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970- 973.1/1 Process for the production of bisilylated

3-i odonet hyl cephal osporine derivatives Cephal osporins are val uabl e

anti biotics used in human nmedi ci ne. A group of these conpounds (e.g.
Cef aliotin, Cefotaxine) is derived fromthe basic structure 7-

am nocephal osporanic acid (7-ACA). 7-ACA may easily be prepar e%.}&y
fermentation of Oephal osporin C, subsequent isolation of the-n '%\?31”

Commor ci BRocgRbitcihe Bofhrich of PaiBleted T Rdtm ey ysphgiostaios defgatives °

cephal osporl ns therapeut ically used today is derived from
7- afgnocephal osporani c acids having a different substituent in position 3

of  7- ACACfhallospbihsrre Valbiable 4R6hiEBS HRIdEn HunltadZBbdibine 81RO oz MBS

Cef t azi di ne, Oeftrl axone, Cefnenoxine, Cefonicid). For the pr oducti on of

such congesoprimds é@&e@%fﬂo?ﬂ’aﬁef@%mgé dgrivedhfromy the basig sireetuter/-t he 3- position
f 7-ACA t t t
o A SR S LA I PR i,

i sol at i oQepHaldsperifl € isilidqeeap idlaipATithe Aftutabi fpﬁctduet athspl off of thiengidel so be
carried out in reverse, nanely the 7ACA|s rst acyla with the desired

group i nchaimi and gp 2 zeagily obtal eemmercig) praduet. der vat i ve of 7-ACA i s

i sol ated. Subsequent exchange in aqueous buffer systens usually results in

t.he desired cephal osporin end-product. Both reactions have.limtations,

nanel y t Aefarttier, rsabstaiuhbyvlargmgrm;enﬂmetcepmlmpohnem@peumdnynsed edapfis desi red
substituents in the 3- g positiq I n ase the_acyl.ation/ eécgfange
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‘Cefmenoxime, Cefonicid). For the production of such compounds, generally an exchange

of the substituents in the 3-position of 7-ACA is to be carried out initially and the 3--
substituted 7-ACA must be isolated. A further step results in the acylation of position 7

and isolation of the desired cephalosporin antibiotic.

The reaction may also be carried out in reverse, namely the 7-ACA is first acylated with
the desired group in position 7 and subsequently the acyl derivative of 7-ACA is isolated.
Subsequent exchanf,ie in aqueons buffer systems usually results in the desired

cephalosporin end-product.

" Both reactions have 1imitz.ltions," namely 'théiy do not allow random execution with every
combination of desired subsﬁtuents in the 3- and 7-p65ition. In any case the
. acylation/exchange and/or isolation is to be carried out in protic medium. If the side chain
in the 7-position itself contains an acylatable or activatable function, this group is first to
be protected by a selected protecting group and after isolation of the desired cephalosporin
- end-product, these protecting groups must again be split off.

The prior art concerning the production of such compounds describes essentially three
processes, which, however, all have certain disadvantages. Thus DOS 2,804,896 |
(TOYAMA) describes the reaction of 7-aminocephem(3)-4-carboxylic acids with Lewis
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be.protected by a selected protecting group and after isolation of the
desired cephal osporin end-product, these protecting groups nust again be
spliit off. The prior art concerning the production of such conpounds
descri bes essentially three gfocesses, which, however, all have certain
di sadvant ages. Thus DOS 2, 804, 896 ' (TOYAMA) descri‘tgs the reaction of
7-am nocephen(3) 4-carboxylic acids with“Lew s 2 970-9731/1

970-9731/1.acids _or protonic acids in excess, whereby preferably boron
trifl uor PGS PLPIOLADEC E‘P&S insexerssnVhereky preferabheberen trflugride ds ppeddf is knewine and

cause enitiaf GGGk Gints ird BxRithel3 it Ml Rahse! didiroh MBIEAT hrBfle Al un el ha! ©

under. strongly acidic col ns I1n protic nme process

descr i bep-ladtane archmstbler walet stoongly acidie @noditioins i prdtio malieous buf f er systens
(USP 3,516,997). This process gives |ow yields because under the conditions
used (7-ACA + heterocyclic thiole) cephal osporins are deconposed to a

subst ant p&decéiit Fidkess Uelibes theSicHadgd Teadtioh IR Ghe Q%ﬁpgltlﬁﬂqr% ﬁ(ﬂ\%@qs bigeefore the

title conpounds are obtained in insufficient pur / process
descri besystgps iST3,586,09)h Fhiscyrbeegs gives low yidlds beadasecimlen therconditions meed t i on

of a ce I rin which_alread as the cqrrect substituent, jn the
S post 11 UAARACR Befpeafid ufolsS Gsphalbgorinicars Aearitassih g syt PxsRign
mat er i al Guffadhitions BetsveBRpENS and 94RO théfefdre tHEONRY E§mpouhiié e/ dthEe@ﬁV | at ed

in position 7, then the exchange in 3-position is to be undertaken, and
final |y insefficiegbpetiti n in the 7-position nust be split off. Seen overall,
this ' :

A third process describes splitting off the acyl groups of the side chain in the 7-position of

a cephalosporin which'already has the correct substituent in the 3-position (e.g. USP
4,369,313). For th_e production of the starting materials used in this patent, 7-ACA must,
however, firstly be acylated in position 7, then the exchange in 3-position is to be
undertakeh, and ﬁnally the side chain in the 7-position must be split off. Seen overall, this

reaction series must be considered uneconomic on the yield from 7-ACA.

In DE-A-3 316 798, Hoechst AG, there is described a process for the preparation of
7-aminocephalosporanic acid which is substituted in position 3 By a base, by addition of
. the corresponciing base to 7-aminocephalosporanic acid and thereafter adding
trimethyliodosilahe in a diluent and i'eﬂuxing, or by refluxing of the base with
trimethyliodosilane in a diluent, addition of 7-aminocephalosporénic acid and further

refluxing.

