1,123,333 The protected amno acids (fornmula I11) which ultimtely formthe
substituent at position 7 of the cephal osporin nucleus are conveniently
prepared by condensing an appropriately substituted am no acid, as the salt
- thereof, with a [err]-di ketone, [err]-keto- ester, or other [err]-dioxo-
conpound, one netlkiod of effecting such as condensation being 5 t hat
descri bed by ‘Dane et al., supra. FEither optical isoner of the am no acid,

or the 5 racenic mi-xture, may be enpl'oyed. Exanples of [err]-dicarbonyl

s -conpounds swhi.c can f c ' @Nne function of the

am no aci d include agﬁwgﬁ S@%Q&éﬂ asanﬂiﬁgg&% salt),
-p'ropﬂmeI achgEmTSQut yr @c %GFsobutyry_l acet one, ’

' y1 -Dale®f Applicatimphdifilieg Carpléte\Shecificatiop Heo,¥@66.

§§ "Wl fursjse2. 4- di ket opent.ane, 3- 10

phe Ane, lerr]-acetyl i ophenope;
For (@ o L dncelsinh el £ RS P0G el U8
sal il a r etpplate Spagiication Publishodd &4 Augl. f86Br oxyacet o- phenone and

- 2- hyldll(ox.y MNe. @itewh Geppright pmr ed N-prot ect ed ami no carboxylic acid
can be causte¥moP€act with 15 —the-cephalosporin nuclei (formula 1V) if
+ the ibige abtaded - b4 ea8Y REisd 108 ﬁ%‘zﬁ?dmkﬁzﬁﬁ‘mﬁ%ﬂm gEad@b! y by
. reacting the prot ectapdyaczshy, QLz3ays alzzo6, NEz320f LZ2oR, 3.7202),a02850 ) $.Z355,
nonhydr oxyl i c, wat el.Z386 diZ36% 1L&B60ent with an al kyl chl orocarbonate such as
et hyiptcdil:0L@094le9pat e, isobutyl chlorocarbonate, benzyl chlorocarbonate,
p- met hoxybenzyl chl orocar ﬁ&gﬁm chl or ocarbonate. The m xed
anhydride formation is 20%&&1‘%% e outl;fg%\I or bel ow anbi ent room :
~tenperature. Suitable sol UephalospoviniCompeubdsry 20 out this reaction

i.ncl ude acet ongs, FELAYY AR Eulpdc! £ Corporition oR MR, Sthce lof BIAjaAY, Wnitédan, acet o-
nitrile, etSwis dchbaicg ormdo doabt Streatgl Qi ofAllddéanapalisi Bateyof t he prot ect ed

. ami no car bdadiamacUnited §ratenpf Aypericas dejhesgby dec g)phq iP"F%'é?ﬁi f&hghi"hetge(ﬂﬁaywi th an
equi noj ar ﬁgﬁfj&%@y scf@‘ t:gisi, t;g%f; gﬁ;i:t_‘bsé%yﬁ% &%fe 7- qino 25
- group. In thi Fheptetatinviniéh & Qprived § fo lprePiriilg Mampodcgnper at ur es.  Any
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- being the _Popnds pseful rﬁ-the preparation of said cephalosporin compounds. ' .

A More particularly, this invention is concerned with an improved process for

10 preparing cephalosporanic acid derivatives with an aminoacylamido linkage 'in the 7 10

. - position on the cephalosporin nucleus, which demonstrate unexpected activity against

Gram-negative as well as against Gram-positive bacteria. : .

In accordance with one embodiment of the invention there is provided a process
for preparing .7-aminoacyl cephalosporin compounds represented by the formula:

- NHo ) :
I A\ ..
. R—(Giz)m—tli—.(CHz)n—C—NH—(l:H—H CHo -
15 .. . o _ . 15
: R4 0=C—N_~ C—CHo—R/
- N T
tI:—R2
|
.0 -
1Y)
in which R is acetoxy or pyridino; R? is,-iOI-.I' when R! is acetoxy; R? is O— when R*
is pyridino; R* is C,—C, alkyl, C;—C,-cycloalkyl, phenyl, naphthyl, thienyl, benzo-
thienyl, furyl, benzofuryl, indolyl, or pyridyl; R* is-hydrogen, methyl, or ethyl; and
m and n are 0 or 1; which comprises: hydrolyzing at a pH below 5 an N-protected

20 aminoacyl cephalosporin compound represented by the formula: 20

[Price 4s. 6d.]



