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(54) Title: €EPHALOSPORIN SYNTHESIS
(57) Abstract '

Intermediates in the production of cephalosporins of formula
(IA) wherein either &) R® denotes hydrogen or a silyl group; R®
denotes a group of formula -OR®, wherein R® denotes hydrogen or
alkyl; and R® and RY together denote a bond; or 8) RY and R*
denote hydrogen or a silyl group; and RP and R® together denote
an imino group of formula = N-Y, wherein Y denotes alkyl, aryl or
heterocyclyl; or ) R4 denotes Liydrogen or a silyl group; R® denotes
hydrogen, if R4 denotes hydrogen; or, R8 denotes hydrogen or a silyl
group, if R4 denotes a silyl group; and R® and R together denote the
oxo group; in free form or in salt form. '
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wherein X denotes'the anion of an inorganic or organic acid and [err]
denot es hydrogen or an al kyl group. In another particul ar aspect the W

inventian relates to a conpound of forrmula [err] wherein R denotes hydrogeh;;

or a silyl group. In another particular aspect the invention relates to a
compound of formula [err] wherein Y and R are 'as defined above in free .form
‘or salt form A kyl, aryl or heterocyclyl in the neaning of Y include
unsubstituted al kyl, ayl or heterocyclyl; or, by am no, dialkylam no,

hydr oxy, al koxy, alkyl, aryl, nitro, halogen, carbal koxy or carbam do
substituted alkyl, aryl or heterocyclyl. Y. denotes preferably tert.-
butyl, phenyl, naphthyl or pyrimdinyl. If not otherw se stated herein

al kyl - includes an al kyl group having. 1 to 22, for exanple I to 12, such as
1 to 8 carbon atons, preferably lower alkyl, such as [err] An aIkyI group
may be unsubstltuted or substituted by groups whi ch are inert under

rel evant reaction conditions. A silyl group is preferably a silyl
protecting group and includes a 3 conventional silyl protectlng group,
such as a trialkylsilyl group, for exanple the ' ‘
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trimethylsilyl group. An aryl group includes aryl having 6 to 18 carbon
atons, preferably phenyl, napthyl. An aryl group nay be unsubstituted or
substitut edvwyosgzeesmps which are inert under relevant reacti on%‘gp tions.
Het reocycl yl include heterocyclic gr oups menti oned below in t lﬁﬁ of
ferr] and [err]. A heterocyclic group may be unsubstituted or substituted
by groups which are inert under relevant. reaction conditions. A conpound of
formula la wherein [err] and [err] denote hydgogen.is a tautoneric al dehyde

formof a conpound of formula | in erein [err] denotes
hydrogen; A conpound of formula Il may be used as an internediate in the
production of a conpound of fornula I. A corrpound of formula IA
particularly a conmpound of formJIa I, -la or is an useful internediate

inthe produ Yﬁeﬁﬂ@d&s‘) prepare a
w de variety o* qge&‘gmﬁosporl ns which . are s{nb ?P!Jg%ngﬁé WPé%}bsen atom
in position Panicdlariy itretatdsitora mpound of farpivdd osprin structure with a wide
variety of groups which are useful groups in respect to the activity of the
corespndi g cephal osporin. A conpound of fornmula | is as such, or, in
equilibriumwith its tautoneg®c al dehyde formof fornmula la wherein R
denotes a silyl group, suitable as starting material, for exanple for
Wttig reactions, for dec | ationg. eactiqps, for the production- of nost
vari ed al dehyde derivati ves. one is free to formdesired -

. derivatives:-in position 7, for fple b acyl ation. Exanples of highly
‘active antibiotics which may b _ rct-h-ekkorrpouncm of the

i nvention in conventi al nmanneg” are cewt butenl as an exanple for a

decar bonyl ati on product; rd ‘ e

wherein either

@) R* denotes hydrogen or a sﬂyl group; R® denotes a group of formula
-OR®, whexemR‘denoteshydmgenoralkyl andR‘andR‘togetherdenotea
"bond; or | '

B) R* and R?denote hydrogen or a silyl group; and R® and R® together denote an
imino group of formula = N - Y, wherein Y denotes alkyl, aryl or heterocyclyl;
or | '

7 R’ denotes hydrogen or a silyl group; R* denotes hydrogen, if R denotes

~ hydrogen; or, R* denotes hydrogen or a silyl group, if R? denotes a silyl group;
andR"andR‘toge.therdenotetheoxo'gmup; ' |
- in free form or in salt form.

In one particular aspect the invention relates to a compound of formula




cefixim cefdinir, E- 1077 or, the conpounds of EP 620 225, -for 'exarrpl e the
conpounds A to P of EP 620 225, 'as exanples for Wttig products; or

conpoundswidnaszoge t he structure of formula A, disclosed in 6, as a
t hi oacetal (the thioacetal structure of formula A may be prggfé‘?éémﬁr
exanpl e according to J. Antibiotics 44(4), 415-21(1991): 4 [err]
- ecol ogi cal reasons. 5A process for tfe production of
7- phenyl acet yl agi no- 3- f - 3- ce hem 4- car boxyl i ¢
aci d- p- rref“ ?n &e THABHF, O Rl P‘é‘éﬂ&ﬁdBnﬂ‘WsoW@meﬂﬂ
-conpound, g bed by H. Tanaka et al in Synlett, page 660, Nov. 1990.
The oxi datr on: agﬁeﬂ used is [err] with rhodiumchloride and al um ni um as

catal yst. The oxidation product nmust be purified by chronat ography and the

Syt an o S B aRet e iR 20k 36 B poffound of SRR o 51 ng

chrom c aci d/ sul phuric aci d to gi ve the corresponding | actone. Reference is
nmade to _ R

|
. H=N

CHO
COOR

wherein R denotes hydrogen or a silyl group.

In another particular aspect the invention relates to a compound of formula

CH=N-Y
COOR

wherein Y and R are as defined above in free form or salt form.

Alkyl, aryl or heterocyciyl in the meaning of Y include unsubstituted alkyl, aryl or
heterocyclyl; or, by amino, dialkylamino, hydroxy, alkoxy, alkyl, aryl, nitro, halogen,
carbalkoxy or carbamido substituted alkyl, aryl or heterocyclyl. Y. denotes preferably tert.-
biityl, phenyl, naphthyl or pyrimidinyl. | .

If not otherwise stated herein alkyl includes an alkyl group having 1 to 22, for example 1

to 12, such as 1 to 8 carbon atoms, preferably lower alkyl, such as (C,_Jalkyl. An alkyl
group may be unsubstituted or substituted by groups which are inert under relevant

reaction conditions. A silyl group is preferably a silyl prouecti:ig group and includes a
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f, 1980, describes a process for the production o
3-fornyl - 3-cephem 4- carboxylic qcid hydroxylactols, starting
respondi ng | actones, via bromnation, followed by . :
oxy exchange. The conditions to avoid brom nation of the
| eus nmust -be carefully chosen. According to the present _
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A compound of formula Ia wherein R* and R? denote hydrogen is a tautomeric aldehyde
form of a compound of formula I in free base form wherein R, denotes hydrogen; A
compound of formula II may be used as an intermediate in the production of a compound

of formula I.

A compound of formula IA, particularly a compound of formula I, Ia or I, is an useful

intermediate in the production of highly active antibiotics. It may.be used to prepare a

~ wide variety of cephalosporins which are substituted at the nitrogen atom in position 7

and in position 3 of the cephalosprin structure with a wide variety of groups which are

useful groups in respect to the activity of the corresponding cephalosporin.

A compound of formula I is as such, or, in equilibrium with its tautomeric aldehyde form
of formuia Ia wherein R denotes a silyl group, suitable as starting material, for example
for Wittig reactions, for decarbonylation reactions, for the production of most varied
aldehyde derivatives. At the same time one is free to form desired derivatives in position
‘7, for example by acylation. ”

Examples of highly active antibiotics which may be obtained from the compounds of the
invention in convential manner are ceftibuten as an example for a decarbonylation product;
cefixim, cefdinir, E-1077 or, the coinpounds of EP 620 225, for example the compounds
A to P of EP 620 225, as examples for Wittig products; or compounds having the
structure of formula A, disclosed in EP 392 796, as a thicacetal (the thioacetal structure of
formula A may be prepared for example according to J. Antibiotics 44(4), 415-21(1991):



hydrogen or an organic group, ‘and X is as defined in formula L, in the
presence of ozone, and, if desired, converting a conpound of formula I|A,
group [erwbpspsgzein [err] denotes al kyl, thus obtained, ig%ggﬁﬂ
corresponding free base of fornula [err] wherein [err] den ﬁ?ﬁ?sand,

I f desired, converting the free base of formula Ib into a salt of formula

| A which has a different salt anion than4that used in the starting conpound -
of formula Ill, or b) for the production of a conpound of fornula I A group
[err]), treating a conpound of [err] lower alkyl or aryl, with at |east one
strong organi c ‘base in .conbination wW.gf a silylation agent and reacting
with a nitroso conpound oéﬁﬁornuIa rr 7. wherein Y is as defined in
formula IA, and, if desire€#; m of formula | A thus

1 rHg&reef :
obtained in a salt form of fofnul IA\,mor (@) -m—'ﬁse rodug==~pn of a
ichis ' formul aa[ err
1) #hich i sla qormo ei; Lorr]

conpound of formula I A groups
| o

COOH

Processes for the production of a 3-formyl-cephalosporin or of a compound of formula I,
which are acylated at the nitrogen atom in position 7 are known from literature. They start
ekclusiw)ely from 7-acylamino-3-hydroxymethyi-3-cephem-4-carboxylic acids (esters), 7-
benzylidene-3-hydroxymethyl-3-cephem-d-carboxylic acids (esters), 7-acylamirio-3-
halogenmethyl-3-cephem-4-carboxylic acid esters or from 7-acylamino-3-cephalosporin
lactones. ' ‘ o :

For example, according to Helvetica Chimica Acta, vol. 57, no. 219, pages 2044fF (1974)
by H. Peter and H. Bickel, a 3-formyl-cephalosporin which is acylated at the nitrogen
atom in position 7 is produced by means of oxidation of - the corresponding 7-phenyl-
acetamido-3-hydroxymethyl-3-cephem-4-carboxylic acid benzhydrylester, and subsequently
analogues of formula I (R, = H or methyl) which are, however, acylated at the nitrogen

. atom in position 7 by a phenylacetyl group are produced by cleavage with trifluoro acetic
acid in the presence of ortho formic acid methyl ester. Apart from the use of complicated
protecting group technology, the process has the particular disadvantage that the oxidation
of the alcohol to the aldehyde is accompanied with undesired A-2 isomerisation and
lactonisation. In addition, the oxidation agents used, such as chromium(VDoxide, and
cleavage reagents, such as trifluoro acetic acid, may not be used in technical scale for |
ecological reasons. ' ' |
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purified by chrouiatography and the yields are 2 maximum of 66 %.

In DE 2 360 620, a 7-acylamino-3-hydroxymethyl-3-cephem-4-carboxylate is oxidized
using chromic acid/sulphuric acid to give the corresponding lactone. Reference is made to
stability problems with the corresponding tautomer aldehyde in respect to the lactone form
of formula L The use of chromic compounds is excluded from technical scale for

ecological reasons.

Chem. Pharm. Bull. Vol. 28, pages 1339 ff, 1980, describes a process for the production
of 7-acylamino-3-formyl-3-cephem-4-carboxylic acid hydroxylactols, startmg from the
comresponding lactones, via bromination, followed by halogen-hydmxy exchange. The
conditions to avoid bromination of the thiazine nucileus must be carefully chosen.

According to the present invention a compound of formula IA, particularly of formulae 1,
Ia, Ib and II may surprisingly be produced without complicated protecting group
technology and without the disadvantages of the'prior art specified above. This may take
place in a very simple way and results in high yields.

Accdrdingly. in another aspect the invention relates therefore to a prooess for the
production of 2 compound of formula IA as defined above by
a) for the production of a compound of formuia IA, group ),

splitting the double bond in position 3 of the ring structure -of a compound of formula

HaN-l-. S
x- .
- N _C/R;
o \ m

COOH R,



t hereof or vice versa. Process a) follows the follow ng reaction schene:
Conmpound of formula |11 9 whi ch contains al cohol or which is-. '

al cohol - Wi(e25/28482h or wi t hout the presence of water. Solve ' sagay be
enpl oyed i ncl.ude al cohols, such as a straight chain or br ?ﬁ@]’i‘é@s@gr ]

. alcohol; or organic solvents which are ipert under the reaction conditions,

such as hal ogenated hyd ns, for exanple Wichl oronethan; or esters, for
-exanpl e acetic acid esters; in conbination with a [err] with or without the
" presence of water. For exanple, a conpound of forrmula IIl (which may be

prepared, foghaiadRy Md RESHE fithel 6 AP attiblichehasliy ér AR oRich Beock |

or [err] denotes hydrogen and the correspondi 28 Terr] “or denot es

preferably Hwdraggeor anorganic grpup,candiX is asrdefined in formylaoliin die prosemos of [err]

And X 15 s OV Hal &SRR, LoVt bomaKla b0 or B T oy e R 2O
treated in ajenotes alkyl, tius obrained, dhtoahe corresponding freg basel ofcfotmulaxt ure with an

i norganic or organic acid, is suspended or dissolved in an alcohol .or in a
sol vent m xture cont.ai ning an al cohol and a : .

HN_ S

wherein R*® denotes alkyl and, if desired, converting the free base of formula Ib into a
salt of formula IA which has a different salt anion than that used in the starting
compound of formula III, or | o

b) forthepmductiqnofacompound of formula IA, group B), ueatingacompoun_dof'
formula ' ' o

COOR
‘wherein R denotes a silyl group, Z denotes P*(R ).~ or P(O)(OR,), and R. denotes
lower alkyl or aryl, with at least one strong organic base in combination with a

silylation agent and reacting with a nitroso compound of formula . -

Y-N=0O | V



solvent which is stable in the presence of ozone, and ozonolysis is carried
out in conventional manner. |f desired, a reducing agent, such as a

‘'suk phi de or Wenhesa9m82ne nmay be 10 added to the reaction ”ixaﬂéﬁEHQMfﬂﬁ or
after ozonolysis. The conmpound of formula LA, group [err]), erein ?err] =
‘H (= conpound of forrmula | wherein [err] ig.as defined above), may be
isolated, for exanple, by precipitating with an anti-solvent, if desired
after (partial) renoval of the solvent(mxture). |If ozonolysis is carried
out in an al cohol-free medium a conpound of fornula | wherein [err]

denot es hydr ogapher@ii YR @0definé® th formuRZA) Ani Sif desifeds eorivefthgOté fied fér of
al cohol -cont ai ni ng nedi um a conpound of fornmula I wherein [err] denotes

hydrogen or a dommdahy thys obained ip 3 salhformy of foamula Ide @bt es al kyl may be

obt ai ned. Ozonolysis in an al cohol as solvent and work up at |ow
tenperatures may result in a conpound of formula | whérein [err] denotes
hydr ogen. | f¢} Hfer the produstiomiof t aicampount eff formuia LAy gioap of) ewhieh ist aicampouhd rof
exanpl e at roomptenperature, particularly in the presence of an excess of
an acid HX whe denotes the anion of an inorganic or organic acid,a
compound of formula |I wherein [err] denotes al kyl may be obtained. If in

t he al cohol - containing sol vent adcjiti onally water is present or water is
added wi thout an addition of an ess o acid-HX, a conpound of formula
| wherein [err] denotes hydrogen ma ed. A conpound of fornmula I

wherein [err] denotes hydrogeX ey Be cbnvertged into a I '

wherein X - is as defined above, treating a compound of formula

'
H-N

/
)

wherein Y is as defined above, with at least one strong aqueous inorganic acid or at
least one strong organic acid, or



conpound of forrmula | wherein [err] denotes al kyl by addition of little

wat er or by prolonged standing in an al cohol -containing nmedium Conver sion
of a conwggzﬁzfornul al wherein [err] denotes alkyl intg a. ound of
formula | ereli_n_ [err] denotes hydrogen and vice versa mgcﬁﬁ%&& ed in.
separate steps as described below. An isolated conpound of fornula I
wherein [err] denotes. al kyl may be easi I%/ converted into a conpound of

formula | wherein [err] denotes hydrogen "g\as foll ows: A conpound of formula .

| wher ej nd} dor thecrradnction of @yqompound of farauta ). 8 ¥hded in water or in an
organi c soly tg@ltiiﬁ?a rru#b | dftfbinfyig@t er. Acid may be added additionally,
and t he conpound 0 o}r%&l ziﬁlfid\{/rtferel n [err] denotes hydrogen and the
correspondi ng al cohol are formed. The product may precipitate, or,

i solation may be effected as convential, for exanple by addition of an
~anti-solvent, optionally aft#Nfenoving the solvent and water. Suitable
.sol vents include water in conbi Matlogsf w Ny at -1 east. one-.al cohol, nitriles,
e.g. acetonitrile, or ketoges, fq d acetone. Anti-solvents include
solvents for conpleting recipit gkt A ancenent of Igi el ds, such as
organi c sol vents which are wat waDHe hydrocar bons, ket ones,
nitriles, ethers or esters. Iy, the conpound of fornula I
wherein [err] denotes hydrogen may be gossqved or suspended in an al cohol
or in a solvent- mxture containing angil cohol, optionally adding

with a base, resulting in a2 compound of formula o : ‘

COOR

wherein R denotes hydrogen, and, if desired, - | B
reacting a compound of formula Iz wherein R denotes hydrogen, with a silylation
agent, resulting in a compound of formula Ia wherein R denotes a silyl group, or
vB) reacting a cmnpbund of formula Ic with a silylation agent, resulting in a
compound of formula Ia wherein R denotes a silyl group, and, if desired,

converting a'com_ponnd obtained according to a) to d) in the free form in 2 sait form

thereof or vice versa.
Process a) follows the following reaction scheme:

Compou_nd of -fonﬁula m

»



additional acid, and the product of fornmula |I wherein [err] denotes al kyl
may be isolated either by sinple filtration or it nmay be precipitated by
addi ng an arwo9se8xnt, optionally after concentration. Sui tapﬁ.@,ﬁg,%g&t S

i nclude, for exanple, the corresponding al cohols; nitriles suc
acetonitrile; esters such as ethyl acetate;qketones, such as acetone in the
presence of the correspondi ng al cohol; part?cularly al cohol s. Anti-solvents
are for exanple ethers or hydrocarbons. For conpleting precipitation the
reaction mxture may be diluted with hydrocarbons, ketones, nitriles,
-ethers or esters. Suitable acids includg for exanple (strong) inorganic

aci ds such as ‘hydrohalic acids, nitrie gdcid or perchloric acid and (strong)
organi ¢ acids, including for exanple ordani c sul phonic acids such as
benzenesul phonic acid or toluenesulphonicohcid. Surprisingly, no isoneric
sul phoxi des are produced in the ozonolydis reaction, and sinmlarly, the -

i sol ated conpounds of fornmugagyl@ry fr - unggaured A- 2 conpounds.
Furthernore pol ynerisation. of a cQ [ mul a |, which may be
regarded as am noal dehyde deri Ive, 1s avoi det\Jn: a conpound of fornula
| A a new assymetric centre&S established in the ol ring due to its
producti on accor to thg invention. DependiXg t he regction condi tions
m xtures of both dia nmers or one or the ot

di ast er eoi somgg-s may. jbe bbtafned. The spROH c_ di ast

eol sonmgr form may be

detected, for “xanpl; OHhe iTventTonrel at Nbs OR,
di ast er eoi somers afwel | tojm xture eol i nd@udi ng §acennic
m xt-ures. Separation of t +@st er eoi SOMEFS may be carri - i N

conventional manner, if Q@esired, for exanple by chromatogyaphy. -

Process a) is an ozonolysis reaction. It may be carried out in a solvent or solvent mixture
which contains alcohol or which is alcohol-free with or without the presence of water.
Sohemsvﬂﬁdrumybcehmhumdimdudeakmhoh.amﬁimananﬁgMCBﬁncrhmnduu-
'ﬂ:uwmxmmhcwonanksmhmmsvwﬁdimainutunﬂn1henumﬁoncumﬁdmm,mmhas
halogenated hydrocarbons, for example dichloromethan; or esters, for example acetic acid
esters; in combination with a (C, Jalcohol; with or without the presence of water.
For example, a compound of formula III (which may be prepared, for example, according
to EP 503 453) in which preferably R, or R, denotes hydrogen and the corresponding R,
or R, denotes preferably hydrogen, alkyl, cycloalkyl, aryl, or, a group of formula

-CH;A

‘wherein A denotes preferably hydrogen, hjdroxy’. alkoxy, acyloxy, halogen and X is as
defined above, or, | . -._

the free base of a compound of formula III, treated in an alcohol or in an alcohol-
containing solvent mixture with an inorganic or organic acid, |

is suspended or dissolved in an alcohol or in a solvent mixture containing an alcohol and a
solvent which is stable in the presence of ozone, and ozonolysis is carried out in
comwmﬁumﬂnmmnu:ﬁ%kshutitnﬂudhgagmn,mum:ma;mﬂﬂﬁdcorphmpMmenmyhc



A conpound of fornmula | wherein [err] denotes al kyl may be converted into a
conpound of fornmula | b wherein [err] denotes alkyl by use of a base and

t her eaf t wip gspoggaverted in a conpound of formula I, wherei ri’(?i'lEfﬁlo ILEferent
fromthe original X of the conpound of forrruIaIII by use of an acrd HX
wherein X denotes a desired anion of an,inorganic or organi ¢ acid. Suitable
bases include organic am nes, such as a?éll Ic am nes, for exarrpl e pyridine,

or aliphatic amnes for exa let“%e Iamne |table ent ggr the
12 pr oducidded tth eFEAHIOR SIS, “‘F’Eﬁﬂ{l QZoPOfYFif; | °t‘f?é“ﬂ9

al cohol s g}%g&ga&wmhrn-wm S%onRui bl okl GherehiR s &ﬁh@d alsvey)i L1l €.

Process b tes to the reaction of a conmpound of forml a IVV\/nereln R

denot es amay by |1so@uem [ior( exaimple, oy \precipitdsing withian aoti-selventpif desipd aftes

gl ve & coARIRGeIe obsimXle) O srptdibl %@%ﬁpﬁﬁﬂ?&?ﬂ%om"ﬁmﬁ% V1o

t he forméﬁmﬁuﬁﬂ%fmlmn aemsmmnmybedbmmnmmesence Nof

at | east one straong org c basge i onbi nati on W a si.l vyl at.i ent and '
a sol ventcawds?‘itdﬁgncﬂ‘ij’gﬂﬂ'@ ‘Fﬁ"ﬁ Wﬁmém 8{] :

am di ne, T ndbin R OGEERS alky?
1,5-di azybic of4 non-5- ‘en ) an alkali Salt  of a nitrogen

cont ai ni r‘@zmmmsmmch,n alcohol asssalmmland(worklalpﬁllowampmmﬂm msult imAane or
of an im n%ﬂ}’%‘s‘ 09 BSimuth I wheld R?denotesaﬂ RR%gen! fftﬂc rhcnidn il is left at

elevated temperatures, for example at room temperamre, pameularly in the presence of an

excess of an acid HX wherein X denotes the anion of an inorganic or organic acid, a |

compound of formula I wherein R, denotes alkyl may be obtained. If in the alcohol-
containing solvent additionally water is present or water is added without an addition of an
excess of an acid HX, a compound of formula I wherein R, denotes hydrogen may be
i:iolatéd. A compound of formula I wherein R, denotes hydrogen may be converted into a
compound of formula I wherein R, denotes alkyl by addition of little water or by
prolonged standing in an alcohol-containing medium. Conversion of a compound of
formula I wherein R, denotes alkyl into a compound of formula I wherein R, denotes
hydrogen and vice versa may be effected in separate steps as described below.

An isolated compound of formula I wherein R, denotes alkyl may be easily converted into
a compound of formula I wherein R, denotes hydrogen as follows: A compound of
formula I wherein R, denotes alkyl is dissolved or silSpended in water or in an orgamc
~ solvent mixed with a little water. Acid may be added additionally, and the oompqund of

' formula I wherein R, denotes hydrogen and the comesponding alcohol are formed. The
product may precipitate, or, isolation may be effected as convential, for example by
addition of an anti-solvent, optionally after removing the solvent and water. Suitable
solvents include water in combination with at least one alcohol, nitriles, ¢.g. acetonitrile,
ar ketones, for example acetone. Anti-solvents include solvents for completing

 precipitation or enhancement of yields, such as organic solvents which are water-free, for
example hydrocarbons, ketones, nitriles, ethers or esters. '



Li acetate; or an epoxide, such as propyl ene-oxi de or butyl ene-oxide;
preferably propyl ene-oxi de or butyl ene-oxi de. Exanples for-a silylation
‘agent i ncl udeoBs/182 net hyl - silyl acet ani de, bistrinethylsilyl P&Eﬁs&ﬁ?ﬁ
reaction is preferably carried.out in a solvent which is inert under e
reaction conditions. Suitable solvents i nciijde hal ogenat ed hydr ocar bons,
‘'such as net hyl ene chloride; am des, such as®dinethyl formam de,

di et hyl acet de, ethers, suc t et.r ahydr of e. | he case,that .an

epoxi b 15 uAUEmaRYyi5e Bimpoiad.ohatrana Rfieretn K, o Rulrogen BRE bt ARgoNiRh
1.2 nol of tjenipéiied i BRaRoR6Ibrak @ Solvénbmixture dBitainiRg h Alcoholy opishidlly adding
nol of the S|Iél_at|on agent may be used per nol .of the starting conmpound of

fornula IV. onakagid.candrthe pragduer of; fiormula d whesein Ryrdenetgs alkyhmay bejisqlated . A
Bl _ S : . . :
it 1 oso- cormGiiEd by 3B Madtel of 6 e be b ifiBhdt by BASEP b aufisaEder bty

zg ni t rogen.zemrg:onm_ttﬁbn. Suithble Solvems irgmhienmrhgam?lbeﬂw mlspbnghlglrﬁuhuu; may
e unsubstituted or.in any psition substituted, r exanpl.e al ogen,

i tro, al kyl DR RiFD 23 sEbRSierenesh sunt ps el AGeiote; KEpes, Soch a8 hERe e
group, such gRsdndé bAtHEbYreSPon@ighileohBl; Parti Viltshidis. AnBLYoIvent{ard R? example

starting-conpound of formnul a'Ia;\i/{gand of “the nifroso conpound of formul a

may be used. ethers or bydrocarbonsn Foncompleting precipitatjorhthe reaction mixtwee may de slilutedy

be carried oyt.,w thin.a bro t ratur v of ex

t enper at ur e @;th \@fgﬁ&gﬁ&%% wfés, étHe:g or B4ES: stitdbie a&@){n&uﬁ; £t example
(strong) inorganic acids such as hydrohalic acids, nitric acid or perchloric acid and
(strong) organic acids, including for example organic sulphonic acids such as

benzenesulphonic acid or toluenesulphonic acid.

Surprisingly, no 1somenc sulphoxides are produced in the ozonolysis reaction, and
similarly, the isolated compounds of formula I are free of undesired A-2 compounds.
Furthermore polymerisation of a compound of formuia I, which may be regarded as
aminoaldehyde derivative, is avoided.

In a compound of formula IA a new assymmetric centre is established in the lactol ring
due to its production according to the invention. Depending on the react_iori conditions
mixtures of both diastereoisomers or one or the other of the diastercoisomers may be
obtained. The specific diastereoisomer form may be detected, for example, by 'H-NMR.
The invention relates to both diasterecisomers as well as to mixtures thereof including
racemic mixtures. Separation of the diastereoisomers may be carried out in conventional
manner, if desired, for e,xamﬁle by chromatography.

A compound of formula I wherein R, denotes alkyl may be converted into a compound of
formula Ib wherein R® denotes alkyl by use of a base and thereafter reconverted in a '
compound of formula I, wherein X " is different from the original X - of the compound of
formula IIT by use of an acid HX wherein X denotes a desired anion of an incrganic or

~ organic acid. Suitable bases include organic amines, such as alylié amines, for example
pyridine, or aliphatic amines, for example triethylamine. Suitable solvents for the



13 The silyl groups [err] and [err] in a conpound of forrmula |IA group
[err]), thus obtained may be renoved by sinple hydrolysis or alcoholysis,
for examWe@oHI18diti on of an al cohol, for exanple an [errpcrmpesmsiscacti on
m xture after the reaction between a conpound of fornula IV and fornmula V.
The desilylated imno conpound of fornulja Ila nay precipitate. A conpound
of fornmula 1A obtained in free formmay be converted into a conpound of -

formul a | . o
@F‘%ﬁi‘. : react&ﬁhm 815 ndisie hE (Bt gag]ghgswansnsoems )

s a hydr s I n-a conpoun ormula A, group
[err]), Wrmombimu@mmt}:aﬁensu;deﬁrpdﬂhgewmmlgalt form i.e. a conpound of
formula lc. Hydrolysis is carried out by treating a conpound .of formula Il
or of formula Ila with at | east one strong inorganic acid, such as

~ hydr ochl OfprgeedChyreldinéCtothe RiaLtorP6f 4l compdunduf formaladV wherein R dendtesomsilylt r ong
-organi ¢ acid, such as a sul phonic acid for exanplé p-foluene.,sul fgg@ aci d
or net han gmlpf(whldl mybephtamda&limplso Y/@FRP‘D&#%F" RFWFE 3nt s

for hydrol e Wrmmm c&@hﬁﬂ

after i sol’é? gﬂ{h?%%’b@ﬁﬁ'ﬁ or nul a&fgﬁgresp ctl vg?y I'Ta, or di rggt |y

in the reqetcbmpommbuomuhdl)annhafmmuﬁeobasmmmﬁan mbpcupadout A
conpound of .formul a

OO e o ke B S e Byt B Y b e 0 '
reacti on fihyaUbe wsﬁ%@mememm 56 @iipiey iRl aiitivg, Of the

conmpound o exa use- of an anti-solvent which is

vvat er m saoth as 1 Buhazyhngyclots 4 0]-undecene-7-ene ( = DBU) or 1,5-diazybicyclof4.3.0]non-5-
en(= DBN),analkallsaltofamuogenconmnmgcompound.suchastheLlorNasalt ‘
of hexamethyldisilazane or of an iminophosphorane; a Li sait of a carl_:ox_yhc acid, such as
Li acetate; or an epoxide, such as propyleno-oxide or butylene-oxide; preferably
propylene-oxide or butylene-oxide. Examplos for a sxlylauon agent include bistrimethyl-
silylacetamide, bxstnmethylsﬂyl urea. The reaction 1s preferably carried out in a solvent
which is inert under the reaction conditions. Suitable solvents include halogenated
hydrocarbons, such as methylene chloride; amides, such as dxmethylforma.nude
dimethylacetamide; ethers, such as tetrahydrofurane. In the case that an epoxide is used, it
may act as a base. :
About 1 to 1.5 mol, preferably about 1.2 mol of the orgamc base and about 0.5 to 2 mol,
preferably about 1.5 mol of the snlylanon agent may be used per mol of the starting
compound of formula IV. , : _
The chemical nature of the nitroso oompound is not crmcal A smtable mtroso compound
includes an aliphatic, aromatic or heterocyclic nitroso compound, prefembly an aromatic
nitroso compound, more preferably a nitrobenzene compound, such as p-nitrobenzene. The
nitroso comopound may be unsubstituted or in any position substituted, for example by
halogen, nitro, alkyl, alkoxy, a nitrogen containing substituent or a functional group, such
as carbalkoxy or carboxamido. Equivalent amounts of the starting compound of formula
IV and of the nitroso com‘poimd of formula V may be used. An excess of one or the other
may be useful. The process may be carried out within a broad temperaum range, for

' example ata tempemtule of between +5 and -20°C. :



acetone, acetonitrile or isopropanol, if desired, after concentration by
renoving of at least a part of the solvent. Isolation of a conpound of
formula Ic negposmomarried out for exanple by |yophilisation. %g.g@g%&tsgﬁn
of a conpound of formula IV into a conpound of formula lIc by

intermedi ate of fornula Il is new and surprising. It is possible to produce
.a conpound of formula I by the process accor'ding to the invention in spite

condi 11 an. (VWHers] gk RO R P RSl or bl sy plo 34 toB obl5E e ©

Bal dwi n, R MrehiBvedT) Sifhp. ld\h 1yki® e lconelysis,fofe lelb addition rofifag dcohol for.
49, no. 22, 4915( 1993 Bal dwi n, K C Goh an .. Schofield, J.

Anti bi otics e$pmplesan elmoqmwp thmmwemeaﬁgcqmeﬂ@f/
of am noal de aéohﬂ;? ﬁgm?en eyl ,
Met hoden. der%gﬁﬁﬁiggam schen &H pages angﬁrﬁ@% erfstein H
14, pages 23,préXfipitabd); and E ||, page 22) Process d) is directed to the
production of, the al . mul oup and, concer ns
Droduct 1 on O bep Bk e h HeRE: b e Pkt Y b 590555 baeRs o
formula LA, gbgiiila 8 i 's8 WthPand vicé Pébsd inf B50vehtichaP mahérul @ 1 A, group

[err]) (fornula la). A conpound of forrmula Ic, for exanple produced
according to process a) or process c) :

Process c) is a hydrolysis reaction and results in a compound of formula IA, group a),
wherein R* denotes hydrogen in salt form, i.e. a compound of formula Ic. Hydrolysis is
carried out by treating a compound of formula II or of formula IIa with at least one strong
inorganic acid, such as hydrochloric acid, hydrobromic acid, sulphuric acid, or at least one
strong organic acid, such as a sulphonic acid, for exampie p-tolueile s_t_xlfonic acid or
methan sulfonic acid in an -aéueous solvent or solvent mixture. Solvents for hydrolysis

 reactions are known. The process may be carried out eithex" after isolation of a compound
of formula II, respectively Ia, or My in the reaction mixture wherein a compound of
formula II was prepared. A compound of formula Ic may be separated from the amine
which is produced in the course of the reaction, for example by extracnon of the agueous '
reaction mixture with a water-immiscible solvent or by precipitation of the compound of

- formula Ic, for example by use of an anti-solvent which is water miscible, such as |
acetone, acetonitrile or isopropanol, if desired, after concentration by removing of at least
a part of the solvent. Isolation of a compound of formula Ic may be carried out fo;

~ example by lyophilisation. '

The reaction of a compound of formula IV into a compound of formula Ic by means of an
intermediate of formula II is new and surprising. It is possible to produce a compound of
formula I by the process according to the invention in spite of the great tendency towards

" ring opening of the B-lactam system under hydric conditions (Y. thisawa and T. Kanzaki,
1. Antibiotics 28, 376, 377; J.E. Baldwin, RM. Adlington, N.P. Crouch and LA.C. Pereira,
Tetrahedron vol. 49, no. 22, 4915(1993); J.E. Baldwin, K.C. Goh and CJ. Schofield, J.
Antibiotics vol. 45, No. 8, 1378-1380, (1992) and the very strong tesdency of
aminoaldehydes to polymerise due to condensation reactions (Houben Weyl, Methoden der



may be used in the production of a conpound of formula la. An isolated
conpound of fornmula Ic, or, a conpound of fornmula Ic fornmed in situ in the
process O¥0i98/29182 epar ati on may be used. The reaction may b?ﬁ.g %@%@ut by
addition of a base to the reaction mxture, preferably in ﬂ%&

sol'vent or solvent m xture which is inert under the reaction conditions.
Suitable inert solvent include for exarrp-lé al cohol s, such as nethanol, °
nitriles, such as agetonifrile, ones,...such as tone, .esters or.. _ _

hal ogenat e QPrEapiseasn ,P%tyl'ﬁﬁgeéli%ﬁgt@?’oﬁ? Wé'ﬂ?- m?@ﬁ&ﬁﬁmﬂeﬁn-
Suitable b hncl ude aliphatic or ‘aromatic anines, the conjugated acids

of which beihg soluble in the solvent used, for exanple triethylamne or
pyridine. If water is used as solvent or, if water is present in the -
reaction nixture,an.inorganic . a rben n

car bonat e Fﬁél)éﬁp'“%?@@n%mgi%Eﬁc@@ygggﬁ?@%&g{%ﬁo@ﬂéﬁg may - be
used. The pgifeemeR)process whithi ififladhcsd theuitoRiefit Lqailibrim! betvesar@tathpdindiof an
excess, preferably i'n an approximtely equival ent anount in respect to a

conpound oformglanid, group @) ermpla I¢)and; s,epmpguad;of formuyla LA gwoyR M) wala).
car boxylic a&,gg, o dﬂéﬁ:ﬁa a ME'E’F’. ﬁ"d@?tﬁ&@ﬁﬂr gﬁ&eg ﬁ&fkfg?&ﬁ t he
reaction'néy ?;s‘_‘(i)ﬁgt?e ) i(§Ffex-arrp g’ y tiltratio t|8 It €é| olu Pg I n
t he react i may bedisedin the productionioba compoundiof formularkai Anfisalated cempour ofy | .
. group may pe opt.ained froma,c ou of forpula Ja, wherein denot es _
yar ogen. oforRR et 8 FBRAR, P RERIHA I togn) i if il SR of ¥ BRRAM on
agent. Si | ik YSed THE iréactibf niiiybe Qirri€d 3tk 'b§ diidition of a base to the reaction
bis-trialkylSilylacetam des, such as N, O bis- trinethylsilylacetam de,

N, O bi s- t r minsusey prefarahly én therpresence\pCa solvent; orsolvent mixtive which is inert under the
| reaction conditions. Suitable inert solveat include for example alcohols, such as methanol,

~ nitriles, such as acetonitrile, ketones, such as acetone, esters or halogenated sqlve_nts, water

or a mixture of _solvénts mentioned above. Suitable bases igclndg aliphatic or aromatic

amines, the conjugated acids of which being soluble in the solvent used, for example
triethylamine or pyridine. If water is used as solvent or, if water is present in the reaction

 mixture, an inorganic base, such as a carbonate or a hydrogen carbonate or the salt of a
weak organic acid, such'as'sbdiumacemniay-beused.'rhebasemaybeusedin an
approximately ei;'uivalent aniount or in an excess, preferably in an approximately
equivalent amount in respect to a compound of formula Ic used as starting matenal The
aminoaldehyde carboxylic acid of formula Ia wherein R denotes hydrogen formed during
the reaction may be isolated, for example by filtration if it is insoluble in the reaction
medium.

