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DERIVATIVES OF CEFUROXIME (71)    We,  GLAXO   OPERATIONS   through the
gastrointestinal tract and exhibit U.K. LIMITED, formerly known as Glamo
good antibacterial activity  following  oral 45 Laboratories Limited, a
British company, of administration would extend still further the
Greenford, Middlesex, do hereby declare the  valuable therapeutic potential
of cefuroxime. 5  invention, for which we pray that a patent    It is known
from the literature pertaining may be granted to us, and the method by  to
fl-lactam  antibiotics that the effect upon which it is to be performed, to
be particularly  oral  administration of penicillin antibiotics  50
described in and by the following statement-   such as ampicillin can be
improved by con- This invention is concerned with improve-  verting the
carboxy group at the 3-position 10  ments in or relating to cephalosporin
anti-  of the penam  nucleus to certain esterified biotics. More
particularly the invention is  carboxy groups; there have also been some
concerned with biologically acceptable ester  proposals that the activity
upon oral adminis- 55 Page      derivatives of (6R,7R) - 3 - carbamoyloxy-
tration of certain cephalosporin antibiotics may Pa       methyl - 7 - [(Z)
- 2 - (fur - 2 - yl) - 2-  enhanced by esterification in similar manner. 15
methoxyiminoacetamido] ceph - 3 - em - 4 -  It is believed that the
presence of an appro- carboxylic acid (i.e. the syn isomer), which   priate
esterifying group enhances absorption has the approved name "cefuroxime".
of the compound from  the gastro-intestinal 60 Cefuroxime, as disclosed in
British Patent  tract, whereupon the esterifying group is Specification No.
1453049 is a valuable broad   hydrolyzed by enzymes present in, for
example, 20  spectrum  antibiotic  characterised  by high  serum  and body
tissues to yield the anti- activity against a wide range of gram-positive
biotically active parent acid. It will be appre- and gram-negative
microorganisms, this pro-  ciated that the precise nature of the esterify-
65 perty being enhanced by the very high stability  ing group is critical
since it is necessary that of the compound to' [err]-lactamases produced
the ester should be sufficiently stable to allow 25  by a range of
gram-negative microorganisms.  the ester to reach the site of absorption
with- Additionally the compound is stable in the   out undergoing
significant degradation, e.g. in body owing to its resistance to the action
of  the stomach, while on the other hand the ester 70 mammalian esterases;
and gives high serum   must be sufficiently susceptible to esterase 



levels following parenteral administration (e.g.  hydrolysis so that the
antibiotically active 30  in the form of the sodium salt) to human and
parent acid is liberated within a short time animal. subjects, while
exhibiting low serum   of the ester being absorbed. binding.'
The selection of a particular esterifying  75 Cefuroxime and its salts, for
example alkali  group to enhance the effect upon oral adminis- metal salts
such as the sodium salt, are pri-   tration of a [err]-lactam antibiotic
will also be 35 cipally of value as injectable antibiotics since influenced
by the specific [err]-lactam compound they are poorly absorbed from  the
gastro-  chosen. Thus, for example, esterifying groups intestinal tract and
are therefore present in   which have been found effective in improving  80
sera and urine only in low  concentrations  the activity of orally
administered penicillin after oral administration. We have accord-
antibiotics do not necessarily convey similar 40  ingly conducted extensive
studies' into the   advantages to antibiotics-of the cephalosporin possible
activity upon oral administration of  series. An example which may be cited
here various derivatives of cefuroxime, since the  is the case of
pivaloyloxymethyl esters. Thus,  85 development of derivatives which are
absorbed  the pivaloyloxymethyl ester of, for example,    2
1,571,683                                          2 ampicillin is known to
improve the oral ab-  oxymethyl - 7 - [(Z) - 2 - (fur - 2 - yl) - 2-
sorption of ampicillin. The pivaloyloxymethyl  methoxyiminoacetamido]ceph -
3 - em - 4- ester of cefuroxime, on the other hand, ex-  carboxylate;
.60 hibits little effect upon oral administration,    I - propionyloxyethyl
(6R,7R) - 3 -carb  -60 5  possibly because the ester is not sufficiently
amoyleoxymethyl - 7 - [(Z) - 2 - (fur  2- - absorbed from  the
gastrointestinal tract or  yl) - 2 - methoxyiminoacetamido]ceph - 3-
alternatively is substantially resistant to esterase  em - 4 - carboxylate;
hydrolysis so that the antibiotically active acid   - 1 -, butyryloxyethyl
(6R,7R) - 3 - carb-  65 is not liberated to any significant extent
amoyloxymethyl - 7 - [(Z) - 2 - (fur - 2- 10  following absorption.
yl) - 2 - methoxyiminoacetamide]ceph - 3- We have now found that esters of
cefur-  em - 4 - carboxylate; - oxime, which may be represented by the    1
- isovaleryloxyethyl (6R,7R) - -3 - carb- formula
amoyloxymethyl- 7 - [(Z) - 2 - (fur - 2- 70 yl) - 2 - methoxyiminoacetamido
ceph - 3- H H                           em - 4 - carboxylate; C.CO.NH
1 -   acetoxyheptyl (6R,7R) - 3 - carb- omyloxymethyl - 7 - [:(Z) - 2 -
(fur - 2- yl) - 2 - methoxyiminoacetamido]ceph - 3- 75 em - 4 -
carboxylate; 1 - acetoxybutyl (6R,7R) - 3  carbamoyl- oxymethyl -7- [ (Z) -
2 - (fur-  -yl) - 2- 15  (wherein R1 is a primary or secondary alkyl
methoyiminoacetamido]ceph - 3 - em - 4- group containing 1 to 4 carbon
atoms and 



R2 is a primary or secondary alkyl group    1 - acetoxypropyl [err] - 3 -
carb- containing I to 6 carbon atoms provided.that amoyloxymethyl - 7- [(Z)
- 2 - (fur - 2- at least one of the groups [err] and [err] is methyl, yl) -
2 - methoxyiminoacetamido]ceph - 3- 20  and the asterisk denotes an
asymmetric carbon  em - 4 - carboxylate atom) possess properties which
render these    The first compound mentioned above is .85 compound  of
significant potential value as  particularly preferred,  since  it  prvides
orally administrable antibiotics. The individual especially high absorption
of cefuroxime as diastereoisomers, as well as mixtures thereof, shown in
vivo testing in mice, rats and dogs. 25  are embraced by the invention.
