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relates to a novel process for producing Sﬁlectively and in a high yield

the Z-isonmer (cis-isoner) of a cephal osporin antibiotic having a

2-(4-substituted or unsubstituted-thiazol-5-yl)vinyl group as the

3-substituent, or the Z-isonmer (cis-isonmer) of such a 7-am no-3-[2-(4- 10
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or the Z-isomer (cis-isomer) of such a 7-amino-3-[2-(4-

10 substituted or unsubstituted-thiazol-5-yl)vinyl]-3-cephem-
4-carboxylic acid or a protected derivative thereof which is
utilizable as an intermediate for the synthesis of the said
cephalosporin antibiotic. This invention also relates to a
novel process for producing efficiently and in a facile way

15 ahighly pure Z-isomer (cis-isomer)of a 7-[2-(2-aminothiazol-
4-yl)-2-alkoxyiminoacetamido]-3-[2-(4-substituted or
unsubstitﬁted-thiazol—5-yl)vinyl]-3-cephem-4—carboxylic
acid, or a 7-amino-3-[2-(4-substituted or unsubstituted-
thiazol-5-yl)vinyl]-3-cephem-4-carboxylic acid or a

20 protected derivative thereof.

Background Art

3apanese Patent Publication No. Hei 3-64503 (Japanese
Patent No0.1698887), United States Patent No.4,839,350 or
European Patent No.0175610 specification discloses 7-[2-

25 methoxyimino-2-(2-amino-thiazol-4-yl)acetamido]-3-[2-(4-
methylthiazol-5-yl)vinyl]-3-cephem-4-carboxylic acid (syn-

isomer, cis-isomer) represented by the following formula (A)



2-[err] 5 This conmpound is an excellent cephal osporin antibiotic called as
"Cef ditoren" . The excellent antibacterial activity of Cefditoren against
gram negative bacteria is attributable to the fact that the Cefditoren
conpound has the Z-configuration such that the cephemring and the
4-met hyl t hi azol -5-yl group 10 of Cefditoren are connected in the
cis-configuration to the carbon-carbon double bond of the 3-vinyl group of
t he Cefditoren nol ecul e. /=N
7- [ 2- Met hoxyi ni no- 2- ( 2- antggtﬁ az oF OBk | ) acef ansdo
3-[2-(4-nethyl t hiazol - - 3-cep 4-garb xyI9%315(M

r), which is derived by

aci dpi val oyl oxynet hyl ester (sqursoner | S22
esterifying the 4-carboxyl group 00 th@ abofe- nentioned Cefditoren

compound wi th pival oyl oxynethyl group, is r@o®@dented by the foll ow ng
formula (B) [err] 20 and is a pro-&flag known as a general name "Cefditoren
pivoxil (refer to Merck Index 12th Edition, Page 317). In cases 25 of
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Cefditoren against gram-negative bacteria is attributable to

the fact that the Cefditoren compound has the Z-configuration
such that the cephem ring and the 4-methylthiazol-5-yl group

10 of Cefditoren are connected in the cis-configuration to the
carbon-carbon double bond of the 3-vinyl group of the
Cefditoren molecule.

7-{2-Methoxyimino-2-(2-aminothiazol-4-yl)acetamido]-

3-[2~-(4-methylthiazol-5-yl)vinyl]-3-cephem-4-carboxylic

15 acid pivaloyloxymethyl ester (syn-isomer, cis-isomer), which
is derived by esterifying the 4-carboxyl greup of the above-
"mentioned Cefditoren compound with pivaloyloxymethyl group,

is represented by the following formula (B)
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and is a pro-drug known as a general name Cefditoren pivoxil’

(refer to “Merck Index 12th Edition, Page 317). In cases
25 of the 3-(2-substituted-vinyl)-cephalosporin antibiotics, it
is generally known that the Z-isomer (cis-isomer) is superior

to the E-isomer (trans-isomer) in the various properties of



The above-nenti oned 3-(2-substituted-vinyl)-cephal osporin antibiotics

I icl udi ng Cefditoren, or internedi ates usable for the synthesis of said
antibiotics nay be prepared by various 5 prgcesses. As one of the processes
avail abl e for the production of these antiblotics, there is known a process
using Wttig's reaction. Such a process for the preparation of the 3-(2-
substituted-vinyl)-cephal osporin antibiotics or the internediates for their
synt hesi s whic 0 Is i.ng 10 Wttig s reaction is disclosed, for
exanple, in Jagg%egg&ﬁgﬁgﬁgiiﬁplication first publication KOKA
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intermediates for their synthesis which comprises using
10 Wittig's reaction is disclosed, for example, in Japanese
Patent Application first publication KOKAI Hei-3-264590 or
the corresponding U. S. Patent No.5,233, 035 or European Patent
Application Publication No. 0175610A2; the “Journal of
Antibiotics” XLIII, No.8, pages 1047-1050 (1990), "Chem. Pharm.
15 Bull.” Vol.39, No.9, pages 2433~-2436 (1991), and International
Publication No. W095/09171 (published on 6 April, 1995) of
PCT Application No.PCT/JP94 /01618 or the correspondingl
BEuropean Patent Application Publication No. 0734965Al1
specification. By conducting the Wittig's reaction step in
20 accordance with the prior art processes, the resultant
reaction product has always been given in the form of a mixture
of the Z-isomer and E-isomer of the produced compound.
For example, the “Journal of Antibiotics” XLIII, No.8,
pages 1047-1050 and “Chem. Pharm. Bull.” Vol.39, No.9, pages
25 2433-2436 mentioned above disclose a process for the preparation

of such 4-methoxybenzyl ester of 7- 3 -phenylacetamido-3-[2-

(4-methylthiazol-5-yl)vinyl]-3-cephem-4-carboxylic acid,



4 whi ch may be used for the synthesis of the aforesaid 7- [(2)-

2-12-am not hi azol - 4-yl ) -2- et hoxyi m no- acet am do] - 3-(2) -
(4-nethy|thiazo|-5-y|)vinyI-3-cephen}4-carb9xyIic acid. In this process,
there are carried out the steps of treating 5 p-nethoxybenzyl ester of
7-[err]-phenyl acet am do- 3-chl oronet hyl - 3-cephem 4-carboxylic acid with
sodiumiodide in acetone to produce the correspondi ng 3-iodonet hyl
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-3-cephem-4-carboxylic acid with sodium iodide in acetone to
produce the corresponding 3-iodomethyl derivative; treating
this derivative with triphenylphosphine to produce the
corresponding triphenylphosphonium iodide derivative; and

10 reacting this triphenylphosphonium iodide derivative with
5-formyl-4-methylthiazol by the Wittig's reaction at room
temperature in a heterogeneous reaction medium comprising
dichloromethane (i.e. methylene chloride) and water in the
presence of sodium hydrogen carbonate, thereby to produce the

15 4-methoxybenzyl ester of 7-f -phenylacetamido-3-[2-(4-
methylthiazol-5-yl)vinyl]-3-cephem-4-carboxylic acid.

The above-mentioned process may be expressed by the

following reaction scheme:

20

25



In the above-nentioned process, there is produced, as an internediate
product, 4-nethoxybenzyl ester of 7-[err]- 25

phenyl acet am do- 3- [(trlphenylphosphoranyl|d§ne)nethyl] 3-

cephem 4-carboxylic acid of fornula (F) above, which is then reacted with
5-fornyl -4-nmethyl thi azole by the Wttig's 6 reaction to produce

4- met hoxybenzyl esterof 7-[err]-

phenyl acet am do- 3-[ 2 G B N < vi nyl ] - 3-cephem - 4- car boxylic
acid of forrmula (H). ¢ reaction pr CL, f formula (H) is infrlbed in
t he above-nentioned literature 5 b&Cbbt al ormof a

ned in th

m xture of the Z-isonmer (cis-isoner) an LS*I‘ 3 oner) of the
conmpound (H) at a mx ratio of 4.7:1. The above® | i\e: .turea Jour nal of
Anti bi otics describes that the n1xed4' b%fner and E-isomer of the conpound
of formula 10 (H) is difficult to b ated from each other even by
treating with a colu hromat ogr aphi’c techni que. Then, said literature
further disgloses th%i;jpgcﬁ target product coul d be isol ated
only by effecting a od c%npr|5|n e ing the 7- phenylacq@yl gr oup

fromthe conmpound of formula 15 ( €M,pt ection technique,
condensing the 7-position of the deprote rod kg:
2-(2-tritylam not hi azol -4- yl)-2-nmet hoxyil g%et cid; subjecting the

resul ting condensation product to a deprofe reaction, then subjecting
the resulting deprotected product to p ¢o|T 3chromatography with a

non-ioni c porous resin, and further
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In the above-mentioned process, there is produced, as an
intermediate product, 4-methoxybenzyl ester of 7-8-
25 phenylacetamido-3-[ (triphenylphosphoranylidene)methyl]-3-
cephem-4-carboxylic acid of formula (F) above, which is then

reacted with 5-formyl-4-methylthiazole by the Wittig's



subj ecting the resulting product so purified to a fractional
crystallization. Thus, the yield of the desired Z-isoner as finally
harvest.ed was necessarily low to a considerable extent. 25 Furt her,
Japanese Patent Application First Publicatidn KOKAI Hei-7-188250 or the
corresponding U. S. Patent No.5,616, 703 or European Patent Application
Publ i cati on No. 658558A1 7 specification discloses that the reaction

product , wht h SO ied o NS SN Tlo gl g1 5
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The above literature ‘Journal of Antibiotics” describes
that the mixed Z-isomer and E-isomer of the compound of formula
10 (H) is difficult to be isolated from each other even by treating
with a column chromatographic technique. Then, said
literature further discloses that the Z-isomer of the target
product could be isolated only by effecting a method comprising
removing the 7-phenylacetyl group from the compound of formula
15 {H) by a deprotection technique, condensing the 7-position
of the deprotected product with 2-(2-tritylaminothiazol-4-
yl)-2-methoxyimino-acetic acid, subjecting thé resulting
condensation product to a deprotection reaction, then
subjecting the resulting deprotected product to a column
20 chromatography with a non-ionic porous resin, and further
subjecting the resulting product so purified to a fractional
crystallization. Thus, the yield of the desired Z-isomer as
finally harvested was necessarily low to a considerable
extent.
25 Further, Japanese Patent Application First Publication

KOKAIHei—7—188250<n:thecorrespondingtL S. Patent No.5,616,

703 or European Patent Application Publication No.658558Al



Furt her, the above-nentioned PCT International Publication No. WX95/09171
discl oses a process which conprises the steps of treating a phosphoni um
hal i de conpound represented by the follomﬁqp formula (K) 25 8 [err] 5
where X is CHor N, Rerr] is an amno group or a protected am no group,
Rlerr] is a hydrogen atom or a hydroxyi m no-protecting group, Rerr] is a
hydrogen atom a salt-formng cation or a carboxyl-protecting group, R err]
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with a base suc ium rogen carbonate I n ace
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formula (G ) [err ere Is a hydrogen atom Rerr] is a
hydrogen atom a | ower aI grou% a hal o-1 ower al kyl group or a hal ogen
atom by the Wttig's rea omte rahure or under cooling
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where R is a protecting group of silyl type or a hydrogen atom
and which was produced by the Witting's reaction, is a mixture
10 of the Z-isomer and E-isomexr. The Japanese Patent Application
First Publication KOKAI Hei-7-188250 specification also
discloses a method for the isolation of the Z-isomer which
comprises converting the Z/E mixture of 7-amino-3-[2-(4-
methylthiazol—S-yl)vinyl]3—cephem—4—carboxylic acid into a
15 corresponding amine salt and subjecting the amine salt so
obtained to a recrystallization step. This Publication
further discloses that when the said Z/E mixture is subjected
to a chromatography, there can be obtained the Z-isomer from
which the E-isomer of a lower activity has been removed as
20 much as possible.

