[*DESCRI PTI'Q\| 2178032 CEPHALOSPORANI C ACI D' DERI VATI VES
This invention provides novel cephalosporanlc aci ds and esters thereof

havi ng the general fornula [err] mhereln R2_i s hydrogen, |ower alkyl, | ower -
al kenyl, lower 3 al kynyl, cyclo (I al k acyl, Ris h apwer
al kyl , I ower al koxy, Iomer al kanoy ,C S hydrogen, %?1??EFB‘)“

pi val oyl oxynet hyl , acet oxynet hyl, 1-acetoxyethyl, 5-nethyl-2- oxo'l

3-di oxol en-4-yl et hyl 1- X o t
- 4- egcyIoxybenzoyloxynesgguk réfﬁﬁg@“ ALLD B%hmvﬁ&xv ? esters, are usefw

as broad spectrumantibiotics in the treatnent and prevention of I nfectious
di seases of mammal s, and for other purposes known in the art. Background
and Prior Art (A Publ i shed Eur opean Patent Application No. 30,630 dis-

cl oses a vast nunber of 7-acyl am no- 3- vinylcephalosporanic -2- acid

derivatives hfeLueh08ne 1Bhopr8Lides! HBTE 1O ebﬁ%1025€¥ aRikChEias ana

esters thereof having the general formula

CONH

J"‘N = cnscncnza3

N E -8
)
HZN—LN\S N S

. : | COOR4

wherein R2 is hydrogen, lower .alkyl, lower alkenyl, lower

alkynyl, cyclo (leower) alkyl or acyl, R is hydrogen, lower
alkyl, lower alkoxy, lower alkanoyloxy, and
IR4 is hydrogen, pivaloyloxymethyl, acetoxymethyl,
l-acetoxyethyl, 5-methyl-2-oxo-1, 3-dioxolen-4-ylmethyl
l-{ethoxycarbonyloxy)ethyl, or 4-glycyloxybehzoyloxymethyl.
These compounds, especially esters, are useful as broad
spectrum antibioticshin the treatment and prevention of )
infectious diseases of mammals, and for other purposes known i_
in the art. '

Background and Prior Art

(A) Published European Patent Application No. 30,630 dis-
closes a vast number of 7-acylamino-3-vinylcephalosporanic



wherein Rinter alirta may be (lower)al kyl, (lower)alkenyl, (Iower)alkynyl or
carboxy(l ower)al kyl. The conpounds are pre- 5 pared, inter alia, by
reaction of the correspondi ng 3-hal onmet hyl conpound with a
trlarylphosphlne foll owed by treatnent mﬂrh a base and reaction with

f or mal dehyde %n gach _case, 3 flnal sub tuent I S vi nyl roup
é’gé- m é&i@t

There i s ndCHf ISR VRS dng, r8 nythese £ i PE'F‘
propenyl noiety for the 10 3- substltuent There is also no disclosure
or suggestion of an est ; edrug for ing to the
4-Cé¢boxy|ic;acid.nniet§ conpound erei 2C2H has been
referred to in the, kﬁ- K- 027 and as ) U K -
Pat ent SpeC|f|cat|on2 86'oRront ai ns -a MAE=WEL| osure

enconpassi ng a vast- nunber of cephalosporlns mula [err] wherein R

I s hydrogen or an organic group, [err] is an etherlfyuqﬂgnhnnovalent or gani c
group linked to the oxygen-through a carbon 20 atom.Bis [err] or

{/Ie:] r} ?ggw&rsimmo%@ Qlda0wmay be qmeweﬁbeﬂk;ﬂwt ﬁﬁ:?ﬁé&l&%ny'ﬁ,er alia a
-indgge%den %ﬁﬂe¥k¥9%g;é%;;- 5%Fyéﬁpger5alﬁhi J°mp°u465 ;ke pre=
, pared, 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-substituent is the vinyllgroup. There is no disclosure or
A sdggestion of a propenyl or a substituted propenyl moiety for the
10 3-substituent.. There is also no disclosure or suggestion of an
| ester as pro-drug for oral use referrzng to the 4-carboxylic acid

U moiety. That compound wherein R is —CBZCOZH has been referred to
' in the literature as FK-027 and as cefvixim. '
B) U.K. Patent Specification No. 1,399,086 contains a
15 generic disclosure encompassing a vast number of cephaIOSpor
of the formula
R-F-CONH——
)\
Nor? f
“ - =

- wherein R is hydrogen or an organzc group, R® is an etherifying:
monovalent organic group linked to the oxygen through a carbon
20 atom, B is :s-or ' :S¢o, and P is an organic group. In one

. embodiment, P may be inter alia a vinyl group of the formula

a3
’,R
~CE=C

\R4



(1 ower) al'koxycar bonyl, or substituted or unsubstituted aliphatic,
cycl oali phatic, araliphatic or aromatic. However, the 2-am no-
“thiazol-4-yl group is not identified asga possible R substituent and there =
IS no disclosureigg suggsstion about an ester. as pro-drug for oral use
concer niimg wihiehd-RKamnd R dndepentient2pfl may. e Wpdrifend, R{ériX8,and its

di Vi Si oNnalsy,e¥is. h33v14, 024 4., 064, o e e 175, -
6,1 bk Gplafe o004 o6 ndlallitile yfgREE;

U S. Paf¥clondipbatir.oazadiphpticsori arepatice, HRwaver, sbsharemjmiorn .
deri vat ithduzell -4y If growpaibenor identiche®Sas ni o s itde ™Y si8salkyént

o .
vi gyl , l¢ O & Lye.gr as..2- et hoxyprop-2-yl, and
| [esr] a%glg‘rmri?%r_ie' i‘g-dl%gﬁé)%f’kér88p§8§8§€€’2ﬂ%lwglﬂ‘[ F%%ngaﬁy hydr oxy,
“al koxy, PAAEEVgaIfien oFddouse SPAFRYRANTNtHeof -gaRbAiYldicoaesd thefeof] and
][err] , Talskn m@eth?r, 9\m1t,l1l-nshanal ieegagvieimw NELY ﬁro?_qqtlglgclghed, my -
orma a r.qQc ic,r _ or ers,. .Qptiaqna con: '
tai ni ngs‘gﬁ?g‘Héﬁd'Heﬁéiégt'éasseﬂé_b?gdgft:'P(m? r\P%'mEJ% é,sv"a?ﬁd%gt-i 8n¥9§0‘77 ally
subst i t @¥ndd 4p\P9% 8 haver sipilarhdisclpsures. are useful as internediates .
in the preparation of 3-thiovinyl cephal osporin derivatives. There is no
. disclosure or suggestign of a sub- stituted_ or @an unsubstituted propenyl
mPety &dr the 3-Hnf- PatentnNoanf 3P20233 dH8ciRnafe intex 3ddarion
concer nidxyiayas cephalosporgnedeeivhoives abf utiee f formdla 4- carboxylic acid. -
Publ i shed United Ki ngdom Pat ent Applicaiicn1£«x 2,051,062 is concordant

- CONH— I/

. N C—

()
' COOH R o
. : o
in which hs'inter alia may be alkyl, vinyl, cyanomethyl or a
_ ptoteqtive group such as 24methoxyprop-2-yl, and R3 and R‘-are_
15 alkyl groups (optionally substituted by hydroxy, alkcxy, amino,
alkylamino or dialkylamino) orAphenyl groups, or Ra'and R‘, taken
together with the nitrogen to which they are attéched,'méy_form a
saturated heterocyclic ring of S'or 6 members, optionally con-
taining another heteroatom selected from N, O and S, and option-
20 ally substituted by an alkyl group. The compounds are useful as
' intermediates in the preparation of 3-thiovinyl cephalcsporin
déri?ativés. There is no disclosure or suggestion of a sub-
stituted or an unsubstituted propenyl moiety for the 3-sub-
_ stituent and also no disclosure or suggestioh concerning a
25 pro-drug ester for oral use for the 4-carboxylic acid. Published
United xingdomlPatent Application No. 2,051,062 is concordant B
thereto and has a similar disclosure. '

D) _ Published European Patent Application No. 53,55?
_diScloses,'inter alia, 3-vinylcephalosporin derivatives of the



thereto and has asimlar disclosure. D) Publ i shed European Patent
Application No. 53,537 discloses, inter alia, 3-vinylcephal osporin

derivatives of the -4- fofmul a [.err] in which [err] and [err] are the
sanme or different and are hydrogen or al kyl, or taken together, form an
al kyl 'ene -group containing 2 or 5 3 cdtbon atonms, [err] is an acid

ﬁrotectingégyugp [err] is an acid protecting group such as an ester., [err]
and [err] Re same or different and are hydrogen, alkyl (optlonally
substituted by hydroxy, alkoxy, am no,-alkylamno or d|§lkylan1no) or
phenyl groups, om trogen to which 10
they are attachedl nayl ma saturated heterocycJicfring ¢f 5 or 6 Rg
-menbers, opti co i ng anot heg heteroato éasedlny® and S,
~and optional I'# subst& fut ed D& QORRL group. T ds are usef\y as

i ntermedi ates in the preparatig of 3-thiovinyl cephalo B@ﬁln deri vattqves. -
There is no disclosure or 137 \spggestion of a substi el or an
unsubstituted propenyl gro for Rpe 3:substituent and an ester of the
4-carboxylic acid for oral use. E) - U S. Patent No. 4,307,116
di scl oses 3-thiovinyl- o : : ;

in which Rg and R? are the same or different and are hydrogen or
alkyl, or taken together, form an alkylene group containing 2 or'

5 3 carbon atoms, Rs is an acid protecting group, R2 is an acid

' protecting group such as an ester, R3 and 84 are the same or
different and are hydrogen, alkyl (optionally substituted by

hydroxy, alkoxy, amino.'alkylamino or dialkylamino) or phenyl
groups, or R3 and 84. taken togethe: with the nitrogen to which
10 they are attached, may form a saturated heterocyclic ring of 5 or

6 members, optionally containing another hetercatom selected from
N, 0 and S, and opticnally substituted by an alkyl group. The °
compounds are useful as intermediates in the preparation of -
3-thioviny1_cephalospotin derivatives. There is no disclosure or
15 - suggestion of a substituted or an unsubstituted propenyl'group
for the 3-substituent and an ester of the 4~-carboxylic acid for

: oral use.
—

E) _ﬁ.s; Patent No. 4,307,116 discloses 3-thiovinyl-

cephalosporins of the formula : |

: S ;
-C 'CONH~— . _
20 . —l\ oR® J"—N <~ “CE=CH-SR
o COOH

"in which R® is hydrogen, alkyl, vinyl or cyanomethyl, and R inter



cephal osporins of the formula S [err] 20 in which [err] is hydrogen, alKkyl,
vinyl or cyanonethyl, and R inter alia may.be one of a vast nunber of
~heterocyclic rings. There is no disclosure or suggestion of a substituted =*
or an unsubstituted propenyl nniety_for'ﬁ%b 3-substituent and also there is

' di scl ogw [ Of | e, 5 F .
10, SELOBHLE by BRIGR 60 OIvA, Sihtled W SEALBEEIEL 0000 s -
vast numb8f 9#S81Q5pre @ RHGESRNIOn RE ja substitytedneran masuksRitSthdrr]
\[Nher]ei n _Ep’tbbex_@h Boe OF mmﬂmﬁml wag b@saeen%ﬂé%-rhm'ch »
err] in e r kyl., vin cyapno. ne ,_an
~oxi me- pr o?é(s: #mg“’g?g%% ‘s‘{g%s}gﬁ{}} iqaé/la?ﬁ &s\cé.e,:yﬁpeﬁzagoaﬂro?r‘ﬁue“sf’or mul a .
[err] R | |
-°5 F) Published European Patent Application No. 53,074
generically discloses a vast number of 3-vinylcephalosporin
derivatives of the formula ' '

Ra-

wherein Ry, (in one of several embodiments) may be | .
| - | . >
e ge— -cco-
10 | ' '-II - ll L
~in which RS inter alia may be hydrogen, alkyl, vinyl, cyano-
methyl, an oxime-protecting group such as:trityl, etc., or a-
group of the formula ' ' : '
\. CO0Rs . \
c X .
a” "\ b
Rg Rs
15 in'which Rg and 'g are the same or different, and may be hydré-

gen, alkyl or, taken together, an alkylene radical of 2 or .3
carbon atoms, énd'Rg is hydrogen or an acid-protecting radical;
Ria is hydrogen or an acid-protecting radical such as methoxy-~
- methyl; _ AR

20 R°® (in one of several embodiments) may be a methyl group sub-
stituted by a 5- or 6-membered aromatic heterocyclic'ring-'



15 in which,[err] and [err] are the sane or different, and may be

hydro- gen, alkyl or, taken together, an alKylene radical of 2-or.3 carbon

atons, and R is hydrogen or an acid-protggting radical; is hydrogen or an

acid-protecting radi cal such as nethoxy- nethyl; 20 [err] (in one of

Zeve;gl eg&amhi&ﬂiﬁ@ iTtaﬁyﬂéiHﬁﬁdtﬂat@hguﬁu&?b;ssz¢tdg<gipgrla 2, 9L or
*nmenber e ro | containing a single efer oat om

. such as 2- 3%9{%@,&% %kfllf 2&'y él{yh 2- or 3-furyl; and R3 is a _
group of theg wrm@%rqﬁ tihe foqlwlm ch [err] may be al kyI tri hal omet hyl

or optionally substituted phenyl. These conmpounds are stated to be

intermedi ates in the preparation of coga%# &s I n-which the 3-substituent is
a group of the fornmula -CH=C- SR 10 @h are stated to have

anti bacterial“activity. Al though this patent includes the pOSS|b|iity of ~

[errd bei ngnawﬁrémyk G e WX Y, Utt‘%@hhloﬂ@tg%foﬁ %ﬂi%a'i‘?ckeggﬁﬂitﬁted

ring, in bo ct I VI

g ernedlates final
heterocycIP en% bst? %ﬁ%x??ﬂﬁﬂﬂﬂé% a%s &tpred: ke P%f%ﬂ?ﬂﬂﬂ?déiégﬁlFFlEEe[err]
in the 15 prepanaeiomddfitcsmpouhds nal whictuche 03+ gulsest itatent! iand §uanbeﬁf|n

the formula

R*
|
~CH=C-SR
\fs which are stated to have antibacterial activity. Although this
patent includes the poss;bxl;ty of R® being a methyl group
substituted by an N-containing heterocyclic ring, in both the
NG

~ intermediates and final product (thus giving a heterocyclic-
substituted propenyl moiety), the reference exemplifies R° in the

1s .- intermediates and final product only as methjl and further in -
both the intermediates and final product, the propenyl group must

_contain a second substituent (-03_584 or -SR respectively). There
is no disclosure or suggestion of an ester thereof for oral use.

G} Published European Patent Appliéation No. 53,538

20 - discloses, inter alia, 3-vinylcephalosporin intermediates of the
formula

in which n is 0 or i, Rs is hydrogen, alkyl, vinyl, cyanomethyl
or an oxzme-protectzng group, and R3 is halogen.



both the internedi ates and final product, the propenyl group- nust 4 contain

“a second substituent ([err] - SR resﬂeCtlver) There is no disclosure
- or suggestion of an ester thecr oleke pRkalogaee O Publ i shed
Eur opean Pat ent Appllcatlon Ré. 53, 538 20 di scl oses, inter alia,
3- V|nylcephalo orln I nternedi ates of. the - ‘formula [err] N5 in mhlch
nis 0 or pRAkcardon ahﬂykesvKnyhoveianephahgsporinwﬂer;va-:

%i me- pr@we“é Imai %l t pwét dteh&ﬂtibh&caﬁkamgg?ﬁntgrgr&%@?@%gé@mﬂ iﬁ' osure
_ Thi s appl ion relates to novel ph - >
" potent A f%é iD§ UpRshMmaY, a%& ﬁg ‘iﬁgch Heyepransicnbayive ised W/
- orally. relatepadiconpounds idf theaermudaconpounds of the fornmula CONH - .
[err] wherein [err] is hydrogen or a_conventional am no-protecting group '

" fl
: _ K - I
RTHN = _
_ —L s N\or2 CH=CHCR,R.
wherein
Rl is hydrogen or a conventional amino-protecting grohp - .

2 s hydrogen, a straight or branched chain alkyl
having 1 to .4 carbon atoms, an alkenyl or alkynyl
. having 2 to 4 carbon atoms, cycloalkyl having 3 to 6 -
carbon atoms} cycloalkylalkyl having 3 to 6 ring h
members and 4 to 10 carbon atoms, or acyl having 2 to
4 catbon atoms, o |
R3 is hydrogeh, lower alkyl habing 1l to 3 carbbh atoms,
~ lower alkoxy having 1 to 3 carbon atoms, lower
alkanoyloxy having 2 to 3 carbon atoms, and
4 is hydrogen or physiologically hydrolyzable ester : L
groups such‘as acetoxymethyl, l-acetoxyethyl, .
p;valoyloxymethyl S-methyl-2-oxo-1, 3~ dxoxolen-4-
ylmethyl, l-(ethoxycarbonyloxy)ethyl, or
4-glycyloxybenzoyloxymethyl.

R

Also included within the scope of the invention are the

pharmaceutically acceptable acid addition salts, the metal

salts (when R4 is H) and the solvates'(incIUding hydrates)
- .0f the compounds of'Férmuia'I,”which may exist in various:

tautomeric'forms which. are also included, e.g. the 2-imino-
- thiazolin-4-yl form of the 2-aminothiazol-4-yl moiety.

In another aspect, this application relates to a
process fqr the preparation of the compounds of Formula I.



[err] is’'hydrogen, a straight or branched chain alkyl having 1 to 4 carbon
atons, an al kenyl or al kynyl having 2 to 4 carbon atomns, cycloal kyl having
340 6 carbon atons, cycloal kyl alkyl having 3 to 6 ring nmenbers and 4 to 10
carbon atons, or acyl having 2 to 4 carbom™atons, [err] .is hydrogen, |ower

?I‘I%I h?\él ng I1 to ﬁ 3 lg%%wstggs bgﬁ‘;‘éﬁ Y. %aw ]‘F‘o 3 carbon atons,
ower al kanoyl oxy havin ‘tjféjf
physi ol ogi &Ramplay & &%M’G e§YeF orolidy mrchwm@mowymt t‘nq$pect to the

i ?gﬁloxyetmo xyiimidcO z@eqsrret Bll:auEeWﬁwYéa sla%edbeaseéepiél io6meRiY!

oxycar bonyl et . a0 ch on zoyl ox so i ncl uded
within the 3% %% h éFBﬂgﬁr‘@ ¥h% g? r;'r“éal I ;ﬂ"éﬁcgb‘f’oﬁﬁ‘@“am d
~ addi t¥ on satamprises mmlousdlst of( mem}erl]corstd-i)nmw athdesstviieof the

- (i ncludi ng tyeatiamexQfl t?‘i‘éf%QHBQ&‘”déthc rﬁ’ééﬂﬂ@s log ‘i"%‘rﬁxﬂlgaf £ Hgyn

various tautoneric faor whi so_In % 2-1m no-
t hi azol i n- ASANETSH K Hé%eéﬁﬁﬁfﬁ?ﬁiofrﬁe ﬁf rﬁi‘i’eﬁp rFﬁPSHGPH%r aé‘sﬁ&ect

~this appli cdodonmrs.el ates to a process for the preparation of the conpounds
of Formula I.

In addition to geometric iscomers possible with respect
10 to the alkoxyimino group, the compounds of Formula I (and the
intermediates VIII, XII, XIII and XIV) also form geometric (cis
and trans, or Z and E) isomers about the double bond of the

L,, .propenyl group at the 3-posztzon. Both the cis ("Z") and trans
("E") isomers of these compounds are specifically included within
15 the scope of this invention.
Y

The pharmaceutically acceptable acid addition salts of
Formula I are those in which anion does not contribute signifi=
cantly to the toxicity of the salt and are compatible with the
customary pharmaceutical vehicles and adapted for oral or
20 - parenteral_administfation. The pharmaceutically acceptable acid
addition salts include the salts of Pormulé I with mineral acids
such as'hyd:ochloric acid, hydrobromic acid, phosphoric acid and
sulfuric acid, with organic carboxylic acids or organic sulfonic
‘acids such as acetic acid,'citric acid,_maieic acid, succinic .
g~)5 ‘acid, benzoic acid, tartaric acid, fumaric acid, mandelic acid,'
ascorbic acid, malic acid, methanesulfonic acid, p-toluene~
- sulfonic acid and other acids known and used in the penicillin
and cephalosporin arts. Pieparation_of these salts is'car:igd-~
out by conventional techniques invélving reaction of Formula Ia
30 with the acid in a substantially eguivalent amount.

) Those substances of Formula I wherein rRY is hydrogen
also form pharmaceutically acceptable metal and amine salts in
which the catiof does not éontribute significantly to the
toxicity or biological activity of the salt. These salts are

35 élso part of the present invention. Suitable metal salts include



-8-1 As shown in the structural formula, thé conpounds of Fornula | have
the "syn" or "Z" configuration with respect-to the al koxyi m no group.

Because the conpounds are geonetric isonmers, sone of the "anti" isonmer may -
al so be present. This invention 5 ~ cofwi ses corrpounds of For mul a |
cont ai ni ng 0% S | SO f unds of

-« Formul a | a:rfg(aJesqﬁtj"":a 8&}% ggfé&%sgj‘n ? g;&%&ﬁ& eespondl ng ¢

"anti" i sonrﬁ%?iuﬁhbédBPF?fﬁFqW)ﬁjé&ﬁe???(Pqﬁi§ﬁEP§ poking é3%FFh9¥QEﬂ§9§t 10
to the al koxfdon amigesupsed hefogoipstianise Ofwifthr behayl ;(md:mhemmtﬁmdeat es

soner s aboq REAdotp o R ‘3?"?%268%3&3# €8 £06id lipofly Sl 5
Both the ci Lsi %f g‘ﬁg ﬁ%ﬁ%’" FRAR ISt %é@gﬂ%m&eﬂag%r@benwl-
speci fi caIIymnnmﬁ.uMebenl!lnﬂrahinethY1#min§&opeephenimxna,nwenrhd&beﬁﬂyi-

har maceut s gL I t |
ahlch anPohQ?gg%eﬂg;fg§f:i£;iﬁﬁ%:§;§ﬁf%?ﬁy%iggkhy ?oegﬁggﬁﬁg%f%??ééo#nﬂﬁ salt

and are co ?? phar maceuti cal vehicl es and-adapted
for oral or .20 par-enteral adm nistration.. The phar maceutically

accgpt ablﬁ aCIﬂ addi t ¢he ﬁﬁiii%lbg%&lﬂ%tﬁﬁr%i e 8pDé dvtierdl detvaidd) m neral
aCl ds sucC S r rom a. acl n
Bpd LT LY 1 AF ba BIPLER AT Boly BRRAUR Mg BB

sul furic aci*d, ani ¢
as acetic ad@@Qf S@€-t r?be&cﬂu’c? mlferebbxm;ﬁmméeeneé orally since hydrolysis

in many instances occurs principally under the influence of the
digestive enzymes.. Parenteral adminiétration may be used where.
the ester per se is active, or in those_instandes where hydroly- o
sis occurs in the blood. Suitable esters are the acetoxymethyl,
pivaloyloxymethyl, l-acetoxyethyl, l-pivaloyloxyethyl, 3=-
phthalidyl,'p—glyéyloxybgnzoyloxymethyi, S-methyl-l,3-dioxacyclo-gg '
pent-4-en-2-on-4-ylmethyl and others known in the penicillin and
cephalosporin art. The most preferred esters are'l-acetoxyethyl
. and pivaloyloxymethyl. - '

-The compounds of'Formdla I may be formulated for oral
“or pérente:al use in a conventional manner using known pharma-
.. .Ceutical carriers and excipients, and they hay be presented in
unit dosage,fo:ﬁ or in multiple dose containers. The composi~
- tions may be in the form of tablets; Caésules, soluéions, sus-
pensions or emulsions. These'compoﬁnds may also be formulated as (:)
'supposxtorzes utilizing conventional suppository bases such as o
cocoa butter or otber fatty materials. The compounds may, if
desired, be admzn;ste:ed in combination with other antibiotics
including cephalosporins, pgn;c;llins_and amznoglycos;des.

When provided in-unit dosage forms, the compositions
will preferably contain from 50 to _1500 mg of the
active ingrediéﬁe of Forimula I, The dosége-df'thg compounds of
Formﬁlé I is dependent on such factors as the weight,and'age of
the patient, as well as the particular nature and severity of the



acid, benzoic acid, tartaric acid, fumaric acid, mandelic acid, ascorbic
acid, malic acid, nethanesulfonlc acid, p- toluene- sdl fonic acid and ot her

aci ds known and used in the penicillin and cephal osporin arts. Preparation
of these salts is carried- out by conventional .techni ques invol ving
reaction of Fornmula la 30 - wWth the acid in a substantially equival ent.

anbunt . Those substances of Formula | wherein Ris hydrogen also form
pharmaceutical |y acceptabl e netal and iaine salts. in which the cation does
not contribute significantly to the toxFCity or biol ogical activity of the
sal t>~These salts are 35 al.so part of the present invention. Suitable
nmetal 'salts include -9- the sodium potassium barium zinc and al'um num
salts. The sodi um or potassiumsalts are preferred. Amne salts prepared

fromanmines usedgik@igé %th%t&eb ZLrePEOL Clé ¢ }gg%gnigre capabl e of

formng stable s Its W t e acidi¢ ca oxy roup 1 nc r|alkylan1nes
such as tr|ethyliﬁVﬁge’twﬁﬂﬁmdﬁéagﬂl HF%%P treatment will usually
N- benzyl - [err] pbenénhthamange bfephaman1ne 500 No di benz§0e0 mg per day,

ethyl enedi ani ne, a@sax eﬁgmﬂw 28l é#ghayw% rdfﬂ'aaﬂmpammam ne and

di cycl ohex Ianln Z e esters serve as
‘ proydrugs_%y be| g g#ﬁf%&ﬁfé“ﬂﬁr Y 9% FEAEMPYRLS: e an

adult human, a total dosage of from. 750 to 3000
.mg per day, in divided doses, normally will be sufficient.

In the compounds of Formula I, hydrogen is particularly :

-

_ preferred for Rl, hydrogen, acetyl or methyl for R? and
pivaloyloxymethyl or l-acetoxyethyl for-R‘. The most
preferred compounds of the invention are listed below, and

w

experimental details for their preparation and

~ characterization follow. Those which are not shown by
specific example are readily prepared by analagous
procedures.



per se. They are preferably administered orally since hydrolysis in many
i nstances occurs principally under the influence of the digestive enzynes.
Parenteral admi.nistration may be used whel® the ester per se is active, or =
in those instances. where hydroly- sis occurs in the blood. Suitable esters

Ftr et h;a a?:_et qx){ hrrex[pw!;czm%at @yé@xxweﬁh?tbolJ|-4a9§1)ozye{r@£hoxﬁmfno) S
- pi val oyl oxyet hyl', 3- i - gl yeyl oxybengoyl ox : : :
5-nethy|-1,3-diofﬁ??ﬁ?ﬁﬁaﬁgg%fiz%%?gygﬂiﬁfﬁ?ﬁifﬁgj'éﬁﬁeéggﬂFé'knomm inthe =
penicillin and ceprdmeybic¢c nactd, The nost preferred esters are S
1- acet oxyet hyl and pi val oyl oxynmet hyl. The conpounds of Forrmula | may be o/
formulated for oral or parenteral use in a conventional -manner using known
phar ma- - ceut idal lceags eoxyethybxBpilbhd s2- hAdankngthhazbé-grrddnted in unit

dosage &orm or iry, il S 6, i Sa_[The_ Qslanlhopsiomy be in
t he forém'of t abl g@%%%&sﬁrggé%g ﬁ%‘@%ﬁ , gug-agegglggng 8? '.%rrgﬂingns.
These conpounds R8PhEBTARareeRYilated as suppositories utilizing

conventional suppository bases such as cocoa butter or other fatty o

materials. The conpounds may, if_dgsi ke e adm ni stered {n cogli nation. -

Wt h orher ar) bithVALoY e T HhY L o PRm L ahorr B inBE Rt ARl “4sH T -2

aninoglycosidesfoﬂﬁmh¢xymmﬂmd)éaeuamtddpsaQE(zOFpspmeeenempgiqPBens\MII

pref erably cont ai 04 - 1500 .mg of the. - active
TR 4-oazoastable

i ngredi ent of For . gé of the-conpounds of Fornmula I is
dependent on such factors as the weight and age of the patient, as well as

the par£6C“|a¥)naﬂﬂlf(@ﬁ925@¥§£&£M09515981-4-y1)—2-(m§thoxyimino) .
acetamido}—s—[KE)fprop—lfen-l-yl]—3-ceph§m74f . EZ
carboxylic acid,

5) l-acetoxyethyl 78- [(z)-2-(2-aminothiazol-4-yl):2- N
| (methoxyimino)acetamido]-s-[(E)-prop-l-en—l-yl]—s-- '
15 _ - cephem-4-~carboxylate, ' : -
- 6) pivaloyloxymethyl 76-[(Z)-z-(2-aminothiazol-4Ay1)—2-

: (méthoxyimino)acetamidé]-3—[(E)-prOp—laen-l-yl]-3—
cephem-4-carboxylate, -

- 7) 7g—[(Z)—2-(2-aminothiazol-4-yl)-2—(methoxyimino)
20 aCetamido]-3-[(2)—but-1-en-l—yl]—3;cephem—4-carboxylic \J

-—

“acid,



-10- disease, and within the discretion of the physician. However, the
dosage for adult human treatnment will usuajsy_be in the range of from
500 to 5000 ng per day, depending on the frequency and route of
adm ni stration. When administered intramuscularly or intravenously to an

adult human, a gpt a'aé’@ﬁ@ﬂﬁm@ihﬁo’ﬂp 1[(z) -2- (750aﬁ:9notniazo§0(a0ym per day,
A divided doses nall¥ £? ? su fICI t ghe coppounds Sﬁ Fornmul a
|, ‘hydrogen is partl et §¥%? e/ pegtantd 'sﬁﬁé? GBHE-LzERYE L fndrhy!l
for R and pival oyl oxyephéntsecatbogglatget hyl for R4. ~ The nost preferred
conmpeunds of the invention are listed below, and experinmental details for

their preparation and characterization_follow Those which are.not shown by
specific exanpl%)arelfeadtbyypthphré@—gﬂfhﬁa+é@eamlpobbédapés4-yl)&?—
0X

ferr]- 1(2)-2-(2-am ogL bhagpladnd)deds XYL Tt 2910@t et 8halyi]-3-

[ (Z)-prop-1-en-1-yl] - car y

cephem-4-carboxy1ate,

10) pivaloxyloxymethyl 78-[}2)—2—(2-amihothiazbl—4-y1)—2-
(methoxyimino)acetamido]-3-[(Z)—but-l—en-l-yl]—S-
‘cephem~4-carboxylate,

11) 4-glycyloxybenzoyloxymetﬁyl-WG?[(Z)-Q—(Z-aminothiazol-
s | 4-yl)-2-(methoxyimino)acetamidq]-3-[(2)—but-lfen-l-
yl]—3-cephem-4;carboxylate,

U 12) 7f- [(Z) 2-(2—am1noth1azol 4;y1) 2 (methoxyimino)
' acetamido]-3- [(E)-but -l-en- l-yl] -3-cephem~4-
carboxyllc acid,

13) acetoxymethyl 7pB- [(Z) -2-(2-aminothiazol- 4-yl)-2-
(methoxylmlno)acetamldoJ 3-[(E)-but -l-en- l—yl] 3-
cephem-4-ca*boxy1ate,

14) l-acetoxyethyl 73-[ﬂZ)-E—(2—aminothiazol—4-y1)-2—
U : ' (me?hoxyimino)acetamido]-3-I}E)—but-l-en—;—yl]-s-
~cephem~-4~carboxylate,



2) 1l-acetoxyethyl [err]- [(Z2)-2-(2-am nothiazol-4-yl)-2- 5

(et hoxyi m no) acetam do] -3-[(Z)-prop-1-en-1-yl]-3- cephem 4- carboxylate 3)
pi val oyl oxynet hyl [err]-[(Z)-2-(2-am nothiazol-4-yl)-2- - -
(et hoxyi m no) acet am do] --3-[(2Z) - prop-1-€en-1-yl]-3- cephem 4-carboxyl at e, 10
4) [err]-[(2)-2-(2-aninothiazol-4-yl)-2-¥¥ethoxyi mi no)
.acet ani do] - 3-[(E) - prop- 1- en- 1-yl ] - 3- céphem 4- carboxyl i ¢ acid, 5)

e e pe A AT A 02441 {2 damgothtamot-a-y1)-2-
cephem 4- car Hoveydhatay,imino )@Ecect am dx ﬁ&t) -but-1-en-1-yl /-3-cephem-4- o/

[err]-[(2)- 2, | azol - 4-yl) - ‘(met hoxyi m no) acet ar do] - 3-
= [(E) - prop- I-en%TQH?qggg ‘cephem 4- carboxylate 7) _
[err]-[(2)-2-(.2- anlnothlazol 4 yl)-2- (nethoxylnlno) 20

- acet ani do] - 34[)Z
e ), ot e
( met hox n1n6T§3€r 6@]“9&%%5 aQ§E#W§§9]T33[(Eéph@ﬁrh‘%@rbo&&]a@e :

cephem-4~carboxylate,

17) '7@ [(Z) 2-(2-aminothiazol~ 4-yl1)- 2-(methoxy1mino)
acetamldo) 3-[(2)-pent-1-en l—yl]-a cephem-4-carboxy11c
a01d -

18) 1l-acetoxyethyl WG [(Z) 2-(2-aminothiazol-4-yi)}-2- '
(methoxyimino)acetamido] -3- [ﬂZ)—pent l-en- l-yl] -3-cephem~
4-carboxylate, IR S o .

[
Q

19) . 'inaloyIOXymethyI 7ﬁ-{KZ) 2- (2-aminothiazol 4-yl)-2--
(methoxylmlno)-acetamldd] -3-[(2)-pent- 1-en- l-y‘J -3-cephem-
15 4-car boxylate, :

.20) 7@~ [(Z) 2-(2-aminothiazol- 4-yl)-2-(methoxyimino)
acetam1do] 3-[(E)—pent l-en- 1—y1] 3-cephem-4-carboxylic
- acid, -

21) 1-acetoxyethyl 7- IZZ) 2.(24aminothiazpl -4-yl}-2- T\
20 (methOXY1m1no)acetamldo}*3- BE)-pent 1-en-1-yl]-3-cephem-
' 4-carboxylate,



9) 1-acetoxyethyl [err]-[(Z2)-2-(2-am nothiazol-4-yl)-2- , '
(met hoxyi mi no) acet am do] -3- [(2)-but--1-¥h--1-yl]-3- cephem 4-carboxyl ate, .
16) pival oxyl oxymethyl [err]-[(Z)-2-(2-am nothiazol-4-yl)-2-

(et hoxyi mi no) acet am do] -3-[(Z) - but-1-en-1-yl -3- cephem 4-carboxyl ate, 11)
4- gl ycyl oxybenzepl ox pirid1d_y1exyimd )T 27821 @)+t (e afinothiazol-4-yl )~
4xry|) - 2- (met hoxyi m'-n%.a(cet %m dog -_3-4)( Zg - but -'1& ej]é T(E) . ) 1ovl

yl ] - 3- cephem 4- car bo Wamﬁf qﬁ% ming)-dcetamido]-3- )-pent-l-en-1l-y ]-.
[err]-[(2)-2-(2-am n@-vegrim-4-d gribxyied teooxyi m no) ,

acetam do] - 3-[ (E) - but - 1-en- 1-yl ] -3- cephem 4- carboxylic acid, 13) :
acetoxynethyl [err]-[(2)z2-(2-am nothiazol -4-yl)-2- :
(et hoxyi ni no) a@@)ani#fo] L & Y3 (Inaninarhilaze] -4y kbpheinatherporinal e, 14)
1- acetoxyethyl [err]- - 2 41 U AZR £k At5—-1—en—1- -3- -
(et hoxy%m’ no) acet am B_Oi %l% ({o(?Eaéubm)ﬁl] en- 1?1‘;?/?’%/}&%{‘8%elpheenml4-%% .b%x??%?eer?

-~ 13 -.15) pival oyl BcArrasAY i raeid z) - 2- (2- ani not hi axol - 4-yl) - 2-

(et hoxyi m no) acet am do] - 3-- [ (E)-but-1-en-1-yl]-3-cephem 4- carboxyl ate,
' 24) l-acetoxyethyl 7ﬁ-[(Z)—Z-(2-aminothiazol-4—yl)-2—
| {methoxyimino )acetamido] ~3- [( 2 )—3;me thoxyprop-l-en-
1-yl]-3-cephem-4-carboxylate, :

_ 10 25) pivaloyloxymethyl 783- [(Z)-2-—(2-—aminothiazol—4—yl)-2—
~— : o (methoxyimino)acetamido]-3-{(2)-3-methoxyprop-l-en-
1-yl]-3-cephem-4-carboxylate,.

-\ . 26) 7ﬁ-[(Z)-2-(2-aminpthiazol-4-yl)—2-(methoxyimino)
acetamido]-3- (E )-3-me'_cho'xyprop-l-en—l-yl]-3—cephe‘m—
15 4-carboxylic acid, ' -

27) l-acetoxyé'th_yl 763~ [(Z)-Z—(2-aminothiagzolé4-yl )-2-~
(methoxyimino )acétamido] -3~ L(E)—B-—methoxyprop-l-en—
1-y1]-3-cephem-4-c arboxylate,

28) pivaloyloxymethyl 7R- [(Z)—Z-(2-aminothiazol—4-y1 )-2-
L 2o (methoxyimi_no)acetamido]-S- L(E)—S-methoxyprop—l—en— :
1-yl] ~3-cephem-4-c arboxyl ate,



s

2-am not hi azol - 5

16) 4-gl ycyl oxybenzoyl oxynethyl [e - (
-en-1- yl]-3-

rr
4-yl)-2-(met hoxyi m no)acetam do]-3-[ (E)-
cephem 4- car boxyl ate, 17) '
[err]-[(Z):2-(2-am not hi azol -4-yl.)-2- (nethoxylnlno) acetanldo
-3-[(2)-pent-1-en-1-yl]-3-cephem 4-carbd®ldic acid, 10 18)
1-acetoxyethyl [err]-[(2Z)-2-(2-am nothi azol -4-yl)-2-
(et hoxyi m no) acet am o] 3-[(2)-pent-1-en-1-yl]-3- cephen} 4- carboxylate
19) pival oyl @gymet7y- (B@PQF(B&Emihdﬁhﬁanatx4u¢&t#24(&?&r&xyim1no)

R e BAEAT D B S,

acet am do] - 3- peEdspent - 1-en- | - yI]3 cephen}4 carboxyllc acid, 21)
| -acet oxyethyl [err]-[(2Z)-2-(2-am nothiazol-4-yl)-2- 20 -

o o ol L o Rl B3
(met hoxyi m nO)(hgﬁatoa:mzdﬁmadc(eE)mzﬁQm] —'1326 ﬁ-)-)’;brop-&‘t-cﬁﬁhﬂﬂﬂ'ﬂjﬁaﬁbeﬁuéﬂf-e

4-carboxylate,

'31) pivaloyloxymethyl B- sz) 2—(2-aminothiazbl'4-y1) 2~

10 (hydroxylmlno)acetamido] 3- [(Z)-prop-l en-1 -yl11}-3- cephem-
4-carboxylate,

~



23) [err]-[(2) -2-(2-am nothi azol <4-yl)-2-(methoxyi m no) 5

acet am do] - 3-[ (Z) - 3- net hoxypr op- 1-en- 1-yl ] - 3-cephem 4-carboxylic acid, 24)

l~acetoxyethyl [err]-[(2Z)-2-(2-am nothiaz {=4- yl)-2- :

(et hoxyi mi no) acet am do] - 3-[ ( Z) - 3-met hoxyggop- 1- en-

1-yl ]-- 3-cephem 4- car boxyl ate, 10 - 25) pival oyl oxynet hyl

743-[(2)-2- (2- anj not hi azol - 4-yl ) - 2- o S
nmet h i m i -3 ) 13- et rop; L-en-

S-ypy o R A e I R Pt etent o) (2)-prop-a-

[er™-[(2) sepa( QT RIN ] —f= a2 t hoxyi m no) acetam.do - 3- -

(E) - 3-net h?)%yip?%)%@fgg%ﬂ# &H?gecjé%ﬁg‘n%(ﬂ& 4- carboxylic acid, 27)

1- acet oxyethyl [err]- [(Z)-2-(2-am nothiazol-4-yl')y-2- ° - '

(et hoxyi m no) acet am do] - 3-[ (E) - 3- net hoxypr op- 1- en-

1-yl]-3-cephem 4-car boxyl ate, 28) pival oyl oxynet hyl

[err]-[(Z)-2-(2-am not hi azol -4-yl)-2- 20

(et ho&ﬁy‘i nlmrae:eteahwms—B(z)&eﬁgl&wmtho«;qipb-pem-&daydromao)aceta:.ido]- '

1-yl]-3-ce nif car boxyl at e] - 15 - 29) ' o '

[err] - [ (2) ¥ EI=RrPnitas- a2t J-2=garhen-K-naxharyiate, no)

acetam do]-3-[(2Z)-prop-1-en-1-yl]-3-cephem 4-carboxylic acid,

ER'- 1) Pivaloyloxymethyl TB-[(Z)-2—(Z-aminothiazol-h;yl)-2—(hyaroxyininc)acetamido]- .

~ 3-[(Z)-prop-1-en-1-yl]-3-cephem-l-carboxylate,



5

(hydroxyi m no) acet am dol -3- (2Z)-prop-1-en-1-yl]-3-cephem 4-carboxyl ate,

3

(hydr oxyi m no) acet am do] 3-r(2Z)-prop-.

2

[err]-[(2)-2- 2 amnothrazol

e

[

[

[
N

3-

7

30)

1- acetoxyethyl [err] [ (Z)-2-(2-am not hi azol -.4- yI) 2-

1) prvaloyloxyrrethyl [err]-[(2)-2- (Z%nothrazol 4-yl)-2- 10

9 .
nl.yJ

err]

Jae_n 1- yI] 3-cephem 4-car boxyl ate,

4-yl)- 2. (hydr oxym do) acetam do]-3-[(2) - prop 1-

<§‘-z° B e L et ST Rarar bt by oy dmtasdbestestto-

31) pival oyl oxynet l:iy‘f

3-[(2)-pr Jgem4c rboxyl at e,

Jerr]- [(Z‘%, - 2"‘°#’Qy %ﬁ?é’?’gF =S "Z'fﬁ;%’?év&nem no) acet ami do] - 3-
(Z) - prop-1- en 1-yl]-3- cephem4 car boyxl| at e, 32) acetoxynet hyl

err]-[(2)-2-(2-am nothi azol -4-yl)-2-(hydr oxym no) acet am do-

[(Z)-prop-1-en-1-yl]-1-cephem 4-carpoxyl ate, 33)

B-[(2)-2-(2-am not hi azol -

~-[err]-[(2)-2-(2-am nothi azol - yI) 2- (hydroxyrmno)acet-

5 3L)
35)
36)

10
3

38)

._acetoxyne.hyl 73—[(Z)-Z-(g-s.incthiazcl—h-yl)-2-(hydroxyi=.no)acet- '

a=ido)-3-[(E)-prop-1-ea-1 -yl]—s-cephea-h—ca:boxylate,

l-acetoxyethyl 7#—[(z)-2—(2-aainc€hiazal-h-y1)-2—(hydrcxyizdna)aeet-

a.:nida]-s-[ (E)—prop—l-en-l-yl]-3-cephea-h-car'bc:quate .

piveloyloxymethyl 75—[(z)-2-{2-¢=ihctbiazoi-h;y1)-Zé(h&drexyi:ino)acet-

exido]-3-[ (E)-prop-1-en-1-yl]-3-cephen-li-c arboxylste, -

78-( (z)-2-(2;a.nmotuazo1-h-;y1)-2-(hyaromo)aceimuo]-s-[ (2)e3~
~ acetoxyprop-l-en-l-yl]-3~cephen-t-carboxylic acid,

acetoxymethyl 78-{(2)-2-(2-ezinothiezol-k-yl)-2-(hydroxyindino )acet-

e=iéo]-3-[(Z)-3-ecetoxyprop-l-en~1-yl]-3-cephen-b-carboxylate, -

4-yl)-2-(hydroxym no) acet am do] - 3-[ (E) - prop-
1- en-3B)y| 18-B{ T hiZa{raks sarri@¥yl bCyRYizd by e oxydthin )?fefz
7B-[(2)-2-(2-am not hi azol - 4-yl') - 2- (hydroxym no) ace

am do] - 3- {-(eE)-l-p:rbbSiem-W]:-'Samphaﬂé- car boxyl at e,

Q&aﬂqgglguf(E)-nrop—
35) 1- acet oxyet hyl

—~



am do]j - 3 [(E) prop-1l-en-1-yl]-3- cephen}4 capgoxyl ate, 36) pivaloyloxynethyl

7B-[(Z2)-2-(2-am not hi azol -4-yl)-2- (hydroxyg%no)acet- _ _

ani do] - 3-[ (E) - prop- 1- en- 1-yl | - 3- cephem 4~ car boxyl-ate, 37)

7B-[(2)-2-(2-am not hi azol - 4-yl) - 2- (hydroxylnlno)acetanldo] 3- [(Z) 3-

acet oxypr op- 1- vil Capb hi i 0 tyhyl

R L( 2 2 (2 bt 1 285y EGRVFERIL ORI - 2- 15 s Bhn: 261281 GTHRE

ani do] - 3- [ (Z) - 3- acet wawilméno1a9e;amldebhan{&zda.sbexyrtawprop—ss)en-

1- acet oxyet hyl [err]Igﬁga = pREMDAL L ABEky4aYyk) - 2-

. (hy's¥oxyi mi no) acet am do] 25 3- acetoxyprop 1-én-

1-yl]-3-cephem 4- carboxylate 40) pival oyl oxynet hyl 7p-

Egzé 2-(2- a”‘?04®)?Zpdvdld&io£ym5thyl 7 —[}Z) 2-(2-aminothiazol-4-yl)- 2-
y roxylnlno aceta - -ace p

1-yI]- 3" cBphem 4- car @%%f%£&ﬁ%? -afg ng? 3—{?%) 3-acetoxyprop-l-en-
Z)-2-(2- anlnothlazb+yn yB&eepnamdneaarbbnylaaeetanldo] 3- -

E) - 3- acetoxyprop 1l-en-1- yI] cephen} 4- carboxyllc acid, 10.-- 42)

et oxynet hyl m not hi

ydroxylnlno)dgé anwg'fézf %é?8§6§?6811X &1%‘2 (hydroxyimino)

yl ] - 3- cephem 4- car doxyamni @o 43} (E)aBetoryokipropedrpn-1-yl_J-3-cephem~
Z -

(Z)-2-(2-am not hi-azgl ( oxyi m no) acet am do] - 3-
E) - 3- acetoxyprop 1-en C??yé%?flc QXQ& Yl ]-3-cephem 4-carboxyl at e,

[ (
[ (
acC
(h
1-
[

(

_ 10 . 42) acetoxymethyl WQ-IZZ) 2-(2-aminothiazol-4-yl)-2-
(N ’ ' (hydroxylmlno)acetamidé] -3~ {KE) 3-acetoxyprop-l-en-
1- le 3—cephem-4—carboxylate,‘

W, 43) 1l-acetoxyethyl 7a- La- 2—(2-am1noth1azol 4-y1)-2-
(hydroxylmlno)acetamldo] 3-{(E) -3-acetoxyprop-l-en-1-
15 yll-3-cephem-4-carboxylate,

44) pivaloyloxymethyl Zﬁ-IIZ)-Z-(2—aminothia201-4-yl)—2-
' (hydroxyimino)acetamidq]-3-[XE)-acétoxyprop-l-en—l-ylj
. =3-cephem~4-carboxylate,

45) 7@- [(Z) 2-(2-~ amlnothlazol 4-yl)-2- (metboxylmlno)
acetamldoj ~3- [(Z) 3-acetoxyprop-l-en- 1—yl]—3 ~cephem-
~ 4-carboxylic acid, :



44) pival oyl oxynmet hyl [err]- [(Z)-2-(2-aqi t hi azol -4-yl)-2--
(hydr oxyi m no) acet am do] -3- [(E)-acetoxypr 1-en-1-yl3
- 3-cephem 4- car boxyl ate, 45) =X -
[err]-[(2)-2-(2-am nothi.azol -4-yl)-2- (nethoxylnlno) 20
~acetam do] - 3-[(Z) - 3- acet oxyprop-1-en-1-yl ]-3-cephem 4- carboxylic aC|d
216) hacet oxy:ta)ax hydcé¢ esxyme £X¥) - 25@2[{amael(bhammho&hyh)zoi-zt-yl) 2-
met hoxyi m no)-ac (Ao} n-
- 1-yl.] - 3-cephem 4- @§$9g8%¥§ ££§z7§eﬁéﬁﬁgé§9§yg?é ? f@Ffoypr°p° —en= .
(2)-2-(2- am|unrifu1ﬂ-a~9¢phgm-4 carboxylate, O\

nmet hoxyi m.no) acet am do] - 3- L(Z) acetoxyprop | - en-

| ]-3-cephem 4- car boxyl at e, plvaloyloxynethyl 'err]-
(2)-2-(2- am%ﬁnyﬁzggﬁthyeyhgl 7ﬂ-[¥z 2-(2-aminothiazol-4-yl)-2~ -

nEthOXy|”‘nO)aCG@ﬂQ%ﬁ@&yﬁmiﬁgtaée@ﬁﬁiﬁéZpBQQjijeQbétﬁ&bprop l-en—l-'

- 3-cephem 4- carboxgiate
[ (Z) - 2- (2-am not A hroP= 9¢9¢%m2 ThHe HB%V?ﬁ#ﬁo) acet ani do] - 3-

[ (E) - 3-acet oxyprop-1-en-1-yl]-3- cephen} 4- carboxyllc acid, 10 50)'

o A i L AT BT s saon- oy -2-

1-y1] - 3- cephem 4- bmethm&?tmémo5a¢etamade eSyEﬁﬁy+3fe¢$}9xJP¢OP l-en- l—Yi]
[(2)-2-(2- a”‘nOtm4§ﬂﬂeﬁhéﬂJ41Earboxylate,

1-
[
(
y
[
(

49) 7- [YZ) 2-(2-aminothiazol- 4-yl) 2~ (methoxylmlno) ' ' -L)
acetamido]-3- [(E)- -3-acetoxyprop-l-en-l-yl [-3- cephem-- -
4~-carboxylic acid,

10 50) acetoxymethyl 78~ |(Z)-2-(2-aminothiazol-4-yl)-2-
(methoxy1m1no)acetam1do] 3- tﬁE) 3- -acetoxyprop-l-en-
—yl}-S-cephem-A-carboxylabe,