In EP-A-0 154 417, Yamanouchi Pharmaceutical Co. Ltd., which is a publication under
Art. 54(3) EPC for the contracting states Germany, France, Great Britain and Italy, it is

- disclosed that 7-aminocephalosporanic acid firstly might be iodinated in position 3 and
thereafter silylated in positions 7 and 3 by use of a silylation agent. According to the
descriptioﬁ it is assumed, that 7-trimethylamino-3-iodomethylcephem(3)-4-carboxylic acid -

_tri_methylSilyiester is obtained as intermediate.

- _ Acg:ording to the present process, 7-ACA or a derivative thereof is converted in its N,O-
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reaction series nust be considered uneconomc on the yield from7-ACA In
DE- A-3 316 798, Hoechst AG there is described-a process for the
preparation of 7-am nocephal osporanic acid which is substituted in position
3 by ja base, by addition of the corresponding base to

7-am nocephal osporanic acid and thereafter adding trinethyliodosilane in a
di luent and refluxing, or by refluxing *%f the base with trinet WQ'Q&UI | ane
in a diluent %‘Eﬁ“ fiqn of 7-am nocephal osporanic acid and further

ref | uxi rigjssilylptecdenivative; hiely is seacted St trlsliodesilane ée giveshe Brigdomethykh i s
a publicgtd . r j rym|ny,
Frhnge, SrALTRE, delvatino i Bk o el oA /5Bl Sbell e GH'lE

7- am nocN@xbissitylated 7t ACAcbyladditiod bfa mugledpHikic reagemaThe 3isabsivsted idefivativend
thereafter silylated [n positions 7 and, 3 by use of a_ silylatjon agent.
Accor di n§ Q‘E"‘t “H%%E‘i Pb?ﬁas i"Ylﬂl an aggﬂmgeph dhus introducing the desired acyl
7-trinmet i | POGRES : hG:aci d

trimet hy%}gilll?g/i} g%’?%brﬂ ?’s obt%gﬁggﬁﬁegﬁun%gflgﬁg&%gg?di ng to the present

pr ocess, The ¢uddplete psoctes maxthevcartidteoworithont dsmdatimgtang of the interhe@iates. 3

970-9731f,1 bissilylated deriyative, .which is reacted with a _
trial kyl lgdgrgpefs&%ayﬁbe 8‘?5\95{’?4:&’ the Tollowine,generpl reaction schemeni s derj vative is
converted into the desired 3-substituted derivative of the N, O bissilylated
7- ACA by addition of a nucleophilic reagent. The 3-substituted derivative '

is either deprotected or reaR{ed with an acylating agent, thus introducing
the desired acyl H

s S )
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COOH

+ Silylating agent
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CH,-0-CO-R, |
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+ iodinating agent




group in position 7, and deprotected, thus term nating the reaction. The
conpl ete process may be carried out wthout isolating any of the

i nternedi ates. The process nay be descri bed by the follow ng general
reactj on scheme: R R [err] 4 - 970-9731/1 R
nucl eophi l i ¢ exchange in position 3 R R 5

970-9731/1 In the formulae | to [err] d#not es hydr ogen or the ﬁ%@%@%91"
group, R2 the nethyl or am no group, R a |ower alkyl group and R4 hydrogen,
al kali or a negative charge, or OR4 denotes halogen. R5 signifies an acyl
group conventional in cephal osporin chem stry. R3 denotes the residue of a

nucLSpphi |l e. The invention relates the step IVto IlIl. This process may for
exanpl e be carried 03 aél f(gi oWs: S
R—Si- N—=——(
| B
R /r—N P III
o) - _ CH,-T
R
i
COO-Si—R
I N
R .
O | nucleophilic exchange

in position 3

Deprotection

1. Acylation in position 7
2. Deprotection

1. Optionally protect
2. Acylation in pos. 7
3. Deprotection

" if necessary
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~ A 7-am nocephem(3)-4-carboxylic acid of formula V, preferably 7-ACA is

suspended in a solvent which.is inert under the reaction conditions and

refluxed in the presence of an excess of a silylating agent. Hal ogenated
hydr gcar bons, such as dichl oronet hane, chloroform 1, 2-dichl oroethane,

1,1,2-trichloroethane and tetrachl oroethyl ene, organic nitriles, s % S
acetonitrile, propionitrile, nitroal kares for exanpl e nitronet %ZRF:#; VF‘
sul fones, such as sulfolan, cone into question as the sol vent ffr this

si | yl at ilorthe &ersrulasnl torNeR sdanpfesthydrogen gt thegrethaxy gioupeR. fie mgthyl eamine it n

hi gh-boi lin l.ven ' ' 4 h
ove Dot 15EP R0 A RERPL Ayl g 300 6, gl O G°L pélofvd SHREE A OR, Bbudts |
e.g. SqUplldgenaRyi Signifies fanlmeyDgoapiconmtidnal fin Keptialosperin bisemistry. Kpdermatési onal
silylating agents, such as hexapet hyl di sil azane, 1*{ri hyl chl or osi | ane,

bi s- tritheresjdus; of a sucleoghile; Thy Hyeatiqn teltes the sigpIN o bi s- or

nonosi | yl ated acetam des, or m xtures of t-hese reagents may be used in this
reaction. It is preferred that the bis- silylation proceeds to 100 %
because "Biiig procesdnay Tfooéxaniple becasiet Wt defallossi ve may disturb the further
reaction substantially. The reaction of the resulting conpound of formnula
IV is for exanple undertaken in a manner such that 1.1 to-1.5 equivalents

of trial Kﬁ-&?ﬂﬁé&ﬂalﬁgﬂ?%ﬁ-cgrbok BIRGDE ERAR VapRi@iRy F0aed, 9 sispenduatinianed

