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(54) A PROCESS FOR PRODUCING NOVEL PENICILLINS AND
CEPHALOSPOR]NS .

'(71) We, TOY A CHEMICAL CO. LTD a corporatron organised
under the laws of Japan;sf 1—18 Kayabacho, thonbashr, Chuo-ku, Tokyo, Japan
do hereby declare the invention, for which we pray that a patent may be granted to
us, and the method by which it is to be performed, to be particularly descnbed in
5 and by the following statement:— 5
: ‘This invention relates to a process for producmg a compound represented by
R the general formula ().

,_L

m 0

'_ : N-C-NH-R -CONHI-( \z | n
- . o rz;r';) o N\/- :

coor’

wherein R represents an amino acid res1due, R! represents a hydrogen atom, a

10~ carboxyl-protecting group or a salt forming cation; n represents 1 or 2; X 10

: represents an oxygen atom, and is linked to the carbon atom at the 2-,3-or5- .

position of the piperazine ring, and when n is 2, any two of the 2-, 3. and 5-
Fosmons may be occupied by two X’s; m represents 4.n; R? and R? are in pairs
inked to the same carbon atom, m pairs of R* and R* may be the same or different,

15 and R? and R? individually represent a hydrogen atom, an alkyl group, an aryl 15
group or an alkyloxycarbonylalkyl group; or any pair of R? and R* together with
the common carbon atom may form a cycloalkyl ring; A represents a hydrogen
atom, or an unsubstituted or substituted alkgl , alkenyl, alkadienyl, cycloalkyl, aryl,
acyl, aralkyl, acyloxyalkyl, alkyloxycarbonyl, alkylsulfonyl, carbamoyl or

20_ . acylcarbamoyl group, Y represents an oxygen or sulfur atom and >Z represents 20 - e
' CHy o /'c - cn,n"

where R* represents a hydrogen atom, an azido group, or an alkoxy, aryloxy,
aralkyloxy, acyloxy, alkylthio, arylthio, aralkylthio, acylthio, oxazolyithio,

, thrazolylthro, isoxazolylthio, . isothazolylthio, imidazolylthio, pyrazolylthio,

25 pyrrdylthro, pyrazmylthlo, pyrrmrdmylthro, pyrldazmylthro, qumolylthro, 25
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wherein R® represents a residue of an a-‘yl group devoid of carbonyl group; R®
.30 represents an alkyl, aralkyl, or alkoxy gl group; R’ represents a carboxyl- 30

" protecting group; and >Z is the same as above, with a reactive derivative, thh '
respect to the carboxyl group of a compound of formula (III), :

(X3,

A-N N--<|:| < NH-R - COOH Toam
(R’R’)

-_wherenﬁ 'R, R?, R’ A, X, Y m and n are the same as above, and
he compound obtained in step (a), and, if desired, treating the 35

35 ®) hydrolyzmg t
.. hydrolyzation product thus obtained by a convenuonal method to remove the
carboxyl-protecting group R
This invention also provides a process for producing the compound of
. formula (1), which comprises .
40 (a) converting a compound of formula’ (1v), S 40
- - . . - . . ) ) . . S . .
' A ' R'-NHI-(\ L .
- Lz ()
o N .- . .

coor?




significant at present fromthe clinical standpoint. Furthernore, it is -.
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¥» the conpojind obtained in step (a), and,” if desired, treatingt he 35 I
~ hydrolyzation produet thus obtained by a cehventional method to repove the.
car boxyl -protecting group [err].  This i nvgét.l on al so.provides a process f-o_r
produci ngi t he conpound of - fornula (1), whi '(%Q conpr.i ses ._40 (a)._
converting a conpound of forrmula (IV), - :

40 [err } wherein R’ is an alkyl group such as methyl, ethyl, propyl, but{l, pentyl, hexyl, .
in : 20 heptyl or octyl a cycloalkyl group such as cyclopentyl, cyclohexyl, or cycloheptyl; © 20
7. 20 - acycloalkenyl group such as cyclopentenyl, or cyclohexenyl; a cycloalkadienyl -
re- : group such as cyclopentadienyl, or cyclohexadienyl; an aryl group such as phenyl
ot . g . or naphtyl; an aralkyl group such as bean'l or phenethyl; an aryloxy group such as
o _ . phenoxy or naphthoxy; an.alkylthioalkyl group such as methylthiomethyl, . :
d . 25 ethylthiomethyl, methyithioethyl or ethylthioethyl; or a heterocyclic group such as 25
ne 25 : furyl, thienyl, oxazolyl, thiazolyl, "isoxazolyl, isothiazolyl, imidazolyl, pyrazolyl,
pyridyl, pyrazyl, pyrimidyl, pyridazyl, quinolyl, isoquinoly}, quinazolyl, indoylyl,
indazolyl, 1,3,4-oxadiazolyl, 1,2,4-0xadiazolyl, 1,3,4-thiadiazolyl or 1,2,4-
thiadiazolyl. Each group represented by said R® may be substituted by halogen :
30 atoms or various groups, for example, hydroxyl, nitro, alkyl, alkoxy, alkylthio, 30
- acyl, or alkylsulfonylamino; R represents a hydrogen atom; and R® and R
together with the common carbon atom may form a cycloalkyl ring such as
cyclohexyl or cycloheptyl; a cycloalkenyl ring such as cyclopentenyl or
' cyclohexenyl; or a cycloalkadienyl ring such as cyclopentadienyl or
. 35 cyclohexadienyl. . - . o
R® ' These amino acids include optically. active compounds and racemic
yl- 30 compounds. '
tth ' : In the general formulae (I), (II) and (IV), the carboxyl-protecting group
: . represented by symbols R and R’, respectively, may be any of those which have
40 heretofore been used in the field of penicillin or ce halosporin type compounds. 40
- Concretely, the carboxyl-protecting group includes (1) ester-forming groups
capable of being removed by catalytic reduction, chemical reduction or treatment
under mild conditions, e.g. aralkyl groups such as benzil, 4-nitrobenzyl,
S diphenylmethyl, trityl and 3,5-di(tert.-butyl)-4-hydroxybenzyl, alky! groups such as
45 tert.-butyl and trichloroethyl, phenylcarbonylalkyl groups such as phenacyl group, 45
alkoxyalkyl groups such as methoxymethyl; and unsubstituted or alkyl-substituted
D cyclic aminoalkyl groups such as piperidinoethyl, 4-methylpiperidinoethyl,
he '35 morpholinoethyl or pyrrolidinoethyl, (2) ester-forming groups capable of being _
he I | easily removed by enzymes in a fiving body, e.g. acyloxya kyl groups such as
50. pivaloyloxymethyl, and phthalidyl group; (3) silicon-, phosphorus- . or tin- 50
of ' containing groups which are capable of being easily removed by treating with H,0O
or an alcohol, such as - . ' : ) '

35

40 e P T eHo,
: . o . , . \ o . Ne .
- (CH,),Si—, = (CHyly Si\ ., CLP-, [o/P-- . < O;P- ' L /P. . .

- (C.H,),Sn-. The exampleé of the carboxyl-protecting groups mentioned in above.
s (1), (2) and (3) are merely typical, and other examples are disclosed in U.S. Patents 55 .
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i azol yl or jafkyminocarbonyl (e.g. N,N-dimethylaminocarbonyl or N,N-diethylamino-
carbonyl), cyclic aminocarbonyl (e.g. pyrrolidinocarbonyl, piperidinocarbonyl or
35 morpholinocarbonyl); or an acylcarbamoyl group such as N-acetylcarbamoyl, N- 35
propionylcarbamoyl, N-butyrylcarbamoyl, N-benzoylcarbamoyl, N-furoyl- :
carbamoyl or N-thenoylcarbamoyl. Each of the groups mentioned above for A
may be substituted by any of such substituents as, for example, halogen atoms,
hydroxyl groups, alkyl groups, alkoxy groups, alkylthio groups, nitro groups, cyano
40 _groups, amino- groups (e.g. dialkylamino or cyclic amino), carboxyl groups, acyl 40
groups, etc. o '
Further, R* represents a hydrogen atom, an azide group, alkoxy grouﬁs such
as methoxy, ethoxy or propexy; aryloxy group such as phenoxy or naphthoxy;
: aralkyloxy groups such as benzyloxy or phenethyloxy; acyloxy groups such as

45 acetyloxy, propionyloxy, butyryloxy, benzoyloxy, naphthoyloxy, cyclopentane- - 45
carbonyloxy, cyclohexanecarbonyloxy, furoyloxy or thenoyloxy; alkylthio groups
such as methylthio, ethylthio or propylthio; arylthio groups such as phenylthio, or
(1- or 2-)naphthylthio; aralkylthio groups such as benzylthio or phenethylthio;

) . acylthio groups such as acetylthio, propionylthio, butyryithio, benzoylthio, (1- or .