Further, the above-mentioned PCT International
Publication No. WO085/09171 discloses a process which
comprises the steps of treating a phosphonium halide compound
represented by the following formula (K)

25



9-in nethylene chloride, nethylene chloride-water, tetrahydrofuran or
di'oxane, to produce a 3-vinyl-cephem conpound represented by the foll ow ng
formula (N) [err] 5 where Rerr], R[err],lﬂenr], Rlerr] and R err] have
t he same neani ngs as defined above. In this prior art process, the
resultant reaction 10 product which conprises the 3-vinyl-cephem conpound
of fornmula (N) as obtained by reacting the phosphoranylidene conpound of
formula (L) with the al dehwde conpound of formula (G ) through the Wttig's
reaction, was also in 1m§4fbﬁﬁlof a mxture of Z-isomer (cis-isoner) and

15
- cepffem conpgynd of formul a

E-i soner (trans-isoner N t h6 ou
recover the desired Z-isoner fribmthe 3fvlnyl
(N), it was necessary for the dbaye- ) R&Edathat the reaction

solution as obtained fromthe Wt¥ig' s reaction,step was at first washed
with an aqueous sodi um chloride 28 sol uti d¢@2R hen dried over anhydrous
magnesi um sul fate and further concentrated under a reduced pressure and

that i he resul LhageCRGe R Blon! apidlie 1Sl Bebuplok(d tdtedteq amina

chromat ography S0 as to separaté th I soner - “I'soner. Thus, in
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Hw® I'n order to isolate and

the 3-vinyl-ce
carboxyl-protecting group, R'® is an aryl group, for example,

a phenyl group, and W is a halogen atom, with a base such as
10 sodium hydrogen carbonate in acetone, tetrahydrofuran,

methylene chloride or water at room temperature, to produce

a tri-aryl phosphoranylidene compound represented by the

following formula (L)
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where R', R'?, R!® and R!® have the same meanings as defined

above, then reacting the compound of formula (L) with a 4-

20 substituted or unsubstituted-thiazol-5-carbaldehyde of the
following formula (G')

R'S

N
’ | S>—R™ @")
S

0
25 where R' is a hydrogen atom, R!® is a hydrogen atom, a lower
alkyl group, a halo-lower alkyl group or a halogen atom, by

the Wittig's reaction at room temperature or under cooling_



10 conpound whi ch conprise using the Wttig's reaction, there cannot be
found any precedent case where a |ower al kanol is used in the reaction
medium for the Wttig' s reaction. Therefor when there has been carried
out the process 5 for the production of a Tephal osporin conpound havi ng
the 3- [ 2- (4-substituted or unsubstituted-thiazol-5-yl)vinyl group which
conprises reacting such a 7-[2-(2-am nothiazol-4-yl) 2-

al koxyi mi noacemﬂﬁggié?%énét &msygay tHE‘EHyEQHépEH&%Mh'ed%@er,

met hyl ] - 3- cephem oxylicacid or an ester thereof as 10 enbraced by

the compound ofofpLfivhAckhlafbB¥easBkafie’- 2 Blodlibel aNaRLALGAL S GHENO" 3-

[ (tri-substituted-phosphorany |dene nethyl] cephe xyllc aC|d or

an ester there i d

unsubstituted-?élgzoﬁES- érggpgkh 89 FRFOfOlﬁgwag ) £ F@ﬁg #%e Wttig's
reaction, there has been Ha presented a demand for providing such a novel
process for the produgti the 3-(2-substituted-vimHt)-cephal osporin
conmpounds Wpich woul d beng@ COMNMHx odue$ selectijely the desired
Z-isoner (cCls-isoner) of the 3i4(2-substifuted-vinyl)s=~Cephal @g§porin
conpounds in a significantly hi'g opH gmmqthaa(that of the
undesirabl e E-isoner (trans-isongr) O RS
3-(2-substituted-vinyl)-cephal osp®in conp%g It has al so been presented
a demand for providing such a novel process for t he production of the
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recovering 25 esi fed Z-I sbner al ospor

above. In this prior art process, the resultant reaction
10 product which comprises the 3-vinyl-cephem compound of
formula (N) as obtained by reacting the phosphoranylidene
compound of formula (L) with the aldehyde compound of formula
(G') through the Wittig's reaction, was alsc in the form of
amixture of Z-isomer (cis-isomer) and E-isomer (trans-isomer)
15 of the compound (H). In order to isolate and recover the
desired Z-isomer from the 3-vinyl-cephem compound of formula
({N), it was necessary for the above-mentioned process that
the reaction solution as obtained from the Wittig's reaction
step was at first washed with an agueous sodium chloride
20 solution, then dried over anhydrous magnesium sulfate and
further concentrated under a reduced pressure and that the
resulting concentrate residue was further purified by a
chromatography so as to separate the Z-isomer from the E-
isomer. Thus, in this prior art process, the yield of the
25 desired Z-isomer of the 3-vinyl-cephem compound of formula
(N) was, in fact, not satisfactorily high, too. With the prior

art processes for the production of the 3-vinyl-cephem



a high yield and at a high purity directly fromthe resulting reaction
solution of the Wttig' s reaction, wthout involving 11 any necessity
to carry out any further specific purifi02%§on step for separating the
desired Z-isoner fromthe E-isoner as for . Disclosure of Invention 5
Thus, the prior art processes for the production of the
3-(2-substituted-vinyl)-cephal osporin, which conprises using the Wttig' s

reaction, have?ﬁgﬁggﬂérmféhdé&wgﬁéé ﬁéfﬁ%bﬁesﬁee%gtvht ¥e9§tggﬁ, there

production of | SOmMer 1s poorer as conpared wt at o e E-1soner,

that the 5ol Sioplnd Grodle iy SHBIeddifddle FlchUTR 10 AGMahed so

addi tional and conplicate ons, and that the actual yie

Z-isomer is ungalhs{iacip iééaé@%x;'ﬂ‘dé{iﬂﬁﬁv £bf! EB@CPE%Eggt'Eh%eactio

above-nentioned prior art processes, ere was enpl oye e “Sonventi onal

Wi thousi g, in subiPAAPERPEy “HfiRnCEnbRE Hob) bioR CERFLER]OU) chE) RERELEY'

with using, in subStan cases, nethy I de or t

chi or | de- et er ¢a5 chiiS, L SAGLLL, M8 Wy MoLh UoliE e Eo0myL APSLR5uT oS

for the reaction rese i nven ave Carri ed out

our extensive 20 shBXEPELORN! RSulb Lot hEukBheRhi 80091 SL9YLAN0E Hey?

novel process e productron € i tut éd=vi'ny

e e R AP e el RSl ppepyses
alkoxyiminoacetamido]-[3-(tri~substituted-phosphoranylidene)
methyl]-3-cephem-4-carboxylicacid or an ester thereof as

10 embraced by the compound of formula (L) above, or a 7-amino-
or 7-N-protected amino-3-[ (tri-substituted-phosphoranylidene)
methyl]-3-cephem-4-carboxylic acid or an ester thereof, with
a 4-substituted or unsubstituted-thiazol-5-carbaldehyde of
formula (G') through the Wittig's reaction, there has been

15 presented a demand for providing such a novel process for the
production of the 3-(2-substituted-vinyl)-cephalosporin
compounds which would be capable of producing selectively the
desired Z-isomer (cis-isomer) of the 3-(2-substituted-vinyl)
-cephalosporin compounds in a significantly higher proportion

20 than that of the undesirable E-isomer (trans-isomer) of the
3-(2-substituted-vinyl)-cephalosporin compounds.

It has also been presented a demand for providing such
a novel process for the production of the 3-(2-substituted-
vinyl)-cephalosporins which would be capable of recovering

25 the desired Z-isomer of the final cephalosporin product in
a high yield and at a high purity directly from the resulting

reaction solution of the Wittig's reaction, without involving



concentrically studied on the reaction nedium reaction 25 tenperature and
other reaction conditions which are available for Wttig's reaction. As a
result, we now have surprisingly found that, if a m xed sol vent consisting
of a mxture of a 12 chlorinated hydroc&?bon solvent with a | ower

al kanol as mxed at a certain mx ratio (by volune) is used as the reaction
medium for the Wttig's reaction, and if, sinultaneously, a tenperature of

fh[é ]C tdng' u?r% BEBLR Yo dleld ?fegg féQtﬁéﬁrép%é%%ﬂ?%ﬁﬁt‘*f%&ce
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E-isomer in th%sr%%n solution of the Wtting's reaction, so that 10 the
sel ectivity of "The production of the desired Z-isoner is thus inproved and

the yield of t?g é] r%gmer ﬁﬁnhggﬁed On the basis of these our findings,
we have conpl e IS 1 rding to a first aspect of this

i nvention, £t‘herefor usl5 the E’F‘-"?LQF RI_%L(r)]él %S? Fﬁg g8§5§h£8é¥$$‘g?§ ctf

productlon of the Z-Tsdner o or st it hos
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the selectivity of the production of the Z-isomer is poorer
as compared with that of the E-isomer, that the isclation of
10 the Z-isomer from the E-isomer has required some additional
and complicated operations, and that the actual yield of the
Z-isomer is unsatisfactorily low.
Further, in practising the above-mentioned prior art
processes, there was employed the conventional procedure such
15 that the step of the Wittig's reaction was carried out with
using, in substantially all cases, methylene chloride or
methylene chloride-water as the reaction medium, and with
using the room temperatures for the reaction temperature.
We, the present inventors, have carried out our extensive
20 investigations with the intention of providing such a novel
process for the production of the 3-(2-substituted-vinyl)-
cephalosporins which is free from the drawbacks of the prior
art processes as mentioned above. In particular, we have
concentrically studied on the reaction medium, reaction
25 temperature and other reaction conditions which are available
for Wittig's reaction. As a result, we now have surprisingly

found that, if a mixed solvent consisting of a mixture of a



25 protecting group, or Rl denotes a 2-(2-N-protected or

unpr ot ect ed- am not hi azol -4-yl)-2-al koxyi m noacetyl group having the
followng fornmula (11) 13 [err] where rr] is a hydrogen atomor a
nono- val ent am no-protecting 5 group and err] is a hydrogen atom or
Rlerr] and Rl err] as taken together nean a di-val ent am no-protecting group
and R7is an al kyl group of 1-4 carbon atons and wherein R err] denotes a

hydr ogen at om cﬂioﬂ%{édg{%&{{ﬂoﬁ%o}ﬁg‘?& HOBAE bwERA0) Raflb1 VAL Efxlea
ani no- protecting group and enotes a hydrogen atom pival oyl oxynmethy
group 10 or a&te%tgéf£8£81@9x9£QHan§b§ Séiﬁaég'igrQESSt 29 +8£0UR, 398 n
Rl err] denotes a hydrogén atom an al kyt group of "1~4 carbon atomns,
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(2-substituted-vinyl)-cephalosporins in a significantly
higher larger proportion than that of the undesirable E-isomer
in the reaction solution of the Witting's reaction, so that
10 the selectivity of the production of the desired Z-isomer is
thus improved and the yield of the Z-isomer is enhanced. On
the basis of these our findings, we have completed this.
invention.
According to a first aspect of this invention, therefore,
15 there is provided a process for the selective production of
the Z-isomer of a 7-N-unsubstituted or substituted-amino-
3-[2-(4-substituted or unsubstituted-thiazol-5-yl)vinyl]-
3~-cephem-4-~carboxylic acid or an ester thereof represented

by the following general formula (IV)

20 2
R
- =N
| I (v
N A A
0
COOR?®

wherein R! denotes a hydrogen atom or a mono-valent amino-
25 protecting group, or R! denotes a 2-{2-N-protected or
unprotected-aminothiazol -4-yl)-2-alkoxyiminoacetyl group

having the following formula (II)



14 [err] 5 where Rerr], Rerr] , Rerr] and R err] each have the sane
meani ngs as defined above, with a 4-substituted or unsubstituted-thiazol-5-
car bal dehyde represented by the foll ow ng ggrnula (1) [err] 10 where
Rlerr] has the same neaning as defined abov&, in a m xed solvent consisting
of one or nore chlorinated hydrocarbon sol vent(s) and one or nore | ower
al kanol (s) as m xed together at a mx ratio (by volune) in a range of from
1:3to 1:0.25, 15 at a tenperature of +§%%err]c to -50 [err]C. The process

according to the first aspect of i %n tion is d{fferent fromthe
aforesaid prior art proceSSﬁs_ﬁ@thdg R~oguekf on of I
3-(2-substituted-vinyl)- cephalospgins with using the Wttig's reaction in
that the 20 process of this i[&ention enpl oys as the reaction nmedi um such

a mxed solvent nmade of a m xture of the chlorinated hydrocarbon solvent(s)
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rati o, and t hal € process i nventi on enpl oy action
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reaction pr oceggggsa &Egvéfgﬁ{:ia%{}.ncoqrbq:iotgeocrpiﬂcgr S@O{JB%%ed R’ is an alkyl group
of 1~4 carbon atoms and wherein R? denotes a hydrogen atom,
or R' and R? as taken together mean a di-valent amino-protecting
group and R® denotes a hydrogen atom, pivaloyloxymethyl group

10 or an ester-forming group as a carboxyl-protecting group, and

R® denotes a hydrogen atom, an alkyl group of 1~4 carbon atoms,
trif luoromethyl group or a chloro group, characterized in that
said process comprises reacting a 7-N-unsubstituted or
substituted-amino-3-~[(tri-substituted-phosphoranylidene)

15 methyll-3-cephem-4-carboxylic acid or an ester thereof

represented by the following general formula (I)

