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10 or trialkyl orthoformate and the use of the above-mentioned catalysts only leads to a slight increase in yield
(EP 0 343 926).

In the reaction of 7-ACA with BFs/methanol in sulpholane, described in AT 384 222 (EP 0 204 657). a
large excess of BFy and high reaction temperatures are required. Only low yields and poor quality of the 7-
amino-3-methoxymethyl-3-cephem-4-carboxylic acid (7-AMCA) are obtained. Japanese patent application

15 63/115887 describes a variant in which the highly poisonous fluorosulphonic acid is additionally employed,
without sffecting a decisive improvement in the process, however.

When using other catalysts, such as sulphuric acid, methanesulphonic acid (JP 58/163387) or
trifluoromethanesulphonic acid (EP 0 442 385), the compounds of formula | are obtained in yields of only
around 50%.

20 The reaction of protected 7-ACA derivatives is described for example in Japanese patent application
57/192392 and in DE 3,244,457. Here, the appropriately protected compounds of formula | are obtained
only in moderate yields. Also, additional reaction steps are required to protect and deprotect the starting
and end products. Even lower yields are obtained if a protected 3-halomethyl compound is used as the
starting compound to produce the appropriately protected 3-alkoxymsthyl compound according to AT 303

25 955 (GB 1,241,657).

in AT 306 240 (GB 1,241,6586), the process commences with a 7-amino-3-hydroxymethyl-3-cephem-4-
carboxylic acid which is protected at the carboxylic acid group and at the amino group, and is then
methylated in the presence of BFs/diethyletherate at the hydroxymethyl function with diazomethane, which
is hazardous for reasons of industrial safety.

30 It was now surprisingly found that the use of an dioxycarbenium-tetrafluoroborate for etherifying the
hydroxymethyl group in position 3 of a cephalosporin overcomes the deficiencies of prior art processes. In
one aspect the present invention provides therefore a process for etherifying the hydroxymethyl group in
position 3 of a cephalosporin by reaction of a 3-hydroxymethy! cephalosporin with an dioxycarbenium-
tetrafluoroborate.

35 In another aspect the present invention provides a process for the production of a compound of formula

HZN\ S
0/ .
COOH
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wherein R denotes atky! or aryl, comprising reacting a compound of formula

HN
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in a solvent with 2 compound of formula
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required. Only low yields a qualitysﬂ"the

7- am no- 3- met hoxynet hyl - 3-c¢ carboxyli'c acid (7H#BMCA) are obt ai ned.
Japanese patent application 63/ 11580R describes a variant in which the

hi ghl y poi sonous fl uorosul phonic acid is additionally enployed, without
effecting a decisive inprovenent in the process, however. When usi ng

ot her cat al ythgreindi igdetined ag,phoMlri ¢ aci d, met hanesul phonic acid (JP
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appl i cat i off® 5Py sty Eoug. anyalkylarauppying;agaromatic fng. sych a%lplg?’ﬁ ur:f %P%ﬁ" hyl group. or

an aryl group, €.g. up to 10 carbon atoms such as a phenyl, tolyl, x gr he gfoups may be

unsubstituted or substituted, for example, by groups which are inert under the reaction conditions, e.g.

halogen, nitro, alkoxy, alkyl therein having for example 1 to 6 carbon atoms. In one embodiment of the
15 invention R denotes an alky! group. in a further embodiment R is unsubstituted.

Alkyl and aryl groups are for example those which have advantegous effects in cephalosporins like e.g.

Cefpodoxime proxetil or the compounds mentioned in J. Antib. 45(4)(1992), p. 535 to 537.

The process according to the invention may be effected by suspending the compound of formula Il in a

solvent and adding a solution of the compound of formula IIl, which is previously isolated or is produced in

20 situ. The temperature at this addition and during the reaction depends ia. on the reactivity of the
compound of formula lil. A temperature range between -40* and +30° C is preferred. The compound of
formula Il is e.g. employed in an equivalent amount, preferably, however, in an excess. For example, per
mol of the starting compound of formula il 1.2 to 5 equivalents of the compound of formutla Iil are used. The
addition of the solution containing the compound of formula Iit may take place aitogether, in several portions

25 or continuously over several hours. In ancther variant of the process, the solution containing the compound
of formula Kl may also be previously prepared, and the compound of formula il added in solid form or as a
suspension.

