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Cephalospgrin Synthesis 

This invention relates to new intermediates in the preparatio~ of cephalosporins. 

PanicularJy it relates to a compound of formula 

wherein either 

a) R1 denotes hydrogen or a silyl group; R11 denotes a group of formula 

-OR•, whemin R• denotes hydrogen or alkyl; and Rc and R• together denote a 

bond; or 

~) R1 and R' denote h~rdiogen or a silyl group; and Rb and Rc together denote an 

imino group of fmmula = N - Y, wherein Y .denotes alkyl, aryl or hetemcyclyl; 

or 

1) R' denotes hydrogen or a silyl group; R1 denotes hydrogen, if R• denotes 

hydrogen; or,· R1 denotes hydrogen or a silyl group, if R• denotes a silyl group; 

and Rb and R• together denote the oxo group; 

· in free form or in salt form. 

In one particular aspect the invention relates to a compound of formula 
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wherein X · denotes the anion of an inorganic or organic acid and R1 denotes hydrogen or 

an alkyl group. 

In another particular aspect the invention relates to a com~ of fonnula 

la 

wherein R denotes hydrogen or a silyl group. 

In another particular aspect the invention relates. to a compound of form.ula 

n 

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

Alkyl, aryJ or heterocycJyJ in the meaning of Y include ~lllted alkyl,. aryl or 

heterocyclyl; or, by amino, dialkylamino, hydroxy, alkoxy, alkyl, aryl, nitro, halogen, 

c:arbalkoxy or carbamido SU:bstituted alkyl, aryl or heterocyclyl. Y. denotes preferably tert.­

butyl, phenyl, naphthyl or pyrimidinyl. 

Jff not otherwise stated hemin alkyl includes an alkyl group having 1 to 22, for example 1 

1~0 12, such as 1 to 8 carbon atoms, preferably lower alkyl, such as (C1_Jallcyl. An alkyl 

l!P'OUP may be unsubstituted or substituted by groups which are inert Under relevant 

:reaction conditions. A silyl group is preferably a silyl proteeting group and includes a 

t 
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conventional silyl protecting group~ such as a trialkylsilyl group, for example the 

trimethylsilyl group. An myl group includes myl having 6 to 18 carbon atoms, preferably 

phenyl, napthyl. An myl group may be unsubstimted or sub~timted by groups which are 

inert under relevant reaction conditions. Hetreocyclyl include heterocyclic groups 

mentioned below in the meaning of Rs and ~· A heterocyclic group may be unsubstituted 

or substituted by groups which are inert under relevant reaction conditions. 

A compound of fonnula Ia wben:in R• and Rd denote hydrogen is a tautomeric aldehyde 

form of a compound of formula I in free base form wherein R1 denotes hydrogen; A 

compound of formula D may be used as an intermediate in the production of a compound 

of fonnula I. 

A compound of formula IA, particularly a compound of formula I, Ia or D. 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 suucture with a wide variety ~ groups which are 

useful groups in mspect to the activity of the conesponding cepbalosporin. 

A compound of formula I is as such. or, in equilibrium with its tautomcric aldehyde fonn 

of formula Ia wherein R denotes a silyl group, suitable as starting material, for example 

for Wittig mactions, 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 fmm the compounds of the 

invention in convential manner are ceftibuten as an example for a decarbonylation product; 

cefixim, cefdinir, B-1077 or, the compounds of BP 620 225, for example the compounds 

A to P of EP 620 225, as examples for Wittig products; or compounds having the 

structwe of fonnula A, disclosed in BP 392 796, as a tbioacetal (the thioacetal structure of 

formula A may be prepared for example according to J. Antibiotics 44(4), 415-21(1991): 
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Processes for the production.of a 3-fonnyl-cephillosporin or of a compound of formula L 

which .are acylated ai the nitrogen atom in position 7 are known froin. literatme. They start 

t'xclusively from 7-acylamino-3-bydroxymethyl-3-cephem-4-carboxylic acids (esters), 7-

benzylidene-3-hydroxymetbyl-3-cepbem-4-carboxylic acids (esters), 7-acylamilio-3-

halogenmetbyl-3-cephem-4-carboxylic acid esters or from 7-acylamino-3-ccphalosporin 

lactones. 

JFor example, ~ng to Helvetica Chimica Acta, vol. s1, no. 219, pages 2044ff (1974) 

li>y H. Peter and H. Bickel, a 3-forinyl-cephalosporin which is acylated at the nitrogen 

:atom in position 7.is produced by means of oxidation of the c:omsponding 7-phenyl­

:racetamido-3-hydroXymetbyl-3-cephem-4-carboxylic acid benzbydrylester, and subsequently 

;analogues of formula I (R1 == 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 piaence of ortho formic acid methyl ester. Apart from the use of complicated 

:protecting group technology, the process bas the particular disadvantage that the oxidation 

of the alcohol to the aldehyde is accompanied with undesiml 4-2· isomerisation and 

lactonisatioii. In addition, the oxidation agents used, such as chromium(VI)oxide, and 

cleavage reagents, such as trifluoro acetic acid, may not be used in technical scale for . . 
ecological reasons. 
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A process for the production of 7-phenylacetylamino-3-fonnyl-3-cephem-4-carboxylic 

acid-p-methoxybenzylester, starting from the corresponding 3-iodomethyl compound, is 

described by H. Tanaka et al in Synlett, page 660, Nov. 1990. The oxidation agent used ·is 

~ with rhodium chloride and aluminium as catalyst. The oxjdation product must be 

purified by chromatography and the yields are a maximum of 66 fll. 

In DE 2 360 620, a 7-acylaminQ-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 fonn 

of fonnula L The use of chromic compounds is excluded from technical scale for 

ecological reasons. 

Chem. Phann. BuJl. Vol. 28, pages 1339 ff, 1980, describes a process for the production 

of 7-acylamino-3-fonnyl-3-cephem-4-carboxylic acid hydroxylactols, starting from the 

corresponding lactones, via bromination, followed by halogen-hydroxy exchange. The 

conditions to avoid bromination of the thiazine nucleus· must be carefully chosen. 

According to the present invention a compound of formula IA, particularly of fonnulae I. 

Ia, lb and n 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 ~Its in high yields. 

Accordingly, in another aspect the invention relates therefore to a process for the 

production of a compound of fonnula IA as defmed above by 

a) for the production of a compound of formula IA, group ex), 

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

m· 
COOH 
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wherein ~ and R3 are the same or diffment and independently of each other denote 

hydrogen or an organic group, ind X · is as defined in formula L in the presence of 

ozone, and, if desired, converting a compound of form~ IA. group a) wherein R• 

denotes alkyl, thus obtained, Into the corresponding free base of formula 

lb 

wherein R' denotes alkyl and, if deshec:L converting. the free base of fonnula lb into a 

salt. of formula IA which has a different salt anion than that used in the starting 

compound of formula ID,· or 

b) for the production of a compound of formula IA, group p), treating a compound of 

forniula 

IV 
Clli-Z 

COOR 

wherein R denotes a silyl group, Z denotes p+(RJJ · or P(O)(OR.Ji. and R.. denotes 

lower alkyl or myl, with at least one sttong organic base in combination with a 

silylation agent and reacting with a nitroso compound of formula 

Y-N=O v 



W095/29182 PCl'IEP95/0l538 

7 

wherein Y is as defined in formula IA. and, if desired, convening the free form of 

. formula IA thus obtained in a salt fonn of fonnula IA. or 

c) for the production of a compound of formula IA. group ex) which is a compound of 

formula 

le 
OH 

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

n 
Cll=N-Y 

COOR 

wherein R denotes a silyl gn>up. or a desilyJated form thereof of formula 

Da 
CH=N-Y 

COOH 

wherein y js as defined above, with at least one strong aqueous morganic acid or at 

least one strong organic acid, or 
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cl) for tbe production of a compound of formula IA. group y), 

')'a) treating a compound of fonnula 

OH 

with a base, resulting in a compound of formula 

wherein R denotes hydrogen, and. if desired, 

le 

la 

reacting a compound of formula la whemin R denotes hydrogen, with a silylation 

agent, iesulting in a compound of formula ia wherein R denotes a silyl group, or 

'Y(i) reacting a compound of fOrmula le with a silylation agent, resulting in a 

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

c:onverting a compound obtained according to a) to d) in the free form in a salt form 

thereof or vice ver.ra. 

Process a) follows the following reaction scheme: 

Compound of formula m 

f 
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Process a) is an ozonolysis reaction. It may be canied out in a solvent or solvent mixture 

which contains alcohol or which is alcohol-flee with or without the presence of water. 

Solvents which may be employed include alcohols. such as a straight chain or branched · 

(C1.Jalcohol; or 01ganic solvents which are inert under the reaction conditions, such as 

halogenated hydrocarbons, for example dichlorometban; or esters, for example acetic acid 

esters; in combination with a (C1.Jalcohol; with or without the presence of water. 

For example, a compound of formula m (which may be pmpmed, for example, according 

to EP 503 453) in which pn:ferably R2 or R, denotes hydrogen and the corresponding R, 

or ~ denotes preferably hydrogen, aDcyl, cycloaDcyl, myl, or, a group of formula 

-Clli-A 

wherein A denotes pmferably hydrogen, hydroxy, alkoxy, acyloxy, halogen and X • is as 

defined above.· or, 

the free base of a compound of formula ID, treated in an alcohol 0r 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 pmsence of omne. and ozonoJysis is cBrried out in 

conventional manner. If desired, a reducing agent, such as a sulphide or phosphine may be 
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added to the reaction mixture during or after ozonolysis. The compound of fonnula IA, 

s:roup a), wherein R1 = H (=compound of formula I wherein R1 is as defmed above), 

llllaY be isolated, for example, by precipitating· with an anti-solvent, if desired after (partial) · 

11i::moval of the solvent(mixture). If ozonolysis is cmied out .. in an alcohol-free medium, a 

compound of formula I wherein R1 denotes hydrogen may be obtained. If ozonolysis is 

cmied out in an alcOhol-cootaining medium,· a compound of formula I wherein R1 denotes 

hydrogen or a compound of fc,mnula I wherein R1 denotes alkyl. may be obtained. 

C>zonolysis in ail alcohol as solvent and work up at low temperatures may result in a 

compound of formula I wherein R1 denotes hydrogen. If the reactiOll mixture is left at 

elevated temperatures, for example at room temperature, particularly in the presence of an 

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

compound of fonnula I wherein R1 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 R1 denotes hydrogen may be 

faolated. A compound of formula I wherein R1 denotes hydrogen may be converted into a 

compound of formula I wherein R1 denotes alkyl by addition of little water or by 

prolonged standing in an alcohol-containing medium. ConVmion of a compound of 

fiormula I wherein R1 denotes alkyl into a compound of formula I whmein R1 denotes 

hydrogen and vice versa may be effected in separate steps as described below • 

. An isolated compound of formula I wherein R1 denotes alkyl may be easily converted into 

a compound of formula ·J wherein· R1 denotes hydrogen as follows: A compound of 

formula I wherein R1 denotes alkyl is dissolved or suspended in water or in an organic 

. solvent mixed with a little water. Acid may be added additionally, and the compound of 

fiormula I wherein R1 denotes hydrogen and the cmmsponding alcohol ire formed. The 

pmduct 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, e.g. acetonitrile, 

or ketones, for example acetone. Anti-solvents include solvents for completing 

precipitatioo or enhancement of yields, such as organic solvents which are . water-ti=, for 

c:umple hydrocarbons. ketones. nitrites, ethen or esters. 
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Alternatively, the compound of formula I wherein R1 denotes hydrogen may be dissolved 

or suspended in an alcohol or in a solvent mixture· containing an alcohol, optionally adding 
. . 

additional acid, and the product of fonnula I wherein R1 denotes alkyl may be isolated 

either by simple filtration or it may be precipitated by adding an anti-solvent,. optionally 

after concentration. Suitable solvents include, for example, the corresponding alcohols; 

nitriles such as acetonitrile; esters such as ethyl acetate; ketones, such as acetone in the 

presence of the corresponding alcohol; particularly alcohoJs. ~-solvents me for example· 

ethers or hydrocarbons~ For completing· precipitation the reaction mixture may be diluted 

with hydrOcarbons. ketones, nitriles, ethers or esters. Suitable acids include for example 

(strong) inorganic acids such as hydrobalic acids, nitric acid or percbloric acid and 

(strong) organic acids, including for example organic sulphonic acids such as 

benzenesulphonic acid or toluenesulpbonic acid.· 

Surprisingly, no isomeric sulpboxides me produced in the ozonolysis reaction, and 

similarly, the isolated compounds of formula I me free of undesired A-2 compounds. 