reacti on m Xt ur e reaction Is carried out at t enper at ur es of from
-20 to +Rfivent whicH Brinkit yndér the reactibn Conditionissand ureflusediindhe presencecdBound of

ta_*c‘igj < Shcas ef & VY PORCRECE PR TpiR Byprasapte aoetl s CRnBRInABERY  bed in
5. 212 900 TRARBICE o eth et 1 RRRRAdE aRl REIrCLRIER, of 3k
N; O- bi s- hitriles, ksptls iab wtet@aitrile,opropiopitrile; nitnoakkares for example aiframethangs obf -t he
| nvent| Ogult%rrlgs,ssalglg lag SIrﬁ?a/latEeco%;[et irn.{obclflge% ox% gs ﬁmtees[)iv%nt for this silylation reaction.
The silylation reaétion may either be carried out with high-boiling solvents, by heating to
- the appropriate temperature or with low-boiling solvents using é special catalysis of an
* _organic oxygen acid, e.g. squaric 'a'c_id, trifluoroacetic acid or mixtures thereof.
Conventional silyléting agént_s, such as hexdmethyldisilazane, trimethylchlorosilane, bis-
trimethylsilurea, N-trimethylsilyldialkylamine, or bis-or monosilylated at:etamidcs, or
" mixtures of these reagents may be used in this reaction. It is preferred that the bis-
silylatic;n proceeds to 100 %, because small amounts of the mondsilyl derivative may
l ' -disfurb the fuﬁher reactioh substantially. The reaction of th_é resulting compound of
formula IV is for example undertaken in a manner such that 1.1 to 1.5 equivalents of
trialkyliodosilane, e.g. tn'méthyliddosilane are added to the obtained reaction mixture and
- the reaction is carried out at temperatures of from -20 to +50 °C; preferabiy at 0 to 45 °C.
It is surprising that a compound of the structure of 3-ioddmethyl—N,O-bis-trialkylsilyl-7- '
aminocephalosporanic acid is stable. With certain similar structurés, which are described in
- literature, excessive self-alkylation on the nitrogen occurs. (DOS 3,212,900
YAMANOUCHI). The fact that the N,O-bis-trialkylsilyl-3-iodomethyl-7-
aminocephalospofanic acids of thé inventioh are stable may be attributed to steric
hindering of the trialkylsilyl group on the nitrogen. It is ;herefo;'e essential that pure bis-
silyl \(':/(')mpound- is present, because the presencé of monosilyl compounds leads to

R éxcessive decomposition and polymerisation.




y -

hi nder.ing of the trialkylsilyl group on the nitrogen. It is therefore
essential that pure bis- silyl conpound is present, because the presence of
nmonosi |yl conpounds | eads to excessive deconposition and pol ymerisation.

6 970- 9731/ 1
Bi strimethyl silyl-3-iodonethyl-7-am nocephen(3)-4-carboxylic acids of
fornula Il may be isol ated, by renoval @f the excess sol vent a@d0-9731/1

trial kyliodosilane in vacuo in pure formand characterised by nmeans of the

NVR spectBisiimetidsibd Shiodemety]-f-aminqopphemy(@:4-warbpgyligipcids of forpyilacHE may bge

T ool 1 AsOiftet, b el b lfCextess WOIARCHRNIATINiCa SRR Y vifig Ml Sie om0
namel y byand chamcterioed by inteans ofithecNIMRi dpectsuah as a) a tertiary (nitrogen)

heterocycle (e.g. pyridine, quinoline) or a tertiary aliphatic or
cycl oal i phatic am ne, e.g. N-ethylpiperidine or N-nethyl pyrrolidine, or b)

a thiol at eat%hgﬂgggorﬂl ﬁvﬁﬁ%"oﬁdﬁﬁﬁ% Eﬂgﬁﬁcgﬁﬁ 'bg%ﬁiasgt riniohf-sﬁﬁs%ﬁgéﬁa%apt °

het er ocycle acl ng ‘agent, a’ secondary nitrogen-Dbeéaring
het er ocy cinginoceptiem(B)idocabdxylioyacks f foramdo lisordia, Sviiesetyushe tcothppundsesft | on.  As
reaction r the, compounds of formula I11 the{oll_win come into

artners f X
question fgﬁn‘b‘ér '%8&10.“%?%50 mamply Yoy Sxeckion with & nwglegphils Fuchase

qui noline, which may be further substituted

a) a tertiary (nitrogen) heterocycle (e.g. pyridine, quinbline) or a tertiary :;liphatic or
cycloaliphatic amine, e.g. N-ethylpiperidine or N-methylpyrrolidine, or . |

b) a thiolate anion of a mercapto-substituted heterocycle or the free mercapto heterocycle

and an acid binding agent, or

~¢) a secondary nitrogen-bearing heterocycle,

and optionally by simultaneous or subsequent deprotection.

As reaction partners for the compounds of formula ITI, the following come into question in

particular:

_ &,4 a) aromatic nitrogen bases, such as pyridine, quinoline, which may be further substituted
by one or more substituents; aliphatic trialkylamines, whereby alkyl preferably means C,-
C,, and cﬁrb’ocyclic, saturéted or uﬁsaturatéﬂ tertiary amines, e.g. N-ethylpiperidine, N-
methylpyrrolidine, quinuclidine, etc. |

b) Salts of mercapto-substituted heterocycles or the free mercapto compounds in the

_presence of acid binding agents,

- ¢) Heterocycles which have a secondary alkylated nitrogen, e.g. triazole, tetrazole,
pyrazole, pyrrolidine, imidazole. |