51) 1l-acetoxyethyl W&-[kz)-z-(2-aminothiazol-4-yl)-2-
(methoxyimino)acetamido]-3-[(E)eacetoxyprop-l-en—l—yl)
15 '~ -3-cephem-4-carboxylate, |

52) pivaloyloxymethyl 78-[(2)-2-(2-aminothiazol-4-yl)-2- -
(methoxylmlno)acetamldo] -3~ [kE) 3~ ace*cxyprop-l en- \/
—yl] -3- cephem-4 -carboxylate,



(et hoxyi m no) acet am do] - 3-[ (E) - acetoxyprﬁé%ﬁben-l-yl] 15

- 3-cephem 4- car boxyl ate, 52) pival oyl oxy

yl

[err]-[(2)-2-(2-am nothiazol -4-yl)-2- (mefRoxyi ni no) acet ani do] - 3-
f (E) - 3- acet oxypr op- 1- en- 1-y|]-3-cephen}4 car boxyl at e, 53) [err]-
[(2)-2-(2-am not hi azol - 4-yl)-2-(acet oxyi m no)

:{err-{)é [ eg %%y&lr%lﬁo |azg¥-&-€l[§) %T hgéégkgim?%)

mmtmﬂdﬂ-3
acet oxynet hyl
oxy|n1no)acetan1do§°€¢§m290 %p 12 trpnop+t}-enebplid

34cerhbox¢aaeboggiic

1-acetoxyet hyl [ergds(2)-2-(2-aninot hi azol -4-yl)-2-
- (acet oxyi m no) acetam do]-3- [(z)-prop-1-en-1-yl]-3- cephem 4-carboxyl at e,
pi val oyl-oxynet hyl [err]-[(Z)-2-(2-am nothi azol -4-yl)-2-

(acetoxyim noseapetmd@iyxaeﬂﬁﬁ &t)ez- leydhiRotEeRBEM:4= 9ar)bexylaber.-57)

- 10

5- et hyl
anlnothl

56)

2- 0xo0-1, 3 dIOX

Soor e i you Pifag fade adEs

e?aﬁfé%Tpgg?(iyegI% y1]-3-cephem

prop-l-en-1-yl]-3- €¢p®enbdxyhabexylate 58)
[err]- [(Z) 2- (2-am not hi azol - 4-yl ) -2-(acet oxyi m no) acet -
3-[(E)- p{op | -en-1-yl]-3-cephem 4-carboxylic

ani do] -

10

15

20

. 56)

57)

58)

- 59)

l-acetoxyethyl 78-|(Z)-2~(2-aminothiazol-4-yl)-2-
(acetoxyimlno)acetamldg-s—[KZ) prop l-en-1 -yl] 3-
cephem~4~carboxylate, -

_pivaioyloxymethyl ZB-[(Z)-Eé(24aminothiazol—4;y1)—2-

(acethyimino)acetamido]-S-i(Z)—prop-l—en-l—yl]—a—

'cephem-4—carboxylic,

Sfmethyl-z-oxo—l,3—dioxolén—4-ylmethyl 7@-]}2)-2f(2-
aminothiazol-4-yl)~2-(acetoxyimino)acetamido]-3-|(2)-
prop—l—en—l-yl]-S-cephém-A-carboxylate,

v/ [(Z) 2-(2-aminothiazol-~ 4-yl)-2-(acetoxyimino)acet-
amido]-3- L(E)-prop 1~ en-;-ylj 3-cephem-4-~carboxylic
acid,

acetoxymethyl 74- \jz) 2- (2 amlnothlazol 4-yl)-2-
(acetoxylmlno)acetamldol 3 \jE)-prop l-en- l—yl] 3-
cephem-4-carboxylate,



acid, 59) acetoxynethyl [er

(2)-2-(2- ami not hi azol - 4-yl)-2- 20

r]-[
(acet oxyi mi no) acet ami do]-3- [(E)-prop-I|-e@@i-yl]-3- cephem 4-carboxyl ate,
-60) ~ l-acetoxyethyl [err]-[(Z)-2-(2-antn®®h+azol-4-yl)-2-.
(acetoxyi mi no)acet am do]-3- [(E )-p.rop-1-en-1-yl]-3- cephen}4 carboxylate

61) plvaloyloxynethyl [err]-]

(acet oxyimn

62) 5- et hyl -
(2- aninothiaZOI
[ (E) - prop- 1- en- | - y|9EPH %%¥b% Yrate, 10 - 63) [err]- -
[ (Z)-2-(2-am not hi azol - 4 yI) 2- (acetoxy|n1no) :

07) - SARSREBe gl 72y 23 epbe Th1 Ao €A1 BOXYL by 5L g 64
(acetoiyln1no)acetwmqtﬂoxquxﬁﬁ)ébatambdgﬁﬁaﬁiiEéﬂprdﬁ- -en-1-yl]- 3- :

1-yl]-3-cephem4- cay, Zegﬁ'f%atfecipéaxylét@cet oxyet-hyl [err]-

[(2)-2-(2-am not hia

acet am do]j - 3-
acet oxynet hyl

am not hi azol yl)-2- 5
%RﬂtQKYﬁYﬁﬁlp?épiizénaf(?f?miBOtbbphehrﬁ-Ehﬂbaxylate
ébﬁ%%?fﬁ%ﬂéﬁbéef&ﬂ?&BiL3LQ{2b-p}égllzen— -y1]-3-

yI acet oxyl m no) acet

- (acet oxyi m no)acet am do] - 3 [(Z) 3- acet oxyprop-| -en- | -

yl']-3-cephemgbcar e gHyfL~2-0ox0-1, 3-dioxolen-4-ylmethyl 78- [(Z)-2-

10

15

63)

64)

65)

- 20

66)

(2-am1noth1azol 4-y1)-2~ (acetoxyzmlno)acetamldq]- -
[(E)-prop l-en-1 —ylJ-S-cephem-4—carboxylate,

7@ [(Z) 2-(2-am1noth1azol 4~yl) 2- (acetoxy1m1no; o i.)
acetamldo]—S-[(Z) 3-acetoxyprop l—en— -yl] 3- cephem—
4-carboxy11c acid, - : _

' | -
acetoxymethyl 78- [(Z) 2-(2—am1noth1azol 4-yl)-2-
(acetoxyim1no)acetam1do] S—L(Z) -3-acetoxyprop-l-en-
-yl] 3- cephem 4-carboxy1ate,

l-acetoxyethyl ne-]KZ) 2-(2-aminothiazol- 4-y1) 2-
(acetoxylmlno)acetamldo] -3~ L(Z) 3- acetoxyprop -l-en-1-

yl]- 3-cephem-4—carboxylate,'

pivaloyloxymethyl 7/~ EZ) 2~ (24ahinothiazol 4-y1) 2-

(acetoxylmlno)acetamldoj 3~ [(Z) 3-acetoxyprop-l-en-1- \./ .

yl]— -cephem-4—carboxy1ate,

i



66) pivaloyloxynethyl'[erf]- [(Z)-2-(2-am nothiazol-4-yl)-2- 20

(acet oxyi m no) acetarni do]-3- L(Z)-3-acetcxyprop-1-en-1-

"yl - 3- cephem 4- car boxyl at e, 67) :

5- et hyl - 2- oxo- 1, 3-di oxol en- 1-4-yl methyl [err]- [(2)-2-

(2-am not hi azol - 4-yl)-2-(acet oxyi m no)acetam&]=3-[(z)-

3=~acet oxypr op-1-en-1-yl]-3-cephem 4-carboxyl ate, 5 68)

[err]-[(2)-2-(2-a nothi azal -4-yl )-2-(aget oxyim no . o _
acet ani do] - 3- [ ( -;4%:TQ&%&X%&%&%@%TQ!§T%3%¥82%ﬂé%¢ﬁ:y%@ﬁfk&§[W%‘1@?67269)
acet‘sxynet hyl [e&?&am{ddﬁhﬂa(dlaﬁ#mbbhEatabeﬂeyyimfholﬁbetamidq}-3-{(2)-
(acet oxyi m no) acet g s 3nh{ B - 3-acet rop-J1-ens1-
-3-cephen}4-carg%xy af%&yé%ééEa1é%2£t%§;£€h§€p&eﬁ 4 cg}goxylate,
[err]-[(2)-2-(2-ani nothiazol -4-yl)-2- -

(acet oxyi m ng ageg am dfgi;%ciifé:@aﬁaﬁiﬁawiaﬁ%f'@r&ﬂwél(&éetoxyimmo)

2 3- cephem 4- car boxy| at - v
Lerr1 10D 2-( 2-3hR b oo LiB] 13- 8¢ EERYBROPTH T hrowl] -3-cephem-4-

am do] - 3-[ (E) - 3-cassonypi®padi@n-1- -yl ] - 3-cephem 4-carboxyl ate, 20 72)

5- met hyl - 2- oxo- 1, 3-di oxol en-4-yl nethyl [err]-[(2)-2-

~ (2-am not hi azol -4-yl)-2- (acet oxyi m no) acet am do] - 3-[ (E)
-3-acetoxyprop-]ﬁﬁﬁrJ:gd@teﬁymephwh}4364jb®x3+azeaminothiazol—4-yl)-2-

10 (acetoxyimino)aCetamidd]-3-L(E)-3-acetoxyprop—l-en-l-yl]
_-3-cephem-4—carboxylatet

70) l-acetoxyethyl ﬂﬁf[ﬂz)—2—(2—amin0thiazol—4-yl)-2- '
(acetoxyimino)acetamidb]—3-1(E)-3—acetbxyprop-1-en¥1-y1]
'\J,_ 15 -3~cephem-4-carboxylate,

71)  pivaloyloxymethyl 78-[(Z)~-2-(2~aminothiazol-4-yl)-
‘2-(acetoxyimino)—acetamidd]-3-[KE)—3—acefoxyprop-1-eh-1—
yl]-a-cephem-4-carboxylate,

- 20 o -
72)  5-methyl-2-oxo-1,3-dioxolen-4-ylmethyl 7£-](z)-2-
(2—aminothiazol-4-yl)-2-(acetoxyimino)acetamido]-3¥I(E)
—3-acetoxyprop-l-en—l—yq]-3?cephem-4-carboxylate,

~ 25 73) Zﬂ—I}Z)—Z-(2-aminothiazol-4-y1)42—(isopropyloxyimino)
o acetamido}-3- [(Z)-prop-1-en-1-y1]-3-cephem-4-carboxylic

acid,



'25"73) [err]-[(Z)-2-(2-aninothiazol-4-y|)-2-(isopropy|oxyihino)

acetaam do] -3-[(Z2) - prop-1-en-1-yl - 3-cephem rboxylic acid, 23 5 74
1-acet oxyethyl. [err]-[(Z)-2-(2-am nothi azol* 1) - 2-
(Lsopropyloxyinind)acetanido]-3-[(Z)-pnpaF§:pn-1-yl]

- 3-cephem 4- car boxyl ate, 10 75) -pival oyl'oxynet hyl

~[err]-[(2)-2-(2-am nothi azol - 4- yI)

-2- (i.soprepyl gy M0QkedeKyRd ((zZ))-zOI@a}nierrbtmazol 4-yl)-2-
1-yl]-3- cephen}4 c?rboxylat

rr
2-am not hi azol - 4- y|{L SOPECIPY ﬂi%ﬁmﬁéﬂb 4&$am130 -3-[(2)—prop 1-en-1-yl1] 1‘/

acet am doj - 3- [(Z) peepebhem-kqddrﬁbxymﬁuyn4- carboxylic aC|d 77)
1-acetoxyethyl [err]-[(Z)-2-(2-am nothiazol-4-yl)-2-" : ,

(al | yl oxyi mi no) acet am do]-3-[(Z2)-prop-1-gn-1-yl] -3- 2C '
~ cephem 4- éérb@ﬁylap@vai@qumwmﬁtnmlnqﬁﬁaG%d -2-(2-aminothiazol- 4-y1)

Z)-2-(2- |
Ehests dé] A [(2) %m %(r)téql p%lsq’ﬁyi"g‘“cée%hie% ‘fagn'%ﬂ Ll(tZ)‘pz“5°p79’)'e“'
lerr]-[(2)-2-(2-anitm¥d -a?z-&emegm—)‘l-z:%r&qm Hﬁ:no)
acetam do] -3-[(Z)-prop-1-en-1-yl]-3-cephem4-

_ 76) 78 - [(Z) 2-(2—aminoth1azol 4-yl)~2~ (allyloxylmmo)
15 .acetamldq] -3-1(z)-prop-1-en-1-y1]-3-cephem-4-
' carboxylic acid,

)

77)'_1-acetoxyethyl ZB-BZ)-Z—(2-aminothiazcl—4-yl)—2— A
(allyloxyimino)acetamidq]-s—I(Z)—prop-l-en-léy{]-s-
2C¢ cephem-4-carboxylate, ' ' - : ' -
78) pivaloyloxymethyl Z@é[lZ) 2.(2 aminothiazo7-4-yl)-
2~ (allyloxylmlno,-avetaxlco]- -L(Z) pro“—l e“—l-ylj
-3—cephem-4-c@rboxylate,
28 ' |
79) 75-[(Z)-2-(2-aminothiazol—4-yl)-2-(eth:xyi¢inc)
' acetamido]-s—ljZ)-prop-l-en-l—y;J-3-cephem-4-
carboxylic acid, ' -
36 80) l-acetoxyethyl 78- [(2)-2-(2-amincthiazol-4-y1}-2- W

(ethoxyimino)acetémidq]-3—[(Z)—prop-l-en—l-yl]-s-
cephem-4-carboxylate, ' '



carboiylic acid, 30 80) 1-acet oxyet hyl

[err]-[(Z)-2-(2-amnothiazol -4-yl)-2- _ '

(et hoxyi m no) acet ami do] - 3-[ (Z) - pr op- 1- en-1-88 ]- 3- cephem 4- car boxyl at e,
81) pi val oyl oxymet hyl [err]- [(2)-2-(2-am nothiazol-4-yl)-

2- et hoxyi m no) acet am do] - 3-[ (Z) - prop-1-en-1-yl]-3- cephem 4-carboxyl ate,
82) [err]'[(Zﬁ42-(Zpamaﬁﬂyﬁdxyﬁethxm)WZPE&A&HZﬂﬂaﬂamrndihiazol-4-y1)-

met hoxyi m no) acet am doj_-.3- - O, - en- 1 -3- 4-.carbqxyl,i cid,
Rl b deic i i
enyl-yF]égycephenyﬁ-carbpxylate,.10 84) ppi\F/).anonxynEthyI [err] - |
(b1 opr opyl et By | AT Gk A (hass opd ) -2~ (eyelopropyl-
en-l-y|]r3}Cepheﬁ}4?C&M@nqﬁyﬁm&ndﬂacetdmﬂdd}-s-[(Z)—propfl-en-l—yl]—S-
135 S el R A ) e Sl B

1-acet oxyethyl [err]- [(Z)-2-(2-aninothiazol-4-yl)-2-

- (propar gyl oxyi m - aget P Z) ey 2T L-£0-5L- s A _o
VI ]-3-cephem 4- cdz’ﬁbox?] zﬁ%yéﬂfl 7/!0 f(pl)l 2 2laminothiazol -4 yl)-2 ,
. : (cyclopropylmethoxyimino)—acetamido]—3—{(Z)-prop-l-

en-l-y{]-3-cephem¥4-carboxy1ate,

(L 10, 84) pivaloyloxymethyl 78- |(2)-2-(2-aminothiazol-4-y1)-2-
' (cyclopropylmethoxy-imino)acetamidq]-e- EZ}-prop-l-
en-1-yl}-3~cephem-4-carboxylate,

85) 75-BZ)—Z—(2;aminothiazol—4—yl)—2-(propargyioxyimino)
acetamido]-S-[(Z)-prop-l-en-l-yl]—3-cephem—4icarpoxy~
1% . lic acié¢, - |

86) 1l-acetoxyethyl 74- [(Z)-2-(2-aminothiazol-4-yi)-2-
'(pbopargyloxyimino)-acetamido]-e—[kz)—prcp—l—en-l-
yl]—s-cephem-4-carboxylate, :

87) pivaloyloxymethyl Z@—_EZ)fZ-(2-amincthiazol-4;yl)—2—
- 2G (propargyloxyimihc)acetamido]—s—[}Z)eprcp—l—en-l-ylj
-3~-cephem-4-carboxylate,



87) pi val oyl oxynet hyl [err]- [(Z)-2-(2-am nothiazol -4-yl)-2- 20
~(propargyl oxyi m nc)acet am do] - 3- (Z) - prog2&sen- 1-yl ] - 3-cephem 4- car boxyl

at e, (88) (5-nethy|-2-oxo-1.,'-dioxolen-4-yl)nethyl [err]-[(2) L
- 2- (2- ami not hi azol - 4-yl ) - 2- (hydroxyifino) “aceta- = - o '

m do] -3-[(2Z)-prop-1-en-1-yl]-3-cephem 4-carboxy- |ate. (89) .

| - (et hoxycar bonyl oxy)ethyl [err]-[(2)-2-(2-an nothi a- - ot
ol -4-yl)-2-(hydroxyi m no)-acetam.dol -3-[(Z)-prop- 1l-en-I-yl o

- 3-cephem 4-carboxyl ate. The.in vitro antibacterial "activity of parent .
cephal osporanic acids of Formula | is shown in Table 1 in terns of o/

geometrll(‘a an of t%eflséqry&mémo&ghibbt_ag_éxﬁggﬁem*rgt,h%i M@ )z Wwhi ch were

detern1ne by the & seri al Ier-Hlnton

agar agai nst 25 sthnﬁ%;amingﬁgﬂaep@aﬂryﬁﬂsZrhhx¢§9§Nkm&ﬁ9 'ﬂﬂﬁﬁﬁtz shovs the

nouse bl ood | evel sniqclprgo.[c(mggewu_seaf-ll;gnmutacéphdmmmmt ernm ned
-after oral adm nistrations le 3 shows the in vivo activity of pro-drug

esters of Fornul a aEﬁﬁm nst S. aureus Smith, E. coli Juhl, Pr. mrabilis
A9900, Pr. vulgaris A9436 and Ser. marcescens A20019. Tabl'e 4 shows the

urinary (egovery of. cAndiitattiotiyloxy )yl 78-[(2)-2-(2-aminothia-
zol-4-yl)-2f(hydroxyimino)-acetamido]-;-[(Z)-prop-
i-en~1-yll-3-cephem-4-carboxylate. o

..
&

The in vit:c antihacterial activxty of parent
cephaldsporanic acids of Formula I is shown in Table 1 in terms
of geometric mean of the Minimum Inhibitory Concentrations
(MIC's) which were determined by the two-fold serial agar
dilution method in Mueller-Hinton agar against 25 strains of test
organisms in six groups.

Table 2 shows the mouse blood levels of p:o-drug esters of
Formula I. whxch were determlned after oral administrations. , W

Table 3 shows the in vivo'activity of pro-drug ééters.df
Formula I against S. aureus Smith, E. coli Juhl, Pr. mirabilis
A9900, Pr. vulgaris AS9436 and Ser. marcescens A20019.

Table 4 shows the urinary tecovery of various esters,in the
mouse. ' ' -
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tro Activity of Cephal osporin Acids [err]

.6

nouse. ° -45- Table | v
Ceonetrire nean of MC (m:g ) 5 Conpound No. , _
Cpla Gplb . Gila  Gilb- Gl (BW No.) Z&* - lerr]l [err]
(5%) (5) (5) (5) (5) 29 (25332) z H- H 0. 20
.40 0.066 0.35 - 6.3 37 (28266) H OAc  0.17
40  0.025 0.1 1.1 53 (28270) :-»? Ac H 0.17
40 - 0.057 0.26 3.6 1 (28098)%8bi&l  [¢ry] 1.8
6 0.1  0.52 2.4
6~ 03 091 &—gé’—'-p%?%" of “’h'%g‘rr’r’}“ “f%??l] 18
1 0. 30 0. 80 6.3 (2 20 [err] . [err] - 1.8
1 0. 69 1.8 14 17 Tﬁ? [ernr] [err] 1.1 .1
.53 ..1.2 7.2 15 c#uggéu 1.2 2.4
.46 0.91 6.3 45 %824 | r 1.2. 1.6
.05 0.15  0.91 49 (25280) ﬁﬁ . [ ¥ OAC 0.53 1.6
.025 0.087 -0.60 23 (28157) 2 Terr] [err] 2.1 2 4
1035 5 5 79 Y828235) = 7 Lgcrq.eonetrﬂﬂ wean of MiC2(d-g/ml) 3.
30 COmEQund ¥os8 20 (28233) Z6plg er rGpId HOnla  Golp 69.217
53> 1(BMY Nogl 115_@&34)_413__[&&_ ?5) pes) 15 )3
30 1 ()(28235) 2z B B 0.20 0.40 0.066 ©0.35 6.3
37 (28266) 2 B CAc  0.17 0.40 0.025 0.3 1.3
\ 53 (28270) 2 Ac E 0.7 040 0,057 0.26 3.6
1&/;  1 (280%8) 2z  CHg E 1.8 36 0.1 0.52 6.3
| 4 (282520 E CB; E 2.4 3.6 0.3 0.1 8.4
7 f2810 z  cEy cE; 1.8 31 0,30 0.80 6.3
12 (28200 E CB, . CE; 1.8 41  0.69 1.8
17 (28215 2z - C€B,  CBiCBg 1.1 1.6 0.53 . 1.2 ¢ 7.2
15 20 (2821 E  CB, CECHy 1.2 2.4 046 0.91 6.3 )
45 (282¢9) 2z CE; . OA L2 1.6  0.05 015 0.5
49 (2828 ©  cE, OA:  ©0.53 1.6  0.025 0.087 0.60
- 23 (28157) . 2 ce,  OCEy- 2.1 2.4 0.30 0.35 5.5
79 (28238) z CEx B3 B - 2.1 3.1 0.30 -0.51 2.3
20 73 (28233 2z CE(CEp: B 1.6 2.9 0.53° 1.2 8.3
76 l28230) 2z CECE=CEy B . 14 1.8 030 1.0 2.3
§5 28237 2z CHJCECE E 1.4 ' 1.6 0.23  0.81 14.0
82 2823) z ¢, <] E 0.8 1.6 070 1.2 .83
| Cefadroxil ] IR YO R N 8.3 17 2100
25 0.7 4.7 0.52 11 >100

- Cefacloer



.85 28237  Z  [err] . H 1.4 1.6 ~ 0.23 0.91 14.0 82

%236) z [err] - H- 0 8 1.6 0.70 ~ 1.2 8.3
flacr oxl , - 3 ' 8 3 17 > 100 25
Cefaclor § I“ '0.92 11 > 100
[err] : ' - 4.7 12. 0. 016 3 1 3.2 (FK-027) G&p-la:

'Pen|C|II|n(PC3 sensitive S. aureus P-1b: " PC-resistant S. aureus 5

Gn-la: Cephalothin(CET)-sensitive E. coli (2 strains), K  Pneunoniae (1)
and P, lis (2) Ga-1b:  CKT-regigtan . €O 3) syd K unoni ae
e C%Réﬂgxw 25 oOblo?) 2 gre

M norganii (1), E. cloacae ( narcescens (2) [err

Tabl e use Bl ood Level s of Pro-Drug Esters n

100 ng/ kg. po 5 .Conpound No. . [err] [err] '

AUC (BMY No) Terr]l [err] [err] [err] (nea/iol) (Hr)  (nea hrim) 30- -
. (282&¥L144“"ﬂeﬂfﬂiﬂlié¥fd)4£iﬁlit£ve3§ aure&s3 61 - 9.9

Gp-1Ib: '?C-:esistant §. sureus
5 Gn-Ta: Cephalothin(czr)—sensitive E. coli (2 strains). X,
-  pneurcnize (1) and P. miradilis (2)
Gn-Ib: CET-yesistant 2. coli (3) and R. pneumoniae {2)
Gn~II: 'n. morgenii (1), t.-cloacae (2) and S, ma:cescens (2)

- - | | s - .
: N 1 f& _ CONE~——t” . J
| ' ) % )-CEeCE =
. : EZN—L \ : ) &"-h <~ . ) .
' OC32CODH COOE
- o



e amemg o i 8 - e

39 (28277) [err] QOAc [er'r] [err] 55 (28258) [err] [err] [err] [err]

27 0.8 40 7.6 0.8 9.4 10 3 (28099) [err]
‘Terr] [err] [err] 33 2.2 _ag/62F 6.9  2.42 (28191)
[err] [err] [err] [err] 50 2.3 [err] 21 1.9
37 5 (28255) [err] [err] [err] [emaple0 2(28155) [err] [err] [err] [err]
2 3.0 31 6.7 4.0 (t25225) [err] [err]
[err] [err] Mouse Blood Levels of Pr:p- rug | 13 15 9
(28170) [err] [err] [grr err] 58 5.0
[er’ny - 7.1 11 ﬁ [err]c[°elFr rr :
5.4 - 2.30 ('Lgmg) [err 55 ‘
7.0 ferr] %1 21 [err] JLerr] ferr]
[err] . 46 - 2. 5 . [err] 9 1¢°°,‘4 1 9 25
(28158) [err] [err] [err] [err] : : 27 3.3
1.7 1 20 24 (25171) [err] [err] [err] [err] 25 1.1
21 n 1. 3 _6, 2ier 2 2 : 20 :;Ik;. po o 26
. T1/2 A
%852 CoR ougs ° .;_.e ].‘-_u_"_l_ ‘g 0 _{gugg_){ ca/al (hr) . (weg briml)
57 69 12 16 1) PV = [err] 2) AM
= [err] 3) AX = [err] 4) CBM= [err] * y : : :
Table3 In vivo Activi_ty of Pro-Drug Esters imMce _
' 30 (@) = % a¥ 3 % . 13 ] 5.9 10 16
. 39 (28277) B Oac A 2
55 (as8) A 3. A& T °.3 40 7.6 0.9 9.4
'u - ' . __, .
10 3 (@omycag 3 wla o220 W e 24 18
(2211) ey .02 2.3 (TR A X B A
5 (2e235) cx, 3 A X | | B
10 (2855) cB; C€B3 ¥ 2 2 3.0 s 6.7 4.0 7
8 (28225) cn, CBy o) g 7.4 . 12 1s
15 .9 (28170) c35 €2y AX 2 a 1.5 ‘88 5.0 0.80 7.1
11 (2021) cx5 cx; emY 2 s 1% 13
14 (28208) €33 €@y A& - X s 7.6 6%t 2 239
AL/18  (28216) CB, CHiCBy AX 2 46 2.8 L S B 1.9 22
25 (amss) cm; omy ooz M 33 ;33 17 6l
20 24 (28173) CBy OCBy Ax T 1S 1.1 21 43 1.3 6.2
Cefaclor - 26 1.2 3 8.8 c.91 - 8.9
Cefvixin - "_ S 28 1.6 ¥ . 10 1.8 28
Cefadroxtd ' ) 1 1.6 1) o 1.4 1
1) PV = --cnaocc.x:((:ns)3
2) AM = =CH,0COCH, |
3) AX = ~CH(CH4)OCOCH4
4) CBM = —cizocp—/<=\\-—-ococn?_m2



55  (28258) -
3 (.28099)
2 (-28191)
20 (28158)
10 8 (28225)
5 ( 28170)
11 (28231)
14 ‘( 28205)
25 28158
15 24 (28171)
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3-position is converted to the substituted propenyl noiety. on the other
hand, in Schene 2.the 7-am no group of the starting Conmpound Il is
protected as a 'Schiff's base during nost of the reaction stage and the
desired 7-side chain acid is added | ater «3p-t he synthesis. Debl ocki ng of
bot h Y and XXV gi ves the parent ggids l-a which are converted to the
pro:drug est eP&€1 b 7By LefindsirRRE Ror dagludesyshpem s8PReSROUPSShOWs t WO
al t er nat e neairsclofdedoimtier ot ivitponndf IRf eecéjtnforntydfogenOne i s the '
direct route of the reaction of the chloro derivative IV with

tri pbenyl phosphi ne to give.the phoni um and ot her, | haj. the ¢hloro
derivative is converte ﬁcglibﬁes%l}?%gcﬁq?{’\%g ?gﬂ%%ngﬁfﬁﬁf%\/?'f’rﬂfnc&f% i's
reacted with PFiHHENIPHRSUSARNER (thegr3Ein 82800 s FASAI thA WFOURIRS &hes no
signi ficant difdesigdecr iretompeertdicnpi the Bobstitwtedsprijemylli noictyhenen 2 -
e oyl AL O G e o e b O g e 7 Ioved
is acyl ation 2~ z0 i npoun ol | one
by debl ocki ng&%moggéghp%%n% %58&#%5 é?h‘er%:hé? c?lbétsleoguwnﬁhm%stt H’l)éa Tyl acid
11 havi ng 2-Fe3rtdeactABeaAPActes denited R-gide \ghadpnegidyisupddad daver
Conpound VI | liwitihehsystheslisec kiebloek Gonedubdtl M IInafEaavi oiveéichbees 1 and
2, the benzhyghxntgboids WaSwEIEIMarasScddierie &l €& ke ﬁfém\%léﬁé}tseﬁﬁ'&g
group. It wl orR%n@?QﬂﬁC'SQE@Qd\F%st hose skilled in the art "that ather:

S, we

car boxyl - protecting grodp “known in the art, may be used. The
acylating acid I11 or XX may.be used in the formof a deriva-
' Reaction Scheme 1 shows two alternate means of going

from Compound IV to Compound VI. One is the direct route of the
reaction cf the chloro derivative IV with triphenylphosphine to
give the phosphonium and another is that the chloro derivative is
converted to_the more active jodo Compound V, then this is
— reacted with triphenylphosphiqe to give the phosphonium VI.
There is no significant difference between them in their yields.

(-

Reaction Scheme 2 shows two alternate means of going from
Campound XIII to Compound Ia. One is acylation of XIII with
Z-Aﬁinothiazolyl acid XX to Compound XIV followed by deblocking

~ to Compound Ia. The other is acylation with a thiazolyl acid Il
having 2-N-protected-amino {such as N-tritylamino) group to give
Campound VIII which is deblocked to Compound Ia.

_ " In Reaction Schemes 1 and 2, the benzhydryl group was
shown as the preferred carboxyl-protecting group. - It will be
appreciated by those skilled in the art that other carboxyl-
protecting groups, well-known in the art, may be used. The
acylating acid III or XX may be used in the form of a deriva-
tiVe such as its acid halide, activated ester, mixed acid an-
hydride, all of which are well-known in the art. Acylating
acid III also may have its amino group protected by any of the
‘common amino-protecting groups, e.g. N-trityl,'N-fofmyl,'N-t-
butoxycarbonyl. ' ‘ '



tive such as its aCid'haIide, activated ester, m xed acid an- hydri de,
al so may have -
its am no group protected by any of the commn am no- protecting groups,

all of which are well-known in the art.. Acylating acid Il

e.g. Ntrityl, Nfornyl, N-t- butoxycarb

t hg phosphonlun1halide'(VI or X) to give ?he phosphorylide (VL

be NaOH, [err] | RA-4me[msq vsedi to. doRdef £rthle. psssshon@ﬁmtmzlabkm Qr a

;nuﬁts?r teu: 235@0%0 Q L% Bpflyéd d@ﬁ/l At (7(95
We have fouﬁgs‘t iﬁz

ehyde or
EE#R pen erl va? N? (or Xl
fﬁﬁj“‘)(l ?ﬁ 3X Ft%n |18F Ha’a“‘at“zeE
rati o of ab&herees: 1Ra!‘=¥#ﬂ!' 9%( !Ehﬁ)rxipiéﬁyvfyl d@nfxghmhoqeemﬂlebydbrqxound

VI from VebbéEihiaea dretaddetigdy atilingivé RheZ3oprdpeayl add ivatiddarizs

=

The base used to convert -
or XI) may _

di fference ngy Jbe in the route used, but in the conditions utilized in
the Wttig reaction (Wl to VIII or X to XlII). W have also found that
the use of an appropriate lithium halide such as lithiumchloride, lithium

broni de or |ithium i ¥dibave fouhd that: Cgmpaund: KOh Tmws ¥l (gghesec?ent of the

yiel d and. pyypiyaxily hhe aNz:E gatbRE aBowt sl M Ithe( 9s (24

i :ﬁcg gon s gaeithg%ﬁ CiHi189cShloutfal 91 P1 12 oM AsERime A)

:Lﬁen$1tlﬂ Qﬁ]

exc srvely ha&zthe 2 configuration. The difference may not be

in-the route used, but in the conditions utilized in the Wittig
reaction (VII to VIII or XI to XII). We have also found that the
use of an appropriate lithium halide such as"lithiﬁm chlorige,

lithium bromide or lithium iodide in the Wittig reacti
improvement of the yield and purity of the Wittig reac
product VIIXI (or XII). The reaction is preferably car

on caused
tion
ried out

with 5-15 equivalents of the lithium halide. If desired the z
isomer of .the Compound XIII.(XIII(Z) in Scheme 3) may be '

converted to the correspondzng E isomer (XIII(E)) by

‘photochemical reaction in the presence of a sens;tzzerg

reaction is usually carried out in a solvent selected
methanol, ethanol, propanol,.benzene,-toluene, acetone
acetonitrile, dichloromethane, DMF, ethyl aeetate, THS

in the presence of 0.5 - 10 egquivalent(s)

The
from

’

‘ pyridine
of a

sensitizer selected. from acetophenone, benzophenone, benzil,

naphthalenel'ethyl pyruvate. L In the Scheme 3,_R‘a
means hydrogen or benzhydryl. '
_ Deblocking of VIII (or XIV) to Ia is usually carried

out with trifluorcacetic acid (TFA) in an adeguate solvent in the
presence of anisole. The acid Ia thus obtained was pﬁrified by
reverse phase column chromatography utilizing a glass columh o
containing the packing removed from a Waters' Associates PrepPAK-

- 500/Cla cartridge.

The ester Ib may be prepared in a conventzonal manner,

-for example hy reacting the acid Ia or a salt thereof

(sueh as

o



i somer of the Conmpound XIIl (XI11(Z) in Schene 3) may be converted to the
corresponding E isomer (XII1(E)) by photochenical reaction in the presence.
of a sensitizer. The reaction is usually carried out in a solvent sel-ected
from net hanol ; et hanol, propanol, benzene, ipluene, acetone, acetonitrile,
di'chl or onet hane, DM, et hyl acetate, THF, pyridine in the presence of 0.5 -
10 equi val entsso@ﬁ.ua.smstsxmu saaaiyédmﬁomnacetophermu benz;qnheaOne
benzi |, napht halsgRBun®t ¥ |cHdY ¥ M fa In'the Schene 3, R
means hydrogen or benzhydryl. Deblocking of VIIl (or XIV) to la is usually
carnied out with trifluoroacetic acid (TFA),in- an adequat e solvent in the
presence of anisole. The acid |la thus obtBit¥d was purified by reverse
phase col uim chromat ography utilizing a glass. columm containing the packing
removed from a MAter s y ASSQRhaLES JIGRPAX- jfécf‘é ahaCé tﬂb‘lgg ;? seEi%E Eal D
may be preparea’ in a conventional nanner, Tor exanple eac i ng t e acid
la or a salt tH&C8of (such as - 32- SOdI um potassium triethyl ammoni um
etc.) vvlth a hal ogenat ed conpound of the fornula [err]

~CH,0COC(CH;) 3+ ~-fHOCOCH; cnz-c.—_—-_i-cn , =CH,0COCH, ,
B Y
o
' 0
' ol-0CH.CH,.  or  -CH,0 ofcr
- ‘-.TH . 2773 2 T .
N 0. . _ C83 _ . NHZ
o
U The reaction is carried out effectively in an inert

‘organiec solvent such as KN N-dzmethylformam;de, N,N- dunethyl-
acetamide, d;methylsulfoxxde. acetone, acetonitrile, _

at a temperature in the range of from -10°C to +50°C, convenient~
1y between 0°C and 5¢C. The ester Ib thus obtamed is purified
by conventional column chromatography by usmg silica gel,

" Reaction Scheme 1

T em—

HZN'_']/ | 11
ekt e LT o ;.

COOCHth

. N CCOOH -
T:NH—'l;j' {'\
. ' a
- Nor?

S ¢ ¢
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wherein X is chloro, brom or iodo and R is a group selected from[err]

Thfmreact lon is carried out effectively in I nert organic solvent such as
di met hyl f or mam de, N, N-di net hyl - acet e, dinethyl sul foxi de, acetone, =

acetonitrile, at a terrperat'ure in the r'éﬁge of from[err] to [err],

conveni e b h is i fied

b(y conve%h oﬁ ?‘o‘@‘iﬁ'}iﬁﬁ{ fégh%l{m%ﬁ ust nd&sf’l F’ggg Schene *

1 [err] CSomPS¥nEPIH&h &sgPﬁm‘ !rl et hyI amoni um etc.) Wi t h a haI ogenat ed

compound of the fornula [err] wherein X is chloro, bromp or iodo and [err]
Is a group selected 5 - from[err] L&rg] The réaction is carried out o
.effectively in an inert organic solvent such as N, N-di net hyl f or mam-de,

N, N- di nmet.hyl - 10 acet am de, dinethyl sul foxi de, acetone, acetonitrile,,

or the | wherein X tierraauatu;ebwmamrrm &ia fﬂ‘oms[ ar gkobip &@ﬁdaea '
cogvenl er}trom :

- 3 -c ' - = e . ~CH,OCOCH, .
c:nzoc:oc(c:*x..#)3 , =-EHOCOCH, , ~CH,=C= jc:za3 , =CE,OCCCH; .

Cﬂa Y

o

HO@-OCH CB,  or -CH og ' ogca
< 2By ¢ 2% "OCCHy .

CBS' . : _ - . NHZ

_ The reaction is carr;ed out effectively in an inert | ~¥d 1
organic solvent such as N N-d;methylformamzde, N N-d;methyl-
acetam;de, dzmethylsulfoxide, acetone, acetonitrile, or the like,
at a temperature in the range of £ram -10°C to +50'C, convenient-
ly between 0°C and 5°C. The ester Ib thus obtained is purified .
by conventional column chromatography by us;ng silica gel.

- 10 -

Reaction Scheme 1
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Iy'betméen [err] and [err]. The ester Ib thus obtained is purified.by

conveptlonal col-um chromat ogr aphy. by using s&tica gel. Reaction Schene 1
[err] [err] S [err] -36- Reaction Sthene 2 [err] S 10
. (_

| | . N ¢ - CONH—-—(

~ | r-nm-“\ J u\ za' J \J-c
: S OR o/

- - S . -~ COOCHPh,

lNaI or KI -

| s
CONH——‘/ :
J | . ’
'.l‘rNH—'\ Nop2 7N & CH,1 PPh,

zcl\

(o)

— - B lrp@s
- | ] |
- i CONH~ l/ 1/
s r:na_l\ J Ru ),__ = HZPPh;Y-

COOCHPh 2

o]

base

. u' /ll -3 _ cona———-]/ | o viI
i .
. pf—N_ A -CH=PPh
'I‘tNH‘J\s \onza | o(/ 0 3
COOCHPh,

RCH,CHO



[brr]' [err] ‘[err] S Exanpl e :1 Di phenyl net hyl 7-am no- 3-
Eropenyl) - 3-cephem 4- car boxyl ate (XI11. R H To a solutlon of
dlp '

enyl met hyl 7-benzyli deneam

no-3- 5

[ (triphenyl phosphoranylidene)net hyl ] - 3.%Qph6ﬁ}4 carboxylate (XI') (2. 9 g, 4

mol es) in .di chl oronet hane (16
I'e). The mixture was stirred
ovér sodium sulfate and concen-

in ethyl acetate (80 10 m). _
(160.mM) and.then silica gel (25 g). The nmixture was gently agitated and \o
- The filtrate was evaporated into dryness in

~filtered to renmpve the solid.

m) was d 90% acet al dehyde (10 m, 0.2

at reom tenperature for -30 m nutes, drled

trated in vacuo. The resi-due was dissol ved
To the solution was added i sopropyl ether

' cnscacnzn”
COOCHPh, VIII
TFA
| . s ;
CONH 1/
04—N /—CH=CHCH,R | LG
. ' : [ )
' COOH 3
la !
ri-x




vacuo. To a solution of the residue in ethyl acetate (48 ml) was added a
mxture of Grard's reagent T (1.34 g, 8 mmol es)- t hanol (40 m) - and
acetic acid (2 m). The mxture was stirred at om tenperature for 30 -

m nutes and concentrated to ca. 10 ml. The-2%8i due was di ssolved in ethyl
acetate (100 m). The so- lution _was washed with aqueous sodi um
bi‘carbonate and water, dried over Reagtienschame and concentrated in vacuo.
- The residue 20 - +Was chromatographed on a silica gel colum (50 g), which
was eluted with 1% nmethanol in chloroform The eluate was collected in
18-m~fractions. Fraction Nos. 22-40 were conbi ned and concentrated to give
718 nmg of the 3-propenyl derlvatlve 11 [err]. (Yield 44% E/ Z=1/3). 25

TLC : Rf 0.56 (silica gelﬂ ﬁt e). HPLC*: Retention time (mn.)
13.2 and 15.6 (relative intérsSify g [err] (KBrpxin [err] 1770,
1720.- W :[err] in nn1([err]L; 14 ( '
(4200), 273 (4200), 292 (3800b/ N

9 222 (20800) , 266 30
%%ure.of E and Z isoners): 6
“[err] in ppm 1.42 and 1.72 (relative égégﬂglty - 3:1) (both are dd, J=2
and 7 Hz, -41- CH3), 3.37 (ABq, J- H and 3.52 (s, 2-H), 4.72

(d, J=4.5
PhCRO.
K/ | s ' :
: PhCH=N-———r’ .
| 5 o,,L—tf _/-CHCL
~ COOCHPh,
PPh,
s : S
Ph-CH=N-~ ' _
_ _ + ' X
o N —CH,P(CgHs) 5C1
~ | COOCHPh,
: base
10

rh-ca=u-——-1" | S xm
- OJF-. N o CH=PPI\3 ‘

coocHPh,



Hz, - 6- H), 497(d J-4.5 Hz, 7-H), 5.50 (dg, J- andlle =CH), 6.06
(dd, J=2 and 11 Hz, -3- CHE), 6. 96 and700(33)‘=r-(~s [err], 7.35 (s,

phenyl -H) .. 5 *Packi ng:  Li chrosor B3®®-18 (4 x 300 mnj. . Nbblle'phase -

“[err] [err] (1:1). Flowrate: 2.5 m/nmin. Exanple 2 Di phenyl nethyl
7-[(2)-2-(2-ami not hi azol - 4-yl ) - 2- met hoxyi mi no- - acet ami do] -3- (1-ropenyl)

n - 3-cephem 4-carboxylate (XLV, [err] [err]) 10 . A m xture of

di phenyl met hyl 7-am no- 3- (1- propenyl)-3- . cephen}4 car boxyl ate - (X

[err]) (3.37 g, 8.3 nmoles) and 1- [(2

-2-(2-am-not hi azol - 4-yl)-2-nmet hoxyi m noac Foﬁﬁiﬁxozotrlazole* (2.64 g, 8.
mmoles) in THF (70 nl) was stirred at roofn tenpera- ture for. 30 m nutes an
t hen evaporated in vacuo. A solution of -~ the residue in ethyl
acetate was washed successively w th aqueus sodi um bi carbonate and wat er,
dried over anhydrous sodium sul fate and concentrated in vacuo to afford a.
crude product, which was dlssolved in chlg{ofornland chr omat ographed on a
silica gel colum (150 g)- n[err]. The desired

fractions 20 (TLC: silica gel, R (. 49, |
com bined and concentrated to yie N95 g (4 g@ of Xy ([err]XEerr]=H) [a
1:2 mixture of E and Z isoners wi®h res ?VCE penyl)

configuration). NMR (a 1:2 mixture of the

CODCJPh

: 2 tol uene- et hyl acetate)'mefe '

E and Z |soners) [err] in ppm .



25 1.45 and 1.75 (relative intensity 2:1 both are d, J=7 Hz,
Clerr]), 3.42 and 3.53 (2:1) (s, .2- 4. 02 OCR3), 5.13 (d, J=4.5 Hz),
5.2-6.3 (m 7-H and vinyl-H), 6.73 (S™Thiazole-H), 6.93 (s, [err]), 7.30
(s, phenyl-B). *Hoechst, Japan Kokai 54-95593 (7/28/79) and Ger. Ofen
2758000 30 (5/7/79) (Ger. Appl. P2758000.3, 12/24/77). Example 3
7-[(2Z2)-2- (2-Am nothiazol -4-yl)-2-methoxyi m noacetam do] - 3-(1- '
propenvl ) - 3- ceplem 4- carboxylic acid (Ia, ES{qeﬁrl‘{]) Cq nd XIV ([err]) (1.9
d

g, 3.2 mmoles) was treatedNm ff‘f"l'tro'r'o’ y (TRA) (S nl). at room
tenpera- 5 ture for 40!h1' nutjesy  The mi xtude was diljuted with 3 sopropyl
ether (IPE). The resuBLN § pi Ifzwas c ArERCELR on,

di ssolved in formc acid and passed through a“col um jof the packing (50 m)
of a PrepPAX cartridge (Waters), which was washed wi t4®ORat er and el uted
wkt h 15% net hanol and 20% net hanol succes- 10 sively. Evapggation and"
| yophi | i zati on of - 15% net hanol el uate gave 206 ng (15% of the title
conpound (E/Z=1/17). Estimated purity 90% (by HPLC). Mo. [err] (slow
deconmp.). IR : [err] (XBr) in [err] 1770, 1660, 1630, 1530. W :

ax (pH 7 phosphate buffer) in nm([err]) 17?428)!(17400)’ 283 15 (16200) .

3




NM  : [err] in ppm 1.70 (3H d, J=Gamk C [ST]), 3.52 (2H, ABg, J=18
Hz, 2-H), 4.03 (3H, [err]), 5.28 (1H, d, J=4.5 Hz, 6-H), 5.6-6.2 (3H, m
7-H and vinyl-H), 7.30 (1H, thiazole- H). HPLC :  Retention tine, 6.8 _
m nutes (1: 3 net hanol -pH 7 phosphate buffer, 1.S mM/mn.) Anal. Calc'd. for

- Jerr]: _ C, - 44.44; H, 4.20; N, 16.19; S, 14.83 Found: C,

- 44.37, H 3.94; 25 - N, 16.18; S, 14.53 - Exanple 4.°
Pi val oyl oxynet hyl 7-[ (Z)-2~(24¥gngjhi ;9I-4;y|)-2-nethoxyinino- 2
-acet am do] - 3- (Z)-1-propenyl]-3-% £%%exyl ate (b, [err] R-H R
-PV*) 5. e To a mixture of 7-[(Z)-2-(2-anminothiazol-4-yl)-2- &
met hoxyi m noacet am do] -3-. (1-propenyl) -3-cephem 4-carboxylic acid (Ia, N
[err]) (E/Z-1/17,-90 ng, O0.21 pot assi um carbonate. (44 ny., 0.32
mmole) in"DVF (3 nl) was added 8t pi dal oyd met hyl -iodide (77 ng, 0.32-
mmol e). The mixture was 10 - T ¥ef \et=/OCS or 40 ni ¥ITebZ) di'luted with

ethyl acetate (20 m-), washed with watoepr*dri ed over . anhydrous sodi um
sulfate and i

hy/sensitizer
- s
Bzﬂl
0 ) CBZR! - XITII (E) . L
COoR*® | : - NS
X - |
> gyl Ui oo L - .
2 s”x o o
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evaporated in vacuo. The residue was di ssol ved in CHC13 and chr omat ogr aphed
on a silica gel colum (silica gel:3g) by eIutlungu th 1% methanol in [err]

tayield 85 ng (75% of the title 15 pnpound.  Mp. [err]. Estimated
purity 90% (by HPLC). IR [err] (KBr in[err] 1780, 1760, 1680,
-1620. W (methanol) in nm [err] 232 (17800), 287 (13500). NMR

= [err]. in ppm.1.23 (9H, s, [err], gxampiéHh d, J=7 Hz, [err], 3.45 (2H
s, 2-H), 4.05 (34, s, [err]), 5.12 ( FT‘ﬂF‘ZU‘ J=4.5 Ez, 6-H), 5.6-6.2
(5H, m 7-H, vinyl-H and [err]) 6. 85 (1R S, thlazole FD HPLC:
Ret enti on Pipbeny ] Lht 3 garbox 1Ekanp|e 5
1- Acet oxyegRyk:/- i?;ﬁrz (2- anlnothlazol 4- yl)-2-nethoxy|n1no-
acetam do)=3-T(Z)-L-pr openyl ) - 3-cephem 4- carboxyl ate (Ilb, [err] R3 4 5
To a m xture of 7-[(Z)-2-(2-am nothiazol -4-yl)-2- nethoxyi m noacet am do]

‘(1- propenyl ) - 3-Tephatltdanbofy dipheny imédBPl nT-bénzia idenkeeninge3-

pota35|un1g§£ SoRd £y eﬁéﬁb%ﬁ?g{}ﬁﬁ?qg§%£$%F£§yE?E%LSE#Eémyﬁﬁ%i?y%§§lﬁﬁe[?ﬁ{ﬂ

1- bronDethyI acetat xture was stirred
[err] for 12591®uréd %WRFQR? in djchiezampthanet hi6 BEbtwak a8dednfPt The

di l ute wasavasékdehyde (10 ml, 0.2 mole). The mixture was stirred at room
temperature for 30 minutes, dried over sodium sulfate and concen-
trated in vacuc. The residue was dissolved in ethyl acetate (80
10 ml). To the solution was added isopropyl ether (160 ml) and then
silica gel (25 g). The mixture was gently agitated and filtered
to remove the solid.  The filtrate was evaporated into dryness in
vacuo. . To a solution of the residue in ethyl acetate (48.ml) was
added a mixture of Girard's reagent T (1.34 g, 8 mmoles), |
N methanol (40 ml) and acetic acid (2 ml). The mixture was stirred
at room temperature for 30 minutes and concentrated to ca. 10 ml.
The residiue was dissolved in ethyl acetate (100 ml). The so~
lution was washed with agueous sodium bicarbonate and water,
dried over sodium sulfate and concentrated in wvacuo. The residue
20 was chromatographed on a silica gel column (50 g), which was
' - eluted with 1% methanol in chloroform. The eluate was collected
" in 18-ml fractions. Fraction Nos. 22-40 were combined and
concentrated to nge 718 mg of the 3-proPeny1 derivative XIII
(R =H). (Yield 44!, E/2=1/3). o '

25 TLC : Rf 0.56 (silica gel, ethyl acétate)._
BPSC*: Retention time (min.) 13.2 and 15.6 (relative intensity =
| 3:1) - | ' |
IR : v (KBr) in em™! 1770, 1720.
W , (C,H,OH) in mm (c) 214 (20500), 222 (20800), 266
30 (4200), 273 (4200) , 292 (3800).

