
Silylation Process . 

This invention iel~ to a process for the production of silylated 7-amino-desacetoxy­

ccpbalosporanic acid or 6-aminopenicillanic acid by silylation of a 7-amino-desacetoxy-

5 cephalosporanic acid· or 6-aminopenicillanic acid and use of the silylated intermediates in 

the production of a 7-alpha-aminoacyJ-desacetoxy-c:cpbalosporin or a 6--aJpba-aminoacyJ­

penicillin. 

In EP 439 096 which is incorporated h~in by iefaence, a mixed anhydride process for 

10 the production of La. ampicillin, amoxicillin, epicillin, cephradine. cephalexin, cefadroxil 

is described, startin1from6-aminopenicillanic acid (6-APA), or 7-amino-desacetoxy­

cephalosporanic acid (7-ADCA). 

According to this publication water-immiscible, baJopn-fiee solvents ~ used in the 

production of the mixed anhydride resulting in good yields and purities of the products. It 

15 is stated that the penicillanic or cephalosporanic acid used as starting material therein may 

also be silylated. but a pmcess for the silylation of the starting material is not specifically 

exemplif"Jed. 

It bas now surprisingly been found that silylated starting material used in the process of 

20 EP 439 096 for the pn:paration of products mentioned above results in ex~mely high 

yields and purities of the products obtained, if the silylation of the starting material 7-

ADCA or 6-APA is calried out in certain carboxylic acid ester solvents. 

The invention therefcn provides in one aspect a process for the production of a silylated 

2S 7-amino-desacetoxy-c:cphalosporanic .acid ·by silylation of a 7-amino-desacetoxy­

cepbalosporanic acid in a carboxylic acid ester of fonnula 

X-COO-Y (I) 

30 ~in independently of each other 

X denotes methyl and Y denotes alkyl having at least 3 cad>on atoms, or, 

X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl. 
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In another aspect the pzesent invention provides a process for the production of a silylated 

6-aminopenicillanic acid by silylation of 6-aminopenicillanic acid in a carboxylic acid 

ester of fonnula 

\ 
\ 

' . 

X-COO-Y 

wherein independently of each other 

(I) 

X denotes ~yl and Y denotes alkyl having at least 3 carbon atoms, or. 

X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl, 

JO in the pesence of a silylation agent other than N,N-bistrimethylsilyl acetamidc. N.N'· 

bistrimetbylsilylmalonic acid amide and N.N'·bistrimethylsilyl uma. 

Alkyl includes. for example, straight chain or branched (C, .. )alkyl or (Cu)cycloalkyl, in 

particular straight chain or branched alkyl. Examples include alkyl acetates wherein Y has 

JS at least 3 carbon atoms, e.g. 3 to 8 C-atoms and X denotes C14, preferably c,.., more 

preferably c 1 .. alkyl. X may, for example, denote methyl and Y alkyl of at least 3 carbon 

atoms. 

20 

25 

Pmfcncd solvents include propyl acetates or butyl acetates. for example n-butyl acetate or 

isopropyl acetate, 

In a further aspect the present invention provides a pmcess for the production of a 

silylatcd 7-amino-desacetoxy-cepbalosporanic acid or a silylated 6-aminopenicillanic acid 

by silylation of 7-amino-desacetoxy-ccphalosporanic acid, or 6-aminopenicillanic acid in 

iso-propylaceaate or n..t>utylacetate. 

A compound of formula (I) is used at least as part of the solvent system. The solvent 

system used may contain moie than one compound of fonnula (1). 

The silylation process may be carried out as follows: 

30 The starting material, i.e. 6-APA or 7-ADCA, may be suspended or dissolved in a solvent 

of formula I as defined above. 



WOM/1'867 

If desired a ~mall amount of a co-solvent may be present, for example those known in the 

mt, including ~anic amides, e.g. fonnamide or an acetamide, or their N-mono or 

N,N-dimethyJ derivatives, e.s. dimethyl fmmamidc, or N-methylacetamidc, 

N,N-dimetbyl~de. or N-methylpynoJidine or tetramethylurea. 

S Conveniently the co-solvent comprises about 10 to SO per cent by weight of the solvent 
'\ -

system. In pmticular, however, a co-solvent is not necessarily used. 

\ 

Silylation agents which are common for the silylation of 7-ADCA or 6-APA may be used; 

including sitanes, such as trichlomsilanc or alkylsilancs, such as trialkylmonochlorsilane, 

10 •·I· trimethylcblorosilane, diaJkyldicbJorosilanes; silylated amides, such as bissilylacet­

amide, e.g. N,0-bis(trimethyJsilyl)acetamidc, N,N'-bis-trimethylsilylmalonic acid amide, 

N,N'-bis-trimetbylsilylsuccinic acid amide, N-methyJ-N-uimetbylsilyltriflumoacatamide; 

N,N'-bistrimethylsilylmalonic acid diamide, N,N'-bistrimethylsilylsuccinic acid diamide; 

silylatcd meas such as bissilylurea. e.g. N,N-bis(trimethylsilyl)urea, hexametbyl-disilazane. 