Furthennore polymerisation of a compound of formula I, which may be regarded as 

aminoaldebyde derivative, is avoided. 

In a compound of fonnula IA a new assymmetric centre is established in the lactol ring 

due to its production according to the invention. Depending on the reaction conditions 

mixtures of both diastereoisomers or one or the other of the diastereoisomers may be 

obtained. The specific diastereoisomer form may be detected, for examplO, by 1H·NMR. 

The invention relates to both diastmeoisomers as well as to mixtures thereof including 

racemic mixtures. Separation of the diastereoisomers ·may be cmried out in conventional 

manner, if desired, for example by chromatography. 

A compound of fozmula I wherein R1 denotes alkyl may be converted· into a ·compound of 

formula lb wherei1;1 R• denotes alkyl by use· of a base and thereafter reconverted in a 

compound of fonnula I. wherein X •· is different from the original X · of the compound of 

formula m by use of an acid BX wherein X denotes a desired anion of an in0rganic or 

organic acid. Suitable bases include organic amines, such· as aiylic ariJines, for exampJe 

pyridine, or. aliphatic amines, for example triethylamine. Suitable solvents for the 
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:production of a compound of fonnula lb include the corresponding alcohols optionally in 

1::ombination with an esmr, ketone, ether or nitrile. 

:Process b) relates to the reaction of a compound of formula ._IV wherein R denotes a silyl 

,poup (which may be obtained. for example, by the process described aCcording to EP 503 

· 453), ·with a nitroso compound of formula V to give a compound of formula IA, group P> 
{= compound of formula m in the fonn of a free base. The reaction may be carried out 

:in the presence of at least one strong oqanic bale in combination with a silylation agent 

.and a solvent. A strong oqanic base includes, for example, a guanidine or an amidine, 

.such as 1,8-cliazybicyclo[5.4.0]-un~7-ene ( = DBU) or l,S-cliazybicyclo[4.3~0]non-5-

'en ( = DBN); an alkali salt of a nitrogen containing compound. such as the Li or Na salt f · 
·Of hexamethyldisilazane or of an iminophosphorane; a Li salt of a carboxylic acid. such as 

:u acetate; or an epoxide, sueh as propylene-oxide or butylene-oxide; preferably 

propylene-oxide. or butylene-oxide. Examples for a silylation agent include bistrimethyl­

silylacetami~ bistrimethylsilyl urea. The reaction ~- preferably canted· out in a solvent 

which· is inert under the reaction conditions. Suitable solvents include halogenated 

hydrocarbons,. such as methylene chloride; amides, such as dimethylformamide, 

dimethylacetamide; ethers, such as tetrahydrofmane. 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 oqanic base and about 0.5 to 2 mol, 

preferably about 1.S mol ·of the silylation agent may be used.per mol. of the starting 

compound of fonnula IV. 

The chemical natme of the nitroso compound is not critical. A suitable nitroso compound 

includes an aliphatic, aromatic or heterocyclic nitroso compound,. preferably an aromatic 

nitroso compound. more preferably a nitrobemene compound. such as ~nitloben7.ene. The 

nitroso comopound may be unsubstituted or in any position substituted, for example by 

halogen. nitro. alkyl, alkoxy, a nitrogen contaiiling substituent or a functional group, such 

as carbalkoxy or carboxamido. Equivalent amounts of the starting compound of fonnula 

IV and of the nitroso compound of fonnula V may be used. An excess of one or the other 

may be useful. The process may be canied out within a broad temperature range, for 

· example at a tem~ of between +5 and -20°C. 
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The silyl groups R• and R' in a compound· of formula IA. group Pl. thus obtained may be 

removed by simple hydrolysis or alcoholysis, for example by addition of an alcohol, for 

example an (C1..Jalcobol to the reaction mixture after the reaction between a compound of 

formula IV and formula V. The desilylated imino compo~ of formula Da may 

. precipitate. 

A compound of formula IA obtained in free form may be converted into a compound of 

formula IA in salt fonn and vice versa in conventional manner. 

Process c) is·a hydrolysis reaction and results in a compound of formula IA. group a), 

whmein R• denotes hydrogen in salt form, Le. a compound of formula le. Hydrolysis is 

canied out by treating a compound of formula D or of formula Da with at least one strong 

inorganic acid. such as hydrochloric acid, hydrobromic acid, sulphuric acid. or at l~ one 

strong organie acid, such as a sulphonic acid, for example p-toluene sulfonic acid or. 
. . 

methan sulfonic acid in an. aqueous solvent or solvent mixture. Solvents for hydrolysis 

reactions are known. nie process· may be canied out either after isolation of a compound 

of formula IL respectively Jia. or dimctly m the reaction mixture wherein a compound of 

formula D was prepared. A compound of formula le may be separated from the amine 

whiCh is produced in the course of the reaction, for example by extraction of the ~ueous 

reaction mixture with a water-immiscible solvent or by precipitation of the compound of 

formula le, for example by use of· an anti-solvent which is water miscible, such iS 

acetone, acetonittile or isopropanol, if desimd, after. concentration by zemoving of at least 

a part of the solvent. Isolation of a compound of formula le may. be carried out for 

example by lyophilisation. 

The reaction of a compound of formula IV into a compound of formula le. by means of an 

intermediate of formula D 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 f3-Jactam system under hydric conditions (Y. Fujisawa and T. Kan7.aki. 

I. Antibiotics 28, 376, 377; JJ!. Baldwin, R.M. Adlington, N.P. Crouch and I.A.C. Pmeira, 

Tetrahedron vol. 49, no. 22, 4915(1993); J.E. Baldwin, K.C. Goh and CJ. Schofield. J. 

Antibiotics vol. 4S, No. 8, 1378-1380, (1992) and the very strong teildency of 

aminoaldehydes to polymerise due to condensation leactions (Houben Weyl, Methoden der 
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Organischen Chemie, 7/1, pages 156 and 403, Beilstein H 14, pages 23, 28, 30; and'E tt. 
page 22}. 

Process d} is directed to· the production of the aldehyde of formula IA. group y) and 

concerns a process which influences the tautomeric equilibrium between a compound of 

formula IA. group a) (formula le) and a compound of formula IA, group 1> (formula la}. 

A compound of formula ·1c. for example produced according to process a) or process c} 

may be used in the production of a compound of fonnula Ia. An isolated compound of 

formula le, or, a compound of formula le formed in situ in the process of its preparation 

may be used. The ieai:tion may be carried out by addition of a .,_ to the reaction 

mixture, preferably in die presence of a solvent or solvent mixture which is inert under the f 
reaction conditions. Suitable inert solvent include for example alcohols. such as methanol, 

nitriles, such as acetonitrile, ketones, such as acetone, esters or halogenated solvents, water 

or a mixtme of solvents mentioned above. Suitable bases ~clu~ 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 mganic acid, such as sodium acetate may· be used. The base may be used in an 

approximately equivalent amount or in an excess. preferably in an approximately 

equivalent amount in respect to a· compound of formula le used as starting material. The 

aminoaldehyde carboxylic acid of fonnula la w~in 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 whcnin R denotes a silyJ. amup may be obtained from a 

compound of formula la wherein R denotes hydrogen or from a compound of formula le 

by silylation with· a silylation agent. 

Silylation agents include for example N,O bis-trialkylsilylacetimides, such as N,O•bis­

trimethylsilylacetamide, N,0-bis-trimetbylsilylfonnamide, N,0-bistrimethylsilyl­

trifluoracetamide and silylated ureas such as bis-trimethylsilylurea. Suitable solvents 

include soivents. which·~ inert toward silylation agents, for example hllogenated 

hydrocarbons; nitriles. such as acetonitrile; esters, for example aCetic acid ethyl ester; 
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ethers, for example tert.butyJ-Diethylether, tetrahydrofuran; epoxides, such as propylene 

oxide, butylene oxide. The amount of the silylation agent may be preferably sufficient for 

approximately quantit.ative siJylation of the carboxylic acid in position 4 as well as of the 

amine group in position 7. It bas been found that thus a self ~ondensation of the free 

amine group with the aldehyde function may be avoided. Particularly, for example, two to 

duee mol of siJylation agent may be used per mol of the starting material which is to be 

silylated. 

The compound of formUla Ia wherein R denotes hydrogen is swprisingly sufficiendy 

stable to be isolated from aqueous solution; if desired, it may be converted into a bissilyl 

compound of formula I wherein R1 denotes a silyl group by addition of a. silylation agent. 

A compound of formula I wherein Ri 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 tqe. aldehyde group in position 3 with an aldehyde 

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

Suitable acylation agents include, for example, activated carboxylic ~ such as acid 

chlorides, mixed anhydrides or. active esters. Acylation may be carried out in· conventional 

manner. Isolation of the N-acylated coinpound may be canied out as conventional, for 

example by desilylating with a protic solvent, for example an alcohol or water. The 

, acylatecl compound may piecipitate directly, or may be precipitated with an anti-solvent or 

in the form of the carbox.ylic acid salt. It may also be isolated in the form of the 

corresponding carboxylic acid ester, for example as benzhychylester, by reacting the 

desilylated product with diphenyldiammethane. 

The aldehyde fun~on of the compound of formula la wherein R ·is as defined above as 

well as the latent aldehyde function of its tautomeric form of formula I, wherein R1 

denotes hydrogen may be reacted with aldehyde n:agents. The choice between the various 

eductst. i.e. for example, a compound of formula la wherein R denotes hydrogen; or, the 
. . 

compound which is in an tautomeric equilibrium with a compound of formula Ia. i.e. the 

compound of fonnula I wherein R1 denotes hydrogen; or, a comp0und of formula la 
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wherein R denotes a silyl group; depends on the reaction type and the reaction conditions 

111sed in each case. 

If a c<>nventionaJ nitrogen containing aldehyde reagent is ~ such as an amine~ 

Jllydroxylamine, hydrazine, guanidine or semi-carbazide, all of the educts of fonnula Ia 

·wherein R is as defined above; or, of formula I whmein R1 denote"s hydrogen; may be 

111Sed. 

If a compound of·formula la is used wherein R1 denotes a silyl group, both groups, i.e. the 

:unine group in position 7 as well as the carboxylic acid group in position 4 of the ring 

:system should be nearly quantitatively silylatecl because it was foWid that monosilylation f 
;at the carboxylic acid group may n::sult in polymerisation and decomposi~on. 

