CEPIHALOSPORI N DERI VATI VE | NTERVEDI ATES This application has been di vi ded

out bur Application No.84.03474, referred to bel ow as our "pr.i

Appl1cation, which relates to novel cephal osporin derivatives of {iéy—‘ B0O2%
fornul a [err] wherein [err] is hydrogen or a conventional am no-protecti ng— .
group, .R is hydrogen, a straight or branhched chain al kyl group contai n-

ing from1 to 4 carbon atons or a group of the fornula [err] in which [err]

i s hydrogen, (lower)al kyl or carboxyl, X is hal ogen, hydroxy or

(1 ower)al koxy, and [err] and [err] are each independently hydrogen, nethyl

or ethyl, or [err] and [err] CEM';%%EJO%EFN tbeErR vﬂggﬁe @Er bon atomto which
they are attached, may be Sto 5
carbon atons, and - 2- |s a quaternary anmoni o group, and to nontoxic

phar meceut i cal I y acmegt abbqlgajtti%n lewéglﬁ@ﬂdé&'lw d%ztaoqslref est teLS and
lates for e

sol vat es ther % ife ent I on prow des rnterne
preparation o pPI]réc rjrgBU qs éf 6‘r7rﬁ:| FeFenredn G ey fasr QUR preparati on
of these intef'pedmaryd. Application, which relates to novel

cephalosporin derivatives of the formula
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wherein R* is hydrogen or a conventional amino-protecting group,

Rz is hydrogen, a straight or branched chain alkyl group contain=- -
ing from 1 to 4 carbon atoms or a group of the farmula

2:.4 x'?.“ coow
-?—cssca-n , ~c=csc- -, : or
Rs Rs
R4 : X
-C%-COOH,
RS
\-) in which 33 is-hydrogen. {lower)alkyl or carboxyl, X is halogen, i_

hydroxy or (lower)alkoxy, and 34 and Rs are each independently
' S

hydrogen, methyl or ethyl, or 2% ana r . taken together with the
carbon atom to which they are attached, ray be a cyvclcalkylidene
ring containing from 3 to § carbon atoms, and



Backgrcund and Prior Art A) Publ i shed European Patent Application
No. 30,630 dis--closes a vast nunber of 7-acyl am no-3-vinyl cephal osporanic
acid derivatives including, inter alia, those of the fornula [err] wherein
R inter alia may be (lower)alkyl, (lower)alkenyl, (lower)- alkvnyl opg
cardexy(l ower)al kyl. The conpounds are prepared, inter alia, by read
of the corresponding 3-hal onethyl com pcund with a triaryl phosphi ne,
followed by treatnent with a base and reaction with formal dehyde. In each
case, the final '3- substituent is the vinyl group. There is no disclosure
or sug- gestion of a quaternary ammoni_0-substituted propeny' noiety for the
3-substituent. B) U. K. Patent'§$bcification No. 1,399,086 contains a
generi c di-scl osure enconpassing a \y@st nunber of cephal osporins of the
formula [err] . -3- wherein Rts ﬁﬁdgggen or an organic group, [err] is an
et herifying ncnoval ent organic group linked to the oxygen through a carbon
atom 3 is [err] or [err], and Pis an organic group. In one enbodi nent,
P may be Eat@rgudisrngiyngngréapsodup herfdoreuhantoxic phamaceuticaliy
‘acceptable salts, physiologically hydrolyzable esters anc sclvates

therecf.

The present invention provides intermediates

for the preparation of the compounds of Formula T and

o a process for the preparation of these intermediates.

Backgrcund and Prior Art

a) . Published Eu:opean Patent Application No. 30,630 dis-
closes a vast number of 7-acylamino-3-vinylcephalosporanic acid
derivatives incluéing, inter alia, those of the formula
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N/QSB u\oa | o//_? ZT

OOCE

b wherein R inter alia may be (lower)alkyl, (lower)alkenyl, (lower}-

vl or carboxy(lower)alkyl. The compounas are prepacec,
inter alia, by reacticn of the corresponéing 3-halcmethyl com=

pcund with a sriarylphcsphine, followed by treatment with a Dase
and reactiocn with formaldehyde. In each case, the final 3-
substituent is the vinyl group. There is no disclosure or sug-
geétion'bf a quaée:nary ammonio-substitutéd propenyl mqiety for
the 3-substituent. |

B) U.K. Patent Specification No. 1,399,086 contains a
_genefib disclosure éhcompassing a vast nurmber of cephalosporins
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[err]. 3 4 in which R and R independently may be hydrogen, nitrile,

(1 ower) -.. al koxycar bonyl, or subs ttuted or unsubstituted aliphatic, cyclo-
al i piiakl q, araliphatic or aromatic. However, the 2-am nothiazol- 4:yl grggg
' dentified as a possible R substituent and there is no disclosure- OB
on that P may be a quaternary ammoni o-substituted propenyl group\g
_ ent 3,971,778 and its divisionals Nos. 4,024,133, 4,024, 137,

4 064 346, 4,033,950, 4,079,178, 4,091, 209, 4,092,477 and 4,093, 803 have
simlar dis- closures. C U. S. Patent No. 4,307,233 discloses, inter
alia, 3- vinyl cephal osporin derivatives of the forrrula Sf[err] in V\/nich R .
inter alia may be al kyl, vinyl, cyanonethyl or a protective group such as
2- met hoxyprop-2-yl, and R3 and R ar-g-al kyl groups (optionally substituted
by hydroxy, al koxy, am no, al kylam no or dial kyl am no) or phenyl groups, or
[err] and [err, taken together with the nltroge@l to which they are
at t ached, *"HERf Fofntd BHGF §?e?i’ﬁé‘t8ﬁﬁ:yé’l FEOFTng of 352t Bemeniess,
opt i onal IWW—&FM PTSENICT HEPuhdtiakes aco s etxngend ShrawaiNa Gazymh S, and
optional | yeaubst isut’esl dry a8-@) lagle Bridipa dheafimpesssls ameopgef ul as
i nt er medi @hgss laathes rAPaEatin &-;ﬂ 4 Y:qy ylogepbalgsnqelg: deri vati ves.

There is no disclosure ¢6r suggestiom

- &3
—cssc/ -
\\\ s _ -
in which R> and R? independeztly may be hvdrogen, nitzile, (lower)-
alkcxycarbonyl, or substituted or unsubstituted aliphatic, cyclo-
aliphatic, araliphatic or aromatic. However, the 2-aminothiazol-
4-yl group is not identified as a possible R substituent and
there is no disclosure or suggestion that P may be a guaternacy
ammonio-substituted propenyl group. U.S. Patent 3,971,778'and
its divisionals Nos. 4,024,133, 4,024,137, 4,064,346, 4,033,950,
4,079,178, 4,091,209, 4,092,477 and_4,093,803 have similar dis-
closuces.

C) U.S. Patent No. 4,307,233 discloses, inter alia, 3-
vinyl cephalosporin derivatives of the formula
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in which RS inter alia may be alkyl,_vihyl. cyancmethyl or a

protective group such as"z-methokyprop-z-yl,-and'a3 and ’* aze
alkyl groups (optionally substituted by hydroxy, alkoxy, amino,
alkylamino or dialkylamino) or phenyl groups, or Rs and R‘,
taken .ogethe: with the nitrogen to which they are attached, may
form a satu:ated heterocyclic ring of S or 6 nembe.s, opt-cnallv
conta;n;ng another heterc-atom selected from N, O and S, and

optionally substituted by an alkyl group. The compounds are

useful as intermeciates in the preparatiom of 3—thzovinv1
cephalosporin derivatives. There is 1o disclosure or suggestion

cf a quaternazy ammonio-substituted prcpenvl moiety for the 3-

)



of a quaternary amoni o-substituted propenyl noiety for the 3- -4-
substituent. Published United Kingdom Patent Application No. 2,051, 062/
concordant thereto and has a simlar disclosure. D) Publ i shed \
Eurgpean Patent Application No. 53,537 dis- closes, inter alia, '

3=\l cephal osporin derivatives of the formula [err] in which [err] and
[err] are the sanme or different and are hydrogen or alkyl, or taken

t oget her, form an al kyl ene group containing 2 or 3 carbon atons, Ris an
acid protecting ‘group, R2 is an acid protecting group such as an ester,
[err] and [err] are the sane or different and are hydrogen, alkyl
(optionally substituted by hydroxy, al koxy, am no, alkylam no or

di al kyl ani.no) or phenvl groups, or [&FfF] and [err], taken together with the
nitrogen to which they are attached, may forma. saturated het erocyclic ring
of S or 6 rEHeEs:eonli 08Ed dsyed OniRien ﬁg'uﬁeﬁlt h@feﬂeh@m@@mw ected from

N Oand S.;and ggs i anablycsibstidaked B agea] kil oLoun he compounds are

useful as internmediates in the preparation o oV1 nyl cep‘h ral“ospori n
derivatives. There is no drsclosure or suggestion of a quaternary
ammoni o- sub8tit ut ed PHEEshed Fpropead Matieche Lerlibatidniowt,. 53,537 dis-

closes, inter aiia, 3~-vinylcephalosporin derzivatives ¢f the
formula -
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in which Rg and Rg are the same or different and are hydrogen or

"alkyl, or taken togethe:, form an alkylene group containing 2 or
3 carhon_atoms,_.s is an acid@ protecting group, 22 is an acig
protecting group such as an ester, RB and R4 are the sane oz
different and are hydrogen, alkyvl (optionally subst tuteé by
hyéroxy, alkoxy, amino, alkvlam;no or dialkylamino) or nheayi
-groups, or Ry and Rys taken together with the nitrogen to which
they are attached, may form.a saturated heterocyclic ring of S
or 6 membe’s, optionally containing another hetero-atom selected .

. £rom N, O and S, and opticnally subs.;.u.e; by an alkyl group.

11;2 ' The compounds are useful as intermediates in the preparation o2
3-thiovinyl cephalosporin derivatives. There is no disclosure .
or suégestion of a'quaternary ammon io-substituted propenyl group
for the 3-substizuent. :

E) U.S. Patent No. 4,307,116 discloses 3-thiovinyl-
cephalosporins of the formula

N
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in which &* ;s hydrogen, alkyl, vinyl or cyanomethyl, and R

CONH- -8

CHmCH-SR



E) U.S. Patent No. 4,307,116 discloses 3-thiovinyl- cephal osporins

pnet hyl , and R inter alia nmay be one of a vast nunber of

' ()gauhe formula [err] 'in which [err] is hydrogen, alkyl, vinyl -or

rocycllc rings such as [err] or the like. However, in each case, the~n

"heterocyclic ring is attached to the sulfur atomvia a carbon at om of tTm&J

heterocyclic ring. There is no disclosure or suggestion of a quaternary
anmoni o- substituted propenyl noiety for the 3-substituent. Although not

formally rel ated, published European Patent Applica- tion No. 53,961 has. a

simlar disclosure, but includes 2- carboxyprop-2-yl,

1- car boxycycl obut-1-yl and the |ikeszas possible neanings of R F)
Publ i shed European Patent Application No. 53,074 generically discloses a
vast nunber of 3-vinylcephal ogporin derivatiyes of_ the ﬂpggyla (0) [err]
wherei n [ #2392 22§23 Pa¥nae F*%Evef a‘lasenbcdﬁrehrs‘)e"'rﬁm?cﬁ% Yerr |

guch as
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cr”the like. Kowever, in each case. the heterocyclic ring is
attached to the sulfur atam via a ca:bon atom of the heterocyclic
r;ng. There is no dzsclosure or suggest;on of a auaterna:v
ammonioc-substituted pronenvl moiety ‘o* the 3-subst1taent.
Although not formally related, published European Patent Aoal-ca-
tion No. 53,961 has a sim;la: dzsclosure, but includes 2- .
carboxya:op-z-yl l-cazboxycyclobut-l-yl and the like as noss ible
meanzngs of R°.

F) Published European Patent Application No. 53,074 ' had

generically discloses a vast number of 3-vinylcephalosporin -
derivatives of the formula ' ' o '

R.

wherein R.la (in one of several'embodiments) may be

I]fi;



-6- in which [err] inter al a may be hydrogen, alkyl, vinyl, cyanonethyl,
an oxi me-protecting group such as trityl, etc., or a group of the fornula
[err] in whiich [err] and [err] are the same or dif ferent, and may be
Rydrpgen, alkyl or, taken together, an alkylene radical of 2 or 3 carb
atnﬁ%“‘and [err] is hydrogen or an acid-orotecting radical; [err] is
hydrogen or an acid-protecting radical such as nethoxy-- nethyl; R (in one
of several enbodinments) may be a methyl group substituted by a 5- or

6- menbered arondtic heterocyclic ring con- taining a single hetero atom
such as 2- or 3-pyridyl, 2:- or 3- thienyl or 2- or 3-furyl; and [err] is a
group of the formula [err]- in which RA may .be al kyl, trihal omethyl or
optional ly substituted phenyl. These-gonpounds are stated to be
internmediates n he preparation of compounds in which the 3-substituent is

a group of the fornula Lerr
wh - in alia may be hydrogen, alkyl, vinyl, cyanomeszhyv.,
an ax;me-protecb-.g groupr such as tristvl, ets., or a group ¢ zlhe
Zcmela
_>C1CooR"
]2 \\Rb
- 5

ia whick 8% 5 and Rbs are the same or d.“e ent, and may be
hydrogen, alkyl or, taken together, an alkylene radical cf 2 or

3 carbon atoms, and Rcs_is hydrogen or an acid-protecting radical;
R.Za is hydrogen or an acid-protecting radical such as methoxy-
methyl; '
R°® (in one of several embodiments) may be a methyl group
substituted by a 5~ or f-membered aromatic heterocyclic ring con-
taining a single hetero atom, such as 2- or 3-pyridyl, 2- or 3-
thienyl or 2- or 3-furyl; and

3 is a group of the formula

R4S0,0-

in which R, may be alkyl, t:ihaloyethyl or oéticnally substituted
. shenyl. )
W . . _ .
These compounds are stated to be intermediates in the
p:epaéatian_pf compounds in whi¢h the 3-substituent is'a group of
the formula

'g- .
Aca-é-sn'
which are stated to have antibacterial activity.