A compound of formula Ia wherein R denotes a silyl group may be obtained from a

- compound of formula Ia wherein R denotes hydrogen or from a compound of formula Ic
by silylation with a silylation agent. o '
Silylation agents include for example N,O bis-trialkylsilylacetamides, such as N,0-bis-
trimethylsilylacetamide, N,O-bis-trimethylsilylformamide, N,O-bistrimethylsilyl-
trifluoracetamide and silylated ureas such as bis-trimethyisilylurea. Suitable solvents
include solvents which are inert toward silylation agents, for example halogenated
hydrocarbons; nitriles, such as acetonitrile; esters, for example acetic acid ethyl ester;

e of a. -



trifluoracetai de and sil yl ated ureas such as bis-trinethylsilylurea.
Sui tabl e solvents include solvents which are inert toward silylation

agents, forwoxesmeig hal ogenat ed hydrocarbons; nitriles, such :
acetonitrile; esters, for exanple acetic acid ethyl ester; %’Héﬁ:‘g,

for exanple tertbutyl-nethylether,~tetrahyf§ofuran; epoxi des, such as
propyl ene oxi de, butyl ene oxide. The anoun

-preferably sufficjent faqr.approxi nmatel uantitative silylation of the
carboxyl i c a®thersi fqr-ﬁzsamlp syl meﬂég,q*evghmafamqwéepwh 25 grpyless 7.
It has been ' 7 - " ) :

W th The. al Aol ortes The SEicunCrGE ARG aflny mif, b rEccAlDly CuriliGiftor
t o t hr ee nol approxiinbielyaguantitatiye silylation éfcthe carboxylic agid i positien 4 tasiwellrag of the
material which.is to be silyl . . The.co nd of farnula |la reijn R
denot s hyr SR SR Reproh 7 Chis heph S it e s egidsBsaedp o Birctes o,
aqueous sol Uahing grodp WRE ithecsldeliyde FRMCtiBA nidy Deivoidkdl Phficdially, SRt kxdmpioeusd
of formula I wherein [err] denotes a silyl group by addition of a
silyl ation athae:molofsilylation @gent may be psed|pepmol of the stanting matesial whichsis tg be
group is st d rmay be further reacted in solution, if desired.

Conmpounds of"Fornmula I and of formula la are thus indicated for use in the
production of antibiotics, for exanple by acylation at the am ne group in

POST LI o0 7 by et 9t Rt W SEnd i Soihey il
stable to be isolated from agueous solution; if desired, it may be converted into a bissilyl
compound of formula I wherein R, denotes a silyl group by addition of a silylation agent.
A compound of formula T wherein R, denotes a silyl group is stable and may be further
reacted in solution, if desired. Compounds of formula I and of formula Ia are thus
indicated for use in the production of antibiotics, for example by acylation at the amine
group in position 7 or by reaction of the aldehyde group in position 3 with an aldehyde
reagent. These reacnons may be carried out in conventional manner.

Suitable acylation agents include, for example, activated carboxylic acids, such as acid
chlorides, mixed anhydrides or active esters. Acylation may be carried out in conventional
manner. Isolation of the N-acylated compound may be carried out as conventional, for
example by deéil_ylating with a protic solvent, for example an alcohol or water. The

- acylated compound may precipitate directly, or may be precipitaﬁd with an _antiésolvent or
in the form of the carboxylic acid sait. It may also be isolated in the form of the

| corresponding carboxylic acid ester, for example as benzhyﬁrylesmr, by reacting the
desilylated product with diphenyldiazomethane.

The aldehyde function of the compound of formula Ia wherein R is as defined above as
~ well as the latent aldehyde function of its tautomeric form of formula I, wherein R,
denotes hydrogen may be reacted with aldehyde migents. The choice between the various
educts, i.e. for example, a compound of formula Ia wherein R denotes hydrogen; or, the
compound which is in an tautomeric equilibrium with a compound of formula Ia, i.e. the
compound of formula I wherein R, denotes hydrogen; o, a compound of formulaIa

of the silylation agent may be



reagent. These reactions may be carried out in conventional manner: .

Sui tabl e acyl ati on agents include, for exanple, activated carboxylic acids,
such as XYQ8&28%ri des, ni xed anhydrides or active esters. pérxposjiess my be
carried out in conventional manner. Isolation of the N-acyl ated conpound
may be carried out -as conventional, for ygxanple by desilylating with a .
protic solvent, for exanple an alcohol or water. The acyl ated conpound may

preci pitat . I &C Qf o . o)l ' re&dit t he
Form of ¢ st B-danbtes ULslFE o B bd e facton'ty e pi i SLSR Condilioh”,
t he corr esmpedigi dagh easeboxyl i ¢ acid ester, for exanple as benzhydryl ester, by

-reacting the desilylated product wi th di phenyl di azonet hane. The al dehyd_e'
function of the conpound of fornmula la wherein Ris as defined above as

wel | as th@a%@ﬁﬁﬂﬁoﬂ cﬁhﬁﬁﬁﬂ £OildsHydk iréagleat is A8,  such @¢ Bh @fnidepr MUl a |,

wherein [err] denotes hy rogen may be reacted with'al dehyde reagents. The '
choi ce bethydsonylatnine, hydrazioe.cgnanidine or. semifcarbazidendll of the editp of formyla Bor mul a

caui | br i T R o8 GRAREE A B, of il TAPkkIEke I, Gl KB QU

wherein [ geéd denotes hydrogen; or, a conpound of fornula la . 16 wherein
. R denotes a silyl group; depends on the reaction type and the reaction
conditions used in each case.

Ifa compound of formula Ia is used wherein R, denotes a silyl group, both groups, i.e. the
amine group in position 7 as well as the carboxylic acid group in position 4 of the ring
system should be nearly quanutatwely silylated because it was fonnd that monosdylauon

at the carboxylic acid group may ms_ult in polymerisation and d_ecompqsmon

A

If the aldehyde-reagent contains groups which may be silylated, the aldehyde-reagent mﬁy
" be conveniently employed as its silylated analogue. The reaction with the corresponding

;aldéhyde reagent is carried out for example in solvents mentioned above for silylation. If
desired, the solubility of the aldehyde-reagent may be increased by adding a dipolir.
aprotic solvent, such as DMF or sulpholane. The reaction temperature is not critical. The
reaction may be carried out, for example, at room temperature or with coolmg Isolation of
the reaction product may be effected in conventional manner, for example cither by
desilylation with a protic solvent, such as an alco_hol or water or, by extraction md
..subéequent isolation from water or an organic solvent (mixture). The product may
precipitate. | ' |

If it is desired to react the aldehyde funct:on of a oompound of formula I wherein R,
denotes hydrogen, it may be reacted i m a suitable solvent du'ectly with the desired
aldehyde-reagent. If, for example, a nitrogen containing aldehyde-reagent as defined above
is used this may be used as free compound or as a salt thereof. Suitable solvents include
for example water, polar organic solvents, such as organic amides, ketones, esters, |
_'hélogenated hydrocarbons, alcohols, organic acids, such as acetic acid. Alcohols may
particularly be used in mixture with water. The reaction products may precipitate or may
be isolated in conventional manner, for example, by addition of an anti-solvent or by



&

I f a conventional nitrogen containing al dehyde reagent is used, such as an
am ne, hydroxyl am ne, hydrazine, guanidine or sem -carbazide, all of the
educts of fwiones29182a wherein R is as defined above; or, of fog ‘?M,ﬁsb
wherein [err] denotes hydrogen; may be used. If a conpound of formul'a lais
used wherein [err] denotes a silyl group, 3th groups, i.e. the am ne group
in position 7 as well as the carboxyllc aci'd group in position 4 of the

ring system shoul d near | itatiye silyl ated because it was found
‘that nonosil Wi t%ﬁ’f“ 8’%5{2 P‘i%’?ﬁfﬁ?}/ ‘may result in
‘pol yneri sati on and deconposition. If the al dehyde reagent contains groups

which may be silylated, the aldehyde-reagent nay be conveniently enpl oyed
as its silyl 3f duiscdesiresiocreact ithe aldelyde Sunation of a-compound of formula;laawhereip

\
g??glegti Iofl C??“&%S’llre(fe& e so%q?é ‘F"‘ﬁ‘??‘y% al'deh ll‘nﬁiem‘geagen °é Q@ulg)igty of

i ncreased by twdebmympund of tuﬂnula, Iaaqudablmsb\isr:eactwitym'hzste&ﬁhmays bé pixvied oot
The reaction te era.tur s not,critical. rea may b rried out
for exanpl e, B um Vith the compoun gd&l ‘ﬁ?k&ri‘gﬁ‘%ﬁ‘!ﬁF ‘Ffell’lfdé%&,eplaén :

" product may a&cﬁﬁé@w. in conventional manner, for exanpl e either by
. desilylation wwth a protic solvent, such as an al cohol or water or, by
extraction and subsequent isolation fromwater or an organic sol vent

(m xture) A desi.r to react the

al dehyde fungﬁ% g#ﬁé“"&%&ﬁg %W‘ﬁ&?‘é‘ﬁ f’Wfi‘r%‘fﬁ"’f’g‘g’F ton 3, the
hydrogen, it abitity éfccontpohhdsiof forula\Th 16 kist, 10 htw ahd Mdst Slrprisingt h t he desired
- al dehyde-reagent. If, for exanple, a nitrogen cont ai ni ng aI dehyde- r eagent

as defined above
Some 7-acy] derivates of formula Ia, existing in the form of their isomer hydroxylactones

of formula

Ve OH

wherein Ac denotes an acyl group, are known.

Trials to convert these hydmxylacmnes into a salt of the isomer 7—acylammo-3-fonnyl-4-
carboxylic acid of formula

—r

i
o

CHO
- COO-W+



I's used this may be used-as free conpound or as a salt thereof. Suitable
sol vents include for exanple water, polar organic solvents, such as organic
anm des, Wéx95128882 esters, hal ogenat ed hydrocarbons, al coholpcT/EFBSAM8 aci ds,
such as acetic acid. Alcohols may particularly be used in mxture with
water. The reaction products may precipigate or nmay be isolated in
conventional manner, for exanple, by addition of an anti-solvent or by

17 extr a%ha&nfwm é%eﬁhﬂ&ﬁ&e%ﬂvwf‘denefes axdaion, may résult én dédomgositiondesi r ed
to react the al dehyde function of a compound of fornula la rein R

denot es hyniieogug opening:of therjaile,B-lactare gingoparHenlarty, it 105, PrefeRes P - enhance -
sol ubility of the compound of formula la and to increase its reactivity.
The reaction may be carried out in tautoneric equilibriumwth the conpound

of for rrulnxxhtemecrfewmﬁpoma oﬂ«fommslm;sddogmﬂasvmemmmgn\f@r G ven the

mg\m;b: In;s:!t abi | de‘é' of mhal 0S grl ns g&gsﬁ? aI deh ﬂg\b&rgﬁ%&%g \99)?1{ ti.on 3,
SUTPr S| MogetidBKP der @@i&s&ﬂhl@lﬁhﬂé mf pigésmd@maan@neﬁimmum piiges 26/ 28,01

their isonmer hydroxylactones [err] wherein Ac denotes an acyl group, are -
known. Tr3GIBIL pagedd®ert these hydroxyl act ones into a salt of the i soner
‘7-acyl am no- 3-f ornyl - 4-

The compound

H’N\_]/s | - «

7N A OH
o .

" is mentioned in US-PS 3 997 528 as part of a broad class defined by its formula I No
isolation or characterization is described. Existence of this compound under the condition
given for its production therein is questionable. Morover all previous trials to isolate the
compound of formula |

~ HoOC- cI:H -(CH,),-CH,~C

| CHO

having the free aldehyde in position 3 of the ring system which corresponds to
cephalosporin C and which is an envisaged biotransformation product of CefC, failed (see
for example Y. Fujxsawa and T. Kanzaki, J. Antibiotics 28, pages 376 to 377; JE.
Baldwin, R.M. Adlmgton N.P. Crouch and I.A.C Pereira, Tetrahedron Vol. 49, No 22,



carboxylic acid of formula [err] 18 wherein Ac is as defined above and W
denotes a cation, may result in deconposition under ring opening of the

| abi | e [err]W‘PPﬁ'f{fls%)art icularly in the presence of water. alm@w
compound of fornmula la is, due to the very strong tendency for

ammoal dehydes to polynerise due to self congensation, surprising (see
‘Houben- Wyl ; Met hoden der Organi schen Chemie 7/1, pages 156, 403 and

'Beilstein H j 'mgeuzsahﬁﬁn. 16@: dﬂh'undp@.gesaﬁ:‘ﬁel&f e ARGBIBELY S, [pagds] 1378-
mentioned in -PS 3 997 528 as part of a broad class defined by its -

formila I, ABSQsHstead of there structyre 4n all cases the Hiog iopew) struckurs of fermuls
thi s conmpound under the.condition given for its production therein is
questionable. Mrover all previous trialg to isolate the conpound of
fornula [err] having the free al dehyde || pgsition 3 of the ring system

whi ch corresponds to cephal osporin C and V\/m|ch i s an envi saged
bi ot ransf or mati on er@@ﬁ-(fiﬂ (CHy, - Cﬂzi'e@'( s

HOOC
H

N .
/7 CHO

COOH

was isolated.

As already mentioned a compound of formula I or of formula Ia may be used as a starting
material o as an intermediate in the production of cephalosporins. In a further particular
.aspect the invention relates therefor to the use of a compound of formula IA in the
production of cephalosporins.

In another more particular aspect the invention relates to the use of a compound of
formula 1 as defined in claim 2 wherein R, denotes hydrogen ; or a free form thereof of
formula Ib as defined in claim 5 wherein R® denotes hydrogen; or a compound of formula
Ia as defined in claim 3; in the reaction of the free or latent aldehyde function in position
3 of the ring system with a nitrogen containing aldehyde-reagent to give the corresponding
product. |

In a further particular aspect of the invention a compound of formula I or of formula Ia is
suitable in the production of a compound of formula

COOH



for exanple Y. Fujisawa and T. Kanzaki, J. Antibiotics 28, pages 376 to
377; J.E. Baldwin, R M Adlington, N.P. Crouch and LA.C. Pereira, o
Tetr ahedrWR 99218249, No. 22, 19 page 4915; J.E. Bal dw npclf,n?” und
CJ. Schofield, J. Antibiotics 45 pages 1378- 1380). Instead o

expected structure in all cases the ringgpen structure of fornula [err].
was isolated. As already nentioned a conpound of forrmula I or of formula la
may be usaﬂ.e?énm,%ham,lwmlélmﬂémﬁsﬂmWnaﬂWt& dn'ordific BfoRglert | ON
of cephal osporins. Ina further partlcul ar_ Aspect the invention. reI ates

t her ef or tRy andRedegotsrtogetherambstiruted arinsubstituted ring.t he - pr oducti on of

cephal osporins. In another nore particular aspect the invention relat es.to
the use of a conpound of fornula | as defined in claim2 wherein [err]

-

denot es hyxi oggetic,group in the aseahing roft R@W&dﬁclmm&axﬂnphmwshmd em claim .

claim o ishbued Bk a0 o ety e”ply@é@ﬁﬁﬁ?%%’af%é@&a vty

posi tion 3nAbxt Renifrbgk Gsal 1,?‘9‘@@& gRlupSfii @s acagent
to give th‘(‘;"q )gtrrespo% ng roduc urther particul ar gspect of the . .

invention carbclknmoondmboxmdmmmw befin any position. R, and R, may be part of an
unsubstituted or substituted ring system which may contain hetero atoms such as nitrogen,

oxygen, sulphur.