Rz
R‘—lil
J;'I/S ()
o7 N >chepRY,
20 COOR®

where R' , R?® and R® each have the same meanings as defined
above and R* denotes an alkyl group of 1~6 carbon atoms or an
aryl group, or a compound represented by the following general
formula (I') |

25



15 of the prior art processes. |In spite of such small differences over the
prior art processes, the process of this invention can achieve the
production of the desired Z-isonmer of the gephem conpounds of formula (IV)
in a higher selectivity and 5 at a hi gher ;Vgld than the E-isonmer. This is
gui t e unexpectabl e. The conpound of general fornula (1) which is used as
the starting material in the process of the first aspect of this invention
may be prepared by a nethod conﬁﬁising the steps 10 of (i) treating a

3- hal onet hyl - 3- cephem conpound ¢f the follow ng general formula (V) [err]
15 where Rlerr] , Rerr] andrRREFRrr] each have the same neanings as defined
above and Wis a chlorine atom or rgm ne atom w tf)’podi umi odi de or
potassiumiodide in a reaction iym Aor exapple, acetone or a nxed

sol vent made of a mixture of methyl eng 26H=EfRdsi de or chloroformwith
water at roomtenperature, to producee@of?®i odonet hyl - 3- cephem conpound of
the followi ng general formula (VI) [err] 25 where Rlerr] , Rerr] and

Rl err] each:ha e,sangz Megai as fi (i e '
Rlert] eachs NaVfediPrsaTRe TPRDI P xSl hAS tne WVl RESnitids) ab et A
above, with a 4-substituted or unsubstituted-thiazol-5-

carbaldehyde represented by the following formula (III)

/=-N
s \’)_Rs an
10 CHO
where R® has the same meaning as defined above, in a mixed
solvent consisting of one or more chlorinated hydrocarbon
solvent(s) and one or more lower alkanol(s) as mixed together
at a mix ratio (by volume) in a range of from 1:3 to 1:0.25,
15 at a temperature of +5 C to -50 C.

The process according to the first aspect of this
invention is different from' the aforesaid prior art processes
for the production of the 3-(2-substituted-vinyl)-
cephalosporins with using the Wittig's reaction in that the

20 process of this invention employs as the reaction medium such
a mixed solvent made of a mixture of the chlorinated
hydrocarbon solvent(s) with the lower alkanol(s) as mixed
together at a certain specific mixing ratio, and that the
process of this invention employs as the reaction temperature

25 a temperature of 5 C or lower. However, the process of this
invention has no significant differences in respect of the

other reaction procedures and reaction conditions from those



tri-al kyl phosphine or a tri-aryl phosphine of the following formula (Vi)
P(Rerr])[err] (MI1) 5 where Rerr] is an alkyl group
of 1 ~ 6 carbon atons, preferably a strai g;lt5 chai n al kyl group, or an aryl
group, preferably phenyl group or a (Clerrf=Cerr])al kyl -substituted phenyl
group, in a reaction nmediumof the nature sanme as that used in the step (i)
above at roomtenperature, to produce a tri-alkyl (or 10
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of grerﬁer al Tor %?II Y grl?}’?%“oé%.el& tt}"l"’lé'1 %&‘T‘v e Yt at agﬁg %gagf‘lil%%psol ution
whi ch was obt aj P’%d in t%g_gstep (iii) above and containing the conmpound of

general formul a f{}aelcga d 17 as such directly in the process of this

Invention, so that b compound of general formula (I) which is used as the

starting material in the process of the first aspect of this
invention may be prepared by a method comprising the steps
10 of (i) treating a 3-halomethyl-3-cephem compound of the

followimg general formula (V)

R2
;]
R'—N S
| | ()]
15 COOR®

where R' , R? and R® each have the same meanings as defined
above and W is a chlorine atom or a bromine atom, with sodium
jodide or potassium iodide in a reaction medium, for example,
acetone or a mixed solvent made of a mixture of methylene
20 chloride or chloroform With_water at room temperature, to
produce a 3-iodomethyl-3-cephem compound of the following

general formula (VI)

R2
. ’ 1 |
R'-N_ g
I ! v

COOR?®

where R' , R? and R® each have the same meanings as defined



the process of this invention may continue as "one pot" process, w thout

separati on of

t he conmpound of general forrmula (1) fromthe reaction

solution of the said step (iii) of preparigg the 5 conpound (1). In the

conpound of general fornula (1) or (I1') us

as the starting conmpound, the

nono-val ent am no-protecting group, which nmay be represented by R err]
and(or) Rerr], has no particular Iimtation, so far as it is such an
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(i) above at room temperature, to produce a tri-alkyl (or
aryl)phosphonium-methyl compound of the following general

formula (VIII)

@
A PRY, (K
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where R' , R? , R® and R* each have the same meanings as defined
above; and (iii) feacting the phosphonium-methyl compound of
formula (VIII) with an agqueous soiution of a base such as sodium
hydrogen carbonate or sodium hydroxide in a reaction medium
made of, for example, methylene chloride or chloroform-water
at room temperature or under ice-cooling to produce the tri-
alkyl (or aryl) phosphoranylidene compound of the general
formula (I) shown above. As the starting compound, a compound
of general formula (I') may be used instead of the compound
of general formula (I) above. It is convenient that the
reaction solution which was obtained in the step (iii) above

and containing the compound of general formula (I) is used



18 group, exanples of such di-valent am no-protecting group are a
substituted or unsubstituted aral kylidene group, for exanple, benzylidene
group, salicylidene group and tetrahydro- .{anylidene group. 5

Further, in such conmpounds of general for a (1) or (I") where R3
represents an ester-formng group as the carboxyl- protecting group, such
ester-form ng group has no particular limtation, so far as it is such a

car boxyl - prot ecéé' %qlccg{)?%&eaéﬁﬁ glts}l f\tﬁ f#g&&yﬁ%téﬂg A nd fsRpOSELi Qﬁla.ef

penicillins 10 an al'ospo el r syn si's.” As such esfer-form ng
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group; subsgittgé%ié) n stituted nmono(or di or tri)-phenylal kyl group,
for exanpl e; benzﬁ@ffi r'oup, 4-nmethoxybenzyl group, benzhydryl group,
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limitation, so far as it is such an amino-protecting group
10 as conventionally used in the synthesis of penicillin and
cephalosporin compounds.
As examples of such mono-valent amino-protecting groups.
there may be listed a substituted or unsubstituted mono(or
di or tri)-phenylalkyl group, for example, benzyl group,
15 Dbenzhydryl group, trityl group; an alkanoyl group, for example,
formyl group, acetyl group; a lower alkoxycarbonyl group, for
example, methoxycarbonyl group; an aromatic acyl group, for
example, benzoyl group, tolyl group; heterocyclic carbonyl
group, for example, thiazolylcarbonyl group, tetrazolylcarbonyl
20 group; an alkanoyl group substituted with an aryl or aryloxy
group, for example, phenylacetyl group, phenoxyacetyl group;
an aralkyloxycarbonyl group, for example, benzyloxycarbonyl
group; or an alkanoyl group substituted by a heterocyclic group,
for example, imidazolylacetyl group, thiazolylacetyl group:
25 and the like. Phenvlacetyl group is particularly preferred

as the amino-protecting group. In cases where R! and R?, or

R® and R® as taken together mean one di-valent amino-protecting



19 particularly preferred. Exanples of the chlorinated hydrocarbon
solfvents, which constitute the m xed solvent to be used as the reaction
mediumin the process according to the firsi aspect of this invention, 5

i ncl ude nmonochl oro-, dichloro- or trichloro-?(Ierr] ~ (err])al kane,
preferably methyl ene chloride (nanmely, dichloronethane) or chloroform or
di chl oroet hane, or a m xture of two or nore of them The other conponent of
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there i s used §iﬁ§ ; if@%%%q@%$€€iun1a m xed sol vent nade of a mixture of

the chlorinate car nt(s) with the al kanol solvent(s) as m xed
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E-1soner as prQﬂHﬁP@aﬁf&ﬂ?%&?%ﬁfwgglEt is such a carboxyl-protecting group

available at the 3-position or the 4-position of penicillins

10 and cephalosporins in their synthesis. As such ester-forming
groups for R®, there are exemplified a lower alkyl group, for
example, methyl group, ethyl group, t-butyl group; a lower
alkenyl group, for example, vinyl group, allyl group; a lower
alkoxyalkyl group, for example, methoxymethyl group,

15 ethoxymethyl group; a lower alkylthioalkyl group, for example,
methylthiomethyl group, ethylthiomethyl group;: a lower
alkanoyloxyalkyl group, for example, acetoxymethyl group,
butylyloxymethyl group; substituted or unsubstituted
mono{or 4i or tri)-phenylalkyl group, for example, benzyl

20 group, 4-methoxybenzyl group, benzhydryl group, trityﬂ.group,
and the like. 4-Methoxybenzyl group is particularly
preferred as said carboxyl-protecting group.

Further, R* represents a lower alkyl group or an aryl group.
The lower alkyl group for R*may be an alkyl group of 1 ~ 6

25 carbon atoms, particularly methyl group, ethyl group, propyl

group, n- or t- butyl group. Particularly preferred is n-

butyl group. As an aryl group for R* , phenyl group is



the amount of the Z-isonmer as produced decreases. The 20 reaction
tenperature used al so influences largely on the anount of the Z-isonmer as
produced. In the process of this invention, the reaction is carried out at

a reaction tenperature in the range of +5 fgrr]c ~ -50[err]C, particularly
of O [err]C5 ~ -50 [err]C. Particularly, when the reaction is carried
out at a tenperature in the range of -10 [err]C ~ -30 [err]C, the anpunt of
the E-isomer BEQQHESQl B@égggkgddecreases so that the anmount of the
Z-isoner as pr daced can very greatly inproved as conpared with
that of the E-isong S
according to the flrgp aSSe%F t$Q éh%ﬁf%%éﬁ] é?#%?%ﬁ%&: |59%§C%Ml0h

manner that the L, EALLO{DR:NAILITE) o 0hs LiiepEL oLh 1Y %ﬁe}vl 1 gf@?g%dtlﬁm

sol vent and thé Wer —al'’kano as use

range of 11 ~ 40,28, BLe MELELAN Kol Af%ﬁr& éag{gg gét&ﬁ)l wehitdoh,

and al so that ere ron-o ormu

[errC = g [sRrRab edabipfroct faflef  IBERR o |G Whdins, Ve
out ot andi ngl y PREFEvERLE.nESRRIRRH Grieeids, PE&%E?'E .%%‘%%?%m o), or

process accordlggotof%he first %égect thls |nveg}| n |s rried out to
conduct the reSPEPERTPH™a HxSdCRIPTER 88ﬁs|§F]ﬁg o5t MR §F M
dlchloronethane ang n- propanol as m xed at a m x ratlo (by vol une) in the
range of

The other component of the mixed solvent to be used in
10 the process of this invention is a lower alkanol. The lower
alkanol may include an alkanol of 1 ~ 6 carbon atoms, preferably
methanol, ethanol, n-propanol, isopropanol, n-butanol or
t~-butanol, or a mixture of two or more of them. Particularly
preferred mixed solvent to be used is a mixture consisting
15 essentially of chloroform and n-propanél.

In the process according to this invention, there is used
as the reaction medium a mixed solvent made of a mixture of
the chlorinated hydrocarbon solvent(s) with the alkanol
solvent(s) as mixed together at a mix ratio (by volume) in

20 a range of 1:3 ~1:0.25. Such a mixed solvent made of the
mixture of the chlorinated hydrocarbon witﬁ the alkanol having
the mix ratio preferably in a range of 1:1 ~ 1:0.28, more
preferably 1:0.5~ 1:0.4 is desirably used. When themix ratio
of the chlorinated hydrocarbon to the alkanol present in the

25 mixed solvent as employed is outside of the range of 1:3 ~
1:0.25, the amount of the E-isomer as produced increases, while

the amount of the Z-isomer as produc_ed decreases. The



25 1:0.25 ~ 1:0.4, at a tenperature in the range of -18 [err]C ~ -23[err]C
The process according to the first aspect of this invention my
conveni-ently be practised by dissol ving thg0 21 conpound of fornula (1)
or_(l1") in the mxed solvent as used; cooling the resulting solution to a
reaction tenperature required; adding to the cool ed solution a carbal dehyde
of forrmula (I111) in an anount stoichionetrically required or in 5 excess or

in large excesgea8thbh! fembBLatas 8 heas! iAR1Mehake 188idea yT R ididi Ng

: gl gga
the reaction mxture at tﬂe required [ ow reaction tenperature to effect the
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resulting 10 reaction solution Is was an aqueous pot assi um pyr o-
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conpound. Further, 1I't the car e conmpoun formul a has

incidentally b ] { ' O EEﬁé%%E%ﬁE% f a
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I C as above,

base. The reaction solution, een pre-treated as i's then

washed with anaag%ﬁ§g§agggégghcpﬁgéfgg%éO #tiph end LQS”{EOQEEﬂE&&k&& o\

evaporating the solvent un a reduced 20 pressure or atnmospheric

pressure.  To Lhg ﬁeigbfnwg8&°9gsahegﬁegeﬁ.3k§5§,§§ Qe c3Ualsl of, e Fodus S (added
, yl""acetate or but acetate, an resultant ‘'mxture i1s
amount of the Z-isomer as produced can be very much greatly
improved as compared with that of the E-isomer.