Although this patent includes the possibility of R°®
being a meshyl group substituted by—an N-containing he*e-ocyélic
zing, in both the intermediates and final products (thus giving
a heterocyclic-substituted propenyl moiety), it teaches only
that the heterocyclic ring is attached via one of its carbon
atoms. Thus, there is no suggestion of a quaternary ammonio-



.which are stated to have antibactérial

activity. Although this patent
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-SR, respectively. G

Publ i shed Eur opean Patent Application No.
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formula [err]
cyanonet hyl or

closes, inter alia, 3-vinylcephal osporin internediates of the
in which nis O or 1, [err] is hydrogen, alkyl, vinyl,
an oxime-protecting group, and [err] is hal ogen. Conplete
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in which n is 0 or 1, Rs

cr an oxime-protecting group, and

CH=CHE-3>

COOH

is hydrogen, alkyl, vinvl, cvancmethyl

3

R” is halocen.

Complete Discleosure

~As indicated above,

the present invention provides

of the
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Rz is hydrogen, a2 st
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is hydrogen or a conventional amino-protecting group,
raight or branched chain aikyl group contain-

ing from 1 to 4 carbon toms or a group of the formula
4 | | 4 |
RY - R . COOH
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-c-ca=cE-R3. , -¢-cmc-z} oz
iE ls
N

in both the internediates and final
group nust ccntain a second substituent ([err] or



wherein [err] is hydrogen or a conventional am no-protecting group, Ris
hydr ogen, a straight or branched chain al kyl group contain- ing from
carbon atonms or a group of the fornula [err] -8- [err] in which |
hydrogen, (lower)al kyl or carboxyl, X is halogen, hydroxy or (I ower)|d
and“Terr] and [err] are each independently hyd-ogen, nethyl or ethyl
[err] and [err], taken tocether with the carbon atomto which they are

- attached, nay be a cycloal kylidene ring containing from3 to 5 carbon
atons, and is a’'cuaternary anoni o group, .and nontoxi ¢ pharnmaceutically
acceptable salts and physiol ogically hydrolyzable esters thereof. From the
present intermedi ates one may al so obtain sol vates (including hydrates) of
t he conpounds of Forrmula I, as wel T8as the tautoneric forms of the
conmpounds of Fornmula I, e.g. the 2- imnothiazolin-4-yl formof the

2-am not hi azol -4-yl noiety. In anotﬂ%r aspect, this applicationrelates to
a process for. the preparation of thk £sent |nternediates. As-shomn in the
structural formnula, the conpounds dT ormula’| have the "syn" or "Z"
configuration with respect to the éﬁkoxy|n1no group. Because the conpounds
are geonetric isoners,

in which R3 is hydrogen, (low

£
0
"
w
[
s
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r carboxyl, X is halocen,

'T

roxy or (lower)alkoxy, ané R R™ are each indepencentlv
.R7, haKen together wit!

5cn atom to which they are attached, may be a cycloalky l'de .e

ing containing from 3 to 5 carbon atoms, and

o 9"'50-

is a cuaternary ammonio group, and nontoxic pharmaceutically

acceptable salts and physiologically hydrolyzable esters the‘eof.

From the present intermediates one may also obtain solvates

(inclucding hydrates) of the compounds of Formula I, as well as

the tautomeric forms of the compounds of Formula I, e.g. the 2-.

iminothiazolin=-4-yl form of the 2-aminothiazol-4-yl meietv.
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- .In another aspect, this application relates to a p:oéess
for the preparaticn of the present intermediates. '

As shown in the stzuc+ural formula, the compounds c¢f

Formula I have the "syn" cr "Z" configuration with respect =o the
alkexyimino group. Because the compounds are geometric isomers,
some of the "anti” isomer may alsc be present. Typically

the compounds of Formula I contain at least 90% of the
“syn" isomer. Preferably the compounds of Formula I are "syn"
isomers which are essea.;allv £ree of the corresponding “"anti"
isomers.

In adai:ion to geometric isomers possible with respec:
to the alkoxyimino group, the compounds of Formula I (and the
intermediates of Formulae IX and X) also form geometric (ecis and
trans) isomers about the double boné of the propenvl group; 30th



sone of the "anti" isomer may al so be present. Typically the conpounds

of Forrmula | contain at least 90% of the "syn" isoner. Preferably the
poynds of Formula | are "syn" isoners which are essentially free of thQ

pondi ng "anti" isoners. In addition to geonetric isoners possible

espect to the al koxyi m no group, the conpounds of Formula I (and tﬁé
ef medi ates of Fornulae | X and X) algo_formgeonetric (cis and trans)

i somers about the doubl e bond of the pfopenyl group. 3oth 9- the cis

("Z") and trans ("E") isoners of these conpounds are contenpl ated herein.

The readgr ui r} R iyt h unds f t he formul a

obt ai nabgg glrﬁ Legp esaéﬂf Fﬂ%‘ }2' I%O%%UE% g &: &FF s 8¥"ptcﬁénds
antib?ptgfgmcdﬁﬁ@ﬁpﬂ@tedﬁheoenrundf of forgzlg L% ifzre2§;5$d to the
specification our primary applicatj :

Rt or med at oo T8 [FRGORT HEARRE 15| TOBENETS OF Eaale Gk oRRfon, havi ng
prOtECtlBgmwdnﬂﬁsabfcwﬁéﬂﬂo?muﬂé;Inobh@ﬂhéﬁﬂécﬂmeEﬁﬂ@abré%éﬁmmounds

| X and X in the foll ow ng Reaction Schene_1, which represents
1nte*med1ates, including details of the antibacterial

properties of compounds of formula I, is referred to

the specification of our primary application

No.84.03474 (2134522). - |
In*ermedlaues falllng w1th1n the amblt of the ' o

present 1nventlon, having protecting groups at certain

p01nts in their molecule, appear as compounds IX and

X in the following Reaction Scheme 1, which représents

a preferred procedure for the preparation of compounds

of Formula I. In the reaction scheme, m may be

O or 1. The abbreviation "Tr" represents' the

trityl (tr1pheny1me+hy1) group, which is a prefer ed

amino-protecting group. The abbreviation "Ph" represents the
phenyl group. Thus, the -CH(Ph)z moiety is the benzhvdérvl groﬁp,
which is a preferred carboxyl-brotec ing ¢group. When Rz contains
a carboxyl group, it is desirable to protect the carbexyl group

with a convent;onal ca:boxyl-o*otect;ng group such as the t-butyl
meoiety.

Reaction Scheme l

-cooc HS ' : )
/7 \\\ ' | '31.

H
o
29



a preferred procedure for the preparation of conpounds of Forrmula I. In
the reaction schene, mnmay be 0 or 1. The abbreviation "Tr" represenpts~
the trityl (triphenylnethyl) group,. which is a preferred am no-prote
group. The abbreviation "Ph" represents the phenyl group. Thus, the\s
CI-jE"Ph‘)Z noiety is the benzhydryl group, which is a preferred

car boxyl -protecting group. Wen [err] contains a carboxyl group, it is

desirable to protect the carboxyl ctré% with a conventiomal— - —- -
car boxyl - prot ecting group such as the t-butyl noiety. Reaction Schene 1

[err] IT 1 0 [ERR] - 1g [?V—Eboca _
' 4 B“;\ F Iz
wrEN NS or? :

or~

b}jﬁ‘COOH .
'r:z-mAs .‘\onz _ B



-12- (O [err] Nal (reduction, when m= 1] deblock [err] Reaction Schene
1 shows two alternate neans of going from Conpound X to Conpound XIl. The
direct ro , utilizing a tertiary amne Q[err] N applicable for the

pr epar at i&r

XXI X, ut el a secondary amine as reactant, and is quaternized in the*
fol | owi ng The secondary amjne RR NH may be acyclic (e.qg.

di met hyl am ne) or cyclic (e.qg. pyrrolidine), and this indirect procedure
therefore is suitable for the preparation of compounds of Fornula | in

whi ch the quaternary ammonio group is acyclic or "m xed" acyclic/cyclic.
This indirect route is not suitable for the preparation of conmpounds of
Formula I wherein the quaternary nitrogen is in a fully unsaturated

-heterocycllc ring (e.g. pyridinio, thiazolio,

2-am no-5-thi azol o[ 4,5 c]pyr|d|n|o and the like)-. --

(C')m
R T [~
‘2 \\. g -
! v
//-—N s —
© CE,C1
r 2=
COOCE{ h)z
A4
(O)m
' s
N —TF CONH -~
/2\ )ﬁN _ ] vI
TrHEN S \onz //l'”—N =
FER o} 7 CH,C1
coocytpn)z
NaIl
(O)m

[ N\ x_ o I vt -

. - L
rrEn” Ng or? 64F_- = CH,I
HyI
COOCH (Ph),
P(Ph),
o,
N < CONH -
/
YBIN A2
TrHN s or2 0//"—' s ® .
HZP(Ph)3
COOCH (Ph), .
.'i
1) oH™

J/ 2) C".CHZCHO

f all conpounds of Fornula I. The indirect route, via Conpound

2



-14- As used herein, the terns "(lower)al kyl" and " (Il ower)-al koxy" nean
strai ght or branched chain al kyl .and al koxy groups containing from1l toz6
carbon atons, inclusive. According to the present invention, there are
provi ded conpounds of the fornula [err] wherein Z is chloro, brono or i\gg¥,
mi&0 or 1 and [err] is hydrogen, a straight or branched chain al kyl group
containing from1l1 to 4 carbon atons, or a group of the forrmula [err] in .
which [err] is hydrogen, (lower)alkyl or carboxyl, X is hal ogen, hydroxy or
(lower)al koxy, and [err] and [err] -arkB2each i ndependently - 15 -
hydrogen, nethyl or ethyl, or [err] and [err], taken together with the
carbon atomto which they are attached, mav be a cycl oal kyl irdene ring
containing from3 to 5 carbon ators, and salts and este-s thereof. Also
i ncluded are conpounds of Formula XXVIII in whigh

o

s
| % c coNE d
zzax’ ST or 2 ‘/ CE=CHCE,CL
- CoOCE(Pal,
N~ | _ : NaZX
A

{C
S

. ) )m
N et — CONE
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R 2 N 2
-TEN S = % \/\c:-zscacszz_

doocs (oh) 5

/.-.F.

EN

o \R' : Q=N
. ~ 1({secondary amine)
hnd : | o (O)q } (zerz-
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agm no and/ or carboxyl groups are protected by conventiona

p- protecting or carboxyl-protecting groups. A synthetical route
ii.grding these conpounds, via precursors of the formulae VII and M II. has
MN+eady been indicated, in the foregoing "Reaction Schene 1". Mre speC|t|5_
procedlres will be found in the "Preparations" section which nom1fo||om5*1;?
- 16 - Preparation No. 1 [err] Ethyl

(Z) - 2- Met hoxvi mi no-2-(2-trityl am not hgazol -4-yl)acetate (III-1) A mxture .
of ethyl (2)-2-hydroxyimno-2- (2-tritylam no- thiazol-4-yl) acetate (I1) :
(5.00 g, 10.9 mmoles), [err] (2.04 m., 32.8 nmmoles) and [err] (4.54 g, 32.8
mol es) A dry di met hyl - sulfcxide [err] (100 nL) was stirred at room

‘tenperature over- night and then poured into water (250 nL). The

precipitate which fornmed. was collected by filtration, washed w th wat er and
dried to give the title conmpound (5.15 g, quantitative yield). M. [err]
(dec.). NWR : Jerr] ppm 1.32 (3 H t), 3.98 (3H, s), 4.30 (2 H, c), 6.42
(1H, s), 7.2 (1H, s), 7.25 (15E, s).