When the reaction is complete the compound of formula | may be isolated for example by introduction
of the reaction mixture into water or a mixture of water and ice, and precipitating the compound of formula |

30 by additon of a diluted inorganic or organic base, preferably ammonia, caustic soda solution or
triethylamine or by mixing the reaction mixture with an excess of an alcohol, and precipitating the
compound of formula | by addition of an organic base, e.g. triethylamine and separating the precipitate, for
example, by filtration.

Soivents which may be used in the production of the compounds of formula Il and in the reaction with

35 the compound of formula It may be esters of organic carboxylic acids, for example formic acid methy! ester
or formic acid ethyl ester, esters of carbonic acid, for example dimethyl carbonate or dipropyt carbonats,
nitrolakanes, for example nitromethane, chiorinated hydrocarbons, for exampie dichioromethane, as well as
sulpholane, dimethyl sulphoxide or a mixture of such diluents.
in one embodiment of the invention a mixture of sulpholane with formic acid methyl ester or formic acid

40 ethyl ester is used. In a further embodiment for the introduction of an alkyl group into the compound of
formula Il a mixture of sulpholane with formic acid alkyl ester in which the alkyl group is identical with the
alkyl group which is to be introduced is used.

Although the process has been described with respect to compounds of formula 1l and Ili it is to be
appreciated that the process may be carried out with any 3-hydroxymethyl cephalosporin and dioxycar-

45 benium tetrafluoroborate.

In the process according to the invention, the yields are considerably higher than those of processes
described in literature. In addition, in contrast to processes described in literature, the reaction according to
the invention may be carried out at moderate or iow temperature. Thus, in particular, the formation of
undesired by-products, which appear in processes described in literature and adversely affect the quality of

s0 the product or complicate the subsequent purification of the product, can be avoided by making an
appropriate choice of reaction conditions. A substantial problem, for example, arising in all acid-catalysed
reactions of 7-ACA is the formation of an inner lactone which lowers the quality of the product and reduces
the yield. According to the process of the invention surprisingly the formation of this inner lactone is
successfully suppressed. Furthermore, the process according to the invention offers essential ecological

55 and economic advantages, since the compounds of formula lil only have to be used in a slight excess and
therefore only a slight excess of BF; is required.

The compounds of formula Il may be produced in high yieids from 7-ACA by means of chemical or
enzymatic cleavage of the acetyl group, or may be prepared in a simple manner from desacety!-
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In the followmg exazasp:;:‘::hmsrflllzz:ate the invention more fully all temperatures are given in degrees
celsius.
Example 1
20

Production of 7-amino-3-methoxymethyl-3-cephem-4-carboxylic acid using isolated dimethoxycarbenium-
tetrafluoroborate

20 g of 7-amino-3-hydroxymethyl-3-cephem-4-carboxylic acid are suspended in formic acid methylester

25 and sulpholane, such that a concentration of 10% (w/v) is obtained. After cooling to -20°, 46 mi of a 5

molar solution of diriethoxycarbenium-tetrafiuoroborate in formic acid methyl ester is added. Stirring is then

effected for one hour at -25°. The temperature is subsequently raised to -15°* and the reaction solution is

stirred for 12 hours. When the reaction is complets, the reaction mixture is diluted with 300 mi of cold

methanol, and the pH of the solution is set at 3.5 by adding triethylamine. The precipitated product is
30 isolated by filtration, washed with methanol and dried in vacuo.

Yield: 18.5 g {77.8% of theory)

The proportion of 7-ACA-lactone in the product is 0.2%.

Example 2

35
Production of 7-amino-3-methoxymethyl-3-cephem-4-carboxylic acid using dimethoxycarbenium-
tetrafluoroborate produced in situ

30 g of BFsAormic acid methyl ester complex are cooled to -20°* and mixed with 10.5 mi of trimethy!-
40 orthoformate. Then, a cooled suspension of 10 g of 7-amino-3-hydroxymethyl-3-cephem-4-carboxylic acid
in formic acid methyt ester and suipholane is added. The reaction solution is heated to -3* and stirred at
this temperature for 12 hours, respectively, until the reaction is complete. Afterwards, the reaction solution is
poured onto a mixture of ice and water, and the pH set at 3.5 by addition of agueous ammonia. The
precipitated product is isolated by filtration, washed with cold water and methanol, and dried in vacuo.
45 Yield: 6.5 g (61.3% of theory)
The proportion of 7-ACA-lactone in the product is 0.4%.