structure. Illustrative exanples include NN -diethyl carbodiim de,

NN -di -n-propyl - carbodiimde, NN diisopropyl carbodiimde,

NN - di cycl ohexyl carbodiimde, NN -di- allylcarbodiim de

NN - BTs(p-dirmernyrant nophenyT ycarbodi T m dé and N-ethyl-N -(4"- 30

et hyl - 2" - oxazi nyl) carbodi i m de, other suitable car bOdJ\ m des bei ng
disclosed in U.S. ~ 30 Patents Nos. 2,938,892 and 3/96‘5 24. As a further
alternative, an eqyl nol ar proportion or" nore of cdr hopW) dii m dazol e can be -
used in the aczyl ati-on procedure to act mm;ggt he reW- with ghe protected

ani no car boxyH-e—aet+e—35 Fhe—resutting—N—=pr otected—amnm noacyl
cephal osporanic acid (formula I'l) may .be 35 isolated in the fQf muof the-
free acid or may be converted, bygknown nethods, to a salt with a P .
phar maceut i cal | y acceptabl e cati o[||:1 For .t he purpose of illustration, ﬁhﬁ?ve
can be nmentioned several types QY\Qatl onic salts which can be prepare&from
sai d conpounds, i ncl udi ng f@‘f—eﬁarrp , wat er sol uble 40 salts as tﬁg
sodi um. potassi um anmoniu antl substituted ammoniumsalts, as well 4D as

| ess water soluble salts su a%\t B calcium bari um. procai ne, quinine,r
and di benzyl - ethyl enedi am ne sal'i!s Th@ hydrol ysigs of the N--protected

cephal osporani ¢ aci d deri vatiglf -iE@aL Lbefh-oh—idl eous sol ution, -2
acidified to bel ow about pH 5 %prlef{g?ébl y ar ¢und phag, and at 45 >

anbi ent room tenperature.-In a préferred éﬁﬁdrrf&éy‘ e—ydrol ysis is >
effected by 45 adding a small quantity of an aqugou “sol ution of a stror‘f‘a
acidito a solution of the N - protected cephal osp f" nic acid, or a salt 3
t hereof , di ssolved or suspended in water, an orgami c solvent, or mxture _.
t her éof . Suitable acids include hydrochloric acid, hydro- br oréI® aci d, %:
hydriodic acid, formi.c acid and trifluoroacetic acid. 50 Enhanced,g&
—

yields of the N prataeReG: ReaRi HAFFshk nGRAD ARG RCAKRAWRIIs Gidlogag 50
obt ai ned by react |mg.caamﬁphaﬁlﬂ&pcxﬂ; ﬁkdﬂwh:lneushym@én, GI-HCxékyl ;m mer. 85

prepared from a saiken elbreais ipdiodons ft‘sh-&‘tra%lc %}j‘lxswf %4,,'){ n@h“wth the
N bt od am i R QR DL MR L o

clic
anhydride in the cg K intercsnbetin, tdmis)/completc a C;—C, cycloahphatxc ring;
and wherem R! when pyridino and each of R* to R" when other than hydrogen may
optionally be substituted; to thereby remove the amine protecting group, and recovering .
10 the desired 7-am1noacylcephalosponn compound. . 10
The present invention further provides a pharmaceutical composition compnsmg -
a_cephalosporin compound whenever prepared by the process of the invention, and a
pharmaceutical carrier.
The compounds represented by formula II employed in the process of this in-
15 vention are new compounds. Accordingly, a further provision of this invention are 15
such new compounds as are represented by formula IT; such compounds are useful
as intermediates in organic syntheses.
These new intermediate compounds can be prepared by reacting an N’-protected
amino acid, as defined hereinafter, with the desired cephalosporin nucleus. The novel
20 intermediates can be isolated and purified, if desired. However, substantially pure 20
aminoacyl cephalosporins of formula I can be obtained without isolating the novel :
- intermediates, by acidifying the product mixture containing the intermediate.
Accordingly, a further provision of the invention is a process for preparing anti-
biotic compounds represented by the formula I above, which comprises reacting an
25 N’-protected amino acid of the formula: 25

Rﬁ—c/t\a

R5_
-/ ,

| 1
3 (CH =G === (CHoJy=—C—OH
" L _
(III)

wherein R%, RY, R%, R*, R’, m and n have the same meaning as above, with a cephalo-
sporin nucleus represented by the formula;

