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3-ACYLOXYMETHYL-CEPHEM COMPOUNDS (71) We, TAKEDA YAKUHIN KOGYO   amino - 5
- carbo yvaleramido) - 3 KABUSHIKI  KAISHA   also  Known  as
hydroxymnethyl - 3 - cephem - 4 - carboxylic TAKEDA   CHEMICAL   INDUSTRIES
acid (desacetylcephalosporin C, DCPC) in LIMITED, of 27, Doshomachi
2-chome,  high titer by fermentation (U.S. Patent No.  35 5  Higashi-ku,
Osaka, Japan, a Corporation  3,926,726, Nature New Biology, 246, 154
organised under the laws of Japan, do hereby  (1963)) and, in parallel with
cephalosporin C, declare the invention, for which we pray that  this
substance has been, attracting attention as a patent may be granted to us,
and the method  a starting material for cephalosporin com- by which it is
to be performed, to be par-  pounds which could be more potent antibiotic
40 10  ticularly described in and by the following  activity. statement: -
There has, however, been a teaching in the The present invention relates to
novel 3 -          3 - hydroymethyl group of the acyloxymethyl - cephem
compounds and pre-  3  - hydroxymethyl compound  (cephalo- parations
thereof. More particularly, this in-  sporadesic acid) could only be
acylated with  45 15 vention  relates to compounds  of the formula
difficulty. For example, Heyningen  [Van Heyningen: J. Med. Chem, 8 22
(1965), Advan. Drug. Res., 4 28 (1968)] reported [err]        that the 0 -
acylation of cephalosporadesic [err]                  acid was feasible
only with the use of a large  50 [err]                    excess of aroyl
chloride (yield 32%-57%), [err]      and that the use of ketene, aliphatic
acid chloride or acetic anhydride did not cause O- in which [err] is
hydrogen or an acyl group,  acylation, or induced lactonization. Kukolhal
and. W is acetonyl or a group represented  [J. Med. Chem. 13, 1114 (1970)]
reported  55 20    by -X-COOH  or -X-OH  (X is an  a roundabout process for
the synthesis of .O. - organmc residue), or pharmaceutically accept-
acyloxymethylcephalosporins which comprised able salts thereof,
0 - acylating a 3 - hydroxymethyl - 2 - and. also relates to processes for
producing  cephecompound and then causing thelatter them.
. to become isomerized to the 3 - cephem corn-  60 25    Cephalosporin
derivatives with  a  3    pound. U.S. Patent No. 3,532,694  and
hydroxymethyl moiety have only been obtain-  Japanese Patent Publication
No. 33080/ able by enzymatic cleavage of the 3 - acetyl 1975 disclosed a
process in which, to prevent group in 3 - acetoxymethyl - cephalosporins,
the lactonization reaction, the 4 - carboxyl or by separation from a
cephalosporin C fer-  group of cephalosporadesic acid is first pro-  65 30
mentation by-product. Recently, it has be  teted, for example, by
esterification, and the come possible to produce 7 - (D    5 -  0 -
acylation is then carried out. A process is    2
1,544,103                        t proposed in Japanese Patent  pplication
(As-  butyry    - p, a   phenosy- - Laid-Open) No. 42792/1972 which
comprnses- bu-tyryl, tetrazolylthioacetyl, tetrazolylacetyl, O.
-..acylating cephalasporadesic acid with p '-nitrophenylaetyl,
crifluoromethyithia- azolide. However, these processes are not com-
acetyl,  trifluoromethylsulphinylacetyl,  tri- 5   mercially .practicable
because, for example,  fluoromethylsulphonylacetyl, . cyanomethylthio-  70-



they. provi'de only low  yields, or involve  acetyl;
thiadiazolylthioacetyl, p - nitrophenyl- troublesome and time-consuming
procedures,  acetyl, (2 - pyridyloxy) - acetyl, (2 - oxo - 4 - or require-
expensive reagents. Thus, for ex-  thiazolin - 4 - yl) - acetylj (2 -
imino- 4 - 1    ample, the esterification reaction of cephalo-  thiazolin -
4 - yl) - acetyl, (2. - thioso - 4 - 10  :sporadesic acid cannot be
acconplished by an  thiazolin - 4 - yl) - acetyl, 4 - pyridyl-  75 ordinary
es~terification process in which the  thioacetyl, (3  - sydnone) - acetyl,
1 - rearrangemlnent of the double bond or the  pyrazolylacetyl. 2 -
furylacetyl, (2 -'o0o - 3 - lactonization predominates. While it is pos-
methylpyridazinyl) - .thioacetyl, (2 - amino- sible to introduce such
limited groups as, e.g.,  methylphenyl) - acetyl or (2 - aminomethyl- 15
methyl, ethyl, diphenylmethyl or benzyl, by  cyclohexenyl) - acetyl;
di-substituted aliphatic  80 means of diazo compounds such as diazo-  acyl
groups such'as ai- carboxyphenylacetyl, methane, diaoethane,
diphenyldiazomethane  mandelyl, .a - sulphophenylacetyl, m - sulpho - or
phenyldiazomethane, for example, it is dif-  (p - aminophenyl) acetyl,.
phenylglycyl, (4. ficult, after 3 - acylation, to deesterify the
hydroxyphenyl glycyl, (4 - methylthiophenyl) - 20  compound  without the
accompaniment of  glycyl, (4 - rmethoxyphenyl) - glycyl, (4 -  85 some
side-reaction such as a fission of the  methane _- sulphinylphenyl) -
glycyl, (3 - f3- lactam ring or a shift of the double bond.
methanesulphonamidahetyl)f- glycyl, - 1 - On the' other hand, the. reaction
-by which  cyclohexenylglycyl, thienylglycyl, furylglycyl, the 3 -
acetoxymethyl group of a cephala-  cyclohexadienyiglycyl or (3,  -
dihydroxy- 25  sporin compound is substituted with a nucleo-  pheiy) .-
glycyl; 5   methyl - 3 - phenyl -  90 philic reagent entails a concurrent
decom-  4 -:isoxazolylcarbonyl; and 3 - (2,6 - dichloro- position of the s
marig material, intermediate  phenyl) .- 5 - methyl - 4 -
isoxazolylcarbonyl. and product in its course, and a protracted  It should
be understood that the above-men- reaction time, and therefore, results in
lower  tioned groups are only illustrative of the acyl 30  yields [A. B.
Taylor, J. Chen. Soc., 7020   groups that are of use for-the purposes of
this  95 (1965)]. Thus, it has been desired to. have  invention, but
preferred. acyl groups may be available a derivative possessing a group
which  represented by the formula (A): willlend'itself more readily to
substitution than, the acetoxy group. 35     We have now found that the use
as an acylating agent of diketene or of compound                    CH(X)
(A) [li] or [IVJ (hereinafter described) allows                 /
cephalasporadesic acid to be 0 - acylated'in a high yield and that the
resulting 0  - 40  acylaited cephalosporin undergoes with ease    in which
R: represents a group sch as, for the desired substitution with* a
nucleophilic  eaple, acetyl,. halonoacetylj phenyl, p- 100 compound. This
invention has been developed    hydroxyphenyl. .thienyl, 2 - imino - 4 - on
the basis of the latter findings.           thiazolin - 4 - yl, 2 .- oo - 4
- thiazolin -' The above compounds [I] include com-    4 - yl, tetrazolyi,
phenoxy or 3 - amino - 45  pounds in which the substituent RI in the 7
3 - carboxypropyl; and R5 represents a sb- position is
hydrogen,.phenylacetyl, phenoxy-   stitutent such as, for example,
hydrogen, 105 acetyl or,5-- -amino - 5 - cairboxyvaleryl (whose    sulpho,
amino or hydroxy. aniino or/anid carboxyl groups may optionally    It
should also be ubderstood that any func- be protected); or any of the
groups found in  tional groups, e.g. amino. or/and carboxyl, in 50  the 6 -
or 7 -. positions: of naturally occurring   such acyl groups may be
suitably protected. or synthetic penicillin or cephalosporin denva-
Suitable protective groups for the. amino  110 tives, as the case may. be.
Thus, for example,  groups include, for example, aromatic acyl the acyl
group R1 may be chosen from among   groups such as.phthaloyl, benzoyl, o -
cirboxy- aliphatic acyl groups such: as formyl, acetyl,  benizoyl) p -
nitrobenzoyl, toluoyl, naphthoyl, 55  propionyl, butyryl, isobutyryl,
valeryl, isb-  p - tert.- butylbenzo-yL p - tert - butylbenzene- valeryl,
cyclopentylcarbonyl,  cyclohexylcar-  sulphonyl,  phenylacetyl,
benzenesulphonyl,  115 bonyl,   cycloheptylcarbonyl,   cyclopentyl
plienoxyacetyl, toluenesulphonyl: or chloro-. acetyl or cyclohexadienyl
acetyl- aronatic acyl' benzoyl; aliphatic acyl groups such as acetyl,
groups such as benzoyi, p - nitrobeneoyl,  valeryl, capryl,  n  -
decanoyl, acryloyl, 60  toluoyl or. naphthoyl, mono-substituted ali-
pivaloyl, camphorsulph6nyl, methanesulphonyl phatic acyl groups such as 2 -
thienylacetyl,  or" chloroacetyl; eserifled  carboxyl groups  120
cyanoacetyl, acetoacetyl, 4:- chloro - 3 - oxo-  such as tert- butoxycarboi
l, ethoxycarboinyl, butyryl, 4 - bromo -'3 - oxobutyryl, chloro-
isobornyloxcarbonyl,  phenyloxy  carbonyl, acetyl, bromoacetyl, 4 -
'methylthio - 3 - oxo-  tririoroethoxycarbonyl, benzyloxycarbonyl or 65
butyryl, 4- carbarnoylmethylthio - 3 - oxo-  j3  -
methylsulphonyiethoxycarbonyl;  car-    3
1,544,103                                        3 '%bamoyl  groups such
as methylcarbamoyl,  3 - (3 - oxobutryloxy)methyl - 3 - cephem -
phenylcarbamoyl or . naphthylcarbamoyl; the   4 - carboxylic acid or a salt
thereof.     60 *          corresponding thiocarbamoyl groups; and 2 -
7,8 - (4 .- bromo.- 3 - oxobutylamido) - 3: 



rmethoxycarbonyl - 1" methylvinyl. As pro-  3 - (3 .oxobutyryloxy)mehyl - 3
- cephem - 5   tective groups for the carboxyl groups of said.  4
carboxylic acid or a salt thereof. acyls R1. and for the 4-
carboxylgroup.of      7, - [2- (2 - imin6 - 4 - thiazolin - 4 - the cephem
ring, there may be mentioned, for  yl)acetamido] - 3 - (3 - oxobutyryloxy)-
65 example, methyl, ethyl, tert - butyl, tert -  methyl - 3 '- cephen - 4 -
carboxylic acid or amyl, benzyl, p - nitrobenzyl, p - methoiy-  a salt
thereof. 10   benzyl, benzhydryl, 1 - indanyl, phenacyl,    7, - (2. -
thienylacetamido) - 3 - (3.- oxo- phenyl, p - nitrophenyl, methoxymethyl
eth-  butyryloxy)methyl - 3 - cephem- 4 - car- oxymethyl, benzyloxymethyl,
acetoxymethyl,  boxylic acid or a salt thereof.              70
pivaloyloxymethyl,. ,p -. methylsulphonylethyl,    7P - [2 - (1H - tetrazol
- 1 - yl)acet- methyithiomethyl,' Strity~l, d3,$flB   - trichloro-  amido]
- 3 - (3 - oxobutyryloxy)methyl - 3 - 15  ethyl, and silyl groups such as
trimethylsilyl  cephem - 4 - carboxylic acid or a salt thereof. *  or
dimethylsilyl. These carboxyl groups .may  7a - [a - amino - a - (p -
hydroxyphenyl)- also be in the form of inorganic or organic  acetamido] - 3
- (3 - owobutyryloxy)methyl -  75 salts with alkali metals- such as
lithium,  3 - cephem - 4 - carboxylic acid or a salt sodium, potassium  or
magnesium; alkaline  thereof, wherein the amino group may be pro- 20  earth
metals- such as calcium; or various  tected. amines such as
dicydohexylamine, triethyl-    7,, . (2 - thienylacetamido) - 3 - (2 - car-
amine, tributylamine, di - n - butylamine or   boscylbenzoyloxy)nmethyl - 3
- cephem - 4    80 di - n - propylamie                          carboxylic
acid or a salt thereof. The organic residue denoted by X in the      7$ -
(5 - amino- 5 - carboxyvaleramido) - 25  above-noted compound (I) is
usually a carbon   3 - (3 - carboxypropionyloxy)methyl - 3 - chain which is
able to form  a five- or six-  cephem - 4 - carbosylic acid or a salt
thereof, membered ring with the radical:              wherein the amino
group may be protected. .   85 .70  - '(5 - amino - 5 - carboxyvaler- *  O
-   :0                 amido) - 3 - (2 - carboxybenzoyloxy)methyl - l3
-.cephem-- 4 -.catboxylic acid or a salt thereof, wherein the amino group
may be pro-  90 or                                       :tected. -7B - (5
- amino - 5- carboxyvaleramido) - o      o .   O    . O         3 - (3-
carboxyacroyloxy)methyl - 3 - II 11     .           cephem - 4'- carboxylic
acid or a salt thereof, - 30             .  C
wherein the.amino group may be protected. 7$8 - (5 - amino- 5 -
carboxyvaleramido).-  95 and which may indude a double bond or one  3 - (2
- carboxy - 6 (or 3) - nitrobenzoyloxy)- nr more hetero atoms, eg. oxygen,
nitrogen   methyl - 3 - cephem - 4 - carbosylic acid or or sulphur,
preferably oxygenL Moreover, the  a salt thereof, wherein the amino group
may carbon chain may be such that its carbon  be protected. 35  atoms
carry  suitable  substituent  groups.    7b6 - (5 - amino - 5 -
carboxyvaleramido) - 100 Among examples of such substituents on the  3 -
(2,4  (or 5) - dicarboxybenzoyloxy)- carbon chain, there may be mentioned:
car-  methyl - 3 - cephemr - 4 - carboxylic acid or boxyl, halogen, nitro,
alkyl (e.g. methyl, ethyl,  a salt thereof, wherein the amino group -may 4
propyl, methylene or ethylene), aralkyl (e~g   be protected. 40  benzyl or
pihenethyl), aryl (e~g. phenyl or   -7  - amino - 3 - (2 -
carboxybenzoyloxy)  105 tolyl), and hydroxy. or mercapto groups sub-
methyl - 3 - cephem - 4 - carboxylic acid or stituted thereby (e.g. methoxy
or p - chloro-  a salt thereof. r4          phenylthio). Where two or- more
such sub-    7,B - amnio -.3 - (3 - carboxypropionyl- stituents are
present, they may form  a ring   oxy)methyl - 3 - cephem - 4 - carboxylic
acid  110 45  with-the carbon chain.           .           or a salt
thereof.. The following are examples of compounds    7$ - amino.- 3 - [2 -
carboxy - 6 (or 3) - (I) according to the invention:    .
nitroberazoyloxy]methyl - 3 - cephem - 4 - car-. 7$g - [5 - amuno - 5 -
carboxyvaleramido] -  boxylic acid or a salt thereof. 3 - (3 -
oxobutyryloxy) - methyl -3 - cephem -    7, - (a - sulphophenylacetanido) -
3 - (2 -  115 50  4 - carboxylic acid or a salt thereof, wherein
carboxybenzoyloxy)methyl - 3 - cephem - 4 - the amino group may be
protected.           carboxylic acid or a salt thereof. 7,8 - amino - 3 -
(3 - oxobutyryloxy) -    7  - (  - sulphophenylacetamido) - 3 - methyl - 3
- cephem - 4 - carboxylic acid or  (3  -  carboxypropionyloxy)methyl  -  3
- a salt thereof.                           . cephem - 4 - carboxylic acid
or a salt thereof.  120 55 .  7$8 - (a - sulphophenylacetamido) - 3 -
7,$ - [2 - (1H - tetrazol - 1- yl)acetamido] - (3 - oxobutyryloxy)methyl -
3 - cephemn -  3 - (3 - carboxypropionyloxy)methyl -. 3 - 4 - carboxylic
acid or a salt thereof.      cephem - 4 - carboxylic acid or a salt
thereof. 7$ - (4 - chloro. .- 3 - oxobutylamido) -    7$ - amino - 3 -
mandelyloxymethyl -    4                                       .1,:544,103.
A- 3 cephem - 4 -   boxylic acid or a salt  maleic ainhydride,
succinicanhydride, phthalic 55 



thereof..         '           ' sy   -     anhydride," glutaric  anhydride,
diglycolic 7,e p- (D - a-sulphophenylacetamico) - r3  anhydrie,.
tlii6diglycowic  anhydride"' 'p '(3 - oxobutyryloxymeihyl -~ 3-''- z~eph~m
.chlorophenylsuccinic 'anhydride, methylene 5   4 - carbsoxylic acid or a
salt therofy       succinic anhydride, 3 - nitrmphthalic an- 7  - (D'- 5 -
phthalimido - 5 -arboxy-  hydride, trimellitic, anhydride and isatoic an-
60 valeramido) - 3 - (3 - oobtyryloxy)mithyl -  hydride. 3 - cephem - 4 -
carboxylic' acid or a salt    Generally speaking, the reaction of the corn-
thereof.                                   pound  [[U] with the compound.
[ml]' is 10     Of the compounds [Ia, hose in which W  s  expediendy
conducted ,in the     e  of a acetonyl can be produced by reacting with di-
suitable inert solvent like: that used in thed. 65 ketene a compound of the
gener  formula  reaction described just above. The stoichio- [: -
:    ,       ,  ,  ..       nietric proportions of reactants, the reaction
- :-''   temperature and the other 'reaction conditions : 1H:    may also
be similar to those used in the above- - as . - mentioned reaction of a
comnpound I[U] with  70 -  of  - C~sOM  :    dike COON    -(T) The compound
[I]. wherein W is-X H may be produced' by reacting a 3 - hydroxy- 15    in
which RI is as defined above.         mehylcephalosporin [I] with a
compolpd of The diketene may conveniently be used m   the general' formula
[IV]            .   75 the form of an adduct with acetone or aceto-
- phenone. The reaction just referred to is an                      o
equimolar' reaction. However, to adjust for                      A/ 20  the
decomposition of diketene which occurs       . in the presence of water or
alcohol, an. excess  of diket  is normally employed. In general, the
reaction can be successfully conducted by                    0 allowing a 3
- hydroxymethylcephalosporin    [wherein X has the same meaning as de- 25
[II] and diketene to interact -in. a: suitable   fined hereinbefo]. inert
solvent at a temperature within the range    As examples of the compound
[IV], there of from  -30C. to 400C., inclusive.,  Di-  may be mentioned,
for instance, .0 - car-  80 chioromethane, chloroform, dichioroethane, di-
boxymandelic anhydride, 0 - carboxy - a - methylformamide,
dimethylcetanide, tetra     hydroxypropionic anhydride' 0 - carboxy - 30
h~ydrofuran, acetoniitrile, ethyl acet   acetone   - hydroxypropionic
anhydride, 'O  - car- dioxane or diethyl' ether, and various mixtures  boxy
- 3 - methYlsalicylic anhydride, 0 - car- thereof may be used, for example,
as suitable  boxy - (a - hydroxy - a - phenyl) - propionic  85 inert
solvents. The reaction of diketele: 'with  anhydride and 'O - carboxy - (e
- hydroxy - 3- hydroxymethylcephalosp rin [I] generally  id  phehyl) -
propionic anhydride.. 35  proceeds at a high rate but is o  c          The
conditions of 'the reaction between the dependent on the reaction
temperature In  compound [IH] and the compound [IV] are order -to ensure
completion, the reaction is  similar to those used for the reactions pre-
90 usually conducted for a period of from 0.5 to  viously described. Where
the starting material 15 hours.' If necessary, an-amine such as tn-  [I]
has an unprotected amino group, the 40  ethylamine may be added to the
reaction  reaction thereof -with diketene, the compound system, or, where
the starting material [U]  [EI] or the compound [IV] may be con- is an
alkali. metal salt,, an equivalent of, for  ducted in such a way that both
the 3-  hydroxy  95 example, triethylamine hydrochloride may be  and the
amnino group may be simultaneously added to effect a salt interchange
before. the  acylated by the same acyl groups. 45  desired reaction takes
place.     .  the    The' resulting compound' [I]. not only has -Where W.
represents -X-COOH        h   antibiotic activity as such but is able to
react compound [I] can be produced by: reacting a  with a nucleophilic
compound in' such a way. 100 3 - hydroxymethylcephalosporin [l [   with a
that the residue of the nudeophilic compound compound of the general
formula [m]       is introduced into the 3 - methyl group of the
cephalosporin, thereby yielding the com- -    t           '-   pound
represented by the formula [V]: 50              -.I xK -               , -
C: .   o.-  .   o   f  105 0                                 01 Imp   ,
an,,              ~~~~~~~~~coop .r) [where'X has the same meaning as
defined hereinbefore].                             wherein RI represents a
residue of a nucleo- As specific examples of the compound    philic
compound  and R' has the same [HI], there may be mentioned, for instance,
meaning as defined above.    5_7T                    1,544,103
5 



The nucleophilic compound used for this  alkylamino  (e.g. 2  -
sulphoethylamino), reaction may be anyt nucleophilic compound  hydroxy -
C14alkylamino (eg. hydroxyethyl- capable of replacing the 3 - acetoy
groupof --aniiro), -Cj_, alkylamino - Cl, 4alkylamnino a - cephalosporin.
Furthermore, the reaction  (e g. 2 - dimethylaminoethylamino or 2 - tri- 5
proceeds-at a rate ranging from 4 to 16 times  methylammoniumethylamino),
acylamino (e.g.  70 that of the 3 - acetoxy compound and almost
acetylamino,; 2 - dimethylaminoacetylamino or quantitatively.
2-- trimethylammoniumacetylamino) or C,.4 Suitable nucleophilic. compounds
include  alkoxycarbonylamino (e.g. methoxycarbonyl- nitrogen-containing
heterocydic thiols contain-  amwio;  and  substituted  thic  (mercapto) 10
ing one or more nitrogen atoms which may  groups such as methylthio, 2 -
hydroxyethyl-  75 optionally be in the form  of oxides or/and  thio, 2 -
acyloxyethylthio (eg. 2 - acetoxyethyl- which contain such atoms as oxygen
or/and  thio, 2-phenylaceoxyethylthio or 2 - capropyl- sulphur in addition
to the nitrogen atom, with  oxyethylthio), carboxymethylthio, alkoxycar- or
without nuclear substitution. Common ex-  bonylmethylthio (e.g.
methoxycarbonylthio or 15  amples of the nitrogen-contaiing heterocyclic
hexylooycarbonyl  methylthio),  carbamoyl-  80 group of such a thiol
compound, include, for  methylthio, N - -lower allylcarbamoylmethyl-
instance, pyridyl, N - oxidopyridyl, pyrimidyl,  thio (e.g. NN  -
dimethylcarbamoylmethyl- pyridazinyl, N - oxidopyridazinyl, pyrazolyl,
thio) acetylmethylthio, N - C1.4 alkylamino - diazolyl, thiazolyl, 1,2,3 -:
thiadiazolyl, 1,2,4 -  C,1 alkylthio (e.g. 2 - NN - dimethylamino- 20
thiadiazolyl, 1,3,4  - thiadizolyl, 1,2,5  -  ethylthio or.2 - NN,N -
trimethylammonium-  85 thiadiazolyl, 1,2,3  - oxadiazolyl, 1,2,4  -
ethylthio), morpholinocarbonylmethylthio and oxadiazolyl, 1,3,4 -
oxadiazolyl, 1,2,5 - oxadi-  2 - sulphoethylthio. More particularly, there
azolyl, 1,2,3 - triazolyl, 1,2,4 - triazolyl, 1H -  may be mentioned
various heterocyclic thiels tetrazolyl and 2H - tetrazolyl. As the sub-
such  as tetrazolethiol, methyltetrazolethiol, 25  itituents on such
nitrogen-containing hetero-  phenyltetrazolethiol (2 - N,N - dimethylamino-
90 cyclic groups, there may be mentioned such  ethyl) - tetrazolethial,
methylthiadiazolethiol, monovalent groups as hydroxy, mercapto,
hydroxyethylthiothiadiazolethiol,  methylthio- amino, carboxyl, carbamoyl,
substituted or  thiadiazolethiol. thiadiazolethiol, carbamoyl-
unsubstituted C1, alkyl (for example, methyl,  aminothiadiazoiethiol,
carbamoylmethylthio- 30  ethyl, trifluoromethyl, propyl, isopropyl, butyl
thiadiazolethiol, thiazolethiol, msthylthiazole-  95 or isobutyl), C.,
alkoxy (for eample, meth-  thiol,  carboxymethylthiazolethiol,  triazole-
oxy, ethoxy, propoxy, isopropoxy or butay),  thioL dimethyltriazolethiol,
pyrazolethiol, eth- halogens. (e.g. chlorine or bromine), and
oxycarbonylmethyltriazolethiol, imidazolethiol, various substituent groups
attached through  methyloxadiazolethiol,  pyridinethiol,  pyr- 35  C1s
alkylene groups, --, -N-1or other  imidinethiol, methylpyridazinethiol and
tri- 100 polyvalent groups. When such polyvalent  azinethioL In addition,
use may also be made groups are CI-4 alkylene groups, the sub-  of such
nitrogen-containing heterocyclic com- stituents may, for example, be
hydroxy, mer-' pounds as aliphatic or aromatic thiols, e.g. capto, amino,
morpholino, carboxyl, sulpho,  methanethiol, ethanethiol or thiophenol;
thio- 40  carbamoyl, alkoxycarbonyl, C a alkylcar-  urea and its
derivatives such as N - methyl-  105 bamoyl, alkoxy, alkylthio,
alkylsulphonyl,  thiourea or N - methyl - N' - pyridylthiourea; acyloxy and
morpholinocarbonyl. When such  thioamide derivatives such as thiosemicarb-
a polyvalent group is -S- or -N-, the  azide,  thioacetamide,  or
thiobenzamide; substituents may be C,.4 alkyl or C,.- alkyl-  sodium
thiosulphate, sodium sulphite, potas- 45  ene groups having the
aforementioned sub-  sium thiocyanate or sodium azide; pyridine 110 '
stituentts. When' the .polyvalent group  is  and pyridine derivatives such
as quinoline, -N-, such substituents as carboxyl, alkoxy-  picoline,
nicotinic acid, nicotinamide, iso- cArbonyl, acyl, carbamoyl or C14 -
alkylcar-  nicotinamide, isonicotinic acid hydrazide, m - bamoyl may be
directly attached. More par-  bromopyridine,   pyridinesuiphonic   acid,'
50  ticularly, there may be mentioned, for ex-  pyridine - m -:carbinol (3
- hydroxymethyl- 115 ample, substituted alkyl groups such as car-
pyridine), pyridinaldehyde, quinoline or iso- boxymethyl, carbamoylmethyl N
- C,.4 alkyl-  quinoline; and such other nitrogen-containing
carbamoylmethyl (e.g. NN  - dimethylcar-  heterocyclic compounds as
pyrazine, pyrazin- bamoylmethyl), hydroxy  C,.4 alkyl (eg.  amide (2 -
carbomoylpyrazine), pyridazine, 55  hydroxymethyl or 2 - hydrozyethyl),
acyloxy  pyrimidine, imidazole, 1 - methvlimidazole  120 C,.4 alkyl' (eg.
acetoxymethyl or 2 - acetoxy-  and pyrazol. It is also possible to* employ
ethyl), alkoxycarbonylmethyl (e.g. methoxy-  carbon nucleophilic agents
toward which the carbonylmethyl, hexyloxycarbonylmethyl' or  3-position is:
known to 'be refractory. As ex- octyloxycarbonylmiethyl),
merhylthiomethyl,  amples of such carbon nucleophilic reagents, 60
methylsulphonylmethyl, N - Ci.4 alkylamino  there may be mentioned
cyanides, pyrrole, 125 CPA alkyl (e g. N,N - dimethylaminomeehyl,
substituted pyrrole, indole, acetylene, active N,N  - dimethylaminoethyl or
N,N,N - tri-  methylene  compounds, eg. acetylacetone,
methylanmuoniumethyl),  morpholinomethyl;  acetoacetic acid esters, malonic
acid esters, substituted amino groups such' as C,,4 alkyl-  cyclohexane -
1,3 - dione, triacetylmethane or 65  amino* (e.g. methylamino), sulpho -
C,.4  enamine compounds. Alcohols such as for ex- 130   