The compounds (I) may be prepared in The references herein to primary or
secon-  conventional manner, for example by reacting   90 dary alkyl groups
denote alkyl groups inwhich  cefuroxime or a salt thereof (e.g. an alkali
the carbon atom of attachment is bonded. to  metal salt such as the sodium
or potassium at least one hydrogen atom.                 salt or an onium
salt, e.g. an ammonium salt 30    Examples of compounds of formula I
include  for example a quaternary  ammonium  salt) those wherein R1 is a
methyl group and R2  with a haloester of formula                  95 is an
alkyl group containing 2 to 4 carbon atoms and those wherein [err] is a
methyl group                * and R' is a primary or secondary alkyl group
[err] 35  containing 1 to 4 carbon atoms. The esters (I) possess reasonable
stability as evidenced by the fact that they exhibit low antibacterial
activity in vitro compared  (where [err] and the asterisk have the above-
to cefuroxime (this indicates that a high pro-  defined meanings and X is
halogen such as 40  portion of ester remains unchanged throughout
chlorine, bromine or iodine). The reaction the in vitro tests and so
confirms the stability. is conveniently effected in.solution in an inert
100 of the esters). The esters are, on the other  organic solvent (e.g. 'an
N,N-disubstituted hand, extremely susceptible to esterase hydro-   amide
such as NN-dimethylformamide or lysis leading to formation of cefuroxime,
as  NN-dimethylacetamide, a ketone such as 45  evidenced by in vitro tests
employing esterases  acetone, a sulphoxide such as dimethylsulpho- derived
from rat liver,            human  oxide, a nitrile such as acetonitrile, or
hexa-  105 serum.                                      methylphosphoric
triamide) at. a temperature In vivo testing in rats confirms that oral  in
the range -50 "to .+ 150[err], e.g. - 10[err] administration of the esters
(I) leads to  to +50[err], conveniently between 0C and 50  significantly
greater. absorption of cefuroxime,  room  temperature. When a cefuroxime
salt, as evidenced by higher serum levels and in-  for example, the
potassium salt, is employed  110 creased  urinary  recovery, than  does
oral  as starting.material and the reaction is effected administration of
cefuroxime itself.       in a. nitrile solvent, a crown ether such as 18-
Of. the compounds of formula (I) the  crown-6 may, if desired,be employed.
When 55  following have been shown to provide par-  cefuroxime is employed
as starting material ticularly good absorption of cefuroxime:-    it. may
be advantageous to effect the reaction  115 1 - acetoxyethyl (6R,7R) - 3 -
carbamoyl-  in the presence of a base, e.g a weak inorganic  



3                                     1,571,683
3 base such as sodium carbonate or potassium   sulphonate or n - [err] -
butyl - 5 - methylisox- carbonate; it is convenient to add the base
azolinium   perchlorate.  The  condensation to the cefuroxime-containing
reaction system   reaction is desirably effected in an anhydrous prior to
addition of the haloester (II). The  reaction medium, e.g. methylene
chloride,  60 5  use of potassium carbonate as base in con-
dimethy]formamide or acetonitrile. junction with a compound (II) in which.
X    Acylation may also be effectde with other is bromine or iodine has
been found advan-  amide- forming derivatives of the free acid tageous in
that under these conditions the  such as, for example, a symmetrical anhy-
formation of a ceph-2-em ester product is kept  dride or a mixed anhydride,
e.g. with pivalic  65 10  to a minimum. It is convenient to 'employ  acid
or formed with a haloformate such as a substantially equivalent amounts of
cefuroxime   [err] alkyl haloformate. The mixed or sym- and base, e.g.
about 0.5 moles of a diacidic  metrical anhydrides may be generated in
situ. base such as potassium carbonate per mole  Thus, for example, a mixed
anhydride may of cefuroxime. The haloester (II) is con-  be generated using
N - ethoxycarbonyl - 2-  70 15 veniently employed in slight excess, e.g. in
ethoxy - 1,2 - dihydroquinoline. Mixed anhy- an amount of 1-1.5 moles per
mole of cefur-  drides may also be formed with phosphorus oxime.
acids (for example phosphoric or phosphorous The course of the reaction may
readily be   acids), sulphuric acid or aliphatic or aromatic monitored by
t.l.c., since the process involves  sulphonic acids (for example
p-toluenesul- 75 20 conversion of a polar acid or salt starting   phonic
acid). material to a neutral ester product.          The above-described
starting materials of The esters (I) may also 'be prepared by   formula
(III) may be prepared in conven- acylation of a compound of formula:-
tional manner, for example, using the tech- H  H
niques described in U.S. Patent Specification 80 No. 3,905,963 and British
Patent Specifica- tions Nos. 1,041,985 and 1,350,772. (III)        If the
desired ester product is significantly contaminated by the corresponding
ceph-2-em [err]                        isomer the product may be oxidised
(e.g. by  85 treament with a peracid such as metaperiodic acid, peracetic
acid, monoperphthalic acid or m-chloroperbenzoic acid or with t-butyl hypo-
25  (wherein [err] and [err] are as hereinbefore de-   chlorite in the
presence of a weak base such fined) of an 'acid addition salt or N-silyl
as pyridine) to give the ceph-3-em  1-oxide 90 derivative thereof, using
(Z) - 2 - (fur -2-   ester, which may then be reduced (e.g. by yl) - 2 -
methoxyiminoacetic  acid  or a   treatment with acetyl chloride and
potassium - reactive derivative thereof, for example in the   iodide) to
yield substantially pure ceph-3- 30  manner disclosed  in  the
aforementioned   em ester. British Patent Specification No. 1,453,049.
The individual diastereoisomers may be  95 



The compounds of formula (I) may con-  isolated by recrystallisation from
the isomeric veniently be prepared by acylating a com-   mixture. pound of
formula (III) with an acylating      The esters of formula I may be
formulated 35  agent comprising, an acid halide, particularly  as
compositions for oral. administration in an acid chloride or bromide of the
said acid.  conventional manner, with the aid of any 100 Such acylation may
be effected at tempera-   necessary pharmaceutical carriers or excipients.
tures of from  -50 to + 50[err], preferably   The compositions are
conveniently prepared -20  to  +30[err]. The acylation may be   as tablets,
capsules or sachets, advantageously 40  effected in aqueous or non-aqueous
media.    in unit dose form, and-may 'contain conven- Acylation with an
'acid halide may be  tional excipients such as binding agents, fillers, 105
effected in the presence of. an acid binding  lubricants, disintegrants and
wetting agents. agent (e.g. a tertiary amine such as triethyl-  Tablets may
be coated in conventional manner. amine or dimethylaniline, an inorganic
base   The active compounds may further be formu- 45  such" as calcium
carbonate or sodium bicar-  lated in rectal compositions such as supposi-
bonate, or an oxirane, preferably a 2-[err]   tories or retention enemas.