RRE These reactions with the above reaction partners can be carried out in the above mentioned




by one or more subst | tuents; al | phat ic trial kyl am nes, whereby al kyl
preferably means [err] and carbocyclic, saturated or unsaturated tertiary
am nes, e.g. N-ethylpiperidine, N net hyI pyrrolidine, quinuclidine, etc. b)
Salts of mer capt o- substituted heterocycles or the free nercapto conpounds
in the presence of acid binding agents, c) Heterocycles which have a
secondary al kyl ated nitrogen, e.g. tri aZoI e, tetrazol e, pyrazol%70'9731/|
pyrrolidine, imdazole. These reactions with the above reaction partners
can be csolvénts abtemperaturas ofi frome-78¢0 tH76 r?éfd preferably -50 to +40 °C. In the case of

"50.00 4800 pRbieg of A SBGE bR e iR alftubfied Fiveg ghraps BRI S Y
pa”ner h@oﬁb‘io&?%&ﬁm etgl DM, Hpmemas,beaﬂdabwlmqlﬂea dry aprotic polar

sol vent, may be added as required. Finally, for the
productlon of conpounds of formula I, the desired acyl group in position 7
may be intrqdu es ' I t fisie7same -
reactlon?:fﬂ f°éq"%yf°%ﬂf E{%oﬁ%n%ste&fso?nh of "ﬁg%g*%&'%(l %BH Prg%undg of

formul a {ayQfe intrdduded, ¥4t, Ghplesent,] thé sityltgrousssi glit bffc émthe sahe\vreaction RiXkturbe
foll ow ng 5| gnlflcance are preferably prepared in the reaction m xture: a)
y

an ar omaby anethedsdnowhpIseof fornmula [err]

For the acylation, compounds of formula II or Ila, in which R, has the significance above

W and R, the following significance are preferably prepared in the reaction mixture:

a) an aromatic nitrogen base of formula

R
+/ °

— N Het A" |

Rg

in which Het denotes pyridine, quinoline, pyrimidine or thiazole and R, denotes carboxy,
carbamido, a sulfonic acid group or a substituent conventional in B-lactam chemistry, or

| w | ‘both R, form an optlonally substltuted carbocychc ring, or

b) an aliphatic or cycloaliphatic nitrogen base of formula

. in which the substituents R;, Ry and R, 'may be the same or different and each denotes a
~ lower alkyl- or lower alkenyl group, or R, and Ry.together with the nitrogen atom denote a




i n, which Het denotes pyridine, quinoline, pyrimdine or thiazole and R6
denot es carboxy, carbam do; a sulfonic acid group or a substituent
conventional in [err]-lactamcherm stry, or both R6 forman optionally
substiituted carbocyclic ring, or b) an aliphatic or cycloaliphatic nitrogen
base of fornmula [err] in which the substituents [err] may be t::%sg.?g/g
different and each denotes a | ower al kyé- or Iovver al kenyl gro 0 1 rr
together with the njtrogen atgm denote a

970- 9731five-pr ig-18embered fuhpeichg setafams'c%wset“sa&% P%rPeWCBF ripgsubstituted by
car bocycpi thﬁdnm ‘dﬁ&ihb{a&lﬁﬁ&gng& %rlx aie 1BRY oY e%ﬁhga/ gienote a 1, 3-

or 1 4-alkyl eneo vinyle optlon y substituted
het erocyclic thiole group of formJIaN R11 [err] in which Het
denotes a flve- or Slﬁq ngﬁred h cI e, n&;}dﬁéelflr] denot e al kyl,
hal ogen ©amPRUENAIlY spbstifie etﬁﬁ’c& S{%‘P urther substituted by
sul foni c aci d groups, acyl am no, dialkylam no, oxo or hydroxy or d) a group
of formula N I X in which Het signifies tetrazole,
triazole, imdazole, pyrrolidine or Npyrazoke Ryi ch may be

| 4

—S— . Het VIIL

_ _ Rio
- -

in which Het denotes a five- or six-membered heterocycle, and R,, and R;; denote alkyl,
halogén or alkenyl, in which an alkyl group may be further substituted by sulfonic acid
groups, acylamino, dialkylamino, oxo or hydroxy or

-d) a group of formula

L IX

" 'in which Het signifies tetrazole, triazole, imidazole, pyrrolidine or pyrazole, which may be
substituted by a lower alkyl group. These compounds may be obtained by addition of a

compound of formula:




substituted by a |l ower al kyl group. These conpounds may be obtai ned by

addi tion of a conpound of fornula: 9 .
970-9731/1 [err] in which [err] and Het are as defined above, to the
~reaction mxture which contains a conmpound of formula Il or Ila. In the
foll ow ng Exanpl es which should illustrate the invention wtho however ,

ut
limting its scope, all tenperatures ar® given in degree Celsi L%7.0'973Ub
970-9731/ 1 Exanple 1:
7-Tri met hyl si |yl am no- 3-i odonet hyl cephen( 3) - 4-carboxylic acid

lic acid

nsijon of.,2.5 g of

an 7.5@Km

ed 45 ng of squaric
phere over night under

trimethylsilyl conpound of formula I11) a
7- Thiet hyl si | yPani no-g¢acdt oxynet hyl cephent( 3) -
trimethy 'I_yl/,éster roula 1V): To a boili sui_gei
7- am nocephal ogpor alt cid,. 1yfflam trichlorosyl a e
hexanet hyl di si | 100 m of dry chlorofor

acid and the m xt s Byjled under a nitrogen a
reflux. The

in which R4 to R;; and Het are as defined above, to the reaction mixture which contains a

*

compound of formula II or Ila.

