-1~ 21525 04 CEPHALOSPORI N ANTI BI OTI CS This invention is concerned
with inprovements in or relating to cephal osporin antibiotics. Mre
particularly the invention is concerned with esters 5 of (6R

7R) - 3- car banoyl oxynet hyl - 7-[(Z) - 2- (fur-_ 1 - CZ -‘JZ M

2-yl) 42+ met hoxyi m noacet ani do] ceph- 3- en}4 carboxyllc aci @ J syn

I sonmer.), which has the approved nane 'cefuroxing'. Cefuroxine, as disclosed

in GB 1453049, is 10 a val uable broad spectrum antibiotic characterised by
high activity against a wide Eﬁﬁgﬁégﬁ—%ﬁﬂﬂﬁgggJﬁﬁxﬁgﬁid gram negati ve
m croor gani sns, thi sThigpénvgnbéongienbamcerndyd wikh vimprdveglenttsabi | ity of
the conpound t qn @kr S f LD positive

nl B! kehﬁ%&ﬂﬁﬂéﬁ cQ{:QQPSE&%ﬁ’n f%rf@é{rlgfoe csk> MoF'E

and gram negative i croorga I n the manmal i an
body and is wi B3EF1G8eari¥ Sheahdvenbiee is ePReReRgd stidh iastereef ur oxi ne
and its sal 6s afe (BRi, noRmaBLyaaBamaynoxmethe'Iaptze)-anno'ﬂcurot|cs si nce they

are 20 P01y 3093508 duli OLLIG, BILLOSRIBERLOR I LRG. A sLher ef o e

present in sera ions” a ter
adn1n|strat|onaCEﬂtdﬁsevet99ugzﬂsl$@m%¢1kmﬂht@hnhaﬁﬁthﬁhﬁpﬁnﬂﬂgdlng vari ous
derivatives of naaburesirgeoRYmbihe oral route 25 have accordingly been
conducted in the kno e that the_,devel o tlves whi ch are
absorbed fromthe gagggagPﬁﬁﬁgfuﬂ§|d%?%§?séﬁﬁﬁﬁué§<ﬁﬁﬁﬁﬁ- 4%d % the body
into the pdfena aaﬂubb¢9|brbadlsnﬁ@gr@ma#ntmhnatxnrqhanncuaﬂﬂsedxtend stil
further the 30y ga gh' actigie ?ééfné‘éeaoéﬁ@fé’éﬁaﬁé@f g{ﬁarﬂa’i:d&ri‘%% ef romthe

literature pert err actam anti piotics that the absorption from
t he gastro- |nté§glﬁﬁPmrpaﬁPtFBPlBh?ﬁ@°€ﬁ%ﬂl%mﬁnrﬁ@&%ePrQHQﬁ¥Ybf certain
penicillin andbedphakahpaced bptthe otery high stability of the

compound to B-lactamases produced by a range of

\fl 15 gram—-positive and gram-negative microorganisms.
| It is well tolerated in the mammalian body and
is widely used as an antibiotic in clinical practice.
Cefuroxime and its salts are principally
of value as injectable antibiotics since they are
20 poorly absorbed from the gastro-intestinal tract
' and are therefore present in sera and urine in
only low concentrations after oral administration.
Extensive studies into the resdlt of administering
various derivatives of cefuroxime by the oral route
25 have_accordingiy been conducted in the knowledge
that the development of derivatives which are absorbed
from the gastro—intestinal tract and are converted
in the body into the parent antibiotic following
oral administration will extend still further the
30 valuable therapeutic use of cefuroxime.
It is known from the literature pertaining
to f-lactam antibiotics that the absorption from
the gastro-intestinal tract following oral administra-

tion of certain penicillin and cephalosporin antibiotics
35 may be improved (compared with the parent antibiotic)
by converting the free 3-carboxy group in the case




35 may be inproved (conpared with the parent antibiotic) by converting the
free 3-carboxy group in the case -2- of penicillin conmpounds, or the
free 4-carboxy group in the case af cephal osporin conpounds, into ’
particul ar esterifiéed carboxy groups. The presence of an appropriate
esterifyi ng group can thus enhance 5 absorption of the parent antibiotic
fromthe gastro- |nOéspema¢1llzanOMQaunﬁsﬂluz dhecifreer 4seabboxyittl e or no

anti bacteri al aCtIVb}nt#blﬁstﬁ darge t orqgsgﬁﬁébﬂﬂdht iﬁtgapldly

converted into the acter par ent hus ster group 1
shoul d be suff|C|enPF?tS%%E%ﬁt?§ﬂ%¥%§}ﬁQ1 XY 9FQUBSysi Th afPéﬁseﬂce
absorption, but on pheaptigproprihtid dsteardd@any Yrichpt chhethakeanbipeed be

sufficiently staple ﬁgbf§f§§#ﬁg¥afﬂé éﬁedegﬁwgygfy% %Lkggﬂttﬂgdgéggﬁggester

si gni fi cant degrad I on e allne ract SOr pt
is al.so dependent up@he%hl%éke%ﬁéﬂﬂfeQﬂﬁﬁﬁﬁuﬁheo#SGﬁraESEOES hag Liptle

solubilities. The pé?%éeari‘@iw&&flélh%&%tv%yf thqsgrmuartanthsﬁséore

critical if this deljcate ce 0 roperti ch

Various esters of c%#ﬁ?%x??ﬁa rkh? ééﬁ’dg 4§;§ 5?“38F§ﬁ8 éPF? EQ%fuI f or
oral admi nistrati onantbbactkemnidle pER 72244 .deShuishébeaepkexygeohpl esters,
GB- 1571683 descyp beﬁh@m@rb@%mé&wl&%ﬂc&p@%@t358§§§§aé§éCr' bes

al koxycar bonyl oxyal esters of cefuroxine Because of the delicate
bal ance of propert|@¥§¥?kﬂﬁ¥§xﬁﬁ?ﬁrsﬁRﬁ?Rﬁﬁ%Qﬂy e oBatbe psherehrrdters
having a particul ariy esnécddsaorgianithe) eaitedr chouldebef suffiaiently

adm ni stration has QEEBié“%%ireach the site of absorption without
undergoing significant degradation in the al1mentary
15 tract. Absorption of the ester is also dependent
Kz’ upon an acceptable combination of aqueous and |
lipid solubilities. The precise nature of the
esterifying group is therefore critical if this delicate
balance of properties is to be achieved.
20 Various éstérs of cefuroxime have been described
as potentially useful for oral administration.
For example GB 1572993 describes acyloxymethyl
esters, GB 1571683 describes other acyloxyalkyl
esters and GB 1598568 describes alkoxycarbonyloxyalkyl
25 esters of'éefuroxime. Because of the delicate
balance of properties required for such esters
the search for new esters having a particularly
desirable comblnatlon of properties for oral administration
" ‘has contlnued
30 Two esters of cefuroxime amongst the many
which have been subjected to preliminary testing
and evaluation are the pivaloyioxymethyl and piva-
loyloxyethyl esters. As referred to in, for example,
GB 1571683, the pivaloyloxymethyl ester of ampicillin

35 is known to improve the oral absorption of ampicillin
but it was found that the pivaloyloxymethyl ester
of cefuroxime exhibits little effect upon oral




30 ‘ Two esters of cefuroxine anorigst the many whi ch have been
subjected to'prelimnary testing and evaluation are the pival oyl oxynethyl
and piva- |oyloxyethyl esters. As referred to in, for exanple, GB 1571683,

t he pival oyl oxynmet hyl ester of anpiciIIJ:} 35 is known to inprove the oral
absog#flon of anpicillin but it was found that the pival oyl oxynmet hyl ester
of ce¥uroxi ne edhibiés:étiéﬁfaEmﬁéH§1VHIBYIBH¥methy1 %ste@d”hmtﬁbﬁéﬁlon The

pi val oyl oxymet e ou orbed in soge, ani speci es,
exhi bi t ed insu?¥#%|%% rpti m? 3“ “ﬁ@?éﬂ%ﬁﬁﬁ%?'u?égaﬁéﬁe dministered to
humans. In conS@&%éﬁt@lemb §b$@ﬂnsdqnqﬁ°ﬂ5hhﬁﬂ@HeUGaMUUpevaheyloxyethyl)
esters of cefusamiAesbareshid h?\irﬁé}x@eertrpfcédstetdu%n'dét %b%sbivIEISyﬁ?6£§3nt

i nvention h s be a bett under st andi n properties
of the piva oy?%ggﬁgaﬂ??ééﬁhv%ﬁQéh?ﬁM?ﬁay IhASCEES P %TGOX&QFUFOXIHE It
has thus now bbBaveebither shcbedmatf thissal ecsiintrexrelsdye the very - desirable '
property of good st | S éﬁ%ﬁﬁ ﬁﬁ$§ | umen and
t hus when admnlste?’p%é é%ﬁ%ébgféﬁéapa o reaéﬂf%ggtﬁgigﬁ&&ﬂg

absor ption wi tRoRetteEcrRderdtaniing pf fﬁhﬁmﬂ?qmsgﬁdeétpéntheCn t he ot her
hand t hese estp[eanayroiymémhymﬂahd(p&ﬁxluymﬁkyaﬂuﬁm leist¥randrare

good st abi F1ycEbTEePEas oot et b4 WL B SR eaki tprtn SP€Paue o 1 ne
bl ocki ng 20 ef tkeseo¢stemws thave the ateny dqﬁzata}vlpr ®roperity ofese esters and
attenpts have bssa QﬁgﬁlifkjrﬂH‘B@%éﬁH&@Eﬂiﬁﬂﬂéﬂﬂ|1ht¥hea@HtEQH§néfsorpt|0”
by |ntr0dUC|nglggégra£g ttﬁé”b é§3g fAfgtéP% %%5 h are capagle
of reachlng the site of :absorption without under901ng
15 significant degradation. On the other hand these
LJ esters have relatively low aquéous'sblubility and
are insufficiently absorbed for use in human medicine.
It is thought that the good stability to esterases
present in the intestinal lumen is due to the blocking
20 effect of the bulky pivaloyl moiety present in
A% these esters and attempts have been made to improve
agqueous solubility, and thus absorption, by introducing
pdlar functionality whilst maintaining the bulk
df'the ester group, e.g. by replacing one of the ' )
25 hydrogen atoms of the pivaloyl moiety by a hydroxy
6r_methoxy group. Compounds of this type which
have been prepared and tested in vivo have however
given uniformly poor results. ' ' '
U : It has now surprisingly been discovered that
30 compounds in which one of the methyl groups of =
the pivaloyl moiety is replaced by a C;_4 alkoxy
group combine good stability to esterases present
in the lumen with good aqueous solubility and absorption
from the gastro-intestinal tract. Thus, despite

35 the discouraging results previously obtained for
the pivaloyloxymethyl and pivaloyloxyethyl esters
of cefuroxime, it has been established in accordance
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of the ester group, e.g. by replacing one of the 25 hydrogen atons of the
pi val oyl noiety by a hydroxy or methoxy group. Conpounds of this type which
have been prepared and tested in vivo have however given unifornly poor
results. It has now surprisingly been di scovéred that 30 conmpounds in

whi ch; one of the net s_of t,he I val oyl noiety is replaced by a
[err] ™l koxy group® &gﬁbFﬂ %£ ?ﬁzﬂﬂq fran, thate radated r8§gﬁfsin the | umen
wi t h good aqueous bevgbal¢¢wbznatrdnunﬁﬁpnnpe&mamsthb1gasﬁ50|ntestinal

tract. Thus, despi fetetrigecte]l I I ' obt ai ned for
t he pival oyl oxyrrgt E??i?\%ggv%%yl oxlgq/agti?arl og?ietra?mg?\q ?g?ggnme, It has
a

been established i QFQMQﬁ¥QH%éﬁ&F§séﬁPtlﬁ#@ﬁflﬁﬂlﬂhe@ rel at ed
esters have a chbnbestérsnimfwipialpesdd ex \bithh oifs tﬂ%peemahhingeﬁéf 1e for
or al adninistratio A n e t her ated 5
esters in which on ﬁﬁhgﬁ éﬁg é&a%%% |ﬁ§ﬁ' F%QIQe gg%ga ﬂ%gﬁ PR oyl
noi ety are repIace@fbgzhyd#kkx%1Qﬂoqaﬂwﬂlmﬂhafﬂtheupsasdﬁﬁiaabyehave a
desirabl e conblnat¢§mb£ﬁafuéﬁx5ﬁ|p¥bﬂgyfﬁygakoadGkausgaﬁghggtrggggﬁd|ng to

th t th h 0 ed f I ) HH
uner e R Dot ] o ord S5 R SRIRRIRG’ sRege pEFcFpls Lach

represents a hy®ir ogeevide qpmnpqnﬂaqoﬁmﬂpymugaodp)and R3 represents a [err]
al kyl 15 group, with the proviso that, when both -R and R2 represent
hydrogen atons, R3 represents other

/ \ H H
H P
— C-—CONH L
0 _ .
OCONH
2 2 (I)
_ _ - : COOCH 0Co. C 0R3
_' . _ R_ . R2 .

. _ wherein R, R, and Ry, which may be the same or

A different, each represents a hydrogen atom or a
C1_4 a;kyi group and Ry represents a Cl_4 alkyl

15 group, with the proviso that, when.bot_h-R1 and .
R, represent hydrogen_atoms, Ry represents other -

~ than a methyl group. 1Individual diasterecisomers-

of the ester group and mixtures thereof are embraced
by the invention.

20 As explalned above, the compounds according .
to the invention possess a desirable combination
of properties for oral administration and are thus
valuable as providing orally administrable forms
of the antibiotic cefuroxime. In particular

25 the esters (I) possess adequate stability including
stability to esterases present ih_the intestinal
lumen so that upon oral administration they can reach
the intestinal mucosa without substantial degradatioh

occurring, have a good combination of aqueous and




than a fret hyl group. |ndividual diastereoisoners- of the ester group and
m xtures thereof are enbraced by the invention. 20 As expl ai ned
above, the conpounds according to,the invention possess a desirable
conbi nation of properties for oral administ¥ation and are thus val uabl e as
proviqﬂfg oral l'y_ adninistr orns of the antibiotic cefuroxime. In

particdlar 25 th&lgépeﬁgaes}lb5é§§s§°aH%ﬁEaE@F%t%ﬁﬁIWQ%A|§hﬁQHﬁeﬁg stability
to esterases preseom thet gastnoeshtastihalretrset tdwd dfxEr @bBorption '

adm ni stration tggg ﬁ9355igggdt9§dég£§§é €.%ﬂg%$§a-fntggag £ u %tantlal

degradati on occurrlng ueous “an
i pid solubiliti@8ds 1pﬁﬁt1?ﬁ€yn§ré°mé¢¥m%b§Qﬂtﬂﬁi#hQﬂﬂ&Mﬂ?ble
gastro- InteStEnaerEGCbpaadrﬁﬁtSﬁtﬁbﬁ@tﬂ&IéﬁEﬁ&dkfﬁ@UO|yzed by esterases

present in body tissue | e to fornmtion of the valuable 5
br oad spectrun1antibio?h§ gggagg gPng c%ﬁﬁﬁﬁﬁhﬁp(ﬂ % RE 98¢t i on may be
used for treatinfon baepbinpgod ﬂaseesbsoéaﬁsigasgs[nﬁdagﬁyhx:ganMQgenaC|n

human bei ngs andbaewahs 1ﬁuabmaﬁ 6@§ﬁ’é§aéﬁd>’ar§fri’§fs, dH'af@@és gﬁagg

i nfections. 10 ferred ounds P formula (1) as defi

are those in mhlﬁﬁaﬁtréﬁ Eéh?gr% Egﬂ?ﬁgb% SR LI a nethyl group, [err]
and R each réapresents areréehy_édgcmnpommmsRSfr&]mmsmns[)a{seﬂe]fmleuyl group,
particularly a MehByl gr@UPhode in which% ‘?‘% 2d o ref N ehOmRgpnds of

the invention by virtue esp eC|a I es 1 nclude: -
(R and S)1-(2- rrepﬁoiymzthﬁhgrwbpu%pymdy%etmh represents a methyl

group and R3 represents a Cl__4 alkyl group, particularly
a methyl group.

15 Particularly preferred compounds of the invention

&,5 by virtue of their especially favourable properties
include:-

(R and S)1—(2-methoxy-2-meth§1pr6pionyloxy)ethyl

_ (6R,7R) ~3-carbamoyloxymethyl-7-[(2) -2~ (fur-2-yl) -

At 20 2-methoxyiminoacetamido]ceph—3-em—4écarboxylate
(Compound A) and diastereoisomeric mixtures thereof and

(2-methoxy-2-methylpropionyloxy)methyl (6R, 7R)-
3~carbamoyloxymethyl=-7-[ (2) -2~ (fur-2-yl)-2-methoxyimino-

acetamido]ceph~3-em-4-carboxylate (Compound B).

25 The compounds of formula (I)wherein R, and
Lo R, are hydrogen atoms and Ry represents a ‘methyl
group have too high toxicity to be potentially
useful for oral administration and are therefore
not included withiﬁ the scope of the invention.
30 Compound A has been subjected to very extensive
evaluation. It has been found to possess to a

strong degree the desirable combination of properties
for oral administration which are characteristic
of the compounds according to the invention, namely




(6R 7R) - 3-car banmoyl oxynmet hyl -7-[(2)-2-(fur-2-yl)- 20

2- met hoxyi m noacet am do] ceph- 3-em 4- car boxyl ate (Conpound A) and -
di ast.ereoi soneric m xtures thereof, and

(2- nethoxy 2- met hyl propi onyl oxy) met hyl (6R 7F§

3-car y|0XynEthy4aéE%5%§? %Yg%q& %Yyhh0288?§80§%66ngghbllﬁﬁ? onpounds of

acet-ani.do].ceph- 3-em 4- car late
f or-mul a( 1.) wher ei n [é?‘?‘]erérﬁfsl?%teéeﬁ%FBgéHeafBﬁﬁs‘éhﬂahShF’Eﬁﬂesaerﬁ%Oda net hyl
group have too hi gh domb imatyiono olfe anokenti ah8ylised ubolubi Ditvdes so

.adm ni st+ati on _?‘r_fd %%Oé r‘i‘?:r eif 051‘31'1028's89b8969r%tg$€ éé‘?tzs&-o OJtHlﬁ '

|nvent|on -30. sSub

eval uation. 9.t. has B’é’eﬁ&‘tf (i!"ﬁ"d SuGcepSdbid ity ‘é°sh¥6ﬁ©1ﬂ%%ﬁ e%fﬁfe aﬁsgrmoa
conbi nation of proped ireydrds Q'h%| déd@‘b@l SEr absaﬁpm@fbar@o mrteristic

of the compounds ac n vent nanel uate -
stability includi ngchg gz@egtrg% ot o] egkgags‘égrﬁf%%eﬂ‘ftl?f‘ﬁﬂﬂ“ Tht est i nal
| unen, a good conbi neliwnteesfs aqguoas anerkgpi drabdl absorpt bon sof tdrdatier is

wel | - absor bed from tye game Qultat %atmeal fér 1n§i@§éu@fdsv§b'f€@&§ | Jird o 10
hydr ol ysi s  after absor pti

ards ree, of -abs I on of .
Conpound A, the: resLheclé’gof“é:héf‘uﬁsgc5??9@d°5u§g8‘ﬂ ﬁ@ \l%ig'nt S show an
aver age or al absoranapreSEugseathﬁghhandSG&hsmsbenalﬂegréenofruhsunbﬁﬂon,

subj ects general Iy :]tgq consigti%c Uﬂ' Qbkpﬁgg%ﬂeb&nér ﬁﬁ’o/zt&rf@% Thi's

represents a high a cons I'st ent ; e consi stency of
absor ption being eu1HqﬁﬁﬁﬁﬁdnﬁcﬁrGééﬁﬂ?aioPSEPln?@@P°%%@ A et A has

good stability to guta12)iEs taNduitt engyheki anadithis HBélieved tmat
conS|stency Of absoﬁﬂ?"%&d&%s %%E&b%%abLgogﬁtlon is attrlbutable at
P ) ' ‘least in part to tHis. Compound A can be readily
'f&*%f prepared by precipitation in a highly pure, amorphous
form suitable for pharmaceutical formulation.
.Also Compound A has an acceptable taste for formulation
20 . in paediatric suspensions. _ .
N o Compound B has also been sﬁbjected to a very
| extensive evaluation and has in general been found
to possess similar advantageous properties to Compound
A, _ i
25 _ - According to a further feature of the invention
we provide a process for the p?Epa:ation of the
cefuroxime esters of formula (I) which comprises either

(A) esterifying a compound of formula (II)

. ONI I
30 CH,OCONH,, (I1)




| east ih part to this.
in a highly pure, anorp
Al so Compound A has an
paedlatrlc suspensi ons.
very 3} ' extg Elve.ev
sim | ar advant Y8558 Br
further. featurbréfigiihg
of the cefuroxigg gghgg

esterifying a conpoun
O and the dot P&d2 SAdt

Compound A can be readily prepared by precipitation
hous form suitable for pharnmaceutical formulation.
accept abl e taste for formul ati on 20 in

. Conpound B  has al so been subjected to a

| yat has er.al be nd t o possess
gpé?tigsmf o(%rhoaq’}f{| & 11'“""Accordl ng to a
theeatboh—wnn®rtnquntﬁqnsxxndadaneaIhhapreparat|on
ﬁ?afléosnyé ié-)emchh&s}fmﬂé@% g&&s 8a) (A

formula TI1) [err wherein >S or >S->

bth8EPRG t eI o-an Al ?ﬁﬁ%tﬁ (sNghcat es t hat

t he conpound i asathepBodiam ot pephs&mmsml@)owﬂ)amror&mlstal&bereof e.g.

an al kali netal argn(g
salt, e.g. an Srdonm
3- N-carbannyl sadtect o4
(1) ferr] (wWeaeeeBeR
| eaving group, e.g. a h
an acyl oxy group, 15 e.

sa annDnlun1saIt) a
dedr af?ﬁ%a$%%¥eﬁﬁ°t%ﬁ¥ LeoiHRddYe of fornula
wi€hlh asfipbend ] ofr eodpurief (1yed above; and X is a
al ogen atom such as Chlorlne brom ne or iodine or
g. a hydrocar byl sul phonyl oxy group such as nesyl oxy

el R AR o, o

or tosyloxy, or a hal oal kanoyl oxy group sReh as a dichl oroacet oxy group);

or (B) acyhatihg a conp
and the dotted line are

{wherein
and X is

ound of ﬁoéﬁubacéléﬁoierr] 20 (wher@iy3)R [err] B
R R2

R, Ry, R, and R, are as defined ‘above;
a leaving group, e.g. a halogen atom such

as chlorine, bromine or iodine or an acyloxy group,
15 e.g. a hydrocarbylsulphonyloxy group such as mesvloxy

or tosyloxy, or .a haloalkanoyloxy group such as a
dichloroacetoxy group): or

N (B) acylatihg a compound of formula (IV)

AN

20 (whereéin

CpO.CH.0.CO.CI0R,
R R2

Ry Rl' Ry s R3, B and the dotted line are

as hereinbefore defined) or a salt thereof, e.g.

an acid addition salt (formed with, for example,

a mineral acid such as hydrochloric, hydrobromic,

sulphuric, nitric or phosphoric acid or an organic
25 acid such as methanesulphonic or toluene-p-sulphonic
a 7-N-silyl derivative thereof, or a 3-N-

acid) or




as herei'nbefore defined) or a salt thereof, e.g. an acid addition salt
(formed with, for exanple, a mneral acid such as hydrochloric,
hydr obrom ¢, sul phuric, nitric or phosphoric acid or an organic 25 acid
such as met hanesul phoni ¢ or tol uene-p-sul phoni& =acid) or a 7-N-silyl
derivati.ve thereof, or_a 3- -8 carpanpyl -protected deri,vative thereof,
with atm acid of forﬁﬁFBaTeqf%Bf?Te?ﬁeébégf%ﬁ%?ﬁﬁﬁ er&°fged tBoPPespondi ng
thereto; 5 or (C) aeddtofigfarmahpo(id of formula (VI) [err] (wherein R
[err] B and the dotted line are as hereinbefore defined) with a suitable
carbanoyl ating 10 agent; or (D) hmating a conpound of forrmula (VII) H
Hlerr] - 9 - (wherein R [erff],\B and the dotted line are as '
her ei nbef ore defined) or a 3-N- G bafT ﬁlpTUF@@ﬁed derivative thereof by
reaction with nethoxyanine of forn®la (ﬁlll) [err] or a salt thﬁg?of; or
(E) nmethylating a conpound of fornula (IX}\BCQ _
_ _ CH,

or with an acylating agent corresponding thereto;
5 or ' o ' ' '

(C) reacting a compound of formula (VI)

e
(VI)
_ '31
. COO.CH.0.CO.C.OR
P o R R, >
bl 2
(wherein R, Rl' Ry, R3, B and the dotted line are
as hereinbefore defined) with a suitable carbamoylating
10 agent; or ' '
(D) oximating a compound of formula (VII)
i\

(VII)

R R




[erf] (wherein R [err] B and the dotted line are 10 as herei nbefore

defimned) or a 3-N-carbanoyl - protected derivative t hereof by reaction with a

nmet hyl ati ng agent, e.g, diazonethane, q;thyl sul phate or a conpound of

formula (X) Y.CH3 15 wherein Y represents a

| eavi ng gr oup, hgl oge r n r iodine or
9 (@hgg'eiln g HMO 2f b 353#1 %gnciplé) dcﬂ:%eéj lci'He Qr2

an acyloxy group, oXy -group “such "as nesyl oxy or
t osyl oxy, or aaﬁapﬁﬁPkahsﬁPéﬁydgﬁb%%dbu%h %53?NTﬁ%ﬂhﬁﬂQ$%ﬂﬂﬁ§%ychéup) or
-10 (F) al kyl aaengvatﬁ:eapauedeof wrm&@t{aﬂ)witﬁfrnledwaauﬁheR Rl, R2, B
and the dotted kl gbgaaivg I nbefore. defined) or a

3- N car banoyl - pro vatlve t hereof by reaction with a suitable
al kyl ati ng agent, e.g. a dlazoalkane a dialkyl (e.g. dinmethyl) sul phate, a
trial kyl orsghoformate or a conpound giyd@iula (Xi1) R3Y (VIII)

(XI'1) 10 wherein [err] is as herelnb%foré3def|ned and Y represents a

| eavi ng group, e.g. a hal ogen atom such as chlorlne brom ne or iodine or
an acyl oxy groep, aesgltathgdeofardyl - sul phonyl oxy group such as nesyl oxy
or tosyloxy, or a hal oal kanoyl oxy group such as a dichl oroacetoxy 15
group); or (G |sonerh itlon of a cquound of formla SXIII) [err] (wherein
R [err], B ané??h@ea ytahing @ gempound of formula (IX