Example 3

so Production of 7-amino-3-ethoxymethyl-3-cephem-4-carboxylic acid using isolated diethoxycarbenium-
tetrafluoroborate

20 g of 7-amino-3-hydroxymesthyi-3-cephem-4-carboxylic acid are suspended in formic acid ethy! ester

and sulpholane, such that a concentration of 11% (w/v) is obtained. After cooling to -20°*, 53 ml of a 4.8

55 molar solution of diethoxycarbenium-tetrafiuoroborate in formic acid ethy! ester are added. Then, stirring is
effected for one hour at -25°, and the reaction mixture is subsequently heated to +11*. When the reaction

is complete, the reaction mixture is poured onto cold water and the pH set at 3.5 by addition of aqueous
ammonia. The precipitated product is isolated by filtration, washed with cold water and methanol, and dried
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[err] wherein R denotes alkyl or aryl, conprising m&&mml{eraced

compound of formula [err] EPQ &4989P ANt with a COWDOHIII’ﬂ'"ﬂmn'rm

in vacuo.
Yield: 17.7 g (79.0% of theory)

The proportion of 7-ACA-lactone in the product is 0.5%. ”lll"l "ll" l"" "II' " ,III
*+ C L K 0§ %

5 Claims

1. A process for etherifying the hydroxymethyl group in position 3 of a cephalosporin by reaction of a 3-
hydroxymethy! cephatosporin with an dioxycarbenium-tetrafluoroborate.

10 2. A process according to claim 1 whersein the etherification introduces an alkyl or aryt group.

3. The process according to claim 2 for the production of a compound of formula

HN
15 ? \_(
] |
/—N A OR
O/ {
COOH

20

wherein R denotes alkyl or aryl, comprising reacting a compound of formula

N
25 H, \_(s
g N~ OH il
o :
COOH

30

in a solvent with a compound of formula
) . T o

HC 4 I
OR

40

wherein R is defined as above.

4. The process according to claim 3, wherein R denotes an optionally substituted (C1-Cs)alkyt group or an

optionally substituted aryi group.

45

5. The process according to claim 3, wherein R is an unsubstituted alkyl or aryl group.

6. The process according to claim 5, wherein R is methyi or ethyl.
so 7. The process according to anyone of claims 1 to 6, sffected in an ester of an organic carboxylic acid, a
nitroalkans, a chiorinated hydrocarbon, suipholane or dimethy! sulphoxide.
8. The process according to claim 7, effected in a mixture of sulpholane and formic acid methyl ester of
formic acid ethyl ester.

55 to +30°C.

) 40°
8. The process according to anyone of claims 1 to 8, effected in a temperature range of
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3 [err] wherein R is defined as gbove. The cephal ospori ns

produced by the process of the i nveFPiORMORE Alseful internediates in the
production of cephal osporins. R e.g. denotes an al kyl group, such as an

(derr]) alky r,ou f ex l.e an r al kyl .agroup, particularly the
ety or " B o g e ol B i
benzyl or a p ene ylI" group, or an aryl group, e.g. up to 10 carbon atons
such as a phenyl, tolyl, xylyl group. The groups nmay be u i
substituted, for exanple, by groups which are inert under t HERH ; _
condi tiohs, e. g. hal ogen, nitro, alkoxy, alkyl therein havimﬂmﬁf |& Eﬂm”“m
to 6 carbon atons. In one enbodi nent of the invention R denotes ar abkyt *
group. In a further enbodinment R is unsubstituted. Al kyl and aryl groups
are for exanple those which have advantegous effects in cephal osporins |ike
e.g. Cef Bodoxi me proxetil or the conpounds nentioned in J. Antib.

45(4) (1992), p. 535 to 537.
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The process according to the invention nmay be effected by suspending the

conpound of forrmula Il in a solvent and addi ng a sol ution h& °

of: formula Il11, which is previously isolated or is producedq™ish=s hSﬁEET
tenperature at this addition and during the reaction depends]|i.a. on the
reactivity of t-he conpound of fornula Ill. A tenperature.range 26eDE€e199%
-40[err] and +30 Cis preferred. The conppund of fornmula Ifl [is e.&.