{redu cbzon, when m = 1]
cdeblock
\'4
N CONE S
//< & N lN @ :
2 — ~
H N7 s OR & CE=CHCE, -N=

Reaction Scheme 1 shows two alternate means of goi.-":g
from Compound X o Compound XII., The direct route, utilizing. a
tertiary amine@ 3 N, . applicable for the preparation of all
ccmpounds of Formula I. The indirect route, via Compound XXIX,
utilizes a secondary amine as reactant, and is guaternized in the

£o0llowing step. The secondary amine RR'NH may be acyclic (e.g. wJ

dimethylamine) or cyclic {e.g. pyrrolidine), anéd this indirect
procedure therefore is suitable for the preparation of compounds
of Formula I in which the quaternmary ammonio group is acyelic or
"mixed"” acYclic/eyclic. This indirect route is not suiﬁable for
the preparatioﬁ of compounds of Formula I wherein the quatermary
nit:oéen is in a fully unsaturated hetercocyclic ring (e.gq.
pyridinio, thiazolio, Z-amino-s—thiazolo[4,5-¢]py:idinio, and
the like):- -



[11-7 mere'prepared by the general procedure set forth above, but replacing
the nmethyl iodide with the appropriate iodide or bromde. Literature

Conmpound Jerr] Yield (% Mo[ err] Mp[err] 111-1 o
met hyl. 100 115 (dec.) 120 [err] 111-2 et hyl

67 7= 97-98 * 111-3 al lyl

* ~ %Y Il11-4"  [err]Butyl _ 44 _ 100 125-126

123.5-[err] I11-5 [err] 68 81-83 not [err]
111- 6 Terr] 36 75-85 (new conpound) 111-7
[err] As us@d hereinyothe termsnB{ lpwern)alkyl?- amghe ester was

hydr ol yzed, w, t ho 3 ] t 58, 041
[err] Pat e'ﬁrﬁﬁ?,"fzfts),zéﬂ‘?é‘ r] ’%%én][st%%g &Q‘Pgéggnaréaﬁégncﬂoﬁrg %Jé}ré?,?
(2) - 2- Met hargi ElkoRy groupd yantadrtiregof ramyll )awei canbiah (atemp,The
et hyl ester #L 1 prepared in Preparation No. 1 (6.00 g, 12.7 nmmoles) in
et hanol (128CHYS{¥R-treated with 2N NaOH. B :
According to the- pggsent invention, there are

provided compounds of the formula

| | ©, —
- /] L cond J_l/ XXVII
~ /J\x N\\oaz o NS CH=CHCH, 2
COOH
2

wherein 2 is chloro, bromo or iodo, m is 0 or 1 and R is hydrogen,
a straight or branched chain alkyl group containing from 1 tc 4
carbon atoms, or a group of the forrula

74 }4 COOH
-?;CatCH-R , -?;csc-n3 . or
R R
; - gt X
L/ -d-coos,
15

in which R° is hydrogen, (lowerjalkyl or carboxyl, X is halogen,
4 5

hy& :oxy or (lower)alkoxXy, and R° and R” are each independently



V-9 rzac[@&rdaz.n-ng AR3m 3 to § Jc@%ngﬁd““ougt

mL) at roomtenperature overnight. The reaction m xture was adj usted
8 by the addition of powdered dry ice and the sol vent was evapor at ed
reduced pressure. The residue was dissolved in water (100 nL) and the
on-was acidified with IN HC1 to pH 2 and then extracted with ethyl».ig
atefate (3 x 50 nL). The conbi ned extracts were washed with a saturated An
aqueous NaCl sclutior., dried and evaporated. The residue was crystalllzeg’
from et hyl acetate- hexane to afford 5.56 g (y|eId 989 of the title .
product. M. [érr] (dec.). NWR - [3&r} ppm 3.89 (3H s), 6.52 (1E, s), 7.2
(15H, s). Conpounds IV-2 1V-3, IV-4" ||V- 5',IV—6' and I V-7 were prepared
by the general procedure set forth above. Mp ([err] Literature Conpound

[err] (or [err])  Yield (% dec.) Mp([err], dec.) 1V-1 met hyl
98 138-143 <ca. [err] 1V-2 et hyl 85
140- 145 not [err] 1V-3 aIIyI 4 5 66 170-178 ca.

170 |V-4' 5r<spessy | methyl or etayl, oR’ and »°,174kd7Zockered with- cid M
([err], LiterataracSorpoutaith they[£fd httac s ﬂafgﬁe a c98CedixyMRs éﬁ% dec. )
x% rJalts ané esters
ereof. Also included are compounds of Formula ‘()»I in which
7e amino and/or carboxyl groups are protected by conventional |

1 rr

amino-protecting or carbecxyl=-protecting groups.

- A synthetical route affording these compounds, via’
precursors of the formulae VII and VIII, has already
been indicated, in the foregoing '""Reaction Scheme 1.
More specific procedures will be found in the

"Preparations" section which now follows.



| V-6 [err] - 51 125-135 new conpound | V-7
[err] 88 . 136-138 (4) [err], 34, 2233 (1978) [err] Patent
4,258,041 U. S. Patent 4,288,434 The correspondi ng NE2 conmpound is
in Y. S. Pat ent 4, 294, 960 Preparati on No. 3 Benzhvdryl
: 3- Hydlt oxynet hyl - 7- phenylacetan1do 3-cephem 4- carboxvlate To a stir
_suspen5| on of phosphate buffer (pH 7, 162.5 nL) and wheat bran (20. g, dry)
‘at room tenperature was added 7-phergl acet am docephal osporanic acid sodi um
salt (5S 12.1 mmwles) in one portion. The process of the react ion was
nonitored by HPLC until the hydrolysis was conplete (5 hours). The
- suspension was filtered to renove the wheat bran and the filtrate was
cooled to.[err] for extractive esterification. To the cool ed sol uti on was
added net hyl ene chloride (32 nL) followed by a O 5M sol ution of '
di phenyl di azonet hane in net hyIW4 m.). The pH was then
adjusted to 3.0 with 28% phosphoric acid. After 1 hour the reacticn
m xture was allowed to rise tog[lerr 5 cheptane (56 nm) was slowy added and
the resulting crystalline tlt|/? prpdiuct was® recovered by fil trzation. Yield

of the title product was 3. O/Q\[e ]‘\o__2

”‘—_
-

hvl (Z)-2-Methexvimineo=-2-(2-tritvlaminothiazsl-4-vl)acetate

—— -

A nmixture of ethyl (2)-2-hydroxyinmino-2-{2-trisylamino-
thiazol-4-yl) acetate (II) (5.00 g, 10.9 mmoles), CH;I (2.04 =z,
32.8 mmoles) and R,CO4 (4.54 ¢, 32.8 mmoles) in dry dimethyl-
sulfcxide (OMSO) (100 mL) was stizred at room temperature cver-
night and then poured into water (250 mi). The precipitate which
formedé was collected by filtration, washed with water and éried

“to give the title compound (5.15 g, quantitative vield). Mg
115°C (dec.). '

R s 65°C13 ppm 1.32 (3E, ©), 3.98 (38, s), 4.30 (2K, g), 6.42
o (14, s), 7.2 (1K, s), 7.25 (1SE, s).

' Compounds III-2, IXI-3, III-4', III-5', III-6' and
I11-7 were prepared by the genera: p:oceéu:e set forth abcve, but
replacing the ﬁethyl iodide with the apprcpriate ;od-ce or tromide.

u;.e-a:":e.

2 2!

Compound R% (ox 8% ) ~ yield (%) _Mp (°C) _ __ Mp (°C)
IIT-1  methyl 100 115 (dec.) 120 (dec.)'*’
1I1-2 ethyl 67 97-98 *
III-3  allyl « . e _
III-4' -C(CH,),CO0tButyl 100 125-126 123.5-125%%; 13403
III-5° cOOtButyl 68 .  §1-83 not reported ()
I11-6' coo:sutfl 36 75-85 (new compound)

c1

III-7  -CH,CERE 94 70-73 " not reporzec (4)



-(2:1), and:§

-19- Preparation No. 4 Benzhydryl _

7- Am no- 3- chl oronet hyl - 3- cephen- 4- carboxyl ate (V) To a slurry -of [err]
(8-3.9, 40 moles) in [err] (100 m.) was added pyridine (3.2 g, 40 mmol es)-
he mixture was stirred for 20 minutes at [err]. To the nixture wag -.
I 'benzhdryl 3-hydroxynet hyl - 7-phenyl acet am do- 3- cephen-4- carbcxyl at &3

pgared in Preparation No. 3 (5.1 g, 10 nmoles) with stirring at [err], in .
one portion. The nmixture was stirred at [err] for 15 mnutes and all owed
to stand at -120Cto [err] for 7T rs. To the cooled solution [err] was

added propane-1,3-diol (10 nL) and the m xture was allowed to stand at
[err] for 16 hours and then at room.tenperature for 20 mnutes with
stirring. The resulting solution was washed with ice-water (2 x 20 niL) and
saturated aqueous NaCl (10 nL), dried over [err] and concentrated in vacuo.
The gumy cesidue (12_.0) . vwas dissolved in_a,pixture of [err] and n-hexane
"ﬁbf%ﬁ?ea%fo“ﬁﬁgaﬁ%fB ?éﬁh"“h§f§é §§§ilica gel- colum (200 g)
and t he squg‘gEﬁiﬁﬁﬂF°as 3fuat3 BEr3¢¥1 ons containing the title. conpound
wer e evaporates. izrteacud, 238l X4le residue triturated with n-hexane to give
the title Bladectpatent §,2861%324 Nelting at [err] (dec.). IR : [err] 3400,

2800, 1783411 7¢5 JQLbk 4,204,960

~

—

et
‘1
L]

TrHN/k\s ’ N or?

{Z)=-2-Methoxvimino=-2=-(2-42ritvlanincthiazel-4~vl)acetic aciéd (IV=-1)

The ethyl ester III-1 prepared in Preparation No. 1 (6.00
g, 12.7 mmoles) in ethanol (120 ML) was treated with 2N NaOE
(12.7 nl) at room temperature overnight. The reaction mixture was
adjusted tc pH 8 by the addition of powdered dry ice and the
solvent was evaporated under recuced ?ressure. The residue was
dissolved in water (100 mL) and the solution was acidified with
1N HCl to pH 2 andé then extracted with ethyl écetate_(B x 50 mL).
The combined extracts were washed wih a saturated agueous iaCl . o
‘sclution, dried and evaporated. .The residue was crystallized from s
ethyl acetate-hexane to afferd 5.55 ¢ (yield 98%) of the title
sroduct. Mp. 1l38-143°C (gec.).

MR : 6°0CY3 pom 3.89 (3E, s), 6.52 (1E, s), 7.2 (15%, s).

Cempounds IV-2, IV-3, IV-4', IV=-5',-IV=-6' and IV~7 were

p:epa:ed by the general procedure set forth above.
o Mp (°C, Literature

Compound R (or R® ) Yield {3) _dec.) Mo (°C, dec.)
V-1  metayl ‘98 138-143 ca. 140'%

v-2 ethyl 85 140-145'_not':e?orted(l)
V-3 allyl . 66 170-178 ca. 170

IV-4'  -C(CH,),COCtButyl 77 ~  174-175 152-156(2); 190(3)



W [err] 265 nm([err] 160). NMWR : [err] 3.69 (2H, s), 4.43 (2H, s
5.09 (1H, d, J = 4.5Hz), 5.24 (1H, d, J = 4.5Hz), 6.87 (1H, s), 7.3 (1o
n. - 20- Preparat|on No. 5 Benzhydryl : ,
3- Chl oromsthyl 7-[(2) - 2- et hoxyi m no-2- (2-trityl -

am'Avthi azol - 4-yl ) acet ani do] - 3- cephem 4- car boxyl at e( VI -1) Benzhydryl

/-am no- 3-chl oronet hyl - 3-cephem 4- caygoxylate prepared in Preparation No.
4 (2.29 g, 5.52 mmoles) in [err] (57 m_) was treated with

bi s(trinmethylsilyl)acetam de ([err], 4. 09 nm., 16.6 mmoles) at room
tenperature for 50 mnutes to give a clear solution. To the solution was
added an acid chloride solution, which was prepared from

(2) - 2- met hoxyi mi no- 2-(2-trityl am nothiazol -4-y )acetic acid (I1V-1) (2.04
g, 4.60 mmoles) and [err] (1.15 g, 5.52 mmol es) Mon (Pef hyl:eeeaeldeori de (20
). The ngxtuse.dvas sti?-[£dz30 ) room:.eaperat ug.for 30 MUt LS, ypoured
into cold O‘I’T'ET"JWFHET h;zT—a'grg%t (o X 1007 :
The conbi ned extracts WeNg” WS REGY 0 t h aqueous NECT 25 tir iREd afid"&Fapor at ed.
The residual, syrup (4 g s chromat ographed on a silica gel (150 g)

col um by eI_.uti ng with 10:1 and 3:1 m xtures of toluene and ethyl acetate

Iv-6' : ;COO‘:Butyl 51 125-135 new c¢cmpocund
l ) ) T b -
V=7 -CH,C==H 8g 136-12 (4)
(1) rezraneczon, 34, 2233 (1978)
(2)y.s. patent 4,258,041
(3)y.s. ratent 4,288,434 |
(4)Tne_co esnonc*ng Vﬁz compound is described .n uv.S. Patent
4,294,860
 Preparation ¥No. 3
Senzhvérvl 3-Hvéroxvmethvl-7-phenvlacetanido-3-ceshem-4-
' carboxvlate ' '
To a s*;::ed sus:ens‘ou ‘¢Z phesphate buifer (32 7,
L/ 162.5 mi) .am wueaf bran (20 g, drv) a% Tocm temperzture was

é
added 7-phenylacetamidoceghalesporanic acid sodium salt (5 g,

- 12.1 mmecles) in one pertion. The srogress of <he reacticn was
mcnitered by HPLC until the hyd’o*vs‘s was cemplete (5 hours).
The suspension was filtered to remove the wheat bran and the
£iltrate was cocled to 5-10'C for extractive esterification.
To the cooled solution was added metayvlene chloride (32 mi)
followed by a 0.5M solution of diphenyldiazomethane in
methylene chloride (24 mL) . The pH was then adjusted ¢o 3.0
with 28% phesphoric acid. After 1 hour the reactica nixture

~was allicwed to rise to 20°C. Eeptane (56 mlL) was slowly adced
and the resulting crystalline title procduct was recovered by
£iltration. Yield of the title product was 3.0 ¢ (50%).



successively. The fractions containing the desired conpound were conbi ned

and evapor.ated to afford 2.61 g (68% of VI-|I as an annrphous*pomder. NVR
[err]

ppm .3.50 (2H, s), 4.02 (3H, s), 4.33 (2H, s), 4.98 (1H d); 5.87 .
§y), 6.65 (1H, s), 6.90 (1H, s) , 7.3 (25H, m . Preparation No. 6 o
Ol - 4-yl ) acet am do] - 3- cephem 4- car boxylate (VII-1) A mxture of the

etfl or omet hyl derivative prepared in Preparation No. 5 (VI-1) (1.50 g,
1.79 nmol es) and Nal (1.34 g, 8.93 mmles) in nmethyl ethyl ketone (30 ni)
was stirred at rocmtenperature for_1y4our. After evaporation of the

sol vent the residue was.dissolved in ethyl acetate (100 nlL) and washed"

. -21- with water, aqueous [err] and aqueous NaC ,dried and evaporated to

gi ve the title.conpound VIT1-1(1.47 g, 89% as an anorphous powder. NWVR
[err] ppm - 3.55 (2H, ABg), 4.00 (3H, s), 4.25(2H, s), 4.97 (1H d),
5.80 (1H, q), 6.65 (-1H, s), 6.@g=EirptHIa 234 25H, m). Preparation No 7

Senzhvéryl 7-Aminc-3-chlorcmethvl-2-cephen-d-cazboxvwiate (V)

To a slur-v of PCl. (2.3 ¢, 40 rmcles) in C::.C.2

5
(

(100 =L} was acdced pyridine (3.2 g, 40 mmoles) and the mixture

was stirred for 20 minutes at 20°C. ™o ‘fe mixture wag added
benzhydryl 3—hyé:cxymethy¢-7-ghenylacétamido-E-cephem—é-
'ca:bcxylate prerared in Preparatica No. 3 (5.1 g, 10 m=cles)

with stirring at -40°C, in one portion. The mixture was
‘stirred at -10°C for 15 minutes and allowed to stand as -10°C
to -15°C for 7 heours. To the cocled soluticn'(-20°C) was
added propane-l,3-diocl (10 mL) and the mixture was allcwed to
stand at -20°C for 1§ hours and then at rocm temperature Zor 20 -
minutes-with'sti:ring. The resuliing soluticn was washed wish
ice-water (2 x 20 mlL) and saturated agueous NaCli (10 mi}, déried
over MgSO, and concentrated in vacuo. The guxwy residue (12 g)
was dissolved in a mixtuTe of CHCl, and n-hexane {2:1), and
subjected to chromatography using a silica gel columa (200 g)
and the same solvent as eluant. F4ac ticns containing the

title compound were evaperated in vacus a“d the residue
ith n-hexane to give the title groduct (2.1 g,

IR : v,._ 3400, 2800, 1785, 1725 cm L.