110 alkylene oxide such as ethylene oxide or    The compositions 'may
contain from 0.1% propylene oxide) which serves to bind hydro-  upwards,
e.g. 0.1-99%, conveniently from gen.halide liberated in the acylation
reaction.  1060%  of the active ingredient' (I), de- 50   The free acid may
itself be used as the   pending on the method of administration. acylating
agent Such acylations are desirably   Compositions in dosage unit form
conveniently 115 conducted in the presence of, for example, a  contain
50-500 mg of the active ingredient carbodiimide  such as N,N' -
dicyclohexyl-  (calculated as cefuroxime). Doses employed carbodiimide; a
carbonyl compound such as  for adult human treatment will typically be 55
carbonyldiimidazole; or an isoxazolinium salt  in the range 500-5000 mg per
day, e.g. as N - ethyl - 5 - phenylisoxazolinium   3'-  1500 mg per day,
(calculated as cefuroxime), 120    4
1,571,683 although the precise dose will depend on,inter  Preparation 4.
alia, the frequency of administration.          (R,S)  I -Bromo-n-butyl
acetate. The following Examples illustrate the inven-    To cooled
(ca[err]) acetyl bromide (1.49 tion. All temperatures are in [err]. The
melting  ml, 20 mmole) was added n-butyraldehyde 5  points were determined
by the capllary  (1.76 ml, 20 mmole). The reaction mixture  65 method and
are uncorrected. Those prefixed was allowed to warm up to room temperature
[err] where x is the rate of heating (in  C over 1 hour to  give a pale
brown solution. per minute) and y is the insertion tempera-  This was
distilled in vacuo to give two frac- ture were measured in a Mettler
(registered  tions - 10  Trade Mark) apparatus. In Example 5 the     (i) bp
60 to 700/27 mm  (0.78 g)       70 potassium carbonate employed -was dried
at    (ii) bp 70 to 80[err]/27  mm  (1.64 g) 



*120 in vacuo and finely ground. The N,N- Fracion (ii) contained the title
ester which dimethylformamide employed was dried and  was characterised by
its nmr [err] and purified by passage through acidic aluma;  infrared [err]
spectra. 15    HPLC  stands for "high pressure liquid chromatography".
Detection was achieved by               Prparation 5                75
ultraviolet light at 276 nin.- Relative peak      (R,S) 1-Bromopropyl
acetate areas were measured at this wave length    The preparation was
analogous to Prepara- (The  [err] of the desired compound occurs  tion 4
except that the following reagents 20  at 276 to 277 nm ).
were substituted and the mixture was allowed The n.m.r. spectra figures for
the products  to react overnight at ca 5. of the Examples. 1 to 7 given in
Table 1    Acetyl bromide (1.5 ml, 20 mmole ) hereinafter indicate that the
compounds are    Propioildehyde (2.2 ml, 31 mmo). obtained as approximately
1:1 mixtures of the    The title ester (1.56 g) was isolated as a 25  R and
S isomers.       .                    liquid bp 50 to 600/20 mm
characterised by its nmr [err] spectrum.                 85 Preparation 1.
(R,S) l-Bromoethflpropionate.                     Example 1. Acetaldehyde
(1.7 ml, 134 g, 30.5 mmole)  (R and S) - 1 Acetoxyethyl (6R,7R) - 3- was
added dropwise with  stirring to propionyl  carbamoyloxymethyl - 7     [(Z)
- 2- 30  bromide (3.18 g, 23.2 mmole) (0-5[err]).          (fur - 2 - yl) -
2 - methoxyimmoacet- The mixture was allowed to warm up to room
amido]ceph - 3 - em  - 4 - carboxylate. 90 temperature (ca 20[err]) over 1
hour. The pro-    Potassium carbonate (760 mg, 5.5 mmole) duct was
distilled to give the title ester (2.7   was added to a solution of [err]
3- g) as a liquid b.p. 41 to 50[err]/15 mm which  carbamoyloxymethyl - 7 -
[(Z) - 2 - (fur- 35  was characterised by its nmr [err] and   2 - yl) - 2 -
methoxyiminoacetamido]ceph- infrared [err] spectra.                . 3 - em
- 4 - carboxylic acid (4.57 g, 11 95 mmole) in NN-dimethylformamide (25 ml)
and the mixture was stirred at ca 20[err] for 25 minutes. 1-Bromoethyl
acetate (1.8 g, 11 (RS) 1-Bromoethyl n-butyrate.         mmole) in
N,N-dimethylformamide ( 5 ml ) ceradehyde (2 ml) was added dropwise
was added to the above solution and the 100 40   with stirring  to
n-butyryl bromide (2.09 g,  reaction mixture was stirred for 40 minutes
13.8 mmole) at 0-10[err]. After  the initial  at ca 20[err] . The reation
mixture was worked reaction the mixture was stored at ca 4[err] for 2 days.