IS For example, allcylsllanes, hexametbyldisilazane or bissilylacetami~ e.g. alkylsilanes or 

hexamethyldisi1azane, e.g. hexamethyldisilazanc are used. The silylation agent may contain 

one or men silylation agents. 

In the case of 6-APA, the process is canied out in one aspect in the presence of a 

20 silylation agent other than of N,N-bislrimethylsilyl acetamide. N,N'-bistrimethy1si1yl­

maJonic acid amide and N,N'-bistrimetbylsilyl urea. 

A calalyst common in the field of silylation. such as an amine, in particular a 

trialkylamine: an amide, for example a cyclic amide. e.g. saccharin; an acidic catalyst, for 

25 example an organic acid, e.g. trichloroacetic acid. trifluoroacetic acid, oxalic acid. p­

toluenesulphonic acid or an inorganic acid. e.g. byclrochJoric acid. sulphuric acid; or a salt, 

e.g. ammonium sulphate, potassium acetate; may be paent in the reaction mixtuie. It is, 

however, not necessarily used. 

30 The reaction may be carried out under normal pressuie or a vacuum may be applied. 

The amount of the silylation agent may depend on whether monosilylated or bissilylated 
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7-ADCA or 6-APA is desired. In bissilylated 7-AJXA or 6-APA the carboxylic group in 

position 4 as well as the nitrogen atom in positions 6 or 7, respectively. are silylated. For 

example an approximateJy equivalent amount or an excess of the silylating agent may be 

used, i.e. about 1 to 2 equivalents for each gn>Up of the penicillanic acid or of the 

S cepha)osponmic acid which is to be silylated. For acylation of the amine group in position 

6 or 7, for example monosilyl~ or bissilylatcd, or a mixt&R of monosilylated and 

bissilylated 7-ADCA or 6-APA may be used as stalting material. 

Suitable ieacdon temperatures include those conventionally used in this field, e.g. from 

IO about 0°C to the Jefluxing temperature of the solvent used, for example fR>m mom 

tempcratme m the mftuxing tempeJa~. Optionally the starling material may be cooled to 

lower temperatures when adding the silylation agent, e.g. to -40, ·30, -20 or -J0°C. 

The reaction mixtwc may be worked up in conventional manner. 

JS The final product may be isolated in conventional manner. e.g. using processes for 

semoving solvents under mild conditions so as not to affect the stability of the silylated 6-

aminopcnicillanic acid or of the silylated 7-amino-desacetoxy-cephaJosporanic acid. Purity 

may be very high. e.g. above 9S or 98~. The silylatecl 6-aminopenicillanic acid or the 

silylated 7-amino-desacetoxy-c:ephalosporanic acid may be used without working up the 

20 seaction mixture and/or without isolation of the silyJatecl product from the reaction 

mixture, for example in solution. e.g. as starting material in the production of penicillins 

or desacetoxy-cephalosporins according to the processes of EP 439 096. 

The process of the invention as described above is useful in the production of a wide 

25 variety of 6-alpha-aminoacyJ-penicillins and 7-alpha-aminoacyJ-desacetoxy-cepiJak>.: 

sporins., such as. for example. ampicillin, amoxicillin, epicillin, cephradinC, cephalcxin, 

cefadroxil by N-acylation of silylatcd 6-APA or 7-ADCA with an acylation agent. 

including a mixed carboxylic acid anhydride, for example a mixed carboxylic acid 

anhydride of an alpha-amino acid. which may be a N-substituted vinyl alpha-amino acid, 

30 e.g. having the amino group 1hen:Of protected as an N-enamine; such as a mixed 

anhydride of a Dane salt; and deprotecting if appropriate. Included are 

6-alpha-aminoacyl-penicillins and 7-alpba-aminoacyl-desacetoxy-cepbalosporins in fiee 
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form or, where such fonm exist. in salt and/or soJvate form; e.g. substituted 6-acetamido­

penicillanic acid derivatives and 7-acetamido-3-desacctoxy-ccphem-4-carboxylic acid 

derivatives and salts and solvates tbeleof, such as acid addition salts or salts with a base, 

hydrates or other solvent soJvates, e.g. the dimethyJformamide solvate. For the pmposc of 

S this specification, the tenn "derivative" denotes, e.g. analogues such as a compound which 

may ·bear a subsdtuent at the amino group and/or wherein the carboxylic group is 

esterificd.. 