1 6,.                                           154A4103 ample,- methanol,
ethanol or, propaol may  a4- halogeno - .3.- oxobutyryl halide which  9
also be employed mn this reaction          ipnturn may be readied
with.thiourea to pro- The substitution reaction between such a  duce a
desired 7 - [2 --.(2 - imino- 4 - nucleophilic compound -and a compound of
thiazolin - 4 - .yl).  acetamido] -compound. 5  - the formula [I] is,
normally conducted-in a  While the activity depends to some extent on  70
-solvent. While the commonest solvent is  the type -of 3-substitpent
present, these. corn- water, the hydrophilic organic solvents inert  p s
invariably display excellent. antibiotic to the reaction, e.g. acetone,
tetrahydrofuran,  activity. Forv example, the compound with  --
dimethylformamide, methanol ethanol or di-  methyltetrazol - S-
ylthiomethyi in the. 3- 10   methylsulphoxide, and aqueous solvents such
position is particularly useful; approximately  75 as mixtures of water and
such reaction-inert,  the same effect is accomplished with this. corn-
polar solvents as are mentioned above are em-  poud at a :dose which is
about one-fifth -that ployed. in preference.                     of
cephazolin. - While ..-the compound . [I] mnay be a.;free  ..lThe present
inyention is illustrated injfur- 15   compound, it is more advantageous. to
subject  ther detail below. with reference to a number  80 the compound [I]
Xt the reaction in the form   of specific examples, but it is to be under-
of an alkali metal salt, eg.' the sodium, potas-  stood that the examples
are solely for the pur- sium or other salt, or an organic amine salt,  pose
of illustration and are not to be con- e.&  the triethylamine,
trimethylamine  or  strued'a limitations of the inventioni and also 20
other amine salt. The nucleophilic agent -is  that many variations may be
resorted to with-  85 also reacted in its free form or as an alkali  out
departing from the scope of the'invention. 'metal, organic amine or other
salt.      In this speciflcation, g, "Ing" "ml" "cm" The proportion of -the
, nucleophilic com- "H", "DMSO", and "decomp." areabbrevia- pound to be
used in this reaction is preferably  tions of "gram", "milligram",
"milliliter", 25  one equivalent or more with respect to the  "centimeter",
'zHe", ."dimethylsulphoxide",  90 compound  [I]. While the: optimum  pH
and "decomposed", respectively. The resins depends upon the particular.
nucleophilic com-  referred to as "Amberlite" (trade mark) are pound and
the compound' [I], the reaction is  products manufactured by Rohm ,& Haas
Co. generally carried out under weakly acid to  in the U.S.A. "Celite".
(trade mark) and 30  wealdy alkaline conditions. The reaction.tnm,
"Sephadex" (trade mark) are marketed by  95 perature is preferably
somewhere between  Johns-Manville Sales Corp. and Pharmacia 400C and 700C,
although there are no par-  A.B.,.respectively. All the temperatures are
ticular limits. 'The reaction time cannot be  uncorrected and the
percentages are all. on a specified in general terms, either, for fit.de-
weight basis except .wher otherwise specific- 35  pends upon the reaction
temperature, pH, ally stated. The NMR spectra given therein  100 type of
nucleophilic reagent and other factors. were measured using a -Varian
(trade mark) Roughly speaking, however, the reaction goes  Model HA 100
(100 MAh) or T60 (60 MHz) to completion in from 30 minutes to 2 hours
spectrometer with tecramethylsilane as the when the reaction temperature is
600C. The  irnal reference ad all'S values as in ppm. 40  reaction may also
be carried out in the pre-  The symbol s repren. a single d a doublet, 105
sence of, as anaddition to the reactionsysttn
tatripltqaquartemamultpletand J an inorganic salt, eg. the chloride,
bromide, a ouplingconstant iodide, thiocyanide or nitrate. of lithium,
1 sodium, potassium or. ammonsum.                           Example. I 45
The compound [1] wherein, R1 is an acyl   (1) 7  - [D. - 5 - phthalimido -
5 - car- group can be converted, to the corresponding  boxyvaleramidol -. 3
-  hydroxymethyl - 110 compound wherein R' is hydrogen by.splitting  3 -
cephem  - 4 - carboxylic acid.: di- off the 7 - acyl group in a manner
conven- triethylamine salt (7.05 g) was dissolved tional per se: (e.g. any
of the procedures set in.dichloromethane (50 ml), and this was fol- 50
forth in Japanese Patent Publication No. lowed by the addition- of diketene
(0.92 g). 13862/1966 and No. 40899/1970,. Japanese  The reaction was
carried out at room tempera- 115 Patent  Application  (As-Laid-pen)  No.
ture for 3 hours. After the reaction had -been 34387/1972,., No. 95292/1975
and  No. completed, the solvent was distilled off under 96591/1975,
Japanese Patent Publication No. reduced pressure and the residue was
diluted 55  35079/1975 or United States Patent No. with water and adjusted
to pH  6.0 with 3,632,578) .                 .            sodium.
bicarbonateM.The aqueous solution was  120 Into this compound there may be
intron, washed twice with ethyl acetate, brought down duced a compound
which has previously been  to pH 2.0 -with 4N-HQ and extracted three
mentioned by way of example for ki as the times with ethyl acetate. The
ethyl acetate 60  6- or 7-substituents of penicillin or cephalo- solution
was washed with a saturated aqueous sporin compounds, by previous
activation in a  solution of sodium chloride, treated with mag-  125 known
manner. Thus, for eiample, a corn- nsium s.ulphate and filtered. The
solvent was pound in which R. is 4- halogeno  3 o<oo  then  distilled off
under reduced pressure. butyryl may be obtained by reacting thesaid  Ether.
was added to the residue, and the re- 65  compound [I] in which RI is
hydrogen with  suiting powder was collected by filtration, 



?  1,544J1O3                                    7 washed with ether and
dried. The above pro-  ethyl acetate, the pH was. brought down to cedure
provided 7P - [D - 5 - phthalinido -  2.0 with 4N-HCl, and the solution was
ex- 5 - carboxyvaleramido] - 3 - (3  oxobutyryl-  tracted three times with
a mixture of ethyl oxy)methyl - 3 - cephem - 4 - carboxylic acid  acetate
'and  tetrahydrofuran  (4: 1). The  65 5   (5.48 g) (yield: 93.2%).
organic layer was washed with a saturated aqueous solution of sodium
chloride, dried IR(KBr): 3350, 1775, 1740, 1715, 1640,  over magnesium
sulphate,:filtered and distilled 1530 cmr-
under reduced pressure to remove the solvent. NMR (8 in ci, - DMSO):
1.0-32.40 (611,    Ethyl acetate - diethylether was added to  70 m), 2.17
(3H, s), 3.46 (2H, ABq, J  18  the. residue and the resulting powder was
re- 10   Hz), 3.60 (2H, s), 4.72 (1H, t), 4.90  covered by filtration,
washed with diethyl (211, ABq, J=12.Hz), .5.01 (1H, i, J=   ether and
uried. The procedure provided 7j,-- 5 Hz), -5.62 (11t dd,. J =5 &: 8 Hz),
[D -. 5 - phthalimido - 5 -. carboxyvaler- 7.88 (411, s), 8.80 (111, ci,
J=8 Hz)  amidol - 3 - [2 - (2 - hydroxyethylthio) -  75 .2) .g -  ptalmdo
-ca-1,3,4 - thiadiazol - 5 - yl] thiomethyl - 3 - (2) 7o(3 - i~rm[D    5 -
.phthalimido - 5ylxcar-  cephem - 4 - carboxylic acid (6.56 g) (yield: 15
boxyvaleranmido] - 3 -(3 - oxobutyryloxy)-  96.6%). methyl - 3 - cephem - 4
- carboxylic acid (5.88 g) was dissolved in water (50 ml),     IR(KBr):
3325, 1780, 1715, 1645, 1530 gether with 5- mercapto - 1 -methyl - IH -
crw-                                   80 tetrazole (1.50 g) and sodium
hydrogen car-    NMR (do-DMSO): 8 1.30-2.40 (6H, in), 20  bonate (2.10 g).
Following the addition of      3.20-3.80 (6H, im), 4.27 (211, ABq, J=
sodium  chloride (15.0 g), the solution was    12 Hz), 4.65 (1H, t, 1=9
Hz), 4.96 (111, adjusted to pH 5.0 and, then, reacted at 600C   , 5 Hzj 5
*, t ,          J= 5 & U for 50 minutes. After cooling, a saturated      ),
787 (4Hz) 5.5587 (1H7 , d,J=8 Hz).   85 aqueous solution of sodium chloride
(50 ml) 25  was added and the mixture was adjusted to pH 1.5 with 4N-HC1.
The resulting solid pre  (4). In a mixture of water (50 ml) and cipitate
was recovered by filtration, washed  tetrahydrofuran 7,8 - [D - 5 -
phthalimido - with a saturated aqueous solution of sodium   5 -
carboxyvaleramidol - 3 - (3 - oxobutyryl- chloride (20 mD) and dissolved in
ethyl acetate  oxy)methyl - 3 - cephem - 4 - carboxylic acid 30  (100
ml)-water (20 ml). After separation, the  (5.88 g), 2 - carbamoylmethylthio
- 5 - mer-  90 ethyl acetate solution was dried and, follow-  capto - 1,3,4
- thiadiazole (2.28 g) and sodium ing the. addition of toluene (50 ml),
concen-  bicarbonate (2.20 g) were dissolved in a mix- trated. The solid'
precipitate was recovered by  ture of water (50 ml) and tetrahydrofuran
filtration6 washed with toluene - ether and  (30 ml). The resulting
solution was adjusted 35  dried. The procedure provided 7, - [D- 5-  to pH
.8 and then reactd at 600C. for 70  95 phthalimido- S- carboxyvaleramido]
-3    minutes. After coolin  water (30 ml) was (1 - me~thyl - 1H - tetrazol
- 5 - yl)thiomethyl  added and the aqueous solution was adjusted '3 -
cephem - 4 - ,carboxylic acid (5.75 g) to pH 5.0, washed twice with ethyl
acetate (yield: 95.5%).                            and brought down to pH
2.0 with 4N-HCI. It was then extracted three times with a aol- 100 40
IR(CKBr); 3325, 1780, 1730, 1715,. 1650  vent mixture of ethyl acetate and
tetrahydro- 1545 cm-'                             furan (2: 1), and the
organic layer was washed NMR (S in d =DMSO): L40-1.76 (211,  with a
saturated aqueous solution of sodium -  )j 2.0-2.4 (4H, m), 3.64 (2H, ABq,
chloride and dried over magnesium sulphate. J=19   Hz),  3.93  (3H,' s),
4.30  The solvent was distilled 'off under reduced  105 45      (2H, ABq,
J= 15  Hz), 4.73' (111,  pressure and the residue was treated with ethyl t,
1=8 Hz), 5.01 (1H, d, l=5 Hz), 5.62  acetate. The resulting powder was
recovered ; (1H, dd, J-5 & 9 Hz), 7.85 (4H, s),  by filtration, washed with
ethyl acetate and 8.80 '(d, l=9 Hz). '-                 dried. The
procedure provided 7,,8'- [D - 5 - phtbalimido - 5 - carboxyvaleramido] - 3
- ll0 0 (3) 7,,B - [D- 5 - phthalimido - 5 - car-  (2 - carbamoniethylthie
- 1,3,4- thiadiazol - 50  boxyvalerarnido] - 3 - (3 - oxobutyryloxy)- 5-
yl)thioniethyl - 3 - cephem - 4 - car- methyl - 3, - cephm - 4 - carboxylic
acid  boxylic acid (5.83 g) (yield: 84.2%). (5.88 g) was dissolved in water
(60 ml) to- gether with 2 - (2 - hydroxyethylthio) - 5 -    IR(KBr): 3430,
3340, 1776, 1717, 1680, rnercapto - 1,3,4 - thiadiazole' (2.90 g) and  1535
cot-'                            115 55  sodium  bicarbonate (2.20 g).
Following the    NMR (16-DMSO): '8 1.30-2.40 (611, in), addition of sodium
bro=ide (30 g), the solu-  3.57 (211, br), 4.40 (2H, s), 4.32 (2H, tion was
adjusted to pH 5.5 and reacted at     ABq, J=12 Hz), 4.70 (1H, t, J=8 Hz),
60WC  for 50 minutes. After the reaction was  5.0 (111, d, J=5 Hz), 5.55
(1H, do. complete, the reaction mixture was diluted    J=5 & 8 Hz), 7.20
(1H, broad), 7.60  120 



60  with water (40 ml) and adjusted to pH 5.0.     (111 broad), 7.86 (41,
s), 8.74 (11 ci, The aqueous solution was washed twice with    J=8 Hz).
8                                         1,544,103                      .
' . Example 2                  2 (trade mark), followed by elutioni with
water (1) 7~ - [D -5 - benzamido -5- carboxy-  and water - methanol; The
eluate was: con.- valeramido] - 3 - hydroxymethyl -' 3    O 'entrated and
Iyophilized. The" procedure pro- cephem - 4   carboxylic acid
ditriethylaiminie  vided S - 17 - [D - 5 - benzamido - 5- car-  65 S   salt
(6.69 g) was dissolved in dichioromethane  boxyvaleramido] - 3 - cephem  -
3 - yl - (50 ml). At' rom  temperature, triethyl'amiinuie  methyl) -
thiouronium - 4 - carboxylate mono-  ,, (1.01 g) and diketene (1.68-g) were
added, anid  soi fn' salt (464 mg). the reaction was carried out for 3.0
hours. After the reaction had been completed,-;the   'IR(KBr): 3350, 3230,
1762, 1645,:-1630, 10  reaction mixture was treated in the same man-
1600,1580,1535 cmir                    70 ner as described in Example 1.
The procedure    NMR(D203): 8 1.50-2.50 (6H, in), 320- provided 7  - [D -
5. bewzamido - 5 - car-     3.80 (3H, m), 4.40 (2, m), 5.05 (1H,
boxyvaleramido] - 3 - (3 - oxobutyryloxy)-     d, J-S Hz), 5.53- (1H  dd,
J5  Hz), methyl - 3 - cephem - 4 - carboxylic acid      7.30--7.90 (5H, i).
15  (5.12 g) (yield: 91.3%).  -                                 x        3
-            -        '         '  ~~~~~~~~~~~      ~     ~ ~~~Eaiample 3
75 IR(KBr): 3350, 1780, 1735, 1720, 1640,        - .[D - 5 - (p -
toluenesulphonamido) 1530 cm'                               5 -
carboxyvaleramido]. - 3 - hydroxymeth-yl'- NMR (a in d6-DMSO): 1.45-2.40
-6H,  3 - cephem - 4 - carboxylic acid ditriethyl- in), 2.18 (3H, s), 3.50
(2H, ABq, J=   amine salt (7.29 g) was dissolved in dichloro- 20       19
Hz), 4.34 (1H, in), 4.88 (2H, A q,  methane (50 mil), and triethylamine
(051 g)  80 - J=13 Hz), 5.05:(1H, d, J=5 Hz), 5.65  and diketene (1.26 g)
were added at room (11H, dd, J=5 & 9 Hz), 7.27-8.0 (5H,  temperature. The
resulting reaction was car- m), 8.46 (1H, d, J=8 Hiz), 8.75 (1 H, d,  ried
out for 4.0. houis, after which time the J=9 Hz).
reactio   xture was treated as in. Example 1. H  The procedure provided 7 -
[D - 5 - (p -  85 25    (2) 7 - [D - 5 - benzamido - 5 - carboxy-
toluenesulphonauide) - 5 '- carboxyvaler- vale amidoj - 3 - (3 -
oxobutyrylo y)methyl-  amidol - 3 - (3 - oxobutyryloxy)methyl -.3 - 3 -
cephem - 4 - carboxylic acid (561 mg),  cephem - 4 - carboxylic acid (5.64
g) (yield: potassium iodide- (400.rug) and pyridine (212  92.3%). mg) were
dissolved in water (20 ml). Thj' re, 30  suiting solution was adjusted. to
pH 6.5 and    IR(KBr): 3275, 1780, 1740, 1730, 1715,  90 then reacted at
600C.for 50 minutes. Follow-.  1640, 1535 cmu- ing the addition ofwater (10
ml),tlie aqueous   ANMR  (8 in  -DMSO: 130-1.80 :(4H, solution was adjusted
to pH 7.0, washed.twice  m), 2.0-2.4 (2H, im), 2.16 (3H, s), 2.33 with
dichloromethane (5.0 ml), readjusted to    ' (3H, s), 3.45 (2H, ABqj J=19
Hz), 35  pH 6.0 and 'concentrated under reduced pm-     4.91 (2H, ABq, J=
12 Hz), 5.0 (1H, d,  95 sure. The residue iwas subjected to. column    J=5
Hz), 5.57 (1H, ddc J=5 & 8 Hz), chromatography   on ..' Amberlite. XAD-2
7.40 (4H, m), 7.81 (1H  d, J=9 Hz), (trade mark), followed by elution with
water   8.64 (1H, d, J=8' Hz). and, then, with a mixture of water and 40
methanol. The eluate was concentrated and                  Example 4
Iyophilized. The procedure provided N  -    7 - [D - 5 - (p - tert -
butylbenzamido) -  100 t7,, -. [D - 5 - benzamido - 5 - carboxy-  5 -
carboxyvaleramido) - 3 - hydroxymethyl - valeramido] - 3 - cephem - 3 -
ylmethyl}-  3 - cepheni- 4 - carboxylic acid ditriethyl- pyridinium - 4 -
carboxylate monosodium salt amine salt (7.35 g) was dissolved in dichloro-
45  (352 mO-'                                  methane (50 ml), and
triethylamine (1.01 g) and diketene (1.68 g) were added at room   105
IR(KBr): 3360, 3250, 1765, 1645, 1630, resnperature. The resulting reaction
was car- ' 1605, 1575, .1530 cm-4           .ried out for 2 hours, after
which time the re- NMR(D.O): I 1.50-2.60 (6H, mi), 3.14  action mixture was
treated as in Example 1. (2H, ABq, J=19 Hiz), 4.36 (111, min   The
procedure provided 7 - ID - 5 -. (p - 50      5.05 (1H1, d, J=5 Hz), 5.32
(2H, ABq, tert - butylbenzfiido) -' 5 - carboxyvaler-  110 J= 15 Hz)i 5.60
(1H, dcd, J=5 liz), amido] - .3 - (3 - oxobutyryloxy)methyl - 7.0-9.0
(1011, nm).                   3 - cephemi- 4 - carboxylic acid (5.78' g) -
i      ;      ...    -. .     (~~~~~~yield:'.93.8%).' (3) 7 -[D- 5 -
benzamido. - 5 -car- (l             '- '%' boxyvaleramido] - 3 - (3 -
oxobutyryloxy-    IRfRBr): 3280, 1780, 1740, 1725, 1710, 55  methyl - 3 -
cephem - 4 - carboxylic acid (561  1640, 1530 c    :'                '115
mg), thiourea (100 mig) and sodium bicarbon-   -MR  (8 in d.0-DMSO): 1.32
(9H, s), ate (253 mg) were dissolved in water (6.0 ml).  1.50-2.40 (6H, m),
2.18 (3H, s), 3.48 



The resulting solution was adjusted to pH 6.5  .  (2H, br),' 3.57 (2H, s),
435 (1H, m), and reacted at. 60PC.- for 50 minutes, After   '4.94 (21, ABq,
J=13 Hz), 5.06 (1H, d, 60  cooling, the reaction mixture was subjected to
. J_5 Hz), 5.62. (1H, dd, J=5 & 8 Hz),  120 column chromatography on
Amberlite XAD-       7.46 (2H, d, J=8 Hz), 7.85 (2H, d,    9..      -
X1,544,103                                                              9
J=8 Hz), 8.35 (=H, d, J=8 Hz), 8.78   boxylic acid (50 g) was dissolved
therein To 8.78 (Iff d, J=8.Hz). .  .             this solution was added
dichlorodimethyl- 8*78 (1:1, d: *=8 Hz)..      tilane (36 ml) whereupon the
internal tempera- Example 5                  ture increased to 270C  The
resulting mix-  65 7 - [D - 5 - caprylamino - 5 - carboxy-  ture.was
stirred at that temperature for 30 5   valeramido] - .3  - hydroxymethyl -
3 -  minutes, after which time the internal tem- cephem - 4 - carboxylic
acid ditriethylamine  perature was brought down to-35C. Then, salt (6.01
g) was dissolved  in dichloro-  phosphorus pentachloride (32. g) was added.
methane (50 ml) followed by the addition of  The mixture was stirred at
-25CC. for 40  70 triethylamine (1.01 g) and diketene (1.68 g).  minutes
and, after cooling to -350C., thio- 10   The reaction was carried out at
room tempera-  acetamide (20 g) was added. The mixture was ture for 3
hours, after which time the reaction  further stirred at -20 to -250C. for
40 mixture was treated as in Example 1. The  minutes  and, after cooling
to  -300C. procedure provided 7 - [D -- 5 - caprylamido -  methanol (200
ml) was gently added in:drop-  75 5 - carboxyvaleramido] - 3 - (3 -
oxobutyryl-  lets. Thenm  at the same temperature, sulphur 15   oxy)methyl
- 3 - cephem - 4 - carboxylic acid   nionochloride (17 ml) was gently added
drop- (4.36 g) (yield: 90.3%)r .                 wise. The mixture was
stirred for 20 minutes, after which time it was diluted with water IR(KBr):
3320, 1780, 1745, 1725, 1715,  (200 ml) and brought to pH 3.2 with a 400/.
80 1645, 1535 cm-l                        aqueous potassium  carbonate
solution. After NMR (S in d,-DMSO): 0.70--2.40 (2 1H,  stirring for 60
minutes, the resulting crystals 20       in), 2.22 (3H, s), 3.53 (2H,
broad), 3.60  were collected by filtration and rinsed with (21, s), 4.18
(iH, m), 4.91 (21, ABq,  water and acetone. The crude crystals thus J=12
Hz), 5.04 (1H, d, J=5 Hz), 5.65   obtained were suspended in 10%
hydrochloric  85 U(11, dd, J=5 & 8 Hz), 7.87 (1H, d,  acid (230 ml) and
stirred at 300C. for 1 J=8 Hz), 8.70 (1H, d, J=8 Hz).         hour. The
insolubles were filtered off and the filtrate was cooled to 5-100C. and
brought. 25                  Example 6                   to pH  3.3 with
potassium  carbonate. The 7 - phenylacetamido - 3 - hydroxymethyl -
filtrate was stirred for one hour, then the pre-  90 3 - cephem - 4 -
carboxylic acid triethylamine   cipitated crystals were collected by
filtration, salt (4.49 g) was dissolved in dichloromethane  rinsed with
water and acetone, and dried over (50 ml) and, at room temperature,
triethyl-  phosphorus pentoxide. The procedure just des- 30   amine (0.51
g) and diketene (1.26 g) were  cribed provided 7 - amino - 3 - (1 - methyl-
added. The resiting reaction was conducted  tetrawol - 5 - yl)thionethyl -
3 - cephem - 4 -  95 for 2 hours, after which time the solvent was
carboxylic acid (17.0 g).- distilled off under reduced pressure The resi-
due was diluted with water and adjusted to    IR(KBr): 1795 cmr' 35   pH
6.0. The aqueous solution formed was ex-    NMR (S in D2O-NaHCO.): 3.61. &
3.98 tmcted twice with ethyl acetate, brought down  (ABq, J= 18 Hz, 2-CH2),
4.21 (s, tetra- to pH 2.0 with 4N-HCI and extracted three      zole-Cff),
5.21 (d, J=4.5 Hz, 6-H), 5.60 1oo times with ethyl acetate. The ethyl
acetate    (d, J=4.5 Hz, 7-H). solution was washed with a saturated aqueous
40   solution of sodium chloride, treated with mag-    Chlorine gas (2.8 g)
was bubbled through nesium sulphate and filtered. The solvent was  a
solution of diketene (33 g) in- methylene distilled off under reduced
pressure and the  chloride (160 ml) under stirring and cooling residue was
r:ecrystallized from ethyl acetate -  to maintain the internal temperature
at -.25 105 diethylether4 The above procedure provided  to -350C. for a
period of 100 minutes. IThen; 45   7 - phenylacetamido - 3 - (3 -
oxobutyryl.  the mixture Mias fs irirred    t l iiie oxy)methyl - 3 -
cephem - 4 - carboxylic acid  temperature for 30 minutes. Separately, 7 -
(4.16 g) (yield: 96.3%).                   amino - 3 - (1 - methyltetrazol
- 5 - yl)thio- methyl.- 3 - cephem - 4 - carboxylic acid  110 IR(KBr):
3270, 1785, 1745, 1715, 1655,  (10.0 g) and dibutylamine (7.9 g) were dis-
1540 cm-                               solved in methylene. chloride (60
ml) and the 50     NMR (S in d4-DMSO)::2.14 (31, s), 3.52  resulting
solution was cooled to -10OC. The (6H, broad), 4.86 (2H, ABq, J=13 Hz),
above reaction mixture was added dropwise to 5.00 (1H, d, J=5 Hz), 5.63
(1H, dd,  this solution, with.stirring and cooling to main-  115 J=5 & 9
Hz), 7.22 (5H, s), 8.93 (1H, d,  tain an internal temperature of -10 to J=9
Hz).                               -200C. over a period of 30 minutes. The
55     A             Example 7                  reaction was further
stirred at that tempera- 