The product was distilled to give the   up by pouring it into excesss 2N
hydrochloric title ester (1.87 g ) as a liquid b.p. 63 to   acid, followed
by extraction with ethyl acetate ( 3 times). The combined organic extracts
105 45   65[err]'/14 mm which was characterised by its  were washed with 2N
hydrochloric acid and nmr [err] and infrared [err] spectra. saturated
sodium bicarbonate solution, dried (magnesium  sulphate) and evaporated  in
Preparation 3.               vacuo to yield a foam which was' dissolved 



(R,S) 1-Bromoethyl 3-methylbutyrate.    in ethyl acetate and precipitated
from diethyl 110 Acetaldehyde (2.3 ml, 1.8 g, 41 mmole)  ether 50   was
added droowise with stirring to 3-methyl-    The resulting precipitate was
filtered -off butvryl bromide (5.33:g, 32 mmole) at [err]       and dried
to give the title compound (780 The mixture was allowed to warm up to room
mg). temperature (ca. 20[err]) over half an hour   The mother liquors were
evaporated to a 115 The title ester was isolated in two fractions  foam
which was dissolved in ethyl acetate and 55   (2.99 g and 1.64 g) by
distillation; b.p's 60  precipitated from di-isoprpyl ether to give to
70[err]/25 mm and 70 to 75[err]/25 mm respec-  a further crop of the title
compound (1.21 tively.                                    g). This sample
was dried in vacuo for 2 Both fractions were characterised by their  days
at 22 in order to remove di-isopropyl 120 nmr [err] spectra. The second
fraction, ether. The physical constants of  the second 60   was the purer
by nmr.                       crop of the title compound are:-mp [err]
1,571,683                    5 720; [err] + 84[err] (c 0.87, DMSO); [err]
18,850); [Found:-C, 48.8; H, 5.0; N,. 60 (EtOH) 277 nm (E [err] 355,18120);
10.1; S, 5.5; C.,H,6N40O1S (538.5) requires C,49.1; H, 4.9; N, 10.4;
S,5.95%] microanalysis before drying in vacuo [Found;    The infrared and
nmr data are shown in C, 46,6; H, 4.4; N, 10.95; S. 6.2;  Table 1
hereinafter. 5   [err] S (510.5) requires C, 47.1; H, 4.3; N, 10.9; S,
6.3%]. The infrared and                Example 4(a).                65 nmr
spectra are shown in Table I hereinafter.  (R and S) - I -
Isovaleryloxyethyl (6R, 7R) - 3 - carbamoyloxymethyl - 7- Example 2.
[(Z) - 2 - (fur - 2 - yl) - 2 - methoxy- (R  and S) - 1 - Propionyloxyethyl
(6R,        iminoacetamido]ceph - 3 - em - 4 - carb- 10      7R) - 3 -
carbamoyloxymethyl - 7-          oxylate and (R and S) - 1 -Isovaleryl-  70
(Z) - 2 - (fur - 2 - yl) - 2 - methoxy-   oxyethyl (4R,6,R,7R) - 3 -
carbamoyl- iminoacetamido]ceph - 3 - em - 4 - carb-   oxymethyl - - - [(1 )
- 2 - (fur - 2- oxylate.                                   yl) - 2 -
methoxyiminoacetamido]ceph- The method- of preparation was analogous     2
- em - 4 carboxylate. 15  to that described in Example 1; 1-bromo-     1 -
Bromoethyl - 3 - methylbutyrate (2.38  75 ethyl propionate (15 g. 8.3
mmole) was  g, 11.4 mmole) was added to a stirred solu- reacted with
potassium .(6R,7R) - 3 - carb-  tion of potassium (6R,7R) - 3 - carbamoyl-
amoyloxymethyl -7- [(Z) - 2 - (fur - 2-   oxymethyl - 7 - [(Z) - 2 - (fur -
2 -yl) - 2- yl) - methoxyiminoacetamido]ceph - 3 - em-
methoyiininoacetamido ceph - 3 - em - 4- 20  4 - carboxylate (3.8 g, 8.3
mmole) in NN-  carboxylate (4.2 g, 9.1 mmole) in NN-  80 dimethyl-formamide
(25 ml) at ca 22 for 30   dimethylformamide (50 ml) at ca 22[err] for
minutes.                                   35 minutes. The reaction mixture
was then The reaction mixture was worked 'up as  worked up in a similar
manner to that de- 



described in Examole 1 to yield an oil which  scribed in Example 1 and the
product (2.15 25  was dissolved in ethvl acetate and precipitated   g) was'
precipitated from  di-ispropyl ether.  85 from diethyl ether (250 ml). The
filtrate was  The nmr spectrum  (DMSO-d6) indicated evaporated to an oil
which was dissolved in  that the product was approximately a 1:1 ethyl
acetate and added dropwise to di-iso-  mixture of the two title compounds.
propyl ether. The precipitate was filtered and   (b) (R  and S) - 1 -
Isovaleryloxyethyl 30  washed with di-isopropyl ether and dried to
(1S,6R,7R) - 3 - carbamoyloxymethyl-  go give the title compound (1.46 g,
2.8 mmole),   7 - [(Z) - 2 - fur - 2 - yl) - 2 - meth- mp (M602) 81;-[err]
+ 66 (c 1.2, DMSO);          oxyiminoacetamido]ceph - 3 - em - 4- [err]
(EtOH)-276.5  nm  (E [err] 1%  362,          A carboxylate  1 - oxide. A
solution of the mixture of esters pro- 18,985). The infrared and nmr data
are shown   duced in Example 4(a) (2.0 g) in dichloro-  95 35  in Table 1
hereinafter                      methane (50 ml) was treated with m-chloro-
perbenzoic acid (1.0 g, 5.7 mmole) for 40 Example 3.
minutes at ca 220. (R and S) - 1 - Butyryloyethyl (6R,7R)-    The solvent
was evaporated in vacuo and 3 - carbamoyloxymethyl - 7 - [(Z) - 2-  the
residue was triturated with diethyl ether 100 (fur - 2 - yl) - 2 -
methoxyiminoacet-  to give the title compound (1.8 g) as a solid, 40
amido]ceph - 3 - em -4 - carboxylate.   mp (M[err]) 167.5;[err] +  52 (c
0.5, A  solution of potassium  (6R,7R) -3   DMSO); [Found; [err] H, 4.7; N,
carbamoyloxymethyl - 7 - [(Z) - 2 - (fur-  10-05; S, 5.8; [err] (568.5) re-
2 - yl) - 2 - methoxyiminoacetamido]ceph-  quires C, 48.6; H, 4.95; N,
9.85; S, 5.65%]. 105 3 - em - 4 - carboxylate (1.025 g, 2.22 mmole)  (c) (R
and S) - 1 - Isovaleryloxyethyl 45 in  NN-dimethylformadie  (12 ml)  was
6 R, 7R) - 3 - carbaomyloxymethyl - 7- treated with 1-bromobutyrate (649
mg,  3.33    [(Z) - 2 - (fur - 2 - yl) - 2 - methoxy- mmole) in
N,N-dimethylformamide (2 ml)         iminoacetamido]ceph -  3 - em - 4 -
carb- for 30 minutes at room temperature.                       oxylate.