In another aspect the invention relates therefore to the use of the process of the invention, 

10 i.e. to the use of a process of claim I in a process for the production of a 7-alpha-amino­

acyl-desacetoxy-cephalosporin and to the use of a process of claim 2 in a process for the 

production of a 6-alpha-aminoacyJpenicillin. The process of claim 1 is. for example useful 

in the N-acylation of the amine group in position 7 of the silylated 7-ADC.A. or in 

position 6 of the silylated 6-APA, for example in the acylation with a mixed anhydride. In 

15 one aspect the product is other than amoxycillin. 

In another aspect the piesent invention provides therefore a process for the production of 

an 7-aminoacyl-desacetoxy-cepbalosporin or an 6-aminacyl-penicillin other than 

amoxicillin, which comprises 

20 (i) producing a silylated 7-amino-desacetoxy-cepbalosporanic acid or a silylaied 6-amino-

penicillanic acid by silylation of a 7-amino-desacctoxy-cepbalosporanic acid or a 6-

aminopenicillanic acid in a carbox.ylic acid ester of formula 

X-COO-Y (J) 

wb=in 

X denotes med_Jyl and Y denotes alkyl having at least 3 carbon atoms. or, 

X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl, and 

(ii) acyJating the silylat.ed 7-amino-desacetoxy-cepbalosporanic acid or silylated 6-amino-

30 penicillanic acid with an appropriate acylating agent, for example with a mixed 

carboxylic acid anhydri- producecl by iaction of a salt of an alpha-amino acid, 

having the amine group thereof protected as an N-enamine with an apropriatc 
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acylation agent. 

'lbe present invention provides in another aspect a process for the production of 

amoxicillin which comprises the steps of 

(i) producing a silylatcd 7-amino-desacetoxy-cephalosporanic acid or a silylated 6-amino-­

peniciJlanic acid by silylation of a 7-amino-desacetoxy-cepbaJosporanic acid or a 6-

aminopenicillanic acid in a carboxylic acid ester of fonnula 

X-COO-Y (I) 

wherein 

X denotes methyl and Y denotes alkyl bavina at least 3 carbon atoms, or, 

X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl in the pesence of a 

silylation agent other than N,N-bistrimethylsilyl acetamide, N.N'-bistrimethylsilyl-

15 malonic acid amide and N,N'-bistrimethyliilyl urea. and 

(ii) acylating the silylaaed 7.amino-desacetoxy-cephalosporanic acid or silylated 6-amino­

pcnicillanic acid with an appropriate acylating agcn~ for example with a mixed 

carboxylic acid anhydride. produced by ieaction of a salt of an alpha..amino acid. 

having the amine group tbeleof protected as an N-enamine with an appropriate 

20 acylation agent; 

and in another aspect. a process for the production of amoxicillin which comprises the 

steps or 
(i) producing a silylated 7-amino-desacetoxy-cephalosporanic acid or a silylated 6-amino­

penicillanic acid by silylation of a 7-amino-desacetoxy-cephalosporanic acid or a 6-

25 aminopenicillanic acid in a carboxylic acid ester of formula 

X..COO-Y (I) 

wherein 

30 X denotes methyl and Y denotes alkyl having at least 3 carbon atoms, or, 

X denotes allcyl of at least 2 carbon atoms and Y denotes alkyl, and 

(ii) acylating the silylated 7-amino-desacetoxy-cephalosporanic acid or silylated 6-amino-
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penicillanic acid with a mixed carboxylic acid anhydride, produced by reaction of a 

salt of an alpha-amino acid, having the amine group thereof protected as an 

N-enamine, with an appropriate acyiation agent other than a chlorcarbonic acid ester. 

S A compound of fonnula I as defined above may be used as solvent also in further steps of 

the production of a 7-alpha-aminoacyl-cephalosporin or a 6--aminoacylpenicillin, for 

example in the production of the mixed anhydride, and/or in the acylation of the silylated 

6-aminopenicillanic acid or 7-amino-desacetoxy-cephalosporanic acid with the mixed 

anhydride, and/or in an appropriate deprotection step~ for example, the same solvent may 

J 0 be used which is used in step (i). 

15 

The product of reacti.on step (ii) may be, if appropriate, deprotected. If appropriate, a free 

fonn of a 6--alpha-aminoacyl-peniciUin or a 7-aJpha-aminoacyJ-desacetoxy-cephalo-sporin 

obtained may be converted into a salt and/or solvate fonn or vke Yena. 