In the following Examples which should illustrate the invention without, however, limiting

its scope, all temperatures are given in degree Celsius.




clear.solution is evaporated to dryness in vacuo, whereupon the
7-trinmethylsilyl- am nocephal osporanic acid trinethylsilylester is obtained
in solid form Because of extrene hydrolysability, no nelting point

determ nation nmay be carried out; characterisation is effected by

NVR- spectroscopy. [err] b) :

7-Trinmet hyl si | yl am no- 3-i odonet hyl cephérQ( 3)-4-carboxylic acid 970-9731/1
trimethylsilyl ester (Formula Il11): N Obissilylated 7-ACA [prepared as
descri bed under a)] is dissolved in 125 m of dry dichl oronethane, the

sol Ut ONEkSmpROL: eﬂﬁﬁn&hgeﬂ?lanaﬂdsJloﬁJm@ihyPJephémt@myAerﬁﬂ a@fe are added
dropwi se. The solution is allowed to reach roomtenperature and is stirred
for 2 hotnimethilsilyl esterarompound offformulasllyent in vacuo the tide conpound is
obtained in solid form which because of high hydrolysis sensivity is
characterised only by NVR- spectroscopy. [err] The follow ng 3-substituted
deri vat i Yy ToietiyIsilveaminglacefoxp Bl @Bhéh @4l digbokylic acid trimethylsilyl ester

tri met hyl siTyam no- 3-1 odonet hyl cephe -4-carboxylic acrd trrnmethylsilyl
ester: E@@M).? Anmi no- 3- pyri di ni unmet hyl cephen( 3) - 4-car boxylic acid

hydr oi odide (F alla ol Ut i he titl exanpl e
1 are a d?j'g ] lﬁm sqsgansbod%oﬁ %g g1&e77 %%WDOSF alospo}amc acld 155" R3e llﬁ'orosrlane
and 7.56 ml hexamethyldisilazane in 100 ml of dry chloroform are added 45 mg of squaric

acid and the mixture is boiled under a nitrogen atmosphere over night under reflux. The

. clear solution is evaporated to dryness in_vacuo, whereupon the 7-trimethylsilyl-

aminocephalosporanic acid _tﬁmethyl;ilylester is obtained in solid form. Because of
- extreme hydrolysability,'no melting point determination may be carried out; -

characterisation is effected by NMR-spectroscopy.

THNMR: 0.15 (9H, N-Si=); 0.36 (s, 9H -CO,Si=); 1.43 (d, J = 12 Hz, 1H, NH); 2.09 (s,
o _ _ ,

I
3H, 0-C-CH,); 346 (AB, J = 18 Hz, 2H, c2 -H); 4.60 - 528 (m, 4H CH,1, C¢H, C -H)

b) 7-Trimethylsilylamino-3-iodomethylcephem(3)-4-carboxylic acid trimethylsilyl ester
(Eormula III) |

N, 0—b1ss1lylated 7-ACA [prepared as described under a)] is d1ssolved in. 125 ml of dry
.drchloromethane, the solutlon is cooled to 0 and 1.87 ml of tnmethylxodosrlane are
added dropwrse The solutron is. allowed to reach room temperature and is strrred for 2
hours. After evaporation of the solvent in vacuo, the title compound is obtained in solid
form, which beeause of high hydrolysis sensivity is charaeterised only by NMR-
spectroscopy. |

'HNMR (CDC1,): 0.125 (b, 9H, N-Si=); 0.38 (s, 9H, -CO,Si =); 1.55 (d, J = 12 Hz, 1H,
NH); 3.50 (AB, J = 18 Hz, 2H, C,H); 4.39 (AB, J = 9 Hz, 2H,- CH,I); 458 (d,d, J =12

Hz, 4,5 Hz, 1H, C-H); 4.71 (d, J = 4,5 Hz, 1H, C-H).

“The following 3-substituted derivatives may for example be prépared from the 7-




pyridine, and the solution is stirred thereafter for 2 hours at room
tenperature. By addition of 1.7 ml of nethanol to the solution, the crude
7-am no- 3- pyri di ni utmmet hyl cephen(3)-4- carboxylic acid is precipitated as
t he hydroi odi de. Digestion of the solid material in water yields the pure
title conpound. Mp 145 (deconp.). [ERR] . Exanple 3:

7- Ami no-3-[5- (1,2, 3-triazol yl)thi omet h}!l] cephemn( 3) - 4- car boxyl S€0R73d/
(Formula Ila); . To the soJution of the title conpound of exanple 1 in

di chl or dﬁlﬂleﬁgilﬂﬁélyaﬁn&ma% methylcephem(R)rd-earbexyligeacie trimsthydsityl estend 2. 26 g of
5-nmercapto-1,2,3-triazol el Na-salt and the solution is stirred for 2 hours
at rgom tenperature. 5 m of nethanol are added under ice- cooling

wher eupon the title conpound precipitates. This is dissolved in 6 N HCl and
the pHis adjusted to 1 with conc. NaOH whereupon the title conpound again -
preci pi t'g’[ lﬁét s'ﬁé‘é’éﬂfﬁfpyﬁlﬂlﬂ‘t“i‘ml%ﬁ!cemﬁ rboxylic)acid hydepipgideo ) ;
3.95 (ABFoPmulal@aff Hz, 2H); 4.76 (d, J =5.7 Hz,. 1H; 4.97 (d, J = 5,7 Hz,
1H); 7.9 (s, 1H). 12 .970-9731/ 1 Exanple 4.

7-[ err]-Am no- 3- (2- dehydr oqui nucl-i di ni um) net hyl cephem( 3) - 4-

car boxyl.at g. di hydrochl or.j,de (Fornula lla): 2.22 of 7-am nocephal ospar ani c

acid ar e'l,a(.) ﬁ’f saﬁ’é‘ﬂi‘%gﬂbﬂ f‘he & H?)‘fr@-l‘lf?e G Larg Bd‘gd under ice-cooling 1.47 ml of
pyridine, and the solution is stirred thereafter for 2 hours at room temperature. By addition

~ of 1.7 ml of methanol to the‘solution, the crude 7-amino-3-pyridiniummet‘hylcephem(3)-4-
carboxylic acid is precipitated as the hydroiodide. Digéstion of the solid material in water

~ yields the pure title compound. M.p 145 ° (decomp.). -
THNMR (D,0, K,COy): 3.38 (AB, J = 18 Hz, 2H, C,-H); 4.80 (d, J = 5.8 Hz, 1H, C,-H);
5.10 (d, J = 5.8 Hz, 1H, C4H); 543 (AB, J = 17 Hz, 2H, CH,-N*=); 8.0 - 8.2 (m, 2H,
pyridine 3H's); 8,41 - 8.63 (m, 1H, pyridine—C4-H); 8.93 (d, J = 6.3 Hz, 2H, pyridine-
2H's).
-Example 3: 7-Amino-3-[5-’-(1,2,3-triazolyl)fhiomethyl] cephem(3)-4-carboxylic acid
(Formula Ila): .

