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(54) Cephalosporinderivatives

{67) 7-{(2)-2-(2- Aminothiazol-4-yl)
-2-[{substituted} -
oxyimino}acetamido} - 3-[3-
{quaternary ammonio) - 1-propen-1 -
yl] -3-cephem -4 - carboxylates of
formula below and salts, esters and
solvates thereof, having potent
antibacterial activity, are provided.
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wherein R'isH or protective, R%isH, C14
alkylor

%
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or
\
RS
R?isH, alkyl or carboxyl, R*and R°are
H, Alkyl ortogether complete aring, Xis
’ ®
halogen, hydroxy or alkoxy and—N=0Q
is quaternary ammonium and may be
cyclic compounds of formula

(o)

S
—
o7 N Z NH=eH tH,Z

CooK XAViti

wheremisQor1,ZisCl,Brorland R?is
as above are also disclosed.
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SPECIFICATION

Cephalosporin derivatives

This application relates to novel cephalosporin
derivativesofthe formula

J ‘k \.onu}‘ :
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wherein R’ is hydrogen or a conventional amino-
protecting group, R?is hydrogen, a straight or
branched chain alky!l group containing from 1to4
carbon atoms or a group ofthe formula

r4 ®S COOK
1 3 ! 3 . or
~qCHeCHRS -c-csCc-R>
5 5
o X
-r%-g:oou .
is

inwhich R3is hydrogen, {lower)alkyl or carboxyl, X is
halogen, hydroxy or (lower}alkoxy, and R*and R® are
each independently hydrogen, methyl or ethyl, or R*
and RS, taken together with the carbon atom to which
they are attached, may be a cycloalkylidene ring
containing from 3to 5 carbonatoms, and

€.
is a quaternary ammonio group, and to nontoxic
pharmaceutically acceptable salts, physiclogically
hydrolyzable esters and solvates thereof.

In another aspect thisinvention relates to a process
for the preparation of the compounds of Formulal
and to intermediates in their preparation.

A} Published European Patent Application No.
30,630 discloses a vast number of 7 - acylamino -3 -
vinylcephalosporanic acid derivatives including, in-
ter alia, those of the formula

s
N € ~—————CONE
i/ \S il I |
323/4 s \ox ¢ N\ia:cs

COCH

wherein R inter alia may be (lower)alkyl, {lower)al-
kenyli, {lower)alkyny! or carboxy(lower)alkyl. The
compounds are prepared, inter alia, by reaction of the
corresponding 3-halomethyl compound with a
triarylphosphine, followed by treatment with a base
and reaction with formaldehyde. In each case, the
final 3-substituentisthe vinyl group. There is no
disclosure or suggestion of a quaternary ammonio-
substituted propenyt moiety for the 3-substituent.

Bl t.K PatentSpecification No. 1,399,086 contains
a genericdisclosure encompassing a vast number of
cephalosporins of the formula

3
R-lC-CO—NH
N Ll\;Lﬁ

COOH
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wherein Ris hydrogen oran organic group, R?is an
etherifying monovalent organic group linked to the
oxygen througha carbonatom, Bis /S or\‘S 0, and.
Pis an organicgroup. in one embodiment, P may be
inter alia avinyl group ofthe formula

R3
=CE=C]

R‘
inwhich R%and R*independently may be hydrogen,
nitrile, (lower)alkoxycarbonyl, or substituted or un-
substituted aliphatic, cycloaliphatic, 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 thatPmay be a
quaternary 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
disclosures.

C) U.S.PatentNo. 4,307,233 discloses, inter alia,
3-vinyl cephalosporin derivatives of the formula

S

® ﬁ—-—— co.\'ts————i/ -
Hzﬁ/aj\ﬁs ()— = ca—c&-\ j

COCE

in which R® inter alia may be alkyl, vinyl, cyanomethyl
or a protective group such as 2 - methoxyprop-2-vi,
and R*and R*are alkyl groups (optionally substituted
by hydroxy, alkoxy, amino, alkylamino or dialkylami-
no)or phenyl groups, or R? and R* taken together
with the nitrogen to which they are attached, may
form a saturated heterocyclic ring of 5 or 6 members,
optionally containing another hetero-atom selected
from N, Oand S, and optionally substituted by an
alky! group. The compounds are useful as intermedi-
ates in the preparation of 3-thiovinyl cephalosporin
derivatives. there is no disclosure or suggestion of a
quaternary ammonio-substituted propenyl moiety
for the 3-substituent. Published United Kingdom
Patent Application No. 2,051,062 is concordant there-
to and has a similar disclosure.

D) Published European Patent Application No.
53,537 discloses, inter alia, 3-vinylcephalosporin
derivatives of the formula

1 —————— CORL:
/ \S 1
HZN/L -C—COOR = n-CE-‘i

CO(JR2

in which RZand RPare the same or differentand are
hydrogen oralkyl, or taken together, form an alkylene
group containing 2 or 3 carbon atoms, Rfis an acid
protecting group, R, is an acid protecting group such
as an ester, Rz and R, are the same or differentand are
hydrogen, alkyl (optionally-substituted by hydroxy,
alkoxy, amino, alkylamino or dialkylamino) or phenyl
groups, or Rz and R, taken together with the nitrogen
to which they are attached, may form a saturated
heterocyclicring of 5 or 6 members, optionally
containing another hetero-atom selected from N, O
and S, and optionally substituted by an alkyl group.
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The compounds are useful as intermediatesin the
preparation of 3-thiovinyl cephalosporin derivatives.
Thereis no disclosure or suggestion of a quaternary
ammonio-substituted propenyl group for the 3-
substituent.

E) U.S.PatentNo.4,307,116discloses 3 - thioviny-
Icephaiosporins of the formula

s
CONH
N~
CH=CH~SR
00N

inwhich R°is hydrogen, alkyl, vinyl or cyanomethyl,
and R inter alia may be one of a vast number of
heterocyclicrings such as

2t
= e .
BN | J'\ T
A o
h

.

P

HZN/QS) i‘-

\OR‘

g N Ny

. - B
)\3‘-) Ls )\Rl

orthelike. However, in each case, the heterocyclic
ring is attached to the sulfur atom via a carbon atom
ofthe heterocyclic ring. There isno disclosure or
suggestion of a quaternary ammonio-substituted
propenyl moiety for the 3-substituent. Although not
formally related, published European Patent Applica-
tion No. 53,961 has a similar disclosure, butincludes 2
-carboxyprop-2-yl, 1-carboxycyclobut-1-yland
the like as possible meanings of R

F) Published European Patent Application No.
53,074 generally discloses a vast number of 3-
vinylcephalosporin derivatives of the formula

(g)n

R*, ~NE ®
1la ™"
3 R®
¥ 1.3
CHaC=R’

COOR*

Moo

2a

{wherein R°%, {in one of several embodiments) may

be
N £=CO-
(R
wALIK,

inwhich Rg inter afia may be hydrogen, alkyl, vinyl,
cyanomethyl, an oxime-protecting group such as
trityl, etc., oragroup ofthe formuia
<
W
inwhich R%; and RPs are the same or different, and
may be hydrogen, alkyl or, taken together, an
alkylene radical of 2 or 3 carbon atoms, and Rsis
hydrogen or an acid-protecting radical; R'2ais hyd-
rogen 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 6-membered aromatic
heterocyclic ring containing a single hetero atom,
such as 2- or 3-pyridyl, 2- or 3-thienyl or 2- or 3-furyl;
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and
Rsis agroup ofthe formula

R,S0,0-

in which Ry may be alkyl, trihalomethy! or optionally
substituted phenyl.

These compounds are stated to be intermediates in
the preparation of compounds in which the 3-
substituentis a group of the formula

Ro
!
-CH=C-SR

which are stated to have antibacterial activity.
Although this patent includes the possibility of R°
being a methyl group substituted by an N-containing
heterocyclicring, in both the intermediates-and final
products (thus giving a heterocyclic-substituted
propeny! moiety), itteaches only that the heterocyclic
ring is attached via one of its carbon atoms. Thus,
there is no suggestion of a quaternary ammaonio-
substituted propenyl group. The reference exempli-
fies R°inthe intermediates and final products only as
methyl. Further, in both the intermediates and the
intermediates and final product, the propenyl group
must contain a second substituent {~OsSR*or SR,
respectively).
G) Published European Patent Application No.
53,538 discloses, inter alia, 3-vinyicephalosporin
intermediates of the formula

7 =T
1-'7:\/43’:\035 R\//\Lt_- 23

inwhich nis 0 or 1, R®ishydrogen, alkyl, vinyl,
cyanomethyl or an oxime-protecting group, and R3is
halogen.

This application relates to novel cephalosporin
derivatives which are potent antibacterial agents.
More particularly, it relates tocompounds of the
formula

R coxs £ .
WS VI e
]l s or® I\F F=CH~CE,-NEZQ
cof

wherein R is hydrogen or a conventional amino-
protecting group R2is hydrogen, a straight or
branched chain alkyl group containingfrom1to4
carbon atoms or a group of the formula

4 COOH
»* R "

t -
-<lf-ca=c5-33 . -t‘:-CEC‘Rs . ox
& ®°

X
4

)t

=2-CO0R
5

W

in which R%is hydrogen, (lowerlalkyl or carboxyl, X is
halogen, hydroxy or {lower)alkoxy, and R* and R%are
each independently hydrogen, methyl orethyl, or R*
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and R®, taken together with the carbon atom to which
they are attached, may be a cycloalkylidene ring
containing from 3to 5 carbon atoms, and

-R=Q

is a quaternary ammonio group, and nontoxic
pharmaceutically acceptable salts and physiological-
ly hydrolyzable esters thereof. Also included within
the scope of the invention are the solvates (including
hydrates) of the compounds of Formulal, aswell as
the tautameric forms of the compounds of Formulal,
e.g. the 2-iminothiazolin - f -yl form of the 2-
aminothiazol - 4 - yl moiety. o

In anotheraspect, this application relatesto a
process forthe preparation of compounds of Formula
landto certain 3-(3-halo - propen - 1-yl) substituted
intermediatesin their preparation.

As shown in the structural formula, the compounds
of Formulal have the “syn’ or “Z" configuration with
respectto the alkoxyimino group. Because the .
compounds are geometric isomers, some of the
“anti”’ isomer may also be present. This invention
comprises compounds of Formula | containing at
least90% ofthe “syn’’ isomer. Preferably the
compounds of Formulal are “syn” isomers which are
essentially free of the corresponding “anti” isomers.

In addition to geometric isomers possible with
respectto the alkoxyimino group, the compounds of
Formulal {and the intermediates of Formulae IX and
X} also form geometric {cis and trans) isomers about
the double bond of the propeny! group. Both the cis
(“Z")and trans (“E"') isomers of these compounds
are specifically included within the scope of this
invention.

The nontoxic pharmaceutically acceptable salts of
the compounds of Formula l include salts with
mineral acids such as hydrochloric, hydrobromic,
phosphoric and sulfuric, or with organic carboxylic
acids or sulfonic acids such as acetic, trifluoroacetic,
citric, maleic, oxalic, succinic, benzoic, tartaric,
fumaric, mandelic, ascorbic, malic, methanesulfonic,
p-toluenesulfonic and other acids known and used in
the penicillin and cephalosporin arts. Preparation of
these acid addition salts is carried out by convention-
altechniques.

Examples of physiologically hydrolyzable esters of
the compounds of Formula l include indanyl, phtha-
lidyl, methoxymethyl, acetoxymethyl, pivaloyloxy-
methyl, glycyloxymethyl, phenyiglycyloxymethyl,
and other physiologically hydrolyzable esters known
and used in the penicillin and cephalosporin arts.
Such esters are prepared by conventional techniques
known inthe art.

The compounds of Formula linwhich R'is
hydrogen exhibit high antibacterial activity against
various Gram positive and Gram negative bacteria,
and are useful in the treatment of bacterial infections
in animals, including man. The compounds of Formu-
lal may beformulatedfor parenteral usein a
conventional manner utilizing known pharmaceutical
carriers and excipients, and may be presented in unit
dosage form orin muiti-dosage containers. The
compositions may be in the form of solutions,
suspensions or emulsions in oily or aqueous vehi-
cles, and may contain conventional dispersing, sus-
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pending or stabilizing agents. The compositions may
also bein the form of a dry powder for reconstitution
before use, e.g. with sterile, pyrogen-free water. The
compounds of Formula I may also be formulated as
suppositories utilizing conventional suppository
bases such as cocoa butter or other glycerides. The
compounds of this invention may, if desired, be
administered in combination with other antibiotics
such as penicillins or other cephalosporins.

When provided in unit dosage forms the composi-
tions will preferably contain from about 50to about
1500 mg of the active ingredient of Formula I. The
dosage of the compounds of Formula I is dependent
on such factors as the weight and age of the patientas
well as the particular nature and severity of the
disease,and is withinthe discretion of the physician.

However, the dosage for adult human treatment will
usually be in the range of from about 500 to about
5000 mg perday, depending on the frequency and
route of administration. When administered intra-
muscularly or intranvenously to an adulthuman, a
total dosage of from about 750 to about 3000 mi per
day, in divided doses, normally will be sufficient,
although higher daily doses of some ofthe com-
pounds may be desirable in the case of Pseudomonas
infections.

The quaternary ammonio group of the formula

-N=20

may be acyclic, cylclic, or acombination of the two,
and may contain one or more additional hetero atoms
selected from nitroge, sulfur and oxygen.

An example of an acyclic quaternary ammonio
group is a group of the formula

6

|
Y
e

in which RS, R and R® may be the same or different
and may, for example, be (lower)alkyl or substituted
(lower)alkylin which the substitutents are, for exam-
ple, halogen, amino with provision thatthe amino

100 group may notbe onan o-carbon, hydroxy with the

provision that the hydroxy group may notbeon an
«-carbon, (lowerjalkoxy with the provision that the
alkoxy group may not be on an x-carbon, {lower)al-
kylthio, (lower)alkylamino, di{lower)alkylamino, car-

105 bamoyl, {lower)alkenyl, phenyl{lower)aikyl, phenyl or

substituted phenyl (in which the substituents may be,
forexample, halogen, hydroxy, amino, {lower)alkyla-
mino, di{lower)alkylamino, acylamino, {lower)alkyl,
(lower)alkylthio, {lower}alkoxy, or the like).

110 Examples ofcyclic quaternary ammonio groups

are fully unsaturated monocyclic heterocyclic ring
systems, and bicyclic heterocyclic ring systemsin
which atieast one N-containing ring is fully unsatu-
rated. Suitable cyclic quaternary ammonio ring

115 systemsinclude, forexample, those of the formulae
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apd the like, in which R®and R are the same or Exam_ples of combined acyclic/cyclic quaternary
different and may be, for example, hydrogen, ammonio groups include, for example, those ofthe
halogen, amino, (lower)alkyt, (lower)alkenyl, (lower)- formulae
alkylthio, hydroxy, (lower)alkoxy, (lower}alkoxy- ® 12 © /~
5 (lower)alkyl, halo(lower)alkyl, hydroxy({iower)alkyl, /‘“\) 3, o =i ?N/:I_Ru
amino(lower}alkyl, (lower}alkylamino(lower)alkyl, RLY Rll/ N\ 11/ s
di{lower)alkylamino(lower)alkyl, (lower)alkylamino, R R
di{lower)alkylamino, carboxy{lower)alkyl, carboxy- o/ DA —~ a2 : <12
{lower)alkylamino, carbamoyl, acylamino, acyloxy, /"\ > . ?u 0 p %/js(
10 phenyl, pyridyl, amidino, guanidino and the like. ¥ Rll/ o / __/
— _g*? i
% SE ' i?/\ —i‘——-::u oo S
wa” A NG
S\ ‘ e' s
(?N N~ (lowerjalkyl, ?G-Rlz v 1{@:{'\ .2
a Rll/ R s s>

and the like, in which R may be, forexample,
{lowen)alkyl, {lower)alkoxy{lower)alkyl, hydroxy-
(lower)alkyl with the provision that the hydroxy may
not be on an a-carbon, carboxy{lower)alkyl, amino-
{tower)alkyl with the provision that the amino may
notbe on an o-carbon, {lower)alkenyl, halo{lower)al-
kyl, allyl and the like, and R"? may be, for example,
hydrogen, hydroxy, halagen, (iower)alkyl, hydroxy-

15

20

13
oF ., 9 o/ X
;{15 ‘ _ @_ &6 —
]
17
17 R
X el
“N— (C!'l2 )n
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(lower)alkyl, {lower)alkoxy(lower)alkyl, halo-
(lower)alkyl, amino{lower)alkyl, (lower)alkoxy,
{lower)alkylthio, (lower)alkenyl, amino, (lower)alky-
lamino, di{llower)alkylamino, acylamino, acyloxy,
carbamoyl, amidino{lower)alkyl, phenyl, pyridyl,
amidino, guanidino and the like.

Preferred quaternary-ammonio groups are those
ofthe formulae

>

25
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wherein R*®,R"and R'® are the same or different and

are (lower)alkyl, (lowerlalkenyl, amino(lower)alky!

withthe provision that the amino may not be on an

a-carbon, or hydroxy(lower}alkyl with the provision
5§ thatthe hydroxy'group may not beonan o-carbon;

R'¢is hydrogen, (lower)alkyl, (lower)alkoxy,
{ower)alkylthio, amino, (lower)alkylamino,
di{lower)alkylamino, formylamino, {lower)alkanoyla-

‘mino, hydroxy, hydroxy(lower)alkyl, halo(lower)al-
10 kyl, amino(lower)alkyl, {lower)alkoxy(lower)alkyl or
carbamoyi;

R"is (lower)alkyl, {lower)alkoxy(lower)alkyl, halo-
{lower}alkyl, allyl, hydroxy({lower}alkyl with the provi-
sion thatthe hydroxy group is not on the «-carbon,

15 amino(lower)dlkyl with the provision thatthe amino
groupis noton the a-carbon, or phenyl({lower)alkyl;

R*is hydrogen, (lower)alkyl, {lower)aikoxy,
{lower)alkoxy(lower)alkyl, (loweralkylthio, amino,
(lower)alkylamino, di{lower)alkylamino, hydroxy,

20 hydroxy{lower)alkyl, amino(lowenalkyl, formylami-
no, (lower)alkanoylamino or carbamovl;
nisaninteger offrom 1to 3, inclusive:

Zis CHy or, when nis 2, Z also may be S, O or N-R",

"inwhich R"is hydrogen or (lower)alkyl; and
25 R*°and R?' arethesame ordifferentand are
hydrogen, {lower}alkyl, (lower)alkoxy, { lower)alkyl-
thio, amino, (fower)alkylamino, di{lower}alkylamino,
hydroxy, hydroxy({lower)alkyl, amino{ lowerlalkyl,
(Iower)alkoxy(lower)alkyl,carboxy(lower)alkyl, car-
30 boxy{lower)alkylamino, (lower)alkanoylamino, car-
boxy(lower)alkanoylamino or carbamoyl.