enpl oyed in an equival ent anount, preferably, however, in @an excess. For
exanpl e, per nol of the starting conpound of fornmula Il 1.2.1q 5

equi val ents of the conpoufmbcess ffor ribleapreparation.efegephpiespardnsi on of the

sol ution containing the conpound of forrmula Il may take place altogether,

in several portions or continuously over several hours. |In another variant
of the Procep. invdrtionieltitesto agproeess foy etinarifyingohydrosymsthylgreup ini position
al so be previously prepared, and the conpound of fornula 11 added in solid
formor as & of@gRpNglesporin. When the reaction is conplete the
compound of formula I may be isolated for exanple by introduction of the
reaction mxture into water or a mxture of water and ice, and

preci pi t at i Pepdesses wnichLad lafovirofroni literatise destiribedior exkawmpig the: @action phani ¢

o aminocephalosporanic acid (7-ACA) with an alcohol, trialkyl borate, trialkyl
orthoformate or dimethoxymethan in the presence of Lewis acids. In these
processes, however, the compounds of formula | are only obtained in small yields
and with low purity. Also, ecologically hazardous Lewis acids are employed, often

in a large excess.

In EP 0 262 744, 7-ACA or a protected form thereof is reacted with an alcohol in
the presence of an excess of Lewis acids, such as SbCl,, BiCl;, FeCl, or ZnCl, to
form 7-amino-3-alkoxymethyl-3-cephem-4-carboxylic acid. However, only low yields
are obtained. The replacement of the alcohol! with trialkyl borate or triatkyl
orthoformate and the use of the above-mentioned cataiysts only leads to a slight
increase in yield (EP 0 343 926).

in the reaction of 7-ACA with BF/methanol in sulpholane, described in AT 384 222
(EP 0 204 657), a large excess of BF, and high reaction temperatures are required.
Only low yields and poor quality of the 7-amino-3-methoxymethyl-3-cephem-4-
carboxylic acid (7-AMCA) are obtained. Japanese patent application §3/115887
describes a variant in which the highly poisonous fluorosulphonic acid is additionally

employed, without effecting a decisive improvement in the process, however.

When using other catalysts, such as suiphuric acid, methanesuiphonic acid
(JP 59/163387) or trifluoromethanesulphonic acid (EP 0 442 385), the compounds

of formula | are obtained in yields of onlv around 50%.

The reaction of protected 7-ACA derivatives is described for example in Japanese
Patent application 57/192392 and in DE 3,244,457. Here, the appropriately



; :
organi ¢ base, preferably ammonia, caustic soda sol ution Oftt+etiylzum 1
by m xing the reaction m xture with an excess of an al coh REP GEK 3 SﬁEﬁ
preci pitating the conpound of fornmula | by addition of anjo nic base,
e.g. triethylam ne and separating the precipitate, for exgml ez @EC 190¢
filtration. Sol vents which may be used in the production gf ?le conmpoundls
of formula Il and in the reaction with tshe conpound of far ma—tt—ray—te
esters of organic carboxylic acids, for exanple formc acid nethyl ester or
formc acid ethyl ester, esters of carbonic acid, for exanptedrmetnyl
carbonat e ool PBYInpBERACBPIGmuM | bR BERIRE ohlyTinenederae Reldsommig)ane,
chlorinate ﬁy rocar bgns, or exanpl e dichl oronef hane, as well as

sul phol ane, adtitioridhyéactionsieps dre raquiredi tetprotech and deaprafiect the: starting antkend
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i ntroduct i %ﬁaf&%@%tnﬁéﬁgﬁﬁg@ febs Ft}j}j@@ﬁﬁelﬂi}%r&?{gt@l?krﬁ;f)ﬁctéd 8- nixture of

sul phol ane w ormc a I'n which t a group is
i denti cal valkdxyrinethyll dorhpauraliacedrdiog tosAT 0BS5GB 3,465 8). used.
Al t hough the process has been described with respect to conpounds of

formula Il and Il it is to be appreciated that the process may be carried
out with an ﬁrsb%dzwggstat%,e NP PRSYesE cAMMENCES/ Wilh RETiaitho-3-
tetrafl uoroborate. I h the process according to the invention, the yields

are consi dehyarbxyréthile3-cephemtshoarboxylipacideshick isiprtectadatithe icathaxyliciaeid | n
addition, in contrast, to processes desckibed jn lite u eaction
accor di ng tQI°PH@"idrﬂ§ethPiadﬁnﬂzg7°B% %’?ffﬁ @n&norugihg{ate& i e fn%sehgg o |

BF /diethyletherate at the hydroxymethy! function with diazomethane, which is

hazardous for reasons of industrial safety.