C00.CH.0.CO.CYOR,
R R,

: ~ (wherein R, Ry, Ry, Ry, B and the dotted line are

N 10. as hereinbefore defined) or a 3-N-carbamoyl-protected
derivative thereof'by reaction with a methylating
agent, e.g, diazomethane, dimethyl sulphate or
a compound of formula (X)

Y.CH, (X)

15 wherein Y represents a leaving group, e.g. a halogen

atom such as chlorine, bromine or iodine or an
acyloxy group, e.g. a hydrocarbylsulphonyloxy group
such as mesyloxy or tosyloxy, or a haloalkanoyloxy
group such as a dichloroacetoxy group)7;pr




as hirehnbefore’defined) or a 3-N-carbanoyl -protected derivative thereof:
fol 1 Owi ng which, if necessary and/or desired in each instance, any of the
followi ng steps, in any appropriate 5 sequence, are carried out i)
conversion of a ceph-2-emisoner into the ‘de '6Qg ceph-3-emisoner, ii)
reductign of a conpound wherein Bis >S-O-> to forma conpound wherein B is
>S, 10 1i1)  removedy ofr ety §f Senpiind’ 8¢PEorfilihVixy) as a final step,
recovering a conpound of formula (1) 1n substantially anorphous formfroma
solution thereof. In the above-described processes, the cephal o- 15 sporin
starting materials of mul ae (I11), (Iép, (M), (M1), (IX), (XI) and
(XI11) are preferably/co ounds wherei n:B Es and the dotted |line

represents ceph-3-em&o ﬁbT—p@UHess*f#ﬂ’Ts nveniently effected in
solution 20 in an inertQorgagic solvent{ Sdita OS¢t SOl vent s i ncl ude
am des e.g. an N, N-di substi tutgd am de guch "N R et gﬂ f or npgd yde,

N, N- di net hyl acet - am de or hex ueHHyIprsphor c_triam de;¥ketones such as
acet one; sul phoxi des such as di net yIsquhoxi9%9'§Er9ﬁ991 <¥ such as -
acetonitrile; or liquid sul phur dioxide. The reaction may e carried out at
a tenperature in the range -50 to [err] e.g. [err] to [err], conveniently
bet ween -100C and [err] Wien a cefuroxinme salt, for exanple, the sodium 30
salt, is enployed as starting material and the reaction is effected in, for

exanple, a nitrile gerin B ®,QWR,Gt Beandutheadotbedr Divie Sar@yas i f

desired, be enplOyfﬁkré@“ﬂ&%é?ﬁ‘éé%ﬁh@%)fE?Ea 3-N-carbamoyl-protected

5 . derivative thereof by reaction with a suitable
alkylating agent, e.g. a diazoalkane, a dialkyl
(e.g. dimethyl) sulphate, a trialkyl orthoformate
or a compound of formula (XII) o

b

R3Y - (XII)

L 10 wherein Ry is as hereinbefore defined; and Y represents
a leaving group, e.g. a halogen atom such as chlorine,
bromine or iodine or an acyloky group, €.9. a hydrocarbyl-
sulphonyloxy group such as mesyloxy or tosyloxy,
or a haloalkahoyloxy group such as a dichloroacetoxy

15 group); or

{G) isomerisation of a componnd of formula (XIII)

CH.O
20CONH,  \y111)

~ COOCH. 0C0.C1oR

3
R R,

{wherein R, Rl' Rz, Ry, B and the dotted line are




acid is enployed as starting material, the esterifica- 35 tion is conducted
in.the presence of a base. Suitable +bases for use in the esterification
i nclude e.g. inorganic bases such as sodium carbonate or potassi um
carbonate. It is convenient to add the basgklte the cefuroxinme-containing

reacti §nssystemprior 5 to addition of_ the conpound ;I [1). It is convenient
to enpl oy substaffibergivkefers rfinasintyr o g;§ﬁ9&5 ameYangrohkested g.
about 0.5 nol es géravai oeé digeb@se: SUCh as potassi um car bonate per nol e of
cefuroxi ne. The yse,of.,a 1 mpound (L11)_ in i ch i S _bronine_or iodine
has been found a%&?‘&b@%u@hf‘?\hthbf rtéct?eﬁg%?esaé\i\@cf?ﬁdi)é[eisdﬁgdt i3 ?8?&’&tion of
a ceph-2-em est.einptadce; asykehHtthe fokiowingnsteEps,aliovenyecepprbpdiate

starting nategiag? Qinde, TRFOUL S £idd @y be prepared in conventiona
manner, for exanp g y t he nethods described in GB 1453049. The .starti ng

materials of formula (I11) may be prepared in conventional manner. For
exanpl e, conpoundly of ¢tonveraiénldf almsph+2-bm cmomeantintad0 thehal ogen at om

may be prepared by reagtpopn of C ormula (XIV) RJ[err] 25
(wherein Rl, R2 and RBSE%QP%(E %%?llg(r)liem alr;i(c)gvéeﬁeagn'd [err] relpsggsents a hal ogen

at om such as brofiihe oredncbieomeyt v tepmRPUndiathare isf B dsiSa R @HO in the
presence of a Lewi s acikd gstml ¥StompéindswirdiCitd ard Jg,0r al um ni um

chl ori de. Thi reagtgon naé Sg C nvené&ntlg'be carried out in an organic
sol vent suchids A1AkI oFEREYEH A FRENRASEECE LT SHOMES e Mane

iv) as a final step, recovering a compound of
formula (I) in substantially amorphous form
from a solution thereof.

Y In the above-described processes, the cephalo-
15 sporin starting materials of formulae (II), (IV),
(VI), (VII), (IX), (XI) and (XIII) are preferably
compounds wherein B is )s and the dotted line represents
-éeph-3-em compdunds. - ' '
g Process (A) is conveniently effected in solution
E 20 in an inert organic solvent. Suitable organic
'solvents include amides e.g. an N,N-disubstituted
amide such as N,N-dimethylformamide, N,N-dimethylacet-
amide or hexamethylphosphoric triamide; ketones
such as acetone; sulphoxides such as dimethylsulphoxide;
25 nitriles such as acetonitrile; or liquid sulphur
. dioxide. The reaction may be carried out at a
U temperature in the range -50° to +150°C, e.g. -10°
to +50°C, conveniently between -10°C and +30°C.
'When a cefuroxime salt, for example, the sodium
30 salt, is employed as starting material and the
reaction is effected in, for example, a nitrile
solvent, a crown ether such as 1l5-crown-5 may,

if desired, be employed. Where cefuroxime free
acid is employed as starting material, the esterifica-
35 tion is conducted in the presence of a base. Suitable




and jchl orof orm .and conveniently at a tenperature of from-10 to +100C.

Co ounds of formula (I'11) wherein X represents 35 a hal ogen atom and R
repriesents a nethyl group - 13 - may al so be prepared by reaction of a
conmpound of formula (XV) [err] (wherein [eLrjsand [err] are as hereinbefore
defineﬁ% wi th a hydrogen halide such as hydrogen brom de or hydrogen

chl ori‘de. IThe :eaigafeesnedrldsaem rete estearifiic@tdeh iinclG@epeegence of an
organi ¢ sol ven 0 enat rhon _su

chl orof orm and coh{}%ﬁ %E¥$r@iafes asferrpgar%a{%rdgiq‘& )é%rrg’%% % s ?gF??Slum
Conpounds of fornutarb¢ma§enay1tﬂsﬁ)QRPWﬂnﬂﬁ£¢e¢bed@a¢bgehaékchange for

exanpl e a conmpoundyha8 d&fuybi fhetdritd Bfihgmede it BYsedn| pedoEhe
correspondi ng ¢ ound usi i?l)IOdlde salt such as
I"a (

sodi um i odi de. g £gt3$%+€ﬁ°?mﬁ§n LBV I’ll) are novel conpounds.
20 Acyl ating agenit iwicdnvenidnt diplempddy subpsteasdalBy for the
preparation of conggapg éﬂtféwipﬂék(dé déEUﬂH¥iﬂ¥”d%dh%Eerse aartlcularly

acid chlorides or | at j ng ents nay are
reacting an acid o®bPPpk nQH% nelesoha é"saéﬁ’%q DaSEr s\ﬂcﬂ"haé EQFE@%hS’!‘l ng
agent e.g. phosphogasbpsaté@cheOmale dihicyBuroXime.i deher uekabyl achl ori de.

pcylatl one CTPAY! oGyl NPLLESS TR, o (56 hablihertlie U8 R°

non- aqueous reacti on nd convenien
has been found advantageous in that under these

conditions the formation of a ceph-2-em ester product
is kept to a minimuﬁ.
The above~described starting materials of
o 15 formula (II) may be prepared in conventional manner,
W’ for example by the methods described in GB 1453049.
The starting materials of formula (III) may
be prepared in conventional manner. For example,
compounds of formula (III) wherein X represents -
U 20 a halogen atom may be prepared by reaction of a

compound of formula (XIV)
1 01
‘X CO$0R3 (X1IV)
Ry
25 (wherein Ry, R, and Ry are as defined above and
- Xl represents a halogen atom such as bromine or
o ‘ chlorine) with an aldehyde of formula R CHO in
the presence of a Lewis acid catalyst such as zinc
: chloride or aluminium chloride. The reaction may
g ' 30 conveniently be carried out in an organic solvent .

such as a halogenated hydrocarbon e.g. dichloromethane
and chloroform, and conveniently at a temperature
of from -10 to +1l0°C.
Compounds of formula (III) wherein X represents
35 a halogen atom and R represents a methyl group

Aan - s ant A e et A




30 of from-50 to [err] preferably -20 to [err] Suitable reaction nedia [
I ncl'ude aqueous ketones such as aqueous acetone, aqueous al cohols such as
aqueous et hanol, esters such as ethyl acetate, hal ogenated hydrocarbons
such as nethyl ene chloride, 35 am des- sikch- as di net hyl acetam de, nitriles
such & ~ 14 - as acetonitrile, or mxtures of two or nore such sol vents.
Acylathﬁn MAtha@1&©|@eh&rﬁmarndybMereﬁ¢Ecoadofnatcempm@ménce of an acid

bi ndi ng agentof ddmulad (k&Htiary amne such as triethylam ne or

di ret hyl ani - |line, an inorgani c base such as cal cium carbonate or sodi um

bi carbonate, or an oxirane, preferably a | ower-1, 2-al kyl ene oxi de such as
et hyl ene oxi de or propyl ene oxide) mhaﬁh serves to bind hydrogen 10 halide

| i berated in the acyl ation C free acid of forp (V) may
itself be used as the acyla?ﬁ%gEQBQRt éﬁah acyl ations ar deS|rany

conducted 3 n the presence of a condenBQng agent, for exanple a carbodiimde

such as N, N - rF%@'0&?X$|%ahbogtb”hgeheﬁeﬁﬁBQPBYé gerpredy such as
car bonyl - d||m

zo i& xg ol IUW such
N- et hyli - 5- ph&fhi ;ﬂﬂQQﬁ%- & 5HE a?@ YdRP?eBuPy?de%ethyl|soxazoI|um
per chl or at e. cﬁhmyaruhmmaﬂﬂmn1ﬂeactmha readedonainhy tff@eskred®0 in an

anhydr ous T eqal IR PR Wi 34°heS pRciahadeps! e BYdense bodeL g

nethylene chlorl an am
acet oni t ri0 e)fasr examplieor a(é‘ad"g?étaﬁ'-&ﬁyBYQFQFQﬁPonAétht aen may al so be
effected W t krAdi&Fodtn, d@d &hwaaeafugrcadSaoEehgéautaréVa,f such as an

activated from -20 to +30°C.
Compounds of formula (ITII) may also be prepared
‘ by halogen-exchange; for example a compound in
&MZ 15 which X is iodo may be prepared from the corresponding
chloro~ or bromo- compound using an iodide salt
such as sodium iodide. -
The starting materials of formula (III) are
novel compounds. .

20 Acylating agents which may be employed in
process (B) for the preparation of compounds of
formula (I) include acid halides, particularly
acid chlorides or bromides. Such acylating agents
may be prepared by reacting an acid of formula

25 (V) or a salt thereof with a halogenating agent
e.g. phosphorus pentachloride, thionyl chloride
or oxalyl chloride. Acylations employing acid

Yot halides may be effected in aqueous and non-aqueous

reaction media, and conveniently at temperatures
30 of from -50 to +50°C, preferably ~20 to +30°C.
Suitable reaction media include aqueéus ketones
such as aqueous acetone, aqueous alcohols such
as aqueous ethanol, esters such as ethyl acetate,
halogenated hydrocarbons such as methylene chloride,
35 amides such as dimethylacetamide, nitriles such




ester. An activated ester may conveniently be formed in situ using for
exanpl e | - hydroxybenzotri- azole in the presence of a condensing agent for
exanple N, N -di cycl ohexyl carbodiim de. 30 Acyl ation nay al so be
effected with other am de-form ng derivatiyes of the acid of formula (V)
such agﬁ for exanpl e, a symetrical anhydride or a mxed anhydride, e.g.
formed with pivals acetiothidr ilet,hoa hikbhoesndbf twshornsmerd aswsh al kyl 35

hal of ormate. ThgyPepgd or symmetrical anhydrides may be produced in situ.
Thus, for exanple, a m xed anhydride may be produced using

N- et hoxycar bonyl - AcyjatignopisRyan Ecéﬂh al bdei may bR eﬁﬁ%&ﬁ?d&nhydrldes
may al so be forred thet Iprpls@snpbowswcadsa(BeﬁaeﬁqnﬂgenshpsmorI c or

phosphor ous %CI %S)t’er%ila@}u }'n(i %msgcgr %) w;\g% {rl%g%ogpténéﬁs]%hom c acids

(for exanple™S toluene-p acl ive Mol ves
reacting an aci dig¥e.f @rnm;,lnsrevpl@n basg surht aénC@lcsmp@msbmtm ef ormed by

Sﬂg;gﬁ a faL blcmsé:lr %%Jal% b'1&a9&6'hh€l=.l| abrOéﬁl aklﬁah@rlsl@eﬁr | g;ene ﬁr a
oryl halide c oru a solvent such as a
hal ogenat ed hydrabc;é'f“}?ﬁnLi ? Figgg éﬁg Eﬁl%?? ene Mt i ng a | over
acyl tertiary amrderspyileans NdedD mnhlnyhf serruasdbo Fied aimydmagezd f or m of
the acid of i rmmagvhlwawan hetﬁsas&ﬁﬁa@ow f:@?@tf&ﬁmound of formla

(I'v) in a SU|tabIe sol vent. or m xture of Solvent exaq?Ie an al kanol
such as an al cohol, eThe 5&6@06§1€tﬁgnSPrBPléq&EbuﬁaYnﬁﬁ%? &e net hyl at ed
spirits. The acded ia@" theaakk0atinyg aganeli eshty deyritbeiechmd

tenpertures of desirably conducted in the presence of a condensing
agent, for example a carbodiimide such as N,N’-
. 15 dicyclohexylcarbodiimide; a carbonyl compound such
(W, as carbonyl-diimidazole; or an isoxazolium salt
such as N-ethyl-5~phenylisoxazolium-3'-sulphonate
or N-t-butyl-5-methylisoxazolium perchlorate.
The condensation reaction is éesirably effected
{w/ 20 in an anhydrous reaction medium, such as a halogenated
= hydrocarbon (e.g. methylene chloride), an amide
(e.qg. dimethylformamide)f a nitrile (e.g. acetonitrile)
or an ether (e.g. tetrahydrofuran).
" Acylation may also be effected with other
25 derivatives of acids of formula (V), such as an activated
ester. An activated ester may conveniently be
formed in situ using for example l-hydroxybenzotri-
azole in the presence of a condensing agent for
e example N,N'-dicyclohexylcarbodiimide.
30 Acylation may also be effected with other
amide-forming derivatives of the acid of formula
(V) such as, for example, a symmetrical anhydride
or a mixed anhydride, e.g. formed with pivalic
acid or with a haloformate such as a lower alkyl
35 haloformate. The mixed or symmetrical anhydrides
may be produced in situ. Thus, for example, a
mixed anhydride may be-prOduced using N-ethoxycarbonyl-




20 from-50 to [err], preferably [err] to [err] if desired in the presencee[
of an acid binding agent, for exanple triethylamne. If desired, the above
acylation reactions may be carried out in the presence of a catalyst 25
such as 4-di et hyl am nopyri di ne. The abov&3described starting materials of
formul @ {1V) may be prepared. jn conventional manner, for exanple using the
t echni ques desc¥TﬁE ¥¥F{;¥Eﬁkﬁ%ﬂﬁ?qQH?QQ}QPQSSM&ﬁGdDeBhZQISQE§, or. by
esterificati on @@y alséhee chormsdanidinpHosphoraisd agdidsg (Ebe eraplls

descri bed above | af i - r QXYHmt hyl nds.qf formul a
(VI) according Itﬂ'c’) p ggg}‘s)és(.t?gc) na%tb%égéjea%?ﬁdy%g %@g%glgoggllarret hods usi ng
sui t abl e carban®yl alipkabiems arngbic sudphonicsasjidsal(éororxappPhel a [err]
(wherein Ris atbaaéh@gngﬁipﬁ¢ﬁﬁ& i) to give a conpound containing a

3-position substituen i ng_the -16-. f.ornula [err](wherein R4 has the
above defi ned neaning§9 g%%#%éﬁ%ﬁﬁﬁnﬂ%ﬁh?ﬂ1Hﬁggyﬂqﬁnrﬁﬁ%nggiPﬁbly be
effected in t heapidseficoufuka st venithora sgiluditonioxt smepsekéoned from

hydrocarbons 5 {@e8or@édNBY | Sadity o&a{%ﬁummege%e?sre@euiskuen_e) :
hal ogenat ed hydr ocar bons ;}é;dglchloronethane), am des (e. f.ormam de or

di met hyl f or mani 9831y bsell r ARFAINS frer PhosRhoryd. ?1898Iic et hers
such as t et Lahyguoh uaanphosbitbnxaiyxydidicnnidle (o @ sblvaaet sneh, sul phoxi des
(e.qg. dinmethylsylp | ' e th S ction may
conveniently beg%a??%%gg%ﬁﬁgéh%2§gé§ﬁé§‘ JFH'giﬁbgﬁk%gﬁg[gfgfﬁééggthe
boi | i ng tenper aghlerpfe; heontaining a lower acyl tertiary amide

such as N,N-dimethylformamide. The activated form
of the acid of formula (V) may then be reacted
15 with a compound of formula (IV) in a suitable solvent
o or mixture of solvents, for example an'alkanol
such as an alcohol, e.g. agueous ethanol or aqueous
industrial methylated spirits. The acylation reaction
may conveniently be effected at tempertures of
20 from -50° to +50°C, preferably -~40°to +30°C, if
desired in the presence.of an acid binding agent,
for example triethylamine. _ ,
~If desired, the above acylation.reactions
may be carried out in the presence of a catalyst
25 such as 4-dimethy1aminopyridine.. o
The above-desc:ibed starting materials of
formula (IV) may be pfepared in conventional manner,
for example using the techniques described in US
&_; 3905963, GB 1041985 and DOS 2818025, or by esterification
30 of the corresponding free acid using the methods
described above. .
Carbamoylation of 3-hydroxymethyl compounds of
formula (VI). according to process (C) may be effected by
conventional methods qsing suitable carbamoylating agents,
35 for example isocyanates of formula R, .NCO (wherein

Ry is a labile substituent group) to give a compound
containing a 3-position substituent having the




-

repction mxture, for exanple up to [err] preferably 15 between [err] and
[efr]. The labile group [err] may subsequently be cleaved, e.g. by

hydrol ysis, to forma 3-carbanoyl oxynmet hyl group. Exanples of |abile groups
[drr] which are readily cleavabl e upon sgbfgqyent treatment include an acyl
grioup,; espeC|aIIy 20 a | ower al kanoyl group such as acetyl, a

hal o- sebst i t ut edféfm?xaal )do»ﬁﬁ@ wHEHR 135 RIORAs, tHk- aBbve

trichl oroacetyl, ,a_ghl s qnyl bro su ony rou a hal ogenat ed
al koxycar bonyl gf®HHPe % aafé gl ZT[ %@ﬁﬁ?&&r 8ﬁ9 igR 4
trinmethylsilyl gnawmpdesicablnlid eeﬁﬁenm dn rche peeseackyobeacl eaved by
aci d or base Caté’&%@&?‘t *Uf“é&%% (ot surddy é&&%%t%%t %L:)Sﬁaeﬁ Ei‘g ?L}Xéhé using

sodi um bi car bonat e rcqﬁ;]enat 3’@1 roup such | orosu é
di chl or ophosphor V89t r3TT %% 9?525?°PrP€hPSP6§Pﬂo§9 arbonyl may
al so be cl eaved Gdnmenhmu|haﬂqgendtddanyamq@artnmh de. ghldﬁohmetdheﬂnanaiﬁo

be cl eaved by tr;,g{ cfeém kS m&e%é'ﬂ%}.e%%gl;fogﬂﬁﬁgae?_é SFtPRSst 1.1

car banoyl ati ng ags 'y "used exces

nmol es rel ative 3 tirt?ﬁb&knﬂﬁﬂhﬂfﬁﬁr1ﬁﬁhﬁﬂﬁa(@VB) CYﬁéléaﬁbhﬁbylatlon may
be assisted by té\@cmrﬁewa&myd&dmen e doxahb], akaétaheé\m(é gase such as

atri-(lower Ik ri enpl oyi ng the
conpound (V] @. %%ﬁga%} %ﬁlp&kﬁﬂqgﬁ P b§¥h§q§8§%3 géf al t hough
such assi st ance am@ mit ture shafe ddwese |st1>JiVIe®t(saseTh1’e meaetaommey

| socyanates, €. GuoPRHIdS, %é b 1Ey ButS at &l "t@%gle)étﬁks%fon Wi t hdraw ng

roup such as c¢ orosul on or_trichl qrqacety bano atlons i nvol vin
?eacfion of an g@? Fﬂ% 96 ‘and- the boiling temperature of 9

reaction mixture, for example up to 100°C, preferably
15 between -20° and +30°C. The labile group R, may
__L; subsequently be cleaved, e.g. by hydrolysis, to

.form a 3-carbamoyloxymethyl group. Examples of
. labile groups~R4'which are readily cleavable upon
subsequent treatment include an acyl group, especially
20 a lower alkanoyl group such as acetyl, a halo-substituted
lower alkanoyl .group such as mono-, di- or trichloroacetyl,
a chlorosulphonyl or bromosulphonyl group, a halogenated
alkoxycarbonyl group such as 2,2,2-trichloroethoxycarbonyl
or a trimethylsilyl group. Such labile groups
25 may generally be cleaved by acid or base catalysed
hydrolysis (e.g. by base catalysed hydrolysis using
sodium bicarbonate). Halogenated groups such as
chlorosulphonyl, dichlorophosphoryl, trichloroacetyl
X_} and 2,2,2-trichloroethoxycarbonyl may also be cleaved
30 reductively, while groups such as chloroacetyl
may also be cleaved by treatment with thioamides
such as thiourea.
The carbamoylating agent is desirably used
in excess for example at least 1.1 moles relative
35 to the compound of formula (VI). The carbamoylation
may be assisted by the presence of a base, e.g. a
tertiary organic base such as a tri-(lower alkyl)amine




-~

of-formula (VI) with excess isocyanate wherein Ris a group such as
chl.orosul phonyl or ‘trichloroacetyl 10 are thus of particular practical
advantage by virtue of the sinplicity of t reaction conditions, since
there is no need for tenporary bl ocking and’ subsequent debl ocki ng of the

4-posj tion carbo ro al_gs i nd.sin t he
eIectFﬁn-mﬁthdra&%H%’;S E4‘3b§%%ﬁﬁﬁntﬁ§ %&2SﬁPﬁﬁalﬁgpgg?eg?@H°und .
3- car bamoyl oxynef¥) epihe Fqrd iaf pro@dkaliis mesadi I(g.gensodiiumy, for

exanpl e, hydr ol ysa bt )i 4 Tt sl U cho GiseDskianebaagt Rot ! BeSHQEéstt? not ed
that it may be cpnveni ent toi%etaln ar_.even |ntroggce an N-substituting
|

group 20 [err] turtiy TI5HIHAREE ATEiSR 1FPSYABGTSFe 9:Sar EARROURAS -
net hyl conpoubdsin whieleRf daianistironglyweieetrondeitbdeawdng i nvol ving the

Cafba”DY!OXYUEthy!o&B$§th‘%ﬂpkhﬂbr%%%ﬁﬁhoﬁﬁﬁb6?D¥k@%hﬂgragggf 15 cyanic
acid, which is conveniently generated . ,in situ, 25 or exanp-%, from an

al kali netal cyd Q?@Rih?%%éﬁﬁxﬁWMﬁiy Aafeactien, @5canofShef ng facilitated
by the presence af ﬁnrmuﬁaL(wxx}wﬁthshmcagsoﬁganyanaeédwﬁéﬁhiﬁsh
trifluoroacetic g@ci Cvani i ff iyel rresponds_t e isocyanate
conpounds 30 rre%il(cj)snead 9?&0 e ?gr %isn%glolrgﬁ%égg gi 3ﬁd§fﬁ§9}e?5?%c%‘i%€erts
compounds ofl® or3kf FhuA rhjibasdicples Prartigadapfuantassybyt nittemal ogues.
Al ternatively, osff ey iapglde gy ofe tabf eehediby £6881t06nof & hecgonmpound

; L I i
S o e S SR e AMRAPRE BARARES o SRS o
non- aqueous reacteRdPakdmiguwt the. 43posisiabovertesyrghedp sofirthelg materi al s
of _ cephalosporin and since the elect;on-Withdrawing
15 R, group in the reéulting_N-protected 3-carbamoyloxymethyl
cephalosporin'prdduct is readily removed by, for
example, hydrolysis with aqueous sodium bicarbonate.
It should be noted that it may be convenient
to retain or even introduce an N-substituting group
20 R, during'transformations of intermediate 3-carbamoyloxy-
LJ{ methyl compounds in order to minimise unwanted side
reactions involving the carbamoyloxymethyl group.
Another useful carbamoylating agent is cyanic
acid, which is conveniently generated in situ,
25 for examplé, from an alkali metal cyanate such
as sodium cyanate,'the reaction being facilitated
by the presence of an acid, e.g. a strong organic
acid such as trifluoroacetic acid. Cyanic acid
effectively correspohds to the isocyanate compounds
L " 30 mentioned above wherein R4 is hydrogen and therefore
converts compounds of formula (VI) directly to
their 3-carbamoyloxymethyl analogues.
Alternatively,.carbamoylation may be effected
by reaction of the compound of formula (VI) with
35 phosgene or carbonyldiimidazole followed by ammonia
or the appropriate substituted amine, optionally

in an aqueous or non-aqueous reaction medium.




fofmula (VM) may be prepared in situ by the esterification of the
cofrespondi ng 4-carboxylic acid or a salt thereof (e.g. an alkali netal
salt such as the 5 sodiumor potassiumsalt) with a conpound of fornula
(I'11) as described above except that a terr% erature in the range [err] to
[err] c';gpvenl ently between [err] to [errj I § preferably enployed. The

oxi mation reaction ac rd| 0 3 be effected in aqueous
or non-aqueous reactlgﬁ’ ma%gv‘ée g%%%%lﬁéﬁtgta{an%ﬁfﬁ aa{lus’reo n t he ?ange
-20 to [err], e.fprmul@a tWI[)emlﬁy bertePabf-‘é inosity by |the tegterddricatiiont

to use net hOXya'Bf“Q:HencUiQefs bﬁh%gatlséhi:boi?h@xé’@i& i &1t addition
salt 15 such as_the py;}roch orid salt.is er}:gecoyed t he

reaction i s conVafi¥ Cedrr ngaghﬁl}nmeha ?%@'én%‘é"tbf A3 FB%i d bi ndi ng
agent e.g. arb orsgm"uum loars posasisiam paiidi wleth 8| cempoundiah fyndde enpl oyed

i ncl ude water, uﬁe%%h‘a%%g@ibgd %BU@”Q&cQﬁteéﬁéﬂ%)te@E%r@e 9.