-



of atertiary amne. 55 "Tertiary am ne" as used herein refers to
any tertiary amne of ionic strength 55 great enough to forman ionic bond
with the acid function of the am no acid reactant; it may include

trinethylamne, triethylanm ne, N-nethyldiallylamne, N-nethoxymnethyl-

di ret hyl.am ne, NNN , N -tetranethyl et hyl enedi am ne, di nethyl benzyl am ne,

di et hyl - benzylan1ne N- et hyl nor phol i ne or N-ethylnnrphollne 60

"Alkali nmetal" refers to sodium potassium

60 The oweradl process affordedyips,ssne enbodi nent of th|s i nve&ntion can
|IIuSrratrvETy—bE‘CaTTTEd—UUT_Tﬁ‘rﬁE—rUTTUWTﬁg‘ﬁEﬁﬁET*"TﬁE‘ﬁﬁTﬁU‘carboxyl|c
aciehin the fermof its anionic salf, by the basic primary nitrogen by
regetion with-a [err]-dicaﬂbeny+4?6 nd, is dissolved at anbient tenpera-
6~= . - : ==l___ 1., R833 ture .in an anhydrous
nonhydr oxyli c, mater-nisciﬁ]e orgag(E solvent. If the salt is any other
than an amne salt, a catal ytic amolini, of an am ne (such as di net hyl benzyl -
am ne) is -added and the solution isfjcooled to about 0 to - 10[err]C. or
lower if desired. As the solution i stirred, an alkyl chlorocarbonate is
added in at |east about equinolar 5 ratio to the ¥ no acid. The

sol ution t 2 Lt EfbodeOthed RRUVIENBL Realion blodR: aepecessary for the
I nt er medi aﬁ%ﬁ%&{éﬁg{ﬂé&ﬁg nhefr%i%i;i& edeiﬁd gggati’veéﬂlje&lgﬂ@or;ﬂ?&;&ﬁwedl ate is then

added an aque@mwms:éd tgprpsgneddfy fmmlmb@ep#varb@s cretofoie prepwedibyithe t he f orm of an

am ne3sal t SRS, ’é‘e <1t R &l ospdranic acid
Vet R A o ] W AR 1 e

di - n- pr opyhedésaiao Protettithe a‘ﬁﬁtoa c$noiety at e QfiHo &hﬂit:tibﬁ w1th a protecting group
10 The \Ahoinesucm K war & tp presant p side] reagtion lfrorb @Icqywna rbtyween ttwe e!omrp efrper ure and

duc
al | owdd to fage"‘fﬁf%‘#f‘f% e“‘ﬁ.ﬁ- o o pepted T wik L EEef ool b et | | LETed L0

renpve sol g vable quantltatlvely, after acylatlon had been carried out, w1th-
out degrading the other desired portions of the molecule.
To accomplish this purpose, many protecting groups have been devised by prior
15 ‘workers. Examples of those groups include carbobenzoxy, carbo-fert.-butoxy, carbo- 15
allyloxy and trityl. These are more or less successful generally, but when applied to
the reaction used to prepare the defined aminoacyl cephalosporins, they lead to a

. rather poor yield of difficultly separable products.
However, it will be understood from' the foregoing, that in accordance with this
20 invention, the 7-aminoacyl cephalosporins may be easily prepared from the said novel 20
. intermediate compound or, in a further embodiment, by a process in which an amino-

acylating agent, protected on the amino moiety by reaction with a S-dicarbonyl com-
pound, as hereipafter defined, is reacted .with the cephalosporin nucleus. The N*-
protected aminoacyl cephalosporm thus formed is then hydrolysed in a known manner
25 - to remove the protecting group, thus yielding the desired end product. Thus, this 25
invention makes it possible to obtain substantially pure 7-aminoacyl cephalosporins
of the defined class and as represented by formula 1 above in improved yield on a
large scale, without any need for isolating and purifying any intermediate materials.
In accordance with the present invention the protected amino acids (formula III

30 above) can be represented by the formulae: _ . 30
R7
RG—— c/c\ﬂ _ N /0\7 .
n5—-—c . : R5-—-(l: oo
- N/” 0 Ny
—C— |
RLrwsz——c—rcﬁz),, c—oH Oy —(oh I
Lol . R4
V(a) o V()

wherein R?, R%, R%, R®, R’, m and n are as defined above.
Formulae V(a) and V(b) demonstrate two different electronic representations of
_ the hybrid system as defined for the structure by Dane et al., Angew, Chem. 74, 873 e
35 (1962). It is well known that structural formulas cannot represent the true picture 35
of the resonant hybrid. The presence of resonance stabilization through some other
portion of the molecule will, of course, allow the structure to be represented more
precisely by one of the formulas, although the molecule will exist at all times in a
- hybrid form represented in part by the other structural formula. It will be seen that
40 when R® ‘and R" form a ring with resonance stabilization, structure V(b) will more 40



and/ or evaporated to a smaller volunme if desired. It is at this point'that
the N -protected 7-am noacyl cephal ospori can be isolated. 15 One
met hod of isolation is to overlayer the aqueous solution with a

non-m sci bl e organic 15 sol vent—capapt e of extracling the desited prodauct

therefrom. then to acidify to about pH 3,.separ?§e~£ﬂ§ organic |ayer and
i solate the desired product therefrom as by prgﬁggyjqitation or

crystallizing via addition of a diluent quuidﬂi{iﬁ%gxanple, et her or pet-
rol eum ether, ingwhich the product is insplubise. ernatively, the .
nonagqueous Sokuyt+er—20—— d-e '

product purified byeady gfsnahﬂ-thimomha@% spefgies. When Rbanid R do ngre he
f itio