Suitable conditions and magents·in the procluction of a mixed carboxylic acid anhydride 

e.g. from a Dane salt, and in the production of 6-alpha-aminoacyl-penicillins and 

7-alpha-aminoacyl-clesacetoxy-cepbalosporins by ieaction with 6--APA or 7-ADCA with 

the mixed anhydride are fmtber disclosed in BP 439 096. For example. a solvent of 

20 fonnula I as defined above is used, e.1. the same, which is used also in the silylation of 6-

APA or 7-ADCA, optionally in the pteSence of a co-solvent as described jn EP 439 096. 

In~ of solubilizing 6-APA or 7-ADCA by salt fonnation as described in EP 439 096. 

silylated, preferably bissilylatcd 6-APA or 7-AOCA is used according to the present 

invention. Preferred acylation apnrs in the production of the mixed anhydride include 

2S such mentioned in EP 439 096 and further substituted or unsubstituted benzoyJ chlorides. 

Substituted benzoyJ chlorides include those having substituents which am· inert under the 

reaction conditions, for example alkyl, preferably C1"", •·B· toluoyJ chlorides, for example 

o-toluoyJ chloride. Fiee hydroxy groups of a Dane salt used may be silylated before the 

fonnation of Che mixed anhydride and he hydroxy groups of the mixed anhydride may be 

30 silylated in the reaction of the mixed anhydride with silylated 6-APA or 7-ADCA as well. 

Silylation of such hydroxy groups may be effected acconling to known processes. 
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The mixed anhydride may be of formula 

S whcmin 

R1 is a (C1•3)alkyl group. 

Ri is hydrogen or a (C1•3)alkyl group, 

R3 is a (C, ... )alkyl group. 

R. is a (C,..)aDcyl group or the -CO-R. gioup is a benzoyl group, and 

10 R5 is hydrogen or an optionally silylated hydroxy poop. 

The amino group and the carbonyl gioup attached to dle double bond may have the cis 

confipration. 

Usable Dane salts include sodium or potassium D-N-(l-methoxy-carbonylpropen-2-yl)­

a-aminophenylacetate, sodium or potaSsium .D-N-(1-etboxycarbonylpropen-2-yl)-

15 -cwminopbenyl~ sodium or potassium D- N-(l-methoxycarbonylpmpen-2-yl)­

-a-amino-p-hydroxyphenylacetate, or sodium or potassium D-N-(1-ethoxycarbonylpropen- . 

-2-yl)-o-amino-p-hydroxyphenylacetate. 

Insofar as the production of any startina material used in the pRJCeSS of the invention is 

20 not particularly described herein this is known or may be made in analogous manner to 

known processes. 

2S 

Deprotection. salt and/or solvate formation may be cmied out according to known 

processes and -., not restricted to the processes of EP 439 096. 

The use of the silylation pnx:ess accontiDg to the present invention in a piocess for the 

production of a 7-aminoacyl-desacetoxy-cephalosporin or for the production of a silylated 

6-aminoacylpenicillin has the following advantages: 

1be starting material is provided in solution in a solvent which. if desiled, may be used 

30 for all further steps described, for example, in EP 439 096. Throughout the whole process 

the same solvent may be used. thus avoiding Jnixtu1es of solvents which are difficuh to 

separate in a recycling process. The solvent need not be evaporated during the course of 
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the reaction because the final product generally crystalli7.es and may be filtered off. High 

yields of, for example at least 889b. for example 909b and high purities, 979b and more, 

for example 999& and more may be obtained in the production of 6-alpba-aminoacyl-pe­

niciJlins and 7-alpba-aminoacyl-desacetoxy-cephalosporins. 

The following non-limitative examples illustrate the invention. All temperatures are in 

degrees Centigrade and me uncorrected. 

In the examples the following abbreviations are used: 

ACI • isopmpyl acetate 

7-ADCA = 7-aminodesacetoxcepbalosporanic acid 

6-APA • 6-aminopenicillanic acid 

BSA = N,0-bis(aimetbylsilyl)acetamide 

Dane salt A = Potassium D-N-(1-etboxycarbonylpropen·2-yl)-a.-aminopbenylacctatc 

Dane salt B = Potassium D-N-(1-methoxycarbonylpropen-2 .. yl)-cx-amino-p-

hydmxyphenylacetate 

DIMAC • N.N-dimetbylacetamide 

DMF = N.N-dimethylformamide 

HMDS -= 1.1,1,3,3,3-hexamethyldisilazane 

IPA = isopropanol 

NBA = n-butyl acetate 

The yields me based on 6-APA or 7-ADCA used as starting material. if not otherwise 

stated. Purity is detected by HPLC on anhydrous basis. 