To thg solution of the ti_ﬂe coﬁpbuhd of exarhp_le 1'in dichlbromethane are added at O°
_ 5 ml of N,N-dimethylformamide aﬁd 2.26 g of 5-memapto-1,2,3-tﬂaiole/Na—salt and the -
 solution is stirred for 2 hours at room temperature. 5 ml of methanol are added under ice-
cooling -whereupon the title compound precipitates. This is dissolved in 6 N HCI aﬁd the
PH is adjusted to 1 with conc. NaOH wheretipon" the title compound again precipitates out.
- Decomp. point > 190°. - ' -

~ NMR (DMSO; CF,CO,H): 3.28 (AB, J = 18 Hz, 2H); 3.95 (AB, J = 12.6 Hz, 2H); 476
(d, J = 5.7 Hz, 1H); 497 (d, J = 5,7 Hz, 1H); 7.9 (s, 1H).




trimethyl silylam no-3-i odonet hyl cephen(3) -4-carboxylic acid trinethylsilyl
ester. To this solution in dichloromethane are added under ice-cooling 1 g
of l-aza-bicyclo[2.2.2]oct-2- ene and the mxture is stirred for 2 hours at
room tenperature. The crude product is precipitated by addition of 2 m of
saturated etheric HCl. The crude product is dissolved in dilutg @gﬁg s HG
and precipitated with isopropanol. A ct? ourl ess powder resul ts9 ﬂi
from 14Q[ err [err13.76 and 4.10 (AB, J = 1 ; 534(d J =

1y 5. Easmale 4 Zichmine-3ap-dcky dopdimiclicipumme istsephsmis st

7-Lerr [ met hyl cephen{( 3) - 4- car boxyl at e.
hy(%lu)c]h orlocplgr?eF %{F&Jﬁﬁ&?{(ﬂg‘:@%ﬂﬂ%}} 7-a?1/1' nogephn(al _Lsporani C gci d are
converted as descrlbed to 7-trinethylsilyl-

am no- 3-i_qdo ce 4- car, lic aci trl |SI| er. To the
sol uti oﬁzg'f gﬁ%?‘ﬁ%‘ﬂ%%ﬁ ﬁani"zé"‘%‘“%fas et Xt&ﬁ “slowy at
-60 4. 1%ﬂkthﬁlgﬂﬁiamiEﬁi—il%d&ﬁétﬁ&rbéﬁhﬁﬁ(s)@ﬂ@arb h@aéfd%iﬂméﬂgyﬁiéyl ekl 'fd)fhlsgo

m nutes at this tenperature hé reaction mxture 1Is onto of
et hanol solntioreih dichlorametbandGire gdded &md@sempc@mhhgl g bfal-pza-bi‘cyclbé’l 2@1;}9&8& onis

adj usted to After. stan ver ni the soljd re |due i s.isol ated.
s < g s i R bt RO, of o fspeeEatie i, 6836 PRRE Scont r at

HCl to recﬁnﬁteﬁf hitiH 6612 fh'iladff‘sﬁﬁiratéd Sth%iéié'?ltla@ﬂe thge f 8 diSsoWed' r ed

for 5 m nut es and the |nsolubles and activated charcoal ar.e filtered of f.

The pH df dﬂlhte aqumg HGE and geesipitatedovith isoprapsneldAuolaiesopowdensesultss N NaOH
and 2oodﬂ 4@ are slowy added to the solution. After standing for
ours cRow ]S rator, the precipitate is isolated over a suction.

f|| er and vvashed w-th- acetone and .ether. After drying in the drying _

'HNMR (D,0): 1.70 - 2.50 (m, 4H); 3.0 - 5.2 (m); 3.76 and 4.10 (AB, J = 19 Hz, 2H);
534 (d, J = 6 Hz, 1H);.5.53 (d, J = 6 Hz, 1H); 6.70 - 7.3 (m, 2H).

Example 5: 7--Amino-3-(N-methylpyrrolidinium)methylcephem(3)-4-carboxylate.
* hydrochloride (Formula IIa): | |

10.88 g of 7-aminocephalosporanic acid are converted as described to 7-trimethylsilyl-
amino-3-iodomethylcephem(?;)-4-carboxylic acid trimethylsilyl ester. To the solution of
&“ * this compound in 120 ml of dichloromethane are added slowly at -60° 4.15 ml of N— .
methylpyrrohdme and the mixture is stirred for 90 minutes at this temperature ‘The
reaction mixture is poured onto 100 ml of ethanol, mlxed with some HC1 gas.
Subsequently, the pH of the éuspension is adjusted to 2.5. After standing over night, the
solid residue is isolated. It is suspended in 20 ml of water and the pH is adjusted with
concentrated HCl to 0. 5 g of activated charcoal are added and the mixture is stirred for 5
- minutes and the insolubles and activated charcoal are filtered off. The pH of the colourless
aqueous solution is adjusted to 2.5 with 5 N NaOH and 200 m] of acetone are slowly _
added to. the solution. After standing for 2 hours in a refrigerator, the precipitate'is isolated -
~over a suction filter and washed with acetone and ether. After drying in the dryiﬁg |

chamber, a colourless powder is obtained. Decomp point 115 °. Yield: 5.6 g (42 % of
. theory).