: : 2 c o A . . TRpIes 3 AT
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solution to stir at anmbient room tenperature until crystallization has
begun, then cooling. After crystallizatLga has reached substanti al

conpletion, the solid 7-am no- 25 acyl@ar ‘ ephal osporanic acid is renoved
by filtration, washed, and dried. For dé{te; under st andi ng, the process of

the present invention nmay be illustraté 9’%%@ follow ng specific
exanpl es. EXABPLE 1 30 = D-[err]-.Phenylplycine, 10.419 kg., were 3
slurried in 45 liters of benzene. An a s B0 50 percent sodium

hydr oxi de sol ution prepared from 2760.g. of %odi um hydroxi de (mi ni mum assay
90 percent) and 2760 g. .of water was added—qnd t horoughly mxed with the
benzene slurry. The m xture was heated with stirring to 50-60[err]C. for

one to two hours. Meldynd S uRPRe kG 8n prklired syeaiSs R0RE: b US kepsemed | i ters

of benzene wash) 3more corrdetly byie hot m Xxture. The m xture was distilled until
free of water, and the resulting 35 benzeneyslurry of the-solid product
was cooled to 25[err]C. and filtered. The'résulting salt 'was washed with
benzene and heated to 60[err]C. for f poung. Yield: 16 kg. (85 percent)
of methyl 3-([err]-carboxybenzyl ami no)ctrofonate as-the sodiumsalt. A
sol uti on containing 150 g. of the aboﬂ%—sagtyn1salt was prepared using
1,680 m . : ' ] o '

, : |

1

It should be understood, however, that the true species cannot be accurately repre-
10 . sented by a single structure, but-only by a hybrid of the written structures. For the 10
sake of simplicity, the formula of the compound defined by either V(a) or V(b), or
a hybrid structure thereof, will be written as the structure V(a) as obtained from a
noncyclic di-ketone, although it is to be understood this is not a limiting notation.
In the above structural formulae representing the compounds with which this
15 invention is concerned, the following should be noted. - - -
,“ “Cy—C, alkyl”, when used herein| refers to methyl, ethyl, n-propyl, isopropyl,
: \~ n-butyl, isobutyl, sec.-butyl, and tert.-butyl, : :
' “C,—C, alkoxy” refers to methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy, sec.-butoxy, and tert.-butoxy. '
20 “Cq—C, cycloalkyl” refers to cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. 20
The compounds wherein R® and R, taken together with the interconnecting carbon
atoms, complete a C,—C, cycloaliphatic ring are prepared from such cyclic structures
as 1,3-cyclopentanedione, 1,3-cyclohexanedione, 5,5-dimethyl-1,3-cyclohexanedione or
1,3-cycloheptanedione. .0
25 In naming the novel compounds provided by the process of the invention, it is 25
convenient“to designate the basic, saturated, fused-ring, S-lactam thiazine ‘structure
as “cepham”, VI, - ' . -

15

= e
.

e
vI)

and to name the compounds as derivatives thereof, the term “cephem™ referring to the

30 basic structure with a single olefinic bond. . . - ' .

. The compounds provided by the process of the present invention have been
defined in terms of a structura] formula. including the organic radicals R’ when pyridine
and R* to R” when other than hydrogen. Such radicals may bear one or more substituents
without ‘requiring any significant modification of the process of the invention. Among

35 such substituents are halo, hydroxy, nitro, lower alkyl, trifluoromethyl, methoxy, methyl- 35

. mercapto, cyano, hydroxymethyl, S-hydroxyethyl, acetyl and acetamido. .. .. - - i