For example, one of the substituents R, or R may denote hydrogen and the other ' '

a) hydrogen, lower alkyl, lower alkenyl or lower a.lkmyl

b) cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyclyl or hetetocyclylalkyl these
groups may be unsubstituted or substituted by lower alkoxy, lower alkylthio, halogen,
lower alkyl, nitro, hydroxy, acyloxy, carboxy, carbalkoxy, lower akylcarbonyl, lower
alkylsulfonyl. lower alkoxysuifonyl, lower aminoalkylamino, acylamido one or several
times, for example one or three times; -

¢) a group of formula -CH,R,, wherein R, denotes :

o) hydroxy, lower alkoxy, formyloxy, acetyloxy, lower alkylsuifonyloxy, halogen,
N-mono(lower)alkylearbamoyloxy or N,N-di(lower)alkylcarbamoyloxy,

B) a heterocyclic group,

¥) a group of formuia -S(O),R,, Wherein R, denotes an aliphatic, araliphatic,

- alicyclic, aromatic or heterc’:cyclie group and m denotes 0,1 or 2, or

S) an aoyeiic or cyclic ammonium group. |

"Lower" in this context means C,.,, preferably C, . _
Suitable heterocyclic groups include for example non-condensed or condensed rings
having for example 4 to 7, snchasSoanngmembersmeachnng Eachnngmay, for
example, contam up to 4 heteroatoms, such as oxygen, mtmgen or sulphur. The
heterocyclic group may be substituted, for example up to three mnes Suitable substitutents
include for example (C ..)alkyl (C,.0)alkoxy, halogen, tnhalo-(C._.)alkyl hydroxy, oxo,
mercapto, amino, carboxyl, carbamoyl, di-(C,_)alkylamino, carboxymethyl,



suitable in the production of a conpouhd of formul a 20 wherein [err] and
[err] are the sanme or different and denote hydrogen or an organi c group or

[err] and [ SvOoPpsmmedt e t oget her a substituted or unsubstitut eﬂd}lﬂi’ﬂ?ﬂ@ﬁh
organic group in the neaning of [err] and [err] includes, for exanple
unsubstituted or substituted al kyl, aryl or lheterocy.cl yl . Substitution, for
.exanpl e by hal ogen, al koxy, aryloxy, a nitr%gen or sul phur contai ni ng

substituent qf 4 gn . r.bal koxy or carboxam do

group may be ﬁaﬁﬁgﬂ‘%@ﬁt%ﬁ%@wwﬁﬁ%%ﬁﬁsﬁgwg part of an

unsubstituted or substituted ring system which may contain hetero atons
gen, sul phur. For exanple, one of the substituents

such as nitrogen,  ox | : L

[err] or [er r&‘ﬂﬂ’}“ o Betercysiie Sgups inpkude yasubstited and spbstisied, imidazalyl, diazglyl,

| ower al kenyl ot@ﬁ.gf@} kﬂﬁ% oi bﬂnn‘ﬂfiﬁ*) 'thié+ﬁ | fxabdive ryl,

aryl al’kyl , heut-xgoycl’yc y olF et eyrl'ocyc y Q?’I cy ;azt8 ése gr%‘ﬂggydrirah;?h@’e

unsubst i t ut ecdenzimidazelyl,tbhenzoxazolyl, benzothiziolyly triszolylpyridyk putiiylopyridyl,ogen,

| ower al kyl, ni.tr. hydr. 0x acyl oxy, r.boxy., carbal kgxy, |ower. . .

akyl car bony| PYRERYI, PRIGREIY) Bypreolyl s riasin; such a8 ogwbstifuged ot substituted 4-

am noal kyl ampygroxyaypyiidofl2-¥IN €,23-triaoifl, A2 A itridbdiyl,| tefradlABxy2oRl Shiazolyl) [1854-

times; c) a group of fornmula [err], erein [err] denotes

_ oxydiazolyl, 1,3,4-thiadiazolyl, 1,2,3-thiadiazolyl; particularly 1,5-dihydroxy-4-pyridon-2-

yl, 5-hydroxy-1-methyl-4-pyridon-2-y], 5-hydroxy-4-pyridon-1-yl, 1-methyl-1H-tetrazol-
5-yl-2-methyl-1,3,4-thiadiazol-5-y1, lcuboxymémyl-lH-mml+yl, 6-hydroxy-2-methyl-
5-oxo-2H-l.2,4-triazin-3-yl, 1,2,3-triazol-5-yl, 4-methylthiazol-5-yl.

Examples of an acyclic amonium group include (1-carbamoyl-2-hydroxyethyl)dime-
thylamonium, (carbamoylm_ethyl)(ethyl)-methylamoninm, trimethylamonium.

Examples of a cyclic amonium group include pyrrolidinium, which may be mono- or
disubstituted at the nitrogen atom by alkyl, carbamoylalkyl, aminoalkyl, carboxyalkyl;
pyridinium or cyclopentenopyridinium, which may be substituted at the nitrogen atom by
alkyl, halogen, hydroxy, carboxamido, alkoxycarbonyl, amino, monoalkylamino, '
dialkylamino. -

Examples of R, and R; as part of an unsubstituted or substituted ring system which may
contain hetero atoms such as nitrogen, oxygen, sulphur in each of the rings include for
example uncondensed or condensed rings having 3 to 7 ring members, such as 5 or 6 ring
members. The rings may be unsubstituted or substituted, for example by (C,_)alkyl,
(C,.)alkoxy, halogen, trihalo(C, )alkyl, hydroxy, oxo, mercapto, amino, carboxyl,
carbamoyl, di(C, Jalkykamino, carboxymethyl, carbamoylmethyl, sulfomethyl
methoxycarbonylamino. | |

Processes for the preparation of compounds of formula VI are known. However, the
compounds of fomula VI may be prepared according to prior art only by complicated
~ protecting group technology via several reaction steps. For example, particularly two



[err] hydroxy, |ower al koxy, fornyloxy, acetyloxy, |ower alkylsulfonyloxy,
hal ogen, N nono( | ower)al kyl car banoyl oxy or N, N-di (I ower) al kyl car banoyl oxy.
a het er oWPIS28183r oup, [err] a group of fornula [err], wherreIvEHISPOIss denot es
an aliphatic, araliphatic, alicyclic, aromatic or heterocyclic group and m
denotes 0, 1 or 2, or [err] an acyclic @p cyclic amoni um group. "Lower! in
this context neans [err] preferably [err] Suitable heterocyclic groups

i ncl ude fﬁ@&‘g&%’% fb%%&dmaeu&padmﬁ% igﬁﬁﬁumﬂf rigvibgl exanpl e 4
to 7, such as 6 1l g menbers in each ring. ch ring may, for exanple,
cont ai n upephalodpdrimser oat ons, such as oxygen, nitrogen or sul phur. The

het erocyclic group may be substituted, for exanple up to three tines.

Sui tabl e substitutents include for exanple [err]al koxy, hal ogen, [err]

hydr oxy, Qe firsi®afi@itie theadadtion of & dompound of foesarady| , [err] .car boxynet hyl .

21 carbanoyl net hyl, sul fonet hyl und net hoxycar bonyl ami no. Exanples for

het ercyclic groups inclufe unsubstituted and substituted i mdazolyl,

di azolyl, triazolyl, ﬁft azonI ~thiazolyl, thiadiazolyl, thiatriazolyl,
oxazol yl, oxydlazolyl | ., benzoxazol yl, benzot hiazolyl,

triazolyl pyridyl, purlnyl pyrldyl, R,
-

N
i CH==P—R,, - vI

COOR,, Ry

1M

orofa compound of formula

wherein R, denotes an acyl group or a protecting group, R,, denotes_ a_ryl, especially
phnwlmrkﬂmrﬂkﬁ,kudmumwaxduwdﬂegnu1mmaﬂhggmmpamiCa*dumusa
42ﬁonofanaﬂmﬁimnﬂ&nthepnnnnmudﬁmn:ofasunngonnnkﬂnma

with an aldehyde or ketone of formula -

wherein R and R are as defined above, to give the corresponding 3-vinylcephalosporin.



pyri mdinyl, pyridazinyl, pyrazolyl und triazinyl; such as unsubstituted or
substituted 4- hydroxy-4-pyridon-2-yl, 1,2,3-triazolyl, 1,2,4-triazolyl,
‘tetrazolyl, Wogy2sigd , thiazolyl, 1,3,4- oxydiazolyl, 1,3, 4-thpagippédi

1,2, 3-thiadiazolyl; particularly 1,5-di hydroxy-4-pyridon-2- yréil s

5- hydr oxy- 1- met hyl - 4- pyri don-2-yl; 5-hydroxys 4-pyridon-1-yl,

1-methyl -1Htetrazol- 5-yl-2-nethyl-1, 3, 4-thiadi azol -5-yl,

1- car boxynet hyks | 5 |, nmlﬂ - | s tained

5- oxo0- 2H- 1, 2%&9{1’%&%&?& ?'ﬁl;uﬂ,aB@t r alegﬁg-y , anr‘%atyh?/el (t,%i azol - 5-yl.
‘Exanpl es of an acyclic anmoni um group include _

(1- carbanoyl -2- hvdroxvet hyl) dipe- thyl anoni '

(car banoyl net%?‘ﬁj_‘éﬂéﬁs%%%? q‘ﬁ@mﬁﬁoni um Exanples of a
cyclic anoni um group include pyrrolidinium which may be nono- or

di substituted at the nitrogen atom bygal kyl, carbanoyfal kyl, am noal kyl,

car boxyal kyl ; pyrdini um or cycl opent ehopyi di nium which may be substituted
at the nitrogen atomby al kyl, hg hydr oxyg_car boxani do, _

al koxycar bonyl, am no, nonoal kyl am no, W m Exanpl es of [err] and
[err] as part of an unsubstituted or subptituted rijng system wpi ch may
contain hetero atons such as nitrogen, ?@ suLghur in eacH*of the rings
i ncl ude for exanpl e uncondensed or cond&nsed ™ OCHO 3 to 7 ring
menbers, such as 5 or 6 ring nenbers. Qhe rings{my be unsubsituted or
substituted, for exanple by [err] [err], hydrox 0, nercapto, amno,

car boxyl, carbanoyl, [err] carboxynethyl, carbamoyl nBt hyl, sulfonet hyl

met hoxycar bonyl am no. Processes for the preparation of compounds of formula
VI are known. However, the : :

wherein R, denotes an acyl group or a carbalkoxy group and R, is as defined above

with a Wittig reagent of formula
R,
e
Ry — — XI

Ry

or with a Homner reagent of formuia

| s |
RyO—P—C Ca* ' X
| \Rs' _
OR, -
'whereinR,,R,.RmandCat’masdeﬁnedabove.Aftercleavageofthepmwéﬁﬁggmups
a compound of formula VI may be obtained. a

The second variant, the reaction of a 3-foimylcephem compbnnd_ looks economically
favorable in comparison with the first variant in respect to yields, in tespect to availability
of the corresponding aldehyde or ketone of formula IX (of the first variant), in respect to



corrpounds of formula VI may be prepared according to prior art only by
~conplicated protecting group technol ogy via several reaction steps. For

exanpl e wpas/291821l arly two

exist in

the reaction of a conpound of fornula [gr] wherein [err]

group or

cation of an alkali netal or the protonated formof a stro%organi c base,

with an gpurdti¢syofcthe productsrs i respestitoithe cerresponding &/E content|of

defi ned
cl eavage

t he preparation of 3-vinyl- cephal osporins: The first variant

S

denotes an acyl

22 processes via a Wttig or per/Epbfigisag caction

a protecting group, [err] denotes aryl, especially phenyl or |ower
al kyl, [err] denotes a cleavable ester protecting group and [err] denotes a

Het] iLare as

oye Q qgive the ¢co i - Vi nyl-cephal ospori n. 23 After
gf&ﬁf@ﬂ%“’{“%?ﬁf“@i‘ﬁ%@%%‘orm a VI may be obt ai ned. ,

However, according to prior art the second variant has the following disadvantages:
J.A.Webber, JL.Ott and R.T.Vasileff describe in Journal of Medical Chemistry vol.18,

~ no.10, pages 986ff the reaction of 7-phenyloxyacetamido-3-formyl-3-cephem-4-carboxy-lic

acid tert.butylester-sulfoxide with phosphoranes. A sulpho_xide thus obtained has to be
reduced and purified by chromatography. Thereafter cleavage of the ester protecting group
and cleavage of the phenoxy acetic acid has to be carried out to convert the sulphoxide in

 the corresponding 7-amino-3-vinyl-3-cephem-4-carboxylic acid. Further pnﬁfying steps by

chromatography are necessary.

In DOS 2 103 014, experimental part B, example 1(b), the reaction of 7-(2-
thienyl)acetamido-3-formy)-3-cephem-4-carboxylic acid diphenylmethylester with
ethoxycarbonyltrimethylene triphenylphosphorane to give the corresponding 3-vinyl-
cephalosporin is described. The impure E-isomer is obtained after purification by
chromatography in only 21% yield.

In EP 103 264 is disclosed to convert in a first step 7-[2-(2-formamidothiazol-4-yl)-2-
methoximinoacetamido}-3-formyl-3-cephem-4-carboxylic acid benzhydrylester into the
corresponding A-2-compound which is in a second step reacted in a Wittig reaction to give
the corresponding 3-vinyl compound. The 3-vinyl compound has to be purified by |
chromatography, oxidized to give the corresponding A-3-sulphoxide and reduced to give
the desired A-3-compound. -

‘The process accordmg to the invention avoids the deficiencies of prior art and makes the

second variant economically interesting.

In another aspect the invention is therefore directed to a process for the production of a

‘compound of formula

-

.'-



L
Second variant is the reaction of a conmpound of fornula [err] wherein [err]
denotes an acyl group or a carbal koxy group and [err] is as defined above
with a thivéngl t of formula [err] or with a Honer reagenpcpiepddiyiasy 2
[err] wherein [err] are as defined above. After cleavage of the protecting
groups a conpound of forrmula VI may be obtasned. The second variant,  the
reaction of a 3-fornyl cephem conpound | ooks econom cally faverable in
‘conparison with the first variant in respect to yields, in respect to
availability of the correspondi ng al dehyde or ketone of formula I X (of the
first variant), in respect to 24 purities of the products or in respect
to the corresponding Z/ E COHHEE&pOf thesproduct, i.e. the 3-vinyl conpounds
obt ai nabl e by both variants. C dinggo prior art the second.
variant has the follow ng di sadvgnt apes: : er, J.L.Ot and o
R T.Vasileff describe in Journal Jafyedic stry‘vol M8, no.10, pages
986ff the reaction of 7-phenyl : IR¢3- cephem 4- car boxylic

COOH

wherein R, and R amﬂ:esameordifferént and denote hydrogen or an organic groupof
R, and R, denote together a substituted or unsubstituted ring

by reaction of a compound of formula
1'1 |
H-N S
N I
K 7~ cno
COOR

wherein R denotes a silyl group with a compound of formula

Y
Ry I— \RG_ X1
Ry

or with 5 compound.offormula
/R’ |
R,0—P—C e+ x1

N\
0w,

wherein R, and R, are as defined above, R, denotésalylor lower alkyl, and Cat*



~acid tert butylester-sul foxide with phosphoranes. A sul phoxide thus

obt ai-nedv@?&ﬁ?gs be reduced and purified by chromatography. Thereafter

cl eavage 8% st er protecting group and cl eavage of thePOIVEPSS/@ISIRCEL i C
acid has to be carried out to convert the sul phoxide in the correspondi ng
7-am no- 3-vi nyl - 3-cephem 4-carboxyl i c ac2&. Further purifying steps by
chromat ography are necessary. In DOS 2 103 014, experinental part B,

- exanpl e 1(denotes heatiamoft amaikali métal 2r the protonated form of a strong organic base,

t hi enyl ) acet am do- 3-f or = 3- cephem 4- car boxyl i ¢ aci d di phenyl net hyl est er
with et hoxﬁ&'?’ﬁ&rﬁ?ﬂpf’}'?é%%mﬂ'@ptri phenyl phosphorane to give the
correspondi ng 3-vinyl- cephal.osporin is described. The inpure E-isorner is
obtai ned after purification gy chromatography in only 21%yield. In EP 103
264 is disclosed to convert ipafirst step ' -
~7-[2-(2-formam dot hi azo-4gyl)u2-

nethoxininoacetanido]-3-f§rnyw\§-ce 4- carpoxylic acid benzhydryl ester
into the corresponding [err] wh'EﬁT?g inj a seond st§£%reacted ina Wttig
reaction to give the correspondi{n - Vi ound. e 3-vinyl conpound.

has to be purified by chronatoé%ﬁﬁye. ~R_gi ve the correspondi ng

A- 3- sul phoxi de and reduced tocbive the desired [err]. The process according
to the invention avoids the deficiencgggrof prior art and makes the second

vari ant economcally interesting. In another aspect the invention is
therefore directed to a process for the production of a conpound of fornula

wherein R, Ry and R are as defined above and desilylating a compound of formula XIT - (
to give a compound of formula VL

'The Wittig or the Homner reaction may be carried out in a very simplé way. For example,
N,O-bissilylilated 7-amino-3-formyi-3-cephem-4-carboxylic acid as starting material is
reacted with the corresponding phosphoranylidene which is added to the startihg material
or the reaction is.carried out iz situ by addition to the starting material of a base of
formuia '

R,
Ry—P=—C Hal XV
Ry

wherein Ry, R and Ry, are as defined above and Hal~ denotes an halogen anion, such as
chlorine, bromine, iodine, to give the comresponding ylidé; or the anion of the .
corresponding dialkoxy(diaryloxy)phosphinyl compound is added to the starting material,
After termination of the reaction the compound of formula VI may be isolated, for
example in conventional manner, i.e. by hydrolysis of the silyl groups with a protic
solvent such as water or alcohol or, the compound is isolated, for example, by extraction

and precipitated around the isoelectric pH.



25 wherein [err] and [err] are the same or different and denote hydrogen or
an organic group or [err] and [err] denote together a substituted or
unsubsi t ut eW25781838y reacti on of a conpound of formula [err] pdIREsH1538
denotes a silyl group with a conpound of fornmula [err] or with a conpound
of formula [err] wherein [err] and [err] app as defined above, [err] .
denotes aryl or |ower alkyl, and Cat 26 denotes a cation of. an al kali

metal or theggiblostivents fop e Winig ot HGONE @il ificlids Solvérts Whith afe fleAROWAd
of formula [err]_vxherem-[err%nd [err] are as defined above and

desi | yl at i ngsilylatipnrgents, such fag halogenased) hydrasarhions, for example methylenesnhinridg; NiN-
: dialkylamides, for example DMF,; nitriles, for example acetonitrile; esters, for example
- alkyl acetate, such_ as .ethyl acetate; ethers, for example' tetrahydrofuran or methyl-

tert.butyl-ether; epoxides (which may act at that same taime also as a base), such as
‘propylene oxid or butylene oxid; or mixtures thereof. The reaction temperatures for Wittig
or Horner reactions are not critical. ‘The reaction may be carried out, for example, with
cooling below or around 0°C. Depending on the ylide used lower or higher temperatures
may be used. ' |

Suitable bases for the ir situ formation of the ylide from the corresponding phosphonium
salt include for example epoxides (which may act as the same time as a solvent), such as
propylene oxide; or a salt of a carboxylic acid in combination with a silylation agent. The
 silylation agent may be used to neutralize the carboxylic acid formed in the course of the
reaction as a silyl compound. Suitable silylation agents include for exampie N,O-
bistrimethylsilylacetamide (= BSA), N,O-bistrimethylsilyltrifluoracetamide.