10 Good results are given if the process according to the
first aspect of this invention is practised in such a manner
that the mix ratio (by volume) of the chlorinated hydrocarbon
solvent and the lower alkanol in the mixed solvent as used
is set in the range of 1:1 ~ 1:0.28, more preferably in the

15 range of 1:0.5~1:0.4, and also that the reaction of a compound
of formula (I) (or I') with a compound of formula (III) is
effected at a temperature in the range of -10 T ~ -30 C,
preferably -18 C ~ -23 C. Further, there is obtained such
result that the amount of the Z-isomer produced is

20 dutstandingly improved as compared with tﬁat of the E-isomer,
when the process according to the first aspect of this
invention is carried out to conduct the reaction in a mixed
solvent consisting of chloroform or dichloromethane and n-
propanol as mixed at a mix ratio (by volume)} in the range of

25 1:0.25~1:0.4, at a temperature in the range of ~-18 C ~ -23TC.

The process according to the first aspect of this

invention may conveniently be practised by dissolving the



allowed to stand for a certain time to deposit the desired Z-isomer by
crystallization. At this tinme, the presence of 25 a small anount or a very
smal | amount of the E-isoner by- produced s no bad influence on the
crystallization of the Z-isomer. Thus, the“Crystals of the Z-isomer so
obtai ned are 22 of a high purity. Therefore, no further purification
step(s) such as recrystallization and chromat ography is required to renove

the E-isoner. Eg kpBRka ¥ @%gr(rf)eg rOU 1 ) 3 AR RAILR EoPlehloREES S

according to t thi’s |nven i'on, such experinent In I ch
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cephem 4- carbo§%5&%.a0|d 4- nethoxybenzyl ester as produced
After the completion of the reaction, the resulting
10 reaction solution is washed with an aquéous potassium pyro-
sulfite solution added, at need, to eliminate the residual
aldehyde compound. Further, if the carbaldehyde compound of
formula (III) has incidentally been reacted with the amino
group of the compound of formula (I) to form a Schiff base,
15 it is preferred to add an ethanol sblution of Girard reagent
to the reaction solution in order to decompose the Schiff base.
The reaction solution, which has been pre-treated as above,
is then washed with an agqueous sodium chloride solution.and
then concentrated by evaporating the solvent under a reduced
20 pressure or atmospheric pressure. To the resulting
concentrated solution or solid residue is added methanol,
ethyl acetate or butyl acetate, and the resultant mixture is
allowed to stand for a certain time to deposit the desired
Z-isomer by crystallization. At this time, the presence of
25 a small amount or a very small amount of the E-isomer by-
produced has no bad influence on the crystallization of the

Z-isomer. Thus, the crystals of the Z-isomer so obtained are



I the reaction solution. The conditions for the determ nation by HPLC are
as” follows: Colum: YMC A-312; Dianeter 6.0nmm X Hei ght 150mm Mobil e phase:

0. O5M phosphat e buffer solution- 25 acetonitrile (1:1)
Wave length of detecting light: 274 nm It f&s found that the value of the
ratio (Z:E) of the area 23 (2Z2) under the absorption peak of the Z-isoner

to the area (E) under the absorption peak of the E-isoner neasured in the

i somer cand £ Sonaph et Bhy, o ahckeedth THLTAT Ui ® TR g AL 2 opi S
consi derati on, SR8 ShRsreediLgeof Sl apopitipe i o BESRALR WBLC

area (Z2) to th ef | above was assessed, revealing that the
wei ght ratio o e@éggzggéoﬁe;ggﬁgﬁiisoner present in the 10 aforesaid

reaction sol ution aRLakged Snble AR YRS IIPOL BRrith £o3. fho B O

conparison, the experlnenf above was ‘repe except reacti on
P R S St R S T
el g ook L S LB R SRS S G e
ratio (2 B) of;Lhe. fh&tn{f] - 4798 ntNe4 20526BL Y 28 cP§RE a0 -me thoxybenzy1
ester as one example of the compound of formula (I) was
dissolved in a mixed solvent consisting of a mixture of

10 methylene chloride and n-propanol at the mix ratio (by volume)
of 1:0.4, followed by adding to the resultant solution 4-
methylthiazol-5-yl-5-carbaldehyde, and reacting the
resulting reaction mixture at a reaction temperature of -
20 C + 2 C for 14 hours under stirring (see Example 3

15 hereinafter given). After the completion of the reaction, the
resulting reaction solution was subjected to a high
performance liquid chromatography (HPLC) to determine the
gquantitative ratio of the Z-isomer to E-isomer of 7-
phenylacetamido-3-[2-(4-methylthiazol-5-yl)vinyl]-3-

20 cephem-4-carboxylic acid 4-methoxybenzyl ester as produced
in the reaction solution. The conditions for the
determination by HPLC are as follows:

Column: YMC A-312; Diameter 6.0mm X Height 150mm
Mobile phase: 0.05M phosphate buffer solution-

25 acetonitrile (1:1)
Wave length of detecting light: 274 nm

It was found that the value of the ratio (Z:E) of the area



Z-isoner to the area (E) under the absorption peak of E-isoner 20 neasured
I n"the chromat ogram so obtained in the conparative experinent, it was found
that the anount of the E-isoner present in %ge reaction solution as

obtai ned in the conparative experinent was nsiderably larger in
conmparison with the amount of the Z-isoner present therein. 25

Al t hough the experinents given above are nerely an illustration, the above

romar kably. prodiibatacREE BEbIRPRAnbERE ds o o Blofiel 0N BEE (B,
e process of Lisr | LEstaBoBEELLLRVERLL oBe LOg) SSLaLY. pUISh-Le 4p e
B o prot ect | A gRatatHen i MBI il hEafatny th ot SebE < then
DrOtEt N9 O LB AR D] TSR Yo a SONLCHLANEL SO o T pEnait Ll
eaction, o i <2 R RabR oL HRe BRBI SR ARED Pt HeE (S e Taking
thi s i nvent i on. CRGVEPRE S50 R BEreRRedstres: Pohetfordharh ashd Faafel ot
"vent fon i caltf oRbHT WER) CRBoLsnb: heERyl e ERELP BE BPoCAFBRoGImES
the area (E) defined above was assessed, revealing that the
weight ratio of the Z-isomer to E-isomer present in the
10 aforesaid reaction solution obtained in the above experiment
was 94.6:5.4.

By way of comparison, the experiment just above was
repeated excep; that the reaction temperature was set in the
range of +25C + 2 C in place of the reaction temperature in

15 the range of -20 C + 2C. The resulting reaction solution
obtained here was determined by HPLC in the same manner as
above. Upon calculation from the numerical data of the area
ratio (Z:E) of the area (Z) under the absorption peak of
Z-isomer to the area (E) under the absorption peak of E-isomer

20 measured in the chromatogram so obtained in the comparative
experiment, it was found that the amount of the E-isomer
present in the reaction solution as obtained in the comparative
experiment was considerably larger in comparison with the
amount of the Z-isomer present therein.

25 Although the experiments given above are merely an
illustration, the above test results of these experiments may

support that the Z-isomer can be remarkably produced



as the chlorinated hydrocarbon solvent to be used in the m xed sol vent and
with choosing n-propanol as the | ower al kanol, and al so when the reaction
bet ween the conpound of forrmula 20 (1) an§4the conmpound of forrmula (I11)
is effected in such particular m xed sol vent of the m xture of the above
two solvents mxed at the mx ratio (by volune) in the range of 1:1 ~
1:0.28, and is effected particularly at a tenperature in the range of -10

[err]C ~ -30 [EE%%ggehtﬂgalﬁ%??ﬁé He Ehgsgmgl?oi@rac@orﬁﬁééewﬁliﬁdﬁﬁé I%)(S}Ifo(fess

formula (1V) a uce e resulting reaction solution 1s co erably

I ncreased nmuch _thap.that [ .Eurther, we have found that when
the reaction OEZSH%%IS%F%% %%gggFaﬁﬁg%BF§°?Ubjected to the under-nentioned

post- treatments g AeEa 11l SHAOMR NRAGIOL. LIk rﬁ'c?%n‘?%o%l?%hog ol d

Z-isoner as harvested can be dbtained at a high purit
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provided a process “pro on~o . I soner o
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means. Then, when the deprotected product desired has been
recovered in a usual way out of the reaction solution coming
10 from the above-mentioned deprotection reaction, it is still
possible that the Z-isomer in the form of the deprotected
product can be obtained at a high purity.
We, the inventors of this invention, have prosecuted our
investigations further. As a result, we have found, that when
15 the process according to the first aspect of this invention
is carried out with choosing methylene chloride or chloroform
as the chlorinated hydrocarbon solvent to be used in. the mixed
solvent and with choosing n-propanol as the lower alkanol,
and also when the reaction between the compound of formula
20 (I) and the compound of formula (IIX) is effected in such
particular mixed solvent of the mixture of the above two
solvents mixed at the mix ratio (by volume) in the range of
1:1 ~ 1:0.28, and is effected particularly at a temperature
in the range of -10 C ~ -30 C, the amount of the %Z-isomer of
25 the product of formula (IV) as produced in the resulting

reaction solution is considerably increased much than that

of the E-isomer. Further, we have found that when the reaction



15 wherein R err] denotes a hydrogen atom or a nono-val ent am no-
protecting group, or R err] denotes a 2-(2-N-protected or 20

unpr ot ect ed- am not hi azol -4-yl ) -2-al koxyi ciﬁpacetyl group of the follow ng
formula (11) [err] 25 where R err] is a hydrogen atom or a nono-val ent

am no-protecting group and R err] is a hydrogen atom or Rerr] and R err]
as taken together nean one di-val ent am no-protecting group, and Rerr] is

an al kyl 26 @14 o sd obﬁlwdogg SPBot oW GhBe R AEhL 1d8BAISSs &
hydrogen atom or Rlerr] and Rlerr] as taken together nmean one di-val ent

ani no- prot ect i RGN do Rt &t dter TRt 251§0H¥Qrﬂ9§f’eﬁ&m crystals of the

pi val oyl oxynet hyl group or an ester-formng group as a

car boxy! - pr ot eG{isRenHOW mv%[secrerd émm;ee%mﬁiéa/latgr@% durify CRELON

atons or an aryl group, or a compound represented by the folTow ng dgeneral

formula (1') [eky err] , Rerr] , Rerr] and Rerr] have the
EL% hae}ﬁdi\mﬁ%ﬁ

sane neani ngs as fined above, with a 4-substituted or

unsubsti t utgd-thi azﬂC&ﬁ&de‘?Fgmﬁer W%@%MS S_ng{]cehégvm A OEHR a

(rrr) 1s denot es a hydrogen atom an

al kyl group of ?l}Qﬂ, reppet [ﬁﬂfb
in a mxed 20 télorvent onsi st1ng 3; dgén%ggtureﬂgérg ene ch+0r|

pure Z-isomer of a 7-N-unsubstituted or substituted-amino-3-
[2-(4-substituted or unsubstituted-thiazol-5-yl)vinyl]-3-
cephem—4;carboxylic acid or an ester thereof having the

10 formula (IV) above, which process comprises ;eacting a 7-
N-unsubstituted or substituted-amino-3-[(tri-substituted
phosphoranylidene) methyl]-3~-cephem-4-carboxylic acid or an
ester thereof having the following general formula (I)

R2
!

R'-N
15 ):7/S 0
7 N crepr?