Particularly preferred quaternary ammonio groups
are N - (lower)alkylpyrrolidinio (and especially N-
methylpyrrolidinio), triflower)alkylammonio {and

35 especially trimethylammonio), pyridinio, 2-methyl-
thio and 2-methylthiazolio and 2 - amino -5 -
thiazolo[4,5- c]pyridinio.

Inthe compounds of Formulal, pa rticularly prefer-
red values of R? are (lower)alkyl (and especially

40 methyl), 1-carboxycycloalk- 1 -yl containing from 3
to5 carbon atoms {and especially 1 - carboxycyclobut
-1-yl) and carboxy(lower)alkyl {and especially 2-
carboxyprop-2-yl). The most preferred compounds
oftheinvention are

45 1) 7-U2)-2-(2-aminothiazol-4-yl)-2-
methoxyiminoacetamido] -3-[3- (1 - methyl pyrroli-
dinio)-1-propen-1-yl}-3-cephem-4- carboxylate,

2) 7-[{Z}-2-(2-aminothiazol-4-yl)-2-
methoxyiminoacetamido] -3 - (3- pyridinio - 1 -

50 propen - 1-yl)-3-cephem -4-carboxylate,

3) 7-1{2)-2-(2-aminothiazol-4-yl)-2-(2-
carboxy -2 - propoxyimino) - aceta-3- (3- pyridinio-
1-propen-1-yl}-3-cephem-4-carboxylate,

4) 7-l(2)-2-(2-aminothiazol-4-yl}-2-(1-

56 carboxycyclobut-1- oxyimino) - acetamido -3 -[3-(1
-methylpyrrolidinio) - 1- propen - 1-yl] - 3- cephem-4
- carboxylate,
~ B} 7-[(Z)-2-(2-aminothiazol-4-yl}-2-(1-
carhoxycyclobut - 1 - oxyimino) - acetamido] - 3- (3 -

6Q pyridinio-1-propen-1-yl)-3-cephem-4-
carboxylate,

6) 7-[{Z)-2-(2-aminothiazol-4-yl}-2-(1-
carboxycyclobut - 1- oxyimino) - acetamido] - 3-[3-

[Roman Numeral] — [(if a

BNSDOCID: <GB___2134522A__ 1 >
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ppropriate}

(2-amino - 5 - thiazolo[4,5 - c]pyridinio)- 1- propen- 1

65 -yl}-3-cephem-4-carboxylate,

7) 7-[(Z)-2- aminothiazol -4-yl)-2-
methoxyiminoacetamido] - 3- [3 - (trimethylammo-
nio) - 1- propen- 1-yl]-3- cephem -4 - carboxylate,

8) 7-{(Z)-2-(2-aminothiazol-4-yl)-2-

70 methoxyiminoacetamido] - 3- [3-(3 - aminopyridi-
nio)-1-propen-1-yi]-3-cephem -4-carboxylate,

9) 7-[{Z)-2-(2-aminothiazol -4-yl)-2-
methoxyiminoacetamido] -3-[3-(1- methyi-3-
pyrrolinio) - 1-propen-1-yi}-3-cephem-4-

75 carboxylate,

10) 7-[{Z)-2-{2-aminothiazol-4-yl)-2-(1-
carboxycyclobut - 1 - oxyimino) - acetamido} - 3-[3 -
{1-methyl -3-pyrrolinio} - 1 - propen -yl] - 3- cephem
-4 -carboxylate,

80 11) 7-[(2)-2-{2-aminothiazol -4-yl)-2-(2-
carboxyl - 2 - propoxyimino) - acetamido} -3-[3-{1 -
methylpyrrolidinio) - 1 - propen-1-yl]-3-cephem -4
-carboxylate,

12) 7-1{2)-2-(2-aminothiazol-4-yl)-2-(1-

85 carboxycyclobut-1-oxyimino)acetamido]-3-[3-(2-
methyithio - 3 - thiazolio)- 1- propen-1-yl-3-
cephem -4 -carboxylate,

13} 7-[{Z)-2-(2-aminothiazoi-4-yl)-2-
methoxyiminoacetamido] -3 - [3-{2- methyl-3-

90 thiazolio)-1-propen-1-yi]-3- cephem-4-
carboxylate,

14) 7-[(2)-2-(2-aminothiazol-4-yl)-2-(2-
carboxy - 2 - propoxyimino) - acetamido] -3- [3- {2 -
methylthio - 3- thiazolio) - 1-propen- 1-yl}-3-

95 cephem-4-carboxylate,

15) 7-1(Z)-2-(2-aminothiazol -4-yl)-2-(1-
carboxycyclobut - 1- oxyiminol)acetamido] - 3-[3- (4
-aminopyridinio) - 1- propen - 1 -yi} -3 -cephem -4-
carboxylate,

16} 7-[{Z)-2-(2-aminothiazol-4-yl)-2-
methoxyiminoacetamido]-3-[3-(4-amino-1-
pyridinio) - 1- propen-1 -yi]- 3-cephem-4-
carboxylate,

17} 7-[{Z)-2-(2-aminothiazol-4-y!)-2-

105 methoxyiminoacetamido]-3-[3-(2- methylthio-3-
thiazolio) - 1 - propen-1-yl]-3-cephem-4-
carboxylate,

18) 7-{(Z)-2-(2-aminothiazol -4-yl)-2-(1-
carboxycyclobut - 1- oxyimino}acetamido]-3- [3-(3-

110 amino - 1 - pyridinio) - 1 - propen - 1-yi[-3- cephem -4
-carboxylate,

18} 7-[{Z)-2-(2-aminothiazol-4-yl)-2-
methoxyiminoacetamido] -3-[3 - {4- carbamoyl - 1 -
pyridinio} - 1-propen-1-yl]-3-cephem-4-

115 carboxylate,

20} 7-[(Z)-2-(2-aminothiazol-4-yl)-2-
methoxyiminoacetamido}-3-[3-(2-amino-5-
thiazolo[4,5 - cIpyridinio- 1 -propen-1-yl}-3-
cephem - 4 - carboxylate and

120 21) 7-[{Z)-2-(2-aminothiazol-4-yl)-2-(1-
carboxycyclobut - 1 - oxyimino)acetamido] - 3- [3-(2-

methyl - 3 - thiazolio) - 1 - propen - 1-yi] -3 -cephem -
4-carboxylate.

The numbering system utilizing herein for the

125 various reactants, intermediates and final products is

as follows: . :

Arabic Numeral
(if appropriate)

100
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The Roman Numeral designates whetherthe
compound is afinal product [l] or an intermediate or
other reactant [all other Roman Numerals]. The
Arabic Numerals and Letters are not used in those

5 instances wherethe overall class (genus) of com-
pounds is meant. ‘

The Arabic Numeral designates the particular
meaning of substituents R?, and the assigned mean-
ings may be seen, for example, in Preparation No. 1.1f

10 the particutar R% group contains a carboxyl group
which is protected by a conventional carboxyl-
protecting group, a “prime’’ (') is used after the Arabic
Numeral to indicate this fact. No “prime” is used if the
carboxyl group is unprotected. A ““prime" also is used

16 with the generic R? substituent (i.e. R?) when
generically referring to an R2group containing a
protected carboxyl group.

The Letter at the end of the compound number
refers to the particular meaning ofthe quaternary

20 ammonio group

=0 .
Forthe convenience, the Arabic Numerals and
Letters assignedto some of the preferred R? groups
and quaternary ammonio groups are set forth below.

Arabic Numeral =%
methyl

ethy)

allyl
2=carboxyprop-2-yl
lecarboxycyclobut-1i-yl
1-carboxy~3~-chlorosyclobut-1-yl
2~propyn=-i=~yl

N o e W N
" [ SN B I |

I
o
ot
I
el
i

-N=p

l-mechylpyrrolicinio

pyridinio
2-anino-S~thiazolo[4,5-clpyri¢inio
trimethylarmonio

3-aninopyridinio
1-methyl-3-pyrzolinio
2-(methylthio)thiazolio
2-methylthiazolio

4-anminopyridinio
4-carkanoylpyridinio

w00 onoe

HHmaNMOD N >

o

inthe primary evaluation of the compounds of this
25 invention, the Minimum Inhibitory Concentrations
(MIC’s) of the compounds were determined by the
two-fold serial agar dilution method in Muelier-
Hinton agar against 32 strains of test organisms in six
groups. The geometric means ofthe MIC's deter-
30 minedinthesetests are shownin Table 1.

Table 1

Geometric Yean of MIC (meg/nl)
Compouné |{G+)=Ia | (G+)~Ib | {G~-)=Ta | (G=)=Ib ] (G-)-II | (G-)-IIZ
Number (5) \S) {5) (£} 5] (&3}
1-18 0.20 8.52 0.012 0.050 0.10 5.7
1-4B 6.0 15 0.046 8.37 0.41 5.0
I=-1x : 0.22 0.59 0.021 0.11 0.13 5.1
1-58 1.6 4.7 0.019 0.23 0.17 2.0
I-SA 1.8 4.7 6.038 0.23 0.26 2.6
I-~SC 1.3 4.4 0.015 0.15 0.14 2,7
I~1E .10 0.30 [<0.0053 0.050 0.043 5.7
I-1F 0.15 0.38 0.014 0.074 0.10 3.2
I-5F 1.5 - 4.0 €.037 6.22 ¢.17 2.4
I-4a “12.3 4.3 : 0.036 0.20 0.17 2.3
I-1D 0.17 0.59 0.0083 0.074 g.10 | 3.1
I-5G 0.84 2.8 0.014 0.13 0.13 S -]
I-1lH c.x0 0.30 0.0053 0.050 0.074 5.7
I-4G 1.8 S.4 0.021 0.22 0.20 3.5
1-5I 1.6 4.7 0.0139 0.20 0.22 3.5
I-13 0.11 0.34 [90.016 0.16 0.15 p2§
I-1G6 0.15 0.39 ¢4.014 0.074 0.085 7.6
X-SE 1.2 3.1 0.0l6 0,15 Q.15 1.2
I-1J 0.26 0.61 8.026 .11 0.13 5.7

{G+)~Ia : Penicillin~sensitive 5. aureus {3 strains)

{(G+)-Ib :

{G-)~Ia 1 Cephalothin-geasitive E.

Penicillin-resistant 5. aureus (5 strains)

coli (2 strains), X.

pneumoniae {1 strain) and Pr. mirabilis (2 strains)

(G~}~Ib

: Cephalothin-resistant E. coli (3 strains) and X1.

preumoniae (3 strains)

{G=)-I1 :

M. morganii (1 strain), Ent. clecacae (2 strains) and

Ser. marcescens {2 strains)
{G=)-II1: Ps. aeruginosa (7 strains}

in another aspect, this invention relates to proces-
ses forthe preparation of the compounds of Formula
1. The preferred procedure is shown below in
Reaction Scheme 1, while alternative procedures are
35 showninReaction Schemes 2, 3and 4. Inthe reaction
schemes, m may be O or 1.the abbreviation “Tr"”
_representsthe trityl (triphenyimethyl) group, whichis
a preferred amino-protecting group. The abbrevia-
tion “Ph” represents the phenyl group. Thus, the
40 —CH(Ph), moietyis the benzhydryl group, whichisa

BNSDOCID: <GB____2134522A__ 1 >

preferred carboxyl-protecting group. When R? con-
tains a carboxyl group, itis desirable to protect the
carboxyl group with a conventional carboxyi-protect-
ing group such as the t-butyl moiety.

"
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Reaction Scheme 1
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Reaction Scheme 1 shows twa alternate means of
going from Compound X to Compound XIl. The direct
route, utilizing a tertiary amine (XI), is applicable for
the preparation of all compounds of Formulal. The
indirect route, via Compound XXIX, utilizes a secon-
dary amine as reactant, and is quaternized inthe
following step. The secondary amine RR’NH may be
acyclic {e.g. dimethylamine) or cyclic (e.q. pyrroli-
dine), and thisindirect procedure therefore is suitable
for the preparation of compounds of Formulalin
which the quaternary ammonio groupis acyclic or
“mixed"” acyclic/cyclic. This indirect route is not
suitable for the preparation of compounds of Formula
Iwhereinthe quaternary nitrogenisin a fully
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unsaturated heterocyclic ring {e.g. pyridinio, thiazo-
.lio, 2 -amino - 5-thiazolo[4,5 - ¢c]pyridinio, and the
like).

Alternate Reaction Scheme 2, shown below, also

5 utilizes atertiary amine as areactant, and therefore is

suiable for preparation of all compounds of Formula
I Alternate Reaction Scheme 3, onthe other hand,
utilizes a secondary amine as areactant, which is
quaternized in the final step. Accordingly, like the

10 indirect step of Reaction Scheme 1 {via Compound
XXi1X}, Reaction Scheme 3is suitable for the prepara-
tion of compounds of Formula 1 where the quater-
nary ammonio groupis acyclic or mixed acyclic/
cyclic, but notthose compounds wherein the quater-

15 nary nitrogen isin afully unsaturated heterocyclic
-ring.

Reaction Scheme 4, shown below, is a shortened
version of Reaction Scheme 1, in thattwo steps are
eliminated. That is, the direct route of Reaction

20 Scheme4goes directly from Compound Vlilto

Compound Xl {rather than VIl - |X— X— Xllin the
direct route of Reaction Scheme 1), while the indirect
route of Reaction Scheme 4 is two steps from
Compound VlIi to Compound X {Vill = XXX — XH)
25 ratherthan four steps in the indirect route of Reaction
Scheme 1 (VI — IX— X— XXIX - Xll). As discussed
above, the directroute of Reaction Scheme 41is
suitable for the preparation of all compounds of
Formulal, while the indirect route is suitable forthe
30 preparation of the compounds of Formulalin which
the quaternary ammonio group is acyclic or mixed
acyclic/cyclic.
Intermediates of Formula XXI (3-fornylcephalos-
porin derivatives) are known compounds or may be
35 prepared by known procedures. See, for example,
U.S. Patents 3,351,596, 4,166,115, 4,279,818 and
4,331, 664 which teach the preparation of3 -
formylceph - 3- em compounds by oxidation ofthe
corresponding 3 - hydroxymethylceph-3-em
40 compounds.

Reaction Scheme 2

n A -
=X S e=voncnor O
{tertiary amine) 2) =X XVIX
X1 I
1) C113503Cl
2} ¥aI
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@® [
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XXX XVUIIZ
o
A\
® 2
GE=iCH,CH=P (Ph)
X%
(o3,
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WA Nor? ) <HO
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XE
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Although Reaction Scheme 1, above, showsa
preferred multi-step procedure for the preparation of
the compounds of Formulal, it will be appreciated
thatother starting materials and procedures may be

5 utilized to prepare the intermediates used in the key
step. Thus, the key step in Reaction Scheme 1 is the
reaction of Compound X with the tertiary amine of X|
to produce the “protected” product Xl (or the indirect
reaction of Compound X with a secondary amine,

10 followed by quaternization to produce product XIi).
Compound X may, of course, be prepared by various
other procedures.

The presentinvention provides a processforthe
preparation of compounds of the formuia

+

15 wherein R’ is hydrogen or a conventional amino-
protecting group, R%is hydrogen, a straightor
branched chain alkyl group containing from 1to4
carbon atoms, or a group of theformula

4 B COOK

¥ 1 3

-gecH=CE-RT -g-CSC-2" ox
Ie ls
R R .

R( X
—él-;COOE,
R
inwhich R%is hydrogen, {lower)alkyl or carboxyl, X is
20 halogen, hydroxy or {lower)alkoxy, and R* and R® are
each independently hydrogen, methyl or ethyl, orR?
and R%, taken together with the carbon atom to which
they are attached, may be a cycloalkylidenering
containing from 3to 5 carbon atoms, and

-NZ==0

25 isaquaternary ammonium group, and nontoxic
pharmaceutically acceptable salts, physiologically
hydrolyzable esters and solvates thereof, which
process comprises reacting acompound of the
formula

o),

s
N £ CORE
/« »‘.5 I | xIIT
P2’ e o2 7 AN enscren, T

1

COOB’

2134522A__|_>

30 whereinR? isthesameasR?orisagroup ofthe
formula

inwhich X,R%and R® are as defined above, Blis a
conventional carboxyl-protecting group, B?is a
conventional amino-protecting groupandmisOor1,
35 with a tertiary amine, to produce a compound of the
formula
(0)::

W e SN
Tj' i e £
2 \082 ' c//_ “\%C ............

erx” s BRCHCE,NED

’I.:OOB'
and, ifmis 1, reducing the sulfoxide by conventional
means, and subsequently removing all protecting
groups by conventional means.

40 Thepresentinvention also provides a process for
the preparation of compounds of the formula

alz::jl\s | I§!\ORZ j_ \J\-=c~-~L —\—Q

wherein R is hydrogen or a conventional amino-

protecting group, R%is hydrogen, a straight or

branched chain alkyl group containingfrom1to 4
45 carbon atoms, or a group of the formula

?{ 4 coei

N R
) ; i
R g-czc-zd ox
e &
3 \ Y
X
‘

2

-%;COOE .

in which R3is hydrogen, (lower)alkyl or carboxyl, Xis
halogen, hydroxy or {lower}alkoxy, and R* and R® are
each independently hydrogen, methy! or ethyl, or R*
and R°®, taken together with the carbon atom to which -

50 they are attached, may be cycloalkylidene ring
containing from 3to 5 carbon atoms, and

-N=0Q

is a quaternary ammonio group, and nontoxic
pharmaceutically acceptable salts, physiologically
hydrolyzable esters and solvates thereof, which
process comprises reacting acompound of the

55 formula

o),
‘l"_‘ S
/A 5 coE ! l o ) XXxT
a2ax \ R 7N eryriemy,
00B*

wherein R? isthe same as R2orisa group of the
formula

coost R

! 1
or -!lt:CQOB
R:

inwhich X, R*and R® are as described above, B'is a
conventional carboxyl-protecting group, B?is a

60 conventional amino-protecting groupandmisQOor1,
with an appropriate base such as hydroxylion and
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20

25

30

then with acompound of theformula
Ke)
OHC-CH,-N==Q
in which
~N=n
is a quaternary ammonio group and A is hydroxyl,
chloro, bromo oriodo, to produce acompound of the

formula
(O)m

oK H
l J !l o [ 7 7 ® @ ¥ o
B2aN s \CRZ. , “Y\r:;-»nm NE=Q

CiE=CHCY 1,02
COCnl
and, if mis 1, reducing the sulfoxide by conventional
means, and subsequently removing all protecting
groups by conventional means.
The presentinvention also provides a process for
the preparation of compounds of the formula

s
T
s \oxz s \[//\C*-= B-CE,-5Z=Q

Rli-fl: 2
cod

wherein R is hydrogen or a conventional amino-
protecting group, R?is hydrogen, a straightor
branched chain alky! group containing from 1to4
carbon atoms, or a group of the formula

g4 R coox
! ) S, | >
~gemeciR® | -ccEceR’ ox
5 \s
R R

R-{ X
—(!-COOH,

A5
inwhich R%is hydrogen, {lower)alkyl or carboxyl, Xis
halogen, hydroxy or (lower)alkoxy, and R* and R® are
each independently hydrogen, methyli or ethyl, or R*
and R®, taken together with the carbon atom to which
they are attached, may be a cycloalkylidene ring
containing from 3to b carbon atoms, and
&

24

is a quaternary ammonium group, and nontoxic
pharmaceutically acceptable salts, physiologically
hydrolyzable esters and solvates thereof, which
process comprises reacting acompound of the
formula

I [ ﬁ
| ) E
)\5 \ORZ '

wherein R? is the same as R or is a group of the
formula

o),
s

COXE l o
) 3 oA,
o;- CHO

COC-BJ'

B2

4

COOBJ' or k}
: ~c-cooe*
s
. R

inwhich X, R*and R%are as defined above, B'isa
conventional carboxyl-protecting group, BZisa
conventional amino-protecting groupand misQOor1,
with a compound ofthe formula

xe x5

@
(3655) BP-'-'CHC::Z!\: Q

inwhich Xis chloro, bromo oriodo, to producea
compound of the formula

BNSDOCID: <GB___2134522A_ | _>

35

40

45

50

55

60

65

©,
N e s
i J g coRs——T © -
h 3
shx e s o// I Nes=cics, N
k]
coost

and, ifmis 1, reducing the sulfoxide by conventional
means, and subsequently removing all protecting
groups by conventional means.