50 2-)-naphthoylthio, cyclopentanecarbonylthio, cyclohexanecarbonylthio, )
furoylthio, = thenoylthio, isothiazolecarbonylthio, isoxazolecarbonylthio, .
thiadiazolecarbonylthio or triazolecarbonylthio; an oxazoylthio group, or-a group -
selected from thiazoylthio, isoxazolylthio, isothiazoylthio, imidazolylthio,

. pyrazolylihio, pyridylthio, pyrazinylthio, Eyrimidinylthio, pyridiazinylthio, :

55 quinolylthio, isoquinolylthio, quinazolylthio, indolylthio, indazolylthio, 55
oxadiazolylthio, thiadiazolylthio, triazolylthio, tetrazolylthio, triazinyithio,
benzimidazolylthio, benzoxazolylthio, benzothiazolyithio, triazolopyridylthio or
purinylthio. - ' ' : '

Fach of the groups except for the hydrogen atom and the azido group
60 - mentioned above for R* may be substituted by groups selected from halogen 60
atoms, alkyl groups, alkoxy groups, alkylthio groups, nitro groups, cyano groups,
- or acyl groups. : . _ . _
‘ In the general formula (IV), R® is an acyl group represented by R*—CO—
" wherein R® is a residue of the acyl group devoid of carbonyl group. The acyl group
65 is the acyl group which has heretofore been known in the field of penicillinor g5




¢
t hi adirazgl yl . Each group represented by said [err] may be substituted by ‘
hal ogen 30 atons or various. groups, for exanple, hydroxyl, nitro,
al kyl, altkoxy, alkylthio, 30 acyl, or al kﬁl sul-f onyl am no; [err] represe
___athdrogdn at 6m__and [err] and [err] togbfHdP _
105, may formja CyC| Oa|c1.‘ﬁh|aloE ofig tﬁidcéhm ndY, ExPAREYF tRe atQVEr’oﬁH"ﬁ@thA acyPgroups : :
\cy/t“:l oal kanyl  ri ng derniset F eariobn @umytomnc,mﬁnpbhfexelmyéuc and haterocyclic
Lf}r cycl oal kddi enyl r |°w§y?ﬂéh Paejerelgle o i el pronp lis &t agberoup reppesemspteRiaticeny | .
s0n- 35 Thgse jam no acr 3ncl ude optically ,act I ve conpounds and racenm c 30
siwm conpoundg 1 n st he general fornmulae (1), J/F') C‘hnd (I V) the
ition ¢ 5y b@/xyl protectin grou represent ed S and [err _
e ti vel Py e*;f ol Pfovﬁ f 'eté;lf d
nne respectively, may | e§}1ﬂ J‘ al mﬁ, such o %‘;rg used in
“the 10 el d of peni Grjibdy grarp swa -prot geprely,
t he car bdxyl - prot tean carbaxgpropyd guxﬁessuélﬂ)s eNteelroxjuarm rb hwdmabl e of
nt a 1 bei ng- rerpovely by l;PfqPé! uor] H 1°x3t9 ‘&1““‘?' IBJFYCF RTgmt urlder
ot M I'd conditions; ”' 14 0 m’ E ",“zn ProRYl: Pk '
and di ph&hyl rfet hyl , r;ily :ysge gﬁm dmxwtheaz mind dﬁy
has groups such as 45 kylém@grsucl&?m hylmh#lbrpromlcﬁao ? tt !gmdbtbl onel al kyI
qkyl 9roups such Bs phefffay may 28 1? 1 Qr examp!le,
yl gr met hoxymgt hyl ; an a‘fgﬁﬁny tg‘\“s, @?m rou k Cfi spt’i fl egéou(?y‘c‘f ky oxé{rﬁmlf?a’l kyl
Oup groud such as piper rr te m:ep ?cap&)relpﬂtpaccdtdnydrdmbm the meBEod
;O phol i foet I ord'sﬁ‘%qddvr r for ou a Ie of -
P bei ng he e reactive env g\tﬁ% lﬁi én baa
myl g (I1I) is, for example, an 1d x g Y,
ioyl, . g. _acylfoxyal ky| wighoaiD8rgsni€ dr aorid 1c ac1d QJanfi: ,an &Bﬁ've il i dy!
thy{) gr ou%)S ( ) sili corConcrpMys orastive dg‘rvatlc\irem are, 50 e@zimple,han acxd chlonde, an acnd
i Y,
| as CONt ai Ni rg gé oups arican %‘;‘r‘%mgﬁ‘p’&mél"é? A lcr"r E ra%n"B :g,,@‘? ’s
mwi th [er] s e trbnit. S o soloehdadife feéacﬁax the
'1 °f car b$ yl -tpr ot ect | &otveﬂkubstnadd-imd taydam ylpyrazole] friazdi)} etamie i3) are
ﬂ v I'nere (i/( \pi cal , aﬁg"e :gf oester BOTRSLIYS csipre agiubtityedphen)} astes, anpan @Wﬁtﬁ“te 5 [ err]
Y,N- 30 Furthermore, as the reactive derivative with respect to the carboxyl group of 30
ino- the compound of formula (IIT), there may be used a reactive derivative produced
/1 or by reacting the compound of formula (III) with an activating agent, such as-N,N'-
4 N- 35 dicyclohexyl carbodiimide, N-cyclohexyl-N'-morpholmoethyl carbodiimide, N, N'- _
oyl- diethyl carbodiimide, NN -carbonyl di(2-methylimidazole), dxmethylchloro-
x A 35 formiminium chloride, d1methy1ethoxyformmumum chloride, trialkyl ester of 35
ms, phosphorous acid, phosphorus oxychloride, phosphorus trichloride, thlonyl
‘ano chloride or oxalyl chloride. '
acyl 40 Next, the modes of r ractice of the process are explained below.
According to the fol owing reaction scheme, the gbjective compound of the
wuch 40 general formula (I) can be prepared. 40
Y s :
as ’
2 R? - NHI( \ - _
uu_); : 4 o N\/Z ' Q: halogen atom
1 0r : o v L o
o . ay % R ' o
g . ] [minohalogenating agent r Lo :
2y S0 (lmmohalogenuhon reaction) S
- : (X) -
cup . RS-C= \ |" s
I I N-C -NH-R- CONHI:-( Y
2 5 ' coon" "" R“mv ' o N\/
_ . (1) : \
or RS- OM l llmmoethenfrcatron reaction) - : A~ COOR
' Reactive derivative of . )
= _oRE RTIN "o ] 13) If necessary, the carboxyl-
r .60, RE-C =N l [ \z ' A-N"l_\ %Nu-n-coou | | protecting groupis remaved
’ N, . . .
— o \/ . 2 Y 2y Hydrolysis
=F o _coor? . ¥ ®ln IR
or 65. o ) o -
. _(1) Acylation reaction

e __ ™ ~n~. ? »rl:r 51 B
REr Ot s e




49 ;1 3,573,296 and 3, 641, 018, and DOS 2, 301, 014; 2, 253,287 and -
33 5, and may be used in this invention. and may In general formla
salt-formng vcation represented by synmbol [err] includes cation [(L
\)ie heret of ore been known in the field of Penicillin or 5 [
piorl n 't ypeSconpounds, and preferabl el;sn'eogshose capabl e of forning

oxic salts. The sglt; ofMid g g s Sl L2 ST %txo[b SO P
ipot assi um sal tfornail& d;/ﬁnr%?;:; aﬂbﬂtd re p aaﬁl 'srﬁur(?ﬁ ﬁ%e to o"l_%‘?:gf or
msalt. In addlqorrewon ng fmgna ecom mm s

o§f for mi ng sal EE "ﬁ‘[}l dEﬁ‘ ‘l%luoms o nplmsmom dﬂ; ﬁﬁp m‘;ﬁmh S
'hyl amne, tri lonﬁ chlonde agd? &kgehﬁ%ﬁs IE t1 ﬁgﬁ

ani | i ne, N-net hsy rslo e, Af\the solvents, there E‘]5 i";ﬁ'

i ne or di cycl hédt‘ chlwdfemgénmmﬂ dfehlbmuﬁee (thc)hlo’iﬂdh:{; nij

S er 0 oth gr:a lv tsoqul?such
.[e”]-'.ibd'V' r %1 ? 10
, ~ethyl, propyb nd1 e,no arlz Bﬁﬁi nh‘iﬁ égg nl offcgﬁte uch
i, or napht hyl thﬁthfllk marebmmyi dd. grou