)a
COOR®

wherein R' denotes a hydrogen atom or a mono-valent amino-
protecting group, or R! denotes a 2-(2-N-protected or
20 unprotected-aminothiazol-4-yl)-2-alkoxyiminoacetyl group of

the following formula (II)

Il
RS —N—d \ N—o—R’ (1)

25 where R® is a hydrogen atom or a mono-valent amino-protecting
group and R® is a hydrogen atom, or R® and R® as taken together

mean one di-valent amino-protecting group, and R’ is an alkyl



chl orof orm or dichl oroethane with n-propanol as mxed at a mx ratio (by
volunme) in a range of from1:1 to 1:0.28, at a tenperature in the range of
-10 [err]Cto -30 [err]C, thereby to obtaig t he reaction solution
containing the Z-isoner of the 7-N- 25 unsﬁ%stituted or

substi t ut ed- am no- 3-[ 2- (4-substituted or

unsubsti tut ed-thi azol -5-yl)vinyl]-3-cephem 4-carboxylic acid or an ester

thereof havi ngg&?&%&f {1y carggxae%egcfnls 5> anWGhE-EL A KA dﬁBE)‘EEE]a & ddefNd

Rl err] have th meani ngs as ned above, then washing sal eaction
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concentrating e reaction solution, e resulting concentrated
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sane nmanner as t or “the corr g reaction int accor
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obt ai ned by thgg_;tetgl%t g:.fot]%%gl lde%l'er}% Z(r)fé)tlté‘gﬁsagl 4.1115 r from net hanol or

butyl acetate € sai“d "concen i‘'on, and the crystals of
the Z-isomer so

R2
o
: R'—N S
D | ah)
10 e CH=P(R%4

COOR®
where R! , R? , R® and R* have the same meanings as defined above,
with a 4-substituted or unsubstituted-thiazol-5-carbaldehyde

represented by the following formula (IITI)

15 =N

CHO

where R® denotes a hydrogen atom, an alkyl group of 1 ~ 4 carbon
atoms, trifluoromethyl group or chloro group, in a mixed
20 solvent consisting of a mixture of methylene chloride,
chloroform or dichloroethane with n-propanol as mixed at a
mix ratio (by volume) in a range of from 1:1 to 1:0.28, at
a temperature in the range of -10°C to -30 C, thereby to obtain
the reaction solution containing the Z-isomer of the 7-N-
25 unsubstituted or substituted-amino-3-[2-(4-substituted or
unsubstituted-thiazol-5-yl)vinyl]-3-cephem-4-carboxylic

acid or an ester thereof having formula (IV)



obt ai ned are containing only a very small anount of the E-isonmer. Thus, the
Z-isoner so obtained is in the formof highly pure crystals of the
Z-isoner, and in nost cases, it 25 requir§? no further purification. As is
clear fromthe above, this invention is pafticularly useful for the
preparation of 3-(2-substituted-vinyl)- 28 cephal osporin antibiotics and
al so for the preparation of internediates to be used for the synthesis of
sai d cephal osporin antibiotic?§ Best Mbde for Carrying Qut the Invention 5
-The follow ng Exanples illustrate nore gampretely this invention, but not
limit this invention thereRd—N3y th§ wey ghe Exanpl es given bel ow,
either the reaction solution co nMmg e Z-isonmeggnd E-isoner of the
compound of formula (1V) as foreg t e other solutions 10 were
subjected to HPLC in order toQsseées$ the rati o between these Z- and

E-i somers. The conditions used for ¢peRPLC deterni nation are the sanme as

t hose used for the HPLC determ nation described herei nbefore, which are as

phase. 0, 08M pHBSERAT e Burt Bt 2001 bt N3RS Heer BN ES Pt iteteboise

| ength of detecgtiing li,ght: 274 nm | e a) ln het er ogeneous _reaction
medi um consi st I%nangtfaslglng Sal% reaggg‘g sof‘u‘él n Wlt% ag aqueqous po%ass um

pyrosulfite solution, thereafter concentrating the reaction
solution, adding to the resulting concentrated solution
methanol or butyl acetate or a mixture thereof so as to

10 crystallize the Z-isomer of the compound of formula (IV) out
of the solution.

In the process according to the second aspect of this
invention, the reaction between the starting compound of
formula (I) or (I') and the carbaldehyde compound of formula

15 (III) can be carried out in guite the same manner as that for
the corresponding reaction in the process according to the
first aspect of this invention. Further, in the process
according to the second aspect of this invention, the crystals
of the Z-isomer can be obtained by the step of crystallizing

20 the Z-isomer from methanol or butyl acetate added to the said
concentrated solution, and the crystals of the Z-isomer so
obtained are containing only a very small amount of the
E-isomer. Thus, the Z-isomer so obtained is in the form of
highly pure crystals of the Z-isomer, and in most cases, it

25 requires no further purification.

As is clear from the above, this invention is particularly

useful for the preparation of 3-(2-substituted-vinyl)-



20 chloroform (30 m) andwater (30 nml), were dissolved 4- met hoxy- benzyl
7-14-acetyl am nobenzyl i denei m no) - 3-chl or onet hyl - 3- cephem 4- car boxyl ate (5
g), triphenyl phosphine (2.7 g) and sodiun18§d|de (1 5 g). The resulting
reaction m xture was subjected to a reacti under stirring at a
tenperature of 32 1 [err]C for 2.5 hours. The chloroformlayer containing
4- met hoxybenzyl 7-(4-
acet yl am noben ' ) I S |

y é&éhgiprGk aﬁt%ég8?3e¥ hg BH% %&”%%QY%ESQP. iqn  of

3-cephem 4-car e |o de 't orne en Separa

resul ting reac&hggfﬁg ékgﬁenghge p do%g&nkh%é%g e&g&a%§tg% s cool ed

to 3 [err] 1 [€err a co aqueous utlon (containing 0.51
g of 5 NaOH di r) was added thereto The resul tant

m xture was su§é§h¥gg #gr§greacgg ? about 3 [err]C for 30 minutes. (b)
The chl or of or m, , .

acet yl ani nobenZy ' \ 30 ' idene) 10

nmet hyl ] - 3- gephem 4;ca Iate sQ for p om. t he I8 ul g
reaction sgfution ?ﬁé °HPP§d q%ﬁgﬁg %F tI a ?%?ﬁﬁ%ﬁﬁ J%ﬁﬁne
of the chlorofgnggn lg%g %Qﬁgﬁﬁzo %m&%ygb SO drledﬁﬁ S rleg ted to 54 m by

addi ng an approprrate Mo ¢hil or of orm
| ayer The result hl or of or.m on f sai.d 3- hen
phosphoranylidene)#gghy 33Heﬁ\c§%§ Eﬁﬁmg’ cnqﬁﬁ?n é% é&ther the

reaction solution containing the Z-isomer and E-isomer of the

Nni.NgQ

compound of formula (IV) as formed, or the other solutions
10 were subjected to HPLC in order to assess the ratio between
these Z- and E;isomers. The conditions used for the HPLC
determination are the same as those used for the HPLC
determination described hereinbefore, which are as follows:
Column: YMC A-312; Diameter 6.0mm X Height 150mm
15 Mobile phase: 0.05M phosphate buffer solution-
acetonitrile (1:1 by volume)
Wave length of detecting light: 274 nm
Example 1
(a) in a heterogeneous reaction medium consisting of
20 chlorofann(30ml)andwater(BOml),weredissolved4-ﬁethoxy—
benzyl 7-(4-acetylaminobenzylideneimino)-3-chloromethyl-3-
cephem-4-carboxylate (5 g), triphenylphosphine (2.7 g) and
§odium iodide (1.5 g).
The resulting reaction mixture was subjected to a reaction
25 under stirring at a temperature of 32 * 1 C for 2.5 hours.
The chloroform layer containing 4-methoxybenzyl 7-(4-

acetylaminobenzylideneimino) -3-triphenylphosphonium~-methyl-



cooled to -25 [err]C 2 Jerr]C, to which 21.5 m of n-propanol was then
added. The mx ratio (by volune) of chloroformto n-propanol 20 present
in the resulting solution was 1:0.4. To the said solution was added

4- et hyl t hi azol -5- carbal dehyde (9.3 g), a § t he resulting reaction mxture
was subjected to a reaction under stirring for 14 hours, while cooling it
to -20 [err]C 2 [err]C 25 The resulting reaction solution was

washed with a”s"’-‘@%g)g%glr-ﬁ%ﬁi%io .1%%%&%%&%1%&6% %J&[é@@gs?gﬁéﬂ%!ﬁé{ j um

chl oride solution | ce-cool’i n-concentra

resul ting conc a | Mt 5M§§ ] IFE%panol to effect
crystallizati O%Q.%?“ Etﬁg ?z%rsgelttq% 0 ué’t%q:q'g)g1 H}og{h er'e were harvested
crystals (2.51 g; W 9 o} -

7-(4-acety|-aninobéﬁ%&%?ééﬁgFé%ﬁb ?§9fg§%g%§%ggygég'was cooled to 3 + 1T,

i soul ved | n mebRyFRkR b paracRRAERs hEfh LIRS  (ODAINFAE d¥Tid of

was anal yzed b @IS S I 00 Hens: PR AP AP iABONE, | iR

t hus observed e area un t he "absorpti on pe
13082 4 4G

Z-isomer to 10 t a r.ptl ak of E-i. 2,341
As eval uat ed ffgﬁgﬁhls nuner.cg|Q§g|§§%J§CF%@-§§e§ %39531?%?5%,g??uﬁs3sﬁ%mn
t hat the anount. of .tthe .E-i.soner is very snmall in conparison with that of

r

the Z-isoner. F@ ﬁ ﬁﬁﬁu§§F3 of the above conpound as harvested in this 15
Exanple are ShOquelI'?x\év' chloroform layer containing 4-methoxy-benzyl 7-(4-

acetylaminobenzylideneimino)-3-[ (triphenyl-phosphoranylidene)

10 methyl]-3-cephem-4-carboxylate so formed was separated from
the resulting reaction solution and then dried over magnesium
sulfate.

The liquid volume of the chloroform in the chloroform
layer so dried was adjusted to 54 ml by adding an appropriate

15 amount of chloroform to the dried chloroform layer. The
resulting chloroform solution of said 3-(triphenyl-
phosphoranylidene )methyl-cephem compound so formed was
cooled to -25C %+ 2 C, to which 21.5 ml of n-propanol was then
added. The mix ratio (by volume) of chloroform to n-propanol

20 present in the resulting solution was 1:0.4.

To the said solution was added 4-methylthiazol-5-
carbaldehyde (9.3 g), and the resulting reaction mixture was
subjected to a reaction under stirring for 14 hours, while
cooling it to -20 C + 2 C.

25 The resulting reaction solution was washed with an agqueous
potassium pyrosulfite solution and an agqueous sodium chloride

solution under ice-cooling and was then concentrated. The



[érr]H-NVR [err] (CDOJ[err]) 2.18(3H, d, J=7.0 Hz) 2.41(3H,s) 2.24(1H, d,

J=18.3 Hz) 20 3.49(1H, d, J=18.3 Hz) 3.78(3H,s) 5.10(1H d, J=12.1
Hz) 5.15(1H, d, J=12.1 Hz) 5.23(1H d, J=5.1 Hz) 25 5.41(1H, d,
J=5.1 Hz) 6.30(1H, d, J=11.7 Hz) 6.54(1H, 4° J=11.7 Hz) 31 6.79-7.82(8H,

m 8.58(1H,s) 8.78(1H,s) Exanmple 2 5 (a) As the starting conpound was
used 4-net hoxybenzyl 7-

Z)-2-(2-trit ' i (= -2 et im AR
[g-éhlogone[Ly%Eggggghgkgégg§§§%%§F§tg?%ﬂﬁgﬁl h?ﬁ%bnpoun hﬁhgﬁﬁgﬁﬁﬁﬁiaath
triph | ph ' ' iLadi ' i I :
The' resul [ing PEaBPtoaTT8 Patsaatoaat: 1S, EEPReFTPESENEE, (b WiRP Sherd!)

solution in {NGo3anBRK-As 4 R PAMIE (B3 (Pl BIY 495 &)NYg qatained a
chl orof orm | ayer contai ni ng 4-met hoxybenzy
7-[(2)-2-(2-tr h\g¥hgﬁ§ﬂgﬁg§fzﬂ { f:élcj:gfy?f—aminobenzylideneimino) -3-[2-(4-

5 methyl-thiazol-5-yl)vinyl]-3-cephem-4-carboxylate. The
crystals were dissolved in methylene chloride-acetonitrile,
and the resulting solution was analyzed by HPLC under the same
conditions as mentioned above. It was thus observed that the
ratio of the area under the absorption peak of Z-isomer to

10 the area under the absorption peak of E-isomer was 32.3:1.
As evaluated from this numerical value of the area ratio (Z:E),
it is shown that the amount of the E-isomer is very small in
comparison with that of the Z-isomer.