110 The reaction mixture was then worked up    Potassium  iodide (1.95 . g,
11.7 mmole) 50 as  described in Example 1 and after drying   and acetyl
chloride (460 mg, 5.9 mmole) (over magnesium sulphate) and evaporation,
were added successively to a solution of (R a pale yellow foam (964 mg) was
obtained.  and S)     - isovaleryloxyethyl (1S,6R,7R)- The foam  was
triturated with cyclohexane  3 - carbamoyloymethyl- 7 - [(Z) 2 - (fur-  115
(80 ml) 'and the resultant solid was filtered  2 - yl ) - 2 -
methoxyiminoacetamido]ceph- 55 off 'and washed with cyclohexane (2 X 20  3
- em - 4 - carboxylate 1-oxide (1.67 g, 2.9 ml) and dried in vacuo to give
the title com-  mmole) in NN-dimethylformamide (50 ml). pound (711 mg) as
an off-white solid; mp     The solution was stirred at ca 22 for 35 [err] +
84 [err] 36 (c 1.13, DMSO):  minutes and then added dropwise to an  120
aqueous solution of sodium  metabisulphite. [err] (EtOH)-276.5  nm  ;(E
[err]  350, e  The precipitate was filtered off and washed    



1,571,683 with water and dried in vacuo over phos-  acetate solution using
di-isopropyl ether to phorus pentoxide to give the title compound  give on
drying in vacuo the title compound (1.19 g, 2.1 mmole) as a solid, mp [err]
(920 mg), mp [err] 81[err]; [err] + 69[err] (c 920; [err]  +  24 (c 0.9,
DMSO); [err]  0.87 DMSO); [err] [err] 277      1% 5  (EtOH) 276 nm (E 1 %
360, 19890);   349,  18,305); [Found;  C, 48.15; H, 4.8; [Found C, 48.1; H,
4.95; N, 10.35; S, 6.0;  N, 10.45; S, 5.9; [err] (524.5) re- [err] (552.5)
requires C, 49.9; H,  quires C, 48.1; H. 4.6; N, 10.7; S, 6.1%1] 5.1; N,
10.1; S, 5.8%].                      The nmr and infrared data are shown in
The infrared and nmr data are shown m   Table 1hereinafter. 10  Table 1
hereinafter. Example 7.                  70 Example 5.                  (R
and S) - Acetoxyheptyl (6R,7R) - 3- (R and S) - 1 - Acetoxybutyl (6R,7R) -
3-      carbamoyloxymethyl - 7 - [(Z) - 2 - fur- carbamoyloxymethyl - (7 -
[(Z) - 2-        2 - yl)  2 - methoxyiminoacetamido] - (fur - 2 -yl) - 2 -
methoxyiminoacet-      ceph - 3 - em - 4- carboxylate. 15      amido] ceph
- 3 - em - 4 - carboxylate.    Potassium carbonate (0.21 g)  was added  75
Potassium  (6R,7R) - 3 - carbamoyloxy-  to a solution of (6R,7R) - 3 -
carbamoyloxy- methyl - 1 - (Z) - 2 - (fur- 2 - yl) - 2-  methyl - 7 -(Z) -
2 - (fur - 2 -yl) 2- methoxyiminoacetamido] ceph - 3 - em - 4-
methoxyiminoacetamido]ceph  - 3   cm - 4- carboxylate (1.850 g, 4 mmole)
was added to  carboxylic acid (127 g) in N,N- dimethyl- 20 a solution of
1-bromobutyl acetate (780 mg   formamide (7 ml), with stirring at 23[err].
80 4 mmole) in purified NN-dimethylformamide  Most   of  the  potassium
carbonite  dis- (10 ml) resulting in the formation of a brown   solved .
within  10 minutes, giving a dark solution and evolution' of heat. After ca
10  solution. 1-Bromoheptyl acetate  (0.72 g) minutes solid started
separating out and after  was added as a solution in NN - dimethyl- 25 20
'minutes the reaction mixture was worked  formamide (1.5 ml). Precipitation
commenced   85 up by pouring it into 2N hydrochloric acid  after 15 minutes
and after 18 minutes the (120 ml). to give a pale yellow solid which
reaction mixture was poured into 2N-hydro- dissolved on addition of ethyl
acetate (120  chloric acid (75 ml),. giving a brown gum. ml).
This dissolved on addition of ethyl acetate 30   The  organic layer was
separated  and  (75 ml). The organic  layer was separated,  90 washed with
saturated aqueous sodium bicar-  washed successively with 2N-hydrochloric
acid bonate (120 ml) and brine (60  ml)  dried  (75 ml) and saturated
sodium  bicarbonate over magnesium sulphate and evaporated to  solution (75
ml), and was dried (Mg SO4) a pale yellow foam (1-378 g) . Trituration of
and evaporated in vacuo to give a brown glass 35 this foam  with
di-isopropyl ether (30 ml)  (1.01 g). Trituration of this material with  95
gave a pale solid which  was filtered  off and  petroleum ether (b.p. 40 to
60[err]: - 3 X 15 washed with more di-isopropyl ether and. dried  ml) gave
a pale yellow solid which was fil- in vacuo to give the title compound
(1.261  tered, washed with petroleum  ether (40- g) as a cream powder, mp
59 to 68; [err]  60[err]) and dried in vacuo to give the title com- 40  +
54.5 (c 1.0, DMSO); [err](EtOH) 277  pound as a pale yellow powder (0.75
g), 100 



m.p.  68 to '71[err] (decomp.); [err] + 46[err] (c nm [err]  333,  17,930);
[Found; C,  50.1;  1.00, DMSO); [err]  (EtOll) 276.5 + nm  (e H, 5.5; N,
9.4; S, 5.1; [err] (538.5)  18,154). requires C, 49.05; H, 4.85; N, 10.4;
S.   The nmr and infrared data are shown in 5.95%. The nmr and  infrared
data are  Table 1 hereinafter.                          105 45  shown in
Table 1 hereinafter. Example 8. Example 6.                 1 -
(Acetoxyethyl (6R,7R) - 3 - carbamoyl- (R and S) - 1 - Acetoxypropyl
(6R,7R)-   .. oxymethyl - 7 - [ (Z) - 2 - (fur - 2 - yl)- 3 -
carbamoyloxymethyl - 7 - [(Z) - 2-    2 - methoxyiminoacetamido]ceph - 3-
(fur - 2 - yl) - 2 - methoxyiminoacet-    em - 4 - carboxylate (Isomer A).