A mixture; of didhloronethane (300 ml),  ture for 40 minutes. Thin-layer
chromato- triethylamine (27 ml) and dimethylaniline  graphy of this
reaction mixture revealed the  120 (100 ml) was. previously cooled to 100C,
and  presence of 7 - (4 - chloro - 3 - oxobutyryl- 7 - [D - 5 - phthalimido
- 5 - carboxyvaler-  amido) - 3 - (1 - methyltetrazol - 5 - yl)thio- 60
amido] - 3 - (I - methyl-- 1I - tetrazol -  methyl - 3 - cephem - 4 -
carboxylic acid. 5 '- yl)thiomethyl - 3 - cephem - 4 - car-  Thiourea (4.64
g) was dissolved in this reac-    10
1,544,103                     J*0 tio mnixture andthe internal temperature
was  methyl - 3 - cephem  4 - carboxylic acid tri- increased to 17-19C. The
mixture was  ethylamine salt (3.60 g) was dissolved in di- stirred at this
temperature, whereupon crystals  chlromethane (25 ml), followed by the
addi- separated out. The: crystals were recovered by tion of phthalic
anhydride' (1.80 g). The re- 60 5   suction-filtrationb  washed  with
methylene; sultinug mixture was :stirred at room tempera- chloride (30 ml)-
and dried. The procedure  ture for 2- hours, after which time it was
provided 713 - [2 - (2 - imino - 4 - thiazolinr-  treated in -a manner
similar to that described 4 - yl)acetamidol - 3 - (1 - methyltetrazoL -  in
Example 8. The procedure provided 7,8 - 5 - yl)thiomethyl - 3 - cephem - 4
- car-  (2 - thienylacetamido) - 3 - (2 - carboxy-  65 10   boxylic acid
(12.8 g), melting point: 176-  benzoyloxy)methyl - 3 - cephem - 4 - car-
1800C.(decomp.).                          boxylic acid (3.44 g). - IR(KBr):
1762, 1662 ai                    IR(KBr)- 1777, 1724, 1650-(shoulder) cmn.
NMR (S in d6-DMSO): 3.39 (s,'CH2CO),    NMR (S in d.-DMSO); 3.50 & 3.70
(2H, 3.55 & 3.77 (ABq, J=18 Hz) 2-CH2),        ABq, J= 18 Hz, 2-CH-t), 3.77
(2H, s,  70 15       3.90 (s, tetrazole 1-CH,), 4.21 & 4.36    -2CO-), 491
& 5.29 (2H, ABq (ABq, J-- 14 Hz,- '3-CH), 5.03 (di J=5    J= 13 Hz, 3-CH2),
5.10 (1Hf, d, J=5 Hz, 6-H), 5.66 (dd, J=9 & 5 Hz, 7-H),     Hz, 6-H), 5.70
(1H, dd, J=5 & 8 Hz, 6.23 (s, thiazolin 5-H), 6.2-7.1 (m,      7-H), 6.92 &
7.32 (3H, 4.y.,.                  75 20           8.85 (d, J=9 Hz,
-CONHI-).               -7.64 (4H, Example. 8  713 - (2 - thieylacetamido)
- 3 - hydroxy- methyl - 3 - cephem - 4 - carboxylicA acid triethylamine
salt (4.55 g) was dissolved in di-  9.12 (1H,   -8 H   ON 25  chlorometIane
(30'ml), followed by the addi- tion of succinic anhydride (1.50 g). The re
- Example 10 sulting mixture was stirred at room tempera-    7,8 -
mandelamido   3 - hydroxymethyl -  80 tute for 2 hours. TIhe
dichloromethane was  3 - cephenm - 4 - carboxylic acid triethylamine
distilled off and, following the addition of a  salt (4.65 g) was dissolved
in dichloromethane 30  3%  aqueous phosphoric 'acid -solution (100  (40
ml), follo'wed by addition of 'succinic nil), the residue was extracted
with ethyl  anhydride (1.50 g). The resulting mixture was. acetate (150
mnl). The ethyl acetate layer was  stirred at room temperature for 1 hour
and a  85 washed with a saturated aqueous solution of  half. After the
reaction had been completed, sodium  chloride (100 mlX 2), dried (over  the
mixture was treated as in Example 8 to 35  magnesium sulphate) and
concentrated under  yield 716 - mandelamido - 3 - (3'- carboxy- reduced
pressure. The residue was treated  propionyloxy)methyl - 3 - cephem - 4 -
car- with diethyl ether and the resulting powder  boxylic acid (4.45 g).
90 was recovered by filtration, washed with ether and dried under reduced
pressure over phos-   IR(KBr): 1776, 1737, 1684 (shoulder) cm-l 40  phorus
pentoaide. TIhe -procedure provded    NMR  (8  in  d.-DMSO):  2.48  (41 7Lg
- (2 - thienylacetamido) - 3 - (3 - car-  -CO(CH&)"-), 3.3-3.7 (2H, 2-CH,),
boxy ropionyloxy)methyl - 3 - cephem - 4 -    4.69 &  5.03 (2H, ABq, J= 13
Hz, carboxylic acid (4.00 g).         -3-CH2), 4.99 (1,
95 IR(KBr): 1782 (Q-lactam), 1733 (-02-)CO NMR  (e; in  d.-DMSO):  2.50
(4H, --CO(CH2)2-), 3.40 & 3.63 (2H, ABq        5061 -CO(CH,)2) 3.40 &3.63
(211  ~q,   5.06 (111, d, J=5 Hz, 6-H), 5.68. (1H, J=18  Hz, . 2-C1H2),
3.75  (2H,  s,       di T(  & 8  HIZ 7-H), 7.35 ( 11, -CH,,CONH-), 4.71 &
5.07 (21, ABq, 50       J= 13 Hz, 3mCHI), 5.07 (1H, d, J5 Hz, 6-H), 5.68
(1H, dd, J=5 & 8 Hz, 7-H), 6.90 & 7.30 (3H, 9.31 (1H, d, J=8 Hz, -CONH-).
too 9.10 (1H, d, J-8 Hz, --CONH-)                        Bxample 11I 71, -
(2 - thienylacetamido) - 3 - hydroxy- 55                 Example 9
methyl - 3 - cephem - 4 - carboxylic acid lri- 7,81- (2 - thienylacetamido)
- 3 - hydroxy-  ethylamine salt (0.68 g) was dissolved in di- 
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11 chloromethane (7 ml), followed by the addi- tion of glutaric anhydride
(0.34 g). The re-                 - sulting mixture was stirred at room
tempera- ture for 2 and a half hours. The dichloro-    1.73 & 2.24 (6H,
-(CH2)a)-), 2.50 (4H, 5   methane was distilled off and, following the
,{-COCH2CH2CO~r-), 3.38 & 3.63 (2H, addition of 3% aqueous phosphoric acid
(15    ABq, J=18  Hz, 2-C02), 4.37 (IH,  60 ml), the residue was extracted
with ethyl   --CH-NH-), 4.71 & 5.06 (2H, ABq, acetate (25 ml). The ethyl
acetate layer was  J=13 Hz, 3-CH,), 5.04 (11H, d, J=5 washed with a
saturated aqueous solution of   Hz, 6-H), 5.66 (1H, dd, J=5 & 8 Hz, 10
sodium chloride (15 ml x 2) and dried (over    7-H), 7.44 & 7.81 (4H,
magnesium sulphate). Dropwise addition of a 2N-solution of sodium 2 -
ethylhexanoate in isopropyl alcohol (1.50 ml), yielded a
__                     65 powder which was recovered by filtration, 15
washed with ethyl acetate - diethylether and          8.43 (1H, d, J 8 Hz,
dried over phosphorus pentoxide. The pro- cedure provided 7,B - (2 -
thienylacetamido) -        c               - 3 - (4 -
carboxybutyryloxy)methyl - 3 - cephem - 4 - carboxylic acid disodium salt
20  (0.42 g).     -8.80 (1H-, d, J=8 Hz, -CONH-). IR(KBr): 1760, 1736
(shoulder), 1661,                  Example 13 1609 arr-'
7LO - [D - 5 - (p - t - butylbenzamido) -  70 NMR   (fi  in   D20):   1.90
(2H,  5 - carboxyvaleramido] - 3 - hydroxymethyl - -CH2CH.CHs-),
2.28     (41,  3 - cephem - 4 - carboxylic acid ditriethyl- 25
-CHCHCH,-), 3.21 &  3.61 (2H,  amine salt (7.35 g) was dissolved in
dimethyl ABq, J=18 Hz, 2-CH2), 3.78 (2H, s,  formamide (50 ml), followed by
the addition of phthalic anhydride (1.63 g). The resulting  75 mixture was
stirred at room temperature for 30 minutes, after which time it was treated
as in Example 12. The procedure provided 7f3 - 4.4-49 (21, 3CHJ, .98 1H, ,
~ [D - 5 - (p~ - t - butylbenzamido) - 5 Hz, 6-H), 5.69 0 (IH, d, J2E  5 H,
47.H),  carboxyvaleramido] - 3 - (2 - carboxybenzoyl-  80 30      6.95 &
7.28 (311,                      oxy)methyl - 3 - cephem - 4 - carboxylic
acid (6.70 g). NMR (8 in d.-DMSO): 1.27 (9H, s, Example 12
_                      8 7,B - [D - 5 - (p - t - butylbenzamido) -
8 5 - carboxyvaleramido] - 3 - hydroxymethyl -    1.72 & 2.22 (61,
-(CH,),-), 3.46 & 35  3 - cephemn - 4 - carboxylic acid ditriethyl-  3.71
(211 ABq, J=18 Hz, 2-CH,), 4.37 amine salt (7.35 g) was dissolved in
dimethyl- formamide (50 ml), followed by the addition of succinic anhydride
(1.50 g). The resulting mixture was stirred at room temperature for   -NIH
40  30 minutes. After the reaction had been com- pleted, 3% aqueous
phosphoric acid (250 ml)   4.89 &  5.27 (2H, ABq, J-13  Hz,  90 was added,
followed by extraction with ethyl  3-4H9), 5.08 (1H, d, J=5 Hz, 6-H), 5.67
acetate (500 ml). The ethyl acetate layer was  (11H, -dd, J=5 & 8- Hz,
7-H), 7.43 & washed with water (250 ml x2), dried (over    7.81 (4H, 45
magnesium sulphate). and concentrated under reduced pressure. Then, upon
the addition of diethylether, a powder was obtained which was recovered by
filtration, washed with di-               7.62 (4H,                95
ethylether and dried under reduced pressure 50  over phosphorus pentoxide.
The procedure provided 7,B - [D - S ( p - t - butylberiz- amido) -
carboxyvaleramido] - 3 - (3 - car- boxypropionyloxy)methyl - 3 - cephem - 4
-    ), 8.42 (1H, d, J= 8 Hz, -CHNHCO-), carboxylic acid (6.20 g).
8.80 (1H, d, J=8 Hz, -CONH-). 55    IR(KBr): 1779, 1732, 1640 cm-1
Example 14 NMR (6 in d,-DMSO): 1.28 (9H, s,          7,B - [D - 5 - (p - t
- butylbenzamido) - 100    
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1 5 - carboxyvaleramido] - 3 - hydroxymethyl -  33-'3.8 (211, 2-CH2), 4.03
(1H, 3 - cephem - 4'- carboxylic acid ditriethyl- aminc salt (7.35 g) was
dissolved in dimethy'f formamide (50 ml3, followed by the addition      - 5
of maleic anhydride (lA9 g). The' resulting mixture vwas stirred at room
temperature for  4.40 (II, -EH-NH-), 4.73 & 5.07  50 30 minutes, after
which time it was treated as  (2H, ABq, J=13 Hz, 3-CH,), 5.02 (1H, in
Example 12. The procedure provided 7,, -   d, J-:5 Hz, 6-H), 5.68 (1H, dd,
J=5 & [I) -'  - (p - t - -butylbenzamido) - 5 -     8 Hz, 7-H), 7.42 (411,
10  carboxyvaleramido] - 3 - (3 - carboxy'cryloyl- oxy)methyl - 3 - cephem
- 4 - carboxylic acid             CL-<fc >.s.. )' (6.05 g).  IR(KBr): 1780,
1727, 1640 cm-l                         7.44 & 7.82 (4H,     -      55 NMR
(S 'in d,-DMSO): 132 (91, s, 15                        _
: *.44'(1H, d, J=8 Hz, -CHNHCO-), 8.82 (1H, d, J=8 Hz,'-CONH-). 1.77 & 2.26
(6H, -(CHI,),-), 3.41 & 3.65 (2H, ABq, J=18 Hz, 2-CH,), 4.37
Example 16 (1H,        '    '                      7j3 - (D - 5 -
phthatimido  5 - carboxy-  60 CH                      valeramido) - 3 -
hydroxymethyl - 3 - cephem - 4 - carboxylic acid ditriethylamine salt (7.05
NH                     g) was dissolved in dichloromethane (50 ml),
followed by the addition of succinic anhydride 20  4.80  &  5.16 (2H, A~q,
J= 13 Hz,  (1.50 g). The resulting' mixture was stirred at  .65 20-4.0  5.6
q  -3 Hz,  ( )room temperature for 1 hour and a half, after 3-CH), 5.02
(1H. d, J=-5 Hz, 6-1!),  which time it was treated as in Example 8. '' 5.66
(111, dd, J= 5 & -8 Hz, 7-H), 634   Teproeuepoie  7j3 - D  .    5.6(211, -C
l==CH-), 7.44H&' 7.82)(411,   phthalimido - 5 - carboxyvaleramido) - 3 - (3
- carboxypropio'yloxy)methyn   - 3  -  70 cephem   4 - carboxyic acid (5.43
g). 25        8.40 (1H, d, J=8 Hz, -CHNHCO--),    IR(KBr): 1777, 1710, 1644
cm-' 8.80 (11, d, J=  Hz, -CONH-).          NMR (f in d-DMSO): 1.52 & 2.17
(6H, -(CH,),-), 2.50' (4H, --(CH.)2-), Example 15
3.3-3.8 (2H, 2-CH,), 4.70 & 5.03 (2H,  75 7/3 - [D - 5 - (p - t -
butylbenzanmido) -  ABq, J=13 Hz, 3-ClH), 4.72 (1H, t, S -
carboxyvaleramido] - 3 - hydroxymethyl -  J-7 Hz, 30  3 - cephem - 4 -
carboxylic acid ditriethyl- amine salt (1.47 g), was; dissolved in
dichloro- methane (20 ml), followed by the addition of p -
chlorophenylthiosuccinic anihydride (0.51 g).  5.01 (1H, a, J=5 Hi, 6-H),
5.62 (1H, The resulting mixture was stirred at room tem-  dd, J=5 & 8 Hz,
7-H), 7.86 (4H, s,   80 35  perature for 1 hour, after which time it was
treated as in Example 8. The procedure pro- vided 7/3 -.[D - 5.- (p- t -
butylbenzamido) --   ' 5 - carboxyvaleramido] - 3- ([3- carboty - 3 (or 2)
- (p - chlorophenylthio)propionyl-      8.78 (I 40 oxy]methyl - 3 - cephem
- 4 - carboxylic acid     8   (   d J        ,  CN )- (1.50 g).
AEumple.17 1728, 1636 ~~~~      7$ - (D -5S- phthalimido - 5 -carboxy-.
IR(KBr): 1778, 1728, 1636 cm-                 $ n       pr'liidtel t
8 IR(IC~~~~r): 1778, ~~~valeranmido) --. 3 _.- hydroixymethyl - ~3 -   85
cephem - 4'- carboxylic acid ditriethylamine salt'(7.05 g) was'dissolved in
dichioromethane )  (50 ml), followed by the addition of plithalic anhydride
(2.22 g). The resulting mixtiire 45        1.74 & 2.24- (6H, -(CH,)s-),
2.73   was stirred at room temperature for r hour: 90 (2H1,    -     :
and a half, after whichli time it was treated- as CHCH-), \in Example 8.
The procedure provided 7$' - C.CHs-  ,                  (D - 5 -
phthalirnido - 5 - carboxyvaler- 3 - amido) - 3 (2.- carboxybenzoyllxy)ci
ethyl - J             ~~~~~~3 - cephrn -'4 - carboxylic acid (6.39 g).  95
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13 IR(KBr). 1772, 1714, 1643 cm-1          (p - t - butylbenzanido). - 5 -
carboxyvaler-  50 NMR (8 in d,-DMSO): 1.52 & 2.18 (6H,  amidol - 3 - (2 -
carboxy - 6 (or 3) - nitro- -(QCH2)3-), 3.42 &  3.69 (2H, ABcj
benzoyloxy)methyl - 3 - cephem - 4 - car- J= 18 Hz, 2-CH2), 4.74 (1H, t,
J=8   boxylic acid (2.10 g). 5       Hz, --CH-),
IR(KBr): 1783, 1735, 1640 cm' NMR  (8 in d-DMSO): 1.28 (9H, s,  55
-C(CH),),  1.53   &   2.23   (6H, 4.89 &0 5.28 (2H, ABq, 13 Hz, 3-CH2),
-(CH2)8-), 3.43 & 3.70 (2H, ABq, J= 5.06 (1H, d, J =5 Hz, 6-H), 5.66 (1H,
18 Hz, 2-CH,), 4.37 (1H, dd, J=5 & 8 Hz, 7-H), 7.64 (4H, 10 o4.96 &  5.41
(2H, ABq, J=13 Hz,  60 7.86 (41          -         3-CH2), 5.07 (1H, d, J=5
Hz, 6-H), 5.68 (1H, dd, J=5 & 8 Hz, 7-H), 7.42 0                     &
7.80.(4H, 0 8.81 (1H, d, J=8 Hz, -CONH-)                         7.8-8A
(3H,              65 Example 18 15     7,3 - (2 - Thienylacetamido) - 3 -
(3 - car-         -       , O& boxyacryloyloxy)methyl - 3 - cephem - 4 -
carboxylic acid was synthesized-as in Example 8. 8.44 (1H1 d, J=8 Hz,
IR(KBr): 1780, 1725, 1638 cr-' 20    NMR (d.-DMSO): 8 3A3 & 3.76 (2H, ABq,
J=18 Hz, 2-CH2) 3.75 (2H, s,                      - -CH2CO-), 4.79 & 5.14
(2H, ABq, J=13 Hz, 3-CH,), 5.07 (1H, d, J=5          8.84. (1H, d, J=8 Hz,
-CONH-). Hz, 6-H), 5.68 (1H, dd, J=5 & 8 Hz, 25      7-H), 6.35 (2H, s,
-CH=CH-), 6.90 & 7.29 (311,
Example 20                  70 Dichloromethane (15 ml) and triethylamine
(0.42 ml) were added to a mixture of 7,B - (D  - 5 - phthalimido - 5 -
carboxyvaler- amido) - 3 - hydroxymnethyl - 3 - cephem - 9.10 (1=1 d, J-8
Hz, -CONH-).    4 - carboxylic acid ditriethylamine salt (2.12   75 g) and
3 - nitrophthalic anhydride (1.16 g). Exampie 19.                 The
solution was stirred at room temperature 30    Dichloromethane (1     an
triethylamine  for 1 hour and a half, after which time it was (0.42 rl)
were added to a mixture of 7/3 -  treated as in Example 19. The procedure
pro- D - 5 - (p;-t.- buylbenzamid&)- 5- car-  vided 7P. - (D  - 5 -
phthalamido - 5 -   80 boxyvaleramidol - 3 - hydroxymethyl - 3 -
carboxyvaleramido) - 3 - (2 - carboxy - 6 (or ephem - 4 -. carboxylic acid
ditriethylamine  3) - nitrobenzoyloxy)methyl - 3 - cephem - 35  -   (2) if)
i and 3 mbtd   lic anh drYide  4 - carboxylic acid (2.08 g). (L.16 g). The
'resulting solution was stirred at room temperature for 1 hour and a half.
After the reaction had been completed, the dichloro-    IR(KBr): 1775
(shoilder), 1718, 1642 cmn' methane was distilled off under .reduced pres-
NMR (8 in d,-DMSO): 1.54 & 2.19 (6H,  85 40  sure and 3%  aqueous
phosphoric acid (120    -(CHI),-), 3.40 & 3.68 (2H, ABq, J=18 ml) and ethyl
acetate (160 ml).were added to   Hz, 2-CH), 4.73 (1H, t, J=7 Hz, the
residue. The ethyl acetate layer was washed with water (80 mix 2), dried
(over                    H-), magnesium sulphate) and concentrated' under
.         I 45  reduced: pressure. The addition of diethyl-' ether, yielded
a powder which was recovered    4.98 .&  5.42 (2H, ABq, J=13  Hz; by
filtration, washed with ether and dried     3-CH,), 5.06 (1H, d, J=5 Hz,
6-H),  90 under reduced pressure over phosphorus pent-   5.66 (1H, dd, J= 5
& 8 Hz, 7-H), 7.7- oxide. The procedure provided 7,, - (D - 5 -   8A (3H,
14                                       1,544,103
14l -~ c1 - Wv - Flo.(3.86 g) were added toth. resuiting solution  -
4/.7       )                and the resulting mixture-was stirred at mrom
temperature for 2 hours. Following this reac-  45 



7 86 t4          -       - tidon, the mixture was diluted with'3%` aqueous
(4*   , s,                phosphoric acid (150 ml) and extracted with ethyl
acetate (250 mlx2). The ethyl acetate layer was washed with water (200 ml),
and a saturated aqueous solution of sodium chloride  50 (200 ml), dried
(over - magnesium  sulphate) o:    ' "            and concentrated u'.ndi
'reduced pressure. Then, upon the 'addition, of diethylether, there 8.81
(1H, d, J=8 Hz,  .CONH-).  was obtained a powder. This powder was re-
covered by filtration, washed with ether and  55 5                 Example
21                  dried under reduted pressure over phosphorus
Dichloromethane (15 ml) and triethylamine  pentoxide. The procedure
provided 7,8 - (D - (0.84 ml) were added to'7,B-[D - S - (p - t -  5 - (2 -
carboxy - 6 (or 3) - nitrobenzamido) - butylberizamido) - S -
carboxyvaleramido] -  5 - carboxyvaleramido) - 3 - (2 - carboxy - 6 3 -
hydroxymethyl - 3 - cephem '- 4 - car-  (or 3) - nitrobenzoyloxy)methyl - 3
- cephem'-  60 10  boxylic acid ditriethylamine salt (2.20 g) and  4
-cairboiylic acidd(3.77 g). trimellitic anhydride (1.15 g), and the result-
ing solution was stirred at room temperature   IR(KBr):  1780 (shoulder),
1729, 1638, for 1 hour. After the reaction had been corn-  1534, 1348 car'
pleted, tie mixture was treated in the same-   NMR  (8 in d6-DMSO): 1.67 &
2.23 15  manner as in Example 19. The procedure pro     (6HK  -(CH2)s-),
3.60 (2H, 2-CH,),  65 vided 7j8 - ID - 5.- (p - t - butylbenzamido) -  4.39
(1H, 5 - carboxyvaleramido] -. 3 - (2,4 (or 5) - di-
carboxybenzoyloxy)methyl - 3 - cephem - 4 -                 I
a carboxylic acid (2.14 g).- 20  IR(K~r): 1777, 1724, 1636 cm'     4.97 &
5.40 (2H, Aq, 1= 13  Hz, NMR  (8 in d4-DMSO): 1.29 (9K  s            3-G
5.0  (iH,.d, 1=5 Hz, .6-H), 1.54   &   2.25   (6H,       5.6 (      ,H
, *-CH2)a--), 3.99 &  3.72 (2H, ABq,    .     (7'', J=18 Hz, 2-CH2), 4.38
(1H,. .25 & '& -H-NH-), 8.78 (lH, d, J=8 '4.95 &  5.30 (2H, ABq, J=.-13 Hz,
Hz, -CONH-).. 3-CH,), 5.11 (11, dd J-5 Hz, 6-H), 5.70 (1H, dd, J=5 & 8 Hz,
7-H), 7.43 &                    Example 23                  75 7.82 (4H,
'             7,B- (2 - thienylacetamido) - 3 - hydroxy- 7.82 (4H,
methyl - 3 - cephein - 4 - carboxylic acid tri- 30              '
: .ethylamrie salt (4.55 g) was dissolved in di- 30                  J/  -
j   )chloromethane (30 ml), followed by the addi- -                       d
.   tion of 0 - carboxymandelic anhydride (2.38   80 7.7-t3 (3K
g). The mixture was stirred at room tempera- ture for 1hour, after which
time the dichloro- \_   COOH         methane was distilled oft. 3%  aqueous
phos- phoric acid (100 ml) was added to the residue, followed by extraction
with ethyl acetate (150   85 8.43 (l1H, d, 1=8 Hz,       mi). The ethyl
acetate layer was washed with a  saturated  aqueous solution  of sodium I
chloride '(100 mlx2), dried (over magnesium sulphate) and concentrated
under reduced pressure. Then, upon the addition of diethyl-  90 35
8.84 (1H, d, J=8 Hz, -CONH-).          ether, there was obtained a powder.
This powder was recovered by filtration, washed Example 22
with ether and dried over phosphorus pent- Desacetylcephalosporin C (2.16
g) was sus-  oxide under reduced 'pressure. The procedure pended in
dimethylformamide (10 ml) and,  provided 7,4 - (2.- thienylacetamido) - 3
95 under cooling with ice, concentrated :hydro-  nandelyloxymethyl - 3-
cephem - 4 - car- 40  chloric acid (0.83 ml) was added. Dimethyl-  boxylic
acid (4.00 g). formamide (10 ml) together with triethylamine (4.20 ml) and
3 - nitrophthalic anhydride    IR(KBr): 1778, 1742, 1666 cm '    15.
1,544,103                                      15 ~    NMR ('8 in d4-DMSO):
3.24 & 3.45 (2H,  dried under reduced presse over phosphorus   55 -   ABq,
J=18 Hz, 2-H2),.. 3.74 (2H, s,  pentoxide. The procedure provided 7,B - [D
- -CHSCONH--), 4.76 & 5.06 (2H, ABq,  5  (p - t - butylbenzamido) - 5 -
carboxy- 1=13 Hz, 3-CH2), 5.03 (1H, d, J=5   valeramido] - 3 -
mandelyloxymethyl - 3 - 