AT .
: . &\-OH
w + aZ20F 265 am ( 1y 160).
NMR 2 5§2§°‘d5 + C°°13 3.69 (28, s}, £.43 (28, 5), 5.0 (1ﬁ, g,

J = 4.5Ez), 5.24 (1H, &, J = 4. Sna),
6. 87 (1, s), 7.3 (IOH, m).

Jdryl 3-1odonmgethyl-7- (Z) -2-methoxvimn o-2- (2- tritylam no- _J&



Benzhydryl 3-Chloronethyl-7-[(2)-2-ethoxyimno- 2- ( 2-tritylam no-

t hi azol

-4-yl)acet am do) - 3- cephem 4- car boxyl ate (VI-2) To a sol ution

(Z)-2-ethoxyimno-2-(2-tritylam no-- thiazol-4-yl)acetic acid (IV-2)

g, 2.4

mol es) in dichloromethane (20 nL) was added phosphorus

of

. &)
perffathl ori de (500 nt). After stirring for 1 hour at roomtenperature, e -
m xture was added in one portion to an ice-cool ed solution of Conpound V
g, 2.4 mmoles) and BSA (1 L) in dichloromethane (20 nL). After
stirring for 0.5 hour the reacticn mx20re was poured i nto 10% aqueous
(200 m.) and extracted with [err] (100 nL). The extract was washed
with water, dried over [err] and evaporated under reduced pressure.
resi due was chroma- tographed on a silica gel colum. Elution with
gave [err] as an anor phous pomder 1.76 g (86@@. NVR [err] ppm 1.40 (3H,

11.083

[err]-

t, [err]) 3.53 (2H ABg, 2-H)

4.90 (1H, d, 6-H) , 5.89. (1 : (1H, s, thiazole-H),
s, benzhydryl- CH). - Preparation No 8 D phenyl methyl 7-[(2)
-2-Et hOX!Lmn@'Q-'i2?-t:‘:4.:t4_-)“~@e'§'tﬂoﬁh‘fﬁ?933-42'—-..e.. cxviming=2-(2-tritvi-
yI)aceta

wwéryl 7-amino-3-chlcremethyi-3~ceshen-§-

Y
carscxylate prepareé in Preparaticn Neo. 4 (2.29 ¢, $.32 :mcles)
in C33CN'(S7 mL) was treated with Eis t:imethylsilyl)a&etam;ée
(Zsa, 4.02 mL, l6.6 mnoles) at room temperature fcr 5C minutes

te give a clear solution. To the sclution was added an aci
chloride sclution, which was prerazed from (Z)-2-methexyim
2~ (2-tr;tv-aﬂz,otb-azcl- -v‘)ace ic acid (Iv-1) (2.04 ¢, 4.60
mncles) and PCL ig (.15 g, 5.52 mnclies) in methylene chliorside

{20 mL). The mixture was st;r:ed at room temperature Sfor 30

_-'- tes, poured into cold water (200 mL) and extracted with

ethyl acetate (3 x 100 mlL). The combined axtracis were washed

. wi4th agueous NaCl, dried ané evaporated. The resicdual syrup

(4§ g) was chromatogzaphed on a silica gel (150 g) columx by

eluting with 10:1 and 3:1 mixtures of toluene and etﬁyl acetate

successively. The fractions containing the desired cc=pound

were ccmbined and evapcrated to affcrd 2.61 g (68%) of VI-1 as

an i:c:;ncuS'powde:;

R 6713 pem 3.50 (28, s), 4.02 (3H, s), 4..3 (2%, s,
4.98 (11, &), 5.87 (1lH, q), 6.65 (x, s),
6.90 (1¥, s), 7.3 (25%, m).

Prepara+icn Ne. 6

enzhvdryl 3-Iodesiethvl-7-[(2)-2-methoxvinine -2-(2 —tzitvd amino-

ﬂ‘ lll'

niazol-4-vl)acetamnido)-3-cephen-4-carboxviate (VII-1)

A mixture of the 3-chloromethyl derivative precared
in Preparaticn Ne. 5_(VI'1) (.50 g, 1.79 mmcles) and NaI (l.34
g, 8.%3 mmoles) in methyl ethyl ketcne (30 mL) was stizred at

. roea temperature for 1 hour. After evaporation cf the solvent

the residue was dissolved in e*Hvl acetate (100 nl) and wast eﬁ‘

The
[err]

[err]), 4.60 (2H, g, [err]),
6. 91 (1H,

T M- -



|

A mxture of VI-2 prepared in Preparation o. 7 (1.07 g, 1.25 mol es) and

Nal (562 ng, 2.75 nmmoles) in acetone (20 nL) was stirred for 1:hour. The

m xture was filtered and the filtrate was poured into water and exfiracted -
et hyl acetate. The organic |ayer was washed successively with 5% ~.  *

3qus [err], water and saturated aqueous NaCl, dried over [err] and "{,”‘f
fgrated to give 1.04 g (89% of Conmpound VII-2. NVR : [err] ppm T

3 (2H, q, 2-H), 4.27 (2H, s, [err]), 5.02 (1H d, 6-H), 5.87 (1H d,

_7:H), 6.68 (1H, s, thiazole ring H), 6.93 (1H, s, benzhydryl-CH).

Preparation No. 9 Benzhydryl - 21

- 7-[(2)-2-A |l yl oxyi mi no-2-(2-tritylam nothi azol -4-yl)-

acet am do] - 3- chl or onet hyl - 3- cephem 4- car boxyl ate (VI-3 ) To a suspension of
Compound V (1.35 g, 3 mmmoles) in nethylene chloride (20 nm.) was added BSA -
(1.1 nm,.4,5 moles),,. and t.he.mixture was stirred for, 30 m,nutes at room

t enper at ui'e "E%"b'e’coa)r?"e'eg"’gl %gisg&o‘r uTi o= “R5%i kfhte 'b"f"(%'zfi‘f- al I yl oxyi m no-
2- ( 2- t rdtAHCTIRISRSt FPag b2 4-y8 ) Hicdte coaePdn€INER): ((1:4D g, 2320 asremes) and
phosphaiisr penisagbl-eeide (690 ny, 3.3 mmol es) in nethylene chloride (20 ni)
was stirred for ‘15 mnutes at roomtenperature and poured in one portion
into the sol uticee1Qf the tripmethylsilylated Conpound V.. The mxture was
stirred=For’ 28 mi ndt 85Rat > r vomdFenpérar uf P Antf #i Isdtred - 88t F2Xetslyl acetat e
(200 L), washed with aquedls €46Hi éh,bEcB bOImt e3)gnd . 6at €1z, s),

6§.90 (1%, s), 7.3 (258, m). T —

Preparztion No., 7

Zenzhvérvl 3&Chlc:cmethvl-7-[(Z)-Z—éthcxvimino-z-(Z-tritvlamino-

thiazol-4-yl)acetamido]-3-cephem-4-ca:bcxylate {(VI-2)

To a solution of (Z)-2-ethoxyimine-2-(2-trzitylaminec-
thiazol-4-yl)acetic acid (IV-2) {1.095 g, 2.4 mmoles) in '
éichloromethane (20 ml) was acdded phesphorus pentachloride (500
mg)l. After stirring fox 1 heur at zoom temperatuse, the mixkure
was adéed in one portion to an ice-cooled solution of Compound
vV (1.083 g, 2.4 mmoles) and 2SA (1 mi) in dichloromethane (20
mL).” After stirring for 0.5 hocur the reacticn mixture was

pcured into 10% aguecus NaRCC, (200 mlL) and extracted with CHC1,
{150 mL). The extract was washed with water, dried cver %589, , . -
and evaporated under reduced pressure. The residue was chroma-

‘tographed on a silica gel coluwmn. Elution with CHCl; cgave vI-2
as an amorphous powder, 1.76 g (86%).

2R ;. 673 pom 1.40 (3%, ¢, CE,CN,), 3,53 (28, A3g, 2-8),
- €.37 (2H, s, -CHE,C1), 4.60 (2%, q, -CH,CH,),
.90 (1¥, d, 6-H), 5.89 (1E, 4, 7-), 6.88
(1H, s, thiazole-#}, 6.91 (1H, s, benzhydryl~
CH).



cried and evaporated under reduced pressure. The oily residue was purifieeq
by silica gel colum chromatography (Wko-gel, - 23 - C 100, 30 g)e
colum was eluted with Chloroformand the fractions containing the deg d
product were conbi ned. Evaporation under reduced pressure afforded the

ti t¥e<conpound (VI-3) as an anorphous powder, yield 2.32 g (89%. - M. 100-
[err] (dec.). [err] 3390, 1790, 1730, 1680, 1530, 1380, 1230, 1160, 1020.
NVR :[err] ppm 3.50 (2H, 2-H), 4.32 (2H s, [err]) 4. 6- 6.1 (7H, m
[err] and 6,7-Hy, 6.70 (1H, s, thiazole-H), 6.90 (1H, s, [err]), 7.1-7.6
(30H, m phenyl protons). Anal. Calc'gpy _for [err]: C, 64.05; H 4.45 N,
7.73; S, 7.08; d, 7.82. Found: C, 64. 13 63.99; H 4.61, 4.64; N, 7.50,
7.30; S, .6:/85, 6.85 O, 7.55,  |7.46.

' Prezarazicn No. 8

)-2;?*hcxv4:in~-2-(4—tr;tV- minethizzc -3~

-

{
\
-S-icdcme:qy’ 1-c=~-~e'-4-ca-:>cx e (VII-2)

A mixture of VI-2 prepared in Preparation Ne. 7 (1.07
g, .25 :ﬁcﬁes)“ahd NaI (562 mg, 2.75 mooles) in acetone (20 R
I mL) was stirred for 1l hcg:; The mixture was filtered and the
filirate was poured into water and extracted with ethyl acetate.
The organic layer was washed successively with 5% acuecus
Nazszos, water and saturated acgueous NaCl, dried over MgSO,
ané evapcrated to give 1.04 g (89%) of Compound VII-2.

MR @ 5CDC13-ppm 3.55 (2%, g, 2~-8), 4.27 (28, s,'CHz-),
5 02 (l.a, d' S-H}' 5087 (‘-a' d’ 7-.. ’
§.68 (1H, s, thiazole ring H), 6.93 (1%,
s, benzhydérvl-CH).
- Preparaticn No. 9
Senzhvdrvl 7-[(2)=-2=-2llvioxvinine -2 (2=ezitvl aminothiazel =d-vl)=
./ zcetanidol-3-chlczcmetivl

SV -3-ce;he.—4-ca::ckv-a“e (VI-=3)

) To a suspension of Compound v (L.35 g, 3 rmmeles) in
.e:;ylene chloride (20 al) was acded BSA (1.1 mL, 4.5 mnc-es),
an@ the mixture was stizred for 30 ﬁ.nutes at roocm tempe-at::e
e hbecome a clear sclution. A mixture of (2)-2-al lyloxyiming-
2-(2-tritylaminothiazol-4-yl)acetic acié (Iv-3) (1.40 g, 3.0
mmcles) and phosphorus pentachloride (690 mg, 3.3 mmoles) :in
methylene chloride (20 mL) was stirred for 15 minutes at room
temperature and poured in one pertion into the solution cf .
the trimethvlsilylated Compounéd V. The mixtuce was stirced for
20 minutes at rocm temperature and diluted with ethyl acetate
(229 mL), washed with agueous sodium bicarbonate and waté:,
€ried ané evaporateé under reduced pressure. The oily resicdue

_ was purified by silica gel column cu:oﬂa,oc—asuv (Wako-ce-,_



Preparation No. 10 Benthydryl

7-‘ Z)- 2- Al vl oxyi mi no-2-(2-trityl ami not hi azol -4-yl)- acetanldo)

- 83 a:nethyl 3-cephem 4- car boxylate (VII-3) A mixture of Conpound VI-3
g 2.65 mmol es) and sodiumiodide (2 g, 13.3 nmmol es) in acetone (15./_
'm_) was stirred for 1 hour at roomtenperature -and then evaporated under
reduced pressure. A solution of the oily residue in ethyl acetate (200 nL)
was washed with 10% sodi um t hi osuf ate and water, evaporated under reduced
pressure to afford Conpound VII-3 a®3ar anor phous powder, which was used in
t he subsequent step without further purification. Yield 2.52 g (99% . -
24 - Preparation No. 11 Benzhydryl .