If the aldehyde-reagent contains groups which may be silylated, the aldehyde-reagent may 

lbe conveniendy employed as its silylated analope. The reaction with the corresponding 

;illdehyde reagent is. canied out for example in solvents mentioned above for silylation. If 

desired, the solubility of the aldehyde-reagent may be increased by adding a dipolar, 

:aprotic solvent. such ai DMF or sulpholane. The reaction tmliperature is not critical. The 

:reaction may be canied out. for example, at mom temperature or. with cooling. Isolation of 

:the reaction product may be effected in conventional manner, for example either by 

desilylation with a protic solvent. such as an alcohol or water or, by extraction and 

.subsequent isolation from water or an organic solvent (mixture). The product may 

:precipitate. 

If it is desired to react the aldehyde function of a compound of f~a. I wherein R1 

denotes hydrogen, it may be reacted in a suitable solvent directly 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, 

halogenated hydrocarbons, alcohols, organic acids, such as acetic acid Alcohols may 

panicularly be used in mixture with water. The reaction products may preeipitate or may 

be isolated in conventional manner, for example, by addition of an anti-solvent or by 

i.i.· 
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extraction from an organic solvent or solvent mixtme. 

If it is. desired to react the aldehyde -function of a compound of fonnula la wherein R 

denotes ·hydrogen. an aCid may be added to the reaction mi~ to enhance solubility of 

the compound of formula Ia and to increase its reactivity. The reaction may be canied out 

in taUtomeric equilibrium with the compound of formula I wherein R1 denotes hydrogen as 

described above. 

Given the known instability of cephalosporins having an aldehyde group in position 3, the 

ability of compounds of formula Ia to exist. is new and most surprising. 

Some 7-acyl derivates of fonnula la, existing in the form of their isomer hydroxylactones 

of·fonnula 

OH 

wherein Ac de~otes an. acyl group, are known. 

Trials to convert these bydroxylactones into a salt of the isomer 7-acyJamino-3-fonnyJ-4-

carboxyJic acid of formula 

CHO 
coo-w+ 
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wherein Ac is as defined above and W denotes a cation, may result in decomposition 

u.nder ring opening of the labile 8-lactam ring, particularly in the presence of water. 

Etxistence of a compound .of formula la is, .due to the very ~ng tendency for 

· aminoaldehydes to polymerise due to self condensation. surprising {see Houben-Wey!; 

)dethoden der Organischen Chemie 711, pages 156, 403 and Beilstein H 14, pages 23, 28, 

30; E II, page 22). 

The compound 

is mentioned in US-PS 3 997 528 as part of a broad class defined by its formula II. No 

isolation or characterization is described. Existence of this compound under· the condition 

.&~ven for its production therein is questionable. Morover all previous trials to isolate the 

c:ompound of formula 

CHO 

COOH 

baving the free aldehyde in position 3 of the ring system which corresponds to 

c:epbalosporiil C and which is an envisaged biotransfonnation ~ of CefC, failed (see 

for example Y. Fujisawa and T. Kanzan, J. Antibiotics 28, pages 376 to 377; J.E. 

1~aldwin, R.M. Adlington, N.P. Crouch and LA.C. Pereira, Tetrahedron Vol. 49, No. 22, 
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pap 4915; I.E. Baldwin. K.C. Goh und CJ. Schofield. J. Antibiotics 45, pages 137_8-

1380). Instead of the expected structure in all cases the ring open structure of formula 

0 

II ¥ 
HOOC· 1 ·CCII,),· CH,-C -N)--(?S . . 

~- HOOCN · 
/ CHO . . H 

COOH 

was isolated. 

As already mentioned a compound of formula I or .of formula Ia may be used as a starting 

material or as an intermediate in the production of cephalosporins. In a further particular 

. aspect the invention relates therefor to the use of a compound of fonnula IA in the 

production of cephalosporins. 

In another mom panicular aspect the invention relates to the use of a compound of 

formula I as defined in claim 2 whmein R1 deilotes hydrogen; or a free fmm thereof of 

formula lb as defined in claim S 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 

VI 

COOH 



W1() 95129182 
PCT.IEP95/01538 

20 

wherein Rs and ~ are the same or different and denote hydrogen or an organic group or 

lls and ~ denote together a substituted or unsubstituted ring. 

An organic group in the meaning of R, and ~ includes. f~ example unsubstituted or· 

s:ubstituted alkyl, myl or heterocyclyl. Substitution. for example by halogen, alkoxy, 

211Yloxy, a Ditrogen or suiphur containing substituent or a functional group, such as a 

c:arbalkoxy or carbo.xamido group may be in any position. R, and Re may be pan of an 

unsubstituted or substiwted ring system which may contain hetero atoms such as nitrogen. 

e>xygen. sulphur~ 

For example, one of the substiments Rs or ~ may denote hydlogen and the other 

a) hydrogen, lower alkyl, lower alkenyl or lower alkinyl; 

b) cyclollkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyclyl or hetemcyclylalkyl; 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 alkoxysulfonyl, lower mninoalkylamino, acylamido. one or several 

times, for example one or three times; 

1:) a group of formula ~ whemin R, denotes 

a) hydroxy, lower alkoxy, formyloxy, acetyloxy, lower alkylsulfonyloxy, halogen, 

N-mono(lower)alkylcarbmnoyloxy or N,N-di(lower)alkylcarbamoyloxy, 

P> a heterocyclic group, 

"'() a group of formula -SCO>..R., whmein Rs denotes an aliphatic,. araliphatic, 

alicyclic, aromatic or hetemcyclic group and m denotes 0, I or 2, or 

3) an acyclic or cyclic ammonium Jl'OUP• 

"Lower" in this context means C1.., plderably c1_.. 

Suitable heterocyclic groups iriclude for example non-condensed or condensed rings 

having for example 4 to 7, such as S or 6 ring membeis in each ring. Each ring ~y, for 

example, cont&in up to 4 heteroatoms, such as oxygen, nitrogen or sulphur. The 

heterocyclic group may be substituted, for example up to three times. Suitable substitutents 

include for exmnple (C1.Jalkyl, (C1.Jalkoxy, halogen, trihalo-(C1..Jalkyl, hydroxy, oxo, 

mercapto, amino, carboxyl, carbamoyl, di-(C1.,.)alkylamino, carboxymethyl, 



W095/29182 PCI'.IEP95/01538 

21 

carbamoylmethyl, sulfomethyl und methoxycarbonylamino. 

Examples for hetercyclic groups include unsubstituted and substituted imidazolyl, diazolyl, 

ttiazolyl, tetrazolyl, thiazolyL tbiadiazolyl, thiatriazolyl, o~lyl, oxydiazolyl, 

benzimidazolyl, benzoxazolyl, benzotbiazolyl, triazolylpyridyl. purinyl, pyridyl, 

pyrimidinyL pyridazinyl, pyrazolyl und triazinyl; such as unsubstituted or substituted 4-

bydroxy-4-pyridon-2-yl, 1,2,3-triazolyl, 1,2,4-triazolyl, tetm.olyl, oxyzolyl, thiazolyl. 1,3,4-

oxydiazolyl, 1,3,4-thiadiazolyl, 1,2,3-thiadiazolyl; particularly 1,S-ctihydroxy-4-pyridon-2-

yl, 5-hydroxy-l-metbyl-4-pyriclon-2-yl, 5-hydroxy-4-pyriclon-1-yl, 1-methyl-lH-tetrazol-

5-yl-2-metbyl-1,3,4-thiadiazol-5-yl, 1-carboxymethyl-lH-tetm.ol~yl, 6-hydroxy-2-metbyl-

5-oxo-2H-l.2,4-triazin-3-yl, 1,2,3-triazol-S-yl, 4-methyltbiazol-5-yl. 

Examples of an acyclic amonium group include (1-carbamoyl-2-hydroxyetbyl)dime­

thylamonium. (carbamoylmetbyl)(ethyl)-methylamonium, trimetbylamonium. 

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 mtrogen atom by 

alkyl, halogen. hydroxy, cBrboxamido, alkoxycarbonyl, amino. monoalk:ylamino, 

dialkylamino. 

Examples of Rs and Rt· as part of an unsubstituted or substituted ring system which may 

contain beten> 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 S or 6 ring 

members. The rings may be unsubstituted or substituted, for example by (C1.Jalk.yL 
(C1..)a)koxy, halogen. trihalo(C1_Jalkyl, hydroxy, oxo, men:apto, amino, carboxyl, 

carbamoyl, di(C1_Jaltykaniino, carboxymethyl, carbamoylmethyl, sulfomethyl 

metboxycarbonylamino. 

Processes for the preparation of compounds of formula VI are known. However, the 

compounds of formula VI may be piep8recl according to prior art only by complicated 

protecting .group technology via several reaction steps. For example, particularly two 
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J>rOCCSSes via a Wittig or a Homer rcaction exist in the p~aration of 3-vinyl­

c:ephalosporins: 

The first variant is the reaction of a compound of formula 

B 
I 

R,·N)=(sl CH=!:.11. . VD 
o ~ I ~ 

COOR11 R . 10 

c>r of a compound of formula 

ff 
ar- P-oR eat+ vm . I 10 

COOR11 oa.o 

. . 
wherein R, denotes an acyl poup or a protecting group, R10 denotes aryl, especially 

J~henyl or lower alkyl, R11 denotes a cleavable ester pmtecting group and cat+ denotes a 

c:ation of an alkali metal or the protonated form of a strong oraanic base, 

with an aldehyde or ketone of formula 

/R, 
O=C IX 

'~ 
wherein~ and R. are as defined above, to give the Corresponding 3-vinylcepbalosporin. 
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~r cleavage of Rt and R11 a compound of formula VI may be obwned. 

Second variant is the reaction of a CQIDPOUDd of formula 

( 

x 
CHO 

·cooR
11 

wherein R12 denotes an acyl group or a carbalkoxy group and R11 is as defined ~e 

'Yith a Wittig reagent of formula 

~o /R, 
. Rio-P=C XI 

I ' . 
Rio Ra 

or with a Homer reagent of formula 

fl _/Rs . 
RioO-P-C Cat+ XII 

I '~ ORi., 

wherein ~. ~ R10 and eat+ are as defined above. After cleavage of the protecting groups 

a compound of formula VI may be obtained. 

The ·second variant, the ieaction of a 3-formylcephem compound 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 
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p11rities of the products or in respect to the corresponding 'ZJE content of the product, i.e. 

th.e 3-vinyl compounds obtainable by .both variants. 

However, according to prior art the second variant has the following disadvantageS: 

J . .A.Webber, J.L.Ott and R.T.Vasileff describe in Journal of Medical Chemisuy vol.18, 

nc>.10, pages 986ff the reaction of 7-phenyloxyacet•mido-3-fonnyl-3-cephem-4-carboxylic 

ac:id tert.butylester-sulfoxide with phosphoranes. A sulph~xide thus obtained has to be 

reduced and purified by chroinatography. 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-cmboxylic acid. Further purifying steps by 

chromatography are necesmy. 

Jn, DOS 2 103 014, experimental part B, example l(b), the reaction of 7-(2-

thienyl)acetamido-3-fonnyl-3-cephem-4-carboxylic acid diphenylmethylester with 

ethoxycarbonylttimethylene triphenylphosphorane to give the corresponding 3-vinyl­

cc:phalosporin is described. The impure E-lsomer is obtained after purification by 

chromatography in only 21 CJ& yield. 