a5
rbonyl net hyl ﬂ% ?:gl[&vét Compgwtdheal}meda;o r[emtm]thamdnm
onY ey it S g TR °@m§a .
iyl, cycl ohexylrgpreslent dyha,, Rtm Qvl;(d hgﬁ{‘l{ t%ll;?ﬂ
4:1320) regre eib eta
Sopropv bt e t,ﬂ'i.lf” by méﬂmwzw 1=d@wo*f'
Al group guch aﬁ:oh/dl ¥ butypmaaﬁiil . bcn a?’cf afyéf‘xﬁ 20
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} : organic base or bases such as N,N-dimethylaniline, pyndme, quinoline, p1colme
' lutidine, trialkylamine, or dxalkylbcnzylamme
The thus obtained reaction product is hydrolyzed to remove the acyl group
- R®. In this case, the hydrolysis proceeds sufficiently by pouring the preceding
40 - reaction mixture into water. The carboxyl-protecting group R” may also be 40
hydrolyzed simultaneously depending upon the kind of the carboxyl-protecting
- group, and converted into a hydrogen atom. Furthermore, the remaining carboxyl-
protecting group which has not been hydrolyzed can be removed if desired. The
o reaction to remove the carboxyl-protecting group is varied dependmg upon the -
45 - kind of carboxyl-protecting group, and the reaction is conducted by an ordinary 4 .
known procedure such as catalytlc reduction, chemical reduction, or treatment
under mild conditions. Particularly, when R? is a phenacyl or benzyhydryl group-
the carboxyl-protecting group can be easily removed by treating with sodium
benzenethxolate in dimethylformamide or tetrahydrofuran, or with trifluoroacetic :
50 acid in anisole. -
T The thus obtained penicillin or cephalosporin is isolated according to the :
! ordinary procedure.
The compound of the general formula (I) wherein R! is a non-toxic salt-
' formmf cation is easily obtained in the usual procedure from the compound of the
T 55 general formula (I) wherein R!is a hydrogen atom or a carboxyl-protecting group. 55
The thus obtained objective compounds of the general formula (I) have not
only a broad anti-bacterial spectrum against Gram-positive and Gram-negative
bacteria, but also supremely high anti-bacterial activity against Pseudomonas
.. aeruginosa, Klebsiella pneumoniae and Proteus species. Furthermore, these 60
60 compounds are quite effective as- therapeutic drugs for human and animal -
infectious diseases. )
According to this invention, the objective compound of the general formula
(I) can effectively be prepared in a series of reactions from the compound of the
. general formula (II) which is easily obtainable. . '
65 . Procedures for producing the compounds of the. present invention are shown - 65 .
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mp. (decomp) 185°C

. o - EXAMPLE 2. = . ‘

- (1) . 2.26 g of a phenacyl ester of 6-(phenyl-acetamido)penicillanic acid and 2.06
ml of N,N-dimethyl-aniline were dissolved in 30 ml of methylene chloride, and 1.15
g of phosphorus pentachloride was added to this solution at —25°C. The mixutre
was allowed to react at —30° to —20°C for 1.5 hours, followed by adding dropwise
20 ml of methyl alcohol while keeping the temperature at —30° to —20°C. The
reaction mixture was further allowed to react at the same temperature for 3 hours,
followed by addition of 3.43 m! of N,N-dimethylaniline. .

: On the other hand, 1.76 g of D(—)-a-(4-ethyl-2,3-dioxo-1-piperazino-car-
bonylamino)phenylaéetic acid and 0.76 mi of N,N-dimethylaniline were dissolved
in a mixed solveant consisting of 8 ml of methylene chloride and 4 ml of
dimethylformamide. The solution was cooled to —15° to —10°C, followed by
adding dropwise 0.65 g of ethyl chlorocarbonate, and stirred at the same
temperature for 40 minutes, After the reaction mixture was cooled to —-25°C, it
was added to the preceding reaction mixture. :

The resulting mixture was allowed to react at —25°C for 3 hours, and then.
freed of the solvent by evaporation under reduced pressure. The residue was
dissolved in a mixed solvent consisting of 20 ml of water and 40 ml of ethyl acetate.
The organic layer was separated from the aqueous layer, washed with a saturated
aqueous sodium chloride solution, dilute hydrochloric acid, and a 5% aqueous
sodium lydrogen-carbonate solution, and then dried over anhydrous magnesium
sulfate. The ethyl acetate was removed by evaporation under reduced pressure, '

~and the residue was solidified by addition of 50 ml of diethyl ether. The thus

10
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COONa 3.72 g of a potassium salt of 6-(phenyl-acetamido)penicillanic acid was
suspended in 30 ml of methylene chloride, and 0.25 ml of N,N-dimethylaniline was -
5 added to this suspension. To the mixture was added 1.52 ml of trimethylsilyl 5
chloride at 10° to 15°C, and the mixture was allowed to react for 30 minutes, After
- the reaction mixture was cooled —50°C, 4.12 m!l of N,N-dimethylaniline and 2.3 g
of phosphorus pentachloride were added. The resulting mixture was allowed to
react at —45° to —40°C for 1.5 hours, followed by addition of 13.7 ml of isobutyl _
10 alcohol. The reaction mixture was further allowed to react at —45° to —40°Cfor3 10
hours, followed by addition of 6.86 ml of N,N-dimethylaniline, oo
CH, 3 . On the other hand, 3.52 g of D(-)-a-(4-ethyl-2,3-dioxo-1-piperazino-car-
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1.72 g of a monohydrate of 6-[D(-)-a-(4-ethyl-2,3-dioxo-1-piperazino-carbonyl-
amino)phenylacetamidolpenicillanic acid, yield 32%. This agreed with the
3 ' : ‘compound obtained in Example 1, in the analytical data of IR, NMR and melting .
: : 25 point. - . .
' B . The above-mentioned operation was repeated, except that the 1.52 ml of 25
Na _ - trimethylsilyl chloride was replaced by 0.82 ml of phosphorus trichloride, to obtain .
: 2.1 g of monohydrate of 6-[D(-)-e-(4-ethyl-2,3-dioxo-1-piperazino-carbonyl-
.. amino)phenylacetamidolpenicillanic acid, yield 397;. - : o
30 " ' EXAMPLE 4, | o - 30
: Using (4-methyl-2,3-dioxo-1-piperazino-carbonylamino)phenylacetic acid and . - _
————d the compound of formula (IV) shown in Table 3, the same operation as in Example
: 2-(1) was repeated to obtain the respective objective- compounds as shown in Table
—cont’d — § E 3. The structure. of each objective compound was confirmed by IR and NMR. *
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i4.35 (1H, q), 4.40 (1H d), 5.0 45
#i 5.70 (2H, q), 6.10 (2H, bs), 6.25 45 - 6. 55 (4H, bs)
‘7 30 (3H, s) Using D(-)-[err]-(4- nethyl-2 3-di oxo- 1

{no- carbonyzpnino)phenylacetic acid, -

2

1,517,098

rrt-

-et hyl -2, 3-di oxo-1
(4-met hyl - 2,.3-di.ox0-

- pl perazi no- carbqqxﬂqqtgﬂ%ﬁheny[aceflc acrd, or

I no- car bonyl an
of formula (1V]
steps (1) and
conmpounds of

was confirnmed.
5[err] 3 mM o
6
27

conpounds wer g

D(-) |semensQ_§pdmmhemmn e of each ObjECtIVE
3y IR and NM R 1, CH,0CH, i
1, 098 T%?B'I'e5(Cont d) [err]
mp(decomp.) 162° IGB“C 1 517 098

acid. and. the
50

no) - p- hydroxyphenylacetlc 50 ¢
shown ingJable 5, the above- nentloned

(2) were repeated to obtain the respective
he gener al fd@nup% (1) as shomn in Table 5. Al the

5 (Cont! d)

D(-)-
0 } 0
N CONHCHCONH

9

m.p.(decomp.) 177° - 180° C

CHaCHy -

1:5 }c.., I

Dl-)-

o 0
CH4,CH, - N N - CONHCHCONH _fl—N
@ N ctys
- CooH cn,cu3
m.p. {decomp.) 171°- 175¢ C
Di-) - |
'o\__(
CH3CH,- N N CONHCHCONHj:—r
CH s
. 2 5
o . COOH
‘ on
m. p.{ decornp)} 183° -186°C
(-} - ,
0 0
uocﬂbcua- N couucucouu i
o cH,s 'N
v . CooH CH:

mp.(d'ecomp.)_ 170°- 173°C




] 10

. 10 (1) 3.06 g of a benzhydryl
7- phenyl - aget anmi do- 3- acet oxynet hyl
di ssol yed

EXAVMPLE 8.
ester of

é!gp
-[err]-ce- - phem 4-carboxylic acid was .

'n 45 mM of nethylene chlorid s % 2.73 Y of NN-dinpthyIanibgne

[§rr] [err

ahd

0 g

ML§I

pent]
r ead
cool

perijo

to |
addi
" ot he
bony
cong
and

28 Q.

Was
chl g
to [
r ead
[err
of t
of 1

T The |
di | J
sol u
Sucga
V\B.S

ure wa
—e60hed to
achl or
t at [
ed-to
of
err] f
tion o
r hand
| aniin
i sting
28
88 g ¢
cool.ed
rocar bq
err] fq

3

D

1

of Brimethylsilyl

chlori

err],
de.
'rr] to
err] fq
L0, mi nut
br 1 hod
3.60 (¢
2.21 ¢
) - p- hyd
of 18 1

allTowed to react at
frol-oved

and 15

roonltéhweHaCmnd)for 1 hour,

uy acei-ttomrof—1—49 g of pnuspnor us

15 Then®t’he reactlon m xture was further allowed

[err] for 1- h nd - at [errl to [err] for 3 hour

| 1 oned bytcap:d; tu om @hHcEeom bsol r nmet hanol

es. The resul fing mi ;lzg, ¢ dNto react at.
]

of di methylaniline. CW 20 ‘On t

r, and-at {err] to [4 \ hours; f.ol
of D(-)-[err]-(4- ethﬁ? 2,.3- di oxo- 1- pi per.azi no-car
roxyphenmLa’aa;,ucmacnsdoc/vas d| ssol ved |n ‘a m-xed sol

oV

t O

s, and
er a

[ err]

he

vent

f N, Nd
to [err
nate. A
r 2 hod

tion

50 M "¢
or gani ¢
te hydr
tion an
essi vel

ont’d —

mExt ure.
] to [5-
he sol ¢

rr] for
ent by
f ethyl
| ayer
ochl ori
d a sat
y, and

- of—rethH-ere—cht-orde—ant—4—4nt—of—h IIb‘LIIyI IUr
{-) -

o) - 1,517,098
i met hyl ani i ne ¢ dded to thi solutlon The m x
] foll owed,-bsena

g CBHRTIOONH 9 ¢ 'f|| et hyl
fter the reaction m xt & react at.
rs, and cooled to [err
5

mb é
it%was!added

The .resul'ting m xturé was afPowed to re

'l hour, and at 5 Jerr] to [err] for 14 hours, an

evaporatPﬁH”ﬁﬂUb?3r Buced pressure, followed by ad

o0 thHe prece

m de,
[ ure ..
[err]
Hi ng

Act at

i ti on

acetate and 50 nl of ‘water to dissolve the residu
was separ at ed from the aqueous layer, ‘washed with
c acid, a®5%Aqueous sodi ym 10 hydr ogencar bon

ur at ed. aqueous- segiaem-ghion i de §oljution, 10
dri ed over anhydrfys ne } CHZS HFfate The et hyl
“mp, (decomp) 153°-157°C.