3-Chl oronet hyl -7-[ (Z) - 2- (2-t - but oxycar bony! pr op- 2- E

ozyi m no)-2-(2-trityl am not hi-azol - 4-yl ) acet-am do] - 3- cephem 4- car boxyl ate
(VI-4") roacgdupec) . A mhxted 80 =€) =2¢ égﬂt.ixﬂ<¥€1€aeboﬂ¥|£ﬂ13ah%- oxyi m no)
-2- (2-tgdt wamnthngpl_4y (;etl amdilV_—éL 1949 3.6 mmol es)
DCC (7'2" ~"3.6 moles) “ahd Ry drox enz?rlazd1ée(286°ﬁg 6 mmol es)~.j n
tetrahy FHRRAT (:"I’I—IF)‘°3{45‘°-+FL‘3°%3§Fr-F$edf-aﬁ dr%o#i‘?enp‘e*%ltqmvf-os 45 -
i nutesf “@af? n?S il @RoTPhous powder, vield 2.32 g (89%). Ma. 100- ™

113°C (cec.). o g o o N
T2 ¢ vioo em™d 3330, 1730, 1730, 1630, 1530, 1380, 1z3e, S
. 1160, 1020.
- | |
wm : 6513 oom 3.50 (2w, 2-), 4.32 (28, s, 3-CH,), 4.6~

6.1 (74, m, CH,CE=CH, and 6,7-H), §.70
(13' S, ‘-'—".122018"!‘;), 6 90 (-«’ S, .oozboa
7.1-7.6 (30E, m, shenyl protens).

Amal. calc'd. fo:_c4aa4onsosszc1-1/3c2c13:' C, 64.05; =, 4.45;
' . N, 7.73:;: s, 7.08;
c1, 7.82. '
FTound: ¢, 64.13, 63.9%;
H, 4.61, 4.64;
‘N, 7.50, 7.30;
s, 6.85, 6.85;
€1, 7.55, T7.46.

Preparaticn No. 10

vl 7-1(2)=2-Allviexvimino=-2=(2-4zitviaminothiazoleg=yl}-
deo}-3-iodomethvl-3-ceshemn-4 -carbcxv’ate (VvII-3)

A mixture of Compound VI-3 (2.30 g, 2.65 mmoles) and
socium iodide (2 g, 13.3 mmcles) in acetone (15 mL) was stirred. .
for 1 hour at room temperature and then: evaporated under reduced
preésu:e; A solution of the oily':esidue in éthyl acetate (200
ml; was washed Qith 10% sodium thiosulfate ané water, evaporated
unéex reduééd pressure to afiford Coﬁpégnd V1I-3 as an amcrghous
pcw:.-.e:, v.h;.ch was used in the subsecuert s..et: w*.t::ot.* Surther
surification. Yield 2,52 g (99%). '



di cycl chexyl urea separated. The dicycl ohexylurea was renoved by filtration
and the filtrate was mxed with'V (1.5 g, 3.6 mvles). The m xture was
stirred overni ght at roon1tenperature and then evaporated in vacuo. T'
residual oil was dissolved in [err] (20 nL), washed with saturated aq s )
[ery+and saturated aqueous NaCl, dried over and evaporated to drynes

The residue (3.9 g) was dlssolved in n-hexane:[err] (1:2) and passed
through a silica gel colum (40 g) using the same sol vent system

Fractions containing the title conpopad-were evaporated in vacuo to give
1.3 g (39% of VI-4'" nelting at [err] (dec.). IR : [err] 3390, 1790,
1715, 1690. W : [err] nm 240 ([err] 280), 265 ([err] - 190). NMWR
[err] ppm 1.45 (9H, s), 1.63 & 1.66 (6H, each s), 3.49 (2H, broad s),
4.34 (2H, s), 4.96 (1H, d, J=4.5Hz), 5.90 (1H, d-d, J=4.5 & 7.5), 6.66 (1H
s), 6.86 (1H, s), 7.0-7.5 (25H m, 8.23 (1H, d, J=7.5Hz). - 25 -
Procedure 2 A solution of V ¢l1.86-0.:4. 49, nnples) in [err] (46. 5 m.) was
treated with BSA (3.33 ni, 131?1nnﬂﬂaﬁr1n—ruon1

- awrae ¥ am

v+l I-Chlorcmeshvl-7-[(Z}-2-(2~t~-butcxvearrenyisron=-2~
&
.-

)=2-({2-t-itviamingthiazol-4-vl)acetanido)-3-centam-

ca:bcgylaie (VI-4")

T -

. A mixture of (2)-2-(2-% -bugoxvca*bcﬁv-.-oﬂ-z-
cxv;ﬂzno) 2=-(2- tr**v’an.no.n*a.c‘—é-vl)acet;c acid (Tv=-4') (1.94
c, 3.6 nmc-es) DCC (742 mg, 3.6 mmoles) and N-hydrcxybenziriazole
(486 mg, 3.6 mmoles) in tetrahydzofusan (THEF) (45 mL) was

stizred at roem ¢ mperature for 45 minutes, during which .

dicyc lchexvlu‘ea separated, The dicvclohexyluzea was removed
by filtration and the sll rate was mixed with V (1.5 ¢, 3.6
m=cles). The mixture was stirred cve:n;ght at room temperature

ané then evaporated in vacuc. The residuval cil was é-sso*ved
in CHCl, (20 mL), washed with saturated agueous } ahco3 ané

saturated azuecus NaCl, dried over Mcso4 ané evaporadted to
éryness. The resicue (3.9 g) was dissolved in n-hexane:CHCI,
¢ the

(1:2) ané passed throuch a silica gel column (40 g) usin
ame scivent System. Tracticns coﬁ:aininc the title ccocmpeund
ware evaporated in vacue to give 1.3 g (39%) of VI-é¢' melting at
>120°C (dec.).

iR o+ vEBC ea”l 3300, 1790, '715,31590.
. . - ETOH iy '
o Al am 200 (5% 200, 265 (£1%__ 130).
ez : 6°°C%3 ppm 1.45 (3K, ), 1.63 & 1.66 (6H, each s), 3.49

(28, bzoad s), 4.34 (28, s), 4.96 (1K, &,
J=4.5Ez), 5.90 (1K, &-d, J=4.5 & 7.5), §.66
1%, s), 6.86 (1K, s), 7.0-7.5 (25¥, m),
8.23 (1H, &, J=7.5Hz).



tenperatu?e for 50 mnutes to give a clear solution. To the solution was
added an-acid chloride solution which had been prepared fromlv-4'" (2.56 g,
4.49 nnDIes) and [err] €1.12 c,..5.38 nmoles) in nethylene chloride (26
\The m xture was stirred at roomtenperature for 30 m nutes, poure&’
ol d water (100 nL) and extracted with ethyl acetate (3 x 50 ni). :
ed extracts were washed wth acueous NaC, dried and evapor at ed. The
resi dual syrup (5 g) was chromat ographed on a silica gel (100 g) colum by
eluting with 10:1 mixture of tolueng and ethyl acetate. The fractions
contai ning the desired conpound were conbi ned and evaporated to afford 2.84
g (65%9 of VI-4'. Preparation No. 12 Benzhydyl 7-[(2) -2- S
(2 t - But cxycar bcnyl prop-2-oxyi mino)-2-(2 tritylam nothi azol -4-yl)
acet am do] - 3-iodonethyl- 3-cephem 4- carboxylate (VI1-4") A m xture of
VI-4" (500 nc, 0.53 mmole) and Nal (240 ng, 1.6 nmoles) in acetone (3 nl)
was stirred for 2 Eours at roomtenperature and then evaporated in vacuo.
To the r B added [err] (20 nL) and water (10 nmL). The organic

|l ayer was washed with 10% w v sodiumthiosulfate (5 nmL) and aqueous NaC (5

m.), dried over [err] mandieeapar gket tb.wmesswo:-gam%éa 0%, '.(\99% of
VIT-4" ag,@nsanpf RIoUS, ROWAe ”EULQQ . PR (986 ductes) as zoem
temperature for 50 minutes to give a clear solut *cﬁ. To the
scluticn was added an acid ch-or de sclutica which had been < .
prezared from IV-4' (2.56 g, 4.49 mmoles) and °C‘S (1.12 ¢,.5.38
mmoles) in methylene chloride (26 mi). The mixture was stirred
at room tem oe-at e for 30 minutes, poured into ccld watiers
(100 mL) and extracted with ethyl acetate (3 x 50 mL). The
corbined extracts were washed with agueous NaCl, dried and
evaporated. The residual syrup (5 g) was ¢h'cuatoc’aﬁhed ea a
silica gel (100 g) column b# e-L ing with 10 i ﬁlx.u*e of
teluene and ethyl acetate. The fractions containing the desired

cempouné were combined and evapo:a.ec to afford 2.84° g (65%)

0
| ]
<
-.
I

Preparat ion Ne.. 12

7-[(2)-2=(2~% —Bh.cxvca::cnvgcron-’-cxvzm;rc)-'-(2-

tritvl_minothla.o--s-v')aﬂetan*:c‘-’—'ccc~e-~w--«-re—-e:-4- ) )

- L 2—¥ 1

a
carboxviate (VIiI-4!')

A mixture of vi-4' (500 mg, 0.53 1mole) and Nal (240
mg, 1.6 ﬂmoles) in acetone (3 mL) was stzr.ec £czr 2 hourns at
room temperature and then evapcrated in vacuo,' To the residue
were added C32C12,(2° mL) ané water (10 nml). The organic layer
was washed with 10% w/v sodium thicsulfate (5 mL) and agueous
NaCl (S mi), dried over Mgsc4 and evapc:ate§ to drvness to give
540 mg (99%) of VII-4' as an amorphous powder melting at 106°C
(Gec.). ' -



- 26 - IR : Jerr] 3350, 1790, 1690. W : [err] nm240 ([err] 270),
265 ([err] 190). NVR : [err] ppm 1.44 (9H, s), 1.65 (6H, s), 3.54 (2R
ABq), 4.28 (2H, s), 4.98 (1H, d, J=4.5Hz), 5.85 (1H, d-d, J=4.5; 7.5
6.70- (1H, s), 6.90 (1H, s), 7.1-7.5 (25H, m. Prezaration No. 13
Di pfenyl met hyl 7- (2Z) -2- (I-t-Butoxycarbonyl cycl obut-1-oxyi mi no)- 2-
(2-trityl anmi nothiazol -4-vl) acetani do] -3-chloronethyl -
cephem 4- car boxvl ate (VI-5") Phosphorus pentachloride (1.46 g, 7 nmol es)
was added to a suspension of (Z)-2-26 -+-butcxycarbonyl cycl obut - 1- oxyi m no) -
2-(2-tritylam not hi azol -4-vl)acetic acid [IV-5"] (4.09 g, 7 noles) in 70
mL of dry methylene chloride, and the m xture was stirred for 1 hour at
roomtenperature. The acid chloride sclution was added at [err] to a
solution of silylated 7-ACA ester, which was prepared by addi ng BSA (5.6
m., 21 nmol es) t.a & stikrred suspension of benzhydryl 7-am no-3-ch
‘or cret hyF23-: cephgme- “Car BaRYt st ¥ hyd€88hl oride [V] (3.16 g, 7 nmmles) in
dry met hyl ene chl orlde (70 m.). The mxture was stirred for 20 m nutes at
[err] angd,then @ta=0 gﬁ g%:me f.o.rc)402gr1 ntu.as Thg reaction m xture was
vmt !

evapor at ed and d-'}aMJte 1l em
wvr : 657C13 ppm 1.44 (94, s), 1.65 (6%, s), 3.54 (2%,
Aaq)’ 4. 28 (2.;; S), 4.4 l::’ C,
| S=4.5%z), S.85 (lH, &-a, S=4.5 & 7.5Hz),
'\_J,i . 6-70 (lH, S), 6-90 (lﬂ' S), 7-1-705 (25:':.' l-n)-
Preparation No. 13
D;:nenyldeﬁuyl -[(2)~=2-(l-£-Butecxvecarbonvicvelobut-l-oxvimine) -
2-(4-t:-.vlan‘"otb;a o‘-4—V’)ace.ar-do] 3-chicromethyvl~3-

Phosphorus pentachlctide (1.46 g, 7 mmoles) was acdéed
+o a suspension of (2)-2-(l-t=butcxycarbonylcycleobut-l-cxyizmino)-
2-(2-tritylanmisothiazol-4-yl)acetic acid [IV-5'] (4.09 g, 7
mnoles) in 70 mL of &ry methylene chloride, and the mixture
was stirred for 1 hour at rocm temperature. The acidé chlcride
scluticn was added at -20°C %o a solution of silylated 7-ACx

W, . ester

a s

, which was prepared by adéing 2SA (5.6 =i, 21 mncles) ¢to
irred suspension ¢f benzhyiryl 7-aminc-3-chlcrcmethyl-3-
caphem-4-carboxylate hydrochloride [V] (3.16 ¢, 7 mmeles) in
ézv ﬁethv1ene chloride (70 mL). The mixture was stirred for