5       Hz, 6-H),. 5.16 (IH, sa,               cephern - 4 - carboxylic
acid (6.30 g). *           -
IR(KBr): 1778, 1736, 1642 cm-'           60 *   -   ./1- ),j           NMR
(8 in d,-DMSO): 1.29 (9H, s, -C(CH,)j),  1.73   &   2.23   (6H, 5.68 (1H,
dd, J 5 & 8 Hz, 7-H), 6.90    -<CH2)3-),  3.2-3.6  (2H, 2-CH2), .& 7.34
(8H,-                              4.38 (1, -CH-NH-), 4.75 & 5.04 (2H, ABq,
J=13 Hz, 3-CH2), 5.02 (1I,  65 FA    &    A                        d, J=5
Hz, 6-H)i 5.16 (1H, s, 10         9.09 (1H, d, J=8 Hz, -CONH-).
G       ) 13xample 24                       5.66 (1H, dd, J=5 & 8 Hz, 7-H),
Sodium 7/3 - mandelamido - 3 - hydroxy-     7.2-7.5 (5H, methyl - 3 -
cephem - 4 - carboxylate (3.86 g), was dissolved in dimethylformamide (40
(      ),                70 15   ml), followed by the addition of 0 -
carboxy- mandelic anhydride (2.67 g). The mixture                  7.43 &
7.81 (4H, was stirred at room  temperature for 30 minutes, after which 2%.
HSPO4 (150 ml) was                >.    _ added. The mixture was extracted
with ethyl 20   acetate (250 ml) and the ethyl acetate layer was rinsed .
with water (150 mlx 2), dried       8.43 (1Hi, d, J=8 Hz, -CH-NH-), (over
magnesium sulphate) and concentrated     8.SO (1H, d, J=8 Hz, -CONH-).
under reduced pressure. Then, upon the addi- tion of diethylether, there
was obtained a 25  powder. This powder was recovered by filtra-
Example 26                  75 tion, washed with ether and dried under re-
7- (1) - 5 - phthalimido - 5 - carboxy- duced pressure over phosphorus
pentoxide.  valeramido- 3 - hydroxymethyl -3 - cephem - The procedure
provided 7,B - mandelaMido -  4 - carboxylic acid ditriethylamine salt
(7.05 3 - mandelylexymethyl - 3 - cephem - 4 -  g) was dissolved in
dichloromethane (50 ml), 30  carboxylic acid (3.68 g).
followed by the addition of 0 - carboxy-  80 mandelic anhydride (2.38 g).
The mixture was IR(KBr): 1777, 1745, 1669 cm-'          stirred at room
temperature for 1 hour, after NMR  (8 in d,-DMSO): 3.2-3.7  (2H1,  which
time it was treated as in Example 23. 2-CH2), 4.7-5.2 (5H, 3-CH2, 6-H  &
The procedure provided 7/3 - (D  - 5 - -CH-x2), 5.69 (1H, 7-H), 7.2-7.6
phthalimido - 5 - carboxyvaleramido) - 3 -  85 35      (10H,
..   mandelyloxymethyl - 3 - cephem - 4 - car- boxylic acid (6.25 g). *
.       .  \g/ .  -             .     IR(KBr):  1773, 1715, 1647 (shoulder)
.8.67 (IR, -CONH-).                    cml NMR (S in d,-DMSO): 1.54 & 2.22
(6H,  go Example 25   .                 -CE2)), 3.27 & 3.49 (2H, ABq, i
-     7i - [7  -  5 - (p -  -butylbeneamido) -     J=18 Hz, 2-Cl), 4.73
(1H, t, J=7 Hz, 40  5 - carboxyvaleramido] - 3 - hydroxymethyl - 3 - cephem
- 4 - carboxylic acid ditriethyl-    .                / amine salt (7.35 g)
was dissolved in dimethyl-          - -N    ), formamide.(50 -l), -followed
by the addition   .                 \ of 0 - carboxymandeLic anhydride
(2.67 g). 45  The mixture was stirred at room temperature    4.74 &  5.03
(211, ABq, J =13 Hz, for 30 minutes, after. which time 3% aqueous  3-CH,),
4.98 (1H, d, J=5 Hz, 6-H),  95 phosphoric acid (250. ml) was added,
followed  5.16. (M, s, by extraction with ethyl acetate (500 ml). The ethyl
acetate layer was rinsed with water. 50  (250 mlX 2), dried (over magnesium
sulphate) and concentrated under reduced pressure. Then, upon the addition
of diethylether, there was obtained a powder. This powder was     5.61 (1H,
dd, J=5 & 8 Hz, 7-H), recovered by filtrati, washed with ether and  7.2-7.5
(SE    16                                         1,544,103
A6 allowed to proceed.iat from -15 to -1OC.: (/$  ),                    for
20 minutes and water (50 ml) was then added at -15 to -- 1OC., followed by
vigorous 7.86 (4K, s,                stirring for 5 minutes. The water
layer was tmken, washed  with  dichloromethane  and  60 o
adjusted to pH 3.5 with a 40% aqueous solu- tion of potassium carbonate.
The resulting 



crystals were recovered by filtration, washed with  water, 50%  aqueous
methanol and acetone; and finaly dried. The procedure pro-  65 8.77 (1W  d,
J=8 Hz, -CONH-).   vided 7,8 - amino - 3 - (3 - osobutyryloxy)- methyl - 3
- cephem - 4 - carboxylic acid 5               .BExample 27
(2.84 g). 7J3 - [D - 5 - phthalimido - 5 - carboxy-   IR(KBr): 3200, 1800,
1745, 1720, 1622 valeramido]   3 - (2 - carboxybenzoyloxy)-     c70 methyl
- 3 - cephem - 4 - carboxylic add    NMR (S in D,,O+NaOD): 2.27 (3P  s),
(6.51 g) was suspended in dichloromethane      3.48 (2H, ABq, J= 18 Hz),
4.6-5.6 (4H, 10  (75 ml). Then, at a temperature not exceed-     i). ing
100C, triethylamine (4.20 ml) was added.             Example 29 N,N -
dimethylaniline (10.0 ml) together with    Desacetylcephalosporin C (13.7
g) was sue-  75 dimethyldichlorosilane (4.40 ml) were added  pended in
dimethylformnamide (70 ml); fol- to the solution thus obtained. The mixture
lowed by the addition of concentrated sul-  15   was stirred at 20-250C.
for 30 minutes. The  phuric acid (2.4 ml). Trietbylamine (29 ml) mixture
was then'cooled to -300C., followed  was added to the resulting-. solution,
together by the addition of phosphorus pentachloride  with N -
carboethoxyphthalimide (8.5 g). The  80 (4.20 g). It was then reacted at
-25+20C   mixture was stirred at 300C. for 50 minutes, for 30 minutes,
after which time methanol  followed by'the addition of succinic anhydride
20  (25 ml) was added dropwise at a temperature  (3.0 g). The mixture was
stirred for 30 not exceeding -20CC. The mixture was r-  minutes, at the end
of 'which tine a further acted at -15 to -l0IC. for 20 minutes  amount (0.6
g) of succinic anhydlride' ewas  85 and, after the addition of water (50
ml), was  added. The mixture was further stirred for stirred vigorously for
5 minutes. The reaction  1 hour and, then6 poured into a cold saturated 25
mixture was separated and the aqueous layer  aqueous solution of sodium
chloride (200 ml). was collected, washed with ethyl acetate -ar1d  The
solution was made acidic with, phosphoric adjustedto pH 3.2-with a 40%
-aqueouspotas-  -acid and extracted three times with ethyl  90 sium
carbonate solution. The resulting crystals  acetate.:The extract was
extracted back into a were collected by. filtration, - washed with
solution of sodium bicarbonate (8 g) in' water 30  water, 50% aqueous
ntbanol and acetone in  (150 ml). The water layer was adjusted. to the
order mentioned and dried. The pro   pH  1.7 with phosphorc' acid and
extracted cedure provided 7,$ - amino - 3 - (2 - car-  with a mixture of
tetrahydrofuran and di-  95 boxybenzoyloxy)methyl - 3 - cephem -
chloromethan  (1:4). The 'extract was dried carboxylic acid (3.43 g).
over magnesium sulphate, filtered and, with the addition of triethylamine
(ig ml), concen- 35     IR(KBr): 3170, 1798, 1730, 1700, 1615  trated to
dryness. Dichloromethane (200 ml) cm-l
was added to the residue, together with tri- 100 NMR  (8 in DO+NaOD): 3.55
(2W   ethylamine (6 mil) and dimethylaniline (30 ABq, J=18 Hz), 4.6-5.6
(4H, in),  ml). Then, following the addition of dimethyl- 7.30-7.90 (4H,
m). .                   dichlorosilane (21 ml), the mixture was stirred 40
':    amp'e-8     :for 30 minutes, afterwbich it was cooled to 40mpe830C.
and phosphorus pentachloride (20 g) 195 7$ - ID - S - phthalimido - 5 -
carboxy-  was added.;' The mixture 'was stirred at valeramido] - 3 - (3 -
oxobutyryloxy) -  -300C. for 30 minutes and, following the methyl - 3 -
cephem - 4 - carboxylic acid (5.88  addition of methanol (63 ml), it was
fither g) was suspended in dichloromethane (70 ml)-  stirred 'for 30
'minutes. It was then diluted 45  Then, at a temperature not exceeding
100C.,  with water (1'20 ml), brought to pH3.0 and  110 triethylamine (2.80
ml). was added, folld  allowed to cool. Theresulting crystals were by the
addition of NN  - dunethylanilmne  recovered by filtration. The above
procedure (10.0 ml  and dimethyldichlorosilane (3.13  provided 7- amino - 3
- (3 - carboxypropionyl- ml). The, mixture was stirred at 20-250C.
oxy)methyl - 3 - cepheni -4 -'carboxylic acid 50  for 30 minutes, after.
which phosphorus pem-  (5.4 -g)-                               115 chloride
(4.20 g) was added at -300C. The    . mixture was reacted at -25 +20C. for
30    IR(KBr): 1802, 1735, 1720 (shoulder) cm-" minutes, after which time
methanol (25 ml) was added dropwise at a temperature not ex-
Example 30 55  ceeding -200C. The reaction was further    Dichloromethane.
(60 ml) was added to 7vg -    17.                i
1,544,103                                       17 [D - 5 -(p - t -
butylbenzamido) - 5 -car-                Example 32 boxyvaleramido] - 3- -
mandelyloxymethyl -    7/3 - amino - 3 - (2 - carboxybenzoyloxy)- .65 3 -
cephem - 4 - carboxylic acid (6.67 g), and,  Methyl - 3 - cephem - 4 -
carboxylic acid under cooling with ice, dimethylaniline (3.78  (7.33 g) was
suspended in water (48 ml), and S   nil) and triethylamine (4.20 ml) were
also  at 0-30C., 2N-sodium hydroxide (19.5 ml) 



added. Dimethyldichlorosilane (3.87 g) was  was added in small instalments,
care being added to the resulting solution, followed by   used not to allow
the pH to exceed 8.5. Then,  70 stirring at :8150C. for 1 hour. Then, at
following the addition of sodium bicarbonate -309C., dimethylanitine (1.26
ml) and phos-  (3.65 g), a solution of D - a.- sulfophenylacetyl 10
phorus pentachloride (4.17 g) were added. The  chloride (5.0 g) in ethyl
acetate (8.8 ml) was mixture was stirred at from -300 to -200C.  added
dropwise at 0-50C over a period of for 2 hours. Then, at -450C., methanol
(30   1 hour. After the dropwise addition had been  75 ml) was added
dropwise over a period of 10  completed, the reaction was carried out at
minutes. After the dropwise addition had been  0-50C. for 20 minutes. The
reaction mix- 15  completed, the mixture was stirred at from   ture was
adjusted to pH 5.5 and separated. -10C. to --50C. for 40 minutes and water
The water layer was collected, degassed and, (20 ml) was then added
dropwise over 5  after confinnation that the pH  was within  80 minutes.
The mixture was adjusted to pH 3.3  the range of 5.5 to 6.5, ethanol (800
ml) was with concentrated aqueous ammonia, where-  added over a period of 1
hour. Thereafter, the 20  upon a white slurry separated. After an hour
mixture was stirred for 30 minutes, followed of standing under ice-cooling,
the precipitate  by cooling to a temperature not exceeding was recovered by
filtration, washed with water,  50C. The resulting crystals were recovered
by   85 -*     -        methanol and ether in the order mentioned and
filtration, washed with ethanol-water (10:1) dried under reduced pressure
over phosphorus  and ethanol in the order mentioned and dried. 25
pentoxide.                                  The procedure provided 7,/ - (D
sul- The procedure provided 7,g - amino - 3 -  phophenylacetamido) - 3 - (2
- carboxybenzoyl- '    mnandelyloxymethyl - 3-- cephem - 4 - car-
oxy)methyl - 3 - cephem - 4 - carboxylic acid  90 boxylic acid (2.31 g).
trisodium salt (11.6 g). IR(KBr): 1800, 1740, 1621 cm-' 30  Example 31
IR(KBr): 3350, 1768, 1735, 1670, 1610 30                 Examplel 31 -cm-l
Dichloromethane (60 ml) was added to 7/3 -    NMR (a in D%0): 3.44 (211,
ABq, J= 18 [D - 5 - (p - t - butylbenzamido)  5 - car-   Hz), 5.00 (21,
ABq, J=13 Hz), 5.06  95 boxyvaleramido] - 3 - [2 - carboxy - 6 (or     (11,
d, J=5 Hz), 5.08 (1H, 4), 5.67 (1H, 3) - nitrobenzoyloxy]methyl - 3 -
cephem -     d, J=--5 Hz), 7.3-7.9 (m, 9H). 35 4 - carboxylic acid (7.26
g), and, under cool- ing with ice, dimethylaniline (3.78 ml) and
triethylamine (4.20 ml) were added. Dimethyl-             Example 33
dichlorosilanie (3.87 g) was added to the result- 7/3 - amino - 3 - (3 -
oxobutyryloxy)methyl - ing solution, followed by stirring at 7t15eCs    3 -
cephem - 4 - carboxylic acid (6.09 g) was 100 40  for 1 hour. The mixture
was cooled to -300C.  suspended in water (48 ml), and, at 0-3C., and
dimethylaniline (1.26 ml) and phosphorus  2N-sodium hydroxide (10.4 ml) was
added in pechioride (4.17 g) were added. The mix-  small instalrwents, care
being taken not to time was stirred' at -30 to -20oC. for 2  allow the pH
to exceed 8.5. Then, following hours, after whic  time it was cooled to
the addition of sodium bicarbonate (3.65 g), a  105 45  -45C. and -
methanol (30 ml) was added  solution of D - a - sulphophenylacetyl chloride
dropwise over a period of 15 minutes. After  (5.0 g) in ethyl acetate (8.8
ml) was added the dropwise addition had 'been completed,  dpwise at 0-5CC.
over a period of 1 hour. -  the mixture was stirred at -10 to-8C. for
After. the dropwise addition had been coin- 40 minutes and water (20 ml)
was then added  pleted, the reaction was carried  out at 110 50  dropwise
over 10- minuates. The mixture was  O-5C. for 20 minutes. Then, the
reaction adjusted to pH 3.4 with concentrated aqueous  mixture was adjusted
to oH 5.5. and separated. anmmionia, whereupon a substantially white  The
water layer was collected, degassed and, slurny separated. After 45
smnutes'   wding   after confirmation that the pH was within the under
ice-cooling, the 'precipitate was re- range of from 5.5 to 6.5, ethanol
(800 ml) 115 55  covered by filtration and washed with water,  was added to
this aqueous . solution (about 80 methanol and ether. in the order
mentioned.  ml). Thereafter, the mixture was stirred for It was then dried
under reduced pressure over  30 miutes, at the end of which time it wa
phosphorus. pentoxide. The procedure pro-  coded to a temperature not
exceeding 5oC. vided 7/ - amino - 3 - [2 - carboxy - 6 (or 3) -   .The
resultingg crystals were recovered by filtra-  120 60
nitrobenzoyltxyimethyl - 3 - cephe       -   on, washed with ethanol-water
(10:1) and carboxylic acid' (2-93 g)                  ethanol, and dried.
The procedure provided 7L8 - (D - a - sulphophenylacetamido) - 3 -
IR(ECBr): 1787, 1734, 1614, 1535, 1350  (3 - oxobutyryloxy)methyl - 3 -
cephem - 4 - cm-l  "                                carboxylic acid
disodiurn salt (8.8 g).    125    18
1,544,103 IR(YKBr): 3300, 1763, 1740, 1680, 1610,  chromatography on
Amberlite XAD-2 (trade 1215, 1047 cm-'                       mark). The
procedure provided 7,8-- (D - a - -NMR (8 in DO): 2.27 (3H, s,
sulphOphenyklatamido) - 3 - -(3 - carboxy- 



propionyloxy)methyl - 3 - cephem-- 4 - car- 0
boxylic acid trisodium salt.               55 CCHI,),-
IR(KBr): 1765, 1685, 1600 cm-1 NMR   (S- in  D,0)- 2.62  (411,  s, 5
3.29 (2H, A;Bq, J=18 Hz, 2-CH2), 4.84      -CO(CH,)2CO-), 3.38 (2H, q,
2-CH2), (2H, ABq, J= 13 Hz, 3-CHR), 5.00 (1H,     4.95 (2H, 3-CH,), 5.10
(1H, s, d, J=5 Hz, -6-H), 5.07 (1H1, s, -C.
-  .-),H-  ),          .       60 SONa                            5.21
(111, d, 6-H), 5.91 (1H, d, 7-H), 7.78 (5H, mn, 5.70 .(1H, d, J=5 Hz, 7-H),
7.25-7.80 10       (5H, m) A[  le a34 7-   -D      - sulphophenYlacetamido)
-Example 36 3   hydroxymethyl - 3 - cephem - 4 . car-    7#6 - (D - a -
sulphophenylacetamido) - 3 - 65 boxylic acid disodium salt (940 mg)
together  hydroxymethyl - 3 - cephem - 4 - carboxylic 15   with glutaric
anhydride (580 mg) and tri-  acid- ditriethylamine. salt (480 mg) was dis-
ethylamine (404 mg) was dissolved jin di-  solved .in chloroform (5 ml),
followed by the methylformamide (10 ml).' The :rixture was  addition of
diketene (300 mg). The mixture stirred at roon temperature for 2 hours,
after  was stirred at room temperature for 2 -hours,  70 which time the
dimethylformamide was dis-  after which time the solvent was distilled off.
20  tilled off. A small amount of water was added   The residue was diluted
with -water and de- to the residue and the resulting aqueous s su.  salted
with Amberlite IR-120 (H) (trade tion was desalted with Amberlite IR-120 (M
mark). The desalted solution was adjusted to (trade mark),. adjusted to pH
6.0 with 1N-  pH 5.7 with lN-sodium hydroxide solution  75 sodium
hydroxide solution anid lyophilized.  and  lyophized.  Yield:  400  mg.
The 25  The lyophilizate was re-dissolvedin iater an    yopizate wad
purified by column chromato- purified by column chromatography on Amber.
grap Am ber Amberlite - XAD-2 (trade mark). lite XAD-2 (trade mark). This
procedure  The procedure provided 7,8 - .(D - a - sulpho- provided 7,B - (D
- a - sulphophenylacet-  phenylacetamido) - 3 - (3 - ozobutyryloxy)-  80
amido) - 3 - (4 - carboxybutyryloxy)methyl -  methyl - 3 - .cephem .- 4 -
carboxylic acid 30  3 - cephem - 4 - carboxylic acid rnsodium   disodium
salt. salt         '                               In IR and NMR. spectra,
this product was found in good; agreement with the product IR(KBr): 1760,
1675, 1620 cm-            obtained in Example.33.                    85 NMR
(8 in D20): 1.65-2.60 (6H, m), 3Ax -(2H, q, 2-CH2), 4.83' (2H, d, XiCK2),
:   Example 37-        -. 35      5.0 (21, s-,
7,g - amino - 3 - (3 - oxobutyryloxy)methyl - -5.0 (111, ~  .       3 -
cephem  - 4 .-carboxylic acid (15.7 g) was -
tsuspended in dichloromethaie (80 ml). At -  - <=,>CH- ~ )   ~   - 100C.I
triethylaMine (10.1 g) was added. A   90 SO soj.   -solution of 4 - chloro
-3 - oxobutyryl chloride (lAl mMol/g) (44.9 g) was added dropwise 5.08
(1H,. d, 6-H),. 5.7-5 (1H, d, 7-H),  to the resulting solution at -20 to
150C. over 7.47 (5, m).                          a period of 20 minutes.
After the dropwise addition had been completed, the reaction was  95
Example 35                  carried out at a temperature not exceeding 40
7P9 - (D - a - sulphophenylacetamido) - 3'-  -...5C; for 1 hour. After the
reaction, the di- hydroxymethyl - 3 - cephem - 4 - carboxylic
'chloromethane was distilled off and the resi- acid disodium salt (470 mg)
was dissolved in  due was dissolved by the addition of tetra-
dionethylformamide (3 ml) together with suc-  hydrofuran (50 ml), ethyl
'acetate (100 ml)  100 cinic anhydride (250 mg) and triethylamine  and 10%
aqueous  phosphoric acid. The re- 45  (200 mg). The mixture was stirred at
room  suiting: solution was separated and the organic temperature for 2
hours. It was then diluted  layer was. collected. The water layer as ex-
with a small amount of water and the di-  tracted with a solvent mixture of
ethyl acetate- methylformamide was distilled off under re-  tetrahydrofuran
(5:1). The extracts were  105 duced pressure. The residue was dissolved by
pooled, washed with a saturated aqueous solu- 50 the addition of water and
purified by column-  tion of sodium chloride, dried over magnesium    1.
.1,544,103                                     19 sulphate and filtered.
The solvent was distilled  4 - carboxylic acid (0.90 g) and triethylanine
off and the 'residue was treated with ethyl  (0.84 ml) were dissolved in
dichloromethane acetate - ether. The resulting powder wasre   (5 ml) and
cbeled to -5 to -100C. To this covered by filtration, washed with ether and
solution was added the above reactlon mixture  65 5   dried. The procedure
provided 7J3 - (4 -  dropwise at -20 to -300C. over a period of 



chloro - 3 - oxobutylamido) - 3 - (3 - oxo-  15 minutes. The mixture was
then stirred at butyryloay)methyl - 3 - cephem   4 - car-  the same
temperature for 45 minutes. Then, boxylic acid (20.4 g).'
the reaction mixture was distilled under re- duced pressure and the residue
was stirred   70 IR(KBr): 3325, 1782, 1740, 1732, 1715,  vigorously with
ethyl acetate (25 ml), tetra- 10      1685, 1650 cm-'   -
hydrofuran (5 ml) and 10%  aqueous phos- NMR (S in d,-DMSO)-: 2.14 (3H,
s),. 3.55  ptOric acid (20 ml). The organic layer was (41, s), 3.54 (2H,
br), 4.44 (2H, s), 4.90  washed wtih a saturated aqueous solution of (H
ABq, 1=13 Hz), 5.05 (1H, d, J=5   sodium chloride (15 ml), dried over
sodium    75 1-     HZ)), 5.54. (IH, q, J-5 & 8 Hz), 8.96  sulphate and
concentrated under reduced pres- 1 5    :(1H, d, J=8 Hz).
sure. A powder was obtained upon addition of ether. This powder was
recovered by filtra- The dichloromethane solution of 4 - chloro -  tior%
washed with ether (10 ml) and dried 3 - oxobutyryl chloride used in this
reaction  under reduced pressure over phosphorus pent-  80 was prepared by
dissolving diketene (84.0 g)  oxide The procedure provided 7,8 - (4 - in
dichloromethane (420 ml) and introducing  chloro. - 3 - oxobutylamido) - 3
- [2 - car- 20  chloazne -gas (78.1 g) at -30 to -350C. for  boxy - 6 (or
3) - nitrobenzoyloxy]methyl - 3 - 4           one hour.
cephem - 4 - carboxylic acid (0.70 g). Example 38 While a solution of
diketene (0.91 g) in di-    NMR  (S in d8-DMSO): 3.4-3.8 (211,  85
chloromethane (2 ml) was stirred;'at -40 to   2-CH2), 3.54 (2H, s,
-COCH2CO-), *      25  -30C, bromine (1.82 g) was added drop-         4.52
(2H, s, CICH2-), 4.94 & 5.22 (2H, wise. Separately, 7P - amino - 3 - (3 -
oxo-  ABq, J=13 Hz, 3-CH,), 5.04 (1H, d, butyryloxymethyl - 3 - cephem - 4
- car-       J=5 Hz, 6-H), 5.68 (1H, dd, J=5 & 8 boxylic acid (2.6 g) and
triethylamine (1.7 g)  Hz, 7-H), 7.7-8.5 (31,- n,            90 were
dissolved 'in dichloromethane (20 ml) 30  and cooled to -40C. This solution
was added to the above reaction mixture. After             .as stiring for
20 minutes, the mixture was fur- ther stirred under cooling with ice.
Following   9.04 (lH, d, J=8 Hz, -CONH-). the addition of water (7 ml),
phosphoric acid 35  and ethyl acetate, the mixture was stirred
Example 40 vigorously and the organic layer was washed  7,8 - (4 - chloro -
3 - oxobutylamido) - 3 - with an aqueous solution of sodium chloride,  (3 -
oxobutyryloxy)methyl - 3 - cephem - 4 -  95 dried and decolorized with
activated carbon    carboxylic acid (4.33 g) was dissolved in Then, the
solvent was distilled off and ether   acetone (10 ml), and, under cooling
with ice, 40  was added. The procedure provided 7,B -   water (10 ml) and
thiourea (0.84 g) were (4 - bromo - 3 - oxobutylamido) - 3 - (3 -   added.
Sodium bicarbonate (0.84 g) and water oxobutyryloary)niethyl - 3 - cephem.
-4 - car-  (10 ml) were then added. The mixture was 100 boxylic acid (24
g).                       reacted at room temperature for 5 hours, after
which time it was cooled with ice. The result- IR(KBr): 1790, 1730, 1645,
1545. ana-     ng: crystals were 'collected  by filtration, 45   NMR  (8 mn
d6-DAMSO): 2.17 (31, s,  washed with water, acetone and ether. and COCH,),
3.60 (21  s, -COCHFCO-),   dried. This procedure proided 7,1 - [2 - (2 -
105 *              3.3-3.8 (2H, broad, 2-CH,), 4.36 (2,   iino - 4 -
thiazodin - 4 - yl)acetamido] - 3 - s, BrCHCO-), 4.76 .& 5.06. (2H, ABq,
(3 - oxobutyrylogy)methyl - 3 - cephem - 4 - J=12 Hz, 3.CH,). 5.07 (11, d,
J=4.5   carboxylic acid (4.22 g). 50     Hz, 6-H), 5.68 (1H,- dd, 1=4.5 & 8
Hz, 7-H), 9.04  (11, d, J=8  Hz,    IR(KBr): 1775, 1740, 1710, 1661 ca-'
CONH-). -                                NMR (S in d0-DMSO): 2.17 (3H1, s,
110 Example 39                                    0 A solution of diketene
(0.20 ml) in di-                   11 55  chlo.mthe (1 ml) was stirred at
-30C.;              '       CCH) a 1.5M solution of chlorine in carbon
tetra- chloride (2.0 g) was then added dropwise over  3.38 (2H!s,5
CH2,CONH-), 3.51 (2, a period of 10 minutes. The mixture was fur-   2CH,),
3.59 (21, s, ther stirred at -25 to -350C for 30 minutes.              0
0 60  Separately, 7P - amino - 3 - [2 - carboxy - 6 -  (or 3) -
nitrobenzoyloxy]methyl - 3 - cephem, -            CCH2C),    20
1,54103                        ''A_ ' 4.77 & -5.06 (2H, ABq, J=13- Hz,
butyryloxy)methyl -3 -'cephemi- 4: - car- 3 CHA) :5.05 (1H, d, J=-5S Hz,
6-H)  boxylic acid sodium iat (4.48 g). '-: '  .5.69:(1H, dd, J=S'-&'9 H,
7-H), 6.23                        (1Hf, s, tbiazoline-H), 8.82 (1H, d;J=9
fR(KBr): 3300, 1765, 174-5, 1670,- 1613  6.0 