COOH CH 2

a)

C .

pat er,
it e

nC e't ate

cu,cu2 N connfﬂcouu

T

COOH
- m.p. (decomp,) 175°-178°C
DY - P
) 0 ' o
RS ¢ . s 3
CHy-N  N- CONHCHCONH : _{ .
: ’ N y’ Cst—( P CH,
. : [+ Iil -N
COOH CH,
. mp. { decomp) 85°- 98°C '
D{-)- _
0 o .
' \-'( s " N—N
CHyCH; -N N CONHCHOONH !
N CH S —\
o 1
COOH - - CHy

mp {decomp) 147°C

owed by

d freed -

Then




y evaporation under reduced pressure, and the residue was

ed by addition of 30 ml of diethyl ether. The crystals were
by filtration to obtain 4.0 g of a benzhydryl ester of
err]-(4-ethyl -2, 3-di oxo- 1- pi perazino- 15 - - carbonyl am no) -
enyl acet am2dol - 3 acet oxymet hyl - [err] -GH38#n 4-car- 15 boxylic
. .(deconp.) [err] -yield 96.4% | R(KBQaANIFIE b: - [err] 1775
hctam), 1710 (- COP-) ,i.586GH6Y, a &&Zﬁ)yd&ﬁreﬁt]er 612)-phengi-aQet@midb-3LHES-methyl-1,3,4-

al ned benz hydr ythw@%lz‘érl)tbpmﬂhl R,epjl@m-ﬁ atbaxyli¢ hacid 2n@- H03 ml0of N,N- -

| hosphoras. bectachiorite was. sded 1o shin oy ot a1 02 B ol
hio- car bonyl i nofrbuas ew RN el eI IR RO bt 3205 to § |
hem 4- car boxyl i for @chairsywasd esbikeidtot -a30P he —29°C, followed bg |a8dmdsrgot035 ik

15‘ l_sobutyl alcohol. Then the reactxon ﬁ jf é% aheddite
Lo Lerr) g The b IR AREATRR £ Slufiene,. |

the sol vent by mraaﬁmpheﬁyma@keerc:dzedme 1|afmsmrnemyraﬂn d)m d Ived
pf 20 nl- of di e{;ﬁi %dneﬂrlvqnb '3?’9 ing tof @r lspélnsthywm chloyide @n®3 ml of
h %@

; by filtration g of ethy chlorocarbonate was added dropwise to

After the mixture was stirred at the same
err]-(4-eyhyl - 0'n’ﬁﬁl&és, it 4vdis @éd1€Hto"—30° to —20°C, and added to the 1
L no) - p- hydr oxypte _gaemx ammiktyre.3- acet oxymet h | - err -cep

lic acid, mp. (dek .L}tmgervr* ﬁ? Q%”#cg{ 0}, :l[ve %igfrzeh%““&and
0 (l actam 1710 P undﬁ‘;g@ ggsr(reem?{ﬁl due was rd}t.é lved agem ﬁ)f
obt ai nedsg- [ D solvehedontisting oEI0N 2thy rdbﬁtecanawmparvaezernmmgamc i@r 2
o) p- hydroxyphemﬂ @@taihfrd heaw@e@sc} nevashe rars sedivm
¢id was di ssol V ﬂf “%gﬂ d %‘Qﬁ%ﬂﬂ‘{f fZJn’g hidrfé’sglﬁ‘é;
ghd: 7 nl of n- bU lacét éﬁmv@db h'lfe] pgressure,
icont ai ni ngs 0. 7 gnd:thefesls asmyﬁta &' dﬂi@dlaﬁB(Bnmmeﬂldthﬂtérttmolithm$ 33 2
The mixture wa o§ be?s BDC)ar (s mjd BlP%fag‘;g@Ey oyl
lcifiltered, vvasb% &%!]g,m #@&n&:ﬁi@ Q 1;@% ' of
§sal t. of 7-[D(-)-] err ? | ox0-1 - pi perazi'no- car-

10) - p- hydroxyphenyl éB@@xmrm'bl -3 acet 96)%&’11@ % cta{narr7j30 (ﬁ@q@ﬂeml&—car-

¢id, yiel &®91% R ob 166 ‘4%&? 991&111{'- 3
§ \was-Tepeat ed, @A 0% 20_%agve%tal%w§nz ace 1d3}55-9[(5- thyl 1631? lhrad?;-

‘et am do- 3- acet ool)ﬂ)am thy[]er‘c phereghverborylic anddd xwdsi dissatvedl inas mixture

y a benz QX dryl§ tri ugtg{agce ic ac1d was aggl )g to ?ﬁ%tgg at-1 ﬁﬁ’l W(@#&ﬁﬂrxt re. waI ' 3

allowed to react for 3 hours, and freed of the solvent by evaporation under reduced
gressure The residue was powdered by addition of 10 ml of ethyl acetate to obtain .
69 g of 7-ID(—)-a-(4-methyl-2,3-dioxo-1-piperazino-carbonylamino)phenyl-
acetamido] - 3-[2-(5-methyl-1,3 4-thxad1azolyl)thxomethyl] A’-cephem-4-carboxylic _
40 acid, m.p. (decomp.) 158°—162°C, yield 88%. 4

IR(KBrjcm™: - - Veao 1780 (lactam), 1650—1720
(—CON¢,—COOH)
NMR((CD,),S0) < values: 0.2 (1H, d), 0.6 (1H, d), 2.60
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. compounds of the general formula (I) as shown in Table 5. All the objective
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* confirmed by IR and NMR.
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aclfd, to obtain b, s
CHQ%‘%“( ) - [err] (4- et hyl - 2, 3-cdic -1 pi-per &zi no- car bon: 0 a8, ]—
-am no) - p- hydrjoxyphenyl acet ani d : C°°’.‘
[ 2- (5- et hyji-i1, 3, 4-t hi adi azol yl h| onmet hyl gup.t b )1ss8 pRRMyducasPOXyliCc .
acid, mp. |édecomp.) [err] y| el d 83.2% %0 50 | R(KBr) [err]:
[err] 1780 |ilfactam, 1710 (- COOH) 50 1685, 1672 (- CONK)
VWHAT WE CLA]IL\f IS - 1. A progess for prod cing a corrpound represented by thej.
general for| I@cnzcmﬂfe}:—] 1,517,098 -
29 led - N_alktfo) - p- hydr l?-h—eﬂyl acetl acgd was :
dis%ol ved ijt ja m xed sofvent cogjsting “b? o NP e c Ior| ‘de and
*Hy of; di ngtihyl f or mam de, gnd g of NN dineth nlt Mded to
thrs soluti|jgn. The m xture: wmcoledto[err] foll ng dropvmse
0.71 g of et;qyl chl orocarbonat e nd all pwed to react 5
[err] to [dirf for 2 hours. AfteNAhe reagtrokesmRt B e"*Ngs WHPEH to [err]
it 2.5 |} was added to the preceding reaction mxture to
The resultijgg m xture was allowed to rea¢t at [err] to [err] for-1 hour,
and at [err|] it rcr,]co,f,, hour ,N and frged of the sol vent by evaporatlon
under reduded ssure, addltlon of 15Q m of ethyl acetate and
50 ml - of wdtigr. Then 100 NC)rganlq Iayer;.ma(s separ at ed gromthe
]' 'aquio‘ﬂs | ayér, washed with MdiTut e Cﬂs%wé‘&?‘ ’G?N“Tc' :
— QUs soditum hydrogencar soI uti on and a - N CH:
10H '
* m.p-{ decomp) 177° 180° C

EXAMPLE 7.
N Using  D(~)-a-(4-ethyl-2,3-dioxo-1-piperazino-carbonylamino)phenylacetic
i : = ~acid and ppp-trichloro-ethyl ester of 7-phenylacetamido-3-[{5-(1-methyl-1,2,3,4-
N 5 " tetrazolyl-thiomethyll-A*-cephem-4-carboxylic acid, the same operation as in 5
“ ol Example 6-(1) was repeated to obtain ﬁﬂ-tnchloroethyl ester of 7-[D(—)-a-(4-
L ; ethyl - 2,3 - dioxo-1-piperazino-carbonylamino)phenylacetamido}-3-[5-(1-methyl-
1,2, 3 4-tetrazolyl)th10methyl]-A’-cephem-4-carboxyhc acid, m.p. (decomp.)