'H-NMR data of the above compound as harvested in this

15 Example are shown below.

'H-NMR: 0 (CDC13)
2.18(3H, 4, J=7.0 Hz)
2.41(3H,s)
2.24(1H, 4, J=18.3 Hz)
20 3.49(1H, 4, J=18.3 Hz)
3.78(3H,s)
5.10(1H, 4, J=12.1 Hz)

5.15(1H, d, J=12.1 Hz)

5.23(1H, 4, J=5.1 Hz)
25 5.41(1H, 4, J=5.1 Hz)
6.30(1H, d, J=11.7 Hz)

6.54(1H, 4, J=11.7 Hz)



met hoxy-i m noacet am do] - 3-[ (tri phenyl phosphoranyl i dene) 15

nmet hyl ] - 3- cephem 4- car boxyl ate. Then, this 3-(triphenyl -

phosphor anyl i dene) net hyl - 3- cephem conpound \was reacted w th

4- et hyl t hi azol - 5- car bal dehyde in a m xed S vent nmde of a nixture of
chloroformw th n-propanol (1:0.4)at a tenperature in the range of -20
[err]C 2 [err]C for 14 hours in the sane manner 20 as in Exanple 1(b).

Thus, there were harvested ¢t ls..(2.30 g; yield:80.8% of
4- met hoxybenzyl 7-[(§y§%-?2%€¥%bslgﬂinothiazol-4-y|)-2-

nethoxyininoacetanidg]-%l[ﬁ-gﬁ-nethylthiazol-5-y|)vinyI]

- 3-cephem 4- car boxyl fé. + é7resulting product was 25 subjected to HPLC
under the same condi%iﬁ§§ gf bove- menti oned. The result of the HPLC

anal ysi s showed that "t A&®d of ‘the area under the absorption peak of the
Z-isoner to thg areg > 32 under the absorption peak of the E-isoner in the
chromat ogram o r the above product was 21.3:1. [err]HNVR [err]

(00 L)p 2 36398 S ssgerar ibibndt i yed Do ibdfbathg 7 7

J=12.0 Hz) 5'gﬁQ%wlzq%2-tritylaminothiazol-4—yl)-2—methoxyiminoacetamido]
~-3~chloromethyl-3-cephem-4-carboxylate (2.6 g). This compound
was reacted with triphenylphosphine and sodium iodide in the
same manner as in Example 1l(a). The resulting reaction

10 product was treated with a cold aqueous NaOH solution in the
same way as in Example 1l(a).

(b) There was thus obtained a chloroform layer containing
4-methoxybenzyl 7-[(Z2)-2-(2-tritylaminothiazol-4-yl)-2-
methoxy—iminoacetamido]-3-[(friphenylphosphoranylidene)

15 methyl]-3-cephem-4-carboxylate. Then, this 3-(triphenylf
phosphoranylidene)methyl-3-cephem compound was reacted with
4-methylthiazol-5-carbaldehyde in a mixed solvent made of a
mixture of chloroform with n-propanol (1:0.4)at a temperature
in the range of -20 C £ 2 C for 14 hours in the same manner

20 as in Example 1l(b). |

Thus, there were harvested crystals (2.30g; yield:80.8 %)
of 4-methoxybenzyl 7-[(Z)-2-(2-tritylaminothiazol-4-yl)-2-
methoxyiminocacetamido]-3-[2-(4-methylthiazol-5-yl)vinyl]
-3-cephem-4-carboxylate. The resulting product was

25 subjected to HPLC under the same conditions as above-mentioned.

The result of the HPLC analysis showed that the ratio of the

area under the absorption peak of the Z-isomer to the area



6.29(1H, d, J=11.7 Hz) 6.59(1H, d, J=11.7 Hz) 6.81~7.71(19H, m 15
8.58(1H,s) Exanple 3 As the starting material was used 4-net hoxybenzyl 7-
phenylacetanido-S-chIoronethyl-3-cephen}4-§%rboxylate (10.5 g). The
reaction of this cephem conmpound with the reagents and the
post-treatnments of the reaction products were carried out in the sane
manner as in Exanple 1(a) and (b). There were thus harvested crystals (10.2

0, oL Pt RABARGEAD Sr PR ARl

t hi azol - 5-yl ) viny at e. I's product so

harvested was apal.¥zed B%rSYRieChiRe k&o@#%grﬂef&tlhe same measuring

conditions as I n those above-nentioned. a result, 1t was found that the
rati o of 33 theigr u@Q&g absorption peak of the Z-isonmer to the
area under the absogp@?%h pea%é%ﬁ't he E-isomer in the chromatogram obtai ned
for said product was 4§2§'3;1. ghrom this nunerical value, the weight ratio of
the Z-isonmer to the Efis mer Bresent 5 in said product was cal culated to be
17.4:1, of ich ratio,gorEespond | 5.4 by nunerical conversion. It
can be seeng\?r om t hi Ig'tz(t%gtl@h@’p?jo;l%r'%g%)of the E-isonmer in the harvested
product is extrenel yBS:%I(Ima}s d(:’or:rj}):zirsqc; ‘ﬂzt)h that of the Z-isoner.

3.80(3H,s)
4.07(3H,s)
5.09(1H, 4, J=12.0 Hz)
10 5.13(1H, 4, J=12.0 Hz)
5.98(1H, m)
6.29(1H, 4, J=11.7 Hz)
6.59(1H, 4, J=11.7 Hz)
6.81~7.71(19H,m)
15 8.58(1H,s)
Example 3
As the starting material was used 4-methoxybenzyl 7-
phenylacetamido-3-chloromethyl-3-cephem-4-carboxylate .
(10.5 g). The reaction of this cephem compound with the
20 reagents and the post-treatments of the reaction prodﬁcts were
carried out in the same manner as in Example 1(a) and (b).
There were thus harvested crystals (10.2 g ; yield : 90.9 %)
of 4-methoxybenzyl 7-phenylacetamido-3-[2-(4-methyl-
thiazol-5-yl)vinyl]-3-cephem-4-carboxylate.
25 This product so harvested Was analyzed by subjecting it
to HPLC under the same measuring conditions as in those

above-mentioned. As a result, it was found that the ratio of



10 | [err]HNVR [err] (CDOl [err]) 2.40(3H,s) 3.21(1H, d, J=18 Hz)

3.46(1H, d, J=18 Hz) 3.67(2H, d J=3.5 Hz) 15 3.81(3H,s) 5.06(1H, d,
J=5 Hz) 5.07(1H, d, J=5 Hz) 5.15(1H, d, J=12 Hz) 5.88(1H, dd, J=5 Hz and 9
Hz) 20 6.30(1H, d, J=12 Hz) 6.56(1H, >0, J=12 Hz) 6.8~7.4(9H m

8.60(1H,s) Exanple 4 25 As the starting material was used t-butyl
7- phenyl acet am do - 3- br ononet hyl - 3- cephem 4- car boxyl ate (2.8 g). The

reaction of thisgepae,AAEROLAY el 898" Mzt BEoRES o the¥drea

treatnments of t reacti on products re Caﬁl’l ed out In tﬁe sane manner as

IylneF)c(IarSrPll g (%a)l%{?c?é_j%(t@ﬁ §93§ptigﬁr§e¥fr@f RALVES] EGmELYSE #he ERrdflalogram

phenyl acet am doy‘?t%g“éim 5 pro% gauﬁty%ggl 1 k<3~ 5 rom %mb réu:Berl

cephem 4- car box ar veste V&S “anal yze Jec?l ng

Lo HPLC Undejy 6. SHIR,SEASHLAIY 0P Yld EMFadek td DRSS AUMHfE: prosent

5 in said product was calculated to be 17.4:1, of which ratio
correspond to 94.6:5.4 by numerical conversion. It can be
seen from this that the proportion of the E-isomer in the
harvested product is extremely small as compared with that
of the Z-isomer.

10 'H-NMR: § (CDC13)
2.40(3H,s)
3.21(1H, 4, J=18 Hz)
3.46(1H, 4, J=18 Hz)
3.67(2H, 4 J=3.5 Hz)
15 3.81(3H,s)
5.06(1H, 4, J=5 Hz)
5.07(1H, 4, J=5 Hz)
5.15(1H, 4, J=12 Hz)
5.88(1H, 44, J=5 Hz and 9 Hz)
20 6.30(1H, 4, J=12 Hz)
6.56(1H, d, J=12 Hz)
6.8~7.4(9H,m)
8.60(1H,s)
Example 4
25 As the starting materiai was used t-butyl 7-phenylacetamido
. -3-bromomethyl-3-cephem-4-carboxylate (2.8 g). The reaction

of this cephem compound with the reagents and the post-



mentioned. As a result, it was found that the ratio of the area under the
~absorption peak of the Z-isonmer to the area 10 wunder the absorption peak
of the E-isomer in the chronatogran1obtainqﬂlfor sai d product was 29.4:1.
Fromthis nunerical value, the weight rati ¢ of the Z-isonmer to the E-isoner
present in said product was calculated to be 11.5:1, of which ratio
correspond to 92:8 by nunerical conversion. It can be seen from15 this

Smal 1 a5 comparE e her a7t heegtioh BroAKES) FHrR RLELet o Rt BN
ﬁz? Sg?gé?)zH,zod,saj“fz.ma %}Ai( ?oéklﬁ%ﬂﬁ%:&a)ﬁ;%ﬁ%g(ﬁ) %‘h%é?(“f%e }%%]188 °
G M g s e 80 0 S e
5 carboxylate (Ghehi)acdddBI ARG P v o AL PP Y1 - 3-

5 cephem-4-carboxylate.

This product so harvested was analyzed by subjecting it
to HPLC under the same measuring conditions as in those above-
mentioned. As a result, it was found that the ratio of the
area under the absorption peak of the Z-isomer to the area

10 under the absorption peak of the E-isomer in the chromatogram
obtained for said product was 29.4:1. From this numerical
value, the weight ratio of the Z-isomer to the E-isomer present
in said product was calculated to be 11.5:1, of which ratio
correspond to 92:8 by numerical conversion. It can be seen from

15 this that the proportion of the E-isomer in the harvested
product is extremely small as compared with that of the Z-
isomer.

'H-NMR: 0 (CDC13)

1.35(9H,s)

20 2.44(34H,s)
3.18(1H, d, J=18.3 Hz)
3.44(1H, 4, J=18.3 Hz)
3.65(2H, 4, J=2.6 Hz)
5.05(1H, 4, J=4.8 Hz)

25 5.87(1H, m)

6.29(1H, 4, J=11.7 Hz)

6.61(1H, 4, J=11.7 Hz)



i odide (0.32 g) were dissolved in a heterogeneous reaction nmedi um
consisting of chloroform (6.5 m) -and water (6.5 m ). The resulting
reaction m xture was subjected to the react'%n at a tenperature of 32
[err]C [err] 1 [err]C for 2 hours. The chlofroform 10 |ayer containing the
resulting reaction product desired was separated fromthe reaction solution
as forned. After cooling the chloroforml|ayer so separated to 3 1 [err]C,
a cold aqueous NaOH splyti tapning 0.17 g of NaCOH dissolved in 8.6 m
of water) was added ?g'%%epg%%fgﬂ'?h?oroforn1Iayer, wi th which 15 the
further reaction was §0ﬁfgfﬁeg at a tenperature of 3 1 [err]C for 1 hour
and 15 minutes. (b) AT rofo%n1|ayer cont ai ni ng 4- nmet hoxybenzyl 7-am no
-3-[(triphenyl &?ﬁéﬁgylidene)nethyl]-S-cephen}4- car boxyl ate so produced
was separated f esulting 20 reaction solution. The chloroform

chi o of or %EQZQZESQ%)Q@? TSRS PYEEAPT P LD 23 L1 SrpRangied BRoRARL ©
B0t ed to 25 [ siTeSsREEE (¥ (o il dfiensiihd GRtd 1 5% Yy A" BBasum
- |, foll by . f I fl f 1. .

4 ot yl Ohi azol 1 E5Ede P oith AL wEHE' e8BoTied B atherersranegen. pesssicr
Foact o m xt unBRER SO EEE S pulBritosh; LelB gt A8 i Ren s ma-

reaction at 'ZOTﬁgﬁEJé%iégﬁé f% %ﬁ&kgﬁﬁggﬁges%géré@@jected to the reaction

at a temperature of 32 C + 1 T for 2 hours. The chloroform

10 layer containing the resulting reaction product desired was
separated from the reaction solution as formed. After cooling
the chloroform layer so separated to 3 i:LTZ? a cold agqueous
NaOH solution (containing 0.17 g of NaOH dissolved in 8.6 ml
of water) was added to the cooled chloroform layer, with which

15 the further reaction was conducted at a temperature of 3 #*
1 C for 1 hour and 15 minutes.