5 H:Pz,  CONH-).          -     - ' -     cm~' -    '  ~NAMR (8 in'D,0):.
2.31 (3H, s), 3.47 ,(2H, -'Exampe- 41 .::ABq, J= 18,Hz), 3.85 (2H, s), 4.8
(2H1, '7,0 - [2 - (2 -'imino - 4 - thiazolin. - 4. -  ABq, J= 13 Hz), 5.08
(IH, d, J=S5 Hz), yl)acetamido] - 3 -- hydroxymxethyl - 3 -     5.60 (1K d,
J=5 Hz), 6.9-7.5 (31, m).  65 cephern - 4' - carboxylic acid' sodium- salt
10   (1.37 g) was dissolved in dimethylf&mamide               Example 43
(3.5 ml), followedeby the addition of 0 -   7B - phenylacetamido - 3K-
hydroxymethyl - carboxymandelic'anhydric (0.90 g). The -mix-  3 - cephein
-: 4 carboxylic acid' triethylamine ture was stirred at room temperature f*
o    salt (4.5 g) was dissolved in dichioroniethane hour, after which time
most of the dimethyl-  (50 ml), followed by the addition of succinic  70 15
fornmanide was distilled off under reduced  anhydride (15 g). The mixture
was stirred at pressure. Ethyl acetate (50 ml) was added to  room
temperature for 5 hours, after which the residue, followed by vigorous
stirrng. The  tine 'the solvent was distilled off under re- resulting
powder was recovered by filtration,  duced pressure. Following the:
addition of and thereafter washed with ethyl acetate (20  water and ethyl
acetate,; the residue was  75 20   nil), dichloromnethane (20 ml) and ether
(2Oi adjusted to pH 2.0 with phosphoric acid. The ml) in that order. This
procedure provided  ethyl acetate layer was dried and concentrated. 7$, -
[2;-' (2 - imino - 4 - thiazolin - 4 - yly.  The resulting crystals were
collected by filtra-  - acetamido] - 3 - mandelyloxymethyl   3    don (2.9
g). The mother fluid was further cephem - 4 - carboxylic acid (1.60 g).
concentrated and, after the addition of ether,  80 the concentrate was
allowed to-stand, where- 25    IR(KBr): 1780, 1743, 1665, 1643, 1537  upon
1.6l  g of crystals were obtained. These cm-1
crystals were recrystallized from ethyl acetate. NMR  (S in dCDMSO + D):
3.33 &    The procedure provided 7j3 - phenylacet- 3.65 (2H, 'ABq, J=18 Hz,
2-CM), 3.37  amido - 3 - (3 - carboxypropionyloxy)methyl -  85 (2H, s,
lCHMCO-), 4.8-.5.3  (2H, 3 - cephemr - 4 - carboxylic acid, melting 30
3-0C%1), 4.97 (114,. d, J=5 Hz, 6-H), point: K689C. 5.21 (11, s,
IR(KBr): 1800, 1735, 1692, 1660 cmi' NMR  (8  in  d6-DMSO):  2.48  (4H,
+011, 5   QGH2),-),   3.51   (4EI,  2-Cl!2,  90 5.64 (111, d, J = 5 Hz,
7-H), 6.25 (LH,  -1,CH0O-)4  4.6  & 5.02 (2H1, ABq, 5.64 IN, , J=
Hz,7-%~-25 lH,  =13 Hz), 5.00 (111, d, J=5 Hz, 6-H), s, thiazolin-H),
7.2-7.6 (5H,             5.63 (1H, dd, J=5 & 9 Hz, 7-H), 7.23 .(5K1 35 95
Example 42 Example 42              ~~~~9.02 (1H, d, J=9 Hz, -CONH-:).. 7$o
- (2 - thienyl~cetamnido) - 3 - hydroocy-9.2(t t19HCN -) methyl - 3 -
cephera - 4 - carboxylic acid sobdium salt (3.86 g). was dissolved in NN -
Example 44 40  dimethylformainide: (20 nil) and,. at -5oC,    The reaction
procedure of Example 43 was triethylamine (1.40 ml) and diketene (1.50
repeated except that phthalic anhydride (2.2 ml) were added. The reaction
was carried out  g) w   u    m    of succinic anhydride. 100 at from -5
to-0C. for 1 hour, after which  lths precedure provided 7$ - phenylacet-
time the reactionr mixture was poured into  rdo - 3 - (2 -
cazboxybenzoyoxy)iethyl 45  ice-water (200 ml). The resulting mixture was
cepher - 4 - -crboxylic acid. Mdeting adjusted to pH 2.0 with
4N-hydrochloric acid  point: 128-129C  (ethyl acetate - ether). and
extracted with ethyl acetate. The ethyl acetate layer was rinsed with
water, diluted    IR(KBr): 1788, 1731, 1695, 1662 cm-'  l05 with water,
brought to pH  7.0 with 5%     NMR  (S in d0-DMSO): 3.53 (21t   s 50
aqueous sodium  bicarbonate  solution  and     -CHC), 3.61 (2H, 2-CR,. 4.90
& separated. The water layer was collected, con-  5.27 (211 ABq, J=13 Hz
3-H,),.5.Q8 centrated and subjected to column-chromao-    (1HL: d, J5Hz,
6-H), 5.68 (11, dd, graphy on Amberlite XAD-2 (trade mark),       J=5 & 8
lHz,- 7-H), 7.25 (5H,         110 elution being carried out with a mixture
of 55  water  and  methanol.  The  eluate  was lyophilized. The above
procedure provided 7$e - (2 - thienylacetamido) - 3 - (3 - oxo-
7.62 (4H,    -t~~~~~~~9 21.r                                      1,544,103
21 chromatography on Amberlite XAD-2 (trade -  pi Em  -              mark),
elution being carried out with water - 



methanol. The eluate was Iyophilized.' The 9.07 (1H, d, J=8 Hz, ONE-).
-above procedure provided 7/3 - (3 - osobutyl- amido) - 3 - (3 -
oxobutylryloxy)methyl - 3 -  55 cephem - 4 - carboxylic acid sodium salt
(375 -        -   ~~~~~Example 45      -mg). Dichloromethane (20 ml) was
added to a 5   mixture of 7/3 - amino - 3 - (3 - oxobutyryl-   IR(KBr):
3320, 1770, 1745, 1660, 1610 oxy)methyl - 3 - cephem - 4 - carboxylic acid
cM-e (3.14 g) and dimethylacetamide (1.8 g). Then,    NMR (S in DO): 2.27
(6H, s), 3.55 (2H,  60 under ice-cooling and stirring, phenoxyacetyl  ABq,
J=18 Hz), 4.93 (2H, ABq, J=13 chloride (1.8 g) was added. The mixture was
Hz),:5.15 (1H, d, J=5 Hz), 5.70 (1H, d, 10   stirred for 1 hour, after
which the in,        J=5- Hz). solubles were filtered off and the filtrate
washed with an aqueous solution of sodium                Example 47
chloride. The organic layer was: extracted  73 -. (4 - bromo - 3 -
oxobutylamido) - 3 -  65 with aqueous sodium bicarbonate solution. The  (3
- oxobutyryloxy)methyl - 3 - cephem - 4 - 15   water layer was made acidic
with phosphoric  carboxylic acid (2.4 g) was dissolved in aceto- acid and
extracted with ethyl acetate. The  nitrile (5 ml), followed by. the
addition of extract was washed with aqueous sodium   thiocarbamic acid 0 -
methyl ester (0.6 g). chloride solution- dried and distilled to remove  The
mixture was stirred at room temperature  70 the solvent. Ether was added to
the residue  overnight and the resulting crystals were re- 20   and the
resulting powder was recovered by  coveted by filtration. The procedure
provided filtration and washed with ether.          71g - [2 - (2 - oxo - 4
- thiazolin - 4 -yl)- The procedure provided 7/3 - phenoxyacet-  acetamido]
- 3 - (3 - oxobutyryloxy)methyl - amido - 3 - (3 - oxobutyryloxy)methyl  3
3 - cephem - 4 - carboxylic acid.        75 cephem, - 4 - carboxylic acid.
IR(KBr): 1780, 1722, 1675, 1629 cm-1 25    IR(KBr): 1788, 1722 cmI
NMR  (S in d8-DMSO): 2.17 (3H, :s, NMR (8 in d.-DMSO): 2.18 (3H, s,.
-COCH,), 3.32 (2, 5, -CH,.CONH), 3.41 & 3.64 (2H, ABq, J=18 Hz, 2-H), 0
3.58 (2H, s, -COCHCO-), 4.75 &   80 ii        '5.06 (214, ABq, J=13 Hz),
5.06 (1, d, -CCH.),                       J=4.5 Hz, 6-H), 5.68 (lH, dd,
J=4.5 & 8 Hz, 7-H), 5.99 (lH, s, thiazolin-H), 3.60 (2H, 2-CH,), 3.66 (211,
s              8.94 (1H, d, J=8 Hz, -CONH-)   85 11.06 (111, thiazolin-NH).
o   o II   II                      -    '     Example 48 7LB - amino - 3 -
(3 - carboxypropionyloxy)- methyl - 3 - cephem - 4 - carboxylic acid 30
4.67 (211  s, -OCHI,-), 4.99 (21,  (660 mg) was suspended in
dichloromethane 3-CH2), 5.18 (1H, d, 1=5 Hz, 6H), 5.78  (7 ml), followed by
the addition of NN - di-  90 (1H,. dd, J =-5 & 8 Hz, 7-H), 6.8-7.7
methylacetamide (0.7 ml). Then, under ice- (5H, m), 9.07 (1H, d, J=8 Hz).
cooling and stirring, a solution of (1H, tetra- zoil - 1 - yl)acetyl
chloride (294 mg) in di- chloromethane (2 ml) was added. The mix- Example
46                 ture was stirred at room temperature for 1  95 35
7/3 - amino - 3 - (3 - oxobutyrvloxv)-  hour, after which time it wasp
poured into an methyl - 3 - cephem - 4 - carboxylic acid (314  aqueous:
solution of sodium bicarbonate and mg) was suspended in dichloromethane (5
s-paated. The water layer was collected, ml), and at - 10C., 'triethylamine
(0.28 ml)  washed with dichloromethane, made acidic was added. To the
Diketene (0.2 ml) was  with phosphoric acid and extracted with ethyl 100 40
added to the resulting: solution, and the reac-  acetate. The extract.
was.: re-extracted 'with tion was carried out at a temperature not ex-
aqueous sodium bicarbonate solution to bring ceeding 05. for 2 hours After
this reaction,  the desired compound into the aqueous phase. the
dichloromethane was distilled off and the  This aqueous solution was
purified by column- residue was'dissolved in water - ethyl acetate,
chromatography on Sephadex LH-20 (trade  105 45  adjusted to pH .2.0 with
4N - hydrochloric  mark). The fractions containing the dominant acid and
separated. The ethyl acetate layer. was  product were pooled and
Iyophilized. The pro- collected, diluted with water, adjusted to pH
cedure provided 7,/ - [2 - (1H - tetrazol - 1 - 7.0 with 5%/e aqueous
sodium bicarbonate, and  yl)acetamido] - 3 - (3 - carboxypropionyl-
separated. The water layer was collected, con-  oxy)methyl - 3 - cephem - 4
-' carboxylic acid  110 50  centrated  and  subjected  to  column  -
disodium salt..    IR(KBr3: 1765, 1620 cm      -           phosphoic acid
was. gently added so as to  



NMR  (&  in  D2O):  2.60  (41, m,  bring the pH to 3.0. The ethyl acetate
layer -QCHn),--), 3.44 &  3.74 -(2H, AlBq,,' was collected, rinsed wih
water (100 rml), J=17 Hz, 2-CH,), 5.20 (1H, dj J=5   dried over anhydrous
sodium: sulfate and 5   Hz, 6-H), 5.59;(2H, s, NCHCO--),-- treated' with a
2N-slutioci of sodium  2- 5.76 (lH, d, J=5 Hz, 7-H), 9.33 (lH, s,
ethylhexanoate. in isopropyl. alcohol *6 ml).  65 -   tetrazol-H).
-The resulting pre'dipfitae--was collected by an           ~~~~decantation;
: looseried with ethyl- acetaea  re- 7,B - amino - 3- (3- osbyyoymt~
covered. by filtration and ;dried under reduced by 10   3    ehn-4-croyi
cd(i   g    rsueoe   hshrspentoxide. The y~~~~~~~~~~~~~~~~a 2  =
fled by 70 colmnchrnito rahyonAmberlite XAD-2 acetmid (1.nil. Thn~
ndericecoolng tnd ade mak.Teprocedure provided 7j3 - ID- stirring, a
solution. of (111-ttaoH   1-y}         -  butorycarbonylsnina- a- (p -
hydroxy- 15  acetyl chloride (441 mg) in dichloromethane  phyl)aceamdo] - 3
- (3 - obobutyryloxy.)- (3 ml) was added. The mixture was fer  methyl - 3 -
cephem - 4   carboxylic acid  75 stirred at room temperature for 30 mnutes,
sodium salt after which it was-poured itoanaaquto'sd ou- I. *:40   70
adds  st   4 tion -of _sod  bona       water'] .aye-  NMR (Kr   i3400,
1770, 1680 1610 cm-] 20   ~ ~ imbca          e  h            ~x     M
Sin D20): 1.45 (911, s), 2.30 (311, bra),565:(1H1, d, J=5- cromatography
on, Sephadex LH-20 (trade    -s)3.3(Hbra,5651,dJ mark). The fractions rich
in the desired pr  -Hz, 7-H), 6.76-7.40 (4H, in).          80 duct were
pooled, concentrated, made-acidic.  .                  51 Example 51 25
acetate. The extract was dried, concentrat ed
sulphophenylacetarido)  3 - 3  .oxobutyryloxy)methy - 3- cephei -4 - and
treated with ether. The procedure, pro-  A3-.ouyyaymehl-3-cpe  vided ,g - 2
- (11 - ti     caroxyli aciddisodium salt (278 :mg) was emido] - 3. - (3. -
_oxoWutyrylWxymethyl 3. _  ved in   l    (03 ml), together wit  85 cephe
- 4.- cardxylkacid.pyridne (6  mg)and KSCN (1.2 g). The mix- tur wa hetedat
600C for 1 hour, after 30    IR(KBr): 1782, 1707 cm7-                 which
it-was subjected to column-chromato- NMR  (S in _d6-DMSO   2.17 (3H, s,
grap~hy onl Amberlite XAD-2 (trade mark), -  355(2,  brodMS  3.59 3   ution
being carried out with water. The frac-  90 rtins rich in the desired
product were pooled, '  lyolized: and recrystallized from methanol.
The procedure provided 7 - (D - a - sulpho- phe-ylacetamido)    3  -
cephem. - 3  - - CLCH2)                  pyridiniummethyl - 4 - carboxylate
sodium   95 35       4.78 &  5.08 (2H, ABy, J= 13 Hz, 3-CH,,), 5.09 (1H, d,
J=5 E:, 6-H),, IR(KBr): 1760, 1665, 1610 cm-' 5.34 (2H, s, NCH2CO-), 5.71
(1H, dd,   NMR (8 in D20): 2.97, 3.35 (2H, ABq, J=5 & 8 Hz, 7-H), 9.28 (1H,
s, tetra-    J=18 .Hz, 2-CH), 5.27, 5.40 (2H, zol-H),  9.46  (1H,  d,  J=8
lHz,    31C=12), 5.07 (1H, d, J=5.2 Hz, 6-H), 100 {:ONH  ).
5.71 (1H, d, f J=5.2 Hz, 7-H), 5.10 Example 50                     (1H, a,
D - a - t - butoxycarbonylamino - ,   -(p -               jcH- ),
hydroxyphenyl)acetic add (2.68 .g) was dis         .            509L solved
in dry tetrahydrofuran (30 ml), fol- 45  lowed by the addition of 2,6 -
lutidine (1.08    7.47 (5, in), 8.04j .8.55, 8.90 (5H, g). While cooling at
- 100C. and stirring, ethyl chloroformate- (1.08 g) was gently added
+105 and the mixture was stirred at -100C. for. 20 minutes An ice-coded
mixed solution of           -    Example 52 50  7P - amnmo - 3 - (3 -
oxobutyryloxy) methyl -    The reaction procedure of Example 51 was 3 -
cephem - 4 - carboxylic acid (3.14 g) and  repeated using isonicotinamide
(90 img) in- sodium bicarbonate (1.0 g) in water (30 ml)  stead of pyridine
and the reaction product was was added in a single dose to the above mix-
treated in the same manner as Example 51. 110 ture. The entire mixture was
stirred at -3C.  The procedure provided 7 - (D - a - sulpho- 55  for 10
minutes and, then, under cooling with  phenylacetamido) - 3 - cephem - 3 -
(4 - car- ice-water, for 2 hours. Following the addition
bamoylpyridinium)methyl - 4 - carboxylate of water (60 ml), the mixture was
washed with  sodium salt It was purified by recrystalliza- ethyl acetate
(50 ml) and, under stiing in  tion from  ethanol - water. Melting point:
11 the presence of ethyl acetate (100 ml), 50%   1750(.C (decomp.).   
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.23 ,-W   IR(KBr): 1765, 1692, 1645,- 1615, 1029     dd, J=5 & 8 Hz, 7-H),
6.92 & 7.30 (3H, cm-l NMR (8 in D[O): 2.99, 3.56 (2H, ABq,.          . 1=
18 Hz, 2-Cl!,), 5.40, 5.51 (21,5 .3-Cl,), 5.13 (1H,   d, J=4.8 Hz, 6-H),
9.04 (1H, d, 1=8 Hz, -CONl!-).   60 5.73 (111  d, J==4.8 Hz, 7-11), 5.10
Eape5 (11H, s, (AH, S.   -                            ~~~~~~~~Example 54
7/3 - (2 - thienylacetamido) - 3 - [2 - car-: boxy - 6 (or 3) -
nitrobenzoyloxylmethyl - 3 - '- so503no         cephem - 4 - carboxylic
acid (2.65 g) was dis- 7.40 (511, in), 8.31, 9.07 (411).   solved in 50%/.
aqueous acetone (40 ml) to-  65 gether with acetylacetone (2.42 g) and
sodium 10                 E~xamp~le 53                bicarbonate (1.22 g).
The mixture was stirred 7(3 - (2 - thienylacetamido) - 3 - mandelyl-  at
600C. for 1 hour, after which time it. was oxymethyl - 3 - cephem - 4 -
carboxylic acid  treated by a procedure similar to that des- (0.49 g) was
dissolved in 50% aqueous acetone  cribed in Example 53. The procedure pro-
70 *(8 ml) together with acetylacetone (0.50 g)  vided 73 - (2 -
thienylacetamido) - 3 - (2 - 15  and sodium bicarbonate (0.17 g), and the
re-  acetyl - 3 - oxo)butyl - 3 - cephem -4 suiting solution was stirred at
600C. for 1  carboxylic acid (1.26 .g). In IR and NMR hour. The reaction
mixture was brought to  spectra, this product was in good agreement room
temperature and most of the acetoe  with the product according to Example
53.   75 was distilled off under .reduced pressure.: 5% 20   aqueous
phosphoric acid solution (10 ml) was              Example 55 added to the
residue together with ethyl    7/b - [D - 5 - (p - t - butylbenzamido) -
acetate (20 ml). The ethyl acetate layer was  5 - carboxyvaleramido] - 3 -
[2 - carboxy - washed with a saturated aqueous solution of  6 (or 3) -
nitrobenzoyloxy]methyl - 3 sodium chloride (20 ml), dried over a mag-
cephem - 4 - carboxylic acid (0.73 g) was dis-  80 25   nesium sulphate and
concentrated under re-  solved in 50% 'aqueous acetone (8' ml) to- duced
pressure. Then, upon the addition of  gether with acetylacetone (0.50 g)
and sodium -   ether, a powder was obtained. This powder  bicarbonate (0.34
g). The mixture was stirred was suspended in water (3 ml) and dissolved
at 600C for 1 hour, after which it was treated by the addition of sodium
bicarbonate The. by a procedure similar to. that described in  85 30
solution was subjected. to column-chromato-  Example 53. graphy on Sephadex
LH-20 (trade mark),'    This procedure yielded 7/3- [D - 5- (p - elution
being carried out with water. The   butylbeniamido) - 5 -
carboxyvaleramido] - desired fractions were pooled and Iyophilized   3 - (2
- adttyl - 3 - oao)butyl - 3 - cephem - The procedure provided 7,/ - (2 -
thienylacet-  4 - carboxylic acid (0.29 g).        90. 35  amido) -.3 - (2-
acetyl - 3 - oxo)butyl - 3 - cephem  - 4 - carboxylic acid sodium  salt
IR(KBr): 1767, 1721, 1655, 1635 car' (0.28 g). This product was dissolved
in water    NMR  (S in d4-DMSO): 1.30 (9H, s, (10 ml), followed by the
addition of 10%       .-C(CH,),, ' 1.76   &   .2.25   (61H, aqueous
phosphoric acid (2 ml) and ethyl       --(CH,),), 2.-3;1  (2H, m, 3-CH2),
40  acetate (20 ml). The ethyl, acetate layer was   3.2-3.6  (2H,  2CH,),
4.13  (1H, 95 rinsed with wrater, dried over magnesium sulp  --.M(COCHS)2),
437 (1H, phate and concentrated under reduced pres- sure. Then, upon the
addition of ether, there              --CH-), was obtained a powder. This
powder was re-                    I 45  covered by filtration, washed with
ether and dried under reduced pressure over phosphorus   4.99 (111, d,: J=5
Hz, 6-H), 5.57 (11, pentoxide. The procedure provided 7j8 - (2 -  . dd, J=5
& 8Hz, 7-H), 7.43 & 7.83 (41, thienylacetamido) - 3 - (2 - acetyl - 3 -
oxo)- butyl - 3 - cephem  - 4 - carboxylic acid         '
100 50  (0.23 g).\= IR(KBr): 17,65, 1718 cr'                       8.40
(1H, d, J=8 Hz, O-CH-NH-), NMR (S in d,,-DMSO): 2.13 & 2.18 (6H,
8.77 (1H, d, J=8 Hz, -CONH-). s, (COCH,),), 2.6-3.1 (211, m, 3-CH2), 3.31 &
3.56 (21, ABq, 2-CH2), 3.75                   Example 56 55      (2H, s,
-CH2CO-), 4.14 (1H,               73 -. [D - 5- (p - t - butylbenzamido) -
5 - carboxyvaleramido] - 3 - mandelyloxymethyl - 105 -CH-),
3 - cephem - 4 - carboxylic acid (0.67 g) was dissolved in 50% aqueous
acetone (8 ml) to- gether with acetylacetone (0.50 g) and sodium 5.01 (1H,
d, J=5 Hz, 6-H), 5.58 (1H,  bicarbonate (0.25 g). The mixture, was stirred



at 600C. for 1.5 hours, after; which it was  gen carbonate (0.25 g). The
mixture: was  o treated by a procedurc similar tothat described  stirred at
60C_ for 1 hour. After the reac-- in Example 53. The pocedure provided 7jS
- tion had.been completed, the mixture was [D - 5 - (p - t -
butylbenzamido) - 5 - car-  treated 'in the same mianner as in-Example 5
[yval- ido(    - 3 - (2 - acetyl -.3.- oxo)-  57. The procedure provided
7,$ - [1) - 5 - butyl - 3cephem - 4 - carboxylic acid (0.33  (p:- t -
butylbenzamido) - 5 - carboxyvaler-  65 g). In IR and NMR spectra, this
product was  amido] - 3 - (N - methylpyrrol - 2 - yl)- in agreement with
the product obtained in Ex-  methyl - 3 - cephemr - 4 - carboxylic acid di-
ample 5'5.                            ' sodium. salt (0.21 g). 10
5       Example 57 7,$ - [D - 5 - (p - t - butylbenzamido) -    IR(KBr):
1757, 1597 cm-l 5 - catboxyvaleramido] -- 3' - (2 - carboxy -    NAMR (S in
D20): 1.21 (9H, s, -C(CH,)J), 70 6 (or 3) - nitrobenzoyloxy]methyl - 3 -
1.87 & 2A5. (61H, -(CH2),), 2.79 & cephem - 4 - carbbxylic acid (0.73 g),
py'rrle  3.07 (2H, ABq, J=18 Hz, 2-CH,), 3A6 15   (0.20 g) and sodium
bicarbonate (0.25 g)     (31, s, N-CHR), 3.51 & 3.87 (2H, ABq, were
dissolved in 50%  aqueous acetone (14    Jl1S Hz, 3-CH,), 4.51 (1N, ml).
The mixture was stirred'at 600C. for 1 hour, after which it was brought
down to room temperature 'and most of the acetone was'dis-    '
-CH-),                    75 20  tilled off under reduced pressure. Then,.
5% aqueous phosphoric acid solution (15 ml) and  4.91 (1H, d, J=5 Hz, 6-H),
5.58 (111 d, ethyl acetate (30 mnl) were added. The ethyl  J=5 Hz, 7-H),
5.86 (1H, pyrrole - 3 - acetate layer was washed with a saturated     H),
5.99 (1H, pyrrole -- 4-1H), 6.61 (1H, aqueous solution of iodium chloride
(20 ml),  pyrrole - 5 - H), 7.39 & 7.79 (4H, 25   dried (over magnesium
sulphate) and concen- trated under reduced pressure. A powder was
Y    ..                   80 obtained upon the addition of ether. 'This
powder was suspended in water (3 ml). and dissolved by the addition of
sodium bicarbon-           Example 59 30   ate (0.17 g). Thesolution was
subjected to    7$- (D - 5- phthalimido - 5 -carboxy- columnlchromatography
on Sephadex LH-20  valeramido) - 3-- mandelyloxymethyl - 3 - (trade mark)
(250 ml), - elution being carried  cephem - 4 - carboxylic acid (0.64 g)
was dis- out with water.' The fractions containing the solved in 50%
aqueous acetone (12 ml) to-  85 desired product were pooled and
lyothilized. gete wit indole (0.35 g) and sodium hydr- 35   The above
procedure provided 7, - [D - 5 - gen carbonate (0.17 g). The mixture was'
(p - t - butylbinzamido) - S - cariboxyvaler- stirred at 600C. for 1 hour.
Following the amido] - 3 - (2 - pyrrolyl)methyl - 3 - completi  of the
reaction, the mixture was cephem - 4 - carboxylic acid disodium salt
treated by a-procedure similar to that described 90 (0.29 g).
-in Example 57. The procedure provided 7$ - (D - 5 - phthaliniido- 5-
carboxyvaleramido) - 40    IR(K&r): 1760, 1600cm-n                  3 - (3
- indolyl)methyl - 3 - cephem -4 NMR (8 in D20): 1.23 (9H, s, -C(CHs)3),
carboxylic acid disodium salt (0.24 g). 1.86'& 2.42 (61  -NCH,)s-), 2.86 &
3.25 (2H, ABq, J=18 Hz, 2-CR,), 3.42    IR(KBr): 1758, 1702, 1600 cm-'
95 & 3.73 (2H, ABq, J=15 Hz, 3-CH),   NMR  (S in D20): 1.68 &  2.26 (61, 45
4.51 (1H,       -'CU,)3-), 2.45 & 2.82 (21  ABq? 1 =18 Hz, 2-CHR), 3.61 &
3.86 (21, -CH-),.                       AB' J-15 Hz, 3-CHR), 4.6-4.9 (21, *
4.96 (1H,' d, J=5 Hz, 6-H), 5.61 (1H,                      -' ' d, J=5 Hz,
7-H), 5.93 (lH, pyrrole - 3 - H), 6.07 (11, pyrrole - 4 - H), 6.77
10l 50      (1H, pyrrole - 5 - H), 7.38 & 7.76 (411,   & 6 & 6-H), 5.46
(1H, d, J --5 Hz, 7-H) 7.0-7.8 (10H, 7.80 (1H, pyrrole - 1 - H).
(     r     &  '       4-) Example 58 7$ - [D - 5 - (p  - t -
butylbenzamido) -                               0 55  5 -
carboxyvaleramido] - 3 - (2 - carboxy - 6            Example 60 (or 3) -
nitrobenzoyloxy)methyl - 3 - cephem -    7$ - (D - 5 - phthalimido - 5 -
carboxy- 105 4 - carboxylic acid- (0.73 g) was dissolved .in  valeramido) -
3 - (2 - carboxy - 6 (or 3) - 50% aqueous acetone (14 ml), together with
nitrobenzoyloxy]methyl - 3 - cephemn - 4 - N - methylpyrrole (0.24 g) and
sodium hydro- carboxylic acid (0.70 g) was dissolved in 50%;    