W
cu,s-l
: 125 —135°C.

10 EXAMPLE 8. : 10
(1) 306gofa benzhydryl ester of 7-phenyl- acetamldo-3-acetoxymethyl-A’-ce- .

. phem-4-carboxylic acid was dissolved in 45 ml of methylene chloride, and 2.73 gof =
N,N-dimethylaniline and 0.96 g of trimethylsilyl chloride were added to this
solution. The mixture was allowed to react at room tcmperaturc for 1 hour, and '

. N cMy 15 ~ cooled to —45°C, followed by addition of 1.49 g of phosphorus pentachlonde 15
—CH S ¢ :r Then the reaction mixture was further allowed to react at —40° to —30°C for 1
. 0 hour, and at —~30° to —-20°C for 3 hours, and cooled to —45°C, followed by addition
H , : of 6 ml of absolute methanol over a period of 10 minutes. The resulting mixture oo
: ' ~ was allowed to react at —40° to —30°C for 1 hour, and at —30° to —20°C for 2 -
20 “hours, followed by addition of 3.60 g of dlmethylamlme 20
On the other hand, 2.21 g of D(-)-a-(4-ethyl-2,3-dioxo-1 -plperazmo-car-
bonylammo) p- hydroxyphenylaccuc acid was dissolved in a mixed solvent
— cont’'d — T consrstmg of 18 ml of methylene chloride and 4.4 ml of dlmethylformamlde, and

oS




aqueous sodium chloride solution, and then dried over anhydrot
. .mag: sul fate. The ethyl acetate was renoved by evaporation under
T ed! pressure, and to .the residue was added 30 nml of diethyl ethe

dej rystals, 15 whi ch vverﬁ_lsol lected by filtrg

“.obtai 58 g of a-8nzhydryl ester of Z.[D()l 15.a -

2, 3-di oxo- 1- pi pmsgg%mrfaam&a ydnmmm)ad@dl%lms@mymiemy& ﬁﬁﬁiraﬂisdﬁ])lﬁ&-
t
hyI 1.2 3 4 tetrds "Z"m d"% vel:tgléS&Job léﬂgfor T)rubl'?)g %gﬁgdtﬁ
tur

# (decorrp ) [gc;eg n mixture.
bt an) 17.1 05 _ %The llowed to react at —25° to —20°C for 1 hour, and at
- =20°to— lO°C for 14 hours, and freed of the soal@n 2)vaporaﬂorﬁu eokdichd

1,2,3,4 -19et I akydrogencarbohit b@ﬂlﬁﬁ Gty ad d a sqtiehited aQepivessd lorid€ @blution,
hci d was added t euceessiyeht amcbdr@dmsw !@fmaznqqmmcsfllfamTerréyla\qaa Ovag

25 .t f' ‘ﬁ@?@" ?L@%‘Lé f‘h- bR bikce cbllb @w&*&ﬁ?%

o react for 40 EIH g of [lb ?—asﬂktﬁﬁfﬂ;}d}b’xo- 1-piperazino-
t on -under wducedarpombmmoe p fhy y ulidpl-3-angtosy melylaf-cephem-4-car-
gt her to -deposi t belistcid é“P*vCﬁ?ct?H‘P\héf‘%“cléﬁceé’te@o%H% filtration to
53 g of 7-1D(-) - [ epixrrfetny! - 2, 3-4li 01995 . IndsRg), Frionocwo-bpny! -

) 1680, 1670 (—-—CON< .

,enyl acet am do] @ [ 54 1&¢ﬁ§b¢1 ovg_-olzta@edlb edter| t7HD6—) a(-:(@-ethyl BHdi-
ferr] - ceph 4- C%’}j K bon nl 1st n@gﬂg%l
gerr]: an f tr -a %itﬁ%& Oto to react for
<) (3) 2.5 g4(bfnututas a’rdofteododzftthe ldvhnt by evaporatlon under reduced pressure,

erg] - (4-ethyl - gnizba mtggg 24 lpy egz;&g %?z ys_tal whxclz were

e'nyl acet a do] :f' H%f‘ p‘ﬁh gg;,é‘ 09130)& C{% oggcle 5&"3’5

derr]-cephem 4- c&-bhbdxylm scxda,mh l)sls d, pieRt 92?/,,xed sol vent

g - 35.of 20 nl- cet one and 5 uty 15
-but yl al cohol &E@ﬁa%' FeRGnt ai ni ng ZOQN {]&?LT#BBR l%god

xanoat e 4gs ad@?d 00 d ditke- Bodibeaned 1) diliy®:2 Bafox6-) plpeRbinb-Q4r- 1

leposit cr yst al stonulunuino)wehxelrdxybhawkadf;tanmhé{dcmxﬂme&tweub cephempidear-
obtain 2.2 g of

oxo - 1-- . sodlum 2- ethylhexanoate was added to this solution. The mixture was stirred for 1
B0- car bonybsanm Nohoup-t1yePosiX ypASE ywhicheteaaiiltiaed, Safhbd (vith medibng| and dried tel0

JLetrazol Yl i o koo, meta@%"’ﬁ%’.“fi’é’%fn’%‘?éy °“?l"%ﬁ?;‘.“&%?’?

boxylic acid, y1eld 91%.

_ EXAMPLE 9.

40 . Thc same operation as in Example 8 was repeated, except that the benzhydryl
ester of 7-phenylacetamido-3- acetoxymethyl-A’-cephem-4-carboxylnc acid was
replaced by a benzhydryl ester of 7-phenoxyacetamido-3-acetoxymethyl-aA’-
cephem-4-carboxylic acid, a dxbenzhydryl ester of 7-(5-N-ethoxycarbonylamino-§-

45 dibenzhydryl ester of 7- (8-N-phenylcarbamoylammo-a-carboxyvaleramldo) -3-

’ acetoxymethyl—A’-ccphem-4-carboxyhc acid, to obtain a sodivm salt of 7-[D(-}-a-
(4 - ethyl - 2,3-dioxo-1-piperazino- caroonylammo) p-hydroxyphenylacetamido]-3-
acetoxymethyl-A’-cephem-4-carboxyhc acid, yield 60—80/o

- EXAMPLE 10.

50 (1) . 3.06 g of a benzhydryl ester of 7-phenyl-acetamido-3-{5-(1- methyl-l 2,3 ,4-
- - tetrazolyl)thiomethyll-A’-cephem-4-carboxylic acid was dissolved in 45 ml of
methylene chloride, and 2.5 g of N,N-dimethylaniline and 0.87 g of trimethylsilyl
chloride were added to this solution, The mixture was allowed to react at room
temperature for 1 hour, and cooled t6 —45°C, followed by addition of 2.08 g of
55 phosphorus pentachloride. Then the reaction mixture was further allowed to react
at —40° to —30°C for 1 hour, and at —30° to —20°C for 3 hours, and cooled to
-45°C, followed by addition of 5.5 mi of absolute methyl alcohol over a period of
- 10 minutes, The resulting reaction mixture was allowed to react at —40° to —30°C
- . for 1 hour, and at —30° to —20°C for 2 hours, followed by addition of 3.24 g of N,N-

60 dimethylaniline.

]
1 d benzhydr ypreg f°ﬂa‘red7h ition of 1 %! ager{o _
TR kY ot *ﬁ%@%’%&}aﬁs a:a?'a‘e *ﬁ el

?‘YP %mqi‘miohol an egg n‘i}ﬂ ; Yty La Oép!f‘ SOllYthl’l cbrg flﬁ%g)(;] 9] Z%dfz

carboxyvaleramido)-3- acetoxymethyl-A -cephem-4-carboxylic acid, or a

© .. On the other hand, 2 g of D(—)-a-(4-ethyl-2 3-d10xo-1-plperazmo carbonyl-.