NMR (a 1:3 mixture of E and 2 isomers): & (cpCl,) in ppm 1.42
and 1.72 (relative intensity = 3:1) (both are dd4, J=2 and 7 Hz,



succe55|vely mnth wat er and a saturated aqueous NaCl “ solution, dried over
anhydr ous magnesi um sul f ate and concentrate&++h vacuo. The reS|due was
. dissol ved in chl orof orm and chronatogﬁmphed on a silica gel colum (5 @) .
with 1% met hanol in chloroform The 15 desired fractions were conbined
~and concentrated. The resi.due was djssolved in dioxane and |yophilized to
~yield 10GHgY, (3537 OABqheI=#18 I!B.cczﬁinumldas st(sli,oxm)e. splrat@d, Wes.Berr].
- Esti mat eg,pDugl 85%+4 bya H I [ r r r 1760( br. )
1670, 1651}0 Sﬁ)’ EU?}f Q’d m ’B ﬁ" Bb f&é JH] Lﬁ{ %er’l 233
(15700) , =$82) ¢ 16806) (@qnm=2 . =n=1e1r ]<£=|'n3p‘ﬁﬁ1'11 509§3!Pdd7 QP:6(31‘|7_1) [(&nr] )
1. 65 (3H-odEPB5Y, H2, 3% e(s ] )phéhy¥~H)3H, s, COCH3), 3.43 (2H, s, 2-E), 3.68
(4H, s, 1/2 dlgxane) 4. 05 (3H, s, [err]), 5.10 (1H, d, J=4.5 Hz, 6-H),
5.5-6.0 §2H 7-H. and: [err] 6.12 (1H, d, J-12 Hz, 25 3- CH=) 6. 83
(1H, s, TRpesbPe: H)Llichzpsqrh ’g-h‘“\]:@ Pz 3000) . Heoksile phnsett | 6F,Chre
7 5 m nuxége (1:4)[erriov rites n.2. s ai/miherr] **E. Buckley and E |ttIe
40, 1611 (1962).. - Exanple 6 Di phenyl nethyl 7-ami no- 3- 1(Z)
-1 butenyl] 3 cephen}4aCarboxyIate hydrochloride (XIII, [err] -
hydrochl ofi de) To.a sol ution-of profxenpleécByde (10.7 g, 18 mmmol es)

Diphenyimethy1.7-[(2) 2-(2-aminothiazol- 4#y1)'2-methoxyim1no-
acetam1do] 3-{l-propenyl) - 3-cephem-4-carboxylate {XIV, Rz
"R’=H) =H)

=CHe

W/
10 - A mixture of dxphenylmethyl 7-amxnc—3-(1-propenyl) -3~
cephem-4-carboxylate (X111, R 3sl-l) (3.37 g, 8.3 .mmoles) and 1-
[(z) 2-(2-em1nothia;ol-4-yl)-Z-methoxy;mznoecetoxy]benzotrzezole* Q@
(2.66 g, 8.3 mmoles) in THF {70 ml) was stirred at room tempera~- ”
ture for 30 minutes and then eyaporeted in vacuo. A solution of
15 the residue in ethyl acetate was washed successively.with_aQueous
' ‘sodium bicarbonate and water, dried cver anhydrous sodium sulfate
and concentrated in vacuo to afford a crude product, which was '
dissolved in chloroform and chromatographed on a silica gel
column (150 g) with 2% methanol in CHCla. The desired frections
20 (TLC:silica gel ‘R 0.49, 1:2 toluene-ethyl acetate) were cam~-
: baned and concentrated to yield 1.95 g (408%) of XIv (R =CH,, -
=H) {a 1:2 mixture of E and Z isomers w;th respect to 3-(1- . L
'wpropenyl) configuration).

. ~ NMR f(a i:z-mixtu:e of the E anﬁ'z isomers):. 6(CDC13) in ppm
25 ‘1.45 and 1.75 (relative intensity 2:1) (both are 4, J=7 Bz,
' C-CH,), 3.42 and 3.53 (2:1) (s, 2-H), 4.02 (s, OCE,), 5.13 (d,
~ J=4.5 Bz), 5.2-6.3 (m, 7-E and vinyl-H), 6.73 (s. th;azole-ﬁ),
6.93 (s, OCHth), 7.30 (s, phenyl—al. 3 '

*Hoechst, Japan Kokai 54-55593 (7/28/79) and Ger. Offen 2758000
30 (5/7/79) - (Ger. Appl. P2758000.3, 12/24/77).



5 and lithiumiodide (13.4 g, 10 nmoles) in DVF/ [err] (50 mM /150 m)
was added XI (7.3 g 10 nmmoles) at [err]. The nyxtere was allowed to stand
at- [err] for 2 days and concentrated in'vaiuo.ntﬁggglution of the residue
in ethyl acetate (200 nml') was washed with water, dried over .[err] and

evaporated in vacuo to a syrup, which gQampieVs treated with [err]- (200
m> and filtered.», The filtrate was coﬂt%%%T%Ted to ca. SOm and the '

~concentrate was stirred with 6N HCL (4 m) at roomtenperature for 30 -

m nutes. Thel(Zt2+{2ryhmirethiazaledwyl) edthetimdrinyidoddetanide)asd (1-

recrystal | i zegds o 0, ¥ &I - < 3393 ef the title

Compound.  BERAAEH £ domieni-cReBbgy sl nild rdl, W RS 1700 v

. [err] = . (methanol) in nm([err]),_ 217 (13900), 286 (7400). NVR : . ferr]

EEHNSOA[Be”]J) in ppm ChnibunBHXIV, (ﬁgidn!%-. ﬁﬁinﬂ)uz.?s @.7(3?."2 [nmolbenriv)as 3.75

) ) 3 g 1 . 3 . ' - r

(1E, “d, qJ':lE‘lﬁ,tg%-‘éﬂ? f’éé“/‘%f?é,(’%g?"[e‘r’%) ,('?%409? 4 |j‘s't, ’%r?é“]n%i“ .§§T—|PLC .

. Rt enti obm¥e nfox M minntery 4 Thedmiztore reratdiduted anith ispprogyl) (4:1

;ret ?%nol2 ?;bt?h@ﬂomh_ .eI tlgfé‘_;i;e:sgltﬂtz NpPe¢ipitfe@ Wi colddthedy byeikhytra-

- -2-(2; am not hi azol -4- £ 2- oXxYi M no-

acet am do] -??’(Z)éﬁs-soﬁzﬁv I%— © ﬁeﬁfﬁ-xcﬁ?‘go%ﬁ%ﬁ% ?%Q)egl-[&rc]olumn of the
packing (50 ml) of a PrepPAK cartridge (Waters), which was washed

- with vatér and eluted with 15% methanol and 20% methanol succes-

10  Bively. Evaporatibn and lyophilization of 15% methanol eluate
k/' gave 206 mg (15%) of the title compound (E/2=1/17). Estimated
) purity 90% (by HPLC). Mp. >180°C (slow decomp.). S

9 IR 3 Yy, (RBr) din em™® 1770, 1660, 1630, 1530.

Wz A (PE 7 phosphate buffer) in nm (e) 228 (17400), 283
" 15 {16200). - -
NMR - G(Dzo + x2c03) in ppm 1.70 (3H, &, J=6 Hz, C-CHj), 3.52
(28, ABg, J=18 Hz, 2-H), 4.03 (3B, s, OCH3), 5.28 (1B, &, J=4.5
Bz, 6-B), 5.6-6.2 (3H, m, 7-H and vinyl-H), 7.30 (1H, thiazole-
“H). ' ' '
\;p : RP1C :' Retention time, 6.8 minutes (1:3 methanol-pE 7 phosphate

buffer, 1.5 ml/min.)

Anal. Calc'd. for C16317N50552'1/2320: C, 44.44; R, 4.20;

| N, 16.19; S, 14.83

_ _ Found: C, 44.37; B, 3.94;
25 3 - o N, 16.18; 5, 14.53



[err]) 5 - - A suspensi on of diphenyl nethyl 7-am no-3-[(2)-1-

~but enyl | - 3-céphem 4- car boxyl at e hydrochl orj (1.41 g, 3.1 mmoles) in ethyl -
acetate (20 m) was shaken with. aquee®®~[er¥] to give a clear two-|ayer *
solution. The organic layer was separated, washed with water and then an
aqueous saturated NaC 10 solu%kgaﬁlgnq dried over NgSCﬂ To the drled
filtrate was added 1-[(2)-2- (2-a -4-yl)
- 2- met hoxyi m noacet oxy] benzo- triazole (1.27 g, 4.0 nnDIes) and the
M Xt Ur ep SBE1OFl dotyase tiy Y oo (232eY (P-aihdnbehidPobhes+ 1) - Hi theaeiingRoRi Xt ur e’

orf N 27 T PRSI Ty T R Ry St

resi dueRiz, dhrHB¥Abgr aphed on a silica gel colum (40 g) with 3:1
[err]-ethyl acetate to yield 1.7 g (91% of the title conpound. TLC

| ] 1) : Rf t3Lg KBr)
™ 9hor 138 Bl Sl 258'@ Bhan Bhsaned- yatnar oo | s
(. 12400)me1>m;vmu§ng mdmims-amrmnytl) -3=gephen~Lr@rboxyddc( 2pidm

[err]), ﬁﬁa45n-?¢h ) (EY£A /(1?1"' 9% galzl%élff'inétpohésauﬁz 6-H),

1y (1°§7b?'iﬁed“a£‘¥1' 32 mmate) g Bid 3 w1) pps addiq et 8367 (11 <
. [err] ) ,pfv%ﬁmymesthymdmdidd?,)U‘Bn@S 0-32 nmoled. H,Th&CGhIRture was .
10 stirred at 0°C for 40 minutes, diluted with ethyl acetate (20 -
ml), washed with water, dried over anhydrous sodium sulfate and
evaporated in vacuo. The residue was dissolved in CHC1, and '_(_)

chromatographed on a silica gel column (siiica gel:3g) by elﬁting_
: with 1% methanol in CHCl, to yield B85 mg (75%) of the title
13 compound. Mp. 100-104°C. Estimated purity 90% (by HPLC).

IR &+ v, (KBr) in cm™l 1780, 1760, 1680, 1620.

Wt Ay, (methanol) in mm (e) 232 Q7800), 287 (13500)._
NMR. 3 (3 (CDCl ) in ppm 1,23 (93, 8, C(CBS’B)' 2. 15 (34, 4, J=7
‘Hz, CCH,), 3. 45 (28, s, 2-H), 4.05 (3H, s, OCH;), S5.12 (1E, &,

20 J=4.5 Bz, 6~H), 5.6-6.2 (5H, m,. 7-B, vinyl~H and -OCH,0-), 6.85
(18, s, thiazole-RH). :

- . HPIC : Retention time, 8.1 minutes (1:1 CH,CN-BE,0, 2 ml/min.)

o . B
it
*PV: "CHZOCC (-Cﬁa)-3



Exanple 8 7- [(2Z2) -2- (2-Am nothiazol-4-yl) -2-nethoxyi m noacetam do] -3-
[ (Z2)-]-butenyl]-3-cephem 4-carboxylic acidegd a; nFéﬂr]) A m xture of

di phenyl net hyl 7-[(Z2)-2-(2-am not hiazol- 5 4-yl)
- 2- et hoxyi m noacet am do] -3-[(Z)-1-butenyl] -3- cephem 4- carboxyl ate (1.65
g, 2.65 Mol es) and anisole (0.5 n) d wth TFA (5 nl) at room

tenperature for {*hour. The nlxtyre vas diluted with IPE. The resulting

preci pitat d ,chrgm aph d on, a Colunn
of the 10 1 JAC\%’% . ~-‘- 36 E‘ A

et hahol t @& d spenyl } 3+ae phen ;

(by HPLC). rMs, hé&mktggrad dec. ) IR : Jerr] (KBr) in[err] 1760,
1670, 1650; T620. OV [err] (pH 7 phosphate buffer) in nm([err]) 232
(16200), 283 15 (15500). NVR : Jerr] in ppm 1.00 (3H, t, J-7 Hz,

CE3),5 2.00 (2H, dgq, Jo7aamilxBPur&, ofel+]|{Z) -R-5R2-@aRlinotBiadolr4+frl)<2-H), 4.02

(3H, s, [e 445 SR 3 i
By, HHéhoxfﬁm%EoQEEkaﬂxdér (f%Préb ﬁ) c?gﬁgﬁ F%rﬂfboi fié”y¥zd

err
C, 45.73; 8198 ﬂ-‘?smaefegui B%tqcﬁﬁw cazbopste (75 mg, o&. 54 mmededs,
S, 14.21 'in DMF (S ml) was added at 5°C 1-bromoethy1 acetate** (90 mg,

0.54 mmole). The mixture was stirred at 5°C for 1.5 hours and
10 diluted with ethyl acetate (20 ml}. The dilute was washed

successively with water and a saturated agueous Nacl'solution,

dried over anhydrous magnesium sulfate and concentrated in vacuo.

~ The residue was dissolved in chloroform and chromatographed on a
silica gel column (5 g) with 1% methanol in chloroform. The
15 desired fractions were combined and concentrated. The residue
- was dissolved in dioxane and lyophilized to yield 103 mg (45%) of
the title compound as its dioxane solvate. Mp. 105-110°C.
Estimated purity 85% (by HPLC). ' |
IR : v, (KBr) in cm ® 1760(br.), 1670, 1610.
20 16\ 3 llmax (ethanol) _in nm (e} 233 (;5700), 292 (1?800).
NMR : & (CDCl,) in ppm 1.50 (3K, &, J=6 Hz, OCHCH,), 1.65 (3H,
. d J_7 Hz" =CH-CH3)' 2 07 (38, S, COCH )' 3 43 (ZH' 8, 2"2)' 3 68
' (4H, s, 1/2 dioxane), 4.05 (3H, s, oca )e 5.10 (1B, &, J=4.5 Bz,

25 -CH=), 6. 83 (1H, s, thiazole-ﬂ), 6. 98 (IH, g, J=6 Hz, OCHO).
EPIC : Retention time, 7.5 minutes (1:1 CHBCN-Hzo, 1 ml/min.)
*AX = -CH(CH,) OCOCR

3

'+sE, Buckley and E. Whittle, Can. J. Chem., 40, 1611 (1562).



// [err] " Retention tine (nrnutes) 5.0 and 6.4 (relative intensi- 25 ty

8:1) (3:7 nethanol -pH 7 phosphate buffer, 2 m/mn.) Exanple 9
Prvaloyloxynethyl 7- [(2) -2- (2-am notbhjmzol -G ) - 2- met hoxvi m no- =
acetam do] -3-[(2)-1-butenyl]-3-cephem 4-carboxylate (Ib, [err] [err] 5
Pi val oyl oxynet hyl iodide (162 ng, O0.8&7 Ie} was added at OCto a mxture
of 7-[(2)-2-(2-am nothi azol -4-yl)-2- _
i mnoacetam dol -3-[(Z)-1-butenyl]-3- cephen}4 car boxylic acrd (197 ng, 0.-45

nmol e) aﬂﬂiﬁﬁéﬂﬁlﬁé¥h§ﬂ%7JﬂmﬁﬂoﬁﬁnkQh)kﬂ—S%Eeﬁ- '

stirred gt éerﬁu 'rora Ea ﬁ E - “ ateq_W M
The di | ut=e 54 Nadl solution dried

over anhydrous [err] and evaporated in vacuo. The residue was

chronat ogr aphed on g 's'o‘l%tgﬁh pel g%gﬁénsiaw& f/rdmi rr?anq'a haobrﬁgrl

The desired, f ons - C once vac
re8i due v%@pciégﬁi 4&3 (gg}‘dﬁoxiﬂemﬁﬁg oghrq¥§ﬁ§§z§}2aﬂ§8rElih§°ng
(97% of mlke wisxadded A1 i7e 308 ubemm:atlencaﬂpowd THe Imictugel wakC Rf 0. 25

HLE M AR v i ich Byt iR bt

in nn1([6§? 3 gpszggg glggbyl acetate (200 ml) was washed with
water, dried over Mgso4 and evaporated in vacuo to a syrup, which

10 was treated with CC14 (200 ml) and filtered. The filtrate was:

concentrated to ca. 50 ml and the concentrate was stirred with GN
301 (4 ml) at room temperature for 30 minutes. The resulting g,)
precipitate was collected'by'filtration and recrystallized from )
CHCla-ethyl acetate to yield 1. 49 g (33%) of the title compound.

.

15. Mp. 120-127°C. © - | - O
. . 4o en! 178 '
] . IR t Voax (KBr) in cm = 1780, 1710.
W i Ap,, (methanol) in mm (e) 217 (13900), 286 (7400).

NMR : & (DMSO-d ) in ppm 0. 93 (38, t, J=7 Hz, CH ). 2. OO (2H,

m, CH ,CH, ), 3.75 (ZH, ABq, J=16 Hz, 2-H), 5.1-5.8 (38, m, 6-H and
20 - .7-E, -CH- -), 6.33 (1B, 4, J=12 Hz, 3-CH=), 6.97 (1H, s,

-CHPh Yo 7. 40 (10H, s, phenyl—H).

. o U
HPIC : Retention time'(minutes) 10.4 and 12.0 (relative iptensi-
ty = 8:1) (4:1 methanol-pE 7 phosphate buffer, 1 ml/min.)



NVR : [err] in ppm 0.97 (3H, t, J=7 Hz [err]) 1.23 (9H, s, [err], 2.03

(2H, dg, J=7 and 7 Hz, [err]), 3.43 (2H 3 67 (4H, s, 1/2
di oxane), 4.02 (3H, s, [err]), 5.10 (1H, 'a"'J =4.5 Hz, 6-H), 5.3-6.3 *(SH,
m 7-H, -CH=CE- and [err]), 6.82 25 (1H, s; thlazole H, 7.97 (1H, d,

J=8 Hz, OONE). HPLC : Retention tine, gdfh Jiutes (1:1 [err] 2 m/nin.)
Anal . Calc'd. fors[err]. "'—éLTT‘SO 41 H, 5.58; N, 11 76; S

10. 76 Found: C, - 49. 94; H 5.57; 30
N, 11.56; S;pb@n}ﬁmeth&ern}[EZBHD+GZJSMﬂndkhixEQWeuhyﬁ) 2-methoxyzm1no- '

- 7- - 2- . _

To a n1xtu -[(Z)-2-(2-an1nothiazo| 4-yl) - 2- nethoxy|n1noacetan1do]
-1(2) -1-butenyL]-3 cephem 4- carboxyllc acid (1.55 g, 3.54 mmvol es) and

ol ¢ (769 . 4. oh gusbenSigh ot aliledPineli. Zhnsfbry: BIELHTC 1Y 1o
1 hour, d|bu&deWﬂrﬁ-GBp9BmaéeFan°¥BD!¢¢ﬂbydmﬂﬂﬂiggiﬂﬁtle&le!g 3} ed over
anhydrous pfioilesdNdnC @REGL! BBEEELEN(YAMD) WK JHAKeAURiVASagh &5 mﬂm
to give a clear two-layer solution. The organic layer was
sepazéted,.washed with water and then an agueous saturated NaCl
10 = solution, and dried over MgSO4. To the dried filtrate was added
' 1-{(2)-2-(2-aminothiazol-4-yl) -2-methoxyiminoacetoxy]benzo-
 triazole (1.27 g, 4.o'mmoies); and the mixture was stirred at

N\ |
' : room temperature for 20 hours. The reaction mixture was filtered
and the filtrate was washed with agueous Nchos, water and a
R saturated NaCl solution, dried over Mgso4 and evaporated in
~ vacuo. The residue was chromatographed on a silica gel column
_ (40 g) with 3:1 CHCl -ethyl acetate to yield 1.7 ¢ (51%) of the
" title compound., TLC (silica gel}: Rf 0.25 (1:1 CHCl,-ethyl
acetate). ' '
20 IR .: v, (KBr) incm ! 1780, 1720, 1680, 1620.
W A (ethapol),in nm (¢} 288 (12400).
_, MR i & (CDCLy) in ppm 0.86 (38, t, J=7 Hz, ~CH;), 1.0 (2K,

m, CH2C8 ), 3.45 (28, s, 2-3), 4.06 (3H, s, OCH ), 5.15 (1H, 4,
J=4.5 Bz, 6-H), 5.45 (1B, at, J=7 ;nd 11 Hz, =CH- —), 6.05 _
25 - (1R, dd, J=4.5 and 9 Hz, 7-H), 6.17 (1H, &, J=11 Hz, 3~-CH=), 6.75
' (1B, s, thiazole-H), 6.97 (1B, s, CHPh ), 7.35 (108, s, phenyl-
H), 8 08 (IH, d, J=9 Hz, CONH). :



: chloroforn1and chronatographed on a S|I|ca gel colum (50 g) with 1% -

met hanol in CHO 3. The desired fractuan regeonbined and L5
concentrated to a small volunme. The residue was triturated with

i sopr-opyl .ether to give 1.29 g (7099 of the title conpound as the *
i sopropyl ether solvate. Estinmategxambleyg90% (by HPLC). Mp. [err]

(dec.).

A

S,

gn

‘10

(

ute
51.

'« [err] (r) in [err] (br.), 1670, 1620. - 20 - w

ethanol) in nm[err] 233 (14300) , 288 (11000) NVR : . [err] in bpm
) =R=7{ 3+Amingths ] gthoxgipi spanbdd] '[err]

4

5,13

(1, d, 324.5 Hp, 6-H), 5.2:6.2 (3H, m 7-Hand - CHECH ), 6,87 (1H,
thi azol e-H), 7 GExtute mf Biphenylmethy)l. 7HRS) - 2Ré2eaninothiamnl-10. 8
Z‘s’( 1 %%ﬂ%ﬁﬁdﬁég‘mﬁ?@%% JJQE Hi- g“tég%gggr#%hﬁ"} N 1116
S, 10. GRzboxylate (1L 6%, 2-65pmoles)Dapcapissdny((0.5 ml) was
7-[(2) s it MR- (2 ui)) b FooROteimpéehtire for 1 hour. The

mixtu:e_was_diluted-vigh.IPE, The resulting.precipitate‘lfwas
collected by filtration and chromatographed on a column of the
packing (50 ml) of a PrepPAK cartridge (wWaters) with 20-30%

methanol to yield 605 mg (52%) of the title compound. Estimated

 purity 90% (by EPIC). Mp. >160°C (grad. dec.).

IR

15

.20

25

(nr, in -cm?'l

Voax 1760, 1670, 1650, 1620.

W 't A, (pH 7 phosphate buffer) in am (c). 232 (16200), 283

(15500).

NMR : & (D,0 + NaBCO;) in ppm 1.00 (3H, t, J=7 Bz, CH,), 2.00 .

(2R, dg, J=7 and 7 Bz, -CE CH3), 3.52 (2B, AaBg, J=17 Ez, 2-8),

4.02 (31, s,'0633)1:5§27 (1, 4, J=4.5 Bz, 6-H), 5.4-6.1 (3E, m,

7-E and -CE=CE-), 7.00 (1E, s, thiazole-EH).

Anal. Calc'd. for °17519“s°552 1/28,0: €, 45.73; E, 6.51;
N, 15.69; S, 14.36

Found: - C, 45.41, B, 4.23;

N, 15.35; §, 14.21

%!
ty = 8:1) (3:7 methanol-pH 7 phosphate buffer, 2 ml/min.)

*“HPIC: Retention time (minutes), 5.0 anﬂ 6.4 (relative intensi-

L

<



yI)acetan1do] 3-1(2) —3 nmet hoxy- 1- propenx -3-¢C m 4- car boxyl ate (VI
[err]). 10 A solutlon of di phenyl yl .

7-[ (2) - 2- met hoxyi m no- 2-

(2-tritylam not hi azol - 4-yl ) acet am dol 1ﬁhgnylphosphon|o-

net hyl - 3- cephem 4- carboxyl ate i odi de (TTIﬁLET'i nmmole) in [err] (30 m) was
shaken with 1N NaCH (5 n1) for 2 m nutes. The organlc | ayer was separ at ed,

washed wi tBivgloyl epyine incthiezkd €l ~-yd) v +methakvigd nover

. anhydr ous §6§Qéﬂﬁ ? : ' B I%QR%0DY |
“al cbhol (ID T anog 1 ,‘ ' ‘ TTY 1 =XEUr e
was Stirred— A er at ur e overnlght and evaporated to dryness I n

vacuo. The re5|due was. di ssolved in [err] and chromatographed 20 - -on a
ili I I t |

St1ofd 976 o (Boos o ispickidth ﬁoun&%eé%“" & oY E’B‘f s e
1775, 17202t1® tqseani’&m Q&\/ﬁ- )aq-drhmm% 29124-1 er-smet[l@xwr)
3.3-3.8 (%zﬁ&aéﬂd;dmcl-i-er (d))-,1-4>u1€er(y3ﬁ,-39-ce H-cRrbbx ilﬂz 41::&11495

Hz, 25 3 |ny FD :
6.8 (IH s’?gt E%&% T '"]7H6“'9% ’ng’:ba sl_g:t &9 ”7‘% F"‘&ifké" B :
Ret ent i on mixazed wasristined At (5] Lo 1} hour. pnd QEiahpﬂewnﬂx ethyl

o0 acetate (30 ml). The dilute was washed with water and a saturat-

ed NaCl solution, dried over anhydrous MgSO, and evaporated in
vacuo. ' The residue was chromatographed on a silica gel column (5

— g) with 1% methanol in CHCl,. The desired fractions were com-
| bined and concentrated in vacuo. The residue was dissolved in
s " dioxane and lyophilized to afford 242 mg (97%) of the dioxane
W, solvate of the title compound. Silica gel TLC:Rf 0.25 (1:1
CHC1,-ethyl acetate). Estimated purity 85% (by HPLC). Mp.
$0-95°C. | ' ' - - o
IR : v, (KBr) in cm™} 1780, 1750, 1670.

20 WV s A (ethanol) in nm (e) 233 (15300), 285 (11300).

NMR : $ (CDC1;) in ppm 0.97 (3E, t, J=7 Bz CR,CE;), 1.23 (3K,

| s, C(CH,;),), 2. _03 (28, dq, J=7 and 7 Bz, -CH.CE,}, 3.43 (2B, s,
\/ 2-H), 3.67 (4H, s, 1/2 dioxane), 4.02 (3B, s, ocn )e 5.10 (1E, &,
- J=4.5 Bz, 6-B), 5.3-6.3 (58, m, 7-E, -CH=CH- and -ocnzo--). 6.82
' 25 (1H, s, thiazole-E), 7.97 (1, 4, J=8 Bz, CONE).

- HPIC .Retentien time, 10.0 minutes (1:1 CHBCNiﬂzo, 2 ml/=in.)

Anal. Calc'd. for <:23rv129nsa.,s2 1/2CBg0y: €, 50.41; B, 5.58;

N, 11.76; S, 10.76
_ _ _ Found: C, 49.94; B, 5.57;
30 | | N, 11.56; 5§, 10.76



7- [(2) -2- (2-Anmnothiazol-4-yl) -2-nethoxyin noacet ani do] - 3-

(2) - 3-met hoxy- 1- propenyl ] - 3- cephem 4- carboxyyﬁquC|d (la, [err] 5
“A'solution of diphenylnethyl 7-[(2)- 2- e m'no-- 2- , *
(2-trityl am not hiazol -4-yl)acetami do]-3-[(2) -3- met hoxy- 1-

propenylkiﬁrquhﬁpkﬁF yIate (550, g, 0.64 mmmole) in anisole- TFA (0 5
m/5 m) was al lowed to st3ar3d at room tenperature for 50 minutes and

diluted with iSopropyl ether to give a‘precipitate, - 10 ‘whi ch was

col lected by filtration and washed wxlalpi®E3jg The solid was dissol ved '”\)
met hanol and chr omat ogr aphed on a cdrﬁﬁﬁLﬁT'The packing (40 m) of a

Pr epPAK cartrldge (Vﬁters) w th 30% net hanol as eluant to afford 104 ny
(369 of l-eetioptve tdwinAnif2) -2y (Z~emihottéezdl~4 F3l) ARimeitonyind 6% (by

HPLC) . 15cetaﬂxeo]~3- (ﬂbeﬁﬁbutﬁﬁ‘ —i30ck8 ﬁEL-,;_fg‘o f" 164 ',
1040.- ;ﬂ‘ﬂ% . 800 -" " :
[Brr] - (l” - LAY 3.19 (3H, s, [err]). 3.83 (3H, s, [err]), 5.17
(1H, d, J=5 Hz, 6-H), 5.4-5.8 (1H m vinyl-H, 572 (1H d, J=5 Hz, 7-H),
geggngﬁgn ?Iﬁé 326 n1nu?ﬂ¥kf?k3°%éﬁﬁ4ﬁg? BB %liﬁ%iﬁﬁ%{Ig%i#f%#?"fHﬁffh1n )
Anal . CaPetoxydmimpacetamidolr3-4d2)ml-butieny -ldceph@- 4T B Ay lic
Found: GciﬁB(Q4sng,43Q%4 Mmolés)9and, x1§o89(636 mg, 4.6 mmoles) in DMF
_ ' (4 ml) was added at 5°C l-bromcethyl acetate (769 mg, 4.6
0 mmoles). The mxxture was stirred at 5°C for 1 hour, diluted with )
ethyl acetate (300 ml), washed with water, dried over anhydrous '\?)
MgsO, and concentrated in vacuo. The residue was dissolved in .
chloroform and chromatographed on a silica gel column (50'9) with .
o 1% methanol in CBCIa, The desired fractions were combined and  \u -
15 concentrated to a small volume. The residue was triturated with
isopropyl ether to give 1.28 ¢ (70&) of the title compound as the
isopropyl ether solvate. Estimated pur;ty 908 (by BPLC). Mp.
103-110°C (dec.). - -

IRt v (KBr) in emd 1770(bz.), 1670, 1620.
20 oW s ama (éthanol) in o (e) 233 (14300), 288 (11000).
NMR : & (CDC1,) in ppm 1.00 (3B, t, J=7 Ez, -cazczs), 1.12 wa

(128, 4, J=6 Rz, isopropyl ether CH ), 1.53° (38, &, J=5 Hz,

OCHCE ), 1.95 (28, m, CE. C83), 2. 08 (38, s, COCE. ), 3.43 (28, s,

2—8),_3 62 (2B, m, isopropyl ether CEH), 4.08 (38, s, ocasy, 5.13
25 (18, 4, J=4.5 Bz, 6-B), 5.2-6.2 (3E, m, 7-E and -CE=CE-), 6.87

(1H, s, thiazole-H), 7;00'(13, q, J=5 EHz, -cgpna).
'HPLC ¢ Retention t;me, 10.8 m;nutes {1:1 CE.CN=-B o. 1 ml/mzn.)

3 2



Exanpl e 13 Pival oyl oxynet hyl 7-[(Z)-2-(2-am nothi azol -4-yl) -2-nethoxy-

i m noacet ami do) -3- [(Z) -3-methoxy- 1- paggenylP<Scephem 4- carboxyl ate
(lb, [err]) 5 - Esterification of 7- | (Z) -2-

(2- am not hi azol - )& - 2- nethoxyi m noacetam do] -3-1 g Z) :

- 3- net hoAM_-.prQﬂ?éh | foF Conerg®sO.5af SelylsPé afirdSied ¢ ©8Bimple) in

A simlar nmanner, to that descri-bed in Exanple 9 gave1thg,t$;lfognnpound (97
ng, 34% . M~ [err]. Estimated purity by PL )| -pH 7 10
- e BT R R B

phosphat e buffer) I R : [err] ((KBr) err 70, 1530,
1370,  1120. W : [err] - (nethanol) |n nm [ 8erfl. 1@825(11QKK§ 289
(13500). NWR : [Jerr] (DWBC)[err] in ppm 1.18 (9H, s, 3 x CE3), 3.19
(3H S, [err]) 3 7. (2B [err]), 3.85 (3H, s, [err]), 5.23 15.

(1HS d, JHAX Eﬁ 3PP :e (4R, m 7-H OCE20 and vinyl-H, 6.24 (1H d/

J=12 Hz, V|nyI FD, 6. 74 (1H, s, thiazole-H . Example 14 1- Acetoxyethyl
7-1(2) - 2 (2-am not hi azol - 4-yl) -2-n2?§ﬁ$ﬁggggr- acet am do]
-3-[(2) - 3-net hoxy- 1- propenyl] -3-ce = boxvlate (lb, [err])
- Esterification of 7- [ (Z)-2-(2-am not hi-azol -'4-yl)-2-
met hoxyi n oRER) Bifd €of 37-&(@r&%ﬂwsmhﬁwmml-]tﬁtwahmwhmol-4-
' vl)acetamido}-3-[(Z) - 3-methoxy-1fprqpeny1] 3—cephem-4-carboxvlate
(vi1z, g?8-cH, R*=0CH,) .

10 A solution of diphenylmethyl 7-[(2)-2-methoxyimino-2-

(2-tr1ty1amxnothiazol-&-yl)acetamzdo] 3-tripheny1phosphon;o-

methyl-3-cephem-4-carboxylate iodide (1.19 g, 1 mmele) in C82C12

(30 ml) was shaken with 1N NaOE (5 ml) for 2 minutes. The

~ organic layer was separated, washed with water and a saturated

is agueous NaCl solution, dried over anhydrous sodium sulfate and
filtered. To the f£iltrate was added isopropyl alcohol (15 ml)
and methoxyacetaldehyde (7.41 mg, 10 mmoles). The mixture was
stirred at room temperature overnight and evaporated to dryness
in vacuo. The residue was dissolved in cac13 and chromatographed

20 on a silica gel column (20 g) with 1:20 ethyl acetate-toluene as

' eluang_gonafford 570 mg (66%) of the title compound.

| IR : V (xBzr) in em™! 1775, 1720, 1670, 1525, 1175,

W, - - max : .
NMR : & (CDCl; + D,0) in ppm 3.24 (2E, s, OCHz), 3.3-3.8 (4%,
m, S-CE, and OCH,), 4.13 (38, s, NOCH;), 5.15 (18, d, J=4.5 Bz,

25 6-H), 5.98 (1§, d, J=¢.5 Bz, 7-H), 6. 3 (1B, 4, J=11 Bz, vinyl-E),
6.8 (1H, s, thiazole-H), 6.98 (1H, s, CEPE,), 7.1-7.5 (23E,
phenyl-H). '

HPLIC : Rgtehtion time 13.6 minutes (3:1 CH3¢N-HéO,'1-ml/min.)



cdrbeyIic acid (300 ng, 0.66 nmmle) with 1-br, ethyl acetate in a sinilar
manner to that described in Exanple 101jﬂnat itle 25 conmpound (154
.ng, 43%. M. [err] (dec.). Estimated purity 95 (by HPLC, 1:1 [err]-pH 7 *.

 phosphate buffer). 1R .: [err] (KBr) in [err] = 1775-1760, 1670, 1530, .
1375. W . . [err] (nmethanol) in n & 242 (15900), 288 (13000). NVR
[err] in ppme 1.51 (3H d, J=5 Hz, [err]), -2.07 (3H, s, [err]) 3.29 (3H,
45 a - 3 =7 Hz

L

, 4.04 (3H,
s, .97 (1H.
d, J (Z)-Bymeghoxys =D tﬁﬁaazole E),

6.97 (1HR%&cH —5gﬂzochenq) Exanple 15 7- [(Z) -2-

(2- AninoFﬁTEE%TTZ—VTTfﬂghethoxyln1noacetan1do] 3-[(B) - .
t- but enyl ] - 3-cephem 4-carboxylic acid (la, [err], E 10 isoner) A
m Bt ure of the di pRespluttibn oFf R{Ehengimefhpli Do (2)+ 27 thoxgimino~

was obt atndd E%““F“%“#@‘Lﬁ?““P'“gﬂ SERPEL 3 AR 1T (5
m) was EFPPPéular3rePPPewcﬂ-fafbcxylaﬁeuﬂsé amglr | Ot 64 mrQle) dapesipple-
ether. = Tha ress! mlys plgciast aldowed ol btahadabyréeh lEdiperatutieSERLVEd I N
forme aﬁk%u%@g Rﬂd diluted with isopropyl ether to give a prec;pitate,

10 which was collected by filtration and washed with IPE. The sol;d f
was dissolved in methanol and chromatographed on a column of the h_
pack;ng (40 ml) of a PrepPAK cartridge (Waters) with 30% methanol -\;)
as eluant to afford 104 mg (36%) of the title compound Mp. -
155 -159°C (dec.). Estimated pur;ty_SO%.(by BPLC). )

15 IR : v (RBr) in ex ! 1765, 1660, 1630, 1530, 1040. Y
W (methahol) in nm (g). 234 (15500); 287 (14500).
NMR : & (DMSO-dg + D 0) in ppm 3.19 (33, s, OCE, ), 3.83 (38,

S, OCB )' 5.17 (IH‘ d' J=5 Hz' 6-8) ¢ 5 4~ 5 B (IH, m, Vlnyl-ﬂl,
~5.72 (13,_d, J=5 Hz, 7-H), 6.27 (1B, 4, J—12 Bz, vlnylfﬂ), 6.72
20 ’ (IH' S, thiazole-ﬁ) .

HPIC :"Retehﬁion time 9.6 minutes (1:3 methancl-pE 7 phosphate |;)
buffer, 1 ml/min.). ' _ .

Anal. Calc'd. for cnn19 % azo. €, 43.30; B, 4.49; N, 14.85;
| _ . S, 13.60. " o
25 .+ . Founds C, 43.04; H, 4.09; N, 14.59;
' s, 13.89 |



fled by preparatlve EPLC (waters System 50, Pre PAK-500/[err]) w th 40%

met hanol . The eluate was nonitored by ane3d#ic &PLC and grouped in two

fractions, which were evaporated in vacuo to 20 give 0.94 g of the Z -

~isomer of la. [err] and 1.65 g of a g>dtufagé the Z isomer and the’
corresponding E isoner. The mxture 8588/ ved in formic acid and

chr omat ogr aphed on a col umm of the packing (50 m) of a PrepPAK cartridge

(Waters) vhiva el W-F&lwzaﬁﬁn%%oﬂhﬁﬂﬁloi-im o- 25

([:jgwfr(\é\nrt e gm e_34 -m‘ S[Tmiteu ;g,ral o2 T ..: I\/p.-.
[err] (p&ggég&xk&&gﬂjgggﬁnGHQH§J1E% qggg, EF-PQSZ-(15400), 292 (19400). 30
NVR : [err] inppm 1.18 (3H"t, J-7 err] 2.30 (2H, m [err]),3.83

: (2Ftss, 2-H), .4.15 (3H, {?rrj 5. J-5 Hz, 6-H), 5.92 (1H, .
d, J=5 Hz, 7-H), 5. QE%fQFi(fl atdon afr]7)-{®lse (@Fﬂmmoehaaﬂz%ﬁzlmﬂ- 7. 18
- (1H s, trnémhbxyiﬁindiﬁélamzd&ﬂiﬂup«z)AQ-KEtﬁoﬁynlnpggﬁeﬁﬁiy TS dEHG-H 7
16 1 Acet U BNLER (adhd JU28 s % mmgie). i) & timt s mamARE to ot
cet oxye inl =2 n mate) §p) aosimilas A
acet ani do] %ﬂf!{{laeq tRNAREL1E & gaivemthec 2ibdey Earpond, (§2mg, 34%). Mp.
. 100-102°C., Estimated purity 90& (by EPLC, 1: 1 methanol-pa 7 o
10 phosphate buffer).

| IR : v (KBr) in em 1 1775, 1750, 1670, 1530, 1370, 1120.-
N _ ) = - _ . : : '
Wz Ap,, (methanol) .in nm () 232 (15600), 289 ussod). )
U  KNMR : & (maso-d6 +D 20} in ppm 1.18 (SH, 5, 3 x CHy), 3.19
(3B, s, ocs3), 3.57 (28, br., SCE l. 3.85 (3H, s, OCE ), 5.23
1s. . (1B, 4, J=5 Bz, 6-H), 5.4-5.9 (48, m, 7-E, OCBZO and vinyl-ﬁ),
6.24 (1H, 4, J=12 Hz, vinyl-H), 6.74 (1H, s, thiazole-E).
Example 14
i -Acetoxvethyl 7-[{2)-2- (Z-aminothiazol-i-yl) 2-methoxyirino-
acetamidol] - 3-[(2) 3-methoxy-1fpropeny1] 3-cephen-4-carboxvlate
o (Ib, R2=CH:, R3=OCH H,, Ri=2x) -
2 _

Esterification of 7-[(2)-2-(2-aminothiazol-4-yl)=-2~
methoxyimincacetamido]~3-[(2)-3-methoxy-l~propenyl]-3-cephem-4{~
carboxylic acid (300 mg, 0.66 mmole) with l-bromoethyl acetate in

_ a similar manner to that described in Example 10 gave the title
25 compound (154 mg, 43%)., Mp. 102-105°C (dec.). Estimated purity
95% (by EPLC, 1l:1 CH3CN-pB 7 phosphate buffer).

IR : v, (KEr) inem™> 1775-1760, 1670, 1530, 1375.

.W.

Aay (methanocl) in nm (e) 232 (15500), 288 (13000).



[err] =AX E isoner) To a mixture of 7- .@Ep—2£E§Ehn1noth|azol 4- yl)-2- 10
met hoxyi m noacet am do] - 3- [(E)-I butenyl | - 3- cephem 4- carboxylic acid (130

‘ny, 0.3 mmole) and [err] ng, 0.4 nmmole) in DWF (2.5 m) was added at
[err] 1-¥MBroeth§l (GBELgte p?m g ppzh miw5a) (3Bhedyi Jebr BzYOCRCE!) | TG AL

~lerr] fo hgur lyte t h Ehptey (2 d sycgessi ve

Lerr] forag, i o o cocal i s 5728, Wl achans) (23, 46) caeohed sucEysoively
~and concgh??a %ﬁ az'TﬁsaFggpdue4w&§ 383 0By eNOLH thl 5509 0fiBard), -
lchronatoisgrmphed-ah assss+sasg¢hsqohunvinyuhsl?bsebbang ia,lsk 533 The

S%egf“ﬂ%‘ AL 857 S0 ag Ry ROSER) L 6Ckal Daki Ul Boukpelsn

Lerr] | 697 (}B¢ g, (FBB)BER ?Gﬁﬂﬁ?). 1760 (br.), 1670, 1510 w- [err]

(methanol) innmferr] 232 (15100
(3H, t, J=7 Hz, [err]), 1.54 (3E d; J= 6 FE [err]) 2.08 (3H, s, [err]),

298 (17000). NWR < [err] in ppm 1.05

2.0-2.4 (21, m [err]), 25 3.57 4.05 (3H, s, OCE3), 5.07 .

(1H d, J=5 Hz, 6-H), 5.8-6.3 (2H, m 7- H and [err]) 6.86 (1H s,
| 35, CE-

~ thiazol e,ﬁg ﬁ_.f;?z_ HPLC, : Retent&g?_s__ir& -

m nut es ny 1noacetam1

I-butenyll-3-cgphem-4-carboxy11c acid (Xa, R2=CHBJ R -CHBL E

10  iscmer)

A m;xtu:e of the diphenylmethyl 7-[(2) 2-(2-amzno-
_thiazal-i-yl) 2-methcxy;minoacetamido]-3-[(2) ~l-butenyl]~- -3-

cephen~{-carboxylate which was obtained in Examplg 7 (7.6 g, 1.3

mnoles), TFA (25 ml) and anisocle (5 ml) was stirred at 5°C for 1

.is - hour and diluted with isopropyl ether. The resulting pxec;pitate\J

was collected by filtration, dissolved-in formic acid and puri-
.. fied by pzeparative EPLC (waters, System 500, PrepPax-SOOICIB )
with 40% methanol, The eluate was ‘monitored by analytical EPLC
_ ‘and grouped in two fractions, which were evaporated in vacuo to
20 give 0.94 g of the 2 isomer of Ia (R =c33, R;=C331 and 1.65 g of
a mixture of the Z isomer and the corresponding E iscmer. The
mixture was dissolved in formic acid and chromafograpbéd cn a
column of the packing (50 m1) of a PrepPAx cart ridge (Waters)
| with 20-30% methanol to yield 0.22 ¢ (4%) of the E isomer to-
25 ~ gether with 0.%50 g of the Z iscmer. Estimated purity 90% {(by

EPIC). Mp. >170°C {(grad. dec.).

IR ooy (KBT) dn e~ 1760, 1860.

W s lnax {pE 7 phosphate bqffef) in nm (c) 232'(15400), 282
(19400). . " |

30 NMR : & (D,0 3 NaHCO Y in ppm 1.18 (3H, ¢, J=7 Bz, CH JCH3),
. 2.30 (28, m, ca cxs), 3 83 (28, 50 2-3). 4.15 (35, s, ocn 3)e 5.37

-~

»

;t) L



Acetoxynethyl_7-[(Z)-2-(2-aninothiazol 4- yI %g
i m noacet am do3-3-[(2)-1-butenyl]-3-cephent carb gfhte (Ib [err], Z

i somer)  -To a mixture of 7-[(Z)-2-(2-am nothi azol -4-yl)-2-

met hoxyi m cat afegohz Ay - 1ghgiae capkem,4- 2C d ¢ (

nmg, 0.69 m(‘QH $3a§§§§ (I}gk i% 3 gtz rtgldm %_Dlg g| gh y %{#O%(?rs: € (fh ﬁe
dropwi se at z errr 88 Pﬂt on* SﬂsbpannﬁeFﬁVI'aae?ﬁté1§diﬁyrﬁflﬁf

nmole) in dry DMF (0.25 m) and the m xture was stirred at [err] for 15

m nut es. he s ol it ibo tate -
R o L SR R R
stirred 10buffSFnaR@PhERIEGnnﬂnutes and diluted with ethyl acetate (20 m).
" The dilute was washed with water and a saturated NaCl solution, dried over
- anhydrous Na SO'2 4 and evaporated to_dr niss. The resi due was di ssol ved
~in nBthanol and passed through a coluﬁﬁﬂéﬁ-ﬁhéﬁpacking 15 (40 m) of a
PrepPAK cartridge (Waters), which was mashed wth mater and then eluted
e oo oIABEn KIS 19 145 SR RL R Corn TS dEBL SR, Lagid L 0"
- Estimdted pgerepidod (G, (' a by peny 1] 63"—w'f' ‘

.. 1780,_'31660334&‘3,,- JRE‘L‘;X Bl Qomer)

~ To a mixtute of 7-[(2)~-2-(2~aminothiazol-4{~-yl)~-2-
10 methcxyiminoacétamido)-3-[(E)-l-bﬁtenyl] -3=-cephen-4-carboxylic
K«’_ acid (130 myg, 0.3 mmole) and x2c03 (55 mg, 0.4 mmole) in DMF (2.5
ml) was added at 5°C l-bromoethyl acetate (67 mg, 0.4 mmole) .,
_The mixture was 'stirred at 5°C for 1 hour, diluted with ethyl

AN acetate (25 ml), washed successively with water and an agueocus
15 'NaCl solution, dried over anhydrous ugso‘ and concentrated in
.. - wvacuo. The residue was dissclved in chloroform and chromato-

graphed on a silica gel column with 18 methanol in CBCIB.' The
desired fractions were combined and concentrated in vacuo to
_ yield 77 mg (49%) of the title compound Estimated purity $0%
20 (by HPLC). Mp. 110-115°C.

IR : v, (KBr) in em t 1760 (br.)., 1670, 1510.
~ W : X, (methanol) in mm (£) 232 (15100), 298 (17000) .

NMR : & (CDC1,) in ppm 1.05 (38, t, J=7 Bz, CH,CH;), 1.54 (38,
.- d, J=6 Bz, CACE,), 2.08 (3H, s, COCE,), 2.0-2.4 (2B, m, —CE.CH,),
25 3.57 (28, s, 2-B), 4.05 (3%, s, OCH3); 5.07 (1E, &, J=5 Ez, s-a),
' 5.8-6.3 (2B, m, 7-E and =CE-CE,-), 6.86 (1B, s, thiazole-EH),’
6.8-7.1 (2B, m, OCE and 3-CE=). |

HPIC : Retention time, 7.7 minutes (1:1 CE,CN-B,0, 1.5 min/ml.) ’



1045. UV: [err]

(CHCL + D 0)

d, J=4.5 Hz, 6-H),

C, 46.32 H, 4.
13.34 ; S, 12:

(et hanol ) in nn1[err} 231 (17000), 239(13100).

in ppm0.99 (3H, t, J=7.2 , 25 [err]), 2.11 (3H
- 1.75-2.5 (2H, m [err]), 3.45 (2H, s, S—CHZ) #g(SE s,

66

tox

N,

_ - 5.81 (2H, s, [err]) 5.99 (
(1H, d, J=12 Hz, 3-CH), 6.76 (1H s, ‘tIﬁ_Z'OIe H .
. 6.3 mnutes (3:2 CH3CN - PH 7 phosphaggahpiéety: Anal. Cal cd.

d, J=4.5

OCH3) ,

M, 7-H),
HPLC. Retentlon ti

for
ij% (2-a£¥%5ékiazél-§-5%) 2-methox

S

[err]

44
Y-

NHR:

4-TN-(t- Butoxggggﬁggxﬂkg@ygiLgxyﬁhEhzrabum@nyﬂ}wd-6é¢méﬁ-4-carboxylate o

-2-(2- mﬂnotm

1- but enyl ] -

10

15

at 0°C for 15 minutes.

3I ﬁﬁyl )ng nﬁsﬁmoxyizin

[(E%.2§%£5F¥

 To a mixture of 7-[(z)-2-(2-aminothiazol-4-yl)-2-
methoxyimino-acetamidqj43-[(Z)-1-butenyl]-3-csphem—4-
carboxylic acid (300 mg, 0.69 m mole) and K2003 (95 mg,
0.69 m mole) in dry DMF (3 ml) was added dropwise at
0°C & solution of bromomethyl acetate (105 mg, 0.69 m
‘mole) in dry DMF (0.25 ml) and the mixture was stirred

To the mixture was added again

a-sblution of'bromomethyl acetate_(lOS mg, 0.69 m mole)

in dry DMF (0.25 ml).

The reaction mixture was stirred

for another 30 minutes and diluted with ethyl acetate

(20

ml). .

The dilute was washed with water and a

saturated NaCl solution, dried over anhydrous Na2804_

and evaporated to dryness.

The residue was dissolved

in methanol and passed through a column of the packlng

(40 mi1) of a PrepPAK cartridge (Waters), which was

washed with water and then eluted with 50% methanol.

" were collected and evaporated to give 96 mg (27%) of the
Estlmated purity 90% (by HPLC)

20

.25

The elute was monitored by HPLC.

3.45 (2H

(1H,

'~ title compound.
149-152°C.