40 of acetonitrile and 1.2 m. of dinethyl benzylam ne. This sol ution
was cooled to 40 -10[err]C., and 72 g. of ethyl chlorocarbonate were
added in one portion. Stirring was continued for 20 minutes at -10[err]C. A
solution of IST g. of 7-am nocephalosporanic acid and 81.6 g. triethylam ne
in“720 g. of water was added in one portion, -aRd the m xture stirred for
one -hour at O[err]C. The resulting mxture fas “jltered and the 45 .
filtrate evaporated in vacuo to a vol une of{ g&ﬁs;/: 960 m . To this solution
were addetl 4% 1800 m . of methyl igasastyl kdffahe and 240 m. ofSformic

| .acid ("8-I00 rcent ), i s, M Xture Al Lowe Jon Sle! stibsBue: bout'_'O[err]C.
ot crysgal SR I SR LR L AR e oy 111t on
and™pas hed agpyopHately kibstitged bhit® 5id, \4e ke sult tHeredt) @itk @dikedinz) Syetday| i sobut yl
ket One- wat eresters eviogher Bidiokp- t@&@powrd, ong fmethod gfreﬁecénﬂsus%s@@dmggnhﬂgg 50 5 . of
met hyl 3 sobi# ﬂeﬂgﬁ%!)aﬂﬁﬁéﬁ supegy Eather gpticalisomse of {he paing §<id, pr |

. d) : . . :
7-D-[ er r] - pRERES mpies 30p Uleitbori SRPRRASRAHh Ge 36l do ESAM kR BeTo a sol ution
of 11 g. (Oaﬁinamaaffﬁgzinﬁﬁﬁidaﬁgﬁwraeetilad:&oﬂenfoﬂﬂﬂhcmnc (of annaditatianol wer e
added 30.0 %zetal(@l.t)@mnel)lceme, Butysylecergregiboputiplaceto ﬁl,g-déwtp-?ﬁd ,th_ylgoo g (0.4
mie) 8 SRR T S S Y SR e pr i pitate
formed i MeGind) Shikeraie, sai2plalidhydeer-Pyartks 1 AaphBRad 4eam?;m%’}a “precipitate
seemed tO b@ghdabmeSed2-hydidagprépiosheéne. Was cool ed and i1tered, and the resjdue
was washed wi t Bheathugpaéplaree Mepretected famipe teirhaxplic acid dandiercauged; to geact Wirh s rra§5er¢ca+

(7.0 g3 waéheicﬁ“llﬁpf clej f‘%?'-‘;?f'éggt i %@‘?ﬁﬁ’i&ﬁg‘f’ Ei’g‘gg-“gggnt |y
di scarded. Gfbhparomstie, e m‘éin‘i sbif %n%‘héﬂaﬁmmﬁ Wbh ¥AEHA to dryness

and t he r esuhlbrodagbotia€sS iisdbidyl \hBrocddiibnadé, Stemdyl/ ellorbdarbleate7 patethofyliehiz$li on of a | arge

anmount of p@blpma@emee?m%;%rmdithomrbm eT?O_m' FIWHIKGC :ﬁ:@?ﬂdéd a goel ati nous
or eci pPR at © FELIL A% "oy PRt o rnenter Sl i ' onich oy 3

nitrile, ethyl acetate and dimethylacetamido. - . .
‘Alternatively, the protecttd amino carboxylic acid can be used directly in conjunc-
tion with an equimolar proportion or more of a carbodiimide to acylate the 7-amino
25 group. In this method, the acylation proceeds at ordinary temperatures. Any of the 25
o carbodiimides are effective for this purpose, the active moiety being the —N =C=N—
structure, Illustrative examples include N,N’-diethylcarbodiimide, N,N’-di-n-propyl-
. carbodiimide, N,N’diisopropylcarbodiimide, N,N’~dicyclohexylcarbodiimide, N,N’-di-
allylcarbodiimide, N,N’-bis(p-dimethylaminophenyl)carbodiimide and N-ethyl-N’-(4"’- -
30 ethyl-2//-oxazinyl)carbodiimide, other-suitable carbodiimides being disclosed in U.S. 30
A Patents Nos. 2,938,892 and 3,065,224, o
As a further alternative, an equimolar proportion or more of carbonyl diimidazole
can be used in the acylation procedure to activate the reaction with the protected amino
carboxylic acid. ' ' :
35 - The resulting N’-protected aminoacyl cephalosporanic acid (formula II) may be 35
* isolated in the form of the free acid or may be converted, by known methods, to a
salt with a pharmaceutically acceptable cation,
For the purpose of illustration, there can be mentioned several types of cationic
salts which can be prepared from said compounds, inciuding for example, water soluble
40 salts as the sodium, potassium, ammonium, and substituted ammonium salts, as well 40
as less water soluble salts such as the calcium, barium, procaine, quinine, and dibenzyl- e
ethylenediamine salts. : . :
- The hydralysis of the N’-protected cephalosporanic acid derivative is carried out
in aqueous solution, acidified to below about pH 5, preferably around pH 2, and at
45 ambient room temperature. In a preferred embodiment, the hydrolysis is effected by 45
_ adding a small quantity of an agueous solution of a strong acid to a solution of the N’- o
' protected cephalosporanic acid, or a salt thereof, dissolved or suspended in water, an
organic solvent, or mixture thereof. Suitable acids include hydrochloric acid, hydro-
bromic acid, hydriodic acid, formic acid and trifluoroacetic acid. . _
50 Enhanced yields of the N-protected 7-aminoacyl cephalosporin compound can be 50
obtained by reacting a caphalosporin nucleus with a mixed anhydride prepared from a
' salt obtained by the reaction of a tertiary amine with the N’-protected aminocarboxylic
acid, or an alkali metal salt of the mixed anhydride in the presence of a small quantity
of a tertiary amine. :
55 “Tertiary amine” as used herein refers to any tertiary amine of ionic strength 55
great enough to form an ionic bond with the acid function of the amino acid reactant;
it may include trimethylamine, triethylamine, N-methyldiallylamine, N-methoxymethyl-
dimethylamine, N,N,N’,N’-tetramethylethylenediamine, dimethylbenzylamine, diethyl-
benzylamine, N-methylmorpholine or N-ethylmorpholine. . ' '
60 “Alkali metal” refers to sodium, potassium. I 60
The overall process afforded by one embodiment of this invention can illustratively
be carried out in the following manner: o -7
. The amino carboxylic acid in the form of its anionic salt, by the basic primary
nitrogen by reaction with a B-dicarbony! compound, is dissolved at ambient ‘tempera-