1(

2

3
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The sane opératlon as in Exanple 10-(1) and (2) were repeat ed except
t he -be hydreyl ester of : ’é
7- pheny| Bcetiam 283 [5 (1- met hyI 1,2,3, 4- tlgt-[@gol yI) th| o- 45 29

BT Ter

y eny fhcetic acid was dissolvéd in a mixéd sc bnsisting 0
L) cﬁlorlde and 4 ml of dlmethylformamlde, and 0.8 g of N,N-

9 e ¢
héth ﬁdinl&:zo#ayla)iaéaltorm‘s Rlution. @hé mixt@p h&ﬁ‘bd@lﬁﬁt’o— BoRy! i c _
to it ai n 'llg;; WI‘ gof Q!hx!lF'de@‘JﬂIb ﬂ]’mﬁd fegeiny | -
gggr{ddat) o- h§ dro )6yphe ; ggq g r m;— on mtxtu as coezill to (‘2? ? 5 |
[y

f mté? ta-t hi adifazol yl )t TE ToaMling kit ase Aadi 8 9%l 120° @0t houRaRd at
30‘{ 4 2 [err], vyi e-lzd° ©3-109 fob [ hours, anB@‘eed of the solvent by eR@KBat Jon] uedqr}'educed
1

A o S R P R e T SRR Y oo

ph
e@®l 22 ( 5- net yI 4;,

o Wt

"yf(tg! zed [ err] saturated aqueous sodium chlonde solutton, and thén eremsn
‘gjr Bsent s an am no mntﬁlmlf@taéfhi thyk ceﬁa@m‘de 4‘@?‘% N“@F
s
e alceRxy! - g Ot egting W mm fou ymti ﬁ‘tﬁﬁ ﬂ'iferf $ o%%ﬁ%ﬁ Xis
represents gn 15 cetal . 3- :

bxygen, oSL-pip
or 5- positijon of ths,\(lpm@g% la72|.3|;\4etetram thmmtbthmmcephem%arbamlct vweidpf mt.pe 2-,
' 3- and 5- arid [err] (@eramp A48 —1pTCy Vigd¥815%- r epr esent s a hydrogen atom an

hyBLgi group,t an aryl grgyRegema al ky! oxgtgamqraythﬁ\b kylo @LoO@-—),0680NYy pai r

>xx9fetyerr] &g [gyr] together wth th eco natomrrayforma :
orgyc‘ﬁ O‘{)al kyl ring; A r@p éEtOchgth dl)@ﬂZhydryl estet i[Q( ft aff-uhd-ddgdi- t ut o
pRsusdbSt 1 t ut ed al kyI°x &L* “‘%ﬂ ‘ﬂ “0)% L "ﬁ °PX, 1d0 1Q Qcé%r,
hichrwdrky |, acyl oxyal kyfoeyiial déit »@as%a&r ixtuRd kaﬁ it o@'?)ﬂxl’of% cﬁawto fl of
°'étEl$1"Car baRbyl g5 oup: tri a’reapetﬁmmtas O‘am 50@ rmunm filltwed toeact &ipd0 mih utes
EPresents [ferr] whea mon 0 ﬁg@z@@d’ogv

al koxy, arylfoxy, 15 § ftltratlont =p1 l-
68%r al kyl t hi 0,f acyl thla@nmd)xazp .y hty oﬁyphe aap ML(i.hicm,yl-l 23 R
azinS QLD azobylit ho, |mthté]zllsi+cyﬂ’ltem-‘bqarbq3ylmd wlg. kdecomp.) 170°-171°C, ywld 91 O/o 30
:m-4-car- : IR(KBr) cm: v oo 1775 (lactam), 1705 (—COOH), :
‘one and 7 _ 1683 1670 (——CONX)
10.7 gf° a 3 _ (3) 2.5 g of the above-obtained 7-[D(—) a-(4-ethyl-2,3-dioxo-1-piperazino-car-
irred for 1 .. : bonylamino) - p - hydroxyphenylacetamido]-3-[5-(1-methyl-1,2,3,4-tetrazolyl)thio-
d (_ined'to 33 methyl]-A*-cephem-4-carboxylic acid was dissolved in a mixed solvent consisting 35
azino-car- C of 20 ml of acetone and 5 ml of n-butyl alcohol, and 15 ml of an n-butyl alcohol '
:m-4-car- ' solution containing 0.64 g of sodium 2-ethyl- hexanoate was added to this solution.

The mixture was stirred for 1 hour to deposit crystals, which were filtered, washed
with acetone, and dried to obtain 2.2 g of a sodium salt of 7-[D(— -a-(4-ethyl 2,3-

40 dioxo-1- plperazmo-carbonylammo)—p—hydroxyphenylacetamtdo] 3-[5- (l-methyl—
'ifggyi‘ivrgsl 40 :_ 1,2,3 4-tetrazolyl)thxomethyl]-A -cephem-4-carboxylic acid, yield 849, 40
nethyl-a°- ; ' EXAMPLE 1L
ylamino-é- The same operatlon as in Example 10-(1) and (2) were repeated, except that
3, ,gf 3a the benzh;'dryl ester of 7-phenylacetamido-3-[5-(1-methyl-1,2,3 4-tetrazolyl)-thio-
;arg 0)-3- 45 45 methyl]-A*-cephem-4-carboxylic acid was replaced by a benzhydryl ester of 7- 45
-l _g—)-a-. : phenylacetamido - 3-[2-(5-methyl-1,3 4-th1adxazolyl)thmmethyl]-A’-cephem-4-car-- '
tamido]-3- . - boxylic acid, to -obtain 7-ID(~)-a-(4-ethyl-2,3-dioxo-I-piperazino-carbonyl-

ammo)-p-hydroxyphenylacctamtdo]- ~-[2-(5-methyl-1,3 4-th1ad1azolyl)th10methyl)-
A*-cephem-4-carboxylic acid, m.p. (decomp) 172°——177°C yield 83. 2/,,

xyl -1,2,3,4- 50 F 50 IR(KBr) cm™:; . ) ' v ¢ 1780 (lactam), 1710 (—COOH), ' .50

45 ml of 3 : : :
nethylsilyl E’ - : 1685, 1672 (—-CON<)
>t at room 1 WHAT WE CLAIM IS:—
F2.08 gof Y 1. A process for producmg a compound represented by the general formula
zd to react 55 @, -
cool.e:(ii tc;_ : _ Sy, -
t period o 3 . ' | Co .8 .
"to -30°C ' . AN N-C-NH-R - CONH - \z (n )
1gof NN- 55 : ' AR N 55
. . 60 § ' B R'R%) \/ :
~carbonyl- 6 _ : R -‘__ " o ‘-o, ok T e T




pyridyl thio;

i soquingl yl t ' '
0X | t hi 039 t hi adi azol yl thio,

trled2| nyl t h
beii£ot hi azo

pyri mdinyl thio, pyridazinylthio,

I ndol yl thi o, indazolylthio,
triazol§In0¥Bo, tetrazol ylthio, 29
0, “DENZ L, RindRg-aydtbilyPhdhyladdlic acid was bﬁd&ﬂv@% mzOrhiytd sblv@nt consisting of

yl thio, 11 m1aﬁml=t(h ne ¢ridma0 401!! atipdfotmamidyy \LEE(’Sz@fNNCh ma

pyrazi nyl t hi o, qU|nonI

hio, quinazolylthio,

h
be Substituf ed by QW%%H afé%é‘g% 1se cth o%f%ﬁg an %lﬁliﬁt an
al kaxy greup &y er%@ ctioh fsiXtaftOw aLarc&Msu toQ2s&n idCyl 5
ngGp VWi cw C rrprl s;emdd@da)o tmamaednggacacﬁnmmx representoed by the eneral
forﬁu),a (1Y, [err]. & efhqre é{!'ﬁ“ E"q*v‘e@éﬁ §@fﬁ9‘s-2 e@? %ggg.; ngely|
gr omip'- d'ev0|d Of car f Il gg ﬁlé’ﬁg )J é,i 1 dﬁ)ﬁnlgp ate hen _
al R'bxyal K9I Up ot anfcﬂ@féﬁﬁﬁrﬁ:ﬁarﬁedﬁﬁéﬂ queops myeeowalsm vathGuiper, dlntt >Z i 30