IR:

- CH, )

S,

1

S (CHC1. + D ,0) in ppm 0.99 (3H, t,

3

2.11 (3H, s, COCH ), 1.75-2.5 (2H, m, CH

V.. (KBr) in em™> 1780, 1660, 1535, 1375,
- 1045. . |
uv:kmx (methanol) in nm (g) 231 (17000),

1

"The desired fractions

M p.

170,

239(13100).

J=7.2 Hz,

=2

CHA)

s, S-CH,), 4.05 (3E s, OCHg), 5.11 (1H, d,
J=4.5 Hz, 6-H), 5. 81 (2H, s, OCH 0), 5 99 (1H, 4,
J=4.5 Hz, 7-H), 6.18 (1R, d, J= 12 Hz, 3-CH=),

thiazole-R).

6.76 .

~

-

<



A solution of chloronethyl 4-[N(t-butoxycarbonyl) glycyl oxybenzoate (584
ng, 1.7 mnoles) in acetone (10 m) was stirred with sodiumiodide (1.28 g,
8-5 mnoles) at roomtenperature for 6 hr. ## separated.sodi umchloride 5
was renoved by filtration. The filtrate wa ncentrated in vacuo.. The

resi due was di ssolved in dinethylfornmani de “m) and added at -20Cto a
m'xture of 7- [(2)-2- g : '

(2-am not hi'azol - 4-yl met F}@@éj ) Ct%y?em ] 3:4 sd-ra. 7 -
-~ butenyl ] - 3- cephem 4- )c{gfz'goi ic 5{3 3’9?4 ' n’gfjbo"la_ ?nnlnr%%%%;l(os'za%%ﬁ%%t assi um
carbehate (207 nBH 7. haspbesdpe bwiderdthyl - formanide (5 m). The nixture
~was stirred at [err] ahen . lciedi Iggred WH O petd\d _acesite {59, dg.3avashed
. successively with water and an aqueous 2138 7 & sodi_% chl orjde, dried
~over anhydrous nHgn8sPBmislifdBeS8hd B5 1ZRcen i P vt The
resi due was shropat aggaphedngnia,gd i;c&,gal2.cg.um (20 g) eluting with 1:1
tol uene- ethyl acetate to yield 533 ng (76% of the title conmpound. TLC
~(silica gel):Rf 0.16 (1:1 toluene-ethyl acetate). Mp. 110-117C. 20
IR [err] (KBr) in [err] 1770, 1740, 1670. WV : [err] (nmethanol) in nm
" [err] 237 (26700), 257(11800) NVR : [err] in ppm0.90 (3H, t, J=7 Hz, 3
-2 Jerr], 1.48 (9H, s, [err], 2.00 (2H, dqg, J=7 and 25 7 Hz, CH2CH3), 3.43
- (2H, s, 2-H), 3.98 (3H, s, [err] : :



4.13 (2H, s, [err]), 5.10 (1H, d, J=4.5 Hz, 6-H), 5.50 (1H, dt, J=11 and 7
Hz), 5.9-6.3 (4H m 7-H, vinyl-H and [err]), 6.52 (1H, s, thiazole-H),
7.17 and 8.06 (2H each, d, J= 8Hz, benzene-H). *BOC-GBM = [err] Exanpl e
19 4-d ycyl oxybenzoyl oxynet hyl 7-[(2)-2-( qunot hi azol - 4-° _
yl)-2-met hoxyi m no-acetam do] -3- [(Z)-1-butedyl]-3-cephem 4-carboxyl ate

di hydrocholoride (Ib. [err] R= GEM, hyur®itoride) A nixture of .the
N-(t-butoxycarbonyl) derivative (349 g:g 0.5 2 nol e) obtai ned i n Exanple

18, anisole (3 drops) and 2N hydr ochl e~ 28 n- et hyl "acetate (2.5 m) .
was Stirred at-qiN-C f-Butkikys arbodyE) 130 BenpseTopyhetry nas- ok ) ec i
by filtration_ang di Med: 1 JTE )| by AT Lfration, |
acetate (39 mggﬁdi}&fi%?a%ﬁ Fheafet 3 act:él: o3r E S
col l ected by fliq ua;i e piemn-146c tof (Ihe RTt+@HeonBOUAd, M

- p.> 1600C (degy . Estdgmlcsy®eyrity 90% (by HPLC). IR :[err] (KBr) .in
[err] 1780, 17#3* ; —=% . [err] (methapol) in nmJ[err] 235
(27200), 287 A solution of chloromethyl 4§fN-(t—butoxycar onyl)

glycyloxybenzéate (5_84 mg, 1.7 m molés) in acetone (10 ml)-
was stirred with sodium iodide (1.28 g, 8.5 m moles) at
room temperfature for 6 hr. The separated sodi.um chloride
S5 was removed by filtration. The filtrate was concentrated
in vacuo. The residue was dissolved in dimethylformamide

(10 m1) and added at -20°C to a mixture of 7-[(2)-2-' ' \)

(2-aminothiazol-4-yl)-2-methoxyiminocacetamido]-3- [(2)-1-
butenylj—3—¢ephem-4—carboxylic acid (437'mg;_1 m mole)
10 and potassiﬁm carbonate (207 mg, 1.5 m mole) in dimethyl- \)‘
formamide (S ml). The:-mixture was stirred_at_0°C'for
1 hr, diluted with ethyl acetate (50 ml), washed
successively with water and an aqueous solution of sédium'
chloride, dried over anhydrous magnesium sulfate and
15 concentrated in vacuo. The residue_was'chromatogfaphed
on a silica gel coiumn'(zo g) eluting with 1:1 toluene-
ethyl acetate to yield 533 mg (76%)'of_the title .
compound. TLC (silica gel):Rf 0.16 (1:1 toluene—efhyl
acetate). M.p. 110-117°C, |

200 IR :v__ (KBr) in em™' 1770, 1740, 1670.

UV @A (methanol) in nm (€) 237 (26700), 257(11800)

. NMR : §(CDC1g + bao) in ppm 0.90 (3H, t, J=7 Bz,
| Cﬁzcgs), 1.48 (9H, s, C(CH5),}, 2.00 (2H, dq, J=7 and
s 7 Hz, CH,CHj), 3.43 (2H, s, 2-H), 3.98 (3H, s, OCH,),
4.13 (2H, s, CH,NH), 5.10 (1H, d, J=4.5 Hz, 6-H),
5.50 (1H, dt, J=11 and 7 Hz), 5.9-6.3 (4H, m, 7-H,
‘vinyl-H and OCH,0), 6.52 (1H, s, thiazole-H), 7.17 and
8.06 (2H each, d, J= 8Hz, benzene-H).

x —ay ..
T BoCc-G8M = _-Cﬁfzocof</=>—QCoCA§ Am/caoc/cw_?)g-
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(12900). NVR : [err] (DMBO-[err]) in ppm0.78 (3H, t J=7 Hz, CH2CH3), 2.00

(2H, m CH 2CH3), 3.52 (2H, s, 2-H), 3.90 (3 s, [err]), 4.05 (2H, s,.
€H2NH), 5.22 (1H, d, J=5 Hz, 6-H), 5.5-6.2 m 7-H, vinyl-H x 2 . and OCH
0), 6.88 (1H, s, thiazole-kb, 7.35 and 8.0 Zﬁ each, d,.J=B Hz,

benzene-H). 20 Anal . Calcd. for [err] 'C, 44.63; H 4.30 ; N

¥1.57 : S, 8.82 : d, 9.76. Found : C, ﬁ%aﬁ = g4 34 : N 11.13 ; S, 8.46
anﬂﬂié;‘té;Q [err] ]

A, 9.18. HPLC : Retentlon tlne 5.2

1 mM/mn.)

Exanpl e 20 Di pheny} yey iwkydeRsbpoR Rt e0Ft 1) 32C( 8DaRY dogAiOYy=alat e

(XIH, [err]) 0 .
anhydrous | it hi¥ed 2 7/RE ¥f20 Qrt ac taRAd QS

sol ution of 7. 3g4fbd: I@t@)dﬂi dPecdiseidé | L.bn QgO—thH
chl ori de. 1t)tf§ﬁ Ié&lgnES ! ﬁgslaaaSG)BO m - of Nn-butyra
m xture was sti for 24 hours. Aft
to 50 nig t he reS|du@rmaxtwm&rmﬁttmbvN%tm-butoxycarbonyl)

(349 mg, 0.5 m mole) obtained in Example 18,

gt Retbytﬂne
ehyde andst he
er concentrating
derivative

anisole (3

drops) and 28R hydrochloric acid 1n ethyl acetate (2.5 ml)
was stirred at 5° C for 15 min. The resulting
precipitate was collected by filtration and dlssblved

in methancl (3 ml). After filtration, ethyl acetate

(39 ml) was added to. the filtrate. The resulting

precipitate was collected by filtration to yield 166 mg
(46%) of the title compound. M. p.>160°C (dec.).
: 10 Estimated purity 90% (by HPLC). '
~ IR :y __  (KBr) in cm™' 1780, 1745, 1670, 1630.
UV :) . (methanol) in nm (€) 235 (27200), 287
(12900)
" NMR : 8 (DMSO dg ) in ppm 0.78 (3n, t J=7 Hz,
15 CH,CH,), 2.00 (2H, m, CH,), 3.52 (2H, s, 2-H), 3.90
(3H, s, OCH,), 4.05 (2H s, CH,NH), 5.22 (1H, d, J=5 Hz,
""" 6-H), 5.5- 6 2 (SH, m, 7-H, v1nyl—H x 2 and OCH o), 6.88
- (1H, .s, thiazole-H), 7.35 and 8.00 (2H each, d, .J=B Hz,
_ benzene-~H). ' : _ |
- 20 Anal. Caled. for C, H, N.0S,.2HC1.1/2K,0 : C, 44.63;
- 27"28"6-9°2" 2 ’ ;

H, 4,30 ; N,'11.57 ; S, 8.82 ; C1, 8.76. F

E, 4.34 ; N, 11.13 ; S, 8.46 ; Cl, 9.18.
HPLC : Retention time, 5.2 minutes (3:2 CB
ml/min..) '

3

ound : C, 44.60;

CN-H,C, 1.

¥Gem = ~cyoco € I—ococamy



300 m of ethyl acetate. The extract was washed with water and a saturated
NaCl solution, and dried with 10 .anhydrous [err]. Wko-gel (C 100, 10 g)
‘and active carbon (1 g) were added. T ei!ye was filtered and the
filtrate was concentrated to 100 m. To t ncentrate was added 5 g (0. 03
- mole) of Grard T in 100 m of. nethanoh-dﬁhbalnlng 5 m of acetic acid and
15 - the.mxture was stirred at roomtenperature for 30 mn. After being -
evaporated to dryness, the residue was eptamei&dogith 300 ml of ethyl
“acetate. The extract .was washed succes W T ter an aqueous sodi um
bi car bonat e 50 DiNeh e Y Y o e d ' ¥ E—al '&gemerﬂ‘h M&ﬂ
© . with anhydrouslbarer](x;[mfteiseuamocm hg to dryness t he resi due was
+ -chromat ographed on srTlca Mer ck sel ge 0] g) b
-eluting with toluen et%ﬁooa%e‘{aﬁre (%tir( é q‘ﬁegﬁ%%l?ledgf?a%t?%h% gle)
col | ected by nnﬁlmmhw@roustifNHium%Er@mn@@rameﬁOZﬁl ofoDMTymessadoeglwa

(7, ;G x SeCRaRHOR B FO AT Aol WY 8 o M mol B QI e RE S R de

2-H), 4.75 (1H(Id) Ja 25Giml efymeehyhene rchiorgde. JTa shﬂfolm on
? §§ g glgH Wa@ﬁ@decﬁab?n(lliéf% &@tir&!@deﬁy&r’:&%d #nO0m{ttlurs. w%iPhZ)

stlrreglat room temperature for 24 hours After
concentrating to 50 ml, the ‘residue was extracted with
‘300 ml of ethyl acetate. The extract was washed with
water and a saturated NaCl'solution, and dried with
10 anhydrOUS'MgSO . Wako-gel {C-100, 10 g) and active
| ‘carbon (1 g) were added. The mixture was filtered and
the filtrate was concentrated to 100 mi. To the f %)
concentrate was added 5 g (0.03 mole) of Girard T in '
100 ml of methanol containing 5 ml of acetic acid and
15 the mixture was stirred at room temoeratUre for 30 min.
After being evaporated to dryness, the residue was
extracted with 300 ml of ethyl acetate. The extract
was washed successively with water, an-aqueous sodium
'bicarbonate solution, water and a saturatved NaCl
20 solution and dried with anhydrous Mgso4. After
evaporating to dryness, the residue was chromatographed
, on a silica gel column (Merck Kieselgel 60, 120 g} by .
- eluting with toluene-ethyl acetate (5 : 1). The desired
_ . fractions collected by monitoring with TLC- were evaporated
25  to dryness to give 1.78 g (41%) of title compcund as a
- - foamy solid. : | _
. NMR : § (CDC1l,) in ppm 0.7-2. 0 (7H, m, CH, x 2. &
C—CBa), 3.28 (1H, d, J=18 Hz, 2-H), 3. 58 (lH d, J=18
Hz, 2-H), 4.75 (1H, d, J=4.5 Hz, 6-H), 5.01 (1H, ¢
30  J=4.5 Hz, 7-H), 5.2-5.7 (1H, m, CH=C), 6.12 (1H, d,
Jull Hz, 3-CH=0), -7.00 (1H, s, CHPh,), 7.2-7.6
(10H, m, phenyl-H). ' :



Exampl e 21 Di phenyl nethyl 7- (Z)-2-(2-am nothi azol -4-yl)-2-nmet hoxy-

I m noacet am do] - 3- (1- pent enyl ) - 3- cephem 4- car boxyl ate (XIV. [err] A mxture
of 1.7 g (3.9 mnole) of X Il [err] CH3) and 8 o9 (3.9 mnole) of :
1-[(Z)-2-(2-am not hi azol - 4-yl)-2-nmet hoxyi m noacet oxy] - benzotriazole in 150
m of ethyl acetate was stirred at roomteng® ature for 20 5 hours and-
the m xture was evaporated to dryness. The residue was chromat ographed on

a silica gel colum (Merck Kiesélgel GOEXQQEgg by eluting with chloroform

and 1% net hanol i n chlorofornlsucc SSi esired fractions, eluted
wi t hechl or of or m Bi ] ‘ ; 't11;;O.ﬂézmh%ﬂarmﬁ$h0xY-

MeOH CHC13, . Rf Olﬁghoaﬁeﬁsﬁmﬁﬂbﬂe‘-@-‘?d—@@%t@h@ﬂ@%@@p&ﬁnﬁ%oxﬂi@te
residue was trit bed wih eral so eTher to give 1.94 g (85% of
the title conpougg——ﬁeﬁL+ﬁg—§B E&FFF—&& AR [err] (KBr) |% [err]
1775, 1720, 1670, 1614, mixtur253d, 1138@, (:BZEOm inb&@) DE3XIIWN (R™ =

(methanol) i n nmpfenrn1290644900), oTRX YR): dernrlf(z) wzna@nmgiﬁﬁ-

m [err] ),

4—yl) 2-methoxy1m1noacetoxy] -benzotriazole in 150 ml of
ethyl acetate was stirred at room temperature for 20
5 hours and the mixture was evaporated to dryness. The
residue was chromatographed on a silica gel column
-(Merck Kieselgel 60, 60 g) by eluting with chloroferm
and 1% methanol in chloroform successively. The desired
’"ac*lons, eluted with chloroform—methanol snd monitored
10 by silica gel TLC (1: 15 MeOH- CHCIS, Rf 0.50), were.
ccllected and evaporated to dryness. The residue was
triturated with ether-isopropyl ether to give 1.94 g
(85%) of the title compound, melting at 115-120°C (dec.)
IR :v__  (KBr) in em™* 1775, 1720, 1670, 1610,
15 1530, 1380, 1220, 1180, 1030.

UV : A . (methanol) in nm (€) 290(14000).

NMR : & (CDc13) in ppm 0.6-2.1 (7H, m, CH, x 2 &CH,),
3.42 (2H, br-s, 2-H), 4.04 (3H, s, OCHy), 5.15 (1H, d,
J = 4.5 Hz, 6-H), 5.3-5.8 (3H, m, CH=C&NE,), 6.02 (1H,
é-d, J=4.5% 8 Hz, 7-H), 6.15 (iH, &, J=11 Hz, 3-CH=C),
6.80 (1H, s, thiazole, H), 6.98 (1H, s, CHPh,), 7.2-7.5
(10H, m, phenyl-H), 8.0 (1H, d, J=8 Hz, NH).

20



H)
(

1H,

3.42 (2H br-s, 2-H), 4.04 (3H, s, [err]), 5.15 (1H, d, J = 4.5 Hz, 6
5.3-5.8 (3H, m CH=[err]), 6.02 (1H 20 d-d, J=4.5& 8 Hz, 7-H), 6.1

d, J=11 Hz, 3-CH=C), 6.80 (1H, s, thiazol e, '6.98 (1H, s, CHPh )

7.2-7.5 (10H 'm phenyl-H), 8.0 (1H, d, J=8 Hz, NH). Exanpl e

7-[(2)-2-(2- Ami not hi azol -4-yl)-2- nethoxybglnoacetan1do] -3- -
[(2Z)-1-pentenyl]-3- cephen}4 carboxylic acid (la, [err] Z isoner) A mxture ®

of 2.5 g (4.27 mnoles) of XIV ([err]gt&hplei22- 5. m of anisole and 7.5 m

of trifluoro-
concentrat ed

enmperature for 10 nin

e~

_;c tic aC|d mas stlrre

and
_ﬁhoxylmim@aqenamhdgﬂpropf|

e}g h;f' tg gEi ve -%-g_\;gw_i)iuéém@é@p}lsl@efﬁehha-babbexggmoa@dd( g 13,1l mxt :Jre
0 an IS rs e xru uc S sol ve I N aqueous net nano
and the solutggﬁ;mégi éﬁaéﬁs ya of the packing, of PrepPAK

Cl18 cartrige (\Waters m30ture )oby219 g €huprng modeeSsnfeMﬁWm(

monitored w th HPL%E}QZ%P%ém%I;ﬁ? égn?'gl %lg(r)%mls}lgg??éns 01IB the %&)\Qngthanol |

el uate were cadetiedcid was stirred at room temperature for 10 min

met hanol , 20@6

10

15

20

25

"~ =CH-CH —CH ), 3.46 (1¥, d, J=18 HZ, 2-H), 3.76 (1H, 4,

30

and concentrated to 3 ml. The residue was diluted with
100 ml of iSopropyl.ether to give 2 g of trifluoroacetate
of the title compound (a 5:1 mixture of Z and E isomers).
' The crudé product was dissolved in aqueous methanol and

the solution was chromatographed on a column of the
packing of PrepPAK C18 cartrige (Waters, 300 ml) by

eluting successively with water, 10% methanol, 20%

methanol, 30% methanol and 40% methanol. The eluate
was monitored with HPLC. The Z isomer-containing
fractions of the 40% methanol eluate were collected
and evaporated to dryness and the residual solid was
dissolved in methanol and filtered,. To the filtrate
was added 200 ml of isopropyl ether and the resulting

solid-was_collected by filtration, washed.with'isopropyi
ether and dried in vacuo over PZOS to give €95 mg_(39%)

of the product, whlch was 90% pure by HPLC. M. p.

.150-155 (dec.). " _ —
| 1770, 1670, 1630,'1530,;37%5\J_

.. e -1
_ IR : -y max (KBr) in cm
1180, 1040.

uv : 1 (pH phosphate buffer) in nm (6) 229
(16000), 233 (15000) _ ~ :
- NMR S(D 0 + Na2 ') in ppm 1. 01_(3H, t, J=7 Hz,
CH CH3), 1.3-1. 7 (2H, m; CHZCHZCH3) 2.0-2. 3(2H m,
J=18 nz a.H),_4,15 (3H, s, OCH ), 5.38 (1R, d, J=4.5
Hz,_G—H). 5.5~5.9 (1H, m CH= C) 5.92 (1H, d, J=4.5
Hz, 7-H). 6.08 (1H, d, J=11 Hz, 3-CH=C), 7.16 (1lH, s,

- thiazole-H).

10%



and evaporated to dryness and the residual 45¢;d was 15 di ssolved in
‘nmethanol ‘and filtered. To the filtrate was#&dded 200 m of isopropyl ether
and the resulting solid was collected by filtration, washed with isopropyl
ether and dried in vacuo over P205 to give 695 0 of the product,

whi ch_was 90% pure byAr®lc Cajedp. fop 1§§QIH§@nggeé/? PR C[eﬁﬁ}geKBr) in -
cm 11770, 1670, H638,83530n 133021118§ 1848, UVFouggrr]c 46.6BH phosphat e
buffer) in nn1[err] 229 16600 283 i5002§ NVR gerr] in ppm -
1.01 (3H, t, J=PATO04% er})4-853. 4.7 (3N 5[8Pp])15 900:253( 2R3 [err]),
3.46-(1IN d, J=1f3H¥s.2-H), 3.76 (1H d, J=18 Hz, 2-H), 4.15 (3H,. s,

5.38 (1H, d, 4.5 6- H) . . 0-5. 1H. . 1H
535{ ]5) 30 . Hz( 7-H). A%I.“Sg-' ?%ﬁ?eﬂﬂﬁgl%lﬁ‘z’: %@&51%9339&.4 e?% i 9
thiazole-H). - plmasph&bécduffer,[érml/mif.)46.94; H, 4.82 ; X, 15.21 ; S,

13.92. Found : C, 46.93, 47.04 H 4.66, 4.71 : N, 15.00,7 15.00. S,
13. 34, 13. 36. : - . : :



HPLC : Retention time, 9.9 mnutes (2:3 NECH pH 7 phosphate buffer, 1
‘m/mn.) Exanpl e 23 7- :

[(z)-2-(2-Am not hi azol - 4-yl) - 2- met hoxyi m et am do] o
-3-[(E) - 1- pentenyl ] - 3- cephem 4- car boxylic 1d (la, [err] =Jerr] , E

- isoner) The E isoner-containing fractions of the 4096nethano| el uate (cf.
Exanpl e 22) were col |l ected and evaporated‘FD‘dryness to'give 455 ng of a
m xture of cis and trans isonmers (1:1). The crude product was 5

- rechr omat ogr aphed on a col um ‘of the pigklna!of grepPAK C cartrige
(Waters, 300 m) by eluting with 18 359 and nmonitoring wth HPLC?’
The desired frabi[(@k-2oi2-sAmimgthhezolaasyl yesemethorytnlheatedamdo ]

concent i oo, (00 0 LyGRT, 1257 LonBh s heuoln 08 L8Th (1782
(KBr) in [err] iﬁéﬂégé ;5801, sqxéeoz 1040. W : nmax (H phosphate
buffer) in nm(E) 228de g { &giueogggiﬁgggo?}actions of the 40%

methanol eluate (cf. Example 22) were collected and

evaporated to dryness to give 455 mg of a mixture of
cis and trans isomers (1:1). The crude product was

(&)

rechrbmatographed on a column of the packing of
' PrepPAK C,. cartrige (Waters, 300 ml) by eluting with
35% methanol and monitoring with HPLC. The desired : k}
fractions containing the trans isomer were collected -
. and concentrated to 10 ml and lyophilized to give
10 89 mg (5%) of the product which was 75% pure by HPLC. w
M. p. 180°C (grad. dec. Y. i
IR : V max (KBr) in cm
1380, 1040.
uv @ A (pH phosphate buffer) in nm (€) 228
15 (17000), 282 (22000). .
 NMR : § (D,0 + Na,CO5) in ppm 1.05 (3H, t, J=7
Hz, CHZCEB)’ 1.2-1.8 (ZH, m, CH,CH CHS)’ 2.1-2.5 (2H,

m, =CH-CH,CH,), 3.81 (2H, s, 2-5),24.15 (3H, s, OCH,),

5.37 (1H, d, J=4.5 Hz, 6-H). 5.91 (1H, d, J=4.5 Hz, .

20  7-H), 5.9-6.3 (1H, m, CH=C), 6.67 (1H, d, J=16 Hz, | \/
- 3-CH=C), 7.17 (1H, s, thiazole-H).

' " HPLC : Retention time, 12.3 minutes (2:3 MeOH-pH

7 phosphte buffer, 1 ml/min.)

-1 1770, 1660, 1630, 1530,



NVR [err] in ppm11l.05 (3H, t, J= 7Ft EH]),l 2- 1. 8(2H m [err])
2.1-2.5 (2H, m =[err]), 3.81 (2H, s, 2- 4 (3H, s; [err]) 5.37 (1H
d,-J=4.5 Hz, 6-H). 5.91 (1H, d, J=4.5 Hz, %—!} 5.9-6.3 (1H m CH=O),
6:67 (1H, d, J=16 Hz, 3-CH=C), 7.17 (1H, s, thlazole Hy. HPLC Retention
time, 12.3 mnutes (2 3 MeOH pH 7 phosphte bub2er, 1 nm/nin.) - 62 -

ExXanpl e 24 1- Acetoxyethyl 7-[(2)-2- (2 am not hi azol - 4- yl)-2- nmet hoxy-

i m-noacet am do] -3-[(2) - 1- pentenyl] 3-cep 1@a@hoxylate (Ib [err],
“isonmer) To a stirred f7 - ] 225 :
and B9 ng (0.5 mASHOX4E 2RIRQLE Pl at

- 0-5C a soIut|onxﬁiﬂhhd&xdﬁhdb]nwmfkg)£ﬁ-ﬂeﬂtemﬁxye3hqéphémnndeaﬁboxﬁlé*@1
of DVMF and the t urg2 wasssti rg&d m t r 30,mn. To the
m xture was a.'ddrY(1 i -%F?MB% . *ﬁ%@gﬂle brom de in
1moof DWW and 10 1o a stirred mixture of Ia (R? = CHy, R = CH,CH,,

Z isomer) (225 mg, 0.5 m mole) and 69 mg (0.5 m mole)

of potassium carbonate in 5 ml of DMF was added at 0-5°C

a2 solution of 84 mg (0.5 m mole) of l-acetoxyethyl bromide
5 in 1 ml of DMF and the mixture was stirred at room

temperature for 30 min. To the mixture was added again
a solution of 84 mg (0.5 m mole) of the bromide in 1 ml
v ' of DMF and '

10

N ' the mixture was stirred at 5-10°C for 30 min. Then, the
mixture was extracted with 106 ml of ethyl acetate. The
extract was washed with an aqueous sodium bicarbonate _
solution, water and a saturated NaCl solution successively

15 and dried with MgSO,. After evaporating to dryness, the
oily residue was chromatographed on a silica gel column
(Kieselgel 60, 30 g) by eluting with chloroform and 1%
methanol in chloroform successively, and monitoring with

.~ TLC and HPLC. The desired fractions eluting with 1%

20 methanol in chloroform were collected and .evaporated
to dryness. -The residue was triturated with ether-n-
hexane to give 91 mg of the title compound. The crude
side fractions were re-chromatographed similarly to give
additional 63'mg of the product. The total yield was

25 154 mg (57%). Est'd purity 80% by HPLC. M. p. 100-110°C

(dec.). o
IR : Vmax (KBr) in cm -1 1765, 1670, 1610, 1530,
1380, 1240, 1210, 1180, 1100, 1070, 1040.
uv o A (methanol) in nm (€) 233(17000), 290(13006).

-max



the m xture was stirred at [err] for mn. Then, the m xture was
~extracted with 100 ml of ethyl acetat mextract_ was washed with an

- aqueous sodi um bi carbonate sol ution, wate d a saturated NaCl solution = =
successively 15 and dried with [err]. After evaporating to dryness, the
oi-ly residue was chromat ographed on a Si ~gel colum (Kieselgel 60, 30
. g) by eluting with chloroformand 1% nmet hanol in chloroform successively,
and nonitori ng Wi t th{hC agd (eBcC., )The gpm 0edof n(3@ek,i ans J&I?uiﬂm,g with 1% 20

met hanol in c ol L&ct ed e The
resi due was t 2é£a§)eglﬁtﬁ g ﬁéé gﬁgge ?‘0%3{2?51&62%#33@1 ]Iltle
conmpound. The(2Hyde, s#dH—CHgSandr;s IO (3H ch=r,0rm1 bpr&mmmmarthy-ép
glve addi tion pro I 5
Est'd purity gﬁ‘ﬁby HI9 5 %?3*31 %eéoée)c H % J rr] 2 ]éﬁ?(gg)é 5{0
[err] 1765, 1670, .1610, 1530 1380, 1240, 1210, 1180, 1100 1070, 1040. W
c [err] (et hanol) innrn (E) 233(17000), 290( 13000) . NVR : [err]
in ppm0.90 (3H, t, J=7 Hz, [err], 1.2-1.8 (5H, n, [err], 1.8-2.1 (2H, a,
[err]), 2.06 (3H, s, [err]), 3.43 (2H, br-s, -

®




NH2), 5.5-5.7 (1H, m CH=C), 5.94 (Il H, .d-d, & 4.5 Hz, 7-H), 6.13 (1H,
ds. J=11 Hz, 3-CH=C), 6.84 (1H, s, thiazol &M 6.97 (1H, q, J=7 Hz,
CHCH3), 7.48 (1H, d, J=8 Hz, NH). HPLC.: Retentiontirre 81rrinutés(7:3_

MeOH- pH 7 phosph butfer my/ r.n Ie h I

7-r2- FZ tr:otyl gmt((r%gt’hlgazol’ k“ ) m? %SZ - | g%/ ngé;%:/de r%’O]C1 -d,
-3-(2)-1- propenyUFBS&céplﬁehhz.47eé1r)bo>6yI1§t él(H\,’I Id,, J=rkr HZT0 %—Gﬁ%&h,re of

2 (2-tritylam noghlaalqun_ﬂ gl )t% a&ghg gigpr @0 H’” r&)aCﬁI-} Q—l.@c'dix-(dl-l ly, R2a

CN¢CH3) 2: 754 ng, 1. 60 chloromethane (7 m) ‘was —adde¥ '
phosphor us pent a@hl“&rl dé&., (3132J  Hz,6dHhh-nol es) 5 at [err] The mi xture

was allowed to stand fenc2Q We&en%tlothlﬁié'mgqmrrﬁIwée @nds agadl gl opwi se
to a solution of am_no- [(Z) 1- pr openyl 3- 3- cephem 4-

hen
car boxyl ate hydr Bg‘ﬁlggﬂ%eb(‘f%lr’ |§3ml/mln4)43 my, 1 mnole)

2-H), 4.05 (3H, s, OCH3), 5.08 (1H, d, J:4.i$ 6-H), 532  (2H br-s,



.and N, C>b|s(tr|nethyIS|IyI)acetan1de(O 74 M, 4.4 n1nDIes) 10 I n

di chl oronet hane (5 nml) at -100C. The reactjon m xture was all owed to stand
for 30 min. at the sane tenperature and pdéa?ﬁlrno ice-water. Extraction ¥
of the mxture with ethyl acetate followed by evaporation of the extracts
under reduced pressure gave the crude product as an oil, 15 which was
chromat ogr aphed on a columm of silica ge14EEPUted wi'th chloroform to give
419 ng (49% of VIII [err] R= H) as an_anor pho g powder. I'R: Vmax(KBr) in
cm 1780, 1720, 1680. 20 Eﬁ-ﬁﬂﬂgﬁag—et al ., Tetrahedron 34, Q)
2233 (1978) Diphény 1mExayﬂlef1E (2 ~tritylaminothiazol- 4-y1) 2~ (Z)-
7-[2-(2- Am no P | V10X
acet ani do] - 3- ety cephem—co

m xture of W ﬁH-caRgaxy!l : 7 Rn m)IHQ and 85%'f ormc
acid (2 nl) was stiripgd fag % Q@ e 1R Hﬁqﬂﬁh%hﬁr 4t L 2d.ure was
added hydrochl or| c acid (O x Y my. Thqu xtur St rrez{:]l%'flglr)g

addi tional 4 h€) ahaoevapaﬂawamémacerté&u@@ddpr@sfs?ur@ Tr'Fe GH{SHyle was
triturated W94 mg, 1.60 m moles) and dichloromethane (7 ml) was

added phosphorus_pentachlqride (332 mg, 1.60 m moles)
5 at -10°C. The mixture was allowed to stand for 20 min
at the same temperature and added dropwise tc a solution
'\6f.dipheny1methyl 7-amino-3-[(z)-1—pr6penyl]-3-cephem-4— ;
carboxylate hydrochloride (XII1I, RS = H: 443 mg, 1 m mole) \)
and N,0-bis(trimethylsilyl)acetamide(0.74 ml, 4.4 m moles)
160  in dichloromethane (5 ml) at -10°C. The reaction mixture
was allowed to stand for 30 min. at the same temperature \)_
and poured into ice-water. vExtractidn Qf the mixture with
.éthyi acetate followed by evaporation of the extracts .
under reduced pressure gave the crude product as an oil,
15 whlch was chromatographed on ‘a column of silica gel (eluted |

with chloroform) to give 419 mg (49%) of VIII (R = CH(CH3)2,3
R® - H) as an amorphous powder.
' IR : y__ (KBr) in em™! 1780, 1720, 1680.

20 . * R. Bucourt et al., Tetrahedron 34, 2233 (1878) -



| sopropyl ether to give the crude product, which was purified by colum
chromat ography on C-18 silica gel (eluent, 3Q% aq. MeOH) foll owed by
concentration 10 under reduced pressure to&éége the title conmpound as .
needl es. Yield 70 ng (33%. M p. 170-1750C (dec.). Est'd purity 90% IR
: [err] (KBr) in cm 1760, 1660, 1540, -1880- W [err] (pH 7
phosphate buffer) in nm[err] 15 232 (370), 284 (357). NWR : [err] in
ppm 1.50 (6H, d, J=6 Hz, i-Pr), 1.76 (3H, d, J=6 Hz, [err]), 3.65 (2H, ABq,
J= lg/Hz 2-H), 5.42 (1H d, J=4 Hz, 6- HEX8mphe 260’ (3H m vinyl-H, 7-H),
(1H, s, thi . 66 anple 2 henyl net hyl .
7 [2-(2- trltyla i ghi nR) 2- zZ?LR $o 5 oXyimino-
aIIonxy|n1noaceaaatdm1g§géez (Z)pnepeqpbhya)sephephém-aachmbwkaﬂ&c(2)

VI T e 2 tyyl 6t l|-4-yl)-2-
EZ) allgﬁgiiln? gcghxkfge R (b I#éfiggge—ﬁéézi 60 ﬁ1%nles) and .

dlrhloronethane (5 n1)Awﬁ§x%gggdo@hqu&oqﬁéapenbﬁqEhoq|dg3gﬁ32465 m% 60 m
nol es '
) 0.47 m mole) and 85% formic acid (2 ml) was stirred
for 3 hr at room temperature and to the mixture was

added hydrochloric acid (0.08 ml). The mixture was
5 stirred for additional 4 hr and evaporated under
'reduced pressure. The residue was triturated with
Lo ' isopropyl ether to give the crude product, which was
purified by column chromatography on C-18 silica gel
_ (eluent, 30% aq. MeOH).followed by concentration
Y 10  under reduced pressure to give the title compound as
' needles. Yield 70 mg (33%). M. p. 170-175°C (dec.).
Est'd purity 90%. . -
IR : V__. (KBr) in cm™' 1760, 1660, 1540, 1380.
uv a“max (pH 7 phosphate buffer) in nm (B )
15 232 (370), 284 (357). | :

NMR -'B(D 0 + NaHCO, ) in ppm 1.50 (6H, 4, J=6 Hz,
i~-Pr), 1.76 (3H d, J=6 Hz, =CH-CH,), 3.65 (2H, ABq,
J=18 Hz, 2-H), 5.42 (1H, &, J=4 Hz, 6-H), 5.80-6.40
(3H, m, vinyl-H, 7-H), 7.15 (1H, s, thiazole-H).

l ¢cm



5 at [err]. The mxture was allowed to stand for 20 mn at the sane
‘tenperature and added dropwi se to a sol ution of di phenyl nethyl

“7-am no-3-((Z2)-1-propenyl).-3-cephem 4-car ate hydrochloride (XII,.R3
= H 443 ng, 1 mnole) and.N, O bis(trinethylsilyl)acetamde (0.74 nl, 10.
4.4 mnoles) in dichloromethane (5 m) aL gerr]. The reaction m xture was
allowed-to stand for 30 min. at the same ténperature and poured into

.- ice-water. Extraction of the mxture ﬁgth ihlgeoforn1and evapor ation of the
extracts under reduced pressure gave. 15 product as an oil, which
mas'chronatogquﬂggyggL_gxgiggia4(B+trmaygemlﬁembﬁadoﬂhﬂhy&hFGP&ZOFn) tos

give 517 ng (9 _GKBr) in
[err] 1780, 1 680 R—Bucot - §§h§§233 (1978)
- 67 - ExanpléE2H22Ei22&2_Q&inb¥IE}uuﬁL:LJUJE_3 CHzCH LLBxxEnﬂﬁoacetan1do] 3-
((2)-1- propenyl) 3-cephem 4-carboxylic acid (la, R2 = [err]

- To a mixture of 2-(2- tritylaminothiazol-4-y1) 2-

(z)- allyloxylminoacetic acid (111, R2a CHQCH CH )
(750 mg, 1.60 m moles) and dichloromethane (S ml) ‘was
added phosphorus pentachlorlde (332 mg, 1.60 m moles)

5 at -10°C. The mixture was allowed to-stand for 20 min
at the same temperature and added dropwise'to a solution
of diphenylmethyl 7-amino-3-((Z)-l-propenyl)es-cephem- J
4-carboxylate hydrochloride CKIII,“R3 = H: 443 mg, 1 R

. m mole) and N,O0-bis(trimethylsilyl)acetamide (0.74 ml,

10 4.4 m moles) in dichloromethane (5 ml) at -10°C. The \J.

reaction mixture was allowed to stand for 30 min. at '

the same temperature aﬁd poured into'ice—water.
Extraction of the mixture with chloroform and evaporatlon
of the extracts under: reduced pressure gave the crude

15 product as an oil which was chromatographed on a column
of silica gel (eluted with chloroform) to give 517 mg
(95%) of VIII (R?® = CH,CH=CH,, R° = H) as an amorphous
powder. ’

. - . 2 s 1 """ .
IR : vmax (KBr) in cm ~ ‘1780, 1720 1680.

éo.' 1 | : :- - | \k)_m_

* R, Bucourt et al., Tetrahedron gﬁ, 2233 (1978)



A mxture of VIIl ([err] =H 810 ng, 0.95 mnole) and 85%formc acid (2
m) was stirred for 3 hr at roomtenperaturg and to the m xture was added
hydrochloric acid (0.1 m). The mxture wa rred 5 for 3 hr and
evapor at ed under reduced pressure. Trituration of the residue with
i sopropyl ether gave the crude product, whigh was di ssolved.in a snal
anount of nethanol and chromat ographed on a colum of G 18 silica gel
(eluted with 30%aq. MeOH). The eluate mngmﬁDe e®ncentrated under reduced
pressure and frgp
anoipghous powder—— _ F
[err] 1770, 1660Z)tbeprepenyl)- 3—cemmmmm_mwrl
max 15 232 (37%y @50;(;326;)3 J.\ll\ﬁe) [err] in ppm1.78 (3H d, J 6 Hz
H)

[err]), 3.62 (2F ™% 30 vin
7.18 (1H, s, thiazol e-H. mIXt%&%nﬁfévéél Mo éH cHetH,, R < 2 814" mg,

/- [(Z) 2- (2- AT ridE agohoYe Y| And- §5% - ﬁbh@X&lﬁtﬂeacztﬂn)dﬁés Stirred for
((2)- propenyl )3 3}1 eg@em4 cgr box¥a£urac

room mpe e égd(Lo tLe mlxture was added’
hydrochloric acid (0.1 ml). The mixture was stirred
5 for 3 hr and evaporated under reduced pressure.
‘Trituration of the residue with isopropyl ether gave
‘the crude product, which was dissolved in a sméll amognt
[ " of methanol and chromatographed on a column of C-18
silica gel (eluted with 30% aqg. MeOH). The eluate was
10 concentrated under reduced pressure and freeze-dried to
give 215 mg (50%) of the title compound as an amorphous
powder. M.p. 140°C (dec.). Est'd purity 80%.
IR : ¥ (kBr) in cm™' 1770, 1660, 1620.

max

uv : A max (pH 7 phosphate buffer) in nm (E,

15 232 (378), 285 (326).

1%
1 cm)

NMR : 8 (D,0 + NaHCO,) in ppm 1.78 (3H, d, J=6 Hz,

- C=CH-CHg), 3.62 (2H, ABq, J=18 Hz, 2-H), 5.50-6.30
(7H, m, vinyl-H, 6,7-H), 7.18 (1H, s, thiazole-H).



= [err], R =H) To a solution of (Z)-2-(2-N-tritylam nothiazol-4- 5
yl)-2-ethoxyi m noacetic acid* (IIl, [err] 8 ny, 1.0 mnole) and :
1- hydr oxybenzotriazole (135 ng, 1.0 mnole)~rn a mxture of dlchloronethane 2
(20 M) and tetrahydrofuran (7 m) at roomtenperature was added ' :
~di cycl ohexyl carbodiimde (210 ng, 1.0 mif#e). 10 . The mixture was stirred
for 80 mn, filtered and the-- filtrate was concentrated to dryness. The
resi due was di ssolved in tetrahydrofuraﬁgﬁﬂﬁihiﬁﬂﬁnd di phenyl net hyl

3- propenyl - 3- cep V) : “;I&inékbeééﬂlﬁﬁﬂ_}
—— T : =

&

V". 2er

(10 drops) was = a -4 o -
t enperature for-lQHh R%’he maactlon mxture was di | ut ed W|th et her and

chr onat ogr aphed [ia 0 B sERASESh' 8500z ) Sgkegﬁ?'@’%%am%“&%’ha?%?-“-
hexane- et hy$ acelhr%—@@hgxwtmin@aaeyietaeﬁdbr6@@65 Bg |, Chlign] (400 nm).
Thi s was d'550|g | foi”bcmaﬁbﬂeﬁ1a§d”ilh¥§§bi§89n¥b%95 3%&% RQ@SGRgU‘n

and 12 N HC1 (5 err s added he m xture_Wwas stirre 8
tenperature 25-1{@rmaImpie d%Fu?eﬂlﬁFFﬁemﬁfe?lﬁblﬁf?mSﬁBaPGI&Qﬁem@ 0 m) and
evapor ated at aﬂﬂﬁit@tﬂéuﬁeﬁéfuﬁhﬂ (esmUYeavapobii tempeed tiirehwasopr opyl

~ether, the resuléégg dicyclohexylcarbodiimide (210 mg, 1.0 m mole).
10 . The mixture was stirred for 80 min, filtered and the- -

filtrate was concentrated to dryness. The residue was

dissolved in tetrahydrofuran (10 ml) and diphenylmethyl
3-propenyl-3-cephem-4-carboxylate hydrochloride (XIII,
3R3 =H: 443 mg, 1m mole) and sodium bicarbonate (84 mg,’

15 1 m mole) were added. Water (10 drops) was added and
the resulting solution was stirred at room temperature
for 12 hr. ' The reaction mixture was diluted with ether _
and filtered. The filtrate was concentrated to give an

_ oil. The oillwas chromatographed on silica gél

20 (230 400 mesh), eluting with 2:1 hexane-ethyl acetate

2a._ CEHS’ RS H)

(400 mg). This was dissolved in formic acid (1.6 ml),
- stirred vigorousiy for 60 min and 12 N HC1 (50 Pl) was
added. The mixture was stirred at room temperature \_)

25" fob 3 hr, diluted with water (2 ml) and toluene (20 ml) '
and evaporated at.30°C to dryness. Thé residue was
tritufated“with isopropyl ether, the resulting

to-give the acylation product (VIII,_R

precipitates were collected and washed with isopropyl
efher. The solid was chromatographed on C- 18 silica

30 - gel, eluting with 3:7 methanol—wate“ to give the title
compound as an amorphous solid, 100 mg (23%), M.p.
158°C (dec.).. Est'd purity 90% (based on HPLC).



preci pitates were col |l ected and washed with isopropyl ether. The solid was
chromat ographed on C-18 silica 30 gel, eluyting wwth 3:7 nethanol -water to
gtve the title conpound as an anorphous soli 100 mg (23%, Mp. 1580C
(dec.).. Est'd purity 90% (based on HPLC) .. -72- IR : [err] (XBr) in
[err] 3600-2600, 1765, 1660, 1620, 1530,~ M = 1355 1035. W : [err]
(MeOH) in nm[err] 235 (16100), 256 (13800). NVR : [err] in ppm1.45
(3H, t, J=7 Hz), 1.77 ( d,,,J=6 H: 3..45 and 3. 2H, ABq, J=18 Hz),
4.4Q (2H..q, J=T Hp). 5. ‘(1ﬂ,mag.|@=ﬂs“)Hz‘)n, -.75-6';%'(%‘?9%)%,7575'131?@ ,
s). R Bucourt é€28, 158&r diRkH,013B6, ATBE (1978) Exanpl e 30 |
Couwv o A, (MeOH) in wm (&) 235 (16100),
256. (13800). - '



- 7- [(Z2)-2-(2-Am not hi azol -4-yl)-2- Cycl o'p'r%%l net hoxy'- _
i m noacet ami do] -3-((Z)-1-propenyl)-3-cephd® 4 carboxylic acid (la, o
[err]) 2 5 To a solution of (2Z2)-2-(2-N-tritylam nothiazol -4- x

yl)-2-cycl opropyl net hyl i mynoacet i cid* (I, [err].=lerr] (484 1.0 m
mole) and 1- hydr oxy G ot mi‘%> n p _-r?l'rflﬁe()g}?n 'nﬁhﬁ%of di-
chl_dronet hane {2@7m(zuand ! etdealydy of 34 drfa M )79t (39, ABq, 5998 Hz),

t emper at ure was added dlcyclohex | car bodi i deH£210 : i.% n1no|eé. The
mxture was st frfod (R8s so MY ﬂ'te'-:r’eﬁoa{jn}d"t 'f‘f‘f%{' »was’eoficBt rat ed
to dryness. TheHrews)Jue e ditssa@yed in tetrahydrofuran (10 m) and 4
di phenyl net hyl 3-propenyl - 3-cephem 4- 3 15 car boxyl ate hydrochl ori de -
(X1, R =H (443 ng, 1.0 mnole) and sodi um bi-carbonate (84 ng, 1.0 m

ol e) were added. Var®. ELEabmpst vak. adbetramedror 865uReBAG(287EDI on was
stirred at roomtenperature for 12 hr. The reaction mxture was dil uted

= -

w th ether and 20 filtered. The filtrate was concentrated to give an
oil. The oil was chromatographed on silica gel (230-400 nmesh), eluting with
- 2:1 hexane-ethyl acetate to give the acylation product (MIIl, [err] . =

) (500 mg_). This was dissolved in formc acid (2.0 m), stirred



25 vigorously for 60 mn at roon1t:qb‘§ature and 12N HCL (50 [err])
was added. The m xture was stirred at room‘tenperature for 3 hr, diluted
with water (2 m) and toluene (20 m) andagvaporated at [err] to dryness.

The residue was triturated with isopropyl ether and the 30 ... resulting
precipitates were collected and V%ﬁﬂEthplé\lS@prOpyl ether. The solid was
chr omat ogr aphe 3 , _ rto give
the title Conpg%ﬁggégigﬁ—aﬁﬁ Al CltaZ (dec.) .-
Est'd purity 85iminpacetami - ((&)-1-propanyl ) f8-cépheh-4- (KBr) in
[er¥} 3600- 2600, 44, 16603462054 1538 1 _@25 R3_0102)V [err] (MeOH)

|n nm[lerr] 23 : 25-0. 85 (4H,
M, 1.90-1.60 (1H, mM° a Seyten ; J€§9+%j(ZGW%Brh 1@m7%0t2¥52%8q4-3 18
), 417 (2K $h)JeleyElop st delihy thmikiSad i c Sadba 8. RO M RAF, 7. 14
(1H, s). *d axQ, Japf\')ln) K&(& mgg, 1106492"g {29/ 84& 1-h n}gybenzo_
| triazole (135 mg, 1.0 m mole) in a mixture of di-
chloromethane (20 ml) and tetrahydrofuran (7 ml) at
10 ‘room temperature was added dicyclohexylcarbodiimide
| | (210 mg, 1.0 m mole). The mixture was stirred for 80
min, filtefed and the filtrate was concentrated to
dryness. The residue was dissolved in tetrahydrqfuran

' (10 ml) and diphenylmethyl 3-propenyl-3-cephem-4-

15 carboxylate hydfochloride (X111, R° =H) (443 mg, 1.C m
) ' mole) and sodium bicarbonate (84 mg, 1.0 m mole) were
o added. Water (10 drops) was added and the resulting

solution was stirred at'room_temperature'for 12 hr.
The reaction mixture was diluted with ether and
20 _filtered The filtrate was concentrated to give an oil.
The o0il was chromatographed on silica gel (230-400 mesh),
elut1ng.w1th 2:1 hexane-ethyl acetate to give the
acylation product (VIII, R%a =CB,~{ , R = H)(500 mg).
This was dissolved in formic acid (2.0 ml), stirred
25 vigorously for - 60 min at room temperature and 12N HC1
(50 Pl) was added. The mixt_ure was stirred at room
temperature for 3 hr, diluted with water (2 ml) and
toluene (20 ml) and evaporated at 30 °C to dryness. The
_ residue was triturated with isopropyl ether and the
.30 . resulting precipitates were collected and washed with
‘isopropyl ether. The solid was chromatographed on c-18.
silica gel, eluting with 4:6'methanoi—water to give the
' title compound as an amorphous solid, 80 mg (19 %), M. p.
150 °C (dec.). Est'd purity 85% (based on HPLC).

max

35 . IR : Y (KBr) in cm~ 1 3600-2600, 1765, 1660C,
1620, 1530, 1350, 1025, 1010. |

Vor A (MeOH) in nm (el 236 (17200), 256 (14400).