(b) A chloroform layer containing 4-methoxybenzyl 7-amino
—3-[(triphenylphosphoranylidene)methyl]—3-cephem;4-
carboxylate so produced was separated form the resulting

20 reaction solution. The chloroform layer so separated was
dried over magnesium sulfate, and then an amount of chloroform
was added thereto to adjust the liquid volume of chlofoform
present in said chlproform layer to 12 ml. The resulting
solution was cooled to 25 Ci 2 T, to which was then added

25 4.6 ml of n-propanol, followed by further addition of 1.9 g
of 4-methylthiazol-5-carbaldehyde. The mix ratio of

chloroform to n-propanol in the resulting reaction mixture



After the conpletion of the reaction, the reaction 5 solution as obtained

was washed with an aqueous potassi um pyrosul fite sol ution under ice-cooling

and was then reacted with Grard reagent T,at 22 [err]C for 1 hour after
addi ng an ethanol solution (6.7 mM) of Grard reagent T (0.67 g). The
resulting reaction solution was washed with an aqueous sodi um chl ori de 10

solution and then concentrated. Crystallization of the reaction product was

effected by adghbag; byl ¥k pE¢tEbEuha) ! NePHESUAd N WGAUF ALl SUMdPR:
Thus, there meré haryesteg grystg*s)(O.SO BE ;?g?d 56.0 % of °
4- et hoxybenzyl_ﬁaﬁgn%r_pic and subjected to the reaction at -20 C + 2 C under
3-[2-(4-nmet hylthiazol -5-yl)vi nyl ]] 3- cephem 4- car boxyl ate. 15 Thi s
product so harg%ﬁ_.gqngqs anal yzed by subjecting it to HPLC under the sane
measuring conditions as those nmentioned above. As a result, it was found

that the ratio of h@ey%eu%g{gflte{{ﬁgqﬁ%q pctﬂ'é)r}: i thge Zfégggf(g%to t he

area under the absorption peak -I'soner in the chromatogram 2

obtained foy thg 1{]?&'[\6&2 'a%fj QBEQQH%PO‘Q%%G%S%eﬁ wiftr0 B fyqﬁléBHEE rﬂﬁarsoéfﬁ%“;‘l €

the weight ratio o I soner -1 soner present i n sa

was cal cul at edpgbeskirdrl oBhatBbANuabLE1COIEESRON 48 %ad thed WRILAA

conversion. |t n-be seen . tromt roportion o -1 somer
ey et R o7 P oo R e bt oh Sk

solution (6.7 ml) of Girard reagent T (0.67 g). The resulting
reaction solution was washed with an aqueous sodium chloride

10 solution and then concentrated. Crystallization of the
reaction product was effected by adding butyl acetate to the
resulting concentrated solution. Thus, there were harvested
crystals (0.50 g ; yield : 56.0 %) of 4-methoxybenzyl 7-amino-
3-[2-(4-methylthiazol-5-yl)vinyl]-3-cephem-4-carboxylate.

15 This product so harvested was analyzed by subjecting it
to HPLC under the same measuring conditions as those mentioned
above. As a result, it was found that the ratio of the area
under the absorption peak of the Z-isomer to the area under
the absorption peak of the E-isomer in the chromatogram

20 obtained for the harvested product was 31.9:1. From this
numerical value, the weight ratio of the Z-isomer to the
E-isomer present in said product was calculated to be 13.3:1,
of which ratio correspond to 93:7 by numerical conversion.
It can be seen from this that the proportion of the E-isomer

25 in the harvested product is extremely small as compared with
that of the Z-isomer.

1H-NMR: 0 (DMSO-ds)

25



2.54(2H,s) 3.79(3H,s) 5.15(2H, d, J=4.3 Hz) 5 5.22(1H, d, J=5.1 Hz)
5.32(1H, d, J=5.1 Hz) 6.58(1H, d, J=12.1 Hz) 6.80(1H, d, J=12.1 Hz)
9.59(1H,s) 10 Exanples 6 ~ 25 (a) 4-thho¥¥Penzyl

7- phenyl acet am do- 3- chl or onet hyl - 3- cephem™-car boxyl ate (6 g),

tri phenyl phosphine (3.4 g) and sodiumiodide (1.94 g) were dissolved in a
het er ogeneous reaction nmedi um consisting of a chlorinated hydrocarbon 15
sol vent (36 n1)as|if§.(§djh ble 1 below and water (36 m ). The resultant
reacti on mixture was subject’ed to the reaction at a tenperature of 32
[err]C 1 [err]C for ;1.5 Mhgrs, After confirmng the disappearance of the
starting material, the organic |ayer was separated fromthe resulting
reaction solution and thak,2Qy cooled to 3 1 [err]C Thereafter, a cold
aqueous NaOH sol ution (¢ontdiring 0.64 g of NaOH di ssolved in 36 m of
water) was added to t ed, organi er, with which the further
reacti on was then coﬁgﬁéﬁggta?La;%%hﬁggg ure of 3 1 [err]C for 30 m nutes.

20 o ) s hoce P 16 O gppeAce of Lhe starting mierial the
phenyl - acet am do- 3- [ (St.rsjztmqﬂyld)'hq‘s__pﬁolr w)l I dene) net hyl ] -
6.58(1H, 4, J=12.1 Hz)
6.80(1H, 4, J=12.1 Hz)
9.59(1H, s)
10 Examples 6 ~ 25
(a) 4-Methoxybenzyl 7-phenylacetamido-3-chloromethyl-3-
cephem-4-carboxylate (6 g), triphenylphosphine (3.4 g) and
sodium iodide (1.94 g) were dissolved in a heterogeneous
reaction medium consisting of a chlorinated hydrocarbon
15 solvent (36 ml)as listed in Table 1 below and water (36 ml).
The resultant reaction mixture was subjected to the reaction
at a temperature of 32C +1°C for 1.5hours. After confirming
the disappearance of the starting material, the organic layer
was separated from the resulting reaction solution and then
20 cooled to 3 + 1. Thereafter, a cold aqueous NaOH solution
(containing 0.64 g of NaOH dissolved in 36 ml of water) was
added to the cooled organic layer, with which the further
reaction was then conducted at a temperature of 3 + 1 C for
30 minutes. |
25 {b) After confirming‘the disappearance of the starting
material, the organic layer containing 4-methoxybenzyl 7-

phenyl-acetamido-3-[ (triphenylphosphoranylidene)methyl]-



38 3-cephem 4-car boxyl ate so produced was separated fromthe resulting
reaction solution and then dried over magnesium sul fate. The organic | ayer
so_dried was cooled to the respective reactégn tenperature shown in Table
1. 5 After cooling, said organic |ayer was added with an al kanol
solvent as listed in Table 1 so that the al kanol as added and the

chl ori nated hydrocarbon sol vent were nade to be present in the resultant

m xture in the part.d . ' Y, t 0 i n bl e
T Further 10 PRCRIF AL QLOPAHLONS oNplOutOEY Hhg ! Depn At S o che

organi ¢ phase-£@Ehif¥hﬁtféﬁF£ﬁéﬁLEﬁ%Ef%p%h?@dsﬁﬂéﬁcéfﬁeéo??gg @ﬁgﬁ%%?ﬁmat

a reaction tenperature as own I n r 14 hours. A

compl etion of tdier £LAC i the RAAREU AR UdIId LA Ul SRSk VB EDI ect ed

to HPLC analysis 1 In order to determ ne the proportion of the Z-1soner

d E-i f s TBL O p@g!g%?g&égy = 3= [ 25 (4= t hyl t hi | - 5-
sr)v!n;Ff?grcgﬁﬁ%ﬂgﬁ%car%g§§%%%%§%§ pr éuce |ng§%§%[$%ég?Pg§ gglut:gﬁ? The
condi tions ysed for %E&rdééqﬁﬂhg?tb?ﬂdergggiﬁPkggagab §'%3H%%¢w&Q% AFE as

dAa e n n

those 20 nentione ove. eaction c Itio used and the experiment
e | oL S S a7 B S bt TR Sl e
TP nens TRRALANE BIALS: o HpkecabngiTROLLSNR, wbe hate!Lo"
be present in the resultant mixture in the particular
proportions (by volume) of them as shown in Table 1. Further,
10 4-methyl-thiazol-5-carbaldehyde (11.8 g) was added to the
organic phase. The resulting mixture was then subjected to
the reaction at a reaction temperature as shown in Table 1
for 14 hours. After the completion of the reaction, the
reaction solution so obtained was subjected to HPLC analysis
15 in order to determine the proportion of the Z-isomer and
E-isomer of 4-methoxybenzyl 7-phenylacetamido-3-[2~(4-
methylthiazol-5- yl)vinyl]}-3-cephem-4-carboxylate as
produced in said reaction solution. The conditions used for
the determination by the HPLC analysis were the same as those
20 mentioned above.

The reaction conditions used and the experiment results
obtained in Examples 6 ~ 25 are summarily shown in Table 1(a)
below. In the table, BtOH shows butanol, PrOH shows propanol
and MeOH shows methanol.

25 Comparative Examples 1 =~ 2
By way of comparison, the reaction of the

triphenylphosphoranylidene-methyl cephem compound with 4-



39 net hyl t hi azol -5-carbal dehyde as illustrated in Exanples 6 - 25 was
carried out at roomtenperature (25 [err]C 2 [err]C for 14 hours in the
same nmanner as in Exanples 6 ~ 25. After t conpl etion of the reaction,
the ratio of the Z-isomer to 5 E-isomer présent in the reaction solution as
obt ai ned here was neasured by HPLC analysis in a simlar way. The results
of Conparative Exanples 1 ~ 2 are also shown in Table 1(b) bel ow. These

resul ts of Tab'nfeth&{lbﬁmr;qlzgﬁﬁ-éémdﬁa{ydé%s% Fl‘&rsttir%ri:%_d)figt Eﬁaéphég r.

and E-isomer prese e product “conpound as obtained are Targely

di fferentiated, d@%%@*@a&&iwgu&h%tmgﬂl %e}n\é,@%tui‘ad éfafrad"d e 7 @agttgh 14

t enperat ure use n particular, 1f the reaction Is ected at a

t t f - j h i t
£l oner - under THEHatrls Gef AmdrE 4E SRl 600 . HOE dhe
product, can r%ao%bnlges - d{’%#%é *}?éaéﬂ?%r% 65 & 08 Zafseﬂgrz.wﬁgﬂﬁgrtwﬁs

or nore and sonetl ti'mes or nore her than the area of
T oS e S RSSO S SOOI A TR0 poss
was measured by HPLC analysis in a similar way.

The results of Comparative Examples 1 ~ 2 are also shown
in Table 1(b) below. These results of Table 1 (b) clearly show
that the proportions of the Z-isomer and E-isomer present in

10 the product compound as obtained are largely differentiated,
depending upon the mixed solvent used and the reaction
temperature used. In particular, if the reaction is effected
at a temperature of -20 € + 2 C, the area ratio of the Z-
isomer to E-isomer under the absorption peak of HPLC

15 chromatogram 6f the reaction product, can reach such values
that the area of the Z-isomer was 20 times or more and sometimes
30 times or more higher than the area of the E-isomer.
Accordingly, the processes of this invention evidently can
achieve the selective production of the Z-isomer.