If a phosphonium salt, a phosphoranylene compound or a phosphinyl compound (= |
phosphoric compound) used contain groups which may be silylated, the phosphoric
compound may be silylated before the Wittig or Homer n:actiog.

The stbichiomeuy of the .aldehyde compound and the phosphoric compound which may be
applied depends on the basic strength of the phosphoric compound used. The aldehyde_ or
the phosphoric compound may be used in an excess or both are used in approximately
equimolar amoﬁnts. If ylides or phosphinyl anions having a high base strength are used the
compound of formula Ia should rather be used in an excess than the ylide or the
phosphinyl anion. - ' '

The compounds of formula Ia or of formula XTIT have under thé-reaction conditions
surprisingly low tendency to form A-2 compbunds. No or almost no A-2 compounds may
be formed if stabilized ylides are used. Additionally, A-2 compounds which might be
formed in the course of the reaction are depleted in the course of work up.



The Wttig or the Honmer reaction may be carried out in a very sinple way.
For exanple, N, Obissilylilated 7-am no-3-fornyl-3-cephem 4-carboxylic acid
as startwopsmaiserial is reacted with the correspondi ng phos@hgysied@ge Whi ch
is added to the starting material or the reaction is carried out 1n situ by
addition to the starting material of aqgase of fornmula [err] V\/nerei_n [err]
and [err] are as defined above and Hal “denotes an hal ogen ani on, such as

chl ori ne..brom ne [ . ani on of
t he corr&hﬁm a%ogtﬁ% |ary %‘g@rﬁh%gggﬁ% g%ﬁdxg to the

_starting diable bond fo;ﬁeuamrm;m reattion ) ffort éxampbe i compaung of Gorpmmla isf

formula. VI nmay be |soI ated, . for .exa conventi onal, by.
hydr ol ysﬂ%”@?ﬂ‘l’ ‘%ﬁm@rﬁhﬁ?& g‘?ﬁ% Eﬂa &&Mr

al cohol EWMQsdl&ed.sﬂi:@iseﬂcoﬁﬁist%m@of B)C. R (FefiGét iaR JATHEm.
preci pi tat eg around 'the 1soelectric pH. 27 Suitable solvents for the

Wttig orSocioParkinrle3361f6ri99% ovhemin thel reaction of7-phenylasetamida-3femmyld-cephemat i on

N B e i Ryt S Ry Bl BRI, MM BRGpERaRE T

esters, frésm&kﬁw&dmgms 0.19% mhet:tsyisome;et ate; ethers, for
exanpl e tetrahydrofuran or met hyI :

v

Advantages of this process according to the invention as regards prior art are simple
feasibility of the reaction; simple work up; high insensibility of the system in respect to A-
2 isomerisation; and trans selectivity in the Wittig or Homner reaction. . ‘

The following examples define the invention more speciﬁé without restricting its scope.
All temperatures indicated are in degree Celsius and are uncorrected. Mixtures of isomers
obtained according to the examples may be separated, for example by chromatography.



17
tert.butyl-ether, epoxides (which may act at that sanme tainme also as a
base), such as propyl ene oxid or butylene oxid; or mxtures thereof. The
-reaction terlwomsnreses for Wtti.g or Honer reactions are not 'Cﬁ'ﬁ}ﬁaﬁmléﬁ'e
reaction nmay be carried out, for exanple, with cooling bel ow or “aroun
[err]. Depending on the ylide used | ower or dﬁi gher tenperatures may be
used. Suitable bases for the in situ format?on of the ylide fromthe

s the same. defpeale 1k ReRrite of Fottalhe- £ o Srighrabydathvaony L long o
car boxyl i ¢ acicgto[2)1bPwPo[34-a1p1)3 Mhiskind (ﬁ'ghwx?ucmcaﬂ&ns hydPéthfiride éf 7-@ihino-
agent may be used to neutralize the carboxylic acid fornmed in the course of

t he reacti on 3zformyk3topphemadrearhexylic acid){proesss ) at i on agents include for

exanpl e NO hi I8t hl j (5 . .

N, Oml;i stri rre?}%cﬁ éiOWTﬁP?Fﬂgk%EE%'g@flﬁyﬂ'ggé%%w{%msﬁ??ygmmmde -
hosphor any| eRACA)arealissdlved i 2001 mi joifinmsthanob awd thedli eligwish selutiamisaoo

Esedpcont aiyn r pm%ch na ?)01 frgr | at ed, ,“tuﬁe r?ggﬂiﬁg i C 'corrpuund ma lib)t:e

si |yl at ed bort a0t AL H@Rj‘%ﬁ"‘ﬁb &mwﬁ@ﬁ%& Wﬁ‘PPEFer’ @pne pEs

al dehyde compnae ﬂﬁ&h&&hﬁ%&rmw%iﬁbm%ﬁh%ﬂ;&é aftgpends

on the basic strength of the phosphoric conpound used e al dehyde or the

phosphori ¢ c@pprodimately 20 miny Ceindicates: 8 prasticallyt gnantitative and ppiform reaction
appr oxi mat el uj r f i i nyl ' i n .
hi gh base st )ré’éﬁ'gﬁ %‘@bg cﬂ%@% g‘ﬁp%n%"%%m ?QNF %&W&@ﬁ@e _%gcauon
used in an emirtte ilher) 2tMinutes) sl the sligintyEloady solutionnisi poaredfifitd $400alLoKS of
formula la or of forpula X1 have under the_ reaction conditions
methyl tert.butyl ether whilst stirring. The- precipitated product is filtered under N,, washed
with a little methy] tert.buty} ether and acetonitrile, and dried in a vacuum drying chamber
over a drying agent. The hydrochloride of 6-amino-1,4,5a,6-tetrahydro-3-hydroxy-1,7-
- dioxo-3H,7H-aceto[2,1-bjfuro[3,4-d]{1,3)thiazine is obtained in the form of a white |
powder with a purity (HPLC) of over 95%. , -
'H.NMR (D,0 + DCI): 3.62 (AB,, J=16Hz, 2H, S-CH,); 5.10 (2d, J=5Hz, 2H, f-lactam

H); 6.20 (s, broad, 1H, O-CH-O).

Exampie 2: Tosylate of-G-amino-l,4,5:,6-temhydro-3-hydro_xy-l,7-dioxo-3H,7H-
aceto[2,1-b]furo[3,4-d]{1,3]thiazine (hydroxylactone of the tosylate of 7-amino-3-
formyi-3-cephem-4-carboxylic acid) (process a)
12 g of 7-PACA are' suspended in 200 ml of methanbl. and brought into solutio_ti by
adding 9.5 g of p-toluenesulphonic acid hydrate. This solution is ozonised and worked up
as described in example 1. The tosylate of 6-amino-1,4,5a,6-tetrahydro-3-hydroxy-1,7-
dioxo-3H.7H-aceto[2,l-b]fum[3,4-d][1,3]thiaﬁne is obtained as a slightly yellowish

- powder. | - | |
'H-NMR (DMSO-dg): 2.35 (s, 3H, CHy); 3.7-3.9 (m, 2H, S-CH,); 5.1-5.4 (m, 2H, B-lactam
H); 6.3 (d, broad, 1H, O-CH-O0); 7.1 and 7.5 (A,B,, J=7Hz, 4H, Ar-H). -

Example 3: Hydrochloride of 6-amino-1,4,5.,6-dihydro-3-methoxy-1,7-di6xo-3H,7ﬂ-
aceto[2,1-b}furo[3,4-d][1,3)thiazine (methoxylactone of the hydrochloride of 7-amino-
3-formyl-3-cephem-4-carboxylic acid) (process a)



surprisingly low tendency to form[err] conmpounds. No or alnost no [err]
conpounds may be fornmed if stabilized ylides are used. Additionally, [err]

conpoundwords/ie2n ght be fornmed in the course of the react%m@ éie_pl et ed
in the course of work up. 28 The process according to t A ¥8on
shows high trans selectivity in respect ho t he doubl e bond fornmed during
the reaction. for exanple, a corrpouﬁ of fornula la is reacted with

Compouna 13860LH-PACA Byirarilorider B Sossbiveh 3 250 Fuiter moshshol, oulbed 25 C oy~
Fell et ahcscﬁﬂmqae&am?m, ﬁﬁrﬂﬁé&%ihwdlevﬁﬁfﬁemﬂ%&.bﬁmﬁﬂkﬂ THRSprbdiRe id on of

7- phenyl acet am do- 3-t ot nyl - 3-'cephem 4-carboxylic acid benzhydryl ester with
met hoxy c afilsered off; shspended in 200 maingfl aeatonjsriler whilst in auhoist, methanpl-contajning

accor o no S St R b i Gifedtof st "W g (R RLEIR whith e BT ) o
the react hpdroctionde f 6\Rininov14,58,64lihydio-3rmethoxy-17-dibxd-3H,78st em i n respect

to [err] 2 isonerisation: ‘and trans,selectivity.in the Wttig or Honer

react i on. acetel24 chifusol3 dudlEL 3ltazine iscisplated and dried dn a; vasuymm dsying chamber awpt hout
restricti Qg kﬁ,ﬁ?ﬁd@by ?m?&; s indicated are in degree Cel sius and
are unc_orpg%sk’ié@“g xture e(l)l I'S rrerds&)gbt ai ned according to the exanpl es may
be separ aliNMRADMSO-dp): 3.35)(s cIH00:CHYy A8HAB,, J=4Hz, 2H, S-CH,); 5._3 (2d, J=5Hz_,

2H, B-lactam H); 6.2 (s, 1H, O-CH-O). :

'xample 4: Hydrochloride of 6-amino~l,4,51,6-tetrahydro-3-methoxy-l,7-diox6- ‘
3-H,fH-acetb[Z,l-b]fnro[3,4-d][1,3]thiazine (methoxylacto_ng 6! the hydrocliloride of 7-
a.mino'-3-formyl-3-cephe_m-4-carboxylic acid)(p:ocesi a) _

133 g of 7-amino-3-[(Z/E)-3-acetoxy-1-prop-1-en-1-yl}-3-cephem-4-carboxylic acid are
suspended in ca. 230 mi of methanol. 13.1 g of triphenylphosphine are added, and a
solution is obtained after adding 10 ml of diisopropylether containing ca. 1 g of dry HCI,
followed by a further 100 ml of methanol. The solution is ozonised as in example 1, but a
total of ca. 2.4 molar equivalents of ozone are introduced over the course of ca. 30
ininutes. After removing of an eventual residue of ozone with N;, the reaction mixture is
discharged onto ca. 1800 mi of methyl tert.buty] ether. The hydrochloride of 6-amino-
1,4,58,6-tetrahydro-3-methoxy-1,7-dioxo-3H,7H-aceto[2,1-blfuro[3,4-d][1 3)thiazine
precipitates. | | o R
The 'H-NMR spectrum is identical to the spectrum reproduced in example 3.

| Example 5: deroéhloride of 6-amino-l,l,Sa,G-t_emhydroos-methoxyyl,"l-dioxo- _
3 H,7H-aceto[2,l-b]fnro[3,4-d][1,_3]thiazine (methoxylaétone of the hydrochloride of 7-
smino-3-formyl-3-cephem-4-carboxylic acid) o ' ' '
I g of 6-an1inofl,4,53.6-teu'ahydro-3-hydroxy-l,7-dioxo-3I'L7H-aceto[2,l-b]furo[3,4-
d][1,3]thiazine hydrochloride are dissolved in 5 m! of methanol. Ca. 0.5 ml of diisopropyl
ether, which has been mixed with HCI gas, are added and the mixture is stirred for ca. 10
. minutes. The hydrochloride of 6-amino-1,4,5a,6-tetrahydro-3-methoxy-1,7-dioxo-3H,7H-
aceto[2,1-b]furo[3.4-d][1,3]thiazine is precipitated by. addi_tion of ca. 50 ml of acetonitrile.



29 Exanpl e 1: Hydrochl ori de of

6-am no- 1, 4, 5a, 6-t et rahydro- 3- hydroxy- 1, 7- di oxo- 3H, 7H '

acet of 2, 1- bivospbike4- d] [ 1, 3] t hi azi ne (hydroxyl actone of the ,@g

of 7-am no- 3-fornyl-3-cephem 4-carboxylic acid) (process a)

7-am no-3-[ Z(1 E) - prop-1-en-1-yl] - 3- cephe car boxyti e acid- hydrochl or| de .
(7- PACA) are dissolved in 200 m of meth and the slightly yellow sh

solution is oI ed [grr At this te erature cont ai ni ng ca.
2 percent b &F‘ﬁﬁs&;@‘mﬁf‘n‘%ﬁf@c FPOSIHR 4 dt: 'Ef"{nﬁ‘i'o this solution
‘Whi | st sti V"HQM%QOMKEJ DMSO-8)PU8k SHOICH d,)amsm EHOCAB ﬂsmmszen,),

HPLC i ndi cates a pract i cal | % quant itatlve and uniformreaction of th

starting co RH,B-lasteniuH . 6. BN(s.3H,Q-EH-P)ar e passed through

t he reaction mxture |n ca 2 mnutes and the slightly cloudy solution is
poured into 1400 m of met hyl tertbutyl ether whilst stirring. The

preci pitat e‘ExﬁiﬁWﬁi Hydrochlopide @f KWm{ﬂj&,&W-&hoﬁleﬂ-ﬂibﬁoMﬁJ

tert butyl ether and acetonitrile, d dried in a vacuum dr¥ n% %hanber
over a dryi Mg aijehblf"'n{é:"relmmw dethoxylactone of the hydrochlofide of 7-amino-3-
6-am no- 1, 4 ¢553m glly?j-b% g; 1,7-

di oxo- 3H, 7H- aceto[2 ca W )’

J"@hl azine is obtained in the form of

a whi te powdeg ofnthe thydroshloritly of ﬁmﬂ;w-é tetrghydro{3chydroxy-1,7-dioxo-3H,7H-
aceto[2,1-b]furo[3,4-d][1,3]thiazine are dissolved in 30 ml ethanol. Ca. 2 ml of diisopropy!
ether, which has been mixed with HCI gas, are added and the mixture is stirred for ca. 10
minutes. The soivent is removed in vacuo, the residue is treated with methyl-tert.butylether
and filtered off. The precipitate is a mixture of the diastereoisomers of the hydrochloride |
of 6-amino-1 4.5a,6—tetrahydro-3-ethoxy-l »71-dioxo-3H,7H-aceto[2,1 -b}furo(3,4-
d]{1,3]thiazine in respect to position 3 of ca. 9:11.
'H-NMR (300 MHz, DMSO-d): 1.18 (2t, J=7Hz, 3H, CH,); 3.37 (2q, 2H, CH,-CH;). 3.9
(m, 2x ABq, 2H, S-CH,); 5.20 @, resp. 5.22 (d) and 5.31 (2 isochrone d) (2x ABq,
J=SHz, 2H, B-lactam H); 6.21 and 631 (s, 1H, O-CH-0).

Example 7: i-lydrochloﬁde of '6-ali|ino-l,4,51,6-teirahydl'-o-s-propoxy-l,'l-didxo-
3B,'lll-aceto[z,l-b]fum[3,4-d][l,3]thi§zine (propoxylactone of the hydrochloride of 7-
amino-3-formyl-3-cephem-4-carboxylic acid)
5 g of the hydrochloride of 6-amino-1,4,5a,6-tetrahydro-3-hydroxy-1,7-dioxo-3H,7H-
aceto[2,1-b]furof3,4-d]{1,3]thiazine are dissolved in S0 ml n-propanol. Ca. 2 ml of
diisopropyl ether, which has been mixed with HC1 gas, are added and the mixture is
stirred for ca. 10 minutes. The solvent is removed in vacuo, the residue is treated with

__ methyl-tert.butylether and filtered off. The precipitate is a mixture of the diastereoisomers
of the hydrochlonde of 6-amino-1 +4,5a,6-tetrahydro-3-propoxy-1 7-dloxo-3H,7H-
acetof2,1-b}furo[3,4-d]{1,3]thiazine in respect to position 3 of ca. 1:1.
H-NMR (300 MHz, DMSO-d,): 0.85 (2t, J=THz, 3H, CH,); 1.6 (m, 2H, CH,-CH,); 3.7
(m, 2H, 0-CH,); 4.9 (m, 2x ABq, 2H, S-CH,); 5.20 (d), resp. 5.21 (d) and 531 (2

- isochrone d) (ABq, J=5Hz, 2H, B-lactam H); 6.21 and 6.3 (s, 1H, O-CH-O).



WD 95129182 30 13.8 g of 7-PACA hydrochloride are dissolved in 250 m of
nmet hanol , ozoni sed as described in exanple 1, and precipitated with nethyl
tertbut ywessmens2 The product is filtered off, suspended i np@pgEpdin1fis '
~acetonitrile whilst in a nmoist, nethanol- cont ai ni ng state, and the
suspension is stirred for ca. 30 mnuteg The precipitate which is the .
hydrochl ori de of 6-ami no-1, 4, 5a, 6-di hydro 3- net hoxy- 1, 7-di-oxo- 3H, 7H '

R A AT
Only one Qéeﬁ[h,f; SiraolR4Mi13)Hitiné (mémamum ofahé tospiaté ofI-mintr-died.
Lerr] tormyl-3-cephem-4-carboxylic acid)
15 g of the hydrochloride of 6-amino-1 4,5a,6-nen'ahydro-3-methoxy-l 7-dloxo-3H.7H-
azeto[2,1-bjfuro[3,4-d][1,3]thiazine are dissolved in 30 ml methanol. 20 ml of
tributylamine are added at 0° and the mixture is stirred for ca.15 minutes. The precipitate
is filtered off and washed with a little methanol (0°). The free base of 6-amino-1,4,5a,6-
teuahydro—3’-mz’thoxy-l,74dioxo-3H,7H-a¢eto[2,l-b]furo[3,4~d][l.3]thi_azine thus obtained is
a brown powder containing only one of the diastereomers in respect to position 3.
H-NMR (300 Mz, CD;CL,): 351 and 3.61 (ABq, J=18Hz, 2H, S-CH,); 3.56 (s, 3H,
CH,); 491 (s, broad) and 4.97 (ABq, J=5Hz, 2H, B-lactam H); 5.82 (s, 1H, O-CH-0).