Di phenyl methyl 7-[2-(2- trityl ani not hi aZi- 4- )-2:

(propargyIOX|n1no acet am do)]-3-((2)-1- pgapenyl - 3- cephem 4-carboxyl ate
(VI [err] H 5 . To a cool ed sol ution of 750 ng (1.65 m nol es)
- of dlphenylnethyl 7-anmino-3-  (2)-1-propenyl}-3-cephem 4- carboxyl ate
hydrochl oride (X1, NRB = &ﬁD fd +1 NaKCO )(anmpnmeﬂ925ﬂb 85 (4H, m),

N, Odi s(tri ﬁetfyéél iyé%a@fﬁan}nqe } g%’? ofd dr_,;Lemﬁéyl eng @la(}fd d§ Nas

added a sol uti'on of ;ﬂ -
2-trityl am not h?‘ézoABmyﬂ 28( EZ)pr d‘pé—r7gy(l2é‘$<»y| nb=)7ad'@t)isc LA (YHJ 1d, [er Dy
and 415 ng (2. 9-6 gph ¢S}, 95-BhRBPN@HYS sdgNtAGH arile dyn, 17 m of dry

nmet hyl ene chl ori de, and the mixture was stirred for 1 hr at room
tenperature. The reacti-on mxture was 15 poured i nto an aqueous NaHC03
solution (30 nt) apuagdbluiagan Kokdd Ho-afoetdwy|(eag/a84) The organic | ayer
was washed with water (30 ml x 2) and brine (20 m), dried over [err] and
concentrated under reduced pressure. The oily residue was chromatographed .
on a colum of 20 silica gel (Walo gel-200, 20 g) which was eluted with
CHC1. Fractions containing the desired product were conbi ned and
concentrated under reduced pressure to give 90.5 ng (97 % of .the title
conpound. M p. [err] (dec) -L IR  Jerr] - (KBr) in cm 3280, 2120,
1780, 1720, 25 1670. ' =



*US Patent 4,294,960 (10/13/81)  Exanpl e 7-

[(Z)-2-(2- Am not hi azol -4-yl)-2- (propargyloxy|n1no- .
acetam do)]-3-[(Z)-1-propenyl]-3-cephem<4-7@arboxylic acid (Ia [err] = H)
2a A solution of 900 ng (1.18 mnoles) of VIIl ([err] =5 [err] ) in 3
m of. 85 %formc acid was stirred at roomtenperature for one hour. To the
reaction mxture was added 0.3 m of c@E&xamp@ 3Ikhd the suspensi on was

stirred for 4 hr at anbient te ature. The mxture-was filtered and
washed with a sEﬁBEE&MQE&ﬁﬂXﬂ;_Eiﬁﬂ&ﬁ:njxﬁﬁﬁﬁlﬁﬂEﬂgéﬂhﬁﬂﬁhzﬁeﬂlﬁnaer

redireed pressur@ppre wlpé_reverse

phase silica geTEw. '
(Waters). The ESE . 4 g
successively. Fractions contalnlng the deS|red 15  product  were conbi ned
and | yophilized t@ocafsf @odlElb smgu(ﬁbr?/c)obﬁsdnangl (leesanpaodes) | & :  [err]

(10 Lo g8, G 0s D g ] - LBihdntosprece
carboxylate hydrochlorlde (X111, R® = H) and 1.05 ml .
(5 m moles) of N,0-bis(trimethylsilyl)acetamide in 17 ml
of dry methlene chloride was added a solution of 750 mg'
10 (1.65 m moles) of 2-tritylaminothiazol-4-yl-2-(2-
| ~ propargyloxyimino)acetic acid* (III, R®™ = CH,CSCH) and
N 415 mg (2.0 m moles) of phosphorus pentachloride in 17 ml -
' of dry methylene chloride, and the mixture was stirred

for 1 hr at room temperature. The reaction mixture was
\_ 15 poured into an agueous NaHCO, solution (30 m1) and

diluted with 60 ml of ethyl acetate. The organic
‘layer was washed with water (30 ml x 2) and brine-(20 mi),
dried over MgSO4 and concentrated under reduced pressure.

. The oily residue was chromatographed on a column of

20 silica gel (Walo gel-200, 20 g) which was eluted with
CHClS;- Fractions cohtaining the desired product were
combined and concentrated under peduced pressure to give
90.5 mg (97 %) of the title compound. M. p. 155 °C (dec.).

IR : 'V (KBr) in cm-! 3280, 2120, 1780, 1720,

; max
N 25  1670.

*US Patent 4,294,960 (10/13/81)



. 20 NMVE : [err]

in ppm 1.75 (3H, a':P%:e Hz, CH=CH CH3), 3.61 (2H,
ABg, 2-H), 4.98 (2H, s, [err]
J=5

), 5.39 (1H, ®&=J=5 Hz, 6-H), 5.80 (1H, m

CH=CH CH3), 5.92 (1H, d,. Hz, 7-H), 6.08 (1H, d, J=11 Hz, CH=CHCH3), a
7.22 (1H, s, thiazole- 5H) _ Exarrpl ExdmpbepBenyl methyl’ _
7-[(2)-2-(2-t)i izol-4 > Z-

trityl oxyim at e (V|||

[err]) 5 acetaﬂbd@)}¢3$ﬁ(5)91ﬁréﬁehyuﬂyBaﬁbgﬁéhkazehrﬂoX&lla acid
(2 -trityl oxi Jio- etIEHaEi i a ny, m nol es) and
di chl or onet ha@-{-ﬁﬁ—m J pResphor us pentachl ori de (297 nygy, 1.43 e
nol es) at [err] The m;%m@nvxaﬁ aDpomgd(ﬂolstmnmoies)ZanYﬁIit (RA&=sane 10
‘tenperatdire Edisgd o] i @n p | paEh

7-am no- 3- (1%3?%penyf) BQEEerI ﬁlgmg4m%arago>§§-% gBie-m Edrgggﬁ or%déltéffrleld aﬁs =
~H 443 ng, 1. ?ﬁ%l%?maﬁﬁaﬂ—‘{ﬁbfért pnpaehRyrsi | FP) ﬁgét BEREE1IED. Mixfured. 4 m

nol es) in di Gldoroagédanes (h1nby abn[:eraﬂ:l andN€hé €365h&Asien wall Xture was
t he, sane tenperature and poured into

allowed to stand fo -
i ce-wat er . Eﬁ?’a"&f‘?é g?)? ?E‘érn?ﬁtﬁF‘BlﬁPthéﬁgﬁFaéEEFat eTQﬁdméQ‘&HSFaﬂ”aén of

t he : _flltered and washed with a small portion of formic acid and -

10 concentrated under reduce__d pressure. -The residue was
chromatographed on a column of reverée phase silica gél
- which was taken out of a PrepP K- SOO/Cl8 cartridge column _
(Waters). The -column was eluted with water and 30 % u
NeOH-water, successively. Fractions containing the desireaqd
15 product were combined and lyophlllzed to afford 105 mg (22 %)
of the title compound. :
IR :¥___ (KBr) in cm > 3400, 3280, 1770, 1670, 1630.

. max -
Wt Apae (pH 7 phosphate buffer) in nm (€) 229
_ (17000), 285 (14200).
20 NME : § (D 20+ NaHCO ) in ppm 1.75 (SH d, J=6 Hz,

CH=CH-CH,), 3.61. (ZH ABg, -H), 4.98 (2H, s, 0-CH,-C=CH),

5.39 (1H d, J=5 Hz, 6-H), 5.80 (1H, m, CH=CH-CH,4), 5.92

(14, d, J=5 Hz, 7-H), 6.08 (1H, d, J=11 Hz, CH=CHCH,), 7.22
- (1H, s, thiazole-5H). '



extracts under reduced pressure gave the cr product as an oil, which was
chromat ographed on a col umm of 20 silLogegel (eluted with chloroform to
give the title conmpound as an anorphous pomder Yield 510 ng (48 %9. IR :
[err] (nujol) in [err] 1780, 1720E 168 § Bucourt et al., Tetrahedron
34, 2233 (1978) . Exanple 34-7- Xam -

(Z) - 2-( 2- Ani not i ggh
[ (2)-1-propenylf=
m xture of VIi|trRtylexyimpno=apptanidody

aC|B/(2 M) wascshbbketdater (. ahaﬁoonyyenpéLaggre | To the reactlon'
m xt ure was addEn'ﬁ7HﬁUChTUrTC‘HCTU‘?U‘I‘HTT“THE‘W\xture being stirred for

2 hr and evaporated under reduced pressure, the residue was triturated with =

i sopropyl 5ether to gmueathexenudeopradetxgw& hm&mermh@@ﬁﬁLGG@aDh@d on a
concent rat ed uniié) -FEAEANEPEREPECRAG Arat dTat el o e (4 PG
compound as an amBOphomslpswdend dichloromethane (5 ml) was added
phosphorus pentachloride (297 mg, 1.43 m moles) at -5°C.
The mixture was allowed to stand for 20 min at the same
10 temperature and added dropwise to a solution of
diphenylmethyl 7-amino-3- (1-propenyl )-3-cephem- 4-carboxy-
‘ late hydrochloride (XIII, R3 = H: 443 mg, 1 m mole) and
N~ N,0-bis(trimethylsilyl)acetamide (0.74 ml, 4.4 m moles)
| in dichloromethane (5 ml) at -5 °C. The reaction |
15 mixture was allowed to stand for 20 min. at the same
' temperature and pdured into ice-water. Extraction of
the mixture with ep%yl'acetate ahd evaporation of the
extracts under reduced pressure gave the crude product
as - an oil,.which was chromatographed on a column of
20 | silica gel (eluted with chloroform) to give the title
compound as an amorphous powder. Yield 510 mg (48 %).

‘IR :y__ (nujol) in em™t 1780, 1720, 1680.

U *R. Bucourt et al., Tetrahedron 34, 2233 (1078*



Yield 109 ng (35 9. M p. [err] (dec.)y®s-Est'd purity 75% IR : [err]
(KBr) in [err] 1770, 1760, 1630. WV : [err] (pH 7 phosphate buffer) in
nm[err] 225 (450), 282 (370). NVR Exempile i34 ppm 1.78 (3H, d, J=6 Hz,
CH=CHCH ), 3.64 EZH,_ ABE, J=18 Hz, 2-H), 5.40 (1H d, 3 J=4 Hz,. 6-Hﬁ,
5.70-6. 25 (3FL7H£4§)H?‘& ngmlny;hiazgltﬂﬁylaf2r&y§ﬂ@mgnggnoace¢@m¢gp 3

1- Acet oxyet hyl [72) ¢ Z)}p2opanguil naLbiepReh4d-plarbdxyidicoke d Miragagét ampdol 3-
[(z)-1-propenyl#-3-cephem 4-Carboxylate (1D, [err] =AX) 5 [0 an
i ce-cool ed an ++ed solution of la ( [err] =H, Exanple 34) (270 ng, 0.66

mnele) in dry DWF (2 m) were added sodi um ca-rb%nate (205 ng, 0.99 mnol) -
and a sol ution of 1,age t hwl m.d&a 39 3 2. 'nODwF 0.6
m) in three portioﬁsﬁggg?%gnpﬁuyg&?o(ﬁintéré§¥§l ’T%@ ?Egg%%ﬁh was I :
moni tored by Tmele)Mendk 8Ri ¥s&pgaiiceacrasq 2 md:)1 wasCietHzOrd Thire Imhwt ure
was stirred fogtaddbhl QB-ﬁ\be?‘Qtﬁ‘rE‘!t e%o TRAMIRACHIIRE MiBtHre was added

hydrochloric acid (0.1 ml). The mixture being stirred
for 2 hr and evapbrated under reduced pressure, the

residue was tritufated with isopropyl ether to give the
crude product, which was chromatographed on a cblumn of
C-18 silica gel (eluted with 20 % aq. MeOH).  The eluate
was concentrated under reduced pressure and freeze-dried

"\ to gi&e the title compound as an amorphous powder.

' . Yield 109 mg (35 %). M. p. 170 °C (dec.). Est'd
purity 75%. '

o - IR : ¥___ (KBr) in cm™ ' 1770, 1760, 1630.

max

uv :znm$ (pH 7 phosphate buffer) in nm (E 1 %)

1l cm
225 (450), 282 (370). | |

NMR : §(D,0 + NaHCO,) in ppm 1.78 (3H, d, J=6 Hz,
CH=CH-CH,), 3.64 (2H, ABq, J=18 Hz, 2-H), 5.40 (iR, 4,
J=4 Hz, 6-H), 5.70-6.25 (3H, m, 7-H, vinyli-H), 7.14
(1H, d, thiazole-H).



spots at- Rf 0.11, 0.58 and 0.75. After diﬁon with ethyl acetate (50
m), the resulting precipitate was filtered off, 15 and the filtrate
washed with water (x 3) and subsequentl|y &It sat ur at ed aqueous sodi um

chl ori de,

and dri ed over

[ magnesi um igl faé e. gge filtrate was evaporated t
dryness jn vacuo and the residue wa ILn a small anmount of

- chlorof orm 1¥hAeesokyeithylnds E(in)e-raa-t((m
(20 9), MhICQ

and [err].

concentra- t b R HI, To t he concentrat ed was added i sopropyl

et her to.give a o] (=3
61 ny

afford

Estimated" puﬂ ty

%_Ch]ﬂ' EEEQSOM'e‘Hh ARE Al ed1didy off igdration to
R75Hy, Eyrampile, 84 R( 7Q &gy 0.66 m mgde ) fin 5y DME 765,

esir acetoxyethyl ester. ~Mp. 120:-125 C

1665, 1610, 1231 )1%ére Ydded sodium CHErBdndve (dsmd, 22.%4 JnQQ\QQJ)) 264

(12000), 30 2
1.65 (3H, d,23

ol FATOtory BF 1,5 o T s o @'fz ) 388

(0]

%ﬁﬂh@¢hﬂ&zm£yl-gmXyﬂﬂnydrdiyeolunn

on 2 JLAI R L VECH

o/

5.08 (1H, d, md%3. 5nHzMF6{By5 B9 Gr0 thitlde portdrorls ,ath. US-(iryte, J=10 Hz,

?4)?;2) nﬁQQ égFe P ase &Ferr%la% os%cﬁ:%‘uftg lﬁ(%fq% TLFE herdie® T

Kieselgel 60 F254, 10 1 MeCN-H O) The mixture was
stirred for additional 30 minutes, showing three major

15

20

25

30

" 35

spots at Rf O.

11, 0.58 and 0.75. - After dilution with ethyl

acetate (50 ml), the resulting precipitate was filtered off,

and the filtrate washed with water (x 3) and subsequently

with saturated aqueous sodium chloride, and dried over

magnesium sulfate. The filtrate was evaporated to dryness

in vacuo and the residue . was dissolved in a small amount of

chloroform. The solution was chromatographed on a

then with a 1

" Kieselgel 60 column (20'g), which was-elutéﬁ with CHCl3 and

20 mixture of MeOH and CHCl,. Fractions

-

showing a spot of Rf 0.58 by TLC were combined and concentra-

"ted to a small volume. To the concentrated was added

isopropyl ether to give a precipitate, which was collected

by filtration

to afford 61 mg (19 %) of the desired

acetoxyéthyl ester.  M.p. 120-125 °C. Estimated purity 75 %

by HPLC.*
in : s:ma (KBr) in cm™* 1765, 1665, 1610, 1530, 1375.
UV @ A, (EtOH) in nm (€) 223 (18000), 1264 (12000), -
285 (12000).
NMR : § (CDCl,4) in ppm 1.50 (3H 4, J=50 Hz, CHCH,),

1.65 (3H, 4, J=6.0 Hz, —CHCH ), 2.07 (3H, s, COCH

(2H, br, SCH )
m, 7-B&=CH) ’

3 3 45
5.08 (1H, d, 3;5.5_Hz, 6-H), 5.5-6.0 (2H,
6.15 (1H, d, J=10 Hz, 3-CH=), 6.96 (2H, m,

thiazole-H & OCHCH,)

*Packing: TSK
Mobile phase:

gel 120 T (4x250 mm)
CH,CN/pH 6 phosphate buffer (2/3)



Exanpl e 36 1-Acetoxyethyl 7-[(2)-2-(2-Am ra@ol-4-yl)-2-acetoxy-
im'noacetam’do]-S-[(Z)-I-propenyl]-3-cep_hg34_-carboxy- late (Ib, [err]) 5
To a stirred mxture of la (R =R =H) (200 ng, 0.49 mnole) and [err] (34

nmy, 0.24 mnole) in dry DW (5 ml) was added at [err] a solution of

| - acet oxyet hyl bromide (81 ng, O0.49 mﬁzﬂﬂalstngéy DVMF (0.1 ml). Potassium
¢arbonate and hhﬁc@t@ggQ ; ¢ : o0 iH o 14
times at 45-mnute 1Aterval.s. T e W ! red by HPLC
(Li chr osor b RPAFANRASEF M enyl iz3-cephemsd-g
was~stirred fola3@ riIb., R eAbeamth1rH%anb showi ng jor p at 4.5
mn (retention timg) was.,diluted with ACQEL 15 _2 (3 shed, w, ¢ h
wat er (x°3) and-arr?gt l?rgttélé‘rﬁgdmi&(ﬁt'{m Idah% 'oé/e'gi{ﬂe%?d\ae{%’ cejQ/'\é%)%r%t ed
to a small vol né_.e)’rlaadc&%@?t (@4 mgas @8dmtmogreahigd dry DNF e6®Imk) 60 (8
" g) colum by e i it ‘o ' f +&dd s

- nmoni tored by Hklglli\(i%%g\%dhgt?r acﬁ%ﬁ%ﬁ%&{%% p%%e%&aeétﬁﬁ?%n

time at 4.5 m 1t &M@ c Ot 8t MRt ko dic Sty MM (Qr kil b miPotamsive

| c_onlc_entrat.e wag a3tded ties @pio e @irealide 2 rd Jadded)i t¢ €98 Mk fure %) of the
title '

. 10 ~ additional 4 times at 45-minute intervals. The reaction
mixture was monitored by HPLC. (Lichrosorb RP-18 4x300 mm,
4:1 MeCN-H,0). After the addition, the mixture was |
stirred for 30 min. The reaction mixture shpwing a major
Y peak at 4.5 min (retention time) was diluted with AcOEt
15 (40 ml), washed with water (x 3) and a saturated NaCl
~solution, dried over-mg$04 and evaporated to a small volume.
o .~ The concentrate was chromatographed on a Kieselgel 60 (8 g)
column by eluting wifh-a 1:20 mixture of.MeOH-CH013. The
eluate was monitored by HPLC and the fractions showing a
20 ﬂ peak of a retention time at 4.5 min were combined and
' concentrated to ca. 2 ml. To the concentrate was added
isopropyl ether (20.-ml) to give 190 mg (72 %) of the titlé '
qompound as an isopropyl ether solvate. Est'd purity 85 %.
IR :v__ (KBr) in cm™© 3280 (w), 1770 (s), 1680 (m),
55 1540 (m), 1215 (s). _
9 UV A .y (MeOH) in nm (&) 231 (17500,-293 (9809).
| - NMR : s (cpcly + D,O) in ppm 1.5 (BH, d, J=6 Hz,
OCHCI_-I_B-),-l.S_S (3H, d-d, J=78& 1Hz, =CH053), 2.05.(3H, s,
'COCH,), 2.2 (3H, s, COCH,), 3.44 (2H, br, SCH,), 5.1 (1H,
30 d, J=5 Hz, 6-H), 5.5-6.0 (1H, m, 3-CH=CH), 5.9 (1H, d, J=5
' Hz, 7-H), 6.15 (1H, d, J=11 Hz, 3-CH=CK), 6.89 (1H, m,
OCHCH,), 6.92 (1H, s, thiazole-H). _ -
| Anal. Caled. for C,,H, N.0g544/5 {(CHy) CH] 0 : C, 50.04;
H, 5.57; N, 11.31 ; S, 10.35. Found : C, 49.73 ; H, 5.47 ;

35 N, 10.90 ; S, 10.28.



conpound as an i sopropyl ether sol vat e. =Dd purlty 85 % IR : V (KBr)

incm1 3280 (w), 1770 (s), 1680 (m, %2 1540 (m), 1215 (s) w
[err] (MeOH) in nmJerr] - 231 (17600' _

(3H, d, J=6 Hz, [err]), 1.65 (3H,. d-d, J=7 & 1Hz, [err])' 2.05 (3H, s,
[err]),

2.2
6-H), 5.5-6.0 M, _3-Ch
Hz, 3- CH=CH), ) ?2'

J5 (1H d, J=

Aral Calcd

for[err] acetamids)] -35 147 : enylls3-pepien-4egarboxyiic9. 73 ;

H 5.47 ; 35 achld magoa S,ACIORZB&H) Exarrple 37 7
[(Z2)-2-2-Am n | oxyi m no-
acet anido)] - 3- [(Zf‘ fusPEBéﬁm é‘rﬁéﬂ—lca"}%(?kﬂq]@sa)(:l%fﬁﬂ’ycf’é?*lﬁl%‘
A suspensi on obeﬁaetm‘ga(zbl%mmyeﬁ?aﬁbf J&Slydrg)x?&m dnﬁmms)acxp:e- :
monohydr at e, 1.30.m of, 2 tritylamnothiazol-4-y .
acet oxyi m no aiétrg &Xﬁ&ml @g%&QACYQ%fan é/ (éh%n° acetic aglg
di cycl ohexyl caahddicbBi dg (1.30 m moles) of dlcyclohexylcarbodllmlde

was stirred for 1 hr at 5°C. To the mixture was added

(3H, s, [err]), 3.44 (ZggggglgiﬂQZ), .1 (lH 30 d, J=5 Hz,
G+ 5 Qo G LH ' Sy

(9800). NWMR : [err] in ppm1. 5

11

10 ' 510 mg (1.26 m moles) of diphenylmethyl 7-amino-3-[(Z)-1-

propenyl]-3—cephem-4—carbOXy1ate. The mixture was
stirred for 5 hr at room temperature and diluted with
50 ml of AcOEt. The reaction mixturé was washed with
1IN HC1 (25 ml), water (25 ml) and brine (25 ml), dried

15 - over MgSOA,.and concentrated under diminished pfessure.
The residue was chromatographed on a column of silica '
gel (30 g) which was eluted with. toluene-AcOEt (10/1).
Fractions showing a spot at Rf 0.20 by TLC (10:1'toluene-
AcOEt) were combined and evaporated in vacuo. The

20 . residual 0il (ca. 1.15 g) was dissolved in a mixtﬁre_of-
8 ml of 95 % TFA and 2 ml of anisole and the mixture was
stirred for 1 hr in an ice-bath. The solution was
'concentrated‘hnder reduced pressure and triturated with
isopropyl ether (40 ml) and n-hexane (10 ml) to give

25 432 mg of the crude product, which was purified by a
column of Bondapak C-18, eluted with 30'% aqueous'MeOH.
Fractions show1ng a peak of retention time 6.9 min. (HPLC

v

)

were comblned, concentrated and lyophlllzed to give 153 mg

(27 %) of the title compound as an amorphous powder.
30 - M.p. 155 °C (dec.). Estimated purity 65 % HPLC
" (Lichrosorb. RP-18 4x300 mm, 3:7 MeOH-pH 7 buffer)
retention time, 6.9 min. '
IR :v__. (KBr) in cm -1 3260,'1775,_1765, 1665.

UV :X - (EtOH) in nm (€) 230 (20100), 292 (12700).
. max . S : - .



was stirred for 1 hr at [err]. To the m'x%’was added 10 510 ng (1.26
m nol es) of di phenyl methyl 7-amino-3-[(2Z)d-_ _ ,
propenyl ] - 3-cephem 4-carboxylate. The m x€ure was stirred for 5 hr at room
tenperature and diluted with .50 mM of AcOEt. The reaction mXxture was .
washed with 1N HCl NMB M)S(DMSQ-Fdé?Sim ppmndlbEBnd 3H25ddt,) J=dri &d T5Hz,
dver MySH4, and.ggemgent r at gg gﬁersdimQPshgdsgrqgs.g%e. sHhe J_gsi due sas

chr omat ogr aphed, on a3cbl umn_of sil[ta_ge 'g 07g) whi'ch was el ut'éd "W t

t ol uene- AcCEt (&Wl)@’ﬂaétﬂénsssﬁgm Bg7Q §pBe Br RCHEHR0 .hp-Fi6c(3to: 1

tol dene- AcCEt)gawer &=508banrg, apdipyagoret edni nayagual Hag 2QCH=-cH-8si dual

oil (ca. 1.15 g) .was,di ssolved. in i xture of m of % TEA and .2 m of
ani sol e and the%herl)\gt &fié’wﬁs EP???%@G%F'lj}hggi r&gn FeeDatH.» g'f%eqééq’uti on
was concentr at edl, uhd@rgz @duced pressure and triturated with isopropyl ether
(40 M) and n-hexane (10 m) to give 25 432 ng of the crude product,

whi ch was purif]ed by colu f Bondapak C-18, eluted with 30 % aqueous

- MeOH. Fracti onsl‘z%#ng°léa%3eg§‘g§4?'§§ezEPZFJg/iBﬁe ded 3 FeikapLo) were
conbi ned, concentrated and | yophilized to give 153 ng (27 % of the title
conmpound as an anor phous powder. 30 Mp. [err] (dec.). Estimated
purity 65 % HPLC {Lichrosorb RP-18 4x300 nm 3:7 MeOHpH 7 buffer);
retention tinme, 6.9 mn. IR : [err] (KBr) in [err] 3260, 1775, 1765, 1665.



W :  [err] (EtOd) in nmlerr] 2303&)0) 292 (12700). NMR :
Jerr](DMSO-[err]) in ppm 1.63 (3H, dd, J=1 & 7 Hz, =CHCH3), 2.16 (3H, s,
OAc),  3.55 (br.s, 2H, 2-H), 522(1H_d'5°:]"5Hz 6H) 5.70- (1H, m [err]),
5.76 (1H, dd, J=5 & 8 Hz, 7-H), 610(1H d, J=11 Hz, -3-CH=CH), 7.05 (1H
s, thiazole-H), 7.28 (2H s, -NH2), ﬂlgeleaj J=8 Hz). *Japan Kokai

© 59-184186 (1p/ 2) -2- (X3S eri ALY S W e Gy -

[(Z) 2- (2 am \ _ ] -aucruxy

i M noacet aniywl 2 73 od odeb{ ) -3 -poopemyl od+nepHem-ed(ddrbdx yiate R = \J
R =AX) To a ep} utpenaef 'g_gg QG_Q&)m nole) of la [err] in 0.2 m of dry.
DMF was add ; C03 and the m xture was stirred for 5

mnutes at 5 C. 1-Acetoxyethyl bronide (10 [err]) was added to the uixture
and the suspension was stirred tor 1 hr at the sane tenperature. The .
' ' hed successively with

.reaction m xt di.l uted of _
water (2 ni xl% gl‘hl"Pﬁe“ a&%%x&% ‘[W %mé‘c(fh&éﬁt R darfi@ra educed -
pressure. o-EhH %% W@&e& rGI tur(%t 8§jn no{'e) of X C03 22d the zixture was |

stir-ed for 5 :ninutes at 5 °c. l-Acetoxyethyl bromide (10 yl) vas

added to the mixtura and the sus'oension ves stirred tor 1 hr at the senme |

tenperaturef -The reactian zixture was diluted with § nl of AcOEt, washed

successively with water (2 zl x 3) and brin'e, dried over MgSDL .a.nd \)

concentrated unc%er reduced pressure. The residue ves triturated wvith io ..

zl of _iéoj:ropyl e_ther to giie the desired acetdxyethjrl ester, -whici ves
_ fiif.e:gd off and dried. Yield 15 mg (63 Z). Spectral data of th:e'_.;:-oéuct

vere consistent with those of the compound Prepared iz Exazple 36, - -



m of isopropyl ether to give the desired a%yet hyl .ester, which was
filtered off and dried. Yield 15 ag (63 Zjme _Spectral data of the product
were consistent with those of the corrpound prepared in Exanpl e 36.

Exanpl e 39 Pival oyl oxynmethyl 7-[(Z)-2-(2-am not hi azol - 4-yl)-2-

hydr oxyi m noacet m do] - 3- (Z)-1-prope = m 4- carboxylate (IDb,

[err]) To a sti Pnedlmwwmym 7[d<rzl>42a@4mm4aa&me;ynm4 err] (26
- ng; 0.24 a nole |dn r
- pival oyl oxymet h SIS s :
for M5 min. Sodcam'boawli@tat E(I(bJ.S R H],Zi RVl e) and the |od| de (59 ny,

. 0.12 anple) were added . again to the m xture and the m xture was stirred at
the sane tenperature. After 30 min., the m xture showi ng spots at Rf 0.60
(major), 0.70 (mnor) and 0.80 (mnor) by TLC (Merck Kieselgel .60 [err],
20:1 [err]) waspgiy Hgﬁc}ewmemelr f&gﬁmﬁsﬁﬁﬁaab)m;an@' 15N ek Jilan@Xe)BS

- washed with vvater nd a saturate solution; dried over [ertz] 3nd
- evaporat ed {26 @i yrmsza n 2ol )l B5 devaiRtbilssolamsde (5 aldnals addmlint Gf °C

- [err] and passeé through a colum of Kieselgel 60 (13 g), which was washed
with [err] pbéieyloxadtiylutedidei (1181nL,00[49r m] n¢le3Oend| Jhe nhturer eas Ftirged

* showi ng a spot at P.f 0.60 by TLC ware conbi ned and evaporat ed. The residue
was di ssol vEdri4h bimzeSediamicetkonase idonenBsl2 §asiia)isadthe iafidn (5% 98my

25 Z ofthettleoond M 101-104
A ) 0.1 ;n nole% EB“U added ege.i.n {0 the nixture end the mixture was stirred

: .ef.' the sanme tenpereture. After 30 min., the' :hirtu;_-e shoving spots at RS
~ 0.60 (z2jor), 0.70 (mizor) and 0;_80 (minor) by TLC (Merck Kieselgel 60
Fagy, 20:1 HeCN-Ezo) vas diluted with ethyl ecetei’.e (25 ml) end the
- solution was washed with weter (x3) and a ssturzted NaCl solutien, dried.
over NgSO.,. end evaporated to dryness. The residue was dissolved in a
spell 2poust of CECl; and passed through a eo].\.en of Kieselgel 60 (13 g)»
vhich was ‘weshed with CHCIB (50 ml) end elu ed with 1:20 MeOB—CBClB (150
zl). The i‘reeticns showing 2 spot at RS 0.60 by TLC were copbined end
evaporated. The residue ves dissolved in benzene end - the solution ves
-1yophiii£ed to errord 63 wg (25 2) of the t_itle conpound. M.p. 101-104
(N ‘6. Esuimeted purity 80 Z. EPLC (Develosil 4x100 zum, 3:2 HeCN-pF_ 7
phosphate 'buffer) retentioa tipe, 4.5 zin,
IR v&ax (XBr) in cm™! 1780, 1755, 1670, 1530, 1120.
uv :)mak (MeOH) in nm (€) 270 (12000).
NMR : § (c’:13013 + D,0) in ppm 1.22 (9H, s, 3 x CHj),
1.56 (3H dd J=1 & 7 Hz, —CHCH ), 3.45 (2H, m, S—CH2) 5.11 -

(1H, d, J=4 Hz, 6-H), 5.5-5.95 (4H m, 7-H, =CHCHj &

OCH,0), 6.14 (1H, d, J=11 Hz, 3-CH=), 7.02 (1H, s, thiazole-
H). | |



[err]. Estimated purity 80 Z. HPLC (Déﬁaﬁés | 4x 100 nm 3:2 MeCN-pH 7
phosphate buffer): retention tine, 4. @!nLn IR ~: [err] (KBr) in Jerr].
1780, 1755, 1670, 1530, 1120. W : [err] (MeOH) in nm[err] 270 ('12000y.
NVR : [err] in ppm 1.22 (9H, gxampieCHab 56 (3H, dd, J=1 & 7 Hz, [err]),
3.45 (2H, m [err]) 11 (1H, d, _UE%EHE'"BTkD, 5.5-5.95 (4H, m 7-H . J[err]
& [err]), 6addtéiyl 7"I(ZJ-24(EIZarn8nSIth).a2310-2I-J@lI-} >S-hytdricaas! e- H). —

Exanpl e 40 Acet OX\ azol.4-y!) -2-hyd QX .
Exarpl e 40, AP el Oey, LT L2 - 3£ 1530 03U 0L 30 g1 2 Tyl
5 (Eba B?r-ﬁre B3l on of Ia([err] =H (280 mg. 0. 68 m molS)

and [8rr] (36 nyp0, 3&tﬂ?@heﬁu?ﬁgﬂ§¥o§'\%i{%ﬂﬁ2% desbgtnd err] over 10

mn. a solution of acetoxynet rom DVF (104 ny B8 m
nol e/ 100 [ePr$§. m meie) eodrrwﬁgcagdu(@ﬁomsl. rd4 m melay, imldrrynw e) 10

and the brOUBdﬂNOhHé'Q&déézaﬁD-l@ 84 BveR a/bGhilrer 1d )somiBigilded in snal |

portions over ture was stirred at the sane tenperatur e for
30 min. Th%c?ngYWBHhﬁ%xPEP@lgﬁoﬁanrVoQNF Q4 [8ROPH (
Q:15, g yﬂ) -After 30 min, additional: Na2003 (18 mg, 0.17 m mole)

10 and the bromlde solution (52 mg, 0.34 m mole/SO‘pl) were
added in small portions over 10 min. The mixture was .
stlrred at the same temperature for 30 min. The reaction _.
‘mixture showing four spots at Rf 0.10 (BMY - 28232) 0.15,
0.60 and 0.75 by TLC (Merck Kieselgel 60 Foc, 10:1. U
15 MeCN-H,0) was diluted with AcOEt (25 ml), washed with
water (x3)_and a saturated NaCl solution, dried over
MgSO4 and évaporated. The residue was dissolved iﬁ_a_ : 'hd.
small amount of CHCl3 and. charged on a column of
Kleselgel 60 (18 g), which was washed with’ CHC1, (50 m1)
20 andeluted with MeOH-CHCl, (1 : 20, 250 ml). _The‘:
fractions showing a spot at Rf _0.60 by TLC were combined
and evaporated in vacuo. The reéidue_was'disSolved in
benzene and lyophilized to afford 45 mg (14 %) of the
_~title.compound.'_M.p.'107-110‘°c. Estimated pu}ity 70 %.
25 HPLC (Lichrosorb_4x300 mm, 2:3 MeCN—HZO):' retention time,

6.0 min. _ c , _ L;) ”15
IR :¥__  (KBr) in pmfl 1770, 1665, 1530, 1370, '
1200, 1000, 985. S S .
) W :A__ (MeOH) in nm (€) 268 (10900).
30 - NMR : $(CDCl, + D,0) in ppm 1. 65 (3H, s, J=7 Hz,

sCHCH,), 2.1 (3H, &, cocn ), 3.43 (2H, br, SCHy), 5.1
(1H, 4, J=5 Hz, 6-H), 5. 3-5 95 (4H, m, 7-H, —CHCH &
OCH,0), 6.15 (1H, d, J=11 Hz, 3—CH=), 6.96 (1iH, s,.thlazole-,
H). ' o |

* AM= - CH,0COCH,,



0.60 and 0.75 by TLC (Merck Kieselgel 60 F 10: 1 15 MeCN-[err]) was
diluted with AcCEt (25 m), washed with wateryf(x3) and a saturated NaC
solution, dried over [err] and evaporated., The residue was dissolved in a
smal | anount of CHO 3 and. charged on a cﬁrrm of Kieselgel 60 (18 g),

whi ch was washed with [err] (50 m) 2% aldel ted with MeOH[err] (1 :

20, 250 ml). The fractions showi ng a 0.60 by TLC were conbi ned
and evaporatedDigheagmmethYTh@—ﬁG@ﬂ@mﬁﬂﬁgﬁkﬁkﬁhﬂﬁﬂHYM]r3-cephem-4= benzene .

and | yophi i zedabBo30h Akl #3aHobib il tid) © FPABOUN G 43 gyl O - 110

[er ™Y, Estimat ' . T2~ N- H
0): retention tine, 2 6.0 nrn I R [err] (KBr).in [err] 1770, 1665,
1530, 1370, 1200, 1000, '985. W MeOH) in nm errL_ 268 (10900)
NVR : [err] i nkppm:u-ie 6s q:shren:smem Izrzmipe-ra-][(a)z-la_-b(xmyl -3-peghep-k -csrbmr-
(2H, br, SCH2), 1 (1H, 5.3-5 4H, m 7-H,

[err]), 135e(la;rqr°ah1°5i§a Mioma‘ixaﬂal)e 6@5 @69(&445 % = Pﬁ’reﬁof-’é‘ bﬂ)zdphewwz&(l 2 g,

Lerr] 6.5 noles) in.methenol (300 ml) wes irraﬁiated'with'a lov pressure Hg

lazp (2537 ;, 6W) at room tezperature for 26 nr. The solvent wes evaporatéd

in vacuo and the residue vas dissolveﬁ in chloroform. The solution wves _‘

treated with carbon end filtered. The filtrate was diluted with ether to

\‘; precipitate 2.2 g (76 lj of the title compound E isomer.contazinateh with
16'1 of the Z isomer which wes used.for the next step without fu:ther.
purificaticn.

IR : V. (KBr) in en™' 1780, 1720, 1625.
UV : Ay, (MeOH) in nm (€) 258 (10200).

_ NMR : & (DMSO- dg) in ppm 0. 97 (3H t, J=7 Hz, CHj),

2.15 (2H, m, CH,C 3) 3.84 (2H,-br-s, 2-H), 5.15 (1H, 4,

J=5 Hz, 6-H), 5.30 (1H, d, J=5 Hz, 7-H), 6.65 (1H, d,

J=16 Hz, 3-CH=), 6.97 (1H, s, OCH), 7.45 (10H, s, phenyl-H).
' HPLC: ‘Lichrosorb RP-18 (4x250 mm), 3:2 CH,CN-pH 7

phosphate buffer, 2 ml/min. Retentlon tlme z isqggr{

5.1 min ; E isomer, 6.7 min.



Exampl e 41 D phenyl nethyl 7-am no-3-[(E utenyl ] - 3-cephem 4-

carboxyl ate hydrochloride (XII'l (B), [err A m xture of diphenyl net hyl
7-am no-3-[(Z2)-1-butenyl]-3-cephem 4- cq%oxy | at e bydrochl ori de (from
Exanple 6) (2.9 g, 6.5 m.nol es) and benzZophenone (1.2 g, 6.5 m nol es).

met hanol (300 nl) was irradiated wﬁgﬁgigw Qéessure Hg Ianp (2537 A 6V\)
at roomterrpersture for 26 hr d in vacuo and the
resi due was Ddipds JAL !

~and filter eqql% didhfdé M@s dEbUieshw.sﬁ 1 I-Qeéeeﬁl’-ﬂcbﬁk‘b@k 1352 9 (I

% of the ti I somer
whi ch was us@%ﬁ.o&.__h.@_nﬁ.t_%ﬂ B 1 5iiPhp rther purlflcatlon IR. [err]
(KBr) in [err] 1780, 1720, 1625. UV [err] (MeOH) in nu [err] 258
(10200). NVR : [err](DwsO-[err]) in ppm0.97 (3H, t, J=7 Hz, [err]) 2.15
(2H, m CH2CH3), 3.84 (2H, br-s, 2-H), 5.15 (1H, d, J=5 Hz, 6-H), 5.30 (1H,
d, J=5 Hz, 7-Asus@essignief drudexdshienyln Oyl 768 8¥nd-34]{(B-1€oMpoyll-25
(1OH S, phenyl Hy. HPLC. Lichrosorb RP-18 (4x250 mm), 3:2 [err] 7
phosphat @esm-e'.r-wzbw}ﬁw hydm“éﬁt-t"dn(ha’fes. 47 3i s ouokes ) Bn lACTED (30F i soner,
6.7 mn.

ml) wes shaken with aqueous NaHCOB to give o cleer two-’ayer solution.
The organic layer was separated, washed with water and then an aqueous.
- saturated NaCl soiution; dried over MgsSO, and conéentr#ted in vacuo. The
residue vas dissolved in DMF (20 ml). To the solution was added 1-[(2)-2-. W)
(2-ampino ..hia.zol—!.-yl) 2-methoxyininoacatoxy]benzo triazole (2.07 g, 6.5 o .
moles) The mixture was stirred at room tempe*ature for 1 hr and diluted W)
vith AcOEt (100 nl). The diluted sclution vas washed with Equecus NeHCO3,
| vater and azqueous NaCl, successively, dried over HgSO4 _u;d evap.orated i__n
vacuo. The residue ves chromatographed on a silica gellco'lumn (s0 g) and
eluted with 2:1 toluéﬁe-gthyl scetate to yield 1.58 g (61.2).o£ the title
compound. T : e | -
IR : v,,, (KBr) in én" 1770, 1720, 1670.
TV 1 Apyx (MeOB) $n nn (£) 297 (18800).

NMR : § (CDCl, + D,0) in ppm 0.97 (3H, t, J=7 Hz,
CH,CHg), 2.12 (2H, m, CH CHS), 3.52 (2H, s, 2-H), 4.00
(3H, s, OCH _), 5.10 (1H, d, J=4.5 Hz, 6-H), 5.93 (1H, d,
J=4.5 Hz, 7-H), 5.7-6.3 (1H, m, =CH-CH,), 6.74 (1H, s,
thiazole-H), 6.96 (1H, s, OCH), 7.25 (10H, s, phenyl-H).



Exanpl e 42. Diphenyl nethyl 7-[(Z2)-2-(2-am I azol - 4-yl ) - 2- met hoxy-

I m noacet am do] - 3-[ (E) - | - but enyl ] - 3-.cephengseCcar boxyl ate (XI'V (E), [err]) A
suspensi on of crude di phenyl net hyl .7-am no-3-T.(E)-1-butenyl]-3- '

cephem 4- car boxyl at e. hydr ochloride (1,97 4.3 mnoles) in AcCeEt (30 ml)
was shaken with aqueous [err] to giv -l ayer solution.  The
organic | ayer wds (ﬂkﬂ&ﬂﬁaiAmmndﬁhiamdihmng) aﬂﬂbthenyﬂmlaﬁaeeuamldo] 3+

saturated NaCl sglaut i;on, .dri ec O _] gg,g&jgipérgéfg gg gﬁz The
resi due was di ssefves—+r—bw v r—t-F [(Z) 2-
(2- anAi not hi azol ¥M= 3)et hoxyi m noacet oxy] benzotri azole (2.07 g, 6.5 a
mol es). The mixture was stirred. at roomtenperature for 1 hr and diluted
with AcOEt (100 mi’). The di | uted sol ution was washed wi th aqueous [err],
wat er and aqueous NAC , successively, dried over [er and evaporated in
vacuo. The restdBix RES Sfhiiphenplp Hé&d&zbzs(a-ﬁs&nélawl-m)fweg)zomd

| ut ed th,2;1t - tate t ld 1.58 g 612 f the titl
compound. | &“mré?h#e?%t-?#ki?ﬁeﬁtgnilﬂr%-cyéﬁze-z-fmm “Ystr g5, wa'm) ei'-n

(5 T “or 5 EEGRY, AT ol Phh e o) S Wl Pertees! szf £ 4 e
Mz, 6-H),. 5&9\?‘.?.@&"{11& 1:1615’1‘ C%{%;Z? {’1‘5 rlsﬁﬁnﬁé#alc%t[ﬁﬂrhs Qolthcbdd? by

t hi azol e- H) 6.9
£i1 :-ation. It was dissolved :Ln formic acid (3 nl) and chropatographed

" one coluun of the packing (100 1) of a PrepPA.K cu'tridge (Waters), whieh

~ was washed with water and thax_: eluted with 302 ngthan_ol. The eluate was
monitorsd by EPI;C'a.;nd iﬁe desii'eci fﬁction‘s w.ere.' éohb.ned ' concentrated

V, | .gnd lyoph*lized to give 277 ng (59 2) of the title coupound" M.p.)??O _

°c (grad. deec. ) Estimated purity 50 2. |
R "wc (Er) ia ez”! 1770, 1660, |
| .' oW A, (PE7 phosphate bui‘fer) in oo (e) 232 (157.00_).. 292
(22400). | | |

L MR i § (D 0 + NaHCO ) in. ppm 1.18 (3H, t, J=7 Hz,
.  CH,CH,), 2.30 (2H m, CH CH ), 3. 83 (2H, s, 2-H), 4,15
N (3H, s, OCHZ), 5.37 (1H, d, J § Hz, 6-H), 5.92 (1H, d,
J=5 Hz,7—H), 5.9-6.4 (1H, m, = CHCH,), 5.66 (1H, d,
J=16 Hz, 3-CH=), 7. 18 (1H, s, thiazole-H). _
* Anal. Caled. for CyqH gNgOS51/2H,0 = C, 45.73 ; H,
4.51 ¢ N, 15.69 ; S, 14.36. Found: .C, 45,63 ; H, 4.28 :
N, 15.33 : S, 14.27. | '
*The 3-trans-buten:}l cephalosporin Ia (E, R2=,RS=CH3),

. which was identical with that described in Example 15.



. . Vo Z).zRE (25 AmR o i taswl: iBt-hoxyimnoatetdm dol-3- - ;.. -
" [(E)-1-butenyl]-3-cephem 4-car boxyT't c-agid=€l'a.{E), [err] A gixtureé:zaf -~ 7
di phenyl net hyl 7-[(2)-2-(2-am not hi azol - 4- =7- met hoxy- L
i m noacet am do] - 3-[ (E) - 1- but enyl - 3- cepbenm boxylate (650 ng, 1.1 a
noles), TFA (3 m) and aniscle ( mM) was stirred at [err] for 30 mn and
diluted with isopropyl ether. The resultggg precipitate was collected by .

filtration. It was dissolved. in formc acid (3 m) and chronatographed

on a columm of the packing (100 m) of a PrepPAK cartridge (Waters), which
el ut \ 'nethangl. The el uate was

+ was washed wit
moni t ored by SRAXygEh ed an
“lyophilized t dmineadd¥amy :
(grad. dec')'éﬁﬁiéggifzﬁggl j
1660. W : [e -2 asPkBheheAKel 232 ( 92
g N, fulle (e o fo Gag0, 2 U
, 3. , 4. 3H s, rrfyi3”. mg , Told) -
6-H), 5.92 (1H, @%_5({&?7@%,1559%1:141@%, im DMA q'd Jny P £8 (1H d,
J=16 Hz, 3- CHEFSSECEd with 1eac FoRFobRyl) brbfighe (Faddy oy ST
C, 45.73 - Hby a similar ore . =50 mg, 1.5 m moles).
. procedure to that described in Exam
: in Example -
t Ple 16
.: gi?e_SSO mg (67 %) of the desired AX ester which w
ldentical with that in Example 16, M.p. 110-115 o as
E;timated purity, 90 % by HPLC. ' C';
IR :vy ' ' :

o~

_ -1 ' o
. Amax (KBr) in.cm 1760.._(br.),_ 1670, 1610 _
 Anax (MeOH) 1n nm (€) 232 (16600), 298 (19300)
NMR - : 8 (CDC1,) in ppm 1.05 (3H. t. yoo
CH,CH,), 1.5 ; ' TR ~
c 2“=3’+ 1.54 (3H, d, J=6 Hz, CHCH,),
: (?H, S, COCH,), 2.0-2.4 (2H, m, -CH,CH,), 3.57 (2u,
S:» 2-H), 4.05 (3H, s, ocH.) 4, o5 Hg. ’
y S, » 5.07 (1H, 4, .J=5 H '
- 5.8-6.3 (2H, m, 7-H 3 T T re=s Hz, 6-H),
_ » M, 7-H & =CHCH,-), 6.86
! _ HCH,-), 6.86 (1H, s, thj -

Anal. Calcd. for ¢ H. | |

: - - \ N .

49.21 ; H, 5.23 . __122;525 S50732-1/4 [(CHB)ZCH}ZO : C,

: H, 5.23 ; N, «/5 ¢S, 11.68. Found : 4 ;
H, 5.28 : N, 12.24 : S, 11.70. B C{ 49744',



4.51 N,715.69; S, 14.36. Found: C, 45.: , 4.28 N, 15. 33: S, 14.27. 2
3 *The 3-trans-butenyl cephal osporin la (E, err]) whi ch was |dent|cal
with that described in Exanple 15. - Exanple 44. 1 Acet oxyet hyI '
[(2)-2-(2-am not hi azol - 4-yl') - 2- met hOX¥ryample .45

i m noacet ani do] - 3- [(E) 1-bu enyl] 3- ceptren c , r])
m xture of la- (E7-_ 0 =343 q D aRanyE =it epnemn LS el es
“in- DMF (10 rﬂ) ItIrqutEe)d W a_apet oxyet hyl broni de (250 1.5 m
~nol es) “by-a- Vﬁl‘%—p‘mm described i n Exanmple 16 to give 350

ng (\67 O/c) of the desi-red ‘AX ester, 'which was |dentical with that .in Example - -

. 16. [err].. -Estimted purity, 90 % by HPLC. .1F [err] (KBr) in [err]

ST e S o S P it e

‘]. =6 HZ CH(EEDZ ' 98 (m%yes )Shnéeo Lgphenone %960 (ngH 5 'H moﬂ_s‘%%%etﬁm%z (2H

_(800 nl) containing 1 ml of &N hydroehleric ecid vas ir-ac’.ieted with low-
pressure ‘!g lamyp. (2537 A, &W) at roon tenpereture Ior 1.4 hrs. : ’l‘he
3 reecti en nixture ves evepore.ed to u'yness end the residue wes
distr* buted in s nixture of 0.15N HCl {200 ml) end ether (200 nl). The-
_aoueot.s leye' ves seperated, treated vith ective cerben e.nd filtered. . The
- filt ete wes edjusted to pH 3 vith a dil\.te NeDS selutien end eooled to- '

give & preeipitate. It wes eollected by i‘i"tratian and washed with weter. '

. (sred. dec Y. The second ¢rop (195 g ) wves o'btained by concentretins the

t*e‘ce to 30 nl. Totel yield 67.1 ng (56 5) Toe' product ccnteinei Yess

then 5- % of the eorresponding 2 Ssomer.. ..

=1

CIRT:Y (KBr) in cm © ¢ 1800, 1620 1540 1420, ;360;;:{;

uvs lmax (pH 7 phosphate buffer) 1n nm: (8)
' (15000) _ S S e .
2 ft- _Jiﬁff .“NMR']: $ (D 0 + Na2 ) in ppm 1 78 (3H d, u_s Hz,
. =CH-CHg4 ),,3 62 (2H, s, 2- H), 5.03 (m d, J= =4.5 Hz, 6-H),
. 5.3- 52 (2H, m; =CH & 7-H), 6.52 (1H, d, J=16 Hz, 3-CH= =C)...
- Anal. Caled. for CyoH, N, 3s 1/2H,0 : C, 48.18.; H,

- 5.25 N, 11 24 y S5, 12.86. . 'Found : C, 47, 88 ; H, 4.83 ;.

N, 10.79 : S, 12.83. o | -

: ..:*Al.4:1—mixture' of Z and E isomers.