20

25



Area ratio(Z:E) under
absor pti on peaks No.
I somer

([err]C)

Exanpl e
(Mx ratio,
in the chronmat ogram of HP

M xed sol vent
by volune) tenperature of Z-isoner to E-

Reacti on

t he

of the reaction solution 5

. CHerr]dJ[err]-BtOH (1:3) +3[ert] C2[err]C 14.8:1 7
CH[err]CI[err] Bt OH (1:1) +3[err]C2[err]C 16.9:1 8
CHerr]d[err]-isoPrOH (1:1) +3[err] C2[err]C 17.5:1 9
CHerr]d[err] 1:1) +3[err] C2[err]C 17.9: 1 10
CHerr]d[err]fm=ProHT—(271) +3[errj'CZ[errTL, Area raJl: der
oteratern lrmoll (4dls aaa Clble. . (ol
12 CHerr]d [ergl= I% q? rati 4 é{le ggg‘g -1somer 33
CH err]C[err]{Bt 2313 263 (C) e/ in the
CHerr]C[err]{n-PrCOH (3:2) -202 19.2 togram of HPLC
O CH err]CH ert] C -n-RroOH(2: 1) -202 16. 2 - rgacu
CH err]d[err]4{n-PrOH (7:2) -202 20. 2t° on
CH err] O [ egr] tA—ProH—3-%) 202 _ 2&.6.5—191"‘ ton 49
CHerr]d[efr]{n- B OH |CHR-1BtOoH -202(1:3) | +3T+x23.5;1 19 14.8:1
CHerr]C[err]{t-BuCH 42:_% -202, . . .81 20
CI—|[err]C|[err]1n-5r-| CHy(lgHtOH _5no(1:1) +3°Ci2§§.8:1 21 16.9:1
CHC [err]-n-PrOH 8 cazél?z 11)soPr0H202(1:1) +3C+26.00 1 22 17.5:1
CHCl [err]-n-PrOH - 202 2%,91.0:1 23
CHO [err]-n-ProH @ |CH 13‘11) -PrOH 202(1:1) | +3T42Jg g 1 24 17.9:1
CHa [err]-n-ProH 1o |cn,di—2)-prow 2023, 3C2A8 B 1 20 19,945
CHCl [err]-n-Pr(H (4 1 * -20[(e r]])2 ¥ 27.0:1 Tabl'e. '%(b)
Conpar ati ve 1Y xg@Hs@L.ventPrOH  (4:1RefactBERE2C 18.7:1

10 12 CH,C1,—t~BuOH (4:1) | +3TC+x2T 16.9:1
13 CH,Cl,—BtOH (2:1) —20%2 19.9:1
14 CH,Cl,—n-PrOH (3:2) —20+2 19.2:1
15 C1CH,CH,C1—n-PrOH(2:1) —20+2 16.2:1
16 CH,Cl;—n-PrOH (7:2) —20%2 20.2:1
17 CH,Cl,—n-PrOH (3:1) —20%2 21.6:1
15 18 CH,Cl,—n-PrOH (2:1) —20+2 23.5:1
19 CH,C1,~ t-BuOH (2:1) —20%2 25.8:1
20 CH,C1,—n-PrOH (5:2) —20%2 28.8:1
21 CHCl;—n-PrOH (2:1) —20+2 25.0:1
22 CHC1l,—n-PrOH (5:2) —20+2 31.0:1
23 CHCl;—n-PrOH (3:1) —20+2 29.8:1
24 CHC1;—n-PrOH (7:2) —20%2 26.8:1
20 25 |CHCl,—n-PrOH (4:1) | —32042 27.0:1
Table 1 (b)
. . Reaction
Comparative Mixed solvent + fur (Z:E)
Example No. (Mix ratio, by volume) emp(eoxéa; ure :
1 CH,C1,—MaOH (1:8) 25C+2C 4.2:1
25 2 CH,C1,—BtOH (1:3) 25C+2C 8.0:1




Exanpl e No. (Mx ratio, by volune) tenperature (Z:E) ([err]C 1
CHerr]d[err]-MOH (1:8) 25[err] C2[err]C 4.2:1 2
CHerr]C[err]-BtOH (1:3) 25[err],C2[err]C 8.0:1 41
I ndustrial Applicability As is clear fromthe foregoing, it is seen that,
according to the processes of this invention, when a 3-(2-substituted
vi nyl ) -cephem conpound is to be produced by utilizing the 5 Wttig's
reaction, the Z-i . Qf i onpound can be produced in a
consi derabl y |§P§§%Q§$€%br ?%%j%ﬁgﬁgﬁhgt of the E-isoner, that is,
preferentially and jn. i el d €540 1S, | nt | e
practised in a facipié;l\%a%}%%%?h EP%%I%d IE tﬁ'gr%sé:srgpe?logﬁé?'c%%&oﬁﬁ%é)
obtai ned by 10, t p of this_i i h I N, £) |
cont ent of ¢ ho °E. FEShEFOE8E8Esrbr Bhis, INFRLLEM TN o FH SRR N olE
Z-isoner. The py, S or dj t.hi s 1 Rvent.i h
?1%&?% A %Ce?rb égnl)%tutngi J.hé c% rbee&#ci%c?gf &%ﬁ%{.%{?é Ehe

producti on of -'substitutéed vinyl)-cC al ospor i

CReel ot o PP Kbl 275y B8 AT EbADn lopponna

i nt ermedi ates I N it hesi s said an
be produced in a considerably larger proportion than that of

the E-isomer, that is, preferentially and in a high yield.
The processes of this invention can be practised in a facile
way and efficiently. The target product compound obtained by
10 the processes of this invention has only an extremely small
content of the E-isomer, as compared with the content of the
desired Z-isomer. The processes according to this invention
are useful for the production of a 3-(Z)-(2-substituted
vinyl)-cephalosporin antibiotic excellent as antibacterial
15 agent, or for the production of intermediates for use in the

synthesis of said antibiotic.

20

25



CLAIMS 1. A process for the selective production of the Z-isomer of a
7-N-unsubstituted or substituted-am no-3-[2-(4- substituted or

unsubsti t ut ed-t hi ﬁ‘“?“‘mm‘x“lluf:% cephem _5 4-carboxylic acid or an ester
t her eof represent u ol ng generé? formula (1V) [err] 10 wherein
Rlerr] denotes a hydrogen dtom or a nono-val ent ami no- protecting group, or
Rl err] denotes a 2-(2-N-protected or
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wherein R! denotes a hydrogen atom or a mono-valent amino-
protecting group, or R! denotes a 2-(2-N-protected or
unprotected-aminothiazol-4-yl)-2-alkoxyiminoacetyl group

having the following formula (II)
15 ¢—co-

where R® is a hydrogen atom or a mono-valent amino-protecting
group and R® is a hydrogen atom, or R® and R® as taken together

20 mean one di-valent amino-protecting group and R’ is an alkyl
group of 1~4 carbon atoms, and wherein R? denotes a hydrogen
atom, or R' and R? as taken together mean one di-valent
amino-protecting group and R® denotes a hydrogen atom, a
pivaloyloxymethyl group or an ester-forming group as a

25 carboxyl-protecting group, and R® denotes a hydrogen atom, an
alkyl group of 1~4 carbon atoms, a trifluoromethyl group or

a chloro group, characterized in that said process comprises



acid or an ester thereof represented by the follow ng general- fornula I) 5
[err] where Rerr] , Rerr] and R err] each have the sarre \
defined 10 above and R err] denotes an alﬁg group of

an aryl group, or a compound represented by the follomn fbrnula
(I") [err] 15 where Rerr], Rerr] , Rerr] and Rerr] each have t he sane

nmeani ngs as defined above, with a 4-substituted or unsubsti tut ed-t hi azol - 5-

car bal dehyde r%era%%%tgeghbxw-ﬁﬁsh%'s'ta%tt@&g.re M (tl t'dte%o amino-3- [ (tri-
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44 2. A process according to Clarm el n t action oun

formula (1) Wt G nd of fornmula (111) is effected at a tenperature
of O [err]C ~ -ggﬂfegg?ga . A process according to Claiml, wherein the

mx ratio 5of the chlorlnated hyd%ecarbon solvent(s) to the | ower
al kanol (s) present in the m xed sofivent as used is in the range of 1:1 to
1:0.28, nore preferably in the nangﬁ of 4:0.5 to
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where R' , R? and R® each have the same meanings as defined
10 above and R* denotes an alkyl group of 1~6 carbon atoms or an

aryl group, or a compound represented by the following general

formula (I')

R2
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where R! , R? , R® and R* each have the same meanings as defined
above, with a 4-substituted or unsubstituted-thiazol-5-

carbaldehyde represented by the following formula (III)

=N
S;-RB (1)

CHO

20

where R® has the same meaning as defined above, in a mixed
solvent consisting of one or more chlorinated hydrocarbon
25 solvent(s) and one or more lower alkanol(s) mixed at a mix
ratio (by volume) in a range of from 1:3 to 1:0.25, at a

temperature of +5 C to -50 C.



170. 4, and wherein the reaction of a conpound of fornula. (I) wi-th-a™
corrpound of fornmula(lll)is effected at a tenperature 10 ﬁ@\-‘ ﬂ“
-10 [err]C ~ -30 [err]C, preferablylntherange of -18 ﬁ W
[err]C. 4. A process according to Claim1l, 4¢herein the c

hydr ocar bon sol vent is a nonochl oro-, dichloro- or trichl oro (err]
~(err])al kane, preferably nethylene chloride, chl or of orm or
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of 1:1 to 1:0.28, more preferably in the range of 1:0.5 to
1:0.4, and wherein the reaction of a compbund of formula (I)
with a compound of formula(IIIl)is effected at a temperature
10 in the range of -10 C ~ -30C, preferably in the range of -18 C
~ -23 C.

4. A process according to Claim 1, wherein the
chlorinated hydrocarbon solvent is a monochloro-, dichloro-
or trichloro-(C, ~C,)alkane, preferably methylene chloride,

15 chloroform or dichloroethane, or a mixture of two or more of
them.

5. A process according to Claim 1, wherein the lower
alkanol is an alkanol of 1 ~ 6 carbon atoms, preferably methanol,
ethanol, n-propanol, isopropancl, n-butanol or t-butanol, or

20 a mixture of two or more of them.

6. A process according to_Claim 1, wherein the reaction
is effected in a mixed solvent consisting of a mixture of
chloroform or methylene chloride with n-propanol as mixed at
a mix ratio (by volume) in the range of 1:0.25 to 1:0.4, at

25 a temperature in the range of -18 C ~ -23 C.
7. A process for the production of a highly pure Z-isomer

of a 7-N-unsubstituted or substituted-amino-3-[2-(4-
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reacting a 7-N- 25 unsubstltuted
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phosphor any, idene)nethyl]-S-cegpg 4- car bo
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wherein R' denotes a hydrogen atom or a mono-valent amino-
protecting group, or R! denotes a 2-(2-N-protected or
10 unprotected-aminothiazol-4-yl)-2-alkoxyiminoacetyl group of

the following formula (II)

il

15 where R® is a hydrogen atom or a mono-valent amino-protecting
group and R® is a hydrogen atom, or R® and R® as taken together
mean one di-valent amino-protecting group and R’ is an alkyl
group of 1~4 carbon atoms, and wherein R? denotes a hydrogen
atom, or R' and R? as taken together mean one di-valent

20 amino-protecting group and R® denotes a hydrogen atom, a
pivaloyloxymethyl group or an ester-forming group as a
carboxyl-protecting group, and R® denotes a hydrogen atom, an
alkyl group of 1~4 carbon atoms, a trifluoromethyl group or
a chloro group, which process comprises reacting a 7-N-

25 unsubstituted or substituted-amino-3-[(tri-substituted-
phosphoranylidene)methyl]-3-cephem-4-carboxylic acid or an

ester thereof having the following general formula (I)



where Rlerr] , Rerr], Rerr] and R err] each have the same neani ngs .as-
defined above, with a 4-substituted or unsubstituted-thiazol-5- 15

car bal dehyde represented by the follow ng f rmJI a (Il Immmm I“ﬂﬂ“ﬂ“"trr]
has the same neaning as defined above, in mxed 20 g of
m xture of nethylene chloride, chloroformor dichloroetharie W th nt propanol
as mxed at a mx ratio (by volune) in a range of from1l:1 to 1:0.28 at a
tenperature in the range of -10 [ergdC to -30 [err]C, thereby to obtain the
reaction solution containing the Z-itsoner of the 7-N- 25 unsubstituted or
substi t ut ed- am no- 3-[ 2- (4- subst iRutS¥d or _ginsubstitut ed-thj azol -5-yl)

vi nyl ] - 3-cephem 4-car boxylic acid orkﬁfester t hereof of the gener al
formula (1V) above, 47 then washi Zﬁ nsolutlon with an
aqueous potassi um pyrosul fite sol utPon, therégég toncentrating the

reaction solution, adding to the resul ti @P@Bhcent rat ed sol ution met hanol
or butyl acetate or a mxture thereof so as to 5 crystallize the Z-isoner

of the Cor’rpsounghggeggrﬁul aR(ZIE\L/I)Ld%H 8 n! Hgvéol:ﬂélgé}ne Jeree?r?n?&s 2as defined

above and R* denotes an alkyl group of 1~6 carbon atoms or an
aryl group, or a compound represented by the following general

formula (I')
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where R' , R? , R® and R* each have the same meanings as defined
above, with a 4-substituted or unsubstituted-thiazol-~-5-

15 carbaldehyde represented by the following formula (III)

=N
S[;)_,Rs (tn)

CHO

where R® has the same meaning as defined above, in a mixed
20 solvent consisting of mixture of methylene chloride,
chloroform or dichloroethane with n-propancl as mixed at a mix
ratio (by volume) in a range of from 1:1 to 1:0.28 at a
temperature in the range of -10 C to -30 C, thereby to obtain
the reaction solution containing the Z-isomer of the 7-N-
25 unsubstituted or substituted-amino-3-[2-(4-substituted or
unsubstituted-thiazol-5-yl) vinyl]-3-cephem-4-carboxylic

acid or an ester thereof of the general formula (IV) above,
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then washing said reaction solution with an agqueous potassium
pyrosulfite solution, thereafter concentrating the reaction
solution, adding to.the resulting concentrated solution
methanol or butyl acetate or a mixture thereof so as to

crystallize the Z-isomer of the compound of formula (IV) out

of the solution.