The examples illustrate in step 

a) silylation of 6-APA or 7-ADC.A 

b) mixed carboxyUc acid anhydride fonnation 

c) reaction of silylated 6-APA or 7-ADCA of step a) with mixed anhydride of step b) 

30 including work up and dcprotection to give the product. 
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Bxample l Cophalexjn monobydrate 

Stcp al 

10 

15.0 g of 7-ADCA, 73.S ml of NBA, 15.39 ml of HMDS and O.OS g of sacccharin are 

mixed and the mixture is heated to 70 - 75°. Vacuum is applied until the mixture starts 

S ICfluxing. The mixture is kept under reflux at 70 - 75° for 30 minutes and is cooled to 10 

- 20°. A clear pale brown solution is obtained containing the bissyliJated 6-AP A. No 

further starting material is detected • 

. St;p bl 

10 22.SS g of Dane salt A. 7S ml of NBA and 0.012 ml of 4-picoline are mixed and the 

mixture is cooled to -300. 8.53 ml of beazoyl chloride n added. The mixture is stirred 

for 45 minutes at -20/-25° and cooled to -45° to give a mixture containing the mixed 

cuboxylic anhydride. 

IS Step cl 

The solution obtained in step.a) is.added dropwise to the solution obtained in step b) at a 

temperatme of -45 to -30° over 4S minutes and the reaction mixture is stirred for a further 

90 minutes at a temperatwe of-30 to -35°. 

The resultant crude mixture containin& protected c:ephalexin is worked up by treatment 

20 with a mixture of ice water and concentrated HCI and stirring die n=action mixture for 30 

minutes under ice cooling. The aqueous phase is separated off and the organic phase is 

reextracted with a mixture of concentrated HCI and water. 1be combined phases are 

filtered through a filtering aid. The pH value is adjusted to 4.5 to S.O by addition of 

concentrated aqueous ammonia. Crystalli7.ed cephalexin monohydrate which is filsrated off, 

25 washed with 909& ammonia and dried is obtained. Yield: 89.9'1J. Purity: 98.2'*1. 

30 

In analogous manner as described in Bx.ample 1 but with changes as indicated in the 

following tables 1 to 3 cepbalexin monohydrate is obtained according to Examples 2 to 7: 



Table I 

Preparation of eephaloxln monohydrate startlq from 1-ADCA •Step a) ·Production of blssllylatetl 7·ADCA 

Example 2 Example 3 Ex:ample 4 E11:ampie 5 Example' Example 7 

ADCA(g) s.o IS.O s.o IS.O JS.O 15.0 

Solvent (ml) ACI (35.0) NBA (73.S) ACI (35.0) NBA (50.0) NBA (73.S) AC (73.0) 

Silylation agent HMDS HMDS HMDS HMDS HMDS BSA 

ml S.13 15.39 S.13 lS.39 15.39 19.34 

Catalyst (g) Saccharin (0.01) Trichloroacetic none Trichloroacetic Saccharin (0.01) none 
add (0.03) acid (0.03) 

Vaccum applied yes yes yes yes yes no 

Temperature 70 - 75° 70- 75° 70. 75° 70. 75° 70 - 75° 400 

Stirred for 30 30 30 30 30 ISO 
(minutes) 

Bissylilated Clear pale Clear pale Clear Clear pale Clear pale Slightly turbide 
7-ADCA ob- yellow solution brown solution yellow solution brown solution brown solution yellow solution 

tained in form of 

i 
! 
I 

I --I 

I 



Table 2 

Preparation of eephaloxln monohydrate startlna from 7 -ADCA 

Step b) • Prodaetlon of mixed anlaydrlde; Mixture eontalnlna the mixed anhydride obtained 

Eumple 2 Example 3 Example 4 Esample 5 Example 6 

Dane salt A (g) 7.8S 22.S 7.85 22.S 22.S 

Solvent (ml) ACI (41.0) NBA (7S.0) ACI (41.0) NBA (S0.0) NBA (7S.O) 

Silylation agent HMDS HMDS HMDS HMDS HMDS 
ml S.13 15.39 S.13 15.39 IS.39 

Catalyst (ml) 4-picoline 4-picoline 4-picoline 4-picoline 4-picoline 

(0.004) (0.012) (0.004) {0.012) (0.012) 

Acylation agent benzoyl benzoyl benzoyl o.toluoyl benzoyl 

(ml) chloride (2.97) chloride (8.53) chloride (8.53) chloride (9.59) chloride (8.53) 

Temperature -20/-250 -20/-25° -30/-35° -20f-2SO -20/-25° 

Stirml for 45 4S 240 45 4S 

(minutes) 

Example7 

22.S 

ACI (73.0) 

BSA 

19.34 

4-picoline 

(0.012) 

benzoyl 

chloride (8.53) 

-20/-25° 

4S 

s 
I 

I -"' I 

I 



Table 3 

.. 
Preparatloa of cepllaloxln monohydrate 1tartl111 rrom 7·ADCA · 

, .,.. 
/ ·" 