20 minutes at -10°C and then at zoca temce:a.u:e for 40 ainutes.
The reaction mixture was evapcrated and diluted with ethyl
acetate (300 mi), and the organi iaye: was washed with S5t
agueous sodium bicarbonate, water and a saturated sodium
chloride solution. After drying over sodium sulfate, the
solvent was evaporated and the residue was purified by silica
gel.cdlumn chromatography (Wako gel C-200, 60 g); elution with
ckhloroform. The fractions containing the desired product we:se
cembined and evaporated to obtain 5.88 g (86%) of VI-S' as a
vellow powder.

s s ST op~l 1790, 1725, 1630, 1525.
max



acetate (300 nL), and the organic |ayer was washed with 5% aqueous sodi um
bt carbonate, water and a saturated sodiumchloride solution. After drying

sodi um sul fate, the solvent was evaporated and the resi due was

ied by silica gel columm chromat ography (Wako gel C- 200, 60 g); S

ion with chloroform  The fractions containing the desired. product \’?-
wer e conbi ned and evaporated to obtain 5.88 g (86% of [err] as a yeIIow
powder. 1R : [err] 1790, 1725, 1690 1525. - 27 - W = [err] nm 240
([err] = 232, 265 [err] = 181). Eparatlon No . 14 Diphenyl nethyl 7-[(2)
-2- (1-t- Butoxycarbonylcyclobut 1- oXyi m no)- 2- (2-tritylam nothiazol - 4-yl
) acetam do] - 3-i odonet hyl - 3-cephem 4-carbcxylate (VII-5") To a stirred
solution-of VI-5 (5.4 g, 5.5 moles) in acetone (108 n.) was added sodi um
iodide (2.48 g, 16.5 nmoles), and the m xture was stirred at room
tenperagure f.6FSB houngy The(+e%ctL15L{nxLuge .\ .t hen. f;ltered and -
evapor ated t o~8¥yness, and the- 8si due Vas ISSOhWea Fh~et hyl acetate (200
m.). The solution was washed with water (100 nL), 10% w v sodi um t hi o-
sulfate (40 nlL) and saturated sodlun1chlor|de (3 x 70 mL). After

=—e-a:a-'c- NO

Dighenyimethyl 7-[(2)-2-(i-t-Butoxycarbonyvlcyclcbut-i-cxvimino)~
2-(th:itylaﬂ;ncth;azc'-4-vx)aceuar'*c] -3~-iodomethyi-i-cezhen~
4-carbexvlat T

e (VII-5')

To a stirred solution ¢f VI-5' (5.4 ¢, 5.5 mmcles) ia.
acetone (108 mL) was added sodium iodide (2.48 g, 16.5 =moles),
and the mixture was stirred at room temperature Zor B'hcu:s.

The reacticn mixture was then £ils ered and.evgpc:ateé-:o.d:yneSS,
he residue was dissclved in ethyl acetate (200 =L). The

ané ¢
sclution was washed with water (100 mi), 10% w/v sodiucm thio-
sullate (40 mL) and saturated sodium c“-cri&e_(B x 70 mi). After

drying cver magnesium sulfate, the solven:t was removed undes
recduced pressure to give 5.38 ¢ (91%) of VII-53' as a yellow

pcwcer.
IR o: D et 1790, 1725, 1esc, 1s2s.
- ,TECH - (=1t 1s
)% : A on 2 & = 187 SE% -
max 240 1em T 157, 283 (237 _ = 154).
R ;6513 ppm 1.45 (9, s), 1.8-2.8 (63, m), 3.52 (25, A3qc),
. 4.25 (2H, s), 4.98 (12, ¢, J = 5.332),_5.87
(12, éé8, J = 9 & 5.3Ez), 6.70 (1H, s), 6. 88
(lH, s), 6.90 (lE, s), 7.28 (25E, s), 8.4
'.(loo' d' Jd = 9Hz>- ’
Preparation ¥e. 15
Ciphenvlimethvl 3-chlorcmethvl=7-[(2)=2=mroc parcyloxviming=2-{2- -
tritvlaminothi iazol-4-vl)acetamido] -3-cephem-4-carboxvlate [VI-7]

°Hosphorus pentachloride (910 ng) was added %c z soluticn



dryi ng over magnesium sul fate, the solvent was renoved under reduced
pressure to give 5.38 g (91%9 of VII-S as a yellow powder. IR : [err]
1790, 1725, ;1690, 1525. W : [err] nm 240 ([err] =197), 265 ([err] 2
154y NWR : [err] ppm 1.45 (9H., s), 1.8-2.8 (6H m,; 3.52 (2H ABq), 4¢
(2Hy>s), 4.98 (1H, d, J = 5.3Hz), 5.87 (1H, dd, J - 9 & 5.3Hz), 6.70 (1H,
s), 6.88 (1H, s), 6.90 (1F., s), 7.28 (25H, s), 8.41 (1H, d, J = 9Hz).
Preparation No. 15 Di phenyl nethvl

3-chl oronethyl - 7-[ (2) - pr opar cyl exyi8r-nho- 2- ( 2-

tritvl am not hi azol - 4-yl ) acet am do] - 3- cephem 4- car boxyl ate [VI-7] Phosphorus
pent achl orde (910 ng) was added to a sol ution -28 - of (2

- 2- propar gyl oxyi m no- 2- ( 2- trltylan1noth|azol 4-yl)acetic acid (I1V-7) (1.7
g, 3.6 mmoles) in dichloronmethane (30 nL). After stirring for 1 hour at

room t en@er&hurzE-w&—mVXw g—w‘a@ﬁe@k.l-ﬁ-aqgamr talzen §R-13Rckees cool ed

solutlon of . ( . TD|eS and. hk;), ISLlyILacetan1de
(1.5 m)377 i chlg gnet Héne 30 r’rff A t“‘er‘osTme"‘ﬁﬁef Jr.byl “hour™" The

react i onSHSR:RPeiAS PGUF et i TRE Ee’@’é’%r’ch?ééﬁs-T%r"‘r-]"-FBﬁO'ﬁﬂ_)‘ &%l &xt r act ed

wi-t h et hgte pertion tc an ice-cocled solution of (V) (1.98 g, 4.4 mmoles)
ang ¥,C-bis(trinmethylsilyl)acetzanide (1.5 ml) in dichloromettane

ol fter stirring for 1 uyr, the r cion mixture w
(20 }. AE tirring £or ho the reaction mixture was
poured into 1 acueous HNa 00 mL) ar tracted with ezhvl ..
T t 0% acueo NazCo, (300 mi) and extrac: th ethyvl
acetate (300 mL). The extract was washed with water, dried cver
\_/ [1cSC, and evapcrated under recduced pressure. The sesidue was
4
hromatograghed on a silica gel column. Elution with CI—'C’3 cave
the title compouné [Vi-7] as an amorphous powder weighing 2.1 ¢

(66%).

R ;6913 pom 2.45 (1, £, CH), 3.53 (2K, &, 2-CH,), 4.37
(2K, s, -CH,Cl), 4.83 (2H, &, O-CH,C=CH),
5.03 (1%, &, 6-K), 5.90 (1%, g, 7-H), 6.70

{1, s, thiazole-#), 6.92 (l¥, s, benzhyérvl-CEH)}.

Preparation No. 1l

2izshenvimezhvl] 7-[.(Z2})-2-promaragvlcoxviming=2-(2-tritvliaminothiazol-

4-vllacetanidol=-3-ioécmeshvl-3-cepheén-4{-cazboxviate [VII-7]

A mixzure of éiphenvlmethyl 2-chlorcmethyl-7-[(2)-2Z-
propargyloxyimine-2-(2-tritylaminothiazol-4-yl)acetanido] -3~
cechem-4-carboxylate (VI-7) (2.0 g, 2.3 mmoles) ané WaI (1.04 g,

" 6.9 mmoles) in acetone (40 mL) was stirred for 1 hour. The mix-
ture was filtered and the filtrate was poured into water and
extracted with ethyl acetate. The organic laver was washed
with 5% aéﬁeous Na25203, water and a saturated agueous NaCl,
successively. t was then dried over Mgso4 ané evaporateé to
cive 2.2 ¢ (98%) of the title compouné [viz-7].

2R 693 gem 2045 a, ¢, CF). 3.53 (28, 4, 2-CH,), 4.25 (2§,
s, CE,I), 4.83 (25, 4, 0-CH;), 5.0 (1K, &, €-H),
5.80 (lH, c, 7-i), 6.70 (lH, S, tn-azo’e-“.,
6.92 (1H, s, benzhydryl-CH). '



acetate 0 nL). The extract was washed with water, dried cover [err] and
eva ed/uhder reduced pressure. The residue was chromat ographed on a.

) £ § lum. Elution.with [err] gave the title compound [VI-7] as an
“anor pho owder weighing 2.1 g (66%. [err] : [err] [err] ppm 2.45 (1H;:
~t, CH, 3.53 (2H, d, [err]), 4.37 (2H, s, [err]), 4.83 (2H, d, [err]), *@8

' (1H d, 6-H), 5.90 (1H q, 7-H), 6.70 (1H, s, thiazole- H) 6.92 (1H, s,
benzhydryl CH). Preparation No. 16 Diphenyl net hyl
7-[(2) - 2- propar gyl oxyi m no- 2- (2_t bigt yl ani not hi azol -
4-yl ) acet ai do] - 3-i odnet hyl - 3-cephem 4-carboxylate [VII-7] A m xture of
di phenyl net hyl 3-chl oronet hyl -7-[(2Z)-2- propargyl oxyi m no- 2-
(2-tritylam not hi azol -4-yl)acetam do] -3- cephem 4-carboxylate (VI-7) (2.0
g, 2.3 nmoles) and Nal (1.04g, 6.9 nmoles) in acetone (40 nL) was stirred -
for 1 hour. The mix- ture was filtered and the filtrate was poured into
wat er and extracted wth thﬁELaﬁun&quz-lfhe organic |layer was washed with
5% aqueous [err], mater and a saturated aqueous NaCl, successively. It was
t hen drn~ -arrd-'eva ﬂ‘:li»:&ixﬂdiﬁ@- 28+ 2;&:&—.(.98% Ho:l e tltle

~d

benzhydry]-

S,

& mixture of czchenv‘ﬁe.hvl 7-[(2)-2-(2-t:15vla“-no- " ——
tnla.0¢-4—yl)-Z-ne*chvznlncacetan-do] 3- zodcﬁet“yl 3—ce=“e.-4-
carboxylate (VII-1l, 7.8 g, 8.4 mmcles) and t=i ahery-nhcs:h;ne
(4.4 g, 16.8 mmoles) in benzene (160 ml) was sti irred at room
tempe:ature for-l-hour.' The resulting precipitate was collected
by Zfiltration to afford 8.0 g of the title compound VIII-1. The
mother liquor was concentrated and the residue was triturated
with n-hexane to yield an additional amount (1.3 g) of VIII-1.

Total yield 9.3 g.(93%). '
Rar -1 .

IR : Voo em — 1770, 1700, 1660, 1510.

Preparation No. 18 -

Diphenvimethvl 3=-(3-Chloro-l-propen-l-yl)-7=-[{2)=-2-methexviminc-

2={2=-tricvliaminothiazol-4=-vli)acetamido] ~3<ce gher—4—ca:bcxvla:e

(IX-1) - | o

The phosphornium iodide VIII-1l (20 g, 17 mmcles) in
chlorcform (130 ml) was shaken with agueous sodium hydroxice
(10 ml 2% KaOH plus 70 ml water) and the chloroforn. layer wae.:
washed with water and dried over sodium sulfate. To the chlore-
form solution was added chlorcacetaldehyde (2 g, 25 mmoles) ané
the mixture was stirred at rocm~temperature.for 1.5 hours, .The
reaction mixture was concent:ated'ég vacuo and the-:ésidue.was
chromatographed on a silica gel column (200 g}, eluted with
toluene (1.5 L) and toluene-ethyl acetate (10:1). The desired
fractions were combined ané concentrated to vield 10.3 g (71%)"
of the title compound IX-l.

RS : 0.34 (chicrdfofm/ethyl acetate = 20/1; silica gel plate)



- 29 - Preparation No. 17 D phenyl nethyl 7-[(Z) 2-Methoxyi m no-2-

(2-tritylam nothi azol -4- yl)acetam do] =,
- 3-triphenyl phosphoni onet hyl - 3- cephem 4- car boxyl ate lodide (VII1-1) *
m xt'ure of di phenylnmethyl 7-[(2)-2- (2-titvlam no- '

t hie®ol - 4-yl ) - 2- met hoxyi m noacet am do] - 3-i odonet hyl - 3- cephem 4- car boxyl ate
(M1-1, 7.8 g, 8.4 mmoles) and triphenyl phosphine (4.4 g, 16.8 mmoles) in
benzene (160 m) was stirred at roomtenperature for 1 hour. The resulting
precipitate was-col lected by filtrat4pn_to afford 8.0 g of the title

conpound VI1I1-1. The nother |icuor was concentrated and the residue was
triturated with n-hexane to yield an additional anmount (1.3 g) of VIII-1.
Total yield 9.3 g (93%9. IR : [J[err] 1770, 1700, 1660, 1510. max

Preparati on No. 18 Di phenyl net hyl 3-(3-Chloro-I|-propen-I-yl)-7-
[(2)-2-me hpxy_j?ﬁi:ng,—,_-lzv%g- tyd:yl apinotlAk gzol - 4-yl ) aceam do]
- 3- cephem 4- caFB8xyl at € ([ X-1) The phosphoni umiodide M 11-1 (20 g, 17
nmol es) in chlapaforms (130 nl) was shaker. wth aqueous sodi um hydroxi de
_ NMR: 4§ °°737°zZ ppm 3.33 (2E, s, 2-E), 3.96 (2K, &, 7 Ez,
~ -CH,Cl), 4.05 {3H, s, -OCH,), 5.03 (IE, &,
4.5 Bz, €-z), 5.87 (1B, 4, 4.5 Hz, 7-H),

6.70 (1#, s, thiazole-H), 6.%96 (1H, s,

-g§?h2), 7.30 (25E, s, ghenyl-H). . r—
; . Prevaration Ne. 19

Diphenylmethvl 3-(3-Iodc-l-p:open-l—vl)-7-{(2)-2-methoiviminc-2-

(Z-tritvlaminothiazol-4-yl)acetami&o]-3-cgphem-4-ca:bokvla:e (X=-1)

"+ .A mixture of the-chloroprcpen?l derivative IX-1 (1.9 g,
2.3 mmoles) and sodium.iodiZe (1.9 g, 6.9 mmoles) in acetcne
(40 ml) was stirred at room teﬁpe:atu:e £0ox 1 hour. The reaction
mixture was ccncentrated ia'vacao ané the residue was dissolved
in ethyl acetate (50 ml). The ethyl acetate solutipn'was'washed
with 10% aquecus sodium thiosulfate (50 ml) ané agueous éodigm-
chloride (50 ml), dried over sodium sulfate ané concentrated to
give 2.0 g (94%) of the title compound X-1i.