Yield: 28.0 g. of potassiumD - N- [2 - (4 - keto - 2 -

propenyl )] phenyl gl ycine. A suspension of 3.5 g. of this solid in 50 m. of
tetrahydrofuran was stirred at -10[err]C and 1.78 m . of isobutyl

chl orof ormat e were added sl owty—The terrperature wWas mai ntai ned at -

10[err]C for one hour. A solution of 3.5 g. ‘——-am nocephal osporanic 5
acidin 25.0 m. of tetrahydrofuran, 25.0 n1 m‘% er, and 1.78 m. of
triethylamne 5 was added slowly. The m xturi ,stlrred at Of[err] to

-10[err]C. for one hour and at room t.egp at ur's. ,:04" one hour, t*hen 8iluted
with 100 i ac-t-ed—\nlie—lg%r The

aqueous | ayer vvaslrecmoé{;-ttlaldthydmuamonluérotv&t, matmgﬁr%ygam% SVW%!F&EI%"T}N gléyz}%et ate, .
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Rlerr], Rlerr], @a
hydr ogen, 25 C[ golhtipn €4 Qfrl gt a& 0 tenfPiRftyd nt c@@tﬁlllzatﬂng- ld 25 a
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y g ] acy ocrephalosporamc acid is'removed by filtration, washed, and dried.
qu better understanding, the process of the present mventlon may be xllustrated by

the followmg specxﬁc examples.
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ExaMPLE 1 -

30 D-a—Phenylegcme, 10.419 kg., were slurried in 45 liters of benzene. An aqueous 30

50 percent sodium hydroxide solution prepared from 2760 g. of sodium hydroxide

(minimum -assay 90 percent) and 2760 g. of water was added and thoroughly mixed

with the benzene slurry. The mixture was heated with stirring to 50—~60°C. for one
: to two hours. Methyl acetoacetate, 8.0 kg., was added (using 3.8 liters of benzene wash)
35 to the hot mixture. The mixture was distilled until free of water, and the resulting 35

benzene slurry of the solid product was cooled to 25°C, and filtered. The resulting

salt was washed with benzene and heated to 60°C. for four hours. Yield: 16 kg. (85

percent) of methyl 3-(a-carboxybenzylamino)crotonate as the sodium salt.

: A solution containing 150 g. of the above sodium salt was prepared using 1,680 ml. :
40 of acetonitrile and 1.2 ml. of dimethylbenzylamine, This solution was cooled to 40
—10°C.; and 72 g. of ethyl chlorocarbonate were added in one portion. Stirring was
contmued for 20 minutes at —10°C. A solution of 151 g. of 7-aminocephalosporanic
acid and 81.6 g. triethylamine in 720 g. of water was added in one portion, and the

mixture stirred for one hour at Q°C. The resulting mixture was filtered and the

45 filtrate evaporated iz vacuo to a volume of about 960 ml. To this solution were added 45
1800 ml. of methyl isobutyl ketone and 240 ml. of formic acid (98—100 percent).
This mixture was allowed to stir at about 0°C. until crystallization was complete. The
product was removed by filtration and washed by slurrying successively. with 300 ml

of 3:2 methyl isobutyl ketone-water, twice with 150 ml. of water, and twice with 150

50 ml. of methyl isobutyl ketone. Yield: 50—57 8 (22—25 percent) of 7-D-a-phenyl- 50
glycylcephalosporamc acid.