Ill. EP 103 264 is disclosed to convert in a first step 7-(2-(2-formamidothiazol-4-yl)-2-

methoximinoacetamido]-3-fonnyl-3-cephem-4-carboxylic acid benmydrylester into the 

cctrresponding 4-2-compound which is in a second step reacted in a Wittig reaction to give 

the corresponding 3-vinyl compound. The 3-vinyl compou~ has to be purified by 

chromatography, oxidi7.ed to give the conesponding 4-3-sulphoxide and reduced to give 

the desired 4-3-compound. 

Tbe process according to the invention avoids the deficiencies of prior art and makes the 

second variant ecoDQIDically interesting. 

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

ccmpound of formula 

.. 
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VI 

COOH 

wherein Rs and Rt are the same or different and denote hydrogen or an organic group or 

Rs and ~ denote together a substituted or unsubstituted ring 

by reaction of a compound of formula 

R 
I H-N)=(SI 
0 "(""cao 

COOR 

Ia 

whemin R denotes a silyl group with a c0mpound of formula 

fio /R, 
Rio-P=C XI 

I 'Ra 
Rio 

or with a compound of formula 

. ft _/R, 
1i00-p--.c Ck+ XII 

. I '~ 
ORu, 

wherein Rs and Rt are as defined above, RJo denotes myl or lower alkyl, and Cat+ 
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denotes a cation of an alkali metal or the protonatecl fonn of a sttong organic base, 

to give a compound of formula 

xm 

COOR 

wherein R. ~ and ~ are as defined above and desilylating a compound of formula xm ·. f · 
1to give a compound of formula VI. 

'I'he Wittig or the Homer reaction may be cmied out· in a veiy simple way. For example, 

N,0-bissilylilated 7-amino-3-f()mlyl-3-cephem-4-carboxylic acid as staning material is 

:~ with the conesponding phosphoranylid.ene which is added to the starting material 

•ar the reaction is.cmied out in aim by·addition to the staning material of a base.of 

:formula 

~, 0 R, 
+ / 

R -P-C Hal-
10 I '~ XIV 

·Rio 

wherein R,, ~ and R10 are as defined above and Hal· denotes an halogen anion,. such as 

chlorine, bmlnine, iodine, to give the corresponding ylide; or the anion of the 

corresponding dialkoxy(diaryloxy)phosphinyl compound is added to the starting material. 

After termination of the reaction the compound of fonnula VI may be isolated. for 

example in conventional manner, i.•. by hydrolysis of the silyl ~ps with a protic 

solvent such as water or alcohol or, the compound is isolated. for example, by extraction 

and precipitated around the isoelectric pH. 
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Suitable solvents for the Wittig or Homer reaction include solvents which are inert toward· 

silylation agents, such as halogenated hydrocarbons, for example methylene chloride; N,N­

dialkylamides, for example DMF; niuiles, for example acetoniuile; esters, for example 

alkyl acetate, sue~ as ethyl acetate: ethers, for example te~ydrofuran 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 thmeof. The reaction temperatures for Wittig 

or Homer reactions are not critical. · ne reaction may be canied 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 in situ formation of the ylide from the corresponding phosphonium 

salt include for example epoxides (which may act as the same time as a $0lvent), such as 

propylene oxide; or a salt of a carboxylic acid in ~bination with a silylation agent. The 

silylation agent may be used to neutrali7.e the carboxylic acid formed in the course of the 

reaction as a silyl compound. Suitable silylation agents include for example N,0-

bistrimethylsilylacetamide (=BSA), N,0-bistrimetbylsilyltrifluoracetamide. 

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 reaction. 

The stoichiometry of the aldehyde compound and the phosphoric compound which may be 

applied depends on the basic stn:ngtb of the phosphoric compound used. The aldehyde or 

the phosphoric compound may be used in an excess or both arc used in approximately 

equimolar amounts. If ylides or phosphinyl anions having a high base strength are used the 

compound of formula la should rather be used in an excess than the ylide or the 

phospbinyl anion. 

The compounds of formula Ia or of fonnula xm have under the-reaction conditions 

surprisingly low tendency to form A-2 compounds. No or almost no A-2 compounds may 

be formed if stabilized ylides are used. Additionally, A-2 compounds which might be 

fonned in the course of the reaction are depleted in the course of work up. 
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Tile process according to the invention shows high trans selectivity in respect to. the 

d1>uble bond formed during the reaction. If. for example. a compound of formula la is 

rc::acted with ethoxycarbonylmethylene triphenylphosphotane surprisingly only the trans 

ce>mpound is in prazi isolated. This is in contrast to results of S.C.M. Fell et al.. J.Chem. 

S1:>e. Perkin I. 136lff. 1991 w~in the reaction of 7-phenylacetamido-3-fonnyl-3-cephem-

4--carboxylic acid benzhydrylester with methoxycarbonylmethylene triphenylphosphorane 

results in a product containing about 8 to 99& of the cis isomer. 

Advantages of this process according to the invention as regards prior art are simple 

fc::asibility of the reaction; simple work up; high insensibility of the system in JeSpect to A-

2 isomerisation; and trans selectivity in the Wittig or Bomer reaction. 

Tile following examples define ttie invention more specific without restricting its scope. 

All temperatures indicated are in degree Celsius and are UllC011eCted. Mixtures of isoniers · 

obtained according to the examples may be separated. for .example by. chromatography. 
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Example 1 :Hydrochloride of 6-amino-1,4,5a,6-tetrabydro-3·bydroxy-1,7 ·dioxo-38, 7B· 

aceto[2,1·b]faro[3,4·d)[l,3]thia:zine (hydroxylactone of the hydrochloride of 7-amino-

3-formyl·3·cepbem-4-carboxylic acid) (process a) 

13.8 g of 7-amino-3-[Z(/E)-prop-1-en-1-ylJ-3-cephem~xylic acid-hydrochloride (7-

PACA) are dissolved in 200 ml of methanol and the slighdy .Yellowish solution is cooled 

to -SOO. At tbis temperatum 8 1 of ~ containing CL 2 pen:ent by volume of ozone per 

minute are introduced into this solution whilst &tining. Ozonolysis is. complete after 

approximately 20 minutes. HPLC indicates a practically quantitative and unifonn reaction 

of the starting compound into the tide compound. 8 I of N2 are passed through the .reaction 

mixture in ca. 2 minutes, and the slighdy cloudy solution is poured into 1400 ml of 

methyl tert.butyl ether whilst &tining. The· precipitated product is filtered under N2, washed 

with a little methyl tert.butyl ether and acetonitrile, and dried in a vacuum drying chamber 

over a drying agent. The hydrochloride of 6-amino-1,4,Sa,6-tetrahydro-3-hydroxy-l,7-

dioxo-3H,7H'."aceto[2,l-b]furo[3,4-d][l,3]thiazine is obtained in the fonn of a white 

powder with a purity (HPLC) of over 959&. 
1H-NMR (020 + DCI): 3.62 CAB,.1=16Hz. 2H. S-Cllz); S.10(2d,1=SHz. 2H, ~-lactam 

H); 6.20 (s, broad, IH. O-CH-0). 

Example 2: Tosylate of fi·amlno-1,4,5a,6-tetrahydro-3·hydroxy-1,7-dioxo-3B,7R· 

aceto[2,1·b]furo[3,4-d][1,3]thiazine (hydroXYlactone of the tosylate of 7-amino·3-

formyl·3-cephem-4-carhoxylic acid) (process a) 

12 g of 7-PACA are suspended in 200 ml of methanol, and brought into solution by 

adding 9.S g of p-toluenesulphonic acid hydrate. This solution is ozonised and worked up 

as described in example 1. The tosylate of 6-amino-t,4,Sa,6-tetrahydro-3-hydroxy..;J.7-

dioxo-3H,.7H-aceto[2,1-b]furo[3,4-d][l,3]thiazine is obtained as a slightly yellowish 

powder. 
1H-NMR (DMS().dJ: 2.35 Cs, 3H. CH,); 3.7-3.9 Cm. 2H. S-CHi); S.l-S.4 Cm. 2H, ~lactam 

H>; 6~ cc1, broad. ia. o..cH-o>; 1.1 anc11.s <AiB2· 1=7Hz. 4H. Ar-H>. 

Example 3: Hydrochloride of 6-amino-1,4,5a,6-dlhydro·3·methoXJ•l,7·dioxo·3R,7R­

aeeto[2,1·b]furo[3,4-d][l,3)thlazine (methozylactone of the hydroehloride of 7-amino· 

3-formyl-3-cephem-4-carboxylic acid) (process a) 
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13.8 g of 7-PACA hydrochloride are dissolved in 250 ml of m.ethanol, ozonised as 

described in example l, and precipitated with .methyl tert.butyl ether. The product is 
. . 

filtered off, suspended in 200 ml of acetonitrile whilst in a moist,· methanol-containing 

state. and the suspension is stirred for ca. 30 minutes. The· p,ecipitate which is the 

· hydrochloride of 6-amino-l,4,Sa,6-dihydro-3-metboxy-l ,7-dioxo-3H. 7H­

aceto[2,l-b]furo[3,4-d][l,3]tbiazine is isolated and dried in a vacuum cbying chamber over 

p1hosphorus pentoxide (yeJJowisb powder). 
1H-NMR (DMSo;dJ: 3.SS (s, 3H, O-CH3); 3.8 CAB •• J=4Hz, 2H, S-CHJ; 5.3 (2d, J=SHz. 

2H. ~-lactam H); 6.2 (s, lH, O-CH-0). 

1:xample 4: Hydrochloride of '·•mino-1,4,5a,6-tetrabydro-3·methoxy•1,7·dioxo· 

3·B,7B-aceto[2,1-b]furo[3,4-d][1,3]thiazim (methoxylactone of the hydrochloride of 7. 

1.mino~3-formyl-3-cephem-4·carboxylic acid)(procea a) · 

13.3 g of 7-amino-3-[(ZIB)-3-acetoxy-1-prop-i-en-t-yl]-3-cephem-4-camoxylic acid are 

suspended in ca. 230 ml of methanol. 13.1 g of ttiphenylphosphine are added, and a 

solution is obtained after adding 10 ml of diisopropylether containing ca. 1 g of dly HCl, 

followed by a further 100 ml of methanol. The solution is ozonised as in example 1, but a 

iotal of ca. 2.4 molar equivalents of ozone me introduced over the course of ca. 30 

i:ninutes. After removing of an eventual residue of ozone with N2, the reaction mixture is 

~lischarged onto ca. ·1soo ml of.methyl tert.butyl ether. The·hydrochloride of 6-amino­

l,4,Sa,6-tetrahydro-3-methoxy-t,7·-dioxo-3H. 7H-aceto[2,l-b ]furo[3,4-d][l,3]thiazine 

11recipitat.es. 

1rhe 1H-NMR spectrmn is identical to the spectl'Um reproduced in example 3. 

Jtxample 5: Bydroc .. oride of '·•mino-1,4,5a,6-tetnllydro-3·metboxy•1,7·dioxo• 

~IB,7B·aceto[2,1·b]furo[3,4-d][1,3]thiazine (methoxylactom of the hydrochloride of 7. 