t hg‘dsarre as

ove whrdwaﬂqnsa@ud,vae S%eaquvatsu mélum/vhxdnoge atetsglutip

draboxy|
ral ed () ya%
gragp of a Dorrpounds%*nefl%m:%gt“% @Z gate %To%i ef_'xtifo )\Sl‘nd?rﬂ Ced im and
n so-e the sane as re’ a@ué}g:;({?hﬁof siﬁ@ sthls, step
(apr and,ISij desire h;(%h matc‘tégi tetd f“li ? msdvee '/@éég- 15
conventi onaf net hoder g R’szm,?'ca'ﬁ[;?ﬁyw aim 1,
. : -(1-m 3 4-tetrazolyl)th1 ephgm: yli
wherein R i decomp.) 1480_1500(: yield 8 T a Cﬁ, 81’ 656 rﬁ‘ BI‘
catlon capapl e of formng a non-toxic salt:_n sarellnkedto
t h§carbgp At ons at t héRQKB!&m!"S posi ti hﬁ7 198 ( émbllﬁ’é)r(érz(p@"? 1680, 30
3Lole : %) of the above-abtai zh este f 7 (D mmﬁhyl -2,3-di- 2
31f@n atom|a mis Bhol 6l pheraih | Abbony o xybte BayE.
ca’t”bon atom 2 pai rsnemlﬁvl[erll;q 3 and t[:eaquym&y embtﬂle lsamé c:etphdmf far emax- and
[gke] ands[prol | “d”r@‘m"‘ @‘g 2 ?cléu % "é%w °§ﬁ“‘§"‘ ‘? Loafoup; A
i ema met hyl oPet hyl; ?rb%?f) lv éﬁ%ﬂg dealé cg lowed b);
addition of 20 ml of diethyl ether to deposit crystals, whxch were collected by
filtration to obtain 2.53 g of 7-[D{(-)-a-(4-ethyi-2,3-dioxo-1-piperazino-carbonyl-
_ amino) - p - hydroxyphenylacetamido}-3-{5- (l-mcthyl 1,2,3,4-tetrazolyl)thio-
-ar- 20 30 methyll- A’-cephem—4-carboxyhc acid, m.p. (decomp.) l70°——l7l°C yield 91.0%. 30
ar. IR(KBr) em™: o 1775 (lactam), 1705 (—COOH), '
o 1680 1670 (—CON<)
9 ? (3) 2.5 g of the above-obtained 7-[D(—) a-(4-ethyl-2,3-dioxo-1-piperazino-car-
g)r bonylamino) - p - hydroxyphenylacetamido]-3-[5-(1-methyl-1,2,3,4-tetrazolyl)thio-
"t° 35 35 methyl]-A’-cephem-4-carboxylic acid was dissolved in a mixed solvent consisting 35
-ar- of 20 ml of acetone and 5 ml of n-butyl alcohol, and 15 ml of an n-butyl alcohol :
ar- solution containing 0.64 g of sodium 2-ethyl- -hexanoate was added to this solution.
The mixture was stirred for | hour to deposit crystals, which were filtered, washed
with acetone, and dried to obtain 2.2 g of a sodium salt of 7- [D(-)-a-(4-ethy 1-2,3- .
i 40 dioxo - 1- plperazmo-carbonylammo)-p-hydroxyphenylacetamldol 3-[5- (l-mcthyl- 40
:\!\fgs 40 1,2,3,4-tetrazolyl)thiomethyl]-A’-cephem-4-carboxylic acid, yield 84%.
-A%- EXAMPLE 11.
_0'8' The same operation as in Example 10-(1) and (2) were repeated, except that
) 3a the benzh;'dryl ester of 7-phenylacetamido-3-[5-(1-methyl-1,2,3 4-tetrazolyl)-thio-
')-3- 4 4 methyll-A’-cephem-4-carboxylic acid was replaced by a benzhydryl ester of 7- 45
";‘ _ phenylacetamido - 3-[2-(5-methyl-1,3,4-thiadiazolyl)thiomethyl]- A’-cephem—4-car- :
)l-3- boxylic acid, to obtain 7- [D(—)—a-(4-ethyl ,3-dioxo-1 -plperazmo-carbon
ammo)-p-hydroxyphenylacetamldo] 3-[2-(5-methyl-l 3,4-thiadiazolyl)thiomethy
A’-cephem-4-carboxylic acid, m.p. (decomp.) 172°—177°C, yield 83.2%.
3,4 5 50 IR(KBr) cm% v ceo 1780 (lactam), 1710 (—COOH), ' 50
'!5113{ = : 1685, 1672 (—CON<) '
oom ; WHAT WE CLAIM IS:—
egagtf s i a 1. A process for producing a compound represented by the general formula
g tc; ] ) X, ' :
0 | S . :
0°C A-N_~ N-C-NH-R - CONH hY o _
N,N- 55 ' ‘7"1’ ¥ N 55
60 - ('R, 0 \/ o
)nyl' ' cooﬁ : s
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.ch [err] is an acetoxy, 2-(5-nethyl-1, 3, 4-thiadiazolyl)thio,
thiadi azolyl) thio, 2-(1-nethyl-1, 3, 4- trlazolyl) t hi o,

iyl -1,2,3,4-tetrazolyl)thio or 5- (1,2,3,4- tetrazolyl)thlo
‘ocess accor di ng to Aaim-1, wherein [err; is selected fromés
hroups capa¥e of heing remmved_hy catB1998: reduction, cheni cal

ion or treat ”enﬁhdﬂélﬂlﬂr reﬁi‘eﬁdﬂtsc‘dﬁ%‘hﬁd £U'k!5re31aﬁkﬂ R GépRéscito b hydrggedrabaisa
bf being easily nradimyiemlotmmggrmm emn 2 ysaie-forming acaltipyi mgemw% ef140r th’g(
rs

ecording to C aﬁeﬁieﬂeﬂt exggeR atg
FE{S 1o Co R M T T

‘ﬂ@mmz)damrw
acet am dol peni ck kEdifbltEe afk darbon dtoms, o pairs bDRY and RAnby be the same or different,

b pr oc ess accor dindgR*tapd @ 4 dﬂﬂl@é\“%ﬁ“ﬁ & hudregsitrainmm an @tkyk 81 soller by

£ ) group or an alk oxycarb group; or any parr o and R tog er with

' cqmmon ¢ rbon atom may form a ¢ cloalli(yl ring; A represents a hydrogen
er r] (4 efohy! - 2at ] rQKQnsib{ﬁhQ&f &%ﬁﬁ%ﬁmfeﬁr ﬁkﬂnﬂ R, alkgdidayl, cycloalkyl, aryl,
henyl acet am do] - ébyaceiath%/ neylyyalfykr elkyloopitbonyl - elsylivdfenili carbaoed or
foxi ¢ sal't. 20 acylcarbamoyl gTOUFEToFAGRSAR GRYASB CHIHY™ 1M (AiAf Tgpresents
lhe compound of the general = . - 2@ formula (1 is R
jerr]-(4-ethyl-2, 3- di oxo* 1- p| perbe{l no- car bonyl ar"i‘l'zno) p- -

henyl acet anm dol - 3 -, _ JCHRE

{hyl -1, 3, 4-thiadiazol yl)- th| onet hyI ] [err]- cepﬁem4 car boxyl ic
jts non-toxic s 4 R 68 b Gzid P ol dad al KR 21 8ky,
bund of t hg gengilrgikyl%@ r%t%ggg g&ﬂq@aﬁl hﬁ) (ir),’lthx&, aralkyl%hloli1 acylthio, OvaO?)%thlg,

derr 4- et hyl - 2th3wzelyltne ISOpaZpbﬂmsl rsgthdazel | d @sd io, pyrazolylthig,
ny} aE:et ami éo| pyriglylthi p_yrazmylthm, ynmxdmy thio, yn zinylthio, qumolylt io,

1yl
1,2, 3, 4- tetrazii il We&‘bz&,ﬁ” i o éﬁ‘i‘n’h@ﬁ’ﬁ%&"“‘ﬁamﬁ&%ﬁ%ﬁ

- ;t oxi c szl t. 8benfoxarodiths b mtuiuzoldmo,ngzamlqp@nmund or gprimdibiot Bdumy

.; “f ormul a (1) ggch may be substituted bygropps selfsted framee haloggmatomyan é‘lpfl group,
o () Gl ERie S ETROP PR BP0 G O ) grour.
wherein [err] r@m@m@ écoalpeaadoﬁmebenwaqiyane gengralfonrawla (Der r |

an-&eyl .group; and>Z is as defined in Claim 1, by
enat i-on reacti on to the 30 . Pespogldl ng imno hali de

135 — /(b) ‘converting the imno h%\-lod bzund obtal ned in step
jno- 2 . 35 . -

coon’

. wherem R’ represents a residue of .an acyl group devoid of carbonyl group; R
represents an alkyl, aralkyl, or alkoxyalkyl group; R’ represents a carboxyl-
. protecting group; and >Z is the same as above with a reactive derivative, with

respect to the carboxyl group of a compound of formuia (III),

Xy,
T 7 A=N N - C - NH-R - COOH Cm

| (RRY) -
. --m

wherem R, R2 RLA X, Y, m and n are the same as above and
“(b) hydrolyzmg the compound obtained in step (a), and, if desxred treating the
hydrolyzation product obtained above by'a conventnonal method to remove the
- . carboxyl-protecting group R’.
+ 35 2. The process according to Claim 1, wherem R is -

T.CH- . -CH-

or

. Rlisa hydrogen atom or a catlon capable of formmg a non-toxic salt; n is 2; two
X’s are linked to the carbon atoms at the 2- and 3-positions of the piperazine ring;
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et‘herificatiion reaction to the corresponding imno ether conpound, (c)

reacti Rg theg i m no ether conmpound obtained in step (b) with a reactiv

deriwvative with respect to the carboxyl group of the conpound of for
‘ ]: 35340 wherein [err]  W17.88 v mand n are the sane ad

endbihged in G alM T aiyghitiiand R? 40 in ghlrs it o 2 ki chiben SORPPBRY oPRIAWRSD 1N
5-%59 5-( c), and, if desybethe sameat d . grgnhend 8* 2nd RWndividually represent a hydrogen :
“3hygr 91l yzati gn pr odugemeb f Fierekerotps dds Hpethyl oot aroupinai amexygrsdtons andrdve t he
aredapdioxy| - pydt-ect | ng®group [err]. 32 | - .
rdiffeeeps 098 T CH, 32 9. The process according