Thereactions are carried outin a non-aqueous
organic solvent such as dimethyl sulfoxide, hex-
amethylphosphoramide, methylene, chioride, chlor-
oform, ethyl ether, hexane, ethyl acetate, tetrahydro-
furan, acetonitrile and the like, or mixtures of such
solvents. The reactions are conveniently carried out
atatemperature of from about—-10°Cto about +50°C;
we normally preferto conduct the reactions at room
temperature. In Reaction Scheme 1, atleast one mole
ofthe tertiary amine should be used per mole of
Compound X; we normally preferto utilize from
about 256% to 100% excess of the tertiary amine.
Similarly, in Reaction Scheme 2, at least one mole of

Compound XX should be used per mole of Com-
pound XXI.
Carboxyl-protecting groups suitable foruseasB'in

the above reactions are well-known to those skilled in
the art and include aralkyl groups such as benzyl,
p-methoxybenzyl, p-nitrobenzyl and diphenylmethyl
(benzhydryl); alkyl groups such as t-butyl; haloalkyl
groups such as 2,2,2 - trichloroethyl, and other
carboxyl! protecting groups described in the litera-
ture, e.g. in U.K. Patent 1,399,086. We preferto utilize
carboxyl-protecting groups which are readily re-
moved by treatment with acid. Particularly preferred
carboxyl-protecting groups are the benzhydryl and
t-butyl moieties.

Amino-protecting groups suitable for use asB? are
also well-known in the art, and include the trityl group
and acyl groups such as chloroacetyl, formyl and

- trichloroethoxycarbonyl. Amino-protecting groups

70

75

80

85

90

which are readily removed by treatment with acid,
e.g. the trityl group, are preferred.

In Reaction Scheme 1, 2, 3 or4, when the
cephalosporin nucleus is utilized in the form of the
1-oxide {m = 1), the 1-oxideis prepared by known
procedures such as oxidation with m-chloroperben-
zoicacid, peracetic acid, etc. The 1-oxide subsequent-
ly may be reduced by known procedures, e.g.
reduction of the corresponding alkoxysuifonium sait
with iodide fon in an aqueous medium. The alkoxy-
sulfonium salt itself is readily prepared by treatment
of the 1-oxide with, for example, acetyl chloride.

As used herein, the terms acylamino and acyloxy
refer to an acylated amino or acylated hydroxy group
in which the acyl moiety is (lower)alkanoyl {e.g.
formyl, acetyl, propionyl, butyryl, isobutyry!, iso-
valeryl, etc.), aroyl (e.g. benzoyl, etc.}, (lower)al-
kanesulfonyl {e.g. mesyl, ethanesuifonyl, etc.) or
arylsulfonyl (e.g. benzenesulfonyl, tosyl, etc.).

As used herein, the terms*{lower)alkyl”, “{lower)-
alkoxy”, “(lower)alkythio” {or the like} mean ;
straight or branched chain alkyl, alkoxy, alkylthio {or
thelike) groups containing from 1to 6 carbon atoms,
inclusive. '

In another embodiment, this invention relatesto
novel intermediates of the formula
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35

40

(),
e ‘~ 13 s :
JI\ J G — coxs \l XTI
ny” NS \onz 7T INF Nesscics,z
coon

wherein Zis chloro, bromo oriodo, mis 0 or 1 and R?
is hydrogen, a straight or branched chain alkyl group
containing from 1to 4 carbon atoms, or a group of the
formuia

3 ¥

1
~«f-c:«:=cs~a3 . —?*’55&33 4
7° &S

inwhich R%is hydrogen, {lower)alkyl or carboxyl, X is
halogen, hydroxy or {lower)alkoxy, and R*and R® are
each independently hydrogen, methyl or ethyl, or R*
and R®, taken together with the carbon atom to which
they are attached, may be a cycloalkylidene ring
containing from 3to 5 carbon atoms, and salts and
esters thereof. Alsoincluded are compounds of
Formula XXVl in which the amino and/or carboxyl
groups are protected by conventional amino-protect-
ing or carboxyl-protecting groups.

-2 2°

15

20

25

30

)] Yield {3}

Preparation No. 1

s S e

7 -,
Tem™ e’ N

Ethyl (Z) - 2 - Methoxyimino - 2 - (2 - tritylaminothiazol
-4-yl)acetate (lI-1)

A mixture of ethyl (Z) -2 - hyroxyimino-2-{2-
tritylaminothiazol - 4 -yl) acetate (11} {5.00 g, 10.9
mmoles), CH3l (2.04 mL, 32.8 mmoles) and K,CO3
(4.54 g, 32.8 mmoles) in dry dimethylsulfoxide
(DMSOQ) (100 mL) was stirred at room {zmperature
overnightand then poured into wate: {250 mL). The
precipitate which formed was collected by filtration,
washed with water and dried to give the title
compound (5.15 g, quantitative yield). Mp. 115°C

(dec.).
NMR: 5°°'3 ppm 1.32 (3H, 1), 3.98 (3H, 5),4.30(2H, q),
6.42(1H, s),7.2{1H, s},7.26 (15H, s).

Compounds HI-2, 1I-3, {li-4°, [II-5', li-6" and 1lI-7 were
prepared by the general procedure set forth above,
but replacing the methyl iodide with the appropriate
fodide or bromide.

Literature

Compound R _er R
i11-2 mesiy) 120
IIT-2 ethyl
Ixz-3 2livl *
I1I-4' -C(C!53)2C0:>‘.Pu:yl i
113-5* COJ:Butyl
{
IIT-6* CODLBuLyY
1
I131-7 ~CHE,CETH

*The ester was hydrolyzed without isolation
{1) Tetrahedron, 34, 2233 (1978}

(2) U.S. Patent4,258,041

(3) U.S. Patent 4,288,434

{4) U.S. Patent 4,294,960

Preparation No. 2

B ——C-COCH
Tr.ﬂ:/«s » lg\oaz

{Z) - 2 - Methoxyimino - 2 - (2 - tritylaminothiazol - 4 -
yl)aceticacid (IV-1)

The ethyl ester ill-1 prepared in Preparation No. 1
(6.00 g, 12.7 mmoles) in ethanol (120 mL) was treated
with 2N NaOH (12.7 mL) at room temperature

67

68

36

94

45

50

55

He (°C) Mz (°C)
115 [(dec.) 220 (dez.) ‘!
97-92 «

= *

125-126  123.5-125(%); 12419
51-E3 not :'e;:f.\:'teé.tBJ
75-85 {new compouné)
70-73 not regcrsea (4)

overnight. The reaction mixture was adjusted to pH 8
by the addition of powdered dry ice and the solvent
was evaporated under reduced pressure. The residue
wasdissolved inwater {100 mL) and the solution was
acidified with 1N HCI to pH 2 and then extracted with
ethyl acetate (3 x50 mL). The combined extracts were
washed with a saturated aqueous NaCl solution,
dried and evaporated. The residue was crystallized
from ethyl acetate-hexane to afford 5.56 g (yield 98%)
ofthe title product. Mp. 138-143°C {dec.).
NMR: 8°°“3 ppm 3.89 (3H, s), 6.52 (1H, s), 7.2 (15H, s).
Compounds V-2, V-3, IV-4’, V-5, IV-6" and IV-7
were prepared by the general procedure set forth
above.

Mp (°C, Literature
!
Compound 52 (or R2')  vield (%} _dec.) Mo (°C, dec.)
V-1l methyl 98 136-143 ca. 340
k]
V-2 ethyl 85 140-145 not regorted
v-3 2112 66 176-178 ca. 1701
v-4' -ci(cny) ,co0tButyl 77 174-275 152-15502); 2003}
M3 {*C, ILiterature
. 2 21 e i .
Cempound RT _lox 27 ) vielé (%) Eexl) M for, 2
w-s' coCtEueyl 78 162-164 not regorzec )
L -
wv-6! Oot3utsrl 51 125-135 new cormzound
‘.
u 22
-7 -CH,C=XH 28 136-238  (4)

BNSDOCID: <GB__2134522A_ | >
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(1) Tetrahedron, 34,2233 (1978)
{2} U.S. Patent 4,258,041
{3} U.S. Patent 4,288,434
{4} The corresponding NH; compound is described in
U.S. Patent 4,294,960
Preparation No. 3
Benzhydryl 3- Hydroxymethyl - 7 - phenylacetamido -
3 - cephem - 4 carboxylate

To a stirred suspension of phosphate buffer (pH 7,
162.5 mL) and wheat bran (20 g, dry) at room
temperature was added 7 - phenylacetamidocepha-
losporanicacid sodium salt {5 g, 12.1 mmoles) in one
portion. The progress of the reaction was monitored
by HPLC until the hydrolysis was complete (5 hours).
The suspension was filtered to remove the wheat
bran and the filtrate was cooled to 5-10°C for
extractive esterification. To the cooled solutionwas
added methylene chloride chloride (32 mL) followed
by a 0.5M solution of diphenyldiazomethanein
methylenechloride (24 mL). The pH was then
adjusted to 3.0 with 28% phosphoric acid. After 1
hourthe reaction mixture was allowed torise to 20°C.
Heptane (56 mL) was slowly added and the resulting
crystalline title product was recovered by filtration.
Yield of the title product was 3.0 g {50%).

Preparation No. 4
Benzhydryl 7 - Amino - 3- chloromethyl - 3 - cephem -
4-carboxylate (V)

Toaslurry of PCl5 (8.3 g,40 mmoles)in CH,Cl, (100
mL) was added pyridine (3.2 g, 40 mmoles} and the
mixture was stirred for 20 minutes at 20°C. To the
mixture was added benzhydry! 3 - hydroxymethyl -7 -
phenylacetamido - 3 - cephem - 4 - carboxylate
prepared in Preparation No. 3 (5.1 g, 10 mmoles) with
stirring at —40°C, in one portion. The mixture was
stirred at —10°C for 15 minutes and allowed to stand
at -10°Cto —15°C for 7 hours. To the cooled solution
{—20°C}was added propane-1,3-diol (10 mL} and the
mixture was allowed to stand at —20°C for 16 hours
and then atroom temperature for 20 minutes with
stirring. The resuiting solution was washed with
ice-water (2x 20 mL) and saturated aqueous NaCl {10
ml), dried over MgSO, and concentrated in vacuo.
The gummy residue (12 g) was dissolved in a mixture
of CHClz and n-hexane {2:1), and subjected to
chromatography using a silica gel column {(200g) and
the same solvent as eluant. Fractions containing the
title compound were evaporated in vacuo and the
residue triturated with n-hexane to give the title

product(2.1 g,51%), meltingat>110°C(dec.}.

IR : vkgr 3400, 2800, 1785, 1725cm .

uv: AE1OH 265nm (E'% .., 160).
. DMSO-d cocl

NMR : 5 ppm 6  +C°C33.69(2H,s).4.43

(2H,5),5.09(1H, d,J = 4.5Hz),5.24 (1H, d, J = 4.5Hz),
6.87(1H, s), 7.3 (10H, m}.
Preparation No. 5

Benzhydryl 3- Chioromethyl-7-{(Z)-2 - -
methoxyimino -2 - (2 - tritylaminothiazol - 4 - y!}
acetamido] - 3- cephem - 4 - carboxylate (VI-1)

Benzhydryl 7 -amino - 3- chioromethy! - 3-cephem
-4 - carboxylate prepared in Preparation No.4(2.29 g,
5.52 mmoles) in CH;CN (67 mL)} was treated with bis

BNSDOCID: <GB___2134522A__|_>

(trimethylsilyl)acetamide (BSA, 4.09 mL., 16.6
mmoles) at room temperature for 50 minutes to give
aclear solution. To the solution was added an acid
chloride solution, which was prepared from (2} -2 -
methoxyimino - 2 - (2- tritylaminothiazol - 4 - yl) acetic
acid (IV-1) (2.04 g, 4.60 mmoles) and PCl5{1.15 g, 5.52
mmoles) in methylene chloride {20 mL). The mixture
was stirred at room temperature for 30 minutes,
poured into cold water (200 mL) and extracted with
ethyl acetate (3x 100 mL). The combined extracts
were washed with aqueous NaCl, dried and evapo-
rated. The residual syrup (4 g) was chromatographed
on asilica gel (160 g) column by eluting with 10:1 and
3:1 mixtures oftoluene and ethyl acetate successive-
ly. The fractions containing the desired compound
were combined and evaporated to afford 2.61 g (68%)
of Vi-1asan amorphous powder.

NMR : 5°°%3 ppm 3.50 (2H, 5),4.02 (3H, s), 4.33 (2H, 5),
4.98(1H, d),5.87 (1H, q), 6.65 (1H, s),6.90 (1H, ), 7.3
{25H, m).

65

70

75

80

Preparation No. 6
Benzhydryl 3-lodomethyl - 7-{ (Z} - 2 - methoxyimino
-2-(2-trityl minothiazol -4 -yl acetamido]-3-
cephem -4 - carboxylate (Vil-1)

A mixture of the 3-chloromethy! derivative pre-
pared in Preparation No. 5 (VI-1) (1.50 g, 1.79 mmoles)
and Nal (1.34 g, 8.93 mmoles}in methyi ethyi ketone
{30 mL) was stirred at room temperature for 1 hour.
After evaporation of the solventthe residue was
dissolvedin ethyl acetate (100 mL} and washed with
water, aqueous Na,S,0; and aqueous NaCl, dried and
evaporated to give the title compound VII-1 (1.47 g,
89%) as an amorphous powder.

NMR : 5°°%3 ppm 3.55 (2H, Abq), 4.00 (3H, s), 4.25
(2H, s),4.97 (1H, d},5.80(1H, q), 6.65 (1H, s), 6.90 {1H,
s}, 7.3{25H, m).

85

S0

95

Preparation No. 7
100 Benzhydryl 3-Chioromethy! -7 - [(Z)- 2 - ethoxyimino
-2-(2-tritylamino - thiazol - 4 - yl)acetamido] - 3 -
cephem - 4-carboxylate (VI-2)
To asolution of (Z) - 2 - ethoxyimino-2-{2 -
tritylamino - thiazol -4 - yl)acetic acid {IV-2) (1.095 g,
105 2.4mmoles)in dichloromethane (20 mL) was added
phosphorus pentachloride (500 mg). After stirring for
1 hour at room temperature, the mixture was added
in one portion to an ice-cooled solution of Compound
V (1.083 g, 2.4 mmoles} and BSA (1 mL)in dichlor-
110 omethane (20 mL). After stirring for 0.5 hour the
reaction mixture was poured into 10% aqueous
NaHCOj3; (200 mL) and extracted with CHCI; (100 mL).
The extract was washed with water, dried over
MgSQ,, and evaporated under reduced pressure. The
115 residue was chromatographed on asilica ge! column.
Elution with CHCI; gave Vi-2 as an amorphous
powder, 1.76 g (86%).
NMR : 5°°“3 ppm 1.40 (3H, t, CH,CHa), 3.53(2H,
ABq, 2-H), 4.37 (2H, s, —CH,Cl), 4.60 {(2H, q, —CH,CH),
120 4.90(1H, d, 6—H),5.89(1H,d,7—H), 6.88(1H, s,
thiazole-H), 6.91 (1H, s, benzhydryi - CH).
Preparation No. 8
Diphenylmethyl! 7- [{Z} - 2 - Ethoxyimino -2 - (2 -
tritylaminothiazol - 4 - yi)acetamido] - 3 - iodomethyi -
125 3-cephem -4-carboxylate (VII-2)
A mixture of VI-2 prepared in Preparation No. 7
(1.07 g, 1.25 mmoles) and Nal (562 mg, 2.76 mmoles)
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in acetone (20 mL) was stirred for 1 hour. The mixture
wasfiltered and the filtrate was poured into water and
extracted with ethyl acetate. The organiclayerwas
washed successively with 5% aqueous Na,S,03,

5 water and saturated aqueous NaCl, dried over MgSQ,
and evaporated to give 1.04 g {89%) of Compound
vil-2,

NMR : 5°P%3 ppm 3.55(2H, q, 2-H),4.27 (2H, s, CH,l),
5.02{1H, d, 6-H), 5.87 (1H, d, 7-H}, 6.68(1H, s, thiazole

10 ring H), 6.93(1H, s, benzhydryl - CH).

Preparation No. 9
Benzhydryl 7 - [(Z) - 2- Allyloxyimino -2 - (2 -
tritylaminothiazol - 4- yl) - acetamido]- 3 - chior-
omethyl -3-cephem -4 - carboxylate (VI-3)

15 Toasuspension of Compound V(1.35g, 3mmoles)
inmethylene chioride (20 mL) was added BSA (1.1
mL, 4.5 mmoles), and the mixture was stirred for 30
minutes at room temperature to becomea clear
solution. Amixture of (Z) -2 - allyloxyimino -2 -(2 -

20 tritylaminothiazol - 4 - yl)acetic acid (IV-3} {1.40 g, 3.0
mmoles) and phosphorus pentachloride 690 mg, 3.3
mmmoies)in methylene chloride (20 mL) was stirred
for 15 minutes at room temperature and poured in
one portion into the solution of the trimethylsilylated

25 Compound V. The mixture was stirred for 20 minutes
atroom temperature and diluted with ethyl acetate
(200 ml ), washed with aqueous sodium bicarbonate
and water, dried and evaporated under reduced
pressure. The oily residue was purified by silica gel

30 column chromatography (Wako-gel, C-200, 30 g). The
column was eluted with chioroform and the fractions
containing the desired product were combined.