1Lmino·3-formyl-3-cephem-4-carboxyllc acid) 

ll g of 6-amino-l ,4,Sa,6-tetrahydro-3-bydroxy-l, 7-dioxo-3H. 7H-aceto[2,l-b ]furo[3,4-

d][l,3]thiazine hydrochloride are diss0lved in S ml of methanol. Ca. 0.5 ml of dlisopropyl 

c8er, which has been mixed with HCI gas, are added and the mixture is stirred for ca. 10 

ininutes. The hydrochloride of 6-amino-1,4,Sa,6-tetrabydro-3-metboxj-1,7-dioxo-3H, 7H­

aceto[2,l-b ]fum[3,4-d][l ,3]thiazine is precipitated by. addition of ca. SO ml of acetonitrile. 
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Only one of the diastereoisomers in respect. to position 3 is obtained. 
1H-NMR (300 MHz, DMS~): 3.48(s.3H.O-CH,); 3.73 and 3.89(ABqJ=l8Hz,2H,S-CH3); 

5.22 and 5.32 (ABqJ=SHz, 2H,P-lactan1 H); 6.17(s,1H,O-CH-O). 

. . 

Example 6: Rydrochlor.icle of 6·ami•·1,4,5a,6-tetralaydro-3-ethoxy-1, 7-dioxo-311. 7B· 

aceto[2,1·b]furo[3,4-d][l,3Jthiazine (ethoxylactone of tbe bydrocbloride of 7-ami-.3· 

formyl-3-cepbem-4-carboxylic acid) 

S g of the hydrochloride of 6-amino-l,4,5a,6-tetrahydro-3-hydmxy-l,7-dioxo-3H,7H­

aceto[2,1-b]furo[3,4-d][l.3]thiazine are dissolved in 30 ml ethanol. Ca. 2 ml of diisopmpyl 

ether, which has been mixed with HCl gas, are added and the mixtme is stirred for ca. 10 

minutes. The solvent is removed in vacuo, the residue is tmated with methyl-tert.butylether 

and filteied. off. The precipitate is a mixture of the diasteieoisomers of the -hydrochloride 

of 6-amino-1.4,5a,6-tetrahydro-3-ethoxy-l,7-dioxo-3H,7H-acet0[2,l-b]fum[3,4-

d][l,3]thiazine in respect to position 3 of ca. 9:11. 

1H-NMR (300 MHz, DMS~: 1.18 (2t, J=7Hz. 3H, CH,); 3.37·(2q, 2H, CH2-CH3); 3.9 

(m, 2x ABq, 2H, S-Clli); S.20 (d), resp._ 5.22 (d) and 5.31 (2 isocbrone d) (2x ABq, 

J=SHz, 2H, S-lactam H); 6.21 and 6.31 (s, 111, O-CH-0). 

Example 7: Bydrochlorlde of 6·amino-1,4,5a,6-tetrabydro·3·propoxy•l,7·dioxo· 

3B,7B-aceto[2,l·b]furo[3,4·d](1,3]tblazine (propoxylactone of the hydrochloride of 7-

amino·3·formyl·3·cephem-4·c:arboxylic acid) 

5 g of the hydrochloride of 6-amino-l,4,5a,6-tetrabydro-3-hydroxy-l,7-dioxo-3H,7H­

aceto[2,1-b]furo[3,4-d](l.3]thiazine are dissolved in SO ml n-propanol. CL 2 ml of 

diisopmpyl ether, which has been_ mixed with HCJ gas, are added and the mixture is 

stirred for ca. 10 minutes. The solvent is removed in vacuo, the residue is tn:ated with 

methyl-ten.butyl~er and filtemd off. The precipitate is a mixture of the diastmeoisomers 

of the hydrochloride of 6-amino-1,4,5a,6-tetrabydro-3-propoxy-l,7-dioxo-3H, 7H­

aceto[2,l-b ]fum[3,4-d][l.3]thiazine in respect to position 3 of ca.1:1. 
1H-NMR (300 ~ DMSO-dt): o.ss (2t, J=7Hz, 3H, CH,); 1.6 (m, 2H, CH2-CH,); 3.7 

(m, 2H, 0-CH.z); 4~9 (m, 2x ABq, 2H, S-CH.z); S.20 (d), resp. S.21 (d) and S.31 (2 

isoehrone d) (ABq, J=dHz. 2H, 8-lactam H); 6.21 and 6.3 (s, lH, 0-CH-O). 
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Jtxample 8: Tosylate of 6-amino-1,4,5a,6-tetrahydro_·3·methoxy-1,7-dioxo-3H,7B· 

11ceto[2,1·b]furo[3,4-d][l,3]tbi8zine (methoxylacto• of the tosylate of 7-amino-3· 

formyl-3-cephem-4-carboxylic add} 

1.5 g of the hydrochloride of 6-amino-1,4,Sa.6-tetrahydro-3-methoxy-l ,7-dioxo-3H. 7H­

a17.eto[2,l-b]furo[3,4-d][l ,3]tbiazine are dissolved in 30 ml methanol. 20 ml of 

tributylamine are added at 0° and the mixtme is stined for ca.15 minutes. The precipitate 

is fil~d off and washed with a little methanol (0°). -The free base of 6-amino-1,4,Sa.6-

tetrahydro-3;.methoxy-1, 7-dioxo-3H. 7H-aceto[2,1-b ]fum[3,4-d][l,3Jthiazine thus obtained is 

aL brown powder containing only one of the diastereomers in respect to position 3. 

1H-NMR (300 Milz, CJ>iCIJ: 3~1 and 3.61 (ABq, J=18Hz, 2IL S-Clli); 3.S6 (s, 3H, 

CHJ; 4.91 (s, broad) and 4.97 (ABq, J=SHz. 2IL 8-lactam H); 5.82 (s, lH, 0-CH-0). 

l g of the free base obtained as described above is dissolved in 10 ml of methylenchloride 

allld treated with a solution of 780 mg of p-toluenesulfonic acid. monohydrate in 1 ml of 

rnethanol. After S minutes the solvent is removed in vacuo and the residue is treated with 

diethylether and filtered. Slightly coloured crystals of one of the diastereoisomers of the 

tosylate of 6-amino-l,4,Sa.6-tetrahydm-3-metboxy-1,7-dioxo-3H,7H-aceto[2,l-b]fum 

[3,4-d][l,3Jthiazine are thus obtained. 
1H-NMR (300 MHz. DMSO-d6): 3.48 (s, 3H, CH,); 3.75 and 3.88 (ABq, J~l8Hz. 2IL 

S-Clli); 5.23 and S.32 (ABq, J=SHz. 2IL 8-lactam H); 6.2 (s, lH, O-CH-0); 7.1 and 7.48 

(A2B2~ J=BHz, 4H, ArH). 

Jtxample 9: 7-Ami•·3·(N·phenylimi•)methyl·3-ceplaem-4-earboxylic acid 

(process b) 

1:06.5 ml of bistrimethylsilyl acetamide and 412 ml of propylene oxide are added at 0° to 

~~12.8 g of 7-trimethylsilylamino-3-tripbenylphosphoniummethyl-3~hem-4-carboxylic 

2icid-trimethylsilyl ester iodide in 460 ml of cby dimethylformamide. The solution is . 

subsequently stirred at this temperature for _3 hours. 119_.6 g of p-nitrosobenzene me added. · 

After stirring for 16 hours at -13°, the dark-coloured reaction solution is stirred into 2400 

1nl of ethanol at this temperatme. The product precipitates. ~ stirring for. 30 minutes in 

IL cooling bath, the· deposit is filtered off, Washed. with· cOld ethanol and dried. 

1H-NMR (CDC13 + BSA): 0.09 (s, 9H, N-Si(CH,),); 0.25 (s, 9H, 0-Si(CH,),); 1.87 (d, 
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J~.4Hz, 1H,NH-Si(CH3):9); 4.04 CAB., J=lS.SHz. 2H. S-CHJ; 4.87 (2d, J=9.4Hz, 

J=5.3Hz. llH. ~lactam-H); S.06 (d, i=S.3Hz, lH. ~lactam-H); 7.14-7.41 Cm. SH. 

aromatics-H); 8.72 (s. lH. CH•N). . 

Example 10: Hydrochloride of 6-amino-1,4,Sa,6-tetrabydro·3-hydroxy-1,7·dioxo· 

3B,7B·aceto[2,1·b)faro[3,4·d][1,3)tldazine (bydrosylactone of tbe hydrochloride of 7. 

amino-3-formyl-3-cephem-4-carboxylic add) (proce.s e) 

S g of 7-amino-3-(N-phenylimino)methyl-3-cephem-4-carboxylic acid are introduced into 

150 ml of 2 N hydrochloric acid at 0°. After stirring for 10 minutes at this temperature, 

the small amount of insoluble starting material is separated by filtration. The clear filtrate 

is washed several times with isobutanol in order to iemove aniliile. and is lyophilised. The 

hydrochloride of 6-amino-l,4.Sa,6-tetrabydro-3-hydroxy-l, 7-dioxc>-31t7H-aceto[2.1-

b ]furo[3,4-d][l,3]thiazine is thus obtained as a light bright-yellow powder. 
1H-NMR {D20 + DCl): 3.77 CAB., J;:;18Hz, 2H, S-CHi); S.22 (d, J=5.2Hz, lH. ~lactam 

H); S.21 (d, J=S.2Hz; UL ~lactam H); 6.35 (s. broad. llL 0-CH-0). 

Example 11: Hydrochloride of 6-amino-1,4,Sa,6-tetrabydro-3-bydroxy-1,7-dioxo· 

3B, 7B·aeeto[2,1-b]faro(3,4-d][l,3Jtldaziae (liydroxylactone of the hydrochloride of 7 • 

amino-3-formyl-3-c:ephem-4-earboxylie add) (proceaea b + c) 

13.4 ml of bistrimethylsilyl acctamide and Sl.S ml of propylene oxide are added at 0° to 

26.6 g of 7-trimethylsilylamino-3-triphenylphosphoniummetbyl-3-cephem-4-caiboxylic 

.acid-trimethylsilyl ester iodide in SO ml of hexamethyldisilazane-containing 

dicbloromethane. The solution· is stirred at this temperatuie for one hour •. 7.9 g of p­

nitrosobemene are added. After stining for 18 hours at 0°, the propylene oxide is distilled 

off in vacuo. The reaction mixtme is stimsd into 100 ml of cold 1 N hydn;>chJoric acid. 

After separation of the phases the aqueous phase is washed several times with isobutanol 

to separate aniline and lyophilised. The bydmchloride of 6-amino-1,4.Sa,6-tetrabydro-3-· 

hydmxy-1,7-dioxo-3H,7H-aceto[2,l-b]furo[3,4-d][l,3]thiazine is thus obtained as alight 

yellowish coloured powder. 

Work up the reaction mixtuie may also be cmied out·-' follows:. The iesidue after 

evaporation is stin'ed into 100 ml of cold 1 N hydrochloric acid and stirred for 10 minutes 

at .0°. 'lbe 2-phase mixture is filtered blank. After phase separation the product-containing 



WI) 95/29182 PCT/EP95/01538 

34 

aqueous phase is washed several times with isobutanol. The aqueous phase is concentrated 

ii'I vacuo and purified over an adsorber resin HP20. The fractions containing the product 

are combined and lyophillsed. The hydrochloride of6-amino-1,4,5a,6-tetrabydro-3-

lliydroxy-l,7-dioxo-3H.7H-aceto[2,l-b]furo[3,4-d][l,3)thiazin~ is thus obtained as a white 

powder. 