25                                        1,544,103
25 v aqueous acetone (14 nil) together with indole  carbonate (336 mg). The
solution was stirred (0.35 g): and sodium  hydrogen carbonate  at 60CC. for
1 hour, after which time -it was (0.25 g). The mixture was stirred at 60(C
for  concentrated under reduced. pressure to about  60 45 minutes and,
after the itaction had been  20 ml. The concentrate thus obtained was 5
completed, the mixture was treated by. a pro-  subjected  to
column-chromatography  on cedure similar to that described in Example
Amberlite XAD-2, elution being carried out *       57. The
procedure-provided 7/3 - (D;-- 5 -  with water, 5%  ethanol, and 10%
ethaoml, phrhalimido - S - carboxyvaleraniido) - 3 -  respectively. The
fractions containing the de-  65 (3 - -indolylEmethyl - 3 - cephem - 4 -
car-  sired product were pooled and Iyophilised to 10   booylic acid
disodium salt (022 g). In the IR  obtain compounds corresponding to one of
spectrum, this product was found to be the  the following. The reaction
yield figure was same as the product obtained in Example 59.  the value
determined by liquid chromato- graphy immediately following the reaction:
70 Example 61                    (1) 7 - 2 - (2 - Imino - 4 - thiazolin - 4
- 7, - [D - 5 - (p - t - butylbenzamido)-  yl)acetamido] - 3- (2 -
carboxymethyl - 15   5 - carboxyvaleramido] - 3 - [2 - carboxy (6  1,3,4 -
thiadiazol -5- yl)thiomethyl - 3 - (or 3) - nitrobenzoyloxy]methyl - 3 -
cephem -  cephem - 4 - carbozylic acid disodium salt; 4 - carboxylic acid
(0.73 g) was dissolved in  yield 85%.                            75 water
(7 ml) together with sodium azide (0.26 g) and sodium hydrogen carbonate
(0.25 g).   IR(KBr): 1761 cmr' 20   The mixture was stirred at 600C. for 40
NMR ($ in DO): 356 &. 3.92 (2K, ABq, minutes. The reaction mixture was then
J=18  Hz, 2-CH2),  3.76  (H21, s, *    . brought to room temperature arid,
following    -CHCO), 416 (2H, s, -CH2CO), the addition of 10% aqueous
phosphoric acid   4.20 &  4.62 (21, ABq, J=13  Hz, 80 (10 ml), extracted
with ethyl acetate (30 ml).  3-CH2), 5.24 (1H, d, J=5 Hz, 6-H), 25   The
ethyl acetate layer was washed with a      5.79 (1H, d, J=5 Hz, 7-H), 6.65
(1H, saturated solution of sodium chloride (20 ml),  s, thiazolin - 5 -
H).. dried over magnesium sulphate and concen- trated under.reduced
pressure. Upon addition    (2) 7 - 12 - (2 - Imino - 4 - thiazolin - 4 - of
ether a powder was obtained. This powder  yl)acetnido] - 3 - (3 -
hydroxymethyl - 4 -  85 30   was suspended in water (3 ml) and dissolved
methyl - 1,2,4 - triazol - 5 - yl)thiomethyl - by the addition of sodium
hydrogen carbon-  3 - cephem - 4 - carboxylic acid sodium salt; ate (0.17
g). This solution was subjected to  yield 82%. column-chromatography on
Sephadex LH-20 (250 ml), elution being carried out with water.   IR(KIBr):
1760 cMre 35   The fractions containing the desired product    NMR (8 in
DO): 3.40 & 3.82 (2H, ABq,  90 were pooled and then lyophilized.
J= 18  Hz, 2-CH!),  3.62  (2H,  s, The above procedure provided 7.3 - [D -
5 -  M-CHCO), 3.74 (31, s, -CR), 3.72 & (p - t - butylbenzamido). - 5
carboxyvaler-  4.34 (211 ABq, J=13 Hz, 3-CR,), 4.82 amidol - 3 -
azidomethyl - 3 - cephem - 4 -    (21, s, CHOH), 5.08 (1H,.d, J=5 Hz, 40
carboxylic add disodium salt (0.36 g).          6-H), 5.64 (1H, d, J=5 Hz,
7-H), 6.52  95 (1H, s, thiazolin - 5 - H). iIR(KBr)) 2100, 1766, 1606 cnm'
NMR (8 in DO): 1.32 (911 s, -C(CH,).),                Example 63 1.92 & 2A8
(611, -(CH2)x-), 3.05 &      5.61 g of 7 - [D - 5 - (benzamido)adipin,
:3.53 (2H, ABq, J=18 Hz, 2-CH), 4.03  amido] - 3 - (3 -
oxobutyryloxy)imethyl - 3 - 45      & 4.20 (211, ABq, J=13 Hz, 3.CH,),
cephem - 4 - carboxylic acd was dissolved in 100 4.52 (11,
-          50 ml of water together with L.50 g of 5 - mercapto - 1 - methyl
- 1H- tetrazole and 5.68 )2.20 gof sodium bicarbonate. After the pH * l
~~~~~~~was adjusted to 5.2, the reaction- was caed 5.08  4 d --    out at
600C. for.50 minutes. After cooling, 105 5.08 (1I1,.d, J=5 Hz, 6-H), 5.68
H, d,  100 ml of a saturated aqueous solution of J=  Hz, 7       .6 &
7.86*(41,         sodium chloride was added and the pH was adjusted to pH
15 with 4N-HCI. The solid 50   :-');
precipitate was recovered by filtration% rinsed with 20 ml of a saturated
aqueous solution of 110 sodium chloride and dissolved in 100 ml of Example
62-                 ethyl acetate -* etrahydfurn (2: 1) and 20 7 - [2.- (2
- imino - 4 - thiazolin- 4 - yl)-  ml'of water. The organic layer was dried
and aketamido] - 3 - (3 - oxobutyryloxy)methyl -  the solvent was distilled
off under reduced 3 - cephem - 4- - carboxylic acid (908 mg) was  pressure.
To the residue was added ether - 115 55  dissolved in phosphate buffer (40
ml) of pH   ethyl acetate and the resultant powder was 6A together with a
nitrogen-containing hetero-  recovered by filtration, rinsed with ether and
cyclic thiol (2.2 mMol) and sodium hydrogen  then dried. The procedure
provided 5.45 g  



- - S ; ~~~~~1544,130a? : (yieid- 94.8 %) oi-[D-5. - b~enzanido - etal
k'5-Iy)thwtor        l' - 3 -; ctiem 5..- carboxyvaleramido] - .3 - (1 -
methyl -.  4- carboxylic add. 1H - tetrazo - S - yl)thiomethyl - 3 -;cephem
-  R     3     1     12  1     1332, 4 - carboxylic add.  -I(KBr) ' 350
1780, 1.25 i6i3  rs32 1504cr1                               60 IR(ICBr):
3340, 1783, 1730, 1645, 1535    NMR  (8 ti  d6-DMSO): 1.30 (9H, s, cm-2
-C(CHa)z),  1.5'-2.45'  (6H1,  m, NMR (8 in d,-DMSO): 1.50-2.0 (41, i),
-CH!)3-), 3.64 (2H, broad, 2-CR2), 2.05-2.45 (2H, in), 3.70' (21, brood),
3.93 (311, s, -    ).27 (211, brood, 3.93 (311 s, NCl!), 4.15-4.55 (311,
3-CH2), 4.36'(11I,',                   65 10       m)., 5.10 (1H, d, J=5
Hz, 6-H), 5.66      : (1H, dd, Jr5 & 9 Hz, 7-H), 7.32-                ' '
H 7.97 (5H, m,        - 5.0 (1H, d, J=5 Hz, 6-&H), 5.62 (1H, dd, 1 =5.0 &
8.0. Hz, 7-H), 7.35 (2H, d, 8.43 (1H1, d, J=8 Hz, -CONl!-),          J=8.0
Hz), 7.70 (2H, d, J-8 Hz), 8.36 8.43 (111, d, J=111, , H=80 Hz,-CON!-),
'.7:H7 15       8.73 (1H, d, J=9 Hz, -CONH-).              (11, d, J8.-0
Hz, -CONH-),  8.76  70 (1H, d, J=8.&H,   NH3 Example 64 6.11g of 7 -
ED-5-(p--  toluenesul-                    E     e66' fonamido)adipinamnido]
- 3 - (3 - oxobutyryl-    4.83 g of 7 - [D:- 5  (caprylamido) - 5 -
oxy)methyl - 3 - cephem - 4 - carboxylic ad   carboxyvaleramido] - 3 - (3 -
oxobutyryoxy) - 20  was dissolved in 50 ml of water together with   methyl
3- cephem -4 - carboxylic acid was  75 1.50 g of 5 - mercapto - 1 - methyl
- 1H -  dlssolved in 50 ml. of water together with tetrazole and 2.20 g of
sodium bicarbonate   174g of5-mercapto-1-methyl- 1H - After the solution
was adjusted to pH 5.0,  tetrazole and 2.50 g of sodium bicarbonate. the
reaction was conducted at 600C for 50  After the solution was adjusted to
pH 5.0 and 25  minutes. Following  reaction, the reaction   35.0 g of
sodium bromide was added, the re-  80 mixture was treated in the same
mainwer as in .   was conduted at 60C. for 45 minutes. Example 63. The
procedure provided .5.96 g   FoLow1g this rea         od, the reac- (yield
95.1%) of 7 - [D - 5 - ( - toluene-  tion mtxture was treated in the same
manner sulfonamide) - 5 - cartoxyvaleramido]   3 -  as in Example 63. The
procedure provided 30  (1 - methyl - 1H - tetrazol - 5 - yi)thio-  4.78. g
(yield 96.3%) of 7 - [D- 5 - (capryl-  85 metyl - 3'- cephem - 4 -
carboxylic acid.  amido) -'5- carbaxyvaleramidol -.3 - (1- methyl - 1H -
tetrazo' - 5 - yl)thiomethyl - ,R(KBr): 3275, 1780, 1727, 1635, 1535  3 -
cephemn - 4 -'carboxylic acid. cm-' NMR (8 in d-DMSO): 1.45-1.78 (41,
IR(KBr): 3300, 1775, 1725, 1655, 1640, 35      in), 2.0-2.3  (2H, mi), 2.41
(3    S,     1545,1 533cm           0      4          90 -CR8), 3.71 (211
brood, 2-CH2), 3.95    NMR (8 in &-DMSO): 0.60-2.40 (2111, (3H, s -NCH3),
4.28 (211, broad),          m), 3.70 (211, broad, 2-CH2), 3.95 (31 5.06
(1H, d, J=5 Hz, 6-H), 5.62 (1H,       s, NCH3), 4.15 (1, in),'. 4.27 .(2,
dd, J=5.0 & 9.0 Hz, 7-H), 7.47 (4, in,     broad, 3-C!), 5.03 (1H, d, J=-5
Hz, 6-1), 5.65 (lH, dd, J=5.0. & 8.0 Hz,  95 7-H),' 7.97' (1H,  d,  J-8.0
'Hz, 40             .            ,     .                 -CONH-), 8.76'
(1H, d, J=8.0 Hz, -CONH-). 7.91 (1Kl d, J=9.0 Hz), 8.68, (1H, d,
:. 1=9.0 Hz).                                            Example 67 4.32 g
of 7 - phenylacetamido - 3 - (3 - 100 - ,:.'    Example. 65
3oxobutyryloxy)methyl --3.- cephem - 4 - car- 6.l7 g of 7 :[D - 5:.- (p -
tert - butlben-  boxylic acid' was dissolved in- 50 ml of water 45
anido)-5-carboxyvaleramido] -3-(3-oxo-  together with 1.50 g of 5 -
mercapto - 1- bu'tyryloay)ethy  - 3 - aphem, - 4 .- ..car- .'methyl - 1H -
tetrazle and 1.68 g of sodium boprylic acid was. dissolvedt in- 50 ml of
water' bicarbonate. The reaction was conducted at 105 together with 1.74 g
of 5 - mercapto - 1 -' 600C  for 50 minutes. After cooling, the methyl -
1H1- tetrazote andt2.50 g of sodium   reaction mixture was adjusted to pH
5.0 and 50 bicarbonate. Alter the soution was adjusted to  washed with
ethyl acetate. It was then brought pH 5.0, the reaction was conducted at
600C.  to pH. 2.0 and extracted three times with ethyl for 50 minutes.
Following reaction, the mix-  aceate. The. ethyl acetate solutions were 110
ture was treated in the same manner as in Ex-  washed with a satutated
aqueous solution of ampe 63 to' obtain 6.02.g .(yield -95.3%D) of  sodium
chloride, treated with magnesium sul- 55  7 - [D - 5 - (p - tert-
butylbenzamido):- 5 -   phate, filtered. and distilled under reduced 



carboxyvaleramido - 3 - (1 - methyl - 1H -  pressure to remove the solvent.
The residue    27-                                         1,544,103
27 was recrystallized from ethyl acetate - ether.  minutes and, after
cooling, the reaction mix-. The above procedure provided 4.29 g (yield
ture was treated in the same manner as in  55 96.2%) of 7 - phenylacetamido
- 3 - (1' - Example 68. The procedure provided 642 mg methyl - 1H - tetrzol
- 5 - yl) thionethyl -  of 7 - [D - 5 - benzamido -5 - carboxyvaler- 5   3
- cephem - 4 - carboxylic acid :          amido] - 3- (2 -
ethoxycarbonylmethyl - 1H - *                         1,3,4 - triazol - 5 -
yl)thiomethyl.- 3 - cephem - IR(KBr): 3270, 1785, 1733, 1662, 1628,  4 -
carboxylic acid disodium salt.            60 1542 cmr: NMR  (S in d,-DMSO):
3.55 (2H, s,   IR(KBr): 3400, 3280, 1765, 1745, 1640, * CH CO_-), 3.60 (2H,
broad, 2-CHR,),       1603, 1535 cm-2 10       3.92 (3H, s, NCH), 4.26 (2H,
broad,    NMR (o in D2O): 1.20 (3H, , J=8.0 Hz, 3-CH,), 5.00 (1H, d, J=5.0
Hz, 6-H)j    -CHCH,)    1.50-2.50    (6H,   mj 5.60 (1H, dd, J=5.0 & 8.0
Hz, 7-H),        -(CH.)&-), 3.32 (2H, ABq, J=19 Hz,  65 7.23 (511 s,
2-CH,), 3.80-4.50 (7H, m), 4.95 (IH, d, J=4.5 Hz,. 6-H), 5.52 (1H, d, J=4.5
-V 9    ),Hz, 7-H), 7.20-7.90 (5H, m), 15         8.98 (11, d, J=8 Hz,
ONH-). Example 68                                  Example 70
70 561 mg of 7 - [D - 5 - benzarmido - 5 - car- 1.2 gof7, -[D - 5 -~(p -.t
- butylbenz- boxyvaeramido] - 3 - (3 - oxobutyryloxy)-  amido) - 5 -
carboxyvaleramidol] - 3 - (3 - methyl - 3 - cephem  -4 -carboxylic acid
carboxypropionyloxy)nmethyl - 3 - :cephem- 20  was dissolved in 10 ml of
water together with   4 - carboxylic acid was dissolved in 12 ml of 252 mg
of sodium bicarbonate and 212 mg of           wat             ofv5d m
1   75 2 - methylthio - 5 - mercapto - 1,3,4 - thiadi-   wae tomethylr 1ith
-.2 teraofe an -06 gecpa of7 azole. The reaction was conducted at 600C.  I
- methyl- _      tetrzle a    pte  -  75 for 50 minutes and, after cooling,
the reaction   sodium hydrogen carb,    o  25  mixture was washed with
ethyl acetate and   ring for one and a half hours at 600C. The
freeze-dried. The resultant solid was dissolved   reaction solution was
allowed to cool to room in a small quantity of methanol and treateci
temperature and 30 ml of a 4% aqueous solu-  80 with acetoqune.tite
crythalsnormend wereaoe-  tion of phosphoric acid was then added,: fol-
with acetone. The crystals formed were col-  ltowed fby hex8tiacto aw~ith
60 ~nilofethylatel'ft- lected by filtration and rinsed with ether. The
ate. The ethyl acetate layer was washed with ac 30  procedure provided 614
mg ol 7 - -D - 5 - ateTethy atelayer wa sed   whla benzamido - 5 -
carboxyvaleramido] - 3- saturated aqueous solution of sodium chloride *
(2-methylthie -1,3,4 - thiadiazol -5 -yl)  (40 mlX 2) and dried over
magnesium sul-  85 (2 -                                        pt .  .   ..
.. -hate, followed by condensation under re- thiomethyl - 3 - cephem - 4 -
carboxylic aci   duced presure. The condensate had ether disodium salt,
added thereto and the :resultant powder was 35    .RBr): 3400, 1766, 1640,
1600  1530   recovered by filtration, washed with ether and iR(K1r): 3400,
1766, 1640, 1600, 1530   dried over phosphorus pentoxide under re,  90 cMR1
(3  n   2O *1 4-255(6   m          duced pressure to give 1.02 g of 7,8 -
[D - 5- NMR H  in D. O) 1..4-25 s(, 611, 333,  (p - t - butylbenzamido) -
.5 - catboxyvaler- -(OH,,-),2.68  3H,    SCH), 333   aido]  3 - (I - methyl
- 111- terazo - 5 - 40  (211, ABq, J= 18; Hz, 2-CH2), 4.14 (211,
yl)tluocmeffyl    : 3- cephem -4 - carboxylic 40   :A    J=14 Hz, (3-011)
4.30 (I, Ml                                            .        95 In both
IR and NMR spectra, this product was found to be in good agreement with the
product obtained in- Example 65; 5.01 (11H, d, J=45 Hz, 6-H), 5.58 (1H,
71 di, J=4.5 Hiz, 7-H), 7.25 .-7.95 (SH, mi,  . 1.26 g of 7,- -    - 5 - (p
- t - butylbenz-  100 .... .   amido) - 5 - carboxyvaleramido] - 3 - (3 -
car- boxyacryloxy)methyl - 3 - cephemn - 4 - car- *- > \J   -
boxylic acid, 0.25 g of 5 - mercapto - .1 - ... - --methyl - 111- tetrazole
and 0.68 g of sodium 45                  Example 69.
hydrogen carbonate were dissolved in 12 ml -of  105 561 mg of 7 - [D - 5
-benzamido- 5 - car-  water and the solutionwas then stirred for 2
boxyvaleram idoJ - 5:- (3 - oxobutyryloxy)-  hours at 600C., followed by:
treatment in the: methyl - 3 - cephem  - 4 - carboxylic  same manner as in
Example 70. The pro- acid  was :dissolved  in  10  ml of water  cedure
provided 0.88 g of 7,8 - [D - 5 - (p - 50  together with 252 mg of sodium
carbonate  t - butylbenzamido) -5- carboxyvaleramidol -  110 and 224 mg of
5- mercapto -2 - ethoxy-  3 - (1 - methyl - 1H - tetrazol - 5 - yl)thio- 



carbonylnethyl - 1H - 1,3,4 - triazole. The. methyl - 3 - cephem - 4 -
carboxylic acid, of reaction was conducted at 600C. for 50  which both the
IR and NMR spectra were    foumd to be in good agreement with those of.
Example. 76           . the product-obtained in Example.65. .7  - [D) -5
-:(2 - carbxy-6(or 3) -i -    ,   :             ., ~~~~~~~niteobeneamido)
:- 5 -. carboxyvalerainido] -: Exampteo.72 i               3 -   (2 -
carbTx.- 6 (or 3)  s nitrrbenzoYloxy)-  65 The reaction of Example 71 wasp
repeated.   methyl - 3 - m ephem -,4 -. carboxylicm acid but employing 1.36
g of :7,,8 - [D - 5 - (.p .- t-e (0.78 g) was dissolvex i70 water (6 m)
together butylvenzamido) - S - catboxyvaleramidol    -  wiethd -
[mercapto-  1 -. metl - 1Hr-  tetra- .3 - (2 - carboxybefizoyrloxy)methyl -
3 -  zole (0.12 g) and sodium hydrogen.,earbonate cephe  - 4
carbxylicacidas: starting com-  (0.42. g), The solution -was, .stirred at
6.0C.  70 poun. Th  prc~edre  r~uvded0.97 ~g of  for 30 minutes, after.
-which-tiine it was 10   7 -D-5-(p-t-btlazmd),-5-treated'asrin Ex~ample 70.
The. procedur e pro- caroxyalramdo -  - (1-  ethl - 1  -vided 7je- [D.- 5
-(2r- carboxy -6 (eor3) - methyl- 1H - tetrazol - 5 - yl)thiomethyl
nitrobenzamido) - 5 - carboxyvaleramido] - 3 - cephe- 4- carboxylic acid,
of whichR   3- ( - methyl -1H - tetrazol - 5 - yl)-  75 and NAIR were found
in good' agreement  thiomethyl - 3 - cephem - 4 - carboxylic acid 15   with
that of the product obtained in.Example  (0.50 g). 5.IR(KBr): 1782, 1731,
1645, 1537,. 1351 Example 73                      cm-11 1.55 g of 7,B - [D
- 5 - [p - t - butylbene-    NMR' (d,-DMSO):. a .1.73 & 2.26 (6H,  80
amido) - 5 - carboxyvaleramido] - 3 - (3 -     -(CH2)s), 3.69 (2I1, 2-CH2),
3.94 (3H, 20   carboxy - 3 (or 2) - (p - chlwophenylthio)-    s, - N-CH,),
4.32 (2H, 3-CH,), 4.52 propionyI6xy)methyl - 3 - cephem - 4 - cr-   (IH,
' boxylic acid, 0.25 g of 5 - mercapt- 1l- methyl - 1H - tetrazole and 0.68
g of sodium  .-.-| hydrogen carbonate were dissolved in 12 ml of 25
water, and the solution was' stirred for one  5.06 '1H  d=5 H   6-H)
85 and a half hours at 600C., followed by treat-  dd, J=5 & 8.Hz, 7-H),
7.6_8.4 (41H, ment in the same mainer as in Example 70. The procedure
provided 0.99 g of 7ke - [D -                      eta 5 - (p - t -
butylbenzamido) -5 --carboxy-         . 30  valeramido] -3- (1 - iethyl -
1H tetrazol - 5 - yl)thiomethyl- 3 _ cephem - 4 - car- boxylic acid, of
which both the-IR and NMR spectra were found to be in good agreement
. with that of the product obtained in Example   8.79(1H, d, J   Hz,
CONH-). 35  65.8791H   ,J8H6COH . Example 74'
Example 77                  90 The reaction of Example 73 was repeated
7, - [D - 5 - (p - t - butylbenzamido) - 5 - but employing 1.21 g of 7B 3-
(D - 5 - phthal-  carboxyvaleramido] - 3 - (2 - carboxy . 6 (or imido - 5 -
carbooxyvaleramido) - 3 - (3 -  3) - nitrobenzoyloxy)methyl - 3 - cephern -
40   carboxypsopionyloxy)methyl - 3 - cephem -  4 - carboxylic acid (0.73
g) was dissolved -in 4- carboxylic acid as starting compound. The  water (6
ml) together. with 5 - mercapto - 1 -  95 procedure provided 1.00 g of 7,O
- (D     methyl 1H  tetrazole.-(0.12 g).-and sodium phthalimido - 5 -
caaboxyvaleramido) - 3 -  hydrogen carbonate (0.34 g). The mixture was (1
--methyl - 1H.- ,tetrazol- 5 - yl)thiomethyl -  strred at 600C. for 30.
minutes, after which 45   3 - cephem --4 - carboxylic. acid, of which  time
it was treated as in Example 70. The both the IR and NMR spectra
.were.found to  procedure provided 7, - [D - 5 - (p - t - butyl- 100 be in
good agreement with that of the Pro- benzanrido) - 5 - carboxyvaleramido] -
3 - duct obtained in Example. 1 (2).          (1 - methyl. -: l- tetrazol -
5 - yl)thio- methyl -:3   cep      4 - carboxylic acid -   Example 75    .
(0.53 g). 50     The reaction of Example .73 was epeated    In both lR(KBr)
and NMR (d6-DMSO)  105 but employing 1.30 g of 7,B - (D -5- phthal-
spectra, the compound obtained was in good imido.- 5 -,carboxyvaleramido) -
3 - (2.-.car-. agreement with the product obtained in Ex-
boxybenzoyloxy)methyl - 3 - cephem - 4 -  ample 65. carboxylic acid as
starting compound. The                E ,xmple 78 55   procedure provided.
94gofW3-(D             The reaction of Exampie 76 was repeated  110
phthalimido - 5, - catboxyvaleramido).-.3 - but employing 0.73 g of 7, - [D
- 5 - (p-t- (1 - methyl' -  - tetrazol - 5 - yl)thiomethyl -
butylbenzamido) - 5 - carboxyvaleramido3.'. 3 - cephem - 4 - icarboxylic
acid, of which  3 - (2,4 (or 5) - dicarboxybenzoyloxy)rnethyl - both the IR
and NMR spetrA were found tO  3- cephem - 4- carboxylic acid as starting 60
be ingood agreement with that of the Product compound to give 0.52 g of 7,,
- [D - 5 - (p -  115 



obtained in Example 1 (2).                t - butylbenzaniido) - 5 -
carboxyvaleramido] -    29-
1,544,103                                      29 3 - (1 - methyl - l  -
tetrazol - 5 - yl)thio-  5.05 (1H, d, J=5 Hz, 6-H), 5.65 (lH,  50 methyl -
3 - cephem -. 4 - carboxylic acid. In  di, J=5  & 8 Hz, 7- 6), 7.44 & 7.80
(4H, both IR(KBr) and NMR (d4-DMSO) spectra, this compound was in good
agreement. with  'D    ) 5   the product obtained in Example 65. Example 79
8.42 (1H, d, J=8 Hz, 7,B - (D - 5 - plhthalimido - 5 - carboxy- valeramido)
- 3 - (2 - carboxy - 6 (or 3) - nitrobenzoyloxy)methyl - 3 - cephem - 4 -
10  carboxylic acid (0.70 g) was dissolved in water (6 ml) together with 5
- mercapto - 2 -         8.80 (1HI d, J=8 Hz, -CONH-).           55 methyl
- 1,3,4 - thiadiazole (0.13 g) and stdium hydrogen carbonate'(0.  g).;The
solu        .       Example 81 tn was stirred at 60C. for 30 mitite, after
7,B - (D - mandelamido) - 3 - (3 - carboxy- 15  which time it was treated
as in Example 65.  propionyloxy)methyl -'3 - cephem - 4 - car- The
procedure provided 7,8 - (D - 5 - phthal-  boxylic acid (0.46 g) was
dissolved in water (5 imido - 5 - carboxyvaleramido) - 3 - (2 -  ml)
together with 5 - wiercapto - I - methyl -  60 methyl - 1,3,4 - thiadiazol
- 5 - yl)thiomethyl -.  1  - tetrazole (0.12 g) and sodium hydrogen 3 -
cephem - 4 - carboxylic add (0.51 g).   carbonate (0.25 g). The solution
was stirred at 20    IRK~r)  1733(sb) 1715 164  (sh)cm"'60G1. for 1 and a
half hours. After. cooling 20    IR(KBr): 1733 (sh), 1715, 1648 (sh) cm-'
iterato  nitr   a  u1edt in air, the reaction mixture was subjected to NMR
(d,-DMSO): 8 1.53 & 2.15 (611,  column chromatogrphy on Amberlite XAD-2,
65 GH,)r-), 2.67 (311,s5, -CH), 3.45   ehdtion being carried out with water
and, & 3.72 (2H, ABq, J =18 Hz, 24CH2),   with a solvent mixture. of water
and methanoL 4.19 &  4.50 (2H, ABq, J=13 Hz;   The fractions containing the
desired coin- 5 3-CR,),4.72(11, t, J=7 H;,            pond   were  pooled,
concentrated  and -CR-),                      lyophilized. The procedure
provided 7,, - (D -  70' CH-),                   mneamicrn) - 3 - (1 -
methyl - 1H  - tetrazol - 5 - yl)thiomethyl - 3 - cephem - 5.02 (111, d,
J=5 H;, 6-H), 5.61 (iR,  4- carboxylic acid sodium salt (0.31 g). d-d, J=5
& 8 Hz, 7-H), 7.87 (4H, s,   IR(KBr): 1761, 1675, 1604 cm-1 .0
NMR (DO): S 3.25 & 3.68 (2H, ABq, 75 J= 18  -Hz, .2-CH,),  3.95. (3H,  s, r
N-C-H,), 4.02 & 4.29 (2H, ABq, J= 13 Hz, 3-CH,), 4.97 (1H, d, J=5 Hz, oa
-6: -H), 5.18 (lH, s, 30         8.74 (1W, d, J=8 Hz, -CONH-).
--CH-),                     80 '   Example 80                  5.51 (11H, ,
J=5. Hz, 7-H), 7.37 (511, s, The reaction of Example 79 was repeated but
employing  .73 g of 7- [D -5-(p-t- butylbenzamido> - 5 - carboxyvaleramido]
-' 35   3- (2-carboxy-6 (or 3) -nrobenzoyloxy)- methyl - 3 - cephem - 4 -
carboxylic acid as starting compound to give 0.55 g of 7,3 - [D - 5 - (p-
- butylbenzamido) - 5- carboxy-                 Example 82 valeramido].-- 3
- (2 - methyl7- 1,3,4-- thia-    7/3 - (2 - thienylacetamido) - 3 - (2 - 40
diazol- S- yl)thihyl  -        3 - cephem   4-   carboxybenzoyloxy)methyl -
3 - cephem.- 4 -  85 carboxiylic acid.        -        -  '     carboxylic
acid (0.50 g) was dissolved in. water (5 ml) together .with ssodium
hydrogen car- IR(KBr): 1780, 1728,. 1644 cm,'       '  bonate (0.17 . g),
potassium  iodide (0.40 g) NMR  (d6-DMSO):    . 1.28  (9H,  s,  and
pyridine (0.21 g). The solution was -C(GI,),),   1.74.  &   2.23   (6H,
adjusted to pH 6.5 and then stirred at 600C.  90 45-       (CR,)--), 2.66
(311, s, I.-CH3), 3.50  for one and a half hous. After cooling in air, &
3.75 (211, A- *q, J*18 H   2-CRH)   the reaction mixture was .subjected to
column 4.20  &  4.50  (2H, ABq, 1=13  Hz,  chronlatography on Aiberlite
XAD-2, elution 3-CR,), 4.39 (11      -             '  benlg carried out
with water and, then, with ' .... v, . ,,, ........a solvent mixture of
water and methanol. The   95 '-CH-),                    fractions
containing the desired product were - '        |   '         .    pooled,
concentrated and lyophilized. -   ffi       - -     -  ~~~~~~The procedure
p~rovided 7,e8. (2 - thienyl  



30                                        1544,103 acetamido) - 3 *( -
pyridylaethyl) - 3 -      ABqa J=218  Hz, 2CHO, 3.73 (211, s; cephem - 4 -
carboxylic acid betaine (0.23 g),          ), 3.92 (3, s, ) N-     ), 4.21
&'4.37 (211, A1q  J13''Hz' IR(KBr): 1763, 1698, 1617 cm7n
3-CH,), 5.05 (1H,' d, J=5 Hz, 641),  55 NMR, (D20): 8 3.17 *& 3.67 (2H,
ABq,        5.66 (111, dd, J-'55& 8 Hz, 7-H), 6.90' S       J=17  Hz,
2-CH2), 3.38  (2H, s,           & 7.29 (3H, _C1COA), 5.19 (1H, d, J=5 Hz,
6-H), 5.41 & 5.67 (211, ABq, J=14 Hz,                   F} 3-CH2), 5.75
(1EI, d, J=5 Hz, 7-1), 7.01 & 7.28 (311,   -'9.10 (1, d, J-8 Hz, -ONH-). 10
' '              '     '             '.         Example 85
60 7R - [D - 5 - (p - t -,butylbenzamido) - 8.15 & 8.62- & 9.04 (SH,
S - carboxyvaleramidoll - 3 - mandelyloxy- methyl- -3- ccphei -4 -
carboxylic acid ,A   )'        -       (1.33- g) was dissolved in water (12
nl) to- J/  -                  gether with 5 - ntrcapto- 1 - methyl - 1H-
65 ED                     tetrazole (0.25 g) and sodium hydrogen car-
bonate (0.51 g). The mixture was stirred at Example 83.
600C. for 30 minutes, after which time it was The following compounds were
synthesized  brought to room temperature. Following the 15.  by procedures
similar to that described in Ex- addition of a 4%  aqueous. phosphoric
-acid  70. ample 79.                                solution (30 ml), the
reaction mixture was ex- tracted with ethyl acetate (60 ml). The ethyl (1)
7$8 - (D - 5 - Phthalimido - S - car- acetate'layer was washed with a
saturated boxyvaleramido) -.3 - [2.- (2 - hydroyethyl- aqueous solution of
sodium chloride (40 miX thie) - 1,3,4 - thiodiazol - 5 - yljthiomethyl-
2), dried (over magnesium sulphate) and con-  75 20    3 - cephem - 4-
carboxylic acid. :       centrated under reduced pressure. Upon addi- tion
of ether, a powder was obtained. This IR(MBr): 3325, 1780, 1715, 1645, 1530
powder was recovered by filtration, washed cma' ' ''          -
' with ether and then dried under reduced pres- NMR (d,-DMSO) -S 1.30-2.40
(m,' 611), sure over phosphorus .pentoxide. The pro-  80 3.20-3.80 i(m,
61), 4.27 (AB-%  211, cedure provided 7$ - [D - 5 - (p - t - butyl- 25
J=12 Hz); 4.65 (t, 1H, J=9 Hz), 4.96  benzamido) - 5 - carboxyvaleramidol -
3 - (d, iH, J-S Hz), 5.55 (q, 1H, J=5 & 8  (1 - methyl - 1H - tetrazolb- 5
- yI)thiomethyl - Hz), 7.87 (s, 4H),-8.70 (d, 1H, J=8 H).  3 - cephem. - 4
- carbokylic acid (1.14 g). In both IR(KBr) and NMR (d.-DMSO)  85 (2) 7, -
(D - S - Phthaliimido - S - car-  spectra, this compound was in good,
agree- boxyvaleramido) - 3 - (2 - carbamoylmethyl-  meat with the product
of Example 65. 30  thio - 1,3,4 - thiadiazol - 5 - yl)thiomethyl - 3 -
cephem - 4 - carboxylic add.                        Example 86 7  - (D  5 -
phthailid- 5 -carboxy- IR(KBr): 3430, 3340, 1776, 1717, i680, valeramido) -
3 - iamldelyloxymethyl - 3 -  90 1535, ctrl                           cephm
- 4 - carboyic'acid (1.27 g) was dis- NMR (d,,-DMSO): 8 1.30-2.40 (m, 6H),
solved in water (12 ml) together with 5 - mer- 35      3.57 (broad; 21),
4.40 (s, 2H), 4.32  capto'-' 1 - ncethyl -'H 1  - tetrazole (0.25 g) (AB-q,
211, J=12 Hz), 4.70 (t, 1H, anid sodium hydrogen carbonate (0.51 g). The
J=8.0 Hz), 5.0 (1H, d, J=5 Hz), 5.55  slution was stirred at 60C. for 30
minutes.  95 ,(q, 1H, J=5 & 8 Hz), 7.20 (br. 1H), After the reaction was
completed, dte reac- 7.60 (br. 111), 7.86 (s, 4), 8.74 (d, IH,  iron
mixture was treated' in the same manner 40      J5 Hz).
as in Example 85. ihe procedure provided 7$- (D -5- phthalimido - 5-
carboxy- Example 84                 valeramido) - 3 - (1 - methyl - iH
tetrawl - 100 7,- (2 -thienylacetamido) -3 -(1    5 - yl)thioiettyl - 3.x
-ephem   4 - car- methyl - 1H - tetrazol. - 5 - yl)thiomethyl -  boxylic
acid (1.12 g). 3 - cephem - 4 - carboxylic acid was prepared    In both
IR(KBr) and NMR (dr-DMSO) 45   by a procedure similar to that described in
spectra, this compound was in good agreement - Example 81. The yield was
0.37 g, starting  with thehproduct obtained in Example 1(3). l from 0.50 g
of 7$ - (2 thienylacetamido) - n 3 - (2 - carboxybenzoyloxy)methyl - 3 -
Exaniple 87 cephemn - 4 - carboxylic -acid.- :          7LB - (D -
mandelamido) - 3 - marideylto&y methyl - 3 - cephem. - 4 - carboxylic acid
50    IR(KBr): 1776, 1734, 1672 cm-1          (0.50 g) was dissolved in
water (5 nil) to- NMR (d,-DMSO): S 3.56 & 3.78 (2H,  gether with S -
mercapto - 1 - methyl - 11 - HO  



31                                       1,544,103 .
31 ~Wttrazole (0.12 g) and sodium hydrogen car-   In both IR and NMR
spectra this corn-. bonate (0.17 g). The solution was stirred at  pound was
in good agreement with the pro- 600G for 30 minutes. After cooling in
air,'the  duct'obtained in Bnample 80.         65 reaction mixture was
subjected to column    '(2) 7$B - (D - 5 - Phthalimido - 5 - car- S
chromatography on Amberlite XAD-2, elution  boxyvaleramido)  3 - (2 --
methyl - 1,3,4 - being carried out with water and a solvent mix-
thiadiazbl - 5 - yl)thiomethyl - 3 - cephem - tore of water and methanol.
The fractions con-  4 - carboxylic acid. Yield 86%. taining the desired
product were pooled, con-    In both IR and NMR spectra, this com-  70
centrated and then lyophilized. The procedure- pound was in good agreement
with the pro- 10   provided 7,$ - (D - mnndelamido) - 3 - 1 -  duct
obtained in Example -79. 'methyl - 1H - tetrazol - 5 - yl)thiomethyl -
(3) 7$8 - (D - 5 - Phthalimnido - 5- - car- 3 - cephem - 4 - carboxylic
acid sodium salt  bouyvaleramido) - 3 - [2 - (2 - hydroxyethyl- (0.34 g).
thio) - .1,3,4 - thiadiazol - 5 - yl)thiomethyl -  75 .l both IR and NMR
spectra, this com-  3 - cephem - 4 - carboxylic acid. Yield 81%. 15   pound
was in good agreement with the pro-    In both IR and NMR spectra, this
cormi duct obtained in Example 81. -             pound was in good
agreement with the pro- duct obtained in Example 83 (1). Exmiple 88
.          (4) 7$ - (D - 5 - Phthalimido - 5 --car-  80 7ft - (2 -
thienylacetamido) - 3 - mandelyl-  boxyvaleramido) - 3 - (2 -
carbamoylmethyl- axymethyl - 3 - cephem - 4 - carboxylic acid  thio - 1,3,4
- thiadiazol - 5 - yl)thiomethyl - 20   (488 mg) was dissolved in water (5
ml) to-  3 - cephem - 4,- carbozylic acid. Yield 88%. gether with sodium
hydrogen carbonate (84    'In both IR and NMR spectra, this com- mg),
potassium iodide (400. mg) and pyridine  pound was in good agreement with
the pro-  85 (212 mg). The solution was adjusted to pH   duct obtained in
Example 83 (2). 6.5 and reacted at 600C. for 45 minutes. After 25
cooling, the reaction mixture was subjected               Example 91 to
column  chromatography  on  Amberlite    7$ - amino - 3 - (3 -
oxobutyryloxy)- XAD-2, elution being carried out with water  methyl - 3 -
cephem - 4 - carboxylic acid and, the, a solvent' mixture ,of water and
(3.14 g), sodium hydrogen carbonate (1,84 g)  90 methanol. The fraction
containing the desired  and 5 - mercapto - 1 - methyl - 1H - tetra- 30
product were pooled, concentrated and then  zole (1.4 g) were dissolved in
water (30 ml) lyophilized. The procedure provided 7$ -  and the solution
was adjusted to pH to .5.5, (2 -- thienylacetamido) - 3 - (1, - pyridyl-
followed by stirring and heating at 60GC. for methyl)'- 3 - cepheni - 4 -
carboxylic acid  one hour. After cooling, the reaction solution   95
betaine (250 mg).                   '     was washed with dichloromethane
(20 ml) 35    In both IR and NMR spectra, this com-  and the aqueous layer
was adjusted to pH 3.3, pound was in good agreement with the pro-  followed
by stirring for one hour under ice duct obtained in Example 82.
cooling. The resultant precipitates were col- lected by filtration and
washed with water, 100 Example 89                  methanol and acetone,
respectively, followed 7# - (2- thienylacetamido) -3 - mandelyl-  by drying
togive 7,8 - amino - 3 - (i - methyl - 40  oxymethyl - 3 - cephem - 4-
carboaylic acid  IH - tetrazol - 5 - yl)thinmethyl - 3 - cephem - (0.49 g)
was dissolved in water (4' ml) together  4 - carboxylic acid (2.7 g). with
5 - mercapto- I - methyl - IH - tetra- zole (0.12 g) kid sodium hydrogen
carbonate    IR(KBr): 1795 cnr'                    105 (0.17 g). The
solution was stirred at 600C.    NMR (S in D2O+NaHCOs): 3.61 & 3.98 45  for
30 minutes. After the reaction had been-    (2H, ABq, J-18 Hz, 2-CH2), 4.21
(s, owmleted, the reaction mixture was treated by"  -NCH.), 5.21 (d, J=4.5
Hz, 6-H), 5.60 a procedure similar to that described in Ex-   (d) J=4.5 Hz,
7-H). ample 85. The procedure provided 7$ - (2 - thienylacetamido) -   - (1
- methyl- - lB- Example 92                                110 50  tetrazol
- 5- yl)thiomesthyl - 3 - cephem'- 4 - '   7$8 - amino - 3 - (3 -
oxobutyryloxy)methyl - carboxylic acid (0.40 g).  -              3 - cephem
- 4 -. carboxylic acid (3.14 g), In both IR and NMR spectra, this cor-
sodium hydrogen carbonate (0.84 g) and 5 - pound was in good agreement with
the' pro   mercapto 1- [2- (NN - dimethylamino)- duct obtained in Example
84.                      IHethyl] . l  - tetraz(ile (2.60 g) were dissolved
115 in water (30 ml) and the: resultant solution 55        ,Example 90
was stirred for 60 minutes at 550C. After The following compounds were
synthesized  cooling, acetone (15 ml) was added to the by procedures
similar to those described in  reaction solution and the mixture was passed
Examples 85 and 86.                        through a column of active
alumina (10 g). 120 -(1) 7/ - [D - 5 - (p - t - Butylbenzamido) -  The
column was washed with water - acetone 60  5 -. carboxyvaleramido] - 3 - (2
- methyl -  (1:1) (30 ml) and the washing was combined 1,3,4 - thiadhazol -
5 - yl)thiomethyl - 3 -  with the eluate, followed by distilling off 



cephem - 4- carboaylic acid. Yield 84%.   acetone under reduced  pressure.
To  the    32,                                     114,103         '.
residual solution was added Amberlite IR-120  phosphorus: pentoxide to
.give 7  -- amino - (acid form) (6.0- ml) and .the mixture was  3 - (11H,
1,2,3 - triazol - 5 - yl)thiomethyi .- stirred for 30 minutesetunder
ice-cooling. The ' 3 -tephem -4 - carboxylic acid. (190 mg).' insoubles
were filtered off and the filtrate 5   was condensed. The condensatewas
added    IR(KBr): 1800, 1525 cm-a                   65 dropwise into
ethanol (about 30 times volume of the condensate) and precipitated solid
was       :     Example 95 collected by filtration, followed by: washing
7$ -: amino - 3 - (3 - oxobutyryloxy)- with ethaho and drying to give 7,, -
amino -  methyl - 3- cephemn - 4 - carboxylic acid 10   3 - 1 - [2 - 'NN -
dimethylamino)ethylJ--  (314 mg) was dissolved in water (1 ml) con- 1H -
-tetrazol - S - yl+thiomethyl - 3. -  taining sodium hydrogen carbonate (84
mg) and: 70 cephem' - 4 - carboxylic acid (3.28 g).   to the resultant
solution were added isonicotin- amide (185 mg) and potassium iodide (1.0
g), IR(KBr): 3450, 1780, 1620, 1540 cnr1    followed by stirring for. one
hour at 55C. To NMR (6 in D2O):  3.07 (O6H, s), 3.70 (2K   the reaction
mixture was added ethanol (20 ml) 15       ABt, J3=17 Hz), 3.85 (2H, t, J=6
Hz),  with stirring and, resulting precipitates were  75 4.25 (2H, ABq,
J=12 Hz), 4.8-5.2  collected by filtration  followed by washing (4H, m).
with ethanol. After natural ...drying, the brown powder was dissolved in
water (3 ml)'and the Example 93                  solution was
chromatographed on a column 7, - amino - 3 - (3 - osobutyryloxy)-  packed
with. Amberlite XAD-2. The eluate  80 20   methyl - 3 - cephem - 4-
carboxylic acid (3.14  was freeze-dried to give'7,$ - amino -3 - (4 -
g).was' dissolved in water. (30 ml),.together  carbamoylpytidinium)methyl -
4 - carboxyl- with sodium hydrogen carbonate (1.84 g) and  ate (150 mg). 2
- mercapto - 5 - methyl - 1,3,4 - thiadiazole (1.6 g) and the resultant
solution. was adjusted    IR(ICN r): 3500, 1760, 1600 cm- 25   its pH to
6.4, followed by stirring for one hour at 60C. After cooling, the reaction
solution             Example 96     .            85 was washed with
dichloromethane and the    7$-2-thienylid3-(3oxe- pH of the aqueous layer
was adjusted to 3.5  b    1yo 1W' - 3 - cephem  - 4 - car- under
ice-cooling, followed by stirring for one   nc add (876 mg) and sodium
sulfite (504:' 30   hour. The precpitated materials were co-   Og) were
dissolved in a mixture of tetra- lected by filtration and washed with
water,  hydrofuran-(5 ml) andswsater (10 nil) and hie  90 methanol and
acetone, respectively, followed.rslatslto.a sirdfr40niue by drying to give
7$- amino -3- (2    at -    60iCWate  (10 ml  was ade  methyl - 1,3,4 -
thiadiao -5- yl)thioethyl   the reaction mixture and .the mixture was 35
3 - cephem -.4':-carboxylic acid (2.9 g).  adjusted  to  pH- to  7.2  with
2N- HC,  followed . by. condensation  under  95 IR(KBr): 1795 cnrl
reduced pressure. The residue was subjected NMR (S.in DsO+NaHCO8): 2.87 (3H
s j to coumn - chromatogphy on silica-gel and -  thiadiazole -3), 3.53 &
3.95 (2K; eluted with acetoijtrile - water (7:1-5.:1). ABq, J=18 Hz,
2-CH2), 4.10 & 4.46  The fractions containing the desired compound 40
(2K ABq, J=13 Hz, 3-CH2), 5.17 (1H, were combined, and the mixture was
subjected  100 d, J=4.5 Hz, 6-H), 5.58 (1K d, J1=4.5  to distillation to
remove acetonitrile. The rei- Hz, 7-.          ,                    due was
chromatographed on column packed with Amberlite XAD-2 and eluted with water
Example 94                 and then water-methanol. The fractions con- 7$ -
amino - 3 -. (3 - osobutyryloxy)- taining ..the desired compound were comr-
105 45   methyl - 3 - cephem -4 - carboxylic acid (282  bined and the
mixture was condensed under mg) was dissolved under ice-cooling in water
reduced pressure, followtd by freeze-drying (l ml) containingsodiumsalt of
5 - mercapto-  to give the disodium  salt of 7$ - (2 1H - 1j2,3 - triazole
(120 mg) and sodium  thieiwlacetamido) - 3   sulfomethyl - 3 -
hydroxide'(40,mg) and to the resultant solu-  cephem - 4 - carboxylic add
(310 mg).  110 50  tion was added.IN-Halwith stirring to adjust it pH.
to.5.5, followed by further stirring    IR(KBr): 3450,.1760, 1665, 1605,
1190, for one hour at 550C. Methanol (5 ml) was      1055 cmn. added to the
reaction solution and the mix-   NMR (6 in DO): 3.67 (211, ABq, J=17 ture
was then allowed to cool to, room tempera-   Hz), 3.92 (2H1 s),.4.16 (2H,
ABq, J= 16 55  ture. The cooled mixture was adjusted to pH     Hz),
5.20.(1H, d,.J5 Hz), 5.64 (11*, d, 115 3.9 by adding lN-HCI with stirring
and the     J=5 Hz), 7.05 & 7.40 (3H1, in). resultant mixture was further
stirred for one hour under ice-cooling. The precipitated in-
Example. 97 



solubles were collected by filtration and washed    7.05 g of 7 - [D -
phthalimido -5 -- cat- 60   with water and methanol, respectively. The
boxyvaleramido] -,3 - hydroxymethyl --3.- insolubles were dried naturally
and then over cephem - 4 - carboxylic acid ditriethylamine  120    -
~~~~~~~~- 3  1,544103                                          33' salt was
dissolved in 50 ml of dichloro-  bonylamino - a - (p - hydroxyphenyl)acet-
methane and, at 0C., triethylamine (1.5 ml)  amido] - 3 - (3 -
oobutyryloxy)methyl - 3 - was added to the solution, followed by drop-
cephem - 4 - carboxylate (280. mg) and sodium wise addition of dropping
diketene (2.0 ml)  salt of 5 - mercapto - 1H.- 1,2,3 .- triazole  65 5
over 10 minutes at -5 -to 0G. The mix-  (120'mg) were dissolved in a
phosphate bufer ture was further stirred for 50 minutes at  having a pH of
6A4 (3 ml) and the resulting -5  to 0C. and 40 ml of water was then
solution was heated at 600  for 60 minutes. added, followed by adjusting
the pH to 6.0   After cooling down to room temperature, the with 2N-HCI.
The aqueous layer was washed  reaction solution 'was chromatographed on' a
70 10* with dichloromethane (10 ml) and 2.25. g of  column packed with
Amberlite XAD-2 and 5 - mercapto - 1 - [2 - (N,N - dimethyl-  the combined
eluates containing the desired amino)ethyl] - 1H -. tetrazole was added
there-  product were freeze-dried to give sodium 7(3 - to, followed by
adjusting to pH  5.5. The   [D - a - t - butoxycarbonylamino - a - (p -
solution was stirred at 60C. for ..40 minutes,  hydroxyphenyl)acetamido] -.
3 -. (1H, 1,2,3 -  75 15   and then the insolubles were filtered off. To
triazol -'.5. - yl)thiomethyl - 3 - cephem - 4 - the filtrate were added
sodium chloride (15.0  carboxylate. g) and a :saturated aqueous solution of
sodium chloride  (50  ml) and  the  mixture  was    IR(KBr): 3400, 1762,
1678 cm-2 adjusted to pH 2.0 with 4N-HCI. The solid     NMR (D2O): S3 1.4.6
[9H, s, --C(CHa)j], 20   materials precipitated were collected by filtra-
3.00-4.12 (411 m, 2-CH,, 3-CH2), 5.00  80 don and washed with a
saturated.aqueous         (1H, d, J=4.5 Hz, 6-H), 5.60 (1H, d, solution of
sodium chloride and water, respec-  J=4.5 Hz, 7-H), 6.78-7.42 (4H, mn,
tively, followed by drying to give 6.75 g of 7(b - (D - 5 - phthalimido - 5
- carboxy- 25   valeranido) - 3 -(1.- [2 - (NN - dimethyl- amino)ethyl] -
1H - tetrazol - 5 - yl)thio- methyl - 3- cephem -4- carboxylic acid
7.71 (1  .s, triazole - 4-H). hydrochloride. (2) The thus obtained sodium
7, - [D-a-  85 IR(KBr): 3370, 1775, 1715, 1640 cm-"    I
butoxycarbonylamino - a -. (p - hydroxy- 30     NMR (8 in d,-DMSO):
1.30.-2.40 (6H,  phenyl)acetamido] - 3 - (IH, 1,2,3 - triazol - m), 3.5-4.8
(9H, m), 5.04 (1H, d, J=5   S - yl)thiomethyl - 3 - cephem - 4 - car- *
Hz), 5.60 (1K  q, J=.5.8.Hz), 7.90 (4Hs  boxylate (175 mg) was dissolved in
formic -:.  . .  s), 8.86 (1K d, J=8Hz).                 acid (4 ml)
and'.the'resultant solution was  90 stirred for 2 hours at room
temperature. The Exhample 98       .-        reaction solution was
subjected to distillation 35     5 - mercapto - 2 - methyl - 1,3,4 -
thiadi-  under reduced pressure and then to azeotropy azole. (79 mg),
sodium hydrogen carbonate (50  (3 times). with toluene to remove formic
acid, mg) and 7(3 - [2 - (1H - tetrazol - 1 - yl)-  followed by drying over
phosphorous pent-  95 acetamido] - 3 - (3 - carboxypropionyloxy)-  oxide
overnight. The thus obtained foamy methyl - 3 - cephem - 4 - carboxylic
acid di-  mlaterial was stirred with water - methanol 40  sodium salt (243
mg) were dissolved in a phos-  (8:2 (15 ml) and the mixture was subjected
phate buffer solution having pH of 6.4 (3 ml)  to filtration treatment with
activated carbon and the resultant solution was heated for one  and then
filtration, using Celite. The filtrate. 100 hour at 600C. After cooling,
the reaction solub   was freeze-dried to give 7.- [D - e - amino - don was
concentrated under reduced pressure  a - (p: hydroxyphen.yl)acetamidoj - 3
- (lH - 45  and the residue was subjected- to columnm-   1,2,3 - triazol- 5
- yl)thiomethyl. -3-'cephene  - chromatography on Sephadex LH-20 (250 ml),
4 -. carboxylic add. This product was in good elution being carried out
with water. The  agreement with the standard in thin-layer 105
fractidosucntaiing the desired product were  chromatography. and liquid
.chrinatography. pooled. and then lyophilized. The procedure 50  provided
sodium 7$8 - [2 - (1H - tetrazol - L -             Example 100
!yl)acetamidol - 3 - (2 - methyl - 1,3,4 -    .7(3 - [2 - (2 - imino - 4 -
thiazolin - 4 - thiadiazol -: 5,- .yl)thiomethyl - 3 - cephem -   - yl) -
acttaxido -I   f  - t2 - (NN-: d 4- -arboxylate.
methyl - 3 - cephem - 4 - carboxylic acid  110 (908 mg), 5 - mercapto -
[2.- (N,N - di- NMR. (3 in PDO): 2.78 (3H, s,  -ACH,)  methylaioethylt -
1H. -  tetrazole (450 mg) 55       3.60 (2H, ABq, J= 18. Hz, 2-C]1), 4.25
and sodium  hydrogen carbonate (168 mg) (21,. ABq, J=13 Hz, 3-CH,), 5.12
(1H,  were dissolved in water (10 ml) and the re- 