EXAMPLE 2
To a solution of 11 g. (0.2 mole) of potassium hydroxide in 200 ml. of methanol
_ were added 30.0 g. (0.2 mole) of D-phenylglycine. With stirring, 400 ml. (0.4 mole) of
55 acetylacetone were added slowly. A ‘thick white precipitate formed immediately. After 55
three hours a lesser amount of precipitate seemed to be present. The mixture was
cooled and filtered, and the residue was washed with a small amount of methanol and
air-dried. This matenal (7.0 g) was identified as D-phenylglycine and was subse-
quently discarded.
60 " The ﬁltrate was concentrated iz vacuo to dryness and the resulting residue was 60
dissolved in benzene. Addition of a large amount of petroleum ether (boiling range
60—90°C ) yvielded a- gelatinous precipitate which was collected and dried in vacuo.



Clerr]--Cerr] alkyl, or phenyl; Rerr], taken,alone, is hydrogen,
Clerr]-Clerr] alkyl, err]-Clerr] alkoxy, or phenyi; Rerr] and Rerr],
when taken together, with the carbon atons to \/\ﬁﬁch_‘e,t,hey are attached

conpl ete a carbocyclic ring having t hel:8833¥ct ur &--of benzene or. napht Ral ene;
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of -water, and 1.by8thaiformok triethylam ne 5 was added slowy. The m xture
15.stirred at Oferr] to - 10[err]C for one hour and at roomtenperature
tone hour, then diluted with ?( 0 n1'.f|’ of water d.extracted with 2 x 100
of ethyl acetate. The Rifeplgu fC&%eTC'\TMS‘t?’b'U d % an ice bath,

il ayered with ethyl acetate, d adj ust g@dpto pH i..i}," -k/h 10 percent
ochloric acid. The 10 - The |l ayers were seb&fate and the organic

r was-dried and concentrated in vacuo 10 to grymess. The residue was
trieated with a mxture of 20 m. of ether and 60 M. of petrol eum ether.
iling range: 30-60[err]C ) to crystallize the 7. (D- Jerr] - N(2 - (4
kKeto - 2 -propenyl)]am nophenyl acet am do) cephal osporanic acig@ which was
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in which R* is acetogy or pyridino; R* is OH when R? is acetoxy; R? is 0~ when R*
20 is pyridino; R® is C,—C, alkyl, C;—C, cycloalkyl, phenyl, naphthyl, thienyl, benzo- 20
thienyl, furyl, benzofuryl, indolyl, or pyridyl; R* is hydrogen, methyl, or ethyl; and m
and n are O or 1; which comprises hydrolyzing at a pH below 5 an N-protected amino-
acyl cephalosporin compound represented by the formula:

T
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25 wherein R, R?, R%, R%, m and n are as defined above; R, taken alons, is hydrogen, 25

C,—C, alkyl, or phenyl; R®, taken alone, is hydrogen, C,—C, alkyl, phenyl-substituted
' C-—C, alkyl, or phenyl; R’, taken alone, is hydrogen, C,;—C, alkyl, C,—C, alkoxy,
or phenyl; R® and R’, when.taken together with the carbon atoms to which they are
attached, complete a carbocyclic ring having the structure of benzene or naphthalene;
30 and R® and R’, when taken together with the interconnecting carbon atoms, complete 30
a Cy—C, cycloaliphatic ring; and wherein R' when pyridino and each of R* to R’
when other than hydrogen may optionally be substituted; to thereby remove the amine
protecting group, and recovering the desired 7-aminoacylcephalosporin compound.
2. A process for preparing N-protected 7-aminoacyl cephalosporin compounds
35 represented by Formula I of claim 1 which comprises reacting an N-protected amino . 35
acid of the formula:




and vacuumdried. Yield: 1.9 g. (30 percent). 15 VHAT WE CLAI M
| S: - 15 1. A
process for preparing 7-am noacyl cephal osporin conpounds represented by

the Tornmula [err] (I) in which Rerr] is acetoxy or pyridino; R2 is OH when

Rlerr] is acetoxy; Rerr] is 0- when R +} 20 Is pyridino; Rerr] is
Cerr]-Clerr] alkyl, Cerr]-Cerr] cyclo‘alk‘{ phenyl, naphthyl, thienyl,
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in which R* is acetoxy or pyridino; R? is OH when R* is acetoxy; R® is 0— when R*