- can 1 om’ ar et e ae L B TR P T T . Re . erewy s R I R LTI I O A bl S et e W

"end ecetene to give .'.76 pg of the title ccmpoumi E isomer. me‘t ng at. 21.5 °c



's, 2-H), 4.05 (3H, s, [err]), 5.07 (1H, s> Hz, 6-H), 5.8-6.3 (2H, m
7-H & =CHCH2-), 6.86 (1H, . s, thiazole-H), 7.1 (2H, m OCH & 3-CHe)
Anal . Calcd. for [err] 49. 21 : H-5.23 ; N 12.75 : S, 11.68.  Found : C
49.44 H, 5.28 N, 12.24 ; S, 11.70. =~ ®Banple 45 7- Ami no-3- (E |
- )-1-propenyl] -3-cephem 4- carboxylic acid (XLLI (E), [err] pressure Hg Ianp
(2537 [err], 6W at room tenperatur Xamp 1 . The reaction nixture was
evapor at ed tcv¢i@zmﬁz;eamhminbtnsadue-ua~1dkatmebnbawimanaaabkhm&aogtsﬂ é5N

G (200 ) (590 ST {200 T

wi th active — e
di |l ute NaOH $oi=aH.o/R il cooled to give a. preC|p|tate It was coIIected by

f||tréuéon and - wa c%vg{{&yg@eéo ggggeégne ahgng' t@;gsggrgﬁekgﬁltltle

conpound E i soner, tlgg [err eco 95 ny) -
was obt ai ned dBFictRiSrRS okI B traﬂé {3290mei, . 3T0tmblﬁsélan67 1 ngy

(56 9. The é&@ﬁmtb%@ém@el €§é4t hgh eSm%nefle% € 1 RO'E0E 540 PEH Q@OZmlg
i soner.. r;J (KB[LZt g LW 00, 1620, 1540, 1420, 136C
Ww: [er r.] (‘L’ﬁ WA phal 62 buft Efy hnﬁﬁh[léFPil 47¥3 )m@xmethoxyimino-

acetoxy benzotrlazole (954 mg, 3 m moles) and the mixture
10 was stirred for 30 mln. An additional amount of the
‘active ester (l 8l g, 6 m moles) was added in four

portions at 30-min intervals. The mixture was stirred

".for additional 2 hr at room temperature and passed \;)

- through a column packed with the packing of prepPAK-C18

15 cartridge (300 ml, Waters). The column was washed-with
water and then eluted successively with 10 % methanol .'hJ .

and 20 % methanol. Fractions of 20 % methanol eluate
'showing a peak at retention time 5.57 min by HPLC* were
collected and evaporated to dryness. The residue was

20 dissolved in methanol and filtered. The filtrate was
concentrated to 5 ml and the residue was triturated with-
a mixture of dﬂ@er—iSopropyl ether to give-805 mg (63 %)
of the title compound melting at 180 °C (grad dec.),
80 % pure by HPLC*. :

25 IR : ¥y (KBr) in em™ % 1770, 1670, 1630, 1540, .
max : .
1380, 1040. _ o | | o -
UV :Amax (MeOH) in nm (€) 234 (17000), 293 (20000):

NMR : § (D,0 + Na,CO,) in ppm 1.93 (3H, d-d, J=6
& 1.5 Hz, —CH—CE ), 8.76 (2H, s, 2-H), 4.12 (8H, s, OCH,),
30 5.32 (1H, 4, J=4.5 Hz, 6-H), 5.86 (1H, d, J=4.5 Hz, 7-H),
' 5.8-6.3 (1H, m, =CH-CH;), 6.61 (1H, d-d, J=16 & 1.5 Hz,
~ CH=C), 7.13 (1H, s, thiazole-H). '
Anal. Calcd. for Cl6H17h50552 - C, 45.38 ;_H; 4,05 ;
N, 16.54 ; S, 15.14, Found : C, 45.57, 45.41 ; H, 4.37,

35 4.29 ; N, 15.94, 15.76 ; S, 13.80, 13.62.

*Packing: Llchrosorb RP-18 (4x300 nm) Mobile phase:
MeOH-pH 7 buffer (35: 65)



(15000). NMR . [err i
n
(35000 e erc) inppm 70 (on o, 1 qerr)

L% 16 FE__S C}hC3 Anal.. Cal cd.
S, 12.86. Found : - C, 47.88
of-Z and E isoners..

L)z (2 An1noth|aiol , peExample 2%
) . . - 3 .

3,62 (2H, s,
5.3-52 (2H, m =CH & 7-F S o
= 7-H), 6. '
for lerr] e?C; 48.18 ; H,_ 525 N 551(52’ )
. H4.83°N710.79.: S, 12.83.

_ (720 ! T ' Pein) 4 Car d
DE%J(GO ) ma5badaa'~-;'- SR ".Qﬂﬁy7°’.ate (504 ng, 6 n1nDIes) in 50 % o
__¢?cetoxy]benzotr|azole (954 gerottmazol - 4-yl ) - 2- ”Ethoxy|n1no_ 0. -
for 30" men. . An-addiie Biet “g}%ﬂ;mi @fséfamdrtrﬁr (0.asime maie) st |
Was' added. in f e aciiv esﬁkr §1 Irred g
-ad_dl,tlonal 2 finy Mz‘dm:ﬁtcéﬁhaﬁoﬁp%wé@ & T mx$u§% ﬂi?SGarliIdrml es) - - .
R 104 mg P@&f@%éfé‘i%ﬁ@o@aﬁm carbonate 1 in'§ mblofred for -
_DMF was added at 0 5. °C a. solution of 167 mg (1 m mole) '
. of 1= acetoxyethyl bromide 1n 0.5 ml of DMF ‘and the

10+ m 1xture was stirred at' 5 of for 15 min. An additional
“ 7 amount’ of ‘each of potas51ummcarbonate (204 mg, 1.5 m moles)"
-..and the bromide solution in DMF (334" mg, -2 m moles/1 ml) was:’

- added in two portions over a period of 15. min ‘to complete

p ~ the reaction. The. mixture was stirred ‘at 5 °C for , i
R 15f1"add1tional 30 min and_diluted with 150 mi- of ethyl acetate.]_:'
' k/l “The dilute solution wastcashed w1th water and aqueous _ .

'_NaC1 dried with MgSO4 and concentrated -to dryness. -The;-
foily reSidue was: dissolved. 1n a small volume of CHCl3 and
chromatographed on a. silica gel column (Merck Kieselgel
20 60, 40 g), which was washed ‘with chloroform and eluted
with chloroform—methanol (50:1). The de51red fractions
showing a spot at R 0 40 by TIC (51lica gel, chloroform- .
'imethanol, 10:1) and" a peak at: retention time 7.7 min by
2 “-HPLC (acetonitrile-pH 7 buffer,_l :1); were: collected and
”-1‘25,f'evaporated to’ dryness. to. give an Oily residue, which was'ﬁﬂiHTT
T “i_triturated with a mixture of ether and - 1sopropy1 ether to Tf*
o .d give 1270 mg (70 5 %) of the des1red title: ester, melting |
at 140 °C (dec.). Estimated purity 80 % by HPLC.
_ _ IR ':-vmax (KBr) 1n cm ; 1770 1670, 1620, 1540,
30 1380, 1210, 1100, 1070, 1040. .
- wv A, (MeOH) in nm (€) 234 (17000), 297 (190oo);
NMR : §(CDClg ) in ppm = 1.53 (3H, 4, J=5 Hz, C-CHg Yy
1.86 (31, d, J=6 Hz, CH=CH—CH ), 2. 08 (3H,_s; OCOCH,), 3.55
L (aH, br-s, 2-H), 4.05 (3H, s, OCHg ). 5.07 (1H,.d, J=4.5
35 -Hz; 6-H), 5. 38 - (2H br—s, NH ), 5 95 (1H,: d J =4.5 Hs, _
» ' 7-w), 5.7-6.2 (1H,'m, CH—CH—CH y, 6.31 (1H, s, thiazole-H),
- 6.9- 7.1 (2H, m,'CH-CHé & CH-CH—CHS) 7. 55 (1H, da, J=3 Bz, NH)

Exa”p'e 46 gxample. 47 . *A 4:1- Wlxturef“



throu
(300
succe

gh a col um packed with the packing of prepPAK-[err] 15 cartridge
m, Waters). The col unm was mashed‘ﬁg wat er and then el uted
ssively with 10 % nmet hanol .and 20 % anol. Fractions of 20 %

met hanol “ el uate showi ng a peak at retention tine 5.57 mn by HPLC* were

colle

cted and evaporated to dryness. =TH¥ residue was 20 @ dissolved in

nmet hanol- and filtered. The filtrate was concentrated to 5 nl and the

resid
mg (6

1040.
[err]
(3H,

ue was triturated with a n1xturegy?ggrgn4gsopropyl -ether to give 805
t
G i

3 9% of the title compound ] (grad. dec.), 80 % pure
by HPLC+. 25 Diphenylmsthydo/e1] (%2 it yitanino iazo b Ar. 138
W : [méthoxywagHbabat&mlbw 113 o
in ppnll d, 4.12
s, [err]PEER £k ”« 4~ i d, J=4.5 Hz,
5. 8 6.3 (1H . mA bellu]t)).pn6oﬁ‘ldlﬁﬂer¢-hhet}aﬂ16 &ﬂcﬁ)w-tﬁa@ 7.13.

7-H),
(1H,
oS,
15. 76

phase:

56, 1§, BhEnbhns 08 aCh5%a- P dpengacdunio) - PRy 1, 10

S, 13pbeny13hegphonaa|amnghym]era-@semmmm-lcaaz(maonam) Mbbi | e

MeOH pk, 41 Bukf ¢5,032,62).5 m moles) in dichloromethane (40 mi)
was shaken with 1N NaOH (10 ml) until the spot of the
starting material disappeared on TLC (silica gel,

10 CHCls-MeOH=10:1). Organic layer was separated and

concentrated under reduced pressure. The residue was \,)

-trlturated with n-hexane and the product was collected
-by filtration to give 2.5 g (93%) of the title’ compound. -

IR : y__  (KBr) in cm™l 1760, 1740, -1560. )
15 - UV @ A pay (CH Cl, ) in nm (€) 310 (8800), 388
(15000). -

*  US 4,486,586, Column 33, Preparation No.17,
Compound VIII-1.

(;?

>



‘Exanpl e 47 1-Acet oxyet hyl 7- [(Z) 2- (2 ani) #azol - 4-yl ) -2- et hoxy- -

im noacet anmi do]'- 3-[ (E) - 1- pr openyl-]-- 3- cephe arboxylate (Ib (E) [err])

5 - To a stirred mxture of 317 ng (0.75 mnoie) of the

trans propenyl cephal osporin la (E [err?; and 104 ny: (0.75 m nol e). of L
potassmmcarbonate in b5 m of DMF was.added at [err] -a solution of 167 ny :
e):=0f 1acetoxyethy| bromde in 05n_1 of DMF and t-he. 10 - mixture -
; - for-. 15 mn. I491m)unt of each ‘of pot.assi-um . -

cat mE@%dﬂf@Mﬂﬁb&Mﬁkaﬁig;}gﬁéﬁs+@E}+a¢e¢o<f' -prepenyind=p. n{nig;;;
~and- dl]u.t.ed Wi rrrib{frﬂ ol box . . Tﬁ%a.c&ﬂ;ut eﬂ%-ocbkﬁjon was washed -

W|th wvater:and& ; gg %oig i/ness
- The 0i |y resi due -was: mmm.ofadmmwmmlo?- e¥¥1-ar

it ohves ol e PR P ok ey %‘??ﬁ‘é&ﬁggﬁf%‘?%?or 3@%;??@%%’5

.. The desired. frqﬂ*tosp’rsolsmm#@e@e ‘Ehlé% RrcePReMp |ca gel
chl oroform mt?%‘%*m&f’e&) -8hd éc@ﬁekyaéetaleehyde Dl te. 617w 6. ﬁym

oles) 111 dichlorometha.ne (10 ml) was stirred for 3 hr

Tat room temperature. ‘The mixture was concentrated under re-.

.' 10 _. 'duced pressure and the" residue was chromatographed on. e
' a column of s111ca gel. The column was.eluted w:tth
\/ - . .' 'n-hexane-CHCI (1 2) and the fractions containing the
| -"des:r.red product were. combined. N Evaporation of the
o solvent undér reduced’ pressure afforded 1 O g(56%) .

15 of the title compound.. . T R I
o '”_IR':' ax(11a- ) in om -1 1735@'1735a_?575};1430?3~:~'“
T Q5='"ﬁ'} CNMR ;o 8 '(cé14)win'ppm 6.08 (1H, d, J=13 Hz).

1) 3. Corbet and . Bensra, J. Org. Chem, 46; T1a1 (1381)i




HPLC (acetonitrile-pH 7 buffers, 1:1), were collected and 25 evaporat ed
to dryness . to give an oily residue, watgh was triturated with a

m xture of ether and-isopropyl ether to give 270 ng (70.5 % of the de5|red -
title ester, nelting at [err] (dec.). Estimated purity 80 % by HPLC. IR :
[err] (KBr) in [err] 1770, 1670, 1620, #0; 30 1380, 1210, 1100, 1070,

1040. W = [Jerr] (MeOH) in nm[err] 234 (17000), 297 (19000). NMR

" [err] in ppm 1.53 (3H d, J=5 Hz, [eEkhm 1é. 86 (3H, d, J=6 Hz, [err])
2.08 (3H S, b : 7 (1HNJ
d, J=4.5 35 - ' '
7-FD, 5.7-6. Zc@ﬁﬂemﬁA{&aHHQxthﬁm_«MN{I;;R h4Cdrm) e- H) , 6.9-7.1 (2H m
[err]), 7.55 (1H, d, | et hy,
7-[(2)-2-(2-trityl am nothlalwflﬁsqu'f&‘qé)@né’ 6. {]'lnde) in
met hox

yi mi noadéwamiMio] @F‘(%Xu%ﬂ%ﬁ%ﬂ%ﬁﬂﬁf%l&%@?@)a solution of
]-

net hyl | - 3- Cep*aﬁ%vmmwptﬁﬂéﬂégliﬁﬂéamﬂqmu @ﬁmeﬁywsag ABEbY |
7-[(2)=-2-trityl -~ am not h

%ﬁ%-z nmet hoxyi noa? gn} -[(tri-
phenylphosphomQ%LﬁQQﬂﬂﬁm%s Ryt AR e+ (X8} 0'4:3285 m
ol es) in Qlcmcﬂmﬂﬁﬁﬂéﬁmiidﬂhﬁﬁ)methylene chlorlde (200 ml) and

-acetoxyacetaldehyde (3 06 g, 0.03 mole), and the
mixture was stirred at room temperature for 44 hrs.
After concentration to 50 ml, the oily residue was _
diluted with ethyl acetate and the solution was washed  (J
lb with;water;_a saturated NaCl solution, dried over -
MgS04 and concentrated to 100 ml. To the stirred
concentrate waS(added'a solution of the Girard T _‘3_ 
reagent (5 g, 0.03 mole) in methanol (100 ml)
containing 1 ml of acetic acid and the mixture was
15 stirred -at room temperature for 40 min. _After
' evaporation of the solvent, the residue Qas dissolved
in 300 ml of ethyl acetate and the solution was. -
washed with sodium bicarbonate solution,'water, a
. 'saturated NaCl solution and dried with MgSO
20 Evaporatlon of the solvent gave an oily residue
which was chromatographed on a silica gel column .
(Merck Kiesel gel 60, 100 g) by eluting with . Sﬁi""'
chloroform. The eluate was monitored by TLC (chloro-
' form:methého1=30:1) and the fractions shaﬁing-a'Spot
25 at Rf 0.30 were combined and concentrated to affored
an oily residue, which was triturated with ether-
isopropyl ether to give 2.8 g (60%) of the:fitle
compound, melting at 130-135°C (dec.)



‘was -shaken with 1N NaOH (10 m ')' unt.i ] the sp f the starting materi al
di sappeared on TLC (silica gel, 10 . [err]- 2 1). Organl c | ayer Was

separ at ed and concentrated under reduced pressure, The resi due was Co
“triturated with n-hexane and the product %gollected by filtration to -
grve25g(93°/c) of the title corrpound [err] (KBr) in [err] - 1760
1740, .1560. 15 : W : [err].in. nm[err] 310 (-8800), 388 (15000).

US 4, 486, 586, Col umm §3 epar(ﬁ*sr,.qniﬂociﬂ (icmmurldzrﬂ | [1-380, " 135Clarrpl e 49

- Di'phenyl met hyI 7 [(Z -2~ Sjmﬁiﬂtyl am.not hi azol - 4-yl").- 2-_. B
met boxyi m noacbeaﬁbdé}OQ*[S (Z) - acet oxy- 1- pr openyl ) - 3- cephem4 car boxylat_,e;_-"_:_:j

(VI 1, [err]) A mxtwe ofy, di phe(mglomt %’d é%%)“ Fﬁ]zﬁfﬁrddy"

~ani not hi azol - 4-yl )-2-met hoxP@¥i noacet a S
-phosphor anyl i dene) nenirl: = 3 c(epla'&%4 imrﬁpnxw a&:ae (PH1DRy, 9 %hm?equ and

Terr] ) (0.61 g, 6.0 m or gnet h 10,01) , W@s65t (LHed for: 3
hr- at reom% errggﬁat |§r’eC ? E%s @bn%e%??g%edzup?jsr,?ée(léo duced
pressure ‘and trua rmglmwa@—whr oaraﬁegr&phéﬁyo‘ﬂ' CH, ,

Y




a colum of silica gel. The colum was eluted with n-hexane-[err] (1 2)

and the fractions containing the desired groduct were conbi ned. _
Evapor ati on of the solvent under reduced sure afforded 1.0 g (56% 15 ~*
of the title conmpound. IR : [err] (liqg.) in [err] 1785, 1735, 1675, 1430, '
max 1230, 1180. NVMR : [err] in ppm6-0&F 3+, d, J=13 Hz). 1) J. Corbet and ,
C. Benezra, J. Og. Chem 46, 1141 (1981). Exarrple 50 D|phenyl nmet hyl

.7-am no-3- [(Z)-3-acetoxy-1- propenyl hem 4- car box Iate XIII [err])
- To a cool ed nf¥Hur@,0rC éﬁﬁz(’é '65g2 0. (iu'holfg) J ldHz 3) were

§ugcessi vgl y éd§9d(%H50{sUt cmp%}‘) ﬂlwlzatwlam(tm{ m, phenyl H)
enzyl i deneam no- 3- rip phosphor, -
anyl i dene) net hyl | - 3¢ Ag heﬁra gr l?&?yl%asyz(‘qﬂzos(% 3G, & &fm d e392hh dry
met hyl ene chl Ngi de06820@,nk), sand Ferimxy areted dehydai,( BB g, 19, 08, 89 e)

and t he mgtuge g/a§4st|rred at roomtenperature for 44 hrs. After
concentratfon“to™5 t he 0|Iy reS|due was diluted with ethyl acetate and
t he solution was vvashed



10 with water, a saturated NaCl solution, dried over [err] and
concentrated to 100 ml. To the stirred concentrate was added a sol ution of
the Grard T reagent (5 g, 0.03 nole) in net (100 m) containing 1 m
of acetic acid and the mxture was 15 stirred At roomtenperature for 40
min. After evaporation of the solvent, the-$&stdue was dissolved in 300 ni
~of ethyl acetate and the solution was washed with sodi um bi carbonate
solution, water, a saturated NaCl solutign and dried with [err]. 20

Evapor ati on of the sol vent gave an oily i ch was chronatographed
on a~sgilica gel CmdpmmnjbﬁﬁtkyKJESEE(E?L2502-iﬂ®ncthb¥zatuuhyg)ueLh '
chloroform The &1 2 n._ E’, _ 2 19r g etornLn_FﬁanoI:§9 1)

~and the fracti ons—Showrhe po ;2 AT, SRb Aok g

concentrated to af3fnemhemr€w¢arbexyﬂa9§ ﬁKIVh RﬁsOAthurated wi th ether-

ooy ?k“er[éfr?' 3 é??]@i%%fmttétsf 139829595 £ 15268 T100” W
; terr] ( 2¢e BexY T?rgggnxy e@jcephem—4—carboxylate (2.32 g,
5 m moles) and benzotriazol-l-yl (Z)-2-(2-aminothiazol-

) 4-yl)~-2-methoxyiminoacetate (1.9 g, 6 m moles) in

100 ml of dry THF was stirred at room temperature for
_ 20 hr and the solvent was evapbrated to dryness. After
_ 10 extraction with ethyl acetate (200 ml), the solution
— ' was washed with aqueous sodium bicarbonate, a saturated
NaCl solution and water, dried with MgSO4 and concéntrated
to give an 0ily residue, which was chromatographed on a’
_ silica gel column (Kiesel gel 60, 80 g Merck), by
- 15 . eluting successively with chloroform and chloroform-
| methanol (50:1). The desired fractions eluted with
‘chloroform-methanol (50:1), were combined and
- concentrated to give a residue which was triturated
with ether-isopropyl ether to give 1.97 g (61%) of the
20  title compound, melting at 120°C (grad. dec.).

_ IR : ¥ __  (KBr) in cm'l 1780, 1730, 1670, 1610,
1530, 1370, 1220, 1030.
e ) U o: A o, (MeOH) in nm (€) 286 (14000)

" NMR : - 8 (cncla) in ppm 1.97 (3H, s, COCH,),
25  3.42 (2H, s, 2-H), 4.02 (3H, s, OCH;), 5.15 (1H, d,
. J=4.5 Hz, 6-H), 6.03 (1H, d-d, J=4. 5 & 9 Hz, 7-H),
6.27 (1H, d, J=11 Hz, CH= =CH-CH ), 6.78 (lH s, thiazole-H),
6.94 (1H, s, CHPh), 7.2-7.6 (1OH m, phenyl-H), 8.03

(1H, 4, J=9 Hz, NH). '



NMR [err] in ppm1.83 (2H br s, [err]), 2.025 (3H s
(1H d, J=18 Hz, 2-H), 3.65 (1H d, J=18 %H) 3.9-4.9
7

( _
4.78 (1H, d, J=4.5 Hz, 6-H), 5.02 (1H, d, 7-H, 5.3-5.8 (1H
m [err]), 6.27 (1H, d, J=11 Hz, [err]), 97 (1H, s, CHPh), 7.2-7.6 (10H
m phenyl H). Anal. Calcd. for [err] :_C' 64; H,-5.21; N, 6.03; [err],
6. 90. Found: C, 64.79; H, 5.33; N, 5.89; 5 S, 6.94. Exanmpl e 51 -
D phenyl met hyl  7- [(Z) 2- (2- ami not hi azol - 4-yl ) -2- met hoxyi m noacet am do]
-3- [(2)-3-acetoxy-1 propenyl] -3-ce@)esm e:asa)oxylate (XIV [err]) A W)
m xture of diph I I - _4 40] -3~

acet oxy- 1- pr o

benzot ri azol - 1k} Z)EBraze l]&&ﬁqeﬂlmﬁwarmmhnetad:ed(l 9

g, 6 'mnoles) (g 1QC gy ofgﬁq;OA was stirred at roomtenperature for- 20

hr and the so _ - o dryness. ‘After
"A) From XIV (R° =0Ag) ———— A mixture of dlphenyl-

5 methyl 7- [(Z) ~2-(2-aminothiazol-4-yl)-2~methoxyimino-
acetamido];s-[lz) s-acetoxy-l-propenyl]—3-cephem—4-_
carboxylate (1.88 g2 2.9 m moles), 3 ml of anisole and-

8 ml of TFA was stirred at room temperature for 10 min
_ and the mixture was concentrated to 5 ml After
10 dilution with 80 ml of ether and 100 ml of isopropyl.
‘ether, the resulting precipitate was collected by s
flltratlon to give 1.5 g of crude trifluoroacetate '
of Ia (R = H3’ R3=0Ac). It was chromatographed on a -'_ v
column packed with the packlng of prepPAK- 018 cartridge .
15 (400 ml, Waters), which was succe551ve1y eluted with
water and 20% methanol; The desired fractions eluted
" with 20% methanol were collected and concentrated to
give a solid, which was dissolved in 100 ml of“méthanol
and the solution was treated with active carbon and
20  concentrated to 10 ml. To the chilled concentrate
was added ether (200 ml) and the resulting precibitate
was collected by filtration, washed with ether and '

dried in vacuo over P205 to give 938 mg (67%) of the - \\j -
title compound melting at 160°C (grad. dec.). L
- 25 IR : (KBr) in gm -1

1770, 1720, 1670, 1520,
1530, 1370, 1230 1030. - o
uv @ A (PH 7 phosphate buffer) in nm (s) 231 ,
- (17000), 284 (16000) | i
NMR : § (D 0 + Na,CO ) in ppm 2.22 (3H s, COCH, )
30 3.47 (1H, d, J= 18 Hz, —H), 3.76 (1H, d, J=18 Hz, 2- H),
4.13 (3H, s, OCH,), 5.39 (1H, d, J=4.5 Hz, 6-H), 5.92
" (1H, d, J=4.5 Hz, 7-H), 6.36. (1H, d, J=11 Hz, CH=CH~
caé), 7.14 (1H, s, thiazole-H). |
Amal. Calcd. for C1gH3gNg0,5, ¢ 1/2H,0 2 C, 44.07;
35 H, 4.11 ; N, 14.28 ; S,13.07. Found: C, 44.29; H,
4.07; N, 13.98 ; S, 13.03. '



10 extraction
aqueous sodi um
with [err] and

chr omat ogr aphed
el uting success

- desired fractio

concentrated to
ether to give 1
(grad. dec.)

1220, 1030. UV
1.97 (3H,8s, [e

d, J=4.5 Hz, ‘6-H),

[err]) 6. 78 (1
phenyl - H), 8.03

with ethyl acetate (200 m)E § sol ution was washed with
bi carbonate, a saturated Na ion and water, dried

concentrated to give an oid g esi due, which was = .
on a silica gel colum (Klesel gel 60, 80 g Merck), by 15

'nXe'eY TR AR R o a1 o BRI et anc
7g|%@)&2ﬁd$nmnyhdmnﬂotnvaGm44ﬂxﬁkﬁiﬁmeﬁhqummimsepropyI

Ezgz"g{“(i%]%(ﬂé (%‘% ?a%enn"sgf;?iig ﬁt] er0 116n‘g' t15g8”]1370.

carboxy Lemeol -ith gml-& m me(qhm digeolvedrin 8% Hpm
?61‘)na.c2501d3 (432 rr(lz)Han% talé'bsol‘h&%r( %s Sst::izex"’écl)fm5 éﬁu(-lH :

3 (14 (1 ’
At §°°fm.t§ﬂmeé‘%urea 9AfY(dmcrglorm:mc1dy v @A g &% io\ﬁas
addéd sthd thed Starridy was dﬁ?ﬂflﬁhﬁetﬁ&‘or further 2 hr.

7-[(2)- (Anlnok?%%%p%eméﬁéh of@%&gg g¥%¥gﬂéggék§y evaporation, the

10

mixture was.trlturated with isopropyl ether to
precipitate the,crude product, which was collected by !

- filtration and purified by chofimatography to give 154 mg

(31°%) of the title compound, which was identical with
that obtained from the procedure A.’ o '



[(Z) 3- acet oxy- 1- propenyl] --3- cephem4 ca{ﬁgl ic acid (la, [err]) A From
XIV [err] ------- A m xture of diphenyl thyl 7- . :
[(2)-2-(2- am not hi azol - 4-yl)-2-nmethoxylng#ho- o ' -
acet am do] - 3-[ (Z2) - 3-acet-oxy- 1- propenyl | - 3- cephem 4- carboxylate (1.88 g,
2.9 mnoles), 3 m of anisole and 9 mi of _TFA_was stirred at room
tenperature for 10 min and the mi xt uEBamRlecoRSantrated to'5 m. After 10
S dilution wit m-&bm‘toﬁeﬂimr?aﬁdzme-(r’e aﬁxiheunﬂ@msll-at-lgar) z-he'drﬁﬁ@-tl ng
precipitate coHete é .i_t__gt 5 cruélee W
trifluoroacet : S—ERForat-ogi ' : .
with the pac@wmiem#c}lgarﬁr#d e, 13 —(M!OO n1 V\aters) whi ch

was suggessively ef g‘f%i@d“@ﬁ rs@?grggo gghtgaggl of 'E% |Cr}{3d fractions

eluted with 2 orret an Were co ed an concentraté |ve3a solid,
whi ch was di sPscFFQﬁ%Qi i B6d0mEt ©F 7Hemhande)ahn PNE <6 mlu)owan@saddmted W|th

~ . active carbp 2 enpr 0 | | CORARIYAL
" was added et krlkeg Os;liff g:&j%elge%ﬁl%lgr)léi:éggg SFPgtt(emvk\i/agle | ect e(f by

filtration, nBEdr Pl M udfoPHF [(d-5 10) dve 938 ny
(67% of the tr‘ut-éee sorphomsl, atel §imgnate[ ehtkriels]d. ath@c the #ixture | R :

Lerr] (1'65” 'Wad tirrdd For 14481 ¢ 18481 182R1nlR32. M e aldu e
with ethyl acetate (200 ml), the solution was washed .
with water, a saturated NaCl solution, dried and _
evaporated to dryness. The oily residue was purified by \J .
chromatography on a silica gel column (Merck Kiesel

15 - gel 60, 40 g) by eluting' successively with chloroform
’ and chloroform-methanol (50:1). The fractions showing N
a peak at retention time 6.1 min by HPLC* were collected
.and evaporated to dryness to give a residug which was
triturated with eyfler to give 236 mg (68 %) of the title
20 compound. .Estlmated pur:.ty 60 %. This compound .
contalned ca. 25 % of A isomer as an impurity. Mp
110 °C (grad dec.). _ _ .
. IR : v___ (KBr) in cm™! 1780, 1760, 1740, 1670,

) max
1610, 1530, 1370, 1230, 1070, 1030.
25 | uv o ;\max (MeOH) in nm (g) 268 (15000).

NMR : § (CDClS) in ppm 1.51 (3H, d, J=6 Hz,
CH-CH,), 2.04 (3H, s, COCH,), 2.08 (3H, s, COCH), 3.03
and 3.60 (1.5H, ABq, J=18 Hz, 2-H), 4.05 (3H, s, OCH,),
6.17 (0.3H, s, AZ-H), 6.26 (1H, d, J=11 Bz, CH=CH-CH,).

'30  *HPLC (Lichrosorb RP-18, 4x300 mm, SO % acetonitrile-
buffer (pH 7). ' '



Ww : [err] (pH 7 phosphate buffer) in nm 31 (17000), 284 (16000). .
NVR : [err] in ppm2.22 (3H, s, [err]), 30 %1H d, J=18 Hz, 2-H),
3.76 (1H, d, J=18 Hz, 2-H), 4.13 (3H s, rr]), 5.39 (1H, d, J=4.5 Hz,
6-H, 5.92 (1H d, J=4.5 Hz, 7-H), 6.36 (IH, d, J=11 Hz, CH=CH [err]), .
7.14 (1H, s, thi azole H) . Amal Cal cd. for - [err] C, 44.07; 35 H, 4.11
: N, 14.28 ; S, 13.07. Found C 44E£§E2_£L_§_07 "N, 13.98 ; S, 13.03.
B) FromVII|

i -3-acetoxy-l-propenyl] -3-
7-[(2) - 2- ( tr idH-HAotR-a7e 5 : 0%y rﬁ_y___B__E_l)———

acetam do- 3- .-‘...,m : =(1.0 g, 1 12
m ol es) was dlssolvedln 85 %5 formc acid (5 m) and the solution
was stirred for 2 hr ‘at .roomtenperature.. Hydrochloric acid (0.1 m) was

added and -the stirri ng was continued for further 2 hr. After renoval of

excess formc aghq hb’l&!éﬂcbrtahiﬁa}nyﬁl@thﬂx'?#&h&@&[(W-ﬁ&ﬁ:ﬂiﬁé-mﬁ:-bpenyll-
i sopropyl ether to 10 precipitate the crude product, which was collected

.'- ~by filtrati3uwephehtrcafiozgldse Clea. g} GyBapimelés) gn&eciﬁdbhlegu(e?)i?% »ef the
title conpound, which was identical with .
é=n noles‘) in pethanol (1 L) was gdded 1N bydrochleric ecid (6 1). The
solution wvas irradiated with lov-pressure Hg lemp (2537 A, 6W) under .
s'tirring_ at rt;o:jn'tenperature for 22 hrs end evaporated to dryness. The
residue vaé dissolved in ethyl acetate (300 ;1) end the .solution was
‘weshed with aqueocus sodium’ 'bicu‘bonate, vater, a saturated NaeCl solution
end dried with HgSDL. After evaporation of the solvent, the residue wes |
\/ h'onatographed on a silica gel colunn (Merck Kiesel gel 60, 100 'g) by
eluting with chlereforsz. _'.l'he fractions showing a spot et RS .0.1.5 by TLC
(chlorofornm: zethancl = 30:1) were combined and concentrated.to give a
reéidue._ Trit urt.tion of the residue ‘with ether gave 910 zg (34 %) of the
title compound, melting at 157 °C (dec.) - _ .
- The latter frection showing e spct et 0.40 on TLC geve 583 ng (22 Z)
oftes'ta.ri.ngZisoner. . .
W, IR : vy (Er) in ca~1 1760, '1730, 1710,'1360,”121.0, 121'a, 1096. ._ §
1) 45 A (MeOH) in oz (€) 301 (15000). | '

.NMR 3(CDCl ) in ppm 1.8 (2H, br.s, NH ), 2.02 (3H, s,
COCH ), 3.56 (2H, s, 2-H), 4.73 (1H, d, J= 4 5 Hz, 6-H),
4, 95 (1H, d, J=4.5 Bz, 7-H), 6.87 (1H, 4, J=16 Hz,
' cg=CH-CH2), 7.05 (1H, s, CHPh), 7.3-7.6 (10H, m, Ph).’ N
' Anal. Calcd. for C,gH,,N,0gS :_c, 64764 : H, 5.21 ;
N, 6.03 ; S, 6.72. Found : C, 64.28 ; H, 5.21 ; N, 5.88 ;
s, 6.82. :



that obt ained fromthe procedure A : -1pz>#arrpl e 53 1- Acet oxyet hyl

7-[(2) - 2- (2- ami not hi azol - 4-yl') - 2- met hoxy- ' _

i m noacet am do] - 3-[ (Z) - 3- acet oxy- | - pr apeyl] - 3- cephem 4- car boxyl ate (b,

[err]) 5 To a cooled and stirred solutlon of la [err] [err] (362

ng, 0.75 mnole) in'DMF (5 nl) werehadde (312 nyg, - 2.25 mnoles) and -

a solution of 1-acetoxy-. ethyl -bro 3 mmoles) in DWW (1.5 m)

in three poPi gbﬁaxametﬁmmlﬂﬂiiZMﬁﬂﬂ@&ﬂaminnthﬂdznkﬁ4ﬁxwk»aimeth@ms-st|rred

for addltlogmngc . el . A : 0 rr1) ue

- sol ution was—wa W ' ALt T et—ar
evapor at ed £8 | ResiCdip W 7

a silisa gel CO|M”ﬂi&%%&@ko%'@&%heg§lmeﬂﬁ§1fﬁLaﬁgh&DSbgi§§U§ xy-

~successi vel ia\Mth chl 3rof orm and chl or of orm nmet hanol : Eractlons

showi ng a péaRTePeR¥LdnBr&RPHeHr 45 CATRAX YA iep! Qvé?&v cd| M JBR RIS Anand

evapor at ed ugggzynessZLngﬁthaazaﬁJhﬂyIMNZﬂhéﬁﬁbiyldiﬁdﬁéﬁk&&& ether to

gi ve 236 rrg nzo %.fzo (tglt %gZO q.%su)n%n 31 efj4<9 was v

Thi s corrpou ’ _
_ stirred at room temperature for 4 hrs and the mlxtur_e was -

10 concentrated to dryness. The residue was dissolved in
“ethyl acetate (100 ml) and the'sblution.was washed with
an agueous sodium bicarbonate, water, a saturated NaCl .
solution and dried with MgSO4. After evaporation of the \J
solvent, the residue was chromatographed on a silica gel
15 column (Merck Kiesel gel 60, 40 g) by eluting succe551vely
'.w1th chloroform and chloroform—methanol (50 %) ~ The N
desired fractions were collected and evapoated to dfyness :
~ and the residue was tritﬁrated with ether to give 910 mg
(70 %) of the title compound melting at 110 °C (grad.dec.).

20 IR Voox (KBr) in em~ % 1780, 1730, 1680, 1610, 1530,
1380, 1220. '
' UV :A'max (MeOH) in nm (g) 297 (22000).

NMR : $(CDCl,) in ppm 1.99 (3H, s, COCH,), 3.56
(2H,; s, 2-H), 4. 04 (SH, s, OCHj), 4.52 (2H d J=6 Hz,
25 ° CH- ca-cn ), 5.08 (1H, d, J=4.5 Hz, 6-H), 5.97 (1H, d-d,
- J=8 & 4. 5 Hz, 7-H), 5.7-6.2 (1H, m, CH=CH-CH,), 6.83
(1H, s, thiazole-H), 6.96 (1H, s, CHPh).



contéined ca. 25 %of [err] isomer as an IT%:#!;% M p. [err]'(grad.
dec.). IR : [err] (KBr) in cnl 1780, 1760, 70, 1610, 1530; 1370,

1230, - 1070, 1030. 25 W : [err] (MeOH) in nm[err] 268 (15000).
NWVR : [err] in ppm1.51 (3H, d, J=6 Hzs~ F), 2.04 (3H, s, [err]), 2.08 .
(3H, s, [err]), 3.03 and 3. 60 (1 5H, ABq, J=18 Hz, 2-H), 4.05 (3H, s,
[err]), 6.17 (0.3H, s, [err]), 6.26Ekample $611 Hz [err]). 30 *HPLC

(Lichrosorb RP,1&;4x Qg gg_;ﬁégu{aagsaow RUDIX %_m@&%%lﬁﬁﬁoacetam@m-e
54 Di phenyl nmet fry = CELUXy- 1- pTUpenij -3 _
cepﬁ*e’m4 car bokVEat8-a¢&te propeny 1 3ycephem-Arcarbexyiid s hyl

7-am no- 3- [(Z)(i}aa@gyoxu-?;cﬁropgﬁggbhc)3 cephem4 carboxyl ate (2. 7 g, 5. 8

| d a |
TNnﬁygfz)éﬁlnorl c acid K‘BxFﬁ‘§e ?ﬁegéaﬁﬁpp'&ﬁ‘e 4 9r ﬁkga 3 vﬁ(taf‘ﬁ &/\@b*r%%gﬁre

Hg lamp (2537 &eylbrZBM%tuﬁﬂﬁimshbabemgmaﬁoﬂeﬁml(Gﬁp@ﬁamwNQXWGﬂ-QZ hrs and
and the sol uti BRORBDYRdaHeRCRRER Eo 8B e AR e e R, i 4 FF et M)
sat urat ed NaCd asdl anisnlandOd®i md)v\Mats [Gdrasolvent tioy 2vhpdk @ff iriof t he
solvent, the Tes\,dyBcWR3c acid and the solution was stirred at.room
10 temperature for 15 min. The reaction mixture was worked
' up rand purified by 'a similar procedure to that described

in Example 52 (procedure A) to give 429 mg (66 %) of the

U title compound, melting at 180 °C (grad. dec.).

| IR :w__  (KBr) in cm™' 1770; 1730, 1670, 1630,
15 1530, 1370, 1240, 1030.

U uv :"\max (pH 7 phosphate buffer) in r?lm (e) 231

(17000), 292 (26000). _ _
- NMR : $(D,0 + Na,CO,) in ppm 2.20 (3H, s, COCH3),
3.75 (2H, s, 2-H), 4.10 (3H, s, OCH,), 4.75 (2H, s,
20 CH,0Ac), 5.32 (1H, 4, J=4.5 Hz, 6-H), 5.88 (1H, d,
J=4.5 Hz, 7-H), 5.9-6.3 (1H, m, CH=CH-CH,), 6. 73 (1H, g,

J=16 Hz, CH=CH-CH,), 7.09 (1H, s, thla;ole-H)



-chr omat ographed on a silica gel colum (Nbggf*gyesel gel 60, 100:g) by
eluting with chloroforn1 The fractions showng a spot at Rf 0.45 by TLC
(chloroform nmethanol = 30:1) were comnbine nd concentrated to give a-
residue. Trituration of the residue with ether gave 910 ng (34 Z) of the
title conpound, nelting at [err] (dec.) The latter fraction show ng a spot

at 0.40 on TLG gave 583 ng (22 % of themsi@rsyng Z isoner. IR [err]
(KBr) in [err]. 1760 1 30 9, 3?%‘"f§10“I210 1090., UV: err]

(MeoH) in nm &mﬁwﬂuwmk4ﬁﬂ@ﬁLﬁﬁﬁL43”],
2.02 (3H, s, irﬁmdzaceﬂaﬁﬁdgjzl-ia £(E3-B)-acét33y(.1|qg:@p 5me&aﬁ,4.4h;9
(1H, d, J=4. 6 K d2_Ji5l6 82 e’ 5 (1IH s, CHPh),
7.3-7.6 (]i”f££¥b fﬁ §g W2 H éﬁpFQéEeh-%§¥é4 ; H 5.21 N, 6.03 ;
'S, 6.72. Found : C, 64.28 ; H, 5.21 ; N, 5.88~S, 6.82. -104- Exanpl e 55
D phenyl met hyl 7-[(Z)-2-(2-am not hi azol -4-yl)-2-nmet hoxy- '

i m noacet am do] - 3-[ (E) - 3-acet oxy-| - propenyl ] - 3-cephem 4- carboxyl ate (XIV
(E), [err]) 5 A m xture of .D phenyl methyl 7-am no-3-[(E)-3-acetoxy-

To a stirred solution of Ia (E) (R- -CH3, R°=0Ac)
5 _(241 mg, 0.5 m mole) in dry DMF (4 ml) were added at
' 0-5°C K,CO0, (140 mg, 1 m mole) and a solution of |
l-acetoxyethyl bromide (336 mg, 2 m moles) in DMF (2 ml)
in four portions at 15-minute intervals, and the mixture |
was stirred at the same temperature for additional
10 1 hr. After dilution with ethyl acetate, the solution = J
was washed with water and a saturated NaCl solution,
dried with MgSO4 and concentrated to drynéss. The
residue was chromatographed on a silica gel column -
(Merck Kiesel gel 60, 30 g ) by eluting with chloroform
15 and chloroform-methanol (50:1), successively. The
| desired fractions eluted with chloroform-methanol were
. collected and evaporated to dryness and the residue was
triturated with ether. to give 185 mg (65%) of the title
| ~compound, melting at 120°C (grad. dec.). - | ;)'
20 IR : V., (KBr) in em™! 1770, 1680, 1620, 1500, - -
1390, 1240, 1080, 1040. '

UV : A ., (MeOH) in nm (€) 232 (18000), 295 (21000).

. NMR : 3 (CDC1,) in ppm 1.56 (3H, d, J=6 Hz, CH-CH,),
2.08 (6H, s, COCH;); 3.6 (2H, br-s, 2-H), 4.06 (3H, s,
OCH;), 5.07 (1H, d, J=4.5 Hz, 6-H), 5.39 (2H, br-s,
NH,), 5.7-6.4 (2H, m, CH=CHCH, & 7-H), 6.81 (1H, s,
thiazole-H), 7.56 (1H, d, J=8 Hz, NH).

25



1- propenyl ] - 3- cephem 4- car boxyl ate (930 (# nol es) and :
1-[(2)-2-(2-am not hi azol -4-yl) - 2- net hoxy| %t oxy] benzotriazol e (954 _
nyg, 3 mnoles) in dry THF (40 nl) was s ed at roomtenperature for 4 hrs
and the m xture was 10 . concentrated T(%yﬁess The residue was

di ssol ved in ethyl acetate (100 mM) and the solution was washed with an
aqueous sodi um bi carbonate, water, Exampleat®8 NaCl solution and dried with

[err]. After evaporation of the solvent, the residue was chronat ographed:
on-a silica Béphebylmedihyin 1-&\@&2:}«2@ é&drhéjlﬁﬁindmhgfzb\l-él-wﬂl)m?-
suceessi vel yt‘%ﬁ:l%'l' ar. (f@em_4'[_he desired
fracti ons were . ' 0 S 2170 S rdue was ¢
triturated i )(70 % of the title conmpound, meltlng
at [err] (grad.dec.). 20 IR [err] (KBr) in cm 1780, 1730,
01680, 1610, 1530, 1380, 1220. WV : [err] (M in nmferr] 297 (22000).

SR (L g el g st o, o
(1H d-d, &_ﬁ%g %{%1:3:&":%5 Zeﬁdz)(w'nﬁk G rhddlds) - «8483.L 1H, s,

t hi azol e-
bydroxybenzotrizzole mcno bydrate (1.53 g€ 11 m moles) in TEF (50 =l) wes

added dicyelohexylcarbodiinidg (2.06 g: 10 @ moles) 2t 5 °C and the
pixture was stir-ed for 2 hr at the sene tempe*gture end filte‘ee to give
e solution of active ester. A suspension of diphenylne»hyl 7-uino-3- _
chlorcoethyl-3- cepbez-l.—carboxyllte hyd:ochloride (4 51 g, 10 ® moles) in
kY, ethyl acetate (50 ml) ves washed with s;turated FaﬁCD; solution (10 =l
x3), vater apd dried. ﬁe solution was poured inte the soiution of ai::cive
_ester prepered edove with #tirring at 0 °C end the. pixture wves allowved to
stand for 2 days ;t 5 *C. After ev.t.paration, the :esiﬁue' vas
‘chr o.atographed cn a colunn of silica gel (silica gel 60, 100 g) end the
colupa was eluted with CHCI3-n-hexanc {2: 1)._ The fracticns cont:in-n; |
desired procuet wvas concentrated under r_edux:ed pressure. 'I‘rit;.ration gf
U the resiéué with n;hexnig gave 10.0 g (94 2) .of the _title co=pound

- —

es a1 emorphouns powder.

: Dmax (KBr) in cm~! 1780, 1720, 1680, 1490.

P Apay (CH,Cl,) in nm () 245 (23000).
NMR : & (CDCl ) in ppm 3.4 (2H, ABq, J=12 Hz, 2-H),

5.02 (1H, d, J=4 Hz, 6-H), 6.01 (1H, d-d, J=4 and 6 Hz,

7-H), 6.45 (1H, s, thiazole-H), 7.00 (1H, s, CHPh,),

7.1-7.7 (40H, phenyl-H).

*) R. Bucourt et al., Tetrahedron, 34, 2233 (1978)



.Exanpl e 56 7-[(Z)-2-(2-Anrnothiazol-4—yL]C2>E!ihoxyininoacetanido]-B-

[ (E) - 3-acet oxyl - propenyl ] - 3- cephem 4-car boxylic acid (la (E), [err]) 5

A mixture of di phenyl methyl 7-[(Z)-2-12Fihot hi azol -

4-yl ) - 2- met hoxyi mi noacet am do] - 3- [H 1% B®t oxy- 1-

propenyl ) - 3- cephem 4- car boxyl ate ( ny, 4 m nol es) ‘and ani sol e (0 8
m) was dissolved in 2.4-m of tri- quotoacetlc acid and the sol ution was
stirred at ropfphenylmee WU@WWMﬁMnﬂMMﬁMMmm&WQMSM
wor ked up and T |e .¥ a S m ocgpure fo That “described aang
52 (procedur t ] fige

[err] (grad. sethyl- BRcepthf-rql-cdﬂﬂi‘@y]late{e(r\r]II 1HT0-TAY30, 1670, 1630 15

231 (17000}, 202 foRA05P g Sy IE T “Eé‘f;e PR P RST)
s, -2- FD 4510th3BZzod ~4FyA) R~ trimyuqulmnnqnnetaqu¢ -3£bnmp(qmetmyle =4.5
Hz, 6-H), [e”f éé;'nsgqic%r%diplaté*)(gg%ﬁ $.3 Wimdledfrédd Kar3 (1H d;

J=16 Hz, hi azol e-
g, 73 m moles) in acetone (100 ml) was stirred for

30 m1n at room temperature and concentrated under
reduced pressure. The residue was dlluted with ethyl
10 acetate (100 ml), and the mixture was washed with
| agueous 10% N325203 solution (50 ml x. 2) and water. |
To the mixture was added trlphenylphosphlne (3.93 g, o
15 m moles) and the mixture was stirred for 3 hr at
: room temperature. After evaporation, the residue was _
15 triturated with isopropyl ether and the precipitate k)-
‘was collected by fiitratioﬁ to give the phosphonium '
salt (14.2 g). It was dissolved in CH2C12 (100 m1) and
the solution was washed with 1N NaOH (ca. 50 ml) unt11
the phosphonium salt was completely converted into the
20 ylide by monitoring with TLC (Merck silica gel 60 F
,CHCla
washed with water and concentrated under reduced

254’
~MeOH, 10:1). The organic layer was separated,

pressure. The residue was triturated with isopropyl
ether to give 12.0 g (94%) of the title compound.
25 IR ‘.‘;;ax,(KBr) in em™} 1760, 1740, 1650, 1480.
(CH,C1,) in nm (€) 310 (9200),

.

Uv )&max

388 (16200).



- 106- Exanmpl e 57 1-Acetoxyethyl 7-[(2)-2-(2 kOt hi azol - 4-yl ) - 2- met hoxy- .