It was now surprisingly found that the use of an dioxycarbenium-tetrafluoroborate
for etherifying the hydroxymethyl group in position 3 of-a cephalosporin overcomes
the deficiencies of prior art processes. In one aspect the present invention provides
therefore a process for etherifying the hydroxymethyl group in position 3 of a
cephalosporin by reaction of a 3-hydroxymethyl cephalosporin with an
dioxycarbenium-tetrafluoroborate.

In another aspect the present invention provides a process for the production of a
compound of formuia

H,N
\_|/
SNz OR !
o
COOH

wherein R denotes alkyl or aryl, comprising reacting a compound of formula

HN s
AN 7
1
/—N = OH n
O
COOH

in a solvent with a compound of formula
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noderate or |ow tenperature. Thus, in particular, the formation of
undesired by- products, which appear in processes described in literature

and adversely affect the quality of the product or conpli !

subsequent purification of the product, can be avoi ded by MLE\@MENT SHEET
appropriate choice of reaction conditions. A substantial grqgblem for
exanple, arising in all acid-catalysed reactions of 7-ACAli § t2®DEC 1996
formati on of an inner |actone which |owers the quality of |the product and
reduces the yield. According to the process of the inventilomsorprisrmgty

the formation of this inner |actop@Rs successfully supprgssed.
Furthernore, the process acc r%;né to the ggvention offers essenti al
S

ecol ogi cal and econom ¢ advi3at , since tfAe conpounills of formula Il only
have to be used in a slight excessOid therefore only a slight excess of
BF[err] is required. The conpounds of forrmula Il may be produced in high

yields from 7- ACA by neans of chem cal or enzymatic cl eavage of the acetyl

roup, or nmy be prepared
g P y whgreirl? R is defined as above.

The cephalosporins produced by the process of the invention are useful
intermediates in the production of cephalosporins.
R e.g. denotes an alkyl group, such as an (C,_) alkyl group, for exampie an (GC,)
alkyl group, particularly the methyl or ethy! group, an alkyl group having an
aromatic ring, such as a benzyl or a phenethyl group, or an aryl group, e.g. up to
10 carbon atoms such as a phenyl, tolyl, xylyt group. The groups may be
- unsubstituted or substituted, for example, by groups which are inert under the
reaction conditions, e.g. halogen, nitro, alkoxy, alkyl therein having for example 1 to
6 carbon atoms. in one embodiment of the invention R denotes an alkyl group. In a
further embodiment R is unsubstituted.
Alkyl and aryl groups are for example those which have advantegous effects in
cephalosporins like e.g. Cefpodoxime proxetil or the compounds mentioned in J.
Antib. 45(4)(1992), p. 535 to 537.

The process according to the invention may be effected by suspending the
compound of formula Il in a solvent and adding a solution of the compound of
formula 11, which is previously isolated or is produced in situ. The temperature at
this addition and during the reaction depends i.a. on the reactivity of the compound
of formula Ili. A temperature range between -40° and +30° C is preferred. The
compound of formula Ill is e.g. em;;loyed in an equivalent amount, preferably,
however, in an excess. For example, per mol of the starting compound of formula I
1.2 to 5 equivalents of the compound of formula il are used. The addition of the
solution containing the compound of formula 1} may take place altogether, in
several portions or continuously over several hours. in another variant of the
Process, the sojution containing the compound of formuia Ill may aiso be previously

Prepared, and the compound of formuila Il added in solid form or as a suspension.
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Q.

in a sinple manner from desacetyl -cephal osporin C, after cl gavage—ef—t
side chain in position 7. Production of the conpounds of f&ﬁi’ﬁA@E\dﬁNrﬂ

described in literature, and may take place by reacting BF[drr

appropriately substituted ortho-formc acid ester. For exanp 4, 26 DEC 1996

di met hoxycar beni umtetrafl uoroborate is obtained. by reactin

WTh an

[ SHEET

BF[err]/etherate with orthoformc acid tr4anethyl éster. The

di met hoxycar beni umtetrafl uoroborate which is initially forned as an oil is

di gested several tinmes with dichloronethane, and the desired-product

finally sepyyrdretheceadtiohiis Sompldtél tise bompoand af formula ¢ mey be isctatediifos, - t he
conpound of fornula Il may be isol ated as, pure substance. . l{A!’g(gescri b
r
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However, t herdanic base preftaligdmmmohid, xaosticisody seiation iop tdethylabfinebr byi n
other solvents, preferably in one of those nentioned above, and reacting

