. ~ .reacti~ t~perature a~ reaction time ch!~ro silane and 21 · !ll1 of ~,N~methyJ.,.· 

45 for the process claimed in our earlier specifiea- · an1l11ie were 'added while stirrtrtg vigorously, 90 

tion are very important for a good yield. during which addition the ~perature rose 
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to •pproximately + 30°C. The mixt:Ure was 
kept~at +.is°C for ;half an hour and' was then 
l(.."OOled to abolit . - 52°C, after which 18 g 
of phosphorus :pentaclrloride (PCL) were 

5 added; 'The temperature again rose slightly. 
The mixture -was kept a:t - 40°C for two 
hours and was then cooled to a temperature 
20° below that at which it was intended to 
carry out the reaction with the alcohol. 4 ml 

10 of dimethylaniline mid 125 ml· of n;butanol 
were then added within a minute. 

Reaction 
temperatures 2 3i 

-10°C ·73.8 80.0 
; 

: 
•' 

-20°C ·- -

· --30°C - -
-40°C ...._ 

.. 

-50°C - -··. ·. .. 

-60°C ·- --:: ·.·: 

When - 60°C was chosen as the -reaction 
temperature it was necessary _to · precool the 
<butanol to - 50°C before adding it to ithe 

15 reaction mixture. At --'100 and -2QOC, the 
' reaction with ·butanol proceeds very rapidly. 

It was therefore necessary to erimre that the 
temperature did not rise ·Wove these values 

. due to addition of the reagents. Depending 
:20 upon the reaction temperature, 50 ml samples 

were removed from the reaction mixture at 
different times and these were mixed with 20 

TABLE I 

Yields after reaction timc:s (in minutes) 

5 71 10 is 20 

81.7 79.8 78.8 75.7 71.5 

±0.4 ±0.45 ±0.45 

83.0 - 85.1 ·86.5 85.0 

±0.3 ±0.2. 

- - - 86.3 -
- - ·- - -

.. 
-

- .- ...._ - -
- - - - -

-.'. 

ml of water while stirring. These miX:tures 
were adjusn:d to pH 4.0 by the addition of 

2S 8.5 ml of 6 N . ammonia foll.owed · by the . 
addition of ammonium bicarbonate; · 

The. precipitated 6-aminopenicillanic: acid. 
was collected by suction filtration and washed 
with a mixture of acetone and water (1: 1) 

30 and then with acetone. The results of the re­
. action with butanol at different temperatures 
are shown in Table I. 

30 45 60 

- - -
83.4 81.7. 80.2 

±0.3 

88.4 8s~2 87;6 

87;7 - 90.5 . 

:±0.4 ±0.3 

- 81~6 

- -
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, Reaction 
temperatures 

-10°c 

-20°C 

-30°C 

-40°C 

-50°C 

-60°C 

-... · 

TABLE I (Continued) 

Yields after reaction times (in minutes) 

90 120 150 180 210 

- - - - -
- - - - -

85.9 - - - -
90.6 . 89.8 89.6 -

±0.2 ±0.3 ±0.2 -
88.0 90.6 90.3 89.9 -
- - - 81.0 83.9 

TABLE I. 
These figures Show that ooly a slight in­

crease_ of the optimal yie]d can be obtained 
5 be.low · - 4(}°C at the cost pf a considerable 

prolongation of the reaction time. The yield 
at - 30°C is approximat.ely 2% lower than 
that obtained at -40°~ and is lowered by 
·anothea: 2 % at , - .ZOOC. 

10 . The yield is further decreased by about 
5:% at - 10°C. ·At OOC the best obtainable 
yield is lowered by another 7%. At. :tempera­
tures between 0°C and ' - 200C there iS a 
very marked decrease in. the yield if a slightly 

15 shorter or longer time than the optimal re-. 
. action time is used. nus js very clearly shown 
in the accompanying diagram 1 in whicli the 

.240 :270 ·300 330 360 .. 

- - - - -
- - - - -
- - - - -

. - - - - -
- - - .- -
- - - - -

86.9 89.3 89.9 90.5 91:2 

±0.3 ±0.2 
. ' 

; 

data of Table I .ha\re been .plotted. More- · 
over the time for obtaining the ~ yield -
at the8e temperatures is too short _for practical 20 
purposes. 