Step c) -Prodaetloa or er11ta1llzed eephalexln monollydrate bJ addltlo• of solutloa of step a) to solatlon of step •> and reaetloa 

Example 2 Example3 Example4 Example 5 Example 6 Example 7 

Addition -45/-30° -45/-30° -45/-30° -45/-30° -451-30° 4'/-30° 
temperature 

Addition time 20 4S 20 45 45 4S 
(minutes) 

Stirring -20/-250 -30/-3S0 -20t-2S• -30/-35° -30/-35° -30/-35° 
temperature 

Stining time 240 180 240 180 180 180 
(minutes) 

Yield (CJ&) 87.8 90.0 87.8 90.8 89.3 87.8 

Purity ('f1) 98.0 98.2 98.0 97.2 98.1 98.0 

i 
! 
I 

I -\" 

I 
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&agle 8: Cefadmxil 

StQp al is canied out in analogous manner as described in Example 1 a). but using · 

SO ml ACI (instead of 73.S ml NBA) and 0.03 g of tricblomacctic acid (instead of O.OS g 

of saccharin). A clear pale b!Own solution is obtained containing the bissylilated 7-ADCA. 

S No further starting material is detected. 

Stq>bl 

25.00 g of Dane salt B, 95 ml of ACI, 95 ml ofDMF and 10.28 ml of BSA n mixed 

and the mixtuie is stirred vigorously at 2S° for 30 minutes. 0.025 ml 4-picoline are added. 

10 the mixture is cooled to -SOO and 9.SO ml of bcnmyl chloride am added. The mixtwe is 

stirred for 60 minutes at -45/-SO 0
• A slightly yellow suspension containing the mixed 

carboxylic acid anhydride is obtained. 

Sq;p cl 

15 The solWion obtained in step a) is added dropwisc to the solution obtained in step b) at a 

temperature of -4S/-3S0 over 20 minutes and the reaction mixtme is stirred for a 3 hours at 

a temperature of -3S/-2S0
• 

The resultant crude mixture containing protected cefadroxil is worked up by treatment 

with a mixtwe of ice water and concentrated HCI. The phases ue separated and 

20 Reextmction with water/HCI is carried out. The combined aqueous phases ue treated with 

additional DMF, the solution is filteled and left overnight in a mngerator. Csystallinc 

cefadroxiJ dimethylfonnamide solvate is obtained, filteled off, washed with acetone and 

dried. Yield: 83 'II. 

This solvate may be converted into cefadroxil by ueatment in aqueous methanol. 

2S 

EJugple 9; Cefadrpxj) 

Repeating example 8, but with the following step bl instead of step b) of example 8: 

2S.OO g of Dane salt B. 75 ml of ACl, 8.7 ml of HMDS and 0.015 g of trichloroacetic 

30 acid are mixed. The mixtme is heated and kept under mtux for 6 hours. A pale yellow 

suspension is obtained. cooled to room tempcralllle and treated with 1S ml of DMF. After 

stining for 15 minutes the mixtuie is cooled to -SO 0 and 0.025 ml of 4-picolinc and 9.SO 



s 

15 

ml of benzoyJ chloride me added. 1be miXUR is stirred for 60 minutes at -4Sl-SO 0
• A 

slightly yellow suspension containing the mixed carboxylic acid anhydride is obtained. 

crystalline cefadloxil dimethylfonnamidc solvate is obtained. Yield: 81 Cll. 

&ample JO: An)picjllip TriJmlrate 
Step al 

14.0 g of 6-APA, 32 ml of NBA, 13.84 g of BSA and 0.02 g of trichloroacetic acid are 

mixed and heated to 40°. The mixtme is sdJred at 40° for 60 minutes and cooled to 2S0
• A 

10 slightly turbid solution containing the bissilyJatecl 6-AP A is obtained. No further starting 

material is detected. 

Stop bl 

0.01 ml of 4-picolinc are added to a suspension of 21.1 g of Dane salt A and 0.18 g of 

IS pivalic acid in 46 ml NBA.1be iesulcant miXUR is slined for IS minutes at room 

temperature. and cooled to -3QV; 8.31 g of pivaloyl cbloride are added. The resultant milky 

suspension is stirred at -15 °C for 60 minutes. 1.8 g of pivalic acid are added and the 

mixture is cooled to -45°. A mixture containing the mixed carboxy He acid anhydride is 

obtained. 