them wi t h t mixingthe serptiongidurenwith apAxcess of apaleaholrand Bragiritating dhgou

in |iteratuesamhle by intrastiuction of the reactien miMre MeWalRl Pea Mkt
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solvents for precipitating and digesting are the chlorinated hydrocarbons,
| i near al kanes, e.g. n-hexane, or m xtures of such solvents. In the

fol | ow ng exaimhtSwhithi mby 'be' 4sdd & the' SIodUENGH 6! B dBMSounds! of fBlrhula 1l and

t enper at ur es

in the reaction with the compound of formula Il may be esters of organic carboxylic
acids, for example formic acid methyl ester or formic acid ethyl ester, esters of
carbonic acid, for example dimethyl carbonate or dipropyl carbonate, nitrolakanes,
for example nitromethane, chiorinated hydrocarbons, for example dichloromethane,
as well as sulpholane, dimethyl sulphoxide or a mixture of such diluents.

In one embodiment of the invention a mixture of sulphotane with formic acid methy!
ester or formic acid ethyl ester is used. In a further embodiment for the introduction
of an alkyl group into the compound of formula }l a mixture of sulpholane with
formic acid alkyt ester in which the alkyl group is identicail with the alkyl group

which is to be introduced is used.

Although the process has been described with respect to compounds of formula il
and lli it is to be appreciated that the process may be carried out with any 3-
hydroxymethyl cephalosporin and dioxycarbenium tetrafluoroborate.

In the process according to the invention, the yields are considerably higher than
those of processes described in literature. In addition, in contrast to processes
described in literature, the reaction according to the invention may be carried out at
moderate or low temperature. Thus, in particuiar, the formation of undesired by-
products, which appear in processes described in literature and adversely affect the
quality of the product or complicate the subsequent purification of the product, can
be avoided by making an appropriate choice of reaction conditions. A substantial

problem, for example, arising in all acid-catalysed reactions of 7-ACA is the



are given in degrees cel sius.
7 Exanpl e 1 Production of 7-am no-3-nethoxynet hyl - 3- cephen‘aReEPLACﬁMENT SHEET
acrd using isol ated di met hoxycarbeni umtetrafl uoroborate '
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formation of an inner lactone which lowers the quality of the product and reduces
the yield. According to the process of the invention surprisingly the formation of
this inner lactone is successfully suppressed. Furthermore, the process according
to the invention offers essential ecological and economic advantages, since the
compounds of formula Il only have to be used in a slight excess and therefore only

a slight excess of BF; is required.

The compounds of formula il may be produced in high yields from 7-ACA by
means of chemical or enzymatic cleavage of the acetyl group, or may be prepared
in a simple manner from desacetyl-cephalosporin C, after cleavage of the side

chain in position 7.

Production of the compounds of formula 11l is described in literature, and may take
place by reacting BF; with an appropriately substituted ortho-formic acid ester. For
example, dimethoxycarbenium-tetrafluoroborate is obtained by reacting BF /etherate
with orthoformic acid trimethylester. The dimethoxycarbenium-tetrafiuoroborate
which is initially formed as an oil is digested several times with dichloromethane,
and the desired product finally separates as a white solid substance at low
temperature. Thus, the compound of formula Il may be isolated as pure substance.

As described in literature on the production of dimethoxycarbenium-tetrafiuoro-
borate, BF, is employed as a solution in the form of the BF/diethyl etherate,
among other reasons, because of its more simple handling. However, there is aiso
the possibility of using solutions of BF, in other solvents, preferably in one of those
mentioned above, and reacting them with ihe corresponding ortho-formic acid
esters to form the compounds of formula Ill. If necessary, after the reaction, the
compounds of formula Ill may be precipitated by adding an appropriate solvent,
and as described in literature, purified by digesting in an appropriate solvent.
Preferred solvents for precipitating and digesting are the chlorinated hydrocarbons,

linear alkanes, e.g. n-hexane, or mixtures of such solvents.