Evaporation under reduced pressure afforded the
title compound (VI-3) as an amorphous powder, yield

35 2.329(89%). Mp. 100-115°C {dec.).

IR : v X8 cm~"3390, 1790, 1730, 1680, 1530, 1380,
1250, 1160, 1020.

NMR : 5°PC'3 ppm 3.50 (2H, 2-H), 4.32 (2H, s, 3-CH3),
4.6-6.1 (7H, m, CH,CH=CH, and 6,7-H), 6.70{1H, s,

40 thiazole-H),6.90 (TH, s, Ph,CH), 7.1-7.6 (30H, m,
phenyl protons).

Anal. Calc'd. for C4aH40Ns0sS2Cl- 1/33CHCI;: C, 64.05;
H,4.45; N,7.73; S,7.08; Cl, 7.82.
Found: C,64.13,63.99; H, 4.61,4.64; N, 7.50, 7.30;

45 S, 6.85, 6.85; Cl, 7.55,7.46.

Preparation No. 10
Benzhydryl 7 - [(Z) - 2- Allyloxyimino - 2- (2 -
tritylaminothiazol - 4- yl) - acetamido] - 3- iodomethy!
-3-cephem -4-carboxylate (Vii-3)

50 Amixture of Compound V1-3(2.30 g, 2.65 mmoles)
and sodium iodide (2 g, 13.3 mmoles} in acetone (15
mL.) was stirred for 1 hour atroom temperature and
then evaporated under reduced pressure. Asolution
of the oily residue in ethyl acetate (200 mL) was

55 washed with 10% sodium thiosulfate and water,
evaporated under reduced pressure to afford Com-
pound Vil-3as an amorphous powder, which was
used in the subsequent step without further purifi-

caion. Yield 2.52 g (99%).

60 Preparation No. 11
Benzhydry! 3-Chloromethyl-7-[(Z)-2-(2-t-
butoxycarbonviprop -2 - oxyimono) -2- (2 -
tritylaminothiazol - 4- yl)acetamido] - 3- cephem -4 -
carboxylate (Vi-4')

65 Procedure 1
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A mixture of (Z} - 2- (2-t- butoxycarbonylprop-2-
oxyimino)-2 - (2 - tritylaminothiazol - 4 - yl)acetic acid
(IV-4'} (1.94 g, 3.6 mmoles) DCC {742 mg, 3.6 mmoles)
and N - hydroxybenztriazole {486 mg, 3.6 mmoles)in

70 tetrahydrofuran (THF) (45 mL) was stirred at room
temperature for 45 minutes, during which dicyc-
lohexylurea separated. The dicyclohexylureawas
removed by filtration and the filtrate was mixed with
V(1.5 g, 3.6 mmoies). The mixture was stirred

75 overnight at room temperature and then evaporated
in vacuo. The residual oil was dissolved in CHCl3 (20
mL}, washed with saturated aqueou: laHCOz and
saturate aqueous NaCl, dried over NigSO, and
evaporatedto dryness. The residue (3.9 g} was

80 dissolved inn-hexane : CHCI3(1:2) and passed
through a silica gel column (40 g) using the same
solvent system. Fractions containing the title com-
pound were evaporated in vacuoto give 1.3 g (39%)
of VI-4' melting at >100°C (dec.).

85 IR :vKkEr cm~13390, 1790, 1715, 1690.

UV : AEOM nm 240 (E]%., 280), 265 (E{ %, 190).

NMR : 3°°¢'3 ppm 1.45 (9H, s), 1.63 & 1.66 (6H, each s),
3.49(2H, broads), 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},

90 7.0-7.5(25H,m),8.23{1H, d, J=7.5Hz).

Procedure 2 ’

Asolution of V (1.86 g, 4.49 mmoles) in CH;CN {46.5
mL)was treated with BSA (3.33 mL, 13.5 mmoles) at
room temperature for 50 minutes to give aclear

95 solution. Tothe solutiin was added an acid chioride
solution which had been prepared from V-4’ {2.56 g,
4.49 mmoles) and PCl5{1.12 g, 5.38 mmoles) in
methylene chloride (26 mL). The mixture was stirred
atroom temperature for 30 minutes, poured into cold

100 water {100 mL) and extracted with ethyl acetate (3 x
50 mL}. The combined extracts were washed with
aqueous NaCl, dried and evaporated. The residual
syrup (5 g) was chromatographed on a silica gel {100
g} column by eluting with 10:1 mixture of toluene and

105 ethyl acetate. The fractions containing the desired
compound were combined and evaporated to afford
2.84g{65%)of VI-4’.

Preparation No. 12
Benzhydryl 7-[(Z}-2 - {2- t - Butoxycarbonylprop-2 -

110 oxyimino)-2- oxyimino)-2- (2 - tritylamincthiazol - 4
-yllacetamido] - 3-idomethyl -3 -cephem-4-
carboxylate (VIl-4')

A mixture of VI-4' (500 mg, 0.53 mmole} and Nal
{240 mg, 1.6 mmoles]} in acetone (3 mL}was stirred

115 for 2 hours at room temperature and then evaporated
in vacuo.To the residue were added CH,Cl, (20 mL)
and water (10 mL). The organic layer was washed
with 10% wi/v sodium thiosuifate (5 mL) and aqueous
NaCl {5 mL}, dried over MgSQ,4 and evaporated to

120 drynessto give 540 mg {99%) of VHi-4’ as an
amorphous powder melting at 106°C (dec.).

IR : vkEr cm~"3350, 1790, 1690.
UV : AESH nm 240 (E{*%.., 270), 265 (E{* ., 190).
"NMR : 5°P%'3 pprm 1.44 (9H, s), 1.65 (6H, 5),3.54 (2H,

125 ABq),4.28(2H,s},4.98{1H, d, J=4.5Hz),5.85 (1H,d-d,
J=4.5&7.5Hz},6.70 {1H, s}, 6.90 (1H, s),7.1-7.5{25H,

m).
Preparation No. 13
Diphenyilmethyl 7-[(Z} -2 -{1 - t- Butoxycarbonylcyc-
130 Jobut- 7-oxyimino)-2-(2-tritylaminothiazol -4 -
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yllacetamido] - 3- chloromethy! - 3-cephem -4 -
carboxylate (VI-5')

Phosphorus pentachloride (1.46 g, 7 mmoles) was
added to asuspension of (Z)-2-(1-t-butoxycar-

5 bonylcyclobut - 1-oxyimino)-2-(2 - tritylami-
nothiazol -4 - yl)acetic acid [IV-5']1 (4.09 g, 7 mmoles)
in 70 mL of dry methylene chloride, and the mixture
wasstirred for 1 hour at room temperature. The acid
chloride solution was added at —20°C to a solution of

10 silylated 7-ACA ester, which was prepared by adding
BSA(5.6 mL, 21 mmoles) to a stirred suspension of
benzhydryl 7 - amino - 3- chloromethyl - 3-cephem -4
- carboxylate hydrochloride [V} (3.16 g, 7 mmoles) In
dry methylene chloride {70 mL). The mixture was

15 stirred for 20 minutes at —10°C and then atroom
temperature for 40 minutes. The reaction mixture
was evaporated and diluted with ethyl acetate (300
mL), and the organic layer was washed with 5%
aqueous sodium bicarbonate, water and a saturated

20 sodium chloride solution. After drying over sodium
sulfate, the solvent was evaporated and the residue
was purified by silica gel column chromatography
{Wako gel C-200, 60 g); elution with chloroform. The
fractions containing the desired product were com-

25 bined and evaporated to obtain 5.88 g (86%) of VI-5’
as ayellow powder.

IR : VKB em 11790, 1725, 1690, 1526.
UV : AZOH nm 240 (B}, = 232), 265 (E{ %, = 181).
Preparation No. 14

30 Diphenylmethyl 7 - [(Z)-2- (1 - t- Butoxycarbonylcyc-
fobut - 1-oxyimino) - 2- (2- tritylaminothiazol -4 -
yllacetamido] - 3-iodomethyl - 3- cephem -4 -
carboxylate (Vil-5)

To astirred solution of VI-5’ {5.4 g, 5.5 mmoles) in

35 acetone (108 mL)was added sodium iodide {2.48 g,
16.5 mmoles), and the mixture was stirred at room
temperature for 3 hours. The reaction mixture was
thenfiltered and evaporated to dryness, and the
residue was dissolved in ethyl acetate (200 mL). The

40 solutionwas washed with water (100 mL}, 10% wiv
sodium thiosulfate (40 mL) and saturated sodium
chloride (3 x 70 mL}. After drying over magnesium
sulfate, the solvent was removed under reduced
pressure to give 5.38 g (91%) of VII-5’ as a yellow

45 powder.

IR : vREr cm~" 1790, 1725, 1690, 1525.

UV : ABSH nm 240 (E% ., = 197), 265 (E{%.,,, = 154).
NMR : 5°P€3 ppm 1.45(3H, s), 1.8-2.8 (6H, m), 3.52
{2H, ABq), 4.25(2H, s), 4.98(1H, d, J = 5.3Hz),5.87 {1H,

50 dd,J =9 &5.3Hz),6.70(1H, s), 6.88{1H, s}, 6.90 (1H, 5),
7.28{25H, 5),8.41 (1H, d, J = 9Hz).

Preparation No. 15
Diphenylmethy! 3-chloromethyl-7-{(Z)-2 -
propargyloxyimino- 2 - (2- tritylaminothiazol -4 -

85 vllacetamido]- 3- cephem -4- carboxylate [VI-7]

Phosphorus pentachloride (910 mg) was addedto a
solution of {Z) - 2 - propargyloxyimino-2-(2-
tritylaminothiazol - 4 - yl)acetic acid (IV-7) (1.7 g, 3.6
mmoles) in dichloromethan (30 mL). After stirring for

60 1houratroom temperature the mixture was added in
one portion to an ice-cooled solution of (V} (1.98g, 4.4
mmoles) and N, O - bis{trimethylsilyl)acetamide (1.5
mL)in dichloromethane (30 mL). After stirring for 1
hour, the reaction mixture was poured into 10%

65 aqueous NaHCO; (300 mL) and extracted with ethyl
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acetate {300 mL). The extract was washed with water,
dried over MgSO, and evaporated under reduced
pressure. The residue was chromatographed on a
silica gel column. Elution with CHCI3 gave the title

70 compound [Vi-7] as an amorphous powderweighing
2.1g(66%).

NMR : 53°P€13 ppm 2.45 (1H, t, CH), 3.53 (2H, d, 2-CH,),
4.37 (2H,s,-CH,Cl), 4.83 (2H, d, O-CH,C=CH), 5.03
(1H,d, 6-H),5.90 (1H, q, 7-H}, 6.70{1H, s, thiazole-H)

75 6.92(1H,s, benzhydryl-CH).

Preparation No. 16
Diphenylmethyl 7 - [(Z} - 2 - propargyloxyimino - 2 - (2
- tritylaminothiazol - 4 - yl)acetamido] - 3 - iodomethyl
-3-cephem -4-carboxylate (VII-7]

80 Amixtureofdiphenylemthyl 3-chloromethyl-7-
I(Z) - 2 - propargyloxyimino - 2 - (2 - tritylaminothiazol
-4-yllacetamido] - 3-cephem - 4 - carboxylate (VI-7)
{2.09,2.3 mmoles) and Nai{1.04 g, 6.9 mmoles}in
acetone (40 mL) was stirred for 1 hour. The mixture

85 wasfiltered and the filtrate was poured into water and
extracted with ethyl acetate. The organic layer was
washed with 5% aqueous Na,S,0;, waterand a
saturated aqueous NacCl, successively. Itwas then
dried over MgS0O,4 and evaporated to give 2.2 g {98%)

90 ofthetitle compound [VII-7].

NMR : 3°P%3 ppm 2.45 (1H,t, CH), 3.53 (2H, d, 2-CHa),
4.25(2H, s, CH,l), 4.83 (2H, d, O-CH,), 5.0 (1H, d, 6-H),
5.80(1H, q, 7-H), 6.70 (1H, s thiazole-H), 6.92 {1H, s,
benzhydryl-CH).

95 Preparation No. 17
Diphenylmethyl 7 - [(Z} - 2 - Methoxyimino-2- (2 -
tritylaminothiazol- 4 - yl)acetamido] - 3- tripheny-
Iphosphoniomethy! -3 -cephem - 4 - carboxylates
lodide (VIiI-1)

100 Amixture of diphenylmethyl 7-[(2)-2- (2 -
tritylaminothiazol - 4 - yl} - 2 - methoxyiminoacetami-
do]-3-iodomethyl -3 - cephem -4 - carboxylate
{Vil-1,7.8 g, 8.4 mmoles) and triphenylphosphine (4.4
g, 16.8 mmoles) in benzene {160 ml) was stirred at

105 room temperature for 1 hour. The resulting precipi-
tate was collected by filtration to afford 8.0 g of the
title compound VIli-1. The mother liquor was concen-
trated and the residue was friturated with n-hexaneto
yield an additional amount (1.3 g} of VIli-1. Total yield

110 9.3g(93%).

IR : vik&r, cm ™" 1770, 1700, 1660, 1510.

Preparation No. 18
Diphenylmethyl 3-(3-Chloro-1-propen-1-yl)-7-
[tZ) - 2- methoxyimino - 2 - (2 - tritylaminothiazol - 4 -

115 yf) acetamido]- 3-cephem - 4 - carboxylate (IX- 1)
The phosphonium iodide VIII-1 {20 g, 177 mmoles)in

chloroform (130 ml) was shaken with aqueous
sodium hydroxide {10 mi 2N NaOH plus 70 mi water)
and the chloroform layer was washed with water and

120 dried over sodium sulfate. To the chloroform solution
was added chloroacetaldehyde (2 g, 25 mmoles) and
the mixture was stirred at room temperature for 1.5
hours. The reaction mixture was concentrated in
vacuo and the residue was chromatographedona

125 sitica gel column (200 @), eluted with toluene (1.5 L)
and toluene-ethyl acetate {10:1). The desired frac-
tions were combined and concentrated toyield 10.3g

{71%) of thetitie compound IX-1.
Rf; 0.34 {chloroform/ethyl acetate = 20/1; silica gel

130 piate)
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IR : vKBr cm~" 1780, 1710, 1660, 1510.
NMR : 5¢PC13+020 hpm 3.63 (2H, 5, 2 - H), 3.96 (2H, d, 7
Hz, —CH-,Cl),4.05 (3H, s, —OCH3), 5.03(1H, d, 4.5 Hz, 6
-H),5.87(1H, d, 4.5Hz, 7-H), 6.70 (1H, s, thiazole - H),

5 6.96 (1H, s, —CHPh,), 7.30(25H, s, phenyi-H).

Preparation No. 19

Diphenylmethy! 3- (3-lodo-1-propen-1-yi}-7-[(Z}
-2-methoxyimino -2 - (2 - tritylaminothiazol - 4 - yi)
acetamnido] - 3- cephem -4 - carboxylate (X-1)

10  Amixture ofthe chloropropenyl derivatives IX-1
(1.9¢,2.3 mmoles) and sodium iodide {1.0g, 6.9
mmoles) in acetone (40 ml) was stirred at room
temperature for 1 hour. The reaction mixture was
concentrated in vacuo and the residue was dissolved

15 in ethyl acetate {60 mi). The ethyl acetate solution was
washed with 10% aqueous sodium thiosulfate (60 ml)
and aqueous sodium chloride (50 ml), dried over
sodium sulfate and concentrated to give 2.0 g (94%)
ofthetitle compound X-1.

20 Rf:0.34(chloroform/ethy! acetate = 20/1; silica gel
plate}.

IR: viEL cm~" 1770, 1710, 1660, 1500.
NMR : §¢PCi3+020 npm 3.50 (2H, s, 2-H), 3.84(2H,d, 7
Hz, ~HC=CH-CH,l), 4.03 (3H, s, —~OCH3),5.05 (1H, d,

25 4.5Hz, 6-H),5.90 (1H, d, 4.5 Hz, 7-H), 6.75 (1H, s,
thiazole -H}, 6.98 (1H, s, — CHPh,), 7.30 (26H, s, phenyl
-H).

Preparation No. 20
Diphenylmethyl 7 - [(Z} - 2- (2 - t - Butoxycarbony! -2 -

30 propoxyimino)-2-(2 - tritylaminothiazol-4-yl)
acetamido] - 3 - triphenylphosphoniomethy! -3-
cephem -4-carboxylate lodide (Vili- 4')

A mixture of diphenylimethyl 7-[(Z)-2-(2-t-
butoxycarbonyl -2 - propoxyimino)-2-(2-

35 tritylaminothiazol - 4-yl) acetamido) - 3 -iodomethyl -
3-cephem -4 - carboxylate (VIi-4’,5.3g, 5 mmoles)
and triphenylphosphine (2.6 g, 10 mmoles) in ben-
zene (100 ml) was stirred at room temperature for 1
hour and diluted with diisopropyl ether. The resulting

40 precipitate was collected by filtration to yield 6.0 g
(91%) of the title compound VIII - 4'.

IR : vKB* e~ 1780, 1705, 1670, 1500.
Preparation No. 21
Diphenylmethyl 7 - [(Z}-2- (2- t- Butoxycarbonyi -2 -

45 propoxyimino) -2 - (2-tritylaminothiazol- 4-yl)
acetamido]-3-(3-chloro-1-propen-1-yl)-3-
cephem -4-carboxylate (IX-4')

The phosphoniumiodide (Vill-4’,5.7 g, 4.3 mmoles)
in chlorcform (100 ml) was treated with agueous

50 sodium hydroxide (0.34 g NaOH in 100 mi of water) at
roomtemperature. The mixture was washed with
water {1560 ml) and dried over sodium sulfate. To the
chloroform solution was added chloroacetaldehyde
{0.5 g, 6.5 mmoles) and the mixture was stirred at

55 roomtemperature for 1 hour. The reaction mixture
was concentrated invacuo andtheresiduewas
chromatographed on asilica gelcolumn (120 g),
eluted with benzene {500 ml) and benzene (500 ml)
and benzene-ethyl acetate (10:1}. The desired frac-

60 tions were combined and concentratedtoyield2.6g
{61%) of IX-4'.

Rf: 0.18 (benzene/ethyl acetate = 20/1; silica gel
plate).
IR : vkBr cm~" 1785, 1720, 1690, 1520.