N, N- di net hyl for mam | acet am de or hexanget hyl phospor am de),
ethers (e.g. cydn &he ranges c042C té?réﬁ%r%f UFERVeR ion Tl betyne ¢ Macyclic
et hers such as di7oetchaxyeibace 4s drefbyhblpeeppl@pednitrites: (e g.

acetonitrile), nitroalkan n a

di met hyl sul phoxi de) , éﬂﬁl% ﬁ%ﬁé‘gt an EEEQﬁéEl %ﬁé?réﬁl'ﬁroczfg%%ns such as

hal ogenat ed Jder((R)arﬂ@dn§e( efgec ﬂhyneﬁﬁueﬂﬂér‘Pﬁleqonaﬁml%%Q%rrsewﬂas

ethyl acetate, amedw, cmv@h&bmg 8@ af témpe@awpéemua&b&q ts. Wen
e

aqueous conditio ed t a y conyeni.ent | effected
at a pHin the r%ﬁ’gg 3@2 £09. 058 E gg%ﬁ?y P19 %’8% pH may
conveni ently be Ofd.nt a:ltné.d; iconvienie8s tangeeblyeth@tsadnllne ain othean
appropriate aci Gy bFSG dhk e’fagpleﬁaﬁpﬁre@ﬁaec?&' dagtcibssdmdrochl oric

k./’ 15 such as the hydrochlorlde.' When such a salt is employed

the reactlon is convenlently carr1ed out in the
presence of an ‘acid binding agent e.g. an organlc
base such as pyridine. a
Solvents which may be employed include water,
A 20 alcohols (e.g. methanol or ethanol),_amldes {e.qg.
N,N-dimethylformamide, N,N-dimethylacetamide or
hexamethylphosporamide), ethers (e.g. cyclic ethers
such as tetrahydrofuran or dioxan, and acyclic
_ ethe:s'sﬁeh as dimethoxyethane or diethylether),

25 nitriles (e.g. acefonitfile),'nitroalkanes (e.qg.
nitromethane), sulphoxides (e.g. dimethylsulphoxide),
sulphones (e.g. sulpholane), hydrocarbons such

Q_; as halogenated hydrocarbons (e.g. methylene chloride),
' - and esters such as ethyl acetate, as well as mixtures
i | 30 of two or more such solvents.
' when aqueous conditions ‘are employed the
reaction may conven1ently be effected at a pH in
the range from 2.0 to 9.0, preferably from 3 to
8. The pH may conveniently be maintained in this

35 range by the addition of an appropriate acid or
base, for example a mineral acid such as hydrochloric
or sulphuric ‘acid or an alkali metal carbonate
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or Eulpﬁuric acid or an alkali netal carbonate - 19 - or bicarbonate
e. g.” sodi um bi carbonate. The starting materials of fornmula (VII) are novel
conmpounds. They nay be prepared.by an 5 acyl ati on reaction anal ogous to
process nethod (B) above from a conpound ef 1Bornmula (I1V) and
fur-2-wylglyoxylic acid or an acyl ating agent corresponding thereto. \Were
in the™% eacti on afEobéiragbenape creds & ium drigantianadd.s used as the

nmethyl ating agent, 10 #he s€3Etind m@vecDANVEWEHdhla affragt agei n an
organi ¢ nedium for eiaggle in.cyclic or_aqgylic egﬂgr t%p.g%

t etrahydrof uran, BP8%an B?%?ﬂ??;;;?ﬁ% B i IRATH2 efe. g. "

N, N- di net hyl f oBaatgdat Nohl deast aama kogaoles oo hpaxrestsh yedthosio HB) ambde e,
15 nitriles (e.0e ggehopbhbbhfNiof SEGERS BrvPidhd Apsizl Al bakagenal od
hydrocarbons (e.g. nethylene c orlde§{or ydrocar bons, (e.g. "bénzéne) as
well as in nixtur@sigfosyan asyhahiag 4$EP?eﬁRﬂW%ﬁPQ%gkﬂinéiﬂﬁéﬁPPy carried

out at from-50 to [erryheref enabhy Pe2tid®w Dé¥or ditd araldrpdesst he
presence of a Lewig,agkd, e BF3. conyeni entlv in the far f .g,s0l vate,
e.g. an etherate.(E%aﬁﬁ?ggm%?h?%%c%%oﬁgﬁéd?%.5§hcﬂ$ﬁﬁg;§ﬁ§%§ﬁ§g§®§d when
di net hyl sul pRft etbe aesohponnuapfcoényemiently (H¢ effachad dn @ hyl ating

qgent include a”onBahﬁesﬁeéfﬁﬁEr?Qrt8x§ﬁ9Y§ iR &FdPid By tRyYING Eihedls
di azo- net hane above, -addi {1 ona

or Iy | ower ketones (.e.g. acetone),
i t roal kanes (e.gfenftr oﬁﬁFﬁﬁ'ﬁ%ﬁ"@gﬁgﬁ'ﬁo b%’%a‘te.%.e Sﬁ’gﬁj‘s'\e‘éfuI'°|c’fh0xi de) and
ul phones (e.g. sdiphghene) amBQesase vl | N a9-dimé thiebf afmamicie Sol vents. The
action medi um ngy\cqohai Ry $QNEL R 8L of Yhet Sndlf) F5iRMlphoramide) ,
; " 15 'nitriles (e.g.'acetonitrile), esters (e.g. ethyl
acetatei, halogenated hydrocarbons ({e.g. methylene
chloride) or hydrocarbona (e;g. benzene) as well as in
mixtures of such solvents. The reaction is conveniently
~carried outlat‘from -50 to +50°C, preferably 0
20 to 30°C, optionally in the presence of a Lewis
; acid, e.g.'BF3 conveniently in the form of a solvate,’
e.g. an etherate. '
Examples of reaction media which may bée employed
when dimethyl sulphate'or a compound of formula
25 (X) is used as methylating agent include any of
._those referred to above in relation to the use of diazo-
methane above, or additionally'1ower'ketone5'(e.g. acetone),
nitroalkanes (e.g. nitromethane), sulphoxides (e.qg.
dimethylsulphoxide) and sulphones {(e.g. sulpholane),
30 as well as mixtures of such solvents. The reaction
medium may contain some water, but is preferably
-anhydroua. The reaction may oonVeniently be effected
at a temperature in the range -50 to +100°C, preferably
0 to 50°C. | | |
35 "~ The compounds of formula (IX), which are used
as starting materials for the methylation may be
prepared by the esterification, in a manner analogous
to procees method (A) above, of the corresponding




anhydrous. The reaction may conveniently be effected at a tenperature in

thejrange -50 to [err] preferably O to [err] 35 The conpounds of

forhula (1 X), which are used as starting materials for the nethylation may

be [prepared by the esterification, in a m r_anal ogous to process nethod

(A)| abave, of the correspondi ng -20- free 4-carboxylic acid. Such acids

may, beéprepared e U x@g @eggﬁbbegubg §§1 §Sﬂ§§4beT$€é unds of
conpounds,

forimula (1 X) are noveI as such ErOVI é urt her
fedture of the prs@RCGESFES ASn e’FEé‘QFQyPQt FEn PRt fon t&%o‘F‘Eﬂ‘Efb‘"ﬂﬁ
8_roces|sk(F) IS COP eavraiilay (G:E{f)e@trednbﬂeancbﬁlpbhndsgaanc aol secti . Wen a

i azoal kane i s, 1 he SUiet e t reaction
ter‘rperatures ‘150 }erg)vai S %n L)eébj\n%tsthggl ggggbgeagkdggér ggégggog%& 51 e use
of ' di azonet hane as net mheataalrkglagem reagtdonsacecpydinggto[preg¢ess herate in

di chl oromet hane/ dietiy | edt 1 |'é'f‘f@b‘é€li0hh°éhd?né9teé 4nidinilarly
where a di al kyl di net hyl) s phat

. trlalk 0 te or a
conpound of forrnﬁ%i% ©ah-) W?e&séd §zPﬁ§k3PEyP§tPﬁ§ één ﬁi_%ﬂ?
sol vents and reacgeort t enqidahiler eolaratas adésceabedioabompénatmtm use of

di met hyl sul t f | X). .8 t ent in
procesg 20 HE?<%ﬁ§ €§%§$%ﬁkagwgftﬁ%#§%n% Q Lg §gg§L2§L§I§Q$V€g agent,
reaction is prefé?@kﬂ%thﬂﬁq @G @GﬁzpmethGHSré§eﬁ§§h5ia§1§§r%%gnhc B, such

as sul phuric aci Grifcddy oiH)qr ieG gacig 3 elthe@afegwmaua@cﬁioisﬁménéxlI) i's

Bfggeﬁieagkygaggg% q&y@ﬁ%ea'ctolrogllum rlggnerc%g LY %5 carLig d out In the

Similarly where a dialkyl (e.g. dimethyl) sulphate,
15 a trialkyl orthoformate or a compound of formula

(XII) is used as the alkylating agent, suitable
' solvents and reaction temperatures are as described
above for the use of dimethyl sulphate or a ‘compound
of formula_(X) as methylating agent in process
20 (E). If a trialkyl orthoformate is used as alkylatinq
tv/ agent, reaction is preferably carried out in the
presence of a strong acid, such as sulphuric acid
or perchloric acid. ' If a compound of formula (XII)
is used as alkylating agent, reaction is preferably
25 carried out in the presence of a base, such as
an alkali metal hydroxide or carbonate e.g. caust1c |
soda or sodium carbonate. ,
 The compounds of formula (XI) which are used-
as starting materials for the alkylation may be
"o 30 prepared by the esterification of the corresponding
4-carboxylic acid in a manner analagous to process

method .(A) above. The hydroxy group in the esterifying
agent may be protected during the esterification
reaction, for example by using an esterifying agent

35 in the form of an ester. Tetrahydropyran-2-yl '
is one suitable protecting group.




an al kali netal hydroxide or carbonate e.g. caustic soda or sodium ’;'
carbonate. The conpounds of formula (XI) which are used as starting -
materials for the alkylation may be 30 prepared by the esterification of

t he correspondi ng 4-carboxylic acid . in a Bhanner anal agous to process nethod
(A) ahove.. The hydroxy group in the esterifying agent may be protected
duHruﬁ(he esterification reaction, for exanple by using an esterifying

agent 35 in the form@fﬁeaébz@@&@rdstﬁﬁrﬁzmampy«m Al nilcﬁeQneoﬁlbbhf’:lbhe
protecting grou onpounds are nove
conpounds and a3"SuR® i#%&l%ﬁ9V1§ ?iﬁ%?ﬁgyﬁhggtéﬁétgfethe present

I nvention. The @éohbelsaesemtrznﬂﬂntnpmwcordlng to process 5 (G is
conveni ently effectedppd %ﬁé‘@f&a@f&@f‘ﬁ&é@id@@qc:téﬁlw YoVprbialk

desirably at _a wavel ength 1 n excess of 290 nm Sul sol vents 1 ncl ude
nitriles (e.g. &€btoditPRyeyientbomfleqted in anpjnard Prgetdthers (e. g.
tetrahydrofuranéolefiﬂﬁtlousswmmatlmhmmatﬂmmﬁlaywlaeeaahlgrtad out at a

tenperature in theJ;@QQ% % o (%elgrﬁ] ﬁféaeﬁf‘eb olQ’eet eﬁn[cpl”d]e and [err]. A

ceph- 2- em ester "deri v ai ned T'n accor dance W any of the
processes of theitnikesi tm.46 agetomkttbltler taktahals Hhegboﬁrespondlng

ceph-3- em derl&@ééﬁ@lbyerf@th@@rméa; ttE@t?éaﬂﬂerdﬁurtaf}ﬂ CEfthe2- em est er
with a base such as gg@ﬁ}lne or triethylamne. If. t he desired ceph-3-em

ester produt? iisoper R c’&?ﬁfl‘f)‘"&‘b‘?ﬂ ¥ ke IKRTHES Ste@bondi ng

a temperature in the range 0° to lo00°C, preferably
between 10° and 30°C. _
A ceph-2-em ester derivative obtained in

accordance with any of the processes of the invention
&#g 15 may be converted into the corresponding ceph-3- '
em derivative by, for example, treatment of the
ceph-2-em ester with a base, such as pyridine or
triethylamine. '
- If the desired ceph-3-em ester product is
A/ 20 significantly contaminated by the corresponding
ceph-2-em isomer the product may be oxidised (e.g.
by treatment with a peracid such as metaperiodic
acid, peracetic acid, monoperphthalic acid or m-
chIoroperbenzeic acid or with t~butyl hypochlorite
25 in the presence of a weak base'such as pyridine)
to give the ceph-3-em l-oxide ester, which may
| then be reduced as described hereinafter to yield
Q_J substantially pure ceph-3-em ester.
Where a compound is obtained in which B is
30 :S-—DO this may be converted into the corresponding
sulphlde by, for example, reduction of the corresponding
acyloxysulphon1um or alkoxysulphonlum salt prepared
in situ by reaction with e.g. acetyl chloride in
the case of an acetoxysulphonium salt, reduction
35 being affected by, for example,'sodium dithionite

or by iodide ion as in a solution of potassium




r

cdph-2-eémisoner the product may be oxidised (e.g. by treatnent with a
pdracid such as netaperiodic acid, peracetic acid, nonoperphthalic acid or
my chl oroperbenzoic acid or with t-butyl. hypochlorite 25 in the presence
off a weak base such as pyridine) to give 2he-ceph-3-em 1-oxide ester, which
may t _2 be reduced_as, described hereinafter to yield substantially pure
ceph- 378m est er 1odifdg elty ARV i DobeseTdS AFifdmi 2ReBOP,30 [err] this
may be converteeletfmwdmfmﬂ,emximg ddnethiyd€obyamige exadphethyeduction

AR G Y 9%&'&@%@1 Hay? B0 LEEULRAAN AU ThS BLhpRE SRR EY T 1

situ by reaction w cet
acetoxysulphonlﬁn¢ma15°°rtﬂhﬁﬁQ(ﬁv:R§Qﬁ9ﬁi§l§ff@@teGObyzofﬁﬁ exanpl e, sodi um

dithionite og by Iodl@keltm@aw&zeba&mﬁuﬁbt@fctaabag&buﬁb whidR- iodide in
a solvent e.g. acetlc aC|

ef one rahydr of ura
di met hy! f or mami B8 o? f@&ﬁ %ﬁﬁqgnéﬁf pﬁég F3§5t985°ﬁé§ ae effected at a
t enper at ure froabed® incl@@er% g efagy Agwl -g2@upo suebhr ps5acetyl, Suitable

N- car banoyl - pro SRS, G gﬂay 0 Uls| e,processes
descri bed above£?ﬁ%*6mbﬁg J%Q%é§?&g¥§§§ suc% §§6§%e?§Fg k8

hal o-subst i t ut BOR@merdit k%osnl-g#&ﬂfoas@ﬁyas% ehAgFoslibhgpy1
tri-chl oroatet ygroup £hdorost jneyhpt1sid ydr @ujoupar Suthi pebbgbsihyl group.

Py e NS o PP SR b PR AH CoObaliseattighyded

hydrol ysis. The SO0 be cleave
groups such as RYerPbysiget y ?ﬁﬁﬁ%ﬂ%ﬁ?ﬂi94ﬂaiﬁﬂﬁé Ayt d§eneARt with

thi oam des. 15 gleaved THEaEOPPARIES Wi MO igRduds( IshchBhsba@itBa8kbicetyl
' may also be cleaved by treatment with thiocamides.
15 The compounds of formula (I) may be readily
L;' prepared in highly pure amorphous form essentially
free of crystalline material. Techniques which -
may be employed to recover amorphous compounds
of formula (I) include those wherein the product
20 1is precipitated from solution and those wherein

-

solvent is removed from the solution, preferably
rapidly, and the product deposited. Methods involving
the use of these procedures which have been found
satisfactory include solvent precipitation, freeze

25 drying, spray drying and roller drying.

Solvent precipitation is the preferred technique

for preparing amorphous compounds of formula (I).
When employing solvent precipitation, suitable

L;; solvents from which the compounds of formula (I)

30 may be precipitated include ketones (e.g. acetone),
alcohols (e.g. methanol or ethanol, if desired
in the form of methylated spirits (e.g. IMS)),

acetonitrile, tétrahydrofuran, dioxan, esters (e.g.
methyl or ethyl acetate), chlorinated solvents (e.g.

35 dichloromethane or chloroform), and mixtures thereof,
if desired with other solvents (e.g. water, where
this gives a homogeneous phase). Precipitation




*

prepared in highly pure anorphous formessentially free of crystalline
material. Techni ques which nay be enployed to recover anorphous conpounds
of formula (1) include those wherein the product 20 is precipitated from
solution and those wherein solvent is § ﬁnnved fromthe solution, preferablly
rapidgﬁ, and the product deposited. Methods involving the use of t hese

e

proceddr es Whdye bdaafer draasa fhaaumd:ﬁ&igl s;flét%t Qb‘prbﬁ‘ihﬂdé qehﬂenhes

precipitatig reeze i ing. Sol vent :
precipitati oérnlk |a{s ré porzlg‘?eg{ér/eé&% %’ °¥'5'5%pr eggr"%ﬁbfﬁnﬂ? 'ﬁogs conpounds
of formul a (591VQNﬂ§1anﬂuﬂﬁlﬂ}ﬁﬁﬂ:v@dﬁapescapﬂtauxmn;esuofable solvents
fom Wi ¢ LBEADOWIL. HoddieTd ldid0 oY 1A Péﬁﬁé%&ﬂ-sﬂ i ncl ude

ket t I h : t, f d d
the T ormsi ° qﬁ%%@?féﬁf’t sy (o) onzepuY, oF {1 ahydr of ur an,

_ t et rahydr of ur an,
di oxan, esteaz;4nnqptmmnﬂndramanhdmﬂ (acgt.abenzeakl ori haleenspl vents (e.q.

35 di chl ororatqwm‘%ntcmrfa q\ﬂ?‘%?alv%%q Entlaitehel BBRBAL il desired with

ot her sol ve hi's nag neous phase) .
Preci pi tat i oh-e- eas should the @ty é@taéd‘- Prrialay WieaiBperopriate
quantities ofna M&C&Wtftﬁwy m%cqwmqundgp@aut aBmBinavioRsl vents

| ud
boi 11ng Enget RIS ! friptGRnd o¥e BIERILE M RREE FadoroBTher) o
aromat i ¢ hydether bathyle . apetiaher/pesrol ,t elthyrde pcethseddsopnoprhd

non-sol vent st d s csHBDRId e anaemettla%ow%lt@:be ehel 888tgpartially

m sci bl e and preferably full sci bl_e. i
ﬁguléa ngovealénom soluti %Pa%ahu1c bngglggss1ble

and dried as quickly as possible to avoid formation
15 of any crystalline material. As an aid to rapid
1N recovery a carrier gas e.g. air may be bubbled
through the solution. -
The technique of solvent precipitation may
usefully be applied to the reaction mixture remaining
20 after an esterification reaction in which the compounds
of formula (I) have been formed in order to obtain
the amorphous compounds directly. This may be
achieved by mixing the reaction mixture with a
solvent e.g. an ester such as ethyl acetate and
25 an appropriate non-solvent, e.g. petrol, or by
diluting the reaction mixture with water.
Residual solvent may be present in the final
. product in varying amounts immediately after precipita-
LJ‘ - tion. This can, if necessary, be removed by further
30 treatment, e.g. by drying under vacuum.

According to a still further aspect of the
present invention there are provided pharmaceutical
compositions for oral administration comprising
a compound of formula (I) as hereinbefore defined

35 in association with at least one pharmaceut1ca1 '
carrier or excipient.

The pharmaceutical compositions according

-




10 -gf sol vent and non-sol vent are dichl oronet hane/ i sopropyl ether, ethyl
acetate/ petrol, ethyl acetate/isopropyl ether, acetone/water and

met hanol /water. The solid should be renoved from sol ution as quickly as
possi bl e and dried as quickly as possible to2aveid formation 15 of any
crystalline material. As an aid to rapid recovery a carrier gas e.g. air
may be*™ubbl ed t hr stoghhehéngehtiidnrmayheakecthe cﬁmmfoﬁ,olfmntexpmpaepl tation

may useful I'y be ap%bﬁgtéooi'héagﬁﬁéé%é%ﬁ%% by UBH: o& Alebit an

esterification reaction In ve been
formed i n order towéﬁhaPHafﬂécﬁﬂﬁ%%ﬁ%ﬁ% (ﬁ%Q%RHQP STWP§ may be
achi,eved by mi xi ngatshbmaaﬁgl agentxt Ué og W prhede Bt MeiiEed nizan stareh,such

3.5| }E "o the redor FoATHLnPE-BIRFOEIABHE St i Erorilndtiya%ee T Bhe) .
he fi nal produéﬂlﬂﬁrﬁaﬂ9rﬁg ahateh 6 1¢ﬁﬁﬁﬁ%m(ﬂﬁF%ﬁTQﬁyﬁﬁﬂéélﬁﬁta- tion.

Thl$ can, if necesaéuulbsersﬁwsﬂcbumf dtiatidk) | rRfirRntsL. (@.gRy drying
under vacuum Accordin '

urt ect.of t ese i nvention
there are prOV|dedm5ﬁ3g @ufﬁﬁﬁfaﬁﬁ é%??) ated % (ﬁ%ﬁlﬁﬁiﬁ gﬁﬂatlon
conprising a conpomadcofsﬁbuaabaleyethylnneglunﬂkﬁka(ﬂﬁsunhiqﬁamtﬁ

associ ation w4l aqelsasbogggopggépggeb@|§3§1§ﬁu§g;¥cﬂw Wed1ye)t, The

phar maceuti cal conpositions accor he |nvent|on may take the
formof, for exanpPg, WF&SFE?saﬁ?nE%pgﬁf%s iﬁé&ﬂﬂeﬁF4ﬂV¥xﬁﬂkﬁhﬁq§ﬁal neans
W th phar maceut i-caFllywaatapt abge £xTipowndfosidd may also be used

if desired. The tablets may be coated by methods
well known in the art. ' '
15 Liquid preparations for oral administration
K«’ : may take the form of, for example, solutions, syrups
or suspensions, or they may be presented as a dry
product either for constitution with water or other.
suitable vehicle before use for administration
po 20 as a liquid, or for direct administration and then
w '~ washed down with water or'other'suitable.liquid.
' - Such liquid preparations may be prepared by conventional
means with pharmaceutically acceptable additives
such as suspending agents (e.g. sorbitol syrup,
25 methyl cellulose or hydrogenated edible fats and
oils such as hydrogenated castor oil), emulsifying
or thickening agents (e.g. lecithin, aluminium
stearates or acacia), non-agueous vehicles (e.g.
jhj almond oil, fractionated coconut oil, oily esters
' '30 or ethyl alcohol), preservatives (e.g. methyl or
butyl p-~hydroxybenzoates or sorbic acid) and suitable

flavouring and sweetening agents.
The compositions according to the invention
may contain between 0.1 - 99% of the active ingredient,

35 conveniently from 30-95% for tablets and capsules
and 3-50% for liquid preparations. Compositions
in dosage unit form conveniently contain 50 to




as ‘bi ndi ng agents (e.g. pregel atinised maize starch, 5 F
pol-yvi nyl - pyrrol i done or hydroxypropyl - net-hyl - ceIIquse) fillers (e.g
starch, lactose, mcro-crystalline cellul ose or caIC|un1phosphates),

| ubricants (e.g. nmagnesium stearate, hydigogenated vegetable oils, talc,
silica, pol yethyl enegl ycols), disintegrants 10 (e.g. potato starch or

s;)di urﬁ((s'jt ar ch5goy mgl afexheoacuitrei mggagenéﬁt(peg dcsshijelmdmryl SULFhat e).
Flow aids e.g L Laxi d S use e e tablets may
be coated by Rg?ﬁg %ﬁ%éﬁ?QE GS:”HMmgh695$§tm§ lfléiéqU| Igreparatlons
for oral adm Bestihathenranget akelPRetPoBAN6fngfper edathple: 3 sol uti ons,

Syrups or suspepsiten®,bot hgY pRRYahe. 956823&@9367%@ 3y &8 odusgo ei ther for
constitution with vvater OfO\E .. Suitable vehic oeuefor

admi ni st rat i oM928e%s 93| £84i § 15FrF8r GFFB@PgEdﬁ?ﬂ|%¥?%&§?) 981 t hen washed
down with \sat erildr deppeed subtahterl_gpad theCchr édquen sy ps £ pednain vt ateohe

prepared by conventbﬂgakoq?gu§ngﬁkg nggagff5gE€é£ fﬂ%éﬁ% additives

such as suspendi ng agents ul ose or
hydr ogenat ed daven&ipats and oil's such as hydrogenated castor oil),

enul sifying or thiclggn rem ?ﬁ@ﬁt&ré@ grelnggganlna#@n1nlun1stearates or
acaci a), -non- aqueou% vehi c

% al nond oi.l, fra ﬁ&? ef coconut oi
oily esters 30 or e ﬁfPrQF&Hﬁolf BFe?BPGﬁY?geEaT% or R AR5t but vl
p- hydroxyﬂ@nzdatasbamogdnhyme&hyd}?amdZ$uEfabhe—2+pﬂbﬂ2+mgﬁhuxyﬁmmnniﬂn ng

agents. The cQRQSHilsd %egﬁgnghng EQrBB§¥1?¥eQE§8” may contain-between 0.1

- 99% of the active in conven rom 30-95% for tablets and
capsul es_and 3-50% 6rtrI°|1&HF“de§F‘85aF8ﬁF6ﬁst°CS 0§F@¢6¥@“$ nPbs R uni t

f orm conveni edtweedniaice a4t go°C.
Unless otherwise stated, U.v. spectra were

L@f 15 determined - in ethanol, i.r. spectra in bromoform,
optical rotations were measured as a 1% solution
in ethyl acetate, PMR spectra were recorded on
~a 60 MHz or 100 MHz spectrometer and the followiﬁg
A . abbreviations are used: s = singlet, d = doublet,
.20 tr = triplet, g = quartet.