In the following exampies, which illustrate the invention more fully alt temperatures



20 g of 7-am no- 3- hydroxynet hyl - 3- cephem 4- carboxylic acid are suspended in
formc acid nethylester and sul phol ane, such that a concentratian.of . 10%

(wWv) is obtained. After cooling to -20[err], 46 ml of a 5 g?pﬁﬁcgyﬂ%nﬁgﬁng

of di met hoxycar benium tetrafluoroborate in formc acid nme
added. Stirring is then effected for one hour at -25[err].} The ggfngég
i s subsequently raised to -15[err] and the geaction solutipn |36

12 hours. Wen the reaction is conplete, the reaction m xtpr : |
with 300 M of cold pmethanol, and the pH of the solution ik set at 3.5 by
addi ng trletHV?QWFWé“ eﬁ$§§bﬂkﬁated product is isol at edbbymditttration;

washed wi th nethanol and dried'in vacuo. Yield: 16.5 g (77.8% of theory)
The proportion of 7-ACA-lactone in the product is 0.2% Exanpl e 2
Production of 7-am no- 3-net hoxynet hyl - 3- cephem 4- carboxylic acid using

di met hoxycar beni umtetrafl uoroborate produced in situ 30 g of
BF[err]/formc acid nmethyl ester conplex are cooled to -20[err] and m xed
with 10.5 m of trinmethyl-orthoformate. Then, a cool ed suspension of 10 g
of 7-am no-3- hydroxynet hyl - 3- cephem 4-carboxylic acid in formc acid

met hyl ester and sui phol ane i s added. The reaction solution is heated to -3
and stirred at this tenperature for 12 hours, respectively, until the
reaction is conplete. Afterwards, the reaction solution is poured onto a

m xture of ice and water, and the pH set at 3.5 by addition of aqueous
ammoni a. The precipitated product is isolated by filtration, washed with
cold water and nethanol, and dried in vacuo. Yield: 6.5 g (61. 3% of theory)



The proportion of 7-ACA-lactone in the product is 0.4% ——
8 Exanpl e 3 Production of 7-am no- 3-et hoxynet hyl - 3-ce Mﬁ%&ﬁiﬁi
acid using isol ated di et hoxycarbeni umtetrafl uoroborate PO~ g~ of
7- am no- 3- hydr oxynet hyl - 3- cephem 4- carboxylic acid are sgs )e?@ﬁgbm gr i g
acid ethyl ester and sul phol ane, such that a concentrati ¢njof 1 ( ) i S
obtained. After cooling to -20[err], 53 ny of ‘a 4.8 nol a ¢
di et hoxycar beni um tetrafluoroborate in formc acid ethylf ester are added.
Then, stirring is effected for one hour at -25, and the o XTure i1 s
subsequently heated to +1 1. Wen the reaction is conplete, the reaction

m xture is peafmpte ento cold water and the pH set at 3.5 by addition of

aqgueous ammoni a. The precipitate rodyct .is i|solated by, filtrat,ion, hed
Oy M Bredtictinn oft-ARE STBeRORYPEIY-3-ceRbagH & carboxyiic ackd GSing oidted
dimethoxycarbenium-tetrafiuoroborate

¢l uti one.af
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20 g of 7-amino-3-hydroxymethyl-3-cephem-4-carboxylic acid are suspended in
formic acid methylester and sulpholane, such that a concentration of 10% (w/v) is
obtained. After cooling to -20°, 46 ml of a 5 molar solution ot dimethoxycarbenium-
tetrafluoroborate in formic acid methyl ester is added. Stirring is then effected for
one hour at -25°, The temperature is subsequently raised to -15° and the reaction
solution is stirred for 12 hours. When the reaction is complete, the reaction mixture
is diluted with 300 ml of cold methanol, and the pH of the solution is set at 3.5 by
adding tristhylamine. The precipitated product is isolated by filtration, washed with
methanol and dried in vacuo.

Yield: 16.5 g (77.8% of theory)

The proportion of 7-ACA-lactone in the product is 0.2%.

Example 2
Production of 7-amino-3-methoxymethyl-3-cephem-4-carboxylic acid using
dimethoxycarbenium-tetrafluoroborate produced in situ

30 g of BF,/formic acid methyl ester complex are cooled to -20° and mixed with
10.5 mi of trimethyl-orthoformate. Then, a cooled suspension of 10 g of 7-amino-3-
hydroxymethyl-3-cephem-4-carboxylic acid in formic acid methyl ester and
sulpholane is added. The reaction solution is heated to -3° and stirred at this
temperature for 12 hours, respectively, until the reaction is complete. Afterwards,
the reaction solution is poured onto a mixture of ice and water, and the pH set at
3.5 by addition of aqueous ammonia. The precipitated product is isolated by
filtration, washed with cold water and methanol, and dried in vacuo.