65 UV :AEOH nm (e) 240(sh, 23400}, 278 (16000).
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Preparation No. 22
Diphenylmethyi 7- [(Z) -2- (2 - t - Butoxycarbonyi - 2 -
propoxyimino)-2- (2 - tritylaminothiazol - 4 - yi)
acetamido] -3- (3-iodo-1-propen - 1-yij-3-

70 cephem -4-carboxylate (X-4')

A mixture of the cholorpropenyl! derivative 1X-4’
{2.49,2.4 mmoles) and sodium iodide (1.1g, 7.2
mmoles}in acetone (50 ml} was stirred atroom
temperature for 1 hour. The reaction mixture was

75 concentrated in vacuo and the residue was dissolved
in ethyl acetate (50 ml). The ethyl acetate solution was
washed with 10% aqueous sodium thiosulfate {50
ml}, water (50 mi} and aqueous NaCi solution (50 ml),
dried over sodium sulfate and concentrated to yield

80 2.4g(93%)of X-4'.

IR : viBr em~" 1775, 1710, 1670, 1500.

Preparation No. 23
Diphenylmethyl 7- [(Z) - 2- (1 -t- Butoxycarbonylcyc-
lobut- 1-oxyimino)-2- (2 - tritylaminothiazo! - 4- yl)

85 acetamido]-3-triphenylphosphoniomethy!-3-
cephem -4-carboxylate lodide (VIIl-5')

Amixture of diphenylmethyl 7-[(Z)-2-{1-t-
butoxycarbonylcyclobut-1-oxyimino{-2-(2-
tritylaminothiazol - 4 - yl} - acetamido] - 3 -iodomethyl

90 -3-cephem-4-carboxylate (VII-5', 6.4 g, 6 mmoles)
andtriphenylphosphine (2.4 g, 9 mmoles) in benzene
{120 ml) was stirred at room temperature for 2 hours
and diluted with n - hexane (ca. 500 mt). The resulting
precipitate was collected by filtration to afford 7.5 g

95 (94%)of thetitle compound VIII-5’.

IR: Vi cm~" 1780, 1710, 1670, 1510.

Preparation No. 24
Diphenyimethyi 7 - [(Z) - 2- (1 - t - Butoxycarbonylcyc-
lobut-1-oxyimino) -2 - (2 -tritylaminothiazon - 4 - yl)

100 acetamido] - 3-(3-chloro-1-propen-1-yi)-3-
cephem -4 -carboxylate (1X-5')

The phosphonium jodide VIII-5’ (7.4 g, 5.5 mmoles)
in chloroform (150 ml) was treated with aqueous
sodium hydroxide (0.44 g NaOH in 150 ml of water) at

105 room temperature. The mixture was washed with
water and dried over sodium sulfate. To the chior-
oform solution was added chloroacetaldehyde (863
mg, 11 mmoles) and the mixture was stirred at room
temperature for 1.5 hours. The reaction mixture was

110 concentrated in vacuo and the residue was chroma-
tographed on asilica gel column (150 g), eluted with
benzene (500 ml) and benzene-ethyl acetate (10:1).
The desired fractions were combined and concen-
trated to give 2.95 g (52%) of the title compound {X-5’.

115 M.p.>110°c(dec.).

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

IR : vEBr em—? 1780, 1720, 1685, 1520.

UV : AESH nm (=) 240 {24700), 296 (15200).

120 Preparation No. 25
Diphenylmethyl 7 - [{Z) -2 - {1 - t - Butoxycarbonyicyc-
lobut- 1-oxyimino) - 2- {2 - tritylaminothiazol - 4~ yl
acetamido] - 3-(3-iodo- 1-propen-1-yl)-3-
cephem -4 -carboxylate (X-5')

125 A mixture ofthe chloropropenyl derivative 1X-5'
{3.5 g, 3.5 mmoles) and sodium iadide (1.0g,7.0
mmoles} in acetone (70 ml) was stirred atroom
temperature for 1 hour. After evaporation of the
solvent, the residue was dissolved in ethyl acetate

130 {100 ml} and the solution was washed with 10%
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aqueous sodium thiosulfate (100 ml} and aqueous
NaCl solution (100 ml}, dried over sodium sulfate and
concentrated under reduced pressure to afford 3.3 g
(86%) of X-5'.

5 IR : vKE, cm™" 1780, 1720, 1680, 1520.
UV : AE'SH nm (e) 308 (17900).

Example 1

7-[(Z}-2-(2- Aminothiazol -4 -yl)-2-
methoxyiminoacetamido] - 3 - [{E}- 3- (1 - methylpyr-

10 rolidinio)- 1-propen-1-yl]-3-cephem-4-
carboxylate (I-1A)

N - Methylpyrrolidine (0.2 ml, 2 mmole) was added
to a suspension of diphenylmethyl 3 -(3-iodo-1-
propen-1-yl})-7-[{Z} - 2-methoxyimino-2-(2-

15 tritylaminothiazol -4 - yl} acetamido] - 3 -cephem -4 -
carboxylate (X-1,958 mg, 1 mmole) in ether (100 ml)
and the mixture was stirred at room temperature for 1
hour. The reaction mixture wasfiltered, the filter cake
was treated with 90% trifluoroacetic acid (5 ml) at

20 room temperature for 1 hour, and the resulting
mixture was concentrated under reduced pressure to
give a lightyellow powder {500 mg). The crude
productwas dissolved in formic acid (2 ml) and
placed on a column of HP-20 resin {40 ml). The

25 columnwas washed with water {about 500 ml) until
the pH of the eluate became 7 and then was eluted
with 30% aqueous CH;0H. The eluate was monitored
by UV absorption at 264 nm. The fractions containing
the desired product were combined, concentrated

30 and lyophilized to give 185 mg of light yellow powder.
It was purified by HPLC {lichrosorb RP-18; 20%
methanol) to give 101 mg {20%) of the title compound
-1A. M.p. >160°C (dec.).

UV : Afhiosphate buffer o 7 iy (£) 232 (15600), 292

35 (23400).

NMR : 3°2° ppm 2.27 (4 H, m, pyrrolidine - H), 3.08
(3H, s, N-CHs},3.53 (4H, m, pyrrolidine-H), 3.76 (2H, s,
2-H},4.06 (3H, s, OCH3), 5.32 (1H, d, 4.5 Hz, 6-H), 5.82
(1H,d, 4.5Hz, 7-H),6.00 (1H, m, —-CH=CH-CH,-),

40 6.95(1H, d, 16 Hz, —CH=CH—-CH,—), 77.05(1H, s,
thiazole - H).

Example 2
7-[(Z}-2-(2-Aminothiazol-4-yl}-2 -
methoxyiminoacetamido} - 3- [(E) - 3- pyridinio-1-

45 propen- 1-yl]-3-cephem-4-carboxylate (I- 1B)

A mixture of diphenylmethyl 3-(3-iodo - 1 - propen
-1-yl}-7-[(Z)-2-methoxyimino-2-(2-
tritylaminothiazol - 4- yl) acetamido] - 3- cephem - 4-
carboxylate (X-1,507 mg, 0.55 mmole) and pyridine

50 {0.03ml, 1.1 mmoles)in dichloromethane (10 m!) was
allowedto stand at room temperature for 2.5 hours
and wasthen diluted with diisopropyl ether (30 mi).
The resulting precipitate was collected by filtration
and treated with trifluoroacetic acid (5 ml) and anisole

55 {1 mi}atroomtemperature for 1hour, and the
resulting mixture was concentrated under reduced
pressure. The residue was triturated with ether and
purified by column chromatography (HP-20; eluted
with 10% and 30% methanol) and HPLC (lichrosorb;

60 25% methanol). The desired fractions of the eluate
were concentrated and lyophilized to afford 15 mg
{4%) of I-1B.

UV : Afhosehate buffer pH7 oy (£) 234 (16400), 259
(16600}, 265 (16300), 292 (20400).
65 NMR : 3P20+NaHCO3 hnm 3,72 (2H, s, 2-H), 4.08 (3H, 5,
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OCHg), 5.32{1H, d, 4Hz,6-H, 6-H),5.38 (2H, d, 7 Hz,
—CH=CH—-CH,—},5.87(1H, d, 4Hz, 7-H), 6.15 (1H, 1d,
7& 16 Hz, ~-CH=CH—CH;—),6.95(1H, d, 16 Hz,
—CH=CH—-CH,—),7.06 (1H, s, thiazole - H), 8.13 (2H,

70 dd,6&8Hz, pyridine-3,5-H),8.57 (1H,d, 8 Hz,

pyridine-4-H),8.90(2H, d, 6 Hz, pyridine - 2, 6-H).
Example 3

7-[(Z}-2-(2- Aminothiazo! -4-yl}-2- (2 -carboxy -2 -

propoxyimino) - acetamido] - 3- [(E) - 3- pyridinio - 1 -

75 propen-1-yl]-3-cephem-4 - carboxylate (I-4B)

Amixture of diphenylmethyl 7-[(Z)-2-(2-t-
butoxycarbonyl -2 - propoxyimino) - 2 - tritylami-
nothiazol -4 - yl) acetamido] - 3- (3 -iodo - 1 - propen -
1-yl}-3-cephem-4-carboxylate (X-4’,497 mg, 0.5

80 mmole} and pyridine) 0.08 ml, 1 mmole) in dichior-
omethane (5 ml) was allowed to stand at room
temperature for 3.5 hours, and was then diluted with
diisopropyl ether. The resulting precipitate was
collected by filtration and treated with trifluoroacetic

85 acid (5 ml) and anisole {1 ml) at room temperature for
1 hour, and the resulting mixture was concentrated
and triturated with ether to give crude product |-4B
which was purified by HP-20 column chromatogra-
phy, eluted with water (300 mi), 10% methanol {5600

90 mi}and 30% methanol (300 ml}. The eluate 0f 30%
methanol was concentrated to a small volume,
adjusted to pH 7 with sodium bicarbonate and
lyophilized to afford 23 mg (7%) of the title compound
I-4B. M.p. >150°C.

95 NMR:3°2° ppm 1.60(6H, s, —(CHa)2}, 3.72(2H, s,
2-H),5.35(3H, m, 6-Hand CH=CH-CH,-)},5.93(1H, d,
4.5Hz, 7-H),6.15(1H, m, —CH=CH—-CH,—),6.95 {1H,
d, 16 Hz, — CH=CH~-CH,~) 7.05(1H, s, thiazole - H),
8.0-9.0 (6H, m, pyridine -H).

100 Example 4
7-{(Z)-2-(2-Aminothiazol-4-yl)-2-(1-
carboxycyclobut - 1- oxyimino - acetamido] -3 - [(E) -
3-(1-methylpyrrolidinio) - 1 - propen-1-yl]-3-
cephem -4-carboxylate (I-5A)

105 1-Methylpyrrolidine (61 mg, 0.72 mmole) was
added to a suspension of diphenylmethyl 7 - [(Z}- 2-
{1 - t- butoxycarbonyicyclobut - 1 - oxyimino)-2-{2-
tritylaminothiazol - 4 - yl}acetamidol - 3- (3-iodo-1-
propen-1-yl)-3-cephem-4-carboxylate (X-5',714

110 mg, 0.65 mmole) in ether and the mixture was stirred
at room temperature for 1 hour. The reaction mixture
was filtered and the filter cake (ca. 500 mg)was
treated with 90% trifluoroacetic acid {5 ml)and
anisole (1 ml) at room temperature for 1 hour. The

115 resulting mixture was concentrated and the residue
was triturated with ether to give 308 mg ofthe crude
product I-5A. [t was purified by HP-20 column
chromatography eluted with water (200 ml), 10%
methanol and 30% methanol. The eluate of 30%

120 methanol was concentrated to a small volume and
lyophilized to give 123 mg (67%) of I-56A. M.p. >160°C
(dec.).

IR: vKE&" em~" 1760, 1660, 1530, 1390.
UV : Afhgsphate buffer pH7 iy (21935 (14000), 292 (24000).

125 NMR : 3°2° ppm 1.8-2.7 (10H, m, cyclobutyl-H &
pyrrolidine-H), 3.57 (4H, m, pyrrolidine-H), 3.80 (2H, s,
2-H),4.10(2H, d, 7 Hz,-CH=CH-CH--), 5.38 (1H, d,4 Hz,
6-H),5.93(1H,d, 4 Hz,7-H), 6.02 (1H, dt, 16 & 7 Hz,
-CH=CH-CH,),7.00 (1H, d, 16 Hz, -CH=CH-CH,-), 7.12

130 (1H, s, thiazole-H).
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Example 5
7-[(Z)-2-(2-Aminothiazot-4-yl)-2-(1-
carboxycyclobut - 1- oxyimino) - acetamido] - 3- [(E) -
3-pyridinio - 1-propen- 1-yl]-3-cephem-4-

5 carboxylate (1-5B)

Pyridine (0.1 ml, 1.2 mmole) was added to a
solution of diphenyimethyl 7-[(Z)-2-(1-1-
butoxycarbonyicyclobut - 1 - oxyimino)-2-(2-
tritylaminothiazoi - 4 - yl)acetamido)] -3 - (3-iodo- 1 -

10 propen-1-yl)-3cephem -4-carboxylate (X-5', 6569
mg, 0.6 mmole) in dichloromethane (7 ml). The
mixture was stirred at room temperature for 2.5 hours
and diluted with diisopropyl ether. The resulting solid
{383 mg) was collected by filtration and treated with

15 90% trifluoroaceticacid (5 mi) and anisole (1 ml) at
room temperature for 1 hour. The resulting mixture
was concentrated and the residue was triturated with
etherto give 237 mg of crude |-5B, which was purified
by HP-20 column chromatography [eluted with water

20 (150 ml), 10% methanol (200 ml} and 30% methanol
(500 mi}]. The eluate of 30% methanol was concen-
trated to a small volume, adjusted to pH 7 with '
sodium bicarbonate and lyophilized to afford 72 mg
(21%) of I-5B. M.p. >160°C (dec.).

25 IR:vKEL cm ~' 1760, 1660, 1590, 1530, 1390.

UV : Afhosphate buffer pH7 () 269 (16600}, 266
(16800}, 292 (22000).

NMR : 3°2° ppm 1.8-2.9 (6H, m, cyclobutyl-H), 3.75
{28, s, 2-H), 5.37 (1H, d, 4 Hz, 6-H), 5.40 (2H, d, 7 Hz,

30 -CH=CH-CH,}),5.93(1H, d, 4Hz,7-H),6.18{1H,dt, 16
&7 Hz,-CH=CH-CH,-},6.98 (1H, d, 16 Hz, -CH=CH-
CH5-), 7.15({1H, s, thiazole-H), 8.0-9.0 (6H, m, pyridine-
H).

Example 6

35 7-[{Z)-2-(2-Aminothiazol-4-yl)-2-(1-
carboxycyciobut - 1- oxyimino) - acetamido] - 3- [(E) -
3-{2-amino -5 - thiazol[4, 5-clpyridinio)- 1-propen -

1-yi]-3-cephem -4- carboxylate (I-5C) )

A mixture of diphenylmethyl 7-[{Z}-2-(1-t-

40 butoxycarbonyi-cyclobut-1-oxyimino)-2-{2-
tritylaminothiazol -4 - yl)acetamido] -3-(3-iodo-1-
propen-1-yl) - 3-cephem - 4 - carboxylate (X-5', 641
mg, 0.58 mmole} and 2 - aminothiazolo{4, 5-c]pyr-
idine (97 mg, 0.64 mmole) in dimethylsulfoxide (10

45 ml)wasstirred at room temperature for 1 hour. The
reaction mixture was diluted with ethy! acetate (150
mil}, washed with water (2 X 150 ml), dried over
sodium sulfate and concentrated underreduced
pressure. The oily residue was triturated with diisop-

50 ropyl ether and the resulting precipitate (668 mg) was
treated with a mixture of 90% trifluoroacetic acid (10
mi} and anisole (2 ml) at room temperature for 1 hour.
Concentration of the mixture followed by trituration
ofthe residue with ether gave 313 mg of crude I-5C,

55 which was purified by column chromatography
[HP-20, eluted with 30% and 50% CH3OH: the packing
inthe PrepPAK-500/C.g (Waters), eluted with 10%
CH.CH] to give 40 mg (11%) of I-6C. M.p.>150°C
{dec.).

60 NMR : 5°2° ppm1.5-2.8 {6H, m, cyclobutane-H) 3.73
(2H, s, 2-H), 5.47 (1H, d, 4.5 Hz, 6-H), 5.90{1H, d, 4.5 Hz,
7-H), 6.20 {1H, m, -CH=CH-CH>-), 6.98 (1H, d, 15 Hz,
-CH=CH-CH_-), 7.02 {1H, s, thiazole-H), 8.25(1H, d, 6
Hz, pyridine-H), 8.40 (1H, d, 6 Hz, pyridine-H), 8.74(1H,

65 s, pyridine-H).
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Example 7
7-{(Z}-2-(2-Aminothiazol -4-yl)-2 -
methoxyiminoacetamido] - 3- [(E)- 3 - trimethylam-
monio- 1-propen - 1-yl]-3-cephem - 4-carboxylate

70 (I-1D}
Trimethylamine hydrochloride (6.31 g, 66 ramole)
was added to an aqueous NaCH solution (2N, 33 ml)
covered with ethyl acetate {100 mi). The organiclayer
was separated, dried over NaOH pellets, and added to
75 asuspension of diphenylmethyt3-(3-iodo-1-
propen-1-vyl)-7-[{2)-2-methoxyimino-2-(2-
tritylaminothiazol-4-yl)acetamido-? -cephem-4-
carboxylate {X-1, 32 g, 33 mmole) in<. mixture of ethyl
acetate and n-hexane (300 mi/150 mi}. The mixture
80 was stirred for one houratroom temperature and
then filtered to give the blocked title compound,
which was treated with trifluoroacetic acid (50 ml)
and anisole {10 ml) for one hour at room temperature.
The mixture was conentrated under reduced press-
85 ure and the residue was triturated with etherto give
10.3 g of dark brown solid, which was treated with
water {100 mi) at room temperature. After removal of
insolubles by filtration, the filtrate was chromatog-
raphed on acolumn of HP-20 {200 ml) by eluting with
90 30% aqueous methanol. The eluate was concen-
trated and lyophilized to give 2.3 g of the crude title
compound, which was purified by preparative HPLC
{Waters Associates, System 500, PrepPAK 500/Cqg,
15% CHL0H) to afford 880 mg (5%} of the title
95 compound !-ID. Estimated purity 75% {by HPLC).
Further Purification
The above product (850 mg of free base; estimated
purity 75%) was dissolved in 1N H2S0; (2 mi), treated
with active carbon (20 mg), filtered and washed with
100 1N H,S0, (1.5 ml). To the combinedfiltrate and
washings was added acetone {5 ml), to give an oily
product. The oily solid was removed by decantation
and triturated with acetone to give 420 mg of light
yellow powder (75% pure). The supernatantwas
105 poured into acetone (150 ml) and the mixture was
stirred for 10 minutes at room temperature. The
resulting precipitate was collected by filtration to
afford 612 mg of white powder. Estimated purity
90%.
110 IR: vKBL em™" 1780, 1670, 1635, 1390, 1120.
UV ; APhosphate buffer pH 7 n () 235 (16000), 293
{25000).
C H N S

Calc'd. for
115 _C19H24N60532’H2504'H201 38.25 4.73 14.0916.12
Found 38.81 4.78 13.6215.63

Example 8
7-1(Z)-2-(2-Aminothiazol -4-yl)-2-
methoxyiminoacetamido] - 3- {(E)- 3-(3-aminopyri-

120 dinio)- 1- propen - 1-yl]-3-cephem - 4- carboxylate
(I-1E)

Amixture of diphenylmethyl 7-[{Z}-2-(2-
tritylamino- thiazol - 4-yl}-2- methoxyiminoaceta-
mido]-3-(3-iodo-1-propen-1-yl)-3-cephem-4-

125 carboxylate (X-1,738 mg, 0.8 mmole) and 3-amino -
pyridine (113 mg, 1.2 mmole) in methylene chloride
{15 ml) was stirred at room temperature for 1.5 hours
and then concentrated under reduced pressure. The
residue was triturated with diisopropyl etherand

130 treated with amixture of 80% trifluoroacetic acid
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{TFA) (8 ml} and anisole {1.6 m!) at room temperature
for 1 hour, and then was concentrated and triturated
with ether. The resulting crude product was purified
by column chromatography using HP-20 (eluted with
§ 10% methanol and 30% methanol) and the packingin
a PrepPAK-500/C1g cartridge (Waters) {eluted with 5%
methanol). The desired fraction was concentrated
and lyophilized to give 38 mg (9%) of thettitle
compound (i-1E). Estimated purity, 55%.M.p.>170°C

10 (dec.).