RE

0.34 (chlecroform/ethvi acezate = 20/1;: silica gel plaze).

IR : w5 em™ 1770, 1710, 1660, 1500.
" aMR:  6°9€13%P20 ppm 3,50 (2m, s, 2-8), 3.84 (2, &, 7 Hz,
| -HC=CH-CE,1), 4.03 (3K, s, -OCH,), 5.05
(1E, &, 4.5 Hz, 6-H), 5.90 (1¥, &, 4.5 Hz,
7-#), 6.75 (lE, s, thiazole-H), 6.98 (1H,
s, -CEPh,), 7.30 (25H, s, phenyl-F).

Preparation No. 20

Diphenvlmethvl 7-[(Z)-2-(2-t93utbxv¢arbonv1-2-=ronoxyimino)-2-
(2-t:itylaminothiazol-4-yl)acetamido]-3-t:ishenvl:hqsnhonicmethvl-

3-cephem-4-carboxvlate Iodide (VIIZI~4')

A mixture of diphenylmethyl 7-[(Z)-2-{2-t-butoxy-



(10 mM 2N NaOH plus 70 ml - water) and the chloroform|ayer was washed w th
wat.er and dried over sodiumsulfate. To the chloro- form sol ution was added
pacet al dehyde (2 g, 25 nmoles) and the mixture was stirred at room
tdnpefature for 1.5 hours. The reaction mxture was concentrated in vac
anw‘.he resi due was chromat ographed on a silica gel colum (200 g), elut,l
-with toluene (1.5 L) and tol uene-ethyl acetate (10:1). The desired .
fracti ons were conbi ned and concentrated to yield 10.3 g (71% of the title
compound I X-1."Rf : 0.34 (chloroformethyl acetate = 20/1; silica ge

pl at e) - 30 - IR : [err] 14#8@1 1710, 1660, 1510. NWR [err] ppm
3.53 (2H, s, 2-H), 3.96 (2H, d, 7 :, [err]), 4.05 (3H, s, [err]), 5.03 (1H
d, 4.5 Hz, 6-H), 5.87 (1H, d, 4.5 Hz, 7-H), 6.70 (1H, s, thiazole-H), 6.96
(1H, s, [err]), 7.30 (25H, s, phenyl-H). Preparation No. 19 D phenyl rrethyl
3- (3-lodo-1-propen-1-yl)-7-[(2Z)-2-methoxyi m no-2-

(2-tri tad:3BhaDt Mazebxdydnpacet ard tak-Sacaphen o Sar-boxydata: b5 1) A

m xt ur e; af, sthee chl aroprapenyl . deriMatVverd X (4, ch, 52— 0ol £5) and

sodi um I O:....Ingei:?v](.:u.cssgire (92 gm),efg r-trcl: gg?t On%en‘.e..e {100 i) was

stirreé¢ at room temperature for 1 hour ané diluted with diiso-

propyl ether. The resulting p:ecwnltate was cclliected by
f€iltration to yield 6.0 g .(91%) of the title compound VIII-4'.

- . .
IR : vior cm * 178¢, 1705, 1670, 1500.

Preparation No. 21

Diphenvlmethvl 7-1(2)- 2~ (2~t-3utoxvcarbonvi-2-propoxviming)=2-
(Z-trltvlan.noth-azol-4—v1)acetarzdo] 3-(a—~h¢oro---nroneﬂ-T-vl)-
3-cenhem-4-ca:boxv1ate (IX-4')

The phosphonium iodide (VIII-4', 5.7 g, 4.3 mmoles) in
chloroform (ldo ml) was t:éa;ed with aquéous sodium hyd:oxide_
{(0.34 ¢ NaO# in 100 ml of wate*) at zoom temperature. The mix-~
ture was washed with water (‘50 ml) and dried over sodium sulf éé,-.

‘To the chloroform sclution was added chlcroacetaldehyde (0.5 ¢,
6.5 mmoles) and the mixture was stirred at room temperature for
1 hour. The reaction mixture was concentrated in vacuc ané the
residue was chromatog:aphgd'cn a silica cel coclumn (120 g},

- eluted with benzene (500 ml} ané benzene-ethyl acetate (10:1). -
The desired fractions were comtined and concentrated to vield 2.6
g (6l%) of IX-4', '

"Rf : 0.18_(behzene/ethyl a¢etate = Zd/l; silica gel plate).

IR : viEE em™t 1785, 1720, 1690, 1520,

. EtOH

o *max

nm(e) 240 (sh, 23400), 278 (16000).



(40 M) was stirred at roomtenperature for 1 hour. The reaction m xture
was concentrated in vacuo and the residue was dissolved in ethyl acetate _
(50 m). The ethyl acetatée solution was washed with 10% acuecus sodi um v
thiasul fate (50 m) and aqueous sodiumchloride (50 m), dried over sod ,ﬁ$
sul¥ate and concentrated to give 2.0 g (949 of the title conmpound X-1.\&
: 0.34 (chlorofornmethyl acetate = 20/1; silica gel plate). IR [err]
1770, 1710, 1660, 1500. NVR [err] ppm3.50 (2H, s, 2-H), 3.84 (2H, d, 7
Hz, -HC=CH-[err]), 4.03 (3H, s, [err]), 5.05 (1H, d, 4.5 Hz, 6-H), 5.90
(1H, d, 4.5 Hz, 7-H), 6.75 (1H, s, thizmzoke-H), 6.98 (1H, s, [err]), 7.30
(25H, s, phenyl-E. Preparation No. 20 Di phenyl net hyl '
7-[(2)-2-(2-t-But oxycar bonyl - 2- pr opoxyi m no) - 2-.
(2-tritylam not hi azol - 4-yl )acetam do] -3-triphenyl ohosphoni onet hyl -
3-cephem 4- carboxyl ate lodide (VII1-4") A nixture of di phenyl net hyl
7-1(2)-2-(2-t-butoxy-  -3lpzecarasicm No. 22

car bonyl - 2- pr opoxyi m no) - 2- (Z'TTTTVTEWTﬁBTﬁ'azoI 4-yl)acetam do] -

3- |odonethyl 3- cephen}4 car box Iate (VII-4' 5 3 c, 5 mmol es) and

t ri pheny BpBRaS Tl L3223 it -2-

(2-::1.w¢ar-uc::;azo--4-)1)ac c1—3 (3-'ccc-‘-=:cae--'-v Y-

'l =10

3-cechen-4-carboxvliate (X-4')

A mixture of the chlorcpropenvl derivative IX-4' (2.4 gz
2.4 mmoles) and sodium iodide (1.1 g, 7.2 mmoles) in acezcne (5
ml) was stirred at room temperature for 1 hotr. The reacticn
mixture was concentrated in vacuo and the residue was dissclved
in ethyl acetate (50 ml). The ethyl acetate sclution was washed
with 10% acueous sodlum..hiosul?ate (50 ml), water (50 ml) and
agueous NaCl solution (50 ml), dried over sodium sulfate and

. concentrated tc yield 2.4 g (93%) of X-4',

. L KBr -1 A :
IR : Vmax cm 1775, 1710, 1670, 1500.

Preparation No. 23

Diphenvimethvl 7=[(Z)~2-(l=-t-Butoxvcarbonvlcveclobut-l-oxvining}-
2= ({2-tritylaminothiazol-4-vl)acetamido]~ 3-t:1nherv1:hcsnhcn-c-
methvl-3-cechem~4-carboxviate Iodide (VIII-5')

_ A mixture cf diphenylmethvl 7-{(Z)-2-(l-t-butoxy-
carbonvlcyclobut-l-oxyimino)-2-(2-tritylaminothiazei-4-vi)-
acetamido] -3-iodomethyl-3-cephem~4-carbcxylate (VII-5', €.4 ¢,

6 mmoles) and triphenylphosphine (2.4 g, § mmoles) in benzene

(120 ml) was stirred at room temperature for 2 hours and diluted

with n-hexane {ca. 500 hl). The resulting precipitate was

collected by filtration to afford 7.5 g {(94%) of the title com-
" pound VIII-S®. ' '

1 e=~! 1780, 1710, 1670, 1510.



stirred at roomtenperature for 1 hour and diluted with diiso- propyl
ether. The resulting precip itate was collected by filtration to yield 6.0
) of the title conpound VI1I-4". [err] : [err] 1780, 1705, 1670,

X2 - 2- (2-t- Butoxycarbonvl 2- propoxvrnrno) 2- (2-tritylam not hi azol - 4*3?7
acevam do] -3- (3-chloro-1-propen-1-yl)- 3-cephem 4-carboxylate (I1X-4') The
phosphoniumiodide (M 11-4", 5.7 g, 4.3 nmmoles) in chloroform (100 m ) was
treated with agueous sodi um hydroxi @gg (0.34 g NaOH in 100 ml of water) at
room tenperature. The mx- ture was washed with water (150 m) and dried
over sodiumsulfate. To the chl orof orm sol uti on was added :

chl oroacet al dehyde (0.5 g, 6.5 mmol es) and the mi xture was stirred at room
tenperature for 1 hour. The reaction m xture was concentrated in vacuo and
t he residue was chromat ographed on a silica cel colum (120 g), eluted with
benzene (500 m) and benzenezeihHicacet ate (10:1). The desired fractions
were cornbined and concentiated to yrera 2.6 g (61@6 of | X-4'. Rf 0.18
(benzene/ et hyl acetate ~)20/1' srlrca oel plate) [err] 1785, 1720

S e_"‘

-b_ltvlaminc:nzazcl-éévl)ace:amico}- —(3-cn;o:c-‘-orcnen-a-vi)-

p
{d
3-cenhem-4-carboxvlate (IX=5')

i

T e -

The phosphonium iodide VIII-5' (7.4 ¢, 5.5 mmeoles) in
chloroferm (150 ml) was treated with agueous sodiun hy_rcxace-;
(C.44 é NaCH in 150 ml of water) at room :empefatu:e. The mix-
ure was washed with water and dried over sodium sulfate. To
the chiorcfcrm solution was added chloroacetaldehyde (863 mg,
11 mmoles) and the mixture was stirred at room temperature for
1.5 hours. '-ue reaction mixture was concentrated in vacuo and
the residue was chromatographed on a silica gel column (150 g).,
eluted with Benzene {500 m1l) and benzene-ethyl acetate (10:1).

T=e desired fractions were combined and concentrated to give 2.85
¢ (53%) of the title compound IX-5'. M.p. >110°C (dec.).

RS : 0.61 (chloroform/ethyl acetate = 20/1; silica gel plate).

e
<

= X8= =1 1780, 1720, 1685, 1520.

TV o Ai;; nml{e) 240 (24700), 256 (15206).