I m noacetam dol] -3-[(E)-3-acetoxy-|-propenyy 3-cephem 4- carboxylate (Ib
¢E), [err]) To a stirred solution of la (ELJerr] 5 (241 nmg, 0.5 mnole)
indry DMF (4 m) were added at [err] (I4 ,~1 mnole) and a sol ution of
1-acetoxyethyl bromide (336 ng, 2 m es) Jn (2 M) in four portions
at 15-minute intervals, and the pixtu +=—fed at the sane tenperature

for addltlonal__phenvﬂmethWﬁt%H Qﬂ112+Qﬂrwwtgzggﬂggotninznk:4+ﬂ§)s©+ution

was, washed wi t i Agqlalo 3t ihostte i icfh I [6A .%iéwet reflgtddedeialgand
conténtrated touryhTe chre—e e

colum (Merck RERME nac poxXN  g1€ WMl ol 4)th i 7..%1% orn115 and

chl or of or m met hanol A 5fd:xkures WHe ass %Wé}gﬁmeﬁﬂﬁ dﬂsgz?ﬂ-éie@itpf@yﬁéﬁﬁ&-
wi t h chl or of or m met hanol re col | ected and

eva ness and the
resi due was t ritfdAFOId dudt (ﬁ?ﬁﬁlt¥¥P%MRR9@QﬁF$k?T¥ﬁ9 %ﬁ heRy -
conpound, neltbn@swhdhﬁﬁjlidyﬁﬂhméhﬁyﬂqséﬂh hem-4iéhrbdfyldte(KBrssig,_

[err] 1770, 1680 o%t%%q’( i 0 ]Y%%%a(l ]1*98&)é ﬂ'DA'PﬁléJ\{ng, Igerrrlloles)

(MeGH) in nm[er
in dlchloromethane (10 ml) was stirred overnight at room

temperature and concentrated under reduced pressure.
The residue was'éhromatOgraphed on a column of silica

gel {Merck silica gel 60, 50 g) and ‘the column was eluted
with toluene-ethyl acetate (9:1). Evaporation of the

—
' fractions contalning the desired product gave 1. O g .
(45 %) of the title compound.
Y o IR :'vmak' (KBr) in cm -1 1780, 1730, 1680, 1520,1220.
uv 1max (CH,C1,) in nm (€) 305 (12200).
NMR - S(CDc1 ) in ppm 2. 00 (3H, s, COCHj), 3.20 (2H,
ABq, J=18 Hz, 2 H), 5.1 (1H, 4, J=4 Hz, G-H) 6. 20 (1H d,
J=11 Hz, =CH), 6.48 (1H, s, tniazole-H), 6.95 (1H, s,
CHPh ), 7.1-7.6 (40H, phenyl—H) '
*) J. Corbet and C. Benezra, J. Org. Chem., 46, 1141 (1981)
o/



(3H d, J=6 Hz, [err]), 2.08 (6H s, [err]), 3.6

"NWR : [err] in S
(2H, br-s, 2-H 3H, s, 25 [err]mq (1H, d, -J=4.5 Hz, 6-H),
5.39 (2H, br-s, [ , 5.7-6.4 (2H m | 7-H), 6.81 (1H, s, -
t hi azole-H), 7.56 ( d, J=8 Hz, NHf ¥®Exanple 58 Di phenyl met hyl
7-[(Z)-2-(2-trityl'am'nothia_zol_—4-y| - 2- .
‘trityl oxyi m noact am do] - 3- chl oroneéﬂi:ﬁ;eﬁkm4 ‘carboxylate (IV, [err])
To a m xture--(zoz)z-ze(-a.mtlhbttwlwdlm Azl 3 4y a}oz ihihéﬁ&é@éﬁii&bﬂoéﬁe“c
acid*) (6.7F,Q XY 0 ] arate (1. QEJ
g, 11 msol && Qe toxa 6Q AEDOY 3542, 06 g,
10 m nol es) (as, [BF&H a_ome)m xt ue was sti rred for 2 hr at .the sane

tenperature and filtered to give a sol utlon of active ester. A suspension
of di phenyl met hyl 7-am no-3- chl oronet hyl - 3- .cephem 4-car boxyl at e

b irates 1or ekl #’ @?afﬁﬁﬁxssﬂr%%{-%aﬁé%i‘ééa srirotbimetrin was
Corr ] ancy Phe- Trovery Rhecieefulsh T S U Elreb o -apremauriciepphenate or
N ) aﬁﬁﬁgmf:%%ﬁ?g R RE TR IS E R RIS P

The fract B@ﬁ&(ﬂ)ﬁbalml}:ﬁggt Toon temperature. To the solution was a2dded cone.

hydrochlo-ic-ncid (0. 6 2l) 2nd the mixfurs was stirred for 2hr. Af‘.'.er

evaporation of the sclvent, the residue was triturated with 1sopropy1 \J

ether teo give 1.2 gofa crude product, which wvas chronatog'aphed on a

colu=a of C18-;ilic_g gel (20 za x 200 =z) by eluting with 20 Z MeOH.  The

fractions c¢ontedning the desired Product were combined and ccncentrated to. U
s snall volune under reduced pr:ssure. Lyophilizat‘ on of the conce:tnta.
efforded 412 ng (30 2) of the title :ompound, pelt ing at 180°C (dec.).
Estizated pu:ity 60 z.

R : vy (XBr) fn eg -1 1760, 1620, 1530, 1370, 1240%

UV : Apax (?H 7 pho.sphate buffer) iz oz (e) 279 (15300).

NMR : & (DMSO-dg) 4n pﬁu 2.00(3% , s, COCE3), 4.50 (2H, 4, J=8 Ez,

CH,0), 5.15 (1H, d, J=4 Hz, 6-H), 6.30 (1H, d, J=12 Hz,
<H-), 6.65(1-H, s, thiazol-H), 7.00 (2H, s, NH,), 9.40
(1H, d, J=8 Hz, 7-CONH), 11.30 (1H, s, =N-OH).

Al



~desired product was concentrated under red essure. Trituration of
the residue with n-hexane gave 10.0 g (94Mhe title conpound as an
anorphous powder. IR :-[err] (KBr) in_| e}~ 1780, 1720, 1680, 1490. W'
. [err] in nm[err] 245 (23000). NMR : [err] in ppm 3.4 (2H, ABqg, J=12

Hz, 2-H), 5.02 (1H, d, J=4 Hz, 6- FD Qx@hpabH 62 d, J=4 and 6 Hz, 7I$,
6.45 (1H, s, t ) vl 0 :

R Bucourt et HF-SSR¥YERAY ,
[(2)-2-(2- tr.tmmaoehamzdb;étswﬁ -

3—acetoxy-l-propeny1 -3-cephem—4—

trityl oxyi mno 3144, i pRepy! or liydene)
met hyl - 3- ceph @gp@ le s B i & iﬂg Xq e of di phenyl net hyl 7-
[(2)-2-62-trityl ani pg- a5stabbeaoboiux&bn2btfr Ixfayl(@?sem 20a0akami@eh mg,

- 3- chloronethyl 3- cepheg}4 car boxyl ate ( m ol es) esand Nal_ (11 g
73 mnol es) i nPakefoRele108nnfFyund sﬁlrF@d W@F @@Qﬁ41%§t oo&n@@hﬁ@h&ture
and concent r at¢gosnggy 1eﬂumedepreﬁaueeso1Eheohe%mdqeauato&wbuh@d Wﬂth

oL 10, aectatgal s Bhl nidal 7 AR IR MR BT R0 R 10
tr|phenylphospmon91¢ﬁs9at920—m1nute intervals and the mixture was
10 _ stirred for additional 10 minutes. After dilution with
dbﬂyl acetate, the solutlon was washed with water and
concentrated under reduced pressure. Trlturatlon of the
v _reeidue with iscpropyl ether gave 195 mg of the crude
' product, which was chromatographed on a column of
15 silica gel (25 g). The column was eluted with.chloroform
conteining 1 - 2 % methanol and the freCtions containing
the desired product were.combined and evaporated under
reduced pressure. Trituration of the residue with
isopropyl ether gave 75 mg (23 %) of the product, meltlng :

20 . at 100 °C. (dec ). Estimated purity 70 %. .
' IR vmax (KBr) in cm -1 1780-1730, 1670, 1530, 1380, 1240.
W ., (CH,Cl,) in nm (g) 249 (17300).

- _ -~ NMR : § (CDCl,) in ppm 1.0 (3H, d, J=5 Hz, CH-CH,4),
, 2.03 (3H, s, COCH3),'2.05 (3H, s, cocHé), 5.10 (1H, 4,
25 J=4 Hz, 6-H), 6.30 (1H, d, J=12 Hz, =CH-), 6.95 (1H, s,

N\  thiazole-H).



" 15 mnoles) and the mixture was stirred fof B hr at room tenperature.

After evaporation, the residue was 15mbal-i t Ur &t ed with isopropyl ether and
t he preC| pitate was collected by filtration to give the phosphonium salt
(14.2 g). It was dissolved in [err]. (100 m) and the solution was washed

with 1IN NaOH (ca. 50 M g Hg&gh t9ic pRampbensom salt was conpletely _
converted into the 20 yli y monitoring with TLC (Merck silica gel 60

[er_D [err]- MeOH, 10:1).. The organic |ayer was separated, washed with
wat er and [

W th isopropyl € 0 gl ve e trtle conpound. 25 . I R
. [err] pr §@1143¢c§ﬁr€mka-é?m11846; X@s(E), 1!%(3: HLJ\R3 =[Byr] in.nmf[err] 310
(9200), 388 (16200). Di pheny et hyl

7-1(2)-2- (24 mixtﬂrammermea!bu ¥, = H) cont.a-ning 20 2 of its E
trityl oxyi m noacetam do] -3-[(Z)-3-acet oxy-|-propenyl -3-3-

cephem 42emmoltiz & (91 I“°{-’eﬁ-ﬁ]§5 AWPS?%/ 460 o) unpinhgTase eyt b at
7-[(2) - 2- 2 trlt’%llam

thi azol 2 ‘Wf”&e %‘Pf?l‘&ﬁﬁ"ﬁﬁf&é&%&ér&é&p TPPrﬁ'e&ﬁeW"as treated with 90
phosphorza.gﬂ (gg Fi))n}: agez%omn%empgraart.gzgé( % oug- 389 'ice-water (300

- ml). The insclubles were filtered off. The filtrate.vas chromatpgraphe&
on a reverse pha#e colhnn (ﬁhtérs; prepPAK C18, 300 ml) and the column was
eluted with 20 Z MeOH. The pdlar fractions Qere'éombineﬁ, concentrated in '*e)
vacuo ‘and the residue was triturated with iSoprppyl eiher té give 1.15 g
(33 2) of the 2 isomer'(Ia; R =R = ﬁ) and the.less polar fractions gave . W) |
143 mg (4 %) of the title compound. mp >200 °C (dec). IR v, (KBr) cn”
1760! 1660, 1630, 1530. UV Ama# (pH 7 phosphate_buffer) no (€) 223.
(20000), 290 (21000). - 'H MMR (D,0) 5 1.38 (3H, d, J=7.0 Hz), 3.73 (28,
br.s),. 5.30 {1, br.#). 5§85 (1H, 4, J=5.0 Hz), 5.80-6.30 (14, ‘m), 6.57
(1H, 4, J=16 Hz), 7.06 (1H, s) |

Anal Caled for C15H15N505$2 1.5H,0: € 41. 28 H .’. 16, N 16. 05, S 14. 65.'
Found : : , _ 04146 H 3.60, N 15.86, S 14.83.

A



2 m nol es) and acet oxyacet al dehyde *) (612l n‘g33 m nol es) in
~dichloromethane (10 m) was stirredggerni ght at roomtenperature and _
‘__concentrat ed under reduced pressure. The residue was .chromat ographed on a
colum of silica gel (Merck silica gel 60, 50 g) and the colum was el uted
wi th toluene-ethyl acetate (9:1). Evaporation of the fractions-containing.
-the desired product gaveCompgung ( 49 oFxamplectiitl e compound. IR : [err]
~(KBr)-in [err] 1780, 1730, 1680, 1520,1220. W [err] in nm[err] 305
(12200) . : -

2-M), 5.1
t hi azol e- , | . oJuf
C. Benezr.§ s - -
[(2)-2- (ZRAnl hi azol 4- yI) 2. hydr oxyr m noacet am do] - 3- .
[(2)-3- acetoxy - pr.openyl ] - 3-cephem 4-carboxylic acid (la, [err]) A m'xtu're- '
of di phenyl netpayhn 7rdeC€boPed %ﬁtﬁwlmaortnﬁl azp| &% = oac) (170 ng, 0.36 m
yl)-2-trityl oxyi m noacetam do]- -3-[(Z )-3-acet oxy-|-propenyl ] 5 cephem 4-
car boxyl atnfbl()&na%lgzcoa (24 1g,10)19Sp 6L i8ArYo BMF {R o ECwels (abdedi pivaasyl-

oxymethyl iodide (87 mg, 0.36 mmol) a.n& the mixture was stirz_'ed for 10 min
. at the same temperature. Addi;t.ional amount of pivaloyloxymethyl iodide
(87 mg) and Na2003 (20'mg) was added and the mixture was sti.rfed, for
| \_/ : additional 10 min. The mixture was diluted with ethy} acetate, washed _-
with water and evaporated ‘under ‘reduced pre;sure. Chromatography oi‘- the
residue on a silica gel column and elution with 'CHCI3-MeOH (1-2 %) gave
the product as an amorphoué powder. Yield 110 mg (52 %). mp 95-100 °€
(dec). IR v, (KBr) ca™' 1780, 1740, 1670, 1530. UV A .. (EtOH) oo (€)
280 (11400). 'H NMR (cnc13) 5 1.20 (9H, s, t-Bu), 2.0 (3H, s, OAc), 2
(2H, s, 2-H), 4.50 (2H, d, J=7 Hz, CH,OAc), 5.10 (1H, d, J=5 Hz, 6-H),
5.3-6.0 (4H, », 7-H, vinyl-H, CH,0C0), 6.25 (18, 4, J=12 Hz, vinyl-H), 7.0

(1H, s, thiazole-H), 11.5 (1H, 4, J=8 Hz, CONH)




stirred for 2 h
‘hydrochl oric ac
evapor ati on of
togive 1.2 g o
[err]-silica ge
cont ai ning the
- vol yme under re
412 nmg (30 % o

purity &B{ -2 - Aafi pothli a 243 a2

[err] (pH 7 phosphate buffer) in nm(a) 279 (1?300) VR: - gerr] I n ppm
2. OO(SMMA;W e licacsd HIa(Eby Rf)= Hp Rf5=(0RR) d, J=4 Hz,

6-H), 6.30 (1H,
4
Bcanpt ) dgvigtd

' t
w[renrpi)age ar’q. (g]

r at roomtenperature. Fq ggg sol uti on was added cone.

id (0.6 mM) and the mxture®fwas stirred for 2hr. After ,
the sol vent, thed®®sidue was triturated with isopropyl ether
f a crude product, which was chromat ogr aphed on a col um of
| (20 mm x 200 mm) by eluting with 20 % MeOL The fractions s
desi redcmﬂdu@tu\,ernxaﬂpbenesl and .concentrated to a small
duced pressure.- Lyophilizaton of the concentrate afforded

f the title conpound melting at [err] (dec.). Estlnated~_/
dxYihe P d E) :

4

d, J=12 Hz, =CH), 6.65(1H s, thiazol-H), 7.00 (2H, s,
H d, J=8 Hz, 7-CONH), 11.30 (1H, -s, =N-OH). ~ -110-
ﬁ&etoxyethyl 7- [(2)-2-(2-am not hi azol -4-yl -2-hydr oxy-

se?luf.ﬁ&glg f‘t-ﬁfé’:tcf%éx?,éﬁorg{.&bz%?gl (1522? “r%’fhp% meg;\ gxyir).at e (I b

i"On O ¢ nol.e)

dry %i(%,ggj)tymnaﬂﬁﬁgoﬁh-§ﬁr.ﬁltnt.yloxymj.noacetic acid (1.06 g,  1.44

mmol) in THF (14 ml) was added DCC {300 mg, 1.44 mmol) end the mixture was

stirred f

or 1 Br at 5 “C. Diphenylmethyl 7-amino-3-{(E)~acetoxy-i-’

p;openyl]-j-cephém-apcarboxyigte (670 mg, 1.44 mhol)-uas added to the - .\¢)

mixture.

mixture was filtered diluted with ethyl'aceﬁate (50 =1) and washed with

water. C
tograbhed
(10:1) ga

z0l-4-yl)-

cephem-&-cafboxylate as ah amorphous poﬁdef,. IR v,

1730. ' 'H

ABq, CHyOAG), 5.04 (1H, 4, J=5 Hz, 6—H), 6.0 (14, n, vinyl:ﬁ), 6.02 (1H,

da, J=5 &

vinyl-H),

b) Deblock
A wmi

trityloxyi

After stirring for 4 hr at ambient temperature, the reaction

oncentratlon of the organic layer gave an oil, which was chroma-

on & column of silica gel. Elution with tolugne-ethyl acetate
ve 1.607 g (99 %) of diphenylmethyl 7-{(Z)-2-(2-tritylaminothia~

Z—trityloxyiminoacetamidd]-3-[iE)-3—3cetoXy-1-propeny1]-3-

max

(KBr) en~! 1770,

MR (CDC13) § 2.0 (3H, s, Ohc), 3.33 (24, s, 2-H), 4.54 (2H,

7 Bz, 7-H), 6.40 (1§, s, thiazole-H), 6.82 (1H, 4, J=15 Hz,

7.00 (14, s, thcﬂ) 7.3 (25H s, Ph)
ing
xture of diphenylmethyi 7-1(Z)-2-(2-tritylaminothiazol~4-yl) -2~

minpacetamido]-B-[(E)-B-acetoxy-1-propehyl)-3-cgphem-&-¢arboxy-

‘late (1.98 g, 1.75 mmol) in formic acid (20 ml) was stirred for 2 hr at

" room témpe

rature.  Conec. hydrochloric acid (0.16 ml, 1.92 mmol) was added




(105 ng, 1 mnmole) and a solution of 1-acet c‘x@gyl brom de (396 ng, 2.37 m
noles) in DM (2 M) in three porti-gd¥=at 20-m nute intervals and the

J xture was 10 stirred for additional 10 mnutes. After dilution with
et hyl -acetate, the solution was washed with water and concentrated under
reduced pressure...Irituration Qf -the resid wi t.h, i sQpropyl, ether, gave 195
7o of - heoorifetiarata, o Sne Bitims i SiaTe0 e ot 3PVECRY vipendE T
silica‘g ’ e | ' ch c i D 1- 2.
"% net'h‘ang:ng%?iiﬁ’e ?rﬂgcf ?’?ﬁg%g\r&l?gi"gi {r"l%ee? ﬁye!réggs’l r-‘ggﬁg’g{i{ygt qm}g?glggﬁ%i ned .
and—evapeA ok qPE U 97 dE GTatiY @ESdd Brodutti t UCRiduRtoghpAOnrE bl ¥t h
i1sopropyl ether gave 75 ng (23 % of the product, nelting 20 ~at [err]
(dec.). rksénsent ahaper isiyica0%ell Rand el wtioh WikKBr9o i b [MeOH | id78@+dxw3@nd 1670,
1530, 1380, 1240. UV : ferr] in nm[err] 249 (17300). NWR : [err]. in -
ppm 1.0 (c8hpendratiol HA, thedradtion @R téBiingsthe[ degifyd prodB(Bave 418 [®vET]),
5.10 (1H, d, 25 J=4 Hz, 6-H), 6.30 (1H, d, J=12 Hz,_=CH ),k 6.95_{1H s,
t hi azol e-Bj. %) ofdhpdtitde coapoundagsieg Eprphous powder. IR v, (KBr) cm

7-[(2)- 23 Ampot i 2zl - 441 - 2 PfnoRri TS AT 48 e B hacoo).
| 'H MR (DMSO-dg) § 2.03 (3H, s, Ohc), 3.65 (28, ABq, 2-8), 4.61 (2H, ABq, |
CH,0Ac), 5.15 k1n, d, J=5 Hz, 6-H), 5.75 (1H, dd, J=5 & SIHZ’ 7-H), 6.15
(14, o, vir;yl-H), 6.65 (1H, s, thiazole), 6.85 (1H,.d,'J=15 Hz, .vin}'l-H),
— 7.05 (2H, s, NE,). o




e gt

'hgiepenyl]-3-cephen}4;carboxyljc=acfd (1a(

([err]

nmol )

hr at

i nsol ubl es were filteCoapant,
rever.se phase colum (Vaters,
.eluted myth 20 @6N@CH " The ooLar fractlons wer e conblned

lerr] @
[err]

= Tr, .[err] = H containi oge2d %of its E isomer (9:2 g,

8.7

H,s-[err]) A m xture of -crude VIII

in 85 % HCOOH (60 m) was stirred for 1 hr at roomtenperature and
evaporated in vacuo.: The residue was treated with 90 % TFA (60 ni)

room t enper at ure "and poured into_ice-water” (300 m). The

L DR ¥ RS

737(20

H, s) Anal "Cal cd for Eerr]

for 1

44y, Exampe, P8 \as chronat ographed on a - .
prepPAK C18, 300 m) and the colum was -

, _ ns gave-
¢ e L EORPotH P24 T KBr)
éﬁo L,;ggg 1630, 1530. w -[err] (pH 7 phosphate buffer) nm
), 290 (21000). Lerr] NWR [err] 1.38 (3H, d, J=7.0

Hz), 3.73 ¢2H cbé1ed)and §t§Q-e(ilﬂxtuPé o?)Ia(E5 @8 {4 8 =Joi)0
(1H m, 6.57 (1H, d, J=16 Hz), 7.06 (1

o

concentrated mﬁ'

m,g5 80- 6. 30
C 41. 28,

H 4.160.49 ﬂnﬁo105an§rlifb§5(zfquﬂgi, 0 22 mmol) in DMF (2 ml) was added4pivdfe- H 3. 60,

N 15.86, S 14.83

7-1(2)
3-1(9) -

QAc, [

npound 40, -Exanpl e 64 Pi val oyl oxynet hyl.
y]Zo:@ﬁeMnindhdaZ(Gﬂ -,y | 943 hyak)oxnyd wheadzturanvakolstirred at 5 °C

-3-acet oxy- 1- propenyl ] - 3- ceDhem 4- car boxyl ate (Ib, [errlq H,
Eon ]30:1!1\9) T@barreeetianoBiemrai vasudblused ndth qtard Jacetate (4G ml) =

170 36
( ngashed w:.th water and brine successively. The organic layer was dried

over MgSO,‘ and concent,_ratea under_dimmlshed pressure. The crude product
'-;'as chromatographed on a column of sili.ca gel. Elution with’ CHCIB-MéOH
(1-3 2) gave 123 mg (50 %) of the product as an avorphous powder. IR v
(KBr) ea~! 3300, 2970, 1780, 1740. UV *ﬁax (MeOH) nm (&) 296 (18500).

TR MR (DMSO-dg) § 1.22 (9H, s, t-Bu), 2.08 (3H, s, OAc), 3.60 (2H, s, 2~

H), 4.66 (2H, ABq, CH,OAc), 5.06 (1H, d, J=5 Hz, 6-H), 5.85 (1H,ad, J=5 &

7 Hz, 7-H), 5.88 (2H, ABq, 4-CO,CHp), 6.0 (1H, m, vinyl-H), 7.00 (1%, s,

thiazole), 7.1 (1H, d, J=15 Hz, vinyl-H).

———

max

[erf]
OAe)

o

vy




hol) and

xynet hyl

evapor at ed under reduced

[ert] (20 mg, 0.19 mmol) in dry Ot &) was added pival oyl

i odide (87 ng, 0.36 mmol) =4 the mxture was stirred for 10 mn
t the sane tenperature. Additional amount of pival oyl oxynethyl iodide (87

) and [err] (20 ng) was added and the mixture was stirred for additional
10 min. The m xture was dil uted

Silica gel colum and el.ution with [err]-MeOH (1-2 9% gave the product

{2H, d, J

- yinyl-H,

11.5 (1H,

&(Z)-Z-(z
. Y-propeny

cyl ation
€2)- 2-(2

Qldet, £h 1'¥|— - -;(Q-. n(: azel-4-

11 h _eth acetate, washed with water and
5?5%%‘6?2“" Mfogreaphy of the residue on a .

as

L SRE TR ST R

te (3bAR3(2kH E,gﬂ;l—d}k 4.50
=7F, lerr]), 5. 3. —6-H_ 5.3-6.0 (4H, m 7-H
[Rér £]4M) 6.25 (1H, d, J=12 Hz, vinyl-H), 7.0 (1H, s, thiazole-H),

d, J=8 Hz, CONH) Compound 41, Exanple 65 7-

- Ami ritst ha azobled phi -1 hped sodpitiom of Ré0ang 6l 5 Baple) o8-kc éRDxy

| ) - 3-cgphem 4-carboxyl.ic acid (la(E), [err] = H, [err] = OAc)
ra P?olﬁthG?l i 4lmﬁyﬁrmy2?€n!mer$ ded| et 0228 Kz503 {138 meol )

CFgra ol itAeh it Linhyldry MEnuereracdd & 226 K0y 1138 e

144 ol 5%k R} %%aﬁiﬁo%gﬁa%&aﬁﬁ%@ (BhoBi ey (O B miomyighdin R 7
ti 1 t . Di t s

o no- s 0es? et gfyeiins b al siope RERH Bod ns mirears vepettieeg ot

r§mDI) was

L\

e

T RS E S

R%ded  tOr alilftional 15 minutes. After dilution with 100 ml of  ethyl

‘acetate, the mixture was washed with water and a éaturated NaCl solution,

and dried over MgSOA. Afﬁer removal of the solvent, the oily residue was
purified-by chromatography on a silica gel column (Merck, Kiesel gel 60,
30 g). The éolumn Qas'eluted w@ph.chloroform and chloroform-methanol
(50:1 ; 20:1) sucéessively. ‘The fractions eluted with chloroform-methanol
(50:1) were coilected and .evaporated. The residue was triturated with
ether-n-hexane to give-72 ng (26 %) of the desired product, melting at 90-
95 °C (dec.) Estimated purity 80 2. - IR v . (KBr) cu™' 1770, 1730,

1670, 1610, 1530, 1370, 1230, 1030. UV A

nax (Meon)_pm.(e)'zjo (17000,

287 (13000). 'H MMR (CDC1,) § 2.02 (3H, s, OAc), 2.12 (3H, s, OCOCHj),

3.33 (1H, d, J=18 Hz, 2-H), 3.60 (1H, d, J=18 Hz, 2-H), 4.04 (3H, s,

a
and
g,

xt ure

1.44 .

OCH3), 4.4-4.6 (2H, m, cgzococn3),'5.12 (1H, d, J=4.5 Hz, 6-H), 5.38 (2H,

br-s, NH,), 5.82 (2H, s,.COOCH,0Ac), 5.4-5.9 (1H, m, CH=CHCH,), 5.98 (1K,

. dd, J=8 & 4.5 Hz, 7-H), 6.29 (1, 4, J=11 Hz, CH=CH-CH,), 6.82 (1H, s,

thiazole-H), 7.55 (1H, d, J=8 Hz, NH).




m xture. After stirring for 4ads=at ahﬂsn tenperature, the reaction
‘mixture was filtered, diluted with ethyl acetate (50 nml) and washed with
water.  Concentration of the organic |ayer gave an oil, which was chroma-

t ographed on a colum of silica gel. El ution with toluene-ethyl acetate
(10:1) gave 1.607 ¢ (gg,,p@m@fsw phea:;&blmtﬂ&l 7-((2)-2-(2-tritylam nothia- =
zol -4-yl)-2-trityl oxyi m noacet am do] -3-[ (E)- 3-acet oxy-1-propenyl]-3- .

cephem 4- carboxyl'ate as an anorphous powder. IR [err] (KBr) [err] _
1770, 17{{(!2)-2-[5Mhﬁn&ﬂﬂa_ﬁ_ﬂ&ﬁxl222-&c§%ximgcacwg 1-3-882 (-3khcezoxi2- H) , 4,54

(2H, ABq, [err]), 5.04 (1IH, d, J=5 Hz, 6-H), 60$1H m vinyl-H), 6.02
(1H, dd1,-ar9@z&5ﬂ —pphenziiéarboyl 10 acid (Tag R hAmz8Pex AAe) 6.82 (1H, d, J=15
Hz, vinyl-H), 7.00 (1H, s, [err]), 7.3 (25H, s, Ph). b) Debl ocking A

m xt ure of dlphenylrrethyl 7-[(2)-2-(2-tritylam nothi azol - 4-yl) - 2-

trityl ok ARYIGARR ani do] - 3-[ (E) - 3- acet oxy- 1- propenyl ) ~3- cephem 4- car boxy-

oo t emper 1.t cbie 08 LR EnBRRL I SRR E "
Lo, tNendictiigh Anflot bty KA S bhE 01 (Bgpdber 90T G ot ure.

Filtration, .COI’]CEI’] ration o ate, trlturatlon

with | PErRYE mwmaa&eé bec Qezl@l%gpr@d%on afARAEEE DAY P8t Rl UM of
reversed phase silica gel elution with 10 % MOH in water and

concent f&t i10Rr Ofn heidd aathon mgﬂéﬁymmyuhe-desnds-eﬂ-[mwd;meegaxe.wm ny
(51 9% of the title conpound as an anor phous powder. IR Terr] (KBr)
[err] propenyl)-3-cephem-4-carboxylate (1.30 g, 2.8 mmol) was added tc the

suspension and the mixture was stirred for 4 hrs at ambient tempergtu';-g, \J
filtered, and diluted with AcOEX (60 ml). The organic phase was washe_.d
with water, dr‘ied over MgSo,, and concentrated under rgd_uc,ed pressure‘.
The residue was chromatographed on ‘a colutin ori_ Siiica gei. (Wakogel €200,
80 g), which was eluted with toluen'e'-'-'Ac.OEt (6:1). Fractio_ns which
contained the product. wefe combined and conc_entrgted in g_gig t.o. give 2.01
g (77 7) of diphenylmethyl 7-[(Z)—Z-(tritylaminothiazol-l.-yl)-é—acetoxyf
iminoacetamido]-3-{ (Z)-B—acetoxy-1 -propenyl')-B—ciephem—A—caiboxylate (V1 I_I ,

R22 = Ac, R3 = OAc). IR v (KBr) cn~' 1780, 1730. 'H NMR (CDC13) §

max.
2.0 (3H, s, CH4C0), 2.15 (3H, s, CH;C0), 3.5 (2H, ABq, 2-H), 4.20 (24, )
' ABq, CHOAe), 5.12 (1H, d, J=5 Hz, 6-H), 5.70 (1H, m, 3-CH=CH), 5.90'_(-1H.

a4, J=5 & 7 Hz, 7-H), 6.26 (1H, d, J=12 Hz, 3-CH=CH), 6.95 (1H, s,

thiazole), 7.30 (25H, s, phenyl).

b) Deblocking
A mixture of diphenylmethyi 7-[(Z)-_Z-'(2-tritylaminothia__zol—L—yl)—Z-

acetoxyiminoacetamido)-3-{ (2)-3-acetoxy-1-propenyl]-3-cephem-4-carboxylate




1765, 1730, 1650. W [err] (pH 7 phospha?e. fer) nm[err] 290 -

(23400). [err] NWVR (DVSO-[err] 2. 3H, s IC% 3.65 (2H, ABqg, 2-H),

461(2H ABg, [err]), 5.15 (1H, . J=5 Hz, 6JH), 5.75 (1H, dd, J=5 & 8
Hz, 6.15 (1H, m vinyl-H), 6.65 (1H, s, thiazole), 685(1H d, J=15

Pi {/a?“ogjyg%fhySS# ["l'%)sin( rAr%#"nﬁ’f’m %ﬁgi&sﬂ %éz‘%‘ﬁﬁsﬁ%rﬁf‘h&&ﬁe‘[ 5‘??1 do] -
3-1(F) -3 etsow 1 HROR" Y Jend" SARBRNBLERR BY 10 furkd R sen] £ El,, ([oe”]

[err] —OAC a cool ed an stirre ure a

H o Yerr]isoptisn é@&@ Bdve P.253gaT0kA ande] e fe (:?a’dJBme uZZ gl dshn DVF
(2 nl) was ad ed pival o- yloxynethyl iodide (91 ng, and the

M xture weyw Shidua€égrabhy @Bijg 80¢0ldfn réeNC1 Bendapak| i whidh ifiSJl’eEuMﬂS whithuted -
with ethyl acetate (40 m ), washed w th water and brine successively.

The or ganvateraydP 2 \MeOH iokr Hetland/ @0 § ¢fePH Im#,2onserresaivedy undpprogriatei shed
pressure. ‘The crude product was chromatographed on a colum of silica
gel . El fRaicdiong t vere[ eqwb}n%quise@tmate@éﬂejm aef ApePhddizgd yhaffardduct

5 TR Al it
t-Bu 9%0 3'$v§ 311 bvjf r )4£2§6 &b Ag% doh L 1> 06
(1H, d, J gsP thsrg °p 15! <25 1%, CABq, |
v [e”]) Nﬁ?mﬁs’d*uéi”s Vika) s /- BRydoth 295 'azo"cﬂng-&.se1&n.qul,=15

" CH,-OAc), 5.22 (1H, , J=5 Hz, 6-H), 5.60 (1K, o, ' 3-cH=CH), 5.80 (1H, dd,

J=5 & 7 Hz, 7-H), 6.32 (1H, d, J=12 Hz, 3-CH=CH), 7.05 (1K, s, thiazole).

e A . ot gt — T W TP Parem 4T WS e —ememia f— oe— e

e —— - o — - Gt et A W m e



.-Cbnpound
7:[(2) - 2-

46, Exanpl e 67 Acet oxynet hyl _
(2-am not hi azol - 4-yl) - 2- nethoxylnfshﬁabtanido]-3-

-((2)-3-acet oxy- 1- propenyl ] - 3- cephen%ﬁitarboxylate (Ib, [err] = OQAc, [err] =
AM To a cooled and stirred solution of 240 ng (0.5 nmmle) of la (R2
= OAc) in4mM of dry DV were added at-[err] (138 ngy, 1 nmol)
uti.on of .acet oxgowgdund bspm:mn;(fé)ﬁsqrg 2 mole) in DVF (2 m) in
four portions at 15 minute-intervals and the m xture was stirred at [err]
|onal 15 nlnute% After dllutlon with 100 n1 of ethyl acetat@,

[err]
and a soI

for addit
the m xt

over [err,
chr omat og

The- col

eluted with chlorbfornf‘and chloroforn}nethanol (50: 1

! Bildoantt dri-ed
t he 0|I 3%due mas3pur|f|ed by -
: G k).

20: 1) success| ely. The fractions etuted w th chloroformnethanol (50:1)

were collectgg aagﬁu%i'?reg&‘afa ?%6 o/gg'e R8sl %g? Wazs tu{&,o%rlgtml)\'\i!{ B5 a1

et her-n-hexane to give
[err] (dege ary i qa E&hdaUﬁalgscn 8G1%g, bRd 65611) and (1@&0%%&1 bro#iae0,
1730, 1670, 1610 1530 6 1230, 1030. nm (E) 230

(17000),
~ OCOCH3)

of "the dékired uct, nelting at

0527 mg,1 3004 mmol )ik NNB fear I"}‘he ﬂl%réws_sﬁlrre@‘kﬁ 5 X ter (BHpins,
3.33 (1H, d, J=18 Hz, 2-H), 3.60 (1H, d, J=18 Hz, 2-H),

90-

4,04

(3H, s, [&%]%2 ng. 4044% (@) mpf [leacdtpxy€ihy2 (bibhpide, wesd. &iddd, ¥ Hyhe 5. 38

(2H, br-s

NH2), 5.82 (2H, s, [err]
suspension. After being stirred for 30 min more, the reaction mixture was

diluted with AcOEt (50 ml), washed with water (30 ml x 3) and brine, dried

over MgSOA and evaporated under diminished pressure. . The crude product’

was purified by silica gel chromatography eluted with 3 % MeOH in chloro-

form. _Removai of the solvent from appropriate eluant followed by freeze-
drying gave 157 mg (54 %) of the title compound, mp 125 °C (dec). IR v ..
(KBr) em™' 3430, 3290, 1770, 1680. UV A, (pH 7 phosphate buffer) nm

(e) 228 (21900), 287 (12700). 'H WMR (DMSO-dg) & 1.51 (3H, d, J=6 Hz, 4-

COOCHCH3), 2.02 (3H, s, AcO), 2.06 (3H, s, AcO), 2.22 (3K, s, Ac0), 3.47

(2H, br.s, 2-H), 4.46 (1H, d, J=6 Hz, 4-COOCHCH;), 4.55 (2H, ABq, CHOAc), -

 5.12 (1H, d, J=5 Hz, 6-H), 5.70 (1H, m, 3-CH=CH-), 5.95 (1H, .dd, J=5 & 7

Hz, 7-H), 6.25 (1H, d, J=12 Hz, 3-CH=CH), 6.92 (1H, s, thiazole).

-

, 5.5-5.9 (1H, m [err]), 5.98 (1H

v

-

Fd



dd, J=8 & 4.5 Hz, 7-H), 6.29 (1H d, Jmerr]), 6.82 (1H, s,
"thi.dzole-H), 7.55 (1H, d, J=8 Hz, NH). 63, Exanple 68

7-1(2)-2-(2-Ami not hi azol - 4-yl ) - 2- acelage m-noacet am dol - 3-[ (Z) - 3- acet o'xy-
1- propenyl] - 3- cephem 4-carboxylic acid (la, [err] = Ac, R3. OAc) a)
Acylation To a m xture of T '
¢2)-2-(tritylani not hi azol -Geopbind’-gg pt Examplercieti c acid (1.95 g, 4.0
mmol ) and 1-hydroxybenzotriazole (600 ng, 4.0 nmol) in THF (14 n) was
Pt D o iadietbpLsat PP Sl dadllal 2"
RO cBFX 3 ¢ g2
2TOT © S19s) ure,

propenyl ] -3
0 m). The organic phase was washed

SUSPENSi 0N S Che TRt e e et
filtered, ang 3l utiedpait Q%Q_
w th water, g'r?ied oﬁ\s}elra [er?z, egéncentrat ed under reduced pressure. The

. residue was chronmat ogr aphed onﬁgjcol um on silica gel (Wakogel C200, 80 g),

whi ch was eluted with toluene- AcOEt (6:1). Fractions which contained the
product were cwbamadetdledraenstintall sobubianud Io (G ve B2, KPL=gHY 151%mgpf

di phenyl nethyl” 7-[(2)-2-(trityl am not hi azol - 4-yl)-2-acet oxy-

i m noacet arfi.@hma@l] (i7) DMF- 42 atld xwyere- pidedesgdinn Fagbenedem (R38a8 rexy|labenmod) | |

.[err] =Ac, [err] = QAc). IR [err] (KBr) {errl 1780, 1730. .Lgrr] NVR
[err] 2.0 @M, assolutipn)of ,-brompmpthyk-5-pethyly!,3sdinxodsns2-ops, (869 me, 4-50

Ei:’ ABd, %roﬂ )i’n D5W1%6 (m:.LLB_L ind "t.hi'Jt-zze5 poH%t’.iog; l_Qt’ 1? 'mg.guéelliihterpvafs_ .G_%h%ixt?u'i-g 0
L_/ | was diluted with ethyl acetate (50 ml), washed with water and brine, and
| 'dried_oyer Mgso,. The filtrate wds concentrated in vacuo. The residue
yﬁs dissolved in a small amount of éhloroform and purified by a silica gel
column chromatography. (Kiesel gel 60, 30 g). = The desired fractians
eluted with a mixture of chloroform &nd methanol (30 : 1) were combined,
and concentrated .gg vacuo to give 182 mg (29 %) of the desired product;
mp 1152120 °C (dec). IR vy, (KBr) ca™' 1820, 1770, 1735, 1530, 1210,
1190. UV Ay, (EtOH) nm (£) 225 (sh19000), 287 (12000). 'H NMR (CDC1; +
D,0) § 1.62 (3H, d, J=6.0 Hz), 2.18 (3H, ), 3.45 (24, br, s), 4.68 (24,
s)y 5.10 (1H,. ‘_i" J=5.5 Hz);' 5.50-5.90 (1H, m), 5.85 (1H, d, J=5.5 Ha),

6.12 (1, 4, J=12 Hz), 6.95 (1H, s).




dd, J=5 & 7 Hz, 7-H), 6.26 (1H, d, J= 12}@3 CH=CH), 6.95 (1H s,
t hi azole), 7.30 (25H, s, phenyl). bﬁ)ébl ocking A m xture of di phenyl met hyl .
T7-17(2)-2-(2-trityl am not hi azol -4-yl ) -2- .
acet oxyi m noacet am do) - 3-[ (Z) - 3-acet oxy-1 -propenyl '
] - 3- cephem4- car bokyl at e 119 (3.2 g,. 3.43 nmol) in TFA (20 m) and
anisole (5 mM) was stiGompendor8d, HEXaMP1§ ddr].  Renpval of the sol vent
foIIovved by trituration with 100 m  of isopropyl ether gave 1.25 g of TFA .-
sal t. The crude -roduct wa -urlfled bX chr onmat ogr.aphy using a col unggof
v eLhy S42 ) R (2amino l.nl -"nmm:..zo%m@q1
ntrated
: e aviial oty G ; ?ﬁl‘ lgp lﬁ'pound.
IR [er 4 _(ég}c? %@(}%} _3300,_ 1770 1670. WV [err] (pH 7 phosphat e buffer)
nm[err] 2 8 284 (15300). [err] -NVR (DVMBO-[err] 2.0 (3H, s,
o171}, 2 19 al 3thersa mman of- ﬁ:léﬂld 5ABA? d &)1 12596, 0. Ga2dadidHn 0 970
Hz, 6-H), 80 (1H, dd, , 6.32 (1H,

gg J= lmsz ﬂ)@ﬁ-’&l—&dde‘é Qédi(uinl-har&onittv e&mhg) o. 625139ox)oarﬁ@w16oﬁﬁio£xarrpl e

%

of a-iododiethylcarbqnate_(183 mg, 0.625 mmol) in DMF (1 ml) at 0-5 °C.
_ After the mixture vas stirred for 20 min at § 'C' soaium carbbnaié'(LO'ﬁg)

and a solution of u-iododiethylcarbonate (183 mg) were added and the.

pixture was stirred fbr 40 min. The mixture was dxluted w1th ethy1'

acetate. (50 w=l1), washed-with water (50 ml x 2), drled over MgSOA and'

filte’eﬁ The letrate ‘was concentrated in vacuo . The residue Vaé ‘w)l

dlssolved in a small amount of chl;roform and’ purlfied by a silica gei

coluan (K;esel ge1-60 20 g). The ‘desired fractions eluted with g-mixturé

of CQIoroform and methanol (30 : 1) were combined and concentrated in

vacuo to give 56 mg (17 Z) of the desired product. mp f05-110 °c. IR

Viex (KBr) cu™' 1760, 1525, 1370, 1270. UV A, (EtOH) nm (e) 222

(20000), 286 (11000). 'H N@_@DCIB #Dy0) 6§ 1.33 (3H, t, J=7 Hz), 1.

(3H, 4, J=5 Ha), 1.70 (34, d, J=7 Ha), 3.45 (24, br. s), 4.23 (2, q, J=7 =
uz), 5.10 (WH, d, J=5.0 Hz), 5.87 (1H, d, J=5.0 Hz), 5.50-‘6.0.0_' (15, »), |

© 6.16 (1H, d, J=12 Hz), 6.92 (14, q, J=5 Hz), 7.00 (1K, s).




1- Acetoxyethyl 7-[(2)-2-(2-am not hi azol -4-yl)-2- acetoxylnlnoacetanldo] 3-
[(2)-3- acetoxy 1- propenyl ] - 3- cephem 4- carboxylate (I'b, [err] Ac, [err] =
QAc, [err]. = AX) To a solution of la ( [err] Ac, [err] = CAC, 248 ny,

0. 49'nnDI) in 25 m of dry DVF was added [er 1 ng—0.49 mmpl|) and

1- acet oxyet hyl brom de (82 mg, 0.4 1. The m xture was

stirred at [err] for 30 min and 82 gy 49 mml) " wum I
bromi de - was added to the suspension. li%fter bei ng- ,“& H)nmm“
nore,, the reaction mixture was diluted with AcOEt (50 m), washed Wi '
water (30 m x- 3) and brine, drie@dvdrl Me8r] and evaporated under

.di m ni shed pressure. The crude ‘product was purified by silica gel
chronmat ogr aphy 4el ut d 3 chl gro- form Renoval of the

sol vent fronlappropﬁiate %Pn nt® ' g“ﬁo%@ 8 reeze- drying gave 157 ng (54
% of the title conpound, np [err] (dec): IR J[err] (KBr) [err] 3430,

3290, 1770, 1680. WV [err] (pH 7 phosphate buffer) nm[err] 228
(21900), 287 (12700).- [err] NWR (DVMSO[err] 1.51 (3H, -d, J=6 Hz, 4-
[err]), 2.02 (3H, s, AcO, 2.06 (3H s, AcO, 2.22 (3H s, AcO, 3.47
(2H, br.s, 2-H), 4.46 (1H, d, J=6 Hz, 4-[err]), 4.55 (2H, ABq, [err]), 5.12

(1H, . d, J:SHEEE_Q;HL, 5.70 (1H, m 3-CH=G— 5.95 (1H, dd, J=5 & 7 Hz,
7-H), 6.25 (1 J=12 Hz, 3-CH=CH), 6.92 (1HS t hi azol e). Conmpound
88, Example 70 (5- 2 Coxo—i-3—di t hyl -
7-1(2) - 2-(2-ami not |azo| 48yl ) - . .
2- hydroxylnlqgéﬁﬁ 3- PQZ)QJ prope 3h65¢£§a§late (Ib,
[ ] _ o
Coor®
Y

wherein

Rl is hyd:ogen'or “an . amino-protecting group

Rz is hydrogen, straight or branched chain alkyl having

1 to 4 carbon atoms, alkenyl or alkynyl having 2 to
4 carbon atoms, cycloalkyl having 3 to 6 carbon
U - atoms, cycloaikylalkyl having 3 to 6 ring members
. and 4 to 10 carbon atoms, or. alkanoyl having 2 to
4 carbon atoms, _
is hydrogen, lower aikyl having 1 to 3 carbon atoms,
- lower alkoxy having 1 to 3 carbon atoms, lower
alkanoyloxy haﬁing 2 to 3 atoms, and
is hydrogen, or a physiologxcally hydrolyzable
~ ester group;

or a pharmaceutically acceptable acid addition salt,

- 4 .
metal salt (when R’ is H), or hydrate or other solvate
thereof; whether in the nominal or a tautomeric form.




= H, [er ] H, [err] To an ice-cooled and stirred solution of Ib ([err] =

H [err] Ij) 1(512 my, 1.25 nmmol) in DVF (2 ni) mrM&r—bonate"
4o oo yl -5 et hyl -1 3- di oxol en- 2- one (869 g, MMIHIIWHMHHWI(G )

in three portions at 15 nminute intervals. The mixturé was diluted wth
ethyl acetate (50 m), ‘washed with water ahd)-brlne and drled over [err].

anal | amoust oF-chi A8 PAPARRCpGY, Pidimoy Anedaiih Ao 1 dntlieen Snd " T

ch{gmat ogr?phy f(KRFSéISflhgdeen' B\@t@yll, e!:wmi)sllsmoﬁy]a%tfym‘i?-el uged
Wi a mxture of c no onbi ned, an
concentrated in va?uglb?oﬁg]e:%\}/lgIi 8?1”3&(’2542% r-fgyt e° de5|r " product. M

[err] (dec). IR[err] (KBr) [err] 1820, 1770, 1735, 1530, 1210, 1190.
W [err] (EtOB) nmrher ebmaaanesw@mm > Werei2ndP 15 waaow ([err]. +
[err] 1.63 (3H  d, (3H, s), 3.45 (2H  br, 4.°68 (2H,

s), 5.107(1H, d,J55Hz) 550590(1Hr’r)585(1HdJ55Hz)
0 6.12 (1H, d, J412 HThe GoRbolhd, of) Cla:LmCGITW’tQJ.IQQZ Bemydrogen. :
1- Et hoxycar bonyI oxyethyl 7-[(Z)-2-(2-am nothiazol)-4-yl)-2-hydroxyim no-
acet am do] -3-[(Z2)-1- propenyl |- 3-cephem 4- car boxy| ate‘{lb [err] [err] To a
stirred soluti bm of The cpepojind Hf Cledim] 4-wHerel5s Riy,is) Hydirager.) in DWF
(2 M) were added sodi um carbonate (40 ng, 0.625 mol) and a sol ution
15 6. s 78- [ (2)-2-(2- . .
' aminothiazol-4-yl) 2- (hydroxyimino)acetamido] 3-
[(Z)—prop-l-en- -yl] 3-—cephem-4-_carboxylic acid.

7. - 7p-[(2)-2-(2-amino- @
20  thiazol- 4-y1) 2-(hydroxymino)ace tamido ]-3- [(E)-
' prop-l-en-1-yl]-3-cephem-4-carboxylic acid.

8. The compound of Claim 4 wherein R4 is acetoxymethyl.

25 9, : - : Ace toxymethyl
7{3 [(Z) 2~ (2-aminothiazol 4-yl1)-2-(hydroxyimino)
acetamido] -3-[(2)-prop-1-en-1 —yl] -3-cephem-4-

‘carboxylate. - . | . - _ . \.J

[



of [err]-iododiethyl.carbonate (183 ng, 0.625 mmol) in DVE (1 m) at
[err]. After the mxture was stirred for 20 min at [err], sodi um carbﬂw

.(40 ng) and a solution of [err]-iododiethylcar bona%_ﬁm tﬂl‘m

added and the mxture was stirred for 40 mn
diluted with ethyl acetate (50 ni), waf?_edwrth vat er (50 m X 2)
filf

“dried over [err] and filtered. The was concentrat ed i n vacuo
. The residugg was dissolved in a small amunt of yand
purified by a . si i ca g (K| esel. gel 60, 20 The desr re :
fraetions el uted with 787 ﬁt(%tc)‘rze a9k~ 4n¥d ) 5\¥6’Ir°€‘:¥émin°l vere

conbi ned and concent ra@te&ﬁmudm \L@G-LJE(E)t-Lprgip/-a.feﬁa-tm-y( Pdeephemras-desi r ed

produet . np [err] laFé?L) 1 (KBr) [err] 1760, 525, 1370, 1270.
Ww J[err] (EtOH) . nm° S‘P’ ays> (20000) 286 (11000). T[err] NWR [err]

1.33(3H t, J=7 Hz), 1.57 (3H, d, J=5 Hz), 1.70 (3H, d, J=7 Hz), 345
(2H, br. 4. (2H 0 -

J=5.0 Hz) | bs 50%2 H‘% °q’mz’° 'T6 (f5|5‘(]10‘id"("11 fgﬁze)i%? zllgz)f a%ea%j% Hz)
7.00 (1H s). C LeA IVIS 1. A conmpound of the forrrula S [err] wherein
[err] is hydrogen or an am no-protecting group [err] is

hydrogen strai ght or branched chai n al kyl havr ng 1-acetoxyethyl

. 75 [(Z) 2-(2- aminothiaizol ~4~yl)-2-(hydroxyimino)

15 o acetamldo] -3~ [(Z)-propt—l-yl] -3- cephem—-4-carboxylate.
13. _ : l-acetoxyethyl
- 7f- [(2)-2-(2-aminothiazol-4-y1)-2-(hydroxyimino)
: acetamido] -3- [(E) prop-1-en-1 -yl]-3-cephem-4-
v .
' 20 'carboxylate .
14. The compbund of Claim 4 wherein R4 is pivaloyloxy-
methyl.
25 15, - - : E Pivaloyloxy-
' 'methyl 7B- [(Z) 2- (2—am1nothiazol 4-yl)-2-(hydroxy-
1mino)acetamidg{ -3- [(Z) -prop-l-en-1 -yl] 3-cephem-
' 4-carboxylate. '
o/

30 16, | | | | pivaloyloxymethyl
7R- [(Z) -2-(2-aminothiazol-4-yl)}-2-(hydroxyimino)
acetamldo] -3- [(E)-prop-l-en- -yl] -3-cephem-4-
carboxylate.



1 to 4 carbon atons, al kenyl or.alkynyl havi ng 2 to_A_QaLben—a%eﬁe——-
cyclkBal kyl having 3 to 6 carbon atons, cycloal kyl al kyl havi

menbers and 4 to 10 carbon atons, or al kangyl havi n u ’imm ‘E
[err] is hydrogen, |ower alkyl having 1 f&%8- carbon

having 1 to 3 carbon at ons, Iomer al kanoyl oxy havrng 2 to 3 at ons, and

| Lﬁ;;LaLZuPrygér y accep a%?m aC| %gqix%'pnyga‘ﬂj‘é@% asigr ?E?é‘}\gg i

H), or hydrate or other solvate thereof; whether in the nonrnal or a

o/

.tautonerrc forfa,  Phe Compodh& ﬁPWER&ﬂQ P Whérdid ﬁﬁeig'ﬂyﬁ%oFﬁnhydrOQEn
and [err] ‘is hydrogen nethyl | sopropyl, cyclo- propylnelCh

allyl, propargyl or acetyl.. 3. The conmpound of daim2 wherein [err] i's

hydrogen. 10 419, The conpound of Claim3 mherern [erryg W}zhydnogen 5.