IR: vk8r cm=" 1760, 1660 (sh), 1600, 1540.
UV : APhosphate buffer pH7 o (g) 217 (28300), 253
(18600), 292 (23400).

Example 9

15 7-[(Z)-2-(2-Aminothiazol-4-yi)-2 -
methoxyiminoacetamido] -3- [(E)-3- (4-amino-1-
pyridinio)-1-propen -1-yl]-3-cephem-4-
carboxylate (I-11)

A mixture of X-1 (480 mg, 0.5 mmole} and 4 -amino

20 - pyridine (94 mg, 1 mmole) in ether (50 ml) was
stirred for one hour at room temperature. The
reaction mixture was filtered to give 440 mg of the
quaternary product, which was treated with aqueous
90% TFA one hour at room temperature and then

25 concentrated under reduced pressure at 15°C. The
oily residue was triturated with isopropyt etherto
give 350 mg of the TFA salt, which was dissolved in
85% formic acid and chromatographed on a column
of Diaion HP-20 {40 mi} by eluting with 30% CH;OH.

30 The eluate was concentrated and lyophilized to give
52 mg of the crude product, which was purified by
column chromatography using the packingina
PrepPAK-500/Cg cartridge (Waters) (eluted succes-
sively with 5% CH3OH, and 10% CH3OH}to give 18

35 mg (7%) of the title compound (I-11). Estimated purity,
70%.

IR: vEBr cm~11760, 1650, 1600, 1540.
UV : ARhosphate buffer pH7 n m(g) 230 {15500), 277
{26700}, 285 (27000).

40 NMR: 5°2° ppm 3.70(2H, br-s), 4.08 (3H, s}, 5.30(1H,
d, 4.0Hz),5.87 (1H, d, 4.0Hz),6.75(1H, d, 16 Hz), 6.90
(2H, d, 7.0Hz), 7.05(1H, s}, 8.02(1H, d, 7.0 Hz).

Example 10
7-[(Z)-2-(2- Aminothiazol -4-yl)-2-

45 methoxyiminoacetamido] -3- [(E)- 3- {4 -carbamoy! -
1-pyridinio}- 1-propen-1-yl]-3-cephem-4-
carboxyilate (1-1J)

Amixture of X-1 {480 mg, 0.5 mmole) and
isonicotinamide (244 mg, 1.0 mmole} in DMSO (20

50 mi)was stirred for one hour at room temperature. The
reaction mixture was poured into water {100 mi} and
extracted with ethyl acetate (3 x 50 ml). The
combined extracts were washed with water, dried
and concentrated to give 275 mg of the quaternary

55 product, which was treated with 90% TFAfor 3hours
at room temperature. The mixture was concentrated
under reduced pressure at 15°C and the oily residue
was triturated with etherto give 240 mg ofthe TFA
salt of the title compound, which was dissolved in

60 85% formic acid and chromatographed ona column
of Diaion HP-20 (30 m!} by eluting with 30% CH3OH.
The eluate was concentrated and lyophilized to afford
25 mg (9%) of the title compound {I-1J}. Estimated
purity, 55%.

65 IR: vkEr cm~ 1760, 1660, 1605, 1530.
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UV : Afhosphate buffer pH 7y (g) 2265 (19900), 292

(19400).

NMR : 5°2° ppm 3.75 (2H, s), 4.07 (3H, 5),5.32 (1H, d,

4.0Hz),5.85(1H, d, 4.0 Hz), 7.05(1H, d, 16 Hz), 7.10 (1H,
70 s),8.43(2H,d,7.0Hz),9.10 (2H,d, 7.0 Hz).

Example 11
7-[(Z})-2-{2-Aminothiazol -4-yl)-2 -
methoxyiminoacetamido]-3- [(E} - 3-(2-methyl -3 -
thiazolio)- 1- propen - 1-yl]-3-cephem -4-

75 carboxylate (I-1H) .

To a mixture of X-1({480 mg, 0.5 mmole)and 2-

methy! - thiazole (0.1 ml) in methylene chloride (10
ml) was added silver tetrafiuoroborate (90% pure, 50
mg) at —40°C. The mixture was stirred at —~10°C for 20

80 minutes and filtered through a layer of Dicalite
{celite). The filtrate was evaporated under reduced
pressure and the oily residue was triturated with
isopropyl ether (50 ml) to give an amorphous powder
{560 mg). The powder was treated with 90% TFA at

85 room temperature for 1 hour. The mixture was
concentrated under reduced pressure and the residue
was triturated with ether {50 mi) to afford the TFA salt
{350 mg) of the title compound. The salt was
dissolved in 85% formic acid (6 mi) and chromatog-

90 raphed on an HP-20 column {30 ml) by eluting with
30% methanol. The eluate was concentrated and
lyophilized to give 43 mg of amorphous powder,
which was purified by HPLC {Column: Lichrosorb
RP-18, 8 X 300 mm) eluting with 20% methanol to

95 afford 13 mg (5%) of the title compound (I-1H).
Estimated purity, 70%.
IR: vies.cm ™" 1765, 1600, 1535.
UV : Afhosphate buffer pH7 () 237 (19000), 292.5
(23700).

100 NMR : 3°2° ppm 3.03 (3H, 5), 3.72 (2H, 5), 4.07 (3H, s),
5.22(1H,d, 6.0Hz),5.87(1H,d, 6.0Hz),6.71 (1H,d, 16
Hz), 7.07{1H, s),7.45{1H, d, 4.0 Hz}, 7.67 (1H, d, 4.0 Hz).

Example 12
7-1{Z)-2-(2- Aminothiazol-4-yl)-2-

105 methoxyiminoacetamido]- 3-[(E}-3-(2-methylthio-
3-thiazolio)- 1-yl]-3-cephem - 4-carboxylate (I-1G}

To a mixture of X-1{480 mg, 0.5 mmole)and 2-

methylthiothiazole (0.1 ml} in methylene chloride (10
ml) was added silver tetrafiuoroborate (30% pure, 60

110 mg)at —40°C. The mixture was stirred at —10°Cfor 10
minutes and filtered through a layer of Dicalite
{celite). The filtrate was concentrated under reduced
pressure and the oily residue was triturated with
ether (50 ml) to give an amorphous solid (455 mg),

115 which dissolved in 90% TFA (3mi) at —5°C. The
mixture was stirred for one hour at room temperature
and concentrated under reduced pressure at 10°C.
The residue was triturated with ether to give 288 mg
ofthe TFA salt of the desired product. Asolution of

120 the TFAsaltin85% formic acid (5 mi) was chromatog-
raphed on a column of Diaion HP-20 (30 mi} which
was eluted with 30% methanol. The eluate was
concentrated and lyophilized to give 59 mg of the
amorphous crude product which was purified by

125 columnchromatography [the packing ina PrepPAK-
500/C.5 cartridge (Waters), 50% methanol] and HPLC
(Lichrosorb Rp-18, 8 x 300 mm, 25% methanoi) to
give 9.8 mg {4%) of the title compound (I-1G).
Estimated purity, 40%.

130 IR : vKBr cm 1760, 1660, 1600, 1540.
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UV : AFhosphate buffer pH7 () 235 (16600), 290
(24800).
NMR : 3°2° ppm 3.05 (3H, 5),3.71 (2H, s), 4.08 {3H, 5),
5.32(1H,d,4.0Hz),5.97 (1H, d, 4.0 Hz},6.80 (1H, d,

5 16Hz),7.07 (1H, s), 7.94(1H, d, 4.0Hz), 8.2(1H, d, 4.0
Hz).

Example 13
7-l(Z)-2-(2-Aminothiazoi -4 -yl)-2-
methoxyiminoacetamido] - 3- [{E})-3-(1-methyl-3-

10 pyrrolinio)- 1-propen - 1-ylj-3-cephem-4-
carboxylate (I-1F)

Toasolution of X-1 {540 mg, 0.57 mmole)ina
mixture of ethyl acetate (10 ml) and ether (10 mi} was
added a 0.5 Msolution of N - methyl - 3 - pyrrolinein

15 ether (2.3 ml) [prepared from cis- 1,4 -dichloro-2-
butene and methylamine according to the procedure
ofJ. M. Bobbitt et af., J. Org. Chem., 25, 2230 (1960)].
Atfterstirring atroom temperature for 30 minutes, the
mixture was diluted with ether (50 mi). The resuiting

20 precipitate was collected by filtration, washed with
etherand dried to give the quaternary ammonium
salt {280 mg), which was treated with 90% trif-
luoroacetic acid (3 ml) atroom temperature for 1
hour. After evaporation of the solvent, the residue

25 wastriturated with ether to give the TFA salt. A
solution of the TFA saltin a small amount of methanol
was charged on an HP-20 column (50 ml) and the
column was washed with water {500 ml) and eluted
with 30% methanol {500 ml). The methanolic eluant

30 was evaporated and lyophilized to give acrude

product {60 mg), which was purified by HPLC

{Lichrosorb RP-18, 8 x 300 mm, eluted with 20%

methanol) to afford 16 mg {16%) of the title com-

pound (I-1F). Estimated purity, 50%.

IR : vESr cm™ 3400, 1760, 1600.

UV : Afhosphate buffer pH 7 nm(e) 232(15400),293

{22500). 08

NMR : 5°2° ppm 3.08{(3H, s, N —CHj), 3.25 (4H, m,

35

Moz

,3.75(2H, m, 2—CH,), 4.07 (3H, s, OCH3), 5.33 (1H, d,
4.5 Hz,6 -H), ca. 6.0 (4H, m, 7-H,
[ and 3—CH=CH—CH;}, 6.97(1H, d, 15 Hz,
\f 3—CH=CH—CHj), 7.07 (1H, 5, thiazole-H).
Example 14
7-[(Z}-2-(2-Aminothiazol -4-yl}-2-(2-carboxy-2-
propoxyiminio) - acetamido] - 3- [(E}-3-(1-

methylpyrrolidinio) - 1-propen - 1-yl]-3-cephem -4

-carboxylate (I-4A)

45  Amixture of diphenylmethyl 7-[{Z}-2-{2-t-
butoxycarbonyl -2 - propoxyimimio}-2-(2-
tritylaminothiazol - 4 - yl) - acetamido - 3- (3 -iodo-1-
yl}- 3 -cephem -4 - carboxylate (X-4') (543 mg, 0.5
mmole) and 1-methylpyrrolidine (47 mg, 0.55 mmole)

50 inether (30 m!} was stirred at room temperature for 1
hour. The resulting precipitate was collected by
filtration and treated with 90% TFA (5 ml) and anisole
(1 ml}at room temperature for 1 hour. After concen-
tration of the reaction mixture, the residue was

55 triturated with etherto give the crude TFA salt, which
was purified by column chromatography [HP-20 (30
mi}, eluted with water (300 ml) and 30% methanol
(600 ml)]. The methanolic eluate was concentrated to
a smallvolume, neutralized with sodium bicarbonate -

60 andlyophilized toyield 104 mg (35%) of the title
compound (I-4A). Estimated purity, 65%.

40

2134522A__|_>

H._:;::'.Jl

iR : vEE cm™' 1765, 1660, 1590, 1540.
UV : AFhgsphate butfer bH7 yy(g) 228 (sh, 14900), 292
(23900).

65 NMR:5°2°ppm 1.55(6H, s, —OC(CHz)o—), 2.22 (4H,
m, pyrrolidine-H), 3.03 (3H, s, N—CHgs}, 3.50 (4H, m,
pyrrolidine-H), 3.70 (2H, s, 2-H), 4.00(2H, d, 7 Hz,
=CH—-CH,~-),5.28(1H, d, 4.5 Hz, 6-H),5.83(1H, d, 4.5
Hz),6.95(1H, d, 15Hz, —CH=CH-CH,-),7.00 (1H,s,

70 thiazole-H).

‘ : Example 15
7-l(Z)-2-(2- Aminothiazol-4-yl}-2-(2-carboxy -2 -
propoxyiminio} - acetamido]-3-[(E)- 3-(2-
methylthio - 3 - thiazolio] - 1-proper. - 1-yi]-3-

75 cephem -4-carboxylate (I-4G)

Silvertetrafluoroborate (156 mg, 0.8 mmole) was
added to a solution of the iodopropenyl derivative
X-4’ (760 mg, 0.7 mmole) and 2-methylthiothiazole
{120 mg, 0.9 mmole) under cooling in adry ice-

80 acetone bath. The mixture was stirred at —10°Cfor 10
minutes and filtered, and the filtrate was concen-
trated and triturated with etherto give 782 mg of the
quaternary salt. The product was treated with a
mixture of 90% trifluoroacetic acid (8 ml) and anisole

85 (2ml)atroom temperature for one hour, and the
reaction mixture was concentrated and triturated
with ether to give the crude product. It was purified by
column chromatography with HP-20 (eluted with
30% methanol and 50% methanol) and subsequently

90 with the packing in a PrepPAK-500/C,g cartridge
{Waters) (eluded with water) to afford 65 mg of the
title compound (I-4G). Estimated purity, 60%. M.p.
>100°(dec.).

IR: vﬁ; cm™ 1760, 1660 {sh), 1600, 1540.

95 UV : AFhosphate buffer pH 7 (e} 933 (15700), 289
(28400).

NMR : 5°2° ppm 1.65 (6H, s, —C(CH3)>~), 3.10(3H, s,
—SCH3),3.77 (2H, s, 2-H), 5.17 (2H,d, 7 Hz,
=CH-CH»-),5.38(1H, d, 4.5 Hz, 6-H), 5.93(1H, d, 4.6

100 Hz, 7-H), 6.87 (1H, d, 15 Hz, —CH=CH—CH,~),7.10
{1H, s, thiazole-H), 8.00 and 8.17 {1H each, d, 4 Hz,
thiazolio-H).

Example 16
7 [(Z)-2-(2-Aminothiazol-4-yl)-2-(1-
105 carboxycyclobut- 1-oxyimino}-acetamido]-3- [(E) -
3-{4-aminopyridinio) - 1 - propen - 1-yi] -3 -cephem
- carboxylate (1-51)

Asuspension of diphenyimethyl 7-[(Z) -2-(1-
butoxycarbonylcyclobut - 1 - oxyimino)-2-(2-

110 tritylaminothiazol - 4 - yl) - acetamido] -3-iodo- 1 -

propen-1-yl}-3-cephem-4-carboxylate (X-5} (714
mg, 0.65 mmole} and 4-aminopyridine (73 mg, 0.78
mmole) in ether {10 ml) was stirred at room tempera-
ture far 2hours. The reaction mixture wasfiltered and

115 thefilter cake was treated with a mixture of90% TFA

(7 mi) and anisole {1 ml) at room temperature for 1
hour. The mixturewas concentrated and triturated
with ether, and the crude TFA salt was purified by
chromatography on an HP-20 column, which was

120 eluted with 30% methanol and 50% methanol. The

fractions containing the desired product were com-

bined, concentrated to a small volume, adjusted to pH
7 with sodium bicarbonate and lyophilized. The crude
product was purified by column chromatography {the

125 packing in a PrepPAK-500/C,3 cartridge {Waters),

eluted with water} to afford 36 mg (9%) of the title
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compound (i-51). Estimated purity, 80%. M.p. >140°C
{dec.).

IR : vKEr cm 1760, 1650, 1590, 1540,

UV : Afnosphate buffer bH7 y m(e) 287 (29700).

NMR : 5°2° ppm 1.5-3.0 (6H, m, cyclobutyl-H), 3.76
(2H,s,2-H),5.38(1H, d, 4 Hz, 6-H), 5.95(1H, d, 4 Hz,
7-H), 7.12{1H, s, thiazole-H), 6.95 and 8.07 (2H each, d,
7 Hz, pyridine-H).

Example 17
7-[(Z)-2-(Z2-Aminothiazol -4-yl}-2-(1 -
carboxycyclobut - T- oxyimino) - acetamido] - 3- [(E] -
3-{3-amino- 1-pyridinio) - 1- propen-1-yl]-3-
cephem - 4-carboxylate (I-5E)

A mixture of the 3-iodopropenyl derivative X-b
(500 mg, 0.45 mmole) and 3-aminopyridine (51 mg,
0.54 mmole) in ether (10 mi) was stirred atroom
temperature for 16 hours. The resulting precipitate
was collected by filtration and treated with a mixture
of 90% trifluoroacetic acid (5 ml) and anisole {1 mi) at
room temperature for 1 hour. The mixture was
concentrated in vacuo and triturated with ether. The
solid was collected by filtration and purified by
column chromatography using HP-20 {eluted with
30% methanol and 50% methanol) and the packing in
a PrapPAK-500/C,g cartridge {(Waters) (eluted with
water). The desired fraction was concentrated to a
small volume and lyophilized to yield 85 mg (28%) of
the title compound (I-5E ). Estimated purity, 80%.
M.p. >140°C (dec.).