. Preparation No. 25

Diohenvlmethvl 7-{(Z)- 2’(l‘t‘Butocha’bchICVCIbbuu"'ckvi~‘qo,a
2={2-tzit vlam-nothlazo1-4-vl)acetan-do1-3-(3-zodo-1-o—coer-lov’)-
3-ce“heﬂ-4—carboxvla.e {X=5"'). '

A mixture of the chloropropenyl derivative IX-5' (3.5 g,
S mmcles) and sodium iodide (1.0 g, 7.0 mmoles) in acetene (70
)} was stirred at room temperature for 1 houx. fter eVapora#'
ticn of the solvent, the residue was dissolyee in ethyl acetate
(150 m1) and'the solution was washed with 10% agueocus sodium
txiosulfate (100 ml) and aqueocus NaCl solution (100 ml), driecd
over socium sulfate and concentrated under reduced pressure tc

4



- 32 - Preparation No. 22 D phenyl net hyl

7-[(2)-2-(2-t-Butoxycarbonyl - 2- propoxvi m no) - 2- _

(2-tritylam not hi azol -4-yl)acet am do] - 3- ( 3-i1 odo- 1- propen-1-yl) -

8- cgphem 4-car boxyl ate (X-4") A mxture of the chloropropenyl derivat i i

| X-48%£(2.4 g, 2.4 mmoles) and sodiumm,jodide (1.1 g, 7.2 nmles) in acetone

(50- M) was stirred at roomtenperatirg for 1 hour. The reaction mxture h

was concentrated in vacuo and the residue was dissolved in ethyl acetate

(50 mM). The ethyl acetate solution was washed with 10% aqueous sodi um

thiosulfate (50 m), water (50 m) ar.d acueous NaCl solution (50 ml),

dried over sodiumsulfate and concentrated to yield 2.4 g (93% of X-4'. IR
[err] 1775, 1710,23£679,2.5580.8%kepar&t¥on No. 23 Di phenyl net hyl

7-[(2)-2-(1-t-Butoxycarbonyl cvcl obut - 1- oxyi m no) -

2-(2-tritylanm not hi azgl - 4- y¥3zacatani #ol - 3744 | pRepY! Hwespl oni c- _

met hyl - 3- cephem 4- car boxyl at® | odide (VIT1-5") A mxture of diphenyl nethyl

7-[(2)-2-(1-t-butoxy- carbogpyl.cycl obut-1-oxyim no) -2-

(2-trityl ami not hi azol® 4-yAJ., &BEERMA%§oKL179C0). o

- 3-i odonet hyl - 3-cephem '4- car boxylate (M 1-5", 6.4 g, 6 mples) and

tri phenyl phosphine (2.4 g, 9 moles) in benzene (120 m) was stirred at

room t enper at g fbedi Pl EoifpdelsuiRh M AR writdxabBe( gregdBatlipn The

resulting precipitate was coIIecFed by filtration to afford 7.5 g (94% of

the titl@fceampounds of the Formula I, the reader is referred = _

g -

to the specification of our primary Application

~ ‘No.84.03474 (2134522).



pound VIII-5. IR : [err] 1780, 1710, 1670, 1510. - 33 - Preparation No.
24 Di phenyl net hyl 7-[(Z)-2-(I-t-Butoxvcarbonylcycl obut-1-oxyn no) - 2-

ephem 4- carboxyl ate (1 X-5') The phosphonium-iodide VII11-5 (7.4 g, 5.5
s) in chloroform (150 m) was treated with a ueous ‘sodi um hydr oxi dew==:
{ g ,NaOH in 150 m of water) at roomt #m" ullm"r X- ture was\fi
ed vm'th wat er and dried over sodium suI or of orm :
sol uti on was added chl or oacet al dehyde (863 ng, i1 fool es) 4nd the mixture
was stirred at ‘roomtenperature for 1.5 hours. The reaction m xture was
concentrated in vacuo and the residue #&s-chromat ographed on a'silica gel
colum (150 g), eluted with benzene (500 m) and benzene-ethyl acetate

(10:1). The desired fractions were ed and concentrated to give 2.95 g |

(539 of the title conmpound | X5 . Mp. [err] (dec.). Rf : 0.61

(chl or af or rﬁejdﬂpbuﬁ@e@gtme-ﬁ%mam lica gel plate). IR : [err] 1780, 1720,
1685, 1520. W : ‘[err] nm[err] 240 (2470C) (0)296 (15200) Preparation No.
25 Di phenyl met hyl 7- [(;) 2- | -t-Butoxvcar b(y,vg cvel obut 1- oxyim no) -

Fade 3o

) it NXVIZ:
e J NI R

B_N CR C
BN | e,y
Coox

2 R

wherein 2 is chloro, bromo or icdo, m is 0 or 1 and R is
hydrogen, a straight or branched chain alkvl gzoup ccﬂ-azulnc'

from 1 0 4 carbon atoms, or a2 group of the formule

2t 4

R
b . 3 !
-CHE=CH-3" , -
R R

COCRE

in which R3 is hydrogen, (lower)alkyl or carboxyl, X is halogen,
hydzoxy or (lower)alkoxy, and 34 and_Rs are each independently

hydrogen, methyl or ethyl, or R4 and Rs, taken tcgether with the

carbon atom to which they are attached, may be a cycloalkvlidene ' —rt

ring containing from 3 to 5 carbon atoms, a sal:t or ester thereof,
or an amino-protected, carboxyl-protected or amino- and car rboxyl-
protected derivative thereof.

2. A compound of Claim 1 in which R% is methyl,

3. A compound of Claim 1 in which Rz is 2-carboxyproo-
2°y1. -

4, A compound of Claim 1 in which R® is l-carboxyeycleo-
but-l-yl. ) ' '
S. The compound of Claim 1 which is diphenyimethyl 3-(3-

iodo-l-propen-l-yl)-7-{(2)=2-nethoxyimine=-2-(2-tritylamino-
thiazol-4~yl)acetamido]~3-cephem=4-carboxylate.



-2-(2-tritylam not hi azol - 4-yl ) acet am dol - 3- ( 3-i odo- 1- propen-1-yl ) -
3-cephem 4-carboxylate (X-5") A mxture of the chl oropropenyl derivativ

| X-5' (3.5 g, 3.5 mmles) and sodi um i odi de (1.8UgL_zi§_ﬂH9L§§l_Lﬂ_acet
¢70) was stirred at roomtenperature for 1 h . ter evapora- tio
t he-=6l vent, the residue was dissolved i3f et hyl and the
solution was washed with 10% aqueous sodi um t hi oEﬂT“P“ﬁl“ﬂﬂmlmm and

Su

aqueous NaC solution (100 m), dried over ‘sodiu at emand cbncentrated

under reduced preessure to -34- afford 3.3 g (8 6) of X-5 . IR : [err]
1780, 1720, 1680, 1520. W : J[err] nmJ[err] 308 (17900). nmax For specific
Exanpl es dealing wth the preparation of conpounds of the Formula I, the

reader is.referred to the specification of our primary Application
No. 84. 03474 (2134522). - 35 -

6. The compound of Claim 1 which is diphenyimethyl 7.
[(Z)-2-(2-t-butoxycarbonyl-2-prcpoxyimino}-2-{2-tritylamino-
thiazol-8-yl)acetamicol-3-(3-i0do-1-propen-1-y1)-3-cephem-4-
carbcxylate.

7. Tne compoung of Claim 1 which is diphenylmethyl 7- e .
[(2)-2-(1-t-butoxycarbonylcyclobut-l-oxyimino)-2-(2-tritylaminc-
thiazol-4-yil)acetamido]-3-(3-iodo-1-propen-l-yl)-3-cepnem-4-
carboxylate.



CLAIMS 1. A conpound of the fornula [err] wherein Z is chloro, brono or

i ot is O or 1 and R2 is hydrogen, a straight or branched chain al kyl
p:fontaining from1l to 4 carbon atons, or a group of the fornmyla [err]

ch [err] is hydrogen, (I|ower)al kyI ~or carboxyl, X is hal ogen, hyd:oxy

or \ower)al koxy, and [err] and [err] "are eacWOQen ot
methyl or ethyl, or R and R taken together with the carbon atomto Whl ¢h
they are attached may be a cycl oal kvB7dene rf”ﬂl"ﬂ m3to 5-
carbon atons, a salt or ester thereof, or an Mﬂmm’ﬂ"r

car boxyl -protected or am_no- and car boxyl - prot “ectedtdeti vt 've t her eof

A conpound of Claim 1 in which [err] is nethyl. 3. A conpound of
Claim 1.in which [err] is 2-carboxyprop- 2-yl. 4. A conpound of
Claim 1 in which R2 is 1-carboxcvyclo- but-I-yl. 5. The conpound

of Caim1l which is diphenylnethyl 3-(3- iodo-1-propen-1-yl) -7- [(2)
- 2- met hoxyi m no-2- (2-tritylam no- '
t hi azol - 4- vl ) acet am do] - 3- cephem 4- car boxy| ate

8.

A process for the preparation . of compounds of the
formula -

| | (o)
N- e cong
J’\ /” u\ B
s
RlaN or? cxccuca
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6. Tne conmpound of Caim 1 which is diphenylnethyl 7-
[(2)-2-(2-t-butoxycar bonyl - 2-propoxyi m no)-2-( 2-tritylam no-
t hi agol 4-yl)acetam do] - 3- (3-i odo- 1- propen-1-yl ) -3-cephem 4- carbcxy
: The conpound of Claim 1 which is dlphﬁwl—ﬁ%t—hyl———%— -
[(Z)%Z (1-t-butoxycarbonyl cycl obut - 1-oxy im n m no-
t hi azol - 4-yl )acet am do] - 3- (3-i odo-1| - propen- 1- M ﬂ !mM! l!ll;ar boxyl at e.
37 8. A process for the preparat|on of ormul a -
38 - wherein B is hydrogen or a — 38 car boxyl - prot ecti ng
group, Zis chloro, brono or iodo, mis O or 1, [err] is hydrogen or a n
am no-protecting group, and [err] is hydrogen, a straight or branched chain
al kyl group containing from1l to 4 carbon atons, or a group of the formula
[err] [err]

.q

wherein 81 is hydrogen or a carboxyl-protecting
group, Z is chloro, bromo or iodo, m is 0 or 1, R is
“hydrogen or an amino-protecting group, and RZ i e -
hydrogen, a straight or branched chain alkyl group containing
R from 1 to 4 carbon atoms, or a group of the formula

4 4
R ) 2 COOK
-ﬁgca-ca-n . .?.csc-p} , or
R RS

4 b4
L-coon,
R5

in which r3 is hydrogen, (lover)a1kyl or carboin,_x is
halogen, hydroxy or {lower)alkoxy, and R* ana R are each
independently hydrogen, metnyl or ethyl, or R4 and Rs; ' _
taken together with the carbon atom to which they are attached,
may be a cycloalkylidene ring containing from 3 to 5 carbon
atoms, and salts and esters théreof, which comprises a reacting
a compound of the formula VI|] '

N £— CONH e £ S '
3l I |
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in which [err] is hydrogen, (lower)alkyl or carboxyl, X is hal ogen, hydroxy
g ower)al koxy, and [err] and [err] are each independently hydrogen,

hyl or ethyl, or [err] and [err] taken together wi'th the carbgn atomto
i they are attached may be a cycl oal kyli dene ring containing from3to
gf bon atons, and salts and esters t her eof , “Which conprises.a reacti nM
ound of the formula V| [err] - 39 mﬁt conpound of
the formula VIII, [err] reacting conmpound VII JI"]‘!B"!' “II Hml "l
and [err] to give a conpound of the formula I m if

reduci ng the sul foxide and subsequesd |y renoving all prot ectl ng groups or
further rea:ting corrpound I X'with Nal or [err] to give conpound X or Xl

[err] or-
with P(Pn)3 to give a compound of the formula VIIi,
. _ : _ (ts))m _ _ : ' o
N ——C — CONH —_—r | QR
IS e,
1. g2 /4 A @
RTEN" ™S OR o H,P(Ph) 4 | |
o{e 0} ]
reacting compound VIII with  base and C1 C H, CHO
to give a compound of the formula IX, '
N CONH
K & ﬁ\ / =
2 —
e s OR -4 CE=CHCH,C1
and, ifmis 1, reéucing‘the sulfoxide | \J
and subdsequently remsving ail protecting grouns
6r further rea:zting compoung IX a1th Nal or Na3r to giva
compoung X or xI
. _ _ (O)m
N— — CONH -~ S
l \ 1\ ) l X
1 2 N
RTHENT 8 oR™ ¥4 CE=CHCE, I

or

&
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- 40 - [err] and if mis 1, reducing the sul foxide of X or X, and
subsequent |y renoving al.l protectlng gr oups, and :
furt«her converting them if desired to the|r pharmaceutical 'y accept ab

mon-toxic salt or their ester thereof. 9. a|n18
.Wner'-e.un R2 is nmethyl, 2- carboxyprop-2- yI or 1- cgimmmmnglﬂtl Iﬁl

The process of Cla|n1 8. characterized t hat the conpoumdssa » C or the
non-toxic salt or their ester thereof dfe Tanufactured: a)

di phenyl met hyl -3- (3-i odo-1-propen-1-yl)-7-[(2) - 2- ' '

met hoxyi m no-2-(2-trityl am no-thiazol -4-yl)acetam do] - 3-

cepnem 4-car boxyl ate. b) dlphenylnethyl
7-[(2)-2-(2-t-butoxycarbonyl - !

pr opoxyi m no) - 2- ( 2- trltylan1no th|azol-4-y|)acetanido]-3-. :
(3-io0do-1-propen-1-yl)-3-cephem 4-carboxyl ate, and c) di phenyl net hyl
7-1(2)-2-(1-t-butoxycarbonyl cycl obut -1 - :

oxyi m no)-2-(2-trityl am no-thiazol -4-yl)acetam do] - 3- (.3-i odo- 1 -
propen-1|-yl)-3-cephem 4-car boxyl at e.

| (o),
IS ) ¢
"R;HN’}(‘S \\\oaz dﬁ"'N Z T
s - ' CH=CHCH,Br .
-/ _ _ ooal

and if m is 1, reducing the sulfoxide of X or XI,

and subsequently removing all protecting
groups , and further converting them, if
desired to their pharmaceutically acceptable non-toxic salt or
their ester thereof.

g. The process of Claim 8, wherein r? is methyl, 2-
carboxyprop-2-yl or l-carboxycyclobut-l-yl,

. 10. Tne process of Claim &, characterized in that the
compounds a - ¢ or their non-toxic salt or their ester thereof
are manufactured:

a) diphenylmethyl 3-(3-i0do-l-propen-l-yl)-7-[(2)-2-
methoxyiming-2-(2-tritylamino-thiazol-4-yl)acetamido]j-3-
cephem-4-carpoxylate,

b) diphenylmethyl 7-[(Z)-2-({2-t-butoxycarbonyl-2-
propoxyimino)-2-(2-tritylamino-thiazol-4-yl)acetamido]-3-
{3-i0do-1-propen-l-yl)-3-cephem-4-carboxylate, and

c) dipnenylmethyl 7-[(Z)-2-{1-t-butoxycarbonylcyclobut-1-
oxyimino)e2-(2-tritylamino-thiazol-4-yl)acetamido]-3-(3-iodo-1-
propen-l-yl)j-3-cephem-4-carboxylate.



11.
in

12.

rocess as clained in claimS8, substanLLaI ly as described in any of

g0| ng Pr epar ati ons.

A conpround as clarmed in

S i T

A process as claimed in claim 8, substantially as described
any of the foregoing Preparations..
A compound as claimed in claim 1, prepared by a 'process _

as claimed in claim 8, 9, 10 or 11,
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