20 

Step cl 

The mixture obtained in step a) is added dmpwise to the mixture obtained in step b) at a 

temperature of -4Sl-3S°. The resultant mixtun: is stirred for 2 boms at a temperature of 

-1 S/-35°. The msultant crude pmteeted ampicillin mixture is wodced up by bating with a 

25 mixture of ice-water and concentrated hydrochloric acid and stimd for 20 minutes while 

cooling with ice. The aqueous phase is separated off and the organic phase is reoxtracted 

with a mixture of water and concentrated hydrochloric acid. The combined aqueous phases 

are tmated with concentrated aqueous sodium hydlOxide to a pH of 4.sJS.S. AmpicilHn 

trihydrate crystalli7.es out of the seaction mixtu~ overnight in a refrigerator, the aystals 

30 are isolated. washed with IPA 88,. and dried. Yield 89.0 ~.Purity 98.4 CJD 
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Bxargple 11: AgicilUn Trihydrale 

Step al 14.0 g of 6-APA, 32 ml of NBA, 14.2 ml of HMDS and 0.03 g of trichloroacetic 

acid me mixed and heated to 70-80°. Vacuum is applied until the mixturt starts iefluxing. 

The mixtUJc is kept under ldlux at 70-80° for 60 minutes and then cooled to 100. A clear 

S yellow solution containing bissylilated 6-APA is obtained. 

Step bl 

0.01 ml of 4-picoline are added to a suspension of 21.1 g of Dane salt A in SJ ml of 

NBA. The resultant mixture is stimd for IS minutes at room temperature and cooled to 

10 -30"; 10.65 1 of o-toluoyl chloride are added. 1be •ultant suspension is stinecl at a 

tempcratuie of -20 to -25° for 60 minutes and cooled to -4S-. A mixture containing the 

mixed carboxylic acid anhydride is obtained. 

Step cl 

JS The mixtme obtained in step a) is.added dropwise to the mixture obtained in step b) at a 

temperature of -45/-30". The resultant mixtun: is stirred for 90 minutes at a tempemturc of 

-35/-200. The resultant crude protected ampidllin mixture is worked up analogous as 

described in Example 10 c). Crystalline ampiciJlin trihydrate is obtained. Yield 88.SCJ>. 

Purity 98.0 'I&. 

20 

Bxample J 2: AtqpjciJlin Tritiydmtc 

Rcpeatina Example 10, but using in st;p bl 0.01 ml of 3,5-luticline instead of 0.01 ml of 

4-picoline and carrying mt stap c in analogous manner u described in Example 11 c), 

but stitring the mixture for 150 minutes (instead for 90 minutes). aystalline ampicillin 

2S trihydrate is obtained. Yield 8"1, Purity 98.1 9'. 

Example 13: AJDOJicilJin Trigdra&e 

Step a) is canied out in analogous manner as described in Example 11 a). but heating to 

80 to 90° {instead of 70 to 80°). A clear yellow solution containing bissitylated 6-APA is 

30 obtained. No further starting material is detected. 

Stcm bl 
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0.03 ml of 4-picoline are added to a suspension of 21.8 g of Dane salt B in 64 ml of NBA 

and S ml of DIMAC. 'lbe JeSUltant mixture is stiJTed for IS minutes at room temperanR. 

cooled to -25° and 8.62 g of pivaloyl chloride me added. The iesultant suspension is 

stirred at a temperatuie of -2fr for 45 minutes. 3 g pivalic acid me added and the mixtwe 

S is cooled to -40°. A mixture containing the mixed carboxylic acid anhydride is obtained. 

Step cl 

The solution obtained in step a) is added dropwise to tbe mixtme obtained in step b) at a 

temperatwe of -45/-30 °. The mixture is stirred for 90 minutes at a temperature of 

10 -30/-15°. The saultant crude protected amoxicillin mixtuie is worked up by natment with 

a mixiure of ice-water and concenttated hydrochloric acid and stining for 30 minutes 

while cooling with ice. The aqueous phase is separated off and the organic phase 

ieextracted with water. The combined aqueous phases are anted with concencrated 

aqueous sodium hydroxide to a pH of 4.SIS.S. Crystalline amoxicillin trihydratc is 

15 isolated as described in Example 10 c). Yield BSA CJ,. Purity 99.3 CJ,. 

Bxample 14; AmoxiciDin tribydratO 

Carrying out UCR al in analogous manner as described in Example 10 a). but using 32 ml 

ACI instead of 32 ml NBA. st;p bl in analogous manner as described in Example 13 b). 

20 but using 64 ml of ACI instead of NBA and step cl in analogous manner as described in 

Example 10 c). crystalline amoxicillin trihydrate is obtained. Yield 87.8 %, Purity 99.1 '11 



\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ · 
* C L M S * 

WON/1'867 

18 

Patent dam 

s 1. A process for the pmduction of a silylated 7-amino-desacetoxy-cepbalosporanic acid 

by silylation of a ?-amino-desacetoxy-ccphalosporanic acid in a carboxylic acid ester 

of fonnula 

X-COO-Y (I) 

10 

wherein independcndy of each other 

X denotes methyl and Y denotes alkyl having at least 3 carbon atoms. or. 