Yield: 6.5 g (61.3% of theory)

The proportion of 7-ACA-lactone in the product is 0.4%.



Yield: 17.7 g (79.0% of theory) The proportion of 7-ACA-lactone in the
product is 0.5%

6 DEC 1996 Patent C ains 1. A process for etherifying t
group in position 3 of a cephal osporin by reaction of a
cephal osporin with an di oxycar beni umtetrafl uoroborate.
according to claim1l wherein the etherifigation introduces
aryl group. 3. The process according to claim2 for the
conmpound of formula

Example 3
Production of 7-amino-3-gthoxymethyl-3-cephem-4-carboxylic acid using isolated
diethoxycarbenium-tetrafluoroborate

20 g of 7-amino-3-hydroxymethyi-3-cephem-4-carboxylic acid are suspended in

formic acid ethyl ester and sulpholane, such that a concentration of 11% (wiv) is

obtained. After cooling to -20°, 53 mi of a 4.8 molar solution of diethoxycarbenium-
- tetrafluoroborate in formic acid ethyl ester are added. Then, stirring is effected for

one hour at -25°, and the reaction mixture is subsequently heated to +11°. When

the reaction is complete, the reaction mixture is poured onto cold water and the pH

set at 3.5 by addition of aqueous ammonia. The precipitated product is isolated by

filtration, washed with cold water and methanol, and dried in vacuo.

Yield: 17.7 g (79.0% of theory)

The proportion of 7-ACA-lactone in the product is 0.5%.




[err] wherei n R denotes—atkyt—or aryl, conprising reacting a

conpound of formula | winsa i a solvent with a conpound of fornula
[err] wher ei ﬂﬂ]‘!ﬁ“‘“*‘l‘w‘u“m\ above. 4. The process according to
claim3, wherein R de an apttorfal |y substituted

(derr]-Cerr])al kyl group or an optionally substitutedREP{aACW SHEET

b
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Patent Claims

1. A process for etherifying the hydroxymethyl group in position 3 of a
cephalosporin by reaction of a 3-hydroxymethyl cephalosporin with an
dioxycarbenium-tetrafluoroborate.

2. A process according to claim 1 wherein the etherification introduces an alkyl or
aryl group.

3. The process according to claim 2 for the production of a compound of formula

H:N
\_(
5 /—N s, OR i

S

COOH

wherein R denotes alkyl or aryl, comprising reacting a compound of formula

HN )
AN e

COCH

in a solvent with a compound of formula
OR

+ -
HC < BF, I

OR

wherein R is defined as above.

4. The process according to claim 3, wherein R denotes an optionally substituted
(C,-Cg)alkyl group or an optionally substituted aryl group.

5. The process according to claim 3, wherein R is an unsubstituted alkyl or aryl



5. The process according to cl

aryl

sul phol ane or

7,

effected in a m xture of sul phol ane an

10.

N3 Wherein R is an unsubstituted al kyl or

process according to claim5, mlqerel\lllllﬂulﬂllll“llgulﬂf ethyl . Loup. . O The

process according to a yone of claind 1°to 6
organi ¢ carboxylic acid, a nitroal kane, a chl ori nated hydrogaj bon,

fected in a QENIrSHEE:ﬂ

di met hyI sul phoxi de. 3 The process accof d naétwgs 804N

group.
The process according to claim 5, wherein R is methyl or ethyl.

The process according to a .yone of claims 1 to 6, effected in an ester of an
organic carboxylic acid, a nitroalkane, a chlorinated hydrocarbon, sulpholane or

dimethyl sulphoxide.

The process according to claim 7, effected in a mixture of suiphofane and
formic acid methyl ester or formic acid ethyl ester.

The process according to anyone of claims 1 to 8, effected in a temperature
range of -40° to +30°C.

Use of a dioxycarbenium-tetrafluoroborate for etherifying a hydroxymethyi group

in position 3 of a cephalosporin.



formc acid methyl ester or formc acid ethyl ester. 9. The process

according to anyone of clains 1 to 8, effected in a tenperature range of
-40 to +30C 10. Use of a dioxycarbeniumtetrafl uoroborate for
et herifying a hydroxynethyl group in position 3 of a cephal osporin.
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PROCESS FOR THE PERPARATION OF CEPHALOSPORINS

Abstract

A process for etherifying the hydroxymethyl group in position 3 of a cephalosporin
by reaction of a 3-hydroxymethyl cephalosporin with an dioxycarbenium-
tetrafluoroborate.