25 Intermediate 1

: 1,1-Dimethylethoxyacetyl Chloride
s ' '1,1-Dimethylethoxyacetic acid (13.2g) was

dissolved in 1N aqueous methanolic sodium hydroxide

30 solution (100 ml). The solution was concentrated

under reduced pressure and evaporated to dryness
. by azeotroping off the water with toluene (2x100ml).
The resulting sodium salt was dried over'phosphorus

pentoxide under vacuum overnight. Anhydrous ether




'5 - 500 ng of the active ingredient per dosage unit. Doses enpl oyed for
in treatnment will typically be in the range of 100 to 3000 ngy per day,
e.jg. 250 to 2,000 ng per day for adults and 125 to 1,000 ng per day for
children, although the precise dose 5 willyglepend on, inter alia, the
frequency of adm nistration. The foll ow ng Exanples.illustrate the present
i nventTon. Al teEuEem)ures o, a-diseedyliokaamnldeetol 2xmIE werd he approved

nane for (6R 7R)- . C s .
3- car banoyl oxy rreat%%]ﬁ%- ?-"[d(.f} splution,of redigkilisd; axatyl chloride
acet am do] ceph- 3t&rh Adaripoaphydreoysdetherr dF8umibt was added sdtapwime

fractions boili ng dretageainsr chuaitgl ehe] sbi-ent ebheerise SetRf, U. V.
spectra vvere515 determned in e br onof orm . opti cal

hanol,, i .r ectra,jn

rptations were meisdR&F%s g3f%§§&FﬁFFoﬁ°Fn5eEE§r g&%%%f%é'F$ﬁ??ﬁﬁiﬁ teder e
recorded on a 6@®@nviz rortak@0 evidpospéorr doegéreaadligeidol1dvs ny)

bbrevi ati ons arg, iasS & a%Hg t — , realet, g =
giuartet. 25 Int&rlﬁﬁ?’aatsz d}s}l?glagngp ﬁﬁre? %ggbgge?ﬁ%%gf%r?%eéw&

1, 1- Di met hyl et hoBadaktibe 2sid Ehiosiae (3. dfalal bed- | BT8O MRR ous

met hanol i ¢ sodi wuia gdr oxi de 30 solution (100 m ). The sol uti-on was
concentrateq_ nder reduced pressure and evaporated to dryness by
azeotroping off the water with toluene (2xI QOm ). The resulting sodium salt
was dried over @nbgumediatec® oxi de under vacuum overni ght. Anhydrous et her

Ethoxyacetyl Bromide -

To a solution of ethoxyacetic acid (20.82qg)
_ 15 in anhydrous petroleum ether (100ml) cooled to
Ao | 0° was added phosphorus trib}omide (22.19g) dropwise.
The cooling bath was removed and the solution was
stirred for 3 hrs. The layers were then separated
and the lower layer was extracted several times
'iyf 20 with petroleum ether. The petroleum ether solutions
were .combined, the solvent was evaporated and the
liquid obtained was distilled under reduced pressure
to give the title acid bromide (29.4g9); b.p. 72°/54
mm Hg. ‘ .

25 . _
Intermediate 3

' _ 2-Methoxy-2-methylpropanoic Acid Ethenvl Ester
i \ A mixture of 2-methoxy-2-methylpropanoic

i 30 acid (5.99), vinyl acetate (5ml), mercuric acetate
; (172mg), palladium acetate (27mg) and potassium
hydroxide (225mg) was stirred under nitrogen at
ca 50° for 4 hours. More vinyl acetate (10ml)
was added and the reaction was allowed to proceed
35 for a further 18% hours.. The mixture was cooled
to 2° and N aqueous sodium hydroxide (45ml) was
added. The layers were separated and the aqueous




6-- (300 M) and N, N-di nethyl formam de (0.2 m) were added and a sol ution
of redistilled oxalyl chloride (8.5 m) in anhydrous ether (50 m) was
added dropwi se over 30 mins. causing the solvent to reflux gently. 5 The
mxture was stirred for 5 hrs. filtered, co ntrated on a rotary
evaponator to give a liquid (13.5 g) whi ch was distilled under reduced

pressuM® to give theyéd e aﬁdtctafatle@r wd@h( 31:849) (sme) 58T£8ré&rl.82néﬁn Hg.
10 Internediate 2 Et hoxyacet Bromi de Yacetlc acid

(20.820) '35 "1 n afARAS e SGheebRERe) BOHT) SeBBFetet PPltRe. added
phosphorus tri broni2fm})22. m@pwn@sne};hemceutlphgtbaahdwaememtm/aethmnd

the solution was 34 rq erq,gacy %VI; ratle ltgygri@ﬁwgr?,ra Fg‘p fp_ &qted and the

eum et her. The

| ower | ayer was_ex cted sév
pet r ol eum et her? scj{éa ih%c Fﬁé&lﬁaﬁan§Bpﬁénfeﬂﬁ§e€v%b%§%ﬁﬁﬂ and the
i quid obtai ned tho(gnneIﬁh&dtunaeretaéugedeptessweeSEQ)giNEpIheaiitIe acid

brom de (29.4q); ﬂﬁ@kﬁ 25 Internediate 3
2- Met hoxy- 2- nethyléf;§%ﬁ0|c%'0|3 Et henyl Ester A mi xture of

2- met hoxy- 2- net hyl propanoi ¢ 30 acid (5.9g9), vinyl acetate (Sm), mercuric
acetate (172ng), palderdiediatecisat e gﬁ%@@q) camgoaﬁaaS§EUHbm919Xtﬂfx)()225mg)
as stirred quﬁ nrtrogen at ca 5 ours. re vinyl acetate (10Om)
as added and e reaction was allowed to proceed 35 for a further 181
ours. The nixtur@wRsMeddioxy~2-methylpropanoic Acid . : .
| . Chloromethyl Ester
2-Methoxy~-2-methylpropanoic acid (2.36g)
i - and powdered potassium carbonate (1.38qg) were stirred
] 15 in anhydrous N,N-dimethylformamide (50ml) for 17
s hrs. Chloroiodomethane (7.06g) was added and the
mixture was stirred for a further 2% hours. It
was poured into water (200ml) and the aqueous solution
~was extracted with ether (2 x 200ml). The combined
L 20  organic phases were washed sequentially with 2N
N hydrochloric acid (3 x 60ml), water (50ml), saturated '
aqueous sodiuﬁ bicarbonate (70ml), water (2 x 60ml)
and saturated brine (50ml), dried over magnesium
sulphate and the solvent was evaporated off to .
25 give an oil (l.4g). PMR showed this to be an approxi-
- mately 2:3 mixture of the Chloromethyl ester and
'di(2-meth6xy—2-methy1propiony1oxy)methane;1(CDC13)
T 4.12 (s, -CO,),CH,), 4.23 (s, CH,Cl), 6.72 (s,
A OCH,) and 8.56 (s, C(CH3),); v(CHBE;) 1760 cm_
: 30 (ester C=0). _

1

- b) 2-Methoxy-z-methylpropano1c Acid Iodomethyl
; Ester :

A solution ofhcrude 2-methoxy-2-methylpropanoic
35 acid chloromethyl ester (1.36g) and sodium iodide
(4.5g) in acetone was heated under reflux for 50
mins. The solvent was evaporated off and the residue




to® and N aqueous sodi um hydroxi de (45m ) was added. The | ayers were

sepdar ated and the aqueous - 27 - layer was extracted with ether (50m).
The conbi ned organic | ayers were washed with saturated brine (20m ), dried
over magnesi um sul phat e and concentrated_onga_rotary evaporator to give a
yellow l.iquid 5 (4.44g) which was distilled under reduced pressure to give

ERE t:f‘r e et hegybagsFa&tﬁeléaea bétWeed 3204 &4 é&@s ?&mn’tr%.eéa%%m&d' a;e g
vel conpounds oxy opanoi ¢ Aci
Chl or omet hyl Est & 1§el\/§fqh:8§§/g r@é’ﬂ%] é%‘%aﬁ %r %é“rge g&'h%nd powder ed
pot assi um car bonatrgapic38gyeverwesei comblingd rwaasﬁr;dirvaﬂ: saturated

N, N-di met hyl f or mpp;de ((§@H{h% f&hé& Séér ﬁ%&éé’imﬂﬁ'%ﬁﬂ!ﬁd& @@hd069) was
added and the _mi xture was _stirred furiher ours. It was poured
into water (280neyaRRgatré 359%5u§e§‘6‘|’%1‘?|%e%%&r"ex’i? &% AR et her (2 x
200m ). The conbi(le8680. OPPRNEROPEASESISECES w%mohmmatﬁllyy with 2N

hydr ochl ori c aci 3 ) re o)

blicar bonate (70 )g m)if‘%g% OEWE%S § gh £% eaq’da S@rsﬂnscé% l}’tlyed over

nagne3| um sul phatzem&ﬁbYﬂ-Péoﬁbpnﬁh?xmhsm%ﬁaw at‘e(CQﬁ1f3)t d 2’3 diswe an oil

(cﬂh 49) . tF’KRlshowevft i, sat szesam-@@ rmée”/cy \?_I}fnosturaer?@,f th$ ( COCL3)
or onet hy OX pr opi onyl oxy, ane;

4412 (s, [ert ? %3 quFgB EéPrH;I %o ?%h Joc%fs'?%’ 536[2(%[ s['err]) [err]

1760 cm 30 (est@ﬂcﬁ3tb in the acylal); vmax (CHBr3) 1750 cm (ester

' c=0).

Intermediate 5  (Novel compound of formula (III)).
| 15 - : : : ' '
N ‘ (R and S) Ethoxyacetic Acid l-Bromoethyl Ester
© To a solution of ethoxyacetyl bromide (24.3
g) in anhydrous dichloromethane (60 ml) containing
zinc chloride (100 mg), stirred under dry nitrogen
20 at -5°, was added a solution of acetaldehyde (12.3
ml) in dichloromethane (20 ml) dropwise over 20
mins. The solution was stirred at ~-5° for 45 mins
and was then allowed to warm up to 10°. Cold dichloro-
‘methane (100 ml)lwas added and the solution was

25 filtered through neutral alumina and evaporated
-under reduced préssure without heating the flask,;
te give the bromoethyl ester as a brown oil (19.7:
S 9), t(cDCl,) 3.26 (t, J 6Hz, CHBr),5.90 (s, CH,),
N 6.40 (q, J 7Hz, OCH,CH;), 8.01 (d, J 6Hz, CHCH,),
; 30 8.76 (t, J 7 Hz, OCH,CH,).

Intermediate 6 (Novel'coxmpound of formuia (IIIQ

{R and 8) Ethoxyacetlc Acid 1- Bromo—z-Methylpropyl
35 Ester . '
To a solution of ethoxyacetyl bromide (3.0 .

g) in anhydrous dichloromethane (lsml)'containing'




2- et hoxy- 2- met hyl propanoi ¢ 35 acid chloronmethyl ester (1.36g) and sodi un
i odide (4.59) in acetone was heated gnggr reflux for 50 mins. The sol vent
was evaporated off and the residue £728 - was partitioned between 20%

aqueous. sodi YihaeLRPLSYhe pﬁt,ﬁg)solégi'ggﬁ( 20, QliRebganX S0M ). The
ed wt

organse | ayers were conbi ped, was ) saturated brine é20n1), dried
over magnesi 8 38f pn¥%ee afded a SRMH R PL Fedistdddedd 2oPesBEts to give an
oi |l (1.56Q).propEnaboyedss hmk) tin bl el cfyehan olsy md) 3 debpwise of the
| odonet hyl e d di _(2- h s 2 | ar.opi ,.0X nmet hane; [err]
4.02 (s, Ler?%;gg EQZm?lléf[er'?% Q%i’u] rgﬁ';r%y %’Sl'%lg%g)ét(#)o CH3) 2in the
P Hlowed e sapamiupe SendR °¢CHBr 3) 1750 -

b): 2- Met hoxy- 2- net hyl propanoi ¢ Acid | odomet hyl Ester A solution of crudeJ’

4

i odonet hyP efeBr} hewrsand yas
cml (ester OrkheOsolhPiéh®as of £1 €ered NeWRludd HQILYAI0Tsiflgeaul a (111).) 15
(R and S) Ethoxyacetic Acid L-Eronn thk% Ester To, a_sol ution.of

et hoxyacet yl 95 oﬁ{‘ﬁe"?ifgngﬁn 71ata?1‘§>}ﬂi/ % roefdé"rﬁe%r SREEFASE (60 m).
cont ai ni ng zwhthohtoheatigg 0o ngive sthe reskamdesy aldark idgen 20 at -5,
was added a g8l wbi gy, of @5@1a1 dehysle d 12y gy ) dup 4t Clel Qponet hane (20 m)
dropwi se_qver 20_nins. %he,s% uti.on was stlrreé!at -5 for 45 nmins and was
then al | bied (@6 %glr’ﬁ?upo?ﬂz?%sh T i G2 et 82d8 ((F00 M) was added

and the sol uni-mnz'waecagég_%jlt@rw tdy augrneut (arty)a))uni na and evapor at ed
under reduced pressure”w Thout heating the flask,” © : -

Intermediate 7 (Novel compound of formula (III))

15 (R and S) 2-Methoxy-2-méthylpropanoic Acid
l-Bromoethyl Ester

 Hydrogen bromide was bubbled into 2-methoxy-
2-methylpropanoic acid ethenyl ester (3.03g) cooled
in an ice/IMS bath for 7 mins. Excess hydrogen
20 bromide was blown out with nitrogen and the product
;~; was distilled under water-pump preséure (gg-zo '
mm Hg) to give the title l-bromoethyl ester (2.86g);:;b.p.
86~-88°, ' '

25 Intermediate 8 (Novel. compound of formula (III))

2-Methoxypropanoic Acid l-Bromoethyl Ester
A slow stream of hydrogen bromide was passed

onto an ice-cooled solution of 2-methoxypropanoic

30 acid ethenyl ester (2.9g) in chloroform (15 ml) i
fof 10 mins. Excess hydrogén bromide was removed
in a stream of nitrogen and the solution was dried
over sodium sulphate and evaporated under reduced
pressure to give the title l-bromoethyl ester (4.05g);

35 1t(CDCl,) 3.21 (q, J 6Hz, CHBr), 6.08 (q, J 7Hz,
CH OCH3), 6.58 (s, )CH3), 7.97 (d, J 6Hz, CH3 CHBr)
and 8.60 (d, J 7Hz, CH, CH OCH,).




o

t@& give the bronoethyl ester as a brown oil (19.7 g) , [err] 3.26 (t,J
68z, CHBr) ,5.90(s,[err]) 6.40 (q, J 7Hz, 8.01 d, J 6Hz, [err])
30 8.76 (t, J 7 Hz, [err]). Internediate 6 (Novel conmpound of fornula
(EI'l)) (R and S) Ethoxyacetic Acid 1-Bromgy2-_Methyl propyl 35 Ester To a
sol utii on of ethoxyacetyl brom de (3.0 g) in anhydrous dichl oronet hane

(;5”1}’C°”ta'”'E%terméaggéé §'nC.C@h&&éﬁebéﬁﬁgﬁﬂﬁ,oﬁﬂﬂdﬁMﬁdaundemggry
nitrogen at [erf~ a sol redrstiile - et hyl - propana
(2.45 m) in dichloronmethane (5 m) dropwi se over 10 mins. The sol ution was
stirred at -4 5 (g Qndl sh oy doetic tAc idhrkr ethylThe
solution was filfered through neutral silica gel and was concentrated under
reduced pressure=#w+thout heating to %ive-the esfer,_as a dqékkOil (3.42 g),
[err] 3.45 (& J 5Hz, MaBm) sodutdonoof(d,13dimpthyethexyacetyd o 1err1). ]
7Hz, [err]), 8. ¥nidhiak §l32.3366 Citid) ahhybrbesndiichler dmethawe el3Ckonpound of

formula (111)) 15. (R.and 9. 2-Met hoxy- 2 Rt _ th@wel3&omound of
Stor bydrogen BROmGRINAE GoAIEY LHLeToie (20, AETNE dritken K oo

hyl pr opanoi ¢ aci d
et henyl “ester (i) midoiogen finaAn; ééﬁl/%sbaﬁﬁhf8?57%?%.£I§5€]é§%%dr ogen
20 broni de was bl ! éﬂr%tﬁé r(i)1t.r509m 3rdaibr1predethanes( stilled under
ca m Hg

ht er - ive .t Lile.1- hyl est
(5 G} b o LGE ML 1qvems S M e, SoptihaT Bt Fad PLROTEd V) PO

() ' and the reaction mixture was stirred for 5% hours.
The sélution was filtered through neutral alumina
(2.5g) and evaporated under reduced pressure to
give'the:title'l-chloroethyl ester as.a_liquid
15 (3.13 g);vmax (CS,) 1765 cm © (C=0);T(CDC13) 3.42
~ (q, 3 58,, CHCl), 5.95 (s, CHp) 8.39 (d, J SHz,
CH,CH) and 8.74 (s, C(CH4),). -

<

Intermediate 10 _ i
(6R,7R)-7-(2-Thienylacetém1do)-3-(trighlqroacetylcarbémoyloxymethyl)
N 20 ceph-3-em—4—carboxy1ic Acid

Trichloroacefylisocyanate (4.3 ml) was added rapidly to a stirred
sﬁspension of (6R,7R)-S;hydfoxymethylf7-(2-thienylacetamido)ceph
-3-em-4-carboxylic acid (10.62 g) at 69 in ethyl acetate (70 ml). The
reaction mixtufe was étirred;at 50 for 40 min. Petroleum ether was

25 added dropwise'duriﬁg 15 min. The mixture was stirred for 30 min,
filfered and the soiid'wés washed with petroleum ether and'dried to
give the title compound as a solid (16.48 g),:[a]g2 + 730 (c 1.2 in
Me250). '

30 Intermediate 11
(R and 5) 1-(2-Methoxy-2-methylpropionyloxy)ethyl (6R,7R)-7-(2-
Thienylacetamido)-3-(trichloroacetylcarbamoyloxymethyl)ceph=-3-em-4~

capboizlate . _
A solution of Intermediate 10 (8.075 q) in dimethylformamide

35 (75 ml) was stirred with powdered potassium carbonste (1.035 g), for
50 min at 200. The solution was cooled and stirred at 40 and treated
rapidly with Intermediate 7 (4.50 g). It was stirred at 4° for 1 h,
then at 22° for 2 h 35 min, and was poured into ethyl acetate (300 ml)




2-Met hexypropanoi ¢ Acid | -Bronoethyl Ester A slow stream of hydrogen
bram de was passed onto an ice-cool ed_sojution of 2-methoxypropanoic 30
acid ethenyl ester (2.99) .in chl oroform(115 m) for 10 mns. Excess

hydr ogen brom de was renoved in a stream of ni trogen and the sol ution was

dried over sl amm/ubqiﬂtabmcaladma\(aumrual) ed mgd@,(,e‘gtgdwgﬁq ReLeRURLLP 0i Ve

5 Hz, CHBr), 6.08
e thile 1 prares E“iﬁ’ﬁy%"e?@fr"(?[sgrﬁ’) 51 4B (dpbireg, frbente IoVansaierd, 15 0
(d, J 7Hz, [ashpd with 2M-B mchlrnreprmdda(lémml), water( \D0ehl );oapuaratedf

.f or rruI a (I | 190diddR baBErbBhate Isng,tqg;, hytlogt RoXyRaeti € Hoﬁcwognp&lr%geogggl Ester

: on of | - di met hyet hoxyacet y
‘anhydrsous d?lcnﬁl 'Bﬂo’ma rf?aﬁ'ége('féﬁ HYpr st drisdngveri praneniwy B@I%Phe!@@nﬁgf)%and
stirred . undesvanpratedetp ianfam.i ddis Mbahaids \ﬂmsoadéi:ednaetﬁ?i Wik ate0 {40

t 10 10 mns._ The
283? ?Lgegggﬁnl\(}\é@% g"rr%)\fJ g %l g % egﬁagf%?& W?fﬁ?%ve\ﬂ/a%y §11hrra§ﬂ°’f orMeerr]
hours.. The sidlttatEnwamedded withogtitnioagie petrolaim @tien {60 2150 gk

-- ated udetitledssmpeuRs 8554/811d (8112 ob NG bt Lesdo ¢l proES ter as
'SV?Pgr%d 15 "(ﬁ?% (c22) 1765 [elr)r]e[a?@_é)a[eqr] 3 4?)4[5 e}SJ 5Hz,

CHC1);75.95 (s, [err]) 8.39 (d, J 5Hz, CH3CH)"and 8.74 (s, C(CH3)3).

I nt er medi at nt@rmediate -12 . |
—2nbty16M A6 ?gb@gyét%gg b(%ggz’éfﬁéfm ghgg ) 20

(6R 7R).-7- (Q(RTth?'SWﬁ-RQLﬁé?hQQ
ceph-3-em4 dded
rapidly to é!gﬂ££E£§EECEtylCarbﬂmoyloxymethvl)ceph—l-em—4-carboxylate

Pyridine (1.30 ml) was ‘added to a stirred solution of phosphorus'
15 - pentachlorlde (3.34:q) in d1chloromethane (40 ml) under nitrogen at
30, The temperature Tose to 8° The mixture was cooled to 49 and

N . treated with Intermediate 11 (4.5 g) during 5 min. The solution was

stirred at ca. 0° for 1'h 20 min and added under nitrogen to a stirred
solution of methanol (7 ml) in dichloromethane (14 ml) at -40°. The
20 resulting solution was stirred for 30 min, warminq to -59, when water
S (20'm1) was added-. This mixture was stlrred at ca. =59 for 1.5 h,
~ then. at 15° for 30 min. The aqueous layer was separated and extracted
with ‘dichloromethane (2 x 50 ml). The organic layers were combined
and washed with saturated sodium bicarbonate (50 m1), water (50 ml),
25 and brine (50 ml). The solution was dried, concentrated tb'gg. 20.m1,
o and added to pefroluem ether (200 ml).. The precipitate was washed and

dried to give the title compound as a solid (3 00 g), A max 228°5 nm
(€} 111). -

_xyéb : Intermediate 13 :
o - (R and S) l-(2-Methoxy—Z—methylproplonyloxy)ethyl (6R 7R)-7-Am1no-3-
carbamoy1oxymethylceph-3-em—4—carboxylate

A solution of Intermediate 12 (2.8 q) in methanol (40" ml) was stlrred
- w1th a solution of sodium formate (0.834 g) in water (10 ml) at 209
35 For 2 h. Sodium formate (0.3 g) was added and the solution was

stirred at 20% for a further 2.5 h. The solution was concentrated and




-3-em 4-carboxylic acid (10.62 g) at [err] in ethyl acetate (70 m). The
rigaction mxture was stirred at [err] f(}é 40 mn. Petrol eum et her was 25
added dropwi se during 15 nmin. The mxtu was stirred for 30 nmin, filtered
and the solid was washed with petroleumether and dried to give the title

conppund as p%uﬁé?i ; ﬁ:c( L@%ﬁs E%] tatk ©(10b ,m and sb@h&neﬁi%ahbc}r%%e ad 9&?&”‘%% ate 11

(R ard S) 15‘(1{3 oxy- yl propi onyl oxy) et
Thi enyl acet 84 do) h3 %%‘F‘P‘@nllﬂ%‘aﬂ‘é‘% WE%SMFB)@FH& PP atep AN then 4-

c(::;trS b?ﬂxyl ate oeg&qlcugamsaierbrﬁcﬁbm ahe w%Qhe(cBwQ&E wBier 010D gg);ty\lerf\ erl‘iﬁén'Sge 35

was r r ta m car bonat e (0 mn
at 200. The (21% "{ﬁbnwv%&; oggi(()\ﬁ":a ﬁé’m B ?‘ﬁ?’h& % ; 5ap°r8t%rea (Ygr api &Fy W th
| nt er fredi at dh¥s (CAIS@SgyIISSIOﬂVWasnsQWIL eqj:eaettﬂ(OZG ol) land, thehenluttior2@sfor 2 h

35 min, and gwasd Rguﬁéi@olélﬁnoeﬁ{eﬁl}’tm@cﬁf)attg 413@0 r|91~Lc1.p11:ete?‘Jvhlcha%’s
2M hydrochl oric acid (100 m). The aqueous ayer vvas xtracted wth ethyl

acetate (3 »esppd,end d&ﬁﬁd eI i¥8nhen g fJets aglidd with

2M hydr ochl or czsaCBdm( )136). water (100 ml), 'saturat ed sodi um bi car bonat e
zsolutlon(loﬁ' M), water (100 nl) and brine (2 x 5~ ~ 100m). The
organic layer was dried over nagnesi um sul phate and was-evaporated to a

f oam 10 Thi s Ihbepmedpatedl4sol ved in ethyl acetate (40 ml) and the precipitate

whi ch f or megoeass it NBRSTF - 1Titemétﬂ&?ﬁiﬁ.o¥@e%aﬁ%djﬂg3w th _
) give € € C un s a solid

(5.72 g), [ er# ‘ irmedi ate -12 (R and 5)

-(2- Mﬁlt hoxyAZsth:thydm p:fopsmnm G’)e%}k)t—by(f'L(rGRy'ZlR}z-Tneﬂmwﬁmﬂ'\oacetamldo 3-(1 0
trichlor oa t |
i i A T L
(3 341%) i n ™) ceorfl wmec{mfmq bmn@é#enngrHgvenq'atkleselquhr- The

k{g filtrate was treated dropwise with. a 0.5 M-solution of potassium

%Spénsi on of (6R, 7R)- 3-hydroxynet hyl -7-(2-thi enyl acet am do) ceph

acetate (52.6 ml) over 20 min. The crystallising mixture was cocled

to 40 during 1.5 h and was filtered. The solid was washed with

ethanol (3 x 40 ml) then ether (2 x 40 ml) and was dried at ca. 1. mm Hg
20 and 209 over phosphorus pentoxlde for 20 h to give the t1t1e compound -
NS (11.11 g), [2]29 + 659 (¢ 1.2 in H,0).