cd, J-=45 ....'Hz, 6-H), 5.58  (2H, s,  sultant solution was heated at
550C. for 60  115 -,:-CH2CO-), 5.70 (1H1, d, J=4.5 Hz,  minutes. The
reaction solution was found to 7-H), 9.15 (11H, s, tetrazole-H)..
contain 7, -. [2 - (2 - inino - 4 - thiazolin - 4 - yl)acetamnidoJ - 3 - t1
- [2 - (N,N- di- 60     .             iExample 99
methylamino)ethyl] - 1H - tetrazol - 5 - yl}- (1) Sodium 7(3 - [D - a - i -
butyoxycar-  thiomethyl - 3 - cephem - 4 - carboxylic acid  120    ' in
81%/o yield relative to' the starting cep~halo-   ,2. A compound
represented by the forma sponnby liuid crfima~ograhy  ide re9ac. (10);   5
Amelt  A---:O                                             <CHOC  HtC
%9UGAOCOCHjCOGN, IR("Zr): 1765 cm'-'-'--
-CO4-s NMR (D%0):- .8 3.0,6 (6HP. S2-N(CH3)2),                     :
3.5-4.8 :(lOH, m),. 5.12 (lH, d; J=S    wherein RI is hvdrogen or an acyl
grop,   60 Hz, 6-H), 5.65 (lH, d J=5. Hz, 7-H),: or a salt thereof. 10
6.62- (111, s, ilin-Ho).                3. A compound represented by the,
formula Example 101.':           '    I: Monosodium salt monohydrate of
deacetyl-         -- cephalosporin C (4.13 g) was suspended-in    -       I
S dimethylformamide (16.0 ml) and the re-            a 15  sultant
suspension was dissolved by adding                COO"          t)
concentrated hydrochloricacid (1.66 ml) at a temperature lower than 0C.,
followed by    wherein R' is hydrogen or an acyl group and  65 adding
dimethylformamide  (16.0 ml), tri-     X is ant organic residue, ethylamine
(4.90 ml) and'phthalic anhydride   or a salt thereof. 20  (2.96 g),
respectively. The resultant mixture    4. A compound repre' d by the
fotnula was stirred for one and a half hours at 200C.  (XIII): and the
reaction solution was poured onto a mixture of an aqueous solution of
sodium    *-H            S chloride (200 ml) and dichloromethane (40
,_                              7 25  ml). The mixture was adjusted to pH
to 6.5          (K C               x-OH and the aqueous layer. was
separated. The                  cOoH layer was washed with dichloromethane.
and                                   . extracted by use of a mixed
solution of ethyl acetate - tetrahydrofiran (3:1) (50 mlCx3)    wherei R' s
hydrogen or an acyigroup 30 and the combined extract was washed with a
and X is an organic residue. saturated aqueous'solution of sodium chlri,
or a salt thereof. followed by drying. over magnesium sulphaie  5. A
compound as claimed in any of The dri  extract was concentrated under re-
claims 1, 3 and 4, wherein the organic residue  75 duced pressure and.
ether was added -to the  is a carbon cham which is able to form a 35
concentrte. The .above procedure provided    ve- or six-membered rng with
7/- [DD- -5 (2 - crboxybenzado)- 5 -          - carboutyvaleramidol - 3 -
(2 - carboxybeuzoyl-            oxy),methyl - 3 - cephem - 4 - carboxylic
acid (6.22 g).                                 or 40    IR(KBr): 1780,.
1735, 1725, 1715, 1640                0      0 NMR (8 in d,-DMSO):
1.40-2.40 (6H,                    C  0      0                 80 tm), 2.62
(21% ABq, J= 18. Hz), 4.35 (1H,  .'- .. in), 2.62 (211, hBq, J=18 Iz), 4.35
(1H1,  which may include a- double bond or hetero in), 5.09 (~2H, A.Bq,
J1=;13 Hz), 5.10 (111 45      d, J=5 Hz), 5.72 (1H, dd, J=5 & .d  atom, and
-to which caron' chain a -suitable Hz,730-7.9' (8K1 rn), 8.53 (lH, 4,
substituent. or substituents may be. attached. 1=8 Hz), t82 (1K d, j=s
6. A compound as claimed in claimS, in which the hetero atom. is oxygen,
nitrogen or  85 sulphur. WHAT WE CLAIM- IS:- - 1.i A  compound (I)'
repreSented by the    7. A compound as claimed in claim 5 or 6, wherein the
substituent on the carbon chain is 50  formula LB      -carboxyl, halogen
or nitro, an 'alkyl group having up to 3 carbon atoms, an alkenyl 90 group
having up to 2 carbon atoms, - or, an aralkyl,. or aryl 'group- or' hydroxy
or-mer- G I OON    tj         capia substitufed by one of the aforemen- -
,x)    . . : - . , -tioned groups and, when two or more such wherein B.' is
hydrogen or an acy    '    substituents are present they may form  a  95 