, B . . .
chanber, a col ourl ess powder is obt ai ned. Deconp. point 115 [err] Yi el d:
5.6 g (42 % of theory). 13 970-9731/1 [err]
Compounds of fornula | may be obtained as fol |l ows: Exanple 6:

(6R 7R) - 7-[2-(2- Ami no-4-thi azol yl |- (2)-2-[ (I -di phenyl net hoxycar bony! -

met hyl et hoxy) i m no] acetam do-3- (I -pyrjdini umrethyl)cephen(3)-4-car boxyl I C
acid chloride hydrochl oride (Formula I33 To a b0| | i ng suspensi 870-§733/15 g
of 7-ACA,_ 1.75 of trichlorosilane and of hexanet hyl di sil azane in

100 m GHN @(Qﬁd(@MzQ)aﬁésébﬂeé s %Héf Cs&)va??'l: (Hdi & hrd-2tHe GeBlhure i s
boi.+-ed %ﬁ@ 'y 293 HAIERER dryﬂ%f«sﬁ' ghe .w-flgﬁc{ H*ﬁuhwpﬁ&?dlﬁéﬁal

SOk | on i's en ‘evapor at’e ess, whef ea

7-tri meB8HYI(8H, y) EH,-M6YehBAN4H, b;@dmmnhyi-mnnﬂ@e-lmet hyl silyl ester -
precipitates in solid form This is dissolved in 125 nml of dry
di chl oronet hane, the m xture is cooled to [err] and 1.87 m of

i odot ri g %@‘gﬁ%é HorRuf lag,qﬁq;e oﬁ#ﬁne?l‘%s%ﬂ&@s' s allowed to cone to room

tenperatu Is stirred ours. To the resultlng
7-trimet hyI si |l yl am no- 3- |odorret hyl cephem( 3) - 4- car boxyl i ¢ acid

St 1 eq Eamnle 66 (ETBI a0 ARt dniaat - Bl ey ok rar b e
5.41 ¢ Q{etﬂyl@&oﬁmlmﬂo]tﬂe%ﬂﬂdﬁlﬁ-(ﬂﬁhgni{uﬁmeﬁl hgﬁymgs%?hg'&ﬂd |

-met hyl et hoxy) i mno] -thi oacetic acid-S-b enzot I’ azol
chloride. hydrochloride (Formula I):
b . - o
To a boiling suspension of 2.5 g of 7-ACA, 1.75 ml of trichlorosilane and 7.65 ml of
hexamethyldisilazane in 100 ml of dry chloroform are added 45 mg of squaric acid and .
- - the mixture is béiled.under a nitrogen étmosphere over night under reflux. The clear
solution is then evaporated to dryness, whereupon the 7-trimethylsilylaminocephalo-
sporanic acid trimethylsilyl ester precipitates in solid form. This is dissolved in 125 ml of
dfy dichloromethane, the mixture is cooled to 0° and 1.87 ml of iodotrimethylsilane are
added. The solution is allowed to come to room temperature and is stirred for 2 hours. To
‘the resulting 7-trimethylsilylamino-3-iodomethylcephem(3)-4-carboxylic acid trimethylsilyl
ester are added 1.47 ml of dry pyridine and the mixture is stirred for 2 hours at room
temﬁérature. To this solution are then added 5.41 g of .2-(2-an;ino-4-thiazoly1)-(Z)-2-[(.1.- L
" diphenylmethoxycarbonyl—l-méthyllelthb)':y)inﬁﬁo]-thioacetié acid-S-benzothiazoi—Z-yl eéter
h and the mixture is stirred for 2 days at room temperature. The reaction mixture is then.
- transferred into a 50° solution of 4.5 ml of concentrated hydrochloric acid in 500 ml of
isopropanol, whereupon the title compound pfecipitates. This is filtered off and washed
‘with isopropanol. After drymg and recrystallisation from aqueous HC1/isopropanol, the
t1t1e compound is obtained as a yellowish product.
- m.p (decomp.) from 160°.

'HNMR (DMSO-dy): 9.84 (1H, d, -N-H, J = 8 Hz); 9.20, 8.67 and 8.23 (SH, pyridinium-

H); 7.28 (10H, phenyl-H); 6.98 (1H, s, thiazolyl-H); 6.79 (1H, s, CH-Ph,); 5.95 (1H, dd,
'H,J=8Hz,J =5 Hz); 5.72 (2H, CH,pyridine); 5.27 (1H, d, H,, J = 5 Hz); 3.57 (2H,
_ H,and H,); 1.63 (6H, -C(CH,),).




and the mxture is stirred for 2 days at roomtenperature. The reaction

m xture is then transferred into a 50 solution of 4.5 m of concentrated
hydrochl oric acid in 500 m of isopropanol, whereupon the title conpound
precipitates. This is filtered off and washed with isopropanol. After
drying and recrystallisation fromaqueous HCl/isopropanol, the title
conpound is obtained as a yell ow sh prUduct. mp (deconp.) froWQ’%'?yrlr] .
H; 7.28 (104, _phenyl-H); 6.98 {1H s, thiazolyl-H); 6.79 (1H, s, CH Ph2);
5.95 (1Examgle 1577-[g-Ethoxysarhpnyimethpxy)iminpsl H-pyrazol3ryllasetamidad (15 27 (1R,
d, .+6, Fhel . & ; (PH: 4 .2) 1

979-073 eIh)Exfgin%Tté'&zﬁ% {l?tﬁior&&ﬁflhcepﬂlelgﬁi) 1‘5 'E!lrboglg_@la. éthanol szhlvate

7- [ a- ( EQrexaydardony| met hoxy) i m no-| H pyrazoi - 3-yl ] acet am do- 3-[ (I -

met hyl - 1H-tetrazol - 5-yl ) t hi omet hyl ] cephen{( 3) - 4- car boxyl i ¢ aci d.