1be 1H-NMR spectrum is identical to the spec:UUm of example 1. 

l~xample 12: ( 6R-trans)·7-amino-3-formyl-8-oxo-5·thia·1-azabicyclo[4.2.0]oct-2-ene-.2-

carboxylic acid ( =7 -amino-3-formyl-3-cepbem-4-carboxylic acid)(proceu d) 

2:.64 g of the hydiochloride of 6-amino-1,4,5a,6-tettahydro-3-hydroxy-1,7-dioxo-3H.7H-

aceto[2,1-b)furo[3,4-d][l,3)tbiazine (bydroxylactone of the hydrochloride of 7-amino-3- f 
formyl-3-cephem-4-carboxylic acid) are dissolved in SO ml of methaD:ol. A solution .of 

Ct.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 filtemd off under nitrogen whilst 

e,xcJuding moisture, washed with a little methanol and. dried over a chying agent· in vacuo 

a.t ro0m temperatme. (6R-trans)-7-amino-3-formy1-8-oxo-S-thia-1-azabicyclo[4.2.0]oct-2-

ene-2-carboxylic acid is thus obtained in the fonn of a light brown powder. 

IR (KBr): 1799 cm·1 (f5-lactam), 1672 cm·1 (CHO), 1606 and 1542 cm·1 (carboxylate) 

UV spectmm: A.- in HiO = 302 nm. 

ltxample 13: 7-trimetbylsilylamino-3-formyl-3-cephem-4-carboxylic acid 

trimetbylsilylester (proceu d) 

A suspension of 100 mg of 6-amino-l,4.Sa,6-tettahydro-3-hydroxy-1,7-dioxo-3H,1H­

aceto[2,1-b)furo[3,4-d)[l,3]tbiazine (hydroxylactone of the hydrochloride of 7-amino-3-

formyl-3-cepbem-4-carboxylic acid) in 1 ml of deuterochlmoform is mixed at mom 

ti~mperatme with 0.28. ml of BSA. The reaction mixture is stirred for 10 minutes at room 

t=perature. A clear solution is obtained. The reaction solution bas the following 1H-NMR. · 

spectrum: 

l .40 (d, J=l2Hz. lH. NH-[TMS]:z); 3.57 (ABq, J=18.3Hz, 211; S-CH:z); 4.80 (2d, J=12Hz, 

J=S.3Hz, lH, f5-lactam•H); 4.90 (d, J=i5.3Hz, lH, P.,Jactam-H); 9.81 (s, IH, CH=O). 

i'-trimethylsilylamino-3-formyl-3-cephem4-carboxylic acid trimethylsilyl~ter may be 

c,btained from this solution by means of evaporation. 
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Example 14: · 7-trimetbylsilylamino-3-formyl-3-cepbem-4-carboxylic add 

trtmetbylsHylester 

2.28 g of 7-amino-3-fonnyl-3-cephem-4-carboxylic icid are sti=d for 15 minutes at 0° in 

a mixture of 50 ml of dichloromcthane and 20 ml of aceto~le with S.4 ml of N,0-bis­

(trimethylsilyl)-acetamide. A light yellow solution is obtained. 7-trimetbylsilylamino-3-

formyl-3-cepbem-4-carboxylic acid trimethylsilylester may be obtained from this solution 

by means of evaporation. 

Exampel 15: ( 6R·trans)·7·amino·3-formyl·8-oxo-5·tbla·1·azabicyclo[ 4.2.0]oct·2·en-2· 

carboxylic add (7 -amino·3-formyi-3-cepbem-4-carbosylic add) (processes· a + d) 

A solution of ~56 g 7-amino-3-((PIZ)-piop-1-en-l-yl]-3-cepbem-4-carboxylic acid­

hydrochloride in 71 methanol is ozonimd as described in example l(temperatme: -50°; .10 

1 oxygen containing ca. 4 percent by volume of ozone/minute are introduced). Ozonolysis 

is tenninated after ca. 4 hours. 40 l of N2 are passed through the maction mixture in ca. 5 

minutes. The reaction temperature is raised to -35° and 5.6 1 of an aqueous, S % wiBrigen 

solution of scxtiu~ acetate are added whilst stirring without further cooling. The 

precipitate is immediately filtered under nitrogen whilst excluding of moisture, washed 2 

times with 2.S 1 of acetonitrile and dried in a drying chamber at 30° for S hours. (6R­

trans)-7-amino-3-fonnyl-8-oxo-S-thia-l-azabicyclo[4.2.0]oct·2-en-2-carboxylic acid is thus 

obtained as a light yellowish powder. 

IR.(KBr): 1799 cm·1 (8-lactam), 1672 cm·1 (CHO), 1606 and 1542 cm·• (carboxylate) 

UV-spectrum: ·1-. in ~o = 302 nm. 

Compounds of fonnulae I, Ia and n may be used for the pioduction of cephalosporins, for 

example for the production of 

1') N·(l,4,5a,,.tetrahydro·3·methosy-1, 7-dloso-3R, 7B·aceto[2,l·h]furo[3,4-d)[l,3]tbia· 

zin-6-yl)·phenylaeetic: add amide 

2 g of the tosylate of 6-amino-l,4,Sa,6-tetrahy~3-metboxy-1,7-dioxo-3H.7H-aceto[2,l· 

b]furo[3,~][l,3]thiazine are dissolved in 50 ml methylenchloride, cooled to 0°and tlated 

with 1.85 g of N,0-bis(trimethylsilyl)-acetamide. After 30 minutes 1.4 g of phenylacetic 

acid chloride are added and the reaction mixture is sWrecl for about 30 minutes at mom 
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teunperature •. 2 ml of methanol are idded followed by 5 minutes of stining at room 

teinperature and filtration. After removal of the solvent the residue is treated with 50 ml of 

m~yl-tert.butylether and with 20 ml of methanol· and filtered. One of the diastereomers · 

of N-(l .4,Sa,6-tetrahydro-3-methoxy-1. 7-dioxo-3H. 7H-aceto[~,l-b]furo[3,4-d][l,3]thi~­

zi11-6-yl~phenylacetic acid amide is thus obtained in the fonn of a colourless powder. 
1H-NMR. (300 MHz, CD2Cl:J: 3.50 and 3.60 (ABq, J=18Hz, 2H, S-C~); 3.57 (s, 3H, 

CH3); 3.63 (AB, 2H, C~); 5.0 (d, J=SHz. lH, 8-lactam H); 5.80 (s, lH. O-CH-0); 5.94 

(did, J=9Hz and SHz, IH. 8-lactam H); 6.4 (d broad, J=9Hz. NH); 7.23-7.4 (m. SH, Ar-H). 

1H-NMR (300 ~ DMS~: 3.40 (s, 311..CH,); 3.49 und 3.55 (ABq, J=13Hz, 2H, 

CH:J; 3.61 and 3.76 (ABq, J=lSHz. 2H, S-CHV; 5~11 (d, J=SHz. lH. 8-lactam H); 5.87 f. 
(dd, J=8Hz und 5Hz, IH. 8-lactam H); 6.12 (s, lH, O-CH-0); 7.2-7.3 (m. SH. Ar-H); 9.20 

(d,, J=8Hz, lH. NH). 

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

A suspension of 0.50 .I of the bydmcbloricie .of 6-amino-l,4,Sa,6-tetrahydro-3-hydroxy-l ,7-

dic>xo-3H, 7H~aceto[2,1-b ]fmo[3;4-d][l,3]dllazine in 5 ml of chlorofonn is mixed at 0° 

with 2.3 ml of BSA and stirred .for 15 minutes. A clear solution is obtained. 0.35 ml. of · 

aniline Ire added. After stirring for 3 hours at 0°, the reaction mixture is stirred into 30 ml 

of cold ethanol. The imino compound precipitates. After stining for 30 minutes in the 

coetling bath, the deposit is filtered off, washed with ethanol and dried. 

.1H-NMR (CDCl3 +BSA): 1.87 (d, J=9.4Hz, lH. NH-(TMSh; 4.04 (ABq, J=l8.5Hz. 2H, S­

Cll:J; 4.87 (2d, J=9.4Hz, J=5.3Hz, lH, (J-lactam-H); 5.06 (d, J=5.3Hz, lH. (J-lactam-H); 

7.1!4-7.41 (m, SH. aromatic H); 8.72 (s, lH. CH-N). 

IR(KBr): 1789 cm1 (C=O, (J-lactam). 

18) [5aR(5aa,6(5)]•1,4,5a,6-tetrahydro-3-hydroxy-6-phenylacetamido-3B,7B·aceto[2,1· 

b ]lluro[3,4-d][1,3]thiazine-1, ~( 4B)-dio•(• hydroxylactone of 7·phenylacetamido·3· 

fo1~myl-3-cephem-4·carbm:yllc add) 

2.llS ml of N,0-bis-(trimethylsilyl~acetamide are added at 0° to a suspension of 1.39 g of 

6-umino-l,4,Sa,6-tettahydro-3-hydroxy-1,7-dioxo-3H,7H-aceto[2,l-b]futo[3,4- .· 
. . 

d][l,3]thiazine in a mixture of SO ml qf dichloromethane and 10 ml of acetonitrile. After 
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stirring for l 0 minutes, a clear solution is obtained, into which 0.6. ml of pbenylacetic acid 

chloride are added dropwise.The teaetion mixture is stin'ed for 30 minutes at 0° and 0.2 

ml of water are 8dded. After separatiiig the precipitated acetamide-HCl, evaporation is 

effected in vacuo. The ~idue is· treated with methyl-tert.butf 1 ether and dried. 

[5aR(Saa.6P>J-l,4.Sa.6-tetrahydro-3-hydroxy-6-pbenylacetamido-3a7H-aceto[2,l­

bJfuro[3,4-cl][l,3Jthiazine-1.7(4H)-dione is thus obtained in the form of a light yellow 

powder. 
18-NMR (60 MHz. ~-DMSO): 3.5 (s, 2H, -Clli-CO); 3.75 (s, broad, 2H, SCH2); 5.1 (d, 

J=SHz. IH); 5.9 (lid. J=S and 8Hz..1H); 6.2S (d, J=6Hz. ia O-CH-0); 7.25-7.3 (s, broad, 

sa Ar-H); 9.2 Cd. J=7Hz. tH. NH). 

19) Sodiam salt of 7-phenylacetamido·3·formyl·3·cepbem-4•carboxyUc; acid 

2.28 g of 7-amino-3-formyl-3-cephem-4-carboxylic acid are stin'ed for 15 minutes at 0° in 

a mixture of 50 ml of dicbloromethane and 20 ml 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 stin'ed· for 30 minutes at 00, and is 

then hydrolysed with 0.4 ml of Water. The cloudy brown solution is filtered until clear~ 

· and the dichlorometbane removed in vacuo. The teSidue is diluted with 20 ml of 

acetonitrile and then mixed whilst stining with-1.7 g of sodium-2-ethylhexanoate. Stirring 

continues for 10 minutes at room ternperatuns, and the precipitated product is filtered. 