Intermediate 15

(R and S) l-(Z-Methoxy-Z-methylﬁropionyloxy)ethxl (6R,7R)~3~Hydroxy-
25 methyl-7-] (2)~2-(fur-2-y1)-2-methoxyiminoacetamido Jceph-3- .

em-4-cérb0xylateﬂ 

A suspension of Intermediate 14 (4.213 q) in dimethylformemide (200 ml)
was cooled to -40 uhder'nitroqen. Intermediate 7 (3.067 q) was added
! with stirring and the temperature rose briefly to 69. The mixture was
30 cooled to -5% and stirred at -59 for 15 min, then at 00 for & further
70 min. This solution of the title compound was used.without

characterisation.




3. The tenperature rose to 80. The m xture was cooled to 40 and treated
with Internmediate 11 (4.5 g) during 5 mpn. The solution was stirred at ca.
00 for I h 20 min and added under nitrog To a stirred solution of

met hanol (7 m) in dichloronmethane (14 m) at [err] The 20 resul ting
sol utj on wasyslehhdéfdtiag 30 M n, warmng to -5, when water (20 nl) was
addeds Thi s m—vcia?swred at ca. -5for 15h then at 15 for 30
mn. The aqul Hethaxy=i-nebhy Loge ) ethwli (4R , 4R

x 50 m). T4Be-t01 :Bbﬁbdearfﬂdibﬂﬁﬂ'fo flif‘ _f ' ' .

sodi um bi car ?o €1 - DT 11 ‘ The
sol ution vvas—t#ﬂg-éﬂcﬂlg **** et A - and added to petrol uem et her
(200 ). @Oév'@@nppff einéemdlmhiednaddnedhyledormnrrgde/dlﬂmlmlt)|ste conpound
as a solid ($idfed)et & undeH ( a 3 .4R and
§ 1 (2 et gy S Ny pac PP Wn bitehlosbaigey) BBl Rgbotad )

car bamoyl oxy heTReZ B Hms- E?ﬁe4t%a}toboxﬂ‘8t'@x,§\u%lwﬂ¥ ioalest tprt%durimgal enin?
(2.8 a) in maidaalpo(Add Thjo wast ivked midtuvet Bf dcs0{20bi AN AM-HyasddwIbi @ Mat e

2,522, Ly# o f8  F 3 oF  po  (2 °

was added anc on wa eﬁ 8. The
sol ut ilon wasextgackatk rnithedormethyl acet&ze i?@urreld and cthetdrghma:céa)eare wer@0 )

N th ethyl acupiRahahe hit Bt PR nbenibege e U et i
wat er (100 ﬁﬁ% #‘leﬁ“gr?tﬁéf 8"5\’) a“‘d¥ \gee’f 102 g e sstii sanig Hé)t Hred
evapor at ed targghie lapediwas cEned condéntsatyid. tovasm. B30 abl anadaddedetdyl acetate
(20 m) and uti.o d to pgtr m_et her , (200 ve a
precipitate ééﬁoﬁ&lm Eéheq‘ W ﬁgg% r e Fh Mﬂg(ﬂ dﬁ)iﬂl (g %) 33 g)
as a 98lid, ®- Qaaprté.lqnn((.éo 913@p. purdfied by |diseelnidg dineethylPatetete um

(6R-7R) ~7- [ (0o18d (U L20? ¥ ) teteBINDONAEhEH NORRELANE LR es 3were combined,
; s

i diluted with ethyl acetate (50 ml) washed with saturated sodium

' bicarbonate solution (30 ml), water (2 x 30 ml), brine (30 ml) and
dried. The solution was'concentrated to ca. 15 ml and added to

. 20 petroleum ether (300 ml) to- q1ve the title compound, A . 275 nm-(Ef

Intermediate 17
Potassium (4R,6R 7R)-3-Hydroxymethy1—7-(2-th1enylacetam1do)ceph—2-
25 em-4-carboxylate. :
A solution of (4R,6R,7R)-3-hydroxymethyl-7-(2-thienylacetamido)
ceph-2-em-4-carboxylic acid (5.064 g) in ethanol (150 ml) at ca. 407
was filtered and treated dropwise with stirring with a solution of
potassium acetate (1.417 g) in ethanol (10 ml). A solid crystallised
30 and the mixture was stirred at 200 for 2 h and filtered. The solid

was washed and dried to give .the title.compound (4.927 g), m.p.
222-2400 (decomp.).. . :

Intermediate 18 :
35 (R _and S) 1-(2-Methoxy-2-methylpropionyloxy)ethyl (6R,7R)-3-
' Carbamoyloxymethyl-7-[ (E)- 2—(Fur-2-y1) 2-methoxyiminoacetamido]
ceph-3-em-4-carboxylate

A solution of the l-(2-methoiy-2-methylpropionyloxy)ethyl ester of




h droxyrret hyl ceph- 3-em 4- car boxyl ate A sol utlon of (6R 7R
73[{2)-2-(fur-2-yl)-2-methoxyi m noscet am do] - :

hydroxymet hyl ceph- 3- em 4- car boxylic acid (10. 038 g) in ethanol (150 15

m:) at ca. 40 was clarified by filterimng3 hrough ki esel quhr. The filtrate
was treated dropwise with a 0.5 Msolution of potassiumacetate (52.6 m)
over 20 min. The c stal%%g ng mxture vvas cooled to 40 during 1.5 h and
was filtered®® E‘é 9/ ilsHRIyens (2> lHanen stirnedithi 3-mekearterher (2 x
40 mM) and \Mamzdlthmioaé (@a. $q)mat Hef had fBﬂQAﬁverItp&mpMeustqoez@Q;\ﬁldde for 20

h.to give th C 11. 11, r rr
I nter ?r{e\él at nglegsCJ Hﬁeto g{%%uEgL 5£'Rfetgﬁ "? Erﬁf %/quﬁ%%h "8 eylr}&iga)rg{’hvf The
(6R, 7R) - 3- Hyﬂﬂd: te »@s evaporated to give a foam (6.10q). Part (6. Oq) of this

met hyls 7- [ ¢ Zroetr %élrchgoﬁét):q?apﬁs& hﬁxy | dB10AR et RiEE )1 e80-(F0-230 mesh;
ternedi ate 14

em 4- car boxyl A, suspens '
di met hyl f or & ﬁ‘ﬁe’“‘i"foﬂp %/!Hg ?:‘B%P ?:l'qlﬁh][%P?‘?trﬁﬂﬂea ﬁf‘t rot]'@nc"]l'-ﬁ‘f‘e‘i'ar?edi ate
7 (3.067 Q) ehsedowidt d\idhlilo&tmethianegcmtdmm Lemees iriguamounts efbetrgll y to 60.

The m xture g o glve ?ﬁ&cecq %)whlisct?‘rv]:g J;rtgitqgfiagnd é\ﬁﬁ%ratc?% E‘& rtlalt} 3§en at

00 for a furt Uttonor
wi t hout char 5’@% @I";-S"@?I 6¥Fs°lved- igZthy) rﬂceFﬁ@dK%ﬁﬂé) 1MichR wesdadged to

1- (2- Nt hOXyDatﬂm&thbEﬁﬁp'(mHleﬁ@ %iW'thé 6Rt T&)compound as a solid (2.5%94q),
3-trichlor 0ac )?;écar ?@hﬁ?él}gxyrret hyl - ZW‘(‘ITP‘ZT - 2- met hoxyi m ho
lcet am do] cepﬂna ylate 5 - A solution of I ntermediate 15 in

g
di methyl formani de (100 m) was stirred-at [err] under nitrogen wth
tiri chl oroacewgerhgwgnfge (3.44 m). The tenperature rose to 100. The
m xture was v durlng 5 mn and was poured |nto a stlrred m xture
o ice (200 Lat arud 1A% !, -neithy kpropignyl ognatenl R o N0 Fﬂ)
The aqueous Irmmumaﬂ{uo) 3- (texdhlaeﬁaﬁtwddﬁbmyemﬁrm)ce@ﬁeZ-aetnea-( 200 )
anck_t,he or gani | a &S were conbl ned and washed w th 2M hydrochloric acid

2 x 100 m )= 3 X

A solution of Intermediate 17 (4.00 g) ‘in dimethylformemide (200 ml)
was cooled to 09 with stirring under nitrogen. Intermediate 7

) (2.98 g) was added and the mixture was stirred at between 00 and 60

1~/0 for 1.65 h. The mixture was cooled to -40 and was treated with
trichloroacetylisocyanate (1.5 ml) at between -40 and 10. The mlxture
was stirred at -40 for 15 min, then at 8% for 1 h. The mixture was
poured into ethyl acetate (400 ml) and 2H-hydrochloric acid (200 ml).
The QQUeOUS'léyér was extracted with ethyl acetate (2 x 150 ml). The

25 organic layers were combined and washed with 2M-hydrochloric acid (150

ml), water'(ZUO ml), saturated sodium bicarbonate solution (2 x 150
ml), and brine (2 x 150 ml). The solution was dried over magnesiur

sulphate, céncentrated to ca. 25 ml and'filfered. The filtrate was

\"_f added to 1sooropyl ether (400 ml) to give the title compound as. a
. 30 solid (2. 015 g), [a ]62 + 2080 (¢ 1.2 in CHC1 30+
Intermediate 20
(R and S) 1-(2-Methoxy-2-methylpropionyloxy)ethyl (4R,6R,7R)-7-Amino-
35 3-(trichloroacetylcarbamoylmethyl)ceph-2-em-4-carboxylate

Pyridine (0.56 ml) was added to a solution of phosphorus pentachloride




100 m; but still acidic), and brine (2 x 100 m; still acidic). The
organi c | ayer was dried, concentrated to,ca. 30 ml and added to petrol eum
ether (400 m) to give the title coanun%B as a solid (2.373 15 g. A
portion (1.50 g) was purified by dissolving in ethyl acetate cooled to -200
filtered and¢waghed.in 4 ' S compd ned, diluted with ethyl

acet ate (50 éq) mhggﬁgd‘;l%ﬁtliﬂ%gﬁ'ﬁaﬁ‘gt% g’g)di"gmnpdbiueg‘?’bah%ﬁ%e%cﬂtufi'onz?30 m),
water (2 x 30teryedigie J@ (BF0np) waprdded d@. tiehsusnEnaisronvers oimceTHer at ed
to ca. 15 msandigtees Starsdd at ca. P Fob Q8MhEt.NEFRH3H0 give, t he
title corrpogﬂg,y larr], 275 ﬂ{fp ;EIEBW . Intermﬁ:o’li‘fé{-{e?a1 %’? gtc])% avjsz'g'}'ﬁ4 fo

(4R 6R, 7R) - 3~ Hy A5ty | 1hF- PLXHURE 1851 thest SpA1EE) teph® and zgided under

em 4- car boxytidregenAtgad wblwhion of methanol (3.5 ml) in dichloromethane (7 ml)

of (4R, 6R, 7R) g3 -hytirngx et hyihe 75 ' et ani eph-2s em 4. car boxyl i c
acid (5. 064%2 i n@t hanol ({Igor%%)déaut ﬁgﬁquov&%v\%gl%#tagr es?d(T gﬂﬁdspr@’ar{’ed
dropwi se wi t'TFEEFi 10 Rl Wes rrdded endt thenmbrtupe twas sshimredt et atde to 1=341fom) in
et hanol (10 ¥S)h. ATBe-Iniidt@ﬂeyﬁéﬁlv)ehﬁ&ﬂths" and aﬁggﬁb@oﬁam%ewg@as st rL ed
at 200 for filtered. he,so).id was washed_and dried_to give the ;
title comou%n%a?é}ggzyéff‘&ﬁcﬁgg-ﬂ? éJ&ﬁh)(‘H@%trﬁ?."?'. . The\o0ZppRig; AeneTs greTs :
(R and0s) 1-qopbinadhowashad methydatnopiednyddiny ) eichyBonatdBoTH)ior- (25 m1), ’
Car barmoy| oxyigbfiylzs fnl Y Edad bldd! (25 Y1) ; 2TREU VISR MaPGRIATLOS

ceph-3-em4-carboxyl ate A solution o _ _

1- ( 2- met hoxy 23Ny PHPBR on §PNsept Ratey | teegredOonl, andmddeshitar popnery(S. 5280)
in toluene (256 (100eml)sté Igieel thet tite NEnpaRHdOas hevsidhi@zobegy, 18- 59) et
reflux for %Ilnml 1 cooled to and alTowed to stand for 24h'!'9"gi Vi ng i
crystals which weré Ti1fered off. The filtrate was evaporated to give a ¢
foam (3. 10). Part (6.0q) of this 5 f oam was chr omat ogr aphed-on a
colum of KipeehRliafd 24 70-230 mesh; 600g) made up in ethyl

acefat e- di chI 0T 0 4) . The col um was .

R an —(2-Methoxy-2-methylpropionyloxy)ethyl (4R,6R,7R)~7-Amino-

3-carbamoyloxymethylceph-2-em-4-carboxylate . ' -
A solution of Intermediate 20 (0.700 g) in methanol (10 ml) was
20 stirred with a solution of sodium formate (0.208 g) .in water (3 ml)
\~/ for 2 h at 220. More sodium formate (69 mg, 1.0 mmol) was added and
the solution was stirred for a further 1 h at 22°. The solution was
concentrated and the product was shaken with éthyl acetate (25 ml) and
saturated sodium bicarbonate solution (15 ml). The aqueous layer was
25 extracted with ethyl acetate (2 x 20 ml). The organic layers were
combined, washed with water (20 ml), then brine (20 ml) and the
solution was dried over magnesium sulphate and evaporated to an oil.
The oil was redried at ca. 1 mm Hg and 229 to give the title compound
as a foam (437 mg), A 224.5 nm (E} 175), A, 245 nm |
(E} 128) Apax 290-5 mm (E} 20). '

nfl

Intermediate 22 .
(R_and S) 1-(2-Methoxy-2-methylpropionyloxy)ethyl (4R,6R,7R)-3-

Carbamoyloxymethyl—?-[(Z)—Z-(fur-Z-yl)-2-methoxyiminoacetamido]ceph-
35 2-em~-4-carboxylate - o ' '

A mixture of Intermediate 21 (400 mg) and (Z)-2-(fur-2-yl)-2-methoxy-




ted-wi th dichl oronet hane contai ning increasing anounts of ethyl acetate
3 give fractions which were conbi ned and evaporated to an oil. The oil was
dilssol ved in ethyl acetate (25m ) which s added to 10 petrol eum
etthyl (400m) to give the title conpound™as”a solid (2.594q), [err] 276
nm (El1 293). Intermediate 19 (P and S)

1- (2- et hOXyl.&r{zsge.mi%pé&B' el ﬂé)y)lﬁt Mléﬁbﬁe%n@%ﬁ7m()’z wa§-5.3t1rred with

Thi enyl acet am do trichl oroace carb hylo ceph-2-em
car boxyl at e ﬂgﬁﬁﬁﬁqxdﬁcﬂﬂb"?ﬁt‘“éi’?re%ﬁt'@) )z( 'E)OaE ?Z efit WH’ o(rtﬁ%lm de

(200 m) wasdedpel) ewhst addednwahd tEéId’ollidﬂglaHrﬁaltel‘Hd bﬁgend washed.netheate 7 (2. 98

g) was addedfiaﬂ:ra ehewarsn th ltgat\é? %fﬂ ISJrggtfo%eFet}e\é?g%s 9%&”%&%&1(5{1%)1 65

h. The m xture was oo
tri chlsor oaceand isebenadadtaedium le#")mtebévl/\éé?ﬂ [(@F ral)andhecorgpnic dexetur e was

st It rr eflhalt [ﬁ&gt ]wta§|41={d48§tmatezl henc as ®0 Srwh lbhA?e (Thenm )&EHV\%SV\@&_FEOWEQC’
into ethyl acetate chl.oric a e aqueous
| ayer was exPPHEseY" \ﬁf"?‘ﬂ’a‘té ‘ﬁ\;l e‘éﬁ?@f'%%/g %) % aivq mﬁ) qtéﬂﬁggé his organi c

| ayers were psoduichethsaatborbehed siiltiba ARk hygr endicbromatagriaghéd 50 aricplummat er
(200 M), sappried, K961 ¢ hideC b NANBi 18 Abikhab-Lenyt doltoBE)c3.2nd brine (2

x 150 m) t1on was dried over -nagnesi um sul g hat e, concentrated to
ca. 25Lom anBighloreethane-phiy )i | peatate (Fad) zdeE‘H’ goSMedd ATGHYY oft PRy oeleso m )

tio give the hhtdr@aLONDUEH] oBd6merhakk-ethyl G6étalle (Q:0)%10})ed [FRadtiots which i n
oL R S cBhaad & Aldordeel (8 gYRL MREYEALETLINLRIOR! Qe 118Y) ot P!

(PR 6R 7R) - 773 r§ %‘

-(trichl oroéce"ﬁ/ B am)yFmat hyl ) ceph- 2- em 4- car boxyl at e Pyrl di ne (0.56

) was added to a 'solution of phosphorus pentachl oride - 35 - (1.44 9)
ijn dichloronmethane (20 nm) at 40 under .nitrogen at ca. 40: Internediate 19
(|1. 90 %) waslntemmadiater®h suspension over 5 min. The solution was stirred

¢g. 00 fONR 1GdTEN 1~ (2 WRBhdy-PaNdth 1boy)b@Ry1d 1S 88, 2R3~ The

| xture was a:gbamoy](?oxymethyl 711z) e G )-Q-lﬁethoxylmmoacetamldo ]ceph

=3=-em~4- carboxylate—l—ox1de

=Y

(i) - A solution of Intermediate 22 (14 mg) and m-chloroperbenzoic acid
) (4.9 mg of 85%) in dichloromethane (2 ml) was stirred at 00 to 40 for
1 h. - The solution was evaporated and.the solid was triturated with._
ether to give the title compound as a solid (8 mg), Vnax (Nujol)
3385,3270, and 3200 (NH, NH,), 1788 (p-lactam), 1745 and 1730 (CO ,R),
1698 (probably OCONH,), 1660 and 1530 em=1 (CONH).
25 (ii) A solution of Intermediate 22 (containing ca. 25% of the A3

isomer : 1.144 g) and m-chloroperbenzoic acid (497 ma of 85%) in
dichloromethane (30 ml) was stirred at 200 for 1 h. The solution was : i

washed wifh sodium metabisulphite solution, sodium bicarbonate
oo solution, water and brine. It was diluted with ethyl acetate, dried
30 and evaporated to give the title compound as a solid (0.84 q), [a]gl
+ 460, °




, nitrogen to a solution of nethanol (3.5 m) in dichloromethane (7
) at [err] to -200. The reaction mxture was stirred at [err] for 30
n; water (10 mM) was added and the mi ¥ure was stirred at -5 to -30 for
1.5 h. The m xture was warned to 150 and the aqueous | ayer was separated
and extract gg W th d| cgl oromet hane. The organic |ayers were 10
conbined, turated sodi um bi carbonate solution (25 m), water
(25 nm), andiphemdméds ln{LﬂRﬂ?eCSfﬂmbyMymxdn-eEdfmeﬁylmggmmmdm]-
sul phate, cQRERMILALEL 0 atelo m, and added to isopropyl ether (100 nmi)
to give the I|d(0 795 g), X max 251nm (El 122). 15
| nt er medi at Piphenykmathy1s{6R, 7R k—%vewm?-@rhm Pwﬁbwlnm}yym‘hyl |
(4R, 6B, 7R) - 7caem>mat3 -todndrapydudpherachyd igepit 24 £78q} - wed! bmssbhaécem\ sol ution

of Internedi e20 7 nrre ed th a
sol ution of ¢ s&)'?fif‘ ar%e eng?m%bl ”Wnb\ﬁéfl'%‘?“n%% "‘rv‘\?ﬁ)’t‘f"Br (zfmﬂf; % i Nbr e
sodi um f or neatéyl @Ehgte layermwed )Semtaddadsl&nﬂuttewetﬂrutdmdvmrst| rred for
a further 1 ntsaasm%aosulpﬂ;bé‘e 304 %b?éh ﬁ%monﬁ&ﬁhigggﬁua'ag i€ Qiaguct was

shaken with et’h acet saturate I um bi car bonate sol ution |
(15 m). Theetgqﬁe&ﬁg ﬂrt&yml%%nszsf dlcy@&“@éﬂ“é‘abwlﬂﬂl@t yidégéeandt® (2 x 20 !
BU 16(1’ 28 ?ﬂr@amaybayﬁrcsfm ©uagbi ngde raastivd mithravaiaerst(lzﬁedml 0% hen '
ri ne ol ut i ed Qv S ate an
evapor at ed to Taf "&F&\téf’ &lt?p%\%rs'?g Fi dl(g ?ete a fvn?ﬁr%e&lnﬁ—%&fé’—to gi ve
the title coTrrpéumila's of theamegise wigh, thenpl q!za thenpitdpcgampourws 3. 33a0 r |
245 nm max 3flp. ngﬁt:r] 128) [err] 290.5 nm ([err] 20). Internediate 22 (R
and S) 1-(2-Methoxy-2-nethyl propionyl oxy)ethyl (4R, 6R, 7R)- 3-

Car banoyl oxynet hyl - 7- [(Z) 2-(fur-2-yl)-2-met hoxyi m noacet am do] ceph- 35

2- em 45 car babotesbeati dteri2Bt ure of Internediate 21 (400 ng) and

(2) -2-(Tur-2e8l 3g 2s0EL rl]:(ejnmgylczxymethy1-7--[(1"ur—2-yl)941110’“1“‘1"0]‘3‘919“‘:""‘5“"4'
g T

330

.carboxylic acid-

Trifluoroacetic acid (5.5ml) was added to a cold (00) stirred mixture
of anisole (5.5ml) and Intermediate 24 (1.84g). After ten minutes,

20 the reaction mixture was poured into aqueous sodium bicarbonate

\ (100ml) and ethyl acetate (100ml). The aqueous layer was separated,
washed with ethyl acetate (100ml). and acidified to pH 2 under ethyl
acetate. . Insoluble material was filtered off and combined with the

25 solid obtained after washing, drying (Mg50,) and evaporating the
"ethyl acetate layer. The product was crystallised from methanol to

give the title compound (678mq)'[a]§2'+ 649 (c, 0.988 in aqueous

sodium bicarbonate).
! - .
th? Intermediate 26 (Novel compound of formula (VII))
(R and S) 1-(2-Methoxy-2-methylpropionyloxv)ethyl (6R,7R)-3-
Carbamoyloxymethyl- 74[(fur-Z-yl)glyoxam1do]peph-B-em-a-carboxylate

A solution of (6R,7R)-3-carbamoyloxy methyl- 7-[(Fur-2-yl)q1yoxam1do]
ceph-3-em-4-carboxylic acid (3.00 g) in dimethylformamide (30 ml) was
35 . stirred with potassium carbonate (0.524 g) at 229 for 1 h under

nitrogen:. The solution was cooled to ca. 00 and stirred with




3 | m noacetic acid (171 ng) in dichloronethane (15 m) was stirred with
di cycl ohexyl carbodiimde (230 ng) for 1 h at 22. Acetic acid (two drops)
was added and the solid was filtered off and washed. The filtrate was
evaporated then partitioned between ethyl38acetate (50 m) 5 and

- saturated sodi um bi carbonate sol ution (15 m ). The organic |ayer was

gaﬂgmnf gu}l\ﬁ?ﬁf"&ééﬁg éség%af’ggat |ne ]a'|59r0|l |Z49(d5he reagtllﬁnsmﬁ‘\ré%ru ¢P° was

adsor bed on spdured in2oSethyl mﬂa@hKZﬂﬂatﬂbhraaphZﬂihmroahbmlamFldf (19p| nda -( 50
g) made up ingdy ‘Emﬁf an}shmreﬁéyge@&‘ai@é @nd ?éx%)-actLQ with ethgl acetate (2

Di chl or onet hane- acetadte 1) eluted a snal m?\ga Ql non pol ar
material . Di ¥PCoPblret ighereamg| laé(EE? AeBe (°9mRined, iﬁdeﬁa cti*Bns which were
conbi ned and mpefc&ihedrﬂcOa@ld\/esa md) § ivaker dADD @l sasumetsdlsodig®2ny), [err]

(1|55 6R 7'R;‘tgf€B 80231 AR (P)x 106 T YEIPNrihe TRIBYLHRT ORiR TN QXY) ethy!

Car banpyi oxynetied| over| pggnegiyn aulphate) - Fbensohebipp ntasosenceatraded depea- 30
-3-em4-car bowlaaheadjenaewodset&néum éu%&l gsacom1 Pitol giver BRitat R demgolifd ) and

m dhl or oper benzoi_¢  agci hl or onet hane m)
was stirred af %193248"% g 1["11 soI Eltqggéaﬂhgmg\ﬂgporat ed and the solid

was trieurated with ether to.give:- the title conpound as a solid (8 ng),

[err] (Nujol and 3200 (NH, NH2), 1788 ([err]-lactan), 1745 and
1780 [err] 16 chiicasit 27 OON2), 166§ and L
(if) A solut{&h’Ri- yl i BLOCT | sorrer

prhyamo) e 21 2myl ! .
1.144 q) and g@,@;lgh,pd@ge rbsna@.lacca&iod 1#9%cim of 85% in d| chl or onet hane (éo
Teb ab, sui phi + B SBPERIOR, Sfo A1 U DECEr Burar Rerari ey S G |,
di Lut ed wdicthlot-dfrgdthamt(mmml&iratew%@:as stlregddwetmgme;;hgwqrgpgievélq he
t\l@ Conpounglﬁ.s ?hes% hﬂ:l(:g ﬁﬁmt@g ’waLai].I'%;ll Stl%@gd at ca. 229 for 15 min. end
evaporated to an oil. This o0il. was.redissolved in dichloromethane
(100 ml) and stirred at 220 with methoxypropene (5 ml) for 15 min.

The solution was evaporated and the oil was dissolved in

$ 20 dichloromethane (50 ml) to ‘give a solution of the protected ac1d.

t

Oxalylchloride (1.85 ml) was added to a solution of dimethylformamide
(1.9 ml) in dichloromethane (40 ml) with stirring under nitrogen at
=209, ' The mixture was stirred at ca. 0% for 10 min, then cooled to
25 -200 and stirred with the solution of the protected acid from ebove.