110 50      amido]ceph - 3 - em - 4 - carboxylate.    A solution of (R and
S) - I - Acetoxy- A  solution of potassium  (6R,7R) - 3-  ethyl (6R,7R) - 3
- carbamoyloxymethyl- carbamoyloxymethyl - 7 - [(Z) -'2 - (fur-  7 - [ (Z)
- 2 - (fur - 2 - yl )- 2) -(methoxy- 2. - yl) - 2
methoxyiminoacetamidolceph-  iminoacetamido]'ceph - 3 - em'- carboxylate 3
- em - 4 - carboxylate (3.7 g, 8 mmole)  (ca. 1:1; ca. 1 g) in methanol (3
ml) was  115 55  in  N,N-dimethylformamide  (50 ml) was  cooled to 0  and
left overnight to give a stirred at ca 22 for 45 minutes with 1-
crystalline deposit of Isomer A  (300 mg) bromopropyl acetate '(1.45 g, 8
mmole). The  which  was shown 'by  nmr spectroscopy workup was similar to
that described in  (DMSO-[err]) to contain essentially one isomer. Example
5 except that the crude product    The mother liquors were evaporated to
dry-  120 60  was purified by precipitation from  ethyl ness in vaco and
the residue 'was dissolved    -  7
1,571,683                                        7 in ethyl acetate and
precipitated from petro-   scopy (DMSO-[err]) to consist of essentially
leum (40-60[err]). Nmr (DMSO-[err]) indicated   Isomer B.
40 that the precipitate consisted of a ca. 65:35  The filtrate was
refrigerated and slowly mixture of diastereoisomers B and A respec-
solidified. The resultant solid was filtered off 5  tively.
and dried (Fraction 4, 410 mg). Fraction 4 consisted of essentially Isomer
B (ca 80% Example 9.                   pure) as shown by nmr spectroscopy
(DMSO-  45 Separation  of the diastereoisomers of 1-   [err]) and HPLC.
acetoxyethyl (6R,7R) - 3 - carbamoyl-     The mother liquor from  the
Fraction 4 oxymethyl - 7 - [(Z) - 2 - (fur. - 2 - yl)-  separation was
evaporated to dryness and the 10      2 - methoxyiminoacetamidolceph - 3-
resultant solid triturated with ethyl acetate- em - 4 - carboxylate (Isomer
A  and   diethyl ether. The solid obtained was filtered  50 Isomer B).
and dried (Fraction 5, 640 mg). Fraction A solution of (R and. S) - I -
Acetoxy-   5 consisted of an approximately 70:30 mixture ethyl - (6R,7R) -
2 - carbamoyloxymethyl-  of Isomers B to A, as shown by nmr (DMSO- 15  7 -
[(Z) - 2 - (fur - 2 -yl) - 2 - methoxy-   d,). 



iminoacetamidolceph - 3 - em - 4 - carb-      Fraction 1 (Isomer A) and
Fraction 4  55 oxylate (ca. 1:1; 5.0 g, 9.8 mmole) in  (Isomer B)  have the
following physical methanol (7.5 ml). at ca. 25[err] was seeded
properties: with a sample of Isomer A  (prepared as    Isomer A  (Fraction
1): m.p. [M][err] 20  described in Example 8).  The solution solidi-  191,
[err] +  53[err] (c 0.9, DMSO), [err] fied and was refrigerated at 0[err]
overnight. Filtration gave a solid (1.7 g) which on re-  (EtOH  277  ( E
[err] 414,  e 21,130), 60 crystallisation from methanol (30 ml) afforded
[Found:- C  46.95; H, 4.4; N, 10.9; S, essentially pure Isomer A (1.28 g)
(Fraction   6.5, [err] (510.5) requires C, 47.1; 25 1).
H, 4.3; N, 10.9; S, 6.3% . HPLC indicated A second crop of crystals (110
mg. Frac-  an isomer purity of ca 94%. tion 2) was obtained from the
mother-liquors.    Isomer B  (Fraction  4): m.p. [err] 65 This was shown by
nmr (DMSO-4,) to con-  129, [a][err] +  11 (C 1.2, DMSO), [err] tain a ca.
1:1 -ratio of Isomer A to Isomer B. 30    The residual mother-liquors were
evaporated  . (EtOH) 277 nm  (E [err]  422, e 22,700), in vacuo to dryness
and the residual gum was taken up in ethyl acetate and refrigerated
[Found: C, 46.8; H, 4,5; N, 10.35; S, 5.9 whereupon the solution
solidified, so ethyl  [err] 0.3  mole EtOAc  (539.9) acetate was added to-
give a total volume of  requires C, 47.45; H, 4.6; N, 10.4; S, 5.9-]. 70 35
ca 15 ml and the mixture was heated to   HPLC indicated an Isober B purity
of ca reflux. A small  portion of solid did not dis-  80%. solve and so was
filtered off (Fraction 3, 190  The nmr and infrared data for the two mg).
Fraction 3 was shown by nmr spectro-  isomers are shown in Table I
hereinafter.    8                                     1,571,683
8    1,571,683    1,571,683                                       10 Cc
.       
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13 methyl cellulose and the flavour. This blend Example A
was then further blended with the caster Tablet.