et hanol -sol vate (Forrmula 1): To a solution of 3.82 g of

7-tri ey ntorPoF 58 %6101’ dihyikilylarhno e Bdds AN o ic aci
trimet hypgdl ®y+ ester % repa?ie}g tg%ll 1 e?gﬁ?gﬁgd?ﬂﬁg{lg?mﬁé@&ﬁ%érﬂ% xylhf’:] a(ilgS m
of dry thimethplsbyle¢stexr(prepared ad destribedrin exanplesel loy I6) ar h2Srimdeofatyyl 1. 4 g of
1-nmet hyl:5-nmercapto- 1,2 3 _4-tefr.azgl sodjumsalf and th lution is
t1rr ot CiBioromAgERE arg e 7 ko A yorsiaphick g0 4 ¢ diap RS hercapio-

(et hoxy &35 peshnzBR! betiim saR)and 'the? Y01 1s 3tived 26122 h6urR Gk Yoom temperature.

mer capt obénzt hi azol yl ester are then added and the reactian mxture is

st i rr ed4dbeg ohenystallme (methoxycarbonylmethoximino)-1H-pyrazol-3-yl-acetic acid-
(. mercaptobenzthiazolyl ester are therL added and the reaction mixture is stirred over night at

room temperature. The charge is stirred into 350 ml of ethanol pre-warmed to 55° and is

slowly cooled to-30°. By seeding with the title compound, the title compound precipitates

in crystalline form and is filtered off and dried.

m.p 119 - 121°.

Example 8 : 7-[3-(2-Thienylacetainido)-S-pyridiniummethylcéphem(3)-4-carboxylic

acid. nitrate (Formnla D:

To a solution of 3.82 g of 7-trimeﬂ1yfsilylanﬁno—3—iodome_thy1cephem(3)—4-c_arboxylic acid
 trimethylsilyl ester (prepared as described in examples 1 or 6) in 125 ml of dry
dich__loromethane are added 1.47 ml of dry pyridine, and the mixture is stirred for 2 hours
"at room temperature. A solution of 3.2 g of thienylacetic acid-S-mercapto-benzthiazolyl
ester in 20 ml of dichloromethane (prepared in situ from 1.56 g of thiophenacetic acid,
447 g of bis(benzothiazol-2-y1)disu1ﬁde and 3.53 g of triphenylphosphine in '
dichloromethane) is added to this solution and the mixture is stirred for 30 hours at room
- temperature. By addition of 5 ml of methanol the crude title compound precipitates as the
hydroiodide. This is dissolved in 5 % bicarbonate solution, filtered from insolubles, and by
addition of dilute nitric acid, the title compound crystallises at a pH of 1.8 as the nitrate.
m.p 151 - 152° (decomp.). |
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room tenperature. The charge is stirred into 350 M of et hanol pre- war ned

to 55[err] and is slowy cooled to 30[err]. By seeding wi Hﬂlwﬂuu“m(ﬂllll”“l
conmpound, the title conmpound precipitates in crystalline

filtered off and dried. mp 119- 121[err]. Exanple 8 :

7-[err]-(2-Thi enyl acet am do) - 3- pyr|d|nlunnethylcephen(S) 4- car hox I|c aci d.
nitrate (Fornmula 1): To a solution of 18. 82 g of 970-9731/1
7-trinmethylsilylam no-3-i odonet hyl cephen( 3) - 4-carboxylic acid
trinethylsilyl ester (prepared as described in exanples 1 or 6) in 125 ni
of dry gl gﬂgpthane are added 1.47 m of dry pyridine, and the m xture
|sﬁe{|rre for hours at roomtenperature. A solution of 3.2 g of

t hi enyl aceti c aci d- S-ner capt o- benzt hi azolyl ester in 20 m of

di chl oronet hane (prepared in situ from1.56 g of thiophenacetic acid, 4.47
g of bis(benzothiazol-2-yl)disulfide and 3.53 g of triphenyl phosphine in

di chl or ”e']ﬁ&?e)s is stirred for
30 hourIS) a% roon??%ntggﬁg?%lﬁag& f/aa g&&tﬁ?égﬁ a&gwtﬁﬁﬁ??mgg‘nol t he crude

title conpound precipitates as the hydroiodide. This is dissolved in 5 %
bi carbonate solution, filtered frominsolubles, and by addition of dilute
nitric acid, the title conpound crystallises at a pHof 1.8 as the nitrate.

mp 151 - 152[err] (deconp.). R *C L M S 15
970-9731/ 1 | g =1 S .
R~ Si- N—5
I :
St R N~ u
0 CH, -1 '
)
COO-Si—~R
l
R

wherein R denotes a lower alkyl group and R, denotes hydrogen or the methoxy

W ' group, characterized i m that a compound of formula '
D
z S
R—Si - ———r
1
O/ CH,-O0-CO-R
0
COO-Si —R
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Ratent Claims 1. A process for the preparation of a cephal
derivative of formula R R [err] wherein R denotes a lo m’mgﬂﬂlm U) l’_d
R, denotes hydrogen or the nethoxy group, characterized ins L d
of formula R R 16 970-9731/ 1 wherein R

and [err] are as defined above and R2 denotes the nethyl or the am ne group
is reacted with a trialkyliodosilane.1®. The process of clai i970-9731/1

characterized in that the trial kyliodosilane iss trinethyliodosilane. 3. The
process according to one of clainms 1 or 2 characterized in that 1.1 to 1.5

qu:(‘val entw%e?éin Ianaii ﬁ,y larleoa?sOd'sei‘ilnéJl abdVean %dden% eg esge%(rl or the amine group

is reacted with a tﬂé]kyliodosilane.

2. - The process of claim 1, characterized in that the trialkyliodosilane is

trimethyliodosilane.

3. The process according to one of claims 1 or 2 characterized in that 1.1 to 1.5

equivalents of trialkyliodosilane are used.
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