1 g of the free base obtained as described above is dissolved in 10 ml of methylenchloride
and treated with a solution of 780 mg of p-toluenesulfonic acid monohydrate in 1 ml of
methanol. After 5 minuﬁs the soivent is removed in vacuo and the residue is treated with
ciethylether and filtered. Slightly coloured crystals of one of the diastereoisomers of the
tosylate of 6-amino-l,4,5a,6-ten'ahydto-3-methoxy-l,7-dioxo-_3H,7H-aceto[2,l-b]t_‘um
[3,4-d]{1,3]thiazine are thus obtained. o .

'H-NMR (300 MHz, DMSO-d;): 348 (s, 3H, CH,); 3.75 and 3.88 (ABq, J=18Hz, 2H,
'$-CH,); 5.23 and 5.32 (ABq, J=5Hz, 2H, 8-lactam H); 6.2 (s, 1H, O-CH-O); 7.1 and 7.48
(A,B,, J=8Hz, 4H, ArH). |

l‘xa'mﬁle 9: 1-Amino-3-(N-phenylimiﬁo)meth_yl-_S-ce,phem-&carboxylic acid

(proeess b)

106.5 mi of bistrimethylsilyl acetamide and 412 mi of propylme ox!de are added at 0° to
2128 g of 7-tnmethylsﬂylanuno-3-mphenylphosphomummethyl—3-c§phem-4-cqrboxy_hc
acid-trimethylsilyl ester iodide in 460 ml of dry dimethylformamide. The solution is
subsequently stirred at this temperature for 3 hours. 119.6 g of p-nitrosobenzene are added.
After stirring for 16 hours at -13°, the dark-coloured reaction solution is stirred into 2400
ml of ethanol at this temperature. The product precipitates. After stirring for 30 minutes in
& cooling bath, the deposit is filtered off, washed with cold ethanol and dried.

H-NMR (CDCI, + BSA): 0.09 (s, 9H, N-Si(CH,),); 0.25 (s, 9H, O-Si(CH,),); 1.87 (d,



Exanpl e 8: Tosyl ate of

6-am no-1, 4, 5a, 6-t et rahydr o- 3- met hoxy-1, 7-di oxo-3H, 7H [err] is filtered
of f and waswuosnoisz a |ittle methanol [err]. The free base ofpeymposnisss

6- am no-1, 4, 5a, 6- '

t.etrahydro- 3- met hoxy- 1, 7- di oxo- 3H, 7H—aceto£% 1-b]furo[3,4-d][1, 3]thi.azi ne .
thus obtained is a bromn powder contai ni ng~only one of the diastereoners in

oove.t s i SEBMAA T b SiEHp: A AT T ESHEAE SEHLIG 83 ST o
of 780 Ny of J45.310d, USHE BUAGLERIH); SO6C(d/ TEBFBA" K, B-labtain-H); RI4-7RYNENGH, After

5 mnutes the solvent Is rempved in vacuo and the residue.is treated with
cliethyl et hetromaticsrH); 1812, 1B CBsN)y col oured crystals of one of the

di astereoi soners of the tosylate of

6- ami no- 1, 4, 5a, 6-t et r ahydr o- 3- met hoxy- 1, 7- di oxo- 3H, 7H-aceto[2 1- b]furo
[3,4-d][1, 3] Ehﬂilem :lhalrhéhlarldbhﬂﬁ-rmino{let,ﬁa},ﬁwd?oa-hydroxy-l 7-dioxo-

7- Am.no- 3- ( (o] -3- hem 4- cay box rocess h) 106
m of bistri %&qﬁ{} T% %P@PE% d‘iﬂaﬁ thisaine (hy ?}ﬂw @gg"oi ‘Hec%!P'édaa&Ed
at [err] to ghinel3.fordiyl-3-cephem-4-carboxylic acid) (process %

7-trinmethylsilylam no- 3 tri phenyl phosphoni unmet hyI - 3- cephem 4- car boxylic

acid-trinmet F@/BQﬂW&W‘PMHMM"MWMWM@MTM

solution is e ur 119. 6 g
of p-nitr osoﬁbbﬁgﬁyfy h}’dﬁ%ﬁé@ﬁc %‘?é‘b % ‘ﬁg‘%% ‘HJ!@ ﬂﬁﬂh‘?’g agﬂu gﬁﬂ?
dar k- col our ettie smalt tampantefl insdlable istartiig marial istsepitdied byl filehticn. rma@.leaﬁﬁl&a!& S
tenperature., The product  precipi t tes. After stirring for 30 mnutes in
is washed several times wi tanol in order to remove aniline, and is lyophilised. The
hydrochloride of 6-amino-1,4,5a,6-tetrahydro-3-hydroxy-1,7-dioxo-3H,7H-aceto{2,1-
bifuro(3,4-d][1,3]thiazine is thus obtained as a light bright-yellow powder.
H-NMR (D,0 + DCI): 3.77 (AB,, J=18Hz, 2H, S-CH,); 5.22 (d, J=52Hz, 1H, B-lactam

H); 5.27 (d, J=5.2Hz, 1H, B-lactam H); 6.35 (s, broad, 1H, O-CH-0).

Exampie 11: Hydrochloride of 6-amino-1,4,5a,6-tetrahydro-3-hydroxy-1,7-dioxo-
3H,7H-aceto[2,1-b}furo[3,4-d]{1,3]thiazine (hjdroxylactone of the hydrochlioride of 7-
amino-3-formyl-3-cephem-4-carboxylic acid) (processes b + ¢) |
13.4 ml of bistrimethylsilyl acetamide and 51.5 ml of propylene oxide are added at 0°
26.6 g of 7-tnmethylsllylammo-B-mphenylphosphomummcthyl-3-cephem-4-carboxyhc
,acld-mmethylsnlyl ester iodide in 50 ml of hexamethyldnsxlame—contmmng
dichloromethane. The solution is stirred at this temperature for one hour. 7. 9 g of p-
‘nitrosobenzene are added. After stirring for 18 hours at 0°, the propylene oxide is distilled
off in vacuo. The reaction mixture is stirred into 100 ml of cold 1 N hydrochloric acid.

~ After separation of the phases the aqueous phase is washed several times with isobutanol
to separate aniline and lyophilised. The hydrochloride of 6-amino-l,4,5a,6-tetrahydrb—3-’
hydroxy-1,7-dioxo-3H,7H-aceto[2,1-b]furo[3,4-d][1 3lthiazine is thus obtained as a light
yellowish coloured powder. - |
Work up the reaction mixture may also be carried out as follows: The residue after
evaporation is stirred into 100 mi of cold 1 N hydrochloric acid and stiired for 10 minutes
at 0°. The 2-phase mixture is filtered blank. After phase separation the product-containing



a cooling bath, the deposit is filtered off, washed with cold ethanol and
dried. [err] .33 [err] is washed several tines with isobutanol in order
to renovwomsizbisgae, and is |yophilised. The hydrochl ori de afct/Eposioisss
6- am no-1, 4, 5a, 6-tetrahydro- 3- hydr oxy- 1, 7- di oxo- 3H, 7H acet o 2, 1-

b] furof 3,
[err] Exanple 11: Hydrochl oride

powder .

4-d][1,3]thiazine is thus obtajped as a |light bright-yellow
3

SO, LS ISR ik i e

sol ution

InSvadhd &ﬁ@ﬁumed Ve ah QHRADEresin HIP20. THe flaetiéns o'bn&llﬂng)ihepproduct

ni trosobenzene are added. After stlrrlng for 18 hours at [err], the

propy| enearexouhbined agd dydphijlised.oFlte b

Iyl
The

Oﬂﬁaamclt‘?-éhm'ﬁlﬂ#@q s stirred

{Eteoaggeg%%ﬂW'gZ%'?%ﬁgaﬁggt ;Igﬁﬁ?&%’g’éﬂ]@léwgﬁggﬁo o separ a{ eSes
ani l i ne deyophl | i sed.. The hydrochl oride of
6-am no- 1 et rahydr o

t
hydr oxy- 111?‘? M

obt ai ned

Eé@ﬂ“f‘ﬁ%#&?mnh“ﬁm thiazine i s thus

as a |light yeI | owm sh col oured powder .

Example 12: (GR-trans)-7-amino-S-tormyl-s-oxo-s-thia-l-mbicyclow.z Oloct-z-ene-z-
carboxylic acid (=7-amino-3-_formyl-3-cephem-4-carboxylic acid)(process d)

2.64 g of the hydrochloride of 6-amino—l,4,5a,6-teu'ahydm-3-hydmxy-l,7-dioxo-3H,7H—
aceto[2,1-b]furo[3,4-d][l.3]miazine (hydroxylactone of the hydrochloride of 7-amino-3-
fonnyl-S-cephemA—carbdxylic acid) are dissolved in 50 mi of methanol. A solution of
(.78 g of pyridine in 10 ml of methanol is added dropwise to this solution whilst stirring
and cooling with ice. The precipitated product is filtered off under nitrogen whilst
excluding irioisnire, ‘washed with a litile methanol and dried over a drying agent in vacuo
at room temperature. (6R-trans)-7-amino-3-formyl-8-oxo-5-thia-1-azabicyclo{4.2.0Joct-2-
ene-2-carboxylic acid is thus obtained in the form of a light brown powder.

IR (KBp): 1799 cm™ (B-lactam), 1672 cm™ (CHO), 1606 and 1542 cm™ (carboxylate)
UV spectrum: A in H;0 = 302 nm.

Example 13: '7.-trimethylsilylamino-3-form_yl-3-cephem-4-c'arboxylic; acid
trimethylsilylester (process d) '

A suspension of 100 mg of 6-amino-1,4,5a,6-tetrahydro-3-hydroxy-1 7-dxoxo-3H,7H-
aceto[2,1-b]}furo[3,4-d][1,3]thiazine (hydroxylactone of the hydrochloride of 7-amino-3-
formyl-3-cephem-4-carboxylic acid) in 1 ml of deuterochloroform is mixed at room
temperature with 0.28 ml of BSA. The reaction mixture is stirred for 10 minutes at room

temperaﬁxre. A clear solution is obtained. The reaction solution has the following 'H-NMR |

spectrum:

1.40 (d, J=12Hz, lH. NH-[TMS],); 3.57 (AB,, J=18.3Hz, 2H, S-CH,) 4.80 (2d, J=12Hz,
J=5.3Hz, 1H, B-lactam-H), 4.90 (d, J=5.3Hz, 1H, B-lactam-H); 9.81 (s, lH,_ CH=0).
7-trimethylsilylamino-3-formyl-3-cephem-4-carboxylic acid trimethyisilylester may be
obtained from this solution by means of evaporation.



Wrk up the reaction mxture may al'so be carried out as follows: The
residue after evaporation is stirred into 100 ml of cold 1.N hydrochi OI’IC
acid and st woeshoigy 10 minutes at [err]. The 2-phase r_n'xtur

bl ank. After phase separation the product-containing 34 aqueo e S
washed several tinmes with isobutanol. The gueous phase is concentrated in
vacuo and purified over an adsorber resin ? rr]. The fractions containing
t he product are conbi ned and | yophilised. The hydrochl ori de, of &err] Terr]
i's thus obt aFﬁ%'BP‘&s“a Tatrimethylgilylamingri-formy)3-csphemrdranboxylieatifical " to the
spectrum of }ht@(arrple 12: [err] carboxylic acid [err] 2.64 g of
‘the hydrochlorlde o¥ [err] [err] (hydroxyl actone of the hydrochl oride of
7- ami no- 3- f 228ngl of J-arejnecvfotmyh3cephem-4-caxboxylicaacid dressmtedefdr i 5 ndgutes at(ﬂ° in

o opu o¢ 10 &R ] ol of fccPraBbe o 10 sl B Yl f 9058

preci pi tat ed(uameabynn% I Adight fyenti\debluﬂbﬁ E@mnwﬁ ﬁimétuylhlyhﬂiﬂoé-

noi sture, washed littl e pethanol d _dried over a drying agent

vacuo formyl-3-cep -4-carboxy ic acid tnmethyls:lylester may be ob from this lnnon
by means ofevapomuon. '

Exampel 15: (6R-ﬁans)-1-amino-3-l’ormyl-8-o;o-5-thia-1-mbicyclo[4.2.0]oct-2-en-2-
carboxylic acid (7-amino-3-formyi-3-cephem-4-carboxylic acid) (processes a + d)

A solution of 956 g 7-amino-3-[(E/Z)-prop-1-en-1-yl}-3-cephem-4-carboxylic acid-
hydrochloride in 7 1 methanol is ozonized as described in example 1(temiperature: -50°; 10
1 oxygen containing ca. 4 percent by volume of ozone/minute are introduced). Ozonolysis
is terminated after ca. 4 hours. 40 1 of N, are passed through the reaction mixture in ca. §
minutes. The reaction temperature is raised to -35° and 5.6 1 of an aqueous, 5 % wiBrigen
solution of sodium acetate are added whilst stirring without further cooling. The
precipitate is immediately filtered under nitrogen whilst excluding of moisture, washed 2
times with 2.5 1 of acetonitrile and dried in a drying chamber at 30° for § hours. (6R-
uahs)ﬂ_-amino-s-fomyl-s-oxo-s-nﬁa-1-azabicyclomz.oloct-z-en-z-carboxylic acid is thus
obtained as a light yellowish powder.

IR(KBr): 1799 cm™ (B-lactam), 1672 cm™ (CHO), 1606 and 1542 cm™ (carboxylate)
UV-spectrum: l.m in H,0 = 302 nm. '

Compounds of formuiae I, Ia and I mﬁy be used for the production of cephalosporins, for
example for the production of '

16) N-(1,4,5a,6-tetrahydro-3-methoxy-1,7-dioxo-sn,1n-aceto[2,l-b]l’nro[3.4-d][l,3]tl|ia-
zin-6-yl)-phenylacetic acid amide _

2 g of the tosylate of 6-a1mno-l,4.5a,6-tetrahydro'-3—methoxy—l,7-dioxo-3!-I.7H-a¢eto[2,l-
b}furo(3,4-d][1,3]thiazine are dissolved in 50 ml methylenchloride, cooled to 0°and treated
with 1.85 g of N,O-bis(trimethylsilyl)-acetamide. After 30 minutes 14 g of phenylacetic
acid chloride are added and the reaction mixture is stirred for about 30 minutes at room



at roomtenperature. [err] ene-2-carboxylic acid is thus obtained in the
formof a light brown powder. [err] Exanple 13: [err] acid :

tri met hyweiosg918st er (process d) A suspension of 100 ny of P&fﬂbg&?&‘] :
tenperature wth 0. 28 m of BSA. The reaction mixture is stirre or 10

m nutes at roomtenperature. A.clear- sgkutlon 1s obtained. The reaction
solution has the followng [err] spectim J[err]

e ol S b R PR SRt of g s oom
evapor at iefdperature 3hd Fileativne ATt removal of the solvent the residue is tteated with 50 mi of
7-trinmethyl silylamno-3-fornyl-3-cephem 4-carbgx yI | c.acid

tri met hy Myl Irteathutyl °@°QU‘4;W 29. Qlrang 1 (nerRf Abe diastsseomers oci d |
are sti rBPCNg &,SR-W yL1,7-ioxB-3H, 11 gj 14 %ﬁ%ufﬂ[s Qidng 3]thia-

di chl oroneth acetfonitrile W|th
zin-6-y1)-phenylacetic acid amide is thus obtained in the form of a colourless powder
'H-NMR (300 MHz, CD,Cl,): 3.50 and 3.60 (ABq, J=18Hz, 2H, S-CH,); 3.57 (s, 3H,
CH,); 3.63 (AB, 2H, CH,); 5.0 (d, J=5Hz, 1H, B-lactam H); 5.80 (s, 1H, O-CH-0); 5.94

(dd, J=5Hz and 5Hz, 1H, B-lactam H); 6.4 (d broad, J=9Hz, NH); 7.23-7.4 (m, 5H, Ar-H).

'H-NMR (300 MHz, DMSO-dy): 3.40 (s, 3H, CH,); 3.49 und 3.55 (ABgq, J=13Hz, 2H,
CH,); 3.61 and 3.76 (ABg, J=18Hz, 2H, S-CH,); 5.11 (d, J=5Hz, 1H, B-lactam H); 5.87
(dd, J=8Hz und 5Hz, 1H, B-lactam H); 6.12 (s. 1H, O-CH-0); 7.2-7.3 (m, 5H, Ar-H); 9.20
(d, J=8Hz, 1H, NH)

17) 7-amino-3-(N-phenylimino)methyl-3-cephem-4-carboxylic acid |

‘A suspension of 0.50 g of the hydrochloride of 6-amino-1,4,5,6-tetrahydro-3-hydroxy-1,7-
dioxo-3!-l,7H,-hceto[2,l-b]fmo[3,-4—_d][l,3]thiazine in 5 ml of chloroform is mixed at 0°
with 2.3 ml of BSA and stirred for 15 minutes. A clear solution is obtained. 0.35 mipf -
aniline are added. After stirring for 3 hours at 0°, the reaction mixture is stirred into 30 ml
of cold ethanol. The imino compound precipitates. After stirring for 30 minutes in the
cooling bath, the deposit is filtered off, washed with ethanol and dried.

JH-NMR (CDC, + BSA): 1.87 (d, }=9.4Hz, 1H, NH-(TMS),; 4.04 (AB,, J-18.5Hz, 2H, S-
CH,); 4.87 (2d, J=9.4Hz, }=5.3Hz, 1H, B-lactam-H); 5.06 (d, J=5.3Hz, 1H, B-lactam-H);

*7.14-7.41 (m, 5H, aromatic H); 8.72 (s, 1H, CH=N). '
IR(KBr): 1789 cm’ (C=0, B-lactam).