After chying in a Vacuum, the sodium salt of 7-phenylacetamido-3-formyl-3-cephem-4-

carboxylic acid is thus obtained. 
1H-NMR (60 MHz, "6-DMSO): 3.45 (ABcp J=ISHz, 2H, S~; 3.60 (s, 2H, -Clli-CO); 

S.l (d, J=SHz. lH); S.65 (dd, J=5 and 8Hz, IH); 7.2-7.5 (s, broad, SH. Ar-H); 9.2 (d, 

· J=7Hz. IH, NH); 9.7 (s. ta CH=O). · 

20) 7-pbenylacetamido·3-formyl-3-cephem-4-carhoxylic add benzhydrylester 

2.28 g of 7-amino-3-formyl-3-cephem-4-carboxylic acid am bisilylated as described in 

example 19 with 5.4 ml of N,0-bis-(trimethylsilyl)-ac:etam;de, reacted with pbeny~c 

acid chloride, and then hydrolysed with 0.4 ml of water. The hydtolysed reaction mixture 

is treated with 1 g ·Of activated chan:oal and then fllteied. The yellow filtrate is mixed 

with 20 mJ ·of a 1096 solution of diphenyldiazometbane in dichloromethane, and then 
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concentrated. to I 0 ml in vacuo. The product is pmcipitated from the residue of 

evaporation thus obtained by adding JOO ml of n-hexane~ 7-pb&mylacetamid~3-fonnyl-3-

ce;phem-4-carboxylic acid benzhychylester is thus obtained as a slightly yellowish product. 

1H-NMR (60 MHz. ~DMSO): 3.15-and 3.90 CAB,, J=I8Hz, ,2H, SCffi); 3.55 (s, 2H. 
-C~-CO); 4.9 (d, J=SHz, lH, H-6); 5.90 (dd, J=S and 8Hz, lB, H-7); 6.6 (d, J=8Hz, IH, 

NH); 7.0 (s, IH, CHPb.i); 7.25 and 7.30 (2s, 15H, Ar-H); 9.62 (s, IB. CB=O). 

21) 7-Amino·3·[[(aminocarbonyl)hydrazono]methyl]·3·cephem-4-earboxylic acid 

I.~~ g of semicarbazide-hydrochlOride are dissolved in 30 ml of water and the solution is 

cooled to 0°. To this solution are added 3.0 g of the hydrochloride of 6-amino-l,4,Sa,6-

tetrahydm-3-hydroxy-l, 7-dioxo-3H. 7H-aceto[2,l-b ]furo[3,4-d][l,3]thiazine in small f 
portions. The reaction mixtum is stirred at 3 to 5° for 4 hours. The pi=ipitate which is 7. 

Alnino-3-[[(aminocarbonyJ)hydrazono]methyl]-3-cepbem4carboxylic acid is filte=d off 

and washed with 10 ml of acetone. 
1El-NMR (300 MHz. CD30D): 8.35 (s, UI, CH=N); 5.31 (d, J=S.lBz. lB, CH); 5.14 (d, 

J=S.lHz, lB, CH); 4.28 und 3.84 (ABq, J=17.9Hz, S-Cllz). 

2.2:) 7·Amino·3·(methoxyimino)methyl-3-cephem-4-carboxyUc add · 

A solution of 0.25 g of 0-methylhydroxylamine-bydrochloride in 7 ml of water is mixed 

at 0° with 0~79 g of the hydrochloride of 6-amino-l,4,Sa,6-tetrahydro-3-hydroxy-1,7-dioxo-

3lt7H-aceto[2,1-b]fmo[3,4-d][l,3]thiazine. After stirring for 15 hours at 00, the suspension 

obtained is filtmecL 1be caystal cake is washed with cold water and acetone. After chying 

in vacuo, 7-amino-3-(methoxyimino)methyl-3-cephem4-carboxylic icid is obtained as an 

al:most white, ciystalline powder. 
1H-NMR (CD3COOD + CP3COOD): 3.99 (211. S-Cllz): 4.01 (s, 3H, CH,0); 5.39 (2H. p. 
lactam-H); 8.67 (s, IB, CB=N). IR (KBr): 1799 cm·1 (C=O, P.lactam). 

~~) 7 ·Amino;.3[(E)·2-tert.batoxycarbonyl]ethenyl-3-cephem-4-carboxylic acid 

A suspension of 1 g of 6-amino-l,4.Sa,6-tetrahydro-3-bydroxy-1,7-dioxo-3B,7H­

ac:eto[2,1-b]fmo[3,4-d][l,3]thiazine in 10 ml of metbylenchJoride is~ at room 

temperatme With 3.6 ml BSA. The reaction mixtme is. stirred for I 0 minutes at room 

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

.. 
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formyl-3-cephem-4-carboxylic acid. The solution is cooled to 0° and treated with 0.37 g of 

lithium acetate and 1.5 ml of DMF. After 15 minutes whilst stining under cooling in an 
. . . 

ice bath 1.42 g tert.butoxy-carbonylmethylene-triphenylphosphorane are added. After 24 

hours stining at 0° the reacti6n mixture is stined into 30 ml pf methanol. The product 

crystallizes. After 30 minutes stining 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]ethenyJ-3-cephem-4-carboxylic acid as a light coloured, 

crystalline powder are obtain~ 

IR-spectrum (KBr): 1803 cm·1 (C=O 8-lactam), 1705 cm~1 (C=O ester) 
1H-NMR.;.spectrum (90 MHz, DiO+~C03): 1.SO (s. 9H. C(CH,),); 3.61 (2H. S-CH:z); 4.82 

(d, J=4.SHz. lH. 8-lactam-H); 5.31 (d, J=4.SHz. lH. 8-lactam-H); 5.97 (d, J=15.0Hz. lH. 

C=CH-CO); 7.65 (d, 1=15.0Hz. lH. CH=C-CO). 

24) 7-Amino·3[(E)·2-ethoxyc:arbonyl]ethenyl·3-cephem-4-c:arboxylie acid 

A suspension of 1 g of 7-amino-3-formyl-3-cephem-4-carboxylic acid in 10 ml of 

propylene oxide is tteated 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

bisttimethylsilyl-7-amino-3-formyl-3-cepheni-4-carboxylic acid. The solution is cooled to 

0° and treated with 1.45 g of ethoxycarbonylmethyltripbenylphosphonium chloride. After 

44 hours stining at 0° the reaction mixture is worlced up as described in example 23). 

After drying 0.90 g (71~79') of 7-amino-3[(B)-2-etboxycarbonyl]etbenyl-3-cephem-4-

carboxylic acid as· a light coloured, ciystalline powder are obtained. 

IR-spectnim (KBr): 1801 cm·1 (C=O 8-lactam), 1709 cm·1 (C=O ester) . 

UV-spectrum ~O): 1-.. = 316.1 nm 
1H-NMR-spectrum (90 MHz. DMSO-dz+ CP3COOD): 2.24 (t, J~7.0Hz, 3H. CH,); 3.90 

CAB" 1=18.0Hz. 2H. S-CHJ; 4.18 (q, J=7.0Hz, 2H, O-CH2-); S.3() (cl, J=S.OHz, lH, 8-
lactam-H); 5.36 (d, J=S.OHz, l~ 8-lactam-H); 6.30 (cl, J=i6.0Hz, lH. C=CH-CO); 7 .BO 
(d, ~=16.0Hz. lH. CH=C-CO). 

25) 7-Amino-3[(E)·2-ethoxyc:arbonyl]ethenyl-3-ceplaem-4-c:arboxyUc acid 

A suspension of 1 g of 7-amino-3-formyl-3-cephem-4-carboxylic ~d· in 10 ml of 

propylene oxide is tleated at room temperature with 4.7 ml of BSA. The reaction mixtme 
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is stirred at room temperatum for 10 minutes. A clear solution is obtained containing N,0-

b:istrimethylsilyl-7-amino-3-fonnyl-3-cephem-4-c:arboxylic acid. The solution is cooled to 

o·~ .and treated with 1.32 g of etboxyCarbonylmethyltripheriylphosphorane. After 24 houn 

s1ining at 0° the reaction mixtum is worked up as described in example 23). 
. . . 

Dt-spectmm (KBr): 1803 cm·• (C=O 8-lactam), 1736 cm·• (C=O ester) 

UV-spectmm (H20): l.._ = 316.1 nm 
1H-NMR, UV and IR spectra are identical with the spectra of exampe1 23). 

215) 7-Allaino·3[(E)·2-ethosycarbonyl]ethenyl·3·cepllelli-4·earboxylic. acid 

A suspension of 200 mg of 7-amino-3-fonnyl-3-cephem-4-carboxylic acid in 2 ml of"THF 

is treated at room temperatum with 1.08 ml of BSA. The reaction mixture is stirred at f 
ruom temperature for 10 minotes. A clear solution is o~ containing N,0-

b:istrimethylsilyl-7-amino-3-fonnyl-3-cephem-4-carboxylic acid. The solution is cooled to 

O'" and treated dropwise with a mixture of 197 mg of diethylethoxycarbonylmethyl-

plllosphonate and 98 mg of potassium tert.butylato in 2 ml of THF. AfterJ8 hours stirring 

at 0° the reaction mixtum is worked up as described in example 23). 

3~!> mg (15.SCJ&) of 7-amino-3[(E)-2-ethoxycarbonyl]ethenyl-3-cephem-4-carboxylic acid as 

a brown colomm powder· are thus obtained. 
1H-NMR, UV and IR spectra are identical with the spectra of exampel 23)~ 

2'7) 7 ·Amino·3[(E)·2·N·diethylearbamoyl]ethenyl·3·cepllem-4-earboxylic acid 

A .suspension of 300 mg of 7-amino-3-formyl-3-cephem-4-carboxylic 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 temperatme for 10 minutes. A clear solution is obtained containing N,0-

b:istrimethylsilyl-7:.amino-3-fonnyl-3-cephem-4-carboxylic acid. The solution is coolecf to 

0" and treated with 377 mg of N,N-diethylcatbamoylmethylenphosphorane. After 24 hours 

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

2DS mg (49.8%) of 7-amino-3[(E)-2-N-diethylcarbamoyl]ethenyl-3-cephem-4-carboxylic 

a:id as light yellowish coloured powder are thus obtained. 

Di-spectrum (KBr): 1798 cm·1 (C=O 8-lactam), 1635 cm·• (C=O amide) 

UV-spectrum ~0): 1-s = 315.7 nm · 

1H-NMR-spectrum.(90 MHz. DMSO-cl6+ CF3COOD): 1.03-1.33 (m, 6H, 2xCH3); 3.60-

.. 
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3.66 (m, 4H. 2xN-CH2-); 3.87 (AB119 2H, S-CH2-); 5.10 (d, J=4.8Hz. lH. B-lactam-H); 5.31 

(d, J=4.8Hz, lH, B-lactam-H); 6.67 (d, J=lS.OHz, lH. C=CH-CO); 7.88 (d, J=15.0Hz, lH, 

CH=C-CO). 

28) 7 ·Amino-3-(2·pbenyl)ethenyl-3-cepbem-4·earboxylic acid 

A suspension 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 stirred at room 
temperature for 10 minutes. A clear solution is obtained containing N,O-bistrimethylsilyl-

7-amino-3-fonnyl-3-cephem-4-carboxylic acid. The solution is cooled to 0° and treated 

with a solution of 0.53 g of phenylmetbylene ttiphenylphosphorane in 4 ml of THF. After 

24 hours stirring at 00 the ieaction mixtui'e 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)a, 7P(Z)]}·7 ·{[(2-amin~thiazolyl)(methoxyimino)aeetjl]amino }·3-(3· 

ethoxy·3-oxo·l·propinyl)·l·oxo·S·thia·l·aablcydo(3.2.0]oct·2-~ne-4-c:arboxylic: acid 

( = 7 ·[(2·amino-4-tbiazolyl)(methoxyimlno)actyl]amino-3·(3-ethoxy·3·oxo·l·propenyl)· 

3-cephem-4-carboxyllc add) 

0.34 g of trietbylamine ·are added dmpwise at 00 to a suspension of O.S g of 7-amino-3-

((E)-3-ethoxy-3-oxo-l-propenyl)-3-cephem-4-carboxylic acid· and 0.67 g of (2-amino-4-

tbiazolyl)(methoxyimino)acetic acid mercaptobenztbilyl ester in S ml ethanol. The 

reaction inixture is stirred for S houri at ·this temperature. A clear solution is obtained. The 

pH is adjusted to about 2.S by dmpwise addition of diluted hydmchloric acid. A 

precipitate is· fonned. After 1 hour stining at 00 the ciystal suspension is filtered and the 

filter cake is washed with ethanol. After drying 0.27 g (33.69') of 7-[(2-amino-4-

thiazolyl)(methoxyimino)actyl]amino-3-(3-ethoxy-3-oxo-1-propenyl)-3-cephem+ 

carboxylic acid as a light coloui'ed, crystalline powder are obtained. 
1H-NMR spectrum (90 MHz. DMSO-d,): 1.22 (t. J=7.0Hz. 3H,-CH3); 3.80 (AB119 J=18Hz. 