sugar adding the latter in two stages. It was Composition:-
intended that the correct weight should be 1-Acetoxyethyl (6R,7R) 3-carb-
filled into a sachet of suitable laminated foil 5   amoyloxymethyl - 7-
[(Z)-2-(fur-           and seated by heat. The powder would be
2-yl)-2-methoxyiminoacetamido]-            used by constituting with about
15 mls. water ceph-3-em-4-carboxylate (micron-           shortly before
administration. ised)                          326.0 mg  shortly before
administration. Sodium starch glycolate (Primojel)   8.0 mg    WHAT WE
CLAIM  IS:-                   60 1. Compounds of the formula 10
Microcrystalline cellulose (Avicel* PH101)                          64.0 mg
Magnesium stearate                2.0 mg               [err] Total weight
400.0 mg * The word "Avicel" is a registered Trade                       R
15   Mark.                                      (wherein R' is a primary or
secondary alkyl group containing I to 4 carbon atoms and Method of
Preparation.           R2 is a primary or secondary alkyl group con- 65 The
magnesium stearate was blended with  taining 1 to 6 carbon atoms provided
that at the active ingredient and tablet slugs were  least one of the
groups [err] and [err] is methyl). prepared by direct compression. The
slugs    2. A compound as claimed in claim  1 20   were broken down through
12 mesh, 16 mesh  wherein [err] is a methyl group and [err] is an and 20
mesh consecutively and the granules  alkyl group containing 2 to 4 carbon
atoms.  70 were blended with the sodium starch glycolate    3. A  compound
as claimed in claim  1 and microcrystalline cellulose. The blend was
wherein [err] is a methyl group and [err] is a compressed on concave
punches to a tablet  primary or secondary alkyl group containing 25  weight
of 400 mg. The tablets may be film   1 to 4 carbon atoms. coated by the
aqueous or organic solvent    4. 1 - Acetoxyethyl (6R,7R) - 3 - carb-  75
method using cellulose derivatives with plas-  amoyloxymethyl - 7 - [(Z) -
2 - (fur - 2- ricisers and colouring matter. As an alterna-  yl) - 2 -
methoxyiminoacetamido]ceph - 3- tive to the preliminary slugging stage, the
em - 4 - carboxylate. 30  active ingredient may be densified by roller
5. 1 - Propionyloxyethyl (6R,7R) - 3- compaction.
carbamoyloxymethyl - 7 - [(Z) - 2 - (fur-  80 2 - yl) - 2 -
methoxyiminoacetamidolceph- 3 - em - 4 - carboxylate. 



Example B.                    6. 1 - Butyryloxyethyl (6R,7R)- 3 - carb-
Powder for oral suspension (in sachet).    amoyloxymethyl - 7 - [(Z) - 2 -
(fur - 2- Composition (per sachet).         yl) - 2 -
methoxyiminoacetamido]ceph - 3-  85 35   1-Acetoxyethyl (6R,7R)-3-carb-
em - 4 - carboxylate. amoyloxymethyl-7-[(Z)-(2-fur-2-              7. 1
Isovaleryloxyethyl (6R,7R) - 3- yl)-2-methoxyiminoacetamido] -
carbamoyloxymethyl - 7 - [(Z) - 2 - (fur - 2- ceph-3-em-4-carboxylate
yl) - 2 - methoxyiminoacetamido]ceph - 3- (milled)
326.0 mg  em - 4 - carboxylate. 8. 1 - Acetoxyheptyl (6R,7R)  3 - carb-  90
40  Lecithin                           25 mg  amoyloxymethyl - 7 - [(Z) - 2
- (fur - 2- yl) - 2 - methoxyiminoacetamido]ceph - 3- Sodium carboxymethyl
cellulose             em - 4 - carboxylate. (low viscosity)
90 mg    9. 1 - Acetoxybutyl (6R,7R) - 3 - carb-  95 amoyloxymethyl - 7 -
[(Z) 2 - (fur - 2 - yl)- Spray-dried orange flavour       150 mg
methoxyiminoacetamido]ceph - 3 - em - 4- carboxylate. Caster sugar
2.2 g    10. 1 - Acetoxypropyl (6R,7R) - 3 - carb- amoyloxymethyl - 7 -
[(Z) - 2 - (fur - 2- 100 45            Method of Preparation.           yl)
- 2 - methoxyiminoaceramido]ceph - 3- The lecithin was dissolved in
chloroform  em - 4 - carboxylate. and  triturated  with the active
ingredient    11. Diastereoisomers  of compounds as (previously milled
using a fluid energy mill).  claimed in any of the preceding claims. The
chloroform was allowed to evaporate and  12. A process for the preparation
of a  105 50  the resultant solid powdered. It was then  compound of
formula I (as defined in claim blended intimately with the sodium carboxy-
1) which comprises either (A) reacting (6R,    13
1,571,683                                   13 Example A
methyl cellulose and the flavour. This blend Tablet.
was then further blended with the caster Composition:-                sugar
adding the latter in two stages. It was 1-Acetoxyethyl (6R,7R) 3-carb-
intended that the correct weight should be  55 filled into a sachet of
suitable laminated foil 5   amoyloxymethyl - 7 - [(Z)-2-(fur-      and
seated by heat. The powder would be ceph-3em-4-carboxylate (micron-
used by constituting with about 15 mls. water ised)
326.0  mg  shortly before administration. Sodium starch glycolate
(Primojel)   8.0 mg    WHAT WE CLAIM  IS:-                   60 1.
Compounds of the formula 10  Microcrystalline cellulose' (Avicel* PH1O1)
64.0 mg                H [err] 



Magnesium stearate               2.0 mg Total weight 400.0 mg
[err] * The word "Avicel" is a registered Trade                       R 15
Mark;                                      (wherein [err] is a primary or
secondary alkyl group containing 1 to 4 carbon atoms and Method of
Preparation.           [err] is a primary or secondary alkyl group con- 65
The magnesium stearate was blended with  taining 1 to 6 carbon atoms
provided that at the active ingredient and tablet slugs were  least one of
the groups [err] and [err] is methyl). prepared by direct compression. The
slugs    2. A compound as claimed in claim  1 20  were broken down through
12 mesh, 16 mesh  wherein [err] is a methyl group and [err] is an and 20
mesh consecutively and the granules  alkyl group containing 2 to 4' carbon
atoms.  70 were blended with the sodium starch glycolate    3. A  compound
as claimed in claim  1 and microcrystalline cellulose. The blend was
wherein [err] is a methyl group and [err] is a compressed on concave
punches to a tablet  primary or secondary alkyl group containing 25  weight
of' 400 mg. The tablets may be film   1 to 4 carbon atoms. coated by the
aqueous or organic solvent    4. 1 - Acetoxyethyl (6R,7R) - 3 - carb-  75
method using cellulose derivatives with plas-  amoyloxymethyl - 7 - [(Z) -
2 - (fur - 2- ticisers and colouring matter. As an alterna-  yl) - 2 -
methoxyiminoacetamido ceph - 3- tive to the preliminary slugging stage, the
em - 4 - carboxylate. 30  active ingredient may be densified by roller
5. 1 - Propionyloxyethyl (6R,7R) - 3- compaction.
carbamoyloxymethyl - 7 - [(Z) - 2 - (fur- 80 2 - yl) - 2 -
methoxyiminoacetamido]ceph- 3 - em - 4 - carboxylate. Example B.