X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl. 

15 2. A process for the. production of a. silylated 6-aminopenicillanic acid by sllylation of 

6-aminopeniciJlanic acid in a carboxylic acid ester of formula 

X-COO-Y (I) 

20 wherein independently of each other 

X denotes methyl and Y denotes allcyl having at least 3 carbon atoms, or. 

X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl. 

,in the presence of a silylation agent other than N,N-bistrimethylsilyl acetamide, N.N'· 

bistrimethylsilylmalonic acid amide and N.N'-bistrimethylsilyl wea. 

2S 

3. A process acconling to claim 1 or 2, comprising using a carboxylic acid ester of 

fonnula (I). whelein independently of each another 

X denotes methyl and Y (Cu)alkyJ or (Cu)cycloalkyl alkyl or. 

X denotes alkyl of at least 2 carbon atoms and Y (C1.Jalkyl or 

30 (Cu)cycloalkyl. 

4. A process according to anyone of claims 1 to 3, comprising using a carboxylic acid 
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ester of fonnula I whemin 

X denotes methyl and Y (Cu)alkyl. 

S. A pmcess of anyone of claims 1 to 4 wbemin the carboxylic acid ester is a propyl 

S amate or a butylac:etate. 

6. A process for the production of a silyJated 7-amino-desacctoxy-ccpbalosporanic acid 

or a silylated 6-aminopenicillanic acid by silylation of 7-amino-desacetoxy­

cepbatosporanic acid, or 6-aminopenicillanic acid in iso--propylaccrate or n· 

1 O butylacetate. 

15 

20 

2S 

30 

7. A process for the production of an 7-aminoacyl-desacetoxy-cepbalosporin or an 6-

aminoacyl-penicillin other than amoxicillin, which comprises 

(i) producing a silylated 7-amino-desacetox:y-cephalosporanic acid or a siJylated 6-

amino-penicillanic acid by silylation of a 7-arnino-desacetoxy-cepha)osporanic 

acid or a 6-aminopenicillanic ·acid in a carboxylic acid ester of formula 

X-COO-Y (J) 

wbelein 

X denotes methyl and Y denotes alkyl having at least 3 carbon atoms, or, 

X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl, and 

, (ii) acylating tbe silylated 7-amino-clesacetoxy-cephalosporanic acid or silylated 6-

amino-penicillanic acid with an appropriate acylating agent. 

8. A process for the pioduction of amoxicillin which comprises the steps of 

(i) producing a silylated 7-amino-desacetoxy-cephalosporanic acid or a silylated 6-

B:Dllno-penicillanic acid by siJylation of a 7-amino-desacetoxy-cepbalosporanic 

acid or a 6-aminoponicillanic acid in a carbox:ylic acid ester of formula 

X-COO-Y (1) 
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wherein 

X denotes methyl and Y denotes alkyl having at least 3 carbon atoms, or, 

X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl m the presence 

of a s~lylation agent other than N.N-bistrimetbylsilyl acetamide, N.N'-

5 bistrimetbylsilylmalonic acid amide and N,N'-bistrimethylsilyl uia. and 
\ . 

(ii) actlating the silylatecl 7--amino-dcsacetoxy-cephalosporanic acid or silylated 6-
\ . . 

amlno-penicillanic acid with a mixed carboxylic acid anhydride with an 

appropriate acylating agent. 

10 9. A process for the production of amoxicillin which comprises the steps of 

JS 

(i) producing a silylated 7-amino-desacetoxy-cephalosporanic acid or a silylated 6-

amino-penicillanic acid by silyla1ion of a 7-amino-desacetoxy-cephalosporanic 

acid or a 6-aminopenicillanic acid in a carboxylic acid ester of fonnula 

X.COO-Y (I) 

whelein 

X denotes methyl and Y denotes alkyl having at least 3 carbon atoms, or, 

X denotes alkyl of at least 2 carbon atoms and Y denotes alkyl. and 

20 (ii) acylating the silylated 7-amino-dcsacetoxy-cephalosporanic acid or silyJated 6-

2S 

amino-penicillanic acid with a mixed carboxylic acid anhydride, produced by 

reaction of a salt of an alpha..amino acid, having the amine group thereof 

protected as an N-enamine, with an appmpriate acylation agent other than a 

chlon:arbonic acid ester. 

10. Use of a process of claim 1 in a process for the production of a 7-alpha-aminoacyl­

desacetoxy-cephalosporin. 

11. Use of a process of claim 2 in a process for the production of a 6-alpha-aminoacylpe-

30 nicillin. 