18) [5aR(51G,GB)]-l.4,5&,6-te'trahydro-3-hydroxy-G—phenylacetamiilo-SH,‘lH-aeeto[z,l-
b}furo[3,4-d][1,3]thiazine-1,7(4H)-dione(= hydroxylactone of 7-phenylacet§mido-3- |
formyl-3-cephem-4-carboxylic acid) ‘

2.85 ml of N O-bxs-(mmcthylsnlyl)-acetamxde are added at 0° to a suspension of 1.39 g of
G-aunmo-l,4,53,6-ten'ahydm-3-hydmxy-l,7-d10xo-3!-L7H-aceto[2,l7b]furo[3, -
dI[1,3]thiazine in a mixture of S0 ml of dichloromethane and 10 m! of acetonitrile. After



(trimethylsilyl)-acetam de. A light yellow solution is obtained.
7-trinmethylsilylamno-3- fornyl-3-cephem 4-carboxylic acid

trimethyl si IWO@5R¥M82ay be obtained fromthis sotution by neapgsy ﬂ{w 38
evaporation. Exanpel 15: [efr] carboxylic acid [err] A solution o g%‘é
[err] acid- hydrochloride in 7 1 nmethanol i, o0zonized as described in
exanmpl e 1(tenperature: [err] 10 1 oxygen ntai ning ca. 4 percent by

W hours.! a0r A8 -Bhbel X GR 165be sEERARRL I Wich TR Blledfdcblic &

mi nut es. The chidv#dé aft added dRipWise. The readtidnSifkuire if Stirfdd for 30 mifiutks af 024nd 0.2

aqueous, 5 % waBrigen solution of sodiumacetate are added whi | st stirring

wi t hout furt W@ro mm%%mz ¢ wmm lepwommrns
ry|

ni trogen whilg gl&{mﬁ%@ﬁn N’@bﬁ
acetonitrile an dl’lt,‘%hln a ng chanber at I ?‘g ours. (6R— [err]

acid is thus [M(ﬁam&ﬁb]d%inﬁ-teghhy@aﬁkhy&mty-@-phdwﬂmmmﬂﬂﬁm}otz 1-

used Tor 1 ne YRERA A iae TR e e o okl e aaﬂdl' o

tof 16)
N- (1,4, 5a, 6- thrahydro- 3- net hoxy-1, 7 d| ox0- 3H, 7H-acet o[ 2, 1-b] fu J [1,
3thia zin- M PMS) 3548 T, -CHy-COY, 375 (s, broad, 3H, SCHLY; 5.1 (0
J=5Hz, 1H); 5.9 (dd, J=5 and 8Hz, lH), 6.25 (d, J=6Hz, 1H, O-CH-0); 7.25-7.3 (s, broad,

5H, Ar-H); 9.2 (d, J=7Hz, 1H, NH).

19) Sodium salt of 7-ph$pylacéumido-3-formyl-3-cepl|em-4;car_boxylic acid

2.28 g of 7-amino-3-formy}-3-cephem-4-carboxylic acid are stirred for 15 minutes at 0° in
a mixture of 50 ml of dichloromethane and 20 mi of acetonitrile with 5.4 ml of N,O-bis-
(trimethylsilyl)-acetamide. 1.32 ml of phenylacetic acid chloride are added dropwise to the
light yellow solution obtained. The reaction mixture is stirred for 30 minutes at 0°, and is
then hydrolysed with 0.4 mi of water. The cloudy brown solution is filtered until clear,

- and the dichloromethane removed in vacuo. The residue is diluted with 20 ml of
acetonitrile and then mixed whilst stirring with 1.7 g of sodium-2-ethylhexanoate. Stirring
continues for 10 minutes at room temperature, and the precipitated product is filtered.
After drying in a vacuum, the sodium sait of 7-phenylacetamido-3-formyi-3-cephem-4-
carboxyhc acid is thus obtained.

H-NMR (60 MHz, d,-DMSO): 345 (AB, J=15Hz, 2H, scn,) 3.60 (s, 2H, -CH,-CO);
5.1 (d, J=5Hz, 1H); 5.65 (dd, J=5 and 8Hz, 1H); 7.2-7.5 (s, broad, SH, Ar-H); 9.2 (d,
- J=THz, 1H, NH); 9.7 (s, 1H, CH=0). '

20) 7-plienylacetamido-3-fomyl-3-cephem4-c§rboxylic acid henzhydrylestu"

2.28 g of 7-amino-3-formyl-3-cephem-4-carboxylic acid are bisilylated as described in
example 19' with 5.4 mi of N,O-bis-(trimethylsilyl)-acetamide, reacted with phenylacetic
acid chloride, and then hydrolysed with 0.4 ml of water. The hydiolysed reaction mixture
is treated with 1 g of activated charcoal and then filtered. The yellow filtrate is mixed
with 20 mi of a 10% solution of diphenyldiazomethane in dichloromethane, and then



2 g of the tosylate of:

6-am no- 1, 4, 53, 6-tetrahydro-3-met hoxy- 1, 7-di oxo-3H, 7H-aceto[ 2, 1- [err] are
di ssol veWOi9%§28182 1 et hyl enchl oride, cooled to.[err] and tpcegERdpyésgh 1. 85
g of [err]. After 30 mnutes 1.4 g of phenyl acetic. acid chloride are added
and the reaction mxture is stirred forseabout 30 mi nutes at room 36 -
tenperature. 2 ml of nethanol are addedfollowed by 5 mnutes of stirring
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zi n-6-vyl henyl aceti.c a¢ e.1s thus otal ed in- rmofa
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f 15 d e added.
or 15 NI (5 m;%rﬁsﬁy 'is'afld the(m =Rz 2o, SUH,3M.55 0 28,

After stlrrlng s at refiction mxturels stirréd into

30 M of -em-ccnmar(m I-SHze IHni-laﬁi SR0pldniSoanst 8Hz,t HH,eH-7)6.64d, I8Hz; 1Hg f or
30 m nut Z‘ﬂﬁ 310 é’dl % &spfscﬁ.tAr-ﬁ)féki %s'qﬁﬁmymshed W th

et hanol

21) 7-Amino-3-[[(aminocarbonyl)hydraiono]meth_yl]-S-cephem-«t-carbovliq acid

1.3 g of semicarbazide-hydrochloride are dissoived in 30 mi of water and the solution is

cooled to 0°. To this solution are added 3.0 g of the hydrochloride of 6-amino-1,4,52,6-
tetrahydro-3-hydroxy-1,7-dioxo-3H,7H-aceto[2,1-b}furo[3,4-d]{1,3]thiazine in small q
portions. The reaction mixture is stirred at 3 to 5° for 4 hours. The precipitate which is 7- '
Amino-S-[[(aminocarbonyl)hydrazono]methyl]-3-cephem-4-i:arboxylic acid is filtered off

and washed with 10 mi of acetone. _ -

'H-NMR (300 MHz, CD,OD): 8.35 (s, 1H, CH—N). 5.31 (d, J=5 le. lH CH); 5.14 (d,

J=5.1Hz, 1H, CH); 4.28 und 3.84 (ABq, J=17.9Hz, S-CH,).

22) 'I-Amino-3-(methoxyimino)methyl-3-eephem-4-carboxylic acid
A solution of 0.25 g of O-methylhydroxylalmne-hydmchlonde in 7 ml of water is mixed
at 0° with 0.79 g of the hydrochlonde of 6-amino-1 4,53.64emhydro-_3-hydmxy-l 7-dioxo-
3H.7H-aeeto[2,l-b]furo[3,4-d][1.3]thiazine. After stirring for 15 hours at 0°, the suspension
obtained is filtered. The crystal cake is washed with cold water and acetone. After drying
in vacuo, 7-anuno-3-(methoxymuno)methyl—3-cephem—4—carboxyhc acid is obtamed as an
almost white, crystalline powder.
'H-NMR (CD,COOD + CF,COOD): 3.99 (2H, S-CH,) 401 (s, 3I-I. CH,O), 5.39 (2H, B-
lactam-H); 8.67 (s, 1H, CH=N). IR (KB1): 1799 cm™ (C=0, ﬂ-lactam).

23) "I-Amino'-3[(E)-z-tert.bntoxycarbonyl]ethenyl-S-cep_hem-4-cirboxylic acid

A suspension of 1 g of 6-amino-1,4,5a,6-tetrahydro-3-hydroxy-1,7-dioxo-3H,7H-
 aceto[2,1-b}furo[3,4-d][1,3]thiazine in 10 m! of methylenchloride is treated at room

temperature with 3.6 ml BSA. The reaction mixture is stirred for 10 miinutes at room

temperature., A clear solution is obtained containing N,O-bistrimethylsilyl-7-amino-3-



37 stirring for 10 mnutes, a clear solution is obtained, into which 0.6 m
of phenyl acetic acid chloride are added dropw se. The reaction mxture is

stirred forw@®smpmates at [err] and 0.2 m of water are adde Sh1s3s
separating the precipitated acetam de-HCl, evaporation is effected in
vacuo. The residue is treated with methyl - rtbutyl -ether and dried. [err].
powder. [err] 38 concentrated to 10 ml 1 vacuo. The product is -

RNy ST TR TR g SR TENC S SR S o
benz hydr y| eSitRun &e@&@bsmw After 119 thinkite¥ WHilY btifing LABL Coolingin’ dn
ice bath 1.42 g tert butoxy-carbonylmethylene-Mphenylphosphorane are added. After 24
hours stirring at 0° the reaction mixture is stirred into 3_0 ml of methanol. The product
- crystallizes. After 30 minutes stirring at room temperature the crystal suspension is filtered
and the filter cake is washed with methanol. After drying 0.76 g (65.4%) of 7-amino-
3[(E)-2-tert.butoxycarbonyl]ethenyl-3-cephem-4-carboxylic acid as a light coloured,
crystalline powder are obtained. '
IR-spectrum (KBr): 1803 cm™! (C=O B-lactam), 1705 cm™ (C=0 ester)
'H.NMR-spectrum (90 MHz, D,0+K,COy): 1.50 (s, 9H, C(CH,),); 3.61 (2H, S-CH,); 4.82
(d, 3=4.5Hz, 1H, B-lactam-H); 5.31 (d, J=4.5Hz, 1H, B-lactam-H); 5.97 (d, J=15.0Hz, 1H,
- C=CH-CO); 7.65 (d, J=15.0Hz, 1H, CH=C-CO).

24) 7-Amino-3[(E)-z-ethoxycarboiyl-]ethenyl-&cephem-4-carboxylic acid
A suspension of 1 g of 7-amino-3-formyl-3-cephem-4-carboxylic acid in 10 ml of
propylene oxide is treated at room temperature with 4.7 ml of BSA. The reaction mixture
is stirred at room temperature for 10 minutes. A clear solution is obtained containing N,O-
bistrimethylsilyl-7-amino-3-formyl-3-cephem-4-carboxylic acid. The solution is cooled to
0° and treated with 1.45 g of ethoxycarbonylmethyltriphenylphosphonium chloride. After
44 hours stirring at. 0° the reaction mixture is worked up as described in example 23).
After drying 0.90 g (71.7%) of 7-amino-3[(E)-2-ethoxy¢aibonyl]ethenyl-3—cephem—4- :
carboxylic acid as a light coloured, crystalline powder are obtained.

" IR-spectrum (KBr): 1801 cm 't (C=0 B-lactam), 1709 cm™ (C=0O ester) -
UV-spectrum (H,0): A, = 316.1 nm
'H-NMR-spectrum (90 MHz, DMSO-d, + CF,COODY): 2.24 (t, }=7.0Hz, 3H, CH,); 3.90
(AB,, J=18.0Hz, 2H, S-CH,); 4.18 (q, J=7.0Hz, 2H, O-CH,); 5.30-(d, J=5.0Hz, 1H, 8-
lactam-H); 5.36 (d, J=5.0Hz, 1H, B-lactam-H); 6.30 (d, J=16.0Hz, 1H, C=CH-CO); 7.80
(d, J=16.0Hz, 1H, CH=C-CO).

25) 7-Amino-3[(E)-z-ethoxycarbonyl]ethenyl-3-cephemd-carboxylic acid
A suspension of 1 g of 7-amino-3-formyl-3-cephem-4-carboxylic : acid in 10 mi of
propylene oxide is treated at room temperature with 4.7 mi pf BSA. The reaction mixture



fornyl - 3-cephem 4-carboxylic acid. The solution is cooled to [err] and -
treated with 0.37 g of lithiumacetate and 1.5 m of DW. After 15 mnutes
whi | st swigrgsregsaunder cooling in an ice bath 1.42 ¢ PCT/EP9S/015

t ert but oxy- car bonyl et hyl ene-tri phenyl phosphorane are added After 22 hours - *
stirring at [err] the reaction m xture stirred into 30 mM of nethanol.

The product crystallizes. After 30 mnutes stirring at roomtenperature the

Y SR o g for 20 plss! ' ik s6flin'sS oMM Lollabhg RIS -
3[(E)-2- tb%mbtmnymw Ferirye33ep mwhe AEIOTH¢ bolutien i% cwoled thi ght

coloured, crystalline Bewder are obtal ned. [err] 40 is stirred at room

t enper at Pand dreated withy 1:32 g of ethoxysarbenyimethyitriphenyiphosphomneo Aftsr 24 hgurs o
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et hoxy carmRospettiiih B |1MBchT'r(Cemmm 1136 em’' 7C=0oester) sti rring at [err]

t he reactlon m xt ur.e i s, work as described in exanple 23). IR—spectrum
[err]: FSIQ]LM'SSE%@EH on of 200 ng of .

e SR 4 ot o g it 2

26) 7- Amino-S[(E)-z-ethoxycarbonyl]ethenyl-3-cephém-4-carboxylic-acid

i A, suspension of 200 mg of 7-anuno-3-formyl-3-cephem-4-carboxyhc acid in 2 ml of THF
is treated at room temperature with 1.08mlofBSA.Thereactxonnuxmre1ssnrredat
room temperature for 10 minutes. A clear solution is obtained containing N,O-
blstnmethylsﬂyl-7-ammo-3-fonnyl-3—cephem-4-carboxyhc acid. The solution is cooled to
0° and treated dropwise with a mixture of 197 mg of dxe&yle&oxycarbonyhnethyl-
phosphonate and 98 mg of potassium Mbuwlm in. 2'inl of THF. After 18 hours stirring
at 0° the reaction mixture is worked up as described in example 23).

39 mg (15.5%) of 7-amino-3[(E)-2-ethoxycarbonyljethenyi-3-cephem-4-carboxylic acld as

a brown coloured powder are thus obtained.
‘H-NMR, UV and IR spectra are identical with the spectra of exampel 23)

T

27 7-Ammo-3[(E)-z-N-diethylcarbamoyl]ethenyl-3-ceph’em-4-clrhoxylic acid |

A suspension of 300 mg of 7-ammo-3-formyl-3-cephem-4-carboxyhc acid in 3 ml of
propylene oxide is treated at room temperature with 1.4 ml of BSA. The reaction mixture
is stirred at room temperature for 10 minutes. A clear solution is obtained containing N,O-
bistrimethylsily}-7-amino-3-formyl-3-cephem-4-carboxylic acid. The solution is cooled to
0° and treated with 377 mg of N.N-dxeﬂnylcarbamoyhmthylenphosphorane. After 24 hours

* stirring at 0° the reaction mixture is worked up as described in example 23).

205 mg (49.8%) of 7-ammo-3[(E)-Z-N-dwthylcarbamoyl]ethenyl—S—cephemMarboxylnc
acid as light yellowish coloured powder are thus obtamed.

IR-spectrum (KBr): 1798 cm (C=0 B-lactam), 1635 cm™ (C=0 a:mde)

UV-spectrum (H,0): Ay, = 315.7 nm
- 'H-NMR-spectrum (90 MHz, DMSO-d,+ CF,COOD) 1.03-1.33 (m, 6H, 2xCH,); 3.60-



roomtenperature for 10 mnutes. A clear solution is obtained containing
N, O bistrinmethylsilyl-7-am no-3-fornyl-3-cephem 4-carboxylic acid. The
sol ution i sW@8s2Ms20 0' and treated dropwise with a mxture pérkBdsdisasf
di et hyl et hoxycar bonyl net hyl - phosphonate and 98 ng of potassium '

tert. butylat
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fL 23). 39 ngy (15.5% of

7- ami no- 3[ ( Egg&g%ﬁ%?@%%@?s@;ﬁ?fb &1? rl{igéﬁ%&l ﬁfﬂﬁ@i}-%ﬂ c

br own col our

acid A suspepsijongal, 1§, B-[EBafl-HY, 667 ( J315.0H2Y iﬂ%ﬁeﬂt@m;%wgdggéys.bnz.a?{d

in 2 m of propylene oxide is.treated at roomtenperature wt

572 ng o
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cl ear soluti

on i s obtained containing NO

28) 7-Amino-3-(2-phenyl)ethenyl-3-cephem-4-carboxylic acid

A susp'ensibn of 0.3 g of 7-amino-3-formyl-3-cephem-4-carboxylic acid in 3 ml of THF is
treated at room temperature with 1.4 ml of BSA. The reaction mixture is stitred at room
temperature for 10 minutes. A clear solution is bbtained_containing N,O-bistrimethylsilyl-
7-amino-3-formyl-3-cephem-4-carboxylic acid. The solution is cooled to 0° and treated
with a solution of 0.53 g of phenylmethylene triphenylphosphorane in 4 ml of THF. After
24 hours stirring at 0° the reaction mixture is worked up as described in example 23).

A mixture of the isomers (6 parts Z-isomer and 11 parts E-isomer) is obtained.