20 is pyridino; R® is C;—C, alkyl, CGy—C, cycloalkyl, phenyl, naphthyl, thienyl, benzo- 20
thienyl, furyl, benzofuryl, mdolyl, or pyndyl R* is hydrogen, methyl, or ethyl; and m

and n are 0 or 1; which comprises hydrolyzing at a pH below 5 an N-protected amino-
acyl cephal_osporm compound represented by the formula:
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2 wherein R, R?, R? R*, m and n are as defined above; R®, taken alone, is hydrogen, 25
C—C, alkyl or phenyl R®, taken alone, is hydrogen, CI—C alkyl, phenyl-substituted
Q-—C alkyl, or phenyl; R’ taken alone, is hydrogen, C,—C, alkyl, C,—C, alkoxy,
or phenyl; R® and R', when . taken together with the carbon atoms to which they are
. attached, complete a carbocyclxc ring having the structure of benZene or naphthalene;
30 and R® and R’, when taken together with the interconnecting carbon atoms, complete 30
a C—GC, cycloahphauc ring; and wherein R' when pyridino -and each of R® to R’
when other than hydrogen may optionally be substituted; to thereby remove the amine
protecting group, and recovering the desired 7-aminoacylcephalosporin compound.
2. A process for preparing N-protected 7-aminoacyl cephalosporin compounds
35 represented by Formula I of claim 1 which comprises reacting an N-protected aniino 35

acid of the formula:
TR A




1,123,333 [err] (Il11) wherein Rerr], Rerr], Rerr], Rerr], Rerr], mand
n have the sane neaning as in claiml1l, with a cephal osporin nucl eus
represented by the fornula: [err] 5 wherein R err] and R err] has the

same neaning as in claiml, to formrurne sard N—=protected—5amnoacy
cephal osporin conpound which is isglfated or converted to a salt with a

phar maceutical |y acceptable cation{*3. %%e process of claim1l wherein the
N- protected 7- an1noacy|cepha|ospor&n Conypound is prepared by the process of
claim2. 4. The process of C|alﬁ12‘bF“3 mhpﬁ@gg sald N—protected am nd acid
Is reacted 10 T oz . - - - ar c
equi nol ar proportion or nore of a carbodllnhﬂe 5. The process of¢ cla|n12

or 3 wherein said N—protected am no-aci d, m the formof its salt with a ued
cation of the group consisting of tertlary nes and alkali netals in 15 ™
cationic form is reacted wth an alkyﬂ*tﬁ or gcar bonat.e, and the resulting

m xed 15 anhydride is reacted with sgidgceppal osporin nucleus. 6. The
process of claim2 or 3 wherein said N—pro ted agno acid in the form of
its alkali metal salt is reacted-with an al kyl chldro rbonate, in a

non- aqueous, nonhydroxylic water-m ﬁﬁ%nsi TVRRe TS he -presence of a
tertiary amne; and the 20 resulting m xed anhydrlde Is reacted in an
aqueous solution with the sai.d cephal osporin 20 nucleus. 7. A ound of

the formula | er r] Wihéreth ®2,RReRf, [R° R?, I &xdrd hﬂéld’hemmdeaﬂmgbemadhnﬁi&,f wided in
claim 1 cephalosponn nucleus repmsented by the formula: . _
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5 whereln R and R? has the same meaning as in claim 1, to form the said N’- -protected 5
aminoacyl cephalosporin compound which is isolated or converted to a salt with a
pharmaceutically acceptable cation. )

' 3. The process of claim 1 wherein the N-protected 7-ammoacylcephalosporm
\o+"™" compound is prepared by the process of slaims.2,
¢ 10 4. The process of claim 2 or 3 wherein said N-protected amino acxd is reacted ~ 10
with said cephalosporin nucleus in the presence of an equimolar proportmn or more of
a carbodiimide.
5. 'The process of claim 2 or 3 wherein said N-protected amino acid, in the form
of its salt with a cation of the group consisting of tertiary amines and alkali metals in

15  cationic form, is reacted with an alkyl chlorocarbonate, and the resulting mixed 15
anhydride is reacted with said cephalosporin nucleus.

6. The process of claim 2 or 3 wherein said N-protected amino acid in the
form of its alkali metal salt is reacted with an alkyl chlorocarbonate, in a non-aqueous,
nonhydroxylic water-miscible solvent, in the presence of a tertiary amine; and the

20 resniltmg mixed anhydride is reacted in an aqueous solutlon w1th the said cephalosporin = 20
nucleus

7. A compound of the formula
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wherein R! to R” and m and n.are as defined in claim 1.




1,123, 333 9 8. A process for
preparing the conpounds represented by Formula | as defined in claiml1,
substantially as herein described with particular reference to any one of

t he specific.Exanples. 9. A process for preparing the conpounds represented
by Fornmula Il as defined 5 in*claim7, substantially as herein
described with particular reference to any one of the 5 specific Exanples.
10. The,progucts obtained by the processes defined in any of clains 1 to 6,
8 or_9. 11. A pharmaceutical cohpds8ion conprising a cephal o&porin
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