This mixture was stirped at ca. 09 for 10 min, cooled to -200 end
added to a solution of (6R,7R)-7-amino-3-carbamoyloxymethylceph-3-em-

_ _4-carboxylic acid (5.465 q) and triethylamine (8 ml) in industrial

b methylated spirit (40 ml) and water (12 ml) at ca. 09. The mixture

' 30 was stirred, warming to 229 over 25 min. It was poured into
dichloromethane (300 ml) and water (50 ml) and the aqueous layer was
washed with dichloromethane (2 x 100 ml). The aqueous layer was
allowed to stand at 220 and pH 8 for ca. 2 h. The pH was adjusted to
1.5 with 2M-hydrochloric acid, and the mixture was extracted with ethyl

35 acetate (4 x 200 ml). The organic layers were comhined and washed with
2M-hydrochloric acid (100 ml), water (100 ml) and brine. The solution




-37- I At er medi ate 24 Di phenyl net hyl

(6R, 7R) - 3- Car banoyl oxynet hyl - 7-[ (f ur - 2- y39 quoxam do] -

ceph- 3-em 4- car boxyl at e Di phenyl net hyl

(6R, 7R) - 7- am no- 3- car banoyl oxynet hyl ceph-3-em 4- 5 car boxyl at e

t ol ughe- p- suvgshdnied qeem mafriesidn 28dphatesardi sssdoretbd Bo &fily|a TeAH,aWRidH200M )

and sodi um bw&&?m&k@eé%m 'e@ﬁ'er( %g v)a th-léh% i B agcgelx_:g ate | aﬁ {g V&S

separ at ed, water, drie %ooled to
[err]. To th é‘qig ‘m'l o’nna\ﬁ/er%7 a?id@'d(':e I‘@p acet ate sol uti ons of
di cycl ohexyl carbodii m de (1.46g) and 2- 10 furyI gl yoxalic acid

(991 : Th&geg%élagg 2@ S’B"u"r‘a?d"m‘,’%#'ﬂsﬁacﬂgefd% ](%?QE 20 minutes, filtered

and the fi rate on of there5|due W th
et hanol gi v&@iﬁl&&m&wmmﬂgﬂdﬁgefmrlﬂ 18)-3-

I(gke;g;?dgatcg?aa\'ﬁemo loxymethyl-7-[(Z)~2-(fur-2-y1)-2-hydroxyiminoacetamido

b yiox'yL'me- = 2" == -
carboxylic aﬁpﬂﬁﬂﬁhﬁiw acid (5.5m) was added to a cold (00)

sti rred i xtAJrselmtfloanoSdhEex(nﬁdEA‘ﬁe) 2ard. ﬂ]mtqﬁ)rﬂ‘ﬁdih.lﬁétfhyﬁfgorﬁﬁn%alm ﬁni) er ten
m nut g§, r to @ us, sadi um

bi car bonat e e lJ);Uéd vgﬁ Oqu%Ecet r%ow#{ )I'Haz g gﬂgfs‘ R
separ at ed, edhni Fwset"h’yqurad'@ﬁat@n( stTEY aind @cﬂ&wfntbdlrttermﬂdlatmﬂder
ethyl acet at .822 nporebbe Mt ghd @bumﬁlﬁw teaﬁﬁdaeét t8ndog i Ged with the

25 sol ed after ) and evaporating the |
ethyl acet at%r‘é‘% Wé’ BTy u%f"was gP?fS‘%/"aqu"fsséﬂyeFrB?ﬁ gerarated apd gi ve the
title conpomﬂr(aﬁtwngn)th[ ethyl fostabe A28xiF0 alleolie swdérum héyeas henat ) . :

| nt er ?}E?' at eco%@u(é}ﬁ‘éﬁé w%Qﬂ@H)HF%]X%_ fty%g'nul(%&(éill 'e}é 68 @9 Rter 100 m),

1-(2- hoxy- 2 Lr opi ony
Car banoyl| oxy??éﬁﬁ?‘leﬂﬁ‘[‘(lﬂmrhlzﬂytPC)f‘qF?d)?am iﬂorﬂbhphn@-be‘m:el (s@rwioxy|Thee A

sol yti on of 4SiRt7dR) was Qﬁi&ﬁrméd‘ %Mnéﬁhhygu'lzhgt(ef qun%eé(f!l)agLanagg ded o

ceh3em4crb lj.c formam was 35
‘st Prred wi t P i‘?&/’ E‘?n g’i‘g‘ﬁﬁ'&teg €D, ‘@E‘L’L '%})) %& 922%) tPSr_’E_Eﬁ.%ﬂEEL_nF?t rfogen- .
{The sol uti onsq/las @62t of ads+ 11d (acnd $lirred with
20

\/ : Intermedlate 29

Chloromethyl (2- Hydroxy—Z-methyl)proplonate
.(Z-Hydroxy-Z-methyl)propan01c ac1d (s. 20 g) was dissolved in 40%
_ .aqueous tetra n-butyl ammonlum hydrox1de (31 ml) and the solutlon was
25 azeotroped with toluene“(6 x 100 ml). The :esultlnq oil was dried
under vacuum and dissolved in chloroform (250 ml).
Iodochloromethane (17.65 a) was added and the solution was left at 220

for 112 hours. The solution was evaporated under reduced pressure and
B the resulting oil was stirred with petrol (3 x 50 ml). The residual
30 crystals were triturated with ether (2 x 100 ml). The ether soluéions
were evaporated to give ‘an oil (2.41 @) that was stirred with petrol

(2 x 50 ml) .and the petrol was evaporated to give the chloromethyl
ester (0.37 u)

35 Intermediate 30
Iodomethyl (2-Hydroxy-2-methyl)propionate

A solution of Intermediate 29 (1.0 g) eand sodium iodide (3 a) in




3% <Internmediate 7 (1.88 g) at 0 to 40 for 2.5 h. The reaction m xture
was ‘poured into ethyl acetate (200 m) and 2M hydrochloric acid (100 m),
and the aqueous | ayer was separated and ex#®aeted with ethyl acetate (2 X
50 m). The organic |ayers were conbined and washed with 5
2M hydrochl oric acid %50 m), water (100 m ), saturated sodi um bi carbonate
sol utiLon (2 x Beetare) (50ami) tves rieateth@ndere rsbluxt fom Shemingr i dhe Pdrentaypesi um

sul phate. The $QhdHrabéd \Was dranarntésildad wa@ 6ért i Blbrel tRtdealdes! dagequet r ol eum
gt girl I(,IB[Ogr P1] g sggﬁ% ﬁ?elaazhe tphtlé ?ﬁ%#” l%l) au%m?l h‘iio:(o%o ng) ’50[ Ef)r] (c
(6R, 7R) - 3- Car b&ﬁ@ydm:yimﬂhydns?we{r@zwnﬁu{\édj,r weshpld) withhgatupstddrbnipe (20 ml),
acet am dpi cephd$ %]TL égf_l.njn(\s eﬂ:ephrﬁauég 59&1 Qﬁder reduced pressure to

(2)-2-(fur-2-yl I'm noaceti ¢ acjd
di chl or omret han@l(@.%en}&)ﬂwﬂmﬂ%@ @i prled0 % Hgfmtﬁﬁgly@r”épﬂﬂel(% m).
The sol ution fmAEd des: then stirred at ca. [err] for 15 mn. and

evaporated to-an oil. This.oil. was redissool ved in dichloronmethane (100 m)
and stirred at 220 with nmet hoxypropene (5 m) for.15 mn. The solution was
evapor ated and Inhermediatga3l diNosell vewbdund 2 formula iXdA) or onet hane (50 i) to

?' ve a isﬁ% Ut i on,0fy dridey-2- Héﬁﬁrtlﬁf’op‘iﬁhﬁox%twp kR 7rRAE3{ClrSam Ax%ﬁhﬁdded .
S'?I (rar |S(rjlguulr182r H% Smi"mt Lﬂﬂzﬂﬁe‘gﬂmdg c;p{,.%fle,g: —carboxyle Wt

SHH+-€ for
10 min, then CCDéFEbehﬁeZﬁ 697 Q) {rﬂr bn}wdaneld $btagsddm wisrbortalie @35ung)orenst  t he

D e £ MR v Al oo koot e el i 8 1.

(6R 7R) - 7- ami na'esub!ambaem:lytmfym [epplash e Fne ire/sa bl o yHo; o0 b @slutgeng)
andgtrieghyl amd?elﬁt%_lg%am'tg 300dosy o) adn ERkyUEbad wdusdmemylféﬁnmae dadmMat er

(12 m) at ca . m xture Oover
25 win. It wasveoedded enst 6“%.88&?%8&?%3?@*&%&0%439 R \[xg%eé‘r C%%(T% Sand
t hejaqueous | ayfidetVamdeishaiixbiire lwedi extiractsevhtnety? acdt@de nf2) x femblrueous
layer was al | OV\ﬁ‘% Eé’mbleaé‘J‘%ré‘énlézf’ay%QQ J%_lf'leBWastEd c‘s@lccgsstl'velvﬂ'ﬁ%HSM‘ﬁﬁ ashirust ed

to

of 2N hydrochloric acid (2x), water, saturated aqueous sodium
20 bicarbonate, water, 10% aqueous sodium metabisulphite, water (2x) and
A saturated brine, dried over maqnesium sulphate and concentrated under
~ vacuum to ca 10 ml. The solution was added droom.se to stlrred
petroleum ether (100 ml) to give a precipitate whlch was filtered off,

washed with petroleum ether and dried under reduced pressure to give

25 the ester (0. 788 q), m.p. 1339 (Mettler), [a]z + 459 (c 1.165 in
| dloxan)
‘&_ﬁ ) Examgle 1
' 30 1-(2-Methoxyprop10nyloxy)ethyl (6R, 7R)-3—Carbamoyloxymethy1 -7-[(2)-

(2)=-(fur=2-yl)=- 2-methoxy1mmoacetam1do]ceph-3-—em—4—carboxy late

To a stirred solution of cefuroxime {4.24q) in anhydrous N,N-dimethyl-
formamide (100ml) at 20° was added potassium carbonate (0.69g) f‘ollowed
after 10 mins by 2-methoxypropanoic acid l-bromoethyl ester (2.11q).




1.5 wi.th 2Mhydrochloric acid, and the mixture was extracted with ethyl 35°
acet at e (4 x 200 mM). The organic |layers were conbi ned and washed wi th
2M hydrochl oric acid (100 M), water {190 ol) and brine. The solution -
39 - was dried over nagnesi um sul phate and evaporated to give a foam which:
was triturated with ether to give the title conpound as a solid (4.115 g),
[err]__ 270. Bhenmix{urer yas420jzreB for 2 houng endeili abe th8n (Mdoved iotmrpound of

formula (I X}dxth,Fe Wetﬁ)yllaé&avgtﬁgﬂwﬂz aﬁ@bhyll\ﬂlrrg&{l%m/é %Y& qtlbdrlxl)(. 6RnR) - 3-
Car banmoyl oxynet hyl -

gq% ur -2 3(/#) ydrooxyim noace go
ceph-3-em 4°’699PE>6>&?1"§? é’aﬁ\ ae i"4h T‘Yﬂ“é’Phﬁ?ﬂlat@lﬁ 108mbp ey ‘ihﬁ
di met hyl f or cabiited (aaoedds) pHd3es wereV@&raétddr Qﬂh\/\fetﬂ'ylp@ée&SSé um saaﬂnhon.at e (168

ny) 220 d en for 1 ture en stl t Oto
40 with | tﬁenéé?é}i gg(e sgv2® 3°me"ecQ0w?ﬁhﬁé “?)'\3,)%%% YAt 88 cetate
(100 m) anmL@IWﬁm#Mhlb@carwoaetajS()Eﬁlmh)(lﬂﬂﬁﬂﬁe mjlceo(ﬂ@ﬂlnb)yendwas separated’
and extract ggeudatdl %E{BQ (fﬁtﬁrh@t %rﬁgd )Svép S8} um: sI&t)l:ﬁnaQE eF=la] &vdp@i‘@cre% y@r;a 15

conbi ned and, washed W|F % %eroc oric acid wat er
saturated s8Hum tRePakrha Frage HF?ducén‘ﬁPsbPP’F?é'iE%G’YrTF*)m‘“%I‘Q'HTYut i on
was dried omersmtmaqqal W8l pm@h@g withce i tatleaik¥ureaof Bdchlloromethaskded t o
petr um e I Lye tifl 0 d g (Q.617 g),
[e”]oid(ac » &#be agé@ﬁqn o gé’mg!ai’ezgﬁ:%mké w%tr% .fH%Bi‘n“ed 8% 3vSSirhted %o
( 2- Hydr oxy- Ql\f?eiﬂwt)lb%fb,s?bﬂa@é g Phibalfay (2-88a)ly IPMBr elieundithe spmegenas: 20 q)
was di ssol verl doprdhiifaBllyeones of etHea s?- RYbidr 88T BoANERENEHOXi de (31 m) and
the solution was 25 azeotroped with toeluene (6 x 100 m ). The
resulting oil was dried under vacuum and di ssol ved in chl oroform.(250 m).
| odochl or ont lmanelytidn 6iF . the wasturddet! A3nghd he isohersi O4.90a3; |tebtsiat 120 f or
112 rs. I o) % r d e
rasulTing ol T onas "Srp ol Tindy B0 B ol Tale AHNAOT, iFaSY Sy FbLAS

. in ice, was added m-chloroperoxybenzoic acid (1. 8g). D1ch10romethane

'(100ml) was added to the resulting suspension to facilitate stirring

and the mixture was stirred for 1.5 hours. ‘More diChloromethéne3

(100ml) was added and the solvent was eveporated off under reduced
70 pressure. The solid residue was triturated with ether, filtered off,
% washed with ether and dried under vacuum to give the B—sulphokid%

derivative of the title compound as a whlte solid (3 99q),

67%c 0.903 in DMSO),A Ew” 276.5 nm Ei 307.

122 +

25 To a solution of the sulphoxide (3.768g) in anhydrous N,N-dimethyl-
formamide (100ml) cooled in ice were added potassium iodide (4.3%9q)
end acetyl chloride (0.94ml) and the mixture was stirred at 00 for 1
hour. The resction mixfure was partitioned between ethyl acetate
' (100m1) and aqueous sodium metabisulphite solution (100ml) and the
gﬁg; organic layer was washed with aqueous sodium metabisulphite solution
(100m1l). The comhined aqueous phases were extracted with ethyl
acetate (2 x 50ml) and the organic layers were combined, washed
sequentially with 2N hydrochloric scid (100ml), water (100ml), and
saturated brine (IUOhl), dried over sodium sulphate and evaporated
35 " under reduced pressure to give 8 yellow solid (4.02g). The crude

product was dissolved in dichloromethane (20ml), insoluble material




301 crystals were triturated with ether (2 x 100 m). The ether

sol utions were evaporated to give an oil (2.41 a) that was stirred with
péetrol (2 x 50 m) and the petrol was evapgsated to give the chloronethyl
ester (0.37 g). 35 I nt er redi at e 30 | odonet hyl

(2- Hydroxy-2-net hyl ) propi onate A solution of Internediate 29 (1.0 a) and
sodium i odi de ((%aat)ucha) was- ﬂﬁteﬁé&ﬁbﬂﬂeaﬁ5Qhﬁ1 all\a@&ehaaé Qdsébbdarontefd ux f0r

50 m'ns. The sGI"vent evapor e residue S art
bet ween 20% aqUEoty s?gd? r’hc'?reqtogbé%ggf )fe 8I° oh "20° th@wﬁg Fo%“’o orm
(2 x 50 m). Thaxbluxgianf ddikchimopethane amdntnatede anasémdomuahe Savckrimhedebei ne

(20 M), 5 comsl{de%darm/%oaﬁmf@oshmrs%mateo gwe eHERYrat B mb AR, agdyced
pressure to give the title compound as an oil g vV—33

1742 maxs[err] ;(aestmlar@)aaml(rzwgmdnﬂ e+3$°(N0\16A45ClelB£bf%i-m)‘ onht

(X1)) 10 azézl-h/ rmﬁ% 42 met hyl prop| nyl oxy) et hyl

(6R, 7R) - 3- Car by Mkynethyl - .

7-[(2)-2-(fur-2-yl)-2-nmet hoxyi m noacet am do] ceph 3 em 4-car boxyl ate

Cef uroxime (1. p [ C kg red
n NN di met hyf'?ér%a"ﬁ““?s( Sifishorh BRLRSS Wik SAERORRL o (£ KndTU) YRHE: Skt
sol uti on was cd®retPilpving ?’ES@P%H'\S ‘bath to [err]. A solution 15 of

| nter medigat e 30 (0.8 a) in anhydrous N, N-dinmethyl formanmide (6 nl) was added
and the sol “t'%{AMﬁi §t|rred for 45 mn. Water (75 m) was added and the

m xture was extfemeted—with ethyl acetate (2 x 100 m). The conbi ned organic
| ayers were wadhwéee $hecmmbey alf ymalisrhedd vedensacdf odtazhiumy dpdickel end ecetvild

(2x), water, SQ:fhllB?ia“edwé’ﬁuﬁQé!ﬁ Smél ﬁmeao roduct e a1ROBRHoRat SRhSHed B was
agueous SOdI um net abi sul'phi te, wat Z and sat uy at ed ‘brine, dried E\(‘iver

2X

magnesi um sul pIPEEELRHtat ﬁE%‘htdf“’a‘TIt?amEﬁ?Hé e 2a8 (RETRL cEefHEorine’ s9fiug
was adders dr ooweseuded i iplaed of edafal exime edrdepoteb8Oumicartionatg.ve a
preci.pitate which was filtered off, washed with petrol eumether and dried
undef reduced %rxgai;sLuErE to give Lo S o

The mixture of A2 and A3 isomers was not chromatographed; both it and

fi on

the final prdddct were precipitated from éthyl,acétate by addition of
Hy 20  the solution to petrol. The reduction reaction mixture was

i partitioned between ethyl acetate and 2N hydrochloric acid.

EXAMPLE 5 _
Cefuroxime sodium salt was used instead of cefuroxime and potassium
25 _carbonate. Neither the A2/A% mixture nor the final product was
chroﬁatoqraphed; both were precipitated from dichloromethane by
addition of the solution to petrol. Twice the number of molar

equivalents of acetyl chloride and potassium iodide were used in the
is,g . reduction of the sulphoxide.




25 the ester (0.788 q), mp. 1330 (Mettler), [err] (c 1.165 in “!
dloxan) Exanple 1 30 | - (2- Met hoxypr opi onyl oxy) et hyl -
(6R, 7R) - 3- Car banmoyl oxynet hyl - 7-[(2) (& -Lfur-2-yl)-2- nethoxylnlnoacetanldo
ceph-3-em4-carboxylate To a stirred solution of cefuroxine (4.24g) in
anhydrous N, N-dinmethyl- formam de (10Om) at 200 was added potassium
carbqnate (0.69g) followed after 10 mins by 2-methoxypropanoic acid

1- bronoet hyl ester (2.11Q). The m xture was stirred for 2 hours and it

was then poured into a m xture of
acid (100m).

(100M ) and the conbi ned agueous phases were extracted with ethyl

ethyl acetate (1

(2 x 50m). 5 The or dagi<
with saturated aqueous sodilufiébi cg
and saturated brine (100m )f odgie

give a foam (3.56g). The crhéefpr
silica gel

AYEr S _Wer e cont

Frbonate sol uti on
i er esodg ungsul
bduct \WAas @urb¢|e
L o0 1 mxture of

(110g) el uting h_a 4
and acetone. Appropriate firacgio

s wer e conbi ned

the title ester as a white [f8a%n (!
approxi mately 20% of the [ rﬁ]bso
mxture of [err] and [err] | &

p.'85). PMR showed
reas 2 cant %min
(4.91g); two si

0OmM ) and 2N hydrochloric

The -organi ¢ phase was washed wi-th 2N hydrochloric acid

acetate
ed, washed sequentially
(100mM ), water (10OM)
phate and evaporated to
d by chromat ography on

di chl or onet hane 10.
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t he presence of - :
ant. To a solution of.the
mlar 15 bat ches

were conbined) in dichloro - and cooled in ice, was
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to the resulting suspension £azfag¢ilitate stirring and the m xture was
stirred for 1.5 hours. Mor € 6uﬁh| ronet hane- (I ) was added and the
sol vent was evagorahed of f jufd@ 2 3 pressure.- The solid
residue- was trig u&_tedowlth gt'&g shed wth ether and
dri ed under va&um give ftes[®fr] - sulphOX|de d rivative of the title
conpound as a &2iteg§olld (13.999) , [err] [err](jc 0.903 in DVMBO),[err]
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an%acetyl chloride (0.94m ) and the m xture was stirred at O for 1 hour.
The! reaction m xture was partitioned between ethyl acetate (10OM) and
aqueous sodi um et abi sul phite sol wign ¢l COM) and the 30 organic

| ayer was washed with aqueous sodi um net abi sul phite solution (100M ). The
comhi'ned aqueous phases were extracted with ethyl acetate (2 x 50m ) and

t he oxganic | ayers were conbi ned, washed sequentially with 2N hydrochloric
acid (100m), water (100m ), and saturated brine (100m ), dried over sodium

sul phat e. and evaporated 35 under reduced pressure to give a yellow
solid (4.02g). Thé crude product was dissolved in dichloronmethane (20m),
insoluble material =~ - 42 - (Ca 400ng) was filtered off, and the filtrate

was adsorbed [ONTT a gorunmm of _silTjca gel 60 (110g). The colunm was el u}ed
with a 3 to 1 mxturé of AL lihm) 0 t hahe and acevgye(Mugdlhppropri ate
fractions werje conbi ped and evapo a\tedlunder vacuumto give the cefurokinme
ester as a pajEseymlel pn Be@m ( ZD9¢)-S=Peryq |(B-leckeys in ctlﬁﬁﬁﬁafm@%a_t[ie'r]
277 nm E1 344, %ae conifdGhs)s (Ft®Yed i n TablleS=P wer prepar®d tn a%ini|ar
manner w th tme— ot Pwnmg exceptions. 10 EXAVPCE 3 Tw Ce (ne nunber o1
nol ar equi vallents of {potassi um i odli and acetyl chloride re u . The
final product waé not p ?Talza-éra h beft* wagtgér e(,JigB?t at e 33f OM i%fa

di chl oronet hape and pet 5&.') Cef ur rXi me sodilum salt 15 16988 ué%(f in
pl ace of cefuroxime and pot assi umjcar bonatﬁ. EXAMPLE 4 The 'm xture of [err]

t

and A3 i somers wgs not gr omabogy dppad: sppthyids andshhe il pradest Yere

preci pitated from ethyl acetate by additiof of 20 t hgggsol ut i1@Fp t O
petrol. The yeducti¢n reaction mjxture wag partitioned between et hyl
acetate and 2N hydroghlgwi c aghgs |E2@VPsis § Opfour oxisae sogiiasm salivsaas | used
i nstead of cef uroxi and potassi ym _ 1700 1732

;g.j 5% 279.5 277 262 338 | 1792 1780 1780 1780

- : | 1730 1732

1702 '
?ILVJ * The infra red spectrum of the final sulphide compound was obtained

using bromoform rather than Nujol.




25 . - carbonate. Neither the [err] mxture nor the final product was ‘!
chr.omat ogr aphed; both were precipitated from di chl oronet hane by addition of
the solution to petrol. Tw ce the nundger -of nolar equivalents of acetyl
chloride and potassiumiodide were used in the reduction of the sul phoxi de.
- .43 [err] - 44 - Xmax (nm El [err] (Nujol) Exanple .
[Err]k«‘ S -l actam Ester carbamate No.
(CHC13) (& e 6 [err] 2 276.5 277 307 344 1790
1788 ?J%E%q;' {§4 (Et 1730
1736 169 pi oxy)methyl (6R;8R)-3-Carbamgyr7(

1780 1695loxymetiz307-[ (Z)~ 2-(f‘|21?-9- 1)-2¥|ietﬁmox 148 doace28midolde -3-31112841792 1730
1735 oditbyihtd0 1732 57 279.5

1780 1732 1702 * The infra red spectrumof the final
sulphi de THNERITE Wer$938)} and crevwdenedgratiesaiimocarbonetre (274nah wareol . - 45 -

Exanpl e 6s{iRréd1dnSinHydrddat ROVt Ret il Fortma{ AP i S0t O3y 28®tAY 1 hour
(6R 7R)-3; é%aiﬁg regultlnq solutlon was cooled in an ice/salt bath to -80. A

solution of erude 2-methoxv-2-methylpropan01c acid iodomethyl ester
(1.52g) in anhydrous N,N-dimethylformamide (6ml) was added and the
10 solution was stirred for 35 mins. -Water (75ml) was added and the
mixture was extracted with'ethyl acetate (2x100ml). The combined
organic layers were washed successively with 50ml each of 2N
hydrochloric acid (3x), water, saturated aqueous sodium bicarbonate,
water, lO% aqueous sodium metabisulphite, water (2x) and saturated
x~; brine,'drieg over magnesium sulphate and concentrated under vacuum to
ca 10ml. The solution was added dropwise to stirred petroleum ether
(100m1) to aive a precipitate which was filtered of f, washed with
petroleum ether and dried under reduced pressure to give the title .
_ ester (1.532g); A (ethanol 277) nm Ei’ 3235 v, (CHBrg) 3520 and
20" 3400 (NH and NH,), 1788 (p-lactam C=0); 1735 (ester and carbemate C=0)
and 1685 and 1510cm~! (amide C=0).