29) {6R-[3(E),7B(Z)]}-7-{[(2-amino-4-thiazolyl)(methoxyimino)acetylJamino}-3-(3-
ethoxy-S-oxo-l-propényl)-s-oxo-S-thia-l-mbicydo[32.0]oct-2-e_ne-4-carboxylic acid

(= 7-[(2-amino-4-thiuolyl)(methoxyimino)actyl]amim-s-(s-ethoxyé-oxo-l-propenyl)-

3-cephem-4-carboxylic acid)

0.34 g of triethylamine are added dropwise at 0° to a suspension of 0.5 g of 7-amino-3-
[(E)-3-ethoxy-3-0x0-1-propenyl)-3-cephem-4-carboxylic acid and 0.67 g of (2-amino-4-
thiazolyl)(methoxyimino)acetic acid mercaptobenzthiazolyl ester in 5 mi ethanol. The
reaction mixture is stirred for 5 hours at this temperature. A clear solution is obtained. The
pH is adjusted to about 2.5 by dropwise addition of diluted hydrochloric acid. A
precipitate is formed. After 1 hour stirring at 0° the crystal suspension is filtered and the
filter cake is washed with ethanol. After drying 0.27 g (33.6%) of 7-[(2-amino-4-
thiazolyl)(methoxyimino)actyljamino-3-(3-ethoxy-3-oxo-1-propenyl)-3-cephem-4-
carboxylic acid as a light coloured, crystalline powder are obtained. .
'H.NMR spectrum (90 MHz, DMSO-d,): 1.22 (t, }=7.0Hz, 3H-CH,); 3.80 (AB,, J=18Hz,
2H, S-CH,); 3.87 (s, 3H, O-CH,); 4.18 (g, J=7.0Hz, 2H, O-CH,); 5.25 (d, J=4.8Hz, 1H, p-
lactam H); 5.86 (dd, J=8.5Hz, J=4.8Hz,1H, b-lactam H); 6.24 (d, J=16.0Hz, 1H, C=CH-
CO); 7.73 (4, }=16.0Hz, 1H, CH=C-CO); 9.70 (d, J=8.5Hz, 1H). -

30) 7-Amino-3[(E)-N-(Z,Z,z-trinnonthyl)piﬁolidine-2-on-3-ylidenmethyl]-3_-cephem-4-_



- bistrinmethylsilyl-7-am no-3-fornyl-3-cephem 4-carboxylic acid. The solution
Is cooled to [err] and treated with 152 ng of

N-(2, 2, 2WQbs12908% et hyl ) - pyrrol i di ne-2-on-3-yl -triphenyl -  pcrT/EPYS/HIS3
phosphoni um brom de. After 24 hours stirring at [err] the reaction mxture
is worked up as ‘described in exanple 23), After drying 119 ng (57% of .
[err] trifluormethyl)pyrrolidine-2-on-3-Yylidennethyl]-3-cephem 4-carboxylic '
acid as a light,.col red crystalline powder are thus obtained. IR spectrum
(KBr): 17@1"’[%&'? '(‘ —0 [err]), 1692 [err] (C=O-Anid) [err] A suspension of

300 ng of Arsipénsfonoff 126Mig of 7aiiies férmyl- 3zeephbmc4-aa=odxym agidiin Dmlpfopy! ene .

oxide is trea?aed at roomtenperature with 1. of BSA. The reaction

m xture [ propylene oxide i treated at wOM leﬂlﬂ‘ ﬂ%mE(PfrﬁsﬁrtF!F “e'&%’m“‘ _
ng:’ ll::;[,l: g.n[ ‘Ii:‘ St’quer %W Ogligliﬁlg?m 4§ CF% géjllt’lg@p,ﬁl err d g%'ﬁngt e a gr OUp
of fornul hxsﬁhnetllylxd)dﬂemnn{:élﬂio]mﬁbm atbgrylicoacid| Tael solution if soolpd snd
Lerr] toogt hel agd Wih 152 mg of N-(2,2.2-triflucrethyl)-pyrrolidine-2-on-3-yl-triphenyl-
phosphonium-bromide. After 24 hours stirring at 0° the reaction mixture is worked up as
described in example 23). After drying 119 mg (57%) of 7-amino-3[(E)}-N-(2,2,2- .
trifluormethyl)pyrrolidine-2-on-3-ylidenmethy1]-3-cephem-4-carboxylic acid as a light
coloured, crystalline powder are thus obtained. .
IR-spectrum (KBr): 1791 cm™! (C=0 B-Lactam), 1692 cm™* (C=0 Amid) {
UV-spectrum (H,0): Aoy = 3243 nm '
'H-NMR-spectrum (90 MHz, DMSO-d; + CF,COODY): 2.91-3.23 (m, 2H, C-CH,-C-
pyrrolidinon); 3.47-3.58 (m, 2H, N-CH,-pyrrolidinon); 3.99 (q, J=15Hz, 2H, S-CH,"); 4.17
(AB,, J=15Hz, N-CH,-CF,); 5.25 (d, J=3.0Hz, 1H, 8-lactam-H); 5.32 (d, J=3.0Hz, 1H, 8-
lactam-H); 7.47 (t, J=3Hz, 1H, CH=C).

31) 7-Amino-3[(E)-N-methyl_pjrrolidine-2-on-3-ylidgnmethyl]-3-cephem_-4-cél_ioxylic
acid |
A suspension of 300 mg of 7-amino-3-fonnyl-3-cephem-4-carboxy1ic acid in 3 ml of
propylene oxide is treated at room temperature with 1.6 ml of BSA. The reaction mixture
is stirred at room temperature for 10 minutes. A clear solution is obtained containing N,O-
bistrimethylsilyl-7-amino-3-formyl-3-cephem-4-carboxylic acid. The solution is cooled to
0° and treated with 445 mg of N-methylpyrrolidine-2-on-3-yl-methylene triphenyl-
phosphorane. After 15 hours stirring at 0° the reaction mixture is worked up as described
in example 23). After drying 328 mg (83.9 %) of 7-amino-3[(E)-N-methylpyrrolidine-2-
on-3-ylidenmethyl])-3-cephem-4-carboxylic acid as a light colomed powder are thus
obtained.

" IR-spectrum (KBr) 1783 cmr ! (C=0 B-lactam).
*H-NMR-spectrum (90 MHz, DMSO-ds + CF,COOD): 2.88 (s, 3H, N-CH,); 2. 80-3.56 (m,
4H, H-pyrrolidinon); 3.95 (ABq, J=19.3Hz, 2H, S-CH,); 5.21 (d, J=5.7Hz, 1H, B-lactam-

- H); 5.29 (d, J=5.7Hz, 1H, B-lactain- ; 7.32 (t, J=3Hz, "lH, CH=C).



bond; or [err] R and [err] denote hydrogen or a silyl group; and [err] and
[err] together denote an imno group -of formula = N - Y, wherein Y denotes
al kyl, aryl wosdgsassacyclyl; [err] denotes hydrogen or a silyl gss
denotes hydrogen, if [err] denotes hydroge‘n or, R denotes hy rogen ra
silyl group, if [err] denotes a silyl group “and [erri—and [err] together
denote the oxo group; - in free formor .in sa t form ordi ng
to claim1l ofP Feorﬂ%@s[ err] wherein and X denotes tl@‘l@i‘[lﬁ!m “ mr

I norgani c or e Tl cid and [err] denotes 44 3 acoording
to claiml of fornula [err] wherein R denotes hydrogen or a silyl group. 4.

A conpound according to claimlof formula R [err] wherein Y is as defined
inclaiml| add ﬁ?@nﬂﬂméé’flf%ﬂ#n claim3 in free formor in

Ra
|
H-N
l b
o

wherein either
.a) R* denotes hydrogen or a silyl group; R® denotes a group of formula
-OR®, wherein R® denotes hydrogen or alkyl; and R® and R® together denote a
bond; or
B) R*and R? denote hydrogen or a silyl group; and R® and R°® together denote an
imino group of formula = N - Y, wherein Y denotes alkyl, aryl or heterocyclyl;
'f) R* denotes hydrogen or a silyl group; R* denotes hydrogen, if R? denotes
hydrogen; or, R* denotes hydrogen or a silyl group, if R? denotes a silyl group;
and R® and R° together denote the oxo group;
in free form or in salt form.

2. A compound according to claim 1 of formula

HNJ s
\
x- I 1
0

O

wherein and X~ denotes the anion of an inorganic or organic acid and R, denotes



salt form 5. A process for the production of a conpound of fornula | A as
defined in claim1l which conprises a) for the production of a conpound of

formul a wa9esges2p [err]), splitting the double bond in posi,%é&? f the
ring structure of a . conpound of fornula 45 [err]%re
the sane or different and independenty each ot her denote

organic group, and X is as defined in cfaim2, in 'I[Eﬁ, ozone,
and. if desi conver conmpound of for mul a rein
“[err] denot e@‘ﬁﬁ%‘l“%ﬂ@q%&’% ned, into the correspdi ng fre ntﬂi’
formula [err] wherein [err] denotes al kyl and, if desired, convertlng t he
free base of formula Ib into a salt of forrrula I A which has a different
salt ani of tARempennd aerording ta elaimd ofiformulaonpound. of. formula 111, or b)

for the production of a conmpound of formula IA group [err], treatlng a
conpound of fornula [err]

L
H~-N S
o CHO
COOR -

wherein R denotes hydrogen or a silyl group.
'4. A compound according to claim 1of formula
R
' .
\ _r §

- /N
o - "CH=N-Y

COOR

wherein Y is as defined in claim 1 and R is as defined in claim 3 in free form or in
_saltfonn. '

5. Apmmsfo;theproducﬁdnof a compound of formula IA as defined in claim 1
which comprises

a) for the production of a compound of formu'la.IA,' group o),
splitting the double bond in position 3 of the ring structure of a compound of formula



46 wherein R denotes a sinI group, Z denotes [err] or [err] and R4 denotes -
lower alkyl or aryl, with at |east one strong organic base in combination

wi th a sil ylmmnﬂgent and reacting with a nitroso conpound qi?wyﬁa

Y- N=O V wherein Y is as defined in claiml, an
desired, converting the free formof formul gel A thus obtained in a salt
formof fornula IA or c¢' for the production of a co
group [err] which is a conpound of fornula [err] vvha;rgm[m"mu'm Immmmd
above, treating a conpound &N Nbrnul a I§ [err] 47 whevein ¥ i8% a$ defined
above, with at |east one stron& organic acid or at
X R,
7 NA cnn—c/. m
COOH R,

wherein R, and R, are the same or different and independently of each other denote
hydrogen or an organic group, and X~ 1sasdeﬁnedmclmm2,mﬂ1epresenceof
ozone, and, if desired, converting a compound of formula IA, group o) wherein R®
denotes alkyl, thus obtained, into the corresponding free base of formula

HN S

wherein R°® denotes alkyland,ifdesﬁed.convetﬁngmeﬂeebaseofformulalbintoa
salt of formula IA which has a different salt anion than that used in the starting '
compound of formula I, or

b) for the production of a compound'of fo_'rmula 1A, group PB), treating a compound of
formula

H-N

/S
—K,,
o

o
|
&



| east one. strong c _acid, or d) for the production of a conmpound of
formula IA group [err], [err] treating a conmpound of fornmula [err] wth a
base, reWR2529182i n {7 mula [err] wherein R dfé){.;&ﬁ% dr ogen,
and, if des reacti nﬂ'm{mﬁmﬂm‘)ﬁﬂ Ior mul a |a wherein R denotes ﬁ’%’gogen,
with a silylation agént$ rlesul tisngsln a‘b&orrpound of formula la wherein R

denotes a silyl group, or [err] reactin

silylation

a conpound of formula Ic. with a

silyl gr oup,a"gli"ﬂédfl lil W@‘W%‘ @E@*ngg&g %Mﬁ%@k@ﬁgg‘;‘ﬁ

n,R denotes a

genptssg to a)

to d) in thdoweeskylosrarylD withsat idasf Ghid13thdiR 612Ani® basé! ifi Coridisation Gvith s 0cess for
t he productign of a conpound of fornmula . wherei nd[err and [err] are the
ogn

sane or di f fStylaHen agent aad sacting, Withf:pitreso gompeund,of
denote together a substituted or un
conpound of fornmula [err]

p or [err] and R6
syhsggidgted ring byvreaction of a

wherein Y is as defined in claim 1, and, if desired, converting the free form of

formula IA thus obtained in a salt form of formula IA, or

¢) for the production of a compound of formula IA, group o) which is a compound of

formula

COOR

wherein R denotes a silyl group or a desilylated form thereof of formula
HN s

C_H=N-Y
.COOH.

¢



or with a conmpound of formula [err] 49 wherein [err] and [err] are as
defined above, [err] denotes aryl or lawer alkyl. and [err] denotes a cation
of ran al kal iweres/2gd18or - -t ' m of a strong organic j ve
a conpound of formula J]“M[mllmnﬂﬂﬂrmm”] and [err]are.as _d_.le'?‘?l?ggagl@B e
and desilylating a conpotind of* f8rmila” X | to give a conmpound of fornula
VI. 7. Use of a conpound of fornmula |A as Uefined in claiml as .

internmedi ate in.the preparation.of cephal psporins. 8. Use according.to
claim 7. compr POEIR Holi1g ARG HRRER of BAfhAms o0 0gas HEREAE B4 P
wherein [err] m@%@ﬁgrwm%%kyl; or, a conpound of fornula | as
defined in claim?2; or, a conpound of .fornula la as defined.in claim3; or

a conmpound of forrmula Il as defined in claim4. 9. Use according to claim?7

[orr] denct £8 16 Pe BRAREHSTofS popiebr oRBud T BiStp ol ¥, 7' 10" Ger i N

o) treating a compound of formula

CHO

COOR

wherein R denotes hydrogen, and, if desired,

reacting a compound of formula Ia wherein R denotes hydrogen, with a silylation

agent, resulting in a compound of formula Ia wherein R denotes a silyl group, or
1B) reacting a compound of formula Ic with a silylation agent, resulting in a

compound of formula Ia wherein R denotes a silyl group, and, if desired,

converting a compound obtained according to a) to d) in the free form in a salt form
thereof or vice versa. _ : :

6. Process for the production of a compound of formula



in claim5 wherein [err] denot es hydr ogen; or. a conpound of formula la as
defined in claim3; the free or latent al dehyde function in
posi ti onwi esr2etgre ring system WI th a nitrogen containing a%gﬁg%geagent
to give the correspn mm”"mm A process for the pr

cephal osporl n which ﬂ ugﬂ”ng“ conmpound of formula VI as defined
in claim6 and converfing the I"prdduc’:t i nto other cephal osporins.. 11. Acid
addition salts of 7-am no-3-fornyl-3-cephem 4-carboxylic acid

hydr oxyl act ones 50 [err] 1:2. A conpound selected fromthe group
consisting of [err] hy | oride. [err] .hydroxy- toluenesulphonate
[err] nethoxy-hydrochl orf nmet h@;y t ol uenesul phonat e.

' COOH

wherein R, and R, are the same or different and denote hydrogen or an organic group
or R, and R denote together a substituted or unsubstituted ring
by reaction of a compound of formula

|
H-N S
N | In
o CHO
' COOR

wherein R denotes a silyl group with a compound of formula

R, |
e
Ry I— \3-6 X1
Ry | |
or with a compound of formula
ﬁ Ry
R,O-P—C G+ xu
| N\



13. Conpounds of fornula [err] wherein ANI.,_;signifies the anion of an
i norganic or organic acid. 14. Conpounds of =fiarmula [err] 51 wherein Y

danot es opt WA 32182 i hydroxy- al koxy-, pEREPs/H1538
nitro-, hal ogen-, car bg(mma m‘ImHme{ do-substituted al kyl, aryl or
hetero'cyclyl , and R denotes & sily$ protegping group or.hydrogen. 15.
7-am no- 3- ( N- phenyl i m no) met hyl - 3- cephem-4-<Car boxyl i ¢ aci d.

wherein R; and RG are as defined above, R,, denotes aryl or lower alkyl and Cat’
~ denotes a cation of an alkali metal or the protoriated form of a strong organic base to

give a compound of formula

- wherein R, R, and R, are as defined above and des:lylatmg a compound of formula
XIII to give a compound of formula VI. '

7. Use of a compound of formula IA as defined in claim 1 as intermediate in the
preparation of cephalosporins.

8. Use according to claim 7, éompﬁsingﬁsingacompoundoffoﬁnulalbasdefmedin
claim 5 wherein R® denotes hydrogen or alkyl; or, a compound of formula I as defined
in claim 2; or, a compound of formula Ia as defined in claim 3; or a compound of
formula II as defined in claim 4. o

-9, Use according to claim 7 comprising using a compound of formula I as defined in
claim 2 wherein R, denotes hydrogen ; or a free form thereof of formula Ib as defined
in claim 5 wherein R® denotes hydrogen; or a compound of formula Ia as defined in
claim 3; and reacting the free or latent aldehyde function in position 3 of the ring
system with a nitrogen containing aldehyde-reagent to give the con'espondmg product.

10. A process for the producuon of a cephalosponn which compnses preparing a
compound of formula VI as defined in claim 6 and converting the product into other

cephalosporins.

1. Acid addition salts of 7-amino-3-formyl-3-cephem-4-carboxylic acid hydroxylactones



"2 RO O remmsniss
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 (3H,7H-aceto[2, 1-blfuro[3 4-d][1 3lthiazine-1,7(4H)-dione.6-amino-5a.6-dihydro-3-

hydroxy-) and of 7-amino-3-formyl-3-cephem-4-carboxylic acid alkoxy-lactones
(3H,7H-aceto[2,1-b]furo[3,4-d][1,3]thiazine-1,7(4H)-dione,6-amino-5a,6-dihydro-3-
alkoxy-).

12. A compound selectéd from the group consisting of

3H,7H-aceto[2,1-b]furo{3 4-d][1,3]thiazine-1,7(4H)-dione,6-amino-5a,6-dihydro-3-
hydroxy-hydrochloride,

3H,7H-aceto[2,1-b}furo[3,4-d]{1 3]thmzme—l ,7(4H)-dione,6-amino-5a,6-dihydro-3-
hydroxy-toluenesulphonm,

3H,7H-acetof2,1-b}furo[3 4-d](1,3]thiazine-1 7(4H)-dlone,6-axmno-5a,6-d1hydm-3-
methoxy-hydrochloride and

3H,7H-aceto[2,1-b}furo[3,4-d][1,3]thiazine-1 7(4H)-dxone,6-armno—5a,6-dlhydro-3-
methqu-toluenasulphonate.

13. Compounds of formula

' u+ s .
m-j;f .
d OH
-, o .
o

wherein ANI * signifies the anion of an inorganic or organic acid.
14. Compounds of formula

- H-
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wherein Y denotes optionally amino-, dialkylamino-, hydroxy-, alkoxy-, alkyl-, nitro-,
halogen-, carbalkoxy- or éarbamido-substimt_ed alkyl, aryl or heterocyclyl , and R denotes
a silyl protecting group or hydrogen.

15. 7-amino-3-(N-phenylimino)methyl-3-cephem-4-carboxylic acid.