IR : viE, cm™ 1760, 1660 (sh), 1580.

UV : Afhosphatebufier oH7  mie) 216 (31800), 253
(20700), 294 (27600).

NMR : 5220 ppm 1.7-2.9 (6H, m, cyclobutyl-H), 3.73
{2H, s, 2-H),5.18(2H, d,8 Hz, =CH—CH,—),5.36 (1H, d,
4Hz,6-H),5.92(1H,d,4Hz,7-H),6.12(1H, dt,8and 16
Hz, ~CH=CH-CH,-),6.96 (1H, d, 16 Hz,
—CH=CH-CH,-), 7.06 (1H, s, thiazole-H), 7.5-8.2 (4H,
m, pyridine-H).

Example 18
7-1{Z)-2-(2- Aminothiazol -4-yi}-2-(1-
carboxycyclobut- 1 - oxyimino) - acetamido] - 3- [{E) -
3-(2-methylthio- 3-thiazolio)- 1-propen-1-yi]-3-
cephem - 4-carboxylate {(I-5G)

A solution of the 3-iodopropenyl| derivative X-5
{878 mg, 0.8 mmole) and 2-methylthiothiazole (0.2
ml, 2mmole) in methylene chloride (16 ml) was
cooled in adryice-acetone bath. To the solution was
added silver tetrafluoroborate (235 mg, 1.2 mmole).
The mixture was stirred at —10°C for 10 minutes and
filtered. The filtrate was concentrated and the residue
was triturated with ether to give the quaternary
derivative. The productwas treated with a mixture of
TFA (8 ml} and anisole (2 ml) at room temperature for
1 hour. The reaction mixture was concentrated and
triturated with etherto give 460 mg of the crude
product, which was purified by column chromatogra-
phy using HP-20 (30% methanol and 50% methanol)
and the packing of a PrepPAK-500/C+g cartridge
{Waters) tayield 50 mg (10 of the title compound
{I-5G). Estimated purity, 60%. M.p. >110°C {dec.).

IR: vies, cm™ 1760, 1660 {sh), 1590, 1540.

UV : Afhgsphatebutter pH7 n (21 237 (15700), 290
{31500).

NMR : 8°2° ppm 1.5-2.3 (6H, m, cyclobutyl-H}, 3.05

65 (3H, s, —SCHs),3.70{2H, s, 2-H),5.07 (2H, d, 6 Hz,
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=CH~CH,-N),5.33(1H, d, 4.5 Hz, 6-H),5.88 (1H, d, 4.5
Hz, 7-H), 6.00 (1H, m, —-CH=CH—CH,), 6.80 (1H, d, 16
Hz, —~CH=CH-CH), 7.07 (1H, s, thiazole-H), 7.93 and
8.13(1H, each d, 4 Hz, thiazolio-H).

Example 19
7-1(2)- 2-(2- Aminothiazol -4 -yl}-2-(1 -
carboxycyclobut- 1-oxyimino) - acetamido] - 3- [(E) -
3-(1-methyl-3-pyrrolinio} - 1-propen-1-yl]-3-
cephem -4 -carboxylate (I-5F)

To a solution of X-5' (770mg, 0.70 mmole)ina
mixture of ethyl acetate (5 ml) and ether (25 ml) was
added a 0.2 M solution of N - methyl - 3-pyrrolinein
ether (7 ml) and the mixture was stirred atroom
temperature for 30 minutes. To the reaction mixture
was added ether {5 ml) to afford precipitate, which
was collected by filtration, washed with ether, and
dried with 90% TFA (6 ml) at room temperature for 1
hour. Concentration of the mixture followed by the
addition of ether gave the TFA salt, which was
subjected to HP-20 column chromatography (50 ml},
eluted with water (500 m{) and 30% methanol (500
ml). The methanolic eluant was evaporated and
lyophilized to give the crude product (115 mg), which

. was purified by HPLC (Lichrosorb Rp-18, 8x 300 mm,

eluant5% methanol)to afford 78 mg (19%) of the title
compound (I-6F). Estimated purity, 86%. M.p. >140°C
(dec.).

IR : vie cm™ 3400, 1760, 1580.

UV : Afiesphate butfer pH7 n (e} 238 (13600), 293

{23500).

NMR : 5°2° ppm ca. 2.1 and 2.5 (6H, m, cyclobutyl-H),

CH

3.10(3H,5, ~N~CHg), 327 (4b,m, -5
.. :!2 '
+5.48(1H, d, 5Hz, 6-H), ca. 6.0 {4H, m, 7-H and
+/ e
3-CH=C§CH2_S'\_ﬁg "

,ca.7.0{1H,d, 156Hz, —CH=CH—CHyb}, 7.15(1H, s,
thiazole-H).

Example 20
7-{(Z)-2-(2-Aminothiazol -4-yi)-2 -
methyloxyiminoacetamido]-3- [(E)-3-(2-amino-5-
thiazolof4,5- c]pyridinio} - 1- propen-1-yl]-3-
cephem -4-carboxylate (I-1C)

To a solution of X-1 {876 mg, 0.91 mmole} in DMSO
{2 ml) was added 2-aminothiazolo[4,5 - clpyridine
(116 mg, 0.77 mmole) and the mixture was stirred at
room temperature for 1 hour. The solution was
diluted with ethyl acetate (200 ml) and the resulting
precipitate was collected by filtration to give 240 mg
ofthe quaternary salt. The product was treated with
90% aqueous TFA (3 ml) and the mixture was stirred
atroom temperaturefor 1 hour. The mixture was
concentrated /n vacuo, triturated with isopropyl ether
andfiltered to afford 167 mg of brown powder, which
was dissolved in water (25 ml) at room temperature.
After removal of insolubles by filtration, the filtrate
was chromatographed on a column of the packing in
aPrepPAK-500C,g cartridge (Waters), which was
eluted with water, 10% aqueous methanol and 20%
methanol, successively. The fractions containing the
desired product {monitored by UV, 254 nm) were
combined, concentrated and lyophilized to give 20
mg (16%} of the title compound (I-1C). Estimated
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purity, 95% by HPLC.

IR : v&E, cm™ 1760, 1630, 1600, 1535, 1480.
UV : ARhgsphate buffer pH7 1 iy (2) 246 (49600), 292
(27900). .

5 Example 27
7-[(Z)-2-(2-Aminothiazol -4-yl)-2-(1-
carboxycyclobut- 1- oxyimino)-acetamido] - 3- [(E} -
3-(2-methyl-3-thiazolio)- 1-propen-1-yl]-3-
cephem -4-carboxylate (I-5H)

10  Thegeneral procedure of Example 11is repeated
except that the diphenylmethyl 7 - [(Z}-2-(2-
tritylaminothiazol - 4 -yl} - 2 - methoxyiminoacetami-
do}-3-(3-iodo-1-propen-1-yl)-3-cephem-4-
carboxylate (X-1} utilized therein is replaced by an

15 equimolaramountof diphenylmethyl 7-{{Z)-2-(1-t-
butoxycarbonylcyclobut - 1- oxyimino)-2-(2-
tritylaminothiazol - 4- yl)acetamido] - 3-(3-iodo-1 -
propen-1-yl)-3-cephem -4 - carboxylate (X-5'), and
the title product is thereby produced.

20 CLAIMS

1. Acompound of the formula

® 5 cONE 1 s
| J N ] t z
Rlii::)\s ex? o//— \F cz-::c:-:-c:—:;?:r——c

25 cod

wherein R'is hydrogen or an conventional amino-

protecting group, R%is hydrogen, a straightor

branched chain alkyl group containing from 1to 4
30 carbonatoms, or a group of theformula

R" R4 COOE

| ) .
-ﬁ-c:—::cs:—a’ , -f-csc—f s
=3 RS .

4 X

R
-(%-cco::,
ds

inwhich R%is hydrogen, (lower)alky! or carboxyl, Xis
halogen, hydroxy or (lower)alkoxy, and R*andR%are
each independently hydrogen, methyl or ethyi, or R4

35 and R®, taken together with the carbon atom towhich
they are attached, may be a cycloalkylidene ring
containing from 3to 5 carbon atoms, and

QNEQ
isa quaternary ammonio group, or a nontoxic
40 pharamaceutically acceptable salt, physiologically
hydrolyzable ester or solvate thereof.
2. Acompoundof Claim 1 wherein *N=Qis

- 13 pR-1
o 1 e, of X~
s ) Q L \—/
s
27 @7_17 o
Exl’—"_l 18 ~——(cx,) - 4\_‘-

wherein R'3, R"*and R'® are the same or differentand
are {lower)alkyl, (lower)alkenyl, amino(lower)alkyi
45 with the provision that the amino may notbe onan
o-carbon, or hydroxy(lower)alkyl with the provision
thatthe hydroxy group may not be on an o-carbon;
R'8is hydrogen, (lower}alkyl, {(lower)alkoxy,
(lower)alkyithio, amino, (lower)alkylamino,

BNSDOCID: <GB__2134522A__ | >

50 di{lower)alkylamino, formylamino, (lower)alkanoyla-
mino, hydroxy, hydroxy(lower}alkyl, halo(lower)al-
kyl, amino(lower)alkyl, (lower)alkoxy(lower)alkyl or
carbamoyl;

R7is {lower}alkyl, {lower)atkoxy({lower)alkyl, halo-

55 (lower)alkyl, allyl, hydroxy(lower)alkyl with the provi-
sion that the hydroxy group is not on the c-carbon,
amino{lower)alkyl with the provision thatthe amino
group is not on the o-carbon, or phenyl{lower)alkyl;

R*®is hydrogen, {lower)alkyl, (loweralkoxy, (lower)-

60 alkoxy( (fower)alkylamino, hydroxy, hydroxy-
(lower)alky}, amino(lower)alkyl, formslamino,
{lower)alkanoylamino or carbamoy;i;

nisaninteger of from 1to 3, inclusive;
ZisCH, or, when nis2,Z also maybe S, O or N-R™®,

65 inwhich R"is hydrogen or (lower)alkyl; and

R2° and R?' are the same or differentand are
hydrogen, {lower)alkyl, {lower)alkoxy, {lower)alkyl-
thio, amino, (lower)alkylamino, di{lower)alkylamino,
hydroxy, hydroxy{lower)alkyl, amino{lower)alkyl,

70 (lower}alkoxy({lower)alkyl, carboxy(lower)alkyl, car-
boxy(lower)alkylamino, (lower)alkanoylamino, car-
boxy(lower)alkanoylamino or carbamoyl.

3. AcompoundofClaim 1in which®-N=Qis

13

@
N-r}4

I

inwhich R'3, R" and R*® are the same or different and
75 are (lower)alkyl.
4. AcompoundofClaim1in which®-NEQ is
16 .
e/ SXF

-N N
in which R' is hydrogen, amino or carbamoyl.
5. Acompound of Claim 1 wherein®-N=Qis
@

=K
a’

inwhich R" is (lower)alkyl.
80 6. AcompoundofClaim 1wherein -N=Qis

C:;:: [ ——
|
U\s *:l:z
7. AcompoundofClaim 1 wherein(‘3 -N=Qis
@

inwhich R%is (lower)alkyl or {lowenalkylthio.
8. Acompound of Claim 1 wherein® -N=Qis

o
inwhich R" is (lower)atkyl.

85 9. Thecompound of Claim 1whichis7-[(Z)-2-{2
-aminothiazol -4 -yl} - 2 - methoxyiminoacetamido] -
3-[3-(1-methylpyrrolidino)- 1 -propen-1-yi}-3-
cephem -4 - carboxylate, or a nontoxic pharmaceuti-
cally acceptable salt, physiologically hydrolyzable

90 ester orsolvate thereof.

10. Thecompound of Claim 1whichis7-[(Z}-2-
{2 -aminothiazol - 4-yl} - 2 - methoxyiminoacetami-
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do] -3-(3-pyridinio-1- propen-1-yi)-3-cephem-4
-carboxylate, or a nontoxic pharmaceutically accept-
able sait, physiologically hydrolyzable ester or sol-
vatethereof.

5 11. ThecompoundofClaim 1 whichis7-[(Z)-2-
{2 -aminothiazol -4-yl)-2-(2 -carboxy -2 -
propoxyimino)acetamido] -3 - (3 - pyridinio-1-
propen-1-yl}-3-cephem -4 -carboxylate, ora
nontoxic pharmaceuticaily acceptable salt, physiolo-

10 gically hydrolyzable ester or solvate thereof.

12. Thecompoundof Claim 1 whichis7-[{Z)-2-
{2 -aminothiazol-4-yl)- 2 - {1 - carboxycyciobut - 1 -
oxyiminoJacetamido] - 3- [3- (1 - methylpyrrolidinio) -
1-propen- 1-yl}-3-cephem -4 -carboxylate, ora

15 nontoxic pharamceutically acceptable salt, physiolo-
gically hydrolyzable ester or solvate thereof.

13. Thecompound of Claim 1 whichis7-[{2)-(2-
aminothiazol-4-yl)-2-(1-carboxyeyclobut-1 -
oxyimino)acetamido] - 3- (3 - pyridinio-1-propen-1

20 -yl}-3-cephem -4 -carboxylate, or anontoxic
pharmaceutically acceptable salt, physiologically
hydrolyzableester or solvate thereof.

14. ThecompoundofClaim 1whichis7-{{Z}-2-
aminothiazol-4-yl)-2- (1 -carboxycyclobut-1 -

25 oxyimino)acetamido]-3-[3-{2-amino-5-
thiazolo[4,5 - clpyridinio)-1-propen-1-yl]-3-
cephem - 4-carboxylate, or a nontoxic pharmaceuti-
cally acceptable salt, physiologically hydrolyzable
ester or solvate thereof.

30 15. ThecompoundofClaim 1whichis7-{{Z}-2-
(2 - aminothiazol - 4 - yl} - 2 - methoxyiminoacetami-
do]-3-[3-(trimethylammonio)- 1-propen-T-yl}-3-
cephem -4 - carboxylate, or a nontoxic pharmaceuti-
cally acceptable salt, physiologically hydrolyzable

35 esterorsolvate thereof.

16. Thecompound of Claim 1 whichis7-[{Z)-2-
{2 - aminothiazol - 4 -yl) - 2 - methoxyiminoacetami-
do] -3-[3-(3-aminopyridinio}-1-propen-1-yl]-3-
cephem - 4 - carboxylate, or a nontoxic pharmaceuti-

40 cally acceptable salt, physiologically hydrolyzable
ester or solvate.thereof.

17. Thecompaund of Claim 1whichis7-[{Z)-2-
(2 - aminothiazol-4-yl} - 2 - methoxyiminoacetami-
do] - 3-[3>(1-methykt-3-pyrrolinio) - 1 -propen-1-

45 yl]-3-cephem -4 -carboxylate, or a nontoxic
pharmaceutically acceptable salt, physiologically
hydrolyzable ester or solvate thereof.

18. Thecompound of Claim 1 whichis7-[{(Z)-2-
(2- aminothiazal-4-yl)-2-(1-carboxycyclobut-1 -

50 oxyimino)acetamido]-3-[3-(1-methyl-3-
pyrralinio)- 1-~propen-1-yll - 3-cephem-4-
carboxylate, or a nontoxic pharmaceutically accept-
able salt, physiologically hydrolyzable ester or sol-
vate thereof.

85 19. ThecompoundofClaim 1whichis7-[{2)-2-
(Z-aminothiazol -4-yl)-2- {2 -carboxy-2-
propoxyimino)acetamido] - 3-[3 - (1 - methylpyrroli-
dinio}-1-propen-1-yli-3-cephem-4-carboxylate,
or a nontoxic pharmaceutically acceptable sal,

6@ physiofogically hydrolyzable ester or solvate thereof.

20. Thecompound ofClaim 1 whichis7-[{Z)-2-

(2 - aminothiazol -4-vi) - 2- (1 - carboxycyclobut- 1 -
oxyimino)acetamidoj-3-[3-(2 - methylthio-3-
thiazolio) - 1- propen-1-yl]-3-cephem-4-

65 carboxylate, or a nontoxic pharmaceutically accept-
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able salt, physiologically hydrolyzable ester or sol-
vate thereof.

21. Thecompound of Claim 1whichis7-{(Z)-2-
{2 - aminothiazol -4 - yl}- 2 - methoxyiminoacetami-

70 do]-3-{3-(2-methyl-3-thiazolio}- 1 -propen-1-yi]
- 3-cephem -4 - carboxylate, or a nontoxic
pharmaceutically acceptable salt, physiologically
hydrolyzable ester or solvate thereof.

22. Thecompound of Claim 1whichis7-[(Z}-2-

75 (2-aminothiazol-4-vyf})-2-(2-carboxy-2-
propoxyimino)acetamido] -3~ [3 - (2 - methylthio- 3-
thiazolio) - 1- propen-1-yl}-3-cephem-4-
carboxylate, or a nontoxic pharmaceutically accept-
able salt, physiologically hydrolyzable ester or sol-

80 vatethereof.

23. Thecompound of Claim 1whichis7-{(2)-2-
(2-aminothiazol -4 -yl)-2- (1 - carboxycyclobut-1-
oxyimino)acetamido] - 3-[3 - (4 -aminopyridinio) -1 -
propen-1-yl]-3-cephem-4-carboxylate,ora

85 nontoxic pharmaceutically acceptable sait, physiolo-
gically hydrolyzable ester or solvate thereof.

24. Thecompound of Claim 1 whichis7-[({Z)-2-
(2 - aminothiazol -4 -yl) - 2 - methoxyiminoacetami-
do] -3-[3-(4-amino- 1-pyridinio) - 1 -propen -1-yl] -

90 3-cephem -4-carboxylate, or a nontoxic phar-
maceutically acceptable salt, physiologically hydroly-
zalbe ester or solvate thereof.

25. Thecompound of Claim 1whichis7-[{Z)-2-
(2 - aminothiazol - 4 -yl) - 2 - methoxyiminoacetami-

95 doj]-3-[3-(2-methylthio-3-thiazolio)- 1- propen-1
-yl] -3 -cephem - 4 - carboxylate, or a nontoxic
pharmaceutically acceptable salt, physioclogically
hydrolyzabie ester or solvate thereof.

26. Thecompound of Claim 1 whichis7-[(Z)-2-

100 aminothiazol-4-yl}-2-{1-carboxycyclobut-1 -
oxyimino} acetamido]-3-[3-(3 -amino- 1 - pyridino)
-1-propen-1-yl]-3-cephem -4 -carboxylate, or a
nontoxic pharmaceutically acceptable salt, physiolo-
gically hydrolyzable ester or solvate thereof.

105 27. Thecompound of Claim 1 whichis7-[{Z}-2-

{2 -aminothiazo! - 4 - yl} - 2 - methoxyiminoacetami-
dol-3-[3-{4-carbamoyl!-1 - pyridinio) - 1- propen-1
-yil-3-cephem-4-carboxylate, or a nontoxic
pharmaceutically acceptable salt, physiologically

110 hydrolyzable ester or solvate thereof.