Example 7
(R_and_S) 1-(2-Methoxy-2-methylpropionyloxy)ethyl (6R,7R)-3-Carbamoy-
25 loxymethyl-7-[ (Z)-2-(fur-2~yl)-methoxyiminoacetamido]ceph-

3-em-4-carboxylate

Cefuroxime (4.24g) end powdered potassium carbonate (0.690g) were

irJ stirred in anhydrous N,N-dimethylformamide (40ml) till a solution was

obtained. The solution was cooled to.-3p, 2-methoxy-Z-methyipropanoic |
30 acid l-bromoethyl ester (2.50g) was added and the solution was stirred' .

for 1 hour. It was then partitioned between 2N hydrochloric acid

(100m1) and ethyl acetate (200ml and 100ml) and the combined organic

'layers were washed seauentially with 100ml each of 2N hydrochloric

acid (2x), water, saturated aqueous sodium bicarbonate, water (2x) and




-7-1(2)-2-(fur-2- yI) 2- met hoxyi m noacet am do] ceph- 3-em 4-

55 - Cefuroxinme (1. 697g) and powder ed potassi um carbonate (276ng) were
stirred in anhydrous N, N-di net hyl formam de, (20m ) at 220 for 1 hour and the
resul:iting solution was cooled in an i ce/saff Bath to [err]. A solution of
crudé_2- net hoxy- 2- met hyl propanoi ¢ acid i odonet hyl ester (1.52g) in
anhydrous N, NQ&ED%BE'XA fb?i@%g%d( E&Qr) m%smgglﬁgge tJﬁgrﬁcsncentrat%dd uader

1C 10 solution was stirr

the nixture waZeeer RACESRR tF S8 ?Ri‘l acTéIeaﬁ%lu(‘m mreﬂdedm%%’dnﬁ? ned

or ggnl( c I)ayer Spmoeewaelaesbd:{massaﬁdet%e \hbéit;tlﬁﬁrﬁgeeﬁﬁhaﬂé wadl findeaghbor,i c
aci 3x wat e rag eq 0 m bj car bonat e ter OfV ueous
sodi um et abi st Srﬁl te et 0?% H'er!i‘da'%da;é’ur’ “'adeﬁr ?'?lce”um bv%\}é‘? esi um
sul phat & and CQﬂEﬂ(?GﬂUQQi, L}mgi,er(evmmrn'ﬂd Bam Eyri3425he,, oGCUBrﬁnﬁ@ﬂs aadided

dropw se to st B&dﬂeQNlﬁ)eaTnBOrhf?U ﬁab%s—ﬁ&%ﬁ d)O ﬁ?sﬁe(é’stﬁfﬂz“-m?' t1ae Wi ch was
filtered off, vvashed et r'ol eum et her, g und e re uclegezgressure
to give the ti Pres BS‘T*&" f"’itESﬁ'&) carhappie C(’@{]’héﬂ%ll"’ &Ap e‘F"r] & vmax’
[err] 3520 and C=0). 2 20- 3400 (NH and NH2), 1788

~([err]-lactam C=O; 1735 (ester and carbamate C=0 and 1685 and 1510cm 1
(amde C=O. Exanple 7 (R and S) 1-(2-Methoxy-2-nethyl propi onyl oxy) et hyl

(6R, 7R) -18- Car bhxafple 8 2 25
on%rret Ihylt 7C£(|Z)en3 §$F ur c2mekd lmuymraef&mw)éamem,mm 4- 590
oo u i 2 e Elnb ol me iy Ul 1O DOV o0 B S bl qad bont g Jiephofl)

obt ai ned. Theesdi-gartmxyiwie cool ed to [err] 2 rret hoxy 2- met hyl propanoi ¢ 30

aci d 1-bromet BIaIBELAY of 4otdibedife, agdedgﬁ@gtmm PLULLAR Way1 ShLidkel ] or

1 hour. It was en partitione drochloric acl

ethyl, adstate (3iom acatdc aodd (463me) he dshinraaetheng aieecetisped studh'e W%\HShed
seauential | y- Wdiéycleﬁmylem:bdpimlaél (EpdrmphFer iIChACiTRe (X iurenRds trestaidur at ed
aqueous sodi um béhcggg&%agceld Y\?tderopé)zx}llatered, evaéoq'ated, and partitioned
between ethyl acetate (100 ml) end saturated sodium bicarbonate
solution (30 ml). The organic layer was washed with water, then brine
: = 20 and was dried and evaporated to give a foam (1.74 d). This foam was
_étirred with dichloromethane, filtered, concentrated, and the solution
was loaded on a column (4 cm dia x 14 cm) of silica (80 g) made up in
dichloromethane-ethyl acetate (3:1). The fractions eluted with
dichloromethane-ethyl acetate (3:1) were discarded.
25' Dichloromethane~ethyl acetate (3:2) eluted fractions were concentrated
and added to petroleum ether to give the tifle compound as a solid
(191 mg), [a]gz + 479, Mpax 277 nm (E_{ 338).

Example 9
30 (R and 5) 1-(2-Methoxy~2-methylpropionyloxy)ethyl (6R,7R)-3-
Carbamoyloxymethyl-7-[(Z)-2-(fur-2-y1)~2-methoxyiminoacetamido ]

ceph-3-em-4-carboxylate

A solution of Intermediate 15 [im dimethylformamide (100 ml)] was

treated dropwise with stirring under nitrogen with chlorosulphonyl

35 isocyanate (1.691 g), and stirred at 00 for 20 min. The solution was




_ B
saturated brine, dried over magnesi um sul phate and concentrated under
‘reduced pressure to ca 20m . The solution was added slowy to petrol eum
ether (200n) and the reslting precrpi%at® was filtered off, washed with

petrol eum et her and dried under vacuumto give the title 5 ester

2.20 1), 277. 5 5 d. 3400 (NH and
o ol RN MSLE S B ot Lk BRI AT (11
est and asadbaP8t el )Cany ethnkl acelgtealRPO1BhY, ped stifmedi thr @P—:Cr))m 10he

Exanpl e 8 A Rapdtd &érelsé@gﬂxew%a @xenﬁsm&m‘agépw& Oesaﬁ@étféww 7”§ - 3-

Carb | oxynet h fur-2- t

o 4- ca) bGPt GOTGRYT| 3he Fompired: iR dersry yorsmsesied %h"wé’t%r

(B -2-(furt2xy200- 21 hrebdeind 52 x 50 mi)iend eesdlutiei dad 4ededBhdi N

di chl or OMELNANG 188y ST 5§, AnfOGald ddhed! & BLANSK % g»iet%og'y'qf{‘fvdﬁhgfi?*? "9)

for 1 h. m xtur tre red
evapor at ecﬁ.ﬂéﬂxﬂﬂm’ﬂﬂﬂt P%ﬁelobét (A%‘i?nméi,h} ,g@é?aWe(F(’lG@})M) and sat urat ed

sodi um bi CﬂiébQth&tlﬁe§QEUédL@nl @s Nrbm abBbs v&rrgagmréoaxerzo\msowﬁ hed with

water, then brjn por at ed Ive a foam (1.74
o i o BRGRTer Sk prieagER GO IEHIThLORES KarEvers 1SIBHAT, SRoOne FiPPat eu.
and t he sdl3adimy .wakhel tmﬂedomwera:obmmmeﬂéhrﬁnmazhta(k 1928 @njanidissdlivead (80 9)

made up 'Wndbﬂtvloﬁﬁé@ﬁ@a’lﬁeeéoﬁ%% %C?iﬁfe%eﬁ Mo rTlErabfafh! QfkdoEdd bRA Wi

di chl or onet hane wer e di scar
Di chl or onetitasre98i hii2 at endiehremateprephedeen preriumpré okrdacodBesn) af ed and

added to Fﬁﬂi&l kN @ohgy etthi-HqVﬁtthhQ;éHle&n&ﬂSﬁ@Hﬂ@laﬁcé%aSQ|('3‘5'11191 ng) ,

[eE r2] - ho nm ( hf{ %Pg“ﬁ"éﬁmaaﬁgg%?hﬁce?ﬁﬁ ﬁé”Banfthe %)ractlons

Cabanoyl cmysmdw;dl. Th(@lufin (Wesr tHznyelutad neith odiyhhémooatteinasi atbyl
ceph- 3- ema%e@é‘fé)(&%/ll)log&?ﬂt'ﬁ Sﬂja'd{: 091'3 941-3 gév HE&" g&r? e%\?re{teg and added

dlmethylf rmam de reae ovms’evm irtin F
ni teegen v het:wle%g&h%ényqu\'SSthe tltleLsmymat éa Qlﬂqégeﬁ a)solaﬁd 'rred at

0 for 20 .ni 869, Khe 717 Uk QB}vsas)

i
i

20 Example 10 :

i » (R and S) l-(2-Methoxy—2-methylgrop10ny1oxy)ethyl (6R,7R)-3-
'Carbamoyloxymethxl—?—[(Z)-Z—(fur-Z-yl)-2—methoxy1m1noacetam1do]
ceph-3-em-4-carboxylate.

Method (i) -

25 "A ‘solution of sodium formete (150 mg) in water (2 ml) was added to a
stirred solution of Intermediate 16-(719'mq) in methanol (15 ml) at
200, -After 3.5 h more sodium formate (51 mg) was added. The solution
was stirred for a further 1 hour, was evaporated and partitioned
between sodium bicarbonate (20 ml) and ethyl .acetate (100 ml). The

30&_4 aqueous layer was extracted with ethyl acetate and the organic layers
were combined, washed with water (2 x 50 ml), brine (2 x 30 ml), dried,
concentrated and added to pefroleum ether to give the carbamate as a
solid (317 mg). Most (302 mg) of this solid was dissolved in
dichloromethane and éhromatographed on a column {2 cm dia x-9 cm) of

35 silice (15 g). The column was eluted with dichloromethane-ethyl
_acetate (3:1) and the fractions discarded. The column was then eluted




#7 - then poured onto a stirred mxture of ice (200 a), 2M hydrochloric
a@d (200 m) and ethyl acetate (200 m), and stirred for 30 mn. The 2
fyers were separated and t he aqueous Ia?( g’ Wwas extract ed with ethyl

acet ate (200 m). The conbined organic ayers were washed with water 5
(2 x 200 ) and brine (2 x 50 mM) and the solution was dried and

concentwat ed ?&icmommaﬁemayﬁ%séatteO(mt)r&Hoeuna %Q@Iﬁohé’ e the title

conmpound as a SO|Id . The_ conbi ned
aqueous | ayerr8™pinsHy 6&989@%?%’[’3?“‘1 Péﬁeég 2‘??(51'%]&“"' ‘Flthéﬁdt%iq?ﬁel dhe ritle
extract ed ancoppeedpidsatetblio @svmglg éa}gizl-aﬁsgec?ond 7opn 101 332). (373
ng). The t"‘@le?lﬁoodofli"fre conbi ned and nost (1. 19§'ag) was dI%SO| ved in ethyl
acetate, the—sotruttorfiltered. A The filtrate was adsorbed on silica gel
(12 g)3and cﬁﬂé‘h'meég?t@p%d“g?l mg) cwasuafsqrhed Andsiliga 1% @nendf silica gel (60

g) ﬁ: uti nat w&hombtebiﬁhe@?;nhar&mﬁmxb aeﬁtaiaex(@tcin) , off eihe\ae@bobysé in ded
I C orone ace ractl ons | Scar de
The col um vvé@c?f? M"eﬁ’\ﬁf‘% %Wt ﬁ?cag%tﬁl g‘{rj(}:)rét h ﬁe9°18'f"h>ﬂasa?:1é'tt5rl’ & 1) and

the fracti onsicklarosettahaathyl meebater 43:dd, smhdhaddect ibos ptiscatdedm ghher to

[ the titl 6 E
g \é)e he tit vﬁscm&%yib& %ggfi(f)&) with 2 élaﬂbk&ne[tﬁérﬁel-ethﬁ Qeetéte (3237 A (B}

1- (2- MB® hoxy- tQEn@taﬁmnsOmr@nwwg)%t ﬁ?’l“-‘e(‘GF@tPR) -apd added to petroleum ether
Car banoy| oxyreet biNe Thd gtzpécg:ﬁwun& asl h-sy1netd@exyd)yi holfet @0Pda | - 277 mm
ceph- 3-em 4- Gt | at e tho 1) 25 A sol utton of sofPfim formate
(150 ng) in water. (2 m) was added to a stirred solution of I'nternediate 16
(719 nmg) in met hanol (15-nt) -at [err] After -3.5 h nore sodium formate (51
) was addectxaméﬁemol ution was stirred for a further 1 hour, was
vapor at ed I oned between SOdI um bi caronate 20 M) and ethyl-
cet at 85 ( 100 LB 8nd Bl @gMethoxynaspethylproen Sd.12eB" et hyl acetate
nd \L.he orgamaebémyem&memﬂ-aoml)m,fumgeﬂmﬁomﬂhoéétxmﬁﬁ»]aéah- brine
2 x 30 m), 3drrl Gone nttrated and added to petroleumether to give the
ar bamat e as ). Most (302 np) of this SO|Id was d| ssolved in
(i) By reduction of the sulphoxide
A solution of Intermediate 23 (0.500 g) in dimethylformamide (15 ml)
¢ was stirred with potassium iodide (1.14 g) at 09 for 15 min. It was
cooled to -159% and stirred with acetyl chloride (0.24 ml) at =159 for

15 min, then at -59 for 10 min. The sclution was added to 10% aqueous

oS R @3

sodium metabisulphite to give a precipitate which was filtered off

washed and dried to give a qum. The agueous filtrate was extracted
25 with ethyl acetate (2 x 30 ml) which was used to dissolve the qum.

The ethyl acetate solution was washed with water (2 x 30 ml) then

brine (50 ml), and was dried over magnesium sulphate and concentrated

b to ca. 5 ml. This solution was added to petroleum ether to give the

% title compound as a solid (0.368 g), [a]§6+ 169, Mgy 276 nm (E{ 338).
30 '

(ii) By isomerisation.

A solution of Intermediate 22 (containing ca. 10% of the A3 isomer :

112 mg) in ethyl acetate (5 ml) was stirred with triethylamine (0.15

ml) at 209 for 2 h by when the optical rotation had stopped dropping.
35 The solution was washed with Zgrhydrochloric“acid, water and brine.

It was dried and concentrated and added to petroleum ether to give a




di chl or onet hane and chr omat ographed on a colum (2 cmdia x 9 cm of 35
silica (15 q). The colum was eluted wi th dichl oronethane-ethyl acetate
(3:1) and the fractions discarded. Thggcol um was then el uted - 48 -

wi th dichl oronet hane-ethyl acetate (3: 3) “and the fractions were conbined,
concentrated, and added to petroleumether to give the title conpound as a

sol id £ 86 sﬁ'ﬂid (fl@ﬁrfq]) ard/ 4 fIDtehEy Wﬂuéﬁ%a e dﬁcﬁ‘ﬂ@e({ ith)a Jum (105 Jld)t ernmedi ate

16 (409 dsagrbed on sil,ca chro ap a colum
(2.5 cmdi éexs"g grﬁ"do?”“kp?abg %“5‘% ﬂf dPBnt H“Z’t‘ﬂ'{? {I"nyl Pacétate
(3:1). Thesimillarmmiwhgree (Lit4dd q) twas obm'hfndroqnmrhdm etdnlumadéi atom (3: 1) and

the fract 'd‘i’ﬁs dh& )d&d 81 J1HgS (%ﬁﬁg? ol g“ﬁg 1%@1%'1%‘* w?P-rn Wi th

di chl or onet hane- et acetate acti ons were

corfoi ned, %Mﬁ@?%@@t—et&n&i asgbRie. fblﬁet ichlnroretiepetebhyl \aeetate titl e
conpound &g2:H) %thedi 665b108)on] AFich was? éondumt pdted34d) add‘@eawlp@tﬂ&lemﬁ (R

g?biﬁéyfﬁxﬁet@(ﬁw %woxyé 9,?2#. %g%% Dam 01 ceph-

3- em 4- catfjoxy 23V & ny\ @t Bducti on of the sul phoxide A sol ution of
Internediate 23 (0.500 ) in dinethylformemde (15 mM) o was-stirred with

pot assium_odide (1.14 q) at- .00 for 15 min. It was cooled to -15 and
st i%%r ed V\L-EME—Q’E | chloride (0.24 m). at -15 for 15 min, then at -5 for 10

m n. The (8oand smm-\&/awaatdd@d-zmetlm/gﬁmmsaxﬁaiwm(mjnbl-s-ul phite to give a
pr eci pi tat 1,09 m The

aqueous f re-e%a-t-e-’(%’axg@& m ) which
was used LQM}’_LMgum The et hyI acetate sol ution was washed with

vater (2 4 mme $fh§ﬂteti-§nb@f'at€5£k Tho0 nawdaaeaﬁetqtek,e&leye{ydm@sﬁdém sul phat e

and conce on was trol eum et her to
s T heC S o st hireds i, sefanel T8 sbb el 7 ofy | B%%mﬂﬁe%rf'@w"r# 338) .
\_ was added dropwise untll a clear solution was_obtalned. Pyridine =

(0.12 ml) was added and the reaction mixture was stirred at O to 49
for 26 h. Methoxyamine hydrochloride (93 mg) end pyridine (0.12 ml)
‘were added and the reaction mixture was stirred at O to 49 and at pH
2¢ . 5.3 for a further 5 h. Methoxyamine hydrochloride (93 mg) was added
and'the pH adgusted to 4 2 with 2M-hydrochloric acid. The reaction
mixture was stirred at 00 to 40 for a further 19 h, then partitioned
between ethyl acetate (50 ml) and 2M-hydrochloric acid (50 ml). The
aqueous layer was extracted with ethyl acetate (2 x 30 ml), and the
25 organic layers were combined, washed with water (50 ml), saturated
sodium bicarbonate solution (30 ml) and brine (50 ml). The solution
was dried over magnesium sulphate and evaporated to que an oil. This
0il was dissolved in ethyl acetate (5 ml) and the solution was added
\’{ to petroleum ether (50 ml) to give as a solid (270 mg) a mixture

30 containing the title compound, A . 282 rm (£ 282), Voa (Nujol) '

3700 to 3100 (NH, NH), 1782 (B—lactam), 1750 and 1730 (- 802P and
-0CONH, ), 1663 and 1516 cm-! (CONH).




30°(ii) By isonerisation. A solution of Internediate 22 (contai ning. ca.
10%-of the [err] isonmer 112 ng) in ethyl acetate (5 m) was stirred with
triethylamne (0.15 m) at 200 for 2 h by g\gerlthe optical rotation had
stopped dropping. 35 The sol ution was”washed wi th 2M hydrochloric

acid, \water and brine. It was dried and concentrated and added to petrol eum

ether \r"' give @xample ¥9 - solid (16 ng) and a f||trate whi ch was evapor at ed
to a gum (105 rm)andlg_ and gun ofh d .o the A3

i somer by h.p. o : .

colum (4.5 Cnfdrbmmoglg_lﬂ mlef-[éZ)-lZE:-é.fgr}QQxQtZeﬁe&hoﬂgmilﬁbdceﬁdnhgo}t_z!ebh

di chl or onet hane; eé,pxlcﬁgg;@aeem 1). Dichloronethane-ethyl acetate (2:1)
el ut ed a solu centrated and added to petroleum-ether to
give thedtitl e Acelysinn ofsingexpsdiate 288(0hg90 Qein i ppetatp7(0smbwas err]
333). max 10 stirrdawithea k31t oAnsr siazomethane (excess) in ether (ca. 20 ml)

1-(2-Meth 2- h | t 6R, 7R

Cag banoyl ggnetag‘?z ylr‘f}( g)pl On?'?é))%iet ﬁ‘ i r’rﬁ?chlg %n&ﬁoacétsétﬁfﬁe(ﬂ &’é‘ﬁh acetic
3- em 4- car boxykaid (sxeasst uirdd lofed| witér n’etmlaawtase ((300mINy ) arath dastet hwidhami ne
hydrochl oride 1&ter (30 @39, @Lumadsgouiumlb&b%r\wgbhf&(}n sy A, %teieero]

Dlmethylformamde was added_dropwi se until a clear uti on_was 'obt al ned
Pyri di netq 0. 12™5) spddrineg 1409 vemriesh oNeSMagResiys sytphated dPeo to
40 for 26 h. beldtdmymna:daymrmwdt Gl ¢, 69m @Y added tpypetdbleum( Bthk? (d0)
were added and_{ r t S r nd at pH 2C
5.3 for a furtfluI etg ﬁ% k/e%r%%l\g/x(gﬁ?nq% raté‘#:hzgﬁ 'ﬁ@ (?)9§g1 80?19 *8dded and

t he pH adj ust eGhYQH‘G&OQI‘aﬂM% op VWyUFQf@h'I‘ A0 ¥ Zcicw PK %@limplmsmwg‘he was

sti { r ted at 0 t Qefd) dfa@él ed Wﬂ:lh@ﬁcﬂﬂaﬁmeﬁﬂ%ﬁ@-&ﬁ i idcboqiad (patyeemeet hyl
acetate

d | The |
ext{j/ct e vm t haB?WFladl\% %[{gsfszq'%'l“?cs"ff n’;’“’)d g‘htd’dt %‘l’eth ethyl atetate, which was -

evaporated to give the title compound as a foam (19 ma). The spectral

characteristics of which resembled those of the product of Example 7.

~ Example 14
Lv)" 20 (R and §)-1-(2-Methoxy-2-methvloropionyloxy)ethyl (6R,7R)-3-Carbamoy-
loxymethyl-7-[(Z)-2-(fur-2-yl)-2-methoxyiminoacetamidolceph-3-em-4-
carboxylate
A solution of Intermediate 18 (10lmg) in acetonitrile (120ml) was
irradiated at ca. 209 by a Hanan hlgh-pressure Z1 125 watt mercury
25 vapour lamp through pyrex for 45 mins. The solution was evaporated and

the gum was dissolved in ethyl acetate (2ml) which was added to
petroleum ether (40ml) to give the title compound as a solid (71mg),

_ A oy 276 nm (E1 293).

. max

-/

30 -Example 15
(R and 5) 1-(2-Methoxy-2-methylpropionyloxy)ethyl (6R,7R)-3-
carbamoyloxymethyl- 7-[(Z)-2-(fur-2-y1)—Z—methoxylmlnoacetamldo]ceph-B—

em=4~carboxylate

A solution of sodium iodide (69.8q) in acetone (260ml) at 209 was
35 treated with Intermediate 7 (65.5g). The mixture was stirred for 20
minutes at 200 then petroleum ether (bp 60-809, 460ml) and a solution

of sodium bicarbonate (13.lg) and sodium chloride (100a) in water

(660ml) were added. The layers were seperated and the upper layer was




» organic layers were conbined, washed wth water (50 m), saturate
sodi um bi carbonate sol ution (30 m) and brine (50 m). The solution was
dried over magnesi um sul phate and evaporated to give an oil. This oil was
di ssolved in ethyl acetate (5 m) and the solution was added to petrol eum
ether‘(50 m) to give as a solid (270 ng) a m xture 30 cont ai ning the
titl eleonpound, X 282 nm ([err]51282), [err] (Nujol) 3700 to 3100

([err]), 1782 ([err]-lactan) 1750 and 1730 ([err] and - OCONH2), 1663 and
1516 {err] le 13 (R a

1-(2- Met hox"&PSEE‘i’ré‘tlﬁ?/l"pPBBftdﬁ?l‘!fx??%‘t“ﬁy‘l’“’(’ﬁ??“?h? 831-3'19) and sodium

Cgr banzyl oxghreiidd (IB0q)Zin Xatdmi(66Dmil)) - Mfmﬂmayaemhfmametamim]sekph _
-3-em4-car t t 28

et hyl acet aa%iég o %1\%? st“ﬁ? ?\ggu Jiﬁﬁth&laé ﬁ{gﬁ?gg& gl)azg“ngt%gﬁem el«r:]ess)
in ether (C%PIUQUIW98 ook to d1° then tmeatedorithi the argande dthege tfgor sthep,

stirred w tJbo%ethaeh@d:uﬂ ;(fasc'esmldm@thﬁa%ewmb @nmyi 86& sl frdd3P HBu}, and
washed with ter %‘Rfsaturate so | m (i bonat’e pI ution £30 m),
water (30 1% 2 to 8n1') It Pemere n‘!")t 8 figlikiongph &9 We?”]rﬁ?é 2si um

sul phat e. %éqkdndtsMumtemrwémﬂtat é&iSt;?o mawa&rnﬂwmml)adaw migtyret r ol eum

ether (30 g Pu%MGdL& '9bd Zs ) nd°§ 3.1 5 Qhidhaas
chr omat oqr aphed on 1 at es Ich were
devel oped a8 %ﬁR?HP*éﬁdoﬁ%‘i W&ﬁel"é'ﬁﬁwhaﬁﬁé‘taat%j ddsd 23”1'1"!‘!1 1"9“” €s tappropriate |
band 10as r esEIYe6d @tee!(5YEIMIN t IThetdegliltumet SispensiohClnsasig@eapmyat ed to

give the titl d as f pam 19 Jhe.s l, _ch ri |cs of
whi ch resen%?ogagt ogéemgf’e’f ﬁg T)lrn(‘)"('iﬁé(':’t o‘rfrﬁ)lfftlg']} gy %ﬁg&m& w %%tf kit
and S) - | - ( 2wdiler handy dyimgt v ivecwpigavey Itbxﬁlélhgomgm,ﬂﬁ)ﬂﬂagﬂahm

| oxymet hyl - Jili( 43 -spebitdl- diothdteri aﬁé&owltﬂbmeeéta%r%ﬁsmvs em4-
carboxyl ate A solution of Internediate 18 (10lng) in acetonitrile (120n)

was, irradi ated at ca. 200 by a Hanan hi gh- pressure Z1 125 watt nercury §
15 Example 16 i

(R and S) 1-{2-Methoxy-2-methylpropionyloxy)ethyl (6R,7R)-3-carbamoy-

loxymethyl-7-[(2)-2-(fur-2-y1)~-2-methoxyiminocacetamido]ceph-3-em-4-

carboxylate

The 1-(-2-methoxy-2-methylpropionyloxy)ethyl ester of cefuroxime was

20 dissolved in methanol (350ml) and treated with activated charcoal (5g).
The charcoal was removed by filtration through Kieselguhr and the bed
was washed with methanol (50ml). The combined filtrate and wash were
added to water (1000ml) stirred at 20% during 20 minutes, then the

resultant suspension was cooled to 109. Filtration, washing with water

¢
{ X
Lo

25 and drying in vacuo gave the title ester (78.1g) as a substantially
pure, amorphous solid having similar spectral characteristics to the
L’; ' product of Example 7.
Example 17
30 (2-Methoxy-2-methylpropionyloxy)methyl (6R,7R)-3-Carbamoyloxymethyl-7-

[(Z);2—(fur-2—yl)-2-methoxyiminoacetamido]peph-B-em-a-carboxylate

A solution of Intermediate 31 (81 ma) in dichloromethene (10 ml) was
stirred at ca. 200 with a solution of diazomethane (excess) in ether
(10 ml). Boron trifluoride etherate (1 drop) was added and then more

35 - (10 ml) of the diazomethane solution. The mixture was stirred at 200
for 1 h then stirred with acetic acid (1 ml), ethyl acetate and



Tommie gum was dissolved in ethyl acetate (2m) which was added to _
pet rigl eum et her (40m) to gi ve the title conpound as a solid (71ng), [err]
276 m ([err] 293). 30 "Exanple 15 (R and S)

1- ( 2-:Met hoxy- 2- net hyl pr opi onyl oxy) et hyl (6R, 7R) - 3-.

car ba\myl oxynet hyl - 7-[(Z) - 2- (fur-2-yl)-2- met hoxyi m noacet am do] ceph- 3-

em 4- car boxyl ate A solution of sodiumiodide (69.8q). in acetone (260ni) at
200 was 35 treated with Internediate 7.(65.5g). The m xture was
stirred for 20 minutes at 200 then petroleuti eCher (bp 60-800, 460n) and a
sol ution of sodi um bi carbonate (13.1a) and sodium chloride (1QOG0a) i n wat er