6. 1 - Butyryloxyethyl (6R,7R) - 3 - carb- Powder for oral suspension (in
sachet).    amoyloxymethyl - 7 - [(Z) - 2 - (fur - 2- Composition (per
sachet).        yl) - 2 - methoxyiminoacetamido]ceph - 3-  85 35
1-Acetoxyethyl (6R,7R)-3-carb-             em - 4 - carboxylate.
amoyloxymethyl-7-[(Z)-(2-fur-2-              7. 1 - Isovaleryloxyethyl
(6R,7R) - 3- yl)-2-methoxyiminoacetamido] -             carbamoyloxymethyl
- 7 - [(Z) - 2 - (fur - 2- ceph-3-em-4-carboxylate                    yl) -
2 - methoxyiminoacetamido]ceph - 3- (milled)                       326.0 mg
em - 4 - carboxylate. 8. 1 - Acetoxyheptyl (6R,7R) - 3 - carb- 40  Lecithin
25    mg  amoyloxymethyl - 7 - [(Z) - 2 - (fur - 2- yl) - 2 -
methoxyiminoacetamido]ceph - 3- Sodium carboxymethyl cellulose
em - 4 - carboxylate. (low viscosity)                   99 mg    9. 1 -
Acetoxybutyl (6R,7R) - 3 - carb-  95 amoyloxymethyl - 7 - [(Z) 2 - (fur - 2
- yl)- Spray-dried orange flavour       150 mg  methoxyiminoacetamido]ceph
- 3 - em - 4- carboxylate. Caster sugar                       2.2 g    10.
1 - Acetoxypropyl (6R,7R) - 3 - carb- amoyloxymethyl - 7 - [(Z) - 2 - (fur
- 2- 100 45            Method of Preparation.           yl) - 2 -
methoxyiminoacetamido]ceph - 3- 



The lecithin was dissolved in chloroform  em - 4 - carboxylate. and
triturated with the active ingredient    11. Diastereoisomers of compounds
as (previously milled using a fluid energy mill).  claimed in any of the
preceding claims. The chloroform was allowed to evaporate and  12. A
process for the preparation of a  105 50  the resultant solid powdered. It
was then  compound of formula I (as defined in claim blended intimately
with the sodium carboxy-  1) which comprises either (A) reacting (6R,    14
1,571,68                           14 7R) - 3 - carbamoyloymethyl - 7 -
[(Z)-   wherein cefuroxime or a salt thereof is reacted 2 - (fur - 2 - yl)
- 2 - methoyiminoacet-  with a haloester of formula ( II) in which X amido]
ceph - 3 - em  - 4   carboxylic acid  is chlorine, bromine or iodine .'
(i.e. cefuroxime) or a salt thereof with a      14. A process as  claimed
in claim  12 or 20 5  haloester of formula                  claim  13
wherein an alkali metal or onium salt of cefuroxime is reacted with the
said [err]               (II)     haloester of formula (II). 15. A process
as claimed in claim  12 or claim  13 wherein cefuroxime is reacted with  25
the said haloester of formula (II) in the (wherein [err] and [err] are as
defined in claim   presence of a base. 1 and X  is halogen); or (B)
acylating a        16. A process as claimed in claim 12 sub- compound of
formula                           stantially as herein described. 17. A
process for the preparation of com- 30 H  H
pounds of formula I (as defined in claim 1) substantially as herein
described in  any of [err]                      Examples 1 to 9. 10
[err]   (III)         18. Compounds of formula I (as defined 0
in claim  1) whenever prepared by a process 35 [err]                as
claimed:in any of claims 12 to 17. 19. A pharmacological composition com-
prising a compound as claimed in any of claims 1 to 11 in association with
at least (wherein [err] and [err] are as defined in claim   one
pharmaceutical carrier or excipient.      40 1), or an acid addition salt
of N-silyl deriva-                                            40 tive
thereof, with  (Z) - 2 - (fur - 2. - yl)-       FRANK B. DEHN & CO., 2 -
methoxyiminoacetate acid or a reaction             Chartered Patent Agents,
15  derivative thereof.                                Imperial House,
15-19, Kingsway, 13. A  process as claimed in claim  12
London, W.C.2. Printed for Her Majesty's Stationery Office by the Courier
Press, Leamington Spa, 1980. Published by the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained. 



ERRATA SPECIFICATION No. 1,5711,683 1, line 56, after may insert be
Page 6, line 41, after nm insert (E ge 2, line 62, for amoyleoxymethyl read
Page 6, line 44, after 5.95% insert ] amoyloxymethyl
Page 6, line 64, after nm insert (E 2, line 67, for methoxyiminoacetamide
Page 6, line 71, after (R and S)- insert 1- read methoxyiminoacetamido
Page 6, line 107, before Acetoxyethyl delete -ge 2, line 74, for
omyloxymethyl read        ( amoyloxymethyl                         Page 6,
line 113, after (fur-2-yl) delete -2)- -Page 2, line 78, for (fur- -yl)
read (fur-2-   insert -2- yl)                                    Page 7,
line 14, for -2- read -3- Page 2, line 88, after shown insert by     Page
7, line 60, after (EtOH insert) Page 3, line 26, for of read or
Page 7, line 70, after 5.9 delete -  insert % Page 3, line 46, after a
insert 1,         Page 7, line 71, for Isober read Isomer Page 3, line 56,
before as insert such     Page 12, TABLE 1 (Continued) heading to Page 3,
line 62, for effectde read effected    Column   3,  for  HN[err] + NH
read Page 5, line .19, after yl)- insert 2-         [err] +N Page 5, line
33, after (EtOH) delete-      Page 13, line 36, for -(2- read -2-( Page 5,
line 45, for NN-dimethylformadie  Page .13, line 57, for seated read sealed
read NN-dimethylformamide             Page 13, line 96, after (Z) insert -
after (fur- Page 5, line 46, for bromobutyrate read         2-yl)- insert
2- bromoethylbutyrate                     Page 14, line .12, for of read or
Page 5, line 91, before fur insert (       Page 14, line 14, for
methoxyiminoacetate Page 5, line 107, for carbaomyloxymethyl read  read
methoxyiminoacetic  for  reaction carbamoyloxymethyl
read reactive Page 6, line 13, before 7 delete (         THE PATENT OFFICE
Page 6, line 17, for -1- read -7-             15th December, 1980    