}‘e% ' 1@,_|_ra\f1 8, tiwherein"Ris [err] [er?c/i s a hydrogen‘i'&t omor a cation c_apablni ,
2 hodroge@dr m ng g ndn- t oxi ¢ salt; nis ;\cu\p X's are |iecnketrt 0 t he carbon ato

allgl, atyhe 2- 1@nid 3-'positions of the piperazine ring; £ mis 2 [err] and

2modl [ are i1 pairs | AR R R ah RIS SRIYRN3 BhaBiazdlyiol S(1974.thBEAoLINd
re eeanr% ‘5 may be the :Eiam-(Megiyf-fjg#%ﬁr@olyl&ﬂ ,['é{ll’-r_}lethi‘lzd,)é wt?ueirgz:orym_hw cbuoa?jlqy

represent a fhydr oger(l.38dsistraeoly)thipt a methyl or ethyl group;-

- group; A . hyl
Y is an oxyden atom, : Theprog 5’215}}3?“ A el P a"gé@eu fr sfg;
2 (5- ot hyl 31,9, 4- iy #ti@%ft’g&g{‘%ﬁn@ﬁ %&?ﬁﬁ‘ﬂ ‘Iva%i&r rﬁﬂHgd%c‘é?ﬁnS’éég - S

2-(I'-netthylj-1, 3, 4- tbleinguslilylrgmdvbdapw%g @deng@tzih-a]livﬁg&pdy.t et raz‘cf)I y thio or
v, &ylody, 2, 3, 4- et razol y f.‘,*ﬁ‘ﬁ rquiegg%gr,_(lﬂrﬁ_gj% o _T‘I’i’tﬁ’qfiﬁ“‘ﬁ%ﬁf’g Er!l}g@gmr
afibioei n (e i) s seli@ARE o]%_s,@ RPRES or i M LD R ABIE B oBa
inoly ed by ¢atal yti (c‘ {ggm (zfrmis;gmg“igﬁ% czsh whc::gig_the cqmpod'ngg)g&}el g&g;rﬂr
azdiyl@@f ment ugder mi | do i(Di sn&[DEd-(@sthy- ' iperazips-carl inaing¥p- 15
azdb}&lhmg easi |y renoved A eﬁ{lﬁ"%ﬂﬂ'ﬁWé’s‘a‘ﬁe??xﬁnﬁt‘i‘ﬂﬂﬁbepﬂﬁﬂ'i’ic.a"ﬁ’.‘yhThaé"dp.PE)d@s_s
pBEHR di ngo %ZI m e, W ff“é&is%“&eﬁgwg%‘ﬁgg Wﬂ%?fggﬁﬁﬁ:ﬁﬁboﬁﬁrd@we eﬁ;!ril is 59
oviE -)-[ert]-(4- et Hydm isO% HA-erteyt- io@F i Zino-pap pdydanyine)-p-
‘°”é’ 35( )-lerg]-{ h%ré'@phe)nynacetanu%gip-ms - [2-(5-meth -1,3,£%adiazblyl -thiomethyu-Aps- ‘
: cephem-4-carboxylic acid or its non-toxic salt.
7. The process according to Claim 2, wherein the compound of the general
25 formula (I) is 7-[D(-)-a-(4-ethyl-2,3-dioxo-1-piperazino-carbonylamino)-p- 25
hydroxyphenylacetamido] - 3 - [ - (1-methyl-1,2,3 4-tetrazolyl)thiomethyl]-A3-ce- '
phem-4-carboxylic acid or its non-toxic salt.
8. A process for producing a compound represented by the general formula (I)

25} as defined in Claim 1, which comprises: ..
: - 30 (a) converting a compound of formula (IV), . ; o 30
group; R® S - R®. NH N\
carboxyl- j ' T Z (V)
ttive, with B . : . N\/ o '
, ' ' o I coor’

wherein R' represents a carboxyl-protecting group; R® represents an acyl group;
moo. 30 and>Z is as defined in Claim 1, by iminohalogenation reaction to the
o : ' corresponding imino halide compound, R
: 35 (b) converting the imino halide compound obtained in step (a) by imino- 35
ctherification reaction to the corresponding imino ether compound,
(c) reacting the imino ether compound obtained in step (b) with a reactive
derivative with respect to the carboxyl group of the compound of formula (III),

eating the
‘move the SR
A}
-35 .
1 A-N N-(i‘-NH-R-COOH ' {1
* S s o (R’Rs)m Y. l
E .
40 wherein R, R?, R}, A, X, Y, m and n are the same as defined in Claim 1 and 'tlllen 40
(d) hydrolyzing the comEOl_md obtained in step (c), and, if desired, treating the '
is 2: two - . hydrolyzation product obtained above by a conventional method to remove the
zine ring; N carboxyl-protecting group R’. _ .

e

e




a
3

acetam dol - penicillanic acid or its non-toxic salt. 20 12. The pro€e
aCCor to daim9, wherein the conpound of the general 20 formul a &6
)-[err]-(4-ethyl-2,3-di oxo- 1- pi perazi no- car bonyl ami no) - p- hy- _
iyl acet am do]3-3- acet oxynmet hyl -[err] -ceﬁj@im 4-carboxylic acid or i

, ccording to {9889 __wherein the conpound

ener al 25 . formsl The fropess b&ording to Claim 8, wherein R is :
a- (‘4- et hyl - 2, 3- di oxo- 1- pi per azi no- car bonyl ani no) - p- 25
ienyl acetanido] - 3 --[2 - o aeH- ] -CH- _

1,:3, 4- t hi adi azol yl ) -t hi onet hyl J-Perr] - -cephé ;car boxylic ‘aci d
ding*to d 9, V\/nerein t he

of the general formula (1) is

(4-ethyl -2, 3-di oxo- 1- pi per azi no- car'bonyl-am' noy*- p- hy- 30
yl acet am do] - Lis 2 hyd - . . . .
I gen. ato n of | non-toxic salt; nis 2; two
et hyl -1, 2, 3, 4-t gy ﬁ%m&hig &k%ﬁ%gﬁgtﬁngﬁ%ﬁih gﬁ%{ﬁorsg eﬁfiperazin ring;
lic acid o its mmah; R&f;ﬂ(&’ aﬁlrg}}f Faiﬂsfbink?'ﬁpzﬂﬂgﬁﬁiﬁ‘vﬁdn%@i, mrsldmﬁGdrﬁl'_
bst-antial |y as démayrieldegisame axriyiienent, anfl R'he ividugliyereprepane g hydrogen
ore set forth. Fm PPl gion: A mettrarduissrupny sar ot femerdpZ
1) -whenever 35 produced by the process clained, in any :
. claimor by an obvious chemcal 35 equivalent thereof. For the
F." J. CLEVELAND & COVPANY, Okrdrtereg Patent abgents, 40-43 -
_— - - Printed feof Nger Najesty's.és_tﬁglnpnery Ofice
urier Press, Leami ngton Spa, 1978. ‘Pu_bl i shed by theé Patent Office,
ton Bui | di ngs,, London,, WC2A 1AY, from whi ch copi es may be
np : 10 9 in which R* is an acetoxy, 2-(5-methy]-1,3,4-thiadiazolyi-)-thio, 2-(1,3,4-
: " thiadiazolyl)thio, 2-(1-methyl-1,3,4-triazolyl)thio, 5-(1-methyl-1,2,3,4-tetrazolyl)
-1 thio or 5-(1,2,3,4-tetrazolyl)thio group. : S
10. The process according to Claim 8, wherein R’ is selected from ester-
forming groups capable of being removed by catalytic reduction, chemical
15 reduction or treatment under mild conditions, and ester-forming groups capable of
: being easily removed owing to enzymes in a living body.

. 11. The process according to Claim 9, wherein the compound of the general -
o formula (I) is 6-[D(=)-a-(4-ethyl-2,3-dioxo-1-piperazino-carbonylamino)phenyl-
- acetamido]-penicillanic acid or its non-toxic salt.

20 12, The process according to Claim 9, wherein the compound of the general
formula (I) is 7-[D(—)-a-(4-ethyl-2,3-dioxo-1-piperazino-carbonylamino)-p-hy-
' dro_xyphlenylacetamido]-3-acetoxymethyl-A’-cephem-4-carboxylic acid or its non-
toxic salt.
. 13. The process according to Claim 9, wherein the compound of the general
.25 formula (I) is 7-[-D(-)-a-(4-ethyl-2,3-dioxo-1-piperazino-carbonylamino)-p-
hydroxyphenylacetamido] - 3 - [2 - (5-methyl-1,34-thiadiazolyl)-thiomethyl}-A®-
cephem-4-carboxylic acid or its non-toxic salt. ' _
14. The process according to Claim 9, wherein the compound of the general
formula (I) is 7-[D(—)-a-(4-ethyl-2,3-dioxo-1-piperazino-carbonylamino)-p-hy-
30 droxyphenylacetamido] - 3-[5-(1-methyl-1,2,3,4-tetrazolyl)thiomethyl]-A3-cephem-
4-carboxylic acid or its non-toxic salt. -
_15. A process as claimed in claim 1 and substantially as described in any one
of the specific examples hereinbefore set forth. =~ - '
_ 16. Penicillins and cephalosporins of the general formula (I) whenever
35 produced by the process claimed, in any preceding claim or by an obvious chemical
equivalent thereof, : S : :

- For the ABplicants: o
F. J. CLEVELAND & COMPANY,
Chartered Patent Agents,
40—43 Chancery Lane,

-’ .":-: . -,#'v .
London, WC2A 1]JQ. :

- Printed for Her Majesty’s Stationery Office by the Courier Press, Leamington Spa, 1978.
Published by the Patent Office, 25 Southampton Buildings, London, WCZA 1AY, from .
S _ . which copies may be obtained. _
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