(660m ) were addﬂctr.Thmel 80(RbSs WRYEr 8P HephrsteANthd! BetrdBRS wké}b’%E
washed with a sol%eb sodi um bi car bonat e ) and saodiumc Ior| de

(100g) in water®{ Wéﬁmcl BYEEP DR ?@géﬁ’um?ﬁpt”%ﬁdﬁﬁfl‘mﬁ’s‘ )s
stirred with N, bringi (ﬁat)hydhacettmdl eeappbitul Jo aThem.r eBhilsi g w6s LtisOST veaSin

cooled to 00 th r thth g e bove,
vvashed :N; with ﬁ&ﬁtl g?ég?%;qza@e)t aﬁ’%& o %f §§ eEPJi‘reEnte? d;etﬁerf-1 (40 m]ta} g
It S

t hen9t¥ee kb dikle gompound psi erﬁc@#d A m,sm&h. 276 (. (Gd)BSémd
SOdI um net abi sul ghi aed E8mag) spertratRsett3RBMhose TdFe tRa HbbdR:t Ve Exbhd1ket,
during 90 mnutes at a pH between 6.5 and 5.3. The | ayers were separated
and the |ower phase was addded during 15 minutes to 10 stirred water
(5700m ). The EHASMAEYEKAMALEDension was stirred and cool ed to 120 over 60
m nutes. Collection by filtration, washing with water and drying in vacuo
gave the tol tle und (100.9qg) having simlar spectral characteristics to
t he product of %@E&-&?. 15 Exanple 16 (R and S)
1- (2- Met hoxv- 2- et hyl pr opi onyl oxy) et hyl (6R, 7R)-3-car banoy-
| oxynmet hyl -7-[(2Z)-2-(fur-2-yl)-2-nmet hoxyi m noacet am do] ceph-3 %pb%.et
carfoxyl ate The 1-(-2-nethoxy-2-nethyl propi onyl oxy) et hyl est eq

cefuroxi me was 20 dlls(séol vtehd [ n2 rretghh?nol (35(}rr1 )) %’I;ldl treated with
activat ed .char ng{ur ~{2+methoxy-2-methyl-propionyloxy)ethy
: (15 eey;lvalent to 250mg cefuroxime 334
Microcrystalline cellulose 31
: Croscarmellose sodium 40
55 ' Sodium lauryl sulphate 10
e Hydrogenated vegetable oil ' ) ) 2
: 20 Silicon dioxide 3
Polyvinyl pyrrolidone 5
Tablet . 425mg
25 The cefuroxime ester was_Sieved through a 100 mesh screen. It was

then blended with the microcrystalline cellulose, silicon dioxide,
sodium lauryl sulphate and half the croscarmellose sodium. An aqueous
'g“; solution of the polyvinyl pyrrolidone (1.5% w/v) was prepared. This
solution was then added to the powder blend in a mixer. It was
30 necessary to add a further volume of water (0.14% of the PVP solution)
for granulation. The granulate was then passed through a 20 mesh
screen. The granules were then dried at 35 - 40°C in an oven. The
dry granules were then mixed with the remaining excipients which had
previously been passed through a 36 mesh screen. The materisl was

35 compressed on a F machine with capsule shaped punches.



ratiron t

rough Ki esel quhr. and the bed was

y i
washed with methanol (50m ). The conbined filtrate and wash were added to %
water (11O0OM ) stirred at 200 during 20 m nutes, then the resultant

suspensi on was cool ed to 100. -Filtration, washing with water 25 and
drying in vacuo gave the title ester (78.1q) as a substantially pure,

armor photis solid having simlar spectral characteristics to the product of
Exanple 7. Exanple 17 30 (2 Met hoxy- 2 met hyl pr opi onyl oxy) et hyl

(6R, 7R) - 3- Car banoyl oxynet hyl - - 53

[(2)-2-(fur-2-yl)-2-nmet hoxyi m noacet am do] ceph-3-em4-carboxyl ate A
solution of Internmediate 31 (81 na) in dichloronethane (10 mM) was stirred
at ca. 20&x@rele B sol ution of di azonmethane (excess) in ether (10 m). Boron
trifluori-de etherate (1 drop) was added and then nore 35 (10 M) of

t he di azonet hane solution. The m xture was stirred at %thJb‘iEtl h then
stirred with aceti.c acid (1 m), ethyl acetate and - - water. The
aqueous | ayer was separated and extracted with et hyI acetate. The organic
| ay8rs melf@fcmméd'(ZVMHW%'E%“M&T%‘PP{W)‘”V&FF (2x), -gried and

evapor at ecster @0 HYﬂle‘Thl"é’ vERFUBPEY6] ved in ethyl acetdje (2 m), which
was added rBS 1 (40 M) to 5 give the tigle conpound as
a solid (32 e,n e v rpl([err] 354). I.R and n.mr.gspectra

rese Ied i p‘_req L‘ﬂcotseOf Exanpl e 7. PHARVACY EXAMY.B$740

Exa oxi me 1-(2-nmet hoxy-2-net hyl - propi onpkgxy) et hyl 15
ester eqU|va ent to 250ng cef ur oxi me 334

M crocrystmhete cel |l ul ose : - 425mg 31
Croscarnel | ose sodi um 40 Sodi um
llauryl sul phate 10 Hydr ogenat ed
veget abl e oil 2 20 Silicon

di oxjde ‘The cefuroxime ester was sieved through a 100 mesh screen.3 It was
15 then blended with the croscarmellose sodium,, sodium lauryl sulphate,
hydrogenated vegetable oil and microcrystalline cellulose. The
'siiicon dioxide was sieved through a 60 mesh screen together with some

! Y. of the blend. This was placed in a cube blender with the rest of the

blend and mixing continued for a further ten minutes. The material
20 was compressed on an F machine with a 7/16 bevel edged tablet punch.
Example C
mg/capsule
25 ' ' : .
Cefuroxime 1-(2-methoxy-2-methylpropionyloxy)ethyl
. ester equivalent to 250mg cefuroxime 335
N Microcrystalline cellulose : 41.5
Croscarmellose sodium _ 20
30 Sodium bicarbonate 22.7
Anhydrous citric acid ' _ 17.3
Sodium lauryl sulphate _ 10
Hydrogenated vegetable oil 1.5
Silicon dioxide 2

35 Total weight o 450mg



pyrrolidone . 5 Tabl et
: The cefuroxime ester was sieved through a 100 nesh screen.

It was then blended with the m-crocrystalline cellulose, silicon dioxide,
sodi um | auryl sul phate and half the croscarnel |l ose sodium An aqueous

sol utizon, of the polyvinyl pyrrolidone (1.5% w v) was prepared. This -

sol uti on was then added to the powder blend 6 a mxer. It was 30
necessary to add a further volume of water (0.14% of the PVP solution) for
granul ati on. The granul ate was then passed through a 20 nesh screen. The
granul es were then dried at 35 - 400C in an oven. The dry granules were
then m xed with i u ee ed
through a 36 nes‘ﬁnegcc;eg(é@dx@ﬁ%s%f Wb es|1re§ed"‘%§§&dﬂa9 1BB%SR §é»§e9 ngfﬁé
machi ne wi th capsther §mpéa1t|§uﬁm§ the h¥d1‘99308tES!a‘fPﬁPéahéen@1/1t and dhes

Cef uroxi ne 1- (2- grkyiRdys 21BN HETPWORI BMdHdRYYidjcbidr 88d @he® Pab¥ed €RfodgR &

igoggdfﬁl;nu:’gﬁlrgf Q%I"ﬁﬁ'éts@reen' The blend am?%he ce?glgo%(rlrrnrglelsgglg wsexqgltll‘lae% mixed

Hydr ogenatsed vegeittbitbe giitric acid which has previously been passed thrdughOa 60

Mcrocrystalli nemQQ‘l lsHEXHE  This material was then passed through a mllgif\bngélser

Silicon dioxide
Tabl et fitted with an 8 inch wheel and a herringbone screen. ﬁ%ﬁgsqiﬁ.@nt

cef ur oxi ne est er bY@l sae\theh passrd)bhouyhle 128ShestiCé@@Bn. The WeGuiled quantitien

bl ended with the falﬁf?! 8‘%’5?%&333 eﬁ:%giéﬂgﬂ v?%dgyéveli %fg'ﬂ{}ﬁ&& screen and

hydr ogenat ed vege crocr stal'l rne c e sioFTcon
di oxi de wd9® si evaixathprbihykhe béenchesFm@cm@@mgbg@ﬁ hidr 1e@ tinte @iee ¢ hatre

bl end. This was gi&qucdpgupescgpea Bheqaderzen hibHihe, rest of the blend and

m. xi ng conti nued for a further ten mnutes. The material 20 was
conpressed on an F machine with a 7/16 bevel edged tabl et punch. Exanple C
- Example D . .
mg/dose
15 .
Cefuroxime 1-(2-methoxy-2-methyl)propionyloxyethyl .
O ) ester equivalent to 125mg cefuroxime 167.7
W Sodium Carboxymethylcellulose 40
' Powdered sugar 3000
20 Flavour 5.0-70.0
The cefuroxime ester waes sieved through a 100 mesh screen and the
25 powdered sugar through a 30 mesh screen. The cefuroxime ester was
then blended with the sodium carboxymethylcellulose and the powdered
- sugar.
N

The powder blernid was then granulated using an aqueous solution of

30 0.08% sodium lauryl sulphate and the flavour added.



y
335 Mcrocrystallin

equi val ent to 250ng cef uroxi ne
' 41.5 Croscarnell ose sodi um

cel | ul ose

20 30 Sodi um bi car bonat e

22.7 /Anhydrous citric acid : . . 17.3
Sodi a1 auryl sul phate 10

Hydr ogenat ed veget abl e oil 1.5 Silicon
di oxi de . = 55 - 2 35 Tot al

wei ght : 450ny - 54 - The

- cefuroxinme ester was sieved through a 100 nmesh screen. All the other
exci pi ents except the hydrogenated vegetable oil and the anhydrous citric
acid mequhhgnggd t oget her and then passed through a 100 nesh screen. The
bl end an € ceruroxinme ester were then m xed 5 with the citric acid
whi ch has previously been passed through a 60 nesh screeﬁ9h¥ﬁFs mat eri al

. was then passed through a m kropul veriser fitted with an 8 inch wheel and a
her r i ngbdiefuserisen(2-mathoxgsirmebimtl )pFenddnykexynétdwlpassed t hrough a 20 nesh
 scrseen. Tasker aqyilvadlentuin2rdmg egfurpdimsgenat ed veget abl e 821 was si eved

t hr ough ?Eeuwgr ,Bélé??lig}f 10 mxed with the blend.® This materi al
was fillederpemystelidrg ¢e3tvlase| atin capsul es on a Zanasi $%764 nachi ne.
Exanpl e D 9gPH3%e3 8858 ur oxi me 1- (2- met hoxy- 2- net hyl ) pr opf onyl oxyet hy!

ester equivalent to 125ng cef uroxi ne 167.7 Sodi um-
Carlooxy netdintet edelightose 4600mynder ed sugar
3000 20 Fl avour :
5.0-70.0
The magnesium stearate is blended with the cefuroxime ester and tablet
\sJ slugs prepared by direct compression. These are broken down through
15 12 mesh, 16 mesh and 20 mesh screens consecutively then the granules

are blended with the sodium starch glycollate and microcrystalline

cellulose. Compress on epropriate punches on an automatic tablet
Lwﬁ press. The tablets may be covered in a thin polymer coat applied by

the usual film coating techniques. A pigment may be included in the
20 film coat. -




po"gred sugar through a 30 nesh screen. The cefuroxinme ester was then
bl enged with the sodi um carboxynethyl cel | ul ose and t'he powdered sugar.  The

HRERR A<,

to 250ny cef uroxi ne 327 Sodi um starch egcoIIate
6 Mcrocrystalline cellul ose - 56 -

Magnesi um st ear at e. ' 2 10
Tabl et wei ght 400nmg The
magnesi um st ear at griaxMsd ended With the cefuroxime ester and tabl et (s
prepared by direct conpression. These are broken down through 15 12

powder bl end was then granul ated using an aqueous so
sodi um.l auryl sul phate and the f| avour added.
Cef uroxi me (2- met hoxy- 2- met hyl ) pr opi onyl oxynet hyl 5

mesh, 16 nesh and 20 nmesh screens consecutively then the granules are
bl ended with the dodi umCompoundgl pEokhet Eoamulai ¢Ibcrystal | ine cel | ul ose.
Conpress on apropriate punches on an autonatlc tabl et press. 'The tablets

may be covered in at polyner coat ed by the usual filmcoating
t echni ques. A pi gnen f be |nclud%9 |$ t s20 filmcost. - 56 -
CLAI VB 0 — C— (Set O I. Conpounds
of the fornula (r)y H [errhthereln rr] re whi ch y be the
of the | e N 3 olm (I
' COOCH 0OcCo. C OR
R R2

wherein R, Ry and Rye which may be the same or
. _ 5 different, each represents a hydrogen atom or a
N Cy_4 2lkyl group and R, repfésents a Cy_, alkyl
group, with the proviso that, when both Rl.and
R2 represent hydrogen atoms, R, ;epresents other
than a methyl group.

10 2. Compounds as claimed in claim 1 wherein R
represents a hydrogen atom or a methyl group, Rl
and R, each represents a methyl group and Ry represents
a Cy_, alkyl group.

3. (R and S)1-(2-Methoxy-2-methylpropionyloxy)ethyl
15 (6R,7R)~3-~carbamoyloxymethyl-7-[(2Z)-2-(fur-2-yl)-

- 2-methoxyiminoacetamido] ceph-3-em-4~-carboxylate

and diastereoisomeric mixtures thereof.

4, (2-Methoxy-2-methylpropionyloxy)methyl (6R, TR)-
20 3-carbamoyloxymethyl-7-[(2)-2~(fur-2-yl)-2-methoxyimino-
acetamido]ceph-3~em-4-carboxylate.

5. Compounds-as claimed in any of the preceding
claims in substantially amorphous form.

6. A process for the preparation of a compound
25 of formula (I) as defined in claim 1 which comp;ises



-5 ~diffrerent, each represents a hydrogen atomor_a err]' al kyl group and
[err] represents a [err] alkyl group, wth the proviso both RI

and R2 represent hydrogen atons, [err] represe met hyl
group. 10 2. Conmpounds as cI ainmed in clai mmlmmg e‘lm&ﬁﬂesents a
hydrogen atomor a nethyl group, [err] and R2 edchcrepr

group\a/nd R3 represents a [err] al ky sgraup. 3. (R and

S)| - (2- Met hoxy- 2- et hyl pr opi onyl oxy) et hyl 15

(6R, 7R) - 3- cashard fiydny mat bgmpduhd ZOF2£6Ema1 - yti)

2- met hoxyi m noacet am do] ceph- 3- em 4- car boxyl ate and dlastere0|soner|c

m xtures thereof. 4. (2- Met hoxy- 2- met hyl propi onyl oxy) methyl (6R, 7R)- 20
3- car banoyl ox t\ yl-7-[(2) - 2- Q-.ifurH- 2gY!) - 2- met hoxyi mi no-

acet am do] cepQ- 3- ¢ 3 Compounds- as clalned in any of
the precedi ng codinsllin subst ank i ILy apor phous form A process for
the preparation of aNsanoundo f ormul §¢§°%%2d@¥¥hed in claiml which
conpri ses - 57 - est@FHRying a corfpound of fornula (11) [err] (wherein B
is>Sor >S->0 and the dotted |ineobri dging the 2-, 3- and 4-positions
indicates that 5 the conmpound is a ceph-2-em or ceph-3-em conpound) or a
salt thereof, or a 3-N-carbanoyl-protected derivative thereof, with a

conpound of (yaerelia B8l i)y & bery$ 4Hef ehfid Rehé edsttandi i r] are as
defined in glahfidg®BleXals 3-' SRY' P8l PERds Pa NS NGSAP0TY
5 the compound is a ceph-2-em or ceph-3-em compound)
or a salt thereof, or a 3-N-carbamdyl-protected
derivative thereof, with a compound of formula (III)

Ry
X.FH.O.CO.?.OR3 (III)
10 R R,

~

N3 (wherein R, Rl' R2 and R3 are as defined in claim
1 and X is a leaving group); and where necessary
converting the compound thereby obtained into a
compound of formula (I). .

15 7. A process as claimed in claim 6 wherein a
compound of formula (II) is reacted with a compound
'of formula (III) in which X is chlorine, bromine
or iodine.

8. A process as claimed in claim 6 or claim
20 7 wherein an alkali metal or onium salt of formula
(II) is reacted with the compound of formula (ITI).

9. a proéess for the preparation of a compound
of formula (I) as defined in claim 1 which comprises
acylating a compound of formula (IV)



*ing the conpound thereby obtained into a conpound of formula (1). 15
~# A process as claimed in claim6 wherein a conpound of fornula (I1) is
reacted with a conpound of formula (I11) in mhICn‘x rs—chiorine, bronmne or
i odi ne. 8. A process as claimed in claim6 or n

al kali metal or oniumsalt of fornmula (I1) is rea EMM ﬂ!!pound of
formuta (111). 9. A process for the prepag t|o f fornul a
(1) as defined in claim1 which conprises acy atlng a conpound of formula
(1v) - 58 - [err] (wherein R, gerrhiB and the dotted line are as defined
in claim6) or a salt thgr H Wyl derivative thereof, or a
3-N-carbanoyl - 5 protectée@ derivative wth an acid of fornula (V)

[err] or with an acyl ating agent jorregpon hhecsbo; and(WWikre necessary
coverting the conpound thereby ®0 obt ai n into 4 conﬁ%und of formula (1).

10. A process as clained in claim9 “h§§8 E% ﬁdéﬁ S effected usi ng
the acid of fornmula (V) in the presence arch EsTéPhgent A
process for the preparation of a conpound 15%0f for a () as deflned in
claim1l which conpjises reacting a congpoupd of ﬁ% h*err% (wherein
R [err], B and thé? ARy B faraRerafadefi ARY iﬁegagg §5i
car banoyl ati ng as defined in claim 6) or a salt thereof, or a
7-N-gilyl derivative thereof, or a 3-N-carbamoyl-
5 protected derivative thereof, with an acid of formula

(V)
)
o o)
~ N\ (V)
OCH

or with an acylating agent corresponding thereto;
N and where necessary coverting the compound thereby
10 obtained into a compound of formula (I).

10. A process as claimed in claim 9 wherein acylation
is effected using the acid of formula (V) in the
presence of a condensing agent.

11. A process for the preparation of  a compound
15 of formula (I) as defined in claim 1 which comprises
reacting a compound of formula (VI)

(VI)
- Bl
COO.CH.O.CO.C.OR
R R, °
2

(wherein R, Rl' Rz,_R3, B and the dotted line are
as defined in claim 6) with a carbamoylating

20 agent; and where necessary converting the compodnd
thereby obtained into a compound of formula (I.



!5 agen!; ana mere necessary conver !I ng !”e COITDOUI’IH t”er egy Ogt al H!!“

a conpound of fornula (I). - 59 - 12. A process as clained in claim11:
wherei n carbanoylation is carried out using chlorosul phonyl isocyanate or
trichl oroacetyl.i socyanate. 13. A process for Umﬂmu of a
conpound 5 of forrmula (1) as defined in claim mﬂmllgw oximating a
compourd of fornula (VI1).H H[err] (wherein R ferr] ™ Bsantd the dotted
line are as defined in claim®6) or a 39N-carbanoyl - protected 10 derivative

t hereof by reaction with nethoxyam ne of formula (VII1), [err] or a salt
thereof : ank? wherk BRRASHAS DidRd g He ifoddo R LB eby obt ai ned into
a conpound é&rﬂa‘inéﬂi@i&: (19 .caried AuY ANy ehloradsudphonyt! ai m 13

wherein oxijmtion Is carried oIt of pyri di ne as base using
met hoxyam neS9F 3329 o?l?n%’?lcah(r)ll a':céla etg'g‘ 3’%%%%1 . 20 15. A process for
the preparation of a conpound of formula (I) as defined in claim1 which
conpri ses nfihylQicﬁibébéé”ﬁBE”EhéﬁpJéﬁéPHEidH ¥f [eohpound 60 - (wherein
R [err] B and the dott line_ar

of formula (I) as defined in claim 1 which comprises

oximating a compound of formula (VII)

RS

0]
° (VII)
R
° COO.C.IH.O.CO.(.:].'OR3
R R2
o/
(wherein R, Ryv Ry, R3, B and the dotted line are
as defined in claim 6) or a 3-N-carbamoyl-protected
10 derivative thereof by reaction with methoxyamine
. of formula (VIII)
S/

HZNOCH3 ' (VIII)

or a salt thereof; and where necessary converting
the compound thereby obtained into a compound of
15 formula (I).

14. A proéess as claimed in claim 13 wherein

N oximation is carried out in the presence of pyridine
as base using methoxyamine in the form of an acid-
addition salt.

20 15. A process for the preparation of a compound -
of formula (I) as defined in claim 1 which comprises
methylating a compound of formula (IX)

C00.CH.0.CO.CLOR

R Rz



reacttgn with a methyl ating agent; and where nécessary converting the

conpouﬁd 5 thereby obtained into a conpound of formia—(+H—216——_A
process as clainmed in claim15 wherein nethylation=iE carried out usi.ng

di azonet hane in a cyclic or acyclic ether as sol vent, umuuuj"'umm s for
1 -

the preparation of a conpound 10 of fornula (1) as 4

whi ch conprises al kylating a conpound of forn%Ia (XI) [err (mhérern
R [err], B and the dotted line are as definé&d Pn'clain16) or a

3- N-car banoyl -protected 15 derjivatjve {hergo Yo [ €868, s uitable
al kyl ating agent; afWPRRELB RecBrsaly’ c (/e}r?t“llrhég; Ed}eea&cooe%gbu\#d'tr\%hgféby

obtai ned into a conpsuddfdhefioinuttain)é) 18 a IrYrearbamayslHrgtesdedn
claim17 wherein 204,2lk%k 341 0PnL SR by CFe bk 1 018 IR £liAddillediagi N a
cyclic or acyclic et her as ol vent. 19 A process for the preparation of
a conpound of fornuRgepFy aBddWReRRNPFEEPATF I AOTFRTH KD &ompound -
i sonerisation of sa ¢agpebpdobtaineduintd X |tdmpound Gfl-fdmmulla ((Mer ei n

R [err], B and the dotted |line are as defined in claim®6) or a
3-N-car banoyl -protected derivative thereof; and where necessary ‘converting
5 the conpound theléby oBtRreeessnas alabmedubn okaim ki whqnein 20, A

process as claimed pReplALREdR YHCESEPib&08RE | SinPaiSzamdtHaae W in an
i nert organic . . . |
- a cyclic or acyclic ether as solvent,

17. A process for the preparation of a éompound
10 of formula (I) as defined in claim 1 which comprises
alkylating a compound of formula (XI)

./
(% 2 (XI)
| : coo.ggao.co.gion
{(wherein R, Rys Ry B and the dotted line are as
defined in claim 6) or a 3-N-carbamoyl-protected
15 derivative thereof by reaction with a suitable
" alkylating agent; and where necessary converting

the compound thereby obtained into a compound of
formula (I). '

18. A process as claimed in claim 17 wherein
20 alkylation is carried out using a diazoalkane in
a cyclic or acyclic ether as solvent.

19. A process for tﬁe preparation'of a compound:
of formula (I) as defined in claim 1 which comprises
isomerisation of a compound of formula (XIIT)



» —z
s@elvent using U light at a wavelength in excess 10 of 290 nm 21. A '
pracess as clainmed in any of clains 6 to 20 wherein, if necessary and/or
desired in each instance, any of the following re ' —i _
appropri ate sequence, are subsequently carried 15 out. i) conver si on of
a ceph-2-emisonmer into the desired ceph-3-emi sogﬁm“”m"u“rm MmLon of a
conpourid wherein B is [err] to form-aédompound wherk 1 [gilineal ¥bnd 20
iii) renmoval of any N- protecting groups. 22. A process as clained in
any of clainms 6 to 21 in which the conmpound of fornula (1) is recovered in
substantially a rp\ous formfrom%l §'._b| tion thereof. 25 23. A process

n

for the preparaili o a 0 a (1) substantially as herein
described. = -629724. W A process|faor thd pr%faration of a compound of
formula (1) substantial I as her ffi dbsciFbeFH PG 0f &ZIFles 1 to 17.. 5

25. Compounds of tarolla. (1) as defindd in claigﬁl, when prepared- by a
process as cl ai ned in3any of clains 6 t CORLH.REO.C.PRgr maceuti cal
conpositions for oral administration 10 comprising_a conmpound as clained in
any of clainms 1 to 5 in association with at |east 8ne phar maceuti cal

carrier or excipient 2%. Phayr maceguj | o) 141 clainmed in 15
claim 26 mhigﬁeESﬁPth Lontzo Fa Ogﬁga%#gd%?%éé fﬁgﬁ% 1é%t per dosage
uni t. as defined in claim 6) or a 3-N-carbamoyl-protected
derivative thereof; and where necessary converting
5 the compound thereby obtained into a compound of -

formula (I).

20. A process as claimed in claim 19 wherein
\— isomerisation is carried out in an inert organic
solvent using UV light at a wavelength in excess
10 of 290 nm.

i*) 21. A process as claimed in any of blaims 6 to
20 wherein, if necessary and/or desired in each
instance, any of the following reactions, in any
appropriate sequence, are subsequently carried

15 out.
i) conversion of a ceph-2-em isomer into the
desired ceph-3-em isomer,
ii) reduction of a compound wherein B is >S—> 0

to form a compound wherein B is S and
\— 20 iii) removal of any N- protecting groups.

22. A process as claimed in any of claims 6 to

21 in which the compound of formula (I) is recovered
in substantially amorphbus form from a solution
thereof.

25 23. A process for the preparation of a compound
of formula (I) substantially as herein described.



“
28. % =XConpounds of formul a (1X) as defined in claimi5 20 29. “Conpounds.
of:fornula (XI) as deflned I n cIa|n117 e

Hllllll AR

24. A process for the preparation of a compound
of formula (I) substantially as herein described

- 62 -

'in any of Examples 1 to 17.

5 25. Compoundé of formula (I) as defined in claim
1, when prepared by a process as claimed in any
of claims 6 to 24.

26. Pharmaceutical compositions for oral administration
10 comprising a compound as claimed in any of claims
1 to 5 in association with at least one pharmaceutical

carrier or excipient.

27. Pharmaceutical compositions as claimed in
15 claim 26 which contain from 50 to 500 mg of active

ingredient per dosage unit.

i 28. Compounds of formula (IX) as defined in claim
\
. —”” 15.
20
29. Compounds of formula (XI) as defined in claim 17.