The influence '?f tem~t~ on .the ~ction 
of the 6-acylaDllnopemcillawc aad silylester 
with PCJ.s is less .kp.portant than on the re­
iaction of -the imino halide with the alcohol. _ 2S 
The yield at ·-100 is only abOut 2% lower 
than ·that - 40°C as is shown in Table II 
befow. In ·the experiments shown in this 
Table, the reaction temperatures in the PCls 
reaction step are - l0°C and --40°C. The 30 
optimal reaction time values are 90 minutes 
in both -cases. The reaction with butanol was 
cairried out at - 40°C in both -cases. 
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TABI.E II . '·> .. 
;7~· .. 

.... .. ,............... ,· "'. ; ...... ;" 

% yield after reaction with blitanol at; -4Q°C; reaction: time in'. minutes· · 

Re.action temperature· 
of the PC15-step 30 

-109C 86.2 

-40°C . 87.7' 

WHAT WE __ CLAIM.. ·1s: ~ 
1. A . p~ss for the preparation ()f 6-

aminopenicillanic acid· or a salt . thereof as 
S · claimed in claim . 2· Of Speciµcation No. 

1,189,022, in which the silyl ester of the 6-
. acylaminopenicillanic acid is reacted with a 

... sUbstance capable ·'Of forming '8.D imino halide 
. on the 6-amido nitrogen arom andi in which 

10 the imino mlide is reacted with an akohol to 
. fomi the imino ether ·at a teriipel'ature not ex-

ceeding · - 20°C. . . . . . ·· 
· 2. A process according to claim 1, in which 
the imino halide· is reacted with the alcohol 

·60· 90 

ss:6 88.6 

99:5. 90.6 

120: .. 

~ 87.9 

89.8 

150 

87.6\ 

89.6: 

.·at a temperarure -~from -'4-0oc; to. - 60°C. IS 
3. A process for the preparation of 6-

aminopenicillanic acid or a· salt thereof su~. 
stantiaaly as herein described ~ the Example . 

. 4. 6•atniriopenici1Janic acid or a salt thereof 
when prepared by the process· claimed in· any 20 . 
of claims 1 to 3 . 

A. A. THOJ:U~TON & CO., · 
Ohanered ·Patent Agents, 
Northumberland H<>use, 
303/306 High Holborp, .. ·· 

London, W.C.1. 

Printed for Her Majesty's Stationery Office by the Courler Press, Leamington Spa; 1971. 
Published by the Patent Office, 2S Southampton Buildings, Lond~ WC2A lA Y, from 

which c0pies may be obtained. 
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TABLE II 

% yield after reaction with butanoi"-~1: ··_:~~c·;···~Cii~~' ~e m: ·minii~ 

Reaction temperature· 
of the PCl,step 30 

-lO!>C 86.2 
·. 

-40°C . 87.7 

WHAT wE CLAIM IS:-
. -·· 

1. A process for the preparation of 6-
aminopeniciHanic acid or a salt thereof as 

S claimed in cla1m 2 of Specification No. 
1,,189,02~ in which the silyl ester of the 6-
acyJaminopenicillanic acid is reacted with a 
substance capable of. forming an imino halide 
on the 6-amido nitrogen atom and in which 

10 the im.ino halide is reacted with -an alcohol to 
. form the imino ether at a temperature not ex-

ceeding · - 20°c. . 
2. A process according to claim 1, in which 

the im.ino halide is. reacted with the alcohol 

60 90 120 150 ·1 
; 

88."6 88.6 87.9 87.6: 
; 

; ' 99.5. 90.6 89.8 89.6 

at a temperature oI from - 40°C. to - 60°C. 15 
3. A process for the preparation of 6-

aminopenicillanic acid or a salt thereof sub-. 
stantially as herein described i,D the Example. 

4. 6-·aminopenicillanic ·acid or a salt thereof 
when prepared by the process claimed in any 20 
cf claims 1 to 3. 

A. A. THORNTON & CO., 
Chartered Pa.tent Agents, 
Northumberland House, 
303/306 High Holbom, . 

London, W.C.1. 

Printed for Her Majesty's Stationery Office by the Courier Preas, Leamington Spa, 1971. 
Published by the Patent Office, 25 Southampton Buildings, London~ WC2A lAY, from 

which copies may be obtained. 
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