28. Thecompound of Claim 1 whichis7-[(Z)-2-
{2 -aminothiazol - 4 -yl} - 2 - methoxyiminoacetami-
do] - 3-[3-(2-amino - 5-thiazolo[4,5 - c]pyridinio)- 1 -
propen-1yl]-3-cephem-4-carboxylate, ora

115 nontoxic pharmaceutically acceptable salt, physiolo-

gically hydrolyzable ester or solvate thereof.

28. Thecompound of Claim 1 whichis7-[(Z)-2-
{2 aminothiazol -4 - yl) -2 - (1 - carboxycyclobut -1 -
oxyimino)acetamido] -3 - [3-(2 - methyl - 3 - thiazolio)

120 -1-propen-1-yl]-3-cephem -4-carboxylate,ora

nontoxic pharmaceutically acceptable salt, physiolo-
gically hydrolyzable ester or solvate thereof.
30. Acompoundofthe formula
o)

» ~ s
% o c:::ss__( —
J,\ l \ /j : o
an/ S or? TN e 2

........

whereinZ is chloro, bromo oriodo, misOor1and R?

125 is hydrogen, astraight or branched chain alkyl group
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containing from 1 to 4 carbon atoms, or agroup of the

formula
r% 5 COOE
5 ; i
LS -d-cze-r® oz

?5 15
R o

g’ ;

-C-COsH,
is

R
inwhich R%is hydrogen, (lower)alkyl or carboxyl, X is
halogen, hydroxy or (lower)alkoxy, and R* and R® are

5 each independently hydrogen, methyl or ethyl, orR*
and R®, taken together with the carbon atom to which
they are attached, may be a cycloalkylidenering
containing from 3to 5 carbon atoms, a salt or ester
thereof, or an amino-protected, carboxyl-protected or

10 amino-and carboxyl-protected derivative thereof.

31. Acompound ofClaim 30 in which R%is methyl.

32. Acompound of Claim 30in which R%is
2-carboxyprop-2-yl.

33. Acompound of Claim30in which RZis 1 -

15 carboxycyclobut-1-yl.

34. Thecompound of Claim 30 whichis dipheny-
Imethyl3-(3-iodo-1-propen-1-yl}-7-[(2)-2-
methoxyimino - 2 - (2-tritylaminothiazol -4 -
ylh)acetamido]-3-cephem -4 -carboxylate.

20 35. Thecompound of Claim 30 which is dipheny-
Imethyl 7-[(Z)-2-{2-t-butoxycarbonyl-2-
propoxyimino)-2 - (2 - tritylaminothiazol - 4 - y1)
acetamido]-3- (3-iodo-1-propen-1-yl}-3-
cephem - 4 - carboxylate.

25 36. Thecompound of Claim 30 whichis dipheny-
Imethyl 7 - [{(Z}- 2- {1 - t - butoxycarbonylcyclobut - 1 -
oxyimino) - 2-(2- tritylaminothiazol -4 - yl}
acetamido] - 3-(3-iodo-1-propen-1-yl}-3-
cephem - 4- carboxylate.

30 37. Aprocessforthe preparation of compounds
ofthe formula

. s
n ‘ i‘ \.0271/
WIS | .
le/l\ s ) oR® “ E=CH-CH,~NEQ

CO@

wherein R'is hydrogen oran conventional amino-

protecting group, R%is hydrogen, a straight or

branched chain alkyl group containing from 1to 4
35 carbon atoms, ora group ofthe formula

o 4 cooxn

g3
-:%-cxz:cu-y? . -g-csc-n® or
& r®

R‘ X
-COOMH,
s

in which R3is hydrogen, (lower) alkyl or carboxyl, X is
halogen, hydroxy or (lower) alkoxy, and R*andR®are
each independently hydrogen, methyl or ethyl, or R4
and R, taken together with the carbon atom to which

40 they are attached, may be a cycloalkylidene ring
containing from 3to 5 carbon atoms, and

50

~N==0
is a quaternary ammonium group, and non-toxic
pharmaceutically acceptable salts, physiologically
hydrolyzable esters and solvates thereof, which
45 process comprises reacting acompound of the
formula

BNSDOCID: <GB___2134522A__|_>

Lo

)
s

7_§ﬁ CONH [ ) X177
B2 s o2t Z E=CHOH, T

1

o

cooB!

wherein R isthe same as R2or is a group of the

formula o4

coos® or ~$-coos?
i kS

x
inwhich X, R*and R®are as defined above, B' is a
50 carboxyl-protecting group, B®is an z.nino-protecting
groupand misOor 1, with atertiary amine, orwith a

secondary amine of the formula R

HY,
el
and then reacting the resulting compound with Rl
to produce a compound ofthe formula

©,
b cont s
i1 2 -
aZim” Ns Nor2! AN~ HeCHCH,N=q
oos

55 and, if mis 1, reducing the sulfoxide, and subsequent-
ly removing all protecting groups, and further con-
verting it, if desired, into its pharmaceutically accept-
able non-toxic salt, physiologically hydrolyzable es-
teror solvate thereof.

60 38. Aprocessforthe preparation of compounds
ofthe formula

s
N c CONE—
WAN Ju o,
R s oR? — B=CA-CH~N=Q

cod®

wherein R is hydrogenoran amino-protecting

group, RZis hydrogen, a straight or branched chain

alkyl group containing from 1 to 4 carbon atoms, ora
65 groupoftheformula

1}‘ lll*’ coon .
-(i»CE=CH-R3 . -(l:-c—=<:-:z3 . oz
5 s
R R
4 X
-Q—cooa,
s

R

in which R3is hydrogen, (lower)alkyl or carboxyl, Xis
halogen, hydroxy or (lower)alkoxy, and R*and R% are
each independently hydrogen, methyl or ethyl, or R*
and R, taken together with the carbon atom to which

70 they are attached, may be acycloalkylidene ring
containing from 3to 5 carbon atoms, and

@

-N=Q

is a quaternary ammonio group, and non-toxic
pharmaceutically acceptable salts, physiologically
hydrolyzable esters and solvates thereof, which

75 process comprises reacting acompound of the

formula oy,
S
CoRil
1@ AXXI
A ®
CH,P (rhlg
2
00B’

c
!

"
82N ’4-5—§ koxv.z )

wherein R? isthe same as R or isa group of the
formula

$ .
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10

15

20

25

30

coos® R4

! 1
or -tf ~CO0B
5
R

inwhich X, R*and R® are as described above, B'is a
carboxyl-protecting group, B%is an amino-protecting
group and mis 0 or 1, with an appropriate base such
as hydroxyl ion and then with a compound of the
formula 2

oHC-CH,~HE=Q

inwhict ©_ o~ }

isa quaternary ammonio group and A® is hydroxyl,
chloro, bromo oriodo, or with an appropriate base
such as hydroxylion and then with a compound of
the formula ouc—cuz—K’;l
and then reacting the resulting compound with R”’I to
produce a compound of the formula

(-2
Nl‘]“ﬁ CO!-'HI(S o
A XXXIT
' N
BZHNJ\S “Nor? = cn:cucn?xso
1
and, if mis 1, reducing the sulfoxide, and subsequent-

COOB
ly removing all protecting groups, and further con-
verting it, if desired, into its pharmaceutically accept-
able non-toxic salt, physiologically hydrolyzable es-
ter or solvate thereof.
39. Aprocessforthe preparation of compounds
ofthe formula

S
N IC—-'CON. T
T L'Yl o
Rl s OR' E=CH-CE,-NZ=Q
cod®

whereinR'is hydrogen oran amino-protecting
group, R%ishydrogen, a straight or branched chain
alkyl group containing from 1to 4 carbon atoms, ora
group of the formula

4 4 COOH

i i
5 5
R R

4 X

jl—coon,
H

R

orxr

inwhich R%is hydrogen, {lower)alkyl or carboxyl, Xis
halogen, hydroxy or (lower) alkoxy, and R® and RS are
eachindependently hydrogen, methyl orethyl, orR*
and R®, taken together with the carbon atom to which
they are attached, may be a cycloalkylidene ring
containing from 3 to 5 carbon atoms, and

(S}
~N==0

is a quaternary ammonio group, and non-toxic
pharmaceutically acceptable salts, physiologically
hydrolyzable esters and solvates thereof, which
process comprises reacting acompound of the
farmula

WL
. )\s Noa?'

@,

s
CORS‘J;(
N Ao
o RO
1

CooB

35 wherein R? isthe same as R2or is a group of the

formula
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40

45

50

55

60

€5

70

75

80

85

COOB" or rlt‘
é -C-COOBl
Is
X
inwhich X, R* and R® are as described above, B'is a
carboxyl-protecting group, BZis an amino-protecting
groupand mis 0 or 1, with acompound of the formula
B

inwhich Xischloro, bromo oriodo, orwith a
compound of the formula

R .
1>::~c.qz—-c;.; = »eni,
R

@
(cshsgngxcuz N== XX

and then reacting the resulting compound with R”’1 to

produce acompound ofthe formula
),

s
N ——CONE
/“\ |I ﬁ CO"h}__( Xg XIV
v N -~ AP g,
82 s \onz H=CHCKE,N=Z0
cost

and, ifmis 1, reducing the sulfoxide, and subsequent-
ly removing all protecting groups, and further con-
verting it, if desired, into its pharmaceutically accept-
able non-toxic salt, physiologically hydrolyzable es-
ter or solvate thereof.

40. The process of Claims 37, 38 or 39, characte-
rized in that the compounds a - u, or their non-toxic
pharmaceutically acceptable salt, their physiological-
ly hydrolyzable ester or their solvate thereof, are
manufactured:

a) 7-[(Z)-2-(2-aminothiazol-4-yl}-2-
methoxyiminoacetamido] -3-[3-(1 - methy!
pyrrolidinio)- 1-propen-1-yl}-3-cephem-4-
carboxylate,

by 7-{{Z}-2-(2-aminothiazol-4-yi)-2-
methoxyiminoacetamido] - 3-(3-pyridinio-1-
propen-1-y)-3-cephem-4-carboxylate,

c) 7-[{Z)-2-(2-aminothiazol-4-yl)-2-(2-carboxy
-2-propoxyimino} acetamido] - 3- (3 - pyridinio-1-
propen - 1-yl)-3-cephem -4 - carboxylate,

d) 7-[(Z)-2-(2-aminothiazol-4-yl)-2-(1-
carboxycyclobut - 1 - oxyimino) acetamido] -3-[3-1-
methylpyrrolidinio)-1-propen-1-yl]-3-cephem-4
-carboxylate,

e} 7-[(Z)-2-(2-aminothiazol-4-yl)-2-(1-
carboxycyclobut - 1 - oxyimino) acetamido] -3-(3-
pyridinio-1-propen-1-yl}-3-cephem-4-
carboxylate,

) 7-1(Z2)-2-(2-aminothiazol-4-yl}-2-(1-
carboxycyclobut - 1 - oxyimino) acetamido]-3-[3-(2
-amino -5 -thiazolo [4,5 - ¢] pyridinio- 1 - propen-1 -
yl)-3-cephem -4 - carboxylate,

g) 7-[(Z)-2-{2-aminothiazol-4-yl)-2-
methoxyiminoacetamido] - 3- [3 - trimethylammo-
nio)-1-propen-1-yl]-3-cephem -4 - carboxylate,
h) 7-[{Z)-2-(2-aminothiazol-4-yl)-2-
methoxyiminoacetamido] - 3-[3 - (3 - aminopyridi-
nio)-1-propen-1-vyl]-3-cephem -4-carboxylate,

i) 7-[{Z)-2-{2-aminothiazol-4-yl)-2-
methoxyiminoacetamido] -3-[3-(1-methyl-3-
pyrrolinio) - 1-propen-1-yl}-3-cephem-4-
carboxylate,

i} 7-U(Z)-2-{2-aminothiazol-4-yl)-2-(1-
carboxycyclobut - 1 - oxyimino} acetamido} - 3-{3- (1
-methyl -3 - pyrrolinio}-1-propen-1-yl] -3 -cephem
-4 -carboxvlate.
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k) 7-1(Z2)-2-(2-aminothiazol-4-yl}-2-(2 - carboxy
-2 -propoxyimino} acetamido]-3-{3-1-
methylpyrrolidinio) - 1- propen-1-yl]-3-cephem-4
-carboxylate, )

5 1) 7-[(2)-2-(2-aminothiazol-4-yl)~-2-(1-
carboxycyclobut - 1 - oxyimino) acetamido) -3-[3-2-
methylthio - 3- thiazolio) - 1- propen -1-yl]-3-
cephem -4 -carboxylate,

m) 7-[{Z)-2-(2-aminothiazol-4-yl}-2-

10 methoxyiminoacetamido}-3-[3-(2-methyl-3-
thiazolio) - 1-propen-1-yl]-3-cephem-4-
carboxylate,

n) 7-[{Z}-2-(2-aminothiazol-4-yl)-2-(2-carboxy
-2-propoxyimino) acetamido] - 3- [3- (2 - methylthic

15 -3-thiazolio)-1-propen-1-yl]-3-cephem-4-
carboxylate,

o) 7-[(2)-2-(2-aminothiazol-4-yl)-2-(1-
carboxycyclobut - 1 - oxyimino) acetamido]-3-[3-(4
-aminopyridinio) - 1 - propen-1-yl}-3-cephem-4-

20 carboxylate,

p) 7-[{£}-2-(2-aminothiazol-4-yl)-2-
methoxyiminoacetamido]-3-[3-(4-aminc-1-
pyridinio)-1-propen-1-yl]-3-cephem-4-
carboxylate,

25 q) 7-[(Z)-2-(2-aminothiazol-4-yl}-2-
methoxyimino acetamido] - 3-[3- {2 -methyithio-3 -
thiazolio)- 1 -propen-1-yl]-3-cephem-4-
carboxylate,

r} 7-U{Z)-2-(2-aminothiazol-4-yl)-2-(1-

30 carboxycyclobut - 1-oxyimino)acetamido] -3-[3-(3
-amino-1 - pyridinio)-1-propen-1-yl]-3-cephem-
4-carboxylate,

s} 7-1{2)-2-{2-aminothiazol-4-yl)-2-
methoxyiminoacetamido] - 3- {3~ (4 -carbamoyl-1 -

35 pyridinio)-1-propen-1-yl]-3-cephem-4-
carboxylate,

t) 7-0(Z)-2-(2-aminothiazoi-4-yl}-2-
methoxyimino acetamido] - 3-[3-(2-amino-5-
thiazolo [4, 5 - ¢l pyridinio) - 1-propen-1-yl}-3-

40 cephem-4-carboxylate, and
u) 7-[{Z)-2-(2-aminothiazol-4-yl)-2-(1-
carboxycyclobut- 1 - oxyimino) acetamido] -3-{3-(2
-methyl-3-thiazolio)-1-propen-1-yl]-3-cephem-
4-carboxylate,

45 41. Aprocessforthe preparation of compounds

ofthe formula (0
m
3
= O W
2 2
le S OR’ o ] lCH cxcuzz
CO0%:

wherein B'ishydrogenora caarboxyl-protecting
group, Zischloro, bromooriodo, misOor1,R’is
hydrogen or an amino-protecting group, and R?is

50 hydrogen, astraight or branched chain alkyl group
containing from 1to 4 carbon atoms, oragroup of the
formula

4 COOR

IR4 Il{
-c}-c}i=cu—33 v -tli-l'-‘EfI--i?-3 ’ or
Rs RS .
’ 4 X
vg{oon,
RS
inwhich R®is hydrogen, (lower} alkyi or carboxyl, X is

halogen, hydroxy or (lower} alkoxy, and R*and RS are
55 eachindependently hydrogen, methyl or ethyl, orR*
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and R®, taken together with the carbon atom to which
‘they are attached, may be cycloalkylidene ring
containing from 3 to 5 carbon atoms, and salts and
esters thereof, which comprises a reacting acom-

60 pound of the formula Vil

©),
s
N = corn
)5
Riun” Ns oR? 4 < S
2
1

Ccoo3

with P(Ph}s to give a compound of the formula Viil,

{01,
R —
WU
31'::::/45/\ or?

K
! l:{; VIII
I NergBien,

cooat
reacting compound Vil with base and C! CH, CHO to
give a compound ofthe formuialX,

CCRE

o), )
s
N O = C 0N
/3 Says :
B N &
ey’ s Nox? JcameacE;Cl
[ade}ex:]

and, if mis 1, reducing the sulfoxide, and subsequent-
65 ly removing ail protecting groups, or furtherreacting
compound IX with Nal or NaBr to give compound X or

Xl
o,
s
CONE: =
X
N
° C.‘E=CEC521
1
008

or

x

xlm/«‘sﬁ Nor?

o),

cont —‘/ s -
R~~~
- H=CHCE,Er
1
ooz

e

n
BY
RIT':R S \ORZ

and if mis 1, reducing the sulfoxide of X or XI, and
subsequently removing all protecting groups, and
70 furtherconverting them, if desired o their phar-
maceutically acceptable non-toxic salt or their ester
thereof.
42. Theprocess of Claim 41, wherein R2is methyl,
2 -carboxyprop- 2 -yl or 1-carboxycyclobut-1-yl.
75 43. TheprocessofClaim 41, characterized in that
the compounds a - cor their non-toxic salt or their
esterthereof are manufactured:
a) diphenylmethyl3-{3-iodo-1-propen-1-vyi}-7-
[(Z) - 2 - methoxyimino -2~ (2 - tritylamino- thiazo -4 -
80 yl)acetamido] -3 -cephem -4-carboxylate,
b) diphenyimethyl7-[(Z)-2-(2-t-butoxycarbonyl-
2 -propoxyimino} -2 - {2 - tritylamino - thiazol - 4- yI)
acetamido]-3-(3-iodo-1-propen-1-yi}-3-
cephem -4-carboxylate, and
85 ¢) diphenylmethyl7-[{Z)-2-(1-t-butoxycarbony-
Icyclobut - 1 - oxyimino} - 2- (2 - tritylamino - thiazol -4
-yl) acetamido] -3-{3-iodo-1-propen-1-yl}-3-
cephem-4-carboxylate.
44, Aprocessasclaimedinclaim37,38,390r41,
90 substantially as described in any of the foregoing
Examples and Preparations.
45. Acompoundasclaimed inclaim 1 prepared
by a process as claimedin any of claims 37 to 40and

-
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44,
46. Acompound as claimed in claim 30 prepared
by aprocess as claimedin claim41,42,43 or44.
47. A pharmaceutical composition comprising a
5 compound as claimed in any of claims 1to0 29, or
claim 45, and a pharmaceutically acceptable carrier or
recipient.
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