The compound of gl 11 L5 (hgaliS)EAERs ) BBerBintao] -o- [(2)-
5

3- acetoxyprop-l-en-l-yl]-3-cephem-4-carboxy11c acid.

- 20. | | 78- [(2)- 2-(2-
aminothiazol- 4-y1) -2-(hydroxyimino)acetamido J-3-{(E)-3-
aeetoxyprop -l-~en-1 -yl] -3-cephem-4-carboxylic .acid.

LE

£ 2]

21. = The compound of claim 17 wherein rR? is o ~
10 acetoxymethyl. ' |
. 22. ' | _— Acetoxymethyl : \’_

75-[(2) -2- (2—aminothiazol 4-yl)=-2-(hydroxyimino)
acetamidq] 3-[(2) S-acetoxyprop-l-en- -yl} 3—cephem-4-_
carboxylate.

15 23. . | | _ Asetoxymethyl
7#-[(2) -2- (2-aminothiazol 4-y1) 2-(hydroxyimino) =
"acetamido]—S-[KE) 3-acetoxyprop-l-en- -yl] 3-cephem-4-
carboxylate.



ami not hi azol - 4- yI ) - 2- ( hydr oxyi mi no) acet ani do] - 3- \
[(Z)-prop-1l-en-1-yl]-3-cephem 4-carboxylic acid. 7. H”

Ferr Z)-2-(2-am no- 20

tEhI a]zol[ (4)yl (2 (hydr oxyni no) acet ami do] - 3 [(BT - l"””’/””l”/’lnl”’l
prop-1-en-1-yl]-3-cephem 4-carboxylic acid. 8. The conmpound of tl aim4
‘Wherein [err] is acetoxymethyl. 25 9. _
Acet oxymet hyl [err]-[(2Z)-2-(2-am not hi azol - 4-’y| ) - 2- (hydg oxyl m no)

acet am do] - 3- [ @A~ pr dpeL PPYRG of Chidn Ul vhepRln iRt els 5 10.
Acet-oxymet hyI [1erddetddxdletidriam not hi azol - 4-yl-) - 2- (hydr oxyi ni no)

acetam do] -3-[(E)-prop-1-en-1-yl]-3- cephem 4- carboxylate. 10 11. The

compound of Claim4 wherein [err] is 1-acetoxy- ethyl. 12.
1- acetoxyethyl d%rr]- [(2Z)-2-(2-am not hi azol -4-yl)-2- (hy-ehme@dxn'mﬂ)yHS

t d 3- I
?C:cg'[nox%t hyl[ (ﬁ_ﬂ:@- _e(hz rlonﬁng{ﬁi:%%fﬁr?) @(ﬁl&ﬁ oxy| m no)
acet ani do] 3- [ (ERehamiys -e’=h- (Z)43-poagrmepp-1-en-1-ylj -3-cephem-4-

carboxylate .

26. . 1-acetoxyethy1
78- [(Z) 2-(2—aminothiazol 4-y1) 2-(hydroxyimino)
. acetamido] -3~ [(E) S-acetoxyprop-l-en-l-yl] 3—cephem-4-
AU 10" carboxylate. -

27.+ The compound of claim 17 wherein 'R4 is pivaloyloxy-
(U . . methyl. ‘ '

28. ' | ' Pivaloyloxymethyl
78~ [(Z) 2-(2-aminothiazol~4-yl )-2-(hydroxyimino)
15 acetamido]-3- [(Z) 3- acetoxyprop— -en-1 -le-S cephem-4-
' carboxylate

29, . Pivaloyloxymethyl
- 7B- [(Z) -2-(2-amino-thiazol -4~yl)- 2~ (hydroxyimino)
| acetamido] 3- [(E) 3- acetoxyprop—l—en- —yl]-3-cephem-4-
20 carboxylate.



20 carboXyIate 14. The conpodnd of C¥a¥n+4—uheLeLn;LELLl is
pi val oyl oxy- nethyl. 25 15.

RESEOY RO PR R bl

Pival oyl oxymethyl [err]- [(2)-2-(2- anil I azol -4-yl)-2- (hydroxy| m no)

-

acetam.do]-3-[(E)-prop-1-en-1-yl]-3-cephem4- carbogylate 126. 17.
The conpoungf cl rﬁfﬂﬁ{ v ,,gsaqﬁ% mpound of
claim 17 wherein [‘Ig'lre;n]c% 'S yd;bofggén 4 £Ein Fl is ng&ff \J

[etr]-[(2)-2- (2-ami nothiazol-4-yl)-2- (hydroxylmno)acetamdo] 3 [(2)-

3-acet oxypr @p-1- emnk )ddmp%xﬁﬁphﬁ‘.mc‘h:é?ﬁi b Wi reitn RS 205 hydr

[err]- [(2)-2-(2- am nothiazol -4-yl)-2- (hydroxy|n1no)acetan1do 3 [ (E)-3-
acet oxyprop-1-en-1-yl]-3-cephem 4-carboxylic acid. 2 The conpound of
claim17 wha@2ein Rhd tchipound afftabeimetdyiwherein R is hydrogen. '

a3, | x 78-.[(2)-2-(2-
5 aminothiazol-4-yl)-2-(methoxyimino)acetamido]- 3-[(Z)-prop-
’ l-en-l-yl] 3-cephem—4-carboxylic acid..

34. : | 78- [(2)-2-(2-amino-
thiazol- 4-yl) 2-—(methoxy1mino)acetamido] -3~ [(E)-prop l-en-. o/
-—yl] 3—cephem—4-carboxylic acid.

10 35. The compound of claim 31 wherein rRY is l—acetoky- Y I
ethyl. - ' '
36. ' o . l-acetoxyethyl

78- [(Z) 2-(2-aminothiazol 4-y1) 2~ (methoxyimino )acetamido]
-3~ [(Z)-prop-l-en-l-yl} 3-—cephem-4-carboxy1ate .

15 37. | s ' l-acetoxyethyl :
- 7B8- [(Z) 2- (2-—aminothiazol 4-—yl) 2~ (methoxyimino)acetamn.dcj}-.-
3~ [(E)-prop l-en-1 -yl )] 3-cephem-—4—-carboxylate.

38. The compound of claim 31 wherein R4 is pivaloyioxy-
methyl. ~ ' | ;

-



22. . AcetoxynethyL—________________

[err]-[(2Z)-2-(2-am nothiazol -4-yl)-2-(hydroxyinm no)

~acet am do] - 3-[ (Z) - 3- acet oxyprop-1-en-1 -yl ] - > gggﬁﬁﬂ“’"ﬂ”ﬂ"ﬂ"ﬂ'ﬂ”’m

[err]-[(2)-2-(2- ami not hi azol - 4-yJ)-2-(hydﬁ%§y|n1no)

*acetam do] - 3-[ (E) - 3- acet oxyprop-1 - en- I-yI] 3- cephem 4- carboxylate 24.5

The conpound of cIa|n117 wherein [err] is 1- acet oxyet iy oxymethyl

1- t th I Z 2- th I hyd '
acbvam o] - 3 (1 @ ke w@;t%%qi%"m %&méo%%?ﬁ%&?% Fransge]

1- acet oxyet hyl_ ;{_e[ (3 y-drioP-12-dr2- 1 1l 3 g erf= ¥LdarbéRyEBKYi M NO)
acetam do] - 3-[ (E)*3- acetoxyprop 1l-em-1-yl]-3-cephem4- 10 car boxyl ate. "
27. The conpound of claim 17 wherein R. is pival oyl oxy- nethyl. 28.
Plvaloyloxynehhyl ' Pivaloyloxymethyl

5 75-[}2) 2-(2~aminothiazol- 4-y1) 2-(methoxyimino)
acetamido]-3-[(E)-prop-1l-en-1-yl1]- 3-cephem-4-carboxylate.

41, The compound of claim 30 wherein Rs'is methyl.

42.' The compound of claim 41 wherein R-4 is hydrogen.

43. . . - o 75-[(z) -2-(2- |
_ 10 aminothiazol- 4-y1) 2- (methoxylmino)acetamldo]-3-[KZ)—but—
L . l-en- -yl] 3-cephem~-4-carboxylic acid.

44, g o 78-[(z)-2-(2-
aminothiazol-4-yl)-2-(methoxyiminp)acetamido]-3-[CE)—but-
l—en-l—le-3-cephem-4-carboxylic acid.

4



'[err] [(Z) 2- (2-am not hi azol - 4- yI) 2- (hydroxylmno) 15

acet gm do] - 3-[ (Z) - 3-acet oxyprop-1-en-1-yl]-3- cephe Iate
Pi val oyl oxynet hyl [err] [(Z2)-2-(2-am no-thiazol - g
- r:2 ate

acet am do] - 3-[ (E) - 3-acet oxypr op-1-en-1-yl ] - 3- cephem4

30. The conpound of claim 2 wherein [er]rs,bs met hyl . 31 The corrpound

of claim30 wherein [err] is hydrogen.

\[A’Qﬂ]e' F([Zfrgzl 53 hydlrl%ge&méé’;\md of Claim 41 wherein R? is acetoxy- _
am not hi azol - 4 yI) 2-memuhbxyi m no) acet ani do] 3-[(2)-prop- 1-en-1- yl]

- -3-cephem 4-carboxylic acid. 34.

[err]- (2)-2-(2-am no- '

t hi azol - 4- yl ) - 24net hoxyi ni no) acet ani do] 3 [ (E) - prop- | - Agetoxymethyl

1-ylI] _-'3-Cephen‘_r4 car by () agd (2-dMRino BRiazoTba-ganneundethokyainihal
wherein [err] is 1-aceto¥“ gjwé Pg _
1- acet oxyettfyl -~ ace ido [ )-but-1-en-1 -yl] 3-cephem-4-
'[err] [(2)-2-(2-am noidnbmql'ld‘eeyl) 2- (met hoxyi mi no) acet am do]
3-[(2)-prop-1-en- I-yI] 3-cephem 4-car boxyl ate. 15 37.

- acet oxyet hyl _ _ _ "
47. : - ' : Acetoxymethyl _

| 78~ [_(z)-z-(a-aminotniazol 4-y1)-2-(methoxyimino)
15 acetamido]-a-[(E)-but-l-en-1-y1]-3-cepnem-4-
carboxylate. :

The conpound of claim31

)

57



&

[err]- [(2)-2-(2-am not hiazol -4-yl)-2-(methoxyi m no)

-acetamdol= '
3-[(E)-prop-1-en-1-yl)]-3-cephem 4-car boxyl ate. 38. claim
"31.wherein R is pival oyl oxy- nethyl. 39. - ”l-iﬂi”m]m“m"ml B
Pi val oyl oxynet hyl [err}]- L ' A :
- [(2)-2-(2-ami not hi azol --4-yl ) -2- (et hoxyi mi_no) acet ani do]
.43-[(Z)-prop-1-en-1<yl]-3-cephen}4-carboi§late. 40.
Pi val oyl oxynethyl 5  [err]-[(Z)-2-(2-am nothiazol

- 4- I)42-gnﬁthoxyinino)
acet ani do] - 3- k4 E) - prpa- dompodingl br3ctepmedit 4wbarsdRyRat &5 AT3°PHE*¢5hpound
Qf ,claim 30 mhereinﬁ%g;i] I's methyl. 42. The conpound of claim41l wherein

[err] is hydrogen.

[err]-[(2)-2-(2- 10 aninothi azol - 4-yl ) - 2- (et hoxyi mi no) acet ani do] - 3-

[(Z2)-but- 1-en-1-yl}-3-cephem 4-carboxylic acid. 44.
455 7,

1-acetoxyethyl

[err]- .[(2)-2%F2- -ami not hi azol - 4-yl ) - 2- (met hoxyi Niy\nQ)_: S i B - but -
1- en- 1-yl k- 3- cepheny, zagﬁyma;qmﬁqgtﬁigzééﬂﬁﬁff)(Qf¥5§€ﬂ3£yﬂmfﬁ&X
: acetamido]—s-[(Z)-but-lfen-l-yl]-afcephem—4—

51, The compound of Claim 41 wherein

_ 15 ' methyl.
s2. R |
- 78-[(2)-2-(2-aminothjzol-4-y1)-2

acetamido]-S-[(z)-but-l-ep-;fle
.20 cephem-4-carboxylate. :

‘53.

25 3-cephem—4—carboxy1ate.

carboxylate.
50 : 1-acetoxyethyl
10 = . 7@-[}Zj-(2-éminothiazcl-4;yl)—2-(methoxyimino)
| "acetamidq]—S-[(E)-but-l-en—l—yl]-3—cephem-4— _
N\ ' carboxylate. ' .

'r? is pivaloyloxy-

Pivaloyloxymethyl
-(methoxyimino)
-3~

Pivaloyloxy-

methyl 783- [(Z')—éé(2-3minbthiazol-4-—yl)-2- _ _
(ﬁethoxyiminp)acexamido]-a-[KE)-but-l—en-l-Y¥]-',



5 45.. The conpound of O aim4l wherein [err] is acet oxy Hb‘Lllyl. 46-
©o Acetoxynethyl [err]- [(2)-2-(2-am nothiazol-4-yl)-2- (

~acetam do]-3-[(Z)-but-1-en-1-yl]-3- cephem 4- car boxyl ﬂ”mm”"
Acet oxymet hyI [err]-[(2Z)-2-(2-am not hi aﬁg yl)-2- (rret hﬂxy: ano
acetanido -3-[(E) -but-1-en-1-yl -3-cep r%'4 car boxyl at e. The
conpound of Cl.aim 41 wherein [err] is 1-acetoxy- ethyl. 49. '
1- acet oxyet hy . 4 _ _
[err]-[(2)-2- %5 am nofh?grgBFuﬂdyff Slfrlnrsnt #(g'x where1)n R 1s 4 glycyloxy
acet am do] - 3- pearoplioxymenhyly| | - 3- cephem 4- "car boxyl ate. 50.
1- acet oxyet hyl 10 [err] -
[(2)-(2-am nothiazol -4-yl)-2-(methoxyimno)
acet am do] - 3- PBE) - but - 1- en- yI | - 3- cephem 4-~ car boxy| at4=8%CY1 0% corrpound
of C aim4l wbehgb#1brymkthys pp\ceﬂ(ml-@q(z-%lnothlazdmidwl) 2-

5 (methyoxyimino )acetamido] -3~ [( Z)-but-l-en—l-yl] 3-cephem-
' 4—carboxylate.
56. ' 4-glycyloxy-

. bénzoyloxymethyi 7ﬁ- [( Z)-2-(2-aminothi azol-4-yl)-2-
(methoxyimino )acetamido] -3- [(E )-but-1l-en-1-ylJ]-3-cephem-
10 4-carboxylate. . . _ .

57.. The compound of claim 30 wherein R3 is.ethyl.
S8. . The compound of claim 57 \»ﬂ’ierein.R4 is hydrogen.

59. . ' ' : 78~ [(Z) 2—(2-am1no-
o thiazol-4-y1) 2-(2—methoxyimino)acetamido] 3-[(2)-pent 1-
1S  en-1 -yl]—3-cephem—4-carboxylic acid.

60. - 78-[(2)-2-
'(2-am1nothiazol 4-y1) 2-(2-methoxy1mino)acetamido] 3- [—(E)-

- pent-1- en-i-yl] -3-cephem-4-carboxylic acid. k.l _



52. . ' ' Pi val oyl oxymethyl —————————

. [err]-[(Z)-2a(2-aninothiazol-4-y|)-2-(nethoxy|n1no)

*\acet am do] -3-[(2)-but-1-en-1-yl]-3- 20 cephem ‘lmm’m'#",mm”mﬂ
- Pival oyl oxy- nmethyl [err]- [(Z2)-2- (2 am npg 3nazo

(et hoxyi m.no) acet am do] - 3-[ (E) -but-1-en-1-VyI] - 25 _
“3- cephem 4- car boxyl at e.: 54. The conpound of clalnh41 wherein R is

4 gl ycyl oxy- @énzoyITd)Q/mmMunﬁmf claim 57 wherein R~ is
g{ycyloxy- dyggﬁﬁiwl [err]-{(2)-2-(2-am not hi azol-4-yl)-2- 5

(ne hyoxyi m-no) acet am do - [( 2)-but-1-en-1-yl]-3-cephem 4-carboxyl ate.
_ _ 4-g|ycy|oxy benzoyloxynethyl

[err] [(Z) 2- @2.am not hi azol - 4-yl) - 2- -

(et hoxyi m no%%%ry %‘I‘fé E) - but - 1- en- L‘Oa phemaw"leotmwethyl

4- car boxyl at e - Wbli%ﬁ%-r%rr% E"“P\xﬁm%ﬂat hyl . 4 58.

The conp&und abeﬂamnﬂQ@L&M%WzﬂJpéht4r;énutiyﬁ%ks—cephem-4—carboxylate.

63. ' ' ' l-acetoxyethyl
78- [(Z) 2-(2-amoniothiazol 4-yl) 2-(methoxyimino) '
acetamido]-3-[(E)-pent-1-en—l-yl]—3-qephem-4-carboxy1ate.

K_)-' 10 64. The compound of .claim 57 wherein R4 is pivaioyloxy-
' methyl. ‘ '
65. ' | :  Pival
Y ivaloyloxymethyl

7R~ [(Z) 2-(2-aminothiazol-4-yl)-2-(methoxyimino)
acetamido]-S- (z)-pent-l-en-1 —yl]—3-cephem-4-carboxylate.

15 66. S : ' Pivaloyloxymethyl
7ﬁ—[KZ) 2- (2-aminoth1azol 4-yl)- 2-(methoxy1mino)
acetamidq] 3-[(E)—pent 1-en-l-y1} ~3-cephem- 4-carboxylate.



59. | - lerr]- [(Z - 2- ( 2- ani no-
t hi azol - 4-yl)-2-(2- nethoxy|n1no)acetan1do] 3-1(2)- pen B

f-'en-l_-yl] 3-cephem 4- carboxylic acid. 60.

[err]- [(Z) 2- (2-am not hi azol -4-yl) - 2- (% rlfthoxyl %WMLMH" (-
pent-1-en-1-yl ] 3-cephem 4- car boxylic aci é . cI aim 3
57 wherein Is 1- acetoxyethyl 62. )
1- acetoxyet hyl [err]-[(Z)-2-(2-anoniothiazol-4-yl)-2- (nethoxy|n1no) 5

" acetam do -3-[(2)-pent-1-en-1-yl] -3-cephem 4- car boxyl at. | W,

1- acet oxyet hyl par-r] [The) czmpgnalﬁoﬁfotcﬁlaémam wheredrn fet H@(W%’HUSY-
acetam do]-3-[(E)-pent-1-en- yI] 3- cephem 4- carboxylate 10 The
conmpound of claim57 wherein i s pival ayl met hyl

Pi val oyl oxynet h§8 [ er rT]he[ G?j"P?u(‘il &h ﬁ&tar%“hzetﬂy whengin P( rre’tshd'}égﬁrfﬂgﬁﬁ
acetam do]-3-[(Z)-pent-1-en-1-yl]-3-cephem 4-carboxylate. 15

Pi val oyl oxynet hyl, [err]- [(Z) 2-(2-am not hi azol -4-yl)-2-( _Fefy g1no)
acet am do] - 3-[ (Ey-"pent - 1- en- 1-yl ] - 3- cephem 4- car boxyl at €.

: (2-aminothiazol-4-yl)-2- (methoxyimlno)acetamldq] 3-[}2)-

5 - -3-methoxprop-1-en 1-y1] 3-cephem-4—carboxy11c acid.

70. ' - - | 7p-[(z) 2-
(2-aminothiazol- 4-yl) 2-(methoxy1m1no)acetamldq] -3- [KE)-
3-methoxyprop-1-en-l-yl]—3—cephem-4-carboxy11c acid.

71. The compound of claim 67 wherein R is l-acetoxy-
10 ethyl. S ' ' . )

72. o . .- ~ l-acetoxyethyl.
78~ [( Z)~-2~(2-aminothiazol-4-yl)-2-(methoxylimino)
'acetamido] 3-[(2) 3-methoxyprop-l—en-l-yl] -3-cephem-~4-
carboxylate. :

15 73. o 1-acetoxyethyl

- 78- [(Z) 2-(2-aminothiazol- 4-y1) 2—(methoxy1m1no)acetam1do]-
3'[(E) -3-methoxypr °P l-en- -Yl]-3-cephem-4-carboxylate. u |

74. The compound of claim 67 wherein R4 is pivaloyloxy-

methyl. -



67. The conpound of claim 30 wherein [err] is nethoxv

68. The

conpound of claim67 wherein [err] is hydrogen.

5ot hoxpt op. 1 en-1-y1] -3 Gephers 4. car ég‘gg?éygé“. e 2o RN IR I|Il| il >

“[err]-"[(2) -2- (2-amninothiazol-4-yl)~ 2!
~ 3-net hoxyprop-1-en-1-yl]-3-cephem 4-carboxylic acid. 71.
cl aim 67 mher? [err] is 1-acetoxy- 10
1: acet oxyet hy
acet ami do] - 3- rpe l)lyB 7t 16
3.

[(2)-2-(2- anlnothlazo (met hoxy1 m no) acet am _
3-[(E)-3- neth%%?B?ﬁ%lﬁt%n 1-yl]-3-cephem 4-carboxyl ate. 74.  The conpound
of claim 67 wherein [err] is pivaloyloxy- methyl. :
o 5 76. : : Pivaloyloxy-
methyl 7(3- [(Z -2- (2-am1noth1azol 4-yl)-2-(methoxyimino)
acetamldo] 3-[KE) S-methoxyprop -l-en-1 -y;] -3-cephem-4-
carboxylate.
. - 77.  The compound of claim 30 wherein RS is acetoxy.
) A -
10 78, The compound of claim 77 wherein R~ is hydrogen.
'y 79. D .73-[(2) 2-(2-

thoxylnlno)acetanldo] 3- (E)

The conpound of

ethyl 72p
err] % 2- (2-am not hi azol - 4-yl) %E?ASQ%PXXIno)
EZ }p?o521a@nnqt9ﬁftzglcépbrér}r2 (metboxylimino)15

tamldr14_ [(Z% -3-methoxyprop= §Q6594¥g§g¥b -kephkm-4-

aminothiazol-4-yl)- 2-(methoxyim1no)acetamldol 3-[(2) 3~
acetoxyprop-l-en-1 -yl] -3-cephem-4-carboxylic acid.



75.

acetanldo] 3- [(Z) 3- met hoxyprop-1-en-1-yl]- 3 cephem 4-

76.

7p- [(Z) '2- (2- am not hi azol - 4-yl ) - 2- (et hoxyi m no)
R IHIII

[err] [(2)-2-(2- anlnothlazol 4-yl)-2- (negﬁé&ylnlno)

Plvaloyloxy nernyl

'M

1

val oyl oxy=

\ﬁ.)."'\' ‘

acet am do] -3-[(E) - 3- met hoxypr op- 1-en- 1-yl ] - 3-cephem 4- car boxyl ate. 77. -
The conpound of @Ia|n130 wherein [err] is acetoxy. 10 7@&{(2);Ehe conmpound.

of- claim 77 mhe ein err% IS hydro%en 79.
[err]-[(2)-2-(2 2aﬁ¥‘h6?ﬁ 4%

P17 47y Mﬁﬂ%@p&@&%ﬁ"&aﬂxﬁ E(ﬁ)g

~acet oxypr op- | - eB=hc¥tbxypeophtren-qaiopd-iceprenli-carbdxyddc acid.

(2-am not hi azol - 4-yl)-2-(nmet hoxyi m nd acetanido]-S- [ (E)-
3- acet oxyprop- 1-en-1-yl]-3-cephem 4-car boxyl i c acid. 814 The conpound of
claim77 mherei&lR i $h& compoanet ofyrdiaiyl .778¥herein R is

Acet oxyngt hyl
acet am doj - 3-

15

é%{axggé ﬁ ¢2-am not hi azol - 4-yl) - 2-(met hoxyi nm no)
[ |

Car oY yprop-1l-en-1-yl]-3- cephen}4-

82, . ' | Acetoxymethyl
78- [(2)- 2-(2-aminothiazol-4-yl)-2-(methoxyimino)
acetamido] 3-[(Z) -3-acetoxyprop- -l-en-1 -yl]-a—cephem-4-

carboxylate. o
. v/
83.. : ' . A cetoxymethyl
7p-[(z) 2-(2-aminothiazol 4-yl)- 2-(methoxyimino)
- acetamido] -3- [(E) 3-acetoxyprop =l-en-1 -yl]-3—cephem-4- )

' carboxylate.

84, The compqund of claim 77 wherein R4 is l-acetoxy-
ethyl. ' ‘ -



car boxyl ate. 10 83. . Acet oxynet-hyl
[err]-[(Z)-2-(2-am nothiazol-4-yl)-2-(met hoxyi m no) &n
.acet am do] - 3-[ (E) - 3- acet oxypr op- 1- en- 1- yl] %cephem 4- ‘é“\“ﬂmm\u\‘\l |\
~The compound of claim 77 wherein [err] 43 acetoxy- 15« ¢ dt hyl

*1-acetoxyethyl [err]- [(2Z)-2-(2- an1noth|azol 4-yl)-2-(met hoxyi m no)- -
\acetan1do] 3-1 g8 -acetoxyprop 1-en-1-yt]-3-cephem 4- carhoxul ﬁ@ 86.
ke

1- acet oxyet hyl 1-1(2)-2- (2 am not hi azol - 4-yl) - 2- gyaéhoxyl
acet ani do] - 3-[ ( E( rv((%ry( noghiaz@l-43ydgptminet 4 87.
Thedcorrgounfﬂ ofaceltaimidb : r(im)aaeeﬁoscwab@-qﬂm-ylﬂ-swdném-
- Pival oy err
[(2)-2-(2- an1n8€ﬁ%gﬁm BF&y1 ) - 2- (et hoxyi ni no)
acet am doj - 3- [(Z) 3- acet oxyprop- 1-en-1-yl ]-3-cephem 4- carboxylate.

5 .86. l-acetoxyethyl

' 7&—[(2) 2~ (2-aminothiazol 4-y1)-2-(methoxyimino)
acetamido]-3-[(E)-acetoxyprop—l-en- -yl]- -cephem~4-
‘carboxylate.

- 87. The compound of claim 77'wherein R4 is pivaloyloxy-
10 methyl. |

— _
88. N : _ Plvaloyloxymethyl
| 78 [’Z) 2-(2- aminothlazol 4-yl)-2-(methoxyimino)
O acetamido] -3- [(Z)~ ~3-acetoxyprop-l-en-1-yl]-3-cephem-4-

carboxylate.

15 89. _ Pivaloyloxymethyl
73-[(2) 2-(2-aminothiazol-4-yl)-2-(methoxyimino)
acetamido]—a-[CE) -3-acetoxyprop- l-en- -yl]-3-cephem-4-
carboxylate.

90. The compound of claim 2 wherein R% is acetyl.



[err]-[(Z2).-2-(2-am not hiazol - 4- yI) 2- (rret hoxyi m no
acetam do] - 3-[ (E) - 3- acet oxypr op- 1- en- yI] 3- ceph muﬂmrm dg;} __‘\__
und of - -
e

The conpound of claim2 wherein [err].. is acetyl.

claim90 wherein R is h'ydrogen 92 Thgazorrpound of° claj th 9% rein R~ ¥
I s hydrogen. 93. - [err]-[(2)-2-(2-

am not hi azol - 4-yl )-2- (acet oxyl m no) acet ami do] -3- [(Z);prop- 5 '
1-en-1-yl] -31¢epheRedcompRRnd ot aidim Y0 wherein R° is hydro en. o/
ferr]-[(2)-2-(2- am nothiazol -4-yl)-2-(acetoxyinm no)acetamn do] -

[(E)-prop- 1-en-1-yl]-3-cephem 4-carboxylic acid. 95. 4 The conpound of

cl ai m 91" whege@i.n RThies compiowtyd olfd claiietdlylwhéd®ein R~ is hydrogen.
Acetoxymethyl [err]- [(Z)-2-(2-an nothiazol-4-yl)-2-(acetoxyim no)
acetoam do -3-[(Z)-prop-1-en-1-yl]-3-cephem 4-carboxyl at 97.

Acet oxynet hyB315" [err]- [(2)=2-(2-am nothiazol - 4-yI8~ Z()a:eae-t(cB(-yi m no)

acet am do] - 3g hoEhiRZRA—U-§A Lot (acd BRPGRb %M&’J@c}f 3-[(2)-prop-

5 . l-en-l-yl] -3-—cephem—4-carboxylic acid.
94. - | - B - 7B-[(2)-2-(2-
aminothiazol-4-yl)-2- (acetoxyimino )é.cetamido] ~3- [(E }-prop-
l-en-l-yl]-3-cephem-4—¢arboxylic acid. W,

95. The compound of claim 91 wherein R4 is acetoxy-

10 ‘methyl. - - | W)
96. o Acetoxymethyl )
76~ [(Z) 2—(2—aminothiazol—4—yl) 2-(acetoxyimino) ' -

 acetoami do] -3~ [( Z)-prop- 1 -en-l -yl'_‘ 3-c ephem-4-¢ arboxyl ate .
Q7. - ‘ _ Acetoxymethyl

15 7B~ [(Z) 2~ (2-aminothiazol 4-yl)-2-(acetoxyimino) _
acetamldoJ -3~ f(E)-prop ~l-en-1 -yl}-s-cephem—4—carboxylate.

Y



98. The conpound of claim 91 wherein [err] is 1-acetoxy-

W
1 -acetoxyethyl [err]-[(Z2)-2-(2-am nothiazol-4-yl)-2-(ac

acetam do]-3-[(2)-prop-1-en-1-yl]-3-cephem 4-car boxyl at eﬂ' W’r Ii”’l””"l
4-acetoxyethyl [err]-[(Z)-2- (2 am not hi ag %?4 yl) - 2= acetoxy

acet am do] - 3-[ (E) - prop- 1-en- 1-yl ] - 3- cephem4- car boxyl ate. 101.

corrpound of claim91l wherein [err] is pival oyl oxy- 10 nmet hyl . 102

P ival oyl oxy igat.hy | Trer rc]omp[o(uZ:)d- 2:1‘( Zlammathiviededr WY 1% (J.a-f‘a%fe@@éd}m no)
‘acet am do]j - [%Qﬁﬁr op- 1-en-1-yl ] - 3-cephem 4- car boxyl at e. 103.

P i‘val oyl oxy- ‘met hyl

[err]-[(2)-2- (2 am not hi azol -4-yl ] -2-(acet oxyi m no)

acet am do] - 3- [ glg) - pr op- 1-en-1-yl]- 3- cephem4 car boxyl at,e.
conpound of .cl ai,m, 1 wher ein {err] 5- net hyl - 2- 1= acje%:xyetﬂlfi
oxo- 1, 3- di oxol A= ﬁ‘ammmaazol -4-yl)-2-(acetoxyimino)

5- et hyl 52- OX@.c%t%rrﬁ'dEgQJﬁnf(‘k))UﬂMﬂlw e[rﬁrlr-lyﬂ(-@-c%p(&mwﬂwmgée

100, - l—acetcxyethyl
7R- [(Z) 2-(2-am1noth1azol 4-yl )-2~-(acetoxyimino)
acetami do] -3~ [(E )=-prop-l-en-1 -yl] -3-cephem-4-carboxylate.

101. The compound of claim 91 v}he’re'in R4 is pivaloyloxy-=
10 methyl.. '

102. ' "Pivaloyloxy-
methyl 73- [(Z) 2-(2-am1nothiazol 4-yl)-2-(acetoxyimino)
acetamido] -3~ [( Z)—prop-l-en-l-yl] -3-cephem-—4-carboxy1ate .

103. ' - P ivaloyloxy-
15 methyl 7B- [(Z) .2-(2~-aminothiazol- 4—yl] 2-(acetoxyimino)
acetamido]-3- [(E)-prop l-en-1 -yl] 3-cephem-4-—carboxylate. |

104, The COmpound_of claim 91 wherein_R4 is S-methyl—z-
oxo-1,3-dioxolen-4-ylmethyl.



yI) 2 (aceto
3- cephen}4 C
5- nret hyl - 2-
yl)-2- (aceto
cephem 4- car
~acetoxy. 108.
[err]-[(2)-2-
3-acet oxypro
[err]-[(2) -
3-acetoxypro
claim 107 wh
- Acet oxynet hy
acet am do]
113.
[err]-[(29)-2-

xy|n1no)acetan1do] 3-[(2)- prop 1l-en-1-yl]-

ar boxyl ate. .106.

Ty Ko ey euit Lert] eL(?y tllﬂllﬂllllllﬂmllt ﬂl N
boxyl ate. 107. - The conpouht-C3f cIa|n196 wherki ' [err]*is

The conpound of claim 107 wherein R is hydrogen 1009.

ani not hi azol - 4-yl ) - 2- (acet oxyi ni no) aceta [(2)-
&I%?en 1-yl]-3-cephem 4-carboxylic acid. 11 Hbgﬁ;l 2

- DA rdicnt kerot 4-4y g tiay ) Il Bxyend Ropminoshlasplaar(E)-

I S acet ox

ey (éar‘?jﬂ R/ EEENSTade €l PAOTLO% 48 dprdb L -enlizygpubOUNG of

|3-[<e€ml}em-[ Harhexy ehoth. azol - 4-yl) - 2- acet oxyi mi no)

-3-[(2)-3-acetoxyprop-1-en-1-yl]-3-cephem4- carboxylate. 5

Acet oxymet hyl :
RQ§an1noth|azol 4-yl)- 2 (acetox i M no) 5 -methyl-2-
oxo-1,3-dioxolen-4-ylmethyl 7@3- f(Z) 2-(2-aminothiazol-4-

yl)=- 2-(acetoxyimino)acetamldo] S-IXE)-prop-l-en- -yl] -3-

cephem—4-carboxylate._

107. The cbmpound of claim 90 wherein R3 is acetoxy.
108. - The compoﬁnd of qlaim 107 wherein R4 is hydrdgen.
108. . o - - B-[(2)-2-

(2-aminothiazol-4-yl)-2-(acetoxyimino)acetamido]-3- [(2)-
3-acétoxyprop-1-en-l-yl]-3-cephem-4-carboxxlic acid.

10, 78-[(2)-2-

_ (2-aminothiazol-4-y1) 2—(acetoxy1mino)acetamidd] -3~ [(E)-

3—acetoxyprop-l-en-l—y1]—3-cephem-4-carboxy11c acid.

111, The compound of claim 107 wherein R4”is
acetoxymethyl. ' '

I



acetanido]-3-[(E)-3-acetoxyprop-l-en-l-yl]-3-cephen}4- carboxylate. 1
The conpound of claim 107 wherein [err] is 10 1-ac . 115.

e [1e??]et FPZ/)et gyl( 2- ani not hi azol - 4-yl ) - 2- - (aceygxyi m no) acet\mgc“ml““\}“‘\!\““\

"3-[(2)-3-acet oxyprop-1-en-1-yl]-3-cephem 4-car boxyl ate

V- acetoxyethyl 15 [err]- [(2)-2-(2-am nothiazol -4-yl)-2- (acetoxyinino)'
acetam do] -3-118F) - 3-acet oxyprop-1-en-1- yI] 3- cephen}4 Acakbaypeahyl 117.

Pivel oyl ony- nEBrl20strf 2 RsRo0n Sea i) 2oRes Sk

acet am do] - 3- f¢&yafidopeBx Zdpaiaeetmxypros-depheﬁkqi]

1119. Pi val oyl oxy-
[(2)-2-(2- an1no?ﬁ?a§g}a e3'/I) 2- (acet oxyi m no) acetam do]

118.
?g%geetoxy|n1no
edrbephkeat-d-
met hyl [err]-

-3-[(E) - 3-acet oxyprop-1-en-1-yl]-3-cephem 4- carboxylate. 5 '.120.

~ conpounds of clﬁig1107”mherein [err] .i1s 5-nethyl-

Acetoxymethyl

78~ [(Z) 2-(2-aminothiazol-4-yl)-2-(acetoxyimino)
acetamido]ea-[(E) -3-acetoxyprop-l-en-1 -yl] 3-cephem-4-

carboxylate.

114. = The compound of claim 107 wherein R4 is

10 l-acetoxyethyl.

)

The

-/
. 115, 1~ acetoxyethyl_
i .7@-132) 2-(2-aminothiazol- 4-y1) 2- (acetoxyimino)acetamida-
\_
3-[(2) -3- acetoxyprop 1—en— —yl]-3-cephem-4-carboxylate.
116. 1- acetoxyethyl
15 78~ [KZ) 2~ (2-aminothiazol 4-yl)-2-(acetoxyimino)
acetamldo] -3- [(E) 3-acetoxyprop l-en—l-—yl] 3-cephem-4-
'carboxylate._
117. The compound of claim 107 wherein r? is
_ - pivaloyloxymethyi.' o
/ . '
' 20 118. Pivaloyloxy-

methyl 78- [(Z) 2- (2-aminothiazol 4-y1)-2-(acetoxyimino)
acetamido]-3- [(Z) 3-acetoxyprop-=l-en-1 -yl] —3-cephem-4-

carboxylate.

T e g L -



2-oxo- 1, 3- di oxol en-4-yl methyl . 121. | o
5- met hyl - 2-'oxo- 1, 3-di oxol en-4-yl net hyl [err] -[(2)-2-(2-am nothiazol-4-yl) -

10 ©~ 2-(acetoxyi m no)acetam do] - 3- [(Z) acet oxy H Y
- 3-cephem 4-car boxyl ate. 122. - Fﬂﬂm mrlmm"”m .
5- et hyl - 2- oxo- 1, 3-di oxol en-4-yl net hyl [err v
[(Z2)-2-(2-am nothr azol -4-yl) -
2- (acet oxyi nmld&.acet ani do] - 3 [(E) 3- acet oxyprop 1- en- 1%4?313101}'-
3-cephem 4- cgy, ett‘?ﬁr)fll a%e % i L0 i ] is u
| sopropyl . 124. T E( a| m 123 ebfe?nxifaa &E“l”ﬂﬁ ﬁég en.
125. The @emwoﬁ -Pz-&qraf@rqua-rlﬂen-rls- d'r%'g%ﬁ’hem‘143 126.
[err]-[(2)- Zc(a}boadylruﬁdll azoI 4-yl)-2-(isopropyl oxyi m no)acet am do] - 3-
[(Z)- prop-1-en-1-yl]-3-cephem 4-carboxyl i c acid. 127. The conpound of
cl.aim 124 wherein [err] 1is 1-acetoxy- 5 ethyl. 128
1- acet &xyet hyll2dL.er r [THe( LjonpourdardMatlaiar dO7A-whe rein |E%p:t@p$4-myhmno)
acet ami do] 3- i_@o_qr%odjio%ljerylj_ﬁm%e&[ﬁm4 car boxyl ate. 4
121, - | - S5-me thyl-2-0Xx0-
1 3-dioxolen-4—y1methy1 7@-[(2) 2-(2-aminothiazol~4-~yl)-
10  2- (acetoxyimino)acetamido]-3- [(Z) -3-acetoxyprop-l-en-1 -yl]
-3-cephem-4-carboxylate. : : AU
122. ' ' o o 5-methyl -2-0%0- .
1,3- dioxolen-4-ylmethy1 7p- [(Z) 2-(2-aminothiazol-4-yl)- R
2~ (acetoxyimino)aceta.mido]-a- [(E) ~-3-acetoxyprop-l-en-1 -y]J-
15 3-cephem-4-carboxylate.
123, The compound of claim 2 wherein r2 is isopropyl.
124; The'compound of claim 123 wherein R3 is hydrogen.
12s. The __cornpound of claim 124 wherein R4_ is hydrogen.

v



129. The_bonpound of claim 124 mhefein R is 10 p{valoyloxyne

130.. " Pival oyl ox?ﬁ"m

[err] [ (Z) - 2- (2-am not hi azol - 4-yl)-2-(isopropyl oxy- i MM"’W”‘ CHL
'[(Z) prop-1-en-1-yl]-3-cephem 4- carboxyliae®. 15 131. The"c

cIa|n12 wherein [err] is allyl. 132. The conpound of cIa|n1131 mhereln

‘[err] is hydrogen. 133. The conpound of c¢laim 132 mherel [err]
8- [

hydr ogen.

126. 134. 4kw21C2-

- prog- 1-en- 1-yl |

Z)-2-(2- v | { -
18H T g oy s i T [

wher ei n [ err] PFePria€Brégylis3-cephamnA-carkpxylic ac
1-acetoxy- ethyl [err]-[(Z)-2-(2-am nothiazol-4-yl)-2-(allyloxyimn no)

acet’'am doj - 3-
The conpound
5 _

- 10
U

15
U,

B%ZSI D Re: e\%ﬁé}%ﬁ% "[\f(,fer:i]l%lq 14%4: s ig}(fﬁ%tntﬁ, L acetdy-

ethyl.
128. ' ' l-acetoxyethyl
8- [(Z) 2-(2-aminothiazol 4-y1) 2-(isopropyloxyimino)

acetamido] -3- [(Z)-prop—l -en- -yl]-3-cephem-4-carboxylate .

129. The gompound of claim 124 wherein rR? is
pivaloyloxymethyl.

130. e .:. Pivaloyloxy-

“methyl WS [(Z) 2-(2-aminothiazol 4-yl)-2- (isopropyloxy-

1mino)acetamido] 3-[}2)-prop l-en-1 -yl] 3-cephem-4-
carboxylate.

131.  The compound of claim 2 wherein R® is allyl.
132,  The compound of claim 131 wherein RS is

hydrogen.

133. The compound of claim 132 wherein Ré is hydrogen. |

R
:



138,

Pi val oyl oxy- net hyl

[err]-[(2)-2- (2 anlnothlazol 4- yI) 2-(al |yl oxyi mn ﬂ ' i
acetam do] -3-[(Z2) - prop-1-en-1-yl.]-3-cephem 4-car bot Il”lﬂl"ulu&ll””“ll% ¢
The conpound of claim2 wherein R is etjyt 140.. *The conpburid &f claim
139 wherein [err] is hydrogen. 4 141. The conpound of claim140 wherein R ¥

I s hydrogen.

(2- am not hi azol -

13342 - éiifuéjfai(Z) 2-
4-yl)-2- (ethoxi n1no)acetan1do] 3- (%% éro - -1-yl] '
--3- cephem 4- caﬁHé??F -2-(pid }T1F2 Wb

1- 5

1- acet oxy-

aceppspelinen-1144. 3-cephem-4-carboxylic acid.
_ ethyl Jerr]-[(2)-2-(2-am not hi azol -4-yl)-2- (ethoxy|n1no)
acetam do] -3-[(Z)-prop-1l-en-1-yl]-3-cephem 4-car boxy

4 10 145.

The conpound oft38l.ai Mhe4 @ onpenridn oF akaﬂm\mQZAMhaqe&nrﬂé 1§1&>acetoxy-
Plvaloygoxy ”EEH&E,[EVV] [ (2)-2-(2-am not hi azol -4-yl) - 2- (et hoxyi m no)

10

15 .-

136. . BRI : ' _ l-acetoxy—
ethyl 78~ [(Z) 2-(2—aminothiazol 4-yl)~-2-(allyloxyimino)
acetamido]-3—[(Z)-prop-l-en-l-yl]-3-cephem-4-carboxy-
1ate. _

4 : - \‘)

137. The'coﬁpcund of claim 132 wherein R 1is
pivaloyloxymethyl. _
138, . a Pivaloyloxy— . /

methyl 7ﬁ—[§z) 2-(2-aminothiazol 4-yl)-~-2-(allyloxyimino)
acetamido]-S—[(Z)-prop 1-en—l-y11-3-cephem-4-carboxy1ate.'

139. The compound of claim 2 wherein R> is ethyl.

140. The compound of claim 139 wherein RS is hydrogen.

141.  The compound of claim 140 wherein R* is hydrogen.

u



acetam do] -3-[(Z)-prop-1l-en-1-yl] -3-cephem4-carboxy- 15 " late. 2 147,

The conpound of claim2 wherein R is cycl opropyl net hyI”""ﬂﬂ"""’Mm '
. conmpound of claim 147 wherein [err] is hydrogen. 4 149//% ! Luu"of
~claim148 wherein R is hydrogen. 150./ ¢S Lo s e
flerr]- [(Z) -2- (2-am nothi.azol-4-yl)-2-(cycl opropyl met hoxyi m no)

“ acetami do]-3- (Z)-prop-l-en-1-yl]-3-cephem4-carboxy- lic a ii 5
151. The conpd#®d of claim 148 wherein R4’ is 1- acet oxye?lé'y (Z)s2r

1-acetoxy- et hyl( J mfihdtid)azé1 (231 Naierd xyinine Padeyan oy [(z)-
mathoxyi m no) acet am do] - 3- [ 9%;-_?-0@. - en;ftl;%lxl - 3-¥#0 o
‘cephem 4- car boxPFPs 1 -5 1-Y Iy '(%’P%lﬁﬂ'h‘ SRR NGRS ein [err] is
pi val oyl oxynet hyl . 154. | ' ' ' - Pi val oyl oxy-
B 143. ' The compound of claim 140 wherein rRY is 1- '
5 acetoxyethyl. '

144, : ' l-acetoxy-
ethyl 78- [(2)-2-(2-aminothiazol-4-yl)-2-(ethoxyimino)
aéetamidq]-3-[(2)-prop—l-en-;—y;]-3-cephem-4-carboxy-

late.
Y, A
: - 10 145, The compound of claim 140 wherein R~ is
pivaloyloxymethyl.
et " 146, - - Pivaloyloxy-

methyl WQ-[(Z)—Z-(2-aminothiazol-4-yl)-2-(efh0xyimino)
acetamido]—3-[(Z)—prop—l-en-l-yl]-3—cephem-4-cgrboxy—
15 late.

- | | 2
147, The compound of claim 2 wherein R™ is
cyclopropylmeth&l.“

' .3
148, The compound of claim 147 wherein R~ is
o _ _hydrogen.

149, The compound of claim 148 wherein R4 is hydrogen.



met hyl [err]-[(Z)-2-(2-aninothia20|-4-y|)-2~(cyc|o- 1R

: . propyl net hoxyi m no) acet am do] - 3-[ (Z)-prop-1-en-1-yl]-3-

cephem 4- carboxyl ate. 155. The conpound of claim 2 \Aﬂlﬂﬂ” umuuugjuul o
propargyl. 156.. The conpound of claim 155 wherein | m 20
157. The conpound of cl ai m 157 wherein- [ﬁwuﬂ S hydrogen 15 '
[err]-[(2Z) -2- (2-am nothiazol-4-yl)-2-(propargyl oxyi m-no)acetam do] -

:_ 3-[(2)-prop-1-en-1-yl]-3-cephem 4-carboxylic acid. .159. The conpound of

claim 156 whereidd®4 is 1- 5 acet oxyet hyl . 160 7#'[( )'2'
1-acetoxy- ethyl( iﬂidinoéﬁiaZOQ2&a?hD°QhKé oﬁr%

161 The compAfet SRLAPI - L8 rREPEA- fﬁfﬁrwﬁ-&-ﬁc%% °Xy' 7BTho S SRR 162

é_ Pi val oyl oxy- nethit detd]- [(Z) 2- (2-am not hi azol -4-yl) - propargyloxy-
I m no)acetam do]-3-[(Z)-prop-1-en-1-yl]-3-cephem 4-

5 151. The compound of claim 148 wherein R4 is 1-

acetoxyethyl.
_152. I | ' © . l-acetoxy-

ethyl 7#-[(2) -2~ (2-aminotniazol-4-y1) 2-(cyclopropyl-
_ methoxyimino)aoetgmido]—3 [(Z)-prop-l-en~-1l-yl]-3-
- 10 cephem-h-carboxylate.

- 153. The compound of claim 148 wherein R4 is
_pivaloyloxymethyl. '

154. . ' a ' : Pivaloyloxy-'
methyl ﬂ&{(Z) 2-(2-aminothiazol-4-y1) 2-(cyelo-

15 _propylmethoxyimino)acetamido] -3- [(Z)-prop -l-en-1-yl]-3-
cephem-a-carboxylate.

155. The compound of claim 2 wherein R2 ié propargyl.

156. The compound of claim 155 wherein R3 is
hydrogen. :

20 _.'157. The compound of claim 157 wherein R% is -
hydrogen. '



15 car boxyl at e. 163. A phar maceuti cal ant'baCLELL-—~EQHEE§¥;%3&kPh

conpf|5|ng an effective anobunt of a conmpound of claim2 in associa

‘a pharmaceutically acceptable substantially nontoxic c Uuﬂmm

164 Medi cati on conprising an antibacterially effecti m Hm of
la conpound clainmed inclaim?2, for use ip thod for the Grdat #ent

bacterial infection in a nannal caused by a organlsnlsen5|t|ve toa
substance clained in claim2, by admnistration of the medication to the

|Q;$cted nanwalkﬁSzirepetltlve dosage regimen for a treatngnt(ffriod of
t d t fect
surticien Urfi(f”h&fhggﬁiéggfté P) f-?Qréézkgyloxyimino)acetamido]-

3-[(Z)-prop~- l-en- l-y1]- 3-cephem-4-carboxylic acid.

159. The compound of claim 156 wherein R4 is 1-
5 acetoxyethyl. :

160. : o 'l-acetoxy- _
ethyl 7f3- [(Z) -2- (2-aminothiazol 4-y1)-2-(propargyloxy-
imino)acetamido]-3- [(Z)-prop -l-en-1 -yl] 3-cephem~4-

- carboxylate.
\J . | o
10 161. The compound of claim 156 wherein R% is y
o ‘pivaloyloxymethyl.
Y .
162. : - ' 3 Pivaloyloxy-'

‘methyl 78- [(z2)-2- (2-aminothiazol-4-y1)-Z-propatgyloxy-
imino)acetamido]-3-[(Z)-prop-l-en-1 -yl]l-3-cephem-4-
15 carboxylate.

Cn g e
P ‘



A

JHE
163. A pharmaceutical antibacterial composition
comprising an effective amount-of a compound of claim

"2 in association_withﬁa phanmaceutically acceptable

substantially nontoxic carrier or excipient.

164, Medication comprising an antibacterially
effective non—toxic dose of a compound claimed in
claim 2, for use in a method for the treatmént of a_.f’
bacterial infection in a mammal caused by an organism

'sensitive to a substance claiified in claim 2, by
_administration'of the medication to the infected

mammai on a.repetitive dosage regimen for a treatment
period of sufficient duration to mitigate said infection.

U

I