and W is an, acetonyl group or a grot ' cyclic structure with' the carbon
chain. and~isaacetonygroup or'.agroup   ~ represented  -by   -X-COOH    or
8. A compound as claimed in any of claims 55       -XIH  (  is-an organic
residue),        to 7, wherein the symbol RI represents or a salt thereof.
hydrogen.    11111 mmml'  I  I. <                                 .
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1,544,103 in 81%/, yield relative to the starting cephalo-    2. A compound
represented by the formula sporin by liquid chromatography. The reac-
(XI): tion solution was adjusted to pH to 5.8 and purified by column -
chromatography using       ASN 5   Amberlite XAD-2. IR(KBr): 1765 cm-'
GOON NMR (D_0): S 3.06 (6H, s, -N(CH3).), 3.5-4.8 (1OH, in), 5.12 (1H, d,
J=5     wherein RI is hydrogen or an acyl group,   60 Hz, 6-H), 5.65 (1H,
d, J=5 Hz, 7-H),  or asalt thereof. 10      6.62 (1H, s, thiazolin-H).
3. A compound represented by the formula Example 101 Monosodium salt
monohydrate of deacetyl-     Na    ,   S cephalosporin C (4.13 g) was
suspended in dimethylformamide (16.0 ml) and the re-             o'
N     -xcooH 15  sultant suspension was dissolved by adding
OO4          (n)  concentrated hydrochloric acid (1.66 ml) at a temperature
lower than 00C., followed by    wherein R' is hydrogen or an acyl group and
65 adding dimethylformamide (16.0 ml), tri-      X is an organic residue,
ethylamine (4.90 ml) and phthalic anhydride   or a salt thereof. 20  (2.96
g), respectively. The resultant mixture    4. A compound represented by the
fornula was stirred for one and a half hours at 200C.  (XIII): and the
reaction solution was poured onto a mixture of an aqueous solution of
sodium       Aes chloride (200 ml) and dichloromethane (40          7
7 25  ml). The mixture was adjusted to pH to 6.5          0           04No
co-            7-Oe and the aqueous layer was separated. The
Coo" layer was washed with dichloromethane and extracted by use of a mixed
solution of ethyl acetate - tetrahydrofuran (3:1) (50 mlx3)    wherein R'
is hydrogen or an acyl group 30  and the combired extract was washed with a
and X is an organic residue. saturated aqueous solution of sodium chloride,
or a salt thereof. followed by drying over magnesium sulphate.    5. A
compound as claimed in any of The dried extract was concentrated under re-
dairms 1, 3 and 4, wherein the organic residue  75 duced pressure and ether
was added to the  is a carbon chai which is able to form a 35  concentrate.
The above procedure provided  five- or six-membered ringwith 7,8 - [D - 5 -
(2 - carboxybenzamnido) - 5 - carboxyvaleramido] - 3 - (2 - carboxybenzoyl-
ozy)methyl - 3 - cephem - 4 - carboxylic acid   _ (6.22 g).
or                    -C 40    IR(KBr): 1780, 1735, 1725, 1715, 1640
NMR (L in d,-DMSO): 1.40-2.40 (6H,                     G      o ,
80 m), 2.62 (2H, ABq, J=18 Hz), 4.35 (11,. in), 5.09 (2H, ABq, J=13 Hz),
5.10 (1H,  which may include a double bond or hetero 45      d, J=5 Hz),
5.72 (1H, dd, J=5 & 8  atom, and to which carbon chain a suitable Hz),
7.30-7.9(8H    ), 8.53 (1H  d   substituet or substituents may be attached.
1=8 Hz), 8.82 (1H, d, J=8 Hz).          6. A compound as claimed in claim
5, in which the hetero atom is oxygen, nitrogen or  85 WHAT WE CLAIM  IS:-
sulphur. 1. A  compound (I) represented by the    7. A compound as claimed
in claim 5 or 6, 50   formula [c   u        r                   wherein the
substituent on the carbon chain is 50  formula [I]:
carboxyL, halogen or nitro, an alkyl group 1611f
having up to 3 carbon atoms, an alkenyl 90 It. .5                     group
having up to 2 carbon atoms, or an 0     r sC~aecow             aralkyl, or
aryl group or hydroxy or mer- COON                   capto substituted by
one of the aforemen- tioned groups and, when two or more such 



wherein RI is hydrogen or an acyl group; substituents are present, they may
form a  95 and W is an acetonyl group or a group  cyclic structure with the
carbon chain. represented   by   -XOOH    or    8. A compound as claimed in
any of claims 55       -X--OH (X is an organic residue),     1 to 7,
wherein the symbol R' represents or a salt thereof.
hydrogen.    35                              1,544,~~~~~~~~~~~~103
35 - 9. A compound as claimed in any of claims  20. 7b8 - (2
thienylacetRmido):- 3 - (2 -  60 1 to 7, wherein the symbol R1 represents
an  carboaxybenzoy1oxynethyl - 3 - cephem - 4 - acyl group of the formula:
I arboxylic acid ot a salt thereof. 21. 7j3 - (5 - amino - 5
carboxyvaler- Rt                           amddo) - 3 - (3 -
cirboxypropionyloxy)methyl- 3 - cephem - 4 - carboxylic acid or a salt  65
CHCO.                    thereof, wherein the amino group may be pro- *   /
tected. -  .  Rs -  -       -    -    22. 7/ - (5 - amino - 5 -
carboxyvaler- amido) - 3 - (2 - carboxybenzoyloxy)methyl - 5   wherein  R-
reopesents acetyhe halo2enoa etl m   3 - cephem - 4 - carboxylic acid or a
salt  70 phenyl p- hydrxyphenyl- thienyla 2 -immO-  thereof, wherein the
amino group may be 4 - thiazoli - 4 - yl, 2 - oxo - 4 - thiazoin -   rtce
protected. 4 - yl, tetrazolyl, phenoxy or 3 - amino- 3 -    23. 70 - (5 -
amino - 5 - carboxyvaler-. carboxypropyl; and R5 represents hydrogen,
amide) - 3 - (3 - carboxyacroylox ytethyl - 10   siupho, amino or hydroxy,
and each of am'o   3 -         - 4 - c         acid or a salt  75 and
carboxyl group in R4 and R5 may be pro-  thereof, wherein the amino group
may be tected. 10. A compound as claimed in claim  9,
5 wherein the protective group of the amo amido) - 3 - (2 - caboxy - 6 (or
3) - nitro- 15   group is phthaloyl, benzoyl, o - carboxy-
bentzoyloxy)methyl -. 3 - cephem - 4 - car-  80 benzoyl, p - nitrobenzoyl,
toluoyl, naphthOyl,  boxylic acid or a salt thereof, wherein the p - tert -
butylbenzoyl, p - tert - butylbenz-  amino group may be protected.
enesuiphonyl, phenylacetyl, beuzenesulphonyl,    25. 7,8 - (5 - amino - 5 -
carboxyvaler- phenoxyacetyl,  toluenesulphonyl,  chloro-  amido) - 3 - (2,4
(or 5) - dicarboxybenzoyl- 20   benzoyl, acetyl, valeryl, capryl, n -
decanoyl,  oxymethyl - 3 - cephem - 4 - carboxylic acid  85 acryloyl,
pivaloyl, camphrsuiphoyl, methane-  or a salt thereof, wherein the amino
group sulphonyl, chloroacetyl, tert - butoxycarbonyl,  may be protected.
ethoxycarbonyl, isobornyloxycarbonyl, p~heWyl-    26. 7,9 - amino - 3 - (2
- carboxybenzoyl- oxycarbonyl, trichloroethoxycarbonyl benzyl-  oxy)methyl
- 3 - cephem -4 - carboxylk acid 25   oxycarbonyl, /3 - methylsulpoyl -
ethoxy-  or a salt thereof.                            90 carbonyl,
methylcarbamoyl, phenylcarbamoyl,    27. 7, - amino - 3 - (3 -
carboxypropionyl- naphthylcarbamoyl or 2 - methoiycarbonyl -  oxy)methyl -
3 - cephem - 4 - carboxylic acid 1 - methylvirnyl.
or a salt thereof. 11. 7,/  - [5 - amino - 5 -carboxyvaler-    28. 7,B -
amino - 3 - [2 - carboxy - 6 (or 30  amidol - 3 - (3 - oxobutyryloxy)methyl
- 3 -  3) - nitrobenzoyloaxymethyl - 3 - cephem -  95 cephen - 4 -
carboxyli acid or a salt thereof,  4 - carboxylic acid or a salt thereof.
wherein the amino group may be protected.     29. 7/3 - (a -
sulphophenylacetamido) - 3 - 12. 7/3 - amino - 3 - (3 - oxobutyryloxy)-  (2
- carboxsbenzoyloxy)methyl - 3 - cephem - methyl - 3 - cephem - 4 -
carboxylic acid or  4 - carboxylic acid or a salt thereof. 35  a salt
thereof.                                30. 7,B - (a -
sulphophenylacetamido) - 3 - 100 13. 7,8 - (a - sulphophenyl acetamido) - 3
-  (3 - carboxypropionyloxy)methyl- 3 - cephem - (3 - oxobutyryloxy)methyl
- 3 - cephem  -  4 - carboxylic acid or a salt thereof. 4 - carboxylic acid
or a salt thereof.         31. 7  - [2 - (1H  tetrazol - i - yl)acet- 14.
7/3 - (4 - chloro - 3 - oxobutylamido) -  amido] - 3 - (3 -
carboxypropionyloxy)- 40  3 - (3 - oxobutyryloxy)methyl - 3 -cephe  -
methyl - 3 - cephem - 4 - carboxylic acid or 105 4-- carboxylic acid or a
salt thereof.      a salt thereof. 15. 7/3 - (4 - bromo - 3 -
oxobutylamido) -    32. 7/3 - amine - 3 - mandelyloxymethyl - 3 - (3
-oxobutyryloxy)methyl - 3 - cephem -  3 - cephem - 4 - carboxylic acid or a
salt 4 - carboxylic acid or a salt thereof.        thereof. 45     16. 7/3
- [2 - (2 - imino - 4 - thiazolin - 4 -    33. 7, - (D - a -
sulphophenylacetamido) - 110 yl)acetamido] - 3 -. (3 - oxobutyryloxy)-  .3
- (3 -oxobutylryloXy)methyl - 3 - cephem - methyl - 3 - cephem - 4 -
carboxylic acid or  4 - carboxylic acid or a salt thereof. a salt thereof.
-                     (        34. 7/ - (D - 5 - phthalimido - 5 - car- 17.
7,, .-. (2- thienylacetamido) - 3 - (3 -  boxyvalerarmido) - 3- - (3 -
oxobutyryloxy)- 50  oxobutyryloxy)nethyl - 3 - cephem - 4 - car-  methyl -
3 - cephen - 4 - carboxylic acid or 115 boxylic acid or a salt thereof.
a salt thereof. 



18. 73 - [2 - (1H - tetrazol - 1 - yl)acet- 35. A process for producing a
compound amido] - 3 - (3 - ovobutyryloxy)methyl - 3-  of the formula (I):
cephem - 4 carboxylic acid or a salt thereof. 55    19. 7a - [a - amino -.
z - (p - hydroxy-                        s phenyl)acetamido] - .3 - (3 -
oxobutyryloxy)- methyl - 3 - cephem - 4 - carboxylic acid or a salt
thereof, wherein the-amino group may be                                 ( )
protecte'    z
W~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L   M S  36
1,544103 wherein R' represents an acyl grop, and Wp represents an acetonyl
group, or. a salt thereofj which comprises reacting'.               4*    {
NCHtoH with diketene a compound of the formila -                          I
5   (11):.                                                             COO"
(n. *  "'~1EV-~ )            -wherein R' represents hydrogen or an acyl
*:OM -   I  *or a salt thereof, with a compound of the  40 COOH  zn)
formula (IV) w h r i .2 .       ............     wherein R' represents
hydrogen: or an acyl    .'                    ' group, or a salt thereof.
- - 10     36. -A process as claimed in claim 35 where.           - q-i in
R  is a D - 5 - phthalimido- 5 - ,carboxy-                     6- valeryl
group. 37. A process for producing a compound.   wherein X has. the same
meaning as defined of the formula (1)
hereinbefore. 39. A process for producing a compound   45 idH I  7 I: of
the formula (V): 15                . COOH      .(Sj^" )   wherein W
represes -X--COOH  (X is                       "    Y    CH2 an organic
residue) and RI represents an                            (r) acyl group, or
a salt thereof, which comprises reacting a 20   compound of the. formula
(II):                wherein RI represetshydrogen or an acyl group; andR'
resnsa residue of a nucleophilic compound,                  50 or a salt
thereof, which comprises reacting -a nuceophi ic compound a compound of
CsoN * ~ ~     ~     ~~~~ -     *    - -  th foml ,    ,z) wherein R2
represents hydrogen or an acyl                 1 ,5  group,         *l -M
ecow or a salt thereof, with a compound of the                        coo
.. 25   formula (II).:    -      --                 .      : 25   formula
(1:r):   wherein W  represents acetonyl or a:group   55 0  . -    .      .
-  represented   by   -X-COOH    or -X-OH (X is an organic residue): and R-
has the same meaning as defined -' .   _cs       . .    or a salt thereof.
60 0 tmw                   40. A  process as claimed in claim  39 wherein
RI -is a D - a - sulphophenylacetyl group, Wis an acetonyl group, Ris a4 -
wherein X has the same meaning as defined  carbamoylpyridinium. group and
the nucleo- hereinbefore.                              philic compound. is
isoicotinaide.     -    65 38. A process for producing a compound of    41.
A process as claimed -in claim 39 whete. 30  the formula (I)
.    in R1 is a D - 5 - phthalimido - 5 -car- -    boxylvaleryl group, W is
an acetonyl group, R2 idfi    ,s       .              is a{1   (2- (NiN -o
dimethylamio)ethylj - i.1H .  - tetrazol -. 5 - ylthiC group and the   70 o
'~rscHAOCav       nucleophilic compound is 5 - mercapro - 1- - coo..
[2 I-.(NN  - dimethylamino)ethylj - 11  - tetrazole. 



42. A process as claimed in claim 39 where- wherein RI represents an acyl.
group and  in.R' 1isa D- 5  - phthalimido - 5 - caboxy-    5 W represents
-X--OH (X is ant organic  vakryl group, W  is an aceionyl-group, R4 is.
residue),                              a (1 - methyl - lH - tetrazol:- 5-
yl)thio 35  or a salt thereof, which comprises reacting a  group, and the
nucleophilic compound is  5-: compound of the formula (II):
mercapto - 1 - methyl - 1H - tetrazole.     37
1,544,103               *  C  L  M  S  * 43. A compound of the formula (I)
as de-    50. A pharmaceutical composition compris- fined in claim  I
substantially as herein des-  ing a compound (I) as claimed in any of
cribed with reference to any one of the  claims 1 to 34 and 48, together
with a non- .       specific examples 1 to 101.                toxic,
pharmaceutically acceptable carrier and/  30 5     44. A process according
to claim 35 sub-  or diluent therefor. stantially as herein described with
reference to any of the specific examples 1(1), 2(l), 3   51. A
pharmaceutical composition compris- to 6, 36 or 42.
mg a compound (V) as claimed in claim 49 45. A process according to
claim:37      together with a non-toxic, pharmaceutically 10   tially as
herein described with reference to   acceptable carrier and/or diluent
therefor  35 any of the specific examples 8 to 22, 29, 34,    52. A process
for the production of [err] 35, 43, 44 or 101.                          (D
- a - sulphophenylacetamido) - 3 - (3 - 46. A process according to claim 38
sub-  oxobutyryloxy)methyl - 3 - cephem - 4 - car- stantially as herein
described with reference  boxylic acid or a salt thereof which comprises 15
to any of the specific examples 23 to 26 or  reacting D - a -
sulphophenylacetyl chloride  40 41.
with [err] - amino - 3 - (3 - oxobutyryloxy)- 47. A process according to
claim 39 sub-  methyl - 3 - cephem - 4 - carboxylic acid or stantially as
herein described with reference  a salt thereof. to any of the specific
examples 1(2), 1(3), 20   1(4), 2(2), 2(3), 51 to 99(1) or 100.
ELKINGTON & FIFE, 48. Compounds (I) as defined in claim  I
Chartered Patent Agents, when made by a process as claimed in any of
52-54 High Holborn, claims 35, to 37, 38 and 44 to. 46.
High Holborn House, 49. Compounds (V) as defined in claim 39
London WC1V 6SH. 25   when made by a process as claimed in claim
Agents for the Applicants. 39 or 47. Printed for Her Majesty's Stationery
Office, by the Courier Press, Leamington Spa, 1979 Published by The Patent
Office, 25 Southampton Buildings. London, WC2A lAY, from which copies may
be obtained.    