2H, S~); 3.87 (s, 3H, 0-CH3); 4.18 (q, J=7.0Hz, 2H, 0-CHJ; S.25 (d, J=4.8Hz, IH, p. 
1actam H); S.86 (dd, J=8.SHz, J=4.8Hz.1H, P,.lactam H); 624 (d, J=16.0Hz, lH. C=CH­

CO); 7.73 (d, J=16.0Hz. lH, CH=C-CO); 9~70 (d, J=S.SHz, IH). 

30) 7·Amino-3[(E)·N·(2,2,2-triftaoretbyl)pyrrolidine-2-on-3-ylidenmetbyl]·3-eephem-4· 
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t:arboxylic acid 

A suspension of 126 mg of 7-amino-3-formyl-3-cephem-4-carboxylic acid in 2 ml of 

J>ropylene oxide is treated at room temperature with 572 mg of BSA. The reaction mixture 

is stined at room temperature for 10 minutes. A clear soluti911 is obtained containing N,O­

bistrimethylsilyl-7-amino-3-formyl-3-cephem-4-carboxylic acid. The solution is cool~ to 

()
0 and treated with 152 mg of N-(2,2,2-triflwnethyl)-pynolidinC,.2-on-3-yl-triphenyl­

l>hosphonium-bromide. After 24 hours stining at 00 the reaction ~ is w~ up as 

described in example 23). After chying 119 mg (57%) of 7-amino-3[(B)-N-(2~-

1rifluormethyl)pynolidine-2-on-3•ylidenmethyl]-3-cephem-4-carboxylic acid as a light 

c:oloured, ciystalline powder are thus obtained. 

JR-specaum (ICBr): 1791 cm·1 (C=O B-Lactam), 1692 cm·1 (C=O Amid) 

lN-specaum ~0): 1-_ = 324.3 nm 
1H-NMR.-spectrum (90 MHz, DMSO-di + CF3COOD): 2.91-3.23 (m, 2H. C-Cffi-C­

J•yrrolidinon); 3.47-3.SS (m, 2IL N-Cffz-pym;lidinon);·3.99 (q, J=l5Hz, 2H, S-C~-); 4.17 

(AB11, J=15Hz, N-Clli-CF,); 5.25 (d, J=3.0Hz, IH, B-lactam-H); S.32 (d, l=3.0Hz, lH, B­

lactam-H); 7.47 {t, J=3Hz. lH, CH=C). 

~~1) 7·Amiao·3[(E)·N·metbylpyrrolidine·2-on-3·ylldenmethyl]·3·cephem-4·carlioxylic 

ILCid 

A suspension of 300 mg of 7-amino-3-formyl-3-cephem-4-carboxylic acid in 3 ml of 

Jm>pylene oxide is treated at room temperature with 1.6 ml of BSA. The reaction mixture 

is stirred at room temperatme 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-metbylpyrrolidine-2-on-3-yl-methylene triphenyl­

J•hosphorane. After 15 hours stining at 0° the maction mixtme is worked up as described· 

in example 23). After chying 328 mg (83.9 ·%)of 7-amino-3[(E)-N-methylpyrrolidine-2-

cm.;3-yJidemnetbyl]-3-cephem-4-carboxylic acid is a light coloured powder are thus 

ubtained. 

IR-specaum (KBr): 1783 cm·1 (C=O B-lactam). 
1H-NMR.-spectrum (90 MHz. DMS~ + CF3COOD): 2.88 (s, 3H, N-CH3); 2.80-3.56 (m, 

4H, H-pyrrolidinon); 3.95 (ABq, J=19.3Hz, 2H, S-CHJ; 5.21 (d, J=5~7Hz, lH, 8-lactam­

H); 5.29 (cl, J=5.7Hz, lH, B-lactam-H); 7.32 (t, J=3Hz, IH, CH=C). 
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Patent Claims 1111111\ \1\11\ 111\1 \\l\I \\ lll\ 
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1. A compound of fonnula · 

IA 

wherein either 

a) R• denotes hydrogen or a silyl group; Rb denotes a group of fonnula 

-OR•, wherein R• denotes hydrogen or alkyl; and Rc and Jid together denote a 

bond; or 

P> R• and Rd denote hydrogen or a silyl group; and Rb and Rc together denote an 

imino group of fonnula = N - Y, whcnin Y denotes alkyl. myl or beterocyclyl; 

'Y) Rd denotes hydrogen or a silyl group; R• denotes bydroiCD. if Rd denotes 

hydrogen; or, R• denotes hydrogen or a silyl group, if Rd denotes a silyl group; 

and Rb and Re together denote the oxo group; 

in free form or in salt form. 

2. A compound according t0 claim 1 of formula 

I 
Oiti 

wherein and x · denotes the anion of an inorganic or organic acid and R1 denotes 
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I If Ill~ Hll~ 1111111111111111 hydrogen or an alkyl group. 
If s * 

A compound according to claim .1 of formula 

R 
I 

H-Nµ0~ 
la 

COOR· 

whemin R denotes hydrogen or a silyl group. 

A compound according to claim lof formula 

R 
I 

· H-N 

)=(0CH•N·Y Ji 

COOR 

whemin Y is as defined in claim l and R is as defined in claim 3 in free form or in 
salt form. 

S. A process for the production of a compound of formula IA as defined in claim 1 

which comprises 

a) for the production of a compound of formula IA. group ex), 

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

« 
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111111111111111111111111111111 
H,N)=(+ s 
x-

. N. 

0 

.. c L " s .. 

/'"2 
CH=C ' ; ~ 

m 
COOH 

wherein Ri and R3 are the same or ~nt and independendy of each other denote 

hydrogen or an organic group, and x- is as defined in claim 2, in the presence of 

ozone, and, if desilcd, converting a compound of formula IA, group a) wherein R• 

denotes alkyl. thus obtained, into the corresponding tiee base of formula 

lb 

wherein R0 denotes alkyl and, if desired. convertiDg the tiee base of formula lb into a 

salt of formula IA which bas a diffemnt salt anion than that used in the ·starting 

compound of formula m, or 

b) for the production of a compound of formula IA, group Ji), treating a compound of 

fonnula 

IV 
CHi-Z 

COOR 
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wherein R denotes a silyl group, Z denotes pt'(RJ,I · or P(O)(O~ and ~ denotes 

lower alkyl or myl, with at least one strong organic base in combination with a 

silylation agent and reacting with a nitroso compound of.fonnula 

Y-N=O V 

wherein Y is as defined in claim l, and, if desired, converting the free fonn of· 

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

c) for the production· of a compound of formula IA. group a) which is a compound of 

formula 

le 
OH 

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

n 
CH=N-Y 

COOR 

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

Ba 
CH=N-Y 

COOH 

f 
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wherein Y is as defined above, with at least one sttong aqueous inorganic acid or at 

least one strong organic acid, or 

d) for the p~on of a compound of formula IA, group 1). 

ya) treating a compound of formula 

OH 

with a base, resulting in a compound of formula 

R 
I 

H-N)=(SJ 
0 '("ceo 

COOR 

wherein R denotes hydrogen, and. if desbed. 

le 

la 

reacting a compound of fol'Jllubl Ia wherein R denotes hydrogen, with a silylation 

agent, resulting in a compound of formula Ia whaein R denotes a silyl group, or 

~) reacting a compound of formula le 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 me form in a salt form 

thereof or vice versa. 

6. Process for the procludion of a compound of formula 
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VI 

COOH 

whmein R, and ~ ~ the same or different and denote hydrogen or an organic group 

or R, and ~ denote together a substituted or unsubstituted ring 

by reaction of a compound of formula 

Ja 

wherein R denotes a silyl group· with a compound of formula 

XI 

or with a compound of formula 

" .. /Rs Ru,0-P-C Cat+ XI 

I '~ ORio 

.c 

. i 
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wherein R, and ~·are as defined above, Rto denotes myl or lower alkyl and Cat• 

denotes a cation of an alkali metal or the protoriated form of a sttong organic base to 

give a compound of formula 

xm 

COOR 

wherein R. ·a, and ~ me as ·defined above and desilylating a compound of formula 

XDI to give a compound of fonnula 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, comprising using a compound of formula lb as defmed in 

. claim S whensin R• denotes hydrogen or alkyl; or, a compound of formula I as defined 

. in claim 2; or, a coinpound of formula Ia as defined in claim 3; or a compound of 

formula n as defined in claim 4. 

9. Use according to claim 7 comprising using a compound of formula I as defined in 

claim 2 wherein R1 denotes hydrogen ; or a free form tbeJeof of formula lb as defined 

in claim S wherebl R• denotes hydrogen; or a compound of formula Ia as defined in 

claim 3; and n:acting the flee or latent aldehyde function in position 3 of-the ring 

system with a nitrogen containing aldehyde-reagent to give the conesponding product. 

10. A process for the production of a cephalosporin. which comprises pieparing a 

compound of formula VI as defined in claim 6 and converting the product into other 

cephalosporins. 

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

(3H.7H-aceto[2.1-b]furo[3,4-d][l.3]thiazine-1,7(4H)-dion~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][l,3]thiazine-1,7(4H)-dione.6-amino-5a.6-dihydro-3-

alkoxy-). 

1:2. A compound selected from the group consi$ting of 

3H.7H-aceto[2,l-b]furo[3,4-d][l.3]tbiazine-1,7(4H)-dione.6-amino-5a.6-dihydro-3-

hydroxy-hydrocbloride, 

3H, 7H-aceto[2.1-b]furo[3,4-d][l,3)thiazine-l, 7(4H)-dione,6-amilio-5a.6-dihydro-3-

hydroxy-toluenesulp~ 

3H.7H-aceto[2.l-b)furo[3,4-d][l.3]thiazine-1,7(4H)-dione,6-amino-Sa.6-dihydro-3- f 
methoxy-hydrocbloride and 

3H, 7H-aceto[2,l-b ]furo[3,4-d][l.3]tbiazine-1.7(4H)-dione.6-amino-5a.6-dihydro-3-

methoxy-toluenesulphonate. 

13. Compounds of formula 

ANI 

OH 

whelein ANI • signifies the anion of an inorganic or organic acid. 

14. Compounds of formuta 

R 
I 

H-N . · 

. P'0CH•N-Y 
COOR 

B 
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wherein Y denotes optionally amino-. dialkylamino-. hydroxy-. alkoxy-, alkyl-, nitro-, 

halogen-, carbalkoxy- or carbamido-substituted alkyl, aryl or heterocyclyl, and R denotes 

a silyl protecting group or hydrogen. 

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


